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intel
M3625A
4K (1Kx4) PROM

® +10% Power Supply Tolerance m Three-State Outputs
m Fast Access Time: 60ns Maximum = Polycrystalline Silicon Fuse for Higher
Reliability

®» Lower Power Dissipation: 0.14 mW/Bit
Typically ® Hermetic 18-Pin DIP

= Simple Memory Expansion Two Chip
Select Inputs

The Intel® M3625A is a high density, 4096-bit bipolar PROM organized as 1024 words by 4 bits. The 1024 by 4 organiza-
tion gives ideal word or bit modularity for memory array expansion. The M3625A is fully specified over the —55°C to
125°C temperature range with +10% power supply variation.

The M3625A is packaged in an 18-pin dual-in-line hermetic package with 300 milli-inch centers. Thus, twice the bit
density can be achieved in the same memory board areas as 512 by 8-bit PROMs in 24-pin packages.

The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the M3625A. All outputs are
initially a logical high and logic low levels can be electrically programmed in selected bit locations.

PIN CONFIGURATION BLOCK DIAGRAM
A1 T s v
A2 17{3 A, Ag—
A3 w60a, Ac—
A, e 1501 Ay A—]8
a0s 1o, § — 64 X 64 ARRAY
A, ds 1300, Ae—] 3
A, 7 12f00, Ag— =
csi[]s 1o, Ay—]
GND [ 9 10[1cs2 .
S N .
LOGIC SYMBOL My $
A—18 g
2 k=2
—dcst A— 2 eF
—df cs2 ao— = 2
— AO
— A, o, — —
AR st ouTPUT
2 of o BUFFER
A, o—
i A T
— A, 0, O3 0, 0
— Ag
— A,
PIN NAMES
%-AQ ADDRESS INPUTS
CHIP SELECT INPUT
0,-0, OUTPUTS

14-34



M3625A

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions.

Absolute Maximum Ratings* |

. *COMMENT .
Temperature UnderBias ................ —65°Cto +135°C s . . .
Storage Temperature. . ................. —65°Cto +160°C tre_ssei above those listed under Absolute_ Max_u mum
¥ Ratings” may cause permanent damage to the device. This is a
Output or Supply Voltages . . .................. -05Vto 7V stress rating only and functional operation of the device at
Alllnput Voltages .......................... -1Vto 55V these or at any other condition above those indicated in the
OutputCurrents .. ..........ooiiiiiiiinn, 100mA operational sections of this specification is not implied.

D.C. Characteristics: Al iimits apply for Voo = +5.0V+10%, Ta= —55°C to +125°C, unless otherwise

specified.
Limits
Symbol Parameter Min. Typ.!" | Max. Unit Test Conditions
Iea Address Input Load Current -0.05 | -0.25 mA Ve =5.5V, Vo =045V
lgs Chip Select Input Load Current -0.06 | -0.25 mA Vec=5.5V, Vg =0.45V
lpa Address Input Leakage Current 40 uA Vec=5.5V,Vp=5.5V
lrs Chip Select Input Leakage 40 uA Vgc=5.5V, Vg=5.5V
Current
llol Output Leakage for High 40 uA Vo=5.5Vor 045V,
Impedance Stage Vee=5.5V, CS;=CS,=2.4V
Isct? Output Short Circuit Current -20 -35 -80 mA Vo=0V
Vea Address Input Clamp Voltage -0.9 -15 Vv Voo =45V, Ip= —10mA
Ves Chip Select Input Clamp -0.9 -15 Vv Vee =45V, Is= —10mA
Voltage
Vou Output High Voltage 24 Vv lo=—2.4mA, Vo =45V
VoL Output Low Voltage 03 0.45 v Voc=4.5V, lo.=10mA
lec Power Supply Current 110 140 mA Vee =55V, Vag > Vag=0V,
CS, = 032 = VlH
Vi Input “Low” Voltage 0.85 \' Ta=25°C
Vi Input “High” Voltage 20 \' Ta=25°C

NOTES:
1. Typical values are for T =25"C and nominal supply voitages.
2. Unmeasured outputs are open during this test.

g
=
=
=
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M3625A

A.C. Characteristics: voc= +50V£10%, Ty = -55°C to +125°C.

Max.
Symbol Parameter Limits | Unit Conditions
t ,ta—_ | Address to Output Dela 60 ns | _—
e P TS, =05, =V,
Tors Chip Select fo Output Delay |35 | 15 | oo °
ts-— Chip Select to Output Delay 35 ns
Capacitance' 1,=25°C, f=1MHz.
Limits
Symbol Parameter Typ. Max. Unit Test Conditions
Cina Address Input Capacitance 3 8 pF Vee=5V Vin=25V
Cins Chip Select Input Capacitance 4 8 pF Vee=5V Vin=25V
Cout Output Capacitance 5 10 pF Ve =5V Vour=25V

NOTES:
1. This parameter is only periodically sampled and is not 100% tested.

Switching Characteristics

Conditions of Test: 10mATEST LOAD vee
Input pulse amplitudes — 2.5V
Input pulse rise and fall times of $ 4700

5 nanoseconds between 1V and 2V o__l_—%
Speed measurements are made at 1.5V levels 30pF b4
Output loading — 10mA and 30pF L“—‘it

Frequency of test — 2.5MHz =

Waveforms

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY

ADDRESS / e /
INPUT A1sv 15V \i ues o N\ £1sv
OUTPUT 1.5v \§ 1.5V

tass — th__ —= e

e
/ 1.5V 1.5V
OUTPUT
OUuTPUT 1.5v ] 1.5V
tg__— ‘Sw_’
tas —= A+ p—

=
£
=
=
s
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intel
M3636
16K (2K x 8) BIPOLAR PROM

m —55°C to +125°C Operation = Pin Compatible to 8K PROMs
m Fast Access Time: 80 ns Maximum
m Low Power Dissipation: 0.05 mW/Bit

m Three-State Outputs

Typically = Hermetic 24-Pin DIP
m Three Chips Select Input for Easy m Polycrystalline Silicon Fuses for
Memory Expansion Higher Fuse Reliability

The Intel® M3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of
80 ns is specified over the — 55°C to + 125°C temperature range and 5% Vg power supply tolerances. There are three
chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech-
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro-
grammed in selected bit locations.

Prior to the 16,384 bit M3636, the highest density bipolar PROM available was 8196 bits. The high density of the M3636
now easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8-bit PROMs.
There is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The M3636
is packaged in a hermetic 24-pin dual in-line package.

PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL
— DATAOUT1 DATA OUT 8
A, Qg 26 Vec S t
—q Cs, o,—
Al 2 23[]A, cs;—| outeur — ¢S, O
A3 220 A, cs; ™ BUFFERS —Jcs, o b—
csg N 3
A0 21 :Iim(mss) T —A o, b—
A;0s 20 [ cs, 16,55 —A, o —
A0 e 19 csp PROM MATRIX Ay O
A 18] cs3 —a, o —
(Lse)a, [ 8 17 {1 0g (MsB) ,—L—-| i Og—
nEronER —A
(LSBY O, L] 9 16 IO, N . A
0, 10 15 []0g A
afn  po 1
GND [ 12 13[J0, ? _____ A10
Ag Ay A10
PIN NAMES
Ao- A0 ADDRESS INPUTS
81, CS2, Cs3 CHIP SELECT INPUTS (1]
0, - Og DATA OUTPUTS

[1] To select the PROM CS, =V,
and CS2=CS3= ViH

>
=
=
=
p=3
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M3636

PROGRAMMING

The programming specifications are described in the PROM/ROM Programming section of the Data Catalogue.

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias........... —-65°Cto +125°C

Storage Temperature............. —-65°C to + 160°C *Comment: Stresses above those listed under “Absolute Maximum

Output or Supply Voltages ........... —0.5Vto 7 Volts Ra?lng may cause permanent (;lamage to thg. device. This is a stress
rating only and functional operation of the device at these or at any other

AllInput Voltages. ..................... -1Vto5.5v condition above those indicated in the operational sections of this

Output Currents. ...t 100 mA specification is not implied.

D.C. CHARACTERISTICS
All Limits Apply for Vgc= +5.0V+5%, To= —55°C to 125°C unless otherwise specified

Limits

Symbol Parameter Min. | Typ! Max. Unit Test Conditions

lea Address Input Load Current -0.05 -0.25 mA Vee=5.25V, Vao=0.45V

Igs Chip Select Input Load Current -0.05 -0.25 mA Vce=5.25V, Vg =0.45V

Ira Address Input Leakage Current 40 uA Ve =5.25V, Vu =5.25V

Irs Chip Select Input Leakage 40 uA Ve =5.25V, Vg =5.25V
Current

liol Output Leakage for High 100 uA Vo =5.25V or 0.45V,
Impedance State Voo =5.25V, CS1=2.4V

Isct Output Short Circuit Current -20 -35 -80 mA | Vo=0V

Vea Address Input Clamp Voltage -09 -1.5 \" Vec=4.75V, Ia= —10 mA

Ves Chip Select Input Clamp -0.9 -15 \ Vec=4.75V, Is= — 10 mA
Voltage

Vou Output High Voltage 2.4 3.0 \ lon= —2.4 mA, Vgc=4.75V

VoL Output Low Voltage 0.3 0.45 \" Ve =475V, loL. =10 mA

lcc Power Supply Current 150 185 mA Voo =5.25V

ViL input “Low” Voltage 0.85 \% Vee=5.0V£5%, Tp=25°C

Vin Input “High” Voltage 2.0 \Y Vee=5.0V£5%, Ta=25°C

Notes:
1. Typical values are for Tp =25°C and nominal supply voltages.
2. Unmeasured outputs are open during this test.

>
=
=
=
=
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Misoso

A.C. CHARACTERISTICS vc=+5 +5%, Tao= —55°C to 125°C

A

SYMBOL PARAMETER MAX. LIMITS UNIT COND|T|0&S‘
Ta Address to Output Delay 80 ns T3, = V“_' N
ten Output Enable Time 50 ns and CSy=CS3=Vyy, *. .
tois Output Disable Time 50 ns to select the PROM.

CAPACITANCE "' 14 = 25°C, f = 1 MHz

TYP. LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF VCC =5V ViN= 258V
Cins Chip-Select Input Capacitance 6 10 pF Vee = 5V ViN = 2.5V
Cout Output Capacitance 7 12 pF Vee =5V VouTt =2.5V

NOTE 1: This parameter is only periodicaily sampled and is not 100% tested.

SWITCHING CHARACTERISTICS

<
[@)
(]

Conditions of Test: 10 mA TEST LOAD
Input pulse amplitudes - 2.5V

Input pulse rise and fall times of p:
5 nanoseconds between 1 volt and 2 volts o I . ;

Speed measurements are made at 1.5 volt levels 30pF 3

Output loading is 10 mA and 30 pF

Frequency of test — 2.5 MHz

4709

=
)

vaf,.

WAVEFORMS
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
S,
ADDRESS 15V }(:5\/ 15V 1.5v
INPUT }( cs,.cs,
OuTPUT 15v 1.5v OUTPUT 1.5V 1.5v
ta — ta— ten ~ tois —’l ~
OUTPUT 15V
ty — th—» -«

g
=
=
=
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INtel

M5101-4, M5101L-4
256 x 4 BIT STATIC CMOS RAM

m Military Temperature Range: m Single +5V Power Supply
-55°C to +125°C m CE2 Controls Unconditional

m Ultra Low Standby Current: 200nA/Bit Standby Mode

m Fast Access Time — 800ns ® Three-State Output

The Intel® M5101 is an ultra-low power 256 X 4 CMOS RAM specified over the -55°C to +125°C temperature range. The RAM
uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. When deselected with CE2 low, the
M5101 draws from the single 5-volt supply only 200 microamps at 125°C.

The Intel® M5101 is fabricated with an ion-implanted, silicon gate, Complementary MOS (CMQS) process. This technology allows
the design and production of ultra-low power, high performance memories.

PIN CONFIGURATION *
5101 LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS
] vec i Ambient Temperature Under Bias . . . -65°C to 135°C
A
g N — A Storage Temperature . ......... -65°C to +150°C
AW i Y
= ] n: Voltage On Any Pin
o — A With Respect to Ground . . .. -0.3V to V¢c +0.3V
A .
] ce2 . Maximum Power Supply Voltage . . ... .. +7.0V
[ oo, - Power Dissipation ... ............... 1 Watt
:] o1, — o1, 00; }—
5 oo i Aol *COMMENT.
3 — o, 003 }—
mN — O 004 — Stresses above those listed under "Absolute Maximum
[ 00, - Rating'' may cause permanent damage to the device. This
€2 €1 . . . . .
WIW cl CQ is a stress rating only and functional operation of the device
PIN NAMES at these or at any other condition above those indicated in
BB DATATRGT o SOTRUTORALE the operational sections of this specification is not implied.
Aq -~ A, ADDRESSINPUTS || 0O, - DO, DATA OUTPUT Exposure to absolute maximum rating conditions for ex-
AW READWAITEINPUT ||V, PORER -5V1 . . .
[ TET cez_cripenasLie tended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS FOR M5101-4, M5101L-4
Ta =-55°C to 125°C, Ve = 5V +5% unless otherwise specified.

Symbol Parameter Min. | Typ.[1] Max. | Unit | Test Conditions
12 Input Current 8 nA Vin =0 to0 5.25V
ILon(2! | Output High Leakage 2 MA CE1=2.2V,Vout=Vee
ILoL[2! | Output Low Leakage 2 uA CE1=2.2V, Vgour=0.0V
= CE1 <
lech Operating Current 11 25 mA Vin =Vcc Except CE1<0.01V
Outputs Open
lee2 Operating Current 20 32 mA Vin=2.2V Except CE1 <0.5V
Outputs Open
Vin=0 to Ve, Except
lccL[2) | Standby C t 2 IN cc.
ccL andby Curren 200 MA CE2 < 0.2V
ViL Input ““Low’’ Voltage -0.3 0.5 \Y
Viy Input “"High”” Voltage Vee-2.0 Vee \Y
Vor Output “Low’ Voltage 0.4 \ loL = 2.0mA
VoH Output “High” Voltage Vce-2.0 \Y lon = 1.0mA

N

NOTES: 1. Typical values are TA = 25°C and nominal supply voltage. Current through all inputs and outputs included in IccL.
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M5101-4, M5101L-4

Low Ve Data Retention Characteristics (For M56101L-4) Tp = -55°C to 125°C

Dl

Symbol Parameter Min. | Typ.[1] Max. | Unit | Test Conditions
VbR Vcc for Data Retention 2.0 \
CE2<0.2V
lccor Data Retention Current 2 200 MA VbR =2.0V.
Chip Deselect to Data Retention
tcor Time 0 ns
tR Operation Recovery Time tRcm ns

NOTES: 1. Typical values are Ta = 25°C and nominal supply voltage.
2. trc = Read Cycle Time.

A.C. CHARACTERISTICS FOR M5101-4, M5101L-4
READ CYCLE Tp =-55°C to 125°C, Vicc = 5V +5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions

tRC Read Cycle 800 ns

tA Access Time 800 ns

tco1 Chip Enable (CE1) to Output 700 ns

. (See below)

tco2 Chip Enable (CE2) to Output 850 ns

top Output Disable To Output 350 ns

tDF Data Output to High Z State 0 150 ns

ton1 Previous Read Data Valid with 0 : ns

Respect to Address Change
tom2 PRrevious Read_Data Valid with 0 ns
espect to Chip Enable

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit Test Conditions

twe Write Cycle 800 ns

taw Write Delay 150 ns

tewn Chip Enable (CE1) To Write 550 ns

. - (See below)

tow2 Chip Enable (CE2) To Write 550 ns

tpw Data Setup 400 ns

tDH Data Hold 100 ns

twp Write Pulse ) 400 ns

twr Write Recovery - U "

tps Output Disable Setup 150 ns |
A.C.CONDITIONS OF TEST CAPACITANCE" T, - 25°C, 1 - 1Mz
Input Pulse Levels: 0.5 Volt to Vgc-2.0 Volt Limits (pF)
Input Pulse Rise and Fall Times: 20nsec Symbol Test Typ. | Max,
Timing Measurement Reference Level: 1.5 Volt Cin Input Capacitance 4 8
Output Load: 1 TTL Gate and C|_ = 100pF (All Input Pins) Vi = OV

Cout Output Capacitance Voy1 = 0V 8 12

NOTE: 3. This parameter is periodically sampled and is not 100% tested.
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M5101-4, M5101L-4

WAVEFORMS

WRITE CYCLE
READ CYCLE e | e

ADDRESS “ . ADDRESS ’

= -tcor - toH1
— ——
CEi CEl

towr

I

toH2 —» "——

— t pr—
o U oo 4
(COMMON 1/0) (comMmOnN 1/0) 2!

Y

tewz

le— - th - < top ' = ]

—_—

|
tos  |e—o —{toyl
DATA DATA OUT DATA DATA'IN
out VALID IN STABLE
- ——————— - - - -
. S Y ——
A .

RW \1 " 4

NOTES: 1. OD may be tied low for separate |/O operation.
2. During the write cycle, OD is “high’’ for common I/O and
‘*don‘t care’” for separate 1/O operation.

Low V. Data Retention

| < DATA RETENTION
MODE o

—
SUPPLY VOLTAGE (V) ] @ arsv
teoR ty % \\;DR
H
CHIP ENABLE (CEZ)@) @ ® ® @ ozv
@ ®
oV — — — — —— —— — — — — — — — — — —

>
o
=
=
=
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mtel M8080A
8-BIT N-CHANNEL MIRCOPROCESSOR -

The M808OA is functionally compatible with the Intel® 8080.

m Fully Military Temperature Range = 16-Bit Stack Pointer and Stack _
—55°C to +125°C Manipulation Instructions for Rapid
= +10% Power Supply Tolerance Switching of the Program Environment
m 2 us Instruction Cycle a Decimal, Binary, and Double Precision

m Powerful Problem Solving Instruction Arithmetic
Set

m 6 General Purpose Registers and an . :“:'my t:’ Provide Priority Vectored
Accumulator nterrupts

m 16-Bit Program Counter for Directly m 512 Directly Addressed 1/0 Ports
Addressing up to 64K Bytes of
Memory = TTL Drive Capability

The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing
applications.

The M8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation.

The M8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to
store /retrieve the contents of the accumulator, flags, program counter and all of the 6 general purpose registers. The
16-bit stack pointer controls the addressing of this external stack. This stack gives the MB080A the ability to easily
handle multiple level priority interrupts by rapidly storing and restoring processor status. It also provides almost
unlimited subroutine nesting.

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional
data busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and /O
are provided directly by the M8080A. Ultimate control of the address and data busses resides with the hold signal. It
provides the ability to suspend processor operation and force the address and data busses into a high impedance
state. This permits OR-tying these busses with other controlling device for (DMA) direct memory access or multi-
processor operation.

BLOCK DIAGRAM D7 Do

BI-DIRECTIONAL
DATA BUS

DATA BUS
BUFFER/LATCH
(8BIT) (8BIT)
INTERNAL DATA BUS l INTERNAL DATA BUS
I 1
[ P4
] 1[ A
ACCUMULATOR TEMP. REG. INSTRUCTION
® l )l | REGISTER () MULTIPLEXER
JL f A H «s) (8)
LAG TEMPREG ) TI:MPREG
ACCUMULATOR - - 5
LATCH m o REG REG
ARITHMETIC INSTRUCTION o [ 8 (8)
LoGIC DECODER 4 REG. REG.
UNIT MACHINE = H (8) L (8) r_REGIsTEFl
(aLu) CYCLE @ REG. REG. ARRAY
ENCODING 2 i)
« STACK POINTER
16
PROGRAM COUNTER
INCREMENTER/DECREMENTER
ADJUST > ADDRESS LATCH (16)
TIMING
AND
CONTROL [ ]
POWER [ — +12v I “5’|
ADDR FER
SUPPLIES | — +5v DATA BUS INTERRUPT HOLD WAIT am DDRESS BUFFE
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS
— 5V
= T T
WR  DBIN INTE INT HOLD HOLDWAIT | SYNC 1 n2 RESET A
READY 15 "
ADDRESS BUS
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M8080A

INSTRUCTION SET

The accumulator group instructions include arithmetic and
logical operators with direct, indirect, and immediate ad-
dressing modes.

Move, load, and store instruction groups provide the ability
to move either 8 or 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
direct, and immediate addressing modes.

The ability to branch to different portions of the program
is provided with jump, jump conditional, and computed
jumps. Also the ability to call to and return from sub-
routines is provided both conditionally and unconditionally.
The RESTART (or single byte call instruction) is useful for
interrupt vector operation.

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the M8080A. The ability to

Data and Instruction Formats

increment and decrement memory, the six general registers
and the accumulator is provided as well as extended incre-
ment and decrement instructions to operate on the register
pairs and stack pointer. Further capability is provided by
the ability to rotate the accumulator left or right through
or around the carry bit.

Input and output may be accomplished using memory ad-
dresses as |/O ports or the directly addressed I/0 provided
for in the M8080A instruction set.

The following special instruction group completes the
MB8080A instruction set: the NOP instruction, HALT to stop
processor execution and the DAA instructions provide deci-
mal arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the MB080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format.

[D; Dg D5 D4 D3 Dy Dy Dg

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored
in successive words in program memory. The instruction formats then depend on the particular operation

executed.

One Byte Instructions

D; Dg Ds Dy D3 D, Dy Dg | OP CODE

Two Byte Instructions
[D; Dg Ds D4 D3 D, Dy Dg | OP CODE
| D; De Ds D4 D3 D, Dy Dy | OPERAND

Three Byte Instructions

[D; Dg Ds D4 D3 D, Dy Dy | OP CODE

[D; Dg Ds Dg D3 Dy Dy Dg | LOWADDRESSOROPERAND 1

TYPICAL INSTRUCTIONS

Register to register, memory refer-
ence, arithmetic or logical, rotate,
return, push, pop, enable or disable
Interrupt instructions

Immediate mode or |/0 instructions

Jump, call or direct load and store
instructions

[D; Dg Ds Dy D3 Dy Dy Do | HIGH ADDRESS OR OPERAND 2

For the M8080A a logic ‘1" is defined as a high level and a logic ‘0" is defined as a low level.
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MB8080A

ABSOLUTE MAXIMUM RATINGS* :

-55°C to +125°C *COMMENT: Stresses above those listed under "Ab‘sb/ute Maxi-

Temperature Under Bias . ... ......... Vi 7
mum Ratings may cause permanent damage to the device.

_ o + OC
iﬁ?:ig:uff:po‘::gziev('ﬂ'tf;gé; """"" 65 C o +150 This is a stress rating only and functional operation of the de-
X vice at these or any other conditions above those indicated in
With Respectto Vgg . .. ........... -0.3V to +20V the operational sections of this specification is not implied. E x-
Vce. Vpp and Vgg With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended
Power Dissipation . . ....................... 1.7W periods may affect device reliability.

D.C. CHARACTERISTICS
Ta = -55°C to +125°C, Vpp = +12V £10%, Vg = +5V +10%, Vg = -5V £10%, Vss = OV, Unless Otherwise Noted.

Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 Vss+0.8 \Y
Vine Clock Input High Voltage 8.5 Vppt1 \Y
ViL Input Low Voltage Vgs—1 Vgs+0.8 \
Viy Input High Voltage 3.0 Veetl \Y
VoL Output Low Voltage 0.45 v loL = 1.9mA on all outputs,
Vou Output High Voltage 3.7 v lon = 150uA.
Ibp(av) | Avg. Power Supply Current (Vpp) 50 80 mA
Operation
lcc (av) Avg. Power Supply Current (V¢c) 60 100 mA Tey = .48 psec
Igg (av) | Avg.Power Supply Current (Vgg) .01 1 mA
I8 Input Leakage +10 HA Vss < Vin < Ve
lcL Clock Leakage *10 uA Vss < Verock < Vpp
Ip (2 Data Bus Leakage in Input Mode -100 MA Vss <Vin <Vs5+0.8V
20 1 mA Vs +0.8V<Vin <Vee
| Address and Data Bus Leakage +10 A Vapbbr/pAaTA = Vee
FL During HOLD -100 VADDR/DATA = Vgs + 0.45V
CAPACITANCE 15
TA =25°C Vee = Vpp = Vss =0V, Vgg =-5V \
[
Symbol Parameter Typ. | Max. | Unit Test Condition < \
o
Co Clock Capacitance 17 25 pf fo=1MHz 2 os
Cin Input Capacitance 6 10 pf Unmeasured Pins 3
Cout Output Capacitance 10 20 pf Returned to Vgg
o ey +195
NOTES: AMBIENT TEMPERATURE (°C)
1. The RESET signal must be active for a minimum of 3 clock cycles.
2. When DBIN is high and V| > V| an internal active pull up will Figure 1. Typical Supply Current vs.
be switched onto the Data Bus. Temperature, NormalizedI3!
3. Alsupply / ATp =-0.45%/°C.
MAX = — — — — }—
[DL
% Vee
Vin

Figure 2. Data Bus Characteristic During
DBIN

>
=
=
=
=
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MB8080A

A.C. CHARACTERISTICS
Ta = -55°C to +125°C, Vipp = +12V £10%, Ve = +5V £10%, Vgg = -5V £10%, Vss = OV, Unless Otherwise Ncmad

Symbol Parameter Min. | Max. | Unit Test Conqun K
tey (3] | Clock Period 0.48 | 2.0 | usec ;
t,,t | Clock Rise and Fall Time 0 | 50 |nsec e
to1 ¢q Pulse Width 60 nsec
ty2 ¢ Pulse Width 220 nsec
tp1 Delay ¢ to ¢, 0 nsec
tp2 | Delay ¢5 to ¢ 80 nsec
tp3 Delay ¢; to ¢ Leading Edges 80 nsec
tpa (21 | Address Output Delay From ¢o 200 | nsec
tpp [2] | Data Output Delay From ¢, 220 | nsec
tpc [2) | signal Output Delay From @1, or ¢ (SYNC, WR,WAIT, HLDA) 140 | nsec
tor 2] | DBIN Delay From ¢y 25 | 150 | nsec Cr = 50pf
tp) (1] Delay for Input Bus to Enter Input Mode tpr | nsec
tps1 Data Setup Time During ¢, and DBIN 30 nsec
WAVEFORMS[M] {Note: Timing measurements are made at the following reference voltages: CLOCK /1" = 7.0V,

“0" =1.0V; INPUTS “1” = 3.0V, “0” = 0.8V; OUTPUTS 1" = 2.0V, “0" = 0.8V.)

: A AP A
" fﬁ 7\ / \ f *ﬁ'

L—-’
< tooe] o g -
——— e, —— 4
Aqs-Ag —_— P [ PO i ERpU PR | PRpp— | P}
<—-(DA4> !Aw
|- ‘nu'"" > tp | ] 'DHI,_ le—tpp—>|
e . | "
z = Joatam j DATA OUT
D7'DO ______ —— - - —f .._......_.4._.1 ————— | —
—| tpg |-— ety +—>]

SYNC ! ~—Tps2—>
+
o) tog e o toe |-—

oein )r'— " —

READY

WAIT

HOLD

HLDA

INT - ‘@_

g ||

[

INTE

g
=
=
=
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MB8080A

A.C. CHARACTERISTICS (Continued) W )
Ta =-55°C to +125°C, Vpp = +12V +10%, V¢ = +5V £10%, Vgg = -5V +10%, Vss = OV, Unless Otherwise Noted:

Symbol Parameter Min. | Max. | Unit

tps2 Data Setup Time to ¢ During DBIN 130 nsec

tpu (1] | Data Hold Time From ¢, During DBIN [1] nsec

tiel2] INTE Output Delay From ¢, 200 | nsec Cp = 50pf

tRs READY Setup Time During ¢5 120 nsec

tHs HOLD Setup Time to ¢, 140 nsec

tis INT Setup Time During ¢2 120 nsec

tH Hold Time From ¢, (READY, INT, HOLD) 0 nsec

tFD Delay to Float During Hold (Address and Data Bus) 130 | nsec

taw(2] | Address Stable Prior to WR (5] nsec ||

tpw(2! | Output Data Stable Prior to WR (6] nsec

twpl2) | Output Data Stable From WR (7 nsec

twal2l | Address Stable From WR 171 nsec | C_=50pf

tyrl2l | HLDA to Float Delay {8l nsec

twe 21 | WR to Float Delay (9] nsec

tan 2] | Address Hold Time After DBIN During HLDA -20 nsec | |

NOTES:

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time 1s assured.
tpH = 50 ns or tpfF, whichever is less.

2. Load Circuit.
o j \ /
9.
? MB080A
OUTPUT
“
15-A0 - =
twa 3. 1CY =tD3 +tp2 +tp2 + t6p2 + tD2 * trp1 > 480ns. -
- —_—'L'—_-—-"‘~~ TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
0,0, FT—t—| -~ _
wo €
SYNC z *o
-
— |ty a
0
-
DBIN / 1_. 5 S spec
’ =
. 3 -10
L4 1
WR ! typ —>
—— J F -20 2 ) L L
f . b -100 -50 Y +50 +100
READY A CAPACITANCE (pf)
l—t (Cacruar ~ Cspec!
HE —>1
WAIT 4. The following are relevant when interfacing the M80B0OA to devices having ViH = 3.3V:
a) Maximum output rise time from .8V to 3.3V = 100ns @ C|_ = SPEC.
HOLD = b) Output delay when measured to 3.0V = SPEC +60ns @ C|_= SPEC.
$ c) If C_ # SPEC, add .6ns/pF if C|.> CgpEc, subtract .3ns/pF (from modified delay) if C_ < Cgpgc.
—{ tpc [w— 5. taw = 2tCy -tp3 -try2 -140nsec.
HLDA 6. tpw =tCY -tD3 -trp2 -170nsec.
- ] 7. 1f not HLDA, twp=twa = tD3 *+ trp2 +10ns If HLDA, twp = twA = twF.
8. tHF = tp3 * try2 -50ns.
NT o 9. twF = tp3 + try2 -10ns
" 10. Data in must be stable for this period during DBIN *T3. Both tpgq and tpg2 must be satisfied.
11. Ready signal must be stable for this period during To or Tyy. (Must be externally synchronized.)

< te—»| 12, Hold signal must be stable for this period during T2 or Ty when entering hold mode, and during T3, T4, Tg
- and Ty when in hold mode. (External synchronization is not required.)
INTE 13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be
-

T T ized on the following instruction. (External synchronization is not required.)
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle.
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M8212
8-BIT INPUT/OUTPUT PORT

m Fully Parallel 8-Bit Data Register and m 3.4V Output High Voltage for Direct

Buffer Interface to M8080A CPU
B Service Request Flip-Flop for Interrupt m Asynchronous Register Clear
Generation m Replaces Buffers, Latches, and Multi-
m Low Input Load Current 0.25mA Max plexers in Microcomputer Systems
m 3-State Outputs ® Reduces System Package Count
m Full Military Temperature Range m +10% Power Supply Tolerance

o ] . .
-55°C to +125°C m 24-Pin Dual In-Line Package
The Intel® M8212/M3212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and
device selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the
microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
principal peripheral and input/output functions of a microcomputer system can be implemented with this device.

*Note: The specifications for the M3212 are identical with those for the M8212.

PIN CONFIGURATION LOGIC DIAGRAM
SERVICE REQUEST FF
- A\
os, ] 24 [ Jvee
vo [ 2 23 [ JINT DEVICE sijcnow = DSS:
DI 3 22 [Joi _ —{c
! , 8 [>os1 N B3>
00114 ¢ 2 P% 3> os2 (ACTIVE LOW)
DL L]s 20 | Jou, | en
oo, [} s 8212 19 | Joo, > mo —
DI 7 18 | o )
3 6
sT8 —— 7|
oo, [ 8 17 [ J ooy > |[_ T oureur
o, o 16| Joi, ‘ | | BUFFER
| | |
oo, [] 10 15 ] DO,
2 E>on, +Ho o+ o, [>
sTB n 14 CLR ! N
DATA LATCH | Crlll |
ano[] 12 13 | Jos, ~_ |
D1 | 0 Q D02
? l
S ' [
o i b o+ ’B_l D04
e
!
[ER IR | fo o 004 (0>
PIN NAMES ‘ *‘IL L BN ;
! |
DI-DIg | DATAIN Dig +o ofy D0g 15>
DO,.D05 | DATA OUT | ol |
DS:-DS; | DEVICE SELECT | | !
MD MODE — X
ST8 STROBE Dlg | o Q 00 7>
INT INTERRUPT (ACTIVE LOW) C g | |
TR CLEAR (ACTIVE LOW] ‘ X |
|
o1, +Ho q] ] | 0Oy
| V]f;:‘ | i
01 | D Q ‘ DO,
8 | T 8
C
o> ci ACTIVE LOW ‘ | |
t IVE L 1
[

g
=
=
=
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M8212

ABSOLUTE MAXIMUM RATINGS*

*COMMENT: Stresses above those fisted under “Absolute
Maximum Ratings” may cause permanent damage to the

H 0 o A
Temperature Under Bias ........ —55"C to +125°C device. This is a stress rating only and functional opera-
Storage Temperature .......... —65°C to +160°C  tion of the device at these or any other conditions above
All Output or Supply Voltages . ...—0.5 to +7 Volts those indicated in the operational sections of this specifi-."" .
cation is not implied. Exposure to absolute maximum
All Input Voltages ............ —1.0to 5.5 Volts rating conditions for extended periods may affect device
OutputCurrents .............ccovvnvnn. 100 mA  reliability.
D.C. CHARACTERISTICS
Ta =-55°Cto +125°C Vc = +5V £10%
Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.

IF Input Load Current -.25 mA Ve = .45V

STB, DSz, CR, DI1-Dls Inputs
lg Input Load Current -.75 mA Ve = .45V

MD Input
Ig Input Load Current -1.0 mA Vi = 45V

DS, Input
IR Input Leakage Current 10 MA Ve = Vee

STB, DS, CR, DI+-Dls Inputs
™ Input Leakage Current 30 WA Vk = Vce

MD Input
Ir Input Leakage Current 40 HA Vk = Vce

DS, Input
Ve Input Forward Voltage Clamp -1.2 \" lc = =5 mA
ViL Input “Low” Voltage .80 Vv
ViH Input “High” Voltage 2.0 \"
VoL Output “‘Low’” Voltage .45 Vv lo. = 10mA
VoH Output “High” Voltage 3.5 4.0 Vv lon = -.5mA
los Short Circuit Output Current -15 -75 mA Vce = 5.0V
|1o] Output Leakage Current 20 HA Vo = .45V to Ve

High Impedance State
lcc Power Supply Current 90 145 mA

14-49
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M8212

A.C. CHARACTERISTICS

Ta =-55°Cto +125°C V¢ = +5V £10%

Symbol Parameter i Limits Mo, Unit Test Conditions ' “
tpw Pulse Width 40 ns

tpD Data To Output Delay 30 ns NOTE 1

twe Write Enable To Output Delay 50 ns NOTE 1

tSET Data Setup Time 20 ns

tH Data Hold Time 30 ns

tR Reset To Output Delay 55 ns NOTE 1

ts Set To Output Delay 35 ns NOTE 1

te Output Enable/Disable Time 50 ns NOTE 1C_ = 30 pF
tc Clear To Output Delay 55 ns NOTE 1

CAPACITANCE F = 1 MHz, Vgias =25V, Voo = +5V, Ty = 25°C

Symbol Test LIMITS
Typ. Max.
CIN DS, MD Input Capacitance 9 pF 15 pF
Cin DS,,CLR, STB, D!,-Dl, 5 pF 10 pF
Input Capacitance
Cout DO,-DO; Output Capacitance 8 pF 15 pF
SWITCHING CHARACTERISTICS
Conditions of Test Test Load
Input Pulse Amplitude = 2.5V v
Input Rise and Fall Times: 5 ns between 1V and 2V i
Rl
TO
D.UT.
I
NOTE 1: TEST [ Ry R2

tep, twe. R, ts. tC 30pF 30092 60092

te, ENABLE? 30pF 10K 1KQ

te, ENABLE{ 30pF 3009 60052

te, DISABLE? 5pF 3009 60092

te, DISABLE} 5pF 10K 1KQ

>
=
=
=
=
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M8212

TIMING DIAGRAM .

Data 1 5\*
ST8 or DS, o DS, 15v % Sk 15v

OuUTPUT XT 5V
DS, ¢ 05, + MD 15\7/ Sk 15v

QuUTPUT

Do

DATA

ST8 or BS, » DS, 1qu\
ouTPUT X sV
sT8 15V % x‘&lsv

BS, « Ds, 15V 15V
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M8212

TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE

T
Ve = 5.0V
50 /‘//
=
R Tya=25C
3 i Ta-
z wroel WA 1 me
2 g’s
& -150
)
5]
-
2
2 -200
-250
-300
-3 -2 -1 0 +1 +2 +3
INPUT VOLTAGE (V)
OUTPUT CURRENT VS,
OUTPUT “HIGH” VOLTAGE
0 T
Ve = +60V
5 /7
g 0 T,e75¢ /
: A
2 5
o
E /%ETA =5cC
c 2 7 Ta0C
: yl
2
S 7
A
) 10 20 30 40 50
OUTPUT “HIGH" VOLTAGE (V)
DATA TO OUTPUT DELAY
VS. TEMPERATURE
22 -
Vg = #50V
20
H 7
Z 18 -
o L
o . k//
5 Pls
& 16 —=
2 el
2 \
< 14
<
g
a
12
10
25 [ 25 50 75 100

TEMPERATURE { C)

MWy o

OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE .

100 T
Ve = +5.0V
80
2
E
5 60
&
o
< Tp=75C
o T, =25C
A
5 40
a
S
2
° / Ta=0C
20 / /
0
) 2 4 6 8
OUTPUT “LOW" VOLTAGE (V)
DATA TO OUTPUT DELAY
VS. LOAD CAPACITANCE
50 T
Ve = *50V
T,-25C
40
>
<
g
a8 30
g 1=
2 L-—
5 vl L—
S 2 == —
o =
: /"/’ —T
: //
a
10
0
) 50 100 150 200 250 300
LOAD CAPACITANCE (pF)
WRITE ENABLE TO OUTPUT DELAY
VS. TEMPERATURE
40 T
Ve - +6 0V
£ 3
>
R e
<
o
o 30
5 x
& /\//
2 + x
o 2 — L5
o st ——1 _-
B8 ~ t+ -
5 08, L——"F-"
20 — = -
3 55, | —T |
=
£ 5
%5 ) 25 50 75 100

TEMPERATURE ( C)
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m 8 Priority Levels = 24-Pin Dual In-Line Package

M8214 e
PRIORITY INTERRUPT CONTROL UNIT " '

s Fully Expandable m Full Military Temperature Range

- ° o
» Current Status Register 55°C to +125°C

m Priority Comparator s +10% Power Supply Tolerance

The Intel® M8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcom-
puter systems.

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled
current status register and issue and interrupt to the system along with vector information to identify the service
routine.

The M8214 is fully expandable by the use of open collector interrupt output vector information. Control signals are
also provided to simplify this function.

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt-
driven microcomputer systems.

PIN CONFIGURATION LOGIC DIAGRAM
> e o
— N
s " 28 v B> et D
— — REQUEST ACTIVITY N
8. 2 23 ECS =
" Ry—o
__[: : _ _° (OPEN COLLECTOR)
R,—f
5 []s 2L 1% 7] requesT ’—‘Do___ 5>
— (7> R,—o (aTcH 0
ses [ o n[]r 2
6 8> Rr.— AND _
_ g 3 PRIORITY Ay (9>
nt (s 0[] " Ry =] ENCODER i
—_ — Ry —f ’ Ay 10>
axde 10 > ’— o o [ D
INTE E 7 m8214 18 j R, @ R,— A (OPEN
3 7 ' COLLECTOR)
— — A>B | —_
Ay 8 17 R o ap-P> iNT [5>
2 —_ —
_ _ > 8 INT
A w6 R Z> & CURRENT le FE
> 5 J —tc
A, R, O REGISTER
A, 10 1 R 2
ZE 5 3 ° (> =& PRIORITY
? COMPARATOR
ELR l_ n ) [OTRY PR oo
ano (2 13[] eTe
p>a
]t
=] ois
FF
PIN NAMES \c
INPUTS > inte
Ro-Ry REQUEST LEVELS (R; HIGHEST PRIORITY) [D m
Bo8;  CURRENT STATUS
§GS STATUS GROUP SELECT
Ecs ENABLE CURRENT STATUS
INTE INTERRUPT ENABLE
CLK CLOCK (INT F-F)
ER ENABLE LEVEL READ
ETLG ENABLE THIS LEVEL GROUP
ouTPUTS
A;  REQUEST LEVELS OPEN
iNT INTERRUPT (ACT LOW) COLLECTOR
ENLG ENABLE NEXT LEVEL GROUP

g
=
=
=
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M8214

ABSOLUTE MAXIMUM RATINGS*

*COMMENT : Stresses above those listed under *Absolute
Maximum Ratings” may cause permanent damage to the

. o o . N .
Temperature Under Bias . ......... -5500 to +125°C device, This is a stress rating only and functional opera-
Storage Temperature . ........... —65°Cto +160°C tion of the device at these or any other conditions above
All Output and Supply Voltages . . . .. . .. —0.5V to +7V those indicated in the operational sections of this specifi-
All Input Voltages . ............... —1.0V to +5.5V cation is not implied. Exposure to absolute maximum
OutputCurrents . ..................... 100 mA rating conditions for extended periods may affect device
reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta =55°Cto 125°C Ve = 5V £10%

Symbol Parameter Limits Unit Conditions

Y Min. | Typ.[1] Max.
Ve Input Clamp Voltage (all inputs) -1.2 Vv lc=-5mA
g Input Forward Current:  ETLG input -.156 -0.5 mA Vg=0.45V
all other inputs -.08 -0.25 mA
IR Input Reverse Current: ETLG input 80 HA VR=5.5V
all other inputs 40 UA

ViL Input LOW Voltage: all inputs 0.8 v Vee=5.0V

ViH Input HIGH Voltage: all inputs 20 \ Vee=5.0V

lcc Power Supply Current 90 130 mA See Note 2.

Vou Output LOW Voltage: all outputs 3 .45 \Y loL=10mA

VoH Output HIGH Voltage: = ENLG output 24 3.0 \ lop=-1mA

los Short Circuit Output Current: ENLG output | -15 -35 -55 mA Vec=5.0V

Icex Output Leakage Current: INT, Ag, Aj, A 100 MA VCEX=5.5V

NOTES:
1. Typical values are for Tp = 25°C, Voc = 5.0V.
2. Bg-Bp, SGS, CLK, Rg-R4 grounded, all other inputs and all outputs open.

>
=
=
=
=
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M8214

A.C. CHARACTERISTICS Ta=-55°C 10 +125°C, VoG = +6V #10%

Symbol Parameter Min.
tcy CLK Cycle Time 85
tpw CLK, ECS, INT Pulse Width 25
tiss INTE Setup Time to CLK 16
tisH INTE Hold Time after CLK 20 10 ns
teresl?! ETLG Setup Time to CLK 25 12 ns
tetcn!2! ETLG Hold Time After CLK 20 10 ns
tecesl?! ECS Setup Time to CLK 85 25 ns
teccn 3 ECS Hold Time After CLK 0 ns
tecrs (3! ECS Setup Time to CLK 110 70 ns
tecrn 3! ECS Hold Time After CLK 0
tecssi?! ECS Setup Time to CLK 85 70 ns
tecsnl?! ECS Hold Time After CLK o} ns
tpcs!?! SGS and Bg-B5 Setup Time to CLK 90 50 ns
tpcnl2! SGS and By-B, Hold Time After CLK 0 ns
tres(3! Ro-R7 Setup Time to CLK 100 55 ns
trcn!3! Ro-R7 Hold Time After CLK 0 ns
tics’ iNT Setup Time to CLK 55 35 ns
tc CLK to INT Propagation Delay 15 30 ns
tris!4! Ro-R7 Setup Time to INT 10 0 ns
trinl4! Ro-R7 Hold Time After INT 35 20 ns
tRA Ro-R7 to Ag-A; Propagation Delay 80 100 ns
teLA ELR to KBA_Z Propagation Delay 40 55 ns
teca ECS to Ag-A; Propagation Delay 100 130 ns
teTA ETLG to Ag-A; Propagation Delay 35 70 ns
tpecs4! SGS and Bg-B5 Setup Time to ECS 20 10 ns
tpecu 4! SGS and Bg-B; Hold Time After ECS 20 10 ns
tREN Ro-R7 to ENLG Propagation Delay 45 70 ns
tETEN ETLG to ENLG Propagation Delay 20 30 ns
tECRN ECS to ENLG Propagation Delay 85 110 ns
tEcs,;.m o [ ECS to ENLG Propagation Delay | Se <t [
CAPACITANCE
Limits
Symbol ) Parameter Min. | Typ.l'l | Max Unit
Cin Input Capacitance 5 10 pF
Cout Output Capacitance Except ENLG (Pin 14) 7 12 pF

Test Conditions: Vgias =25V, Ve =5V, Ta = 25°C, f = 1 MHz

>
c
=
=
=
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M8216/M8226
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER

m Data Bus Buffer Driver for 8080 CPU m 3.40V Output High Voltage for Direct
Interface to 8080 CPU
m Low Input Load Current: 0.25mA

Maximum m 3-State Outputs

m High Output Drive Capability for m Full Military Temperature Range
Driving System Data Bus -55°C to +125°C

m 16-Pin Dual In-Line Package m +10% Power Supply Tolerance

The M8216/M8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS,
the DO outputs provide a high 3.40V VoH, and for high capacitance terminated bus structures, the DB outputs provide a
high 50 mA loL capability. A non-inverting (M8216) and an inverting (M8226) are available to meet a wide variety of
applications for buffering in microcomputer systems.

PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM
M8216 M8226
e\
s 16 [ Vee
00, [} 2 15 [ BEN Dly O— JV[ o1y O~ &
o ¢———0 DB,
N B 2 S 1 °
[: :] DOO o DOO o
oy 4 13 08 |
° mM8216 ) I [‘_‘“
oo, (|5 12{ Joy, oI, o D o1, o-
o8, []s 1 [ ] oo, 1 | ) ? O BBy
00; o 0O, o-
o, ({7 10 ] os, | |
sno[]s s Jo, DI, o_.__._.g—* D1, o- { ;
P_jq ¢——0 DB, L ¢——o D8,
0o, < DO, o
] 3
PIN NAMES oL, ﬂ DI, o {;
j ¢———o D8, ‘Q ¢———o0 D8,
08,08, | BDiRECTIONAL 0030 N o0se
DIyDY, | DATAINPUT v
DO,-DO, | DATA OUTPUT
BIEN | DiRecTion ConTRoL
[ CHIP SELECT © CS _ —o €S
DIEN DIEN
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M8216/M8226

ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed undei “Absolute

Maximum Ratings” may cause permanent damage ‘to'the
Temperature Under Bias . . . ... ...... _B5°C 1o +125°C device. This is a stress rating only and functional opera. ..

tion of the device at these or any other conditions above ' ‘

Storage Temperature . ............ -65°Cto +160°C those indicated in the operational sections of this specifi-
All Output and Supply Voltages . . ... .. .. —0.5V to +7V cation is not implied. Exposure to absolute maximum
All Input Voltages . . ............... —1.0V to +5.5V rating conditions for extended periods may affect device
OutputCurrents .. ................0.... 125 mA reliability.

D.C. AND OPERATING CHARACTERISTICS
Tp=-55"C to +125°C, Voo = +5V £10%

Limits
Symbol Parameter Min. Typ. Max. Unit Conditions
IF1 input Load Current DIEN, CS -0.15 -5 mA | VF =045
IF2 Input Load Current All Other Inputs -0.08 -.25 mA | VF =0.45
IR1 Input Leakage Current DIEN, CS 20 uA | VR =55V
IR2 Input Leakage Current DI Inputs 10 pA | VR =55V
Ve Input Forward Voltage Clamp -1.2 \" Ic =-5mA
ViL Input “Low” Voltage M8216 .95 Vv Vce =5V
ViL Input “Low” Voltage M8226 .90 \" Vece =5V
VIH Input “High” Voltage 2.0 \ Vcec =5V
|lo] Output Leakage Current DO 20 wA | Vo = .45V to Vcc
(3-State) DB 100
lcc Power Supply Current M8216 95 130 mA
Icc Power Supply Current M8226 85 120 mA
Vo1 Output “Low” Voltage 0.3 .45 \" DO Outputs loL = 15mA
DB Outputs loL = 25mA
VoL2 Output “Low” Voltage 0.5 .6 \" DB Outputs loL = 45mA
VoH Output “High” Voltage 3.4 3.8 \" DO Outputs loH = -.5mA
VoH2 Output “High” Volitage 2.4 3.0 \" DO Outputs loH = -2mA
DB Outputs loH = -5.0mA
los Output Short Circuit Current -15 -35 -65 mA | DO Outputs Vcc = 5.0V

l | .o | -z | <o | —A NE Nutninte Vns = ANV

NOTE: Typical values are for Ta = 25°C, Vgc =5.0V.

g
=
=
=
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M8216/M8226

INPUTS XLSV

- tpp —

ouTPUT )
ENABLE X"SV
ouTPUTS 1.5\/X

A.C. CHARACTERISTICS 71, =-55°Cto +125°C, Vg = +5V £10%

WAVEFORMS

Limits

Symbol Parameter Min. Typ.(1) Max. Unit Conditions

TeD1 Input to Output Delay DO Outputs 15 25 ns (NOTE 2)

TPD2 Input to Output Delay DB Outputs 19 33 ns

M8216 (NOTE 2)
TrD2 Input to Output Delay DB Outputs
M8226 16 25 ns | (NOTE 2)

Te Output Enable Time M8216 42 75 ns (NOTE 2)

Te Output Enable Time M8226 36 62 ns (NOTE 2)

To Output Disable Time M8216 16 40 ns (NOTE 2)

To Output Disable Time M8226 16 38 ns (NOTE 2)
Test Conditions Test Load Circuit Vee
Input pulse amplitude of 2.5V, R,
Input rise and fall times of 5 ns between 1 and 2 volts.

ouT o . 4
-L C. Rz
CAPACITANCE ' =
_Limits

Symbol Parameter Min. Typ.[1] Max. | Unit

Cin Input Capacitance ' 4 6 pF

CouT1 Output Capacitance DO Outputs 6 10 pF

CouT2 Output Capacitance DB Outputs : 13 18 pF

Test Conditions: Vg as=2.5V, Voc =5.0V, To =25°C, f = 1 MHz.
NOTES: 1. Typical values are for Tp = 25°C, Vg = 5.0V.

2.
TEST c | Ry Rz
Tep1 30pF | 30052 | 6002
Tep2 300pF | 9092 | 18082

Te, (DO, ENABLE?) | 30pF | 10KQ | 1KQ
Te, (DO, ENABLEL) | 30pF | 30082 | 60052
Te, (DB, ENABLE?) | 300pF | 10K2 | 1KQ
Te, (DB, ENABLE!) | 300pF | 90€ | 180%2 *

Tp. (DO, DISABLE?) 5pF | 30092 | 6002
Tp. (DO, DISABLE!) 5pF | 10KQ2 | 1KQ
Tp. (DB, DISABLE?) S5pF | 9002 | 18082
Tp. (DB, DISABLE!) 5pF | 10KQ | 1KQ

&
=
=
b=
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M8224
CLOCK GENERATOR AND DRIVER
p FOR 8080A CPU

a Single Chip Clock Generator/Driver for = Oscillator Output for External System
M8080A CPU Timing
= Power-Up Reset for CPU m Crystal Controlled for Stable System
s Ready Synchronizing Flip-Flop Operation
= Advanced Status Strobe m Reduces System Package Count
m Fully Military Temperature Range
—55°C to +125°C s +10% Power Supply Tolerance

The Intel® M8224 is a single chip clock generator/driver for the MB080A CPU. it is controlled by a crystal, selected by
the designer to meet a variety of system speed requirements.

Also included are circuits to provide power-up reset, advance status trobe, and synchronization of ready.

The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for
MB8080A.

PIN CONFIGURATION BLOCK DIAGRAM

XTALT —

OSCILLATOR > osc
1> >

XTAL2

TANK

AR

ReseT [ 6] Vee
Aesin[]2 15 ) xTALY D

"
RDVINC 3 [ xrac2 C('SEO,SK r__D___ 5
-9

READY [ |4 13 :TANK b oA LTS
2 1 2
m8224
syne [ ]s 12] _Josc
s (TTU(J6 n :]h B> swe—— sTsTB [7>
STSTB 10 2 —
. | > AN —>—+{5 1
INPUT c a RESET [T>
(> rovin I5 o} ReADY [€>
c
PIN NAMES
RESIN RESET INPUT XTAL 1 | CONNECTIONS
RESET | RESET OUTPUT XTAL2 || FORCRYSTAL
RDYIN | READY INPUT TANK USED WITH OVERTONE XTAL
READY | READY OUTPUT osc OSCILLATOR OUTPUT
SYNC | SYNCINPUT 52 (TTL) 52 CLK (TTL LEVEL)
§TSTE | STATUSSTB Veo +5V
(ACTIVE LOW) Voo 3V
Ll | 8oso GND oV
2 | cLocks

g
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M8224

ABSOLUTE MAXIMUM RATINGS* *COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
Temperature Under Bias . ... ....... -55°C to 125°C device. This is a stress rating only and functional opera-
Storage Temperature . ........... -65°C to 150°C tion of the device at these or any other conditions abgve .
Supply Voltage, Ve -« v v v vv v n -0.5V to +7V those indicated in the operational sections of this specifis .
Supply Voltage, Vpp - - .« o v v v -0.5V to +13.5V cation is not implied. Exposure to absolute maximum
InputVoltage . .. ............... -1.0V to +7V rating conditions for extended periods may affect device
OutputCurrent . . .. ..ot ie e cnnnnns 100mA reliability.
D.C. CHARACTERISTICS
Ta =-65°C to 125°C; Ve = +5.0V £10%; Vpp = +12V £10%.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Ig Input Current Loading -.25 mA Vg = .45V
Ir Input Leakage Current 10 MA VR = 5.5V
Ve Input Forward Clamp Voltage -1.2 \ Ic =-6mA
Vi Input “Low"” Voltage .8 \% Vee = 5.0V
Vin Input “High’’ Voltage = RESIN 2.6 \
All Other Inputs 2.0
ViH-ViL RESIN Input Hysteresis .25 \ Vee = 5.0V
VoL Output “Low’ Voltage  OSC, .45 \ loL = 10mA
@2 (TTL)
All Other Outputs .45 \ loL = 2.5mA
VoH Output “High” Voltage
1 P2 9.0 \ lon = -100uA
READY, RESET 3.3 Y loy = -100uA
0OSC, ¢2 (TTL), STSTB 24 Y lon =-1mA
lps!! Output Short Circuit Current -10 60 | mA Vo =0V
(All Low Voltage Outputs Only) Vee =5.0V
lec } Power Supply Current 115 mA
Ibp Power Supply Current 12 mA

Note: 1. Caution, ¢1 and ¢ output drivers do not have short circuit protection

Crystal Requirements

Tolerance: .005% at -55°C to 125°C
Resonance: Series (Fundamental)*
Load Capacitance: 20-35pF
Equivalent Resistance: 75-20 ohms
Power Dissipation (Min): 4mW

*With tank circuit use 3rd overtone mode.

g
=
=t
=
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M8224

A.C. CHARACTERISTICS s o
Ve = 45.0 £10%; Vpp = +12.0V +10%; T = -55°C to +125°C

Limits
Symbol Parameter Min. Typ. Max. Units
te1 ¢4 Pulse Width ngcl’ - 20ns
t42 6, Pulse Width 5%" - 45ns
tp1 ¢4 to ¢2 Delay 0 ns
02 67 t0 ¢; Delay 2% - 25ns CL = 20pF to 50pF
to3 $1 1o 95 Delay 2oy 22V + 40ns
tR ¢1 and ¢, Rise Time 25
tg ¢1 and ¢, Fall Time 25
tpg2 ¢o to ¢ (TTL) Delay -5 +15 ns ¢oTTL,CL=30pF
R;=3009
R2=GOOQ
toss 67 to STSTB Delay 6‘—;" - 30ns ‘%CY
tew STSTB Pulse Width Y _ 23ns STSTB, CL=15pF
9 Ry =2K
RDYIN Setup Time to 4tcy Ra = 4K
t 50ns - FtCY
DRS Status Strobe ns 9
RDYIN Hold Time 4tcy
tDRH —en -
After STSTB 9
tor READY or RESET to 4tey _ 25ns
¢o Delay 9 CL=10pF
Rqi=2K
Ro=4K
tolk CLK Period ‘gﬂ
Maximum Oscillating
fmax Frequency 2 MHz
Cin Input Capacitance 8 pF Vce=+5.0V
Ve n =419V
Vpias=2.5V
f=1MHz

TEST
CIRCUIT
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M8224

WAVEFORMS

2]

%2 tog to;

— tosz tpp — ]
S2(rTU)

SYNC \ /
(FROM 8080A)

torH

READY OUT

RDYIN OR RESIN

|~

RESET OUT

VOLTAGE MEASUREMENT POINTS: ¢1, ¢2 Logic 0" = 1.0V, Logic "1 = 7.0V. READY, RESET Logic "0"” = 0.8V, Logic "'1”" = 3.0V.
All other signals measured at 1.5V.

Example:

A.C. CHARACTERISTICS (For tcy = 488.28 ns.)
Ta =-55°C to 125°C; Vpp = +5V £10%; Vpp = +12V +10%.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
te1 1 Pulse Width 89 ns || tcy=488.28ns
tg2 ¢o Pulse Width 226 ns
tp1 Delay ¢1 to ¢5 0 ns
tp2 Delay ¢, to ¢4 84 s - $1 & ¢ Loaded to
to3 Delay ¢1 to ¢5 Leading Edges | 109 149 ns Cu =200 50pF
t Output Rise Time 25 ns
i Output Fall Time 25 ns |
tbss ¢, to STSTB Delay 296 326 ns
tpg2 ¢9 to ¢ (TTL) Delay -5 +15 ns
tpw Status Strobe Pulse Width 31 ns Ready & Reset Loaded
tpRs RDYIN Setup Timeto STSTB -167 ns to 2mA/10pF
toRH RDYIN Hold Time after STSTB | 217 ns é'f'e'r’:’acs}’“;‘i’:i“?v
toR READY or RESET 192 ns unless specified

to ¢ Delay otherwise.
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M8228

SYSTEM CONTROLLER AND BUS DRIVER
FOR M8080A CPU

= Single Chlp System Control for m User Selected Single Level Interrupt
MCS-80™ Systems _ Vector (RST 7)

i

m 28-Pin Dual In-Line Package
= Built-In Bidirectional Bus Driver for

Data Bus Isolation = Reduces System Package Count
= Full Military Temperature Range
m Allows the Use of Multiple Byte —55°C to +125°C
Instructions (e.g. CALL) for Interrupt
Acknowledge s =10% Power Supply Tolerance

The Intel® M8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to
directly interface MCS-80 family RAM, ROM, and /O components.

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus
from memory and I/0. This allows for the optimization of control signals, enabling the systems designer to use slower
memory and /0. The isolation of the bus driver also provides for enhanced system noise immunity.

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system re-
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g.,
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to
have an unlimited number of interrupt levels.

The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for
cost effective, reliable, design of the MCS-80 systems.

PIN CONFIGURATION BLOCK DIAGRAM
\J D, B,
stsTe [ 28 [ vee o —=—f |—><— DB,
D, — ] —><— DB,
D) —» <] |~<— DB
27 2 2
Hoa [ 2 ] 70w cpy D, —»<— BIDIRECTIONAL |—»<— DB
— DATA 3 3 | SYSTEM DATABUS
wr[]3 26 ] MEMW BUS D, —= < BUS DRIVER | ~<— D8,
D5 — ] b —e - DB5
_— I —=— DBg
pBIN[] 4 25 []i70R e O
DB4 [_—_“ 5 24 [ ] MEMR
oa[Je 23[]INTA DRIVER CONTROL
os7[]7 22 [] BUSEN F—I
0 [YEET T D —u[——l——_—: MEM R
o7[]s 21| _J o6 e -
I l STATUS MEM W
oe3[]9 20 [] oBe LATCH
o3[]10 19| Jos cating [ VOR
ARRAY
o2 [ 1 18 [ Jo8s T L . oW
STSTB
022 e DBIN BUSEN
osg []13 16 [ ]oB1 WR
HLDA INTA
GND [ 14 15[ og
PIN NAMES
D7-D0 DATA BUS (8080 SIDE) NTA INTERRUPT ACKNOWLEDGE
DB7.DB0_| _DATA BUS (SYSTEM SIDE) HLDA | HLDA (FROM 8080)
1/OR 1/0 READ WR WR (FROM 8080)
1/OW 1/0 WRITE BUSEN | BUS ENABLE INPUT
MEMR MEMORY READ STSTB | STATUS STROBE (FROM 8224)
MEMW MEMORY WRITE Ve +5V
DBIN DBIN (FROM 8080) GND 0VOLTS

>
=
=
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M8228

ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute
Temperature Under Bias .. ......... -55°Cto 125°C Max./mum R a'tings” may ce.ause permanent da/fjage fo the

o o device. This is a stress rating only and functional epera-
Storage Temperature . ............ -65°Ct0 150°C tion of the device at these or any other conditions above
Supply Voltage, Vg -+ v v v v v v v el -0.5V to +7V those indicated in the operational sections of this specifi- -
InputVoltage . . ................. -1.0Vto +7V cation is not implied. Exposure to absolute maximum
OULPUL CUITENT « « e e e e e e e ea s 100mA rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS T4 =-55°Cto 125°C; Ve = 5V #10%.

Limits
Symbol Parameter Min. Max. Unit Test Conditions
V¢ Input Clamp Voltage, All Inputs -1.2 \ Ic =-5mA
Ig Input Load Current, 500 MA
STSTB
D2, Dg 750 UA Vg = 0.4V
Do, D1, D4, D5, D7 250 UA
All Other Inputs 250 MA
IR Input Leakage Current
DBg - Dy 20 MA VR =5.5V
All Other Inputs 100 MA
VTH Input Threshold Voltage, All Inputs 0.8 2.0 \% Vee =5V
lcc Power Supply Current 210 mA
VoL Output Low Voltage,
Do - Dy .5 \ loL = 2mA
All Other Outputs 5 \ loL = 10mA
VoH Output High Voltage,
Dg - Dy 3.3 \% loy =-10nA
All Other Outputs 24 \ lon =-1TmA
los Short Circuit Current, All Outputs 15 90 mA Vee =5V
lo (off) Off State Output Current,
All Controls Outputs 100 MA Vo = 5.5V
-100 MA Vo = .45V
IINT INTA Current 5 mA (See Figure 1)

Note 1: Typical values are for Tp = 259C and nominal supply voltages.

g
=
=
=
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M8228

CAPACITANCE This parameter is periodically sampled and not 100% tested.

Limits
Symbol Parameter Min. | Typ.['l | Max. | Unit
Cin Input Capacitance 8 12 pF
Output Capacitance
Cour Control Signals 7 15 PF
1/0 Capacitance
1/0 (D or DB) 8 15 pF

TEST CONDITIONS: Vgjas =25V, Vcc=5.0V, Ta = 25°C, f = 1MHz.

Note 2: For Dg-D7: Rq = 4K, Rp = «»Q,
C = 25pF. For all other outputs:
R1 =500Q, Ry = 1KQ, Ci_ = 100pF.

A.C. CHARACTERISTICS T, =-55°C 10 125°C; V¢ = 5V +10%.

Vee
TEST CIRCUIT!Z!
Ry

ouTPUT
PIN

i j +12v

1KQ +10% §

M8228 (I)

IINT

23
INTA b—r—rrroeoe——————

Figure 1. INTA Test Circuit (for RST 7)

Limits

Symbol Parameter Min. | Max. | Units Condition
tpw Width of Status Strobe 25 ns

tss Setup Time, Status Inputs Dg-D ns

tSH Hold Time, Status Inputs Dg-D5 ns

toc Delay from STSTB to any Control Signal 20 75 ns C_ = 100pF
tRR Delay from DBIN to Control Outputs 30 ns Cy = 100pF
tRe Delay from DBIN to Enable/Disable 8080 Bus 45 ns C_ = 25pF
trD Delay from System Bus to 8080 Bus during Read 45 ns Cp = 25pF
twR Delay from WR to Control Outputs 5 60 ns Cy_ = 100pF
twe Delay to Enable System Bus DBy-DB after STSTB 30 ns Cp = 100pF
twp Delay from 8080 Bus Dy-D7 to System Bus ns Cp = 100pF

DBg-DB7 during Write 5 40

te Delay from m to System Bus DBy-DB> 30 ns C, = 100pF
tHD ~ HLDA to Read Status Outputs 0 "o oL~ 1oup
tps Setup Time, System Bus Inputs to HLDA 10 ns

toH Hold Time, System Bus Inputs to HLDA 20 ns

14-65
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m8228

__l18
WR
peINPZ
21
LAl , |4 3
15 n
meosoa Do 7 —’:Z ~—Dg,
cPU D, o |—><—D8,
o.|8 12 1
2 > <—DB,
S T [V N CN
o.l3 6] BIDIRECTIONAL |5 os. [~DATABUS
4 BUSDRIVER [-o~ <+ DPBs
o.|4 19 18 o8,
5 [~ 5
L il 120, DB,
[ 8 1 ~<«—D8,
b2 . iNTA
) D%—- MEM R
(FROM 8224) STATUS STROBE ———0 CONTROL 05— WMEMW - CONTROL BUS
2 o5, — /OR
BUSEN ———O) o=— 10w

Figure 2. M8080A CPU Interface

TYPE OF MACHINE CYCLE
1

i O ®6|®e|® ®|©]|w©
Do| NTA o loflolofoflofo[1]o0]n1
D | wo |1 [t ]o 1o o1
D2 | STACK | o Jo|l o[ 1 [1[o]olofo]o
D3| HTA o Jololo]ofololo]1 ]
Da| ouT _JoJoloJoloflo|1]ofo]o
Ds | i l1fJoflofofofoflof[1]o]n
Ds | INP olofolofol1]o]olo]o
Dy | mMemR [ 1 [t [ o1 Joflofolo[11]o
I—mj
————— (NONE)
INTA
oW
OR | conTROL
MEM W SIGNALS
MEM R
MEM W
MEM R
MEM R

Figure 3. Status Word Chart

>
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=
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M8228

WAVEFORMS

%2

STATUS STROBE
8080 DATA BUS
DBIN

INTA, IOR, MEMR
HLDA

INTA, IOR, MEMR
DURING HLDA

SYSTEM BUS DURING READ

8080 BUS DURING READ

IOWOR M

8080 BUS DURING WRITE

SYSTEM BUS DURING WRITE

SYSTEM BUS ENABLE

SYSTEM BUS OUTPUTS

VOLTAGE MEASUREMENT POINTS:

toc *|

at 1.5V.

Dg-D7 (when outputs) Logic “0” = 0.8V, Logic 1" = 3.0V. All other signals measured

>
=
=
=
=

14-67



g
=
=
=

intel
M8251

PROGRAMMABLE COMMUNICATION INTERFACE

[ ] Synchr_onous and Asynchronous m Baud Rate — DC to 56k Baud (Sync Mode)
Operation DC to 8.1k Baud (Async Mode)
= Syn;grgsog:; racters m Full Duplex, Double Buffered,
Internal or External Character Transmitter and Receiver
Synchronization m Error Detection — Parity, Overrun,
Automatic Sync Insertion and Framing
] Asysnts:hBrong't:s: m Fully Compatible with 8080 CPU
-8 Bit ct
Clock Rate — 1,16 or 64 Times = All Inputs and Outputs Are
Baud Rate TTL Compatible
Break Character Generation e
1,11, or 2 Stop Bits n FuIIOMllltary T(:mperature Range
False Start Bit Detection -55°C to +125°C

s +10% Power Supply Tolerance

The M8251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Chip designed for data
communications in microcomputer systems. The USART is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con-
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the
complete status of the USART at any time. These include data transmission errors and control signals such
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology.

PIN CONFIGURATION M8251 BLOCK DIAGRAM
o, ™~ 2o,
[ 2730,
RxD [ 3 26 (7] Voo ~
GND 4 25 RxC DATA N TRANSMIT
Wal 24 ] bR o D< Y sus <:_V M ‘surrer |-Tr0
4 OTR 1O0N—V|  BUFFER v P -S)
o, e 23 (] RTS
D, 7 22 7] OSR
s’ m8251 t
o, s 21 [7] RESET i
™o 20 7 cLk RESET o TXROY
wR o 1919 ™o CLK—= ReaD/MRITE TRANSMIT
— C/D— o} CONTROL | TxE
cs 1 18 TxEMPTY RO d LOGIC CONTROL
— — —— . xC
cib [ 17 [ s WR '\ ~
RO 13 16 7] SYNDET T
RxRDY 14 15 TxRDY cs
[0 1S p——
Pin Name | Pin Function Pin Name | Pin Function OTR e of | | Receive
D7 Dp | Data Bus (8 bits) DSR Data Set Ready - C’gg?;& <: BUFFER |+—RxD
c/o Control or Data 1s to be Written or Read DTR Data Terminal Ready CTS — N\ B (s-P
RD Read Data Command SYNDET | Sync Detect RTS «—df
WR Write Data or Control Command RTS Request to Send Data
cs Chip Enable CTS Clear to Send Data
CLK Clock Pulse (TTL) TxE Transmitter Empty
RESET | Reset Vee +5 Volt Supply | RxROY
TxC Transmutter Clock GND Ground RECEIVE —
T><D Transmitter Data INTERNAL e contRoL [T RxC
RxC Receiver Clock DATA BUS < SYNDET
RxD Receiver Data
RxRDY | Recewer Ready (has character for 8080) L
TxRDY | Transmtter Ready (ready for char from 8080)
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M8251

ABSOLUTE MAXIMUM RATINGS*

-55°C to +125°C
—65°C to +150°C

Ambient Temperature Under Bias

Storage Temperature
Voltage On Any Pin

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum

With Respect to GND . ... .. ........ -0.5V to +7V rating conditions for extended periods may affect device
Power Dissipation . . . .. .................. 1 Watt reliability.
D.C. CHARACTERISTICS
Ta =-55°Cto +125°C; V¢ = 5.0V £10%; GND = 0V
Symbol Parameter Min. Typ. Max Unit Test Conditions
ViL Input Low Voltage -.5 0.8 \
ViH Input High Voltage 20 Vce Vv
Vor Output Low Voltage 0.45 \Y loL = 1.6mA
Vou Output High Voltage 24 \Y lon = -100uA
IbL Data Bus Leakage 50 MA Vout = 45V
10 MA VOUT =Vee
Iy Input Load Current 10 uA Vin = 5.5V
lcc Power Supply Current 45 80
CAPACITANCE
Ta =256°C; V¢c = GND = 0V
Symbol Parameter Min Typ. Max Unit Test Conditions
Cin Input Capacitance 10 pF fc = TMHz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to GND.
TEST LOAD CIRCUIT:
+20
2v /
ismv = 1o
s
S
&
DUT. ' § " SPEC
l £
o
ICL 24K K -10
~100 -50 [ +50 -100

Figure 1.

A CAPACITANCE (pF)
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M8251

A.C. CHARACTERISTICS [?

Ta =-55°Cto +125°C; V¢ = 5.0V +10% ; GND = 0V

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tey Clock Period 420 1.35 s
tow Clock Pulse Width 220 ns
tR.AF Clock Rise and Fall Time 0 50 ns
twR WRITE Pulse Width 400 ns
tps Data Set-Up Time for WRITE 200 ns
toH Data Hold Time for WRITE 40 ns
tAw Address Stable before WRITE 20 ns '
twa Address Hold Time for WRTTE 20 ns
tRD READ Pulse Width 430 ns
top Data Delay from READ 350 ns
toF READ to Data Floating [3] 25 200 ns C=15pF to 100pF
tAR Address (CE, C/D) Stable before READ 50 ns
tRA Address (CE, C/D) Hold Time for READ 5 ns
tDTx TxD Delay from Falling Edge of TxC 1 us
tSRx Rx.Data Set-Up Time to Sampling Pulse 2 us
tHRx Rx Data Hold Time to Sampling Pulse 2 s
frs (11 Transmitter Clock Frequency
1X Baud Rate DC 56 KHz
16X and 64X Baud Rate DC 529 KHz
frx [1] Receiver Clock Frequency
1X Baud Rate DC 56 KHz
16X and 64X Baud Rate DC 529 KHz
trx TxRDY Delay from Center of Data Bit 16 | CLK Period
tRx RxRDY Delay from Center of Data Bit 15 20 |CLK Period
tis Internal Syndet Delay from Center of Data Bit 20 25 CLK Period
tEs External Syndet Set-Up Time before Falling 16 |CLK Period
Edge of RxC

Note 1: The TxC and RxC frequencies have the following limitation with respect to CLK.
For ASYNC Mode, tTy or tRy > 4.5 tCy
For SYNC Mode, tTy or tgx = 30 tcy
2. AC timings are measured atV o = 2.0V, Vo = 0.8V, and load circuit of Figure 1.
3. Float timings are measured at Vo = 2.48V, Vo = 2.08V

Figure 1. Test Load Circuit.

R = 11430
ouTt O Vper =228V

ICL = 100pF

WAVEFORMS (Sce 8251 Waveforms, page 10-155)

g
=
=
=
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intel
M8255A A
PROGRAMMABLE PERIPHERAL INTERFACE S

= 24 Programmable /O Pins m Direct Bit Set/Reset Capability Easing

a Completely TTL Compatible Control Application Interface

= Fully Compatible with MCS-80™ = 40-Pin Dual In-Line Package

Microprocessor Family n Reduces System Package Count

- F_u;lsllnélltt:ri‘:'zrsr:%erature Range n *=10% Power Supply Tolerance

The Intel® M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 I/O
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode
(MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts.
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays.

PIN CONFIGURATION M8255A BLOCK DIAGRAM
1
2 i
3
A POWER v . GROUP
supPLIES y
s ane arour J K= o K>,
r
6 | CONTROL ) 8
7
8 |
° |
M8255A N
2
o e K= i,
Pl D
BI DIRECTIONAL DATA BUS oATA
il e B e——,
8BIT
TERNAL oo |
DATA BUS B 1o
f — Cj:>
o
=5 -
r82[]20 21[7] ee3 B J
WR of nEne GROUP GROUP
B8
Ay ] ST controL ey IR G— WL
PIN NAMES . e
RESET L
D,-Dg DATA BUS (BI-DIRECTIONAL) }
RESET RESET INPUT
cs CHIP SELECT ?
RD READ INPUT &
WR WRITE INPUT
A0, A1 PORT ADDRESS

PA7-PAO PORT A (BIT)
PB7-PBO PORT B (BIT)
PC7-PCO PORT C (BIT)
Vee +5 VOLTS

. GND gVOLTS
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M8255A

ABSOLUTE MAXIMUM RATINGS* *COMMENT : Stresses above th;;se Hsted under “Absolute

Maximum Ratings’’ may cause permanes’ sc?&mage to the
device. This is a stress rating only and funcwonaf”ppera

Ambient Temperature Under Bias. . . . . -55°C to +125°C tion of the device at these or any other conditions &byﬁ
Storage Temperature . .. ........... —65°C to +150°C those indicated in the operational sections of this spe&;f)yf* o
Voltage On Any Pin cation is not implied. Exposure to absolute maximum T
With RespecttoGND . .. ........... -0.5V to +7V rating conditions for extended periods may affect device
Power Dissipation . . .. ................... 1 Watt reliability.
D.C. CHARACTERISTICS T, = -55°C to +125°C;Vc = +5V +10%; GND = 0V
SYMBOL PARAMETER MIN. | MAX. |UNIT TEST CONDITIONS
ViL Input Low Voltage -0.5 | 0.8 \Y
ViH Input High Voltage 20 | Vce \
VoL (DB) | Output Low Voltage (Data Bus) 0.45 \Y loL = 2.6mA
Vo (PER)| Output Low Voltage (Peripheral Port) 0.45 \Y loL =1.7mA
VoH (DB) | Output High Voltage (Data Bus) 2.4 \Y lon = -400uA
VoH (PER)| Output High Voltage (Peripheral Port) | 2.4 \% loH = -200uA
Ipar!! | Darlington Drive Current -1.0 | -40 | mA
lec Power Supply Current 120 | mA
he Input Load Current 10 | WA Vin = Ve to OV
loFL Output Float Leakage +10 MA Vout = Ve to OV
Note 1:  Available on any 8 pins from Port B and C. *
75082
puT _L - ‘:N\f © VexT
1: )
A.C. CHARACTERISTICS T4 =-55°C to +125°C, Ve = +5V +10%; GND = 0V
8255A
SYMBOL PARAMETER MIN. MAX. UNIT
tAR Address Stable Before READ 0 ns
tRA Address Stable After READ 0 ns
tRR READ Pulse Width - 300 ns
tRD Data Valid From READ!! 250 ns
tDF Data Float After READ 10 150 ns
tRv Time Between READs and/or WRITEs 850 ns
taw Address Stable Before WRITE 0 ns
twa Address Stable After WRITE 20 ns
tww WRITE Pulse Width - 400 ns
tow Data Valid to WRITE (T.E.) 100 ns
twp Data Valid After WRITE 30 ns
twe WR = 1 to Output! 1] 350 ns
tR Peripheral Data Before RD 0 ns
tHR Peripheral Data After RD 0 ns
tak ACK Pulse Width 300 ns
tsT STB Pulse Width 500 ns
tps Per. Data Before T.E. of STB 0 ns

>
=
=3
=
=
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tpH Per. Data After T.E. of STB 180 ns
tAD ACK = 0 to Output!! 300 ns
tkp ACK = 1 to Output Float 20 250 ns
twos WR =1 to OBF =0l 650 ns
taoB ACK = 0to OBF =111l 350 ns
ts1B STB=0to IBF = 11 300 ns
trig RD=1to IBF = 0"l 300 ns
tRIT RD=0to INTR = 0!l 400 ns
tsiT STB=1to INTR = 111l 300 ns
tAIT ACK=1to INTR = 1l 350 ns
Wi WR =0to INTR = 0!l 850 ns

Notes:

1. Test condition: 8255A: CL = 100pF
2. Period of Reset pulse must be at least 50uF during or after power on. Subsequent Reset pulse can be 500ns min.

CAPACITANCE T4 =25°C, Ve = GND =0V

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS
Cin Input Capacitance 10 pF fc = TMHz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to GND

Figure 31. Test Load Circuit

DATA FROM

/ 8080 TO 8255

PERIPHERAL
BUS

DATA FROM

PERIPHERAL TO 8255

DATA FROM

8255 TO PERIPHERAL

DATA FROM
8255 TO 8080

Figure 32. MODE 2 (Bidirectional)
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M8085A

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

B Single +5V Power Supply B Four Vectored Interrupt Inputs (One is
. . non-Maskable) Plus an 8080A-

B 100% Software Compatible with 8080A compatible interrupt

B 1.3 us Instruction Cycle

B Serial In/Serial Out Port
B On-Chip Clock Generator (with External
Crystal, LC or RC Network) B Decimal, Binary and Double Precision

Arithmetic
B On-Chip System Controller; Advanced

Cycle Status Information Available for B Direct Addressing Capability to 64k
Large System Control Bytes of Memory

The Intel® MB8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software
compatible with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher
system speed.

The M8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the
8080A, thereby offering a high level of system integration.

The M8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus.

INTA RST6.5 TRAP
INTR [ RSTSS l RST7.5 1 siD sop

SERIAL 1/0 CONTROL

INTERRUPT CONTROL

ﬁ 8-BIT INTERNAL DATA BUS
L —
Z S ]
S [ ﬂ
ACCUMULATOR TEMP REG. INSTRUCTION
(8) (8)) REGISTER (8)
FLAG 5
FLIP-FLOPS
B 1 Cc 8)
- REG REG
INSTRUCTION
ARITHMETIC D ® E ®
LOGIC DECODER REG REG
UNIT MACHINE H® T ® REGISTER
(ALU) CYCLE REG REG [ ARRAY
@ ENCODING 16),
> STACK POINTER
| S |
16)
PROGRAM COUNTER
POWER | —» +5V
INCREMENTER/DECREMENTER
SUPPLY | — GND ADDRESS LATCH (16)]
<
TIMING AND CONTROL 4
(s)l l (s]
X2 CLK RESET I ADDRESS BUFFER DATA/ADDRESS BUFFER
Xz —=1  GEN CONTROL STATUS DMA P
CLK OUT [ RD WR ALE SgS; 10/M { HLDA 1 RESET OUT Ao
ADY 15-Ag AD7-ADg
READ HOLD RESETIN ADDRESS BUS ADDRESS/DATA BUS

Figure 1. M8085A CPU Functional Block Diagram.

14-74



M8085A

g 40 vce
X2 2 39 [ HoOLD
RESETOUT 43 38 3 HLDA
sob 4 37 CLK (0uUT)
SID Os 36 A RESETIN
TRAP 6 35 1 READY
RST7.5 }7 34 E 10/M
RST6.5 []8 33 54
RsT55 o VeO85A 3, B Rp
INTR C}10 31 WR
INTA O] 11 30g ALE
ADg 12 291 s
AD1 13 28 A1s
AD2 [J14 270 A1
AD3 ] 15 263 A3
ADg4 [} 16 25 E A12
ADs Q17 24 A1
ADg 18 23 A0
AD7 19 220 Ag
vss ] 20 210 Ag

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

Figure 2. M8085A Pinout Diagram

M8085A FUNCTIONAL PIN DESCRIPTION

The following describes the function of each pin:

Symbol
Ag—A1s
(Output, 3-state)

ADo-7
(Input/Output,
3-state)

ALE
(Output)

So, S1, and 10/M
(Output)

Function

Address Bus: The most significant 8
bits of the memory address or the 8
bits of the 1/0O address, 3-stated dur-
ing Hold and Halt modes and during
RESET.

Multiplexed Address/Data Bus: Low-
er 8 bits of the memory address (or
I/0 address) appear on the bus dur-
ing the first clock cycle (T state) of a
machine cycle. It then becomes the
data bus during the second and third
clock cycles.

Address Latch Enable: It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip latch of pe-
ripherals. The falling edge of ALE is
set to guarantee setup and hold times
for the address information. The fall-
ing edge of ALE can also be usea 1o
strobe the status information. ALE is
never 3-stated.

Machine cycle status:
10/M S1 So Status

0 Memory write
Memory read
1/0 write
1/0 read
Opcode fetch
Interrupt Acknowledge
Halt
Hold
Reset
= 3-state (high impedance)
X = unspecified

* R O a2 =00

*

MNXO - a O
XXO 24 2020

*

*

READY
(Input)

HOLD

(Input)

HLDA

(Output)

INTR
(Input)
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Function

S1 can be used as an advanced R/W

status. 10/M,So and S1 become valid |
at the beginning of a machine cycle
and remain stable throughout the
cycle. The falling edge of ALE may be
used to latch the state of these lines.

READ control: A low level on RD in-
dicates the selected memory or /O
device is to be read and that the Data
Bus is available for the data transfer,
3-stated during Hold and Halt modes
and during RESET.

WRITE control: A low level on WR in-
dicates the data on the Data Bus is to
be written into the selected memory
or 1/0 location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

IfREADY is high duringareadorwrite
cycle, it indicates that the memory or
peripheral is ready to send or receive
data. If READY is low, the cpu will
wait an integral number of clock
cycles for READY to go high before
completing the read or write cycle.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the use of the bus as soon as
the completion of the current bus
transfer. Internal processing can con-
tinue. The processor can regain the
bus only after the HOLD is removed.
When the HOLD isacknowledged, the
Address, Data, RD, WR, and 10/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLD
request and that it will relinquish the
bus in the next clock cycle. HLDA
goes low after the Hold request is
..TMA.,,\A ThAa Aanit talzae tha hite Ana

half clock cycle after HLDA goes low.

INTERRUPT REQUEST: is used as a
general purpose interrupt. It is sam-
pled only during the next to the last
clock cycle of an instruction and dur-
ing Hold and Halt states. If it is active,
the Program Counter (PC) will be in-
hibited from incrementing and an
iNTA will be issued. During this cycle
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service routine. The INTR is enabled
and disabled by software. It is dis-
abled by Reset and immediately after
an interrupt is accepted.
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M8085A FUNCTIONAL PIN DESCRIPTION (Continued)

allowing ©.

Symbol Function Symbol Function

INTA INTERRUPT ACKNOWLEDGE: Is Schmitt-triggered  input,

(Output) used instead of (and has the same connection to an R-C network for
timing as) RD during the Instruction power-on RESET delay. The cpu is
cycle afteran INTR is accepted. It can held in the reset condition as long as
be used to activate the 8259 Interrupt RESET IN is applied.
chip or some other interrupt port.

. RESET OUT Indicates cpu is being reset. Can be
ggl :: :j}ES':’AET 'NJERR:#PIS' These mfﬁ; (Output) used as a system reset. The signal is
RST 7'5 exrz:: St ;vee e zze e lrr_nr:g as' RE synchronized to the processor clock

. P y ca an interna g and lasts an integral number of clock
(Inputs) START to be automatically inserted. periods
The priority of these interrupts is X
) 1, X2 X1 and X2 are connected to a crystal,
prdered as shown n Tablg 1.’ These (Input) LC, or RC network todrivetheinternal
interrupts have a higher priority than
o Lo clock generator. X1 can also be an
INTR. In addition, they may be indi- | clock i f .
vidually masked out using the SIM ex‘ef"a clockinput ronya}ogncgate.
. . The input frequency is divided by 2 to
instruction. . e
give the processor’s internal oper-

TRAP Trap interrupt is a nonmaskable RE- ating frequency.

(Input) START interrupt. It is recognized at
the same time as INTR or RST 5.5-7.5. CLK Clock Output for use as a system
It is unaffected by any mask or Inter- (Output) clock. The period of CLK is twice the
rupt Enable. It has the highest priority X1, X2 input period.
of any interrupt. (See Table 1.) siD Serial input data line. The data on this

RESET IN Sets the Program Counter to zero and (Input) line is loaded into accumulator bit 7

(Input) resets the Interrupt Enable and HLDA whenever a RIM instruction is exe-
flip-flops. The dataand address buses cuted.
and the control lines are 3-stated dur- SOD Serial output data line. The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chronoug nature of BESET, the pro- SIM instruction.
cessor’s internal registers and flags
may be altered by RESET with unpre- Vee +5 volt supply.
dictable results. RESET IN is a Vss Ground Reference.

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger

TRAP 1 24H Rising edge AND high level until sampled.
RST 7.5 2 3CH Rising edge (latched).

RST 6.5 3 34H High level until sampled.

RST 5.5 4 2CH High level until sampled.

INTR 5 See Note (2). High level until sampled.

NOTES:

(1) The processor pushes the PC on the stack before branching to the indicated address.
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is
acknowledged.

g
=
=
b=
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FUNCTIONAL DESCRIPTION

The M8085A is acomplete 8-bit parailel central processor.
It is designed with N-channel depletion loads and requires
a single +5 volt supply. Its basic clock speed is 3 MHz, thus
improving on the present 8080A’s performance with
higher system speed. Also it is designed to fit into a
minimum system of three IC’s: The CPU (8085A), a
RAM/10 (8156), and a ROM or EPROM/IO chip (8355 or
8755A).

The M8085A has twelve addressable 8-bit registers. Four
of them can function only as two 16-bit register pairs. Six
others can be used interchangeably as 8-bit registers oras
16-bit register pairs. The M8085A register set is as follows:

Mnemonic Register Contents
ACCorA Accumulator 8 bits
PC Program Counter 16-bit address
BC,DE,HL General-Purpose 8 bits x 6 or
Registers; data 16 bits x 3
pointeé (HL)
SP Stack Pointer 16-bit address
Flagsor F Flag Register 5flags (8-bitspace)

The M8085A uses a multiplexed Data Bus. The address is
split between the higher 8-bit Address Bus and the lower
8-bit Address/Data Bus. During the first T state (clock
cycle) of a machine cycie the low order address is sent
out on the Address/Data bus. These lower 8 bits may be
latched externally by the Address Latch Enable signal
(ALE). During the rest of the machine cycle the data busis
used for memory or I/O data.

The M8085A provides RD, WR, So, S1,and 10/M signals for
bus control. An Interrupt Acknowledge signal (INTA) is
also provided. HOLD, READY, and all Interrupts are
synchronized with the processor’s internal clock. The
MB8085A also provides Serial Input Data (SID) and Serial
Output Data (SOD) lines for simple serial interface.

In addition to these features, the M8085A has three mask-
able, vector interrupt pins and one nonmaskable TRAP
interrupt.

INTERRUPT AND SERIAL 1/0

The M8085A has 5 interrupt inputs: INTR, RST 5.5,
RST 6.5, RST 7.5, and TRAP. INTR is identical in function
4~ L~ ONONA INIT Canh nf tho throa REQTART inniits 5.5
6.5, and 7.5, has a programmable mask. TRAP is also a
RESTART interrupt but it is nonmaskable.

The three maskable interrupts cause the internal execu-
tion of RESTART (saving the program counter in the stack
and branching to the RESTART address) if the interrupts
are enabled and if the interrupt mask is not set. The non-
maskable TRAP causes the internal execution of a
RESTART vector independent of the state of the inter-
rupt enable or masks. (See Table 1.)

There are two different types of inputs in the restart in-
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like
INTR (and INT on the 8080) and are recognized with the
same timing as INTR. RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an internal
flip-flop which generates the internal interrupt request.
(See Section 2.2.7.) The RST 7.5 request flip-flop remains
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set until the request is serviced:*Then
matically. This flip-flop may also be reset by «\the
SIM instruction or by issuing a RESET IN'to the: Mﬂéﬁ)ﬁl\%
The RST 7.5 internal flip-flop will be set by a puis_ 0t 3’&%
RST 7.5 pin even when the RST 7.5 interruptis masked:

The status of the three RST interrupt masks can only Be N
affected by the SIM instruction and RESET IN. (See SIM,
Chapter 4.)

The interrupts are arranged in a fixed priority that deter-
mines which interrupt is to be recognized if more than
one is pending as follows: TRAP — highest priority,
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This
priority scheme does not take into account the priority
of a routine that was started by a higher priority interrupt.
RST 5.5 can interrupt an RST 7.5 routine if the interrupts
are re-enabled before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events such
as power failure or bus error. The TRAP input is recog-
nized just as any other interrupt but has the highest
priority. It is not affected by any flag or mask. The TRAP
input is both edge and level sensitive. The TRAP input
must go high and remain high until it is acknowledged.
1t will not be recognized again until it goes low, then high
again. This avoids any false triggering due to noise or
logic glitches. Figure 3 illustrates the TRAP interrupt
request circuitry within the MB8085A. Note that the
servicing of any interrupt (TRAP, RST 7.5, RST 6.5, RST
5.5, INTR) disables all future interrupts (except TRAPs)
until an El instruction is executed.

w\; a -

—
INSIDE THE M8085A
EXTERNAL
TRAP
INTERRUPT
REQUEST | TRAP
]
RESET IN SCHMITT
TRIGGER
RESET
INTERRUPT
+5v—{D CLK REQUEST
Q
D
F/F
CLEAR
INTERNAL TRAP F.F.
TRAP
ACKNOWLEDGE

Figure 3. TRAP and RESET IN Circuit

The TRAP interrupt is special in that it disables interrupts,
but preserves the previous interrupt enable status. Per-
forming the first RIM instruction following a TRAP inter-
rupt allows you to determine whether interrupts were
enabled or disabled prior to the TRAP. All subsequent
RIM instructions provide current interrupt enable status.
Performing a RIM instruction following INTR, or RST
5.5-7.5 will provide current Interrupt Enable status,
revealing that Interrupts are disabled. See the descrip-
tion of the RIM instruction in Chapter 4.

The serial 1/0 system is also controlled by the RIM and
SIM instructions. SID is read by RIM, and SIM sets the
SOD data.
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BASIC SYSTEM TIMING TABLE 2. M8085A MACHINE cvci:ﬁqt':ia{\,ar

The M8085A has a multiplexed Data Bus. ALEisusedasa MACHINE CYCLE STATUS . gg_q@ e
strobe to sample the lower 8-bits of address on the Data 10/ | $1 S0 {RD | WR WA, o
Bus. Figure 4 shows an instruction fetch, memory read a:/looo:f:gig ‘(3;’) g : ; g : : i
and 1/0 write cycle (as would occur during processing of MEMORY WRITE  (MW) olol 1l 1] ol 1

the OUT instruction). Note that during the 1/0 write and 1/0 READ (I0R) 11l olof 1] 1

read cycle that the 1/0 port address is copied on both the Xg'g‘r’\ﬁ‘;;’ieoﬁ (iow) tjpol 1ol o
upper and lower half of the address. OF INTR (INA) ] s o
There are seven possible types of machine cycles. Which BUS IDLE (Bl): DAD LU I VN O O O

of these seven takes place is defined by the status of the :SC}(' 'T‘;;F, R T I P
three status lines (I0/M, S1, So) and the three control HALT Ts| ol o|Ts| Ts| 1

signals (RD, WR, and INTA). (See Table 2.) The status
lines can be used as advanced controls (for device selec-
tion, for example), since they become active at the T+
state, at the outset of each machine cycle. Control lines

TABLE 3. M8085A MACHINE STATE CHART

stdal me Status & Buses Control
RD and WR become active later, at the time when the Machine
transfer of data is to take place, so are used as command State |$1,50 |10/M|Ag-Aq5|ADo-AD; |RD,WR INTA|ALE
lines. T, X | X X X 1 1 1™
A machine cycle normally consists of three T states, with T2 X | X X X X x| o
the exception of OPCODE FETCH, which normally has Twarr X | X X X X X | o
either four or six T states (unless WAIT or HOLD states T3 X | X X X X x| o
are forced by the receipt of READY or HOLD inputs). Any Ta 1 |0t X Ts 1 11 o
T state must be one of ten possible states, shown in Ts 1 o] x Ts 1 1l o
Table 3. Te 1|0 X TS 1 1] 0
TreseT | X | TS | TS TS TS| 110
THALT 0o | TS| Ts TS TS| 10
Thotp | X | TS| TS TS TS| 1.0
0 = Logic “0” TS = High Impedance
1=Logic "1 X = Unspecified

* ALE not generated during 2nd and 3rd machine cycles of DAD instruction
1 10/M = 1 during T4-Tg of INA machine cycle.

M, L] My
CLK T, T2 T T, T TZ TJ T Tz T3 T
J— \/
Ag-Ayg PC,, (HIGH ORDER ADDRESS) X (PC +1),, X 10 PORT
(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
ALE / \
o -/ _—_\__./
WR \ '
10/M \ / \
STATUS $;So (FETCH) X 10 (READ) x 01 WRITE 1

Figure 4. M8085A Basic System Timing

g
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TABLE 4. ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . . . . —55°C to +125°C "COMMENT
© © Stresses above those listed under “Absolute Maximum Ratings” av«;au@p
— +

Storage Temperatfjre """"""" 65°C to +150 C permanent damage to the device. Thisis a stress rating only andfunctft}mal
Voltage on Any Pin operation of the device at these or any other conditions above those
i — + indicated in the operational sections of this specification 1s not implied.
With Be'spe(?t toGround. ... 0.5V to +7V Exposure to absolute maximum rating conditions for extended periods

Power Dissipation . . . ............... 1.5 Watt may affect device reliability.

TABLE 4. D.C. CHARACTERISTICS
(TA =-55°C to +125°C; Vcc = 5V £10%; Vss = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voitage -0.5 +0.8 \

ViK Input High Voltage 2.2 Ve *0.5 \"

VoL Output Low Voltage 0.45 \% loL = 1.6mA
Vou Output High Voltage 2.4 \) loy = -400pA
lce Power Supply Current 200 mA

'S Input Leakage 10 HA Vin = Vee

Lo Output Leakage 10 uA 0.45V < Vo S Ve
ViR Input Low Level, RESET -0.5 +0.8 \%

VIHR Input High Level, RESET 2.4 Ve 10.5 \%

Vhy Hysteresis, RESET 0.25 \

>
=
=
=
=
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TABLE 5. A.C. CHARACTERISTICS
Ta =-55°C to +125°C, Vcc = 5V +10%; Vss = OV

Symbol Parameter M8085A/2]
Min. Max.
tcye CLK Cycle Period ' 320 2000 ns
t1 CLK Low Time 80 ns
t2 CLK High Time 120 ns
tr,te CLK Rise and Fall Time 30 ns
txkR X1 Rising to CLK Rising 30 120 ns
tXKF X1 Rising to CLK Falling 30 150 ns
tac As-1s Valid to Leading Edge of Control!"! 270 ns
tacL Ao-7 Valid to Leading Edge of Control 240 ns
taD Ao-15 Valid to Valid Data In 575 ns
taFR Address Float After Leading Edge of 0 ns
READ (INTA)
tAL Asg-15 Valid Before Trailing Edge of ALE!" 115 ns
tALL Ao-7 Valid Before Trailing Edge of ALE 90 ns
tary READY Valid from Address Valid 220 ns
tca Address (As-A1s) Valid After Control 120 ns
tce Width of Control Low (RD, WR, INTA) 400 ns
Edge of ALE
toL Trailing Edge of Control to Leading Edge of 50 ns
ALE
tow Data Valid to Trailing Edge of WRITE 420 ns
tHABE HLDA to Bus Enable 210 ns
tHABF Bus Float After HLDA 210 ns
tHACK HLDA Valid to TRailing Edge of CLK 110 ns
tHDH HOLD Hold Time 0 ns
tHDs HOLD Setup Time to Trailing Edge of CLK 170 ns
tiNH INTR Hold Time 0 ns
tins INTR, RST, and TRAP Setup Time to 160 ns
Falling Edge of CLK
tLA Address Hold Time After ALE 100 ns
tLe Trailing Edge of ALE to Leading Edge 130 ns
of Control
tLck ALE Low During CLK High 100 ns
tLDR ALE to Valid Data During Read 460 ns
tLow ALE to Valid Data During Write 200 ns
tLL ALE Width 140 ns
tLRY ALE to READY Stable 110 ns

>
[
=
=
=
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TABLE 5. A.C. CHARACTERISTICS (Cont.)

Symbol Parameter M8085A 2! Units
Min. Max.

tRAE Trailing Edge of READ to Re-Enabling 150 ns
of Address

tRD READ (or INTA) to Valid Data 300 ns

tRv Control Trailing Edge to Leading Edge 400 ns
of Next Control

tRDH Data Hold Time After READ INTA ! 0 ns

tRYH READY Hold Time 0 ns

trRys READY Setup Time to Leading Edge 110 ns
of CLK

twp Data Valid After Trailing Edge of WRITE 100 ns

twpL LEADING Edge of WRITE to Data Valid 40 ns

Notes:

1. As-A1s5 address Specs apply to IO/M, So, and S1 except Ag-A1s are undefined during T4-Te of OF cycle whereas IO/ﬁ, So, and
S1 are stable.
2. Test conditions: tcyc = 320ns; CL = 150pF.
3. For all output timing where CL = 150pF use the following correction factors:
25pF < CL < 150pF: -0.10 ns/pF
150pF < Cp < 300pF: +0.30 ns/pF
. Output timings are measured with purely capacitive load.
. All timings are measured at output voltage VL = 0.8V, Vi = 2.0V, and 1.5V with 20ns rise and fall time on inputs.
. To calculate timing specifications at other values of tcyc use Table 6.
. Data hold time is guaranteed under all loading conditions.

~NOoO oA

>
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TABLE 6. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT

M8085A
thy - (1/27-45 MIN
ta - (1/2T-60 MIN
t - (1/2T-20 MIN
t ok - (1/2)T-60 MIN
t o - (1/2)T-30 MIN
tap —  (5/2+N)T-225 MAX
trD - (3/2+N) T-180 MAX
tRAE - (1/2) T-10 MIN
tea - (1/2) T - 40 MIN
tow —  (3/2+N)T-60 MIN
two - (1/2T-60 MIN
tee - (3/2+N)T-80 MIN
toL - (1/2) T- 110 MIN
tARY - (3/2)T-260 MAX
tyack — (1/2T-50 MIN
tyagr  — (1/2T+50 MAX
tyage — (1/2)T+50 MAX
tAC - (2/2) T - 50 MIN
t, - (1/2)T-80 MIN
t, - (1/2) T - 40 MIN
tay - (3/2T7-80 MIN
t pR —  (4/2)T-180 MAX
NOTE: N isequal to the total WAIT states.
T=tcvyc-

tr — t2 |— ¢
CLK l
OUTPUT
T |
—| tXKR |- -t

teve

— tXKF |*—

Figure 5. Clock Timing Waveform
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Read Operation
T T T
CLK
[e— tLek —>| «— toa— ,J
L
Ag-Ats ADDRESS
- <— tRae —»
tap 'RDH —»
AD(-AD, ADDRESS / ///// DATA IN <
r~}~ Y —| fe—tp ——
t t —
ALEj APR S tom ~ CL_:V
|
- AL —= 'R0
tee
RD/INTA ¢
-t g —
tac
Write Operation I
T T2 T3 T
CLK
'4—— tick —|
_—
Ag-Ag ADDRESS
tea—
tow —>‘
1
-
ADy-AD, x ADDRESS DATA OUT
|<~—- t— le— ‘LA“’[ tow <— twp —>|
f ¢
ALE h ‘WDL
le— taL —»|
tee

i e

tac

l— toL—>

Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation.

| Ll | T | Twart i T3 | T
LK _——_—\_.__/—\—/—\—/
-— ticKk — ]:— tca —>J
" —
— <z -v-—r
Ag-A1s L ADDRESS X \
¢
S «— tRAE —>
tap tROH | |
y iy —4 f
ADy-ADy X ADDRESS / /////X DATA IN
X, 1‘ %
jf— ty | | f—— t g ——
| taFR o] | DU SN [ S
ALEj s tLoR
1} d
< AL - > tRD
J— tcc
RD/INTA . \
| LC —— L
bt Ry I
tac
tARY tRys | tRyH
/ ol
READY \t 1

Figure 6. M8085A Bus Timing, With and Without Wait
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Hold Operation

T,

Y W e

THO Lo T HOLD Tl

A A

rgs
1)
HOLD K " \
) ¥
tHps tHDH y"'HACK’
. o
1R
HLDA
/ thagr—] |
tHABE —
BUS (ADDRESS, CONTROLS) f
Figure 7. M8085A Hold Timing
) T ‘ T ‘ Ty ‘ T } Ts ‘ Ts ' ThoLo ‘ T l T
Ag-15 X {
AD \ {
07 CALL INST. ) o f—
|€«————————— BUSFLOATING* ————————»
ALE_/__\ / \
RD { f
(4
4 Y
INTA \ / \
tHABE
LA
TR,/ \ \
(o
Uns YNk
(
-
tips tpH
(
HLDA s
tHack [ HaBF

*10/M 1S ALSO FLOATING DURING THIS TIME.

Figure 8. M8085A Interrupt and Hold Timing
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TABLE 7. INSTRUCTION SET SUMMARY

'e

Instruction Code[1] Clock(2) Inxlrutliim.tndﬂ!}
Mnemonic Description 07 O D5 Dy D3 Oz Dy Dg Cycles M i Description 07 0 05 D4 Dy ‘B Dy
MOVE. LOAD. AND STORE CPE Call 00 parity even 11101 10
MOVri1 12 Move register toregister 0 1 D D D S S S 4 CPO Call on panity odd 11 100 10
MOV M.r Move register tomemory 0 1 1 1 0 S S S 7 RETURN
MOV M Move memory toregister 0 1 D D D 1 1 0 7 RET Return 1100 100 1 10
MVIr Move immediate register 0 0 D O D 1 1 0 7 RC Return on carry 1 10 1 1 00 0 6/12
MVI M Move immediate memory 0 0 1 1 0 1 1 0 10 RNC Return on no carry 110 1 0 0 0 0 6/12
LXI B Load immediate reqister 0 0 0 0 0 0 0 1 10 RZ Return on zero 1100 1 00 0 6/12
ParB&C RNZ Return on no zero 1 1.0 0 0 0 0 0 6/12
LXI D Load immediate register 0 0 0 1 0 0 0 1 10 RP Return on positive 111 1 0 0 0 0 6/12
Pair D & € RM Return on minus 111 1 100 0 6/12
LXIH Load immediate register 0 0 t 0 0 0 0 1 10 RPE Return on panty even 1110 100 0 6/12
Par H& L RPO Return on parity odd 1 1100 00 0 6/12
LXI SP Load immediate stack 001t 100011 10 RESTART
pointer
STAX B Store A indirect 00000010 7 RST Restart PHAAATT LR
STAX D Store A indirect 00010010 7 INPUT/QUTPUT
LDAX B Load A indirect 00001010 7 IN Input tror ot 10
LDAX D Load A indirect 000711010 7 out Output tro o010
STA Store A direct 00110010 13 INCREMENT AND DECREMENT
LDA Load A direct 00111010 13 INR T Increment register 00DDDOITOO 4
SHLD Store H & L direct 001000 10 16 DCR ¢ Decrement register 0 0DDDTTO 1T 4
LHLD Load H & L direct 00101010 16 INR M Increment memory 00t 1o 100 10
XCHG Exchange D& E H& L 11 101 0 1 1 4 DCR M Decrement memory 00110 101 10
Registers INX B Increment B & C 00 0O0O0O0O 1T 1 6
STACK OPS registers
PUSH B Push register Pair B & 1t 10001t o0 1 12 INX D Increment D & E 000 1t 00 1t 1 6
C on stack registers
PUSH D Push register Pair D & 1101010 1 12 INX H increment H & L 001000 11 6
E on stack registers
PUSH H Push register Pair H & 111 00 1 0 1 12 INX SP Increment stack pointer 001 100 1 1 6
L on stack 0Cx B Decrement B & C 0000101 1 &
PUSH PSW  Push A and Flags t 1110101 12 DCX D Decrement D & E 00 0 1t 1 0 1 1 6
on stack DCX H Decrement H & L 00101011 6
POP B Pop register Pair B & 1100000 1 10 OCX SP Decrement stack 00111011 8
C off stack pointer
POP D Pop register Pair D & 110 1000 1 10 ADD
E off stack
POP H Popregister ParHE 1 1 1 0 0 0 0 1 10 ADD r Add register to A 100005Ss s 4
L off stack ADC ¢ Add register to A 1t 0001 SSS 4
POPPSW  Pop A and Flags 11110001 10 with carry
off stack ADD M Add memory to A 10000 1 10 7
XTHL Exchange top of 111000 1 1 1 ADC M Add memory to A 10001110 7
stack H& L with carry R
SPHL H&Ltostackponter 1 1 1 1 10 0 1 6 ADI Add immediate to A Prooo o
Jump ACI Add immediate to A 00 1 1o 7
with carry
JMP Jump unconditional 110000 1 1 10 DAD B AddB&CtoH&L 0000 100 1 10
- et LT S N1 70 nAR N AdA N R Fta H & | oo n 1100 1 10
JINC Jump on no carry T 0o 100 10 710 DAD H AddHB LIoH& L 0010100 1 10
s Jump on zero t1 0010 10 710 DAD SP Add stack pointer to 0011100 1 10
JINZ Jump on no zero 110000 1 0 7/10 H&L
JP Jump on positive 11 1 100 1 0 7/10 SUBTRACT
JM Jump on minus 1t 1t 1 1 0 1 0 7710 SUBr Subtract register 100 1 0SS S 4
JPE Jump on parity even 111010 1 0 710 from A
JPO Jump on panty odd 111000 1 0 7/10 SBB r Subtract register from 100 1 1SS S 4
PCHL H & L to program 11101001 6 A with borrow
counter SUB M Subtract memory 001011 o0o 7
from A
CALL SBB M Subtract memory from 100 1 1 1 10 7
CALL Call unconditional 1100 110 1 18 A with borrow
cc Call on carry 10 11100 918 sul Subtract immediate 1t1 010110 7
CNC Call on no carry 11010 1 0 0 9/18 from A
cz Call on zero 1100 1 1 0 0 9/18 SBI Subtract immediate t1 01 1110 7
CNZ Call on no zero 11000 1 0 0 9/18 from A with borrow
cP Call on positive 1t 1110100 9/18 LOGICAL
Cc™ Call on minus 111 1 1 1.0 0 9/18 ANA 1 And register with A 1t 0100 S S S 4

g
=
=
b=

14-85



ALY

M8085A

TABLE 7. INSTRUCTION SUMMARY (Cont.)
Instruction Code(1] Clock|2) Instructien Codefl] Clockig)

M Description 07 0g Ds D4 03 Dy D; Op Cycles Mne Description D7 Dg Ds D4 D3 B2 O; Do Cysles
XRA r Exclusive Or register 01 01SSS 4 RAL Rotate A left through o000 to 1 11 4

with A carry
ORA r Or register with A 61 10S S S 4 RAR Rotate A night through 000 1t 1 1 11 4
CMP r Compare register with A1 0 1 1 1 S S S 4 carry
ANA M And memory with A 10100110 7 SPECIALS
XRA M Exclusive Or memory 101t o011 10 7 CMA Complement A 00 1t o 1t 1 11 4q

with A STC Set carry 001 101 1 1 4
ORA M 0r memory with A L B B cMC Complement carty 00 1 1 1 1 1 1 4
CMP M Compare memory withA 1 0 1 1 1 1t 1 0 7 DAA Decimal adjust A 00100 1 1 1 4
pe et L0 |

with A El Enable Interrupts LA T R O N VA R B
ORI Or immediate with A T1 110110 7 ol Disable Interrupt L
CPI Compare immediate Tt 111110 7 NoP No-operation 0 0000000 4

with A HLT Halt - 011 101 10 5
ROTATE NEW M8085A INSTRUCTIONS
RLC Rotate A left 00000 1 1 1 4 RIM Read Interrupt Mask 00 1000O0TO 4
RRC Rotate A right 00 0 1 1 11 4 Sim Set Interrupt Mask 001t 10000 4

NOTES 1 DDD or SSS B 000. C 001.D 010. E 011. H 100 L 101 Memory 110 A 111

“All mnemonics copyright

©Intel Corporation 1977
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M8155 B
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

m Military Temperature Range Operation B 2 Programmable 8 Bit 1/0 Ports

(-55°C TO +125°C) B 1 Programmable 6-Bit 1/0 Port
B 256 Word x 8 Bits B Programmable 14-Bit Binary Counter/
W Single -5V Power Supply Timer
B Completely Static Operation B Multiplexed Address and Data Bus
B Internal Address Latch B 40 Pin DIP

The M8155 is a RAM and |/O chip to be used in the MCS-85™ microcomputer system. The RAM portion is designed with
2048 static cells organized as 256 x 8. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A
CPU.

The 1/0 portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins,
thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for
the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
T\

PC, [
pc,

40 [ Vec

39 [ pc,
TIMER IN [

1
2
3 38 ] e, 10/M PORT A
RESET [] 4 37 [0 PG, A p,\o\7
Pcs 5 36 [1 P8, AD, <:> 256 X 8
TIMER OUT [] 6 35 [ PBg STATIC L
7
8
9

1o/m [ 34 [ PBg - RAM PORT B

e C b, e o K2 >

RD [ 321 B, ALE Bo-7
wis M an 21171 PR

IO 100 -
ALE [} 11 307 pB, RD——™"] —
AD, [ 12 29 [ pB, @R PORT C
AD, [ 13 28] PA, c PCy.g
AD, (14 27 [ PA, RESET —————=
AD, [ 15 26 ] PAg —
AD 16 257 PA
s g ¢ TIMER CLK Vee (+5V)
Apg [ 17 24 [ PA;
TIMER OUT Vgs (0V)

ADg s 23[7 PA,
AD, [} 19 22[] PA,

ves [ 20 21[0 pa,

>
cc
=
=
=
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M8155 PIN FUNCTIONS

Symbol Function Symbol Function - :
RESET Pulse provided by the 8085A to ini- ALE Address Latch Enable T ﬁoont‘r&{
(input) tialize the system (connect to 8085A (input) signal latches both the addressorr*thg
RESET OUT). Input high on this line ADo-7 lines and the state of the Chijp
resets the chip and initializes the Enable and |0/M into the chip at the
three 1/0 ports to input mode. The falling edge of ALE.
width of RESET pulseshouldtypically 10/M Selects memory if low and I/0 and
be two 8085A clock cycle times. (input) command/status registers if high.
AD0_7 3-state _Address/Data lines thatllnter- PA0-7(8) These 8 pins are general purpose 1/O
{input) face with the CPU lower 8-bit Ad- (input/output) pins. The in/out direction is selected
dress/Dgta Bus. The 8-bit addres; is by programming the command
latched into the address latch inside register.
the M8155 on the falling edge of ALE. .
The address can be either for the PBo-7(8) These 8 pins are general purpose I/O
memory section or the I/O section (input/output) pins. The m/ou@ direction is selected
depending on the I0/M input. The 8- by programming the command
bit data is either written into the chip register.
or read from_the chip, depending on PCo-5(6) These 6 pins can function as either
the WR or RD input signal. (input/output) input port, output port, or as control
CE Chip Enable: On the M8155, this pin is signals for PA and PB. Programming
(input) CE and is ACTIVE LOW. is done through the command reg-
. o ister. When PCo-s are used as control
RD Read control: Input low on this line signals, they will provide the fol-
(input) with the Chip Enable active enables lowing:
and ADo-7 buffers. If |IO/M pin is low, PCo — A INTR (Port A Interrupt)
the RAM content will be read out to PC1 — ABF (Port A Buffer Full)
the AD bus. Otherwise the content PCo — A STB (Port A Strobe)
of the selected I/O port or command/ PC3 — B INTR (Port B Interrupt)
status registers will be read to the PCs4 — B BF (Port B Buffer Full)
- AD bus. PCs — B STB (Port B Strobe)
WR Write control: Input low on this line TIMER IN Input to the counter-timer.
(input) with the Chip Enable active causes (input)
the data on the Address/Data bus to R ) .
be written to the RAM or I/0 ports and TIMER OUT ~Iflmer output. This output can be
command/status register depending (output) either a square wave or a pulse de-
on 10/M. pending on the timer mode.
Vce +5 volt supply.
Vss Ground Reference.
DESCRIPTION
q 8-BIT INTERNAL DATA BUS )

The M8155 contains the following:

® 2k Bit Static RAM organized as 256 x 8
® Two 8-bit1/0O ports (PA & PB)andone 6-bitl/Oport(PC)

® 14-bit timer-coun

ter

The 10/M (10/Memory Select) pin selects either the five
registers (Command, Status, PAo-7, PBo-7, PCo-51 or

the memory (RAM)

portion. (See Figure 1.)

The 8-bit address on the Address/Data lines, Chip Enable
input CE or CE, and IO/M are all latched on-chip at the
falling edge of ALE.

14-88
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TIMER | TIMER
MsB LsB

STATUS
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Figure 1. M8155 Internal Registers




M8155

PROGRAMMING OF THE
COMMAND REGISTER

The command register consists of eight latches. Four
bits (0-3) define the mode of the ports, two bits (4-5)
enable or disable the interrupt from port C when it acts
as control port, and the last two bits (6-7) are for the timer.

The command register contents can be altered at any
time by using the 1/0 address XXXXX000 during a WRITE
operation with the Chip Enable active and IO/M = 1. The
meaning of each bit of the command byte is defined in
Figure 2. The contents of the command register may never
be read.

READING THE STATUS REGF&

The status register consists of seven Iatches @ne*foi'myh
bit; six (0-5) for the status of the ports and one 6) forM“
status of the timer.

The status of the timer and the 1/0 section can be poﬂed
by reading the Status Register (Address XXXXX000).
Status word format is shown in Figure 3. Note that you
may never write to the status register since the command
register shares the same 1/O address and the command
register is selected when a write to that address is issued.

7 6 5 4 3 2 1 0
ITMzITM1l lEBI IEAl PCZI PC|] PBI PAI

(I [E—!
DEFINES PAg7
0 = INPUT
L — = DEFINES PBg.7 1= ouTPUT

00 = ALT 1
L~ DEFINES PCo5 '1)} T2
10=ALT 4
L . ENABLEPORTA
INTERRUPT 1= ENABLE
ENABLE PORT B 0 = DISABLE
INTERRUPT

00 = NOP — DO NOT AFFECT COUNTER
OPERATION

01 = STOP — NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS
RUNNING

10 = STOP AFTER TC — STOP IMMEDIATELY
AFTER PRESENT TC IS REACHED (NOP
IF TIMER HAS NOT STARTED)

11 = START — LOAD MODE AND CNT LENGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING). IF TIMER IS RUNNING, START
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC
IS REACHED.

—— TIMER COMMAND—|

AD; ADg ADs AD; AD3 AD2 AD; ADg
INTE[ B [INTR[INTE[ A [INTR
NT'MERI B IBF] al AIBFIAI

L> PORT A INTERRUPT REQUEST

t————— PORT A BUFFER FULL/EMPTY
{INPUT/OUTPUT)

t———————— PORT A INTERRUPT ENABLE

t——————————> PORT B INTERRUPT REQUEST

Ll— = PORT B BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT ,
IS LATCHED HIGH WHEN
TERMINAL COUNT IS
REACHED, AND IS RESET TO
LOW UPON READING OF THE
C/S REGISTER AND BY
HARDWARE RESET).

Figure 2. Command Register Bit Assignment
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Figure 3. Status Register Bit Assignment




M8155

INPUT/OUTPUT SECTION
The 1/0 section of the M8155 consists of five registers:
(See Figure 4.) 1/0 ADDRESS* e
; i SELECTION"' "+ "' |
e Command/Status Register (C/S) — Both registers are A7[A6 [A5|A4 |A3|A2|A1|A0 o
assigned the address XXXXX000. The C/S address x{x|x{x|x|o|o|o |intervai CommandsStatus Register -
serves the dual purpose. X{x |x|{x|[x]|o]|o]|1|General Purpose 1’0 Port A
. . . X[{X|X!X|[X|[0]|1]0 {General Purpose IO Port B
When the C/S registers are selected during WRITE XIX | X|[x|{X|0o[1]|1|PortC— General Purpose I-O or Contro!
operation, a command is written into the command X|X | X|x|Xx]1]0]0]|Low-Order8 bits of Timer Count
register. The contents of this register are notaccessible XPXAX )X pXxp110)1 H"QT" 6 b';; of Timer Count and 2 bits
through the pins. of Timer Mode
0) i | . R X: Don't Care. _
When the C/S (XXXXX000) is selected during a READ 1:1/0 Address must be qualified by CE =0 (M8155) and I0/M = 1 in order to select the
operation, the status information of the I/O ports and appropriate register.

the timer becomes available on the ADo-7 lines.

* PA Register — This register can be programmed to be
either input or output ports depending on the status of
the contents of the C/S Register. Also depending on Figure 4. 1/0 Port and Timer Addressing Scheme
the command, this port can operate in either the basic .
mode or the strobed mode (See timing diagram). The
1/0 pins assigned in relation to this register are PAg-7.
The address of this register is XXXXX001.

e PB Register — This register functions the same as PA

Figure 5 shows how 1/0 PORTS A and B are structured
within the M8155:

Register. The I/0 pins assigned are PBo-7. The address ONE BIT OF PR A OR PORT B
of this register is XXXXX010.
. ) AN OUTPUT
® PC Register — This register has the address XXXXX011 p LATCH o N
and contains only 6 bits. The 6 bits can be program- ek CIR H

ENABLE
signals for PA and PB by properly programming the

|

I

|

med to be either input ports, output ports or as control OuTPUT :
|

AD2 and AD3 bits of the C/S register. |
|

12
a
. ‘ s 1
When PCo-5 is used as a control port, 3 bits are 3 WRITE |
assigned for Port A and 3 for Port B. The first bit is an g PORT __ __ _ MODE(® 4
interrupt that the M8155 sends out. The second is an S jMUx I PIN
output signal indicating whether the buffer is full or gﬂ L E;’ : ' <}~ :
empty, and the third is an input pin to accept a strobe ‘-'I [____ 1| aTeH —I |
for the strobed input mode. (See Table 1.) READ PORT a . D |
When the ‘C’ port is programmed to either ALT3 or ALT4, !
the control signals for PA and PB are initialized as follows: J\/ sTB
JOTES:
:\:)TOUTPUT MODE MULTIPLEXER (4) =1FOR OUTPUT MODE
CONTROL INPUT MODE OUTPUT MODE g; eyt | coNTROL =0 FOR INPUT MODE
BF Low Low READ PORT = (10/M=1)  (RD=0) ® (CE ACTIVE) » (PORT ADDRESS SELECTED)
WRITE PORT = (10/M=1) ¢ (WR=0) e (CE ACTIVE)  (PORT ADDRESS SELECTED)
INTR Low High
ST8 Input Control Input Control Figure 5. M8155 Port Functions

>
=
=
=
=
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

ALT 3

ALT4

A INTR (Port A Interrupt)
A BF (Port A Buffer Full)
A STB (Port A Strobe)

A INTR (Port A Interrupty,
A BF (Port A Buffer Full)
A STB (Port A Strobe)

Pin ALT 1 ALT 2

PCO Input Port Output Port
PC1 Input Port Output Port
PC2 Input Port Output Port
PC3 Input Port Output Port
PC4 Input Port Output Port
PC5 Input Port Output Port

Qutput Port
Output Port
Output Port

B INTR (Port B Interrupt)
B BF (Port B Buffer Full)
B STB (Port B Strobe)

Note in the diagram that when the /O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed.

The outputs of the M8155 are “glitch-free” meaning that
you can write a “1” to a bit position that was previously “1”
and the level at the output pin will not change.

Note also that the output latch is cleared when the port
enters the input mode. The output latch cannot be loaded
by writing to the port if the port is in the input mode. The
result is that each time a port mode is changed from input
to output, the output pins will go low. When the M8155 is
RESET, the output latches are all cleared and all 3 ports
enter the input mode.

When in the ALT 1 or ALT 2 modes, the bits of PORT C
are structured like the diagram above in the simple input
or output mode, respectively.

Reading from an input port with nothing connected to the
pins will provide unpredictable results.

Figure 6 shows how the M8155 1/O ports might be
configured in a typical MCS-85 system.

TO 8085 RST INPUT

PORT A

M8155

PORT C

PORT B

OUTPUT ’> PORT A
A INTR (EIGNALS DATA RECEIVED)

A BF (SIGNALS DATA READY)

A STB (ACKNOWL. DATA RECEIVED)
B STB (LOADS PORT B LATCH)

B BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER
READY FOR READING)

TO/FROM
PERIPHERAL
INTERFACE

TO 8085 INPUT PORT (OPTIONAL)

TO 8085 RST INPUT

Figure 6. Example: Command Register = 00111001
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TIMER SECTION

The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count (TC) is reached.

The timer has the I/0 address XXXXX100for the low order
byte of the register and the I/O address XXXXX101 for
the high order byte of the register. (See Figure 4).

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the timer
addresses. Bits 0-13 of the high order count register will
specify the length of the next count and bits 14-15 of the
high order register will specify the timer output mode
(see Figure 7). The value loaded into the count length
register can have any value from 2H through 3FFH in
Bits 0-13.

7 6 5 4 3 2 1 0

[T T e[ el ]

1 §
T
MSB OF CNT LENGTH

TIMER MODE
7 6 5 4 3 2 1 0
[olrfmefnuln]nin]n]
{ . I}
LSB OF CNT LENGTH

Figure 7. Timer Format

There are four modes to choose from: M2 and M1 define
the timer mode, as shown in Figure 9.

TIMER OUT WAVEFORMS:

MODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
Mz My ‘ { - $
o s et W e Lt R
SQUARE WAVE
2. CONTINUOUS
0 1 % GQUAREWAVE | S | S— —
3. SINGLE ——————-‘-’— __________
1 0  PULSEON
TERMINAL COUNT
4. CONTINUOUS
Tv T puuses ¥ u

Figure 8. Timer Modes

Bits 6-7 (TM2 and TM1) of command register contents
are used to start and stop the counter. There are four
commands to choose from:

TM2 TMq

0 0 NOP — Do not affect counter operation.

0 1 STOP — NOP if timer has not started;
stop counting if the timer is running.

1 0 STOP AFTER TC — Stop immediately
after present TCisreached (NOPif timer
has not started)

1 1 START — Load mode and CNT length

and start immediately after loading (if
timer is not presently running). If timer
is running, start the new mode and CNT
length immediately after present TC is
reached.

14-92

Note that while the counter is countiTng,'youv may ioad a
new count and mode into the count length registers.
Before the new count and mode will be used by the .
counter, you must issue a START command to the
counter. This applies even though you may only want to
change the count and use the previous mode.

In case of an odd-numbered count, the first half-cycle
of the squarewave output, which is high, is one count
longer than the second (low) half-cycle, as shown in
Figure 9.

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 9. Asymmetrical Square-Wave Output Resuiting
from Count of 9

The counter inthe M8155is notinitialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin
following RESET until a START command is issued via
the C/S register.

Please note that the timer circuit on the M8155 chip is
designed to be a square-wave timer, not an event counter.
To achieve this, it counts down by twos twice in
completing one cycle. Thus, its registers do not contain
values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1 into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 (decimal). (For the
detection of single pulses, it is suggested that one of the
hardware interrupt pins on the 8085A be used.) After the
timer has started counting down, the values residing in the
count registers can be used to calculate the actual number
of TIMER IN pulses required to complete the timer cycle if
desired. To obtain the remaining count, perform the
following operations in order:

1. Stop the count

2. Read in the 16-bit value from the count length registers
3. Reset the upper two mode bits
4

. Reset the carry and rotate right one position all 16 bits
through carry

5. If carry is set, add 1/2 of the full original count (1/2 full
count — 1 if full count is odd).

Note: If you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the M8155 always counts
out the right number of pulses in generating the TIMER
OUT waveforms.




M8155

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ........... -55°C to +125°C

Storage Temperature ............... -65°Cto +150°C those indicated in the operational sections of this spe&ifi-

Voltage on Any Pin cation is not implied. Exposure to absolute maximum’
WithRespecttoGround ............... -0.5V to +7V rating conditions for extended periods may affect device

Power Dissipation ............................. 1.5W reliability.

D.C. CHARACTERISTICS (Ta =-55°C to +125°C; Vcc = 5V +10%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
Vi Input Low Voltage -0.5 0.8 \%
Vin Input High Voltage 2.0 Vec+0.5 \%
VoL Output Low Voltage 0.45 \ loL = 1.6mA
VoH Output High Voltage 2.4 \Y% loy = -400uA
I Input Leakage +10 A Vin = Ve to OV
ILo Output Leakage Current +10 A 0.45V < VouT < Vcc
lcc Vec Supply Current 180 mA
I)L(CE) | Chip Enable Leakage
M8155 +100 uA Vin = Ve to OV

2
=
=
=
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A.C. CHARACTERISTICS (Ta =-55°C to +125°C; Vcc = 5V £10%)

M8155
SYMBOL | PARAMETER MIN. MAX. UNITS
tAL Address to Latch Set Up Time 50 ns
tLa Address Hold Time after Latch 80 ns
tLc Latch to READ/WRITE Control 100 ns
tRD Valid Data Out Delay from READ Control 170 ns
tAD Address Stable to Data Out Valid 400 ns
L Latch Enable Width 100 ns
tRDF Data Bus Float After READ 0 100 ns
toL READ/WRITE Control to Latch Enable 20 ns
tcc READ/WRITE Control Width 250 ns
tow Data In to WRITE Set Up Time 150 ns
twp Data In Hold Time After WRITE 0 ns
tRv Recovery Time Between Controls 300 ns
twe WRITE to Port Output 400 ns
tpR Port Input Setup Time 70 ns
trp Port Input Hold Time 50 ns
tsBF Strobe to Buffer Full 400 ns
tss Strobe Width 200 ns
tRBE READ to Buffer Empty 400 ns
tg) Strobe to INTR On 400 ns
tRo READ to INTR Off 400 ns
tpss Port Setup Time to Strobe Strobe 50 ns
tPHS Port Hold Time After Strobe 120 ns
tsBE Strobe to Buffer Empty 400 ns
twar WRITE to Buffer Full 400 ns
twi WRITE to INTR Off 400 ns
tTL TIMER-IN to TIMER-OUT Low 400 ns
tTH TIMER-IN to TIMER-OUT High 400 ns
tRDE Data Bus Enable from READ Control 10 ns
t TIMER-IN Low Time 80 ns
t2 TIMER-IN High Time 120 ns
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M8155

WAVEFORMS

a. Read Cycle

1o/m

V7

ADg 5

|

X

ADDRESS

-7

ALE

.

le— ta, —]

e >

N\

—— t A —

.

DATA VALID

T

b. Write Cycle

lo/M

|—————— t o >

ADy_;

)

ALE (i

X X
ADDRESS DATA VALID X
b
e taL j [ tta —> tow toL ‘

‘ N

t

I L |

Figure 10. M8155 Read/Write Timing Diagrams
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M8155

a. Strobed Input Mode

: \

tser
|
STROBE
tgg —> tsi —>’ trBE
INTR 7 \
tRo1 /
RD
~— tpss teus

INPUT DATA

FROM PORT |

b. Strobed Output Mode

o / \

\]<— tspe |
STROBE

twer

<15

INTR \
-

7

twp

OUTPUT DATA r-
TO PORT

Figure 11. Strobed 1/0 Timing

>
e
=
=
=
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M8155

a. Basic Input Mode

y

DATA BUS*
b. Basic Output Mode
WR
twp
ouTPUT |
*DATA BUS TIMING IS SHOWN IN FIGURE 7.
Figure 12. Basic I/0 Timing Wavefore
LOAD COUNTER FROM CLR —»I RELOAD COUNTER FROM CLR —»|
| 2 | 1 5 | 4 | 3 | 2 | 1 5
ty 2
TIMER IN
¢ t
tcve

P \ 4

TIMER OUT \

(PULSE) \ (NOTEN

-
T —=(tTH
g /' — | recsmmrr——————
TIMER OUT \
(SQUARE WAVE) \ (NOTE D) / \
| S ———
— 'TLL——‘ —— tTH

NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M1 MODE BIT = 1)

Figure 13. Timer Output Waveform Countdown from 5 to 1
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M8257 1‘%@@&3@ N
PROGRAMMABLE DMA CONTROLLER "~ y

= Full Military Temp. Range
—55°C to 125°C

= 4-Channel DMA Controller
m Priority DMA Request Logic
= Channel Inhibit Logic

= Terminal Count and Modulo 128
Outputs

m Single TTL Clock
= Single + 5V Supply
m Auto Load Mode

The Intel® M8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The M8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transfers. The M8257 represents a significant
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high
speed between peripherals and memories.

PIN CONFIGURATION BLOCK DIAGRAM

1/0R (] ~

>
3
=
=
b=

1 40 1A,
ow(] 2 30 [JAg
MEMR(] 3 38 [JAg ™
mMemw(] 4 37 A, cm‘rs j«— DRQ O
MARK[] s 36 [JTC DATA 8IT
070 8us ADDR
READY[] 6 35 [JA; BUFFER — oNTR BACKD
HLoA(] 7 34 [JA, T
ADSTB(] 8 13 [A,
M8257 I
AEN[] 9 324y o CH1  J=—DRa1
HRQ[] 10 31 O Vee i/oR < 16
cs 17OW BIT
csfn 30 [1p, Q) ADDR B
ckd 2 29 o, oLk $—»| CNTR |—= DACK 1
RESET[] 13 28[]o, RESET ~| READ/ T
DAcK2(] 14 27o, Yoo @
DAcK 3] 15 26 3o, Ao cH2 |+—oOrRa2
ora3(] e 25 [1DACK 0 A1 * 16
— Ay -——s] BIT
ora2[] 17 24 []1DACK 1 A ADDR o
3" $—=1 CNTR — 2
ora 1] 18 23og : ACK
prao[] 19 22 o, ‘3_._____? I
Gno[] 20 21[0o, PUP—
A‘ -— cH3 |+—DRa3
5
16
M Ag ——r 8IT
A, ADDR
PIN NAMES ? CONTROL ] &7 | oo
D7-Dg | DATA BUS AEN ADDRESS ENABLE READY ————+| '-E'?")C
A7-Ag_| ADDRESS BUS ADSTB ADDRESS STROBE MODE {
iJOR__|1/0 READ TC TERMINAL COUNT HRQ w———  SET
woa— | REG
IJOW  [1/0 WRITE MARK MODULO 128 MARK ::slg:‘llz:
MEMR | MEMORY READ DRQ3;DRQg | DMA REQUEST MEMR <———Q
MEMW | MEMORY WRITE INPUT MEMW 9
ek |GLOCK INFUT BACK3-DACKg DN:)AU :CKNOWLEDGE AD»::: -]
RESET | RESET INPUT & SHIP SELECT . INTERNAL
READY | READY e TBVOLTS are
HRQ | HOLD REQUEST oo SROUND
(TO 8080A)
HLDA | HOLD ACKNOWLEDGE
(FROM 8080A)
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M8257

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. .. -55°Cto 125°C
Storage Temperature............. —-65°C to +150°C
Voltage on Any Pin

With Respect to Ground. . . .. ....... —0.5V to +7V
Power Dissipation . . .. ................... 1 Watt

D.C. CHARACTERISTICS
Ta= —55°Ct0125°C, Veg = +5V = 10%, GND =0V

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Volts
Vi Input High Voltage 2.2 Veet+.b Volts
VoL QOutput Low Voltage 0.45 Volts | lg =1.6 mA
VoH Qutput High Voltage 2.4 Vee Volts lor=-150uA for AB,
DB and AEN
lon=-80uA for others
VHH HRQ Output High Voltage 33 Vee Volts | lgn = -80uA
lcc Vcc Current Drain 120 mA
L Input Leakage +10 HA ViN = Vg to OV
lorL Output Leakage During Float +10 HA Vout = Vee to OV
CAPACITANCE
Ta = 25°C; Ve = GND = 0V
SYMBOL PARAMETER MIN. TYP. MAX, UNIT | TEST CONDITIONS
Cin Input Capacitance 10 pF fc = 1MHz
Ci/o 1/0 Capacitance 20 pF Unmeasured pins
returned to GND
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M8257

A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE

Tao= —55°Cto 125°C, Vg =5.0V £ 10%; GND =0V (Note 1).
8080 Bus Parameters

Read Cycle:
Symbol Parameter Min. Max. Unit Test Conditions "
TaR Adr or CS! Setup to RDV 0 ns
TRa Adr or C5* Hold from RD* 0 ns
Tro Data Access from RD¢ 0 300 ns (Note 2)
Tor DB—Float Delay from RD? 20 150 ns
TRR RD Width 250 ns
Write Cycle:
Symbol Parameter Min. Max. Unit Test Conditions
Taw Adr Setup to WRY 20 ns
Twa Adr Hold from WR?t 35 ns
Tow Data Setup to WR* 200 ns
Two Data Hold from WR?t 0 ns
Tww WR Width 175 ns
Other Timing:
Symbol Parameter Min. Max. Unit Test Conditions
TrsTW Reset Pulse Width 300 ns
TrsTD Power Supplyt (Vo) Setup to Resetd 500 us
T, Signal Rise Time 20 ns
T¢ Signal Fall Time 20 ns
TrsTs Reset to First TOWR 2 toy

Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input “1” at 2.0V, “0” at 0.8V
2. M8257: C_= 100 pF, 8257-56: C| =150 pF. Output “1” at 2.0V, “0” at 0.8V

M8257 PERIPHERAL MODE TIMING DIAGRAMS

Write Timing: Read Timing:
____{‘—'TAW—"’ ‘TWAj

I 1 I |<~——TAR—-> Tra

ADDRESS BUS X y ADDRESS BUS K
Taw --*Wul‘— Tan —= =~—Tha
DATABUS X K 170 RD N Tew
<—l Tow—{=—Twp—>| Tao—>] [« > [<—Tor
V/OWR QP / DATABUS —————————————— =&
Reset Timing: Input Wavetorm for A.C. Tests:
o Tasts  Tww 24

70 - -~ 20
RESET / >< “‘/Tssnomrs\_"X
0.45 - -
}‘*‘Tns'm_‘*
Vee ;

Z
=
=
b=
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M8257

A.C. CHARACTERISTICS: DMA (MASTER) MODE
Ta= -55°C to 125°C, Vgc= + 5V +10%, GND =0V
Timing Requirements

Symbol Parameter Min. Max. Unit; L
Tey Cycle Time (Period) 0.320 4 us "
To Clock Active (High) 120 8Toy ns
Tas DRQ? Setup to 6! (SI, S4) 120 ns
TaH DRQV Hold from HLDA#4 0 ns
Tus HLDA? or iSetup to 64 (S, S4) 100 ns
Trs READY Setup Time to 6t (S3, Sw) 30 ns
TRH READY Hold Time from 6t (S3, Sw) 20 ns

Note: 4. Tracking Parameter.

Tracking Parameters

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela-
tionship between all these parameters is constant. The variation is less than or equal to 50 ns.

Suppose the following timing equation is being evaluated,
TA(M!N) + TB(MAX) <150 ns

and only minimum specifications exist for T and Tg. If Tamin) is used, and if T and Tg are tracking parameters,
Tamax) can be taken as Tgpn) + 50 ns.

TA(MIN) + (TB(MIN). + 50 ns) < 150 ns
*if Ta and Tg are tracking parameters

£
=
=
=
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M8257

A.C. CHARACTERISTICS: DMA (MASTER) MODE R
Ta= -55°C to 125°C, Vo= + 5V = 10%, GND=0V
Timing Responses

Symbol Parameter Min. Max.
Tba HRQ? or {Delay from 61(S1,S4) 180 ns
(measured at 2.0V)[1
Tpa1 HRQ?* or {Delay from 6%(S1,S4) 270 ns
(measured at 3.3V)3!
TaEL AEN? Delay from 64(S1)] 300 ns
TaeT AEN/ Delay from 64SI)!! 200 ns
TagA Adr(AB)(Active) Delay from AEN#(S1)[4] 20 ns
TEAAB Adr(AB)(Active) Delay from 68S1)2] 270 ns
TarAB Adr(AB)(Float) Delay from 6%(Si)i2l 200 ns
Tasm Adr(AB)(Stable) Delay from 64(S1)i2l 250 ns
Tan Adr(AB)(Stable) Hold from et(S1)2 Tasm — 50 ns
TAHR Adr(AB)(Valid) Hold from Rd%(S1, SI)4 60 ns
- Tanw Adr(AB)(Valid) Hold from Wr#(S1, SI)4] 300 ns
TraDB Adr(DB)(Active) Delay from 64(S1)2 300 ns
TarDB Adr(DB)(Float) Delay from 6%(S2)? Tsrr+ 20 250 ns
Tass Adr(DB) Setup to AdrStby(S1-S2)4l 100 ns
Tans Adr(DB)(Valid) Hold from AdrStb¥(S2)“] 50 ns
TsTL AdrStbt Delay from 68S1)1 200 ns
Tsrr AdrStb Delay from 64(S2)"] 160 ns
Tsw AdrStb Width (S1-S2)(4l Toy - 100 ns
Tasc Rd} or Wr(Ext)} Delay from AdrStb¥(S2)4! 70 ns
Tpec Rd¢ or Wr(Ext)¢ Delay from Adr(DB) 20 ns
(Float)(S2)4!
Tak DACK! or {Delay from 6¥(S2, S1) and 270 ns
TC/Markt Delay from 64(S3) and
TC/Marké Delay from @t(S4)1:5]
TocL Rd¢ or Wr(Ext) Delay from 61(S2) and 250 ns
Wri Delay from 1(S3)[26]
Toct Rd* Delay from 64(S1, Sl) and 200 ns
Wrt Delay from %(S4)i27]
Teac Rd or Wr(Active) from 64(S1)2 300 ns
Tarc Rd or Wr(Float) from a4(SIy2l 170 ns
TawMm Rd Width (S2-S1 or SI)i4! 2Tgy+ Tg—50 ns
Twwm Wr Width (S3-S4)4l Toy - 50 ns
TwwME Wr(Ext) Width (S2-S4)4] 2Tgy - 50 ns

Notes: 1. Load=1TTL. 2. Load=1TTL +50pF. 3. Load=1 TTL+ (R =3.3K), Voy=3.3V. 4. Tracking Parameter.
5. ATAK <50 ns. 6. ATpcL <50ns. 7. ATpcT <50 ns.
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M8257

DMA MODE WAVEFORMS
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE

5||S||so|s1'52153'54|

CLOCK U
le Tcy — Ty
Tas
Tos——' Tas—| fo—

bRao3 X & \

— }‘— Toa Toa ——J
HRQ 7

Thg —»| fe—
Ton f—

Tus—>| jo—

HLDA z 4 _\._.___.—

TaeL — — TaeT
AEN
Taea O —
Traag —> [+— — t—TAsM — l—TaFAB
ADR 0-7 (LOWER ADR) == o e =g — — —
TAu—’”'
TraDg —»| je— —»{ «—TarDB —! | Taus
DATA O 7 (UPPER ADR) ==  wmem e E—.———— _—— o —— — e — — —
Tass

Ts1L —=f —»| | TsTT
ADR STB

— l‘-{— Tak Tak —» Tasc
DACK 03 RN /

p— TaHW —»{
Taur
Teac —| fot- —] }‘——TDCY +—— Tawm — =]
MEM/RD/1/O RD == = = Vi 4 e — — —
— — Toce
4+ fe—Toac ol Twwm e
—1 < Toct
TocL 4+ |=— r ] fe— TakC
MEM/WR/I/O WR == == =— =4 \_ ‘1-:- e — — —
[+ Twwme —>

\ / \

Tak —> -
_ﬂ{—TAK
TC/MARK __ _ J I / \
| o

READY

cwoex /N /NSNS AT\

NOTE: The clock waveform is

duplicated for clarity. st I st | S0 ’ s1 | s2 ' s3
The M8257 requires
only one clock input.

Figure 12. Consecutive Cycles and Burst Mode Sequence

folalalalalals
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M8257

R AVAVAVA VaVaVaWs

DRQ0-3

— e Tys —| e Ty
HLDA

Taer ™™
AEN _/
Figure 13. Control Override Sequence
SO|S‘I|SZI$3|$W|SW[S‘1$IISI|SI
/RS NSNS AYAVAVAN

g Tas
S i

sakws .\ V.

WMEWRO/TORD == o wm wm mm/ \ 7 e
MEMWR/TOWR == e o e = 4 ‘\_ / ) W
Tas ~ _“1 = Tas
READY f \ B
TC/MARK J \

Figure 14. Not Ready Sequence
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=
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M8259 R
PROGRAMMABLE INTERRUPT CONTROL K: ng

m Full Military Temperature Range a Individual Request Mask Capability’ .
—-55°C to +125°C

. . = Single + 5V Supply (No Clocks) "
m Eight Level Priority Controller
= Expandable to 64 Levels m 28-Pin Dual-In-Line Package
= Programmable Interrupt Modes m Fully Compatible with Intel CPUs

The M8259 handles up to eight vectored priority interrupts for the CPU. It is cascadable for up to 64 vectored priority
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires
a single + 5V supply. Circuitry is static, requiring no clock input.

The M8259 is designed to minimize the software and real time overhead in handling muiti-level priority interrupts. It
has several modes, permitting optimization for a variety of system requirements.

PIN CONFIGURATION BLOCK DIAGRAM
INTA INT
adr ~ = [Vee
wrR(]2 2704, —
Ao []s3 26 [JINTA
0,4 25 [JIR7
5 24 IR6 DATA CONTROL LOGIC
o} s oo s KO
o;[s 2317 1R BUFFIR
o, 07 22{11Rs
a8 M8259 !
p,Hs 21{7IR3
0,Js 20 []1R2
o,Jw0 19 [JIR1 TTJ l ]ﬁ
o, n 18 [J1RO 1RO
caso[ 12 17 [INT RD —=9 le—1R1
= NR—=a  READ/
cas1]13 16 ISP w WRITE [ ¢ IN: INTERRUPT| ::;
LOGIC SERVICE PRICRITY REQUEST |+ —
ono [ 14 15 icas2 Ay — = REG <:RESOLVERC REG  |=—1R4
(ISR) URR) | ee
T [<+~——IR6
DIN NAMES ° "
ES 1 1 t
D,-Dy DATA BUS (BI-DIRECTIONAL) I t L
"D READ INPUT CASO =—= <:'\/ INTERRUPT MASK REG
WR CASCADE (IMR)
WR WRITE INPUT cas1 «—a) BUFFER; |-
Ay COMMAND SELECT ADDRESS COMPARATOR
= CAS 2 =—]
cs CHIP SELECT
CAS1-CASO_ CASCADE LINES }’ N
sP SLAVE PROGRAM INPUT sp \,N,ERNAL 8US
INT INTERRUPT OUTPUT W
INTA INTERRUPT ACKNOWLEDGE INPUT
IR0-IR7 INTERRUPT REQUEST INPUTS
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M8259

WAVEFORMS

READ TIMING

CHIP SELECT J A
‘.— Tap -—=] . TRa

ADDRESS BUS X K

Tar — *—Tra

1/0 RD N Tar
TRD — I~ = [~—ToF

AN TS CANN ANRARNN

OTHER TIMING

it "1 e

WRITE TIMING

CHIP SELECT

— TAW——

ADDRESS BUS g

e Taw—— — ]

Twape—

DATA BUS

- Tow —=]

-

Two -+

1/0 WR

Tww

INT " 4

\

INTA \ ® }

e/

Q@ /T

08 | \\ HIGH IMPEDANCE \ \{r LX\ \\\X\Jr K\\L\\\ \fl

AN

—| e f—
£

\

NOTE: INTERRUPT REQUEST MUST REMAIN “HIGH" (AT LEAST) UNTIL LEADING EDGE OF FIRST INTA.
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M8259

A.C. CHARACTERISTICS Tp=-55°Cto +125°C; Vo= +5V +£10% GND=0V

BUS PARAMETERS
Read
Symbol Parameter Min. Max. Unit
tar CSIA, Stable Before RD or iNTA 50 ns
tra CSIA, Stable After RD or INTA 5 ns
trR RD Pulse Width 420 ns
tro Data Valid From RD/INTAL! 360 ns
toe Data Float After RD/INTA 20 200 ns
Write
Symbol Parameter Min. Max. Unit
taw A, Stable Before WR 50 ns
twa A, Stable After WR 20 ns
tww WR Pulse Width 420 ns
tow Data Valid to WR (T.E.) 300 ns
twp Data Valid After WR 40 ns
Other Timings
Symbol Parameter Min. Max. Unit
tw Width of Interrupt Request Pulse 100 ns
tinT INT? After IR? 400 ns
tic Cascade Line Stable After INTA* 400 ns

Note 1: C_=100 pF.

INPUT WAVEFORMS FOR A.C. TESTS

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45

>
=
=
=
=
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M8259

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. - 55°C to + 125°C

Storage Temperature............. —-65°C to +150°C

Voltage On Any Pin With Respect
toGround........................ -05V to +7V

Power Dissipation.......................... 1 Watt

“COMMENT: Stresses above those listed under “Absoluite Maximum

Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other

“y

conditions above those indicated in the operational sections of this -

specification is not implied.

D.C. CHARACTERISTICS T,= —55°C to +125°C; Vgc=5V +10%

Symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Volitage -05 0.8 v
Viu Input High Voltage 2.0 Veec+05 \
VoL Output Low Voltage 0.45 v lo,=2 mA
VoH Output High Voltage 24 \" loy= —400 pA
VOH-INT Interrupt Output High Voltage gg x :g:: :ggO“ZA
IIL(IR0_7) In;:ut Leakage Current - 300 uA ViN i ov
or IRg_7 10 HA Vin=Vce
I Input Leakage Current for Other Inputs 10 uA Vin=Vcc to OV
lorFL Output Float Leakage +10 uA Vour=0.45V to V¢
lce Ve Supply Current 100 mA
CAPACITANCE T1,=25°C; Vcc=GND=0V

Symbol Parameter Min. Typ. Max. Unit Test Conditions

Cin Input Capacitance 10 pF fc=1 MHz

Cio 1/0 Capacitance 20 pF Unmeasured pins returned to Vgg
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M8259

Read Status/Poll Mode

DATA BUS

N/

L

oows [////IIILILL

DATA }Z/ /

L1
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Intel
M8048/M8748/M8035
SINGLE COMPONENT 8-BIT MICROCOMPUTER

*8048 Mask Programmable ROM
*8748 User Programmable/Erasable EPROM
*8035 External ROM or EPROM

m -55°C to +125°C Operation @ Over 90 Instructions: 70% Single Byte
(M8048/M8035L) _ ® 1K x 8 ROM/EPROM

m -55°C to +100°C Operation 64 x 8 RAM
(M8748/M8035) 27 1/0 Lines

= 8-Bit CPU, ROM, RAM, 1/0 in
Single Package ® Interval Timer/Event Counter

® Interchangeable ROM and EPROM ® Easily Expandable Memory and 1/0
Versions

® Single 5V Supply m Compatible with 8080/8085 Series

Peripherals

@ 2.5 psec and 5.0 usec Cycle Versions
All Instructions 1 or 2 Cycles. | Single Level Interrupt

The Intel® M8048/M8748/M8035/M8035L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon
chip using Intel’s N-channel silicon gate MOS process.

The M8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in
addition to on-board oscillator and clock circuits. For systems that require extra capability, the M8048 can be expanded
using standard memories and MCS-80™/MCS-85™ peripherals. The M8035 is the equivalent of an M8048 without program
memory. The M8035L has the RAM power down mode of the M8048 while the M8035 does not. To reduce development
problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible* versions of this single
component microcomputer exist: the M8748 with user-programmable and erasable EPROM program memory for
prototype and preproduction systems, the M8048 with factory-programmed mask ROM program memory for low cost,
high volume production, and the M8035 without program memory for use with external program memories.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has extensive
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results
from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
o] ~ a0 Ve
PORT
xtaL 1 2 QM — ®:,
d Fror XTAL cLocK 1024 WORDS 64 WORDS
xTaL 243 38 PROGRAM DATA
RESET[] « 37 e — MEMORY MEMORY
sds 36 r2s pom
— =2
g 35 [Jp2e RESET
ealds kY SINGLE
—
Ao s 33[0r1e STEP |— READ
PSEN(]9 M8048 32[1ris EXTERNAL L
- 8BIT
wr(] 10 M8748 1 [Or1a MEM M8048 o
aLe[] 11 M8035 30 [1r13 - | waite
08, 12 29 [1P12 TEST
o8,(] 13 28 EPH . PROGRAM
}—= STORE
08,[] 14 27 3P0 ENABLE
08, 15 26 [1Vpp INTERRUPT —=-
PR ADDRESS
:"E 1 » gpz"oG LATCH T?rv?érn/ 27
17 4 <)
By 2 " ENABLE EVENT COUNTER 1/0 LINES
08,4 18 ap 2 aus PORT
08,([] 19 2[0e21 P PANDER
vss( 20 21[]e20 STROBE
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M8048/M8748/M8035

CRYSTAL OSCILLATOR MODE

' 21 xraLt
1-6 mHz
0—- 15pF

(INCLUDES XTAL, -L =

SOCKET, STRAY) T T
T 3§ xTAL2

15-25 pF
(INCLUDES SOCKET, I

STRAY)

CRYSTAL SERIES RESISTANCE SHOULD BE <759 AT 6 MHz, <1800 AT 3.6 MHz.

DRIVING FROM EXTERNAL SOURC

XTAL1

XTAL2

BOTH X1 AND X2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE ViH = 3.8V IF TTL CIRCUITRY IS
USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%.

LC OSCILLATOR MODE

L c  NowmaLt
45 . H 20 pF 5.2 MHz
120 uH 20 pF 3.2 MHz

1
T 2n/LC

XTAL1 . C+3Cpp
)

XTAL2

Cpp = 5—10 pF PIN-TO-PIN
CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE.

PROGRAMMING, VERIFYING, AND
ERASING THE 8748 EPROM

Programming Verification

In brief, the programming process consists of: activating
the program mode, applying an address, latching the
address, applying data, and applying a programming pulse.
Each word is programmed completely before moving on to
the next and is followed by a verification step. The follow-

4o

g e el

.o ‘e

g v sivs wr mre rere e cee e —ge e

tion of their functions:

Pin Function
XTAL 1 Clock Input (1 to 6MHz)
Reset Initialization and Address Latching
TestO Selection of Program or Verify Mode
EA Activation of Program/Verify Modes
BUS Address and Data Input

Data Output During Verify
P20-1 Address Input
Vbop Programming Power Supply
PROG Program Pulse Input

WARNING:

An attempt to program a missocketed 8748 will result in severe
damage to the part. An indication of a properly socketed part is the
appearance of the ALE clock output. The lack of this clock may
be used to disable the programmer.

The Program/Verify sequence is:
1. \Y = 5v, Clock applied or internal oscillator operating,

RESET = Ov, TEST 0= 5v, EA = 5v, BUS and PROG
floating.

2. Insert 8748 in programming socket

3. IESI U = UV (select program moae/

4, EA =23V (activate program mode)

5. Address applied to BUS and P20-1

6. RESET = 5v (latch address)

7. Data applied to BUS

8. Vpp = 25v (programming power)

9. PROG = Ov followed by one 50ms pulse to 23V
10. Vpp=5v

11.  TEST 0 = 5v (verify mode)

12. Read and verify data on BUS

13. TESTO0=0v

14, RESET = Ov and repeat from step 5

15.  Programmer should be at conditions of step 1 when 8748

is removed from socket.

>
=
=
=
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M8048/M8748/M8035

AC TIMING SPECIFICATION FOR PROGRAMMING

Ta =25°C + 5°C, Vcc =5V + 5%, Vpp =25V £ 1V

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET ! 4tcy
twa Address Hold Time After RESET ! 4icy
tow Data in Setup Time to PROG ! 4icy
twp Data in Hold Time After PROG | 4icy
teH RESET Hold Time to Verify 4tcy
tvoow Voo 4tcy
tvDDH Vop Hold Time After PROG | 0
tpw Program Pulse Width 50 60 mS
trw Test 0 Setup Time for Program Mode 4tcy
twT Test 0 Hold Time After Program Mode 4icy
too Test 0 to Data Out Delay 4icy
tww RESET Pulse Width to Latch Address 4rcy
tr, tf Voo and PROG Rise and Fall Times 0.5 2.0 us
tcy CPU Operation Cycle Time 5.0 us
tRE RESET Setup Time Before EA §, 4tcy
"' Note: If Test 01s high tpo can be triggered by RESET 1.

DC SPECIFICATION FOR PROGRAMMING

Ta =25°C £ 5°C, Vcc =5V + 5%, Vpp = 25V = 1V
Symbol Parameter Min. Max. Unit Test Conditions
VDOH Vpp Program Voltage High Level 240 26.0 v
VDL Vpp Voltage Low Level 4.75 5.25 v
VeH PROG Program Voltage High Level 21.5 24.5 v
VeL PROG Voltage Low Level 0.2 \
VEAH EA Program or Verify Voltage High Level 215 245 Vv 8748
VEAH1 EA1 Verify Voltage High Level 1.4 12.6 v 8048
VEAL EA Voltage Low Level 5.25 \
IpD Vpp High Voltage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current 16.0 mA
lea EA High Voltage Supply Current 1.0 mA
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M8048/M8748/M8035 S

WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY)

23V
EA

.

sV

PROGRAM VERIFY —i PROGRAM

\\ / \
- \___/ /T

taw -1¢———<—.1_ twa le— tpo __.1
ADDRESS DATA TO BE _ DATA —_— NEXT ADDR
D8o-DBy - (0-7) VALID PROGRAMMED VALID =1 VALID VALID

LAST NEXT
P20-P1 ADDRESS ADDRESS (8-9) VALID X ADDRESS

TO

J

tvpDW — — tvDDH
twy—>|
Voo f
tow wo
+23
PROG " /
— — —————— — ——
w0 L/ _—— \

VERIFY MODE (ROM/EPROM)

TO,RESET

DBy-DB - ADDRESS DATA OUT . NEXT NEXT DATA e
o0EE (0-7) VALID VALID ADDRESS OUT VALID

\/

r20-r1 /\ e ey o

NOTES:

1. PROG MUST FLOAT IF EA IS LOW (i.e.,, #23V), OR IF T0 = 5V FOR THE 8748. FOR THE
8048 PROG MUST ALWAYS FLOAT.
2. Xq AND Xz DRIVEN BY 3 MHz CLOCK WILL GIVE 5usec tcy. THIS IS ACCEPTABLE FOR ALL PARTS.

AEVT AMADECS /AT IN

The 8748 EPROM can be programmed by either of two
Intel products:

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP Series)

peripheral of the Intellec® Development System with a
UPP-848 Personality Card.
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M8048/M8748/M8035

INSTRUCTION SET

Mnemonic Description Bytes Cycle Mnemonic Description Bytesvb‘gqlpa
® =
ADD A, R Add register to A 1 1 .-; CALL Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 © RET Return 1 2
ADD A, #data Add immediate to A 2 2 :’:’ RETR Return and restore status 1 2
ADDCA, R Add register with carry 1 1
ADDC A, @R Add data memory with carry 1 1 CLRC Clear carry 1 1
ADDC A, #data Add immediate with carry 2 2 CPLC Complement carry 1 1
ANL A, R And register to A 1 1 § CLR FO Clear flag 0 1 1
ANL A, @R And data memory to A 1 1 . CPLFO Complement flag 0 1 1
ANL A, #data And immediate to A 2 2 CLR F1 Clear flag 1 1 1
. ORL A, R Or register to A 1 1 CPL F1 Complement flag 1 1 1
12 ORL A, @R Or data memory to A 1 1
S  ORLA. #data Or immediate to A 2 2 MOV A, R Move register to A 1 1
5 XRL A, R Exclusive or register to A 1 1 MOV A, @R Move data memory to a 1 1
& XRLA @R Exclusive or data memory to A 1 1 MOV A, #data Move immediate to A 2 2
XRL A. #data Exclusive or immediate to A 2 2 MOV R, A Move A to register 1 1
INC A Increment A 1 1 MOV @R, A Move A to data memory 1 1
DEC A Decrement A 1 1 w MOV R, #data Move immediate to register 2 2
CLR A Clear A 1 1 2 MOV @R, #data Move immediate to data memory 2 2
CPLA Complement A 1 1 § MOV A, PSW Move PSW to A 1 1
DA A Decimal adjust A 1 1 .E MOV PSW, A Move A to PSW 1 1
SWAP A Swap nibbles of A 1 1 0 XCHA,R Exchange A and register 1 1
RL A Rotate A left 1 1 XCHA, @R Exchange A and data memory 1 1
RLC A Rotate A left through carry 1 1 XCHD A, @R Exchange nibble of A and register 1 1
RR A Rotate A right 1 1 MOVX A, @R Move external data memory to A 1 2
RRC A Rotate A right through carry 1 1 MOVX @R, A Move A to external data memory 1 2
MOVP A, @A Move to A from current page 1 2
INA P Input port to A 1 2 MOVP3 A, @A Move to A from page 3 1 2
OUTL P, A Output A to port 1 2
ANL P, #data And immediate to port 2 2 MOV A, T Read timer/counter 1 1
ORL P, #data Or immediate to port 2 2 F_a MOV T, A Load timer/counter 1 1
3 INSA BUS Input BUS to A 12 5 STRTT Start timer T
g OUTL BUS, A Output A to BUS 1 2 % STRT CNT Start counter 1 1
S ANLBUS #data  And immediate to BUS 2 2 g STOPTCNT Stop timer/counter 1 1
2 ORLBUS. #data  Orimmediate to BUS 2 2 i ENTCNTI Enable timer/counter interrupt 1 1
= MOVDAP Input expander port to A 1 2 DIS TCNTI Disable timer/counter interrupt 1 1
MOVD P, A Output A to expander port 1 2
ANLD P, A And A to expander port 1 2 ENI Enable external interrupt 1 1
ORLD P, A Or A to expander port 1 2 DIS | Disable external interrupt 1 1
e SEL RBO Select register bank 0 1 1
£ mcnr Increment register 1 € SELRB1 Select register bank 1 1 1
.a INC @R Increment data memory 1 O  SEL MBO Select memory bank 0 1 1
& DECR Decrement register 1 SEL MB1 Select memory bank 1 1 1
ENTO CLK Enable clock output on TO 1 1
JMP addr Jump unconditional 2 2
JMPP @A Jump indirect 1 2 NOP No operation 1 1
DJNZ R, addr Decrement register and skip 2 2
JC addr Jump on carry = 1 2 2
JNC addr Jump on carry =0 2 2
JZ addr Jump on A zero 2 2
e JNZaddr Jump on A not zero 2 2
g JTO addr Jumpon TO =1 2 2
& JNTOaddr Jumpon TO=0 2 2
JT1 addr Jumpon T1=1 2 2
JNT1 addr Jumpon T1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr Jump on F1 =1 2 2
JTF addr Jump on timer flag 2 2
JNI addr Jump on INT =0 2 2
JBb addr Jump on accumulator bit 2 2

14-114

Mnemonics copyright Intel Corporation 1978



M8048/M8748/M8035

PIN DESCRIPTION

Designation  Pin # Function Designation  Pin# Function )
Vss 20 Circuit GND potential INT 6 Interrupt input. Initiates an inter
VoD 26  Programming power supply; +25V rupt _ff m}errupt is enabled. Inter-
during program, +5V during oper- rupt is disabled after a reset. Also
ation for both 'ROM and PROM. testable with conditional jump
Low power standby pin in 8048 i instruction. (Active low)
and 8035L. RD 8  Output strobe activated during a

Vee 40 Main power supply; +5V during BUS read. Can be used to enable
operation and programming. data onto the bus from an external

device.

PROG 25 Program pulse (+23V) input pin
during 8748 programming Used as a read strobe to external

’ data memory. (Active low)
Output strobe for 8243 1/0 ex- L o
pander. RESET 4 Input which is used to initialize the
. o processor.  Also used during
g10t-|:17 27-34 8-bit quasi-bidirectional port. PROM programming verification,
or and power down. (Active low)

P20-P27 21-24 8-bit quasi-bidirectional port. (Non TTL ViH)

Port 2 35-38 P20-P23 contain the four high — X X
order program counter bits during WR 10 Output strobe during a bus write.
an external program memory fetch (Active low)
and serve as a 4-bit-1/0 expander Used as write strobe to external
bus for 8243. data memory.

DBo-DB7 12-19 True bidirectional port which can ALE 11 Address latch enable. This signal

BUS be written or read synchronously occurs once during each cycle and
using the RD, WR strobes. The is useful as a clock output.
port can also be statically latched. The negative edge of ALE strobes
Contains the 8 low order program address into external dataand pro-
counter bits during an external gram memory.
program memory fetch, and re- PSEN 9  Program store enable. This output
ceives the addressed instruction occurs only during a fetch to exter-
contains  the. adcress and data nal program memory. (Active low)
during an external RAM data store Ss 5  Single step input can be used in
instruction, under control of ALE, junction with ALE to “single step
RD, and WR. the processor through each in-

struction. (Active low)

TO 1 Input pin testable using the con- . .
ditional transfer instructions JTO EA 7 External access input which forces
and JNTO. TO can be designated as all program memory fetches to re-
a clock output using ENTO CLK ference external memory. Useful
instruction. TO is also used during for emulation and debug, and
programming. essential for testing and program

verification. (Active high)

T 39 Input pin testable using the JT1, . : . 9 .
mmA INTA imnteninbianna Aan ke XTAL1 2 One side of crystal input for inter-
designated the timer/counter in- nal osciliator. AISO INput Tor exter-
put using the STRT CNT in- nal source. (Non TTL Vix)
struction. XTAL2 3  Other side of crystal input.
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M8048/M8748/M8035

A.C. CHARACTERISTICS (PORT 2 TIMING)
Ta =-55°C to (100°C 8748/8035/125°C 8048/8035L), Vce = +5V + 10%, Vss = OV

Symbol Parameter Min. Max. Unit Test Conditions
tcp Port Control Setup Before Falling

Edge of PROG 115 ns
trc Port Control Hold After Falling

Edge of PROG 65 . ns
tPR PROG to Time P2 Input Must Be Valid 860 ns
trF Input Data Hold Time 0 160 ns
top Output Data Setup Time 230 ns
trD Output Data Hold Time 25 ns
tep PROG Pulse Width 920 ns
trL Port 2 I/0 Data Setup 300 ns
tLp Port 2 I/0O Data Hold 120 ns

PORT 2 TIMING

ALE ’ \

tca —> fe————
EXPANDER N op e
PORT
ouTPUT x PCH PORT 29.3 DATA PORT CONTROL j OUTPUT DATA
EXPANDER PR tog.
PORT
INPUT x PCH PORT 20 5 DATA PORT CONTROL f N

cP tpc —>

tep

PROG

g
=
=
=
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M8048/M8748/M8035

ABSOLUTE MAXIMUM RATINGS*

& o
e

Ambient Temperature Under Bias “‘COMMENT: o
8748/8035 .........ciiiiiiiinnnn. -55°C to +100°C Stresses above those listed under “Absolute Maximum Ratings"
8048/8035L .......iiiiiiainnn. -55°C to +125°C may cause permanent damage to the device. This is a stress rating

only and functional operation of the device at these or any other

-B5° o
S‘orage Temperatyre BRSPS 65°C to +150°C conditions above those indicated in the operational sections of this
Voltage On Any Pin With Respect specification is not implied.
toGround ...l -0.5 to +7V
Power Dissipation ......................... 1.5 Watt

D.C.AND OPERATING CHARACTERISTICS
Ta =-55°C to (100°C 8748/8035/125°C 8048/8035L), Vce = Vpp = +5V + 10%, Vss = OV

Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.
Vi Input Low Voltage -5 7 v
(All Except RESET, X1, X2)
ViL Input Low Voltage -5 5 \'
(RESET, X1, X2)
Vin Input High Voltage 23 Vee '
(All Except XTAL1, XTAL 2, RESET)
Vini Input High Voltage (RESET, X1, X2) 3.8 Vee v
VoL Output Low Voltage .45 \ loL = 1.2mA
(BUS, RD, WR, PSEN, ALE)
Vori Output Low Voltage .45 \ loL = 0.8mA
(All Other Outputs)
VoH Output High Voltage (BUS) 24 \ lon= -240uA
Voh1 Output High Voltage 24 \ loH = -50uA
(RD, WR, PSEN, ALE)
Vou2 Output High Voltage 24 \ loH = -30pA
(All Other Outputs)
I Input Leakage Current (T1, INT) +10 pA Vgs<Vin<Vee
I Input Leakage Current -700 pA Vss+.45 <ViN <Vcc
(P10-P17, P20-P27, EA, SS)
Lo Output Leakage Current (BUS, TO) +10 uA Vgg + .45<V <V
(High Impedance State)
lop Vpp Supply Current 10 25 mA
Ipp+ lcc Total Supply Current 80 155 mA
BUS P1, P2 BUS, P1, P2
-50 mA -500 JA ~ 70mA -
L r
50mA -
-30 mA ~300 pA - b
x T o
° =] 2
= L 30mA TYPICAL
TYPICAL -
—-10 mA —100 A 10mA—/__
1 1 1 1 1 1 1 1 J
ov ov 2V v ov 2v av
VoH VoH

g
=
=
=
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M8048/M8748/M8035

WAVEFORMS

Instruction Fetch From External Program Memory Read From External Data Memory

| ey E

—— |

»IAFCi«—t@~‘+€ tca ‘4_ r‘**'cc—‘*‘ tca t‘—
SN ‘ RD I I
ot e | ‘ | tarc —’! \f’ "\ i‘_“DR
oty fem 1 | | toR [=— | FLOATING |
|

’ |
|
|
BUS FLOATINGX/ X FLoaTing X FLOATING X BUS FLOATING IADDRESS>< ‘[ FLOATING
J_/ ' R [ \4:RD»‘
ADDRESS” ~—'0~>|  INSTRUCTION ety
. |

Write to External Data Memory Input and Output Waveforms for A.C. Tests

| :
"—* tcc —=| tca l‘—

- 24
WR 2.0 2.0
| '
\:Dw_‘}*_.‘p_.‘i two > TEST POINTS <
| i

| |
U | 0.8 08
BUS FLOATIEGXADDRESSXF LOATINGX DATA X FLOATING 0.45
|
| |

— taw —>

A.C. CHARACTERISTICS
Ta =-55°C to (100°C 8748/8035/125°C 8048/8035L), Vcc = Vop = +5V + 10%, Vss = OV

8048 8748
Symbol Parameter §748/3035/8035L 8035 Unit | Conditions (Note 1)
Min. | Max. Min. [Max.
tL ALE Pulse Width 200 300 ns
taL Address Setup to ALE 120 120 ns
tLa Address Hold from ALE 80 80 ns
tec Control Pulse Width (PSEN, RD, WR) | 400 600 ns
tpw Data Setup before WR 420 600 ns
twb Data Hold After WR 80 120 ns | Cp=20pF
tey Cycle Time 25 | 15.0 4.17 |15.0 us (3.6 MHz
XTAL 8748/8035)
tpR Data Hold 0 | 200 0 {200 ns
trRD PSEN, RD to Data In 400 600 ns
taw Address Setup to WR 230 260 ns
tap Address Setup to Data In 600 900 ns
taFc Address Float to RD, PSEN -40 -60 ns
tca Control Pulse to ALE 10 10 ns

Note 1: Control outputs: C_ =80 pF  tcy = 2.5us for 8048/8035L
BUS Outputs:  Cy =150 pF 4.17us for 8748/8035

£
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