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= MICRO NETWORKS

MN7150-8
MN7150-16

8 and 16-CHANNEL
DIP-PACKAGED, 12-Bit
DATA ACQUISITION SYSTEMS

FEATURES
e Complete DAS:
Multiplexer
Address Counter
Instrumentation Amp
Track-Hold Amp
12-Bit A/D Converter
3-State Output Buffer
Timing and Control Logic
* 8 Differential or 16
Single-ended Input Channels
¢ Instrumentation Amplifier
Gains from 1 to 1000
* Random or Sequential
Addressing
* 50,000 Channels/sec
Guaranteed Throughput
¢ Small 62-Pin Package
¢ Full Mil Operation
-55°C to +125°C
MIL-H-38534 Optional

62 PIN PACKAGE

0.020(0.51}
PN - r‘ Go0rEa
3 1

0040 (1 02)

227557 79) 2000150801

232559 06)
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I 0100(254)

1.380(35.05) 0018 0.46)
142036071 0.0220.56)
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0205 (5.21)

LOd0] ey

nH N 02104533

N i 024006101

| m le0100258 e | 0100258

e 1,900 (27 94)
Dimensions in Inches
(millimeters)

DESCRIPTION

MN7150-8 and MN7150-16 are complete, single-package, 12-bit
data acquisition systems. Built with contemporary hybrid con-
struction techniques, each system contains: an overvoltage pro-
tected (x35V) input multiplexer; a multiplexer channel-address
latch/counter; a high-impedance (108Q) instrumentation amplifier
that can have its gain set from 1 to 1000; a high-speed (10usec
max acquisition time) track-hold amplifier with hold capacitor; a
high-speed (10usec max conversion time) 12-bit A/D converter
with 3-state output buffer; a 10 Volt buffered reference; and all
timing and control logic necessary to operate the system with a
single strobe command. The MN7150-8 offers 8 differential input
channels; while the MN7150-16 offers 16 single-ended input
channels. Both devices guarantee minimum throughput rates of
50,000 channels/sec.

The gain of MN7150’s internal instrumentation amplifier is set
anywhere from 1 to 1000 with a single external resistor making
the full scale input range of the system variable from +10V to
+10mV. This resistor, +15V and +5V supplies with bypass
caps, and user-optional gain and offset adjust potentiometers
are all that is required to configure a fully functional, 12-bit,
50kHz data acquisition system.

MN7150 offers outstanding flexibility. The 12 bits of digital output
data can be accessed in any combination of 3 four-bit bytes and
a 4-bit mux-address register permits input-channel addresses to
be read back if desired. Track-hold acquisition time and droop
rate can be varied by adding an external resistor or capacitor.
Expansion to 32 single-ended or 16 differential input channels is
accomplished with 2 additional IC’s.

MN7150 is packaged in a unique, 62-pin, hermetically sealed,
ceramic package that occupies approximately 3.2 sq. in..
Devices are fully specified for 0°C to +70°C, —25°C to +85°C
(MN7150E), or —55°C to +125°C (MN7150H) operation, and for
military/aerospace applications, 100% screening to MIL-
H-38534 is optional.

== MICRO NETWORKS
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Copyright © 1992
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Al rights reserved
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MN7150 8 and 16-CHANNEL DIP-PACKAGED, 12-Bit DATA ACQUISITION SYSTEMS

ABSOLUTE MAXIMUM RATINGS
Operating Temperature Range -55°C to +125°C
Specified Temperature Range:
MN7150
MN7150E
MN7150H, MN7150H/B
Storage Temperature Range
+ 15V Supply (+ Vgc, Pin 43)
— 15V Supply (- Vg, Pin 44)
+ 5V Supply (+ Vdd, Pin 18)
Analog Inputs (Pins 1-4, 51-62, Note 1)
Digital Inputs

0°Cto +70°C
-25°Cto +85°C
~55°C to +125°C
—65°C to +150°C
-0.5to0 +18 Volts
+0.5to — 18 Volts
-0.5to +7 Volts
+ 35 Volts

0to +7 Volts

ORDERING INFORMATION

PART NUMBER M

Select MN7150-8 or MN7150-16 model
Standard Part is specified for 0°C to +70°C
operation.

Add “E" suffix for specified —25°C to +85°C
operation.

Add “‘H”" suffix for specified —-55°C to +125°C
operation.

N7150-16H/B CH

Add “/B” to “‘H"’ devices for
Environmental Stress Screening.

Add “CH" to ““H/B” devices for
100% screening according to MIL-H-38534.

SPECIFICATIONS (Ta = + 25°C, Supply Voltages = =15V and + 5V unless otherwise specified)

ANALOG INPUTS MIN. [ Tve. | MAX. UNITS
Number of Input Channels: MN7150-8 8 Differential
MN7150-16 16 Single-Ended
Input Voltage Ranges (Note 2): Unipolar Oto +10 Volts
Bipolar —10to +10 Volts
Common Mode Voltage Range +10 Volts
CMRR: G =1 (10kHz) 72 dB
G = 1000 (60Hz) 100 dB
Input Resistance 100 MQ
Input Capacitance: Off Channels 10 pF
On Channel: MN7150-8 50 pF
MN7150-16 100 pF
Input Bias Current: Initial (+ 25°C) + 100 +200 pA
Drift (Note 3) Doubles Every 10°C
Input Offset Current: Initial (+ 25°C) + 2! +50 pA
Drift (Note 3) Doubles Every 10°C
Input Offset Voltage (Note 4): Initial (+ 25°C) *7 *12 mV
Drift (Note 3) 20 + 10G wVI°C
Voltage Noise (RTI, Note 5): G=1 150 1V(RMS)
G = 1000 1.6 «V(RMS)
DIGITAL INPUTS
Logic Levels: Mux Enable (Pin 5): Logic 1" +4 Voits
Logic “0” +0.8 Volts
Other Inputs (Note 6): Logic 1" +2 Volts
Logic “0" +0.8 Volts
Loading: Mux Enable (Pin 5, Note 19) 1kQ Pullup to +5V
Load Input (Pin 19, Note 14) 2 LS TTL Loads
Other Inputs (Pins 8, 13-16, 20, 21, 26, 31; Note 14) 1 LS TTL Load
TRANSFER CHARACTERISTICS (Notes 7, 8)
Integral Linearity Error: Initial (+25°C) + Y + 2 LSB
Max Over Temperature (Note 3) * 2 +1 LSB
Differential Linearity Error: Initial (+25°C) BN LSB
Drift (Note 3) +2 ppm of FSR/°C
12-Bit No Missing Codes Guaranteed Over Temperature
Unipolar Offset Error (Notes 9, 10): Initial (+ 25°C) +005 +01 %FSR
Drift (Note 3) +15 +20 ppm of FSR/°C
Bipolar Zero Error (Notes 9, 11): Initial (+25°C) +005 +0.1 %FSR
Drift (Note 3) +25 +35 ppm of FSR/°C
Gain Error (Notes 9, 12): Initial (+25°C) +0.1 +0.2 %
Drift (Note 3) +10 +30 ppm/°C
DIGITAL OUTPUTS (Note 13)
Logic Levels: Logic 1" +24 Volts
Logic “0" +04 Volts
Fanout (Note 14) 5 TTL Loads
Logic Coding (Note 15): Unipolar Ranges SB
Bipolar Ranges OB
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DYNAMIC CHARACTERISTICS MIN. TYP. MAX. UNITS
T/H Acquisition Time (Note 16) 9 10 usec
AID Conversion Time 9 10 usec
Throughput Rate (Continuous Convert Mode) 50 55 kHz
Strobe Command Pulse Width 40 nsec
T/H Aperture Jitter 1 nsec
T/H Output Droop Rate 1 uVliusec
Feedthrough (@ 1kHz, Note 17) +0.005 +0.01 %
Mux Crosstalk Attenuation (@ 1kHz) 74 dB
Setup Time Digital Inputs (Note 18) to Strobe 50 nsec
Hold Time Digital Inputs (Note 18) from Strobe 50 nsec
POWER SUPPLIES
Power Supply Range: + 15V Supplies +14.5 +15 +155 Volts
+ 5V Supply +4.75 +5 +5.25 Volts
Power Supply Rejection: + 15V Supply +0.003 % FSR/%Supply
— 15V Supply +0.003 %FSR/% Supply
+ 5V Supply +0.001 %FSR/% Supply
Current Drains: + 15V Supply 42 60 mA
— 15V Supply - 42 -55 mA
+ 5V Supply 125 135 mA
Power Consumption 1885 2400 mwW

SPECIFICATION NOTES

1. The MN7150’s input multiplexer can withstand continuous voltages up
to 20 volts greater than either supply and instantaneous transients up to
several hundred volts. In a power-off condition, analog input voltage
should not exceed =20 volts.

The gain of the MN7150's internal instrumentation amplifier is set from
1 to 1000 with a single external resistor between pins 47 and 48. Listed
input ranges (0 to + 10V, * 10V) are for the MN7150’s A/D converter. If
amplifier gain is greater than 1, the system input range will equal 0 to
+ 10V or + 10V divided by G.

Listed specification applies over specified temperature range as
selected by part number suffix.

This specification applies only to the front end of the MN7150 and is de-
fined as the voltage seen at the output of the T/H amplifier with the T/H
in the track mode, with the mux inputs grounded and with the in-
strumentation amplifier G=1.

Measured at the output of the T/H amplifier.

Includes Strobe (pin 8), Mux Address inputs (pins 13-16), Load (pin 19),
Clear (pin 20), and Enables (pins 21, 26, 31).

. Transfer specifications refer to the entire system from mux input to A/D
converter output with instrumentation amplifier G = 1.

FSR = Full Scale Range. In the unipolar mode, FSR =10 volts. In the
bipolar mode, FSR = 20 volts. For a 12-bit system, 1 LSB =0.024%FSR.
Initial offset and gain errors are adjustable to zero with optional exter-
nal potentiometers.

Unipolar Offset error is defined as the difference between the actual and
the ideal input voltage at which the 0000 0000 0000 to 0000 0000 0001
transition occurs when operating on a unipolar input range.

~
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11. Bipolar zero error is defined as the difference between the actual and
the ideal input voltage at which the 0111 1111 1111 to 1000 0000 0000
transition occurs when operating on a bipolar input range.

12. Gain error is defined as the error in the slope of the converter transfer
function. It is expressed as a percentage and is equivalent to the devia-
tion (divided by the ideal value) between the actual and the ideal value
for the full input voltage span from the input voltage at which the out-
put changes from 1111 1111 1111 to 1111 1111 1110 to the input voltage
at which the output changes from 0000 0000 0001 to 0000 0000 0000.

13. Includes Parallel Data, Mux Address and Status (E.O.C.) outputs.

14. One LS TTL load is defined as sinking 20xA with a logic “1" applied and
sourcing 0.4mA with a logic “0" applied. One TTL load is defined as
sinking 40uA with a logic “1" applied and sourcing 1.6mA with a logic
“0" applied.

15. SB = Straight Binary. OB = Offset Binary. See Output Coding table for
details.

16. Includes mux switching and settling time, instrumentation amp settling
time and T/H amp acquisition time. Specified for a 20V step settling to
+0.01% FSR.

17. Measured at the output of the T/H with the T/H in the hold mode.

18. Includes Mux Address. Mux Enable, Clear and Load inputs.

19. The MN7150's Mux Enable input (pin 5) goes directly to the enable input
of a 506A type CMOS mulitiplexer and has a 1kQ pullup resistor to +5V.
The enable input of the multiplexer itself draws + 10uA max.

1 Ch3(+)/Ch3 22 Bit 12 (LSB) 43+ 15V Supply
PIN DESIGNATIONS 2 Ch2(+)/Ch? 23 Bit 11 44— 15V Supply
3 Chi(+)/Chi 24 Bit 10 45 External Hold Cap
T 62 53 52 4 ChO(+)/ChO 25 Bit9 46 External Hold Cap
5 Mux Enable 26 Enable (Bits 5-8) 47 Gain Setting Resistor
“ 6 R Delay 27 Bit8 48 Gain Setting Resistor
7 Status (E.0.C) 28 Bit7 49 Instru. Amp (+) Input
8 Strobe 29 Bit6 . 50 Instru. Amp (~) Input
9 A, 30 Bit5 51 Ch7 (-)/ICh15
10 A, Mux Address 31 Enable (Bits 1-4) 52 Ch6 (-)/Ch14
Bottom 11 A, Outputs 32 Bit 4 53 Ch5(-)/Ch13
View 12 A 33 Bit3 54 Ch4 (-)ICh12
13 A, 34 Bit2 55 Ch3(-)/Ch11
14 A, Mux Address 35 Bit 1(MSB) 56 Ch2(-)/Ch10
15 A, Inputs 36 Gain Adjust 57 Chit(-)/Ch9
16 A, 37 Offset Adjust 58 ChO (-)/Ch8
17 Digital Ground 38 Bipolar Input 59 Ch7 (+)/Ch7
18  +5V Supply 39 Track-Hold Output 60 Ch6 (+)/Ch6
v 19 Load 40 + 10V Reference Out 61 Ch5 (+)/Ch5
21 22— g 31 32 20 Clear 41  Analog Signal Ground 62 Ch4 (+)/Ch4
21 Enable (Bits 9-12) 42 Analog Power Ground

Dot on top of package references pin 1

Pins 1-4 and 51-62 are defined for MN7150-8/MN7150-16.




BLOCK DIAGRAM

Amp Gain External
Input Setting Hold T/IH  Bipolar
+ Resistor Capacitor Qut Input
(49) (50) (48) “7) (45) (46) 39) (38)
7 7 71
0 (37) Ottset Adjust
(36) Gain Adjust
Mux Enable (5) O-———-————I
C o0 (35 MsB
ChO(+ )/CRO (4) O——— — 3State [—© (34)Bit 2
Chi(+)/ICh1 (3) O—] Buffer [—oO (33)Bit3
Ch2(+)/ICh2 (2) O—— N l—o0 (32) Bit 4
Ch3(+)/ICh3 (1) O]
Cha(+yCha 62) O—— 'f:;m TH L o ) Enabie @its 14)
Chs(+)Chs (61) o——f TS P
Ch6(+1/Ch6 (60) O——ri 0? s 12.Bit —o0 (30 Bit 5
Ch7(+)/Ch7 (89) &= g Channel AID 3State —0 (29) Bit 6
ChO(- )/Ch8 (58) O——1 pitferential Converter Buffer —o0 (28) Bit 7
Ch1(—)/ICh9 (57) Oy Mux —o0 (27) Bit 8
Ch2( - )/Ch10 (56) O——
Ch3(-)ICh11 (55) O——— = fe==c=o== - I—_o (26) Enable (Bits 5-8)
Chd4(-)ICM12 (54) O—ro H
Ch5(~)/ICh13 (53) O—— 1 l—o0 (25) Bit 9
Ché( - )/ICh14 (52) O—r ] ¥ Timing 3 State }—0O (24) Bit 10
Ch7(-)ICh15 (51) Q=i : And Control Buffer }—o (23) Bit 11
' Logic (22)LSB
MN7150-8/MN7150-16 \
' e—
M A, (12) O— : (21) Enable (Bits 9-12)
e VA (1) o—— i
Address H
Outputs | A« (10 O—— . '————————————0 (7 Sfatus
A (9) 0— 1
l +10V Rel.r -O (40) + 10V Ref. Qut
Mux Address
Register ~———0 (43) + 15V Supply
~———0 (44) - 15V Supply
~———0 (18) + 5V Supply
o (L —~«———0 (41) Analog Signal Gnd.
(19) (16)  (15) 14y (13) (20) (8) (6) 0O (42) Analog Power Gnd.
Load A A, Al A, Clear Strobe R Delay ~——— (17) Digital Ground
—— T —
Mux Address
Inputs

APPLICATIONS INFORMATION

SUMMARY OF OPERATION—The falling edge of a Strobe
puise loads the multiplexer (mux) channel address and initi-
ates a signal-acquisition and data-conversion cycle. If
sequential addressing is being used, the next channel will
be accessed. If random addressing is being used, the chan-
nel whose address has been applied to the Mux Address
Inputs will be accessed. The falling edge of Strobe simul-
taneously fires an internal one-shot (10usec pulse duration)
whose output controls the operational mode of the track-
hold amplifier (T/H). The T/H is driven into the signal-acqui-
sition (tracking) mode for 10usec during which the mux and
instrumentation amplifier settle and the T/H acquires the
new signal. After 10usec, the falling edge of the one-shot
drives the track-hold amp into the hold mode, gates on the
internal clock, generates a start-convert signal for the 12-bit
A/D converter, and drives the Status Output to a logic “1”.
Gating off the clock during the time the mux is settling into
its new channel and the T/H is acquiring a new signal re-
duces noise errors. When the conversion is complete (a
maximum 10usec later), the Status output returns to a logic
“0" indicating that the conversion is complete, that the
digital output is valid, and that the T/H amplifier has re-
turned to the tracking mode. The unit is now ready to be
triggered for the acquisition and conversion of the next
channel.
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LAYOUT CONSIDERATIONS—Proper attention to layout
and decoupling is necessary to obtain specified accuracies
from the MN7150-8 and MN7150-16. Units are designed with
separate pins for Analog Power Ground (pin 42), Digital
Ground (pin 17) and Analog Signal Ground (pin 41), and if
your system distinguishes these grounds, the MN7150’s
pins should be connected respectively. If not, the MN7150’s
three ground pins should be tied together as close to the
unit as possible and all connected to sy=.em analog ground,
preferably through a large analog ground plane beneath the
package.

For the MN7150-16, the inverting input to the internal instru-
mentation amplifier (pin 50) is not connected to the internal
multiplexer and this pin should be connected along with
pin 41 (Analog Signal Ground) to the signal-source reference
point.

Coupling between analog inputs and digital signals should
be minimized to avoid noise pick-up. Pins 36 (Gain Adjust),
37 (Offset Adjust) and 38 (Bipolar Input) are particularly
noise susceptible. Care should be taken to avoid long runs
or runs close to digital lines when utilizing these inputs. If
optional gain and offset adjusting is used, care should be
taken to locate potentiometers and series resistors as close
to the MN7150 as possible.



The output of the MN7150’s T/H amp is internally connected
directly to the input of the A/D converter. When operating in
a unipolar (0 to + 10V) mode, however, pin 39 (T/H Output)
must be connected to pin 38 (Bipolar Input) for proper oper-
ation. For bipolar (+ 10V) operation, pin 40 (+ 10V Ref. Out)
must be connected to pin 38 (Bipolar Input) and pin 39
left open.

MN7150 has internal 0.01uF bypass capacitors on each
supply line. It is recommended that power supplies be addi-
tionally decoupled with tantalum and ceramic capacitors
located as close to the device as possible. For optimum per-
formance and noise rejection, 1uF tantalum capacitors
paralleled with 0.01xF ceramic capacitors should be used
as shown in the diagrams.

Pin 43 O_T_T + 15V
1

uF 0.01 xF
Pin 18 . ——T—T Pin 42 ¢ Ground
0.01 uF 0.01 uF

Pin 17 »—u— Ground Pin 44 oj——:[— - 15V

POWER SUPPLY DECOUPLING

DIGITAL PIN FUNCTIONS

ANALOG PIN FUNCTIONS

enables internal mux. Use to
disable internal mux when
addressing additional external
multiplexers.

End of conversion. 0" =

signal acquisition cycle in
progress. 1"’ = A/D conversion
cycle in progress. 1—0 in-
dicates conversion complete.
See Timing Diagrams.

“17—~"0" falling edge updates
(increments) mux channel and
initiates signal acquisition
and A/D conversion cycles.

Status (E.O.C)
(Pin 7)

Strobe (Pin 8)

Mux Address Out
(pins 9-12)

Output of mux address
register. Shows channel
currently on. Straight binary
coding. See section describing
Channel Address Modes.

Selects mux channel in
random address mode.
Straight binary coding. See
section describing Channel
Address Modes.

“0” =random address mode.
“1" = sequential address
mode.

A logic “0” applied to this pin
forces mux address to Ch0 on
next falling edge of strobe
regardless of Load and Mux
Address Inputs. Tie to logic
“1” when not in use.

“0” enables three-state buffer
for A/D converter bits 9-12
(LSB). “1” disables buffer.

“0” enables three-state buffer
for A/D converter bits 5-8. “1”
disables buffer.

Mux Address In
(Pins 13-16)

Load (Pin 19)

Clear (Pin 20)

Enable (Bits 9-12)
(Pin 21)

Enable (Bits 5-8)
(Pin 26)

Enable (Bits 1-4)
(Pin 31)

“0” enables three-state buffer
for A/D converter bits
1(MSB)-4. “1” disables buffer.

Pin Pin
Designation Function Designation Function
Mux Enable (Pin 5) “0” disables internal mux. “1” R Delay (Pin 6) Connect external resistor to

lengthen T/H acquisition time
when instrumentation amp is
set for high gain. R=(Acq.
Time) 10° — 9kQ. For normal
operation pin 6 must be con-
nected to +5V.

Connect user-optional, exter-
nal, 20k, gain-adjust poten-
tiometer here.

Gain Adjust (Pin 36)

Connect user-optional, exter-
nal, 20k?, offset-adjust poten-
tiometer here.

Connect to T/H Output (pin 39)
for unipolar (0 to + 10V) opera-
tion. Connect to + 10V Ref.
Out (pin 40) for bipolar (+ 10V)
operation.

Connect T/H Output to Bipolar
Input (pin 38) for unipolar
operation. Leave open for
bipolar operation.

Connect to Bipolar input (pin
38) for bipolar (+ 10V) opera-
tion. Open for unipolar (0 to
+ 10V) operation. Accuracy
= *+0.05% typical. Drift =
+ 10ppm/°C typical. Buffer
if used to drive external
load.

Add external polypropylene or
teflon hold capacitor to im-
prove T/H droop rate.

Select gain resistor with
formula R =20k/(G — 1). Leave
open for G=1.

Offset Adjust (Pin 37)

Bipolar Input (Pin 38)

T/H Output (Pin 39)

+ 10V Ref. Out
(Pin 40)

External Hoid
Capacitor (Pins 45-46)

Gain Setting
Resistor (Pins 47-48)

Use when adding additional
external multiplexers for ex-
panded single-ended or dif-
ferential operation. Connect
pin 50 to Analog Signal Com-
mon for MN7150-16.

Instrumentation Amp
Inputs (Pins 49-50)
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STATUS OUTPUT (E.O.C.)—The status or End of Conversion
(E.O.C.) output (pin 7) indicates whether the MN7150 is
tracking or converting an input signal. When Status is a
logic “0”, the MN7150’s internal T/H amplifier is in the track-
ing mode and digital output data from the previous conver-
sion is still valid. When the Status is a logic “1”, the T/H is in
the hold mode, the internal A/D is converting, and the output
data is not valid. The falling edge of Status indicates that
the conversion is complete, that the output data is valid,
and that the T/H has returned to the tracking mode.

CHANNEL ADDRESS MODES

The MN7150-8 and MN7150-16 may have their input
multiplexer channels either randomly or sequentially ad-
dressed. For random addressing, pin 19 (Load) must have a
logic “0" applied. For sequential addressing, pin 19 must
have a logic “1" applied.

Address Mux Address | Address
Mode Enable Load Clear Inputs | Outputs | Strobe

Random 1 0 1 Next On 1-0
Channel | Channel

Sequential 1 1 1 Don't On 1-0
Care | Channel

Free Running 1 1 1 Don't On 1-0
Sequential Care | Channel
(Note 2) (Note 1)

NOTES

1. In the free running sequential address mode, the channel address output
lines indicate the channel currently being sampled (Chy) while digital out-
put data is valid for the previously sampled channel. (Chy, — 1).

2. The free running sequential mode is implemented by tying the Status out-
put {pin 7) to the Strobe input (pin 8). At the end of each conversion, the fall-
ing edge of Status increments the address counter and initiates the next
acquisition/conversion cycle.

RANDOM ADDRESSING —For random channel addressing,
the Load pin (pin 19) must be tied to logic ““0”; the Clear pin
(pin 20) tied to logic “1” (or left open); and the desired chan-
nel address (in 8421 binary) applied to the Mux Channel Ad-
dress Inputs (pins 13-16, pin 16 =A,, pin 15=A,, pin 14=A,,
pin 13=A,). In this address mode, the MN7150’s internal
address latch/counter acts as a 4-bit parallel register. The
falling edge of the Strobe pulse latches the new channel ad-
dress and initiates the data acquisition and conversion cy-
cle. For the MN7150-8 (8-channel differential input), address
line Ag is not required and pin 13 is a “don’t care”.

When Clear (pin 20) has a ““0” applied, the next falling edge
of the Strobe command will drive the mux to channel 0 (ad-
dress 0000) regardless of the data on the address input lines
and regardless of the signal applied to the Load line.

Because the Strobe line activates the control logic and does
not drive the address latch directly, channel-address input
data must be valid 50nsec both before and after the falling
edge of the Strobe pulse.

SEQUENTIAL ADDRESSING—For sequential channel ad-
dressing, the Load pin (pin 19) and the Clear pin (pin 20)
must both be tied to logic “1”. In this mode, the internal ad-
dress latch/counter acts as a 4-bit counter, and the falling
edge of the Strobe pulse increments the channel address
and initiates the data acquisition and conversion cycle.
Channel 0 will be accessed after channel 7 (MN7150-8) or
channel 15 (MN7150-16). If one changes from random to
sequential addressing, the next channel accessed will be
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one higher than the channel last randomly addressed.
Changing digital data appearing at the address inputs will
not affect the MN7150 when it is in the sequential address
mode.

SEQUENTIAL ADDRESSING CONTINUOUS CONVER-
SIONS—The MN7150 can be made to continuously se-
quence through channels acquiring and converting data by
applying logic “1’s” to the Load and Clear pins (pins 19 and
20) and tying the Status (E.O.C.) output (pin 7) back to the
Strobe input (pin 8). In this mode, Status going low at the
end of a conversion becomes the falling edge of Strobe that
addresses the next channel and initiates the next data ac-
quisition and conversion cycle. After each channel has been
converted and the Status has dropped to a “0”, the output
data will be valid for approximately the next 10usec while
the multiplexer is switching channels and the T/H is acquir-
ing the new signal. When continuously converting in this
manner, an external Strobe signal should be provided at
power-on to avoid possible latch-up.

Address Inputs Mux Channel

A, A, A, A, Enable | Selected

X X X X 0 None

0 0 0 0 1 0

0 0 0 1 1 1

0 0 1 0 1 2

0 0 1 1 1 3

0 1 0 0 1 4

0 1 0 1 1 5

0 1 1 0 1 6

0 1 1 1 1 7 MN7150-8
1 0 0 0 1 8

1 0 0 1 1 9

1 0 1 0 1 10

1 0 1 1 1 1"

1 1 0 0 1 12

1 1 0 1 1 13

1 1 1 0 1 14

1 1 1 1 1 15 MN7150-16

NOTES

1. For the MN7150-8, Mux Address Input Line A, (pin 13) is a*‘don't care™. Pin
13 is connectea to the MN7150-8's address latch/counter. however, the A,
output of the latch/counter is not connected to the MN7150-8's internal
mux.

CHANNEL ADDRESS OUTPUTS—The MN7150’s Channel
Address Outputs (pins 9-12) are tied directly to the unit’s in-
ternal address counter/latch. They indicate, in 8421 binary,
the multiplexer channel presently being accessed. When us-
ing external multiplexers for expanded differential or single-
ended operation, these outputs can be used to address the
external multiplexers, eliminating the need for any addi-
tional address decoding circuitry. When using sequential
addressing, the appropriate Channel Address Outputs can
be NORed together to generate a frame sync pulse each
time channel 7 (8 channel systems) or channel 15 (16 chan-
nel systems) is being addressed. In microprocessor-based
systems, the Address Outputs can be 3-state buffered to
add channel read-back capability.



TIMING DIAGRAM

—ic_)__a? o Sequential Addressing L Random Addressing
Strobe 1 L
Address Input Ay ANANNNARRRNARN SN AN N0
Address Input A, ~10
Address Input A, AN K]
Address Input A, AN AN ANNNNNNNE]
Address Output A, 1 10
Address Output A, ——— 1 10
Address Output A, Y N
—0 B

Address Output A,

MUX Channel ZCh II>X___Channel 12 —_X___Channel 3
Status Tracking (10usec maximum) Converting (10nsec maximum) 1 Tracking T—W
A/D Start Command LI 1
Internal Glock ipipipiplaSpininipipNplplni ipipipNpinipi
MSB AN < N g 10
Bit 2 ANRNNNN LT LT3
Bit 3 \ L0 10
Bit 4 N 1 —L_J7
Bit5 < N 1.0 ——
Bit 6 \x 10 —
Bit 7 N 10 g
Bit 8 N i
Bit 9 N 1.0 T
Bit 10 N 13
Bit 11 N 113
LSB < N LTy
Output Data """ Channel Il —_Data Valid X" " Not Valid______>__Channel 12 __Data Valid >X__ Not Valid __

TIMING DIAGRAM NOTES

1. MN7150’s internal clock and A/D start-convert command signals are not
pinned out externally. They are included here to help the user understand

6.

The internal clock is gated off during the 10usec signal acquisition
period to reduce noise.

MN7150 operation. 7. When Status = *“1”, the internal T/H is in the hold mode, and the A/D con-
2. The data acquisition/conversion cycle is initiated by the falling edge of verter is performing a conversion. When Status = 0", the conversion is

strobe. The strobe has a minimum positive or negative pulse width of complete; output data is valid; and the T/H has returned to the track

40nsec. In other words, strobe must be positive a minimum of 40nsec mode. Data will remain valid until Status goes high again.

prior to its falling edge and negative a minimum of 40nsec after its 8. When the Status goes high indicating that an A/D conversion has begun,

falling edge. the MSB goes to a “0" and all other output bits go to a *“1". Output bits
3. Strobe may be brought high after an acquisition/conversion cycle has are set to their final state on succeeding rising clock edges.

begun with a new cycle not beginning until the next falling edge.
. Mux Address, Load and Clear inputs must be valid 50nsec before and
after the falling edge of strobe.
5. Mux Address Outputs become valid typically 40nsec after the falling
edge of strobe.

IS

. When enabling 3-state output buffers to access digital data, data

becomes valid no longer than 50nsec after an enable line is brought low.

DIGITAL OUTPUT CODING

Analog Input Voltage (Volts)
Unipolar Ranges Bipolar Ranges Digital Output
General 0to +10V General +*10V |MSB LsB

FS +10.0000 +FS +10.0000 1111 1111 1111
FS-1%LSB | +9.9963 |+FS—-1"2LSB| +9.9927 1111 1111 1118~
v2FS + /2LSB | +5.0012 0 +%2LSB +0.0024 1000 0000 000@™*
2FS - 2LSB | +4.9988 0- %2LSB —0.0024 2pee *
2FS—-1%LSB| +4.9963 0-1%LSB —-0.0073 0111 1111 111g*
0+ %2LSB +0.0012 | -FS+ 2LSB | —9.9976 0000 0000 000g*

0 0.0000 -FS —10.0000 0000 0000 0000

NOTES dicated as g will change from “1" to 0" or vice versa as the input voltage

1. FSR stands for full scale range and is equivalent to the nominal peak-to-
peak voltage of the selected input voltage range.

2. 1LSB for a 12-bit system is equivalent to FSR/4096. Therefore, for a 20V
FSR, 1LSB=4.88mV; for a 10V FSR, 1LSB =2.44mV, etc.

3. For unipolar input ranges, output coding is straight binary. For bipolar input
ranges, output coding is offset binary.

*Voltages given are the theoretical values for the transitions indicated.
Ideally, with the converter continuously converting, the output bits in-

passes through the level indicated.

EXAMPLE: For an MN7150 operating on its + 10V input range, the transition
from digital output 0000 0000 0000 to 0000 0000 0001 (or vice versa) will
ideally occur at an input voltage of —9.9976 volts. Subsequently, any input
voltage more negative than —9.9976 volts will give a digital output of all
“0's”. The transition from digital output 1000 0000 0000 to 0111 1111 1111
will ideally occur at an input of —0.0024 volts, and the 1111 1111 1111 to
1111 1111 1110 transition should occur at +9.9927 volts. An input more
positive than +9.9927 voits will give all "'1's".
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OPTIONAL OFFSET AND GAIN ADJUSTMENTS —The
MN7150 will operate as specified without additional
adjustments. If desired, however, system absolute accuracy
error can be reduced to + 1LSB by following the trimming
procedure described below. Adjustments should be made
following warmup, and to avoid interaction, the offset ad-
justment must be made before the gain adjustment.
Multiturn potentiometers with TCR’s of 100 ppm/°C or less
are recommended to minimize drift with temperature. Series
resistors can be +20% carbon composition or better. If
these adjustments are not used, Pins 36 and 37 should be
left open. Do not ground. If gain and offset adjusting is be-
ing performed on the MN7150-16, reference voltages may be
applied to any channel. If gain and offset adjusting is being
performed on the MN7150-8, reference voltages should be
applied to the (+) input of a given channel with the (—) input
tied to analog ground.

It is recommended that gain and offset adjusting be ac-
complished while the system is performing continuous or at
least repeated conversions. If random addressing is used,
the mux will have to be held on one channel during the pro-
cess. If the continuous-converting sequential-address mode
is used (Status output tied to Strobe input), the Ciear line
will have to be held low to keep the input multiplexer on
channel 0. Alternatively, the voltages may be applied to all
channels simultaneously.

OFFSET ADJUSTMENT—Connect the offset potentiometer as
shown and apply an analog input voltage equivalentto + "2LSB if
operating in a unipolar mode or -2 LSB if operating in a bipolar
mode. Have the MN7150 performing repeated conversions, either
by being in the continuous converting mode or by being under ex-
ternal control. For the unipolar mode, adjust the offset potentiometer
“‘down’ until all the output bits are ““0”. Then adjust ‘““up” until the
LSB justturnsto a ‘“1”. For bipolar mode, adjust the potentiometer
“down’” until the bits are MSB 0111 1111 1111 LSB. Then adjust it “up”
until the bits just turn to MSB 1000 0000 0000 LSB.

GAIN ADJUSTMENT—Connect the gain potentiometer as shown
and apply an analog input voltage equivalent to +FS—112 LSB. With
MN7150 performing repeated conversions, adjust the gain poten-
tiometer “‘up”’ until all the output bits are ““1”’. Then adjust ‘‘down”
until the LSB just turns to a ‘0"

MN7150
§ + 15V
>
Gain (36) > 20kQ
Adjust S
Offset = 20k2
Adjust @n
A
{ - 18V

MULTIPLEXER EXPANSION—The MN7150-16's input capa-
bilities are easily expanded beyond 16 channels with the
addition of external analog multiplexers. The diagrams
below show the implementation of 32-channel single-ended
and 16-channel differential systems. For further single-
ended expansion, additional mux’s can be tied to pin 49
(the noninverting input to the internal instrumentation

Cho (+) o+— (4) MN7150-16 (35) F——r° MSB

Ch15(+) ot (51) (16)-(13)(8) (50) (9)—(12) (22) |——o LSB

[
A o——-———-' Instr.
Mux Az‘ m————l Amp (-)
Address A Input
Inputs A‘
g O
c——— e e
Strobe Mux
HI-506A Address
ChO (- ) o————— Mux Out Outputs
1 Enable—{ +5 ~;,\
! 8
! A, A,
A A
Ch15 (-) oL Af Az‘
Ex ion to 16 Diff; ial Ch. |

amplifier) or cascaded in front of the MN7150’s internal mux.
Remember that for single-ended operation, pin 50 (the
inverting input to the internal instrumentation amplifier)
has to be grounded. For further differential expansion,
additional multiplexers will have to be tied to both the
inverting (pin 50) and noninverting (pin 49) inputs of the
internal instrumentation amplifier.

Cno @ (35) |——o MSB
! MN7150-16 !
! l
Ch15 01— (51) (22|—!o 1B
(18)—(13)(8) (5) 9—124950
AT Mux 4:1_—
Mux YA Enable L
Address { A, =
Inputs Ay 00— _
Apo——— D Q
Mux
Strobe o —+1>*{Ck Q Address
Outputs
Ch16 o— Mux Out —~——
\ Enable Ave
| A A,
1 ﬁ‘ A
'
| 2 A,
Ch3to- Al N
HI-506A

Expansion to 32 Single-ended Channels

== MICRO NETWORKS

324 Clark St., Worcester, MA 01606 (508) 852-5400
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== MICRO NETWORKS

MN7208
MN7216

DATA ACQUISITION SYSTEM
FRONT-END

FEATURES
e Complete DAS Front End:

Analog Input Multiplexer
Instrumentation Amplifier
Load/Sequence Control Logic

¢ Small 40-Pin DIP
¢ 16-Single-Ended or

8-Differential
Input Channels

¢ 10usec Channel Switching and

In-Amp Settling Time

¢ Full Mil Operation

-55°C to +125°C

* Use with MN6000 Series

Sampling A/D Converters
for Multi-Channel Digitizing

* MIL-H-38534 Screening

Optional. MIL-STD-1772
Qualified Facility

2078 (5268)
216(5375)

|

o o

060015 24)
0620115751

———

0190 (483 max

¥

Dimensions in inches

00081020
b 00120030
e 0600 (15 28) typ

(millimeters)

DESCRIPTION

The MN7208 and MN7216 are thin-film hybrid circuits containing
two 8-channel multiplexers, random and sequential address
control logic and a precision instrumentation amplifier. This DAS
front-end function is packaged in a 40-pin side-brazed DIP and
can be used with Micro Networks MN6000 Series of sampling
A/D converters to configure a complete, 16-channel single-
ended or an 8-channel full differential data acquisition system in
as few as 2 dual in-line packages. Extremely versatile, the
MN7208/7216 can be used in a wide variety of multi-channel
data acquisition applications.

The multiplexer section of the MN7208 and MN7216 features
over voltage protected analog inputs and break-before-make
channel switching. The internal control logic allows both random
and sequential channel addressing. The precision instrumenta-
tion amplifier’s fast settling time and internal gain setting
resistors combine to offer high-speed and precision gain ac-
curacy and low drift.

Channel access and settling time for both the MN7208 and
MN7216 to +0.01% for a 20V step is 10usec maximum. These
devices, when used with the MN6774 12-Bit, 100kHz sampling
A/D converter, can be configured into a pP-interfaced 12-Bit,
50kHz data acquisition system (multi-channel A/D) complete
with multiplexer, instrumentation amplifier, T/H amplifier, A/D
converter and all interface and address decode logic.

The MN7208 and MN7216 have been designed to offer the user
maximum flexibility when designing for multi-channel data con-
version applications where small size and physical/electrical
compatibility are paramount considerations. Standard devices
are specified fully for 0°C to +70°C (J and K models) or —55°C
to +125°C (S and T models) operation. For military/aerospace or
harsh-environment industrial applications, ‘S’ and ““T’’ models
are available with environmental stress screening. Contact
factory for availability of fully compliant MiL-H-38534 devices.

= MICRO NETWORKS

October 1990
Copyright © 1990
Micro Networks
All rights reserved

324 Clark St., Worcester, MA 01606 (508) 852-5400
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MN7208/MN7216 DATA ACQUISITION SYSTEM FRONT-END

ABSOLUTE MAXIMUM RATINGS
Operating Temperature Range -55°Cto +125°C
Specified Temperature Range:
MN7208J, K; MN7216J, K 0°Cto +70°C
MN7208S, S/B, T, T/B -55°Cto +125°C
MN7216S, S/B, T, /B -55°Cto +125°C
Positive Supply (+Vcc, Pin 28) 0to +18 Volts
Negative Supply (-Vcc Pin 24) 0to —18 Volts
Logic Supply (+Vpp, Pin 34) -05to +7 Volts
Analog Inputs:
CHo — CHis (Pins 1-16) +Vce +20 Volts
-RG, G500, +Amp, —Amp,
G10 (Pins 17-20, 23) +Vce
Digital Inputs:
Address Inputs (Pins 37-40) 0to +7 Volts
Load, Reset, Clock (Pins 27, 36, 35) Oto +7 Volts
MUX Enable (Pin 25) 0to +7 Volts

ORDERING INFORMATION

PART NUMBER

Select 8-channel differential (MN7208) or I
16-channel single-ended (MN7216) model.

Select suffix J,K,S or T for desired

performance and specified temperature range.
Add “/B” suffix to “S” or *“T"" models
for Environmental Stress Screening.
Add “CH" suffix to “‘S/B” or “T/B”" models
for MIL-H-38534 compliant devices.

MN7208 T/B CH

Contact factory for availability of “CH" device types.

SPECIFICATIONS (Ta=+25°C, +Vcc, = 15V, +Vpp, =+5V unless otherwise noted)

ANALOG INPUTS (Multiplexer Inputs)

MIN. TYP. MAX. UNITS
Voltage Range: Single-Ended (MN7216) +10 Volts
Ditferential (MN7208) +10 Volts
Common Mode +10 +12 Volts
Input Impendance: Single-Ended (MN7216) 5116 mQ/pF
Differential (MN7208) 2I1 mQ/pF
DIGITAL INPUTS (MUX Address, Load, Reset, Clock, MUX Enable)
Logic Levels: MUX Enable (Note 2): Logic ‘1" +40 Volts
Logic “‘0” +08 Volts
MUX Address, Load, Reset, Clock: Logic ‘1" +20 Volts
Logic 0" +08 Volts
Logic Currents: MUX Enable (Note 2): Logic “1” (Viu=4.0V) -1 mA
Logic “0"” (Vi =0.4V) -46 mA
MUX Address, Load, Reset, Clock: Logic “1”" (Viy=2.4V) +20 pA
Logic ‘0" (Vi.=04V) -04 mA
ANALOG OUTPUT (Instrumentation Amplifier)
Output Voltage +10 +12 Volts
Output Current +5 +25 mA
Capacitive Load (Stability) 5000 pF
DYNAMIC CHARACTERISTICS
Large Signal Bandwidth 270 kHz
Output Slew Rate 17 Viusec
Settling Time (20V Step to +0.01%, G=1) 7 10 usec
POWER SUPPLIES
Power Supply Range: +15V Supply +14.56 +15 +1545 Volts
-15 Supply —1455 -15 -1545 Volts
+5V Supply +4.75 +5 +5.25 Volts
Current Drains: +15V Supply +4 +7 mA
—15V Supply -3 -6 mA
+5V Supply +28 +35 mA
Power Consumption 245 370 mwW
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TRANSFER CHARACTERISTICS J K S T UNITS
Offset Error (Max): Initial G=1 +5 +5 +5 +5 mvV
(RTI) G=10 +05 +05 +05 +05 mv
G =500 +200 +200 +200 +200 uv
Over Temperature (Note 3): G=1 +10 +5 +10 +5 mvV
G=10 =1 +05 +1 +05 mv
G=500 +400 +200 +400 +200 uv
Offset Drift (Max): G=1 +100 +50 +100 +50 uvi°C
(RTI) G=10 +70 +35 +70 +35 uVI°c
G=500 +10 +5 +10 +5 MY
Gain Error (Max, Note 5) Initial: G=1 +0.04 +004 +004 +004 %
G=10 +005 +005 +005 +0.05 %
G=500 +005 +005 +005 +005 %
Over Temperature (Note 3): G=1 +008 +004 +008 +0.04 %
G=10 +0.10 +005 +0.10 +0.05 %
G=500 +0.10 +005 +0.10 +0.05 %
Gain Drift (Max): G=1 +20 +10 +20 +10 ppm/°C
G=10 +20 +10 +20 +10 ppm/°C
G=500 +20 +10 +20 +10 ppm/°C
Gain Nonlinearity (Max, Note 4) (G=1): Initial +0.005 +0.003 +0.005 +0003 %FSR
Over Temperature (Note 3) +001 +0.006 +001 +0.006 %FSR
NOTES:
1. System specifications listed reflect the performance of both the multiplexer and 4. Gain linearity error is defined as the maximum deviation from the best-fit straight
instrumentation amplifier serially connected. line approximation to the system’s input-output transfer function and is expressed
2. Internal 1K resistor connected to +5V for operation with standard TTL logic. as a percentage of the system’s full scale voltage swing (FSR).
3. J and K models specified for 0°C to +70°C operation. S and T models specified 5. Gain error is defined as the error in the slope of the system'’s input-output transfer
for —55°C to +125°C operation. function and is expressed in percent.
BLOCK DIAGRAM
+Amp -RG Gain500 Gain 10 —Amp
(19) (17) (18) (23) (20)
o o
CHo (1) H
CHI (2) Q] - — _M%ZIZTOB— R Insl;melizt::non
CH2 (3) O—rf v
cH3 (@) O _ 10kQ 10kQ
CH4 (5) O] |
i
o e
o— 16-Channel 80.2kQ
CH7 (8) Q=== Ssingle-Ended L—-0 (22) Output
cHe ) O— B-Cr?arnnel
CHY (10) O—— Single-Ended 20k
CHIO (1) Multiplexer
CH1 (12) Ot _
CH12  (13) O] _\/\/V\/___.,\M/_l
CHI3 (190 . 10kQ 100
CH1  (15) Qe =
CH15  (16) Ol
T
B2 (30)O- L “————————O(28) +15V Supply (+Vcc) S
8, (31O —————————————— D (24) 15V Supply (~Vcc) =
By (32) O——@ ————————————O(34) +5V Supply (+Vdd) =
e (26)  Analog Ground
Ar (37) O——i (D) (21)  Digital Ground
Az (38) Ot Mux
2 @) Address
As (39) O— Register
Ag  (40) O—
Load (27) O-——]
Reset  (36) Qe
Clock  (35) O- (5 Ie)
(25) (33)
MUX Enable MUX Expand
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PIN DESIGNATIONS

o 40
Pin1

Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
10 Channel 9
11 Channel 10
a 2 12 Channel 11
13 Channel 12
14 Channel 13
15 Channel 14
16 Channel 15
17 -RG
18 Gain 500
19 +Amp
20 -Amp

CONOUAWN=

Address Input A,
Address Input A,
Address Input A,
Address Input Ag
Reset
Clock

+5V Supply (+Vdd)
MUX Expand
Address Output Bg
Address Output B,
Address Output B,
Address Output B,
+15V Supply (+Vec)
Load

Analog Ground
MUX Enable

—15V Supply (-Vce)
Gain 10

Output

Digital Ground

DRBRBBIBVELRBLELLIBES

APPLICATIONS INFORMATION

DESCRIPTION OF OPERATION — The MN7208 and MN7216 are
data acquisition system building blocks. Each device contains an
analog input multiplexer, address decode control logic circuitry and
an instrumentation amplifier. The MN7208 provides an eight chan-
nel differential input multiplexer, while the MN7216 provides 16
single-ended inputs. Control logic circuitry enables either random
or sequential channel addressing. Multiplexer outputs are con-
nected internally to the instrumentation amplifier inputs. The instru-
mentation amplifier can be configured in gains of 1, 10 and 500 via
the internal gain setting resistors or set to any user defined value
with the use of external resistors.

LAYOUT CONSIDERATIONS — Proper attention to layout and
decoupling is necessary to obtain specified performance from the
MN7208/7216. The unit’s analog and digital ground pins are not
connected to each other internal to the device, therefore, they should
be tied together outside the device package and connected to
system analog ground through a large ground plane beneath the
unit.

Coupling between analog inputs and digital signals should be
minimized to avoid noise pickup. Care should be taken to avoid long
runs or runs close to digital lines.

Power supply connections should be short and direct, and all power
supplies should be decoupled with high-frequency bypass
capacitors to ground. 1uF tantalum capacitors in parallel with 001, F
ceramic capacitors can be used if necessary to conserve board
space.

POWER SUPPLY DECOUPLING

Pin 34 ﬁ +5V

0014F

Pin 28 c——_l-—‘[— +15V
F ¥
Pins 21, 26 o-l———i Ground

1 0014F
Pins 21, 26 Ground

001F

W
Pin 24 »L —T— ~15V

MULTIPLEXER AND CONTROL LOGIC — The Load (pin 27) input
controls the random or sequential mode of operation. If Load Input
(pin 27) is set to a logic 1, the device will access input channels
sequentially with every rising edge of the Clock Input. If setto a logic
0, the device will access the channel selected via the Address In-
puts (A1-A8, pins 37-40).In either mode of operation, the state of the
Load Inputis latched on the rising edge of the signal applied to Clock
Input (pin 35).

Other control lines include Reset (pin 36) and MUX Enable (pin 25).
As they imply, Reset can be used to initialize or reset the multiplexer
to channel 0 and the MUX Enable input can be used in systems
which require input channel expansion.

In addition to address inputs, address outputs are provided for use
in identifying converted data. Applications requiring additional
channel inputs can utilize the MUX Expand output for enabling ad-
ditional multiplexers. These features can be better understood by
referencing the Truth Tables for both the MN7208 and MN7216.

INSTRUMENTATION AMPLIFIER — The instrumentation amplifier
can be configured for gains of 1, 10 and 500 utilizing internal gain
setting resistors. Gains are selected via external pin connections
(see section labeled Gain Selection). User definable gains can be
set using external resistors.

GAIN SELECTION — Gain selection is accomplished via external
pin connections. To operate the MN7208/7216 in a gain of 1, pin 17
should be left open. If a gain of 10 is desired, connect pin 17 to pin
23. If a gain of 500 is desired, connect pin 17 to pin 18. Care should
be taken when laying out circuit runs to avoid introducing errors.
Keep connections as short and direct as possible.

The gain may be set to values other than 1, 10 and 500 by using
an external gain setting resistor. The equation for choosing the value
of the external resistor is shown below.

RG=[40k/ (G—1)]-50 Ohms



INPUT - OUTPUT TRUTH TABLES

MN7216 — Truth Table

MN7208 — Truth Table

DIGITAL INPUTS DIGITAL OUTPUTS DIGITAL INPUTS DIGITAL OUTPUTS
Address Inputs MUX | Address Outputs Address Inputs MUX | Address Outputs
A3 Az Ai Ag| Load  Reset Clock Enable |By B, By By |Expand | Output Az Ay Ag |Losd  Reset Clock Enable| B, By By |Expand| Output
X X X X X X X X [X X X X H |+Amp| X X X | X X X X | X X X H | +Amp|
X X X X| X L i H L L LL L |.CHO X X X | X L i H | L LL L | CHO
HHHH L H ! H |HHHH L |CH15 HHH L H ! H|HHH L | CH7
LHHH L H 1 H LHHH L | CH7 L HH L H 1 H LHH L | CH3
L LLHIL H 1 H (L LLH L | CH1 LLH|L H t H|LLH L | CH1
LLLL| L H i H (L LLL L | CHO LLL|L H 1 H L L L L | CHO
X X X X| H H 1 H LLLH L | CH1 X X X [H H 1 H|LLH L | CH1
X X X X| H H 1 H L LHL L | CH2 X X X | H H t H{LHL L | CH2
X X X X| H H 1 H LLHH L | CH3 X X X | H H t H|LHH L | CH3
X X X X| H H 1 H LHLL L | CH4 X X X | H H t H{HLL L | CH4
X X X X| H H 1 H |LHLH L | CHs X X X | H H t H{HLH L | CH5
X X X X| H H 1 H LHHL L | CH6 XX X [ H H t H|HHL L | CH6
X X X X| H H ! H LHHH L | CH7 X X X |[H H ! H|HHH L | CH7
X X X X| H H ! H |HLLL L | CH8 X X X | H H 1 H{LLTL L | CHO
X X X X{ H H t H |HLLH L | CH9 X X X | H H t H{LLH L | CH1
X X X X{ H H ! H HLHL L | CH10
X X X X| H H t H (HLHH L [CH11
X X X X| H H t H [HHLL L |CH12| NOTES:
X X X X| H H ! H |[HHLH L | CH13 1. “H" indicates TTL logic high (+2.0V minimum) for MUX Address, Load, Reset and
X X X X H H t H HHHL L | CHi4 Clock digital inputs. For MUX Enable, **H" indicates a logic high of +4.0V minimum.
X X X X H H f H HHHH L [CHi5 2. "L indicates TTL logic zero (+08V maximum) for all digital inputs.
X X X X H H 1 H L L L L L | CHO 3. "X indicates “don’t care.”

4. “1” indicates a L'’ to ““H"" (low to high) transition.

TYPICAL PERFORMANCE SPECIFICATIONS

Typical MUX Performance Specifications

Number of Channels: MN7208

8 Full Differential

MN7216 16 Single Ended
Input Voltage Range +10V
Input Impendance 250m2/100pF
Logic Levels: Logic “1” (min) +40V
Logic “0" (max) +08V
Logic Currents: Logic ‘1" +1pA
Logic ‘0" +1pA
Access Time 500nsec
On Resistance 15kQ
Cross Talk (1kQ Source, 1KHz, 20Vp-p) —68dB

Typical Instrumentation Amplifier Performance Specifications
Voltage Range (min) +10V
Input Impedance: Differential (MN7208) 5x10'20//6pF

Single Ended (MN7216) 2x10'2Q/11pF
input Bias Current 20pA
Input Offset Current 2pA
Common Mode Rejection Ration (min): G=1 70dB

G=100 100dB

Gain Error (G=1): Initial (+25°C) +004%

Over Temperature +0.08%
Gain (G=1) Nonlinearity (max) +001% 2
Large Signal Bandwidth 270kHz 8
Output Slew Rate 17Viusec s
Output Voltage Swing (min) +10V =
Output Current (min) +5mA
Output Load Capacitance (Stability) 5000pF
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CONFIGURING A DATA ACQUISITION SYSTEM

The MN7208/16 can be used with 12- and 16-bit sampling A/D con-
verters to configure multi-channel data acquisition systems. The
MN7208/16 provides a single-package solution for front-end signal
conditioning/processing including multiplexing with control logic cir-
cuitry and an instrumentation amplifier (selectable fixed gains of 1,
10, 500 or user defined via external resistors). The Sampling A/D
converter provides the T/H amplifier, necessary control logic circuitry,
reference, clock, A/D and in some cases, a complete microprocessor
interface. When these two products are used together, complete
Data Acquisition Systems can be configured in a space efficient
manner.

Single channel acquisition and conversion is accomplished by
selecting the desired channel, stobing clock input and initiating the
conversion cycle. The T/H ampilifier internal to the Sampling A/D ac-
quires and tracks the analog input during the MUX switching and
settling time. Once settled and acquired, conversions can be
initiated.

The circuit and timing diagram below illustrates a 16-channel,
single-ended, 12-bit data acquisition system with a minimum of com-
ponents. In this case, the MN7216 can be used with either the
MN6227/28, MN6231/32 or the MN6774 Sampling A/D converters.

For the sake of simplicity, the sampling A/D is shown configured in
a stand-alone mode of operation (these particular devices include
a complete microprocessor interface and can be operated under
full microprocessor control). The MN7216 is configured to operate
in the sequential mode with an instrumentation amplifier gain of +10.

Inthe example, Reset is brought low prior to the rising edge of Master
Clock, resetting the MUX address to channel 0. Additionally, the
rising edge of Master Clock triggers the B1 input of the one-shot,
creating a delayed start convert signal for the Sampling A/D. This
delay allows for MUX switching, instrumentation amplifier settling
and T/H acquisition times. The acquisition time delay is set by the
values of R1 and C1. When the Q1 output of the one-shot times out,
its falling edge triggers the A2 input, thereby creating the sampling
A/D converters start convert signal. The values of R2 and C2 set
the width of the start convert signal. When the conversion is com-
plete (signaled by the falling edge of the sampling A/D converter’s
Status output), valid output data can be read. The next rising edge
of Master Clock increments the channel address to Channel 1 and
initiates the settling/acquisition conversion process again.

Other system options might include random MUX addressing, in
which case, the address inputs A1 thru A8 would be set to the desired
address prior to the rising edge of the Master Clock signal. In this
case, Load (pin 27) would be tied to ground.

] 10
TIME (usec) | | | |
50 kHZ
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RESET T keser |

B8 T

B4 T

B2 T

—

B1 NN

N
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CH O SWICH CH1 SWITCH CH2 SWITCH
A/D STATUS AND ACQUIRE | CONVERT | anNp acquIRE | CONVERT | AND ACQUIRE | CONVERT
EDANGE {CATA VALID CHO )i owTa VAo oni
DATA VALID IWPEDANCE \CATA VALID CHO Ji5epance \2ATA VALD CHY Fipepance
CLOCK O ¥y
RESET O— RI
© 1 .
ADDRESS | O T <
OUTPUTS | o L_‘B1R°‘ €T RCZ C2 ACQ. TIME
O~ al P —
MN7216 +—182 7418221 A2
—— RD1 - a2
o—cHo A8 —0 RD2 AT __GND START
O——CH1 A4 ——0O
o—{cH2 A2 —o0
O——CH3 Al —0O
o—cHa RESET MN6227/28, MN6231/32,
o—]cHs CcLk or MN6774
O——{CHE +5V +5V STS STATUS
ANALOG | O—— CH7 EXPND |——0 ——12/8 MSB—0
INPUTS | 0—— CHg 88 TS 820
O——CH9 B4 L A0 B3 —0O
O——{CH10 82 R/C B4—0
O——CH11 B1 ———CE B85
O———CH12 +15 +15v B6 ’—_O—O DIGITAL
O——{CH13 LOAD ——— REF OUT 87 |0 | OUTPUTS
O——CH14 ANA GND _L ®Y ANA GND B8 ——0
O——{CH15 MUX ENf— = +—NW——— 10V REF IN B3 ——0O
RG- ~15v e -15v 810—o0
O—— G500 G10 — BIP OFF B11 ——0O
O—— +AMP out 20v Ls8
—AMP DIG_GND +—1
: GND ——‘ 10v. DIG_GND '—'
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MN7450
MN7451

8-CHANNEL 16-Bit
DATA ACQUISITION SYSTEM

FEATURES
e Complete DAS:
Latched Input MUX
Software Programmable
Gain Amplifier
Buffer Amplifier
Inherent T/H Function
Internal Reference
Internal Clock Option
16-Bit Self-Calibrating
A/D Converter
¢ Small Double-Wide 40-Pin DIP
* 8X2 Byte Output Format
¢ 8 Single-Ended Input Channels
¢ Input Over-Voltage Protection
* Full Digital Control:
MUX Channel
Gain Range
Unipolar/Bipolar

¢ | ow Initial Gain and Offset Error

40 PIN SIDE BRAZED DIP

.~—- Dimensions in inches
(millimeters)

DESCRIPTION

The MN7450 and MN7451 are self-calibrating 8-channel, 16-bit
data acquisition systems offered in a small, industry-standard,
40-pin, double-wide dual-in-line package. These units are com-
plete, single-package data acquisition components and contain
an input multiplexer, software programmable gain amplifier, in-
put buffer and a 16-bit self-calibrating sampling A/D converter.

The multiplexer features eight single-ended, over-voltage-
protected input channels whose latched address inputs are both
TTL and CMOS logic compatible. In addition, the input
multiplexer features break-before-make operation. The software-
programmable gain amplifier features latched selections of gain
(1,2,4 or 8) without the need for additional external components.
The A/D converter section of this complete DAS features self-
calibration and completeness of function. Features include an
on-board user-optional internal clock, analog input buffer
amplifier, internal reference and data output demultiplexer

(8 x 2 output format).

These devices guarantee 16-bit no-missing-codes performance
at 25°C and 15-bit no-missing codes over temperature. Gain
error is specified as +0.1% maximum while initial zero errors
are specified as +0.05%FSR maximum (after initial self-
calibration). The system can be operated in two modes. In the
pipelined mode, signal acquisition is accomplished during the
conversion cycle. Maximum throughput in this mode of opera-
tion is 47.65kHz. In the non-pipelined mode, analog input chan-
nels are selected and then converted in a serial fashion.
Throughput in the non-pipelined mode is 17.5kHz.

The small size and completeness of function of the MN7450 and
MN7451 make them ideal for applications in high-end industrial
and military/aerospace applications where size and performance
are paramount considerations. These devices are available with
optional Environmental Stress Screening. Contact the factory for
availability of MIL-H-38534 compliant devices.

== MICRO NETWORKS

May 1992
Copyright 1992
Micro Networks
All rights reserved

324 Clark St., Worcester, MA 01606 (508) 852-5400

9-45




MN7450/7451 8-CHANNEL 16-BIT DATA ACQUISITION SYSTEM

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range:

Specified Temperature Range:
MN7450, MN74501J, K
MN7450, MN7451S, T

Storage Temperature Range

+Vcc Supply (Pin 13)

~V¢c Supply (Pin 14)

+Vpp Supply (Pin 35)

~Vpp Supply (Pin 37)

Analog Inputs

Digital Inputs

-55°Cto +125°C

0°C to 6+70°C
—55°Cio +125°C
—65°C to +150°C
Oto +18V
Oto -18V
-03to +6 Volts
+03to -6 Volts
+Vec +2 Volts

-03 10 +Vpp +03 Voits

ORDERING INFORMATION

PART NUMBER MN7450 T / B CH
Select MN7450 (0 to +5V, +5V) I

or MN7451 (0 to +10V, +10V).
Select suffix J, K, S, or T for desired performance
and specified temperature range.
Add /B to S or T models for Environmental
Stress Screening.
Add “CH” to “S/B" or *“T/B”" models for 100%
screening according to MIL-H-38534.
Contact factory for availability of “CH" device types.

DESIGN SPECIFICATIONS ALL UNITS (Ta=+25°C, +Vcc =415V, +Vpp =45V, F¢ « =4MHz (EXTERNAL) unless otherwise indicated) (Note 1)

ANALOG INPUTS MIN. T TYP. ! MAX. UNITS
Number of Input Channels 8 Single-Ended
Input Voltage Range:
MN7450: Unipolar Oto +5 Volts
Bipolar +5 Volts
MN7451: Unipolar Oto +10 Volts
Bipolar +10 Volts
Input Bias Current +10 nA
Input Leakage Current +1 nA
DIGITAL INPUTS
Logic Levels: Logic ‘1" +20 Volts
Logic “0” +04 Volts
Logic Currents: Logic “1” (Vi =+2.4V) +10 uA
Logic “0” (V) =+04V) +10 uA
DIGITAL OUTPUTS
Output Coding: Unipolar Ranges Straight Binary
Bipolar Ranges Offset Binary
Logic Levels: Logic “1"” (Igy = —40uA) +24 Volts
Logic 0" (Io_ =+16mA) +04 Volts
3-State Output Leakage +10 WA
REFERENCE OUTPUT
Reference Voltage +4.45 +45 +455 Volts
POWER SUPPLY REQUIREMENTS
Power Supply Range: +Vcc Supplies +14.55 +15 +1545 Volts
+Vpp Supplies +45 +5 +55 Volts
Power Supply Rejection Ratio: +V¢ Supplies +0.001 %FSR/%VS
+Vpp Supplies +0.001 %FSR/%VS
Current Drains: +V¢ Supply +18 +25 mA
—Vece Supply -17 -25 mA
+Vpp Supply +135 +20 mA
~Vpp Supply -135 -20 mA
Power Consumption 658 950 mwW
DYNAMIC CHARACTERISTICS
Conversion Time 165 pusec
Throughput Rate 475 50 kHz
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PERFORMANCE SPECIFICATIONS (T, =+25°C, +Vcc =415V, +Vpp =45V, Fg  =4MHz unless otherwise indicated)

MN7450J MN7450K MN7450S MN7450T
MODEL MN7451J MN7451K MN7451S MN7451T | UNITS
Integral Linearity Error: Initial (+25°C) (Max.) +0.003 +0.0022 +0.003 +00022 %FSR
Over Temperature (Max.) +0.006 +0.0045 +0.006 +00045 _ %FSR
| Resolution for which No Missing Codes is Guaranteed:

Initial (25°C) 15 16 15 16 Bits

Over Temperature 14 15 14 1B Bits
Unipolar Offset Error (Max.):

Initial (+25°C) +006 +0.04 +0.06 +0.04 %FSR

Drift +7 +5 +7 +5 p_pm_pf_fSR/°C
Bipolar Zero Error (Max.):

Initial (+25°C) +006 +0.04 +0.06 +004 %FSR

Drift +4 +25 +4 +25 ppm of FSR/°C
Gain Error (Max):

Initial (+25°C) +01 +0.05 +01 +0.05 %

Drift +15 +10 +15 +10 ppm/°C

SPECIFICATION NOTES:

1. Specifications apply after initial calibration following power-up
at +25°C.

2. Reference output is to be bypassed to Analog Ground with a 10.F
capacitor in parallel with a 0.14F capacitor. Reference must not be
used for application circuitry without buffering.

3. Performance specifications apply to overall system (MUX, PGA, and
A/D) with PGA Gain set to G=1.

PIN DESIGNATIONS

1 40 1 Bit 8/LSB 40 Start Convert
2 Bit 7/Bit 15 39 Conversion Status
3 Bit 6/Bit 14 38 Reset
4  Bit 5/Bit 13 37 -5V Supply
5 Bit 4/Bit 12 36 Analog Ground
6 Bit 3/Bit 11 35 +5V Supply
7 Bit 2/Bit 10 34 Bipolar/Unipolar
8 MSB/Bit9 33 3-State/Read
9 Digital Ground 32 Reference Output
10 PGA Write 31 Clock In
11 Gain Select G1 30 Analog Ground
12 Gain Select GO 29 Mux Write
13 +15V Supply 28 Address A2
14 —-15V Supply 27 Address Al
15 PGA Input 26 Address A0
16 Mux Output 25 Mux Enable
17 Channel 8 24 Channel 4
18 Channel 7 23 Channel 3
19 Channel 6 22 Channel 2
20 21 20 Channel 5 21 Channel 1
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BLOCK DIAGRAM

MUX Output  PGA Input
(16) (15)
MUX Enable (25) O——————

MUX Write (29) 0—|

Channel 1 (21) O~—-
Channel 2 (22) Qw——o
Channel 3 (23) O——
Channel 4 (24) C Single-Ended
Channel 5 (20) &—— Latched
Channel 6 (19) O——— MUX
Channel 7 (18) Ol
Channel 8 (17) O0——

MUX Address (A) (28) O—J

MUX Address (A;) (27) O———
MUX Address (Ay) (26) O———————

8-Channel

Gain Select (G1) (11) ©

PGA Write
(10)
[e} () (40) Start Convert
f——O (31) Clock Input
|————— (8) MSB/Bit 9
————0 (7) Bit 2/Bit10
———0 (6) Bit 3/Bit 11
————C (5) Bit 4/Bit 12
1 Software ————C (4) Bit 5/Bit 13
Programmable 16-Bit l————— (3) Bit 6/Bit 14
Gain Self- l————0 (2) Bit 7Bit 15
Amplifier Calibrating ]
Sampling  f——= (1) Bit 8/1LSB
AD
———0 (39) Conversion Status
————0 (38) Reset
[—————0 (33) 3-State/Read

Gain Select (G0) (12) C

+Vcc Supply (18) O————# +15V
-V¢c Supply (14) O————— 15V
+Vpp Supply (35) O————— +5V
~Vee Supply (37) O———e——® -5V
Digital Ground (9) O——————
Analog Ground (30, 36) O——————%

L———O (32) Reference Output

"0 (34) Bipolar/Unipolar

DESCRIPTION OF OPERATION

MUX OPERATON/CHANNEL SELECTION — The 8-channel single-
ended multiplexer with latch features overvoltage protection up to +35V,
channel selection and control inputs that are fully compatible with both
CMOS and TTL logic levels, and guaranteed break-before-make
switching.

The MUX Address input lines A2, A1, and AO (pins 28, 27, and 26) are
used to select 1 of 8 input channels. These address lines can be chang-
ed (MUX is in a transparent state similar to unlatched muitiplexers)
when Mux Write (pin 29) is low and Mux Enable (pin 25) is high. The
channel address is latched by bringing Mux Write high. Changes to
the Mux Address lines while Mux Write is high do not affect the chan-
nel selection, freeing a microprocessor from providing constant ad-
dress inputs in order to remain on a desired channel. A new channel
can be addressed while Mux Write is high although it will not be
selected until Mux Write returns low.

MUX Channel Selection
MUX Address MUX MUX Channel
A2 Al A0 Enable Write Selected
X X X 0 0 None
0 0 0 1 0 1
o 0 1 1 0 2
o 1 0 1 0 3
o 1 1 1 0 4
1 0 0 1 0 5
1 0 1 1 0 6
1 1 0 1 0 7
1 1 1 1 0 8
X X X X 1 Maintains Previous
Selection

When MUX Enable and MUX Write are both low, all 8 channels are
turned off. This function allows for cascading of additional input chan-
nels into the PGA Input (pin 15) or other external series signal condi-
tioning normally connected to the MUX Output (pin 16).

PROGRAMMABLE GAIN AMP OPERATION — The single-ended
software-programmable gain amplifier features latched selection of
gains of 1, 2, 4 or 8 without the need for external resistors. The digital
control inputs PGA Gain Select G1 (pin 11), GO (pin 12) and PGA Write
(pin 10) are TTL compatible.

As with the MUX, the PGA has both a transparent and latched mode
of operation. The PGA will respond to changes of the gain select in-
puts while PGA Write is low. The PGA Gain Select inputs G1 and GO
are latched when PGA Write is brought high, and remain latched un-
til PGA Write is returned low.

In application, PGA Write can be tied to MUX Write and together con-
trolled from the same microprocessor or digital control line. Optimum
performance of the DAS with regards to integral linearity drift over the
full temperature range is achieved when the PGA is operated at a gain
of 2.

PGA Gain Selection
Gain Select PGA
GO Write Gain

0 0 0 1

0 1 0 2

1 0 0 4

1 1 0 8

X X 1 Previous State Latched
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APPLICATIONS INFORMATION

POWER SUPPLIES/REFERENCE VOLTAGE — The DAS is powered
from standard supplies of +15V and +5V. All supplies are internally
connected to analog components and therefore must be of suitable
quality. Supplies are decoulped internally to provide power for digital
logic functions. It is strongly recommended that the power supplies
be externally bypassed in the following manner.

The +15V (pin 13) and -15V (pin 14) supplies should be bypassed
to analog ground with ceramic 01y4F capacitors.

The +5V (pin 35) and -5V (pin 37) supplies should be bypassed to
analog ground with tantalum 10xF caps in parallel with ceramic 0.2uF
caps.

The Analog Grounds (pins 30, 36) and Digital Ground (pin 9) should
be connected together and to a ground plane.

The Reference Output (pin 32) should be bypassed to analog ground
with a tantalum 10xF cap in parallel with a ceramic 0.1uF cap. The
reference output is an internally generated +4.5V that should not be
used to drive any additional circuitry. If it absolutely needs to be used,
it must be buffered.

Pin 35 +5V
10uF =2 0.2uF
) Analog
Pins 30, 36 Ground
10uF 0.2 Pin 32 o—_L—r +45V
Pin 37 o—T———-T— Y 104F 01, Veer
Pin 130—:[—— +15V Pins Analog
30, 36
01F Ground
. Analog
P
ins 30, 36 O—E—— Ground
01uF

Power Supply and Reference Decoupling

POWER-UP/CALIBRATION — Although the internal components are
protected against overvoltage conditions, it is recommended that the
+15V supplies be applied simultaneously to or shortly after the +5V
supplies. Once the device is powered up, a reset calibration must be
performed. The required initial reset is initiated by strobing the Reset
(pin 38) high for a minimum of 100nsec. When Reset returns low, a
full calibration cycle begins. This calibration cycle lasts 1441020 master
clock cycles (equivalent to 360.255msec with a 4MHz external clock).
During this time Conversion Status (pin 39) will be high, and return
low wnen calibration is complete.

+5V Analog

+ (35) +V,
DC (38) Reset
l 741814
74HC14
0F I 74HCT14 MN7450/51

The reset calibration can be performed either under microprocessor
control or by hardware using a reset circuit triggered at Cevice power-
up, as shown. The reset calibration may be used at any time or at any
operating temperature throughout the lifetime of the device to ensure
optimum performance.

During calibration the A/D’s differential linearity self-adjusts to minimize
errors due to internal component ratio drift mismatch.

ANALOG INPUT RANGES — There are two DAS models to choose
from, each with unipolar and bipolar input ranges. With the PGA in
again of 1, the MN7450 has a unipolar range of 0 to +5V and a bipolar
range of -5V to +5V. The MN7451 has a unipolar range of 0 to +10V
and a bipolar range of ~10V to +10V. The unipolar ranges are digital-
ly represented in Straight Binary coding. The bipolar ranges are digitally
represented in Offset Binary coding. Selection of a unipolar or bipolar
input transfer function is made digitally using Bipolar/Unipolar (pin 34).

MASTER CLOCK — The user has an option to use the internally
generated master clock by tying Clock In (pin 31) low or to externally
supply a master clock to the Clock In pin. The internal clock frequen-
cy (with Clock In low) will be a minimum of 2MHz. The external user
supplied clock can be of TTL or CMOS levels and from a frequency
minimum of 100kHz to a maximum of 4MHz. All device timing
characteristics scale directly to the master clock frequency.

DIGITAL OUTPUT BITS — The DAS presents parallel data outin an
8-bit x 2 byte format upon execution of read operations. A read opera-
tion is performed by bringing 3-State/Read (pin 33) low. The first read
following a completed conversion will bring the digital output lines out
of the 3-state condition and present the 8 MSB’s (MSB on pin 8 through
Bit 8 on pin 1). The second read following a conversion is executed
by bringing 3-State/Read back high and then low again. The 8 LSB’s
appear at the output (Bit 9 on pin 8 through LSB on pin 1). On subse-
quent reads before another conversion is complete, the MSB/LSB byte
will toggle.

INITIATING CONVERSIONS — A falling edge on Start Convert (pin
40) sets the DAS into the hold mode and initiates a conversion cycle.
The Start Convert input must remain low for a minimum of one master
clock cycle plus 50nsec (300nsec w/4AMHz clock). it must return high
before the minimum conversion time of 69 master clock cycles plus
235nsec (17.235usec wi4 MHz clock) to allow for sufficient acquisition
time for the next sample.

The Conversion Status output indicates that a conversion cycle is com-
plete and data is valid when it falls low. It will return high on the first
sudsequent read operation or at the start of a new conversion cycle.

SIGNAL ACQUISITION — Upon completion of a conversion cycle,
the sampling A/D automatically enters the track mode to acquire and
follow the analog input before another conversion cycle is begun.

To operate at maximum throughput, the desired signal to be converted
must already have been switched and settled through the MUX, PGA
and buffer when the sampling A/D enters the track mode. This is
acheived by selecting the new input signal channel and gain im-
mediately after the sampling A/D enters the hold mode and begins to
convert the old input signal channel. This pipelining technique allows
the new input signal sufficient time to settle at the buffer output, which
is internally disconnected to the sampling A/D input, until the old con-
version is complete. The new signal then has only to be acquired by
the sampling A/D, which has an acquisition time of six master clock
cycles plus 2.25usec (375usec w/ 4MHz clock).
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The throughput of the DAS when operated in this configuration is
4765kHz. This pipelined configuration can be implemented by using
the Start Convert signal to control both MUX Write and PGA Write. The
channel and gain selections made during the conversion cycle are up-
dated and latched as the previous channel conversion initiates.

There is a nonlinear reduction in throughput if insufficient time is allotted
for switching and settling of a new channel before the acquisition cy-
cle begins (at the fall of conversion status). This is due to the sampl-
ing A/D’s method of acquisition, which is to coarse charge the hold
capacitor for six master clock cycles (15usec widMHz clock) immediate-
ly after the previous conversion is completed, and then fine charge the
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hold cap (and track the acquired signal) for a minimum of 2.25usec
until another Start Convert pulse is received. The required time for a
new channel to be switched and settled at the buffer output is a worst
case maximum of 6usec. If the signal switched through the MUX, PGA
and buffer is not settled completely before coarse charge begins, the
bulk (or potentially all) of the signal acquisition must be performed in
the slower fine charge mode. The absolute maximum worst case ac-
quisition time, which occurs for a full scale step switched after com-
pletion of a previous conversion, is 40usec. This corresponds to a worst
case maximum throughput of approximately 175kHz (w/ 4MHz ciock)
for the non-pipelined configuration.
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V/F Converters

In applications where speed is not an essential consideration, voltage-
to-frequency and frequency-to-voltage converters provide an ideal
means to translate analog signals into the digital domain and vice-versa.
For example, these devices provide an alternative to analog-to-digital
converters that use successive-approximation, flash, or subranging ar-
chitectures. Depending on the model and frequency range selected,
Micro Networks’ VIF converters offer effective dynamic ranges greater
than 2,000,000:1, 5,000,000:1, or 10,000,000:1, otherwise expressed as
126, 134, or 142 dB.

In addition to their unmatched dynamic range, VIF and F/V converters
offer otherimportant advantages. Their transfer functions are inherently
monotonic, with no missing codes. Further, it’s possible to totally reject
50- or 60-Hz noise by appropriately selecting the counting period. Their
serial outputs/inputs make it easy to provide isolation by optical

coupling or other means. The noise immunity, serial format, and ease
of isolation make these devices ideal in such applications as medical
instrumentation, factory environments, and telemetry.

Micro Networks' line of VIF converters includes the MD3802/3805/3810
and MD3902/3905/3910 Series, which offer full-scale frequencies of 2,
5, and 10MHz. The MD38XX devices are configurable as both V/F and
F/V converters, whereas the MD39XX units are dedicated V/F con-
verters. Models MD2840/2841/2842 are A/D converters that make use
of internal V/F converters to provide 20 bits of effective resolution at con-
version times of 100, 200, and 500 msec, respectively. Though nota VIF
or A/D converter, Model MD5024 24-bit, 50MHz counter/timer relates
to these devices through its flexible control of counting and timing
intervals.

MD3802/3805/3810
MD3902/3905/3910 MD2840/2841/2842 MD5024
High-Speed 20-Bit 24-Bit, 50-MHz
V/IF Converters Integrating Programmable

A/D Converters

Counter/Timer

FEATURES FEATURES FEATURES
e Guaranteed Min/Max * Programmable ¢ Programmable Time Base
Specifications Conversion Time  No Missing Counts

e Dynamic Range
2,000,000:1 to 10,000,000:1

* 001% to 0.05%
Linearity

* 10 xV/°C Offset Drift

* 50 Overrange

¢ Overvoltage Protection

e \oltage or Current Inputs

Continuous Sampling
<10-uV Sensitivity
Repeatability to 0.3 ppm
Resolution to 23 Bits

50- and 60-Hz
Noise Immunity

5% Overrange
Overvoltage Protection

Between Intervals

Dual Measurement
Techniques:
—Frequency Counting
—Period Averaging
Dual Operating Modes:
—Continuous
—Triggered

8- or 16-Bit Data Bus

e Complementary Outputs e Small 32-Pin DIP

TTL/CMOS Compatible
e Small 24-Pin DIP
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¢ External Clock or
Onboard Crystal Drive

* Bidirectional
Input/Output Bus

e Small 40-Pin DIP



V/F, F/V Converter Selection Guide

Full-Scale Input Dynamic . . Power DIP Page
Range Model # Range Range Type Linearity (mW) Package No.
v 2MHz MD3802 Oto —10V >2,000000:1 VIF, +001%FS 750 24 Pin 10-11
>126 dB FV +001% of Input
I 5MHz MD3805 Oto -0V >5,000,000:1 VIF, +002%FS 850 24 Pin 10-11
>134 dB v +002% of Input
e 10MHz MD3810 Oto —10V >10,000000:1 VIF, +005%FS 1000 24 Pin 10-11
>142 dB N +005% of Input
v 2MHz MD3902 Oto —10V >2,000000:1 VIF +001%FS 650 24 Pin 10-15
>126 dB +0.01% of Input
v SMHz MD3905 Oto —10V >5,000000:1 VIF +002%FS 800 24 Pin 10-15
>134 dB +002% of Input
v 10MHz MD3910 Oto —10V >10,000000:1 VIF +005%FS 850 24 Pin 10-15
>140 dB +005% of Input
V/F - Based 20-Bit A/D Converters MD2840/2841/2842
Conversion VIF Differential Integral Power DIP Page
Time (msec) Model # Full-Scale Linearity (ppm) Linearity (mW) Package No.
v 100 MD2840 10MHz 01 + 005%FS 1195 32 Pin 10-5
+005% of Input
v 200 MD2841 5MHz 0.2 + 002%FS 1195 32 Pin 10-5
+002% of Input
v 500 MD2842 2MHz 05 +001%FS 1195 32 Pin 10-5
+001% of Input
24-Bit, 50MHz Counter/Timer MD5024
Counter Programmable Operating uP Application Power DiP Page
Range Time Base Mode Interface Mode (mW) Package No.
p 24 Bits 110 16 X 107 Continuous 8or 16 Cﬁ;ﬁ?}gﬁg% 700 40 Pin 1019
Clock Periods or Triggered Bits Period
Measurement

v~ Indicates New Product.
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MD2840/2841/2842

100/200/500msec
INTEGRATING A/D CONVERTERS

FEATURES

* 20-Bit Integrating A/D
Programmable Conversion Time
Continuous Sampling

<104V Sensitivity

Repeatability to 0.3ppm

* Microprocessor Compatible

¢ 1,000,000:1 Dynamic Range

¢ No Dead Time

32 PIN DIP
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DESCRIPTION

Models MD2840/2841/2842 are complete, integrating A/D
converters performing 20-bit conversions in 100
milliseconds, 200 milliseconds and 500 milliseconds respec-
tively. This series uses a charged-balanced asynchronous
V/IF converter architecture with internal counter/timer for
ultra-precise repeatability of wide-dynamic-range, slowly
varying signals.

With an input range of —10xV to —10V, this series provides

'AID conversion with a dynamic range of 1,000,000:1 (120db)

without the complications and errors associated with gain-
ranging or logarithmic schemes.

Their unique architecture allows for continuous integration of
the input signal, improving noise rejection and avoiding the
annoying dead time associated with most integrating con-
verters. The MD2840/2841/2842 Series achieves remarkable
repeatability of 0.3 ppm at up to 100 samples per second
depending on mode, speed, and resolution chosen (see
respective applications criteria).

Commands to the converter and data from the converter are
communicated over an 8-bit microprocessor-compatible bus.
The unit can be used in continuous-sample or triggered
mode, where a data-ready flag alerts the uP that the conver-
sion is complete.

APPLICATIONS

Analytical Instrumentation Magnetometers
Automatic Test Equipment Medical Instrumentation
Clinical Chemistry Seismology

Data-Acquisition Systems
Elemental Analysis

Thickness & Weighing Systems
Industrial Data Collection

0900
(229)

-

Dimensions In Inches
(millimeters)
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324 Clark St., Worcester, MA 01606 (508) 852-5400

April 1992
Copyright « 1992

Micro Networks
All rights reserved
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ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range
Storage Temperature Range
+15V Supply (Pin 31)

~15V Supply (Pin 32)

+5V Analog Supply (Pin 29)
+5V Digital Supply (Pin 15)
Digital Inputs (Pins 4, 5, 6,

20, 21, 22, 23, 25, 26)

Analog Input

MD2840/2841/2842 V/F, F/V CONVERTERS

0°C to +70°C
-25°C to +100°C
+1545V
-1545V
+525V
+525V

-03Vto +53V
-15Vto +15V

ORDERING INFORMATION
PART NUMBER

10MHz Full-scale

MD2840 / 2841 / 2842

5MHz Full-scale
2MHz Full-scale

SPECIFICATIONS (Ta=+25°C, Supplies = +15V and +5V unless otherwise specified)

ANALOG INPUTS mN. | Tye. | max UNITS
Input Voltage Range Oto -10 Volts
Overrange r l 5 %
Configuration Single-Ended
Input Impedance
MD2840, MD2841 6 kQ
MD2842 14 kQ
Offset Voltage +10 mv
(trimmable to zero)
TRANSFER CHARACTERISTICS
Full-Scale Output  MD2840 10 MHz
MD2841 5 MHz
MD2842 2 MHz
Gain Error +1 %
(trimmabie to zero)
Differential Nonlinearity ~MD2840 0.1 ppm of FSR
MD2841 0.2 ppm of FSR
MD2842 05 ppm of FSR
Integral Nonlinearity MD2840 +005% FS + 0.05% V.,
(maximum) MD2841 +002% FS + 002% V.
MD2842 +0.01% FS + 001% V,,
Full-Scale Step Response MD2840 5usec + 2 cycles of new foyr
(maximum) MD2841 10usec + 2 cycles of new four
MD2842 20usec + 2 cycles of new four
Overload Recovery MD2840 12 cycles of new four
(maximum) MD2841 10 cycles of new four
MD2842 8 cycles of new four
Noise (3a) MD2840 5 wv
(Vin = =10V, 1 sample/sec, MD2841 4 uv
3 minutes) MD2842 3 mY
STABILITY
Gain Temperature Coefficient 60 100 ppm of FSR/°C
Offset Temperature Coefficient 10 30 ppm of FSR/°C
Power Supply Rejection  Gain 200 ppm of FSR/%Vs
Offset 10 uVi%\Vs
Warm-up Time 2 Minutes
(to specified accuracy)
DIGITAL INPUTS
Logic Levels Logic 1" +24 Volts
Logic *'0” +04 Volts
Pulse Width R/W 50 nsec
All Others 10 nsec
POWER SUPPLY REQUIREMENTS
+15V Supplies +14.55 +15.45 Volts
+5V Supplies +4.75 +5.25 Volts
Current Drains  +15V 3 mA
-15V 10 mA
+5V 200 mA
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THEORY OF OPERATION

The MD2840/2841/2842 Series uses a charge-balanced asyn-
chronous VIF converter with internal counter-timer architecture as
shown in Figure 1. The full-scale range of the V/F is 10MHz for the
2840, 5MHz for the 2841 and 2MHz for the 2842. The input signal
is tracked by the V/F, producing a pulse frequency linearly propor-
tional to its full scale, ie:

Vo Fu

Ves Frs

This frequency is accumulated by the counterftimer for the full con-
version time of the A/D and presented at the output as a binary word
up to 24 bits wide. The continuous tracking and accumulation of
pulses performs an inherently monotonic integrating function.

Once the pulse accumulation is complete, the count is instantaneous-
ly transferred to the output stage, ready to be accessed by the uP.
In the continuous sample mode, the counter/timer instantaneously
begins to accumulate counts for the next measurement. In the ex-
ternal trigger mode, the counter/timer awaits a trigger command
before beginning the next accumulation of pulses.

In both cases the V/F continues to generate a pulse frequency pro-
portionately tracking the input signal. There is no dead time on these
converters, so the integration period and the conversion time is the
same and the terms are used interchangeably.

SENSITIVITY VS SPEED — The sensitivity of the
MD2840/2841/2842 Series is directly proportional to the amount of
time the converter is allowed to integrate the input signal.

Sensitivity = Ve
Frs® Tc
Where Vis = Full-scale Voltage
Frs = Full-scale Frequency of the VIF
Tc = Conversion Time

EXAMPLE — If the MD2840, (with its 10MHz V/F) integrates the in-
put signal for 110th of a second, it will accumulate 1,000,000 pulses.
If the full-scale input voltage is 10V, each pulse counted will repre-
sent 10uV. Thus, the sensitivity of the MD2840 at 10 samples per
second is 10uV.

Vi o

Vi [ or
| co R
i o —0 o

smar Q_{ conraoL i pase
ENABLE 0"‘] l—o A
FWN—J I——w “

CLEAR A

REN S—— g
10MH, COUNTER
CRYSTAL VITH ——0 03
U LAICH N
——0

———o0 ¢
——0 0

RESET DATA READY

Figure 1. Md2840/2841/2842 Block Diagram

CHOOSING A CONVERSION TIME — The architecture of the
MD2840/2841/2842 Series allows the designer to choose the conver-
sion time of the A/D converter, for the sensitivity, for integration period,

or for a combination of both criteria.

A. For Sensitivity — Often sensitivity, that is, the minimum change
in input voltage detectable by the converter, will be the overriding
criterion.

In that case, calculate the percent of full-scale represented by the
sensitivity. The inverse of that number represents the full scale
count needed.

S = Visl(Fes ® To)

101V on 10Ves =1ppm

11ppm = 108 counts
or

1mV on 10V = 001%

1/0.01% = 104 counts

Next, determine the amount of time required for the VIF to generate
that count full scale. That will be your conversion time:

For Example

Model 106 Counts 104 Counts
MD2840 (10MHz) 0.1 sec o 0.001 sec
MD2841 (5MHz) 0.2 sec 0002 sec
MD2842 (2MHz) 0.5 sec 0.005 sec

B. For Integration Period —
Integration Period = Tc = Vis/(Fes ® Sensitivity)

Example: At 100 msec integrating (conversion) time

Model Count Resolution Sensitivity
MD2840 (10MHz) 108 counts FS ~20 Bits 104V
MD2841 (5MHz) 5 x 105 counts FS ~19 Bits  20uV
MD2842 (2MHz) 2 x 105 counts FS ~18 Bits 504V

C. Combination — In multiplexed systems different sensitivity/speed
combinations may be required for each channel. This is easily ac-
complished with the MD2840/2841/2842 Series by a simple pro-
gram command setting the conversion time.

With the very wide dynamic range of the MD2840/2841/2842
Series the entire input range can be sampled at high speed and
low resolution until the desired levelis detected. Then the integra-
tion time can be extended for higher-sensitivity measurements.

Where several instruments share one analog front-end design —
a combination of speed and sensitivity can be programmed into
the MD2840/2841/2842 Series "‘on the fly.”

Sometimes the conversion time dominates the design decision.
This is true when trying to reject periodic normal-mode noise —
such as 50/60 Hz line pickup. Then the conversion time should
be set at an integer multiple of the period of the noise (ie. 20 msec
or 40 msec or 60 msec for 50Hz rejection). 100 msec integration
is common as it rejects both 50 and 60 Hz pickup. Once the con-
version time is chosen, the resolution and sensitivity can be
calculated.

Model/ MD2840 MD2841 MD2842
Conversion Time 10MHz 5MHz 2MHz

100 SPS 100pV (16 Bits) 200uV (15 Bits) 500uV (14 Bits)
10 SPS 10V (20 Bits) 20pV (19 Bits) 50uV (18 Bits)
1 SPS 1V (23 Bits) 2uV (22 Bits) 5uV (21 Bits)

Table 1 - Sensitivity and Resolution With 0-10V F.S.
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PROGRAMMING CONVERSION TIME

Conversion time is programmed by writing an 8-bit word to the A/D

converter. R/W should be placed in a logic 0. Program data are load-

ed on lines DO-D7 and the Enable command is strobed low per
. Figure 2.

Note setup and hold time of 10 nsec minimum before and after Enable
and the 50 nsec minimum Enable pulse width.

The programmed conversion time (T¢) is related to an external clock
(Fci) by the following formula. Clock frequencies up to 50MHz are
acceptable.
To=1 X B X
Fex

oM

Fora 10MHz Crystal Tc = 1 X B X 10M

107

STEP 1:  Select desired conversion (integration) time.

STEP 2:  Multiply time base by Fc. The answer is B X 10",

STEP 3: Choose B as large as possible within 1-16 range. Deter-
mine appropriate N.

STEP 4:  Assemble program byte (with MSB = 1) selecting N & B

from Table 2.

VALID PROGRAM DATA

i

I
o007 ><[L

I
RW \ ]

ENABLE l ] ' |
I | |

I\
10-nSEC MIN l I
SETUP TIME _’i I“"‘ —r-l |<—— 12‘&305%&@

41
X

50-nSEC MIN
ENABLE
PULSE
WIDTH

s e 3

Figure 2. WRITE Command Timing

OON'T CARE

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
MSB N2 N1 NO B3 B2 B1 BO
0 N= N2 N1 NO | B= B3 B2 B1 B0
0 0 0 0 O 1 11 1 1
0 1 0 0 1 2 1 1 1 0
2 0 1 0 3 11 0 1
3 0 1 1 4 1 1 0 0
4 1 0 O 5 1.0 1 1
5 1 0 1 6 1 0 1 0
6 1 1 0 7 1 0 0 1
7 1 1 1 8 1.0 0 O
9 o 1 1 1
10 o 1 1 0
1 o 1t 0 1
12 0o 1 0 0
13 o 0o 1 1
14 0o 0 1 0
15 0 0 o0 1
16 0O 0 0 O

1)

Table 2 - Compiling the Conversion Time Byte.
Example 1

For Tc = 100 msec and Fex = 10MHz

2) Tc x Foe = B x 10V
100 msec x 10 x 108 = 10 x 105
3) Choose N=5 B=10
MSB N B
4) Code 0 101 0110
Example 2
1) ForTc = 1 msec and Fg = 10MHz
2) Tc x Fox = B x.10V
1 msec X 10 X 106 = 10 X 103
3) Choose N=3 B=10
MSB N B
4) Code 0 011 0110

PIN DESIGNATIONS

Pin 1 321 4 vy, 32 _15v

2 I 31 +15V

3 Offset Trim 30 Analog Ground

4 A2 29 +5V (ANA)

4 A1 28 Foyr —VIF Output Frequency

6 A0 27 Fiy—Input to Counter

7 DO 26 R/W-Read/Write Select
% 7] 8o 25 Enable

9 D2 24 DR-Data Ready

10 D3 23 R-Reset

11 D4 22 S-Start

12 D5 21 CSISS

13 D6 20 CLKn

14 D7 19 CLK Out

15 +5V (DIG) 18 Xtal

16 Digital Ground 17 Xtal
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READING THE DATA

The MD2840/2841/2842 Series is capable of up to 24-bit
measurements. These are read out on the 8-bit bus in three bytes.
There are also overflow and programming bytes. The bytes are ad-
dressed at pin A0, A1, A2 per Table 3 via the timing commands in
Figure 3.

To read data, set the R/W line to the logical ‘1"’ (high) state, and the
A0, A1, A2 control lines to the appropriate states for the data byte
desired. The order in which these signals are applied isn’timportant,
as long as they are present and static for at least 10 nsec before the
Enable (E) line is activated, and for a minimum of 10 nsec after Enable
(E) is removed. The Enable line performs the actual read operation;
itis a negative pulse, at least 50 nsec wide. Valid data is present on
the output bus 30 nsec maximum after the leading edge of Enable;
the data bus returns to a high impedance state 25 nsec maximum
after the trailing edge of the Enable pulse.

A A A2 | COMMAND | BYTE
0 0 0 READ | LOWER
1 0 0 READ | MIDDLE
0 1 0 READ UPPER
1 1 0 READ o
1 0 1 READ ’;Fy‘gg

Table 3 - Addressing the data bytes.

OVERFLOW AND PROGRAMMING
READBACK BYTES

It the 24-Bit counter overflows, the overflow bit (Do) on the Overflow
Byte (A = 110) will be in a high state. The data bits will roll over to
zero and continue to count. Thus, using the overflow bit, it is possi-
ble to use the MD2840/2841/2842 Series as a 25-bit converter. See
Table 3 and Figure 3 for commands and timing.

At any time the A/D can be interrogated as to its programmed status
by reading the Program Readback Byte (A = 101). This will read back
the conversion time program byte.

OPTIONS

1. Offset voltage may be trimmed to zero using a 20K potentiometer
with drift less than 100ppm/°C.

2. Full Scale output can be trimmed to zero error using a 200€ poten-
tiometer with drift less than 100ppm/°C.

3. +5V (ANA) may be regulated for optimal performance using a Na-
tional 78L05 (typical) +5V regulator.

4. An optical isolator or isolation transformer may be inserted be-
tween F,, and F,, to isolate the analog and digital sections of the
AJD, if dictated by system requirements.

5. Clock frequency may come from a system clock, up to 50MHz
maximum, applied to CLKy (pin 20). Alternately an oscillator
clock can be generated using a crystal (1I0MHz typical). Cr., may
then be added to trim the crystal to the exact frequency desired.
Cr. values between 2 and 25pF are typical.

|

AD A1 ><I
0 A1 A2 :
|

RIW I
—
Il

ENABLE

I
I
f
|

&

|

—F—|--

[
[
T
!
f
|
[
|
|
|
|
|
|
[
l
|
t

10- nSEC MIN 10 1SEC MIN
n ‘
SETUP Tive —™1 }4—}‘_ 50 PSEC MIN o HOLD TIME
| PULSE
WIDTH
|
|
|
| |
| DATA VALID
1 i |
' | f |
I | | [
30-nSEC 25 nSEC
ke~ max vaco fe maxvaLD ..l
DATA DELAY DATA HOLD

TIME

Figure 3. READ Command Timing

NOTES:

DR — Data Ready — Generates a logical ‘1" that indicates that
data has been latched and is ready to read. On Reset (pin 23) Data
Ready becomes active high and remains high until a READ opera-
tion is performed.

R — Reset — When logical ‘0 is applied to pin 23 all operations
are stopped and all counters and latches are reset to zero. A
minimum pulse width of 100 nsec at logical O is requred.

S — Start and CS/SS — Continuous Sample /Synchronous Start
— When CS/SS is low, the converter, after receiving a single start
command, will continuously convert the input. When CS/SS is
High, the converter will wait for a START command before begin-
ning the next conversion. The START command is positive edge
- triggered.

+5V (DIG) and +5V (VFC) may be supplied from the same +5V
supply. See Option #3.

F.. and Fi, should be tied together for normal operation. F,,, can
be used as a test point to check the output of the VIF. An optical
isolator or isolation transformer may be inserted between F,,, and
Fi. to totally isolate the analog and digital sections of the con-
verter. See Option #4.

CLK IN Receives a system clock up to 50MHz. CLK,, should be
tied to CLK., if Crystal Oscillator Clock Circuit is used. See Op-
tion #5.

Xtal No connection if clock is supplied by System to pin 20
(CLK,,). For self-generated Crystal Clock See Option #5.

ORDERING INFORMATION

MD284020 Bits ® 100 msec
MD284120 Bits ® 200 msec
MD284220 Bits @ 500 msec
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ANALOG GROUND

Connection Diagram With Options

DIGITAL GROUND

+15V +5V (ANA) +5V (DIG)
(? OPTION 3 T
S 10MH OPTION 5
+5V REGULATOR puy z
l 78L05 [ OPTION 4
1SO
l>—| (-—_jH l——-«
OPTION 2
ﬂ 31 29 28 27 15 17 18 19 l——O CLKOUT
A AA 20 ———0- cLkin
2000
GAIN TRIM 714 =<0 D007
O—
OPTION 1 26 =<0 A0-A2
+15V
456 f———ORW
+——0 24 f——0ODR
20K0
22 ——0O sTaRT
~15V  OFFSET TRIM 30 32 16 23 21 25
(o]
15V R Csss  E

L)

=m MICRO NETWORKS

324 Clark St., Worcester, MA 01606 (508) 852-5400

10-10




-

§

|

[
)

=m MICRO NETWORKS

MD3802/3805/3810

2/510MHz
VIF, FIV CONVERTERS

FEATURES

¢ Guaranteed Minimum/
Maximum Specifications

¢ Wide Dynamic Range
>2,000,000/5,000,000/10,000,000:1
>126/134/142 dB

¢ Excellent Linearity
+0.01/0.02/0.05% FSR
+0.01/0.02/0.05% of Input

¢ Excellent Stability
10 pV/°C Offset
75 ppm/°C Gain
¢ Voltage or Current Inputs

e Offset and Gain Error
Trimmable to Zero

¢ Complementary Frequency
Outputs-TTL/CMOS Compatible

¢ Small 24-Pin DIP

e |Low Power
<0.75/0.85/1.0W

24-PIN CERAMIC DIP

PIN 1

1100 (27 94)

{0018
(046)

0.800 max
(203)

DESCRIPTION

Models MD3802/3805/3810 are high-performance, precision
2/5110MHz full-scale voltage-to-frequency converters, intend-
ed for those applications that require maximum performance
at the most economical cost. These converters feature
>125/134/142-dB dynamic range, +0.01/0.02/0.05% linearity,
and +5% overrange capability.

All models accept a —100xV to —10V full-scale analog input
signal that is converted to an output signal whose frequency
is proportional to the full-scale frequency within
+0.01/0.02/0.05% linearity, using the long-proven charge-
balance technique. The devices offer buffered complemen-
tary TTL-compatible frequency outputs that will drive
capacitive loads as high as 50 pF.

Models MD3802/3805/3810, in addition to functioning as V/IF
converters, can also be used as F/V converters. In this con-
figuration, the converters will accept frequencies from dc to
2/510MHz and will produce proportional single-ended out-
put voltages from OV to —10V.

In applications where overall system throughput must be
maintained at a specific rate, or where fixed offset or
different scale voltages would be more convenient, custom
frequencies and/or custom trimming can be easily accom-
modated. By increasing the full-scale output frequency by 10
to 20% for example, additional time would be available for
the system microprocessor to access the results of each
conversion. Please contact the factory to discuss your
specific timing requirements.

All models are packaged in a 1.31” x 0.80” x 0.15"” 24-pin
ceramic DIL package. Power dissipation is lower than
0.75/0.85/1.0 watts, and operation to specified accuracy is
guaranteed over the 0°C to +70°C temperature range.

APPLICATIONS

Precision Integration
Digital Data Transmission

Data Recording
Weighing Systems

Frequency Synthesis Tachometers
| 0600 .1 Analytical Instrumentation Accelerometers
(152) Medical Instrumentation Flow Meters
Dimensions In Inches Telemetry Robotics

(millimeters)

)
>
]
o
[—3
3
[~]
=

April 1992

M Copyright 1992
Micro Networks

All righ d

= MICRO NETWORKS roms reserve

324 Clark St., Worcester, MA 01606 (508) 852-5400
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ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range
Storage Temperature Range
+15V Supply (Pin 1)

—15V Supply (Pin 5)

+5V Supply (Pin 20)

Analog Input (Pins 11)

0°Cto +70°C
-65°C to +150°C
+1545V
-1545V
+525V
-15Vto +15V

WIWIOVLIVOVJIIVO IV Vil ,y, 1/ V WWVINV kil ilw

ORDERING INFORMATION
PART NUMBER
2MHz Full-scale

MD3802 / 3805 / 3810
-

S5MHz Full-scale
10MHz Full-scale

SPECIFICATIONS (Ta=+25°C, Supplies = +15V and +5V unless otherwise specified)

ANALOG INPUTS MmN, | Tye. | maAx UNITS
Input Voltage Range Oto -10 Volts
Nonsaturating Overrange 5 T T %
Configuration Single-Ended
Input Iimpedance MD3802 15 kQ
MD3805 10 kQ
MD3810 5 kQ
Offset Voltage +7 +10 mVv
(trimmable fo zero)
TRANSFER CHARACTERISTICS
Full-Scale Output MD3802 2 MHz
MD3805 5 MHz
MD3810 10 MHz
Transfer Function MD3802 2MHze(Vin/10V)
" MD3805 5MHze(Vin/10V)
MD3810 10MHze(Vin/10V)
Gain Error +1 %
(trimmable to zero)
Nonlinearity (max.) MD3802 +0.01%FS+0.01%Vn
(not specified under MD3805 +0.02%FS+0.02%Vy
overrange conditions)  \ipggio +005%FS+005%Vy
Full-Scale Step Response MD3802 2 cycles of new four +20usec
(maximum; to 0.01%) MD3805 2 cycles of new four +10usec
MD3810 2 cycles of new four +5usec
Overload Recovery MD3802 8 cycles of new four
MD3805 10 cycles of new four
MD3810 12 cycles of new four
STABILITY
Gain Temperature Coefficient MD3802 50 75 ppm of FSR/°C
MD3805, MD3810 75 100 ppm of FSR/°C
Offset Temperature Coefficient 10 30 ppm of FSR/°C
Power Supply Rejection  Gain 200 ppm of FSR/%Vs
Offset 10 “VI%Vs
Warm-up Time 2 Minutes
(to specified accuracy)
OUTPUT
Pulse Width  MD3802 200 250 300 nsec
MD3805 80 100 120 nsec
MD3810 40 50 60 nsec
Logic Levels: Logic ‘1" +35 +40 +45 Volts
Logic *‘0”" (3 mA sink) 04 Volts
POWER SUPPLY REQUIREMENTS
+15V Supplies +14.55 +15.45 Volts
+5V Supply +4.75 +5.25 Volts
+15V Current Drain  MD3802 20 mA
MD3805 25 mA
MD3810 35 mA
-1V Current Drain 10 mA
+5V Current Drain  MD3802 45 mA
MD3805 50 mA
MD3810 60 mA
Power Dissipation MD3802 750 mwW
MD3805 850 mwW
MD3810 1000 mwW
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Q—.t—ou) +15V
Q—%—O @ 34 AGND
4._1_0(5; <15V
4——1-—0(201 +5V
OFFSET Py
ADJUST  (8) O— AN\ — 4—‘——0(22; DGND
INTEGRATOR
b (10) QO {( 9 O ©
Vi (11;0—/\/\/\,—4

SCHMIDT 09 Fu.
TRIGGER 09 B

— ’—-ﬁo "8 F.

p————————-0 (23.24) OUTPUT

CHARGE
PUMP

0 (21) OUTPUT

Figure 1. MD3802/3805/3810 Block Diagram.

USING THE MD38XX

GENERAL CONSIDERATIONS — A typical circuit configuration for
the MD38XX models used as V/F converters is depicted in Figure 2.
The layout should be clean, with output pulses routed as far away
from the input analog signals as possible. To obtain maximum per-
formance, bypass capacitors, as shown in both figures, should be
mounted right at the appropriate pins of the converters.

2000
10-TURN
<100ppm
Vi’ {1 24 ———9
GAIN
ADJUST l ouTPUT
B>
e 0 21 p—— QUTPUT

10-TURN ADJUST

— 15V 1 +15V

19
+15V:
20k Samotl g ®

68F

2.3 AGND

68F

T
RS
T

— -5V

Figure 2. V/F Converter Configuration.

OFFSET AND GAIN TRIMMING — The OFFSET adjustment poten-
tiometer should be a 20 k2, 10-turn unit. With this pot in the circuit,
initial offsets of up to +10mV may be trimmed to zero.

The GAIN adjustment potentiometer should be a 2009, 10-turn unit.
To ensure that the temperature coefficient of the potentiometer does
not become significant relative to the overall gain tempco specifica-
tion, a 100 ppm or better potentiometer is recommended. With this
pot in the circuit, initial gain errors of up to +2% may be trimmed
to zero.

GROUNDING — The Analog and Digital grounds are internally
separate in the MD38XX models. The use of ground plane is not
necessary for proper operation of the MD38XX. However, a ground
plane is recommended with any analog signal conditioning circuitry
that my be used in a V/F application, especially if this circuitry involves
high gains. Any amplifiers used ahead of the MD38XX should have
decoupling capacitors on their power supply pins to help eliminate
potential problems with the high-frequency output of the V/F.

OFFSET AND GAIN CALIBRATION

OFFSET CALIBRATION — Offset calibration should be performed
prior to gain calibration. With a —1mV analog input signal at pin 11
of the MD38XX, adjust the OFFSET potentiometer until a frequency
of 200/500/1000Hz is observed on output pins 21, 23 or 24.

GAIN CALIBRATION — With a full scale analog input voltage of
—-10.00V on pin 11 (MD38XX), adjust the GAIN potentiometer until
a full scale frequency of 2.000/5.000/10.000MHz is observed on out-
put pin 21, 23, or 24.

N/C PINS — Pins marked as N/C (no connection) have no electrical
connection to the internal circuitry of the MD38XX.

OUTPUT PINS — Pins 23 and 24 are tied together internally. Either
or both may be used as the source of the frequency output of the
MD38XX, as long as the load specifications are not exceeded. Pin
21 provides a complementary signal relative to pins 23 and 24 with
similar loading limits.

V/F MODE

ANALOG INPUTS — Single-ended analog inputs from 0to —10V are
applied to pin 11 of the VIF converter through the GAIN adjustment
potentiometer.

F/V MODE

Figure 3 depicts the typical circuit configuration for the MD38XX us-
ed in the F/V mode. In this mode, the MD38XX will accept a 0 to
2/510MHz input pulse train, with negative-going pulses, (250+50)
(100+20) (50+ 10)nsec in width, and will produce a voltage output pro-
portional to the input frequency. Riding on the ouput voltage will be
aripple voltage. Additional filtering of the output voltage by the use
of a 2-pole active filter will reduce the output ripple as shown in Table
1. A representive 2-pole active filter circuit is shown in Figure 4.
Suitable component values are listed in Table 1. It is recommended
that a high inputimpedance, low noise op amp be used, and that off-
set nulling be done in order to obtain accurate dc performance.

+15V.

> e 1

20K4
8 f—t.
10-TURN

OFFSET
ADJUST

GAIN
ADJUST

Figure 3. F/V Converter Configuration.
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NV
MD38XX

Figure 4. Typical 2-Pole Active Filter

R, «R;

V/F/V ANALOG DATA INK — Figure 5 depicts the MD38XX used as
both the VIF and F/V in an analog data link. Low-level analog data
may be transmitted over considerable distances with no degrada-
tion due to noise using this system, and with total system linearity of

0.02/0.04/0.10%.
2004,
10-TURN
=100ppm
Vi AN—— 11
GAIN
ADJUST

o> 1

+15V

20Ky & OFFSET
§<~_ 8
10-TURN ADJUST
—15V

Foumer | C1(pF) | Co(pF) | Relke2) | Ra(k®) Mng::rzm 2;‘3);&5%03810
20kHz | 180 | 470 | 162 | 462 | 70 35 5
25kHz| 150 | 330 | 210 | 392 | 60 20 5
30kHz | 150 | 330 | 174 | 274 | 60 40 5
50kHz | 68 | 180 | 169 | 487 | 50 20 5
100kHz| 33 | 100 | 143 | 536 | 80 20 5

[

24 f——>
N

23 > -2

1-SHOT

Table 1. Ripple Reduction by Active Filter

2>

20

22

Figure 5. Analog Data Link.

PIN DESIGNATIONS
Pin 1 24
2 13

10-14

+15V Supply
Analog Ground
Analog Ground
Analog Ground
~15V Supply
No Connect
No Connect
Offset Trim
Vour

10 Iy

1 Vi

12 No Connect

© O N O s B W=

415V
68:F

g

:

AGND
684F
-15V

2.3.4

+5V

6.8uF
DGND

HH

20

24 Output

23 Output

22 Digital Ground
21 Output

20 +5V Supply
19 Four

18 Fin

17 No Connect
16 No Connect
15 No Connect
14 No Connect
13 No Connect

22

+15V

20K
10-TURN

-15v
OFFSET
ADJUST

GAIN
ADJUST

Vour

20092,
10-TURN
=100ppm




L] MD3902/3905/3910

== MICRO NETWORKS 2/510MHz

VIF CONVERTERS

FEATURES

Outstanding Price/
Performance Ratio

Guaranteed Minimum/
Maximum Specifications

Wide Dynamic Range

>2,000,000/5,000,000/10,000,000:1

>126/134/142 dB

Excellent Linearity
+0.01/0.02/0.05% FSR
+0.01/0.02/0.05% of Input
Excellent Stability

10 ;V/°C Offset

60 ppm/°C Gain

Voltage or Current Inputs
Offset and Gain Error
Trimmable to Zero
Complementary Frequency
Qutputs-TTL/CMOS Compatible
Small 24-Pin DIP

Low Power
<0.65/0.80/0.85W

24-PIN CERAMIC DIP

M —"—oug

25

— 0018
T (046)

069
(175)

0170 min

DESCRIPTION

Models MD3902/3905/3910 are high-performance, precision
2/510MHz full-scale voltage-to-frequency converters, intend-
ed for those applications that require maximum performance
at the most economical cost. These converters feature
>125/134/142-dB dynamic range, +0.01/0.02/0.05% linearity,
and +5% overrange capability. The MD3902/3905/3910
devices feature overall performance and stability virtually
identical to that of similar units costing 40% or more.

All models accept a =100V to —10V full-scale single-ended
analog input signal that is converted to an output signal
whose frequency is proportional to the full-scale frequency,
within 0.01/0.02/0.05% linearity, using the long-proven
charge-balance technigue. The devices offer 5% overrange
capability, and buffered complementary TTL-compatible
frequency outputs that will drive capacitive loads as high as
50 pF.

Stability of the MD3902/3905/3910 Series is excellent for V/IF
converters in the respective price ranges, with 10xV/°C
typical, 30xV/°C maximum offset and 60 ppm/°C typical, 100
ppm/°C maximum gain temperature coefficients. Warm-up
time to specified accuracy is less than two minutes.

In applications where overall system throughput must be
maintained at a specific rate, or where fixed offset or
different scale voltages would be more convenient, custom
frequencies and/or custom trimming can be easily accom-
modated. By increasing the full scale output frequency by 10
to 20%, for example, additional time would be available for
the system microprocessor to access the results of each
conversion. Please contact the factory to discuss your
specific timing requirements.

All models are packaged in a 1.31” x 069" x 0.22" 24-pin
plastic DIL package. Power dissipation is lower than
0.65/0.80/0.85 watts, and operation to specified accuracy is
guaranteed over the 0°C to +70°C temperature range.

o (a3)
I= APPLICATIONS
Precision Integration Data Recording
o e % Digital Data Transmission Weighing Systems
v ) " .
o Frequency Synthesis Tachometers
, ) Analytical Instrumentation Accelerometers =)
Dimensions In Inches . . 5
(millimeters) Medical Instrumentation Flow Meters E
Tel try Robotics S
[~ 1]
1]
=1
April 1992 =
\ Copyright © 1992
Micro Networks
All rights reserved
== MICRO NETWORKS
324 Clark St., Worcester, MA 01606 (508) 852-5400
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MD3902/3905/3910 V/F CONVERTERS

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Operating Temperature Range 0°Cto +70°C PART NUMBER MD3302 / 3905 / 3910
Storage Temperature Range -65°Cto +150°C 2MHz Full-scale I
+15V Supply (Pin 1) +1545V 5MHz Full-scale
-15V Supply (Pin 5) -1545V 10MHz Full-scale
+5V Supply (Pin 20) +5.25V
Analog Input (Pins 11) -15Vto +15V
SPECIFICATIONS (Ta =+25°C, Supplies = +15V and +5V unless otherwise specified)
ANALOG INPUTS MIN. | TYP. ] MAX. UNITS
Input Voltage Range Oto -10 Volts
Nonsaturating Overrange 5 [ I %
Configuration Single-Ended
Input Impedance MD3902 15 kQ
MD3905 6 kQ
MD3910 6 kQ
Offset Voltage +7 +10 mv
(trimmable 1o zero)
TRANSFER CHARACTERISTICS
Full-Scale Output MD3902 2 MHz
MD3905 5 MHz
MD3910 10 MHz
Transfer Function MD3902 2MHze(V,\/10V)
MD3905 5MHze(V,\/10V)
MD3910 10MHze(V,,/10V)
Gain Error +1 %
(trimmable to zero)
Nonlinearity (max.) MD3902 +0.01%FS+0.01%V,,
(not specified under MD3905 +0.02%FS +0.02%V,,
overrange conditions)  \ipagip +005%FS+005%V,,
Full-Scale Step Response  MD3902 2 cycles of new fo,r +20usec
(maximum; to 0.01%) MD3905 2 cycles of new fo: +10usec
MD3910 2 cycles of new fou +5usec
Overload Recovery MD3902 8 cycles of new fou
MD3905 10 cycles of new for
MD3910 12 cycles of new fo,,
STABILITY
Gain Temperature Coefficient 60 100 ppm of FSR/°C
Offset Temperature Coefficient 10 30 ppm of FSR/°C
Power Supply Rejection Gain 200 ppm of FSR/%V;
Offset 10 1%V,
Warm-up Time 2 Minutes
(to specified accuracy)
OUTPUT
Pulse Width MD3902 200 250 300 nsec
MD3905 80 100 120 nsec
MD3910 35 50 65 nsec
Logic Levels: Logic “1” +35 +40 +4.5 Volts
Logic 0" (3 mA sink) 04 Volts
POWER SUPPLY REQUIREMENTS
+15V Supplies +14.55 +1545 Volts
+5V Supply +4.75 +5.25 Volts
+15V Current Drain  MD3902 20 mA
MD3905 30 mA
MD3910 30 mA
—15V Current Drain 10 mA
+5V Current Drain  MD3902 40 mA
MD3905 40 mA
MD3910 50 mA
Power Dissipation MD3902 650 mw
MD3905 800 mw
MD3910 850 mwW
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OFFSET

TRIM 8 O VN —tn +15V
INTEGRATOR
IN(10) o— JI( ‘T{_-O (2. 3. 4) AGND
..4_0 (5) -15V
Vin(11) o—AAA h
I + ~————_r——o(20) +5V
= A_Frt_q(zz) DGND
CHARGE SCHMIDT
PUMP TRIGGER

(23, 24y OQUTPUT
(21) OUTPUT

Figure 1. MD3902/3905/3910 Block Diagram

USING THE MD39XX

GENERAL CONSIDERATIONS — Figure 2 depicts a typical circuit
configuration for the MD39XX. The layout should be clean, with out-
put pulses routed as far away from the input analog signals as possi-
ble. To obtain maximum performance, bypass capacitors, as shown
in Figure 2, should be mounted right at the appropriate pins of the
MD39XX.

+15V 1 24 Four
68 L L1 23__]
ANALOG §_+F 3
GROUNG T
68 —
“FT L—‘ 4 2 Four
—15v mE
- 20 +5v
R
WF
T DIGITAL
2 1 GROUND
20K0,
10-TURN, | S

<100 ppmie| S+ 8

OFFSET
TRIM

GAIN
ADJUST

10-TURN,
<100 ppm/°

Figure 2. Typical Circuit Configuration

PIN DESIGNATIONS

OFFSET AND GAIN TRIMMING — The OFFSET adjustment poten-
tiometer should be a 20 k2, 10-turn unit. To insure that the temperature
coefficient of the potentiometer does not become significant relative
to the overall offset tempco specification, a 100 ppm or better poten-
tiometer is recommended. With this pot in the circuit, initial offsets
of up to +10mV may be trimmed to zero.

The GAIN adjustment potentiometer should be a 2002, 10-turn unit
with a recommended temperature coefficient of 100 ppm or better.
With this pot in the circuit, initial gain errors of up to +2% may be
trimmed to zero.

GROUNDING — The Analog and Digital grounds are internally
separate in the MD39XX. The use of ground plane is not necessary
for proper operation of the MD39XX. However, a ground plane is
recommended with any analog signal conditioning circuitry that may
be used in front of the VIF, especially if this circuitry involves high
gains. Any amplifiers used ahead of the MD39XX should be decoupl-
ed to eliminate potential problems with the high-frequency output of
the VIF.

OFFSET AND GAIN CALIBRATION

OFFSET CALIBRATION — Offset calibration should be performed
prior to gain calibration. With a —10mV analog input signal at pin 11
of the MD39XX, adjust the OFFSET potentiometer until a frequency
of 2.000/5.000/10.000kHz is observed on output pins 21, 23 or 24.

GAIN CALIBRATION — With a full-scale analog input voltage of
—10.00V on pin 11, adjust the GAIN potentiometer until a full-scale
frequency of 2.000/5.000/10.000MHz is observed on output pin 21,
23, or 24.

N/C PINS — Pins marked as No Connect have no electrical connec-
tion to the internal circuitry of the MD39XX.

OUTPUT PINS — Pins 23 and 24 are tied together internally. Either
or both may be used as the source of the frequency output of the
MD39XX, as long as the load specifications are not exceeded. Pin
21 provides a complementary signal relative to pins 23 and 24 with
similar loading limits.

Pin 1 24 1 +15V Supply 24 Output
2 Analog Ground 23 Output
3 Analog Ground 22 Digital Ground
4 Analog Ground 21 Output
5 ~15V Supply 20 +5V Supply
6 No Connect 19 No Connect
7 No Connect 18 No Connect
12 13 8 Offset Trim 17 No Connect
9 No Connect- 16 No Connect
10 In 15 No Connect
1 Vi 14 No Connect
12 No Connect 13 No Connect

10-17
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MD5024

24-Bit, 50MHz
COUNTER/TIMER

FEATURES

24-Bit, 50MHz Counter
Wide-Range, Programmable
Time Base
Microprocessor-Compatible
No Missing Counts Between
Counting Intervals

8- or 16-bit Data Bus

Dual Measurement Techniques
Frequency Counting or Period
Averaging

Dual Operating Modes
Continuous or Triggered

40 PIN DIP

0165 max
1419)

2060 max
(5232)

i - |
| e
0600 max
1524 [

Dimensions In Inches
(millimeters)

4,T 0075 max

S . 4 g
L 0545 max . .l 1901
(1384 0130 max

DESCRIPTION

The MD5024 is a 24-bit, 50MHz, counter/timer fully program-
mable and microprocessor compatible. It is capable of im-
plementing the complete counter/timer function in one
40-pin monolithic IC.

It contains a 24-bit, 50MHz counter; a wide range, program-
mable time base; a crystal-oscillator drive circuit for
establishing a crystal-controlled clock; a multiplexer for
switching between frequency counting and period measure-
ment; an interface to an 8- or 16-bit microprocessor bus; and
status lines to report the state of the counter/timer and
associated circuitry.

Under microprocessor control, the MD5024 can switch
between frequency counting and period measurement; and
between triggered mode and continuous sample mode. The
program may be changed for each cycle or set once and
forgotten.

The MD5024 has a unique counter architecture that cap-
tures every incoming pulse, even during bus transfers, and
thus guarantees not to miss a single pulse. This is achieved
without external synchronizing circuitry.

An on-board crystal drive circuit is provided if a system clock
is not utilized. Cloek rates up to 50MHz will be accepted.
The period of the clock establishes the minimum resolution
of the time base.

The time base of the MD5024 is programmable from one
clock period to 16 x 107 clock periods. For a 10MHz clock
that’s 100 nsec to 16 seconds.

Data and command Input/Output is accomplished through a
bi-directional data bus configurable in 8- or 16-bit bytes.

APPLICATIONS
Wide Dynamic Range

A/D Converters for
Analytical Instrumentation
Seismic Data Acquisition

Biomedical Data Acquisition
Frequency Meters

Period Averaging Counters
General Purpose Counter/Timer

L

=m MICRO NETWORKS

324 Clark St., Worcester, MA 01606

(508) 852-5400

April 1992
Copyright '<* 1992
Micro Networks
All rights reserved
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MD5024 24-Bit, 50MHz COUNTER/TIMER

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range
Storage Temperature Range
+5V Supply (Vop)

0°Cto +70°C
-25°Cto +100°C
+47510 +5.25V

SPECIFICATIONS (Ta=0°C to +70°C, Vpp = +5V + 5%, Vss = OV unless otherwise specified)

LOGIC LEVELS MIN. TYP. MAX. UNITS
Digital inputs Logic ‘1" +3.15 Volts
Logic ‘0" 08 Volts
Digital Outputs Logic 1" +39 Volts
Logic *'0" +04 Volts
M8/M16 Data Bus Output CMOS Levels
CSM/SSM Mode Input CMOS Levels
Po, P1, P, User-Defined inputs CMOS Levels
TIMING
EMC Pulse Width ( 4 ) 50 nsec
Start Trigger ( ) 10 nsec
FREQIN Frequency Input ( L ) 10 50 MHz
CLKIN Clock Input ( 4 ) 10 50 MHz
CS Chip Select Setup Time 10 nsec
R/W Read Cycle Time 50 nsec
Write Cycle Time 50 nsec
Ao, Ay, A; Byte Select Setup Time 10 nsec
Enable Setup Time 10 . nsec
Hold Time 10 nsec
D;- Do (Write) Program Code Setup Time 10 nsec
Program Code Hold Time 10 nsec
Dis- Do (Read) Data Out Delay Time 30 nsec
Date Out Hold Time 25 nsec
Enable Setup Time 10 nsec
Hold Time 10 nsec
DR Data Ready 4 Clock Cycles
OVFLW Counter Overflow 1 1 Clock Cycle
POWER SUPPLY REQUIREMENTS
Voo +5V Supply +4.75 +5.25 Volts
Power Dissipation
(Voo = +5.25V; 50MHz Clock) 700 mw
XTAL1 (3) —
XTAL2 (4 — OSC. TIME BASE 1
CLKOUT (5) — — (23) DOLSB
1o I
l— (30) D7
CLKIN @ — s 24-BIT COUNTER T
FREQIN (11) — =
UPPER MIDDLE LOWER
— (31) D8
10 |
I — (38) D15 MSB
POR (19 — |
__EMC (13)— CONTROL STATUS
M8/M16 (19) —
(10) (12)  (18) (16) (18) (20) (21) (22) (15) (39) (6) (7) (8)

CSM/SSM START CS RW E A2 A1 A0 DR OVFL PO P1 P2

MD5024 Block Diagram
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MD5024 DESCRIPTION

CHOOSING A CLOCK SOURCE — The MD5024 requires a clock
to operate as a counter/timer. The clock can be provided by an ex-
ternal source such as a system clock or may be generated using a
crystal oscillator circuit. Crystal drive circuitry is provided in the
MD5024. The crystal should be connected across XTAL1 and XTAL2
with R and C as shown in Figure 1. The output of this block (CLKOUT)
should be connected to the clock input (CLKIN). If a system clock
is used, the oscillator block connections should be left open and the
system clock should be connected directly to CLKIN.

NN

E . . IL . ‘\/\/\,—-[ XTAL 1
casL | c R |G
CRYSTAL

| FREQUENCY | ! |
© e | ostur | 5w ZZBn!j
sMHy | 0S0pF | 180 | 2006F |

o Tosar | w0 T oo |

—
oMk [ 0spf | 100 Tennr !
[
AYied
7T ;

01050 pF

XTAL 2

X

Figure 1. Crystal Inputs

RESET SIGNALS — POR — Power on Reset — provides a full reset
of the MD5024 on power-up. To utilize this function connect a resistor
and capacitor to pin 14 as shown in Figure 2. If not used, connect
pin 14 to ground. Increasing R will provide a longer reset time. R
should not exceed 15kQ.

+Vop

J— 100pF

361k

Figure 2. Power-On Reset Circuit

EMC — External Master Clear — a negative pulse stops all opera-
tions and resets all counters and latches to zero.

STATIC CONTROL LINES — M8/M16 — Sets the MD5024 to com-
municate with an 8- or 16-bit bus. A low level selects an 8 bit path.

CSM/SSM — The MD5024 can operate in a continuous mode or a
triggered mode. When CSM/SSM is high, the MD5024 completes
a cycle and waits for a START command, a positive edge, before
beginning a new cycle.

START COMMAND — After reset, one START pulse is necessary
to begin the counterftimer cycle. In the continuous start mode (CSM),
the MD5024, thereafter, operates continuously, clearing its registers
and resetting its timer at the end of each cycle and automatically
beginning a new cycle. In the synchronous start mode (SSM), the
MD5024 completes its cycle and awaits a new START pulse before
beginning the next cycle. The MD5024 is triggered on the positive
edge of the START pulse.

INPUT MULTIPLEXER — The input multiplexer accept the clock in-
put (CLKIN) from an external source or from the crystal oscillator drive
circuit;_and from the input signal frequency (FREQIN); and sends
them to the TIME BASE BLOCK or the COUNTER BLOCK depen-
ding on the MODE set by the microprocessor. This allows the MD5024
to shift from frequency counting to period measurement under
microprocessor control.

READ/WRITE CONTROL LINES

CS — Chip Select — Selects this device to communicate with the
bus when CS is active low.

R/W — Read/Write — Controls the direction of communication on
the data bus. A high signal allows the processor to read information
from the MD5024; a low signal allows the processor to write infor-
mation to the MD5024.

E — Enable — Is the strobe for issuing the commands and instruc-
tions to the MD5024.

A2, A1, A0 — Address Bits — For selecting which of five possible
8 bit data bytes or three possible 16 bit data words are being read.
(see Figure 7.)

CS, R/W, A0, A1, A2 — Timing relationships between these signals
and Enable are shown in Figures 3 and 4.

D007

VAV

——F——F——-—r7

|

+
|
!
|
|
I
|

10-nSEC MIN
SETUP TIME

e
l
!

ENABLE

%

oosou ||
PULSE bt
Il

Figure 3. WRITE Command Timing

8

j

10-nSEC MIN
SETUP TIME

10- nSEC MiN
. HOLD TIME

R N B

ENABLE

4
—g—t---t

|

" 50-nSEC MIN
PULSE WIDTH

l
[

[
[
[
] R e
|
.

I

OATA VALID >,.7
VALID DATA r—
HOLD

DELAY I

|

Figure 4. READ Command Timing
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STATUS BLOCK — DR — Data Ready — Provides a logical “1" that
indicates that data has been latched and is ready to be read. On POR
or EMC, DR becomes high and remains high until either, (1) a READ
operation is performed, or (2) the time base interval is completed. On
initiation of the READ operation, DR goes low and remains low until
4 clock cycles after the TIME BASE ends. If there is no READ opera-
tion, DR goes low at the end of the TIME BASE interval, and returns
high 4 clock cycles after the TIME BASE interval is complete (see
Figure 5).

— 1 L
L £mc | |
| |
?\ \ITIME BASE 1NTERVAL1\N‘ :
| [ 4 cLock |
| —~{ CYCLES o
READ | |
| |
: DR with READ |
] ® 00 00000 OR L] .I oo 000 L]

__j DR without READ : :l

Figure 5. DATA RESET (DR) Timing

OVFL — Overflow — A high on this pin indicates the 24 bit counter
has overflowed. The counter will roll over and continue to count. The
OVFL signal is a pulse that will remain high for one period of the signal
at FREQIN.

PO, P1, P2, — These are user defined status signals that may be read
onto the bus via the MD5024. Whatever data is connected to these
inputs appears on the data bus when reading the STATUS BYTE.

MD5024 WRITE OPERATION

FREQUENCY COUNTING — In the frequency counting mode, the
counter counts the input pulses ove the time base (TB) programm-
ed into the MD5024. TB is related to the clock frequency (CLKIN) by
the following formula:

TB x CLKIN = B x 10"
(insec) (inHz)
PROGRAM BYTE Code
1. Choose the MSB as 0 for frequency counting.
2. Decide on the desired time base interval. Multiply the TIME BASE
(in seconds) by the clock frequency (in Hz) and arrange in the form
B x 10¥
3. From Table 1 determine the codes for B and N.
4. Compile the PROGRAM BYTE code from Table 1.
EXAMPLE — To count the input frequency for 100 msec, using a
Clock of 10MHz:
Choose MSB = 0 for frequency counting
2. TB = 100 x 10 -3 (100 msec)
CLKIN = 10 x 108 (10MHz)
TB x CLKIN = 100 x 10-3 x 10 x 106 = 10 x 10
3 B=10 =0110andN = 5 = 101
4. The PROGRAM BYTE code from Table 1 is:
MSB N B
Code 0 101 0110
10-22

D7 D6 D5 D4 D3 D2 D1 DO
MSB | N= N2 N1 NO B= B3 B2 B1 BO
on 0 0 0 O 1 1 1
1 0 0 1 2 1 10

2 0 1 0 3 1 1 0 1

3 0 1 1 4 1t 1 0 0

4 1 0 O 5 1t 0 1 1

5 1 0 1 6 1 0 1 0

6 1 1 0 7 1 0 0 1

7 1 1 1 8 1t 0 0 O

9 o 1t 1 1

10 o 1 1 0

1 o 1t 0 1

12 0o 1t 0 0

13 o o 1 1

14 o 0 1 0

15 0o 0 0 1

16 0 0 0 O

Table 1 — PROGRAM BYTE Code

WRITING THE PROGRAM BYTE
The PROGRAM BYTE is written into the MD5024 by:

A. Set the Read/Write (R/W) to a logical "0’ state.
B. Load the code from Table 1 onto lines
D7-DO. n
C. Set the Chip Select line (CS) to a logical “0" state.
The order in which these signals are applied isn’'t important, as
long as they conform to the timing constraints relating to Enable
(E) shown in Figure 3.
D. Activate the Enable (E) line. The Enable line performs the actual
read operation. It is a positive pulse, at least 50 nsec wide.
PERIOD MEASUREMENT
In the period measurement mode, the multiplexer automatically ap-
plies the clock to the counter and uses the period of the input (FRE-
QIN) to gate the clock. The number of clock pulses accumulated is
directly proportional to the period of the input. The MD5024 can be
programmed to accumulate clock pulses for one to 16 x 107 input
periods, allowing for period averaging measurement.

PROGRAM BYTE Code
1. Choose the MSB as 1 for period measurement.
2. Decide on the desired number of periods to be counted and
represent the number in the form
B x 10"
3. From Table 1 determine the codes for B and N.
4. Compile the PROGRAM BYTE code from Table 1.

EXAMPLE — To count 100 periods of the input (FREQIN):
1. Choose the MSB as 1 for period measurement:
2. For 100 periods:
B x 10" = 10 x 10
3. From Table 1 the codes for B and N are:

B=0110
N=001
4. The PROGRAM BYTE code from Table 1 is:
MSB N B
Code 1 001 0110



OUTPUT LOWER MIDDLE UPPER STATUS PROGRAM
BIT BYT

BYTE BYTE BYTE BYTE
LsB
Dy
D2
D3
Dg
Ds
Dg
MSB

8-Bit Bus
Figure 6. Address Code

MD5024 READ OPERATION

DATA OUTPUT — The information read from the MD5024 contains:
e data from the counter;
o user defined parameters - PO, P1, and P2;
* and program information
conveniently arranged in byte format. The information is read in-
dividually as bytes onto an 8 bit bus or, in pairs as words onto a 16
bit bus.

DATA BYTES — The MD5024 is capable of counting up to 24 bits.
The data from the counters is contained in three bytes as shown in
Figure 6.

STATUS BYTE — The STATUS BYTE keeps track of information
related to the data from the counter; and loads the user defined
signals, PO, P1, and P2 onto the data bus.

If the the 24 bit counter has overflowed, the overflow bit (LSB of the
STATUS BYTE) will be high.

NOTE that the counter will roll over and continue to count. Thus,
itis important to monitor the overflow bit if the counter has any
chance of overflowing to be sure the data is valid.

Bits PO, P1, and P2 - the user defined inputs - can be conveniently
read on the STATUS BYTE. They may contain information identify-
ing the source of the data, as in a multiplexed data acquisition system,
or the setting of a PGA, if one is used.

PIN DESIGNATIONS

Pin 1 40 1 Ground 14 POR
2 Ground 15 DR
3 XTAL1 16 RW
4 XTAL2 17 E
4 CLKOUT 18 CS
6 PO 19 M8/16
7 P1 20 A2
20 21 8 P2
9 CLKIN
10 CSM/SSM
11 FREQIN
12 START
13 EMC

OUTPUT LOWER UPPER PROGRAM PIN

8IT WORD WORD WORD NUMBER
OUTPUT LsB . Dg 8y 23
PIN
o, o, B, 24
23 D, D, i B, 25
|
24 D3 Y By 26
|
D, D 27
a i
25 | Pa
Os 1 Dg 28
26 '
D¢ . Dg 29

27 B o,

28 Dg 31
29 Dy 3z
30 Dy 33
D|‘ 34
D12 s
D43 36
Dyg 37
mMsB 38
A,=0 A, =0 A,z
16‘Bit BLIS Ay=0 A=t Ay =0
Agp=0 Ay =0 Ay =t

Bit 4 of the STATUS BYTE is the mode bit that tells the processor
whether the data information was acquired in the frequency count
or period measurement mode and thus defines the nature of the data.

Bits 5, 6, and 7 are unused and set to logic 0.

PROGRAM BYTE — The PROGRAM BYTE carries the time based
information associated with the data. The program code is defined
in Table 1. The seventh bit of the PROGRAM BYTE contains the mode
bit, defining the method of data acquisition — frequency counting
or period measurement.

READING THE DATA — To READ data from the MD5024

A. Set the R/W line in the logical ““1” (high) state.

B. Setthe A2, A1, and AO control lines to the appropriate states for
the byte or word to be read per Figure 6.

C. Set the Chip Select line (CS) to a logical ““0’". The order in which
these signals are applied is not important, as long as they con-
form to the timing constraints relating to the Enable (E) line shown
in Figure 4.

D. Activate the Enable (E) line. The Enable line performs the actual
read operation. It is a positive pulse, at least 50 nsec wide. Valid
data is present on the output bus 30 nsec maximum after the
leading edge of Enable; the data bus returns to a high impedance
state 25 nsec maximum after the trailing edge of the enable pulse.

40 +5V Supply 27 D4
39 OVFL 26 D3
38 D15 (MSB) 25 D2
37 D14 24 D1
36 D13 23 DO (LSB)
35 D12 22 A0
34 D1 21 Al
33 D10

32 D9

31 D8

30 D7

29 D6

28 D5
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Ordering Information

PLACING AN ORDER

Orders may be placed through your Sales Engineering Representative,
through our Regional Sales Offices, or directly with our headquarters in
Worcester, Massachusetts.

When placing your order, please provide complete information including
model number, temperature range, and high-reliability processing if required.
The minimum order and minimum shipment is $250.00.

DELIVERY

All orders placed with Micro Networks are acknowledged within a few days
by an acknowledgment copy of our sales order form. This copy indicates per-
tinent information, including a formal statement of Terms and Conditions of
Sale and estimated delivery date. This date has precedence over all other
agreed-upon dates unless otherwise specified. Micro Networks ships all pro-
ducts in rugged commercial containers suitable for ensuring safe delivery
under normal shipping conditions. Unless a shipping method is specified,
the best available method will be used. Shipping charges are normally prepaid
and billed to the customer.

ORDER CANCELLATION

All orders entered with Micro Networks are binding and are subject to cancella-
tion charges if cancelled before or after the scheduled shipping date appear-
ing on the acknowledgment copy of the sales order form. Refer to Micro Net-
works’ standard Terms and Conditions for specific charges.

CERTIFICATE OF COMPLIANCE

When requested by the customer, Micro Networks will provide a standard Cer-
tificate of Compliance with all shipments. This request must be specified on
the purchase order.

TECHNICAL ASSISTANCE

Micro Networks has a large and competent Sales Engineering organization
backed by an experienced staff of applications engineering specialists. Either
will be pleased to assist you in selecting the right products for your application.

QUOTATION

Price quotations made by Micro Networks or its authorized Sales Engineer-
ing Representatives are valid for sixty days. Delivery quotations are subject
to confirmation at the time of order placement.

WARRANTY REPAIRS AND REPLACEMENTS

Micro Networks warrants its products to be free from defects in materials or
workmanship and will repair or replace defective products returned to us within
one year of shipment. Before returning products for any reason, please con-
tact Micro Networks or your local Sales Engineering Representative for an
RMA (Returned Material Authorization) number. Returned material should
be accompanied by this RMA number, your original purchase order number,
and a description of the malfunction. This will allow us to promptly diagnose
and repair or replace problem units.

PRICES AND TERMS

Price lists and quotations for larger quantities or for special processing and
testing may be obtained from your local Sales Engineering Representative
or directly from Micro Networks. All prices are FO.B. Worcester,
Massachusetts, USA, in U.S. dollars. Applicable federal, state and local taxes
are extra and paid by the buyer. Terms are net 30 days. Prices are subject
to change without notice.
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U.S. REGIONAL SALES OFFICES

324 Clark St.
Worcester, MA 01606
TEL: (508) 852-5400
FAX: (508) 852-8456
FAX: (508) 853-8296

9330 L.B.]. Freeway
Suite 900

Dallas, TX 75243
TEL: (214) 437-1800
FAX: (214) 680-3410

EUROPEAN SALES OFFICES

ITALY

Unitrode S.R.L.

Via Dei Carracci 5
20149 Milano, Italy
TEL: (39) 2-4800-7831
FAX: (39) 2-4800-8014

GERMANY

Unitrode Electronics GmbH

Hauptstrasse 68

8025 Unterhaching
Germany

TEL: (49) 89-619-004
FAX: (49) 89-617-984

=

UNITED KINGDOM

Unitrode (U.K.) Limited

6 Cresswell Park
Blackheath, London

SE3 9RD United Kingdom
TEL: (44) 81-318-1431
FAX: (44) 81-318-2549

s MICRO NETWORKS

324 Clark St., Worcester, MA 01606
Tel: (508) 852-5400 Fax:(508)853-8296

ASIAN OFFICE
HONG KONG

Unitrode Electronics Asia, Ltd.
Suite 939, East Wing

New World Office Building

24 Salisbury Road

Kowloon, Hong Kong

TEL: (852) 722-1101

FAX: (852) 369-7596



