



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































mte[ ICE™-5100/044

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.

Procedures

Debugging procedures (PROCs) are a user-defined
group of ICE-5100/044 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 . . .

hlt>GO
FROM . ARM FOREVER TIL USING

END construct.
<execute >J

hlt>G0 FROM

<expr>

hlt>GO FROM 13H

<operator> ARM FOREVER TIL USING

TRACE

1t>G0 FROM 13H USING
BRKREG<brkreg name>

hlt>GO0 FROM 13H USING brl

TRACE <execute>

.
’

hlt>GO0 FROM 13H USING brl TRACE

<expr> OUTSIDE PAGE FROM TIL <trcreg name> <executJ

<execute>

hlt>GO FROM 13H USING brl TRACE traceit

280325-4

Figure 3. The Integrated Command Directory for the GO Command
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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-5100/044 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
I2ICE™ 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-5100/044 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.

BITBUST™M 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-5100/044 emula-

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 114 inches (3.8 cm) of space to fit the
processor 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.

e Up to 25 pF of additional pin capacitance is con-
tributed by the processor module and target
adaptor assemblies.

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

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

1t >HELP
HELP is available for:
ADDRESS

BYTE
CURHOME

APPEND  ASM
CHAR CI
CURX CURY DCI
DYNASCOPE EDIT
HELP IF
LINES LIST
MODIFY

BASE

DISPLAY DO
EXPRESSION GO

LABEL
MENU
PAGING
REGS

KEYS

MAP
OPERATOR
REFERENCE
STRING
VERIFY
hlt>

REMOVE

VERSION WAIT WORD

CNTL_C

MODULE
PARTITION PRINT

REPEAT
SYMBOLIC SYNCSTART TEMPCHECK TRCREG

BIT
COMMENTS
DEBUG
ERROR EVAL
INCLUDE "INVOCATION
LITERALLY LOAD
MSPACE MIYPE

PROC PSEUDO_VAR
RESET RETURN
TYPES

BOOLEAN
CONSTRUCTS
DEFINE

BRKREG
COUNT
DIR

EXIT
ISTEP
LSTEP
NAMESCOPE
PUT

SAVE
VARIABLE
WRITE

280325-5

Figure 4. HELP Menu
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TOP VIEW

PROCESSOR MODULE

ONIIGNVH 301A30
053 343580
NOILN3LIV

“*  S38N030Md

CABLE BODY
39"

-5

. (99¢m)

N 4"
| (10.2cm)

SIDE VIEW  PROCESSOR MODULE

e
+
. 112" (3.8 cm)
TARGET —t
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 1I/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.

ICE™-5100/044 EMULATOR
SOFTWARE PACKAGE

ICE-5100/044 emulator software
ICE-5100/044 confidence tests

-1CE-5100 tutorial software

EMULATOR PERFORMANCE

Memory

Mappable 64 KB Mappable to user-or ICE-
full-speed 5100/044 emulator mem-
emulation code ory in 4 KB blocks on 4 KB
memory -~ boundaries.

Trace memory 254 x 24 bit frames

Virtual Symbol
Table

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

Controlier Pod

Width:  8-%4" (21 cm)
Height: 1-%" (3.8 cm)
Depth:  13-1," (34.3 cm)
Weight: 4 lbs ( 1.85 kg)
User Cable

The user cable is 3 feet (approximately 1 m)

Processor Module

(With the target adaptor attached)
Width:  3-134¢" ( 9.7 cm)
Height: 4" (10.2 cm)
Depth: 1-1," (3.8 cm)

Power Supply

Width: 754"
Height: 4"
Depth: 11"
Weight 15 Ibs

(18.1 cm)
(10.06 cm)
(27.97 cm)
( 6.1 kg)

Serial Cable

The serial cable is 12 feet (3.6 m).

1572
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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

Operating humidity

+10°C to +40°C (50°F to
104°F)

Maximum of 85% relative
humidity, non-condensing

ORDERING INFORMATION

Emulator Hardware and Software
Order Code Description

1044KITAD

1044KITD

1044KITAS

- 1044KITS

This kit contains the ICE-5100/044
user probe assembly, power supply
and cables, serial cables, target
adaptor, CPA, [CE-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-5100/044
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 IlI/IV).
The kit also includes the 8051 Soft-
ware Development Package and the
AEDIT text editor for use on the Se-
ries WI/IV. [Requires software li-
cense.] '

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

Software Only
Order Code Description

SA044D

SA044S

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

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 lii,
and on 5-14" disks for use on a Se-
ries V. [Requires software license.]

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

" D86ASMS51

D86PLM51

I86ASM51

186PLM51

D86EDINL

15-73

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 LIB51 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).

PL/M-51 Software Package (DOS
version)—Consists of the PL/M-51
compiler which provides high-level
programming language support; the
LIB51 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).

8051 Software Development Pack-
age (ISIS version)—Same as the
D86ASMS51 package except this one
is for use with the Series Il
PL/M-51 Sofware Package—Same
as the D86PLM51 package except
this one is for use with the Series lli
and Series V.

AEDIT text editor for use with the
DOS operating system.
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8-BIT N-CHANNEL MICROPROCESSOR

m TTL Drive Capability : - m Decimal, Binary, and Double Precision
B 2ps (—1:1.3 ps, —2:1.5 ps) Instructlon ‘ Arithmetic
Cycle _ m Ability to Provide Priority Vectored
m Powerful Problem Solvmg Instruction Interrupts
Set B 512 Directly Addressed 1/0 Ports
B 6 General Purpose Reglsters and an m Available in EXPRESS
Accumulator — Standard Temperature Range = .
m 16-Bit Program Counter for Directly m Available in 40-Lead Cerdip and Plastic
Addressing up to 64K Bytes of Memory Packages

m 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 géneral purpose working registers and én accumulator. The 6 general purpose
registers may be addressed individually or inpairs providing both single and double precision operators.
Arithmetic and logical mstruc’uons set or reset 4 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 1/0. Signals to control the
interface to memory and 1/0 are provided directly by the 8080A. Ultimate control of the address and data
busses resides with the HOLD signal. It provides the ability to suspend processor operation and force the
address and data busses into a high impedance state. This permits OR-tying these busses with other control-
ling devices for (DMA) direct memory access or multi-processor operation.

. NOTE:
The 8080A is functionally and electrically compatible with the Intel 8080.

November 1986
16-1 Order Number: 231453-001
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.8 (881T)
INTERNAL DATA BUS INTERNAL DATA BUS
C —
T & f 7
ACCUMULATOR TEMP REG ‘
L (;I L ml | MULTIPLEXER
w ) [0
FLAG 'S LL g
TEMP REG, TEMP REG,
FLOP! e ————
ACCUMULATOR ILIEFLOPS - s W T
LATCH 8 S REG. REG,
INSTRUCTION I
NARITHMETIC @ o 3
| wocic O b4 REG. REG.
unIT MACHINE y Wow T | _REGISTER
a f— CYCLE @ REG, REG. [ ARRAY
R ) ENCODING 2 :
N H STACK POINTER
. PROGRAM COUNTER
% | INCREMENTER/DECREMENTER
= ADDRESS LATCH _(16)]
L83
umnc
comnou
POWER | —= +12V l ADDRESS BUFFER "'1
SUPPLIES | —o 45V DATA BUS INTERRUPT HOLD  WAIT
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS,
— -5V
—ee [P
WR  DBIN INTE INT nownon.omur SYNC ¢1 ¢2 RESET .
READY ADDRESS BUS 231453~1
Figure 1. Block Diagram
\J
Ay 0+—1 40 f—=0 Ay
GND O——1 2 39 —=0 Ay,
D, O=—=13 38 f—0 A3
Dg O=—efa 37 —=0 Ay,
Dg Oe—=15 36 Ars
D, o=—={6 35 —=0 Ay
D3 Ol 7 34 p—>0 Ay
D, O=—s{8 33 }—=0 Ay
D, O=—el9 32 f—=0 Ag
D, 0=—=1 10 8080A 31 |—w0 A
-sv o—4 1 30 p—=0 Aq
RESET O—{ 12 © 20 —e0 Ay
HOLD O——f 13 28 [—o0 +12v
INT O——af 14 27 f—+0 A;
2 0—=f 15 26 f—=0 Ay
INTE 0=—] 16 25 —=0 A,
DBIN Ow—q 17 24 —=0 WAIT
WR O=—] 18 23 j=—o0 READY
SYNC Oe—q 19 22 f—0 ¢y
+5V O———oF 20 21 HLDA
231453-2

Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol

Type

Name and Function

A15-Ap

ADDRESS BUS: The address bus provides the address to memory (up to 64K 8-bit
words) or denotes the 1/0 device number for up to 256 input and 256 output devices. Ag
is the least significant address bit.

D7-Do

1/0

DATA BUS: The data bus provides bi-directional communication between the CPU,
memory, and I/0 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. Dy is the least significant bit.

SYNC

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

DBIN

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 1/0. )

READY

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/0 devices. If after sending an address out the B080A 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

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

WR

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

HOLD

HOLD: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state
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.

e the CPU is in the T2 or TW state and the READY signal is active. As a resuit of
entering the HOLD state the CPU ADDRESS BUS (A{5-Ag) and DATA BUS (D7-Dy)
will be in their high impedance state. The CPU acknowledges its state with the HOLD
ACKNOWLEDGE (HLDA) pin.

HLDA

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 ¢».

INTE

INTERRUPT ENABLE: Indicates the content of the 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

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. -

RESET!

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. TheINTE and
HLDA flip/flops are also reset. Note that the flags, accumulator, stack pointer, and
registers are not cleared.

Vss

GROUND: Reference.

Voo

POWER: +12 £5% V.

Vce

POWER: +5 5% V.

VBB

POWER: -5 £5% V.

1, P2

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
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............ 0°Cto +70°C
Storage Temperature ........... —65°C to +150°C
All Input or Output Voltages

with RespecttoVgg ........... —0.3Vto +20V
Vce, Vop and Vss :

with RespecttoVgg ........... —0.3Vto +20V
Power Dissipation.......................... 1.5W

D.C. CHARACTERISTICS

*Notice: Stresses above those listed under “Abso-
Jute 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 sectfons of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

Ta = 0°Cto 70°C, Vpp = +12V £5%, Vg = +5V 15%, Vgg = —5V £5%, Vgg = 0V; unless otherwise

noted
Symbol Parameter Min |Typ Max Unit Test Condition
Viic | Clock Input Low Voltage Vgs — 1 Vgs + 08| V
ViHC Clock Input High Voltage 9.0 Vppt+1]| V
ViL Input Low Voltage Vgs — 1 Vgs + 0.8{ V
ViH Input High Voltage 3.3 Vec+1 | Vv
VoL Output Low Voltage ‘ 0.45 \ } loL = 1.9 mA on All Outputs,
Vou Output High Voltage - 3.7 \'% loy = —150 pA.
Ipp (Av) | Avg. Power Supply Current (Vpp) 70 mA ;
Operation
Icc (av) | Avg. Power Supply Current (Vcc) . 80 mA .
Tcy = 0.48 us
I8 (Av) | Avg. Power Supply Current (Vgg) 0.01 1 mA
S Input Leakage +10 MA Vss < Vin € Voo
loL Clock Leakage +10 pA | Vss < Vorock < Vop
oL Data Bus Leakage'in Input Mode —100 | pA Vsé < V|N < Vgg + 0.8V
-2.0 mA| Vgs + 0.8V <V)y<Vcc
IFL Address and Data Bus Leakage +10 A VADDR/DATA = Voo
During HOLD -100 | M VADDR/DATA = Vss + 0.45V
CAPACITANCE -
Ta = 25°C, Vg = Vpp = Vgs = 0V,Vgg = —5V }
Symbol | Parameter | Typ | Max | Unit | Test Condition ’é
Co Clock 17 | 25 | pF | o= 1MHz 1o
. Capacitance | g ——
Cin Input ' 6 10 | pF | Unmeasured Pins
Capacitance os] _
+25 +50 +75
Cout Output 10 | 20 pF | Returned to Vgg AMBIENT TEMPERATURE (°C)
Capacitance 231453-3

16-4

Typical Supply Current vs
Temperature, Normalized
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A.C. CHARACTERISTICS (8080A) Tp = 0°Cto 70°C, Vpp = +12V 5%, Vg = +5V £5%,

Vgg = —5V £5%, Vgg = 0V; unless otherwise noted

Symbol Parameter Min | Max h;l:l I\; a1x h;|r21 M_ a":( Unit| Test Condition
tcy®@ | Clock Period 0.48| 2.0 {0.32| 2.0 [0.38| 2.0 | us
t t Clock Rise and Fall Time 0O |50 | 0 |25| O |50 ns
91 41 Pulse Width 60 50 60 ns
te2 $2 Pulse Width 220 145 175 ns
D4 Delay ¢4 to ¢ 0 0 0 ns
tp2 Delay ¢1 to $po 70 60 70 ns
tp3 Delay ¢1 to ¢ Leading Edges 80 60 70 | ns
tpa Address Output Delay From ¢» 200 150 175| ns CL = 100 pF
tbp Data Output Delay From ¢o 200 180 200| ns
e NG WE WAL b or 2 120|  [110|  |120| ns | C_=50pF
toE DBIN Delay From ¢» 25 1140 25 | 130 25 |140| ns
tpi(1)  |Delay for Input Bus to Enter Input Mode tor tpF tpe | ns
tbs1 Data Setup Time During ¢1 and DBIN 30 10 20 ns
tps2 Data Setup Time to ¢ During DBIN 150 120 130 ns
tpy(1)  |Data Hold Time From ¢ and DBIN (1) (1) (1) ns
te INTE Output Delay From ¢, 200 200 200( ns | C_ = 50pF
trs READY Setup Time During ¢» 120 90 90 ns
tHs 'HOLD Setup Time During ¢ 140 120 120 ns
tis INT Setup Time During ¢2 120 100 100 ns
tH Hold Time From ¢, (READY, INT, HOLD) 0 0 0 ns
lFo |Dslay o Float Duing o 20| [120] [rz0] o
taw  |Address Stable Prior to WR 5) (5) (5) ns
tow Output Data Stable Prior to WR (6) (6) 6) ns
twp 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
twk WR to Float Delay ) | 9) 9) ns
tAH Address Hold Time After DBIN During HLDA| —20 —-20 —20 ns
A.C. TESTING LOAD CIRCUIT

WE

TEsT C_ = 100 pF

CL = 100 pF

CL Includes Jig Capacitance

231453-4
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991

2]

$2

As-Ag

D7-Dg

SYNC

DBIN

WAIT |

HOLD

HLDA

INT

INTE

NOTE:

Timing measurements are made at the fo

“0" = 0.8V

tey

"

-2 —»

/ \ N / [
tp3 —{ oz |-
- — —_— 5
—_—— j S s T SRR SR | EE— H—f
la—tga—>| taw
"‘DD_’l — tpy |<— —4 touf=— le—top—
,
~ —
) S == @) T -] paraour] )
. . —=| g1 j=— et —tow —>
] _X_ |~—tp50—>
+
—» tpe |-— —| toc l<—
le—toF— <~ tpe =
———— . ———
toc 4—-»'
Ll .
S - AOUL Ol _
tas |o—n| . trs l-—> toc |w—>|
ty —»| |a—
]
toe—>| -— tH | |e—
— ‘"s -
4
.
- 1~
BN,
—
Ys
] |

231453-5

llowing reference voltages: CLOCK “1” = 8.0V, “0” = 1.0V; INPUTS “1” = 3.3V, “0” = 0.8V; OUTPUTS “1” = 2.0V,

SINHO43AVM

2-V0808/1-v0808/v0808
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WAVEFORMS (Continued)

2]

®2

Ar5-Ag

twa

. Dy:Dy

b~

wo

SYNC

DBIN .

T

READY

WAIT

HOLD

HLDA

INT

e \L""
-
231453-6
NOTES:
(Parenthesis gives —1, —2 specifications, respec-

tively.) )

1. Data input should be enabled with DBIN status.
No bus conflict can then occur and data hold time
is assured.

toH = 50 ns or tpr, whichever is less.
2.tcy = tpg + tpo + tpa Tipo t tpp + g1 2
480 ns (—1:320 ns, — 2:380 ns:;J ‘

Typical A Output Delay vs A Capacitance

+20

+10

SPEC

AOUTPUT DELAY (ns)

-20
-100

-50 0 +50 +100

A CAPACITANCE (pf)
(CacTuaL ~ Cspec!

231453-7

3. The following are relevant when interfacing the
8080A to devices having Vi = 3.3V:
a) Maximum output rise time from 0.8V to 3.3V =
100 ns @ C = SPEC. .
b) Output delay when measured to 3.0V = SPEC
+60 ns @ C_ = SPEC.
¢) If CL = SPEC, add 0.6 ns/pF if C| > Cgspgc,
subtract 0.3 ns/pF (from modified delay) if C <
Cspec-
4. taw = 2 tcy — tpg — tp2 — 140 ns (—1:110
ns, — 2:130 ns).
5. tpw = toy —.tpg — tg2 — 170 ns (—1:150 ns,
— 2:170 ns).

-6. If not HLDA, twp = twa = tpg + tg2 + 10 ns.

16-7

If HLDA, twp = twa = twr.

7.t4F = tp3 + tp2 —50 ns.

8. twr = tpg + tg2 — 10 ns.

9. Data in must ge stable for this period during
DBIN Tg. Both tpg1 and tpga must be satisfied.

10. Ready signal must be stable for this period dur-
ing T2 or Tw. (Must be externally synchronized.)

11. Hold signal must be stable for this period during
To or Tw when entering hold mode, and during Tg,
T4, Ts and Twy 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. o

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: handlmg capability of the

Data and Instruction For'mats

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 usi'ng memo-
ry-addresses as 1/0 ports or the directly addressed
1/0 provided for in the 8080A instruction set.

The following special instruction group completes
the 8080A instruction set: the NOP instruction,
HALT to stop processor execution and the DAA 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.

Data-in the 8080A is stored in the form of 8- brt binary integers. All data transfers to they system data bus will

be in the same format.

ID7 Dg Ds D4 D3 D2 D4 DoJ

DATA WORD

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

ed. ,
One Byte Instructions

D7 De Ds Dy Dy D Dy Dd OP CODE

Two Byte Instructions

TYPICAL INSTRUCTIONS |

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

ID? ‘De Ds D4 D3 D2 D4 D°|’ OP CODE Immediate mode or I/0 instructions
[07 Dg Ds D4 Dg D» D4 Dol " OPERAND ' '
Three Byte Instructions

Jump, caII or drrect load and store
Io; Dg Ds D4 Dg D, Dy Dy| OP CODE Jump, call ¢ |
[D; Dg Ds D4 D3 Dy Dy Dy| LOW ADDRESS OR OPERAND 1
D7 D Ds D4 D3 Dy Dy Dg| HIGH ADDRESS OR OPERAND 2

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

Lﬁnemonlc’ Instruction Code (1) Operations g Ig::; Lﬂnemonlc‘ Instruction Code (1) Operations cc IZ::;
D7 Dg D5 Dy D3 D201 D Description ’22) D;DgDsDsD3D,D1D|  Description ‘;2)
MOVE, LOAD, AND STORE JM 111110 1 0[Jumponminus 10
MOVrir2 |0 1 D D D S S S|{Move register to 5 JPE 111010 1 0Jumpon parity 10
register . even .
MOVMr [0 11 1 0 S S S|Moveregisterto | 7 PO 1110001 0Jumponparityodd) 10
memory PCHL 111010 1|H & L to program 5
MOVEIM |0 1 DD D 1 1 0|Movememoryto | 7. counter
register CALL.
MVIr 10 0D DD T 0oue mmedate | 7 CALL |11 0°0 1 1 0 1|Callunconditional | 17
MVIM [0 01101 1 0[Moveimmediate | 10 cc 1101110 0QCaloncarry | 11/17
memory ’ CNC 11010 1 0 0|Callonnocarry 11/17
LXIB 0 0000 0 0 1(Loadimmediate 10 cz 1100110 0fCallonzero 11/17
' register PairB & C CNZ 1100 0 1 0 0|Callonnozero 11/17
LXID 00010001 Loa}dimquiate 10 CP 11110 1 0 0|Callon positive 11/17
register Pair D & E cM 111111 0 0|Callonminus 117
LXIH 001000 0 1lloadimmediate | 10 CPE 1110 11 0 0|Callonparity even |11/17
register Pair H & L cPO 111001 0 0|Calionparityodd [11/17
STAXB 0 00 00 O 1 0fStoreA indirect 7
STAXD (0 0 0 1 0 0 1 O (StoreAindirect 7 RETURN \
LDAX B 0 000 10 1 0fLoadA indirect 7 RET 110010 0 1]|Return 10
LDAX D 000110 1 0|loadA indirect 7 RC" 110110 0 O|Returnon carry 5/11
STA 00110 0 1 0O|StoreAdirect 13 RNC 110100 0 0|Returnonnocarry | 5/11
LDA 001110 1 0|LoadA direct 13 RZ 1100 10 0 OfReturnon zero 5/11
SHLD 00100 0 1 O|StoreH&Ldirect| 16 RNZ 11000 0 0 O|Returnonnozero | 5/11
LHLD 001010 1 O|loadH&Ldirect [ 16 RP 11110 0 0 O|Returnon positive | 5/11
XCHG 111010 1 1[ExchangeD&E, 4 RM 111 1.1 0 0 0[Returnonminus 5/11
H & L Registers RPE 11100 0 0 O|Returnonparity | 5/11
STACK OPS aro . o :ven 1
11100 0 0 0}Returnon pari
PUSHB |1 1 0 0 0 1 0 1|PushregisterPair | 11 0 00 0ffteturn on parity v
B & C on stack
PUSHD |1 1 0 1 0 1 0 1|Pushregister Pair | 11 RESTART
D &E on stack RST  [1 1 AAA 11 1Restart 11
PUSHH 11100 1 0 1|Pushregister Pair [ 11
H & L on stack INCREMENT AND DECREMENT
PUSH 1111010 1PushAandFlags | 11 INRT 0 0DDD 1 0 Ofncrementregister { 5
PSW on stack : i
oP B 49 00 0 P N Pair B DCRr 0 0 DDD 1 0 1|Decrementregister| 5
POP 00 1 &og;?fgg;%& air 10 INRM 0011010 Ofncrementmemory| 10
POPD 11010 0 0 1|Popregister PairD| 10 DCAM 0011010 1Decrement memory] 10
& E off stack INX B 000O0OOO 1 1lncggmentB&C 5
POPH {1110 0 0 0 1|PopregisterPairH| 10 registers
otk INXD {00 01001 1)incrementD&E | 5
POPPSW |1 1 1 1 0 0 0 1|PopAandFi 10 registers
a9 INXH [0 010001 1)ncrementH&L | 5
registers
XTHL 11100 0 1 1]|Exch top of 18
stack HaL DCXB [0 000 10 1 1|DecrementB&C | 5
SPHL 1111100 1[H&Ltostack 5 DCXD 000110 1 1[DecrementD&E 5
pointer DCXH 001010 1 1|DecrementH &L 5
LXISP {00110 0 0 1Loadimmediate | 10 ADD
stack pointer -
INXSP {0 0 1 1 0 0 1 1|ncrementstack 5 ADDr 1000 0 S S S|Addregisterto A 4
pointer ADCr 1000 1S S S|Addregisterto A 4
DCX SP 001110 1 1]|Decrementstack 5 with carry
pointer ADDM 10000 1 1 0|AddmemorytoA 7
ADCM 1000111 0[AddmemorytoA 7
Jump with carry
JMP 110000 1 1{Jump . 10 ADI 1 00011 OAdqimmediatetoA 7
unconditional ACI 110011 1 0lAddimmediatetoA| 7
JC 110110 1 0}Jumponcarry 10 with carry
JINC 11010 0 1 0Jumponno carry 10 DADB 0000100 1/AddB&CtoH&L| 10
Jz 1100 10 1 0umponzero 10 DADD 0001100 1|AddD&EtoH&L| 10
JNZ 110000 1 0Jumponnozero | 10 DAD H 0010100 1|/AddH&LtoH&L| 10
JP 111100 1 0Jumponpositive | 10 DADSP |0 0 1 1 1 0 O 1/[Addstackpointer | 10
toH&L

16-9
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Table 2. Instruction Set Summary (Continued)
: Clock Clock
E Instruction Code (1) Operations L' Instruction Code (1) Operations
* *
nemonic D7 Dg D5 D4 D3 D2 D4 D, Description C\;:I)es nemonic D7 Dg D5 D4 D3 D2 D4 D, Description c);l)es
SUBTRACT ROTATE
SUBr 1 00 1 0 S S S|Subtract register 4 RLC 00000 1 1 1{RotateAleft 4
: from A RRC 0000 11 1 1|RotateAright 4
SBBr 10 0 1 1 S S S|(Subtractregister 4 RAL 00010 1 1 1|RotateAleft 4
from A with borrow| ) through carry
SUBM |1 00 1 0 1 1 O[Subtractmemory 7 RAR 0001111 1RotéteAright 4
‘ from A ) through carry
SBB M 100111 1 0[Subtractmemory 7
from A with borrow SPECIALS
Sul 11010 1 1 0[Subtract 7 -|CMA 001011 1 1|ComplementA 4
immediate from A sTC 001101 1 1|Setcary 4
sBI 1101111 0Subtract 7 cMC 001111 1. 1|Complementcarry| 4
immediate from A . X .
with borrow DAA 0010 0 1 1 1|DecimaladjustA 4
LOGICAL INPUT/OUTPUT
- IN 110110 1 1linput 10
ANA 1
T |10 100SS SpAndregister 4 ouT 110100 1 1|ouput 10
XRA T 101018 S S|Exclusiveor 4 CONTROL
register with A
ORAT |1 011 0SS SlOrregisterwitha | 4 El 111110 1 1Enablelinterrupts | 4
CMPr 101118 S S|Compareregister | 4 ol 111100 1 1Disable Interrupt | 4
with A NOP 000000 0 0|No-operation 4
ANA M 10100 1 1 0[Andmemory 7 HLT 0111011 OHalt 7
with A
XRAM 101011 1 0ExclusiveOr 7
: memory with A
ORAM 1011011 0[OrmemorywithA| 7
CMPM 1011111 0|Comparememory| 7
. with A
ANI 1110 0 1 1 .0|Andimmediate 7
with A
XRI 111011 1 0ExclusiveOr 7
immediate with A
ORI 11110 1 1 0[Orimmediate 7
with A
CPI 1111111 0|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 fiags.
*All mnemonics copyright © Intel Corporation 1977 ’
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8-BIT HMOS MICROPROCESSORS

m Single +5V Power Supply with 10% m On-Chip System Controller; Advanced
Voltage Margins Cycle Status Information Available for
m 3 MHz, 5 MHz and 6 MHz Selections Large System Control
" Available m Four Vectored Interrupt Inputs (One Is
m 20% Lower Power Consumption than Non-Maskable) Plus an 8080A-
8085A for 3 MHz and 5 MHz Compatible Interrupt
m 1.3 ps Instruction Cycle (8085AH); 0.8 m Serial In/Serial Out Port
us (8085AH-2); 0.67 s (8085AH-1) m Decimal, Binary and Double Precision
m 100% Software Compatible with 8080A Arithmetic
m On-Chip Clock Generator (with External ™ glrtect Afdar essing Capability to 64K
Crystal, LC or RC Network) . ~ Bytes ot Memory
m 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
(RAM/10) and 8755A (EPROM/IO)] while maintaining total system expandability. The 8085AH-2 and
8085AH-1 are faster versions of the 8085AH.

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controlier)
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.

INTA RSTES TRAP

INTR RSTSS AST7S sID SO0
] l l X1 O 40 vee
[ wreanurrconmor ] [ senac vo contaor x2 2 390 HoLD
RESET OUT []3 381 HLDA
8BIT INTERNAL DATA BUS sob 4 373 cLk (oum)
T T SID O5 36 RESETIN
‘ TRAP []6 353 READY
ACCoMUCATON Tewr. e 22: ;: E ; g; g ::/M
l % ) RSTS.5 9 323 RD
. neG atc. : INTR [ 10 31 wR
"Gemen e | nea " ’ iNTa ] 118085AH 3, B ALe
ey N v ADg ]2 28 s
Fncoome stackeomten Y| . AD1 13 280 A1s
mooancounren A0z Qe 7B au
POWER [—> 45V 3 A3
maza ‘ e e aos e 9 N
AD5 417 24 An
Rr— J ADs 4 18 23H A0
. l ) l ) AD7 ] 19 22 Ag
x;:: 25: CONTROL STATUS OMA ,_'1:‘1_. ll @ ) vss [J20 210 Ag
cul;n l ilin—!i AL le, u!/ﬁ I nllbl ‘ nssslvouv S oxaoe 231718-2
READY HOLD RESETIN 24 . .
: 161 Figure 2. 8085AH Pin
) . T Configuration
Figure 1. 8085AH CPU Functional Block Diagram
September 1987

16-11 Order Number: 231718-001
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Table 1. Pin Description

Symbol

Type

Name and Function

Ag-A1s -

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

170

MULTIPLEXED ADDRESS/DATA BUS: Lower 8 bits of the memory address (or

| 170 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

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.

Sp, S1and I0/M

MACHINE CYCLE STATUS:

I0/M S; Sp Status
Memory write
Memory read
/0 write
1/0 read
Opcode fetch
Interrupt Acknowledge
Halt
Hold
Reset
* = 3-state (high impedance)
X = unspecified
S1 can be used as an advanced R/W status. I0/M, Sp 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.

* % *-*O—*—*OO

XXO=4 =200
XXO=+ =20~ 0=

READ CONTROL: A low level on RD indicates the selected memory or I/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.

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

READY

READY: If READY is high during a read or write cycle, it indicates that the memory
or peripheral is ready to send or receive data. If READY is low, the CPU will wait an
integral number of clock cycles for READY to go high before completing the read
or write cycle. READY must conform to specified setup and hold times.

HOLD

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 I0/M lines are
3-stated. ‘

HLDA

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

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.

16-12




8085AH/8085AH-2/8085AH-1

Table 1. Pin Description (Continued)

Symbol Type Name and Function

INTA O | 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.

RST 5.5 | RESTART INTERRUPTS: These three inputs have the same timing as INTR

RST 6.5 except they cause an internal RESTART to be automatically inserted.

RST 7.5 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. v

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. Itis unaffected by any mask or Interrupt
Enable. It has the highest priority of any interrupt. (See Table 2.)

RESET IN | 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 V¢ has been reached. For proper reset
operation after the power-up duration, RESET IN should be kept low a minimum of
three clock periods. The CPU is held in the reset condition as long as RESET IN is
applied.

| RESET OUT O | 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 | X4 and Xz: Are connected to a crystal, LC, or RC network to drive the internal
clock generator. X4 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 O | CLOCK: Clock output for use as a system clock. The period of CLK is twice the X1,

) Xo input period.

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

SOD O | 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
. Address Branched to(1) ) .
Name Priority When Interrupt Occurs - Type Trigger

TRAP 1 24H : Rising Edge AND High Level until Sampled
RST7.5 2 3CH Rising Edge (Latched) ’
RST 6.5 3 34H High Level until Sampled

RST 5.5 4 2CH : High Level until Sampled

INTR 5 (Note 2) High Level until Sampled

NOTES:

1. The processor pushes the PC on the stack before branching to the indicated address.
2. The address branched to depends on the instruction provided to the CPU when the interrupt is acknowledged.
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RESET IN
oo A c
Vec O—O-_wv

<t -

Typical Power-On Reset RC Values* 231718-3
Ry = 75 KQ
Cy = 1puF

*Values May Have to Vary Due to Applied Power Supply Ramp

Up Time.

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 single + 5V supply. Its basic clock speed is 3 MHz
(8085AH), 5 MHz (8085AH-2), or 6 MHz (8085-AH-1),
thus improving. on the present 8080A’s performance
with hlgher system speed. Also it is designed to fit
into a minimum system of three IC’s: The CPU
(8085AH), a RAM/IO (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 Contents
ACCor A - Accumulator 8 Bits
PC Program Counter 16-Bit Address

BC, DE, HL General-Purpose 8-Bits x 6 or

Registers; data 16 Bits x 3
pointer (HL) _ ‘
SP Stack Pointer 16-Bit Address

Flagsor 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 externally by the
Address Latch Enable signal (ALE). During the rest
of the machine cycle the data bus is used for memo-
ry or 1/0 data.

The 8085AH provides RD, WR, Sp, Sy, 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 BOB5AH 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/0

The 8085AH has 5 interrupt mputs INTR, RST 5.5,
RST 6.5, RST 7.5, and TRAP. INTR is identical in
function to the B080A 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 mterrupt 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 timing 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
the SIM 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—low-
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

16-14



intel

8085AH/8085AH-2/8085AH-1

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 El in-
struction is executed.

INSIDE THE
EXTERNAL | B085AH
TRAP
INTERRUPT
REQUEST TRAP

RESET IN SCHMITT
TRIGGER

INTERRUPT
REQUEST

+sv—{D CLK

D
FIF

CLEAR

INTERNAL TRAP F.F.
TRAP

ACKNOWLEDGE

231718-4

Figure 4. TRAP and RESET In Circuit

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 of the RIM
instruction in the 8080/8085 Family User’'s Manual.

The serial 1/0 system is also controlled by the RIM
and SIM instruction. SID is read by RIM, and SIM
sets the SOD data.

DRIVING THE X; AND X, 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 B085AH-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

Cy (load capacitance) < 30 pF

Cs (Shunt capacitance) < 7 pF

Rs (equivalent shunt resistance) < 75Q

Drive level: 10 mW

Frequency tolerance: +0.005% (suggested)

Note the use of the 20 pF capacitor between X5 and
ground. This capacitor is required with crystal fre-
quencies below 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:

1
~ 27{l(Cext + Cind

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

f

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 X1 and leave Xa
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 Xy and X with a
push-pull source (Figure 5e). To prevent self-oscilla-
tion of the 8085AH, be sure that X5 is not coupled
back to X4 through the driving circuit.
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crystal frequency < 4 MHz only. 231718-5

a. Quartz Crystal Clock Driver.

x 8085AH
______EL_ -
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| e
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___{_2:12_ S—
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b. LC Tuned Circuit Clock Driver

——L %
1
200F3 6K
‘P
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¢. RC Circuit Clock Driver

*

X2
*X2 left floating

231718-8
d. 1-6 MHz Input Frequency
Clock Driver Circuit

+5V
LOW TIME > 40 ns

X

X2

231718-9
e 1- 12 MHz Input Frequency
External Clock Driver Circuit

Figure 5..Clock Driver Circuits

GENERATING AN .8085AH 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.

The D flip-flops should be chosen so that
¢ CLK is rising edge-triggered
* CLEAR is low-level active.

CLEAR | 8085AH
ALE'—=|cLK CLKOUTPUT* —»]CLK - To
i : 8085AH
D" “p READY
FE g Fe |g | weur
+sv —=|p D
1231718-10

*ALE and CLK (OUT) should be buffered if CLK mput of latch
exceeds 8085AH 10L or IOH.

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

As in the 8080, the READY liné 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 through 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 foIIowmg
features:

e 2K Bytes EPROM

* 256 Bytes RAM

¢ 1 Timer/Counter

® 4 8-bit 1/0 Ports .

e 1 6-bit I/0 Port -

® 4 Interrupt Levels

o Serial In/Serial Out Ports

16-16



intel

8085AH/8085AH-2/8085AH-1

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 I/O address, thereby, using
the memory address for I/0 manipulation. Figure 8

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

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

doh 17

RESET IN
—«] TRAP HOLD
—e{RsT75 HLDA
—RsT65 sop
8085AH
—] RsT55 sID
—{inTR . s,
RESET
VA apoRr our So
ADDR DATA ALE RD WR I0/M RDY CLK
AN Vss Ve
(8) (8) 1
LH— cE PORT
A
WR
rorTk® >
RD g1s6H B
ALE  poRT
pata/ © m
ADDR
N
10/M  TIMER |+—
reser VT
iow
RD
ALE
e
H— & 4
z‘-—' > Ag10
—
L ] | | l 8755A
DATA/
/| ADDR
RESET 8 .
b—+4-2-rov Vee
p—f{CcLK ioR

Vss Vce Voo PROG

ANV Ve

MY Vee

VoV

*NOTE:
Optional Connection

W Vee

231718-11

Figure 7. 8085AH Minimum System (Standard I/0 Technique)
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6700'7 >
ALE 2\ A
RD AA—V,
WR ) Vcc
10/M cc
CLK
1
RESET OUT |
READY i
] i "M——.Vcc
I I
| ’ |
JTMER |} AD _ AB- AD| |10/ .
RESET ! IN WR|RD| ALE | CE \/‘” 10/M \/A"‘\/‘” CE| ALE‘RDIOWCLKRST}RDV
TIMER __|
out
8156H
» [RAM + /O + COUNTER/TIMER] 8755A [EPROM + 1/0]
: 231718-12
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|D h Vss Vee l
X, X, RESET IN
—={TRAP . HoLD|=—
—={RsT7 HLDA |—»
—~+{RsT6 sop b—
—=]RSTS 8085AH SID |+—o
—{INTR er S —
- RES
~— VA ADDR/ _ our Sl
ADDR DATA ALE RD WR I0/M  RDY CLK
(8) (8)
10/M (CS)
WR
LATCH= 4 RD
< DATA
STANDARD
MEMORY
\
) ADDR (CS)
<
(16)
p—1 CLK
RESET
10/M (CS) 1/0 PORTS,
_ CONTROLS
WR
RD
< > DATA
STANDARD
1/0
\
/ ADDR
AY
ANN—> Vcc
ANN— Ve
ANN—> Vee

231718-13

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 [/O 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 (I0/M, S4, Sg) 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 T4 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 | Control
10/M | S1 | S0 | RD | WR*| INTA
OPCODE FETCH (OF) 0 111]0 1 1
MEMORY READ  (MR) 0 1100 1 1
MEMORY WRITE (MW) 0 ol 1| 1 0 1
1/0 READ (IOR) 1 110(0 1 1
" | I/OWRITE (IOW) 1 ojl1]| 1] o0 1
ACKNOWLEDGE
OF INTR (INA) 1 1
BUS IDLE (Bl): = DAD 0 0 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 | 51,50 | 10/M | Ag-Ays | ADg-AD7 | RD, WR | INTA | ALE
T4 X X X X 1 1 1*
To X X X X X X 0
TWAIT X X X . X X X 0
Ta X X X X X X 0
T4 1 ot X TS 1 1 0
Ts 1 of X TS 1 1 0
Ts 1 ot X TS 1 1 0
TRESET X TS TS TS TS 1 0
THALT 0 TS TS TS TS 1 0
THoLp X TS TS TS TS 1 0
0 = Logic “0” TS = High impedance
1 = Logic “1” X = Unspecified

*ALE not generated during 2nd and 3rd machine cycles of DAD instruction.
T10/M = 1 during T4-Tg of INA machine cycle.
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M, M, My
CLK T T, T Ta T T, T \ T ( T T3 \ T ’
Ag-Arg x PC,, (HIGH ORDER ADDRESS) X (PC + 1), 10 PORT
ADg, PC, _.._-...< (PC+1), >..<x+>L.< 10 PORTX
(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY {1/0 PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
ALE
T\ _/
WR \ ’
10/M \ \
STATUS $;Sg (FETCH) X 10 (READ) X 01 WRITE X 1
231718-14

Figure 10. 8085AH Basic System Timing
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ..... .0°Cto 70°C
Storage Temperature .......... —65°C to +150°C
Voltage on Any Pin '

with Respect to Ground............ —0.5Vto +7V
Power Dissipation................coooevenn. 1.5W

D.C. CHARACTERISTICS

*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 fo absolute maximum rating conditions for
extended periods may affect device reliability.

8085AH, 8085AH-2: To = 0°C to 70°C, Voo = 5V +10%, Vgg = OV; unless otherwise specified*
8085AH-1: Ty = 0°C to 70°C, Vo = 5V £5%, Vgs = 0V; unless otherwise specified*

Symbol Parameter Min Max Units Test Conditions

ViL Input Low Voltage -0.5 +0.8 v \

VIH Input High Voltage 20 Voe +0.5 v

VoL Output Low Voltage 0.45 v loL=2mA

VoH Output High Voltage 2.4 v loH = —400 pA

lcc Power Supply Current 135 mA 8085AH, 8085AH-2
200 mA 8085AH-1

e Input Leakage +10 . MA 0 < VN < Voo

ILo Output Leakage +10 pA 0.45V < Vout < Voo

ViLR Input Low Level, RESET | —0.5 +0.8 v

VIHR Input High Level, RESET 24 Vee + 0.5 \'

Vhy Hysteresis, RESET 0.15 v

A.C; CHARACTERISTICS

8085AH, 8085AH-2: T4 = 0°C to 70°C, Vog = 5V £10%, Vgg = OV*
8085AH-1: Tp = 0°C to 70°C, Vo = 5V £5%, Vgg = OV

Symbol Parameter 8085AH (2) | 8085AH-2(2) | 8085AH-1(2) Units
: Min | Max | Min | Max | Min | Max
tcyc CLK Cycle Period 320 | 2000 | 200 | 2000 | 167 | 2000 | ns
t CLK Low Time (Standard CLK Loading) 80 40 20 | ns
t2 CLK High Time (Standard CLK Loading) 120 70 50 ns
tr t CLK Rise and Fall Time 30 30 30 ns
tXKR X4 Rising to CLK Rising 20 120 20 100 20 100 ns
txKE X1 Rising to CLK Falling 20 150 20 110 20 110 ns
tac Ag_15 Valid to Leading Edge of Control (1) | 270 115 : 70 ns
tacL Ap-7 Valid to Leading Edge of Control 240 115 | 60 ns
taD Ag-15 Valid to Valid Data In 575 350 225 ns
tAFR Address Float after Leading Edge of 0 0 0 ns
READ (INTA) .
taL Ag-15 Valid before Trailing Edge of ALE(V)| 115 50 25 ns

*NOTE:

For Extended Temperature EXPRESS use M8085AH Electricals Parameters.
: 16-22
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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 Ag-7 Valid before Trailing Edge of ALE 90 50 25 ns
taARY READY Valid from Address Valid 220 100 40 ns
tca Address (Ag_15) Valid after Control 120 60 30 ns
tce Width of Control Low (RD, WR, INTA) 400 230 150 ns
Edge of ALE
toL 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
tyage | HLDA to Bus Enable 210 150 150 ns
tyasre | Bus Float after HLDA 210 - 150 150 ns
tHack | HLDA Valid to Trailing Edge of CLK 110 40 0 ' ns
tHDH HOLD Hold Time 0 0 0 ns
tHDs HOLD Setup Time to Trailing Edge of CLK| 170 120 120 ns
tINH INTR Hold Time 0 0 0 ns
tins INTR, RST, and TRAP Setup Time to 160 150 150 ns
Falling Edge of CLK
ta - Address Hold Time after ALE 100 50 20 ns
tLe Trailing Edge of ALE to Leading Edge 130 60 25 ns
of Control
tLek ALE Low During CLK High 100 50 15 ns
tLor ALE to Valid Data during Read | 460 270 175 ns
tLow ALE to Valid Data during Write 200 140 110 ns
tL ‘| ALE Width 140 80 50 ns
tLRyY ALE to READY Stable 110 30 i 10 ns
tRAE Trailing Edge of READ to Re-Enabling 150 1 90 50 ns
of Address . .
tRD READ (or INTA) to Valid Data 300 150 - 75 ns
tRv Control Trailing Edge to Leading Edge 400 220 160 ns
of Next Control
trpn | 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
' of CLK :
twp - |Data Valid after Trailing Edge of WRITE 100 60 30 ns
twoL | LEADING Edge of WRITE to Data Valid 40 20 - 30 | ns
NOTES: ' v

1. Ag-A+5 address Specs apply 10/M, Sp, and Sy except Ag-Aq5 are undefined during T4-Tg of OF cycle whereas 10/M,
Sp, and Sy are stable.
2. Test Conditions: toyc = 320 ns (8085AH)/200 ns (8085AH-2);/167 ns (8085AH-1); C| = 150 pF.
3. For all output timing where C # 150 pF use the following correction factors:
25 pF < Cp < 150 pF: —0.10 ns/pF
150 pF < C_ < 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 LOAD CIRCUIT

A.C. TESTING INPUT, OUTPUT WAVEFORM
INPUT/OUTPUT ‘

- 24 -
20 20 ]
>< > TEST POINTS < ><
c0.8 08 )
045 -
: 231718-15

" AG. Testing: 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 0.8V for a Logic “0".

DEVICE
UNDER
TEST

C, = 100 pF

11 C, = 150 pF

231718-16

CL Includes Jig Capacitance

Table 5. Bus Timing Specificétion as a Tcyc Dependent

Symbol 8085AH 8085AH-2 8085AH-1

taL (1/2)T — 45 (1/2)T - 50 (1/2)T — 58 Minimum
A (1/2)T — 60 (1/2)T - 50 (1/2)T — 63 Minimum
o (1/2)T - 20 (1/2)T - 20 (1/2)T - 33 ~ Minimum
tLok (1/2)T — 60 (1/2)T - 50 (1/2)T — 68 Minimum
e (1/2)T — 30 (1/2)T — 40 (1/2)T — 58 Minimum
taD (5/2 + N)T — 225 (5/2 + N)T — 150 (5/2 + N)T — 192 Maximum
tRD (3/2 + N)T — 180 (3/2 + N)T — 150 (3/2 + N)T — 175 Maximum
tRAE (1/2)T = 10 - (1/2)T — 10 (1/2)T — 33 Minimum -
tca (1/2)T - 40 (1/2)T — 40 (1/2)T - 53 Minimum
tow (3/2 + N)T — 60 (3/2 + N)T = 70 (3/2 + N)T — 110 Minimum.
twb (1/2)T — 60 (1/2)T — 40 (1/2)T — 53 ‘ Minimum
tce (3/2 + N)T — 80 (3/2 + N)T — 70 (3/2 + N)T — 100 Minimum
toL (1/2)T — 110 (1/2)T - 75 (1/2)T — 83 Minimum
tARY (3/2)T — 260 (3/2)T — 200 (3/2)T — 210 Maximum
tHACK (1/2)T - 50 (1/2)T — 60 (1/2T —83 Minimum
tHABF (1/2)T + 50 (1/2)T + 50 (1/2)T + 67 Maximum
tHABE (1/2)T + 50 (1/2)T + 50 1/2)T + 67 Maximum
tac (2/2)T — 50 (2/2)T — 85 (@/2)T — 97 Minimum
t (1/2)T — 80 (1/2)T — 60 (1/2)T — 63 Minimum
tp (1/2)T — 40 (1/2)T - 30 (1/2)T — 33 Minimum
tRy (3/2)T — 80 (3/2)T — 80 (3/2)T — 90 Minimum
tLoR @/2 + N)T — 180 (4/2)T — 130 @/2)T — 159 Maximum

NOTE: ' N

N is equal to the total WAI

T states. T = tcye.
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WAVEFORMS

CLOCK
t2 f— tf
CLK 7
ouTPUT
1
teve
—>| IxKF |
231718-17
READ
| ) T T3 T
cLK
~— tek — <~ 'ca—s|
Ag-Ars X ADDRESS (
< lRap —»
tap RoH —|  |=-
ADy-AD, X ADDRESS / /////X DATA IN C
"-— W —>f fe—ta —|
el le— 1oL —o]| A
ALE ﬂ S Lo
e taL —»| tro
t
RD/INTA . e
— tic— !
fe————tac————
231718-18
WRITE
T, | T, T T,
CLK
|-— tLek—]
.
Ag-Asg ADDRESS (
].— tLow ——»I ——lea—>
1
AD,-AD, y ADDRESS DATA OUT
l*—- o — j— ‘LA—‘—~'| tow <— twp —>
ALE f twoL / '
le— taL —
_ t
W cc z
e tic— |-— tcL—>|
tac
231718-19
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WAVEFORMS (Continued)

HOLD

«N /T N/ N/ S ]

g
17
HOLD \ L \
. . { ¥
tips tHou '4- tHack

— & -
HLDA I
L tHABF— R ——

1‘ tHaBE —

BUS (ADDRESS, CONTROLS) T

231718-20

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

| T T Twarr T3 T

-—- ek -

—tca —=

{1L
L LA
Ag-Ars ADDRESS (
- -
<1t

<— tpag —*!
-

-— - tap : tROH =,

ADy-AD; X ADDRESS ﬁ}—.< / v ;:: / ///X DATAIN ‘

I--— ty —| fe— g —

tAFR —w| [«— : -« toL —»
ALE ﬂ tor
14

- taL - tRo
P, - tce |
RD/INTA . \
-——— LC '—1 — I
| le————t gy R
tac
| taRy i"_ﬁzs RYH tays tRYH
READY . . \ y
231718-21
NOTE:

1. Ready must remain stable during setup and hold times. '
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WAVEFORMS (Continued)

INTERRUPT AND HOLD

ADg; X

)—( CALL INST.

ALE_-/_-—\

[#————————— BUS FLOATING* —

INTA \

tHaBE

HOLD !1 ,’,’;

Hos

—
T ] ‘—\

N 1

“wd

*HDH

wiR, \ \
Yins tinn
HLDA
*NOTE:

10/M is also floating during this time.

tHack

[ HaBF

231718-22
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Table 6. Instruction Set Summary

Instruction Code Operations Instruction Code Operations
IM“°m°"'° D; Dg D5 D4 D3 Dp Dy Dy|  Description Mnemonic|, b D D, D3 D, D4 Dg|  Description
MOVE, LOAD AND STORE STACK OPS (Continued)
MOVrir2|0 1 D D D S S S |Moveregister POPPSW|1 1 1 1 0 0 O 1 |PopAandFlags
to register off stack
MOVMr |0 1 1 1 0 S S S|Move register XTHL 1110 0 0 1 1|Exchangetop of
to memory stack, H& L
MOVrM (0 1 D D D 1 1 0 |Move memory SPHL 1111 1 0 0 1[H&Ltostack
to register pointer
MVIr 0 0 DDD 1 1 0]Moveimmediate LXi SP 0 01 1 0 0 0 1|Loadimmediate
register stack pointer
MVIM 0 01t 1 0 1 1 0[Moveimmediate INX SP 0011 0 0 1 1|Incrementstack
memory pointer
LXiB 0 0 00 0 0 O 1jLoadimmediate DCXSP |0 0 1 1 1 0 1 1 (Decrementstack
-|register Pair B & C pointer
LXI D 0 0 01 0 0 O 1]|Loadimmediate JUMP ]
register Pair D & E JMP 110 0.0 0 1 1 |Jumpunconditional
LXIH 0 01 0 0 0 0 1]|Loadimmediate Jc 11011010 J(Jmponcarry
register Pair H & L
JNC 1101 0 0 1 0|Jumponnocarry
STAXB |0 0 0 0 0 O 1 O |StoreAindirect
JZ 1100 1 0 1 0|Jumponzero
STAXD {(0.0 0 1 0 O 1 O [StoreAindirect
- JNZ 1100 0 0 1 O[Jumponnozero
LDAXB |0 0 1 0 1 0 1 O |LoadAindirect - —
— JP 111 1 0 0 1 O|Jumpon positive
LDAXD [0 0 0 1 1 0 1 O |LoadA indirect ’
JM 11 11 1 0 1 0 [Jumponminus
STA 0 01 1 0 0 1 0]StoreAdirect -
- JPE 111 0 1 0 1 0[Jumpon parity even
LDA 0 01 1 1 0 1 0)]LoadAdirect N
- JPO 111 00 0 1 OjJumpon parity odd
SHLD 0 01 0-0 0 1 O|StoreH&Ldirect 5
- PCHL 111010 0 1{H&Ltoprogram
LHLD 0 0 1 0 1 0 1 0j(LoadH &L direct counter
XCHG 111 01 0 1 1|ExchangeD&E, CALL
H & L Registers "
CALL 110 0 1 1 0 1 ]|Callunconditional
STACK OPS
- - CC 110 1 1 1 0 0|Calloncarry
PUSHB |1 1 0 0 0 1 O 1 |PushregisterPair
B & C on stack CNC 1101 0 1 0 O0]|Callonnocary
PUSHD [1 1 0 1 0 1 0 1 |PushregisterPair 4 11001 10 OjCallonzero
D & E on stack CNZ 110 0 0 1 O 0|Callonnozero
PUSHH |1 1 1 0 0 1 O 1 |PushregisterPair CP 11 1 1 0 1 0 O0]|Callonpositive
H&L on stack CM 11 1 11 1 0 0|Call onminus
PUSH 111101 0 1|PushAandFlags CPE 11101 1 0 0|Callonparityeven
PSW on stack :
- - CPO 111 0 0 1 0 0]Callon parity odd
POPB 1 1 0 0 0 0 O 1 |PopregisterPair
B & C off stack RETURN
POPD 110 1 0 0 0 1]|PopregisterPair RET 1100100 1|Retun
' D & E off stack RC 1 101 1 0 0 O[Returnoncarry
POPH 1 1 1 0 0 0 O 1 |PopregisterPair RNC 1 1 0 1 0 0 0 O|Returnon nocarry
H&L off stack . RZ 110 0 1 0 0 O|Returnonzero
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Table 6. Instruction Set Summary (Continued)

Mnemonic Instruction Code Operations Mnemonic Instruction Code Operations
D7 Dg D5 D4 D3 D2 D1 Dg Description D7 DgD5D4D3 D2 D1 Dol Description
RETURN (Continued) IADD (Continued)
RNZ 1 1 0 0 0 0 0 O |(Returnonnozero DADD 0001100 1AddD&EtoH&L
RP 11 1 1 0 0 O O|Returnon positive DADH 00101 1|AddH&LtoH&L
RM 111 1 1 0 0 0 |Returnon minus DADSP (0 0 1 1 1 1 |Add stack pointer
RPE 1711010 0 0|Returnon toH&L
parity even ISUBTRACT
RPO 111 00 0 0 OfReturnon SuUBr 1 0 0 1 0 S S S|Subtract register
parity odd from A
RESTART SBBr 1 0 0 1 1 S S S|Subtract register
RST 11 AAA 1 1 1|Restar from A with borrow
INPUT/OQUTPUT SUBM 1001 0 1 1 O|Subtract memory
from A
IN 11011 0 1 1|{input
SBBM 10011 1 1 O Subtractmemory
ouT 110 1 0 0 1 1 [Output from A with borrow
INCREMENT AND DECREMENT sul 1101 0 1 1 0|Subtractimmediate
INRr 0 0D DD 1 0 O)|lncrementregister from A
DCRr 0 0 DD D 1 0 1|Decrementregister SBI 1101 1 1 1 0]Subtractimmediate
INEM |0 0 1 1 0 1 0 0 |Incrementmemory from A with borrow
DCR M 0 01 1 0 1 0 1|Decrementmemory LOGICAL
INX B 0000O0OO 1 1|iIncrementB&C ANAT 1 1 0 S S S|And register with A
registers XRATr 1 1 1 S S S|Exclusive OR
INXD [0 0 010 0 1 1|incrementD&E register with A
registers ORAT 1 01 1 0 S S S|ORregister
INXH {0 0100 0 1 1]incrementH&L with A~
registers CMPTr 1 01 1 1 S S S|Compare register
DCXB [0 0 0 0 1 0 1 1|DecrementB&C with A
DCX H 0 0 1 1 1 |DecrementH & L XRAM 10101110 E?(CIUSiVe OR memory|
- with A
ADD -
- ORAM 1011 0 1 1 0|ORmemorywith A
ADDr 10 0 S S S|Addregisterto A
- CMP M 101111 1 0|[Compare
ADCr 10 1 S S S|Addregisterto A memory with A
with carry R "
ANI 1110 0 1 1 0|Andimmediate
ADDM 1 0 C 0 0 1 1 0fAddmemorytoA with A
ADCM 110 0 0 1 1 1 0AddmemorytoA XA 11101 1 1 0[Exclusive OR
with carry immediate with A
ACI 110 1 1 1 0 |Addimmediate to A with A
with carry cPl 111111 1 0|Compare
DAD B 000010 0 1|AddB&CtoH&L immediate with A
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Table 6. Instruction Set Summary (Continued)

Mnemonic Instruction Code Operations Mnemonic Instruction Code Operations
D7 Dg Ds D4 D3 D2 D1 Dg| Description D7 Dg D5 D4 D3 D2 D4 Dg| Description
ROTATE CONTROL
RLC 0 0 0 0 0 1 1 1|RotateAleft El 11 1 1 1 0 1 1 |Enablelinterrupts
RRC 0 0 0 0 1 1 1 1[RotateAright Di 1 1 1 1.0 0 1 1 |DisableInterrupt
RAL 0 0 0.1 0 1 1 1]|RotateA left NOP 0 0 0 00O 00 O][No-operation
through carry HLT 01110 11 0[Halt
RAR 000 1 1 1 1 1RotateAright NEW 8085AH INSTRUCTIONS
through carry -
RIM 0 01 0 0 0 0 O(ReadInterrupt
SPECIALS Mask
CMA 00101 1 1 1]|ComplementA SIM 00110 0 0 0|Setinterrupt Mask
STC 0 01 1 0 1 1 1]|Setcarry
CMC 001 1 1 1 1 1|Complementcarry
DAA 0 01 0 0 1 1 1 |DecimaladjustA
NOTES:

1. DDS or SSS: B 000, C 001, D 010, EO11, H 100, L101, Memory 110, A 111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.
*All mnemonics copyrighted © Intel Corporation 1976.
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8155H/8156H/8155H-2/8156H-2
2048-BIT STATIC HMOS RAM
WITH 1/0 PORTS AND TIMER

® Single +5V Power Supply with 10% m 1 Programmable 6-Bit 1/0 Port
Voltage Margins m Programmable 14-Bit Binary Counter/

m 30% Lower Power Consumption than Timer ,
the 8155 and 8156 m Compatible with 8085AH and 8088 CPU

W 256 Word x 8 Bits m Multiplexed Address and Data Bus

m Completely Static Operation m Available in EXPRESS

m Internal Address Latch - —Standard Temperature Range

m 2 Programmable 8-Bit I/0 Ports — Extended Temperature Range

The Intel® 8155H and 8156H are RAM and 1/0 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 1/0 portion consists of three general purpose 1/0 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.

— rc, 1 w0 Ve

0/M PORT A ec, (42 39[] pc,
A PA Tiverin [ 3 3] pc,

o7 ReseT [] 4 373 pc,

AD, , <:> 256 X 8 || . 36 [ P8,
STATIC — Timerout [} 6 35 [ PBg

. RAM 1o/ [ 7 3s ] P8,

* — PORT B CEorce*[]s 33[] e,
“ PBy-7 b []e 32[] 8,

ALE——| wa o e w0 es,

L=

ALE [J 11 g1s5H-27 30[] PB,

RD_———‘ ..
ap, 1z B150M2 59 1 gy
WA ———————| . PORT C ap, (413 28] pra,
c PCy-g AD, [] 14 2711 pPAg
RESET ——— ] / ‘ ap, [ 15 [0 pa,
- ~ ap, e 25 [ PA,
. - Apg [ 17 24 [ PAg
TIMER CLK—1 I—vcc (+5V) } ADs [§ 18 23[] PA,
TIMEROUT : Vss (OV) = I i =
Vss 20 21{] pA,.
- _ 2317191 = H
*8155H/8155H-2 = CE, 8156H/8156H-2 = CE 231719-2
Figure 1. Block Diagram - Figure 2. Pin Configuration
December 1986
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- Table 1. Pin Description

Symbol

Type

Name and Function

RESET

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 /0 ports to input mode. The width of RESET pulse should typically be
two 8085AH clock cycle times.

ADo-7

110

ADDRESS/DATA: 3-state Address/Data lines that interface with the CPU
lower 8-bit Address/Data Bus. The 8-bit address is latched into the address
latch inside the 8155H/56H on the falling edge of ALE. The address can be
either for the memory section or the 1/0 section depending on the I0/M input.
The 8-bit data is either written into the chip or read from the chip, dependlng
on the WR or RD input signal.

CE or CE

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

READ CONTROL: Input low on this line with the Chip Enable active enables
and ADg_7 buffers. If IO/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/status -
registers will be read to the AD bus.

WRITE CONTROL: Input low on this line with the Chip Enable active causes
the data on the Address/Data bus to be written to the RAM or l/ (0] ports and .
command/status register, depending on IO/M. -

ALE

ADDRESS LATCH ENABLE: This control signal latches both the address on
the ADg_7 lines and the state of the Chip Enable and 10/M into the chip at the
falling edge of ALE.

10/M

1/0 MEMORY: Selects memory if low and I/0 and command/status registers
if high.

PAg-7 (8)

1/0

PORT A: These 8 pins are general purpose 1/0 pins. The in/out direction is
selected by programming the command register.

PBo-7 (8)

1/0

PORT B: These 8 pins are general purpose I/0 pins. The in/out direction is
selected by programming the command register.

PCo-5 (6)

1/0.

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 PCq_ 5 are used as control signals, they will provide the
following:

PCo—A INTR (Port A Interrupt)

PC1—ABF (Port A Buffer Full)

PCo—A STB (Port A Strobe)

PC3—B INTR (Port B Interrupt) .

PC4—B BF (Port B Buffer Full)

'PCs—B STB (Port B Strobe)

TIMER IN

TIMER INPUT: Input to the timer-counter.

TIMER OUT

.TIMER OUTPUT: This output can be elther a square wave or a pulse,
depending on the timer mode.

Vec

VOLTAGE: + 5V supply.

Vss

GROUND: Ground reference.
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FUNCTIONAL DESCRIPTION

The 8155H/8156H contains the following:
e 2K Bit Static RAM organized as 256 x 8

e Two 8-bit I/0 ports (PA & PB) and one 6-bit I/0
port (PC)
® 14-bit timer-counter

C 8BIT INTERNAL DATA BUS )

I lgngi@ I

COMMAND TIMER | TIMER
I MSB LS8

STATUS

_ : s 8 s  MODE
The I0/M (I0/Memory Select) pin selects either the
five registers (Command, Status, PAg-7, PBo-7, e -t -
PCo_s) or the memory (RAM) portion.
o 231719-3
The 8-bit address on the Address/Data lines, Chip Figure 3. 8155H/8156H Internal Registers

Enable input CE or CE, and 10/M are all latched on-
chip. at the falling edge of ALE.

CE (8155H)

OR

CE (8156H)

1o/m

AN
/
| \

NOTE: i ) 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

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

The command register contents can be altered at
any time by using the 170 address XXXXX000 during
a WRITE operation with the Chip Enable active and
10/M = 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.

READING THE STATUS REGISTER

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 status of the timer and the 1/0 section can be
polled by reading the Status Register (Address
XXXXX000). 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 1/0
address and the command register is selected when
a write to that address is issued.

7 6 5 4 3 2 1 0

ITM,ITM.I ies 1ea] Pc,l PCJ va| PAJ

L i L }

— TIMER COMMAND—]

L~ DEFINESPCos {

b » ENABLEPORTA

S —

DEFINES PAg.y
0 = INPUT
1= 0UTPUT

‘—————> DEFINES PBg.7

00 = ALT 1

1 =ALT2

01=ALT3

10 = ALT 4
INTERRUPT 1= ENABLE
ENABLE PORT B 0 = DISABLE
INTERRUPT

[" 00 = NOP — DO NOT AFFECT COUNTER
OPERATION I

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

10-=

RUNNING

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

11 = START — LOAD MODE AND CNT LENGTH

AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING]. IF TIMER IS RUNNING, START
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC

IS REACHED.

231719-5

Figure 5. Command Register Bit Assignment

AD7; ADg ADs ADg4 ADj3

AD; AD,

ADg

INTE| B JINTR|INTE[ -A [INTR|
NEEHHNERN

PORT A INTERRUPT REQUEST

‘————— PORT A BUFFER FULL/EMPTY
{INPUT/QUTPUT)

'——————— PORT A INTERRUPT ENABLE

‘———————————— PORT B INTERRUPT REQUEST

—————=+ PORT B BUFFER FULL/EMPTY
{INPUT/OUTPUT)

PORT B INTERRUPT ENABLED

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

* HARDWARE RESET).

231719-6

Figure 6. Status Register Bit Assignment
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INPUT/OUTPUT SECTION

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

o Command/Status Register (C/S)—Both regis-
ters are assigned the address XXXXX000. The
C/S address serves the dual purpose.

When the C/S 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 C/S (XXXXX000) is selected during a
READ operation, the status information of the I/0
ports and the timer becomes available on the
ADg_7 lines.

e PA Register—This register can be programmed

. to be either input or output ports depending on
the status of the contents of the C/S Register.
Also depending on the command, this port can
operate in either the basic mode or the strobed
mode (see timing diagram). The I/O pins as-
signed in relation to this register are PAg_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 C/S register. :

When PCq_s 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 ALT3 or
ALT4, 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|AD :
X|X|X]|X|X]0]| 0] 0 |Interval Command/Status
Register
X[IX[|X|X|X|0 1 |General Purpose 1/0 Port A
X|X|X|X|X[0]| 1|0 |General Purpose |I/0 Port B
XIX|X|X|{X}|0]1]1|PortC—General Purpose
1/0 or Control
X|X|X|X|X|[1]0/|O0 [Low-Order 8 bits of Timer
Count -
X|X|X|X|X|1][0][1 [High6 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 I0O/M = 1 in order to select the appropri-
ate register.

Figure 7.1/0 Port and 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

N\ OuTPUT |
[ o LATCH N | .
CLK CLR a8 :
OUTPUT
ENABLE |
a |
2 |
Z 1 !
e WRITE | .
é POHTIMUX_'T“ 1| mopew .
E 1 (2) q ]
)‘—G“l L__ _(_:" LATCH _l :
READ PORT . b |
. CLK |
‘\/7 - .
NOTES: o 281719-7
(1) Output Mode Multiplexer
(2) Simple Input -Control (4) = 1 for Output Mode
(3) Strobed Input = 0 for Input Mode

READ Port = (I0/M = 1) ® (RD = 0) * (CE Active) ® (Port Address Selected)
WRITE Port = (I0/M = 1) ® (WR = 0) e (CE Active) ® (Port Address Selected)

Figure 8. 8155H/8156H Port Functions
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. Table 2. Port Control Assignment

Pin ALT 1 . ALT 2 ALT 3 ALT 4

PCO Input Port " Output Port - A INTR (Port A Interrupt) "A INTR (Port A Interrupt)
PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full)
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)
PC3 Input Port Output Port Output Port B INTR (Port B Interrupt)
PC4 Input Port Output Port Output Port B BF (Port B Buffer Full)
PC5 Input Port - Output Port Output Port B STB (Port B Strobe)

Note in the diagram that when the 1/0O 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 ALT 1 or ALT 2 modes, the bits of
PORT C are structured like the diagram above in the
simple input or output mode, respectively.

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

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

TO 8085AH RST INPUT

PORT A [ GUTPUT > PORT A l

A INTR (SIGNALS DATA RECEIVED)
A BF (SIGNALS DATA READY)

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

B BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER
READY FOR READING)

PORT B

TO/FROM
PERIPHERAL
INTERFACE

PORTC

TO INPUT PORT (OPTIONAL)
TO 8085AH RST INPUT

231719-8

Figure 9. Example:
Command Register = 00111001

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 I/0 address XXXXX100 for the
low order byte of the register and the /O address
XXXXX101 for the high order byte of the reglster
(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.

7 6 5 4 3 2 1 0
[Mz [Ml I Tnl T|z—[ TnTYtol T | Tg I
L JL J

MSB OF CNT LENGTH

TIMER MODE

7 6 5 4 3 2 []
O]
L 1

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.

TIMER OUT WAVEFORMS:

MODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
M My { { :
AU S S J
SQUARE WAVE
SQUARE WAVE

3. SINGLE
1 o PULSE ON ,
TERMINAL COUNT

. CONTINUOUS

PULSES V) U
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:

T™2 TM4 .
0 0 NOP—Do not affect counter operation.
0 1 STOP—NORP if timer has not started; stop
counting if the timer is running.
1 0 STOP AFTER TC—Stop immediately after

present TC is reached (NOP if timer has
not started)

START—Load mode and CNT.length and
start immediately after loading (if timer is
not presently running). 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.

—_———

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 C/S register.

Please note that the timer circuit on the 8155H/
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 (1,
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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8085AH MINIMUM SYSTEM ¢ 2K Bytes EPROM
CONFIGURATION _ ® 38 /0 Pins
® 1 Interval Timer

Figure 13a shows a minimum system using three
4 Interrupt Levels

chips, containing:
® 256 Bytes RAM

A8-15 A B ~ - - >

an ] >

ALE AN
8085AH w5

WR

10/M

CLK

RESET OUT

READY .

. Vee
TIMER - || = AB- AD| 1o/
RESET IN WR|RD| ALE | CE v 1o/M V‘““ 0.7/ CE| 7 [ ALE ﬁﬁrﬂcmnsr RDY
i .
LATCHES '
TIMER | | ) ’L,——:‘
U - TIMER ’
CONTROL :
© 256 x 8 8755A [EPROM + /0]
RAM
8156H - t
[C/s][Pc]IPB]I
231719-12

Figure 13a. 8085AH Minimum System Configuration (Memory Mapped 1/0)
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8088 FIVE CHIP SYSTEM

Figure 13b shows a five chip éystem containing:

e 1.25K Bytes RAM
e 2K Bytes EPROM

e 38 |/0 Pins

1 Interval Timer
e 2 nterrupt Levels

Vee
GND
MANUAL
GND RESET

(Vss)

i

N
I0/IM TIMER
reser OY7

10/M  PORT “‘E}’
peser  °

READY Vee
’_‘ = -

Ag—Ars] ADDR ).
LN
KADo —~AD; K ADDRIDATA _‘)
8088 Zf_
READY
MN/MX —Vce
ALE L e
RST 3 RD —
WR —
1om —
Vee
LA
>
@ .

1] Lo

Vss Vee Voo

| 3 3

(2]

E
8185-2
E

Sz

1 48 4

> ADg._;

Y

I

Vss Vecc

231719-13
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso-
) lute Maximum Ratings’ may cause permanent dam-
Temperature UnderBias ............ 0°Cto +70°C age to the device. This is a stress rating only and
Storage Temperature .......... —65°C to +150°C functional operation of the device at. these or any
. other conditions above those indicated in the opera-
Voltage on Any Pin tional sections of this specification is not implied. Ex-
with Respect to Ground. ......... —0.5Vto +7V - : peciication IS not Impliea. =x
o : : posure to absolute maximum rating conditions for

Power Dissipation. ............covviiiie., . 1.5W extended periods may affect device reliability.

“D.C. CHARACTERISTICS TA = 0°Ct070°C, Voo = 5V £10%

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage - -05 0.8 v
ViH Input High Voltage 2.0 Vcc+0.5 \"
VoL Output Low Voltage 0.45 v loL = 2 mA
VoH Output High Voltage 24 \ loq = —400 pA
m ' InputLeakage +10 pA OV < Vj\ < Voo
Lo Output Leakage Current +10 pA 0.45V < Voyrt < Voo
Icc Ve Supply Current : 125 mA
L (CE) Chip Enable Leakage =
8155H +100 - pA OV < Vin € Voo
8156H . —100 pA

A.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vg = 5V £10%

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
te Latch to READ/WRITE Control - 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tp Latch to Data Out Valid 350 270 ns
taD Address Stable to Data Out Valid ‘ 400 330 ns .
te Latch Enable Width 100 : 70 ns
tRDF Data Bus Float after READ p 0 100 0 80 ns
toL READ/WRITE Control to Latch Enable 20 10 ns
toLL WRITE Control to Latch Enable for C/S Register | 125 125 ns
tcc READ/WRITE Control Width 250 200 ' ns
tow Data In to WRITE Setup Time - 150 100 ns
twp Data In Hold Time after WRITE 25 i 25 ns
trv Recovery Time between Controls : 300 ) 200 ns
twp WRITE to Port Output 400 300 ns
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A.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vo = 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
tg 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
‘tsE Strobe to Buffer Empty 400 300 ns
twer 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
trRDE Data Bus Enable from READ Control 10 10 ns
t4 TIMER-IN Low Time 80 40 ns
to TIMER-IN High Time 120 70 ns
twT 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

24 . - .

2.0 :> . 2.0 Bﬁ\gg&
TEST POINTS TEST l .
0.8 < 0.8 C, = 150 pF
0.45
: 231719-14 _I
A.C. testing: 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 231719-15
“1” and 0.8V for a logic “0". CL = 150 pF
) Cy Includes Jig Capacitance
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WAVEFORMS

READ
GE (8155H) \ / . \
2
‘OR
N
CE (8156H) 7 \ /
10/ \
~ 2
tap
AD,, >< ADDRESS N X DATA VALID >_<
a 7 A
g ——|  |e—tp—
ALE /] \ ] / ‘
L . [=tRDE| * Jo—tapF—=]
RD +——tRD ———| ; 8 <
et o———= —— o ——
tec Ry
fto
231719-16
WRITE
CE (8155H) 5‘_» [ \
OR
v
CE (8156H) 7 /
10/M \ / \
.j_
X F -
AD, , X ADDRESS >< DATAVALID . E( .
P.a 3
ta = fo——tig —| tow o
ALE /] \ .
) ) {
L— i te :k two
WR
tore JZ \
wr
tec tav
TIMER IN /
231719-17
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lnter 8155H/8156H/8155H-2/8156H-2

WAVEFORMS (Continued)

STROBED INPUT

v/ N

tseF

STROBE _/—
tss — si —" tRee
INTR ; \
[ tRot /
- | \

*— tess tous

INPUT DATA
FROM PORT

231719-18

STROBED OUTPUT

BF
«—tsBe

STROBE

~—tst

twer

\
. 7
W—l_,\l : ;'_

OUTPUT DATA
TO PORT

231719-19

BASIC INPUT BASIC OUTPUT

tre -l _
WA
RD
twp —

[ T —_——— — — —_
} :. DATA BUS*
wur e X ‘ ———— -

—————— ouTPUT
DATA BUS* _>(
231719-20 231719-21
*Data Bus Timing is shown in Figure 7.
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LOAD COUNTER FROM CLR —
| 2 | 1

: RELOAD COUNTER FROM CLR - .
5 ) a4 | 3 | 2 | 1 5 |

TIMER IN l_\__/ p—\-_/—
— A 7
(T;\TLESRE?UT \  notEn II
- -— _-J
—=| trL ——e{tyy
[ — . >—
gxszaoeuvhva \\ (NOTE 1) I/ -
Vo e = ——
— tr L— _ trile— ,
231719-22
NOTE:

1. The timer output is periodic if in an automatic reload mode (M1 Mode bit = 1).

L Ol § NOHd NMOALNNOD LNdLNO HIANIL

(penunuod) SWHOSAIAVM

¢-H9S18/2-HSS18/H9S18/HSS L8



8185/8185-2
1024 x 8-BIT STATIC RAM FOR MCS®-85

m Multiplexed Address and Data Bus m Low Standby Power Dissipation
m Directly Compatible with 8085AH and m Single +5V Supply ‘

8088 Microprocessors m High Density 18-Pin Package
m Low Operating Power Dissipation

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 fo 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. , .

wo ]

A, [

P R— Ap, []
[ J— B AD; []
o — AD, ]
J ADs ]

ADs ]

ADg-ADY DATA Kx8 Ae7
o- ' BUS RAM
MEMORY v
BUFFER MEMOR, ss [
231450-2

Figure 2. Pin Configuration

.X-Y DECODE
Pin Names
ADDRESS ADg-AD7 Address/Data Lines
As, Ag LATCH Ag, Ag Address Lines
ME CSs Chip Select
. 2314501 CE4 Chip Enable (I10/M)
Figure 1. Block Diagram CEa Chip Enable . .
ALE ‘Address Latch Enable
WR Write Enable

- May 1987
16-45 Order Number: 231450-002
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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 ADg_7, Ag and Ag, and the
status of CE4 and CEy are all latched internally in
the 8185 by the falling edge of ALE. If the latched
status of both CE; and CEj are active, the 8185
powers itself up, but no action occurs until the TS
line goes low and the appropriate HD or WR control
signal input is activated.

The CS 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
CEq and CEy are activated selectively to power
down the 8185 when it is not in use. A possible con-
nection would be to wire the 8085A’s 10/M line to
the 8185’s CEq input, thereby keeping the 8185
powered down during 1/0 and interrupt cycles.

Table 1. Truth Table for
Power Down and Function Enable

CE{ | CE; | CS | (CS*)(2 | = 8185 Status
1 X | x| o Power Down and
: Function Disable(1)
X 0 X 0 Power Down and
Function Disable(1)
0 1 1 0 Powered Up and
1 Function Disable(1)
0 1 0 1 - | Powered Up and
Enabled
NOTES: |
X = Don'’t Care.

1: Function Disable ‘implies Data Bus'in hrgh impedance
state and not writing.
2:CS* = (CEq = 0) X (CEz = 1) X (CS = 0).

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

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

ERERN!

RST7,5

RST6,5 8085A sop
RSTS5 SID
INTR s,
RESET
WA outT So
ADDR DATA ALE RD WR 10/M RDY CLK
N\ Vss  Veo
(8), @) l
= o
WR
a5 o LORT ‘E’
8156 ©
ALE  popT
oAt/ © ‘E» .
ADDR
IN|
10/M  TiMER fo—
reser  OUT
oW
RD
ALE PDRT
H— @ A
r——- Ag10
8755A

[
g3

p—>JCLK
Vss Vee Voo PROG
WR
RD
18185
ALE
H— TS, CE,
b Ag. Ay
3 e
DL
AN~ Vee
MA- Vee
AV VA4
231450-3

ADyg..7 During Data
Portion of Cycle

(Cs*)|RD|WR 8185 Function

Hi-Inﬁpedance . No Function

Data from Memory {Read

Data to Memory Write

ey purey e e )
- |= O | X
- O |= X

Hi-lmpedance Reading, but not
Driving Data Bus

NOTE:
X = Don't Care.
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Figure 3. 8185 in an MCS®-85 System

4 Chips:
2K Bytes EPROM
1.25K Bytes RAM
38 1/0 Lines
1 Counter/Timer
2 Serial I/0 Lines
5 Interrupt Inputs




lnte[ 8185/8185-2

iAPX 88 FIVE CHIP SYSTEM:

e 1.25K Bytes RAM
e 2K Bytes EPROM
e 381/0 Pins

e 1 Internal Timer
e 2 Interrupt Levels

8088
READY

{ N T N Vss Vic
E  PORT
i = rolm)
WR
~_ PORT
/D 8
8155-2
ALE  poRT
DATAI  C
ADDR
~ IN|~—
10/M  TIMER
reser OV7
Ag—Arg ADDR a ow
RD
ADg - A0 K~
cL0o- A0y ADDRIDATA :> ALE ooy | I
2_ . A

Jj ) As-10
18755A-2

DATA/

MNIMX f—Vce oAoR

Vee ]—{ Dj ALE L (O PORT
RST G AD - Reser  °
cLK WR — READY veo
READY oM — l —
RES

s N ] Lo

RESET ¢ ] Vss Vee Voo

-
O
ol

o

Vss Vcc

VoV

231450-4

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

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............ 0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin

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

D.C. CHARACTERISTICS T4 = 0°Ct0 70°C, Vo = 5V +10%

*Notice: Stresées 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

extended periods may affect device reliability.: -

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —-05 0.8 \"
ViH Input High Voltage - 20 Vcc+0.5 v
Vou Output Low Voltage 0.45 Y loL=2mA
VoH Output High Voltage 24 loy = —400 nA
I||_' Input Leakage ] +10 pA OV < V|N < Voo
lLo - |- Output Leakage Current +10 HA 0.45V < Vout < Voo
lcc Ve Supply Current 100' mA
Powered Up
Powered Down 35 mA
A.C. CHARACTERISTICS 14 = 0°Cto 70°C, Voo = 5V £10%
Symbpl Parameter 8185 8185-2
: Min Max Min Max Units
taL Address to Latch Set Up Time 50 30 ns
ﬂ_A Address Hold Time After Latch - 80 30 . . ns
tLe Latch to READ/WRITE Control 100 40 ns
trRD Valid Data Out Delay from READ Control 170 140 ns
tio ALE to Data Out Valid ) 300 200 ns
L Latch Enable Width 100 70 ns
trDE Data Bus Float After READ 0 100 0 80 ns
toL 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
twp 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 After Control 10 10 ns
tALCE Chip Enable Set Up to ALE Falling - 30 10 ns
tLACE Chip Enable Hold Time After ALE 50 30 ns
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8185/8185-2

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT
2.4

2.

.0 20
> TEST POINTS < )
8 0.8

0.
231450-5

A.C. Testing: 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 0.8V for a Logic “0.”

0.45

A.C. TESTING LOAD CIRCUIT

DEVICE

UNDER
TEST

CL = 150 pF

-
1

C_ = 150 pF

221450-6

Cy Includes Jig Capacitance

WAVEFORM

tALCE —| f—
T\ . .
ALE &
= 4
—t tLAace L -
(CEq=0)e -
(CE2=1)
te
te——n] tRD — |e—tcL
’!& g \
WA, 7D Z
r - 4
taL | ta —t> ]a— tRDF
ADo-ADy ADDRESS DATA OUT (READ CYCLE)
(Ag. Ag)
L e ————
W ————» 4 t
o] [t cc
|
ADg-AD; ADDRESS WRITE DATA (WRITE CYCLE)
‘ — tsC j-— — ‘cs r‘—‘
g
(SELECTED) (DESELECTED)
231450-7
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8080A

CPU

Timing

8224
CLOCK GENERATOR AND DRIVER

FOR 8080A CPU

Single Chip Clock Generator/Driver for

Power-Up Reset for CPU
Ready Synchronizing Flip-Flop
Advanced Status Strobe
Oscillator Output for External System

m Crystal Controlled for Stable
System Operation

m Reduces System Package Count

| Available in EXPRESS

— Standard Temperature Range

| Available in 16-Lead Cerdip Package
(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, selected
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.
RESET [ Vee
RESIN [: XTAL1
: ) . RDYIN[] XTAL 2
XTALY —]
OSCILLATOR D————Osc > READY [] TANK
XTAL2 —
B> tan sync[|s osC
e (TTL) ¢
> B kil '
cLocK stsTe ] ¢2
GEN. —-D——a fio>
+9 2 > GND|; Voo
6,0 6,A] s,(TTU[E>
v 231464-2
§TSTB -
B> swe = RESIN | Reset Input
> resw D RESET | Reset Output XTAL1 } Connections
SCHWMITT for Crystal
LA I neser 0> ROYIN | Ready Input XTAL2 | = orem
READY | Ready Output TANK Used with Overtone XTAL
B> rovwn oa reapy [£> 0SC | Oscillator Output
SYNC | Sync Input scillator Outpu
c STSTB | Status STB $2 (TTL) | $p CLK (TTL Level)
231464-1 (Active Low) Vee +5V
Figure 1. Block Diagram $1 } 8080 Vob +12V
b Clocks - GND ov
Figure 2. Pin Configuration
December 1986
16-50 Order Number: 231464-001
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8224

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............ 0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Supply Voltage, Vo -+ v v veveeenet —0.5Vto +7V
Supply Voltage, Vpp .+« .o . ... —0.5Vto +13.5V
InputVoltage ..................... —-1.5Vto +7V
OutputCurrent .........ccovviiiiieann.. 100 mA

D.C. CHARACTERISTICS

*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
extended periods may affect device reliability.

Ta = 0°Cto +70°C, Voo = +5.0V 5%, Vpp = +12V 5%
Symbol Parameter Limits Units Test Conditions
Min | Typ | Max
13 Input Current Loading —-0.25 | mA | VE= 045V
IR Input Leakage Current 10 pA | Vg =5.25V -
Ve Input Forward Clamp Voltage 1.0 v lc=—-5mA
ViL Input “Low" Voltage 0.8 v Ve = 5.0V
ViH - Input “High” Voltage 2.6 V | Reset Input
2.0 \" All Other Inputs
Viu-ViL | RESIN Input Hysteresis 0.25 v Voo = 5.0V
VoL Output “Low” Voltage 0.45 V | (¢1, o), Ready, Reset, STSTB
) loL = 2.5mA
0.45 \' All Other Outputs
loL = 15mA
VoH Output “High” Voltage
b1, P2 94 v loy = —100 pA
READY, RESET 3.6 \'% lon = —100 pA
All Other Outputs 2.4 Vv loH= —1mA
lcc Power Supply Current 115 mA
Ibb Power Supply Current 12 mA
NOTE:

1. For crystal frequencies of 18 MHz connect 5100 resistors between the X1 input and ground as well as the X2 input and

ground to prevent oscillation at harmonic frequencies.

Crystal Requirements

Tolerance: 0.005% at 0°C-70°C
Resonance: Series (Fundamental)*
Load Capacitance: 20 pF-35 pF
Equivalent Resistance: 75Q-200

Power Dissipation (Min): 4 mW

*NOTE:
With tank circuit use 3rd overtone mode.
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8224
A.C. CHARACTERISTICS
- Limits Test
Symbol Parameter Min Tve Mo Units Conditions
tp1 ¢1 Pulse Width 2tey 20 ns
9
tp2 2 Puise Width Stey 35
9
o1 ¢4 to ¢ Delay 0
tp2 2 to ¢4 Delay 2tcy 14 ns ns CL = 20 pF to 50 pF
, ) .
tp3 ¢1 to ¢ Delay 2tcy 2tcy + 20 ns
9 9
tR ¢1 and ¢o Rise Time 20
tr $1 and ¢ Fall Time 20
top2 $2to b2 (TTL) Delay -5 +15 ns | ¢oTTL,CL =30
, Ry = 3000
Ry = 6009
tpss ¢2 to STSTB Delay Gty 30 ns 6tcy ns
' 9 9
tew STSTB Pulse Width | toy STSTB, C_ = 15pF
—9— — 15ns Ry = 2K
’ ) Ro = 4K
RDYIN Setup Time to _ 4oy 2
toRs Status Strobe S0ns — 5 ns
t RDYIN Hold Time 4tey
DRH after STSTB 9
RDYIN or RESIN to 4tcy Ready & Reset
tor — —25n
¢2 Delay 9 ns | CL=10pF
Ry = 2K
Rz = 4K
toLk CLK Period toy ns
9
f Maximum Oscillating 27 MHz
max Frequency
Cin Input Capacitance 8 pF Voo = +5.0V
Vpp = +12V
Vgias = 2.5V
'f=1MHz
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 t;y = 488.28 ns.
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8224

A.C. CHARACTERISTICS (Continued)
For toy = 488.28 ns; To = 0°C to 70°C, Vg = +5V +5%, Vpp = +12V +5%

Symbol Parameter Limits Units Test Conditions
Min Typ Max
tp1 ¢1 Pulse Width 89 ns == | toy = 488.28 ns
t2 ¢$2 Pulse Width 236 ns
tp4 Delay ¢4 to ¢2 0 ns
tp2 Delay ¢» to ¢4 95 ns ¢1 & o Loaded to
tog Delay ¢1 to ¢ Leading Edges | 109 129 | ns CL = 20pF to 50 pF
tr Output Rise Time 20 ns
t Output Fall Time 20 NS o
tpss ¢ to STSTB Delay 296 326 ns
tDp2 ¢ to ¢ (TTL) Delay -5 +15 ns
tpw Status Strobe Pulse Width 40 ns Ready & Reset Loaded
) aTETR — to 2mA/10 pF
tbRrs RDYIN Setup Time to STSTB 167 ns All measurements
tDRH RDYIN Hold Time after STSTB 217 ns referenced to 1.5V
toR READY or RESET 192 ns unless specified
to ¢» Delay otherwise.
fmax Oscillator Frequency 18.432 MHz
A.C. TESTING, INPUT,
OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
Vee
24 2.0 0 "
- 2 DEVICE
> TEST POINTS < UNDER
0.8 0.8 G R,
0.45 I
231464-3 - =
A.C. Testing: Inputs are driven at 2.4V for a logic “1" and 0.45V 231464-4
for a logic “0". Timing measurements are made at 2.0V for a :
logic “1" and 0.8V for a logic “‘0” (unless otherwise noted). C Includes Jig Capacitance
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WAVEFORMS

%2 o3 Z N : S — ‘02—
: . — }'—‘wz ooz —>
LeTia (1] . %

SYNC /
{FROM 8080A) \

tops—]

RDYIN OR RESIN ) .

" RESETOUT o Jk"

231464-5

VOLTAGE MEASUREMENT POINTS: ¢4, $2 Logic “0” = 1.0V, Logic “1” = 8.0V. All other signals measured at 1..5V.

CLOCK HIGH AND LOW TIME (USING X1, X2)

—9— x1 CLK
18MHz [ :

231464-6
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8228
SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

® User Selected Single Level Interrupt

m Single Chip System Control for
MCS®-80 Systems

| Built-In Bidirectional Bhs Driver for
Data Bus Isolation

m Allows the Use of Muitiple Byte
Instructions (e.g. CALL) for Interrupt
Acknowledge

B Reduces System Package Count

Vector (RST 7)

® Available in EXPRESS
— Standard Temperature Range

W Available in 28-Lead Cerdip and Plastic

Packages

(See Packaging Spec, Order #231369)

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 1/0. This allows for the optimization of control signals, enabling the systems
designer to use slower memory and 1/0. The isolation of the bus driver also provides for enhanced system
noise immunity.

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small
system 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.

CPU
DATA
BUS

stsT8 [ 28 v -
HLoA [ 2 27 ("] iiow
wR]s 26 [7] MEmW
Dy —v = }— +— 0B, —
o: ] [ — DB? oain [ 25 ) i70R -
D, —= =] |-—~— D8, . .
y —><—] BIDIRECTIONAL | e DBy | (oo oo os4 [ s 24 [ mewR
D, —-<—| BUSORIVER | —<— D] TEMDATA BU oes nPwa
5 — <] = <— DB,
Dg — = l -+ DB, 08713 SUSER
F 06", O o228 ¥ ) ausen
o7[]s 21[Joe
DRIVER CONTROL os3[]e 20 [J ose
03[Jw 19 Jos
MEMR
os2[]n 18 [ ] oas
STATUS WENW o212 7 Jo
LATCH E :
osg ] 1 16 [Jos
caning [’ VoR =
ARRAY - [ L m R 15 Jos
T o—— iIOW
STSTB 231465-2
DBIN BUSEN
WR D7-DO Data Bus (8080 Side) INTA Interrupt Acknowledge
HLDA INTA DB7-DBO | Data Bus (System Side) HLDA_| HLDA (from 8080)
231465-1 1/OR 1/0 Read WR WR (from 8080)
. 1/OW 1/0 Write BUSEN | Bus Enable Input
Figure 1. Block Diagram MEMR__| Memory Read STSTB | Status Strobe (from 8224)
MEMW | Memory Write Voo | +5V
DBIN DBIN (from 8080) GND 0 Volts

Figure 2. Pin Configuration
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8228

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............

Storage Temperature .......... —65°Cto +150°C
Supply Voltage, VoG- - - i vvvvvennn —0.5Vto +7V
InputVoltage ................ooou0 —15t0 +7V
OutputCurrent ............. viiine, 100 mA

0°Cto-+70°C

*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
extended periods may affect device reliability.

D.C. CHARACTERISTICS Ty = 0°G to +70°C, Vg = 5V £5%

Symbol Parameter Limits Unit Test Cbnditioné |
Min | Typ(1)| Max : o
Vo Input Clamp Voltage, 075 | —1.0| V |Vgc = 4.75V;Ic= —5mA
All Input .
IF Input Load Current | STSTB .500 | pA |Vco = 5.25V
' o D, &Dg 750 | pA |VE = 0.45V.
Do, D1, Dy, 250 | pA
D5 & D7
All Other Inputs 250 | pA
IR Input Leakage Current | STSTB 100 .| pA Voo = 5.25V
DBo-DB; 20 | pA |VR =525V
All Other Inputs’ 100 | pA
ViH | Input Threshold 0.8 20 | V |Veo =5V
Voltage, All Inputs
Icc Power Supply Current 140 | 190 | mA | Vg = 5.25V
VoL Output Low Voltage |Dp-D7 045 | V |Vgc = 4.75V; 1oL = 2mA
‘ All Other Outputs 0.45 | V |loL =10 mA ‘
VoH | Output High Voltage | Dp-D7 36| 38 "V | Vec = 4.75V; lon = —10pA
All Other Outputs | 2.4 V |lgy = —1mA
los .| Short Circuit Current, All Outputs 15 90 ['mA |Vgc =5V ‘
lo oy | Off State Output Current 100 | pA [ Voo = 5.25V; Vo = 5.25V
All Control Outputs —100 pA |Vo = 0.45v
INT INTA Current 5 mA | (See INTA Test Circuit)
NOTE:

1. Typical values are for T4 = 25°C and nominal supply voltages.
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CAPACITANCE Vgjas = 25V, Voo = 5.0V, Tp = 25°C, f = 1 MHz
1. This parameter is periodically sampled and not 100% tested.

: Limits
Symbol Paramete Unit
4 ameter Min Typ(1) Max
Cin Input Capacitance 8 12 pF
Cout Output Capacitance .7 15 pF
Control Signals
170 1/0 Capacitance 8. 15 pF
(D or DB) ’
A.C. CHARACTERISTICS T, = 0°Cto +70°C, Voo = 5V +5%
Limit
Symbol : Parameter - s Unit | Conditions
Min | Max
tpw Width of Status Strobe 22 ns
tss Setup Time, Status Inputs Dg-D7 8 ns
tsH Hold Time, Status Inputs Dg—D7 5 ns
tbc Delay from STSTB to any Control Signal 20 60 ns | C_ = 100 pF
tRR Delay from DBIN to Control Outputs 30 ns | C_ = 100 pF
tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns | C_ = 25pF
tRD Delay from System Bus to 8080 Bus during Read 30 ns | C_ = 25pF
twR Delay from WR to Control Outputs 5 45 ns | C_= 100pF
twE Delay to Enable System Bus DBy—DB7 after STSTB 30 ns | C_=100pF
twp Delay from 8080 Bus Dg—-D7 to System Bus 5 40 ns | C_= 100pF |
DBg-DB7 during Write )
te Delay from System Bus Enable to System Bus DBp-DB> 30 ns | C. = 100 pF
tHD HLDA to Read Status Outputs 25 ns
tps - Setup Time, System Bus Inputs to HLDA 10 ns .
tbH . | Hold Time, System Bus Inputs to HLDA 20 ns | C_ = 100 pF
AC TESTING LOAD CIRCUIT INTA Test Circuit (for RST 7)
+12v
Vee
R, 1KQ £10%
DEVICE
UNDER
TEST
R R,
I 8228
- = INT
231465-3
For Dg-D7; Ry = 4 KQ, Ry = 0, C = 25 pF. 2
For all other outputs: Ry.= 5009, Ry = 1 KQ, C = 100 pF. INTA
231465-4
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8228

WAVEFORMS

o _/\n [ \"2 /~ \Ts / \n /[ \Iz
ow— "/ \__/ A4 _/ / \
e __2 —] 'PW j-— -
STATUS STROBE N\ \ /
8080 DATA BUS *
tss +'sm —\
DBIN A \
e —=1 ap
INTA, TOR, MEMR -\{
toc ]| |
HLDA A .
F N — —| |—'H0
iNTA, IOR, MEMR ——————————— Vi
DURING HLDA
|=-'DS —{=-tDH
________ L 4 - — — e e e - -
SYSTEMBUSDURINGREAD _ D G D, G
RO |+ tRe
8080 BUS DURING READ * — — — — — — — —f — F-——-—- X P ———
Rg 1 |=—
- .
twa -l T — '——_.I ~— twa
iOW OR MEMW ‘{ ‘r
80s0BUSDURINGWRITE _ -~ " {
‘ two
SYSTEMBUSDURINGWRITE — — — — — — — — — 4 < J(
—ef 'VIE -
SYSTEM BUS ENABLE
g | tg |o—
_
SYSTEMBUSOUTPUTS — — — — — — — — — — — — — — — <] > —————— -
231465-5

VOLTAGE MEASUREMENT POINTS: Dy-D7 (when outputs) Logic “0” = 0.8V, Logic “1” = 3.0V. All other signals mea-

sured at 1.5V.
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16,384-BIT EPROM WITH 1/0

B 2048 Words x 8 Bits

m 2 General Purpose 8-Bit 1/0 Ports

m Single +5V Power Supply (Vcc) m Each I/0 Port Line Individually

m Directly Compatible with 8085AH
m U.V. Erasable and Electrically

m Internal Address Latch m Available in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

Programmable as Input or Output
m Multiplexed Address and Data Bus-
Reprogrammable . m 40-Pin DIP

The Intel 8755A is an erasable and electrically reprogrammable ROM (EPROM) and |/0 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 1/0 portion con3|sts of 2 general purpose I/0 ports. Each I/0 port has 8 port lines, and each 1/0 port line

is individually programmable as input or output.

CLK———’

READY +——

AD,
0~7
) B _
: PORT A ‘

CE2 2Kx8 —
10/M EPROM - -
. PORT B
——]
i o] Ko >
RD ——————]
OW ———— -
RESET ————————
JOR ]
PROGI/CE, —' L‘—vcc (+5V)
Voo Vgs (OV)

231735-1
Figure 1. Block Diagram

PROG AND CE,

‘.

’ cezg
cuk [
RESET []

. Voo [
READY [
o/m O]

ior [}

" & [
iow []

ALE (]

AD, [}

AD, []

AD, [

AD; [

AD,

ADs [

ADg [}

AD, (]

Vss

1~
2 39
3 38
4 37
5 . 36
6 35
7 34
8 33
9 32
10 87554 31
1 30
12 20
13 28
14 27
15 26
16 25
17 24
18 23
19 22
20 2

1 Vee
[1P8B;
iy
P8,
:) PB,
: PB3
[1PB,
1PB,
[ 1PBy
[ 1PA;
[JPAg
[]PA;
PA“
g PAz
[1PA,
[1PA,
[1PA,
[]Ap
[14q

i

231735-2
Flgure 2. Pin Configuration
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Table 1. Pin Description

Symbol

Name and Function

ALE

Type

ADDRESS LATCH ENABLE: When Address Latch Enable goes Aigh, ADg_7,
I0/M, Ag-10, CEp, and CEj enter the address latches. The signals, (AD, I0/M,
ADg._10, CEp, CE4) are latched in at the trailing edge of ALE.

ADo-7

BIDIRECTIONAL ADDRESS/DATA BUS: The lower 8 bits of the PROM or 170
address are applied to the bus lines when ALE is high.

During an /0 cycle, Port A or B is selected based on the latched value of ADg.
IF RD or IOR is low when the latched Chip Enables are active, the output
buffers present data on the bus.

ADg_10

ADDRESS BUS: These are the high order bits of the PROM address. They do
not affect 1/0 operations.

PROG/CE;

CEp

CHIP ENABLE INPUTS: CEj is active low and CEj is active high. The 8755A
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 ADg_7, and
READY ouputs will be in a high impedance state. CE is also used as a
programming pin. (See section on programming.)

10/M

1/0 MEMORY: [f the latched IO/M is high when RD is low, the output data
comes from an I/0 port. If it is low the output data comes from the PROM.

READ: If the latched Chip Enables are active when RD goes low, the ADg_7
output buffers are enabled and output either the selected PROM location or
1/0 port. When both RD and 1OR are high, the ADg_7 output buffers are 3-
stated.

|

g
=

1/0 WRITE: If the latched Chip Enables are active, a low on IOW causes the
output port pointed to by the latched value of ADg to be written with the data on
ADg_7. The state of I0/M is ignored.

CLK

CLOCK: The CLK is used to force the READY into its high impedance state
after it has been forced low by CE4 low, CE5 high, and ALE high.

READY

READY is a 3-state output controlled by CEq, CEo, 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.)

PAg.7

1/0

PORT A: These are general purpose |/O pins. Their input/output 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 IOW is low
and a 0 was previously latched from ADg, AD+.

Read Operation is selected by either [OR low and active Chip Enables and ADg
and AD; low, or [O/M high, RD low, active Chip Enables, and ADg and AD4
low.

PBg-7

1/0

PORT B: The general purpose |/O port is identical to Port A except that it is
selected by a 1 latched from ADg and a 0 from AD.

RESET

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

x|

1/0 READ: When the Chip Enables are active, a low on TOR will output the
selected I/0 port onto the AD bus. IOR low performs the same function as the
combination of I0/M high and RD low. When IOR is not used in a system, IOR
should be tied to Vg (“17).

POWER: + 5V supply.

GROUND: Reference.

POWER SUPPLY: Vpp is a programming voltage, and must be tied to Vg
when the 8755A is being read.

For programming, a high voltage is supplied with Vpp = 25V, typical. (See
section on programming.) :
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FUNCTIONAL DESCRIPTION

PRQM 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,
CEj and CEj are latched into the address latches on
the falling edge of ALE. If the latched Chip Enables
are active and I0/M is low when RD goes low, the
contents of the PROM location addressed by the
latched address are put out on the ADg_7 lines (pro-
vided that Vpp is tied to V¢g).

1/0 Section

The 1/0 section of the chip is addressed by the
latched value of ADg_4. 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 I/0 port bit is in the input mode. A -

“1” in a particular bit position signifies that the corre-
sponding /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's cannot be
read.

N\ OUTPUT |
0o o LATCH o \
|
CLK |
OUTPUT
ENABLE |
E WRITE PA |
o |
<
z DOR |
o|Po LATCH |
S [} Q ™
S CLR c K 1 | PIN
&
H RESET |
WRITE DDR A :
. |
> (@ —

ADq | ADg Selection
0 0 |PortA
0 1 {PortB
1 0 | Port A Data Direction Register (DDR A)
1 1 | Port B Data Direction Register (DDR B)

When IOW goes: low and the Chip Enables are ac-
tive, the data on the ADg_7 is written into 1/0 port
selected by the latched value of ADg_1. During this
operation all I/0 bits of the selected port are affect-
ed, regardless of their I/0 mode and the state of |0/
M. The actual output level does not change until
IOW returns high. (Glitch free output.)

A port can be read out when the latched Chip En-
ables are active and either RD goes low with I0/M
high, or TOR goes low. Both input and output mode
bits of a selected port will appear on lines ADg_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 B and DDR B.

8755A ONE BIT OF PORT A AND DDR A

READ PA

231735-3
WRITE PA = (IOW = 0)  (CHIP ENABLES ACTIVE)  (PORT A
ADDRESS SELECTED)
WRITE DDR A = (JOW = 0) ® (CHIP ENABLES ACTIVE) * (DDR
A ADDRESS SELECTED)
READ PA = {(I0/M = 1)  (RD = 0) + (lOR = 0)}  (CHIP
ENABLES ACTIVE) * (PORT A ADDRESS SELECTED)

NOTE: _
Write PA is not qualified by 10/M.

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 can be read even when the ports are
configured as outputs.
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ERASURE CHARACTERISTICS

The erasure characteristics of 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 exposed 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 prevent 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/cm?2. The erasure
time with this dosage is approximately 15 to 20 min-
utes using an ultraviolet lamp with a 12000 pW/cm?2
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 “0” ‘can only 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) ‘Vpp’ should be at +5V. -

SYSTEM APPLICATIONS

System Interface with 8085AH

A system using the 8755A can use either one of the
two 1/0 Interface techniques:

e Standard I/0
U] Memory Mapped 170

If a standard 1/0 technique is'used, the system can
use the feature of both CE» and CE;. By using a
combination of unused address lines A1_15 and the
Chip Enable inputs, the 8085AH system can use up
to 5 8755A’s W|thout requmng a CE decoder .See
Figure 4.

If a memory mapped 1/O approach is used the
8755A will be selected by the combination of both
the Chip Enables and 10/M using ADB 15 address
lines. See Figure 3.

| I >
eossAH <§D°,, .‘ jl>

CLK (92)
READY
10/M

Vee

Ay Ag  AD CLK10/M
ioR ALE iOW READY CE

8755A "

231735-4

Figure 3. 8755A in 8085AH System
(Memory-Mapped 1/0)
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e [ . - - s
L — - - - -
CLK (02) | |
- 1 —
READY - - - - -
10/M | 1 | - |

V“Kz N V“V N2 V'?V {/ vfy AV v“g/ N\
AlBy, Agy RO CLK  10/W Ay, Ay, RD CLK W0M Ay, Agyy @D CLK 1O/ Ay, Ay, AD CLK 0 Ay, Apy RO CLK 1OMW
0" ALe iOW Reaoy CE, | | ioR ALE W READY cE,] | iOR ALE W READY cE,| |ioR ALE W ReADY ce,| | i0R ALE W READY CE,
B8755A 8755A 8755A 8755A 8755A
(2K BYTES) (2K BYTES) (2K BYTES) (2K BYTES) (2K BYTES)
231735-6

NOTE: .
Use CEj for the first 8755A in the system, and CEj for the other 8755A’s. Permits up to 5-8755A’s in a system without CE decoder.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ........ ...0°Cto +70°C
Storage Temperature .......... —65°C fo +150°C
Voltage on any Pin : ‘
with Respect to Ground............ —0.5Vto +7V
Power Dissipation. ...........ccooveiinn... 1.5W

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vog = Vpp = 5V +5%

*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
extended periods may affect device reliability.

Symbol Parameter Min Max Unit ‘Test Conditions
ViL Input Low Voltage —0.5 0.8 \" "~ Vgg = 5.0V
ViH Input High Voltage - 20 Vce + 0.5 \" Ve = 5.0V
VoL Output Low Voltage ’ 0.45 v oL = 2mA
VoH Output High Voltage ' 2.4 v lon = —400 pA
e Input Leakage 10 pA | Vss < V|N< Voo
ILo Output Leakage Current +10 pA 0.45V < Vout < Voo
lcc Vce Supply Current 180 mA
IpD Vpp Supply Current .80 . mA Vpp = Vee
CiN Capacitance of Input Buffer - 10 < pF fc = 1 pHz
Civo Capacitance of 1/0 Buffer 15 pF: fc = 1 pHz

D.C. CHARACTERISTICS—PROGRAMMING

Ta = 0°C to 70°G, Vg = 5V +5%, Vgg = OV, Vpp = 25V =1V
Symbol ‘ Parameter . Min Typ Max Unit
Vbp Programming Voltage (during Write toEPROM) | ~ 24 25 - 26 \"
Ipp Prog Supbly Current 15 30 mA
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A.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vo = 5V +5%

Symbol Parameter . 87594 Unit
Min Max

tcyc Clock Cycle Time 320 ns
T4 CLK Pulse Width 80 ns
To CLK Pulse Width 120 ns
t, b CLK Rise and Fall Time 30 ns
taL Address to Latch Set Up Time 50 ns
tLa Address Hold Time after Latch 80 ns
tLe Latch to READ/WRITE Control 100 ns
tRD- Valid Data Out Delay from READ Control* 170 ns
taD Address Stable to Data Out Valid** 450 ns
L Latch Enable Width 100 ns
tRDF Data Bus Float after READ 0 100 ns
tcL READ/WRITE Control to Latch Enahle 20 ns
tcc READ/WRITE Control Width 250 ns
tow Data in Write Set Up Time 150 ns
twp Data in Hold Time after WRITE 30 ns
twp WRITE to Port Output 400 ns
tpR Port Input Set Up Time 50 ns
trp Port Input Hold Time to Control 50 ns
tRYH READY HOLD Time to Control 0 160 ns
taARy ADDRESS (CE) to READY 160 ns
tRv Recovery Time between Controls 300 ns
tRDE READ Control to Data Bus Enable 10 ns

NOTES:

CLoap = 150 pF. ‘

*Or Tap — (TaL + Tic), whichever is greater.

**Defines ALE to Data Out Valid in conjunction with Ta(.

A.C. CHARACTERISTICS—PROGRAMMING

Ta = 0°C to 70°C, Voo = 5V £5%, Vg = OV, Vpp = 25V 1V
Symbol Parameter Min Typ Max Unit
tps Data Setup Time .10 ns
tpD Data Hold Time - 0 ns
ts Prog Pulse Setup Time 2 us
ty Prog Pulse Hold Time 2 us
tpR Prog Pulse Rise Time . 0.01 2 us
tpr Prog Pulse Fall Time 0.01 2 us
tPRG Prog Pulse Width 45~ 50 -ms
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Inter 8755A

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

24

) 20 . 20 II)JEJ\II)"E:; L——j-
] > TEST POINTS < TEST C. = 150 pF
045 0.8 0.8 I
231735-7 =

A.C. Testing: Inputs are driven at 2.4V for a Logic “1" and 0.45V CL = 150 pF 231735-8

for a Logic “0". Timing Measurements are made at 2.0V for a : "

Logic “1" and 0.8V for a Logic “0". Gy Includes Jig Capacitance
WAVEFORMS

CLOCK SPECIFICATION FOR 8755A

e T, —]

231735-9

PROM READ, I/0 READ AND WRITE

Ag1o ADDRESS ’ X ADDRESS
oM

taD —l

ADDRESS }- —_—- -{f X( DATA 4:2— —— —
N\
wiHug

ADoy

<

-t

ALE

le—taL fe——tLa

(PROGI/CE,

7T
i

LIS

cE, \ \
—=  |e—troe ~——=! tROF fe—0
™
. R -
10R RD S / N\
fe—— e ——={ [+—— Ry tow - two
iow AVS z
———tcc
le—— toL ——f
tav

- ] . 231735-10
Please note that CE4 must remain low for the entire cycle.
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WAVEFORMS (Continued)

1/0 PORT

GLITCH FREE
ouTPUT

B. Output Mode

231735-11

231735-12

ALE

e

READY == == o o

|+ = RyH

231735-13
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WAVEFORMS (Continued)

8755A PROGRAM MODE

VERIFY CYCLE* ——.ld-—- PROGRAM CYCLE

FUNCTION l

ALE / \
A/Dg.7 x Anoneﬂ pRocA ;3,:550
tpp ——>]
Ag-10 x x

PROGRAM CYCLE

tps — H |—

+25

Voo

+5 -—

——4 PR PF I<-—

—»1 tPRG [

231735-14

*Verify cycle is a regular Memory Read Cycle (with Vpp = +5V for 8755A).
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34 Street
Tel 2 437 0750
FAX: (602) 252-9109

V;yia Distribution Group

BlnckCan n Highwa)
5055 yon Highway

Tel: (602 666 2888
FAX: 602-866-6937

CALIFORNIA

Arrow Electronics, lnc
19748 Dearborn
Chatsworth 9131 1
Tel: (818) 701-7500
FAX: 818-772-8930

Mrw Electronics, Inc.

tArrow Electmmcs, inc.
52| Weddell Drive

089
Tel (xge) 745-6600
FAX: 408-743-4770

Arrow Electronics, Inc.
2961 Avenue
Tustin 92680

Tel: (714) 838-5422
FAX: 714-838-4151

"Avnet Electronics
0 McCormick Avenue
92626

Costa Mesa
Tel: (714) 754-6051
FAX: 714-754-6007

Hammon/Avnet Eloctvonics
175 Bordeaux
Sunnxvn(e 94059
Tel ( 08) 743-3300
AX: 408-745-6679

‘tHamilton/Avnet Electronics
4545 Vlewrld j@ Avenue

123
Tel (61; 571-7500
FAX: 619-277-6136

waminon/Avnet Electronics

Chal
Tel (818 700-1222, 6500
FAX: 816-700-6553

tHamilton/Avnet Electronics
4103 Northgate Boulevard
Sacvlmenl

Tel: (916) 920-3150
FAX: 9| 925-3478

wilwnﬂvm Electronics
G Street

(m 989-9411
FAX 714-980-7129

tHamilton/Avnet Electronics
0950 W asmng(on Bivd.

90230
Tel (2133 58-2458
FAX: 213-558-2248
Hamilton Electro Sales
170 Pullman Street
Costa Mesa 92626

Tel: (7141 641-4150
FAX: 714-641-4122

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd.)

Kierulff Electronics, Inc.
10824 Hope Street

it

1tKierulff Electronics, Inc.
1180 Murphy Avenue
San Jose 95131

Tel: (408&9” -2600

FAX: 408-947-3432

{Kierultt Electronics, Inc.
: mber Rd.

14242 Chai

Tustin 9261
Tel: (714) 731-5711
FAX: 714-669-4235

Kierufff Elegtromcs, inc.

800 Var
Chattsworth 91311
Tel: (213) 725-0325
FAX: 818-407-0803

V\éyle Dlsmbunon Group

Tel: (818) 880-9000
FAX: 818-880-5510

TW‘s Dnsmbunon Group
n Avent

nue
Irvine 92714
Tel: (714) 863-9953
FAX: 714-863-0473

Wyle Distribution Group

1" 1 Sun Center Drive
cho Coruova 95670

Tel (91 g

FAX: 81 638—!491

szyle Distribution Group
525 Chssapeake Drive

60%’265-91791
FAX: 619-565-9171 ext. 274

‘Wyle Distribution Group
000 Bowers Avenue
Santa Clara 95051
Tel: (4%‘2 727-2500
FAX: 408-727-5896

le
:1’??1 0 Teller Avenue
rvi
Tel: (714) 851-9958
TWX: 310-371-9127
FAX: 714-851-8366

Tel: (714) 891- 1717
FAX: 714-895-9038

COLORADO

Arrow Electronics, Inc.

1390 S Potomac Street

Suite

Aumra 80

Tel: (303) 696 111
Hamilton/Avnet Electronics
765 E. Orchard Road

Englewood 80111

Tel: (303) 740-1017

‘TWX: 910-935-0787

1Wyle D-smbunon Gvoup
451 E. 124th

Thornton 8024|

Tel: (303) 457-9953
TWX: 910-936-0770

CONNECTICUT

tArrow Electronics, Inc.
12 Beaumont Road
Wallin 'ord 06492

Tel: 2 654741
%}—4 76-0162

Hamilton/Avnet Electronics
mmerce Industrial Park
Commerce Dnve

Tel: (2 797 2300
FAX: 203-797-2866

fPioneer Nonheast Electronics
112 Main Stree
alk 06651
Tal (203%_8453-151 5
68-3373

‘tMicrocomputer System Technical Distributor Centers

FLORIDA

5 rrow Electronics, Inc.
50 Falrwuy Drlva
Deerfield Beach 33441
Tel (305 429 8200
510-955-9456

Arrow Electroncs Inc
Tel: (305) 475-4297
TWX: 510-955-9456

tArrow Electronics, Inc.
1530 Bottlebrush N.E.
Bay 32905

Palm Bay 3.

Tel: (305‘ 725-1480

EHamillon/Avnet Electronics
801 N.W. 15th Wa

Ft. Lauderdale 33

Tel: (305) 971-2900

TLX: 510-956-3097

Hamilton/Avnet Electronics
3245 Tech Drlve North

337
Tel ;31321576-3930
-863-0374

6947 Universi A
Tel: (305) 628-3888
FAX: 305-628-3888 ext. 40

Pioneer Electronics
7 N. Lake Bivd., Ste. 1000
Alta Monte Springs 32701
Tel: (305)
TWX: 810-853-0284

eer Electronics

Deerfi
Tel: (305 428-5&77
TWX: 510-955-9653

GEORGIA

Arrow Electronics, Inc.
155 Norlhwoods Parkway
Suite A
Norcross 30071
Tel: (404) 449-8252
FAX: 404-242-6827

Haminorgkvnel Electronics
5825 D. Peachtree Corners East

Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432
Pioneer Electronics

3100 F. Northwoods Place
Norcross 30071

Tel: (404) 448-1711

FAX: 404-446-8270

ILLINOIS

;Arrarw Electronics, Inc.
000 E Alon%o treet
Schaumberg 6017

Tel: (312) 397-344
FAX: 312-397-3550

‘tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville

Tel: (312) 860-7780

TWX: 910-227-0060

Kierulff Electronlcs. Inc.
1140 W. Thorndale

ca 60° 143
Tel (3123 250—0500

MTI Systems Sales
1100 West Thorndale

Itasca 60143
Tel: (312) 773-2300
thneer Electronics
E|5k5230 Vill e 60007
rove Village
437 3690

Tel: (312)
TWX: 910-222-1834

INDIANA

Arrow Electronics, Inc.

495 Directors Row, Suite H
Indianapolis 4624

Tel: (31 4&93
TWX: 81 311

282
34

INDIANA (Cont'd.)
Hamilton, A\ net Electronics
Drive

F3-4d
S
©

Tel, 317) 8449333
FAX: 317-844-5021

&Icneev Electronics

08 Castleplace Drive

lndlanagolls 46250
Tel:

: 81 -280-1794
KANSAS

Hamilton/Avnet Electronics
219 Quivera Road

Overland Park 66215

Tel: (913) 888-8900

FAX: 913-541-7951

Pioneer Electronics
10551 Lackman Rd.
Lenexa 66215

Tel: (913) 492-0500
FAX: 913-492-7832

KENTUCKY

Hamilton/Avnet Electronics

805-A Newtown Circle

e
803-252 3238

MARYLAND

Arrow Electronics, |
8300 Guiltord Road, Sta H
Rivers Center
Columbia 21046
Tel: (301) 995-6002
: 710-236-9005
FAX: 301-381-3854

Han

22 Oak Hall Lane
Columbia 21045
Tel: (301) 995-3500
FAX: 301-99!

5-3593

tMesa Tecnnolgyy Cor
9720 Patuxent
Columbia 21046
Tel (301) 720-5020

X: 710-828-9702

;Pionem Electronics
100 Gaither Road
Gaithersburg 20877
Tel: (301) 921-0660
TWX: 710-828-0545

MASSACHUSETTS

tArrow Electronics, Inc.
1 Arrow Drive

Woburn 01 501

Tel: (617 933-8130
TWX: 93-6770

tHamilton/Avnet Electronics
100 Centennlul Drive

Tal: 61 532-370!
TWX(: 71&—393-0382

Kierulff Elsctiamcs. Inc.
13 Fortune D

FAX: 517 653 1754

Pioneer Northeast Electronics
44 Hartwell Avenue
Lexington 02173

Tel: (617) 861-9200
FAX: 617-863-1547
MICHIGAN

Arrow Eloc!ronlcs Inc.
755 Phoeni;

Ann Arbor 4810!

Tel. (313) 971-8220
FAX: 313-971-2633

Hamllton/Avnst Electronics
oolcran Road

Uvon 48150

Tel: (313&52424700
FAX: 313-522-2624
Hamilwn /Avnet Elec\mnlcs
2215 Street S.

ce AS
and Rapids 49508
Tel (6162’_2‘3—8 5
273-692

FAX 616-243-¢ 0028

MICHIGAN (Cont'd.)

Pioneer Electronics
4505 Broadnw 5‘0"89 S.E.
Tsl 616 693-1800

( 3-698 1831

Pioneer Els»ctr:nlcs

Livonia
Tel: (313 525-1
TWX: 810-242-3271

MINNESOTA

‘Arrow Electronics, Inc.
230 W. 73rd Street

Edina 5!
Tel: (61 22 830-1800
FAX: 612-830-1856
Hamilton/Avnet Electronics
12400 White Water Drive

Minnetonka 55343
Tel (6( 2) 932-0600

AX: 612-932-0613
TPIone;r Ehwonl

3

Tel: (612) 935-5444
FAX: 612-935-1921
MISSOURI
ArTow Electromcs. Inc.

(314) 567-6888
FAX 314-567-1164

‘tHamilton/Avnet Electronics
13743 Shoreline Court East

Ear
Tel: (314] 344-1200
FAX: 314-291-8889

Kierulft E|eclronlcs, Inc.
11804 Borman Dr.

t. Louis 63146
Te (3!4)997-4955
FAX: 314-567-0860
NEW HAMPSHIRE

ow Electronics, Inc.
Psrlms(er Road
Manchester 03103

Tel: '660033 668-6968

FAX: 603-668-3484
Hamilton/Avnet Electronics

E. Industrial Drive

Manchester 03103

Tel: (%%34.624-9400

FAX: 624-2402

NEW JERSEY

Arrow Electronics, Inc.
S0 0 um:oln Drive East
Tel: ((

FAX: 603«596 5632

Arrow Electronics, Inc.

Century Drive
Pavslgnnnz 07054
Tel:
FAX 20 533-4962
1Hamnnon/Avnet Electronics

uys(ona Ave., Bidg. 36

Char? OBDOG
FAX: 609-751-8624

1Hamnllon{Avnet Electronics
10 industrial

Fairfield
Tel: (20‘) 575—3390
FAX: 201-575-5839

Pioneer Northeast Electronics
5 Route 4t

Pinebrook 07058

Tel: (201) 575-3510

FAX: 201-5;

gMYI Systems Sales
7 Kulicl k Rd.

Fairfield 07006

Tel: (201) 227-5552

FAX: 201-575-6336



NEW MEXICO

Alliance Electronics Inc.
11030 Cochit S.E.
Albu%uerqua 87123
Tel: (505) 292-3360
FAX: 505-292-6537

Hamlllon/Avnel Electronics
2524 Baylor Drive S.E.

Tel: (505) 765-1500
FAX: 505-243-1395

NEW YORK

Agrow Electromcs, Inc.
Melville 1 |747

Tel: (516) 694-6800
TWX: 610-224-6126
FAX: 516-391-1401

"Arrow Electronics, Inc.

75 Brlgh(on»Henneﬁa Townline Rd.

Rochester 14623
Tel: (716) 427-0300
FAX: 716-427-0735

Arrow Electronics. Inc.
20 Oser Avi
Hauppauge 1 788
Tel: (516) 231-1000
FAX: 516-231-1072

Hamnlton/Avnst Electronics
060 To

Roches! 14 3
Tel: (716 475-9130
FAX: 716-475-9119

1Hamlllon Avne( Elec(romcs
03 wln

Syr: 13206
Tel: (315 437-2641
FAX: 315-432-0740

tHamilton/Avnet Electronics
933 Motor Parkwa y
Haupgauge 11788
Tel: (51

FAX: 516-434-7426

sm‘ﬂ Systems Sales
8 Harbor Park Drive

Por\ Washm on 11050
Tel: (516) 621-6200
FAX: 516-625-3039

;aPionaer Nongeast Electronics

Blngha?mon 13904
I: (607) 722-9300
FAX 607-722-9562

tPioneer Northeast Electronics
60 Crossway Park West
Woodbury, Long Island 11797
Tel: (516) 921

TWX: 510-221-2184

FAX: 516-921-2143

tPioneer Nonhaasl Electronics
640 F irport Park

1445
Tel (716 381-7070
FAX: 716-381-5955

NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greens Dairy Road
Raleif g

Tel: (919) 876-3132

FAX: 919-876-3132, ext. 200

;Hammon/Avnet Electronics
510 Spring Forest Drive

gh 27/
Tel (519) 878-0819
TWX: 510-928-1836

DOMESTIC DISTRIBUTORS

NORTH CAROLINA (Cont'd.)
Pioneer Electronics
9801 A-Southern Pine Blvd.
Charlotte 28217
Tel: (704) 527-8188
TWX: 810-621-0366
OHIO
Arrow Electronics, Inc.
Tel: (513) 435-5563
FAX: 513-435-2049

tArrow Electronics, Inc.
6238 Cochran Road

Tel: (216) 248-3990
FAX: 216-248-1106

Hamilton/Avnet Elecircnlcs
rooksedge Bivd.

Tel: (614) 882-7004
FAX: 614-882-8650

THamnllon/Avnel Electronics
954 Senate Drive

Dayton 45459
Tel: (513 439-6700
FAX: 513-439-6711

tHamilton/Avnet Electronics
30325 Bainbridge Rd., Bldg. A

on
Tel: (216) 349-5100
FAX: 216-349-1894

tPioneer Electronics
4433 |merpoT« Bivd.

Dayton 4542

Tel: (513) 236-9900
FAX: 513-236-8133
1'P|oneer Electronics

FAX: 216-587-3906
OKLAHOMA

Arrow Electronics, Inc.

3158 S. 108 East Ave., Ste. 210
Tulsa 74146

Tel: (918) 665-7700

FAX: 918-665-7700

OREGON

tAlmac Electronics Corp.
1885 N W 169th Place

Beaverton 97006
Tel: (503 629—8090
FAX: 503-645-0611
‘tHamilton/Avnet Electronics
6024 S.! w Jean Road
0 97034
Tel: (503) 6. 848
FAX: 503-636-1327

Wyle Distribution Groug
5250 N.E. Elam Young Parkway

Suite 600
Hillsboro 97124

Tel: (503) 640-6000
FAX: 503-640-5846
PENNSYLVANIA
Arrow Electromcs, Inc.
85 oad
Monroevllle 15146

2 -7000

FAX 41 855 5777

Hamilton/Avnet Electronics
2600 Liber A\ég . Bldg. E

5
e (41?)251-4150
FAX: 412-281-8662

tMicrocomputer System Technical Distributor Centers

PENNSYLVANIA (Cont'd.)
Pioneer Electronics

259 Kappa Drive
Pmsburg 15238

Tel: (41 782 2300

TWX:

FAX: 12 963-62

&Pioneer Electronics
1 Gibralter Road

rsham 19044
Tel (215) 674-4000
TWX: 510-665-6778
FAX: 215-674-3107
TEXAS

Arrow Electronics, Inc.
20 Commander Drive
Carrollton 75006
Tel: (214) 380-6464
FAX: 214-248-7208

tArrow Elenromcs Inc.
10899 Klng

Suite

Housmn 77099

Tel: (713) 530-4700
FAX: 713-568-8518

‘tArrow Electronics, Inc.
2227 W. Braker Lane
Austin 78758

Tel: (512) 835-4180
FAX: 512-832-9875

‘tHamilton/Avnet Electronics
1807A W. Braker Lane
Austin 78758

Tel: (512) 837-8911
FAX: 512-339-6232

lﬂamilton/Avne( Electronics
11 W. Walnut Hill Lane

Irving

Tel: ?214 550-6111

FAX: 214-550-6172

tHamilton/Avnet Electromcs
4850 Wright Road, Ste. 190
Statford 77477

Tel: (713) 240-7733

FAX: 713-240-0582

Kierulft Electronics, Inc.
2010 Merritt Dr.

Garland 75040

Tel: (214) 840-0110
FAX: 214-278-0928

tPioneer Electronics
1826-D Kramer Lane
Austin 78758

Tel (512) 835-4000
FAX: 512-835-9829

tPioneer Electronics
13710 Omega Road
Dallas 7524

Tel: (214) 386-7300
FAX: 214-490-6419

tPioneer Electronics
5 53 Point West Drive

uston 77036
Tel: (713 988-5555
FAX: 713-988-1732

UTAH

1595 Wes\ 2100 South
Salt Lake City 8411
Tel: (801) 972-281
FAX: 801-974-967

Kierulff Electronics, Inc.
1946 W. Parkway Bivd.
Salt Lake Cif 119
Tel: (801) 973-6913
FAX: 801-972-0200

Wyle Distribution Group
1325 West 2200 South
Suite E

ui
Salt Lake City 84119
Tel: (801) 974-9953
FAX: 801-972-2524

(o L=y
©

WASHINGTON
tAlmac Electronics Corp.
4360 S.E.

Bellevue 0’
Tel (2%63 -
-643-9709

Arrow Electronics, Inc.
14320 N.E. 21st Street
Bellevue 98007

Tel: (206) 643-4800
FAX: 206-746-3740

ONTARIO

Arrow Electronics Inc.
‘1]093 Meyerside Dr.

Mississauga LST 1M4
Tel: (416) 672-7769
FAX: 416-672-0489
Arrow Electronics Inc.
NaPean K2E 7W5

Tel: (613) 226-6903
FAX: 613-723-2018

14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 453-5674
FAX: 206-643-0086

Wyle Distribution Group
1750 132nd Ave., N.E.
Bellevue 98005

Tel: (206) 453-8300

FAX: 206-453-4071

WISCONSIN

Arrow Electronics, Inc.

00 N. Patrick Blvd., Ste. 100
Brookfield 53005
Tel: (414) 792-0150
FAX: 414-792-0156

Hamilton/Avnet Electronics
2975 Moorlan d Road
Berlin 5315

Tel (414) 784-4510

FAX: 414-784-9509

Klerulﬂ Electronics, Inc.

2238-E W. Bluemound Rd.

Waukesha
Tel: (414) 784-8160
FAX: 414-784-0409

CANADA
ALBERTA

Hamnllon/Avnet Electromcs
2316 21 sl Streef
rg 2E 522
Tel (4 3) 250-9380
FAX: 250-1591

Zentronics
68158th Street N.E., Ste. 100
7H7

Tel: (4?3) 295-8838
FAX: 403-295-8714

BRITISH COLUMBIA

Hamllton/Avnet Elactromcs
250 oundary Rd., Ste. 115
Burnaby V5M 323
Tel: (604) 437-6667
FAX: 604-437-4712

Zentronics
108-11400 Bndgi 1pon Road

Tel: (8%? 273 5575
FAX: 604-273-2413

MANITOBA

Zentronics

60-1313 Bordev Slreel
Wmm

Tel: ( 594 1957
FAX: 2 3-9255

1

6845 Rexwood Road
Units 3-5
Mississauga L4V

Tel: (41 8-677 7432
FAX: 416-677-0940

Hamilton/Avnet Electronics
3688 Nashua Dr.

Units 9 and 10

Mnsslssau a L4V 1M5

Tel: (41 & -0484

FAX: 416-677-0627

‘tHamilton/Avnet Electronics

190 calonnada Road South
n K2E 7J5

Tel: (613 226-1700

FAX: 613-226-1184

Zen\ronlcs
Tllb

o (416 519800
AX: 416-451-8320

tZentronics
\55 culonnads Road

Te| (613 226 3340
FAX: 613-226-6350

SASKATCHEWAN

Zentronics

173-1222 Alberta Avenue
Saskatoon S7K 1R4
Tel: (306) 955-2202, 2207
FAX: (306) 244-3731

QUEBEC

tArrow Electronics Inc.
4050 Jean Talon Quest
Montreal H4P 1W1
Tel: (514) 735-5511
FAX: 514-341-4821

Arrow Electronics Inc.
909 Charest Blvd.
Quebec 61N 269

Tel: (418) 687-4231
FAX: 418-687-5348

Tel: (514) 335-10!
FAX: 514-335-2481

6l: (514) 737-9700

‘FAX: 514-737-5212



DENMARK

Glemavej 61, 3rd Floor
2400 Co ha n NV
Tsl (DI) 19 80

FINLAND
uosilantie 2
00390 Helsinki 39
Tel: (0) 54 46 44
TLX: 123332
FRANCE

Intel

1, rue Edison-BP 303

78054 St Quentin-en-Yvelines Cedex
Tel: (1) 30 57 70 00

TLX: 16

Intel
- Immeuble BBC
4, Quai des Etroits
Tel: 78 15'20 89
TLX: 305153

WEST GERMANY
Intel*
Seidistrasse 27
8000 Muenchen 2
Tel: (089) 5 38 90
TLX: 523177,

Intel

Hohenzollern Strasse 5
3000 Hannover 1

Tel: (051) 1 34 40 81
TLX: 923625

Intel

Abraham Lincoln Strasse 16-18
6200 Wiesbaden

Tel: (061) 217 60 50
TLX: 4186183

Inf

Bruckstrasse 61

7012 Fellbach

S!ungm

Tel: ( 7‘2‘1 58 00 82
TLX: 7254826

EUROPEAN SALES OFFICES

ISRAEL

Intel*
Attidim Industrial Park
.0. Box 43202

Tel Aviv 61430
Tel: 0:9 49
TLX: 371215
ITALY

Milanofiori Palazzo E
0 Assago

Milano

Tel: (032) 824 40 71
TLX: 341286
NETHERLANDS
Intel*

Alexander Poort Building
Manen Me s 93

3068 AV Rotterdam
Tel: (0102) 421 2377
. TLX: 22283

NORWAY

Hvamvelen 4- P 0. Box 92
2013 S
Tel (G) d42 420

SPAIN

Intel

Calle Zurbaran no. 28-1 Isq
28010 Madrid

Tel: (1) 41040 04
TLX: 46880
SWEDEN

Intel*

Dalvagen 24

17136 Solna

Tel: (0?2734 0100
TLX: 12261
SWITZERLAND

Intel*
Talackerstrasse 17
i

ul
Tl (016292977
TLX: 57989
UNITED KINGDOM
Intel*
Pi

vefndon Wlltsmro SN31RJ
Tek: (0799 €9 60

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics GmbH
Rotenmuehigasse 26

1120 Wien .

Tel: (02225) 835 64 60

TLX: 131532

BELGIUM

Inelco Belgium S.A.

Av. des Croix de Guerre 94
1120 Bruxelle:

Tel: (02 21601 60

TLX: 64475

DENMARK

ITT-] Muklkomponem A/S
Naverland 29 /

FINLAND

OY Fintronic AB
Melkonkatu 24A
00210 Helsinki 21
Tel: (0) 692 60 22
TLX: 124224

FRANCE

nerim

A. de Courtaboeuf

Av. de la Baltique-BP 88
91943 Les Ulis Cedex
Tel: (13 69077878
TLX: 691700
Jur?ngn S.A.
73-79, rue des Solets
Silic 585

el:
TLX: 2)60967

Metrolc

Tekeleo-grtrenlc
Rue CQMVO’met 8P2
& 1(‘1’ 45347535
el:
T hieds

“Field Application Location

WEST GERMANY

Electronic 2000 Vertriebs-AG
Stahlgruberring 12

8000 Muenchen 82
el (0392) 420010
LX: 522561

T Mumkomponen( GmbH
Bannhofstr

Tel: (07??31'?& 79
TLX: 7264399
Jermyn GmbH

Im Dachsstued( 9
6250 Liml %

Tel: (064) 315080
TLX: 415257-0
Molmlogm GmbH

lingerstrasse 49

luenchen 71
Tel (009) 7804 20

Proelectron Vertriebs GmbH
Max Phnck Slmsse 13

Tel (0617) 03 30 4343

IRELAND

icro Marketing .
ilenageary Office Park
ilenageary

0 Dublin
el: (1) 85 62 88
LX: 31584

—H-0OOZ

ISRAEL

Eastronics Ltd.
11 Rozanls Street
P.0. Box 39300

Tel Aviv 61392

Tel (03) 47 51 51

TLX: 33638

ITALY

Intesi Corporation italia S.A.
Milanofiori Palazzo E/S
20090 Assago

Milano

Tel: (02) 82 47 01

TLX: 311351

ITALY (Cont'd.)

Lasi Elettronica S.p.a.
Viale Fulvio Testi 126
20092 Cinisello Balsamo

Tel (02 2440 00 12

NETHERLANDS

Koning en Hartman
Ewgleweg 1

Tel: (015) 60 99 06
TLX: 38250

NORWAY

Nordisk Elektronik A/S
P.O. Box 122
Smedsvingen 4

1364 Hvalstad

Tel: (2) 84 62 10

TLX: 77546
PORTUGAL

Ditram
Av. M. Bombarda, 133-1 D

1000 Lisboa
Tel: (1) 54 53 13
TLX: 14182
SPAIN

ATD Electronica S.A.
Plaza Cludad de Viena no. 6

21
Tal (1) 234 40 00

Cals Mol Anget no. 21-3
alle Miguel Angel no. 21-
80 I\gudvid 9

Tel: (|2) 419 09 57

TLX: 27461

SWEDEN

Nordisk Elektronik A.B.
Huvudstagatan 1

P.O. Box 14

17127 Solna

Tel: (8) 734 97 70

TLX: 10547
SWITZERLAND

Industrade A.G.
Henistrusa 31

8304
Tel 101) B 30 50 40

UNITED KINGDOM

Accent Electronic Componams Ltd.
J:tbliee ouse. Jum |¥‘

Letchworth, H

Tel (0452) 68 66 66

Bytech Comway Ltd.
Unit 2 The Western Centre

Western Road

Bracknell

Berks RG12 1RW.

Tel: (0344) 48 22 11

TLX: 848215

Vestr);l" Estate

Otford Road

Sevenoaks

Kent TNI‘ 5EU

Tel: (07322 4501 44

TLX: 95142

Rapid Silicon
R louse

Rapid, Systems.
id House
Denmark St.

YUGOSLAVIA

H.R. Microelectronics Corp.
2005 de la Cruz Bivd., Ste. 223 .
sanla Clara, CA 95050

405 98&-0236




INTERNATIONAL SALES OFFICES

AUSTRALIA

Intel Australia Pty. Ltd.*
rum Building
2 PncnﬂcH ., Level 6

Cro
Tel: (2 957.274
FAX: (2) 923-2632
BRAZIL

intel Semicondutores do Brasul LTDA
Av. Paulista, 1159-CJS 404/40!

01311 - Sao Paulo - S.P.

Tel: 55-11-287-5899

TLX: 1153146

FAX: 55-11-212-7631

CHINA

Intel PRC Corporation
15/F, Office 1, Citic Bidg.
Jian Guo Man Wal Street
Bel]ln
Tel: (1

Tox Doy tRagL cn
FAX: (1) 500-2953

HONG KONG

Intel Semiconductor Ltd.*
1701-3 Connaught Centre
1 Connaught Road

Tel: (5) B44-4555

TWX: 63869 ISLHK HX
FAX: (5) 294-589

ARGENTINA

DAFSYS S.R.L.

Chacabuco, 90-4 PISO

1069-Buenos Aires

Tel: 54-1-334-1871
54-1-34-7726

TLX: 25472

Reycom 6§|ectron|ca SR.L.

Arcos
1429-Bus s Aires

AUSTRALIA
Total Electronics.
P.M.B. 250

TUX: AA 31261

Total Electronics
P.O. Box 139

Artamon, N.S.W. 2064
Tel: 61-02-438-1855
TLX: 26297

BRAZIL

Elebra Microelectronica
R. Geraldo Flausino Gomes, 78

9 Andar

04575 - Sao Paulo - S.P.

Tel: 55-11-534-9522

TLX: 1154591 or 1154593BR
FAX: 55-11-534-9637

CHILE

DIN Instruments
Suecia 2323

Casilla 6055, Correo 22
Santi

0
Tel: 5869-2-22&81 39
TLX: 440422 RUDY CZ

CHINA

Novel Precision Machine: Co L.
FlalD 20 Kingsford Ind.

hase 1, 26 wai Hei Strset
uT.l;( loon
Tel: 852 0% -223-222
;WX 39"4 JINMI HX

“Field Application Location

JAPAN

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Tel 029747-8511

: 3656-160
FAX 029747-8450
Intel Japan K.K.*
Daiichi Mitsugi Bidg.

Fuchu shi, Tokyo 183
042&60-7g7|
FAX 0423-60-0315

Intel Japan K.K.*

Flower-Hill Shin-machi Bldg.

Sataghymn om0 154
etagaya-ku, Tokyo

Tel: 83&26-2231 Y

FAX: 03-427-7620

Intel Japan K.K.*
. Kumagaya
2 6 Hon cho
aga shn, auama 360
Tel

FAX: 0485- 24 75|B

Intel Japan K.K.*

Mitsui-Seimei Musashi-kosugi Bidg.
915 Shinmaruko, Nakahara-ku
Kawasaki-shi, Kanagawa mn

Tel: 044-733-7(

FAX: 044-733-7010

JAPAN (Cont'd)

Intel Japan K.K.

Nihon Seimei Atsugl Bldg.
1-2-1 Asahi-m:

Atsugi-shi, Kanagawa 243
Tel: 0462-29-3731

FAX: 0462-29-3781

Intel Japan K.K.*
Ryokuchl-Ekl Bldg4

2-4-1 Ter:

To) onaka shl Osaka 560
Tel: (06) 863-1091

FAX: 06-863-1084

Intel Japan K.K.
Shinmaru Bldg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3621
FAX: 03-201-6850

Intel Japan K.K.

gﬁ
1-16-30 Meieki Minami
Nakamura-ku, Nagoya-shi

Aichi
Tel: 052-561-5181
FAX: 052-561-5317

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

CHINA (Cont'd)

Schmidt & Co. Ltd.

18/F Great Eagle Centre
23 Harbour Road
Wanchai, Hong Kong
Tel: 852-5-833-0222
TWX: 74766 SCHMC HX
FAX: 852-5-891-8754

INDIA

Micronic Devices
un Complex

No. 65 D.V.G. Road

TLX 0845 8332 MD BGIN

Micronic Devices

403, Gagan Deep

12, Rajendra Place

New Delhi 110 008

Tel: 91-58-97-7

TLX: 03163235 MDND IN

Micronic Devices
No. 51 loor

TLX: 953‘ 171447 MDEV IN
JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. 2-14-1 Asano
Kokurakita-ku
Kitakyushu-shi 802

Tel: 093-511-6471

FAX: 093-551-7861

C. Itoh Techno-Science Co., Ltd.
C. Itoh Bidg., 2-5-1 Kita-Aoyama
Mlnato-k ok 0 107

el: 03-497-4840
FAX 03—497-4959

JAPAN (Cont'd)

Dia Semicon Systems, Inc.
Wacore 64, 1-37-8 Sangenjaya
Setagaya-ku, Tokyo 1.

Tet: 03-487-0386

FAX: 03-487-8088

' Okaya Koki

2-4-18 Sakae

Naka-ku, Nagoga -shi 460
Tel: 052-204-

FAX: 052-204-2901

Ryoyo Electro Corp.
Konwa Bldg.
1-12-22 Tsukiji
Chuo-ku, Tokgo 104
Tel: 03-54f

FAX: 03-546-5044
KOREA

J-Tek Corporation

6th Floor, Government Pension BIdg.

24-3 Yoido-Don,
'ouaneungpo- u
Seoul

AX: 82-2-784-8391

amsung Semiconductor &
Telecommunications Co., Ltd.
50 Iz‘v% Tafpyung-ro, Chung-ku

oul
ol: 82-2-751-3987

LX: 27970 KORSST
AX: 82-2-753-0967

MEXICO

Dicopel S.A.

Igchm 369 Fracn Ind. San Antonio
C

CP. 2760-Mex:co. D.F.

Tel: 52-5-561-3211

TLX: 1773790 DICOME

KOREA

lmel Technology Asia le
.oom 906, Slngsov‘y
5—4 Y%-goDong. oungdeungpo-ku

eoul

el: (2) 784-8186

LX: 29312 INTELKO
AX: (2) 784-8096

SINGAPORE

Intel Singapore Technolo , Ltd.
01 Thomson Roa %Y
Goldhill Square

mga re 1130

LX 39921 INTEL
AX: 250-9256

TAIWAN

ntel Technology (Far East) Ltd.
aiwan Branch
OI[F. No. 205, Tun Hua N. Road

aipel, R.

ol 86&2 -716-9660
LX: 13159 INTELTWN
AX: 336 -2-717-2455

NEW ZEALAND

Northrup Instruments & Systems Ltd.
459 K ber Pass Road
P.O. 9464, Newmarket

Auckland
Tel: 64-9-501-219, 501-801
TLX: 21570 THERMAL
Northrup Instruments & Systems Ltd.
P.O. Box 2406
Waellington 856658
Tel: 64-4-856-658

: NZ338
FAX: 64-4-857276

SINGAPORE

Francotone Eleclramcs Pte Ltd.
Harvey Road #04-01

Singal 336
Tel: i g&0885. 289-51618

TWX
FAX: 2595327

SOUTH AFRICA
Electronic Bullding Elements, Pty. Ltd.
P.0. Box 4609

Pine Square, 18th Street
Hazelwood, Pretoria 0001
Tel: 27-12-469921

TLX: 3-227786 SA

TAIWAN

Mitac Corpo
No. 585, anc-:g Shan East Rd.

Taipei, R.
el: 886-2-501-8231
886-2-501-4265

VENEZUELA

P. Benavides SA.
Avilanes a Rio
Residencia Kamarata
Locales 4 AL 7

La Candelarla Caracas
Tel: 58-2-571-0396

TLX: 28450
FAX: 58-2-572-3321

"?



ALABAMA

Intel Corp.

5015 Bradford Drive, #2
Huntsville 35805

Tel: (205) 830-4010
ARIZONA

Intel Corp. .
11225??’2% Dr., #D214
Phoenix 85029

Tel: (602) 869-4980

Intel Corp.
ot% Blvd., Suite M-15
sum 8!

ista
Tel: (602) 459-5010
ARKANSAS

Intel Corp.
Box 206

uim
Tet: (50!) 241-3264
CALIFORNIA

21 515 Vancwen St.
Cln a Park 91303
Tel: (818) 704-8500
Sae0 e perial Highw
. Imperial Highwa)

Suite 218 pe anwey
El Segundo 90245
Tel: 1-800-468-3548

Intel Corp.

1900 Prairie City Rd.

Folsom 95630-9597
Tel: (316) 351-6143

Intel COTA
2000 E. 4th Street

Suite 110

Santa Ana 92705
Tel: (714) 835-5789
TWX: 910-595-2475

Intel Corp.
,2700 San Tonga% Expressway

Santa
Tel: (408) 970-1740

Intel Corp.
4350 Executive Drive -
Suite 105

San Dlego 92121
Tel: (619) 452-5880
COLORADO

: 910-831-2289

CALIFORNIA

2700 San Tomas Expvassway
Santa Clara 95051
Tel: (408) 970-1700

CALIFORNIA

2700 San Tomas Exprossway
Santa Clara 95051
Tel: (408) 986-8086

DOMESTIC SERVICE OFFICES

CONNECTICUT

Intel Corr

26 Mill Plain Road
Danl burg 08811
Tel: (29 748-3130

10-456-1189

FLORIDA
Intsl Cot

OON 82 Suite 104
le 33309

Tol 305 771-0600

-956-9407

intel Oo‘;’:

242 N, Westmonte
Suite
Altamonte Sprin,
Tel: (305) 869-5!
GEORGIA

Drive

s 32714

Intel Corp.
3280 Pointe Parkway
Suite 200

Norcross 30092
Tel: (404) 441-1171
ILLINOIS

Intel
Su e 300

Tel: (312) 3?06733
INDIANA

'vramngale Rd.

Intel Corp.
8777 Purdue Rd., #125

Indianapolis 46268
Tel: (317) 875-0623

KANSAS

Intel Corp.
MOOW 110th Street

Ovu fay nd Park 662

10
Tet: (913) 345-2727

KENTUCKY
Intet Cory

3525 Ta(ascuek Road, #51
40502

Lexington
Tel: (306) 272.6745

MARYLAND

Intel Corp.

5th Floor

7833 Walker Drive
Greenbelt 20770
Tel: (301) 441-1020

MASSACHUSETTS

Intel Corp.
Wes"m?Coip. Center

3 Carlisle Road
Westford 01886
Tel: (617) 692-1060

CUSTOMER TRAINING CENTERS

ILLINOIS

300 N. Martingale, #300
Sohaumbur? 173
Tel: (312) 310-5700

ILLINOIS
300 N. Mamnggle.
Tsl (312) 3?0 8031

#300

" MICHIGAN

Intel Corp.
7071 Orchard Lake Road
Suite 100
West Bloomfield 48033
Tel: (313) 851-8905
MISSOURI
'%?arxh City Ex|
983Wa)
Su ite 143 P Y
Tel: (3‘4?29‘-2015
NEW JERSEY
tel Corp.
395 Sylvan Avenue
lewood Cliffs 07632

Ta 201 587%21

-991-8593
Intel Cor&
Raritan Plaza il

aritan Center

Edison 08817
Tel: (201) 225-3000
NORTH CAROLINA
Intel Corp.
2306 W. Meadowview Road
Suite 206
Graensbom 27407
Tel: (91 9) 294-1541
2700 Wycllﬂ Rd Suite 102
Tel (gl 9) 781 -8022
OHIO

Intel Co g’
Chag%}' ainard Bldg.
28001 Cna?nn Boulevard
?IT’ 2‘!5“46‘4-6915

ol
TW)é: 81 21-4?7-9298
intel Oorp
6500 Pe

Dn(yton 45414
(513) 890-5350

OREGON

ntel Corp.
15254 N. w Groenbrler Parkway, Bidg. B

Beaverton 0
Tel: (503) 645-805
TWX: 910-467-8741

é’ Elam Young Parkway
Hillsboro 123
Tel: (503) 681-8080

MASSACHUSETTS

_3 Carlisle Road

Westford 01886
Tel: (617) 692-1000

SYSTEMS ENGINEERING OFFICES

MASSACHUSETTS
3 Carlisle Road
Waestford 01886
Tel: (617) 692-3222

PENNSYLVANIA

Intel Corp.

201 Penn Center Boulevard
Suite 301 W

Pittsburgh 15235

Tel: (319) 3541540

TEXAS

intel Corp. .
313E. :\--defuen Lane

4
3
%
2
2

54-3628
810-874-1347

Dallas 75234
Tel:,é21 4) 241-2820
TWX: 91 -5617

ttel Co
BB'PS Dyef St., Suite 225
Tel: (9‘5) 751-0186
VIRGINIA

itel Cot

603 Slnta Rosa Rd., #109
nd 23288

Tol (804) 282-5668
WASHINGTON
110 1|0:g Avenue N.| E
Suite 510

Beﬂs e 98004
Tel I 800-468—3548
910-443-3002

WISCONSIN

Intel Corp.
. 330 S. Executive Dr.
ite 102

Brookfield 53005
Tel: (414) 764-8087
CANADA

90 Aﬁws!l Drlve. Suite 500
Rexdals. Ontar

Maw B
Te|: (41 6) 675-2105

_ Intel Corp.
620 St. Jean Bivd. -

Tel: (514) 694-9130

Intei Cory

2650 Qumsvnaw Drive, #250
Oﬁlw!. Ontario,

Canada K28 BHE
Tel: (613) 829-9714

MARYLAND
7833 Walkar Dr 4th Floor

Greenbelt 2(
Tel: (301) 2203380

NEW YORK
300 Motor Purkwny
Tel pgas) 23'-3300



in

UNITED STATES

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.
5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

FRANCE
Intel Paris

1 Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM
Intel Corporation (U.K.) Ltd. i
Pipers Way

Swindon
Wiltshire, England SN3 1R]

WEST GERMANY
Intel Semiconductor GmbH

Seidlstrasse 27
D-8000 Muenchen 2

HONG KONG

Intel Semiconductor Ltd.
1701-3 Connaught Centre
1 Connaught Road

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario M9W 6HS8
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