
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M3604A, M3624A 

A.C. CHARACTERISTICS Vee �~� +5.0V ±10%. T A �~� -55°C to +125°C 

LIMITS 
SYMBOL PARAMETER 

Typ.[1] 
UNIT CONDITIONS 

MAX. 

tA++. tA __ Address to Output Delay 60 90 ns CS1 = CS2 = VIL and 

tA+_. tA_+ CS3 = CS4 = VIH to 

t5++ Ch ip Select to Output Delay 20 45 
Select the PROM 

ns 

t5 __ Chip Select to Output Delay 20 45 ns 

CAPACITANCE [2] TA = 25°C. f �~� 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

C INA Address Input Capacitance 4 10 pF Vee �~� 5V �V�I�N�~�2�.�5�V� 

C INS Chip·Select I nput Capacitance 6 10 pF Vee �~� 5V VIN �~� 2.5V 

COUT Output Capacitance 7 15 pF Vee �~� 5V VOUT �~� 2.5V 

NOTES: 1. Typical values are at 2SoC and nominal voltage. 
2. This parameter is only periodically sampled and is not 100% tested. 

SWITCHING CHARACTERISTICS 

Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 

Frequency of test - 2.5 MHz 

10 rnA TEST LOAD td'::: 
WAVEFORMS 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS �i�~�v� �1�5�~� �1�5�~� ro 
I \ \ 

f,.5V 
I 

OUTPUT es3 • es. 

t A ++ tA __ 

OUTPUT 
OUTPUT 

ts __ ts++ 
t A+_ �t�A�~�+� 
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M3625A 
4K (1Kx4) PROM 

• :t 10% Power Supply Tolerance 

• Fast Access Time: 60 ns Maximum 

• Lower Power Dissipation: 0.14mW/Bit 
Typically 

• Simple Memory Expansion Two Chip 
Select Inputs 

• Three·State Outputs 

• Polycrystalline Silicon Fuse for Higher 
Reliability 

• Hermetic 18·Pin DIP 

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 

-
~ 

~ 

W 
0 

~ 0 

~ 

~- 64 X 64 ARRAY 

1! 
~-

~ 

- I I I I 
~ 

LOGIC SYMBOL 
~ 

W ffi 
~ 

0 _x 
0 OW 

~- >-~ 
CS, 
CS2 

~o ~5 :!! " ~;:, :. 
Ao 
A, 0, ..... 
A, 0, 
A, 
A, 0, 

OUTPUT 
BUFFER 

A, 0, 
A, 
A, 

I I I I 
0, 0, 0, 0, 

A, 
As 

PIN NAMES 

ADDRESS INPUTS 
CHIP SELECT INPUT 
OUTPUTS 
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M3625A 

PROGRAMMING 
The programming' specifications are described in the Data Catalog PROM/ROM Programming InstructIOns. 

Absolute Maximum Ratings· 
Temperature Under Bias ................ -65·Cto +135·C 

StorageTemperature ................... -65·Cto + 160·C 

Output or Supply Voltages .................... - 0.5 V to 7V 

All Input Voltages .......................... -1V to 5.5 V 

Output Currents ................................ 100mA 

'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 at any other condition above those indicated in the 
operational sections of this specification is not implied. 

D.C. Characteristics: All limits apply for Vee = +5.0V±10%, TA= -55·C to +125·C, unless otherwise 
specified. 

Limits 

Symbol Parameter Min. Typ.l'] Max. Unit Test Conditions 

IFA Address Input Load Current -0.05 -0.25 mA Vee = 5.5V, V A = 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee =5.5V, Vs=0.45V 

IRA Address Input Leakage Current 40 Jl.A Vec = 5.5V, V A = 5.5V 

IRS Chip Select Input Leakage 40 Jl.A Vee =5.5V, Vs =5.5V 
Current 

\10\ Output Leakage for High 40 Jl.A Vo=5.5Vor~5V_, _ 
Impedance Stage Vec =5.5V, CS1 = CS2 =2.4V 

Isc''' Output Short Circuit Current -20 -35 -80 mA Vo=OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vec =4.5V, IA= -10mA 

Ves Chip Select Input Clamp -0.9 -1.5 V Vee =4.5V, Is= -10mA 
Voltage 

VOH Output High Voltage 2.4 V 10H= -2.4mA, Vee =4.5V 

VOL Output Low Voltage 0.3 0.45 V Vec =4.5V,loL =10mA 

Icc Power Supply Current 110 140 mA Vec =5.5V, VAO '" VA9=OV, 
CS1 = CS2 = VIH 

VIL Input "Low" Voltage 0.85 V TA=25·C 

VIH Input "High" Voltage 2.0 V TA=25·C 

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

14·35 



M3625A 

A.C. Characteristics: Vee = +5.0V±10%, TA= -55·Cto +125·C. 

Max. 
Symbol Parameter Limits Unit Conditions 

tA++, tA __ Address to Output Delay 60 ns 
CS1 = CS2 = VIL tA+_, tA-+ . 

ts++ Chip Select to Output Delay 35 
to select the 

ns PROM. 
ts-_ Chip Select to Output Delay 35 ns 

Capacitance 1 T A = 25 ·C, f = 1 MHz. 

Limits 

Symbol Parameter Typ. Max. Unit Test Conditions 

CINA Address Input Capacitance 3 8 pF Vee=5V 

CINS Chip Select Input Capacitance 4 8 pF Vee=5V 

COUT Output Capacitance 5 10 pF Vee=5V 

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

Switching Characteristic,s 

Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 V and 2V 
Speed measurements are made at 1.5V levels 
Output loading - 10mA and 30pF 
Frequency of test - 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

10mATEST LOAD vee 

~470Q 
~ ~lkQ 

CHIP SELECT TO OUTPUT DELAY 

CSl.~ 
1.SV 

OUTPUT 

ts __ 
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M3636 
16K (2K x 8) BIPOLAR PROM 

• - 55°C to + 125°C Operation • Pin Compatible to 8K PROMs 

• Fast Access Time: 80 ns Maximum • Three·State Outputs 
• Low Power Dissipation: 0.05 mW/Bit 

Typically • Hermetic 24·Pin DIP 

• Three Chips Select Input for Easy 
Memory Expansion 

• Polycrystalline Silicon Fuses for 
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% Vcc 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 

Vee 

A8 

A, 

Al0 (MSB) 

es, 
es, 
eS3 

17 0 8 (MSB) 

AO 

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

cs,­
CS2-
eS3 -1"--_-;--_-' 

PIN NAMES 

AlO ADDRESS INPUT~ 

cst. CSz, CS3 CHIP SELECT INPUTS!l] 

01 -os DATA OUTPUTS 

--
[11 To select the PROM CS, '" V1L 

and CS2 = CS3 '" VIH 
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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 Under Bias ........... - 65°C to + 125°C 
Storage Temperature ............. - 65°C to + 160°C 
Output or Supply Voltages ........... - 0.5V to 7 Volts 
All Input Voltages ...................... -1V to 5.5V 
Output Currents ........................... 100 mA 

D.C. CHARACTERISTICS 

'Comment: Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other 
condition above those indicated In the operational sections of this 
specification Is not implied. 

All Limits Apply for Vee = + 5.0V ± 5%, TA = - 55°C to 125°C unless otherwise specified 

limits 

Symbol Parameter Min. Typ.l11 Max. Unit Test Conditions 

IFA Address Input Load Current -0.05 -0.25 mA Vee = 5.25V, VA = 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee = 5.25V, Vs = 0.45V 

IRA Address Input Leakage Current 40 /AA Vee = 5.25V, VA = 5.25V 

IRS Chip Select Input Leakage 40 /AA Vee=5.25V, Vs=5.25V 
Current 

1101 Output Leakage for High 100 /AA Vo = 5.25V or 0,45V, 
Impedance State Vee = 5.25V, CSt = 2.4V 

Isell] Output Short Circuit Current -20 -35 -80 mA Vo=OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.75V, IA= -10 mA 

Ves Chip Select Input Clamp -0.9 -1.5 V Vee = 4.75V, Is= -10 mA 
Voltage 

VOH Output High Voltage 2,4 3.0 V 10H= -2.4 mA, Vee=4.75V 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.75V, 10l = 10 mA 

Icc Power Supply Current 150 185 mA Vee=5.25V 

Vil Input "Low" Voltage 0.85 V Vee = 5.0V± 5%, TA= 25°C 

VIH Input "High" Voltage 2.0 V Vee= 5.0V± 5%, TA= 25°C 

Notes: 
1. Typical values are for T A = 25'e and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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A.C. CHARACTERISTICS Vee= ± 5 ± 5%, TA= -55°C to 125°C 
···L.~, 

SYMBOL PARAMETER MAX. LIMITS UNIT CONDITIONS ":"i .:1 

TA Address to Output Delay 80 ns CS1 =VIL 

tEN Output Enable Time 50 ns and CS2 = CS3 = VIH 

tOIS Output Disable Time 50 ns to select the PROM, 

CAPACITANCE (11 TA ~ 25°C, f ~ 1 MHz 

TYP. LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address I nput Capacitance 4 10 pF Vce = 5V VIN = 2.5V 

CINS Chip·Select Input Capacitance 6 10 pF Vee = 5V VIN ~ 2,5V 

CO UT Output Capacitance 7 12 pF Vee = 5V VOUT ~ 2,5V 

NOTE1: This parameter IS only periodically sampled and ;s not 100% tested. 

SWITCHING CHARACTERISTICS 

Conditions of Test: 
Input pulse amplitudes· 2,5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test - 2,5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

tA 

tA 

t
A

_ 

10 rnA TEST LOA~D Vcc 

470n 

30pF 1K n 

CHIP SELECT TO OUTPUT DELAY 

cs,---...... 

cs, ,cs,, ___ ...J '-______ ....J '-__ 

OUTPUT 

tEN 
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Intel 

M5101-4, M5101L-4 

256 x 4 BIT STATIC CMOS RAM 

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

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

• 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 (CMOS) process. This technology allows 
the design and production of ultra-low power, high performance memories. 

PIN CONFIGURATION lOGIC SYMBOL 
5101 5101 

A, 'cc 
A" 

A, A, 
A, 

A, A, 

'" 
A, 

A, 

A, 

A. A, 

A, 
A, DO, 

D', 
00, 

DI! ce, -
D', DD, c., DO, 

DO, D', "'. ce, 

D', DO, 

PIN NAMES 
01, 01. OA,TA,INPUT 

A, _,..., A,DDAtSS INPUTS 00,- 004 DATA OUTPUT 

AIW ,HAQ .. WAITE 'NPUT 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. . _65°C to 135°C 

Storage Temperature -65Q C to +150°C 

Voltage On Any Pin 

With Respect to Ground. -O.3V to Vee +O.3V 

Maximum Power Supply Voltage +7.0V 

Power Dissipation 1 Watt 

·COMMENT. 

Stresses above those listed under "Absolute Maximum 
Ratlng ll may cause permanent damage to the deVice. This 

is a stress rating only and functional operation of the device 

at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS FOR M5101-4, M5101L-4 

TA = -55°C to 125°C, VCC = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. Typ.[1) Max. Unit Test Conditions 

I U[2) Input Current 8 nA VIN = 0 to 5.25V 

ILOH I2 ) Output High Leakage 2 I1A CE 1 = 2.2V, VOUT = Vcc 

Il ol [2) Ou tpu t Low Leakage 2 I1A CE 1 = 2.2V, VOUT=O.OV 

ICCl Operating Current 11 25 mA 
VIN = Vcc Except CE 1 «0.01 V 
Outputs Open 

ICC2 Operating Current 20 32 mA 
VIN =2.2V Except CE 1 «0.5V 
Outputs Open 

ICCl [2) Standby Current 2 200 I1A 
VIN =0 to Vcc, Except 
CE2 « 0.2V 

V il Input "Low" Voltage -0.3 0.5 V 

V IH Input "High" Voltage Vcc-2.O Vce V 

VOL Output "Low" Voltage 0.4 V IOl = 2.0mA 

VO H Output "H igh" Voltage Vcc-2.O V IOH = 1.0mA 

NOTES: 1. Typical values are T A = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included in ICCl-
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M5101-4, M5101L-4 

Low VCC Data Retention Characteristics (For M5101L-4) TA = -55°C to 125°C 
'.'" 

Symbol Parameter Min. Typ. [11 Max. Unit Test Conditions 

VO R Vcc for Data Retention 2.0 V 

CE2 '::0.2V 
ICCOR Data Retention Current 2 200 I1A VOR =2.0V. 

tCOR 
Chip Deselect to Data Retention 

0 
Time 

tR Operation Recovery Time tRC[21 

NOTES: 1. Typical values are T A = 25°C and nominal supply voltage. 

2. tRC = Read Cycle Time. 

A.C. CHARACTERISTICS FOR M5101-4, M5101L-4 
READ CYCLE TA = -55°C to 125°C, VCC = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. 

tRC Read Cycle 800 

tA Access Time 800 

tCOl Chip Enable (CE1) to Output 700 

tC02 Chip Enable (CE2) to Output 850 

too Output Disable To Output 350 

tOF Data Output to High Z State 0 150 

tOHl 
Previous Read Data Valid with 

0 Respect to Add ress Change 

tOH2 
Previous Read Data Valid with 

0 Respect to Chip Enable 

WRITE CYCLE 

Symbol Parameter Min. Typ. Max. 

twc Write Cycle 800 

tAW Write Delay 150 

tCWl Chip Enable (CE1) To Write 550 

tCW2 Chip Enable (CE2) To Write 550 

tow Data Setup 400 

tOH Data Hold 100 

twp Write Pulse 400 

L tWR I Write Recovery 
1 

:>u 
1 I 

tos Output Disable Setup 150 

ns 

ns 

Unit Test Conditions 

ns 

ns 

ns 
(See below) 

ns 

ns 

ns 

ns 

ns 

Unit Test Conditions 

ns 

nS 

ns 
(See below) 

ns 

ns 

ns 

ns 

I \I> I 
ns 

A. C. CONDITIONS OF TEST 
[31 

CAPACITANCE TA = 25°C, f = 1 MHz 

Input Pulse Levels: 0.5 Volt to Vcc-2.0 Volt 

Input Pulse Rise and Fall Times: 20 nsec Symbol Test 
Limits (pF) 

Typ. Max. 
Timing Measurement Reference Level: CIN I nput Capacitance 

4 8 
(All Input Pins) V IN = OV 

1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

CcUT Output Capacitance VOUT = OV 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 

~----------_IRC-------------I I-------------�WC------------~ 

ADDRESS 

CE2 

oo---'f---.,. 
(COMMON 1/0) [,] 

DATA 
OUT 

ADDRESS 

CE2 

00 
(COMMON 1/01 [2] 

DATA 
IN 

lOS 

DATA-IN 
STABLE 

---.-, I~-------Iwp------..j ,._;;.;;.._+-_ 

NOTES: 1. 00 may be tied low for separate I/O operation. 
2. During the write cycle, 00 is "high" for common I/O and 

"don't care" for separate I/O operation. 

Low Vcc Data Retention 

SUPPLY VOLTAGE (Vee) 

CHIP ENABLE (CE2) 

R·W 

w--~-------------
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intel® M8080A 
8·BIT N·CHANNEL MIRCOPROCESSOR" 

The M8080A is functionally compatible with the Inteflll8080. 
.. 
'"." 

• Fully Military Temperature Range 
- 55°C to + 125°C 

• :t 10% Power Supply Tolerance 

• 2 /As Instruction Cycle 
• Powerful Problem Solving Instruction 

Set 

• 6 General Purpose Registers and an 
Accumulator 

• 16·Bit Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory 

• 16·Bit Stack Pointer and Stack " 
Manipulation Instructions for Rapid , (:' 
Switching of the Program Environment 

• Decimal, Binary, and Double Precision 
Arithmetic 

• Ability to Provide Priority Vectored 
Interrupts 

• 512 Directly Addressed 1/0 Ports 

• TTL Drive Capability 
The Intel® M8080A is a com·plete 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 arid 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 inlfirst out stack to 
store Iretrieve 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 M8080A 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 1/0. Signals to control the interface to memory and 1/0 
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 (OMA) direct memory access or multi­
processor operation. 

POWER1- +12V SUPPLIES _ +5V 

_-5V 

_GND 

BLOCK DIAGRAM 

(8 BIT) 
INTERNAL DATA BUS 

°7- DO 
BI-DIRECTIONAL 

DATA BUS 

TIMING 
AND 

CONTROL 
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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 I nstruction 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 I!!ft or right through 
or around the carry bit. 

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

The following special instruction group completes the 
M8080A 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 M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 
same format. 

ID7 D6 D5 D4 D3 D2 D, Dol 

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 

I D7 D6 D5 D4 D3 D2 

Two Byte Instru·ctions 

I D7 D6 D5 D4 D3 D2 

I D7 D6 D5 D4 D3 D2 

Three Byte Instructions 

I D7 06 D5 D4 D3 D2 

I D7 D6 D5 D4 D3 D2 

I D7 D6 D5 D4 D3 D2 

DlYOJ 

D, Do I 
D, Do I 

D, Do 

D, Do 

D, DO I 

OPCODE 

OP CODE 

OPERAND 

OP CODE 

LOW ADDRESSOR OPERAND 1 

HIGH ADDRESSOR OPERAND 2 

TYPICAL INSTRUCTIONS 

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

Immediate mode or I/O instructions 

Jump, call or direct load and store 
instructions 

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

14-44 



M8080A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias . . . . . . . . . . . .. -55°C to +125°C 
Storage Temperature. . . . . . . . . . -65°C to +150°C 

All Input or Output Voltages 
With Respect to Vss .............. -0.3V to +20V 

Vcc, VDD and Vss With Respect to Vss -0.3V to +20V 
Power Dissipation .... . . . . . . . . . . . .. 1.7W 

D.C. CHARACTERISTICS 

,\1 .',,'1" , 

'COMMENT: Stresses above those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the' device. 
This is a stress rating onlv and functional operation of the' qe­
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

TA = _55°C to +125°C, VDD = +12V ±10%, Vcc = +5V ±10%, Vss = -5V ±10%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. 

VILC Clock Input Low Voltage Vss-1 

VIHC Clock Input High Voltage 8.5 

VIL Input Low Voltage Vss-1 

VIH Input High Voltage 3.0 

VOL Output Low Voltage 

VOH Output High Voltage 3.7 

IDD IAV) Avg. Power Supply Current (VDD ) 

ICCIAV) Avg. Power Supply Current (VccI 

Iss IAV) Avg. Power Supply Current (Vss ) 

IlL Input Leakage 

ICL Clock Leakage 

IDL [21 Data Bus Leakage in Input Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
VCC = VDD = VSS = OV, Vss = -5V 

Symbol Parameter Typ. Max. Unit 

C", Clock Capacitance 17 25 pf 

CIN I nput Capacitance 6 10 pf 

COUT Output Capacitance 10 20 pf 

NOTES: 

1. The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DSIN is high and VIN > VIH an internal active pull up will 
be switched onto the Data Bus. 

3. ill supply lilT A = -0.45%f c. 

Typ. Max. 

Vss+0.8 

VDD +1 

Vss+0.8 

Vcc+1 

0.45 

50 80 

60 100 

.01 1 

±10 

±10 

-100 

I 
-2.0 

+10 
-100 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to Vss 

14·45 

Unit 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

IlA 

IlA 

IlA 
mA 

IlA 

t-

~ 
a: 
a: 
::> 
u 

~ 

Test Condition 

} IOL = 1.9mA on all outputs, 
IOH = 1501lA. 

} 0 PO'" '00 

T Cy = .48 Ilsec 

Vss ,;;: VIN ,;;: VCC 

Vss ,;;: VCLOCK ,;;: VDD 

VSS';;:VIN ';;:VSS +0.8V 

Vss +0.8V';;:VIN ';;:VCC 

VADDR/DATA = VCC 

V ADDR/DATA = VSS + 0.45V 

~ 0.51-------+-------"\ 
ill 

+1?1'> 

AMBIENT TEMPERATURE (OC} 

Figure 1. Typical Supply Current vs. 
Temperature, Normalized[3) 

Figure 2. Data Bus Characteristic During 
DBIN 



M8080A 

A.C. CHARACTERISTICS 
TA ~ _55°C to +125°C, Voo ~ +12V ±1 0%, VCC ~ +5V ±10%, VBB ~ -5V ±1 0%, VSS ~ OV, Unless OtherWise1'~~t;;d. 
Symbol Parameter Min. Max. Unit Test ConditiBri''''."", 

, "-"'in ~ \,, l 

tCy[31 Clock Period O.4B 2.0 
.U,., 

" t,~, \';~\~ ,:, j1sec 

t r , tf Clock Rise and Fall Time 0 50 nsec ., 

t<l>1 1>1 Pulse Width 60 nsec 

t<l>2 ¢2 Pulse Width 220 nsec 

t01 Delay 1>1 to 1>2 0 n sec 

t02 Delay 1>2 to 1>1 BO nsec 

t03 Delay 1>1 to 1>2 Lead ing Edges BO nsec 

tOA [21 Address Output Delay From 1>2 200 nsec 

l~ ~50pf too [21 Data Output Delay From 1>2 220 nsec 

toc [21 Signal Output Delay From 1>1, or 1>2 (SYNC, WR,WAIT, HLOAI 140 nsec 

tOF [21 DBIN Delay From 1>2 25 150 nsec 

tOI[1] Delay for Input Bus to Enter Input Mode tOF nsec 

tOS1 Data Setup Time During ¢1 and DB IN 30 nsec 

WAVEFORMS[14] (Note: Timing measurements are made at the following reference voltages: CLOCK "1" ~ 7.0V, 
"0" = 1.0V; INPUTS "1" ~ 3.0V, "0" = O.BV; OUTPUTS "1" = 2.0V, "0" = O.BV.) 

,'--_---Jl\\--__ 
r---\ 

~-+--...J'I 11,1'-1 -+~ 
I 1 II -- 1. 

A1S"AO 

---lOA ---:1' 
-too'--I 

°7"°0 
- I 

SYNC -r _ tocrl_ 
DBIN 

I
I Iii -t -- -- __ J! ----

, 1+f---+----,f.-·tAW --1+-4--1 
- tOI 1--- - t OH\- ~tDD-

--.~~-----+--~ ~~--+-~~---*~ I -~: DATA IN _~ I ~ DATA OUT 
------ --"t"- -'F"'-+-- --1- -"1 1---- - ---

..r-----_t--"'\ ~ tOSl 1- ,II I- tow ~ 
-\- -.-10S2 -

-..- toe 1---
t~---+----'.\.' 

------------------t_-to-,-J:II _to,-~ll~--t-----~--r-+-il----~~ 

-1 

READY 

.l@ ~"~ I - . r - tRS toe ~_l 
tRsl~ ~I 

WAIT ---------------------------~lH:..~--.:..lt.:.o~-+.J1- _~ t: __ .1:--
HOLD ______________________________________________________________________ JtI,,@*~I--~~ 

~r~H; --
HLDA 

----------------------------------------------------------~~ 
- -..1.-- I .... 

INT Jt@ ~ -----------------------------------------------tl~sl: -
tH --. ... 

INTE 
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SYNC 

CBIN 

WR 

UADY 

WAIT 

HOLD 

HLOA 

.NT 

INTE 

M8080A 

'I"~ 

A.C. CHARACTERISTICS (Continued) ;,\,(' 1\\\:<' 

TA = -55°C to +125°C, voo = +12V ±10%, Vee = +5V ±10%, VBB = -5V ±10%, vss = OV, Unless Otherwise Not~J~ 

Symbol 

tOS2 

tOH [1J 

tiE [2J 

tRS 

tHS 

tiS 

tH 

tFD 

tAW[2J 

tDW[2J 

tWD[2J 

tWA[2J 

tHF[2J 

tWF [2J 

tAH [2J 

~tol 

.... 

.... 

Parameter Min. Max. Unit Test Condition L~" 
Data Setup Time to 4>2 During DBIN 130 nsec \i""ii:!~,:;~;:~; 
Data Hold Time From 4>2 During DBIN [1] nsec 

INTE Output Delay From 4>2 200 nsec CL = 50pf 

READY Setup Time During 4>2 120 nsec 

HOLD Setup Time to 4>2 140 nsec 

INT Setup Time During 4>2 120 nsec 

Hold Time From 4>2 (READY, INT, HOLD) 0 nsec 

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

Address Stable Prior to WR [5J nsec 

Output Data Stable Prior to WR [6J nsec 

Output Data Stable From WR [7J nsec 

Address Stable From WR [7J nsec _ CL =50pf 

HLDA to Float Delay [8J nsec 

WR to Float Delay [9J nsec 

Address Hold Time After DBIN During HLDA -20 nsec -
NOTES, 
1. Data Input should be enabled with D81N status. No bus conflict can then occur and data hold time IS assured. 

tOH == 50 ns or tOF, whichever IS less, 

--*---+-----+--' 

--.*"--4-----!-'-

-- ~".,-

-tHF-

~ toc -

2. Load Circuit. 

M8080A 
OUTPUT 

3. tCY:: t03 + trcp2 + tct>2 + tfcP2 + t02 + treP1 ;. 480ns. 

+5V 

2.1K 

TYPICAL ~ OUTPUT DELAY VS. ~ CAPACITANCE 

I:~I~ I 
-20......... ' 

-100 -50 +50 +100 

..:> CAPACITANCE (pf) 

(CACTUAL - C SPEC ) 

4. The following are relevant when interfacing the M8080A to devices having VIH == 3.3V: 

al Maximum output rise time from .BV to 3.3V "" 100ns@ CL "" SPEC . 

bl Output delay when measured to 3.0V '" SPEC +60ns @ CL "" SPEC. 

cl If CL oF SPEC, add .6ns/pF if CL> CSPEC, subtract .3ns/pF (from modified delay) if CL < CSPEC. 
5. tAW = 2 tCY -t03 -t r4J2 -140nsec. 
6. tow'" tCY -t03 -tr4J2 -1 70nsec. 
7. If not HLDA, two"" tWA == t03 + tr4J2 +10ns If HLoA, two == tWA == tWF. 

B. tHF == t03 + trrJ>2 -50ns . 

9. tWF == t03 + trlJl2 -10ns 
10. Data in must be stable for this period during DBIN ·T3. Both tOS1 and t052 must be satisfied. 

11. Ready signal must be stable for this period during T2 or TW. (Must be externally synchronized.) 
.... t

IE
_ 

J---__ l_-__ _ 12. Hold signal must be stable for this period during T2 or TW when entering hold mode, and dUring T3, T 4, T 5 
and TWH when in hold mode. (External synchronization IS not required,) 

13. Interrupt signal must be stable during thiS period of the last clock cycle of any instruction 10 order to be 
recognized 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. 

14·47 



M8212 
8-BIT INPUT/OUTPUT PORT 

• Fully Parallel 8-Bit Data Register and 
Buffer 

• Service Request Flip-Flop for Interrupt 
Generation 

• Low Input Load Current 0.25mA Max 

• 3-State Outputs 
• Full Military Temperature Range 

-55°C to +125°C 

• 3.4V Output High Voltage for Direct 
Interface to M8080A CPU 

• Asynchronous Register Clear 

• Replaces Buffers, Latches, and Multi-
plexers in Microcomputer Systems 

• Reduces System Package Count 

• ±10% Power Supply Tolerance 

• 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 multi mode 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 

os, 
MD 

01, Dis 

DO, DOs 

012 01, 

002 DO, 

Oi, 016 

003 006 

01. 01. 

DO. DO. 

STa CLR 

GND 052 

PIN NAMES 

Oll-ola DATA IN 
00,·00, DATA OUT 

os,·OS2 DEVICE SELECT 

MO MODe 

STB STROBE 
INT INTERRUPT (ACTIVE LOW) 

CLR CLEAR (ACTIVE LOW) 
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LOGIC DIAGRAM 
SERVICE REQUEST FF 

[I) MO ---+1H_~ 

[IT> STS ~--+---f._J 

'\ 

~lJl4 --------'-H 

[§> 0 's -------+-H 

129 0 '6 --------,--H 

~ 0', -------+-H 

§> D'a -------..L-H 

OUTPUT 

BUFFER 

DO,@> 



M8212 

ABSOLUTE MAXIMUM RATINGS· 

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

Storage Temperature .......... -65°C to +160PC 

All Output or Supply Voltages .... -0.5 to +7 Volts 

All Input Voltages ............ -1.0 to 5.5 Volts 

Output Currents ...................... 100 mA 

D.C. CHARACTERISTICS 
T A = -55°C to +125°C Vee = +5V ±10% 

'COMMENT: Stresses above those ji~tIId,UlJder "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 1ib0'fll! 
those indicated in the operational sections of this specifi- '" 
cation is not implied. Exposure to absolute maximum 
rating conditions for ex tended periods may affect device 
reliability. 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min. Typ. Max. 

IF Input Load Current -.25 mA VF = .45V 
STB, OS2, CR, 011-018 Inputs 

IF Input Load Current -.75 mA VF = .45V 
MO Input 

IF Input Load Current -1.0 mA VF = .45V 
OS, Input 

IR Input Leakage Current 10 p..A V. = Vee 
STB, OS, CR, 011-018 Inputs 

IR Input Leakage Current 30 
MO Input 

p..A V. = Vee 

IR Input Leakage Current 40 p..A V. = Vee 
OS, Input 

Ve Input Forward Voltage Clamp -1.2 V Ie = -5mA 

VIL Input "Low" Voltage .BO V 

VIH Input "High" Voltage 2.0 V 

VOL Output "Low" Voltage .45 V IOL = 10mA 

VOH Output "High" Voltage 3.5 4.0 V IOH = -.5mA 

los Short Circuit Output Current -15 -75 mA Vee = 5.0V 

1101 Output Leakage Current 
High Impedance State 

20 p..A Vo = .45V to vee 

Icc Power Supply Current 90 145 mA 
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M8212 

A.C. CHARACTERISTICS 
T 55°Cto+125°C V -+5V+l0o/c A =- cc - - 0 

Symbol Parameter 
Limits 

Min. Max. 

tpw Pulse Width 40 

tpD Data To Output Delay 30 

tWE Write Enable To Output Delay 50 

tSET Data Setup Time 20 

tH Data Hold Time 30 

tR Reset To Output Delay 55 

ts Set To Output Delay 35 

tE Output Enable/Disable Time 50 

tc Clear To Output Delay 55 

CAPACITANCE F = 1 MHz, VelAs =2.5V, Vcc = +5V, TA = 25°C 

Symbol Test 

CIN OS, MD Input Capacitance 

CIN DS"CLR, STBI, 01,-01, 
Input Capacitance 

COUT 00,-00, Output Capacitance 

SWITCHING CHARACTERISTICS 
Conditions of Test 
Input Pulse Amplitude = 2.5V 

LIMITS 

Typ. Max. 

9 pF 15 pF 

5 pF 10 pF 

8 pF 15 pF 

Input Rise and Fall Times: 5 ns between 1 V and 2V 

NOTE 1: TEST Cl R, R2 
tpD. tWE. tA. Is. to 30pF 300n 600n 

tEo ENABLEt 30pF 10Kn lKn 

tEo ENABLE. 30pF 300n 600n 

tE~ DISABLEt 5pF JOon 600n 

tEo DISABLE. 5pF 10Kn lKn 
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Unit Test Conditions 

ns 

ns NOTE 1 

ns NOTE 1 

ns 

ns 

ns NOTE 1 

ns NOTE 1 

ns NOTE 1 CL = 30 pF 

ns NOTE 1 

Test Load 

Vee 

R, 

TO 
D,U,T, 

rCl R2 

-=- -=-



M8212 

TIMING DIAGRAM 

'5vA--------*'5v 
________ -1. Ir='PW--I--'H~~---

ST80' Os,. os, '5vl \~5V _____ _ 
_________ L __ ,WE----,I, _______ _ 

OUTPUT ________________ JX~15_V ______ _ 

Oall 

DS,.DS,+_MD _________ ,-',j \ 15_V ___ _ 
~-'E1 r------- L='=1::---L-

OUTPUT - - - - - - - - - - - ~'_5V ________ __'ft=f:'==-L:-

1---'PWi ----15V\ 1;--15V --
I. ~ ~I r------

DO _________________ ~\'_15_V ____ _ 

cTA 

DATA '5V ~--------*1bV 
--------~~'SET-'svj- '" ~'----

ST8 0' Os, • OS, I \ 

___________ ~_'P_O~/-----------

OUTPUT ___________ ~X"-15_V ___________ _ 

ST8 15VI \'SV 
-----~ ~'pW-1 '-------------

15V 15V 

1.5V 

-'R-1 '--_______ ---J 
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TYPICAL CHARACTERISTICS 

INPUT CURRENT VS. INPUT VOLTAGE 

-50 

1 -100 

>-
~ 
~ -150 
::> 
u 
>-
ii' 
!: -200 

-250 

-30 0 
-3 

2 

0 

8 

6 

4 

2 

0 1 
-25 

Vee = 15,ov 

~ ~ 
"'" 

TA = 0 C 
V VTA '25 C 

VTA ·,5C 

-2 -1 ., ., 
INPUT VOL T AGE IVI 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

OUTPUT "HIGH' VOL T AGE (V) 

DATA TO OUTPUT DELAY 
VS. TEMPERATURE 

Vee = tSlov 

I 

,/ 
/ 

.,-
;;... ..... 

/ 
.,-/ 

1-

-........ 

25 50 '5 
TEMPERATURE 1 C} 

.3 

100 

M8212 
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OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 

~ 
! 
>-
~ 
a: 
a: 
::> 
u 
>-

~ 
::> 
0 

loor------,-------,-------,--------, 

80 

60 

40 

20 

50 

40 

0 

20 

10 

0 

OUTPUT "LOW" VOLTAGE (V) 

DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 

Vee ~f+50V 
TA - 25 C 

_/ 

// 

\I~..:._-
J,..---I--/-

/ ~ I-- " -

50 100 150 200 250 

LOAD CAPACITANCE (pF) 

WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 

300 

35~----r-----+-----~----~----~ 

30t-----+----+---~--___t_------I 

1?2'':-5-----!------:':25:-----:':50;;-------::''::-5 ------:!.,00 

TEMPERATURE ( C) 
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M8214 

PRIORITY INTERRUPT CONTROL UNIT 

• 8 Priority Levels 

• Fully Expandable 

• Current Status Register 

• Priority Comparator 

• 24-Pin Dual In-Line Package 

• Full Military Temperature Range 
- 55°C to + 125°C 

• + 10% Power Supply Tolerance 

The Intelill 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 

80 24 Vee ., 23 EeS ., 22 A, 

SGS 2' A6 

INT 20 "5 
elK ,g A, 

M8214 
INTE '8 "3 .., ", 

A, A, 

A, '0 Ao 

ElA ~" 
GNO 12 

'.~ <NLu 

13 ETLG 

PIN NAMES 
INPUTS 

RO-R1 REQUEST LEVELS IRl HIGHEST PRIORITY) 

80-82 CURRENT STATUS 

SGS STATUS GROUP SelECT 

ffi ENABLE CURRENT STA1US 

INTE INTERRUPT ENABLE 

m CLOCK liNT F-FI 

ru ENABLE LEVEL READ 

ETLG ENABLE THIS lEVEL GROUP 

OUTPUTS 

"0-"'2 
iNT 
ENLG 

REQUEST LEVELS l OPEN 
INTERRUPT (ACT LOW) J COLLECTOR 

ENABLE NEXT LEVEL GROUP 

iIi> El" 
[1I>ETLG 

liD Ao 

IiI> ", 
@> ", 
IiI> "3 
QD 

"' IE> R;, 
['2> "6 
[E> ", 

[0 8 0 

CD B, 
II> B, 
CD SGS 

~ 

II> INTE 

[I> elK 
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REQUEST 
LATCH 

AND 
PRIORITY 
ENCODER 

-4--± D So 
INT -= DIS 
FF 

~~ 

LOGIC DIAGRAM 

REQUEST ACTIVITY 

(OPEN COLLECTOR) 

Ao II> 
A, CD 

", ~ 
r-__ ~=t~~---------ENLG~ 

I 
f 8 
J 

PRIORITY 
COMPARATOR 

j 

I 



M8214 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias .......... -55°C to +125°C 
Storage Temperature ............ -65°C to +160°C 
All Output and Supply Voltages ........ -0.5V to +7V 
All Input Voltages ............... ,-1.0V to +5.5 V 
Output Currents . . . . . . . . . . . . . . . . . . . . .. 100 rnA 

D.C. AND OPERATING CHARACTERISTICS 

TA = 55°C to 125°C ~CC = 5V ±10% 

Symbol Parameter 
Min. 

Vc Input Clamp Voltage (all inputs) 

IF Input Forward Current: ETLG input 
all other inputs 

IR Input Reverse Current: ETLG input 
all other inputs 

VIL Input LOW Voltage: all inputs 

VIH Input HIGH Voltage: all inputs 2.0 

lee Power Supply Current 

VOL Output LOW Voltage: all outputs 

VO H Output HIGH Voltage: ENLG output 2.4 

los Short Circuit Output Current: EN LG output -15 

ICEX Output Leakage Current: INT, Ao, A" A2 

NOTES: 
1. Typical values are for T A = 250 e, Vee = 5.0V. 
2. 80-82, SGS, eLK, R(j-R;i grounded, all other inputs and all outputs open. 
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'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 
rating conditions for extended periods may affect device 
reliability. 

Limits 
Unit Conditions 

Typ.!l] Max. 

-1.2 V le=-5mA 

-.15 -0.5 mA VF=0.45V 
-.08 -0.25 mA 

80 pA VR=5.5V 
40 pA 

0.8 V Vee=5.0V 

V Vee=5.0V 

90 130 mA See Note 2. 

.3 .45 V IOL =10mA 

3.0 V IOH=-lmA 

-35 -55 mA Vee=5.0V 

100 pA VCEX=5.5V 



M8214 

A C CHARACTERISTICS . . T A; _55°C to +125°C VCC; +5V +10% -
,\" \'\~~\:,~1_"~~\,: 1 

", 

,;X;_ .:i;"\:" Limits 

Symbol Parameter Min. Typ.l11 Max. U"'~',:~l;\" 
tCY ClK Cycle Time 85 ns 

'\~\t\\\\\:' 

tpw ClK, ECS, INT Pulse Width 25 15 ns 

tlSS INTE Setup Time to ClK 16 12 ns 

tlSH lNTE Hold Time after ClK 20 10 ns 

tETCS[2] ETlG Setup Time to ClK 25 12 ns 

tETCH[2] ETlG Hold Time After ClK 20 10 ns 

tECCS[2] ECS Setup Time to ClK 85 25 ns 

tECCH[3] ECS Hold Time After ClK 0 ns 

tECRS[3] ECS Setup Time to ClK 110 70 ns 

tECRH[3] ECS Hold Time After ClK 0 

tECSs[2] ECS Setup Time to ClK 85 70 ns 

tECSH[2] ECS Hold Time After ClK 0 ns 

tOCS[2] SGS and BO-B2 Setup Time to ClK 90 50 ns 

tOCH[2] SGS and Bo·B2 Hold Time After ClK 0 ns 

tRCS[3] Ro·R 7 Setup Time to ClK 100 55 ns 

tRCH[3] Ro·R 7 Hold Time After ClK 0 ns 

tiCS INT Setup Time to ClK 55 35 ns 

tCI ClK to INT Propagation Delay 15 30 ns 

tRIS[4] Ro-R7 Setup Time to INT 10 0 ns 

tRIH[4] RO-R7 Hold Time After INT 35 20 ns 

tRA Ro·R7 to Ao-A2 Propagation Delay 80 100 ns 

tELA ElR to Ao-A2 Propagation Delay 40 55 ns 

tecA ECS to AO·A2 Propagation Delay 100 130 ns 

tETA ETlG to Ao·A2 Propagation Delay 35 70 ns 

tOECS[4] SGS and Bo-B2 Setup Time to ECS 20 10 ns 

tOECH[4] SGS and Bo ·B2 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 
-----, -- -- --tECSN ECS to ENLG Propagation Delay 

CAPACITANCE 

Limits 
Symbol Parameter Min. Typ.l1] Max Unit 

CIN I nput Capac itance 5 10 pF 

COUT Output Capacitance Except ENlG (Pin 14) 7 12 pF 

Test Conditions: VSIAS = 2.5V, vcc = 5V, TA = 25°C, f; 1 MHz 
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M8216/M8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

• Data Bus Buffer Driver for 8080 CPU • 3.40V Output High Voltage for Direct 
Interface to 8080 CPU 

• Low Input Load Current: 0.25mA 
Maximum • 3-State Outputs 

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

• 16-Pin Dual In-Line Package • ±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 IOL 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 

cs Vee 

DO, OlEN D', D', 

DB, DO, 
DB, DB. 

DO, D0. 

D •• DB, 

DO, D', D', Dl1 , 

DB, DO, 
DB, DB, 

DO, DO, 

01, DB, 

3ND 01, D', D', 

DB, DB, 

DO, DO, 

PIN NAMES 
D', D', 

DB, DB, 

D80-DB) 
DATA BUS 
BI-OIRE"CTIONAl 

DO, DO, 

010 .013 DATA INPUT 

000-D03 DATA OUTPUT 

OlEN DATA IN ENABLE 
DIRECTION CONTROL 

cs CHIP SelECT '-----+-+------<>cs '-----+ ..... ----0 CS 

OlEN e>--_-----' D'EN c>--...... -----' 
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M8216/M8226 

ABSOLUTE MAXIMUM RATINGS· 

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

Storage Temperature ............. - 6S·C to + 160·C 

All Output and Supply Voltages ......... -O.5V to +7V 

All Input Voltages ................. -1.0V to +5.5V 

Output Currents ....................... 125 mA 

D.C. AND OPERATING CHARACTERISTICS 

T A = _55°C to +125°C, VCC = +5V ±10% 

Symbol Parameter Min. 

IFl Input Load Current OlEN, CS 

IF2 Input Load Current All Other Inputs 

IRl Input Leakage Current OlEN, CS 

IR2 Input Leakage Current 01 Inputs 

Ve Input Forward Voltage Clamp 

VIL Input "Low" Voltage M8216 

VIL Input "Low" Voltage M8226 

VIH Input "High" Voltage 2.0 

1101 Output Leakage Current DO 
(3-State) DB 

lee Power Supply Current M8216 

lee Power Supply Current M8226 

VaLl Output "Low" Voltage 

VOL2 Output "Low" Voltage 

VOH Output "High" Voltage 3.4 

VOH2 Output "High" Voltage 2.4 

los Output Short Circuit Current -15 
--

NOTE: Typical values are for TA = 25°C. VCC = 5.0V. 
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·COMMENT: Stresses above those listed under "Abs!?lute 
Maximum Ratings" may cause permanent damage'''tO''the 
device. This is a stress rating only and functional o~~r;':' ,':' 
tion of the device at these or any other conditions abov~ , " 
those indicated in the operational sections of this specifi­
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Limits 

Typ. Max. Unit Conditions 

-0.15 -.5 mA VF = 0.45 

-0.08 -.25 mA VF = 0.45 

20 IJ.A VR = 5.5V 

10 IJ.A VR = 5.5V 

-1.2 V Ie = -5mA 

.95 V Vee = 5V 

.90 V Vee = 5V 

V Vee = 5V 

20 IJ.A Vo = .45V to Vee 
100 

95 130 mA 

85 120 mA 

0.3 .45 V DO Outputs IOL = 15mA 
DB Outputs IOL = 25mA 

0.5 .6 V DB Outputs IOL = 45mA 

3.8 V DO Outputs IOH = -.5mA 

3.0 V DO Outputs IOH = -2mA 
DB Outputs IOH = -5.0mA 

-35 -65 mA DO Outputs Vee = 5.0V -- • nn -. no nll+nll+~ \/,...,.. = ~ nv 



WAVEFORMS 
INPUTS 

OUTPUT 
ENABLE 

OUTPUTS 

M8216/M8226 

~tDj Y 
'.5VX,.-----"'~ ~H 

_________ -J f ~L 
.SV 

A.C. CHARACTERISTICS TA = _55°C to +125°C, vcc =+5V ±10% 

Limits 

Symbol Parameter Min. Typ.[l] Max. Unit Conditions 

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

Tp02 Input to Output Delay DB Outputs 19 33 ns 
M8216 (NOTE 2) 

Tp02 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 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 

OUT~----~------~ 

CAPACITANCE 
Limits 

Symbol Parameter Min. Typ.(1] Max. 

CIN (nput Capacitance 4 6 

COUTI Output Capacitance DO Outputs 6 10 

COUT2 Output Capacitance DB Outputs 13 18 

Test Conditions: VSIAS = 2.5V, vee = 5.0V, TA = 25°C, f = 1 MHz. 

NOTES: 1. Typical values are for TA = 25°e, Vee = 5.0V. 
2. 

TEST CL R, R2 

TpDl JOpF JOOl! 6OOl! 

Tp02 JOOpF 90l! lSO!l 

TE. (DO. ENABLEti JOpF 10Kl! lKl! 

T E. (DO. ENABLE.) JOpF JOOl! 600n 

T E. (DB. ENABLEti JOOpF 10Kl! lKl! 

TE• (DB. ENABLE.i JOOpF 90n 1 SOl! 

To. (DO. DISABLEti 5pF JOOl! 6OOl! 

To. (DO. DISABLE.) 5pF tOKl! tKl! 

To. (DB. DISABLEti 5pF 90l! 1 SOl! 

To. (DB. DISABLE.) 5pF 10Kl! lKl! 
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Unit 

pF 

pF 

pF 



M8224 
CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 

';"," c';, ' 

• Single Chip Clock Generator/Driver for 
M8080A CPU 

• Oscillator Output for External System 
Timing 

• Power-Up Reset for CPU 

• Ready Synchronizing Flip-Flop 

• Advanced Status Strobe 

• Fully Military Temperature Range 
-55°C to +125°C 

• Crystal Controlled for Stable System 
Operation 

• Reduces System Package Count 

• :t 10% Power Supply Tolerance 

The Intel@ M8224 is a single chip clock generator/driver for the M8080A 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 
M8080A. 

PIN CONFIGURATION 

RESET Vee 

RESIN XTAll 

ROVIN XTAl2 

READY TANK 

SYNC OSC 

¢l2 (TTl) " 
STSTB " 

GNOqS 9PVOD 

Fi'm"N RESET INPUT 

RESET RESET OUTPUT 

ROVIN REAOY INPUT 

READY READY OUTPUT 

SYNC SYNC INPUT 

STSTB STATUSSTB 
(ACTIVE LOW) 

~ 18080 ., \ CLOCKS 

BLOCK DIAGRAM 

~ XTALl 

IE> XTAL' 

1!1> TANK 

h---O---OSC @> 

t--D---' '1 [!:!> 

!D SYNC ----f--~-' STSTB [Z> 

12> RESIN 

HSO--'I}-...... --- RESET U> 
fL> RDYIN ----Hi5Ci}----- READY!!> 

PIN NAMES 

XTAL 1 / CONNECTIONS 
XTAl2 \ FOR CRYSTAL 

TANK USED WITH OVERTONE Xl AL 

asc OSCILLATOR OUTPUT 

"2 (TTL) Q2 elK (TTL LEVEL) 

Vee +SV 

Voo +12V 

GND OV 
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M8224 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias. ',' • • • • • •• -55°C to 125°C 
Storage Temperature .••.•••••••. -65°C to 150°C 
Supply Voltage, Vee ..•••••••.. • • -0.5V to +7V 
Supply Voltage, Voo •••.•.••.•.. -0.5V to +13.5V 
Input Voltage. • . • • • • . • . • • . . • . • • -1.0V to +7V 
Output Current. • • • • • • • • • • • . • • • . • • • •• 100mA 

D.C. CHARACTERISTICS 

*COMMENT: Stresses above those li$~'ynder "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functil!Jnal ope(a-
tion of the device at these or any other conditionS"abf,!tIe :, 
those indicated in the operational sections of this specifi.;, ,,:', :l' , 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

TA =-66°Cto 126°C; Vee = +5.0V ±10%;Voo = +12V ±10%. 

Limits 
Symbol Parameter Min. Typ. 

IF Input Current Loading 

IR Input Leakage Current 

Vc Input Forward Clamp Voltage 

VIL Input "Low" Voltage 

VIH Input "High" Voltage RESIN 2.6 
All Other Inputs 2.0 

VIWVIL R ESI N Input Hysteresis .25 

VOL Output "Low" Voltage OSC, 
rp2 (TTL) 

All Other Outputs 

VOH Output "High" Voltage 

I/Jl ,I/J2 9.0 
READY, RESET 3.3 
OSC,I/J2 (TTL), STSTB 2.4 

Ios[l] Output Short Circuit Current -10 
(All Low Voltage Outputs Only) 

lee Power Supply Current 

100 Power Supply Current 

Note: 1. Caution, <1>1 and <1>2 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. 
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Max. Units Test Conditions 

-.25 mA VF = .45V 

10 IlA VR = 5.5V 

-1.2 V Ie = -5mA 

.8 V Vee = 5.0V 

V 

V Vee = 5.0V 

.45 V IOL = 10mA 

.45 V IOL = 2.5mA 

V IOH = -1001lA 
V IOH = -100IlA 
V IOH = -lmA 

-60 mA Vo =OV 
Vee =5.0V 

115 mA 

12 mA 



M8224 

A.C. CHARACTERISTICS 
Vcc = +5.0 ±10%; Voo = +12.0V ±10%; TA = -55°C to +125°C 

Symbol Parameter Min. 

t</>1 1>1 Pulse Width 2tcy _ 20ns 
9 

t</>2 1>2 Pulse Width 5tcy _ 45n5 
9 

t01 1>1 to 1>2 Delay 0 

t02 1>2 to 1> 1 Delay 2tcy _ 25n5 
9 

t03 1>1 to 1>2 Delay 
2tcy 

9 

tR 1>1 and 1>2 Rise Time 

tF 1>1 and 1>2 Fall Time 

to</>2 1>2 to 1>2 (TTL) Delay -5 

toss 1>2 to STSTB Delay 6tcy _ 30ns 
9 

tpw STSTB Pulse Width tcy _ 23n5 
9 

tORS 
RDYIN Setup Time to 50ns _ 4tcy 
Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 

After STSTB 9 

tOR 
READY or RESET to 4tcy _ 25n5 
1>2 Delay 9 

tCLK ClK Period 

fmax 
Maximum Oscillating 

27 
Frequency 

Cin Input Capacitance 
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Limits 
Typ. Max. 

~tcy + 40n5 
9 

25 

25 

+15 

6tcy 
9 

tcy 

9 

8 

Units 

ns 

ns 

MHz 

pF 

Test 
Conditions'::' ' ',,} 

CL = 20pF to 50pF 

1>2TTl,Cl=30pF 
R1~300n 

R2=600n 

STSTB, Cl=15pF 

R1 = 2K 
R2 = 4K 

Cl=10pF 

R1=2K 
R2=4K 

Vcc=+5.0V 
\I~~"",+ 1?\I 

Vs1As=2.5V 
f=l MHz 

Vee 
TEST 

CIRCUIT 

R, 

INPUT > 

Icc R, 

1ND GND 



M8224 

WAVEFORMS 
I---------------'Cy 

'F 

l~ ·t 1---'03 tljJ2 
'02 . 

- C tO\i2 to"i2--' i I f 

J / SYNC 
(FROM 8080A 

_-,,,,--I toss '",-

1------tORH-----1 

"'\ir---------,ir - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RDYIN OR RESIN 

- - - - - - - - - - - - - - - - - - - '\p-------j-------------
READVOUT 

-------------,~ - - - - - - - - - - - - - - - - - - - - - - - - - _. 
------- tOR--

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; Voo = +5V ±10%; Voo = +12V ±10%. 

Symbol Parameter Min. 

t,pl <Pl Pulse Width 89 

t</>2 <P2 Pulse Width 226 

tOl Delay <Pl to <P2 o 
t02 Delay <P2 to <Pl 84 

t03 Delay <Pl to <P2 Leading Edges 109 

tr Output Rise Time 

tf Output Fall Time 

toss <P2 to STSTB Delay 296 

to</>2 <P2 to <P2 (TTL) Delay -5 

tpw Status Strobe Pulse Width 31 

tORS RDYIN Setup Time to STSTB -167 

tORH RDYIN Hold Time after STSTB 217 

tOR READY or RESET 192 
to <P2 Delay 
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Limits 
Typ. Max. 

149 

Units Test Conditions 

ns 1 tcy=488.28ns 

ns 

ns 

ns _ <Pl & <P2 Loaded to 

ns 
Cl = 20 to 50pF 

25 ns 

25 ns 

326 ns 

+15 ns 

ns 

ns 

ns 

ns 

Ready & Reset Loaded 
to 2mA/l0pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 



inter 
M8228 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR M8080A CPU 

• Single Chip System Control for 
MCS.80 ™ Systems . 

• User Selected Single Level Interrupt 
Vector (RST 7) 

• 28·Pin Dual In·Line Package 
• Built·ln Bidirectional Bus Driver for 

Data Bus Isolation • Reduces System Package Count 

• Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 

• Full Military Temperature Range 
- 55°C to + 125°C 

• ± 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 1/0 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 110. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and 110. 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 

STSTB Vee 

HLDA I/OW 

WA MEMW 

DBIN IjOR 

DB4 MEMR 

04 INTA 

DB7 BUSEN 

07 06 

DB3 DBB 

03 05 

DB2 DB5 

02 01 

DB~ DBl 

GND D~ 

07-00 

DB7-DBD 

IIOR 

I/OW 

MEMR 

MEMW 

DBIN 

{ 
00_ 
0 , -

CPU °2-

DATA ~3 =: 
BUS 4 0,-

0,-0,-

BLOCK DIAGRAM 

_
DB01 -DB, 

-082 

- DB3 SYSTEM DATA BUS 
- DB4 
- DB5 
- DB6 
-087 

~STB __________________ ~ 

DBIN ----------------------------1 
WR---------------------------q 

HLDA -----------------------------f 

PIN NAMES 

DATA BUS (8080 SIDE) INTA INTERRUPT ACKNOWLEDGE 

DATA BUS (SYSTEM SIDE) HlDA HlDA (FROM 8080) 

I/O READ WA WR (FROM 8080) 

I/O WAITE BUSEN BUS ENABLE INPUT 

MEMORY READ STSTB STATUS STROBE (FROM 8224) 

MEMORY WRITE Vee +5V 

081N (FROM SOBOl GND o VOLTS 

14-63 
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M8228 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... _55° C to 125°C 

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

Supply Voltage, Vee .............. -0.5V to +7V 

Input Voltage ................. " -1.0Vto +7V 

Output Current. . . . . . . . . . . . . . . . . . . . .. 100mA 

'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 abtive 
those indicated in th(i operational sections of this specifi· 
cation is not implied. Exposure to absolute maximum 
ratiog conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS TA = -55°C to 125°C; Vee = 5V ±10%. 

Limits 
Symbol Parameter Min. Max. Unit Test Conditions 

Ve Input Clamp Voltage, All Inputs -1.2 V Ie = -5mA 

IF I nput Load Current, 500 /1A 
STSTB 

02,06 750 /1A VF = 0.4V 

00,01,04,05,07 250 /1A 

All Other Inputs 250 IlA 

IR Input Leakage Current 

OBO - 0 7 20 /1A VR = 5.5V 

All Other Inputs 100 /1A 

VTH Input Threshold Voltage, All Inputs 0.8 2.0 V Vee = 5V 

lee Power Supply Current 210 mA 

VOL Output Low Voltage, 

00 - 07 .5 V IOL = 2mA 

All Other Outputs .5 V 10L = 10mA 

VOH Output High Voltage, 

0 0 - 0 7 3.3 V 10H = -101lA 

All Other Outputs 2.4 V 10H = -lmA 

los Short Circuit Current, All Outputs 15 90 mA Vee = 5V 

10 (Off) Off State Output Current, 
All Controls Outputs 100 /1A Vo = 5.5V 

-100 /1A Vo - .45V 

liNT I NT A Current 5 mA (See Figure 1) 

Note 1: Typical values are for T A 0= 250 C and nominal supply voltages. 
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M8228 

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

Limits 

Symbol Parameter Min. TypJ1J Max. Unit 

CIN I nput Capacitance 8 12 pF 

GoUT 
Output Capacitance 

7 15 pF 
Control Signals 

I/O 
I/O Capacitance 

8 15 pF 
(D or DB) 

TEST CONDITIONS: VBIAS = 2.5V, Vee=5.0V, TA = 25°C, f = 1 MHz. 

Note 2: For 00.07: R1 = 4K.I1, R2 = ~.11. 
e L = 25pF. For all other outputs: 
Rl = 500.11, R2 = 1 K.I1, eL = 100pF. 

A.C. CHARACTERISTICS TA = -55°C to 125°C; Vee = 5V ±10%. 

Symbol Parameter 

tpw Width of Status Strobe 

tss Setup Time, Status Inputs Do·D 7 

tSH Hold Time, Status Inputs DO·D 7 

toe Delay from STSTB to any Control Signal 

tRR Delay from DBIN to Control Outputs 

tRE Delay from DBIN to Enable/Disable 8080 Bus 

tRO Delay from System Bus to 8080 Bus during Read 

tWR Delay from WR to Control Outputs 

tWE Delay to Enable System Bus DBo·DB7 after STSTB 

two Delay from 8080 Bus Do·D7 to System Bus 
DBo·DB7 during Write 

tE Delay from System Bus Enable to System Bus DB o·DB 7 
.... _-

--~.-

HLDA to Read Status Outputs 

tos Setup Time, System Bus Inputs to HLDA 

tOH Hold Time, System Bus Inputs to HLDA 

14·65 

+12V 

lKrI: !10% 

M8228 

23 
INTA P--------' 

Figure 1. INTA Test Circuit (for RST 7) 

Limits 

Min. Max. Units Condition 

25 ns 

8 ns 

5 ns 

20 75 ns CL = 100pF 

30 ns CL = 100pF 

45 ns CL = 25pF 

45 ns CL = 25pF 

5 60 ns Cl. = 100pF 

30 ns CL = 100pF 

ns CL = 100pF 
5 40 

30 ns CL - 100pF 

-- -
10 ns 

20 ns 



M8080A 
CPU 

M8228 

WR 18 

DBINf.!'CL7~_--_ 

HDLA t2<!1~~---;:J1_.h_1..; 

_____ 1 MEM R 

(FROM 8224) STATUS STROBE----------- MEM W CONTROL BUS 

INTAt 

Figure 2. M8080A CPU Interface 

/ 

CD c;J G) @ ® 
~"- INTA 0 0 0 0 0 

-~ 

D, WO 1 1 0 1 0 

D2 STACK 0 0 0 1 1 

D3 HLTA 0 0 0 0 0 

D. OUT 0 0 0 0 0 

D5 M, 1 0 0 0 0 

D6 INP 0 0 0 0 0 

D7 I MEMR 1 1 0 1 0 

® 
0 

1 

0 

0 

0 

0 

1 

0 

IIOR 
l/OW 

TYPE OF MACHINE CYCLE 
I 

STATUS WORD 

(j) 
0 

0 

0 

0 

1 

0 

0 

0 

® ® 
1 0 

1 1 

0 0 o 
0 1 

0 0 o 
1 0 

0 0 o 
0 1 o 

I --~-

INTA 

(NONE) 

L------INTA 
IIOW 

1/0 R 
MEMW 

MEM R 

MEMW 

MEM R 

I-- CONTROL 
SIGNALS 

L-__________________ MEM~ 

Figure 3. Status Word Chart 
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WAVEFORMS 

", 
"2---~ 

8080 DATA BUS 

OBIN 

HlDA 

INTA, iOR, MEMR 
DURING HlOA 

-
)I( 

tS:~-= 

'DC + 

M8228 

'PW -
~ 

* .... t8:---I 
~ 

'RR r-::::. 
\ J 
~ 

~ I~ tHO 

\ A 
J: tos _ .... tD~1 

-------- -- ,..- -------------rt ;'0'\. i3 'RE - - - - - - - - - - - - -
SYSTEM BUS DURING READ -------- ---

.-------- -r----I"<I: 
'RE- 1-

8080 BUS DURING READ 

lOW OR MEMW 

8080 BUS DURING WRITE - - - - - - - - - i­
SYSTEM BUS DURING WRITE - - - - - - - - - < 1 

- twE" 

)< --------------

~ ~ 
'wR-I .r ~II::. 'wR 

\ 1 

SYSTEM BUS ENABLE } =4' 
SYSTEMBUSOUTPUTS- --- - - --- _ - __ ~ -'~F~---------------

VOLTAGE MEASUREMENT POINTS: 00-07 (when outputs) Logic "0" = O.SV, Logic "1" = 3.0V. All other signals measured 
at 1.5V. 
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M8251 
PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous • Baud Rate - DC to 56k Baud (Sync Mode) 
Operation DC to S.1k Baud (Async Mode) 

• Synchronous: • Full Duplex, Double Buffered, 
5-8 Bit Characters Transmitter and Receiver Internal or External Character 

Synchronization • Error Detection - Parity, Overrun, 
Automatic Sync Insertion and Framing 

• Asynchronous: • Fully Compatible with SO SO CPU 
5-8 Bit Characters All Inputs and Outputs Are Clock Rate -1,16 or 64 Times • 

Baud Rate TTL Compatible 
Break Character Generation • Full Military Temperature Range 1, 1ljz, or 2 Stop Bits 
False Start Bit Detection -55°C to +125°C 

• ±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 statu~ 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 

0, 0, 

0, Do 

R,D Ver 

GND R,C 

0, DTR 

0, RTS 

0, OSR 

0, RESET 

T,C elK 

W- hO 

CS TxEMPTY 

CID CTs 
AD SYNDET 

RxAOV TxRDY 

Pin Name Pm Function 

07 Do Data Bus (8 blul 
C/O Control or Data IS to be Written or Read 

RD Read Data Command 

WR Wrtte Data Or Control Command 

CS Chip Enable 
elK Clock Pulse (TTL) 
RESEr Reset 
r;;c TransmItter Clock 

hO Transmitter Data 
RiC Receiver Clock 
R,D Receiver Oata 
R)I;RDY Receiver Readv (has character for 8080) 

T"RDY TransmItter Ready (ready for char from 8080) 

Pm Name Pm Function 

OSR Data Set Ready 
OTR Data Terminal Ready 
SYNDET Sync Detect 
RTS Request to Send Data 
CTS Clear to Send Data 
hE Transmttter Empty 

Vee +S Volt Supply 

GNO Ground 
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M8251 BLOCK DIAGRAM 

RESET _..--1._.., 

RD_ 
WR 

e5 ___ -' 

OSR_-.----, 

aTA 

CTS 
RTS 

T"ROV 

hE 

_SYNDfT 



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 to GND .............. -0.5V to +7V 

Power Dissipation .... .. 1 Watt 

D.C. CHARACTERISTICS 

TA = -55°C to +125°C; Vee = 5.0V ±10%; GND = OV 

Symbol Parameter Min. Typ. 

VIL Input Low Voltage -.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VO H Output High Voltage 2.4 

IDL Data Bus Leakage 

III Input Load Current 

Icc Power Supply Current 4!:J 

CAPACITANCE 

Symbol Parameter Min. Typ. 

CtN I nput Capacitance 

CliO I/O Capacitance 

TEST LOAD CIRCUIT: 

2V 

5101: 

DUT 

ICL 24K 

-=-

Figure 1. 

M8251 
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'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 
rating conditions for extended periods may affect device 
reliability. 

Max. Unit Test Conditions 

0.8 V 

Vee V 

0.45 V IOL = 1.6mA 

V IOH = -100!1A 

50 !1 A VOUT = .45V 

10 !1 A VOUT = VCC 

10 !1A VIN = 5.5V 

BO 

Max. Unit Test Cond itions 

10 pF fc=lMHz 

20 pF Unmeasured pins returned to GND. 

+2 0 

+1 
/ 

-1 

0 
/ 

/ 1"- SPEC 

0 

V 

-2 0 / 
-100 -50 +50 ·100 

..l CAPACITANCE (pF) 



M8251 

A.C. CHARACTERISTICS [2) 

Symbol Parameter Min. Typ. 

tCY Clock Period .420 

t</>W Clock Pulse Width 220 

tR,tF Clock Rise and Fall Time 0 

tWR WRITE Pulse Width 400 

tos Data Set-Up Time for WR ITE 200 

tOH Data Hold Time for WR ITE 40 

tAW Address Stable before WRITE 20 

tWA Address Hold Time for WR ITE 20 

tRO READ Pulse Width 430 

too Data Delay from READ 

tOF READ to Data Floating [3) 25 

tAR Address (CE, C/O) Stable before READ 50 

tRA Address (CE, C/O) Hold Time for READ 5 

tOTx TxD Delay from Falling Edge of TxC 

tSRx Rx.Data Set-Up Time to Sampling Pulse 2 

tHRx Rx Data Hold Time to Sampling Pulse 2 

fTx [11 Transmitter Clock Frequency 

1 X Baud Rate DC 

16X and 64X Baud Rate DC 

fRx [1) Receiver Clock Frequency 

1 X Baud Rate DC 

16X and 64X Baud Rate DC 

tTx TxRDY Delay from Center of Data Bit 

tRx RxRDY Delay from Center of Data Bit 15 

tiS Internal Syndet Delay from Center of Data Bit 20 

tES External Syndet Set-Up Time before Falling 

Edge of RxC 

Notel: The TxC and RxC frequencies have the following limitalion wllh respecI 10 CLK. 
For ASYNC Mode, ITx or IRx ~. 4.5 ICY 
For SYNC Mode, tTx or IRx ;;. 30 ICY 

2. AC timings are measured alVaH = 2.0V, VOL = O.BV, and load CIrculI of Figure 1. 
3. Floal limings are measured al VOH = 2ABV, VOL = 2.0BV 

Figure 1. Test Load Circu it. 

WAVEFORMS (See 8251 Waveforms, page 10-155) 
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Max. Unit Test Conditions 

1.35 j1~ 

ns 

50 ns 

ns 

ns 

ns 
, 

ns 

ns 

ns 

350 ns 

200 ns CL ~15pF to lOOp F 

ns 

ns 

1 j1S 

j1S 

j1S 

56 KHz 

529 KHz 

56 KHz 

529 KHz 

16 CLK Period 

20 CLK Period 

25 CLK Period 

16 CLK Perloci 
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M8255A ,il', 

PROGRAMMABLE PERIPHERAL INTERFAce":," 

• 24 Programmable 1/0 Pins 

• Completely TTL Compatible 

• Fully Compatible with MCS.80 ™ 
Microprocessor Family 

• Full Military Temperature Range 
- 55°C to + 125°C 

• Direct Bit SetlReset Capability Easing 
Control Application Interface 

• 40·Pin Dual In· Line Package 

• Reduces System Package Count 

• ± 10% Power Supply Tolerance 

The IntellBl M8255A is a general purpose programmable 1/0 device designed for use with microprocessors. It has 24 1/0 
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 1/0 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 

P112QL20 _____ 2-/, P PB3 

PIN NAMES 

0,--0, DATA BUS IBI·DIRECTIONAL) 
RESET RESET INPUT 

~ CHIP SELECT 
RD READ INPUT 
WR WRITE INPUT 

AD.A' PORT ADDRESS 
PA7·PAO PORT AIBIT) 
PB7·PBO PORTBIBIT) 
PC7·PCO PORTC IBIT) 

Vee +5 VOLTS 
. GND 'VOLTS 

I-·'v POWER 
SUPPLIES 

-_GND 

,,-----' 
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K===:)PA/PAO 

I/L-~-". ,n 
IV-~-v pc, PC. 

I/L-~-". ,n 
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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 to GND .............. -0.5V to +7V 

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

'COMMENT: Stresses above th~slf~~~ under "Absolute 
Maximum Ratings" may cause perm~~~~'t,iJa'(nage to the 
device. This is a stress rating only and fu~ctf~naf:'ppera. 
tion of the device at these or any other conditiori$ ii/il~v~ 
those indicated in the operational sections of this sP'~1::il)~'~I' 
cation is not implied. Exposure to absolute maximum ", 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS TA = -55°C to +125°C;Vee = +5V ±10%; GND = OV 

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

VIL Input low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL (DB) Output low Voltage (Data Bus) 0.45 V IOL = 2.5mA 

VOLIPER) Output low Voltage (Peripheral Port) 0.45 V IOL = 1.7mA 

VOH(DB) Output High Voltage (Data Bus) 2.4 V IOH = -400,uA 

VOH(PER) Output High Voltage (peripheral Port) 2.4 V IOH = -200,uA 

IOARlll Darlington Drive Current -1.0 -4.0 mA 

IcC Power Supply Current 120 mA 

IlL Input load Current ±10 ,uA VIN = Vee to OV 

IOFL Output Float leakage ±10 .uA VO UT = Vee to OV 

Note 1: Available on any 8 pins from Port Band C. 

~5,.o1~ LJI.n_·:VV-------vVEXT 
Il00PF 

A.C. CHARACTERISTICS TA = -55°C to +125°C, Vee = +5V ±10%; GND = ov 

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 

tRo Data Valid From READlll 250 ns 

tOF Data Float After READ 10 150 ns 

tRv Time Between READs and/or WR ITEs 850 ns 

tAW Address Stable Before WR ITE 0 ns 

tWA Address Stable After WR ITE 20 ns 

tww WR ITE Pulse Width 400 ns 

tow Data Valid to WRITE (T.E.) 100 ns 

two Data Valid After WR ITE 30 ns 

tWB WR = 1 to Output l11 350 ns 

tlR 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 
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tpH Per. Data After T.E. of STB 180 ns 

tAD ACK = 0 to Output l11 300 ns " (, 

tKD ACK = 1 to Output Float 20 250 ns 

tWOB WR=1toOBF=0111 650 ns 

tAOB ACK = Oto OBF = 1111 350 ns 

tSIB STB = 0 to IBF = 1111 300 ns 

tRIB RD=1toIBF=0111 300 ns 

tRIT RD = Oto INTR = 0111 400 ns 

tSIT STB = 1 to INTR = 1111 300 ns 

tAIT ACK= 1 to INTR = 1111 350 ns 

tWIT WR = Oto INTR = 0111 850 ns 

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

CAPACITANCE T A = 25°C, Vee = GND = OV 

SYMBOL PARAMETER 

CIN I nput Capacitance 

CliO I/O Capacitance 

Figure 31. Test Load Circuit 

INTR 

MIN. 

DATA FROM 
8080 TO 8255 

TYP. MAX. UNIT TEST CONDITIONS 

10 pF fc = 1MHz 

20 pF Unmeasured pins returned to GN D 

tAO- r---------------

-tAK -

_________________ ~{-tST- ,...-;~-+_--_t_---------

IBF 

DATA FROM 
PERIPHERAL TO 8255 

Figure 32. MODE 2 (Bidirectional) 

'I 
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M8085A 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

• Single +5V Power Supply 

• 100% Software Compatible with 8080A 

• 1.3 J.I.S Instruction Cycle 

• On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

• On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

• Four Vectored Interrupt Inputs (One is 
non-Maskable) Plus an 8080A­
compatible interrupt 

• Serial In/Serial Out Port 

• Decimal, Binary and Double Precision 
Arithmetic 

• Direct Addressing Capability to 64k 
Bytes of Memory 

The Intel® M8085A 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 perlormance 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. 

POWER 
SUPPLY 

I ACCUMULAT~:I L 

{_+5V 
-GND 

X,~ elK 
X2~ GEN 

CLKtUT 

INTA RST6.5 TRAP 

'T1RT51 RT
5 I SID 

T i D 

I INTERRUPT CONTROL I I SERIAL I/O CONTROL I 
f 8-BIT INTERNAL DATA BUS 1 

Jt 
TEMP REG. J INSTRUCTION 

181 REGISTER (81 

y~. FLIP·FLOPS 
B , .. e 181-

t t REG REG 

ARITHMETIC INSTRUCTION D 181 E 18' 
LOGIC DECODER REG REG 

U~~:UI F=-
AND 

H 181 l 18' MACHINE 
CYCLE REG REG 

181 ENCODING (16) 
STACK POINTER 

(16) 
PROGRAM COUNTER 

INCREMENTER/oeCREMENTER 
ADDRESS LATCH !l6( 

TIMING AND CONTROL 

I ADDRESS BUFfER 1811 RESET 
CONTROL STATUS DMA ~ 

~ I ~~ At.HJM I j ~ RESJOUT HLDA 

READY HOLD RESET IN A15 At! 
ADDRESS BUS 

Figure 1. M8085A CPU Functional Block Diagram. 
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Xl VCC 
X2 HOlO 

RESET OUT HlDA 
SOD ClK IOUTI 

SID RESET IN 
TRAP READY 

RST 7.5 IO/M 
RST 6.5 Sl 
RST 5.5 RD 

INTR WR 
INTA ALE 

ADO So 
ADl A15 
AD2 A14 
AD3 Al3 
AD4 Al2 
AD5 A" 
AD6 AlO 
AD7 Ag 

VSS AS 

Figure 2. M8085A Pinout Diagram 

M8085A FUNCTIONAL PIN DESCRIPTION 
The following describes the function of each pin: 

Symbol Function 

Aa-A15 
(Output, 3-state) 

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

ALE 
(Output) 

So, S1, and 101M 
(Output) 

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

Multiplexed AddresslData Bus: Low­
er 8 bits of the memory address i or 
1/0 address) appear on the bus dur­
ing the first clock cycle iT 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 fail­
ing edge ot AU: can also be usee to 
strobe the status information. ALE is 
never 3-stated. 

Machine cycle status: 
101M S1 So Status 
-0- 0 T Memory write 

o 1 0 Memory read 
o 1 1/0 write 

1 1 0 1/0 read 
o 1 1 Opcode fetch 

1 1 Interrupt Acknowledge 
o 0 Halt 
X X Hold 
X X Reset 

• = 3-state (high impedance I 
X = unspecified 
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Function 

S1 can be used as an advanced R/W 
status. IOIM,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. 

RD READ control: A low level on RD in­
(Output, 3-state) dicates the selected memory or I/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. 

WR 
(Output, 3-state) 

READY 
(Input) 

HOLD 
(Input) 

HLDA 
(Output) 

INTR 
(Input) 

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. 

If READY is high during areadorwrite 
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 is acknowledged, the 
Address, Data, RD, WR, and 101M 
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 

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 I PC, will be in­
hibited from incrementing and an 
INTAwil1 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) 

Symbol 

INTA 
(Output) 

RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 

TRAP 
(Input) 

RESET IN 
(Input) 

Name 

TRAP 

RST 7.5 

RST 6.5 

RST 5.5 

INTR 

NOTES: 

Function 

INTERRUPT ACKNOWLEDGE: Is 
used instead of (and has the same 
timing as) RD during the Instruction 
cycle after an INTR is accepted. It can 
be used to activate the 8259 Interrupt 
chip or some other interrupt port. 

RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
except they cause an internal RE­
START to be automatically inserted. 

The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi­
vidually masked out using the SIM 
instruction. 

Trap interrupt is a nonmaskable RE­
START interrupt. It is recognized at 
the same time as INTR or RST 5.5-7.5. 
It is unaffected by any mask or I nter­
rupt Enable. It has the highest priority 
of any interrupt. (See Table 1.) 

Sets the Program Counterto zero and 
resets the Interrupt Enableand HlDA 
flip-flops. The data and address buses 
and the control lines are 3-stated dur­
ing RESET and because of the asyn­
chronous nature of RESET, the pro­
cessor's internal registers and flags 
may be altered by RESET with unpre­
dictable results. RESET IN is a 

RESET OUT 
(Output) 

X1, X2 
(Input) 

elK 
(Output) 

SID 
(Input) 

SOD 
(Output) 

Vee 
Vss 

Function 

Schmitt-triggered input, allowing: 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long as 
RESET IN is applied. 

Indicates cpu is being reset. Can be 
used as a system reset. The signal is 
synchronized to the processor clock 
and lasts an integral number of clock 
periods. 

X1 and X2 are connected to a crystal, 
lC, or RC network todrivethe internal 
clock generator. X 1 can also be an 
external clock input from a logic gate. 
The input frequency is divided by 2 to 
give the processor's internal oper­
ating frequency. 

Clock Output for use as a system 
clock. The period of ClK is twice the 
X1, X2 input period. 

Serial input data line. The data on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe­
cuted. 

Serial output data line. The output 
SOD is set or reset as specified by the 
SIM instruction. 

+5 volt supply. 

Ground Reference. 

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 

Address Branched To (1) 
Priority When Interrupt Occurs Type Trigger 

1 24H Rising edge AND high level until sampled. 

2 3CH Rising edge (latched). 

3 34H High level until sampled. 

4 2CH High level until sampled. 

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

(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. 
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FUNCTIONAL DESCRIPTION 
The M8085A is a complete 8-bit parallel 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/IO (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 or as 
16-bit register pai rs. 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 
Reg isters; data 16bitsx3 
pOinte,,!; (HL) 

SP Stack Pointer 16-bit address 

Flags or 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 cycle 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 bus is 
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 
M8085A 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 I/O 
The M8085A has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP.INTR is identical in function 
~-: ~'--:, 0"0" I\. .".T t: ......... h ",f +ho. thl".oo j::U=~TART jnnllt~ Fi_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:"lTheln i\:;"l~i,,;'\~t auto­
matically. This flip-flop may also bEn~et,by\" ',tt,le 
SIM instruction or by issuing a RESET IN'!0.ttre" 
The RST 7.5 internal flip-flop will be set by ap\J,'~~':Oll 
RST 7.5 pin even when the RST 7.5 interrupt is masKet£9i!Jt" 

The status of the three RST interrupt masks can only Be 
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. 
It 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 M8085A. 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 EI instruction is executed. 

EXTERNAL 
TRAP 
INTERRUPT 
REOUEST 

INSIDE THE M8085A 

TRAP 

+5V 0 elK 

INTERNAL 

L- ACKNOWLEDGE 

D 
FIF 

TRAP F.F. 

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 I/O 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 
The M8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 4 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the 1/0 write and 
read cycle that the 1/0 port address is copied on both the 
upper and lower half of the address. 

There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (101M, S1, So) and the three control 
signals (im, 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 1 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states (unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 

M, 

elK T, 

Aa-A 15 PCH (HIGH ORDER ADDRESS) 

AD0-7 

ALE 

RB 

WR 

101M 

STATUS s,So (FETCH) 

Figure 4. M8085A Basic System Timing 

TABLE 2. M8085A MACHINE C'(CL~,.caART 

MACHINE CYCLE 
STATUS I~ON;'R" 
101M 51 SO I'll) WR !W' 

OPCODE FETCH (OF) 0 1 1 0 1 
MEMORY READ (MR) 0 1 0 0 1 
MEMORY WRITE (MW) 0 0 1 1 0 
1/0 READ (IORI I 1 0 0 1 
1/0 WRITE (IOWI I 0 1 1 0 
ACKNOWLEDGE 
OF INTR (INAI 1 1 1 1 1 
BUSIDLE (BI): DAD 0 1 0 1 1 

ACK. OF 
RST.TRAP 1 1 1 1 1 
HALT TS 0 0 TS TS 

TABLE 3. M8085A MACHINE STATE CHART 

Machine 
State 

T, 

T2 

TWAIT 

T3 

T4 

T5 

TS 

TRESET 

THALT 

THOLD 

o '" logiC "0" 

1 '" LogiC "1" 

Sl.S0 

X 

X 

X 

X 

1 

1 

1 

X 

0 

X 

Status & Buses 

10/iiii As-A'5 ADo-AD7 

X X 

X X 

X X 

X X 

0' X 

0' X 

0' X 

TS TS 

TS TS 

TS TS 

TS'" High Impedance 
X '" Unspecified 

X 

X 

X 

X 

TS 

TS 

TS 

TS 

TS 

TS 

Control 

RD.WR INTA 

1 1 

X X 

X X 

X X 

1 

I 
1 

1 1 

1 1 

TS 1 

TS 1 

TS 1 

~ ALE not generated durmg 2nd and 3rd machine cycles of DAO instruction 

t 101M = 1 during T 4 - T6 of INA machine cycle, 

M, M3 

(PC + l)H 

10 (READ) 01 WRITE 11 
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0 

0 

0 

0 

0 
\ 0 
i 0 I 

! 
0 

0 

1 , 
I 
1 
1 

0 
1 

1 

1 
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TABLE 4. 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 to Ground ............ -0.5V to +7V 
Power Dissipation. . . . . . . . . . . . . . . . . . 1.5 Watt 

TABLE 4. D.C. CHARACTERISTICS 

'COMMENT ""'.,' ',;,. >"~";" I;; . 
Stresses above those listed under "Absolute Maximum Ratings" 'M~:~'~" '~'~'" 
permanent damage to the device. This is a stress rating only and functf"",a'j "~: , 
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 conditions for extended penods 
may affect device reliability. 

(TA = -55°C to +125°C; VCC = 5V ±10%; VSS = OV; unless otherwise specified) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.2 Vec·+0.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VOH Output High Voltage 2.4 V IOH = -400JlA 

lee Power Supply Current 200 mA 

IlL Input Leakage ±10 JlA Vin = Vee 

ILO Output Leakage ±10 JlA 0.45V ..; Vout ..; Vee 

VILR Input Low Level, RESET -0.5 +0.8 V 

VIHR Input High Level, RESET 2.4 VCC +0.5 V 

VHY Hysteresis, RESET 0.25 V 
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TABLE 5. A.C. CHARACTERISTICS 
TA = -55°C to +125°C, VCC = 5V ±10%; VSS = OV 

Symbol Parameter M8085A[2] Units 

Min. Max. 

tCYC ClK Cycle Period 320 2000 ns 

t1 ClK low Time 80 ns 

t2 ClK High Time 120 ns 

tr,tf ClK Rise and Fall Time 30 ns 

tXKR Xl Rising to ClK Rising 30 120 ns 

tXKF Xl Rising to ClK Falling 30 150 ns 

tAC AS-1S Valid to leading Edge of Control[ll 270 ns 

tACL AO-7 Valid to leading Edge of Control 240 ns 

tAO AO-1S Valid to Valid Data In 575 ns 

tAFR Address Float After leading Edge of 0 ns 
READ (lNTA) 

tAL AS-1S Valid Before Trailing Edge of AlE[l] 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 

tcc Width of Control low (RD, WR, INTA) 400 ns 
Edge of ALE 

tCL Trailing Edge Qf 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 

tHOH HOLD Hold Time 0 ns 

tHOS HOLD Setup Time to Trailing Edge of eLK 170 ns 

tlNH 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 

tLC Trailing Edge of ALE to Leading Edge 130 ns 
of Control 

tLCK ALE Low During ClK High 100 ns 

tLOR 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[21 Units 

Min. Max. 

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

tRO READ (or INTA) to Valid Data 300 ns 

tRV Control Trailing Edge to leading Edge 400 ns 
of Next Control 

tROH Data Hold Time After READ INTA [71 0 ns 

tRYH READY Hold Time 0 ns 

tRYS READY Setup Time to leading Edge 110 ns 
of ClK 

two Data Valid After Trailing Edge of WRITE 100 ns 

tWOL lEADING Edge of WRITE to Data Valid 40 ns 

~~ - -
1. Aa-A15 address Specs apply to 101M, So. and S1 except Aa-A15 are undefined during T4-Ta of OF cycle whereas 101M, So, and 

S1 are stable. 
2. Test conditions: teye = 320ns; CL = 150pF. 
3. For all output timing where CL = 150pF use the following correction factors: 

25pF :5 CL < 150pF: -0.10 ns/pF 
150pF < CL :5 300pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 
5. All timings are measured at output voltage VL = o.av, VH = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
6. To calculate timing specifications at other values of teye use Table 6. 
7. Data hold time is guaranteed under all loading conditions. 
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X, INPUT 

elK 
OUTPUT 

M8085A 

TABLE 6. BUS TIMING SPECIFICATION AS A TCYC DEPENDENT 

M8085A 

tAL - (1/2)T-45 MIN 

tlA - (1/2) T - 60 MIN 

tll - (1/2) T - 20 MIN 

t lCK - (1/2) T - 60 MIN 

t lC - (1/2) T - 30 MIN 

tAD - (5/2 + N) T - 225 MAX 

tRD - (312+N)T-180 MAX 

tRAE - (1/2)T-l0 MIN 

tCA - (1/2) T - 40 MIN 

tDW - (3/2 + N) T - 60 MIN 

tWD - (1/2) T - 60 MIN 

tcc - (3/2 + N) T - 80 MIN 

tCl - (1/2) T - 110 MIN 

t ARy - (3/2) T - 260 MAX 

t HACK - (1/2) T - 50 MIN 

tHABF - (112)T+50 MAX 

tHABE - (1/2) T + 50 MAX 

tAC - (2/2) T - 50 MIN 

t, - (1/2) T - 80 MIN 

t2 - (1/2) T - 40 MIN 

tRV 
- (3/2) T - 80 MIN 

tlDR - (4/2) T - 180 MAX 

NOTE: N is equal to the total WAIT states. 

T= tCYC. 

1------·CyC -------+] 

Figure 5. Clock Timing Waveform 
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M8085A 
r ''mI 

'~ , .. 
Read Operation 

T, I T, I T3 I f\\ .,,",. 

ClK \~----,/~-},------, t \ / \ 
'.\ \,1 

I r--- t lCK _ ..--tCA_ 
, \~ 

5 )! ADDRESS 

___ - tRAE ---.... 
tAD_ tRDH ___ 

) ADDRESS 4!ll $#,) DATA IN "'" ~ 
"I 

ALE 

I r- t lL -------+- ~tlA--
t

AFR
_ -- tLDR '-'eL--1 

___ t AL __ I, 'RO . 
I. ,I 

---- t lC-. "i-
'ee 

~ RD/INTA 

tAC_ 

Write Operation I I I T, T, T3 T, 

ClK\ / ) / \ / \ I 
r-- t LcK 

)! ADDRESS X 
~'LDW- t~teA--j 

) ADDRESS DATA OUT K. 
1-rtll- -'LA---+ 'ow ------ two ---" 

ALE - f--'WOL rJ 

I--"L-
tcc . 

~'L~ __ tel ___ 

tAC~ 

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

T, T, TWAIT T3 T, 

\ ....... ---</ \'------'/ 
-} ADDRESS 

~[------------------~----~~-----

'AD 

ADDRESS (1/ 

i -tLl~ 
___ t lA -_ 

tAFR ___ -ALE tLOR 

i- tAL __ tRD 

I 
I _tLC_\I., 

tcc 

, _tLRY~ tAC ___________ 

j' tARV ~' tRVS tRY\-! 

RD/INTA 

1 
READY 

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

T, T3 THOLD T HOLD T\ 

eLK \ / , / \ , 
~~ 

{'HOS. 
1 

+tHDH r- t HACK ..... 

HOLD 

t \ 'HASF-jo-
~tHABE-

HLDA 

BUS (ADDRESS, CONTROLS) ~ 

Figure 7. MSOS5A Hold Timing 

T, T, T3 T, T, 

A8-15:J=====:==~--------I 
AD0-7 

BUS FLOATING* ------~ 

ALE 

w------------~----~~--------------~~--v----------

HOLD 

HLDA ______________ -JI 

*IO/M IS ALSO FLOATING DURING THIS TIME. 

Figure S. MSOS5A Interrupt and Hold Timing 
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TABLE 7. INSTRUCTION SET SUMMARY 

Instruction Codelll ClocklZI Inltruction,Codetl} >'l:.c~IZI" 
Mnemonic Descriplion 07 06 05 04 03 Dz 01 Do Cycles Mnemonic Description 07 06 05 04 03112 01 '!,110 Cv .... ,!, 

MOVE. LOAD. AND STORE CPE Call 0.1 parity even 0 , !11'\S. 
MOV,1,2 Move register to register CPO Call on parlly odd 9/:18 

MOV M" Move register to memory RETURN 
MOV r M Move memory to register AET Return 10 
MVI r Move Immediate register AC Return on carry 6112 

MVI M Move Immediate memory 10 ANC Return on no carry 6112 
LXI8 Load Immediate register 10 AZ Return on zero 6112 

Pair 8 & C ANZ Return on no zero 6112 
LXI 0 Load Immediate register 10 AP Return on positive 6112 

Pair 0 & E AM Return on minus 6112 
LXI H Load Immediate register 10 APE Return on partty even 6112 

Pair H & L APO Return on parity odd 6112 
LXI SP load Immediate stack 10 RESTART pOinter 

STAX 8 Store A Indirect 
AST Restart A A 12 

STAX 0 Store A Indirect INPUT IOUTPUT 

LDAX 8 Load A indirect IN Input 10 

LDAX 0 Load A Indirect OUT Oulput 0 1 10 

STA Store A direct t3 INCREMENT ANO DECREMENT 
LOA Load A direct 13 INA r Increment register 

SHLD Store H & L direct 16 DCA, Decrement register 4 

LHLD Loa'd H 8. L direct 16 INA M Increment memory 10 
XCHG Exchange 0 & E H & L DCA M Decrement memory 1 10 

Registers INX B Increment 8 & C 0 1 6 
STACK OPS registers 
PUSH 8 Push register Pair B & 12 INX 0 Increment 0 & E 

C on stack registers 
PUSH 0 Push register Pair 0 & 12 INX H Increment H & L 

E on Slack registers 
PUSH H Push register Pair H 8. 12 INX SP Increment stack pOinter 

L on stack DCX B Decrement 8 8. C 
PUSH PSW Push A and Flags 12 DCX 0 Oecrement 0 & E 

on stack DCX H Decrement H & L 
POP 8 Pop register Pair 8 & 10 DCX SP Decrement stack 

C olf stack pOinter 
POP 0 Pop register Pair 0 & 10 

ADD E off stack 
POP H Pop register Pair H & 10 AOD, Add register to A 

L olf stack AOC I Add register to A 

POP PSW Pop A and Flags 10 with carry 

olf stack ADD M Add memory to A 

XTHL Exchange top of 16 ADC M Add memOI y 10 A 1 0 
stack H & L with carry 

SPHL H & L to stack pOinter AOI Add Immediate to A 

JUMP ACI Add Immediate to A 
with carry 

JMP Jump unconditional 10 DAD B Add B 8. C to H & L 10 
n 1 n 711n /I,,-IM n R 1= In 1-1 R. I n n n 1 10 

JNC Jump on no carry 7110 DAD H Add H & L to H & L 10 
JZ Jump on zero 7110 DAD SP Add stack pOinter to 10 
JNZ Jump on no zero 7110 H & L 
JP Jump on positive 7110 SUBTRACT 
JM Jump on mmus 7110 SUB, Subtract register 

JPE Jump on panty even 7110 Irom A 

JPO Jump on panty odd 7110 SBB r Subtract register 1r0m 

PCHL H & L to program 6 
A with borrow 

counter SU8 M Subtlact memory 

CALL 
from A 

S8B M Subtract memory from 
CALL Call unconditIOnal 18 A with borrow 
CC Call on carry 9118 SUI Subtract Immediate 
CNC Call on no carry 9118 from A 
CZ Call On zero 9118 S81 Subtract Immediate 

CNZ Call On no zero 9118 from A with borrow 

CP Call On positive 9118 LOGICAL I CM Call on minus 9118 ANA, And register with A 0 1 0 0 S S S 
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Mnemonic 

XRA r 

ORA r 

CMPr 
ANA M 

XRA M 

ORA M 
CMP M 

ANI 
XRI 

ORI 

CPI 

ROTATE 

RlC 
RRC 

NOTES 

Description 

Exclusive Or register 
wrlh A 

Or register with A 

Compare register with A 

And memory wrlh A 

Exclusive Or memory 
wrth A 
Or memory with A 

Compare memory with A 

And Immediate with A 

Exclusive Or Immediate 
wrth A 

Or Immediate with A 

Compare Immediate 
wllh A 

Rotale A lell 
Rotate A IIghl 

D) 

M8085A 

TABLE 7. INSTRUCTION SUMMARY (Cont.) 

Instruction Cadell I Clockl11 
06 05 04 03 01 01 DO Cycles 

S 

Mnemonic Description 

RAl Rolale (1 lelllhrough 
carry 

RAR Rotate A light through 
car ry 

SPECIALS 

CMA Complement A 

STC Set carry 
CMC Complement carty 

OAA Decimal adjust A 

CONTROL 
EI Enable Interrupls 

DI Disable Interrupt 

Nap No-operation 

HLT Hall· 

NEW MBOB5 A INSTRUCTIONS 

RIM 
SIM 

Read Interrupt Mask 
Set Interrupt Mask 

000 or SSS BODO. COOl. 0 010 E 011 H 100 l 101 Memory 110 Alii 
Two possible cycle times. (6/12) indicate Instruction cycles dependent on condition flags 

"Afl mnemonics copYright ©Intel Corporation 1977 
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M8155 

2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

• Military Temperature Range Operation • 2 Programmable 8 Bit I/O Ports 
(-55° C TO +125° C) 

• 256 Word x 8 Bits 

• Single +5V Power Supply 

• Completely Static Operation 

• Internal Address Latch 

• 1 Programmable 6-Bit I/O Port 

• Programmable 14-Bit Binary Counter/ 
Timer 

• Multiplexed Address and Data Bus 

• 40 Pin DIP 

The M8155 is a RAM and I/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 I/O 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 

pC3 vee 
PC4 PC, 

~ 
TIMER IN PC, 101M 

RESET PCo PAo- 7 

PC5 PB, 
ADo 7 256 X 8 

TIMER OUT PB6 ST ATiC 

101M PB5 RAM 

0 CE PB4 CE 

AD PB3 
PSo· 7 

ALE .R_ 
ALE PB, RD 

B 
ADo PBo WR 
AD, PA, PCo- s 

RESET TIMER AD, PA6 

AD3 PA5 

~vee 1+5VI 
AD4 PA4 

TIMER elK 
AD5 PA3 

TIMER OUT 
AD6 PA2 

Vss (OV~ 

AD, PA, 

vss PAo 
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M8155 PIN FUNCTIONS 

~y'mbol 

RESET 
(input) 

ADo-7 
(input) 

CE 
(inputl 

RD 
(input) 

WR 
(input) 

Function 

Pulse provided by the 8085A to ini­
tialize the system (connect to 8085A 
RESET OUTI. Input high on this line 
resets the chip and initializes the 
three 1/0 ports to input mode. The 
width of RESET pulse should typically 
be two 8085A clock cycle times. 

3-state AddresslData lines that inter­
face with the CPU lower 8-bit Ad­
dresslData Bus. The 8-bit address is 
latched into the address latch inside 
the M8155 on the falling edge of ALE. 
The address can be either for the 
memory section or the 1/0 section 
depending on the 101M input. The 8-
bit data is either written into the chip 
or read from the chip, depending on 
the WR or RD input signal. 

Chip Enable: On the M8155, this pin is 
CE and is ACTIVE LOW. 

Read control: Input low on this line 
with the Chip Enable active enables 
and ADo-7 buffers. If 101M pin is low, 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected 1/0 port or commandl 
status registers will be read to the 
AD bus. 

Write control: Input low on this line 
with the Ch i P Enable active causes 
the data on the Add resslData bus to 
be written to the RAM or 110 ports and 
commandlstatus register depending 
on 101M. 

DESCRIPTION 
The M8155 contains the following: 

• 2k Bit Static RAM organized as 256 x 8 
• Two 8-bit 1/0 ports (PA & PB) and one 6-bit 110 port (PC) 
• 14-bit timer-counter 

The 101M (IO/Memory Select) pin selects either the five 
registers (Command, Status, PAO--7, PBO-7, PCO-SI or 
the memory {RAM I portion. I See Figure 1. I 

The 8-bit address on the AddresslData lines, Chip Enable 
input CE or CE, and 10iM are all latched on-Chip at the 
falling edge of ALE. 
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~y'mbol 

ALE 
(inputl 

101M 
(input) 

PAO-7(81 
(input/output) 

PBO-7(8) 
(input/outputl 

PCo-s(61 
(input/output) 

TIMER IN 
(input) 

TIMER OUT 
(output) 

Vee 

Vss 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L ____ _ 

Function '.' ':;" " ~j~~~I'" 
Address Latch Enable: 'T~:i~'':co~i~til'~) I'; 
signal latches both the addressO/'l'lth§l, ' ,~ I' 
ADo-7 lines and the state of the etliP"" 
Enable and 101M into the chip at the 
falling edge of ALE. 

Selects memory if low and 1/0 and 
commandlstatus registers if high. 

These 8 pins are general purpose 1/0 
pins. The inlout direction is selected 
by programming the command 
register. 

These 8 pins are general purpose 110 
pins. The inlout direction is selected 
by programming the command 
register. 

These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the command reg­
ister. When PCo-s are used as control 
signals, they will provide the fol­
lowing: 
PCo - A INTR (Port A Interrupti 
PC, - ABF (Port A Buffer Fulll 
PC2 - A STB iPort A Strobe I 
PC3 - B INTR (Port B Interrupt I 
PC4 - B BF (Port B Buffer Full I 
PCs - B STB (Port B Strobe I 

Input to the counter-timer. 

Timer output. This output can be 
either a square wave or a pulse de­
pending on the timer mode. 

+5 volt supply. 

Ground Reference. 

TIMER 
MODE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _________ .J 

Figure 1. M8155 Internal Registers 
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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) areforthetimer. 

The command register contents can be altered at any 
time by using the I/O address XXXXXOOO during a WRITE 
operation with the Chip Enable active and 10iM = 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. 

ITM, TM,jIEBjIEAj pc,j pc, PB j PA I 
L...-.-.--J 

0'" INPUT 
, = OUTPUT 

DEFINES PBO_7 r= DEFINES PAO-' } 

DEFINES PCO-' { 

00= ALI 1 
11=ALT2 
01=ALT3 
10 = ALT 4 

L-_____________ ~~:E~~U~RTA 

L-________________ ~~::i~~~RTB 
} 

1" ENABLE 

0'" DISABLE 

00::: NOP - DO NOT AFFECT COUNTER 
OPERATION 

01'" STOP - NOP IF riMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

-TIMER COMMAND 

10 = STOP AFTER Te - STOP IMMEDIATELY 
AFTER PRESENT Te IS REACHED (NOP 
IF TIMER HAS NOT STARTEDl 

11 = START - LOAD MODE AND CNT LH!GTH 
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 Te 
IS REACHED. 

Figure 2. Command Register Bit Assignment 
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READING THE STATUS REQfi::l'Gft 
" ,,·.,u"·'" 

The status register consists of seven latches; II'Ineldi,.w 
bit; six (0-5) for the status of the ports and one(6Jfor't~,:; 
status of the timer. . . .. 

The status of the timer and the I/O section can be·p6f.;ed 
by reading the Status Register (Address XXXXXOOO). 
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 flO address and the command 
register is selected when a write to that address is issued. 

PORT A INTERRUPT REQUEST 

PORT A BUFFER FULL/EMPTY 
!INPUT /OUTPUT) 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
!INPUT /OUTPUT) 

'-----------------~ PORT B INTERRUPT ENABLED 

L-_____________________ TIMER INTERRUPT (THIS BIT, 
IS LATCHED HIGH WHEN ~ 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESET). 

Figure 3. Status Register Bit Assignment 
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INPUT/OUTPUT SECTION 
The liD section of the M8155 consists of five registers: 
(See Figure 4.) 

• Command/Status Register (C/S) - Both registers are 
assigned the address XXXXXOOO. The CIS address 
serves the dual purpose. 

When the CIS registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 

When the CIS (XXXXXOOO) is selected during a READ 
operation, the status information of the liD ports and 
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 CIS Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
110 pins assigned in relation to this register are PAO-7. 
The address of this register is XXXXX001. 

• PB Register - This register functions the same as PA 
Register. The 110 pins assigned are PBO-7. The address 
of this register is XXXXX010 . 

• PC Register - This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program­
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the CIS register. 

When PCO-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the M8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 

When the 'C' port is programmed to either AL T3 or AL T4, 
the control signals for PA and PB are initialized as follows: 

CONTROL INPUT MODE OUTPUT MODE 

BF Low Low 

INTR Low High 

STB Input Control Input Control 
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1/0 ADORESSt !" ') 

SELECTION" ' 
A7 A6 AS A4 A3 A2 A1 AO , , 
x x x x x 0 0 0 Interval Command/Status Register 

X X X X X 0 0 1 General Purpose I/O Port A 

X X X X X 0 1 0 General Purpose I/O Port 8 
X X X X X 0 1 1 Port C - General Purpose 110 or Control 

X X X X X 1 0 0 Low~Order a bits of Timer Count 

X X X X X 1 0 1 High 6 bits of Timer Count and 2 bits 
of Timer Mode 

X: Don't Care. 
t: liD Address must be qualified by CE '= 0 (M8155) and 101M = 1 in order to select the 

appropriate register. 

Figure 4. 1/0 Port and Timer Addressing Scheme 

Figure 5 shows how 110 PORTS A and B are structured 
within the M8155: 

M8155 
ONE BIT OF PORT A OR PORT 8 

NOTES: 

(2) SIMPLE INPUT MULTIPLEXER 
(1) OUTPUT MODE } 

(3) STROBED INPUT CONTROL 

(4) '" 1 FOR OUTPUT MODE 
'" 0 FDA INPUT MODE 

READ PORT = (IO/M=l). (RD=O). fCE ACTIVE). (PORT ADDRESS SELECTED) 
WRITE PORT = (IO/M=1) • (WR=O). fCE ACTIVE). (PORT ADDRESS SELECTED) 

Figure 5. M8155 Port Functions 
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. ':::!I':~;'~\\\\'l\'\ 
Pin ALT 1 ALT 2 ALT 3 ALT4 . .... ,. 
PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interru~i)'::,' 
PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 
PC2 Input Port Output Port A STB (Port A Strobe I A STB (Port A Strobe) 
PC3 Input Port Output Port 
PC4 Input Port Output Port 
PC5 Input Port Output Port 

Note in the diagram that when the I/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 add ressed. 

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 AL T 1 or AL T 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 wm provide unpredictable results. 

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

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

TO 8085 RST INP UT 

PORT A OUTPUT > PORT A 1 j ""'" '"'"~c; ".,. "'"""'"' 
M8155 A BF (SIGNALS DATA READY) 

I A STB (ACKNOWl. DATA RECEIVED) 

PORT C ,.: B STB (LOADS PORT B LATCH) 

B 8F (SIGNALS BUFFER IS FULL) 

B INTR (SIGNALS BUFFER I 
}

TO/FROM 
PERIPHERAL 
INTERFACE 

PORT B 

READY FOR READING) 1 
INPUT ] TO 8085 INPUT P ORT (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 (TCI is reached. 

The timer has the 110 address XXXXX100for the low order 
byte of the register and the 1/0 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. 

6 5 4 3 2 0 

I M21 
M, I T131 T121 T 11 I TlO I T91 Tal 

! !I 
I 

! 
I 

TIMER MODE MSB OF CNT LENGTH 

7 6 5 4 3 2 0 

T7 I T61 T51 T4 I T31 T21 T, I To I 
I 

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. 

MODE 
BITS 

M2 M, 

TIMER DUTWAVEFORMS: 

START 
COUNT COUNT COUNT 

TERMINAL (TERMINAL) 

+ + + 1. SINGLE 
SQUARE WAVE 

2. CONTINUOUS 
SQUARE WAVE 

3. SINGLE 
PULSE ON 
TERMINAL COUNT 

4. CONTINUOUS 
PULSES 

~-----------

\,J----------

u 
Figure 8. Timer Modes 

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

TM2 TMl 

o 0 NOP - Do not affect counter operation. 

o STOP - NOP if timer has not started; 
stop counting if the timer is running. 

o STOP AFTER TC - Stop immediately 
after present TC is reached (NOP if timer 
has not started) 

START - Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running I. If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 
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Note that while the counter is counting,'you may IQad a 
new count and mode into the count length regist$rS. 
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 I half-cycle, as shown in 
Figure 9. 

5 

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

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

The counter in the M8155 is not initialized 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 CIS 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 1/20fthefull original count (1/2full 
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°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ....... ',' .... , -0,5V to +7V 
Power Dissipation , .. " .. " .. , ... ,' ..... , ... ,., 1,5W 

(: ;~ " 

'COMMENT Stresses above th;S~#isili~':;J~~i,:' lute 
Maximum Ratings" may cause permai1i!ntiiJa';;" "''!the 
device. This is a stress rating only and fu~ct;Qn'a!~~~~~":":~ , 
tion of the device at these or any other condit,16~~'~b'ove"V;wl!'~\, 
those indicated in the operational sections of this sp~tifi:'" '" 
cation is not implied, Exposure to absolute maximum 
rating conditions for ex tended periods may affect device 
reliability, 

D.C. CHARACTERISTICS (TA = -55°C to +125°C; Vee = 5V ±10%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+<l·5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VOH Output High Voltage 2.4 V 10 H = -4001lA 

IlL Input Leakage ±10 !lA VIN = Vee to OV 

ILO Output Leakage Current ±10 IlA 0.45V ,:;;; VOUT ,:;;; Vee 

lee Vee Supply Current 180 mA 

IIL(CE) Chip Enable Leakage 

M8155 +100 /LA VIN = Vee to OV 
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A.C. CHARACTERISTICS (TA = -55°C to +125°C; Vee = 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 

tRO Valid Data Out Delay from READ Control 170 ns 

tAD Address Stable to Data Out Valid 400 ns 

tll Latch Enable Width 100 ns 

tROF Data Bus Float After READ 0 100 ns 

tCl READ/WRITE Control to Latch Enable 20 ns 

tcc R EAD/WR ITE Control Width 250 ns 

tow Data In to WRITE Set Up Time 150 ns 

two Data In Hold Time After WRITE 0 ns 

tRV Recovery Time Between Controls 300 ns 

twp 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 

tSI Strobe to INTR On 400 ns 

tROI 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 

tWBF WR ITE to Buffer Full 400 ns 

tWI WR ITE to INTR Off 400 ns 

tTL TIMER·IN to TIMER·OUT Low 400 ns 

tTH TIMER·IN to TIMER·OUT High 400 ns 

tROE Data Bus Enable from READ Control 10 ns 

t1 TIMER·IN Low Time 80 ns 

t2 TIMER·IN High Time 120 ns 
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WAVEFORMS 

a. Read Cycle 

\<-- '\ 

101M \ 1 '\ . tAD 

~ ADDRESS X DATA VALID H t-

I--- t AL ____ ~ t LA -----.. 

AL E If- \ 1 
i--tLL- l .. tRDE - I- tRDF -

-'i\ ___ ~-tRD __ 

~ \..-
~ t lc ------- ~tCl-

!--------- t ee - ---- t Rv -----

b. Write Cycle 

\ -,1 \ 
101M \ "I \ 

~ ADDRESS K } DATA VALID ]( 
}J: f-- tAL =11 tLA -- -tDw-ll-teL!/ 

Figure 10. M8155 Read/Write Timing Diagrams 
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8. Strobed Input Mode 
. \ ~ 

BF / ------

INPUT DATA V V 
FROM PORT ~ I'\. 

----------~~~--~--~~-------------------------------------

b. Strobed Output Mode 

BF 

INTR 

OUTPUT DATA 
TO PORT 

Figure 11. Strobed 1/0 Timing 

tWBF 

'I.--

'WI 

\ ~/ 

J \ -9 
~~ J_~ 

/ 
J 

jr-

I--t--'wP 

.~ 
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a. Basic Input Mode 

DATA BUS' = = = = = = y ___________ _ 

b. Basic Output Mode 

DATA BUS* 

OUTPUT 

'DATA BUS TIMING IS SHOWN IN FIGURE 7. 

Figure 12. Basic 1/0 Timing Wavefore 

TIMER IN 

TIMER OUT 
(PULSE) 

TIMER our 
(SQUARE WAVE) 

LOAD COUNTER FROM CLR -1 
I 2 I 1 I 

" (NOTE 11 / 
"- ___ J 

, / 
, INOTE 11 I 

'----------' 
NOTE1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 

RELOAD MODE (M 1 MODE BIT = 1) 

Figure 13. Timer Output Waveform Countdown from 5 to 1 
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• Full Military Temp. Range • Terminal Count and Modulo 128 
- 55°C to 125°C Outputs 

• 4·Channel DMA Controller • Single TTL Clock 

• Priority DMA Request Logic • Single + 5V Supply 

• Channel Inhibit Logic • 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 me'mory 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. 

07-0 0 

A1-AO 
i70R 
flOW 
MrMA 
MEMW 
CLK 

RESET 

READY 
HRQ 

HLOA 

PIN CONFIGURATION 

HRO 

CS 

CLK 

RESET 

DACK 2 

DACK3 

OR03 

OR02 

ORO 1 

GND 

OACK 1 

D,; 
0, 

0, 

PIN NAMES 
DATA BUS AEN ADDRESS ENABLE 

ADDRESS BUS ADSTB ADDRESS STROBE 
I/O READ TC TERMINAL COUNT 

I/O WRITE MARK MODULO 128 MARK 

MEMORY READ DR03·DROo DMA REOUEST 

MEMORY WRITE INPUT 

CLOCK INPUT OACKJ-DACKO DMA ACKNOWLEDGE 
OUT 

RESET INPUT 
CS CHIP SELECT 

READY 
\\:c +5 VOLTS 

HOLD REQUEST GND (lROUND 
(TO 8080AI 

HOLD ACKNOWLEDGE 
(FROM 8080AI 

BLOCK DIAGRAM 

os -.---;::::....., 
A. 

A, 

A, 

A, 

REAOY---

HRQ 

HLDA 

MEMR 

MEMW 
AEN 

CONTROL 
LOGIC 
AND 

MODE 
SET 
REG. 

ADSTB __ ~::JI~ 
TC. 

MARK ____ ...J 

14-98 

ORO 0 

ORO 1 

ORO 2 



M8257 

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 to Ground ............ -0.5V to +7V 

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

D.C. CHARACTERISTICS 
TA = - 55·C to 125·C, Vee= + 5V ± 10%, GND = OV 

SYMBOL PARAMETER 

Vil Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

VHH HRQ Output High Voltage 

Icc Vee Current Drain 

III I n put Lea kage 

IOFl Output Leakage During Float 

CAPACITANCE 
TA = 25°C; Vee = GND = ov 

SYMBOL PARAMETER MIN. 

CIN Input Capacitance 

CliO 1/0 Capacitance 

14·99 

·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. 

MIN. MAX. UNIT TEST CONDITIONS 

-0.5 O.S Volts 

2.2 Vee+· 5 Volts 

0.45 Volts IOl = 1.6 mA 

2.4 Vee Volts IoH=-150J.lA for AB, 
DB and AEN 
IOH =-SOJ.lA for others 

3.3 Vce Volts IOH = -SOJ.lA 

120 mA 

±10 J.lA VIN = Vee to OV 

±10 J.tA VOUT = Vee to OV 

TYP. MAX. UNIT TEST CONDITIONS 

10 pF fc = 1 MHz 

20 pF Unmeasured pins 
returned to G NO 



M8257 
~ " 

A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 

TA= - 55°C to 125°C, Vcc= 5.0V ± 10%; GND= OV (Note 1). 

8080 Bus Parameters 

Read Cycle: 

Symbol Parameter 

TAR Adr or CS~ Setup to RD+ 

TRA Adr or cst Hold from ROt 

TRO Data Access from RD~ 

TOF DB--+Float Delay from ROt 

TRR RD Width 

Write Cycle: 

Symbol Parameter 

TAW Adr Setup to WR~ 

TWA Adr Hold from WRt 

Tow Data Setup to WRt 

Two Data Hold from WRt 

Tww WRWidth 

Other Timing: 

Symbol Parameter 

TRSTW Reset Pulse Width 

TRSTD Power Supplyt {Vcd Setup to ReseH 

Tr Signal Rise Time 

Tf Signal Fall Time 

TRSTS Reset to First 1I0WR 

Min. Max. Unit Test Conditions 

0 ns 

0 ns 

0 300 ns (Note 2) 

20 150 ns 

250 ns 

Min. Max. Unit Test Conditions 

20 ns 

35 ns 

200 ns 

0 ns 

175 ns 

Min. Max. Unit Test Conditions 

300 ns 

500 /-Is 

20 ns 

20 ns 

2 tCY 

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: CL = 100 pF. 8257·5: CL = 150 pF. Output "1" at 2.0V. "0" at 0.8V 

M8257 PERIPHERAL MODE TIMING DIAGRAMS 

Write Timing: Read Timing: 

AODRESSBUS ADDRESS BUS 

---J'~--------r---~~~------

DATA BUS ________ -J.~~~--~~--

Reset Timing: 

RESET 
-----' 

2.' -----..X:::;:: TEST POINTS::: ::: X .... ___ _ 
0·16 -----' • - .-
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M8257 

A.C. CHARACTERISTICS: DMA (MASTER) MODE 
TA = - 55°C to 125°C, Vcc = + 5V :t 10%, GND = OV 

Timing Requirements 

Symbol Parameter 

Tcy Cycle Time (Period) 

Te Clock Active (High) 

Tos DRQt Setup to 9~ (SI, S4) 

TOH DRa+ Hold from HLDAtl4J 

THS HLDAt or ~Setup to 9~ (SI, S4) 

TRS READY Setup Time to IJt (S3, Sw) 

TRH READY Hold Time from 9t (S3, Sw) 

Note: 4. Tracking Parameter. 

Tracking Parameters 

Min. Max. Unit 

0.320 4 fAs 

120 .8Tcy ns 

120 ns 

0 ns 

100 ns 

30 ns 

20 ns 

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, 

T A(MIN) + T B(MAX) :5150 ns 

and only minimum specifications exist for T A and T B. If T A(MIN) is used, and if T A and T B are tracking parameters, 
T B(MAX) can be taken as T B(MIN) + 50 ns. 

T A(MIN) + (T B(MIN)' + 50 ns) :5 150 ns 

"if T A and T B are tracking parameters 
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A.C. CHARACTERISTICS: DMA (MASTER) MODE 
TA= -55°C to 125°C, Vcc= +5V ± 10%, GND=OV 

Timing Responses 

Symbol Parameter 

Too HRQt or melay from 9t(SI,S4) 
(measured at 2.0V)11] 

TOO1 HRQt or melay from 9t(SI,S4) 
(measured at 3.3V)[3] 

TAEL AENt Delay from 9-1(S1)11] 

TAET AEN-I Delay from 9t(SI)[1] 

TAEA Adr(AB)(Active) Delay from AENt(S1)[4] 

TFAAB Adr(AB)(Active) Delay from 9t(S1)[2] 

TAFAB Adr(AB)(Float) Delay from 9t(SI)[2] 

TASM Adr(AB)(Stable) Delay from 9t(S1)[2] 

TAH Adr(AB)(Stable) Hold from 9t(S1)[2] 

TAHR Adr(AB)(Valid) Hold from Rdt(S1, SI)[4] 

TAHW Adr(AB)(Valid) Hold from Wrt(S1, SI)!4] 

TFAOB Adr(DB)(Active) Delay from 9t(S1)[2] 

TAFOB Adr(DB)(Float) Delay from 9t(S2)[2] 

TASS Adr(DB) Setup to AdrStb-l(S1-S2)[4] 

TAHS Adr(DB)(Valid) Hold from AdrStb-l(S2)[4] 

TSTL AdrStbt Delay from 9t(S1)[1] 

TSTT AdrStb+Delay from 9t(S2)[1] 

Tsw AdrStb Width (S1-S2)[4] 

TASC Rd.). or Wr(Ext).). Delay from AdrStb-l(S2)[4] 

TOBC Rd.). or Wr(Ext)+ Delay from Adr(DB) 
(Float)(S2)[4] 

TAK DACKt or melay from 9-1(S2, S1) and 
TC/Markt Delay from 9t(S3) and 
TC/Mark-l Delay from 9t(S4)[1,5] 

TOCL Rd.). or Wr(Ext).). Delay from 9t(S2) and 
WrJ, Delay from et(S3)[2,6] 

TOCT Rdt Delay from 9.).(S1, SI) and 
Wrt Delay from Ilt(S4j!2,7] 

TFAC Rd or Wr(Active) from Ilt(S1)[2] 

TAFC Rd or Wr(Float) from Ilt(SIj!2] 

TRWM Rd Width (S2·S1 or SI)[4] 

TWWM Wr Width (S3-S4)[4] 

TWWME Wr(Ext) Width (S2-S4)[4] 

Min. Max. 

180 

270 

300 

200 

20 

270 

200 

250 

TASM - 50 

60 

300 

300 

TSTT + 20 250 

100 

50 

200 

160 

Tcy-100 

70 

20 

270 

250 

200 

300 

170 

2Tcy+ TB-50 

Tcy-50 

2Tcy- 50 

Notes: 1. Load = 1 TTL. 2. Load = 1 TTL + 50 pF. 3. Load: 1 TTL + (RL: 3.3K), VOH: 3.3V. 4. Tracking Parameter. 
5. ~TAK < 50 ns. 6. ~TOCL < 50 ns. 7. ATOCT < 50 ns. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DMA MODE WAVEFORMS 

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 

I I I I I I I 
CLOCK 

OAQO.3 __ -L __ -L~ ______ ~~4-____ ~ ____ ~~ ________ +-____________ ~ __ +-____ +-__________ __ 

HAD ________ J' 

HLOA ______________ ,/1 

AEN ____________ ~--~ 

ADA O· 7 (LOWER ADR1- - -

DATA 07 (UPPER ADR1- - -

ADR STS 
----if 

CLOCK 

NOTE: The clock waveform is 
duplicated for clarity. SI 
The M8257 requires 
only one clock input. 

READY 

SI so S1 S2 S3 S4 

Figure 12. Consecutive Cycles and Burst Mode Sequence 
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M8257 

I S1 I S2 S3 54 SI SI SO I S1 I S2 

CLOCK 

ORO 0-3 

HRQ 

HLDA 

TAEL - r-
AEN .J \ T 

Figure 13. Control Override Sequence 

so I S1 I S2 I S3 I SW I SW I 54 SI SI I SI 

CLOCK 

ORO 0·3 

-----iJACKlf-l 

~/I/ORD -----

~/i7C5WR -----

READY 

i -TRS 

\ 
TC/MARK L ~ 

Figure 14. Not Ready Sequence 
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M8259 . .'. 

PROGRAMMABLE INTERRUPT CONTROeLt;A···· 
,',;, '\ "\' 

• Full Military Temperature Range 
- 55°C to + 125°C 

• Eight Level Priority Controller 

• Expandable to 64 Levels 

• Programmable Interrupt Modes 

• Individual Request Mask Capability 

• Single + 5V Supply (No Clocks) 

• 28·Pin Dual·ln·Line Package 

• 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 multi-level priority interrupts. It 
has several modes, permitting optimization for a variety of system requirements. 

PIN CONFIGURATION 

cs vee 
WR Ao 
iffi INTA 

0, IR7 

D. IR6 

Os IRS 

D. IR4 

0 3 IR3 

O2 IR2 

0, IR' 

D. IRO 

CASO INT 

CAS' SP 
GND CAS 2 

DIN N4UF~ 

0 7-0. DATA BUS IBI·DIRECTIONAL) 

RD READ INPUT 

WR WRITE INPUT 

A. COMMAND SELECT ADDRESS 

CS CHIP SELECT 

CAS'-CASO CASCADE LINES 

SP SLAVE PROGRAM INPUT 

INT INTERRUPT OUTPUT 

INTA INTERRUPT ACKNOWLEDGE INPUT 
IRO-IR7 INTERRUPT REOUEST INPUTS 

AD 

VIA 

AO 

es 

CASO 

CAS1 

CAS 2 

SP 

OAT A 
BUS 

BUHrR 

READI 
WRITE 
LOGIC 
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INTA INT 

CONTROL lOGIC 

"-
~INTEANAL BUS 



M8259 

WAVEFORMS 

READ TIMING WRITE TIMING 

__ ....... I_TAW_ 

CHIP SELECT CHIP SELECT 

ADDRESS BUS ADDRESS8US __ -J~ ______ ~ ____ ~-~ ____ __ 

1/0 RD 

OTHER TIMING 

DATA BUS ______ J 

IlOwR 

IR ¥ F _______ 
INT y- ,'-_______ _ 

": \\\"."'."M~'~ ~\\\\S~ ~\S\\\~ ~ •• c~ 
I r=----------------~\ 

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

A.C. CHARACTERISTICS TA= -55°C to + 125°C; Vcc= +5V ±10% GND=OV 

BUS PARAMETERS 

Read 

Symbol Parameter Min. Max. 

tAR CS1Ao Stable Before RD or INTA 50 

tRA CS1Ao Stable After RD or INTA 5 

tRR RD Pulse Width 420 

tRD Data Valid From RDIINTA[1] 360 

tDF Data Float After RDIINTA 20 200 

Write 

Symbol Parameter Min. Max. 

tAw Ao Stable Before WR 50 

tWA Ao Stable After WR 20 

tww WR Pulse Width 420 

tDw Data Valid to WR (T.E.) 300 

tWD Data Valid After WR 40 

Other Timings 

Symbol Parameter Min. Max. 

tlw Width of Interrupt Request Pulse 100 

tiNT INTt After IRt 400 

tiC Cascade Line Stable After INTAt 400 

Note 1: CL = 100 pF. 

INPUT WAVEFORMS FOR A.C. TESTS 

2.4 ---.... x:: > <os> ,00." < :: X'-__ _ 
0.45 ___ J 
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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 

to Ground ........................ - 0.5V to + 7V 
Power Dissipation .......................... 1 Watt 

·COMMENT: Stresses above those listed under "AbsPhi6! ~~XiA!ujll ~." .'., 
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 i·, 
conditions above those Indicated In the operational sections of this 
specification Is not Implied. 

D.C. CHARACTERISTICS T A = - 55°C to + 125°C; Vee= 5V ± 10% 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+ 0.5 V 

VOL Output Low Voltage 0.45 V IOL=2 mA 

VOH Output High Voltage 2.4 V IOH = - 400 ".A 

VOH-INT Interrupt Output High Voltage 2.4 V IOH = - 400 ".A 
3.5 V IOH= -50/AA 

11l(IRO_7) 
Input Leakage Current -300 ".A VIN=OV 

for IRo_7 10 ".A VIN=Vee 

IlL Input Leakage Current for Other Inputs 10 ".A VIN = Vee to OV 

IOFL Output Float Leakage ± 10 ".A V OUT = 0.45V to Vee 

Icc Vee Supply Current 100 mA 

CAPACITANCE TA=25°C; Vee=GND=OV 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF fc= 1 MHz 

CliO 1/0 Capacitance 20 pF Unmeasured pins returned to Vss 
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Read Status/Poll Mode 

\'-______ 1 

iVR-----.. ~ I 

""~~W~'-d+--OC--JW3 rzmzZZZZZT~ DATA I VmvVW7l/1 
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M8048/M8748/M8035 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

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

-55°C to +125°C Operation • Over 90 Instructions: 70% Single Byte 
(MS04S/MS035L) • 1 K x S ROM/EPROM 

• -55°C to +100°C Operation 64 x S RAM 
(MS74S/MS035) 27 I/O Lines 

• S-Bit CPU, ROM, RAM, I/O in 
Single Package • Interval Timer/Event Counter 

• Interchangeable ROM and EPROM • Easily Expandable Memory and I/O 
Versions 

• Single 5V Supply • Compatible with SOSO/SOS5 Series 

• 2.5 ... sec and 5.0 ... sec Cycle Versions 
Peripherals 

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 1 K 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 

RESET_ 

SINGLE 
STEP 

EXTERNAL_ 
MEM M8048 

INTERAUPT-

BUS 

BLOCK DIAGRAM 
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M8048/M8748/M8035 

CRYSTAL OSCILLATOR MODE 

0- 15 pF 
(INCLUDES XTAL, 
SOCKET, STRAY) 

,------,--.., XTAL1 

1·6 mHz 

'--_--i_-...:3'1 XTAL2 

15-25pF 
(INCLUDES SOCKET. I 

STRAY) -=-' 

CRYSTAL SERIES RESISTANCE SHOULD BE <7SU AT 6 MHz, <180.11 AT 3.6 MHz. 

DRIVING FROM EXTERNAL SQ:PllCE 

+ 5V 

4709 

)0--+-------=-1 XTAL 1 

+ 5V 

4709 

'------+---1 XTAL2 

BOTH Xl AND X2 SHOULD BE DRIVEN. 
RESISTORS TO Vee 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 

~ ~ NOMINALf 

45 JJH 20 pF 5.2 MHz 
120 f.lH 20 pF 3.2 MHz 

.-----.---"1 XTAL1 

L---+--"IXTAL2 

Cpp:::: 5-10 pF PIN·TO·PIN 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATELY 20pF, 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-

tion of their functions: 

Pin 

XTAL 1 

Reset 

Test 0 

EA 

BUS 

P20-1 

VDD 

PROG 

Function 

Clock Input (1 to 6MHz) 

Initialization and Address Latching 

Selection of Program or Verify Mode 

Activation of Program/Verify Modes 

Address and Data Input 
Data Output During Verify 

Address Input 

Programming Power Supply 

Program Pulse Input 

WARNING: 

An attempt to program a rnlssocketed 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 th is clock may 

be used to disable the prQgrammer. 

The Program !Verify sequence is: 

1. ~ 5v, Clock applied or internal oscillator operating, 
RESET = Ov, TEST 0 = 5v, EA = 5v, BUS and PROG 
floating. 

2. Insert 8748 in programming socket 

J. I t:;:) I U = uv (select program mooel 

4. EA = 23V (activate program mode) 

5. Address applied to BUS and P2()'1 

6. RESET = 5v (latch address) 

7. Data applied to BUS 

8. V DO = 25v (programming power) 

9. PROG = Ov followed by one 50ms pulse to 23V 

10. V DD =5v 

11. TEST 0 = 5v (verify mode) 

12. Read and verify data on BUS 

13. TEST 0 = Ov 

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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MS04S/MS74S/MS035 

AC TIMING SPECIFICATION FOR PROGRAMMING 
TA = 25°C ± 5°C, Vee = 5V ± 5%, Voo = 25V ± 1V 

Symbol Parameter 

tAW Address Setup Time to RESET t 

tWA Address Hold Time After RESET I 

tow Data in Setup Time to PROG I 

two Data in Hold Time After PROG I 

tpH RESET Hold Time to Verify 

tvoow Voo 

tVOOH Voo Hold Time After PROG I 

tpw Program Pulse Width 

tTW Test 0 Setup Time for Program Mode 

tWT Test 0 Hold Time After Program Mode 

too Test 0 to Data Out Delay 

tww RESET Pulse Width to Latch Address 

tr. tf Voo and PROG Rise and Fall Times 

tCY CPU Operation Cycle Time 

tRE RESET Setup Time Before EA t. 
Note: If Test 0 IS high too can be triggered by RESET t. 

DC SPECIFICATION FOR PROGRAMMING 
TA = 25°C ± 5°C. Vee = 5V ± 5%. VOD = 25V ± 1V 

Symbol Parameter 

VOOH Voo Program Voltage High Level 

VOOL Voo Voltage Low Level 

VPH PROG Program Voltage High Level 

VPL PROG Voltage Low Level 

VEAH EA Program or Verify Voltage High Level 

VEAH1 EA1 Verify Voltage High Level 

VEAL EA Voltage Low Level 

100 Voo High Voltage Supply Current 

IPROG PROG High Voltage Supply Current 

lEA EA High Voltage Supply Current 

14-112 

Min. 

4tcy 

4tcy 

4tcy 

4tcy 

4tcy 

4tcy 

0 

50 

4tcy 

4tcy 

4tcy 

0.5 

5.0 

4tcy 

Min. 

24.0 

4.75 

21.5 

21.5 

11.4 

/' '1", 

... 
'l. I~ .. 

Max. Unit Test Conditions .... , 

60 mS 

4tcy 

2.0 J.LS 

J.LS 

Max. Unit Test Conditions 

26.0 V 

5.25 V 

24.5 V 

0.2 V 

24.5 V 8748 

12.6 V 8048 

5.25 V 

30.0 mA 

16.0 mA 

1.0 mA 



M8048/M8748/M8035 

WAVEFORMS FOR PROGRAMMING 

COMBINATION PROGRAM/VERIFY MODE lEPROM'S ONLYI 

EA :: __________ .JJ' 
1---------- PROGRAM ---------t-~- VERIFY--'~I~'----PROGRAM ---­

TO 

DBo-DB, J--
LAST 

ADDRESS 

DATA TO BE 
PROGRAMMED VALID 

~---~ 

---< NEXT ADDR x== VALID 

NEXT 
ADDRESS 

voo+: ~~-~_~_: __________________________________________ __ 

+23-----------
PROG +5 _ _ _ _ _ _ _ _ _ ,, _______________ ""\ 

+0 ___ -' ,,", ______ _ 

VERIFY MODE (ROM/EPROMI 

TD.RESET \\. ______________ -JJ' \'"-_____ J' \""----
080-0B7 =>--- ADDRESS 

10-71 VALID - - -<\. ____ A_~_~_~~_S_S __ _'X\._N_O~_~_TV_~_~_i~_'>- - - - - - - -

\J V 
---------~I\\.----------~----.-.-----.-----.------------~/'\.--------------________________________ _ 

NOTES, 
1. PROG MUST FLOAT IF EA IS LOW (i.e., ",23VI, OR IF TO' 5V FOR THE 8748. FOR THE 

8048 PROG MUST ALWAYS FLOAT. 
2. X, AND X, DRIVEN BY 3 MHz CLOCK WILL GIVE 5",ec fey. THIS IS ACCEPTABLE FOR ALL PARTS. 

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 Bytes'C~ .. ",'" 

ADD A, R Add register to A c 
CALL Jump to subroutine 2 'S 

ADD A,@R Add data memory to A l! RET Return 2 
ADD A, #data Add immediate to A 

.Q 
RETR Return and restore status 2 " ADDCA, R Add register with carry 

<II 

ADDCA,@R Add data memory with carry CLR C Clear carry 
AD DC A, #data Add immediate with carry CPL C Complement carry 

ANL A, R And register to A 
.. 

CLR FO Clear flag 0 ... 
ANLA,@R And data memory to A 

j! 
CPL FO Complement flag 0 ... 

ANL A, #data And immediate to A 2 CLR F1 Clear flag 1 
ORL A, R Or register to A CPL F1 Complement flag 1 

S ORLA,@R Or data memory to A 1 
j! 

" ORL A. #data Or immediate to A 2 MOVA, R Move register to A 1 
E XRL A, R Exclusive or register to A MOVA,@R Move data memory to a 1 " <> <> XRLA,@R Exclusive or data memory to A 1 MOV A, #data Move immediate to A 2 ct 

XRL A. #data Exclusive or immediate to A 2 MOV R, A Move A to register 

INCA Increment A MOV@R,A Move A to data memory 1 
DECA Decrement A .. MOV R, #data Move immediate to register 2 
CLR A Clear A .. MOV @R, #data Move immediate to data memory 2 > 
CPLA Complement A 

0 
MOV A, PSW Move PSW to A ::Ii 

DAA Decimal adjust A J!! .. MOV PSW, A Move A to PSW 
SWAP A Swap nibbles of A C XCH A, R Exchange A and register 

RLA Rotate A left XCHA,@R Exchange A and data memory 

RLC A Rotate A left through carry XCHD A,@R Exchange nibble of A and register 1 
RR A Rotate A right MOVXA,@R Move external data memory to A 2 
RRCA Rotate A right through carry MOVX@R,A Move A to external data memory 2 

MOVPA,@A Move to A from current page 2 
INA, P Input port to A 2 MOVP3 A,@A Move to A from page 3 2 
OUTL P, A Output A to port 1 2 
ANL p, #data And immediate to port 2 2 MOVA, T Read timer/counter 

ORL p, #data Or immediate to port 2 ~ MOVT, A Load timer/counter 
5 INS A, BUS Input BUS to A 2 " STRTT Start timer ... 0 
5 OUTL BUS, A Output A to BUS 2 (J STRT CNT Start counter 
0 -;: 

STOP TCNT Stop timer/counter :::. ANL BUS, #data And immediate to BUS 2 .. 
" ORL BUS, #data Or immediate to BUS 

E 
EN TCNTI Enable timer/counter interrupt ... j:: 

.5 MOVD A, P Input expander port to A 2 DIS TCNTI Disable timer/counter interrupt 

MOVD P, A Output A to expander port 2 
ANLD P, A And A to expander port EN I Enable external interrupt 

ORLD P, A Or A to expander port 2 DIS I Disable external interrupt 

g SEL RBO Select register bank 0 
I! INCR Increment register c SEL RB1 Select register bank 1 
! INC@R Increment data memory 8 SEL MBO Select memory bank 0 '0 .. DEC R Decrement register SEL MB1 Select memory bank 1 
~ 

ENTO CLK Enable clock output on TO 

JMP addr Jump unconditional 
JMPP@A Jump indirect 1 NOP No operation 

DJNZ R, addr Decrement register and skip 2 
JC addr Jump on carry = 1 

JNC addr Jump on carry = a 2 
JZ addr Jump on A zero 2 

.c JNZ addr Jump on A not zero 
<> JTO addr Jump on TO = 1 2 c 
I! JNTO addr Jump on TO = 0 2 .. 

JT1 addr Jump on T1 = 1 2 
JNT1 addr Jump on T1 = 0 2 
JFO addr Jump on FO = 1 2 
JF1 addr Jump on F1 = 1 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT = 0 2 
JBb addr Jump on accumulator bit 2 

Mnemonics copyright Intel Corporation 1978 
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M8048/M8748/M8035 

PIN DESCRIPTION 

Designation 

Vss 

Vee 

Vee 

PROG 

P10-P17 
Port 1 
P20-P27 
Port 2 

DBc-DB7 
BUS 

TO 

T1 

Pin # Function 

20 Circuit GND potential 

26 Programming power supply; +25V 
during program, +5V during oper­
ation for both ROM and PROM. 
Low power standby pin in 8048 
and 8035L. 

40 Main power supply; +5V during 
operation and programming. 

25 Program pulse (+23V) input pin 
during 8748 programming. 

Output strobe for 8243 I/O ex­
pander. 

27-34 8-bit quasi-bidirectional port. 

21-24 8-bit quasi-bidirectional port. 
35-38 P20-P23 contain the four high 

order program counter bits during 
an external program memory fetch 
and serve as a 4-bit·I/0 expander 
bus for 8243. 

12-19 True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and re­
ceives the addressed instruction 
under the control of PSEN. Also 
contains the address and data 
during an external RAM data store 
instruction, under control of ALE 
RD, and WR. ' 

Input pin testable using the con­
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

39 Input pin testable using the JT1, 
... .-.... ,,,,.,..'" : ............ , ..... +i ....... ,.. r" ....... h~ 

deSignated the timer/counter in­
put using the STRT CNT in­
struction. 

Designation 

INT 

ALE 

EA 

XTAL1 

XTAL2 

14·115 

Pln# 

6 

8 

4 

10 

Function , 

Interrupt input. Initiates an i~ter.>:J':):" 
rupt if interrupt is enabled. Inter- {,'\" 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 

Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 

Input which is used to initialize the 
processor. Also used during 
PROM programming verification, 
and power down. (Active low) 
(Non TTL VIH) 

Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

11 Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro­
gram memory. 

9 Program store enable. This output 
occurs only during a fetch to exter­
nal program memory. (Active low) 

5 Single step input can be used in 
junction with ALE to "single step" 
the processor through each in­
struction. (Active low) 

7 External access input which forces 
all program memory fetches to re­
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter­
nal oscillator. AlSO InpUt Tor exter­
nal source. (Non TTL VIH) 

3 Other side of crystal input. 



M8048/M8748/M8035 

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

Symbol 

tcp 

tpc 

tPA 

tPF 

top 

tpo 

tpp 

tPL 

tLP 

PORT 2 TIMING 

ALE 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

Parameter 

Port Control Setup Before Falling 
Edge of PROG 

Port Control Hold After Falling 
Edge of PROG 

PROG to Time P2 Input Must Be Valid 

Input Data Hold Time 

Output Data Setup Time 

Output Data Hold Time 

PROG Pulse Width 

Port 2 1/0 Data Setup 

Port 2 1/0 Data Hold 

PCH 

PCH 

Min. Max. 

115 

65 

860 

0 160 

230 

25 

920 

300 

120 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



M8048/M8748/M8035 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias 

8748/8035 .............•......... -55·C to +100·C 
8048/8035L ...................... -55·C to +125·C 

Storage Temperature .....•.....•.. -65·C to +150·C 
Voltage On Any Pin With Respect 

to Ground ...............•............. -0.5 to +7V 
Power Dissipation ...................•....• 1.5 Watt 

D.C.AND OPERATING CHARACTERISTICS 

'COMMENT: 
Stresses above those fisted under "Absolute Maximum Ratirlfll''' 
may cause permanent damage to the device. This Is a stress rsting 
only and functional operation of the device at these or _ny other 
conditions above those indicated in the operational sections of this 
specification is not implied. 

TA = -55·C to (100·C 8748/8035/125·C 8048/8035Li, Vee = Voo = +5V ± 10%, Vss = OV 

Symbol Parameter limits Unit Test Conditions 
Min. Typ. Max. 

V1l Input Low Voltage -.5 .7 V 
(All Except RESET, X1, X2) 

V1ll Input Low Voltage -.5 .5 V 
(RESET, X1, X2) 

V1H Input High Voltage 
(All Except XTAL 1, XTAL 2, RESET) 

2.3 Vee V 

V1Hl Input High Voltage (~X1, X2) 3.8 Vee V 

VOL Output Low Voltage .45 V IOl = 1.2mA 
(BUS, RD, WR, PSEN, ALE) 

VOll Output Low Voltage .45 V IOl = 0.8mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH= -24OILA 

VOHl Output High Voltage 2.4 V IOH = -5OILA 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH = -3OILA 
(All Other Outputs) 

III Input Leakage Current (T1, INT) ±10 !LA VSS-"VIN-"Vee 

Illl Input Leakage Current -700 !LA Vss+.45 :5VIN -:;;Vee 
(P10-P17, P20-P27, EA, SS) 

ILO Output Leakage Current (BUS, TO) ± 10 ILA Vss + .45-"V1N-"Vee 
(High Impedance State) 

100 Voo Supply Current 10 25 mA 

100+ lee Total Supply Current 80 155 mA 

BUS P1, P2 BUS, P1, P2 

-500"" 70mA 

50mA 

G % 
-300"" 

% 
9 9 0 

30mA 

-100"" 
10mA 

4Y OY OV 2V 4V 

YaH VOH 
VOL 
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M8048/M8748/M8035 

WAVEFORMS 

Instruction Fetch From External Program Memory 

ALE 

PSEN 

1~-----'cY-------~1 
:---- tLL --..1 I 

JIl--l ----'L 
-i teA r-
I 

Read From External Data Memory 

ALE J 
I~- tcc-I teA r-

RD ------11 I 
t AFC ________ I 1 __ -- -' f---tOR 

L 

---I tOR 1---
~--"'" 

BUS 

i i FLOATING I i 
BUS ~--FL-O-AT-'N-G--

l ... t RO -] 

1---tAD ----: 

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

ALE J L 
WR 

BUS 
"=X x= 2.0 2.0 > TEST POINTS < 

0.8 0.8 
0.45 

A.C. CHARACTERISTICS 
TA = -55°C to (100°C 8748/8035/125°C 8048/8035Lj, Vee = VDD = +5V ± 10%, Vss = OV 

8048 8748 8648 (Note 2) 
Symbol Parameter 8748/8035/8035l 8035 Unit Conditions (Note 1) 

Min. Max. Min. Max. 

tll ALE Pulse Width 200 300 ns 

tAL Address Setup to ALE 120 120 ns 

tLA Address Hold from ALE SO SO ns 

tcc Control Pulse Width (PSEN, RD, WR) 400 600 ns 

tDw Data Setup before WR 420 600 ns 

tWD Data Hold After WR SO 120 ns Cl = 20pF 

tCY Cycle Time 2.5 15.0 4.17 15.0 /1S (3.6 MHz 
XTAL 8748/8035) 

tDR Data Hold 0 200 0 200 ns 

tRD PSEN, RD to Data In 400 600 ns 

tAW Address Setup to WR 230 260 ns 

tAD 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: CL =80 pF tCY = 2.5/1s for 804S/8035L 
BUS Outputs: CL = 150 pF 4. 17/1s for 8748/8035 
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