






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































inter ICETM-5100'044 

The microcontroller's special function registers and 
register bits can be accessed mnemonically (e.g., 
OPt.:, TCON, CY, P1.2) with, the ICE-51 00/044 emu­
lator software. 

Data can be displayed or modified in one of three 
bases: hexadecimal, decimal, or binary. Data can 
also be displayed or modified in one of two formats: 
ASCII or unsigned integer. Program code can be dis­
assembled and displayed as ASM-51 assembler 
mnemonics. Code can be modified with standard 
ASM-51 statements using the built-in single-line as­
sembler. 

Symbolic references can be used to specify memory , 
locations. A symbolic reference is a procedure 
name, line number, program variable, or label in the 
user program that corresponds to a location. 

Some typical symbolic functions include: 

• Changing or inspecting the value of a program 
variable by using its symbolic name to access the 
memory location. 

• Defining break and trace events using symbolic 
references. 

• Referencing variables as primitive data types. 
The primitive data types are ADDRESS, BIT, 
BOOLEAN, BYTE, CHAR (character), and 
WORD. 

The ICE-51 00/044 emulator maintains a virtual sym­
bol table (VST) for program symbols. A maximum of 
61 KB of host memory space is available for the 
VST. If the VST is larger than 61 KB, the eXCeSS is 
stored on available host system disk space and is 
paged in and out as needed. The size of the VST is 
limited only by the disk capacity of the host system. 

Breakpoint Specifications 

Breakpoints are used to halt a user program in order 
to examine the effect of the program's execution on 
the target system. The ICE-51 00/044 emulator sup­
ports three different types of break specifications: 

• Specific address break-specifying a single ad­
dress point at which emulation is to be stopped. 

• Range break-an arbitrary range of addresses 
can be specified to halt emulation. Program exe­
cution within or, optionally, outside the range 
halts emulation. 

• Page break-up to 256 page breaks can be �s�p�e�c�~� 
ified. A page break is defined as a range of ad­
dresses that is 256-bytes long and begins on a 
256-byte address boundary. 

Break registers are user-defined debug definitions 
used to create and store breakpoint definitions. 
Break registers can contain multiple breakpoint defi­
nitions and can optionally call debug procedures 
when emulation halts. 

Trace Specifications 

Tracing can be triggered using speCifications similar 
to those used for breaking. . Normally, the 
ICE-5100/044 emulator traces program activity 
while the user program is executing. With a trace 
specification, tracing can be triggered to. occur only 
when specific conditions are met during execution. 
Up to 254 24-bit frames of trace information are col­
lected in a buffer during emulation. Sixteen of the 24 
bits trace instruction execution addresses, and 8 bits 
capture external events (CLIPS). 

�~� ,. Print newest four instructions in the buffer *' '1 hlt>PRINT NEWEST 4 
FRAME ADDR CODE 
(28) 300A C02A 
(30 300C 2532 
(32) 300E F52A 
(34) 3010 B53210 
hlt> 
h1 t > PRINT CLIPS 
FRAME ADDR. 
(00) 007AH 
(01) 007CH 

OLDEST 2 
CODE 
0508 
80E6 

INSTRUCTIONS 
PUSH 2AH 
ADD A, 32H 
MOV 2AH, A 
CJNE A,32H, $+10H 

'* Buffer display showing clips *' 
INSTRUCTIONS CLIPS (76543210) 
INC INDX PTR 10101111 
SJMP (#28) 00100010 

-
Figure 2. Selected Trace Buffer Displays 
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The trace buffer display is similar to an ASM-51 pro­
gram listing as shown in Figure 2. The PRINT com­
mand enables the user to selectively display the 
contents of the trace buffer. The user has the option 
of displaying the clips information as well as dissas­
sembled instructions. 

ARM FOREVER TIL USING 

~>Gon," 
<expr> 

hl t > GO FROM 13H 

Procedures 
Debugging procedures (PROCs) are a user-defined 
group of ICE-51 00/044 commands that are execut­
ed as one command. PROCs enable the user to de­
fine several commands in a named block structure. 
The commands are executed by entering thename 
of the PROC. The PROC bodies are a simple DO ... 
END construct. 

TRACE <execute> 

J 
<operator> ARM FOREVER TIL USING TRACE 

hl t > GO FROM 13H USING 

13H USING brl 

TRACE <execute> 

hl t > GO FROM 13H USING brl TRACE 

<expr> OUTSIDE PAGE FROM TIL <tr~reg name> <execute> 

hlt>GO FROM 13H USING brl TRACE trace1t 

<execute> 

Figure 3. The Integrated Command Directory for the GO Command 
15-70 

280325-4 



inter ICETM·5100/044 

PROCs can simulate missing hardware. or software, 
set breakpoints, collect debug information, and exe­
cute high-level software patches. PROCs can be 
copied to text files on disk, then recalled for use in 
later test sessions. PROCs can also serve as pro­
gram diagnostics, implementing ICE-51 00/044 emu­
lator commands or user-defined definitions for spe­
cial purposes. 

On·Line Syntax Menu 
A special syntax menu, called the Integrated Com­
mand directory (ICD), similar to the one used for the 
121CETM system and the VLSiCE-96 emulator, aids in 
creating syntactically correct command lines. Figure 
3 shows an example of the ICD and how it changes 
to reflect the options available for the GO command. 

Help 
The HELP command provides ICE-51 00/044 emula­
tion command assistance via the host system termi­
nal. On-line HELP is available for the ICE-5100/044 
emulator commands shown in Figure 4. 

BITBUSTM Applications Support 
The ICE-5100/044 emulator provides an ideal envi­
ronment for developing applications code for BIT­
BUS board products such as the RCB-44/10, the 
RCB-44/20, the PCX-344, and the iSBXTM-344 
board. 

The BITBUS firmware, available separately as BIT­
WARE, can be loaded into the ICE-51 00/044 emula-

It>HELP 

HELP is available for: 

tor's memory along with the user's code to enable 
rapid debug of 8044 BITBUS applications code. 

DESIGN CONSIDERATIONS 
The height of the processor module and the target 
adaptor need to be considered for target systems. 
Allow at least 1 % inches (3.8 cm) of space to fit the 
prqcessor module and target adaptor. Figure 5 
shows the dimensions of the processor module. 

Execution of user programs that contain interrupt 
routines causes incorrect data to be stored in the 
trace buffer, When an interrupt occurs, the next in­
struction to be executed is placed into the trace buff­
er before it is actually executed. Following comple­
tion of the interrupt routine, the instruction is execut­
ed and again placed into the trace buffer. 

ELECTRICAL CONSIDERATIONS 
The emulation processor's user-pin timings and 
loadings are identical to the 8044 component, ex­
cept as follows. 

• Up to 25 pF of additional pin capacitance is con­
tributed by th~ processor module .and target 
adaptor assemblies. 

o Pin 31, EA, has approximately 32 pF of additional 
capacitance loading due to sensing circuitry. 

• Pins 18 and 19, XTAL1 and XTAL2 respectively, 
have approximately 15-16 pF of additional capac­
itance when configured for crystal operation. 

ADDRESS APPEND ASM BASE BIT BOOLEAN BRKREG 
COUNT BYTE CHAR CI CNTL_C COMMENTS CONSTRUCTS 

CURHOME CURX CURY DCI DEBUG DEFINE 
DISPLAY DO DYNASCOPE EDIT ERROR EVAL 
EXPRESSION GO HELP IF INCLUDE . INVOCATION 
KEYS LABEL LINES LIST LITERALLY LOAD 
MAP MENU MODIFY MODULE MSPACE MTYPE 
OPERATOR PAGING PARTITION PRINT PROC PSEUDO_VAR 
REFERENCE REGS REMOVE REPEAT RESET RETURN 
STRING SYMBOLIC SYNCSTART TEMP CHECK TRCREG TYPES 
VERIFY VERSION WAIT WORD WRITE 
hlt> 

DIR 
EXIT 
ISTEP 
LSTEP 
NAMESCOPE 
PUT 
SAVE 
VARIABLE 

ll\----------________ ~~-· --------n 
Figure 4. HELP Menu 
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PROCESSOR MODULE~ PIN 1 
TOP VIEW j 

~ H ~I~&J T 
3':J/,." 

~~Z ~ 
rem) !iis t 'i . z 

i 
! 

I· 
CABLE BODY 

I 4" ---l 39" 
. (99 em) (10,2 em) . 

SIDE VIEW 
PROCESSOR MODULE 

~-9;r·· .. 
TARGET ~ 

ADAPTOR 

280325-6 

Figure 5. Processor Module Dimensions 

HOST REQUIREMENTS 

• IBM PC AT or PC XT (or PC DOS compatible) 
with 512 KB of available RAM and a hard disk 
running under the DOS 3.0 ( or later) operating 
system. 

• Intellec Series III/IV microcomputer development 
system running the ISIS or iNDX operating sys­
tem respectively, with at least 512 KB of applica­
tion memory resident. 

• Disk drives-dual floppy or one hard disk and one 
floppy drive required. 

ICETM·5100/044 EMULATOR 
SOFTWARE PACKAGE 

• ICE-51 00/044 emulator software 

• ICE-51 00/044 confidence tests 

• ,ICE-51 00 tutorial software 

EMULATOR PERFORMANCE 

Memory 
Mappable 
full-speed 
emulation code 
memory 

Trace memory 

Virtual Symbol 
Table 

64 KB Mappable to user or ICE-
5100/044 emulator mem­
ory in 4 KB blocks on 4 KB 

.~-,;' boundaries. 

254 x 24 bit frames 

A maximum of 61 KB of 
host memory space is 
available for the virtual 
symbol table (VST). The 
rest of the VST resides on 
disk and is paged in and 
out as needed. 

PHYSICAL CHARACTERISTICS 

Controller Pod 

Width: 8-%" (21 cm) 

Height: 1-%" ( 3.8 cm) 

Depth: 13-%" (34.3 cm) 

Weight: 41bs ( 1.85 kg) 

User Cable 

The user cable is 3 feet (approximately 1 m) 

Processor Module 

(With the target adaptor attached) 

Width: 3-10/16" (9.7 cm) 

Height: 4" 

Depth: 1-%" 

Power Supply 

Width: 7-%" 
Height: 4" 
Depth: 11" 

Weight 151bs 

Serial Cable 

(10.2 cm) 

(3.8 cm) 

(18.1 cm) 

(10.06 cm) 

(27.97 em) 

( 6.1 kg) 

The serial cable is 12 feet (3.6 m). 
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ELECTRICAL CHARACTERISTICS 

Power Supply 

100-120V or 200-240V (selectable) 
50-60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

ENVIRONMENTAL 
CHARACTERISTICS 

Operating temperature + 10°C to + 40°C (50°F to 
104°F) 

Operating humidity Maximum of 85% relative 
humidity, non-condensing 

ORDERING INFORMATION 

Emulator Hardware and Software 
Order Code 
1044KITAD 

1044KITD 

1044KITAS 

1044KITS 

Description 

This kit contains the ICE-51001044 
user probe assembly, power supply 
and cables, serial cables, target 
adaptor, CPA, ICE-5100 controller 
pod, software, and documentation for 
use with an IBM PC AT or PC XT. The 
kit also -includes the 8051 Software 
Development Package and the 
AEDIT text editor for use on DOS 
systems. [Requires software license.] 

This kit is the same as the 1044KITAD 
excluding the 8051 Software Devel­
opment Package and the AEDIT text 
editor. [Requires software license.] 

This kit contains the ICE-51001044 
user probe assembly, power supply 
and cables, serial cables, target 
adaptor, CPA, ICE-5100 controller 
pod, software, and documentation-for 
use with Intel hosts (Series IIIIIV). 
The kit also includes the 8051 Soft­
ware Development Package and the 
AEDIT text editor for use on the Se­
ries IIIIIV. [Requires software li-
cense.] , 

This kit is the same as the 1044KIT AS 
excluding the 8051 Software Devel­
opment Package and the AEDIT text 
editor. [Requires software license.] 

Software Only 
Order Code Description 

SA044D This kit contains the host, probe, di­
agnostic, and tutorial software on 
5%" disks for use on an IBM PC AT 
or PC XT (requires DOS 3.0 or later). 
[Requires software license.] 

SA044S This kit contains the host, probe, di­
agnostic, and tutorial software on 8" 
disks (both single-density and dou­
ble-density) for use on a Series III, 
and on 5-%" disks for use on a Se­
ries IV. [Requires software license.] 

Other Usefullntel® MCS®-51 Debug and 
Development Support Products 
Order Code Description 

D86ASM51 8051 Software Development Pack· 
age (DOS version)-Consists of the 
ASM-51 macro assembler which 
gives symbolic access to 8051 hard­
ware features; the RL51 linker and 
relocator program that links modules 
generated by ASM-51; CONV51 
which enables software written for 
the MCS-48 family to be up-graded to 
run on the 8051, and the LlB51 Li­
brarian which programmers can use 
to create and maintain libraries of 
software object modules. Use with 
the DOS operating system (version 
3.0 or later). 

D86PLM51 PL/M·51 Software Package (DOS 
version)-Consists of the PL/M-51 
compiler which provides high-level 
programming language support; the 
LlB51 utility that creates· and 
maintains libraries of software object 
modules, and the RL51 linker and 
relocator program that links modules 
generated by ASM-51 and PL/M-51 
and locates the linked object mod­
ules to absolute memory locations. 
Use with the DOS operating system 
(version 3.0 or later). 

186ASM51 8051 Software Development Pack· 
age (ISIS version)-Same as the 
D86ASM51 package except this one 
is for use with the Series III. 

186PLM51 PL/M·51 Sofware Package-Same 
as the D86PLM51 package except 
this one is for use with the Series III 
and Series IV. 

D86EDINL AEDIT text editor for use with the 
DOS operating system. 
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intJ 8080A/8080A-1/8080A-2· 
8-BIT N-CHANNEL MICROPROCESSOR 

• TTL Drive Capability· • Decimal, Binary, and Double Precision 

• 2JJ,s (-1:1.3JJ,s, -2:1.5JJ,s) Instruction Arithmetic 

Cycle • Ability to Provide Priority Vectored 

• Powerful Problem Solving Instruction Interrupts 

Set • 512 Directly Addressed I/O Ports 

• 6 General Purpose Registers and an • Available in EXPRESS 
Accumulator - Standard Temperature Range 

• 16·Bit Program Counter. for Directly • Available in 40·Lead Cerdip and Plastic 
Addressing up to 64K Bytes of Memory Packages 

• 16·Bit Stack Pointer and Stack (See Packaging Spec. Order #231369) 

Manipulation Instructions for Rapid 
Switching of the Program Environment 

The Intel@ 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip 
using Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control 
and processing applications. 

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose 
registers may be addressed individually or in· pairs. providing Qoth single and double precision operators. 
Arithmetip and logical instructions set or reset4 testable flags. A fifth flag provides decimal arithmetic opera-
tion. . 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out 
stack to store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general 
purpose registers. The 16-bit stack pointer controls the addressing of this external stack. This stack gives the 
8080A the ability to easily handle multiple level priority interrupts by rapidly storing and restoring processor 
status. It also provides almost unlimited subroutine nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line 
bidirectional data busses are used to facilitate easy interface to memory and I/O. Signals to control the 
interface to memory and I/O are provided directly by the 8080A. Ultimate control of t~e 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 control­
ling devices for (DMA) direct memory access or multi-processor operati.on. 

. NOTE: 
The 8080A is functionally and electrically compatible with the Intel 8080. 
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IIBITI 
INTEAt:aAL DATA ius 

TIMING 
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CONTROL 
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Figure 1. Block Diagram 
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Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Type Name and Function 

A15-AO 0 ADDRESS BUS: The address bus provides the address to memory (up to 64K 8·bit 
words) or denotes the I/O device number for up to 256 input and 256 output devices. Ao 
is the least significant address bit. 

DrDo I/O DATA BUS: The data bus provides bi·directional communication between the CPU, 
memory, and 110 devices for instructions and data transfers. Also, during the first clock 
cycle of each machine cycle, the 8080A outputs a status word on the data bus that 
describes the current machine cycle. Do is the least significant bit. 

SYNC 0 SYNCHRONIZING SIGNAL: The SYNC pin provides a signal to indicate the beginning 
of each machine cycle. 

DBIN 0 DATA BUS IN: The DBIN signal indicates to external circuits that the data bus is in the 
input mode. This signal should be used to enable the gating of data onto the 8080A data 
bus from memory or 110. 

READY I READY: The READY signal indicates to the 8080A that valid memory or input data is 
available on the 8080A data bus. This signal is used to synchronize the CPU with slower 
memory or I/O devices. If after sending an address out the 8080A does not receive a 
READY input, the 8080A will enter a WAIT state for as long as the READY line is low. 
READY can also be used to single step the CPU. 

WAIT 0 WAIT: The WAIT signal acknowledges that the CPU is in a WAIT state. 

WR 0 WRITE: The WR signal is used for memory WRITE or 110 output control. The data on 
the data bus is stable while the WR signal is active low (WR = 0). 

HOLD I HOLD: The HOLD signal requests the CPU to enter the HOLD state. The HOLD stato 
allows an external device to gain control of the 8080A address and data bus as soon as 
the 8080A has completed its use of these busses for the current machine cycle. It is 
recognized under the following conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of 

entering the HOLD state the CPU ADDRESS BUS (A15-AO) and DATA BUS (Dr Do) 
will be in their high impedance state. The CPU acknowledges its state with the HOLD 
ACKNOWLEDGE (HLDA) pin. 

HLDA 0 HOLD ACKNOWLEDGE: The HLDA signal appears in response to the HOLD signal and 
indicates that the data and address bus will go to the high impedance state. The HLDA 
signal begins at:· . 
• T3 for READ memory or input. 
• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears after the rising edge of cfJ2. 

INTE 0 INTERRUPT ENABLE: Indicates the content of t.he internal interrupt enable flip/flop. 
This flip/flop may be set or reset by the Enable and Disable Interrupt instructions and 
inhibits interrupts from being accepted by the CPU when it is·reset. It is automatically 
reset (disabling further interrupts) at time T1 of the instruction fetch cycle (M1) when an 
interrupt is accepted and is also reset by the RESET signal. 

INT I INTERRUPT REQUEST: The CPU recognizes an interrupt request on this line at the end 
of the current instruction or while halted. If the CPU is in the HOLD state or if the 
Interrupt Enable flip/flop is reset it will not honor the request. . 

RESET1 I RESET: While the RESET signal is activated, the content of the program counter is 
cleared. After RESET, the program will start at location 0 in memory. The,INTE and 
HLDA flip/flops are also reset. Note that the flags, accumulator, stack pointer, and 
registers are not cleared. 

Vss GROUND: Reference. 

VDO POWER:. + 12 ±5% V. 
Vee POWER: +5 ±5% V. 
VBB POWER: -5 ±5% V. 
cfJ1, cfJ2 CLOCK PHASES: 2 externally supplied clock phases. (non TTL compatible) 

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

16-3 



8080A/8080A-1/8080A-2 

, ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·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 .....•.................... 1.5W 

D.C. CHARACTERISTICS 

• Notice: Stresses abo.ve those listed under "Abso­
lute Maximum Ratings" may cause permanent dam~ 
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

TA = O·C to 70·C, VDD = + 12V ±5%, Vcc = +5V ±5%, Vss = -5V ±5%, Vss = OV; unless otherwise 
noted 

Symbol Parameter Min Typ Max 

VllC Clock Input Low Voltage Vss - 1 Vss + 0.8 

VIHC Clock Input High Voltage 9.0 VDD + 1 

Vil Input Low Voltage Vss - 1 Vss + 0.8 

VIH Input High Voltage 3.3 Vce +1 

Val Output Low Voltage 0.45 

VOH Output High Voltage ' 3.7 

IDD(AV) Avg. Power Supply Current (VDD) 40 70 

ICC (AV) Avg. Power Supply Current (Vce> 60 80 

IsS (AV) Avg. Power Supply Current (Vss) 0.01 1 

III Input Leakage ±10 

ICl Clock Leakage ±10 

IDl Data Bus Leakag'e'in Input Mode -100 
--'2.0 

IFl Address and Data Bus Leakage +10 
During HOLD -100 

CAPACITANCE 
TA = 25°C, Vcc = VDD = Vss = OV,Vss = -5V 

Symbol Parameter Typ Max Unit Test Condition 

Cq, Clock 17 25 pF fc= 1 MHz 
Capacitance 

CIN Input 6 10 pF Unmeasured Pins 
Capacitance 

COUT Output 10 20 pF Returned to Vss 
Capacitance 

16-4 

Unit Test Condition 

V 

V 

V 

V 

V 
} IOl = 1.9 rnA on All Outputs, 

V IOH = -150/LA. 

rnA 

rnA ) Ope-" 
rnA 

Tcy =0.48/Ls 

/LA Vss :s: VIN :s: Vcc 

/LA Vss :s: VClOCK :s: VDD 

/LA Vss:S: VIN :s: Vss + 0.8V 
rnA Vss + 0.8V :s: VIN :s: VCC 

/LA 
VADDR/DATA = VCC 
VADDR/DATA = Vss + 0.45V 

1,5 r-----r-----,---......, 

~ 
a: 
a: 

~ 1.01---=""'".,.....=--+----j 

i 
O.50~-----:.=25---:'.50:---~.,5 

AMBIENT TEMPERATURE lOCI 

231453-3 

Typical Supply Current vs 
Temperature. Normalized 

Dol Supply/DoTA = -O.45%rC 
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A.C. CHARACTERISTICS (8080A), TA = 0·Ct070·C, voo = +12V ±5%, vee = +5V ±5%, 
VBB = -5V ± 5%, VSS = OV; unless otherwise noted 

Symbol Parameter 
-1 -1 -2 -2 Unit Test Condition Min Max Min Max Min Max 

tey(3) Clock Period 0.48 2.0 0.32 2.0 0.38 2.0 /Ls 

tr, tf Clock Rise and Fall Time 0 50 0 25 0 50 ns 

t</>1 I </>1 Pulse Width 60 50 60 ns 

td>2 I d>2 Pulse Width 220 145 175 ns 

t01 Delay <1>1 to <1>2 0 0 0 ns 

t02 Delay <1>1 to <1>2 70 60 70 ns 

t03 Delay <1>1 to <1>2 Leading Edges 80 60 70 ns 

tOA Address Output Delay From <1>2 200 150 175 ns CL = 100 pF 
too Data Output Delay From <1>2 200 180 200 ns 

toe Signal Output Delay From <1>1 or <1>2 120 110 120 ns CL = 50 pF (SYNC, WR, WAIT, HLDA) 

tOF DBIN Delay From <1>2 25 140 25 130 25 140 ns 

tOI(1) Delay for Input Bus to Enter Input Mode tOF tOF tOF ns 

tOS1 Data Setup Time During <1>1 and DBIN 30 10 20 ns 

tOS2 Data Setup Time to <1>2 During DBIN 150 120 130 ns 

tOH(1) Data Hold Time From <1>2 and DBIN (1) (1) (1) ns 

tiE INTE Output Delay From <1>2 200 200 200 ns CL = 50 pF 

tRS READY Setup Time During <1>2 120 90 90 ns 

tHS HOLD Setup Time During <1>2 140 120 120 ns 

tiS INT Setup Time During <1>2 120 100 100 ns 

tH Hold Time From <1>2 (READY, INT, HOLD) 0 0 0 ns 

tFO Delay to Float During Hold 120 120 120 ns (Address and Data Bus) 

tAW Address Stable Prior to WR (5) (5) (5) ns 

tow Output Data Stable Prior to WR (6) (6) (6) ns 

two Output Data Stable From WR (7) (7) (7) ns 

tWA Address Stable From WR (7) (7) (7) ns 

tHF HLDA to Float Delay (8) (8) (8) ns 

tWF WR to Float Delay (9) (9) (9) ns 

tAH Address Hold Time After DBIN During HLDA -20 -20 -20 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

'1CL~100PF TEST 

-= 231453-4 
CL = 100 pF 
CL Includes Jig Capacitance 

16-5 



..... 
en m 

., ~t~' 
tey . it'--

f\ ~ I~ 
~ io---

-I ~ "-f -.t03_ ~I t02 --

.2 

---
A'S-AO 

I -1 -- -- t-,.....-- ------ --- -4 
I--toA--:r --- tAW 

°7,°0 

-too-I -- tOi 1- ~ toHI""'- I--too-
~--

·t:-~ ~ 
L _____ 

-- ---:::.. g~TA IN oJ ATA OUT 

to:,1= ---- - --- -f 
~ ~ 

-lOW -
SYNC T ~ _1052 -

-- to~l-- - tDel-

DBIN 11 l. 
I--toF~1 ---'OF-! 

WR ----------- [. 
toe 1---1 

,LtH - J-:--
READY ------------ -X@ 

~~~--:I - tR5 f.--
WAIT tH- ..- 71 ~ 

HOLD 
toc-- - tH --0 J--- ... X@ -X 

~r;;.; Q-
HLDA 

INT 
- .............. rf 

X~ '-4 
tlSJ:-: 

'H_ .. 
~ ~ . 

INTE 

231453-5 

NOTE: 
Timing measurements are made at the following reference voltages: CLOCK "1" = a.ov, "0" = 1.0V; INPUTS "1" = a.av, "0" = o.av; OUTPUTS "1" = 2.0V, 
"0" = o.av 
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WAVEFORMS (Continued) 

~, ,J\ f\ 
~2 ~ I-J ~ 

- 'FD I--
Y --- ---~- 1--. 

A,s·Ao I-~-- --
I- tWA 

I-_.Y -- --.- -- .... 
. °7·°0 .. - - --

I-t-1'wD 
SYNC 

--:'1 .. tAH 

DBIN I ~ 

WAf-W -- ~'wF-
I-- toe 

READY 

I-tHf-

WAIT 

HOLD I-

- to' -HLDA _X-
~ 

INT 

INTE 
I ~:~-

231453-6 

NOTES: 
(Parenthesis gives -1, - 2 specifications, respec­
tively.) 
1. Data input should be enabled withDBIN status. 
No bus conflict can then occur and data hold time 
is assured. 
tOH = SO ns or tOF, whichever is less. 
2. lev = t03 + tr<1>2 + t<f>2 + tf<j>2 + t02 + tr<j>l ~ 
480 ns (-1 :320 ns, - 2:380 ns). 

! 
> 
:5 
w 
Q 

~ 
~ 
.~ 

o 
'1 

Typlcalll Output Delay vs Il Capacitance 

~ CAPACITANCE (pI) 

(CACTUAL - CSPEC ) 

+100 

231453-7 

3. The following are relevant when interfacing the 
8080A to devices having VIH = 3.3V: 

a) Maximum output rise time from 0.8V to 3.3V = 
100 ns @ CL = SPEC. 
b) Output delay when measured to 3.0V = SPEC 
+60 ns @ CL = SPEC. 
c) If CL = SPEC, add 0.6 ns/pF if CL > CSPEC, 
subtract 0.3 ns/pF (from modified delay) if CL < 
CSPEC· 

4. tAW = 2tcv - t03 - trcf>2 - 140 ns (-1:110 
ns, - 2:130 ns). 
S. tow = tcv - .t03 '- tr<j>2 - 170 ns (-1:1S0 ns, 
- 2:170 ns). 

.6. If not HLDA, two = tWA = t03 + tr<j>2 + 10 ns. 
If HLDA, two = tWA = tWF· 

16-7 

7. tHF = t03 + trcf>2 -SO ns. 
8. tWF = toa + tr<f>2 - 10 ns. 
9. Data in must be stable for this period during 
DBIN T 3. Both tOSl and tOS2 must be satisfied. 
10. Ready signal must be stable for this period dur­
ing T 2 or T W. (Must be. externally synchronized.) 
11. Hold signal must be stable for this period during 
T 2 or T W when entering hold mode, and during T 3, 
T 4, T 5 and T WH when in hold mode. (External syn­
chronization is not required.) 
12. Interrupt signal must be stable during this peri­
od of the last clock cycle of any instruction in order 
to be recognized on the following instruction. (Ex­
ternal synchronization is not required.) 
13. This timing diagram shows timing relationships 
only; it does not represent any specific machine cy­
cle. 
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INSTRUCTION, SET ' 

The accumulator group instructions include arithme­
tic and logical operators with direct, indirect, and im­
mediate addressing 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 accumula­
tor using direct, indirect, and immediate addressing 
modes. 

The ability to branch to different portions of the pro­
gram is provided with jump, jump conditional, and 
computed jumps. Also the ability to call to and return 
from subroutines 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 manipula­
tion and double add instructions extend both the 
arithmetic and Interrupt 'handling capability of the 

Data and Instruction Formats 

8080A. The ability to increment and decrement 
memory,the six general registers and the accumula­
tor is provided as well as extended increment and 
decrement instructions to operate on. the register 
pairs and stack pointer. Further capability is provid­
ed by the ability to rotate the accumulator left or right 
through or around the, carry bit. 

Input and output may be accomplished using memo­
ry' addresses as I/O -ports or the directly addressed 
I/O provided for in the 8080A instruction set. , ' 

The following special instruction gro!-,p completes 
the 8080A instruction set: the NOP instruction" 
HALT to stop processor execution and the OAA in­
structions provide decimal arithmetic capability. STC 
allows the carry flag to be directly set, and the CMC, 
instruction allows it to be complemented. CMA com­
plements the contents of the, accumulator and 
XCHG exchanges the contents of two 16-bit register 
pairs directly. 

Oata·in the8080A is stored in the form Df8-bit binary integers. All data transfers to they system data bus will 
be in the same format. ' . 

rl 0-7-'-06-0-5-0-'-4-0-3 -0-2-01-0-'0 I 

DATA WORD 

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

One Byte Instructions . ' TYPICAL INSTRUCTIONS 

107 D6 05 04 03 D2 ~1 Do I OP CODE Register to register, memory reference, 
arithmetic or logical, rotate, return, push, 
pop, enable or disable Interrupt 
instructions 

Two Byte Instructions 

107 06 05 D4 03 02 01 Dol 

107 D6 05 04 03 02 0 1' Dol 

Three Byte Instructions 

107 06 D5 04 03 02 01 Dol 

107 06 D5 D4 03 02 D1 Dol 

107 06 D5 04 D3 02 01 Dol 

OPCODE 

OPERAND 

OPCOOE 

LOW ADDRESS OR OPERAND 1 

HIGH ADDRESS OR OPERAND 2 

Immediate mode or I/O instructions 

Jump, call or direct load and store 
instructions ' ' , 

For the 8080A a logiC "1" is defined as a high level and a logiC "0" is defined as a low level. 
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Table 2. Instruction Set Summary 

Instruction Code (1) Operations 
Clock 

~nemonlc' Cycles 
D7D6DsD4D3D2D1Do Description 

(2) 

Instruction Code (1) Operations 
Clock 

~nemonlc' Cycle! 
D7 D6 Ds D4 D3 D2 D1 Do Description 

(2) 

MOVE, LOAD, AND STORE JM 1 1 1 1 1 0 1 a Jump on minus 10 

MOVr1,r2 a 1 D D D S S S Move register to 5 
register 

MOVM,r a 1 1 1 a S S S Move register to 7 
memory 

MOVr,M a 1 D D D 1 1 a Move memory to 7. 

JPE 1 1 1 a 1 a 1 a Jump on parity 10 
even 

JPO 1 1 1 a 0 a 1 a Jump on parity odd 10 
PCHL 1 1 1 a 1 a 0 1 H & L to program 5 

counter 

register CALL. 
MVlr a a D D D 1 1 a Move immediate 7 

register 
MVIM a a 1 1 a 1 1 a Move immediate 10 

memory 

CALL 1 1 0'0 1 1 a 1 Call unconditional 17 
CC 1 1 0 1 1 1 a a Call on 9arry 11/17 
CNC 1 1 0 1 0 1 a o Call on no carrY 11/17 

LXIB a a a a a a a 1 Load immediate 10 CZ 1 1 a a 1 1 a o Call on zero 11/17 
register Pair B & C CNZ 1 1 a a a 1 a o Call on no zero 11/17 

LXID a a a 1 0 0 a 1 Load immediate 10 CP 1 1 1 1 0 1 0 o Call on positive 11/17 
register Pair D & E CM 1 1 1 1 1 1 0 a Call on minus 11/17 

LXIH a a 1 a a a a 1 Load immediate 10 
register Pair H & L 

STAXB a a a a a a 1 a Store A indirect 7 

CPE 1 1 1 a 1 1 a a Call on parity even 11/17 
'CPO 1 1 1 a a 1 a o Call on parity odd 11/17 

STAXD a a a 1 a a 1 a Store A indirect 7 RETURN 

LDAXB a a a a 1 a 1 a Load A indirect 7 RET 1 1 a a 1 a 0 1 Return 10 
LDAXD a a a 1 1 a 1 a Load A indirect 7 RC 1 1 0 1 1 a a o Return on carry 5111 
STA a a 1 1 a a 1 a Store A direct 13 RNC 1 1 a 1 0 a 0 o Return on no carry 5/11 
LDA 0 0 1 1 1 a 1 b Load A direct 13 RZ 1 1 a a 1 a a a Return on zero 5/11 
SHLD a a 1 a a a 1 a Store H & L direct· 16 RNZ 1 1 a a a a a a Return on no zero 5/11 
LHLD a a 1 a 1 a 1 a Load H & L direct 16 RP 1 1 1 1 a a a a Return on positive 5/11 
XCHG 1 1 1 a 1 a 1 1 Exchange D & E, 4 RM 1 1 1 1 1 a a a Return on minus 5/11 

H & L Registers RPE 1 1 1 0 0 a a a Return on parity 5/11 

STACKOPS even 

PUSHB 1 1 a a a 1 a 1 Push register Pair 11 
B &Constack 

RPO 1 1 1 a a 0 0 a Return on parity 5/11 
odd 

PUSHD 1 1 a 1 a 1 a 1 Push register Pair 11 RESTART 
D& E on stack RST 1 1 A A A 1 1 1 Restart 11 

PUSHH 1 1 1 a a 1 a 1 Push register Pair 11 
H& Lon stack INCREMENT AND DECREMENT 

PUSH 1 1 1 1 0 1 a 1 Push A and Flags 11 
PSW on stack 
POPB 1 1 a a a a a 1 Pop register Pair B 10 

& C 011 stack 
POPD 1 1 a 1 a a a 1 Pop register Pair D 10 

& E 011 stack 
POPH 1 1 1 0 a a a 1 Pop register Pair H 10 

& L 011 stack 
POPPSW 1 1 1 1 a a a 1 Pop A and Flags 10 

011 stack 
XTHL 1 1 1 a a a 1 1 Exchange top of 18 

stack, H & L 

INRr a a D D D 1 a a Increment register 5 
DCRr a a D DD 1 a 1 Decrement register 5 
INRM a 0 1 1 0 1 a o Increment memory 10 
DCRM 0 0 1 1 a 1 0 1 Decrement memory 10 
INXB 0 0 0 0 0 0 1 1 Increment B & C 5 

registers 
INXD 0 0 0 1 0 0 1 1 Increment D & E 5 

registers 
INXH a 0 1 a 0 0 1 1 Increment H & L 5 

registers 
DCXB a 0 a a 1 0 1 1 Decrement B & C 5 

SPHL 1 1 1 1 1 a 0 1 H & Ltostack 5 DCXD 0 0 0 1 1 a 1 1 Decrement D & E 5 
pointer DCXH a 0 1 a 1 0 1 1 Decrement H & L 5 

LXISP 0 0 1 1 0 0 a 1 Load immediate 10 
stack pointer 

ADD 

INXSP 0 0 1 1 a 0 1 1 Increment stack 5 ADDr 1 0 0 a a S S S Add register to A 4 
pointer ADCr 1 0 a a 1 S S S Add register to A 4 

DCXSP 0 0 1 1 1 a 1 1 Decrement stack 5 with carry 
pOinter ADDM 1 a a a a 1 1 a Add memory to A 7 

JUMP ADCM 1 0 0 a 1 1 1 o Add memory to A 7 
with carry 

JMP 1 1 a 0 0 a 1 1 Jump 10 ADI 1 1 0 a a 1 1 a Add immediate to A 7 
unconditional ACI 1 1 0 a 1 1 1 o Add immediate to A 7 

JC 1 1 a 1 1 a 1 o Jump on carry 10 with carry 
JNC 1 1 0 1 a a 1 o Jump on no carry 10 DADB 0 a 0 a 1 a a 1 AddB&CtoH&L 10 
JZ 1 1 '0 0 1 0 1 o Jump on zero 10 DADD a a a 1 1 a a 1 AddD&EtoH&L 10 
JNZ 1 1 a 0 a a 1 a Jump on no zero 10 DADH a 0 1 a 1 a a 1 AddH&LtoH&L 10 
JP 1 1 1 1 a a 1 o Jump on positive 10 DADSP a 0 1 1 1 0 0 1 Add stack pointer 10 

toH&L 
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8080A/8080A-1/8080A-2 

Table 2 Instruction Set Summary (Continued) 

Instruction Code (1) Operations 
Clock 

Mnemonic· Cyclel 
Instruction Code (1) Operations 

~nemonlc· 
o,.DsDsD4D3D2Dl D Description 

(2) D7DsDsD4D3D2D1D Description 

SUBTRACT ROTATE 

SUBr 1 0 0 1 0 S S S Subtract register 4 RLC 0 0 0 0 0 1 1 1 Rotate A left 
from A RRC 0 0 0 0 1 1 1 1 Rotate A right 

SBBr l' 0 0 1 1 S S S Subtract register 4 RAL 0 0 0 1 0 1 1 1 Rotate A left 
from A with borrow through carry 

SUBM 1 0 0 1 0 1 1 o Subtract memory 7 
from A 

SBBM 1 0 0 1 1 1 1 o Subtract memory 7 
from A with borrow 

RAR 0 0 0 1 1 1 1 1 Rotate A right 
through carry 

SPECIALS 

SUI 1 1 0 1 0 1 1 o Subtract 7 
immediate from A 

SBI 1 1 0 1 1 1 1 o Subtract 7 
immediate from A 
with borrow 

CMA 0 0 1 0 1 1 1 1 Complement A 
STC 0 0 1 1 0 1 1 1 Set carry 
CMC 0 0 1 1 1 1 1 1 Complement carry 
OM 0 0 1 0 0 1 1 1 Decimal adjust A 

LOGICAL INPUT IOUTPUT 

ANAr 1 0 1 0 0 S S S And register 4 
with A 

IN 1 1 0 1 1 0 1 1 Input 
OUT 1 1 0 1 0 0 1 1 Output 

XRAr 1 0 1 0 1 S S S Exclusive or 4 CONTROL 
register with A 

ORAr 1 0 1 1 0 S S S Or register with A 4 
CMPr 1 0 1 1 1 S S S Compare register 4 

with A 

EI 1 1 1 1 1 0 1 1 Enable Interrupts 
01 1 1 1 1 0 0 1 1 Disable Interrupt 
NOP 0 0 0 0 0 0 0 o No-operation 

ANAM 1 0 1 0 0 1 1 o And memory 7 HLT 0 1 1 1 0 1 1 o Halt 
with A 

XRAM 1 0 1 0 1 1 1 o Exclusive Or 7 
memory with A 

ORAM 1 0 ·1 1 0 1 1 o Or memory with A 7 
CMPM 1 0 1 1 1 1 1 o Compare memory 7 

with A 
ANI 1 1 1 0 0 1 1 .0 And immediate 7 

with A 
XRI 1 1 1 0 1 1 1 o Exclusive Or 7 

immediate with A 
ORI 1 1 1 1 0 1 1 o Or immediate 7 

with A 
CPI 1 1 1 1 1 1 1 o Compare 7 

immediate with A 

NOTES: 
1. DDD or SSS: B = 000, C = 001, D = 010, E = 011, H = 100, L = 101, Memory = 110, A = 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
'AII mnemonics copyright @ Intel Corporation 1977 
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8085AH/8085AH-2/8085AH-1 
8-BIT HMOS MICROPROCESSORS 

Single + SV Pow~r Supply with 10% • On-Chip System Controller; Advanced 
Voltage Margins Cycle Status Information Available for 

3 MHz, S MHz and 6 MHz Selections Large. System Control. 
. Available • Four Vectored Interrupt Inputs (One Is 

20% Lower Power Consumption than Non-Maskable) Plus an SOSOA-

SOSSA for 3 MHz and S MHz Compatible Interrupt 

1.3 p.s Instruction Cycle (SOSSAH); O.S • Serial In/Serial Out Port 

p.s (80SSAH-2); 0.67 p.s (80SSAH-1) • Decimal, Binary and Double Precision 

100% Software Compatible with S080A Arithmetic 

On-Chip Clock Generator (with External. • Direct Addressing Capability to 64K 

Crystal, LC or RC Network) Bytes of Memory 

• Available in 40-Lead Cerdip and Plastic 
Packages 
(See Packaging Spec., Order # 231369) 

The Intel 8085AH is a complete 8-bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 
8080A microprocessor, and it is designed to improve the present 8080A's performance. by higher system 
speed. Its high level of system integration allows a minimum system of three IC's [8085AH (CPU),8156H 
(RAMIIO) and 8755A (EPROM/IO)] while maintaining total system expandability. The 8085AH-2 and 
8085AH-1 are faster versions of the 80B5AH. 

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a higher level of system integration. . 

The 8085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit 
data bus. The on-chip address latches of 8155H/8156H/8755A memory products allow a direct interface with 
the 8085AH. 

x, 
x, 

liifA 

I ,.. C III 
'1(0 REG 

D II, I. '" 
REG. flEO 
Kill l ," }-. REG. MG. ARRAY 

STACI(POINTEA fill 

PROGRAM COUNTER 1111 

INCAEM1NTEA/DECREMlNTEA 
ADDR($SLATCIl "I! 

AII-At ADJ-ADo 
ADDItEII8US AODAlSIIDAT A aus 

231.718-1 

Figure 1. 8085AH CPU Functional Block Diagram 
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Xl Vee 
X2 HOLD 

RESET OUT HLDA 
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TRAP REAOV 

RST 7.5 101M 
RST 6.5 S1 
RST 5.5 iii5 

INTR iVA 
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Figure 2. 8085AH Pin 
Configuration 

September 1987 
Order Number: 231718-001 
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Table 1_ Pin Description 

Symbol Type Name and Function 

Aa-A15 0 ADDRESS BUS: The most significant 8 bits of memory address or the 8 bits of the 
1/0 address, 3~stated during Hold and Halt modes and during RESET. 

ADo-7 1/0 MULTIPLEXED ADDRESSIDATA BUS: Lower 8 bits of the memory address (or 
1/0 address) appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes the data bus during the second and third clock cycles. 

ALE 0 ADDRESS LATCH ENABLE: It occurs during the first clock state of a machine 
cycle and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE is set to guarantee setup and hold times for the address 
information. The falling edge of ALE can also be used to strobe the status 
information. ALE is never 3-stated. 

So, S1 and 101M 0 MACHINE CYCLE STATUS: 

101M 51 50 Status 
0 0 1 Memory write 
0 1 0 Memory read 
1 0 1 1/0 write 
1 1 0 1/0 read 
0 1 1 Opcode fetch 
1 ·1 1 Interrupt Acknowledge 
• 0 0 Halt 
• X X Hold 
• X X Reset 
• = 3-state (high impedance) 
X = unspecified 

51 can be used as an advanced R/W status. 101M, 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 0 READ CONTROL: A low level on RD indicates the selected memory or 1/0 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 0 WROTE CONTROL: A low level on WR indicates 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. 

READY I READY: If READY is high during a read or write CyCh3, 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. READY must conform to specified setup and hold times; 

HOLD I HOLD: Indicates that another master is requesting the use of the address and data 
buses. The CPU, upon receiving the hold request, will relinquish the use of the bus 
as soon as the completion of the current bus transfer. Internal processing can 
continue. 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. 

HLDA 0 HOLD ACKNOWLEDGE: Indicates that the CPU has received the HOLD request 
and that it will relinquish the bus in the next clock cycle. HILDA goes low after the 
Hold request is removed. The CPU takes the bus one half clock cycle after HLDA 
goes low. 

INTR I INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled only 
during the next to the last clock cycle of an instruction and during Hold and Halt 
states. If it is actiVe, the Program Counter (PC) will be inhibited from incrementing 
and an INTA will be issued. During this cycle a RESTART or CALL instruction can 
be inserted to jump to the interrupt service routine. The INTR is enabled and 
disabled by software. It is disabled by Reset and immediately after an interrupt is 
accepted. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

INTA 0 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 an 8259A Interrupt chip or some other interrupt port. 

RST5.5 I RESTART INTERRUPTS: These three inputs have the same timing as INTR 
RST6.5 except they cause an internal RESTART to be automatically inserted. 
RST7.5 The priority of these interrupt is ordered as shown in Table 2. These interrupts have 

a higher priority than INTR. In addition, they may be individually masked out using 
the SIM instruction. 

TRAP I TRAP: Trap interrupt is a non-maskable RESTART interrupt. It is recognized at the 
same time as INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. (See Table 2.) 

RESET IN I RESET IN: Sets the Program Counter to zero and resets the Interrupt Enable and 
HlDA flip-flops. The data and address buses and the control lines are 3-stated 
during RESET and because of the asynchronous nature of RESET, the processor's 
internal registers and flags may be altered by RESET with unpredictable results. 
RESET IN is a Schmitt-triggered input, allowing connection to an R-C network for 
power-on RESET delay (see Figure 3). Upon power-up, RESET IN must remain low 
for at least 10 ms after minimum Vee has been reached. For proper reset 
operation after the power-up duration, flESET IN should be ~ept Iowa minimum of 
three clock periods. The CPU is held in the reset condition as long as RESET IN is 
applied. 

RESET OUT 0 RESET OUT: Reset Out 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,X2 I X1 and X2: Are connected to a crystal, lC, or RC network to drive the internal 
clock generator. X1 can also be an external clock input from a logic gate. The input 
frequency is divided by 2 to give the processor's internal operating frequency. 

ClK 0 CLOCK: Clock output for use as a system clock. The period of ClK is twice the X1, 
X2 input period. 

SID I SERIAL INPUT DATA LINE: The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

SOD 0 SERIAL OUTPUT DATA LINE: The output SOD is set or reset as specified by the 
SIM instruction. 

Vee POWER:· + 5 volt supply. 

Vss GROUND: Reference. 
. 

Table 2. Interrupt Priority, Restart Address and Sensitivity 

Name Priority 
Address Branched to(1) 

Type Trigger 
When Interrupt Occurs 

TRAP 1 24H Rising Edge AND High level until Sampled 

RST7.5 2 3CH Rising Edge (latched) 

RST6.5 3 34H High level until Sampled 

RST5.5 4 2CH High level until Sampled 

INTR 5 (Note 2) High level until Sampled 

NOTES: 
1. The processor pushes the pe 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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RESET IN 

R, 

Vee 0 

I : 
Typical Power-On Reset RC Values' 
RI = 75 KO 
CI = 1 "F 

f 
' c, 

I~ 

231718-3 

'Values May Have to Vary Due to Applied Power Supply Ramp 
UpTime. 

Figure 3. Power-On Reset Circuit 

FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a singie + 5V supply: Its basic clock speed is 3 MHz 
(8085AH), 5 MHz (8085AH~2), or 6 MHz (8085-AH-t), 
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 
(8085AH), a RAM/10(8156H), and an EPROM/IO 
chip (8755A). ' 

The 8085AH 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, pairs. The 
8085AH register, set is as follows: 
Mnemonic Register 
ACC or A, Accumulator 
PC Program Counter 
BC, DE, HL General-Purpose 

Registers; data 
pointer (HL) 

Contents 
8 Bits 
16-Bit Address 
8-Bits x 6 or 
16'Bitsx3 

SP Stack Pointer '16-Bit Address 
Flags or F Flag Register 5 Flags (8-Bit Space) 

The 8085AH uses a multiplexed Data Bus. The ad­
dress 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 exterrially by the 
Address Latch Enable Signal (ALE). During the rest 
of the machine cycle the data bus is used for memo­
ry or I/O data. 

The 8085AH provides RD, WR, So, Sl, and 10/M 
Signals for' bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter­
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 

(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE­
START inputs, 5.5, 6.5, and 7.5, has a programma­
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three maskable interrupt cause the internal exe­
cution 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 nonmaskable TRAP causes the inter­
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta­
ble 2.) 

, There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensi­
tive like INTR (and INT on the 8080) and are recog­
nized with the same tiining ,as INTR. RST 7.5 is rising 
edge-sensitive. 

For RST 7.5, only a pulse is required to set an inter­
nal flip-flop which generates the internal interrupt re­
quest (a normally high level signal with a low going 
pulse is recommended for,highest system noise im­
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto­
matically. This flip~flop may also be reset by using 
theSIM instrUction or by issuing a RESET IN to the 
8085AH. The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. ' 

The status of the ,three, RST interrupt' masks can 
only be affected by the SIM instruction and 
RESET IN. (See SIM, Chapter 5 of the 8080/8085 
User's Manual.) 

The interrupts are arranged' in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP-high­
est priority, RST 7.5, RST 6.5, RST 5;5, INTR-Iow­
est 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 be­
fore 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 
recognized just as any other interrupt but has the 
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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 4 il­
lustrates the TRAP interrupt request circuitry within 
the 8085AH. 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 in­
struction is executed. 

EXTERNAL 
TRAP 
INTERRUPT 
REOUEST 

RESET I':;; 

INSIDE THE 
8085AH 

SCHMITT 
TRIGGER 

+5V 0 elK 

D 
FIF 

INTERNAL TRAP F.F. 
TRAP 

ACKNOWLEDGE 

231718-4 

Figure 4. TRAP and RESET In Circuil 

The TRAP interrupt is special in that it disables inter­
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur­
rent interrupt enable status. Performing a RIM in­
struction following INTR, or RST 5.5-7.5 will provide 
current Interrupt Enable status, revealing that inter­
rupts are disabled. See the description ofthe RIM 
instruction in the 8080/8085 Family User's Manual. 

The serial I/O system is also controlled by the RIM 
and SIM instruction. SID is read by RIM,' and SIM 
sets the SOD data. 

DRIVING THE X1 AND X2 INPUTS 

You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 

hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 

Parallel resonance at twice the'clock frequency de­
sired 
CL (load capacitance) s 30 pF 
Cs (Shunt capacitance)s 7 pF 
Rs (equivalent shunt resistance) s 75!l 
Drive level: 10 mW 
Frequency tolerance: ± 0.005% (suggested) 

Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre­
quencies belpw 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler­
ance of approximately ± 10% is acceptable. The 
components are chosen from the formula: 

To minimize variations in frequency, it is recom­
mended that you choose a value for Cext that is at 
least twice that o,f Cjnt, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An 'RC circuit may be used as the frequency-deter­
mining network for the 8085AH if maintaining a pre­
cise clock frequency is of no importance. Variations 
in the on-chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantage is its low component cost. The driving 
frequency generated by the circuit shown is approxi­
mately 3 MHz. It is not recommended that frequen­
cies greatly higher or lower than this be attempted. 

Figure 5 shows the recommended clock driver cir­
cuits. Note in d and e that pullup resistors are re­
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to Xl and leave X2 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera­
tor will be improved by driving both Xl and X2 with a 
push-pull source (Figure 5e). To prevent self-oscilla­
tion of the 8085AH, be sure that X2 is not coupled 
back to Xl through the driving circuit. 
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Xt eOllIAtI ,----, 
I 
I 
I CINT * -15pF 

I 
'--:........~_~2 X2 ___ J 

'20 pF capacttors required for '--______ _ 
crystal frequency ,;; 4 MHz only. 231718-5 

a. Quartz Crystal Clock Driver. 

r x, ,..--...---1 1.:::"" - -.., 
808SAH 

'1 " 

t LEXT - CEXT 

I C'NT 
...L. -15pF ..... 

I 

;! x. I 
'----+-....,--11... -""- - _....J 

.. 
231718-6 

b. LCTuned Circul~ Clock DrIver 

x, 

-8K . 120 

pF '----( 

231718-7 

c. RC Circuit Clock Driver 

+IY 

'X2 left floating 

231718-8 

d. 1-6 MHz Input Frequency 
Clock Driver Circuit 

+IY 

47011 

'-----lx. 

231718-9 

e.1-12 MHz Input Frequency 
External Clock Driver Circuit 

Figure 5. Clock Driver Circuits 

GENERATING AN8085AH WAIT 
STATE . 

If your system requirements are such that' slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may. be used to insert one 
WAIT state in each 8085AH machine cycle. 

Th~ D flip-flops should be chosen so that 
• ClK is rising edge-triggered 
• CLEAR is low-level active. 

~ 
CLEAR 808SAH 

ClK CLlUIUTPIIT"" -

"0" 
F/F 

Q 
0 +5V-

ClK 

'"0'" 
F/F 

0 

TO 

R 
- IN 
~~ 

808SAH 
EADY 
PUT 

231718-10 
'ALE and ClK (OUT) should be buffered if ClK input of latch 
exceeds 8085AH IOl or IOH. 

Figure 6. Generation of a 
Wait State for 8085AH CPU 

As in the,8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU 
to relinquish the bus when it is thOrough with it by 
floating the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H, and 8755A. will have the following 
features: 
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• 2K Bytes EPROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8-bit 110 Ports, 
.1 6-bitll0 Port 

• 4 Interrupt Levels 

• Serial In/Serial Out Ports 
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This minimum system, using the standard 1/0 tech­
nique is as shown in Figure 7. 

In addition to the standard 1/0, the memory mapped 
1/0 offers an efficient 1/0 addressing technique. 
With this technique, an area of memory address 
space is assigned for 1/0 address, thereby, using 
the memory address for 110 manipulation. Figure 8 

r1D~ 
Vss vee r l I 

shows the system configuration of Memory Mapped 
1/0 using 8085AH. . 

The 8085AH CPU can also interface with the stan­
dard memory that does not have the multiplexed ad­
dressldata bus. It will require a simple 8-bit latch as 
shown in Figure 9. 

x, x, RESET IN 
I-- TRAP HOLD - RST1.5 HlDA I--- RST6.5 

8085AH 
SOD I-- , 

- RST5.5 SID I-- INTR 5,1--- TNTA RESET 
S. I--ADDRI OUT 

ADDR DATA ALE AD Wli 101M RDY ClK 

18) (81 Vi' vr 

I~r- ~ POR!~ 
WR ~ _ PORT 181 
RD 8156H B 

ALE PORT~ 
A J.. DATAl C 161 

ADDR 
~ IN 

101M TIMER -
RESET 

OUT r--

iow 

AD 

ALE 

~ Itr-
PORT 

CE A 

~.;:: '" A8-10 

V 8755A 
.A J.. 

DATAl 
ADDR 

1011\; ~. PORT 

RESET B 

I- * RDY Vee 

~ ClK lOR -.J 

.t tJ 1. 
Vss Vee Voo PROG 

Vee 

Vee 

Vee 

231718-11 

• NOTE: 
Optional Cqnnection 

Figure 7. 8085AH Minimum System (Standard 1/0 Technique) 
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- X, X2 RESET IN 
TRAP HOLD -- RST7 HlDA -- RST6 SOD 

_. 
- RST5 8085AH SID -- INTR S, -- INTA 

RESET 
So -ADDRI OUT 

ADDR DATA ALE AD WR 101M RDYClK 

'''Qr 101M (CS) 

WR 

~~ 
RD 

V' .1\. 
DATA 

~ " STANDARD 

\ MEMORY 

ADDR (CS) 
/ , V 

(16) 

--- ClK 

RESET 

101M (CS) 

WR 

RD 

V ... 
r--.. 

DATA 

" STANDARD 

... 1/0 

I ADDR 

DUI II 
V 

AA Vee 
Y:V 

YAY; 
Vee 

YV Vee .. 

1/0 POR TS, 
lS 

B 

Figure 9. 8085 System (Using Standard Memories) 
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BASIC SYSTEM TIMING 

The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad­
dress on the Data Bus. Figure 10 shows an instruc­
tion fetch, memory read and 1/0 write cycle (as 
would occur during processing of the OUT instruc­
tion). Note that during the 1/0 write and read cycle 
that the 1/0 port address is copied on both the up-
per 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 (RD, WR, and INTA). (See 
Table 3.) The status lines can be used as advanced 
controls (for device selection, for example), since 
they become active at the T 1 state, at the outset of 
each machine cycle. Control lines RD and WR be­
come 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 nor­
mally 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 possi­
ble states, shown in Table 4 .. 

Table 3. 8085AH Machine Cycle Chart 

Machine Cycle 
Status Con,trol 

101M S1 SO RD W~~ INTA 

OPCODE FETCH (OF) 0 1 1 0 1 1 

MEMORY READ (MR) 0 1 0 0 1 1 

MEMORY WRITE (MW) 0 0 1 1 0 1 

1/0 READ (lOR) 1 1 0 0 1 1 

1/0 WRITE (lOW) 1 0 1 1 0 1 

ACKNOWLEDGE 
OFINTR (INA) 1 1 1 1 1 0 

BUS IDLE (BI): DAD 0 1 0 1 1 1 
ACK.OF 
RST,TRAP 1 1 1 1 1 1 
HALT TS 0 0 TS TS 1 

Table 4. 8085AH Machine State Chart 

Machine Status & Buses Control 

State S1,SO 101M Aa-A 15 ADo-AD7 RD,WR INTA ALE 

T1 X X X X 

T2 X X X X 

TWAIT X X X X 

Ts X X X X 

T4 1 ot X TS 

Ts 1 ot X TS 

Ts 1 ot X TS 

TRESET X TS TS TS 

THALT 0 TS TS TS 

THOLD X TS TS TS 
o = LogIc "0" TS = High Impedance 
1 = Logic "1" X = Unspecified 
• ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
tlOiM = 1 during T4-Ts of INA machine cycle. 
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M, M2 M3 

CLK T, 

As-A'5 PCH (HIGH ORDER ADDRESS! (PC + 1IH 

AOO_7 

ALE 

iID 

WR 

101M 

STATUS S,s. (FETCH! 10 (READ! 01 WRITE 11 

231718-14 

Figure 10. 8085AH Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature under Bias ..... ,. O·C to 70·C 
Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Re!!pect to Ground .........• - 0.5V to + 7V 

Power Dissipation ........•................. 1.5W 

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under ':4bso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may IfIffect device reliability. 

8085AH, 8085AH-2: T A = O·C to 70·C, Vee = 5V t 1 0%, Vss = OV; unless otherwise specified" ' 

80S5AH-1: TA = O·C to 70·C, Vee = 5V ±5%, Vss = OV; unless otherwise specified" 

Symbol Parameter Min Max Units 

VIL Input Low Voltage -0.5 +O.S V 

VIH Input High Voltage 2.0 Vee +0.5 V 

VOL Output Low Voltage 0.45 V 

VOH Output High Voltage 2.4 V 

Icc Power Supply Current 135 rnA 

200 rnA 

IlL Input Leakage ±10 . p,A 

ILO Output Leakage ±10 p,A 

VILR Input Low Level, RESET, -0.5 +O.S V 

VIHR Input High Level, RESET 2.4 Vee + 0.5 V 

VHY Hysteresis, RESET 0.15 'V 

A.C. CHARACTERISTICS 
SOS5AH, 8085AH-2: TA = o·c to 70·C, Vee = 5V ±10%, vss = ov· 

S085AH-1: TA = O·C to 70·C, vee = 5V ±5%, vss = OV 

Symbol Parameter 
8085AH (2) 

Min Max 

tCYC CLK Cycle Period 320 2000 

t1 CLK Low Time (Standard CLK Loading) SO 

t2 CLK High Time (Standard CLK Loading), 120 

tr, tf CLK Rise and Fall Time 30 

tXKR X1 Rising to CLK Rising 20 120 

tXKF X1 Rising to CLK Falling 20 150 

tAC A8-15 Valid to Leading Edge of Control (1) 270 

tACL AO-7 Valid to Leading Edge of Control 240 

tAD AO-15 Valid to Valid Data In 575 

tAFR Address Float after Leading Edge of 0 
READ (lNTA) 

tAL A8-15 Valid before Trailing Edge'of ALE (1) 115 

°NOTE: 
For Extended Temperature EXPRESS use M8085AH Electricals Parameters. 
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8085AH.2 (2) 

Min Max 

200 2000 

40 

70 

30 

20 100 

20 110 

115 

115 

350 

0 

50 

Test Condlti,ons 

IOL = 2mA 

IOH = -400 p,A 

8085AH, SOS5AH-2 

8085AH-1 

o ~ VIN ~ Vee 

0.45V ~ VOUT ,~ Vee 

8085AH~1 (2) 
Units 

Min Max 

167 2000 ns 

20 ns 

50 ns 

30 ns 

20 100 ns 

20 110 ns 

70 ns 

60 ns 

225 ns 

0 ns 

25 ns 
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A.C. CHARACTERISTICS (Continued) 

Symbol Parameter 
8085AH (2) . 8085AH-2 (2) 8085AH-1 (2) 

Units 
Min Max Min Max Min Max 

tAll AO-7 Valid before Trailing Edge of ALE 90 50 25 ns 

tARY READY Valid from Address Valid 220 100 40 ns 

tCA Address (AS-15) Valid after Control 120 60 30 ns 

tcc Width of Control low (RD. WR.INTA) 400 230 150 ns 
Edge of ALE 

tCl Trailing Edge of Control to leading Edge 50 25 0 ns 
of ALE 

tow Data Valid to Trialing Edge of WRITE 420 230 140 ns 

tHABE HlDA to Bus Enable 210 150 150 ns 

tHABF Bus Float after HlDA 210 150 150 ns 

tHACK HlDA Valid to Trailing Edge of ClK 110 40 0 ns 

tHOH HOLD Hold Time 0 0 0 ns 

tHOS HOLD Setup Time to Trailing Edge of ClK 170 120 120 ns 

tlNH INTR Hold Time 0 0 0 ns 

tiNS INTR. RST. and TRAP Setup Time to 160 150 150 ns 
Falling Edge of ClK 

tLA . Address Hold Time after ALE 100 50 20 ns 

tlC Trailing Edge of ALE to leading Edge 130 60 25 ns 
of Control 

tlCK ALE low During ClK High 100 50 15 ns 

tLDR ALE to Valid Data during Read 460 270 175 ns 

tLDW ALE to Valid Data during Write 200 140 110 ns 

tll ALE Width 140 80 50 ns 

tlRY ALE to READY Stable 110 30 10 ns 

tRAE Trailing Edge of READ to Re-Enabling 150 90 50 ns 
of Address 

tRO READ (or INTA) to Valid Data .300 150 75 ns 

tRY Control Trailing Edge to leading Edge 400 220 160 ns 
of Next Control 

tROH Data Hold Time after READ INTA 0 0 0 ns 

tRYH READY Hold Time 0 0 5 ns 

tRYS READY Setup Time to leading Edge 110 100 100 ns 
ofClK 

two Data Valid after Trailing Edge of WRITE 100 60 30 ns 

tWOl lEADING Edge of WRITE to Data Valid 40 20 30 ns 

NOTES: 
1. Aa-A15 address Specs apply 101M. SO. and 51 except Aa-A15 are undefined during T4-T6 of OF cycle whereas 101M. 
SO. and 51 are stable. 
2. Test Conditions: tCYC = 320 ns (SOS5AH)/200 ns (SOS5AH-2);/167 ns (SOS5AH-1); CL = 150 pF. 
3. For all output timing where C * 150 pF use the following correction factors: 

25 pF s;; CL < 150 pF: -0.10 ns/pF 
150 pF < CL S;; 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of tCYC use Table 5. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

OEVICE 

~~... u)C 
~ > TEST POINTS < . . 

UNDER 

IJCL~150PF. TEST 

0.8 0.8. 
0.45 . 

231718-15 

A.C. Testing: Inputs are driven at 2.4V for a .Logic "I" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "I" and 0.8V for a Logic "0". 

CL = 100 pF 
CL . Includes Jig Capacitance 

Table 5. Bus Timing Specification as a T eye Dependent 

Symbol 8085AH 8085AH-2 8085AH-1 

tAL (1/2)T - 45 (1/2)T - 50 (1/2)T -.58 

tLA (1/2)T - 60 (1/2)T - 50 (1/2)T - 63 

tLL (1/2)T - 20 (1/2)T - 20 (1/2)T - 33 

tLCK (1/2)1- 60 (1/2)T - 50 (112)T - 68 

tLC (1/2)T - 30 (1/2)T - 40 (1/2)T - 58 

tAD (5/2 + N)T - 225 (5/2 + N)T - 150 (5/2 + N)T - 192 

tRO (3/2 + N)T - 180 (3/2 + N)T - 150 (3/2 + N)T - 175 

tRAE (1/2)T - 10 . (1/2)T - 10 (1/2)T - 33 

tCA (1/2)T"""740 (1/2)T - 40 (1/2)T - 53 

tow (3/2 + N)T - 60 (3/2 + N)T - 70 (3/2 + N)T - 110 

two (1/2)T - 60 (1/2)T - 40 (1/2)T - 53 

tcc (3/2 + N)T - 80 (3/2 + N)T - 70 (3/2 + N)T - 10.0 

tCL (1/2)T -110 (1/2)T - 75 (1/2)T - 83 

tARY (3/2)T - 260 (3/2)T - 200 (3/2)T - 210 

tHACK (1/2)T - 50 (1/2)1- 60 (1/2)T - 83 I 

tHABF (1/2)T + 50 (1/2)T + 50 (1/2)T + 67 

tHABE (1/2)T + 50 (1/2)T + 50 (1/2)T + 67 

tAc (2/2)T- 50 (2/2)T - 85 (2/2)T - 97 

tl (1/2)T - 80 (1/2)T - 60 (1/2)T - 63 

t2 (1/2)T -'- 40 (1/2)1 - 30 (1/2)T - 33 

tRY (3/2)T -80 (3/2)T - 80 (3/2)T - 90 

tLDR (4/2 + N)T - 180 (4/2)T - 130 (4/2)T - 159 

NOTE: 
N is equal to the total WAIT states. T = tCYC' 
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WAVEFORMS 

CLOCK 

X, INPUT 

elK 
OUTPUT 

READ 

WRITE 
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1_ 11_1 
I-------'CVC ------+1 
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• )! ADDRESS 
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"I -
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J 
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I
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_ 

I _--'cc 
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~tAC_ 
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i'CA-1 
1 ADDRESS } DATA OUT X 

14 - tLl _I ..- tLA----I -tow -two--I 
ALE 'J - -'WOL 

-tAl _ 

~ 
-tee . 

-'lC :j ....... tel -.-

~tAC-

WR 
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WAVEFORMS (Continued) 

HOLD 

T, T, THOLD T HOLD T, 

:\ elK , I I \ I -, 
HOLD t "\ '~ 

'HD'· IJ=HDH ttHACK'" 

t \ 
tHABF -

I. tHABE-H 

HLOA 

BUS (ADDRESS. CONTROLS) >--:I 
:1 

231718-20 

READ OPERATION WITH WAIT CYCLE (TYPICAL)-SAME READY TIMING APPLIES TO WRITE 

I T, T2 TWAIT T, T, 

elK / \ ~ / 
-- tlCK ·1 _ICA_ 

As-A,. ). ADDRESS 

- 'AD tRDH .. ~rRA'-
ADo-AD, ) ADDRESS elL //II/) - DATA IN .... 

~ 
-) 

r-r- tLL--'" -tLA-

tAFR_ - -'Cl-Y 
ALE 'LOA 

. 'Al ~ 1- 'Ro . 
,I 

RD/iNTA --'L~-rt 
tee 

'i. 
<'---'LRY IJ . tAC_ /:== 'ARY • I 'RY' 'RYH _I . lAYS tRYH 

~ ]--- -.... ---.... 
READY . '\ I lIlllllllA J 

231718-21 

NOTE: 
1. Ready must remain stable during setup and hold times. 

/ 
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WAVEFORMS (Continued) 

INTERRUPT AND HOLD 

11----·-- BUS FLOATING' -----1 

MI-------------l-----,~----------------~ 

HOLD 

HLOA 

231718-22 

'NOTE: 
101M is also floating during this ·time. 
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Table 6. Instruction Set Summary 

Mnemonic Instruction Code Operations 
D7 D6 D5 D4 D3 D2 D1 Do Description 

Instruction Code Operations 
Mnemonic D D D D D D D' D Description . 765 4 3 2 1 0 

MOVE, LOAD AND STORE STACK OPS (Continu.ed) 

MOVr1 r2 0 1 D D D S S S Move register POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 
to register off stack 

MOVM.r 0 1 1 1 0 S S S Move register XTHL 1 1 1 0 0 0 1 1 Exchange top of 
to memory stack, H & L 

MOVr.M 0 1 D D D 1 1 0 Move memory SPHL 1 1 1 '1 1 0 0 1 H & Ltostack 
to register pointer 

MVlr 0 0 D D D 1 1 0 Move immediate LXISP 0 0 1 1 0 0 0 1 Load immediate 
register stack pointer 

MVIM 0 0 1 1 0 1 1 0 Move immediate INXSP 0 0 1 1 0 0 1 1 Increment stack 
inemory pOinter 

LXIB 0 0 0 0 0 0 0 1 Load immediate DCXSP 0 0 1 1 1 0 1 1 Decrement stack 
. register Pair B & C pOinter 

LXID 0 0 0 1 0 0 0 1 Load immediate JUMP 
register Pair D & E JMP 1 1 0 0 0 0 1 1 Jump unconditional 

LXIH 0 0 1 0 0 0 0 1 Load immediate 
register Pair H & L 

STAXB 0 0 0 0 0 0 1 0 Store A indirect 

JC 1 1 0 1 1 0 1 0 Jump on carry 

JNC 1 1 0 1 0 0 1 0 Jump on no carry 

STAXD 0.0 0 1 0 0 1 0 Store A indirect 
JZ 1 1 0 0 1 0 1 0 Jump on zero 

LDAXB 0 0 1 0 1 0 1 0 Load A indirect 
JNZ 1 1 0 0 0 0 1 0 Jump on no zero 

LDAXD 0 0 0 1 1 0 1 0 Load A indirect 

STA 0 0 1 1 0 0 1 0 Store A direct 

JP 1 1 1 1 0 0 1 0 Jump on positive 

JM 1 1 1 1 1 0 1 o Jump on minus 

LDA 0 0 1 1 1 0 1 0 Load A direct 
JPE 1 1 1 0 1 0 1 0 Jump on parity even 

SHLD 0 0 1 0-0 0 1 0 Store H & L direct 

LHLD 0 0 1 0 1 0 1 0 Load H & L direct 

JPO 1 1 1 0 0 0 1 0 Jump on parity odd 

PCHL 1 1 1 0 1 0 0 1 H & L to program 
counter 

XCHG 1 1 1 0 1 0 1 1 Exchange D & E, CALL 
H & L Registers 

CALL 1 1 0 0 1 1 0 1 Call unconditional 
STACKOPS 

PUSHB 1 1 0 0 0 1 0 1 Push register Pair 
B & Con stack 

CC 1 1 0 1 1 1 0 0 Call on carry 

CNC 1 1 0 1 0 1 0 0 Call on no carry 

PUSHD 1 1 0 1 0 1 0 1 Push register Pair CZ 1 1 0 0 1 1 0 o Call on zero 

D & E on stack CNZ 1 1 0 0 0 1 0 0 Call on no zero 

PUSHH 1 1 1 0 0 1 0 1 Push register Pair CP 1 1 1 1 0 1 0 0 Call on positive 
H & Lon stack CM 1· 1 1 1 1 1 0 0 Call on minus 

PUSH 1 1 1 1 0 1 0 1 Push A and Flags 
PSW on stack 

CPE 1 1 1 0 1 1 0 0 Call on parity even 

POPB 1 1 0 0 0 0 0 1 Pop register Pair 
B & C off stack 

CPO 1 1 1 0 0 1 0 0 Call on parity odd 

RETURN 

POPD 1 1 0 1 0 0 0 1 Pop register Pair RET 1 1 0 0 1 0 0 1 Return 

D & E off stack RC 1 1 0 1 1 0 0 0 Return on carry 

POPH 1 1 1 0 0 0 0 1 Pop register Pair RNC 1 1 0 1 0 0 0 0 Return on no carry 
H & L off stack RZ 1 1 0 0 1 0 0 0 Return on zero 
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Table 6. Instruction Set Summary (Continued) 

Mnemonic Instruction Code Operations 
D7 D6 Ds D4 D3 D2 Dl Do Description 

Mnemonic Instruction Code Operations 
D7 D6 Ds D4 D3 D2 Dl Do . Description 

RETURN (Continued) IADD (Continued) 

RNZ 1 1 0 0 0 0 0 0 Return on no zero DADO 0 0 0 1 1 0 0 1 AddD&EtoH&L 

RP 1 1 1 1 0 0 0 0 Return on positive DADH 0 0 1 0 1 0 0 1 AddH&LtoH&L 

RM 1 1 1 1 1 0 0 0 Return on minus DAD8P 0 0 1 1 1 0 0 1 Add stack pOinter 

RPE 1 1 1 0 1 0 0 0 Return on toH&L 

parity even IsUBTRACT 

RPO 1 1 1 0 0 0 0 0 Return on 8UBr 1 0 0 1 0 8 8 8 Subtract register 
parity odd from A 

RESTART 8BB r 1 0 0 1 1 8 8 8 Subtract register 

R8T 1 1 A A A 1 1 1 Restart from A with borrow 

INPUT IOUTPUT 8UBM 1 0 0 1 0 1 1 o 8ubtract memory 
from A 

IN 1 1 0 1 1 0 1 1 Input 

OUT 1 1 0 1 0 0 1 1 Output 
8BBM 1 0 0 1 1 1 1 o Subtract memory 

from A with borrow 
INCREMENT AND DECREMENT 8UI 1 1 0 1 0 1 1 o Subtract immediate 
INRr 0 0 D D D 1 0 0 Increment register from A 

DCRr 0 0 D D D 1 0 1 Decrement register SBI 1 1 0 1 1 1 1 o Subtract immediate 

INRM 0 0 1 1 0 1 0 0 Increment memory from A with borrow 

DCRM 0 0 1 1 0 1 0 1 Decrement memory LOGICAL 

INXB 0 0 0 0 0 0 1 1 Increment B & C ANAr 1 0 1 0 0 8 8 8 And register with A 

registers XRAr 1 0 1 0 1 S 8 8 Exclusive OR 

INXD 0 0 0 1 0 0 1 1 Increment D & E register with A 

registers ORAr 1 0 1 1 0 8 8 8 OR register 

INXH 0 0 1 0 0 0 1 1 Increment H & L with A 

registers CMPr 1 0 1 1 1 8 8 8 Compare register 

DCXB 0 0 0 0 1 0 1 1 Decrement B & C with A 

DCXD 0 0 0 1 1 0 1 1 Decrement 0 & E ANAM 1 0 1 0 0 1 1 o And memory with A 

DCXH 0 0 1 0 1 0 1 1 Decrement H & L XRAM 1 0 1 0 1 1 1 o Exclusive OR memol)l 
with A 

ADD 

ADDr 1 0 0 0 0 8 8 8 Add register to A 

ADCr 1 0 0 0 1 8 8 8 Add register to A 
with carry 

DRAM 1 0 1 1 0 1 1 o OR memory with A 

CMPM 1 0 1 1 1 1 1 o Compare 
memory with A 

ANI 1 1 1 0 0 1 1 o And immediate 
ADDM 1 0 C 0 0 1 1 o Add memory to A with A 
ADCM 1 0 0 0 1 1 1 o Add memory to A XRI 1 1 1 0 1 1 1 o Exclusive OR 

with carry immediate with A 
ADI 1 1 0 0 0 1 1 0 Add immediate to A ORI 1 1 1 1 0 1 1 o OR immediate 
ACI 1 1 0 0 1 1 1 0 Add immediate to A with A 

with carry CPI 1 1 1 1 1 1 1 o Compare 
DADB 0 0 0 0 1 0 0 1 Add B & C to H & L immediate with A 
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Table 6. Instruction Set Summary (Continued) 

Operations Mnemonic Instruction Code . 
D7 D6 Ds D4 D3 D2· D1 Do Description 

Mnemonic Instruction Code 
~ D6 Ds D4 D3 D2 D1 Do 

ROTATE CONTROL 

RLC 0 0 0 0 0 1 1 1 Rotate A left EI 1 1 1 1 1 0 

RRC 0 0 0 0 1 1 1 1 Rotate A right DI 1 ,1 1 1, 0 0 

RAL 0 0 O. 1 0 1 1 1 Rotate A left NOP 0 0 0 0 0 0 
through carry HLT 0 1 1 1 0 1 

RAR 0 0 0 1 1 1 
" 

1 Rotate A right NEW 8085AH INSTRUCTIONS 
through carry 

RIM 0 0 1 0 
SPECIALS 

CMA 0 0 1 0 1 1 1 1 Complement A SIM 0 0 1 1 
STC 0 0 1 1 0 1 1 1 Set carry 

CMC 0 0 1 1 1 1 1 1 Complement carry 

DAA 0 0 1 0 0 1 1 1 Decimal adjust A 

NOTES: 
1. DDS or SSS: B 000, 'C 001, D 010, E011, H 100, L101, Memory 110, A 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
"All mnemonics copyrighted @lIntel Corporation 1976. 
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8155H/8156H/8155H-2/8156H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 

Single + 5V Power Supply with 10% • 1 Programmable 6-Bit 1/0 Port 
Voltage Margins • Programmable 14-Blt Binary Counter 1 
30% Lower Power Consumption than Timer 
the 8155 and 8156 • Compatible with 8085AH and 8088 CPU 
256 Word x 8 Bits • Multiplexed Address and Data Bus 
Completely Static Operation • Available in EXPRESS 
Internal Address Latch - Standard Temperature Range 

2 Programmable 8-Bit 1/0 Ports - Extended Temperature Range 

The Intel® 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate 
technology (HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit 
use with no wait states in 8085AH CPU. The 8155H-2 and 8156H-2 have maximum access times of 330 ns for 
use with the 8085H-2 and the 5 MHz 8088 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. 

G 
101M 

PAa - 7 

ADo 7 256 X 8 

STATIC 

RAM 

G * 
PBo-7 

ALE 

RO 

G 
WR 

PCa - s 
RESET TIMER 

TIMER CLK vce 1+5V) 

TIMER OUT vss IOV) 

231719-1 
'8155H/8155H·2 = ~,8156H/8156H-2 = CE 

Figure 1. Block Diagram 

16-31 

PC, Vee 

PC. PC. 

TIMER IN PCI 

RESET PC. 

PC, PB, 

TIMER OUT PBs 

101M PBs 

PB. 

AD PB, 

WR PB. 

ALE PB, 

AD. PB. 

AD, PA, 

AD. PAs 

AD, PAs 

AD. PA. 

AD, PA, 

AD. PA. 

AD, PA, 

vss PA •. 

231719-2 

Figure 2. Pin Configuration 

December 1986 
Order Number: 231719-001 
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Table 1. Pin Description 

Symbol Type Name and FUl1ction 

RESET I RESET: Pulse provided by the 8085AH to initialize the system (connect to 
8085AH RESET OUT). Input high on this line resets the chip and initializes the 
three I/O ports to input mode. The width of RESET pulse should typically be 
two 8085AH clock cycle times. 

ADo-7 I/O ADDRESS/DATA: 3-state Address/Data lines that interface with the CPU 
lower 8-bitAddress/Data Bus. The 8·bit address is latched into the address 
latch inside the 8155H/56H on the falling edge of ALE. The address c~ be 
either for the memory section or the I/O section depending on the 10/Minput. 
The 8·bit data ..!!..either written into the chip or read from the chip, depending 
on the WR or RD input signal. 

CEorCE . I CHIP ENABLE: On the 8155H, this pin is CE and is ACTIVE LOW. On the 
8156H, this pin is CE and is ACTIVE HIGH. 

RD I READ CONTROL: Input low on this line with the Chip Enable activ~ enables 
and ADo-7 buffers. If 10/M pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected I/O port or command/s.tatus . 
registers will be read to the AD bus. 

WR I WRITE CONTROL: Input low on this line with the Chip Enable active causes 
the data on the Address/Data bus to bewritt~n to the RAM or I/O ports and 
command/status register, depending on 10/M. 

ALE I ADDRESS LATCH ENABLE: This control signal latches both the address on 
the ADo-7 lines and the state of the. Chip Enable and 10/M into the chip at the 
falling edge of ALE. 

10/M I I/O MEMORY: Selects memory if low and I/O and command/status registers 
if high. 

PAO-7 (8) I/O PORT A: These 8 pins are general purpose I/O pins. The in/out direction is 
selected by programming the command register. 

PBO-7 (8) I/O PORT B: These 8 pins are general purpose I/O pins. The in/out direction is 
selected by programming the command register. 

PCo-s (6) 110 PORT C: 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 
register. When PCo-s are .used as control signals, they will provide the 
following: 
PCo-A INTR (Port A Interrupt) 
PC,-ABF (port A Buffer Full) 
PCr-A STB (Port A Strobe) 
PCs-B INTR (Port B Interrupt) 
PC4-B BF (Port B Buffer Full) 
PCs':""B STB (Port B Strobe) 

TIMER IN I TIMER INPUT: Input to the timer-counter. 

TIMER OUT d . TIMER OUTPUT: This output can be either a square wa~e or a pulse, 
d~pending on the timer mode. 

Vee VOLTAGE: + 5V supply. 

Vss GROUND: Ground reference. 
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FUNCTIONAL DESCRIPTION 

The 8155H/8156H contains the following: 

e2K Bit Static RAM organized as 256 x8 

e Two 8-bit I/O ports (PA & PB) and one 6-bit I/O 
port (PC) 

e 14-bit timer-counter 

The 101M (IO/Memory Select) pin selects either the 
five registers (Command, Status, PAO-7, PBO-7, 
PCO-5) or the memory (RAM) portion. . 

L ____ _ 

TIMER 
MODE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _________ J 

231719-3 

The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and 101M are all latched on­
chip at the falling edge of ALE. 

Figure 3. 8155H/8156H Internal Registers 

CE(8155H ) \ V '\ 
OR 

CE(8156H ) / 1\ / 

101M \ V \ 

A°0-7 X ADQRESS I\. I X DATA VALID 

ALE 

iiiiORWR 

NOTE: 231719-4 
For detailed timing information, see Figure 12 and A.C. Characteristics. 

Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE COMMAND 
REGISTER 

READING THE STATUS REGISTER 

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

The status register consists of seven latches, one 
for each bit; six (0-5) for the status of the ports and 
one (6) for the status of the timer. 

The command register contents can be altered at 
any time by using the liD address XXXXXOOO during 
a WRITE operation with the Chip Enable active and 
101M = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com­
mand register may never be read. 

The status of the timer and the liD section can be 
polled by reading the Status Register (Address 
XXXXXOOO). Status word format is shown in Figure 
6. Note that you may never write to the status regis­
ter since the command register shares the same liD 
address and the command register is selected when 
a write to that address is issued. 

5 4 3 2 0 

ITM. TM,I IEBI lEAl Pc.1 PC, PB I PA I 
'--r---' r= DF.FINESPAo-, } 

0;; INPUT 

. DEFINES P90-1 1 '" OUTPUT 

, { 00- ALT 1 
" • ALT 2 DEFINES PCo.. 01 • ALT 3 
10 .. ALl'" 

ENABLE PORT A } 
INTERRUPT 1 '" ENABLE 

'-----'-______ ~:::RL~U~RT B 0 • DISABLE 

00· NOP - DO NOT AFFECT COUNTER 
OPERATION 

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

L-..TIMER COMMAND 
10" STOP AFTER Te - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHEO (NOP 
IF TIMER HAS NOT STARTED' 

l' E START - LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNINGl. IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT Te 
IS REACHED, 

Figure 5. Command Register Bit Assignment 

AD, AD, ADs AD4 AD3 AD2 AD1 ADo 

IXITIMFRI1N:el ~ IIN:RIIN;EI ':F liN;' 
I I I T':'" PORT A INTERRUPT REQUEST 

~ ~,.W"' .. "'~_ (lNPUT/OUTPUTI 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
UNPUTIOUTPUTI 

PORT B INTERRUPT ENABLED 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED. AND IS RESET TO 
LOW UPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESETI. 

Figure 6. Status Register Bit Assignment 
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INPUT IOUTPUT SECTION 

The 1/0 section of the 8155H/8156H consists of 
five registers: (see Figure 7.) 

• CommandlStatus Register (C/S)-Both regis­
ters 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 1/0 
ports and the timer becomes available on the 
ADo_ilines. 

• 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 1/0 pins as­
Signed 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 I/O 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 programmed to be either input ports, out­
put 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 8155H sends out. The sec-

ond 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 2.) 

When the 'C' port is programmed to either AL T3 or 
AL T 4, the control signals for PA and PB are initial­
ized as follows: 

Control Input Mode Output Mode 

BF Low Low 
INTR Low High 
STB Input Control Input Control 

1/0 Addresst 
Selection 

A7 A6 A5 A4 A3 A2 A1 AO 

X X X X X 0 0 0 Interval CommandlStatus 
Register 

X X X X X 0 0 1 General Purpose 1/0 Port A 
X X X X X 0 1 0 General Purpose 1/0 Port B 
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 8 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: 1/0 Address must be qualified by CE = 1 (8156H) or CE 
= 0 (8155H) and 101M = 1 in order to select the appropri­
ate register. 

Figure 7. 1/0 Port a.nd Timer Addressing Scheme 

Figure 8 shows how 1/0 PORTS A and B are struc­
tured within the 8155H and 8156H: 

8155H/8156H One Bit of Port A or Port B 

NOTES: 1 
(1) Output Mode Multiplexer 
(2) Simple Input . Control 
(3) Strobed Input 

(4) = 1 for Output Mode 
= 0 for Input Mode 

READ Port = (101M = 1) • (RD = 0) • (CE Active) • (Port Address Selected) 
WRITE Port = (101M = 1) • (WR = 0) • (CE Active) • (Port Address Selected) 

Figure 8. 8155H/8156H Port Functions 
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." 

Table 2 Port Control Assignment 

Pin ALT1. ALT2 ALT3 ALT4 

PCO Input Port Output Port . A INTR (Port A Interrupt) . A INTR (Port A Interrupt) 
PC1 Input Port Output Port A SF (Port A Buffer Full) A BF (Port A Buffer FiJlI) 
PC2 Input Port Output Port A 13TB (Port A Strobe) 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 1/0 ports are pro­
grammed to be output ports, the contents of the out­
put ports can still be read by a READ operation 
when appropriately addressed. 

The outputs of the 8155H/8156H 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 pin will 
go low. When the 8155H/56H 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 will provide unpredictable results. 

Figure 9 shows how the 8155H/8156H 1/0 ports 
might be configured in a typical MCS®-85 system. 

TO 8085AH RST INPUT 

PORTA OUTPUT PORT A I 
A tNTR ISIGNALS DATA RECEIVED) --1 A SF (SIGNALS DATA READY) 

A 5Ta (ACKNOWL. DATA RECEIVED) }-~ PORTC B STa (LOADS PORT B LATCH) PERIPHERAL 

B BF (SIGNALS BUFFER IS FULLI 
INTERFACE 

B tNTR (SIGNALS BUFfER 

TO INPuJ PORT (OPTIONALI 

READY FOR READING) 

PORTB INPUT 

TO 8085AH RST INPUT 

231719-8 

Figure 9. Exa,mple: 
Command Register = 00111001 

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

TIMER SECTION 

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

The timer has the. 1/0 address XXXXX100 for the 
low order byte of the register and the I/O address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim­
er addresses. Bits 0-13 of.the high order count reg­
ister 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 10). The value loaded into 

. the count length register can· have any value from 
2H through 3FFFH in Bits 0-13. . 

765432·10 

I~I~I~I~I~I~I~I~I 
~' r 

TIMER MODE MSB OF CNT LENGTH 

7 6 5 4 3 2 ,1 O' 

I~I~I~I~I~I~I~I~I , , 
LSB OF CNT LENGTH 

231719-9 

Figure 10. Timer Format 

There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 

MODE 
BITS 

M2 M, 

o 0 1. SINGLE 
saUAAEWAVE 

2. CONTINUOUS 
saUAREWAVE 

START 
COUNT COUNT COUNT 

TERMINAL (TERMINAL) 

~ _____ i ____ . 

3. ~~~~iEON ---"~--------.--' 
TERMINAL COUNT 

4. CONTINUOUS 
PULSES' -----,ur----~ 

231719-10 

Figure 11. Timer Modes 
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Bits 6-7 (TM2 and TM1) of command register con­
tents are used to start and stop the counter. There 
are four commands to choose from: 

TM2 TM1 
o 0 
o 1 

o 

Nap-Do not affect counter operation. 
STOP-Nap if timer has not started; stop 
counting if the timer is running. 
STOP AFTER TC-Stop immediately after 
present TC is reached (Nap if timer has 
not started) 
START-Load mode and CNT.length and 
start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length im­
mediately after present TC is reached. 

Note that while the counter is counting, you may 
load a new count and mode into the count length 
registers. Before the new count and mode will be 
used by the counter, you must issue a START com­
mand to the counter. This applies even though you 
may only want to change the count and use the pre­
vious mode. 

In case of an odd-numbered count, the first half-cy­
cle of the squarewave output, which is high, is one 
count longer than the second (low) half-cycle, as 
shown in Figure 12. 

5 

231719-11 

NOTE: 
5 and 4 refer to the number of clocks in that time peri-
od. . 

Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 

The counter in the 8155H is not initialized to any 
particular mode or count when hardware RESET oc­
curs, 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 6155HI 
8156H 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 represent­
ing the number of TIMER IN pulses received. You 
cannot load an initial value of 1 into the count regis­
ter 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 8085AH be used.) 
After the timer has started counting down, the val­
ues residing in the count registers can be used to 
calculate the actual number of TIMER IN pulses re­
quired to complete the timer cycle if desired. To ob­
tain the remaining count, perform the following oper- , 
ations 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 % of the full original count (% 
full count-1 if full count is odd). 

NOTE: 
If you started with an odd count and you read the 
count length register before the third count pulse 
occurs, you will not be able to discern whether one 
or two counts has occurred. Regardless of this, the 
8155H/56H always counts out the right number of 
pulses in generating the TIMER OUT waveforms. 
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8155H/8156H/8155H-2/8156H-2 

8085AH MINIMUM SYSTEM 
CONFIGURATION 

Figure 13a shows a minimum system using three 
chips, containing: 

• 256 Bytes RAM 

A8-15 

Y1 
ADO·1 

ALE , 
asAN jjjj 

WA 
101M 
ClK 

RESET OUT 

READY 

TIMER. 
WARD RESET IN ALE CE:-; .7 

J: 
'-!. LATCHES 

T:'~~R_ G -~~ CONTROL 256 x 8 
RAM 

,,- ~ I 

• 2K Bytes EPROM 

• 38110 Pins 

• 1 Interval Timer 
• 4 Interrupt Levels 

~ 
t--
t--
r---
t--
t--
t--

101M , 7:~~ 
, 

J 

~~cp~ 

r-

7:0 
0-7 

_101 
CE M ALE jjjj~Oii 

8755A (EPROM + 1/0) 

B88 8 8 
Figure 13a. 8085AH Minimum System Configuration (Memory Mapped I/O) 
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inter 8155H/8156H/8155H-2/8156H-2 

8088 FIVE CHIP SYSTEM • 38 1/0 Pins 
,. 1 Interval Timer 

Figure 13b shows a five chip system containing: • 2 Interrupt Levels 
• 1.2SK Bytes RAM 

• 2K Bytes EPROM 

~ Vss Vee 

j j 
H- ~ POR!fOV 

>--_WR ~ AD PORT (8) 
11111101 8 

... 
ALE PORT W DATAl C (6) 
ADDR 

" IN_ 
101M TIMER 

RESET OUT f--

As-A19 AD DR lOW 

RD 
A p-, 

CLKADo-AD7 ADDRIOATA ALE 

~ .-- " T~ 
PORT 

CE A 

L-
... A8_10 

8088 /,--
~ 

V 1755A-I READY ... 
MN/MX f--Vee 

DATAl 
ADDR 

Vee 

~4 ?'" GND 6 MANUAL, 
GND RESET 
(V,,) 

rD1 ~ ALE f- 101M PORT ~ RST@ AD f- I--I- -- RESET 8 
X, X, 

CLK 'NA f- I READY Vee 

READY I-- 101M i-- ~-l 

liES .-- i-- III LROG 8284 

RESET f- Vss Vee Voo 

RDY' 
Vee 

WR 

.... RD 

G) CE, 
118502 

ALE 

If- <:S, 

I~ i-- CE, 

f- A •• Ag 

"'"-
ADO_7 

" 

I J 
V" Vee 

, 
231719-13 

Figure 13b. 8088 Five Chip System Configuration 
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8155HI8156H/8155H-2/8156H-2 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·C' 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground .......... -O.5V to + 7V ' 

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

• Notice: Stresses above those listed under '~bso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not impliecl.' Ex­
posure' to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C., CHARACTERISTICS TA = 0·Ct070·C, Vcc = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 
, 

Vil Input LowVoltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+ 0.5 V 

Val Output Low Voltage 0.45 V IOl = 2mA 

VOH Output High Voltage 2.4 V IOH = -400 p-A 

III Input Leakage, ±10 p-A OV ~ VIN ~ Vcc 

ILO Output Leakage Current ±10 p-A 0.45V ~ VOUT ~ Vcc 

Icc Vcc Supply Current 125 mA 

III (CE) Chip Enable Leakage 
8155i-f -, +100 p-A OV ~ VIN ~ Vcc 
8156H -100 p-A ' 

A.C. CHARACTERISTICS T A = O·C to 70·C, Vcc = 5V ± 1 0% 

Symbol Parameter 
'8155H/8156H 8155H-2/8156H-2 

Units 
Min Max Min Max 

tAL Address to Latch Setup Time 50 30 ns 

tLA Address Hold Time after Latch 80 30 ns 

tlC Latch to ,READ/WRITE Control 100 40 ns 

tRO Valid Data Out Delay from READ Control 170 140 ns 

tLO Latch to Data Out Valid 350 270 n,s 

tAD Address Stable to Data Out Valid 400 330 ns 

tll Latch Enable Width 100 70 ns 

tROF Data Bus Float after READ 0 100 0 80 ns 

tCl READ/WRITE Control to Latch Enable 20 10 ns 

tCll WRITE Control to Latch Enable for CIS Register 125 125 ns 

tcc READ/WRITE Control Width 250 200 ns 

tow Data In to WRITE Setup Time 150 100 ns 

two Data In Hold Time after WRITE 25 25 ns 

tRV Recovery Time between Controls 300 200 ns 

twp WRITE to Port Output 400 300 ns 
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8155H/8156H/8155H-2/8156H-2 

A.C. CHARACTERISTICS T A = O·C to 70·C, Vee = 5V ± 10% (Continued) 

Symbol Parameter 
8155H/8156H 8155H-2/8156H-2 

Units 
Min Max Min Max 

tPR Port Input Setup Time 70 50 ns 

tRP Port Input Hold Time 50 10 ns 

tSBF Strobe to Buffer Full 400 300 ns 

tss Strobe Width 200 150 ns 

tRBE READ to Buffer Empty 400 300 ns 

tSI Strobe to INTR On 400 300 ns 

tRDI READ to INTR Off 400 300 ns 

tpss Port Setup Time to Strobe 50 0 ns 

tpHS Port Hold Time After Strobe 120 100 ns 

tSBE Strobe to Buffer Empty 400 300 ns 

tWBF WRITE to Buffer Full 400 300 ns 

tWI WRITE to INTR Off 400 300 ns 

tTL TIMER-IN to TIMER-OUT Low 400 300 ns 

tTH TIMER-IN to TIMER-OUT High 400 300 ns 

tRDE Data Bus Enable from READ.Control 10 10 ns 

t1 TIMER-IN Low Time 80 40 ns 

t2 TIMER-IN High Time 120 70 ns 

twr WRITE to TIMER-IN 360 200 ns 
(for writes which start counting) 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

231719-14 
A.C. testing: inputs are driven at 2.4V for a logic "I" and O.45V for 
a logic "0". Timing measurements are made at 2.0V for a logic 
"I" and O.BV for a logic "0". 

DEVICE 
UNDER 

TEST i cl = 150pF 

231719-15 
CL = 150 pF 
CL Includes Jig Capacitance 
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inter 8155H/8156H/8155H-2/8156H-2 

WAVEFORMS 

READ 

CEC1155H I / '\ 

CECI15IH I /- \. / 

- \ V \ 101M 

lAO 

7 >- ADDRESS >- DATA VALID ~ 
-tAl - -tLA -

Al E / i\ ~ 
-tLL--

_tAOf _ I--tROF -

_ILC-~ 
_tRD_ 1/ "-

-tel-
_ICC·-- _tRv -

ILO 

231719-16 

WRITE 

151H) \ / \ 
a R 

CE(I 158H) / '"'\ 7 
lolM' \ I '\ 

AOO_7 X ADDRESS K )~ DATA VALID ~ 
I- IAL- f---t LA - _tow - _tel -

ALE J ~ V 
l-tLL - _tLC-==1 I- two---':"" 

Wi! tCLL---l \I ~-
" 

1- tee ------
IWT 

_tRv -

TIMER IN j 
I--

231719-17 
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inter 
WAVEFORMS '(Continued) 

STROBED INPUT 

OF 

INTR 

INPUT DATA 
FROM PORT 

8155H/8156H/8155H-2/8156H-2 

------------------~~-----+----~~-------------------------------------------------------------

STROBED OUTPUT 

OF 

INTR 

OUTPUT DATA 
TO PORT 

231719-18 

'w, 

--------------------------------------------~~------------------------------------------------------
231719-19 

BASIC INPUT BASIC OUTPUT 

'.P J -I 
RD } 'P. \... k 'NPUT ==x 

WR 

DATA BUS· 

OATABUS· - -- - - - =x 
-------

OUTPUT 

231719-20 231719-21 
'Data Bus Timing is shown in Figure 7, 
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TIMER IN 

TIMER OUT 
IPULSEI 

TlMEROOT 
ISQUARE WAVE) 

NOTE: 

LOAD COUNTER FROM CLR _I 
I 2 I 5 

I \ INOTE 1) I 
\~ ___ J 

\ INOTE 11 I 
\ I 
~...,-------..1 

1. The timer output is periodic if in an automatic reload mode (Ml Mode bit = 1). 

3 

~ 

ii! 
m 
::D 
0 
c: 
~ 
"tI c: 
~ 

0 
0 c: z 
~ 
C 

-\ I~ RELOAD COUNTER FROM CLR 

I 2 I 5 

"" ::D 
0 
s::: 
en 
~ 
0 

231719-22 

:e » 
< m 
." 
0 
:::u 
3: en 
'0 
0 

~ 
:::l c 
<D .s 

( 

co .... 
en en ::r: ...... 
CO .... 
en en ::r: ...... 
CO .... 
en en ::r: 
~ ...... 
CO .... 
en en ::r: 
~ 



intJ 
8185/8185·2 

1024 x 8·BIT STATIC RAM FOR MCS®·85 

• Multiplexed Address and Data Bus 

• Directly Compatible with B085AH and 
8088 Microprocessors 

• Low Operating Power Dissipation· 

• Low Standby Power Dissipation 

• Single + 5V Supply 
• High Density 1B-Pln Package 

The Intel 8185 is an 8192·bit static random access memory (RAM) organized as 1024 words by 8·bits using N· 
channel Silicon·Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface 
directly to the 8085AH and 8088 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185·2 is a high·speed selected version of the 8185 that is compatible with the 5 MHz 8085AH·2 and the 
5 MHz 8088. 

, cs . 
CE, 
CE2 RJW RD LOGIC 
WR 

ALE 

l 
~ DATA tK.' 

BUS RAM 
BUFFER MEMORY 

V ARRAY 

.X.YDECODE 

As.Ag 

~'="~~ 
ALE 

231450-1 

Figure 1. Block Diagram 

16·45 

ADD Vee 

AD, RD 

A~ WR 

AD3 ALE 

AD4 CS 

ADs CE, 

AD6 CE2 

AD7 A9 

Vss As 
231450-2 

Figure 2. Pin Configuration 

ADo-AD7 
Aa. A9 
CS 
CEl 
CE2 
ALE 
WR 

Pin Names 

AddresslData Lines 
Address Lines 
Chip Select 
Chip Enable (101M) 
Chip Enable 
,Address Latch Enable 
Write Enable 

May 1987 
Order Number: 231450-002 



8185/8185-2 

FUNCTIONAL DESCRIPTION 
The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 

At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADo_i, As and Ag, and the 
status of GEl and GE2 are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both GEl and GE2 are active, the 8185 
powers itself up, but no action occurs until the GS 
line goes low and the appropriate RD or WR control 
signal input is activated. . 

The GS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de­
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
GEl and GE2 are activated selectively to power 
down the 8185 when it is not in use. A possible con­
nection wduld be to wire the 8085A's IOlM line to 
the 8185's GEl input, thereby keeping the 8185 
powered down during liD and interrupt cycles. 

CE1 

1 

X 

0 

0 

NOTES: 

Table 1. Truth Table for 
Power Down and Function Enable 

CE2 CS (CS*)(2) 8185 Status 

X X 0 Power Down and 
Function Disable(l) 

0 X 0 Power Down and 
Function Disable(l) 

1 1 0 powered Up and 
Function Disable(l) 

1 0 1 Powered Up and 
Enabled 

X = Don't Care. . .' 
1: Function Disable 'implies Data Bus· in high impedance 
state and not writing. 
2: CS· = (CEl = 0) X (CE2 == 1) x (CS = 0). 

CS· = 1 signifies all chip enables and chip select ac­
tive. 

(CS*) 

0 

1 

1 

1 

NOTE: 

Table 2. Truth Table for 
Control and Data Bus Pin Status 

RD WR 
ADo,-'; During Data 

8185 Function 
Portion of Cycle 

X X Hi-Impedance . No FU'lction 

0 1 Data from Memory Read 

1 0 Data to Memory Write 

1 1 Hi-Impedance Reading, but not 
Driving Data Bus 

X = Don't Care. 

16-46 

------

r1Dh Vss Vee 

I I I 
TRAP 

X, X, RESET IN 
I-HOLD 

RST7,5 HLDA r-
RSTB,5 SOS5A SOD r-

SID I-RST5.5 

INTR s,r-
TN'fA RESET "of-ADDR/ OUT 

ADDR DATA ALE ml WR IO/~ RovelK 

(8' C8, Vi' Vr 
11-- CE PORT~ 

. A 

WR ~ PORT 8 
RDS156B (' 

ALE PORT~ 
DATAl C (61 
ADDR' 

IN 
101M TIMER ::: 1--- RESET OUT 

lOW . 

AD 

ALE ¢!!> PORT 

H- CE A 

~~ AoIO 

S755A 
DATAl 
ADDR 

101M PoRT W 1-r-f- RESET ' B 

ROY 

I- CLK 

~1 v!c vtD tRaG 

WR 

AD 

CE'·S1·S5 
ALE 

~- CS.CE2 

~- ,. Aa.Ag 

ADo.7 

vt L 

231450-3 

Figure 3. 8185 In an MCS®-85 System 

4 Chips: 
2K Bytes EPROM 
1.25K Bytes RAM 
38110 Lines 
1 Counter ITlmer 
2 Serial 110 Lines 
5 Interrupt Inputs 

Vee 

Vee 



8185/8185-2 

iAPX 88 FIVE CHIP SYSTEM: 

• 1.2SK Bytes RAM 

• 2K Bytes EPROM 

• 38 I/O Pins 

• 1 Internal Timer 

• 2 Interrupt Levels 

/). V •• Vee 

I I 
I ~I- ~ POR!~ 

WR kA> RD POR~ (81 
.1_ 

ALE PORTkA> 
~ DATAl C (61 

ADDR 
"f ~ IN_ 

101M TIMER 

RESET OUT f.-

Aa AI, ADDR iOW 
v Ali 

/1 ~ CLKAOo- ADr ADDR/DATA ALE 

~ .---- 'J J~ PORT 
ee A 

:= "- Aa_1o 
8088 V .- READY 

,1755A02 

MNIMX I--vee 
DATAl 
ADDR 

Vee 

l4 
I~ GND 

MANUAL 
GND RESET 
(Vss) 

rD1 ~ ~ 
y 

~ 
ALE 101M PORT 

r- RST ® RD l- I-I-- RESET B 
X, x, 

WR I-ClK r READY Vee 

READY I-- 101M ~ iDA -.J 

RES r--- ~ III LROG I284A 
RESET I- Vss Vee VDD 

RDY1 Vee 

W1i 

.... Ali 

CD ee, .1115-2 
ALE 

\1- es. 
Irl- CE, 

II-I- AI,A, 

V ADo·, 

I t 
v •• Vee 

, 7 

231450-4 

Figure 4. IAPX 88 Five Chip System Configuration 
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8185/8185-2 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·C 
Storage Temperature .......... -65·C to + 150·C 
Voltage on Any Pin 

with Respect to Ground .......... - 0.5V to + 7V 
Power Dissipation .......................... 1.5W 

• Notice: Stresses above those listed under ':4bso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability .. ' 

D.C. CHARACTERISTICS TA = 0·Ct070·C, Vcc = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

Vil Input Low, Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+ 0.5 V 

VOL Output Low Voltage' 0.45 V IOl = 2mA 

VOH Output High Voltage 2.4 IOH = -400 p.A 

III Input Leakage ±10 p.A OV ~ VIN ~ Vcc 

ILO ., " Output Leakage Current ±10 p.A 0.45V ~ VOUT ~ Vcc 

Icc Vcc Supply Current 
100 mA 

Powered Up 

Powered Down 35 mA 

A.C. CHARACTERISTICS TA= 0·Ct070·C, Vcc = 5V ±10% 

Symbol Parameter 
8185 8185·2 

Min Max Min Max Units 

tAL Address to Latch Set Up Time 50 30 ns 

tLA Address Hold Time After Latch 80 30 ns 

tlC Latch to READ/WRITE Control 100 40 ns 

tAO Valid Data Out Delay from READ Control 170 140 ns 

tLD ALE to Data Out Valid 300 200 ns 

tll Latch Enable Width 100 70 ns 

tAOF Data Bus Float After READ 0 100 0 80 ns 

tel READ/WRITE Control to Latch Enable 20 10 ns 

tcc READ/WRITE Control Width 250 200 ns 

tow Data In to WRITE Set Up Time 150 150 ns 

two Data In Hold Time After WRITE 20 20 ns 

tsc Chip Select Set Up to Control Line 10 10 ns 

tcs Chip Select Hold Time A~er Control 10 10 ns 

tAlCE Chip Enable SetUp to ALE Falling 30 10 ns 

tLACE Chip Enable Hold Time After ALE 50 30 ns 
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inter 8185/8185-2 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

"=X )C 2.0 2.0 > TEST POINTS < . 
0.8 0.8 

0.45 

231450-5 

A.C. Testing: Inputs Are Driven at 2,.4V for a Logic "I" and 
0.45V for a Logic "0." Timing Measurements Are Made at 
.2.OV for a Logic "I" and O.SV for a Logic "0." 

WAVEFORM 

ALE 

(CE1-01-

(CE2'"'l' 

WR.RD 

DEVICE 
UNDER 

TEST 

CL=150pF 

i Cl = IS0pF 

221450-6 

CL Includes Jig Capacitance 

ADO-AD1 IREAD CYCLE) 
(As.Asl 

--.cc----I 

ADO-AD7 (WRITE CYCLE I 

cs. 

(SELECTEDl {DESELECTEDl 

231450-7 
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intJ 
8224 

CLOCK GENERATOR AND DRIVER 
FOR 8080A C.PU 

.. Single Chip Clock Generator/Driver for • Crystal Controlled for Stable 
8080A CPU System Operation 

• Power-Up Reset for CPU • Reduces System Package Count 

• Ready Synchronizing Flip-Flop • Available in EXPRESS 

• Advanced Status Strobe - Standard Temperature Range 

• Oscillator Output for External System • Available in 16-Lead Cerdip Package 

Timing (See Packaging Spec, Order #231369) 

The Intel 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, seiected 
by the designer to meet a variety of system speed requirements. 

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

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for 8080A. 

§> XTAL1 

1!9 XTAL2 

I!D TANK 

,....,.----I>---osc IE> 

I--i~---~, [E> 

I--i~---., §> 

I-----¢,ITTLI(D 

ID SYNC ----t----ll-.., 

IV mrN --I,>-t-l 

IV RDYIN --,...---+-1 

l-........ --RESET II> 
t----READY[9 

231464-1 

Figure 1. Block Diagram 

RESiN 

RESET 

RDYIN 

READY 

SYNC 

STSTB 

~ 
<1>2 

16-50 

RESET Vee 

RESIN XTAL1 

RDYIN XTAL2 

READY TANK 

SYNC osc 

.. ~, (TTLI ., 
STSTB ~, 

GND VDD 

231464-2 

Reset Input 

Reset Output 

Ready Input 

Ready Output 

XTAL 1 } Connections 
XTAL2 for Crystal 

TANK Us9d with Overtone XT AL 

Sync Input OSC Oscillator Output . 

StatusSTB <l>2(lTL) <1>2 CLK (TTL Level) 

(Active Low) Vee +5V 

} 801i0 
Clocks 

Voo +12V 

GND OV 

Figure 2. Pin Configuration 

December 1986 
Order Number: 231464-001 



inter 8224 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·C 

Storage Temperature .......... -65·C to + 150·C 

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

Supply Voltage, VOD ............ -0.5V to + 13.5V 

Input Voltage ..................... -1.5V to + 7V 

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

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under '~bso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect.device reliability. 

TA = O·Cto +70·C, Vee = +5.0V ±5%, Voo = +12V ±5% 

Symbol Parameter 
Limits 

Units Test Conditions 
Min Typ Max 

IF Input Current Loading -0.25 mA VF = 0.45V 

IR Input Leakage Current 10 ,."A VR = 5.25V 

Ve Input Forward Clamp Voltage 1.0 V Ie = -5mA 

VIL Input "Low" Voltage 0.8 V Vee = 5.0V 

VIH Input "High" Voltage 2.6 V Reset Input .. 

2.0 V All Other Inputs 

VIWVIL RESIN Input Hysteresis 0.25 V Vee = 5.0V 

VOL Output "Low" Voltage 0.45 V (4)1, 4>2), Ready, Reset, STSTB 
IOL = 2.5mA 

0.45 V All Other Outputs 
IOL = 15 mA 

VOH Output "High" Voltage 

4>1, 4>2 9.4 V IOH = -100,."A 

READY,RESET 3.6 V IOH = -100,."A 

All Other Outputs 2.4 V IOH = -1 mA 

lee Power Supply Current 115 mA 

100 Power Supply Current 12 mA 

NOTE: 
1. For crystal frequencies of 18 MHz connect 510n resistors between the Xl input and ground as well as the X2 input and 
ground to prevent oscillation at harmonic frequencies. 

Crystal Requirements 

Tolerance: 0.Q05% at 0·C-70·C 

Resonance: Series (Fundamental)' 

Load Capacitance: 20 pF-35 pF 

Equivalent Resistance: 750-200 
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Power Dissipation (Min): 4 mW 

"NOTE: 
With tank circuit use 3rd overtone mode. 



inter 8224 

A.C. CHARACTERISTICS 
Limits Test 

Symbol Parameter Units 
Conditions Min Typ Max 

t.,,1 <1>1 Plllse Width 2tcy 
--20ns 

9 

t.,,2 <1>2 Pulse Width 5tcy 
--35ns 

9 

t01 <1>1 to <1>2 Delay 0 

t02 <1>2 to <1>1 Delay 2tcy ns CL= 20pFt050pF .--.14ns 
9 

t03 <1>1 to <1>2 Delay 2tcy 2tcy 

9 
9+ 20ns 

tR <1>1 and <1>2 Rise Time 20 

tF <1>1 and <1>2 Fall Time 20 

to.,,2 <1>2 to <1>2 (TIL) Delay :-5 +15 ns <l>2TIL,CL = 30 
R1 :: 3000. 
R2 = soon 

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

9 9 

tpw STSTB Pulse Width tcy STSTB, CL = 15 pF - -15ns 
9 R1 = 2K 

RDYIN Setup Time to 4tcy R2 =4K 
tORS 50ns-- ns 

Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 
afterSTSTB 9 

tOR 
RDYIN or RESIN to 4tcy Ready & Reset --25ns 
<1>2 Delay 9 CL = 10pF 

ns 
R1 = 2K 
R2 = 4K 

tCLK CLKPeriod tcy ns 
9 

fmax 
Maximum Oscillating 27 MHz 
Frequency, 

Cin Input Capacitance 8 pF VCC = +5.0V 
VOO = +12V 
VSIAS = 2.5V 
'f = 1 MHz 

NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at Icy = 488.28 ns. 
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A.C. CHARACTERISTICS (Continued) 
For tey = 488.28 ns; TA = O·C to 70·C, Vee = +5V ±5%, VOO = +12V ±5% 

Symbol Parameter 
LImits 

Units Test Conditions 
Min Typ Max 

t</>1 <P1 Pulse Width 89 ns - tey = 488.28 ns 

t4>2 <P2 Pulse Width 236 ns 

t01 Delay <P1 to <P2 0 ns 

t02 Delay <P2 to <P1 95 ns <P1 & <P2 Loaded to 

t03 Delay <P1 to <P2 Leading Edges 109 129 ns CL = 20 pF to 50 pF 

tr Output Rise Time 20 ns 

tf Output Fall Time 20 ns -
toss <P2 to STSTB Delay 296 326 ns 

to</>2 <P2 to <P2 (TTL) Delay -5 +15 ns 

tpw Status Strobe Pulse Width 40 ns Ready & Reset Loaded 

tORS RDYIN Setup Time to STSTB -167 ns 
to 2 mAl 1 0 pF 
All measurements 

tORH RDYIN Hold Time after STSTB 217 ns referenced to 1.5V 

tOR READY or RESET 192 ns unless specified 

to <P2 Delay otherwise. 

fMAX Oscillator Frequency 18.432 MHz 

A.C. TESTING, INPUT, 
OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

231464-3 

A.C. Tesling: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a 
logiC "1" and O.SV for a logic "0" (unless otherwise noted). 
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WAVEFORMS 

~----~------~------b------------------~ 

., 

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

¢ZITTLI 

SYNC 
IFROM 8OBOAI 

i-----tORH'-----t 

~Ir~--------------,I,--------- -------------------
ROVIN OR R~~IN - ;... - - - - - - - - - - - '1'-----------+-----------------------

-------------------'r--~----+_----~~~------------
READY OUT 

RESHOUT 

231464-5 

VOLTAGE MEASUREMENT POINTS: <1>1, <1>2 Logic "0" = 1.0V, Logic "1" = B.OV. All other signals measured at 1.5V. 

CLOCK HIGH AND LOW TIME (USING X1, X2) 

18MHz 0 
Xl eLK 

"'T X2 

Rl R2 

":- -
231464-6 
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8228 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 

• Single Chip System Control for • User Selected Single Level Interrupt 
MCS®·80 Systems Vector (RST 7) 

• Built·ln Bidirectional Bus Driver for • Available in EXPRESS 
Data Bus Isolation - Standard Temperature Range 

• Allows the Use of Multiple Byte • Available in 28·Lead Cerdip and Plastic 
Instructions (e.g. CALL) for Interrupt Packages 
Acknowledge (See Packaging Spec, Order #231369) 

• Reduces System Package Count 

The Intel® 8228 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 I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 
data bus from memory and lID. This allows for the optimization of control signals, enabling the systems 
designer to use slower memory and lID. 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 requirements. The 8228 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 8080A. This feature permits large, 
interrupt driven systems to have an unlimited number of interrupt levels. . 

The 8228 is deSigned to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable design of MCS-80 systems. 

NOTE: 
The specifications for the 3228 are identical with those for the 8228. 

0,_ -OB1 
-°82 10.-

CPU °2-
DATA °3-
BUS 0 .. -

_aBo} 
::: g:! SYSTEM DATA BUS 

0,_ -as, . 
0,-0,-

-DB, . 
-OB7_ 

III ~ STATUS 

~LATCH 

S'rSfii _________ -' 

OlIN ---------------l m ____________________ ~ 

GATING 
ARRAY 

HLDA -------------iL~~-- IlIITA 

231465-1 

Figure 1. Block Diagram 
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231465-2 

07·00 DalaBus (80BO Side) INTA Interrupt Acknowiedge 

087·080 Data Bus (System Side) HlDA HLDA ('rom B080) 

1100 /10 Reed WI! WR (from aOBO) 

,"OW 110 Write = Bus Enable Input 

tfEfJR Memory Read = Status Strobe (Irom 8224) 

~ MemoryWri1e Vee +5V 

DelN CaiN (Irom 8080) GND o Volta 

Figure 2. Pin Configuration 

September 1987 
Order Number: 231465-002 
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ABSOLUTE MAXIMUM RATINqS*· 

Temperature Under Bias ............ O'C to+ 70'C 

Storage Temperature .......... - 65'C to + 150'C 

Supply Voltage, Vee ............... ":'05V to + 7V 

Input Voltage ...................... -1.5 to + 7V 

Output Current ...... :' .......... , ....... ,.100 mA 

*Notice: Stresses above those listed under ':Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 
ex/ended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = O'Cto +70'C, Vee = 5V ±5%· 

limits 
Test Conditions Symbol Parameter 

Typ(1) 
Unit 

Min Max 

Ve Input Clamp Voltage, 0.75 ~1.0 V Vee = 4.75V; Ie = -5 mA 
All Input 

IF Input Load Current STSTB .500 p.A Vee = 5.25V 

02&06 750 p.A VF = 0.45V 

00,01,04, 250 p.A 
05&07 

All Other Inputs 250 p.A 

IR Input Leakage Current STSTB 100· p.A Vee = 5.25V 

OBo-OB7 20 p.A VR = 5.25V 

All Other Inputs "100 p.A 

VTH Input Threshold O.S 2.0 V Vee =5V 
Voltage. All Inputs 

lee Power Supply Current 140 190 mA Vee = 5.25V 

VOL Output Low Voltage 00-07 0.45 V Vee = 4.75V; 10L = 2 rnA 
" All Other Outputs 0..45 V 10L =·10mA 

VOH Output High Voltage 00-07 3.6 3.8 V Vee = 4,.75V; 10H = -10p.A 

All Other Outputs 2.4 V 10H = -1 mA 

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

10 (off) Off State Output Current 100 p.A Vee = 5.25V; Vo = 5.25V 
All Control Outputs -100 p.A Vo = 0.45V 

liNT INTA Current 5 mA (See INTATestCircuit) 

NOTE: 
1. Typi9al values are for T A'= 25°e and nominal supply voltages. 
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CAPACITANCE VSIAS = 2.5V, Vee = 5.0V, TA = 25°C, f = 1 MHz 
1. This parameter is periodically sampled and not 100% tested. . 

Symbol Parameter 
Limits 

Unit 
Min Typ(1) Max 

CIN Input Capacitance 8 12 pF 

COUT Output Capacitance 7 15 pF 
Control Signals 

1/0 1/0 Capacitance 8 15 pF 
(Dor DB) 

A.C. CHARACTERISTICS TA = O°Cto + 70°C, Vee = 5V ±5% 

Symbol Parameter 
Limits 

Min Max 
Unit Conditions 

tpw Width of Status Strobe 22 ns 

tss Setup Time, Status Inputs 00-07 8 ns 

tSH Hold Time, Status Inputs 00-07 5 ns 

toe Delay from STSTB to any Control Signal 20 60 ns CL = 100pF 

tRR Delay from DBIN to Control Outputs 30 ns CL = 100pF 

tRE Delay from DBIN to EnablelDisable 8080 Bus 45 ns CL = 25 pF 

tRO Delay from System Bus to 8080 Bus during Read 30 ns CL = 25 pF 

tWR Delay from WR to Control Outputs 5 45 ns CL = 100 pF 

tWE Delay to Enable System Bus DBo-DB7 after STSTB 30 ns CL = 100 pF 

two Delay from 8080 Bus 00-07 to System Bus 5 40 ns CL = 100 pF 
DBo-DB7 during Write 

tE Delay from System Bus Enable to System Bus DBo-DB7 30 ns CL - 100 pF 

tHO HLDA to Read Status Outputs 25 ns 

tos Setup Time, System Bus Inputs to HLDA 10 ns 

tOH Hold Time, System Bus Inputs to HLDA 20 ns CL = 100 pF 

AC TESTING LOAD CIRCUIT INTA Test Circuit (for RST 7) 

.12Y 

~Vcc 

R, lKO:l:l0'lo 

DEVICE ~ 
UNDER 

Cl i TEST f R, 
~ 

-=- -= 
8228 

231465-3 
For Do-~; Rl = 4 KO. R2 = 000, CL = 25 pF. 
For all other outputs: Rl. = 5000, R2 = 1 KO, CL = 100 pF. 23 

INTA 0--------' 

231465-4 
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WAVEFORMS 

., 
·2---­

"ST"'A"'TU"'S"'S"'T";R"'OB""E 

_DATA BUS 

OBIN 

INTA, lOR, iiiiiii 

HLDA 

INTA, lOR, MEMR 
OURINGHLDA 

SYSTEM BUS DURING READ 

_ BUS DURING READ 

lOW OR MEMW 

1010 BUS DURING WRITE 

SYSTEM BUS DURING WRITE 

-"'pw-

~ 

X X 
I~I-= -Is.ri 

\. 

\ 
-l'RRj=-

IDC_ I~ 

- I_IHO 
\ ~ 

-------- --
.I_lOS- _IO~ _____________ 

-------- I- ---~I~ ~~-------------
.-------- ~ - '~E -:P 1>- - - - - - - - - - - - - - -

\. J 
'WR~ _1- -11-twR 

'\ J 
--------- -

t"IWOl ---------- -

------~ -~ ,:1-
SYSTEM BUS ENABLE j d 

SYSTEM BUS OUTPUTS - - - - - - - - - - - - - - ~I~ ~I:-=" --_ -________ _ 
231465-5 

VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) LogiC "0" = O.BV, Logic "1" = 3.0V. All other signals mea­
sured at 1.5V. 

·16-58 



intJ 
8755A 

16,384-BIT EPROM WITH 110 

• 2048 Words x 8 Bits • 2 General. Purpose 8-Bit I/O Ports 

• Single + 5V Power Supply (VcC> • Each I/O Port Line Individually 

• Directly Compatible with 8085AH Programmable as Input or Output. 

• U.V. Erasable and Electrically • Multiplexed Address and Data Bus· 

Reprogrammable • 40-Pin DIP 

• Internal Address Latch • Available in EXPRESS 
- Standard Temperature Range 
- Extended Temperature Range 

The Intel·8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
8085AH microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 450 ns to permit use with. no wait states in an 8085AH CPU. . 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and.each I/O port line 
is individually programmable as input or output. 

ClK~-----, 

ADo-7 

As- IO 

CE2 

101M 

ALE 

RD 

iOW 

RESET 

lOR 

2K x 8 
EPROM 

PROGICEI 

voo---.... 

G 

G 

t t. vee t+5vl 
~Vsstovl 

Figure 1. Block Diagram 

16·59 

231735-1 

PROG ANOCE I vee 
.. eE2 PB7 

ClK PB6 

RESET PBs 

voo PB4 

READY PBJ 

101M PB2 

lOR PBI 

AD PBo 

lOW PA7 

ALE PA6 

ADo PA5 

ADI PA4 

AD2 PAJ 

ADJ PA2 

A04 PAl 

AD5 PAo 

AD6 A IO 

AD7 Ag 

vss As 

231735-2 

Figure 2. Pin Configuration 

November 1986 
Order Number: 231735·002 
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Table 1. Pin Description 

Symbol Type Name and Function 

ALE I AD!!RESS LATCH ENABLE: When Address latch Enable goes high, ADO-ZL 
101M, AS-10, ~ and CE1 enter the address latches. The signals, (AD, 101M, 
ADs-10, CE2, CE1) are latched in at the trailing edge of ALE. 

ADo_7 I BIDIRECTIONAL ADDRESS/DATA BUS: The lower 8 bits of the PROM or I/O 
address are applied to the bus lines when ALE is high. 
Du.!!!:!.9 an 1/0 cycle, Port A or B is selected based on the latched value of ADo. 
IF RD or lOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 

ADS-10 I ADDRESS BUS: These are the high order bits of the PROM address. They do 
not affect I/O operations. 

PROG/CE1 . I CHIP ENABLE INPUTS: CE1 is active low and CE2 is active high. The 8755A 
CE2 can be accessed only when both Chip Enables are active at the time the ALE 

signal latches them up. If either Chip Enable input is not active, the ADo-7' and 
READY ouputs will be in a high impedance state. CE1 is also used as a 
programming pin. (See section on programming.) 

101M I I/O MEMORY: If the latched 101M is high when RD is low, the output data 
comes from an I/O port. If it is low the output data comes from the PROM. 

RD I READ: If the latched Chip Enables are active when RD goes low, the ADo-7 
output buffers are enabled and output either the selected PROM location or 
I/O port. When both RD and lOR are high, the ADo_7 output buffers are 3-
stated. 

lOW I I/O WRITE: If the latched Chip Enables are active, a Iowan lOW causes the 
output port pointed to b~he latched value of ADo to be written with the data on 
ADo-7. The state of 101M is ignored. 

ClK I CLOCK: The ClK is used to force the READY into its high impedance state 
after it has been forced low by CE1 low, CE2 high, and ALE high. 

READY 0 READY is a 3-state output controlled by CE1, CE2, ALE and ClK. READY is 
forced low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next ClK. (See Figure 6c;) 

PAO.7 I/O PORT A: These are general purpose I/O pins. Their inputloutput direction is 
determined by the contents of Data Direction Register (DDR). Port A is 
selected for write operations when the Chip Enables are active and lOW is low 
and a 0 was previously latched from ~ AD1. 
Read Operation is s~ected ~ either lOR low and active Chip Enables and ADo 
and AD1 low, or 101M high, RD low, active Chip Enables, and ADo and AD1 
low. 

PBO-7 I/O PORT B: The general purpose I/O port is identical to Port A except that it is 
selected by a 1 latched from ADo and a 0 from AD1. 

RESET I RESET: In normal operation, an input high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR register). 

lOR I I/O READ: When the Chip Enables are active, a Iowan lOR will output the 
selected I/O port onto the AD bus. lOR low performs the same function as the 
combination of 101M high and RD low. When lOR is not used in a system, lOR 
should be tied to Vee ("1 "). 

Vee POWER: + 5V supply. 

Vss GROUND: Reference. 

Voo POWER SUPPLY:Voo is a programming voltage, and must be tied to Vee 
when the 8755A is being read. 
For programming, a high voltage is supplied with Voo =. 25V, typical. (See 
section on programming.) 
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FUNCTIONAL DESCRIPTION 

PROM Section 

The 8755A contains an 8-bit address latch which 
allows it to interface directly to MCS@-48 and 
MCS@-85 processors without additional hardware. 

The PROM section of the chip is addressed by the 
11-bit address and the Chip Enables. The address, 
CEl and CE2 are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and 101M is low when RD goes low, the 
contents of the. PROM location addressed by the 
latched address are put out on the ADo-7 lines (pro­
vided that Voo is tied to Vecl. 

I/O Section 

The 1/0 section of tne chip is addressed by the 
latched value of ADo-1. Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out­
put status of each pin in the corresponding ports. A 
"0" in a particular bit position of a DDR signifies that 
the corresponding 110 port bit is in the input mode. A 
"1" in a particular bit position signifies that the corre­
sponding 1/0 port bit is in the output mode. In this 
manner the 1/0 ports of the 8755A are bit-by-bit pro­
grammable as inputs or outputs. The table summa­
rizes port and DDR designation. DDR'scannot be 
read. 

ADl ADo Selection 

0 0 PortA 
0 1 PortB 
1 0 Port A Data Direction Registe((DDR A) 
1 1 Port B Data Direction Register (DDR B) 

When lOW goes low and the Chip Enables are ac­
tive, the data on the ADo-7 is written into 1/0 port 
selected by the latched value of ADo_1. During this 
operation all 1/0 bits of the selected port are affect­
ed, regardless of their 1/0 mode and the state of 10/ 
M. The actual output level does not change until 
lOW returns high. (Glitch free output.) 
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A port can be read out when the latched Chip En­
ables are active and either RD goes low with 101M 
high, or lOR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-7. 

To clarify the function of the 1/0 Ports and Data Di­
rection Registers, the following diagram shows the 
configuration of one bit of PORT A and DDR A. The 
same logic applies to PORT Band DDR B. 

8755A ONE BIT OF PORT A AND DDR A 

... 
~ 
ffi ! RESET 

Do 

~ 
AEADPA 

231735-3 
WRITE PA = (lOW = 0) • (CHIP ENABLES ACTIVE) • (PORT A 
ADDRESS SELECTED) 
WRITE DDR A = (lOW = 0) • (CHIP ENABLES ACTIVE) • (DDR 
A ADDRESS SELECTED) 
READ PA = ((101M = 1) • (RD = 0) + (lOR = 0)1 • (CHIP 
ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE: 
Write PA is not qualified by IOlM. 

Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch's output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that the data can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with. a value prior 
to enabling the output. 

The diagram also shows that the contents of PORT 
A and PORT B car be read even when the ports are 
configured as outputs. 



inter 8755A 

ERASURE CHARACTERISTICS 

The erasure characteristics cif the 8755A.are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent. lighting could 
erase the typical 8755A in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exp·osed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la­
bels are available from Intel which should be placed 
over the 8755A window to prevert unintentional era-. 
sure. 

The recommended erasure procedure for the 8755A, 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min­
utes using an ultraviolet lamp with a 12000 /J-W/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits. of the 
EPROM portions of the 8755A are in the "1" state. 
Information is introduced by selectively program­
ming "0" into the desired bit locations. A pro­
grammed "O"canonly be changed to a "1" by UV 
erasure. 

The 8755A can be programmed on the Intel Univer­
sal Programmer (iUP), and iUPF8744A programming 
module. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia" 
gram. In the verify cycle (I.e., normal memory 
read cycle) 'Voo' should be at + 5V. 

SYSTEM APPLICATIONS 

System Interface with 8085AH 

A system using the 8755A can use either one of the 
two I/O Interface techniques: 

• Standard I/O 
• Memory Mapped I/O 

If a standard I/O technique is·used, the system can 
use the feature of both CE2 and CE1. By using a 
combination of unused address lines All :"15 and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A's without requiring a CE decoder. See 
Figure 4. ' , 

If a memory mapped I/O approach is used the 
8755A will be selected by the combination of both 
the Chip Enables and 101M using ADs-15 address 
lines. See Figure 3. . 

~ 

A 

~ A":'15 

~ "-
8085AH .~ 

'. 

~LE " 
AD t-
WIi t--

eLK (~2) t-
READY t-
1011.1 t-

f 

J~ 
t-

I 7 , 7 
AlD._I AI-II RD' eLK 101M 

iiITI ALE mil READY CE 

8155A 

231735-4 

Figure 3. 8755A in 8085AHSystem 
(Memory-Mapped 1/0) 
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8755A 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........ ,', , , O·C to + 70·C 

Storage Temperature """"" - 65·C to + 150·C 

Voltage on any Pin 
with Respect to Ground, , , , , , , , , , - O,5V to + 7V . , 

Power Dissipation, , , , , , , , , , , , , , , , , , , , , , , , , , 1,5W 

D.C. CHARACTERISTICS. 
TA = o·c to 70·C, Vee = voo =5V ±5% 

Symbol Parameter Min 

VIL Input Low Voltage -0,5 

VIH Input High Voltage 2,0 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

IlL Input Leakage 

ILO Output Leakage Current 

lee Vee Supply Current 

100 Voo Supply Current, 

CIN Capacitance of Input Buffer 

CliO Capacitance of 1/0 Buffer 

• Notice.' Stresses above those listed under "Abso­
lute Maximum Ratings" may cause permanent dam­
age to the device. This is a stress rating only and 
functional operaiion of the device at these or any 
other conditions above those indicated in the opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 

. extended periods may affect device reliability. 

Max Unit ' Test Conditions 

0,8 V Vee = 5,OV 

Vee + 0,5 V Vee = 5,OV 

0.45 V IOL = 2mA 

V IOH = - 400 /LA 

10 /LA Vss ::;: VIN ::;: Vee 

±10 /LA O,45V::;: Vour::;: Vee 

180 rnA 

30 rnA Voo = Vee 

10 ... pF fc = 1 /LHz 

15 pF fe = 1/LHz 

D.C. CHARACTERISTICS-PROGRAMMING 
T A = o·C to 70·C, Vee = 5V ± 5%, Vss = OV, Voo = 25V ± 1V 

Symbol Parameter Min Typ Max Unit 

Voo Programining Voltage (during Write to EPROM) , 24 25 26 V 

100 Prog Supply Current 15 30 rnA 
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A.C. CHARACTERISTICS 
TA = O·C to 70·C. vcc = 5V ±5% 

Symbol Parameter 

tCYC Clock Cycle Time 

T1 CLK Pulse Width 

T2 CLK Pulse Width 

tf. tr CLK Rise and Fall Time 

tAL Address to Latch Set Up Time 

tLA Address Hold Time after Latch 

tlC Latch to READ/WRITE Control 

tRD Valid Data Out Delay from READ Control' 

tAD Address Stable to Data Out Valid" 

tll Latch Enable Width 

tRDF Data Bus Float after READ 

tCl READ/WRITE Control to Latch Enahle 

tcc READ/WRITE Control Width 

tDW Data in Write Set Up Time 

tWD Data in Hold Time after WRITE 

twp WRITE to Port Output 

tpR Port Input Set Up Time 

tRP Port Input Hold Time to Control 

tRYH READY HOLD Time to Control 

tARY ADDRESS (CE) to READY 

tRV Recovery Time between Controls 

ti=lDE READ Control to Data Bus Enable 

NOTES: 
CLOAD = 150 pF. 
'Or TAD - (TAL + T Lcl, whichever is greater. 
"Defines ALE to Data Out Valid in conjunction with TAL. 

A.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, Vcc = 5V ±5%. Vss = OV. VDO = 25V ±1V 

Symbol Parameter Min 

tps Data Setup Time 10 

tpD Data Hold Time 0 

ts Prog Pulse Setup Time 2 

tH Prog Pulse Hold Time 2 

tpR Prog Pulse Rise Time 0.01 

tPF Prog Pulse Fall Time 0.01 

tpRG Prog Pulse Width 45 

16·65 

8755A 
Unit 

Min Max 

320 ns 

80 ns 

120 ns 

30 ns 

50 ns 

80 ·ns 

100 ns 

170 ns 

450 ns 

100 ns 

0 100 ns 

20 ns 

250 ns 

150 ns 

30 ns 

400 ns 

50 ns 

50 ns 

0 160 ns 

160 ns 

300 ns 

10 ns 

Typ Max Unit 

ns 

ns 

fLs 

fLs 

2 p.s 

2 p.s 

50 ·ms 



A.C. TESTING INPUT, OUTPUT WAVEFORM 

"=X )C 2.0 . 2.0 . . > TEST POINTS ~ 
0.45 0.' 0.' 

231735-7 
A.C. Testing: Inpuls are driven a12.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing Measurements are made al 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 

WAVEFORMS 

CLOCK SPECIFICATION FOR 8755A 

PROM READ, I/O READ AND WRITE 

Aa·10 

101M 

ADO·1 

ALE 

CE, 

8755A 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER ICL.1SOPF 
TEST 

CL=150pF 231735-8 

CL Includes Jig Capacitance 

231735-9 

ADDRESS 

'------,....,}-

--t----·ow 

231735-10 
Please note that eEl must remain low for the entire cycle. 
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intJ 8755A 

WAVEFORMS (Continued) 

1/0 PORT 

~OR )~ __________ -J~ 
"''' ---,J ~ '.. ~-f-rIR_P ______ _ 

INPUT ~ X ... _____ _ 
DATA· - - - - - - - )( 
BUS ------- ~------------------

A. Input Mode 

\ { 
GLITCH FREE --- -- ----------'::~XO"""' PORT 

OUTPUT ------------
DATA" - - - - - V 
BUS ____ _ ..A _________ ..JX"". ___ _ 

B. Output' Mode . 

WAIT STATE (READY = 0) 
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231735-11 

231735-12 

231735-13 



8755A 

WAVEFORMS (Continued) 

8755A PROGRAM MODE 

FUNCTION I ..... ~----- PAOGRAM CYCLE ------... rl ........ ---VERIFV CYCLE" ------1_ PROGRAM CYCLE 

ALE 

A/DO·7 

A8·10 

CEa 

Ips 

+25 

VOO 

+5------------------------( 

DATA TO BE 
PROGRAMMED 

IpO 

·Verify cycle is a regular Memory Read Cycle (with Voo = +5V for 8755A), 
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ALABAIIA 

!~nrs ir~drord Dr., #2 
Huntsville 35805 
Tel: (205) 83Q.401 0 

ARIZONA 

W:5 ~~8th Dr., #0214 
PhOenix 85029 
Tal, (6021869-4980 

~~~~ ~~ Dorado Placa 
Suite 301 
Tucson 85715 
Tel: (602) 299-6815 

CALIFORNIA 

l\n5'1'5 ~C:~OW8n Street 
Suita116 

i::(a:arrJ4~8~ 
orp_ 
~mpe'ial Highway 

90245 
Tet: 0·6040 

IntoIC':;f.-
~~~e~:;' 131,ruite 101 
Tel: (916) 920·8096 

~"Jg1 t&c::fulive Drive 
Suite 105 

~:r (~~4;~~~ 
InleICorp.· 
400 N. Tuslln Avenue 
Suite 450 
Santa Ana 92705 

~:1~~955~4 

t~t6fg:fs'~ 
2700 San Tomas Expressway 
Santa Clara, CA 95051 

~J~~~~~~5 
COLORADO 

Intel Corp. 
4445 Noi'thpark DrIve 
Suite 100' 

~= ~~~~.&k80907 

CONNEcnCUT 

,~n~:t~:n R'oad 
Oanbu~Q6811 

~:7,~~'l~ 
FLORIDA 

'~~~::tmonte Or. 
Suite 105 

~:.(~r8nsB32714 
FAX,3D5-682·6047 

~t;'oo~~· Street North 
Suite 170 
SL _rsbU9! 33702 

~:'if~\U~a:~::g 

tSales and Service Office 
·Reld Application Location 

DOMESTIC SALES OFFICES 
GEORGIA 

~J8I~:::e Parkway 
Suite 200 
Norcross 30092 
Tel: (4041449-0541 

ILUNOIS 

Intel C0M:'· 
~~mb~nag~~~oad, Suite 400 

Tel, (31213¥O-6031 

INDIANA 

lWr ;u~e Road 
Suite 125 

~:~(3;W~~~~ 
IOWA 

intelCorp. 
St. Andrews Building 
1930 St. Andrews Drive H.E. 
Cedar Rapids 52402 
Tel: (319) 393-5510 

KANSAS 

llnJ8I~~~~Oth Street 
Suite 170 
Overland Park 66210 
Tel: (913) 345-2727 

MARYLAND 

IntelCOIp: 
7321 Par1l.way Drive South 
SuiteC 
Hanover 21 076 
Tel: (301) 796-7500 
TWX: 710-862·1944 

Intel Corp. 
5th Roor 
7833 Walker Drive 
Greenbelt 20770 
Tel:. (301) 441·1020 

,.ASSACHUSEns 

tlntel Corp: 
Westford Corp. Center 
3 Carlisle Road 
Westford 01886 
Tel: (617) 692·3222 
TWX:"110·343-6333 

MICHIGAN 

tlntelCorp. 
7071 Orchard Lake Road 
Suife100 " 
West Bloomfield 48033 
Tel: (313) 851-8096 

MINNESOTA 

Intel Corp. 
3500 W. 80th St, SUite 360 
Bloomin~ton 55431 
Tel: (612 835-6722 
lWX: 91 576-2867 

MISSOURI 

NEW JERSEY 

Intel Corp.· 
Parkway 109 Office Center 

~: :~~~~~rlngs Road 

Tel: (201) 747·2233 

Intel Corp. 
280 Corporate Center 
75 Livingston Avenue 
First Floor 
Roseland 07068 
Tel: (201)740,0111 

NEW MEXICO 

Intel Corp .. 
8500 Menual Boulevard N.E. 
Suite B 295 

~~:u~~~:2~:JJ: 
NEW YORK 

Intel Corp. 
127 Main Street 
Binghamton 13905 
Tel: (607) 773-0337 

Inlel Corp.· 

~e~~s,s4~~~s OHice Park 

~r~~~~~~~ 
Intel Corp." 
300 Motor Parkway 
Haupcauge 11787 

~J: ~~b~~~~3~ 
Intel Corp. 
Suile 2B Hollowbrook Park 
15 Myers Corners Road 

~p 'nger Falls 12590 
Tel: 914) 297·6161 

: 510·248·0060 

NORTH CAROLINA 

Intel Corp. 
5700 Executive Center Drive 
Suile213 
Charlotte 28212 
Tel: (704) 568-8966 

lIntel Corp. 

S~~ Wi"ff Road 

~:l~~~9r7~~~8022 
OHIO 

Intel Corp: 
3401 Park Center Drive 
Suite 220 
Da~on 45414 

~~A~~5~~~ 
Intel Corp: 
25700 Science Park Dr .• Suile 100 
BeachwOOd 44122 

~J~A~b~~~~~~ 
OKLAHOMA 

~n~~ ~~G;oadway 
Suite 115 
Oklahoma City 73116 
Tel: (405) 848·8086 

OREGON 

t= ~~: Greenbrier Parkway, Bldg. B 
Beaverton 97006 

~~~~~~~:7~i2, 
PENNSYLVANIA 

Intel Corp. 
1513 Cedar Ciiff Drive 

¥:I~G1~:1 ~:~-1k5 

Intel Corp." 
400 Penn Center Blvd., Suite 610 

~::s~~r!h8~:70 
PUERTO RICO 

Intel Microprocessor Corp. 
South industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733·8618 

TEXAS 

;~~tC:~erson Lane 
Suite 314 
Austin 78752 
Tel: (5121454-3628 

~J~~t~~S~to.85':,~ 

~~~~ ~~re .. ·Freeway 
Suite 1490 
Houston 77074 

~i!J~b~88:"~2~960 
UTAH 

Intel Corp. 
5201 Green Street 
Suite 290 

~e~~(~~~J:'8051 
VIRGINIA 

tlntelCorp. 
1504 Santa Rosa Road 
Suital08 
RiChmond 23288 
Tel: (804) 282·5668 

WASHINGTON 

~nJ:1 ,ro~lIan Road 
Suite 102 
Spokane 99206 
Tel: (509) 928-S086 

WISCONSIN 

tlntelCorp. 
330 S. Executive Or. 
Suite 102 
Brookfield 53005 
Tel: (414) 784-8087 
FAX; (4141796·2115 

CANADA 
BRInSH COWMBIA 

Inlel Semiconductor of Canada, Ltd. 
Suite 202 

ONTARIO 

l~~~I~~~~!ct8~: Canada, Ltd. 

14 

tlntel Semiconductor of Canada, Ltd. 
190 Attweli Driva 
Sulle500 

QUEBEC 

1~~~t~~a~O~~r:!~f Canada, Ltd. 
PoInte Claire H9R 3K3 

~~~1~66':4~~1~ 
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. DOMESTIC DISTRIBUTORS 

tMlcrocomputer System Technical Distributor Centers 



DOMESTIC DISTRIBUTORS 
NEW MEXICO 

Alliance Electronics Inc. 
11 

Hamllton/Avnet Electronics 
2524 Baylor Drive S.E. 

~:~~~~:t~Jgg 
FAX: 50~-243-1395 
NEW YORK 

Arrow Electronics, Inc. 
25 Hub Drive 
Melville 11747 

~~~~~~~~~6 
FAX: 516-391-1401 

Hamilton/Avnet Electronics 

T 
FAX: 71 -475-91 

t~:ir~~lfat~e~~~lronlcs 
Syracuse 13200 

~~~~',~_~~~~ 

tPloneer Northeast Electronics 
60 Crossway Part< West 
Woodbury. Lon¥ Island 11797 

~~~f~2~~~'~ 
FAX: 516-921-2143 

tPioneer Northeast Electronics 
840 Fairport Park 
Falrport 14450 

~~~~\~-ggt~g~~ 
NORTH CAROUNA 

tArrow Electronics. Inc, 
5240 Greens Dairy Road 

~1~:~~92~s:a'32 
FAX: 91~-876-3132, ext. 200 

lHamllton/Avnet ElectronicS 
R~~ ~~~orest Drive 

~~~~b~te.~~96 

NORTH CAROLINA ICon I'd.) 

Pioneer Electronics 
9801 A-Southern Pine Blvd. 
Charlotte 28217 
Tel: (704) 527-8188 
TWX: 810-621-0366 

OHIO 

Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville 45459 

~~~55"~~~:~~ 
tArrow Electronics, Inc, 
6238 Cochran Road 
Solon 44139 

~~~~~\~-~:::~'Wa 

tHamilton/Avnet Electronics 
30325 Bainbridge Rd., Bldg. A 
Solon 44139 

~~IX~~\~-~;:iA~· 
tPioneer Electronics 
4433 Interpoin! Blvd. 
Dayton 45424 
Tef: (513) 236-9900 
FAX: 513-236-8133 

tPioneer Electronics 
4800 E. 131st Street 
Cleveland 44105 

~l~fb~li~~~ 
FAX: 216-587-3906 

OKLAHOMA 

Arrow Electronics, Inc. 
3158 S. 108 East Ave., Ste. 210 
Tulsa 74146 

~AIX~~\~-=~:Hgg 
OREGON 

~8 ~~~~ri~~~Io~o~~~arkwaY 
Suite 600 
Hillsboro 97124 

~~f~~~ 
PENNSYLVANIA 

Arrow Electronics, Inc. 
650 Seco Road 
Monroevl11e 15146 

~:xf~\~-~~~m 
Haminon/Avnet Electronics 

=~i~'5~~" Bldg. E 

Tel: (41'2 281-4150 
FAX: 412-281-8562 

tMicrocomputer System Technical Distributor Centers 

PENNSYLVANIA (Conl'd.) 

Pioneer Electronics 
259 Kappa Drive 
Pittsburah 15238 

~:tj,b?7~2S~'~2 
FAX: 412-963-8255 

TEXAS 

tArrow Electronics, inc. 
:)22D Commander Drive 
carrollton 75006 

~~~~',t~:~ra 
tArrow Electronics, Inc. 
10899 Klnghurst Dr. 
Suitel0D 
Houston 77099 
Tel: (713) 530-4700 
FAX: 713-568-8518 

tArrow Electronics, Inc. 
2227 W. Braker Lane 
Austin 78758 

~AIX~\',~_=~A~g 

l~G;)!I~~~~~~r il:~:onics 
Austin 78758 

~~~~~\~.H~~il 
tHamliton/Avnet Electronics 
~111 W. Walnut Hill lane 
Irving 75038 

~~~~',t~~g::~g 
tHamilton~Avnet Electronics 

~~:go~r~7lr7oad, Ste.19D 

~~~~'t~~:g~~~~ 
KleruUf Electronics, Inc. 
2010 Merritt Dr. 
Gariand 75040 

~~X~~',~_~t~~~~ 
tPioneer Electronics 
1828-0 Kramer Lane 
Austin 78758 

~~IX~~\~_~~= 

tPioneer Electronics 
5853 Point West Drive 
Houston 77036 

~~~j\~-:g:~~5~ 
UTAH 

Wyle Distribution Group 
13"25 West 2200 South 
SuileE 

¥:~ (~~e ~~~_::JJ9 
FAX: 80~-972-2524 

~ASHINGTON 

HamUton/Avnet Electronics 
14212 N.E. 21st Street 
Benevue 98005 

~~f~':J-:5:g~~ 

r?'~ ~~2~~~~~~, c;:.~~p 
. Bellevue 98005 

~~xf~'~~~~ 
WISCONSIN 

l~6r~~p~~J~r:>~:::,ls1e.100 
Brookfield 53005 

~~~~\~-~~~:g~~g 
Hamilton/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 

~~f~\~-~::~~Jg 
KierulH Electronics, Inc. 
2238-E W. Bluemound Rd. 
Waukesha 53186 

~~~f~\~-~:wgg 

CANADA 
ALBERTA 

Hamilton/Avnet Electronics 
2816 21st Street N.E. 
Calgar6; T2E 6Z2 

~A~~~~~~g:~g~? 
Zentronics 
6815 8th Street, N.E., Ste. 100 
CalgarJ T2E 7H7 

~~~~~~~:~: 
BRmSH COLUMBIA 

Hamilton/Avnet Electronics 

~~~~:;u~~~~:g., Ste.115 

~A~f~~~~!~~ 
Zentronics 

~~~h~~~3 ~6~~~ort Road 

~~~~~-~~~:~~~5 
MANITOBA 

Zentronics 
6D-1313 Border Street 
Winnipe~3H OX4 
Tel: (201 694-1957 
FAX: 2 3-9255 

ONTARIO 

Arrow Electronics Inc. 
1093 Meyerside Dr, 
Unit 2 
MlsslssauBa LST 1 M4 

~~X~~',~~~:~= 

'~5~::~=eh~~edctronlcs 
Units 3-5 
MlsslssauBa L4V 1 R2 

~A'X}~'16J.:~~:~ . 
HamUton/Avnet Electronics 
3688 Nashua Dr. 
Units 9 and 10 
MisSlssa~a L4V 1 M5 

~A~f~',~~~= 
tHamiiton/Avnet Electronics 
19D Colonnade Road South 
N"/"ian K2E 7 J5 

~tct~',~~~n~ 
lZentronlcs 

B~~~u~o~~13T4 
m (~'6) 451-9600 
FAX: ~1a-451-8320 

tientronics 
155 Colonnade Road 
Unit 17 
Nepean K2E 7K1 

~~~~',~_~~~::g 
SASKATCHEWAN 

QUEBEC 

tArrow Electronics Inc, 
4050 Jean Talon Quest 
Montreal H4P 1W1 

~~IX~\"~~~~~~ 
Arrow Electronics Inc. 

Zentronlcs 



inter 
DENMARK 

FINLAND 

Intel 
RuosDantle2 
00390 Helsinki 39 

~~!~~44 
FRANCE 

Intel 
1, rue Edlton-BP 303 
78054 81 Quentin-en-Yvelines Cedex 

l~~~~l7000 

EUROPEAN SALES OFFICES 
WEST GERMANY 

Intel­
Seidlstrass8 27 
8000 Muenchen 2 

~~~=,~r90 
Intel 
HoherlZollern Strass. 5 
3000 Hannover 1 
l~!~~r4081 

Intel 
Abraham Uncaln StrasH 16-18 
6200 Wiesbaden 

l~!~~~~ 6050 

Intel 
Bruckstrasse 61 
7012 Fellbach 
s~.n 
l~:(7~1'.a1~~ 00 82 

ISRAEL 

lmel* . 
... ttldlm Industrial Perk 
P.O. Box 43202 
Tel Aviv 61430 

mFaV,~~:O 60 

ITALY 

Inte'· 
Milanoflorl Palazzo E 
20090 Alsego 
Milano 
m~~,~~4071 

NETHERLANDS 

Intel· 
Alexander Poort Building 

~1e~vM~:"7': 
. l~~~1~~21 2377 

NORWAY 

Intel 
Hvamveien 4-P.O. Box 92 2013S'3:". 
t~~~801~ 420 

SPAIN 

Intel 
~:b~oz='3~~n no. 28.',sq 

t~M~sU~ 40 04 

SWEDEN 

Intel' 

0100 

SWITZ!RLAND 

Intel· 
Talackel'$trasS8 17 
8065Zur/ch 

tnc:~V9fs9 29 n 
UMTED KINGDOM 

Intel' 

~~ri:;''''flt$hlre SN3 1 ~J . 

~~,(~~60oo 

EUROPEAN DISTRIBUTORS/ REPRESENTATIVES 
AUSTRIA 

Bacher Electronics GmbH 
Rotenmuehlgasse 26 
1120Wlen " 

Ri:(~~S 84 60 

BELGIUM 

lnelca Belgium S.A. 
Av. des Croix de Guane 94 
1120 Bruxelles 
~~~~180180 

DENMARK 

FINlAND 

OYAntronlcAB 
Melkonkatu 24A 
00210 Helsmkl21 

~M)2~~:022 

FIIANC! 

d .. _ 

Clrle-Vemet ~ BP 2 0_ 
.~~:1535 

WEST GERMANY 

Vertrlebs-AG 
12 
82 
10 

ITT MultikOmponent GmbH 
Bahnhofstrasse 44 
7,., Mm"lI"" 
m~~~~9879 

Jermyn GmbH 
1m Oachsstueck 9 
8250 UmbU,%., 

m~~~~~-o 80 

Metrologle GmbH 

~j~:,::~:~~~9 
Tel: (089118 04 20 
TLX: 5213189 

Proelectron Vertflebs GmbH 
Max Planck Sirasse 1-3 
6072 Oreleich 
m~~V9~ 30 43 43 

IRELAND 

~:Oag=~" Park . 

g:~~~I~ 
~~:(y,~6288 

ISRAt!L 

Eastronles Ltd. 
11 Rozenis Street 
P.O. Box 39300 
Te! Aviv 81392 
~~~~~SI51 

'TALV 

ITALY (Cont'd.) UNITED KINGDOM 

~~:~::f2~· Accent Electronic Com~nents Ltd. 

20092 Clnlsello BalSamo =~~b='~k 
Milano ~~!:~:ee68 
~~~~~0012 

NETHERLANDS 
Bytech Comway Ltd. 
Unll2 The Western Centre 
Western Road 

~=e:~~r1man B 
Ba lRW 

2621 AP Delft 2211 

~~~~~~O 99 06 

NORWAY 
Jermyn 
Vestry Estate 
Otford Road 

Nordisk Elektronik AIS Sevenoaks 
P,O. Box 122 kent TNt. SEU 
Smedsvingen .. 
1384 Hvalstad ~:(~~~J24S 0144 

~~~ttrtO Rapid Silicon 
RaPJd House 

PORTUGAL DenmarlcSt. 

Ollram =~~~~ 
Av. M. Bombard., 133-1 0 m!m3f 2268 1000 Usboa 
Tel: (II 54 5313 
TLX: 14182 Rapid,Systems 

Rapid House 
SPAIN Denmark St. 

A10 Electronica S.A. ~~:"~~~R 
Plaza Cludad de Viana no. 6 mf~Ja~0244 28040 Madrid 

~~~~2~~ 40 00 YUGOSLAVIA 

ITT-SESA H.R. MICroelectronics Corp. 
i~1oMr!fa,:~:ngel no. 21·3 2005 de II Cruz Blvd., Ste. 223 • 

Santa Clara, CA 95050 
~~~~7~~ 09 51 

U.S.A. 

~~!~4~f0286 
SWEDEN 

Nordlsk ElektrOnlk A,9. 

~~~g:,~~1 
11127 SoIna 
Tel, (6) 734 97 70 
TLX: 10547 

SWITZERLAND 



INTERNATIONAL SALES OFFICES 
AUSTRALIA 

Inlel Australia Pty. Ltd: 
S&ri!rum Bulldin'l 
~:~~it~w, ~:~6 
~~t~ti~~-2744 
FAX: (2) 923-263~ 

BRAZIL 

Intel Semlcondutores do Brasil LTD" 
Av. Paulista. 1159-CJS 404/405 
01311 -Sao Paulo - S,P. 
Tal: 55-11-287-5899 
TLX: 1153146 
FAX: 55·11-212·7631 

CHINA 

HOHGKONG 

Intel Semiconductor Ltd.· 
1701-3 Connaught Centre 
1 n u htRoad 
T 555 
TWX: ISLHK HX 
FAX: 589 

JAPAN 

~!~~~f~~~~9~~ld9. 
1-8989 Fuchu-cho 

f~Fri4;~:l~1183 
FAX: 0423-60-0315 

Intel Japan K,K.· 
Aower-HIII Shin-mach! Bldg. 
1-23-9Shinmachi 

~:~a~~~~~~kYO 154 
FAX: 03-427-7620 

Intel Japan K.K: 

:~B·.ro~~c~:ya 
~:&f:l~2:~8~fltama 360 
FAX: 0485-24-7518 

~~e~~~G~~~i~:saShl_koSU91 Bldg. 
915 Shinmaruko, Nakahara-ku 

~~=~t:;!7~:ragawa 211 

FAX: 044--733-7010 

JAPAN (Conl'd) 

Wi~~~~~:i.~·~isu9i Bldg. 
1-2-1 Asahl-machi 

~:,~t:~~~.37~awa 243 
FAX: 0462-29-3781 

Inlel Japan K.K.· 
Ayokuchl-Eki Bldg. 
2-4-1 Terauchi 
Tor:onaka-shi, Osaka 560 

~~x~~J-:~~g:l 
Intel Japan K.K. 
Shinmaru Bldg. 
1-5-1 Marunouchl 

¥~l:Ygg.~f:3~~~YO 100 
FAX: 03-201-6850 

~':~iw:r. K.K. 
1-16-30 ~eieki Minami 
~~~~5~a-ku, Nagoya-shl 

Tel: 052-561-5181 
FAX: 052-561-5317 

KOREA 

Intel Technology Asia ltd. 

~~~ y~:~SJ~~~~~o~~~eUngpo-ku 
Seoul 150 
Tel: (2) 784-8186 
TLX: 29312INTELKO 
FAX: (2) 784-8096 

SINGAPORE 

~nJ~I~6~s':~~~;~f~ Ltd. 
Goldhlrr Squara 

~~~f2ro.78\~30 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN 

INTERNATIONAL 
DISTRIBUTORS/REPRESENT ATIVES 

ARGENnNA 

DAFSYSS.R.L. 
Chacabuco, 90-4 PISO 
t069-Buenos Aires 
Tel: 54-1-334-1871 

54-1-34-7726 
TLX: 25472 . 

AUSTRAUA 

Total Electronics 
P.M.B.250 
9 Harker Street 
Burwood, Victoria 3125 
Tal: 81-3-288-4044 
TLX: AA 31261 

Total EJectronles 
P.O. Box 139 
Artamon, N.S,W. 2064 
Tel: 61-02-438-1855 
TLX: 26297 

BRAZIL 

8ebra Microelectronlca 
R. Geraido Ftaustno Gomes, 78 
SAndat 
04575 - Sao Paulo - S.P. 
Tel: 55-11-534-9522 
TLX: 1154591 or 1154593BR 
FAX: 55-11-534-9637 

CHILE 

DIN Instruments 
Suecia2323 
CesUIa 6055, Correa 22 

~~~.22"8139 
TL.X: 440422 RUDY CZ 

ell .. 
Novel Precision Machin~ Co., ltd. 

~:!~ ~.O ~'~:!fw~n:iree~g. 
N.T., Kowloon 

~:'i~"'3-222 
TWX: 39114 JINMI HX 
FAX: 8524261..&02 

"Field Application location 

CHINA IConl'd) 

Schmidt & Co. Ltd. 
18/F Great Eagle Centre 
23 Harbour Road 

·~r~~~5~~~ 
TWX: 74766 SCHMC HX 
FAX: 852-5-891-8754 

INDIA 

Micronic Devices 

~~"Jcr.t.&~ Road 
Basavanagudl 

'::~~I:r2~~' 
TLX:. 0845-8332 MD BG IN 

Micronic Devices 
403, Gagan Deep 
12, Rajeildra Place 
New Delhi 110008 
Tel: 91-58-97-71 
TLX: 03163235 MONO IN 

Mlcronic DeviCes 
No. 516 5th Roor 
Swastlk Chambers 

g~~b~h='irl, Road 
Tet, 91.~2-39-63 
TLX: 9531 171447 MDEV IN 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakftl.-ku 

~~~~~~;~~~~2 
FAX: "093-551-7861, 

C. Itoh Techno-Science Co., Ltd. 
C. Itch B~, 2-5-1 Klta-Aoyama 

¥~~~~7-4~ 107 
FAX: 03-497-4969 

JAPAN ICont'd) 

Dia Semlcon Systems, Inc. 
Wacore 64, 1·37-8 Sa~enjaya 

~:a~a8~~~~kyo 1 
FAX: 03-487-8088 

'Okaya Koki 
2-4-18 Sakae 

~:I~~~~:2~~:I:;Shi 460 
FAX: 052-204-2901 

Ryoyo EJecl:ro Corp. 
Konwa Bldg. 
1-12-22 Tsukiji 

re'1~~'54~Jf,'04 
FAX: 03-546-5044 

KOREA 

Samsung Semiconductor & 
Telecommunications Co., Ltd. 
150, 2-KA, Tafpyung-ro, Chung-ku 
Seoul 100 
Tel: 82-2-751-3987 
TLX: 27970 KORSST 
FAX: 82-2-753-0967 

MEXICO· 

Dicopei S.A. 
Tochtli 368 Frace. Ind. San Antonio 

~~~:=~eXico, D.F. 
Tel: 52-5-561-3211 
TLX: 1773790 DICOME 

NEW ZEALAND 

Northrup Instruments & Systems Ltd. 

~~g.~~~NRe':~arket 
Auckland 1 
Tel: 64-9-501-219, 501-801 
TLX: 21570 THERMAL 

SINGAPORE 

Francotone Electronics Pte Ltd. 
17 Harvey Road #1)4..01 

~~1~:~81~89-1618 
TWX: 56541 FRELS 
FAX: 2895327 

SOUTH AFRICA 

~~~~~c':~ding Elements, Ply. Ltd. 

Pine Square, 18th Street 
Hazelwood, Pretoria 0001 
Tel: 27-12-469921 
TLX: 3-227786 SA 

TAIWAN 

Mltac Corporation 
~~P;~5R.~~'l? Shen East Rd. 

Tel: 886-2-501-8231 
FAX: 886-2-501-4265 

VENEZUELA 

P. Benavides S.A. 
Avllanes a Rio 
ResldenCia Kamarata 
Locales 4 AL 7 
La Candelaria, Caracas 
Tel: 58-2-571-0396 
TL.X: 28450 
FAX: 58-2-572-3321 



inter 
ALABAMA 

ARIZONA 

InteICcrp. 
11225 N. 28th Dr., #0214 
Phoenix 85029 
Tel: (602) 869"980 

InlelC 
6OOE. 
SlerraVllt1 
Tel: (602)4 

ARKANSAS 

~.~g:!206 
Ulm 72170 
Tel: (501) 2414264 

CAUFORNIA 

=~perial Highway 
SUite 218 

~~:=a 
Intel Corp. 

~:o~:a~r5~' 
Tel: (918) 351-8143 

=~IhStreet 
SlIIte110 
Santa Ana 92705 

~J~~~~4~ 
Intel Corp. 
'~':aS&'!r~or~pcpressway 
Tel: (408) 970-1740 

COLORADO 

:mg1~/iiCherry 
Sulte91S 
Denver 80222 

~~~~~~';= 

CALifORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 970-1700 

CAUFORNIA 

2700 San Tomas Expressway 
Sanla Ctara 95051 ' 
Tel: (408) _8086 

DOMESTIC SERVICE OFFICES. 
CONNECTICUT 

FLORIDA 

~: ~~atmonte DrIve 
SUite 105 

~($~rsr8=32714 
GEORGIA 

~,~ ~rrnte Parkway 
Sulle200 
Norcross 30092 
Tel: (404) 44H171 

fLUNQrs 

INOIANA 

Intel Corp. 
8777 Purdue Rd., #'25 

~":.(a~W~~::\ 
KANSAS 

te~ ~~'1Oth Street 
Suite 170 
Overland Park 66210 
Tel: (913) 345-2727 

KENTUCKY 

MARYLAND 

Intel Corp. 
5th Floor 
7833 Walker Drive 
Greenbeft 20nO 
Tal: (301) 441-1020 

IIASSACHUSErrB 

==corp.Center 
3 carlllle Road 
Westford 01886 
Tel: (817) 692·1060 

MICHIGAN 

Intel Corp. 
1071 Orchard Lake Road 
Suite tOO 
West Bloomfield 48033 
Tol: (3'3) 851-11905 

MJSSOURI 

IntslCorp. = ~~ CJty Expressway 

~:"(3~~~'5 
HEW JERSEY 

~:ita~~iZalll 
Rarllan Centsr 
Edison 08817 
Tel: (20') 225-3000 

NORTH CAROLINA 

m:8's ~~~eadowvlew Road 
Suite 206 
Greensboro 27407 
Tel: (9'9) 294-'54' 

Inlel Corp. 
~~~ ~~~d., Suite 102 
Tel: (B'9) 781-11022 

OHIO 

Intel Corp. 
8500 Poe 

~:rr,:r:~ 
OREGON 

CUSTOMER TRAINING CENTERS 
ILliNOIS 

~:Um~~~~~:300 
Tel: (3'2) 3'1'0-5700 

MASSACHUSEns 

3 Carlisle Road 
Westford 01886 
Tel:(617)692-1~ 

PINNSYLVANIA 

Intel Corp. 
201 Penn Center Boul .... ard 
Suite 301 W 

~~h3w.f:.o 
TEXAS 

Intel Corp. 
313 E. Anderlon Lane 
Suite 314 
AusUn78762 

~J~Jf~~C, 

InltICorp. 
=~~n:t\4 Suite 225 
rei: (9'5) 75'.0'88 

YrRGINIA 

Intel Corp. 
1603 Sanla Rosa Rd .• #109 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

WISCONSIN 

InlelCorp. 
330 S. EXecutive Dr. 
SUI\e'02 
Brookfield 53005 
Tel: (414) 714-8087 

CANADA 

~,=';a'P' 
Rexdale 
Canada 
Tel: (41 

- :;: ~orlein Blvd. . 
PoInte Qalre, Quebec 
canada H9R 3K3 
Tel: (5'4) 894-9'30 

Intel Corp. 
2850 0u88l'lsvtew DrIve. #250 
Ottawa. Ontario, 
canada K2B 8H8 
Tel: (8'3) 929-9?'4 

MARYLAND 

7833 Walker Dr •• 4th Floor 
Greenbelt2f1770 
Tel: (30') 220-3380 

SYSTEMS ENGINEERING OFFICES 
ILUNQIS 

~:imM~~ln~~#300 
Tel: (3'2) 3¥0-B03' 

MASSACHUSETTS 

3 Carlisi. Road 
Westford 01886 
Tel: (617) 692-3222 

NEW YORK 

300 Motor Parkway 

~:r\fi'~;31~30 




