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GENERAL INFORMATION 
SECTION 1 - HIGH-SPEED LOGIC 

High speed logic is used whenever improved system 
performance would increase a product's market value. 
For a given system design, high-speed logic is the most 
direct way to improve.system performance and emitter
coupled logic (ECL) is today's fastest form of digital logic. 
Emitter-coupled logic offers both the logic speed and 
logic features to meet the market demands for higher 
performance systems. 

MECL PRODUCTS 

Motorola introduced the origin.al monolithic emitter
coupled logic family with MECL I (1962) and followed this 
with MECL II (1966). These two families are now obsolete 
and have given way to the MECL Ill (MC1600 series), 
MECL 10K, PLL (MC12000 series) and the new MECL 10H 
families. 

Chronologically the third family introduced, MECL Ill 
(1968) is a higher power, higher speed logic. Typical 1 ns 
edge speeds and propagation delays along with greater 
than 500 MHz flip-flop toggle rates, make MECL Ill useful 
for high-speed test and communications equipment. 
Also, this family is used in the high-speed sections and 
critical timing delays of larger systems. For more general 
purpose applications, however, trends in large high
speed systems showed the need for an easy-to-use logic 
family with propagation delays on the order of 2 ns. To 

match this .requirement, the MECL 10,000 Series was in
troduced in 1971. 

An important feature of MECL 10K is its compatibility 
with MECL Ill to facilitate using both families in the same 
system. A second important feature is its significant 
power economy- MECL 10K gates use less than one-
half the power of MECL Ill. -

Motorola introduced the MECL 1 OH product family in 
1981. This latest MECL family features 100% .improve
ments in propagation delay and clock speeds while main
taining power supply currents equal to MECL 1 OK. MECL 
10H is voltag.e compensated allowing guaranteed de and 
switching parameters over a :t 5% power supply range. 
Noise· margins have been improved by 75o/o over the 
MECL 1 OK series. 

Compatibility with MECL 10K and MECL Ill is a key 
element in allowing users to enhance existing systems 
by increasing the speed in critical timing areas. Also, 
many MECL 1 OH devices are pin out/functional duplica
tions of the MECL 1 OK series devices. The emphasis of 
this new family will be placed on more powerful logic 
functions having more complexity and greater perfor
mance. With 1.0 ns propagation delays and 25 mW per 
gate, MECL 1 OH features the best speed-power product 
of any ECL logic family available today. 

MECL FAMILY COMPARISONS 

MECL 10K 

Feature MECL 10H 10,100 Series 10,200 Series MECLlll 

1. Gate Propagation Delay 1.0 ns 2.0 ns 1.5 ns 1.0 ns 
2. Output Edge Speed* 1.0 ns 3.5 ns 2.5 ns 1.0 ns 
3. Flip-Flop Toggle Speed 250 MHz min 125 MHz min 200 MHz min 300-500 MHz min 
4. Gate Power 25mW 25mW 25 mW 60mW 
5. Speed Power Product 25 pJ 50 pJ 37 pJ 60 pJ 
*Output edge speed: MECL 10K/10H measured 20% to 80%, MECL Ill measured 10% to 90% of E out. 

FIGURE 1a - GENERAL CHARACTERISTICS 

Ambient 
Temperature Range MECL 10H MECL 10K MECLlll PLL 

O' to 75'C MC10H100 Series MC12000 Series 

-30'C to +85'C MC10100 Series MC1600 Series MC12000 Series 
MC10200 Series 

FIGURE 1b - OPERATING TEMPERATURE RANGE 
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MECL IN PERSPECTIVE 

In evaluating any logic line, speed and power require
ments are the obvious primary considerations. Figure 1 
provides the basic parameters of the MECL 10H, MECL 
10K, and MECL Ill families. But these provide only the 
start of any comparative analysis, as there are a number 
of other important features that make MECL highly desir
able for system implementation. Among these: 

Complementary Outputs cause a function and its com
plement to appear simultaneously at the device outputs, 
without the use of external inverters. It reduces package 
count by eliminating the need for associated invert func
tions and, at the same time, cuts system power require
ments and reduces timing differential problems arising 
from the time delays introduced by inverters. 

High Input Impedance and Low Output Impedance 
permit large fan out and versatile drive characteristics. 

Insignificant Power Supply Noise Generation, due to 
differential amplifier design which eliminates current 
spikes even during signal transition period. 

Nearly Constant Power Supply Current Drain simplifies 
power-supply design and reduces costs. 

Low Cross-Talk due to low-current switching in signal 
path and small (typically 850 mV) voltage swing, and to 
relatively long rise and fall times. 

Wide Variety of Functions, including complex func
tions facilitated by low power dissipation (particularly in 
MECL 10H and MECL 10K series). A basic MECL 10K gate 
consumes less than 8 mW in on-chip power in some 
complex functions. 

Wide Performance Flexibility due to differential am
plifier design which permits MECL circuits to be used as 
linear as well as digital circuits. 

Transmission Line Drive Capability is afforded by the 
open emitter outputs of MECL devices. No "Line Drivers" 
are listed in MECL families, because every device is a line 
driver. 

Wire-ORing reduces the number of logic devices re
quired in a design by producing additional OR gate func
tions with only an interconnection. 

Twisted Pair Drive Capability permits MECL circuits to 
drive twisted-pair transmission lines as long as 1000 feet. 

Wire-Wrap Capability is possible with the MECL 1 OK 
family because of the slow rise and fall time characteristic 
of the circuits. 

Open Emitter-Follower Outputs are used for MECL 
outputs to simplify signal line drive. The outputs match 
any line impedance and the absence of internal pulldown 
resistors saves power. 

Input Pulldown Resistors of approximately 50 k!l per
mit unused inputs to remain unconnected for easier cir
cuit board layout. 

MECL APPLICATIONS 

Motorola's MECL product lines are designed for a wide 
range of systems needs. Within the computer market, 
MECL 10K is used in systems ranging from special pur
pose peripheral controllers to large mainframe com
puters. Big growth areas in this market include disk and 
communication channel controllers for larger systems 
and high performance minicomputers. 

The industrial market primarily uses MECL for high 
performance test systems such as IC or PC board testers. 
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However, the high bandwidths of MECL 10H, MECL 10K, 
MECL Ill, and MC12,000 are required for many frequency 
synthesizer systems using high speed phase lock loop 
networks. MECL will continue to grow in the industrial 
market through complex medical electronic products and 
high performance process control systems. 

MECL 10K and MECL Ill have been accepted within the 
Federal market for numerous signal processors and nav
igation systems. Full military temperature range MECL 
10K is offered in the MC10500 and MC10600 Series, and 
in the PLL family as the MC12500 Series. 

BASIC CONSIDERATIONS FOR HIGH-SPEED 
LOGIC DESIGN 

High-speed operation involves only four considera
tions that differ significantly from operation at low and 
medium speeds: 

1. Time delays through interconnect wiring, which 
may have been ignored in medium-speed systems, be
come highly important at state-of-the-art speeds. 

2. The possibility of distorted waveforms due to re
flections on signal lines increases with edge speed. 

3. The possibility of "crosstalk" between adjacent sig
nal leads is proportionately increased in high-speed 
systems. 

4. Electrical noise generation and pick-up are more 
detrimental at higher speeds. 

In general, these four characteristics are speed- and 
frequency-dependent, and are virtually independent of 
the type of logic employed. The merit of a particular logic 
family is measured by how well it compensates for these 
deleterious effects in system applications. 

The interconnect-wiring time delays can be reduced 
only by reducing the length of the interconnecting lines. 
At logic speeds of two nanoseconds, an equivalent "gate 
delay" is introduced by every foot of interconnecting wir
ing. Obviously, for functions interconnected within a sin
gle monolithic chip, the time delays of signals travelling 
from one function to another are insignificant. But for a 
great many externally interconnected parts, this can soon 
add up to an appreciable delay time. Hence, the greater 
the number of functions per chip, the higher the system 
speed. MECL circuits, particularly those of the MECL 10K 
and MECL 10H Series are designed with a propensity 
toward complex functions to enhance overall system 
speed. 

Waveform distortion due to line reflections also be
comes troublesome principally at state-of-the-art speeds. 
At slow and medium speeds, reflections on intercon
necting lines are not usually a serious problem. At higher 
speeds, however, line lengths can approach the wave
length of the signal and improperly terminated lines can 
result in reflections that will cause false triggering (see 
Figure 2). The solution, as in RF technology, is to employ 
"transmission-line" practices and properly terminate 
each signal line with its characteristic impedance at the 
end of its run. The /ow-impedance, emitter-follower out
puts of MECL circuits facilitate transmission-line practices 
without upsetting the voltage levels of the system. 

The increased affinity for crosstalk in high-speed cir
cuits is the result of very steep leading and trailing edges 
(fast rise and fall times) of the high-speed signal. These 
steep wavefronts are rich in harmonics that couple read
ily to adjacent circuits. In the design of MECL 10K and 



MECL 10H, the rise and fall times have been deliberately 
slowed. This reduces the affinity for crosstalk without 
compromising other important performance parameters. 

From the above, it is evident that the MECL logic line 
is not simply capable of operating at high speed, but has 
been specifically designed to reduce the problems that 
are normally associated with high-speed operation. 
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CIRCUIT DEsCRIPTION 
The typical MECL 10K circuit, Figure 3, consists of a 

differential-amplifier input circuit, a temperature and 
voltage compensated bias network, and emitter-follower 
outputs to restore de levels and provide buffering for 
transmission line driving. High fan-out operation is pos
sible because of the high input impedance of the differ-
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ential amplifier input and the low output ·impedance of 
the emitter follower outputs. Power-supply noise i.s vir
tually eliminated by the nearly constant current drain of 
the differential amplifier, even during the transition 
period. Basic gate design provides for simultaneous out
put of both the OR function and its complement, the NOR 
function. The design of the MECL 10H gate is unchanged, 
with two exceptions. The bias network has been replaced 
with a voltage regulator, and the differential amplifier 
source resistor has been replaced with a constant current 
source. (See section 2 for additional MECL 10H 
information.) 

Power-Supply Connections -Any of the power supply 
levels, VTT, Vee. or VEE may be used as ground; how
ever, the use of the Vee node as ground results in best 
noise immunity. In such a case: Vee = 0, VTT 
= -2.0 V, VEE = -5.2 V. 

System Logic Specifications - The output logic swing 
of 0.85 V, as shown by the typical transfer characteristics 
curve, varies from a LOW state of Vol = -1.75 V to a 
HIGH state of VoH = -0.9 V with respect to ground. 

Positive logic is used when reference is made to logical 
"O's" or "1's." Then 

"O" = -1.75 V = LOW 
typical 

"1" = -0.9 V = HIGH 

Circuit Operation - Beginning with all logic inputs 
LOW (nominal -1.75 V), assume that 01 through 04 are 
cut off because their P-N base-emitter junctions are not 

conducting, and the forward-biased 05 is conducting. 
Under these conditions, with the base of 05 held at - 1.29 V 
by the Vee network, its emitter will be one diode drop 
(0.8 V) more negative than its base, or -2.09 V. (The 0.8 V 
differential is a characteristic of this P-N junction.) The 
base-to-emitter differential across 01 - 04 is then the 
difference between the common emitter voltage ( - 2.09 V) 
and the LOW logic level (-1.75 V) or 0.34 V. This is less 
than the threshold voltage of 01 through 04 so that these 
transistors will remain cut off. 

When any one (or all) of the logic inputs are shifted 
upward from the -1.75 V LOW state to the -0.9 V HIGH 
state, the base voltage of that transistor increases beyond 
the threshold point and the transistor turns on. When this 
happens, the voltage at the common-emitter point rises 
from -2.09 V to -1.7 (one diode drop below the -0.9 V 
base voltage of the input transistor), and since the base 
voltage of the fixed-bias transistor (05) is held at -1.29 V, 
the base-emitter voltage 05 cannot sustain conduction. 
Hence, this transistor is cut off. 

This action is reversible, so that when the input sig
nal(s) return to the LOW state, 01 - 04 are again turned 
off and 05 again becomes forward biased. The collector 
voltages resulting from the switching action of 01 - 04 
and 05 are transferred through the output emitter
follower to the output terminal. Note that the differential 
action of the switching transistors (one section being off 
when the other is on) furnishes simultaneous comple
mentary signals at the output. This action also maintains 
constant power supply current drain. 

DEFINITIONS OF LETTER SYMBOLS AND ABBREVIATIONS 

Current: loH HIGH level output current: the current flowing 

Ice Total power supply current drawn from the into the output, at a specified HIGH level out-

positive supply by a MECL unit under test. put voltage. 

lceo Leakage current from input transistor on loL LOW level output current: the current flowing 

MECL devices without pulldown resistors into the output, at a specified LOW level out-

when test voltage is applied. put voltage. 

iccH Current drain from Vee power supply with all ios Output short circuit current. 

inputs at logic HIGH level. lout Output current (from a device or circuit, under 

lccL Current drain from Vee power supply with all such conditions mentioned in context). 

inputs at logic LOW level. IR Reverse current drawn from a transistor input 

IE Total power supply current drawn from a of a test unit when VEE is applied at that input. 

MECL test unit by the negative power supply. isc Short-circuit current drawn from a translator 

IF Forward diode current drawn from an input saturating output when that output is at 

of a saturated logic-to-MECL translator when ground potential. 

that input is at ground potential. Voltage: 
lin Current into the input of the test unit when a 

Vee Reference bias supply voltage. 
maximum logic HIGH (V1H maxl is applied at 
that input. VBE Base-to-emitter voltage drop of a transistor 

l1NH HIGH level input current into a node with a at specified collector and base currents. 

specified HIGH level (V1H maxl logic voltage Vee Collector-to-base voltage drop of a transistor 

applied to that node. (Same as lin for positive at specified collector and base currents. 
logic.) Vee General term forthe most positive power sup-

l1NL LOW level input current, into a node with a ply voltage to a MECL device (usually ground, 

specified LOW level (V1L minl logic voltage except for translator and interface circuits). 

applied to that node. Vcc1 Most positive power supply voltage (output 

IL Load current that is drawn from a MECL circuit devices). (Usually ground for MECL devices.) 

output when measuring the output HIGH level 
voltage. 
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Voltage (cont.): 

Vcc2 Most positive power supply voltage (current 
switches and bias driver). (Usually ground for 
MeCL devices.) 

Vee Most negative power supply voltage for a cir
cuit (usually - 5.2 V for MeCL devices). 

VF Input voltage for measuring IF on TTL inter
face circuits. 

V1H Input logic HIGH voltage level (nominal value). 

V1H max Maximum HIGH level input voltage: The most 
positive (least negative) value of high-level 
input voltage, for which operation of the logic 
element within specification limits is 
guaranteed. 

V1HA Input logic HIGH threshold voltage level. 

V1HA min Minimum input logic HIGH level (threshold) 
voltage for which performance is specified. 

V1H min Minimum HIGH level input voltage: The least 
positive (most negative) value of HIGH level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 

V1L Input logic LOW voltage level (nominal value). 

V1L max Maximum LOW level input voltage: The most 
positive (least negative) value of LOW level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 

V1LA Input logic LOW threshold voltage level. 

V1LA max Maximum input logic LOW level (threshold) 
voltage for which performance is specified. 

V1L min Minimum LOW level input voltage: The least 
positive (most negative) value of LOW level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 

Vin Input voltage (to a circuit or device). 

Vmax Maximum (most positive) supply voltage, 
permitted under a specified set of conditions. 

VoH Output logic HIGH voltage level: The voltage 
level at an output terminal for a specified out
put current, with the specified conditions ap
plied to establish a HIGH level at the output. 

VoHA Output logic HIGH threshold voltage level. 

VoHA min Minimum output HIGH threshold voltage level 
for which performance is specified. 

VoH max Maximum output HIGH or high-level voltage 
for given inputs. 

VoH min Minimum output HIGH or high-level voltage 
for given inputs. 

Vol Output logic LOW voltage level: The voltage 
level at the output terminal for a specified 
output current, with the specified conditions 
applied to establish a LOW level at the output. 

Output logic LOW threshold voltage level. 

VoLA max Maximum output LOW threshold voltage level 
for which performance is specified. 
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Vol max Maximum output LOW level voltage for given 
inputs. 

Vol min Minimum output LOW level voltage for given 
inputs. 

VTT 

VoLS1 

VoLS2 

Line load-resistor terminating voltage for out
puts from a MeCL device. 

Output logic LOW level.on MeCL 10,000 line 
receiver devices with all inputs at Vee voltage 
level. 

Output logic LOW level on MeCL 10,000 line 
receiver devices with all inputs open. 

Time Parameters: 

t+ Waveform rise time (LOW to HIGH), 10% to 
90%, or 20% to 80%, as specified. 

t- Waveform fall time (HIGH to LOW), 90% to 
10%, or 80% to 20%, as specified. 

tr Same as t+ 

tf Same as t-

t+ -

t-+ 

tpd 

tx_ 

fshift 

Propagation Delay, see Figure 9. 

Propagation Delay, see Figure 9. 

Propagation delay, input to output from the 
50% point of the input waveform at pin x 
(falling edge noted by- or rising edge noted 
by +) to the 50% point of the output wave
form at piny (falling edge noted by - or rising 
edge noted by + ). (Cf Figure 9.) 

Output waveform rise time as measured from 
10% to 90% or 20% to 80% points on wave
form (whichever is specified) at pin x with 
input conditions as specified. 

Output waveform fall time as measured from 
90% to 10% or 80% to 20% points on wave
form (whichever is specified) at pin x, with 
input conditions as specified. 

Toggle frequency of a flip-flop or counter 
device. 

Shift rate for a shift register. 

Read Mode (Memories) 

tACS Chip Select Access Time 

tRCS Chip Select Recovery Time 

tAA Address Access Time 

Write Mode (Memories) 

tw Write Pulse Width 

twsD Data Setup Time Prior to Write 

twHD Data Hold Time After Write 

twsA Address setup time prior to write 

twHA Address hold time after write 

twscs 

twHCS 

tws 
twR 

Chip select setup time prior to write 

Chip select hold time after write 

Write disable time 

Write recovery time 



Temperature: 

T stg Maximum temperature at which device may 
be stored without damage or performance 
degradation. 

T J Junction (or die) temperature of an integrated 
circuit device. 

BJA 

BJc 

lfpm 

BcA 

Ambient (environment) temperature existing 
in the immediate vicinity of an integrated cir· 
cuit device package. 

Thermal resistance of an IC package, junction 
to ambient. 

Thermal resistance of an IC package, junction 
to case. 

Linear feet per minute. 

Thermal resistance of an IC package, case to 
ambient. 

Miscellaneous: 

eg 

TPin 

TPout 

D.U.T. 

Cin 

Cout 

Zout 

Po 

P.U.T. 

Signal generator inputs to a test circuit. 

Test point at input of unit under test. 

Test point at output of unit under test. 

Device under test. 

Input capacitance. 

Output capacitance. 

Output impedance. 

The total de power applied to a device, not 
including any power delivered from the de
vice to a load. 

Load Resistance. 

Terminating (load) resistor. 

An input pull-down resistor (i.e., connected 
to the most negative voltage). 

Pin under test. 

MECL POSITIVE AND NEGATIVE LOGIC 

INTRODUCTION 
The increasing popularity and use of emitter coupled 

logic has created a dilemma for some logic designers. 
Saturated logic families such as TTL have traditionally 
been designed with the NANO function as the basic logic 
function, however, the basic ECL logic function is the NOR 
function (positive logic). Therefore, the designer may 
either design ECL systems with positive logic using the 

e 

Vee = gnd 

NOR, or design with negative logic using the NANO. 
Which is the more convenient? On the one hand the 
designer is familiar with positive logic levels and defi
nitions, and on the other hand, he is familiar with imple
menting systems using NANO functions. Perhaps a pre
sentation of the basic definitions and characteristics of 
positive and negative logic will clarify the situation and 
eliminate misunderstanding. 

Vee = -1.29 volts 

VEE = - 5.2 volts 

TABLE 2 

TABLE 1 

INPUTS OUTPUT 

A e 
LO LO 
LO HI 
HI LO 
HI HI 

e 
HI 
LO 
LO 
LO TABLE 3 

INPUTS OUTPUT HI = - 0.9 volts 
LO= -1.7volts 

INPUTS OUTPUT 

A e e A e e 
1 1 0 0 0 1 
1 0 1 0 0 
0 1 0 
0 0 0 

FIGURE 1 - Basic MECL Gate Circuit and Logic Function 
In Positive and Negative Nomenclature. 

Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently, complete 
information sufficient for construction purposes is not necessarily given. The information in this Application Note has been carefully checked and is 
believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information does not convey to the purchaser 
of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 
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LOGIC EQUIVALENCES 
Binary logic must have two states ,to represent the 

binary 1 and 0. With ECL the typical states are a high 
level of -0.9 volts and a low level of -1.7 volts. Two 
choices are possible then to represent the binary 1 and 
0. Positive logic defines the 1 or "true" state as the most 
positive voltage level, whereas negative logic defines the 
most negative voltage level as the 1 or "true" state. 
Because of the difference in definition of states, the basic 
ECL gate is a NOR function in positive logic and is a NAND 
function in negative logic. 

Figure 1 more clearly shows the above comparison of 
functions. Table I lists the output voltage level as a func
tion of input voltage levels of the MECL gate circuit 
shown. Table 2 translates the voltage' levels into the 

appropriate negative logic levels which show the function 
to be C = A• B; that is, the circuit performs the NAND 
function. Table 3 translates the equivalent positive logic 
function into C = A + B, the NOR function. 

Similar comparisons could be made for other positive 
logic functions. As an example, the positive OR function 
translates to the negative AND function. Figure 2 shows 
a comparison of several common logic functions. 

Any function available in a logic family may be 
expressed in terms of positive or negative logic, bearing 
in mind the definition of logic levels. The choice of logic 
definition, as previously stated, is dependent on the 
designer. Motorola provides both positive and negative 
logic symbols on data sheets forthe popular MECL 10,000 
logic series. 

FIGURE 2 - Comparative Positive and Negative Logic Functions. 

A B AND OR 

LO LO LO LO 
LO HI LO HI 
HI LO LO HI 
HI HI HI HI 

A B OR AND 

=::[>- :=:[Y---

*Coincidence 

SUMMARY 
Conversion from one logic form to another or the use 

of a particular logic form need not be a complicated pro
cess. If the designer uses the logic form with which he 
is familiar and bears in mind the previously mentioned 
definition ef levels, problems arising from definition of 
logic functions should be minimized. 

NANO NOR EXOR COIN* 

HI HI LO HI 
HI LO HI LO 
HI LO HI LO 
LO LO LO HI 

NOR NANO COIN* EXOR 

~ =::er-~ =:)[>--
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SECTION II-TECHNICAL DATA 

GENERAL CHARACTERISTICS AND SPECIFICATIONS 

(See pages 1-5through 1-7 for definitions of symbols and 
abbreviations.) 

In subsequent sections of this Data Book, the important 
MECL parameters are identified and characterized, and 
complete data provided for each of the functions. To 
make this data as useful as possible, and to avoid a great 
deal of repetition, the data that is common to all func
tional blocks in a line is not repeated on each individual 
sheet. Rather, these common characteristics, as well as 
the application information that applies to each family, 
are discussed in this section. 

In general, the common characteristics of major im
portance are: 

Maximum Ratings, including both de and ac charac
teristics and temperature limits; 

Transfer Characteristics, which define logic levels and 
switching thresholds; 

DC Parameters, such as output levels, threshold levels, 
and forcing functions. 

AC Parameters, such as propagation delays, rise and 
fall times and other time dependent characteristics. 

In addition, this section will discuss general layout and 
design guides that will help the designer in building and 
testing systems with MECL circuits. 

LETTER SYMBOLS AND ABBREVIATIONS 

Throughout this section, and in the subsequent data 
sheets, letter symbols and abbreviations will be used in 
discussing electrical characteristics and specifications . 
The symbols used in this book, and their definitions, are 
listed on the preceding pages. 

MAXIMUM RATINGS 

The limit parameters beyond which the life of the de
vices may be impaired are given in Figure 4a. In addition, 
Table 4b provides certain limits which, if exceeded, will 
not damage the devices, but could degrade the perfor
mance below that of the guaranteed specifications. 

FIGURE 4a - LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRED 

Characteristic Symbol Unit MECL 10H MECL 10K MECLlll 

Power Supply VEE Vdc -8.0 to O -8.0 to O -8.0 to 0 

Input Voltage !Vee = Ol Vin Vdc 0 to VEE 0 to VEE 0 to VEE 

Output Source Current Continuous lout mAdc 50 50 40 

Output Source Current Surge lout mAdc 100 100 -
Storage Temperature Tstg "C -65 to +150 -65to +150 -65to +150 

Junction Temperature Ceramic Package<D TJ 'C 165 165 165® 

Junction Temperature Plastic Package@ TJ "C 140 140 140 
NOTES: 1. Maximum TJ may be exceeded (o:G 25D°C) for short periods of time (o;;; 240 hours) without significant reduction in device life. 

2. Except MC1670 which has a maximum junction temperature = 145°C. 
3. For long term(~ 10 yrs.) max TJ of 11D°C required. Max TJ may be exceeded {o;;; 175°C) for short periods of time(.;;; 240 hours) without 

significant reduction in device life. 

FIGURE 4b - LIMITS BEYOND WHICH PERFORMANCE MAY BE DEGRADED 

Characteristics Symbol Unit MECL10H MECL 10K MECLlll 

Operating Temperature TA 'C Oto +75 -30 to +85 -30 to +85 
Range Commercial<D 

Supply Voltage (Vee = O) VEE Vdc -4.94 to - 5.46 -4.68 to -5.72®® -4.68 to - 5. 72® 

Output Drive Commercial - n 50 n to -2.0 Vdc 50 n to -2.0 Vdc 50 n to -2.0 Vdc© 
NOTES: 1. With airflow;;. 500 lfpm. 

2. Functionality only. Data sheet limits are specified for -5.2 V ± 0.010 V. 
3. Except MC1648 which has an internal output pulldown resistor. 
4. Functional and Data sheet limits. 
5. MC10137 has a guaranteed supply voltage of -5.2 V to -5.72 V@ -30"C. 
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FIGURE 5 - MECL TRANSFER CURVES 
and SPECIFICATION TEST POINTS 

bl MECL 10H 

-1.95 -1.48 -1.13 -0.810 
VQH max ---t.---t---H--rl -0.810 } High 

VQH min _ 0.980 State 

Test Conditions: 25°C 
VEE ~ -5.2V 

VoLArnax~---t;::===t=/ct=l;;i__+-----.-1 
VQL max -1.650 } Low 
VQLmin -1.850 State 

Vol max 

VoL min -1.950 
} Low 

State 

V1L min V1H max 

~ate Input L-.- V1LA max V1HA min 
(Applied test voltage) ( v88 = -1.29V 

500 matched 
inputs and outputs 

(Switching Threshold) 

MECL TRANSFER CURVES 

For MECL logic gates, the dual (complementary) out
puts must be represented by two transfer curves: one to 
describe the OR switching action and one to describe the 
NOR switching action. Typical transfer curves and asso
ciated data for the MECL 10K/10H family are shown in 
Figures 5a and 5b respectively. 

It is not necessary to measure transfer curves at all 
points of the curves. To guarantee correct operation it is 
sufficient merely to measure two sets of min/max logic 
level parameters. 

The first set is obtained for 10K by applying test volt
ages, V1L min and V1H max (sequentially) to the gate 
inputs, and measuring the OR and NOR output levels to 
make sure they are between VoL max and VoL min· and 
VoH max and VoH min specifications. 

The second set of logic level parameters relates to the 
switching thresholds. This set of data is distinguished by 
an "A" in symbol subscripts. A test voltage, V1LA max• 
is applied to the gate and the NOR and OR outputs are 
measured to see that they are above the VoHA min and 
below the VoLA max levels, respectively. Similar checks 
are made using the test input voltage V1HA min· 

The result of these specifications insures that: 
a) The switching threshold (= Vss) falls within the 

darkest rectangle; i.e. switching does not begin outside 
this rectangle; 

b) Quiescent logic levels fall in the lightest shaded 
ranges; 

c) Guaranteed noise immunity is met. 
As shown in Figure 6, MECL 10K outputs rise with 

increasing ambient temperature. All circuits in each fam-

V1L min V1H max 

Gate Input l V1L max VtH min 
(Applied test voltage)(~ v88 "" - 1 .29V 

(Switching Threshold) 

ily have the same worst-case output level specifications 
regardless of power dissipation or junction temperature 
differences to reduce loss of noise margin due to thermal 
differences. 

All of these specifications assume - 5.2 V power supply 
operation. Operation at other power-supply voltages is 
possible, but will result in further transfer curve changes. 
Figure 7 gives rate of change of output voltages as a 
function of power supply. 

UJ 
0 
<l'. 
.... 
_J 

0 

~ ~ 
:J _J 

a.. 0 
.... > 
:J 
0 

FIGURE 6 - TYPICAL TRANSFER 
CHARACTERISTICS AS A FUNCTION 

OF TEMPERATURE (MECL 10K) 

-1.6 -1.4 -1.2 -1.0 

INPUT VOLTAGE (VOLTS) 

FIGURE 7 - TYPICAL LEVEL CHANGE RATES 

Voltage MECL 10H MECL 10K MECLlll 

AVoHIAVEE 0.008 O.Q16 0.033 

AVQLIAVEE 0.020 0.250 0.270 

AVBBIAVEE 0.010 0.148 0.140 
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NOISE MARGIN 

"Noise margin" is a measure of logic circuit's resis
tance to undesired switching. MECL noise margin is 
defined in terms of the specification points surrounding 
the switching threshold. The critical parameters of inter
est here are those designated with the "A" subscript 
(VOHA min• VoLA max• V1HA min• V1LA maxl in the 
transfer characteristic curves. MECL 1 OH is specified and 
tested with VoHA min equal VoH min• VoLA max equal 
VOL max• V1HA min equal V1H min and V1LA max equal 
V1L max· Guaranteed noise margin (NM) is defined as 
follows: 

NMHIGH LEVEL = VoHA min - V1HA min 
NM LOW LEVEL = V1LA max - VoLA max 
To see how noise margin is comp~ted, assume a MECL 

gate drives a similar MECL gate, Figure 8. 
At a gate input (point B) equal to V1LA max• MECL gate 

#2 can begin to enter the shaded transition region. 
This is a "worst case" condition, since the VoLA max 

specification point guarantees that no device can enter 
the transition region before an input equal to V1LA max 
is reached. Clearly then, V1LA max is one critical point for 
noise margin computation, since it is the edge of the 
transition region. 

To find the other critical voltage, consider the output 
from MECL gate #1 (point A). What is the most positive 
value possible for this voltage (considering worst case 
specifications)? From Figure 8 it can be observed that the 
VoLA max specification insures that the LOW state OR 
output from gate #1 can be no greater than VoLA max· 

Note that VoLA max is more negative than V1LA max· 
Thus, with VoLA max at the input to gate #2, the tran
sition region is not yet reached. (The input voltage to 
gate #2 is still to the left of V1LA max on the transfer 
curve.) 

In order to ever run the chance of switching gate #2, 
we would need an additional voltage, to move the input 

from VoLA max to V1LA max· This constitutes the "safety 
factor" known as noise margin. It can be calculated as 
the magnitude of the difference between the two speci
fication voltages, or for the MECL 10K levels shown: 

NMLOW - V1LA max - VoLA max 
- -1.475V - (-1.630V) 
-155 mV. 

Similarly, for the HIGH state: 
NMHIGH - VOHA min - V1HA min 

- -0.980V - (-1.105V) 
-125mV 

Analogous results are obtained when considering the 
"NOR" transfer data. 

Note that these noise margins are absolute worst case 
conditions. The lessor of the two noise margins is that 
for the HIGH state, 125 mV. This then, constitutes the 
guaranteed margin against signal undershoot, and power 
or thermal disturbances. 

As shown in the table, typical noise margins are usually 
better than guaranteed - by about 75 mV. For MECL 1 OH 
the "noise margin" is 150 mV for NM low and NM high. 
(See Section 3 for details.) 

Noise margin is a de specification that can be calcu
lated, since it is defined by specification points tabulated 
on MECL data sheets. However, by itself, this specifica
tion does not give a complete picture-regarding the noise 
immunity of a system built with a particular set ofcircuits. 
Overall system noise immunity involves not only noise
margin specifications, but also other circuit-related fac
tors that determine how difficult it is to apply a noise 
signal of sufficient magnitude and duration to cause the 
circuit to propagate a false logic state. In general, then, 
noise immunity involves line impedances, circuit output 
impedances, and propagation delay in addition to noise
margin specifications. This subject to discussed in 
greater detail in the MECL System Design Handbook, 
HB205. 

FIGURE 8 - MECL Noise Margin Data 

------;+ 
A.V =High _Noise { 

Margm 

VoHA min• 

VIHA min* 

t 
Gate 

Output 

VoHA mi 

Gate __., 
Input 

-1.475 -1.105 

OR 

VILA max V1HA min 

Vas {switching threshold) 

Specification Points for Determining Noise Margin 

~ 
~~ 

} 
High 
State 

tA V = Low ~oise { 
Margm 

VILAmax* 

VoLA max* 

} Low *VOHA min = VoH min• VoLA max = 
State VOL max• V1HA min = V1H min and 

V1LA max = V1L max for MECL 10H. 

Noise Margin Computations 

Guaranteed 
Worst-Case de Typical de 
Noise Margin Noise Margin 

Family (VJ IVI 

MECL 10H 0.150 0.270 

MECL10K 0.125 0.210 

MECLlll 0.115 0.200 

1-11 

• 



AC OR SWITCHING PARAMETERS 

Time-depencient specifications are those that define 
the effects of the circuit on a specified input signal, as it 
travels through the circuit. They include the time delay 
involved in changing the output level from one logic state 
to another. In addition, they include the time required for 
the output of a circuit to respond to the input signal, 

designated as propagation delay, MECL waveform and 
propagation delay terminologies are depicted in Figure 
9. Specific rise, fall, and propagation delay times are 
given on the data sheet for each specific functional block, 
but like the transfer characteristics, ac parameters are 
temperature and voltage dependent. Typical variations 
for MECL 10K are given in the curves of Figure 10. 

FIGURE 9 - TYPICAL LOGIC WAVEFORMS 

Overshoot {,---I'--+- ,r-.-...,.---- High Level 
Undershoot 1 ViHA 

50% -----------~.----Vee 
---1---------\-V ILA 

50% 

Undershoot l=4=~~-----Low Level 
Vout OR 

MECL WAVEFORM TERMINOLOGY 

Vout ~. •n:OA 
t-~ ~~t+ 

t- = tf t+ =tr 

Vout 

. 
-~t-+~r-. 

Vout NOR ~ -\.__ 

*tpd~t-+t++ 

MECL Ill Rise and Fall Times MECL 10K and MECL 10H Rise and Fall Times MECL Propagation Delay 

FIGURE 10a-TYPICAL PROPAGATION DELAY t- - versus 
VEE AND TEMPERATURE (MECL 10K) 

2.6.--,--_r-_r-_,--.,.--.,.--.---.--...,.--~ 

c 2.5 f---t-50ln LJad to1-2.o l--+--+--+---1- J 
>- 1 _ +s5°c 
" 2.4 OR 25 ocj 
_, -!::::::= -3oj0 c ic: 2.3 

~ 2.2 J 
r- 2., l--+---i--i--i--i--t---t--+--+--+--la5 oc 

~ 2.0 I- NOR .I--: 5°cJ 
~ r-- J..--1"" 30° c 

~ 1 .9 1---1-----lt--=:::j=,~._ ...... ...,,,,=i='.'-=-t---"1---1----1-~ 
0.. 1.8 

1.71--1---l---l--+--+--+--+--+----+-~ 

+!. 1.6 '--"--~-~~-~ _ __. _ _._ _ _.__~--
-3.6 -4.4 -5.2 -6.0 -6.8 

VEE· SUPPLY VOLTAGE (VOL TS) 

FIGURE 10c - TYPICAL FALL TIME (90"k to 10%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10K) 
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FIGURE 10b - TYPICAL PROPAGATION DELAY t+ + versus 
VEE AND TEMPERATURE (MECL 10K) 
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FIGURE 10d - TYPICAL RISE TIME (10% to 90%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10K) 
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SETUP AND HOLD TIMES 

Setup and hold times are two ac parameters which can 
easily be confused unless clearly defined. For MECL logic 
devices, tsetup is the minimum time (50% 50%) before 
the positive transition of the clock pulse (C) that infor
mation must be present at the Data input (D) to insure 
proper operation of the device. The thold is defined sim
ilarly as the minimum time after the positive transition 
of the clock pulse (C) that the information must remain 
unchanged at the Data input (D) to insure proper oper
ation. Setup and hold waveforms for logic devices are 
shown in Figure 11. 

FIGURE 11 - SETUP AND HOLD WAVEFORMS 
FOR MECL LOGIC DEVICES 

50% 

o----
50% 

C -----II---' I 

tsetup 

: ______ --- ____ JX~----
TESTING MECL 10H, MECL 10K AND MECL Ill 

To obtain results correlating with Motorola circuit spec
ifications certain test techniques must be used. A sche
matic of a typical gate test circuit is shown in Figure 12. 

This test circuit is the standard ac test configuration for 
most MECL devices. (Exceptions are shown with the 
device specification.) 

A solid ground plane is used in the test setup, and 
capacitors bypass Vcc1. Vcc2. and VEE pins to ground. 
All power leads and signal leads are kept as short as 
possible. 

The sampling scope interface runs directly to the 50-
ohm inputs of Channel A and B via 50-ohm coaxial cable. 
Equal-length coaxial cables must be used between the 
test set and the A and B scope inputs. A 50-ohm coax 
cable such as RG58/U or RG188A/U, is recommended. 

Interconnect fittings should be 50-ohm GR, BNC, 
Sealectro Conhex; or equivalent. Wire length should be 
< V. inch from TPin to input pin and TPout to output pin. 

The pulse generator must be capable of 2.0 ns rise and 
fall times for MECL 10K and 1.5 ns for MECL 10H and 
MECL Ill. In addition, the generator voltage must have an 
offset to give MECL signal swings of= ±400 mV about 
a threshold of= +0.7 V when Vee = +2.0 V and VEE 
= -3.2 V for ac testing of logic devices. 

The power supplies are shifted + 2.0 V, so that the 
device under test has only one resistor value to load into 
the precision 50-ohm input impedance of the sampling 
oscilloscope. Use of this technique yields a close corre
lation between Motorola and customer testing. Unused 
outputs are loaded with a 50-ohm resistor (100-ohm for 
MC105XX devices) to ground. The positive supply (Vccl 
should be decoupled from the test board by RF type 25 µF 
capacitors to ground. The Vee pins are bypassed to 
ground with 0.1 µF, as is the VEE pin. 

Additional information on testing MECL 10K and under
standing data sheets is found in Application Note AN701 
and the MECL System Design Handbook, HB205. 

FIGURE 12 - MECL LOGIC SWITCHING TIME TEST SETUP 

* Matched 50-ohm coax 
* * 0.1 µF-decouples fixture 

* * * 25 µF-dampens supply 
variations 

PULSEtt 
GENERATOR 

ttPulse generator must be capable of rise 
and fall times of 2.0 ns for 1 OK and 
1.0 ns for 10H and MECL Ill. 

Channel A Channel B 

*Coax 

16 8 

+2.0V 
Vee 
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** 

-3.2V 
VEE 

NOTE: All power supply levels 
are shown shifted 2 volts 
positive. 



SECTION Ill - OPERATIONAL DATA 

POWER SUPPLY CONSIDERATIONS 

MECL circuits are characterized with the Vee point at 
ground potential and the VEE point at -5.2 V. While this 
MECL convention is not necessarily mandatory, it does 
result in maximum noise immunity. This is so because 
any noise induced on the VEE line is applied to the circuit 
as a common-mode signal which is rejected by the dif
ferential action of the MECL input circuit. Noise induced 
into the Vee line is not cancelled out in this fashion. 
Hence, a good system ground at the Vee bus is required 
for best noise immunity. Also, MECL 10H circuits may be 
operated with VEE at -4.5 V with a negligible loss of 
noise immunity. 

Power supply regulation which will achieve 10% reg
ulation or better at the device level is recommended. The 
-5.2 V power supply potential will result in best circuit 
speed. Qther values for VEE may be used. A more neg
ative voltage will increase noise margins at a cost of 
increased power dissipation. A less negative voltage will 
have just the opposite effect. (Noise margins and per
formance specifications of MECL 10H are unaffected by 
variations in VEE because of the internal voltage 
regulation.) 

On logic cards, a ground plane or ground bus system 
should be used. A bus system should be wide enough 
to prevent significant voltage drops between supply and 
device and to produce a low source inductance. 

Although little power supply noise is generated by 
MECL logic, power supply bypass capacitors are rec
ommended to handle switching currents caused by stray 
capacitance and asymmetric circuit loading. A parallel 
combination of a 1.0 µF and a 100 pF capacitor at the 
power entrance to the board, and a 0.01 µF low-induct
ance capacitor between ground and the -5.2 V line every 
four to six packages, are recommended. 

Most MECL 10H, MECL 10K and MECL Ill circuits have 
two Vee leads. Vcc1 supplies current to the output tran
sistors and Vcc2 is connected to the circuit logic tran
sistors. The separate Vee pins reduce cross-coupling 
between individual circuits within a package when the 
outputs are driving heavy loads. Circuits with large drive 
capability, similar to the MC10110, have two Vcc1 pins. 
All Vee pins should be connected to the ground plane 
or ground bus as close to the package as possible. 

For further discussion of MECL power supply consid
erations to be made in system designing, see MECL Sys
tem Design Handbook, HB205. 

POWER DISSIPATION 

The power dissipation of MECL functional blocks is 
specified on their respective data sheets. This specifica
tion does not include power dissipated in the output 
devices due to output termination. The omission of inter
nal output pulldown resistors permits the use of external 
terminations designed to yield best system performance. 
To obtain total operating power dissipation of a particular 
functional block in a system, the dissipation of the output 
transistor, under load, must be added to the circuit power 
dissipation. 

The table in Figure 13 lists the power dissipation in the 
output transistors plus that in the external terminating 

resistors, for the more commonly used termination val
ues and circuit configurations. To obtain true package 
power dissipation, one output-transistor power-dissipa
tion value must be added to the specified package power 
dissipation for each external termination resistor used in 
conjunction with that package. To obtain system power 
dissipation, the stated dissipation in the external termi
nating resistors must be added as well. Unused outputs 
draw no power and may be ignored. 

FIGURE 13 - AVERAGE POWER DISSIPATION IN OUTPUT 
CIRCUIT WITH EXTERNAL TERMINATING RESISTORS 

Output Terminating 
Transistor Resistor 

Power Power 
Terminating Dissipation Dissipation 

Resistor Value (mW) (mW) 

150 ohms to - 2.0 Vdc 5.0 4.3 

100 ohms to - 2.0 Vdc 7.5 6.5 

75 ohms to -2.0 Vdc 10 8.7 

50 ohms to -2.0 Vdc 15 13 

2.0 k ohms to VEE 2.5 7.7 

1.0 k ohm to VEE 4.9 15.4 

680 ohms to VEE 7.2 22.6 

510 ohms to VEE 9.7 30.2 

270 ohms to VEE 18.3 57.2 

82 ohms to Vee and 15 140 
130 ohms to VEE 

LOADING CHARACTERISTICS 

The differential input to MECL circuits offers several 
advantages. Its common-mode-rejection feature offers 
immunity against power-supply noise injection, and its 
relatively high input impedance makes it possible for any 
circuit to drive a relatively large number of inputs without 
deterioration of the guaranteed noise margin. Hence, de 
fanout with MECL circuits does not normally present a 
design problem. 

Graphs showing typical output voltage levels as a func
tion of load current for MECL 10H, MECL 10K and MECL 
Ill shown in Figure 14. These graphs can be used to deter
mine the actual output voltages for loads exceeding nor
mal operation. 

While de loading causes a change in output voltage 
levels, thereby tending to affect noise margins, ac loading 
increases the capacitances associated with the circuit 
and, therefore, affects circuit speed, primarily rise and 
fall times. 

MECL circuits typically have a 7 ohm output impedance 
and a relatively unaffected by capacitive loading on a 
positive-going output signal. However, the negative
going edge is dependent on the output pulldown or ter
mination resistor. Loading close to a MECL output pin 
will cause an additional propagation delay of 0.1 ns per 
fanout load with a 50 ohm resistor to - 2.0 Vdc or 270 
ohms to - 5.2 Vdc. A 100 ohm resistor to -2.0 Vdc or 
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510 ohms to -5.2 Vdc results in an additional 0.2 ns 
propagation delay per fanout load. 

Terminated transmission line signal interconnections 
are used for best system performance. The propagation 
delay and rise time of a driving gate are affected very 
little by capacitance loading along a matched parallel
terminated transmission line. However, the delay and 
characteristic impedance of the transmission line itself 
are affected by the distributed capacitance. Signal prop
agation down the line will be increased by a factor, 
v'1 + Cd/C0 . Here C0 is the normal intrinsic line capaci-

< 

FIGURE 14 - OUTPUT VOLTAGE LEVELS 
versus DC LOADING 

(LOAD LINES FOR TERMINATION TO Vee (-6.2 Vdc) 21>0 c 

50.------,c----,~---,~---.~---.~---.~---.~---.~--, 

i 30t--~t-~t-~t-+__,lf-+__,ft--iil--__,t---t--l--t 

>
:J 

_o 20 

10~~ 
VouT(VOL TS) 
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tance, and Cd is the distributed capacitance due to load
ing and stubs off the line. 

Maximum allowable stub lengths for loading off of a 
MECL 10K transmission line vary with the line imped
ance. For example, with Z0 = 50 ohms, maximum stub 
length would be 4.5 inches (1.8 in. for MECL Ill). But when 
Z0 = 100 ohms, the maximum allowable stub length is 
decreased to 2.8 inches (1.0 in. for MECL Ill). 

The Input loading capacitanceofaMECL 10H and MECL 
10K gate is about 2.9 pF and 3.3 pF for MECL Ill. To allow 
forthe IC connector or solder connection and a short stub 
length, 5 to 7 pF is commonly used in loading 
calculations. 

UNUSED MECL INPUTS 

The input impedance of a differential amplifier, as used 
in the typical MECL input circuit, is very high when the 
applied signal level is low. Under low-signal conditions, 
therefore, any leakage to the input capacitance of the gate 
could cause a gradual buildup of voltage on the input 
lead, thereby adversely affecting the switching charac
teristics at low repetition rates. 

All single-ended input MECL logic circuits contain input 
pulldown resistors between the input transistor bases 
and Vee· As a result, unused inputs may be left uncon
nected (the resistor provides a sink for lcso leakage cur
rents, and inputs are held sufficiently negative that cir
cuits will not trigger due to noise coupled into such 
inputs). Input pulldown resistor values are typically 50 kfi 
and are not to be used as pulldown resistors for preced
ing open-emitter outputs. 

Some MECL devices do not have input pulldowns. 
Examples are the differential line receivers. If a single 
differential receiver within a package is unused, one input 
of that receiver must be tied to the Vss pin provided, 
and the other input goes to Vee or is left open. 

MECL circuits do not operate properly when inputs are 
connected to Vee for a HIGH logic level. Proper design 
practice is to set a HIGH level as about - 0.9 volts below 
Vee with a resistor divider, a diode drop, or an unused 
gate output. 



SECTION IV - SYSTEM DESIGN CONSIDERATIONS 

THERMAL MANAGEMENT 

Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are im
proved by keeping the IC junction temperatures low. 

Electrical power dissipated in any integrated circuit is 
a source of heat. This heat source increases the temper
ature of the die relative to some reference point, normally 
the ambient temperature of 25°C in still air. The temper
ature increase, then, depends on the amount of power 
dissipated in the circuit and on the net thermal resistance 
between the heat source and the reference point. 

The temperature at the junction is a function of the 
packaging and mounting system's ability to remove heat 
generated in the circuit - from the junction region to the 
ambient environment. The basic formula (a) for convert
ing power dissipation to estimated junction temperature 
is: 

or 
TJ = TA + Po{iiJc + OcA) 

TJ = TA + Po(OJA) 

maximum junction temperature 
maximum ambient temperature 

(1) 

(2) 

Po = calculated maximum power dissipation 
including effects of external loads (see 
Power Dissipation in section Ill). 

OJC = average thermal resistance, junction to case 
OcA = average thermal resistance, case to ambient 
OJA = average thermal resistance, junction to 

ambient 

This Motorola recommended formula has been ap
proved by RADC and oesc for calculating a "practical" 
maximum operating junction temperature for MIL-M-
38510 (JAN) MeCL 10K devices. 

Only two terms on the right side of equation (1) can be 
varied by the user - the ambient temperature, and the 
device case-to-ambient thermal resistance, OcA· (To 
some extent the device power dissipation can be also 
controlled, but under recommended use the Vee supply 
and loading dictate a fixed power dissipation.) Both sys
tem air flow and the package mounting technique affect 
the OcA thermal resistance term. OJc is essentially in
dependent of air flow and external mounting method, 
but is sensitive to package material, die bonding method, 
and die area. 

FIGURE 15 - THERMAL RESISTANCE VALUES FOR STANDARD MECL l/C PACKAGES 

Thermal Resistance in Still Air 

Package Description IJJA IJJC 

No. Body Body Body Die Die Area Flag Area 
("C/Wattl (°C/Wattl 

Leads Style Material WxL Bond (Sq. Mils} (Sq. Mils} Avg. Max. Avg. Max. 

8 OIL EPOXY 1/4"x3/8" EPOXY 2496 8100 102 133 50 80 
8 OIL ALUMINA 1/4"x3/8" SILVER/GLASS 2496 NIA 140 182 35 56 

14 FLAT ALUMINA 1/4"x1/4" SILVER/GLASS 4096 N/A 165 215 28 45 
14 OIL EPOXY 1/4"x3/4" EPOXY 4096 6400 84 109 38 61 
14 OIL ALUMINA 1/4"x3/4" SILVER/GLASS 4096 NIA 100 130 25 40 
16 FLAT ALUMINA 1/4"x3/8" SILVER/GLASS 4096 N/A 140 182 24 38 
16 OIL EPOXY 1/4"x3/4'' EPOXY 4096 12100 70 91 34 54 
16 OIL ALUMINA 1/4"x3/4" SILVER/GLASS 4096 N/A 100 130 25 40 
20 PLCC EPOXY 0.35"x0.35" EPOXY 4096 14,400 74 82 N/A(6) N/A(6) 
24 FLAT ALUMINA 3/8"x5/8" SILVER/GLASS 8192 N/A 64 83 11 18 
24 OIL (4) EPOXY 1/2"x1-1/4'' EPOXY 8192 22500 67 87 31 50 
24 OIL 15) ALUMINA 1/2"x1-1/4'' SILVER/GLASS 8192 N/A 50 65 10 16 
28 PLCC EPOXY 0.45"x0.45" EPOXY 7134 28,900 65 68 N/A(6) N/A(61 

NOTES: 
1. All plastic packages use copper lead frames - ceramic packages use alloy 42 frames. 
2. Body style OIL is "Dual-In-Line." 
3. Standard Mounting Methods: 

a. Dual-In-Line In Socket or P/C board with no contact between bottom of package and socket or P/C board. 
b. Flat Pack - Bottom of package in direct contact with non-metallized area of P/C board. 
c. PLCC packages solder attached to traces on 2.24" x 2.24" x 0.062" FR4 type glass epoxy board with 1 oz./S.F. copper (solder coated) 

mounted to tester with 3 leads of 24 gauge copper wire. 
4. Case Outline 649 
5. Case Outline 623 

(Tc - TA) 6. 9JC ~ 9JA - -----po 
Tc = Case Temperature (determined by thermocouple) 
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For applications where the case is held at essentially a 
fixed temperature by mounting on a large or tempera
ture-controlled heatsink, the estimated junction temper
ature is calculated by: 

TJ =Tc+ Po (OJc) (3) 

where Tc = maximum case temperature and the other 
parameters are as previously defined. 

The maximum and average thermal resistance values 
for standard MECL IC packages are given in Figure 15. In 
Figure 16, this basic data is converted into graphs show
ing the maximum power dissipation allowable at various 
ambient temperatures (still air) for circuits mounted in 
the different packages, taking into account the maximum 
permissible operating junction temperature for long term 
life(?- 100,000 hours for ceramic packages). 

AIR FLOW 

The effect of air flow over the packages on OJA (due 
to a decrease in OcA) is illustrated in the graphs of Figure 
17. This air flow reduces the thermal resistance of the 
package, therefore permitting a corresponding increase 
in power dissipation without exceeding the maximum 
permissible operating junction temperature. 

FIGURE 16A - AMBIENT TEMPERATURE DERATING CURVES 
(CERAMIC DUAL-IN-LINE PACKAGE) 
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FIGURE 16B - AMBIENT TEMPERATURE DERATING CURVES 
(CERAMIC FLAT PACKAGE) 
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As an example of the use of the information above, the 
maximum junction temperature for a 16 lead ceramic 
dual-in-line packaged MECL 10K quad OR/NOR gate 
(MC10101 U loaded with four 50 ohm loads can be cal
culated. Maximum total power dissipation (including 4 
output loads) for this quad gate is 195 mW. Assume for 
this thermal study that air flow is 500 linear feet per min
ute. From Figure 17, OJA is 50°C/W. With TA (air flow 
temperature at the device) equal to 25°C, the following 
maximum junction temperature results: 

TJ = Po (OJA) +TA 
T J = (0.195 W) (50°C/W) + 25°C = 34.8°C 

Under the above operating conditions, the MECL 10K 
quad gate has its junction elevated above ambient tem
perature by only 9.8°C. 

Even though different device types mounted on a 
printed circuit board may each have different power dis
sipations, all will have the same input and output levels 
provided that each is subject to identical air flow and the 
same ambient air temperature. This eases design, since 
the only change in levels between devices is due to the 
increase in ambient temperatures as the air passes over 
the devices, or differences in ambient temperature 
between two devices. 

FIGURE 17A - AIRFLOW versus THERMAL RESISTANCE 
(CERAMIC DUAL-IN-LINE PACKAGE) 
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FIGURE 17B - AIRFLOW versus THERMAL RESISTANCE 
(CERAMIC FLAT PACKAGE) 
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FIGURE 16C - AMBIENT TEMPERATURE DERATING CURVES 
(PLASTIC DUAL-IN-LINE PACKAGE) 
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FIGURE 16D - AMBIENT TEMPERATURE DERATING CURVES 
(PLCC PACKAGE) 

~2000.----.---,---,--~--~---.---,-~ 
~ 

:1750s. 

~ 1500 >""'<~--'t"-.--t---+---+--+---+---t---i 

~ 1250 r---1 "'-~"<:----"':-1'r~~-28~L_e_ad_t---r---r----t----1 
~~ 

~ 10001----t-----""'--~L"..__,,_--t---+--t---l----l-----1 
~ 750 1----+---+-~-~->,i---+--+---+----+---+ 
~ 20Lead~ 
~ 500f----+----1---t----''.;:t.~---+---+----l---I 

FIGURE 17C - AIRFLOW versus THERMAL RESISTANCE 
(PLASTIC DUAL-IN-LINE PACKAGE) 
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FIGURE 17D - AIRFLOW versus THERMAL RESISTANCE 
(PLCC PACKAGE) 
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FIGURE 18 - THERMAL GRADIENT OF JUNCTION 
TEMPERATURE 

(16-Pin MECL Dual-In-Line Package) 

Power Dissipation Junction Temperature Gradient 
(mW) (°C/Package) 

200 0.4 

250 0.5 

300 0.63 

400 0.88 

Devices mounted on 0.062" PC board with Z axis spacing of 0.5". 
Air flow is 500 lfpm along the Z axis. 

The majority of MECL 10H, MECL 10K, and MECL Ill 
users employ some form of air-flow cooling. As air passes 
over each device on a printed circuit board, it absorbs 
heat from each package. This heat gradient from the first 
package to the last package is a function of the air flow 
rate and individual package dissipations. Figure 18 pro
vides gradient data at power levels of 200 mW, 250 mW, 
300 mW, and 400 mW with an air flow rate of 500 lfpm. 
These figures show the proportionate increase in the 
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junction temperature of each dual-in-line package as the 
air passes over each device. For higher rates of air flow 
the change in junction temperature from package to pack
age down the airstream will be lower due to greater 
cooling. 

OPTIMIZING THE LONG TERM RELIABILITY OF 
PLASTIC PACKAGES 

Todays plastic integrated circuit packages are as reli
able as ceramic packages under most environmental con
ditions. However when the ultimate in system reliability 
is required, thermal management must be considered as 
a prime system design goal. 

Modern plastic package assembly technology utilizes 
gold wire bonded to aluminum bonding pads throughout 
the electronics industry. When exposed to high temper
atures for protracted periods of time an intermetallic 
compound can form in the bond area resulting in high 
impedance contacts and degradation of device perfor
mance. Since the formation of intermetallic compounds 
is directly related to device junction temperature, it is 
incumbent on the designer to determine that the device 
junction temperatures are consistent with system relia
bility goals. 



Predicting Bond Failure Time: 

Based on the results of almost ten (10) years of + 125°C 
operating life testing, a special arrhenius equation has 
been developed to show the relationship between junc
tion temperature and reliability. 

(1) T = (6.376 x 10-S)e [2;~~554·!6~J 
Where: T =Time in hours to 0.1% bond failure (1 failure 

per 1,000 bonds). 
TJ = Device junction temperature, °C. 

And: 

(2) TJ =TA+ PoOJA =TA+ .HJ 

= Device junction temperature, °C. 
= Ambient temperature, °C. 
= Device power dissipation in watts. 

Where:TJ 
TA 
Po 
6JA = Device thermal resistance, junction to air, 

°C/Watt. 
.:HJ = Increase in junction temperature due to 

on-chip power dissipation. 

Table 1 shows the relationship between junction tem
perature, and continuous operating time to 0.1% bond 
failure, (1 failure per 1,000 bonds). 

TABLE 4 - DEVICE JUNCTION TEMPERATURE versus 
TIME TO 0.1% BOND FAILURES. 

Junction 
Temperature °C Time, Hours Time, Years 

80 1,032,200 117.8 

90 419,300 47.9 

100 178,700 20.4 

110 79,600 9.4 

120 37,000 4.2 

130 17,800 2.0 

140 8,900 1.0 

Table 4 is graphically illustrated in Figure 19 which 
shows that the reliability for plastic and ceramic devices 
are the same until elevated junction temperatures 
induces intermetallic failures in plastic devices. Early and 
mid-life failure rates of plastic devices are not effected 
by this intermetallic mechanism. 

FIGURE 19. FAILURE RATE versus TIME 
JUNCTION TEMPERATURE 

10 100 
TIME, YEARS 

1000 

1-19 

MECL Junction Tempera1ures: 

Power levels have been calculated for a number of 
MECL 10K and MECL 10H devices in 20 pin plastic leaded 
chip carriers and translated to the resulting increase of 
junction temperature (<iTJ) for still air and moving air at 
500 LFPM using equation 2 and are shown in Table 5. 

TABLE 5 - INCREASE IN JUNCTION TEMPERATURE DUE TO 
VC POWER DISSIPATION. 

20 PIN PLASTIC LEADED CHIP CARRIER 

MECL 10K .1TJ,"C MECL 10H .1TJ,°C 
Device .1TJ,"C 500 LFPM Device .1TJ,oC 500 LFPM 
Type Still Air Air Type Still Air Air 

MC10100 16.2 10.5 MC10H016 48.0 30.0 
MC10101 21.8 14.1 MC10H100 16.6 10.8 
MC10102 17.6 11.4 MC10H101 22.1 14.5 
MC10103 17.6 11.4 MC10H102 18.0 11.8 
MC10104 20.8 13.4 MC10H103 18.0 11.8 
MC10105 17.2 11.2 MC10H104 21.0 13.5 
MC10106 13.0 8.4 MC10H105 17.8 11.7 
MC10107 19.8 12.8 MC10H106 13.2 8.7 
MC10109 11.7 7.7 MC10H107 20.0 12.9 
MC10110 24.7 16.1 MC10H109 11.9 7.8 
MC10111 24.7 16.1 MC10H113 22.8 14.8 
MC10113 22.2 14.3 MC10H115 16.7 10.9 
MC10114 22.6 14.6 MC10H116 17.8 11.7 
MC10115 16.7 10.9 MC10H117 16.7 11.0 
MC10116 17.2 11.1 MC10H118 13.8 9.0 
MC10117 16.2 10.5 MC10H119 12.5 8.2 
MC10118 13.4 8.7 MC10H121 13.9 9.1 
MC10119 12.1 7.8 MC10H123 23.1 15.0 
MC10121 13.5 8.5 MC10H124 44.2 28.4 
MC10123 37.6 24.0 MC10H125 - -
MC10124 42.9 27.3 MC10H130 19.7 12.7 
MC10125 - - MC10H131 28.2 18.2 
MC10130 19.6 12.6 MC10H135 33.2 21.4 
MC10131 26.9 17.1 MC10H136 61.7 38.5 
MC10133 34.4 21.9 MC10H141 44.3 28.0 
MC10134 27.0 17.2 MC10H145 59.4 36.9 
MC10135 31.9 20.3 MC10H158 25.3 16.4 
MC10136 52.3 32.6 MC10H159 27.3 177 
MC10138 37.0 23.2 MC10H160 32.1 20.5 
MC10141 42.7 26.7 MC10H161 41.5 26.7 
MC10153 34.4 21.9 MC10H162 41.5 26.7 
MC10158 23.9 15.2 MC10H164 31.9 20.6 
MC10159 25.8 16.4 MC10H165 56.3 35.8 
MC10160 32.0 20.4 MC10H166 44.4 28.3 
MC10161 40.7 26.0 MC10H171 41.9 26.9 
MC10162 40.7 26.0 MC10H172 41.9 26.9 
MC10164 31.3 20.1 MC10H173 32.6 21.1 
MC10165 53.7 33.6 MC10H174 32.5 21.0 
MC10166 43.5 27.6 MC10H175 45.9 29.6 
MC10168 34.4 21.9 MC10H176 50.9 32.3 
MC10170 29.9 18.9 MC10H179 35.0 22.6 
MC10171 41.1 26.2 MC10H180 42.4 27.2 
MC10172 41.1 26.2 MC10H1814 64.4 38.6 
MC10173 30.5 19.3 MC10H186 50.2 31.8 
MC10174 31.9 20.5 MC10H188 25.8 16.7 
MC10175 43.7 27.6 MC10H189 25.8 16.7 
MC10176 49.6 31.3 MC10H209 18.9 12.5 
MC10178 38.1 23.9 MC10H210 25.0 16.4 
MC10186 49.6 31.1 MC10H211 25.0 16.4 
MC10188 25.4 16.4 MC10H3304 65.8 36.1 
MC10189 24.6 15.9 MC10H332 52.2 33.5 
MC10190 25.5 16.2 MC10H334 77.8 49.3 
MC10192 67.0 43.0 MC10H350 - -
MC10195 46.7 29.9 MC10H423 31.3 20.3 
MC10197 27.7 17.7 MC10H424 37.7 24.3 
MC10198 21.2 13.4 
MC10210 24.5 16.0 
MC10211 24.6 16.0 
MC10212 24.3 15.8 
MC10216 24.1 15.6 
MC10231 30.6 19.5 

NOTES: 
(1) All ECL outputs are loaded with a 50 0 resistor and assumed 

operating at 50% duty cycle. 
(2) &TJ for ECL to TTl translators are excluded since the supply 

current to the TTL section is dependent on frequency, duty cycle 
and loading. 

(3) Thermal Resistance (6JA) measured with PLCC packages solder 
attached to traces on 2.24" x 2.24" x 0.062" FA4 type glass epoxy 
board with 1 oz./sq. ft. copper (solder-coated) mounted to tester 
with 3 leads of 24 gauge copper wire. 

(4) 28 lead PLCC. 
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Case Example: 

After the desired system failure rate has been estab
lished for failure mechanisms other than intermetallics, 
each plastic device in the system should be evaluated for 
maximum junction temperature using Table 5. Knowing 
the maximum junction temperature refer to Table 4 or 
Equation 1 to determine the continuous operating time 
required to 0.1% bond failures due to intermetallic for
mation. At this time, system reliability departs from the 
desired value as indicated in Figure 19. 

To illustrate, assume that system ambient air temper
ature is 55'e (an accepted industry standard for evalu
ating system failure rates). Reference is made to Table 5 
to determine the maximum junction temperature for each 
device for still air and transverse air flow of 500 LFPM . 

Adding the 55'e ambient to the highest t.TJ listed, 
77.S'e (for the Me10H334 with no air flow). gives a max
imum junction temperature of 132.S'e. Reference to 
Table 4 indicates a departure from the desired failure rate 
after about 2 years of constant exposure to this junction 
temperature. If 500 LFPM of air flow is utilized, maximum 
junction temperature for this device is reduced to 104.3'e 
for which Table 4 indicates an increased failure rate in 
about 15 years. 

Air flow is one method of thermal management which 
should be considered for system longevity. Other com
monly used methods include heat sinks for higher pow
ered devices, refrigerated air flow and lower density 
board stuffing. 

The material presented here emphasizes the need to 
consider thermal management as an integral part of sys
tem design and also the tools to determine if the man
agement methods being considered are adequate to pro
duce the desired system reliability. 

THERMAL EFFECTS ON NOISE MARGIN 

The data sheet de specifications for standard MEeL 1 OK 
and MEeL Ill devices are given for an operating temper
ature range from - 30'e to + 85'e (O' to + 75'e for MEeL 
10H and memories). These values are based on having 
an airflow of 500 lfpm over socket or Pie board mounted 
packages with no special heatsinking (i.e., dual-in-line 
package mounted on lead seating plane with no contact 
between bottom of package and socket or Pie board and 
flat package mounted with bottom in direct contact with 
non-metallized area of Pie board). 

The designer may want to use MEeL devices under 
conditions other than those given above. The majority of 
the low-power device types may be used without air and 
with higher fiJA However, the designer must bear in 
mind that junction temperatures will be higher for higher 
fiJA· even though the ambient temperature is the same. 
Higher junction temperatures will cause logic levels to 
shift. 

As an example, a 300 mW 16 lead dual-in-line ceramic 
device operated at fiJA = 100°e/W (in still air) shows a 
HIGH logic level shift of about 21 mV above the HIGH 
logic level when operated with 500 lfpm air flow and a 
fiJA = 50'e/W. (Level shift= t.TJ x 1.4 mV/'e). 

If logic levels of individual devices shift by different 
amounts (depending on Po and OJA!. noise margins are 
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somewhat reduced. Therefore, the system designer must 
lay out his system bearing in mind that the mounting 
procedures to be used should minimize thermal effects 
on noise margin. 

The following sections on package mounting and heat
sinking are intended to provide the designer with suffi
cient information to insure good noise margins and high 
reliability in MEeL system use. 

MOUNTING AND HEATSINK SUGGESTIONS 

With large high-speed logic systems, the use of mul
tilayer printed circuit boards is recommended to provide 
both a better ground plane and a good thermal path for 
heat dissipation. Also, a multilayer board allows the use 
of microstrip line techniques to provide transmission line 
interconnections. 

Two-sided printed circuit boards may be used where 
board dimensions and package count are small. If pos
sible, the Vee ground plane should face the bottom of 
the package to form the thermal conduction plane. If sig
nal lines must be placed on both sides of the board, the 
VEE plane may be used as the thermal plane, and at the 
same time may be used as a pseudo ground plane. The 
pseudo ground plane becomes the ac ground reference 
under the signal lines placed on the same side as the 
Vee ground plane (now on the opposite side of the board 
from the packages), thus maintaining a microstrip signal 
line environment. 

Two-ounce copper Pie board is recommended for ther
mal conduction and mechanical strength. Also, mounting 
holes for low power devices may be countersunk to allow 
the package bottom to contact the heat plane. This tech
nique used along with thermal paste will provide good 
thermal conduction. 

Printed channeling is a useful technique for conduction 
of heat away from the packages when the devices are 
soldered into a printed circuit board. As illustrated in 
Figure 20, this heat dissipation method could also serve 
as VEE voltage distribution or as a ground bus. The chan
nels should terminate into channel strips at each side or 
the rear of a plug-in type printed circuit board. The heat 
can then be removed from the circuit board, or board 
slide rack, by means of wipers that come into thermal 
contact with the edge channels. 

FIGURE 20 - CHANNELJWIPER HEATSINKING ON 
DOUBLE LAYER BOARD 



For operating some of the higher power device types* 
in 16 lead dual-in-line packages in still air, requiring iiJA 
<100°C/W, a suitable heatsink is the IERC LIC-214A2WCB 
shown in Figure 21. This sink reduces the still air iiJA to 
around 55°C/W. By mounting this heatsink directly on a 
copper ground plane (using silicone paste) and passing 
500 lfpm air over the packages, iiJA is reduced to approx
imately 35°C/W, permitting use at higher ambient tem
peratures than + 85°C ( + 75°C for MECL 1 OH memories) 
or in lowering TJ for improved reliability. 

FIGURE 21 - MECL HIGH-POWER DUAL-IN-LINE PACKAGE 
MOUNTING METHOD 

Paste 

Heat Dissipator 
IERC·LIC·214A2WCB 

It should be noted that the use of a heatsink on the top 
surface of the dual-in-line package is not very effective 
in lowering the iiJA· This is due to the location of the die 
near the bottom surface of the package. Also, very little 
(< 10%) of the internal heat is withdrawn through the 
package leads due to the isolation from the ceramic by 
the solder glass seals and the limited heat conduction 
from the die through 1.0 to 1.5 mil aluminum bonding 
wires. 

INTERFACING MECL TO SLOWER LOGIC TYPES 

MECL circuits are interfaceable with most other logic 
forms. For MECUTTUDTL interfaces, when MECL is oper
ated at the recommended - 5.2 volts and TTL/DTL at 
+ 5.0 V supply, currently available translator circuits, such 
as the MC10124 and MC10125, may be used. 

For systems where a dual supply ( - 5.2 V and + 5 V) 
is not practical, the MC10H350 includes four single supply 
MECL to TTL translators, or a discrete component trans
lator can be designed. For details, see MECL System 
Design Handbook (HB205). Such circuits can easily be 
made fast enough for any available TTL. 

* 10128, 10129, 10136, 10H136, 10137, 10177, 10182, and 10804, Max 
Po> 800 mW. 
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MECL also interfaces readily with MOS. With CMOS 
operating at + 5 V, any of the MECL to TTL translators 
works very well. 

Specific circuitry for use in interfacing MECL families 
to other logic types is given in detail in the MECL System 
Design Handbook. 

Complex MECL 1 OK devices are presently available for 
interfacing MECL with MOS logic, MOS memories, TTL 
three-state circuits, and IBM bus logic levels. See Appli
cation Note AN-720 for additional interfacing 
information. 

CIRCUIT INTERCONNECTIONS 

Though not necessarily essential, the use of multilayer 
printed circuit boards offers a number of advantages in 
the development of high-speed logic cards. Not only do 
multilayer boards achieve a much higher package den
sity, interconnecting leads are kept shorter, thus mini
mizing propagation delay between packages. This is par
ticularly beneficial with MECL Ill which has relatively fast 
(1 ns) rise and fall times. Moreover, the unbroken ground 
planes made possible with multilayer boards permit 
much more precise control of transmission line imped
ances when these are used for interconnecting purposes. 
Thus multilayer boards are recommended for MECL Ill 
layouts and are justified when operating MECL 1 OH and 
MECL 10K at top circuit speed, when high-density pack
aging is a requirement, or when transmission line inter
connects are used. 

Point-to-point back-plane wiring without matched line 
terminations may be employed for MECL interconnec
tions if line runs are kept short. At MECL 10K speeds, this 
applies to line runs up to 6 inches, for MECL 10H and 
MECL Ill up to 1 inch (Maximum open wire lengths for 
less than 100 mV undershoot). But, because of the open
emitter outputs of MECL 10H, MECL 10K and MECL Ill 
circuits, pull-down resistors are always required. Several 
ways of connecting such pull-down resistors are shown 
in Figure 22. 

Resistor values for the connection in Figure 22a may 
range from 270 ohms to kO depending on power and 
load requirements. (See MECL System Design Hand
book.) Power may be saved by connecting pull-down 
resistors in the range of 50 ohms to 150 ohms, to 
-2.0 Vdc, as shown in Figure 22b. Use of a series damp
ing resistor, Figure 22c, will extend permissible lengths 
of unmatched-impedance interconnections, with some 
loss of edge speed. 

With proper choice of the series damping resistor, line 
lengths can be extended to any length,** while limiting 
overshoot and undershoot to a predetermined amount. 
Damping resistors usually range in value from 10 ohms 
to 100 ohms, depending on the line length, fanout, and 
line impedance, the open emitter-follower outputs of 
MECL 10H, MECL Ill and MECL 10K give the system 
designer all possible line driving options. 

One major advantage of MECL over saturated logic is 
its capability for driving matched-impedance transmis
sion lines. Use of transmission lines retains signal integ
rity over long distances. The MECL 10H and MECL 10K 
emitter-follower output transistors will drive a 50-ohm 
transmission line terminated to - 2.0 Vdc. This is the 
equivalent current load of 22 mA in the HIGH logic state 
and 6 mA in the LOW state. 

** Limited only by line attenuation and band-width characteristics. 
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Parallel termination of transmission lines can be done 
in two ways. One, as shown in Figure 23a, uses a single 
resistor whose value is equal to the impedance (Z0 ) of 
the line. A terminating voltage (Vrr) of - 2.0 Vdc must 
be supplied to the terminating resistor. 

Another method of parallel termination uses a pair of 
resistors, R1 and R2. Figure 23b illustrates this method. 
The following two equations are used to calculate the 
values of R1 and R2: 

R1=1.6Zo 
R2 = 2.6 Z0 

Another popular approach is the series-terminated 
transmission line (see Figure 23). This differs from par
allel termination in that only one-half the logic swing is 
propagated through the lines. The logic swing doubles 
at the end of the transmission line due to reflection on 
an open line, again establishing a full logic swing. 

FIGURE 22 - PULL-DOWN RESISTOR TECHNIQUES 

~ 
-5.2 v (a) 

~ 
-2.0 V ( VTT) (b) 

~ p 

-5.2 v (c) 

To maintain clean wave fronts, the input impedance 
of the driven gate must be much greater than the char
acteristic impedance of the transmission line. This con
dition is satisfied by MECL circuits which have high 
impedance inputs. Using the appropriate terminating 
resi~tor (Rs) at point A (Figure 24), the reflections in 
the transmission line will be terminated. 

FIGURE 23a - PARALLEL TERMINATED LINE 

VTT (-2.0 V) 
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FIGURE 23b - PARALLEL TERMINATION - THEVENIN 
EQUIVALENT . 

R1 

-5.2 v 

FIGURE 24 - SERIES TERMINATED LINE 

The advantages of series termination include ease of 
driving multiple series-terminated lines, low power con
sumption, and low cross talk between adjacent lines. The 
disadvantage of this system is that loads may not be 
distributed along the transmission line due to the one
half logic swing present at intermediate points. 

For board-to-board interconnections, coaxial cable 
may be used for signal conductors. The termination tech
niques just discussed also apply when using coax. Coax
ial cable has the advantages of good noise immunity and 
low attenuation at high frequencies. 

Twisted pair lines are one of the most popular methods 
of interconnecting cards or panels. The complementary 
outputs of any MECL function may be connected to one 
end of the twisted pair line, and any MECL differential 
line receiver to the other as shown in the example, Figure 
25. RT is used to terminate the twisted pair line. The 1 to 
1.5 V common-mode noise rejection of the line receiver 
ignores common-mode cross talk, permitting multiple 
twisted pair lines to be tied into cables. MECL signals 
may be sent very long distances(> 1000 feet) on twisted 
pair, although line attenuation will limit bandwidth, 
degrading edge speeds when long line runs are made. 

If timing is critical, parallel signals paths (shown in 
Figure 26) should be used when fanout to several cards 
is required. This will eliminate distortion caused by long 
stub lengths off a signal path. 

Wire-wrapped connections can be used with MECL 
10K. For MECL Ill and MECL 10H, the fast edge speeds 
(1 ns) create a mismatch at the wire-wrap connections 
which can cause reflections, thus reducing noise immu
nity. The mismatch occurs also with MECL 10K, but the 
distance between the wire-wrap connections and the end 
of the line is generally short enough so the reflections 
cause no problem. 



Series damping resistors may be used with wire
wrapped lines to extend permissible backplane wiring 
l~ngths. Twisted pair lines may be used for even longer 
distances across large wire-wrapped cards. The twisted 
pair gives a more defined characteristic impedance (than 
a si~gle wire), and can be connected either single-ended, 
or differentially using a line receiver. 

The recommended wire-wrapped circuit cards have a 
ground plane on one side and a voltage plane on the 
other side to insure a good ground and a stable voltage 
source for the circuits. In addition, the ground plane near 
the wire-wrapped lines lowers the impedance of those 
lines and facilitates terminating the line. Finally, the 
ground plane serves to minimize cross talk between par
~llel paths in the signal lines. Point-to-point wire routing 
1s recommended because cross talk will be minimized 
and line lengths will be shortest. Commercial wire-wrap 
boards designed for MECL 10K are available from several 
vendors. 

FIGURE 25 - TWISTED PAIR LINE DRIVER/RECEIVER 

FIGURE 26 - PARALLEL FANOUT TECHNIQUES 

,---------Card A 

X>~t----------- Card 8 

~ 
•Multiple output gate eg MC10110 VTT 
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Microstrip and Stripline 

Microstrip and stripline techniques are used with 
printed circuit boards to form transmission lines. Micro
strip consists of a constant-width conductor on one side 
of a circuit board, with a ground plane on the other side 
(shown in Figure 27). The characteristic impedance is 
determined by the width and thickness of the conductor, 
the thickness of the circuit board, and the dielectric con
stant of the circuit board material. 

FIGURE 27 - PC INTERCONNECTION LINES FOR 
USE WITH MECL 

0.0014~ tr ,,, ~' .· ,;-. "t -;-~-~ 
0.008 . 

fr =4.5 
W Epoxy Glass 

Stripline is used with multilayer circuit boards as 
shown in Figure 27. Stripline consists of a constant-width 
conductor between two ground planes. 

Refer to MECL System Design Handbook for a full dis
cussion of the properties and use of these. 

CLOCK DISTRIBUTION 

Clock distribution can be a system problem. At MECL 
10K speeds, either coaxial cable or twisted pair line (using 
the MC10101 and MC10115) can be used to distribute 
clock signals throughout a system. Clock line lengths 
should be controlled and matched when timing could be 
critical. Once the clocking signals arrive on card, a tree 
distribution should be used for large-fanouts at high fre
quency. An example of the application of the technique 
is shown in Figure 28. 

Because of the very high clock rates encountered in 
MECL 111 systems, rules for clocking are more rigorous 
than in slower systems. 

The following guidelines should be followed for best 
results: 

A. On-card Synchronous Clock Distribution via 
Transmission Line 

1. Use the NOR output in developing clock chains or 
trees. Do not mix OR and NOR outputs in the chain. 

2. Use balanced fanouts on the clock drivers. 
3. Overshoot can be reduced by using two parallel drive 

lines in place of one drive line with twice the lumped 
load. 



FIGURE 28 - 64 FANOUT CLOCK DISTRIBUTION 
(PROPER TERMINATION REQUIRED) 

Off 
Card 

Fan-Out; 4 Each 

4. To minimize clock skewing problems on synchron
ous sections of the system, line delays should be matched 
to within 1 ns. 

5. Parallel drive gates should be used when clocking 
repetition rates are high, or when high capacitance loads 
occur. The bandwidth of a MECL Ill gate may be extended 
by paralleling both halves of a dual gate. Approximately 
40 or 50 MHz bandwidth can be gained by paralleling two 
or three clock driver gates. 

6. Fanout limits should be applied to clock distribution 
drivers. Four to six loads should be the maximum load 
per driver for best high speed performance. Avoid large 
lumped loads at the end of lines greater than 3 inches. 
A lumped load, if used, should be four or fewer loads. 

7. For wire-OR (emitter dotting), two-way lines (busses) 
are recommended. To produce such lines, both ends of 
a transmission line are terminated with 100-ohms imped
ance. This method should be used when wire-OR con
nections exceed 1 inch apart on a drive line. 
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B. Off-Card Clock Distribution 

1. The OR/NOR outputs of an MC1660 may be used to 
drive into twisted pair lines or into flat, fixed-impedance 
ribbon cable. Atthe far end of the twisted pair on MC1692 
differential line receiver is used. The line should be ter
minated as shown in Figure 25. This method not only 
provides high speed, board-to-board clock distribution, 
but also provides system noise margin advantages. Since 
the line receiver operates independently of the V99 ref
erence voltage (differential inputs) the noise margin from 
board to board is also independent of temperature 
differentials. 

LOGIC SHORTCUTS 

MECL circuitry offers several logic design conve
niences. Among these are: , 

1. Wire-OR (can be produced by wiring MECL output 
emitters together outside packages). 

2. Complementary Logic Outputs (both OR and NOR 
are brought out to package pins in most cases). 

An example of the use of these two features to reduce 
gate and package count is shown in Figure 29. 

The connection shown saves several gate circuits over 
performing the same functions with non-ECL type logic. 
Also, the logic functions in Figure 29 are all accomplished 
with one gate propagation delay time for best system 
speed. Wire-ORing permits direct connections of MECL 
circuits to busses. (MECL System Design Handbook and 
Application Note AN-726). 

Propagation delay is increased approximately 50 ps per 
wire-OR connection. In general, wire-OR should be lim
ited to 6 MECL outputs to maintain a proper LOW logic 
level. The MC10123 is an exception to this rule because 
it has a special Vol level that allows very high fanout on 
a bus or wire-OR line. The use of a single output pull
down resistor is recommended per wire-OR, to econo
mize on power dissipation. However, two pull-down 
resistors per wired-OR can improve fall times and be used 
for double termination of busses. 

Wire-OR should be done between gates in a package 
or nearby packages to avoid spikes due to line propa
gation delay. This does not apply to bus lines which acti
vate only one driver at a time. 

FIGURE 29 - USE OF WIRE-OR AND 
COMPLEMENTARY OUTPUTS 

A----"£Ji----4~----- AB + CD 
8--<-~~----;---, Rp 

c -~--0-----' 
D--<--_,,,_----.. --t--111~C + D + E + F + G 

E-~--0-----' 
F 

Rp 

G --<..--------1,_1,_A + B + E + F + G 

MC10105 



SYSTEM CONSIDERATIONS - A SUMMARY OF RECOMMENDATIONS 

Power Supply Regulation 

On-Card Temperature Gradient 

Maximum Non-Transmission Line Length 
(No Damping Resistor) 

Unused Inputs 

PC Board 

Cooling Requirements 

Bus Connection Capability 

Maximum Twisted Pair Length 
(Differential Drive) 

The Ground Plane to Occupy Percent 
Area of Card 

Wire Wrap may be used 

Compatible with MECL 10,000 

(1) All de and ac parameters guaranteed for VEE = -5.2 V ± 5%. 
(2) At the devices (functional only). 
(3) Except special functions without input pull-down resistors. 

MECL 10H 

±5%(1) 

20°c 

1" 

Leave Open (3) 

Multilayer 

500 lfpm Air 

Yes (Wire-OR) 

Limited By Cable 
Response Only, 

Usually 
>1000' 

>75% 

Not Recommended 

Yes 
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MECL 10K 

10%(2) 

Less Than 25°C 

8" 

Leave Open (3) 

Standard 2-Sided or 
Multilayer 

500 lfpm Air 

Yes (Wire-OR) 

Limited by Cable 
Response Only, 

Usually 
>1000' 

>50% 

Yes 

-

MECLlll 

10%(2) 

Less Than 25°C 

1" 

Leave Open (3) 

Multilayer 

500 lfpm Air 

Yes (Wire-OR) 

Limited by Cable 
Response Only, 

Usually 
>1000' 

>75% • Not Recommended 

Yes 



PACKAGE OUTLINE DIMENSIONS 
A letter suffi"x to the MECL logic function part number is used to specify the package style (see drawings below). See 

appropriate selector guide for specific packaging available for a given device type. 

I 
'Tn-rrrrrT-rT"TrTTTTTMITT"M-' j 
J. .J 

LSUFFIX 
CERAMIC PACKAGE 

CASE620-09 

~f~~t 

~-i 
~_J 
LA~\ .. 

LSUFFIX 
CERAMIC PACKAGE 

CASE623-05 

~Fi-L-~C 

~ ~., .: L : .... "' 
H G D PLANE PLASTIC PACKAGE 

CASE626-04 
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NOTES; 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FOAMED PARALLEL 
~ DIM F MAY NARROW TO 0.76 ~.050) WHERE 

lHE LEAD ENTERS THE CERAMIC BODY. 
5. 620-01 THRU ·OS OBSOlETE, NEW STANDARD 

620-09. 

NOTES: 
1. DtM "L•TO CENTER OF LEADS WHEN 

FORMED PARAu.EL 
2. LEADS WITHIN 0.13 mm (0.005) RADIUS Of 

TRUE POSmON AT SEATING PLANE AT 
MAXIMUM MATERIAL CONomoN. (WHEN 
FORMED PARAU£~. 

~ 
INCNES 

llAX •• MAX 

~ 32.77 1.230 1.290 

rt- 15.49 0.SOO 0.610 
5.59 0.160 0.220 

D 0.51 0.016 0.020 
F 1.52 0.050 0.060 
G BSC 0.100BSC 
J 0.30 o.oos 0.0 2 
K 4.06 0.125 n1eo 
L 15.24BSC O.&OOBSC • o· 15° II" 15° 
N n51 1.27 0.020 0.050 

NOTES: 
1. LEAD POSITIONAL TOLERANCE: 

\t\.po.1a(o.oos)@\rl A®\ e®I 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
3. PACKAGE CONTOUR OPTIONAL (ROUND OR 

SQUARE CORNERS). 
4. DIMENSIONS A AND BARE DATUMS. 
5. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

llWMETERS "'CHES 
DIM lllN MAX lllN L-m_ :!& 10.18 .Q,Ei 

..I. 8.10 6.60 0.240 0.260 
_c_ .... 4.45 0.155 0.175 

D 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54BSC 0.1 BSC 
H 0.76 1.27 0.030 0.050 
J 0.20 0.30 o.oos 0.012 
K 2.92 a43 0.115 0.135 
L 7.62BSC 0.300BSC 

• - 111" 111" 
N 0.51 0.76 0.020 o.oso 



PACKAGE OUTLINE DIMENSIONS (continued) 

NOTE4 

H 

..__L_ 

[11~ 
""' ~'.~ t~ ~l G D PLANE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

ltlo2s(o.0101@lrl A® I ltl 0.25 (0.0101@1 Tl B ®I 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632-08 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

1-27 

NOTES: 
1. LEAD POSITIONAL TOLERANCE: 

[tito.13(0.oos1@lrl A@I s@I 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
3. PACKAGE CONTOUR OPTIONAL (ROUND OR 

SQUARE CORNERS}. 
DIMENSIONS A AND BARE DATUMS. 
DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982 . 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.40 10.16 0.370 0.400 
B 6.10 6.60 0.240 0.260 
c 3.94 4.45 0.155 0.175 
D 0.38 0.51 O.D15 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100BSC 
H 0.76 1.27 0.030 0.050 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300 BSC 

M - 10' - 10' 
N 0.76 1.01 0.030 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION l TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIM F MAY NARROW TO 0.76 (0.030) WHERE 

THE LEAD ENTERS THE CERAMIC BODY. 
5. 632-01 THAU -07 OBSOLETE, NEW STANDARD 

632-08. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 19.05 19.94 0.750 0.785 
B 6.23 7.11 0.245 0.280 
c 3.94 5.08 0.155 0.200 
D 0.39 0.50 0.015 0.020 
F 1.40 1.65 0.055 0.065 
G 2.54 SSC 0.100BSC 
J 0.21 0.38 0.008 0.015 
K 3.18 4.31 o.12rr 0.170 
L 7.62 BSC 0.300 BSC 
M oo::r 15° O':J 15' 
N 0.51 1.01 0.020 0.040 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION ''L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 
ROUNDED CORNERS OPTIONAL. 
646-05 OBSOLETE, NEW STANDARD 648-06. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.16 19.56 0.715 0.770 
B 6.10 6.60 0.240 0.260 
c 3.69 4.69 0.145 0.185 
D 0.38 0.53 0.015 0.021 
F 1.02 1.78 0.040 0.070 
G 2.54 BSC o.~5~oo a}~es H 1.32 2.41 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300 BSC 
M 0" 10° 0' 10° 
N 0.39 1.01 0.015 0.039 

• 
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PACKAGE OUTLINE DIMENSIONS (continued) 

p 

Q 

J_!=::=[ 1 
lo:: 
l+lo.13(0.oosi®lrl A®I e®I 

• c L 
t 

B 

PSUFAX 
PLASTIC PACKAGE 

CASE648-0B 

c 

PSUFFIX 
PLASTIC PACKAGE 

CASE649-03 

FSUFFIX 
CERAMIC PACKAGE 

CASE650-05 

1-28 

NOTES: 
1. DIMENSK>NING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
> CONTROWNG DIMENSION' INCH. 
3. DIMENSlON "L" TO CENTER OF LEADS WHEN 

FO!IMED PARAU£L 
4. DIMENSION -e· DOES NOT INCWDE MOLD 

FLASH. 
5. ROUNDED CORNERS OPTIONAL 
6. 648-01 THAU -07 OBSOLETE, NEW STANDARD 

648-0• 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 

POSlllON AT SEATING PIANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L.TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. 649-02 OBSOLETE, NEW STO 648-03 SEE ISSUE 
'C" FOR REFERENCE. 

MIWM£TERS "'CHES 
. Dill . ... Mi: MIN !iii:: 

A 31.50 3>13 1.240 1.265 
B 13.21 13.72 0.520 0.540 
c 4.70 5.21 0.185 0.205 
D 038 0.51 0.015 0020 
F 1.(12 1.52 O.Q40 0.000 
G 2.54BSC 0.100BSC 
H 1.65 2.16 0.065 0.065 
J 0.20 0.30 0.006 0.012 
K 2.92 3.43 0.115 0.135 
L 14.99 15.49 0.560 0.610 
M - 10" - Ul" 
N 051 1.112 0.020 0.040 
p 0.13 0.38 0.005 0.015 
Q 051 076 0.020 0.000 

NOTES 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION' INCH. 
3, DIMENSION "A" AND "B" AU.OW FOR LIO 

MISALIGNMENT, AND GLASS MINISCUS. 
4. DIMENSION 'II' SHAll BE MEASURED AT THE 

POINT OF EXIT OF THE LEAD FROM THE BODY. 
5. LEAD NUMBER 1 IDENTIAEO BY TAB ON LEAD OR 

DOT ON COVER. 
6. DIMENSION "J" INCLUDES SOLDER LEAD FINISH. 
7. LEAD NUMBERS SHOWN FOR REFERENCE ONLY. 
8. 650-01 THRU -04 OBSOLETE, NEW STANDARD 

650-05. 

llWMmRS INCHES 
DIM lllN llAll lllN llAll 
A 9.40 9.90 0.370 0.390 
B 6.23 aeo 0.245 02l!O 
c 1.53} ... o.ooo I o.065 
D 0.36 048 0.014 0.019 
G 1.27BSC 0.050BSC 
H 0.64 1.01 0.025 0.040 
J 0.11 0.17 0.004 0007 
K 6.35 9.39 0.250 0.370 
L 18.93 - 0.745 -
N -Io.so - 0.020 



PACKAGE OUTLINE DIMENSIONS (continued) 

1· [±] ·1_j 

[~:::::: :: : ::100 
f b 

m-1-f M HIV rvJtvrLf n-NOTE1 
~~~'r" ~G~ E~~lll_ -d-1 -JL J,..~ 1'*'M :J[: o 24PL ~lt~l-o.-25-(o-.o-10_)_®_l_r~I _s_®_I 

!ti 0.2510010) ®I rl A® I 

P SUFFIX 
PLASTIC PACKAGE 

CASE 724-03 

L SUFFIX 
CERAMIC PACKAGE 

CASE732-03 

M~-JL J20•L 

~. U U "3Ul~tµ_JJCI:::g PLANE E-i N j ' 
_,.G).4- F 

020 •' ltlo.2510010)® lrl a® I ltlo.2510010J®lrl A®I ~-~~~~~ 

PSUFFIX 
PLASTIC PACKAGE 

CASE 738-03 

1-29 

NOTES' 
1. CHAMFERRED CONTOUR OPTIONAL 
2 DIM "L" TO CENTER OF LEADS WHEN FORMED 

PARALLEL 
3. DIMENSIONS AND TOLERANCES PER ANSI 

Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A a1.2sia2.1a 1.230 1.265 

• 6.35 6.85 0.250 0.270 

c '-"I 4.44 o.14sio.11s 
D 0.38 0.51 0.015 0.020 
E 1.27 BSC 0.050 SSC 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100BSC 
J 0.18 0.30 0.007 0.012 
K 2.80 3.55 0.110 0.140 
L 7.62 BSC 0.300 BSC 
M o• 150 '" 15" 
N o.51I 1.01 o.020Io.040 

NOTES: 
1. LEADS WITHIN 0.25 mm (0.010) DIA., TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL 

3. DIM A AND B INCLUDES MENISCUS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 23.88 25.15 0.940 0.990 

• 6.60 7.49 0.260 0.295 
c 3.81 5.08 0.150 0.200 
D 0.38 0.56 0.015 0.022 
F 1.40 1.65 0.055 0.065 
G 2.54 BSC 0.100BSC 
H 0.51 1.27 0.020 0.050 
J 0.20 0.30 0.008 0.012 
K 3.18 4.0£ 0.125 0.160 
L 7.62BSC 0.300 BSC 
M oo 15° 0" 150 

N 0.25 1.02 0.010 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
4. DIMENSJON "B" DOES NOT INCLUDE MOLD 

FLASH. 
5. 738-02 OBSOLETE, NEW STANDARD 738-03. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 25.66 27.17 1.010 1.070 

• 6.10 6.60 0.240 0.260 
c 3.81 4.57 0.150 0.180 
D 0.39 0.55 0.015 0.022 
E 1.27BSC 0.050 BSC 
F 1.27 1.77 0.050 0.070 
G 2.54 BSC 0.100BSC 
J 0.21 0.38 0.008 0.015 
K 2.80 3.55 0.110 0.140 
L 7.62BSC 0.300 BSC 

• O"I 15° o· 15° 
N 0.51 1.01 0.020 0.040 

• 



PACKAGE OUTLINE DIMENSIONS (continued) 

DSUFFIX 
PLASTIC PACKAGE 

CASE751-03 

~ li P~l ... ~I0-.2-5(-0.0-10-)®~l-B®~. I 
crJ 8~aPL 

ltlo.2s(o.0101®irl B@I A@I 

DSUFFIX 
PLASTIC PACKAGE 

CASE 7516·04 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751 D-03 

1-30 

NOTES: 
1. DIMENSIONS •A• AND ig• ARE DATUMS AND T 

IS A DATUM SURFACE. 
2. DIMENSK>NING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
3. CONTROWNG DIM: MIWMETER. 
4. DIMENSION WANO •e• DO NOT INCWDE 

MOLD PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
6. 751-01 AND-020BSOLETE, NEW STANDARD 

.751-03. 

llWMETERS INCHES 
~ MIN MAX .J!!N _.w_ 

A 4.80 5.00 0.189 0.198 
B 3.80 4.00 0.150 0.157 
c 1.35 1.75 0.064 0.068 
D 0.35 0.49 0.014 0.019 
F 040 1'5 0.016 O.D49 
G 127BSC O.OSOBSC 
J o.1aio>S 0.007 0.009 
K 0.10 025 0004 0.009 
M O" ,. O" ,. 
p 5.80 uo 0.229 0.244 
R 0.25 0.50 0.010 0.019 

NOTES: 
1. DIMENSIONS "A" AND "B" ARE DATUMS AND 

1" IS A DATUM SURFACE. 
~ DIMENSIONING ANO TOLERANC1NG PER ANSI 

Y14.5M,1982. 
3. CONTROWNG DIMENSION: MILLIMETER. 
4. DIMENSION AAND B DO NOT INCWDE MOLD 

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE 
a 7518.00ISOBSOl.Ere,NEWSTANOARD 

7518·04. 

DIM 
A 

NOTES 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MILLIMETER. 
3. DIMENSION AAND B DO NOT INCWDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.00~ PER 

SIDE 
5. 7510-01, AND -D2 OBSOLETE, NEW STANDARD 

7510-03. 

MILLIMETERS INCHES 
DIM =- lllN ::iii: 
A 12.65 12.95 OA99 0.510 
B 7.40 7.80 0.292 0.299 
c = ~65 O.OllS 0.104 
D OJ5 0.49 0.014 0.019 
F Q.50 0.90 0.020 0.036 
G 1.'0BSC 0.050BSC 
J 0.25 0.32 0.010 0.012 
K o.10I o.25 o.004I o.009 
M O" ,. O" ,. 
p 10.osI10.55 o.395Io.415 
R 0.25 0.75 0.010 0.029 



PACKAGE OUTLINE DIMENSIONS (continued) 

r F rn ~1 c cl1 
,.,-,-\fff-1-!-!-!-!-! -'-Wyf I E3 \ ~.. I I I I \ I I I ;J{ J-\ 
•LANE II -Jo~ i--P--1 

~~D~~ / 
ltl o.2s 10.0101 ®I rl A® I 1Nsm•o•LEAOS 

LSUFFIX 
CERAMIC PACKAGE 

CASE 758-01 

1-31 

NOTES: 
1. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALL£L. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5,1973. 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 
A 31.50 32.64 1240 1.285 
B 7.24 7.75 0.285 0.305 
c 3.68 4.44 0.145 0.175 

D 0.38 0.53 0.015 0.021 
F 1.14 1.57 0.045 0.062 
G 2.54BSC 0.10DBSC 
J o.20:r o.33 0.008 0.013 
K 2.54 4.19 0.100 0.165 
L 7.62:J 7.87 0.300 0.310 
N 0.51 1.27 0.020 0.050 
p 9.1.;:J10.16 0.360 D.400 

• 
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PACKAGE OUTLINE DIMENSIONS (continued) 

eltlo.18(0.007)® lrlN®-P® I L®-M® I 

u ltlo.18(0.007)® lrlN@-P® I L@-M® I 

Z1 

G1 

VIEWD-D ltl o.2s 10.010) ® lrl N®-P ®I L®-M® I 

c 

-----++-Altlo.18(0.001)® lrl L®-M® IN@-P® I 

z 

NOTES: 
1. DATUMS-l-, -M-, -N-, AND-P- DETERMINED 

WHERE TOP OF LEAD SHOULDER EXIT Pl.ASTIC 
BODY AT MOLD PARTING LINE. 

2. DIM GI, TRUE POSITION TO BE MEASURED AT 
DATUM-T-, SEATING PLANE. 

3. DIM RAND UDO NOT INCWDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

7.88 8.38 0.310 0.330 4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 1.02 - 0.040 

2° 10" 2° 10" 5. CONTROLllNG DIMENSION: INCH. 
8. n5-01 IS OBSOLETE, NEW STANDARD ns-02. 

FNSUFFIX 
PLASTIC PACKAGE 

CASE 775-02 

1-32 

N@-P@ 
L@-M@ 

N@-P@ 
L@-M@ 



PACKAGE OUTLINE DIMENSIONS (continued) 

e\tl 0.1810.001) ® \T\ N®-P® I L®-M® I 
ult\ 0.1810.001) ®\Tl N@-P® I L®-M® I 

Z1 

G1 

VIEWD-D 
\ti 0.25(0.010) ®\Tl N@-P® I L®-M® I 

____ _,__A \ti 0.1810.001) ®\Tl L®-M® I N®-P® I 

z 

c 

G1--
[ffi2510.010) ®\Tl L®-M® I N@-P® I 

INCHES 
MIN MAX 

0.485 0.495 
0.485 0.495 
0.165 0.180 
0.090 0.110 
0.013 0.019 

0.050 BSC 
0.026 0.032 
0.020 
0.025 
0.450 0.456 
0.450 0.456 
0.042 0.048 
0.042 0.048 
0.042 0.056 

0.020 

0.410 0.430 
0.040 

2° 10° 

NOTES: 
1. DUE TO SPACE LIMITATION, CASE 776-02 SHALL 

BE REPRESENTED BY A GENERAL (SMALLER) 
CASE OUTLINE DRAWING RATHER THAN 
SHOWING ALL 28 LEADS. 

2. DATUMS-L-, -M-, -N-, AND-P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM-T-, SEATING PLANE. 

4. DIM RAND UDO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
CONTROLLING DIMENSION: INCH. 
776-01 IS OBSOLETE, NEW STANDARD 776-02. 

FN SUFFIX 
PLASTIC PACKAGE 

CASE776-02 

1-33 

• 



PACKAGE OUTLINES (continued) 

L 
c 

ltlo.s1(0.02o)®lrl A®I B®I 

ltlo.s1(0.02o)@lrl A®I B®I NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

SECTIONB-B 

FJ SUFFIX 
J-LEAD CERQUAD 

CASE 7788-01 

NOTES: 

2. CONTROLLING DIMENSION: INCH. 
3. DIM RAND N DO NOT INCWDE GLASS 

PROTRUSION. GLASS PROTRUSION TO BE 0.25 
(0.010) MAXIMUM. 

4. ALL DIMENSIONS AND TOLERANCES INCWDE 
LEAD TRIM OFFSET AND LEAD FINISH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 19.94 20.19 0.785 0.795 

• 19.94 20.19 0.785 0.795 
c 4.20 5.08 0.165 0.200 
D 0.44 0.53 0.017 0.021 
F 0.67 0.81 0.026 0.032 
G 1.27BSC 0.050 BSC 
H 2.29 3.30 0.090 0.130 
J 0.16 0.25 0.006 0.010 
K 0.89 1.14 0.035 0.045 
N 18.67 19.20 0.735 0.756 
R 18.67 19.20 0.735 0.756 
s 17.53 18.54 0.690 0.730 

1. DIMENSIONING AND TOLERANCING PER ANSI 3. DIMENSION "A" DOES NOT INCLUDE MOLD 
Y14.5, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 
FLASH, PROTRUSIONS OR GATE BURRS. MOLD 
FlASH OR GATE BURRS SHALL NOT EXCEED 
0.15 (.006) PER SIDE 

4. DIMENSION "B' DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH 
OR PROTRUSION SHALL NOT EXCEED 0.25 
(.010) PER SIDE. 

5. DIMENSION 'K" DOES NOT INCWDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 {.003) TOTAL IN 
EXCESS OF THE "K" DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DATUMS [1JAND [!tJ ARE TO BE 
DETERMINED AT DATUM PLANE GE]. 

6. DIMENSION "A" AND "B' ARE TO BE 
DETERMINED AT DATUM PLANE GE]. 

9. CROSS SECTION B-B TO BE DETERMINED AT 

D] 
~~~!o 
~-) 

"'"•~] \ r-~:~~~:=f '~"'""'"~-~· 
rijb=4~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 2.67 3.13 0.113 0.123 

• 5.20 5.38 0.205 0.212 
c 1.73 1.99 0.068 0.076 

I --1t.-~KRE_Fax~~ 
\- ltlo2s(oo1o)@lrl P®I 

\...__/ e--J 
SD SUFFIX 

SSOP PACKAGE 
CASE 940-01 

1-34 

D 
F 
G 
H 
J 
J1 
K 

K1 
L 

• 

0.05 0.21 
0.55 0.95 

0.65 BSC 
0.50 
0.09 0.20 
0.09 0.16 
0.22 0.38 
0.22 0.33 
7.65 7.90 
O" 8" 

0.002 0.006 
0.022 0.037 

0.026BSC 
0.020 -

0.004 0.008 
0.004 0.006 
0.009 0.015 
0.009 0.013 
0.301 0.311 

O" 8" 



MECL Logic Surface Mount 

WHY SURFACE MOUNT? 

Surface Mount Technology is now being utilized to 
offer answers to many problems that have been created 
in the use of insertion technology. 

Limitations have been reached with insertion packages 
and PC board technology. Surface Mount Technology 
offers the opportunity to continue to advance the State
of-the-Art designs that cannot be accomplished with 
Insertion Technology. 

Surface Mount Packages allow more optimum device 
performance with the smaller Surface Mount configu
ration. Internal lead lengths, parasitic capacitance and 
inductance that placed limitations on chip performance 
have been reduced. 

The lower profile of Surface Mount Packages allows 
more boards to be utilized in a given amount of space. 
They are stacked closer together and utilize less total 
volume than insertion populated PC boards. 

Printed circuit costs are lowered with the reduction of 
the number of board layers required. The elimination or 
reduction of the number of plated through holes in the 
board, contribute significantly to lower PC board prices. 

Surface Mount assembly does not require the prepa
ration of components that are common on insertion tech
nology lines. Surface Mount components are sent 
directly to the assembly line, eliminating an intermediate 
step. 

Automatic placement equipment is available that can 
place Surface Mount components at the rate of a few 
thousand per hour to hundreds of thousands of com
ponents per hour. 

Surface Mount Technology is cost effective, allowing 
the manufacturer the opportunity to produce smaller 
units and offer increased functions with the same size 
product. 

MECL AVAILABILITY IN SURFACE MOUNT 

Motorola is now offering MECL 10K and MECL 10H in 
the PLCC (Plastic Leaded Chip Carrier) packages. 

MECL in PLCC may be ordered in conventional plastic 
rails or on Tape and Reel. Refer to the Tape and Reel 
section for ordering details. 

TAPE AND REEL 

Motorola has now added the convenience of Tape and 
Reel packaging for our growing family of standard Inte
grated Circuit products. The packaging fully conforms to 

the latest EIA RS-481A specification. The antistatic 
embossed tape provides a secure cavity sealed with a 
peel-back cover tape. 

GENERAL INFORMATION 

• Reel Size 13 inch (330 mm) Suffix: R2 
• Tape Width 16 mm 
• Units/Reel 1000 

MECHANICAL POLARIZATION 

Typical 

View from 
tape side 

Linear direction of travel 

ORDERING INFORMATION 

• Minimum Lot Size/Device Type ~ 3000 Pieces. 
• No Partial Reel Counts Available. 
• To order devices which are to be delivered in Tape 

and Reel, add the appropriate suffix to the device 
number being ordered. 

EXAMPLE: 

ORDERING CODE 

MC10100FN 
MC10100FNR2 
MC10H100FN 
MC10H100FNR2 
MC12015D 
MC12015DR2 

DUAL-IN-LINE PACKAGE TO 
PLCC PIN CONVERSION DATA 

SHIPMENT METHOD 

Magazines (Rails) 
13 inch Tape and Reel 
Magazines (Rails) 
13 inch Tape and Reel 
Magazines (Rails) 
13 inch Tape and Reel 

The following tables give the equivalent 1/0 pinouts of 
Dual-In-Line (DIL) packages and Plastic Leaded Chip Car
rier (PLCC) packages. 

Conversion Tables 

8 PIN DIL 

20 PIN PLCC 

14 PIN DIL 

20 PIN PLCC 

16 PIN DIL 

20 PIN PLCC 

20 PIN DIL 

20 PIN PLCC 

24 PIN DIL 

28 PIN PLCC 
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Logic Literature Listing 
For additional information, refer to the following Motorola Logic Documents available through the Literature Distribution Centers 
listed on the back cover of this document. 

LOGIC NEW PRODUCT CALENDAR 
BR1332/D Logic New Product Calendar 

SELECTOR GUIDES 
SG73/D Motorola Semiconductor Master Selection 

Guide 
SG127/D Surface Mount Products Selector Guide 
SG366/D TTL, ECL, CMOS and Special Logic 

Circuits Selector Guide 

DATA BOOKS 
DL121/D 
DL122/D 
DL129/D 
DL131/D 
DL138/D 
DL140/D 

FAST and LS TTL Data 
MECL Device Data 
High-Speed CMOS Logic Data 
CMOS Logic Data 
FACT Device Data 
ECLinPS Data 

DESIGN HANDBOOKS 
HB205/D MECL Systems Design Handbook 

OTHER LITERATURE 
BR1330/D ECLinPS Lite™ (Single Gate ECL Devices 

and Translators) 
BR1333/D Motorola Timing Solutions 
BR1334/D High Performance Frequency Control 

Products 
BR1409/D 
EB48/D 

Motorola ECL300™ LogicArray 
A Time Base and Control Logic Subsystem 
for High Frequency, High Resolution 
Counters 

APPLICATION NOTES 
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AN270/D 
AN535/D 
AN556/D 

AN567/D 
AN701/D 

AN720/D 

AN726/D 
AN730A/D 

AN827/D 

AN1091/D 

AN1092/D 

AN1400/D 
AN1401/D 

AN1402/D 

AN1403/D 
AN1404/D 

AN1405/D 
AN1406/D 
AN1407/D 

AN1503/D 
AN1504/D 

Nanosecond Pulse Handling Techniques 
Phase-Locked Loop Design Fundamentals 
Interconnection Techniques for Motorola's 
MECL 10K Series Emitter Coupled Logic 
MECL Positive and Negative Logic 
Understanding MECL 10K DC and AC Data 
Sheet Specifications 
Interfacing with MECL 1 OK Integrated 
Circuits 
Bussing with MECL 10K Integrated Circuits 
A High-Speed FIFO Memory Using the 
MECL MCM10143 Register File 
Technique of Direct Programming Using 
Two-Modulus Prescaler 
Low Skew Clock Drivers and Their System 
Design Considerations 
Driving High Capacitance DRAMs in an 
ECLSystem 
H64x Clock Driver 1/0 SPICE Modelling Kit 
Using SPICE to Analyze the Effects of 
Board Layout on System Skew When 
Designing With the MC10/100640 Family of 
Clock Drivers 
MC10/1 OOH600 Translator Family 1/0 
SPICE Modelling Kit 
FACT'" 1/0 Model Kit 
ECLinPS™ Circuit Performance at 
Non-Standard VIH Levels 
ECL Clock Distribution Techniques 
Designing With PECL (ECL at +5.0 V) 
Performance Testing With the ALExlS™ 
Mini-Evaluation Boards 
ECLinPS™ 1/0 SPICE Modelling Kit 
Metastability and the ECLinPS™ Family 



APPLICATIONS ASSISTANCE FORM 

In the event that you have any questions or concerns about the performance of any Motorola device listed in this catalog, please 
contact your local Motorola sales office or the Motorola Help line for assistance. If further information is required, you can request 
direct factory assistance. 

Please fill out as much of the form as is possible if you are contacting Motorola for assistance or are sending devices back to 
Motorola for analysis. Your information can greatly improve the accuracy of analysis and can dramatically improve the correlation 
response and resolution time. 

Items 4 thru 8 of the following form contain important questions that can be invaluable in analyzing application or device problems. It 
can be used as a self-help diagnostic guideline or for a baseline of information gathering to begin a dialog with Motorola representa
tives. 

MOTOROLA Device Correlation/Component Analysis Request Form 
- Please fill out entire form and return with devices to MOTOROLA INC., R&QA DEPT., 2200 W. Broadway, Mesa, AZ. 85202. 

1) Name of Person Requesting Correlation:-----------------------------
Phone No: Job Title: ________ Company: 

2) Alternate Contact: Phone/Position: 

3) Device Type (user part number): ------------

4) Industry Generic Device Type: -----------

5) # of devices tested/sampled: 

# of devices in question': 

# returned for correlation: 

In the event of 100% failure, does Customer have other date codes of Motorola devices that pass inspection? 
Yes No Please specify passing date code(s) if applicable 

If none, does customer have viable alternate vendor(s) for device type? 
Yes No Alternate vendor's name _________ _ 

6) Date code(s) and Serial Number(s) of devices returned for correlation - If possible, please provide ono or two "nood" units 
(Motorola's and/or other vendor) for comparison: 

7) Describe USER process that device(s) are questionable in: 

Incoming component inspection {test system = ?}: 

Design prototyping: ----------------------

Board test/burn-in: -----------------------
Other (please describe): 

8) Please describe the device correlation operating parameters as completely as possible for devico(s) in question: 

> Describe all pin conditions (e.g. floating, high, low, under test, stimulated but not under test, whatever ... ), including any input or 
output loadlng conditions (resistors, caps, clamps, driving devices or devices being driven ... ). Potentially critical information 
includes: 

Input waveform timing relationships 
Input edge rates 
Input Overshoot or Undershoot - Magnitude and Duration 
Output Overshoot or Undershoot - Magnitude and Duration 

> Photographs, plots or sketches of relevent inputs and outputs with voltages and time divisions clearly identified for all wave
forms are greatly desirable. 

> Vee and Ground waveforms should be carefully described as these characteristics vary greatly between applications and test 
systems. Dynamic characteristics of Ground and Vee during device switching can dramatically effect input and internal operat
ing levels. Ground & Vee measurements should be made as physically close to the device in question as possible. 

> Are there specific circumstances that seem to make the questionable unit(s) worse? Better? 

__ Temperature -------------------------------------
Vee 
Input rise/fall time 

Output loading (current/capacitance) --------------------------
Others 

> ATE functional data should include pattern with decoding key and critical parameters such as Vee. input voltages, Fune step 
rate, voltage expected, time to measure. 
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MECL10H 
INTEGRATED CIRCUITS 

MC10H100 Series 
0 to 75°C 

Function Selection - (O to + 75"C) 

Function 

NOR Gate 

Quad 2-lnput with Strobe 
Quad 2-lnput 
Triple 4-3-3 Input 
Dual 3-lnput 3-0utput 

OR Gate 

Quad 2-lnput 
Dual 3-lnput 3-0utput 

AND Gates 

I Quad AND 

Complex Gates 

Quad OR/NOR 
Triple 2-3-2 Input OR/NOR 
Triple Exclusive OR/NOR 
Dual 4-5 Input OR/NOR 
Quad Exclusive OR 
Dual 2-Wide OR-AND/OR-AND INVERT 
Dual 2-Wide 3-lnput OR/AND 
4-Wide 4-3-3-3 Input OR-AND 
4-Wide OR-AND/OR-AND INVERT 
Hex Buffer w/Enable 
Hex Inverter w/Enable 

Translators 

Quad TTL to MECL 
Quad MECL to TTL 
Quad MECL-to-TTL Translator, Single 

Power Supply ( ~ 5.2 V or + 5.0 V) 
Quad TTUNMOS to MECL Translator 
Quad CMOS to MECL Translator 
Quad TTL to MECL, ECL Strobe 
9-Bit TTL-ECL Translator 
9-Bit ECL-TIL Translator 
9-Bit latch!TTL-ECL Translator 
9-Bit Latch/ECL-TTL Translator 
Registered Hex TIL-ECL Translator 
Registered Hex ECL-TTL Translator 
Registered Hex TIL-PECL Translator 
Registered Hex PECL-TTL Translator 

Receivers 

Quad Line Receiver 
Triple Line Receiver 

Flip-Aop Latches 

Dual D Master Slave Flip-Flop 
Dual J-K Master Slave Flip-Flop 
Hex D Flip-Flop 
Dual D latch 
Quint latch 
Hex D Flip-Flop w/Common Reset 

Parity Checker 

112-Bit Parity Generator/Checker 

Encoders Decoders 

Binary to 1-8 (low) 
Binary to 1-8 (High) 
Dual Binary to 1-4 (low) 
Dual Binary to 1-4 (High) 
8-lnput Priority Encoder 

Device Case 

MC10H100 620, 648, 775 
MC10H102 620, 648, 775 
MC10H106 620, 648, 775 
MC10H211 620, 648, 775 

MC10H103 620, 648, 775 
MC10H210 620, 648. 775 

MC10H104 I 620, 648, 7751 

MC10H101 620, 648, 775 
MC10H105 620, 648, 775 
MC10H107 620, 648, 775 
MC10H109 620, 648, 775 
MC10H113 620, 648, 775 
MC10H117 620, 648, 775 
MC10H118 620, 648, 775 
MC10H119 620, 648, 775 
MC10H121 620, 648, 775 
MC10H188 620, 648, 775 
MC10H189 620, 648, 775 

MC10H124 620, 648, 775 
MC10H125 620, 648, 775 

MC10H350 620, 648, 775 
MC10H351 732, 738, 775 
MC10H352 732, 738, 775 
MC10H424 620, 648, 775 

MC10H/100H600 776 
MC10H/100H601 776 
MC10H/100H602 776 
MC10H/100H603 776 
MC1 OH/1 OOH604 776 
MC10H/100H605 776 
MC10H/100H606 776 
MC10H/100H607 776 

MC10H115 620, 648, 775 
MC10Hl 16 620, 648, 775 

MC10H131 620, 648, 775 
MC10H135 620, 648, 775 
MC10H176 620, 648, 775 
MC10H130 620, 648, 775 
MC10H175 620, 648, 775 
MC10H186 620, 648, 775 

MC1OH160 1620, 648, 7751 

MC10H161 620, 648, 775 
MC10H162 620, 648, 775 
MC10H171 620, 648, 775 
MC10H172 620, 648, 775 
MC10H165 620, 648, 775 
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Function Device Caae 

Transceivers 

4-Bit Differential ECL Bus to TTL Bus 
Transceiver MC10/100H680 776 

Hex ECL-TTL Transceiver w/latches MC10/100H681 776 

Data Selector Multiplexer 

Quad Bus Driver/Receiver with 2-to-1 
Output Multiplexers 

Dual Bus Driver/Receiver with 4-to-1 
Output Multiplexers 

Quad 2-lnput Multiplexers 
(Noninverting) 

Quad 2-lnput Multiplexers (Inverting) 
8-Line Multiplexer 
Quad 2-lnput Multiplexer Latch 
Dual 4-1 Multiplexer 

Counters 

Universal Hexadecimal 
Binary Counter 

Arithmetic Functions 

look Ahead Carry Block 
Dual High Speed Adder/Subtractor 
4-Bit ALU 

Special Function 

4-Bit Universal Shift Register 
16 x 4 Bit Register File 
5-Bit Magnitude Comparator 
Quad Bus Driver/Receiver with 

Transmit and Receiver Latches 
4-Bit ECL-TTL Load Reducing DRAM 

Driver 

Memories 

j 1a x 4 Bit Register File 

Bus Driver (25 ohm outputs) 

Triple 4-3-3 Input Bus Driver 
(25 Ohms) 

Quad Bus Driver/Receiver with 2-to-1 
Output Multiplexers 

Dual Bus Driver/Receiver with 44o-1 
Output Multiplexers 

Quad Bus Driver/Receiver with 
Transmit and Receiver latches 

Triple 3-lnput Bus Driver with Enable 
125 Dhm) 

OR/NOR Gate 

I Dual 4-5 Input OR/NOR Gate 

Clock Drivers 

68030/40 ECL-TTL Clock Driver 
Single Supply PECL-ECL 1 :9 Clock 

Distribution 
68030/40 ECL-TTL Clock Driver 
Dual Supply ECT-TTL 1 :8 Clock Driver 
68030/40 PECL-TTL Clock Driver 
1 :9 TTL Clock Driver 
PECL-TTL-TIL 1 :8 Clock Distribution 

Chip 

MC10H330 758, 724, 776 

MC10H332 732, 738, 775 

MC10H158 620, 648, 775 
MC10H159 620, 648, 775 
MC10H164 620, 648, 775 
MC10H173 620, 648, 775 
MC10H174 620, 648, 775 

MC10H136 620, 648, 775 
MC10H016 620, 648, 775 

MC10H179 
MC10H180 
MC10H181 

MC10H141 
MC10H145 
MC10H166 

MC10H334 

MC10H/100H660 

620, 648, 775 
620, 648, 775 

623, 649 
724, 758, 776 

620, 648, 775 
620, 648, 775 
620, 648, 775 

732, 738, 775 

776 

MC10H145 1620, 648, 7751 

MC10H123 620, 648, 775 

MC10H330 724, 758, 776 

MC10H332 732, 738, 775 

MC10H334 732, 738, 775 

MC10H423 620, 648, 775 

MC1 OH209 1620, 648, 7751 

MC10/100H640 776 

MC10/100H641 776 
MC10/100H642 776 
MC10/1 OOH643 776 
MC10/100H644 775 

MC10H645 776 

MC10/1 OOH646 776 



MECL 1 OH INTRODUCTION 

Motorola's new MECL 10H family features 100% im
provement in propagation delay and clock speeds while 
maintaining power supply current equal to MECL 10K. 
This new MECL family is voltage compensated which al
lows guaranteed de and switching parameters over a 
± 5% power supply range. Noise margins of MECL 10H 
are 75% better than the MECL 1 OK series over the ± 5% 
power supply range. MECL 10H is compatible with MECL 
10K and MECL Ill, a key element in allowing users to en
hance existing systems by increasing the speed in critical 
timing areas. Also, many MECL 10H devices are pinout/ 
functional duplications of the MECL 10K series devices. 

FIGURE 1 - MECL 10K versus MECL 10H GATE DESIGN 

4.0 mA l 

R1 

4.0 mA l 

The schematics in Figure 1 compare the basic gate 
structure of the MECL 1 OH to that of MECL 1 OK devices. 
The gate switch current is established with a current 
source in the MECL 1 OH family as compared to a resistor 
source in MECL 10K. The bias generator in the MECL 10K 
device has been replaced with a voltage regulator in the 
MECL 10H series. The advantages of these design 
changes are: current-sources permit-matched collector 
resistors that yield correspondingly better matched de
lays, less variation in the output-voltage level with power 
supply changes, and matched output-tracking rates with 
temperature. These circuit changes increase complexity 
at the gate level; however, the added performance more 
than compensates. 
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The MECL 10H family is being fabricated using 
Motorola's MOSAIC I (Motorola Oxide Self Aligned Im
planted Circuits). The switching transistor's geometries 
obtained in the MOSAIC I process show a two-fold im
provement in h, a reduction of more than 50% in parasitic 
capacitance and a decrease in device area of almost 76%. 

FIGURE 2 - MOSAIC versus MECL 10K SWITCHING 
TRANSISTOR GEOMETRY 

With improved geometry, the MECL 10H switching transis
tors (left} are one-seventh the size of the older MECL 10K tran
sistors (right). Along with the smaller area comes an improved 
fr and reduced parasitic capacitances. 

MECL10H 

EMITTER 3 µ x 8 µ 

DEVICE AREA = 592 µ2 

fr = 3.5 GHz 
ccs = o.1s pF 
CEB = 0.07 pF 
ccs = o.1s pF 

MECL10K 

3.35 (85 µ) ___J 
EMITIER 0.15 x 0.8 MILS 

(4 µ x 20 µ) 
DEVICE ARE'A 6.7 MIL2 

(4323 µ2) 

fr 1.6 GHl 
cca 0.4!i pr 
CEB O.Hl pF 
ccs "" o.a3 pF 

Figure 2 illustrates the relative size difference between 
the junction isolated transistor of MECL 1 OK and the 
MOSAIC I transistor of MECL 1 OH. This suggests that per
formance could be improved twofold at lower power lev
els. However, at the gate level, the power of the output 
transistor cannot be reduced without sacrificing output 
characteristics because of the 50 ohm drive requirements 
of MECL. In more complex functions, where part of the 
delay is associated with internal gates, MECL 1 OH devices 
use less power than the equivalent MECL 10K devices 
and provide an even more significant improvement in ac 
performance. 

Table 1. - TYPICAL FAMILY CHARACTERISTICS FOR 10K 
AND 10H CIRCUITS 

10K 10H 

Propagation delay (ns) 2.0 1.0 
Power (mW) 25 25 
Power-speed product (pJ) 50 25 
Rise/fall times (ns) 2.0 1.0 

(20-80%) 
Temperature range ('Cl -30 to +85 Oto +75 
Voltage regulated No Yes 
Technology Junction Oxide 

isolated isolated 
VEE ~ -5.2 V 

.. 



Supply & Temperature Variation 

MECL 1 OH temperature and voltage compensation is 
designed to guarantee compatibility with MECL 10K, 
MECL Ill, MECL Memories and the MC10900 and Macrocell 
Array products. Table 1 summarizes some performance 
characteristics of the MECL 10K and 10H logic families in 
a 16-pin DIP. The MECL 1 OH devices offer typical propa
gation delays of 1.0 ns at 25 mW per gate when operated 
from a VEE of - 5.2 V. The resulting speed-power product 
of 25 picojoules is the best of any EGL logic family avail
able today. 

The operating temperature range is changed from 
-30'C to +85'C of the MECL 10K family to the narrower 
range of O'C to 75'C for MECL 10H. This change matches 
the constraints established by the memory and array 
products. Operation at -30'C would require compro
mises in performance and power. With few exceptions, 
commercial applications are satisfied by O'C min. 

Table 2. - MECL 10H AC SPECIFICATIONS AND TRACKING 

o•c 2s·c 1s•c 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

IPD 0.4 1.0 1.5 0.4 1.0 1.6 0.4 1.0 1.7 ns 

Min Max Min Max Min Max 

IR (20-80%) 0.5 1.5 0.5 1.6 0.5 1.7 ns 

If (20-80%) 0.5 1.5 0.5 1.6 0.5 1.7 ns 

\/EE ~ -5.2 v ±5% 

Propagation Delay variation Delay variation 
Parameter delay (ns)* vs temp (ps/"C) vs supply (psN) 

Typ Max Typ Max Typ Max 

tpo 
10K 2.0 2.9 2.0 7.0 80 

10H 1.0 1.5 0.5 4.0 0 0 

* VEE - -5.2 V, Temp~ 25°C 

AC specifications of MECL 1 OH products appear in 
Table 2. In the MECL 1 OH family, all ac specifications have 
guaranteed minimums and maximums for extremes of 
both temperature and supply - a first in EGL logic. In 
addition, flip flops, latches and counters will have guar
anteed limits for setup time, hold time, and clock pulse 
width. The limits in Table 2 are guaranteed for a power 
supply variation of ± 5%. MECL 10K typically has a prop
agation delay (tpp) variation of 80 psN with no guaran
teed maximum. The typical variation,in tpo for MECL 1 OH 
circuits is only 38 ps typically over the entire specified 
temperature range and power-supply tolerance, and is 
guaranteed not to exceed 300 ps. 

The improved performance in temperature over MECL 
1 OK are a result of the internal voltage regulator. The 
primary difference being the flatter tracking rate of the 
output "O" level voltage (VoL). This difference does not 
affect the compatibility with existing MECL families. 

Changes in output "1" level voltages (VoHl with supply 
variations are 10 mVN less for the MECL 10H family. VoH 
varies with the supply, primarily because of changes in 
chip temperature caused by the changes in power dis
sipation. However, the current in the MECL 10H circuits 
remains almost constant with supply changes, since the 
circuits are voltage compensated and use current sources 
for all internal emitter followers. Threshold voltage (Vesl 
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Table 3. - LOGIC LEVEL DC TRACKING RATE FOR 10K AND 
10H CIRCUITS 

Min Typ Max 

11.VoHiLl.T 10H 1.2 1.3 1.5 
(mV!°C) 10K 1.2 1.3 1.5 

avss/Ll.T 10H 0.8 1.0 1.2 
(mVl"C) 10K 0.8 1.0 1.2 

Ll.VQl}Ll.T 10H 0 0.4 0.6 
(mV!°C) 10K 0.35 0.5 0.75 

0.75 1.0 1.55 

Ll.VQHiLl.Vee 10H -20 0 
(mVN) 10K -30 0 

i1.vss1i1.vee 10H 0 10 25 
(mVN) 10K 110 150 190 

avoLit.Vee 10H 0 20 50 
(mVN) 10K 200 250 320 

and output "O" level voltage (VoU variations are shown 
with respect to MECL 1 OK in Table 3. In both cases voltage 
compensation has reduced the variations significantly. 

Noise Margin Considerations 

Specification of input voltage levels (V1HA• V1LAl are 
changed from those of MECL 10K resulting in improved 
noise margins for MECL 10H. 

The MECL 1 OK circuits have two sets of output voltage 
specifications (VQH• VoHA and VOL· VoLAl· The first out
put voltage specification in each set (VOH and Voll are 
guaranteed maximum and minimum output levels for 
typical input levels. The second specification in each set 
(VQHA and VoLAl is the guaranteed worst-case output 
level for input threshold voltages. System analysis for 
worst-case noise margin considers VoHA and VoLA only. 
The MECL 1 OH family has only one set of output voltages 
(VoH and Voll with minimum and maximum values 
specified. The minimum value of VoH and the maximum 
value for VOL of the MECL 10H family is synonomous 
with the VOHA and VoLA specifications of MECL 10K 
family. 

The VoH values for the MECL 10H circuits are equal to 
or better than the MECL 10K levels at all temperatures. 
Input threshold voltages (V1HA and VILA· which are syn
onymous with V1H min and V1L max for 10H) are also im
proved and guaranteed V1HA has been decreased by 25 
mV over the entire operating temperature range, result
ing in a "1" level noise margin of 150 mV (compared to 

Table 4. - NOISE MARGIN versus 

POWER-SUPPLY CONDITIONS 

Vee VEE 
VEE -10% -5% 

Parameter Typ Min Typ Min Typ Min 

Noise Margin 10H 224 150 227 150 230 150 
High 

VNH lmV) 10K 127 47 166 86 205 125 

Noise Margin 10H 264 150 267 150 270 150 
Low 

VNL (mV) 10K 223 103 249 129 275 155 

*Temp ~ o to 75°C 

VEE 
+5% 

Typ Min 

233 150 

241 164 

273 150 

301 181 



125 mV for the MECL 10K circuits). V1LA has been de
creased by 5.0 mV, providing a "O" level noise margin 
equal to the "1" level noise margin. The VOL minimum 
of the MECL 10H is more negative than for MECL 10K 
(-1950 mV instead of -1850 mV). The VoL level for the 
MECL 1 OK family was selected to ensure that the gate 
would not saturate at high temperatures and high supply 
voltages. The reduction in operating temperature range 
for the MECL 10H family and the improvement in tracking 
rate allow the lower VOL level. The change in this level 
does not affect system noise margins. Although some of 
the interface levels change with temperature, the changes 
in voltage levels are well within the tolerance ranges that 
would keep the families compatible. Table 4 lists some 
noise margins for VEE supply variations. 

The compatibility of MECL 10H with MECL 10K may be 
demonstrated by applying the tracking rates in Table 3 
to the de specifications. The method for determining com
patibility is to show acceptable noise margins for MECL 
10H, MECL 10Kand mixed MECL 101</MECL 10H systems. 
The assumption is that the families are compatible if the 
noise margin for a mixed system is equal to or better 
than the same system using only the MECL 1 OK series. 

Using an all MECL 10K system as a reference, three 
possible logic mixes must be considered: MECL 10K driv
ing MECL 10H; MECL 10H driving MECL 10K; and MECL 
10H driving MECL 10H. The system noise margin for the 
three configurations can now be calculated for the fol
lowing cases (See Figure 3): 

In Case 1, the system uses multiple power supplies, 
each independently voltage regulated to some percent
age tolerance. Worst-case is where one device is at the 
plus extreme and the other device is at the minus extreme 
of the supply tolerance. 

In Case 2, a system operates on a single supply or sev
eral supplies slaved to a master supply. The entire system 
can drift, but all devices are at the same supply voltage. 

In Case 3, a system has excessive supply drops 
throughout. Supply gradients are due to resistive drops 
in VEE bus. 

The analysis indicates that the noise margins for a 
MECL 1 OK/10H system equal or exceed the margins for 
an all 10K system for supply tolerance up to ±5%. The 
results of the analysis are shown in Figure 3. 

FIGURE 3-NOISE MARGIN versus POWER-SUPPLY VARIATION 
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®MOTOROLA 

4-BIT BINARY COUNTER 

The MC10H016 is a high-speed synchronous, presettable, cas
cadable 4-bit binary counter. It is useful for a large number of 
conversion, counting and digital integration applications. 

• Counting Frequency, 200 MHz Minimum 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

• Positive Edge Triggered 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power S~pply (Vee; 0) VEE -8.0 too Vdc 

'l;;;;;rt Voltage (Vee; 0) VJ 0 to VEE Vdc 
\---------

Output Current - Continuous lout 50 mA 
- Surge 100 

--
Operating Temperature Range TA Oto +75 oc 

Storage Temperature Range - Plastic Tstg -55 to +150 oc 
-Ceramic -55 to +165 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

o· 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 126 - 115 - 126 mA 

Input Current High linH /LA 
All Except MR - 450 - 265 - 265 
Pin 12 MR - 1190 - 700 - 700 

Input Current Low linl 0.5 - 0.5 - 0.3 - /LA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

L ·_ow Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Clock to Q 1.0 2.4 1.0 2.5 1.0 2.7 
Clock to TC 0.7 2.4 0.7 2.5 0.7 2.6 
MRtoQ 0.7 2.4 0.7 2.5 0.7 2.6 

Set-up Time ls et ns 
Pn to Clock 2.0 - 2.0 - 2.0 -
CE or PE to Clock 2.5 -- 2.5 - 2.5 -

Hold Time tho Id ns 
Clock to Pn 1.0 - 1.0 - 1.0 -
Clock to CE or PE 0.5 - 0.5 - 0.5 -

Counting Frequency fcount 200 - 200 - 200 - MHz 

Rise Time tr 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Fall Time tf 0.5 2.0 0.5 2.1 0.5 2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

TRUTH TABLE 

CE PE MR CP Function 

L L L z Load Parallel (Pn to Onl 
H L L z Load Parallel (Pn to On) 
L H L z Count 

H H L z Hold 
x x L zz Masters Respond; 

Slaves Hold 
x x H x ~eset IOn ; LOW, 

Tc= HIGH) 

Z= Clock Pulse(Lowto High); U= Clock Pulse (High to low) 

Features include assertion inputs and outputs on each 
of the four master/slave counting flip-flops. Terminal 
count is generated internally in a manner that allows 
synchronous loading at nearly the speed of the basic 
counter. 
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4-BIT BINARY COUNTER LOGIC DIAGRAM 
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propagation delays as many gate functions are achieved internally without incurring a full gate delay. 
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®MOTOROLA 

QUAD 2-INPUT NOR GATE WITH STROBE 

The MC10H100 is a quad NOR gate. Each gate has 3 inputs, two 
of which are independent and one of which is tied common to 
all four gates. 

• Propagation Delay, 1.0 ns Typical 

• 25 mW Typ/Gate (No Load) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 01 Vee -8.0to 0 Vdc 

Input Voltage (Vee= 01 Vt 010 Vee Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA Oto +75 •c 
Storage Temperature Range - Plastic Tstg -55 to +150 •c 

-Ceramic -55to +165 

ELECTRICAL CHARACTERISTICS (Vee = -5.2 V ±5%) (See Note) 

II° 25° 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current le - 29 - 26 - 29 mA 

Input Current High linH µA 
Pin 9 - 900 - 560 - 560 
All Other Inputs - 500 - 310 - 310 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage VtH -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Pin 9 Only 0.65 1.6 0.7 1.7 0.7 1.8 
Exclude Pin 9 0.4 1.3 0.45 1.35 0.5 1.5 

Rise Time tr 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Fall Time If 0.5 2.0 0.5 2.1 0.5 2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50Mohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



®MOTOROLA 

QUAD OR/NOR GATE 

The MC10H101 is a quad 2-input OR/NOR gate with one input 
from each gate common to pin 12. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 1 OK family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 25 mW/Gate (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ O) VEE -8.0 too Vdc 

Input Voltage (Vee ~ O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 

Storage Temperature Range - Plastic Tstg -55 to 150 ·c 
-Ceramic -55 to 165 ·c 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH - 425 - 265 - 265 µ,A 
(Pin 12 only) - 850 - 535 - 535 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Pin 12 Only 0.5 1.6 0.5 1.6 0.5 1.7 
Exclude Pin 12 0.5 1.45 0.5 1.5 0.5 1.6 

Rise Time tr 0.5 2.1 0.5 2.2 0.5 2.3 ns 

Fall Time tf 0.5 2.1 0.5 2.2 0.5 2.3 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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®MOTOROLA 

QUAD 2-INPUT NOR GATE 

The MC10H102 is a quad 2-input NOR gate. The MC10H102 
provides one gate with OR/NOR outputs. This MECL 10H part is 
a functional/pinout duplication of the standard MECL 1 OK family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 25 mW/Gate (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 

-Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V +5%) (See Note) -
oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH - 425 - 265 - 265 µ,A 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -Q.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !pd 0.4 1.25 0.4 1.25 0.4 1.4 ns 

Rise Time tr 0.5 1.5 0.5 1.6 0.55 1.7 ns 

Fall Time If 0.5 1.5 0.5 1.6 0.55 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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®MOTOROLA 

QUAD 2-INPUT OR GATE 

The MC10H103 is a quad 2-input OR gate. The MC10H103 pro
vides one gate with OR/NOR outputs. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 25 mW/Gate (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) VEE -8.0toO Vdc 

Input Voltage (Vee= 0) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-+75 oc 

Storage Temperature Range - Plastic Tstg -55 to +150 oc 
-Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS (VEE~ -5.2 V ±5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH - 425 - 265 - 265 µA 

Input Current Low linl 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay ~d 0.4 1.3 0.4 1.3 0.45 1.45 ns 

Rise Time tr 0.5 1.7 0.5 1.8 0.5 1.9 ns 

Fall Time If 0.5 1.7 0.5 1.8 0.5 1.9 ns 

NOTE: 
Each MECL lOH series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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® ltll09raROLA 

QUAD 2-INPUT AND GATE 

"The MC10H104 is a quad 2-input AND gate. One of the gates 
has-both AND/NANO outputs available. This MECL 10H part is a 
tUnctional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 

• Propagation Delay, 1.0 nsTypical 

• Power Dissipation 25 mW/Gate (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 too Vdc 

Input Voltage !Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55to 150 oc 
-Ceramic -55 to 165 °C 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

Cl° 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 39 - 35 - 39 mA 

Input Current High . linH - 425 ~ 265 - 265 µA 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay .!H_d 0.4 1.6 0.45 1.75 0.45 1.9 ns 

Rise Time tr Q.5 1.6 0.5 1.7 0.5 1.8 ns 

Fall Time If 0.5 1.6 0.5 1.7 0.5 1.8 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has beeri established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
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® MOTOROLA 

TRIPLE 2-3-2-INPUT OR/NOR GATE 

The MC10H105 is a triple 2-3-2-input OR/NOR gate. This MECL 
10H part is a functional/pinout duplication of the standard MECL 
10K family part, with 100% improvement in propagation delay, 
and no increases in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 25 mW/Gate (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 too Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 

-Ceramic -55to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5 2 V + 5%) (See Note) -

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 23 - 21 - 23 mA 

Input Current High linH - 425 - 265 - 265 µA 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !~d 0.4 1.2 0.4 1.2 0.4 1.3 ns 

Rise Time tr 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time If 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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®MOTOROLA 

TRIPLE 4-3-3 INPUT NOR GATE 

The MC10H106 is a triple 4-3-3 input NOR gate. This 10H part 
is a functional/pinout duplication of the standard MECL 1 OK family 
part, with 100% improvement in propagation delay and no 
increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current- Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0- +75 oc 

Storage Temperature Range - Plastic Tstg -55to +150 oc 
-Ceramic -55 to + 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 23 - 21 - 23 mA 

Input Current High linH - 500 - 310 - 310 µ,A 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay ~ 0.5 1.3 0.5 1.5 0.55 1.55 ns 

Rise Time tr 0.5 1.7 0.5 1.8 0.55 1.9 ns 

Fall Time If 0.5 1.7 0.5 1.8 0.55 1.9 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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®MOTOROLA 

TRIPLE 2-INPUT EXCLUSIVE 
"OR"/EXCLUSIVE "NOR" 

The MC10H107 is a triple 2-input exclusive OR/NOR gate. This 
MECL 10H part is a functional/pinout duplication of the standard 
MECL 10K family part, with 100% improvement in propagation 
delay, and no increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 35 mW/Gate Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply !Vee ~ O) VEE -8.0 too Vdc 

Input Voltage !Vee ~ O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 

-Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 31 - 28 - 31 mA 

Input Current High linH - 425 - 265 - 265 µA 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VQH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VQL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay ~d 0.4 1.5 0.4 1.6 0.4 1.7 ns 

Rise Time tr 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time tf 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H107 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 

Vcc1 

Aout 

Aout 

Ain 

Ain 

*NC 

Bin 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

4~2 
5 3 

9~11 
7 10 

14~12 
15 13 

Vcc1 ~ Pin 1 
Vcc2 ~Pin 16 
VEE ~ Pin 8 

DIP 
PIN ASSIGNMENT 

16 Vcc2 

15 Cin 

14 Cin 

4 13 Cout 

5 12 Cout 

6 11 Bout 

7 10 Bout 

8 9 Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page i-35. 

*NC = No Connection 

.. 



® MOTOROLA 

DUAL 4-5-INPUT "OR/NOR" GATE 

The MC10H109 is a dual 4-5-input OR/NOR gate. This MECL 10H 
part is a functional/pinout duplication of the standard MECL 10K 
family part, with 100% improvement in propagation delay, and 
no increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 35 mW/Gate Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 
Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 

Storage Temperature Range - Plastic Tstg -55to 150 ·c 
-Ceramic -55to 165 ·c 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

o· 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 15 - 14 - 15 mA 

Input Current High linH - 425 - 265 - 265 µ,A 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay .!E_d 0.4 1.3 0.4 1.3 0.45 1.45 ns 

Rise Time tr 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Fall Time If 0.5 2.0 0.5 2.1 0.5 2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown i.n the test 
table, after' thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H109 

2. FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

:§=X=J 
6 2 

7 

9~ 10 
11 14 

12 -15 

13 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 

DIP 
PIN ASSIGNMENT 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



®MOTOROLA 

QUAD EXCLUSIVE OR GATE 

The MC10H113 is a Quad Exclusive OR Gate with an enable 
common to all four gates. The outputs may be wire-ORed together 
to perform a 4-bit comparison function (A~ B). The enable is active 
LOW. 

• Propagation Delay, 1.3 ns Typical 

• Power Dissipation 175 mW Typ/Pkg (No Load) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee ~ O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA o to +75 'C 

Storage Temperature Range - Plastic Tstg -55 to 150 'C 
-Ceramic -55 to 165 'C 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

o• 25' 75' 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 46 - 42 - 46 mA 

Input Current High linH µ,A 
Pins 5, 7, 11, 13 - 430 - 270 - 270 
Pins 4, 6, 10, 12 - 510 - 320 - 320 
Pin 9 - 1100 - 740 - 740 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Data 0.4 1.7 0.4 1.8 0.5 1.9 
Enable 0.5 2.3 0.5 2.4 0.6 2.5 

Rise Time t, 0.5 1.8 0.6 1.9 0.6 2.0 ns 

Fall Time If 0.5 1.8 0.6 1.9 0.6 2.0 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H113 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

Aout 

Bout 

Ain 

Ain 

Bin 

Bin 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

E 9 

3 

14 

15 

DIP 

TRUTH TABLE 
IN E OUTPUT 

L L L L 
L H L H 
H L L H 
H H L L 
<b <b H L 

(/J '°'Don t Care 

Vcc1 ~Pin 1 
Vcc2 ~ Pin 16 
VEE ~ Pin 8 

PIN ASSIGNMENT 

16 Vcc2 

15 Dout 

3 14 Cout 

4 13 Din 

12 Din 

6 11 Cin 

10 Cin 

8 9 Enable 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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®MOTOROLA 

QUAD LINE RECEIVER 

The MC10H115 is a quad.differential amplifier designed for use 
in sensing differential signals over long lines. This 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in counting frequency and no 
increase in power-supply current. 

The base bias supply (Vssl is made available at Pin 9 to make 
the device useful as a Schmitt trigger, or in other applications 
where a stable reference voltage is necessary. Active current 
sources provide the MC10H115 with excellent common mode 
rejection. If any amplifier in a package is not used, one input of 
that amplifier must be connected to Vss (Pin 9) to prevent upset
ting the current source bias network . 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 110 .mW Typ/Pkg (No Load) 

• Improved Noise Margin 150 mV 
(Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Cur:rent - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55to 150 oc 
-Ceramic -55to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (2) 

O" 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH - 150 - 95 - 95 µA 

Input Leakage Current icso - 1.5 - 1.0 - 1.0 µA 

Reference Voltage Vee -1.38 -1.27 -1.35 -1.25 -1.31 -1.19 Vdc 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage (1) V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage (1) V1L -1.95 -1.48 -1.95 -1.48 -1.95 -i.45 Vdc 

Common Mode Ve MR - - - 2.85 to - 0.8 - - Vdc 
Range (3) 

Input Sensitivity (4) Vpp - - 150typ - - mVpp 

AC PARAMETERS 

Propagation Delay !l!_d 0.4 1.3 0.4 1.3 0.45 1.45 ns 

Rise Time tr 0.5 1.4 0.5 1.5 0.5 1.6 ns 

Fall Time tf 0.5 1.4 0.5 1.5 0.5 1.6 ns 

NOTES: 
1. When Vee is used as the reference voltage. 
2. Each MECL 10H series circuit has been designed to meet the specifications shown in the test 

table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. · 

3. Differential input not to exceed 1 .0 Vdc. 
4. 150 mVp-p differential input required to obtain full logic swing on output. 
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MC10H115 

FN SUfFlX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

Vcc1 =Pin 1 
Vcc2 =Pin 16 
VEE = Pin 8 

When input pin with 
bubble goes positive 
its respective output 
pin with bubble goes 
positive. 

:~2 
7~3 

10~ 14 
11~ 
13~ 
12~15 

L__g 
Vee* 

*Vee to be used to sUpply bias to the MC10H.115 
only and bypassed (when useq) with 0.01 ,.F to 
0.1 µF capacitor to ground (0 V). Vee can source 
< 1.0mA. 
The MC10H115 is desig_ned to be used in sensing 

differential sigOals over long lines. The bias supply 
(Vee) is made available to make the device useful 
as a Schmitt trigger, or in other applications where 
a stable reference voltage is necessary. 

Active current sources provide these receivers 
with excellent commQn-mode noise rejection. If any 
amplifier in a package iS not used, one input of that 
amplifier must be connected to Vee to prevent 
u·nbalancing the current-source bias network. 

The MC10H115 does not have internal-input pull
down resistors. This provides high impedance to 
the amplifier input and facilitates differential 
connections. 

Applications: 
•Low Level Receiver •Voltage Level 
•Schmitt Trigger Interface 

DIP 
PIN ASSIGNMENT 

Vcc2 

Dout 

Cout 

Din 

Djn 

Vee 

Pin assignment is for Dual-in-line Package. 
1 For PLCC pin assignment, see tables on page 1-35. 



TRIPLE LINE RECEIVER 

The MC10H116 is a functional/pinout duplication of the 
MC10116, with 100% improvement in propagation delay and no 
increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 85 mW Typ/Pkg (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage IVcc = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 
-Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS IVEE = -5.2V±5%)121 

er 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 23 - 21 - 23 mA 

Input Current High linH - 150 - 95 - 95 µA 

Input Leakage Current lceo - 1.5 - 1.0 - 1.0 µA 

Reference Voltage Vee -1.38 -1.27 -1.35 -1.25 -1.31 -1.19 Vdc 

High Output Voltage VOH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage (1) V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage (1) V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Common Mode VcMR - - - 2.85 to -0.8 - - Vdc 
Range (3) 

Input Sensitivity (4) Vpp - ·- 150 typ - - mVpp 

AC PARAMETERS 

Propagation Oelay 1d 0.4 1.3 0.4 1.3 0.45 1.45 ns 

Rise Time tr 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time If 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTES: 
1. When Vee is used as the reference voltage. 
2. Each MECL 10H series circuit has been designed to meet the specifications shown in the test 

table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Outputs are terminated through a 50..ohm resistor to -2.0 volts. 

3. Difhtrential input not to exceed 1.0 Vdc. 
4. 150 mVp-p differential input required to obtain full logic swing on output. 
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MC10H116 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

:~~ 
9~6 
10~7 
12~14 
13~15 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 

~11 
When input pin with 
bubble goes positive 
it's respective output 
pin with bubble goes 
positive. 

*Vee to be used to supply bias to the MC10H116 
only and bypassed (whan used) with 0.01 l'F to 
0.1 µ.F capacitor to ground (O V). Vee can source 
<1.0mA. 

The MC10H116 is designed to be used in sensing 
differential signals over long lines. The bias supply 
(Vea) is made available to make the device useful 
as a Schmitt trigger, or in other applications where 
a stable reference voltage is necessary. 

Active current sources provide these receivers 
with excellent common-mode noise rejection. If any 
amplifier in a package is not used, one input of that 
amplifier must be connected to Vee to prevent 
unbalancing the current-source bias network. 

The MC10H116 does not have internal·input pull· 
down resistors. This provides high impedance to 
the amplifier input and facilitates differential 
connections. 

Applications: 
• Low Level Receiver • Voltage Level 
• Schmitt Trigger Interface 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 
Ao;rt Cout 

Aout Cout 

Ain Cin 

Ain Cin 
Bo;rt Vee 

Bout Bin 

VEE Bin 

Pin assignment is for Oual·in·iine Package. 
For PLCC pin assignment, see tables on page 1 ·35. 

• 
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®MOTOROLA 

DUAL 2-WIDE 2-3-INPUT 
"OR-AND/OR-AND-INVERT" GATE 

The MC10H117 is a general purpose logic element designed for 
use in data control, such as digital multiplexing or data distri
bution. Pin 9 is common to both gates. This MECL 10H part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = OI VEE -8.0 too Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 'C 

Storage Temperature Range - Plastic Tstg -55 to 150 'C 
-Ceramic -55 to 165 'C 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V +5%) (See Note) -

0' 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH µ,A 
Pins 4, 5, 12, 13 - 465 - 275 - 275 
Pins 6, 7, 10, 11 - 545 - 320 - 320 
Pin 9 - 710 - 415 - 415 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VOH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay ~ 0.45 1.35 0.45 1.35 0.5 1.5 ns 

Rise Time tr 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time If 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

FN SUFFIX 
PLCC 

CASE 775 



® ltllOTOROl.A 

DUAL 2-WIDE 3-INPUT "OR-AND" GATE 

The MC10H118 is a basic logic building block providing the OR/ 
AND function, useful in data control and digital multiplexing appli
cations. la Th is MECL 10H part is a fonctional/pinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in propagation delay, and no increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = 0) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 

Storage Temperature Range - Plastic Tstg -55 to 150 ·c 
-Ceramic -55 to 165 ·c 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH p.A 
Pins 3,4,5,12,13,14 - 465 - 275 - 275 
Pins 6,7,10,11 - 545 - 320 - 320 
Pin 9 - 710 - 415 - 415 

Input Current Low linL 0.5 - 0.5 - 0.3 - p.A 

High Output Voltage VOH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage (1) V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage (1) V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay .!i!_d 0.5 1.6 0.5 1.7 0.55 1.85 ns 

Rise Time tr 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time tf 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs ere terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H118 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

16 1 

P SUFFIX --PLASTIC PACKAGE 16 
CASE 648 1 

4 

6 

9 

10 

11 

12 

13 

14 

FNSUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

15 

2 = (3 + 4 + 5) • (6 + 7 + 9) 
15 = (9 + 10 + 11). (12 + 13 + 14) 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
VEE= Pin 8 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

Aout Bout 

A1in B1in 

A1in B1in 

A1in B1in 

A2in B2in 

A2in B2in 

VEE A2in• B2in 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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® MOTOROLA 

4-WIDE 4-3-3-3:1NPUJ "OR-AND" GATE 

The MC10H119 is a 4-wide 4-3-3-3-input OR/AND gate with one 
·input from two gates common to pin 10. This MECL 10H part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 

• Propagation Delay, 1.0 n11Jypical 

• Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 

• Improved Noise Margin '150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current-. Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 

Storage Temperature Range - Plastic Tstg -55to 150 ·c 
-Ceramic -55 to 165 ·c 

ELECTRICAL CHARACTERISTICS IVEE = -5.2 V ±5%) (See Note) 

Cl° 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH µA 
Pins 3, 4, 5, 6, 7, 9 

11, 12, 13, 14, 15 - 500 - 295 - 295 
Pin 10 - 610 - 360 - 360 

Input Current Low linl 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VOH -1.02 .~o.84 -0.98 -0,81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0,84 -1.13 -0.81 ~1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 ..:1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Pin 10 Only 0.75 2.2 0.75 2.25 0.8 2.35 
Exclude Pin 10 0.75 2.0 0.75 2.0 0.8 2.15 

RiseTime tr ' 0.1! 1.9 0.8 2.0 0.8 2.1 ns 

Fall Time If 0.8 1.9 0.8 2.0 0.8 2.1 ns 

NOTE: 
Each MECL 10H seiies circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a print~ circuit board and transv~rse air flow, greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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LOGIC DIAGRAM 

13---.__ 

14 

15-~-r-

Vcc1 

Aout 

A1in 

A1in 

A1;n 

A1;n 

A2;n 

Vcc1 ~Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 

DIP 
PIN ASSIGNMENT 

2 

Vcc2 

A2in• A3;n 

A2;n 

Pin assignment is for OuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



® MOTOROLA 

4-WIDE "OR-AND/OR-AND-INVERT" GATE 

The MC1OH121 is a basic logic building block providing the 
simultaneous OR-AND/OR-AND-INVERT function, useful in data 
control and digital multiplexing applications. This MECL 10H part 
is a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous loui: 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -·55 to 150 oc 
-Ceramic -55to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 29 - 26 - 29 mA 

Input Current High linH µ,A 
Pins 3, 4, 5, 6, 7, 9 

11, 12, 13, 14, 15 - 500 - 295 - 295 
Pin 10 - 610 - 360 - 360 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Pin 10 Only 0.45 1.8 0.45 1.8 0.55 2.2 
Exclude Pin 10 0.55 1.95 0.6 2.0 0.7 2.4 

Rise Time tr 0.5 1.7 0.5 1.8 0.5 1.9 ns 

Fall Time If 0.5 1.7 0.5 1.8 0.5 1.9 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50~ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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® MOTOROLA 

TRIPLE 4-3-3 INPUT BUS DRIVER 

The MC10H123 is a triple 4-3-3 Input Bus Driver. 
The MC1OH123 consists of three NOR gates designed for bus 

driving applications on card or between cards. Output low logic 
levels are specified with Vol = -2.1 Vdc so that the bus may be 
terminated to - 2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10H123 are "turned-off." This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VoH level is specified when driving a 25-ohm load termi
nated to -2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped
ance that can be driven by the MC10H123, higher impedance 
values may be used with this part. A typical 50-chm bus is shown 
in Figure 1. 

• Propagation Delay, 1.5 ns Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA Oto +75 oc 

Storage Temperature Range - Plastic Tstg -55to 150 oc 
-Ceramic -55to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 
oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 60 - 56 - 60 mA 

Input Current High linH - 495 - 310 - 310 µA 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -2.1 -2.03 -2.1 -2.03 -2.1 -2.03 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !!>fl 0.7 1.5 0.7 1.6 0.7 1.7 ns 

Rise Time tr 0.7 1.6 0.7 1.7 0.7 1.8 ns 

Fall Time If 0.7 1.6 0.7 1.7 0.7 1.8 ns 
NOTE: 

Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.1 volts. 
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MC10H123 

FIGURE 1 - 50-0HM BUS DRIVER (25-0HM LOADI 
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-2.0Vdc RECEIVERS (MECL Gates) -2.0Vdc 
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®MOTOROLA 

QUAD TTL-TO-MECL TRANSLATOR 
WITH TTL STROBE INPUT 

The MC10H124 is a quad translator for interfacing data and 
control signals between a saturated logic section and the MECL 
section of digital systems. The 10H part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power
supply current. 

Outputs of unused translators will go to low state when their 
inputs are left open. 

• Propagation Delay, 1.5 ns Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = 5.0 V) Vee -8.0 to 0 Vdc 

Power Supply (Vee = - 5.2 V) Vee Oto +7.0 Vdc 

Input Voltage (Vee = 5.0 V) TTL V1 o to Vee Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto +75 •c 

Storage Temperature Range - Plastic Tstg -55 to +150 •c 
- Ceramic -55to +165 

ELECTRICAL CHARACTERISTICS (Vee = -5.2 v ±5%, Vee= 5.0 v ± 5.0%) 

O" 25' 75' 

Characteristic Symbol Min Max Min Mex Min Mex Unit 

Negative Power IE - 72 - 66 - 72 mA 
Supply Drain 
Current 

Positive Power Supply lccH - 16 - 16 - 18 mA 
Drain Current 

lccL - 25 - 25 - 25 mA 

Reverse Current IR µA 
Pin 6 - 200 - 200 - 200 
Pin 7 - 50 - 50 - 50 

Forward Current If mA 
Pin 6 - -12.8 - -12.8 - -12.8 
Pin 7 - -3.2 - -3.2 - -3.2 

Input Breakdown V(BR)in 5.5 - 5.5 - 5.5 - Vdc 
Voltage 

Input Clamp Voltage V1 - -1.5 - -1.5 - -1.5 Vdc 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.02 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H 2.0 - 2.0 - 2.0 - Vdc 

Low Input Voltage V1L - 0.8 - 0.8 - 0.8 Vdc 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, aee tables on page 1-35. 



MC10H124 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 v ±5%, Vee= 5.0 v ± 5.0%) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

AC PARAMETERS 
Propagation Delay 1d 0.55 2.25 0.55 2.4 0.85 2.95 ns 

Rise Time t, 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time If 0.5 1.5 0.5 1.6 0.5 1.7 ns 

APPLICATIONS INFORMATION 

The MC10H124 has TTL-compatible inputs and MECL 
complementary open-emitter outputs that allow use as 
an inverting/non-inverting translator or as a differential 
line driver. When the common strobe input is at the 
low-logic level, it forces all true outputs to a MECL low
logic state and all inverting outputs to a MECL high
logic state. 
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An advantage of this device is that TTL-level infor
mation can be transmitted differentially, via balanced 
twisted pair lines, to MECL equipment, where the signal 
can be received by the MC10H115 or.MC10H116 differ
ential line receivers. The power supply requirements 
are ground, + 5.0 volts, and -5.2 volts. 
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® MOTOROLA 

QUAD MECL-TO-TTL TRANSLATOR 
The MC10H125 is a quad translator for interfacing data and 

control signals between the MECL section and saturated logic 
section of digital systems. The 1 OH part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power
su pply current. 

Outputs of unused translators will go to low state when their 
inputs are left open. 

• Propagation Delay, 2.5 ns Typical • Voltage Compensated 

• Improved Noise Margin 150 mV • MECL 10K-Compatible 
(Over Operating Voltage and Temperature Range) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = 5.0 V) Vee -8.0 to 0 Vdc 

Power Supply (VEE= -5.2 V) Vee o to +7.0 Vdc 

Input Voltage (Vee = 5.0 V) V1 o to Vee Vdc 

Operating Temperature Range TA 0 to +75 oc 

Storage Temperature Range - Plastic Tstg -55to 150 oc 
-Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 v ± 5%; Vee = 5.0 v ± 5.0% ) 
(See Note) 

er 250 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Negative Power le - 44 - 40 - 44 mA 
Supply Drain 
Current 

Positive Power Supply lccH - 63 - 63 - 63 mA 
Drain Current 

ICCL - 40 - 40 - 40 mA 

Input Current linH - 225 - 145 - 145 µA 

Input Leakage Current lcso - 1.5 - 1.0 - 1.0 µA 

High Output Voltage VOH 2.5 - 2.5 - 2.5 - Vdc 
IOH = -1.0 mA 

Low Output Voltage Vol - 0.5 - 0.5 ,_ 0.5 Vdc 
IDL = +20 mA 

High Input Voltage(1) V1H -1.17 -0.84 -1,13 -0.81 -1,07 -0.735 Vdc 

Low Input Voltage(1) V1L -1.95 -1.48 -1,95 -1.48 -1,95 -1.45 Vdc 

Short Circuit Current ios 60 150 60 150 50 150 mA 

Reference Voltage Vss -1.38 -1.27 -1.35 -1.25 -1.31 -1.19 Vdc 

Common Mode VcMR - - - 2.85 to - 0,3 v 
Range (3) 

Typical 

Input Sensitivity (4) Vpp 150 mV 

AC PARAMETERS 

Propagation Delay !12!1 0.8 3.3 0.85 3.35 0.9 3,4 ns 

Rise Time(5) tr 0.3 1.2 0.3 1.2 0.3 1.2 ns 

Fall Time(5) tf 0.3 1.2 0.3 1.2 0.3 1.2 ns 

NOTES: 
1. When Vee is used as the reference voltage. 
2. Each MECL 10H series circui~ has been designed to meet the specifications shown in the test 

table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. 

3. Differential input not to exceed 1.0 Vdc. 
4. 150 mVp~~ differential input required to obtain full logic swing on output. 
5. 1,0 V to 2,0 V w/25 pF into 50011, 
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Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H125 

APPLICATION INFORMATION 

The MC10H125 incorporates differential inputs and 
Schottky TTL "totem pole" outputs. Differential inputs 
allow for use as an inverting/non-inverting translator or 
as a differential line receiver. The Vee reference voltage 
is available on Pin 1 for use in single-ended input biasing. 
The outputs of the MC10H125 go to a low-logic level 
whenever the inputs are left floating, and a high-logic 

output level is achieved with a minimum input level of 
150 mVp-p· 

An advantage of this device is that MECL-level infor
mation can be received, via balanced twisted pair lines, 
in the TTL equipment. This isolates the MECL-logic from 
the noisy TTL environment. Power supply requirements 
are ground, + 5.0 volts and ~ 5.2 volts. 
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®MOTOROLA 

DUAL LATCH 

The MC10H130 is a MECL 10H part which is a functional/pinout 
duplication of the standard MECL 1 OK family part, with 100% 
improvement in clock speed and propagation delay and no 
increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation, 155 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 1 OK-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = 0) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 'C 

Storage Temperature Range - Plastic Tstg -5510150 'C 
-Ceramic -55 to 165 'C 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

0' 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 38 - 35 - 38 mA 

Input Current High linH µ,A 
Pins 6, 11 - 468 - 275 - 275 
Pins 7, 9, 10 - 545 - 320 - 320 
Pins 4, 5, 12, 13 - 434 - 255 - 255 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VQH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VQL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Data 0.4 1.6 0.4 1.7 0.4 1.8 
Set, Reset 0.6 1.7 0.7 1.8 0.8 1.9 
Clock, CE 0.5 1.6 0.5 1.7 0.6 1.8 

Rise Time Ir 0.5 1.6 0.5 1.7 0.5 1.8 ns 

Fall Time If 0.5 1.6 0.5 1.7 0.5 1.8 ns 

Set-up Time ts et 2.2 - 2.2 - 2.2 - ns 

Hold Time 'hold 0.7 - 0.7 - 0.7 - ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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For PLCC pin assignment, see tables on page 1-35. 



MC10H130 

APPLICATION INFORMATION 

The MC10H130 is a clocked dual D type latch. Each 
latch may be clocked separately by holding the common 
clock in the low state, and using the clock enable inputs 
for the clocking function. If the common clock is to be used 
to clock the latch, the clock enable (CE) inputs must be in 
the low state. In this mode, the enable inputs perform the 
function of controlling the common clock (Ej. 

Any change atthe D input will be reflected at the output 
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while the clock is low. The outputs are latched on fhe posi
tive transition of the clock. While the clock is in the high 
state, a change in the information present at the data 
inputs will not affect the output information. 

The set and reset inputs do not override the clock and D 
inputs. They are effective only when either C or CE or both 

are high. 
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®MOTOROLA 

DUAL TYPED MASTER-SLAVE 
FLIP-FLOP 

The MC10H131 is a MECL 10H part which is a functionallpinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock speed and propagation delay and no 
increase in power-supply current. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation, 235 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply !Vee ~ O) VEE -8.0 to 0 Vdc 

Input Voltage !Vee ~· O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0-75 •c 

Storage Temperature Range - Plastic Tstg -55to 150 ·c 
-Ceramic -55 to 165 •c 

ELECTRICAL CHARACTERISTICS (VEE - -5 2 V + 5%) (See Note) - -

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 62 - 56 - 62 mA 

Input Current High linH µ,A 
Pins 6, 11 - 530 - 310 - 310 
Pin 9 - 660 - 390 - 390 
Pins 7, 10 - 485 - 285 - 285 
Pins4, 5, 12, 13 - 790 - 465 - 465 

Input Current Low linl 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VOH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Clock, CE 0.8 1.6 0.8 1.7 0.8 1.8 
Set, Reset 0.6 1.6 0.7 1.7 0.7 1.8 

Rise Time tr 0.6 2.0 0.6 2.0 0.6 2.2 ns 

Fall Time tf 0.6 2.0 0.6 2.0 0.6 2.2 ns 

Set-up Time ts et 0.7 - 0.7 - 0.7 - ns 

Hold Time tho Id 0.8 - 0.8 - 0.8 - ns 

Toggle Frequency ftQl!. 250 - 250 - 250 - MHz 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H131 

APPLICATION INFORMATION 

The MC10H131 is a dual master-slave type D flip-flop. 
Asynchronous Set (S) and Reset (R) override Clock (Cc) 
and Clock Enable (CE) inputs. Each flip-flop may be 
clocked separately by holding the common clock in the 
new low state and using the enable inputs for the clocking 
function. If the common clock is to be used to clock the 
flip-flop, the Clock Enable inputs must be in the low state. 
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In this case, the enable inputs perform the function of 
controlling the common clock. 

The output states of the flip-flop change on the positive 
transition of the clock. A change in the information present 
at the data (D) input will not affect the output information 
at any other time due to master slave construction. 
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®MOTOROLA 

DUAL J-K MASTER SLAVE FLIP-FLOP 

The MC10H135 is a dual J"K master slave flip-flop. The device 
is provided with an asynchronous set(s) and reset(R). These set 
and reset inputs overide the clock. 

A common clock is provided with separate J-K inputs. When 
the clock is static, the JK inputs do not effect the output. The 
output states of the flip flop change on the positive transition of 
the clock. 

• Propagation Delay, 1.5 ns Typical 

• Power Dissipation, 280 mW 
Typical/Pkg. (No Load) 

• Improved Noise Margin 150 mV 
(Over Operating Voltage and 
Temperature Range) 

• ftog 250 MHz Max 
• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA Oto + 75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 
-Ceramic -55to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 75 - 68 - 75 mA 

Input Current High linH µ,A 
Pins 6, 7, 10, 11 - 460 - 285 - 285 
Pins 4, 5, 12, 13 - 800 - 500 - 500 
Pin 9 - 675 - 420 - 420 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd 0.7 2.6 0.7 2.6 0.7 2.6 ns 
Set, Reset, Clock 

Rise Time tr 0.7 2.2 0.7 2.2 0.7 2.2 ns 

Fall Time If 0.7 2.2 0.7 2.2 0.7 2.2 ns 

Set-up Time ts et 1.5 - 1.5 - 1.5 - ns 

Hold Time lhold 1.0 - 1.0 - 1.0 - ns 

Toggle Frequency ftQ!l_ - 250 - 250 - 250 MHz 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H135 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 
6 

4 
9 

12 

10 

11 

13 

1 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

15 

14 

Vcc1 =Pin 1 
Vcc2 =Pin 16 

VEE= Pin 8 

R-S TRUTH TABLE CLOCK J-K TRUTH TABLE* 

R s 
L L 

L H 
H L 
H H 

On+ 1 
On 
H 
L 

N.D. 

J K On+l 
o;; 
L 
H 

On 

N.D.::: Not Defined *Output states change 
on positive transition 
of clock for J-K input 
condition present. 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

01 02 

01 02 

R1 R2 

51 52 

i<1 "K2 

J1 J2 

VEE c 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



@MOTOROLA 

UNIVERSAL HEXADECIMAL COUNTER 

The MC10H136 is a high speed synchronous hexadecimal 
counter. This 10H part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in count
ing frequency and no increase in power-supply current. 

• Counting Frequency, 250 MHz Minimum • Voltage Compensated 

• Power Dissipation, 625 mW Typical • MECL 10K-Compatible 

• Improved Noise Margin 150 mV 
(Over Operating Voltage and Temperature Range) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ O) VEE -8.0 to O Vdc 

Input Voltage (Vee ~ O) V1 Oto VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 'C 

Storage Temperature Range - Plastic Tstg -55 to 150 'C 
-Ceramic -55to 165 'C 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

0' 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 165 - 150 - 165 mA 

Input Current High linH µA 
Pins 5, 6, 11, 12, 13 - 430 - 275 - 275 
Pin 9 - 670 - 420 - 420 
Pin 7 - 535 - 335 - 335 
Pin 10 - 380 - 240 - 240 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1."17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Clock to Q 0.7 2.3 0.7 2.4 0.7 2.5 
Clock to Carry Out 1.0 4.8 1.0 4.9 1.0 5.0 
Carry in to Carry 

Out 0.7 2.5 0.7 2.6 0.7 2.7 

Set-up Time ts et ns 
Data (DO to C) 2.0 - 2.0 - 2.0 -
Select (S to C) 3.5 - 3.5 - 3.5 -
Carry In (Cin to C) 2.0 - 2.0 - 2.0 -

(C to Cinl 0 - 0 - 0 -

Hold Time lhold ns 
Data (C to DO) 0 - 0 - 0 -
Select (C to S) -0.5 - -0.5 - -0.5 -
Carry In (C to Cinl 0 - 0 - 0 -

(Cin to C) 2.2 - 2.2 - 2.2 -
Counting Frequency fcount 250 - 250 - 250 - MHz 

Rise Time Ir 0.5 2.3 0.5 2.4 0.5 2.5 ns 

Fall Time If 0.5 2.3 0.5 2.4 0.5 2.5 ns 

NOTE: 
Each MECL 1 OH series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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CTN 

<P 

L 

H 

MC10H136 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• •• 
1 

FN SUFFIX 
PLCC 

CASE 775 

FUNCTION SELECT TABLE 

S1 S2 Operating Mode 

L L Preset (Program) 

L H Increment (Count Up) 

L H Hold Count 

L H L Decrement (Count Down) 

H H L Hold Count 

<P H H Hold (Stop Count) 

SEQUENTIAL TRUTH TABLE-

INPUTS OUTPUTS 

Carry Clock Carry 

S1 S2 00 01 D2 D3 ;;; .. QO 01 02 03 Oui 
L L L L H H • H L L H H 

L H • • • • L H H L H H 
L H • . • • L H L H H H 

L H • • • • L H H H H H 

L H • • • • H L H H H H 
L H • • • • H .. H H H H 
H H • • • • • H H H H H 

L L H H L L • H H H L L 

H L • • • • L H L H L L 
H L • • • • L H H L L L 
H L • • • • L H L L L L 
H L • • • • L H H H H H 

if>~ Don't care 
• Truth table shows logic states assuming inputs vary in sequence 

shown from top to bottom 

• • A clock H is defined as a clock •nPul trans•tion from a low to a 

high logic level. 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

Q2 Q1 

Q3 QO 

Cout Clock 

D3 DO 

D2 D1 

S2 Cin 

VEE S1 

Pin assignment is for Dual-in-line Package. 

L 
H 
H 

L 

H 
H 
H 

L 

H 
H 
L 
H 

For PLCC pin assignment, see tables on page 1-35. 

• 
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MC10H136 

LOGIC DIAGRAM 

S1 9 

Clock<>-~-+-+--+-r-t~~-t_.-+-+-~~~+-<>-t-t~~~-t-~ 

13 

12 
DO 

14 
oo 

11 
01 

NOTE: FLIP FLOPS WILL TOGGLE WHEN ALL TIN PUTS ARE LOW 

15 
01 

6 
02 

2 
02 

5 
03 

3 4 
03 Carry Out 

Vcc1=Pin1 
Vcc2 =Pin 16 
VEE= Pin 8 

APPLICATION INFORMATION 

The MC1OH136 is a high speed synchronous counter 
that operates at 250 MHz. Counter operating modes 
include count up, count down, pre-set and hold count. 
This device allows the designer to use one basic counter 
for many applications. 

The S 1, S2, control lines determine the operating modes 
ofthe counter. In the pre-set mode, a clock pulse is neces
sary to load the counter with the information present on 
the data inputs (DO, 01, 02, and 03). Carry out goes low 
on the terminal count or when the counter is being pre-set. 
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FOUR-BIT UNIVERSAL SHIFT REGISTER 

The MC10H141 is a four-bit universal shift register. This device 
is a functional/pinout duplication of the standard MECL 1 OK part 
with 100% improvement in propagation delay and operation fre
quency and no increase in power supply current. 

• Shift frequency, 250 MHz Min 

• Power Dissipation, 425 mW Typical 

• Improved Noise Margin 150 mV (over operating 
voltage and temperature range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 

-Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 112 - 102 - 112 mA 

Input Current High linH µA 
Pins 5,6,9,11,12,13 - 405 - 255 - 255 
Pins 7,10 - 416 - 260 - 260 
Pin 4 - 510 - 320 - 320 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !i!9 1.0 2.0 1.0 2.0 1.1 2.1 ns 

Hold Time- lhold 1.0 - 1.0 - 1.0 - ns 
Data, Select 

Set-up Time lset ns 
Data 1.5 - 1.5 - 1.5 -
Select 3.0 - 3.0 - 3.0 -

RiseTime Ir 0.5 2.4 0.5 2.4 0.5 2.4 ns 

Fall Time e If 0.5 2.4 0.5 2.4 0.5 2.4 ns 

Shift Frequency fshift 250 - 250 - 250 - MHz 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50~ohm resistor to -2.0 volts. 
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MC10H141 

•• FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

~ OPERATING OUTPUTS 

SI S2 MODE 00n+1 01n+1 02n+1 

L L Parallel Entry DO D1 D2 

L H Shift Right* 01n 02n 03n 

H L Shift Left• DL OOn 01n 

H H Stop Shift OOn 01n 02n 

03n+1 

D3 

DR 

02n 

03n 

* Outputs as exist after pulse appears at "C" input with 
input conditions as shown (Pulse Positive transition 
of clock input). 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

02 01 

03 oo 

c DL 

DR DO 

D3 D1 

S2 SI 

VEE D2 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



LOGIC DIAGRAM 

03 02 01 DO 

Q3 Q2 01 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

APPLICATION INFORMATION 

The MC10H141 is a four-bit universal shift register 
which performs shift left, or shift right, serial/parallel in, 
and serial/parallel out operations with no external gat
ing. Inputs 51 and 52 control the four possible opera
tions of the register without external gating of the clock. 
The flip-flops shift information on the positive edge of 
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the clock. The four operations are stop shift, shift' left, 
shift right, and parallel entry of data. The other six inputs 
are all data type inputs; four for parallel entry data, and 
one for shifting in from the left (DL) and one for shifting 
in from the right (DR). 



®MOTOROLA 

16 x 4 BIT REGISTER FILE (RAM) 

The MC10H145 is a 16 x 4 bit register file. The active-low chip 
select allows easy expansion. 

The operating mode of the register file is controlled by the WE 
input. When WE is "low" the device is in the write mode, the 
outputs are "low" and the data present at Dn input is stored at 
the selected address, when WE is "high," the device is in the read 
mode - the data state at the selected location is present at the 
On outputs. 

• Address Access Time, 4.5 ns Typical 

• Power Dissipation, 700 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 1 OK-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating 

Power Supply (Vee= 0) VEE -8.0 to 0 

Input Voltage (Vee= 01 V1 0 to VEE 

Output Current - Continuous lout 50 
- Surge 100 

Operating Temperature Range TA 0 to+ 75 

Storage Temperature Range - Plastic T stg -55 to +150 
- Ceramic -55 to +165 

ELECTRICAL CHARACTERISTICS (VEE= -5.2 V ± 5%) (See Note) 

oo 25° 75° 

Unit 

Vdc 

Vdc 

mA 

oc 
oc 

Characteristic Symbol 
Min Max Min Max Min Max 

Unit 

Power Supply Current IE - 160 - 163 - 165 mA 

Input Current High linH -- 375 - 220 - 220 µA 

Input Current Low linl 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage VIL -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H145 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

MODE 

Write' O" 

Write "1' 

Read 

Disabled 

FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

INPUT 

cs WE Dn 

L L L 

L L H 

L H if, 

H if, if, 

¢ = Don't Care 

0-State of Addressed Cell 

DIP 
PIN ASSIGNMENT 

01 

QO 

cs 
Dl 

DO 

A3 

A2 

VEE 

OUTPUT 

On 

L 

L 

Q 

L 

Vee 

Q2 

Q3 

WE 

D3 

D2 

AO 

Al 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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MC10H145 

AC PARAMETERS 

MC10H145 
TA= Oto +75°C, 

VEE= -5.2 Vdc ±5% 

Characteristics Symbol Min Max Unit Conditions 

Read Mode ns Measured from 50% of input to 50% of 
Chip Select Access Time IACS 0 4.0 output. See Note 2. 
Chip Select Recovery Time 'RCS 0 4.0 
Address Avcess Time IAA 0 6.0 

Write Mode ns twsA ~ 3.5 ns 
Write Pulse Width tw 6.0 - Measured at 50% of input to 50% of 
Data Setup Time Prior to Write twso 0 - output. tw ~ 6.0 ns. 
Data Hold Time After Write IWHD 1.5 -
Address Setup Time Prior to Write twsA 3.5 -
Address Hold Time After Write IWHA 1.5 -
Chip Select Setup Time Prior to Write twscs 0 -
Chip Select Hold Time After Write IWHCS 1.5 -
Write Disable Time 1ws 1.0 4.0 
Write Recovery Time 'WR 1.0 4.0 

Chip Enable Strobe Mode ns Guaranteed but not tested on 
Data Setup Prior to Chip Select tcso 0 - standard product. See Figure 1. 
Write Enable Setup Prior to Chip Select tcsw 0 -
Address Setup Prior to Chip Select tcsA 0 -
Data Hold Time After Chip Select ICHD 1.0 -
Write Enable Hold Time After Chip Select ICHW 0 -
Address Hold Time After Chip Select 'CHA 2.0 -
Chip Select Minimum Pulse Width tcs 4.0 -

Rise and Fall Time 1,,11 ns Measured between 20% and 80% 
Address to Output 0.6 2.5 points. 
CS to Output 0.6 2.5 

Capacitance pF Measured with a pulse technique. 
Input Capacitance Cin - 6.0 
Output Capacitance Cout - 8.0 

NOTES: 1 Test circuit characteristics: RT= 50!!, MC10H145. CL~ 5.0 pF (including jig and Stray Capacitance). Delay should 
be derated 30 ps/pF for capacitive loads up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
3. For proper use of MECL in a system environment, consult MECL System Design Handbook. 

FIGURE 1 - CHIP ENABLE STROBE MODE 

A 

ICSD 

Din 

w icsw 

tcsA tcs 
cs 
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MC10H145 

BLOCK DIAGRAM 

00 01 02 03 

• 
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® MOTOROLA 

QUAD 2-INPUT MULTIPLEXER 
(NON-INVERTING) 

The MC10H158 is a quad two channel multiplexer with common 
input select. A "high" level select enables input DOO, D10, D20 
and D30 and a "low" level select enables input D01, D11, D21 and 
D31. This MECL 10H part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in prop
agation delay and no increase in power-supply current. 

• Propagation Delay, 1.5 ns Typical 

• Power Dissipation, 197 mW Typical 

• Improved Noise Margin l50 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 
Storage Temperature Range - Plastic Tstg -5510150 ·c 

-Ceramic -55 to 165 ·c 
ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V + 5%) -

O" 25° 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 53 - 48 - 53 mA 

Input Current High linH µ,A 
Pin 9 - 475 - 295 - 295 
Pins 3-6 and 10-13 - 515 - 320 - 320 

Input Current Low linl 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage Vott -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage Vitt -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Data 0.5 1.9 0.5 1.9 0.5 2.0 
Select 1.0 2.9 1.0 2.9 1.0 2.9 

Rise Time tr 0.7 2.2 0.7 2.2 0.7 2.2 ns 

Fall Time If 0.7 2.2 0.7 2.2 0.7 2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H158 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

is
1 

-P SUFFIX - · 
PLASTIC PACKAGE 16 

CASE 648 1 

FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

Select DO 01 

L "' L 

L "' H 

H L 

"' H H 

"' 4';; Don't care 

DIP 
PIN ASSIGNMENT 

00 

01 

011 

010 

001 

000 

NC 

VEE 

a 
L 

H 

L 

H 

Vee 

02 

03 

020 

021 

030 

031 

Select 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



Select 9 

MC10H158 

LOGIC DIAGRAM 

Vee= Pin 16 

VEE= Pin 8 
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® MOTOROLA 

QUAD 2-INPUT MULTIPLEXER 
(INVERTING) 

The MC10H159 is a quad 2-input multiplexer with enable. This 
MECL 10H part is a functional/pinout duplication of the standard 
MECL 10K family part, with 100% improvement in propagation 
delay and no increase in power-supply current. 

• Propagation Delay, 1.5 ns Typical 

• Power Dissipation, 218 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) Vee -8.0 to O Vdc 

Input Voltage (Vee = O) V1 o to Vee Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 
Storage Temperature Range - Plastic Tstg -55 to 150 ·c 

-Ceramic -55 to 165 ·c 
ELECTRICAL CHARACTERISTICS (Vee = - 5.2 V ± 5%) (See Note) 

O" 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 58 - 53 - 58 mA 

Input Current High linH µ,A 
Pin 9 - 475 - 295 - 295 
Pins 3-7 and 10-13 - 5\5 - 320 - 320 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Data 0.5 2.2 0.5 2.2 0.5 2.2 
Seleci 1.0 3.2 1.0 3.2 1.0 3.2 
Enable 1.0 3.2 1.0 3.2 1.0 3.2 

Rise Time tr 0.5 2.2 0.5 2.2 0.5 2.2 ns 

Fall Time If 0.5 2.2 0.5 2.2 0.5 2.2 ns 

NOTE: 
· Each MECL 1 OH series circuit has been designed to meet the de specifications shown in the test 

table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H159 

CERAMIC PACKAGE 
CASE 620 

-

LSUFFIX 

16 1 

PSUFFIX -PLASJ.!~:~KAGE .rrim n ~ ~ 

•• 
1 

FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

Enable Select DO 01 a 
L L 4> L H 

L L 4> H L 

L H L 4> H 

L H H 4> L 

H 4> 4> 4> L 

4' "" Don't Care 

DIP 
PIN ASSIGNMENT 

ao Vee 

Qi 02 

D11 03 

D10 D20 

D01 D21 

DOO D30 

Enable D31 

Vee SeleC1 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H159 

APPLICATION INFORMATION 

The MC1OH159 is a quad two channel multiplexer witi1 
enable. It incorporates common enable and common data 
select inputs. The select input determines which data 
inputs are enabled. A high (H) level enables data inputs 

DO 0, D1 0, D2 0, and D3 0. A low (L) level enables data 
inputs DO 1, D1 1, D2 1, and D3 I. Any change on the data 
inputs will be reflected at the outputs while the enable is 
low. Input levels are inverted at the output. 

Dl 1 3 

D10 4 

Enable 7 

D2 1 12 

D2 0 13 

LOGIC DIAGRAM 

Vee Pin 16 
VEE Pin8 
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®MOTOROLA 

12-BIT PARITY GENERATOR-CHECKER 

The MC10H160 is a 12-bit parity generator-checker. The output 
goes high when an odd number of inputs are high providing the 
odd parity function. Unconnected inputs are pulled to a logic low 
allowing parity detection and generation for less than 12 bits. The 
MC10H160 is a functional pin duplication of the standard 10K 
family part with 100% improvement in propagation delay and no 
increase in power-supply current. 

• Propagation Delay, 2.5 ns Typical 

• Power Dissipation, 320 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) VEE -8.0 to 0 Vdc 

Input Voltage !Vee= 0) V1 0 to VEE Vdo 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-+75 oc 
Storage Temperature Range - Plastic Tstg -55 to +150 oc 

-Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ± 5%) (See Note) 

o· 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 88 - 78 - 88 mA 

Input Current High linH µ,A 
Pins 3,5,7,10,12,14 - 391 - 246 - 246 
Pins 4,6,9,11,13,15 - 457 - 285 - 285 

lnput Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay \pd 1.1 3.1 1.1 3.3 1.2 3.5 ns 

Rise Time tr 0.55 1.5 0.55 1.6 0.75 1.7 ns 

Fall Time If 0.55 1.5 0.55 1.6 0.75 1.7 ns 

NOTE: 
Each MEGL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm !s maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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LSUFFIX 
CERAMIC PACKAGE 

CASE 620 
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PLASTIC PACKAGE 
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Vcc1 

Out 

ln1 

ln2 

ln3 

ln4 

ln5 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

TRUTH TABLE 

INPUT OUTPUT 

Sum of 
High Level Pin 2 

Inputs 

Even Low 

Odd High 

DIP 
PIN ASSIGNMENT 

Vcc2 

ln12 

ln11 

ln10 

ln9 

ln8 

ln7 

ln6 

Pin assignment is for Dual-in-line Package. 

2 

For PLCC pin assignment, see tables on page 1-35. 



®MOTOROLA 

r 
BINARY TO 1-8 DECODER (LOW) 

The MC10H161 provides parallel decoding of a three bit binary 
word to one of 1'ight lines. The MC10H161 is useful in high-speed 
multiplexer/demultiplexer applications. 

The MC10H161 is designed to decode a three bit input word to 
one of eight output lines. The MC10H161 output will be low when 
selected while all other output are high. The enable inputs, when 
either or both are high, force all outputs high. 

The MC10H161 is a true parallel decoder. This eliminates un
equal parallel path delay times found in other decoder designs. 
These devices are ideally suited for multiplexer/demultiplexer 
applications. 

• Propagation Delay, 1 .0 ns Typical 

• Power Dissipation, 315 mW Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ O) VEE -8.0 too Vdc 

Input Voltage (Vee ~ O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

f--Operating Temperature Range TA 0-75 ·c 

Storage Temperature Range - Plastic Tstg -55 to 150 ·c 
-Ceramic -55to 165 •c 

ELECTRICAL CHARACTERISTICS (VEE ~ - 5.2 v ± 5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 84 - 76 - 84 mA 

Input Current High linH - 465 - 275 - 275 µ,A 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Data 0.6 2.0 0.65 2.1 0.7 2.2 
Enable 0.8 2.3 0.8 2.4 0.9 2.5 

Rise Time tr 0.55 1.7 0.65 1.8 0.7 1.9 ns 

Fall Time If 0.55 1.7 0.65 1.8 0.7 1.9 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 
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LOGIC DIAGRAM 

TRUTH TABLE 
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<b =Don't Care 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 
EO E1 
03 c 
02 04 
01 05 
00 06 

A Q7 

VEE B 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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MC10H161 

TYPICAL APPLICATIONS 

FIGURE 1 - HIGH SPEED 16·BIT MULTIPLEXER/DEMULTIPLEXER 

MC10H136 

MC10H136 

FIGURE 2- 1·0F·64 LINE MULTIPLEXER 

The Bit chosen is dependent on six-bit 
code present on inputs 7. 9, 14 of the 
MC1DH161 and the A, B, C inputs of 
the MC10H~64. 
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®MOTOROLA 

BINARY TO 1-8 DECODER (HIGH) 

The MC10H162 provides parallel decoding of a three bit binary 
word to one of eight lines. The MC10H162 is useful in high-speed 
multiplexer/demultiplexer applications. 

The MC10H162 is ctesigned to decode a three blt !nput word to 
one of eight output lines. The MC1 OH162 output will be high when 
selected while all other output are low. The enable inputs, \Nhen 
either or both are high, force all outputs low. 

The MC10H162 is a true parallel decoder. This eliminates un
equal parallel path delay times found in other decoder designs. 
These devices are ideally suited for multiplexer/demultiplexer 
applications. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation, 315 mW Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 1 OK-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ O) VEE -8.0 to 0 Vdc 

Input Voltage !Vee ~ O) V1 Oto VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 

--Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

oo 25° 75° 

Characteristic Symbol Min Max Min Mox Min Max Unit 

Power Supply Current IE - 84 - 76 - 84 mA 

Input Current High linH - 465 - 275 - 275 µA 

Input Current Low linl 0.5 - 0.5 - 0.3 - µ.A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -· 1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Pins 7, 9, 14 Only 0.7 2.0 0.7 2.1 0.8 2.5 
Pins 2, 15 Only 0.8 2.3 0.8 2.4 0.9 2.6 

Rise Time tr Q.6 1.8 0.6 1.9 0.6 2.0 ns 

Fall Time tf 0.6 1.8 0.6 1.9 0.6 2.0 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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DIP 
PIN ASSIGNMENT 

Vcc1 vcc2 
Eo E1 

Q3 c 

Q2 Q4 

Q1 Q5 

QO Q6 

A Q7 

VEE B 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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® MOTOROLA 

8-LINE MULTIPLEXER 

The MC10H164 is a MECL 10H part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power 
supply current. 

The MC10H164 is designed to be used in data multiplexing and 
parallel to serial conversion applications. Full parallel gating pro
vides equal delays through any data path. The MC10H164 incor
porates an output buffer, eight inputs and an enable. A high on 
the enable forces the output low. The open emitter output allows 
the MC10H164 to be connected directly to a data bus. The enable 
line allows an easy means of expanding to more than 8 lines 
using additional MC10H164's. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation, 310 mW Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 too Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to 150 oc 
-Ceramic -55 to 165 oc 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V + 5%) (See Note) -

O' 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 83 - 75 - 83 mA 

Input Current High linH - 512 - 320 - 320 µ.A 

Input Current Low linL 0.7 - 0.7 - 0.7 - µ.A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !pd ns 
Enable 0.4 1.45 0.4 1.5 0.5 1.7 
Data 0.7 2.4 0.8 2.5 0.9 2.6 
Address 1.0 2.8 1.1 2.9 1.2 3.2 

Rise Time tr 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time If 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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TRUTH TABLE 
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DIP 
PIN ASSIGNMENT 
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B 

Pin assignment is for Dual-in-line Package. 

z 
15 

For PLCC pin assignment, see tables on page 1-35. 
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MC10H164 

TYPICAL APPLICATIONS 

FIGURE 1 - HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 

MC10H136 

FIGURE 2- 1-0F-64 LINE MULTIPLEXER 

The Bit chosen is dependent on si)(·bit 
code present on inputs 7, 9, 14 of the 
MC10H161 and the A, B, C inpuu of 
the MC10H164. 
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®MOTOROLA 

8-INPUT PRIORITY ENCODER 
The MC10H165 is an 8-lnput Priority Encoder. This 10H part is 

a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 

• Propagation Delay, Data-to-Output, 2.2 ns Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto + 75 oc 

Storage Temperature Range - Plastic Tstg -55 to + 150 oc 
- Ceramic -55 to + 165 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 144 - 131 - 144 mA 

Input Current High linH 1LAdc 
Pin 4 - 510 - 320 - 320 
Data Inputs - 600 - 370 - 370 

Input Current Low linL 0.5 - 0.5 - 0.3 - !LA 

High Output Voltage Vott -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1tt -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !pd ns 
Data Input-. Output 0.7 3.4 0.7 3.4 0.7 3.4 
Clock Input-. Output 0.7 2.2 0.7 2.2 0.7 2.2 

Set-up Time ts et 3.0 - 3.0 - 3.0 - ns 

Hold Time !hold 0.5 - 0.5 - 0.5 - ns 

Rise Time tr 0.5 2.4 0.5 2.4 0.5 2.4 ns 

Fall Time If 0.5 2.4 0.5 2.4 0.5 2.4 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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MC10H165 

8-INPUT PRIORITY ENCODER 

The MC10H165 is a device designed to encode eight 
inputs to a binary coded output. The output code is 
that of the highest order input. Any input of lower 
priority is ignored. Each output incorporates a latch 
allowing 'Synchronous ope.ration .. When the clock is 
low the outputs follow the Inputs and latch when the 
clock goes high. This device is very useful for a variety 
of applications in checking system status in control 
processo.rs, peripheral controllers, and testing systems. 

The input is active when high, (e.g., the three binary 
outputs are low when input DO is high). The Q3 output 
is high when any input is high. This allows direct ex
tension into another priority encoder when more than 
eight inputs are necessary. The MC10H165 can also 
be u.sed to develop binary codes from random logic 
inputs, for addressing ROMs, RAMs, or for multiplex-
ing data. · 

LOGIC DIAGRAM 

C4 

DO 5 

0213 ! 

076~ 

Numbers at ends of terminals denote pin numbers for. .. L and P packages. · 
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MC10H165 

APPLICATION INFORMATION 

A typical application of the MC10H165 is the decod
ing of system status on a priority basis. A 64-line prior
ity encoder is shown in the figure below. System status 
lines are connected to this encoder such that, when 
a given condition exists, the respective input will be 
at a logic high level. This scheme will select the one 

of 64 different system conditions, as represented at 
the encoder inputs, which has priority in determining 
the next system operation to be performed. The binary 
code showing the address of the highest priority input 
present will appear at the encoder outputs to control 
other system logic functions. 

64-LINE PRIORITY ENCODER 

~:;~~, ·"::w~,-"·=,11~l" "'':f .. ·1 
Highest o-rl DO i 01 j ~ 
p,;odty I ~ 02 l"t:::t:1:t:l:U:j::===:U:f::l::)::j::!===:::'..W..W.W..1----1~ 
Input - i I U DO 00 L-"I D7 ::. 03 ~ r:: 

,-----< 0 1 f-4 r' • 

c ill oor- ,......----, 02~ MSB 

DO I 01 r;::; D7 1--

G 021----H-++++----++++-t-t-----++H-tT' '------' D7 ::. 03 

c ~ aor--
oo i 011----+++++----~ 

~ 021----+++++-----++H-t----~ 
D7 ~ 031----+++++-----+++++-----++H-t--' 

c ~ oot------J 
DO i 011------++++-----~ 

~ 021-----++++------++++----~ 
07 ~ o3 1------++++-------++++-------++++--~ 

c "' 00 r---' <O 
DO 

I 01 
0 02 u 

D7 ::. 03 

c "' 00 t------' <O 

il DO i 01 
0 

02 

Ji u 
D7 ::. 03 

c "' 00 <O 

il DO I 01 
0 

02 

Ji u 
D7 ::. 03 

c "' 00 <O 

Lowest i DO I 01 
Priority 0 

02 
J__ u Input 

D7 ::. 03 

2-55 

Six bit output 
word yielding 
number of 
highest priority 
channel present 
at input 

• 



• 

®MOTOROLA 

5-BIT MAGNITUDE COMPARATOR 

The MC10H166 is a 5-Bit Magnitude Comparator and is a func
tional/pinout duplication of the standard MECL 1 OK part with 100% 
improvement in propagation delay and no increase in power
su pply current. 

The MC10H166 is a high-speed expandable 5-bit comparator 
for comparing the magnitude of two binary words. Two outputs 
are provided: A<B and A>B. The A= B function can be obtained 
by wire-ORing these outputs ·(a low level indicates A= B) or by 
wire-NORing the outputs (a high level indicates A= B). A high 
level on the enable function forces both outputs low. 

• Propagation Delay, Data-to-Output, 2.0 ns Typical 

• Power Dissipation 440 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Ra·nge) 

• Voltage Compensated 

• MECL 10K-Compatibl!l 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply {Vee = O) Vee -8.0to O Vdc 

Input Voltage {Vee = O) V1 o to Vee Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0 to +75 "C 

Storage Temperature Range - Plastic Tstg -55 to +150 ·c 
- Ceramic -55 to +165 "C 

ELECTRICAL CHARACTERISTICS {VEE = -5.2 V ±5%) (See Note) 

O" 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 117 - 106 - 117 mA 

Input Current High linH - 350 - 220 - 220 pA 

Input Current Low linl 0.5 - 0.5 - 0.3 - pA 

High Output Voltage VOH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.<is -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Data-to-Output 1.1 3.5 1.1 3.7 1.2 4.1 
Enable-to-Output 0.6 1.7 0.7 1.7 0.7 1.8 

RiseTime Ir 0.6 1.5 0.6 1.6 0.6 1.7 ns 

Fall Time If 0.6 1.5 Q,6 1.6 0.6 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 5Ck>hm resistor to -2.0 volts. 
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CERAMIC PACKAGE 
CASE 620 
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TRUTH TABLE 

Inputs Out~ts 

A ! B A<B A>B 

x x L L 

Word A = Word B L L 

Word A > Word B L H 

Word A < Word B H L 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

A>B E 

A<B 82 

BO A2 

AO A3 

A1 83 

81 84 

Vee A4 

Pin assignment is for Oual.jn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H166 

LOGIC DIAGRAM 

A4 

B4 10 

A3 12 

B3 11 2 A> B 

A2 13 

B2 14 

3A < B 

Al 

Bl 

AO 5 vcc1 Pin 1 
BO 4 Vcc2 Pin 16 
E 15 VEE Pin 8 

FIGURE 1 - 9-BIT MAGNITUDE COMPARATOR 

A0BOA1B1 A2 B2A3B3A4B4 

AD Al A2 A3 A4 
BO 81 82 83 84 

MC10H166 

A>B A<B 

For longer word lengths, the MC10H166 can be se
rially expanded or cascaded. Figure 1 shows two de
vices in a serial expansion for a 9-bit word length. The 
A >Band A <B outputs are fed to the AO and BO inputs 
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A585A686A787A8B8 

AO A1 A2 A3 A4 
BO 81 82 83 84 

MC10H166 

A>BA<BA=B 

For 9-Bit Word 

respectively of the next device. The connection for an 
A = B output is also shown. The worst case delay time 
of serial expansion is equal to the number of compar
ators times the data-to-output delay. 

• 



• A15 

MC10H166 

FIGURE 2 - 25-BIT MAGNITUDE COMPARATOR 

A=B 

For shorter delay times than possible with serial ex
pansion, devices can be cascaded. Figure 2 shows a 
25-bit cascaded comparator whose worst case delay is 
two data-to-output delays. The cascaded scheme can 
be extended to longer word lengths. 
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®MOTOROLA 

DUAL BINARY TO 1-4-DECODER (LOW) 

The MC10H171 is a binary coded 2 line to dual 4 line decoder 
with selected outputs low With either EO or E1 high, the corre
sponding selected 4 outputs are high. The common enable E. 
when high, forces all outputs high. 

• Propagation Delay, 2 ns Typical 

• Power Dissipation 325 mW Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ O) VEE -8 to O Vdc 

Input Voltage (Vee ~ O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0 to + 75 ·c 

Storage Temperature Range - Plastic Tstg -55to +150 ·c 
-Ceramic -55 to + 165 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 85 - 77 - 85 mA 

Input Current High linH - 425 - 265 - 265 µA 

Input Current Low linL 0.5 - 0.5 - 0.3 - ,,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -148 -1.95 -1.45 Vdc 

AC PARAMETERS 

o· 25• 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Propagation Delay tpd ns 
Data 0.5 2.0 0.5 2.1 0.5 2.2 
Select 0.5 2.6 0.5 2.7 0.5 2.8 

Rise Time tr 0.5 1.7 0.5 1.8 0.5 1.9 ns 

Fall Time tf 0.5 1.7 0.5 1.8 0.5 1.9 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H171 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

EO 14 

A9 

87 

E 15 

El 2 

Vcc1 

El 

013 

012 

011 

010 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

Vcc1 ~ Pin 1 
Vcc2 ~ Pin 16 
VEE ~ Pin 8 

DIP 
PIN ASSIGNMENT 

16 

15 

14 

4 13 

5 12 

11 

7 10 

8 9 

10 00 3 

11002 

12001 

13 00 0 

3 01 3 

4 01 2 

5 011 

6 01 0 

vcc2 

E 

EO 

000 

001 

002 

003 

A 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



MC10H171 

TRUTH TABLE 

Enable Inputs Inputs Outputs 

E EO E1 A B 010 011 012 013 QOO 001 002 003 

L L L L L L H H H L H H H 
L L L L H H L H H H L H H 
L L L H L H H L H H H L H 
L L L H H H H H L H H H L 
L L H L L H H H H L H H H 
L H L L L L H H H H H H H 
H 

"' "' "' "' 
H H H H H H H H 

</> = Don't Care 

• 
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®MOTOROLA 

DUAL BINARY TO 1-4-DECODER (HIGH) 

The MC10H172 is a binary coded 2 line to dual 4 line decoder 
with selected outputs high. With either EO or E1 low, the corre
sponding selected 4 outputs are low. The common enable E, when 
high, forces all outputs low. 

• Propagation Delay, 2 ns Typical 

• Power Dissipation 325 mW Typical (same as MECL 10K) 

• Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8 to O Vdc 

Input Voltage (Vee = OI V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto + 75 ·c 
Storage Temperature Range - Plastic Tstg -55 to + 150 ·c 

-Ceramic -55 to + 165 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V ±5%) (See Note) 

()" zs· 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 85 - 77 - 85 mA 

Input Current High linH - 425 - 265 - 265 µ,A 

Input Current Low l;nL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

o· zs· 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Propagation Delay lpd ns 
Data 0.5 2.0 0.5 2.1 0.5 2.2 
Select 0.5 2.6 0.5 2.7 0.5 2.8 

Rise Time Ir 0.5 1.7 0.5 1.8 0.5 1.9 ns 

Fall Time If 0.5 1.7 0.5 1.8 0.5 1.9 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H172 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

EO 14 

A9 

87 

E 15 

El 2 

vcc1 

El 

013 

012 

011 

010 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 

DIP 
PIN ASSIGNMENT 

10 00 3 

11002 

12001 

13 00 0 

3 01 3 

4 01 2 

5011 

6 01 0 

Vcc2 

E 

EO 

000 

001 

002 

003 

A 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



MC10H172 

TRUTH TABLE 

Enable Inputs Inputs Outputs 

e E1 EO A B 010 011 012 013 ooo 001 002 003 

L H H L L H L L L H L L L 
L H H L H L H L L L H L L 
L H H H L L L H L L L H L 
L H H H H L L L H L L L H 
L L H L L L L L L H L L L 
L H L L L H L L L L L L L 
H q, q, q, q, L L L L L L L L 

q, ~ Don't Care 

• 
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®MOTOROLA 

QUAD 2-INPUT MULTIPLEXER/LATCH 

The MC10H173 is a quad 2-input multiplexer with latch. This 
device is a functional/pinout duplication of the standard MECL 
10K part, with 100% improvement in propagation delay and no 
increase in power supply current. 

• Data Propagation Delay, 1.5 ns Typical • Voltage Compensated 

• Power Dissipation, 275 mW Typical 

• Improved Noise Margin 150 mV (over 
operating voltage and temperature range) 

MAXIMUM RATINGS 

Characteristic Symbol 

Power Supply (Vee= 0) Vee 

Input Voltage (Vee = 0) V1 

Output Current - Continuous lout 
-Surge 

Operating Temperature Range TA 

Storage Temperature Range - Plastic Tstg 
-Ceramic 

• MECL 10K-Compatible 

Rating Unit 

-8.0 to 0 Vdc 

o to Vee Vdc 

50 mA 
100 

0-75 oc 
-55 to 150 oc 
-55to165 oc 

ELECTRICAL CHARACTERISTICS (Vee = -5.2 V ±5%) (See Note) 

O" 25° 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current le - 73 - 66 - 73 mA 

Input Current High linH µA 
Pins 3--7 & 10-13 - 510 - 320 - 320 
Pin 9 - 475 - 300 - 300 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VQH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Outpct Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Data 0.7 2.3 0.7 2.3 0.7 2.3 
Clock 1.0 3.7 1.0 3.7 1.0 3.7 
Select 1.0 3.6 1.0 3.6 1.0 3.6 

Set-up Time !set ns 
Data 0.7 - 0.7 - 0.7 -
Select 1.0 - 1.0 - 1.0 -

Hold Time !hold ns 
Data 0.7 - 0.7 - 0.7 -
Select 1.0 - 1.0 - 1.0 -

Rise Time tr 0.7 2.4 0.7 2.4 0.7 2.4 ns 

Fall Time If 0.7 2.4 0.7 2.4 0.7 2.4 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H173 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

16 1 

P SUFFIX --PLASTIC PACKAGE 16 
CASE 648 1 

FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

SELECT CLOCK QOn+1 

H L 000 
L L 001 

"' 
H OOn 

cl> = Don't Care 

DIP 
PIN ASSIGNMENT 

00 

01 

D11 

D10 

D01 

DOO 

Clock 

Vee 

02 

03 

D20 

D21 

D30 

D31 

Select 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



• 

MC10H173 

APPLICATION INFORMATION 

The MC10173 is a quad two-channel multiplexer with 
latch. It incorporates common clock and common data 
select inputs. The select input determines which data 
input is enabled. A high (HI level e.nables data inputs 
000, 010, 020, and 030 and a low (L) level enables data 
inputs 001, 011, 021, 031. Any change on thedata input 

will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the 
clock. While the clock is in the high state, a change in 
the information present at the data inputs will not affect 
the output information. 

LOGIC DIAGRAM 

Select 9 

Clock 1-----

Vee = Pin 1e 
Vee = Pins 
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®MOTOROLA 

DUAL 4 TO 1 MULTIPLEXER 

The MC10H174 is a Dual 4-to-·1 Multiplexer. This device is a func
tional/pinout duplication of the standard MECL 10K part, with 100% 
improvement in propagation delay and no increase in power supply 
current. 

• Propagation Delay, 1.5 ns Typical 

• Power Dissipation, 305 mW Typical 

• Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to 0 Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 ·c 

Storage Temperature Range - Plastic Tstg -55 to 150 ·c 
-Ceramic -55to 165 ·c 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

o· 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 80 - 73 - 80 mA 

Input Current High linH µ,Ade 
Pins 3-7 & 9-13 - 475 - 300 - 300 
Pin 14 - 670 - 420 - 420 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Data 0.7 2.4 0.8 2.5 0.9 2.6 
Select (A, B) 1.0 2.8 1.1 2.9 1.2 3.2 
Enable 0.4 1.45 0.4 1.5 0.5 1.7 

Rise Time Ir 0.5 1.5 0.5 1.6 0.5 1.7 ns 

Fall Time tf 0.5 1.5 0.5 1.6 0.5 1.7 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50~ohm resistor to -2.0 volts. 
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MC10H174 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

ENABLE 

E 

H 

L 

L 

L 

L 

«f> = Don't Care 

FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

ADDRESS INPUTS 

B A 

<I> <I> 

L L 

L H 

H L 

H H 

DIP 
PIN ASSIGNMENT 

Vcc1 

QO 

DOO 

002 

DOl 

D03 

A 

VEE 

OUTPUTS 

z w 
L L 

XO YO 

Xl Yl 

X2 Y2 

X3 Y3 

Vcc2 

Q1 

Enable 

D10 

D12 

D11 

D13 

B 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



MC10H174 

LOGIC DIAGRAM 

XO 3 

Xl 

X2 4 2Z 

X3 

A 7 • B 9 

Enable 14 

YO 13 

Yl 11 
15W 

Y2 12 

Y3 10 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
Vee = Pin a 
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®MOTOROLA 

QUINT LATCH 

The MC10H175 is a quint D type latch with common reset and 
clock lines. This MECL 10H part is a functionallpinout duplication 
of the standard MECL 1 OK family part, with 100% improvement 
in propagation delay and no increase in power-supply current. 

• Propagation Delay, 1.2 ns Typical 

• Power Dissipation, 400 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 "C 

Storage Temperature Range - Plastic Tstg -55to 150 "C 
-Ceramic -55to 165 "C 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 V +5%) (See Note) -

O" 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 107 - 97 - 107 mA 

Input Current High linH µA 
Pins 5,6,7,9,10,12,13 - 565 - 335 - 335 
Pin 11 - 1120 - 660 - 660 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Data 0.6 1.6 0.6 1.6 0.6 1.7 
Clock 0.7 1.9 0.7 2.0 0.8 2.1 
Reset 1.0 2.2 1.0 2.3 1.0 2.4 

Set-up Time I set 1.5 - 1.5 - 1.5 - ns 

Hold Time lhold 0.8 - 0.8 - 0.8 - ns 

Rise Time Ir 0.5 1.8 0.5 1.9 0.5 2.0 ns 

Fall Time If 0.5 1.8 0.5 1.9 0.5 2.0 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fprn is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H175 

l SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

0 co 
L L 

H L 

<ti H 

<ti 4> 

<ti H 

<ti 4> 

FN SUFFIX 
PLCC 

CASE 775 

TRUTH TABLE 

Cl Reset 

L <ti 
L <ti 
4> L 

H L .. H 

H H 

</) = don't care 

DIP 
PIN ASSIGNMENT 

Vcc1 

02 

03 

04 

D4 

co 
Cf 

VEE 

a n+1 
L 

H 

On 

On 

L 

L 

vcc2 

01 

00 

02 

01 

Reset 

DO 

D3 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



• 

MC10H175 

APPLICATION INFORMATION 

The MC10H175 is a high speed, low power quint latch. 
It features five D type latches with common reset and a 
common two-input clock. Data is transferred on the neg
ative edge of the clock and latched on the positive edge. 
The two clock inputs are "OR"ed together. 

Any change on the data input will be reflected at the 

outputs while the clock is low. The outputs are latched 
on the positive transition of the clock. While the clock is 
in the high state, a change in the information present at 
the data inputs will not affectthe output information. THE 
RESET INPUT IS ENABLED ONLY WHEN THE CLOCK IS 
IN THE HIGH STATE. 

LOGIC DIAGRAM 

04 5~~~~~-+---+--~ 

co 6 

C1 7 

Vcc1 ~Pin 1 
Vcc2 ~ Pin 16 
VEE ~ Pin 8 
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®MOTOROLA 

HEX "D" MASTER-SLAVE FLIP-FLOP 

The MC10H176 contains six rnaster slave type "D" flip-flops 
with a common clock. This MECL 1 OH part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock frequency and propagation delay and no 
increase in power-supply current. 

• Propagation Delay, 1.7 ns Typical 

• Power Dissipation, 460 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee ~ OI VEE -8.0 to O Vdc 

Input Voltage (Vee ~ 0) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 "C 

Storage Temperature Range - Plastic Tstg -55 to 150 "C 
-Ceramic -55 to 165 "C 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 123 - 112 - 123 mA 

Input Current High linH µ,A 
Pins 5,6,7,10,11,12 - 425 - 265 - 265 
Pin 9 - 670 - 420 - 420 

Input Current Low linl 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 ··1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !l1_d 0.9 2.1 0.9 2.2 1.0 2.4 ns 

Set-up Time ts et 1.5 - 1.5 - 1.5 - ns 

Hold Time lhold 0.9 - 0.9 - 1.0 - ns 

Rise Time 1, 0.5 1.8 0.5 1.9 0.5 2.0 ns 

Fall Time If 0.5 1.8 0.5 1.9 0.5 2.0 ns 

Toggle Frequency ftog_ 250 - 250 - 250 - MHz 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H176 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

FN SUFFIX 
PLCC 

CASE 775 

CLOCKED TRUTH TABLE 

c 0 Gn+1 

L <I> On 
H' L L 
H' H H 

<P = Don't Care 

•A clock H is a clock transition 
from a low to a high state. 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

00 05 

01 04 

02 03 

DO 05 

01 D4 

D2 D3 

VEE Clock 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



• 

MC10H176 

APPLICATION INFORMATION 

The MCI O.Hl 76 contains six high-speed, master slave 
type "D" flip-flops. Data is entered into the master when 
the clock is low. Master-to-slave data transfer takes place 
on the positive-going Clock transition. Thus, outputs may 

change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not 
affect the output information any other time due to the 
master~slave construction of this device. 

LOGIC DIAGRAM 

DO 5 -

Clock 9 

Vcc1 ~ Pin 1 
Vcc2 ~ Pin 16 
VEE ~ Pin 8 
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® MOTOROLA 

LOOK-AHEAD CARRY BLOCK 

The MC10H179 is a functional/pinout duplication of the standard 
MECL 10K part, with 100% improvement in propagation delay 
and no increase in power supply current. 

• Power Dissipation, 300 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 
f--·----

Power Supply (Vee= OJ VEE -8.0 to 0 Vdc 

Input Voltage (Vee= 0) V1 Oto VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-+75 oc 
Storage Temperature Range - Plastic Tstg -55 to +150 oc 

-Ceramic -55 to +165 oc 
ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

-----,---

f--· Characteristic 

Power Supply Current 

lnpvt Current High 

Symbol 

IE 

Min 

o• 
Max 

79 

Min 

25° 

Max 

72 

Min 

75° 

Max Unit 

79 mA 

µA 
Pins 5 and 9 - 465 - 275 - 275 
Pins 4, 7 and 11 - 545 - 320 - 320 
Pin 14 - 705 - 415 - 415 
Pin 12 - 790 - 465 - 465 
Pins 10 and 13 - 870 - 510 - 510 

>-~~~~~~~-+-~~---<--~--+~~-+~~-+-~---+-~~+-----+----

1 n put Current Low linL 0.5 - 0.5 - 0.3 - µA 
>-~~~~~~~-;--~~--<~~-t~~-+~---+~~-+-~~+-~~+-'--_, 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 
,----· 

Propagation Delay tpd ns 
Pto PG 0.4 1.4 0.4 1.5 0.5 1.7 
G, P, Cn to 

Cn or GG 0.6 2.3 0.7 2.4 0.8 2.6 

~;;,e Ir 0.5 1.7 0.5 1.8 0.5 1.9 ns 

Fall Time tf 0.5 1.7 0.5 1.8 0.5 1.9 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H179 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFllt 
PLASTIC PACKAGE 

CASE 648 •• 1 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

GG 

Cn+4 

GO 

G3 

Cn+2 

G1 

Vee 

vcc2 

PG 

PO 

P3 

P2 

Cn 

P1 

G2 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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MC10H179 

LOGIC DIAGRAM 

G3 

G1 

P1 10~~~~+--r-r-.o--~~ 

GO 4~~~--t-~-t---'""l__/ 

PG Pu + P1 + P2 + P3 

3 Cn+4 

6 Cn+2 

Pin 1 
Pin 16 
Pin 8 

GG (GO + P1 + P2 + P3) (G1 + P2 + P3) (G2 + P3) G3 
Cn+2 (Cn + PO + P1) (GO + P1) G1 
Cn+4 (Cn + PO + P1 + P2 + P3) (GO + P1 + P2 + P3) (G1 + P2 + P3) 

(G2 + P3) G3 

TYPICAL APPLICATIONS 

The MC1OH179 is a high-speed, low-power. standard 
MECL complex function that is designed to perform the 
look-ahead carry function. This device can be used with 
the MC10H181 4-bitALU directly, or with the MC10H180 
dual arithmetic unit in any computer, instrumentation or 
digital communication application requiring high speed 
arithmetic operation on long words. 

When used with the MC10H181, the MC10H179 per
forms a second order or higher look-ahead. Figure 2 shows 

a 16-bit look-ahead carry arithmetic unit. Second order 
carry is valuable for longer binary words. As an example, 
addition of two 32-bit words is improved from 30 nano
seconds with ripple-carry techniques. A block diagram 
of a 32-bit ALU is shown in Figure 1. The MC10H179 
may also be used in many other applications. It can, for 
example, reduce system package count when used to 
generate functions of several variables. 

AGURE 1 - 32-BIT ALU WITH CARRY LOOK-AHEAD 
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FIGURE 2 - 16-BIT FUU LOOK-AHEAD CARRY ARITHMETIC LOGIC UNIT 
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®MOTOROLA 

DUAL 2-BIT ADDER/SUBTRACTOR 

The MC10H180 is a high-speed, low-power, general-purpose 
adder/subtractor. It is designed to be used in special purpose 
adders/subtractors or in high-speed multiplier arrays. 

Inputs for each adder are Carry-in, Operand A, and Operand B; 
outputs are Sum, Sum and Carry-out. The common select inputs 
serve as a control line to Invert A for subtract, and a control line 
to Invert 8. 

• Propagation Delay, 1.8 ns Typical, Operand and Select to Output 

• Power Dissipation, 360 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) Vee -8.0 to 0 Vdc 

Input Voltage (Vee= 0) V1 o 10 Vee Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0-+75 oc 

Storage Temperature Range - Plastic Tstg -55 to +150 oc 
-Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS !Vee = - 5.2 V ± 5%) (See Note) 

0" 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current le - 95 - 86 - 95 mA 

Input Current High linH µ,A 
Pins 4, 12 - 665 - 417 - 417 
Pins 7, 9 - 515 - 320 - 320 
Pins 5, 6, 10, 11 - 410 - 255 - 255 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage 111 V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage (1) V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Operand to Output 0.6 2.4 0.7 2.5 0.8 2.8 
Select to Output 0.6 2.2 0.7 2.3 0.8 2.6 
Carry-in to Output 0.4 1.6 0.4 1.7 0.4 1.8 

Rise Time tr 0.5 2.0 0.5 2.1 0.5 2.2 ns 

Fall Time If 0.5 2.0 0.5 2.1 0.5 2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 1fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 

2-74 

7 
9 

5 
6 
4 

MC10H180 

•• FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

SelA 
Sele 

AO 
BO 

Cin 

so 
so 

Gout 

S1 
s1 

11 -------i 

10----

12---- Gout 

Vcc=Pin16 
Vee= Pin 8 

Positive Logic Only 

A' = A $ SelA = A®SelA 

B' = B $ Sele = B®Sele 

S = Cin (A' B' + A' 8'1 + 

CinlA' B' + A' 8'1 
Gout = CinA' + Cin B' + A' B' 

DIP 
PIN ASSIGNMENT 

s1 Vee 

so so 
Cout 51 

Cjn Cout 

AO Cin 

BO A1 

SelA B1 

VEE Sele 

Pin assignment is for Dual-in-line Package. 

15 
2 

3 

13 

For PLCC pin assignment, see tables on page 1-35. 



MC10H180 

FUNCTION SELECT TABLE TRUTH TABLE 

Se IA Sele Function INPUTS 
FUNCTION 

SelA Sel9 .,, BO Cin so so Cout 

INPUTS 
FUNCTION 

SelA Sele AO BO Ctn so so Cout 

H H S =A plus B ADD H H L L L L H L REVERSE L H L L L H L L 

H L S =A minus B 
H H L L H H L L 
H H L " L H L L 

SUBTRACT L H L L H L H H 
L H L H L L H H 

L H S = B minus A 
H H L H H L H H 
H H H L L H L L 

L H L H H H L H 
L H H L L L H L 

H H H L H L H H L H H L H H L L 
L L S = 0 minus A minus B H H H H L L H H L H H H L H L L 

H H H H H H L H L H H H H L H H 

SUBTRACT H L L l L H L L L L L L L L H H 
H L L L H L H H L L L L H H L H 
H L L H L L H L L L L H L H L L 
H L L H H H L L L L L H H L H H 
H L H L L L H H L L H L L H L l 
H L H L H H L H L L H l H l H H 
H L H H L H L L L l H H L L H L 
H L H H H L H H L l H H H H L L 

• 
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® MOTOROLA 

4-BIT ARITHMETIC LOGIC UNIT/ 
FUNCTION GENERATOR 

The MC10H181 is a high-speed arithmetic logic unit capable of 
performing 16 logic operations and 16 arithmetic operations on 
two four-bit words. Full internal carry is incorporated for ripple 
through operation. 

Arithmetic logic operations are selected by applying the appro
priate binary word to the select inputs (SO through 53) as indicated 
in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (GG) are provided to allow fast operations 
on very long words using a second order look-ahead. The internal 
carry is enabled by applying a low level voltage to the mode 
control input (M). 

When used with the MC10H179, full-carry look-ahead, as a sec
ond order look-ahead block, the MC10H181 provides high-speed 
arithmetic operations on very long words. 

This 10H part is a functional/pinout duplication of the standard 
MECL 10K family part with 100% improvement in propagation 
delay and no increase in power supply current. 

• Improved Noise Margin, 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated • MECL 10K-Compatible 

MAXIMUM RATINGS 
Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = OI V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto +75 ·c 

Storage Temperature Range - Plastic Tstg -55 to + 150 ·c 
- Ceramic -55 to + 165 ·c 

LOGIC DIAGRAM 

FUNCTION SELECT TABLE 

Logic Functions Arithmetic Operation 
Function Select M is High C = O.C. Mis low Cn is low 

S3 S2 51 so f f 
21 L L L L F=A F =A 
20 L L F =A+ Iii F =A plus (A•BI 

18 L H F =A+ B F = Aplus(A•BI 

19 H F =Logical "1" F =A times 2 
L F = A•ii F =(A+ B)plusO 

16 L F =Ii F =(A+ 8) plus (A•lll 

11 H L f=A®B F =A plus 8 

10 H H f:A+B F =A plus IA+ Bl 
L L F = A·B F =IA+ lhplusO 

9 L H f=A<!lB F = A minus B minus 1 
22 H L L F = B F =(A+ iii plus (A•B) 

23 L H F =A+ B F = Aplus(A +DI 
H L F = logical "O" F = ·minus 1 (two's complement! 

H F"' A•Ei F = (A• Ii) minus 1 
L F = A•B f. = IA•BI minus 1 

H H F=A F = Aminus1 
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MC10H181 

LWSUFFIX 
CERAMIC PACKAGE 

CASE 623 

PW SUFFIX 
PLASTIC PACKAGE 

CASE 649 

--PSUFFIX 
PLASTIC PACKAGE 

CASE 724 

FN SUFFIX 
PLCC 

CASE 776 

DIP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 758 

PIN ASSIGNMENT 

Vcc1 Vcc2 

FO M 

F1 Cn 

Ga AO 

Cn + 4 BO 

F3 81 

F2 A1 

Pa S1 

83 A2 

A3 S2 

82 so 

VEE S3 

Pin assignment is for Dual-in-line Pacl<age. 
For PLCC pin assignment, see tables on page 1-35. 
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5117 o------
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MC10H181 

LOGIC DIAGRAM 

Vcc1=Pin 1 
Vcc2=Pin 24 

VEE=Pin 12 
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MC10H181 

ELECTRICAL CHARACTERISTICS IVEE = -5.2 V ± 5.0%) (See Note) 

O' 25• 75"C 

Chancterlstlc Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 159 - 145 - 159 mA 

Input Current High linH µA 
Pin 22 - 720 - 450 - 450 
Pins 14,23 - 405 - 255 - 255 
Pins 13,15,17 - 515 - 320 - 320 
Pins 10, 16, 18,21 - 475 - 300 - 300 
Pins 9,11,19,20 - 465 - 275 - 275 

Input Current Low linl 0.5 - 0.5 - 0.3 - µA 
Pins 9-11, 13-22 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test table, after thennal equilibrium has been 
established. The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts • 

AC PARAMETERS 
AC Switching Chancteristics 

O'C +25"C +75"C 

Characteristic Symbol Input Output Conditionst Min Max Min Max Min Max Unit 

Propagation Delay t++,t-- Cn 
Rise Time, Fall Time t+, t- Cn 

Propagation Delay I++, t+-, Cn 
t-+,t-- Cn 

Rise Time, Fall Time t+,t- Cn 

Propagation Delay I++, I+-, A1 
t-+,t-- A1 

Rise Time, Fall Time t+, t- A1 

Propagation Delay t+ +, t- - A1 
Rise Time, Fall Time t+, t- A1 

Propagation Delay t+ +, t- - A1 
Rise Time, Fall Time l+,t- A1 

Propagation Delay t+-,t-+ A1 
Rise Time, Fall Time t+,t- A1 

Propagation Delay t++,t-+, 81 
Rise Time, Fall Time t+,t- 81 

Propagation Delay t++,t-- 81 
Rise Time, Fall Time t+, t- 81 

Propagation Delay l++,t-- 81 
Rise Time, Fall Time t+,t- 81 

Propagation Delay t+-,t-+ 81 
Rise Time, Fall Time t+,t- 81 

Propagation Delay t++,t+- M 
Rise Time, Fall Time t+,t- M 

Propagation Delay t+-,t-+ S1 
Rise Time, Fall Time l+,t- S1 

Propagation Delay t-+,t+- S1 
Rise Time, Fall Time t+,t- S1 

Propagation Delay l+-,t-+ S1 
Rise Time, Fall Time t+,t- 51 

Propagation Delay t+-,t-+ 51 
Rise Time, Fall Time t+, t- 51 

tlogic high level ( + 1.11 Vdc) applied to pins listed. All other 
input pins are left floating or tied to + 0.31 Vdc. 
Vcc1 = vcc2 = +2.0 Vdc, Vee = -3.2 Vdc 

Cn+4 AO,A1,A2,A3 
Cn+4 AO,A1,A2,A3 

F1 AO 
F1 
F1 

F1 
F1 
F1 

PG 50,S3 
PG S0,53 

GG AO,A2,A3,Cn 
GG AO,A2,A3,Cn 

Cn+4 AO,A2,A3,Cn 
Cn+4 AO,A2,A3,Cn 

F1 S3,Cn 
F 53,Cn 

PG 50,A1 
PG 50,A1 

GG 53,Cn 
GG 53,Cn 

Cn+4 S3,Cn 
Cn+4 S3,Cn 

F1 -
F1 -
F1 A1,81 
F1 A1,81 

PG A3,83 
PG A3,83 

Cn+4 A3,83 
Cn+4 A3,83 

GG A3,83 
GG A3,83 

2-78 

0.7 2.0 0.7 2.0 0.7 2.2 ns 
0.6 2.0 0.6 2.0 0.7 2.2 ns 

ns 
1.0 3.0 1.0 3.0 1.2 3.3 
0.7 2.2 0.7 2.2 0.7 2.4 

ns 
1.5 3.7 1.5 3.7 1.6 4.0 
0.7 2.0 0.7 2.0 0.7 2.2 

1.5 3.7 1.5 3.7 1.6 4.0 ns 
0.9 2.4 0.9 2.4 0.9 2.6 ns 

1.5 3.7 1.5 3.7 1.6 3.9 ns 
0.7 2.2 0.7 2.2 0.7 2.4 ns 

1.5 3.6 1.5 3.6 1.6 3.9 ns 
0.5 2.0 0.5 2.0 0.5 2.2 ns 

2.0 4.5 2.0 4.5 2.1 4.8 ns 
0.7 2.3 0.7 2.3 0.7 2.5 ns 

1.5 3.8 1.5 3.8 1.6 4.0 ns 
0.7 2.2 0.7 2.2 0.7 2.4 ns 

1.5 3.7 1.5 3.7 1.6 4.0 ns 
0.7 2.2 0.7 2.2 0.7 2.4 ns 

2.0 4.0 2.0 4.0 2.1 4.3 ns 
0.5 2.0 0.5 2.2 0.5 2.2 ns 

1.5 4.2 1.5 4.2 1.6 4.5 ns 
0.8 2.3 0.8 2.3 0.8 2.5 ns 

1.5 4.5 1.5 4.5 1.6 4.8 ns 
0.7 2.0 0.7 2.0 0.7 2.2 ns 

1.5 4.0 1.5 4.0 1.6 4.3 ns 
0.7 2.0 0.7 2.2 0.7 2.4 ns 

1.5 4.1 1.5 4.1 1.6 4.4 ns 
0.7 2.2 0.7 2.2 0.7 2.4 ns 

1.3 4.5 1.3 4.5 1.4 4.8 ns 
0.5 3.2 0.5 3.2 0.5 3.4 ns 



®MOTOROLA 

HEX "D" MASTER-SLAVE FLIP-FLOP WITH RESET 

The MC10H186 is a hex D type flip-flop with common reset and 
clock lines. This MECL JOH part is a functionalipinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in clock toggle frequency and propagation delay and no increase 
in power-supply current. 

• Propagation Delay, 1.7 ns Typical 

• Power Dissipation, 460 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) Vee -8.0 to 0 Vdc 

Input Voltage (Vee= 0) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 
Storage Temperature Range - Plastic Tstg -55to150 oc 

- Ceramic -55to165 oc 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%1 (See Note) 

oo 2s0 75° 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Current IE - 121 - 110 - 121 

i lnput Current High linH 
Pins 5,6,7,10,11,12 - 430 - 265 - 265 
Pin 9 - 670 - 420 - 420 
Pin 1 - 1250 - 765 - 765 

Input Current Low linL 0.5 - 0.5 - 0.3 -

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 

Low Output Voltage VQL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 

AC PARAMETERS 

Propagation Delay lpd 0.7 3.0 0.7 3.0 0.7 3.0 

Set-up Time ts et 1.5 - 1.5 - 1.5 -

Hold Time lhold 1.0 - 1.0 - 1.0 -

Rise Time tr 0.7 2.6 0.7 2.6 0.7 2.6 

Fall Time If 0.7 2.6 0.7 2.6 0.7 2.6 

Toggle Frequency ftQl!. 250 - 250 - 250 -
Reset Recovery Time trr 3.0 - 3.0 - 3.0 -

(t1-9+1 
NOTE: 

Unit 

mA 

µA 

µA 

Vdc 

Vdc 

Vdc 

Vdc 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50·ohm resistor to -2.0 volts. 
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MC10H186 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

FN SUFFIX 
PLCC 

CASE 775 

CLOCKED TRUTH TABLE 

R c Q Qn+1 

L L <P Qn 

L H * L L 

L H * H H 

H L <P L 

H H * D D 

if> = Don't Care 
.,.. A clock H is a clock transition 

from a low to a high state. 

DIP 
PIN ASSIGNMENT 

Reset Vee 

QO Q5 

Q1 

02 Q3 

DO D5 

D1 D4 

D2 D3 

VEE Clock 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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MC10H186 

APPLICATION INFORMATION 

The MC10H186 contains six high-speed, master slave 
type "D" flip-flops. Data is entered into the master when 
the clock is low. Master-to-slave data transfer takes place 
on the positive-going Clock transition. Thus outputs may 
change only on a positive-going Clock transition. A 

change in the information present at the data ID) input 
will not affect the output information any other time due 
to the master-slave construction of this device. A com
mon Reset is included in this circuit. THE RESET ONLY 
FUNCTIONS WHEN THE CLOCK IS LOW . 

LOGIC DIAGRAM 

Clock 9 

Reset 

Vee= Pin 1s 
VEE = Pin 8 
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® MOTOROLA 

HEX BUFFER WITH ENABLE 

The MC10H188 is a high-speed Hex Buffer with a common Ena
ble input. When Enable is in the high-state, all outputs are in the 
low-state. When Enable is in the low-state, the outputs take the 
same state as the inputs. 

This MECL 10H part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in prop
agation delay and no increase in power-supply current. 

• Propagation Delay, 1.3 ns Typical Data-to-Output 

• Power Dissipation 180 mW Typ/Pkg (No Load) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) Vee -8.0 to 0 Vdc 

Input Voltage (Vee = 0) V1 Oto Vee Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-+75 oe 

Storage Temperature Range - Plastic Tstg -55 to +150 oe 
-Ceramic -55 to +165 oe 

ELECTRICAL CHARACTERISTICS !Vee = - 5.2 v ± 5%) (See Note) 

o· 25° 75• 

Characteristic Symbol Min Max Min Max Min Max U_nit 

Power Supply Current le - 46 - 42 - 46 mA 

Input Current High linH - 495 - 310 - 310 µA 

Input Current Low linl 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay !pd ns 
Enable 0.7 2.2 0.7 2.2 0.7 2.2 
Data 0.7 1.9 0.7 1.9 0.7 1.9 

Rise Time tr 0.7 2.4 0.7 2.4 0.7 2.4 ns 

Fall Time If 0.7 2.4 0.7 2.4 0.7 2.4 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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TRUTH TABLE 

Vcc1 =Pin 1 
Vce2 = Pin 16 
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PIN ASSIGNMENT 
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Fout 
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Dout 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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®MOTOROLA 

HEX INVERTER WITH ENABLE 

The MC10H189 is a Hex Inverter with a common Enable input. 
The hex inverting function is provided when Enable is in the low
state. When Enable is in the high-state, all outputs are low. 

This MECL 10H part is a functionalipinout duplication of the 
standard MECL 10K family part, with 100% improvement in prop
agation delay and no increase in power-supply current. 

• Propagation Delay, 1.3 ns Typical Data-to-Output 

• Power Dissipation 180 mW Typ/Pkg (No Load) 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 
.---

Characteristic Symbol Rating Unit 

Power Supply !Vee= 0) VEE -8.0 to 0 Vdc 

Input Voltage (Vee= 0) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0-+75 oc 
Storage Temperature Range - Plastic Tstg -55 to +150 oc 

- Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS IVEE ~ -5.2 V ±5%) (See Note) 

O' 25' 75' 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 46 - 42 - 46 mA 

Input Current High linH - 495 - 310 - 310 µ,A 

Input Current Low linl 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Enable 0.7 2.2 0.7 2.2 0.7 2.3 
Data 0.7 1.9 0.7 1.9 0.7 1.9 

Rise Time tr 0.7 2.4 0.7 2.4 0.7 2.4 ns 

Fall Time tf 0.7 2.4 0.7 2.4 0.7 2.4 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assig~ment, see tables on page 1-35. 



®MOTOROLA 

DUAL 4-5-INPUT OR/NOR GATE 

The MC10H209 is a Dual 4-5-input OR/NOR gate. This MECL 
part is a functional/pinout duplication of the MECL Ill part MC1688. 

• Propagation Delay Average, 0.75 ns Typical 

• Power Dissipation 125 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) VEE -8.0 to 0 Vdc 

Input Voltage (Vee= 0) VJ 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0-75 oc 

Storage Temperature Range - Plastic Tstg -55 to +150 oc 
-Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS (VEE ~ - 5.2 V ± 5%) (See Note) 

O" 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - - - 30 - - mA 

Input Current High linH - 640 - 400 - 400 µ,A 

Input Current Low linl 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay ~ 0.4 1.15 0.4 1.15 0.4 1.15 ns 

Rise Time tr 0.4 1.5 0.4 1.5 0.4 1.6 ns 

Fall Time If 0.4 1.5 0.4 1.5 0.4 1.6 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow gre.:~~er than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to - 2.0 volts. 
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PIN ASSIGNMENT 
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Bout 
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Bin 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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®MOTOROLA 

DUAL 3-INPUT 3-0UTPUT "OR" GATE 

The MC10H210 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire "OR"-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop
agation delay from a single point makes the MC10H210 particu
larly useful in clock distribution applications where minimum 
clock skew is desired. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation, 160 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 1 OK-Compatible 

MAXIMUM RATINGS 
Characteristic Symbol Rating Unit 

Power Supply (Vee= 0) Vee -8.0toO Vdc 

Input Voltage (Vee= 01 V1 Oto Vee Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 •c 
Storage Temperature Range - Plastic Tstg -55to150 oC 

-Ceramic -55to165 •c 

ELECTRICAL CHARACTERISTICS (VEE - -5.2 V ±5%) (See Note) 

o• 25' 75° 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Current IE - 42 - 38 - 42 

Input Current High linH - 720 - 450 - 450 

Input Current Low linl 0.5 - 0.5 - 0.3 -
High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 

Low Output Voltage Vol -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 

AC PARAMETERS 

Propagation Delay .!11.d 0.5 1.55 0.55 1.55 0.6 1.7 

Rise Time tr 0.75 1.8 0.75 1.9 0.8 2.0 

Fall Time If 0.75 1.8 0.75 1.9 0.8 2.0 

NOTE: 

Unit 

mA 

µA 

µA 

Vdc 

Vdc 

Vdc 

Vdc 

ns 

ns 

ns 

Each MECL 10H series circuit has been designed to meet the de specifications·shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

Note: If crosstalk is present, double bypass capacitor to 0.2µF. 
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DIP 
PIN ASSIGNMENT 

Vcc2 
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Bout 

Bou1 
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Bin 

Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



®MOTOROLA 

DUAL 3-INPUT 3-0UTPUT 
"NOR" GATE 

The MC10H211 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire "OR"-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop
agation delay from a single point makes the MC10H211 particu
larly useful in clock distribution applications where minimum 
clock skew is desired. 

• Propagation Delay, 1.0 ns Typical 

• Power Dissipation, 160 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee= OJ VEE -8.0 toO Vdc 

Input Voltage (Vee= 0) V1 o to Vee Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA 0-75 oc 
Storage Temperature Range - Plastic Tstg -55to150 oc 

-Ceramic -55to165 oc 

ELECTRICAL CHARACTERISTICS (VEE ~ -5.2 V ±5%1 (See Note) 

oo 25° 75• 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Current IE - 42 - 38 - 42 

Input Current High linH - 720 - 450 - 450 

Input Current Low linL 0.5 - 0.5 - 0.3 -

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 

AC PARAMETERS 

Propagation Delay _!g_d 0.7 1.6 0.7 1.6 0.7 1.7 

Rise Time t, 0.9 2.0 0.9 2.2 0.9 2.4 

Fall Time If 0.9 2.0 0.9 2.2 0.9 2.4 

NOTE: 

Unit 

mA 

µA 

µ,A 

Vdc 

Vdc 

Vdc 

Vdc 

ns 

ns 

ns 

Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

Note: If crosstalk is present, double bypass capacitor to 0.2µF. 

2-85 

MC10H211 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

A out 

Aout 

Aout 

A;n 

A;n 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

5~~ 
6 4 
7 

Vcc1 ~ Pins 1, 15 
Vcc2 ~Pin 16 
VEE ~ Pin 8 

DIP 
PIN ASSIGNMENT 

Vcc2 

Vcc1 

Bout 

Bout 

Bout 

Bin 

Bin 

Bin 

Pin assignment is for Dual-in-tine Package. 
For PLCC pin assignment, see tables on page 1-35. 
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® MOTOROLA 

QUAD BUS DRIVER/RECEIVER WITH 2-T0-1 
OUTPUT MULTIPLEXERS 

The MC1 OH330 is a Quad Bus Driver/Receiver with two-to-one 
output multiplexers. These multiplexers have a common select 
and output enable. When disabled, (OE = high) the bus outputs 
go to -2.0 V. Their output can be brought to a low state (Voll 
by applying a high level to the receiver enable (RE = High). The 
parameters specified are with 25 n loading on the bus drivers 
and 50 n loads on the receivers. 

• Propagation Delay, 1.5 ns Typical Data-to-Output 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 too Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto + 75 'C 

Storage Temperature Range - Plastic Tstg -55to +150 'C 
- Ceramic -55 to + 165 'C 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

o• 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 157 - 143 - 157 mA 

Input Current High linH µ,A 
Pins 5-8, 17-20 - 667 - 417 - 417 
Pins 16, 21 - 514 - 321 - 321 
Pin 9 - 475 - 297 - 297 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Select-to-Input 1.8 5.3 1.8 5.3 1.8 5.3 
Data-to-Bus Output 0.5 2.0 0.5 2.0 0.5 2.0 
Select-to-Bus 

Output 1.0 3.2 1.0 3.2 1.0 3.2 
OE-to-Bus Output 0.8 2.2 0.8 2.2 0.8 2.2 
Bus-to-Input 0.8 2.1 0.8 2.1 0.8 2.4 
RE-to-Input 0.5 2.2 0.5 2.2 0.5 2.2 
Data-to-Receiver 

Input 1.3 4.0 1.3 4.0 1.3 4.0 

Rise Time tr 0.5 2.0 0.5 2.0 0.5 2.0 ns 

Fall Time If 0.5 2.0 0.5 2.0 0.5 2.0 ns 
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Win Zin 

Xin Y;n 

VEE Vcco 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page ~ -35. 

NOTE: 
Each MECL 10H series circuit has been designed to 
meet the de specifications shown in the test table, 
after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 
lfpm is maintained. Receiver outputs are terminated 
through a 50-ohm resistor to -2.0 volts de. Bus out
puts are terminated through a 25-ohm resistor to 
~ 2.0 volts de. 
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®MOTOROLA 

DUAL BUS DRIVER/RECEIVER WITH 4-T0-1 
OUTPUT MULTIPLEXERS 

The MC10H332 is a Dual Bus Driver/Receiver with four-to-one 
output multiplexers. These multiplexers have common selects 
and output enable. When disabled, (OE = high) the bus outputs 
go to -2.0 V. The parameters specified are with 25 .0. loading on 
the bus drivers and 50 ff loads on the receivers. 

• Propagation Delay, 1.5 ns Typical Data-to-Output 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 to O Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0 to +75 ·c 

Storage Temperature Range - Plastic Tstg -55 to + 150 ·c 
- Ceramic -55 to + 165 ·c 

ELECTRICAL CHARACTERISTICS (Vee = - 5.2 V ± 5%) (See Note) 

o• 2s· 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 115 - 110 - 115 mA 

Input Current High linH µA 
Pins 3,4,5,6, 14, 

· 15,16,17 - 667 - 417 - 417 
Pins 7,8 - 437 - 273 - 273 
Pins 13,18 - 456 - 285 - 285 

Input Current Low linL 0.5 - 0.5 - 0.3 - µA 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Data-to-Bus Output 0.8 3.0 0.8 3.0 0.8 3.2 
Select-to-Bus 

Output 0.8 3.4 0.8 3.4 0.8 3.8 
OE-to-Bus Output 0.8 2.4 0.8 2.4 0.8 2.6 
Bus-to-Receiver 0.8 2.1 0.8 2.1 0.8 2.4 
Select-to-Receiver 1.8 4.5 1.8 4.5 1.8 5.0 
RE-to-Receiver 0.8 2.2 0.8 2.2 0.8 2.5 
Data-to-Receiver 1.3 4.0 1.3 4.0 1.3 4.5 

Rise Time tr 0.5 2.0 0.5 2.0 0.5 2.1 ns 

Fall Time If 0.5 2.0 0.5 2.0 0.5 2.1 ns 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

NOTE: 
Each MECL 10H series circuit has been designed to 
meet the de specifications shown in the test table, 
after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 
lfpm is maintained. Receiver outputs are terminated 
through a 50-ohm resistor to -2.0 volts de. Bus out~ 
puts are terminated through a 25-ohm resistor to 
-2.0 volts de. 



MC10H332 

MULTIPLEXER TRUTH TABLE 

OE 51 so XBus YBus 

H x x -2.0 v -2.0 v 
L L L XO YO 
L L H X1 Y1 
L H L X2 Y2 
L H H X3 Y3 

X - Don't care 

LOGIC DIAGRAM 
OE 

Y3 14 >-----+----+-~, 
)<>--------' 

2-89 

RECEIVER TRUTH 
TABLE 

RE X1n 

H L 

L Xsus 

Y;n 

L 

Ysus 

Vee =Pin 1 

Veeo1 = Pin 11 

Veeo2 = Pin 20 

VEE = Pin 10 

• 



• 

® ltllOTOROl.A 

QUAD BUS DRIVER/RECEIVER WITH TRANSMIT 
AND RECEIVER LATCHES 

The MC1 OH334 is a Quad Bus Driver/Receiver with transmit and 
receiver latches. When disabled, (OE = high) the bus outputs will 
fall to -2.0 V. Data to be transmitted or received is passed through 
its respective latch when the respective latch enable (OLE and 
RLE) is at a low level. Information is latched on the positive tran
sition of DLE and RLE. The parameters specified are with 25 !1 
loading on the bus drivers and 50 !1 loads on the receivers. 

• Propagation Delay, 1.6 ns Typical Data-to-Output 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee = O) VEE -8.0 too Vdc 

Input Voltage (Vee = O) V1 0 to VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA o to + 75 oc 

Storage Temperature Range - Plastic Tstg -55 to + 150 oc 
- Ceramic -55 to + 165 oc 

ELECTRICAL CHARACTERISTICS (VEE= -5.2 V ±5%) (See Note) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 161 - 161 - 161 mA 

Input Current High linH µ,A 
Pins 5,6, 15, 16 - 397 - 273 - 273 
Pins 7,14 - 460 - 297 - 297 
Pin 17 - 520 - 357 - 357 

Input Current Low linL 0.5 .:... 0.5 - 0.3 - µ,A 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay tpd ns 
Data-to-Bus Output 0.5 2.5 0.5 2.5 0.5 2.5 
OLE-to-Bus Output 1.0 2.7 1.0 2.7 1.0 2.7 
OE-to-Bus Output 0.5 2.5 0.5 2.5 0.5 2.5 
Bus-to-RO 0.5 1.9 0.5 1.9 0.5 1.9 
RLE-to-RO 0.5 2.1 0.5 2.1 0.5 2.1 
Data-to-Receiver RO 1.0 3.8 1.0 3.8 1.0 3.8 

Rise Time t, 0.5 2.2 0.5 2.2 0.5 2.2 ns 

Fall Time If 0.5 2.2 0.5 2.2 0.5 2.2 ns 
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Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

NOTE: 
Each MECL 10H series circuit has been designed to 
meet the de specifications shown in the test table, 
after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greaterthan 500 
lfpm is maintained. Receiver outputs are terminated 
through a 50·ohm resistor to -2.0 volts de. Bus out· 
puts are terminated through a 25·ohm resistor to 
-2.0 volts de. 
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©Do 
001 
@02 

®D3 

MC10H334 

LOGIC DIAGRAM 

Output Latch 

>----+------e---<> BUSO 0 
>----+------+-+---<> BUS1 0 
>----+------+-+-....--<> BUS2 @ 
>--------+-+-+-<11~<. > BUS3 0 

@RLE 

©Ro 
0R1 

... -------------IQ DI--------' 

@) R2 

@)R3 
@vEE 

Qvcc 
~ Vcco1 .,_ ____ _ 

@ Vcco2 .,_ ____ _ 

@ vcco3 .,_ ____ _ 

Receiver Latch 

DRIVER TRUTH TABLE 

D DLE OE Busn+ 1 

x x H --2.0 v 

D L L D 

x H L Busn 

X - Don't care 
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RECEIVER TRUTH TABLE 

Bus RLE Rn+1 

Bus L Bus 

x H Rn 

X - Don't care 
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® MOTOROLA 

PECL * TO TTL TRANSLATOR 
( + 5 Vdc Power Supply Only) 

The MC10H350 is a member of Motorola's 10H family of high perfor
mance ECL logic. It consists of 4 translators with differential inputs and 
TTL outputs. The 3-state outputs can be disabled by applying a HIGH TTL 
logic level on the common OE input. 

The MC10H350 is designed· to be used primarily in systems incorpo
rating both ECL and TTL logic operating off a common power supply. The 
separate Vee power pins are not connected internally and thus isolate the 
noisy TTL Vee runs from the relatively quiet ECL Vee runs on the printed 
circuit board. The differential inputs allow the H350 to be used as an 
inverting or noninverting translator, or a differential line receiver. The H350 
can also drive CMOS with the addition of a pullup resistor. 
• Propagation Delay, 3.5 ns Typical • 11/!ECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (VEE = Gnd) Vee 7.0 Vdc 

Operating Temperature Range TA Oto+75 oc 

Storage Temperature Range-Plastic Tstg -55 to+150 oc 
-Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS (Vee = 5.0 V ±5%) (See Note 1) 

TA = O"C to 75"C 

Characteristic Symbol Min Max Unit 

Power Supply Current TIL Ice - 20 mA 
ECL - 12 

Input Current High Pin 9 l1H - 20 µA 
Others - 50 

Input Current Low Pin 9 l1L - -0.6 mA 
Others llNL - 50 µA 

Input Voltage High Pin 9 V1H 2.0 - Vdc 

Input Voltage Low Pin 9 V1L - 0.8 Vdc 

Differential Input Voltage (1) VDIFF 350 - mV 
Pins 3-6, 11-14 (1) 

Voltage Common Mode VcM 2.8 5.0 Vdc 
Pins 3-6, 11-14 

Output Voltage High VoH 2.7 - Vdc 
loH = 3.0 mA 

Output Voltage Low VoL - 0.5 Vdc 
IOL = 20 mA 

Short Circuit Current ios -60 -150 mA 
Vour = ov 

Output Disable Current High lozH - 50 µA 
vour = 2.1 v 

Output Disable Current Low lozL - -50 µA 
Vour = o.5V 

(1) Common mode input voltage to pins 3-4, 5-6, 11-12, 13-14 must be between the values of 2.8 
V and 5.0 V. This common mode input voltage range includes the djfferential input swing. 

(2) For single ended use, apply 3.75 V (Veel to either input depending on output polarity required. 
Signal level range to other input is 3.3 V to 4.2 V. 

(3) Any unused gates should have the inverting inputs tied to Vee and the non-inverting inputs 
tied to ground to prevent output glitching. 

(4) 1.0 V to 2.0 V w/25 pf into 500 ohms. 

*Positive Emitter Coupled Logic 
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MC10H350 

-

LSUFFIX 
_CERAMIC PACKAGE 

CASE 620 

••,. -
P SUFFIX - -

PLASTIC PACKAGE 16 
CASE 648 1 

4 

11 

12 

13 

14 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

Vee ( + 5.0 Vdc) = Pins 1 and 16 
Gnd =Pin 8 

ECLVcc 

Aout 

A;n 

~ 

B;n 

B;n 

Bout 

GND 

DIP 
PIN ASSIGNMENT 

TTL Vee 

Cout 

C;n 

C;n 

D;n 

D;n 

Dout 

6E 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



vouT 

MC10H350 

ELECTRICAL CHARACTERISTICS !Vee = 5.0 V ±5%) (See Note 11 

TA = 0°C to 75°C 

Characteristic Symbol Min Max Unit 

AC PARAMETERS (CL= 50 pF) (Vee = 5.0 ±5%) ITA = 0°c to 75°C) 

Propagation Delay tpd 1.5 5.0 ns 
Data 

Rise Time t, 0.3 1.6 ns 

Fall Time If 0.3 1.6 ns 

Output Disabie Time 'pdLZ 2.0 6.0 ns 

!l!_dHZ 2.0 6.0 

Output Enable Time tpdZL 2.0 8.0 ns 

!l!_dZH 2.0 8.0 

3-STATE SWITCHING WAVEFORMS 
3-State Output Low Enable and 
Disable Times 

3-State Output High Enable and 
Disable Times 

tPLZ 

1.5 v 
VOL --, 

0.3V 

TEST LOAD 

+ 7.0V OPEN 

L_J 
tpzL· 'PLZ· 0, C, ALL OTHER 

500 !l 
D.U.T. 

50pFJ 
500 ll 

'INCLUDES JIG AND PROBE CAPACITANCE 

Application Note: Pin 9 is an OE and the 10H350 is disabled when OE is at V1H or higher. 
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®MOTOROLA 

QUAD TTL/NMOS TO PECL * TRANSLATOR 

The MC1 OH351 is a quad translator for interfacing data between 
a saturated logic section and the PECL section of digital systems 
when only a + 5.0 Vdc power supply is available. The MC10H351 
has TTUNMOS compatible inputs and PECL complementary 
open-emitter outputs that allow use as an inverting/non-inverting 
translator or as a differential line driver. When the common strobe 
input is at a low logic level, it forces all true outputs to the PECL 
low logic state (=+3.2 V) and all inverting outputs to the PECL 
high logic state (=+4.1 V) . 

The MC10H351 can also be used with the MC10H350to transmit 
and receive TTUNMOS information differentially via balanced 
twisted pair lines. 

• Single + 5.0 V Power Supply 

• All Vee Pins Isolated On Chip 

• Differentially Drive Balanced Lines 

• tpd = 1.3 nsec Typical 
~~~~~~~~~~~~~~~~~~----' 

MAXIMUM RATINGS 
,.----

Characteristic Symbol Rating Unit --
Power Supply Vee Oto + 7.0 Vdc 

Input Voltage (Vee = 5.0 V) V1 o to Vee Vdc 

Output Current - Continuous lout 50 mA 
-Surge 100 

Operating Temperature Range TA Oto +75 oc 

Storage Temperature Range - Plastic Tstg -55to +150 oc 

-Ceramic -55 to + 165 
-~-

ELECTRICAL CHARACTERISTICS (Vee = Vcc1 = Vcc2 = 5.0 v ± 5.0%) 

oo 25° 75° 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply ECL - 50 - 45 - 50 mA 

Current TTL - 20 - 15 - 20 mA 
r--~~~~~~~+-~~+-~--<~~-+-~~-t--~--<f--~--+--~-+-~-< 

Reverse Current IR µA 
Pins 7, 8, 12, 14 
Pin 9 

Forward Current Ip 
Pins 7, 8, 12, 14 
Pin 9 

Input Breakdown V(BR)in 
Voltage 

Input Clamp Voltage V1 
Oin = -18 mA) 

High Output VoH 
Voltage (1) 

Low Output Vol 
Voltage (1) 

5.5 

3.98 

3.05 

25 
100 

-0.8 
-3.2 

-1.5 

4.16 

3.37 

5.5 

4.02 

3.05 

20 
80 

-0.6 
-2.4 

-1.5 

4.19 

3.37 

5.5 

4.08 

3.05 

25 
100 

-0.8 
-3.2 

-1.5 

4.27 

3.37 

mA 

Vdc 

Vdc 

Vdc 

Vdc 

1--H~ig~h_l_n~p_ut_V_o_lt_a~g_e~+--V~1H_,__+-_2_.o--4~-~-+~2._o--+~-~-+--2_.o~+----=---+~ 
Low Input Voltage V1L - 0.8 - 0.3 - 0.8 Vdc 

(1) With Vee at 5.0 v. VoHNOL change 1:1 with Vcc
*-POsitive Emitter Coupled Logic 
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MC10H351 

1· 

-1 

L SUFFIX 
CERAMIC CASE 

CASE 732 

• 
FNSUFFIX 

PLCC 
CASE 775 

20 1 

P SUFFIX 
PLASTIC CASE 

CASE 738 

- . 

0 
1 

LOGIC DIAGRAM 

Bin 7 B<iirt 
2 Bout 

A in 8 A out 

4 A out 

Din 12 Dou! 

D out 

C in 14 e out 

Common 9 C out 
Strobe 

Vee (+5.0 Vdc) =Pins 6, 11, 15, 20 
Gnd = Pin 10 -, DIP 

PIN ASSIGNMENT 

Bout ECL Vee 

Bout C out 

N.C. C out 

A out D out 

A out D out 

Vee Vee 2 

Bin Cin 

Ain N.C. 
Common 

Din Strobe 

GND TTL Vee 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H351 

AC PARAMETERS 

I 
o• 25° 75° 

Characteristic Symbol Min Max Min Max Min 

Propagation Delay 111 ~ 0.4 2.2 0.4 2.2 0.4 

Rise Time (20% to 80%) tr 0.4 1.9 0.4 2.0 0.4 

~~ime (80% to 20%) If 0.4 1.9 0.4 2.0 0.4 

Maximum Operating Frequency fmax 150 - 150 - 150 

(1) Propagation delay ts measured on this c1rcu1t from + 1.5 volts on the input waveform to the 50% pomt on the output waveform . 

NOTE: 

Max Unit 

2.2 ns 

2.1 ns 

2.1 ns 

- MHz 

Each MECL 10H series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test s::>cket or mounted on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs are terminated 
through a 50~ohm resistor to Vee - 2.0 Vdc. 
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® MOTOROLA 

QUAD CMOS TO PECL * TRANSLATOR 

The MC10H352 is a quad translator for interfacing data between 
a CMOS logic section and the PECL section of digital systems 
when only a + 5.0 Vdc power supply is available. The MC10H352 
has CMOS compatible inputs and PECL complementary open
emitter outputs that allow use as an inverting/non-inverting trans
lator or as a differential line driver. When the common strobe 
input is at a low logic level, it forces all true outputs to the PECL 
low logic state(= +3.2 V) and all inverting outputs to the PECL 
high logic state (=+4.1 V). 

The MC10H352 can also be used with the MC10H350 to transmit 
and receive CMOS information differentially via balanced twisted 
pair lines. 

• Single +5.0 V Power Supply 

• All Vee Pins Isolated On Chip 

• Differentially Drive Balanced Lines 

• tpd = 1.3 nsec Typical 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply Vee Oto +7.0 Vdc 

Input Voltage (Vee = 5.0 V) V1 o to Vee Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto + 75 oc 

Storage Temperature Range - Plastic Tstg -55to +150 oc 

-Ceramic -55 to + 165 

ELECTRICAL CHARACTERISTICS (Vee = Vcc1 = Vcc2 = 5.0 v ± 5.0%) 

o· 
Characteristic Symbol Min Max 

Power Supply ECL - 50 
Current TTL ·- 20 

Reverse Current IR 
Pins 7, 8, 12, 14 - 25 
Pin 9 - 100 

Forward Current If 
Pins 7, 8, 12, 14 - -0.8 
Pin 9 - -3.2 

Input Breakdown V(BR)in 5.5 -
Voltage 

Input Clamp Voltage V1 - -1.5 
Oin = -18 mA) 

High Output VoH 3.98 4.16 
Voltage (1) 

Low Output VoL 3.05 3.37 
Voltage (1) 

High Input Voltage V1H 3.15 -
Low Input Voltage V1L - 1.5 

(11 With Vee at 5.0 v. VoHNOL change 1:1 with Vee· 
*Positive Emitter Coupled Logic 

25° 75° 

Min Max Min Max Unit 

- 45 - 50 mA 

- 15 - 20 mA 

µA 
- 20 - 25 

- 80 - 100 

mA 
- -0.6 - -0.8 
- -2.4 - -3.2 

5.5 - 5.5 -- Vdc 

- -1.5 - -1.5 Vdc 

4.02 4.19 4.08 4.27 Vdc 

3.05 3.37 3.05 3.37 Vdc 

3.15 - 3.15 - Vdc 

- 1.5 - 1.5 Vdc 
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MC10H352 

-1 

L SUFFIX 
CERAMIC CASE 

CASE 732 

• 
FNSUFFIX 

PLCC 
CASE 775 

20 1 

P SUFFIX 
PLASTIC CASE 

CASE 738 -
LOGIC DIAGRAM 

Bin 7 Bout 

Bout 

A in 8 5 A out 

4 A out 

Din 12 16 D out 

17 D out 

C in 14 19 C out 

Common 9 18 C out 
Strobe 

Vee (+5.0 Vdc) =Pins 6, 11, 15, 20 
Gnd = Pin 10 

DIP 
PIN ASSIGNMENT 

Bout ECL Vee 

Bout C out 

N.C. C out 

A out D out 

A out D out 

Vee Vee 2 

8 in C in 

A in N.C. 

Common 
Din Strobe 

GND CMOS Vee 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1 ·35. 



MC10H352 

AC PARAMETERS 
oo 25° 

Characteristi& Symbol Mir! Max Min Max Min 

Propagation Delay (1) ~d 0.4 1.9 0.4 2.0 0.4 

Rise Time (20% to 80%) 1, 0.4 1.9 0.4 2.0 0.4 

Fall Time (80% to 20%) If 0.4 1.9 0.4 2.0 0.4 

Maximum Operating Frequency fmax 150 - 150 - 150 

(1) Propagation delay is measured on this circuit from Vcc/2 on the input waveform to the 50% point on the output waveform. 

NOTE: 

75° 

Max Unit 

2.1 ns 

2.1 ns 

2.1 ns 

- MHz 

Each MECL 10H series circuit has been designed to meet the de specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow.greater than 500 lfpm is maintained. Outputs are terminated 
through a 50-ohm resistor to Vee - 2.0 Vdc. 
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®MOTOROLA 

TRIPLE-3 INPUT BUS DRIVER WITH ENABLE 

The MC1 OH423 is a triple 3 Input Bus Driver with a common 
enable. 

The MC1 OH423 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with Vol = -2.1 Vdc so that the bus may be 
terminated to -2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10H423 are "turned off." This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VoH level is specified when driving a 25-ohm load termi
nated to -2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped
ance that can be driven by the MC10H423, higher impedance 
values may be used with this part. A typical 50 ohm bus is shown 
in Figure 1. 

• Propagation Delay, 1.5 ns Typical • Voltage Compensated 

• Improved Noise Margin 150 mV (Over • MECL 10K-Compatible 
Operating Voltage and Temperature Range) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply (Vee 0 0) VEE -8.0 to 0 Vdc 

Input Voltage (Vee 0 0) V1 Oto VEE Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA 0 to +75 oc 

Storage Temperature Range - Plastic Tstg -55 to +150 oc 
- Ceramic -55 to +165 oc 

ELECTRICAL CHARACTERISTICS (VEE = - 5.2 V ± 5%) (See Note) 

o• 25° 75• 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Current IE - 60 - 56 - 60 mA 

Input Current High linH µ,A 
Pins 4,5,6,9,10, 

11,12,13,14 - 495 - 310 - 310 
Pin 7 - 765 - 475 - 475 

Input Current Low linL 0.5 - 0.5 - 0.3 - µ,A 

High Output Voltage VoH 1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -2.1 -2.03 -2.1 -2.03 -2.1 -2.03 Vdc 

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

AC PARAMETERS 

Propagation Delay lpd ns 
Pin 7 Only 0.95 1.85 1.0 2.0 1.1 2.1 
Exclude Pin 7 0.7 1.45 0.75 1.6 0.8 1.7 

Rise Time t, 0.55 2.0 0.55 2.1 0.6 2.2 ns 

Fall Time If 0.55 2.0 0.55 2.1 0.6 2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been establkished. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 
are terminated through a 50-ohm resistor to ~ 2.1 volts. 
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MC10H423 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

FN SUFFIX 
PLCC 

CASE 775 

LOGIC DIAGRAM 

7 
4-+--r-..., 
5 ,.____, 

6 

9 
10 
11 

12 
13 
14 

DIP 

3 

2 

Vcc1 =Pini 
Vcc2=Pin16 

VEE= Pin8 

15 

PIN ASSIGNMENT 

Vcc1 vcc2 

Bout Cout 

Aout Cin 

Ajn Cin 

Ain Cin 

Ain Bin 

EN BJn 

VEE Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H423 

FIGURE 1 - 50-0HM BUS DRIVER (25-0HM LOAD) 

1/3 MC10H423 1/3 MC10H423 1/3 MC10H423 

~T~~~ } 50!! 

i 
-2.0Vdc RECEIVERS (MECL Gates) -2.0Vdc 

• 

2-99 



• 

®MOTOROLA 

QUAD TTL-TO-ECL TRANSLATOR WITH 
AN ECL STROBE 

The MC1 OH424 is a Quad TTL-to-ECL translator with an ECL 
strobe. Power supply requirements are ground, + 5.0 volts, and 
-5.2 volts. 

• Propagation Delay, 1.5 ns Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K - Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Power Supply !Vee = 5.0 VI Vee -8.0 to O Vdc 

Power Supply (VEE = -5.2 VI Vee 0 to +7.0 Vdc 

Input Voltage (eCL) V1 o to Vee Vdc 

Input Voltage (TTL) V1 Oto Vee Vdc 

Output Current - Continuous lout 50 mA 
- Surge 100 

Operating Temperature Range TA Oto +75 •c 

Storage Temperatare Range - Plastic Tstg -55 to +150 ·c 
- Ceramic -55 to + 165 

ELECTRICAL CHARACTERISTICS (Vee = -5.2 v ± 5%, Vee = 5.0 v ± 5.0%) 

O' 25° 75'C 

Characteristic Symbol Min Max Min Max Min Max Unit 

Negative Power Supply le - 72 - 66 - 72 mAdc 
Drain Current 

Positive Power Supply ICCH - 16 - 16 - 18 mAdc 
Drain Current iccL - 25 - 25 - 25 mAdc 

Reverse Current Pin IR - 50 - 50 - 50 µAde 
5,7,10,11 

Forward Current Pin IF - -3.2 - -3.2 - -3.2 mAdc 
5,7,10,11 

Input HIGH Current Pin 6 linH - 450 - 310 - 310 µAde 

Input LOW Current Pin 6 linl 0.5 - 0.5 - 0.3 - µAde 

Input Breakdown Voltage '1_Bfiljn 5;5 - 5.5 - 5.5 - Vdc 

Input Clamp Voltage V1 - -1.5 - -1.5 - -1.5 Vdc 

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VoL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage Pin V1H 2.0 - 2.0 - +2.0 - Vdc 
5,7,10,11 

Low Input Voltage Pin V1L - 0.8 - 0.8 - 0.8 Vdc 
5,7,10,11 

High Input Voltage Pin 6 V1H -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage Pin 6 V1L -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

2-100 

MC10H424 

CERAMIC PACKAGE 
CASE 620 

-

LSUFFIX 

16 1 

P SUFFIX --PLASTIC PACKAGE 16 
CASE 648 1 

•• FN SUFFIX 
PLCC 

CASE 775 

5 

6 

7 

10 

11 

LOGIC DIAGRAM 

Gnd =Pin 16 
Vee (+5.0 Vdc) =Pin 9 

Vee I - 5.2 Vdc) = Pin 8 

DIP 
PIN ASSIGNMENT 

4 

2 

3 

12 

15 

13 

14 

Bout Gnd 

Aout 

Bout 

Aout 

Ain 

Common 
Strobe 

Bin 

Vee 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



MC10H424 

AC PARAMETERS 
Propagation Delay !pd 

Data 0.5 
Strobe 0.5 

Rise Time tr 0.5 

Fall Time If 0.5 

2.2 0.5 2.3 0.5 
2.2 0.5 2.3 0.5 

2.0 0.5 2.0 0.5 

2.0 0.5 2.0 0.5 

ns 
2.4 
2.4 

2.2 ns 

2.2 ns 

NOTE: 
Each MECL 10H series circuit has been designed to meet the de spec~ 
ifications shown in the test table, after thermal equilibrium has been 
establkished. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 lfpm is main~ 
tained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

APPLICATIONS INFORMATION 
The MC10H424 has TTL-compatible inputs, an ECL 

strobe and MECL complementary open-emitter out
puts that allow use as an inverting/non-inverting trans
lator or as a differential line driver. When the common 
strobe input is at the low-logic level, it forces all true 
outputs to a MECL low-logic state and all inverting 
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outputs to a MECL high-logic state. 
An advantage of this device is that TTL-level infor

mation can be transmitted differentially, via balanced 
twisted pair lines, to MECL equipment, where the sig
nal can be received by the MC10H115 or MC10H116 
differential line receivers. 

• 
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® MOTOROLA 

9-Bit TTL/ECL Translator 

The MC1 OH/1 OOH600 is a 9-bit, dual supply TTL to ECL translator. 
Devices in the Motorola 9-bit translator series utilize the 28-lead PLCC for 
optimal power pinning, signal flow-through and electrical p1;1rformance. 

The H600 features both ECL and TTL logic enable controls for maximum 
flexibility. 

The 10H version is compatible with MECL 10H ECL logic levels. The 
1 OOH ve.rsion is compatible with 1 OOK levels. 

• 9-Bit Ideal for Byte-Parity Applications 
• Flow-Through Configuration 
• Extra TTL and ECL Power/Ground Pins to Minimize Switching Noise 
• ECL and TTL Enable Inputs 
• Dual Supply 
• 3.5nsMaxDtoQ 
• PNP TTL Inputs for Low Loading 
• Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 

LOGIC SYMBOL 

ENECL 

ENTTL 

DO ao 

01 
01 

02 
02 

03 
03 

TTL 04 ECL 
04 

05 
05 

06 
06 

07 
07 

D8 
08 
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MC10H600 
MC100H600 

~•11 
4 .. 5 

FNSUFFIX 
PLASTIC PACKAGE 

CASE776 

PIN NAMES 

PIN FUNCTION 

GND TTL Ground (0 V) 

VccE ECLVcc(OV) 
Vcco ECL Vee (0 V) - Outputs 
vccT TTL Supply (+5.0 V) 
Vee ECL Supply (-5.2/-4.5 V) 
DO-DB Data Inputs (TTL) 
00-QB Data Outputs (ECL) 
ENECL Enable Control (ECL) 
ENTTL Enable Control (TTL) 

TRUTH TABLE 

ENECL ENTTL D Q 

H x H H 
H x L L 
x H H H 
x H L L 
L L x L 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

os D4 Veer oo 02 01 oo 

ae a1 Vcco ae Vee as Q4 



MC1 OH600 • MC1 OOH600 

DC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE = -5.2 V ± 5% (1 OH version); VEE= -4.2 V to -5.5 V (1 OOH version) 

0°c 2s0 c 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

Power Supply Current 

IEE ECL l 10H -125 -125 -125 mA 
100H -122 -123 -132 

lccH TTL 48 48 48 mA 
ICCL 50 50 50 

AC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

0°c 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

tPLH Propagation Delay D 1.4 3.0 1.5 3.2 1.7 3.5 ns 500 to-2.0V 
tPHL to Output 

ENECL/ 1.8 3.7 1.9 3.9 2.0 4.1 ns 50010-2.ov 
ENTTL 

IR Output Rise/Fall Time 0.5 1.5 0.5 1.5 0.5 1.5 ns 50!lto-2.0V 
IF 20%-80% 

10H ECL DC CHARACTERISTICS: Veer= 5.0v±10%; VEE= -5.2 v ± 5% • 0°c 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 
l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 mV 
V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 

VoH Output HIGH Voltage -1020 -840 -980 -810 -920 -735 mV 50010-2.ov 
VOL Output LOW Voltage -1950 -1630 -1950 -1630 -1950 -1600 

100H ECL DC CHARACTERISTICS: Veer= 5.0V±10%; VEE =-4.2 Vto-5.5V 

0°c 2s0 c 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 
l1L Input LOW Current 0.5 0.5 0.5 µA 

Vitt Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 
V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

VoH Output HIGH Voltage -1025 -880 -1025 -880 -1025 -880 mV 50010-2.ov 
VOL Output LOW Voltage -1810 -1620 -1810 -1620 -1810 -1620 

TTL DC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

0°c 2s0 c 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
V1L Input LOW Voltage 0.8 0.8 0.8 v 

l1H Input HIGH Current 20 20 20 µA V1N = 2.7 V 
100 100 100 V1N=7.0V 

l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N = 0.5 V 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 
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® MOTOROLA 

9-Bit ECL/TTL Translator 

The MC10H/100H601 is a 9-bit, dual supply ECL to TTL translator. 
Devices in the Motorola 9'bit translator series utilize the 28-lead PLCC for 
optimal power pinning, signal flow,through and electrical performance. 

The devices feature a 48 mA TTL output stage, and AC performance is 
specified into both a 50 pt= and 200 pF load capacitance. For the 3-state 
output disable, both ECL and TTL control inputs are provided, allowing 
maximum design flexibility. 

The 10H version is compatible with MECL 10H ECL logic levels. The 
1 OOH version is compatible with 1 OOK levels. 

• 9-Bit Ideal for Byte-Parity Applications 
• 3-State TTL Outputs 
• Flow-Through Configuration 
• Extra TTL and ECL Power Pins to Minimize Switching Noise 
• ECL and TTL 3-State Control Inputs 
• Dual Supply 
• 4.8 ns Max Delay into 50 pF, 9.6 ns into 200 pF (all outputs switching) 
• PNP TTL Inputs for Low Loading 
• Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 

LOGIC SYMBOL 

OEECL 

OEITL 

DO QO 

01 01 

D2 02 

03 03 

ECL 04 Q4 TTL 

05 as 

06 06 

07 07 

08 06 
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MC100H601 

4 5 

FNSUFFIX 
PLASTIC PACKAGE 

CASEns 

PIN NAMES 

PIN FUNCTION 

GND TTL Ground (0 V) 

VccE ECLVcc(OV) 
veer TTL Supply ( + 5.0 V) 

VEE ECL Supply (-5.2/-4.5 V) 
DO-D8 Data Inputs (ECL) 
Q0-08 Data Outputs (TTL) 
OEECL 3-Sta1e Con1rol (ECL) 
OETTL 3-State Control (TTL) 

TRUTH TABLE 

OEECL OETTL D Q 

L L L L 
L L H H 
H x x z 
x H x z 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

as GND VCCT QB GND Q7 Q6 

OETTL NC OEECL VEE DO 01 D2 
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DC CHARACTERISTICS: VcCT = 5.0 V ± 10%; VEE= -5.2 V ± 5% (1 OH version); VEE= -4.2 V to -5.5 V (1 OOH version) 

0°C 25'C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

IEE Power Supply Current EGL -46 -46 -50 mA 

ICCH TTL 110 110 110 mA 

iccL 110 110 110 mA 

lccz 105 105 105 mA 

ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA VouT = o v 

lozH Output Disable Current HIGH 50 50 50 µA vouT = 2.7 v 

_!m'.L LOW -50 -50 -50 µA vouT= o.5 v 

AC CHARACTERISTICS: VccT = 5.0 V ± 10%; VEE= -5.2 V ±5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

0°C 25'C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

lPLH Propagation Delay 1.7 4.8 1.7 4.8 1.7 4.8 ns CL= 50 pF 
tPHL to Output 3.4 9.6 3.4 9.6 3.4 9.6 ns CL= 200 pF 

lpLZ Output Disable Time OEECL 3.7 6.5 3.7 6.5 3.7 6.5 ns CL= 50 pF 
tpHz 5.4 13 5.4 13 5.4 13 ns CL= 200 pF 

lPLZ OETTL 4.3 7.5 4.3 7.5 4.3 7.5 ns CL=50pF 
tpHz 7.0 15 7.0 15 7.0 15 ns CL= 200 pF 

lpzL Output Enable Time OEECL 3.5 6.0 3.5 6.0 3.5 6.0 ns CL=50pF • lpzH 5.0 12 5.0 12 5.0 12 ns CL= 200 pF 

lpzL OETTL 4.2 7.0 4.2 7.0 4.2 7.0 ns CL=50pF 
lpzH 6.0 14 6.0 14 6.0 14 ns CL= 200 pF 

tR Output Rise/Fall Time 1.2 1.2 1.2 ns CL= 50 pF 
IF 1.0 V-2.0 V 3.0 3.0 3.0 ns CL= 200 pF 

10H ECL DC CHARACTERISTICS: VccT= 5.0V±10%; VEE =-5.2 V± 5% 

0°C 25'C 75'C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

111-1 Input HIGH Current 225 145 145 µA 
l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 mV 
V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 

100H ECL DC CHARACTERISTICS: VccT = 5.0 v ± 10%; VEE= -4.2 v to-5.5 v 

0°C 25°C 75'C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 
l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 
V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

TTL DC CHARACTERISTICS: VccT = 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

O'C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
V1L Input LOW Voltage 0.8 0.8 0.8 v 
l1H Input HIGH Current 20 20 20 µA V1N = 2.7 V 

100 100 100 V1N=7.0V 

l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N=0.5V 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 

VoH Output HIGH Voltage 2.5 2.5 2.5 v loH =-3.0 mA 
2.0 2.0 2.0 v loH=-15mA 

Vol Output LOW Voltage 0.55 0.55 0.55 v loL= 48 mA 
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® MOTOROLA 

9-Bit Latch TTL/ECL .Translator 

The MC10H/100H602 is a 9-bit, dual supply TTL to ECL translator with 
latch. Devices in the Motorola 9-bit translator series utilize the 28-lead 
PLCC for optimal power pinning, signal flow-through and electrical 
performance. 

The H602 features D-type latches .. Latching is controlled by Latch En
able (LEN), while the Master. Reset input resets the latches. A post-latch 
logic enable is also provided (ENECL), allowing control of the output state 
without destroying latch data. All control inputs are ECL level. 

The 1 OH version is compatible with MECL 1 OH ECL logic levels. The 
1 OOH version is compatible with 1 OOK levels . 

• 9-Bit Ideal for !lyte-Parity Applications 
• Flow-Through Configuration 

• Extra TTL and ECL Power/Ground Pins to Minimize Switching Noise 
• Dual Supply 
• 3.5 ns Max D to Q 
• PNP TTL Inputs for Low Loading 
• Choice of ECL Compatibility: MECL foH (10Hxxx) or 100K (100Hxxx) 

LOGIC SYMBOL 

ENECL 

DO 
QO 

D1 
Q1 

D2 
Q2 

D3 
Q3 

TTL 
D4 

Q4 ECL 

D5 
05 

D6 
Q6 

D7 
Q7 

DB 
QB 

LEN 
MR 
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MC10H602 
MC100H602 

FNSUFFIX 
PLASTIC PACKAGE 

CASE776 

PIN NAMES 

PIN FUNCTION 

GND TTL Ground (0 V) 
vccE ECLVcc (OV) 
Vcco ECL Vee (0 V)- Outputs 
vccT TTL Supply (+5.0 V) 
VEE ECL Supply (-5.2/-4.5 V) 
DO-D8 Data Inputs (TTL) 
00-08 Data Outputs (ECL) 
ENECL Enable Control (ECL) 
LEN Latch Enable (ECL) 
MR Master Reset (ECL) 

TRUTH TABLE 

D LEN MR ENECL 0 

L L L H L 
H L L H H 
x H L H Oo 
x x H H L 
x x x L L 

PINOUT: 28-L.EAD PLCC (TOP VIEW) 

os 04 veer oa 02 01 oo 
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DC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to -5.5 V (100H version) 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

Power Supply Current 

IEE EGL l 10H -125 -125 -125 mA 
100H -122 -123 -132 

lccH TTL 48 48 48 mA 

iccL 50 50 50 

AC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

0°C 25°C 75'C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

lPLH Propagation Delay D 1.4 3.0 1.5 3.2 1.7 3.5 ns 
lPHL to Output LEN 2.0 3.4 2.1 3.5 2.4 3.7 

MR 2.0 3.4 2.1 3.5 2.5 3.9 
ENECL 1.6 3.2 1.7 3.3 1.8 3.7 

ls Set-Up Time, D tc LEN 2.0 2.0 2.0 ns 

th Hold Time, D to LEN 1.0 1.0 1.0 ns 

lw(L) LEN Pulse Width, LOW 2.0 2.0 2.0 ns • lR Output Rise/Fall Time 0.5 1.5 0.5 1.5 0.5 1.5 ns 
IF 20%-80% 

10H ECL DC CHARACTERISTICS: Veer= 5.0 v ± 10%; VEE= -5.2 v ± 5% 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 
Ill Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 mV 
V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 

VoH Output HIGH Voltage -1020 -840 -980 -810 -920 -735 mV 50 Q to-2.0 V 

VOL Output LOW Voltage -1950 -1630 -1950 -1630 -1950 -1600 

100H ECL DC CHARACTERISTICS: Veer= 5.0 v ± 10%; VEE= -4.2 v to-5.5 v 
0°C 2s0 c 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 

V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

VoH Output HIGH Voltage -1025 ·-880 -1025 -880 -1025 -880 mV 50 o to-2.0 V 

Vol Output LOW Voltage -1810 -1620 -1810 -1620 -1810 -1620 

TTL DC CHARACTERISTICS: Veer= 5.0V±10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 Vto-5.5 V (100H version) 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
V1L Input LOW Voltage 0.8 0.8 0.8 v 
l1H Input HIGH Current 20 20 20 µA V1N=2.7V 

100 100 100 V1N = 7.0V 

l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N = 0.5 V 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 
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®MOTOROLA 

9-Bit Latch ECL/TTL Translator 

The MC10H/100H603 is a 9-bit, dual supply ECL to TTL translator. 
Devices in the Motorola 9-bit translator series utilize the 28-lead PLCC for 
optimal power pinning, signal flow-through and electrical performance. 

The devices feature a 48 mA TTL output stage, and AC performance is 
specified into both a 50 pF and 200 pF load capacitance. Latching is con
trolled by Latch Enable (LEN), and Master Reset (MR) resets the latches. 
A HIGH on OEECL sends the outputs into the high impedance state. All 
control inputs are ECL level. 

The 10H version is compatible with MECL 10H ECL logic levels. The 
100H version is compatible with 100K levels . 

• 9-Bit Ideal for Byte-Parity Applications 
• 3-State TTL Outputs 
• Flow-Through Configuration 
• Extra TTL and EGL Power Pins to Minimize Switching Noise 
• Dual Supply 
• 6.0 ns Max Delay into 50 pF, 12 ns into 200 pF (all outputs switching) 
• PNP TTL Inputs for Low Loading_ 
• Choice of EGL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 

LOGIC SYMBOL 

OEECL 

DO QO 

Dt Qt 

02 Q2 

03 Q3 

ECL 04 Q4 TTL 

05 Q5 

06 Q6 

07 Q7 

08 Q8 

LEN 
MR 
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MC100H603 

26 •
11 

4 5 

FNSUFFIX 
PLASTIC PACKAGE 

CASE776 

PIN NAMES 

PIN FUNCTION 

GND TTL Ground (O V) 

vccE ECLVcc(OV) 
VccT TTL Supply ( + 5.0 V) 
VEE ECL Supply (-5.2/-4.5 V) 
DO-D8 Data Inputs (ECL) 
Q0-08 Data Outputs (TTL) 
OEECL 3-State Control (ECL) 
LEN Latch Enable (ECL) 
MR Master Reset (ECL) 

TRUTH TABLE 

D LEN MR OEECL Q 

L L L L L 
H L L L H 
x H L L Oo 
x x H L L 
x x x H z 

PINOUT: 28·LEAD PLCC (TOP VIEW) 

QS GND Veer Q6 GND Q7 QB 

MR LEN oeecL Vee DO 01 02 
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DC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE = -5.2 V ± 5% (1 OH version); VEE = -4.2 V to -5.5 V (1 OOH version) 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

IEE Power Supply Current ECL -45 -63 -45 -64 -45 -68 mA 

lccH TTL 80 110 80 110 80 110 mA 

ICCL 80 110 80 110 80 110 mA 

iccz 80 110 80 110 80 110 mA 

ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA Vour=OV 

IQZH Output Disable Current HIGH 50 50 50 µA vour=2.1v 

lozL LOW -50 -50 -50 µA Vour=0.5V 

AC CHARACTERISTICS: Veer= 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

IPLH Propagation Delay D 3.0 6.0 3.0 6.0 3.0 6.0 ns CL=50pF • tpHL to Output 6.4 12 6.4 12 6.4 12 ns CL= 200 pF 

LEN 3.5 6.5 3.5 6.5 3.5 6.5 ns CL=50pF 
7.0 13 7.0 13 7.0 13 ns CL =200 pF 

MR 3.0 6.0 3.0 6.0 3.0 6.0 ns CL=50pF 
6.0 12 6.0 12 6.0 12 ns CL= 200 pF 

Is Set-Up Time, D to LEN 1.5 1.5 1.5 ns 
lh Hold Time, D to LEN 0.8 0.8 0.8 ns 
lw(L) LEN Pulse Width, LOW 2.0 2.0 2.0 ns 

lpLZ Output Disable Time 2.5 6.5 2.5 6.5 2:5 6.5 ns CL= 50 pF 
IPHZ 4.2 13 4.2 13 4.2 13 ns CL=200 pF 

lpzL Output Enable Time 2.0 5.0 2.0 5.0 2.0 5.0 ns CL=50pF 
tpzH 4.0 10 4.0 10 4.Q 10 ns CL=200 pF 

IR Output Rise/Fall Time 0.2 1.2 0.2 1.2 0.2 1.2 ns CL=50pF 
IF 1.0V-2.0V 0.2 3.0 0.2 3.0 0.2 3.0 ns CL =200pF 
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1 OH ECL DC CHARACTERISTICS: VccT = 5.0 v ± 10%; VEE= -5.2 v ± 5% 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 mV 

V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 

100H ECL DC CHARACTERISTICS: VccT= 5.0v±10%; VEE =-4.2 Vto-5.5 v 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 

• V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

TTL DC CHARACTERISTICS: VccT = 5.0 V ± 10%; VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to-5.5 V (100H version) 

0°C 25°C 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 

V1L Input LOW Voltage 0.8 0.8 0.8 v 

llH Input HIGH Current 20 20 20 µA V1N = 2.7V 
100 100 100 V1N = 7.0V 

l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N=0.5V 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 

VoH Output HIGH Voltage 2.5 2.5 2.5 v loH=-3.0mA 
2.0 2.0 2.0 v loH=-15mA 

VoL Output LOW Voltage 0.55 0.55 0.55 v loL=48 mA 
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®MOTOROLA 

Product Preview 
Registered Hex TTL/ECL Translator 

The MC1 OH/1 OOH604 is a 6-bit, registered, dual supply TTL to EGL translator. The de
vice features differential EGL outputs as well as a choice between either a differential EGL 
clock input or a TTL clock input. The asynchronous master reset control is an EGL level 
input. 

With its differential EGL outputs and TTL inputs the H604 device is ideally suited for the 
transmit function of a HPPI bus type board-to-board interface application. The on chip reg
isters simplify the task of synchronizing the data between the two boards. 

The device is available in either EGL standard: the 1 OH device is compatible with MECL 
1 OH logic levels while the 1 OOH device is compatible with 1 OOK logic levels. 

• Differential 50Q EGL Outputs 
•Choice Between Differential EGL or TTL Clock Input 
• Dual Power Supply 

• Multiple Power and Ground Pins to Minimize Noise 
• Specified Within-Device Skew 

LOGIC SYMBOL 

'-----------, 
1Of6 BITS I 

I 

Dn ---ir----t >----t D O 
On 
On 

MC10H604 
MC100H604 

REGISTERED 
HEX TTL TO 

ECL TRANSLATOR 

PIN NAMES 

PIN FUNCTION 

Do-Ds TIL Data Inputs 
CLK,CLK Differential EGL 

Clock Input 
TCLK TIL Clock Input 
MR EGL Master Reset 

Input 
ao-as True EGL Outputs 
Oo-05 Inverted EGL Outputs 

VccE ECLVcc 
VccT TILVcc 
GND TILGround 
VEE ECLVEE 

TRUTH TABLE 

Dn MR TCLK/CLK On+ 1 

L L z L 
H L z H 
x H x L 

Z ~LOW to HIGH Transition 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

CLK 
CLK 

TCLK 

MR 

I 
I 

L_ __ 

Vss--~----

CLK 
R 

__ J 

D1 

25 

DO 

TCLK 

Vss 

CLK 

CLK 

MR 

vccE 

QO 

D2 VccT D3 D4 D5 VccE 

24 23 22 21 20 
Q5 

17 Q5 

16 Q4 

15 Q4 

14 VccE 

13 Q3 

12 Q3 

00 VEE Q1 ITT Q2 Q2 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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DC CHARACTERISTICS: VEE= VEE(Min) to VEE(Max); VccE = GND; VcCT = 5.0 v ±10% 

o•c 2s·c as·c 
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max UnH CondHlon 

IEE ECL Power Supply Current mA 
10H 130 130 130 
100H 130 140 150 

iccH TTL Power Supply Current 35 35 35 mA 

lccL 45 45 45 mA 

10H ECL DC Cl-tARACTERISTICS: (Veer= +5.0 v ±10%; VEE= -5.20 v ±5%) 

D°C 25•c as•c 
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

l1H Input HIGH Current 225 145 145 µA 

Ill Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1060 -720 mV 

V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1480 mV 

Vee Output Bias Voltage -1380 -1270 -1350 -1230 -1310 -1190 mV 

VoH Output HIGH Voltage -1020 -840 -980 -810 -910 -720 mV 50 '1 to-2.0 V 

• Vol Output LOW Voltage -1950 -1630 -1950 -1630 -1950 -1595 

100H ECL DC CHARACTERISTICS: (Veer= +5.0 v ±10%; VEE= -4.2 v to-5.5 V) 

o·c 25•c as•c 
Symbol Characteristic Min Typ Max Min Typ Max Min ryp Max Unit Condition 

llH Input HIGH Current 225 145 145 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 

V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 mV 

Vee Output Bias Voltage -1380 -1260 -1380 -1260 -1380 -1260 mV 

VoH Output HIGH Voltage -1025 -880 -1025 -880 -1025 -880 mV 50Gto-2.0V 
Vol Output LOW Voltage -1810 -1620 -1810 -1620 -1810 -1620 

TTL DC CHARACTERISTICS: Veer= 5.0 V ± 10%, VEE= -5.2 V ± 5% (10H version); VEE= -4.2 V to -5.5 V (100H version) 

o·c 2s·c as•c 
Symbol Pararnatar Min Typ Max Min Typ Max Min Typ Max UnH Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
V1L Input LOW Voltage 0.8 0.8 0.8 v 
l1H Input HIGH Current 20 20 20 µA V1N=2.7V 

100 100 100 V1N=7.0V 

Ill Input LOW Current -0.6 -0.6 -0.6 mA V1N=0.5V 

'{LK Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 

AC CHARACTERISTICS: VEE= VEE(Min) to VEE(Max); VccE = GND; VcCT = 5.0 v ±10% 

o•c 2s•c as·c 
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max UnH Condition 

IPLH Propagation Delay to Output 
IPHL CLKto Q 1.5 3.5 1.5 2.8 3.5 1.5 3.5 

rCLKtoQ 2.0 4.0 2.0 3.0 4.0 2.0 4.0 ns CL=50pF 
MRtoQ 1.5 4.0 1.5 2.8 4.0 1.5 4.0 

Is Setupllme 1.5 0.5 1.5 0.5 1.5 0.5 ns CL=50pF 

IH Holdllme 1.5 0.5 1.5 0.5 1.5 0.5 ns CL=50pF 

tpw Minimum Pulse Width 
CLK,MR 1.0 1.0 1.0 ns CL=50pF 

Vpp Minimum Input Swing 150 mV 

Ir Rise/Fall 11mes 
If 0.3 1.0 2.0 0.3 1.0 2.0 0.3 1.0 2.0 ns 20%-80% 
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Registered Hex 
ECL/TTL Translator 

The MC10/1 OOH605 is a 6-bit, registered, dual supply ECL to TIL translator. 
The device features differential ECL inputs for both data and clock. The TIL 
outputs feature balanced 24mA sink/source capabilities for driving transmission 
lines. 

With its differential ECL inputs and TIL outputs the H605 device is ideally 
suited for the receive function of a HPPI bus type board-to-board interface 
application. The on chip registers simplify the task of synchronizing the data 
between the two boards. 

A V99 reference voltage is supplied for use with single-ended data or clock. 
For single-ended applications the V99 output should be connected to the "bar" 
inputs (Dn or CLK) and bypassed to ground via a 0.01 µF capacitor. To minimize 
the skew of the device differential clocks should be used. 

The ECL level Master Reset pin is asynchronous and common to all flip-flops. 
A "HIGH" on the Master Reset forces the Q outputs "LOW". 

The device is available in either ECL standard: the 1 OH device is compatible 
with MECL 1 OH logic levels while the 1 OOH device is compatible with 1 OOK 
logic levels. 

• Differential ECL Data and Clock Inputs 
• 48mA Sink, 15mA Source TIL Outputs 
• Dual Power Supply 
• Multiple Power and Ground Pins to Minimize Noise 
• 700ps Within-Device Skew 
• 2.0ns Part-to-Part Skew 

LOGIC SYMBOL 

1-----------1 
1 OF6 BITS 

I 

Dn-...!....-----l 
Dn---+-----n 

CLK 
CLK 

MR 

I 
I 

L __ 

Vss ,._ ____ _ 

a 

CLK 
R 

____ J 

On 

02 

01 

Oo 

GND 

CLK 

CLK 

Vas 
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MC10H605 
MC100H605 

REGISTERED 
HEX ECL TO TTL 

TRANSLATOR 

FNSUFFIX 
PLASTIC PACKAGE 

CASE 776 

PIN NAMES 

PIN FUNCTION 

Do-D5 True ECL Data Inputs 

Do-Os Inverted ECL Data Inputs 
CLK,CLK Differential ECL Clock Input 
MR ECL Master Reset Input 
00-05 TILOutputs 

VccE ECLVcc 
VccT TILVcc 
GND TILGround 
VEE ECL VEE 

TRUTH TABLE 

Dn MR TCLK/CLK On+ 1 

L L z L 
H L z H 
x H x L 

Z =LOW to HIGH Transition 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

03 VccT04 GND 05 VccT MR 

25 24 23 22 21 20 19 

18 Os 
17 D5 

16 D.I 

D4 

VccE 

03 

D3 

Do Do VEE D1 D1 D2 D2 
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MC1 OH605 • MC1 OOH605 

10H ECL DC CHARACTERISTICS (Veer= +5.0 v ±10%; VEE= -5.20 v ±5%) 

0°c 25°C as0 c 
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

IEE Supply Current 63 75 63 75 61 75 mA 

l1H Input High Current 225 145 145 µA 

l1L Input Low Current 0.5 0.5 0.5 µA 

V1H Input High Voltage -1170 -840 -1130 -810 -1060 -720 mV 

V1L Input Low Voltage -1950 -1480 -1950 -1480 -1950 -1450 mV 

VBB Output Bias Voltage -1380 -1270 -1350 -1230 -1310 -1190 mV 

VDiff Input Differential Voltage 150 150 150 mV 

Vmax Input Common Mode 0 0 0 mV 
CMRR Reject Range 

Vmin Input Common Mode -2800 -2800 -2800 mV VEE=-4.94 
CMRR Reject Range -3000 -3000 -3000 VEE =-5.20 

• -3300 -3300 -3300 VEE =-5.46 

100H ECL DC CHARACTERISTICS (Veer= +5.0 V±10%; VEE =-4.2 Vto-5.5 V) 

0°c 2s0 c as0 c 
Symbol Characteristic Min Typ Max Min Typ .Max Min Typ Max Unit Condition 

IEE Supply Current 65 75 65 75 70 85 mA 

l1H Input High Current 225 145 145 µA 

l1L Input Low Current 0.5 0.5 0.5 µA 

V1H Input High Voltage -1165 -880 -1165 -880 -1165 -880 mV 

V1L Input Low Voltage. -1810 -1475 -1810 -1475 -1810 -1475 mV 

VBB Output Bias Voltage -1380 -1260 -1380 -1260 -1380 -1260 mV 

VDiff Input Differeniial Voltage 150 150 150 mV 

Vmax Input Common Mode 0 0 0 mV 
CMRR Reject Range 

Vmin Input Common Mode -2000 -2000 -2000 mV VEE =-4.20 
CMRR Reject Range -2200 -2200 -2200 VEE =-4.50 

-2400 -2400 -2400 VEE =-4.80 
-2650 -2650 -2650 VEE=-5.20 
-2850 -2850 -2850 VEE=-5.50 

• NOTE: DO NOT short the EGL inputs to the TTL Vee· 
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TTL DC CHARACTERISTICS (VccT = +5.0 V±10%; VEE= -5.2 V±5% (10H); VEE= -4.2 v to-5.5 v (100H)) 

O'C 25'C 85°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

iccL Supply Current 65 75 65 75 65 75 mA Outputs Low 

ICCH Supply Current 65 75 65 75 65 75 mA Outputs High 

VOL Output Low Voltage 0.5 0.5 0.5 mV loL= 24 mA 

VOH Output High Voltage 2.5 2.5 2.5 mV loH=24mA 

ios Output Short Circuit 100 225 100 225 100 225 mA vouT = o v 
Current 

AC TEST LIMITS (VccT= +5.0 v ±10%; VEE =-5.2 v ±5% (10H); VEE =-4.2 v to-5.5 v (100H)) 

0°C 25°C 8S°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

IPLH Propagation Delay ns Across P.S. 
CLK to Q (Diff) 4.5 5.3 6.5 4.5 5.4 6.5 4.5 5.6 6.5 and Temp 
CLKto Q (SE) 4.3 5.3 6.7 4.3 5.4 6.7 4.3 5.6 6.7 CL= 50 pF • IPHL Propagation Delay ns Across P.S. 
CLK to Q (Diff) 4.0 5.0 6.0 4.0 5.1 6.0 4.0 5.5 6.0 and Temp 
CLKtoQ(SE) 3.8 5.0 6.2 3.8 5.1 6.2 3.8 5.5 6.2 CL=50pF 

IPHL Propagation Delay ns Across P.S. 
MRtoQ 2.5 4.9 7.0 2.5 5.2 7.0 3.0 5.8 7.5 and Temp 

CL= 50 pF 

ts Setup Time 1.5 1.5 1.5 ns 

IH Hold Time 1.5 1.5 1.5 ns 

tpw Minimum Pulse Width 1.0 1.0 1.0 ns 
CLK 

tpw Minimum Pulse Width 1.0 1.0 1.0 ns 
MR 

Vpp Minimum Input Swing 150 150 150 mV Peak-to-Peak 

Ir Rise Time 0.7 1.0 1.5 0.7 1.0 1.5 0.7 1.0 1.5 ns 1 Vto2V 

If Fall Time 0.5 0.7 1.2 0.5 0.7 1.2 0.5 0.7 1.2 ns 1 Vto2V 

IRA ReseVRecovery Time 2.5 2.5 2.5 ns 
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Registered Hex 1TL/PECL 
Translator. 

The MC10/100H606 is a 6-bit, registered, single supply TTL to PECL 
translator. The device features differential PECL outputs as well as a choice 
between either a differential PECL clock input or a TTL clock input. The 
asynchronous master reset control is a PECL level input. 

With its differential PECL outputs and TTL inputs the H606 device is ideally 
suited for the transmit function of a HPPI bus type board-to-board interface 
application. The on chip registers simplify the task of synchronizing the data 
between the two boards. 

The device is available as an MC10H606 which is compatible with MECL 1 OH 
logic levels, and the MC1 OOH606 which is compatible with 1 OOK logic levels. 
Both use a Vee of +5.0 volts. 

• Differential 50 n ECL Outputs 
• Choice Between Differential PECL or TTL Clock Input 
• Single Power Supply 
• Multiple Power.and Ground Pins to Minimize Noise 
• Specified Within-Device Skew 

TRUTH TABLE 

Dn MR TCLK/CLK On+1 

L L z L 
H L z H 
x H x L 

Z = LOW to HIGH Transition 

LOGIC DIAGRAM 

------------, 
: 1 OF6 BITS 

I 

Dn D a On Do 

On 
TCLK 

Vss 

CLK t1K 

L __ R 
I ----------- CLK 

CLK 
CLK MR 

TCLK 
vccE 

MR 

VBB 
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MC10H606 
MC100H606 

REGISTERED 
HEX TTL/PECL 
TRANSLATOR 

4 5 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 776-02 

PIN NAMES 

PIN FUNCTION 

Do-D5 TTL Data Inputs 
CLK,CLK Differential PECL Clock Input 
TCLK TTL Clock Input 
MR PECL Master Reset Input 
Oo-05 True PECL Outputs 
Oo-05 Inverted PECL Outputs 

VccE EGL Vee 
VccT TTLVcc 
GND TTUPECL Ground 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

Dt D2 Veer D3 D4 D5 Vcce 

00 00 GND 01 01 02 02 

as 

05 

Q4 

04 

Vcce 

00 

03 



MC10H606 • MC100H606 

DC CHARACTERISTICS (VccT = VccE = 5.0 v ±5%) 

TA= O'C TA=+25°C TA=+85°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

ICCTL Supply Current 18 30 18 30 18 30 mA Outputs LOW 

iccTH Supply Current 13 25 13 25 13 25 mA Outputs HIGH 

IGND Supply Current 75 90 75 90 75 95 mA 

TTL DC CHARACTERISTICS (VcCT =VEE= 5.0 V ±5%) 

TA= O'C TA =25'C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 

V1L Input LOW Voltage 0.8 0.8 0.8 v 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 

l1H Input HIGH Current 20 20 20 µA V1N=2.7V 
100 100 100 V1N = 7.0 V 

l1L Input LOW Current --0.6 -0.6 --0.6 mA V1N=0.5V • 
10H PECL DC CHARACTERISTICS (VccT =VEE= 5.0 v ±5%) 

TA= 0°C TA= 25°C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

llNH Input HIGH Current 255 145 145 µA 

l1NL Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage 3830 4160 3870 4190 3930 4280 mV VccT= 5.0V 

V1L Input LOW Voltage 3050 3520 3050 3520 3050 3555 mV vccT= 5.o v 

VoH Output HIGH Voltage 3980 4160 4020 4190 4080 4270 mV VccT=5.0V 

Vol Output LOW Voltage 3050 3370 3050 3370 3050 3400 mV VccT= 5.0V 

vBB Output Bias Voltage 3620 3730 3650 3750 3690 3810 mV VccT=5.0V 

100H PECL DC CHARACTERISTICS (VccT =VEE= 5.0 v ±5%) 

TA= O'C TA= 25'C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1NH Input HIGH Current 255 145 145 µA 

l1NL Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage 3835 4120 3835 4120 3835 4120 mV VcCT=5.0V 

V1L Input LOW Voltage 3190 3525 3190 3525 3190 3525 mV VcCT= 5.0V 

VoH Output HIGH Voltage 3975 4120 3975 4120 3975 4120 mV VccT=5.0V 

Vol Output LOW Voltage 3190 3380 3190 3380 3190 3380 mV VccT=5.0V 

vBB Output Bias Voltage 3620 3740 3620 3740 3620 3740 mV VccT=5.0V 
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AC CHARACTERISTICS (VccT = VccE = 5.0 v ±5%) 

TA=0°C TA= +25°C TA=+ 85°C 

Symbol' Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

tpD Propagation Delay 1.75 3.75 1:75 3.00 3.75 1.75 3.75 ns CL=50pF 
TCLK++ 

tpD Propagation Delay 1.75 3.75 1.75 3.00 3.75 1.75 3.75 ns CL=50pF 
TCLK+-

tpD Propagation Delay 1.50 3.50 1.50 2.50 3.50 1.50 3.50 ns CL=50 pF 
CLK++ 

tpD Propagation Delay 1.50 3.50 1.50 2.50 3.50 1.50 3.50 ns CL =50 pF 
CLK+-

tpD Propagation Delay 1.50 '3.50 1.50 2.50 3.50 1.75 3.75 ns CL=50pF 
MR+-

ts Setup lime 1.5 0.5 1.5 0.5 1.5 0.5 ns CL =50 pF 

IH Hold lime 1.5 0.5 1.5 0.5 1.5 0.5 ns CL =50 pF 

• tpw Minimum Pulse Width 1.5 1.5 1.0 1.5 ns CL=50pF 
CLK 

tpw Minimum Pulse Width 1.5 1.5 1.5 ns CL=50pF 
MR 

t, Rise lime 2.0 1.0 2.0 2.0 ns CL=50pF 

If Fall lime 2.0 1.0 2.0 2.0 ns CL=50pF 

IRES/REC Reset/Recovery lime 2.5 2.0 2.5 2.0 2.5 2.0 ns CL~50pF 
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Advance Information 
Registered Hex PECL/TTL 
Translator 

The MC1 OH/1 OOH607 is a 6-bit, registered PECL to TTL translator. The device 
features differential PECL inputs for both data and clock. The TTL outputs feature 
48 mA sink, 24 mA source drive capability for driving high fanout loads or 
transmission lines. The asynchronous master reset control is an ECL level input. 

With its differential PECL inputs and TTL outputs the H607 device is ideally 
suited for the receive function of a HPPI bus type board-to-board interface 
application. The on chip registers simplify the task of synchronizing the data 
between thP two boards. 

The device is available in either ECL standard: the 1 OH device is compatible 
with MECL 1 OH logic levels, with a Vee of +5.0 volts, while the 1 OOH device is 
compatible with 100K logic levels, with a Vee of +5.0 volts. 

• Differential ECL Data and Clock Inputs 
• 48 mA Sink, 15 mA Source TTL Outputs 
• Single Power Supply 
• Multiple Power and Ground Pins to Minimize Noise 
• Specified Within-Device Skew 

TRUTH TABLE 

Dn MR CLK Qn+1 

L L z 
._____, 

L 
H L z H 
x H x L 

Z = LOW to HIGH Transition 

MC10H607 
MC100H607 

REGISTERED 
HEX PECL/TTL 
TRANSLATOR 

4 5 

FNSUFFIX 
PLASTIC PACKAGE 

CASE776-02 

PIN NAMES 

PIN FUNCTION 

Do-Ds True PECL Data Inputs 

Do-Os Inverted PEeL Data Inputs 
eLK,CLK Differential PEeL Clock Input 
MR PECL Master Reset Input 
Oo-Os TTL Outputs 

vccE PECLVcc 
Veer TTL Vee 
TGND TTL Ground 
EGND PECL Ground 

LOGIC DIAGRAM __ PINOUT: 28-LEAD PLCC (TOP VIEW) 

Dn~-+-~~~~-r-.. 

Dn~+-~~~-o/ 

Vas ... ~----

On 

I 
____ _J 

Oa Veer 

Do Do 

04 TGND 05 Veer MA 

EGND Dt 01 02 02 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC1 OH607 • MC1 OOH607 

DC CHARACTERISTICS (Veer= VccE = 5.0 v ±5%) 

TA= 0°C TA=+ 25°C TA= +85°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

IEE EGL Power Supply Current mA 
10H 70 85 70 85 70 85 
100H 65 80 70 85 75 95 

iccL TTL Supply Current 100 120 100 120 100 120 mA 

lccH TTL Supply Current 100 120 100 120 100 120 mA 

10H PECL DC CHARACTERISTICS (Veer= VEE= 5.0 v ±5%) 

TA=0°C TA=25°C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1NH Input HIGH Current 255 145 145 µA 

l1NL Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage . 3830 4160 3870 4190 3930 4280 mV VccT=5.ov 

V1L Input LOW Voltage 3050 3520 3050 3520 3050 3555 mV VccT=5.ov 

VBB Output Bias Voltage 3620 3730 3650 3750 3690 3810 mV VccT=5.0V 

NOTE: PECL VIL· V1H. VOL· VoH. VBB are given for Veer= VccE = 5.0 v and Will vary 1:1 With power supply. 

1 OOH PECL DC CHARACTERISTICS (Veer= VEE= 5.0 v ±5%) 

TA=0°C TA=25°C TA=85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 255 145 145 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage 3835 4120 3835 4120 3835 4120 mV Vccr=5.0V 

V1L Input LOW Voltage 3190 3525 3190 3525 3190 3525 mV VccT=5.0V 

VBB Output Bias Voltage 3620 3740 3620 3740 3620 3740 mV Vccr=5.0V 

NOTE:PECL VIL· V1H. VOL· VoH. VBB are given for Veer= VccE = 5.0 v and will vary 1 :1 with power supply. 

10H/100H TTL DC CHARACTERISTICS (Veer= VEE= 5.0 v ±5%) 

TA=0°C TA=25°C TA=85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

VoH Output HIGH Voltage 2.5 2.5 2.5 v loH=-15mA 
2.0 2.0 2.0 loH=-24mA 

VoL Output LOW Voltage 0.55 0.55 0.55 v loL=4BmA 

NOTE: DC levels such as VOH· VOL· etc., are standard for PECL and FAST devices, with the exceptions of: loL = 48 mA at 0.5 VoL; 
and IOH = 24 mA at 2.0 VoH· 
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AC CHARACTERISTICS (Veer= VeeE = 5.0 v ±5%) 

TA=0°e TA= +25°C TA=+ 85°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

tpLH1 Propagation Delay ns CL=50pF 
tPHL to Output eLK to Q 7.3 7.5 8.5 

MRtoQ 7.3 7.5 8.5 

ts Setup Time 0.8 0.8 0.8 ns 

IH Hold Time 0.8 0.8 0.8 ns 

tpw Minimum Pulse Width ns 
eLK,MR 1.0 1.0 1.0 

Vpp Minimum Input Swing 200 150 200 150 200 150 mV 

t, Rise Time 1.2 1.2 1.2 ns 0.8-2.0 v 

If Fall Time 1.2 1.2 1.2 ns 0.8-2.0V 

1 Numbers are for both ++and - - delay eLK to Q and MR to Q. 
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68030/040 
PECLITTL Clock Driver 

The MC10H/100H640 generates the necessary clocks for 
the 68030, 68040 and similar microprocessors. It is guaran
teed to meet the clock specifications required by the 68030 
and 68040 in terms of part-to-part skew, within-part skew and 
also duty cycle skew. 

The user has a choice of using either TTL or PECL (refer
enced to +5.0 V) for the input clock. TTL clocks are typically 
used in present MPU systems. However, as clock speeds 
increase to 50 MHz and beyond, the inherent superiority of 
PECL (particularly differential PECL) as a means of clock sig
nal distribution becomes increasingly evident. The 'H640 also 
uses differential PECL internally to achieve its superior skew 
characteristic. 

The 'H640 includes divide-by-two and divide-by-four 
stages, both to achieve the necessary duty cycle skew and to 
generate MPU clocks as required. A typical 50 MHz processor 
application would use an input clock running at 100 MHz, thus 
obtaining output clocks at 50 MHz and 25 MHz (see Logic 
Symbol). 

The 10H version is compatible with MECL 10H ECL logic 
levels, while the 1 OOH version is compatible with 1 OOK levels 
(referenced to +5.0 V). 

• Generates Clocks for 68030/040 • Asynchronous Reset 
• Meets 030/040 Skew Requirements •Single +5.0 V Supply 

Function 

MC10H640 
MC100H640 

68030/040 
PECL/TTL 

CLOCK DRIVER 

4 5 

FNSUFRX 
PLASTIC PACKAGE 

CASE776 

Reset (R): LOW on RESET forces all Q outputs LOW and 
all Q outputs HIGH. 

Power-Up: The device is designed to have the POS edges 
of the +2 and +4 outputs synchronized at power up. 

Select (SEL): LOW selects the ECL input source (DE/OE). 
HIGH selects the TTL input source (OT). 

The 'H640 also contains circuitry to force a stable state of 
the PECL input differential pair, should both sides be left open. 
In this case, the DE side of the input is pulled LOW, and DE 
goes HIGH. 

• TTL or PECL Input Clock • Choice of ECL Compatibility: 
• Extra TTL and ECL Power/Ground Pins MECL 10H (10Hxxx) or 100K (100Hxxx) 

LOGIC SYMBOL PINOUT: 28-LEAD PLCC (TOP VIEW) 

TTL Outputs 

VT VT a1 GT GT ao VT 

ao 25 24 23 22 21 20 

a2 Vee 
TTL/PECL Clock Inputs a1 

GT 17 DE 

Vee - a2 
GT 16 DE 

DE 
DE as Q3 15 VE 

OT ao VT 14 Fi 

SEL 
VT 

Q1 
13 GE 

ao OT 

TTL Control Inputs Q4 

Q1 GT GT Q4 as VT SEL 

Fi 
as 
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MC1 OH640 • MC1 OOH640 

PIN NAMES 

PIN FUNCTION 

GT TTL Ground (0 V) 
VT TTL Vee (+5.0 V) 
VE PECL Vee (+5.0 V) 
GE PECL Ground (0 V) 
DE,DE PECL Signal Input (positive PECL) 
Vss Vss Reference Output 
OT TTL Signal Input 
ON.ON Signal Outputs (TTL) 
SEL Input Select (TTL) 
R Reset (TTL) 

AC CHARACTERISTICS: VT= VE= 5.0 V ±5% 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IPLH Propagation Delay PECL 00-03 4.9 5.9 4.9 5.9 5.2 6.2 ns CL=25pF 
DE/DE to Output 

IPLH Propagation Delay TTL 5.0 6.0 5.0 6.0 5.3 6.3 ns CL=25pF • OT to Output 

tskwd. Within-Device Skew 0.5 0.5 0.5 ns CL=25pF 

IPLH Propagation Delay PECL 00,01 4.9 5.9 4.9 5.9 5.2 6.2 ns CL=25pF 
DE/DE to Output 

IPLH Propagation Delay TTL 5.0 6.0 5.0 6.0 5.3 6.3 ns CL=25pF 
OT to Output 

IPLH Propagation Delay PECL 04,05 4.9 5.9 4.9 5.9 5.2 6.2 ns CL=25pF 
DE/DE to Output 

IPLH Propagation Delay TTL 5.0 6.0 5.0 6.0 5.3 6.3 ns CL=25 pF 
OT to Output 

tpo Propagation Delay All 4.3 6.3 4.3 6.3 5.0 7.0 ns CL= 25 pF 
A to Output Outputs 

IR Output Rise/Fall Time All 0.5 2.5 0.5 2.5 0.5 2.5 ns CL=25pF 
IF 0.8 V-2.0 V Outputs 2.5 2.5 2.5 

I max Maximum Input Frequency 135 135 135 MHz CL=25pF 

lpw Minimum Pulse Width 1.5 1.5 1.5 ns 

Irr Reset Recovery Time 1.25 1.25 1.25 ns 

• Within-Device Skew defined as identical transitions on similar paths through a device. 

Vee and CLOAD Ranges to Meet Duty Cycle Requirement: 0°C STAS85°C Output Duty cycle measured relative to 1.5 V 

Symbol Characteristic Min Nom Max Unit Condition 

Range of Vee and CL to meet minimum pulse width Vee 4.75 5.0 5.25 v 00-03 
(HIGH or LOW) = 11.5 ns at fouls 40 MHz CL 10 50 pF 00-01 

Range of Vee and CL to meet minimum pulse width vcc 4.875 5.0 5.125 v Q0-03 
(HIGH or LOW) = 9.5 ns at 40 MHz < fouls 50 MHz CL 15 27 pF 
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MC1 OH640 • MC1 OOHS40 

DC CHARACTERISTICS: VT= VE= 5.0 V ±5% 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Cpndltion 

IEE Power Supply Current PECL 57 57 57 mA VE Pin 

iccH TTL 30 30 30 mA Total all VT pins 

iccL 30 30 30 mA 

TTL DC CHARACTERISTICS: VT= VE = 5.0 V ±5% 

0°C 2s°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
V1L Input LOW Voltage 0.8 0.8 0.8 

l1H Input HIGH Current 20 20 20 µA V1N = 2.7V 
100 100 100 V1N=7.0V 

• l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N=0.5V 

VOH Output HIGH Voltage 2.5 2.5 2.5 v loH=-3.0mA 
2.0 2.0 2.0 IOH=-15mA 

VoL Output LOW Voltage 0.5 0.5 0.5 v loL=24mA 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 

ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA vouT=OV 

1 OH PECL DC CHARACTERISTICS: VT= VE = 5.0 V ±5% 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

llH Input HIGH Current 225 175 175 µA 
l1L Input LOW Current 0.5 0.5 0.5 

V1H* Input HIGH Voltage 3.83 4.16 3.87 4.19 3.94 4.28 v VE=5.0V 
V1L* Input LOW Voltage 3.05 3.52 3.05 3.52 3.05 3.555 

Vss* Output Reference Voltage 3.62 3.73 3.65 3.75 3.69 3.81 v 

*NOTE: PECL levels are referenced to Vee and will vary 1 :1 with the power supply. The values shown are for Vee= 5.0 V. 

1 OOH PECL DC CHARACTERISTICS: VT= VE = 5.0 V ±5% 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 175 175 µA 
l1L Input LOW Current '0.5 0.5 0.5 

V1H* Input HIGH Voltage 3.835 4.12 3.835 4.12 3.835 4.12 v VE=5.0V 
V1L* Input LOW Voltage 3.19 3.525 3.19 3.525 3.19 3.525 

Vss* Output Reference Voltage 3.62 3.74 3.62 3.74 3.62 3.74 v 
*NOTE: PECL levels are referenced to Vee and will vary 1 :1 with the power supply. The values shown are for Vee= 5.0 V. 
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DUTY CYCLE CONTROL 

To maintain a duty cycle of ±5% at 50 MHz, limit the load capacitance and/or power supply variation as shown in Figures 1 and 2. 
For a ±2.5% duty cycle limit, see Figures 3 and 4. Figures 5 and 6 show duty cycle variation with temperature. Figure 7 shows typical 
TPD versus load. Figure 8 shows reset recovery time. Figure 9 shows output states after power up. 
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Best duty cycle control is obtained with a single µP load and minimum line length. 
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Figure 1. Positive Pulse Width at 
25°e Ambient and 50 MHz Out 
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Figure 3. Positive Pulse Width at 
25°e Ambient at 50 MHz Out 
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Figure 5. Temperature versus Positive Pulse Width 
for Me100H640 at 50 MHz and +5.0 V Vee 
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Figure 2. Negative Pulse Width @ 50 MHz 
Out and 25°e Ambient 
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Figure 4. Negative Pulse Width @ 50 MHz 
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Figure 6. Temperature versus Negative Pulse Width 
for Me100H640@ 50 MHz and +5.0 v Vee 

• 



• 

MC1 OH640 • MC100H640 

6.2..----~----~----~-~ 

4.75V 

6.01--------1---~'--l.5V----+--1 

5.25V 

en 5.81-----"~----1--~_,_.,__. ____ --+---< 
.s 

5.2~-----'------'-----'----' 
0 25 50 

CLQAD(PF) 
75 
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Single Supply PECL/TTL 
1 :9 Clock Distribution Chip 

The MC1 OH/1 OOH641 is a single supply, low skew translating 1 :9 clock 
driver. Devices in the Motorola H600 translator series utilize the 28-lead PLCC 
for optimal power pinning, signal flow thrQugh and electrical performance. 

The device features a 24 mA TTL output stage, with AC performance 
specified into a 50 pF load capacitance. A latch is provided on-chip. When LEN 
is LOW (or left open, in which case it is pulled LOW by the internal pulldown) the 
latch is transparent. A HIGH on the enable pin (EN) forces all outputs LOW. 
Both the LEN and EN pins are positive PECL inputs. 

The Vss output is provided in case the user wants to drive the device with a 
single-ended input. For single-ended use the Vss should be connected to the D 
input and bypassed with a 0.01 µF capacitor. 

The 1 OH version of the H641 is compatible with positive MECL 1 OH logic 
levels. The 1 OOH version is compatible with positive 1 OOK levels. 

• PECL-TTL Version of Popular ECLinPS E111 
• Low Skew 
• Guaranteed Skew Spec 
• Latched Input 
• Differential PECL Internal Design 
• Vss Output for Single-Ended Use 
• Single +5 V Supply 
• Logic Enable 
• Extra Power and Ground Supplies 
• Separate PECL and TTL Supply Pins 
• Choice of PECL Compatibility: MECL 1 OH (1 OHxxx) or 100K (1 OOHxxx) 

LOGIC DIAGRAM 

TTL Outputs 

QO 

01 

02 

03 
GT 

05 
D 

o 04 
VT 

05 04 

LEN 
EN VT 

06 
03 

07 

08 
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MC10H641 
MC100H641 

SINGLE SUPPLY 
PECL/TTL 1 :9 CLOCK 
DISTRIBUTION CHIP 

• 
FN SUFFIX 

PLASTIC PACKAGE 
CASE 776-02 

PIN NAMES 

PIN FUNCTION 

GT,VT TIL GND, TIL Vee 
GE,VE PECL GND, PECL Vee 
D,D Signal Input (Positive PECL) 
Vss Vss Reference Output (Positive PECL) 
QCl--08 Signal Outputs (TIL) 
EN Enable Input (Positive PECL) 
LEN Latch Enable Input (Positive PECL) 

Pinout: 28-Lead PLCC (Top View) 
GT 06 VT 07 VT QB GT 

25 24 23 22 21 20 19 

18 VBB 

17 o 
16 D 

15 VE 

14 LEN 

13 GE 

12 EN 

GT 02 VT 01 VT 00 GT 

• 
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DC CHARACTERISTICS (VT = VE = 5.0 V ±5%) 

TA=O"C TA=+25°C TA=+ 85°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

IEE Power Supply Current 24 30 24 30 24 30 mA 
PECL 

iccH TTL 24 30 24 30 24 30 mA 

iccL 27 35 27 35 27 35 mA 

TTL DC CHARACTERISTICS (VT= VE= 5.0 V ±5%) 

O"C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

VoH Output HIGH Voltage 2.5 2.5 2.5 v iOH=-15mA 

VoL Output LOW Voltage 0.5 0.5 0.5 v IOL = 24 mA 

los Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA VouT=OV 

10H PECL DC CHARACTERISTICS 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 175 175 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage 3.83 4.16 3.87 4.19 3.94 4.28 v VE= 5.0 v1 

V1L Input LOW Voltage 3.05 3.52 3.05 3.52 3.05 3.55 v VE= 5.0 V1 

Vss Output Reference Voltage 3.62 3.73 3.65 3.75 3.69 3.81 v VE= 5.0 v1 

100H PECL DC CHARACTERISTICS 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 175 175 µA 

l1L Input LOW Current 0.5 0.5 0.5 µA 
--1 

V1H Input HIGH Voltage 3.835 4.120 3.835 4.120 3.835 4.120 v VE= 5.0 V1 

V1L Input LOW Voltage 3.190 3.525 3.190 3.525 3.190 3.525 v VE= 5.ov1 

Vss Output Reference Voltage 3.62 3.74 3.62 3.74 3.62 3.74 v VE= 5.0 v1 

1 PECL Vitt. VIL· and Vss are referenced to VE and will vary 1 :1 with the power supply. The levels shown are for VE= 5.0 V. 
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AC CHARACTERISTICS (VT= VE= 5.0 V ±5%) 

TJ = 0°C TJ=+25°C TJ=+85°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit Condition 

lPLH Propagation Delay 5.00 5.50 6.00 4.86 5.36 5.86 5.08 5.58 6.08 ns CL= 50 pF1 
lPHL DtoQ 5.36 5.86 6.36 5.27 5.77 6.27 5.43 5.93 6.43 

tskew Device Skew ns 
Part-to-Part 1.0 1.0 1.0 CL= 50 pF2 
Output-to-Output 0.5 0.5 0.5 CL= 50 pF3 

lPLH Propagation Delay 4.9 6.9 4.9 6.9 5.0 7.0 ns CL= 50 pF 
lPHL LENtoQ 

lPLH Pr~agation Delay 5.0 7.0 4.9 6.9 5.0 7.0 ns CL= 50 pF 
lPHL ENtoQ 

tr Output Rise/Fall 1.7 1.7 1.7 ns CL= 50 pF 
If 0.8 Vto 2.0 V 1.6 1.6 1.6 

IMAX Max Input Frequency 65 65 65 MHz CL= 50 pF4 

tREC Recovery Time EN 1.25 1.25 1.25 ns 

ts Setup Time 0.75 0.50 0.75 0.50 0.75 0.50 ns 

tH Hold Time 0.75 0.50 0.75 0.50 0.75 0.50 ns 

1 Propagation delay measurement guaranteed for junction temperatures. Measurements pertormed at 50 MHz input frequency. 
2 Skew window guaranteed for a single temperature across a Vee= V1 =VE of 4.75 V to 5.25 V (See Application Note in this data sheet). 
3 Output-to-output skew is specified for identical transitions through the device. 
4 Frequency at which output levels will meet a 0.8 V to 2.0 V minimum swing. 

Determining Skew for a Specific Application 

The H641 has been designed to meet the needs of very low 
skew clock distribution applications. In order to optimize the 
device for this application special considerations are 
necessary in the determining of the part-to-part skew 
specification limits. Older standard logic devices are specified 
with relatively slack limits so that the device can be 
guaranteed over a wide range of potential environmental 
conditions. This range of conditions represented all of the 
potential applications in which the device could be used. The 
result was a specification limit that in the vast majority of cases 
was extremely conservative and thus did not allow for an 
optimum system design. For non-critical skew designs this 
practice is acceptable, however as the clock speeds of 

systems increase overly conservative specification limits can 
kill a design. 

The following will discuss how users can use the 
information provided in this data sheet to tailor a part-lo-part 
skew specification limit to their application. The skew 
determination process may appear somewhat tedious and 
time consuming, however if the utmost in pertormance is 
required this procedure is necessary. For applications which 
do not require this level of skew performance a generic 
part-to-part skew limit of 2.5 ns can be used. This limit is good 
for the entire ambient temperature range, the guaranteed Vee 
(VT, VE) range and the guaranteed operating frequency range. 
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Temperature Dependence 
A unique characteristic of the H641 data sheet is that the 

AC parameters are specified for a junction temperature rather 
than the usual ambient temperature. Because. very few 
designs will actually utilize the entire commercial temperature 
range of a device a tighter propagation delay window can be 
established given the smaller temperature range. Because 
the junction temperature and noi the ambient temperature is 
what affects the performance of the . device the parameter 
limits are specified for junction temperature. In addition the 
relationship between the ambient and junction temperature 
will vary depending on the frequency, load and board 
environment of the application. Since these factors are all 
under the control of the user it is impossible to provide 
specification limits for every possible application. Therefore a 
baseline specification was established for specific junction 
temperatures and the information that follows will allow these 
to be tailored to specific applications. 

Since the junction temperature of a device is difficult to 
measure directly, . the first requirement is to be able to 
"translate" from ambient to junction temperatures. The 
standard method of doing this is to use the power dissipation 
of the device and the thermal resistance of the package. For 
a TIL output device the power dissipation will be a function of 
the load capacitance and the frequency of the output. The total 
power dissipation of a device can be described by the 
following equation: 

Po (watts)= Ice (no load) *Vee+ 
Vs* Vee* f *CL*# Outputs 

where: 
Vs= Output Voltage Swing= 3 V 
f = Output Frequency 
CL= Load Capacitance 
Ice= IEE+ lccH 

Figure 1 plots the Ice versus Frequency of the H641 with 
no load capacitance on the output. Using this graph and the 
information specific to the appUcation a user can determine 
the power dissipation of the H641. 

y 

y 

o,____...__.. _ _,_ _ _.._ _ _.__..__..___. 

0 10 20 30 40 50 60 70 BO 

FREQUENCY (MHz) 

Figure 1. Ice versus f (No Load) 

Figure 2 illustrates the thermal resistance (in °CNV) for the 
28-lead PLCC under various air flow conditions. By reading 
the: thermal resistance from the graph and multiplying by the 
power dissipation calculated above the junction temperature 
increase above ambient of the device can be calculated. 

400 600 
AIRFLOW (LFPM) 

Figure 2. 0ja versus Air Flow 

Finally taking this value for junction temperature and 
applying it to Figure 3 allows the user to determine the 
propagation delay for the device in question. A more common 
use would be to establish an ambient temperature range for 
the H641 's in the system and utilize the above methodology 
to determine the potential increased skew of the distribution 
network. Note that for this information if the Tpo versus 
Temperature curve were linear the calculations would not be 
required. If the curve were linear over all temperatures a 
simple temperature coefficient could be provided. 
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Vee Dependence 
TIL and CMOS devices show a significant propagation 

delay dependence with Vee. Therefore the Vee variation in a 
system will have a direct impact on the total skew of the clock 
distribution network. When calculating the skew between two 
devices on a single board it is very likely an assumption of 
identical Vcc'scan be made. In this case the number provided 
in the data sheet for part-to-part skew would be overly 
conservative. By using Figure 4 the skew given in the data 
sheet can be reduced to represent a smaller or zero variation 
in Vee. The delay variation due to the specified Vee variation 
is ~270 ps. Therefore, the 1 ns window on the data sheet can 
be reduced by 270 ps if the devices in question wili aiways 
experience the same V CC· The distribution of the propagation 
delay ranges given in the data sheet is actually a composite 
of three distributions whose means are separated by the fixed 
difference in propagation delay at the typical, minimum and 
maximum Vee. 

140 

100 

60 

~ 20 
Cl 
0.. 

f-
<1 -20 

-60 

4.85 4.95 5.05 5.15 5.25 

VCC(V) 

Figure 4. b.TpD versus Vee 

Capacitive Load Dependence 
As with Vee the propagation delay of a TIL output is 

intimately tied to variation in the load capacitance. The skew 
specifications given in the data sheet, of course, assume 
equal loading on all of the outputs. However situations could 
arise where this is an impossibility and it may be necessary to 
estimate the skew added by asymmetric loading. In addition 
the propagation delay numbers are provided only for 50 pf 
loads, thus necessitating a method of determining the 
propagation delay for alternative loads. 

Figure 5 shows the relationship between the two 
propagation delays with respect to the capacitive load on the 
output. Utilizing this graph and the 50 pf limits the 
specification of the H641 can be mapped into a spec for either 
a different value load or asymmetric loads. 
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Figure 5. TpD versus Load 

Rise/Fall Skew Determination 
The rise-to-fall skew is defined as simply the difference 

between the TPLH and the TPHL propagation delays. This 
skew for the H641 is dependent on the V cc applied to the 
device. Notice from Figure 4 the opposite relationship of Tpo 
versus Vee between TPLH and TPHL· Because of this the 
rise-to-fall skew will vary depending on Vee. Since in all 
likelihood it will be impossible to establish the exact value for 
Vee. the expected variation range for Vee should be used. II 
this variation will be the ±5% shown in the data sheet the 
rise-to-fall skew could be established by simply subtracting 
the fastest TPLH from the slowest TPHL; this exercise yields 
1.41 ns. If a tighterVccrangecan be realized Figure 4can be 
used to establish the rise-to-fall skew. 

Specification Limit Determination Example 
The situation pictured in Figure 6 will be analyzed as an 

example. The central clock is distributed to two different cards; 
on one card a single H641 is used to distribute the clock while 
on the second card two H641 's are required to supply the 
needed clocks. The data sheet as well as the graphical 
information of this section will be used to calculate the skew 
between H641 a and H641 b as well as the skew between all 
three of the devices. Only the TPLH will be analyzed, the TPHL 
numbers can be found using the same technique. The 
following assumptions will be used: 

- All outputs will be loaded with 50 pf 
- All outputs will toggle at 30 MHz 
- The V cc variation between the two boards is ±3% 
- The temperature variation between the three 

devices is ±15°C around an ambient of 45°C. 
- 500LFPM air flow 

The first task is to calculate the junction temperature for the 
devices under these conditions. Using the power equation 
yields: 

Po Ice (no load) *Vee + 
Vee *Vs * f *CL*# outputs 
1.8 * 48 mA * 5 V + 5 V • 3 V * 30 MHz * 
50 pf* 9 
432 mW + 203 mW = 635 mW 

.. 
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Using the thermal resistance graph of Figure 2 yields a 
thermal resistance of 41°etw which yields a junction 
temperature of 71°e with a range of 56°e to 86°e. Using the 
Tpo versus Temperature curve of Figure 3 yields a 
propagation delay of 5.42 ns and a variation of 0.19 ns. 

Since the design will not experience the full ±5%, Vee 
variation of the data sheet the 1 ns window provided will be 
unnecessarily conservative. Using the curve of Figure 4 
shows a delay variation due to a ±3% Vee variation of 
±0.075 ns. Therefore the 1 ns window can be reduced to 
1ns-(0.27 ns-0.15 ns) = 0.88 ns. Since H641aand H641b 
are on the same board we will assume that they will always be 
atthe same Vee; therefore the propagation delay window will 
only be 1ns-0.27 ns = 0.73 ns. 

Putting all of this information together leads to a skew 
between all devices of 

0.19 ns + 0.88 ns 
(temperature+ supply, and inherent device), 

while the skew between devices A and B will be only 

0.19 ns + 0.73 ns 
(temperature+ inherent device only). 

In both cases, the propagation delays will be centered 
around 5.42ns, resulting in the following tPLH windows: 

TPLH = 4.92 ns - 5.99 ns; 1.07 ns window 
(all devices) 

TPLH = 5.00 ns - 5.92 ns; 0.92 ns window 
(devices a & b) 

Of course the output-to-output skew will be as shown in the 
data sheet since all outputs are equally loaded. 

This process may seem cumbersome, however the delay 
windows, and thus skew, obtained are significantly better than 
the conservative worst case limits provided at the beginning 

of this note. For very high performance designs, this extra 
information and effort can mean the difference between going 
ahead with prototypes or spending valuable engineering time 
searching for alternative approaches. 

Card 1 ----------, I H641a QO I 

Figure 6. Example Application 
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Advance Information 
68030/040 
PECLITTL Clock Driver 

The MC10H/100H642 generates the necessary clocks for 
the 68030, 68040 and similar microprocessors. It is 
guaranteed to meet the clock specifications required by the 
68030 and 68040 in terms of part-to-part skew, within-part 
skew and also duty cycle skew. 

The user has a choice of using either TTL or PECL 
(referenced to +5.0 V) for the input clock. TTL clocks are 
typically used in present MPU systems. However, as clock 
speeds increase to 50 MHz and beyond, the inherent 
superiority of PECL (particularly differential PECL) as a 
means of clock signal distribution becomes increasingly 
evident. The H642 also uses differential PECL internally to 
achieve its superior skew characteristic. 

The H642 includes divide-by-two and divide-by-four stages, 
both to achieve the necessary duty cycle skew and to 
generate MPU clocks as required. A typical 50 MHz processor 
application would use an input clock running at 100 MHz, thus 
obtaining output clocks at 50 MHz and 25 MHz (see Logic 
Diagram). 

The 10H version is compatible with MECL 10H EGL logic 
levels, while the 1 OOH version is compatible with 1 OOK levels 
(referenced to +5.0 V). 

• Generates Clocks for 68030/040 • Asynchronous Reset 
• Meets 030/040 Skew Requirements • Single +5.0 V Supply 

Function: 

Reset(R): 
Select(SE:L): 

MC10H642 
MC100H642 

4 5 

FN SUFFIX 
PLASTIC PACKAGE 

CASEns 

LOW on RESET forces all Q outputs LOW. 
LOW selects the EGL input source (DE/DE). 
HIGH selects the TTL input source (DT). 

The H642 also contains circuitry to force a stable input state 
of the PECL differential input pair, should both sides be left 
open. In this case, the D side of the input is pulled LOW, and 
Dgoes HIGH. 
Power Up: The device is designed to have positive edges 
of the +2 and +4 outputs synchronized at Power Up. 

• TTL or PECL Input Clock • Choice of PECL Compatibility: 
• Extra TTL and ECL Power/Ground Pins MECL 10H (10Hxxx) or 100K (100Hxxx) 

Logic Diagram Pinout Assignment - 28 Lead PLCC (Top View) 

TTL Outputs 

07 VT VT 01 GT GT ao VT 

2S 24 23 22 21 20 19 
Q6 02 18 Vee TTUPECL Clock Inputs 

Vee - as GT 17 DE 

m; GT 16 DE 
DE Q4 

DT Q3 1S VE 
Q3 

VT 14 ii 
SEL 02 

t VT 13 GE 

04 12 OT TTL Control Inputs 01 

l ao as GT GT Q6 07 VT SEL 
ii 

This document contains Information on a new product. Specifications and information herein are subject to change withOut notice. 
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Pin Symbol Description 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

'Divide by 2 
.. Divide by 4 

03 
VT 
VT 
04 
05 
GT 
GT 
06 
07 
VT 

SEL 
DT 
GE 
A 

Signal Output (TTL)" 
TTL Vee (+5.0 V) 
TTL Vee (+5.0 V) 
Signal Output (TTL)" 
Signal Output (TTL)" 
TTL Ground (0 V) 
TTL Ground (0 V) 
Signal Output (TTL) .. 
Signal Output (TTL)" 
TTL Vee (+5.0 V) 
Input Select (TTL) 
TTL Signal Input 
PECL Ground (0 V) 
Reset (TTL) 

AC CHARACTERISTICS: VT =VE = 5.0 V ±5% 

Test 
Symbol Characteristic 

tPLH Propagation Delay 02-07 
D to Output DE/DE 

DT 

tskpp Part-to-Part Skew 

tskwd' Within-Device Skew 

IPLH Propagation Delay 00,01 
D to Output DE/DE 

DT 

tskpp Part-to-Part Skew All 
Outputs 

tskwd Within-Device Skew 

tpD Propagation Delay All 
A to Output Outputs 

IA Output Rise/Fall lime All 
If 0.8 V to 2.0 V Outputs 

fMAX .. Maximum Input Frequency 

RPW Reset Pulse Width 

ART Reset Recovery Time 

MC10H642 • MC100H642 

Pin Symbol 

15 VE 
16 DE 
17 DE 
18 Vss 
19 VT 
20 00 
21 GT 
22 GT 
23 01 
24 VT 
25 VT 
26 02 
27 GT 
28 GT 

TA =0°C TA= 2s0c 
Min Max Min Max 

5.0 6.0 5.0 6.0 
5.2 6.2 5.1 6.1 

1.0 1.0 

0.5 0.5 

5.0 6.0 5.0 6.0 
5.1 6.1 5.1 6.1 

1.0 1.0 

0.65 0.65 

4.3 6.3 4.3 6.3 

0.5 2.5 0.5 2.5 
2.5 2.5 

135 135 

1.5 1.5 

1.25 1.25 

•Within-Device Skew defined as identical transactions on similar paths through a device. 
" NOTE: MAX Frequency is 135 MHz. 

10H PECL CHARACTERISTICS: VT= VE= 5.0 V ±5% 

Test 
TA =0°C TA= 2s0 c 

Symbol Characteristic Min Max Min Max 

l1H Input HIGH Current 225 175 
l1L Input LOW Current 0.5 0.5 

'NOTE 

V1H Input HIGH Voltage 3.83 4.16 3.87 4.19 
V1L Input LOW Voltage 3.05 3.52 3.05 3.52 

'NOTE 

Vss Output Reference Voltage 3.62 3.73 3.65 3.75 

Description 

PECL Vee (+5.0 V) 
PECL Signal Input (Non-Inverting) 
PECL Signal Input (Inverting) 
Vss Reference Output 
TTL Vee (+5.0 V) 
Signal Output (TTL)' 
TTL Ground (0 V) 
TTL Ground (0 V) 
Signal Output (TTL)' 
TTL Vee (+5.0 V) 
TTL Vee (+5.0 V) 
Signal Output (TTL) .. 
TTL Ground (O V) 
TTL Ground (0 V) 

TA= 85°C 

Min Max Unit Condition 

ns CL =25 pF 
5.4 6.4 
5.5 6.5 

1.0 ns 

0.5 ns 

ns CL= 25 pF 
5.4 6.4 
5.5 6.5 

1.0 ns CL= 25 pF 

0.65 ns CL= 25 pF 

5.0 io ns CL=25pF 

0.5 2.5 ns CL=25pF 
2.5 

135 MHz CL= 25 pF 

1.5 ns 

1.25 ns 

TA= 85°C 

Min Max Unit Condition 

175 µA 
0.5 

3.94 4.28 v VEE= 5.0 V 
3.05 3.555 

3.69 3.81 v 
'NOTE: PECL LEVELS are referenced to Vee and will vary 1 :1 with the power supply. The VALUES shown are for Vee= 5.0 V. 
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1 OOH PECL CHARACTERISTICS: VT= VE = 5.0 V ±5% 

Test 
TA= 0°C TA =25°C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 175 175 µA 
l1L Input LOW Current 0.5 0.5 0.5 

•NOTE 

V1H Input HIGH Voltage 3.835 4.120 3.835 4.120 3.835 4.120 v VEE= 5.0 V 
V1L Input LOW Voltage 3.190 3.525 3.190 3.525 3.190 3.525 

•NOTE 

Vss Output Reference Voltage 3.620 3.740 3.620 3.740 3.620 3.740 v 
•NOTE: PECL LEVELS are referenced to Vee and will vary 1 :1 with the power supply. The VALUES shown are for Vee= 5.0 V. 

1 OH/1 OOH DC CHARACTERISTICS: VT = VE = 5.0 V ±5% 

Test 
TA= 0°C TA=25°C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IEE Power Supply Current PECL 57 57 57 mA VE Pin 

lccH TIL 30 30 30 mA Total All VT Pins • iccL 30 30 30 mA 

1 OH/1 OOH TTL DC CHARACTERISTICS: VT= VE = 5.0 V ±5% 

Test TA= 0°C TA=25°C TA= 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
V1L Input LOW Voltage 0.8 0.8 0.8 

l1H Input HIGH Current 20 20 20 µA V1N=2.7V 
100 100 100 V1N=7.0V 

l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N = 0.5 V 

VoH Output HIGH Voltage 2.5 2.5 2.5 v IOH =-3.0mA 
2.0 2.0 2.0 loH=-15mA 

VoL Output LOW Voltage 0.5 0.5 0.5 v loL=24 mA 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N = -18 mA 

los Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA VouT=OV 
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Duty Cycle Control 
To maintain a duty cycle of ±5% at 50 MHz, limit the load capacitance and/or power supply variation as shown in Figures 1 and.2. 

For a±2.5% duty cycle limit, see Figures 3 and 4. Figures 5 and 6 show duty cycle variation with temperature. Figure 7 shows typical 
TPD versus load. Figure 8 shows reset recovery time. Figure 9 shows output states after power up. 

Best duty cycle control is obtained with a single µP load and minimum line length. 

11~~~~1~1 
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CAPACITIVE LOAD (pF) 

4.75 

50 60 

Figure 1. Me1 OH642 Positive PW versus Load 
@ ±5% Vee. TA= 25°C 

10 20 30 40 
CAPACITIVE LOAD (pF) 

50 60 

Figure 3. Me10H642 Positive PW versus Load 
@ ±2.5% Vee. TA,= 25°e 
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Figure 2. Me10H642 Negative PW versus Load 
@ ±5% Vee. TA= 25°e 
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Figure 4. Me1 OH642 Negative PW versus Load 
@ ±2.5% Vee. TA= 25°e 
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Figure 5. Me10H642 Positive PW versus 
Temperature, Vee= 5.0 V 
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Temperature, Vee= 5.0 V 
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Figure 7. MC10H642 + Tpd versus Load, Vee ±5%, TA= 25°C 
(Overshoot at 50 MHz with no load makes graph non linear) 
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Figure 8. Clock Phase and Reset Recovery Time After Reset Pulse 
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After Power Up 

Figure 9. Outputs Q2-. Q7 will Synchronize with Pos Edges of Din & QO .... Q1 
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SWITCHING CIRCUIT AND WAVEFORMS 

Switching Circuit PECL: 

PECL 
USE 0.1 µF CAPACITORS 
FOR DECOUPLING. 

50DCOAX 
PULSE IN 

GENERATOR 

!!l 
0 

'"' ~ 
USE OSCILLOSCOPE CHA 
INTERNAL 50 D LOAD 
FOR TERMINATION. 

WAVEFORMS: Rise and Fall Times 

PECL/TTL 

T1a11 

VEE 

DEVICE 
UNDER 
TEST 

OSCILLOSCOPE 

TTL 

~ L:v 
OUT 

4500 
tpzL, lpLZ 
oc 

g: 
0 

'"' DEVICE 

~ UNDER 
TEST 

CHB 

SOpFJ. 

Propagation Delay - Single Ended 

PECL/TTL 
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50%/1.SV 
Vin 

Vout 

Tpd++ 

50%/1.SV 

o~ 

ALL 
OTHERS 

R1 
5000 

R2 
5000 



®MOTOROLA 

Dual Supply 
ECL/TTL 1 :8 Clock Driver 

The MC1 OH/1 OOH643 is a dual supply, low skew translating 
1 :8 clock driver. Devices in the Motorola H600 translator 
series utilize the 28-lead PLCC for optimal power pinning, 
signal flow through and electrical performance. The 
dual-supply H643 is similar to the H641, which is a 
single-supply 1 :9 version of the same function. 

The device features a 48 mA TTL output stage, with AC per
formance specified into a 50 pF load capacitance. A Latch is 
provided on-chip. When LEN is LOW (or left open, in which 
case it is pulled LOW by the internal pulldowns) the latch is 
transparent. A HIGH on the enable pin (EN) forces all outputs 
LOW. 

The 10H version is compatible with MECL 10H EGL logic 
levels. The 1 OOH version is compatible with 1 OOK levels. 

• EGL- TTL version of popular ECLinPS E111 
• Low Skew Within Device 0.5 ns 
• Guaranteed Skew Spec Part-to-Part 1.0 ns 
• Latch 
• Differential Internal Design 
• V99 Output 

• Dual Supply 
• Reset/Enable 
• Multiple TTL and EGL Power/Ground Pins 
• Choice of EGL Compatibility: 

MECL 10H (10Hxxx) or 100K (100Hxxx) 

LOGIC SYMBOL 

LEN 

EN:------' 

ao 

Ql 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 
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PIN NAMES 

PIN 

OGND 
OVT 
IGND 
IVT 

VEE 
vecE 
D,D 
Vas 
Q0-07 
EN 
LEN 

MC10H643 
MC100H643 

DUAL SUPPLY 
ECL/TTL 1:8 

CLOCK DRIVER 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 776 

FUNCTION 

TTL Output Ground (0 V) 
TTL Output Vee (+5.0 V) 
Internal TTL GND (0 V) 
Internal TTL Vee (+5.0 V) 
EeL VEE (-5.2/-4.5 V) 
EeL Ground (0 V) 
Signal Input (EeL) 
Vss Reference Output 
Signal Outputs (TTL) 
Enable Input (EeL) 
Latch Enable Input (EeL) 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

8 
~ 

d 
3 

z z 

"' "' 1§ "' 0 0 0 0 0 

25 24 23 22 21 20 19 

18 IVT2 

OGND2 17 IGND2 

16 VccE 

OVTl t5 vccE 

Ql 14 LEN 

OGND1 13 V99 

12 jj 

~ 
w w w I iii 0 Ei w w w 

z > > > 
S2 

• 
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DC CHARACTERISTICS: IVT = OVT = 5.0 V ±5%; VEE= -5.2 V ±5% (10H Version); VEE= -4.SV ±0:3V (100H Version) 

o·c 2s0 c as•c 
Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IEE ECL - 42 - 42 - 42 mA VEE Pins 

lccL Power Supply Current TTL - 106 - 106 - 106 mA 
TotalallOVT 

lcCH - 95 - 95 - 95 mA and IVT pins 

AC CHARACTERISTICS: IVT = OVT = 5.0 v ±5%; VEE= -5.2 v ±10% (10H), -4.5 v ±0.3 v (100H); VccE = GND 

0°c 2s0c as·c 
Symbol Characteristic Min Max Min Max Min Max Unit condition 

IPLH Propagation Delay to Output 
D 4.0 5.0 4.1 5.1 4.4 5.4 
LEN 3.5 5.5 3.5 5.5 3.9 5.9 ns CL=50pF 
EN 3.5 5.5 3.5 5.5 3.9 5.9 

ISKPP Part-to-Part Skew 1.0 1.0 1.0 ns 

!SKEW Within-Device Skew - 0.5 - 0.5 - 0.5 ns Note 1 

lw Pulse Width Out CL=50pF 
HIGH or LOW 9.0 11.0 9.0 11.0 9.0 11.0 ns 
@ lout= 50 MHz Note2 

Is Setup Time 
D 0.75 - 0.75 - 0.75 - ns 

th Hold Time 
D 0.75 - 0.75 - 0.75 - ns 

!AR Recovery Time 
LEN 1.25 - 1.25 - 1.25 - ns 
EN 1.25 - 1.25 - 1.25 -

tpw Minimum Pulse Width 
LEN 1.5 - 1.5 - 1.5 - ns 
EN 1.5 - 1.5 - 1.5 -

tr Rise I Fall Times 
CL=50pF 

If 0.8 V-2.0 V 0.5 1.2 0.5 1.2 0.5 1.2 ns 

1. Within-Device skew defined as identical transitions on similar paths through a device. 
2. Pulse width is defined relative to 1.5 V measurement points on the output waveform. 

TRUTH TABLE 

D LEN EN Q 

L L L -L 
H L L H 
x H L Oo 
x x H L 
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TTL CHARACTERISTICS: IVT = OVT = 5.0 V ±5%; VEE =-5.2 V±5% (10H Version); VEE =-4.5 V ±0.3 V (100H Version) 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

2.5 - 2.5 - 2.5 - IOH =-3.0 mA 
VoH Output HIGH Voltage 2.0 - 2.0 - 2.0 - v IOH = -15 mA 

VOL Output LOW Voltage - 0.5 - 0.5 - 0.5 v IOH =48 mA 

IOS Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA vour=OV 

10H ECL CHARACTERISTICS: IVT= OVT = 5.0 V ±5%; VEE= -5.2 V ±5% (10H Version); VEE =-4.5 V ±0.3 V (100H Version) 

0°C 2s·c ss•c 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current - 225 - 175 - 175 µA 
l1L Input LOW Current 0.5 - 0.5 - 0.5 -

V1H Input HIGH Voltage -·1170 -840 -1130 -810 -1060 -720 
mV 

V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1445 

Vas Output Reference Voltage -1380 -1270 -1350 -1250 -1310 -1190 mV 

100H ECL CHARACTERISTICS: IVT = OVT = 5.0 V ±5%; VEE= -5.2 V ±5% (10H Version); VEE= -4.5 V ±0.3 V (100H Version) • 0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

llH Input HIGH Current - 225 - 175 - 175 µA 
l1L Input LOW Current 0.5 ·- 0.5 - 0.5 -

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 
mV 

V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

Vas Output Reference Voltage -1380 -1260 -1380 -1260 -1380 -1260 mV 
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68030/040 
PECL/TTL Clock Driver 

The MC1 OH/1 OOH644 generates the necessary clocks for the 68030, 68040 
and similar microprocessors. The device is functionally equivalent to the H640, 
but with fewer outputs in a smaller outline 20-lead PLCC package. It is 
guaranteed to meet the clock specifications required by the 68030 and 68040 in 
terms of part-to-part skew, within-part skew and also duty cycle skew. 

The user has a choice of using either TIL or PECL (PECL referenced to 
+5.0 V) for the input clock. TIL clocks are typically used in present MPU 
systems. However, as clock speeds increase to 50 MHz and beyond, the 
inherent superiority of PECL (particularly differential PECL) as a means of clock 
signal distribution becomes increasingly evident. The H644 also uses differential 
PECL internally to achieve its superior skew characteristic. 

The H644 includes divide-by-two and divide-by-four stages, both to achieve 
the necessary duty cycle and skew to generate MPU clocks as required. A typical 
50 MHz processor application would use an input clock running at 100 MHz, thus 
obtaining output clocks at 50 MHz and 25 MHz (see Logic Symbol). 

The 1 OH version is compatible with MECL 1 OH EGL logic levels, while the 
100H version is compatible with 100K levels (referenced to +5.0 V). 

Function 

Reset (R): LOW on RESET forces all Q outputs LOW and all Q 
outputs HIGH .. 
Synchronized Outputs: The device is designed to have the POS 
edges of the +2 and +4 outputs synchronized. 
Select (SEL): LOW selects the PECL input source (DE/DE). HIGH 
selects the TIL input source (DT). 

The H644 also contains circuitry to force a stable state of the 
PECL input differential pair, should both sides be left open. In this 
case, the DE side of the input i8 pulled LOW, and DE goes HIGH. 

• Generates Clocks for 68030/040 

• Meets 68030/040 Skew Requirements 

• TIL or PECL Input Clock 

• Extra TIL and PECL Power/Ground Pins 

• Within Device Skew on Similar Paths is 0.5 ns 

• Asynchronous Reset 

• Single +5.0 V Supply 

• Choice of PECL Compatibility: MECL 10H (10Hxxx) 
or 100K (1 OOHxxx) 
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MC100H644 

68030/0~4 
PE CL/TTL 

CLOCK DRIVER . 

3 4 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 775 

LOGIC SYMBOL 
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PIN NAMES 

PIN FUNCTION PINOUT: 20-LEAD PLCC (TOP VIEW) 
GT TTL Ground (O V) 
VT TTL Vee (+5.0 V) 04 VT as GT R 
VE PECL Vee (+5.0 V) 
GE PECL Ground (0 V) 
DE.DE PECL Signal Input (positive EGL) 

Vss Vss Reference Output GT t3 VE 
DT TTL Signal Input 
On, On Signal Outputs (TTL) 
SEL Input Select (TTL) 03 12 DE 
A Reset (TTL) 

GT 11 Vas 

02 10 DE 

GT GE 

• 01 VT QO SEL OT 

AC CHARACTERISTICS: VT= VE = 5.0 V ±5% 

0°C 2s0 c 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

lPLH Propagation Delay PECL All Outputs 5.8 6.8 5.7 6.7 6.1 7.1 ns CL=50pF 
Dto Output 

tpLH Propagation Delay TTL 5.7 6.7 5.7 6.7 6.0 7.0 ns CL=50pF 
Dto Output 

!pt.Hi Propagation Delay 4.2 7.2 4.26 7.26 4.73 7.73 ns CL=50pF 

lPHL PECL/TTL D to Output 

lskwd• Within-Device Skew 00, 1, 4, 5 - 0.5 - 0.5 - 0.5 ns CL=50pF 

tskwd• Within-Device Skew 02,03 - 0.5 -- 0.5 - 0.5 ns CL=50pF 

lskwd• Within-Device Skew All Outputs - 1.5 - 1.5 - 1.5 ns CL=50pF 

tskp-p 
. Part-to-Part Skew 00, 1,4,5 - 1.0 - 1.0 - 1.0 ns CL=50pF 

tpD Propagation Delay All Outputs 4.3 7.3 4.3 7.3 4.5 7.5 ns CL=50pF 
A to Output 

tR Output Rise/Fall Time All Outputs 0.5 1.6 0.5 1.6 0.5 1.6 ns CL=50pF 
tF 0.8 V-2.0 V 

lmax Maximum Input Frequency 135 - 135 - 135 - MHz CL=50pF 

TW Minimum Pulse Width Reset 1.5 - 1.5 - 1.5 - ns 

trr Reset Recovery Time 1.25 - 1.25 - 1.25 -- ns 

Tpw Pulse Width Out High or 00, 1 9.5 10.5 9.5 10.5 9.5 10.5 ns CL=50pF 
Low@ fin= 100 MHz Relative 1.5 V 
and CL= 50 pF 

TS Setup Time ns 
SELtoDE, DT 2.0 - 2.0 - 2.0 -

TH Hold Time ns 
SELto DE, DT 2.0 - 2.0 - 2.0 -

• Skews are specttied for Identical Edges 
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DC CHARACTERISTICS: VT= VE = 5.0 V ±5% 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit CondlUon 

lee Power Supply Current 1 ECL 65 65 65 mA VE Pin 

ice l TTL 85 85 85 mA Total all VT pins 

TTL DC CHARACTERISTICS: VT= VE= 5.0 V ±5% 

O"C 25°C B5°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage 2.0 2.0 2.0 v 
VIL Input LOW Voltage 0.8 0.8 0.8 

l1H Input HIGH Current 20 20 20 µA V1N=2.7V 
100 100 100 V1N=7.0V 

l1L Input LOW Current -0.6 -0.6 -0.6 mA V1N=0.5V 

• VoH Output HIGH Voltage 2.5 2.5 2.5 v IOH=-3.0mA 
2.0 2.0 2.0 IOH=-24mA 

VoL Output LOW Voltage 0.5 0.5 0.5 v loL=24mA 

V1K Input Clamp Voltage -1.2 -1.2 -1.2 v l1N=-18mA 

ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA vouT=ov 

10H PECL DC CHARACTERISTICS: VT= VE= 5.0 V ±5% 

0°C 2s0c 85°C 

Symbol CharacterisUc Min Max Min Max Min Max Unit Condition 

l;H Input HIGH Current 225 175 175 µA 
l1L Input LOW Current 0.5 0.5 0.5 

V1H* Input HIGH Voltage 3.83 4.16 3.87 4.19 3.94 4.28 v VE=5.0V 
V1L* Input LOW Voltage 3.05 3.52 3.05 3.52 3.05 3.55 

Vee• Output Reference Voltage 3.62 3.73 3.65 3.75 3.69 3.81 v VE=5.0V 

100H PECL DC CHARACTERISTICS: VT= VE= 5.0 V ±5% 

0°c 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

l1H Input HIGH Current 225 175 175 µA 
l1L Input LOW Current 0.5 0.5 0.5 

V1H* Input HIGH Voltage 3.835 4.12 3.835 4.12 3.835 4.12 v VE=5.0V 
V1L* Input LOW Voltage 3.19 3.525 3.19 3.525 3.19 3.525 

Vee* Output Reference Voltage 3.62 3.74 3.62 3.74 3.62 3.74 v VE=5.0V 

• NOTE: ECL levels are referenced to Vee and will vaiy 1 :1 with the power supply. The values shown are for Vee= 5.0 V. 
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Advance Information 

1 :9 TTL Clock Driver 

The MC1 OH645 is a single supply, low skew, TTL 1/0 1 :9 Clock Driver. Devices 
in the Motorola H600 clock driver iamily utiilze the 2tHead PLCC tor optimal 
power and signal pin placement. 

The device features a 24 mA TTL output stage with AC performance specified 
into a 50 pf load capacitance. A 2:1 input mux is provided on chip to allow for 
distributing both system and diagnostic clock signals or designing clock 
redundancy into a system. With the SEL input held LOW the DO input will be 
selected, while the 01 input is selected when the SEL input is forced HIGH. 

• Low Skew Typically 0.65 ns Within Device 

• Guaranteed Skew Spec 1.25 ns Part-to-Part 

• Input Clock Muxing 

• Differential EGL Internal Design 

• Single Supply 

• Extra TTL and EGL Power/Ground Pins 

LOGIC SYMBOL 
TTL Outputs 

TTL Inputs QO 

MUX Qt GT 

DO 
DO ITO Q Q2 Q5 

D1 
Q VT 

01 ITT Q3 
Q4 

s s Q4 
VT 

Q5 
SEL Q3 

Q6 
GT 

Q7 

QB 

MC10H645 

1:9 TTL 
CLOCK DRIVER 

4 5 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 776 

PIN NAMES 
PIN FUNCTION 

GT TTL Ground (0 V) 
VT TTL Vee (+5.0 V) 
VE EGL Vee (+5.0 V) 
GE EGL Ground (0 V) 
Dn TTL Signal Input 
Q0-08 TTL Signal Outputs 
SEL TTL Mux Select 

TRUTH TABLE 

DO 01 SEL 

L x L 
H x L 
x L H 
x H H 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

GT Q6 VT Q7 VT QB GT 

25 24 23 22 21 20 19 

1B 

17 

16 

15 

GT Q2 VT Q1 VT QO GT 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC10H645 

PIN DESCRIPTIONS 

Pin Symbol Description Pin Symbol Description 

1 04 Signal Output (TTL) 15 VE ECL Vee (+5.0 V) 
2 VT TTL Vee (+5.0 V) 16 D1 Signal Input (TTL) 
3 Q3 Signal Output (TTL) 17 DO Signal Input (TTL) 
4 GT TTL Ground (0 V) 18 NC No Connection 
5 GT TTL Ground (0 V) 19 GT TTL Ground (O V) 
6 Q2 Signal Output (TTL) 20 Q8 Signal Output (TTL) 
7 VT TTL Vee (+5.0 V) 21 VT TTL Vee (+5.0V) 
8 Q1 Signal Output (TTL) 22 Q7 Signal Output (TTL) 
9 VT TTLVcc(+5.0V) 23 VT TTL Vee (+5.0 V) 
10 QO Signal Output (TTL) 24 Q6 Signal Output (TTL) 
11 GT TTL Ground (0 V) 25 GT TTL Ground (0 V) 
12 NC No Connection 26 GT TTL Ground (0 V) 
13 GE ECLGround 27 Q5 Signal Output (TTL) 
14 SEL Select Input (TTL) 28 VT TTL Vee (+5.0 V) 

• ABSOLUTE RATINGS (Do not exceed) 

Rating Symbol Value Unit 

Power Supply Voltage VE(ECL) -0.5to+7.0 v 
Power Supply Voltage VT (TTL) -0.5to+7.0 v 
Input Voltage VI (TTL) -0.5to+7.0 v 
Disabled 3-State Output Vout O.OtoVT v 
Storage Temperature Tstg -65to 150 ·c 

Operating Temperature Tamb 0.0 to +85 ·c 

DC CHARACTERISTICS VT= VE = 5.0 V ±5% 

o·c 25•c 95•c 
Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IEE Power Supply Current ECL 30 30 30 mA VE Pin 

iccH TTL 30 30 30 mA Total all VT pins 

iccL 35 35 35 mA 

VQH Output HIGH Voltage 2.5 2.5 2.5 v IQH=-3.0mA 
2.0 2.0 2.0 loH=-15mA 

VoL Output LOW Voltage 0.5 0.5 0.5 v IQL=24mA 

ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA VouT=OV 
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AC CHARACTERISTICS VT= VE= 5.0 V ±5% 

o·c 2s·c as•c 
Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IPLH Propagation Delay 00-08 5.2 6.2 5.2 6.2 5.6 6.6 ns CL=50pF 
Do to Output Only 

lskpp Part-to-Part Skew 1.0 1.0 1.0 ns 
Do to Output Only 

lskwd• Within-Device Skew 0.65 0.65 0.65 ns 
Do to Output Only 

tPLH Propagation Delay 00-08 5.2 7.3 5.2 7.2 5.7 7.7 ns CL=50pF 
SEL too 

Ir Output Rise/Fall Time 00-08 0.5 1.7 0.5 1.7 0.5 1.7 ns CL=50pF 
If 0.8 Vto2.0V 0.5 1.6 0.5 1.6 0;5 1.6 

ts Setup lime ns 
SEL to D 1.0 1.0 1.0 

• Within-Device Skew defined as identical transitions on similar paths through a device. • DUTY CYCLE SPECIFICATIONS o•c s TA s 85°C; Duty Cycle Measured Relative to 1.5 V 

SymbOI Characteristic Min Nom Max Unit Condition 

PW Range of V cc and CL to Meet Min Pulse I Vee 4.875 5.0 5.125 v All Outputs 
Width (HIGH or LOW) at lout :5 50 MHz CL 10.0 50.0 pF 

PW 9.0 11.0 ns 
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Product Preview 
PECL/TFL· TTL 1 :8 Clock 
Distribution Chip 

The MC1 OH/1 OOH646 is a single supply, low skew translating 1 :8 clock driver. 
Devices in the Motorola 'H600 translator series utilize the 28-lead PLCC tor 
optimal power pinning, signal flow through and electrical performance. The 
single supply H646 is similar to the H643, which is a dual supply 1 :8 version of 
the same function. 

The device features a 24 mA TTL output stage, with AC performance specified 
into a 50 pF load capacitance. 

The 1 OH version is compatible with MECL 1 OH ECL logic levels. The 1 OOH 
version is compatible with 1 OOK levels. · 

• PECUTTL-TTL Version of Popular ECLinPS E111 

• LowSkew 

• Guaranteed Skew Spec 
• Tri-State Enable 
• Differential Internal Design 

• VssOutput 
• Single Supply 
• Extra TTL and ECL Power/Ground Pins 

• Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 
• Matched High and Low Output Impedance 

Pinout: 28-Lead PLCC (Top View) 

0 0 z 
~ 

z ... <!l "' <O <!l I'-a 0 a 0 a 0 a 

25 24 23 22 21 20 19 

03 EN 

OGND 17 IVT 

02 16 IGND 

OVT 15 VCCE 

01 14 VCCE 

OGND 13 VBB 

00 12 ECLK 

l<'. ~ 0 w w w l<'. _, z w w w _, 
u £1 > > > u 
f- w 

MC10H646 
MC100H646 

PECL/TTL-TTL 
1:8 CLOCK 

DISTRIBUTION CHIP 

FN SUFFIX 
PLASTIC PACKAGE 

CASE776 

PIN NAMES 

PIN FUNCTION 

OGND TTL Output Ground (0 V) 
OVT TTL Output V CC ( +5.0 V) 
IGND Internal TTL GND (0 V) 
IVT Internal TTL V cc ( +5.0 V) 
VEE ECLVEE (OV) 
vccE ECL Ground (5.0 V) 
ECLK, ECLK Differential Signal Input (PECL) 
Vas Vas Reference Output 
00-07 Signal Outputs (TTL) 
EN Tri-State Enable Input (TTL) 
LEN Signal Input (TTL) 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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DC CHARACTERISTICS (!VT= OVT = VCCE = 5.0 V ±5%) 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

VOH Output HIGH Voltage 2.6 - 2.6 - 2.6 - v loH=24mA 
- - -

VOL Output LOW Voltage - 0.5 - 0.5 - 0.5 v 101=24mA 

!OS Output Short Circuit Current - - - - - - mA See Note 1 

1 The outputs must not be shorted to ground, as this will result in permanent damage to the device. The high drive outputs of this device do 
not include a limiting !OS resistor. 

lOH PECL DC CHARACTERISTICS (!VT= OVT = VCCE = 5.0 V ±5%) 

0°C 25°C 85°C 

Symbol Characteristic Min TYP Max Min TYP Max Min TYP Max Unit Notes 

l/H Input HIGH Current 225 175 175 µA 

l/L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage 3.83 4.16 3.87 4.19 3.94 4.28 v IVT= !VO= 
VCCE = 5.0V (1) 

V1L Input LOW Voltage 3.05 3.52 3.05 3.52 3.05 3.555 v IVT=IVO= 
VCCE = 5.0V (1) 

Vss Output Reference Voltage 3.62 3.73 3.65 3.75 3.69 3.81 v IVT=IVO= 
VCCE = 5.0V (1) 

lOOH PECL DC CHARACTERISTICS (!VT= OVT = VCCE = 5.0 V ±5%) 

0°C 25°C 85°C 

Symbol Characteristic Min TYP Max Min TYP Max Min TYP Max Unit Notes 

l1H Input HIGH Current 225 175 175 µA 

l/L Input LOW Current 0.5 0.5 0.5 µA 

V1H Input HIGH Voltage 3.835 4.12 3.835 4.12 3.835 3.835 v IVT=IVO= 
VCCE = 5.0V (1) 

V1L Input LOW Voltage 3.19 3.525 3.19 3.525 3.19 3.525 v IVT=IVO= 
VCCE = 5.0V (1) 

Vss Output Reference Voltage 3.62 3.74 3.62 3.74 3.62 3.74 v IVT=IVO= 
VCCE = 5.0V (1) 

1 PECL V1H. V/L and Vss are referenced to VCCE and will vary 1 :1 with the power supply. The levels shown are for !VT= !VO= VCCE = 5.0 V 

DC CHARACTERISTICS (!VT= OVT = VCCE = 5.0 V ±5%) 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit Condition 

lccL Power Supply Current - - 166 - mA Total all OVT, !VT, 

ICCH - - 154 - mA and VCCE pins 

AC CHARACTERISTICS (!VT= OVT = VCCE = 5.0 V ±5%) 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min TYP Max Min Max Unit Condition 

tPLH Propagation Delay to 00-07 6.5 ns CL=50pF 

tPHL Output 

tskpp Part-to-Part Skew 1.0 1.0 1.0 ns 

tskwd Within-Device Skew - 0.5 - 0.5 0.5 ns 

tw Pulse Width Out 00-07 9.0 9.0 9.0 ns CL=50pF 
HIGH or LOW 
@ four= 50 MHz 
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AC CHARACTERISTICS (continued) (IVT = OVT = VCCE = 5.0 V ±5%) 

0°C 25°C 85°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit Condition 

IR Output Rise/Fall Time l All 
ns CL= 50 pF 

IF 0.8 Vto 2.4 V Outputs 1.6 0.7 1.6 1.6 
0.8 Vto2.0 V 1.2 0.3 1.2 1.2 

Note to Product Preview Edition-The pre-silicon simulation value for typical propagation delay to all outputs is 6.Sns. Final value will be established 
as the measured statistical mean after characterization of a sufficient number of lots, and thus may not exactly equal the target. The skew 
specification is an absolute value that measures the worst case T pd difference between any two of the specified outputs. 

TRUTH TABLE 

TCLK ECLK ECLK EN Q QO 

GND L H H L 
GND H L H H 

H GND GND H H LOGIC SYMBOL Qt 

L GND GND H L 
x x x L z 

Q2 
X = lmma\enal; L =Low Voltage Level; H =High Voltage Level; Z =Tristate 

INT~NA_!!f~ IVT01 

OVT01 

INTERNAL TTL GROUND 

QOA 

OGNDO 

IGND01 

Figure 1 .• Output Structure 

700 

600 

TCLK 

ECLK 

ECLK 

POWER VS FREQUENCY 
PER81T 

PDYNAMIC =CL f VswlNG Vee 

PTQTAL = PsTATIC + PDYNAMIC 
500 -+------------~-------< 

Q3 

Q4 

as 

Q6 

Q7 

~ 400 -+---------~.------~-----1 300pF 
a: --o- 200 pF 
w 
~ 300 100 pF 

-+- 50pF 
200 -t-----,..::...7.,,:::....--:=....-"""'~-----t NO LOAD 

100 

20 40 60 80 100 120 

FREQUENCY, MHz 

Figure 2. Power versus Frequency (Typical) 
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4·Bit ECL· TTL Load Reducing 
DRAM Driver 

The MC10H/100H660 is a 4-bit ECL input, translating 
DRAM address driver, ideally suited for driving TIL compatible 
DRAM inputs from an EGL system. It is designed for use in high 
capacity, highly interleaved DRAM memory boards, that di
rectly interface to a high speed, pipelined ECL bus interface, 
where new operations may be initiated to the board at up to a 
50 MHz rate. 

The latch provides the capability for the memory controller 
to propagate new addresses to different banks without having 
to wait for the address timing constraints to be satisfied from a 
previous memory operation. The dual output fanout reduces 
input loading from the controller by a factor of two, thus 
significantly improving board etch propagation delays from the 
controller, without the need for additional EGL buffering. 

The H660 features special TIL outputs which do not have 
an IOS limiting resistor, therefore allowing rapid charging of the 
load capacitance. Output voltage levels are designed specifi
cally for driving DRAM inputs. The output stages feature sepa
rate power and ground pins to isolate output switching noise 
from internal circuitry, and also to improve simultaneous switch
ing performance. 

The 1 OH version is compatible with MECL 1 OH EGL logic 
levels. The 1 OOH version is compatible with 1 OOK levels. LOGIC SYMBOL 

High Capacitive Drive Outputs to Drive DRAM 
Address Inputs 
Extra TTL and EGL Power/Ground Pins to 
Minimize Switching Noise 
Dual Supply 
10.7 ns Max. D to Q into 300 pF 
Choice of EGL Compatibility: 
MECL 10H (10Hxxx) or 100K (100Hxxx) 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

1'i 
~ 

8 
;;; z <ll 8 z <ll 

"' s "' 8 0 0 0 0 

25 24 23 

018 

OGND1 

01A 

OVT01 

008 

OGNDO 

OOA 

~ 0 
w w 8 5 I~ w w 

" > > z 
\2 

1VT23 

IGN023 

VCCE 

VCCE 

03 

02 

R 

VEE =:J-f 
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MC10H660 
MC100H660 

4-BIT ECL-TTL 
LOAD REDUCING 

DRAM DRIVER 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 776 

ORAM Driver 
.!2l!.lmlll. 
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PIN NAMES TRUTH TABLE 

PIN FUNCTION -
D LEN R Q 

OGND(0:3) Output Ground ( OV) 

OVT01, OVT23 Output VCCT ( +5.0 V ) L H L L 

IGND01, IGND23 Internal TTL Ground ( OV) H H L H 

IVT01, IVT23 Internal TTL VCCT ( +5.0 V) x L L Qo 

VEE ECL Neg. Supply ( -5.2 / --4.5 V) x x H L 

VCCE ECL Ground ( OV ) 

D[0:3] Data Inputs (ECL) 
Q(0:3]A, Q[0:3]B Data Outputs (TTL levels) 
LEN Latch Enable (ECL) 
R Reset(ECL) 

DC Characteristics: VccT = 5.0 v ± 10%; VEE= -5.2 v ± 5% (10H version) 
VEE = -4.2 V to -5.5 V (1 OOH version) 

ooc 25•c 85°C 

Symbol Characteristic min max min max min max Unit Condition 

IEE Power Supply Current ECL 41.8 44.0 46.2 mA 

1ccH TTL 77.0 77.1 79.2 mA 

ICCL 94.6 95.7 96.8 mA 

TTL DC Characteristics: VccT = 5.0 v ± 10%; VEE= -5.2 v ± 5% (10H version) 
VEE = -4.2 V to -5.5 V (1 OOH version) 

ooc 25°c 85°C 

Symbol Characteristic min max min max min max Unit Condition 

VOH Output HIGH Voltage 2.6 2.6 2.6 v IOH=-24mA 

VOL Output LOW Voltage 0.50 0.50 0.50 v 10 L =24mA 

los Output Short Circuit Current* * * * v See Note 1 

'The outputs must not be shorted to ground, as this will result 
in permanent damage to the device. The high drive outputs of this 
device do not include a limlting IOS resistor. 

Minimum recommended load capacitance Is 100 pF. 
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Precise output performance and waveforms wm depend 
on the exact nature of the actual load. The lumped load 
is of course an approximation to a real memory system 
load. 
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AC Characteristics: VccT = 5.0 V ± 10%; VEE = -5.2 V ± 5% (1 OH version) 
VEE= -4.2 V to -5.5 V (1 OOH version) 

o•c 25°C 05°c 

Symbol Characteristic min max min max min max 

t, Set-up Time, D to LEN 0.5 0.5 0.5 
-

t,, Hold Time, D to LEN 1.5 1.5 1.5 

\,(H) LEN Pulse Width, HIGH 2.0 2.0 2.0 

tR Output Rise/Fall Time 0.5 2.0 0.5 2.0 0.5 2.0 

t, 0.8 V-2.0V 

tPLH Propagation Delay D 3.0 6.0 3.0 6.0 3.0 6.0 

tPHL to Output 4.0 8.0 4.0 8.0 4.0 8.0 
4.5 9.5 4.5 9.5 4.5 9.5 

50% point of EGL input LEN 4.3 6.9 4.3 6.9 4.3 6.9 
to 1.5 V point of TIL 4.9 8.9 4.9 8.9 4.9 8.9 
output 5.4 10.4 5.4 10.4 5.4 10.4 

tPHL Propagation Delay R 4.1 9.1 4.1 9.1 4.1 9.1 
to Output 4.5 8.5 4.5 8.5 4.5 8.5 

5.0 10.0 5.0 10.0 5.0 10.0 

tPLH Propagation Delay D 3.9 5.9 3.9 5.9 4.0 6.1 
to Output 4.8 7.2 4.8 7.2 5.0 7.4 

5.8 8.8 5.8 8.8 5.9 8.9 

50% point of EGL input LEN 4.7 7.1 4.7 7.1 4.8 7.2 
to 2.4 V point of TIL 5.5 8.3 5.5 8.3 5.6 8.4 
output 6.3 9.5 6.3 9.5 6.4 9.6 

tPHL Propagation Delay D 4.5 6.7 4.5 6.7 4.4 6.6 
to Output 6.0 9.0 6.0 9.0 6.0 9.0 

7.0 10.6 7.0 10.6 6.9 10.3 
-

50% point of EGL input LEN 4.0 6.0 4.0 6.0 4.0 6.0 
to 0.8 V point of TIL 4.9 7.3 4.9 7.3 4.9 7.3 
output 6.0 9.0 6.0 9.0 5.9 8.9 

R 4.3 6.5 4.3 6.5 4.3 6.5 
6.1 9.1 6.1 9.1 6.1 9.1 
7.2 10.8 7.2 10.8 7.2 10.8 
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Unit Condition 

ns 

ns 

ns 

ns CL= 200 pF 

ns CL= 100 pF 
CL= 200 pF 
CL= 300 pF • ns CL= 100 pF 
CL= 200 pF 
CL= 300 pF 

ns CL=100pF 
CL= 200 pF 
CL= 300 pF 

ns CL= 100pF 
CL= 200 pF 
CL= 300 pF 

ns CL=100pF 
CL= 200 pF 
CL= 300 pF 

ns CL= 100 pF 
CL= 200 pF 
C = 300 pF 

ns CL= 100 pF 
CL= 200 pF 
S. = 300 pF 

ns CL= 100 pF 
CL= 200 pF 
CL= 300 pF 
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OUTPUT STRUCTURE 

- Output QOA Shown 

~IVT01 

""'"'" - - OVT01 

QOA 

OGNDO 

~--< 1 IGND01 

MC10H660 • MC100H660 

POWER vs FREQUENCY 

-typical 

Power vs Frequency 
per Bit 

700 ~~~~~.....;.~~~~~~~~ 

p lDl91 = P.tallc + F:.ynaml11 
500 +-----~~~__,,.._ ___ --! 

~ "400 +--------.r'---,..C.----1 I 300 _____ ____, 

20 40 60 60 100 120 

Frequency, MHz 

10H ECL DC Characteristics: Veer= 5.0V± 10%; Vee =-5.2 V±5% 

o•c 25•c ss•c 

Symbol Characteristic min max min max min max Unit Condition 

llH Input HIGH Current 225 145 145 µA 

1. Input LOW Current 1.5 1.0 1.0 µA 

VIH Input HIGH Voltage -1170 -840 71130 -810 -1060 -720 mV 

VIL Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1445 mV 

100H ECL DC Characteristics: Veer= 5.0 v ± 10%; Vee= -4.2 v to-5.5 v 

o•c 25•c ss•c 

Symbol Characteristic min max min max min max Unit Condition 

llH Input HIGH Current 225 145 145 µA 

1. Input LOW Current 1.5 1.0 1.0 µA 

VIH Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 

VIL Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 mV 
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--+- 200pF 

-100pF 

----t- 50pF 

--- No load 



MC1 OH660 • MC1 OOH660 

AC TEST SET-UP 

CL= 100pF 

PULSE 
GEN. 

D.U.T 

l100pF 

A 
500 

SCOPE 

The MC10/100 H660 ECL-TTL DRAM Ac!dress Driver 

The MC 10/1 OOH660 was designed for use in high capac
ity, highly interleaved DRAM memory boards, that directly 
interface to a high speed, pipelined ECL bus interface, where 
new operations may be initiated to the board at a 50 MHz rate 
(e.g. bipolar RISC systems). · 

The following briefly discusses the major design features 
of the part over existing semiconductor devices traditionally 
used in interfacing DRAMs in high performance system envi
ronments. 

1. ECL Translator 

High performance memory systems of the past that were 
interfaced to ECL buses had to rely on separate ECL translators 
and DRAM drivers to interface to large DRAM arrays, which is 
acceptable if the module is not highly interleaved and the bus 
cycle time is comparable to the DRAM access time. This 
becomes inadequate as the cycle time of the interface becomes 
significantly faster than the address timing requirements of the 
RAM, and as the degree of internal board interleaving in
creases. These higher performance demands require that the 
internal address and control signals propagated to the DRAM 
drivers be implemented in ECL, thus requiring the integration of 
the driver and translator functions. 

Integration of the translator/drive function also reduces 
access latency, as well as keeping DRAM timing parameters 
from being violated, due to the excessive delays encountered 
with separate parts. 

2. MOS Drive Capablllty 

O!Jlputs are specifically designed for driving large num
bers of DRAMs ( ~ 300 pF ), which reduce the number of parts 
and power requirements needed per board. Output voltage 
levels are designed specifically for driving DRAM inputs. No 
ECL translator parts on the market today provide the designer 
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with this drive capability as well as the flexibility to vary the 
number of DRAMs that are driven by the part. 

3. Transparent Latch 

The latch is added to provide the capability for a memory 
controller to propagate new addresses to different banks with
out having to wait for the address timing constraints to be 
satisfied from a previous memory operation. For system 
implementations where this is acceptable, the user has the 
capability to keep the latch open, thus having the part act as an 
address translator/buffer, with minimal performance impact 
due to the additional propagation delay incurred from the 
internal latch. The latch is controlled with an already existing 
DRAM timing signal. 

4. 1 :2 Output Fanout 

This function is useful in that it reduces input loading from 
the controller by a factor of two, thus significantly improving 
board etch propagation delays from the controller to the large 
number of translators, without the addition of ECL glue logic 
parts to reduce the loading. In large memory boards, so many 
translators are needed that this type of organization is not a 
handicap. 

5. Low Skew, Low Propagation Delay 

Low skew of the part as well as fast propagation delay 
enable faster overall DRAM operation to be attained than is 
possible with existing parts. 

6. Power and Package Pin Layout 

The H660 is specifically designed with additional power 
and ground pins to greatly improve simultaneous switching 
performance over existing driver parts. 

• 
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OUTPUT WAVEFORMS 

simulated 

Example 1. An output load consisting of just CL= 50 pF results 
in overshoot at the output Q: 

' I 
I 

_} 

r, 
I', 
I " ,,_ 

'7" 

~· 
25 

I I 
I I 

____ j .l 
I -

j 'c_o' 
50 75 

TIME 

Example 2. In a memory system application, use of an external 
source resistor is suggested. Simulations run with RS= SC and 
CL= 300 pF leads to clean waveforms both atthe output, Q, and 
atpointQp: 

H660 
output 

25 50 

TIME 
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4-Bit Differential ECL 
Bus/TTL Bus Transceiver 

The MC1 OH/1 OOH680 is a dual supply 4-bit differential ECL 
bus to TTL bus transceiver. It is designed to allow the system 
designer to no longer be limited in bus speed associated with 
standard TTL busses. Using a differential ECL Bus will 
increase the frequency of operation and increase noise 
immunity. 

Both the TTL and the ECL ports are capable of driving a bus. 
The ECL outputs have the ability to drive 25 n, allowing both 
ends of the bus line to be terminated in the characteristic 
impedance of 50 n. The TTL outputs are specified to source 
15 mA and sink 48 mA, allowing the ability to drive highly 
capacitive loads. 

The ECL output levels are VoH approximately equal to 
-1.0 V and VOL cutoff equal to -2.0 V (VTT). When the ECL 
ports are disabled both EIOx and EIOxB go to the VoL cutoff 
level. The ECL input receivers have special circuitry which 
detects this disabled condition, prevents oscillation, and 
forces the TTL output to the low state. The noise margin in this 
disabled state is greaterthan 600 mV. Multiple ECL Vcco pins 
are utilized to minimize switching noise. 

• Differential ECL Bus (25 Q) 1/0 Ports 
• High Drive TTL Bus 1/0 Ports 
• Extra TTL and ECL Power/Ground Pins to Minimize Switching Noise 
• Dual Supply 
• Direction and Chip Enable Control Pins 
• Choice of ECL Compatibility: MECL 10H (10Hxxx) or 100K (100Hxxx) 

PIN ASSIGNMENT 

co co s ~ r; ;:! 8 w w 
~ 

(.) 

"' "' >= w 

25 24 23 22 21 20 19 

TI01 18 El03B 

GT2 17 VCC04 

VT1 16 El03 

GT1 15 VccE 

TIOO 14 EI02B 

TDIR 13 VcC03 

EDIR 12 EI02 

0 0 co w 
~ "' co 

ffl 0 w 0 Q (.) ffl > (.) 
u (.) w > > 
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MC10H680 
MC100H680 

4-BIT DIFFERENTIAL 
ECL BUS/TTL 

BUS TRANSCEIVER 

FN SUFFIX 
PLASTIC PACKAGE 

CASE776 

The TTL ports have standard levels. The TTL input 
receivers have PNP input devices to significantly reduce 
loading. Multiple TTL power and ground pins are utilized to 
minimize switching noise. 

The control pins (EDIR and ECEB) of the 1 OH version is 
compatible with MECL 1 OH ECL logic levels. The control pins 
of the 1 OOH version are compatible with 1 OOK levels. 

PIN NAMES 

PIN FUNCTION 

GND[1:4] TTL Ground 
vcco[1:4J ECL Vee (0 V) - Outputs 

VccE ECL Vee (OV) 
Vccr[1:2J TTL Supply ( + 5.0 V) 

VEE ECL Supply (-5.2/-4.5 V) 
EI0[0:3] ECL 1/0 Non-Inverting Ports 
EI0[0:3]B ECL 110 Inverting Ports 
Tl0[0:3] TTL 1/0 Ports 
TDIR TTL Direction Control 
EDIR ECL Direction Control 
TCEB TTL Chip Enable Bar Control 
ECEB ECL Chip Enable Bar Control 
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TRUTH TABLE 

TDIR - Direction Control TTL Levels 
EDIR - Direction Control ECL Levels 
TCEB - Chip Enable Bar Control TTL Levels 
ECEB - Chip Enable Bar Control ECL Levels 
TIN - TTL Input 
TOUT - TTL Output 
EIN - ECL Input 
EINB - ECL Input Bar 
EOUT - ECL Output 
EOUTB - ECL Output Bar 

ECEB TCEB EDIR TDIR EIN EINB EOUT 

H x x x x x LC 

x H x x x x LC 

L L H x H LC 

L L H x LC H 

L L H x LC LC 

L L x H H LC 

L L x H LC H 

L L x H LC LC 

L· L L L NA NA H 

L L L L NA NA LC 

Pin Symbol Description 

1 GND1 TTLGnd 
2 TIOO TTLl/OBltO 
3 TDIR TTL Controlled Direction 
4 EDIR ECL Controlled Direction 
5 EIOO ECLl/OBltO 
6 Vcco1 ECL Vee (0 V)-Outputs 
7 EIOOB ECL 1/0 Bit 0 Bar 
8 VEE ECLVEE 
9 E101 ECLl/0Bit1 
10 vcco2 ECL Vee (O V) - Outputs 
11 El01B ECL 1/0 Bit 1 Bar 
12 E102 ECLl/0Bit2 
13 Vccoa ECL Vee (O V) - Outputs 
14 El02B ECL 1/0 Bit 2 Bar 

ABSOLUTE RATINGS (Do not exceed): 

Power Supply Voltage 

Power Supply Voltage 

Input Voltage 

Disabled 3-State Output 

Output Source Current Continuous 

Output Source Current Surge 

Storage Temperature 

Operating Temperature 

H-HIGH 
L-LOW 
LC - ECL Low Cutoff (VTT = -2.0 V) 
X - Don't Care 
Z - High Impedance 

EOUTB TIN TOUT COMMENTS 

LC x z ECL and TTL Outputs Disabled 

LC x z ECL and TTL Outputs Disabled 

NA H ECL to TTL Direction 

NA L ECL to TTL Direction 

NA L ECL to TTL Direction (L-L Cond.) 

NA H ECL to TTL Direction 

NA L ECL to TTL Direction 

NA L ECL to TTL Direction (L-L Cond,) 

LC H TTL to ECL Direction 

H L TTL to ECL Direction 

Pin Symbol Description 

15 VccE ECLVcc 
16 El03 ECLl/0Bit3 
17 vcco4 ECL Vee (O V) -Outputs 
18 EI03B ECL 1/0 Bit 3 Bar 
19 ECEB ECL Control Chip Enable Bar 
20 TCEB TTL Control Chip Enable Bar 
21 Tl03 TTL l/0Bit3 
22 GND4 TTLGND 
23 Vccr2 TTLVcc 
24 GND3 TTLGND 
25 Tl02 TTLl/O Bit2 
26 TI01 TTLl/0Bit1 
27 GND2 TTLGND 
28 VccT1 TTL Vee 

VEE(ECL) -8.0toO Vdc 

Vccr(TTL) -0.5to+7.0 Vdc 

· V1(ECL) o.otoVeE Vdc 
V1(TTL) -0.5to +7.0 

Vout(TTL) o.otoVccr Vdc 

10 ut(ECL) 100 mAdc 

lout(ECL) 200 mAdc 

Tstg -65to 150 'C 

lamb O.Oto +75 'C 
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ECL DC CHARACTERISTICS: VcCT= +5.0 V ±10%, VEE =-5.2 ±5% (10H Version); VEE =-4.2 Vto-5.5 V (100H Version) 

Test TA= 0°C TA= 25°C TA =75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

IEE Supply Current/EGL -110 -110 -110 mA 

llNH Input HIGH Current 225 145 145 µA 

llNL Input LOW Current 0.5 0.5 0.3 µA 

VOH Output HIGH Voltage -1100 -840 -1100 -810 -1100 -735 mV 25Qto-2.1 V 
Vol Output LOW Voltage -2.1 -2.03 -2.1 -2.03 -2.1 -2.03 v 

CONTROL INPUTS ONLY 
10H ECL DC CHARACTERISTICS: VccT = +5.0 ±10%, VEE= -5.2 ±5% 

Test TA= 0°C TA= 25°C TA= 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 mV 
V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 

CONTROL INPUTS ONLY 
100H ECL DC CHARACTERISTICS: VccT = +5.0 ±10%, VEE= -4.2 v to-5.5 v • Test TA= 0°C TA= 25°C TA= 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 
V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

-
TTL DC CHARACTERISTICS: VccT= +5.0 V ±10%, VEE =-5.2±5% (10H Version); VEE =-4.2 Vto-5.5 V (100H Version) 

Test TA= 0°C TA= 25°C TA =75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Standard Input 2.0 2.0 2.0 Vdc 
V1L Standard Input 0.8 0.8 0.8 

V1K Input Clamp -1.2 -1.2 -1.2 Vdc l1N=-18mA 

VoH Output HIGH Voltage 2.5 2.5 2.5 v loH =-3.0mA 
Output HIGH Voltage 2.0 2.0 2.0 IOH =-15 mA 

Vol Output LOW Voltage 0.55 0.55 0.55 v loL=48 mA 

l1H' nL (Input HIGH) 20 20 20 µA Vin= 2.7 V 
TIL (Input HIGH) 100 100 100 Vin= 7.0 V 

llL' nL (Input LOW) -0.6 -0.6 -0.6 mA Vin= 0.5 V 

lccL Supply Current 75 75 75 mA 

iccH Supply Current 70 70 70 mA 

iccz Supply Current 70 70 70 mA 

ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA vouT=OV 
* NOTE: TTL Control Inputs only 

TTL 1/0 DC CHARACTERISTICS ONLY 

Test TA= 0°C TA= 2s0 c TA =75°C 

Symbol Parameter Min J Max Min 1 Max Min J Max Unit Condition 

l1H/IOZH Output Disable l 70 1 70 l 70 µA vouT = 2.7 v 
llUIOZL Current 200 200 200 vouT=0.5 v 
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ECL TO TTL DIRECTION I AC TEST 

Teal TA:o•c TA=25°C TA=75°C 

Symbol Parameter Waveforms Min Max Min Max Min Max Unit Condition 

tpLH Propagation Delay 2,4 2.7 4.8 2.7 4.8 2.7 4.8 ns CL=50pF 
tPHL to Output 

tpzH ECEB to Output 2, 5, 6 4.5 6.5 4.5 6.5 4.7 6.7 ns CL=50pF 
tpzL Enable Time 4.0 6.0 4.0 6.0 4.4 6.4 

tpHZ ECEB to Output 2,5,6 4.6 8.6 4.6 8.6 4.8 8.8 ns CL=50pF 
tpLZ Disable Time 4.5 6.5 4.5 6.5 5.3 7.3 

lpzH TCEB to Output 2,5,6 5.7 7.7 5.7 7.7 5.9 7.9 ns CL=50pF 
tpzL Enable Time 5.4 6.9 5.4 6.9 5.9 7.4 

lpHZ TCEB to Output 2,5,6 4.0 8.5 4.1 8.4 4.2 8.3 ns CL=50pF 
lpLZ Disable Time 4.0 5.8 4.2 6.0 4.7 6.5 

_!ft 1.0 to 2.0 Vdc 3 0.4 1.5 0.4 1.5 0.4 1.5 ns CL=50pF 

TTL TO ECL DIRECTION I AC TEST 

• Teal TA=o·c TA=25°C TA=75°C 

Symbol Parameter Waveforms Min Max Min Max Min Max Unit Condition 

lpLH Propagation Delay 1,4 1.8 4.6 1.8 4.6 2.0 4.9 ns 25 ll to-2.0 V 
tPHL to Output 

tpLH ECEB 1,4 2.9 5.1 3.0 5.2 3.4 5.7 ns 25 (l to -2.0 v 
tPHL to Output 

tpLH TCEB 1,4 3.4 6.3 3.5 6.6 3.8 7.4 ns 25 ll to-2.0 V 
tpHL to Output 

t,llf Output Rise/Fall 1,3 1.0 3.4 1.0 3.4 1.0 3.4 ns 25 Q to-2.0 V 
Time 20%-80% 
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BLOCK DIAGRAM 
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VccT1 --

GND2--

TI01 ---.,.......,r-; 
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Vcco2 
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Vcco3 
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SWITCHING CIRCUIT AND WAVEFORMS 

ECL 
VEE 

TTL 
USE 0.1 µF CAPACITORS 

~ FOR DECOUPLING. 

50nCOAX IN DEVICE OUT son 
PULSE 

GENERATOR UNDER 
TEST 

gi gi 

:0 :0 
0 0 DEVICE 

~ ~ UNDER 
TEST 

USE OSCILLOSCOPE CHA 
INTERNAL 50 n LOAD CHB 

FOR TERMINATION. 
OSCILLOSCOPE 

Figure 1. Switching Circuit ECL 

ECLJTTL 

Vout 

Trise Tfall 

ECL/TTL 

50%/1.SV 
V;n 

Vout 

Tpdtt 

S0%/1.SV 

L:v 

tpzL, tpLZ 
OC 

SOpFJ. 

Figure 2. 

o::J 
ALL 
OTHERS 

R1 
soon 

R2 
soon 

Figure 3. WAVEFORMS: Rise and Fall Times Figure 4. Propagation Delay - Single Ended 

TTL TTL 

Figure 5. 3-State Output Low Enable and Disable Times Figure 6. 3-State Output High Enable and Disable Times 
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Hex ECL/TTL Transceiver 
with Latches 

The MC10/100H681 is a dual supply Hex ECUTTL trans
ceiver with latches in both directions. ECL controlled Direction 
and Chip Enable Bar pins. There are two Latch Enable pins, 
one for each direction. 

The ECL outputs are single ended and drive 50 Q. The TTL 
outputs are specified to source 12 mA and sink 48 mA, allow
ing the ability to drive highly capacitive loads. The high driving 
ability of the TTL outputs make the device ideal for bussing 
applications. 

• Separate Latch Enable Controls for each Direction 
• ECL Single Ended 50 Q 1/0 Port 
• High Drive TTL 1/0 Ports 
• Extra TTL and ECL Power/Ground Pins to Minimize 

Switching Noise 
• Dual Supply 
• Direction and Chip Enable Control Pins 
• Choice of ECL Compatibility: MECL 10H (10Hxxx) or 

100K (100Hxxx) 

Pin Symbol Description 

1 TI01 TILi/OBiT 1 
2 VT TIL Vee (S.0 V) 
3 GT TILGND(OV) 
4 TIOO TILl/OBitO 
s DIR Direction Control (EGL) 
6 CEB Chip Enable Bar Control (EGL) 
7 LEET Latch Enable ECL-TIL Control (EGL) 
8 LETE Latch Enable TIL-ECL Control (EGL) 
9 VEE EGL Supply (-S.2/-4.S V) 
10 EIOO EGL 1/0 BITO 
11 EI01 EGL 1/0BIT1 
12 EI02 EGL l/OBIT2 
13 Vcco EGL Vee (0 V)- Outputs 
14 El03 TIL 1/0 BIT3 
1S VccE EGL Vee (OV) 
16 El04 EGL 1/0 BIT 4 
17 Vcco EGL Vee (O V) - Outputs 
18 EIOS EGL 1/0 BITS 
19 TIOS TIL 1/0 BITS 
20 GT TILGND(OV) 
21 VT TIL Vee (S.0 V) 
22 TI04 TILl/O BIT4 
23 GT TILGND(OV) 
24 VT TIL Vee (S.0 V) 
2S TI03 TILl/OBIT3 
26 TI02 TILl/OBIT2 
27 VT TIL Vee (S.0 V) 
28 GT TILVcc(OV) 
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MC10H681 
MC100H681 

HEX ECL/TTL 
TRANSCEIVER 
WITH LATCHES 

5 

FN SUFFIX 
PLASTIC PACKAGE 

CASE776 

The ECL output levels are standard VoH and VoL cutoff 
equal to -2.0 V (VTT). When the ECL ports are disabled the 
outputs go to the VoL cutoff level. Multiple ECL Vcco pins are 
utilized to minimize switching noise. 

The TTL ports have standard levels. The TTL input receiv
ers have PNP input devices to significantly reduce loading. 
Multiple TTL power and ground pins are utilized to minimize 
switching noise. 

The 1 OH version is compatible with MECL 1 OH ECL logic 
levels. The 1 OOH version is compatible with 1 OOK levels. 

PIN ASSIGNMENT 

§ C5 "' ~ >-- ~ t; 0 

"' 
;::: ;::: 

25 24 23 22 21 20 19 

Tl02 18 EI05 

VT 17 vcco 

GT 16 El04 

Tl01 15 VccE 

VT 14 E103 

GT Vcco 

EI02 

0:: "' >-- w w 0 

~ C5 w w 
~ 

w 0 
u ~ > w 
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DIR 

• LE-TE 

TRUTH TABLE 

CEB DIR LEET LETE 

H x x x 
L H L L 

L H H L 

L L L L 

L L L H 

MC1 OH681 • MC1 OOH681 

Q 

D 

EOUT TOUT 

z z 
z EIN 

z Qo 

TIN z 
Qo z 

EID 

Q D 

LE 

LE-ET 

•Hex 
• Bi-Directional 
• ECUTTL Translation 
• Dual Supply 
• EGL Outputs, 50 Ohm S.E., VoH/Cutoff 
•TTL Outputs, 48 mA Sink, 12 mA Source 
• Multi Power and Ground Pins 
• Separate LE Controls 
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ECL DC CHARACTERISTICS: Veer= +5.0 V ±10%, VEE =-5.2 ±5% (10H Version); VEE= -4.2 V to-5.5 V (100H Version) 

Test TA= 0°C TA= 25°C TA= 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

IEE Supply Current/EGL - -113 - -113 - -113 mA 

llNH Input HIGH Current - 225 - 145 - 145 µA 

llNL Input LOW Current 0.5 - 0.5 - 0.3 - µA 

VoH Output HIGH Voltage -1100 -840 -1100 -810 -1100 -735 mV 50nto-2.1 v 
Vol Output LOW Voltage -2.1 -2.03 -2.1 -2.03 -2.1 -2.03 v 

10H ECL DC CHARACTERISTICS: Veer= +5.0 ±10%, VEE= -5.2 ±5% 

Test TA= 0°C TA= 25°C TA=75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage -1170 -840 -1130 -810 -1070 -735 mV 
V1L Input LOW Voltage -1950 -1480 -1950 -1480 -1950 -1450 

100H ECL DC CHARACTERISTICS: Veer= +5.0 ±10%, VEE= -4.2 v to-5.5 v • Test TA= 0°C TA= 25°C TA=75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Input HIGH Voltage -1165 -880 -1165 -880 -1165 -880 mV 
V1L Input LOW Voltage -1810 -1475 -1810 -1475 -1810 -1475 

ABSOLUTE RATINGS (Do not exceed): 

Power Supply Voltage VEE (ECL) -8.0 to O Vdc 

Power Supply Voltage Vccr(TTL) -0.5 to +7.0 Vdc 

Input Voltage V1 (ECL) 0.0to VEE Vdc 
V1(TTL) -0.5 to +7.0 

Disabled 3-State Output Vout (TTL) o.otoVccr Vdc 

Output Source Current Continuous lout (ECL) 100 mAdc 

Output Source Current Surge lout (ECL) 200 mAdc 

Storage Temperature Tstg -65 to 150 oc 

Operating Temperature Tamb o.o to +75 oc 
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TTL DC CHARACTERISTICS: VccT = +5.0 V ±10%, VEE= -5.2 ±5% (10H Version); VEE= -4.2 V to-5.5 V (100H Version) 

Test TA =0°C TA =25°C TA =75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

V1H Standard Input 2.0 - 2.0 - 2.0 - Vdc 
V1L Standard Input - 0.8 - 0.8 - 0.8 

V1K Input Clamp - -1.2 - -1,2 - -1.2 Vdc l1N=-18mA 

VoH Output HIGH Voltage 2.5 - 2.5 - 2.5 - v loH =-3.0mA 
Output HIGH Voltage 2.0 - 2.0 - 2.0 - loH = -15 mA 

Vol Output LOW Voltage - 0.55 - 0.55 - 0.55 v IOL=48 mA 

l1HilozH Output Disable - 70 - 70 - 70 µA VouT=2.7V 
l1LflozL current - 200 - 200 - 200 VouT=0.5V 

lccL Supply Current - 63 - 63 - 63 mA 

iccH Supply Current - 63 - 63 - 63 mA 

iccz Supply Current - 63 - 63 - 63 mA 

• ios Output Short Circuit Current -100 -225 -100 -225 -100 -225 mA VouT=OV 

ECL TO TTL DIRECTION AC CHARACTERISTICS 

Test TA =0°C TA =25°C TA=75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

tPLH Propagation 4.0 7.8 4.0 7.8 4.2 8.0 ns CL=50pF 
tPHL Delay to Output 

tPLH LEET to 6.4 9.1 6.4 9.1 6.6 9.3 ns CL= 50 pF 
tpHL Output 5.8 7.6 5.8 7.6 6.1 8.0 

tpzH CEB to Output 5.5 8.3 5.5 8.3 4.7 8.5 ns CL= 50 pF 
tpzL Enable Time 5.6 8.5 5.6 8.5 5.7 8.6 

tpHz CEB to Output 3.9 7.6 3.9 7.6 4.1 7.7 ns CL= 50 pF 
tpLZ Disable Time 3.7 5.5 3.7 5.5 4.3 6.0 

tritf 1.0 Vdc to 2.0 Vdc 0.4 2.2 0.4 2.2 0.4 2.2 ns CL= 50 pF 

TTL TO ECL DIRECTION AC CHARACTERISTICS 

Test TA= 0°C TA= 25°C TA= 75°C 

Symbol Parameter Min Max Min Max Min Max Unit Condition 

tPLH Propagation 2.1 4.0 2.1 4.0 2.5 4.5 ns 50 Q to-2.0 V 
tPHL Delay to Output 

tPLH CEBto 2.3 4.0 2.5 4.0 2.9 4.3 ns 50 nto-2.0 V 
tPHL Output 3.0 4.6 3.0 4.6 3.3 5.0 

tPHL LETE to 2.7 4.2 2.7 4.2 3.0 4.6 ns 50 Q to-2.0 V 
tPLH Output 

trltt Output Rise/Fall 0.4 2.2 0.4 2.2 0.4 2.2 ns 50 Q to-2.0V 
Time 20%-80% 
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TEST CIRCUITS AND WAVEFORMS 

ECL 
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Figure 1. Test Circuit ECL 
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Figure 3. Rise and Fall Times 

Figure 5. 3-State Output Low Enable 
and Disable Times 
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Figure 2. Test Circuit TTL 
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Figure 6. 3-State Output High Enable 
and Disable Times 
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MECL 10K 
INTEGRATED CIRCUITS 

MC10, 100/10,200 Series 
-30 to 85"C 

Function Selection - ( -30" to + 85"C) 

Function 

NOR Gates 

Quad 2-lnput Gate/Strobe 
Quad 2-lnput Gate 
Triple 4-3-3 Input Gate 
Dual 3-lnput 3-0utput Gate 
Dual 3-lnput 3-0utput Gate 

OR Gates 

Quad 2-lnput Gate 
Dual 3-lnput 3-0utput Gate 
Dual 3-lnput 3-0utput Gate 

AND Gates 

Quad 2-lnput Gate 
Hex Gate 

Complex Gates 

Quad OR/NOR Gate 
Triple 2-3-2 Input OR/NOR Gate 
Dual 4-5 Input OR/NOR Gate 
Dual 3-lnput 3-0utput OR/NOR Gate 
Triple 2-lnput Exclusive OR/NOR Gate 
Ouad 2-lnput Exclusive OR/NOR Gate 
Dual 2-Wide 2-3 Input OR-AND/OR-AND 

INVERT 
Dual 2-Wide 3-lnput OR-AND 
4-Wide 4-3-3-3 Input OR-AND 
4-Wide 3-lnput OR-AND/OR-AND 

INVERT 

Buffers/Inverters 

Hex Buffer/Enable 
Hex Inverter/Enable 
Hex Inverter/Buffer 

line Drivers/line Receivers 

Triple Line Receiver 
Quad Line Receiver 
Triple Line Receiver 
Quad Bus Receiver 
Quad Bus Driver 
Triple Line Receiver 
Triple 4-3-3 Input Bus Driver 
Dual Bus Driver 

Translators 

Quad TTL-MECL 
Quad MECL-TTL 
Quad MST to MECL 

Device Case 

MC10100 620, 648, 775 
MC10102 620, 648, 775 
MC10106 620, 648, 775 
MC10111 620, 648, 775 
MC10211 620, 648, 775 

MC10103 620, 648, 775 
MC10110 620, 648, 775 
MC10210 620, 648, 775 

MC10104 620, 648, 775 
MC10197 620, 648, 775 

MC10101 
MC10105 
MC10109 
MC10212 
MC10107 
MC10113 

MC10117 
MC10118 
MC10119 

MC10121 

MC10188 
MC10189 
MC10195 

MC10114 
MC10115 
MC10116 
MC10129 
MC10192 
MC10216 
MC10123 
MC10128 

620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 

620, 648, 775 
620, 648, 775 
620, 648, 775 

620, 648, 775 

620, 648, 775 
620, 648, 775 
620, 648, 775 

620, 648, 775 
620, 648, 775 
620, 648, 775 

620 
620, 648, 775 
620, 648, 775 
620, 648, 775 

620 

MC10124 620, 648, 775 
MC10125 620, 648, 775 
MC10190 620, 648, 775 
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Function 

Flip-Flop/Latches 

Dual D Master Slave FliP-Flop 
Dual J'-K Master Slave Flip-Flop 
Hex D Master Slave Flip-Flop 
Hex D Common Reset Flip-Flop 
Dual D Master Slave Flip-Flop 
Quad Latch 
Quint Latch 
Quad/Common Clock Latch 
Quad/Negative Clock Latch 
Dual Latch 

Encoders 

I a-Input Encoder 

Decoders 

Binary to 1-8 (Low) 
Binary to 1-8 (High) 
Dual Binary to 14 (low) 
Dual Binary to 1-4 (High) 

Parity Generator/Checkers 

12-Bit Parity Generator-Checker 
9 + 2 Bit Parity 

Counters 

Hexadecimal 
Decade 
Biquinary 
Binary Down Counter 
Binary 

Arithmetic Functions 

5-Bit Magnitude Comparator 
4-Bit Arithmetic Function Gen. 

Shift Register 

14-Bit Universal 

Multivibrators 

Monostable Multivibrators 

Multiplexer 

Quad 2-lnput/Noninverting 
Dual Multiplexer/Latch 
Dual Multiplexer/Latch 
Quad 2-lnput/lnverting 
8-Line 
Quad 2-lnput/latch 
Dual 4-1 

Device Ceee 

MC10131 620, 648, 775 
MC10135 620, 648, 775 
MC10176 620, 648, 775 
MC10186 620, 648, 775 
MC10231 620, 648, 775 
MC10133 620, 648, 775 
MC10175 620, 648, 775 
MC10168 620, 648, 775 
MC10153 620, 648, 775 
MC10130 620, 648, 775 

MC10165 I 620, 648, 775 I 

MC10161 620, 648, 775 
MC10162 620, 648, 775 
MC10171 620, 648, 775 
MC10172 620, 648, 775 

MC10160 620, 648, 775 
MC10170 620, 648, 775 

MC10136 
MC10137 
MC10138 
MC10154 
MC10178 

MC10166 
MC10181 

620, 648, 775 
620, 648 

620, 648, 775 
620, 648 

620, 648, 775 

620, 648, 775 
623, 649 

MC10141 1620, 648, 7751 

MC10198 620, 648, 775 

MC10158 620, 648, 775 
MC10132 620, 648 
MC10134 620, 648, 775 
MC10159 620, 648, 775 
MC10164 620, 648, 775 
MC10173 620, 648, 775 
MC10174 620, 648, 775 



®MOTOROLA 

QUAD 2-INPUT NOR GATE 
WITH STROBE 

The MC10100 is a quad NOR gate. Each gate has 3 inputs, two 
of which are independent and one of which is tied common to all 
four gates. 

Po = 25 mW typ/gate (No Load) 
lpd = 2.0 ns typ 
tr, If = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

4 

5 
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6 
7 
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9 
10 14 
11 

12 

13 
15 

Vcc1 =Pin 1 
Vcc2 =Pin 16 

VEE= Pin 8 
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MC10100 

QUAD 2-INPUT NOR GATE 
WITH STROBE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

Aout 

Bout 

Ain 

Ain 

Bin 

Bin 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

16 

15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 

Vcc2 

Dout 

Cout 

Din 

Din 

Cin 

Cjn 

Common 
Input 
(A,B,C,D) 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 

MC10100 Test Limits 
Pin -30"C +25°C Under 

Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current le 8 - 29 - 21 26 

Input Current linH 4* - 390 - - 245 
9 - 750 - - 470 

linl 4* 0.5 - 0.5 - -
Logic "1" Output Voltage VoH 2 -1.060 -0.890 -0.960 - -0.810 

14 -1.060 -0.890 -0.960 - -0.810 

Logic "O" Output Voltage VQL 2 -1.890 -1.675 -1.850 - -1.650 
14 -1.890 -1.675 -1.850 - -1.650 

Logic "1" Threshold Voltage VoHA 2 -1.080 - -0.980 - -
3 -1.080 - -0.980 - -
14 -1.080 - -0.980 - -
15 -1.080 - -0.980 - -

Logic "O" Threshold Voltage VQLA 2 - -1.655 - - -1.630 
3 - -1.655 - - -1.630 
14 - -1.655 - - -1.630 
15 - -1.655 - - -1.630 

Switching Times 
(50-ohm load) 

Propagation Delay 14+2- 2 1.0 3.1 1.0 2.0 2.9 
14-2+ 2 1.0 3.1 1.0 

j 
2.9 

ts+2- 2 1.0 3.1 1.0 2.9 
Rise Time •2+ 2 1.1 3.6 1.1 3.3 

(200A.to 80%) 
Fall Time •2- 2 1.1 3.6 1.1 3.3 

(200/o to BOOM 

*Individually test each input applying V1H or Vil to input under test. 

I 

@Test 
Temperature V1Hmax 

-30°C -0.890 

+25°C -0.810 

+SS°C -0.700 

+85°C 

Min Max Unit V1Hmax 

- 29 mAdc -

- 245 µAde 4* 
- 470 ;<Ade 9 
0.3 - µAde -

-0.890 -0.700 Vdc -
-0.890 -0.700 Vdc -

-1.825 -1.615 Vdc 4,5,9 
-1.825 -1.615 Vdc 9,10,11 

-0.910 - Vdc -
-0.910 -

• 
-

-0.910 - -
-0.910 - -

- -1.595 Vdc -
- -1.595 

• 
-

- -1.595 -
- -1.595 -

1.0 3.3 ns -
1.0 3.3 

j 
-

1.0 3.3 6,10,12 
1.1 3.7 -

1.1 3.7 -

TEST VOLTAGE VALUES 

(Volts) 

V1Lmin V1HAmin V1LAmax 
-1.890 -1.205 -1.500 

-1.850 -1.105 -1.475 

-1.825 -1.035 -1.440 

TEST VOLTAGE APPLIED TO 
PINS LISTED BELOW: 

V1Lmin V1HAmin V1LAmax 

- - -
- - -
- - -
4* - -
- - -
- - -
- - -
- - -
- - 9 
- - 9 
- - 9 
- - 9 

- 9 -
- 9 -
- 9 -
- 9 -

Pulse In Pulse Out 

- 4 2 
- 4 

! - 9 
- 4 

- 4 

Vee 

-5.2 

-5.2 

-5.2 

Vee 

8 

8 
8 
8 

8 
8 

8 
8 

B 

• 8 

• -3.2V 

8 

j 

<Vccl 
Gnd 

1,16 

1,16 
1,16 
1,16 

1,16 
l,16 

1,16 
1,16 

1,16 

• 1,16 

• +2.0V 

1,16 

j 

s:: 
0 
~ 

0 
~ 

g 



®MOTOROLA 

QUAD OR/NOR GATE 

The MC10101 is a quad 2-input OR/NOR gate with one input 
from each gate common to pin 12. 

Po = 25 mW typ/gate (No Load) 
lpd = 2.0 ns typ 
tr, If = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

4 
5 

7 3 

6 

10 14 

11 

13 15 

12 9 

Vcc1=Pin1 
Vcc2= Pin 16 

VEE=Pin 8 

3-5 

MC10101 

QUAD OR/NOR GATE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 16 Vcc2 

Aout 2 15 Dou! 

Bout 3 14 Cout 

Ain 4 13 Din 

Aout 12 Common 
Input 

Bout 6 11 Cout 

B;n 10 C;n 

VEE 8 9 Dout 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 

terminated throuah a 50-ohm resistor to -2.0 volts. Test procedures are 

@Tm 
Temperature 

-ao0 c 
+2s0 c 
+as0 c 

I 

V1H max 

-0.890 
-0.810 

-0.700 

TEST VOLTAGE VALUES 

(Volts! 

V1L min VJHAmin V1LAmax 

-1.890 -1,205 -1.500 

-1.850 -1.105 -1.475 

-1.825 -1.035 -1.440 

MC10101 Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: Pin -30oc Unde< +2s0 c +ss0 c 

Characteristic Symbol Te" Min Mox Min Typ Max Min Max Unit V1H max Vtl min V1HA min V1LA max 

Power Supply Drain Current le 8 - 29 - 20 26 - 29 mAdc - - - -
Input Current linH 4 - 425 - - 265 - 265 µAde 4 - - -

12 - 850 - - 535 - 535 µAde 12 - - -
linL 4 0.5 - 0.5 - - 0.3 - µAde - 4 - -

12 0.5 - 0.5 - - 0.3 - µAde - 12 - -
Logic "1" VoH 5 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 12 - - -

Output Voltage 5 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 

+ 
4 - - -

2 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 - - - -
2 -Ul60 -0.890 -0.960 - -0.810 -0.890 -0.700 - - - -

Logic "O" Vol 5 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc - - - -
Output Voltage 5 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 

+ 
- - - -

2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 12 - - -
2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 4 - - -

Logic "1" VQHA 5 -1.080 - -0.980 - - -0.910 - Vdc - - 12 -
Threshold Voltage 5 -1.080 - -0.980 - - -0.910 -

+ 
- - 4 -

2 -1.080 - -0.980 - - -0.910 - - - 12 
2 -1.080 - -0.980 - - -0.910 - - - - 4 

Logic "O" VoLA 5 - -1.655 - - -1.630 - -1.595 Vdc - - - 12 
Threshold Voltage 5 - -1.655 - - -1.630 - -1.595 

+ 
- - - 4 

2 - -1.655 - - -1.630 - -1.595 - - 12 -

2 - -1.655 - - -1.630 - -1.595 - - 4 -
Switching Times 

(50-ohm load) Pulse In Pulse Out 

Propagation Delay t4+2- 2 1.0 3.1 1.0 2.0 2.9 1.0 3.3 "' - - 4 2 
t4-2+ 2 i + + j + i + j 

- -

j 
2 

4+5+ 5 - - 5 
t4-5- 5 - - 5 

Rise Time t2+ 2 1.1 3.6 1.1 3.3 1.1 3.7 - - 2 
(20to 80%) t5+ 5 

~ i + + i i - - 5 
Fall Time •2- 2 - - 2 

(20 to 80%) '5- 5 - 5 

Vee 

-5.2 

-5.2 
-5.2 

Vee 

8 

8 
8 
8 
8 

8 

+ 
8 

+ 
8 

+ 
8 

+ 
-3.2V 

8 

l 

(Vee) 
Gnd 

1,16 

1,16 
1,16 
1,16 
1,16 

1,16 

+ 
1,16 

+ 
1.16 

+ 
1,16 

+ 
+2.0V 

1,16 

l 

:s: 
0 ... 
0 ... 
0 ... 



® MOTOROLA 

QUAD 2-INPUT NOR GATE 

The MC10102 is a quad 2-input NOR gate. The MC10102 pro
vides one gate with OR/NOR outputs. 

Po = 25 mW typ/gate (No Load) 

tpd = 2.0 ns typ 

tr, tf = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

:~2 
~~3 
10~ 
11 14 

12~15 
13 9 

Vcc1 = Pin 1 
Vcc2 = Pin 16 

VEE = Pin 8 

3-7 

MC10102 

QUAD 2-INPUT NOR GATE 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

16 
1 

PSUFFIX -PLASTIC PACKAGE . -
CASE 648 16 

' 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

Aout 

Bout 

Ain 

Ain 

Bin 

Bin 

VEE 

Vcc2 

Dout 

Cout 

Din 

Din 

C;n 

Cin 

Dout 

Pin assignment Is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



I 

ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only TEST VOLTAGE VALUES 
one gate. The other gates are tested in the same manner. (Volts) 

@Tost 
Temperature V1H max V1Lmin V1HAmin V1LAmax Vee 

-30°C -0.890 -1.890 -1.205 -1.500 -5.2 

+25°c -0.810 -1.850 -1.105 -1.475 -5.2 
+es0 c -0.700 -1.825 -1.035 -1.440 -5.2 

Pir. 
MC10102 Test Limits 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
+25°c +85°C Under -30°c !Vccl 

Characteristic l Symbol Te" Min Max Min Typ Mox Min Max Unit V1H max Vtlmin V1HA min VILA max Vee Gnd 

Power Supply Drain Current 'e 8 29 20 26 29 mAdc 8 1,16 

Input Current 1 linH 12 425 265 265 µAde 12 8 1,16 

l1nL 12 0.5 0.5 0.3 µAde 12 8 1,16 s: 
Logic "1" VoH 9 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 12 8 1,16 (") 

cu I I 
Output Voltage 9 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 

+ 
13 

+ + 
~ 

cD 15 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 0 
~ 

15 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 0 
Logic "O" Vol 9 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 8 1,16 N 

Output Voltage 9 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 

• + + 
15 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 12 
15 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 13 

Logic "1" I VoHA I 9 -1.080 -0.980 -0.910 Vdc 12 8 1,16 
Threshold Voltage 9 -1.080 -0.980 -0.910 

+ 
13 

+ + 
15 -1.080 -0.980 -0.910 12 
15 -1.080 -0.980 -0.910 13 

Logic "J" T voLA 1 9 -1.655 -1.630 -1.595 Vdc 12 8 1,16 
Threshold Voltage 9 -1.655 -1.630 -1.595 I 13 

+ + 
15 -1.655 -1.630 -1.595 t 12 
15 -1.655 -1.630 -1.595 13 

Switching Times 

I '12+15-

(51>ohm load) Pulse In Pulse Out -3.2V +2.0V 

Propagation Delay 15 1.0 3.1 1.0 2.0 2.9 1.0 3.3 "' 12 15 8 1,16 

tt2-15+ 15 i i + l • i ~ l l 
15 

l l 112+9+ 9 9 
112-9- 9 9 

Rise Time 

I 
tts+ 15 1.1 3.6 1.1 3.3 1.1 3.7 15 

(20 to 80%1 t9+ 9 i i + + ~ ~ 
9 

Fall Time t15- 15 - 15 
120 to 80%) t9_ 9 - - 9 



®MOTOROLA 

QUAD 2-INPUT OR GATE 

The MC10103 is a quad 2-input OR gate. The MC10103 provides 
one gate with OR/NOR outputs. 

Po = 25 mW typ/gate (No Load) 

tpd = 2.0 ns typ 

tr, tf = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

:=:o---2 

~=:o---3 
12~15 
13 9 

10=:o---14 
11 

Vcc1 = Pin 1 
Vcc2 = Pin 16 

Vee = Pins 

3-9 

MC10103 

QUAD 2-INPUT 
OR GATE 

Pd 16 i~nnr111111 u 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

1' 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

Aout 

Bout 

A;n 

Ain 

Bin 

Bin 

Vee 

Vcc2 

Cout 

Dout 

Cin 

Cin 

Din 

Din 

Cout 

Pin assignment is for Ouaf..in-line Package. 
For PLCC pin assignment, see tabJes on page 1M35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 

d transverse air flow areater than 500 linear fom is maintained. 0 U'iJUl::I 

·es are 
its are 

MC10103 Test Limits 
Pin 

Under -3o0 c +25°C 

Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current 'e 8 29 21 26 

Input Current linH 4• 390 245 

linL 4• 0.5 0.5 

Logic "1" Output Voltage VQH 2 -1.060 -0.890 -0.960 -0.810 
9 -1.060 -0.890 -0.960 -0.810 

Logic "O" Output Voltage Vol 2 -1.890 -1.675 -1.850 -1.650 
9 -1.890 -1.675 -1.850 -1.650 

Logic "1" Threshold Voltage VQHA 2 -1.080 -0.980 
9 -1.080 -0.980 

Logic "O" Threshold Voltage Vou\ 2 -1.655 -1.630 
9 -1.655 -1.630 

Switching Times 
(SQ..ohm load) 

Propagation Delay t4+2+ 2 1.0 3.1 1.0 2.0 2.9 
112+9- 9 1.0 3.1 1.0 

j 
2.9 

Rise Time •2+ 2 1.1 3.6 1.1 3.3 
(20%to 80%1 

Fall Time •2- 2 1.1 3.6 1.1 3.3 
120%to 80%1 

•individually test each input applying V1H or Vi L to input under test. 

@Test 
Temperature V1Hmax 

-3o0 c -0.890 

+25°C -0.810 

+ss0 c -0. 700 

+85°C 
Min Max Unit VtHmax 

29 mAdc 

245 µAde 4• 

0.3 µAde 

-0.890 -0.700 Vdc 4,5 
-0.890 -0.700 Vdc 

-1.825 -1 .615 Vdc -
-1.825 -1.615 Vdc 12,13 

-0.910 Vdc 
-0.910 Vdc 

-1 .595 Vdc 
-1.595 Vdc 

1.0 3.3 ns 

1.0 3.3 

j 1.1 3.7 

1.1 3.7 

TEST VOLTAGE VALUES 

(Volts) 

V1Lmin VIHAmin V1LAmax 

-1.890 -1.205 -1.500 

-1.850 -1.105 -1.475 

-1.825 -1.035 -1.440 

TEST VOLTAGE APPLIEO TO 
PINS LISTEO BELOW' 

V1Lmin VIHAmin V1LAmax 

4• 

4,5 -
12,13 

- 4,5 
12,13 

Pulse In Pulse Out 

4 2 
12 9 

4 2 

4 2 

Vee 

-5.2 

-5.2 

-5.2 

Vee 

8 

8 

8 

8 
8 

8 
8 

8 
8 

8 
8 

-3.2V 

8 
I 

j 

IVccl 
Gnd 

1,16 

1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0V 

1,16 

j 

3:: 
n ... 
0 ... s 



® MOTOROLA 

QUAD 2-INPUT AND GATE 

The MC10104 is a quad 2-input AND gate. One of the gates has 
both AND/NANO outputs available. 

Po 35 mW typ/gate (No Load) 

tpd 2.7 ns typ 

tr, If 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

:~2 
~~3 
10~ 
11 14 

12~9 
13 15 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

3-11 

MC10104 

QUAD 2-INPUT AND GATE 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 
16 

1 

PSUFFIX -PLASTIC PACKAGE - -
CASE 648 16 

1 

Vcc1 

Aout 

Bout 

Ain 

Ain 

Bin 

Bin 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Dout 

Cout 

Din 

Din 

Cin 

Cin 

Dout 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 

I 

@Test 

Temperature V1H max 

-Jo0 c -0.890 

+25°C -0810 

+ss0 c -0.700 

TEST VOLTAGE VALUES 

Volts 

V1Lmin V1HAmin VILA max VEE 
-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -52 

-1.825 -1.035 -1.440 -5.2 

MC10104 Test Limits 

-30°C 
Characteristic Symbol Test Min Max 

Power Supply Drain Current IE 8 - 39 

Input Current linH"' 12 - 425 
13 - 350 

linl 12 0.5 -
Logic "1" VoH 15 -1.060 -0.890 

Output Voltage 9 -1.060 -0.890 

Logic "O" Vol 15 -1.890 -1.675 
Output Voltage 9 -1.890 -1.675 

Logic "1" VQHA 9 -1.090 -
Threshold Voltage 9 -1.090 -

15 -1.090 -
15 -1.090 -

Lgoic "O" VQLA 9 - -1.655 
Threshold Voltage 9 - -1.655 

15 - -1.655 
15 - -1.655 

Switching Times• 
(50-ohm load) 
Propagation Delay t12+15+ 15 1.0 4.3 

t12-15- 15 

! ! t12-i9- 9 
t12-9+ 9 

tiJt-15+ 15 
t13+9- 9 

Rise Time t15+ 15 1.5 3.7 
120to80"M t9+ 9 

+ + 
Fall Time tis- 15 

120 to 80%) t9_ 9 

"Inputs 4, 7, 10, and 13 will behave similarly for ac and linH values. 

Inputs 5, 6, 11, and 12 will behave similarly for ac and linH values. 

+25°C 

Min Typ Max 

- - 35 
- - 265 
- - 220 

05 - -
-0.960 - -0.810 
-0.960 - -0.810 

-1.850 -1.650 
-1.850 - -1.650 

-0.980 - -

-0.980 - -

-0.980 - -
-0.980 - -

- - -1.630 
- - -1.630 
- - -1.630 
- - -1.630 

1.0 2.2 4.0 

! t ! 2.7 
2.7 

1.5 2.0 3.5 

+ ! + 

TEST VOLTAGE APPLIED TO PINS LISTED BLEOW: 
+ss0 c 

Min Max Unit V1H max Vil min V1HA min VILA max VEE 

- 39 mAdc - - - - 8 
- 265 µAde 12,13 -- - - 8 
- 220 µAde 13 - - - 8 

0.3 - µAde - 12 - 8 

-0.890 -0.700 Vdc 12,13 - - - 8 
-0.890 -0.700 Vdc - - - - 8 

-1.825 -1.615 Vdc - - - 8 
-1.825 -1.615 Vdo 12,13 - - 8 

-0.910 - Vdc -- - - 12 8 
-0.910 -

+ 
- ·- - 13 

+ 
-0.910 - 12 - 13 
-0.910 - 13 - 12 

- -1.595 Vdc 12 - 13 - 8 
- -1.595 

+ 
13 - 12 -

+ 
- -1.595 - - - 12 
- -1.595 - - -- 13 

+1.11 v Pulse In Pulse Out -3.2 v 

1.0 4.2 ns 13 - 12 15 8 

! ! l i 
-

+ 
15 

l 
- 9 
- 9 

12 - 13 15 
12 - 13 9 

1.5 3.6 ! -

! 15 

+ + 
- 9 
- 15 
- 9 

<Vee> 
Gnd 

1,16 

1.16 
1.16 

1,16 

1.16 
1,16 

1,16 
1,16 

1,16 

+ 
1,16 

+ 
+2.0V 

1,16 

I 

3: 
(") -C) -~ 



® MOTOROLA 

TRIPLE 2-3-2-INPUT 
OR/NOR GATE 

The MC10105 is a triple 2-3-2 input OR/NOR gate. 

Po = 30 mW typ/gate (No Load) 

tpd = 2.0 ns typ 
tr, tf = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

4~3 
5 2 

9~6 
10 7 
11 

13~14 
12 15 

Vcc1 = Pin 1 
Vcc2 = Pin 16 

VEE = Pin 8 

3-13 

MC10105 

TRIPLE 2-3-2-INPUT 
OR/NOR GATE 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 
16 

1 

PSUFFIX -PLASTIC PACKAGE - -
CASE 648 16 

1 

Vcc1 

Aout 

Aout 

Ain 

Ain 

Bout 

Bout 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Cout 

Cout 

Cin 

Cin 

Bin 

Bin 

Bin 

Pin assignment Is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 

Iii Test 
Temperature 

-30°C 
+25°C 
+as0 c 

I 

V1Hmax 

-0.890 

-0.810 
-0.700 

TEST VOLTAGE VALUES 
(Volts) 

V1Lmin V1HAmin VILA max 

-1.890 -1.205 -1.500 
-1.850 -1.105 -1.475 

-1.825 -1.035 -1.440 

Pin 
MC10106 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Under -30"C +25°c +as0 c 
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit VtH max V1Lmin VIHAmin VILA max 

Power Supply Drain Current 'e 8 - 23 - 17 21 - 23 mAdc - - - -
Input Current linH 4 425 - - 265 - 266 µ.Ade 4 - - -

linl 4 0.5 - 0.5 - - 0.3 - µAd, - 4 - -
Logic "1" VQH 3 -1.060 -0.890 -0.960 - -0.810 -0.890 -0,700 Vd' - - - -

Output Voltage 2 -1.0SO -0.890 -0.960 - -0.810 -0.890 -0.700 Vd' 4 - - -
Logic "O'' VoL 3 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vd' 4 - - -

Output Voltage 2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vd' - - - -
Logic "1" VQHA 3 -1.080 - -0.980 - - -0.910 - Vd' - - - 4 

Threshold Voltage 2 -1.080 - -0.980 - - -0.910 - Vd' - - 4 -
Logic "O" VQLA 3 -1.655 - -1.630 - -1.595 Vd' - - 4 -

Threshold Voltage 2 -1.655 - - -1.630 - -1.595 Vd, - - - 4 

Switching Times 
150-ohm load) Pulse In Pulse Out 

Propagation Delay t4+3- 3 1.0 3.1 1.0 2.0 2.9 1.0 3.3 "' - - 4 3 
'4-3+ 3 

+ + + j + + + j 
-· -

j 
3 

t4+2+ 2 - - 2 
'4-2- 2 - - 2 

Rise Time t3+ 3 1.1 3.6 1.1 3.3 1.1 3.7 - 3 
(20to80%) t2+ 2 

• • • • 
i ~ 

- - 2 

Fall Time •:i- 3 - - 3 
(20to 80%) •2- 2 - - 2 

Vee 

-5.2 

-5.2 
-5.2 

Vee 

8 

8 

8 

8 
8 

8 
8 

8 
8 

8 
8 

-3.2V 

8 

l 

tvccl 
Gnd 

1,16 

1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0V 

1.16 

j 

s:: 
0 ... 
Cl ... 
a: 



®MOTOROLA 

TRIPLE 4-3-3-INPUT NOR GA TE 

rhe MC10106 is a triple 4-3-3 input NOR gate. 

Po = 30 mW typ/gate (No Load) 

tpd = 2.0 ns typ 

tr, tf = 2.0 ns typ (20%--80%) 

LOGIC DIAGRAM 

l~3 
1:~2 
11 

12~ 
13 15 
14 

Vcc1 Pin 1 

Vcc2 Pin 16 

VEE Pin 8 

3-15 

MC10106 

TRIPLE 4-3-3-INPUT 
NOR GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 .di 

Vcc1 

Bout 

Aout 

A;n 

Ain 

Ain 

Ain 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

vcc2 

Cout 

C;n 

Cin 

Cin 

Bin 

Bin 

Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are TEST VOLTAGE VALUES 

shown for only one input and one output. The other inputs and outputs are (Volts) 

tested in the same manner. 
@Test 

Temperature VtH max Vtlmin V1HA min VILA max VEE 

-30°C -0.890 -1.890 -1.205 -1.500 -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 -5.2 

+ss0 c -0.700 -1.825 -1.035 -1.440 -5.2 

Pin 
MC10106 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Under -30°c +2s0c +as0 c 
__..., 

IV cc I 
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit V1H max V1Lmin VIHAmin VILA max VEE Gnd 

Power Supply Dram Current 'E 8 23 17 21 23 rnAdc 8 1,16 s: 
~ I 

l Input Current linH 4 425 265 265 µAde 4 8 1,16 (') ... 
O> linL 4 0.5 0.5 0.3 µAde 4 8 t,16 Q ... 

Logic "1" VoH 3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vde 8 1,16 Q 
Output Voltage 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 8 1,16 OI 

Logic "O" Vol 3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vde 4 8 1,16 
Output Voltage 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 9 8 1,16 

Logic "1" VQHA 3 -1.080 -0.980 -0.910 Vde 4 8 1,16 
Threshold Voltage 2 -1.080 -0.980 -0.910 9 8 1,16 

Logic "O" VQLA 3 -1.655 -1.630 -1.595 Vde 4 8 1,16 
Threshold Voltage 2 -1.655 -1.630 -1.595 9 8 1,16 

Switching Times Pulse In Pulse Out -3.2 v +2.0V 
(50-ohm toad) 

Propagation Delay 14+3- 3 1.0 3.1 1.0 2.0 2.9 1.0 3.3 "' 4 3 8 1,16 

t4_3+ 

1 
1.0 3.1 1.0 

1 
2.9 1.0 3.3 

1 1 1 1 l 
Rise Time t3+ 1.1 3.6 1.1 3.3 1.1 3.7 

l20to 80%) 
Fall Time '3- 1.1 3.6 1.1 3.3 1.1 3.7 

120to80%) 



®MOTOROLA 

TRIPLE 2-INPUT EXCLUSIVE 
"OR"/EXCLUSIVE "NOR" 

The MC10107 is a triple-2 input exclusive OR/NOR gate. 

Po = 40 mW typ/gate (No Load) 

tpd = 2.8 ns typ 
tr, tf = 2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

4~2 
5 3 

9~11 
7 10 

14~12 
15 13 

3 = (4 • 5J + (ii • 51 
2 = (ii • 5J + (4 • 5) 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

3-17 

MC10107 

TRIPLE 2-INPUT EXCLUSIVE 
"OR"/EXCLUSIVE "NOR" 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

16 
1' 

PSUFFIX -PLASTIC PACKAGE ... 
CASE 648 16 

1 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

Aout Cin 

Aout Cin 

Ain Cout 

Ain Cout 

*NC Bout 

Bin Bout 

VEE Bin 

*NC = No Connection 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 

I 

@Test 
Temperature 

-30°C 

+25°c 

+ss0c 

MC10107 Test limits 
Pin 

-JOOC +25"<: +ss0c Under 
Characteristic Symbol TM1 Min Mox Min Mox Min Mox Unit 

Power Supply Drain Current '• 8 31 28 31 mAdc 

Input Current lin H 4,9,14 425 265 265 JJAdc 
5,7,15 350 220 220 JJAdc 

lin L 0.5 0.5 0.3 JJAdc I Logic "1" VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 
Output Voltage 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 

+ 
3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 
3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 

Logic "O" VoL 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdo 
Output Voltage 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 

+ 
-1.890 -1.675 -1.850 -1.650 -1.825 -1.615 
-1.890 -1.675 -1.850 -1.650 -1.825 -1.615 

Logic "1" I VoHA I 
2 ! =~:~ -0.980 -0.910 Vdo 

Threshold Voltage 2 -0.980 -0.910 

+ 
-1.080 -0.980 -0.910 
-1.080 -0.980 -0.910 

Logic "O" I VOLA I 2 
I 

-1.655 -1.630 -1.595 Vdo 
Threshold Voltage 2 -1.655 -1.630 -1.595 

+ 
-1.655 -1.630 -1.595 
-1.655 -1.630 -1.595 

Switching T_lmes (50 n Load) I 
I 

Min Typ Mn Unit 

Propagation Delay 1++ Inputs 1.1 3.8 1.1 2.0 3.7 1.1 4.0 "' 1+- 4,9or 14 

j j 
~ 

j j 
t-+ to either 

Output 

Inputs 2.8 
1+- 5,7, or 15 

~ t-+ to either 
1-- Output 

Rise Time 1+ .. 1.1 3.5 2.5 3.5 3.8 
(20to 80%1 

Fall Time 1- .. 1.1 3.5 2.5 3.5 3.8 
(20to 80%1 

•individually test each input applying V1H or V1L to Input under test. 
••Any Output 

TEST VOLTAGE VALUES 

(Volts) 

V1H max Vil min V1HA min V1LA max l Vee 

-0.890 -1.890 -1.205 -1,500 J_ -5.2 

-0.810 -1.850 -1.1os T -1.475 I -5.2 
-0.700 -1.825 -1.035 T -1.440 I -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW; 

V1H max Vil min V1HA min V1LA max Vee 
IVccl .... 

5,7,15 8 1.16 

8 1,16 
8 1,16 3: 
8 1,16 0 

4,5 8 1,16 ... 
+ + 

0 
4 ... 
5 0 
4 8 1,16 

..... 
5 

+ + 
4,5 

5 4 8 1,16 
4 

+ + 
4 
5 

4 8 1,16 
5 

+ + 
5 4 

4 

+1.1 v Pulse In Pulse Out -3.ZV +2.0V 

5.7,15 Input Corresponding 8 1,16 

+ 
4,9,or Ex-OR/Ex-NOR 

14 Outputs 

4,9,14 lnput Corresponding 

~ 
5, 7, or Ex.QR/Ex-NOA 

15 Outputs 

4,9,14 Any Input 
Corresponding 

4,9,14 Any 1nput 
Ex-OR/Ex NOR 

Outputs 



®MOTOROLA 

DUAL 4-5-INPUT "OR/NOR" GATE 

The MC10109 is a dual 4-5 input OR/NOR gate. 

Po = 30 mW typ/gate (No Load) 
tpd = 2.0 ns typ 
tr, tf = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

:~3 
6 2 
7 

'~ 10 4 

11 ~5 
12 
13 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

3-19 

MC10109 

DUAL 4-5-INPUT 
"OR/NOR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

Aout 

Aout 

A;n 

Ain 

A;n 

Ain 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Bout 

Bout 

B;n 

B;n 

B;n 

Bin 

Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or. mount.ed on a printed circuit board 
and transverse air flow greater than 500 linear !pm is maintained. Outputs 
are terminated th<ough a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the.same manner. fi!T8" 

Temperature 

-3o"C 
+25"<: 
+as•c 

Pin 
MC10109 Test Limits 

Under -30°C +25°C +85•c 
Characteristic l Symbol Test Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current IE 8 15 11 14 15 mAdc 

Input Current L linH 4 425 255 255 µAde 

linL 4 0.5 0.5 0.3 µAde 

High Output Voltage VQH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 
3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 

Low Output Voltage Voe 2 -1.890 -1.675 -1.850 -1.850 -1.825 -1.615 Vdc 
3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 

High Threshold Voltage VoHA 2 -1.080 -0.980 -0.910 Vdc 
3 -1.080 -0.980 -0.910 Vdc 

Low Threshold Voltage Vo LA 2 -1.655 -1.630 -1.595 Vdc 
3 -1.855. -1.630 -1.595 Vdc 

Switching Times 
( 50·ohm load) 

Propagation Delay t4+2+ 2 1.0 3.7 1.0 2.0 2.9 1 0 3.7 "' t4-2-. 2 

t i ! i ~ i t4+3- 3 
t4_3+ 3 

Rise Time 

I 
t2+ 2 1.1 4.0 1.1 3.3 1.1 .. o 

(20to 80%1 t3+ ;i i i ! i ! i Fall Time '2- 2 
t20to 80%) '3- 3 

I 

TEST VOLTAGE VALUES 

I Volts) 

V1H max V1Lmin V1HAmin V1LAmax I 
-0.890 -1.890 -1.205 -1.500 1 -0.810 -1.850 -1.105 -1.475 
-0.700 -1.825 -1.035 -1.440 1 

TEST VOLTAGE APPLIED TO PINS BELOW: 

V1H max V1tmin V1HAmin VILA max 

4 

4 

4 
-

4 

4 
4 

4 
4 

Pulse In Pulse Out 

4 2 

VEE 

-<>.2 

-5.2 

-5.2 

VEE 

8 
8 

8 

8 
8 
8 
8 

8 
8 

8 
8 

-3.2V 

8 

IVccl 
Gnd 

1.16 

1,16 

1,16 

1,16 
1,16 
.1,16 
1,16 

·1,16 
1,16 

1,16 
1,16 

+2.0V 

1,16 

~ .. 
Cl .. 
~ 



®MOTOROLA 

DUAL 3-INPUT >-OUTI'UT ~ 
"OR" GATE I 

The MC10110 is designed to drive up to three transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire "OR" ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines from a single point 
makes the MC10110 particularly useful in clock distribution ap
plications where minimum clock skew is desired. Three Vee pins 
are provided and each one should be used. 

Po = 80 mW typ/gate (No Load) 

!pd = 2.4 ns typ (All Outputs Loaded) 

tr, If = 2.2 ns typ (20%-80%) 

LOGIC DIAGRAM 

~~2 7 3 

4 

1~~12 
11 13 

14 

Vcc1 Pin 1, 15 

Vcc2 Pin 16 
VEE Pin 8 

3-21 

MC10110 

DUAL 3-INPUT 3-0UTPUT 
"OR" GATE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

•• 1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

A out Vcc1 

Aout Bout 

Aout Bout 

A;n Bout 

Ain Bin 

Ain Bin 

VEE Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 

I 

@Test 
Temperature 

-30°C 

+25°<: 

+86"C 

V1Hmax 

-0.890 

-0.810 

-0.700 

TEST VOLT AGE VALUES 

(Volts) 

VIL min VIHAmin V1LA max I Vee 

-1.890 -1.205 -1.500 I -s.2 
-1.850. -1.105 -1.475 I -s.2 
-1.825 -1.035 -1.440 T -s.2 

MC10110 Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW• Pin 

Under -30"C +25°C +86"c 

Characteristic Symbol Test Min Max Min Typ Max Min Max Unit _[V1H max V1Lmin V1HA min I V1LA max I Vee 

Power Supply Drain Current le 8 42 30 38 42 mAdc l l I I - I 8 

Input Current linH 5,6,7 680 425 425 µAde 

linl 5.6.7 0.5 0.5 0.3 µAde 

Logic "1" VoH 2 -1.060 -0.890 -0.980 -0.810 -0.890 -0.700 Vdc 5 8 l Output Voltage 3 -1.060 -0.890 -0.980 -0.810 -0.890 -0.700 Vdc 6 - - - 8 
4 -1.060 -0.890 -0.980 -0.810 -0.890 -0.700 Vdc 7 8 r Logic "O" Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc - 8 

Output Voltage 3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc - - 8 
4 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc - - - - 8 

Logic "1" VQHA 2 -1.080 -0.980 - -0.910 - Vdc 5 - 8 
Threshold Voltage 3 -1.080 -0.980 - -0.910 Vdc - - 6 8 

4 -1.080 -0.980 -0.910 Vdc - - 7 8 

l_ogic "O" VQLA 2 -1.655 -1.630 -1.595 Vdc - 5 
Threshold Voltage 3 -1.655 -1.630 - -1.595 Vdc - - - 6 

4 -1.655 -1.630 -1.595 Vdc - 7 

Switchlng Times 
Pulse Out l -3.2 V (5Ck>hm load) Pulslln 

Propagation Delay ts+2+ 2 1.4 3.5 1.4 2.4 3.5 1.5 3.8 ns - - 5 2 I 8 
t5-2- 2 

l l l l 
2 

'5+3+ 3 - 3 
ts-3- 3 3 
'5+4> 4 4 
t5-4- 4 4 

Rise Time •2+ 2 1.0 1.1 2.2 1.2 2 
l20to80%) t3+ 3 

l l l l l 
3 

'4+ 4 ~ 4 

Fall Time •2- 2 2 
(20to 80%) t3. 3 1 - - 3 

'4- 4 - _' 4 

*lnd1v1dually test each input using the pm connections shown. 

!Vccl 
Gnd 

1,15.16 

1,15.16 

1,15,16 

1,15,16 31:: 1,15,16 n 
1,15.16 .... 
1,15,16 0 .... 
1,15,16 .... 
1,15,16 0 
1,16,16 
1,15,16 
1,15.16 

1,15,16 
1,15,16 
1,15,16 

+2.0V 

1,15,16 



®MOTOROLA 

DUAL 3-INPUT 3-0UTPUT 
"NOR" GATE 

The Me10111 is designed to drive up to three transmission 
lines simultaneously. The multiple outputs of this device also 
allow the wire "OR"-ing of several levels of gating for minimi
zation of gate and package count. 

The ability to control three parallel lines from a single point 
makes the Me10111 particularly useful in clock distribution ap
plications where minimum clock skew is desired. Three Vee pins 
are provided and each one should be used. 

Po = 80 mW typ/gate (No Load) 

!pd = 2.4 ns typ (All Outputs Loaded) 

Ir, If = 2.2 ns typ (20"/o-80%) 

LOGIC DIAGRAM 

5 3 ~2 
~ 4 

~12 9 13 
10-- 14 
11 

vcc1 Pin 1, 15 
Vcc2 Pin 16 

Vee Pin 8 

3-23 

MC10111 

DUAL 3-INPUT 3-0UTPUT 
"NOR" GATE 

-

LSUFFIX 
I - - - - CERAMIC PACKAGE 
U" CASE 620 

16 
1 

PSUFFIX --PLASTIC PACKAGE - - -
CASE 648 16 

1 

Vcc1 

Aout 

Aout 

Aout 

Ain 

A;n 

Ain 

Vee 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Vcc1 

Bout 

Bout 

Bout 

Bin 

B;n 

Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi· 
cations shown in the tast table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 

I 

TEST VOLTAGE VALUES 

!Volts) 
@Test 

V1LA max I Vee Temperature V1Hmax V1Lmin YIHAmin 

-30"c -0.890 -1.890 -1.205 -1.600 I ... 2 
+2s0c -0.810 -1.850 ·1.105 -1.475 T ... 2 
+SS"c -0.700 -1.825 ·1.035 -1.440 T ... 2 

Pin 30°C MC10!n Test Limits 0 l TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under - +25 C +85 C 

Characteristic Symbol Tast Min Max Min Typ Max Min Max Unit _J VtH max V1L min J: V1HA min :J V1LA max .J Vee 

Power Supply Drain Current IE 8 - 42 - - 38 - 42 mAdc] - J - ] - J - ] 8 

Input Current linH 5,6,7 - 680 - - 426 - 425 µAde (,) I linl 5,6,7 0.5 - 0.5 - _ 0.3 _ µ.Ade 
I Logic .. ,.. VoH 2 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc ~ I Output Voltage 3 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 

4 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 

Logic "'O" Vol 2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc I 5 ] - ] - ] - ] 8 
Output Voltage 3 -1.890 -1.675 -1.850 - -1.850 -1.825 -1.615 Vdc 6 - - - 8 

4 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 7 - - - 8 

Logic "1" VoHA 2 -1.080 - -0.980 - - -0.910 - Vdc 
Threshold Voltage 3 -1.080 - --0.980 - - -0.910 - Vdc 

4 -1.080 - -0.980 - - -0.910 - Vdc 

Logic "O" VoLA 2 - -1.655 - - -1.630 - -1.595 Vdc 
Threshold Voltage 3 - -1.655 - - -1.630 - -1.596 Vdc 

4 - -1.656 - - -1.630 - -1.595 Vdc 

Switching Times 
(SD-ohm load) Pulse In Pulse Out J -3.2 V 

Propagation Delay tS+2- 2 1.4 3.5 1.4 2.4 3.5 1.5 3.8 ns - - 5 2 1 8 

ts-
2
+ 

2 l ! l ! l l - - 2 t5+a- 3 - - 3 
t5-3+ 3 - - 3 
t5+4- 4 - - 4 
t5-4+ 4 - - 4 

R;f:Z:::80%I :~ ~ 1!.0 1!.1 21.2 31.5 112 3!.8 :: :: ~ 

FallTime : : = = : 
(20to80%1 :t ! , :: :: ! 

•Tndividually test each input using the pin connections shown. 

IV cc I 
Gnd 

1,16,16 
1.15,16 3: 1,15,16 n 
1,15,18 .... 
1,15,16 0 
1,15,16 .... .... 
1,15,18 .... 
1,15,16 
1,15,16 

1,15,16 
1,15,16 
1,15,16 

1,15,16 
1,15,16 
1,15,16 

+2.0V 

1,15,16 



®MOTOROLA 

QUAD EXCLUSIVE 
OR GATE 

The MC10113 is a quad Exclusive OR gate, with an enable com
mon to all four gates. The outputs may be wire-ORed together to 
perform a 4-bit comparison function (A = B). The enable is active 
low. 

4 

6 

10 

11 

12 

13 

Po = 175 mW typ/pkg (No Load) 

tpd = 2.5 ns typ 

tr, If = 2.0 ns typ (20% to 80%) 

LOGIC DIAGRAM 

E: 9 

TRUTH TABLE 

14 

15 

Vcc1 =Pin 1 
Vcc2 =Pin 16 

VEE= Pin 8 

IN E OUTPUT 
L L L L 
L H L H 
H L L H 

~ ~ L L 
H L 

<I> = Don't Care 
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MC10113 

QUAD EXCLUSIVE 
OR GATE 

• JI~ 
L SUFFIX 

CERAMIC PACl<AGE 
CASE 620 

1' 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

Aout 

Bout 

A;n 

A;n 

B;n 

Bin 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Dout 

Cout 

Din 

Din 

Cin 

Cin 

Enable 

Pin assignment is for Dual-in-fine Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 

I 

@Test 
Temperature V1H max 

-30°c -0.890 

+25°c -0.810 

+ss0 c -0.700 

TEST VOLTAGE VALUES 

(Volts) 

Vitmin V1HA min VJLA max Vee 

-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -5.2 

-1.825 -1.035 -1.440 -5.2 

MC10113 Test Limits 
Pin 

-30°C +2s0c +ss0 c 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Under 
Characteristic Symbol Test Min Max Min Max Min Max Unit Vitt max V1tmin Vt HA min V1tAmax Vee 

Power Supply Drain Current IE 8 - 46 - 42 - 46 mAdc - - - - 8 

Input Current tin H 4,7,10,13 - 425 - 265 - 265 µAde - - - 8 
5,6,11,12 - 350 - 220 - 220 µAde - - - 8 

9 - 870 - 545 - 545 ,uAdc 9 - - - 8 

lin L 0.5 - 0.5 - 0.3 - ,uAdc - - - 8 

Logic "1" VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 4 - - - 8 
Output Voltage 3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 i 7 - - - i 14 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 11 - - -

15 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 13 - - -
Logic "O" Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdo - 4 - - 8 

Output Voltage 3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 i - 7 - - i 14 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 - 11 - -

15 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 - 13 - -
Logic "1" VQHA 2 -1.080 - -0.980 - -0.910 - Vdo - - 4 - 8 

Threshold Voltage 3 -1.080 - -0.980 - --0.910 -

~ 
- - 6 - l 14 -1.080 - -0.980 - -0.910 - - - 10 -

15 -1.080 - -0.980 - -0.910 - - - 12 -

Logic "O" VQLA 2 - -1.655 - -1.630 - -1.595 Vdo - - - 5 8 
Threshold Voltage 3 - -1.655 - -1.630 - -1.595 i - - - 7 

~ 14 - -1.655 - -1.630 - -1.595 - - - 11 

15 - -1.655 - -1.630 - -1.595 - - - 13 

Switching Times (50 n Load) Min Typ Max Unit +1.11V Pulse In Pulse Out -3.2V 

Propagation Delay t4+2+ 2 1.1 4.7 1.3 2.6 4.5 1.3 5.0 "' - - 4 2 8 
t4_2_ 2 1.1 4.7 1.3 2.6 4.5 1.3 5.0 

I 
- - 4 

I l t9+2- 2 1.3 5.2 1.5 3.4 5.0 1.5 5.5 4 - 9 

ts-2+ 2 1.3 5.2 1.5 3.4 5.0 1.5 5.5 4 - 9 
Rise Time '2+ 2 1.1 4.2 1.1 2.5 3.9 1.1 4.4 - - 4 

(20 to 80%) 

Fall Time '2- 2 1.1 4.2 1.1 2.5 3.9 1.1 4.4 - - 4 
{20 to 80%) 

•individually test each input applying VtH or V1L to input under test. 

!Vee> 
Gnd 

1,16 

1,16 
1.16 
1,16 

1,16 

1,16 

i 
1,16 

~ 
1,16 

~ 
1,16 

~ 
+2.0V 

1,16 

j 

s: 
(') -0 --w 



®MOTOROLA 

TRIPLE LINE RECEIVER 

The MC10114 is a triple line receiver designed for use in sensing 
differential signals over long lines. An active current source and 
translated emitter follower inputs provide the line receiver with 
a common mode noise rejection limit of one volt in either the 
positive or the negative direction. This allows a large amount of 
common mode noise immunity for extra long lines. 

Another feature of the MC10114 is that the OR outputs go to 
a logic low level whenever the inputs are left floating. The outputs 
are each capable of driving 50 ohm transmission lines. 

This device is useful in high speed central processors, mini
computers, peripheral controllers, digital communication sys
tems, testing and instrumentation systems. The MC10114 can also 
be used for MOS to MECL interfacing and it is ideal as a sense 
amplifier for MOS RAM's. 

A Vee reference is provided which is useful in making the 
MC10114 a Schmitt trigger, allowing single-ended ,driving of the 
inputs, or other applications where a stable reference voltage is 
necessary. See MECL Design Handbook (He205) pages 226 and 
228. 

Po = 145 mW typ/pkg 

tpd = 2.4 ns typ (Single Ended Input) 

tpd = 2.0 ns typ (Differential Input) 

tr, tf = 2.1 ns typ (20% to 80%) 

LOGIC DIAGRAM 

4~2 
5~3 
9~6 
10~7 
12~14 

13~15 
L_11 
Vss• 

Vcc1=Pin1 
Vcc2 =Pin 16 

Vee= Pin a 

*Vee to be used to supply bias to the MC10114 only and bypassed (when used) with 
0.01 µ.F to 0.1 µ.F capacitor to ground (O VI. Vee can source < 1.0 mA. 

When the input pin with the bubble goes positive, its respective output pin with 
bubble goes positive. 

3-27 

MC10114 

TRIPLE LINE RECEIVER 

-16 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-1 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

Aout 

Aout 

Ain 

A;n 

Bout 

Bout 

Vee 

Vcc2 

Cout 

Cout 

Cin 

Cin 

Vss 

Bin 

B;n 

Pin assignment Is for Ouat-ln-line Package. 
For PLCC pin esslgnment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
one gate. The 0th.er gates are tested in the same manner. 

@Tm 
Temperature 

Pin 
MC10114 Test Limits 

-30"<: +25"<: +asOc U-• 
CharKteristic _l_svmbol Tnt Min Mox Min Typ Max Min Max 

(Power Suppty Drain Current I'• 8 39 28 35 39 
pnput Current ~ ljnH 4 70 45 45 

4 1.5 1.0 1.0 lceo 

Logic "1" Output Voltage VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 
3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 

Logic "O" Output Voltage Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 
3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 

Logic "1" Threshold Voltage VQHA 2 -1.080 -0.980 -0.910 
3 -1.080 -0.980 -0.910 

Logic "O"' Threshold Voltage VQLA 2 -1.655 -1.630 -1.595 
3 -1.655 -1.630 -1.595 

Reference Voltage Vee 11 -1.420 -1.280 -1.350 -1.230 -1.295 -1.150 

Common Mode Rejection Test VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 
3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 

Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 
3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 

Switching Times ISO.ohm Loadl T Min Max Min Typ Mox Min Mox 

Propagation Delay 14+2+ 2 1.0 4.4 1.0 2.4 4.0 0.9 4.3 
14-2- 2 t t t t t t t t4+3- 3 
14-3+ 3 

Rise Time 120% to 80%) 

I 
'2+ 2 1.5 3.8 1.5 2.1 3.5 1.5 3.7 
•3+ 3 

+ + + + + + + 
Fall Time 120% to 80%1 •2- 2 

'"- 3 

*V1HH - Input logic "1" level shifted positive one volt for common mode rejection tests 
VtLH - Input logic "O" level shifted positive one volt for common mode rejection tests 
VtHL - Input logic "1" level shifted negative one volt for common mode rejection tests 
V1LL - Input logic "O" level shifted negative one volt for common mode rejection tests 

-30"<: 
+25°t: 

+85"<: 

Unit 

mAdc 

,u.Adc 

•Aoc 

Voc 
Vdc 

Voc 
VO< 
Vdo 
Vdo 

Vd< 
Vdo 

Vd< 

Vd< 
Vdo 

Vdo 
Vdo 

I 

TEST VOLTAGE VALUES 

tVoltsl 

V1H max V1Lmin V1HA min VILA max Vee V1HH·l V1LHi VtHL ·l V1LL ~ Vee 

-0.890 -1.890 -1.205 -1.500 From +o. rn[I -0.890 _[- t.890I-2.89<8_ -5.2 
-0.810 -1.850 -1.105 -1.475 Pin +o.19iU:-o.8so_l-1.01o_l-2.8so_l -5.2 

-0.700 -1.825 -1.035 -1.440 11 +0.300 -0.825 -1.700 -2.825 -5.2 

TEST VOLTAGE APPLIED TO PINS BELOW: 
(Vee I ~ V1H max Vil min VtHAmin VILA max Vee V1HH• VILH• V1HL• V1LL• v •• Gnd 

(') 
4,9,12 5.10,13 8 1.16 ... 

4 9,12 5,10, 13 8 1.16 Cl 
9,12 5,10,13 8.4 1,16 

... ... 
4 9,12 5,10,13 8 1,16 "" 9,12 4 5,10,13 8 1,16 

9,12 4 5,10,13 8 1,16 
4 9,12 5,10,13 8 1,16 

9,12 4 5,10,13 8 1,16 
9,12 4 5,10,13 8 1,16 

9,12 4 5,10,13 8 1,16 
9,12 4 5,10,13 8 1,16 

5,10,13 8 1,16 

4 5 8 1,16 
5 4 8 1,16 

5 4 8 1,16 
4 5 8 1,16 

Pulse In Pulse Out -3.2V +2.0V 

4 2 5,10,13 8 1,16 

j 
2 

j j j 
3 
3 

2 
3 

2 
3 



®MOTOROLA 

QUAD LINE RECEIVER 

The MC10115 is a quad differential amplifier designed for use 
in sensing differential signals over long lines. The base bias sup
ply (Vee) is made available at pin 9 to make the device useful as 
a Schmitt trigger, or in other applications where a stable reference 
voltage is necessary. 

Active current sources provide the MC10115 with excellent 
common mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to Vee 
(pin 9) to prevent upsetting the current source bias network. 

Po = 11 o mW typ/pkg (No Load) 

tpd = 2.0 ns typ 

tr, tf = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

:~2 
~=:t>-3 
~~=:t>-14 
13~ 
12~15 

L__g 
Vas* 

Vcc1 Pin 1 
Vcc2 Pin 16 

Vee Pin a 

*Vea to be used to supply bias to the MC10115 only and bypassed (when used) 
with 0.01 µF to 0.1 µ.F capacitor to ground (O V). Ves can source < 1.0 mA. 

When the input pin with the bubble goes positive, the output goes negative. 

3-29 

MC10115 

QUAD LINE RECEIVER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

Vcc1 

Aout 

Bout 

Ain 

Ain 

Bin 

Bin 

Vee 

, 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

Vcc2 

Dout 

Cout 

Din 

Din 

Cin 

Cin 

Vas 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 

@Test 
Temperature 

-30"c 
+25"c 

+85"C 

MC10115 Test Limits 
Pin 

-30°c +25"c +86°<: Under 
Characteristic Symbol Test Min Max Min Max Min Max Unit 

Power Supply Drain Current IE 8 29 26 29 mAdc 
Input Current linH 4 - 150 95 95 µAde 

lceo 4 - 1.5 1.0 1.0 µAde 
Logic "~" Output Voltage VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 
Logic "O" Output Voltage ~ 2 -1.890 -1.676 -1.850 -1.650 -1.825 -1.615 Vdc 
Logic "1'' Threshold Voltage !'.ot!A 2 -1.080 - -0.980 -0.910 Vdc 
Logic "O" Threshold Voltage VoLA 2 -1.655 - -1.630 - -1.595 Vdc 
Reference Voltage Vee 9 1.420 1.280 -1.350 -1.230 1.295 -1.150 Vdc 
Switching Times (50 Sl Load) 

Propagation Delay '4-2+ 2 1.0 3.1 1.0 2.9 1.0 3.3 ns 

'4+2- 2 1.0 3.1 1.0 2.9 1.0 3.3 

i Rise Time (20% to 80%) •2+ 2 1.1 3.6 1.1 3.3 1.1 3.7 

Fall Time (20% to 80%1 •2- 2 1.1 3.6 1.1 3.3 1.1 3.7 

TEST VOLTAGE VALUES 
V1H max V1Lmin V1HAmin VILA max Vee VEE 
-0.890 -1.890 -1.206 -1.500 From ~ -0.810 -1.850 -1.105 -1.475 Pin 

~ -0.700 -1.825 -1.035 -1.440 9 -5.2 
3!: 

TEST VOLTAGE APPLIED TD PINS LISTED BELOW' (") 
IV cc> ... 

V1H max V1L min V1HA min VILA max Vee VEE Gnd 0 ... 
4,7,10,13 5,6,11,12 8 1,16 ... 

4 7,10,13 6,6,11,12 8 1,16 UI 

7,10,13 5,6,11,12 8,4 1,16 

7,10,13 4 5,6,11,12 8 1,16 

4 7,10,13 - 5,6,11.12 8 1,16 

7,10,13 - 4 5,6,11,12 8 1,16 

7,10,13 4 - 5,6,11,12 8 1,16 

5,6,11,12 8 1,16 

Pulse In Pulse Out -3.2V +2.0V 
4 2 5,6,11,12 8 1,16 

i i i i i 



®MOTOROLA 

TRIPLE LINE RECEIVER 

The MC10116 is a tripie differential amplifier designed for use 
in sensing differential signals over long lines. The base bias sup
ply (V99) is made available at pin 11 to make the device useful 
as a Schmitt trigger, or in other applications where a stable ref
erence voltage is necessary. 

Active current sources provide the MC10116 with excellent 
common mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to Vss 
(pin 11) to prevent upsetting the current source bias network. 

Complementary outputs are provided to allow driving twisted 
pair lines, to enable cascading of several amplifiers in a chain, or 
simply to provide complement outputs of the input logic function. 

Po = 85 mW typ/pkg (No Load) 

lpd = 2.0 ns typ 

tr, If = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

4~2 
5~3 
9~6 
10~7 
12~14 
13~15 

[___11 
Vss* 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

*VBB to be used to supply bias to the MC10116 only and bypassed (when used) 
with 0.01 µF to 0.1 µ.F capacitor to ground (O VJ. Vas can source <1.0 mA. 

When the input pin with the bubble goes positive, the output pin with the 
bubble goes positive. 

3-31 

MC10116 

TRIPLE LINE RECEIVER 

P SUFFIX 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PLASTIC PACKAGE 
CASE 648 

Vcc1 

Aout 

Aout 

Ain 

Ain 

Bout 

Bout 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Cout 

Cout 

Cin 

Cin 

V99 

Bin 

Bin 

Pin assignment is tor DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to - 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 

@Test 

Temperature 

-JO"c 
+25°C 

+es0 c 
MC10116 Test Limits 

Pin -30°c +25°C +es0c Under 
Characteristic Symbol Ta'1 Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current 'e 8 - 23 - 17 21 - 23 mAdc 

Input Current linH 4 - 150 - - 95 - 95 µAde 

iceo 4 - 1.5 - - 1.0 1.0 µAde 

High Output Voltage VQH 2 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 
3 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 

Low Output Voltage VoL 2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 
3 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 

High Threshold Voltage VoHA 2 -1.080 - -0.980 - - -0.910 - Vdc 
3 -1.080 - -0.980 - - -0.910 - Vdc 

Low Threshold Voltage VoLA 2 - -1.655 - - -1.630 - -1.595 Vdc 
3 - -1.655 - - -1.630 - -1.595 Vdc 

Reference Voltage Vee 11 -1.420 -1.280 -1.350 - -1.230 -1.295 -1.150 Vdc 

Switching Times (50 n Load) 
Min Max Min Typ Max Min Max 

Propagation Delay '4+2+ 2 1.0 3.1 1.0 2.0 2.9 1.0 3.3 "' 
'4-2- 2 

+ + ~ l + ~ i l •4+3- 3 
'4-3+ 3 

Rise Time '2+ 2 1.1 3.6 1.1 3.3 1.1 3.7 
(20%to80%1 t3+ 3 

i ! ~ ~ ! i Fall Time •2- 2 
(20%to80%) 13_ 3 

TEST VOLTAGE VALUES 

IVoltsl 

V1Hmax V1Lmin V1HAmin VtLAmax Vee 
-0.890 -1.890 -1.205 -1.500 From 

-0.810 -1.850 -1.105 -1.475 Pin 

-0.700 -1.825 -1.035 -1.440 11 

TEST VOLTAGE APPLIED TO PINS BELOW: 

V1H max V1Lmin VtHAmin VILA max Vee 
- 4,9,12 - - 5,10,13 

4 9,12 - - 5,10,13 

9,12 5,10,13 

4 9,12 - - 5,10,13 
9,12 4 - - 5,10,13 

9,12 4 - - 5,10,13 
4 9.12 - - 5,10,13 

- 9,12 4 - 5,10,13 
9,12 - - 4 5,10;13 

- 9,12 - 4 5,10,13 
9,12 - 4 - 5,10,13 

- - - - 5,10,13 

Pulse In Pulse Out 

- - 4 2 5.10,13 
- -

l 
2 

l 
- - 3 
- - 3 

- - 2 
- - 3 
- - 2 
- - 3 

Vee 

~ -5.2 

~ 

Vee 
8 

a 
8,4 

a 
8 

8 
8 

8 
a 
8 
8 

8 

-3.2V 

8 

l 

IV cc I 
Gnd 
1,16 

1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 

+2.0V 

1,16 

l 

~ .... 
0 .... .... 
O> 



®MOTOROLA 

DUAL 2-WIDE 2-3-INPUT 
"OR-AND/OR-AND-INVERT'' 

GATE 

The MC10117 is a general purpose logic element designed for 
use in data control, such as digital multiplexing or data distri
bution. Pin 9 is common to both gates. 

Po = 100 mW typ/pkg (No Load) 

tpd = 2.3 ns typ 

tr, tf = 2.2 ns typ (20%--80%) 

LOGIC DIAGRAM 

4 
5 

3 
2 

6 
7 

9 

10 
11 

14 

15 
12 
13 

Vcc1=Pin1 
Vcc2 =Pin 16 

VEE= Pin 8 

3-33 

MC10117 

DUAL 2-WIDE 2-3-INPUT 
"OR-AND/OR-AND-INVERT" 

GATE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

·-1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

vcc1 Vcc2 

Aout Bout 

Aout Bout 

A1in B1in 

A1in B1in 

A2in B2in 

A2in B2in 

VEE A2;n. B2in 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 

I 

@Test 
Temperature 

-3D"C 

+25°C 

+as0 c 
MC10117 Test Limits 

Pin 
Under 

Characteristic Symbol Test 

Power Supply Drain Current 'E 8 

Input Current ljn H• 8 

9 
4 

l1n L 4 
Logic "1" Output Voltage VoH 2 

3 
Logic "O" Output Voltage VoL 2 

3 

Logic "1" Threshold Voltage VoHA 2 
3 

Logic "O" Threshold Voltage VoLA 2 
3 

Switching Times (50 .n Load) 

Propagation Delay t4+2+ 2 
t4-2- 2 
'4+3- 3 
'4-3+ 3 

Rise Time •2+ 2 
l20to80%> '3+ 3 

Fall Time •2- 2 
C20to80%1 t3_ 3 

*Inputs 4, 6, 12 and 13 Have Same lin H Limit 
Inputs 6, 7, 10 and 11 Have Same ljn H Limit 

-30°C 

Min Max Min 

- 29 -
- 425 -
- 580 -
- 390 -
0.5 0.5 

-1.060 -.890 -0.960 
-1.060 -0.780 -0.960 

-1.890 -1.675 -1.850 
-1.890 -1.675 -1.850 

-1.080 - -0.980 
-1.080 - -0.980 

- -1.655 -
- -1.655 -

1.4 3.9 1.4 

+ + + 0.9 4.1 1.1 

+ + + 

+25"C +B!i°C 

Typ Max Min Max Unit 

20 26 - 29 mAdc 

- 255 - 285 µAde 
- 350 - 350 µAde 

- 245 - 245 µAde 
0.3 µAde 

- ·.810 --0.890 ·.700 Vdc 
- -0.700 --0.890 -0.590 Vele 

- -1.650 -1.825 -1.615 Vdc 
- -1.650 -1.825 -1.615 Vdc 

- - -0.910 - Vdc 
- - -0.910 - Vdc 

- -1.630 - -1.595 Vdc 
- -1.630 - -1.595 Vdc 

2.3 3.4 1.4 3.8 "' 

+ + + + j 2.2 4.0 1.1 4.6 

+ + + + 

TEST VOLTAGE VALUES 

lVoltsl 

V1Hmax V1Lmin V1HAmin V1LAmax VEE 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 
-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1H max V1Lmin V1HAmin V1LAmn VEE 

- - - - 8 
4 - - - 8 
9 - - - 8 
- 4 - -

9 
4,9 - - -
- - - -
- - - -

4,9 - - -
9 - 4 -
- - - 4 

- - - 4 
9 - 4 -

+1.11 v Pul18 In Puita Out -3 v 
9 - 4 2 8 

j 
-

j 
2 

j 
- 3 
- 3 
- 2 
- 3 
- 2 
- 3 

IVccl 
Gnd 

1,16 
1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0V 
1,16 

j 

s:: 
(") -Cl --.... 



®MOTOROLA 

DUAL 2-WIDE 3-INPUT 
"OR-AND" GATE 

The MC10118 is a basic logic building block providing the OR/ 
AND function, useful in data control and digital multiplexing 
applications. 

Po = 100 mW typ/pkg (No Load) 

lpd = 2.3 ns typ 

tr, If = 2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

Vcc1 =Pin 1 
Vcc2 =Pin 16 

VEE= Pin 8 

2 

15 

3-35 

MC10118 

DUAL 2-WIDE 3-INPUT 
"OR-AND" GATE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

Aout Bout 

A1;n B1;n 

A1;n B1;n 

A1;n B1;n 

A2;n B2in 

A2;n B2;n 

VEE A2in• B2in 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 

I 

@Test 
Temperature V1H max 

-Jo0 c -0.890 
+25°c -0.810 

+85°C -0.700 

TEST VOLTAGE VALUES 

(Volts) 

Vil min VtHA min VtLA max VEE 

-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -5.2 

-1.825 -1.035 -1.440 -5.2 

Pin 
MC10118 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Unde< -3o0 c 
Characteristic Symbol Test Min 

Power Supply Drain Current IE 8 -

Input Current fin H* 6 -
12 -

9 -

lin L 6 0.5 
7 t 9 

Logic "1" Output Voltage VoH 2 -1.060 

Logic "O" Output Voltage VQL 2 -1.890 

Logic "1" Threshold Voltage VQHA 2 -1.080 

Logic "O" Threshold Voltage VQLA 2 -

Switching Times (50 n Load) 

Propagation Delay t5+2+ 2 1.4 
•s- 2-

i 
1.4 

Rise Time (20 to 80%) t+ 0.8 

Fall Time (20 to 80%) t- 0.8 

*Inputs 3, 4, 5, 12, 13 and 14 Have Same lin H Limit 
Inputs 6, 7, 10 and 11 have same ljn H Limit 

Max 

29 

425 
390 
560 

-

-
-

-0.890 

-1.675 
-

-1.655 

3.9 
3.9 

4.1 

4.1 

+2s0 c 
Min Typ 

- 20 

- -

- -

- -
0.5 -

' 
-
-

-0.960 -

-1.850 -
-0.980 -

- -

1.4 2.3 
1.4 2.3 

1.5 2.5 

1.5 2.5 

+ss0 c 
Max Min Max Unit VtH max Vil min VIHA min VILA max VEE 

26 - 29 mAdc - - - - 8 

265 - 265 µAde 6 - - - 8 
245 - 245 

' 
7 - - -

' 350 - 350 9 - - -

- 0.3 - µAde - 6 - - 8 
- t -

' 
- 7 - -

' - - - 9 - -

-0.810 -0.890 -0.700 Vdc 3,9 - - - 8 

-1.650 -1.825 -1.615 Vdc - - - - 8 
- -0.910 - Vdc 9 - 3 - 8 

-1.630 - -1.595 Vdc - ·- - 3 8 

+1.11 v Pulse In Pulse Out -3.2V 

3.4 1.4 3.8 "' 3 - 6 2 8 
3.4 1.4 3.8 

l + 
-

i i i 4.0 1.5 4.6 -

4.0 1.5 4.6 -

I Vee I 
Gnd 

1,16 

1,16 

' 1,16 

' 1,16 

1,16 

1,16 

1,16 

+2.0V 

1,16 

i 

s: 
0 ... 
0 ... ... 
co 



® MOTOROLA 

4-WIDE 4-3-3-3-INPUT 
"OR-AND" GATE 

The MC10119 is a 4-Wide 4-3-3-3-lnput OR/AND gate with one 
input from two gates common to pin 10. 

Po = 100 mW typ/pkg (No Load) 

lpd = 2.3 ns typ 

tr, If = 2.5 ns typ (20%--80%) 

LOGIC DIAGRAM 

3 
4 
5 
6 
7 
9 

10 

11 

12 

13 

14 

15 

Vcc1 =Pin 1 
Vcc2 =Pin 16 

Vee= Pin a 

2 

3-37 

MC10119 

4-WIDE 4-3-3-3-INPUT 
"OR-AND" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 -•• 
1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 16 

Aout 15 

A1;n 3 14 

A1;n 4 13 

A1;n 12 

A1;n 6 11 

A2;n 7 

Vee 8 

Vcc2 

A4in 

A4;n 

A4;n 

A3;n 

A3;n 

A2in• A3;n 

A2in 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 

I 

@Test 
Temperature V1H max 

-3o0 c -0.890 

+2s0 c -0.810 

+ss0 c -0.700 

TEST VOLTAGE VALUES 

(Volts) 

V1L min V1HA min VILA max Vee 

-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -5.2 

-1.825 -1.035 -1.440 -5.2 r- MC10119 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW' Pin 
Unde< -3o0 c +25°C +as0 c 

Characteristic Symbol Test Min Max Min Typ Max Min Max Unit V1H max Vil min V1HA min VILA max Vee 

Power Supply Drain Current le 8 29 20 26 29 mAdc 8 

Input Current Im H* 3 390 245 245 1c 7 J_ 10 495 310 310 10 

Im L 7 0.5 0.5 0.3 µAde 7 8 

Logic "l" Output Voltage VQH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 3,10,15 8 

Logic "O" Output Voltage VoL 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 8 

Logic "1" Threshold Voltage VQHA 2 -1.080 -0.980 -0.910 Vdc 10,15 3 8 

Logic "O" Threshold Voltage VQLA 2 -1.655 -1.630 -1.595 Vdc 3 8 

Switching Times (50 n Load) +1.11 v Pulse In Pulse Out -3.2V 

Propagation Delay t3+2+ 2 1.4 3.9 1.4 2.3 3.4 1.4 3.8 ns 10,13 3 2 8 

t3-2-

l 
1.4 3.9 1.4 2.3 3.4 1.4 3.8 

l l l l l Rise Time (20 to 80%) 1+ 0.8 4.1 1.5 2.5 4.0 1.5 4.6 

Fall Time (20 to 80%) t- 0.8 4.1 1.5 2.5 4.0 1.5 4.6 

*Inputs 3,4,5,6,7,9,11,12.13,14,15 Have Same lin H limit 

3: 
0 ... 
0 

IV cc I ... 
Gnd 

... 
co 

1,16 

16 

1,16 

1,16 

1,16 

1,16 

1,16 

+2.0V 

1,16 

l 



®MOTOROLA 

4-WIDE 
"OR-AND/OR-AND-INVERT" GATE 

The MC10121 is a basic logic building block providing the si
multaneous OR-AND/OR-AND-INVERT function, useful in data 
control and digital multiplexing applications. 

4 

5 

6 

7 

9 

10 

11 

12 

13 

14 

15 

100 mW typ/pkg (No Load) 

2.3 ns typ 

2.5 ns typ (20o/o--80%) 

LOGIC DIAGRAM 

2 
3 

Vcc1=Pin1 
Vcc2 =Pin 16 

VEE= Pin 8 

3-39 

MC10121 

4-WIDE 
"OR-AND/OR-AND-INVERT" 

GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

Aout 

Aaut 

A1in 

A1;n 

A1;n 

A2;n 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

A4in 

A4in 

A4in 

A3in 

A3in 

A2in• A3in 

A2;n 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one gete. The other gates are tested in the same manner. 

I 

@Test 
Temperature 

-30"c 

+25°c 
+as0 c 

MC10121 Test Limits 
Pin 

-300C +25"c +as0 c Under 
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current le 8 - 29 - 20 26 - 29 mAdc 

Input Current ljn H 7 - 390 - - 245 - 245 µAde 
9 - 390 - - 245 - 245 

+ 10 - 495 - - 310 - 310 

lin L 7 0.6 - 0.5 - - 0.3 - µ.Ade 
9 

+ 
-

+ 
- -

+ 
-

+ 10 - - - -
Logic "1" VQH 3 -1.060 --0.890 -0.960 - --0.810 --0.890 -0.700 Vdc 

Output Voltage 2 -1.060 --0.890 -0.960 - --0.810 --0.890 --0.700 Vdc 

Logic "O" Vol 3 -1.890 -1.675 -1.860 - -1.650 -1.825 -1.615 Vdc 
Output Voltage 2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 

Logic "1" VQHA 3 -1.080 - -0.980 - - -0.910 - Vdc 
Threshold Voltage 2 -1.080 - -0.980 - - -0.910 - Vdc 

Logic"O" VQLA 3 - -1.655 - - -1.630 - -1.595 Vdc 
Threshold Voltage 2 - -1.655 - - -1.630 - -1.595 Vdc 

Switching Times 
150 !l Load) 

Propagation Delay '4+3- 3 1.4 3.6 1.4 2.3 3.4 1A 3.5 ns 

'4-3+ 3 

+ + + + + + + j 
t4+2+ 2 
t4-2- 2 

Rise Time t3+ 3 0.9 4.1 1.1 

2r 
4.0 1.1 4.6 

f20to 80%) t2+ 2 

+ + + + + + Fall Time t3. 3 
f20to80%) •2- 2 

•This is advance information end specifications are subject to change without notice. 

TEST VOLTAGE VALUES 

(VolU) 

V1H max V1Lmin V1HAmin V1LAmax Vee 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1Hm11iX V1Lmin V1HAmin V1LAmax Vee 

- - - - 8 

7 - - - 8 
9 - - -

+ 10 - - -
- 7 - - 8 
- 9 - -

+ - 10 - -
- - - - 8 

4,10,13 - - - 8 

4,10,13 - - - 8 
- - -· - 8 
- - - 4 8 

10,13 - 4 - 8 
- - 4 - 8 

10,13 - - 4 8 

+1.11 v Pulse In PulmOut -3.2V 

10,13 - 4 3 8 

j 
-

j 
3 

j 
- 2 
- 2 

- 3 
- 2 

- 3 
- 2 

IVccl 
Gnd 

1,16 

1,16 

+ 
1,16 

+ 
1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0V 

1,16 

j 

3:: 
(") ... 
0 ... 
N ... 



®MOTOROLA 

TRIPLE 4-3-3 INPUT 
BUS DRIVER 

The MC10123 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with VoL = -2.1 Vdc so that the bus may be 
terminated to -2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10123 are "turned-off." This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VoH level is specified when driving a 25-ohm load termi
nated to - 2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped
ance that can be driven by the MC10123, higher impedance values 
may be used with this part. A typical 50-ohm bus is shown in 
Figure 1. 

Po = 310 mW typ/pkg (No Load) 
tpd = 3.0 ns typ 
tr. tf = 2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

4 

~~3 
1~~2 
11~ 

:~~15 
14 

Vcc1 Pin 1 
Vcc2 Pin 1s 

Vee Pin a 

FIGURE 1 - 50-0HM BUS DRIVER 
(TYPICAL APPLICATION) 

1/3 MC10123 1/3 MC10123 1/3 MC10123 

~:r Z[1; Z[1; Z[1; t~· 
-2.0 Vdc 

RECEIVERS (MECL Gates) 
-2.0 Vdc 

3-41 

MC10123 

TRIPLE 4-3-3 INPUT 
BUS DRIVER 

P SUFFIX 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PLASTIC PACKAGE ·-CASE 648 

Vcc1 

Bout 

Aout 

A;n 

A;n 

A;n 

Ain 

Vee 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Cout 

Cin 

C;n 

Cin 

Bin 

B;n 

B;n 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm· is maintained. Outputs 
are terminated through a 25-ohm resistor to -2.1 volts. Test procedures are 
shown for only one input an one output. The other inputs and outputs are 
tested in the same manner. 

@Test 

Temperature 

-30°c 

+25°C 

+85"c 

Pin 
MC10123 Test Limits 

l Und• -30"c +25°c +as•c 
Characteristic Symbol Test Min Max Min Typ Mex Min Mex Unit 

Power Supply Drain Current IE 8 82 71 75 82 mAdc 

Input Current ljnH 4 360 220 220 µAde 

linL 4 0.5 1-1Adc 

Logic "1" VOH 3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 

Output Voltage 

.Logic "O'' Vol 3 -2.1 -2.030 -2.1 -2.030 -2.1 -2.030 Vdc 
Output Voltage 

Logic "1" VQHA 3 -1.080 -0.980 -0.910 Vdc 
Threshold Voltage 

Logic "O" . VQLA 3 -2.010 -2.010 -2.010 Vdc 
Thresl:Jold Voltage 

Switching limes 
125-ohm load) 

Propagation Delay t4+3-- 3 1.2 4.6 1.2 3.0 4.4 1.2 4.8 "' 
'4-3+ 

1 
1.2 4.6 1.2 3.0 4.4 1.2 4.8 

1 
Rise Time t3+ 1.0 3.7 1.0 2.5 3.5 1.0 3.9 

(20 to80%1 
Fall Time •3- 1.0 3.7 1.0 2.5 3.5 1.0 3.9 

(20to 80%). 

TEST VOLTAGE VALUES 

(Volts) 

V1H max V1Lmin V1HAmin VILA max Vee 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: s:: 
tvccl n ... 

V1H max V1Lmin VIHAmin VILA max Vee Gnd Cl ... 
4.5,6,7.,9,10 8 1,16 N 
11,12,13,14 w 

4 8 1,16 

4 8 1,16 

8 1.16 

4,~,6.7,9,12 8 1,16 

4,5-,6,7 8· 1,16 

9,12 4,5,6,7 8 1,16 

Pulse In Pulse Out -3.2V +2.0V 

4 3 8 1,16 

1 1 1 1 



® MOTOROLA 

QUAD TTL TO MECL TRANSLATOR 

The MC10124 is a quad translator for interfacing data and con
trol signals between a saturated logic section and the MECL sec
tion of digital systems. The MC10124 has TTL compatible inputs, 
and MECL complementary open-emitter outputs that allow use 
as an inverting/non-inverting translator or as a differential line 
driver. When the common strobe input is at the low logic level, 
it forces all true outputs to a MECL low logic state and all inverting 
outputs to a MECL high logic state. 

Power supply requirements are ground, + 5.0 Volts, and -- 5.2 
Volts. Propagation delay of the MC10124 is typically 3.5 ns. The 
de levels are standard or Schottky TTL in, MECL 10,000 out. 

An advantage of this device is that TTL level information can 
be transmitted differentially, via balanced twisted pair lines, to 
the MECL equipment, where the signal can be received by the 
MC10115 or MC10116 differential line receivers. The MC10124 is 
useful in computers, instrumentation, peripheral controllers, test 
equipment, and digital communications systems. 

Po = 380 mW typ/pkg (No Load) 

= 3.5 ns typ ( + 1.5 Vdc in to 50% out) 

= 2.5 ns typ (20%--80%) 

LOGIC DIAGRAM 

4 

6 2 

7 3 
1 

10 12 

15 

11 13 

14 

Gnd Pin 16 
Vee ( + 5.0 Vdcl Pin 9 
VEE ( -- 5.2 Vdc) Pin 8 

3-43 

MC10124 

QUAD TTL TO MECL 
TRANSLATOR 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

•• 1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Bout Gnd 

Aout Cout 

Bout Dout 

Aout Dout 

Ain Cout 
Common 

Din Strobe 

Bin Cjn 

VEE Vee 

Pin assignment is for OuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one translator. The other translators are tested in the same 
manner. 

MC10124 Test Limits 

@Test 
Temperature V1H 

· 30°C +4.0 

+25°C +4.0 

+85°C +4.0 

Pin 

lnder~ +25°C +85°C 

Unit_hH Typ l Max Min Mo. 

-66 72 mAdc 

Characteristic Symbol Test Min ~ 

Nega11vePowerSupply IE 8 72 
Drain Current 

16 18 mAdc] 5,6,7,10,11 

25 25 mAdc 

--· I J_ 200 200 µAde 
50 50 µAde 

'f' I [ Positiv': Power Supply lccH g 16 
~ Drain Current 

~ iccL 9 25 
Reverse Curre11t IR 6 200 

7 50 
-12_8 -12.8 ~;~~ I 5,7' ~O, 11 
-3,2 -3.2 

Forward Curren! IF 6 -12.8 
7 -3.2 

;:; I 5.5 Voo 
5.5 Voo 

Input Breakdown Voltage BV;n 6 5.5 
7 5.5 

Clamp Input Voltage Vi 6 -1.5 -1.5 -1.5 
7 -1.5 --· 1.5 -1.5 

-0.960 -0.810 -0.890 -0.100 I Voo 6.7 
-0.960 -0.810 -0.890 -0.700 

High Output Voltage VoH 1 -1.0601-0.890 
3 -1.060 -0.890 

-1.850 -1.650 -1.825 
=~:~~;J Vdc J_ -1.850 -1.650 -1.825 6,7 

Low Output Voltage Vol 1 -1.890 
3 -1.890 

High Threshold Voltage VoHA 1 -1-080 -0.980 -0.910 
3 -1.080 -0.980 -0.910 

Low Threshold Voltage VoLA 1 -1.655 -1.630 
3 -1.655 -1.630 - -1 595 

Switching Time (5().~1 load) +6.0 Vd<: 

Propagation Delay t6+1+ 1.S 6.8 

!+3.5 Vdc to 50%)Q) 16-1- • 1 .. 0 •.o 
t7+1+ 15 68 
17-1- 1.0 6~0 
t1+3- 3 1:..5 6_,_8 
17_3+ 3 1.0 6.0 

RJsaTirne l20%to80%) I t1+ 1.0 ( 4i2 
FallT1rne(80%to20%) 11 ~ 

!11' J ll 
6.0 " 7 

6.8 

j 
7 

6.0 6 

6.8 

j 6.0 
6~8 

25 :: i 4.3 

• 

I 

TEST VOLTAGE/CURRENT VALUES 

Volts 

V1L max VJHA' VILA' Vf VR Vee VEE 
'1>40 +2.00 +1.10 <-040 +2.40 +5.00 ·5.2 

W.40 +1.80 +1.10 +0.40 +2.40 +5.00 5.2 

+0.40 +1.80 +0.90 +0.40 +2.40 +5.00 5.2 

TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 

VtL max I V1HA' I VILA' ! Vf I VR ! Vee I VEE 

6.7 

6.7 

Pulse In 

6 
6 
7 

j 
Pulse Out 

5,7,10,11 
6 

+7.0 Vdc 3.2 Vd<: 

1 - - - 9 8 

I j j - - -

- -
3 --
3 - -

-"- : ~ ~ ~ 
CD See svvitching time test circuit. Propagation delay for this circuit is specified from +1.5 Vdc in to the 50% point on the output waveform. The +3-5 Vdc is shown here beCause all logic and supply levels are shifted 2 volts positive.) 

mA 

,, ljn 

10 +1.0 

10 +1.0 

-10 +1.0 

•in I G"o 
~ I I s: 

0 ... 
Q 

5,6,7,10,11,16 I I ... 16 N 
16 ""' 16 
16 

5,7,10,11,16 

6.c!.? 
16 
16 

16 
16 

16 
16 

16 
16 

16 
16 

+2.0 Vd<: 

16 

j 



MC10124 

SWITCHING TIME TEST CIRCUIT 

Vout 
+6.0 Vdc Vee NANO 

Vout 
AND 

''"'l ""'rj5::~ ~· 
sr-- ---,4 

Coax Coax 

Input 

Pulse Generator 

Input Pulse 
t+ = t- = 5.5 ±0.5 ns 

(10 to 90%) 

6( 12 

I 
I 

0.1µFR]L ---11·~''"' 
50-ohm termination to ground lo- -= 
cated in each scope channel input. -3.2 Vdc 

All input and output ca'11es to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPtn to input 
pin and TP out to output pin. 

+2.0 Vdc VeE 

NOTE: All power supply and logic levels are shown 
shifted 2 volts positive. 

3-45 

Unused outputs 
connected to a 
50-ohm resistor 
to ground. 

• 
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® MOTOROLA 

QUAD MECL TO TTL 
TRANSLATOR 

The MC10125 is a quad translator for interfacing data and con
trol signals between the MECL section and saturated logic sec
tions of digital systems. The MC10125 incorporates differential 
inputs and Schottky TTL "totem pole" outputs. Differential inputs 
allow for use as an inverting/non-inverting translator or as a dif
ferential line receiver. The Vee reference voltage is available on 
pin 1 for use in single-ended input biasing. The outputs of the 
MC10125 go to a low logic level whenever the inputs are left 
floating. 

Power supply requirements are ground, +5.0 Volts and -5.2 
Volts. Propagation delay of the MC10125 is typically 4.5 ns. The 
MC10125 has fanout of 10 TTL loads. The de levels are MECL 
10,000 in and Schottky TTL, or TTL out. This device has an input 
common mode noise rejection of ± 1.0 Volt. 

An advantage of this' device is that MECL level information can 
be received, via balanced twisted pair lines, in the TTL equipment. 
This isolates the MECL logic from the noisy TTL environment. 
This device is useful in computers, instrumentation, peripheral 
controllers, test equipment and digital com,munications systems. 

Po = 380 mW typ/pkg (No Load) 

tpd = 4.5 ns typ (50% to + 1.5 Vdc out) 

tr, tf = 2.5 ns typ (1.0 V,to 2.0 V) 

LOGIC DIAGRAM 

~·~4 

~~5 
10-~ 12 
11~ 

14~-13 
15~ 

L__1 
V99* 

Gnd 
Vee ( + 5,0 Vdcl 
VEE ( - 5.2 Vdc) 

Pin 16 
Pin 9 
Pin 8 

*Vee to be used to supply bias to the MC10125 only and bypassed (when used) 
with 0.01 µ.F to 0.1 µ.F capacitor to ground (O V). Vee can source < 1.0 mA. 

When the input pin with the bubble goes positive, the output goes negative. 
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MC10125 

QUAD MECL TO TTL 
TRANSLATOR 

2. FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

V99 Gnd 

Ain D;n 

A;n D;n 

Aout Dout 

Bout Cout 

Bin C;n 

Bin C;n 

VEE Vee 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Test pro
cedures are shown for only one translator. The other translators are tested 
in the same manner. 

®'"" 
Temperflture 

-30°<: 
+25°C 

<05"c 

Pin 
MC10126 Telit Limhs 

Under -300c +25°<: <05"C 
Characteristic 5ymbol , ... Min M" Min Typ M•• Min Mu Unit 

[Negative Power Supply ,, 8 -44 -•o -44 mAdc 
Drain Current r Posit;ve Power Supply lcCH 9 52 52 52 mAdc 
Drain Current 

lcCL 9 39 39 39 rnAdc 
Input Current l;nH (J) 2 180 115 115 ·-lnputLeak11911Current •cso 2 1.5 1.0 1.0 µAdo 

High Output Voltage VoH 4 2.5 2.5 2.5 Vdo 

Low.Output Voltage VoL 4 0.5 0.6 0.6 Vdo 

High Threshold Voltage VQHA 4 2.5 2.5 2.5 Vdo 

Low Threshold Voltage VoLA 4 0.5 0.5 0.5 Vdo 

Indeterminate Input VoLSl 4 0.5 0.5 0.5 Vdo 
Protection Tests 

VoLS2 4 0.5 0.5 0.5 Vdo 

Short-Circuit Current 'os 4 40 100 40 100 40 100 mA 

ReferenceVoltaQB v,, 1 -1.420 -1.28 -1.350 -1.230 -1.295 -1.150 Vdo 

Common Mode VOH 4 2.s· 2.5 2.5 Vdo 
RejectionTem 4 2.5 2.5 2.5 

VoL 4 0.5 no 0.6 Vdo 
4 0.5 0.5 0.5 

Switching Times 

T·~~ Propagation Delay 6 1.0 8.0 1.0 4.5 8.0 1.0 8.0 "' (50% to +1.5 Vdc) 5 

+ + + + + + + l 
~ 4 
t2-4+ 

i RiseTimet+1.0Vdcto2.0Vdcl 114+ 3.3 3.3 3.3 

FallTime(+1.0Vdcto2.0Vdcl 14- 3.3 3.3 3.3 

CD Individually tftt each input, apply V1H max to pin under tftt. 

TEST VOLTAGE VALUES 
(Volts) 

V1Hm11x V1L min . VIHAmin V1LAmax V1HH V1LH V1HJ V1LLl Vee l Vee l VEE 
-0.890 -1.890 -1.205 -1.500 +0.110 -0.89~.890 -2.890 From +5.0 -5.2 

-0.810 -1.850 I -1.105 -1.475 =:t-0.190 -0.85~.81~21!50 Pin +5.oI -s.2 
-0.700 -1.825I-1.035 -1.440 =:to:m -o.s25 -1.7C1~[2m~ 1 +5.oI -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Output s:: 

V1H max VtLmin VJHAmin V1LAmex V1HH VILH V1HL V1LL Vee Vee v,. . .. Condition 
0 - 3,7,11,15 9 8 16 .... 
0 

2,6,10,14 3,7,11,15 9 8 16 .... 
2,6,10,14 3,7,11,15 9 8 16 N 

2,6,10,14 3,7,11,15 9 8 16 U1 
3,7,11,15 9 2,6,8,10,14 16 

2,6,10,14 3,7,11,15 9 8 16 

2,6,10,14 3,7,11,15 9 8 16 20mA 

6,10,14 2 3,7,11,15 9 8 16 J-2.0mA 

6,10,14 2 3,7,11,15 9 a 16 

9 2,3,6,7,8, 16 
10,11,14,15 

9 8 16 J 20mA 

2,6,10,14 3,7,11,15 9 8 4,16 

2,6,10,14 3,7,11,15 

3 2 9 a 
~= l -2.omA 3 2 9 a 

2 3 9 a 16 l 20mA 
2 3 9 a 16 20mA 

Pulse In Pulse Out CL (pF) 

6 6 25 3,7,11,15 9 8 16 
8 6 

l l l l l 
2 4 

i i 



Coax 

Input 

Pulse Generator 

Input Pulse 

t+ = t- = 2.0 ±0.2 ns 
(20 to80%) 

60-ohm termination to gro.und lo
cated in each scope channel input. 

All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TP1n to input 
pin and TPaut to output pin. 

MC10125 

SWITCHING TIME TEST CIRCUIT 

3-48 

450 

CL"" 26 pf, Including test fixture 

One input from each gate must be tied to V99 
(Pin 1) during testing. 



® MOTOROLA 

BUS DRIVER 

The MC10128 is designed to provide outputs which are com
patible with IBM-type bus levels; or, if desired, it will drive TTL 
type loads and/or provide TTL three-state outputs. The inputs 
accept MECL 10,000 levels. The MC10128 output levels can be 
accepted by the MC10129 Bus Receiver. 

The operating mode IBM or TTL is selected by tying the external 
control pins to ground or leaving them open. Leaving a control 
pin open selects the TTL mode, and tying a control pin to ground 
selects the IBM mode. 

The TTL mode will drive a 25-ohm load, terminated to + 1 .5 
Vdc or a 50-ohm load, terminated to ground. The device has 
totem-pole type outputs, but it also has a disable input for three
state logic operation when the circuit is used in the TTL mode. 
When in the high state the disable input causes the output to 
exhibit a high impedance state when it would normally be a pos
itive logic "1" state. When the strobe is in the high state it inhibits 
the output data in the low state. 

Latches are provided on each data input for temporary storage. 
When the clock input is in the low logic state, information present 
at the data inputs 01 and 02 will be fed directly to the latch output. 
When the clock goes high, the input data is latched. The outputs 
are gated to allow full bus driving and strobing capability. 

The MC10128 is useful in interfacing and bus applications in 
central processors, mini-computers, and peripheral equipment. 

LOGIC DIAGRAM 

11 
D1o------i 

10 
CLOCKo---~-. 

RESETo7---11-1..--~ 
DISABLE 110:---1--11-----i--J 

DISABLE 20---t--t-----t--

Vee 
Gnd 1 
Gnd 2 

Pin 14 
Pin 16 
Pin 1 

Gnd 3 
VEE 

Pin 9 
Pin 8 

CONTROL 1 
13 

4 

CONTROL2 
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Gnd 2 

02 

Strobe 

Control 2 

Disable 2 

D2 

Reset 

VEE 

MC10128 

BUS DRIVER 

LSUFFIX 
CERAMIC PACKAGE 

CASE620 

PIN ASSIGNMENT 

Gnd 1 

01 

Vee 

Control 1 

Disable 1 

D1 

Clock 

Gnd 3 

• 
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ELECTRICAL CHARACTERISTICS - TTL MODE 

Each MECL 10,000 series circuit has been designed to meet the de specifi- TEST VOLTAGE/CURRENT VALUES 

cations shown in the test table, after thermal equilibrium has been estab- TEST VOLTAGE VALUES JmAdc I µAde I mAdc 

lished. The circuit is in a test socket or mounted on a printed circuit board Volts 

and transverse air flow greater than 500 linear fpm is maintained. @'Test 
Temperature V1Hmax V1tmin V1HAminJ V1tAmaxlVeel Vccl'oH1 J •0H2 J •ot 

-30°c -0.890 -1.890 -i.2os -i.5oo I-5.rr s.ooI -50 -100 +56 

+25°C -0.810 -1.850 -1.1os -1.475 I-s.2 s.ooI-so -100 +56 

+86°C -0.700 -1.825 - J .o3s -1.440 -s.2 s.oo -so -100 I +56 

Pin MC10128 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW; 
Under -30°C +25"<: +SSoc 

Characteristic Symbol Teot Min Max Min Max Min Max Unit V1Hmax Vttmin V1HAmin VitAmax VEE Vee IQH1 IQH2 loL Gnd 

Negative Power Supply IE 8 100 91 100 mAdc 6,11 8 14 1, 9,16 
Drain Current 

Positive Power Supply •cc 14 50 50 50 mAdc 6,11 8 14 1, 9,16 
Drain Current 

Input Leakage Current ljnH 3 490 620 620 ,u.Adc 3 8 14 1, 9,16 
7 560 350 350 

! 
7 

1 1 1 
10 425 265 265 10 
11 425 265 265 11 
12 775 465 485 12 

linl All 0.5 0.5 0.3 ,u.Adc 8 14 1, ,9,16 

Logic "1" VoH 15 2.5 2.5 2.5 Vdo 11 8 14 2,15 1, ,9 ,16 s:: Output Voltage 15 2.7 2.7 2.7 Vdo 11 8 14 2.15 1. ,9 ,16 

't> I [ Logic."O" VoL 15 0.5 0.5 0.5 Vdo 3 8 14 2,15 1, ,9,16 (') ... en Output Voltage 2 0.5 0.5 0.5 Vdo 3 8 14 2,15 1, ,9,16 Cl 0 r Logic "1" VOHA 15 2.5 2.5 2.5 Vdo 11 7 10 @ 8 14 2,15 1, ,9,16 ... 
Threshold Voltage 2 2.5 2.5 2.5 Vdo 6 7 10@ 8 14 2,15 1, ,9,16 N 

00 
Logic "O" VOLA 15 0.5 0.5 0.5 Vdo 11 7,10 3 8 14 2,15 1, ,9 ,16 

Threshold Voltage 2 0.5 0.5 ci5 Vdo 6 7,10 3 8 14 2,15 1, .9 .16 
Output Short Circuit Current •sc 15 250 260 250 mAdc 11 8 14 1,2, ,9 ,15,16 

2 260 260 260 mAdc 6 8 14 1,2, ,9 ,15,16 
Switching Times t -0.890V -1.690V Pulse In Pulse Out 

Propaption Delay 

Data Input t11+15+ 15 1.0 17 1.0 18 1.0 24 "' 10 11 15 I a I 14 I - I I 1. 9 ,16 
tu-1s- 15 1.0 17 1.0 18 1.0 24 10 11 

1 
Clock Input t10-15+ 15 $ 1.0 20 1.0 20 1.0 25 10,11 

t10-15- 15 1.0 20 1.0 20 1.0 25 10,11 
Reset Input 17+15- 1i ~ 1.0 20 1.0 20 1.0 25 11 7,10 

t1+2- 1.0 20 1.0 20 1.0 25 6 7,10 2 
STROBE Input t3+16- 15 1.0 17 1.0 18 1.0 24 11 10 3 15 

t3-15+ 15 1.0 17 1.0 18 1.0 24 ! ! 15 
t3+2- 2 1.0 17 1.0 18 1.0 24 6 2 
t3-2+ 2 1.0 17 1.0 18 1.0 24 2 

Setup Time tsetupH 15 0.9 10,11 15 
'setupl 15 0.8 i l Hold Time tholdH 15 1.1 
tfloldl 15 0.8 

Rise Time (20% to 80%1 t15+ 15 1:0 9.0 1.0 8.0 1.0 9.0 10 11 

Fall Time 120% to 80%1 •15- 15 1.0 9.0 1.0 a.a 1.0 9.0 10 11 

Apply V1Lmin individually to pin under test. @ A pul• is applied to pin 10. V1H~V1H 
© Outs>ut i.tchad to logic Low state prior to test. 
(2) Output latched to logic High state prior to test. 
t See waveforms VILA.....i ~100nsecmin 
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ELECTRICAL CHARACTERISTICS 
-IBM MODE 

Each MECL 10,000 series circuit has been 
designed to meet the de specifications 
shown in the test table, after thermal 
equilibrium has been established. The 
circuit is in a test socket or mounted on a 
printed circuit board and transverse air 
flow greater than 500 linear fpm is 
maintained. 

J 
o .... "t±c I~ DISABLE] 

-~, .,. 02 Temperature 

c a -30°c 
R +2s0 c -~· -=·'· -· 

TEST VOLT AGE/CURRENT VALUES 

TEST VOLTAGE VALUES mAdc µAde 

Volts 

V1Hmax I V1Lmin IV1HAmin I V1LAmax I Vee I Vee I loH1 10H2 I loL 

-o.eso I -1.890 I -1-205 I -1.soo I -s.21 +6.00 I -59.3 -Jo I -230 

-o.s10 I -1.sso I -1.105 I -1.475 I -s.2 I +s.oo I -59.3 -Jo I -230 

-0.100 I -1.a2s I -1.oos I -1.440 I -s.21 +s.oo I -59.3 -30 I --230 

P;n I MC10128 T8't Um;H I 
Symbol I Test Min I Max I Min I Max I Min I Max I I J I I I I I 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under -3o0 c +25°c +ss0c 

Characteristic Umt V1Hmax I V1Lmin IVIHAmin I V1LAmax I Vee I Vee 
Negative Power Supply 

Drain Current 

Positive Power Supply 
Drain Current 

Input Leakage Current 

Logic "1'' 
Output Voltage 

Logic "O" 
Output Voltage 

Logic "1" 
Threshold Voltage 

Logic "O" 
Threshold Voltage 

Output Short Circuit Current 

Switching Times t 
Propagation Delay 

Data Input 

Clock Input 

Reset Input 

SfRosE t nput 

Setup Time 

Hold Time 

Rise Time (20% to Bar..) 

Fall Time (20% to 80%) 

'• 
•cc 

1inH 

linL 

VoH 

VoL 

VoHA 

Vo LA 

'sc 

t11+15+ 
111-15-

trn-15+ 
t10-1s

t1+1s
t7+2-

t3+15-
fJ-15+ 
t3+2-
t3-2+ 

tsetupH 
tsetupl 

tholdH 
tholdl 

t15+ 

t1s-

14 

10 
11 
12 

All 

15 
15 

15 

15 

15 
2 

15 

0.5 

3.11 

-0.5 
-0.5 

3.11 

-0.5 
-0.5 

15 1.0 
15 

15 © 
15 ® 
15@ 
2 @ 

15 
15 
2 
2 

15 
15 

15 
15 

15 J 1.0 
15 1.0 

107 97 107 I rnAdc I 6,11 

73 

990 
560 
425 
425 
775 

5.85 

73 

620 
350 
265 
265 
485 

0.51-I0.3 

3.11 I - I 3.11 
5.85 

73 

620 
350 
265 
265 
485 

5.85 

0.151-0·5 I 0.151-0.510.15 
0.15 -0.5 0.15 -0.5 0.15 

3.11 I I 3.11 

0.251-0.51 0.251 -0.51 0.25 
0.25 -0.5 0.25 -0.5 0.25 

mAdc 

µAde 

l 
µAde 

Vdo 
Vdo 

Vdo 
Vdo 

Vdo 
Vdo 

Vdo 
Vdo 

320 
320 

320 
320 

320 I mAdc 
320 rnAdc 

21 t.o I 33.o 
.21 
20 
20 
.<:.) 

20 

21 
21 
21 
21 

.7 

s.o I 'o I s.o I •o I 9.0 
8.0 1.0 8.0 1.0 9.0 

6,11 

10 
11 
12 

11 
11 

11 
6 

11 
6 

11 

7,10 
7,10 

-0.890V l-1.690VI Pulse In 

11 
6 
11 

10 I 11 
10 11 

10 

i 

10,11 
10,11 
7,10 
7,10 

3 

i 
10,11 

! 
10 I 11 

10 I 11 

Apply V1Lmin individually to pin under test. 

© Output latched to logic Low state prior to test. 

@ Output latched to logic High state prior to test. 
t See waveforms 

@A pulse is applied to pin 10. v,H t_r-v'" 

VILA__, ~100 nsec min 

I 

~g@@ 

-
Pulse Out 

15 

1 
15 
15 

15 

14 

14 

11 'i 
14 

14 
14 

14 
14 

14 
14 

14 
14 

14 
14 

14 

1QH1 

2,15 

2,15 
2,15 

IQH2 

2,15 

IQL 

2.15 
2,15 

2, 15 
2,15 

Gnd 

1.4.9,13,16 

1,4,9,13,16 

1.4.9.13,16 

j 
1.4.9.13,16 

1.4.9.13,16 
1.4.9.13,16 

1.4.9.13,16 
1,4,9,13,16 

1,4.9.13,16 
1,4.9.13,16 

1,4,9.13.16 
1.4.9.13,16 

1.2.4.9.13,15.16 
1,2,4,913.15, 16 

1,4,9.13,16 

s:: 
(') ... 
0 ... 
N co 
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MC10128 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS@ 25°c - TTL MODE 

Pulse Generator 

Input Pulse 

t+ = t- = 2.0 + 0.2 ns 
(20 to 80%) 

0PAF"" 1.0 MHz 
V1H = -0.89 V 
V1L= -1.69V 

CONTROL 1 
13 

v@cc :c
1

µF 

,------.14 --- -1 

I 
101...+---'~D I 

10 

12 

6 I 

3 I 

L 

50-ohm termination to ground lo

cated in each scope channel input. 

All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be 
< 1/4 inch from TPjn to input pin 

and TPout to output pin. 

Q__;--

3-52 

r5V 

+5.0Vdc 

280 

All Diodes 
MMD7000 
or Equiv. 

CL== 20 pF, including test fixture 



MC10128 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS@ 25°c - IBM MODE 

Pulse Generator 

Input Pulse 

t+ = t- = 2.0+ 0.2 ns 
(20 to 80%) 

PRF = 1.0 MHz 

V1H = -0.89 ,v 
VIL= -1.69V 

r---
11 I 
O-+-----.D 

10 

12 

s I 

Vc@c6 de 

0.1 µF 

..!_4 CONT~OL 1 
13 

I 
I 
I 
I 

Vout 

15 

56 n 

CL=- 50 pF, including test fixture 

_J L_ -@- 4 

0.1 µF "I {Control 2) 

Q___;--

de 
VEE 

50-ohm termination to ground lo
cated in each scope channel input. 

All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be 

< 1/4 inch from TPin to input pin 

end TP out to output pin. 

3-53 
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Start Cycte 

Data 

Out 

Strobe 

Out 

Data 

Clock 

Output 

Clock 

Reset 

Output 

TTL-MODE 
VoL = 0.5 Volts Max 
VoH = 2.5 Volts Min 

MC10128 

VOLTAGE WAVEFORMS 

DATA INPUT 

STROBE INPUT 

CLOCK INPUT 

RESET INPUT 

-------------- -0.89V 

'------'+--------------- -1.69V 

35 ns 

3-54 

~5-0-%--~------- -0.89 v 

60 ns 
'------ -1.69V 

IBM-MOOE 
VoL = 0.25 Volts Max 
VQH = 3.11 Volts Min 



®MOTOROLA 

QUAD BUS RECEIVER 

The Me10129 bus receiver works in conjunction with the 
Me10128 to allow interfacing of MEeL 10,000 to other forms of 
logic and logic buses. The data inputs are compatible with, and 
accept TTL logic levels as well as levels compatible with IBM
type buses. The clock, strobe, and reset inputs accept MEeL 10,000 
logic levels. 

The data inputs accept the bus levels, and storage elements are 
provided to yield temporary latch storage of the information after 
receiving it from the bus. The outputs can be strobed to allow 
accurate synchronization of signals and/or connection to MEeL 
10,000 level buses. When the clock is low, the outputs will follow 
the D inputs, and the reset input is disabled. The latches will store 
the data on the rising edge of the clock. The outputs are enabled 
when the strobe input is high. Unused D inputs must be tied to 
Vee or Gnd. The clock, strobe, and reset inputs each have 50 k 
ohm pulldown resistors to VEE· They may be left floating, if not 
used. 

The Mei 0129 will operate in either of two modes. The first 
mode is obtained by tying the hysteresis control input to VEE· In 
this mode, the input threshold points of the D inputs are fixed. 
The second mode is obtained by tying the hysteresis control input 
to ground. In this mode, input hysteresis is achieved as shown 
in the test table. This hysteresis is desirable where extra noise 
margin is required on the D inputs. The outer input pins are un
affected by the mode of operation used. 

The Me10129 is especially useful in interface applications for 
central processors, mini-computers, and peripheral equipment. 

Po = 750 mW typ/pkg (No Load) 

tpd = 10 ns typ 

Vee Max = 1.0 Vdc 

LOGIC DIAGRAM 

DO 7 

0113 

02 6 

034 

Hysteresis 

Control 5 o----~ 

Clock 11 o-----~ 
Reset 10 o_-_____ _.. _ _. 

Strobe 12 o----------~ 

Vee 
Gnd 
VEE 

1400 

15 01 

3 02 

2 03 

Pin 9 
Pins 1 and 16 
Pin 8 
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MC10129 

QUAD BUS RECEIVER 

Jff!!i 
LSUFFIX 

CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

Gnd 

03 

02 

03 
Hysteresis 

Control 

02 

D c 
</> </> 
</> H 
L L 
</> H 
H L 

TRUTH TABLE 

STROBE RESET 

L </> 

</> H 
H </> 
H L 
H </> 

<f> = Don't Care 

Gnd 

01 

00 

01 

Strobe 

Clock 

Reset 

Vee 

On+ 1 

L 
L 
L 

On 
H 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through_a 50-ohm resistor to -2.0 volts. Test procedures are 

Under I -30°<: .,,"' 

Temperature 

'""' 

_,."' 
+25°C 
... "c 

I 
shown for only one input'output combination. Other combinations are tested 
in the same manner. 

HVSTEREStS MODE 

V1Hmaxl Vtlminlv1HAminlv1LAmpl V1H I Y1L I V1HA' v1LA' l Y1H [ V1L I Y1HA' I Y1LA' J V1HA .. J V1LA" }:;:;;d Y1u ... • I vcJ!ll VH 
-o.s90 I -1.aso I -1.1ss I -1.500 fJ.0001 o.400 I 2.000 o.eoo I J.11 I o.1so I - 1 - I 2.90 I 2.00 I 2.20 I clO I +5.o I 4.2 

-1 sso I -uos I -1.475 13.oool o.4oo I 2.000 

sv-1 T- Min I Typ Unit I V1Hmax I VrLmin Jv1HAminlV1LAmaxl VtH I V1L I V1HA' I VILA' I V1H I V1L I VtHA' I VILA' 1 V1HA" l VILA" I V1HA"'I V1LA'" I v~ VEE 

Neptivf!Power 
SJpplvDrainCurrentl te 

Supply0rain0Jnen1 

1npu1Curren1 

Ou1pu1 Voll'!gl l'~· , 
Log;c"O .. 
Output Volt-

Logic "1" 
TllresholdYolt-ee 

'" 
l;nH 

1<:90~ 

, 
" " " " 
, 
" ~ 
" " Vo, , 
3 , 
3 

voe , 
3 , 
3 

VOHA ~ , 
~2~ 

'j 
-1.060 

I 
T 

-1.08 

j 
l~~°.:i Yol1"91 l VoLA 12 2@ 

~~I -
Swill:hingTi'"" 

p::r.::: Oelav I~~~:: " 3.7 

" 3.7 

111-14+ " 2.7 
t11-14- " 2.7 

SlfObelnput 1,,,. ... " 1.6 
112-14- " 1.8 

A"1!1lnput t10+14- " 2.0 

HymreilModit 17+14+ " .. 
17-14- " 3.7 

SttuPTime ...... " 30 

''""' " 0 

"' '" 8.0 

>OO 
>OO 
<00 

"" 

'I 

-0.890 

I 
-1.675 

I 

15 
15 

" 11 
8.0 
8.0 
8.0 

30 

,. 
" ~:: I ::~ F .. ITime I,_ 
" 

"Whan te<ting cl>"""'eithe' TTL o' IBM Jnput le\oelt. 

(!) Operation and lim~s..,own "'"'apply for Vee = +6.0 V. 

-1.0 ,_, 
I 

-0.960 

) 
-1.850 

j 
-0.980 

j 

3.7 
3.7 
2.7 
2.7 
1.6 
1.9 
2.0 

6.7 
3.7 
2.7 

-2.0 
1.5 
LS 

@ Input leYel ondatainpul taken from +-0.4 V up to •ol•ago le.el giwn 

@ Input!- on datainp<;I taken from +4.0 V down tovolu1ge 1 .. e1 gi'<en. 

@Ouq>utlatclo..:ltologicllightt...,priotto!esl 

V1HA"• VILA" .,..,tand~l"dlog;c ··1" and!ogic "0"" MTTL mreshoid volto(les 

-

-

10.0 
10.0 ,_, ,, ,, ,_, 
'' 
18.0 
10.0 

15.0 

15.0 

'' '" 

'" ,,, 

" " " "' '" "' " _,, 
j 

-
-

-0.810 

I 
-1.650 

I 

-
-1.630 

j 

" " 9.0 
9.0 
7.0 
7.0 
6.5 

25 

" 
u 
4.3 

'I 
-0.890 

I 
-1r5 
-0.910 

j 

3.7 
3.7 
,_7 

2.7 ,_, 
1.e 
'-0 

6.6 
3.7 
30 

-2.0 
'-5 
>.5 

V1HA""• VILA"• VtHA'"' and VILA'"~"' l09ic ··1·· ""d logic ""0" !hnrsl>oid •oi!-1 in thehyt!efes" mode 
•sllownindi<111r..,.. 

@ !';riS•Y£E.V1LIOONinpu!01101Ma-

'" 18~ 

8.0 

95 uAdc 

" j " '" "' '" " '' uAdc 

'. l 
-0.700 Vo< 

) j 
-1.615 '" I j 

VO< 

j 

W" 
30 
40 

" " 8.0 
8.0 
8.0 

30 
40 
-

5.0 
5.0 

" " " " 4.6.7,13 . 
' , 

10,11 

" " 

I I I 

-

I " I !3 
-
-

-

'° " " 
j' 

10,11 

I 
" 10.11 

I I 
11,12 

10.1 
10,12 r 10.11 

I 
11,12 

10,11 
10,12 

I' 10,11 

I 
+1,11V +0.31V Pul•ln A.d•Out +6.0Vl+2.40V 

" 10,11 , 
" " 10,11 , 
" 

" " 7,11 " " " 7,11 " 10,11 " " " " 
" 110.11 I , I " 12 10,11 1 14 

10 7,11 

10,11 

10,11 " " 
V1HA" 

: "I· -

Figure 

VIHA'" 

4,6,7,13 

, 
" 

Figure 

Vout 

Hysteresis Mode 
Log;c '"1'" T{] / Thmhold Voltage 

Logic "O" 

I 
VILA" VILA'" 

Vin 

5~8 I \~1!6 
ii.8 I 1.1s 

i I i Ir 
! I i Ir 

•.8 1.16 
•.8 1,16 
8 1,5.16 
8 1.5.16 

•.8 1,16 

·: 1,16 
1,S,16 

8 1,S,16 

.. 1 .... ! 1),6 
8 ..1!.,16 

'f 11.I 
8 __!A16 

+HIV 1...12v1+2.ov 

5,811,16 

l 1 l 
1,5,16 
1,5,16 

5.8 I 1,l& 

11 I 

s: 
(") .... 
c .... 
N 
CD 



MC10129 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS@ 25°C 

+5.0 Vdc Vee 

.-1 m70Vdc 
~T I 25µFT To 1 µF 

~ ~;------~ -~-------, 
Coax 

Input 

Pulse Generator 

Input Pulse 
t+ = t- = 5.5 ± 0.5 ns 

(10 to 90%) 

Unused Inputs (0) 
must be tied to 

Vee or Pin 16 

I 

I 
I 
I 
I 0113 

I 
I 
I 
I 
I 
lo/ 

50-ohm termination to ground lo- I 
cated in each scope channel input. I 
All input and output cables to the I 
:::~~a;::b~~~i~:~:~::ho:h~~-1~': I 
< 1/4 inch from TPin to input pin I 
and TP out to output pin. I 03 

4 

I 
I 

~~~~~~~sis I 5 0---------' 
Clock I 11 o---------' 
Reset I 10 o-----------~ 

Strobe I 12 0-------------~ 

L ::r·---------q~~: 
1' 1 L'tdc 

+2.0 Vdc 

NOTE: All power supplies and logic levels are shifted 2 volts positive. 
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Vout 

Coax 

Unused outputs 

connected to a 
50-ohm resistor 
to ground. 

• 
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FIGURE 1 - DATA to OUTPUT 
(Clock and Reset are low, Strobe is high) 

FIGURE 3 - RESET to OUTPUT 
(Data and Strobe are high) 

MC10129 

Data 

FIGURE 2 - STROBE to OUTPUT 
(Data is high, Clock and Reset are low) 

Strobe 

Q 

112+14+ 112-14-

FIGURE 4-CLOCK to OUTPUT 
(Reset is low, Strobe is high) 

+5.0 v 

+2.4 v 

Clock----, ,.---- +1.11 v 
+1.11 v 

Re~t------~ '----- +0.31 v 

Clock ;---------- +1.11 v 

111-14- t11-14+ 

+0.31 v 

FIGURE 5 - TsET UP ANDTHOLD WAVEFORMS 

+1.11 v 
,-------. ·----- +5.00 v 
50% 50% 

20% D 
+0.31 v 

50% 

c------~--------+o.31 v 
111-14+ 

t10+14-
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® MOTOROLA 

DUAL LATCH 

The MC10130 is a clocked dual D type latch. Each latch may be 
clocked separately by holding the common clock in the low state, 
and using the clock enable inputs for the clocking function. If the 
common clock is to be used to clock the latch, the clock enable 
(CE) inputs must be in the low state. In this mode, the enable 
inputs perform the function of controlling the common clock (C). 

Any change at the D input will be reflected at the output while 
the clock is low. The outputs are latched on the positive transition 
of the clock. While the clock is in the high state, a change in the 
information present at the data inputs will not affect the output 
information. 

The set and reset inputs do not override the clock and D inputs. 
They are effective only when either C or CE or both are high. 

Po 155 mW typ/pkg (No Load) 

tpd 2.5 ns typ 

tr, tf 2.7 ns typ (20°/o-80%) 

LOGIC DIAGRAM 

S1 5 

D1 7 01 -2 

CE1 6 

01 3 

R1 4 
c 9 

R2 13 

02 14 

CE2 11 

D2 10 02 15 

S2 12 

Vcc1 Pin 1 
Vcc2 Pin 16 TRUTH TABLE 

VEE Pin 8 D c CE On+1 

L L L L 

H L L H 

"' L H On 

"' H L On 

"' H H On 

q, = Don't Care 
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Vcc1 

01 

Qi 

R1 

S1 

CE1 

D1 

VEE 

MC10130 

DUAL LATCH 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

02 

02 

R2 

S2 

CE2 

D2 

c 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one latch. The other latch is tested in the same manner. 

I 

@Test 
Temperature 

-30°c 
+25°C 

+as0 c 
MC10130 Test Limits 

Pin 
Unde< -30°c +25°C +85°C 

Characteristic Symbol Test Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current le 8 - 38 - 30 35 - 38 mAdc 

Input Current linH 6,11 - 350 - - 220 - 220 µAde 
9 - 425 - - 265 - 265 

• 
4,5,7 - - - - - - -

10,12,13 - 450 - - 285 - 285 

linl 4• 0.5 - 0.5 - - 0.3 - µAde 

Logic "1" VoH 2 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 
Output Voltage 

Logic "O" Vol 2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 
Output Voltage 

Logic "1" Vo HA 2 -1.080 - -0.980 - - -0.910 - Vdc 
Threshold Vo Jtage 

Logic "O" Vo LA 2 - -1.655 - - -1.630 - -1.595 Vdc 
Threshold Voltage 

Switching Times (50 n Load) 
(See Figure 1) 
Propagation Delay 17+2+ 2 1.0 3.6 1.0 2.5 3.5 1.0 3.8 ns 

t5+2+ 

J J • + 
2.7 

• i 3.9 

J 
t4+2- 2.7 3.9 
ta-2+ 4.3 - 4.0 4.1 

A ise Ti me { 20% to 80%) •2+ 3.6 1.1 2.7 3.5 1.1 3.8 

Fall Time (20% to 80%) •2- 3.6 1.1 2.7 3.5 1.1 3.8 

Setup Time tsetup 2 2.5 - 2.5 - - 2.5 - ns 

Hold Time thold 2 1.5 - 1.5 - - 1.5 - ns 

*All other inputs are tested in the same manner 

TEST VOLTAGE VALUES 

(Volts} 

V1Hmax V1Lmin VI HA min Vt LA max Vee 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW' 

VtHmax V1Lmin V1HAmin VJLAmax Vee 

- - - - 8 
6,11 - - - 8 

9 - - -

+ 
4.5 - - -

7,10,12,13 9 - -
- 4 - - 8 

5 - - - 8 

4 - - - 8 

- 9 7 - 8 

- 9 - - 8 

+1.11 v Pulse In Pulse Out -3.2V 

- - 7 2 8 
6 - 5 

l ! 6 - 4 
- - 6 

- - 7 

- - 7 

(j) - 6,7 2 8 

(j) - 6.7 2 8 

IVccl 
Gnd 

1.16 

1,16 

+ 
1.16 

1,16 

1.16 

1.16 

1,16 

+2.0V 

1.16 

l 
1.16 

1,16 

3: 
(') ... 
c ... 
~ 



®MOTOROLA 

DUAL TYPED MASTER-SLAVE 
FLIP-FLOP 

The MC10131 is a dual master-slave type D flip-flop. Asynchron
ous Set (S) and Reset (R) override Clock (Cc) and Clock Enable 
(CE) inputs. Each flip-flop may be clocked separately by holding 
the common clock in the low state and using the enable inputs 
for the clocking function. If the common clock is to be used to 
clock the flip-flop, the Clock Enable inputs must be in the low 
state. In this case, the enable inputs perform the function of con
trolling the common clock. 

The output states of the flip-flop change on the positive tran
sition of the clock. A change in the information present at the data 
(D) input will not affect the output information at any other time 
due to master slave construction. 

Po 235 mW typ/pkg (No Load) 

frog 160 MHz typ 

tpd 3.0 ns typ 

tr, tf 2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

SI 5 

D1 7 01 2 
CE1 6 

01 3 

R1 4 
cc 9 
R2 13 

02 14 

CE2 11 

D2 10 02 15 

S2 12 

CLOCKED TRUTH TABLE R-S TRUTH TABLE 

Pin 1 
Pin 16 
Pin 8 

c D On+1 R s On+! 

L 4> 
H L 

H H 

4> = Don't Care 
C =CE+ Cc. 

On 

L 

H 

A clock H is a clock transition 
from a low to a high state. 

L L On 

L H H 

H L L 

H H N.D. 

N.D. = Not Defined 
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MC10131 

DUAL TYPE D MASTER-SLAVE 
FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

QI 

01 

R1 

SI 

CE1 

D1 

VEE 

Vcc2 

02 

02 

R2 

S2 

CE2 

D2 

Cc 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estabp 
lished. The circuit is in a test socket or mounted on a printed circuit board 

MC10131 Test Limits 
Pin 

Under -3o0 c +2s0c 
Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current le 8 - 62 - 45 56 

Input Current linH 4 - 525 - - 330 
5 - 525 - - 330 
6 - 350 - - 220 
7 - 390 - - 245 
9 - 425 - - 265 

Input Leakage Current linL 4,5,* 0.5 - 0.5 - -
6,7,9* 0.5 - 0.5 - -

Logic "1" VQH 2 -1.060 -0.890 -0.960 - -0.810 
Output Voltage 2t -1.060 -0.890 -0.960 - -0.810 

Logic "O" Vol 3 -1.890 -1.675 -1.850 - -1.650 
Output Voltage 3t -1.890 -1.675 -1.850 - -1.650 

Logic "1" VQHA 2 -1.080 - -0.980 - -
Threshold Voltage 2t -1.080 - -0.980 - -

Logic "O" VQLA 3 - -1.655 - - -1.630 
Threshold Voltage 3t - -1.655 - - -1.630 

Switching Times 
Clock Input 

Propagation Delay tg+2- 2 1.7 4.6 1.8 3.0 4.5 
tg+2+ 2 

+ j i i j t5+2+ 2 
ts+2- 2 

Rise Time (20 to 80%) •2+ 2 1.0 1.1 2.5 

Fall Time (20 to 80%) •2- 2 1.0 1.1 2.5 

Set Input 
Propagation Delay ts+2+ 2 1.7 4.4 1.8 2.8 4.3 

t12+1s+ 15 l i l + + 
ts+3- 3 

t12+14- 14 
Reset Input 

Propagation Delay t4+2- 2 1.7 4.4 1.8 2.8 4.3 
t13+15- 15 

+ l l + + 
t4+3- 3 

t13+14+ 14 

Setup Time tsetup 7 2.5 - 2.5 - -
Hold Time th old 7 1.5 - 1.5 - -
Toggle Frequency (Max) fTog 2 125 - 125 160 -

Individually test each input; apply V1 L min to pin under test. 

I 

@Test 
Temperature V1H max 

-3o0 c -0.890 

+25"<: -0.810 

+85°C -0.700 

+as0 c 
Min Max Unit V1H max 

- 62 mAdc -

- 330 µAde 4 
- 330 

l 
5 

- 220 6 
- 245 7 
- 265 9 

0.3 - µAde -
0.3 - µAde -

-0.890 -0.700 Vdc 5 
-0.890 -0.700 Vdc 7 

-1.825 -1.615 Vdc 5 
-1.825 -1.615 Vdc 7 

-0.910 - Vdc -

-0.910 - Vdc -

- -1.595 Vdc -

- -1.595 Vdc -

+1.11Vdc 

1.8_ 5.0 "' -

+ + j 
7 
7 
-

1.1 4.9 7 
1.1 4.9 -

1.8 4.8 "' -

+ l + 
6 
-

9 

1.8 4.8 "' -

+ l + 
6 
-
9 

2.5 - "' -
1.5 - "' -

125 - MH, -

t . - . I . 'I n-- V1H max Output level to be measured after a clock pulse has been applied to the CE input pin 6.!,_J L 
V1Lmin 

TEST VOLTAGE VALUES 

(Volts) 

V1Lmin V1HAmin VILA max 

-1.890 -1.205 -1.500 

-1.850 -1.105 -1.475 

-1.825 -1.035 -1.440 

VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1Lmin VtHA min VILA max 

- - -
- - -
- - -
- - -
- - -
- - -

- -

- -

- - -

- -- -
- - -
- - -
- 5 -
- 7 9 
- 5 -
- 7 9 

Pulse Pulse 
In Out 

- 9 2 
- 9 2 
- 6 2 
- 6 2 

- 9 2 

- 9 2 

- 5 2 
- 12 15 
- 5 3 
- 12 14 

- 4 2 
- 13 15 
- 4 3 
- 13 14 
- 6,7 2 

- 6,7 2 

- 6 2 

Vee 

-5.2 

-5.2 

-5.2 

Vee 

8 

8 

l 
8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

-3.2 Vdc 

8 

j 
8 

+ 
8 

+ 
8 

8 

8 

IVccl 
Gnd 

1, 16 

1, 16 

l 
1, 16 
1, 16 

1, 16 
1, 16 

1, 16 
1, 16 

1, 16 
1, 16 

1, 16 
1, 16 

+2.0 Vdc 

1, 16 

j 
1.16 

+ 
1, 16 

+ 
1, 16 

1, 16 

1, 16 

:s: 
(') ... 
0 ... 
w ... 



®MOTOROLA 

DUAL MULTIPLEXER WITH 
LATCH AND COMMON RESET 

The MC10132 is a dual multiplexer with clocked D type latches. 
It incorporates common data select and reset inputs. Each latch 
may be clocked separately by holding the common clock in the 
low state, and using the clock enable inputs for a clocking function. 
If the common clock is to be used to clock the latch, the clock 
enable (CE) inputs must be in the low state. In this mode, the 
enable inputs perform the function of controlling the common 
clock (Cc). 

The data select (A) input determines which data input is ena
bled. A high (H) level enables data inputs 012 and 022 and a low 
(L) level enables data inputs 011 and 021. Any change on the 
data input will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the clock. 
While the clock is in the high state, a change in the information 
present at the data inputs will not affect the output information. 
The reset input is enabled when the clock is in the high state, and 
disabled when the clock is low. 

Po 225 mW typ/pkg (No Load) 

tpd 3.0 ns typ 

t,. If 2.5 ns typ (20%-80%) 

MC10132 

DUAL MULTIPLEXER WITH 
LATCH AND COMMON RESET 

PSUFFIX 
PLASTIC PACKAGE 

CASE64B 

-·-16 1 LSUFFIX 

CERAMIC PACKAGE 
CASE620 

LOGIC DIAGRAM PIN ASSIGNMENT 

A 11 

D11 4 
2 01 

012 5 

CEO 10 

Cc 7 
3 01 

Vcc1 Vcc2 
R 6 

01 02 

CE1 9 
D21 13 

15 02 
01 02 

011 D21 

D22 12 
14 02 012 D22 

R A 
TRUTH TABLE 

R D Cc CE On+1 
D = (A• D11l+IA• 0121 Cc CEO 

c/> L L L L VEE CE1 
L L L H On 
L L H L On Vcc1 Pin 1 
L L H H On Vcc2 Pin 16 

c/> H L L H 
VEE Pin 8 

L H L H On 
L H H L On 
L H H H On 
H c/> c/> H L 

c/> = Don't Care 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one·latch. The outer latches are tested in the same manner. 

Pin 
MC10132 Test Limits 

Under -3o0c +25°c 

Characteristic Symbol THt Min Max Min Typ Max 

Power Supply Current 'e 8 60 44 55 

I 
Input Current lin H 4 460 290 

5 460 290 
6 620 390 
7 460 290 
10 425 265 
11 425 265 

lin L 4• 0.5 0.5 
Logic "1" VoH 2 -1.060 -0.890 -0.960 -0.810 

Output Voltage 2 -1.060 -0.890 -0.960 -0.810 

Logic "O" Vol 3 -1.890 -1.675 -1.850 -1.650 
Output Voltage 3 -1.890 -1.675 -1.850 -1.650 

Logic "1" VQHA 2 -1.080 -0.980 
Threshold Voltage 2 -1.080 -0.980 

Logic "O" VotA 3 -1.655 -1.630 
Threshold Voltage 3 -1.655 -1.630 

Switching Times (50.ohm load) 

Propagation Delay Data t4+2+ 2 1.0 3.6 1.0 3.3 
Reset t5+2-

+ + 
4.0 1.0 3.8 

Clock t1-2+ 6.0 1.0 5.7 
Select t11+2+ 4.8 1.0 4.6 

Setup Time Data !setup 2 2.5 2.5 
Select tsetup 2 3.5 3.5 _L -

Hold Time Data lhold 2 1.5 1.5 
Select fhold 2 1.0 1.0 

Rise Time (20% to 80%) •2+ 2 1.5 3.7 1.5 I - 3.5 

Fall Time (20% to 80%1 •2- 2 1.5 3.7 1.5 3.5 

"All other inputs tested in the same manner. 

I 

TEST VOLTAGE VALUES 

(Volts) 
@Test 

Temperature V1Hmax VIL min VIHA min V1LA max Vee 

-3o0c 0.890 -1.890 -1.205 -1.500 -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 -5.2 

+es0 c -0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
+ss0 c 

<Vee' 
Min Mox Unit V1H max V1Lmin V1HA min V1LA max Vee Gnd 

60 mAdc 8 1,16 

290 µAde 4 8 1,16 s: 
290 

l 
5 

l 1 
0 

390 6 .. 
290 7 C) 

265 10 
.. 
w 

265 11 N 
0.3 µAde 4 8 1,16 

-0.890 -0.700 Vdo 4 7,9,10 8 1,16 
-0.890 -0.700 Vdo 5,11 7,9,10 8 1,16 

-1.825 -1.615 Vdo 4 7,9,10 8 1,16 
-1.825 -1.615 Vdo 5,11 7,9,10 8 1,16 

-0.910 Vdo 7,9,10 4 8 1,16 
-0.910 Vdo 11 7,9,10 5 8 1,16 

-1.595 Vdo 7,9,10 4 8 1,16 
-1.595 Vdo 11 7,9,10 5 8 1,16 

+1.11 v +0.31 v Pulse In Pulse Out -3.2V +2.0V 

1.0 3.7 "' 7,9,10 4 2 8 1,16 

+ 
4.2 

+ 
7 6 

+ + + 
6.3 4 7 

5.0 5 7 11 

2.5 "' 11 4,10 2 8 1,16 

3.5 "' 5 7 10,11 2 8 1,16 

1.5 "' 11 4,10 2 8 1,16 
1.0 "' 5 7 10,11 2 8 1,16 

1.5 3.8 "' 7,9,10 4 2 8 1,16 

1.5 3.8 "' 7,9,10 4 2 8 1,16 



®MOTOROLA 

QUAD LATCH 

The MC10133 is a high speed, low power, quad latch consisting 
of four bistable latch circuits with D type inputs and gated Q 

outputs, allowing direct wiring to a bus. When the clock is high, 
outputs will follow D inputs. Information is latched on the negative 
going transition of the clock. 

The outputs are gated when the output enable (G) is low. All 
four latches may be clocked at one time with the common clock 
(fc), or each half may be clocked separately with its clock enable 
(CE). 

Po 310 mW typ/pkg (No Load) 

DO 3 

GO 5 
01 7 

CE 4 

Cc 13 

CE 12 

02 9 

G'1 10 

03 14 

TRUTH TABLE 

G c D '.!n.+-1 
H .,, .,, L 
L L .,, On 
L H L L 
L H H H 

.p = Don't Care 
C=Cc+CE 

4.0 ns typ 

2.0 ns typ (20%--80%) 

LOGIC DIAGRAM 

2 00 

6 01 

11 02 

15 03 

Pin 1 
Pin 16 
Pin 8 
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MC10133 

QUAD LATCH 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

Vcc1 

00 

Do 

CE 

GO 
01 

01 

Vee 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

03 

03 

Cc 

'CE 

02 

G1 

02 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35 . 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 

I 

@Test 
Temperature V1H max 

-30"e -0.890 

+25°C -0.810 

+85°C -0.700 

TEST VOLTAGE VALUES 

(Volts) 

V1Lmin V1HAmin VILA max VEE 

-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -5.2 

-1.825 -1.035 -1.440 -5.2 
MC10133 Test Limits 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW' Pin 
Under -30°C +25°c 

Characteristic Symbol Test Min Max Min Typ 

Power Supply Drain Current !.L 8 - 82 - -
Input Current linH 3 - 390 - -

4 - 425 - -
5 ~ 560 - -
13 - 560 - -

linl 3 0.6 - 0.5 -

Logic "1" VoH 2 -1.060 -0.890 -0.960 -
Output Voltage 2 -1.060 -0.890 -0.960 - -

Logic "O" VQL 2 -1.890 -1.675 -1.850 -
Output Voltage 2 • • • -

2 -
Logic "1" VQHA 2 -1.080 - -0.980 -

Threshold Voltage 2 

l 
-

l 
-

2 - -
2t - -
2tt - -
2tt - -
2 - -
2 - -

Logic "O" VQLA 2 - -1.655 - -
Threshold Voltage 2 -

l 
- -

2 - - -
2t - - -
2tt - - -
2tt - - -

Switching Times 
(50'1 Load) 

Propagation Delay t3+2+ 2 1.0 5.6 1.0 4.0 
t4+2+ 2 t 5.4 

+ 
4.0 

tS-2+ 2 3.2 2.0 
tsetup 3 2.5 - 2.5 0.7 
tHold 3 1.5 - 1.5 0.7 

Rise Time (20% to 80%) '2+ 2 1.0 3.6 1.1 2.0 

Fall Time (20% to 80%) •2- 2 1.0 3.6 1.1 2.0 

toutput level to be measured after a clock pulse has been applied to the clock input 1Pin 4). 

ttoata input at proper high/low level while clock pulse is high so that device latches at proper 
high/low level for test. Levels are measured after device has latched. 

+85°C 

Max Min 

75 -
245 -
265 -
350 -
350 -
- 0.3 

-0.810 -0.890 
..().810 -0.890 

-1.650 -1.825 

• • - -0.910 
-

j 
-
-
-
-
-
-

-1.630 -

l 
-
-
-
-
-

5.4 1.1 
5.4 1.2 
3.1 1.0 
- 2.5 
- 1.6 

3.5 1.1 
3.5 1.1 

.rl:VIHmax 
V1Lmin 

Max 

82 

245 
266 
350 
350 
-

-0.700 
-0.700 

-1.615 

• -
-
-
-
-
-
-
-

-1.595 

l 
5.9 
6.0 
3.4 
-
-

3.8 
3.8 

Unit V1H max VtLmin V1HAmin V1LA max VEE 

mAdc - 13 - - 8 

µAde 3 - - - 8 

+ 
4 - - -

+ 
5 - - -
13 - - -

µAde - 3 - - 8 

Vdc 3,4 - - - 8 
Vdc 3.13 - - - 8 

Vdc 13 3 - - 8 

• 3,5,13 - - - + 4 3 - -
Vdc 3,4 - - 5 8 

j 
4 - 3 -

j 
3,4 - - -
3 - - -
- - - -
- - - 4 
3 - 4 -
3 - 13 -

Vdc 3,4 - 5 - 8 

l 
4 - - 3 

l 
4 - - -
- - - -
3 - - -
3 - - 13 

+1.11V Pulse In Pulse Out -3.2V 

ns 4 - 3 2 8 

j 
3. - 4 2 

j 
- - 5 2 
- - 3 2 
- - 3 2 

4 - 3 2 
4 - 3 2 

*Latch set to zero state before test. 

IVeel 
Gnd 

1,16 

1.16 

+ 
1.16 

1.16 
1.16 

1,16 

• 1,16 

l 
1,16 

l 
+2.0V 

1,16 

l 

s:: 
0 .. 
Cl .. 
tf 
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DUAL MULTIPLEXER 
WITH LATCH 

The MC10134 is a dual multiplexer with clocked 0 type latches. 
Each latch may be clocked separately by holding the common 
clock in the low state, and using the clock enable inputs for the 
clocking function. If the common clock is to be used to clock the 
latch, the clock enable (CE) inputs must be in the low state. In this 
mode, the enable inputs perform the function of controlling the 
common clock (Cc). 

The data select inputs determine which data input is enabled. 
A high IHI level on the AO input enables data input 012 and a low 
(LI level on the AO input enables data input 011. A high (HI level 
on the A1 input enables data input 022 and a low (LI level on the 
A 1 input enables data input 021. 
Any change on the data input will be reflected at the outputs while 
the clock is low. The outputs are latched on the positive transition 
of the clock. While the clock is in the high state, a change in the 
information present at the data inputs will not affect the output 
information. 

AO 6 

A1 11 

011 4 

012 5 

CEO 10 
Cc 7 

CE1 9 
021 13 

022 12 

TRUTH TABLE 

c AO 011 

L L L 

L L H 

L H 

"' L H 

"' H 
"' "' if> = Don't Care 

C=CE+Cc 

012 

"' 
"' L 

H 

"' 

225 mW typ/pkg (No Load) 

3.0 ns typ 

2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

2 01 

3 01 

15 02 

14 02 

On+1 

L Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 
H 

L 

H 

On 
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MC10134 

DUAL MULTIPLEXER 
WITH LATCH 

Vcc1 

01 

01 

011 

012 

AO 

Cc 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

02 

02 

021 

022 

A1 

CEO 

CE1 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one latch. The other latches are tested in the same manner. 

Pin 
MC10134 Test Limits 

I 

@Test 
Temperature 

-Jo0 e 

+25°C 

+ss0 c 

Under -Jo0 e +2s0 e +ss0 e 

Characteristic Symbol Test Min Mox Min Mox Min Mox Unit 

Power Supply Drain Current IE 8 60 55 60 mAdc I lnP"' C"mnt ljn H 4 460 290 290 µr 5 460 290 290 
6 425 265 265 
7 460 290 290 
10 425 265 265 

ltn L 4• 0.5 0.5 0.3 µAde 

Logic "1" VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 
Output Voltage 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 

Logic "O" Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 
Output Voltage 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 

Logic "1" VOHA 2 -1.080 -0.980 -0.910 Vdc 
Threshold Voltage 2 -1.080 -0.980 -0.910 Vdc 

Logic "O" Vo LA 2 -1.655 -1.630 -1.595 Vdc 
Threshold Voltage 2 -1.655 -1.630 -1.595 Vdc 

Switching Times (5(}ohm load) 

Propagation Delay Data t4+2+ 2 1.0 3.5 1.0 3.3 1.0 3.6 

1 Clock t1Q-2+ t 1.0 6.0 1.0 5.7 1.0 6.3 
Select t5+2+ 1.0 4.8 1.0 4.6 1.0 5.0 

Setup Time Data tsetup 2 2.5 2.5 2.5 "' Select tsetup 2 3.5 3.5 3.5 "' 
Hold Time Data th old 2 1.5 1.5 1.5 "' Select th old 2 1.0 1.0 1.0 "' 

Rise Time (20% to 80%) tz+ 2 1.5 3.7 1.5 3.5 1.5 3.8 "' 
Fall Time (200/o to 80'%) '2- 2 1.5 3.7 1.5 3.5 1.5 3.8 "' 

•All other inputs tested in the same manner. 

TEST VOLTAGE VALUES 

(Volts) 

V1H max V1L min VIHA min VILA max J Vee 
-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1-625 -1.035 -1.440 l_ -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW 

!Vee) 
V1H max Vit min V1HA min VILA max VEE Gnd 

8 1,16 s:: 
4 8 1,16 (') 
5 ! ! -6 0 
7 -w 10 .i=. 

4 8 1,1-6 

4 6,7,10. 8 1,16 
5.6 7.10 8 1,16 

4,6.7;10, 8 1,16 
6 5,7, 10 8 1,16 

6,7,10 4 8 1,16 
6 7, 10 5 8 1,16 

6.7,10 4 8 1,16 
6 7,10 5 8 1,16 

+1.11 v +0.31 v Pulse In Pulse Out -3.2V +2.0V 

6.7,10 4 2 8 1,16 
4 7 10 t t t 5 7,10 6 

6.7 4,10 2 8 1,16 
5 7, 11 6.10 2 8 1,16 

6.7 4,10 2 8 1,16 
5 7.11 6,10 2 8 1,16 

6.7,10 4 2 8 1,16 

6,7,10 4 2 8 1,16 



® MOTOROLA 

DUAL J-K MASTER-SLAVE 
FLIP-FLOP 

The MC10135 is a dual master-slave de coupled J-K flip-fiop. 
Asynchronous set (5) and reset (R) are provided. The set and reset 
inputs override the clock. 

A common clock is provided with separate J-K inputs. When 
the clock is static, the J-K inputs do not effect the output. 

The output states of the flip-flop change on the positive tran
sition of the clock. 

S1 5 

J1 7 

i<1 6 

R1 4 

c 9 
S2 12 

J2 10 

K2 11 

R2 13 

R-S TRUTH TABLE 

R s On+1 

L L On 
L H H 
H L L 
H H N.D. 

N.D. = Not Defined 

280 mW typ/pkg (No Load) 

140 MHz typ 

3.0 ns typ 

2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

01 2 

01 

02 

02 

3 

15 

14 
Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

CLOCK J-K TRUTH TABLE* 

J K On+1 

L L On 
H L L 
L H H 
H H On 

*Output states change on 
positive transition of 
clock for J-K input condition 
present. 
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MC10135 

DUAL J-K MASTER-SLAVE 
FLIP-FLOP 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

01 02 

01 Q2 

R1 R2 

S1 S2 

K1 K2 

J1 J2 

VEE c 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in thetesttable, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit- is in a test socket or 

. d transverse air riow greater tnan t>UU 
trminated through a 50-ohm resistor 
"'" for only one input, or ·for one set 
in the same manner. 

Pin 
MC10135 Test Limits 

@Test 
Temperature 

-Jo0 c 
+2s0c 

+85°c 

Under -Jo0 c +25°C +as0 c 
Characteristic Symbol Te>t Min Max Min Typ Max Min 

Power Supply Drain Current '• 8 ·- 75 - 54 68 -

Input Current lin H 6,7,9,10,11 - 425 - - 265 -
4,5,12,13 - 620 - - 390 -

Input Leakage Current lin L 4,5,6,7,9, 0.5 - 0.5 - - 0.3 
10,11,12,13 0.5 - 0.5 - - 0.3 

Logic "1" VoH 2 -1.060 -0.890 -0.960 - -0.810 -0.890 
Output Voltage 2@ -1,060 -0.890 -0.960 - -0.810 -0.890 

Logic "O" Vol 3 -1.890 -1.675 -1.850 - -1.650 -1.825 
Output Voltage 3@ -1.890 -1.675 -1.850 - -1.650 -1.825 

Logic "1" VQHA 2 -1.080 - -0.980 - - -0.910 
Threshold Voltage 2© -1.080 - -0.980 - - -0.910 

Logic "O" VQLA 3 - -1.655 - - -1.630 -

Threshold Voltage 3© - -1.655 - - -1.630 -

Switching Times 
Clock Input 

Propagation Delay t9+2+ 2 1.8 5.0 1.8 3.0 4.5 
1.8 

tg+2- 2 1.8 5.0 1.8 3.0 

i 1.8 
Rise Time (20 to 80%) t2+.t3+ 2,3 1.1 4.8 1.1 2.0 1.1 
Fall Time (20 to 80%) t2_,t3- 2,3 1.1 4.8 1.1 2.0 1.1 

Set Input 
Propagation Delay ts+2+ 2 1.8 5.6 1.8 3.0 5.0 1.8 

112+15+ 15 

~ + + + 

* 

-

t5+3- 3 -

t12+14- 14 -

Reset Input 
Propagation Delay t4+2- 2 1.8 5.6 1.8 3.0 5.0 1.8 

t4+3+ 3 

+ + 
I 

+ + + 
t13+15- 15 

+ t13+14+ 14 

Setup Time tsetup 7 2.5 - 2.5 1.0 - 2.5 

Hold Time thold 7 1.5 - 1.5 1.0 - 1.5 

Toggle Frequency fTog 2 125 - 125 140 - 125 

NOTES: 

© Individually test each iilput; apply V1H max to pin under test. 

® Individually test each input; apply V1 L min to pin under test. ...Jl: v 1 H max 

@ Output level to be measured after a clock pulse has been applied to the C input (pin 9) Vi L min 

@ Output level to be measured after a clock pulse has been applied to the C input (pin 9) JL V1HA min 

@ See Figure 2 for timing test diagram. Vi LA max 

Max Unit 

75 mAdc 

265 µAde 
390 µAde 

- µAde 
- µAde 

-0.700 Vdc 
-0.700 Vdc 

-1.615 Vdc 
-1.615 Vdc 

- Vdc 
- Vdc 

-1.595 Vdc 
-1.595 Vdc 

4.6 ns 
4.6 

~ 4.7 

4.7 

5.2 ns 

~ + 
5.2 ns 

~ + 
- ns 

- ns 

- MH' 

TEST VOLTAGE VALUES 

V1H max V1t min VJHA min V1LA max VEE 
-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1H max Vflmin V1HA min VILA max Vee 
- - - - 8 

© - - - 8 

© - - - 8 

- ~ 
- - 8 

- - - 8 

5 - - - 8 
6 - - - 8 

5 - - - 8 
6 - - - 8 
- - 5 - 8 
6 - - - 8 

- - 5 - 8 
6 - - - 8 

Pul$e In Pulse Out -3.2 Vdc 

- - 9 2 8 
- - 9 2 

i - - 9 2,3 

- - 9 2,3 

- -· 5 2 8 
- - 12 15 

+ 
- - 5 3 
- - 12 14 

- - 4 2 8 
- - 4 3 

+ 
- - 13 15 
- - 13 14 
- - 6.9~ 2 8 
- - 6.9~ 2 8 

-· - 9 2 9 

IVccl 
Gnd 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0 Vdc 

1,16 

~ 
1,16 

+ 
1,16 

+ 
1,16 

1.16 

1,1 6 

s: 
0 ... 
0 ... 
w 
(11 



® MOTOROLA 

I UNIVERSAL HEXADECIMAL 

I -· COUNTER 

The MC10136 i::; a high speed synchronous counter that can 
count up, count down, preset, or stop count at frequencies exceed
ing 100 MHz. The flexibility of this device allows the designer to 
use one basic counter for most applications, and the synchronous 
count feature makes the MC10136 suitable for either computers 
or instrumentation. 

Three control lines (51, 52, and Carry In) determine the oper
ation mode of the counter. Lines 51 and 52 determine one of four 
operations; preset (program), increment (count up), decrement 
(count down), or hold (stop count). Note that in the preset mode 
a clock pulse is necessary to load the counter, and the information 
present on the data inputs (DO, 01, 02, and 03) will be entered 
into the counter. Carry Out goes low on the terminal count, or 
when the counter is being preset. 

This device is not designed for use with gated clocks. Control 
is via 51 and 52. 

Po= 625 mW typ/pkg (No Load) 
fcount = 150 MHz typ 

lpd = 3.3 ns typ (C-0) 
7.0 ns typ (C-C0 utl 
5.0 ns typ (Cin-Coutl 

FUNCTION TABLE 

C;n S1 S2 Operating Mode 

cl> L L Preset (Program) 

L L H Increment (Count Up) 

H L H Hold Count 

L H L Decrement (Count Down) 

H H L Hold Count 

cl> H H Hold (Stop Count) 
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MC10136 

UNIVERSAL HEXADECIMAL 
COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

Q2 

Q3 

Gout 

03 

02 

S2 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

QI 

QO 

Clock 

DO 

01 

C;n 

S1 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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MC10136 

LOGIC DIAGRAM 

S1 9 

Clock 
130-~~-<>--t-1~~~~-1--..~-+~~~~-t--+--t--+-~~~--11--' 

12 DO 1400 11D1 1501 6 D2 2 02 5 D3 

NOTE: Flip~flops will toggle when all T inputs are low. 

SEQUENTIAL TRUTH TABLE* 

INPUTS OUTPUTS 

Carry Clock 
S1 S2 DO D1 D2 D3 in .. 00 01 02 03 

L L L L H H 

"' 
H L L H H 

L H 

"' "' "' "' 
L H H L H H 

L H 

"' "' "' "' 
L H L H H H 

L H 

"' "' "' "' 
L H H H H H 

L H 

"' "' "' "' 
H L H H H H 

L H 

"' "' "' "' 
H H H H H H 

H H 

"' "' "' "' "' 
H H H H H 

L L H H L L 

"' 
H H H L L 

H L 

"' "' "' "' 
L H L H L L 

H L 

"' "' "' "' 
L H H L L L 

H L 

"' "' "' "' 
L H L L L L 

H L 

"' "' "' "' 
L H H H H H 

t/J = Don't care. 
•Truth table shows logic states assuming inputs vary in sequence 

shown from top to bottom. 
** A clock H is defined as a clock input transition from a low to a 

high logic level. 
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Vcc1=Pin1 
Vcc2=Pin 1s 

VEE=Pin 8 

3 03 4 Carry Out 

Carry 
Out 

L 
H 
H 
L 

H 
H 
H 
L 

H 
H 
L 
H 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board TEST VOLTAGE VALUES 

and transverse air flow greater than 500 linear fpm is maintained. Test pro- !Volts} 

cedures are shown for only one output. The other outputs are tested in the @T"' 
VIHA min I V1LA maxJ Temperature V1Hmax V1Lmin VEE 

same manner. -3o0 c -0 890 -1.890 -1 205 -1.500 -5.2 

+2s0c --0.810 -1 850 -1.105 -1.475 -5.2 

+ss0 c -0.700 -1.825 -1.035 -1.440 -5.2 

MC10136 Test Limits 
Pin 

-30°C +2s0 c +ss0 c TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
Under tVccl 

Characteristic: J Symbol J Test ·Min M" Min Typ """ Min Mox Unit V1Hmax V1Lmin V1HAmin V1LAmax VEE G"d 

~ower Supply Dralfl Current 'E 8 138 100 125 138 mAd<: 8 1, 16 

'Input Current r 1,n H 15,6,~1,12 350 220 220 µAde 5,6,11,12 8 1. 16 

425 265 265 l 7 I l 9,10 390 245 245 9,10 
13 460 290 290 13 

Im L All 0.5 0.5 0.3 µAde Gl 8 1, 16 

Logic "1" VoH 14@ 1 060 -0890 -0.960 -0.810 -0.890 -0.700 Vdo 12 7,9 8 1, 16 
Output Voltage 

Log1c"O" 10136 Vol 14@ -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdo 7,9 8 1, 16 
Output Voltage - - -

Log1c''1"' VQHA 14@ -1 080 -0.980 --0.910 Vdo 7,9 12 8 1, 16 s: Threshold Voltage 

Logic "O" VOLA 14@ -1.655 -1.630 -1.595 Vdo 7,9 12 8 1, 16 
0 ... 

~ I 
Threshold Voltage 0 

rW•"h'"gTom" +1.11 v t().31 v Pulse In Pulse Out -3.2 v +2.0V ... 
l50-ohm Load) w 

C,) 
Propagation Delay 

OI 

Clock Input '13+14+ 14 0.8 4.8 1.0 3.3 4.5 1.4 5.0 "' 12 13 14 8 1.16 

t13+14- 14 0.8 4.8 1.0 3.3 4.5 1.4 5.0 l 14 
t13+4+ 4 20 10.9 2.5 7.0 10.5 2.4 11.5 7 4 
113+4- 4 2.0 10.9 2.5 7.0 10.5 2.4 115 7 

Carry In To Carry Out t10-4- 4@ 1.6 7.4 1.6 5.0 6.9 1.9 7.5 7 13 10 
t10+4+ 4 1.6 7.4 1.6 5.0 6.9 1.9 7.5 7 13 10 

Set Up Time 
Data Inputs t12+13+ 14 3.5 3.5 3.5 7,9 12. 13 I 14 

t12-13+ 14 3.5 3.5 3.5 7,9 12, 13 

Select Inputs 19+13+ 14 6.0 6.0 6.0 9, 13 
17+13+ 14 6.0 6.0 6.0 7, 13 

Carry In Input '10-13+ 14 2.5 2.5 3:0 7 9 10, 13 

I 
14 

t10+13+ 14 1.5 1.5 1.5 7 9 10, 13 14 
Hold Time 

Data Inputs '13+12+ 14 0 0 0 7.9 12. 13 14 
113+12- 14 0 0 0 7, 9 12, 13 

Select Inputs 113+9+ 14 -1 -1.0 -1 9, 13 

'13+7+ 14 -1 -1.0 -1 7, 13 

Carry In Input 113+10- 14 0 0 0 7 9 10, 13 

t13+10+ 14 0 0 0 7 10, 13 

Counting Frequency fcountup 14 125 125 150 125 """' 7 13 
fcountdowr1 14 125 125 150 125 """' 9 

l R1seT1me '4• 4 0.9 3.3 1.1 2.0 3.3 1.1 3.5 "' 7 

J 
4 

120% to 80%) 114+ 14 

t ~ i 2.0 i ~ ! l l 14 
Fall Time 14_ 4 2.0 4 

l20%to 80%) t14- 14 2.0 14 

CZ, Measure output after clock pulse V1L JVIH appears at clock input (pin 13) 

To preserve reliable performance, the MC10136 (plastic-packaged device 

CD Individually apply V1L min to pin under test. only} is to be operated in ambier t temperatures above 7<:PC only when 
500 lfpm blown air or equivalent heat sinking is provided. 

@Before test set all 0 outputs to a logic high. 



MC10136 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25"C 

NOTE: 

tsetup is the minimum time before the positive 
transition of the clock pulse (Cl that information must 
be present at the input 0 or S. 

thold is the minimum time after the positive tran
sition of the clock pulse (C) that information must 
remain unchanged at the input D or S. 

Clock 

Q Output 

c 

OorS 

Jnput Pulse 
t+ = t-"' 2.0ns± 0.2 ns 

120 to 80%) 

Vcc1 = Vcc2 = +2.D Vdc Vout 

Coax 

Clock Input {OT--+--<> 

\ \ 
TPout 

Vee= -3.2 Vdc 

,-------..--+1.11 v 

+0.31 v 

50-ohm termination to ground lo· 
cated in each scope channel input. 

All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPin to input 
pin and TPout to output pin. 

Unu98d outputs are connected to 
a 50-ohm resistor to ground. 

CARRY IN SET UP AND HOLD TIMES 
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MC10136 

APPLICATIONS INFORMATION 

To provide more than four bits of counting capability 
several MC10136 counters may be cascaded. The Carry 
iii input overrides the clock when the counter is either in 
the increment mode or the decrement mode of operation. 
This input allows several devices to be cascaded in a fully 
synchronous multistage counter as illustrated in Figure 
1. The carry is advanced between stages as shown with 
no external gating. The Carry In of the first device may 
be left open. The system clock is common to all devices. 

The various operational modes of the counter make it 
useful for a wide variety of applications. If used with 
MECL Ill devices, prescalers with input toggle frequencies 
in excess of 300 MHz are possible. Figure 2 shows such 
a prescaler using the MC10136 and MC1670. Use of the 
MC10231 in place of the MC1670 permits 200 MHz 
operation. 

The MC10136 may also be used as a programmable 
counter. The configun1tion of Figure 3 requires no ad
ditional gates, although maximum frequency is limited 
to about 50 MHz. The divider modulus is equal to the 
program input plus one (M = N + 1 ), therefore, the 
counter will divide by a modulus varying from 1 to 16. 

A second programmable configuration is also illus
trated in Figure 4. A pulse swallowing technique is used 
to speed the counter operation up to 110 MHz typically. 
The divider modulus for this figure is equal to the pro
gram input (M = N). The minimum modulus is 2 because 
of the pulse swallowing technique, and the modulus may 
vary from 2 to 15. This programmable configuration re
quires an additional gate, such as V2MC10109 and a flip
flop such as V2MC10131. 

FIGURE 1 - 12 BIT SYNCHRONOUS COUNTER FIGURE 2 - 300 MHz PRESCALER 

00 01 02 03 

Cin Cout 

c 

00 01 02 03 

C1n Cout 

c 

00 01 02 03 

Cin 

c 

Input 
Frequency 

Logic High 

MC10136 

51 

52 

t--+-----<c 03 

c 

a 
MC1670 

Input Frequency 

32 

Note: S1 and 52 are set either for increment or decrement operation. 

FIGURE 3 - 50 MHz PROGRAMMABLE COUNTER 

Program 1 nput 

c DO 01 02 03 

Cout fout 

fin 
1 fout = ---"'--

Program I nput + 1 

2 fmax ~ 50 MHz Typ, 

3 Divide Ratio is from 1 to 16. 

FIGURE 4 - 100 MHz PROGRAMMABLE COUNTER 

Program I nput 

fin C DO 01 02 03 

52 MC10136 

51 

%MC10109 

D o 

%MC10131 

~-1-------------<C 
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fin 
1 fout = ----

Program Input 

2 fmax ~ 110 MHz Typ. 

3 Divide Ratio ls from 2 to 16. 

fout 

• 
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®MOTOROLA 

UNIVERSAL DECADE COUNTER 

The MC10137 is a high speed synchronous counter that can 
count up, down, preset, or stop count at frequencies exceed
ing 100 MHz; The flexibility of this device allows the designer 
to use one basic counter for most applications. The synchronous 
count feature makes the MC10137 suitable for either computers 
or instrumentation. 

Three control lines (S1, S2, and Carry In) determine the oper
ation mode of the counter. Lines S1 and S2 determine one of four 
operations; preset (program), increment (count up), decrement 
(count down), or hold (stop count). Note that in the preset mode 
a clock pulse is necessary to load the counter, and the information 
present on the data inputs (DO, 01, 02, and 03) will be entered 
into the counter. Carry Out goes low on the terminal count. The 
Carry Out on the MC10137 is partially decoded from Q1 and Q2 
directly, so in the preset mode the condition of the Carry Out after 
the Clock's positive excursion will depend on the condition of 01 
and/or Q2. The counter changes state only on the positive going 
edge of the clock. Any other input may change at any time except 
during the positive transition of the clock. The sequence for count
ing out of improper states is as shown in the State Diagrams. 

COUNT UP 

COUNTDOWN 

Po= 625 mW typ/pkg (No Load) 
fcount = 150 MHz typ 

S1 

L 

L 

H 

H 

tpd = 3.3 ns typ (C-Q) 
= 7.0 ns typ (~-C®t> 
= 5.0 ns typ (Cin·Cout> 

STATE DIAGRAMS 

FUNCTION SELECT TABLE 

S2 Operating Mode 

L Preset (Program) 

H Increment (Count Up) 

L Decrement (Count Down) 

H Hold (Stop Count) 
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MC10137 

UNIVERSAL DECADE COUNTER 

PSUFFIX 
PLASTIC ~KAGE 

CASE648 

LSUFFIX 
CERAMIC ~KAGE 

CASE620 

PIN ASSIGNMENT 

vcc1 Vcc2 

2 01 

3 ao 
Cout c 

03 DO 

02 01 

S2 C;n 

Vee S1 



MC10137 

LOGIC DIAGRAM 

S1 9 

S2 7 

13 

12 DO 1400 11 01 15 01 6 02 2 02 5 03 

NOTE: Flip-flops will toggle when all T inputs are low. 

SEQUENTIAL TRUTH TABLE* 

INPUTS OUTPUTS 

Carry Clock c.r;y 
S1 S2 DO 01 02 03 iii .. 00 01 02 03 Out 
L L H H H L 

"' 
H H H H L H 

L H 

"' "' "' "' 
L H L L L H H 

L H 
"' "' "' "' 

L H H L L H L 
L H 

"' "' "' "' 
L H L L L L H 

L H 
"' "' "' "' 

L H H L L L H 
L H 

"' "' "' "' 
H L H L L L H 

L H 
"' "' "' "' 

H H H L L L H 
H H 

"' "' "' "' "' 
H H L L L H 

L L H H L L 

"' 
H H H L L H 

H L 

"' "' "' "' 
L H L H L L H 

H L 

"' "' "' "' 
L H H L L L H 

H L 

"' "' "' "' 
L H L L L L L 

c/> = Don't care. 
*Truth table shows logic states assuming inputs vary in sequence shown from top to bottom. 

**A clock His defined as a clock input transition from a low to a high logic level. 
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Vcc1=Pin1 
Vcc2=Pin 16 

Vee=Pin s 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board TEST VOLT AGE VALUES 
and transverse air flow greater than 500 linear fpm is maintained. Test Pro- !Volts I 
cedures are shown only for selected inputs and outputs. Other inputs and @Tmt 

VJHAmin I VtLAmaxJ outputs are tested in a similar manner. 
Tamperatunt V1Hmax V1Lmin VEE 

-ao0 c --0.890 -1.890 -1.205 -1.500 -5.2 

+25°c --0.810 -1.850 -1.105 1" -1.475 -5.2 

+a5°c --0.700 -1.825 -1.03s I _, .440 -5.2 

Pin 
~10137L Test Limits 

-30°c +26°c +85°C 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW 

J Symttot _l u;!:' IVccl 
Q\aracteristic: Min Mox ... Typ Mox Min Mox Unit V1Hmax V1Lmin VtHAmin VtLAmax VEE Gnd 

Power Supply Drain Current -t 'E I B 165 120 150 185 mAdo B 1, 16 

Jnput Current lin H 15,6,~1,12 350 220 220 µAdo 5,6,11,12 B 1, 16 
425 265 265 

+ 

7 i + 
9,10 390 245 245 9,10 
13 460 290 280 13 

lin L All 0.5 0.5 0.3 µAdo <D B 1, 16 

Logic'T' VoH 140 -1.060 --0.890 --0.960 -0.810 --0.890 -0.700 Vdo 12 7,9 B 1, 16 
Output Voltage 

Logic "O" Vol 14<2) -1.890 -1.675 -1.85C -1.650 -1.825 -1.615 Vdo 7,9 B 1, 16 
Output Voltage 

Logic "1" VoHA 14<2) -1.080 -0.980 -0.910 Vdo 7,9 12 B 1, 16 s: Threshold Voltage 

(,.) I 
Logic "O" VQLA 140 -1.655 -1.630 -1.595 Vdo 7,9 12 B 1; 16 C') ... 

~ 
Threshold Voltage Cl 

00 I Switching Times +1,11 v -I0.31 v Pulse In Pulse Out -3.2V +2.0 v ... 
(50-ohm Load) w 

Propagation Delay 
.... 

Clock Input t13+14+ 14 O.B 4.B 1.0 3.3 4.5 1.1 5.0 "' 12 13 14 B 1, 16 

1f3+14- 14 0.8 4.8 1.0 3.3 4.5 1.1 5.0 

+ 
14 

113+4+ 4 2.0 10.9 2.5 7.0 10.5 2.4 11.5 7 

113+4- 4 2.0 10.9 2.5 7.0 10.5 2.4 11.5 7 

Carry In To Carry Out t10-4- 4Q) 1.6 7.4 1.6 5.0 6.9 1.9 7.5 7 13 10 
t10+4+ 4 1.6 7.4 1.6 5.0 6.9 1.9 7.5 7 13 10 

Set Up Time 
Data Inputs t12+13+ 14 3.5 3.5 3.5 7,9 12, 13 I 14 

t12-13+ 14 3.5 3.5 3.5 7,9 12, 13 

Select Inputs t9+13+ 14 7.5 7.5 7.5 9, 13 

17+13+ 14 7.5 7.5 7.5 7, 13 

CarrY In Input t10-13+ 14 4.5 3.7 4.5 7 9 10, 13 

I 
14 

t13+10+ 14 -1.0 -1.0 -1.0 7 9 10, 13 14 

Hold Time 
Data Inputs t13+12+ 1.4 0 0 0 7,9 12, 13 14 

t13+12- 14 0 0 0 7, 9 12, 13 

Select Inputs 113+9+ 14 -2.5 -2.5. -2.5 9, 13 

t13+7+ 14 -2.5 -2.5 -2.5 7, 13 

Carry In Input t13+10- 14 -1.6 -1.6 -1.6 7 9 10, 13 

110+13+ 14 4.0 3.1 4.0 7 9 10, 13 

Counting Frequency fcountup 14 125 125 150 125 MH• 7 13 
fcountdown 14 125 125 150 125 MH• 9 

l Rise Time t4+ 4 09 3.3 1.1 2.0 3.3 1.1 3.5 "' 7 

I 
4 

l20%to 80%1 t14+ 14 

+ l i 2.0 l t l + + 
14 

Fall Time .... 4 2.0 • 
C20%toal%1 •14- 14 2.0 14 

©Individually apply V1L min to pin under test. (2) Musureoutput after clock pulse V1LJVIH appears at clock input.lpin 13) @Before test set 01 and 02 outputs to a logic low. 



MC10137 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25"C 

\ I (bl .. I Carry In :· 7 

(al 
Clock 

Ca"yln ~ j 
: lei '----------------'· I 
I I 
I I 
I I 

I 

NOTE: 

tsetup is the minimum time before the positive 
transition of the clock pulse (C) that information must 
be present at the input Dor S. 

thold is the minimum time after the positive tran
sition of the clock pulse (C) that information must 
remain unchanged at the input 0 or S. 

Input Pulse 

Vin 

Coax 

(a) is the minimum time to wait after the 
counter has been enabled to clock it. 

(b) is the minimum time before the 
counter has been disabled that it may 
be clocked. 

(cl is the minimum time before the 
counter is enabled that a clock pulse 
may be applied with no effect on the 
state of ·the counter. 

(d) is the minimum time to wait after 
the counter is disabled that a clock 
pulse may be applied with no effect in 
the state of the counter. 

(b) and (c) may be negative numbers. 

Vcc-1 = Vcc2 = +2.0 Vdc Vout 

25µF J J0.1µF Coax 

16 

00 

c 

DO 01 

01 
t+ = t- = 2.0 ± 0.2 ns 

(20 to 80%) 
Clock Input 10!-----o 

02 
02 

/ 

'O-

o_J 

\ 03 03 
TPout 

TPin S1 

S2 Cout 

8 

r 0.1 µF 

VEE = -3.2 Vdc 

,---------..·--- + 1.11 v 

+0.31 v 

50-ohm termination to ground lo
cated in each scope channel input. 

All input and output cables to the 
scope are equal lengths of 50·ohm 
coaxial cable. Wire length should 
be 1/4 inch from TPin to input 

\ 
pin and TPout to output pin. 

Unused outputs are connected to 
..._ _________ a 50-ohm resistor to ground. 
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® MOTOROl-A 

Bl-QUI NARY 
COUNTER 

The MC10138 is a four bit counter capable of divide by two, 
five, or ten functions. It is composed of four set-reset master-slave 
flip-flops. Clock inputs trigger on the positive going edge of the 
clock pulse. 

Set or reset input override the clock, allowing asynchronous 
"set" or "clear." Individual set and common reset inputs are pro
vided, as well as complementary outputs for the first and fourth 
bits. 

Po 370 mW typ/pkg (No Load) 

ftog 150 MHz typ 

tr, tf 2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

so ao S1 01 52 Q2 

14 
QO C2 

Vcc1 = F'in 1 
Vcc2 = Pin 16 

Vee = Pin a 

COUNTER TRUTH TABLES 

BCD 

53 

Bl.QUI NARY 
(Clock connected to C2 

and Q3 connected to C1 I 
(Clock connected to C1 

and Oo connected to C21 

3 

Q3 

03 

COUNT 01 02 Q3 00 COUNT 00 01 02 03 

0 L L L L 0 L L L L 
1 H L L L 1 H L L L 
2 L H L L 2 L H L L 
3 H H L L 3 H H L L 

4 L L H L 4 L L H L 
5 L L L H 5 H L H L 
6 H L L H 6 L H H L 
7 L H L H 7 H H H L 

8 H H L H 8 L L L H 
9 L L H H 9 H L L H 
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MC10138 

Bl-QUI NARY 
COUNTER 

-16 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 -1 

Vcc1 

Q3 

03 

02 

S3 

S2 

C2 

VEE 

FNSUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

00 

00 

01 

C1 

so 

S1 

Reset 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see - on page 1-35. 



MC10138 

ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to - 2.0 volts. 

MC10138 Test limits 

@Test 
Temperature 

-3o0 c 
+25°C 

+ss0c 

Pin -3o0c +25°c +as0c Under 
Characteristic Symbol Test M'" M" Min Typ M" Min M" Unit 

Power Supply Drain Current IE 97 70 88 97 
Input Current tin H 350 lLO 220 

i 5,6, 10,11 390 245 245 
460 290 290 
650 410 

l;n L All 0.5 05 0.3 µAde 

Logic "1" VoH 3,1~ -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 
Output Voltage 2JH..,15 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 

Logic "O" Vol 3,14 (j) -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 
Output Voltage 2~,15 -1.890 -1.675 -1.850 -1.650 -1.825 

Logic "1" VQHA 2,4,13, 15 -1.080 -0.980 -0.910 Vdo 
Threshold Voltage (j) 

+ t t t 3,14@ 
13,t5© 

Logic "O" VQLA 2,4,13,15 -1.655 -1.630 -1.595 Vdo 
Threshold Voltage Cl> t + + t 3,14(D 

13,15@ 

Switching Times 
(50-ohm Load) 

Propagation Delay 

C!ock Delays 112+15+ 15 1.4 5.0 1.5 3.5 4.8 1.5 5.3 
50 n Loads t12+14+ 14 5.0 4.8 5.3 

t1+13+ 13 5.2 5.0 5.5 
17+4+ t t i t7+2+ 
t1+3+ 

112+15- 15 5.0 4.8 5.3 
t12+14- 14 5.0 4.8 5.3 

17+13- 13 5.2 5.0 5.5 

17+4-

+ l l t1+2-
17+3-

Set Delay t11+15+ 15 5.2 
t11+14- 14 5.2 

Reset Delay tg+14+ 14 

• , ' t9+15- 15 

Rise Time ti4+ 14 1.1 4.7 1.1 2.5 4.5 1.1 5.0 
(20% to 80%) tis+ 15 1.1 4.7 1.1 i 4.5 1.1 5.0 

i Fall Time 114- 14 

' • • ' + • (20% to 80%) tis- 15 

Counting Frequency fcount 125 125 150 125 MH' 
15 125 125 150 .. 125 MH' 

"lndividually apply V1Lmin to pin under test 
SLVIHm~x (j) Set all four flip·flops by applying pulse to pins 5,6, 10,11 prior to applying test voltage indicated. 

V1Lmin 
@ Reset all four flip-flops by applying pulse JL V1Hm~x to pin 9 prior to applying test voltage indicated. 

V1Lm1n 

COUNTER STATE DIAGRAM - POSITIVE LOGIC 

TEST VOLTAGE VALUES 

.(Voltsf 

V1Hmax V1Lmin V1HAmin VILAmaiJ_ VEE 

-0.890 -1.890 -1.205 -1.500 _[ -5.2 

-0.810 -1.850 -1 105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 J_ -5.2 

TEST VOLT AGE APPLIED 

TO PINS LISTED BELOW 

v'"" V .Lmin VJtlAmi Vu.Am.,. v_a 

12 

i 5,6,10,11 

5,6,10,11 

5,6,10,11 

5,6.10, 11 8 

7,12 + 
5,6,10,11 8 

.. 7,12 + 
Pulse Out -3.2V 

12 15 ' 12 14 
7 13 

i 
12 15 
12 14 
7 13 

i 
11 15 
11 14 

14 
15 

11 14 
11 15 
9 14 

15 

12 15 

Clock connected to C2 00 connected to C2 
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Neel 
G"d 

1, 16 

i 
1,16 

1, 16 
1,16 

1,16 
1,16 

1,16 

t 
1,16 

+ • +2.0V 

1,16 



S1 

S2 

®MOTOROLA 

FOUR-BIT UNIVERSAL 
SHIFT REGISTER 

The MC10141 is a four-bit universal shift register which per
forms shift left, or shift right, serial/parallel in, and serial/parallel 
out operations with no external gating. Inputs S1 and S2 control 
the four possible operations of the register without external gating 
of the clock. The flip-flops shift information on the positive edge 
of the clock. The four operations are stop shift, shift left, shift 
right, and parallel entry of data. The other six inputs are all data 
type inputs; four for parallel entry data, and one for shifting in 
from the left (DL) and one for shifting in from the right (DR). 

03 

SELECT 

S1 S2 

L L 

L H 

H L 

H H 

Po 425 mW typ/pkg (No Load) 

200 MHz typ fshift 

tr, tf 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

02 01 DO 

03 Q2 01 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

TRUTH TABLE 

OUTPUTS 

OPERATING MODE 00n+1 01n+1 02n+1 03n+1 

Parallel Entry DO D1 D2 D3 

Shift Right* 01n 02n 03n DR 

Shift Left* DL OOn 01n 02n 

Stop Shift OOn 01n 02n 03n 

*Outputs as exist after pulse appears at "C" input with input 
conditions as shown. (Pulse = Positive transition of clock input). 
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MC10141 

FOUR-BIT UNIVERSAL 
SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ,. FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

02 

03 

c 

DR 

D3 

S2 

VEE 

Vcc2 

01 

00 

DL 

DO 

D1 

S1 

D2 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



Pulse Generator 

50-ohm termination to ground lo
cated in each scope channel input. 

MC10141 

SHIFT FREQUENCY TEST CIRCUIT 

Vcc1 = Vcc2 
+2.0 Vdc 

I0.1µ.F 

Vee= -3.2Vdc 
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Vout 

Alt inp_ut and output cables to the 
scope are equal lengths of 50-ohm 

Coax coaxial cable. Wire length should 
be < 1/4 inch from TPjn to input 
pin and TP0ut to output pin. 

Test Procedures: 

1. Set D1, 02, 03= +0.31 Vdc (Logic L) 
DO= +1.11 Vdc (Logic H) 

2. Apply Clock pulse n~:~ to set 00 high . 

3. Maintain Clock Low. 
Set S1 = +0.31 Vdc (Logic L) 

52 = + 1. 11 V de (Logic H) 

4. Test Shift Frequency • 



(,.) 

I ex. 
""' 

ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the testtable, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are terminated through a 50-ohm resistor 
to -2.0 volts. Test procedures are shown for only one input, or for one set 
of input conditions. Other inputs tested in the same manner. 

Pin MC10141 Test Limits 

@Test 
Temperature 

-3o0 c 
+25°C 

+85°C 

TEST VOLTAGE VALUES 

(Volts) 

V1H max V1Lmin V1HA min 1 VILA max 1 Vee 
-0.890 -1.890 -1.205 l -1.500 l -5.2 

-0.810 -1.850 -1.105 .l -1.475 .l -5.2 

-0.700 -1.825 -1.035 T -1.440 T -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under -3o0 c +25°C +ss0 c 

Characteristic l Symbol J Test Min Max Min Typ Max Min Max Unit V1H max V1Lmin V1HAmin V1LA max Vee 
Power Supply Drain Current le 8 112 82 102 112 mAdc 8 

Input Current T linH T 5 T 350 220 220 µAde 5 8 
350 220 220 

+ 
6 

+ 
390 245 245 7 

4 425 265 265 4 

lin L 12 0.5 0.5 0.3 µAde 4,5,6,7,9, 12 8 
10,11,13 l Logic "1" VoH Vdo 

Output Voltage 3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 6 

Logic "O" VoL Vdo 
Output Voltage 3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 8 

Logic "1" VoHA 3 -1.080 -0.980 -0.910 Vdo 6 8 
Threshold Voltage <D 

+ + + + + 
6 ~ 7 

+ 
6 

Logic "O" I v_oLA 3 -1.655 -1.630 -1.595 Vdo 6 8 
Threshold Voltage <D 

+ + + i + 
~ 7 

+ 6 

Switching Times (50 n Load) 
-3.2V 

Propagation Delay t4+3+ 3 1.7 3.9 1.8 2.9 3.8 2.0 4.2 ns Q) 
Setup Time (tsetupl ti2+4+ 14 2.5 2.5 2.5 

l 
8 

t10+4+ 14 5.5 5.0 5.5 j Hold Time (thold) t4+12+ 14 1.5 1.5 1.5 
Rise Time (20% to 80%) t3+ 3 1.0 3.4 1.1 2.0 3.3 1.1 3.6 0 
Fall Time (20% to 80%) t3- 3 1.0 3.4 1.1 2.0 3.3 1.1 3.6 

~ Shift Frequency fshift 150 150 200 150 MH, 

p1_1LV1H P2_1LVIHA p3_1LVILA I These tests to he pecfocrned io sequence as shown. 

V1L 
See switching time test circuit for test procedures. 

V1L V1L See shift frequency test circuit for test procedures. 
Reset to zero before performing test 
Reset to one before performing test. 

P1 P2 P3 

4 

4 

4 
4 

4 
4 

4 
4 

4 
4 

<Vee) 
Gnd 

1,16 

1,16 

+ 
1,16 

1,16 

1,16 

1,16 

+ 
1,16 

+ 
+2.0V 

1,16 

j 

3:: 
(") -0 -
""' -



® MOTOROLA 

QUAD LATCH 

The MC10153 is a high speed, low power, MECL quad latch 
consisting of four bistable latch circuits with D type inputs and 
gated Q outputs. Open emitters allow a large number of outputs 
to be wire-ORed together. Latch outputs are gated, allowing direct 
wiring to a bus. When the clock is low, outputs will follow D inputs. 
Information is latched on positive going transition of the clock. 
The MC10153 provides the same logic function as the MC10133, 
except for inversion of the clock. 

DO 3 

GO 5 
D1 7 

CE 4 

Cc 13 

CE 12 

D2 9 
G"1 10 

D3 14 

Po = 310 mW typ/pkg (No Load) 

tpd = 4.0 ns typ 

tr, If = 2.0 ns typ (20%--80%) 

LOGIC DIAGRAM 

2 ao 

6 Q1 

11 Q2 

15 Q3 

TRUTH TABLE 

G c D 

H 
"' "' l H "' l l L 

l l H 

<f> = Don't Care 
C=Cc+CE 

Vcc1 Pin 1 

Vcc2 Pin 16 On+1 

L VEE Pin 8 
On 
l 
H 

3-85 

MC10153 

QUAD LATCH 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 

Vcc1 

ao 
DO 

CE 

GO 

Q1 

D1 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Q3 

D3 

Cc 

"CE 

02 

G1 

D2 

Pin assignment is for Dual~in~line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs are 
tested in a similar manner. 

@Test 
Temperature V1H max 

-30"C --0.890 
+25"C -0.810 
+85"C -0.700 

TEST VOLTAGE VALUES 
(Volts! 

V1Lmin V1HAmin VILA· max Vee 

-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -5.2 
-1.825 -1.035 -1.440 -5.2 

MC10153 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: Pin 
Under -30°C +25"C 

Characteristic Symbol Test Min Max Min Typ 
Power Supply Drain Current _I.E._ 8 - 83 - -
Input Current linH 3 - 390 - -

4 - 390 - -
5 - 560 - -
13 - 460 - -

linL 3 0.5 - 0.5 -
Logic"1" VoH 2 -1.060 -0.890 -0.960 -

Output Voltage 2 -1.060 --0.890 -0.960 -

Logic "O" VoL 2 -1.890 -1.675 -1.850 -
Output Voltage 2 

+ + + 
-

2 -
Logic"1" VQHA 2 -1.080 - -0.980 -

Threshold Voltage 2 

j 
-

j 
-

2 - -
2t - -
2tt - -
2tt - -
2 - -
2 - -

Logic "O" VQLA 2 - -1.655 - -
Threshold Voltage 2 -

l 
- -

2 - - -
2t - - -
2tt - - -
2tt - - -

Switching Times 
150!1 Loadl 

Propagation Delay t3+2+ 2 1.0 5.6 1.0 4.0 
'4-2+ 2 1.0 5.6 1.0 4.0 
ts-2+ 2 1.0 3.2 1.0 2.0 
'Setup 3 2.5 - 2.5 0.7 
tHold 3 1.5 - 1.5 0.7 

Rise T.ime (20% to 80", '2+ 2 1.0 3.6 1.1 2.0 

Fall Time (20% to 80%) •2- 2 1.0 3.6 1.1 2.0 

toutput level to be measured after a clock pulse has been applied to the clock input (Pin 4). 

ttOata input at proper high/low level while clock pulse is low so that device latches at proper 
high/low level for test. Levels are measured after device has latched. 

+85"C 
Max Min 
75 -
245 -
245 -
350 -
290 -
- 0.3 

-0.810 -0.890 
--0.810 -0.890 

-1.650 -1.825 

+ + 
- -0.910 
-

j 
-
-
-
-
-
-

-1.630 -

l 
-
-
-
-
-

5.4 1.1 
5.6 1.2 
3.1 1.0 
- 2.5 
- 1.5 
3.5 1.1 
3.5 1.1 

"l_J"VIH max 
V1Lmin 

Max 
83 
245 
246 
350 
290 

-
-0.700 
-0.700 

-1.615 

+ 
-
-
-
-
-
-
-
-

-1.595 

l 
5.9 
6.2 
3.4 
-
-
3.6 
3.6 

Unit V1H max V1Lmin V1HAmin VtLAma Vee 

mAdc - 13 - - 8 
µAde 3 - - - 8 

+ 
4 - - -

+ 5 - - -
13 - - -

µAde - 3 - - 8 
Vdc 3 4 - - 8 
Vdc 3 13 - - 8 

Vdc - 3,13 - - 8 

+ 
3,5 13 - - + - 3,4 - .-

Vdc 3 4 - 5 8 

j 
- 4 3 -

j 
3 4 - -
3 - - -
- - - -
- - - -
3 - - 4 
3 - - 13 

Vdc 3 4 5 - 8 

l 
- 4 - 3 

! - 4 - -
- - - -
3 - - -
3 - - 13 

+1.11 v Pulse In Pulse Out -3.2V 
ns - - 3 2 8 

j 
3. - 4 2 

j 
- - 5 2 
- - 3 2 
- - 3 2 

- - 3 2 
- - 3 2 

*Latch set to zero state before test. 

(Vccl 
Gnd 
1.16 
1.16 

+ 
1.16 

1.16 
1,16 

1,16 

+ 
1.16 

j 
1,16 

l 
+2.0V 

1,16 

l 

s: 
(") ... 
0 ... 
gi 



®MOTOROLA 

BINARY COUNTER 

The MC10154 is a four-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight or a divide-by-sixteen function. 

Clock inputs trigger on the positive going edge of the clock 
pulse. Set and Reset inputs override the clock, allowing asyn
chronous "set" or "clear." Individual Set and common Reset in
puts are provided, as well as complementary outputs for the first 
and fourth bits. True outputs are available at all bits. 

so 
11 

ao 
ts 

t4 
Clo 

Vcc1=Pin 1 
Vcc2=Pin 16 

Vee=Pin s 

Po = 370 mW typ/pkg (No Load) 
ftoggle = 150 m Hz (typ) · 
tpd = 3.5 ns typ (C to Oo) 
tpd = 11 ns typ (C to 03) 

LOGIC DIAGRAM 

S1 01 52 02 53 
13 

TRUTH TABLE 

INPUTS OUTPUTS 

R .. St S2 S3 Ct C2 aQiat 02 03 
H L L L L • • L I L I L I L 
L H H H H • • H H H H 
L L L L L H • No Count 
L L L L L • H No Count 

L L L L L . . H H H H 
L L L L L . . L H H H 
L L L L L . . H L H H 
L L L L L . L L H H 
L L L L L . H H L H 
L L L L L . . L H L H 
L L L L L . . H L L H 
L L L L L . L L L H 
L L L L L . H H H L 
L L L L L . L H H L 
L L L L L . H L H L 
L L L L L . . L L H L 
L L L L L . H H L L 
L L L L L . L H L L 
L L L L L . H L L L 
L L L L L . L L L L 

t = Dont Care 

vn:fVIH ~~kb:~n:~~\~~s1!r~~ 0~1~~00~1H 
both for same effect. 

3-87 

3 
03 

MC10154 

BINARY COUNTER 

PSUFFIX 
PLASTIC PACKAGE 

CASE648 

LSUFFIX 
CERAMIC PACKAGE 

CASE620 

PIN ASSIGNMENT 

Vcc1 Vcc2 

03 oo 

00 oo 

02 01 

53 Clock 1 

52 so 

51 Clock 2 

Vee Reset 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations sh-n in the - table, after thermal equilibrium has been estab
lished. The circuit is in a - socket or mounted on a printed circuit board 
and transverse air fl- greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
sh~ for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 

MC101&4 Tell Umitl 

I 

l!>Tost 
Temperature 

-30"c 
+25"c 
+85"c 

Chlracterirtic Symbol 
u:::..1 -JD"c I +ZSoc I +85oc I 
Tost Min I Mox Min I Typ I Mox Min I Max Unit 

Power Supply Drain Current 

Input Current 

Logic "1" Output Voltage 

Logic "O" Output Voltage 

Logic "1" Threshold Voltage 

Logic "O" Threshold Voltage 

Switching Times 

Clock Input 
Propagation Delay 

RlseTima (20to 80%1 

Fall Time (20 to 80%1 

Set Input 

Reset Input 

Counting Frequency 

le 
linH 

linl 

VoH 

Vol 

VoHA 

VoLA 

t12+15+ 
'12-13-
'12+4-
'12-3+ 
t1s+ 

t1s-

•11-15+ 

•11-15+ 

fcount 

8 
12 
11 
9 

14 
15 

14 
15 

3 
14 
15 

3 
14 
15 

15 
13 
4 
3 

15 

15 

15 

15 

15 

0.5 

-1.060 
-1.060 

-1.890 
-1.890 

-1.060 
-1.080 
-1.080 

1A 
1.9 
2.9 
3.9 

t.t 

t.1 

1A 

1.4 

125 

*Individually test each input applying V1L to input under test. 

97 

390 
350 
850 

-0.890 
..().890 

-1.675 
-1.675 

-1.655 
-1.655 
-1.655 

5.0 
9.4 

12.3 
14.9 

4.7 

4.7 

5.2 

5.2 

0.5 

-0.960 
-0.960 

-1.850 
-1.850 

-0.980 
..().980 
-0.980 

1.5 
2.0 
3.0 
4.0 

1.1 

1.1 

1.5 

1.5 

125 

3.5 
6.0 
8.5 
11 

2.5 

2.5 

150 

88 

245 
220 
410 

-0.810 
-0.810 

-1.650 
-1.650 

-1.630 
-1.630 
-1.630 

4.9 
9.2 
12 

14.5 

4.5 

4.5 

5.0 

5.0 

0.3 

-0.890 
-0.890 

-1.825 
-1.825 

-0.910 
-0.910 
-0.910 

1.5 
2.0 
3.0 
4.0 

1.1 

1.1 

1.5 

1.5 

125 

97 

245 
220 
410 

-0.700 
..().700 

-1.615 
-1.615 

-1.595 
-1.595 
-1.595 

5.3 
9.8, 

12.8 
15.6 

5.0 

5.0 

5.5 

5.5 

mAde 

,.Ade 
,.Ade 
µAde 

µAde 

Vde 
Vde 

Vde 
Vde 

Vde 
Vde 
Vdc 

Vde 
Vde 
Vdc 

ns 

l 
ns 

MHz 

V1Hmex 

-0.890 
-0.810 

-0.700 

TEST WLTAGE VALUES 

IV01t1I 

V1Lmin IV1HAminlv1LAm1x 

-1.890 I -1.205 I -1.500 

-1.850 I -1.105 I -1.475 

-1.825 I -1.035 I -1.440 

TEST VOLTAGE APPLIED TO 
PINS LISTED BELOW' 

Vee 
-5.2 

-5.2 

-5.2 

V1HmH I V1Lmin IV1HAminlV1LAmax Vee 
(Vccl 
Gnd 

9 
12 
11 
9 

9 
11 

11 
9 

5 
11 
9 

Pul•ln 
12 

! 
11 

9 

12 

5 
11 
9 

8 
8 
8 
8 

8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 

1,16 

1,16 
1.16 
1,16 

1,16 

l;16 
1,16 

1,16 
1,16 

1,16 
1,16 
1,16 

1,16 
1.16 
1,16 

PulseOut l-3.2 Vdcl +2.0 Vdc 

15 8 1,16 

I i i 
15 

15 8 1,16 

15 8 1;16 

15 8 1,16 

~ -0 -~ 



®MOTOROLA 

QUAD 2-INPUT MULTIPLEXER (NON-INVERTING) 

The MC10158 is a quad two channel multiplexer. A common 
select input determines which data inputs are enabled. A high 
(HJ level enables data inputs DOO, D10, D20, and D30 and a low 
(L) level enables data inputs D01, D11, D21, and D31. 

Select 

L 

L 

H 

H 

q, = Don't care 

Po 197 mW typ/pkg (No Load) 

2.5 ns typ (Data to 0) 
3.2 ns typ (Select to 0) 

2.5 ns typ (20%--80%) 

LOGIC DIAGRAM 

TRUTH TABLE 

DO D1 0 

"' L L 

"' H H 

L 

"' 
L 

H 

"' 
H 

1 00 

201 

15 02 

1403 

Vee= Pin 16 
Vee = Pin a 

3-89 

MC10158 

QUAD 2-INPUT MULTIPLEXER 
(NON-INVERTING) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

•• 1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

00 Vee 

01 02 

D11 03 

D10 D20 

D01 D21 

DOO D30 

NC D31 

VEE Select 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar 
manner. 

TEST VOLTAGE VALUES 

@Test {Volts• 

Temperature V1H max V1Lmin V1HAmin VILA max VEE 
-30°c -0.890 -1.890 -1.205 -1.500 -5.2 

+25°c -0.810 -1.850 -1.105 -1.475 -5.2 

+85"C -0.700 -1.825 -1.035 -1.440 -5.2 

Pin MC10158 TEST LIMITS 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Under -30°C +25°c +as0 c IVccl 
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit V1Hmax V1Lmin V1HAmin V1LA max VEE Gnd 

Power Supply Drain 'E 8 53 38 48 53 mAdc - 8 16 
:ii:: Current 

~ I I Input Cummt linH 9 225 µAde 9 - 8 16 
(') 

360 225 ... 
5 400 250 250 µAde 5 8 16 0 

0 ... 
linl 5 0.5 0.5 0.3 µAde 5 8 16 UI 

Logic ''1" VoH 1 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc - 8 16 
00 

5 
Output Voltage 

Logic "O" VOL 1 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 8 16 
Output Voltage 

Logic "t" VQHA 1 -1.080 -0.980 -0.910 Vdc 5 8 16 
Threshold Voltage 

Logic "O" VQLA 1 -1.655 -1.630 -1.595 Vdc - - 5 8 16 
Threshold Voltage 

Switching Times +1.11 Vdc +0.31 Vdc Pulse In Pul•Out -3.2 Vdc +2.0Vdc 
(50 n Load) 

. 
ns 

Propagation Delay 8 16 
Data Input •s-1- 1 1.3 3.1 1.2 2.5 3.0 1.3 3.2 5 1 

j j 
Select Input t9+1+ 1 2.5 4.8 2.4 3.2 4.6 2.5 4.8 6 9 1 

Rise Time '1+ 1 1.6 3.4 1.5 2.5 3.3 1.6 3.4 5 1 
120% to 80%) 

Fall Time •t- 1 1.6 3.4 1.5 2.5 3.3 1.6 3A - 5 1 
t20% to 80%) 



®MOTOROLA 

QUAD 2-INPUT MULTIPLEXER (INVERTING) 

The MC10159 is a quad two channel multiplexer with enable. 
It incorporates common enable and common data select inputs. 
The select input determines which data inputs are enabled. A high 
(H) level enables data inputs 000, 010, 020, and 030. A low (L) 
level enables data inputs 001, 011, 021, and 031. Any change on 
the data inputs will be reflected at the outputs while the enable 
is low. Input levels are inverted at the output. 

Select 9 

Po 
lpd 

218 mW typ/pkg (No Load) 

2.5 ns typ (Data to 0) 
3.2 ns typ (Select to 0) 

tr, If 2.5 ns typ (20%--80%) 

LOGIC DIAGRAM 

1 00 

201 

15 02 

1403 

D30 11 -------i _ _J 

TRUTH TABLE 

Enable Select DO D1 o Vee Pin 16 

L L 
"' 

L H 
Vee Pin a 

L L 
"' 

H L 

L H L 

"' 
H 

L H H 
"' L 

H "' "' "' 
L 

.P = Don't Care 
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MC10159 

QUAD 2-INPUT MULTIPLEXER 

(INVERTING) 

l SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 

oo 
01 

D11 

D10 

D01 

DOO 

Enable 

Vee 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vee 

02 

03 

D20 

D21 

D30 

D31 

Select 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar 
manner. 

Pin MC10159 Test Limits 

Under -30°c +25°c 

Characteristic Symbol Test Min Max Min Typ Mox 

Power Supply Drain IE 8 - 58 - 42 53 
L Current 

rlnput Current linH 9 - 3610 - - 225 
5 - 400 - - 250 

linl 5 0.5 0.5 -

Logic "1" VoH 1 -1.060 -0.890 -0.960 - -0.810 
Output Voltage 

Logic "O" Vol 1 -1.890 -1.675 -1.850 - -1.650 
Output Voltage 

Logic "1" VQHA 1 -1.080 - -0.980 -
Threshold Voltage 

Logic "O" VQLA 1 - -1.655 - - -1.630 
Threshold Voltage 

Switching Times 
(50 n Load) 

Propagation Delay 

Data Input t5 + 1- 1 1.1 3.8 1.2 25 3.3 
Select Input tg + 1- 1 1.5 5.3 1.5 3.2 5.0 

Enable Input t1+1- 1 1.4 5.3 1.5 2.5 5.0 

Rise Time '1+ 1 1.0 3.7 1.1 2.5 3.5 

120% to 80%) 
Fall Time '1- 1 1.0 3.7 1.1 2.5 3.5 

(20% to 80%) 

I 

TEST VOLTAGE VALUES 

@Test (Volts) 

Temperature V1H max V1L min VtHA min VILA max 1 Vee 
-3o0 c -0.890 -1.890 -1.205 -1.500 I -5.2 

+zs0 c -0.810 -1.850 -1.105 -1.475 ] -5.2 

+as0 c -0. 700 -1.825 -1.035 -1.440 I -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW' 
+85°C tvccl 

Min Max Unit V1H max V1L min V1HA min VILA max VEE Gnd 

- 58 mAdc - - - - 8 16 s: 
0 .... 

- 225 µAde 9 - - - 8 16 0 
- 250 µAde 5 - - - 8 16 

... 
U1 

0.3 - µAde - 5 - - 8 16 ID 

-0.890 -0.700 Vdc - - - - 8 16 

-1.825 -1.615 Vdc 5 - - - 8 16 

-0.910 - Vdc 9 - - 6 8 16 

- -1.595 Vdc 9 - 6 - 8 16 

+1.11 Vdc +0.31 Vdc Pulse In Pulse Out -3.2 Vd~+2.0 Vdc 

"' : 
I 8 I 16 

1.1 3.8 
1.5 5.3 

1.4 5.3 I I I 3, 12 

1.0 3.7 

1.0 3.7 



®MOTOROLA 

12-BIT PARITY GENERATOR-CHECKER 

The MC10160 consists of nine EXCLUSIVE-OR gates in a single 
package, internally connected to provide odd parity checking or 
generation. Output goes high when an odd number of inputs are 
high. Unconnected inputs are pulled to low logic levels allowing 
parity detection and generation for less than 12 bits. 

3 
4 

5 

6 
7 

9 
10 

11 

12 

13 

14 
15 

320 mW typ/pkg (No Load) 

5.0 ns typ 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

INPUT OUTPUT 

Sum of Pin 2 
High Level 

Inputs 

Even Low 

Odd High 

2 
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MC10160 

12-BIT PARITY 
GENERATOR-CHECKER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

vcc1 

Out 

ln1 

ln2 

ln3 

ln4 

ln5 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

ln12 

ln11 

ln10 

ln9 

ln8 

ln7 

ln6 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to. meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 

I 

@>Test 
Teinperature V1Hmax 

-3o0 c -0.890 

+25°c -0.810 

+ss0 c -0.700 

TEST VOLTAGE VALUES 

(Volts) 

V1Lmin VtHAmin V1LAmax Vee 
-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 - -1.475 -5.2 

-1.825 -1.035 -1.440 -5.2 

Pin MC10160 Test Limits 

Characteristic Symbol 

Power Supply Drain le 
Current 

Input Current linH* 

linl 
Logic "1" VoH 

Output Voltage 

Logic "O" VoL 
Output Voltage 

Logic "t" VQHA 
Threshold Voltage 

Logic "O" Vo LA 
Threshold Voltage 

Switching Times 
(500 Load) 

Propagation Delay 

t3+2+ 
t3+2-
tJ-2-
tJ-2+ 
t4+2+ 
t4+2-
t4-2-
t4-2+ 

Rise Time 
(20% to 80%) t2+ 

Fall Time 
(20%to80%) '2-

*Pins 3, 6, 7, 11, 12, 15 are similar 
Pins 4, 5, 9, 10, 13, 14 are simllar 

Under 
Test 

8 

3 
4 

3 

2 

2 

2 

2 

2 

1 

-3o0 c +25°C 

Min Max Min Typ Max 

- 86 - 62 78 

- 425 - - 265 
- 350 - - 220 

0.5 - 0.5 - -

-1.060 -0.890 -0.960 - -0.810 

-1.890 -1.675 -1.850 - -1.650 

-1.080 - -0.980 - -

- -1.655 - - -1.630 

1.8 8.1 2.0 5.0 7.5 

j j j 
I 

j ~ 
1.1 3.5 1.1 2.0 3.3 

1.1 3.5 1.1 2.0 3.3 

+85°C 
TEST VOLTAGE APPLIEO TO PINS LISTEO BELOW' 

Min Max Unit V1Hmax V1Lmin V1HAmin V1LAm8x Vee 
- 86 mAdc 4,5,9,10,13,14 - - - 8 

- 265 µAde 3 - - - 8 
- 220 µAde 4 - - - 8 
0.3 - µAde - 3 - - 8 

-0.890 -0.700 Vdc 3 4,5,6,7,9,10, - - 8 
11,12,13,14,15 

-1.825 -1.615 Vdc - 3,4,5,6,7,9,10, - - B 
11,12,13,14,15 

-0.910 - Vdc - 4,5,6,7,9,10, 11, 3 - 8 
12,13,14,15 

- -1.595 Vdc - 3,5,6,7,9,10, 11 - 4 8 
12,13,14,15 

+1.11 v Pulse In Pulse Out -3.2V 

2.0 s.o ns - - 3 2 8 

l j 
4 -

+ 
- -
4 -
- - 4 
3 -

+ 
- -
3 -

1.0 3.5 - - 3 

, 
1.0 3.5 - - 3 

(Vee) 
Gnd 

1,16 

1,16 
1,16 

1,16 

1,16 

1,16 

1,16 

1,16 

+2.0V 

1,16 

s: 
n ... 
0 ... 
~ 



® MOTOROLA 

BINARY TO 1-8 DECODER (LOW) 

The MC10161 is designed to decode a three bit input word to 
a one of eight line output. The selected output will be low while 
all other outputs will be high. The enable inputs, when either or 
both are high, force all outputs high. 

The MC10161 is a true parallel decoder. No series gating is used 
internally, eliminating unequal delay times found in other decod
ers. This design provides the identical 4 ns delay from any address 
or enable input to any output. 

A complete mux/demux operation on 16 bits for data distri
bution is illustrated in Figure 1. This system, using the MC10136 
control counters, has the capability of incrementing, decrement
ing or holding data channels. When both SO and 51 are low, the 
index counters reset, thus initializing both the mux and demux 
units. The four binary outputs of the counter are buffered by the 
MC10101s to send twisted-pair select data to the multiplexer/ 
demultiplexer units. 

Po 315 mW typ/pkg (No Load) 

tpd 4.0 ns type 

tr,tf 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

Eli 2 _.. ... --...,"""""" ..... -------, 

Vcc1 
Vcc2 

VEE 
E'i 15 

6 00 

501 

4 02 

A7 

303 

13 04 
89 

12 05 

11 06 

c 14 1007 

TRUTH TABLE 

ENABLE 
INPUTS INPUTS OUTPUTS 

E1 EO c B A 00 01 02 03 04 05 06 07 

L L L L L L H H H H H H H 
L L L L H H L H H H H H H 
L L L H L H H L H H H H H 
L L L H H H H H L H H H H 
L L H L L H H H H L H H H 
L L H L H H H H H H L H H 
L L H H L H H H H H H L H 
L L H H H H H H H H H H L 
H </> </> </> </> H H H H H H H H 
</> H </> </> </> H H H H H H H H 

3-95 

Pin 1 
Pin 16 
Pin 8 

MC10161 

BINARY TO 1-8 DECODER 
(LOW) 

- L SUFFIX 
CERAMIC PACKAGE 

CASE 620 
16 

1' 

PSUFFIX •• PLASTIC PACKAGE 
CASE 648 

1 2. FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 vcc2 

EO 'E1 

03 c 

02 04 

01 05 

00 06 

A 07 

VEE B 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input/output combination. Other combinations are tested 
according to the truth table. TEST VOLTAGE VALUES 

(Vohs) 

@Test 
V1HA min J V1LA max l Vee Temperature V1H max Vil min 

-3o0 c -0.890 -1.890 -1.205 -1.500 _[ -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 J_ -5.2 

+ss0 c -0.700 -1.825 -1.035 -1.440 -5.2 3!: 

l 
MC10161 Test limits 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 0 
w 

I 
Pin ..... 

cb Under -Jo0 c +25°C +ss0 c IVccJ Q 
Characteristic Symbol Ten Min Mox Min Typ Mox Min Mox Unit V1H max V1L min V1HA min VILA max VEE Gnd ... 

O"l en 
Power Supply Drain Current 'E 8 84 61 76 84 mAdc 2,7,9,14,15- 8 1,16 ..... 
Input Current linH 14 350 220 220 µAde 14 8 1, 16 

1inL 14 0.5 0.5 0.3 µAde 14 8 1,16 

Logic "1" VQH 13 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 2 8 1,16 
Output Voltage 13 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 15 8 1,16 

Logic "O" Output Voltage VQL 13 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 14 8 1,16 

Logic "1" VoHA 13 -1.080 -0.980 -0.910 Vdc 2 8 1,16 
Threshold Voltage 13 -1.080 -0.980 -0.910 Vdc 15 8 1,16 

Logic "'O" Threshold Voltage VQLA 13 -1.655 -1.630 -1.595 Vdc 14 8 1,16 

Switching Times 
(50 n Load) Pulse In Pulse Out -3.2V +2.0V 

Propagation Delay t14+13- 13 1.5 6.2 1.5 4.0 6.0 1 5 6.4 " 14 13 8 1,16 
t14-13+ 13 1.5 62 1.5 4.0 6.0 1.5 6.4 

i i i i i Rise Time (20% to 80%) tt3+ 13 1.0 3.3 I 1.1 2.0 3.3 1.1 3.5 

Fall Time (20% to 80%) t13- 13 1.0 3.3 1.1 2.0 3.3 1.1 3.5 



Control Selection 

MC10101 MC10115 

,, 
i5 
c: 
:JJ 
m -I 
::c 
i5 
::c 
!(l 

~ 2_ _)(___)Cf> 
Uso 15 1413 12 11 10 9 8 76543210 

~x x:1>-s1 MC10136 
~ _,.... CR 

A 8 c D 

1=[)=x x r ~ - H> "E1 .-----I "E1 

,---c 
MC10164 

.----IC 
MC10164 

.------ 8 r----18 

r-A DO rlA DO 

m 
m 
Cl 

(,) 
f s: 
:j 0 ... 

ch ...... 
s: c: 

0 
,... ... 
-i 

en 
:;; 

... 
,... 
m 
>< m 
:JJ 
Ci 
m 
!: c: 

S1 

MC10101 MC10115 J w 2_ x=J<_ J 
)'.< -

so 

~ 
.--.. ...... ~ J I x____x_i>----' S1 MC10136 

CR 
A B c D 

so 

~ 
:;; ,... 
m 
>< m 
:JJ 

~ .--.. 
~ 

L.l H> ED ED "E1 .------- "E1 

I 
,---1C 

MC10161 r---ic MC10161 
,---1 B ...---18 

CR 

r-°iA ,.--1 A 

0 0 < 
15 14 13 1211 10 9 8 76543210 

I 
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®MOTOROLA 

BINARY TO 1-8 DECODER 
(HIGH) 

The MC10162 is designed to convert three lines of input data 
to a one-of-eight output. The selected output will be high while 
all other outputs are low. The enable inputs, when either or both 
are high, force all outputs low. 

The MC10162 is a true parallel decoder. No series gating is used 
internally, eliminating unequal delay times found in other decoders. 

This device is ideally suited for demultiplexer applications. One 
of the two enable inputs is used as the data input, while the other 
is used as a data enable input. 

A complete mux/demux operation on 16 bits for data distri
bution is illustrated in Figure 1 of the MC10161 data sheet. 

EO 

"E115 

A7 

89 

c 14 

EO E1 

L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
H q, 
q, H 

INPUTS 

c 

L 
L 
L 
L 
H 
H 
H 
H 
q, 
q, 

q, = Don't Care 

B A 

L L 
L H 
H L 
H H 
L L 
L H 
H L 
H H 
q, q, 
q, q, 

315 ns typ/pkg (No Load) 

4.0 ns typ 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

OUTPUTS 

00 01 02 03 04 05 

H L L L L L 
L H L L L L 
L L H L L L 
L L L H L L 
L L L L H L 
L L L L L H 
L L L L L L 
L L L L L L 
L L L L L L 
L L L L L L 

06 

L 
L 
L 
L 
L 
L 
H 
L 
L 
L 

Pin 1 
Pin 16 
Pin 8 

07 

L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
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MC10162 

BINARY TO 1-8 DECODER 
(HIGH) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

Vcc1 

EO 

03 

02 

01 

00 

A 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

E1 

c 

04 

05 

06 

07 

B 

Pin assignment is for OuaHn·line Package. 
For PLCC pin assignment, see tables on page 1·35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only input/output combination. Other combinations are tested 
according to the truth table. 

@Teot 
Temperature 

-30•c 
+25°C 

+es0 c 

I 
MC10162 Test Limits 

Pin 
-30°c +25°C +as0 c Unde< 

Characteristic Symbol Teot Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current 'E 8 84 61 76 84 mAdc 

Input Current linH 14 350 220 220 µ.Ade 

linl 14 0.5 0.5 0.3 ,1.1Adc 

Logic "1" VoH 13 -1.060 --0.890 -0.960 --0.810 -0.890 --0.700 Vdc 
Output Voltage 

Logic "O" Vol 13 -1.890 -1.675 -t.850 -1.650 -1.825 -1.615 Vdc 
Output Voltage 13 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 

Logic "1" VQHA 13 -1.080 -0.980 -0.910 Vdc 
Threshold Voltage 

Logic "O" VQLA 13 -1.655 -1.630 -1.595 Vdc 
Threshold Voltage 13 -1.655 -1.630 -1.595 Vdc 

Switching Times · 
(50-ohm load) 

Propagation Delay t14+13+ 13 1.5 8.2 1.5 4.0 6.0 1.5 6.4 

tt4-13- 13 1.5 6.2 1.6 4.0 6.0 1.5 6.4 

I ! Rise Time t+ 13 1.0 3.3 1.1 2.0 3.3 1.1 3.5 
(20%to 80%) 

Fall Time 1- 13 1.0 3.3 1.1 2.0 3.3 1.1 3.6 
(20%to 80%) 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1Hmax V1Lmin V1HAminl VtLAmaKl Vee 
--0.890 -1.890 -1.205 I -i.5oo I -5.2 

-0.810 -1.850 -1.105 J_ -1.475 J_ -5.2 

--0.700 -1.825 -1.035 -1.440 -5.2 s: 
n ... TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

tVccl I 
I I 

Cl 
Gnd ... 
1,16 

0) 
N 

V1H max V1Lmin V1HAmin V1LAmax VEE 
8 

14 1,16 

14 1J6 
14 1,16 

2 1.16 
15 1,16 

14 1,16 

1,16 
15 1,16 

Pulse In Pulse Out I -3.2 V I +2.0 V 

13 8 1,16 

! ! t I 
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®MOTOROLA 

8-LINE MULTIPLEXER 

The MC10164 is a high speed, low power eight-channel data 
selector which routes data present at one-of-eight inputs to the 
output. The data is routed according to the three bit code present 
on the address inputs. An enable input is provided for easy bit 
expansion. 

A 7 

B 9 

c 10 

Enable 

XO 

X1 5 

X2 4 

X3 3 

X411 

X512 

X6 13 

X7 14 

Po 310 mW typ/pkg (No Load) 

---
ENABLE 

L 
L 
L 
L 

L 
L 
L 
L 

H 

3.0 ns typ (Data to Output) 

2.0 ns typ (20%--80%) 

LOGIC DIAGRAM 

15 z 

Vcc1 Pin 1 
Vcc2 Pin 1e 

Vee Pin a 

TRUTH TABLE 

ADDRESS INPUTS 

c B A z 
L L L XO 
L L H X1 
L H L X2 
L H H X3 

H L L X4 
H L H X5 
H H L X6 
H H H X7 

"' "' "' 
L 

</> ~ Don't Care 

3-100 

MC10164 

8-LINE MULTIPLEXER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

Vcc2 

Enable 

X3 

X2 

X1 

XO 

A 

Vee 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

z 
X7 

X6 

X5 

X4 

c 

B 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are terminated through a 50-ohm resistor 
to -2.0 volts. Test procedures are shown for only one input, or for one set 
,f incut conditions. Other incuts tested in th e same manner. 

Pin 
MC10164 Test Limits 

Under -30oc +25°C 

Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current IE 8 - 83 - 60 75 
Input Current lin H 2 - 425 - - 265 

lin L 4 0.5 - 0.5 - -
Logic "1" VoH 15 -1.060 --0.890 --0.960 - -0.810 

Output Voltage 

Logic "O" VQL 15 -1.890 -1.675 -1.850 - -1.650 
Output Voltage 

Logic "1" VQHA 15 -1.080 - --0.980 - -
Threshold Voltage 

Logic "O" Vo LA 15 - -1.655 - - -1.630 
Threshold Voltage 

Switching Times 
(50 .a Load} 

Propagation Delay t4+15+ 15 1.5 4.9 1.5 3.0 4.7 
t4-15- 15 1.5 4.9 1.5 3.0 4.7 
t1+15+ 15 1.9 6.5 2.0 4.0 6.2 
tJ-15- 15 1.9 6.5 2.0 4.0 6.2 
t2+15- 15 0.9 3.5 1.0 2.0 3.1 
t2-15+. 15 

t 
1.0 l 3.1 

Rise Time t+ 15 3.3 1.1 3.3 
(20% to 80%1 

+ Fall Time t- 15 1.1 3.3 
(20%to 80%) 

@Test 
Temperature 

-30"C 

+25°c 

+ss0 c 

+as0 c 
Min Max Unit 

- 83 mAde 

- 265 µAde 

0.3 - µAde 

--0.890 -0.700 Vde 

-1.825 -1.615 Vde 

--0.910 - Vde 

- -1.595 Vdc 

1.6 5.0 "' 1.6 5.0 

j 
2.2 6.7 
2.2 6.7 
1.0 3.3 
1.0 3.3 
1.2 3.6 

1.2 3.6 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1H max V1Lmin V1HA min VILA max VEE 
--0.890 -1.890 -1.205 -1.500 -5.2 

--0.810 -1.850 -1.105 -1.475 -5.2 

--0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTA.GE APPLIED TO PINS LISTED BELOW 

VtH max VtLmin V1HA min VILA max VEE 

- - - - 8 

4 - - - 8 

- 4 - - 8 
4,9 - - - 8 

9 - - - 8 

4,9 - - 2 8 

9 - - 2 8 

+1.11 v Pulse In Pulse Out -3.2V 

9 - 4 15 8 
9 - 4 

j j 
5 - 7 
5 - 7 

7,5 - 2 
7,5 - 2 
9 - 4 

9 - 4 

IVccl 
Gnd 

1,16 

1,16 

1,16 

1,16 

1,16 

1,16 

1,16 

+2.0V 

1,16 

l 

:ii: 
0 ... 
0 ... 
i? 



MC10164 

APPLICATION INFORMATION 

The MC10164 can be used wherever data multiplexing 
or parallel to serial conversion is desirable. Full parallel 
gating permits equal delays through any data path. The 
output of the MC10164 incorporates a buffer gate with 

eight data inputs and an enable. A high level on the enable 
forces the output low. The MC10164 can be connected 
directly to a data bus, due to its open emitter output and 
output enable. 

Figure one illustrates how a 1-of-64 line multiplexer can 
be built with eight MC10164's wire ORed at their outputs 
and one MC10161 to drive the enables on each multi· 
ple.xer, without speed degradation over a single MC10164 
being experienced. 

FIGURE 1 -1-0F-64 LINE MULTIPLEXER 

14 

9 

The Bit chosen is dependent on six-bit 
code present on inputs 7, 9, 14 Of the 
MC10161 and the A, B, C inputs of the 
MC10164. 

A B C 

3-102 



® MOTOROLA 

8-INPUT 
PRIORITY ENCODER 

The MC10165 is a device designed to encode eight inputs to a 
binary coded output. The output code is that of the highest order 
input. Any input of lower priority is ignored. Each output incor
porates a latch allowing synchronous operation. When the clock 
is low the outputs follow the inputs and latch when the clock goes 
high. This device is very useful for a variety of applications in 
checking system status in control processors, peripheral control
lers, and testing systems. 

The input is active when high, (e.g., the three binary outputs 
are low when input DO is high). The 03 output is high when any 
input is high. This allows direct extension into another priority 
encoder when more than eight inputs are necessary. The MC10165 
can also be used to develop binary codes from random logic 
inputs, for addressing ROMs, RAMs, or for multiplexing data. 

DO 

H 
L 
L 
L 
L 
L 
L 
L 
L 

Po = 545 mW typ/pkg (No Load) 
tpd = 4.5 ns typ (Data to Output) 
tr, tf = 2.0 ns typ (20%-80%) 

TRUTH TABLE 

DATA INPUTS 

D1 D2 D3 D4 D5 D6 D7 03 

"' "' "' "' "' "' "' 
H 

H 

"' "' "' "' "' "' 
H 

L H 

"' "' "' "' "' H 
L L H 

"' "' "' "' H 
L L L H "' "' "' 

H 
L L L L H 

"' "' H 
L L L L l H 

"' 
H 

L L L L L L H H 
L L L L L L L L 

4> = Don't Care 

OUTPUTS 

02 01 00 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 

3-103 

MC10165 

8-INPUT 
PRIORITY ENCODER 

-

LSUFFIX 
CERAMIC fl'ICKAGE 

CASE620 

1 
1 

PSUFFIX -PIASTIC Fl4CKAGE 

CASE648 16 

Vcc1 

01 

00 

Clock 

DO 

D7 

D1 

VEE 

DIP 

1 

FN SUFFIX 
PLCC 

CASE 775 

PIN ASSIGNMENT 

Vcc2 

02 

03 

D2 

D5 

D4 

D3 

D6 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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MC10165 

LOGIC DIAGRAM 

C4 

005 l 
~L.r------, 

~ 

01 7 "I 
L.Al~-----<t-t----------, 

02 13 

Vcc1 = Pin 1 
Vcc2 = Pin 16 

VEE = Pin 8 

H ,___ rrl-- 1403 

L..'.::========================-:::::t-_....~~~~~ ..___, 

Numbers at ends of terminals denote pin numbers for Land P packages. 
Numbers in parenthesis denote pin numbers for F package. 

3-104 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been established 

@Test 
Temperature 

-3o0c 
+25oC 

+85°<: 

V1H max 

-0.890 

-0.810 

-0.700 

TEST VOLTAGE VALUES 

(Volts) 

Vil min V1HA min VILA max Vee 

-1.890 -1.205 -1.500 -5.2 

-1.850 -1.105 -1.475 -5.2 

-1.825 -1.035 -1.440 -5.2 

MC10165 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: Pin 
-Jo0 c +25°C Under 

Characteristic Symbol Te" Min Max Min Typ Max 

Power Supply Drain Current IE 8 - 144 - 105 131 

Input Current lin H 4 - 390 - - 245 
5 - 350 - - 220 

ltn L 4 0.5 - 0.5 - -
5 0.5 - 0.5 - -

Logic "1" VoH 2 -1.060 -0.890 -0.960 - -0.810 
Output Voltage 3 -1.060 -0.890 -0.960 - -0.810 

14 -1.060 -0.890 -0.960 - -0.810 
15 -1.060 -0.890 -0.960 - -0.810 

Logic "O" Vol 2 -1.890 -1.675 -1.850 - -1.650 
Output Voltage 3 -1.890 -1.675 -1.850 - -1.650 

14 -1.890 -1.675 -1.850 - -1.650 
15 -1.890 -1.675 -1.850 - -1.650 

Logic "1" VQHA 2 -1.080 - -0.980 - -
Threshold Voltage 3 -1.080 - -0.980 - -

14 -1.080 - -0.980 - -
15 -1.080 ·- -0.980 - -

Logic "O" VoLA 2 - -1.655 - - -1.630 
Threshold Voltage 3 - -1.655 - - -1.630 

14 - -1.655 - - -1.630 
15 - -1.655 - - -1.630 

Switching Times (50-ohm Load) 

Propagation Delay 
Data Input ts+14+ 14 2.0 7.0 3.0 - 7.0 

ts-14- 14 

! ! ! 
- ! t7+3+ 3 -

t11+15+ 15 -
t13+2+ 2 -

Clock Input t4-3+ 3@ 1.5 4.5 20 - 4.0 

'4-3- 3~ 
+ + + 

- i t4-14+ 14 2 -
t4-14- 14@ -

Setup Time tsetup H 3 6.0 - 6.0 3.4 -
tsetup L 

I 
6.0 - 6.0 3.0 -

Hold Time thold H 1.0 - 1.0 -2.3 -
thold L 1.0 - 1.0 -2.7 -

Rise Time 120% to 80%1 t3+ 1.1 3.5 1.1 2.0 3.3 
Fall Time 120% to 80%) '3- 1.1 3.5 1.1 2.0 3.3 

© The same limit applies for all D type input pins. To test input currents for ottier D inputs, 
individually apply proper voltage to pin under test. 

® Output latched to low state prior to test. 
® Output latched to high state prior to test. 

+as0c <vccl 
Min Max Unit V1H max V1L min VIHA min VILA max Vee Gnd 

- 144 mAdc - - - - 8 1,16 

- 245 µAde 4 - - - 8 1,16 
- 220 µAde 5Q) - - - 8 1.16 

0.3 - µAde - 4 - - 8 1,16 
0.3 - µAde - 5Q) - - 8 1,16 

-0.890 -0.700 Vdc 6 4 - - 8 1,16 
-0.890 -0.700 

+ + + 
- -

+ + 
-0.890 -0.700 - -

-0.890 -0.700 - -

-1.825 -1.615 Vdc - 4 - - 8 1,16 
-1.825 -1.615 

+ 
-

+ 
- -

+ + 
-1.825 -1.615 - - -
-1.825 -1.615 - - -
-0.910 - Vdc - 4 6 - 8 1,16 
-0.910 -

+ 
-

+ + 
-

+ + 
-0.910 - - -
-0.910 - - -

- -1.595 Vdo - 4 - 6 8 1,16 
- -1.595 

+ 
-

+ 
-

+ + + 
- -1.595 - -
- -1.595 - -

Unit +1.11 v +0.31 v Pulse In Pulse Out -3.2V +2.0V 

2.0 8.0 ns - 4 5 14 8 1,16 

i ! 
-

i 
5 14 

I 
- 7 3 
- 11 15 
- 13 2 

1.5 4.5 7 - 4 3 

+ + 
- -

+ 
3 

7 - 14 
- - 14 

6.0 - - - 4,7 3 
6.0 - - -

+ 
J 

1.0 - - -
1.0 - - -
1.1 3.5 - 4 7 
1.1 3.5 - 4 7 i 

* To preserve reliable performance, the MC10165P (ptastic-packag,ed device only) 
is to be operated in ambient temperatures above 10°c onlv when 500 lfpm blown 
air or equivalent heat sinking is provided. 

I 

3: 
C') .... 
0 .... 
OI 
C1I 
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MC10165 

APPLICATION INFORMATION 

A typical application of the MC10165 is the decoding of 
system status on a priority basis. A 64 I ine priority encoder 
is shown in the figure below. System status lines are con-

nected to this encoder such that, when a given condition 
exists, the respective input will be at a logic high level. This 
scheme will select the one of 64 different system condi
tions, as represented at the encoder inputs, which has 
priority in determining the next system operation to be 
performed. The binary code showing the address of the 
highest priority input present will appear at the encoder 
outputs to control other system logic functions. 

64-LINE PRIORITY ENCODER 

MC10164 J l MC10164 J l MC10164 

~:=-m~r "1it f 'W ,0 ''lII 
Highest o-f1 DO ~ Q 1 H--+t+t+t+---~ l 
P'iocity _ ! ! ~ 02 lt:j:tttttt====:jt:Jjt:Jjt:Jj===='lJlJlJ-1----f~ 
Input 0""'""'1 07 ..::: 03 DO QO ro 

01 f-< f-<> ' 
,---1 02~ MSB 

r;:::j 07 r-
HC "' 00!---' 

°Tl DO ~ Q1t---+-+-+-+-+-+----~ 
: u 021---+++-+-+-+------H-H-H----~ 

o-L-t-1~0_1_:._0_3_;--+++++t--------jf-Hf-H+-----++++++~ 

HC "'00~ 
~DO~ 011----+t+~r----~ 
: u 021----++-+-+-+-----_,rHrH----~ 

ol+-101 :;[; 03 

i 
J_ 

c "'001---
00 "' 0 011-----+++-----~ 

u 021-----+++--------jf-H~----~ 
07 :;[; 031-----+++--------jf-Hc------+++-~ 

~o ~ ooi-----
0 01 

u 021-------jH-------++-----~ 
07 :;[; 031-------jH-------++-------+-I---' 

C IO QOt----~ 

DO ~ 011-----+-------~ 
u 02>------+--------+------~ 

07 ~ 031------+--------+-------+--~ 

C IO QQ 1-----~ 

Lowest i DO ~ 01 !------------~ 
Priority I (j 021--------------------
lnput oL-i 07 ~ 031-----------------------~ 

3-106 
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at input 



®MOTOROLA 

5-BIT MAGNITUDE 
COMPARATOR 

The MC10166 is a high speed expandable 5-bit comparator for 
comparing the magnitude of two binary words. Two outputs are 
provided: A < B and A > B. A = B can be obtained by NORing 
the two outputs with an additional gate. A high level on the enable 
function forces both outputs low. Multiple MC10166s may be used 
for larger word comparisons. 

440 mW typ/pkg (No Load) 

Data to output 6.0 ns typ 
E to output 2.5 ns typ 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

A4 9 -L--1....,,-------.. 
84 10 ~---~ 

A2 13-L-1.....------..~-':::±:i--t-+-t--'i---.._ 
82 14-~"--,, 

AO 5 -'--'--..----.. 
80 4 }---~ 

e 1s-----------------~ 

TRUTH TABLE 

Inputs Outputs 

E A l B A<B A>B 

H x l x L L 

L Word A = Word B L L 

L Word A > Word B L H 

L Word A < Word B H L 

vcc1 
Vcc2 

VEE 

3-107 

2A>8 

3A<8 

Pin 1 
Pin 16 
Pin 8 

MC10166 

5-BIT MAGNITUDE 
COMPARATOR 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

-1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

A>8 E 

A<8 82 

BO A2 

AO A3 

A1 63 

81 64 

VEE A4 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow graater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 

MC10166 Test Limits 
Pin 

Under -30"C +25"C 

Characteristic Symbol T8$t Min Max Min Typ Max 

Power Supply Drain Current IE 8 - 117 - 85 106 

Input Current linH 5 - 350 - - 220 

linl 5 0.5 - 0.5 - -
Logic "1" Output Voltage VoH 2 -1.060 -0.890 -0.960 - -0.810 

3 -1.060 -0.890 -0.960 - -0.810 

Logic "O" Output Voltage Vol 2 -1.890 -1.675 -1.850 - -1.650 
3 -1.890 -1.675 -1.850 - -1.650 

Logic "1" Threshold Voltage YQHA 2 -1.080 - -0.980 - -
3 -1.080 - -0.980 - -

Logic "O" Threshold Voltage VoLA 2 - -1.655 - - -1.630 
3 - -1.655 - - -1.630 

Switching Times 
l50Slload) 
Propagation Delay 

Data to Output tg+2+ 2 1.0 8.0 1.0 6.0 7.6 

•a-2- 2 

j 1 j 1 ! t11-2+ 2 
t11+2- 2 
t1+3+ 3 
t1-3- 3 

Enable to Output t15-3+ 3 3.8 2.5 3.6 
t15+3- 3 3.8 2.5 3.6 

Rise Time 120% to 80%) •2+ 2 3.6 1.1 2.0 3.6 

Fall Time (20% to 80%) •2- 2 3.8 1.1 2.0 3.5 

I 

IP Test 
Temperature 

-30"C 
+25"C 

+as0 c 

+85"C 

Min Max Unit 

- 117 mAdc 

- 220 µAde 

0.3 - µAde 

-0.890 -0.700 Vdc 
-0.890 -0.700 Vdc 

-1.825 -1.615 Vdc 
-1.825 -1.615 Vdc 

-0.910 - Vdc 
-0.910 - Vdc 

- -1.595 Vdc 
- -1.595 Vdc 

1.0 8A ns 

j 1 j 4.0 
4.0 

1.1 3.8 

1.1 3.8 

TEST VOLTAGE VALUES 

Volts 

V1Hmax V1Lmin V1HAmin VILAmax Vee 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

VOLTAGE APPLIED TO PINS LISTED BELOW' 

V1Hmax V1Lmin VIHAmin VILAmax Vee 

- 4,7,10,11,14 - - 8 

5 - - - 8 
- 5 - - 8 

5 - - - 8 
4 - - - 8 

5,15 - - - 8 
4,15 - - - 8 

5 - - 15 8 
4 - - 15 8 

5 - 15 - 8 
4 - 15 - 8 

~ Pul•ln Pulse Out -3.2V 

- - 9 2 8 
- - 9 2 

j 
12 - 11 2 
12 - 11 2 
6 - 7 3 
6 - 7 3 
10 - 15 3 
10 - 15 3 
- - 9 2 
- - 9 2 

IVccl 
Gnd 

1,16 

1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0V 

1,16 

j 

!!!: 
n ... 
0 ... 
8l 



A21 

A20 

A17 

A10 

A9 

FIGURE 2 - 25-BIT MAGNITUDE COMPARATOR 

MC10166 

APPLICATION INFORMATION 

FIGURE 1 - 9-BIT MAGNITUDE COMPARATOR 

MC10166 

A>B A<B 

A= 8 

MC10166 

A>B A<B 

A>BA<BA~B 

For 9-Bit Word 

The MC10166 compares the magnitude of two 5-bit 
words. Two outputs are provided which give a high level 
for A> Band A< B. The A= B function can be obtained 
by wire-ORing these outputs (a low level indicates A= B) 
or by NORing the outputs (a high level indicates A= B). 

For longer word lengths, the MC10166 can be serially 
expanded or cascaded. Figure 1 shows two devices in a 
serial expansion for a 9-bit word length. The A> B and 
A< B outputs are fed to the AO and BO inputs respectively 
of the next device. The connection for an A = B output is 
also shown. The worst case delay time of serial expansion 
is equal to the number of comparators times the data-to
output delay. 

For shorter delay times than possible with serial ex
pansion, devices can be cascaded. Figure 2 shows a 25-bit 
cascaded comparator whose worst case delay is two data
to-output delays. The cascaded scheme can be extended 
to longer word lengths. 

3-109 
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® MOTOROLA 

QUAD LATCH 

The MC10168 is a Quad Latch with common clocking to all four 
latches. Separate output enabling gates are provided for each 
latch, allowing direct wiring to a bus. When the clock is high, 
outputs will follow the D inputs. Information is latched on the 
negative-going transition of the clock. 

Po 310 mW typ/pkg (No Load) 

G to a = 2 ns typ 
D to O = 3 ns typ 
c to O = 4 ns typ 

tr, tf 2.0 ns typ (20%--80%) 

LOGIC DIAGRAM 

DO 

GO 5---+-.::;;::;;._ ____ -L~/ 

G1 4---+--------\ 

01 7 ----+---~ 

Cc 13 

02 9 ----+-·--~ 

G2 12---t-------'-__..L___, 

G3 10---t---=:::-----"""\ 

11 Q2 

15 Q3 

TRUTH TABLE 

Pin 1 
Pin 16 
Pin 8 

c 

H q, 
L L 

L H 

L H 

q, = don't care 

D On+1 

q, L 

q, On 

L L 

H H 

3-110 

MC10168 

QUAD LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 2. FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

QO 

DO 

G1 

GO 

Q1 

D1 

VEE 

Vcc2 

Q3 

D3 

Cc 

G2 

Q2 

G3 

02 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. Test procedures are shown for only 
selected inputs and outputs. The other inputs and outputs are tested in the 
same manner. 

MC10168 Test Limits 
Pin 

Under -Jo0 c +2s0 c 
Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current IE 8 - 82 - 60 75 

Input Current linH 3,7,9, 14 - 390 - - 245 
4,5,1Q12 - 425 - - 265 

13 - 460 - - 290 

1inl 0.5 - 0.5 - -
Logic "1" Output Voltage VoH 2 -1.060 -0.890 -0.960 - -0.810 

6 -1.060 -0.890 -0.960 - -0.810 

Logic "O" Output Voltage Vol 2 -1.890 -1.675 -1.850 - -1.650 
6 -1.890 -1.675 _, .850 - -1.650 

Logic "1 'Threshold Voltage VQHA 2 -1.080 - -0.980 - -

6 -1.080 - -0.980 - -

Logic "O" Threshold Voltage Vo LA 2 - -1.655 - - -1.630 
6 - -1.655 - - -1.630 

Switching Times 
(50n Load) 
Propagation Delay: Data t3+2+ 2 1.0 5.6 1.0 3.0 5.4 

Gate 15-2+ 2 

+ 
3.2 

+ 
2.0 3.1 

Clock t13+2+ 2 5.8 4.0 5.6 

Setup Time tJ+13+ 2 2.5 - 2.5 - -
Hold Time t13+3+ 2 1.0 - 1.0 - -
Rise Time (20% to 80%) '2+ 2 

+ 
3.6 1.1 2.0 3.5 

Fall Time (20% to 80%) '2- 2 3.6 1.1 20 3.5 

•individually test each input applying V1H or V1L to input under test. 

@Test 
Temperature 

-3o0 c 
+25°C 

+85°C 

+ss0 c 
Min Max Unit 

- 82 mAdc 

- 245 µAde 
- 265 • - 290 

0.3 - µAde 

-0890 -0 700 Vdc 
-0.890 -0.700 Vdc 

-1.825 -1.615 Vdc 
-1.825 -1.615 Vdc 

-0.910 - Vdc 
-0.910 - Vdc 

- -1.595 Vdc 
- -1.595 Vdc 

1.1 5.9 "' 1.0 3.4 

j 
1.2 6.2 

2.5 -
1.0 -
1.1 3.8 

1.1 3.8 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1Hmax V1Lmin VIHAmin VtLAmax VEE 

-1.890 -1.890 -1.205 -1 500 -5.2 

-1.810 -1.850 -1.105 -1.475 -5 2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS 
LISTED BELOW: 

VtHmax V1Lmin VIHAmin V1LAmax VEE 

- - - - 8 

- - - 8 
- - -

' 13 - - -
- - - 8 

3.13 - - - 8 
7,13 - - - 8 

3,5 - - - 8 
4,7 - - - 8 

13 - 3 - 8 
13 - 7 - 8 

13 - - 3 8 
13 - - 7 8 

~ Pulse In Pulse Out -3.2 v 

- - 3 2 8 
- - 5 2 

j 
- - 13 2 

- -
- -
- - 3 2 

- - 3 2 

IV eel 
Gnd 

1,16 

1,16 

' 1,16 

1,16 
1.16 

1,16 
1,16 

1,16 
1,16 

1,16 
1, 16 

+2.0 v 

1.16 

j 

s: 
(') ... 
0 ... 
O> 
co 
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®MOTOROLA 

9 + 2-BIT PARITY 
GENERATOR-CHECKER 

The MC10170 is a 11-bit parity circuit, which is segmented into 
9 data bits and 2 control bits. 

Output A generates odd parity on 9 bits; that is, Output A goes 
high for an odd number of high logic levels on the bit inputs in 
only 2 gate delays. 

The Control Inputs can be used to expand parity to larger num
bers of bits with minimal delay or can be used to generate even 
parity. To expand parity to larger words, the MC10170 can be 
used with the MC10160 or other MC10170's. The MC10170 can 
generate both even and odd parity. 

Control 
Inputs 

Po 
tpd 

13 High 

14Low 

DO 3 

01 4 

02 5 

03 6 

D4 7 

05 9 
0610 

0711 

0812 

300 mW typ/pkg (No Load) 

2.5 ns typ (Control Inputs to B Output) 
4.0 ns typ (Data Inputs to A Output) 
6.0 ns typ (Data Inputs to B Output) 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

Vcc1 Pin 

15 B 

Even Parity 

2A 

Odd Parity 

1 
Vcc2 Pin 16 

VEE Pin 8 

INPUTS OUTPUTS 

Sum of Odd Parity Even Parity 
D Inputs 

at High Level Output A Output B 

Even Low High 

Odd High Low 

3-112 

MC10170 

9 + 2-BIT PARITY 
GENERATOR-CHECKER 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

16 
1 

PSUFFIX -PLASTIC PACKAGE .. 
CASE 648 1s 

1 

•• FN SUFAX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

A 

DO 

01 

02 

03 

04 

VEE 

Vcc2 

B 

Low 

High 

D8 

07 

06 

05 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



ELECTRICAL CHARACTERISTICS 

Each MECI 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested TEST VOLTAGE VALUES 
in the same manner. 

(Volts) @Test 
Temperature VtHmax V1Lmin V1HAmin V1LAmax VEE 

-3o0 c -0.890 -1.890 -1.205 -1.500 -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 -5.2 

+85°c -0.700 -1.825 -1.035 -1.440 -5.2 

Pin MC10170 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under -3o0 c +2s0 c +as0 c IVccl 

Characteristic Symbol Test Min Max Min Typ Mox Min Max Unit V1Hmax V1Lmin V1HAmin V1LAmax VEE Gnd s: 
~ 

I 
Power Supply Drain Current IE 8 78 57 71 78 rnAdc 1,16 0 I Input Cuccent linH 3 350 200 3 8 

... 
220 µAde 1,16 0 

~ 5 350 220 220 µAde 5 8 1,16 ... 
(,) ...i 

llnL 3 0.5 0.5 0.3 µAde 3 8 1,16 0 
Logic "1" Output Voltage VQH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 3,4,5 8 1,16 

15 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 14 8 1,16 

Logic "O" Output Voltage Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdo 4,5 8 1,16 
15 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdo 13,14 8 1,16 

Logic "1" Threshold Voltage Vo HA 2 -1.080 -0.980 -0.910 Vdo 5 8 1,16 
15 -1.080 -0.980 -0.910 Vdo 13 8 1,16 

Logic "O" Threshold Voltage VQLA 2 -1.655 -1.630 -1.595 Vdo 5 8 1,16 
15 -1.655 -1.630 -1.595 Vdo 13 8 1,16 

Switching Times (50-ohm Load} Pulse In Pulse Out -3.2V +2.0 v 
Propagation Delay 

t13+15+ 15 1.5 4.2 1.5 2.5 4.0 1.5 4.4 "' 13 15 8 1,16 

t14-15- 15 1.5 4.2 1.5 2.5 4.0 1.5 4.4 i 14 15 i i 13+2- 2 2.0 6.6 2.0 4.0 6.0 2.0 6.6 3 2 

13-15+ 15 4.0 9.5 4.0 6.0 8.8 4.0 9.5 3 15 

Rise Time 
(20% to 80%) t2+ 2 1.5 4.3 1.5 2.0 3.9 1.5 4.3 "' 3 2 8 1.16 

Fall Time 
(20% to 80%) •2- 2 1.5 4.3 1.5 2.0 3.9 1.5 4.3 n• 3 2 8 1,16 

I 
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®MOTOROLA 

DUAL BINARY TO 1-4-DECODER 
(LOW) 

The MC10171 is a binary coded 2 line to dual 4 line decoder 
with selected outputs low. With either EO or E1 high, the corre
sponding selected 4 outputs are high. The common enable E, 
when high, forces all outputs high. 

Po 325 mW typ/pkg (No Load) 

4.0 ns typ 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

EO 14 

A9 

87 

E 1s 

e1 2 

ENABLE INPUTS 

E EO E1 
L L L 
L L L 
L L L 
L L L 
L L H 
L H L 
H 

"' "' cf> = Don't Care 

3-114 

MC10171 

BINARY TO 1-4-DECODER 
(LOW) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

e1 E 

013 EO 

012 000 

011 001 

010 002 

B 003 

Vee A 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test Procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 
tested in a similar manner. 

Pin MC10171 

Under -3o0 c +25°c 

Characteristic Symbol Test Min Max Min Typ 

Power Supply Drain Current 'e 8 - 85 - 65 

Input Current linH 14 - 350 - -

linl 14 0.5 - 0.5 -
Logic "1" VoH 6 -1.060 -0.890 -0.960 -

Output Voltage 13 -1.060 -0.890 -0.960 -
Logic "O" Output Voltage Vol 13 -1.890 -1.675 -1.850 -

Logic "1" VQHA 6 -1.080 - -0.980 -
Threshold Voltage 13 -1.080 - -0.980 -

Logic "O" VQLA 6 - -1.655 - -
Threshold Voltage 13 - -1.655 - -

Switching Times 
(50 n Load) 

Propagation Delay t1+6+ 6 1.5 6.2 1.5 4.0 
t1-6- 6 i i i f t1+13+ 13 

'7-13- 13 

'6+ 6 1.0 3.3 1.1 2.0 
Rise Time (20% to 80%) t13+ 13 

t t t i '6- 6 
Fall Time (20% to 80%) t13- 13 

@Test 
Temperature 

-30°C 

+25°C 

+ss 0 c 

Test Limits 

+ss0c 
Max Min Max Unit 

77 - 85 mAdc 

220 - 220 µAde 

- 0.3 - µAde 

-0.810 -0.890 -0.700 Vdc 
-0.810 -0.890 -0.700 Vdc 

-1.650 -1.825 -1.615 Vdc 

- -0.910 - Vdc 
- -0.910 - Vdc 

-1.630 - -1.595 Vdc 
-1.630 - -1.595 Vdc 

6.0 1.5 6.4 ns 

i i i 
3.3 1.1 3.4 

t t t 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1Hmax V1Lmin V1HAmin VILAmax Vee 
-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1Hmax V1Lmin V1HAmin VILAmax Vee 

2,7,9,14,15 - - - 8 

14 - - - 8 

- 14 - - 8 

15 - - - 8 
15 - - - 8 

- 2,7,9,14,15 - - 8 

- - 15 - 8 
- - 15 - 8 

- 2,9,14,15 - 7 8 
- 2.7,14;15 - 9 8 

+0.31 v Pulse In Pulse Out -3.2V 

- 2,9,14,15 7 6 8 
-

i l 
6 

- 13 
- 13 
- - 6 
- - 13 
- - 6 
- -

' 
13 

IVccl 
Gnd 

1,16 

1,16 

1,16 

1,16 
1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

+2.0V 

1,16 

3: 
0 
~ 

0 -..... -
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®MOTOROLA 

DUAL BINARY TO 1-4-DECODER 
(HIGH) 

The MC10172 is a binary-coded 2 line to dual 4 line decoder 
with selected outputs high. With either EO or E1 low, the corre
sponding selected 4 outputs are low. The common enable E, when 
high, forces all outputs low. 

EO 14 

A9 

87 

E 15 

E:1 2 

E E1 EO A B 

L H H L L 
L H H L H 
L H H H L 
L H H H H 
L L H L L 
L H L L L 
H </> </> </> </> 

</> ~ Don't Care 

Po 325 mW typ/pkg (No Load) 

010 

H 
L 
L 
L 
L 
H 
L 

4.0 ns typ 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

Pin 1 
Pin 16 
Pin 8 

TRUTH TABLE 

011 012 013 

L L L 
H L L 
L H L 
L L H 
L L L 
L L L 
L L L 

000 

H 
L 
L 
L 
H 
L 
L 

10 00 3 

11 002 

12001 

13 000 

3 01 3 

401 2 

5011 

6 01 0 

001 00 2 

L L 
H L 
L H 
L L 
L L 
L L 
L L 

3-116 

003 

L 
L 
L 
H 
L 
L 
L 

MC10172 

DUAL 
BINARY TO 1-4-DECODER 

(HIGH) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

E:1 

013 

012 

011 

010 

B 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

E: 

EO 

000 

001 

002 

003 

A 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 

· lorn is maintained. 0 utputs 
es are 
its are 

Pin 
MC10172 Test Limits 

Under -3o0 c +25°C 

Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current 'E 8 - 85 - 62 77 

Input Current linH 14 - 350 - - 220 

linL 14 0.5 - 0.5 - -
Logic "1" VQH 6 -1.060 -0.890 -0.960 - -0.810 

Output Voltage 13 -1.060 -0.890 -0.960 - -0.810 

Logic "O" Output Voltage Vol 13 -1.890 -1.675 -1.850 - -1.650 

Logic '"I'' VQHA 6 -1.080 - -0.980 - -

Threshold Voltage 13 -1.080 - -0.980 - -

Logic "O" Vo LA 6 - -1.655 - - -1.630 
Threshold Voltage 13 - -1.655 - - -1.630 

Switching Times 
(50 !1 Load) 

Propagation Delay t1+6- 6 1.5 6.2 1.5 4.0 6.0 
t7_5+ 6 

i i i i I 
t1+13- 13 t t?-13+ 13 

'6+ 6 1.0 3.3 1.1 2.0 3.3 
Rise Time (20% to 80"'6) t13+ 13 

t t t t t '6- 6 
Fall Time (20% to 80%) t13- 13 

@Test 
Temperature 

-3o 0 c 
+25°C 

+ss 0 c 

+as 0 c 
Min Max Unit 

- 85 rnAdc 

- 220 µAde 

0.3 - µAde 

-0.890 -0.700 Vdo 
-0.890 -0.700 Vdo 

-1.825 -1.615 Vdo 

-0.910 - Vdo 
-0.910 - Vdo 

- -1.595 Vdo 
- -1.595 Vdo 

1.5 6.4 ns 

i i 
1.1 3.4 

t t 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1Hmax V1Lmin V1HAmin V1LAmax VEE 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1Hmax V1Lmin VIHAmin V1LAmax VEE 

- - - 8 

14 - 8 

- 14 - - 8 

2 - - - 8 
14 - - 8 

15 2,7,9,14 - - 8 

- - 2 - 8 
- - 14 - 8 

- 2,9,14 - 7 8 
- 2,7, 14 - 9 8 

-!;1.11 v +0.31 v Pulse In Pulse Out -3.2 v 

2 9,14 7 6 8 
2 9,14 6 

14 2,9 13 
14 2.9 13 
2 9,14 6 

14 2.9 13 
2 9,14 6 

14 2,9 13 

I Vee I 
Gnd 

1.16 

1,16 

1,16 

1,16 
1,16 

1, 16 

1,16 
1,16 

1,16 
1,16 

+2.0V 

1,16 

s: 
0 .... 
0 .... 
-.I 
N 
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® MOTOROLA 

QUAD 2-INPUT 
MULTIPLEXER/LATCH 

The MC10173 is a quad two channel multiplexer with latch. It 
incorporates common clock and common data select inputs. The 
select input determines which data input is enabled. A high (H) 
level enables data inputs DOD, D10, D20, and D30 and a low (L) 
level enables data inputs D01, D11, D21, D31. Any change on the 
data input will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the clock. 
While the clock is in the high state, a change in the information 
present at the data inputs will not affect the output information. 

Po 275 mW typ/pkg (No Load) 

!pd 2.5 ns typ 

tr, If 2.0 ns typ (20%-80%) 

Select 9 

000 6 

001 5 

010 4 

011 3 

020 13 

02112 

03011 

031 10 

Clock 7 

LOGIC DIAGRAM 

TRUTH TABLE 

SELECT CLOCK 

H L 
L L 

</> H 

</> = Don't Care 

00n+1 

000 
001 
OOn 

1 00 

201 

1502 

1403 

3-118 

MC10173 

QUAD 2-INPUT 
MULTIPLEXER/LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

00 

01 

011 

010 

001 

000 

Clock 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vee 
02 

03 

020 

021 

030 

031 

Select 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board @Test 

and transverse air flow greater than 500 linear fpm is maintained. Outputs Temperature 

are terminated through a 50-ohm resistor to -2.0 volts. -3o0c 
+25°C 

+85°C 

Pin MC10173 Test Limits 

Under -3o0c +25°C +as0 c 
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current IE 8 - 73 - - 66 - 73 mAdc 

Input Current linH 5 - 470 - - 295 - 295 µAde 
6 - 470 - - 295 - 295 ! 7 - 400 - - 250 - 250 
9 - 400 - - 250 - 250 

Input Leakage Current linl All 0.5 - 0.5 -- - 0.3 - µAde 

Logic "1" VoH 1 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 
Output Voltage 2 -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 

Logic "O" Vol 1 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 

~ 
~ 

co 

Output Voltage 2 -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 

Logic "1" VQHA 1 -1.080 - -0.980 - - -0.910 - Vdc 
Threshold Voltage 2 -1.080 - -0.980 - - -0.910 - Vdc 

Logic "O" VQLA 1 - -1.655 - - -1.630 -1.595 Vdc 
Threshold Voltage 2 - -1.655 - - -1.630 - -1.595 Vdc 

Switching Times 
Propagation Delay 

Data Input t5+1+ 1 0.8 3.7 1.0 2.5 3.5 1.1 5.3 "' t5_,_ t + + t + + t t5+1+ 
t5_,_ 

Clock Input t1-1+ 1.6 7.2 1.6 4.5 6.8 1.4 6.8 
t1-1- 1.6 7.2 1.6 4.5 6.8 1.4 6.8 

Select Input t9+1+ 1.1 6.2 1.3 3.5 5.7 1.2 6.7 
t9+1-

i i ~ i i i i t9-1+ 
t9-1-

Setup Time 
Data Input tsetup 2.0 - 2.0 1.5 - 2.0 -

Select Input tsetup 3.0 - 3.0 2.5 - 3.0 -

Hold Time 
Data Input th old 2.5 - 2.5 0.0 - 2.5 -
Select Input thold 1.5 -· 1.5 -0.5 - 1.5 -

Rise Time t+ 1.2 4.0 1.5 2.0 3.5 1.4 4.0 
(20 to 80%) 

Fall Time t- 1.2 4.0 1.5 2.0 3.5 1.4 4.0 
(20 to 80%) 

*Vi Lmin applied to each input pin, one at a time. 

I 

TEST VOLTAGE VALUES 

(Volts} 

V1H max V1L min V1HA min VILA max VEE 
-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1 475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5 2 

VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1H max V1L min V1HA min VILA max VEE 

- 8 

5 ·- 8 
6 ! 7 -

9 -
- 8 

6,9 7 - - 8 
5 7 - 8 

9 7 -- 8 
7 - 8 

9 7 6 8 
7 5 - 8 

9 7 - 6 8 
- 7 5 8 

+1.11 Vdc +0.31 Vdc Pulse In Pulse Out -3.2 Vdc 

9 7 6 1 8 
9 ! 6 

5 
5 

- 5.7 
- 5,7 

6 7 9 
5 

1 l 
5 
6 

- 5,7 
6 7,9 

- 5,7 
6 7,9 

5 7 

- 7 

IV cc I 
Gnd 

16 

16 

! 
16 

16 
16 

16 
16 

16 
16 

16 
16 

+2.0Vdc 

16 

s: 
0 .... 
c .... 
(;I 



® MOTOROLA 

DUAL 4 TO 1 MULTIPLEXER 

The MC10174 is a high speed dual channel multiplexer with 
output enable capability. The select inputs determine one of four 
active data inputs for each multiplexer. An output enable forces 
both outputs low when in the high state. 

000 3 

D01 5 

002 4 

D03 6 

A 7 

B 9 

Enable 14 

D10 13 

D11 11 

D12 12 

D13 10 

Po = 305 mW typ/pkg (No Load) 

tpd = 3.5 ns typ (Data to output) 

tr, tf = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

TRUTH TABLE 

ENABLE ADDRESS INPUTS OUTPUTS 

E B A QO Q1 

H 

"' "' 
L L 

L L L DOO D10 

L L H D01 D11 

L H L D02 D12 

L H H D03 D13 

<f> = Don't Care 

2 QO 

15 Q1 

3-120 

MC10174 

DUAL 4 TO 1 MULTIPLEXER 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

QO 

DOO 

D02 

D01 

003 

A 

VEE 

vcc2 

Q1 

Enable 

D10 

D12 

D1t 

D13 

B 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the testtable, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are terminated through a 50-ohm resistor 
to -2.0 volts. Test procedures are shown for only one input, or for one set TEST VOLTAGE VALUES 
of input conditions. Other inputs tested in the same manner. (Volts) 

@Test 
1 emperature V1H max V1L min V1HA min VILA max Vee 

-3o0 c -0.890 -1.890 -1.205 -''.500 -5.2 

+2s0c -0.810 -1.850 -1.105 -'t.475 -5.2 

+85°C -0.700 -1.825 -1.035 -'l.440 -5.2 

Pin 
MC10174 Test Limits 

-3o0 c +25°c +es0 c 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW 

Under IVccl 
Characteristic Symbol Te>t Min Max Min Typ Max Min Max Unit V1H max V1L min V1HA min VILA max Vee Gnd 

Power Supply Drain Current 'e 8 80 58 73 80 mAdc 8 1,16 s:: 
~ I 

I 'nput Cumnt lin H 4 350 220 220 µAde 4 8 1,16 0 
14 525 330 330 14 8 1,16 ... 

~ lin L 4 0.5 0.5 0.3 µAde 4 8 1,16 c ... 
Logic "1" VQH 15 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 13 8 1,16 ...i 

Output Voltage "" Logic "O" Vol 15 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdo 14 8 1,16 
Output Voltage 

Logic "1" VQHA 15 -1.080 --0.980 -0.910 Vdo 13 8 1,16 
Threshold Voltage 

Logic "O" Vo LA 15 -1.655 -1.630 -1.595 Vdo 14 8 1,16 
Threshold Voltage 

Switching Times +1.11 v Pulse In Pulse Out -3.2 v +2.0 v 
150 n Load) 

Propagation Delay t13+15+ 15 1.4 5.0 1.5 3.5 4.7 1.4 5.0 n' 13 15 8 1,16 
ti 3-15- 15 1.4 5.0 1.5 3.5 4.7 1.4 5.0 

j 
13 

l l l 
t1+15- 15 1.9 6.6 2.0 5.0 6.2 2.1 6.6 11 7 
t7-15+ 15 1.9 6.6 2.0 5.0 6.2 2.1 6.6 11 7 
t14+15- 15 1.0 3.3 1.0 2.0 3.1 0.9 3.4 13 14 
t14-15+ 15 

l 
3.3 1.0 2.0 3.1 0.9 3.4 

l 
14 

Rise Time 

I 
t+ 15 3.4 1.1 2.0 3.3 1.1 3.6 14 

(20%to 80%) 

Fatl Time t- 15 3.4 1.1 2.0 3.3 1.1 3.6 14 
(20"k to 80%) 

I 
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®MOTOROLA 

QUINT LATCH 

The MC10175 is a high speed, low power quint latch. It features 
five D type latches with common reset and a common two-input 
clock. Data is transferred on the negative edge of the clock and 
latched on the positive edge. The two clock inputs are "OR"ed 
together. 

Any change on the data input will be reflected at the outputs 
while the clock is low. The outputs are latched on the positive 
transition of the clock. While the clock is in the high state, a change 
in the information present at the data inputs will not affect the 
output information. The reset input is enabled only when the clock 
is in the high state. 

Po 400 mW typ/pkg (No Load) 

tpd 2.5 ns typ (Data to Output) 

tr, tf 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

14 ao 

01 12 15 Q1 

02 13 2 Q2 

03 9 3 Q3 

04 5 4 04 
Cii 6 
Ci 7 Vcc1 Pin 1 

Reset 11 vcc2 Pin 16 
Vee Pin 8 

TRUTH TABLE 

D co C1 Reset On+1 
L L L 

"' 
L 

H L L 

"' 
H 

"' 
H 

"' 
L an 

"' "' 
H L Qn 

"' H 

"' 
H L 

"' "' H H L 

</> = Don't Care 

3-122 

MC10175 

QUINT LATCH 

·-, 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-, 

• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

02 

03 

Q4 

04 

Cii 

Ci 

Vee 

vcc2 

Q1 

ao 

02 

01 

Reset 

DO 

03 

Pin assignment is for Dual-ln·line Package. 
For PLCC pin assignment, see tables on page 1-35. 



~ 
~ 

ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 
tested in a similar manner. 

@Test 
Temperature 

-30°c 
+25"C 

+85oC 

Pin MC10175L Test Limits 

Under -Jo0 c 
Characteristic Symbol Test Min 

Power Supply Drain Current IE 8 -
Input Current linH 6 -

7 -
10 -
11 -

Input Leakage Current linl All 0.5 

Logic "1" VoH 14 -1.060 
Output Voltage 15 -1.060 

Logic "O" Vol 14 -1.890 
Output Voltage 15 -1.890 

Logic "1" VQHA 14 -1.080 
Threshold Voltage 15 -1.080 

Logic "O" YQLA 14 -
Threshold Voltage 15 -

Switching Times 

Data Input •10+14+ 14 1.0 
•10-14- ! i Clock Input •6-14+ 
'6-14-

Reset Input •11+4- 4 1.0 
•11+14- 14 1.0 

Setup Time lsetup 14 2.5 
Hold Time •hold 14 1.5 
Rise Time (20 to BO%) t+ 14 1.0 

Fall Time 120 to 80%) t- 14 1.0 

© Individually test each input; apply Vtl min to pin under test. 

® Output latched to high logic state prior to test. 

Max 

107 

460 
460 
460 
1000 

-
-0.890 
-0.890 

-1.675 
-1.675 

-
-

-1.655 
-1.655 

3.6 
3.6 
4.7 
4.7 
4.0 
4.0 
-
-

3.6 

3.6 

+25oC +85"C 

Min Typ Max Min Max Unit 

- 78 97 - 107 mAdc 

- - 290 - 290 µ.Ade 
- - 290 - 290 

! - - 290 - 290 
- - 650 - 650 

0.5 - - 0.3 - µAde 

-0.960 - -0.810 -0.890 -0.700 Vdc 
-0.960 - -0.810 -0.890 -0.700 Vdc 
-1.850 - -1.650 -1.825 -1.615 Vdc 
-1.850 - -1.650 -1.825 -1.615 Vdc 
-0.980 - - -0.910 - Vdc 
-0.980 - - -0.910 - Vdc 

- - -1.630 - -1.595 Vdc 
- - -1.630 - -1.595 Vdc 

1.0 - 3.5 1.0 3.6 ns 

i - 3.5 

i 3.6 l - 4.3 4.4 
- 4.3 4.4 

1.0 - 3.9 1.0 4.2 ns 
1.0 - 3.9 1.0 4.2 t 
2.5 - - 2.5 - ns 
1.5 - - 1.5 -

! 1.1 - 3.5 1.1 3.7 
1.1 - 3.5 1.1 3.7 

I 

TEST VOLTAGE VALUES 
(Volts) 

V1H max V1Lmin V1HAmin V1LA max Vee 
-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -·1.440 -5.2 

VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1H max VtLmin V1HAmin VILA max Vee 
- - - - 8 

6 - - -
7 - - - ! 10 - - -
11 - - -
- <D - - 8 

10 6 - - 8 
12 6 - - 8 

- 6,10 - - 8 
- 6,12 - - 8 

- 6 10 - 8 
- 6 12 - 8 

- 6 - 10 8 
- 6 - 12 8 

+1.11 Vdc +0.31 Vdc Pulse In Pulse Out -3.2 Vdc 
- 6.7 10 14 8 
- 6,7 10 l l ·- 7 10,6 
- 7 10,6 

5 6 7,11 :.ii: 8 
10 6 7,11 8 

- 7 6,10 14 8 
- 7 6,10 

! ! - 6,7 10 

- 6.7 10 

Gnd 

1,16 

! 
1,16 

1,16 
1.16 

1,16 
1,16 

1,16 
1,16 

1.16 
1,16 

+2.0Vdc 

1,16 

! 
1,16 
1,16 

1,16 

! 

s:: 
n ... 
Cl ... 
""' UI 
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® MOTOROLA 

HEX "D" MASTER-SLAVE 
FLIP-FLOP 

The MC10176 contains six high-speed, master slave type "D" 
flip-flops. Clocking is common to all six flip-flops. Data is entered 
into the master when the clock is low. Masterto slave data transfer 
takes place on the positive-going Clock transition. Thus, outputs 
may change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not affect the 
output information any other time due to the master-slave con
struction of this device. 

Po = 460 mW typ/pkg (No Load) 

ftoggle = 150 MHz (typ) 

tr, If = 2.0 ns typ (20%--80%) 

LOGIC DIAGRAM 

DO 

D1 6 

D2 7 

D3 10 

D4 11 

Clock 9 

CLOCKED TRUTH TABLE 

c D On+1 

L 

"' On 

H* L L 

H* H H 
4> = Don't Care 
*A clock H is a clock transition 
from a low to a high state. 

2 00 

3 01 

4 02 

13 03 

14 04 

15 05 

Vcc1 
Vcc2 

VEE 

Pin 1 
Pin 16 
Pin 8 

3-124 

MC10176 

HEX "D" MASTER-SLAVE 
FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

vcc1 

00 

01 

02 

DO 

D1 

D2 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

vcc2 

05 

04 

03 

D5 

D4 

DJ 

Clock 

Pin assignment is for Dual-in-line Package. 
For PLCC pin a_ssignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board @Test 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 

Temperature 

shown for only one data input, and the clock input, and for one output. Other -3o0 c 
inputs and outputs tested in the same manner. 

+25°C 

+ss0 c 

Pin MC10176 Test Limits 

' Under -ao0 c +25°c +ss0 c 
Characteristic Symbol Test Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current IE 8 - 121 - 88 110 - 121 mAdc 

Input Current linH 5 - 350 - - 220 - 220 µAde 
9 - 495 - - 310 - 310 

Input Leakage Current rinL 5 0.5 - 0.5 - - 0.3 - µAde 
9 0.5 - 0.5 - - 0.3 - µAde 

Logic "1" VoH 2t -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 
Output Voltage 15t -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc 

Logic "O" VQL 2t -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 
Output Voltage 15t -1.890 -1.675 -1.850 - -1.650 -1.825 -1.615 Vdc 

Logic "1" VQHA 2t -1.080 - -0.980 - - -0.910 - Vdc 
Threshold Voltage 15t -1.080 - -0.980 - - -0.910 - Vdc 

Logic "O" VQLA 2t - -1.655 - - -1.630 - -1.595 Vdc 
Threshold Voltage 15t - -1.655 - - -1.630 - -1.595 Vdc 

Switching Times 
Clock Input .... 

Progagation Delay t9+2+ 2 1.6 4.6 1.6 - 4.5 1.6 5.0 ns 
t9+2- 2 1.6 4.6 1.6 - 4.5 1.6 5.0 l Rise Time 120 to 80%) t2+ 2 1.0 4.1 1.1 - 4.0 1.1 4.4 

Fall Time 120 to 80%) 12- 2 1.0 4.1 1.1 - 4.0 1.1 4.4 

Setup Time 'setup 2 2.5 - 2.5 - - 2.5 - ns 

Hold Time 'thold 2 1.5 - 1.5 - - 1.5 - ns 

Toggle Frequency ftog 2 125 - 125 150 - 125 - MHz 

t Output level to be measured after a clock pulse has been applied to C input (pin 9)IL ~IH max 
IL min 

I 

TEST VOLT AGE VALUES 

(Volts) 

V1Hmax V1Lmin V1HAmin VILA max VEE 

--0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

--0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW' 

V1Hmax V1Lmin V1HAmin V1LAmax VEE 

- - - - 8 

5 - - - 8 

9 - - - 8 

- 5 - - 8 
- 9 - - 8 

5 - - - 8 
12 - - - 8 

- 5 - - 8 
- 12 - - 8 

- - 5 - 8 
- - 12 - 8 

- - - 5 8 
- - - 12 8 

-3.2 
+1.11 Vdc +0.31 Vdc Pulse In Pulse Out Vdc 

- - 5,9 2 8 
- -

I l l - -
- -

- - 5.9 2 8 

- - 5,9 2 8 

- - - - 8 

IVccl 

Gnd 

1,16 

1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

+2.0 
Vdc 

1,16 

I 
1,16 

1,16 

1,16 

s: 
0 ... 
0 ... .... 
Cll 
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®MOTOROLA 

BINARY COUNTER 

The MC10178 is a four-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight or a divide-by-sixteen function. 

Clock inputs trigger on the positive going edge of the clock 
pulse. Set and Reset inputs override the clock, allowing asyn
chronous "set" or "clear." Individual Set and common Reset in
puts are provided, as well as complementary outputs for the first 
and fourth bits. True outputs are available at all bits. 

so 
11 

Po = 370 mW typ/pkg (No Load) 

ftoggle = 150 MHz (typ) 

00 
15 

tr, tf = 2.7 ns typ (20%-80%) 

LOGIC DIAGRAM 

SI 
7 

01 
13 

52 
6 

02 
4 

53 
5 

9 
ResM<>-~~...._~-r-~~~.._~~~~~-+-~~~~~~ 

TRUTH TABLE 

Pin 1 
Pin 16 
Pin 8 

INPUTS OUTPUTS 

R so S1 S2 

H L L L 
L H H H 
L L L L 
L L L L 

L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 
L L L L 

</> = Don't Care 

** _rV1H 
V1L 

S3 C1 C2 00 01 02 03 

L 

"' "' L I L I LI IL 
H 

"' "' 
H H H H 

L H 

"' 
No Count 

L "' H No Count 

L .. L L L L 
L .. H L L L 
L .. L H L L 
L .. H H L L 
L .. L L H L 
L .. H L H L 
L .. L H H L 
L .. H H H L 
L .. L L L H 
L .. H L L H 
L .. L H L H 
L .. H H L H 
L .. L L H H 
L .. H L H H 
L .. L H H H 
L .. H H H H 

Clock transition from V1L to V1H 
may be applied to C1 or C2 or both 
for same effect •.. 

3-126 

03 
2 

MC10178 

BINARY COUNTER 

-

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

16 
1 

PSUFAX -PLASTIC PACKAGE - -
CASE 648 16 

1 

Vcc1 

03 

03 

02 

S3 

S2 

S1 

VEE 

FN SUFAX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

00 

00 

01 

Clock 1 

so 

Clock 2 

Reset 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignmen1, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 

MC10178 Test Limits 
Pin 

Under -30°c +2s0 c 
Characteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current ie 8 - 97 - - 88 

Input Current linH 12 - 390 - - 245 
11 - 350 - - 220 
9 - 650 - - 410 

linL 0.5 - 0.5 - -
Logic "1" Output Voltage VoH 14 -1.060 -0.890 -0.960 -0.810 

15 -1.060 -0.890 -0.960 - -0.810 

Logic "O" Output Voltage VoL 14 -1.890 -1.675 -1.850 - -1.650 
15 -1.890 -1.675 -1.850 - -1.650 

Logic "1" Threshold Voltage VQHA 3 -1.080 - -0.980 - -
14 -1.080 - -0.980 - -
15 -1.080 - -0.980 - -

Logic "O" Threshold Voltage VQLA 3 - -1.655 - - -1.630 
14 - -1.655 - - -1.630 
15 - -1.655 - - -1.630 

Switching Times 

Clock Input t12+15+ 15 1.4 5.0 1.5 3.5 4.8 
Propagation Delay •12-13- 13 1.9 9.4 2.0 6.0 9.2 

t12+4- 4 2.9 12.3 3.0 8.5 12 

ti2-3+ 3 3.9 14.9 4.0 11 14.5 

Rise Time (20 to 80%) tis+ 15 1.1 4.7 1.1 2.5 4.5 

Fall Time (20 to 80%) •1s- 15 1.1 4.7 1.1 2.5 4.5 

Set Input ti1-15+ 15 1.4 5.2 1.5 - 5.0 

Reset Input ts-1s+ 15 1.4 5.2 1.5 - 5.0 

Counting Frequency fcount 15 125 - 125 150 -

*Individually test each input applying V1L to input under test. 

@Test 
Temperature V1Hmax 

-30°C -0.890 

+25°c -0.810 

+as0 c -0. 700 

+ss0 c 
Min Max Unit V1Hmax 

- 97 mAdc 9 

- 245 µAde 12 
- 220 µAde 11 
- 410 µAde 9 

0.3 - µAde -
-0.890 -0.700 Vdc 9 
-0.890 -0.700 Vdc 11 

-1.825 -1.615 Vdc 11 
-1.825 -1.615 Vdc 9 

-0.910 - Vdc -
-0.910 - Vdc -
-0.910 - Vdc -

- -1.595 Vdc -
- _, .595 Vdc -
- -1.595 Vdc -

1.5 5.3 ns -
2.0 9.8 

l 
-

3,0 12.8 -
4.0 15.5 -
1.1 5.0 -
1.1 5.0 -
1.5 5.5 ns -
1.5 5.5 ns -

125 - MH' -

I 

TEST VOLTAGE VALUES 

(Volts) 

V1Lmin VIHAmin \v1LAmax 

-1.890 -1.205 -1.500 

-1.850 -1.105 _t .475 

-1.825 -1.035 -1.440 

TEST VOLTAGE APPLIED TO 
PINS LISTED BELOW' 

V1Lmin V1HAmin V1LAmax 

- - -
- - -
- - -
- - -. - -

- - -

- - -
- - -
- 5 -
- 11 -
- 9 -
- - 5 
- - 11 
- - 9 

Pulse In Pulse Out 

- 12 15 
-

! 
13 

- 4 
- 3 
- 15 

- 15 

- 11 15 

- 9 15 

- 12 15 

Vee 

-5.2 

-5.2 

-5.2 

Vee 

8 

8 
8 
8 

8 

8 
8 

8 
8 

8 
8 
8 

8 
8 
8 

-3.2 Vdc 

8 

~ 
8 

8 

8 

IVccl 
Gnd 

1,16 

1,16 
1.16 
1,16 

1,16 

1,16 
1,16 

1,16 
1,16 

1.16 
1,16 
1,16 

1,16 
1,16 
1,16 

+2.0 Vdc 

1,16 

l 
1, 16 

1.16 

1,16 

3: 
0 -c -.... 
00 
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®MOTOROLA 

4-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 

The MC10181 is a high-speed arithmetic logic unit capable of 
performing 16 logic operations and 16 arithmetic operations on 
two four-bit words. Full internal carry is incorporated for ripple 
through operation. 

Arithmetic logic operations are selected by applying the appro
priate binary word to the select inputs (SO through 53) as indicated 
in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (GG) are provided to allow fast operations 
on very long words using a second order look ahead. The internal 
carry is enabled by applying a low level voltage to the mode 
control input (M). 

When used with the MC10179, full-carry look-ahead, asa second 
order look ahead block, the MC10181 provides high speed arith
metic operations on very long words . 

13 

15 

17 

14 

21 

20 

18 

19 

16 

11 

10 

9 

22 

23 

Function Select 
53 52 $1 so 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

Po = 600 mW typ/pkg (No Load) 
tpd (typ): Al to F = 6.5 ns 

Cn to Cn+4 = 3.1 ns 
A 1 to PG = 5.0 ns 
Al to GG = 4.5 ns 
Al to Cn+4 = 5.0 

LOGIC DIAGRAM 

so S1 S2 S3 
AO FO 
BO 

A1 
F1 

81 F2 
A2 

82 F3 

A3 GG 
83 

Cn PG 

M Cn+4 

Vcc1=Pin1 
Vcc2=Pin 24 

VEE=Pin 12 

Logic Functions Arithmetic Operation 
M is High C = D.C. Mis low Cn is low 

F F 

F=A F=A 
F=A+B F = Aplus(A•B 
F"" A+ B F = Aplus(A•B) 

F = Logical "1" F = Atimes2 
F = A•B F=(A+B)plusO 

F=B F =(A+ BJplus(A•8) 
F~A®B F=AplusB 
F =A+ 8 F = Aplus(A + 8) 
F ~ A•B F =(A+ 8)plus0 

F =A@ B F = A minus B minus 1 
F~B F =(A+ 8) plus (A•B) 

F=A+B F = Aplus(A + 8) 
F = Logical "O" F =·minus 1 (two's complement) 

F ~ A•B F ={A• BJ minus 1 
F = A•B F = (A• Bl minus 1 

F=A F =A minus 1 

3-128 

MC10181 

4-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 

LSUFFIX ~ 
CERAMIC PACKAGE 

CASE 623 24 
1 

Vcc1 

FO 

F1 

GG 

Cn + 4 

F3 

F2 

PG 

83 

A3 

82 

VEE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 649 

PIN ASSIGNMENT 

Vcc2 

M 

Cn 

AO 

BO 

81 

A1 

S1 

A2 

S2 

so 

S3 



s313cr~~~~~~~~ 

s21scr-~~~~~~~ 

51 110-~~~~~---, 

50140-~~~~--, 

MC10181 

POSITIVE LOGIC DIAGRAM 
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2 FO 

3 F1 

• 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs TEST VOLTAGE VALUES 

are terminated through a 50-ohm resistor to -2.0 volts. IVoltsl 
@Test 

Temperature V1H max Vtl min VIHA min V1LAmax J Yee 

-30°C -0.890 -1.890 -1.205 -1.500 -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 -5.2 

+as0 c -0.700 -1.825 -L035 -1.440 ] -5.2 

MC10181 Test Limits 
TEST VOLTAGE APPLIED TO PINS BELOW: Pin 

-3o0 c +25°C 

_l Symbolj u;!;' 
+ss0 c 

Characteristic Min Mox Min Typ Max Min Max Unit V1H max V1Lmin V1HA min V1tA max J Yee J Gnd 

Power Supply Drain Current I IE 12 - 169 - - 145 - 159 rnAdc - - - - 12 1,24 

Input Current 1 linH 1 9 - 390 - - 245 - 245 µAde 9 1 - 1 1 - 1 12 T 1.24 
10 - 360 - - 220 - 220 10 
11 - 390 - - 245 - 245 11 
13 - 320 - 200 - 200 13 
14 - 425 - - 265 - 265 14 - - i: 

I I 
15 - 425 - - 265 - 265 15 - - -w 

I I 
16 - 360 - - 220 - 220 16 - - - n 

;!.. 17 - 425 - - 265 265 17 - - - ... 
w 0 
0 18 - 360 - - 220 220 18 - - - ... 

19 - 390 - 245 - 245 19 - - - 00 
20 - 390 - - 245 - 245 20 

... 
21 - 360 - - 220 - 220 21 
22 - 060 - - 290 - 290 22 
23 - 320 - 200 - 200 23 

Input Leakage Current I linl I 9 0.5 - 05 - 0.3 - µAde - r---::_ - r - r- 12 I 1.24 9 -
10 - - - - - 10 
11 - - - - - 11 
13 - - - - 13 
14 - - - 14 
15 - - - 15 
16 - - - - 16 
17 - - - - 17 
18 - - - - 18 
19 - - - 19 
20 - - - - 20 
21 - - - 21 
22 - 1 

-
1 

- - 22 
23 - - - - - 23 

High Output Voltage YoH -1.060 -0.890 -0.960 - -0.810 -0.890 -0.700 Vdc - - 12 ] 1,24 

Low Output Voltage VoL -2.000 -1.675 -1.990 - -1.650 -1.920 -1.615 Vdc - 12 1,24 

High Threshold Voltage VQHA -1.080 - -0.980 - - -0.910 - Vdc - - .. .. 12 1,24 

Low Threshold Voltage VQLA - -1.655 - -1.630 - -1 595 Vdc - - .. .. 12 ] 1,24 

·Test all input-output combinations according to Function Table. 

••For threshold level test, apply threshold input level to only one input pin at a time 



MC10181 

Characteristic Symbol Input Output 

Propagation Delay t++, t- - Cn C,,+4 
Rise Time, Fall Time t+,t- Cn Cn+-4 

Propagation Delay t++, t+- Cn F1 
t-+, t-- j j Rise Time, Fall Time t+, t-

Propagation Delay t++, t+- A1 f1 
t-+, t- - j j Rise Time, Falt Time t+, t-

Propagation Delay t++, t-- A1 PG 
Rise Time, Fall Time t+, t- A1 PG 

Propagation Delay t++, t-- A1 GG 
Rise Time, Fall Time t+, t- A1 GG 

Propagation Delay t+-, t-+ A1 Cn+4 
Rise Time, Fall Time t+, t- A1 Cn+4 

Propagation Delay t++, t-+ B1 F1 
Rise Time, Fall Time t+, t- 61 F1 

P~opagation Delay t++, t-- 81 PG 
A ise Time, Fall Time t+, t- B1 PG 

Propagation Delay t++, t-- 61 GG 
Rise Time, Fall Time t+, t- 61 GG 

Propagation Delay t+-, t-+ Bl Cn+4 
Rise Time, Falt Time t+, t- 81 Cn+4 

Propagation Delay t++, t+- M Fl 
Rise Time, Fall Time t+, t- M F 1 

Propagation Delay t+-, t-+ SI Fl 
Rise Time, Fall Time t+, t- S1 F 1 

Propagation Delay t-+, t+- S1 PG 
Rise Time, Fall Time t+, t- S1 PG 

Propagation Delay t+-, t-+ 51 Cn+4 
Rise Time, Fall Time t+, t- S1 Cn+4 

Propagation Delay t+-, t-+ SI GG 
Rise Time, Fall Time t+, t- S1 GG 

tlogic high level {+1.11 Vdc) applied to pins listed. All other 
input pins are left floating or tied to +0.31 Vdc. 
Vcc1 = Vcc2 = +2.0 Vdc, VEE= -3.2 Vdc 

-30°C * 
Conditionst Min Max 

AO,A1,A2,A3 1.0 5.1 
AO.A 1 ,A2,A3 1.0 3.2 

AO 1.7 7.2 

j 1.7 7.2 
1.3 5.3 

- 2.6 10.4 
2.6 10.4 

- 1.3 5.4 

SO,S3 1.6 7.0 
SO,S3 0.8 3.7 

A0.A2,A3,Cn 1.1 7.4 
AO,A2,A3,C n 1.2 5.1 

AO,A2,A3,Cn 1.7 7.3 
AO,A2,A3,C n 1.0 3.1 

S3, Cn 2.7 11.3 
S3,Cn 1.2 5.3 

SO,A1 1.6 7.7 
SO,A1 1.0 3.6 

S3. Cn 1.7 8.2 
53,Cn 1.4 5.2 

53,Cn 1.8 8.2 
53,Cn 0.9 3.1 

- 2.4 10.3 
- 1.1 5.1 

A1,B1 2.5 10.7 
A1, 81 1.0 5.4 

A3, 63 1.7 8.3 
A3,B3 0.8 5.1 

A3,B3 1.6 9.3 
A3, 83 0.9 5.3 

A3, 63 1.5 9.6 
A3,B3 0.8 6.2 

* L Suffix Only 
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AC Switching Characteristics 

+25°C +ss0 c * 
Min Typ Max Min Max Unit 

1.1 3.1 5.0 1.1 5.4 ns 
1.0 2.0 3.0 1.0 3.2 ns 

2.0 4.5 7.0 2.0 7.5 ns 
2.0 4.5 7.0 2.0 7.5 j 1.5 3.0 5.0 1.5 5.3 

3.0 6.5 10 3.0 10.8 

T 3.0 6.5 10 3.0 10.8 
1.5 3.0 5.0 1.5 5.3 

2.0 5.0 6.5 2.0 7.0 ns 
1.1 2.0 3.5 1.1 3.8 ns 

2.0 4.5 7.0 1.3 7.7 ns 
1.5 4.0 5.0 1.2 5.3 ns 

2.0 5.0 7.0 2.0 7.8 ns 
1.0 2.0 3.0 1.0 3.2 ns 

3.0 8.0 11 3.0 11.9 ns 
1.5 3.5 5.0 1.5 5.3 ns 

2.0 6.0 7.5 2.0 8.0 ns 
1.1 2.0 3.5 1.1 3.9 ns 

2.0 6.0 8.0 2.0 8.6 ns 
1.5 3.0 5.0 1.2 5.4 ns 

2.0 6.0 8.0 2.0 8.7 ns 
1.0 2.0 3.0 1.0 3.2 ns 

3.0 6.5 10 3.0 10.8 ns 
1.5 4.0 5.0 1.5 5.3 ns 

3.0 6.5 10 3.0 10.8 ns 
1.5 3.0 5.0 1.5 5.4 ns 

2.0 6.0 8.0 2.0 8.4 ns 
1.1 3.0 5.0 1.1 5.2 ns 

2.0 6.0 9.0 2.0 9.9 ns 
I.I 3.0 5.0 1.0 5.2 ns 

2.0 6.0 9.0 1.9 9.7 ns 
0.8 3.0 6.0 0.8 6.5 ns 
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®MOTOROLA 

HEX "D" MASTER-SLAVE 
FLIP-FLOP/WITH RESET 

The MC10186 contains six high-speed, master slave type "D" 
flip-flops. Clocking is common to all six flip-flops. Data is entered 
into the master when the clock is low. Master to slave data transfer 
takes place on the positive-going Clock transition. Thus, outputs 
may change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not affect the 
output information any other time due to the master-slave con
struction of this device. A COMMON RESET IS INCLUDED IN THIS 
CIRCUIT. RESET ONLY FUNCTIONS WHEN CLOCK IS LOW. 

Clock 9 

Reset 

Vee 
VEE 

Po 
ftoggle 

tr, tf 

Pin 16 
Pin 8 

460 mW typ/pkg (No Load) 

150 MHz (typ) 

2.0 ns typ (20o/o-80%) 

LOGIC DIAGRAM 

2 QO 

3 Q1 

4 Q2 

13 Q3 

14 Q4 

15 Q5 

CLOCKED TRUTH TABLE 

R c Q Gn+1 
L L cf> On 

L H L L 

l H H H 

H l cf> l 

cf> ~ Don't Care 
•A clock H is a clock transition 
from a low to a high state. 
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MC10186 

HEX "D" MASTER-SLAVE 
FLIP-FLOP/WITH RESET 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

.d 
1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Reset 16 Vee 

QO 15 Q5 

Q1 14 Q4 

Q2 4 13 Q3 

DO 12 D5 

D1 6 11 D4 

D2 7 10 D3 

VEE 8 9 Clock 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 

Pin MC10186 Test Limits 

Under -30°C +25°c 
Ch•acteristic Symbol Test Min Max Min Typ Max 

Power Supply Drain Current IE 8 - 121 - 88 110 
Input Current linH 5 - 350 - - 220 

9 - 495 - - 310 
1 - 920 - - 575 

Input Leakage Currnnt linL 5 0.5 - 0.5 - -
Logic "1" VoH 2t -1.060 -0.890 -0.960 - -0.810 

Output Voltage 15t -1.060 -0.890 -0.960 - -0.810 

Logic "O" VoL 2t -1.890 -1.675 -1.850 - -1.650 
Output Voltage 15t -1.890 -1.675 -1.850 - -1.650 

Logic "1" VQHA 2t -1.080 - -0.980 - -
Threshold Voltage 15t -1.080 - -0.980 - -

Logic "O" Vo LA 2t - -1.655 - - -1.630 
Threshold Voltage 15t - -1.655 - - -1.630 

Switching Times 
Propagation Delay 

11+3- 3 1.6 4.6 1.6 2.5 4.5 1500 Load! 
11+4- 4 i i i 2.5 i t9+2+ 2 3.5 
t9+2- 2 3.5 

Rise Time (20 to 80%1 •2+ 2 1.0 4.1 1.1 1.8 4.0 
Fall Time {20 to 8~) •2- 2 1.0 4.1 1.1 1.8 4.0 

Setup Time 1setup 2 2.5 - 2.5 2.5 -
Hold Time th old 2 1.5 - 1.5 -1.5 -
Toggle Frequency ftog 2 125 - 125 150 -

@Test 

Temperature 

-30"C 

+25°C 

+as0 c 

+ss0 c 
Min Max Unit 

- 121 mAdc 

- 220 µAde 
- 310 

' - 575 

0.3 - µAde 

-0.890 -0.700 Vdc 
-0.890 -0.700 Vdc 

-1.825 -1.615 Vdc 
-1.825 -1.615 Vdc 

-0.910 - Vdc 
-0.910 - Vdc 

- -1.595 Vdc 
- -1.595 Vdc 

1.6 5.0 ns 

i i j 1.1 4.4 
1.1 4.4 

2.5 - ns 

1.5 - ns 

126 - MHz 

tOutput level to be measured after a clock pulse. v1L ___,,,,,,,- ViH appears at clock input (pin 9). 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1Hmax V1Lmin V1HAmin VtLAmax Vee 
-0.890 -1.890 -1.205 -1.500 -5.2 

-1.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1Hmax V1Lmin V1HAmin V1LAmax Vee 
- - - - 8 

5 - - - 8 
9 - - - 8 
1 - - - 8 
- 5 - - 8 

5 - - - 8 
12 - - - 8 
- 5 - - 8 
- 12 - - 8 
- - 5 - 8 
- - 12 - 8 

- - - 5 8 
- - - 12 8 

+1.11 +0.31 -3.2 
Vdc Vdc Pulse In Pulse Out Vdc 

6 - 1.9 3 8 
7 - 1,9 4 

j - - 5,9 2 
- -

+ + - -
- -
- - 5,9 2 8 
- - 5,9 2 8 

- - - - 8 

IVccl 
Gnd 

16 

16 
16 
16 

16 

16 
16 

16 
16 

16 
16 

16 
16 

+2.0 
Vdc 

16 

j 
16 

16 

16 

s: 
0 -Cl -~ 
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®MOTOROLA 

HEX BUFFER WITH ENABLE 

The MC10188 is a high-speed hex buffer with a common Enable 
input. When Enable is in the high state, all outputs are in the low 
state. When Enable is in the low state, the outputs take the same 
state as the inputs. 

Power Dissipation = 180 mW typ/pkg (No Load) 
Propagation Delay = 2.0 ns typ (B - 0) 

2.5 ns typ (A - 0) 

LOGIC DIAGRAM 

9 Out 
5 

6 

7 

10 

11 

12 

TRUTH TABLE 

Inputs 

x y 

L L 

L H 

H L 

H H 

Output 

OUT 

L 

H 

L 

L 

vcc1 = Pin 1 
Vcc2 = Pin 16 

VEE = Pin 8 

2 

3 

4 

13 

14 

15 
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MC10188 

HEX BUFFER 
WITH ENABLE 

flllllllM 
J'~~0nnru u 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 .d 
1 

Vcc1 

Aout 

Bout 

Cout 

Ain 

Bin 

Cin 

Vee 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Fout 

Eout 

Dout 

Fin 

Ein 

Din 

Common 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit h~s been designed to meet the 
de specifications shown in the test table, after thermal equi-
librium has been established. The circuit is in a test socket or TEST VOLTAGE VALUES 

mounted on a printed circuit board and transverse air flow greater @Test (Volts) 

than 500 linear fpm is maintained. Outputs are terminated Temperature V1Hmax V1tmin V1HAmin V1LAmax VEE 
through a 50-ohm resistor to -2.0 volts. Test procedures are -30°C -0.890 -1.890 -1.205 --1.500 -5.2 
shown for one set of conditions. Complete testing according to 

+25°C -0.810 -1.850 -1.105 -·1.475 -5.2 
truth table. 

+B5°C -0.700 -1.825 -1.035 -1.440 -5.2 

Test Limits 
Pin TEST VOLTAGE APPLIED TO PINS Lt:STED BELOW 

Under -30°C +25°C +85°C 1vccl 
Characteristic Symbol Test Min Max Min Max Min Max Unit V1Hmax V1Lmin V1HAmin VtLAmax VEE Gnd 

Power Supply Drain IE 8 - 46 - 42 - 46 mAdc - - - - 8 1, 16 
Current 

425 265 265 5 8 1, 16 
s: I Input Current linH 5 - - - µAde - -- - 0 

~ I 
.... 

linH 9 - 460 - 290 - 290 µAde 9 - - - 8 1.16 0 
(,) .... 

f Logic "l" CD (1t VoH CD 
Output Voltage 2 -1.060 -0.890 -0.960 -0.810 -0 890 ·-0.700 Vdc 5 - - - 8 1,16 

Logic "O" VoL 
Output yoltage I 2 I 1.890 I -1 675 I -1.850 I -1.650 I -1 825 I -1.615 I Vdc I - I 9 I - I - I 8 I 1.16 

Logic "l" VoHA 
Threshold Voltage I 2 I -1-080 I -- I -0.980 I - I -0_910 I - I Vdc I - I - I 5 I - I 8 I 1,16 

Logic "O" VoLA 
Vdc l i + 

- J 5 J 8 J 1.16 Threshold Voltage 2 - -1.655 - -1 630 - -1.595 - -

Switching Times ns I Pulse In I Pulse Out 1 -3.2 v1 + 2.0 v 
(5011 Load) 

j 
Propagation Delay tPHL 

lPLH 

Enable I 2 1.1 3.9 1.1 3.5 1.1 3.9 

I 
-

I 
-

I 
9 

I 
2 

I 
8 

I 
1, 16 

Data 2 1.0 3.3 1.0 2.9 1.0 3.3 - - 5 

i i i Rise Time, Fall Time I lTLH· I 2 I 1.1 I 3.7 I 1.1 3.3 1.1 3.7 - - + (20%to 80%) lTHL 

I 
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®MOTOROLA 

HEX INVERTER WITH ENABLE 

The MC10189 provides a high-speed Hex Inverter with a com
mon Enable input. The hex inverting function is provided when 
Enable is in the low state. When Enable is in the high state all 
outputs are low. 

9 
5 

6 

7 

10 

11 

12 

x 
y 

Po = 200 MW typ/pkg (No Load) 
tpd = 2.0 ns (Y-0) 

= 2.5 ns (X-0) 

LOGIC DIAGRAM 

Out 

TRUTH TABLE 

Inputs 

x y 

L L 

L H 

H L 

H H 

Output 

OUT 

H 

L 

L 

L 

Vcc1 = Pin 1 
Vcc2 = Pin 16 

VEE = Pin 8 

2 

3 

4 

13 

14 

15 

3-136 

MC10189 

HEX INVERTER WITH ENABLE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

Vcc1 

Aout 

Bout 

Cout 

Ain 

Bin 

Cin 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Fout 

Eout 

Dout 

Fin 

Ein 

Din 

Common 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the 
de specifications shown in the test table, after thermal equ1-

librium has been established. The circuit is in a test socket or TEST VOLTAGE VALUES 

mounted on a printed circuit board and transverse air flow greater @Test (Volts) 

than 500 linear fpm is maintained. Outputs are terminated Temperature V1Hmax V1Lmin VIHAmin V1LAmax Vee 
through a 50-ohm resistor to -2.0 volts. Test procedures are -30°e -0 890 -1 890 -1.205 -1 500 -5.2 
shown for one set of conditions. Complete testing according to 

+25°C -0.810 -1 .850 -1.105 -1.475 -5.2 
truth table. 

+85°C -0 700 -1 825 -1035 -1-440 -5.2 

Test Limits 
Pin TEST VOLTAGE APPLIED TO PINS LISTED BELOW 

Under -30°C +25°C +85°C rveel 
Characteristic Symbol Test Min Max Min Max Min Max Unit V1Hmax V1Lmin VIHAmin V1LAmax Vee Gnd 

Power Supply Drain le 8 - 44 40 44 mAdc 8 1, 16 
Current 3: 

~ I I Input Cu"ent 265 5 8 1. 16 n 
lmH 5 425 265 µAde ... 

0 c.> linH 9 - 890 - 555 - 555 µAde 9 - 8 1, 16 ... 
-.J co 

Logic "1" VoH 
co 

Output Voltage 2 -1.060 -0.890 -0 960 -0 810 -0 890 -0.700 Vdc 5 8 1, 16 

Logic "O" Vol 
Output Voltage 2 1.890 -1 675 -1 850 -1 650 -1 825 -1 615 Vdc 9 8 1.16 

Logic "1" Vo HA 
Threshold Voltage 2 -1.080 -0 980 -0 910 Vdc 5 8 1. 16 

Logic "O" VQLA 
Threshold Voltage 2 - 1 655 -1 630 -1 595 Vdc 5 8 1.16 

Switching Times ns Pulse In Pulse Out ~3.2 v +2.0 v 
(50 !l Load) 

j 
Propagation Delay lPHL· 

tPLH 

Enable I 2 1.1 3.9 1.1 35 1.1 3.9 

I I 
-

I 
9 

I 
2 

I 
B 

I r Data 2 1.0 3.3 10 2.9 1.0 3.3 - 5 i ! Rise Time, Fall Time I tTLH, I 2 I t.1 I 3.7 I 11 I 3.3 I 1.1 I 3.7 I - - + 
(20% to 80%) 1THL 

I 



• 

®MOTOROLA 

QUAD MST TO MECL 10,000 
TRANSLATOR 

The Me101090 is a quad translator for interfacing from IBM 
MST-type logic signals to standard MEeL 10,000 logic levels. This 
circuit features differential inputs for high noise environments or 
may be used with single ended lines by tieing one of the inputs 
to ground. Since the Me10190 is designed to accept signals cen
tered around ground, it is a useful interface element for many 
communication systems. When pin 9 is connected to Vee the 
circuit becomes a line receiver for MEeL signals. The outputs go 
to a low level whenever the inputs are left floating. 

Po = 215 mW typ/pkg (No Load) 

!pd = 2.5 ns typ 

tr, If = 2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

:~2 
~~3 
10~ 
11 14 

13~ 
12 

15 

Vcc1 = Pin1 
Vcc2 =Pin 16 

VEE= Pin 8 
Vss = Pin 9 Translator 
Vee = Pin 9 Receiver 
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MC10190 

QUAD MST TO MECL 10,000 
TRANSLATOR 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

·-, 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 Vcc2 

Aout Dout 

Bout Cout 

Ain Din 

Ain Din 

B;n Cin 

B;n Cjn 

VEE Vss or Vee 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi· 
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 

@Test 
Temperature 

-30°C 

+2s0c 

+s5°c 

MC10190 Test Limits 

Characteristic Symbol 

Power Supply Drain Current ,, 
•cc 

JnputCurrent linH 

Reverse Leakage Current icso 
Logic '1" Output Voltage VoH 

logic 'O" Output Voltage VQL 

logic "1" Threshold Volt~e VQHA 
logic "O" Threshold Voltage VQLA 
Common Mode Rejection Test VQH 

VQL 

Switching Times 
(SO ohm load) 

Propagation Delay t4-2+ 
!4+2-

[Ri~Tim• '2• 
(20%to 80%1 

Fall Time •2-
i2o% to 80%) 

*Vss = 1BM Supply Voltage. 
V1HM =Input Logic "1" for !BM levels 
V1LM =Input Logic "O" for IBM levels. 

Pin 
Under -30°C 

T•" Min M'" Min 

8 57 
9 27 
4 70 
5 70 
4 1.5 

2 -1.060 -0.890 -0.960 
2 -1.060 -0.890 -0.960 

2 -1.890 -1.675 -1.850 

2 -1.890 -1.675 -1.850 

2 -1.080 -0.980 

2 -1.655 

2 -1.060 -0.890 -0.960 

2 -1.060 -0.890 -0.960 

2 -1.890 -1.675 -1.850 
2 -1.890 -1.675 -1.850 

2 1.0 3.9 1.0 
2 1.0 3.9 1.0 
2 1.1 4.5 1.5 

2 1.1 4.5 1.5 

VtHH = Input logic "1" level shifted positive for common mode rejection tests 
VrLH = Input logic "O' level shifted positive for common mode rejection tests 
V !HL = Input logic "1' level shifted negative for common mode rejection tests. 
V1LL =Input iogic "O" level shifted negative for common mode rejection tests 

+2s0c 

Typ Mn 

41 52 
22 27 

45 
45 
1.0 

-0.810 
-0.810 

-1.650 
-1.650 

-1.630 

-0.810 
-0.810 

-1.650 
-1.650 

2.5 3.7 
2.5 3.7 
2.0 4.3 

2.0 4.3 

+as0c 

Min M'" Unit 

57 mAdc 

27 mAdc 

45 µAde 
45 Ade 

1.0 µAde 

-0.890 -0.700 Vdo 
-0.890 --0.700 Vdo 

-1.825 -1.615 Vdo 
-1.825 -1.615 Vdo 

-0.910 Vdo 

-1.595 Vdo 

-0.890 --0.700 Vdo 
-0.890 --0.700 Vdo 

-1.825 -1.615 Vdo 
-1.825 -1.615 Vdo 

1.0 4.1 "' 1.0 4.1 "' 
1.1 4.7 "' 
1.1 4.7 "' 

TEST VOLTAGE VALUES 

(Volts) 

VtHmax V1Lmin VILAmin V1LAmuc V1HM" VILM" V1HH* VILH" VIHL• V1LL• \ vss• I vEE 

-0.890 -1.890 -1.205 -1.500 +0.374 -0.523 +0.186 -0.850 -1.486 -2.53 I +1.25 I -5.2 

-0.810 -1.850 -1.105 -1.475 +0.440 -0.490 +0.186 -0.850 -1.486 -2.53 I +1.25 I -5-2 

-0.700 -1.825 -1.035 -1.440 +0.548 -0.454 +0.186 -0.850 -1.486 -2.53 l +1.25 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
1vccl 

V1Hmax VfLmin V1LAmin V1LAmax V1HM" V1LM" VJHH* VILH• VtHL" VILL• Vss• Vee God 

4,6,10,12 5,7,11,13 9 8 1,16 

4,6,10,12 5,7,11,13 9 8 1,16 

4 5 9 8 1,16 s: 
5 4 9 8 1,16 0 

9 4,8 1,16 .. 
5 4 8 1,9,16 Q 

5 4 9 8 1,16 .. 
IO 

4 5 8 1,9.16 Q 
4 5 9 8 1.16 

5 4 8 1,9,16 

4 5 8 1,9,16 

5 4 8 1,9,16 

5 4 a 1,9,16 

4 5 8 1,9,16 
4 5 8 1.9.16 

Pulse In Pulse Out +3.25V -3.2V +2.0V 

4 2 9 8 _f'5,6,11~ 
4 2 9 8 1,5,6,11,1 

4 2 9 8 1.5.6,11,1 

4 2 9 8 p,s,6,11,1 

I 
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MC10190 

SWITCHING TIME TEST CIRCUIT 

Vcc1 = Vcc2 = +2.0 Vdc Vout 

Coax Coax 

Input 

Pulse Generator 

Vee = +2.0 V (Translator) 0---1>-.::...J.----'"""-,, Unused outputs 
connected to a . 

Vss = + 0.71 V (Receiver) 

I 
Vss = +3.25 V (Translator) L...lg@--' 
Vee = + 2.0 V (Receiver) o------J 

I01 µF 

50-ohm te'm'"atoon to g'ound lo -3.2 V 
cated in each scope channel input. VEE 

Alt input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length shoutd 
be < 1/4 inch from TPin to input 
pin and TPout to output pin. 
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® MOTOROLA 

QUAD BUS DRIVER 

The MC10192 contains four line drivers with complementary 
outputs. Each driver has a Data (D) input and shares an Enable 
IE) input with another driver. The two driver outputs are the un
committed collectors of a pair of NPN transistors operating as a 
current switch. Each driver accepts 10K MECL input signals and 
provides a nominal signal swing of 800 mV across a 50 n load 
at each output collector. Outputs can drive higher values of load 
resistance, provided that the combination of IR drop and load 
return voltage VLR does not cause an output collector to go more 
negative than -2.4 V with respect to Vee· To avoid output tran
sistor breakdown, the load return voltage should not be more 
positive than + 5.5 V with respect to Vee· When the E input is 
high, both output transistors of a driver are nonconducting. When 
not used, the E inputs, as well as the D inputs, may be left open. 

Open Collector Outputs Drive Terminated Lines or 
Transformers 

50 kn Input Pulldown Resistors on All Inputs (Unused 
Inputs May Be Left Open) 

Power Dissipation = 575 mW typ/pkg (No Load) 
Propagation Delay = 3.5 ns typ (E - Output) 

3.0 ns typ (D - Output) 

Ef 7 

01 5 

02 6 

03 10 

04 11 

E2 9 

TRUTH TABLE 
Inputs Output 

E 0 z z 
H x H H 

L H H L 

LOGIC DIAGRAM 

3 Z1 

4 Zf 

Z2 

2 Z2 

15 Z3 

14 Z3 

13 Z4 

12 Z4 

H =HIGH Voltage Level 
L=LOW Voltage Level 
X=Oon't Care 

L L L H 
Vcc=Pin 16 
VEE=Pin 8 

Note: Unused outputs must be terminated to Vee fell" proper operation. 
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MC10192 

QUAD BUS DRIVER 

Z2 

Z2 

Z1 

Zi 

01 

02 

Ei 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vee 

Z3 

Z3 

Z4 

Z4 

04 

03 

E2 

Pin assignment is for Dual·ln·line Package. 
For PLCC pin assignment, see tables on page 1 ·35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The.circuit is in a test socket or mounted on a printed circuit board 

Test Limits 
Pin 

-30-C +25'C 
Under 

Characteristic Symbol Test Min Max Min Max 

Power Supply Drain IE 8 - 154 - 140 
Current 

Input Current linH 5 - 350 - 220 

linl 5 0.5 - 0.5 -
Logic "1" IOH 

Output Current High 2 - - - 2.0 

Logic "O" IOL 
Output Current Low 2 13.5 +18 14 18 

Logic "1" IOHC 
Output Current High 2 - 2.0 - 2.0 

Logic "O" IOLC 
Output Current Low 2 13.5 - 14 -

Logic "O" ios 
Output Sink Current Low 2 13.3 - 13.9 -

Load Return Voltage 
Absolute Max Rating-

(Note 1) VLR 5.5 5.5 

Output Voltage Low 
(Note 2) VOLS -2.4 

Switching Times 
(50 !l Load) 
Propagation Delay tPHL 

tPLH 
E to Output - - - 2.0 6.0 

D to Output .. - - - 1.5 4.5 
Rise Time, Fall Tirile trLH - - - - 3.3 

(20%to 80%) tfHL 

I 

@Test 
Temperature V1Hmax 

-30-C -0.890 

+25'C -0.810 

+85'C -0.700 

+85'C 

Min Max Unit V1Hmax 

- 154 mAdc -

- 220 µAde 5 

0.3 - µAde -

- - mAdc -

14 19 mAdc 5,6,10,11 

- 2.0 mAdc -

14 - mAdc 5,10,11 

13.3 - mAdc 5,6,10,11 

5.5 Volts -

Volts -

ns 

- -
- -
- -

NOTE 1 The 5.5 V value is a maximum rating, do nol: exceed. A 270 OHM resistor will prevent output transistor breakdown. 
NOTE 2 Limitations of load resistor and load return voltage combinations. Refer to page 1 description. 

1,- TEST VOLTAGE VALUES 

(Volts) 

V1Lmin VIHAmin V1LAmBx 

-1.890 -1.205 -1.500 

-1.850 -1.105 -1.475 

-1.825 -1.035 -1.440 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW 

V1Lmln V1HAmin V1LAmax 

- - -

- - -
5 - -

5,6,10,11 - -

- - -

5,7.9.10.11 - 6 

7,9 6 -

- - -

- - -

- - -

VEE 

-5·.2 

-5.2 

-5.2 

VEE 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

1vee1 
Gnd 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

s: 
0 -0 -IS 



®MOTOROLA 

~ HEX INVERTERIBUFFEll 

The MC10195 is a Hex Buffer Inverter which is built using six 
EXCLUSIVE NOR gates. There is a common input to these gates 
which when placed low or left open allows them to act as in
verters. With the common input connected to a high logic level 
the MC10195 is a hex buffer, useful for high fanout clock driving 
and reducing stub lengths on long bus lines. 

200 mW typ/pkg (No Load) 

2.8 ns typ (8-Q) 

3.8 ns typ (A-0) 

2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

A 
0 9 

5 
8 ---2 

6-- 3 

---4 

~---13 
10 ----r--~.,.,___,, 

P""---14 
11 ----r---..,.,___,, 

----15 12 ------"ti__/ 

Vcc1 Pin 1 
Vcc2 Pin 16 

VEE Pin 8 

TRUTH TABLE 

Inputs Output 

A 8 0 
--

L L H 

L H L 

H L L 

H H H 
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MC10195 

HEX INVERTER/BUFFER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 16 Vcc2 

01 2 15 06 

02 3 14 05 

03 4 13 04 

81 12 86 

82 6 11 85 

83 10 84 

VEE 8 9 A 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 

I 
MC10195 Test Limits 

Pin 
Under -3o0 c +25°C 

Characteristic Symbol Test Min Mox Min Typ Max 

Power Supply Drain Current IE 8 54 39 49 

Input Current l1nH 5 425 265 
9 460 290 

linL 5 0.5 0.5 

Logic "1 'Output Voltage VQH 2 -1.060 -0.890 -0.960 -0.810 

Logic "O" Output Voltage Vol 2 -1.890 -1.675 -1.850 -1.650 

Logic "1 'Threshold Voltage Vo HA 2 -1.080 -0.980 

Logic "O" Threshold Voltage Vo LA 2 -1.655 -1.630 

Switching Time 
( 50 ohm load) 
Propagation Delay t5+2- 2 1.1 4.2 1.1 2.8 4.0 

t7_4+ 4 

i i i i i t10+13+ 13 

t11-14- 14 

tg-14- 14 1.1 5.2 1.1 3.8 5.0 
R1seT1me 

I 
t2+ 2 1.1 4.7 1.1 2.5 4.5 

(20% to 80%) 

Fall Time '2- 2 1.1 4.7 1.1 2.5 4.5 

(20% to 80%) 

I 

TEST VOLTAGE VALUES 

Volts 

@Test 
Temperature V1Hmax VIL min VIHAmin VILAmax VEE 

-30°C -0.890 -1.890 -1.205 -1.500 -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 -5.2 

+85°C -0.700 -1.825 -1.035 -1.440 -5.2 s: 
VOLTAGE APPLIED TO PINS LISTED BELOW: 0 ... 

+85°C IV cc I Q 

Min Max Unit V1Hmax V1Lmin VIHAmin VIL Amax VEE Gnd ... 
ID 

54 rnAdc 8 1,16 I.II 

265 µAde 5 8 1,16 
290 µAde 9 8 1,16 

0.3 µAde 5 8 1,16 

-0.890 -0.700 Vdo 8 1,16 

-1.825 -1.615 Vdo 9 8 1,16 

-0.910 Vdo 5 8 1,16 

-1.595 Vdo 5 8 1,16 

Pulse In Pulse Out -3.2Vdc +2.0 Vdc 

1.1 4.4 "' 5 2 8 1,16 

i i 
j 

7 4 

j j 
10 13 

11 14 

1.1 5.4 9 14 
1.1 5.0 5 2 

1.1 5.0 5 2 



® MOTOROLA 

HEX "AND" GATE 

The MC10197 provides a high speed hex AND function with 
strobe capability. 

Po 200 mW typ/pkg (No Load) 

2.8 ns typ (8-Q) 

3.8 ns typ (A-Q) 

2.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

A Q 
9 B ------2 
5 ----1----'-t._./ 

,... ____ 3 

6---t----L.../ 

-----14 
11 ---+---"'at___, 

1""~---15 

Vcc1 
vcc2 

VEE 

Pin 1 
Pin 16 
Pin 8 

TRUTH TABLE 

Inputs Output 

A B a 
L L L 

L H L 

H L L 

H H H 
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HEX "AND" GATE 

•• FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc1 

Aout 

Bout 

Cout 

Ain 

Bin 

Cin 

VEE 

Vcc2 

Fout 

Eout 

Dout 

Fin 

Ein 

Din 

Common 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

• 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 

MC10197 Test Limits 
Pin -J0°c +25°<: Unde• 

Characteristic l Symbol Te.t Min Max Min Typ Max 

Power Supply Drain Current le 8 54 39 49 

Input Current I ljnH 5 425 265 
9 460 290 

linL 5 0.5 0.5 0.3 

Logic "1" Output Voltage VoH 2 -1.060 -0.890 -0.960 -0.810 

Logic "O" Output Voltage VoL 2 -1.890 -1.675 -1.850 -1.650 

Logic "1" Threshold Voltage VOHA 2 -1.080 -0.980 

Logic "O" Threshold Voltage Voi..A 2 -1.655 -1.630 

Switchmg Time 
(50 ohm load} 
Propagation Delay I ts+2+ 2 1.1 4.2 1.1 2.8 4.0 

t9+2+ 2 1.1 5.3 1.1 3.5 5.0 

Rise Time 

I 
t2+ 2 1.1 4.7 1.1 2.5 4.5 

120%to 80%1 

Fall Time '2- 2 1.1 4.7 1.1 2.5 4.5 
120%to 80%1 

I 

@Test 
Temperature 

-JO<>c 
+25°c 

+es0 c 

+ss0c 
Min Max """1 Unit 

54 mAdc 

265 µAde 
290 µAde 

µAde 

-0.890 -0. 700 Vdc 

-1.825 -1.615 Vdc 

-0.910 Vdc 

-1.595 Vdc 

1.1 4.4 ns 

1.1 5.5 

j 1.1 5.0 

1.1 5.0 

TEST VOLTAGE VALUES 

Volts 

V1Hmax V1Lmin V1HAmin VIL Amax Vee 

-0.890 -1.890 -1.205 -1.500 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.700 -1.825 -1.035 -1.440 -5.2 

VOLTAGE APPLIED TO PINS LISTED BELOW' 

V1Hmax I V1LminlV1HAminlV1LAmax I Vee 
IVccl 
Gnd 

5 
9 

1,16 

1,16 
1.16 

1,16 

5.9 I I I - I 8 I 1.16 
1,16 

8 I 1.16 

.9 I I I 5 I 8 I 1.16 
1.11Vdcl Pulse In I PulseOutl-3.2 Vdcl +2.0 Vdc 

9 
5 

5 
9 l I l 

~ ... 
0 ... 
~ 
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MONOSTABLE MUL TIVIBRATOR 

The MC10198 is a retriggerable monostable multivibrator. Two 
enable inputs permit triggering on any combination of positive 
or negative edges as shown in the accompanying table. The trig
ger input is buffered by Schmitt triggers making it insensitive to 
input rise and fall times. 

The pulse width is controlled by an external capacitor and re
sistor. The resistor sets a current which is the linear discharge 
rate of the capacitor. Also, the pulse width can be controlled by 
an external current source or voltage (see applications information). 

For high-speed response with minimum delay, a hi-speed input 
is also provided. This input bypasses the internal Schmitt triggers 
and the output responds within 2 nanoseconds typically. 

Output logic and threshold levels are standard MECL 10,000. 
Test conditions are per Table 2. Each "Precondition" referred to 
in Table 2 is per the sequence of Table 1. 

Po = 415 mW typ/pkg (No Load) 
lpd = 4.0 ns typ Trigger Input to Q 

2.0 ns typ Hi-Speed Input to Q 

Min Timing Pulse Width 
Max Timing Pulse Width 
Min Trigger Pulse Width 
Min Hi-Speed 
Trigger Pulse Width 
Enable Setup Time 
Enable Hold Time 

PWomin 
PWomax 
PWT 
PWHs 

•set 
!hold 

1 CExt = 0 (Pin 4 open), RExt = 0 
(Pin 6 to VEE) 

2 CExt = 10 µF, RExt = 2.7 k!1 

5 

7 

10 

13 

15 

6 

RExt 

E pos 

LOGIC DIAGRAM 

Vee 

1 
4 

CExt 

Q 

External Pulse 
Width Control 

ENeg 

Trigger 
Input 

Hi-Speed a Input 

10 ns typ 1 
>10 ns typ2 
2.0 ns typ 
3.0 ns typ 

1.0 ns typ 
1.0 ns typ 

Vcc1 = Pin 1 
Vcc2 = Pin 16 

VEE = Pin 8 

INPUT 

EPos EN!!!J_ 
L L 
L H 
H L 
H H 
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MC10198 

MONOSTABLE MULTIVIBRATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

Vcc1 

a 
Q 

CExt 

Epos 

RExt 

Ext. Pulse 
Width Control 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Hi-Speed 
Input 
N/C 

Trigger Input 

N/C 

N/C 

ENeg 

N/C 

Pin assignment is for DuaHn-line Package. 
For PLCC pin assignment, see tables on page 1-35. 

TRUTH TABLE 

OUTPUT 

Triggers on both positive & negative input slopes 
Triggers on positive input slope 
Triggers on negative input slope 
jTrigger is disabled 

• 
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O(Gnd) 

u -1.0 -c 
~ ., 

-2.0 C> 

~ 
0 
> -3.0 .... 
c: 
ii: -4.0 

-5.0 

MC10198 

TABLE 1 - PRECONDmON SEQUENCE 

14;;.10 ns+j f+;;.1on ..... 1. At t = 0 a.) Apply V1Hmax to Pin 5 and 10. 
b.) Apply V1Lmin to Pin 15. 

0 

I 
I 
I f-- Pin 1 _., 

open 

l 
10 20 

t(ns) 
30 

c.) Ground Pin 4. 

2. At t ;;.10 ns a.) Open Pin 1. 
b.) Apply -3.0 Vdc to Pin 4. 

Hold these conditions for 
;;.10 ns. 

3. Return Pin 4 to Ground and perform test as 
indicated in Table 2. 

TABLE 2 - CONDmONS FOR TESTING OUTPUT LEVELS 
(See Table 1 for Precondition Sequence) 

JLVIHmax 

p1 V1L min 

_jt= V1LA max 

p2 V1L min 

JLVIHAmin 

p3 V1L min 

Test P.U.T. 5 

Precondition 

VoH 2 

VoH 3 
Precondition 

VoL 3 

VoL 2 

Precondition 

VoHA 2 

VoHA 3 
Precondition 

VoHA 2 

VoHA 3 

Precondition 

VoHA 2 

VoHA 3 
Precondition 

VoHA 2 

VoHA 3 
Precondition 

VoHA 2 

VoHA 3 

Pins 1, 16 = Vee = Ground 
Pins 6, 8 = VEE = 5.2 Vdc 
Outputs loaded 50 !l to -2.0 Vdc 

Pin Conditions 

10 13 15 

V1Lmin 
P1 

V1Lmin 
P1 

V1LA max 

V1HA min 

V1Lmin 
P3 

P2 

P3 

V1H max P2 

V1H max P3 

V1H max P1 

V1H max P1 

3-148 

Pin Conditions 

Test P.U.T. 5 10 13 

Precondition 

VoHA 2 V1HAmin P1 

VoHA 3 V1LAmax P1 

Precondition 

VoLA 3 

VoLA 2 

Precondition 

VoLA 2 V1L min 
VoLA 3 V1Lmin 
Precondition 

VoLA 3 P2 

VoLA 2 P3 
Precondition 

VoLA 3 V1H max P2 

VoLA 2 V1H max P3 
Precondition 

VoLA 3 V1HA min V1H max P1 

VoLA 2 V1LA max V1H max P1 
Precondition 

VoLA 3 V1H max V1HA min P1 

VoLA 2 V1H max V1LAmax P1 

15 

V1LA max 

V1HA min 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cations shown in the test table, after thermal equilibrium has been estab-
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs TEST VOLTAGE VALUES 

are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are @Test Volts 

shown for only selected inputs and outputs. Other inputs and outputs tested Temperature V1Hmax Vtlmin V1HAmin} V1LAmaxJ VEE 

in the same manner. -3o0 c -0.890 -1.890 -1.205 _l -1.500 I -5.2 

+25°C -0.810 -1.850 -1.105 J_ -1.475 I -5.2 

+ss0 c -0.700 -1.825 -1.035 .1 -1.440 .1 -5.2 

Pin MC10198 TEST LIMITS 

Under -J0°c +2s0 c +ss0 c VOLTAGE APPLIED TO PINS LISTED BELOW: 

Characteristic Symbol Te.t Min Max Min 

Power Supply Drilin 

Current 'E 8 110 

Input Current linH 5.10 415 
13 350 

15 560 

li!l.b 5 0.5 0.5 

Logic "1" VoH 2 -1.060 -0.890 -0.960 
Output Voltage 3 -1.060 -0.890 -0.960 

L Logic "O" Vol 2 -1.890 -1.675 -1.850 
Output Voltage 3 -1.890 -1.675 -1.850 r Logic "1" VQHA 2 -1.080 -0.980 
Threshold Voltage 3 -1.080 -0.980 

Logic "O" VOLA 2 -1.655 
Threshold Voltage 3 -1.655 

Switching Times 

Trigger Input tT+Q+ 3 2.5 6.5 2.5 
tT-Q+ 3 2.5 6.5 2.5 

Hi-Speed Trigger Input 'HS+Q+ 3 1.5 3.2 1.5 

Minimum Timing Pulse PWamm 3 
Width 

Maximum Timing Pulse PWamax 3 
Width 

Minimum Trigger Pulse PWT 3 
Width 

Minimum Hi-Speed Tngger PWHS 3 
Pulse Width 

Rise Time (20% to 80%) 3 1.5 4.0 1.5 
Fall Time (20% to 80%) 3 1.5 4.0 1.5 
Enable Setup Time tsetup(E 3 
Enable Hold Time 'hold(E) 3 

Notes: G) The monostable 1s in the timing mode at the time of this test. 

@ CEXT = 0 (Pin 4 open) 

REXT ""0 (Pm 6 tied to VEE) 
@ CEXT = 10 µF {Pin 4) 

AEXT ~ 2.7 k (Pm 6) 

@) JL"VIH 
Pl V1L 

Typ Max Min Max Unit V1Hmax V1Lmin V1HAmin V1LAmax VEE 

80 100 110 mAdc 6,8 

260 260 µAde 5,10 6,8 
220 220 

t 
13 

t 350 350 15 
0.3 - µ.Ade 5 

-0.810 -0.890 -0.700 Vdo 
1~© 

13 6,8 
-0.810 -0.890 -0.700 Vdo 6,8 

-1.650 -1.825 -1.615 Vdo ~3© 6,8 
-1.650 -1.825 -1.615 Vdo 13 6,8 

--0.910 Vdo 15 6,8 
--0.910 Vdo 15 6,8 

-1.630 -1.595 Vdo 15 6,8 
-1.630 -1.595 Vdo 15 6,8 

11.11Vdc Pulse In Pulse Out -3.2Vdc 

4.0 5.5 2.5 6.5 "' 10 13 3 6,8 
4.0 5.5 2.5 6.5 

l. 
5 13 

2.0 2.8 1.5 3.2 15 

10.0 

I 
@ 

>10 @ 

2.0 "' 13 

l 3.0 15 

3.5 1.5 4.0 
3.5 1.5 4.0 

1.0 
1.0 

I 

IV cc I 
Gnd 

1.4,16 

1,4,16 

t 
1,4,16 

1.4,16 

1.4,16 3: 
1.4,16 (") ... 
1,16,4 Cl 
1.16,4 ... 

co 
1,16.4 Oii 
1,16,4 

+2.0 Vdc 

1,16.4 
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SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 

Vcc1 = Vcc2 = +2.0 Vdc 

~}_J ___ t"' 
5 • I I 
~EPos I 
1 I External Pulse 
--; Width Control 

I 
10 I_ 

I 3 
a r--

Pulse Generator --, ENeg 

+1.11V~ 

0.1 µFl 
Input Pulse 

t+"" t- = 2.0 ± 0.2 ns 
(20 to 80%) 

50-ohm termination to ground lo
cated in each scope channel input. 

All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length shou Id 
be < 1/4 inch from TPin to input 
pin and TP0ut to output pin. 

a 

13 I 
.:.:::___.J Trigger Input 

I 
15 I 
--i Hi-Speed Input 

I 
I 
I rl a~ 

r D :::: ! 
J L ____ r_f,,, 

VEE= -3.2 Vdc 

High-Speed ~ 
Trigger Input PW 

tHs+a+ ~ HS 

a ~-P-W~o~~~-.~ ..... ~~~~-

3-150 

Vout 

Coax 

'TPout 

Unused outputs are tied to a 50-
ohm resistor to grou.nd. 
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APPLICATIONS INFORMATION 

Circuit Operation: 
1. PULSE WIDTH TIMING - The pulse width is deter

mined by the external resistor and capacitor. The 
MC10198 also has an internal resistor (nominally 284 
ohms) that can be used in series with RExt· Pin 7, the 
external pulse width control, is a constant voltage 
node ( - 3.60 V nominally). A resistance connected in 
series from this node to VEE sets a constant timing 
current Ir. This current determines the discharge rate 
of the capacitor: 

where 

AT = pulse width 
AV = 1.9 V change in capacitor voltage 

Then: 

If RExt + Rint are in series to VEE: 

Ir= [(-3.60 V) - (-5.2 V)] -;. [RExt + 284 HJ 
Ir = 1.6 V/(RExt + 284) 

The timing equation becomes: 

AT= [(CExtH1.9 V)) -;. [1.6 V/(RExt + 284)] 
AT = CExt (RExt + 284) 1.19 

where AT= Sec 
RExt =Ohms 
CExt = Farads 

FIGURE 1-

6 

-3.60 V External 
Pulse Width Control 

Vee= -5.2 v 

3-151 

Figure 2 shows typical curves for pulse width versus 
CExt and RExt (total resistance includes R1ntl· Any low 
leakage capacitor can be used and RExt can vary from 
0 to 16 k-ohms. 

2. TRIGGERING- The Ep0 s and ENeg inputs control the 
trigger input. The MC10198 can be programmed to 
trigger on the positive edge, negative edge, or both. 
Also, the trigger input can be totally disabled. The 
truth table is shown on the first page of the data sheet. 

The device is totally retriggerable. However, as duty 
cycle approaches 100%, pulse width jitter can occur 
due to the recovery time of the circuit. Recovery time 
is basically dependent on capacitance CExt· Figure 3 
shows typical recovery time versus capacitance at Ir 
= 5 mA. 

FIGURE 2 - TIMING PULSE WIDTH versus CExt and RExt 

soon-
C-~ 

d-= 
"'M~J£_ ~-"'" llM!~ll RExt • 0 

~ NOT£: TOTAL RESISTANCE --' 

t-=-~j;::jjj1J1Jt:=:i=ttigjj~=1 "RExt +Rini 1 ro~F 100 pF rn~ii PF------L..ti--rnp:t=~~,_~01-µF-::r::t:IJ~·-~=,""., µF 

CExt - TIMING CAPACITANCE 

FIGURE 3 - RECOVERY TIME versus CExt @ IT = 5 mA 

""··ii•MI=~=----1--IM+-g 
'"'."cc-~~~-·~-,-~~~~·~-~~~=~-~~~~~ 

lOpF 100pf lOOOpF 0.01 µf 0.1 µF 

CExt TIMING CAPACITANCE 

• 
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3. HI-SPEED INPUT - This input is used for stretching FIGURE 5 - PULSE WIDTH versus IT @ CExt = 13 pf 

very narrow pulses with minimum delay beiween the "'°E=:f=I:3=:ffllffE=:f:f=:f=I:EfEff==E!==E=EB:ml 
output pulse and the trigger pulse. The trigger input 
should be disabled when using the high-speed input. 
The MC10198 triggers on the rising edge, using this 
input, and input pulse width should narrow, typically 
less than 10 nanoseconds. 

USAGE RULES: 100 1--+-<~.._,f-+-++-'-++--+-~._.-->-+-++4f+I--+-+--+--+-+-+-+++< 
1. Capacitor lead lengths should be kept very short to 

minimize ringing due to fast recovery rise times. 
2. The E inputs should not be tied to ground to establish 

a high logic level. A resistor divider or diode can be 
used to establish a -0.7 tc> -0.9 voltage level. 

3. For optimum temperature stability; 0.5 mA is the best 
timing current IT. The device is designed to have a 
constant voltage at the EXTERNAL PULSE WIDTH 
CONTROL over temperature at this current value. 

4. Pulse Width modulation can be attained with the 
EXTERNAL PULSE WIDTH CONTROL. The timing cur· 
rent can be altered to vary the pulse width. Two 
schemes are: 

(a) The internal resistor is not used. A dependent 
current source is used to set the timing current 
as shown in Figure 4. A graph of pulse width 
versus timing current (CExt = 13 pF) is shown 
in Figure 5. 

\T -TIMING CURRENT 

(b) A control voltage can also be used to vary the 
pulse width using an additional resistor (Figure 
6). The current UT + le) is set by the voltage 
drop across R1nt + RExt· The control current IC 
modifies IT and alters the pulse width. Current 
le should never force IT to zero. Re typically 
1 kO. 

FIGURE 4 - FIGURE 6 -

4 
ieExt 

J 
I IT le 

J,.- ...n Control 

-3.6 Re ---.... Voltage 

284 v 
Me10198 

6 :> 
IT+ le! Rext 

-5.2 v 

3-152 
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5. The MC10198 can be made non-retriggerable. The Q 

output is fed back to disable the trigger input during 
the triggered state (logic Diagram). Figure 7 shows 
a positive triggered configuration; a similar configu
ration can be made for negative triggering. 

FIGURE7-

r--EPo• 

_ External Pulse 
Width Control 

-0.9 V- ENeg 

-+-----l Trigger 
Input 

- Hi~Speed 

Input 

3-153 
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®MOTOROLA 

DUAL 3-INPUT 3-0UTPUT 
"OR" GATE 

The MC10210 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire "OR" -ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop
agation delay from a single point makes the MC10210 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 

Po = 160 mW typ/pkg (No Loads) 

tpd = 1.5 ns typ (All Output Loaded) 

tr, tf = 1.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

~~2 7 3 

4 
9 

10 ~12 11 
13 

14 

Vcc1 = Pin 1, 15 
Vcc2 =Pin 16 

VEE= Pin 8 
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MC10210 

DUAL 3-INPUT 3-0UTPUT 
"OR" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

vcc1 

Aout 

Aout 

Aout 

Ain 

Ain 

Ain 

VEE 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

vcc1 

Bout 

Bout 

Bout 

Bin 

Bin 

Bin 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one gate. The other gate is tested in the same manner. 

@Test 
Temperature 

-Jo0 c 
+2s0 c 
+ss0 c 

MC10210 Test Limits 

Characteristic 

Power Supply Drain Current 

Input Current 

Logic "1" 
Output Voltage 

Logic "O" 
Output Voltage 

Logic "1" 
Threshold Voltage 

Logic "O" 
Threshold Voltage 

Switching Times 
(50-ohm load) 

Propagation Delay 

Rise Time 
120 to 80%) 

Fall Time 
(20to 80%) 

Symbol 

IE 

linH 

linL 

VoH 

Vol 

VQHA 

VOLA 

t5+2+ 
t5-2-
t5+3+ 
t5-3-
t5+4+ 
ts-4-

t2+ 
t3+ 
t4+ 

'2-
t3_ 
t4_ 

Pin 
Under -30°C 

Te" Min Mox 

8 42 

5,6,7 650 

5,6,7 0.5 

2 -1.060 -0.890 
3 -1.060 -0.890 
4 -1.060 -0.890 

2 -1.890 -1.675 
-1.890 -1.675 
-1.890 -1.675 

2 I -1 oso 
-1.080 
-1.080 

2 -1.655 
-1.655 
-1.655 

2 I 1.0 2.6 

'"Individually test each input using the pin connections shown 

+25°C +85°c 

Min I Typ Max Min Max Unit 

38 42 mAdc 

410 410 µAde 

0.5 0.3 µAde 

-0.960 -0.810 -0.890 -0.700 Vdo 
-0.960 -0.810 -0.890 -0.700 Vdo 
-0.960 -0.810 -0.890 -0.700 Vdo 

-1.850 -1.650 -1.825 -1.615 Vdo 
-1.850 -1.650 -1-825 -1.615 Vdo 
-1.850 -1.650 -1-825 -1.615 Vdo 

-0.980 -0.910 Vdo 
-0.980 -0.910 Vdo 
-0.980 -0.910 Vdo 

-1.630 -1.595 Vdo 
-1.630 -1.595 Vdo 
-1.630 -1.595 Vdo 

1.0 I 1.5 I 2.5 1.0 2.8 "' 

i i 

I 

TEST VOLTAGE VALUES 

!Volts) 

V1HA min ] V1LA max j Vee V1H max V1t min 

-0.890 -1.890 -1.205 l -1500 J -5.2 

-0.810 -1.850 -1.105 J -1.475 J -5.2 

-0.700 -1.825 -1.035 1 -1.440 l -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
IV cc I 

V1H max V1L min V1HA min VILA max VEE Gnd 

8 1,15,16 

8 1,15,16 

8 1,15,16 :!!: 
5 8 1,15,16 0 
6 8 1,15,16 ..... 
7 8 1,15,16 0 

8 1,15,16 N ..... 
8 1,15,16 0 
8 1,15,16 

5 8 1,15,16 
6 8 1,15,16 
7 8 1,15,16 

5 8 1,15,16 
6 8 1,15,16 
7 8 1,15,16 

Pulse In Pulse Out -3.2 v +2.0V 

I 5 2 8 1,15,16 
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® MOTOROLA 

DUAL 3-INPUT 3-0UTPUT 
"NOR" GATE 

The MC10211 is designed to drive up to six transmission lines. 
simultaneously. The multiple outputs of this device also allow the 
wire "OR"-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop
agation delay from a single point makes the MC10211 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 

Po = 160 mW typ/pkg (No Loads) 

tpd = 1.5 ns typ (All Output Loaded) 

tr, tf = 1.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

5~~ 6 4 
7 

~12 9 13 
10 14 
11 

Vcc1 =Pin 1, 15 
Vcc2 =Pin 16 

Vee= Pins 
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MC10211 

DUAL 3-INPUT 3-0UTPUT 
"NOR" GATE 

-16 
1 

LSUFFIX 
CERAMIC PACKAclE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 •• 1 

Vcc1 

Aout 

Aout 

Aout 

Ain 

Ain 

Ain 

Vee 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Vcc1 

Bout 

Bout 

Bout 

Bin 

Bin 

Bin 

Pin assignment Is for Dual-ln~lne Package. 
For PLCC pin ~nment, see tables on pogo 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one gate. The other gate is tested in the same manner. 

@Test 
Temperature 

-J0°c 
+25°C 

+ss0 c 

Pin 
MC10211 Test Limits 

Under -3o0 c +25°c +es0 c 
Characteristic Symbol Te>t Min Max Min Typ Max Min Max Unit 

Power Supply Drain Current IE 8 42 30 38 42 mAdc 

Input Current linH 5,6,7 650 410 410 µAde 

1inL 5,6,7 0.5 0.5 0.3 µAde 

Logic "1" VoH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 
Output Voltage 3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 

4 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc r Log;c ··o·· Vol 2 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 
Output Voltage 3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 

4 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 

Logic "1" VQHA 2 -1.080 -0.980 -0.910 Vdc 
Threshold Voltage 3 -1.080 -0.980 -0.910 Vdc 

4 -1.080 -0.980 -0.910 Vdc 

Logic "O" VQLA 2 -1.655 -1.630 -1.595 Vdc 
Threshold Voltage 3 -1.655 -1.630 -1.595 Vdc 

4 -1.655 -1.630 -1.595 Vdc 

Switching Times 
(50-ohm load) 

Propagation Delay I ts+2- 2 1.0 2.6 1.0 1.5 2.5 1.0 2.8 
t5-2+ 2 

I I 
t5+3- 3 
ts-3+ 3 
t5+4- 4 
t5-4+ 4 

Rise Time t2+ 2 
(20to 80%) t3+ 3 

t4+ 4 

Fall Time '2- 2 

(20 to 80%) t3_ 3 

' '4- 4 

"lnd1vrdually test each input using the pm connections shown 

I 

TEST VOLTAGE VALUES 

(Volts) 

V1LA max l Vee V1H max V1Lmin V1HA min 

-0.890 -1.8"90 -1.205 _, .5oo I -5.2 

-0.810 -1.850 -1.105 -1 .475 l -5.2 

-0.700 -1.825 -1.035 -1 440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
lVccl 

V1H max V1L min V1HA min VILA max VEE Gnd 

8 1,15,16 

1,15,16 

1,15,16 

1,15,16 

I I 
s: 1,15,16 (") 

1,15,16 ... 
1,15,16 Cl 
1,15,16 N ... 
1,15,16 

1,15,16 
1,15,16 
1,15,16 

1,15,16 
1,15,16 
1,15,16 

Pulse In Pulse Out I -3.2 v +2.0V 

1,15,16 

i 1 
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®MOTOROLA 

HIGH SPEED DUAL 3-INPUT 
3-0UTPUT OR/NOR GATE 

The MC10212 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire "OR"-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop
agation delay from a single point makes the MC10212 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 

Po = 160 mW typ/pkg (No Load) 
tpd = 1.5 ns typ (All Outputs Loaded) 
tr, tf = 1.5 ns typ (20%--80%) 

LOGIC DIAGRAM 

5~: 6 2 
7 

~12 9 13 
10 14 
11 

Vcc1=Pins 1, 15 
Vcc2=Pin 16 

Vee=Pin B 

3-158 

MC10212 

HIGH SPEED DUAL 3-INPUT 
3-0UTPUT OR/NOR GATE 

·-1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 ·-

vcc1 

Aout 

Aout 

Aout 

Ain 

Ain 

Ain 

Vee 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

Vcc2 

Vcc1 

Bout 

Bout 

Bout 

Bin 

Bin 

Bin 

Pin assignment Is for Dual-in-line Package. 
For PLCC pin assignmen1, see tables on page 1 ·35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cation shown in the test table, after thermal equilibrium has been established. 
The circuit is in a_ test socket or mounted on a printed circuit board and 
transverse air flow greater .than 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one gate. The other gate is tested in the same manner. 

MC10212 Test Limits 

Characteristic 

Power Supply Drain Current 

Input Current 

Logic "1" 
Output Voltage 

Logic "O" 
Output Voltage 

Logic "1" 
Threshold Voltage 

Logic "O" 
Threshold Voltage 

Switching Times 
(50-ohm load) 

Propagation Delay 

Rise Time 
(20 to 80%1 

Fall Time 
(20to 80%1 

Symbol 

IE 

linH 

linl 

VoH 

VQL 

VQHA ! 
VOLA 

ts+2+ 
ts-2-
t5+3-
ts-3+ 
ts+4-
t5_4+ 

t2+ 
t3+ 
t4+ 

'2-
t3_ 
t4_ 

I 

Pin 
Under -3o0 c 
Te'1 Min Ma< 

8 42 
5,6,7 650 

5.6,7 0.5 

2 -1.060 -0.890 
-1.060 -0.890 
-1.060 -0.890 

2 I -i.sgo -1.675 
-1.890 -1.675 
-1.890 -1.675 

2 I -1.080 
-1.080 
-1.080 

2 -1.655 
-1.655 
-1.655 

1.0 2.6 

•t ndividually test each input using the pin connections shown 

+25°C 

Min Typ Ma< 

30 38 

410 

0.5 

-0.960 -0.810 
-0.960 -0.810 
-0.960 -0.810 

-1.850 -1.650 
-1.850 -1.650 
-1.850 -1.650 

-0.980 
-0.980 
-0.980 

-1.630 
-1.630 
-1-630 

1.0 1.5 2.5 

TEST VOLTAGE VALUES 

(Volts) 
@Test 

V1LA max J Vee Temperature Vitt max V1Lmin V1HA min 

-30°C -0.890 -1.890 -1.205 -i.5oo I -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 I -s.2 

+as0 c -0.700 -1.825 -1.035 -1.440 -5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

V1H max I V1t min I V1HA min ! VILA max I Vee 

+es0 c 
~ax Unit 

1vccl 
Gnd 

42 mAdc 1,15,16 

5,6,7* 

5,6,7* 

410 µAde 

0.3 µAde 

-0.890 -0.700 Vdo 

1,15,16 :s: 1,15,16 
C') 

1,15,16 --0.890 -0.700 Vdo 1,15,16 0 
-0.890 -0.700 Vdo 1,15,16 N --1.825 -1.615 Vdo 1,15,16 N 
-1.825 -1.615 Vdo 1,15,16 
-1.825 -1.615 Vdo 1,15,16 

-0.910 Vdo 1,15,16 
-0.910 Vdo 1,15,16 
-0.910 Vdo 1,15,16 

-1.595 Vdo 1,15,16 
-1.595 Vdo 1,15,16 
-1.595 Vdo ~ 

Pulse In Pulse Out I -3.2 V +2.0 v 
1.0 2.8 1,15,16 

' ' ~ ' 

I 



®MOTOROLA 

HIGH SPEED TRIPLE 
LINE RECEIVER 

The MC10216 is a high speed triple differential amplifier de
signed for use in sensing differential signals over long lines. The 
base bias supply (V99) is made available at pin 11 to make the 
device useful as a Schmitt trigger, or in other applications where 
a stable reference voltage is necessary. 

Active current sources provide the MC10216 with excellent com
mon mode noise rejection. If any amplifier in a package is not 
used, one input of that amplifier must be connected to Vas (pin 
11) to prevent upsetting the current source bias network. 

Complementary outputs are provided to allow driving twisted 
pair lines, to enable cascading of several amplifiers in a chain, or 
simply to provide complement outputs of the input logic function. 

Po = 100 mW typ/pkg (No Load) 

tpd = 1.8 ns typ (Single ended) 

= 1.5 ns typ (Differential) 

tr, tf = 1.5 ns typ (20%-80%) 

LOGIC DIAGRAM 

4~2 

5~3 
9~6 
10~7 
12~14 

13~15 
L___11 

Vas 

Vcc1=Pin1 
Vcc2 =Pin 16 

VEE= Pin 8 

*VBB to be used to supply bias to the MC10216 only and bypassed (when used) with 
0.01 µ,F to 0.1 µF capacitor. 

When the input pin with bubble goes positive, it's respective output pin with bubble 
goes positive. 

3-160 

MC10216 

HIGH SPEED TRIPLE 
LINE RECEIVER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 .d 

Aout 

Aout 

Ain 

A;n 

Bout 

Bout 

1 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN AS:5iGNMENT 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 
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ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi
cations shown in the test table, after thermal equilibrium has been estab
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to - 2.0 volts, Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 

@Test 

Temperature 

-3o0 c 

+2s0 c 

+ss0 c 

V1H max 

-0.890 

-0.810 

-0.700 

MC10216 Test Limits 
Pin 

-3o0c +z5°c +85°c Under 
Characteristic Symbol Test Min Max Min Typ Mox Min Mox Unit V1H max 

Power Supply Drain Current IE 8 27 20 25 27 mAdc 4,9,12 l lnp"t c""'"' linH 4 180 115 115 µAde 4 

4 icso 1.5 1.0 1.0 µAde 
9 1.5 1.0 1.0 µAde 

I High Output Voltage VoH 2 -1.060 -0.890 -0 960 -0.810 -0.890 -0.700 Vdo 4 
3 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdo 9,12 

Low Output Voltage Vol 2 -1.890 -1.675 -1.850 -1.650 -1 825 -1 615 Vdo 9,12 
3 -1.890 -1.675 -1.850 -1 650 -1 825 -1.615 Vdo 4 

High Threshold Voltage Vo HA 2 -1.080 -0.980 -0910 Vdo 
3 -1 080 -0.980 -0 910 Vdo 9,12 

Low Threshold Voltage VOLA 2 -1.655 -1.630 -1.595 Vdo 
3 -1.655 -1.630 -1.595 Vdo 9,12 

Reference Voltage Vss 11 -1.420 -1.280 -1.350 -1.230 -1 295 -1.150 Vdo 

Switching Times 
(50-ohm Load) 

Propagation Delay t4+2+ 2 1.0 2.6 1.0 1.8• 2.5 1.0 2.8 "' t4-2- 2 

j j j + j j j j 
t4+3- 3 
t4-3+ 3 

Rise Time l t2+ 
2 1.5 

(20% to 80%) t3+ 3 i Fall Time '2- 2 
(20% to 80%) '3- 3 

*Delay 1s 1.5 ns when inputs are driven d1fferent1a!ly 
Delay is 1.8 ns when inputs are driven single ended 

I 

TEST VOLT AGE VALUES 

(Volts) 

V1L min V1HAmin VILA max l Vss l VeE 
-1.890 -1.205 -1.500 J From -5 2 

-1.850 -1.105 -1.475 ] Pin -5.2 

-1.825 -1.035 -1.440 11 -5.2 

TEST VOLTAGE APPLIED TO PINS BELOW: 
(Vccl 

VtLmin V1HA min VILA max V00 VEE Gnd 

5,10,13 8 1,16 s 9,12 5,10,13 8 1,16 

5,10,13 8,4 1,16 
(") 

9,12 ... 
4,12 5,10,13 8,9 1,16 c 

5,10,13 8 
N 

9,12 1,16 ... 
4 5,10,13 8 1,16 Ol 

4 5,10,13 8 1,16 
9.12 5,10,13 8 1,16 

9.12 4 5,10,13 8 1,16 
4 5,10,13 8 1,16 

9,12 4 5,10,13 8 1,16 
4 5,10,13 8 1,16 

5,10,13 8 1,16 

-3.2 +2.0 
Pulse In Pulse Out Vdo Vdo 

4 2 5,10,13 8 1,16 

j 

2 

j j j 

3 
3 

2 
3 

2 
3 
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®MOTOROLA 

HIGH SPEED DUAL TYPE D 
MASTER-SLAVE FLIP-FLOP 

The MC10231 is a dual master-slave type D flip-flop. Asynchro
~us Set (S) and Reset (R) override Clock (Ccl and Clock Enable 
(Ce) inputs. Each flip-flop may be clocked separately by holding 
the common clock in the low state and using the enable inputs 
for the clocking function. If the common clock is to be used to 
clock the flip-flop, the Clock Enable inputs must be in the low 
state. In this case, the enable inputs perform the function of con
trolling the common clock. 

The output states of the flip-flop change on the positive tran
sition of the clock. A change in the information present at the data 
(0) input will not affect the output information at any other time 
due to master-slave construction . 

Po 
tpd 

lTog 
tr, tf = 

51 

D1 

'Ce1 

R1 

Cc 
R2 

'Ce2 
D2 

52 

270 mW typ/pkg (No Load) 

2 ns typ 

225 MHz typ 

2.0 ns typ (20%-80%) 

LOGIC DIAGRAM 

5 

7 01 
6 

01 

4 

9 
13 

Q2 

11 

10 02 

12 

2 

3 

Vcc1 
Vcc2 

Vee 

15 

14 

CLOCK TRUTH TABLE Ml TRUTH TABLE 

c D On+1 

L 

"' 
On 

H L L 

H H H 

If> = Don't Care 
C=Ce+Cc. 
A clock H is a clock transition 
from a low to a high state. 

R s On+1 

L L On 

L H H 

H L L 

H H N.D. 

N.D. = Not Defined 

3-162 

Pin 1 
Pin 16 
Pin 8 

MC10231 

HIGH SPEED DUAL TYPE D 
MASTER-SLAVE FLIP-FLOP 

Vcc1 

01 

01 

R1 

51 

Ce1 

D1 

Vee 

FN SUFFIX 
PLCC 

CASE 775 

DIP 
PIN ASSIGNMENT 

vcc2 

02 

02 

R2 

52 

ce2 

D2 

Cc 

Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-35. 



ELECTRICAL CHARACTERISTICS 

Each MECL 10,000 series circuit has been designed to meet the de specifi-
cetions shown in the test table after the thermal equilibrium has been es-
tablished. The circuit is in a test socket or mounted on a printed circuit board 

TEST VOLT AGE VALUES and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are (Volts) 

shown for only one input, or for one set of input conditions. Other inputs 
@Test 

V1LAmax l Temperature V1H max V1Lmin V1HAmin Vee 
tested in the same manner. -3o0 c -0.890 -1.890 -1.205 -1.500 -5.2 

+25"<: -0.810 -1.850 -1.105 -1.475 -5.2 

+as0c -0.700 -1.825 -1.035 -1.440 l -5.2 

Pin 
PAC10231 Test Limits VOLTAGE APPLIED TO PINS LISTED BELOW: 

l J Under 
-Jo0 c +25°C +85°C tVccl 

Characteristic Symbol Test Min Max Min Typ Max Min Max Unit V1H max V1Lmin V1HAmin VILA max Vee Goo 

Power Supply Drain Current '• 8 72 52 65 72 mAdc 8 1, 16 

Input Current I l;nH I 4 - I :0 410 410 µAde 4 8 1.16 
410 410 

i 
5 

i i 350 220 220 6 
350 220 220 7 
460 290 290 9 

Input Leakage Current linl 4,5," 0.5 µAde 8 1, 16 
6,7,9" 0.5 µAde 8 1, 16 

Logic "1' VQH 2 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 5 8 1, 16 s:: Output Voltage 21 -1.060 -0.890 -0.960 -0.810 -0.890 -0.700 Vdc 7 8 1, 16 

~ I l Logic "O" Vol 3 -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 5 8 1, 16 
(') ... 

Output Voltage 3t -1.890 -1.675 -1.850 -1.650 -1.825 -1.615 Vdc 7 8 1, 16 Cl 
CJ) 

rlogic "1" -1.080 -0.980 -0.910 5 8 1, 16 N c.> VoHA 2 - Vdc w 
Threshold Voltage 21 -1.080 -0.980 -0.910 Vdo 7 9 8 1. 16 ... 

Logic ''O" VQLA 3 ·-1.655 -1.630 -1.595 Vdc 5 8 1, 16 
Threshold Voltage 31 -1.655 -1.630 -1.595 Vdo 7 9 8 1, 16 

Pulse Pulse 
Switching Times +1.11 Vdc In Out -3.2Vdc +2.0 Vdc 
Clock Input 

Propagation Delay t9+2- 2 1.5 3.4 1.5 2.0 3.3 1.6 3.7 "' 9 2 8 1, 16 

ts+2+ 2 1.5 3.4 1.5 2.0 3.3 1.6 3.7 i 
7 6 2 I i Rise Time (20 to 80%) •2+ 2 0.9 3.3 1.0 1.3 3.1 1.0 3.6 7 9 2 

+ Fall Time 120 to 80%) •2- 2 0.9 3.3 1.0 1.3 3.1 1.0 3.6- 9 2 
Set Input 

Propagation Delay ts+2+ 2 1.1 3.4 1.1 2.0 3.3 1.2 3,7 "' 5 2 8 1, 16 
t12+1s+ 15 

+ + + + + + ~ + 
6 12 15 

+ + 
ts+3+ 3 5 ::: 

t12+14- 14 9 12 14 
Reset Input T t4+2-Propagation Delay 2 1.1 3.4 1.1 2.0 3.3 1.2 3.7 "' 4 ' 8 1, 16 

t13+1s- 15 

+ + + + + + + 
I 6 13 1S 

+ + 
t4+3- 3 

' 
4 :::: 

t13+14+ 14 9 13 14 
Setup Time J_ tsetup 7 1.5 1.0 1.5 "' 6,7 ;! 8 1, 16 

Hold Time tHold 7 0.9 0.75 0.9 "' 6,7 ,, 
8 1, 16 

Toggle Frequency (Max) fTog 2 200 200 225 200 MH' .. 6 ;~ 8 1, 16 

*lnd1v1dually test each input; apply V1L min to pm under test. - :.IT V1H max toutput level to be measured after a clock pulse has been applied to the CE input (pin 6) 
V1Lmin 

I 
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MECL Ill 
INTEGRATED CIRCUITS 

MC1600 Series 
l-30to +86"CI 

Function Selection- (-30 to +85'CI 

Function 

Gates 

Dual 4-lnput OR/NOR 
Quad 2-lnput NOR 
Triple 2-lnput Exclusive OR 

Flip-Flops 

Master-Slave Type D 
UHF Prescaler Type D 

(11 Obsolete use MC12090 

Device 

MC1660 
MC1662 
MC1672 

MC1670 
MC1690(11 

Case 

620 
620 
620 

620 
620 

4-2 

Function Device Case 

Multivibrator 

Voltage-Controlled MC1658 620, 648 
7518, 775 

Oscillator 

Emitter Coupled MC1648 632, 646 
751, 775 

Comparator 

Dual AID MC1650/ 620 
MC1651 

Receiver 

Quad-Line MC1692 620 



®MOTOROLA 

VOLTAGE-CONTROLLED OSCILLATOR 

The MC1648 requires an external parallel tank circuit consisting 
of the inductor (L) and capacitor (C). FOR MAXIMUM PERFOR
MANCE QL;;. 100 AT FREQUENCY OF OPERATION. 

A varactor diode may be incorp.orated into the tank circuit to 
provide a voltage variable input for the oscillator (VCO). The 
MC1648 was designed for use in the Motorola Phase-Locked Loop 
shown in Figure 9. This device may also be used in many other 
applications requiring a fixed or variable frequency clock source 
of high spectral purity. (See Figure 2.) 

The MC1648 may be operated from a + 5.0 Vdc supply or a 
- 5.2 Vdc supply, depending upon system requirements. 

Supply Voltage Gnd Pins Supply Pins 

+5.0 Vdc 

-5.2 Vdc 

Tank 

SD 1 

14 L, P 12 

20 FN 18 

7, 8 

1, 14 

MC1648 PIN CONVERSION DATA 
NON-STANDARD 

Vee Vee Output AGC VEE 

2 3 4 5 6 

14 1 3 5 7 

20 2 4 8 10 

1, 14 

7, 8 

VEE 

7 

8 

12 

*Note - All unused pins are not connected. 

Bias Point 10 
Tank 12 

LOGIC DIAGRAM 

AGC 

Input Capacitance = 6.0 pF typ 

Output 

Maximum Series Resistance for L (External 
Inductance) = 50 !l typ 

Power Dissipation = 150 mW typ/pkg ( + 5.0 Vdc 
Supply) 

Maximum Output Frequency = 225 MHz typ 

Vcc1 =Pin 1 
Vcc2 = Pin 14 
VEE = Pin 7 

4-3 

Bias 
Point 

8 

10 

14 

MC1648 

VOLTAGE-CONTROLLED 
OSCILLATOR 

• 
• 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

D SUFFIX 
PLASTIC PACKAGE 

CASE 751 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 775 

PIN ASSIGNMENT 

Vee 
NC 

Output 

NC 

AGC 

NC 

Vee 
NC 

Tank 

NC 

Bias Point 

• 
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D2 

7 
VEE1 

MC1648 

FIGURE 1 - CIRCUIT SCHEMATIC 

10 
Bias Pt. 

12 
Tank 

Vcc2 
14 

8 5 
VEE2 AGC 

TEST VOLTAGE/CURRENT VALUES 

@Test 
Temperature 

-30'C 

+25'C 

+85'C 

V1Hmax 1 
MC1648 

+2.0 

+1.85 

+1.7 

(Volts I 

V1Lmin l Vee 

+1.5 5.0 

+1.35 5.0 

+1.2 5.0 
Note: SOIC "D" Package guaranteed -30' to + 70'C only 

ELECTRICAL CHARACTERISTICS 
Supply Voltage - + 5 0 Volts -

I mAdc 

l IL 

-5.0 

-5.0 

-5.0 

-30"C +25"C +85"C 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Drain Current IE - - - 41 - -
Logic "1" Output Voltage VoH 3.955 4.185 4.04 4.25 4.11 4.36 

Logic "O" Output Voltage VoL 3.16 3.4 3.2 3.43 3.22 3.475 

Bias Voltage Veias . 1.6 1.9 1.45 1.75 1.3 1.6 

Min Typ Max Min Typ Max Min Typ Max 

Peak-to-Peak Tank Voltage Vp.p - - - - 400 - - - -
Output Duty Cycle Vdc - - - - 50 - - - -
Oscillation Frequency fmax** - 225 - 200 226 - - 225 -

Vcc1 
1 

Unit 

mAdc 

Vdc 

Vdc 

Vdc 

mV 

% 

MHz 

Conditions 

Inputs and outputs open. 

V1Lmin to Pin 12, IL@ Pin 3. 

V1Hmax to Pin 12, IL@ Pin 3. 

V1Lmin to Pin 12. 

See Figure 3. 

*This measurement guarantees the de potential at the bias point for purposes of incorporating a varactor tuning diode at this point. 
**Frequency variation over temperature is a direct function of the !J.C/ll. Temperature and lllJ/l. Temperature. 
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MC1648 

FIGURE 2 - SPECTRAL PURITY OF SIGNAL OUTPUT FOR 200 MHz TESTING 

B.W. = 10 kHz 
Center Frequency = 100 MHz 
Scan Width = 50 kHz/div 
Vertical Scale = 1 O dB/div 

L: Micro Metal torroid #T20-22, 8 turns L = 40 nH 
#30 Enameled Copper wire. C = 10 pf 

C = 3.0-35 pf i l ! ! e + 5.0 Vdc 
O.l 10 F 

10 14 1 Iµ,F I µ, 

r---------,- -
I I 
I I 

c: >-71 -<>-">IVl,--ti_~_}-O 
I 
I 
L------

12 5 

'.J 0.1 µ,F 

*The 1200 ohm resistor and the scope termination imped
ance constitute a 25:1 attenuator probe. Coax shall be CT-
070-50 or equivalent. 

TEST VOLTAGE/CURRENT VALUES 

@Test 
Temperature 

-30°C 

+25°C 

+85"C 

V1Hmax 

MC1648 

-3.2 

-3.35 

-3.5 

(Volts) 

l V1Lmin 

-3.7 

-3.85 

-4.0 

l mAdc 

l Vee l IL 

-5.2 -5.0 

-5.2 -5.0 

-5.2 -5.0 

Note: SOIC "D" Package guaranteed -30° to + 70°C only 

ELECTRICAL CHARACTERISTICS 
Supply Vohage = -5.2 Volts 

-30"C +25"C +85"C 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Drain Current IE - - - 41 - -
Logic "1" Output Voltage VoH -1.045 -0.815 -0.96 -0.75 -0.89 -0.64 

Logic "O" Output Voltage VoL -1.89 -1.65 -1.85 -1.62 -1.83 -1.575 

Bias Voltage Veias* -3.6 -3.3 -3.75 -3.45 -3.9 -3.6 

Min Typ Max Min Typ Max Min Typ Max 

Peak-to-Peak Tank Voltage Vp_p - - - - 400 - - - -
Output Duty Cycle Vdc - - - - 50 - - - -
Oscillation Frequency fmax** - 225 - 200 225 - - 225 -

Unit Conditions 

mAdc Inputs and outputs open. 

Vdc V1Lmin to Pin 12, IL@ Pin 3. 

Vdc V1Hmax to Pin 12, IL @ Pin 3. 

Vdc V1Lmin to Pin 12. 

mV 

% See Figure 3. 

MHz 

*This measurement guarantees the de potential at the bias point for purposes of incorporating a varactor tuning diode at this point. 
**Frequency variation over temperature is a direct function of the 4C//! Temperature and 4LJ.:\. Temperature. 
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MC1648 
FIGURE 3 - TEST CIRCUIT AND WAVEFORMS 

Vee 

,!lLt 
I I 

: 3 

10 

5 Vp-p 

t 

*Use high impedance probe (>1.0 Megohm must be 
used). 

**The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 

***Bypass only that supply opposite ground. 

PRF = 1.0 MHz 

Duty Cycle (Vdc) - !ii 
lb 

OPERATING CHARACTERISTICS 

Figure 1 illustrates the circuit schematic for the 
MC1648. The oscillator incorporates positive feedback by 
coupling the base of transistor 06 to the collector of 07. 
An automatic gain control (AGC) is incorporated to limit 
the current through the emitter-coupled pair of transis
tors (07 and 06) and allow optimum frequency response 
of the oscillator. 

FIGURE 4 - THE MC1648 OPERATING IN THE VOLTAGE 
CONTROLLED MOOE 

In order to maintain the high 0 of the oscillator, and 
provide high spectral purity at the output, transistor 04 
is used to translate the oscillator signal to the output 
differential pair 02 and 03. 02 and 03, in conjunction 
with outputtransistor 01, provides a highly buffered out
put which produces a square wave. Transistors 09 and 
011 provide the bias drive for the oscillator and output 
buffer. Figure 2 indicates the high spectral purity of the 
oscillator output (pin 3). 

12 5 

iC2 

When operating the oscillator in the voltage controlled 
mode (Figure 4), it should be noted that the cathode of 
the varactor diode (D) should be biased at least "2" VsE 
above VEE (=1.4 V for positive supply operation). 

When the MC1648 is used with a constant de voltage 

to the varactor diode, the output frequency will vary 
slightly because of internal noise. This variation is plotted 
versus operating frequency in Figure 5. 

.,, 
'"-
"' "' "' z 
0 

;;;; 
~ 
~ 
a'i 
=> 

~ 
<1 

100 

10 

1.0 
1.0 

i----1 

FIGURE 5 - NOISE DEVIATION TEST CIRCUIT AND WAVEFORM 

Vee 5.0 Vdc 

i..--
i-1 

10 100 

f, OPERATING FREQUENCY IMHzl 

f 
MHz 

1.0-10 
10-60 
60-100 

Oscillator Tank Components 
(Circuit of Figure 4) 

D 

MV2115 
MV2116 
MV2106 

Signal Generator 
HP 608 

L 
µH 

100 
2.3 

0.15 

20 kHz above MC1648 Frequency or Equiv. 

MC1648 
Under Test 

Attenuator 

300 mV 
B.W. = 1.0 kHz 

10 mV Product 20 kHz Frequency 
Meter 

MC1648 Detector HP5210A 
Frequency (f) or Equiv. 

F D . . (HP5210A output voltage) (Full Scale Frequency) 
requency ev1at1on = I .O Volt 

NOTE: Any frequency deviation caused by the signal generator and MC1648 power 
supply should be determined and minimized prior to testing. 
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Voltmeter 
RMS 

HP3400A or Equiv. 
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MC1648 

TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE 
USING EXTERNAL VARACTOR DIODE AND COIL. TA= 25°C 

FIGURE 6 

64 

56 

48 

40 ~ 
L 

32 Lt 
24 

L 
16 ~ 

8.0 
1 ........ 

0 2.0 4.0 6.0 8.0 10 

V;n, INPUT VOLTAGE (VOLTS) 

FIGURE 7 

12 t--+--t-2--J'-JL--t---i-+---;----+---+---i 

101---+--~JLf---+-__,l---+-__,~-+---t~-+-__, 
~ 8.0 ...__....__...._ _ _,_ _ _,_ _ _,__~-~-~-~-~ 

0 2.0 4.0 6.0 8.0 10 

Vin• INPUT VOLTAGE (VOLTS) 

FIGURE 8 

190 

170 ::2:1 
~ L 

150 

130 k'.::: :z 
IL 
~ 

~ 
L 

110 

90 

70 

50 ....-1 
2.0 4.0 6.0 8.0 10 

Vin• INPUT VOLTAGE (VOLTS) 
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L: Micro Metal Toroidal Core #T44-10, 
4 turns of No. 22 copper wire. !Vin 

10 

l = 0.13µH 
al"" 100 

1.0 k 0.1 

µ,FI 

f,,:, " . 
1200* 

5.oµ,FI Vcc1 = Vcc2 = + 5.0 Vdc "1' 0.1 µ,F 
-::- VEE1 = VEE2 = Gnd ~ 

*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 

1.0 k 

l: Micro Metal Toroidal Core #T44-10, 
20 turns of No. 22 copper wire. 

Vin al"" 100 
C=500pF 
l = 1.58 µH 

10 

MV1401 12 5 
5.0 µFI Vcc1 = Vcc2 = + 5.0 Vdc "1' 0.1 µ,F 

-::- VEE! = VEE2 = Gnd ~ 

1200* 

*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 

L: Micro Metal Toroidal Core #T30-12, 
6 turns of No. 22 copper wire. 

al"" 100 

Vcc1 = Vcc2 = +5.o Vdc 
VEE! = VEE2 = Gnd 

10 

L 

12 5 

1200* 

fout 

l = 0.065 µH *0.1 µF 

*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shalt be CT-070-50 or equivalent. 

a 
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MC1648 

Typical transfer characteristics for the oscillator in the 
voltage controlled mode are shown in Figures 6, 7, and 
8. Figures 6 and 8 show transfer characteristics employ
ing only the capacitance of the varactor diode (plus the 
input capacitance of the oscillator, 6.0 pF typical). Figure 
7 illustrates the oscillator operating in a voltage con
trolled mode with the output frequency range limited. 
This is achieved by adding a capacitor in parallel with the 
tank circuit as shown. The 1.0 kO resistor in Figures 6 
and 7 is used to protect the varactor diode during testing. 
It is not necessary as long as the de input voltage does 
not cause the diode to become forward biased. The 
larger-valued resistor (51 kO) in Figure 8 is required to 
provide isolation for the high-impedance junctions of the 
two varactor diodes. 

The tuning range of the oscillator in the voltage con
trolled mode may be calculated as: 

fmax v'Co(max) + Cs 

fmin = v'Co(min) + Cs 

where f · = 1 
min 27T v'L(Co(max) + Cs) 

Cs = shunt capacitance (input plus external 
capacitance). 

Co = varactor capacitance as a function of bias 
voltage . 

Good RF and low-frequency bypassing is necessary on 
the power supply pins. (See Figure 2.) 

Capacitors (Cl and C2 of Figure 4) should be used to 
bypass the AGC point and the VCO input (varactor diode), 
guaranteeing only de levels at these points. 

For output frequency operation between 1.0 MHz and 
50 MHz a 0.1 µ,F capacitor is sufficient for Cl and C2. At 
higher frequencies, smaller values of capacitance should 
be used; at lower frequencies, larger values of capaci
tance. At high frequencies the value of bypass capacitors 
depends directly upon the physical layout of the system. 
All bypassing should be as close to the package pins as 
possible to minimize unwanted lead inductance. 

The peak-to-peak swing of the tank circuit is set inter
nally by the AGC circuitry. Since voltage swing of the 
tank circuit provides the drive for the output buffer, the 
AGC potential directly affects the output waveform. If it 
is desired to have a sine wave at the output of the 
MC1648, a series resistor is tied from the AGC point to 
the most negative power potential (ground if + 5.0 volt 
supply is used, - 5.2 volts if a negative supply is used) 
as shown in Figure 10. 

At frequencies above 100 MHz typ, it may be desirable 
to increase the tank circuit peak-to-peak voltage in order 
to shape the signal at the output of the MC1648. This is 
accomplished by tying a series resistor (1.0 kO minimum) 
from the AGC to the most positive power potential ( + 5.0 
volts if a + 5.0 volt supply is used, ground if a - 5.2 volt 
supply is used). Figure 11 illustrates this principle. 

APPLICATIONS INFORMATION 

The phase locked loop shown in Figure 9 illustrates the 
use of the MC164B as a voltage controlled oscillator. The 
figure illustrates a frequency synthesizer useful in tuners 
for FM broadcast, general aviation, maritime and land
mobile communications, amateur and CB receivers. The 
system operates from a single + 5.0 Vdc supply, and 
requires no internal translations, since all components 
are compatible. 

Frequency generation of this type offers the advan
tages of single crystal operation, simple channel selec
tion, and elimination of special circuitry to prevent har
monic lockup. Additional features include de digital 
switching (preferable over RF switching with a multiple 
crystal system), and a broad range of tuning (up to 150 
MHz, the range being set by the varactor diode). 

4-8 

The output frequency of the synthesizer loop is deter
mined by the reference frequency and the number pro
grammed at the programmable counter; fout = Nfref· 
The channel spacing is equal to frequency (fref). 

For additional information on applications and designs 
for phase locked-loops and digital frequency synthesiz
ers, see Motorola Brochure BR504/D, Electronic Tuning 
Address Systems, (ETAS). 

Figure 10 shows the MC1648 in the variable frequency 
mode operating from a + 5.0 Vdc supply. To obtain a sine 
wave at the output, a resistor is added from the AGC 
circuit (pin 5) to VEE· 

Figure 11 shows the MC1648 in the variable frequency 
mode operating from a + 5.0 Vdc supply. To extend the 
useful range ofthe device (maintain a square wave output 



MC1648 

FIGURE 9 - TYPICAL FREQUENCY SYNTHESIZER APPLICATION 

fret 
Phase 

Detector 
MC4044 

Low Pass 
Filter 

Voltage 
Controlled 
Oscillator 
MC1648 

t--~~-- lout 

lout = Nfref 
where 

~---M_od_u..,lus Enable Line ,----~---, N =Np• P +A 

lout 

Counter Control 
Logic 

MC12014 

MC12012 
+P, +(P + 1) 

Zero Detect Line 

+A 
Programmable 

Counter 
MC4016 

Counter Reset Line 

above 175 MHz), a resistor is added to the AGC circuit at 
pin 5 (1.0 k-ohm minimum). 

Figure 12 shows the MC1648 operating from + 5.0 Vdc 
and + 9.0 Vdc power supplies. This permits a higher volt
age swing and higher output power than is possible from 
the MECL output (pin 3). Plots of output power versus 

FIGURE 10 - METHOD OF OBTAINING A 
SINE-WAVE OUTPUT 

+5.0 Vdc 

10 3 Output 

12 5 

o--i 
7 8 

r l 
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N =Np• P +A 

total collector load resistance at pin 1 are given in Figures 
13 and 14 for 100 MHz and 10 MHz operation. The total 
collector load includes R in parallel with Rp of L 1 and Cl 
at resonance. The optimum value for R at 100 MHz is 
approximately 850 ohms. 

FIGURE 11 - METHOD OF EXTENDING THE USEFUL RANGE 
OF THE MC1848 (SQUARE WAVE OUTPUT) 

+5.0 Vdc 

14 

3 Output 

1.0kmin 

5 

<>--{ 
7 8 

I J 

• 
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FIGURE 12 - CIRCUIT USED FOR COLLECTOR OUTPUT OPERATION 

+50V 1 
Vcc2 14 1 

r --
Bias Pt. 

*L2 

C2 

1'1.0µF 

Tank 

10 I 

AGURE 13 - POWER OUTPUT versus COLLECTOR LOAD 

See test circuit, Figure 12, f = 100 MHz 
C3 = 3.0-35 pF 
Collector Tank 

L1 = 0.22 µH C1 = 1.0-7.0 pF 
R = 50 ll-10 kfi 
Rp of L1 and C1 = 11 kfi@ 100 MHz Resonance 

Oscillator Tank 

7.0 

6.0 

~ 
a: 5.0 

~ 
;:: 4.0 

~ 
5 3.0 

~ 2.0 

1.0 

L2 = 4 turns #20 AWG 3/16" ID 
C2 = 1.0-7.0 pf 

"' ~ 
v 

lZ 
v 

100 

~ 

1000 

TOTAL COLLECTOR LOAD (OHMS) 

~ 
N 

l'N 

10,000 
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Output 

A 

.I. 0.01 µF 

C3 

1.2 k 
+5.0 v 

FIGURE 14 - POWER OUTPUT versus COLLECTOR LOAD 

See test circuit, Figure 12, f = 10 MHz 
C3 = 470 pf 
Collector Tank 

L 1 = 2.7 µH C1 = 24-200 pf 
R = 50 fi-10 kfi 
Rp of L 1 and C1 = 6.8 kfi@ 10 MHz Resonance 

Oscillator Tank 
L2 = 2.7 µH 
C2 = 16-150 pf 

14 

12 

0 
10 

"' 

~ 
.ll 

-, 
J,l ~ v ' ~ 

100 1000 

TOTAL COLLECTOR LOAD (OHMS) 

~ 

10,000 



®MOTOROLA 

DUAL AID CONVERTER 

The MC1650 and the MC1651 are very high speed comparators 
utilizing differential amplifier inputs to sense analog signals above 
or below a reference level. An output latch provides a unique 
sample-hold feature. The MC1650 provides high impedance Dar
lington inputs, while the MC1651 is a lower impedance option, 
with higher input slew rate and higher speed capability. 

The clock inputs (Ca and Cb) operate from MECL Ill or MECL 
10,000 digital levels. When Ca is at a logic high level, 00 will be 
at a logic high level provided that V1 > V2 (V1 is more positive 
than V2). 00 is the logic complement of 00. When the clock input 
goes to a low logic level, the outputs are latched in their present 
state. 

Assessment of the performance differences between the 
MC1650 and the MC1651 may be based upon the relative behav
iors shown in Figures 4 and 7. 

LOGIC DIAGRAM 

V1a6~D 0 200 
V2a 5 -

Ca 4 o 3 00 

V2b11 - D 0 1401 V1b12~ 

cb 13 o 15 01 

Vee = +s.o v = Pin 1. 10 
VEE = -5.2 V = Pin 8 
Gnd = Pin 1, 16 

• Po = 330 mW typ/pkg (No Load) 
• tpd = 3.5 ns typ (MC1650) 

= 3.0 ns typ (MC1651) 
• Input Slew Rate = 350 V/µ,s (MC1650) 

= 500 V/µ,s (MC1651) 
• Differential Input Voltage: 5.0 V (-30°C to +85'C) 
• Common Mode Range: 

-3.0Vto +2.5V(-30'Cto +85'C)(MC1651) 
-2.5Vto +3.0V(-30'Cto +85'C)(MC1650) 

• Resolution:,;; 20 mV (-30'C to +85'C) 
• Drives 50 fl lines 

Number at end of terminal denotes pin number for L package (Case 620). 
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MC1650 
MC1651 

DUAL AID 
CONVERTER 

·~-CERAMIC PACKAGE 
CASE 620 

TRUTH TABLE 

c V1, V2 00n+1 OOn+l 

H V1 > V2 H L 

H V1 < V2 L H 

L </> </> OOn OOn 
</> = Don't Care 

PIN ASSIGNMENT 

Gnd 16 Gnd 

Oo 2 15 o1 

Oo 3 14 01 

Ca 4 13 Cb 

V2a 5 12 V1b 

V1a 6 11 V2b 

Vee 7 10 Vee 

VEE 8 9 NC 

• 
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ELECTRICAL CHARACTERISTICS 
-3G°C +25°C 

Characteristic Symbol Min Max Min Max 

Power Supply Drain Current 
Positive Ice - - - 25* 
Negative IE - - - 55* 

Input Current lin 
MC1650 - - - 10 
MC1651 - - - 40 

Input Leakage Current IR 
MC1650 - - - 7.0 
MC1651 - - - 10 

Clock Input Current linH - - - 350 

Logic "1" Output Voltage VoH -1.045 -0.875 -0.96 -0.81 

Logic "O" Output Voltage Vol -1.89 -1.65 -1.85 -1.62 

Logic "1" Threshold 
Voltage2 

VoHA -1.065 - -0.98 -

Logic "O" Threshold 
Voltage2 

VoLA - -1.63 - -1.6 

I 
@Test 

Temperature V1Hmax 
-30°C 

+25°C 

+85°C 

+85°C 

Min Max 

- -
- -

- -
- -

- -
- -
- -

-0.89 -0.7 

-1.83 -1.575 

-0.91 -

- -1.555 

-0.875 

-0.81 

-0.7 

Unit 

mAdc 

µAde 

µAde 

µAde 

Vdc 

Vdc 

Vdc 

Vdc 

V1Lmin V1HAmin 
-1.89 -1.18 

-1.85 -1.095 

-1.83 -1.025 

V1Hmax V1Lmin 

- 4,13 
4,13 -

4 13 
- -

4 13 
- -
4 13 

4,13 -
-
-
-
-
-
-
-

4,13 -
-
-
-
-
-
-
-

- 13 
-
-
-
- 13 
-
-
-

NOTES: 1. All data is for 1/2 MC1650 or MC1651, except data marked 
(*) which refers to the entire package. 

3. Maximum Power Supply Voltages (beyond which device 
life may be impaired): 

IVeel + IVccl "' 12 Vdc 2. These tests done in order indicated. See Figure 5. 

TEST VOLTAGE VALUES 

(Volts) 

V1LAmax VA1 VA2 VAaJvA4l VAsl VA& Vcc3 VEE3 

-1.515 +0.02 -0.02 +5.0 -5.2 

-1.485 +0.02 -0.02 See Note 4 +5.0 -5.2 

-1.44 +0.02 -0.02 +5.0 '-5.2 

TEST VOLTAGE APPLIED TO PINS LISTED BELOW 

VIHAmin V1LAmax VA1 VA2 VA3 VA4 VA5 VA& Gnd 

- - 6,12 - - - - - 1,5,11,16 
- - 6,12 - - - - - 1,5,11,16 

- - 12 - 6 - - - 1,5,11,16 
- - - - - - - -

- - 12 - - - 6 - 1,5,11,16 
- - - - - - - -
- - 6,12 - - - - - 1,5, 11, 16 ~ ... - - 6,12 - - - - - 1,5,11.16 
- - - 5,11 - - - - 1,6,12,16 
- - - - 6,12 5,11 - - 1,16 
- - - - - - 5,11 6,12 1,16 
- - - 6,12 - - - - 1,5,11.16 
- - 5,11 - - - - - 1,6,12,16 

I 
n ... 
8l 

- - - - 5,11 6,12 - - 1,16 ... 
- - - - - - 6,12 5,11 1, 16 

- - - 6,12 - - - - 1,5,11,16 
- - 5,11 - - - - - 1,6,12,16 
- - - - 5,11 6,12 - - 1,16 
- - - - - - 6,12 5,11 1, 16 
- - 6,12 - - - - - 1,5,11,16 
- - - 5,11 - - - - 1,6,12.16 
- - - - 6,12 5,11 - - 1,16 
- - - - - - 5,11 6,12 1,16 

4 - 6 - - - - - 1,5,16 
- 4 - 6 - - - -
4 - - 6 - - - -
- 4 6 - - - - -
4 - 6 - - - - - 1,5, 16 
- 4 - 6 - - - -
4 - - 6 - - - -
- 4 6 - - - - -

4. All Temperatures VA3 VAA VAS VA& 
MC1650 +3.0 +2.98 -2.5 -2.48 

MC1651 +2.5 +2.48 -3.0 -2.98 



V1 6 

V1 6 

V2 5 

@Test 
Temperature 

-30°C 

+25°C 

+85°C 

MC1650/MC1651 

CIRCUIT SCHEMATIC 
1/2 of Device Shown 

MC1650 Inputs - A Vee 
7, 10 

-B r -c A-=r=r 
B-

c-

-D 

-E 

MC1651 Inputs 
-A 

-B D-

-c 

E-

-D 

-E 

SWITCHING TEST VOLTAGE VALUES 

(Volts) 

VR1 VR2 Vft3 Vx Vxx Vcc1 VEE1 

+2.0 +1.04 +2.0 +7.0 -3.2 

+2.0 See Note 4 +1.11 +2.0 +7.0 -3.2 

+2.0 +1.19 +2.0 +7.0 -3.2 

-30"C +25°C +as•c 

Characteristic Symbol Min Max Min 

Switching Times 
Propagation Delay 

!pd 

(50% to 50%) V-lnput 2.0 5.0 2.0 

Clock2 2.0 4.7 2.0 

Clock Enable3 lsetl!.E!_ - - 2.5 

Clock Aperture3 t~ - - 1.5 

Rise Time (10% to 90%) t+ 1.0 3.5 1.0 

Fall Time (10% to 90%) 1- 1.0 3.0 1.0 

NOTES: 1. Maximum Power Supply Voltages (beyond which device life 
may be impaired: 

IVccl + IVEEI"' 12 Vdc. 
2. Unused clock inputs may be tied to ground. 
3. See Figure 3. 

4. All Temperatures 

MC1650 +4.9 -0.4 

MC1651 +4.4 -0.9 

Max Min Max 

5.0 2.0 5.7 

4.7 2.0 5.2 

- - -
- - -
3.5 1.0 3.8 

3.0 1.0 3.3 

4-13 

(Both Devices) 

I 

Unit 

ns 

ns 

ns 

ns 

ns 

I 

4 
Clock 

Gnd 

20 
~--+--+-----<> 3 Q 

Conditions 
(See Figures 1-3) 

VR1 to V2. Vx to Clock, P1 to v,, or, 
VR2 to V2. Vx to Clock, P2 to v,, or, 
VR3 to V2. Vx to Clock, P3 to v,. 
VR1 to V2. P1 to V1 and P4 to Clock, 
or, VR1 to V1, P1 to V2 and P4 to Clock. 

VR1 to V2. P1 to V1, P4 to Clock 

VR to V2, Vx to Clock, P1 to V1. 

• 
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MC1650/MC1651 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT @ 25"C 

v x <>------<> 

P40-----0 

I I 
L--?=;--_J 

l i01 µF 

VEE= 
-3.2 Vdc 

Vout to 
Channel B 

Coax 

Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
50 ohm termination to ground located in each scope channel input. 
All input and output cables to the scope are equal lengths of 50 ohm coaxial cable . 

FIGURE 2 - SWITCHING AND PROPAGATION WAVEFORMS @ 25"C 

The pulse levels shown.are used to check ac parameters 
over the full common-mode range. 

V - INPUT TO OUTPUT 

Test pulses: t+, L = 1.5 ± 0.2 ns (10% to 90%) 
f = 5.0 MHz 
50% Duty Cycle 

P1 

P4 

c 

TEST PULSE LEVELS 

P1 P2 

MC1650 MC1651 MC1650 MC1651 

V1H +2.1 v +2.1 v +5.0 v +4.5V 

VR +2.0 v +2.0 v +4.9V +4.4 v 
V1L +1.9 v +1.9V +4.SV +4.3 v 

4-14 

CLOCK TO OUTPUT 

V1H + 2.1 V 
VR + 2.0 V 

'------J-+-~-V1L + 1.9 V 

P4: t+, L = 1.5 ± 0.2 ns. 

P3 

MC1650 MC1651 

-0.3 v -0.8 v 
-0.4V -0.9 v 
-0.5 v -1.0V 



MC1650/MC1651 

FIGURE 3 - CLOCK ENABLE AND APERTURE TIME TEST CIRCUIT AND WAVEFORMS @ 25"C 

Vin to Channel A Vout to Channel B 

I c a I 
I I 

l!{t-0 0 
/ I I so 

I c a I 
I I 
L ___ vTa __ _J 

~I ~ o VEE= -3.2Vdc 
-=- 0.1 µ.F 

50 ohm termination to ground located in each scope channel input. 
All input and outp~t cables to the scope are equal lengths of 50 ohm coaxial cable. 

ANALOG SIGNAL POSITIVE AND NEGATIVE SLEW CASE 

Vin Negative - - - - ""\ ·~---------VR + 100 mV = +2.1 V 
----------VR = 2.0 V 

\ .. - - - - - - - - - - - VR - 100 mV = + 1.9 V 
Clock Enable 

C ----+--.--,. Time V1H = +1.11 V 

]'~--!-'----

Q Negative----+-----, 
50% 

tpd 

Clock enable time = minimum time between analog and clock signal such that output switches, and tpd 
(analog to Q) is not degraded by more than 200 ps. 

- - - - - - Clock aperture time = time difference between clock enable time and time that output does not switch and 
Vis Jess than 150 mV. 

Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
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MC1650/MC1651 

FIGURE 4 - PROPAGATION DELAY ltpc1) versus 
INPUT PULSE AMPLITUDE AND CONSTANT OVERDRIVE 

TEST CIRCUIT ,-------, 
Vino-...... ---f--1"1 o a ,.__,l ____ ---00 

Vret I 
1/2 Device I 50 

50 

V1H o--+---+--+----'"ll! Q --+--'IAIV------0- 2.0 v 
I I 

50 

Vref = Gnd 

l L ______ _J 

PO&mVE PULSE DIAGRAM 
Positive 

NEGATIVE PULSE DIAGRAM 

Negative 

~::' 1·0{ 
a 50% 

: , .. J~{~:·--

Input Switching time is constant 
at 1.5 ns (10% to 90%). 

PROPAGATION DELAY versus PULSE AMPLITUDE 

5.o.---r-..----r-r-r-.,..-,-,..,.I,.--.,._....,.....,.-r-r--r"rT"TTT"~~~~~~ 

~ 40t-oJerdlecJsta~1~ IL 
Z~ • t-- - - - Positive Going Pulse 
_ ---Negative Going Pulse -+--+--+-t-+--l-++M+C+1650t-~-+-/J+-+-+-+-+-HH-H 
~ 3.0t--+--+--+-+-+-+-t-++i-f--+-+-+-+-1-+-1-+++1-'~~~c++-]2+-+--+-l-+-++H 

~ MC165~ 
~ 2.0t---t--t--t--~-+-t-t-1r+--+-+--t-+-+-t-+++++-~~i'"-~TV11-"1--t--+--l-i-hH-I 

~ ~ 
~ 1.ol---t-+-+-t-+i+t+t--t-+-t-r-H~-tl"~'l-l't7"'+-t-t-+-+-+t++-H 

t--::; tpd referenced to PA< Pe = 20 mV ~I--):... 
Ob,_ ...L.l. r 
~ ~ ~ ~ U M U 2.5 10 

PULSE AMPLITUDE PA< Pe (VOLTS) 

PROPAGATION DELAY versus OVERDRIVE 

pl)e li~i.~I@ 10~ mJ I I I 

1 - - - Positive Overdrive (PAI 
--- Negative Overdrive (Pel 

lpd is measured from Vre1 on the input 

1.\Jl H MC1650 to 50% on the output. 

t\~ 
MC1651 r~ ~ 

~""-
~ 

tpd is referenced to 2.5 V overdrive. 

0 
0.01 0.02 

~ 
0.04 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

OVERDRIVE (VOLTS) 
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MC1650/MC1651 

FIGURE 5 - LOGIC THRESHOLD TESTS (WAVEFORM SEQUENCE DIAGRAM) 

+0.02V~ll 
Vin 

-0.Q2V I 

I I I I 
V1HAJLJJ:U_1 I 

I I 1 I 
V1LA -L I I 

I i I ' 
I I I I 
I I I I 

I I\ I : 
I I . I 1 "O" --il----+-•--.-----'1--

"1" 

Q 

Q 

"1" --t-------,-/, ...... ~, ----r1--

"0" _ _._ __ _,__, : i 
I I 
I I 

Sequential 
Test Number ~ 1 

(See Test Table) 

2 
I I 

3 4 

FIGURE 6 - TRANSFER CHARACTERISTICS (Q versus V;nl 

TEST CONFIGURATION 
+ 

Differential j 
Input ) 

,------, 
a-..;.'-----00 Vin \ u--~.---+-.-. 

1/2 Device I 
v,H o--~c---1----....,c a I 

I I 
50 

L _____ _J 

Vref -2.0 Vdc 

-2.5 Vdc "' Vref "' + 2.5 Vdc 

~ 
w 

~ 
~ -1.0 
> 

~ 
0 
c;j 

-2.0 

-. 

20 -15 

TYPICAL TRANSFER CURVES 

Reso1uln 

L. -· - Logic "1" 

~ 

./ Logic "O" 

-10 -5.0 5.0 10 15 20 
Vref 

Vin, DIFFERENTIAL INPUT VOLTAGE (mVI 
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MC1650/MC1651 

FIGURE 7 - OUTPUT VOLTAGE SWING versus FREQUENCY 

(Al TEST CIRCUIT 

r--------, 
I 

D 0-+----t.__-oQ 

1/2 Device 
50 50 

V1H o------+--~""1 e Q --'--'VVl...-<1>---0-2.0 Vdc 
I I 
L ______ __J 

(Bl TYPICAL OUTPUT LOGIC SWING versus FREQUENCY 

l-----+--+--+--+-+---+--+--+-+-+-50~1s\_100L200 i\ 
l Input Voltage , ~ 

I----+--+--+--+-+-+--+---+--+-+--+-+-- mV P1k-to-Pe~ 

20 30 50 70 100 200 300 

FREQUENCY (MHz} 

10 20 30 50 70 100 200 300 

FREQUENCY (MHz} 
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MC1650/MC1651 

FIGURE 8 - INPUT CURRENT versus INPUT VOLTAGE 

TEST CIRCUIT 

Vee 

1.----rT0+5 0 Vdc 

0.1 µF x_ 
r - 1 __ 11!_-, 

Vee Vee 1 
V1 50 
V2 

I 
-~l ____ c 

I 
50 

VIH:~l I . D . Q I 
I I 
I c a J 

I 
L VEE Gnd Gnd J 

o.1r=Ja--96 
I''lvEE ~ 

-5.2 Vdc 

-2.0 Vdc 

Typical MC1650 (Complementary Input Grourded) Typical MC1651 (Complementary Input Grounded} 

30 

l 
.3ooc +25°C..::,. ..... "" _ 

::s: ....... -~ ~ 
25 

<i' 
3 20 
.... 

T ······· 

+25°C 

. ...-i.-- --rs. ~ 15 
=> 

• ,;%;_.'.'.'. +B5°c 
u 

~-
.... 10 => 
"-
;!O 
j 5 ;!Ot:;:: ~-"·-·----+--+--+--I----+--+--+---+--~ 

j 

-51--+---+---l---+---t--1---1---t---t---I 1 

-5~· 
-2.5 -2 -1 +1 +2 +2.5 -2.5 -2 -1 

V;n. INPUT VOLTAGE (VOLTS) V;n. INPUT VOLTAGE !VOLTS! 
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® ltllOTOR04,A 

VOLTAGE-CONTROLLED 
MUL TIVIBRATOR 

The MC1658 is a voltage-controlled multivibrator which pro
vides appropriate level shifting to produce an output compatible 
with MECL Ill and MECL 10,000 logic levels. Frequency control is 
accomplished through the use of voltage-variable current sources 
which control the slew rate of a single external capacitor. 

The bias filter may be used to help eliminate ripple on the output 
voltage levels at high frequencies and the input filter may be used 
to decouple noise from the analog input signal. 

LOGIC DIAGRAM 

Cx1 ., C)(2 
11 1t 14 

Vex 2 

Bias Filter 12 

Input Filter 13 

Vee= Pin 1 
Vcc2 =Pin 5 
VEE= Pin 8 

Q 6 

4 

4-20 

MC1658 

VOLTAGE-CONTROLLED 
MULTIVIBRATOR 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

-1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

• 
DSUFFIX 

PLASTIC PACKAGE 
CASE 7518 

FNSUFFIX 
PLASTIC PACKAGE 

CASE 775 

PIN ASSIGNMENT 

Vcc1 

Vex 

NC 

(i 

NC 

NC 

CX2 

lnpµt.Filter 

Bias Filter 

cx1 

NC 

NC 



MC1658 

FIGURE 1 - CIRCUIT SCHEMATIC 

1 k 
Cx1 
110-~~-r-.--~~~ 

Input 80 

100 

Vcc2 Vcc1 
5 1 

Cx2 
o--~-.-~~~+--014 

1 k Filter 
130-~~-+-+--.-~+-~-+-~~~+-~--~--ir-1 

250 

@Test 
Temperature 

-30°c 

+25°C 

+85°C 

V1H 

0 

0 

0 

125 

500 62 

TEST VOLTAGE VALUES 

Vdc ±1% 

V1L V3 V1HA 

-2.0 -1.0 +2.0 

-2.0 -1.0 +2.0 

-2.0 -1.0 +2.0 

ELECTRICAL CHARACTERISTICS (VEE = -5.2 v Vee = 0 v (GND) 

-30"C +25"C 

Characteristic Symbol Min Max Min Max 

Power Supply Drain IE - - - 32 
Current 

Input Current linH - - - 350 

"O" High Output Voltage VOH -1.045 -0.875 -0.96 -0.81 

"O" Low Output Voltage VOL -1.89 -1.65 -1.85 -1.62 

AC CHARACTERISTICS (VEE = -3.2 v Vee = +2.0 V) 

Symbol Min Max Min Typ Max 

Rise Time (10% to 90%) t+ - 2.7 - 1.6 2.7 

Fall Time (10% to 90%) t- - 2.7 - 1.4 2.7 

Oscillator Frequency fosc1 130 - 130 155 175 

fosc2 - - 78 100 120 

Tuning Ratio Test TR3 - - 3.1 4.5 -

NOTES: 1. Germanium diode (0.4 drop) forward biased from 11to14 (11~14). 
2. Germanium diode (0.4 drop) forward biased from 14to 11 (11 -"4f--14). 

3. TR = Output frequency at Vex = Gnd 
Output frequency at Vex = -2.0 V 

4. Cx1 = 5.0 pf connected from pin 11 to pin 14. 
5. Cx2 = 10 pF connected from pin 11 to pin 14. 

4-21 

125 

250 

+ss·c 

Min Max Unit Conditions 

- - mAdc V1H to Vex Limit applies 
for 1 or 2 

- - µAde V1H to Vcx1 

-0.89 -0.7 Vdc V3 to Vex. Limits apply 
-1.83 -1.575 Vdc for 1 or 2 

Min Max Unit Conditions (See Figure 2) 

- 3.0 ns 

- 3.0 ns V1HA to Vex. cx14 from 

110 MHz 
pin 11 to pin 14. 

-
- - MHz V1HA to Vex. cx25 from 

pin 11 to pin 14. 

- - - cx25 from pin 11 to 
pin 14. 

• 
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MC1658 

FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS 

v ccrc-:-1 '----''-v....:;cc2 
0.01 µF 12 Bias 

01 µF 
1
Filter 

13 nput 
Filter 

Coax 
Channel "A" 

Input 2 

- 2 
~-~~---<>-;Vex 

Coaxial Cables 
(Equal lengths, typ 2 places) 

To Scope 

50% 

50% 

50 ohm terr:nination to ground lo~ed in each scope chan
nel input. 

All input and output cables to the scope are equal lengths 
of 50 ohm coaxial cable. Wire length should be< 1/4 inch 
from TPjn to input pin and TPout to output pin. 
Note: All power supply and logic levels are shOwn shifted 

2.0 volts positive. 
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Input 2 



MC1658 

FIGURE 3 - OUTPUT FREQUENCY versus CAPACITANCE FOR 
VARIOUS VALUES OF INPUT VOLTAGE 

FIGURE 4 - RMS NOISE DEVIATION versus OPERATING 
FREQUENCY 

10,000 

z 
0 
I-
:'! 
> 1000 

II J: 
Vee +s.2 Vd~~ 

'VEE "' 0.0 Vd~ 

' L,I. 
w_ 
0 N 

>- 20 
u"' z:; 
~a: 100 

L. 
. ;as;: l 

a 
w 
a: 

' 
u. 
:,· 

10 
0.1 

L1 
DC CONTROL l~PUT ~ 4.0 Vds LS.. 

Lf I il .l 

1.0 10 

u. 
9-
N 

J: 
~ 

1-
u 
:i 
0 
0 
a: .. 
w 
u 
z 
<i 
1-
u 
<i .. 
<i 

" >-u 
z 
w 
:i 
a 
w 
a: 
u. 

x 
u 
• 

1.0 10 

f, OPERATING FREQUENCY (MHz) 

100 

Cx(pF) 

1000 10,000 

FIGURE 5 - FREQUENCY CAPACITANCE PRODUCT versus 
CONTROL VOLTAGE (Vcxl 

1500 l-~-l-~-+~--11--~+-~-l-~--+~~t--~-+-~-t~--j 
1400 Cx (pF )=Frequency-Capacitance Product at Desired Vex¥ 
1300 l-~-1-~-D+e'_''-ed__,F~'•_q_u_e+nc_v_l_M_Hr'-l~+-~-+~--t--,~....C:.'-+~--i 

1200 1---1---+--+--l---+--+--t--z-,.fk'.".'.:~--t--; 
1100 l-~-l-~-+--t---+---+--+--y-1-7~-t--~-t----; 

1000 1-~-1-~-+--t---+-~-+--+L-'"""t----+-~-+---i 
900 l-~-1---+-~l--~+-~-+~--t,,,_~t--~-t--~-t-~--; 

SOOl---1---+--+--l--,:iz::--T_L.'-t"_-t-_-t--_T---1 
100 1-~-1-~-+~~1--~+-L~7f-~-t-~r-~-+-~-+~--1 

6001-~-t--~-t-~-+~-t-,;<---jr---t-~-i---+-~-;---; 

5001---+--+--+-~_,,;:::."'-+.V---;---;---;-___,r---t---i 
....F 

400 ~~~==:l:::::'.::t=::::::t::::::::t::::::=i::::::::::t:::::::~:::::=t:::::~ 300 ~ 

-2.0 -1.8 -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 ---0.4 -0.2 

Vex. INPUT VOLTAGE (Vdc) 

VEE = -5.2 V, Vee = 0 v. 
FOR USE AT VEE = 0 V, Vee = +5 v (VexP = +5 v - Vexl 

VexP = POSITIVE INPUT VOLTAGE. 
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®MOTOROLA 

ELECTRICAL CHARACTERISTICS 
-30"C +25"C 

Characteristic Symbol Min Max Min Max 

Power Supply Drain Current IE - - - 28 

Input Current linH - - - 350 

Switching Times 
Propagation Delay t+- 0.6 1.8 0.6 1.7 

t-+ 0.6 1.6 0.6 1.5 

Rise Time, Fall Time t+,t- 0.6 2.2 0.6 2.1 
(10%to90%) 

Ain1 

Ain2 

Ain3 

Ain4 

LOGIC DIAGRAM 

:~3AOut 
6 2 Aout 

7 

Bin110~ 
Bin2 11 14 Bout 

Bin3 12 15 Bout 

Bin4 13 

out = in1 + in2 + in3 + in4 

out = in1 + in2 + in3 + in4 

Vcc1 =Pin 1 
vcc2 = Pin 16 
VEE= Pin 8 

tpd = 0.9 ns typ (510 ohm load) 
= 1.1 ns typ (50 ohm load) 

Po = 120 mW typ/pkg (No load) 
Full Load Current, IL = - 25 mAdc max 

+85'C 

Min Max 

- -
- -

0.6 1.9 
0.6 1.7 

0.6 2.3 

4-24 

Unit 

mAdc 

µ.Ade 

ns 

ns 

MC1660 

DUAL 4-INPUJ OR/NOR GAJE 

Jf,_1 

Vcc1 

Aout 

CERAMIC PACKAGE 
CASE 620 , 

PIN ASSIGNMENT 

Bout 

Ii(M 

Bin4 

Bin3 

Bin2 

Bin1 

NC 



® MOTOROLA 

ELECTRICAL CHARACTERISTICS 

-30'C +25'C 

Characteristic Symbol Min Max Min 

Power Supply Drain Current IE - - -
Input Current linH - - -
Switching Times 

Propagation Delay t-+ 0.6 1.6 0.6 
t+ - 0.6 1.8 0.6 

Rise Time, Fall Time t+, t- 0.6 2.2 0.6 
(10% to 90%) 

LOGIC DIAGRAM 

Ain1 

:~2 Ain2 
Aout 

Bin1 ;~3 Bin2 
Bout 

Cin1 10~ 14 Cout 
Cin2 11 

Din1 12~ 15 Dout 
Din2 13 

out = in1 + in2 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 

tpd = 0.9 ns typ (510 ohm load) 
= 1.1 ns typ (50 ohm load) 

Po = 240 mW typ/pkg (No load) 

Max 

56 

350 

1.5 
1.7 

2.1 

Full Load Current, IL = -25 mAdc max 

+85'C 

Min Max 

- ---t--
- -

0.6 1.7 
0.6 1.9 

0.6 2.3 
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MC1662 

Unit QUAD 2-INPUT NOR GATE 

mAdc 
--~ 

µAde 

ns 

ns 

'--~ CERAMIC PACKAGE 
CASE 620 

PIN ASSIGNMENT 

Vcc1 Vcc2 

Aout Dout • Bout Cout 

Ain1 Din2 

Ain2 Din1 

Bin1 Cin2 

B;n2 Cin1 

VEE NC 
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®MOTOROLA 

MASTER-SLAVE 
FLIP-FLOP 

Master slave construction renders the MC1670 relatively insen
sitive to the shape of the clock waveform, since only the voltage 
levels at the clock inputs control the transfer of information from 
data input (D) to output. 

When both clock inputs (C1 and C2) are in the low state, the 
data input affects only the "Master" portion of the flip-flop. The 
data present in the "Master" is transferred to the "Slave" when 
clock inputs (C1 "OR" C2) are taken from a low to a high level. 
In other words, the output state of the flip-flop changes on the 
positive transition of the clock pulse. 

While either C1 "OR" C2 is in the high state, the "Master" (and 
data input) is disabled. 

Asynchronous Set (S) and Reset (R) override Clock (C) and Data 
(D) inputs. 

Power Dissipation = 220 mW typ (No Load) 
fTog = 350 MHz typ 

R s 
L H 
H L 
H H 
L L 
L L 
L L 
L L 
L L 
L L 

</> = Don't Care 
ND = Not Defined 
C = C1 + C2 

TRUTH TABLE 

D c 
q, q, 
q, q, 
q, q, 
L L 
L ..J 
L H 
H L 
H s 
H H 

On+1 

H 
L 

N.D. 
On 
L 

On 
On 
H 

On 

ELECTRICAL CHARACTERISTICS 

-30"C +25"C +85"C 

Characteristic Symbol Min Max Min Max Min Max 

Power Supply Drain Current IE - - - 48 - -
Input Current linH 

Set, Reset - - - 550 - -
Clock - - - 250 - -
Data - - - 270 - -

Switching Times 
Propagation Delay ~d 1.0 2.7 1.1 2.5 1.1 2.9 

Rise Time 110% to 90%) t+ 0.9 2.7 1.0 2.5 1.0 2.9 

Fall Time (10% to 90%) t- 0.5 2.1 0.6 1.9 0.6 2.3 

Setup Time tS"1" - - 0.4 - - -
ts"O" - - 0.5 - - -

Hold Time tH"1" - - 0.3 - - -
tH"O" - - 0.5 - - -

Toggle Frequency frqg_ 270 - 300 - 270 -
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Unit 

mAdc 

µAde 

ns 

ns 

ns 

ns 

ns 

MHz 

MC1670 

MASTER-SLAVE 
FLIP-FLOP 

.-. .. , 
CERAMIC PACKAGE 

CASE 620 

LOGIC DIAGRAM 

5 s 

7 C1 
0 2 

9 C2 

11 D a 3 

4 R 

Vcc1 = Pin 1 
vcc2 = Pin 1s 
VEE = Pin 8 

PIN ASSIGNMENT 

Vcc1 Vcc2 

0 NC 

a NC 

Reset NC 

Set NC 

NC Data 

Clock 1 NC 

VEE Clock 2 



Clock Input 
300 

MHz-max 

Q orQ 
Output 

+ 1.05 
+1.0 

+0.95 
+0.9 

+0.85 
+0.8 

iii +0.75 
> +0.7 

+0.65 
+0.5 

+0.45 
+0.4 

+0.35 
+0.3 

+0.25 
175 

--!-

225 

MC1670 

FIGURE 1 - TOGGLE FREQUENCY WAVEFORMS 

TA = 25°C 

-+1.11V 

--- +0.71 VBias 

- +0.31 v 
The maximum toggle frequency of the MC1670 has been exceeded 
when either: 

1. The output peak-to-peak voltage swing falls below 600 
millivolts, 
OR 

2. The device ceases to toggle (divide by two). 

FIGURE 2 - MAXIMUM TOGGLE FREQUENCY (TYPICAL) 

~ 

"" 
i---

275 325 

frog (MHz) 

TA= 25°e 
Vee = + 2.0 Vdc 
VEE = - 3.2 Vdc 

\ 
./ 

375 

-I 

425 

Figure 2 illustrates the variation in toggle frequency 
with the de offset voltage (VBiasl of the input clock 
signal. 

Figures 4 and 5 illustrate minimum clock pulse width 
recommended for reliable operation of the MC1670 . 

FIGURE 3 - TYPICAL MAXIMUM TOGGLE FREQUENCY 
versus TEMPERATURE 

400 

350 
~ 

250 l--l---+~l-----l--+---l~-l----l---4-~1---1--1---+~ 

-30 25 50 85 

TA, AMBIENT TEMPERATURE (0 e) 

Temperature -30°C +25°C +85°C 

Vsias +0.66 Vdc +0.71 Vdc +0.765 Vdc 

Note: All power supply and logic levels are shown shifted 2.0 volts 
positive. 
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MC1670 

FIGURE 4 - MINIMUM "DOWN TIME" TO CLOCK 
OUTPUT LOAD = 50 0 

I-- clcK v ...... -1-/ 

1 17 
\ 7 

OorO h 7 
\7 ~ 

1.0 ns/DIV. 

FIGURE 5 - MINIMUM "UP TIME" TO CLOCK 
OUTPUT LOAD = 50 0 

k:\ T_ 
QorQ 

,/ v t-

1 Yi 
7 ~ 

I .}: r\ CLOCK 

1.0 ns/DIV. 

~ 

f--



®MOTOROLA 

ELECTRICAL CHARACTERISTICS 
-30"C +ZS'C +85'C 

Charactarilltlc Symbol Min Mu Min 

Power Supply Drain Current le - - -
Input Current 

A Inputs linH - - -
B Inputs linH - - -

Switching Times 
Propagation Delay A Inputs t+ +,i-+ - 2.1 -

t+-,t-- - 2.2 -
B Inputs 

t++,t-+ - 2.6 -
t+-,t-- - 2.6 -

Rise Time (10% to 90%) 
t+ - 2.7 -

Fall Time (10% to 90%) 
t- - 2.4 -

LOGIC DIAGRAM 

:~2 
13~14 
6---1-1....rL-~ 

1~~15 
X=A•Ii+AaB 

Vcc1 =Pin 1 
Vcc2 =Pin 16 
VEE= Pin 8 

tpd = 1.1 ns typ (510 ohm load) 
= 1.3 ns typ (50 ohm load) 

Po = 220 mW typ/pkg 

Mu Min 

55 -
350 -
270 -
1.9 -
2.0 -
2.4 -
2.4 -
2.5 -
2.2 -

Full Load Current, IL = -25 mAdc max 

Number at end of terminal denotes pin number for L package. 
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Mu 

-

-
-

2.4 
2.5 
2.9 
2.9 

2.9 

2.6 

Unit 

mAdc 

µAde 

ns 

ns 

ns 

MC1672 

TRIPLE 2-INPUT 
EXCLUSIVE-OR GATE 

JtJ!lff~L" 

Vcc1 

Aout 

Ain1 

NC 

Ain2 

Bin2 

Cin2 

Vee 

CERAMIC PACKAGE 
CASE 620 

PIN ASSIGNMENT 

Cout 

Bout 

Bin1 

NC 

Cin1 

NC 

NC 
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® MOTOROLA 

ELECTRICAL CHARACTERISTICS 

-30'C +25'C 

Characteristic Symbol Min Max Min Max 

Power Supply Drain Current IE - - - 59 

Input Current 
Pins 7, 9 
Pins 11, 12 

Switching Times 

Propagation Delay 

Rise Time, Fall Time 
(1Cl% to 90%) 

Setup Time 

Hold Time 

Toggle Frequency 

11 01 

12 02 

linH 
- - -
- - -

Min Typ 

~d - - - 1.5 

t+,t- - - - 1.3 

lset!!E!_ - - - 0.3 

!hold - - - 0.3 

fTQlL 500 - 500 540 

LOGIC DIAGRAM 

Vcc1 =Pin 1 
Vcc2 =Pin 16 
VEE = Pin 8 

0 2 

3 

Po = 200 mW typ/pkg (No Load) 
frog = 500 MHz min 

250 
270 

Max 

-
-
-
-
-

+85'C 

Min Max Unit 

- - mAdc 

µAde 
- -
- -

ns 

- -
- - ns 

- - ns 

- -
500 - MHz 
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MC1690 
·OBSOLETE 

USE MC12090 

UHF PRESCALER 
TYPE D FLIP-FLOP 

,,_ __ 

c 

L 

H 

_r-

_r-
C=C1+C2 
0=01+02 

Vcc1 

0 

a: 
NC 

NC 

NC 

C1 

Vee 

CERAMIC PACKAGE 
CASE 620 

TRUTH TABLE 

D On+1 

</> On 

</> On 

L L 

H H 

</> = Don't Care 

PIN ASSIGNMENT 

Vcc2 

NC 

NC 

NC 

D2 

01 

NC 

Cz 



VBias"' +0.71 Vdc <>----
(Use High Impedance 

Probe to Adjust VBiasl 

de Supply 

50 ohm termination to ground 
located in each scope channel input. 

Clock Input 
500 MHz 

QorQ 
Output 

MC1690 

FIGURE 1 - TOGGLE FREQUENCY TEST CIRCUIT 

50* 

vcc1 ~ vcc2 ~ 
+2.0 Vdc 

,.,,J l ±'"' ,lJ; 

D 0: 
I 

L - - - -- _ _J 

50 

Vout 

TPout 

All input and output cables to the 
scope are equal lengths of 50 ohm 
coaxial cable. 

l 0.1 µF 

VEE 
-3.2 Vdc 

*Non-inductive type. 

FIGURE 2 - TOGGLE FREQUENCY WAVEFORMS 

TA~ 25°C 

-+1.11V 

--- +0.71 VBias 

- +0.31 v 

----r 
600 mV min 

_J_ 

The maximum toggle frequency of the MC1690 has been 
exceeded when either: 

1. The output peak-to-peak voltage swing falls below 
600 millivolts, 
OR 

2. The device ceases to toggle (divide-by-two). 

Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
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®MOTOROLA 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Power Supply Drain 
Current 

Input Current 

Input Leakage Current 

Reference Voltage 

Switching Times 
Propagation Delay 

Rise Time, Fall Time 
(10%to 90%) 

-30°c +zs·c 
Symbol Min Max Min Max 

IE - - - 50 

lin - - - 250 

IR - - - 100 

VBB -1.375 -1.275 -1.35 -1.25 

1-+ 0.6 1.6 
1+- 0.6 1.8 

1+,1- 0.6 2.2 

LOGIC DIAGRAM 

Ain1 

:~2 Ain2 

Bin1 :~3 Bin2 

Cin110~ 
C;n2 11 

14 

Din113~ 15 
D;n212 L 

VBB 9 

Vcc1 =Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 

0.6 
0.6 

0.6 

Aaut 

Bout 

Caut 

Daut 

lpd = 0.9 ns typ (510 ohm load) 
= 1 .1 ns typ (50 ohm load) 

Po = 220 mW typ/pkg (No Load) 

1.5 
1.7 

2.1 

Full Load Current, IL = - 25 mAdc max 

+ss•c 

Min Max Unit 

- - mAdc 

- - JLAdc 

- - JLAdc 

-1.3 -1.2 Vdc 

ns 
0.6 1.7 
0.6 1.9 

0.6 2.3 ns 
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MC1692 

QUAD LINE RECEIVER 

,-._ 
Vcc1 

Aout 

Bout 

Ain1 

Ain2 

Bin2 

Bin1 

VEE 

CERAMIC PACKAGE 
CASE 620 

PIN ASSIGNMENT 

Vcc2 

Bout 

Cout 

Din1 

D;n2 

Cin2 

Cin1 

VBB 



MC1692 

APPLICATION INFORMATION 

The MC1692 quad line receiver is used primarily to 
receive data from balanced twisted pair lines, as indicated 
in Figure 1. The line is driven with a MC1660 OR/NOR 
gate. The MC1660 is terminated with 50 ohm resistors to 
-2.0 volts. At the end of the twisted pair a 100 ohm 
termination resistor is placed across the differential line 
receiver inputs of the MC1692. Illustrated in Figure 2 is 
the sending and receiving waveforms at a data rate of 
400 megabits per second over an 18 foot twisted pair 

cable. The waveform picture of Figure 3 shows a 5.0 
nanosecond pulse being propagated down the 18 foot 
line. The delay time for the line is 1.68 ns/foot. 

The MC1692 may also be applied as a high frequency 
schmitt trigger as illustrated in Figure 4. This circuit has 
been used in excess of 200 MHz. The MC1692 when 
loaded into 50 ohms will produce an outp1Jt rising edge 
of about 1.5 nanoseconds. 

FIGURE 1 - LINE DRIVER/RECEIVER 

1/2 
MC1660 18 Ft 

Twisted 
Pair 

VEE ~ - 5.2 Vdc 

Vn ~ -2.0 V 

FIGURE 2 - 400 MBS WAVEFORMS FIGURE 3 - PULSE PROPAGATION WAVEFORMS 

Sending 
End 

2.0 nslcm 

Receiving 
End 

Sending 
End 

5.0 nslcm 

Receiving 
End 

FIGURE 4 - 200 MHz SCHMITT TRIGGER 

VEE ~ -5.2 V 

1/4 

-1.3~ >---"'-<" 

500 

100 
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50 

Vn ~ -2.0 V 
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MECL Memories 
INTEGRATED CIRCUITS 

Organization Access 
Device (Word x Bit) Time Pins case 

MC10H145 16 x4 6 16 620, 648, 775 
MCM10145 16 x4 15 16 620 
MCM10146 1024x 1 29 16 620 

Organization 1~1 Device (Wordx Bit) Pina case 
PROMS 

I MCM10149*25 256 + 4 25 16 620 
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®MOTOROLA 

AO 

A1 

A2 

A3 

64-BIT REGISTER FILE 
(RAM) 

The MCM10145 is a 64-Bit RAM organized as a 16 x 4 array. 
This organization and the high speed make the MCM10145 particu· 
larly useful in register file or small scratch pad applications. Fully 
decoded inputs, together with a chip enable, provide expansion 
of memory capacity. The Write Enable input, when low, allows 
data to be entered; when high, disables the data inputs. The Chip 
Select input when low, allows full functional operation of the 
device; when high, all outputs go to a low logic state. The Chip 
Select, together with open emitter outputs allow full wire-ORing 
and data bussing capability. On-chip input pulldown resistors 
allow unused inputs to remain open. 

• Typical Address Access Time= 10 ns 

• Typical Chip Select Access Time = 4.5 ns 

• Operating Temperature Range= o0 to+ 75°C 

• 50 kn Pulldown Resistors on All Inputs 

• Fully Compatible with MECL 10,000 

• Pin-for-Pin Compatible with the F10145 

BLOCK DIAGRAM 

01 Q2 03 

10 

.., . . . 
~8 16 x 4 Memory 

"' . Cell Array 00 

e'" ,, ~ ,,, 
<(~ 

Write and 
Data In Buffer 

Vee Pin 16 

Vee Pin 8 

DO 01 02 03 

5-3 

WE 

MCM10145 

MECL 

64·BIT REGISTER 
FILE 

(RAM) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

Ql Vee (Gnd) 

QO 

cs 
01 

DO 

A3 

A2 

VEE 

PIN NOTATION 

cs 
AO thru A3 
00 thru 03 
00 thru 03 
WE 

Q2 

Q3 

WE 

03 

02 

AO 

Al 

Chip Select Input 
Address Inputs 
Data Inputs 
Data Outputs 
Write Enable Input 

TRUTH TABLE 

MOOE INPUT OUTPUT 

cs WE On On 

Write"O" L L L L 

Write "1" L L H L 

Read L H </> 0 

Disabled H </> </> L 

t/J,,,, Don't Care. 

• 
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MCM10145 

FUNCTIONAL DESCRIPTION: 
The MCM10145 is a 16 word x 4-bit RAM. Bit selec

tion is achieved by means of a 4-bit address AO thru A3. 
The active-low chip select allows memory expansion up 

to 32 words. The fast chip select access time allows 
memory expansion without affecting system performance. 

The operating mode of the RAM (CS input low) is 
controlled by the WE input. With WE low the chip is 
in the write mode-the output is low and the data present 
at On is stored at the selected address. With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-inverted at On. 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage (Vee 0 01 VEE -8 to 0 Vdc 

Base Input Voltage (V cc" 01 Vin 0 to VEE Vdc 

Output Source Current - Continuous 'o < 50 mAdc 

- Surge < 100 

Junction Operating Temperature TJ < 165 oc 

Storage Temperature :~a_nge, Tstg -55 to +150 oc 

Permanent device-damage.may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

DC TEST VOLTAGE VALUES 
(Volts) 

Test 
Temperature V1Hmax V1Lmin V1HAmin V1LAmax Vee 

o0 c -0.840 -1.870 -1.145 -1.490 -5.2 

+25°C -0.810 -1.850 -1.105 -1.475 -5.2 

+75°C -0.720 -1.830 -1.045 -1.450 -5.2 

MCM10145 Test Limits 

o0 e +25°e +75°e 

DC Characteristics Symbol Min Max Min Max Min ·Max 

Power Supply Drain Current IEE 130 - 125 - 120 

Input Current High linH - 220 - 220 - 220 

Input Current Low ljnL 0.5 - 0.5 - 0.3 -

Logic "1" VoH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic "O" Vol -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 
Output Voltage 

Logic "1" VoHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

Logic "O" Vo LA - -1.645 - -1.630 - -1.605 
Threshold Voltage 
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ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de· 
signed to meet the de and ac specifications 
shown in the test table. after thermal equi" 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 5001inearfpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts . 

Unit Conditions 

mAde Typ IEE@ 25°c -90 mA 
Al! outputs and inputs open. 
Measure pin 8. 

µAde Test one input at a time, all 
other inputs are open. 

Vin= V1H. 

µAde Test one input at a time, all 
other inputs are open. 

Vin°" VIL· 

Vdc Load 50 n to -2.0 V 

Vdc 

Vdc Threshold testing is performed 
and guarantee9 on one ·input at 

Vdc a time. Vin"" V1HA or VILA· 
Load 50 n to -2.0 V. 



MCM10145 

SWITCHING CHARACTERISTICS (TA = 0° to + 75°C, VEE = - 5.2 Vdc ± 5°; Output Load see Figure 1; see Note 2.) 
Test_L:im1ts 

Characteristic Symbol Min Typ Max Unit Conditions 

Read Mode See Figures 2 and 3. 
Chip Select Access Time IACS 2.0 4.5 8.0 ns Measured from 50% of input to 50% of 
Chip Select Recovery Time IRCS 2.0 5.0 8.0 ns output. See Note 1. 
Address Access Time IAA 4.0 10 15 ns 

Write Mode 
Write Pulse Width tw 8.0 - - ns twSA = 5 ns 
Data Setup Time Prior to Write twso 0 -6.0 - ns Measured at 50% of input to 50% of 
Data Hold Time After Write IWHD 3.0 0 - ns output. 
Address Setup Time Prior to Write iwsA 5.0 1.0 - ns tw "'8 ns. See Figure 4. 
Address Hold Time After Write IWHA 1.0 -3.0 - ns 
Chip Select Setup Time Prior to Write twscs 0 -5.0 - ns 
Chip Select Hold Time After Write IWHCS 0 -6.0 - ns 
Write Disable Time tws 2.0 5.0 8.0 ns 
Write Recovery Time IWR 2.0 5.0 8.0 ns 

Chip Enable Strobe Mode 
Data Setup Prior to Chip Select tcso 0 -6.0 - ns Guaranteed but not tested on standard 
Write Enable Setup Prior to Chip tcsw 0 -3.0 - ns product. See Figure 5. 

Select 
Address Setup Prior to Chip Select tcsA 0 -3.0 - ns 
Data Hold Time After Chip Select ICHD 2.0 -1.0 - ns 
Write Enable Hold Time After Chip ICHW 0 -6.0 - ns 

Select 
Address Hold Time After Chip Select ICHA 4.0 -1.0 - ns 
Chip Select Minimum Pulse Width tcs 18 12 - ns 

Rise and Fall Time Measured between 20% and 80% points. 
Address to Output tr. tf 1.5 3.0 7.0 ns 
CS to Output tr.tf 1.5 3.0 5.0 ns 

Capacitance 
Input Capacitance Cin - 4.0 6.0 pF 
Output Capacitance Gaut - 5.0 8.0 pF 

Notes: 
1. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
2. For proper use of MECL Memories in a system environme·nt, consult MECL System Design Handbook. 

Vee 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

ti""' 
Input Pulse 
tr= tt = 2.0 ± 0.2 ns 

(20 to $0%) 

V1H = -0.9 V 

V1L"-1.7V 

L_J_tl 
I l I 

CE 001---~--o 
_L AO T 

~o---'----1 A 1 + A2 01 l 

I A3 I 
o--~--100 

-1 o1 o2 I 

11 02 l 
~a---'----l 03 - 031--~--"""<> 

. :r""' 
~--1 l J 

Unused outputs connected to a 50-ohm resistor to ground. 

All timing measurements referenced to 50% of input levels. VEE 
RT= 50 n 
CL .;;;; 5.0 pF (Including Jig and Stray Capacitance) 
Delay should be derated 30 ps/pF for capacitive loads up to 50 pF. 
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FIGURE 2 - CHIP SELECT ACCESS TIME FIGURE 3 - ADDRESS ACCESS TIME 

Address 

Dout 

FIGURE 4 - WRITE MODE 

Address 

twscs 

Dout ----twsA 

• FIGURE 5 - CHIP ENABLE STROBE MODE 
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1024 x 1·BIT RANDOM ACCESS MEMORY 

The MCM10146 is a 1024-bit Read/Write Random Access Mem
ory organized 1024 words by 1 bit. Data is selected or stored by 

·means of a 10-bit address (AO through A9) decoded on the chip. 
The chip is designed with a separate data in line, a non-inverting 
data output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con
trol, cache and buffer storage applications. 

• Fully Compatible with MECL 10,000 

• Temperature Range of 0° to 75°C (see note 1) 

• Emitter-Follower Output Permits Full Wire-ORing (see note 3) 

• Power Dissipation Decreases with Increasing Temperature 

• Typical Address Access of 24 ns 

• Typical Chip Select Access of 4.0 ns 

PIN DESIGNATION 

CS Chip Select Input 

AOtoA9 

Din 

Dout 

Address Inputs 

Data Inputs 

Data Output 

WE Write Enable Input 

AO 

Al 

A2 

A3 

A4 

Vee=Pin8 
Vee"" Pin 16 

BLOCK DIAGRAM 

Dout 

A5 A6 A7 AS A9 

cs 
14 

Chip 
Select 

. 
.,,;:: 
c , 
-0:"' 
:!E 
·::: c 
;:: . 

0 

WE 
13 

Din 
15 
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MCM10146 

Dout 

AO 

Al 

A2 

A3 

A4 

AS 

VEE 

MODE 

MECL 

1024 X 1·BIT 
RANDOM ACCESS 

MEMORY 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

TRUTH TABLE 

INPUT 

Vee 

Din 

cs 

WE 

A9 

AB 

A7 

AS 

cs WE Din 

Write "O" L L L 

Write "1" L L H 

Read L H <I> 

Disabled H <I> <I> 

<P = Don't Care. 

• 

OUTPUT 

Dout 

L 

L 

a 
L 
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MCM10146 

FUNCTIONAL DESCRIPTION: 
This device is a 1024 x 1 ·bit RAM. Bit selection is achieved by 

means of a 10-bit address, AO to A9. 
The active-low chip select is provided for memory expansion up 

to 2048 words·. 
The operating mode of the RAM (CS input low) is controlled by 

the WE input. With WE low, the chip is in the write mode, the out· 
put, Dout• is low anp the data state present at Din is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non· 
.inverted at Dout· (See Truth Table) 

1,. 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage (Vee= 0) VEE -StoO Vdc 

Base Input Voltage (Vee= 0) Vin 0 to VEE Vdc 

Output Source Current - Continuous 10 < 50 mAdc 
-Surge < 100 

Junctior:i...Operating Temperature TJ < 165 oe 

Storage Temperature Range Tstg -55 to +150 oe 

DC TEST VOLTAGE VALUES 
(Volts) 

Test 
Temperature V1Hmax V1Lmin V1HAmin V1LAmax VEE 

o0 e -0.840 -1.870 -1.145 -1.490 -5.2 

+25°e -0.810 -1.850 -1.105 -1.475 -5.2 

+75°e -0.720 -1.830 -1.045 -1.450 -5.2 

MeM10146 Tast Limits 

o0 c +25°e +75°C 

DC Characteristics Symbol Min Max Min Max Min Max 

Power Supply Drain Current IEE - 150 - 145 - 125 

Input Current High ljnH - 220 - 220 - 220 

Input Current Low linL 0.5 - 0.5 - 0.3 -

Logic "1" VoH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic "O" VoL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 
Output Voltage 

Logic "1" VoHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

Logic "O" VoLA- - -1.645 - -1.630 - -1.605 
Threshold Voltage 

5-8 

ELECTRICAL CHARACTERISTICS 
Each MECL Memory circuit has been de
signed to meet the de and ac specifications 
shown in the test table, after thermal equi
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and ~ransver.se air flow gr.eater 
than 500linearfpm is maintained. Outputs 
are terminated" throug"ti "a 50-ohrTI resistor 
to -2.0 volts . 

Unit Conditions 

mAdc Typ IEE@ 25°e = 100 mA 
All outputs and inputs open. 
Measure pin 8. 

µAde Test o~e input at a time, all 
other inputs are open. 
V;n = V1H. 

µAde Test one input at a time, all 
other inputs are open. 

Vin" VIL· 
Vdc Load 50 n to -2.0 V 

Vdc 

Vdc Threshold testing is performed 
and guaranteed on one input at 

Vdc a time. Vin= V1HA or V1 LA· 
Load 50 n to -2.0 V. 



MCM10146 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 

TESTING CONDITIONS INPUT LEVELS 

GND 

16 

AO CS Vee WE 

A1 

A2 INPUT LEVELS 

A3 

AA 

A5 MCM10146 Dout I---+----. 

A& 

A7 

AB 

A9 

0.01µFl 

Vee 

-2.0 v 

tr • tf • 2.6 n1 Typ, 

All Timing Measurements Referenced to 50% of Input Levels 

CL < 6.0 pF Including Jig and Stray Capacitance 

RT· son 
For Capacitance Loading < 50 pF, Delay Should be 

Cerated by 30 pl/pF 

Guaranteed with Vee• -5.2 Vdc ± 5.0%, TA= o0 c to 75°C lsee Note 1). Output Load see Figure 1. 

MCM10146 Tiit Limits 

Characteristic Symbol Min Typ Mox Unit Conditions 

Read Mode See Figures 2 and 3. 

Chip Select Access Time 'ACS 2.0 4.0 7.0 ns Measured at 50% of input to 50% of output. 

Chip Select Recovery Time 'RCS 2.0 4.0 7.0 ns See Note 2. 

Address Access Time tAA 8.0 24 29 ns 

Write Mode See Figure 4. 

Write Pulse Width tw 25 20 - ns tWSA = 8.0 ns. 
(To guarantee writing) Measured at 50% of input to 50% of output. 

Data Setup Time Prior to Write •wso 5.0 0 - ns 

Data Hold Time After Write twHD 5.0 0 - ns 

Address Setup Time Prior to Write twSA 8.0 0 - ns tw = 25 ns 

Address Hold Time After Write tWHA 2.0 0 - ns 

Chip Select Setup Time Prior to Write •wscs 5.0 0 - ns 

Chip Select Hold Time After Write twHCS 5.0 0 - ns 

Write Disable Time tws 2.8 5.0 7.0 ns 

Write Recovery Time IWR 2.8 6.0 7.0 ns 

Rise and Fall Time Measured between 20% and 80% points. 

Output Rise and Falt Time tr,tf 1.5 2.5 4.0 ns When driven from CS or WE inputs. 

Output Rise and Fall Time tr,tf 1.5 4.0 8.0 ns When driven from Address inputs. 

Capacitance Measured with a pulse technique. 

Input Lead Capacitance Cin - 4.0 5.0 pF 

Output Lead Capacitance Cout - 7.0 8.0 pF 

Notes: 

( 1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst·Case Bit in the Memory. 

(3} For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 

(4) Typical limits are at Vee= -5.2 Vdc, TA= 2s0c and standard loading. 
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FIGURE 2 '-CHIP SELECT ACCESS TIME 

Data Output 

~~-,A-CS ---..5 t;.......__'R-CS-

FIGURE 3 - ADDRESS ACCESS TIME 

Address Input A 

Dout 
Data Output 

FIGURE 4 - WRITE STROBE MODE 

Address Input A 50% 

• Chip Select cs 

Data Input Din 

Write Enable 

Twscs 

Dout twSA 
Data Output 

tws 
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256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 

This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on·chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic O (low). 

• Typical Address Access Time of 20 ns 

• Typical ChipSelectAccessTimeof 8.0 ns 

• 50 kD Input Pulldown Resistors on All Inputs 

• Power Dissipation (540 mW typ @ 25°C) 
Decreases with Increasing Temperature 

Input 

Decoder 

32 )( 32 

Array and 

Associated Drivers 

11 

03 

12 

02 

14 

01 
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15 

DO 

MCM10149*25 

MECL 

1024-BIT PROGRAMMABLE 
READ-ONL V MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

Vee 
DO 

01 

cs 
D2 

D3 

A4 

A3 

• 
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MCM10149*25 

ELECTRICAL CHARACTERISTICS 

o0 c +25°C +75°c 

Characteristic Symbol Mi~Max Mi~Max Mi.;rMax Unit 

-1145 Power Supply Drain Current IEE mAdc -j155 ~ \ 150 

Input Current High linH - J265 -J265 -1265 µAde 

-ss0 c and +125°C test values apply to MC105xx devices only. 

Forcing 
o0 c 25°c;(D 75°C(j) Function Parameter 

VIHmax 
I 

VOHmax = -0.840 -0.810 -0.720 

VOHmin -1.000 -0.960 -0.900 

VOHAmin -1.020 -0.980 -0.920 

VIHAmin -1.130 -1.105 -1.045 

VILAmax -1.490 -1.475 -1.450 

VOLAmax -1.645 -1.630 -1.605 

VOLmax -1.665 -1.650 -1.625 

VILmin - VOLmin -1.870 -1.850 -1.830 

vllmin 1NLmin 0.5 0.5 0.3 

NOTES: <D 0-75°C temperature range, 500 to-2.0V. 

SWITCHING CHARACTERISTICS (Note 1) 

Characteristics Symbol 

Read Mode 
Chip Select Access Time tACS 
Chip Select Recovery Time IRCS 
Address Access Time tAA 

Rise and Fall Time tr, If 

Capacitance 
Input Capacitance Gin 
Output Capacitance Gout 

NOTES: 1. Test circuit characteristics: RT= 50 n. MCM10149; 
CL< 5.0 pF (induding jig and stray capacitance) 

MCM10149*25 

TA= Oto +75'C, 
VEE= -5.2 Vdc ±5% 

Min Max Unit Conditions 

ns Measured from 50% of input 
2.0 10 to 50% of output. See Note 1. 
2.0 10 
7.0 25 

1.5 7.0 ns Measured between 20% and 
80% points. 

pF Measured with a pulse 
- 5.0 technique. 
- 8.0 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

4. Vcp =Vee= Gnd for normal operation. 
""To be determined; contact your Motorola representative for up-to-date information. 

PROGRAMMING THE MCM10149 t 
During programming of the MCM 10149, input pins 7, 

9, and 10 are addressed with standard MECL 10K logic 
levels. However, during programming input pins 2, 3, 4, 
5, and 6 are addressed with 0 V ,,,;:; V 1 H ,,,;:; + 0.25 V and 
VEE,,,;:; VIL,,,;:; -3.0 V. It should be stressed that this 
deviation from standard input levels is required only during 
the programming mode. During normal operation, standard 
MECL 10,000 input levels must be used. 

With these requirements met, and with V CP = V CC = 

5-12 

0 V and VEE= - 5.2 V ± 5%, the address is set up. After 
a minimum of 100 ns delay, Vcp (pin 1) is ramped up to 
+ 12 V ± 0.5 V (total voltage Vcp to VEE is now 17.2 V, 
+ 12 V - [ - 5.2 V] ). The rise time of this V CP voltage 
pulse should be in the 1 - 10 µ.s range, while its pulse 
width (tw 1) should be greater than 100 µ.s but less than 
1 ms. The V CP supply current at + 12 V will be approx
imately 525 mA while current drain from V CC will be ap
proximately 175 mA. A current limit should therefore be 



MCM10149*25 

set on both of these supplies. The current limit on the 
Vcp supply should be set at 700 mA while the Vee supply 
should be limited to 250 mA. It should be noted that the 
Vee supply must be capable of sinking the combined 
current of the Vee and Vcp supplies while maintaining 
a voltage of - 5.2 V ± 5%. 

Coincident with, or at some delay after the Vcp pulse 
has reached its 100% level, the desired bit to be fused 
can be selected. This is done by taking the corresponding 
output pin to a voltage of + 2.85 V ± 5%. It is to be noted 
that only one bit is to be fused at a time. The other three 
unselected outputs should remain terminated through 
their 50 ohm load resistor to -2.0 V. Current into the 
selected output is 5.0 mA maximum. 

PROGRAMMING SPECIFICATIONS 
The following timing diagrams and fusing 

information represent programming specifications 
for the MCM10149. 

Vee,,_ Pin 16 ~av 

v::: ~·:,~ 1 = -s.2 v ·~ ~~svv 
.. ,JF'w'I 

Selected Output Open 

Pin (11, 12, 14or Hi) 

+2.85 v 
± 5% 

50 mA 
~5mA 

The timing diagram is shown for programming 
one bit. Note that only one bit is blown at a time. 
All addressing must be done 100 ns prior to the 
beginning of the Vcp pulse, i.e., Vcp = O V. 
Likewise, strobing of the output~ to determine 
success in programming should occur no sooner 
than 100 ns after V CP returns to 0 V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 
A programming duty cycle of ~ 15% is to be 

observed. 
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After the bit select pulse has been applied to the ap
propriate output, the fusing current is sourced out of the 
chip select pin 13. The 0%to 100% rise time of this current 
pulse should be 250 ns max. Its pulse width should be 
greater than 100 µ.s. Pulse magnitude is 50 mA ± 5.0 
mA. The voltage clamp on this current source is to be 
-6.0V. 

After the fusing current source has returned 0 mA, the 
bit select pulse is returned to its initial level, i.e., the 
output is returned through its load to - 2.0 V. Thereafter, 
Vcp is returned to 0 V. Strobing of the outputs to deter
mine success in programming should occur no sooner 
than 100 ns after Vcp has returned to 0 V. The remaining 
bits are programmed in a similar fashion. 
t NOTE: For devices that program incorrectly, return serialized units with individual 

truth tables. Noncompliance voids warranty. 

Definitions and values of timing symbols are 

as follows. 

Symbol Definition Value 

tr1 Rise Time, ~ 1 µs 
Programming Voltage 

tw1 Pulse Width, ;> 100 µs < 1 ms 
Programming Voltage 

tD1 Delay Time, ;. 0 
Programming Voltage 
Pulse to Bit 
Select Pulse 

tw2 Pulse Width, Bit Select ;> 100 µs 

tD2 Delay Time, Bit Select ;. 0 
Pulse to Programming 

Voltage Pulse 

tD3 Delay Time, Bit Select ;. 1 µs 
Pulse to Programming 

Current Pulse 

tr3 Rise Time, Programming 250 ns max 
Current Pulse 

tw3 Pulse Width, ;. 100 µs 
Programming 

Current Pulse 

tD4 Delay Time, ;> 1 µs 
Programming Current 

Pulse to Bit 
Select Pulse 

• 
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Pulse Gen 
in Single 
Pulse Mode 

+5 v 

1/4 
SN74LS38 

51!l,1/2W 

18on. 112w 

1N914 

1N914 

c 
1.0 k 

c -5.2 v 

1.0 k 

c -5.2 v 

1.0k 

c -5.2 v 

1.0k 

c -5.2 v 

1.0 k 

c -5.2 v 

1.0 k 

c -5.2 v 

1.0k 

c -5.2 v 

1.0k 
-5.2 v 

MCM10149*25 

MANUAL PROGRAMMING CIRCUIT 

+5 v 

12.5V 

+5 v 

Program 

Enable +SV 

~ 

560 

7V 

*0.1 µF 

-12 v 

114 
SN74LS38 

510 13 

Vcp cs 
A7 

11 
A6 03 

6 
AS 

12 
10 02 

A4 

9 
MCM10149*25 

A3 14 
01 

A2 

2 15 
A1 DO 

4 
AO 

Vee Vee 

8 16 
-5.2 v 
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+5V 

Q 

112 
SN74LS123 

Cp a 

180 

680 
-5.2 v 

680 
-5.2 v 

680 
-5.2 v 

680 
-5.2 v 

Eneble 
Current 

Pulte 

_r--t_ 
>100µs 

~----.-.... +5 v 

150 
240 

c 
Rotary SW 
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PHASE-LOCKED LOOP 
INTEGRATED CIRCUITS 

Motorola offers the designer an array of devices to perform phase-locked loop functions, such as prescalers, phase 
detectors, and oscillators. 

Description Pins Device Temp lo1p·sl sM 

Control Function 

I Counter Control Logic 16 MC12014 0 to +75'C P,L 

Counter 

Dual Voltage-Controlled Multivibrator 14 MC4024 0 to +75'C P,L 
Dual Voltage-Controlled Multivibrator 14 MC4324 - 55' to + 125'C P,L 
Programmable Modulo-N Counters (N = 0-9) 16 MC4016 0 to + 75'C P,L 
Programmable Modulo-N Counters (N = 0-9) 16 MC4018 0 to +75'C P,L 
Programmable Modulo-N Counters (N = 0-9) 16 MC4316 -55' to+ 125'C P,L 

Detector 

Ana log Mix er 14 MC12002 - 30' to + 85'C P,L 
Phase-Frequency Detector 14 MC4044 0 to +75'C P,L 
Phase-Frequency Detector 14 MC4344 -55' to + 125'C P,L 
Phase-Frequency Detector 14 MC12040 Oto +75'C P,L FN 

Oscillator 

130 MHz Voltage-Controlled Multivibrator 20 MC12101 0 to + 75'C p FN 
200 MHz Voltage-Controlled Multivibrator 20 MC12100 0 to + 75'C p FN 
Crystal Oscillator 16 MC12061 0 to +75'C P,L 
Low Power Voltage-Controlled Oscillator 8 MC12148 - 40' to + 85'C D,SD 
Voltage-Controlled Multivibrator 16 MC1658 - 30' to + 85'C P,L D,FN 
Voltage-Controlled Oscillator 14 MC1648 - 30' to + 85'C P,L D,FN 

Prescaler 

1.1 GHz +256 Prescaler 8 MC12074 0 to + 70'C p D 
1.1 GHz +32/33, +64/65 Dual Modulus Prescaler 8 MC12028A - 40' to + 85'C p D 
1.1 GHz +32/33, +64/65 Dual Modulus Prescaler 8 MC12028B - 40' to + 85'C p D 
1.1 GHz +64 Prescaler 8 MC12073 0 to +70'C p D 
1.1 GHz + 64/65, + 128/129 Dual Modulus Prescaler 8 MC12022A - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 MC12022B - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 MC12022SLA - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 MC12022SLB -40' to +85'C p D 
1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 MC12022TSA -40' to +85'C p D 
1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 MC12022TSB -40' to +85'C p D 
1.1 GHz +64/65, +128/129 Dual Modulus Prescalerwith Stand-By Mode 8 MC12036A -40' to +85'C p D 
1.1 GHz +64165, +128/129 Dual Modulus Prescaler with Stand-By Mode 8 MC12036B - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Low Power Dual Modulus Prescaler 8 MC12052A - 40' to + 85'C p D 
1.1 GHz +64165, +128/129 Low Power Dual Modulus Prescaler 8 MC12052B - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 MC12022LVA - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 MC12022LVB - 40' to + 85'C p D 
1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 MC12022TVA - 40' to + 85'C p D 
1.1 GHz +64165, +128/129 Low Voltage Dual Modulus Prescaler 8 MC12022TVB - 40' to + 85'C p D 
1.3 GHz + 256 Prescaler 8 MC12076 o to +85'C p D 
1.3 GHz + 256 Prescaler 8 MC12078 0 to +85'C p D 
2.0 GHz +32/33, +64/65, Dual Modulus Prescaler 8 MC12034A - 40' to + 85'C p D 
2.0 GHz +32/33, +64/65, Dual Modulus Prescaler 8 MC12034B -40' to +85'C p D 
2.0 GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 8 MC12033A - 40' to + 85'C p D 
2.0 GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 8 MC12033B - 40' to + 85'C p D 
2.0 GHz + 64/65, + 128/129 Dual Modulus Prescaler 8 MC12032A - 40' to + 85'C p D 
2.0 GHz + 64/65, + 128/129 Dual Modulus Prescaler 8 MC12032B -40' to +85'C p D 
2.0 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 MC12031A -40' to +85'C p D 
2.0 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 MC12031B - 40' to + 85'C p D 
225 MHz +20/21 Dual Modulus Prescaler 8 MC12019 - 40' to + 85'C P,L D 
225 MHz +32/33 Dual Modulus Prescaler 8 MC12015 - 40' to + 85'C P,L D 
225 MHz +40/41 Dual Modulus Prescaler 8 MC12016 - 40' to + 85'C P,L D 
225 MHz + 64 Prescaler 8 MC12023 0 to +70'C p D 
225 MHz +64/65 Dual Modulus Prescaler 8 MC12017 -40' to +85'C P,L D 
480 MHz + 5/6 Dual Modulus Prescaler 16 MC12009 - 30' to + 85'C P,L 
520 MHz + 128/129 Dual Modulus Prescaler 8 MC12018 -40' to +85'C P,L D 
520 MHz +64/65 Dual Modulus Prescaler 8 MC12025 -40' to +85'C p D 
550 MHz + 10/11 Dual Modulus Prescaler 16 MC12013 - 30' to + 85'C P,L 
550 MHz +8/9 Dual Modulus Prescaler 16 MC12011 - 30' to + 85'C P,L 
750 MHz + 2 UHF Prescaler 16 MC12090 0 to +75'C P,L 
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® MOTOROLA 

PROGRAMMABLE MODULO-N COUNTERS 

The monolithic devices are programmable, cascadable, 
modulo-N-counters. The MC4316/4016 can be programmed to 
divide by any number (N) from 0 thru 9, the MC4018 from 0 
thru 15. 

The parallel enable (PE) input enables the parallel data inputs 
DO thru D3. All zeros are entered into the counter by applying a 
logic "O" level to the master reset (MR) and PE inputs. This causes 
the counter to stop counting (count = 0). All data inputs are 
independent of the logic level of the Clock. 

Modulo-N counters are useful in frequency synthesizers, in 
phase-locked loops, and in other applications where a simple 
method for frequency division is needed. 

All Types: 
Input Loading Factor: Total Power Dissipation = 

Clock, PE = 2 250 mW typ/pkg 
DO, D1, D2, D3, Gate = 1 Propagation Delay Time: 

MR = 4 Clock to 03 = 50 ns typ 
Output Loading Factor = 8 Clock to Bus = 35 ns typ 

MC4316/4016 

OUTPUT 
COUNT 

03 02 01 

9 1 0 0 
8 1 0 0 
7 0 1 1 
6 0 1 1 
5 0 1 0 
4 0 1 0 
3 0 0 1 
2 0 0 1 
1 0 0 0 
0 0 0 0 

oo 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

03 

03 

PE 

Gate 

DO 

Clock 

oo 
Gnd 

PIN ASSIGNMENT 

MC431814016 
MC4018 

Vcc=Pin 16 
Gnd=Pin 8 

6-3 

Vee 
02 

02 

R 

Bus 

01 

Mii 

01 

MC4316 
MC4016 
MC4018 

PROGRAMMABLE MODULO-N 
COUNTERS 

- ,._ 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

CERAMIC PACKAGE 
CASE 620 

MC4018 

OUTPUT 
COUNT 

03 02 01 oo 
15 1 1 1 1 
14 1 1 1 0 
13 1 1 0 1 
12 1 1 0 0 
11 1 0 -1 1 
10 1 0 1 0 
9 1 0 0 1 
8 1 0 0 0 

7 0 1 1 1 
6 0 1 1 0 
5 0 1 0 1 
4 0 1 0 0 
3 0 0 1 1 
2 0 0 1 0 
1 0 0 0 1 
0 0 0 0 0 



MC4316 • MC4016 • MC4018 

LOGIC DIAGRAMS 

Meq16/4016 

Gate 

5 DO 11 01 14 02 

MC4018 

Gate 

5 DO 11 01 14 02 
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03 

03 

Vee= Pin 1s 
GND=Pin 8 

Vee= Pin 16 
GND =Pin 8 
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ELECTRICAL CHARACTERISTICS 

Tests are shown for one output only. 
Others are tested in the same manner. 

MC4316/4016 
MC4018 

TEST CURRENT/VOLTAGE VALUES 

~ 02,--

03~ 
'3 

R MC4316 

MC4016/4018 

@Test 
Temperature loll 

j .:~::~ 128 

12.8 

f +125°C 128 

{ o0 e 
12.8 

+25°c 128 

+7s0c 12.8 

mA 

loL2 ioL3 IQH 11e 

'38 96 -16 

13.8 96 -16 -10 

13.8 96 -1.6 

13.8 96 -16 

13.8 9.6 -16 -10 

13.8 96 -16 

VIL V1H V1HH VILT V1HT Vee VccL VccH 

04 24 5.5 08 20 50 " 55 

04 24 5.5 0.8 2.(1 50 45 55 

04 24 5.5 0.8 2.0 50 45 55 

04 25 55 08 in 50 475 525 

04 25 55 0.8 2.(1 5 0 475 525 

04 25 55 0.8 20 
Ml"An111/An13 MC4316 - -- --· ·-. 

Pio I 0 o I o I o - I J TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW 

Input 
Forward Current 

Leakage Current 

i-·~-·· Under -55 C +25 C +125 C 0 C ·~v - +75°c 

Symbol I Test Mini Ma)( 

11u 

l1L2 

I l1H I 

6 
10 

- i-16 - -3 2 
- -16 
- -16 

-

-3 21--64 -
-1 6 -
-1 6 -

-16 
-32 
-6.4 
-16' -

-14 
-28 

- i-1.41 - I ~~ : 
- -28 -2.8 

-56 10 

3 - 80 
4 - 40 
5 - 40 

80 
40 

Min I Max loL 1 10L2 loLJ •oH 11c V1L V1H I V1HH 

-1.61-'1-16 -32 -32 
-16 -16 
-16 -1 6 
~ ~2 

~4 

1

-16 -16 mAdo - 2 I 
-32 -32 3 4 

=; ~ = ~ ~ I ~ 1
3
0 

-3 2 -3 2 - 6 
-64 -64 j I 10 2.s.11.14 
-16 -16 11 
-1.6 -16 14 -16 

- :;: :; : I mAjdo I ; 4 
- I -14 -1 4 I - I 4 3 

1-14 -14 5 10 

-28 I 5 i 10 2.5,11,14 

11 10 
14 10 

-28 

-l41-1 : : -28 -28 
-56 - -56 
-14 -14 
-14 - -14 

80 - 80 
40 40 

40 I I 40 ! µAde 

40 - 40 

VJLT VJHT I Vee I vccL I VccH n 3.8 
I 16 8.~2 

I I l 3.8 

I ! 3~8 
' ' 
i 

3.8 

115 : :/2 

-~I I 16 8.10 

l1HH I 

160 
40 

40 1-140 

80 -- 80 

:: I :: I j I - I 

:: I I :: I - I 160 160 
40 40 

1~40 

I 'I ! I ~:~ 
I : I s.10 

11 11 11·1l·i1· 1 ·111 1 l I Ill 1 I! i, . . . . . . . . . . . . . . . . . . . ,. - i • • :! • • if TI w '° 

2

1 I '° 6 - 80 

10 = ~600 ' -

40 

2 I 1.or-=- I 1.U 

j j I j J I j 
-

j 1-1 j 
5 
6 
10 
11 
14 

Clamp Voltage ] V1c 2·· - -15 -J-15 

Output 1 Voe Output Voltage 1 - 04 - 04 04 04 04 04 
1 - 04 04 04 04 04 04 

" ~ 0.5 - 05 05 0.5 '05 05 

VQH 24 2.4 24 25 2.5J- 25 

Short-Circuit Currefll1 los 1 -20 -65 -20 -65 -20 -65 -20 -65 -20J -65 -20 -65 
13# -18 -3.8 -18 -38 -1.8 -38 -18 -3.8 -1.8 -3.8 -1 8 -3.8 

Power Requirements T 
!TotalDav1cal 

Power Supply Drain lee 1e I - I - 1-1651-1-1 I es I - I mAdc 

**Test all inputs in the same manner. 
#Test applies only to the MC4316/4016 and MC4018. 

12 

2,5,11,14 

2.3.5.11,14 
2,3,5,11,14 

3 I 2.5,1114 

16 

2.5.1114 I I 16 

16 

16 

1.8 

s:: 
0 
.I:> 
w .... 
O> 

• s:: 
0 
.I:> 
C> .... 
O> 

• s:: 
0 
8 .... 
Q) 
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SWITCHING TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 

PULSE 
GENERATOR 

PAF = 8.0 MHz (Pulse T) 

= 1.0 MHz (V and Y) 
Duty Cycle = 50% 
tr = t1 S'5.5 ns 

(10% to 90% points) 

Note 1: 
Counter programmed for + 8 operation. 

DO 

~----<>--< 01 

02 

03 

2.5 V PE 

MR 

00 

9 
01 

15 
02 

Coax 

9950 

TPout 

\ 

(For MC4316/4016 and MC4018, pin 13 is the resistor pin, and left open.) 

T 
PAF = 8.0 MHz 

u 

SWITCHING TIME TEST PROCEDURES (TA~ 25°C) 
(Letters shown in test columns refer to waveforms.) 

INPUT 

Clock Gate DO, D1, D2 D3,PE, MR 
TEST SYMBOL Pin 6 Pin 4 Pins5,11,14 Pins 2,3, 10 

Toggle Frequency 
(Check before measuring 

ftog T T Gnd 2.5 v 
propagation delay.) 

Propagation Delay 
tPLH v v Gnd 2.5 v 

Clock to Bus 

Propagation Delay 
tPLH y y Gnd 2.5 v 

Gate to 03 

Propagation Delay 
Clock 1 to 03 

MC431614016 tPHL v v Gnd 2.5 v 
MC4018 
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The coax delays from input to 
scope and output to scope must be 
matched. The scope must be ter
minated in 50-ohm impedance. 
The 9950-ohm resistor and the 
scope termination impedance con
stitute a 200: 1 attenuator probe. 
Coax shall be CT-070-50 or equiv
alent. 

CT = 15 pF = total parasitic capac
itance, which includes probe, wir
ing, and load capacitance. 

+a 

OUTPUT 

Bus 03 LIMITS 

Pin 12 Pin 1 Min Max Unit 

- u 8.0 - MHz 

w - - 65 ns 

- z - 35 ns 

- x - 45 ns 
- 78 ns 
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OPERATING CHARACTERISTICS 
MC4316/4016, MC4018 

Operation of both counters is essentially the same. 
The MC4316/4016 has a maximum modulus often while 
the MC4018 is capable of dividing by up to sixteen. 
Minor differences in the programming procedure will 
be covered in the discussion of cascaded stages. 

Suitable connections for operating a single stage are 
shown in Figure 1, as well as appropriate waveforms. 
The desired modulus is applied to the data inputs DO, D1, 
D2, and D3 in binary (MC4018) or binary coded decimal 
(MC4016) positive logic format. If a number greater than 
nine (BCD 1001) is applied to the MC4016, it treats the 
most significant bit position as a zero; if for example, 
binary fourteen (1110) were applied to an MC4016, the 
counter would divide by six. BCD eight is programmed 
in Figure 1. As PE is taken low the states on the parallel 
inputs are transferred to their respective outputs. Sub
sequent positive transitions of the input clock will dec
rement the counter until the all zero state is detected by 
the bus gate. The resulting positive transition of the bus 
line is internally inverted and fed back to the preset gating 
circuitry but does not yet preset the counter since the 
gateclock input is still high. As the clock returns to the 
low state the counter is set to the programmed state, 
taking the bus line low. The net result is one positive 
pulse cin the bus line for every N clock pulses. The output 
pulse width is approximately equal to one clock puise 
high time. 

Operation will continue in this fashion until the data on 
the programmable inputs is changed. Since the preset 
circuitry is inhibited except when the counter is in the 

zero state, preset data may be changed while clocking is 
occurring. If it is necessary to enter a new number before 
the counter has reached zero this can be done by mo
mentarily taking PE low. Countdown will continue from 
the new number on the next positive clock transition. 

The counters can be made to divide by 10 (MC4016) 
or 16 (MC4018) by inhibiting the preset logic. This may 
be done by either holding the gate input high or by hold
ing the bus line low. 

The normal connections for cascading stages are in
dicated in Figure 2, with the appropriate waveforms. Note 
that the gate input of each stage is connected to the clock; 
all bus outputs are tied to one of the internal pullup re
sistors, R. The total modulus for cascaded MC4016s is 
determined from NT= No + 10N1 + 100N2 + ... ; NT 
for MC4018s is given by NT = No + 16N1 + 256N2 
+ ... Stated another way, the BCD equivalent of each 
decimal digit is applied to respective MC4016 stages 
while the data inputs of the MC4018 stages are treated 
as part of one long binary number. The difference in 
programming is illustrated in Figure 2 where NT = 245 
is coded for both counter types. 

Cascaded operation can be further clarified by referring 
to the timing diagram of Figure 2. For the MC4016, count
ing begins with the first positive clock transition after the 
data has been set in. After the five clock pulses, the least
significant stage has been counted down to zero. The bus 
line does not go high at this time since the three bus 
terminals are wire-ORed and the other two stages are not 
in the zero state. Since no reset occurs, the next positive 

FIGURE 1 - SINGLE-STAGE OPERATION 

A fout 
1in 

MC4016/18 

B 
01 02 03 

0 0 0 
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MC4316 • MC4016 • MC4018 

OPERATING CHARACTERISTICS: MC4316/4016, MC4018 

clock edge advances the least significant stage to the nine 
(1001) state, causing the second stage to be decremented. 
The process continues in this manner with the least sig
nificant stage now dividing by ten. The second stage 
eventually counts down to zero and also reverts to di-

viding by ten. Each pulse out of the second stage dec
rements the third until it reaches zero. At this time the 
bus line goes high; it remains high until the clock goes 
low, causing all three stages to be reset to the pro
grammed count again. 

FIGURE 2 - CASCADED OPERATION 

PE 010011012 013 

fin 

MC4016 BCD 
MC4018 Binary 

Q10 

Q11 

Q12 

Q20 

Q21 

022 

Q23 

Q30 

Q31 

MC4016/18 

0 
0 1 

(~.S.0.) 

No 

03 

R 

B 

PE 020 021022 023 
R 

MC4016/18 

G 
MR DO 01 02 03 
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PE 030 031 032 033 

G 

MC4016/18 

MA DO 01 02 

0 0 
0 0 0 

(M.S.O.) 

N2 

03 

R 

B fout =if 
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APPLICATIONS INFORMATION 

A typical system application for programmable counters 
is illustrated in the frequency synthesizer shown in Figure 
4. There the counter provides a means of digitally se
lecting some integral multiple of a stable reference fre
quency. The circuit phase locks the output, fvco. of a 
voltage controlled oscillator to a reference frequency, 
fref·1 Circuit operation is such that fvco = Nfref· where 
N is the divider ratio of the feedback counter. 

In many synthesizer applications the VCO is operated 
at VHF frequencies too high for direct division by TIL 
counters. In these cases the VCO output is usually pre
scaled by using a suitable fixed divide-by-M ECL circuit 
as shown in Figure 5. For this configuration, fvco = 
NMfref• where N is variable (programmable) and M is 
fixed. Design of the optimum loop filter requires that the 
input reference frequency be as high as possible where 

FIGURE 4 - MTTL PHASE-LOCKED LOOP 

,---
I 

~A U1 
fref I 

Det 

rl>-----!--1 v 01 

PU UF 

Chg 
Pump 

+ N Programmable 
Counter Chain 

MC4016/18 

~--------e---• Vee 

1 k 
R2 c 

VeM 

_I 
1/2 MC4024 

AGURE 5 - MTTL-MECL PHASE-LOCKED LOOP 

+ N Programmable 
Counter Chain 

MC4016/18 

L 

~--------e--~•vec 

R2 c 

___ _J 

7M Prescaler 
MC10137 

1 k 

VeM 

MC1658 

tvco 

1 See Motorola Application Note AN"535 and the MC4344/4044 Data Sheet for detailed explanation of overall circuit Operation. 
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FIGURE 6 - FEEDBACK COUNTERS WITH DUAL 
MODULUS PRESCALER 

Dual Modulus 
Prescaler 

+Mor (M.+1) 

Counter 
7 Nmc 

Programmable 
Counter 
+Npc 

To Phase Detector 
for comparison with f ref· 

the upper limit is established by the required channel 
spacing. Since fvco = Nfref in the non-prescaled case, 
if N is changed by one, the VCO output changes by fret• 
or the synthesizer channel spacing is just equal to fret· 
When the prescaler is used as in Figure 5, tvco = NMfref• 
and a change of one in N results in the VCO changing by 
Mfref• i.e., if fret is set equal to the minimum permissible 
channel spacing as is desirable, then only every M chan
nels in a given band can be selected. One solution is to 
set fret = channel spacing/M but this leads to more strin· 
gent loop filter requirements. 

An alternate approach that avoids this problem is pro
vided by the counter configuration shown in Figure 6.2 
It too uses a prescaler ahead of a programmable counter, 
however the modulus of the prescaler is now controlled 
by a third counter, causing it to alternate between M and 
M + 1. Operation is best explained by assuming that all 
three counters have been set for the beginning of a cycle: 
the prescaler for division by (M + 1 ), the modulus control 

counter for division by Nmc• and the programmable 
counter for division by Npc· The prescaler will divide by 
(M + 1) until the modulus control counter has counted 
down to zero; at this time, the all zero state is detected 
and causes the prescaler to divide by M until the pro
grammable counter has also counted down to zero. When 
this occurs, a cycle is complete and each counter is reset 
to its .original modulus in readiness for the next cycle. 
For this configuration, 

fin fout = --~~-
MNpc+Nmc 

In terms of the synthesizer application, fvco = (MNpc 
+ Nmcl fret and channels can be selected every fret by 
letting Npc and Nmc take on suitable integer values, in
cluding zero. 

A simplified example of this technique is shown in Fig
ure 7. The MC12013 Dual Modulus Prescaler divides by 
either 10 or 11 when connected as shown in Figure 7. If 
the E3 and E4 Enable inputs are high at the start of a 
prescaler cycle, division by 10 results; if the Enable inputs 
are low at the beginning of the cycle, division by 11 re
sults. The zero detection circuitry of the MC12014 Counter 
Control Logic is connected to monitor the outputs of the 
modulus control counter; this provides a suitable enable 
signal at EO as the modulus control counter reaches its 
terminal (zero) count. The remainder of the MC12014 is 
connected to extend the operating frequency of the pro
grammable counter chain. 

A specific example of this technique is shown in Figure 
8. Th.ere the feedback divider circuitry required for gen· 
erating frequencies between 144 MHz and 178 MHz with 
30 kHz channel spacing is shown.2 

FIGURE 7 - FREQUENCY DIVISION: fo = f;.,IMNpc + Nmc 

+ 04 
11 

MC12013TTLout 1--.----ifin 

E4 _ o4 

'------v-----' 
Dual Modulus 
Prescaler: 
+Mor (M+1) 
IM= 101 PE 00 01 02 03 R 

MC4016/18 
G B 
MR00010203 

1 1 0 0 

'----v---' 
Modulus Control 
Counter: 7 Nmc 

0 0 1 0 

(L.S.O.I 

PE 

MC4016/18 

G MROO 01 02 036 G 
MR -More Significant 

o O o O Stages Programmed 
to Zero 

Programmable Counter: +Npc 

2. This application is discussed in greater detail in the MC12014 Co.unter Control Logic data sheet. 
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FIGURE 8 - 144 TO 178 MHz FREQUENCY SYNTHESIZER 
WITH 30 kHz CHANNEL SPACING 

Vee 

,---------, 
fin 

30 kHz ~ ,---------, I 
I 
I 
I 
I 
I 
LM~40~ 

Phase-frequency Detector 

81 P3 P2 Pl PO 

fin I------• 

--, 
I 
I 

J 
Dual Modulus Prescaler 

710111 

c 
E5 
E4 

fvco 

I 
I 
I 

IA PE~ rt93 PE~ r¥l lli PE~: : al If[-~-~ - - --=-1r~ I Modulus 

MC4016 
B G 

0302 01 00 MA 03 02 01 DO MR 

L--1-1-1-1- - - -

87 86 85 84 83 82 81 80 

PROM! 7640 

A5 AO 
0 0 0 

8 4 2 1 

4 

BCD TW SW #1 

I 

03 02 01 DO MR 

Programmable 

Counter, -7-Npc 

Channel Selector Thumbwheel 
Switches 

I 
I 
I 
L 

BCD TW SW #3 BCD TW SW #4 

Con trot 
I Counter 

I 7Nmc 

I 

s: 
0 ,,., 
w .... 
O> 

• s: 
~ .... 
O> 

• s: 
0 
8 .... 
00 



.. 

MC4316 • MC4016 • MC4018 

Figure 9 shows a frequency synthesizer system for 
the aircraft band of 108 to 136 MHz with a channel spac
ing of 50 kHz. For a system of this type it is desirable 
to use direct-reading thumbwheel switches for channel 
selection. To implement this system with these con
straints, it is necessary to calculate the required refer
ence frequency (fref). Figure 9 requires a reference fre
quency of 10 kHz and N4 must be programmed to only 
0 and 5. 

For any phase-locked loop system it is desirable to 
maintain as high a reference frequency as possible 
while meeting the system requirements. The higher the 
reference frequency, the higher the number of sampling 
pulses received by the phase detector per unit time. This 
results in (1) easier filtering of the control voltage, 

(2) faster lock-up time, and (3) less noise in the output 
spectrum. The higher reference frequency is also desir
able because the reference frequency appears as side
bands on the output frequency and the farther the side
bands are away from the output the better the system. 
Another advantage of the higher reference frequency is 
the smaller divide ratio required in the programmable 
counter chain. This is advantageous when calculating 
realizable resistors for the filter. 

Figure 10 shows the implementation of the aircraft 
band synthesizer with 25 kHz channel spacing (the 
25 kHz spacing has been proposed to the FCC). Figure 
10 shows the system using an MC4018 as the first 
counter, and has a reference frequency of 6.25 kHz to 
obtain the direct programming. 

FIGURE 9 - 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 50 kHz CHANNEL SPACING 

10·13 
10 MHz Steps 

N1 

0·9 
1.0 MHz Steps 

N2 

Phase 
Detector 

0·9 
100 kHz Steps 

N3 

Filter and 
Charge 
Pump 

0 and 5 
10 kHz Steps 

N4 

fout 

fout = 108 to 136 MHz 
in 50 kHz Steps 

= NP (fret/Pl 
= Nfref 

FIGURE 10 - 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 25 kHz CHANNEL SPACING 

10-13 
6.25 MHz Steps 

N1 

fref = 6.25 kHz 

09 
625 kHz Steps 

N2 

0~9 

62.5 kHz Steps 
NJ 

6-12 

0,4.8, 12 
6.25 kHz Steps 

N4 
fout = 108 to 136 MHz 

in 25 kHz Steps 

= NP (fret/Pl 
= Nfref 
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Figure 11 shows the FM band implemented with the 
MC4016 and has a 100 kHz reference frequency. 

The MC4316/4016 covers phase-locked loop applica-

tions where the channel spacing is 1 x 1on Hz. The 
MC4018 is used when the most significant digit is 
between 9 and 15. 

FIGURE 11 - 88 TO 108 MHz FREQUENCY SYNTHESIZER WITH 200 kHz CHANNEL SPACING 

riD 
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Nl 

09 
1.0 MHz Steps 

N2 

6-13 
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Controlled 
Oscillator 

fout = 88 to 108 MHz 
in 200 kHz Steps 

=NP (fref/P) 

= Nf ref 

• 



® MOTOROLA 

DUAL VOLTAGE-CONTROLLED MULTIVIBRATOR 

The MC4324/4024 consists of two independent voltage
controlled miltivibrators with output buffers. Variation of the out
put frequency over a 3.5-to-1 range is guaranteed with an input 
de control voltage of 1.0 to 5.0 voltage. 

Operating frequency is specified at 25 MHz at 25°C. Operation 
to 15 MHz is possible over the specified temperature range. For 
higher frequency requirements, see the MC1648 (200 MHz) or the 
MC1658 (125 MHz) data sheet. 

This device was designed specifically for use in phase-locked 
loops for digital frequency control. It can also be used in other 
applications requiring a voltage-controlled frequency, or as a sta
ble fixed frequency oscillator (3.0 MHz to 15 MHz) by replacing 
the external control capacitor with a series mode crystal. 

Maximum Operating Frequency = 25 MHz Guaranteed 
@25°c 

Power Dissipation = 150 mW typ/pkg 
Output Loading Factor = 7 

TYPICAL APPLICATIONS 

FIGURE 1-ASTABLE MULTMBRATOR FIGURE 2 - CRYSTAL CONTROLLED 
MULTIVIBRATOR 

Pl .__..__C>-1 
= 4.0 Vdc 

6.8 k 

foul= 10 MHz Crystal frequency can be pulled 
slightly by adjusting P1. 

FIGURE 3 - VOLTAGE-CONTROLLED 
MUL TIVIBRATOR 

V;n=2.5 V to 5.5 V 
foul= 1.0 MHz min, 5.0 MHz max 
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MC4324 
MC4024 

DUAL 
VOLTAGE-CONTROLLED 

MULTIVIBRATOR 

""' ,._ CERAMIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC4024 only) 

CASE 632 
(T0-116) 

PIN ASSIGNMENT 

VcM1 
Buffer 
Vee 

vcx1 VCM2 

Cx1{ 
vcx2 

} Cx2 
Gnd 

Out 1 Gnd 

Gnd Out 2 
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ELECTRICAL CHARACTERISTICS ~R 
2~6 

Vee: VCM = 1, 13 
Output Buffer = 14 

Gnd: VCM = 5, 9 

Characteristic 

Input 
Forward Current 

Output 
Output Voltage 

Snort-Circuit Current 

Power Requirements 
{Total Device) 
Power Supply Drain 

12~8 
10 6-<e-611 
X1 "X2 

MC4324 Test Limits 

Output Buffer = 7 
External Capacitor for 

Frequency Range Determination---------------------~--~ 
TEST CURRENTNOLTAGE VALUES 

((1 Test mA Volts 

Temperature loL 1 I IQL2 I loH V1H I Vee I 'VccL I VccH 

{ 
- 55°C 9.8 11.2 - 1.6 5.0 5.0 4.5 5.5 

MC4324 +25:C 9.8 11.2 -1.6 5.0 5.0 4.5 5.5 

+125C 9.8 11.2 -1.6 5.0 5.0 4.5 5.5 1 
{ 

0°C 9.8 11.2 -1.6 5.0 5.0 4.75 5.25 

MC4024 +25:C 9.8 11.2 -1.6 5.0 5.0 4.75 5.25 

+75C 9.8 11.2 -1.6 s.o 5.0 4.75 5.25 

MC4024 Test Limits 

u~~er I -s1s"C +25"C I +1~5°C J O"C J +25"C I +75"C j 
TEST CURRENTNOLTAGE APPLIED TO PINS LISTED BELOW: 

Symbol I Test I Min I Max l Min I Max I Min J Max I Min I Max I Min I Max I Min I Max I Unit I IQL 1 j IQL2 I IQH V1H Vee VccL VccH Gnd 

ljn 

VQL 

VQH 

ios 

ice 

2 
12 

1,3,14 

2.4 
2.4 

100 
100 

0.4 

i 
2.4 
2.4 

100 
100 

r 
2.4 
2.4 

100 
100 

r 
2.5 
2.5 

100 
100 

0.4 

i 
2.5 
2.5 

100 
100 

r 
2.5 
2.5 

100 
100 

µAd, 

µAd' 

14

1 T 
Vd' 
Vd' 

-201-651-201-651-201-651-201-651-201-651-201-651 mAd' 
-20 -65 -20 -65 -20 -65 -20 -65 -20 -65 -20 -65 mAdc 

37 37 mAdc 

2 
12 

2 
12 
2 
12 

2 

12 

2 
12 

2,4.10,12 

1,3,14 
11,13,14 

1,13,14 

1,4,14 
11},13,14 

1,3,14 
11,13,14 

14 
14 

1,4,14 
10,13,14 

5,7,9 
5,7,9 

T 
5,7,9 
5,7,9 

5,6,7,9 
5,7,8,9 

5,7,9 

FIGURE 4 - AC TEST CIRCUIT AND WAVEFORMS 

10 pF* 1. Reset MC3060 
2. Apply ramp voltage 

' - - -, 3. "Output" will go high when 
X1 X2 : lout lout > 25 MHz 

5.0V-+j\ I 
0 V -"-<__/ I I + 10 

Ramp 1 1 

Generator :__ _____ J 

2.5 MHz M >----i_f!___ 
Square Wave \.:.J ~~ 

• Including total 
parasitic capacitance. 

I 

R MC3060 

1
0 

~"'voH 
"'VoL 

(Vee = 5.0 Vdc, TA = 25°C) 

TEST 

Maximum Operating 
Frequency 

Ratio of Frequency of 
Oscillation Over 
Specified Input 
Voltage Range 

SYMBOL 

Fm ax 

Fhigh 

F1ow 

Gnd 

VALUE 

CONDITIONS Min Typ 

Cx = 10 pF, Vin = 5.0 Vdc I 25 MHz I 30 MHz 
Frequency Ratio = 3 .. 5:1 

Cx = 100 pF, 
Vin high = 5.0 Vdc, I 3.5: 1.0 I 4.5: 1.0 
Vin low= 1.0 Vdc 

3!: 
0 
t; 
~ 
• 
3!: 
~ 
~ .,.. 
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FIGURE 5 - FREQUENCY-CAPACITANCE PRODUCT FIGURE 6- FREQUENCY-VOLTAGE GAIN 
CHARACTERISTICS 

600 EEvcc = 5.0 v .LJ 
TA=25°C 

~ cx>100pF L 

20 I 

l-~~~ ~g·~, ~:'~Mc4o24l:t:--t-:;;;F-9~~-4---j 
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FIGURE 7 - TYPICAL FREQUENCY DEVIATION 
versus SUPPLY VOLTAGE 
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301---+--~~--+---+--+--TA = 25'C-+-

ex= 300 pF 
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FIGURE 9 - FREQUENCY DEVIATION versus 
AMBIENT TEMPERATURE 
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FIGURE 8 - TYPICAL FREQUENCY DEVIATION 
versus SUPPLY VOLTAGE 
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FIGURE 10 '--RMS NOISE DEVIATION versus 
OSCILLATOR FREQUENCY 
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01 

ez: SEE 
TEST CIRCUIT. 

V' illURE 1 
:i;z: 

1.0M 10M 
f, OSCILLATOR FREQUENCY (Hz) 

NOTE: Curves labeled as 3 a limits denote that 99.7% of the devices tested fell within these limits. 
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FIGURE 11 - NOISE DEVIATION TEST CIRCUIT 

20 kHz above 
MC4324/4024 Frequency 

10.020 MHz 

Signal Generator 
HP 608 

or Equiv 

300 mV 

MC4324/4024 
Under Test 

40 dB 10 mV 
Attenuator 

75 ll 10 MHz 

Product 
Detector 

20 kHz FrequencyMeter 
HP5210A 
or Equiv 

Voltmete• 
RMS 

HP3400A or Equiv 

F D . . (HP5210A output voltage) (Full Scale Frequency) 
requency ev1at1on ~ l .O Volt 

NOTE: Frequency deviation values of either the signal generator or power 
supply should be determined prior to testing. 

APPLICATIONS INFORMATION 

Suggested Design Practices 

Three power supply and three ground connections are 
provided in this circuit (each multivibrator has separate 
power supply and ground connections, and the output 
buffers have common power supply and ground pins). 
This provides isolation between VCM's and minimizes 
the effect of output buffer transients on the multivibrators 
in critical applications. The separation of power supply 
and ground lines also provides the capability of disabling 
one VCM by disconnecting its Vee pin. However. all 
ground lines must always be connected to insure sub
strate grounding and proper isolation. 

General design rules are: 
1. Ground pins 5, 7, and 9for all applications, including 

those where only one VCM is used. 
2. Use capacitors with less than 50 nA leakage at plus 

and minus 3.0 volts. Capacitance values of 15 pF or 
greater are acceptable. 

3. When operated in the free running mode, the min
imum voltage applied to the DC Control input should 
be 60% of Vee for good stability. The maximum 
voltage at this input should be Vee + 0.5 volt. 

4. When used in a phase-locked loop, the filter design 
should have a minimum DC Control input voltage 
of 1.0 volt and a maximum voltage of Vee + 0.5 
volt. The maximum restriction may be waived if the 
output impedance of the driving device is such that 
it will not source more than 10 mA at a voltage of 
Vee + 0.5 volt. 

5. The power supply for this device should be by
passed with a good quality RF-type capacitor of 500 
to 1000 pF. Bypass capacitor lead lengths should be 
kept as short as possible. For best results, power 
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supply voltage should be maintained as close to 
+ 5.0 Vas possible. Under no conditions should the 
design require operation with a power supply volt
age outside the range of 5.0 volts ± 10%. 

External Control Capacitor (Cxl Determination 
(See Table 11 

The operating frequency range of this multivibrator is 
controlled by the value of an external capacitor that is 
connected between Xl and X2. A tuning ratio of 3.5-to-
1 and a maximum frequency of 25 MHz are guaranteed 
under ideal conditions (Vee = 5.0 volts. TA = 25'C). 
Under actual operating conditions, variations in supply 
voltage, ambient temperature, and internal component 
tolerances limit the tuning ratio (see Figures 7 thru 12). 
An improvement in tuning ratio can be achieved by pro
viding a variable tuning capacitor to facilitate initial align
ment of the circuit. 

Figures 5 through 9 show typical and suggested design 
limit information for important VCM characteristics. The 
suggested design limits are based on operation over the 
specified temperature range with a supply voltage of 5.0 
volts ± 5% unless otherwise noted. They include a safety 
factor of three times the estimated standard deviation. 

Figures 5 and 6 provide data for any external control 
capacitor value greater than 100 pF. With smaller capac
itor values, the curves are effectively moved downward. 
For example, a typical curve of frequency versus control 
voltage would be very nearly identical to the lower sug
gested design limit of Figure 5 if a 15 pF capacitor is used. 
To use Figure 5 divide on the ordinate by the capacitor 
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TABLE 1- EXTERNAL CONTROL.CAPACITOR VALUE DETERMINATION 

CONFIGURATION 
TA 

~" With ex = 10H - 5, 

Vin lout K2 25°C 

toL"' ex ±3°C 

cxv 

CXF ex= cxv + CxF 
X1 X2 

V;n o----j f--t>---<> lout 
0°C 
to 

75°C 
L__ 

Choose CxF and Cxv such that 
ex can be adjusted to: 

~ -5.;Cx.;~ -5 
toH toH 

With Vin = Vee = 5.0 V, adjust 
-55°C Cx to obtain: 

to 
lout = K5 (foHl 125°C 

Then: 
K4 

foL"' i(1fOH 

Definitions: foH = Output frequency with Vin = Vee 
foL = Output frequency with Vin = 2.5 V 

(Frequencies in MHz, Cx in pF) 

value in picofarads to obtain output frequency in mega
hertz. In Figure 6 the ordinate axis is multiplied by the 
capacitor value in picofarads to obtain the gain constant 
(Ky) in radians/second/volt . 

Frequency Stability 

When the MC4324/4024 is used as a fixed-frequency 
oscillator (Vin constant), the output frequency wll vary 
slightly because of internal noise. This variation is indi
cated by Figure 10 for the circuit of Figure 11. These 
variations are relatively independent(< 10%) of changes 
in temperature and supply voltage. 

10-to-1 Frequency Synthesizer 

A frequency synthesizer covering a 1 O-to-1 range is 
shown in Figure 14.Three packages are required to com
plete the loop: The MC4344/ 4044 phase-frequency de
tector, the MC4324/ 4024 dual voltage-controlled multi
vibrator, and the MC4318/ 4018 programmable counter. 

VALUES OF K 

Vee K1 K2 K3 K4 K5 

5.0 v 385 150 600 110 1.0 

5.0 v 325 175 680 125 1.14 
±5% 

5.0 v 290 190 750 140 1.25 
±10% 

5.0 v 335 165 660 120 1.10 

5.0 v 280 190 750 140 1.25 
±5% 

5.0 v 250 200 840 150 1.40 
±10% 

5.0 v 300 175 690 125 1.15 

5.0 v 260 200 780 145 1.30 
±5% 

5.0 v 230 210 860 155 1.45 
±10% 
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Two VCM's (one package) are used to obtain the required 
frequency range. Each VCM is capable of operating over 
a 3-to-1 range, thus VCM1 is used for the lower portion 
of the times ten range and VCM2 covers the upper end. 
The proper divide ratio is set into the programmable 
counter and the VCM for that frequency is selected by 
control gates. The other VCM is left to be free running 
since its output is gated out of the feedback path. 

Normally with a single VCM the loop gain would vary 
over a 1 O-to-1 range due to the range of the counter ratios. 
This affects the bandwidth, lockup time, and damping 
ratio severely. Utilizing two VCM's reduces this change 
in loop gain rom 10-to-1 to 3-to-1 as a result of the dif
ferent sensitivities of the two VCM's due to the different 
frequency ranges. This change of VCM sensitivity (3-to-
1) is of such a direction of compensate for loop gain 
variations due to the programmable counter. 

The overall concept of multi-VCM operation can be 
expanded for ranges greater than 1 O-to-1. Four VCM's 
(two packages) could be used to cover a 100-to-1 range. 
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FIGURE 12 -10-T0-1 FREQUENCY SYNTHESIZER 

VCM2 
'/, MC4024 
4-10 kHz 

fref 
Phase-
Frequency 

1.0 MHz Detector fout 
MC4044 

VCM1 
'/, MC4024 
1-3 kHz 

+ 1-10 
Counter 
MC4018 

A 

D3 D2 D1 DO 

Input VCM1 VCM2 fout 
+N D3 D2 D1 DO A kHz kHz kHz 

1 0 0 0 1 1 1 x 1 
2 0 0 1 0 1 2 x 2 
3 0 0 1 1 1 3 x 3 
4 0 1 0 0 0 x 4 4 
5 0 1 0 1 0 x 5 5 
6 0 1 1 0 0 x 6 6 • 7 0 1 1 1 0 x 7 7 
8 1 0 0 0 0 x 8 8 
9 1 0 0 1 0 x 9 9 
10 1 0 1 0 0 x 10 10 
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MC4344 
MC4044 

R 

v 
3 

PHASE-FREQUENCY DETECTOR 

The MC4344/4044 consists of two digital phase detectors, a 
charge pump, and an amplifier. In combination with a voltage 
controlled multivibrator (such as the MC4324/4024 or MC1648), 
it is useful in a broad range of phase-locked loop applications. 
The circuit accepts TTL waveforms at the R and V inputs and 
generates an error voltage that is proportional to the frequency 
and/or phase difference of the input signals. Phase detector #1 
is intended for use in systems requiring zero frequency and phase 
difference at lock. Phase detector #2 is used if quadrature lock is 
desired. Phase detector #2 can also be used to indicate that the 
main loop, utilizing phase detector #1, is out of lock. 

Operating Frequency = 8 MHz typ 
Input Loading Factor: R, V = 3 
Output Loading Factor (Pin 8) = 10 
Total Power Dissipation = 85 mW typ/pkg 
Propagation Delay Time = 9.0 ns typ 

(thru phase detector) 

LOGIC DIAGRAM 

PU 
4 

U1 

Phase 13 

Frequency Charge 

Detector 01 
Pump 

#1 2 
PD 

11 

U2 

Phase 12 

Frequency 
Detector 02 

#2 6 

UF 

OF 

8 

PHASE DETECTOR CHARGE PUMP 

1.0 k 

5 

10 

PHASE-FREQUENCY 
DETECTOR 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
MC4044 only 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
(T0-116) 

PIN ASSIGNMENT 

R Vee 
01 U1 

v U2 

PU PD 

UF OF 

D2 Amp In 

Gnd Output 

AMPLIFIER 

11 '--~~~_.___:_::_:~~~-D-~-O~~~~~·~:· 
3.9 k 

~ ~ 
4<>-~-;<~~~~~~~~~~~~~-o5 

*VMAX not to exceed 8.0 Vdc. 
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INPUT INPUT OUTPUT 
STATE A v U1 01 U2 02 

1 0 0 x x 1 1 
TRUTH TABLE 

2 1 0 x x 0 1 
3 1 1 x x 1 0 

ELECTRICAL CHARACTERISTICS 4 1 0 x x 0 1 

This is not strictly a functional 
truth table; i.e., it does not show all 
possible modes of operation. It is 
useful for de testing. 

Freq 
Detector 

L_ ., ~~ 
'-------

.... 
FnrwardCuffefl! 

Lea~age Curr•nt 

Ou1p11t(No•ell 
Ou!pu1Voltoge 

PowtfRequi<•ments 
1Tol~I Dev«:el 

p:r~~;rUF 4 5 

Charge 
Pump 

PD OF 
11 10 

''" '" " " 

~A~••~ 

·~· 

'" " " 

Output 

'" '" " " 
'" ;o 

" 

5 
6 
7 
8 

9 
1G 
11 
12 

13 
14 
15 
16 
17 

"' '" " " 

0 
1 
0 
1 

0 
0 
0 
0 

0 
0 
0 
1 
0 

0 x x 
0 x x 
0 0 1 
0 0 1 
0 0 1 
1 0 1 
0 1 1 
1 1 1 

0 1 0 
1 1 0 
0 1 0 
0 1 0 
0 1 1 

··~ 

1 
0 
1 
0 

1 
1 
1 
1 

1 
1 
1 
0 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 

1 X indicates output state unknown 

2. U1 and 01 outputs are sequential; 
1.e., they must be sequenced in 
order shown 

3. U2 and 02 outputs are combina 
t1onal, i.e., they need only inputs 
shown to obtain outputs 

1 ..... .,..0111r• loL •oHl loH2 Im •1c IA V1L VIH V1HH ViLT VJHT Vou• Vee VccL VccH 

;o l -55°C 20-16 00020.4 24 11 2.0 50 5.5 

MC4344 +250C 
+izsoc r"",,t-."',,+'""-PPE'E"f-"+-'"-t~eo=~"TC:'+c"--t-

" ;o 

'' '" " 
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APPLICATION 

Operation of the MC4344/4044 is best explained by in
itially considering each section separately. If phase de
tector #1 is used, loop lockup occurs when both outputs 
Ul and 01 remain high. This occurs only when all the 
negative transitions on R, the reference input, and V, the 
variable or feedback input, coincide. The circuit responds 
only to transitions, hence phase error is independent of 
input waveform duty cycle or amplitude variation. Phase 
detector #1 consists of sequential logic circuitry, there
fore operation prior to lockup is determined by initial 
conditions. 

When operation is initiated, by either applying power 
to the circuit or active input signals to R and V, the cir
cuitry can be in one of several states. Given any particular 
starting conditions, the flow table of Figure 1 can be used 
to determine subsequent operation. The flow table in
dicates the status of U1 and 01 as the Rand V inputs are 
varied. The numbers in the table which are in parentheses 
are arbitrarily assigned labels that correspond to stable 
states that can result for each input combination. The 
numbers without parentheses refer to unstable condi
tions. Input changes are traced by horizontal movement 
in the table; after each input change, circuit operation 
will settle in the numbered state indicated by moving 
horizontally to the appropriate R-V column. If the number 
at that location is not in parentheses, move vertically to 
the number of the same value that is in parentheses. For 
a given input pair, any one of three stable states can exist. 
As an example, if R = 1 and V = 0, the circuit will be in 
one of the stable states (4), (8), or (12). 

FIGURE 1 - PHASE DETECTOR #1 FLOW TABLE 

R U1 

v 01 

R-V R-V R-V R-V 

0-0 0-1 1-1 1-0 
U1 01 

111 2 3 141 0 1 
5 (21 131 8 0 1 

151 6 7 8 1 1 
9 161 7 12 1 1 
5 2 (71 12 1 1 
<; 2 7 181 1 1 

(91 1101 11 12 1 0 
5 6 (111 (121 1 0 

Use of the table in determining circuit operation is il
lustrated in Figure 2. Jn the timing diagram, the input to 
R is the reference frequency; the input to V is the same 
frequency but lags in phase. Stable state (4) is arbitrarily 
assumed as the initial condition. From the timing diagram 
and flow table, when the circuit is in stable state (4), 
outputs U1 and 01 are "O" an "1" respectively. The next 
input state is R-V = 1-1; moving horizontally from stable 
state (4) under R-V = 1-0 to the R-V = 1-1 column, state 
3 is indicated. However, this is an unstable condition and 
the circuit will assume the state indicated by moving ver
tically in the R-V = 1-1 column to stable state (3). In this 

FIGURE 2 - PHASE DETECTOR #1 TIMING DIAGRAM 
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instance, outputs U1 and D1 remain unchanged. The in
put states next become R-V = 0-1; moving horizontally 
to the R-V = 0-1 column, stable state (2) is indicated. At 
this point there is still no change in U1 or D1. The next 
input change shifts operation to the R-V = 0-0 column 
where unstable state 5 is indicated. Moving vertically to 
stable state (5), the outputs now change state to U1-D1 
= 1-1. The next input change, R-V = 1-0, drives the cir
cuitry to stable state (8), with no change in U1 or D1. The 
next input, R-V = 1-1, leads to stable state (7) with no 
change in the outputs. The next two input state changes 
cause U 1 to go low between the negative transitions of 
R and V. As the inputs continue to change, the circuitry 
moves repeatedly through stable states (2), (5), (8), (7), 
(2), etc., as shown, and a periodic waveform is obtained 
on the U1 terminal while D1 remains high. 

A similar result is obtained if V is leading with respect 
to R, except that the periodic waveform now appears on 
D1 as shown in rows e-h of the timing diagram of Figure 
2. In each case, the average value of the resulting 
waveform is proportional to the phase difference be
tween the two inputs. In a closed loop application, the 
error signal for controlling the VCO is derived by trans
lating and filtering these waveforms. 

The results obtained when R and V are separated by 
a fixed frequency difference are indicated in rows i-1 of 
the timing system. For this case, the U1 output goes low 
when R goes low and stays in that state until a negative 
transition on V occurs. The resulting waveform is similar 

to the fixed phase difference case, but now the duty cycle 
of the U1 waveform varies at a rate proportional to the 
difference frequency of the two inputs, Rand V. It is this 
characteristic that permits the MC4344/4044 to be used 
as a frequency discriminator; if the signal on R has been 
frequency modulated and if the loop bandwidth is se
lected to pass the deviation frequency but reject R and 
V, the resulting error voltage applied to the VCO will be 
the recovered modulation signal. 

Phase detector #2 consists only of combinatorial logic, 
therefore its characteristics can be determined from the 
simple truth table of Figure 3. Since circuit operation re
quires that both inputs to the charge pump either be high 
or have the same duty cycle when lock occurs, using this 
phase detector leads to a quadrature relationship be
tween Rand V. This is illustrated in rows a-d of the timing 
diagram of Figure 3. Note that any deviation from a fifty 
percent duty cycle on the inputs would appear as phase 
error. 

Waveforms showing the operation of phase detector 
#2 when phase detector #1 is being used in a closed 
loop are indicated in rows e-j. When the main loop is 
locked, U2 remains high. If the loop drifts out of lock in 
either direction a negative pulse whose width is propor
tional to the amount of drift appears on U2. This can be 
used to generate a simple loss-of-lock indicator. 

Operation of the charge pump is best explained by 
considering it in conjunction with the Darlington ampli
fier included in the package (see Figure 4). There will be 

FIGURE 3 - PHASE DETECTOR #2 OPERATION 
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(c) U2 
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a pulsed waveform on either PD or PU, depending on the 
phase-frequency relationship of R and V. The charge 
pump serves to invert one of the input waveforms (D1) 
and translates the voltage levels before they are applied 
to the loop filter. When PD is low and PU is high, 01 will 
be conducting in the normal direction and 02 will. be off. 
Current will be flowing through 03 and CR2; the base of 
03 will be two Vse drops above ground or approximately 
1.5 volts. Since both of the resistors connected to the 
base of 03 are equal, the emitter of 04 (base of 05) will 
be approximately 3.0 volts. For this condition, the emitter 
of 05 (DF) will be on Vse below this voltage, or about 
2.25 volts. The PU input to the charge pump is high 
(> 2.4 volts) and CR1 will be reverse biased. Therefore 
05 will be supplying current to 06. This will tend to lower 
the voltage at the collector of 07, resulting in an error 
signal that lowers the VCO frequency as required by a 
"pump down" signal. 

FIGURE 4 - CHARGE PUMP OPERATION 

Vee 

UF PU CR1 
u1~---J.__---------<>-' 

4 

R1 

Vee 

When PU is low and PD is high, CR1 is forward biased 
and UF will be approximately one Vse above ground 
(neglecting the Vce(sat) of the driving gate). With PD 
high, 01 conducts in the reverse direction, supplying 
base current for 02. While 02 is conducting, 04 is pre
vented from supplying base drive to 05; with 05 cut off 
and UF low there is no base current for 06 and the voltage 
at the collector of 07 moves up, resulting in an increase 
in the VCO operating frequency as required by a "pump 
up" signal. 

If both inputs to the charge pump are high (zero phase 
difference), both CR1 and the base-emitter junction of 05 
are reverse biased and there is no tendency for the error 
voltage to change. The output of the charge pump varies 
between one Vse and three Vse as the phase difference 
of Rand V varies from minus 27T to plus 27T. If this signal 
is filtered to remove the high-frequency components, the 
phase detector transfer function, K4,. of approximately 
0.12 volt/radian is obtained (see Figure 5). 

The specified gain constant of 0.12 volt/radian may not 
be obtained if the amplifier/filter combination is improp
erly designed. As indicated previously, the charge pump 
delivers pump commands of about 2.25 volts on the pos
itive swings and 0.75 volt on the negative swings for a 
mean no-pump value of 1.5 volts. If the filter amplifier is 
biased to threshold "on" at 1.5 volts, then the pump up 

and down voltages have equal effects. The pump signals 
are established by V9es of transistors with milliamperes 
of current flowing. On the other hand, the transistors 
included for use as a filter amplifier will have very small 
currents flowing and will have correspondingly lower 
V9es - on the order of 0.6 volt. each for a threshold of 
1.2 volts. Any displacement of the threshold from 1.5 
volts causes an increase in gain in one direction and a 
reduction in the other. The transistor configuration pro
vided is hence not optimum but does allow for the use 
of an additional transistor to improve filter response. This 
addition also results in a non-symmetrical response since 
the threshold is now approximately 1.8 volts. The effec
tive positive swing is limited to 0.45 volt while the neg
ative swing below threshold can be greater than 1.0 volt. 
This means that the loop gain when changing from a 
high frequency to a lower frequency is less than when 
changing in the opposite direction. For type two loops 
this tends to increase overshoot when going from low 
to high and increases damping in the other direction. 
These problems and the selection of external filter com
ponents are intimately related to system requirements 
and are discussed in detail in the filter design section. 
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PHASE-LOCKED LOOP COMPONENTS 
General 

A basic phase-locked loop, when operating properly, 
will acquire ("lock on") an input signal, track it in fre
quency, and exhibit a fixed phase relationship relative to 
the input. In this basic loop, the output frequency will be 
identical to the input frequency (Figure 6). A fundamental 
loop consists of a phase detector, amplifier/filter, and 
voltage-controlled oscillator (Figure 7). It appears and 
acts like a unity gain feedback loop. The controlled var
iable is phase; any error between fin and fout is amplified 
and applied to the VCO in a corrective direction. 

AGURE 6 - BASIC PHASE-LOCKED LOOP 
FREQUENCY RELATIONSHIP 

cos wt Phase-
fin _...,. Locked 

Loop 

FIGURE 7 - FUNDAMENTAL PHASE-LOCKED LOOP 

Phase 
Detector 

Amplifier/ 
Filter 

Voltage
Controlled 
Oscillator 

Simple phase detectors in digital phase-locked loops 
usually put out a series of pulses. The average value of 
these pulses is the "gain constant," Kq,, of the phase 
detector - the volts out for a given phase difference, 
expressed as volts/radian. 

The VCO is designed so that its output frequency range 
is equal to or greater than the required output frequency 
range of the system. The ratio of change in output fre
quency to input control voltage is called "gain constant," 
Ko. If the slope of fout to Vin is not linear (i.e .• changes 
greater than 25%) over the expected frequency range, the 
curve should be piece-wise approximated and the ap
propriate constant applied for "best" and "worst" case 
analysis of loop performance. 

System dynamics when in lock are determined by the 
amplifier/filter block. Its gain determines how much 
phase error exists between fin and fout• and filter char
acteristics shape the capture range and transient perfor
mance. This will be discussed in detail later. 

Loop Filter 

Fundamental loop characteristics such as capture range, 
loop bandwidth, capture time, and transient response are 
controlled primarily by the loop filter. The loop behavior 
is described by gains in each component block of Figure 
8. The output to input ratio reflects a second order low 
pass filter in frequency response with a static gain of N: 

(i) 

where: (2) 

Ti = R2C and T2 = RiC of Figure 4. Therefore, 

IJo(s) N(i + Tis) 

lij(s) = s2NT2 T i 
--+ is+ 
K<f>KV 

FIGURE 8 - GAIN CONSTANTS 

Krp ==Phase Detector Gain (volts/radian) 

KF = Amplifier/Filter Gain 
Kv == VCO Gain (radians/second/volt) 

N = Integer Divisor 

(3) 

Both "'n (loop bandwidth or natural frequency) and t 
(damping factor) are particularly important in the tran
sient response to a step input of phase or frequency (Fig
ure 9), and are defined as: 

(4) 

(5) 

Using these terms in Equation 3, 
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IJQ(s) N(i + Tis) 
lij(s) = s2 2ts 

::::2 + - + 
wn wn 

(6) 

In a well defined system controlling factors such as 
"' n and t may be chosen either from a transient basis 
(time domain response) or steady state frequency plot 
(roll-off point and peaking versus frequency). Once these 
two design goals are defined, synthesis of the filter is 
relatively straight-forward. 

Constants Kq,, Ky, and N are usually fixed due to other 
design constraints, leaving Ti and T 2 as variables to set 
"'n and t. Since only T2 appears in Equation 4, it is the 
easiest to solve for initially. 

(7) 

From Equation 5, we find 

(8) 
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FIGURE 9 - TYPE 2 SECOND _ORDER STEP RESPONSE 
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Using relationships 7 and 8, actual resistor values may 
be computed: 

(9) 

(10) 

Although fundamentally the range of R1 and R2 may 
be from several hundred to several thousand ohms, 
sideband considerations usually force the value of R1 to 
be set first, and then R2 and C computed. 

(11) 

Calculation of passive components R2 and C (in syn
thesizers) is complicated by incomplete information on 
N, which is variable, and the limits of "'n and t during 
that variance. Equally important are changes in Ky over 
the output frequency range. Minimum and maximum 
values of "'n and t can be computed from Equations 4 
and 5 when the appropriate worst case numbers are 
known for all the factors. · 

Amplifier/filter gain usually determines how much 
phase error exists between fin and fout• and the filter 
characteristic shapes capture range and transient per
formance. A relatively simple, iow gain amplifier may 
usually be used in the loop since many designs are not 
constrained so much by phase error as by the need to 
make fin equal fout· Unnecessarily high gains can cause 
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problems in linear loops when the system is ·out of lock 
if the amplifier output swing is not adequately restricted 
since integrating operational amplifier circuits will latch 
up in time and effectively open the loop. 

The internal amplifier included in the MC4344/4044 
may be used ,effectively if its limits are observed. The 
circuit configuration shown in Figure 10 illustrates the 
placementof R1, R2. C, and load resis!Or RL (1 kO). Due 
to the non-infinite gain of this stage (Ay = 30) and other 
non-id_eal characteristics, some restraint must be placed 
on _passive component selection. Foremost is a lower 
limit on the value of R2 and an upper limit on R1. Placed 
in order of priority, the recommendations are as follows: 
(a) R2 > 50 0, (b) R1/R2.;; 10, (c) 1 k.!l < R1 < 5 kO. 

FIGURE 10 - USING MC4344/4044 LOOP AMPLIFIER 
+5.0V 

R1 ·~~~~va (toVCO) 
0--"N ...... ....,..t-l 

Limit (c) is the most flexible and may be violated with 
either higher sidebands and phase error (R1 > 5 kO) or 
lower phase detector gain (R1 < 1 kO). If limit (b) is ex
ceeded, loop bandwidth will be less than computed and 
may not have any similarity to the prediction. For an 
accurate reproduction of calculated loop characteristics 
one should go to an operational amplifier which has suf
ficient gain to make limit (b) readily satisfied. Limit (a) is 
very important because T 1 in Equation 5 is in reality com
posed of three elements: 

(12) T1 = C (R2 - J....) 
· gm 

where gm = transconductance of the common emitter 
amplifier. 

Normally gm is large and T 1 nearly equals R2C. but 
resistance values below 50 0 can force the phase-com
pensating "zero" to infinity or worse (into the right half 
plane) and give an uns_table system. The problem can be 
circumvented to a large degree by buffering the feedback 
with an emitter follower (Figure 11). Inequality (a) may 
then be reduced by at least an order of magnitude (R2 
> 5 0) keeping in mind that electrolytic capacitors used 

FIGURE 11-AMPLIFIER CAPABLE OF HANDLING 
LOWER R2 

+5.0V 

R1 
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as C may approach this value by themselves at the fre
quency of interest (wnl· 

Larger values of R1 may be accommodated by either 
using an operational amplifier with a low bias current 
(lb< 1.0 µ.A) as shown in Figure 12 or by buffering the 
internal Darlington pair with an FET (Figure 13). It is vitally 
important, however, that the added device be operated 
at zero VGS· Source resistor R4 should be adjusted for 
this condition (which amounts to loss current for the 
FET). This insures that the overall amplifier input thresh
old remains at the proper potential of approximately two 
base-emitter drops. Use of an additional emitter follower 
instead of the FET and R4 (Figure 14) gives a threshold 
near the upper limit of the phase detector charge pump, 
resulting in an extremely unsymmetrical phase detector 
gain in the pump up versus pump down mode. It is not 
unusual to note a 5: 1 difference in Kq, for circuits having 
the bipolar buffer stage. If the initial design can withstand 
this variation in loop gain and remain stable, the ap
proach should be considered since there are no critical 
adjustments as in the FET circuit. 

FIGURE 12 - USING AN OPERATIONAL AMPLIFIER 
TO EXTEND THE VALUE OF R1 

FIGURE 13 - FET BUFFERING TO RAISE AMPLIFIER 
INPUT IMPEDANCE 

+5.0V 

R2 c 

FIGURE 14 - EMITTER FOLLOWER BUFFERING OF 
AMPLIFIER INPUT 

+5.0V 

R2 c 1 k 
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DESIGN PROBLEMS AND THEIR SOLUTIONS 

Dynamic Range 

A source of trouble for all phase-locked loops, as well 
as most electronics is simply overload or lack of sufficient 
dynamic range. One limit is the amplifier output drive to 
the VCO. Not only must a designer note the outside limits 
of the de control voltage necessary to give the output 
frequency range, he must also account for the worst case 
of overshoot expected for the system. Relatively large 
damping factors (' = 0.5) can contribute significant 
amounts of overshoot (30%). To be prepared forthe worst 
case output swing the amplifier should have as much 
margin to positive and negative limits as the expected 
swing itself. That is, if a two-volt swing is sufficient to 
give the desired output frequency excursion, there should 
be at least a two-volt cushion above and below ma1<imum 
expected steady-state values on the control line. 

This increase in range, in order to be effective, must 
of course by followed by an equivalent range in the VCO 
or there is little to be gained. Any loss in loop gain will 
in general cause a decrease inf and a consequent in
crease in overshoot and ringing. If the loss in gain Ts 
caused by saturation or near saturation conditions, the 
problem tends to accelerate towards a situation where 
the system settles in not only a slow but oscillator manner 
as well. 

Loss of amplifier gain may not be due entirely to nor
mal system damping considerations. In loops employing 
digital phase detectors, an additional problem is likely to 
appear. This is due to amplifier saturation during a step 
input when there is a maximum phase detector output 
simultaneous with a large transient overshoot. The phase 
detector square wave rides on top of the normal transient 
and may even exceed the amplifier output limits imposed 
above. Since the input frequency will exceed the R2C 
time constant, gain KF for these annoying pulses will be 
R2/R1. Ordinarily this ratio will be less than 1, but some 
circumstances dictate a low loop gain commensurate 
with a fairly high "'n· For these cases, R2/R1 may be 
higher than 10 and cause pulse-wise saturation of the 
amplifier. Since the de control voltage is an average of 
phase detector pulses, clipping can be translated into a 
reduction in gain with all the "benefits" already outlined, 
i.e., poor settling time. An easy remedy to apply in many 
cases is a simple RC low pass section preceding or to
gether with the integrator-lag section. To make transient 
suppression independent of amplifier response, the net
work may be imbedded within the input resistor R1 (Fig
ure 15) or be implemented by placing a feedback capac
itor across R2 (Figure 16). Besides rounding off and 
inhibiting pulses, these networks add an additional pole 
to the loop and may cause further overshoot if the cutoff 
frequency (we) is too close to "'n· If at all possible the 
cutoff point should be five to ten times "'n· How far "'c 
can be placed from "'n depends on the input frequency 
relationship to "'n since fin is, after all, what is being 
filtered. A side benefit of this simple RC pulse "flattener" 
is a reduction in fin sidebands around fout for synthe-
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sizers with N > 1. However, a series of RC filters is not 
recommended for either extended pulse suppression or 
sideband improvement as excess phase will begin to 
build up at the loop crossover(~ wnl and tend to cause 
instability. This will be discussed in more detail later. 

FIGURE 15 - IMPROVED TRANSIENT SUPPRESSION 
WITH R1 -Cc 

FIGURE 16 - IMPROVED TRANSIENT SUPPRESSION 
WITH R2-Cc 

R1 

Spurious Outputs 

Although the major problem in phase-locked loop de
sign is defining loop gain and phase margin under dy
namic operating conditions, high-quality synthesizer de
signs also require special consideration to minimize 
spurious spectral components - the worst of which is 
reference-frequency sidebands. Requirements for good 
sideband suppression often conflict with other perfor
mance goals - loop dynamic behavior, suppression of 
YCO noise, or suppression of other in-loop noise. As a 
result, most synthesizer designs require compromised 
specifications. For a given set of components and loop 
dynamic conditions, reference sidebands should be pre
dicted and checked against design specifications before 
any hardware is built. 

Any steady-state signal on the YCO control will produce 
sidebands in accordance with normal FM theory. For 
small spurious deviations on the YCO, relative sideband
to-carrier levels can be predicted by: 

sidebands _ YrefKy 
carrier = 2wref 

(13) 

where Yref = peak voltage value of spurious frequency 
at the YCO in put. 

Unwanted control line modulation can come from a 
variety of sources, but the most likely cause is ·phase 
detector pulse components feeding through the loop fil-

ter. Although the filter does establish loop dynamic con
ditions, it leaves something to be desired as a low pass 
section for reference frequency components. 

For the usual case where wref is higher than 1!T 2• the 
KF function amounts to a simple resistor ratio: 

KF(jw) I . "' -R2 R1 

"' = "'ref 

(14) 

By substitution of Equations 9 and 10, this signal transfer 
can be related to loop parameters. 

KF(jw) I "' 2tNwn = V ref 
Kq,Kv Vq, 

w = 00ref 

(15) 

where Yref peak value of reference voltage at 
the VCO input, and 
peak value of reference frequency 
voltage at the phase detector output. 

Sideband levels relative to reference voltage at the 
phase detector output can be computed by combining 
Equations 13 and 15: 

sideband level = Y q, ( tNwn ) (161 
fout level "'refKq, 

From Equation 16 we find that for a given phase de
tector, a given value of R1 (which determines Y q,), and 
given basic system constraints (N, fref), only t and wn 
remain as variables to diminish the sidebands. If there 
are few limits on "'n• it may be lowered indefinitely until 
the desired degree of suppression is obtained. If "'n is 
not arbitrary and the sidebands are still objectionable, 
additional filtering is indicated. 

One item worthy of note is the absence of Ky in Equa
tion 16. From Equation 15 it might be concluded that 
decreasing Ky would be another means for reducing spu
rious sidebands, but for constant values oft and wn this 
is not a free variable. In a given loop, varying Ky will 
certainly affect sideband voltage, but will also vary t and 

"'n· 
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On the other hand, the choice of "'n may well affect 
spectral purity near the carrier, although reference 
sideband levels may be quite acceptable. 

In computing sideband levels, the value of Y q, must be 
determined in relation to other loop components. Resid
ual reference frequency components at the phase detec
tor output are related to the de error voltage necessary 
to supply charge pump leakage current and amplifier bias 
current. From these average voltage figures, spectral 
components of the reference frequency and its harmon
ics can be computed using an approximation that the 
phase detector output consists of square waves T seconds 
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wide repeated at t second intervals (Figure 17). A Fourier 
analysis can be summarized for small ratios of Tit by: 

(1) the average voltage (Vavg) is A(T/t) 
(2) the peak reference voltage value (V q,) is twice Vavg• 

and 
(3) the second harmonic (2fref) is roughly equal in am

plitude to the fundamental. 

By knowing the requirements for (1) due to amplifier 
bias and leakage currents, values for (2) and (3) are 
uniquely determined. 

FIGURE 17 - PHASE DETECTOR OUTPUT 

An example of this sideband approximation technique 
can be illustrated using the parameters specified for the 
synthesizer design included in the applications infor
mation section. 

Nmax = 30 
Kv = 11.2 x 106 rad/s/V 
Kq, = 0.12 V/rad 

t = 0.8 

"'n = 4500 rad/s 
R1 = 2 kO 

fref = 100 kHz 

Substituting these numbers into Equation 16: 

sideband _ V (0.8)(30)(4500) (l 7) 
f0 ut - q, 21f(105)(0.111) 

= Vq, (1.55) (18) 

The result illustrates how much reference feedthrough 
will affect sideband levels. If 1.0 mV peak of reference 
appears at the output of the phase detector, the nearest 
sideband will be down 56.2 dB. 

If the amplifier section included in the MC4344/4044 is 
used, with RL = 1 kO, some approximations of the value 
of V q, can be made based on the input bias current and 
the value of R1. The phase detector must provide suffi
cient average voltage to supply the amplifier bias current, 
lb, through R1; when the bias current is about 5.0 µA and 
R1 is 2 k!l, Vavg must be 10 mV. From the assumptions 
earlier concerning the Fourier transform, and with the 
help of Figure 18, we can see that the phase detector duty 
cycle will be about 1.7% (A= 0.6V), giving a fundamental 
(reference) of 20 mV peak. If this value for V q, is substi
tuted into Equation 18, the resulting sideband ratio rep
resents 30 dB suppression due to this component alone. 

In addition to the amplifier bias current, another factor 
to consider is transistor 05 reverse leakage current IL 
flowing into pin 10 of the MC4344/4044 charge pump. IL 
is generally less than 1.0 µA and is no more than 5.0 µA 
over the temperature range. A typical design value for 
25°C is 0.1 µA. Both IL and amplifier bias current Is are 
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in a direction to deplenish the charge on filter capacitor 
C. A second charge pump leakage, IL'• attributed by diode 
CR1 flows out of pin 5. This current, however, is in a 
direction to help supply Is and IL and thus tends to min
imize the discharge of C. Typically IL' is much less than 
IL and, since it is also in a direction to minimize discharge 
of the filter capacitor, it will be ignored in the following 
discussion. The total charge removed from C must be 
replaced by current supplied by the charge pump during 
the next up-date opportunity. This current flows through 
R1. To minimize the effects of Is and IL a relative small 
value of R1 should be chosen. A minimum value of 1 k!l 
is a good choice. 

FIGURE 18 - OUTPUT ERROR 
CHARACTERISTICS 

DUTY PHASE 
CYCLE ERROR Vavg Vq,(peakl 

(%) (Deg) (mV) (mV) 

0.1 0.36 0.6 1.2 
0.2 0.72 1.2 2.4 
0.3 1.08 1.8 3.6 
0.4 1.44 2.4 4.8 

0.5 1.80 3.0 6.0 
0.6 2.16 3.6 7.2 
0.7 2.52 4.2 8.4 
0.8 2.88 4.8 9.6 
0.9 3.24 5.4 10.8 

1.0 3.60 6.0 12.0 
2.0 7.2 12.0 24.0 
3.0 10.8 18.0 35.9 
4.0 14.4 24.0 47.9 
5.0 18.0 30.0 59.8 

6.0 21.6 36.0 71.6 
7.0 25.2 42.0 83.3 
8.0 28.8 48.0 95.0 
9.0 32.4 54.0 106.6 
10.0 36.0 60.0 118.0 

After values for C and R2 have been computed on the 
basis of loop dynamic properties, the overall sideband 
to fout ratio computation can be simplified. 

Since 

Vref = Vq, 

we find that 

(~R1) 

sideband V refKv 
t;;-;;;- = 2wref 

(19) 

(20) 

Equation 20 indicates that excellent suppression could 
be achieved if the bias and leakage terms were nulled by 
current summing at the amplifier input (Figure 19). This 
has indeed proved to be the case. Experimental results 
indicate that greater than 60 dB rejection can routinely 
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be achieve.d at a constant temperature. However when 
nulling fairly large values (> 100 nA), the rejection be
comes quite sensitive since leakages are inherently a 
function of temperature. This technique has proved use
ful in achieving improved system performance when 
used in conjunction with good circuit practice and ref
erence filtering. 

FIGURE 19 - COMPENSATING FOR BIAS AND 
LEAKAGE CURRENT 

MC4344/ 
MC4044 
Charge 
Pump 

Vee~ 

Additional Loop Filtering 

So far, only the effects of fundamental loop dynamics 
on resultant sidebands have been considered. If further 
sideband suppression is required, additional loop filter
ing is indicated. However, care must be taken in place
ment of any low pass rolloff with regard to the loop nat
ural frequency (wn). On one hand, the "corner" should 
be well below (lower than) "'ref and yet far removed 
(above) from "'n· Although no easy method for placing 
the roll-off point exists, a rule of thumb that usually works 
is: we = 5wn (21) 

Reference frequency suppression per pole is the ratio 
of we to "'ref· 

SBdB "' n 20 log10 (~) 
"'ref 

where n is the number of poles in the filter. 

(22) 

Equation 22 gives the additional loop suppression to 
"'ref: this number should be added to whatever suppres
sion already exists. 

For non-critical applications, simple RC networks may 
suffice, but if more than one section is required, loop 
dynamics undergo undesirable changes, Loop damping 
factor decreases, resulting in a high percentage of 
overshoot and increased ringing since passive RC sec
tions tend to accumulate phase shift more rapidly than 
signal suppression and part of this excess phase sub
tracts from the loop phase margin. Less phase margin 
translates into a lower damping factor and can, in the 
limit, cause outright oscillation. 

A suitable alternative is an active RC section, Figure 20, 
compatible with the existing levels and voltages. An ac
tive two pole filter (second order section) can realize a 
more gradual phase shift at frequencies less than the 
cutoff point and still get nearly equal suppression at fre
quencies above the cutoff point. Sections designed with 
a slight amount of peaking (' "' 0.5) show a good com
promise between excess phase below cutoff (wc),without 
peaking enough to cause any danger of raising the loop 
gain for frequencies above "'n· A fairly non-critical section 
may simply use an emitter follower as the active device 
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lll(ith two resistors and capacitors completing the circuit 
(Figure 21 ). This provides a -12 dB/octave ( -40 dB/dec
ade) rolloff characteristic above "'n• though the atten
uation may be more accurately.determined by Equation 
22. lfthe.sideband problem persists, an additional section 
may be added in series with the first. No more than two 
sections are recommended since at that time either (1) 
the constraint between "'n and "'ref is too close, or (2) 
reference voltage is modulating the VCO from a source 
other than the phase detector through the loop amplifier. 

FIGURE 20 - OPERATIONAL AMPLIFIER LOW PASS FILTER 

+5.0 to +15 V 

4C 

R R 

1. Choose R 
1 k!l< R <1 MO 

2. C•~ 
wcR 

FIGURE 21 - EMITTER FOLLOWER LOW PASS FILTER 

R 
MPS6571 
or Equiv 

NOTE: If Vo"' Vee - 1.0V, 
this stage is susceptible to power 
supply noise. 

Vo 

Operation without charge pump phase detector #1 of 
the MC4344/4044 can be implemented quite successfully 
in many applications without using the charge pump and 
internal darlington amplifier approach. An operational 
amplifier filter can be used to process the error infor
mation appearing at U1 and 01 (pins 13 and 2) directly 
(Figure 22).This phase detector/filter approach offers a 
potentially superior performing system because: 

a. Charge pump delay time is eliminated. 
b. Charge pump input signed threshold level need not 

be overcome before error information is obtained. 
This can result in a substantial improvement in the 

FIGURE 22-TYPICAL FILTER AND SUMMING NETWORK 
c 

R1 R1 
13 2 2 

U11-<>_,,_,.......,,_..-<>-I 

ToVeO 
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4044's transfer function linearity in the vicinity of 
zero phase error between the R and V inputs. 

c. The filter amplifier ground location can be separated 
from the phase detector ground. 

d. An "optimum" filter amplifier input threshold of 
approximately two diode drops need not be 
established. 

The filter discussions and relationships developed for 
integrator-log filter sections can be applied to the system 
of Figure 22 and the previously derived equations can be 
used to determine values for R 1. R2 and C. 

It may be desirable to split each of the R1 resistors and 
incorporate a capacitor to ground in a manner similar to 
that shown in Figure 15. This should improve transient 
suppression and provide integration of the U1 and D1 
signals to better enable the operational amplifier to de
velop corrective error information from very narrow U1 
and D1 pulse widths. 

Phase error for the circuit in Figure 22 will result from 
input offset voltage in the operational amplifier. resistor 
mismatch and mismatch between the phase detector 
output states appearing at U1 and D1. Phase error can 
be trimmed to zero initially by adjusting either the am
plifier input offset or one of the R1 resistors. 

VCO Noise 

Effects of noise within the VCO itself can be evaluated 
by considering a closed loop situation with an external 
noise source, en, introduced at the VCO (Figure 23). Re
sultant modulation of the VCO by error voltage, " is a 
second order high pass function: 

(23) 

FIGURE 23 - EFFECTS OF VCO NOISE 

,----------, 
: en I 

l_~ "" 1"'"'' 
~-----<c-N 

s2 

This function has a slope of 12 dB/octave at frequencies 
less than wn (loop natural frequency), as shown in Figure 
24.This means that noise components in the VCO above 
wn will pass unattenuated and those below will have 
some degree of suppression. Therefore choice of loop 
natural frequency may well rest on VCO noise quality. 
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FIGURE 24 - LOOP RESPONSE TO VCO NOISE 

v 

Wn 

LOG FREQUENCY 

Other Spurious Responses 

Spurious components appearing in the output spec
trum are seldom due to reference frequency feedthrough 
alone. Modulation of any kind appearing on the VCO con
trol line will cause spurious sidebands and can come in 
through the loop amplifier supply, bias circuitry in the 
control path, a translator. or even the VCO supply itself. 
Some VCOs have a relatively high sensitivity to power 
supply variation. This should be investigated and its ef
fects considered. Problems of this nature can be mini
mized by operating all devices except the phase detector, 
charge pump, and VCO from a separate and well isolated 
supply. A common method uses a master supply of about 
10 or 12 volts and two regulators to produce voltages for 
the PLL - one for all the logic (including the phase de
tector) and the other for all circuitry associated with the 
VCO control line. 

Sideband and noise performance is also a function of 
good power supply and regulator layout. As mentioned 
earlier, extreme care should be exercised in isolating the 
control line voltage to the VCO from influences other than 
the phase detector. This not only means good voltage 
regulation but ac bypassing and adherence to good 
grounding techniques as well. Figure 25 shows two sep
arate regulators and their respective loads. Resistor Rs 
is a small stray resistance due to a common thin ground 
return for both RL 1 and RL2· Any noise in RL2 is now 
reproduced (in a suppressed form) across RL 1 ·Load cur
rent from RL1 does not affect the voltage across RL2· 
Even though the regulators may be quite good, they can 
hold Vo constant only across their outputs, not neces
sarily across the load (unless remote sensing is used). 

FIGURE 25 - LOOP VOLTAGE REGULATION 

Vo1 
+Vin 

Regulator --i-
#1 Regulated RL1 

Not 
Regulated 

Rs I Return 

Vo2 

Regulator 
#2 Regulated RL2 
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One solution to the ground-coupled noise problem is to 
lay out the return path with the most sensitive regulated 
circuit at the farthest point from power supply entry as 
shown in Figure 26. 

Even for regulated subcircuits, accumulated noise on 
the ground bus can pose major problems since although 
the cross currents do not produce a differential load volt
age directly, they do produce essentially common mode 
noise on the regulators. Output differential load noise 
then is a function of the input regulation specification. By 
far the best way to sidestep the problem is to connect 
each subcircuit ground to the power supply entry return 
line as shown in Figure 27. 

FIGURE 26 - REGULA TOR LAYOUT 

Most 
Sensitive 
Circuit 

Least 
Sensitive 
Circuit 

-+-----uvin 
Return 

FIGURE 27 - REGULATOR GROUND CONNECTION 

Vin 
Return 

-
-

~ 

Regulator 
#1 RL1 

_1 

Regulator 
#2 

RL2 

:r 
In Figures 25 and 27, RL 1 and RL2 represent component 
groups in the system. The designer must insure that all 
ground return leads in a specific component group are 
returned to the common ground. Probably the most 
overlooked components are bypass capacitors. To min
imize sidebands, extreme caution must be taken in the 
area immediately following the phase detector and 
through the VCO. A partial schematic of a typical loop 
amplifier and filter is shown in Figure 28 to illustrate the 
common grounding technique. 

Bypassing in a phase-locked loop must be effective at 
both high frequencies and low frequencies. One capacitor 
in the 1.0-to-10 µ,F range and another between 0.01 and 
0.001 µ,F are usually adequate. These can be effectively 
utilized both at the immediate circuitry (between supply 
and common ground) and the regulator if it is some dis
tance away. When used at the regulator, a single elec
trolytic capacitor on the output and a capacitor pair at 
the input is most effective (Figure 29). It is important, 
again, to note that these bypasses go from the input/ 
output pins to as near the regulator ground pin as 
possible. 

FIGURE 29 - SUGGESTED BYPASSING PROCEDURE 

APPLICATIONS INFORMATION 

Frequency Synthesizers 

The basic PLL discussed earlier is actually a special 
case of frequency synthesis. In that instance, foul = fin• 
although normally a programmable counter in the feed
back loop insures the general rule that fout = Nfin (Figure 
30). In the synthesizer fin is usually constant (crystal con
trolled) and f out is changed by varying the programmable 
divider ( + N). By stepping N in integer increments, the 
output frequency is changed by fin per increment. In com-

FIGURE 30 - PHASE-LOCKED LOOP WITH 
PROGRAMMABLE COUNTER 

Phase 
Detector 

Amplifier/ 
Filter 

7N 
Counter 

Voltage
Controlled 
Oscillator 

FIGURE 28 - PARTIAL SCHEMATIC OF LOOP 
AMPLIFIER AND FILTER 
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munication use, this input frequency is called the "chan
nel spacing" or, in general, it is the reference frequency. 

There is essentially no difference in loop dynamic prob
lems between the basic PLL and synthesizers except that 
synthesizer designers must contend with problems pe
culiar to loops where N is variable and greater than 1. 
Also, sidebands or spectral purity usually require special 
attention. These and other aspects are discussed in 
greater detail in AN-535. The steps for a suitable synthesis 
procedure may be summarized as follows: 

Synthesis Procedure 

1. Choose input frequency. (fref = channel spacing) 
2. Compute the range of digital division: 

fmax 
Nmax = -f-

ref 

3. Compute needed VCO range: 

(2fmax - fminl < fvco < (2fmin - fmaxl 

4. Choose minimum ' from transient response plot, 
Figure 9. A good starting point is ' = 0.5. 

5. Choose wn from needed response time (Figure 9): 

6. Compute C: 

C = KcpKv 
Nmaxwn2R1 

7. Compute R2: 

8. Compute 'max: 

JN max 
'max = 'min -N . 

min 

9. Check transient response of 'max for compatibility 
with transient specification. 

10. Compute expected sidebands: 

sideband _ (lb + IL)R2Kv 

~= wref 
(A) 

(IL is about 100 nA at TJ = 25°C.) 

11. If step 10 yields larger sidebands than are accept
able, add a single pole at the loop amplifier by 
splitting R1 and adding Cc as shown in Figure 15: 
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Added sideband suppression (dB) is: 

(B) 

12. If step 11 still does not give the desired results, add 
a second order section at we = 5 wn using either 
the configuration of Figure 20 or 21. The expected 
improvement is twice that of the single pole in step 
11. 

dB "" 40 log10 J
1 +~ 

25(wn)2 

(C) 

Total sideband rejection is then the total of 20 log1o(A) 
+ (B) + (C). 

Design Example (Figure 31) 

Assume the following requirements: 
Output frequency, fout = 2.0 MHz to 3.0 MHz 
Frequency steps, fin = 100 kHz 
Lockup time between channels (to 5%) = 1.0 ms 
Overshoot < 20%. 
Minimum sideband suppression = -30 dB 

From the steps of the synthesis procedure: 
1. fref =fin= 100 kHz 

fmax 3.0 MHz 
2. Nmax = fref = 0.1 MHz 30 

N . = fmin = 2.0 MHz = 20 
min fref 0.1 MHz 

3. VCO range: 
The VCO output frequency range should extend 
beyond the specified minimum-maximum limits to 
accommodate the overshoot specification. In this 
instance fout should be able to cover an additional 
20% on either end. End limits on the VCO are: 

foutmax ""3.0 + 0.2(1.0) = 3.2 MHz 
foutmin ~ 2.0 - 0.2(1.0) = 1.8 MHz 

This VCO range (= 1.8: 1) is realizable with the 
MC4324/4024 voltage controlled multivibrator. 
From Figure 5 of the MC4324/4024 data sheet we 
find the required tuning capacitor value to be 120 
pF and the VCO gain, Kv. typically 11 x 106 rad/s/v. 

4. From the step response curve of Figure 9,' = 0.8 
will produce a peak overshoot less than 20%. 

5. Referring to Figure 9, overshoot with ' = 0.8 will 
settle to within 5% at wnt = 4.5. Since the required 
lock-up time is 1.0 ms, 
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6. In order to compute C, phase detector gain and R1 
must be selected. Phase detector gain, Kq,. for the 
MC4344/4044 is approximately 0.1 volt/radian with 
R1 = 1 kfi. Therefore, 

C = (0.1)(11 x 106) = 1_8 µF 
(30)(4.5 x 103)2(103) 

7. At this point, R2 can be computed: 

R = 2,min = 1.6 = 200 n 
2 "'nC (4.5 x 103)(1.e x 10-6) 

8. tmax = tmin J~m~x = 0.98 
mm 

9. Figure 9 shows that t = 0.98 will meet the settling 
time requirement. 

10. Sidebands may be computed for two cases: (1) with 
IL (charge pump leakage current) nominal (100 nA), 
and (2) with IL maximum (5.0 µA). A value of 5 µA 
will also be assumed for the amplifier bias current, 
ib. 

sideband! (10 x 10-6)(200)(11 x 106) 3 --- = 5 .. 35 x 10-
fout max 6.28 x 10 

The sideband-to-center frequency ratio nominally 
will be: 

sideband I 5.1 3 --- = - x 35 x 10-
fout nom 10 

= 20 log10(17.85 x 10-3) ;; -35 dB 

If desired additional sideband filtering can be ob
tained as noted in steps 11 and 12. 

11. By splitting R1 and Cc, further attenuation can be 
gained. The magnitude of Cc is approximately: 

C = ...!!.:!_ = 0•8 ,. 0.18.µF 
C R1"'n (1o3)(4.5)(1o3) 

Improvement in sidebands will be: 

1 
20 log10 = -28 dB 

- , (2 ... x 10512 

'1 1 + 25(4.5 x 10312 

Nominal suppression is now - 63 dB. Worst-case is 
6 dB higher than nominal suppression of - 57 dB. 
This is well within the - 30 dB design requirement, 
step 12 is included for completeness only. 

12. Attenuation of a second order filter is double that 
of the single order filter section described in step11. 
The calculations for a second order filter indicate an 
additional- 56 dB of sideband rejection. Figures20 
and 21 show two second order filter configurations. 
If R is assigned a value of 10 kO then C may be 
calculated. 

C = ~ = O.l = 0.0022 F 
"'nR (4.5 x 103)(104) µ 

FIGURE 31:- CIRCUIT DIAGRAM OF TYPE 2 
PHASE-LOCKED LOOP 
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Clock Recovery from Phase-Encoded Data 

The electro-mechanical system used for recording dig
ital data on magnetic tape often introduces random var
iations in tape speed and data spacing. Because of this 
and the encoding technique used, it is usually necessary 
to regenerate a synchronized clock from the data during 
this read cycle. One method for doing this is to phase
lock a voltage controlled multivibrator to the data as it 
is read (Figure 32). 

A typical data block using the phase encoded format 
is shown in row 1 of Figure 33.The standard format calls 
for recording a preamble of forty "O"s followed by a sin
gle "1"; this is followed by from 18 to 2048 characters 
of data and a postamble consisting of a "1" followed by 
forty "O"s. The encoding format records a "O" as a tran
sition from low to high in the middle of a data cell. A 
"1" is indicated by a transition from high to low at the 
data cell midpoint. When required, phase transitions oc
cur at the end of data cells. If a string of either consecutive 
"O"s or consecutive 'T's is recorded, the format dupli
cates the original clock; the clock is easily recovered by 
straight forward synchronization with a phase-locked 
loop. In the general case, where the data may appear in 
any order, the phase-encoded data must be processed 
to obtain a single pulse during each data cell before it is 
applied to the phase detector. For example, if the data 

consisted only of alternating 'T's and "O"s, the phase
encoded format would result in a waveform equal to one
half the original clock frequency. If this were applied di
rectly to the loop, the VCM would of course move down 
to that frequency. The encoding format insures that there 
will be a transition in the middle of each data time. If only 
these transitions are sensed they can be used to regen
erate the clock. The schematic diagram of Figure 32 in
dicates one method of accomplishing this. 

The logic circuitry generates a pulse at the midpoint 
of each data cell which is then applied to the reference 
input of the phase detector. The loop VCM is designed 
to operate at some multiple of the basic clock rate. The 
VCM frequency selected depends on the decoding res
olution desired and other system timing requirements. 
In this example, the VCM operates at twenty-four times 
the clock rate (Figure 33,Row 12). 

Referring to Figure 32 and thetimingdiagram of Figure 
33, the phase-encoded data (Figure 33, Row 1 ) is com
bined with a delayed version of itself (output of flip-flop 1 

A row 3) to provide a positive pulse out of G3 for every' 
transition of the input signal. Portions of the data block 
are shown expanded in row 2 of Figure 33. Flip-flop A 
delays the incoming data of one-half of a VCM clock pe- · 
riod. Gates G 1, G2 and G3 implement the logic Exclusive 
OR of waveforms 1 and 3 except when inhibited by 
DGATE (row 4) or the output of G 12 (row 7). DGATE and 

FIGURE 32 - CLOCK RECOVERY FROM PHASE-ENCODED DATA 
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its complement, DGATE, serve to initialize the circuitry 
and insure that the first transition of the data block (a 
phase transition) is ignored. The MC7493. binary counter 
and the G5-G12 latch generate a suitable signal for gating 
out G3 pulses caused by phase transitions at the end of 
a data cell, such as the one shown dashed in row 6. 

The initial data pulse from G3 sets G12 low and is 
combined with DGATE in G7 to reset the counter to its 
zero state. Subsequent VCM clock pulses now cycle the 
counter and approximately one-third of the way through 
the next data cell the counter's full state is decoded by 
G11, generating a negative transition. This causes G12 
to go high, removing the inhibit signal until it is again 
reset by the next data transition. This pulse also resets 
the counter, continuing the cycle and generating a pos
itive pulse 11t the midpoint of each data cell as required. 

Acquisition time is reduced if the loop is locked to a 
frequency approximately the same as the expected data 
rate during inter-block gaps. In Figure 32,this is achieved 
by operating the remaining half of the dual VCM at 
slightly less than the data rate and applying it to the 
reference input of the phase detector via the G8-G9-G10 
data selector. When data appears, DGATE and DGATE 
cause the output of G3 to be selected as the . reference 
input to the loop. 

Tha loop parameters are selected as a compromise 
between fast acquisition and jitter-free tracking once syn
chronization is achieved. The resulting filter component 
values indicated in Figure 32 are suitable for recovering 
the clock from data recorded at a 120 kHz rate, such as 
would result in a tape system operating at 75 i.p.s. with 
a recording density of 1600 b.p.i. Synchronization is 
achieved by approximately the twenty-fourth bit time of 
the preamble. The relationship between system require
ments and the design procedure is illustrated by the fol· 
lowing sample calculation: 

Assume a -3.0 dB loop bandwidth much less than the 
input data rate (== 120 kHz), say 10 kHz. Further, assume 
a damping factor oft = 0.707. From the expression for 
loop bandwidth as a function of damping factor and un
damped natural frequency, "'n• calculate "'n as: 

v. 
"'-3 dB = "'n ( 1 + 2t2 + J2 + 4t2 + 4i4) (24) 

or for "'-3 dB = (2.,,.)1o4 rad/sand t = 0.707: 

(2.,,.1104 
"'n = --- = (3.05)104 rad/s 

2.06 
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As a rough check on acquisition time, assume that 
lockup should occur not later than half-way through a 40-
bit preample, or for twenty 8.34 f1oS data periods. 

"'nt = (3.05)1o4(20)(8.34)10-6 = 5.1 (26) 

From Figure 9, the output will be within 2 to 3% of its 
final value for "'nt == 5 and t = 0.707. The filter compo
nents are calculated by: 

and 
Kt!fvR2 = 2'w 

R1N • n 

where Kil> = 0.115 v/rad 
Kv = (18.2) 106 rad/s/volt 

N = 24 = Feedback divider ratio 
"'n = (3.05) 1o4 rad/s 

t = 0.707 
Ktv = (0.115)~~.2)106 = (8•721104 

From Equation 27: 

- ~ - (8.121104 - -5 
R1C - Nwn2 - (3.05)21o8 - (9.34)10 

From Equation 28: 

!!i = 2twnN = 2(0.707)(3.05)104 = 0.4S4 ., V. 
R1 K<1>Kv (8.72)104 

Let R1 = 3.0 kO; then R2 = 1.5 kO and 

c = (9.34)10-5 = (3.1)10-8 
(3.0)103 

(27) 

(28) 

or using a close standard value, use C = 0.033 .,.F. Now 
add the additional prefiltering by splitting R1 and select
ing a time constant for the additional section so that it 
is large with respect to R2C2 • 

or 

C = 2RiC = 2(1.5)103<3.3)10-8 = 3300 F 
C 10R1 10(3.0)103 P 
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FIGURE 33- TIMING DIAGRAM - CLOCK RECOVERY FROM PHASE-ENCODED DATA 

Erased Erased 
-- --Tape---t--Preamble • 1 Data I Postamble--+Tape __ _ 

j---Fortv "O"s-----f~~~ "O"i"1"["0"l"1"!"1"l"1" "1" ~Forty "O"s----j 

-----uu-ul ----~-~-~-~-~ 
Data!-- : '----------------------------------, 

Cell 1-- - - - - - - l- -, ! 

111 

12i Data I ~---

131 QA 

141 DGATE 
151 5GATE 

161 G3 rL.____JJ_ - -
I 

(71 G12 

(Bl G11 

191 G7 

(10) G10 

I 
__ _J [__ 

• 
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®MOTOROLA 

ANALOG MIXER 

The MC12002 is a double balanced analog mixer, including an 
input amplifier feeding.the mixer carrier port and a temperature 
compensated bias regulator. The input circuits for both the ampli
fier and mixer are differential amplifier circuits. The on-chip reg
ulator provides all of the required biasing. 

This circuit is designed for use as a balanced mixer in high
frequency wide-band circuits. Other typical applications include 
suppressed carrier and amplitude modulation, synchronous AM 
detection, FM detection, phase detection, and frequency doubling, 
at frequencies up to UHF. 

LOGIC. DIAGRAM 

12 
Local 

Carrier 
} Output Oscillator 3 Amplifier 

Port 11 Inputs Ve VR 
8 

Mixer 

Signal { Signal 
Inputs 9 Port 

VR Ve 

Bias 
Regulator 
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MC12002 

ANALOG MIXER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN ASSIGNMENT 

Regulator 
Bvp.ass 

Local 
Oscillator Resistor Load 

Input 
Local 

Oscillator Data Output 
Input 

Alternate 
Signal Data Output 
Input 

Null Adjust 
Regulator 
Bypass 

Mixer Signal 
Null Adjust 

Input 

Vee 
Mixer Signal 
Input 



MC12002 

TEST VOLTAGE VALUES 

Volts 

V1Hmax V1Lmin Vee 

ELECTRICAL CHARACTERISTICS +2.9 +2.0 +5.0 

VOLTAGE APPLIED TO PINS 
Test Limits LISTED BELOW 

Pin 
Under -30'C +25'C +85"e 

Characteristic Symbol Test Min Max Min Max Min Max Unit V1Hmax V1Lmin Vee Gnd 

Power Supply Drain Ice 14 - - - 16 - - mAdc - - 11,12,14 5,6,7 

Input Current linH 2 - - - 0.75 - - mAdc 2 - 11,12,14 5,6,7 
3 - - - 0.75 - - mAdc 3 - 11,12,14 5,6,7 
8 - - - 0.75 - - mAdc 8 - 11,12,14 5,6,7 
9 - - - 0.75 - - mAdc 9 - 11,12,14 5,6,7 

linL 2 - - -0.7 - - - mAdc - 2 11,12,14 5,6,7 
3 - - -0.7 - - - mAdc - 3 11,12,14 5,6,7 
8 - - -0.7 - - - mAdc - 8 11,12,14 5,6,7 
9 - - -0.7 - - - mAdc - 9 11,12,14 5,6,7 

Output Current 101 11 - - 0.7 1.3 - - mAdc - - 11,12,14 7 
12 - - 0.7 1.3 - - mAdc - - 11,12,14 7 

102 11 - - 2.1 3.9 - - mAdc - - 11,12,14 5,6,7 
12 - - 2.1 3.9 - - mAdc - - 11,12,14 5,6,7 

lout 11 - - 4.2 7.8 - - mAdc 2,9 - 11,12,14 5,6,7 
11 - - 4.2 7.8 - - mAdc 3,8 - 11,12,14 5,6,7 
12 - - 4.2 7.8 - - mAdc 2,8 - 11,12,14 5,6,7 
12 - - 4.2 7.8 - - mAdc 3,9 ·- 11,12,14 5,6,7 

Differential Current AI01 11,12 -100 +100 -100 +100 -100 +100 µAde - - 11,12,14 7 
AI02 11,12 -200 +200 -200 +200 -200 +200 µAde - - 11,12,14 5,6,7 

Bias Voltage VBias 1 2.33 2.53 2.32 2.52 2.3 2.5 Vdc - - 11,12,14 5,6,7 
4 390 590 400 600 410 610 mVdc - - 11,12,14 5,6,7 
5 275 415 285 425 295 435 mVdc - - 11,12,14 7 
6 275 415 285 425 295 435 mVdc - - 11,12,14 7 
10 1.26 1.46 1.185 1.385 1.105 1.305 Vdc - - 11,12,14 5,6,7 

Pulse Pulse 
In Out -3.0V Gnd Vee 

AC Gain (See Figure 1) Av 11 - - 5.0 - - - VN 2 11 9 14 7 

(Frequency ~ 11 - - 0.28 - - - VN 8 11 3 14 7 
100 MHz) *Note 

*Note: AC Gain is a function of collector load impedance. 

• 
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MC12002 

ANALOG MIXER CIRCUIT SCHEMATIC 

14 011 12 

1 k 

4 6 10 

FIGURE 1 - A.C. GAIN TEST 

Note 1: 
v 1L = -3.0 Von pin 3 when pin 8 is under test. 
VIL= -3.0 Von pin 9 when pin 2 is under test. 

Signal A= 30 mV p-p 

Signal B = 300 mV p-p 

Freq.= 100 MHz 
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Null 
Adj. 

13 

493 

12 

Outputs} l 11 

vee 
14 

All input and output 
cables to the scope ere 
equal lengths of 50-ohm 
coaxial cable. 
The unused output Is 
connected to a 50-ohm 
resistor to ground. 

350 



Signal A 
Input (Pin 2) 

Output (Pin 12) 

Output (Pin 11) 

Signal B Input (Pin 8) 

Output (Pin 12) 

Output (Pin 11) 

MC12002 

FIGURE 2 - CARRIER FEEDTHROUGH TEST CIRCUITS 

Tektronix 
464and 568 
Otcllloscopes 1.0µf 

o-e::::IT-1j........,.-.().-"-I 

~µf 
He~lett Packa::- .L?o f 
661A end 33008 '= · µ 
100 kHz to 100 MHz 
@30 mV p·p 

0.1µfI .1r 
0.1 .. J_ 

Notes! 
Test 1-Adjust potentiometer for carrier null at fc = 100 kHz. 
Tett.2-Connect pins 5 and 6 to Gnd. 
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12 

Outputt{ 
11 

133 
Vee 

14 

:r:0.1µf 

+5.0V ":"' 

13 

Sampling Volt meter 
Hewlett Packard 
3406A or Equiv. 

All input and output 
cablaa to the scope are 
equal lengths of 60-ohm 
coaxial cable. 

• 
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MC12002 

FIGURE 3 - CARRIER FEEDTHROUGH VERSUS 
FREQUENCY (Test 1) 
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FIGURE 4 - CARRIER FEEDTHROUGH VERSUS 
FREQUENCY (Test 2) 

~ 

1.0 10.0 

t,, CARRIER FREQUENCY (MHz) 

FIGURE 5 - CARRIER SUPPRESSION TEST CIRCUIT 

Hewlett Packard 3406A 
Sampling Voltmeter 

Packard 

TEE 1r136A -:--:- ~1-
Hewlett Packard 
651A and 33008 1.0µfI 
100 kHz to 400 MHz 
@ 30 mV RMS. -:- -:-

Hewlett Packard 
651A 10 kHz 
@ 150 mV R.M.S. 

Notes: 

} 
Local Oscillator 

Inputs 

Vee 

Outputs 

Null 
Adjust 

5 6 

50 

-5.0V 

~ 
12 

11 

Test 1 - Adjust potentiometer for carrier null@ fc = 100 kHz 
Test 2 - Connect pins 5 and 6 to -5.0 volts 
Test 3 - Adjust potentiometer for carrier null@ 25°C 

r------, 
1 50 I 

x 50 
Atten. 

All Input and output 
cables to the scope are 
equal lengths of 50-ohm 
coaxial cable. 

FIGURE 6 - CARRIER SUPPRESSION VERSUS 
FREQUENCY (Test 11 

FIGURE 7 - CARRIER SUPPRESSION VERSUS 
FREQUENCY (Test 2) 
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MC12002 

FIGURE 8 - CARRIER SUPPRESSION 
VERSUS TEMPERATURE 

-25 0 +25 +50 +75 

TA, AMBIENT TEMPERATURE (,CJ 

+100 -1-125 

FIGURE 9 - OUTPUT OFFSET CURRENT llool 
VERSUS TEMPERATURE 

Vee 
5 

Null 
Adjust ----6 

Vee 
14 ··--y·"· 

-5.0V 

Notes: 
Test 1 - Pins 5 and 6 left open 
Test 2 -- Pins 5 and 6 are tied to -5.0 volts 

FIGURE 10 - OUTPUT OFFSET CURRENT 
VERSUS TEMPERATURE 

TEST 1 

~ ,,,.,....._ 

i-----

400 

FIGURE 11 - TYPICAL INPUT IMPEDANCE 
VERSUS FREQUENCY (NO CIRCUIT) 
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DUAL MODULUS PRESCALER 

These devices are two-modulu·s prescalers which will divide by 
5 and 6, 8 and 9, and 10 and 11, respectively. A MECL-to-MTTL 
translator is provided to interface directly with the MC12014 
Counter Control Logic. In addition, there is a buffered clock input 
and MECL bias voltage source. 

• MC12009 480 MHz ( + 5/6), MC12011 550 MHz ( + 819), 
MC12013 550 MHz(+ 10/11) 

• MECL to MTTL Translator on Chip 

• MECL and MTTL Enable Inputs 

• + 5.0 or - 5.2 V Operation* 

• Buffered Clock Input - Series Input RC Typ, 20 Ohms and 4 
pF 

• Vss Reference Voltage 

• 310 Milliwatts (Typ) 

*When using a + 5.0 V supply, apply + 5.0 V to Pin 1 (Vcco). Pin 
6 (MTTL Vee). Pin 16 (Vee). and ground Pin 8 (VEEl· When using 
-5.2 V supply, ground Pin 1 (Vcco). Pin 6 (MTTL Vee). and Pin 
16 (Vee) and apply -5.2 V to Pin 8 (VEE). If the translator is not 
required, Pin 6 may be left open to conserve de power drain. 

MAXIMUM RATINGS 

I Characteristic I Svmbol Unit 

(Ratings above which device life may be impaired) 

Power Supply Voltage VEE -8.0 Vdc 
(Vee= 01 

Input Voltage Vin 0 to VEE Vdc 
<Vee= Ol 

Output Source Current 10 mAdc 
Continuous <50 
Surge <100 

Storage Temperature Range Ts.!R_ -65 to +175 ·c 

(Recommended Maximum Ratings above which performance may be degraded) 

Operating Temperature Range TA -30 to +85 •c 
MC12009, MC12011, MC1201:i 

*DC Fan-Out (Gates and Flip-Flops) n 70 
*AC fan~~ut is limited by desired system performance. 
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MC12009 
MC12011 
MC12013 

MECL PLL COMPONENTS 

DUAL MODULUS 
PRESCALER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

Vcco 

a 
Q 

(-) 

(+) 

MTTLVcc 

MTTL Output 

VEE 

Vee 

Clock 

Vee 

ET MECL 

E2 MECL 

E3 MECL 

E4 MTTL 

E5 MTTL 



MTTL E5 9 

MTTL E4 10 

MECLE311 

MECLE212 

MECL E1 13 

MTTL E5 9 

MTTL E4 10 

MECLE311 

MECL E2 12 

MECL E1 13 

-;- 10 for one or all 

E1 thru E5 high 
-;- 11 for all 

E 1 thru E5 low 

MTTLE5 9 

MTTL E4 10 

MECL E3 11 

MECLE212 

MECL El 13 

Pull-down resistors required on 

Pins 2, 3 when not connected 
to translator. 

Basic IC Capabi I itv: .::- 10/11 

MC12009 • MC12011 • MC12013 

FIGURE 1 - LOGIC DIAGRAMS 

MC12009 

• Clock Input 

MC12011 

- - Recommended Circuitry ~ 

15 __ F_o~ ~c -c~:.~~e~ ~ n~~t~--- ____ ~ 
;f~ 1000 pF 1 k :~~ 0.1 µF 

• Clock Input 

MC12013 

- - Recommended Circuitry ~ 

15 __ F~~ ~c _c~:~~e~ ~~~t~·-- ___ -~ 
;f~lOQOpF 1k ;~:O.lµF 
• Clock 1 nput 

~3 L 
Q3 03 

04 

5 4 
04 04 t 

04 04 + 

FIGURE 2 TYPICAL FREQUENCY SYNTHESIZER APPLICATION 

Phase Detector 
MC4044 Low-Pass Filter 

Modulus Enable Line 

Counter Control Logic 
MC 12014 '4----<1---; 

Voltage-Controlled 
Oscillator MC1648 

MC12009 
MC12011 
MC12013 

Zero Detect Line 
'------+-----, 

-:-Np Programmable 
Counter MC4016 

Counter Reset Line 
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'=-A Programmable 
Counter MC4016 

MECL 
to 

MTTL 

Trans 

MECL 
to 

MTTL 
Trans 

7 /, 

MTTL 

Out 

MTTL 

Out 

MTTL 

Out • 
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ELECTRICAL CHARACTERIStlCS ...•........ Supply Voltage -5.2 V 

These devices are designed to meet the de specifications shown in the test 
table after thermal equilibrium has been established. Outputs are terminated 

through a 50-ohm resistor to -2.0 Vdc. 

TEST VOLTAGE/CURRENT VALUES 

Characteristic 

Power Supply Drain 

Current 

Input Current 

Leakage Current 

Reference Voltage 

Logic ··1" Output Voltage 

Logic "O'' Output Voltage 

Logic "'1" Threshold 

Voltage 

Logic "O" Threshold 

Voltage 

Short Circuit Current 

Symbol 

1cc1 

1cc2 

l1NH1 

Pin 
MC12009, MC12011, MC12013 

Volts mA 

@Test 

Temperature V1Hmax ': V1tmin V1HAmin ILAmax V1H V1t V1HT V1L T Vee It lot IQH 
-aooc -0.890 -1.990 -1.205 -1.soo -2.8 -4.7 -3.2 -4.4 -5.2 -0.25 16 -0.40 

+25°C -0.810 -1.950 -1.105 -1.475 -2.8 -4.7 -3.2 -4.4 -5.2 --0.25 16 -0.40 

+ss0 c -0.100 -1.925 -1.035 -1.440 -2.8 -4.7 -3.2 -4.4 -5.2 -0.25 16 -0.40 

Under -Jo0c +25°C +as0c 
TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 

Test 

15 
11 
12 
13 

Min Max Min Typ Max Min Max 

-88 -80 -80 
5.2 5.2 5.2 

375 

+ 
2r 

250 

+ 

Unit IV1Hmaxl V1Lmin \V1HAminlV1LAmaxl V1H I V1L \ V1HTIV1L Tl VEE I IL 

mAdc 

mAdc 

µAde 

i 
15 
11 
12 
13 

9.10 
9, 10 
9,10 1 

•oL I •oH 

I I 4 I 1 7 I 60 I 20 ~ I 60 I 20 Hi .. 5 1.7 6.0 2.0 . 6.0 2.0 6.4 

0.1 3.0 1.0 3.0 1.0 3.6 

l1NH2 

l1NH3 

mAdc 
mAdc 

mAdc 

l1NH4 

IJNL 1 

l!NL2 

vaa 
VQH1 

<D 
VQH2 

VQL1 
<D 

VQL2 

VQHA 
a; 

VQLA 
Q) 

'os 

10 

15 
11 
12 
13 

10 

14 

100 I I 100 I I 100 
100 100 100 

µAde 
µAde 

-10 -10 

~ i 
-1 6 -1.6 
-1.6 -1.6 

-1.360 

-1.100 1-0.890 
-1.100 -0.890 

-1.000 
-1.000 

-2.8 -2.6 

-1.950 
-1.950 

-1.9901-1.675 
-1.990 -1.675 

-4.26 

~~ml I ~am 
-1.1W -1~W 

-1.655 
-1.655 

-65 I -20 I -65 

-1 160 

-0.810 
-0.810 

-1.650 
-1.650 

-4.40 

~-10 

+ 
-1.6 
-1.6 

-0.930 1-0.700 
-0.930 -0. 700 

-2.4 

-1.9251-1.615 
-1.925 -1.615 

-4.48 

µr 
mAdc 
mAdc 

Vdo 

Vdo 
\Ide 

Vdc 

Vdo 
Vdo 

Vdo 

-0.950 I I Vdo 
--0.950 Vdc 

-1.630 I 1-1.5951 Vdo 
-1.630 -1.595 Vdc 

-20 I -65 I -20 I mAdc 

11,12.13 
11,12,13 

11,12,13 
11,12,13 

11,12,13 

11,12,13 

10 

11,12,13 

11, 12,13• -

10 

9,10 
9,10 

9,10 
9,10 

9,10 
9.10 

9,10 
9,10 

8,15 
8,11 
8,12 
8,13 

14 

-

<D Test outputs of t.~e device must be tested by sequencing through the truth table. All input, power supply and ground voltages must be maintained between 
tests. The clock iriput is the waveform shown. 

Clock Input 

n·v1Hma, 

V1Lmin __J l_. ® In addition to meeting the output levels specified, the device must divide by 5, 8, or 10 during this test. The clock input is the waveform shown. 
@ In addition to meeting the output levels specified, the device must divide by 6, 9, or 11 during this test. The clock input i~ the waveform shown. 

Gnd 

1,16 
6 lr 

1,16 
1,16 

T 
1,16 

1.16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 
1,16 

i:: 
(') .... 

i 
• 
i:: 
(') .... 
~ .... .... 
• 
i:: 
(') .... 
~ .... 
w 
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ELECTRICAL CHARACTERISTICS .•.••••.•.•. Supply Voltage +5.0 V 

These devices are designed to meet the de specifications shown in the test 
table after thermal equilibrium has been established. Outputs are terminated 
through a 50-ohm resistor to +3.0 Vdc. 

TEST VOLTAGE/CURRENT VALUES 

@Test Volts mA 

Temperature V1Hmax V1tmin V1HAmin V1tAmax V1H V1L VIHT V11i..r Vee It 'ot] 'oH 

-ao<>c +4.110 +3.070 +3.795 +3.500 +2.4 +0.5 +2.0 +0.8 +5.0 -0.2tl 16 -o.401 

+2s0c +4.190 +3.110 +3.895 +J.525 -t2.4 +0.5 t2.0 •OB "'"5.0 -0.25 16 -040 

+es0 c +4.300 +3.135 +3.965 +3.560 +2.4 +0.5 ., 0 •OB +5.0 -0.2~ 16 ]-0.40 

Pin MC12009, MC12011, MC12013 

-3o0 c +2s0c +ss0 c TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 
Under 

Characteristic J Symbo~ Test Min Max Min Typ Max Min Max Unit V1Hmax Vttmin VtHAmin V1LAmax V1H V1L V1HT VILT Vee IL IQL loH 

Power Supply Drain 1cc1 8 -88 -80 -80 mAdc 1.16 
Current icc2 6 5.2 52 5.2 mAdc 4 5 6 

Input Current I l1NH11 ~~ 375 250 250 µAde 15 1.16 

+ ~ + ~ 
11 9, 10 i 12 12 9, 10 

13 13 9.10 

I 
r l1NH2 4 1.7 6.0 20 6.0 2.0 6.4 mAdc 5 4 6 

5 1.7 6.0 2.0 6.0 2.0 6.4 rnAdc 5 4 6 

l1NH3 5 0.7 3.0 1.0 3.0 1.0 36 rnAdc 4 5 6 

ltNH4 9 100 100 100 i.1Adc 9 1.16 

10 100 100 100 i.1Adc 10 1,16 

Leakage Current I l1NL1 15 -10 -10 -10 ,uAdc 1,16 

11 

+ 
I 

+ + i 12 
13 ' l1NL2 9 -1.6 -1.6 -1-6 mAdc 9 1,16 

10 -1 6 -1.6 -1.6 mAdc 10 1,16 

Reference Voltage J V99 14 3.67 3.87 Vdc 1.16 14 

Logic ''1" Output Voltage1 VOH1 2 3.900 4.110 4.000 4.190 4.070 4.300 Vdc 11, 12.13 9,10 1.16 
(j) 3 3.900 4.110 4.000 4.190 4.070 4.300 Vdo 11.12.13 9,10 1,16 

VOH2 7 2.4 2.6 2.8 Vdc 5 4 6 

Logic "O" Output Voltage I Vol 1 2 3.070 3.385 3.110 3.410 3.135 3.445 Vdc 11,12.13 9.10 1,16 
(j) 3 3.070 3.385 3.110 3.410 3.135 3.445 Vdo 11.12.13 9.10 1,16 

VQL2 7 0.94 0 80 0.72 Vdo 4 5 6 

Logic "1" Threshold Vo HA 2 3.880 3.980 4.050 Vdc 11.12,13 9,10 1.16 

Voltage @ 3 3.880 3.980 4.050 Vdo 11.12.13 9,10 1.16 

Logic "O" Threshold VQLA 2 3.405 3.430 3.465 Vdc 11.12.13 9,10 ~ .16 

Voltage @ 3 3.405 3.430 3.465 Vdo l 1,l2,13 9,10 1.16 

Short Circuit Current 'as 7 -65 -20 -65 -20 -<;5 -20 mAdc 5 4 7 6 

CD Test outputs of the device must be tested by sequencing through the truth table. All input, power supply and ground voltages must be maintained between Clo~k ln1wt 

tests. The clock input is the waveform shown. __fL"" 
® In addition to meeting the output levels specified, the device must divide by 5, 8, or 10 during this test. The clock input is the waveform shown. V1t""" 

® In addition to meeting the output levels specified, the device must divide by 6, 9, or 11 during this test. The clock input is the waveform shown. 

I 

IVeel 
Gnd 

31::: 8 0 
8 .... 
8 N 

i 8 co 
• 

8 31::: 
8 0 
8 .... 

N 
8 Q 
B .... .... 

8,15 • 8,11 

8,12 31::: 
8,13 0 .... 
8 N 
8 Q .... 
B w 
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MC12009 • MC12011 • MC12013 

SWITCHING CHARACTERISTICS 

Pin 
MC12009, MC12011, MC12013 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW: 

Under --Jo0 c +zs0 c +85°C Pulse Pulse Pulse V1Hmin Vtlmin v, Vee Vee 
Characteristic Symbol Test Min Tvp MO> Min Typ M0> Min Typ M0> Unit Gen.1 Gen.2 Gen.3 t t -3.0V -3.0V +2.0 

Propagation Delay 115+2. 8.1 81 8.9 15 11, 12, 13 9,10 1,6,16 

!See Figures 3 and 51 115+2- 7.5 7 5 8.2 

+ 
15 11, 12, 13 9,10 1,6,16 

!5+7+ 8.4 81 8.9 A 1,6, 16 

'5-7- 6.5 6.5 7.1 A 1,6,16 

Setup Tune 1setupl 11 5.0 5.0 5.0 15 9, 10 1,6, 16 

!See F<gures 4 and 5) lsetup2 9 5.0 - 5.0 5.0 15 11', 12.13 1,6, 16 

Rel~ase Time 1rf'l1 11 5.0 5.0 5.0 15 9, 10 1,6,16 

I See Figures 4 and 5) 1rel2 9 5.0' 5.0 5.0 15 11.12, 13 1,6,16 

Toggle Frequency fmax MH' 
(See Figure 61 

MC12009 5;6 440 480 440 11 16 

MC12011 8'9 500 550 500 11 16 

MC12013 10111 500 550 .. 500 11 16 

·Test 1rlputs sequentially. with Pulse Generator 2 or 3 as 1nd1cated connected to 111pu1 under test, an11 the voltage 1nd1cated applied to the other 1nput(s) of the same type (•.e .MECL01 MTTLl 

-Jo0 c +25°c +as0c 
tV1Hmin +1 03 +1.115 +1.20 Vdc 

tV1tmin +-0.175 +-0200 t0.235 Vdc 

FIGURE 3- AC VOLTAGE WAVEFORMS 

Pulse 
Generator 

1 

Q (Pin 2) ;;% tH~ 

"~!-:-: 
0. (Pin 3) ~,._s_o"'_" ________________ _ 

+In 

MTTL 
Ou1 

-1.5 v 
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MC12009 • MC12011 • MC12013 

FIGURE 4 - SETUP AND RELEASE TIME WAVEFORMS 

Pulse ~ 80%f\ ~ r-VIHmin 
Generator __/50% \______/ 20% \______/ \___/ __ 

1 tsetupl _ _ 2 0% ----VtLmin 

Pulse /\ ,,_i:,~,'Yc,I\ ;-\ r- V1Hmin 

Generator __J ~20%, \______/ \______/ _______ v 1 Lmin 
2 tsetup2 - -

Pulse ~-~ov 
Gene;ator + l.S V~ 10% ___ VEE 

0 (Pin 2) __/ D de by 5 MC12009 

Dvdeby8 --MC12011 

D deby10 -MC12013 

Gef;1~~:~or ~ ~\J·VtHmin 
t --- 20'lt, ---V 1 L 

Pul'e --~-- mil F\__/'C------v min 
Generator 50% 8~% IHm_in 

2 trel2 _ _ 2Q,'{, V1Lrn1n 

Pul'e ~ J9o;;\ (\ _;-\ -- 0 V 

Generator /\___/1 Q~"' \__/ \____ \__ VEE 

3 1 !':;\/ ,--- ------------- -----·----

0 (Pin 2) -_ ________/ Divide by G -- MC12009 

Divideby9 MC12011 

Oivideby11 MC12013 

FIGURE 5 - AC TEST CIRCUIT 

13 E 1 

Q 
12 E2 

11 E3 

10 o--r- E4 

E5 6 

15 c 

I 

14~ 
Pulse 

I+ ~-M-E_C_L~ 

I 
I 2 

I 
I 
I 
I 3 

I 
I 
I 
I 

I 

V 0 ut {Scope Channel 8) 

1950 

Generator lo+-----e--O 
MTTL I #3 

4 - T'an• 7 ----1 

Vin~ 

lato' 1 
{Scope Channel A) 

MC10109 or equiv. 

Ao---------1 

All Pulse Generators are EH 137 or equiv 

Pulse Generators 1 and 2 
VEE"' -3.0 V 

PRF=10MHz 

PW = 50% Duty Cycle 

t+ = t - 2.0 ± 0.2 ns 

Pulse Generator 3 
PRF -~ 2.0 MHz 

PW "" 50% Duty Cycle 

t+ = t--""' 5.Q_L 0.5 ns 

All resistors are+ 1% 
All input and output cables to the scope are equal lengths of 50-ohm coaxial cable 

The 1950-ohm resistor at Pin 7 and the scope termination impedance constitute a 40:1 
attenuator probe. 

CT 0 15 pf =total parasitic capacitarice which includes probe, w1r1ng, and load capacitance. 

Unused output connected to a 50-ohm resistor to ground 

6-49 

• 



MC12009 • MC12011 • MC12013 

FIGURE 6 - MAXIMUM FREQUENCY TEST CIRCUIT 

Vee= +2.o v 

0.1µF'.J:: 1 16 '.I:5.0µF 

I I 
13 I I 

E1 I 2 
12 Q Vin 

(To Scope) Vee 0-__.--0---7---1 E2 I 
11 I e3 
10 I 

e4 
I 

e5 
Sine Wave 0.1 µF 15 

lnput0--{_ __ __1)------<>---l{;-----.--0--f-~ c 

1 k 
14 

8 

0.1 µF _:::c 
-= Vee~ -3.0 v 

Unused output connected to a 50-ohm resistor to ground 

Clock 
Input 

SOOmV 

DIVIDE BY 6 

850 mV typ 

Q(P;n2)~ 

Ctock 
Input 

800 mV 

DIVIDE BY 9 

850 mV typ 

Q (P;n 2) /r----5-Cy-c-le-s---=\-ct4 Cycles-.{ 

Clock 
Input 

800 mV 

I 
Q (Pin 2) /t-----6 Cycles 

DIVIDE BY 11 

850 mV typ 

.\\1 5 Cycles=f 
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FIGURE 7 - STATE DIAGRAM 

DIVIDE BY 516 (MC12009/MC12509) 

01 02 03 

t-~-+~~--t~--1--------i 
0 0 Enable·-

t--:--+---:-~--t~~:--f_____J 

---Enahle 1 
DIVIDE BY 819 (MC12011) 

01 02 03 04 

0 1 1 

0 0 1 
0 0 

Enable= 0 1 0 1 
Enable"" 1 

0 0 I 0 0 0 

0 0 0 

0 0 

- - - Enable 1. 

DIVIDE BY 10/11 (MC12013) 

01 02 03 04 

,----j 1 1 1 1 

0 1 1 1 1----:-i 
0 0 1 1 

0 0 0 1 

1 0 0 1 
Enab le c O 1 1 0 1 

Enabl e = 1 
0 1 1 0 

0 0 1 0 

0 0 0 0 

1 0 0 0 

L----c 1 1 0 0 1---

NOTES: 

--- Enable 1. 

The State of the Enable is important~~ for the positive 
Clock Transition when the counter is in state 11 00. 
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MC12009 • MC12011 • MC12013 

APPLICATIONS INFORMATION 

The primary application of these devices is as a high
speed variable modulus prescaler in the divide by N 
section of a phase-locked loop synthesizer used as the 
local oscillator of two-way radios. The theory and ad
vantages of variable modulus prescaling, along with 
typical applications, are covered in Motorola's "Elec
tronic Tuning Address Systems" (SG72). 

Proper VHF termination techniques should be fol
lowed when the clock is separated from the prescaler 
by any appreciable distance. 

In their basic form, these devices will divide by 5/6, 
8/9, or 10/11. Division by 5, 8, or 10 occurs when any 
one or all of the five gate inputs E1 through E5 are high. 
Division by 6, 9, or 11 occurs when all inputs E1 through 
E5 are low. (Unconnected MTTL inputs are normally 
high, unconnected MECL inputs are normally low). With 
the addition of extra parts, many different division con
figurations may be obtained (20/21, 40/41, 50/51, 100/ 
101, etc.) A few of the many configurations are shown 
below, only for the MC12013. 

FIGURE 8 - DIVIDE BY 10/11 (MC120131 

1-----1 
13 

1. El I 2 
12 I 04 

E2 
11 

01 02 03 04 .-- 1 1 1 1 

0 1 1 1 I--
E3 0 0 1 1 

1'0 0 0 0 1 
E4 1 0 0 1 

9 
E5 

04 
le"' 0 1 1 0 1 

Enabl 
0 1 1 0 

Enab 
e = 1 

15 
c 0 0 1 0 

0 0 0 0 

5 I+ 1 0 0 0 

I .___ 1 1 0 0 t---
4 I_ 

6-52 



13 

12 

c 0: 

1/2 MC10131 

Q5 

1----, 
I I 
I 

E1 I 
04 

I 
I 

E4 I 
E5 I 

04 
I 
I 

MECL I 
to I MTTL 

Trans- I 
la tor 

2 

3 

7 

MC12009 • MC12011 • MC12013 

FIGURE 9 - DIVIDE BY 20/21 (MC12013) 

COUNT 01 02 03 04 04 

t---=2_4_+-_o_+-o'---+--o-+-1 +--'-~ 
25 1 0 0 1 ----" 1 

27 1 1 0 1 1 

22 0 1 1 0 1 

20 0 0 1 0 1 

16 0 0 0 0 1 

17 1 0 0 0 1 

E2 + E3 + E4 + E5 = 0 1--'-9--1---'-.._'_....__o_-l--_o__._, _ _, E2 + E3 + E4 + E5 = 1 
14 0 1 1 1 0 

12 0 0 1 1 0 

8 0 0 0 1 0 

9 1 0 0 1 0 

11 1 1 0 1 0 

6 0 1 1 0 0 

4 0 0 1 0 0 

0 0 0 0 0 0 

1 1 0 0 0 0 

3 1 1 0 0 0 

To obtain an MTTL output, connect Pins 5 and 4 to Pins 2 and 3 respectively. 
Termination resistors for the MECL outputs are not shown, but are required 
except for the flip-flop driving the translator section. 
The -:- 20121 counter may also be built using an MTTL flip-flop by connecting 
Pins 5 and 4 to Pins 2 and 3 respectively, and driving the MTTL flip-flop with Pin 
7. MC12013 inputs E4 and E5 are used rather than El. With El + E2 + E3 = 0, 
operation remains as shown. 

FIGURE 10 - DIVIDE BY 40/41 (MC12013) 

D 

c 0: 

D Q 

0: 

MC10131 

6-53 

For -;-40· E4 + E5 = 1 

For 7 41: E4 +E5 = 0 

Termination resistors for MECL 
outputs are not shown, but are 
required except for the flip-flop 
driving the translator section. 

• 



• 

® MOTOROLA 

COUNTER CONTROL 
LOGIC 

The MC12014 monolithic counter control logic unit is designed 
for use with the MC12013 Two-Modulus Prescaler and the MC4016 
Programmable Counter to accomplish direct high-frequency pro
gramming. The MC12014 consists of a zero detector which con
trols the modulus of the MC12013, and an early decode function 
which controls the· MC4016. The early decode feature also in
creases the useful frequency range of the MC4016 from 8.0 MHz 
to 25 MHz. 

81 10 

P1 14 

rso 11 

P2 12 

153 13 

l;n 
(Clock) 

Vee= Pin 16 
Gnd=Pin 8 

zo 2 

z1 3 

Z2 4 

Z3 5 

82 6 

LOGIC DIAGRAM 

-,----------., 
Early Decode I 

o-r----t G2 I 

I 
L 

r 
I 
I 

L 

., 
I 
I 
I 
I 
I 
I 

...J 

I 
I ___ ...J 
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MC12014 

COUNTER CONTROL 
LOGIC 

LSUFRX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

l;n Vee 

Zii NC 

Z1 P1 

Z2 P3 

Z3 P2 

82 Pli 

Enable Out 81 

Gnd lout 
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ELECTRICAL CHARACTERISTICS 

Test procedures are shown for the fin. Zo, 
B1 and Pl inputs. All other i12Puts are 
tested in the same manner as the ZO input. 

12 

13 

l~Jfin 
zo 

3 Z1 

4 Z2 Eo 7 
TEST CURRENT/VOLTAGE VALUES (All Temperntmesl 

5 23 mA Volts 
6 82 

loL 

16 

Pin Test Limits 

Under 0 to +75°C 

Characteristic SymbOI Test Min Max Unit loL 

Input 
Forward Current l1L 1 - -6.4 mAdc -

2 - -1.6 i 
-

10 - t -
14 - -

Leakage Current l1H 1 - 160 µAde -
2 - 40 i -

10 - t -
14 - -

ltHH 1 - 1.0 mAdc -
2 -

i t 
-

10 - -
14 - -

Clamp Voltage V1c 1 - -1.2 Vdc -

2 -

t i -
10 - -
14 - -

Output 
Output Voltage Vol• 7 - 0.5 Vdc 7 

9 - 0.5 Vdc 9 

VoH 7 2.4 - Vdc -
9 .. 2.4 - Vdc -

Short-Circuit Current tos 7 -20 -65 Vdc -

9 .. -20 -65 Vdc -

Power Requirements 
Power Supply Drain Ice 16 - 35 mAdc -

*Output level to be measured after waveform 1 is applied to fin· pin 1. 
**Output level to be measured after waveform 2 is applied to fin· pin 1. 

Waveform 1: .--i- VtH 
...I l... VIL 

V1H 
Waveform2:~VIL 

I 

loH tic VtL VtH VtHH VRH Vee VccL 

-1.6 -10 05 2.4 5.5 4.5 5.0 4 75 

TEST CURRENT/VOLTAGE APPLIEO TO PINS LISTED BELOW. 

loH '1c VIL V1H VtHH VRH Vee VccL 

1 - -- - - -
- - 2 - - - - -
- - 10 - - - - -

- - 14 - - - - -

- - - 1 - - - -
- - - 2 - - - -

- - - 10 - - - -
- - - 14 - - - -

- - - - 1 - - -

- - - - 2 - - -
- - - - 10 - - -
- - - - 14 - - -

- 1 - - - - - 16 
- 2 - - - - - i - 10 - - - - -
- 14 - - - - -

- - 11,12,13 - - 2,3,4,5,10,11 - 16 
- - 11,12,13 - - 10,14 - 16 

7 - 2,3,4,5 - - 6 - 16 
9 - - - - 11,12,13 - 16 

- - 2,3,4,5 - - 6 16 -
- - - - - 11,12,13 16 -

- - - - - - 16 -

VccH 

5.25 

VccH 

16 

i 
16 

i 
16 

i 
-
-
-
-

-
-
-

-

-
-

-

Gnd 

8,10 
8 

1,8, 11,12, 13 
1,8, 11,12,13 

8,10 
8 

1,8,11,12,13 
1,8,11,12,13 

8 
8 

1,8,11,12,13 
1,8,11,12,13 

8 

i 
8 
8 

8 
8 

7,8 
8,9 

1,8 

3: 
0 ... 
N 
0 ... .... 
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AC ELECTRICAL CHARACTERISTICS !Vee= 5.0 Vdc, waveform letters refer to waveforms on next page.) 

Pin 
Under Test Limits (ns) Pulse Gen. 1 
Test o°C +25°C +75°C Wave-

Characteristic Symbol In Out Min Max Min Typ Max Min Max form Pin 

Propagation Delay tPLH1 1 9 7.0 15 7.0 10 15 7.0 17 A 1 

'PHL1 1 9 7.0 16 7.0 11 16 7.0 18 A 1 

'PLH2 2 7 5.0 12 5.0 8.5 12 5.0 14 A 1 
3 i i i i i ~ i i i ~ 4 
5 

'PHL2 1 7 7.0 16 7.0 11 16 7.0 18 A 1 

~ 
'PLH3 6 7 7.0 16 7.0 11 16 7.0 18 A 1 

Setup Time fsetup"1" 10 - - - - 1.0 2.0 - -

l 
1 

11 - - - - 7.0 12 - -

t 12 - .- - - t t - -
13 - - - - - -
14 - - - - 1.0 2.0 - -

fsetup"O" 10 - - - - 4.5 8.0 - - A 1 
1; - - - - 5.0 9.0 - - ! i 12 - - - - f ' 

- -
13 - - - - - -
14 - - - - 4.5 8.0 - -· 

Hold Time 'hold" I" 10 - - - - 4.0 8.0 - - A 1 
11 - - - - 5.0 10 - - ! ! 12 - - - - t f - -
13 - - - - - -
14 - - - - 4.0 8.0 - -

'hold"O" 10 - - - - 1.0 2.0 - - A 1 
11 - - - - 7.5 14 - - l ! 12 - - - - t ' 

- -
13 - - - - - -
14 - - - - 1.0 2.0 - -

Pulse Gen. 2 Pulse Out 

Wave- Wave-
form Pin form Pin 

J 10 K 9 

J 10 K 9 

H 2 L 7 

i 3 ! ~ 4 
5 

H 2 L 7 

J 6 L 7 

B 10 G 9 

! 11 F 

! 12 t 13 
14 G 

e 10 F 9 

i 
11 G ! 12 t 13 
14 F 

D 10 G 9 

! 11 F 

! 12 f 13 
14 G 

E 10 F 9 

l 11 G ! 12 t 13 
14 F 

Voltage Applied to Pins 
Listed Below 

V1L =0.5 V V1H =2.4V 

11,12,13 14 

11,12,13 14 

3,4,5,11,12,13 6,10.14 
2,4,5,11.12,13 i 2,3,5,11,12,13 
2,3,4,11,12,13 

3,4,5,11,12,13 6,10,14 

2,3,4,5, 11,12, 13 10.14 

11,12,13 14 
12,13 10,14 
11,13 f 11,12 

11,12,13 10 

11,12,13 14· 
12,13 10,14 
11,13 

• 
11,12 

11,12,13 10 

11,12,13 14 
12,13 10,14 
11,13 t 11,12 

11,12,13 10 

11,12,13 14 
12,13 10,14 
11,13 f 11,12 

11,12,13 10 

I:: 
(") .... 
P:l .... .. 



MC12014 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Vee 
+5.0 Vdc 

Vee 
+5.0 Vdc 

PULSE 
GENERATOR 

PRF = 1.0 MHz double pulsed 
for waveform A 
1.0 MHz for waveform B 

tr= tf = 5.0 ns 

81 

PO 

P1 

P2 

P3 

fin 

zo 
Z1 

Z2 

Z3 

82 

0.01 µF J Coax 0 1 
950 
±1.0% 

TPout 

MMD6150 
or Equiv 

MMD7000 
or Equiv 

(10% to 90% points) 
A load is connected to 
each output during testing. 

B 

e 

D 

Two pulse generators are required and must be slaved together to provide the 
waveforms shown. 

CT = 15 pF = total parasitic capacitance, which includes probe, wiring, and 
load capacitances. 

The coax deiays from input to scope and output to scope must be matched. 
The scope must be terminated in 50-ohm impedance, The 950-ohm resistor 
and the scope termination impedance constitute a 20: 1 attenuator probe. 
Coax shall be CT-070-50 or equivalent. 

SETUP AND HOLD TIMES PROPAGATION DELAY TIMES 

A# 

H 

ov 
3.0 v 

·-+---- 3.0 v 
1.5 v K 

thold"17\" 

thold"OQ" ~~!----- O V 
''----~!-' ·--+--- VoL 

· -----3.ov 
1.5 v 
----ov 

~VOH 

VoL 

G~VOH 
VOL 

VoH 

#Pulse A (fjnl used with all tests. 
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MC12014 

APPLICATIONS INFORMATION 

The MC12014 Counter Control Logic incorporates two 
features for enhancing operation of the MC4016/4018 
Programmable Counters.1 Maximum operating fre
quency of the counters is limited by the time required for 
re-programming at the end of each count-down cycle. 
Operation can be extended to approximately 25 MHz by 
using the "early decode" feature included in the MC12014. 
The appropriate connections are shown in Figure 2. Only 
three counter stages are shown; however, up to eight 
stages can be satisfactorily cascaded. Note the following 
differences between this and the non-extended method: 
the counter gate inputs are not connected to the input 
clock; all parallel enables are connected to the 0 output 
(f0 utl of a type D flip-flop formed by gates G2 through 
G7 in the MC12014 package; the bus terminal of the least 
significant stage is grounded; all other bus terminals and 
one internal resistor, R, are connected together and serve 
as a data input, 81, to the flip-flop. Four additional data 
inputs, PO through P3, serve to decode the "two" state 
of the least significant counter stage. Circuit operation is 
illustrated in waveforms of Figure 2, where the timing for 
the end of a count-down cycle is shown in expanded 
form. The counter parallel inputs are assumed to have 
N = 245 programmed. Timing is not shown for the third 
stage since it has already been counted down to the all 
zero state. As the next-to-least significant stage reaches 
zero, the common bus line goes high. Count down of the 
least significant stage continues until the "two" state is 
reached, causing the remaining data inputs to the flip
flop to go high. The next-to-last clock pulse of the cycle 
then triggers the flip-flop 0 output low. This takes the 
parallel enables of all three counter stages low, resetting 

the programmed data to the outputs. The next input pulse 
clocks a back to the high state since the data inputs to 
the flip-flop are no longer all high. The resulting negative 
output pulse at fout is one input clock period in duration. 
Note that division by N equal to 001 or 002 is not available 
using this method. 

The frequency synthesizer shown in Figure 8 requires 
that the programmable counters be quickly stopped after 
reaching their terminal (zero) count. This can be simply 
accomplished by taking the master reset of all stages low 
at the appropriate time. The bus output of the counters 
could be used for this function since a transition there 
signals the end of a count-down sequence. However, due 
to the relatively long delay between the last positive clock 
transition and the bus transition a faster method is re
quired in this application. 

The "zero detection" feature of the MC12014 provides 
a convenient means of implementing a faster method. 
Gates G12 through G19 form a latch whose output goes 
high if 82 is high and low logic levels are applied to the 
ZO thru Z3 inputs. When once set to a one by appropriate 
input conditions, the output of G 19 remains high until it 
is reset by the circuit comprised of gates GB through G11. 
Note that since the required information is stored, the 
counter can be allowed to continue cycling. 

The G8-G11 circuit monitors the G7 output of the "early 
decode" type D flip-flop. When the counter stage con
nected to the PO thru P3 inputs has counted down to its 
two state the output of G7 goes high; this enables the 
G8-G11 circuitry and the next positive clock transition 
causes the output of G 11 to go high, resetting the output 
of G19 to zero. 

FIGURE 1 -TYPICAL FREQUENCY SYNTHESIZER APPLICATION 

Phase Voltage - Detector Low-Pass Controlled 

MC4044 Filter Oscillator 
MC1648 

fret fout 

Modulus Enable Line 

w _i 

Two-Modulus 
MC12014 .. Prescaler I----' 

r---1 MC12013 

1 1 Zero Detect Line 

~ fout 
+N +A 

Programmable Programmable 
Cou.nter Counter 
MC4016 MC4016 

! Counter Reset Line j 
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FIGURE 2 - INCREASING THE OPERATING RANGE OF MC74416/74418 PROGRAMMABLE COUNTERS USING MC12014 

Clock 
In 

•Non-expanded version 

of bottom waveform. 

G 

'o I 
I I 

:fin , I 
I -------~--------J 
L~1-- Required with MC74418 only. (Must be grounded if not used.) 

R 

MC4016118 MC4016118 MC4016118 
G 

MR DO 01 02 MR DO 01 02 03 

0 0 0 0 0 

L.S.D M.S.D 

H 245 H 
Input 
Pulses •au<lf--------u------r-- ___ T _____ --

''" JliL ___ Jlllllllll lllllll!L _____ JllllllL ______ llllllL ___ _ 
r--' 

010 

011 

012 

013 11 
I 

I 
I 

I 020 

i 

I 021 l 022 

I 
023 I 

I I 
Bus 

fout 

1 See the MC54416/54418 data sheet for additional information. 
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Operation of the Counter Control Logic can be further 
clarified by considering a typical system application for 
programmable counters illustrated in the frequency 5yn
thesizer shown in Figure 3. There the counter provides 
a means of digitally selecting some integral multiple of 
a stable reference frequency. The circuit phase locks the 
output, tvco. of a voltage controlled oscillator to a ref
erence frequency, fref-2 Circuit operation is such that 
fvco = Nf ref· where N is the divider ratio of the feedback 
counter, permitting frequency selection by means of 
thumbwheel switches. 

In many synthesizer applications the VCO is operated 
at VHF frequencies too high for direct division by TIL 
counters. In these cases the VCO output is usually pres
caled by using a suitable fixed divide-by-M ECL circuit as 

shown in Figure4. For this configuration, fvco = NMfref• 
where N is variable (programmable) and M is fixed. De
sign of the optimum loop filter requires that the input 
reference frequency be as high as possible where the 
upper limit is established by the required channel spac
ing. Since fvco = Nfref in the non-prescaled case, if N 
is changed by one, the VCO output changes by fret• or 
the synthesizer channel spacing is just equal to f ref· When 
the prescaler is used as in Figure 4, tvco = NMfref· and 
a change of one in N results in the VCO changing by 
Mfref• i.e., if fret is set equal to the minimum permissible 
channel spacing as is desirable, then only every M chan
nels in a given band can be selected. One solution is to 
set fret = channel spacing/M but this leads to more strin
gent loop filter requirements. 

FIGURE 3 - TTL PHASE-LOCKED LOOP 

,---
I 

>---:----- R U1 

fref I 
0 

Det 

R1 

1 k 
R2 e 

VeM 

_J 
1/2 MC4024 

7 N P rogrammabte 
~--------------1 Counter Chain f-----------------' 

1MC4016/18 

FIGURE 4 - TTL-MECL PHASE-LOCKED LOOP 

L_ 

L MC4044 ---

-o- N Programmable 
~--------< Counter Chain f---------1 

MC4016/18 

,.-~-----.---.. Vee 

R2 e 

_J 

___ _J 

7 M Prescaler 
MC10137 

1 k 

VeM 

MC1658 

fvco 

2 See Motorola Application Notes AN·535, AN-532, and the MC4344/4044 Data Sheet for de_tailed explanation of over-all circuit-operation. 
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An alternate approach that avoids this problem is pro
vided by the counter configuration shown in Figure 5. It 
too uses a prescaler ahead of a programmable counter, 
however the modulus of the prescaler is now controlled 
by a third counter, causing it to alternate between M and 
M + 1. Operation is best explained by assuming that all 
three counters have been set for the beginning of a cycle: 
the prescaler for division by (M + 1 ), the modulus control 
counter for division by Nmc• and the programmable 
counter for division by Npc· The prescaler will divide by 
(M + 11 until the modulus control counter has counted 
down to zero; at this time, the all zero state is detected 
and causes the prescaler to divide by M until the pro
grammable counter has also counted down to zero. When 
this occurs, a cycle is complete and each counter is reset 
to its original modulus in readiness for the next cycle. 

To determine the relationship between foul and fin• let 
T 1 be the time required for the modulus control counter 
to reach its terminal count and let T 2 be the remainder 
of one cycle. That is, T 2 is the time between terminal 
count in the modulus control counter and terminal count 
in the programmable counter. When the modulus control 
counter reaches zero, Nmc pulses will have entered it at 
a rate given by fin/(M + 1) pulses/second or T 2 is: 

(l) 

At this time, Nmc pulses have also entered the pro
grammable counter and it will reach its terminal counter 
after (Npc - Nmcl more pulses have entered. The rate 
of entry is now fin/M pulses/second since the prescaler 
is now dividing by M. From this T2 is given by: 

Since 

fin 
fout = -----=----

(M + 1)Nmc+M(Npc-Nmc) 

MNmc + Nmc +MN pc- MN me 

fin 

(2) 

N )(3) 
me 

In terms of the synthesizer application, fvco = (MNpc 
+ Nmcl fret and channels can be selected every fret by 
letting Npc and Nmc take on suitable integer values, in
cluding zero. 
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FIGURE 5 - FEEDBACK COUNTERS WITH DUAL 
MODULUS PRESCALER 

Dual Modulus 
P•~~scaler 

From -TM or (M+ 1) 

vco ~-----~ 

Modulus Control 
Counter 
7Nmc 

Programmable 
cc~nter 

To Phase Detector 
for comparison with f ref· 

A simplified example of this technique is shown in Fig
ure 6. The MC12013 Dual Modulus Prescaler divides by 
either 10 or 11 when connected as shown in Figure 6. If 
the E3 and E4 Enable inputs are high at the start of a 
prescalercycle, division by 10 results; if the Enable inputs 
are low at the beginning of the cycle, division by 11 re
sults. The zero detection circuitry of the MC12014 Counter 
Control Logic is connected to monitor the outputs of the 
modulus control counter; this provides a suitable enable 
signal at EO as the modulus control counter reaches its 
terminal (zero) count. The remainder of the MC12014 is 
connected to extend the operating frequency of the pro
grammable counter chain. Appropriate waveforms for 
division by 43 are shown in Figure 7a. 

The beginning of the timing diagram indicates circuit 
status just prior to the end of a countdown cycle, i.e., the 
modulus control counter has been counted down to one 
and the programmable counter is in the two state. The 
next positive transition from the prescaler (f1 in the tim
ing diagram) then initiates the following sequence of 
events. Since the two state of the programmable counter 
enables the early decode circuitry in the MC12014, the 
positive f1 transition causes fout to go low. Since fout is 
connected to the Parallel Enables of all the MC4016 
counters this low signal will re-program the counters in 
readiness for another cycle. However, due to the prop
agation time through the decode circuitry, the pro
grammable and modulus control counters are briefly dec
remented to one and zero, respectively, before re
programming occurs. The momentary zero state of the 
modulus control counter is detected, setting Eo of the 
MC12014 high, enabling the MC12013for division by ten 
during its next cycle. After eleven more fin pulses (Eo 
went high after the beginning of the prescaler cycle and 
so doesn't change the modulus until the next prescaler 
cycle), f1 again goes high, causing fout to return to the 
one state. This releases the Parallel Enables and simul
taneously resets Eo to zero. However, since Eo was high 
when the current prescaler cycle began, the next positive 
f1 transition occurs only ten fin pulses later. Subsequent 
f1 transitions now decrement the MC4016 counters down 
through another cycle with the prescaler dividing by 
eleven. From the waveforms, 11 + 10 + 11 + 11 = 43 
input pulses occur for each output pulse. 
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FIGURE 6 - FREQUENCY DIVISION: fo = f;n/(MNpc + Nmcl 

PO P1 P2 P3 81 1-'~o=ut~-+--+--+-t--J--.------+ 04 
c MC12013 11 

E3 TT Lout >--+---I fin MC12014 Eo 

E4T Q3 03- Q.4 ZO Z1 Z2Z3 82 

510 510 

Dual Modulus 
Prescaler: 
_7M or (M+1) 
IM~ 101 

1 1 0 0 

'---v-----' 
Modulus Control 
Counter: 7 Nmc 

Division by 42 is shown in Figure 7b. Operation is sim
ilar except that the modulus control counter reaches its 
terminal count one f1 cycle earlier than before. Since Eo 
is reset by the trailing edge of the fout pulse, Eo now 
remains high for two prescaler cycles leading to 10 + 10 
+ 11 + 11 = 42 input pulses for each output pulse. 

Other combinations lead to similar results, however 
note that Npc must be greater than or equal to Nmc for 
operation as described. If Nmc is greater than Npc er
roneous results are obtained, however this is not a se
rious restriction since Npc is greater than Nmc in most 
practical applications. 

The synthesizer shown in Figure 8 generates frequen
cies in the range from 144 to 178 MHz with 30 kHz channel 
spacing. It uses the dual modulus prescaler approach 
discussed earlier. General synthesizer design consider
ations are detailed in the publications listed in footnote 
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PE 

MC4016/18 

GMRDO 01 0203 8 G 
MR 

More Significant 

Q O Q O Stages Programmed 
to Zero 

Programmable Counter· .;-Npc 

2, hence only the feedback counter is discussed here. 
Requirements for the feedback divider are determined 
from: 

Minimum Divider Ratio=NTmin = 144·00 MHz = 4800 
30 kHz 

177.99 MHz 
Maximum Divider Ratio= NTmax = 30 kHz 5933 

If the prescaler divides by at least ten, the maximum 
input frequency to the TIL counters will be 17.799 MHz, 
allowing use of MC4016 Programmable Counters with 
the MC12014 frequency extension feature. 
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FIGURE 7a - DIVISION BY 43 

fout l:_:•~::::=::::::::: __ ~-+------ 43 Input Pulses 

Opc1 

FIGURE 7b - DIVISION BY 42 
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FIGURE 8 - 144 TO 178 MHz FREQUENCY SYNTHESIZER 
WITH 30 kHz CHANNEL SPACING 
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FIGURE 9 - Npc PROM PROGRAMMING 

SW l SW 
SW *1 SW#2 PROM PROM OUTPUT 

#1 #2 A5A4 A3 A2A1AO WORD M.S.B. L.S.B. 

{144MHz I 44 0 1 0 0 0 1 0 0 4 0 1 0 0 1 0 
45 0 1 0 0 0 1 0 1 5 0 1 0 0 1 0 
46 0 1 0 0 0 1 1 0 6 0 1 0 D 1 0 
47 0 1 0 0 0 1 1 1 7 0 1 0 0 1 0 
48 0 1 D D 1 D 0 0 8 0 1 0 0 1 0 
49 0 1 0 0 1 D 0 1 9 0 1 0 0 1 0 
50 0 1 D 1 D D 0 0 16 0 1 0 1 0 0 
51 • 1 0 i 0 0 0 1 17 0 1 0 1 0 0 
52 0 1 0 1 0 0 1 0 18 0 1 0 1 0 0 

53 0 1 0 1 0 0 1 1 19 0 1 0 1 0 0 
54 D 1 0 1 0 1 0 0 20 0 1 0 1 0 0 
55 D 1 0 1 0 1 0 1 21 0 1 0 1 0 0 

56 0 1 0 1 0 1 1 0 22 0 1 D 1 0 0 
57 0 1 0 1 0 1 1 1 23 0 1 0 1 0 0 
58 0 1 0 1 1 0 0 0 24 0 1 0 1 0 0 
59 0 1 0 1 1 0 0 1 25 0 1 0 1 0 0 
60 D 1 1 0 0 0 0 0 32 0 1 0 1 0 0 
61 0 1 1 0 0 0 0 1 33 D 1 0 1 D 0 

62 0 1 1 0 0 0 1 0 34 0 1 0 1 0 1 
63 0 1 1 0 0 0 1 1 35 0 1 0 1 0 1 
64 0 1 1 0 0 1 0 0 36 0 1 0 1 0 1 

65 0 1 1 0 0 1 0 1 37 0 1 0 1 0 1 
66 0 1 1 0 0 1 1 0 38 0 1 0 1 0 1 
67 0 1 1 0 0 1 1 1 39 0 1 0 1 0 1 

68 0 1 1 0 1 0 0 0 40 0 1 0 1 0 1 
69 0 1 1 0 1 0 D 1 41 0 1 0 1 0 1 
70 0 1 1 1 0 0 0 0 48 0 1 0 1 0 1 
71 D 1 1 1 D 0 0 1 49 0 1 0 1 0 1 
72 0 1 1 1 0 0 1 0 50 0 1 0 1 0 1 
73 0 1 1 1 0 0 1 1 51 0 1 0 1 0 1 
74 0 1 1 1 D 1 0 0 52 0 1 0 1 1 0 
75 0 1 1 1 0 1 0 1 53 0 1 0 1 1 0 
76 0 1 1 1 0 1 1 0 54 0 1 0 1 1 0 

(177MHz I 77 0 1 1 1 0 1 1 1 55 0 1 0 1 1 0 

The required divider range, 4800 to 5933, is obtained 
in the following manner: the MC12013 Dual Modulus 
Prescaler is connected in the divide by 10/11 mode; the 
modulus control counter uses two MC4016 stages with 
Nmc ranging from 00 to 99, establishing the two least 
significant digits of NT· The remaining two digits of NT 
are obtained from a three stage programmable counter 
generating Npc· The least significant stage of the Npc 
counter is fixed programmed to zero. The required pro
gramming for all remaining stages is derived from four 
channel selector BCD thumbwheel switches. The rela
tionship between NT and the counters is given by NT 
= MNpc + Nmc; for a typical channel, say 144.33 MHz, 
NT= 4811 requires that M = 10, Npc = 480, and Nmc 
= 11, or NT= (10)(480) +r 11 = 4811. 

A general problem associated with synthesizer design 
arises from the fact that there is not always a one-to-one 
correspondence between the code provided by the chan
nel selector switches and the code required for proper 
programming of the counters. For instance, in the ex
ample above where 144.33 MHz was selected, the chan
nel selector switches are set to 44.33 while the required 
divider ratio is 4811. There are numerous solutions for 
a given translation requirement, however the method 
shown here using read only memories offers a straight
forward design method. While field programmable read 
only memories (PROMs) are shown, they would nor
mally be used only during development; suitable fixed 
ROMs are more economical in production quantities. The 
design procedure for the code conversion is illustrated 
in Figure 9. The required programming for the two most 
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FIGURE 10 - Nmc PROM #1 PROGRAMMING 

SW l SW 
SW#3 SW#4 PROM PROM OUTPUT 

#3 #4. A5A4 A3A2A1AO WORD M.S.B L.S.B. 
(144) .00 

.03 

.06 

.09 

.12 

.15 

.18 

.21 

.24 

.27 

.30 

.33 

.36 

.39 

.42 

.45 

.48 

.51 

.54 

.57 

.60 

.63 

.66 

.69 

.72 

.75 

.78 

.81 

.84 

.87 

.90 

.93 

.96 
(144) .99 

00 0 0 0 0 0 0 0 
00 0 0 0 0 1 1 3 
0 0 0 0 0 1 1 0 6 
00 0 0 1 0 0 1 9 
00 0 1 0 0 1 0 18 
00 0 1 0 1 0 1 21 
o o· a 1 1 0 0 0 24 
00 1 0 0 0 0 1 33 
0 0 1 0 0 1 0 0 36 

00 1 0 0 1 1 1 39 
00 1 1 0 0 0 0 48 
0 0 1 1 0 0 1 1 51 

0 0 1 1 0 1 1 0 54 
0 0 1 1 1 0 0 1 57 
0 1 0 0 0 0 1 0 2 

0 1 0 0 0 1 0 1 5 
0 1 0 0 1 0 0 0 8 
0 1 0 1 0 p 0 1 17 

0 1 0 1 0 1 0 0 20 
0 1 0 1 0 1 1 1 23 
0 1 1 0 0 0 0 0 32 

0 1 1 0 0 0 1 1 35 
0 1 1 0 0 1 1 0 38 
0 1 1 0 1 0 0 1 41 

0 1 1 1 0 0 1 0 49 
0 1 1 1 0 1 0 1 53 
0 1 1 1 1 0 0 0 56 
1 0 0 0 0 0 0 1 1 
1 0 0 0 0 1 0 0 4 
1 0 0 0 0 1 1 1 7 

1 0 0 1 0 0 0 0 16 
1 0 0 1 0 0 1 1 19 
1 0 0 1 0 1 1 0 22 
1 0 0 1 1 0 0 1 25 

Use with frequency ranges: 

144.00 - 144.99 
147.00- 147.99 
150.00- 150.99 
153·.00 - 153.99 
156.00- 156.99 
159.00 - 159.99 

162.00- 162.99 
165.00 - 165.99 
168.00 - 168.99 
171.00- 171.99 
174.00- 174.99 
177.00- 177.99 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 1 

0 0 0 0 0 1 
0 0 0 0 0 1 
0 0 0 0 1 0 

0 0 0 0 1 0 
0 0 0 1 0 0 
0 0 0 1 0 0 

0 0 0 1 0 0 
0 0 0 1 0 0 
0 0 0 1 0 1 

0 0 0 1 0 1 
0 0 0 1 0 1 
0 0 0 1 0 1 
0 0 0 1 1 0 
0 0 0 1 1 0 
0 0 1 0 0 0 
0 0 1 0 0 0 
0 0 1 0 0 0 
0 0 1 0 0 0 

0 0 1 0 0 1 
0 0 1 0 0 1 
0 0 1 0 0 1 

0 0 1 0 ·o 1 
0 0 1 0 1 0 
0 0 1 0 1 0 
0 0 1 1 0 0 
0 0 1 1 0 0 
0 0 1 1 0 0 
0 0 1 1 0 0 

significant digits of Npc is shown versus the code pro
vided by switches #1 and #2 of the channel selector. If 
the four outputs of switch #2 and the two least signif
icant outputs of switch #1 are regarded as address bits 
AO through A5 for a 64 x 8 TTL PROM, a memory 
location can be associated with each switch setting. The 
required Npc programming for each switch setting is 
then set into the appropriate memory location by the 
user. In Figure 9, the required programming has been 
transferred into a truth table to be used while program
ming the PROM. A similar result for the Nmc program
ming is shown in Figure 10. Note thatthe PROM shown, 
Nmc PROM #1, selects only Nmc numbers 00 through 
33, This means that the synthesizer as shown in Figure 
8 selects only the adjacent channels in a one megahertz 
slice of the total band. The frequency ranges that can 
be selected using Nmc PROM #1 are summarized in 
Figure 10. For other ranges, Nmc PROM #1 must be 
replaced by one of two additional PROMs required for 
generating the remaining Nmc numbers. Appropriate 
truth tables along with the ranges they can be used with 
are shown in Figures 11 and 12. 
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FIGURE 11 - Nmc PROM #2 TRUTH TABLE 
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Use with frequency ranges 

145.02 - 145.98 
148.02 - 148.98 
151.02 - 151.98 
154.02 - 154.98 
157.02 - 157.98 
160.02 - 160.98 

163.02 - 163.98 
166.02 - 166 98 
169.02 - 169.98 
172 02 - 172.98 
175.02 - 175.98 
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FIGURE 12 - Nmc PROM #3 TRUTH TABLE 
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Use with frequency ranges: 

146.01 - 146.97 
149.01 - 149.97 
152.01 - 152.97 
155.01 - 155.97 
158.01 - 158.97 
161.01 - 161.97 

164.01 - 164.97 
167.01 - 167.97 
170.01 - 170.97 
173.01 - 173.97 
176.01 - 176.97 
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225 MHz DUAL MODULUS PRESCALER 

The MC12015, MC12016 and MC12017 are two-modulus pre
scalers which will divide by 32 and 33, 40 and 41, and 64 and 65 
respectively. An internal regulator is provided to allow these 
devices to be used over a wide range of power-supply voltages. 
The devices may be operated by applying a supply voltage of 5.0 
Vdc ± 10% at pin 7 or by applying an unregulated voltage source 
from 5.5 Vdc to 9.5 Vdc to pin 8. 

• 225 MHz Toggle Frequency 

• Low-Power - 7.5 mA Max at 6.8 V 

• Control Input and Output are Compatible with Standard CMOS 

• Connecting Pins 2 and 3 Allows Driving One TTL Load 

• Supply Voltage 4.5 V to 9.5 V 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Regulated Voltage, Pin 7 Vreg 8.0 

Power Supply Voltage, Pin 8 Vee 10.0 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tstg -65 to+175 

ELECTRICAL CHARACTERISTICS (Vee= 5.5 to 9.5, Vreg = 4.5 to 5.5 V 
TA= -40°C to+85°C) 

Characteristic Symbol Min Typ Max 

Toggle Frequency fmax 225 - -
(Sine wave input) fmin - - 35 

Supply Current Ice - 6.0 7.8 

Control Input High 2.0 - -

(+32, 40 or 64) 

Control Input Low - - 0.8 
(+33, 41 or 65) 

Output Voltage High* VoH 2.5 - -
(lsource = 50 µA) 

Output Voltage Low* Vol - - 0.5 
(1 5 ink= 2 mA) 

Input Voltage Sensitivity Vin 
35 MHz 400 - 800 
50-225 MHz 200 - 800 

PLL Response Time tPLL - - tout -70 
(Notes 1 and 2) 

Notes: 
1. tPLL =the period of time the PLL has from the prescaler rising output transition (50%) 

to the modulus control input edge transition (50%)to ensure proper modulus selection. 

2. tout= period of output waveform. 

*Pin 2 connected to Pin 3 
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Unit 

Vdc 

Vdc 

'C 
oc 

Unit 

MHz 
MHz 

mA 

v 

v 

v 

v 

mVPP 

ns 

MC12015 
MC12016 
MC12017 

MECL PLL COMPONENTS 

225 MHz DUAL 
MODULUS 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

L SUFFIX 
CERAMIC PACKAGE 

CASE 693 

• D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

PRESCALER BLOCK DIAGRAM 

Control 
Input 

"' " > 
Signal0.001 µF :=_ 

Input o-i 

:~100':":'"'' 

Vee 
Voltage 

Regulator 

4 

2 Active 
Pull up 

Gnd 

1. V reg @ pin 7 is not guaranteed to be between 
4.5 and 5.5 V when Vee is being applied to pin 8. 

2. Pin 7 is not to be used as a source of regulated 
output voltage. 
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520 MHz DUAL MODULUS PRESCALER 

The MC12018 is a two-modulus prescaler which divides by 128 
and 129. An internal regulator is provided to allow this device to 
be used over a wide range of power-supply voltages. The devices 
may be operated by applying a supply voltage of 5.0 Vdc ± 10% 
at pin 7 or by applying an unregulated voltage source from 5.5 
Vdc to 9.5 Vdc to pin 8. 

• 520 MHz Toggle Frequency 

• Low-Power - 8.0 mA Typical 

• Control Input Is Compatible with Standard CMOS and TTL 

• Supply Voltage 4.5 V to 9.5 V 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Regulated Voltage, Pin 7 Vreg :0.0 Vdc 

Power Supply .Voltage, Pin 8 Vee ·10.0: Vdc 

Operating Temperature Range TA -40 to +85 oc 

Storage Temperature Range Tstg -65 to +175 oc 

ELECTRICAL CHARACTERISTICS (Vee = 5.5 to 9.5, Vreg = 4.5 to 5.5 V 
TA= -40°C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency fmax 520 - - MHz 
(Sine Wave Input) fmin - - 75 MHz 

Supply Current (Pin 8) Ice - 8.0 10.2 mA 

Control Input High V1H 2.0 - - v 
(+ 128) 

Control Input Low VIL - - 0.8 v 
(+ 129) 

Differential Output Voltage Vout 0.8 1.0 - v 
!lsink = 200 µ,A) 

PLL Response Time tPLL - - tout-50 ns 
(Notes 1 and 2) 

Input Voltage Sensitivity Vin 
75 MHz 400 - 800 mVpp 
125-520 MHz 200 - 800 

Notes: 
1. tPLL = the period of ti~e the PLL has from the prescaler rising output transition {50%) to 

the modulus control input edge transition (50%) to ensure proper modul.us selection. 
2. tout = period of output waveform 
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MC12018 

MECL PLL COMPONENTS 

520 MHz + 128/129 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

L SUFFIX 
CERAMIC PACKAGE 

CASE 693 

• D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

PRESCALER BLOCK DIAGRAM 

Control 
Input 

POS. 
Edge 

3 

'---+--02 NEG. 

Vee Voltage 
Regulator 

Gnd 

Edge 

4 

1. Vreg@ pin 7 is not guaranteed to be between 
4.5 and 5.5 V when Vee is being applied to pin 8. 

2. Pin 7 is not to be used as a source of regulated 
output voltage. 

3. 10KO pulldown recommended with negative 
edge output. (pin 2). 
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® MOTOROLA 

225 MHz DUAL MODULUS PRESCALER 

The MC12019 is a divide by 20and 21 two-modulus prescaler. It 
will divide by 20when the modulus control input is high and by 21 
when the modulus control input is low. 

• 225 MHz Toggle Frequency 

• Low.Power-7.5 mA Max at 5.5 V 

• Control Input Compatible with Standard Motorola CMOS 
Synthesizers 

• Emitter Follower Outputs 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage, Pin 7 Vee 8.0 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range T'!!ll. -65 to +175 

Unit 

Vdc 

·c 

·c 

ELECTRICAL CHARACTERISTICS (Vee = 4.5 to 5.5 V, TA = -40° to +85°C) 

Characteristic Symbol Min Typ Mex Unit 

Toggle Frequency fmax 225 - - MHz 
(Sine Wave Input) fmin - - 20 MHz 

Supply Current Ice - - 7.5 mA 

Control Input High V1H 2.0 - - v 
(+20) 

Control Input Low V1L - - 0.8 v 
(+21) 

Output Voltage Swing Vout 600 - 1200 m~ 
Input Voltage Sensitivity Vin 200 

20-225 MHz 
- 800 mVpp 

PLL Response Time tPLL - - lout-70 ns 
(Notes 1 and 2) 1 

Notes: 
1. tPLL = the time the PLL has from the prescaler rising output transition (50%) to the modulus 

control input edge. transition (50%) to ensure proper modulus selection. 
2. lout = period of output waveform. 
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MC12019 

MECL PLL COMPONENTS 

225 MHz + 20121 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

LSUFFIX ~ 
CERAMIC PACKAGE 

CASE 693 

• DSUFAX 
PLASTIC SOIC PACKAGE 

CASE 751 

PRESCALER BLOCK DIAGRAM 

Control 
Input 

Signal 
Input 0.001 µF .-~---.., 

Si~ 
Gnd 

0 

+N/+ N+1 

7 

Vee 

4 

Gnd 

Output 

!Ok 



®MOTOROLA 

1.1 GHz DUAL MODULUS PRESCALER 

The MC12022A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's 
MC145xxx series in a PLL to provide tuning signals up to 1.1 GHz 
in programmable frequency steps. 

The MC120228 can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu's 
MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/ 
129 divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number 
after SW has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 7.5 mA Typical 
• Operating Temperature Range of -40°C to + 85°C 
• Short Setup Time (tsetl 16 ns Maximum@ 1.1 GHz 
• Modulus Control Input Level is Compatible with Standard 

CMOS and TTL. Maximum Input Voltage Should be Limited 
to 6.5 Vdc. 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 2 Vee -0.5 to + 7.0 Vdc 

Operating Temperature Range TA -40 to +85 oc 

Storage Temperature Range Ts!l!_ -65to +150 oc 

Modulus Control Input, Pin 6 MC -0.5 to +6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee = 4.5 to 5.5 V, TA= -40°C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency ft 0.1 1.6 1.1 GHz 
(Sine Wave Input) 

Supply Current Output Unloaded ice - 7.5 10 mA 
(Pin 2) 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -

Output Voltage Swing Vout 1.0 1.6 - Vp-p 
(CL = 12 pF, RL = 2.2 kn) 

Modulus Setup Time MC to Out ISET - 11 16 ns 

Input Voltage Sensitivity 250-1100 MHz Vin 100 - 1500 mVpp 
100-250 MHz 400 - 1500 

Output Current CL = 12 pf, RL = 2.2 kfi 10 - - 2.0 mA 
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MC12022A/ 
MC120228 

MECL PLL COMPONENTS 

1.1 GHz +64165, + 128/129 
DUAL MODULUS 

PRESCALER 

PSUFFIX ~ 
PLASTIC PACKAGE 8 

1 CASE 626 

IN 

Vee 

SW 

OUT 

Note 1: 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

PRESCALER 
PIN ASSIGNMENT 

(Top View) 

For positive edge triggered synthesizers, 
order the MC12022A. 
For negative edge triggered synthesizers, 
order the MC120228. 

FUNCTION TABLE 

SW MC 

H H 

H L 

L H 

L L 

Note: SW: H = Vee, L = open 
MC: H = 2.0VtoVcc 

L = Gnd to 0.8 V 

Divide Ratio 

64 

65 

128 

129 

• 



• 

In 
r.; 

MC 

MC12022A • MC12022B 

LOGIC DIAGRAM (MC12022AI FIGURE 1 - MODULUS SETUP TIME 

Out 

Mod1Jlus setup time MC to out is the MC 
setup or MC-release plus the prop. delay. 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

In 

Out 

MC 

FIGURE 2A- +64, 500 MHz, 5.0 V, +25"C, OUTPUT LOADED FIGURE 28 - +128, 1.1GHz,5.0 V, +25"C, OUTPUT LOADED 

Sine Wave Generator 

~C1 

""fr" 

FIGURE 3 - AC TEST CIRCUIT 

Vee 

IN 

MC 

MC Input 

SW 

GND 
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Vee = 4.5 to 5.5 v 

C1 = C2 = 1000 pf 
C3 = 0.1 µF 
CL = 12 pf (Including Scope 

and jig capacitance) 
RL = 2.2 k!l 



MC12022A • MC12022B 

AGURE 4 - MC12022 TYPICAL CHARACTERISTIC CURVES 

AGURE 4A - INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY. DIVIDE RATIO = 128 
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® MOTOROLA 

1.1 GHz LOW VOLTAGE DUAL MODULUS PRESCALER 

The MC12022LVA can be used with CMOS synthesizers requmng 
positive edges to trigger internal counters such as Motorola's MC145xxx 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC12022LVB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65or128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 2.7 to 5.0 V 
• Low Power 4.0 mA Typical @Vee = 2.7 V 
• Operating Temperature Range of -40'C to +85'C 
• Short Setup Time (tsetl 16 ns Maximum@ 1.1 GHz 
• Modulus Control Input Level is Compatible with Standard 

CMOS and TTL 

Design Criteria Value 

Internal Gate Count* 67 

Internal Gate Propagation Delay 200 

Internal Gate Power Dissipation 0.75 

Speed Power Product 0.15 
*Equivalent to a two-mput NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage, Pin 2 Vee -0.5 to + 7.0 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tstg -65 to + 150 

Modulus Control Input, Pin 6 MC -0.5 to +6.5 

Unit 

ea 

ps 

mW 

pJ 

Unit 

Vdc 

'C 

'C 

Vdc 

ELECTRICAL CHARACTERISTICS !Vee = 2.7 to 5.0 V, TA= -40°C to +85°CI 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current Output lccL - 4.0 6.5 mA 
Unloaded (Pin 2)@ 2.7 Vdc 

Supply Current Output lcCH - 5.8 8.0 mA 
Unloaded (Pin 2) (dJ 5.0 Vdc 

Modulus Control Input High (MCI V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -
Output Voltage Swing Vout 0.8 1.0 - Vp-p 

(CL= 12 pf, RL = 1.1 k!l lft 2.7 Vdc) 

Output Voltage Swing Vout 1.0 1.6 - Vp-p 
(CL = 12 pf, AL = 2.2 k!l (<v 5.0 Vdc) 

Modulus Setup Time MC to Out ISET - 11 16 ns 

Input Voltage Sensitivity (<t' 250-1100 MHz Vin Min 100 - 1500 mVpp 
100-250 MHz 400 - 1500 

Output Current CL = 12 pf, RL = 2.2 k!l lo - - 2.0 mA 

6-74 

MC12022LVA 
MC12022LVB 

MECL PLL COMPONENTS 

1.1 GHz +64/65, +128/129 
LOW VOLTAGE 

DUAL MODULUS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

·• D SUFFIX 
SOIC PACKAGE 

CASE 751 1 

ORDERING INFORMATION 

MC12022LVAP/BP Plastic 
MC12022LVAD/BD SOIC 

Note: For positive edge triggered synthesizers, 
order the MC12022LVA 

For Negative edge triggered synthesizers, 
order the MC12022LVB 

IN 

Vee 

SW 

OUT 

PRESCALER 
PIN ASSIGNMENT 

(Top View) 

FUNCTION TABLE 

SW MC Divide Ratio 

H H 

H L 

L H 

L L 

Note: SW: H = Vee. L = Open 
MC: H = 2.0VtoVcc 

L = Gnd to 0.8 V 

64 

65 

128 

129 
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MC 

MC12022LVA • MC12022LVB 

LOGIC DIAGRAM (MC12022LVAI FIGURE 1 - MODULUS SETUP TIME 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

In 

Out 

MC 

FIGURE 2A- +64, 500 MHz, 5.0 V, +25"C, OUTPUT LOADED FIGURE 28- +128, 1.1GHz,5.0 V, +25"C, OUTPUT LOADED 

SINE WAVE GENERATOR 

FIGURE 3 - AC TEST CIRCUIT 

~-------..-----u Vee = 2.7 Vdc to 5.0 Vdc 

Vee 

IN 

MC 

MC 
Input 

SW 

OUT l---<1>----<1~:.J 

GND 

6-75 

C1 = C2 = 1000 pF 
C3 = 0.1µ,F 
CL = 12 pF (Inc Scope & 

Jig Capacitance) 
RL = 2.2 k!l (<iJ + 5.0 Vdc 

1.1 k!l (<i +2.7 Vdc 
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FIGURE 4A - INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY 
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FIGURE 48 - OUTPUT AMPLITUDE versus INPUT FREQUENCY 
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® MOTOROLA 

1.1 GHz DUAL MODULUS PRESCALER 

The MC12022SLA can be used with CMOS synthesizers requ1nng 
positive edges to trigger internal counters such as Motorola's MC145xxx 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps 

The MC12022SLB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 4.0 mA Typical 
• Operating Temperature Range of -40°C to +85°C 
• Short Setup Time (tsetl 16 ns Maximum@ 1.1 GHz 
• Modulus Control Input Level is Compatible with Standard 

CMOS and TTL 

Design Criteria Value 

Internal Gate Count• 67 

Internal Gate Propagation Delay 200 

Internal Gate Power Dissipation 0.75 

Speed Power Product 0.15 

*Equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage, Pin 2 Vee -0.5 to + 7.0 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Ts!!J_ -65 to + 150 

Modulus Control Input, Pin 6 MC -0.5 to +6.5 

Unit 

ea 

ps 

mW 

pJ 

Unit 

Vdc 

"C 

"C 

Vdc 

ELECTRICAL CHARACTERISTICS (Vee = 4.5 to 5.5 V, TA= -40°C to +85°e) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current Output Unloaded (Pin 2) Ice - 4.0 6.5 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -

Output Voltage Swing 
(CL = 8 pF, RL = 4.4 k!l) 

Vout 1.0 1.6 - Vp-p 

Modulus Setup Time MC to Out lSET - 11 16 ns 

Input Voltage Sensitivity 250-1100 MHz Vin 100 - 1500 mVpp 
100-250 MHz 400 - 1500 

Output Current CL = 8 pF, RL = 4.4 k!l 10 - - 1.0 mA 
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MC12022SLA 
MC12022SLB 

MECL PLL COMPONENTS 

1.1 GHz +64/65, +128/129 
DUAL MODULUS 

PRESCALER 

PSUFFIX ~ 
PLASTIC PACKAGE 

CASE 626 8 
1 

·• D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

IN 

Vee 

SW 

OUT 

Note 1: 

1 

PRESCALER 
PIN ASSIGNMENT 

(Top View) 

For positive edge triggered synthesizers, 
order the MC12022SLA. 

For negative edge triggered synthesizers, 
order the MC12022SLB. 

FUNCTION TABLE 

SW MC 

H H 

H L 

L H 

L L 

Note: SW: H = Vee. L = open 
MC: H = 2.0 v to Vee 

L = Gnd to 0.8 V 

Divide Ratio 

64 

65 

128 

129 
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MC 

MC12022SLA • MC12022SLB 

LOGIC DIAGRAM (MC12022SLAI FIGURE 1 - MODULUS SETUP TIME 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

In 

Out 

MC 

FIGURE 2A - + 64, 500 MHz. 5.0 v. + 25°C, OUTPUT LOADED FIGURE 28 - + 128, 1.1 GHz, 5.0 V, +25"C, OUTPUT LOADED 

FIGURE 3 - AC TEST CIRCUIT 

Vee = 4.5 to 5.5 v 

Sine Wave Generator 
Vee SW 

TC3 

~ 
C1 

IN 

OUT 

C2 
TN RL 

CL 

~ r1 
MC GND C1 = C2 = 1000 pF 

C3 = 0.1 µ,F 
CL = 8 pF (Including Scope 

and jig capacitance) 
MC Input RL = 4.4 kil 
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FIGURE 4 - MC12022SL TYPICAL CHARACTERISTIC CURVES 

FIGURE 4A - INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY 
DIVIDE RATIO = 128 
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FIGURE 48 - OUTPUT AMPLITUDE versus INPUT FREQUENCY 
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®MOTOROLA 

1.1 GHz DUAL MODULUS PRESCALER 

The MC12022TSA can be used with CMOS synthesizers requiring pos
itive edges to trigger internal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC12022TSB can be used with CMOS synthesizers requiring neg
ative edges to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 64165 or 128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 4.0 mA Typical 
• Operating Temperature Range of -40°C to + 85°C 
• Short Setup Time (tset) 16 ns Maximum@ 1.1 GHz 
• Modulus Control Input Level is Compatible with Standard 

CMOS and TTL 
• Output Load Resistor on Die 

Design Criteria Value 
Internal Gate Count* 67 

Internal Gate Propagation Delay 200 

Internal Gate Power Dissipation 0.75 

Speed Power Product 0.15 
*Equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage, Pin 8 Vee -0.5 to +7.0 
Operating Temperature Range TA -40 to +85 
Storage Temperature Range Tsjg_ -65 to +150 

Unit 

ea 

ps 

mW 

pJ 

Unit 

Vdc 
oc 

oc 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5 v. TA= -40"C to +85°C) 

Characteristic Symbol Min Typ Mex Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current Output ice - 4.0 6.5 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 
Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -
Output Voltage Swing (CL = 8 pF) Vout 1.0 1.4 - ~ 
Modulus Setup Time MC to Out ISET - 11 16 ns 

Input Voltage Sensitivity 250-1100 MHz Vin 100 - 1500 mVpp 
100-250 MHz 400 - 1500 

MC12022TSA 
MC12022TSB 

MECL PLL COMPONENTS 

1.1 GHz +64165, + 128/129 
DUAL MODULUS 

PRESCALER 

PLASTIC PACKAGE 
PSUFFIX ~ 
CASE 626 8 

1 

Vee 

SW 

OUT 

DSUFRX 
PLASTIC SOIC PACKAGE 

CASE 751 

PRESCALER 
PIN ASSIGNMENT 

(Top View) 

NC 

MC 

GND 

WARNING: DO NOT CONNECT PIN 7. 
LEAVE PIN 7 OPEN. 

FUNCTION TABLE 

SW MC Divide Ratio 

H H 

H L 

L H 

L L 

Note: SW: H = Vee. L = open 
MC: H = 2.0 v to Vee 

L = GndtoO.SV 

64 

65 

128 

129 
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MC 

LOGIC DIAGRAM (MC12022TSA) 

MC12022TSA • MC12022TSB 

FIGURE 1 - MODULUS SETUP TIME 

Out 

Modulus setup time MC to out 1s the MC 
setup or MC release plus the prop. delay 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

'" 
Out 

MC 

FIGURE 2A- +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 28 - + 128, 1.1 GHz, 5.0 V, +25'C, OUTPUT LOADED 

Sine Wave Generator 

~ 
C1 

C2 

~r 

FIGURE 3 - AC TEST CIRCUIT 

..----~----.-----u Vee = 4.5 Vdc to 5.5 Vdc 

Vee 

IN 

TN 

MC 

MC Input 

SW 

OUT 

GND 
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IC3 

CL 

C1 = C2 = 1000 pf 
C3=0.1µ.F 
CL = 8 pf (Including Scope 

and jig capacitance) 
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® MOTOROLA 

1.1 GHz Low Voltage 
Dual Modulus Prescaler 

The MC12022TVA can be used with CMOS synthesizers requiring positive 
edges to trigger internal counters such as Motorola's MC145XXX. 

A Divide Ratio Control (SW) permits selection of a 64/64 or 128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 2.7 tp 5.0 V . 
• Low Power 4.0 mA Typical @ Vee =. 2. 7 V. 
• Operating Temperature Range of -40"C to +85°C 
• Short Setup Time (tsetl 16 ns Maximum@ 1.1 GHz 
• Modulus.Control Input Level.is Compatible with Standard CMOS and 

TTL. .·. 

• Output Load Resi~tor on Di~ 

MAXIMUM RATINGS 

Charac:t8tlstlc Symbol Range Unit 

Power Supply Voltage, Pin 8 vcc -0.5to+ 7.0 Vdc 

Operating Temperature Range TA -4010+ 85 'C 

Storage Temperaiure Range ~ -e5to+ 150 'C 

Modulus Control l~put, Pin 6 ~MC -0.5to+6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.0 Vdc, TA= --400C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current (Pin 2 at 2. 7 Vdc) iccL - 4.0 6.5 mA 

Supply Current (Pin 2 at 5.0 Vdc) iccH - 5.8 8.0 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 Open Open Open -
Output Voltage Swing Vout 0.8 1.0 - Vp-p 

(CL= 8 pF@ 2.7 Vdc) 

Output Voltage Swing Vout 1.0 1.4 - Vp-p 
(CL= 8 pF@5.0 Vdc) 

Modulus Setup Tlme MC to Out tset - 11 16 ns 

Input Voltage Sensitivity 250-1100 MHz Vin 100 - 1500 mVpp 
100-250 MHz 400 - 1500 
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MC12022TVA 

MECL PLL COMPONENTS 

1.1 GHz +64165, +128/129 
LOW VOLTAGE 

DUAL MODULUS 
PRESCALER 

vee 

SW 

PSUFFIX 
PLASTIC PACKAGE 

CASE626 

·• 
DSUFFIX 

PLASTIC SOIC PACKAGE 
CASE751 

PIN ASSIGNMENTS 

(Top View) 

FUNCTIONAL TABLE 

GND 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H =Vee. L =Open 
MC: H = 2.0 Vto Vee. L=Gndto 0.8 v 



4.0 

3.0 

CJ) 

~ 2.0 
> 

1.0 

0 
0 

MC12022TVA 

Out 

Figure 1. Logic Diagram (MC12022TVA) 

TYPICAL OUTPUT WAVEFORMS 

~ 
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> 

1.0 
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0 40 

----..i I...__ MC Reiease 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 

In 

MC 

Figure 2. Modulus Setup Time 

~ 
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TIME(nS) 
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Figure 3. +64, 500 MHz, 5.0 V, +25°C, Output Loaded Figure 4. + 128, 1.1 GHz, 5.0 V, +25°C, Output Loaded 

Sine Wave Generator 
C1 

~ -:- .r C2 

~---+---.----a Vee= 2.1 to +5.o Vdc 

Vee SW 

TC3 

IN 

OUT 

IN 
MC GND 

MC Input 

Figure 5. AC Test Circuit 
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CL C1 = C2 = 1000pf 
C3 = 0.1 5pf 
CL = 8 pf (Including Scope 

and jig capacitance) 

• 
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1.1 GHz LOW VOLTAGE DUAL MODULUS PRESCALER 

The MC12022TVB can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has been 
biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 2.7 to 5.0 V 
• Low Power 4.0 mA Typical @ Vee = 2.7 V 
• Operating Temperature Range of -40°C to +85°C 
• Short Setup Time (tsetl 16 ns Maximum@ 1.1 GHz 
• Modulus Control Input Level is Compatible with Standard CMOS and 

TTL 
• Output Load Resistor on Die 

Design Criteria Value Unit 

Internal Gate Count• 67 ea. 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 
*Equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 
Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 8 Vee -0.5 to +7.0 Vdc 

Operating Temperature Range TA -40 to +85 "C 

Storage Temperature Range Tsjg_ -65 to +150 oc 

Modulus Control Input, Pin 6 MC -0.5 to +6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.0 Vdc, TA= -40"C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current Output Unloaded ICCL - 4.0 6.5 mA 
(Pin 2) at 2.7 Vdc 

Supply Current Output Unloaded 
(Pin 2) at 5.0 Vdc 

iccH - 5.8 8.0 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -
Output Voltage Swing Vout 0.8 1.0 - Vp-p 

(CL = 8 pF @ 2.7 Vdc) 

Output Voltage Swing 
(CL = 8 pF @ 5.0 Vdc) 

Vout 1.0 1.4 - Vp-p 

Modulus Setup Time MC to Out ISET - 11 16 ns 

Input Voltage Sensitivity 250-1100 MHz Vin 100 - 1500 mVpp 
100-250 MHz 400 - 1500 
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MC12022TVB 

MECL PLL COMPONENTS 

1.1 GHz +64/65, +128/129 
LOW VOLTAGE 

DUAL MODULUS 
PRESCALER 

PSUFAX ~ 
PLASTIC PACKAGE 

CASE 626 8 
1 

IN 

Vee 

SW 

OUT 

SW 

H 

H 

L 

L 

DSUFAX 
PLASTIC SOIC PACKAGE 

CASE 751 

PRE SCALER 
PIN ASSIGNMENT 

(Top View) 

FUNCTION TABLE 

MC Divide Ratio 

H 64 

L 65 

H 128 

L 129 

Note: SW: H = Vee. L = open 
MC: H = 2.0VtoYcc 

L = Gndtoo.av 



In 
;;; 

MC 

MC12022TVB 

LOGIC DIAGRAM (MC12022TVB) FIGURE 1 - MODULUS SETUP TIME 

Modulus setup time ML. to out 1s the MC 
setup or MC release plus the prop. delay 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

In 

MC 

FIGURE 2A- +64, 500 MHz, 5.0 v. +25°C, OUTPUT LOADED FIGURE 28- +128, 1.1GHz,5.0 v. +25°C, OUTPUT LOADED 

Sine Wave Generator 

~ 
C1 

C2 =r 

FIGURE 3 - AC TEST CIRCUIT 

Vee SW 

IC3 

IN 

OUT 

fN 

MC GND 

MC Input 
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CL 

Vee = 2.7 Vdc to 5.0 Vdc 

C1 = C2 = 1000 pf 
C3 = 0.1 l'f 
CL = 8 pf (Including Scope 

and jig capacitance) 

• 
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225 MHz PRESCALER 

The MC12023 is a prescaler which will divide by 64. This device 
may be operated over supply voltage range of 3.2 to 5.5 V. 

• 225 MHz Toggle Frequency 

• Low Power-4.8 mA Maximum at 5.5 V 

• Operating Supply Voltage - 3.2 V to 5.5 V 

•.Connecting Pins 2 and 3 Allows Driving One TIL Load 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage Vee Oto+ 8.0 

Operating Temperature Range TA 0 to +70 

Storage Temperature Range Ts.!9_ -65to+175 

Unit 

Vdc 

oc 

oc 

ELECTRICAL CHARACTERISTICS (Vee = 3.2 to 5.5 V, TA = 0°c to + 70°C) 

Characteristic 

Toggle Frequency 

(Sine wave input) 

Supply Current@ 5.5 V 

Output Voltage High* 
Osource = 50 µA, Vee = 3.2 V) 

Output Voltage High* 
Osource = 50 µA, Vee = 5.0 V) 

Output Voltage Low* 
Osink = 2.0 mA) 

Input Voltage Sensitivity 
35 MHz 
50-225 MHz 

*Pin 2 connected to Pin 3 
**Vee = 4.5 v 

Symbol Min 

fmax 225 

fmin -
ice -

VoH 1.2 

VoH 2.5 

VoL -

Vin 
400 
200 

Typ Max Unit 

- - MHz 

- 35 MHz -· 
3.5** 4.8 mA 

1.4 - v 

- - v 

- 0.5 v 

mVpp 
- 800 
- 800 
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MC12023 

MECL PLL COMPONENTS 

225 MHz +64 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

DSUFFIX • 
PLASTIC SOie PACKAGE 

CASE 751 

PRESCALER BLOCK DIAGRAM 

To Vee 

Vee 7 4 Gnd 

0.1 µFJ 
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520 MHz DUAL MODULUS PRESCALER 

The MC12025 is a dual modulus prescaler which divides by 64 
and 65. Supply voltages of 4.75 V to 5.25 V may be connected to 
Pin 8. 

• 520 MHz Toggle Frequency 

• Low-Power 9.5 mA Typical 

• Control Input Is Compatible with Standard CMOS and TTL 

• Supply Voltage 5.0 V, ± 0.25 V 

• Propagation Delay 30 ns Typical 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 8 Vee 7.0 Vdc 

Operating Temperature Range TA -40 to +85 oc 

Storage Temperature Range T s.!9_ -65 to +175 oc 

ELECTRICAL CHARACTERISTICS !Vee~ 4.75 to 5.25 V, TA~ -40°C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency fmax 520 - - MHz 
(Sine Wave Input) fmin 30 

Supply Current (Pin 8) Ice - 9.5 11.5 mA 

Control Input High V1H 2.0 - - v 
I+ 64) 

Control Input Low V1L - - 0.8 v 
(+ 65) 

Output Voltage Vout 0.8 1.2 - ~ 
Input Voltage Sensitivity Vin mVpp 

30 MHz 400 - 800 
100-520 MHz 100 - 800 

PLL Response Time tPLL - - tout-42 ns 
(Notes 1 and 2) 

Note 1. tpLL = The period of time the PLL has from the rising output transition to the 
Modulus Control input edge transition to ensure proper modulus selection. 

Note 2. tout = Period of output waveform. 
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MC12025 

MECL PLL COMPONENTS 

520 MHz + 64/65 
DUAL MODULUS 

PRESCALER 

PIN ASSIGNMENTS 

• 
P SUFFIX 

PLASTIC PACKAGE 
CASE 626 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

Modulus 08 Vee 

NC 2 7 NC 

Output 3 6 Input 

Gnd 4 5 Input 

Vcc®o8------.--.-.--, 

© 
God 
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1.1 GHz DUAL MODULUS PRESCALER 

The MC12028A can be used with CMOS synthesizers requiring positive edges to 
trigger internal counters such as Motorola's MC145xxx series in a PLL to provide 
tuning signals up to 1.1 GHz in programmable frequency steps. 

The MC12028B can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 32133 or 64/65 divide ratio as 
desired. 

The Modulus Control (MC) selects the proper divide number after SW has been 
biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• MC12028A for Positive Edge Triggered Synthesizers 
• MC12028B for Negative Edge Triggered Synthesizers 
• 6.5 mA Maximum, -40'C to + 85'C, Vee ~ 5.5 Vdc 
• Modulus Control Input is Compatible with Standard CMOS and TTL 
• Low-Power 4.0 mA Typical 

Design Criteria Value Unit 

Internal Gate Count* 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

*Equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 2 Vee -0.5 to + 7.0 Vdc 

Operating Temperature Range TA -40 to +85 'C 

Storage Temperature Range T s!l!_ -65 to + 150 'C 

Modulus Control Input, Pin 6 MC -0.5 to +6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee ~ 4.5 to 5.5 Vdc, TA ~ -40'C to +85'CI 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave) ft 0.1 1.4 1.1 GHz 

Supply Current Output Unloaded (Pin 2) Ice - 4.0 6.5 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -
Output Voltage Swing Vout 1.0 1.6 - Vp-p 

(CL ~ 12 pF, RL ~ 2.2 k!11 
Modulus Setup Time MC to Out tSET - 11 16 ns 

Input Voltage Sensitivity 250-1100 MHz Vin 100 - 1500 mVpp 
100-250 MHz 400 - 1500 

Output Current CL ~ 12 pF, RL ~ 2.2 kfl io - - 2.0 mA 
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MC12028A 
MC120288 

MECL PLL COMPONENTS 

1.1 GHz 
+ 32/33, + 64/65 

DUAL MODULUS 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

IN 

Vee 

SW 

OUT 

Note 1: 

PRESCALER 
PIN ASSIGNMENT 

(Top View) 

For positive edge triggered synthesizers, 
order the MC12028A. 

For negative edge triggered synthesizers, 
order the MC120288. 

FUNCTION TABLE 

SW MC 

H H 

H L 

L H 

L L 

Note: SW: H = Vee. L = open 
MC: H ~ 2.0 v to Yee 

L = Gnd to 0.8 V 

Divide Ratio 

32 

33 

64 

65 
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In 

MC 

MC12028A • MC120288 

LOGIC DIAGRAM (MC12028A) FIGURE 1 - MODULUS SETUP TIME 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 

In 

Out 

MC 

FIGURE 2 - TYPICAL OUTPUT WAVEFORM 

Sine Wave Generator 

~" 
"'"r C2 

FIGURE 3 - AC TEST CIRCUIT 

...----.-----..-----u Vee ~ 4.5 Vdc to 5.5 Vdc 

Vee 

IN 

MC 

MC Input 

SW 

OUT 

GND 
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TC3 

RL 
CL 

C1 ~ C2 ~ 1000 pF 
C3 ~ 0.1 µF 
CL ~ 12 pF (Including Scope 

and jig capacitance) 
RL ~ 2.2 k!l 

• 
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FIGURE 4 - TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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®MOTOROLA 

Advance Information 
2.0GHz Low Voltage Dual 
Modulus Prescaler 

The MC12031 is a high frequency low voltage dual modulus prescaler used 
in phase-locked loop (PLL) applications. A high frequency input signal up to 
2.4GHz is provided for cordless and cellular communication services such as 
DECT, PHP, and PCS. 

The MC12031A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola's MC145XXX series in a 
PLL to provide tuning signal up to 1.1 GHz in programmable frequency steps. 
The MC12031 B can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 

• 2.0GHz Toggle Frequency 
• Supply Voltage 2. 7V to 5.0Vdc 
• Low Power 10.0mA Typical at Vee= 2.7V 
• Operating Temperature Range of -40 to +85°C 
• The MC12031 is Pin and Functionally Compatible with the MC12022 
• Short Setup Time (!set) Sns Typical at 2.0GHz 
• Modulus Control Input Level is Compatible with Standard CMOS and TTL 

Pinout: 8-Lead Plastic (Top View) 

fN NC MC GND 

IN Vee SW OUT 

For positive edge triggered synthesizers, order the MC12031 A 
For negative edge triggered synthesizers, order the MC120316 

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

MC12031A 
MC12031B 

MECL PLL COMPONENTS 

+64/65, + 128/129 

2.0GHz Low Voltage 
Dual Modulus Prescaler 

SW 

H 
H 
L 
L 

PSUFFIX 
PLASTIC PACKAGE 

CASE626 

•• 1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE751 

FUNCTION TABLE 

MC Divide Ratio 

H 64 
L 65 
H 128 
L 129 

Note: SW: H =Vee. L =OPEN 
MC: H = 2.0V to Vee; L = GND to 0.8V 

Value Unit 

-0.5 to +7.0 Vdc 

-40to+85 'C 

-es to +150 'C 

-0.5to+6.5 Vdc 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC12031A • MC120318 

ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.0V; TA= --40 to +85°e) 

Symbol Parameter Min Typ Max 

ft Toggle Frequency (Sine Wave) 0.5 2.4 2.0 

Ice Supply Current Output (Pin 2) Vee= 2.1v 10.0 TBD 
Vcc=5.0V 13.0 TBD 

V1H1 Modulus Control Input HIGH (MC) 2.0 Vee 

V1L1 Modulus Control Input LOW (MC) GND 0.8 

V1H2 Divide Ratio Control Input HIGH (SW) Vee Vee Vee 

V1L2 Divide Ratio Control Input LOW (SW) OPEN OPEN OPEN 

VouT Output Voltage Swing (Note 1) CL = 8pF; RL = 1.2kQ 0.8 1.2 

tset Modulus Setup Time MC to OUT @ 2000MHz 8 10 

V1N Input Voltage Sensitivity 500-2000MHz 100 1000 

10 Output Current (Note 2) Vee= 2.7V, CL= 8pF, RL = 1.2kQ 1.2 4.0 
Vee= 5.0V, CL= 8pF, RL = 3.0kQ 1.2 4.0 

1. Valid over voltage range 2.7 to 5.0V; RL = 1.2kn @ Vee= 2.7V; RL = 3.0kn @ Vee= 5.0V 
2. Divide ratio of +64165 @ 2.0GHz 

Out 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 

Unit 

GHz 

mA 

v 

v 

v 

-

Vpp 

ns 

mVpp 

mA 

Figure 1. Logic Diagram (MC12031 A) Figure 2. Modulus Setup Time 

Sine Wave Generator 

~C1 

,., 1 r" 

~-------~---o Vee= 2.7 to 5.ov 

vcc 

IN 

MC 

MC Input 

SW 

OUT ,_____. _____ " 

GND 

Figure 3. AC Test Circuit 
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C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = 8pF (Including Scope 

and jig capacitance) 
RL = 1.2k0 @Vee= 2.7V 
RL = 3.0kQ @Vee = 5.0V 



®MOTOROLA 

2.0 GHz DUAL MODULUS PRESCALER 

The MC12032A car. be used with CMOS synthesizers requiring positive edges to 
trigger internal counters such as Motorola's MC145xxx series in a PLL to provide 
tuning signals up to 2.0 GHz in programmable frequency steps. 

The MC12032B can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control ISWI permits selection of a 64/65 or 128/129 divide ratio 
as desired. 

The Modulus Control (MCI selects the proper divide number after SW has been 
biased to select the desired divide ratio. 

• 2.0 GHz Toggle Frequency 
• MC12032A for Positive Edge Triggered Synthesizers 
• MC12032B for Negative Edge Triggered Synthesizers 
• 12 mA Maximum, -40°C to +85°C, Vee ~ 5.5 Vdc 
• Modulus Control Input Level is Compatible with Standard CMOS and TTL 
• Low-Power 8.5 mA Typical 

Design Criteria Value Unit 

Internal Gate Count* 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

*Equivalent to a two-input NAND gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 2 Vee -0.5 to +7.0 Vdc 

Operating Temperature Range TA -40 to +85 oc 

Storage Temperature Range Ts.!9_ -65to +150 oc 

Modulus Control Input, Pin 6 MC -0.5 to +6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee ~ 4.5 to 5.5 V, TA ~ -40°C to +85°CI 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.5 2.4 2.0 GHz 

Supply Current Output Ice - 8.5 12 mA 
Unloaded (Pin 21 

Modulus Control Input High IMC) V1H1 2.0 - - v 
Modulus Control Input Low IMC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee v 
Divide Ratio Control Input Low (SW) V1L2 Open Open Open -

Output Voltage Swing Vout 1.0 1.6 - Vp-p 
ICL ~ 12 pF, RL ~ 2.2 kfl) 

Modulus Setup Time MC to Out !SET - 8 10 ns 

Input Voltage Sensitivity (a 500-2000 MHz Vin Min 100 - 1500 mVpp 

Output Current CL ~ 12 pF, RL ~ 2.2 k!l lo - - 2.0 mA 
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MC12032A 
MC12032B 

MECL PLL COMPONENTS 

2.0GHz 
+64/65, +128/129 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

·• 1 

D SUFFIX 
SOIC PACKAGE 

CASE 751 

ORDERING INFORMATION 

MC12032AP/BP 
MC12032AD/BD 

Plastic 
SOIC 

Note: For positive edge triggered synthesizers, 
order the MC12032A 

For Negative edge triggered synthesizers, 
order the MC120328 

IN 

Vee 

SW 

OUT 

SW 

H 

H 

L 

L 

PRESCALER 
PIN ASSIGNMENT 

(Top View) 

FUNCTION TABLE 

MC Divide Ratio 

H 64 

L 65 

H 128 

L 129 

Note: SW: H = Vee. L = Open 
MC: H ~ 2.0 v to Vee 

L "" Gnd to 0.8 V 
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In 

Iii 

MC 

LOGIC DIAGRAM (MC12032A) 

MC12032A • MC120328 

FIGURE 1 - MODULUS SETUP TIME 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

In 

Out 

MC 

FIGURE 2A - + 64, 500 MHz, 5.0 V, + 25°C, OUTPUT LOADED FIGURE 28 - + 128, 1.1 GHz, 5.0 v, +25°C, OUTPUT LOADED 

FIGURE 3 - AC TEST CIRCUIT 

Vee ~ 4.5 Vdc to 5.5 Vdc 

Sine Wave Generator 
TC3 

Vee SW 

~ 
C1 

IN 

OUT 

C2 Rl CL =r TN 

MC GND 
C1 ~ C2 ~ 1000 pF 
C3 ~ 0.1 µF 
CL ~ 12 pF (Inc Scope & 

Jig Capacitance) 

MC 
RL ~ 2.2 kfl 

Input 
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MC12032A • MC120328 

FIGURE 4A - INPUT SIGNAL AMPLITUDE versus INPUT FREQUENCY 
DIVIDE RATIO = 128 
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FIGURE 4B - OUTPUT AMPLITUDE versus INPUT FREQUENCY 
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FIGURE 4C - TYPICAL INPUT IMPEDANCE versus INPUT FREQUENCY 
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®MOTOROLA 

Advance Information 
2.0GHz Low Voltage Dual 
Modulus Prescaler 

The MC12033 is a high frequency low voltage dual modulus prescaler used 
in phase-locked loop (PLL) applications. A high frequency input signal up to 
2.4GHz is provided for cordless and cellular communication services such as 
DECT, PHP, and PCS. 

The MC12033A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola's MC145XXX series in a 
PLL to provide tuning signal up to 1.1 GHz in programmable frequency steps. 
The MC120338 can be used with CMOS synthesizers requiring negative edges 
to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 

• 2.0GHz Toggle Frequency 
• Supply Voltage 2.7V to 5.0Vdc 
• Low Power 1 O.OmA Typical at Vee= 2.7V 
• Operating Temperature Range of -40 to +85°C 
• The MC12033 is Pin and Functionally Compatible with the MC12022 
• Short Setup Time {!set) Bns Typical at 2.0GHz 
• Modulus Control Input Level is Compatible with Standard CMOS and TTL 

Pinout: 8-Lead Plastic (Top View) 

fN NC MC GND 

IN 

For positive edge triggered synthesizers, order the MC12033A 
For negative edge triggered synthesizers, order the MC120338 

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

MC12033A 
MC12033B 

MECL PLL COMPONENTS 

+32/33, +64/65 

2.0GHz Low Voltage 
Dual Modulus Prescaler 

SW 

H 
H 
L 
L 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE751 

FUNCTION TABLE 

MC Divide Ratio 

H 32 
L 33 
H 64 
L 65 

Note: SW: H =Vee. L =OPEN 
MC: H = 2.DV to Vee: L = GND to O.BV 

Value Unit 

--0.5 to +7.0 Vdc 

-40to +85 oc 

-65to+150 oe 

-0.5 to +6.5 Vdc 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC12033A • MC120338 

ELECTRICAL CHARACTERISTICS (Vee = 2.7 to 5.0V; TA= -40 to +85°e) 

Symbol Parameter Min Typ Max 

ft Toggle Frequency (Sine Wave) 0.5 2.4 2.0 

ice Supply Current Output (Pin 2) Vee= 2.1v 10.0 TBD 
Vee= 5.ov 13.0 TBD 

VJH1 Modulus Control Input HIGH (MC) 2.0 Vee 

VJL1 Modulus Control Input LOW (MC) GND 0.8 

VJH2 Divide Ratio Control Input HIGH (SW) Vee Vee Vee 

VJL2 Divide Ratio Control Input LOW (SW) OPEN OPEN QPE'N 

VouT Output Voltage Swing (Note 1) CL= BpF; RL = 600'1 0.8 1.2 

tset Modulus Setup Time MC to OUT @ 2000MHz 8 10 

VJN Input Voltage Sensitivity 500-2000MHz 100 1000 

Jo Output Current (Note 2) Vee= 2.7V, CL= 8pF, RL = 600Q 2.4 4.0 
Vee= 5.0V, CL= BpF, RL = 1.5kQ 2.4 4.0 

1. Valid over voltage range 2.7 to 5.0V; RL = eoon @ Vee= 2.7V; RL = 1.5kn @ Vee= 5.0V 
2. Divide ratio of +32/33 @ 2.0GHz 

Oui 

Modulus selup time MC to out is the MC 
setup or MC release plus the prop delay. 

Unit 

GHz 

mA 

v 

v 

v 

-
Vpp 

ns 

mVpp 

mA 

Figure 1. Logic Diagram (MC12033A) Figure 2. Modulus Setup Time 

Sine Wave Generator 

~C1 

~·1 r" 

.------------0 Vee= 2.1to5.ov 

Vee 
IN 

MC 

MC Input 

SW 

OUT t-----o 
GND 

Figure 3. AC Test Circuit 
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C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = BpF (Including Scope 

and jig capacitance) 
RL = 600Q @Vee= 2.7V 
RL = 1.5kQ @Vee = 5.0V 

• 



• 

®MOTOROLA 

2.0 GHz Dual Modulus Prescaler 

The MC12034A can be used with CMOS synthesizers requiring positive edges to trig
ger internal counters such as Motorola's MC145xxx series in a PLL to provide tuning 
signals up to 2.0 GHz in programmable frequency steps. 

The MC12034B can be used with CMOS synthesizers requiring negative edges to 
trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 divide ratio as de
sired. 

The Modulus Control (MC) selects the proper divide number after SW has been 
biased to select the desired divide ratio. 

• 2.0 GHz Toggle Frequency 
• MC12034A for Positive Edge Triggered Synthesizers 
• MC12034B for Negative Edge Triggered Synthesizers 
• 12 mA Maximum, -40°C to +85°C, Vee= 5.5 Vdc 
• Modulus Control Input is Compatible with Standard CMOS and TTL 
• Low-Power 8.5 mA Typical 

Design Criteria Value Unit 

Internal Gate Count• 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 
*Equivalent to a two-input NAND gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 2 Vee -0.5to +7.0 Vdc 

Operating Temperature Range TA -40to +85 oc 
Storage Temperature Range Tstg -65 to +150 oc 
Modulus Control Input, Pin 6 MC -0.5 to+6.5 Vdc 

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However, precau
tions must be taken to avoid applications of any voltage higher than maximum rated voltages to this hHmpedance circuit. For 
proper operation, Vin and Yout should be constrained to the range GND ::;: (Yin or V 0ut) S: V CC· 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5 Vdc, TA= -40°C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave) ft 0.5 2.4 2.0 GHz 

Supply Current Output Unloaded (Pin 2) ice - 8.5 12 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -
Output Voltage Swing Vout 1.0 1.6 - Vp-p 

(CL= 12 pf, RL = 1.1 kQ) 

Modulus Setup Time MC to Out ts ET - 8.0 10 ns 

Input Voltage Sensitivity 500-2000 MHz Vin 100 - 1500 mVpp 

Output Current 10 - - 3.5 mA 
(CL= 12 pF, RL = 1.1 kQ) 
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MC12034A 
MC12034B 

MECL PLL COMPONENTS 
2.0 GHz 
+32/33 
+64/65 

DUAL MODULUS PRESCALER 

PSUFFIX ~ 
PLASTIC PACKAGE 

CASE 626 a 
1 

IN 

Vee 

OUT 

Note 1: 

DSUFFIX 
PLASTIC sore PACKAGE 

CASE 751 

PRE SCALER 
PIN ASSIGNMENT 

(TOP VIEW) 

For positive edge triggered synthesizers, 
order the MC 12034A. 

For negative edge triggered synthesizers, 
order the MC120348. 

FUNCTION TABLE 

SW MC 

H H 

H L 

L H 

L L 

Note: SW: H = V CC' L = open 
MC: H = 2.0 v to Vee 

L=Gndto0.8V 

Divide Ratio 

32 

33 

64 

65 



In 
In 

MC 

MC12034A • MC120348 

LOGIC DIAGRAM (MC12034A) 

Out 

Figure 2. Typical Output Waveform 

iiiiiiii 

' l1 

" tr =-
500 m 

I 
,i 
I 

I 

20 ns 

Figure 3. AC Test Circuit 

SINE WAVE GENERATOR Vee SW 

rC3 

~ 
C1 

IN 

OUT 

C2 RL 7t TN 

MC GND 

MC INPUT 
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CL 

Figure 1. Modulus Setup Time 

MC SETUP 

MC RELEASE 

Modulus setup time MC to out is the MC 
setup or MG reiease plus the prnp. delay. 

I 
j 

Vee= 4.5 Vdc to 5.5 Vdc 

C1 =C2=1000pF 
C3=0.1 µF 
CL= 12 pF (INCLUDING SCOPE 

AND JIG CAPACITANCE) 
RL=1.1k0 

IN 

OUT 

MC 
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MC12034A • MC12034B 

Figure 4A. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 65 
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1.1 GHz Dual Modulus Prescaler 
with Stand-By Mode 

The MC12036Acan be used with CMOS synthesizers requiring positive edges 
to trigger internal counters such as Motorola's MC145xxx series in a PLL to 
provide tuning signals up to 1.1 GHz in programmable frequency steps. 

The MC12036B can be used with CMOS synthesizers requiring negative 
edges to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65or128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number alter SW has 
been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• MC12036A for Positive Edge Triggered Synthesizers 
• MC120368 for Negative Edge Triggered Synthesizers 
• Modulus Control Input is Compatible with Standard CMOS and TTL 
• Supply Voltage 4.5 Vdc to 5.5 Vdc 
• Low-Power 4.0 mA Typical 
• Low Standby Current of 0.5 mA Typical 

Design Criteria Yalue Unit 

Internal Gate Count• 67 ea 
Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

•equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 8 Vee -0.5to+7.0 Vdc 

Operating Temperature Range TA -40to+85 "C 

Storage Temperature Range ~ -65 lo +150 •c 
Modulus Control Input, Pin 6 MC -0.5to+6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5 Vdc, TA= -40°0 to +85°0) 

Characteristic Symbol Min lYP Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current (Pin 2) ICC - 4.0 6.5 mA 

Modulus Control Input High (MC) V1H1 2.0 - - v 
Modulus Control Input Low (MC) V1L1 - - 0.8 v 
Divide Ratio Control Input High (SW) V1H2 Vee vcc vcc Vdc 

Divide Ratio Control Input Low (SW) V1L2 OPEN OPEN OPEN -
Output Voltage Swing Vout 1.0 1.4 - Vp-p 

(CL=8pF) 

Modulus Setup Time MC to Out ts ET - 11 16 ns 

Input Voltage Sensitivl1y 250-1100 MHz V1n 100 - 1000 mVpp 
100-250 MHz 400 - 1000 

Stan~ Current ISB - 0.5 - mA 
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MC12036A 
MC12036B 

MECL PLL COMPONENTS 

1.1 GHz 
+64165, +128/129 

DUAL MODUWS PRESCALER 
WITH STAND-BY MODE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626 .~ 

SW 

H 

H 

L 

L 

1 

D suffix 
PLASTIC SOIC PACKAGE 

CASE 751 

PRESCALER 
PIN ASSIGNMENT 

(TOPVIEW) 

Applying a Low to the 
Standby Pin 7 Disables 
the Device, Resulting 
in a Typical Current 
Draw of 0.5 mA 

FUNCTION TABLE 

MC Divide Ratio 

H 64 

L 65 

H 128 

L 129 

Note: SW: H =Vee, L =open 
SB&MC:H=2.0VtoVcc 

L=Gnc:lto0.8V 
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MC 

MC12036A • MC120368 

LOGIC DIAGRAM (MC12036A) 

Out 

FIGURE 1 - MODULUS SETUP TIME 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 

FIGURE 2 - TYPICAL OUTPUT WAVEFORMS 

In 

Out 

MC 

FIGURE 2A - +64, 500 MHz, 5.0 V, +25°C, OUTPUT LOADED FIGURE 28-+128, 1.1GHz,5.0 V, +25"C, OUTPUT LOADED 

FIGURE 3 - AC TEST CIRCUIT 

~----.1------.1----0 Vee• 4.5 Vdc to 5.5 Vdc 

Sine Wave Generator Vee 

~ 
C1 

IN SB Standby Input 

OUT 

C2 
CL 

~r JN 

MC GND 
C1•C2·1000 pF 
C3•0.1µF 

CL • B pF (Including Scope 

MC Input 
and jig capacitance) 
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PHASE-FREQUENCY 
DETECTOR 

The MC12040 is a phase-frequency detector intended for use 
in systems requiring zero phase and frequency difference at lock. 
In combination with a voltage controlled oscillator (such as the 
MC1648), it is useful in a broad range of phase-locked loop ap
plications. Operation of this device is identical to that of Phase 
Detector #1 of the MC4044. A discussion of the theory of operation 
and applications information is given on the MC4344/4044 data 
sheet. 

Operating Frequency = 80 MHz typical 

LOGIC DIAGRAM 

.-------.-----\-'0-_.,_--0 4 U (fR>fy) 

3 D (fR>tvl 

12 l5 (fy>fRl 
'---------------L--<>-T--O 11 D (fy>fRI 

Vcc1 =Pin 1 
Vcc2=Pin 14 
VEE:= Pin 7 

TRUTH TABLE 

This is not strictly a functional 
truth table; i.e., it does not cover all 
possible modes of operation. How
ever it gives a sufficient number of 
tests to ensure that the device will 
function properly in all modes of 
operation. 

INPUT OUTPUT 

R v u D u D 

0 0 x x x x 
0 1 x x x x 
1 1 x x x x 
0 1 x x x x 
1 1 1 0 0 1 
0 1 1 0 0 1 
1 1 1 0 0 1 
1 0 1 0 0 1 

1 1 0 0 1 1 
1 0 0 0 1 1 
1 1 0 1 1 0 
1 0 0 1 1 0 

1 1 0 1 1 0 
0 1 0 1 1 0 
1 1 0 0 1 1 

X = Don't Care 
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MC12040 

PHASE-FREQUENCY 
DETECTOR 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 • LSUFFIX 
CERAMIC PACKAGE 

CASE 632 

FN SUFFIX 
PLASTIC PACKAGE 

CASE 775 

PIN ASSIGNMENT 

Vcc1 Vcc2 

NC NC 

D l5 

u D 

NC NC 

R v 

VEE NC 

NC - No Connection 

• 



MC12040 

6-R Uf--4 

ELECTRICAL CHARACTERISTICS 
Of----3 

The MC12040 has been designed to meet the de specifications shown in the 
test table after thermal equilibrium has been established. Outputs are ter-
minated through a 50 ohm resistor to + 3.0 V for + 5.0 V tests and through D 1--11 

a 50 ohm resistor to -2.0 V for -5.2 V tests. 9-V 01--12 

TEST VOLTAGE VALUES 

(Volts I 
@Test 

Temperature V1H max V1L min VtHAmin VILA max VEE 
o•c -0.840 -1.870 -1.145 -1.490 -5.2 

2s0 c -0.810 -1.850 -1.105 -1.475 -5.2 

Supply Voltage .. -5.2V 75°c -0.720 -1.830 -1.045 -1.450 -5.2 

Pin MC12040 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Under o•c 2s0c +75°C IVccl 
Characteristic Symbol Tott Min M,. Min Mu Min M,. Unit V1H max VIL min V1HAmin VILA max VEE God 

Power Supply Drain Current le 7 - -120 -60 - mAdc - - - 7 1,14 

Input Current llNH 6 - 350 - µAde 6 - - - 7 1,14 

9 - - - 350 - - µAde 9 - - - 7 1,14 

Logic "1" VoHCD 3 -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 Vdo - - - - 7 1-14 
Output Voltage 4 

! ! j ! ! ! j 
- - j ! 11 - - -

12 - - - -

Logic "O" voe CD 3 -1-870 -1.635 -1.850 -1.620 -1.830 -1.595 Vdo - - - - 7 1,14 

Output Voltage 4 

i ! j ! ! ! j - - - ! j 11 - - -

12 - - -

Logic "1" VQHA® 3 -1.020 - -0.980 -0.920 - Vdo - 6,9 - 7 1,14 
Threshold Voltage 4 j 

-

j - j I 
- - j I j 11 - - - - -

12 - - - - -

Logic "'O" VQLA@ 3 -1.615 - -1.600 -t .575 Vdo - - 9 6 7 1,14 

Threshold Voltage 4 -

j 
-

j 
- j j - 6 9 j j 11 - - - - - 9 6 

12 - .. 6 9 

TEST VOLTAGE VALUES 

(Volts) 
@Test 

Temperature VtH ma1< Vu.min V1HAmm V1LAma1< Vee 
o0 c +4.160 +3.130 +3.855 +3.510 +5.0 

25°C +4.190 +3.150 +3.895 +3.525 +5.0 

Supply Voltage = +5.0V 75°C +4.280 +3.170 +3.955 +3.550 +5.0 

• Pin MC12040 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Under o•c 25°c +75°c (VEE) 
Characteristic Symbol Test Min M,. Min M,. Min M•• Unit V1H ma1< V1L min VtHAmin VILA ma1< vec God 

Power Supply Drain Current IE 7 -115 -60 mAdc 1,14 7 

Input Current l1NH 6 350 ;A;; 6 1.14 7 
9 -"'- 350 9 1,14 7 

·1· voHCD 3 4.000 4. 160 4.040 4.190 4.100 4.280 Vdo - - 1,14 7 

Voltage 4 

j j j j j I j j i 11 -

12 

Logic '"O'" voe CD 3 3.190 3.430 3.210 3.440 3.230 3.470 Vdo 1.14 7 

Output Voitage 4 

j ! j j ! j j i j 11 
12 

Logic '"1" VQHA® 3 3.980 4.020 4.080 Vdo 6,9 1,14 7 
Threshold Voltage 4 j j j I j j j 11 

12 -

Logic "O'" VQLA@ 3 3.450 - 3.460 - 3.490 Vdo 9 6 1,14 7 

Threshold Voltage 4 j 
-

j j j 6 9 j j 11 - 9 6 
12 - 6 9 
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MC12040 

AC TESTS 

To Scope Channel A 

PRF = 5.0 mHz 
Duty Cycle = 50% 
t + = t - = 1 .5 ns ± 0.2 ns 

NOTES: 

Pulse 
Gen 1 

Pulse 
Gen 2 

1. All input and output cables to the scope are 
equal lengths of 50 n coaxial cable. 

2. Unused input and outputs are connected to a 
50 n resistor to ground. 

3. The device under test must be preconditioned 
before performing the ac tests. Preconditioning 
may be accomplished by applying pulse 
generator 1 for a minimum of two pulses prior 
to pulse generator 2. The device must be 
preconditioned again when inputs to pins 6 
and 9 are interchanged. The same technique 
applies. 

Pin 
Under 

5.0 µFl 

6 

9 

0.1 µFJ 

Pulse 
Gen. 1 50% 

Pulse 
Gen. 2 

Output 
Waveform A 

Output 
Waveform B 

MC12040 

R 

v 

o•c +25°C +1s•c 
Output 

Characteristic Symbol Test Waveform Max Max Max 

Propagation Delay t6+4+ 6,4 B 4.6 4.6 5.0 
t5+12+ 6,12 A 6.0 6.0 6.6 
t6+3- 6,3 A 4.5 4.5 4.9 
t5+11- 6,11 B 6.4 6.4 7.0 
t9+11+ 9,11 B 4.6 4.6 5.0 
ts+3+ 9,3 A 6.0 6.0 6.6 
t9+12- 9,12 A 4.5 4.5 4.9 
ts+4- 9,4 B 6.4 6.4 7.0 

Output Rise Time t3+ 3 A 3.4 3.4 3.8 
14+ 4 B 

t11+ 11 B 

t12+ 12 A 

Output Fall Time t3- 3 A 3.4 3.4 3.8 
t4- 4 B 
t,, _ 11 B 
t12- 12 A 
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Vee = + 2.0 v 

14 

u 

D 

D 

o 

10.1 µF 

Vee = -3.2 or -3.0 v 

To Scope Channel B 

t+ 

t-

TEST VOLTAGES/WAVEFORMS 
APPLIED TO PINS LISTED BELOW: 

VEE 
Pulse Pulse -3.0 or Vee 

Unit Gen. 1 Gen. 2 -3.2V +2.0V 

ns 6 9 7 1,14 
9 6 
6 9 
9 6 
9 6 
6 9 
9 6 
6 9 

ns 6 9 7 1,14 
6 9 
9 6 
9 6 

ns 6 9 7 1,14 
6 9 
9 6 
9 6 
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MC12040 

APPLICATIONS INFORMATION 

The MC12040 is a logic network designed for use as 
a phase comparator for MECL-compatible input signals. 
It determines the "lead" or "lag" phase relationship and 
the time difference between the leading edges of the 
waveforms. Since these edges occur only once per cycle, 
the detector has a range of ± 21T radians. 

Operation of the device may be illustrated by assuming 
two waveforms, Rand V (Figure 1 ), of the same frequency 
but differing in phase. If the logic had established by past 
history that R was leading V, the U output of the detector 
(pin 4) would produce a positive pulse width equal to the 
phase difference and the D output (pin 11) would simply 
remain low. 

On the other hand, it is also possible that V was leading 
R (Figure 1 ), giving rise to a positive pulse on the D output 
and a constant low level on the U output pin. Both outputs 
forthe sample condition are valid since the determination 
of lead or lag is dependent on past edge crossing and 
initial conditions at start-up. A stable phase-locked loop 
will result from either condition. 

Phase error information is contained in the output duty 
cycle-that is, the ratio of the output pulse width to total 
period. By integrating or low-pass filtering the outputs 
of the detector and shifting the level to accommodate 
ECL swings, usable analog information for the voltage
controlled oscillator can be developed. A circuit useful 
for this function is shown in Figure 2. 

Proper level shifting is accomplished by differentially 

FIGURE 1 - TIMING DIAGRAM 

R _JL___ll_j __ _ 

v ___ JL___ll_j-
--j /-Lead 

(o ~u~=~~s:: ~·o_::>fl.__ ____ _.n .... ____ __,fl _ 
-u:= V Leads R 

( U Output :c "O") Lag ---lJ 

driving the operational amplifier from the normally high 
outputs of the phase detector (0 and D). Using this tech
nique the quiescent differential voltage to the operational 
amplifier is zero (assuming matched "1" levels from the 
phase detector). The U and D outputs are then used to 
pass along phase information to the operational ampli
fier. Phase error summing is accomplished through re
sistors R1 connected to the inputs of the operational am
plifier. Some R-C filtering imbedded within the input 
network (Figure 2) may be very beneficial since the very 
narrow correctional pulses of the MC12040 would not 
normally be integrated by the amplifier. General design 
guides for calculating R1, R2, and Care included in the 
MC4044 data sheet. Phase detector gain for this config
uration is approximately 0.16 volts/radian. 

System phase error stems from input offset voltage in 
the operational amplifier, mismatching of nominally 
equal resistors, and mismatching of phase detector 
"high" states between the outputs used for threshold 
setting and phase measuring. All these effects are re
flected in the gain constant. For example, a 16 mV offset 
voltage in the amplifier would cause an error of 0.016/ 
0.16 = 0.1 radian or 5.7 degrees of error. Phase error can 
betrimmed to zero initially by trimming either input offset 
or one of the threshold resistors (R1 in Figure 2). Phase 
error over temperature depends on how much the of
fending parameters drift. 

FIGURE 2 - TYPICAL FILTER AND SUMMING NETWORK 
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Advance Information 
1.1GHz +64/65, +128/129 
Low Power 
Dual Modulus Prescaler 

The MC12052 is a low power dual modulus prescaler used !n phase-Jocked 
loop applications. Motorola's advanced Bipolar MOSAIC™ V technology is 
utilized to achieve low power dissipation of 2. 7mW at a minimum supply voltage 
of2.7V. 

The MC12052A can be used with CMOS synthesizers requiring positive 
edges to trigger internal counters such as Motorola's MC145XXX series in a PLL 
to provide tuning signals up to 1.1 GHz in programmable frequency steps. 

The MC12052B can be used with CMOS synthesizers requiring negative 
edges to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 64/65or128/129 divide ratio 
as desired. 

The Modulus Control (MC) selects the proper divide number after SW has 
been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 
• The MC12052 is Pin and Functionally Compatible with the MC12022 

• Low Power 1.0mA Typical 

• 2.0mA Maximum, -40°C to +85°C, Vee= 2.7-5.5 Vdc 
• Short Setup Time (tset) 16ns Maximum @ 1.1 GHz. 

• Modulus Control Input Level is Compatible with Standard CMOS and TTL. 
Maximum Input Voltage Should Be Limited to 6.5 Vdc 

MAXIMUM RATINGS 

Characteristic Symbol Range Unit 

Power Supply Voltage, Pin 2 Vee -0.5to+7.0 Vdc 

Operating Temperature Range TA -40to+85 oc 

Storage Temperature Range Ts!9_ -65to+150 'C 

Modulus Control Input, Pin 6 MC -0.5to+6.5 Vdc 

ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.5 voe. TA= -40°C to +85°C) 

Characteristic Symbol Min Typ Max Unit 

Toggle Frequency (Sine Wave Input) ft 0.1 1.4 1.1 GHz 

Supply Current (Pin 2) •cc - 1.0 2.0 mA 

Modulus Control Input High (MC) V1H1 2.0 - Vee v 

Modulus Control Input Low (MC) V1L1 GND - 0.8 v 

Divide Ratio Control Input High (SW) V1H2 vcc Vee Vee Vdc 

Divide Ratio Control Input Low (SW) V1L2 Open Open Open -
Output Voltage Swing 2 Vout 0.8 1.1 - Vpp 

(CL= 8pF, RL = 3.3kn) 

Modulus Setup Time MC to Out tset - 11 16 ns 
@ 1100MHz 

Input Voltage Sensitivity 250-1100MHz Vin 100 - 1000 mVpp 
100-250MHz 400 - 1000 

Output Current 1 10 mA 
Vee= 2.7V, CL= 8pF, RL = 3.3k0 - 0.5 3.0 
Vee= 5.0V, CL= 8pF, RL = 7.2k0 - 0.5 3.0 

1. Divide ratio of +64/65 @ 1.1 GHz 
2. Valid over voltage range 2.7-5.5V; RL = 3.3kn @ Vee= 2.7V; RL = 7.2kn @ Vee= 5.0V 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MC12052A/ 
MC12052B 

MECL PLL COMPONENTS 

1.1 GHz +64/65, + 128/129 
Low Power 

Dual Modulus Prescaler 

P SUFFIX 
PLASTIC PACKAGE 

CASE626 

·• DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 

IN 

Vee 

OUT 

Note: 

PIN ASSIGNMENTS 

(Top View) 

NC 

MC 

GND 

For positive edge triggered synthesizers, 
order the MC12052A. 
For negative edge triggered synthesizers, 
order the MC120528. 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H =Vee. L =Open 
MC: H = 2.0V to Vee. L = GND to 0.8V 

• 
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MC12052A • MC120528 

Out 

Figure 1. Logic Diagram (MC12052A) 

Sine Wave Generator 
Vee 

IN 

MC 

MC Input 

OUT 1---+---.-o 

GND 

Figure 3. AC Test Circuit 

6-108 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 

Figure 2. Modulus Setup Time 

Vee= 2.1 -s.sv 

C1=C2=1000pF 
C3= 0.1µF 
CL = 8pF (Including Scope 

and jig capacitance) 
RL = 3.3kn@Vcc = 2.7V 
RL = 7.2kQ @ Vee= 5.0V 
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CRYSTAL OSCILLATOR 

The MC12061 is for use with an external crystal to form a crystal 
controlled oscillator. In addition to the fundamental series mode 
crystal, two bypass capacitors are required (plus usual power 
supply pin bypass capacitors). Translators are provided internally 
for MECL and TTL outputs. 

• Frequency Range = 2.0 MHz to 20 MHz 

• Temperature Range = 0°C to + 70°C 

• Single Supply Operation: +5.0 Vdc or -5.2 Vdc 

• Three Outputs Available: 
1. Complementary Sine Wave (600 mVp-p typ) 
2. Complementary MECL 
3. Single Ended TTL 

MC12061 

CRYSTAL OSCILLATOR 

L SUFFIX 

-

CERAMIC PACKAGE 
CASE 620 

161 -P SUFFIX 
Pl'.ASTIC PACKAGE 16 

CASE 648 1 

FIGURE 1-BLOCK DIAGRAM 
A Ge 

Vee Filter Sine Wave 
rlf-+-_,f-0-.1-'µ~F Output 

MEeL 

TYPICAL CIRCUIT CONFIGURATIONS Note: 0.1 µF power supply pin bypass capacitors not shown. 

FIGURE 2 - FIGURE 3 - MTTL OUTPUT FIGURE 4 - MECL OUTPUT FIGURE 5 - MECL OUTPUT 
SINE WAVE OUTPUT ( + 5.0 V Supply) I- 5.2 V Supply) 

+MV +UV 

CRYSTAL 
REQUIREMENTS 

Note: Start-up stabilization 
time is a function of 
crystal series resist
ance. The lower the 
resistance, the faster 
the circuit stabilizes. 

.----
Characteristic 

Mode of Operation 

Frequency Range 

Series Resistance, Rl 

Maximum Effective Resistance RE(max) 
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--,---· -· 
MC12061 

Fundamental Series Resonance 

2.0 MHz-20 MHz 

Minimum at Fundamental 

155 ohms 
-

--

• 



~ 
~ 

0 

I 
Bin Vee AGC 

g~~~~~ SineW•~ 
Output 

150 1SOVcc Q1-;Qi'2 119vcc 

TEST VOLTAGE/CURRENT VALUES 

@~ w~ ~ 

Temperature V1Hma V1Lmin V1HAmin V1LAmax V1HT VccL Vee VccH loL loH IL 

O"C 4.16 3.19 3.86 3.51 4.0 4.75 5.0 5.25 16 -0.4 -2.5 

+25'C 4.19 3.21 

ELECTRICAL CHARACTERISTICS + 75"C 4.28 3.23 

3.9 

3.96 

3.52 

3.55 

4.0 4.75 5.0 5.25 16 -0.4 -2.5 

4.0 4.75 5.0 5.25 16 -0.4 -2.5 

Test Limits 

Under O"C + 25"C + 75'C TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW 

Characteristic Symbol 

Pin 
1 

Test Min I Max I Min I Typ I Max I Min I Max I Unit IViHmaxlV1Lminl V1HAmin I V1LAmax I V1HT IVccLI Vee IVccHI loL I loH IL 

Power Supply 
Drain Current 

Input Current 

Differential Offset 
Voltage 

Output Voltage Level 

Logic "1" Output 
Voltage 

Logic "O" Output 
Voltage 

Logic "1" Threshold 
Voltage 

Logic "O" Threshold 
Voltage 

Output Short-Circuit 
Current 

ice 

llNH 

llNL 

l!.V 

Vout 

VOH1* 

VQH2 

VoL1* 

VoL2 

VOHA 

VOLA 

ios 

1 I - I - I 13 I 16 I 19 

1 I _ I _ I 18 I 23 28 11 - - - 3.0 4.0 
16 - - 13 16 19 

14 I - I - I - I - I 250 
15 - - - - 250 

14 I - I - I - I - I 1·0 
15 - - - --:- 1.0 

4to7 I - I - I 40 I - I 325 
2to3 - - -200 O +200 

2 1-1-1-1 3·5 
3 ---3.5 

12 
13 

10 

4.0 
4.0 

2.4 

4.16 
4.16 

4.04 
4.04 

2.4 

4.19 
4.19 

4.1 
4.1 

2.4 

4.28 
4.28 

mAdc 

µAde 
µAde 

µAde 
µAde 

mVdc 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 

12 
13 

2.98 I 3.43 I 3.0 
2.98 3.43 3.0 

3.44 I 3.02 I 3.47 I Vdc 
3.44 3.02 3.47 Vdc 

10 
10 

12 
13 

12 
13 

10 

3.98 
3.98 

20 

0.5 
0.5 

3.45 
3.45 

60 

4.02 
4.02 

20 

0.5 
0.5 

3.46 
3.46 

60 

4.08 
4.08 

20 

0.5 
0.5 

3.49 
3.49 

60 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

mAdc 

*Devices will meat standard MECL logic levels using Vee = -5.2 Vdc and Vee = 0. 

14 

14 
15 

15 
14 

14 
15 

15 

15 
14 

14 
14 

15 

15 

15 
14 

15 
14 

14 

14 
15 

15 
15 

14 

14 
15 

15 
14 

15 
14 

14 
15 

5,6 
4 

4 
4 

1 
- •11,16• -

16 

16 
16 

16 
16 

- I - 116 
- - 16 

- •11,16• -

16 
16 

10 

12 
13 

12 
13 

- 111,161 - I - 110 I - I -
- - - 11,16 10 - -

- 116 
- 16 

- 116 
- 16 

11,16• -

12 
13 

12 
13 

Gnd 

8 

8 
8,9 
8 

8 
8 

8,14 
8,15 

8 

8 
8 

8 
8 

8,9 

8 
8 

8,9 
8,9 

8 
8 

8 
8 

8,9, 
10 

s::: 
(") ... 
8 ... 



MC12061 

FIGURE 6 - AC CHARACTERISTICS - MECL AND TTL OUTPUTS 

+200 mV Vee= +2.0 Vdc 

0.1 µFi 

MECL Output 
(P!r. 13) ---+--'I 

MECL Output----,, 
(Pin 12) 

0.1 µF 

All input and output cables to the scope CT = 15 pF = total parasitic capacitance 
are equal lengths of 50 n coaxial cable. which includes probe, wiring, and load 

Unused outputs are connected to a 50 n capacitance. 
±1% resistor to ground. 

Test Limits 

Pin 
O"C +25"C +75"C Under 

Vee= -3.0 Vdc 

TEST VOLTAGES/WAVEFORMS 
APPLIED TO PINS LISTED BELOW: 

Characteristic Symbol Test Min Max Min Typ Max Min Max Unit Pulse In Pulse Out +2.0Vdc -3.0Vdc 

Propagation Delay t15+10+ 10 - 22 - 17 25 - 27 ns 15 10 11,16 
t15-10- 10 - 19 - 12 18 - 18 10 

t15+12- 12 - 5.2 - 4.3 5.5 - 5.8 12 
t15-12+ 12 - 5.0 - 3.7 5.2 - 5.2 12 

t15+13+ 13 - 4.8 - 4.0 5.0 - 5.2 13 
t15-13- 13 - 5.0 - 4.0 5.0 - 5.1 13 

Rise Time t12+ 12 - 4.0 - 3.0 4.0 - 4.4 ns 15 12 11,16 

t13+ 13 - 4.0 - 3.0 4.0 - 4.4 ns 15 13 11,16 

Fall Time t12- 12 - 4.0 - 3.0 4.0 - 4.0 ns 15 12 11,16 
t13- 13 - 4.0 - 3.0 4.0 - 4.0 ns 15 13 11,16 

Pin TEST VOLTAGE APPLIED 

Under +25"C TO PINS LISTED BELOW 

Characteristic Test Min Typ Unit +2.0 Vdc -3.0Vdc 

Sine Wave Amplitude 
2 650 750 mVp-p 1 8, 9 
3 650 750 

FIGURE 7 -AC TEST CIRCUIT - SINE WAVE OUTPUT 

All output cables to the scope are equal lengths of 50 O coaxial 
cable. All unused cables must be terminated with a 50 O ± 1% 
resistor to ground. 

450 0 resistor and the scope termination impedance constitute 
a 10:1 attenuator probe. 

Crystal - Reeves Hoffman Series Mode, 
Series Resistance Minimum at Fundamental 
f = 10 MHz 
RE= 50 

*Rs = 15 kO is inserted only for test purposes. When used 
with the above specified crystal, it guarantees oscillation 
with any crystal which has an equivalent series resistance 
.;; 1550 

Rp: will improve start up problems value: 200-500 O 

Vee= +2.0 Vdc 

0.1 µF 

8 

~~D:~ 
Crystal 

l0.1µF 
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8,9 

8,9 
8,9 

8,9 
8,9 

Gnd 

14 

14 
14 

14 
14 

• 
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MC12061 

OPERATING CHARACTERISTICS 

The MC12061 consists of three basic sections: an 
oscillator with AGC and two translators (Figure 1). Buff
ered complementary sine wave outputs are available 
from the oscillator section. The translators convert 
these sine wave outputs to levels compatible with MECL 
and/or TTL. 

Series mode crystals should be used with the oscil
lator. If it is necessary or desirable to adjust the crystal 
frequency, a reactive element can be inserted in series 
with the crystal - an inductor to lower the frequency 
or a capacitor to raise it. When such an adjustment is 
necessary, it is recommended that the crystal be spec
ified slightly lower in frequency and a series trimmer 
capacitor be added to bring the oscillator back on fre
quency. As the oscillator frequency is changed from the 
natural resonance of the crystal, more and more depen
dence is placed on the external reactance, and temper
ature drift of the trimming components then affects 
overall oscillator performance. 

The MC12061 is designed to operate from a single 
supply - either + 5.0 Vdc or - 5.2 Vdc. Although each 
translator has separate Vee and VEE supply pins, the 
circuit is NOT designed to operate from both voltage 
levels at the same time. The separate VEE pin from the 
TTL translator helps minimize transient disturbance. If 
neither translator is being used, all unused pins (9 thru 
16) should be connected to VEE (pin 8). With the trans
lators not powered, supply current drain is typically 
reduced from 42 mA to 23 mA for the MC12061. 

Frequency Stability 

Output frequency of different oscillator circuits (of a 
given device type number) will vary somewhat when 
used with a given test setup. However, the variation 
should be within approximately ±0.001% from unit to 
unit. 

Frequency variations with temperature (independent 
of the crystal, which is held at 25'C) are small - about 
-0.08 ppm/°C for MC12061 operating at 8.0 MHz (see 
Figure 8) . 

Signal Characteristics 

The sine wave outputs at either pin 2 or pin 3 will 
typically range from 800 mVp-p (no load) to 500 mVp-p 
(120 ohm ac load). Approximately 500 mVp-p can be 
provided across 50 ohms by slightly increasing the de 
current in the output buffer by the addition of an exter
nal resistor (680 ohms) from pin 2 or 3 to ground, as 
shown in Figure 9. Frequency drift is typically less than 
0.0003% when going from a high-impedance load (1 
megohm, 15 pF) to the 50 ohm load of Figure 9. The de 
voltage level at pin 2 or 3 is nominally 3.5 Vdc with Vee 
= +5.0 Vdc. 

Harmonic distortion content in the sine wave outputs 
is crystal as well as circuit dependent. The largest har
monic (third) will usually be at least 15 dB down from 
the fundamental. The harmonic content is approxi
mately load independent except that the higher har-

6-112 

monic levels (greater than the fifth) are increased when 
the MECL translator is being driven. 

Typically, the MECL outputs (pins 12 and 13) will drive 
up to five gates, as defined in Figure 10, and the TTL 
output (pin 10) will drive up to ten gates, as defined in 
Figure 11. 

Noise Characteristics 

Noise level evaluation of the sine wave outputs using 
the circuit of Figure 12, with operation at 9.0 MHz, indi
cates the following characteristics: 

1. Noise floor (200 kHz from oscillator center fre
quency) is approximately -122 dB when refer
enced to a 1.0 Hz bandwidth. Noise floor is not 
sensitive to load conditions and/or translator 
operation. 

2. Close-in noise (100 Hz from oscillator center fre
quency) is approximately -88 dB when referenced 
to a 1.0 Hz bandwidth. 

+10 

-30 
-55 -25 

V~c ~ + 5.0 ~de 
Tcrystal ""25°C 
--1 ---~C12061 1--i---.. 

-MC12061___. 

..l _l 

0 25 50 75 
TA. AMBIENTTEMPERATURE (0 ) 

100 

FIGURE 9 - DRIVING LOW-IMPEDANCE LOADS 

*See text under signal characteristics. 

-... 
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MC12061 

FIGURE 10 - MECL TRANSLATOR LOAO CAPABILITY FIGURE 11-TTL TRANSLATOR LOAD CAPABILITY 

Vee= +5.0 v 

Vee= +5.0 v +5.0 v 

16 i 0.1 µF 
11 i 0.1µF ! VO 

MECL 10 
to 

TTL 

I15pF 
Trans- All 

lator 1.5 k diodes 
MBD101 
o• 

9 Equiv 

FIGURE 12 - NOISE MEASUREMENT TEST CIRCUIT 

To HP8552B/53B 
Spectrum Analyzer 

or Equiv 
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ANALYZER SETTING 

Measurement Sweep Bandwidth 

Noise Floor 50 kHz/div 10 kHz 

Close-In Noise 20 kHz/div 10 Hz 

Video 
Filter 

10Hz 

10 Hz 

• 



I 
RESISTOR MC12061 

R1 (2 Places) 200!1 

R2 (2 Places) 400!1 
CIRCUIT SCHEMATIC 

R3 (2 Places) 2 k!l 

Voltage Regulator Oscillator Amplifier/ AG C 

Sine Wave Output I 

1 k 

~ 
_,,. 

6 0 Crystal BuvEE 

16 

Sine to MECL 
Translator 

Vee 015 + 14 -

2.98 
k 

130 

MECL I 
o1u;~~t l 

540 

MECL TO TTL 
Translator 

11~Vcc 

1.2 k 100 

10 

TTL 
Output 

g Vee 

s: 
~ 
I\) 
C) 
en .... 
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1.1 GHz PRESCALER 

The MC12073 is a divide by 64 prescaler. Typical frequency 
synthesis applications include electronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differ
ential inputs and provides gain for the input signal. Differential 
ECL outputs are provided. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 23 mA Typical @ Vee = 5.0 V 
• High Input Sensitivity, 20 mVrms@ Vee = 5.0 ± 10%, 

TA = o· to + 70'C 
• 800 mV Minimum Peak-to-Peak Output Swing 
• Differential ECL Outputs 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage Vee 7.0 

Operating Temperature Range TA o to + 70 

Storage Temperature Range T s_!g_ -65 to + 175 

Unit 

Vdc 

·c 
·c 

ELECTRICAL CHARACTERISTICS (Vee = 4.5 to 5.5 v, TA = o·c to + 70'C) 

Characteristic 

Toggle Frequency 
(Sine wave input) 

Minimum Frequency 

Supply Current 

Output Voltage 
(Load = 10 pF) 

Input Voltage Sensitivity @ 
150-1100 MHz 

Input Voltage Sensitivity @ 
90 MHz 

Input Overload 
*Typical measured at + 25°C, 5.0 V 
1 See Figure 1 

Symbol Min 

fmax1 ·1.1 

fmin -
Ice -

Vout 0.8 

Vin Min -

Vin Min -

Vin Max 200 

Typ• Max Unit 

1.3 - GHz 

- 90 MHz 

23 30 mA 

1.2 - Vpp 

10 20 mVrms 

- 30 mVrms 

400 - mVrms 
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MC12073 

MECL PLL COMPONENTS 

1.1 GHz 
+64 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

s~' 
1, 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751 

PRESCALER BLOCK DIAGRAM 

PRESCALER PINOUT 

Input { 
2 7 

} Output 

• 
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MC12073 

FIGURE 1 
DEVICE MC12073 RATIO 64 

MAXIMUM TOGGLE FREQ: MIN = 1348 MEAN = 1348 MAX 1348 
TEMP. = 25"C Vee = 5.0 v #DEVICES = 1 DATE 10185 

Ice !mAI = 22.51 
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® MOTOROLA 

1.1 GHz PRESCALER 

The MC12074 is a divide by 256 prescaler. Typical frequency 
synthesis applications include electronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differ
ential inputs and provides gain for the input signal. Differential 
ECL outputs are provided. 

• 1.1 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 23 mA Typical @Vee = 5.0 V 
• High Input Sensitivity, 20 mVrms @Vee = 5.0 ± 10%, 

TA = 0° to + 70°C 
• 800 mV Minimum Peak-to-Peak Output Swing 
• Differential ECL Outputs 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage Vee 7.0 

Operating Temperature Range TA 0 to + 70 

Storage Temperature Range Ts!!l_ -65 to + 175 

Unit 

Vdc 
oc 

oc 

ELECTRICAL CHARACTERISTICS !Vee = 4.5 to 5.5 V, TA = 0°C to + 70°C) 

Characteristic Symbol Min Typ* Max Unit 

Toggle Frequency fmax1 1.1 1.3 - GHz 
(Sine wave input) 

Minimum Frequency fmin - - 90 MHz 

Supply Current Ice - 23 30 mA 

Output Voltage Vout 0.8 1.2 - Vpp 
(Load = 10 pF) 

Input Voltage Sensitivity @ Vin Min - 10 20 mVrms 
150-1100 MHz 

Input Voltage Sensitivity @ Vin Min - - 30 mVrms 
90 MHz 

Input Overload Vin Max 200 400 - mVrms 
*Typical measured at + 25°C, 5.0 V 
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MC12074 

MECL PLL COMPONENTS 

1.1 GHz 
+256 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

D SUFFIX 
PLASTIC PACKAGE 

CASE 751 

PRESCALER BLOCK DIAGRAM 

Output 

Vee 

,._.. ____ -07 

8 6 

o.~~ I .:r·001 µF 4 

Signal Gnd 

Input PRESCALER PINOUT 

Input { 
2 7 

} Output 
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MC12074 

FIGURE 1 

DEVICE MC12074- RATIO 256 
MAXIMUM TOGGLE FREQ: MIN = 1357 MEAN = 1357 MAX 1357 

TEMP. = 25"C Vee = 5.0 V + DEVICES = 1 
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®MOTOROLA 

1.3 GHz Prescaler 

The MC12076 is a divide by 256 prescaler. Typical frequency synthe
sis applications include electronically tuned TV/CATV and communica
tion systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential 
inputs and provides gain for the input signal. Differential ECL outputs 
are provided. 

• 1.3 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 36 mA Typical @Vee = 5.0 V 
• Operating Temperature Range of 0°C to + 85°C 
• High Input Sensitivity 
• 800 mV Minimum Peak-to-Peak Output Swing 
• Differential ECL Outputs 

Design Criteria Value 

Internal Gate Count* 62 

Internal Gate Propagation Delay 250 

Internal Gate Power Dissipation 10 

Speed Power Product 2.5 

*Equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage Vee 7.0 

Operating Temperature Range TA 0 to +85 

Storage Temperature Range Tstg -65to +175 

ELECTRICAL CHARACTERISTICS !Vee = 4.5 to 5.5 V, TA = 0°C to + 85°C) 

Characteristic 

Toggle Frequency (Sine Wave Input) 

Minimum Frequency 

Supply Current 

Output Voltage (Load = 10 pF) 

Input Voltage Sensitivity @· 

70 MHz 
150to 1100 MHz 
1.2 GHz 
1.3 GHz 

Input Overload 
70 to 1300 MHz 

*Typical measured (<i· +25°C, 5.0 V 
(1) See Figure 1 

Symbol 

fmax (1) 

fmin 

Ice 

Vout 

Vin Min 

Vin Max 

Min Typ* Max 

1.3 1.6 -
- - 70 

- 36 50 

0.8 1.2 -

- 10 20 
- 1.0 4.0 
- 1.5 15 
- 3.0 20 

400 - -
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Unit 

ea 

ps 

mW 

pJ 

Unit 

Vdc 

'C 

'C 

Unit 

GHz 

MHz 

mA 

Vp-p 

mVrms 

mVrms 

MC12076 

MECL PLL COMPONENTS 

1.3 GHz 
+256 

PRESCALER 

I _. 
/ jo] 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

D SUFFIX 
SOIC PACKAGE 

CASE 751 

BLOCK DIAGRAM 

PIN ASSIGNMENT 

Ncosvcc 
INPUT { : : } OUTPUT 

GND4 5NC 

• 



MC12076 
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Figure 1. MC12076 Input Signal Amplitude versus Input Frequency 
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®MOTOROLA 

1.3 GHz Prescaler 

The MC12078 is a divide by 256 prescaler. Typical frequency synthe
sis applications include electronically tuned TV/CATV and communica
tion systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential 
inputs and provides gain for the input signal. Differential ECL outputs 
are provided. 

• 1.3 GHz Toggle Frequency 
• Supply Voltage of 4.5 to 5.5 V 
• Low Power 28 mA Typical @ Vee = 5.0 V 
• Operating Temperature Range of 0°c to +85°C 
• High Input Sensitivity 
• 800 mV Minimum Peak-to-Peak Output Swing 
• Differential ECL Outputs 

Design Criteria Value 

Internal Gate Count* 62 

Internal Gate Propagation Delay 250 

Internal Gate Power Dissipation 10 

Speed Power Product 2.5 

*Equivalent to a two-input NANO gate. 

MAXIMUM RATINGS 

Characteristic Symbol Range 

Power Supply Voltage Vee 7.0 

Operating Temperature Range TA 0 to +85 

Storage Temperature Range Tstg -65 to + 175 

ELECTRICAL CHARACTERISTICS (Vee ~ 4.5 to 5.5 V, TA ~ 0°C to +85°C) 

Characteristic 

Toggle Frequency (Sine Wave Input) 

Minimum Frequency 

Supply Current 

Output Voltage (Load ~ 10 pF) 

Input Voltage Sensitivity (a! 
90 MHz 
150to 1100 MHz 
1.3 GHz 

Input Overload 
90 to 500 MHz 
500 to 1300 MHz 

*Typical measured (a, + 25°C, 5.0 V 
(1) See Figure 1 

Symbol 

fmax (1) 

fmin 

Ice 

Yout 

Vin Min 

Vin Max 

Min Typ* Max 

1.3 1.6 -

- - 90 

- 28 35 

0.8 1.2 -

- 10 20 
- 4.0 10 
- 7.0 20 

400 - -
400 - -
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Unit 

ea 

ps 

mW 

pJ 

Unit 

Vdc 

oc 

oc 

Unit 

GHz 

MHz 

mA 

Vp-p 

mVrms 

mVrms 

MC12078 

MECL PLL COMPONENTS 
1.3 GHz 

+256 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

D SUFFIX 
SOIC PACKAGE 

CASE 751 

BLOCK DIAGRAM 

PIN ASSIGNMENT 

NC08Vcc 
INPUT { : : } OUTPUT 

GND 4 5 NC 

• 
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Figure 1. MC12078 Input Signal Amplitude versus Input Frequency 
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®MOTOROLA 

750 MHz UHF PRESCALER 

The MC12090 is a high-speed D master-slave flip-flop capable of 
toggle rates of over 700 MHz. It was designed primarily for high
speed prescaling applications in communications and instru
mentation. This device employs two data inputs, two clock inputs 
as well as complementary Q and Ci. outputs. There are no SET or 
RESET inputs. 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol 
oo 25° 75° 

Min Max Min Max Min Max 

Power Supply Current IE - 65 - 59 - 65 

Input Current High linH 
Pin 7, 9 - 400 - 260 - 260 
Pin 11, 12 - 435 - 280 - 280 

Input Current Low linl 0.5 - 0.5 - 0.3 -

High Output Voltage VoH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 
t-----

High Input Voltage V1H -1.17 -0.84 -1.13 -0.81 -1.70 -0.735 

Low Input Voltage VIL -1.87 -1.495 -1.85 -1.48 -1.83 -1.45 

AC PARAMETERS 

-3o•c o•c 25•c 1s•c ss•c 
Characteristic Symbol Mi~Max MinIMax Min]vlax Min} Max Min} Max 

Toggle Frequency ftog 5001- 100I- 750I- 100J- sooJ-

Typical (25°C) 

Propagation Delay tpd 1.3 
(Clock to Output 
Pins 7 & 9-->2) 

Setup Time ls 
!setup H 0.3 
1setuE> L 0.3 

Hold Time lh 
thold H 0.3 
lhold L 0.3 

Rise Time tr 0.9 

Fall Time tf 0.9 
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Unit 

mA 

µA 

µA 

Vdc 

Vdc 

Vdc 

Vdc 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

MC12090 

PLL COMPONENTS 

750 MHz +2 
UHF PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

LOGIC OIAGRAM 

7 C1 

9 C2 

11 01 

12 02 

c 
L 

H 

....r-

....r-

Vcci =Pin 1 
Vcc2 =Pin 16 
VEE= Pin 8 

TRUTH TABLE 

D 

<!> 

<!> 

L 

H 

0 

On+1 

On 

On 

L 

H 

C=C1+C2 

0 00 01+02 

¢-= Don't Care 

• 



~ 
e 
w 
0 
=> 
>-
:::; 

~ 
<[ 

• ~ 
0 

0 
=> 
>-
~ 
::;; 

"' 

-25 

-30 

-35 

MC12090 

FIGURE 1 - GUARANTEED RANGE OF OPERATION 
(TEMP= 75°C, # DEVICES= FIVE; 

Vee= 2.0 v. VEE= -3.2 v. Ve1As = 0.710 VJ 

3535 

2008 

1131 
1000 

636 
500 

354 

201 s: 
~ 

113 < 
0 
~ 
"' 64 ~ 

36 

20 

11 

10 

!~:] 
-10 

Vout at Vin Max Vout at Vin Min 

l~t~1~--1--r~-t t~t,~~~~, 1:~~: ... 
.,__~1~00~-~2~0~0--~30=0--~4obo~-~5~00~-~s~o~o-~1~0~0--8~0=0--s~o=o--:-::\10J~ 1 

FREQUENCY (MHz) 
0 

FIGURE 2 - GUARANTEED RANGE OF OPERATION 
(TEMP= 25°C, #DEVICES= FIVE; 

Vee= 2.0 v. VEE= -3.2 v. Ve1AS = 0.710 VJ 

15~--~--~------~--~---------~--~--~3535 

1 ol----l--==:+===-J.--=::::---t---+---+---l----+--+----lioo8 

5.0t----t;:;:;;:;:;:::;:;:;;;±;:;:;:;;;:;:;:::;t;:;:;:::;:;:;;;±;:;:;;;;;:;;;~--=::::::::±=:-----t---j!--jj-----111311000 

-15 

-20 

-25 

-30 

-35 

----+..,::,,,."-.;;::--t---!----l636 
500 

-+-..::.....cl----i354 

t----+----+----t---t----+----t-----11-----+----+-----120 

c_ __ _,__ __ _._ __ _. ___ .1..,_ __ _.__ __ .....J.. __ __Jt,.__ __ _.__ __ _._ __ __,11 

1 .::~1 r~1~--1-1~~~-~-~~~~-:1...-----.------·:~~ ~::.00 
0 100 200 300 400 500 600 700 800 900 1000 

FREQUENCY (MHz) 

6-124 



® MOTOROLA 

200MHz Voltage Controlled 
Multivibrator 

• High Frequency VCM ldeai ior PLL Appiicaiions 

• Single External Resistor Determines Center Frequency; Additional Resistor 
Determines fN Sensitivity 

• Internal Ripple Counter (1/2, 1/4, 1/8) For Low Frequency Applications- TTU 
ECL Outputs 

• VCO Output Enable Pins (TTUECL Level) 

• +5.0V Single Supply Voltage 

• Packages: DIP, PLCC 

Pinout: 20-Lead Plastic Package (Top View) 

EBT EBE Vcc2 FOE FOE FSE FSE Vcc3 FST VEE3 

Vcc1 NC RF RS Ve Cs VEE1 FS OE VEE2 

Pinout: 20-Lead PLCC Package (Top View) 

FOE FSE FSE 

EBE vcc3 

EBT FST 

Vee VEE3 

NC VEE2 

RF OE 

RS Ve Cs VEE1 FS 

6-125 

MC12100 

200MHz VOLTAGE 
CONTROLLED 

MULTIVIBRATOR 

P SUFFIX 
PLASTIC DIP PACKAGE 

CASE 738-03 

• 3 4 

FN SUFFIX 
PLCC PACKAGE 

CASE 775-02 

PIN NAMES 

Pin Function 

RF, RS Center Frequency Inputs 
Ve Frequency Control Input 
Cs Bias Filter Input 
FS Frequency Select Input 
OE TTL Output Enable 
FST TTL +2, +4, +8 Output 
FSE, FSE Dlff EGL +2, +4, +8 Outputs 
FOE, FOE Dlff EGL + 1 Outputs 
EBE VCO Disable, EGL Level Input 
EBT VCO Disable, TTL Level Input 

• 



• 

MC12100 

(ECL) (TTL) 

FOE FOE FSE FSE FST 

CENTER 
FREQUENCY 

SET 

Rx 

Ry 

Vee 

RF 

RS 

Ve 

13 18 17 

vco 

EBT EBE 

15 

RIPPLE 
COUNTER 

-------n OE 

10K 

1----<11----0 FS 

10K FREQUENCY SELECT 
FUNCTION TABLE 

FS Divide 
Level Ratio 

H 1/2 
OPEN 1/4 

L 1/8 

(TTL) (ECL) VCO DISABLE FUNCTION TABLE 
Cs :;:!; BIAS FILTER 

FREQUENCY 
' CONTROL 

INPUT 

H 

Lor OPEN 

H 

Figure 1. Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

vcc1 Power Supply Voltage 

vcc2 
vcc3 

V1N (TTL) Input Voltage 

V1N (EGL) Input Voltage 

IOUT(ECL) Output Source Current - Surge 

Output Source Current - Continuous 

TJ Junction Operating Temperature 

TsTG Storage Temperature 

OPERATING CONDITIONS 

Symbol Parameter 

TA Ambient Temperature 

Vee Supply Voltage 

loH (TTL) TTL High Output Current 

loL (TTL) TTL Low Output Current 

6-126 

EBT FOE, FSE, FST FOE, FSE 
Hor OPEN L H 

H OSCILLATION 

L OSCILLATION 

Value Unit 

-0,5to +8.0 v 

-o.5toVcc v 

-o.5toVcc v 

100 mA 

50 mA 

+140 oc 

-55 to +150 oc 

Value Unit 

Oto +75 oc 

+4. 75 to +5.25 v 

-1.0 mA 

20 mA 



MC12100 

DC CHARACTERISTICS (Vee= 5.0V ±5%; Rx= 2.4k0; Ry= 1.5k0; Cs= 0.001µF) 

0°C 25°C 75°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit Condition 

ice Supply Current 7S 120 6S 90 110 80 13S mA EBT =EBE= Vee 
(ECL, TTL) 

VOLT Output Low Voltage, TTL o.s v Fs=GND 

VoHT Output High Voltage, TTL 2.4 v Fs=GND 

VOLE Output Low Voltage, ECL 3.0 3.4 v v cc = 5.0V, RL = son. 
VT=3.0V 

VoHE Output High Voltage, ECL 3.9 4.19 v v cc = 5.0V, RL = son. 
VT= 3.0V 

llLT EBT Input Low Current 400 µA V1N =0.4V 

l1HT EBT Input High Current 20 µA V1N =2.7V 

100 µA V1N=7.0V 

l1NHE EBE Input High Current 2SO µA V1N=4.19V 

l1NLE EBE Input Low Current 1.0 µA V1N=3.0SV 

V1LS FS Input, Max "L" Level 1.2 v Vcc=S.OV 

V1MS FS Input, "Medium" Level 2.0 3.0 v Vcc=S.OV 

V1HS FS Input, Min "H" Level 3.8 v Vcc=S.OV 

V1LT EBT Input Low Voltage 0.8 0.8 0.8 v 

V1HT EBT Input High Voltage 2.0 2.0 2.0 v 

V1HE EBE Input High Voltage 3.87 4.19 v Vcc=S.OV 

V1LE EBE Input Low Voltage 3.05 3.52 v Vcc=S.OV 

VLM Ve Input Voltage, ±1.1 ±1.3 ±1.5 v Vcc=S.OV 
vc=Vcc+2 

Vcs Cs Output Voltage 2.35 2.SO 2.6S v Vcc=S.OV 

AC CHARACTERISTICS (Vee = 5.0V; Rx= 2.4k0; Ry= 1.5kQ; Cs= 0.001 µF; VT= 3.0V) 

0°C 25°C 75°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit Condition 

FO Center Frequency (Vvc - Vcs = OV) 180 200 220 MHz vcc=+2.ov 
VEE=-3.0V 

FMAX- Frequency Range 8S 100 11S MHz 
FMIN (Ve= 1/2 Vee ±1.5V, Vee= 5.0V) 

trE FOE/FOE/FSE/FSE Rise Time o.s 2.4 ns • tfE FOE/FOE/FSE/FSE Fall Time o.s 2.4 ns 

TTT Reset Time 35 ns EBT-FST 

TTO Rese!Time 25 ns EBT - FOE/FOE 

TTS Reset Time 30 ns EBT - FSE/FSE 

TET ResetTime 37 ns EBE-FST 

TEO ResetTime 12 ns EBE-FOE/FOE 

TES ResetTime 2S ns EBE-FSE/FSE 

Loading: ECL =SQQ to V-r, TTL= soon. SOpF 
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• 

vcc1 

Notes: 

1/2 
Vee 

±0.75V 
Limit 

MC12100 

Figure 2. VCO Detail 

OUTPUT FREQUENCY FORMULA 

1) CENTER FREQUENCY : tosc = Rx :~ . 0 (MHz) 

Rx in kn Units: 2.0kn ,; Rx ,; 2. 7kn 

2) GAIN : At = __gQ_ (MHz/VJ 
vcc ·Ry 

Ry in kn Units: 1.okn,; Ry,; 2.0kn 

Vcc1 

C9 =0.001µF 
CF=0.1µF 

• For optimum VCO linearity (MHzN), the following resistor ranges are recommended: 
2.0kQ ,; Rx ,; 2. ?kn (Ry = 1.5kQ) 
1.0kQ,; Ry,; 2.0kQ (RX= 2.4kQ) 

• TTL output maximum frequency= SOMHz 

• Simultaneous use of both ECL and TTL outputs are not recommended due to excessive power consumption for the EIAJ Type 11 
SO package 

Vee= +2.0VDC Vee= +5.0VDC 

18 13 I 0.1µF 

16 

17 

0.1µF I 14 0.1µF I 

15 

0.001µF I 

0.1µF I 
-:- VEE = -3.0VDC 

Figure 3. AC Test Circuit (FO/treltfE Measurement) Figure 4. AC Test Circuit (Other Measurements) 
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MC12100 

m 

50% nol 
EBT 

TEO ~ 
TES 

50% 
TET 

EBE 

FOE 

FSE 

FST 

• Figure 5. Switching Waveforms 

VCO DISABLE FUNCTION TABLE 

EBE EBT FOE, FSE, FST l FOE, FSE 

H Hor OPEN L I H 
Lor OPEN H OSCILLATION 

H L OSCILLATION 
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MC12100 

¥ 
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VcM 
3.5 4.0 

Figure 6. Ve versus Output Frequency 
Varying Rx@ Vee= 5.0V; TA= 25°e; Ry= 1.5kn 
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Figure 7. Ve versus Output Frequency 
Varying Ry@ Vee= 5.0V; TA= 25°e; Rx= 2.4kn 
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Figure 9. Ve versus Output Frequency 
Varying Vee@ Rx= 2.4kn; Ry= 1.5kn; TA= 25°e 



®MOTOROLA 

130MHz Voltage Controlled 
Multivibrator 

• High Frequency VCM Ideal !or PLL Applications 

• Single External Resistor Determines Center Frequency; Additional Resistor 
Determines IN Sensitivity 

• Internal Ripple Counter (1 /2, 1 /4, 1 /8) For Low Frequency Applications - TTU 
ECL Outputs 

• VCO Output Enable Pins (TTUECL Level) 

• +5.0V Single Supply Voltage 

• Packages: DIP, PLCC 

Pinout: 20-Lead Plastic Package (Top View) 

EBT EBE Vcc2 FOE FOE FSE FSE Vcc3 FST VEE3 

Vcc1 NC RF RS Ve Cs VEE1 FS OE VEE2 

Pinout: 20-Lead PLCC Package (Top View) 

Vcc2 FOE FOE FSE FSE 

EBE Vcc3 

EBT FST 

Vee VEE3 

NC VEE2 

RF OE 

RS Ve Cs VEE1 FS 
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MC12101 

130MHz VOLTAGE 
CONTROLLED 

MULTIVIBRATOR 

PSUFFIX 
PLASTIC DIP PACKAGE 

CASE 738-03 

• 3 4 

FN SUFFIX 
PLCC PACKAGE 

CASE 775-02 

PIN NAMES 

Pin Function 

RF, RS Center Frequency Inputs 
Ve Frequency Control Input 
Cs Bias Filter Input 
FS Frequency Select Input 
OE TTL Output Enable 
FST TTL +2, +4, +8 Output 
FSE, FSE Diff EGL +2, +4, +8 Outputs 
FOE, FOE Diff EGL + 1 Outputs 
EBE VCO Disable, EGL Level Input 
EBT VCO Disable, TTL Level Input 

• 



CENTER 
FREQUENCY 

SET 

Rx 

Ry 

Vee 

RF 

RS 4 

13 18 

vco 

vc cs 

MC12101 

(ECY (TTL) 

FOE FOE FSE FSE FST 

17 15 

EBT EBE 

3:1 
MULTIPLEXER 

RIPPLE 
COUNTER 

------o OE 

10K 

10K 

FS 

FREQUENCY SELECT 
FUNCTION TABLE 

FS Divide 
Level Ratio 

H 1/2 
OPEN 1/4 

L 1/8 

(TTL) (ECL) 
VCO DISABLE FUNCTION TABLE 

Cs ~ BIAS FILTER 

FREQUENCY 
CONTROL 

INPUT 

H 

Lor OPEN 

H 

Figure 1. Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcc1 Power Supply Voltage 

vcc2 
vcc3 

V1N (TTL) Input Voltage 

V1N (EGL) Input Voltage 

iouT(ECL) Output Source Current - Surge 

Output Source Current - Continuous 

TJ Junction Operating Temperature 

Tsrn Storage Temperature 

OPERATING CONDITIONS 

Symbol Parameter 

TA Ambient Temperature 

Vee Supply Voltage 

IOH (TTL) TTL High Output Current 

IOL(TTL) TTL Low Output Current 
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FOE, FSE, FST FOE, FSE 

Hor OPEN L H 

H OSCILLATION 

L OSCILLATION 

Value Unit 

-0.5to+8.0 v 

-o.5toVcc v 

-o.stoVcc v 

100 mA 

50 mA 

+140 oc 

-55to+150 oc 

Value Unit 

Oto +75 oc 

+4.75 to +5.25 v 

-1.0 mA 

20 mA 



MC12101 

DC CHARACTERISTICS (V cc = 5.0V ±5%; Rx = 2.4kQ; Ry = 1.5kn; Cs = 0.001 µF) 

0°C 25°C 75°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit Condition 

ice Supply Current 80 135 70 100 120 85 150 mA EBT =EBE= Vee 
(ECL, TTL) 

VOLT Output Low Voltage, TTL 0.5 v Fs=GND 

VOHT Output High Voltage, TTL 2.4 v Fs= GND 

VOLE Output Low Voltage, ECL 3.0 3.4 v Vee= 5.0V, RL = 50Q, 
Vr = 3.0V 

VoHE Output High Voltage, ECL 3.9 4.19 v Vee= 5.0V, RL = 50Q, 
VT=3.0V 

l1LT EBT Input Low Current 400 µA V1N = 0.4V 

l1HT EBT Input High Current 20 µA V1N =2.7V 

100 µA V1N=7.0V 

l1NHE EBE Input High Current 250 µA V1N = 4.19V 

l1NLE EBE Input Low Current 1.0 µA V1N = 3.05V 

V1LS FS Input, Max "L" Level 1.2 v Vcc=5.ov 

VIMS FS Input, "Medium" Level 2.0 3.0 v Vcc=5.ov 

V1HS FS Input, Min "H" Level 3.8 v Vcc=5.0V 

V1LT EBT Input Low Voltage 0.8 0.8 0.8 v 

V1HT EBT Input High Voltage 2.0 2.0 2.0 v 

V1HE EBE Input High Voltage 3.87 4.19 v Vcc=5.0V 

VILE EBE Input Low Voltage 3.05 3.52 v Vcc=5.ov 

VLM Ve Input Voltage, ±1.1 ±1.3 ±1.5 v vcc=5.ov 
Vc=Vcc+2 

vcs Cs Output Voltage 2.35 2.50 2.65 v Vcc=5.ov 

AC CHARACTERISTICS (Vee= 5.0V; Rx= 2.4kn; Ry= 1.5kQ; Cs= 0.001 µF; Vr = 3.0V) 

0°C 25°C 75°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit Condition 

FO Center Frequency (Vvc - Vcs = OV) 117 130 143 MHz vcc=+2.ov 
VEE =-3.0V 

FMAX- Frequency Range 68 80 92 MHz 
FMIN eve= 112 Vee ±1.5v, Vee= 5.ov) 

trE FOE/FOE/FSE/FSE Rise Time 0.5 2.4 ns • tfE FOE/FOE/FSE/FSE Fall Time 0.5 2.4 ns 

TTT Reset Time 40 ns EBT-FST 

TIO Resetnme 25 ns EBT - FOE/FOE 

TIS Resetnme 35 ns EBT - FSE/FSE 

TET Resetnme 32 ns EBE-FST 

TEO Resetnme 12 ns EBE-FOE/FOE 

TES Resetnme 30 ns EBE-FSE/FSE 

Loading: ECL = 50Q to V-r. TTL= 500Q, 50pF 
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• 

Vcc1 

Notes: 

1/2 
Vee 

±0.75V 
Limit 

MC12101 

"::" 

Figure 2. VCO Detail 

OUTPUT FREQUENCY FORMULA 

1) CENTER FREQUENCY : lose = Rx ~~ . 0 (MHz) 

Rx in kn Units: 2. 7kn ,; Rx ,; 3.6kn 

2) GAIN: Af = ~ (MHz/V) 
Vee· Ry 

Ry in k!1 Units: 1.5k!1 ,; Ry ,; 2.4k!1 

Vcc1 

Cs= 0.001µF 
Cf= 0.1µF 

• For optimum VCO linearity (MHzN), the following resistor ranges are recommended: 
2. ?kQ $ Rx$ 3.6kQ (Ry= 2.0kQ} 
1.SkQ $ Ry$ 2.4kQ (Rx = 3.3kQ) 

• TTL output maximum frequency = SOMHz 

• Simultaneous use of both ECL and TTL outputs are not recommended due to excessive power consumption forthe EIAJ Type II 
SO package 

Vee= +2.0VDC Vee= +5.0VDC 

18 13 I 0.1µF 

"::" "::" 

16 16 

17 
17 

0.1µF I 14 0.1µF I 14 +3.0V 

"::" 15 
15 

+3.0V 
O.OOlµF I "::" 

12 
V1E 

"::" 

V1T 
20 

10 11 "::" "::" 

0.1µF I 
"::" Vee= GND 

Figure 3. AC Test Circuit (FOltrElttE Measurement) Figure 4. AC Test Circuit (Other Measurements) 
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FOE 

FSE 

FST 

50% 

MC12101 

m 
TTS 
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Figure 6. Ve versus Output Frequency 
Varying Rx @ Vee= 5.0 V; TA= 25°e; Ry= 2.0 kO 
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Figure 8. Ve versus Output Frequency 
Varying TA@ Vee= 5.0 V; Rx= 3.3 kQ; Ry= 2.0 kQ 
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Varying Ry@ Vee= 5.0 V; TA= 25°e; Ry= 3.3 kO 

150l---t---!~-t---t~+---t~'k;--\:;~~"'f''--f---~ 

~ 100f----t-~t-:?l'S.-17-=t~+---'tc--+---+~-+---i~~ 
=> 
0 w 
ff: 

6-136 

o~~~~~~~~~~~~~~~~~~~ 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Ve (VOLTS) 

Figure 9. Ve versus Output Frequency 
Varying Vee@ Rx= 3.3 kO; Ry= 2.0 kO; TA= 25°e 



®MOTOROLA 

Advance Information 
Low-Power Voltage 
Controlled Oscillator 

The MC12148 requires an external parallel tank circuit consisting of the 
inductor (L) and capacitor (C). A varactor diode may be incorporated into the 
tank circuit to provide a voltage variable input for the oscillator (VCO). This 
device may also be used in many other applications requiring a fixed 
frequency clock. 

The MC12148 is ideal in applications requiring a local oscillator. Systems 
include electronic test equipment and digital high-speed telecommunications. 

• 700MHz Center Frequency Tunable From 200 to 11 OOMHz 
• Low-Power 20mA at 5.0Vdc Power Supply 
• 8-Pin SOIC Package 
• Phase Noise -90dBc/Hz at 25KHz Typical 

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 8 

TA Operating Temperature Range 

Ts.!!!_ Storage Temperature Range 

BLOCK DIAGRAM 
vcco (Typical Test Circuit) 
o--~~......-~--.~~ .......... 

12000' 

GND 
• The 12000 resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. 

MC12148 

LOW-POWER VOLTAGE 
CONTROLLED OSCILLATOR 

Value 

-0.5 to+?.O 

-40 to +85 

-65 to +150 

DSUFFIX 
SOIC PACKAGE 

CASE 751 

SD SUFFIX 
SSOP PACKAGE 

CASE 940 

Unit 

Vdc 

oc 
oc 

Pinout: 8-Lead SOIC (Top View) 

GND VCCO Out GND 

Vee AGC TANK Vref 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Vee= 5.0V; TA= -40°C to +85°C) 

Symbol Characteristic Min Typ Max Unit 

ice Supply Current 19 25 mA 

VoH Output Level HIGH (1 Mn Impedance) 4.17 v 
VoL Output Level LOW (1 Mn Impedance) 3.41 v 
L(f) CSR @ 25KHz Offset, 1 Hz BW -90 dBc/Hz 

L(f) CSR@ 1MHz Offset, 1Hz BW -120 dBc/Hz 

SNR SNR (Signal to Noise Ratio from Carrier) 40 dB 

Fsts Frequency Stability l Supply Drift 3.6 KHz/mV 

Fstt J Thermal Drift 0.1 KHz/'C 

H2 Second Harmonic (from Carrier) -25 dBc 

-40 l-----t--+-+--+-+++++~~+---+-+-t-H-1-++~~+--+---+-+-1-+-1+;-~~\---t--t-r++++t--~-4~+-+-f-l-++-H 

-60~ 

-80 1----~--1--~t-1-+'Fl"Hlll.c-----l~t---t-++++++~----1~+--t-++++++~----1,-+--t-t+++H~~r---+-t-t++-t+I 

~ -1001---~+--+-+--H--++-++--~--+~t---i--f'l"'f-i.alw-~+---+--+-+-+++H--~---t-----1---t-t--++ttt~~t-----t--+--++-++1 

~ 
-120 1------,:Hlrtttt-~--r1iiiittt~1-tltflt1'!'----T=~F+++14:::::::t:::t:t:i:jj:!:l:J 

-140 '--~-'---'--'-'--'-"-.w.J~~-'--'--'--'-.1....l..'-'-'~~"--'--'--'-u..J..U..~~"---'---'---'-'-'-' ..... ~--'~-'--'-"--'-.W...~ 
1K 10K 100K 1M 10M 100M 

L (ij ldBc/Hz] versus f [Hz] 

Figure 1. Typical Evaluation Results 
(CSR MC12148 5.0Vdc; Vee @ 25°C; 930MHz CW) 

Tank Component Suppliers 

Below are suppliers who manufacture tuning varactors and inductors which can be used to build an external tank circuit. Motorola 
has used these varactors and inductors for evaluation purposes, however, there are other vendors who manufacture similar 
products. 

Coilcraft Inductors A01T thru A05T 
Coilcraft-Coilcraft, Inc. 
1102 Silver Lake Rd. 
Gary, Illinois 60013 
708-639-6400 

Loral Tuning Varactors GC1500 Series 
Loral 
16 Maple Road 
Chelmsford, Massachusetts 01824 
508-256-8101or508-256-4113 

Motorola Varactor MMBV809L 
Contact your local Motorola Semiconductor 
Sales Office. 

Alpha Tuning Diodes DVH6730 Series 
Alpha 
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®MOTOROLA 

Carrier Band Modem (CBM) 

The bipolar LSI MC68194 Carrier Band Modem (CBM) when combined with the 
MC68824 Token Bus Controller provides an IEEE 802.4 single channel, phase-coherent 
carrier band Local Area Network (LAN) connection. The CBM performs the Physical Layer 
function including symbol encoding/decoding, signal transmission and reception, and 
physical management. Features include: 

• Implements IEEE 802.4 single channel, phase-coherent Frequency Shift Keying (FSK) 
physical layer including receiver blanking. 

• Provides physical layer management including local loopback mode, transmitter 
enable, and reset. 

• Supports data rates from 1 to 10 Mbps. IEEE 802.4 standard uses 5 or 10 Mbps. 
• Interfaces via standard serial interface to MC68824 Token Bus Controller. 
• Crystal controlled transmit clock. 
• Recovery of clocked data through phase-locked loop. 
• RC controlled Jabber Inhibit Timer. 
• Single + 5.0 volt power supply. 
• Available in 52-lead Cerquad package. 

PIN ASSIGNMENTS 

~ ~ 1' i "i 1§ 
~ "' ~ i 

g 

~ ~ 
~ :l\ ~ u c; ~~ c; 0 

J? z 
"' 

RXSYM2 VeM-e2 

N.e. veM-e1 

Vee-TTL vex 

GND-TTL GND 

RESET ePW 

TXSYMO RPW 

TXSYM1 MC68194 SET-PW 

TXSYM2 CBM GND 

SMREO' RXIN* 

TXeLK RXIN 

JAB FDBK' 

EOTDIS* FDBK 

Vee-ose THRESHOLD 
21 22 23 24 25 26 27 28 29 30 31 32 33 

~ ~ i 
00 " ~ e:; ~ ~ z ~ iJ iJ 1S § 

~ 

~ ~ 1-l ~ § ~ 5 06 
0 uz 
z J? > "' 

"' 
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SECTION 1 
GENERAL DESCRIPTION 

1.1 TOKEN BUS LAN CARRIER BAND NODE OVERVIEW 

The MC68194 Carrier Band Modem (CBM) is part of 
Motorola's solution for an IEEE 802.4 token bus carrier 
band Local Area Network (LAN) node. The CBM inte
grates the function of the single-channel, phase-coher
ent Frequency Shift Keying (FSK) physical layer. Figure 
1-1 illustrates the architecture of a token bus LAN node 
as commonly used in Manufacturing Automation Pro
tocol (MAP) industrial communications. Based on the 
ISO-OSI model, the LLC Sublayer and additional upper 
layers are typically supported by a local MPU subsystem, 
while the IEEE 802.4 token bus MAC Sublayer and Phys
ical Layer are implemented by the MC68824 Token Bus 
Controller (TBC) and MC68194 CBM respectively. 

The MC68194 provides the three basic functions of the 
physical layer including data transmission to the coax 
cable, data reception from the cable, and management 
of the physical layer. For standard data mode (also called 
MAC mode), the carrier band modem receives a serial 
transmit data stream from the MC68824 TBC (called sym
bols or atomic symbols), encodes, modulates the carrier, 
and transmits the signal to the coaxial cable. Also in the 
data mode, the CBM receives a signal from the cable, 
demodulates the signal, recovers the data, and sends the 
received data symbols to the TBC. Communication 
between the TBC and CBM is through a standardized 
serial interface consistent with the IEEE 802.4 DTE-DCE 
serial interface. 

The physical layer management provides the ability to 
reset the CBM, control the transmitter, and do loopback 
testing. Also, an onboard RC timer provides a "jabber" 
inhibit function to turn off the transmitter and report an 
error condition if the transmitter has been continuously 
on for too long. Similar to the data mode, the CBM man
agement mode makes use of the TBC serial interface. 

TOKEN BUS 
CONTROLLER 

s 
MODULATOR A 

I TM 
TRANSMIITER 6 AA 

NT 

DEMODULATOR 
I 

RECEIVER 

TOKEN BUS COAX 

LLC 
& 

UPPER 
LAYERS 

• MAC SUB-LAYER 

SERIAL l!TERFACE 
t 

t 
PHYSICAL 

LAYER 

i 
+ 

MEDIA 
LAYER 

Figure 1-1. IEEE 802.4 Token Bus Carrier Band Node 
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1.2 CARRIER BAND MODULATION TECHNIQUE 

The CBM uses phase-coherent frequency shift keying 
(FSK) modulation on a single channel system. In this 
modulation technique, the two signaling frequencies are 
integrally relatedto the data rate, and transitions between 
the two signaling frequencies are made at zero crossings 
of the carrier waveform. Figure 1-2 shows the data rate 
and signaling frequencies. An {L} is represented as one 
half cycle of a signal, starting and ending with a nominal 
zero amplitude, whose period is equal to the period of 
the data rate, with the phase of one half cycle changing 
at each successive {L}. An {H} is represented as one full 
cycle of a signal, starting and ending with a nominal zero 
amplitude whose period is equal to half the period of the 
data rate. In a 5 Mbps implementation, the frequency of 
{L} is 5.0 MHz and for {H} is 10 MHz. For a 10 Mbps 
implementation, the frequency of {L} is 10 MHz and for 
{H} is 20 MHz. The other possible physical symbol is when 
no signal occurs for a period equal to one half of the 
period of the data rate. Th is condition is represented by 
{off}. 

Data Rate Frequency of Lower Frequency of Higher 
MBPS Tone MHz {L} Tone MHz {H} 

5 5.0 10 
10 10 20 

Figure 1-2. Data Rate versus Signaling Frequencies 

The specified physical symbols ({L}, {H} and {off}} are 
combined into pairs which are called MAC-symbols. The 
MAC-symbols are transferred across the serial link. The 
encodings for the five MAC-symbols are shown in Figure 
1-3. Figure 1-4 shows the phase coherent FSK modulation 
scheme for ONE, ZERO, and NON-DATA. The IEEE 802.4 
document does not specify the polarity used to transmit 
data on the physical cable. The receiver must operate 
without respect to polarity. 

ONE 

ZERO 

Mac-Symbol Encoding 

Silence {off off} 
Pad-Idle Pairs {L L}{H HJ 
Zero {H HJ 
One {L LJ 
Non-Data 

ND1 {H LJ 
ND2 {L HJ 

Figure 1-3. MAC Symbol Encodings 

N01 

1 BITTIME ~ 
1/ BIT RATE 

N02 

1 BITTIME 

Figure 1-4. Phase-Coherent Modulation Scheme 
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1.3 MESSAGE (FRAME) FORMAT 

Although the CBM only uses MAC symbols one-at-a
time, the MAC or TBC is responsible for combining the 
above defined MAC symbols into messages (more cor
rectly called frames). For the purposes of the CBM, a 
simplified frame format can be used consisting of: 

SILENCE II PAD-IDLE I START DELIMITER I DATA I END 
DELIMITER II SILENCE 

where: 

PAD-IDLE 

START 
DELIMITER 

DATA 

END 
DELIMITER 

alternating {LL} {HH} pairs which must 
occur in octets or groups of eight sym
bols. Pad-idle provides a training signal 
for the receiver and occurs at the begin
ning of every transmission (and 
between frames in a multiple frame 
transmission). 

= a unique pattern of eight symbols (one 
octet) that marks the beginning of a 
frame. The pattern is: 

ND1 ND2 0 ND1 ND2 0 0 0 

where ND1 is the first symbol 
transmitted. 

octets of ZERO/ONE patterns that are 
the actual data or "information" con
tained within the frame. 

= a unique pattern of symbols that marks 
the end of a frame. The pattern is: 

ND1 ND2 1 ND1ND21 {1=0/1) {0/1) 

where ND1 is the first symbol transmit
ted. Note that unlike the Start Delimiter, 
the last two bits of the End Delimiter 
octet are not always the same. The sev
enth bit of the octet is called the I Bit or 
Intermediate bit which = 1 when there 
is more to transmit and = 0 at the end 
of a transmission. 

A single transmission can consist of one or more 
frames. In a multi-frame transmission, Pad-Idle is sent 
between consecutive frames to separate them. If an End 
Delimiter occurs within a multi-frame transmission its I 
Bit will = 1, and the last end delimiter will have its I Bit 
= 0. 

The CBM accepts a stream of MAC symbols from the 
TBC and modulates the phase-coherent transmit signal 
accordingly. Conversely, the CBM receives a phase
coherent signal stream from the cable, decodes the MAC 
symbols, and reports them. On transmission there is a 
direct one-to-one correlation between MAC symbols 
requested and the modulated signal; however, during 
reception exceptions can occur. The CBM is allowed to 
report Silence or the actual Zero/One pattern during 
preamble which is done to allow the receiver to "train" 
to the incoming signal. Also, if noise in the system has 
corrupted the data, it may show up as an incorrect MAC 
symbol or the CBM can report a BAD SIGNAL symbol if 
an incorrect combination of ND symbols is detected (ND2 
without an ND1, ND2 followed by ND2, etc.) 
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1.4 SYSTEM CONFIGURATION 

Figure 1-5 illustrates the CBM and peripheral circuitry 
required for an IEEE 802.4 carrierband 5 Mbps or 10 Mbps 
data rate phase-coherent FSK physical layer. The CBM 
communicates with the MAC or TBC through a TTL com
patible serial interface that is consistent with the IEEE 
802.4 exposed DTE-DCE interface. Management and 
transmission symbol requests are accepted via the CBM 
physical data request channel (TXSYMO-TXSYM2, 
SMREQ*, and TXCLKi. The physicai data indication chan
nel (RXSYMO-RXSYM2, SMIND*, and RXCLK) is used to 
send received symbols and management responses to 
the MAC. 

The periphery circuitry is primarily associated with 
interface to the LAN coaxial cable and data recovery. An 
external crystal or clock source is required (20 MHz for 
5 Mbps data rate or 40 MHz for 10 Mbps data rate) for 
onboard timing and transmit clock. Also, an RC timing 
network sets the jabber timeout period. 

The coaxial cable interface combines the transmit and 
receive signal functions. For transmission, the CBM pro
vides differential drive signals (TXOUT and TXOUT*) 
whose signaling is ECL levels referenced to Vee (logic 
high = + 4.1 V, logic low = + 3.3 V) and a gate signal 
called TXDIS. The IEEE 802.4 standard puts specific 
requirements on the signal transmitted to the cable: 

Between +63 dB and +66 dB (1.0 mV, 75 !1) [dBmV] 
output voltage level. 

Transmitter-off leakage not to exceed -20 dB 
(1.0 mV, 75 !1) [dBmV]. 

Signal transition time window (eye pattern) 
dependent on data rate. 

Because of this, an external amplifier with waveshap
ing is required. The CBM TXOUT/TXOUT* outputs pro
vide complementary signals with virtually no slew, and 
the TXDIS is an enable signal helpful for turning the exter
nal amp off "hard" to meet the low level leakage. 

On the reception side, the CBM requires a pre-amplifier 
to receive the low level signal from the cable. The signal 
available at the "F" -connector can range from + 10 dB to 
+66 dB (1.0 mV, 75 !1) [dBmV]. The signal required at 
the CBM is about 12 dB above this (net gain through the 
transformer, pre-amp, and any filtering). The receiver can 
be used in full differential or single-ended mode. 

A second part of the receiver function is the signal 
detect or carrier detect function. The IEEE 802.4 requires 
that the receiver detect a signal of + 10 dBmV or above 
(i.e., be turned "on") and report Silence for a signal of 
+ 4.0 dBmV or below (i.e., be turned "off"). Therefore, a 
6.0 dB (2:1 voltage ratio) range or window is defined in 
which the signal detect must switch. The CBM is optim
ized for this range (including the pre-amp gain). although 
it is trimmed via an external THRESHOLD. 

The remaining external components are associated 
with clock recovery. A capacitor and resistor (internal R 
also provided) set one-shot timing, and an active filter 
for a PLL used in clock and data recovery is required. The 
active filter can be implemented via an op amp, or if 
5.0 volt operation is required, an alternate charge pump 
design can be used. The clock recovery and data decoder 
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RESET 

RXCLK 

TXDIS 

AMPLIFICATION 
AND 

WAVESHAPING 
~~~~~~~~~~~ 

RECEIVE 
PRE-AMP 

F-CONNECTOR 

q 

Figure 1-5. Functional Block Diagram 

is a synchronous design which provides superior per
formance minimizing clock jitter. 

Although primarily intended for the IEEE 802.4 carrier 
band, the CBM is also an excellent device for point-to· 
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point data links, fiberoptic modems, and proprietary 
LANs. The MC68194 can be used over a wide range of 
frequencies and interfaces easily into different kinds of 
media. 



Symbol 

TXSYMD-TXSYM2 

SMREQ* 

TXCLK 

RXSYMO-RXSYM2 

SMIND* 

RXCLK 

EOTDIS* 

TXOUT,TXOUT* 

TXDIS 

JAB 

RESET 

RXIN,RXIN* 

FDBK,FDBK* 

MC68194 

SECTION 2 
SIGNAL DESCRIPTION 

Type Name/Description 

TTUI* TRANSMIT SYMBOLS - These TTL inputs are request channel signals used to send 
either serial transmission symbols in the MAC mode or commands in station man
agement mode. They are synchronized to TXCLK and are normally connected to the 
TXSYMX outputs of the MC68824. SMREQ* selects the meaning of these signals as 
either MAC mode or management mode. 

TTL/I* STATION MANAGEMENT REQUEST - A TTL input that selects the mode of the 
request channel signals TXSYMX. Synchronized to TXCLK, SMREO* is equal to one 
for MAC mode and equal to zero for management mode. It is normally driven by the 
SMREO* output of the MC68824. 

TTL/O TRANSMIT CLOCK - A TTL clock output generated from the crystal oscillator (it is 
1/4 of the oscillator frequency) used to receive request channel symbols from the 
MC68824. TXCLK is equal to the data rate of the application (5.0 MHz or 10 MHz for 
IEEE 802.4). TXSYMX and SMREO* are synchronized to the positive edge of TXCLK 
which is supplied to the MC68824. 

TTL/O RECEIVE SYMBOLS - These TTL outputs are indication channel signals used to 
provide either serial receive symbols in MAC mode or command confirmation/indi
cation in station management mode. They are synchronized to RXCLK and are nor
mally connected to the RXSYMX inputs of the MC68824. SMIND* selects the meaning 
of these signals as either MAC mode or management mode. 

TTL/O STATION MANAGEMENT INDICATION - A TTL output that indicates the mode of 
the CBM and RXSYMX lines. Synchronized to RXCLK, SMIND* is equal to one for 
MAC mode and equal to zero for management mode. It is normally connected to the 
SMIND* input of the MC68824. 

TTL/O RECEIVE CLOCK - A TTL clock output used to send indication channel symbols to 
the MC68824. Its frequency is nominally equal to the data rate (5.0 MHz or 10 MHz 
for IEEE 802.4). RXCLK is generated from a PLL that is locked to the local oscillator 
during loopback, station management, or the absence of received data. During frame 
reception the PLL is locked to the incoming received data. RXSYMX and SMIND* are 
synchronized to negative edge of RXCLK. 

TTUI* END-OF· TRANSMISSION DISABLE - When low, this TTL input disables the end-of. 
transmission receiver blanking required by the IEEE 802.4 Spec, Section 12.7.6.3. 
When high the blanking works in accordance with the spec requirements. 

ECL/O TRANSMIT OUTPUTS - A differential output signal pair (MECL level referenced to 
Vccl used to drive the transmitter circuitry. The silence or "off" state is both outputs 
one (high). The output data stream is phase-coherent FSK encoded. 

OC TRANSMIT DISABLE -An open collector output used to disable transmitter circuitry. 
This output is high when the transmitter is off (TXOUT and TXOUT* both high). 

TTL/O JABBER - A TTL output signal generated from the jabber-inhibit timer. When equal 
to one, JAB indicates the timer has timed-out and an error has occurred . 

TTL/I* RESET - A TTL input signal that when high asynchronously resets the CBM. 

RECEIVER INPUTS - A differential input signal pair for the receiver amplifier/limiter. 
These inputs may be used differentially or single ended. 

DC FEEDBACK BYPASS - These two points are provided to bypass de feedback 
around the receiver amplifier. 

*All TTL inputs include a 15 kO pullup resistor to Vee-
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Symbol 

THRESHOLD 

GAIN 

CARD ET 

RPW,CPW 

SET-PW 

UP*, DOWN* 

vex 

VCM-C1,VCM-C2 

JAB-RC 

XTAL,1 XTAL2 

Vcc-VCM 

Vcc-TXOUT 

Vcc-OSC 

Vcc·RCV 

Vee 

Vee· TTL 

MC68194 

Signal Description (Cont.) 

Type Name/Description 

0 

0 

THRESHOLD ADJUST - The receiver threshold detect is trimmed with this pin. 

GAIN- This output can be used to monitor the receiver amplifier output signal. Used 
only for test purposes. 

CARRIER DETECT - This output can be used to filter the internal signal that is sampled 
to sense carrier detect. 

PULSE-WIDTH RESISTOR/CAPACITOR-A resistor and capacitor set a one-shot pulse 
width used in the clock recovery circuitry. 

0 PULSE WIDTH Tl;:ST POINT - Output test point used for adjusting clock recovery 
one-shot pulse width. 

ECUO PLL PHASE DETECTOR OUTPUTS - UP* and DOWN* are the pump-up and pump· 
down outputs, respectively, of the PLL digital phase detector. They are MECL levels 
referenced to + 5.0 volts and are used to drive inputs to an active tilter or charge 
pump for the PLL. 

VCM CONTROL - The control voltage applied to the PLL voltage controlled 
multivibrator. 

VCM CAPACITOR - VCM capacitor inputs. VCM frequency is 4X RXCLK. 

JABBER-INHIBIT RC - A resistor-capacitor network connected to this pin sets the 
jabber-inhibit time constant. 

CLOCK CRYSTAL- Oscillator circuit inputs may be used with a crystal or an external 
clock source. Oscillator frequency is 4X data rate. 

VCM POWER - 5.0 ± 5% volts for VCM. 

TXOUT POWER - 5.0 ± 5% volts for TXOUT/TXOUT*. 

OSCILLATOR POWER - 5.0 ± 5% volts for oscillator. 

RECEIVER POWER - 5.0 ± 5% volts for receiver amplifier/limiter. 

LOGIC POWER - 5.0 ± 5% volts for remaining logic. 

TTL POWER - 5.0 ± 5% volts for TTL output buffers. 

GND-TTL, GND-VCM, 
GND-LOGIC, GND-OSC, 
GND-RCV, GND-SUBS, GND 

GROUND- Reference voltage for TTL buffers, VCM, internal logic, oscillator, receiver/ 
limiter, substrate respectively. Two additional grounds are used to isolate signals. 
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SECTION 3 
TRANSMITTER 

3.1 OVERVIEW 

The transmitter function includes the serial interface 
decoder, transmit modulator, transmit buffer, jabber 
inhibit, and clock generator. (Although the clock gener
ator is not used exclusively by the transmit function, the 
generator will be discussed here.) The MC68194 receives 
request channel symbols on the TXSYMX pins which are 
synchronized to TXCLK. As is described in the Serial Inter
face discussion, MAC transmit symbols are input serially 
(CBM in MAC mode), decoded, and used to modulate an 
output signal. The Serial Interface Decoder is used both 
for MAC mode to decode data transmit commands (sym
bols) and management mode to decode management 
commands. The decoded transmit commands or sym
bols are used by the Transmit Modulator to generate 
phase-coherent signaling as discussed in the CBM Gen
eral Description. The transmit buffer receives the mod
ulated signal and drives differential output signals. 

The Clock generator provides TXCLK and internal 
clocks of 2 times (2X) and 4 times (4X) TXCLK. The 4X 
clock is actually the oscillator frequency. These clocks are 
used to receive the TX symbols and generate the mod
ulated signal. 

3.2 TRANSMIT BUFFER 

The modulated transmit data stream drives the 
TXOUT and TXOUT* pins of the MC68194. These pins 
are complementary outputs with closely matched edge 
transitions. This is useful in helping meet the IEEE 802.4 
carrierband requirement for a transmit jitter of less than 
± 1% of the data rate. TXOUT and TXOUT* are gen
erally used to drive a differential amplifier which is used 
to achieve the necessary output level at the cable and 
meet the rise/fall time window (or "eye" pattern) of the 
IEEE 802.4. A third output called TXDIS is available to 
gate the amplifier circuitry on or off. 

The TXOUT and TXOUT* have ECL levels referenced 
to Vee (Figure 3-1 ). Levels are typically 4.11 V for a high 
and 3.25 for a low. Pulldown resistors are required with 
the outputs specified to drive a maximum load of 220 !1 
to ground reference. 

Operation of the transmit outputs is controlled in the 
following manner: 

1. Management mode -- The TX outputs are always 
disabled while the CBM is in management mode. 
When leaving management mode the TX outputs 
remain disabled if a RESET command has been 
issued and an ENABLE TRANSMITTER and DISABLE 
LOOPBACK commands have not been issued. 
Resetting the CBM enables internal loopback and 
disables the transmitter. 

2. MAC (data) mode - After leaving management 
mode, the CBM can function in internal loopback 
(for test) with the transmitter disabled, out of loop
back with transmitter disabled (receive only), or in 
standard data mode with the TX outputs controlled 
by the modulator. 
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I 
I TXDIS 

I 
I 
I Vcc-TXOUT 

TXOUT 

TXOUT' 

RP 

Figure 3-1. Transmitter Outputs 

3. Jabber inhibit activated - If the jabber inhibit fires, 
it forces the CBM into management mode and dis
ables the TX outputs. This condition can only be 
cleared by a reset condition. 

The TXDIS output is an open collector switched current 
source. TXDIS sinks a nominal 0.5 mA when the TXOUT/ 
TXOUT* outputs are enabled. TXDIS is off or high imped
ance when the transmitter is disabled. 

The signaling on the TX outputs and TXDIS is shown 
in Figure 3-2. The "off" or silence condition is both 
TXOUT outputs high and TXDIS also high. The figure 
shows an example of the signal pattern for both leaving 
and entering a silence condition. 

~SILENCE~ 

OFF ND1 ND2 OFF 

TXDIS 

Figure 3-2. Transmit Output Signaling 
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3.3 JABBER INHIBIT 

The jabber inhibit function prevents the transmitter 
from transmitting indefinitely. An external resistor and 
capacitor pair tied to the CBM JAB-RC pin set the max
imum time that the transmitter is allowed to transmit. 
When transmission is attempted for a period longer than 
the specified time, the jabber inhibit function forces the 
transmitter to shut down and alerts the system that this 
has been done by generating a PHYSICAL ERROR indi
cation on the serial interface indication channel. The error 
indication is removed only after a reset has occurred on 
the RESET pin or after a RESET command has been 
received on the station management interface. The ENA
BLE TRANSMITTER and DISABLE LOOPBACK com
mands can then be used to re-enable the transmitter out
puts. While the PHYSICAL ERROR indication is present, 
the normally-low JAB pin of the MC68194 will be high. 
This TTL output may be used to turn off external trans
mitter circuitry or an isolation relay. 

A block diagram of the jabber inhibit function is shown 
in Figure 3-3. When edges are present on the TXDATA 
line, the jabber capacitor is allowed to charge. When the 
transmitter stops transmitting, the capacitor is dis
charged. The circuit looks for any edges in the previous 
16 TXCLKs before deciding whether to charge or dis
charge the capacitor. When the capacitor voltage reaches 
the reference threshold, the comparator switches and the 
jabber output is latched. The jabber output is fed back 
internally and disables the transmitter. This signal is also 
brought out to the JAB pin for use in disabling external 
transmitter circuitry. 

For the IEEE 802.4 spec, the jabber timeout must be 
0.5 sec ± 25%. An RC time constant of 265 millisec. will 
give about a 0.5 sec timeout. The maximum resistor size 
is 125 kfl. Components should be 10% tolerance or better. 
Common values are R = 120 kfl and C = 2.2 µF. 

3.4 CLOCK GENERATOR 

The clock generator is used to generate all of the trans
mit timing, TXCLK, and internal CBM timing for station 
management and loopback. The generator consists of a 
crystal oscillator/buffer that drives +2 and +4 stages. 

The oscillator frequency must be four times (4X) the serial 
data rate. As an example, the IEEE 802.4 5 Mbps carrier 
band (TXCLK = 5.0 MHz) requires an oscillator frequency 
of 20 MHz. The basic circuit is a single transistor Colpitts 
oscillator as shown in Figure 3-4. 

The oscillator is used in one of three modes depending 
on the data rate and the application: 

1. With a parallel-resonant, fundamental mode crystal. 

2. With a parallel-resonant, overtone mode crystal. 

3. With an external clock source. 

The fundamental mode can typically be used up to 
frequencies of about 20 MHz; this is crystal dependent 
and some crystal types can be used as high as 40 MHz. 
Beyond the fundamental mode upper limit, an overtone 
mode crystal is used. An alternative to a crystal is an 
external clock source such as an integrated crystal clock 
to drive the CBM. 

3.4.1 Parallel-Resonant, Fundamental Mode Crystal 

Figure 3-4 shows the external crystal and capacitors 
C1 and C2 used for fundamental mode operation. The 
crystal must be parallel resonant with a maximum series 
resistance of 30 fl. 

This configuration is normally used for the IEEE 802.4 
5 Mbps carrierband standard. The required transmit fre
quency stability is ± 100 ppm (0.01%). It is suggested 
that a crystal with a total frequency tolerance (calibration 
tolerance, temperature variation, plus aging) of± 50 ppm 
to ± 60 ppm be used. The remaining frequency budget 
is reserved for the CBM and other components over tem
perature and power supply variation. 

The series combination of Cl and C2 should be equal 
to the specified crystal load (typically 20 pF or 32 pF). 
Additionally, C1 and C2 should be large enough to swamp 
out the CBM device capacitance. The XTAL 1 input capac
itance is typically 1.5 pF to 2.0 pF, and Cl should be at 
least an order of magnitude greater (Cl > 20 pF). Also, 
Cl must be greater than the crystal load capacitance 
because of the series combination of Cl and C2. Gen
erally the ratio Cl :C2 is from 1: 1 to 3: 1. 

C JAB 
Vcc·-~vvv-----c,_, I-------. 

JAB RC ' __L 

R JAB JAB PIN 

+5V 

TXDATA 

TXCLK ONE OF 16 

PIN 

V REF 

PHYSICAL MANAGEMENT---~ 
OR HARDWARE RESET 

Figure 3-3. Jabber Inhibit Block Diagram 
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For a 20 pF crystal load: 

20 pF = C1C2/(C1+C2) 
and 

C2 = 20 pF [C1/(C1 - 20 pF)] 

Typical values are C1 = 60 pF and C2 = 30 pF. 

It is suggested that best results will be had with close 
tolerance (5%) NPO ceramic capacitors - trimming 
should not be required. If trimming is necessary, a third 
trimming capacitor C3 can be placed in series with the 
crystal. Capacitors Cl and C2 will have to be increased 
in value because the crystal load now becomes Cl and 
C2 and C3 in series. For help in designing the capacitor 
network the user is directed to Design of Crystal and 
Other Harmonic Oscillators, B. Parzen, Wiley, 1983. 

3.4.2 Parallel-Resonant, Overtone Mode Crystal 

Figure 3-4 also shows the network used for overtone 
mode operation. The crystal is still parallel resonant, but 
must be specified for overtone (harmonic) operation at 
the desired frequency. A low series resistance of less than 
30 0 is recommended. 

Vcc-OSC 
r--

1 
I 
I 

OVERTONE FUNDAMENTAL I 
lxTAL le, o--.r--t:-~oAL-,--of 

r ,w--1 r-·~illi 
-= -= -= -= -= GNO.OSC ----

Figure 3-4. Crystal Oscillator Schematic Shows 
Configurations For Both Overtone and 

Fundamental Modes 

Inductor L 1 and capacitor C2 form a tank circuit that is 
parallel resonant at a frequency lower than the desired 
crystal harmonic but above the next lower odd harmonic. 
C3 = 0.01 µF is a de blocking capacitor to ground. At the 
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operating frequency the tank circuit impedance will 
appear capacitive; therefore, the load to the crystal is Cl 
in series with the capacitive reactance of the tank circuit. 

This series combination should be equal to the desired 
crystal load. Typically, C2 will increase in value as com
pared to the fundamental mode situation because of the 
cancelling effects of L 1. Again the user is directed to the 
above reference for optimum selection of components. 

3.4.3 External Clock Source 

Figure 3-5 shows the connection used for a TTL com
patible external clock source. XTAL1 and XTAL2 are tied 
together defeating transistor 01. External resistor R1 = 
2.0 k!l assures a high level greater than 3.0 Vat an input 
current of 800 µA. The TTL driver must be capable of 
sinking 2.5 mA. 

m 
CLOCK 
osc 

2.5mA -
Vee 

CBM 

TO 
~---c.....-ir-f--.-- BUFFER 

20k!l 
~BOO l'A 

GND-OSC 

Figure 3-5. TTL Compatible Clock Source Driving CBM 

The IEEE 802.4 for 5 Mbps or 10 Mbps data rate car
rier band requires a transmit frequency stability of 
± 100 ppm (0.01%). The external clock source must be 
specified for this stability over temperature. 
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SECTION4 
RECEIVER AMPLIFIER/LIMITER WITH CARRIER DETECT 

4.1 OVERVIEW 

The IEEE 802.4 spec provides that the incoming signal 
range for good signal is'+ 10 dB (1:0 111v. 75 O) [dBm VJ 
to + 66 dB (1.0 mV, 75 0) [dBrrlVJ available at the modem 
connector. The IEEE 802.4 further specifies that the 
modem will report silence for any signal below + 4.0 dB 
(1.0 mV, 75 O) [dBmV]. Therefore, the receiver funct[o.n 
must amplify any signal of+ 10 dBmV and above to lim
iting for good data recovery, and the signal detect must 
switch within the +4.0 dBmVto +10 dBmVwindow, that 
is, it must be "off" for +4.0 dBmV and below, and be 
"on" for + 10 dBmV and above. The MC68194 requires 
a pre-amplifier of about 12 dB in front of the onboard 
amplifier and carrier detect function. Clock and data 
recovery are extracted from the amplified/limited incom
ing signal, and the carrier detect is used to control the 
clock and data recovery function based on presence of 
good signal. 

4.2 AMPLIFIER 

Figure 4-1 shows a simple block diagram of the receiver 
amplifier. Internally, dcfeedback is used to bias the ampli
fier, and connection.points FDBK and FDBK* are provided 
to ac bypass the feedback. With both receiver inputs RXl.N 
and RXIN* available, the device can be wired either ft;>r 
differential or single-ended operation. Differential is pre
ferred for low noise. 

An external preamplifier with gain of about 12 dB is 
used with the onboard amplifier. The pre-amp can drive 
the CBM either single-ended or differentially. The 
onboard amplifier output signal is used in two ways. One 
path adds an additional limiter stage and is used to drive 
the clock and· data recovery stages. The second path is 
used to develop carrier detect. ' 

In the signal window where carrier detect must be 
active, the internal amplifier remains in the linear (non
limiting) range. Its output is fullwave rectified, and the 
rectified signal is compared to an onboard threshold that 
is temperature and voltage compensated. The rectified 
signal is also brought out to an external lead called 
CARDET. A capacitor can be added at this pin which com
bines with the series 125 0 resistor to form a low pass 
filter. This filtering is used to knock any high frequency 
noise off of the signal. The output of the comparator is 
a series of pulses (when the signal amplitude is suffi-
ciently large) which are digitally integrated in the internal 
squelch signal. 

4.3 CARRIER DETECTION THRESHOLD 

The carrier detect threshold is internally generated and 
compensated for power supply and temperature varia
tion. The THRESHOLD pin is provided to adjust the 
threshold via an external resistor tied to Vee· 

"-~-------1--C:>OR 
.---1..~---,------t---l~NOR 

}TORXMUX 

(Al Receiver Used in Differential Mode 

PRE·AMP 

L .!.:' Li. kl1 jfil.L fil21S!Q.RS .QU~ Yfil.LIEL _ 
eARDET 

(Bl Receiver Used in Single-Ended Mode 

--, 

Figure 4-1. Receiver Amplifier With Carrier Detect 

Vee 



MC68194 

SECTION 5 
CLOCK RECOVERY 

5.1 OVERVIEW 

The clock recovery circuitry is a key part of the receive 
function providing RX clock, a 2 times (2X) RX clock, and 
a 4 times (4X) RX clock for data recovery and to send 
receive symbols to the MAC. Figure 5-1 is a simplified 
functional schematic of the clock recovery logic. The clock 
recovery is fed by the output stage of the receive ampli
fier. The phase-coherent signal contains frequency com
ponents equal to 1X and 2X the serial data rate. Figure 
5-2 shows an example of timing for a 5 Mb/s serial data 
rate. The RXOUT signal drives a one-shot with a time 
period of 75% of 1/2 bit time; this locks out edges caused 
by the higher frequency component. The one-shot is non
retriggerable and is triggered on both positive and neg
ative going edges. This produces a pulse for every edge 
of the lower frequency. 

The output of the one-shot is divided by 2 to produce 
a 50% duty cycle signal equal in frequency to the lower 
frequency of the phase-coherent signal. In turn, the + 2 
flip-flop output runs through a multiplexer to a phase
locked loop (PLL) system. The multiplexer selects the 
RXOUT signal when carrier detect is present; otherwise 
the local oscillator divided by 4 is selected. 

The PLL system consists of a digital phase detector, an 
active loop filter, a voltage-controlled multivibrator 
(VCM), and a divide-by-4 feedback counter. When in 
phase lock, the output of the divide-by-4 feedback counter 
is locked to the reference clock. In turn, the VCM 4 times 
clock is also aligned with the reference clock as shown 
in Figure 5-2. 

The 4 times clock from the VCM, the 2 times clock, and 
the 1 times clock are all in phase (when the PLL is phase
locked) with the reference clock, and are used to do data 
recovery. Note that the reference clock can be 180° out 
of phase with the bit time boundaries (Figure 5-2). This 
does not affect the 2X and 4X clocks which are used to 
sample the data. However, RXCLK can be out of sync 
with the bit time boundaries and special circuitry in the 
data recovery logic detects and corrects this condition. 

When no valid input signal is available from the receive 
amplifier (carrier detect is not asserted), the multiplexer 
selects the local clock as a reference. This has the advan
tages of: 

1. Supply a RXCLK when no data is present. 

2. Holding the PLL in frequency lock so that only phase
lock must be achieved when switching to the RX 
signal. 

3. Providing a smooth transition for RXCLK when mov
ing from the local oscillator (at the beginning of a 
frame) and vice versa (at the end of a frame). The 
PLL acts as an integrator. 

The IEEE 802.4 provides a PAD-IDLE or training signal 
at the beginning of any transmission. The PAD-IDLE for 
phase-coherent FSK is an alternating one and zero pat
tern, and the PLL is capable of being locked-in well within 
the 24 bit times (3 octets). The design goal is to be locked
in within 12-16 bit times. Data recovered during this 

I LOCAL 
I osc + 4 

I RXOUT 

I 
I 
I 
I 
I 
I 
L 

CBM 

..------- 2X CLOCK 

q----...--- 4X CLOCK 

Figure 5-1. Clock Recovery Logic J 

lockup time at the beginning of a transmission can be 
invalid because the PLL clocks are not sync' ed. As a result 
the data recovery logic forces silence for 17-18 bit times 
after the carrier detect switches the reference clock (via 
the multiplexer) at the beginning of a received 
transmission. 

5.2 ONE-SHOT 

As previously stated, the one-shot is used to lock out 
the transitions due to the higher frequency component 
of the phase-coherent signal. The one-shot is non
retriggerable and fires off both edges of the incoming 
RXOUT signal. The time period should be set to 75% 
of half the bit time. As an example, the 5 Mb/s data rate 
has a 200 nsec bit time and the one-shot period then 
has a period of 75 nsec. 

"'1" "O" 

c;1r·1 
RX OUT 

75% Of 112 ---h 
BIT TIME -.j" !+
ONE-SHOT 

REFCLKl+2) 
!SEE NOTE BELOWJI 

VCM (IN LOCK) 
14X BIT RATE) 

ND PAIR 

"1" "O" ~ 

I I 

NOTE: Ref clock can also be 180° out of phase with bit time. 

Figure 5-2. Clock Recovery Timing Signals 
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Figure 5-3 shows the arrangement of the external tim
ing capacitor and resistor. The internal resistor R1NT may 
be used with or without an external resistor. A test pin 
is also provided (SET-PW) to monitor the pulse width. 

For 5 Mbps operation, typically Rpw = 1.5 k!l and Cpw 
= 33 pF. 

CBM __ _,l,_c_,PW,._.~v 
I 
I 
I 

R1NT = 300!1 I 

NE::11·",.i-- -;._J 
ONLY REXT 
FOR 

TEST 

-= 
I-PW-! 
~ 600mV 

Figure 5-3. One-Shot Timing Components 

5.3 PHASE-LOCKED LOOP (PLL) COMPONENTS 

The PLL consists of a digital phase detector (PD), an 
active loop filter, a VCM, and a divide-by-4 feedback path. 
Figure 5-4 shows the fundamental elements of the PLL 
with their gain constants. The basic PLL allows the output 
frequency /o to be "locked-on" to the input frequency /i 
with a fixed phase relationship and to track it in fre
quency. When "in lock" the inputs to the phase detector 
have zero phase error. The input frequency is referenced 
to / 0 14. 

A PLL follows classic servo theory and equations. In 
the following discussion a working knowledge of a PLL 
is assumed. For more background and applications infor
mation on PLL, the user is directed to Motorola Appli
cation Note AN535. 

0;1s) 

001sl14 

fo/4 

PHASE 
DETECTOR 

Kp 

0elsl FILTER 

Kt 

+4 
Kn 

0e(s) = ( 1 I [ 1 + G(s) H(s)] ) 0i(s) 
0 0 (s) = ( G(s) I [ G(s) H(s)] ) 0i(s) 

where: 

VCM lo 

G(s) = Kp Kj K0 H(s) = Kn Kn = 1 IN = 1/4 

Reference: Motorola App Note AN535 

Figure 5-4. PLL Elements and Loop Equations 
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5.3.1 Phase Detector (PD) 

The phase detector produces a voltage proportional to 
the phase difference between 0i(s) and 0 0 (s)/4. This volt
age after filtering is used as the control signal for the 
VCM. The PD has pump-up UP* and pump-down DOWN* 
outputs with a typical 800 mV logic swing. UP* produces 
a low level pulse equal in width to the amount of time 
the positive edge of 0i (REF CLOCK) leads the positive 
edge of 0 0 /4 (VCM/4). DOWN* produces a low level pulse 
equal in width to the amount of time the positive edge 
of 0i lags 0 0 /4. Both pulses will not occur on the same 
clock cycle as 0 0 /4 must either lead or lag 0iwhen the 
PLL is out of lock. When in-lock, both outputs produce a 
very narrow pulse or negative spike. 

The gain of the phase detector is equal to (reference 
Motorola app.note AN532A): 

Kp = (Logic swing)/2,,. = 800 mV/2,,. = 0.127 V/radian 

5.3.2 Voltage Controlled Multivibrator (VCM) 

The operating frequency range of the VCM is deter
mined by the capacitor tied to pins VCM-C1 and VCM
C2. The capacitor should be selected to put the desired 
operating frequency in the center of the VCM tuning 
range. 

The transfer function of the VCM is given by: 

K0 = Kvis 

where Kv is the sensitivity in radians per second per 
volt. Kv is found by: 

Kv [(Upper frequency limit)- (Lower frequency limit)]2,,. 
(Control voltage tuning range) 

= 2,,. (l!i./)/t.Vcx rad/sN 
then 

K0 = 2,,. (l!i./)/(l!i.Vcxls rad/sN 

5.3.3 Loop Filter 

Since a Type 2 system is required (phase coherent out
put, see reference AN535), the loop transfer function of 
Figure 5-4 takes the form: 

G(s) H(s) = [K (s +a)] I s2 

Writing the loop transfer function (from Figure 5-4) and 
relating it to the above form: 

G(s) H(s) = [KpKvKnKj] Is = [K (s+ a)] I s2 

Having determined Kp, K0 , and that Kn = 1/4 then Kj 
(filter transfer function) must take the form: 

Kt= (s+a) Is 

An active filter of the form shown in Figure 5-5A gives 
the desired results, where: 

Kt= (R2Cs+1) I R1 Cs (for large A) 

The active filter can also be implemented as shown in 
Figure 5-58 using an alternate approach of a charge 
pump. The advantage of the charge pump design is that 
it can be implemented using only a single 5.0 volt supply. 
Its transfer function is: 

Kt = (RC s + 1) I C s 
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Rz 

Figure 5-5A. Active Filter Using Op Amp 

Vee 

ON' 

vex 

Figure 5-58. Charge Pump/Filter 

5.3.4 Loop Characteristics 

H an active filter as shown with an op amp is used, the 
general PLL loop transfer function now becomes: 

G(s) H(s) = Kp Kt K0 Kn 
= Kp [(R2 C s+1) I R1 Cs] (Ky/s) (1 IN) 

Its characteristic equation is set to the form: 

C.E. = 1 + G(s) H(s) = 0 
= s2 + (Kp Kv R2J s I (R1 N) + (Kp Kvl I (R1 C N) 

Relating to the standard form (s2 + 2?wns + wn2) and 
solving: 

wn2 = (Kp Kv) I R1 C N 2?wn = (Kp KvR2) I R1 N 
where 

wn = Natural frequency 
? = damping factor. 

Ha charge pump loop filter is used, the general PLL loop 
transfer function alternately becomes: 

G(s) H(s) = Kp Kt K0 Kn 
= Kp[(R Cs + 1) IC s] (Kv Is) (1 IN) 

Its characteristic equation is set to the form: 

C.E. = 1 + (Gs) H(s) = 0 
= s2 + (Kp Kv R) s I (N) + (Kp Kvl I (C N) 

Relating to the standard form (s2 + 2?wns + wn2) and 
solving: 

wn2 = (Kp Ky) I C N 2(wn = (Kp Kv R) I N 

SECTION 6 
DATA RECOVERY 

6.1 OVERVIEW 

The RXOUT signal from the receive amplifier and 
clocks generated by the clock recovery logic are used by 
the data recovery logic. The MC68194 recovers the data 
from the encoded receive signal by opening sampling 
windows around the 1/4 and 3/4 bit time positions and 
looking for edges in the received signal (refer to Figure 
6-1 for the encoded data representations). A data ONE 
has transitions only at the 0 and 1/2 bit time positions. A 
data ZERO has transitions at the 0, 1/4, 1/2, and 3/4 bit 
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i-- BITTIME ~ 

I 10.51 I 
0 0.25 0.75 
I ONE ZERO ND1 ND2 

Figure 6-1. Encoded Data Representation 
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time positions. A NON-DATA symbol has transitions at 
the 0, 114, and 1/2 bit time positions (ND1) or .at the 0, 
1/2, and 3/4 bittime positions (ND2). NON-DATA symbols 
should always occur in pairs; each pair is made up of 
one of each type of NON-DATA encoded symbols as 
shown in Figure 6-2 (ND1 followed by ND2). 

ONEs, ZEROs, and NON-DATA pairs can be easily 
decoded by keeping track of the 1/4 and 3/4 bit time posi
tion transitions. The ONEs, ZEROs, and NON-DATA pairs 
are then reported on the RXSYMX pins as described in 
the serial interface discussion. Two other conditions can 
also be reported while receiving in MAC mode - BAD 
SIGNAL and SILENCE. BAD SIGNAL is reported when a 
ND1 symbol is not followed immediately by a ND2 sym
bol or when a ND2 symbol is received and not immedi
ately preceded by a ND1 symbol. 

SILENCE is reported when one of four conditions 
occurs: 

1. When the amplitude of the received signal is not 
large enough to trigger the on-chip carrier detect 
circuit. Reporting SILENCE when the carrier detect 
signal is not asserted prevents the chip from 
responding to low level noise. 

2. When in internal loopback mode and SILENCE is 
being requested on the TXSYMX pins, SILENCE will 
be reported on the RXSYMX pins. An internal digital 
carrier detect is used during loopback and this signal 
is negated when SILENCE is requested on the 
request channel. 

3. During the PLL training period at the beginning of 
a transmission. When an incoming signal first trig
gers the carrier detect in the amplifier, the PLL must 
lock to the new reference clock (generated from the 
data stream). During the lockup time, recovered data 
may not be valid. The data recovery logic forces 
SILENCE for a fixed period of time (17-18 bittimes). 

4. During end-of-transmission blanking. See Section 
6.2. 

The PAD-IDLE at the beginning of a transmission is 
used as a training signal as described in the clock recov
ery section. After the PLL has achieved lock, the 
recovered clock at this point may be in phase or 180° out 
of phase with the bit time clock at the sending end. This 
creates a problem for RXCLK and the data recovery logic 
because symbols would be decoded as the wrong com
bination of 1/2 bit time transitions. 

Logic in the data recovery circuitry corrects for this 
situation. If the clock is 180° out of phase, the PAD-IDLE 
sequence (ONE, ZERO, ONE, ZERO, ONE, ... ) will be 
decoded as a sequence of NON-DATA symbols. Refer to 
Figure 6-2. In normal data reception, NON-DATA symbols 
occur only in pairs; there are never three or more in a 
row. Therefore, three or more NON-DATA symbols occur
ring in a row indicate that the bit time clock is 180° out 

G 
PAD-IDLE 
SE OU ENCE 

BITTIME 
CLOCK IN 
PHASE 

BITTIME 
CLOCK 11!0" 
OUT OF 
PHASE 

ONE 

ND2 

ZERO ONE ZERO 

NDl ND2 

Figure 6.2 Training Sequence Decoded With In-Phase 
and Out-Of Phase Clocks 

BITTIME 
1--1 

I ND2 I NDl I ND2 I NDl I ZERO I ONE I ZERO I ONE I ZERO I 

NON DATA INDICATOR ._I ---------

DATA CLOCK 
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CLOCK SLIPPED 
112 BIT TIME 

Figure 6-3. Clock Slip To Bring In Phase With 
Data Stream 

of phase and the bit time clock (RXCLK) must be slipped 
as shown in Figure 6-3. The clock frequency and phase 
have now been recovered and symbol decode proceeds 
as described above. 

6.2 RECEIVER END-OF-TRANSMISSION BLANKING 

The IEEE 802.4 requires that the physical layer recog
nize the end of a transmission and report silence to the 
MAC for a period thereafter. This period of silence is 
referred to as blanking and must meet the following 
conditions: 

1. Blanking must begin no later than 4 MAC-symbol 
times afterthe last MAC-symbol of the End Delimiter 
(i.e., the last End Delimiter of the transmission). 

2. Blanking must continue to a point at least 24 MAC
symbol times but not more than 32 MAC-symbol 
times from the last MAC-symbol of the End 
Delimiter. 

The MC68194 provides this function by recognizing the 
last End Delimiter of a transmission (I Bit = 0, see Section 
1.3). The Cl3M reports silence for 32 symbols after the 
last symbol of the End Delimiter. 

The blanking function can be disabled for test purposes 
or non-IEEE 802.4 applications via the EOTDIS* input. 
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SECTION 7 
SERIAL INTERFACE 

7.1 OVERVIEW 

The serial interface is composed of the Physical Data 
Request Channel and the Physical Data Indication Chan
nel. The serial interface is used to pass commands and 
data frames to and from the CBM. 

7.2 PHYSICAL DATA REQUEST CHANNEL 

Five signals comprise the physical data request chan
nel. Three of these signals (TXSYM2, TXSYM1 and 
TXSVMO) are multiplexed and have different meanings 
depending on the mode of SMREO*. When SMREO* is 
equal to one, the MAC mode is selected. When SMREO* 
is equal to zero, the physical layer management mode is 
selected. 

7.2.1 TXCLK - Transmit Clock 

The transmit clock can be from 1.0 to 1 O MHz. TXSYM2, 
TXSVM1, TXSYMO and SMREO* are synchronized to 
TXCLK. The IEEE 802.4 standard for carrier band allows 
for 5.0 or 10 MHz clocks. 

7.2.2 SMREQ* - Station Management Request 

SMREQ* directs the physical layer to be in MAC or 
physical layer management mode. In MAC mode 
SMREO* = 1 and in management mode SMREO* = 0. 

7.2.3 TXSVMO. TXSVM1, and TXSYM2 - Transmit 
Symbols 

In physical layer management mode TXSVM2, 
TXSYM1 and TXSVMO have the meanings shown in Fig
ure 7-1. 

State TXSYM2 TXSYM1 TXSYMO 

RESET 1 1 1 
DISABLE LOOPBACK 1 0 1 
ENABLE TRANSMITTER 0 1 1 
SERIAL SM DATA/IDLE 0 0 0/1 

Figure 7-1. Request Channel Encoding for Physical 
Management Mode (SMREQ* = 0) 

The CBM supports only four station management com
mands (RESET, LOOPBACK DISABLE, ENABLE TRANS
MITTER and IDLE) encoded on lines TXSYM2, TXSYM1 
and TXSYMO. The CBM does not support the SMDATA 
commands, but responds with a "NACK". In MAC mode, 
the encoding for TXSYM2, TXSYM1, and TXSYMO are 
shown in Figure 7-2. 

Symbol 

ZERO 
ONE 
NON-DATA 
PAD-IDLE 
SILENCE 

Where: 
ZERO is binary zero. 
ONE is binary one. 

TXSVM2 

0 
0 
1 
0 
1 

TXSVM1 TXSVMO 

0 0 
0 1 
0 x 
1 x 
1 x 

NON-DATA is a .delimiter flag and is always present in 
pairs.· 
PAD-IDLE is one symbol of preamble/interframe idle. 
SILENCE is silence or no signal. 

Figure 7-2. Request Channel Encoding For MAC Mode 
(SMREQ* = 11 

7.3 PHYSICAL DATA INDICATION CHANNEL 
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Five signals comprise the physical data indication 
channel. Three of these signals (RXSYM2, RXSYM1 and 
RXSYMO) are multiplexed and have different meanings 
depending on the state of SMIND*. When SMIND* is 
equal to one, the physical layer is in MAC mode and when 
SMIND* is equal to zero, the physical layer is in man
agement mode or an error has occurred. 

7 .3.1 RCXLK - Receive Clock 

The receive clock can be from 1.0to 10 MHz. RXSYM2, 
RXSYM1, RXSYMO, and SMIND* are synchronized to 
RXCLK. The IEEE 802.4 standard for carrier band networks 
allows 5.0 or 10 MHz clocks. 

7.3.2 SMIND* - Station Management Indication 

SMIND* indicates whether the physical layer is in MAC 
mode (SMIND* = 1) or management mode (SMIND* = 
0) of operation. When in MAC mode of operation, the 
physical layer has RXSYM2, RXSYM1, and RXSYMO 
encoded indicating data reception. When in management 
mode of operation, the physical layer RXSYM2, RXSYM1 
and RXSYMO are encoded to confirm response to 
received commands or to indicate a physical error (jabber 
inhibit). 

7.3.3 RXSYMO, RXSYM1 and RXSYM2 - Receive 
Symbols 

The encoding for RXSYM2, RXSYM1, and RXSYMO in 
physical management mode is shown in Figure 7-3: 

State RXSYM2 RXSYM1 RXSVMO 

NACK (non-acknowledgement) 1 0 . 
ACK (acknowledgement) 0 1 . 
IDLE 0 0 1 
Physical Layer Error 1 1 1 

*Indicates RXSYMO contains the SM RX data when responding to .a 
serial data command. 

Figure 7-3. Indication Channel Encoding For Physical 
Management Mode ISMIND* = 0) 

The encoding of RXSYM2, RXSYM1, and RXSYMO in 
MAC mode is shown in Figure 7-4. 

Symbol RXSYM2 

ZERO 0 
ONE 0 
NON-DATA 1 
SILENCE 1 
BAD SIGNAL 0 

Where: 

ZERO is the received data zero. 
ONE is the received data one. 

RXSYM1 RXSVMO 

0 0 
0 1 
0 x 
1 x 
1 x 

NON-DATA is a delimiter flag and is always present in 
pairs. 
SILENCE is silence or no signal. 
BAD SIGNAL is received bad signal. 
X = Don't care. 

Figure 7-4. Indication Channel Encoding For MAC 
Mode (SMIND* = 11 

• 
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SECTION 8 
PHYSICAL MANAGEMENT 

8.1 OVERVIEW 

The MC68194 supports four physical management 
commands on the request channel: RESET, DISABLE 
LOOPBACK, ENABLE TRANSMITTER, and IDLE. The 
serial data station management commands are not 
implemented in the MC68194. These unimplemented 
commands are typically used to set up and read registers 
or control bits within a more complex modem. The CBM 
does not have registers and does not require the 
SMDATA commands. Upon reception of a SMDATA com
mand, the CBM will respond with a NONACKNOW
LEDGEMENT (NACK) and a response byte in accordance 
with the IEEE DTE-DCE Interface Standard. The data in 
the response byte is all ZEROs. Receipt of a RESET, DIS
ABLE LOOPBACK, or ENABLE TRANSMITTER command 
will abort the SMDATA response. 

8.2 RESET 

The RESET command performs the same function as 
the RESET pin; the internal loopback mode is enabled, 
the transmitter outputs are disabled and TXDIS is ena
bled, and the jabber inhibit timeout is cleared. In addition 
the RESET command will generate an ACKNOWLEDGE
MENT response (ACK) on the RXSYMx pins. 

The RESET pin is an asynchronous function. When 
taken high it resets the CBM as described above leaving 
the CBM ready to respond to the physical data request 
channel. 

NOTE: For the MC68194 to respond properly to com
mands after a hardware reset, the request channel must 
either be in MAC mode upon exiting the hardware reset 
or the request channel must go to MAC mode briefly 
before going to management mode. If the MC68194 is in 
management mode upon exiting the hardware reset, it 
remains reset and does not recognize the command 
because it is waiting for a MAC mode to management 
mode transition. This situation can be corrected by either 
exiting hardware reset with the request channel in MAC 
mode or putting the request channel in MAC mode briefly 
before issuing any management commands. See Section 
8.6 for command response timing. 

8.3 INTERNAL LOOPBACK 

The internal loopback mode is provided for testing the 
CBM. In this mode a multiplexer selects the internal trans
mitter signal to drive the clock recovery and data recovery 
portions of the receive circuitry. This transmit signal is 
taken just prior to the output buffer stages of the trans
mitter circuit. 

The loopback mode can only be selected via RESET 
(management command or external pin). Loopback 
mode is exited upon receipt of the management com
mand DISABLE LOOPBACK. The CBM win respond with 
ACK to this command. 

A normal sequence of events to test the CBM then 
would be: 

1. Initialize the CBM via a RESET command or hard
ware reset. 
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2. Return to MAC mode and send test data. The CBM 
is full duplex. 

3. In management mode, send DISABLE LOOPBACK 
command to exit loopback. 

Following the test the modem can be setup for standard 
operation. 

8.4 STANDARD OPERATION 

Standard operation requires that the transmitter be 
enabled as well as disabling loopback. The transmitter is 
automatically disabled on RESET. Three things must hap• 
pen after a RESET before transmissions can begin: 

1. Loopback mode must be exited with the DISABLE 
LOOPBACK command. The MC68194 responds to 
this command with the ACK management response. 

2. The transmitter must be activated with the ENABLE 
TRANSMITTER command. The MC68194 responds 
to this command with the ACK management 
response. 

3. The MC68194 must exit the management mode and 
enter the MAC data mode. 

The CBM is now ready to send and receive data, i.e., 
the CBM is in MAC or data mode, loopback is disabled, 
and the transmitter is enabled. 

8.5 IDLE 

The CBM provides the IDLE response when an IDLE 
management command is received. In addition, the IDLE 
response is returned for all invalid, as opposed to unim
plemented (SMDATA) commands. 

8.6 COMMAND RESPONSE TIMING 

The MC68194's management command/response 
operation is: 

1. ACK response to RESET, DISABLE LOOPBACK, and 
ENABLE TRANSMITTER within 2 clock periods. As 
shown in Figure 8-1, the precise response time 
depends on the relative phase of the TXCLK and the 
RXCLK signals. If they are in phase, the response 
will be available at the RXSYMx pins 1.5 clocks after 
the command is latched. If the clocks are 180" out 
of phase, the delay will be 2 clocks. The command 
should be held on the TXSYMX pins until the 
response is received on the RXSYMX pins. 

2. The IDLE command and all invalid commands will 
produce the IDLE response with the same delay as 
described above. 

3. The SMDATA command response timing is shown 
in Figure 8-2. The NAK response to the SMDATA 
command is available on the RXSYMX pins in 2.5 
or 3 clock periods depending on the relative phases 
of the TXCLK and RXCLK signals. When NAK 
becomes valid, RXSYMO is low creating a start bit 
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for the response byte. NAK is held for 9 clock periods 
with RXSYMO low (start bit plus 8 ZERO data bits). 
NAK is held for one additional clock with RXSYMO 
high. This is the stop bit and mark the end of the 
SMDATA response byte. 12.5 or 13 clock periods 
after receiving the SMDATA command the NAK 
response is removed. 

In management mode, RXCLK is always locked to 
TXCLK. These clocks may be in phase or 180° out of phase 
as discussed above. This uncertainty exists because the 
clock recovery PLL can lock to either phase of the local 
clock. The response delays relative to TXCLK may there
fore differ by 112 clock period. The MC68194 must leave 
management mode, enter MAC mode, and return to man
agement mode for a phase change to occur. The relative 
phase of the two clocks will not change while in man
agement mode. 
Because the clock recovery PLL requires a training 

period when first entering management mode, the PLL 

TXCLK 

TXSYMx 

RXCLK 111 
IN PHASE 

RESPONSE 111 
RXSYMx 

RXCLKl21 
OUT OF PHASE 

RESPONSE 121 
RXSYMx 

must have sufficient time to lock to the new clock source 
(TXCLK) before being required to provide a response. To 
provide enough time for the PLL to lock up, the MC68194 
delays 16.5 to 17 clock periods before entering station 
management mode (SMIND* = O) after the station man
agement mode is selected (SMREQ* = 0). Refer to Figure 
8-3 for the timing diagram. During this delay, the MAC 
mode SILENCE response will be present on the RXSYMX 
pins. 

Users must be aware that when first requesting man
agement mode there will be this added delay before the 
mode is entered and a response is available. If a man
agement command is sent along with the station man
agement mode request (SMREQ* = 0) and held on the 
TXSYMX pins until the CBM enters station management 
mode, the proper response will be available on the 
RXSYMX pins immediately except in the case of SM DATA 
commands. SMDATA commands must not be requested 
on the TXSYMX pins until after SMIND* indicates that 
station management mode has been entered. 

Figure 8-1. Parallel Command Response Time 

TXCLK 

SMREO' 
RXCLK 111 
IN PHASE 

SMIND' (11 

RXCLKl21 

TXCLK 

TXSYMx 

RXCLK 111 
IN PHASE 
RESPONSE 111 
RXSYMx 

RXCLKl21 
OUT OF PHASE 

RESPONSE 121 

VALID SMDATA RESPONSE 
j.-.\.--e ZERO DATA BITS----+.J 

START STOP 
BIT BIT 

RXSYMx VALID SMDATA RESPONSE 
~8ZERO DATA Brrs-.f+.I 

START STOP 
BIT BIT 

Figure 8-2. SMDATA Command Response Time 

OUT OF PHASE 

SMIND' 121 

Figure 8-3. Station Management Request 
Response Time 

7-19 

• 



• 

MC68194 

SECTION 9 
MC68194 CARRIER BAND MODEM 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Limits Beyond Which Device Life May Be Impaired) 

Characteristic 

Supply Voltage 

TTL Input Voltage 

TTL Output Voltage (Applied to output HIGH) 

ECL Output Source Current 

Storage Temperature 
Cerquad 

Junction Temperature 
Cerquad 

GUARANTEED OPERATING RANGES 

Characteristic 

Supply Voltage 

Operating Temperature (Cerquad in still air) 

DC ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min 

TTL INPUTS (TXSYMO-TXSYM2, SMREQ*, RESET, EOTDIS)t 
(TA= o-10°c, Vee= 5.o Vdc ± 5%) 

Input HIGH Voltage V1H 2.0 

Input LOW Voltage V1L 

Input HIGH Current l1H 

Input LOW Current l1L 
t Alt TTL inputs include a 15 k~ohm pullup resistor to Vee. 
TTL OUTPUTS (TXCLK, RXSYMO-RXSYM2, SMIND*, RXCLK, JAB) 
<TA = o-1o·c. Vee = 5.o Vdc ± 5%) 

Output HIGH Voltage VoH 2.7 

Output LOW Voltage VoL 

Output HIGH Current loH 

Output LOW Current IOL 

ECL OUTPUTS (TXOUT, TXOUT*) 
ITA = 25°C. Vee = s.o Vdcl 

Output HIGH Voltage VoH 

Output LOW Voltage VoL 

OPEN COLLECTOR OUTPUT (TXDIS) 
ITA = 25°C, Vee = s.o Vdcl 

Output LOW Current loL 450 

Output HIGH Leakage Current loH 

Limits 

Typ 

4.10 

3.28 
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Symbol 

Vee 

V1N 

VouT 

lout 

Tstg 

TJ 

Symbol 

Vee 

TA 

Max Unit 

Vdc 

0.8 Vdc 

20 µ.A 

-0.7 mA 

Vdc 

0.5 Vdc 

-0.4 mA 

8.0 mA 

Vdc 

Vdc 

550 µ.A 

50 µ.A 

Value Unit 

0 to + 7.0 Vdc 

Oto +5.5 Vdc 

o to +5.5 Vdc 

50 mAdc 

-55 to + 165 ·c 

165 ·c 

Value 

Min Typ Max Unit 

4.75 5.0 5.25 Vdc 

0 25 70 ·c 

Test Conditions 

Vee = MAX. V1N = 2.7 Vdc 

Vee = MAX, V1N = 0.4 Vdc 

Vee = MIN, loH = MAX 

Vee = MIN, loL = MAX 

Rpulldown = 220 n 
Rpulldown = 220 n 

VOL = 3.0 Vdc 

VoH = 5.0 Vdc 



DC ELECTRICAL CHARACTERISTICS - continued 
OTHER PARAMETERS 
(TA = 25'C, Vee = 5.0 Vdc) 

POWER SUPPLY DRAIN CURRENT 

Characteristic Symbol 

Power Supply Drain Current Ice 

RECEIVER (SINGLE-ENDED OPERATION) 

GAIN Output Voltage HIGH GvoH 

GAIN Output Voltage LOW GvoL 

Input Signal (for limiting) RV1N 

Detected Threshold Vthres 

PHASE DETECTOR OUTPUTS (UP*, DOWN*) 

Phase Detector Output Voltage HIGH PDvoH 

Phase Detector Output Voltage LOW PDvoL 

VCM 

VeM Oscillator Fosc1 

Frequency Fosc2 

VCM Tuning Ratio TR 

VCX Tuning Range Vex 
Vex 

ONE-SHOT 

SET-PW Output Voltage HIGH PWvoH 

SET-PW Output Voltage LOW PWvoL 

Timing Current IT 

Internal Resistor Rint 

Timing Reference Voltage Vref 
(measured at RPW pin) 

External Timing Resistor REXT 

External Timing Capacitor CEXT 

JABBER TIMER 

RC Threshold High JABv1H 

RC Output Vol JABvoL 

Jabber Resistor RJAB 

Jabber Capacitor CJAB 

CRYSTAL OSCILLATOR 

Input HIGH Voltage 

Input LOW Voltage 

MC68194 

Limits 

Min Typ Max Unit Test Conditions 

220 270 mA No outputs loaded, TTL inputs 
open. 

4.2 Vdc loH = 5.0 mA 

3.6 Vdc loL = 5.o mA 

+17 dBmV GAIN output = 600 mV 

+18 dBmV RTHRES = 120 kn to Vee 

4.0 Vdc IOH = 10 mA 

3.3 Vdc loL = 10 mA 

40 MHz Cvcm = 24 pF, RXeLK = 5.0 MHz, 
vex = 3.6 Vdc 

20 MHz Cvcm = 68 pF, RXCLK = 10 MHz, 
vex = 3.6 Vdc 

4.0 

2.6 4.6 Vdc 

4.2 Vdc loH = 5.0 mA 

3.6 Vdc loL = 5.o mA 

0.8 4.0 mA 

300 Ohms 

1.2 1.3 1.4 Vdc IT= 0.8 mA 

1.5 kn For 5.0 Mb/s data rate. 

33 pF For 5.0 Mb/s data rate. 

4.25 Vdc l1N = 5.0 µA Max 

0.4 Vdc loL = 10 mA 

120 125 kn For 0.5 sec timing 

2.2 µ.F For 0.5 sec timing 

2.0 Vdc XTAL1 & XTAL2 tied together • 3.0 Vdc XTAL 1 & XTAL2 tied together 
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AC ELECTRICAL CHARACTERISTICStt 
(TA = 0-70'e. Vee = 5.0 Vdc ± 5%) 

Characteristic Symbol 

TXeLK Period ITXperiod 

RXeLK Period IRXperiod 

TTL Rise/Fall Time ITTL± 

TXSYMX, SMREQ* Setup Time 
(to TXeLK) 

tsetup 

TXSYMX, SMREQ* Hold Time lhold 
(to TXeLK) 

RXSYMX, SMIND* Delay Time 
(to RXeLK) 

IRXSYM delay 

XTAL-1,2 to TXeLK Delay ITXeLK delay 

TXOUT, TXOUT* Rise/Fall Time tTXOUT± 

UP*, DOWN* Rise/Fall Time IPD± 

TXDIS Rise/Fall Time tTXDIS± 

tt See Figure 9-2 for AC test load . 

MC68194 

Limits 

Min Typ Max Unit Test Conditions 

180 200 220 @ 5.0 MHz, Figure 9-1A. 

180 200 220 @ 5.0 MHz, PLL locked to TXeLK, 
Figure 9-1 B. 

4.0 ns Figure 9-1A. 

15 25 ns Figure 9-1A. 

-9.0 0 ns Figure 9-1A. 

0 2.5 5.0 ns Figure 9-1 B. 

18 ns Figure 9-1e. XTAL 1 and XTAL2 tied 
together and driven with external 
source. 

1.5 ns Rpulldown ~ 500 l1 

1.5 ns Rpulldown ~ 500 l1 

35 ns 2.0 kn pullup to Vee. Do not use 
Figure 9-2 test load. 
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RXSYMO-RXSVM2, 
SMREQ• 

MC68194 

TXCLK 

(Al TXSYMX, SMREO* Setup and Hold Timing to TXCLK 

RXSYMO-RXSVM2, 
SMIND' 

1.5V 

__, 'RXSYM delay 

RXC----LK -i-15V -~ i15V 

~'RXpenod~ 
(Bl RXSYMX, SMIND* Delay Timing to RXCLK 

XTAL1, XTAL2 2·5 V 

~ 1,~"·'• 
TXCLKJ1.5V--\,___ _ __..Jr 

(Cl TXCLK Delay Timing to XTAL1, XTAL2 

Figure 9-1. AC Test Waveforms 

CBM 1---------------0------"u TESTPDINT 

15pJ1 
INCLUDES JIG AND PROBE 
CAPACITANCE ~ 

500 !l 

Figure 9-2. TTL, TXOUT, TXOUT*, Up* & Down* AC Test Load 
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Figure 9-3. One Shot Pulse Width versus Rext/Cext 
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Figure 9-5. VCM Frequency versus Capacitance 
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Figure 9-4. VCM Frequency versus Control Voltage 
!Vee = 5.0 Vdc & c = 68 pFl 
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Figure 9-6. Detected Threshold versus Threshold Resistor 
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Figure 9-7. Jabber Time Constant versus Capacitance 
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