
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































lnter ‘ 8044AH/8344AH/8744H | PRELIMINARY

SERIAL 1/0 WAVEFORMS

SYNCHRONOUS DATA TRANSMISSION

TOCY

\ e ¥ N

TOCH

‘ X

231663-11

SYNCHRONOUS DATA RECEPTION

TOCY

SCLK —X Toct é 3

TOCH

DATA

TDSS TDHS 1
231663-12

22-20



ntel

8044AH/8344AH/8744H

PRELIMINARY

AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT FLOAT
24 —X 2.0 2.0X FLOAT
TEST POINTS 24—\ 20 1Y
0.45 0.8 08 } _<
231663-13 A oe .
AC testing inputs are driven at 2.4V for a Logic "1" and 0.45V for 045 MR ——ous
a Logic “0” Timing measurements are made at 2.0V for a Logic 231663-14
“1" and 0.8V for a Logic *“0".
EXTERNAL CLOCK DRIVE XTAL2
|«———TCHCX TCLCH—]  |e— |e— TCHCL
25 25 / 2.5
jZ K 0.8 0.8 K
TCLeX
TCLCL
231663-15
Variable Clock
Symbol Parameter Freq = 3.5 MHz to 12 MHz Unit
Min Max

TCLCL Oscillator Period 83.3 285.7 ns

TCHCX High Time 20 TCLCL-TCLCX ns

TCLCX Low Time 20 TCLCL-TCHCX ns

TCLCH Rise Time 20 ns

TCHCL Fall Time 20 ns
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CLOCK WAVEFORMS

STATE 5
P | P2

STATE 4
P1 | P2

STATE 3
P1 | P2

STATE 2

INTERNAL I STATE 4
P | P2

cLock P | P2

STATE 5 l SYATE 6 I STATE 1
P |e2 | P lpr2|pi]p2

\

e I L 1 | I

THESE SIGNALS ARE NOT

EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE
EXECUTION OF A MOVX INSTRUCTION

PSEN
PO DATA PCL OUT DATA PCL OUT DATA PCLOUT
SAMPLED SAMPLED SAMPLED
FLOAT b rloaT 2 | Fsmu ——
P2(EXT) [ INDICATES ADDRESS TRANSIONS | [
READ CYCLE
" 1 i
) 00H IS EMITTED PCL OUT (IF PROGRAM
, DURING THIS PERIOD MEMORY IS EXTERNAL)
R - [oaral [ _\ 1
SAM
st fFLoar SAMPLED |
P2 _ INDICATES DPH OR P2 SFR TO PCH TRANSITIONS L
WRITE CYCLE
WR 1 _| PCL OUT(EVEN IF PROGRAM
: MEMORY IS INTERNAL)
P [ opLormi | ;
our [ DATA OUT ~t=1=| pCL OUT (IF PROGRAM
P2 ——— 1 INDICATES DPH OR P2 SFR TO PCH TRANSITIONS MEMORY IS EXTERNAL)
PORT OPERATION '
MOV PORT, SRC OLD DATA | NEW DATA
PO PINS SAMPLED
MOV DEST, PO

MOV DEST, PORT (P1, P2, P3) PO PINS SAMPLED
(INCLUDES INTO, INT1, T0, T1)

P1, P2. P3 PINS SAMPLED P1.P2,P3
SERIAL PORT SHIFT CLOCK PINS SAMPLED
TXD b L '
(MODE 0)” “RXD SAMPLED "RXD SAMPLED
231663-16

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the
pins, however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as tempera-
ture and pin loading. Propagation also varies from output to output and component to component. Typically
though, (Ta = 25°C, fully loaded) RD and WR propagation delays are approximately 50 ns. The other signals
are typically 85 ns. Propagation delays are incorporated in the AC specifications.
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8744H EPROM CHARACTERISTICS

Erasure Characteristics

Erasure of the 8744H Program Memory begins to
occur when the chip is exposed to light with wave-
lengths shorter than approximately 4,000 Ang-
stroms. Since sunlight and fluorescent lighting have
wavelengths in this range, constant exposure to
these light sources over an extended period of time
(about 1 week in sunlight, or 3 years in room-level
fluorescent lighting) could cause unintentional era-
sure. If an application subjects the 8744H to this
type of exposure, it is suggested that an opaque la-
bel be placed over the window.

The recommended erasure procedure is exposure
to ultraviolet light (at 2537 Angstroms) to an integrat-
ed dose of at least 15 W-sec/cm? rating for 20 to 30
minutes, at a distance of about 1 inch, should be
sufficient.

Erasure leaves the array in an all 1s state.

Programming the EPROM

To be programmed, the 8744H must be running with
a 4 to 6 MHz oscillator. (The reason the oscillator
needs to be running is that the internal bus is being
used to transfer address and program data to appro-
priate registers.) The address of an EPROM location
to be programmed is applied to Port 1 and pins P2.0-
P2.3 of Port 2, while the data byte is applied to Port
0. Pins P2.4-P2.6 and PSEN should be held low, and
P2.7 and RST high. (These are all TTL levels except
RST, which requires 2.5V for high.) EA/VPP is held
normally high, and is pulsed to +21V. While EA/
VPP is at 21V, the ALE/PROG pin, which is normally
being held high, is pulsed low for 50 msec. Then
EA/VPP is returned to high. This is illustrated in Fig-

ure 8. Detailed timing specifications are provided in
the EPROM Programming and Verification Charac-
teristics section of this data sheet.

Program Memory Security

The program memory security feature is developed
around a “security bit” in the 8744H EPROM array.
Once this “hidden bit” is programmed, electrical ac-
cess to the contents of the entire program memory
array becomes impossible. Activation of this feature
is accomplished by programming the 8744H as de-
scribed in “Programming the EPROM” with the ex-
ception that P2.6 is held at a TTL high rather than a
TTL low. In addition, Port 1 and P2.0-P2.3 may be in
any state. Figure 9 illustrates the security bit pro-
gramming configuration. Deactivating the security
feature, which again allows programmability of the
EPROM, is accomplished by exposing the EPROM
to ultraviolet light. This exposure, as described in
“Erasure Characteristics,” erases the entire EPROM
array. Therefore, attempted retrieval of “protected
code” results in its destruction.

Program Verification

Program Memory may be read only when the “secu-
rity feature” has not been activated. Refer to Figure
10 for Program Verification setup. To read the Pro-
gram Memory, the following procedure can be used.
The unit must be running with a 4 to 6 MHz oscilla-
tor. The address of a Program Memory location to
be read is applied to Port 1_and pins P2.0-P2.3 of
Port 2. Pins P2.4-P2.6 and PSEN are held at TTL
low, while the ALE/PROG, RST, and EA/VPP pins
are held at TTL high. (These are all TTL levels ex-
cept RST, which requires 2.5V for high.) Port 0 will
be the data output lines. P2.7 can be used as a read
strobe. While P2.7 is held high, the Port 0 pins float.
When P2.7 is strobed low, the contents of the ad-
dressed location will appear at Port 0. External pull-
ups (e.g., 10K) are required on Port 0 during program
verification.
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PRELIMINARY

ADDR. —TE
0000H- P

P

TTL HIGH

+5V

P2.0-
P23
P24
P2.5
P2.6
P27

LT A

a-6MHz [(J

XTAL1
Vss

8744H

vVee
PO ( PGM DATA

ALE PROG

ALE

EA/vPP

VIH1

psuL:l_

231663-17

Figure 8. Programming Configuration

+5V
v _,
Nc| e cc
: 8744H :
PO| NC
P20-
NC|pa3
| P2.4 .
= E P25 ALE ALE/PROG 50 ms PULSE TO GND
[: P26
TTL HIGH P2.7
T xTAL2 EA ‘EA/VPP +21V PULSE
a-6mMHz (] .
| xTAL1 - RST| VIH1
vss PSEN 1

231663-18

Figure 9. Security Bit Programming Configuration
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—_—— N Vi
o Apg-A7 ) P ce
0000H- 8744H
. OFFFH PGM DATA
P2.0- PO (USE 10K PULLUPS)
As - A11 1 po3
1 P2.4
= E P25 ALE TTL HIGH
P2.6
ENABLE —————— P2.7 EA
1] XTAL2 RST VIH1

n

4-6 MHz[]
| XTAL1 PSEN
vss

231663-19

Figure 10. Program Verification Configuration

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING
AND VERIFICATION CHARACTERISTICS
TA = 21°C to 27°C, Vg = 4.5V to 5.5V, Vgg = OV

Symbol Parameter Min Max Units
Vpp Programming Supply Voltage 20.5 215 \
IPP Programming Current 30 mA
1/TCLCL Oscillator Frequency 4 6 MHz
TAVGL Address Setup to PROG 48TCLCL

TGHAX Address Hold after PROG 48TCLCL

TDVGL Data Setup to PROG | 4sTCLCL

TGHDX Data Hold after PROG 48TCLCL

TEHSH ENABLE High to Vpp 48TCLCL

TSHGL Vpp Setup to PROG 10 psec
TGHSL Vpp Hold after PROG 10 usec
TGLGH PROG Width 45 55 msec
TAVQV Address to Data Valid 48TCLCL

TELQV ENABLE to Data Valid 48TCLCL

TEHQZ Data Float after ENABLE 0 48TCLCL
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EPROM PROGRAMMING, SECURITY BIT PROGRAMMING
AND VERIFICATION WAVEFORMS

PROGRAMMING VERIFICATION
P1.0-P1.7 4 y
p2.0-p23 — ADDRESS X,L ADDRESS )———-
N / : N
TAVQV
; \ vy
PORT 0 ———-< DATAIN - '§  oataour &—
) (R
TOVGL TGHDX
TAVGL TGHAX
4
ALE PROG \
TSHGL TGHSL
TGLGH
21V - 5V
TTL HIGH / TTL HIGH TTL HIGH TTL HIGH
EA vPP
JEWSH —~[reLav | TeHaZ
P27
(ENABLE)
231663-20
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ICE-5100/452 In-Circuit Emulator

IN-CIRCUIT EMULATOR VYOR THE UPT*-452 FAMILY 0'"
PROGRAMMABLE I/0 PROCESSORS

The ICE-5100/452 In-Circuit Emulator is a complete bardware/software debug environment for
developing embedded control applications hased on the Intel UPI™-452 family of 1/O peripherals.
With high-performance full-speed emulation, symbolic debugging, and flexible memory mapping. the
ICE-5100/452 emulator expedites all stages of development: hardware development, software
development, system integration, and system test: shortening your project’s time to market.

FEATURES

o Full speed to the speed of the component. e Source code display.
* 64KB of emulation mapped memory. ® ASM-51 and PLIM-51 language support.
e 254 frames of execution trace. ® Pop-up help.
* Symbolic debug. ® DOS shell escape.
o Serial link to an IBM PC XT, AT, 100% ® (n-line tutorial.

compatible. ® Built-in CRT based editor.
® Four address breakpoints with in-range, o System self-test diagnostics.

(]

out-of-range, and page bhreaks. Worldwide service and support.
On-line disassembler and single line

assembler.

Full emulation and debug support for the

FIFO Buffer.

[nted Corporation assumes no responsibibity for the use of amy circuitry other than circaitey embodied i an el produdt. No other aremt patem licenses are
imphed. Infurmation contained hercin supersedes previousty published specifications on these deviees from Intet and s subject to change without notiee.

September. 1948
€ Inte) Corpuration 1988 . Order Mumber: 2HOR17-001
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ONE TOOL FOR ENTIRE
DEVELOPMENT CYCLE ‘

The 1GE-5100/452 emulator speeds target system
development by allowing hardware and software design to
proceed simultancously. You can develop software even
before prototype hardware is linished. And because the
ICE-5100/452 emulator precisely matches the component’s
clectrical and timing characteristics, it's a valuable tool for
hardware development and debug. Thus, the ICK-5100/452
emulator can debug a prototype or production system at
any stage in its development. without introducing estrancous
hardware or software test tools.

HIGH-SPEED, REAL-TIME EMULATION

The 1CE-5 100452 emulator provides full-speed, real-time
emulation up to the speed of the component. Because the
emulator is fully transparent to the target system, you have
complete control ever hardware and software debug and
system integration. -

G4KB of zero wait-state emulation memory is available to
replace target system code memory, allowing software
debug to begin even before prototype hardware is Fipished.

FLEXIBLE BREAKPOINTING FOR
QUICK PROBLEM ISOLATION

The ICK-5100/452 emulator supports three different Lypes
of break specifications: specific address breaks on up to
64.000 possible addresses; range breaks, both within and
outside a user-defined range: and page breaks. up to 256
pages on 256-byte boundaries. 254 frames. of execution
trace memory provide ample debug information, with each
frame divided into 16 bits of program execution address
and 8 bits of external event information. A maximum of four
tracepoints allows qualified trace for a variety of debug
conditions.

SYMBOLIC DEBUGGING FOR FAST
DEVELOPMENT

Design team productivity is enhanced by the use of -
symbuolic debug references to program line, high-level
statements. and module and variable names. The terms
used to develop programs are the same used for system
debugging.

PATCH CODE WITHOUT RECOMPILING
Code-patching is casy with the ICK-5100/452 emulator’s
single-line assembler. Machine code can be disassembled to
mnemonics for significantly casier debugging and project
development.

EASY TO LEARN AND USE

The ICE-5100/452 is accompanied by a full tutorial that
explains all system functions and provides many examples.
Additional features such as oneline help, a built-in GRT-based
ceditor. and DOS shell escape make the emulator fast and
casy to use for hoth novice and experienced users. You can
develop your own test suites or save frequently-used debug
routines as debug procedures (PROCs) that can be invoked
with & single command.

WORLDWIDE SERVICE AND SUPPORT

The 1CK-5100/452 emulator is supported by Intel's
worldwide service and support organization. In addition to
an extended warranty, you can choose from hotline support.
on-site system engineering assistance, and a variety of
hands-on training workshops.
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ELECTRICAL CONSIDERATIONS

The emulation processor’s user-pin timings and loadings are
identical to the 452 component except as follows:

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

PROCESSOR MODULE DIMENSIONS

CONTROLLER POD CONNECTOR TOP view

CABLE _wov
#em)

T

| 4
T (10.2cm ]

SIDE VIEW

PROCESSOR MODULE
= 1" (3.8 cm)
TARGET
ADAPTOR
Figure 1: Processor Module Dimensions
SPECIFICATIONS I
Host Requirements: Electrical Characteristics:
IBM PC-XT. AT or compatible Power supply
PC-DOS 3.0 or later 100-120V or 220-240\ selectable
512K RAM 50-60 Hz
_ One floppy drive and hard disk 2 amps (AC max) @ 120V
| amp (AC max) @ 240V
Physical Characteristics:
The ICE-5100/452 emulator consists of the following Favironmental Characteristics:
components: Operating temperature: + 10°C W +40°C (50°F to 104°F)
Operating humidity: Maximum of 85% relative humidity,
Unit Width Height Length non-condensing
Iinch [Cm | Inch (Cm | Inch | Cm
Controller Pod | 8.25 {21.0] 1.5 | 3.8 135 | 343
User Cable 39.0 | 99.0
Processor
Module* 38 (97 1.5 | 38] 40| 102
Power Supply | 7.6 |18.1] 4.0 ]10.2| 11.0 | 28.0
Serial Cable 144.0 [360.0

*with supplicd target adapter.
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ORDERING INFORMATION |

Order Code
pl452KITAD

Description For direct information on Intel’s Development Tools, or for
. X the number of your nearest sales office or distributor, call
Kit contains ICE-5100/452 user probe gy, 874 6g35'(1S.). For information o Iiterature on

::ﬁ“;‘{'g;{;m:;pﬂ’;:;‘: ?r'y’:'l additional Intel products, call 800-548-4725 (U.S. and

power accessory. emulator controller Canada). -

pod, emulator software, DOS host
communication cables, ASM-51 and
AEDIT text editor (requires software
license).

pl452KITD Kit contains the same components as
pl452KITAD, excluding ASM-51 and the
AEDIT text editor (requires software
license).

pC452KITD Conversion kit for ICE-5100/451.
ICE-5100/252, or ICE-5100/044 running
PC-DOS 3.0 or later, to provide
emulation support for 80C452
components (requircs software license).

TA452E Target adapter for 68-pin PLCC package
support.

D86ASM51 ASM/RL 51 package for P(}DOS
(requires software license).

D86PLM5 1 PL/MRL 51 package for PC-DOS
(requires software license).

DB6EDINL AEDIT text editor for PG-DOS.

MCS is a registered trademark and ICE is a trademark of
Intel Corporation.

IBM and PG/AT are registered trademarks and PG/XT a
trademark of International Business Machines Corporation.
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intel
8080A/8080A-1/8080A-2

8-BIT N-CHANNEL MICROPROCESSOR

m TTL Drive Capability m Decimal, Binary, and Double Precision
B 2 ps (—1:1.3 ps, —2:1.5 ps) Instruction Arithmetic
Cycle : m Ability to Provide Priority Vectored
m Powerful Problem Solving Instruction Interrupts
Set m 512 Directly Addressed 1/0 Ports
m 6 General Purpose Registers 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 LS| chip
using Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control
and processing applications.

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose
registers may be addressed individually or in pairs providing both single and double precision operators.
Arithmetic and logical instructions 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/O 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
24-1 Order Number: 231453-001
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D; D,
BIDIRECTIONAL
DATA BUS

DATA BUS
BUFFER/LATCH

88IT)
INTERNAL DATA BUS

! l MULTIPLEXER

881T)
INTERNAL DATA BUS

Ll T T

ACCUMULATOR TEMP REG
o) ()

INSTRUCTION

U REGISTER 9 —_—
VYR w [ [
fshS ope —-— TEMP REG, TEMP REG,
ACCUMULATOR - ®
LATCH (8 14 REG,
NARITHMETIC INSTRUCTION ] o W
Y woaic DECODER b4 REG,
UNIT w CRERC REGISTER
e f— s ] REG, = ARRAY
CYCLE 2
" ENCODING
—N . - STACK POINTER
v
PROGRAM COUNTER
| INCREMENTER/DECREMENTER
ADJUST ADDRESS LATCH __(16)
L84
TIMING
AND
CONTROL
12v 7"" e
POWER [ —= + - ADDRESS BUFFER
SUPPLIES | —e 45V DATA BUS INTERRUPT HOLD  WAI . :
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS].

= T T TTTTTT LT

WR  DBIN INTE INT HOLD HOLOWAIT | SYNC ¢1 ¢2 RESET Ay
Ack ReaDy ADDRESS BUS 2314531
Figure 1. Block Diagram o
\/
Ayp 011 40 |—=0 Ay
GND O——1 2 39 p—=0 Ay
D, O=—>13 38 |—=0 Ay,
Dy O} 4 37 f—=0 A2
D‘Oc—-» 5 36 |—=0 A5
D, o=—sis 35 —=0 Ag
D; Oe—el7 34 —=0 Ag
D, Oe—>18 33 }—=0 Ay
D, Ow—af9 . 32 p—+0 Ag
D, O=—{ 10 8080A 31 f—0 Ag
—5V O——r_q 11 30 p—e0 A4
RESET O——ef 12 29 }—=0 A3
HOLD 0—f 13 28 f—o0 +12v
INT o—ef 14 27 b—=0 A,
#2 O——e 15 26 Ay
INTE Oe—1 16 25 Ao
DBIN Oe—y 17 2% WAIT
WR O=—] 18 23 j=—o0 READY
SYNC O=—] 19 22 f—0 ¢,
+5V 0——] 20 21 |—+0 HLDA
231453-2

Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol

Type

Name and Function

A15-Ag

"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

1710

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 8080A does not receive a
READY input, the 8080A will enter a WAIT state for as long as the READY line is low.
READY can also be used to single step the CPU.

WAIT

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. Itis
recognized under the following conditions:

e 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 result of
entering the HOLD state the CPU ADDRESS BUS (A15-Ag) and DATA BUS (D7-Dg)
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.

e 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 enabile 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.

RESET1

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

Vss

GROUND: Reference.

Vbp

POWER: +12 £5% V.

Vce

POWER: +5 5% V.

VeB

POWER: —5 £5% V.

1, 2

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.
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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°Cto +150°C  functional operation of the device at these or any
: : other conditions above those indicated in the opera-

A"v:;ﬁué gsrp(;téﬁgtv\;c:ta.g.;?s‘:' ...—0.3V1o +20V tional sections of this specification is not implied. Ex-

posure to absolute maximum rating conditions for

Vee, Vop and Vss extended periods may affect device reliability.

with RespecttoVgg ......... .- _—0.3V to +20V
Power Dissipation.......................... 1.5W

D.C. CHARACTERISTICS

Ta = 0°Cto 70°C, Vpp = +12V £5%, Voo = +5V £5%, VBB = —5V i5% 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 {Vppt1}| V
Vi Input Low Voltage' Vgs — 1 Vgg + 08| V
ViH Input High Voltage . 33 | Vect+1]| Vv
VoL Output Low Voltage . 0.45 v } loL = 1.9 mA on All Outputs,
VoH Output High Voitage 3.7 V ) 1oy = —150 pA.
Ipp (Av) | Avg. Power Supply Current (Vpp) 40 .70 [ mA .
- Operation
Icc (Av) | Avg. Power Supply Current (Vcc) 60 80 . | mA
Toy = 0.48 us
Ig (Av) | Avg. Power Supply Current (Vgg) 0.01 1 mA
i Input Leakage +10 pA | Vgs <V|y < Vce
oL Clock Leakage +10 MA ~Vss < VeLock < Vobp
IpL Data Bus Leakage in Input Mode —100 | pA Vgs < VN < Vgg + 0.8V
—-20 mA | Vsg+ 0.8V <V < Vco
IFL Address and Data Bus Leakage T +10 A | VaDDR/DATA = Voo
During HOLD ~—100 | M VADDR/DATA = Vgs + 0.45V
CAPACITANCE s
Ta = 25°C, Voc = Vpp = Vss = ov, Vgg = —5V ’
Symbol | Parameter | Typ | Max | Unit | Test Condition E
Co Clock 17 | 25 | pF | fo = 1MHz S0
Capacitance _ g —~——
Cin Input 6 | 10 | pF | Unmeasured Pins
Capacitance o os; pr = =
Cout Output 10 | 20 | pF | Returnedto Vsg - AMBIENT TEMPERATURE (°C)
Capacitance . 231453-3

Typical Supply Current vs
Temperature, Normalized
Al Supply/ATp = —0.45%/°C
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A.C. CHARACTERISTICS (8080A) T5 = 0°Cto 70°C, Vpp = +12V 5%, Vg = +5V +£5%,
Vgg = —5V 5%, Vgg = 0V; unless otherwise noted

Symbol Parameter Min | Max h;I; M_ a:( ﬁivz‘ M_ a";( Unit| Test Condition
tcy®  |Clock Period 0.48| 2.0 |0.32| 2.0 |0.38| 2.0 | us
tr, t Clock Rise and Fall Time 0 |5 (| 0 (25| 0 [50 | ns
te1 41 Pulse Width ' 60 50 60 ns
tpo $2 Pulse Width 220 145 175 ns
tD1 Delay ¢1 to ¢2 0 0 0 ns
tp2 Delay ¢1 to ¢2 70 60 70 ns
tps Delay ¢ to ¢ Leading Edges 80 60 70 [ ns
tba Address Output Delay From ¢2 200 150 175| ns CL = 100 pF
tbp Data Output Delay From ¢2 200 180 200 | ns
toc %‘%‘;\f&%‘gt‘ﬁ?yﬂgﬂ)‘h or b2 120 110 120| ns | C_=50pF
toF DBIN Delay From ¢» 25 (140 25 {130| 25 |140{ ns
tpi(1) | Delay for Input Bus to Enter Input Mode tor tor tor | ns
tps1 Data Setup Time During ¢1 and DBIN 30 10 20 ns
tbs2 Data Setup Time to ¢ During DBIN 150 120 130 ns
tpy(!) | Data Hold Time From ¢2 and DBIN (1) 1) (1) ns
tie INTE Output Delay From ¢2 200 200 200| ns'| C_ = 50pF
tRs READY Setup Time During ¢2 120 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
Nl e 20| [1z0] [rzo] ns
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) ns
tHE HLDA to Float Delay (8) (8) " (8) ns
twr WR to Float Delay 9) 9) 9) ns
taH Address Hold Time After DBIN During HLDA| —20 —20 —20 ns
A.C. TESTING LOAD CIRCUIT

WE

TesT C_ = 100 pF

CL = 100 pF
Cy Includes Jig Capacitance

231453-4
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Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V, “0” = 1.0V; INPUTS “1” = 3.3V, “0” = 0.8V; OUTPUTS “1” = 2.0V,

“Q” = 0.8V

SWHO43IAVM
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WAVEFORMS (Continued)

%2
Ars-Ag
- {_— —_——-—.—a
D,D, Ft=T=|= -
: two
SYNC
¢
—| |« tan
oBIN /
L
w7
— p— e —
le—s! toc
READY
'
HF
wAIT
Hoo &
—] tor |e—
HLDA _£_— [
—
INT
t
1€

INTE ‘
-t

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.
ton = 50 ns or tpr, whichever is less.
2.tcy = tpg + trg2 *+ tyo tigo + o2 + trp1 2
480 ns (—1:320 ns, — 2:380 ns‘f

24-7

Typical A Output Delay vé A Capacitance

+20

+10

SPEC

A OUTPUT DELAY (ns)

-20
-100

-50 0 +50 +100

A CAPACITANCE (pf)
{Cacruat — Cspec!

231453-7

3. The following are relevant when interfacing the
8080A to devices having V| = 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_ > Cgpgc,
subtract 0.3 ns/pF (from modified delay) if Cp <
Cspec.
4.taw = 21tcy — tpg — tp2 — 140 ns (—1:110
ns, — 2:130 ns).
5.tow = tcy — tb3 — trg2 — 170 ns (—1:150 ns,
— 2:170 ns).
6. If not HLDA, twp = twa = tp3 + tr¢2 + 10 ns.
If HLDA, twp = twa = twr.
7.t4F = tpg + trp2 —50 ns.
8.twg = tpz + trp2 — 10 ns.
9. Data in must be stable for this period during
DBIN T3. Both tps1 and tpgp 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 T3,
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.

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 vettor operation.

Double precision operators such as stack manipula-

tion and double add instructions extend both the
arithmetic and interrupt handling capability of the

Data and Instruction Formats

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

Input and output may be accomplished using memo-
ry addresses as |/0 ports or the directly addressed
170 provided for in the 8080A instruction set.

The following special instruction group completes
the B8080A 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-bit binary integers. All data transfers to they system data bus will

be in the same format.

|D7 Ds Ds Dy Dg Dp Dy Dy

DATA WORD

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

ed. i
One Byte Instructions

D7 Dg Ds D4 D3 D2 D4 0401 OP CObE

Two Byte Instructions

TYPICAL INSTRUCTIONS

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

|D7 Dg Ds D4 D3 Dz Dy D°| OF CODE Immediate mode or I/0 instructions
ID; Dg D5 D4 D3 Dy Dy Dy| OPERAND '
Three Byte Instructions

Jump, call or direct load and store
ID; Dg Ds D, D3 Dy Dy Dy| OP CODE inetnootions
ID; Dg Ds D4 D3 Dy Dy Do| LOW ADDRESS OR OPERAND 1
ID; Dg Ds D4 D3 Dy Dy Dp| 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

Clock Clock
L Instruction Code (1) Operations L‘ Instruction Code (1) Operations
* »|
nemonic™| pg Ds Dy D3 D2 Dy Dg|  Description c‘g')es nemonic’y hsDsDsD3D;D1Dg|  Description c‘;;')"s
MOVE, LOAD, AND STORE JM 111110 1 0|Jumponminus 10
MOVri,r2 |0 1 D D D S S S|Moveregister to 5 JPE 111010 1 0umpon parity 10
register even .
MOVMs |0 1 1 1 0 S S S|Moveregister to 7 JPO 1110001 0fumponparityodd | 10
memory PCHL 1110100 1|H&Ltoprogram 5
MOVKM |0 1 DD D 1 1 O[Movememoryto | 7 counter
register CALL
MVIr 10 0 D DD 1T 0 oue immediate |7 CALL  [1 100 11 0 1[Callunconditional | 17
MVIM |0 01101 1 0[Moveimmediate | 10 cc 1101110 0fCaloncary nn7
memory CNC 1101010 0|Callonnocarry 11/17
LXIB 0000 OO 0 1|Loadimmediate 10 cz 11001 1 0 0|Callonzero 11/17
register PairB & C CNzZ 11000 10 0|Callonnozero 11/17
LXID 00010 0 0 1jLoadimmediate 10 CP 11110 1 0 0[Callonpositive 11/17
register Pair D & E CM 111111 0 0l|Callonminus 11/17
LXIH 0010000 1Loadimmediate | 10 CPE 11101 1 0 0{Callonparityeven |11/17
register Pair H & L cPO 1110010 0|Callonparityodd |11/17
STAXB 00000 O 1 OfStoreAindirect 7
STAXD [0 0 0 1 0 O 1 O|Store Aindirect 7 RETURN
LDAX B 00001010 LoadAindiret;t 7 RET 110010 0 1|Retun 10
LDAX D 000110 1 0fLoadA indirect 7 RC 110110 0 0|Returnoncarry 5/11
STA 00110 0 1 0fStoreAdirect 13 RNC 110100 0 O|Returnonnocarry | 5/11
LDA 001110 1 0fLoadAdirect 13 RZ 1100 10 0 O|Returnonzero 5/11
SHLD 001000 1 OfStoreH&Ldirect [ 16 RNZ 110000 0 O|Returnonnozero | 5/11
LHLD 0010101 O|oadH&Ldirect | 16 RP 11110 0 0 0|Returnon positive | 5/11
XCHG 111010 1 1jExchangeD&E, 4 RM 111110 0 0|Returnonminus 5/11
H & L Registers RPE 1110000 0Retunonparity | 5/11
STACK OPS RPO 0 eRven ,
11100 0 O |Ret i 5/11
PUSHB |1 1 0 0 0 1 0 1|Pushregister Pair | 11 Plesum on parity
B & C on stack
PUSHD |1 1 0 1 0 1 0 1|Pushregister Pair | 11 RESTART
D & E on stack RST 11AAA11 1|Restart [ 11
PUSHH 11100 1 0 1|PushregisterPair | 11
H & L on stack INCREMENT AND DECREMENT
PUSH 1111010 1|PushAandFlags [ 11 INRT 0 0DDD 1 0 Oncrementregister | 5
gg\ga 110600001 gnstaclft pairsl 10 DCRr 0 0DDD 11 0 1|Decrementregister| 5
&og ;?fgs:c; air INRM 0011010 Ofncrementmemory| 10
POPD |11 010 0 0 1]PopregisterPairD| 10 DGRM 10 0 1 1 0 1 0 1|Decrement memory 10
& E off stack INXB 0000001 1fncrementBé&C 5
POPH |1 110 0 0 0 1|PopregisterPairH| 10 registers
2L offutac INXD {000 1001 1ncrementD&E | 5
POPPSW [1 1 1 1 0 0 0 1|PopAandFi 10 registers
Pop Aand Flags INXH {00 10001 1ncrementH&L | 5
XTHL 11100 0 1 1[Exchangetopof | 18 registers
‘ ctack 178 L DCXB {0000 10 1 1[DecrementB&C | 5
SPHL 1111100 1|H&Ltostack 5 DCXD 0001101 1|DecrementD&E 5
pointer DCXH 001010 1 1|DecrementH&L 5
LXI SP 00110 0 0 1[Loadimmediate 10 -
N ADD
stack pointer -
INX SP 00110 0 1 1|incrementstack 5 ADDr 1000 0 S S SlAddregisterto A 4
pointer ADCr 10001SS SAgd register to A 4
DCXSP |0 0 1 1 1 0 1 1|Decrementstack | 5 with carry
pointer ADDM 10000 1 1 0|AddmemorytoA 7
JUMP ADCM 1000 111 0|AddmemorytoA 7
with carry
JMP 110000 1 1Jdump " 10 ADI 0001 0 [Add immediate to A| 7
- unconditional ACI 00111 0|AddimmediatetoA| 7
JC 110110 1 0umpon carry 10 with carry
JNC 1,101 0 0 1 0[Jumpon no carry 10 DADB 0000100 1AddB&CtoH&L| 10
Jz 110010 1 0}Jumpon zero 10 DADD 0001100 1/AddD&EtoH&L| 10
JINZ 11000 0 1 0[Jumpon nozero 10 DADH 0010100 1AddH&LtoH&L| 10
JP 111100 1 0JJumponpositve | 10 DADSP [0 0 1 1 1 0 0 1|Addstackpointer | 10
toH& L
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Table 2. Instruction Set Summary (Continued)
Clock Clock
L Instruction Code (1) Operations L‘ Instruction Code (1) | Operations J
* *
nemonic®|, beDs D D3 D2DyDg|  Description °‘:;')°’ nemonic®|y bgDsDsD3D;D1Dg|  Description c‘:;')"
SUBTRACT ROTATE
SuBr 1 00 1 0 S S S|Subtract register 4 RLC 0000 O 1 1 1[RotateA left 4
from A RRC 0000 11 1 1]|RotateAright 4
SBBr 1 00 1.1 S S S|Subtract register 4 RAL 00010 1 1 1|RotateAleft 4
. from A with borrow| . . |through carry
SUBM 10010 1 1 0[Subtractmemory 7 RAR 000111 1 1|RotateAright 4
. from A through carry
SBBM 100 1 1 1.1 0[Subtract memory 7
from A with borrow SPECIALS
Sul 1101011 0$ubtragt 7 CMA 0010111 1(ComplementA 4
immediate from A sTC 0011011 1l[Setcarry 4
sBI 110111 1 0Subtract 7 CcMC 0011111 1|Complementcarry| 4
immediate from A DAA 001001 1 1|DecimaladiustA | 4
with borrow !
LOGICAL INPUT/OUTPUT
X IN 1101.10 1 1]nput 10
S
ANAT [1.0.1.00 S S S}Andragister 4 out 110100 1 1|Output 10
XRAT 101 0.1 8 S S|Exclusive or 4 CONTROL
: register with A
ORAr |1 0110 S S S[OrregisterwithA | 4 El 111110 1 1|Enableinterrupts | 4
CMPr 1011 1S S S|Compareregister | 4 oI 111100 1 1 Disable Interrupt 4
with A NOP 0000 0 0 O 0|fNo-operation 4
ANA M 1010011 0|Andmemory 7 HLT 0111011 0fHalt 7
with A
XRAM 101011 1 0|Exclusive Or 7
memory with A
ORAM 1011011 0[OrmemorywithA| 7
CMPM 1011111 0[Comparememory | 7
with A
ANI 11100 1 1 0[Andimmediate 7
with A
XRI 111011 1 0|ExclusiveOr 7
immediate with A .
ORI 111 10 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 =
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

*All mnemonics copyright © Intel Corporation 1977

24-10
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8085AH/8085AH-2/8085AH-1
8-BIT HMOS MICROPROCESSORS

m Single +5V Power Supply with 10% |
Voltage Margins
m 3 MHz, 5 MHz and 6 MHz Selections
Available ™
m 20% Lower Power Consumption than
8085A for 3 MHz and 5 MHz
m 1.3 us Instruction Cycle (8085AH); 0.8 u
s (8085AH-2); 0.67 us (8085AH-1) ]
m 100% Software Compatible with 8080A
m On-Chip Clock Generator (with External ™
Crystal, LC or RC Network)
|

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

Four Vectored Interrupt inputs (One Is
Non-Maskable) Plus an 8080A-
Compatible Interrupt

Serial In/Serial Out Port

Decimal, Binary and Double Precision
Arithmetic

Direct Addressing Capability to 64K
Bytes of Memory

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). lts 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 controller)
provided for the 8080A, thereby offering a higher level of system integration.

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

the 8085AH.

INTA
INTR ASTSS

RSTES.
ASTIS

- .
s soo
x1 O 40P vce
x2 g2 xp W
RESET OUT 3 38 HLDA
) (I ol B 2P s
sID s 36 3 RESETIN
TRAP 6 35 READY
e N z:; ;2 d ; g; = JlYY]
- A I 5 g g st
eetions ” — RST55 ]9 32A RO
neG AEG INTR 10 31 WR
oo "o wo | s " iNTA ] 118085AH 30 B ace
e VeveLe nc_ | ato " v apg 12 290 s
I “ ENcooe stackrowten | AD1 13 28 A1s
PROGRAM COUNTER  "*] :gz = RE) 27 Ang
sz e oedie =B aR
ADs O 17 223 An
TN AN CONTROL ADg 418 238 A0
- | ] I E.I AD7 O3 19 22 Ag
= & contmoL  status  oma ST vss 020 210 Ag
culnul‘ | iII‘va AL rl.sl.u!n“ l u.iu l RESETOUT re ore 231718-2
Reaov W REET )
o8 Figure 2. 8085AH Pin
231718-1 "
. . " Configuration
Figure 1. 8085AH CPU Functional Block Diagram 9
September 1987
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Table 1. Pin Description

Symbol

Type

Name and Function

Ag-Aqs

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.

ADg-7

110

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

ALE

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

So, S1 and I0/M

MACHINE CYCLE STATUS:

I0/M S; Sp Status
Memory write
Memory read
1/0 write
1/0 read
Opcode fetch
Interrupt Acknowledge
Halt
Hold
Reset
* = 3-state (high impedance)
X = unspecified
S4 can be used as an advanced R/W status. 10/M, S and S 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.

* HB OB m OO

*

XXO == 4020
XXO 42020

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 1/0 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 IO/ 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.
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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.

RST7.5 The priority of these interrupt is ordered as shown in Table 2. These interrupts have
a higher priority than INTR. In addition, they may be individually masked out using
the SIM.instruction. )

TRAP I | TRAP: Trap interrupt is a non-maskable RESTART interrupt. It is recognized at the
same time as INTR or RST 5.5-7.5. 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 Vg 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 X2: 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,
Xz input period.

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

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

Veo POWER: + 5 volt supply.

Vss GROUND: Reference.

Table 2. Interrupt Priority, Restart Address and Sensitivity

I Address Branched to(1) -
Name ""°',“V When Interrupt Occurs Type Trigger
TRAP 1 24H Rising Edge AND High Level until Sampled
RST 7.5 2 3CH Rising Edge (Latched)
RST6.5 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
R, A C
VccO'—o__W__"——'* F

< -

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

*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 higher system speed. Also it is designed to fit
into' a minimum system of three IC's: The CPU

(8085AH), a. RAM/10 (8156H), and an EPROM/IO

chip (8755A).

The 8085AH has twelve addressable 8-bit registers.
Four of them can function only as two 16-bit register
pairs. Six others can be used interchangeably as
8-bit registers or as 16-bit register pairs. The
8085AH register set is as follows:

Mnemonic Register Contents:
ACCorA  Accumulator 8 Bits
PC - Program Counter 16-Bit Address

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

Registers; data 16 Bits x 3
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 I/0 data.

The 8085AH provides RD, WR, Sp, S1, and I0/M
signals for bus control. An Interrupt Acknowledge
signal (INTA) is also provided. HOLD and all Inter-
rupts are synchronized with the processor’s internal
clock. The 8085AH also provides Serial Input Data

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

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

INTERRUPT AND SERIAL 1/0

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

The three maskable interrupt cause the internal exe-
cution of RESTART (saving the program counter in
the stack and branching to the RESTART address) if
the interrupts are enabled and if the interrupt mask
is not set. The nonmaskable TRAP causes the inter-
nal execution of a RESTART vector independent of
the state of the interrupt enable or masks. (See Ta-
ble 2.)

There are two different types of inputs in the restart
interrupts. RST 5.5 and RST 6.5 are high level-sensi-
tive like INTR (and INT on the 8080) and are recog-
nized with the same 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
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highest priority. It is not affected by any flag or mask.
The TRAP input is both edge and level sensitive.
The TRAP input must go high and remain high until it
is acknowledged. It will not be recognized again until
it goes low, then high again. This avoids any false
triggering due to noise or logic glitches. Figure 4 il-
lustrates the TRAP interrupt request circuitry within
the 8085AH. Note that the servicing of any interrupt
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables
all future interrupts (except TRAPS) until an El in-
struction is executed.

INSIDE THE
EXTERNAL | 8085AH
TRAP

INTERRUPT
REQUEST TRAP

RESET iN SCHMITT
TRIGGER

RESET TRAP
INTERRUPT
+5v—D CLK REQUEST
Q

[}
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 X4 AND X3 INPUTS

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

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

Parallel resonance at twice the clock frequency de-
sired

CL (load capacitance) < 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
fm—
27JL(Cext + Cint)

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

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

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

For driving frequencies up to and including 6 MHz
you may supply the driving signal to X4 and leave Xz
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 X4 and X5 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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*20 pF capacitors required for

crystal frequency < 4 MHz only.  231718-5
a. Quartz Crystal Clock Driver
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L
Lext T Cext #
|

231718-6
b. LC Tuned Circuit Clock Driver
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2
L LA

 231718-7
¢. RC Circuit Clock Driver

+5V
L
00 OW TIME > 60 ns.
TO
1KQ
Xy
* X2
*X2 left floating

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

+8V
LOW TIME > 40 ns

4700 e

| Xy

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' —=fCLK CLK OUTPUT* —fCLK To
8085AH
‘ Dt “pe READY
FE g FE |G| weutT
+sv —»Ip D -
231718-10

*ALE and CLK (OUT) should be buffered if CLK input of latch
exceeds 8085AH IOL or IOH.

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

As in the 8080, the READY line is used to extend the
read and write pulse lengths so that the 8085AH can
be used with slow memory. HOLD causes the CPU
to relinquish the bus when it is 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 following
features:

e 2K Bytes EPROM

e 256 Bytes RAM

® 1 Timer/Counter

® 4 8-bit I/0 Ports

® 1 6-bit I/0 Port

® 4 |nterrupt Levels

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

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

shows the system configuration of Memory Mapped
170 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.

ron 11

RST7,5
RST6.5

piddld

c 1
m———r—
RESET IN

HOLD
HLDA

le—
|
SOD p—e
le—
—
f—e

8085AH
RSTS.5 SID
INTR s,
RESET
WA apor/ out So
ADDR DATA ALE RD WR IO/ RDY CLK
Vss Ve
8 (8) 1
H— ce  PORT
A

IN
10/M  TIMER

RN

reser  OYT)

oW
RD
w IKEY
e A
Ag10
8755A
> DATA/
ADDR
s K
RESET 8
*_Iroy Vee
p—=1CLK ioR <—J

Vs Vce Voo PROG

AAY Vee

AN~ Vee
MW Vee

*NOTE:
Optional Connection

231718-11

Figure 7. 8085AH Minimum System (Standard I/0 Technique)
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—={TRAP HOLD|*—
—=1RST7 HLDA }—
—|RST6 SOD p—
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—={INTR S, b—
—_— RESET
e A AR/  our  Sof—
ADDR DATA ALE RD WR I0/M  RDY CLK
(8) (8)
10/M (CS)
WR
LATCH= 1 RD
< DATA
STANDARD
MEMORY

)7 ADDR (CS)

(16)

p—=1 CLK
RESET
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i

2|
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110

3\
ADDR
—

ANMN— Vcc

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 1/0 write cycle (as
would occur during processing of the OUT instruc-
tion). Note that during the I/0 write and read cycle
that the I/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, Sy, Sp) 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
I0/M | S1| S0 | RD | WR | INTA
OPCODE FETCH  (OF) 0 1110 1 1
MEMORY READ  (MR) 0 10|01 1
MEMORY WRITE = (MW) o |o|1]1]o0 1
1/0 READ (IOR) 1 100} 1 1
1/0 WRITE (IoW) 1 of1]1]o0 1
ACKNOWLEDGE
OF INTR (INA) 111 1 (]
BUS IDLE (8): DAD 0 10| 1|1
ACK.OF
RST,TRAP | 1 11111 1
HALT TS |0 |0 |TS|TS| 1
Table 4. 8085AH Machine State Chart
Machine Status & Buses Control
State | 51,50 | 10/M | Ag-Aq5 | ADg-AD7 | RD, WR | INTA | ALE
T4 X X X X 1 1 1*
Ts X X X X X X 0
TwaAIT X X X X X X 0
T3 X X X X X X 0
Ts 1 ot X TS 1 1 0
Ts 1 ot X TS 1 1 0
Te 1 of X TS 1 1 0
TRESET X TS TS TS TS 1 0
THALT 0 TS TS TS TS 1 0
THoLD 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.
TI0/M = 1 during T4-Tg of INA machine cycle.
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M, M, M3
cLk T, T, T, T, T, T, T, \ LY T, T \ T ’
Ag-Ays PC,, (HIGH ORDER ADDRESS) (pC+1),, 10 PORT
AD,, pC, -_..-...< (PC + 1), >w,-.(|oi‘omx /
— »
(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 X $;Sp (FETCH) X 10 (READ) 01 WRITE x n
231718-14

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

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

with Respect to Ground.......... —0.5Vto +7V
Power Dissipation.......... e, 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 to absolute maximum rating conditions for
extended periods may affect device reliability.

8085AH, 8085AH-2: Tpo = 0°C to 70°C, Vgc = 5V £10%, Vss = OV; unless otherwise specified*
8085AH-1: Tp = 0°C to 70°C, Vgc = 5V £5%, Vgg = 0V; unless otherwise specified*

Symbol Parameter Min Max Units Test Conditions

ViL Input Low Voltage —-0.5 +0.8 \

VIH Input High Voltage 2.0 Vce +0.5 v

VoL - Output Low Voltage 045 \" loL = 2mA

VoH Output High Voltage 24 v loH = —400 pA

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

I Input Leakage +10 A 0 <V|N<Vcc

ILo Output Leakage +10 MA 0.45V < Vour < Vo

VILR Input Low Level, RESET -0.5 +0.8 \'

VIHR Input High Level, RESET 24 Vgo + 0.5 \Y

VHy Hysteresis, RESET 0.15 \"

A.C. CHARACTERISTICS

8085AH, 8085AH-2: To = 0°C to 70°C, Vog = 5V +10%, Vgg = OV*
8085AH-1: Ty = 0°C to 70°C, Vg = 5V +£5%, Vgg = OV

Symbol Parameter *8085AH (2) | 8085AH-2(2) | 8085AH-1(2) Units
Min | Max | Min | Max | Min | Max
tcye CLK Cycle Period 320 | 2000 | 200 | 2000 | 167 | 2000 | ns
4 CLK Low Time (Standard CLK Loading) 80 40 20 ns
to CLK High Time (Standard CLK Loading) 120 70 50 ns
tr t CLK Rise and Fali Time 30 30 30 | ns
txkRr X1 Rising to CLK Rising 20 120 20 100 20 100 ns
txkF 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 Ag-7 Valid to Leading Edge of Control 240 115 60 ns
taD Ap-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 (1)| 115 50 25 ns

*NOTE:

For Extended Temperature EXPRESS use M8085AH Electricals Parameters.
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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 Ap-7 Valid before Trailing Edge of ALE 90 50 25 ns

tARY READY Valid from Address Valid 220 100 40 ns

tca Address (Ag-15) Valid after Control 120 60 30 ns

tcc 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

tyasr | Bus Float after HLDA 210 150 150 ns

tyack | 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

tLa Address Hold Time after ALE 100 50 20 ns

tie Trailing Edge of ALE to Leading Edge 130 60 25 ns
of Control

t ok 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

L ALE Width 140 80 50 ns

tLRY ALE to READY Stable 110 30 ‘10 ns

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

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

tRDH 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

‘Itwp Data Valid after Trailing Edge of WRITE 100 60 30 ns .
twoL | LEADING Edge of WRITE to Data Valid 40 20 30 ns
NOTES:

1. Ag-A45 address Specs apply I0/M, Sp, and S¢ except Ag-A1s are undefined during T4~-Tg of OF cycle whereas 10/M,
Sp, and Sy are stable.
2. Test Conditions: tcyc = 320 ns (8085AH)/200 ns (8085AH-2);/167 ns (B085AH-1); C = 150 pF.
3. For all output timing where C # 150 pF use the following correction factors:
25 pF < C_ < 150 pF: —0.10 ns/pF
150 pF < CL < 300 pF: +0.30 ns/pF
4. Output timings are measured with purely capacitive load.
5. To calculate timing specifications at other values of tgyc use Table 5.
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INPUT/OUTPUT

A.C. TESTING INPUT, OUTPUT WAVEFORM

24 -
2.0 2.0
:> TEST POINTS < !
0.8 08
0.45 )

Logic “1" and 0.8V for a Logic "“0".

231718-15

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

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER

C = 100 pF
Ct Includes Jig Capacitance

1 C = 150 pr
I

231718-16

Table 5. Bus Timing Specification 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
t (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
tic (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+NT—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
two (/9T -860 (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 C(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 (1/2)T - 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 (2/2)T — 97 Minimum
ty (1/2)T — 80 (1/2)T — 60 (1/2)T - 63 Minimum

b (1/2)T — 40 (1/2)T - 30 (1/2)T — 33 Minimum
tay (3/2)T — 80 (3/2)T — 80 (3/2)T — 90 Minimum
tLoR 4/2 + N)T — 180 (4/2)T — 130 (4/2)T — 159 Maximum

NOTE:

N is equal to the total WAIT states. T = tgyc.
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WAVEFORMS
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WAVEFORMS (Continued)
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READ OPERATION WITH WAIT CYCLE (TYPICAL)—SAME READY TIMING APPLIES TO WRITE
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f tac
! taRy tays | tRYH L tRys tavH
-— —
i I §
NOTE:

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

231718-21
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WAVEFORMS (Continued)

INTERRUPT AND HOLD

Ag_15 X { f
D¢ - < cawmst. 4 -

ALE_/__\ . /_-\

RD ~ t

wrr/ /[ \ )
)

s YK

HOLD Z/,’,’} ’\""l:' ' ’-.\
tups tHou
HLDA } '
tHack L— tuasr
231718-22
*NOTE:

10/M is also floating during this time.
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Table 6. Instruction Set Summary

Instruction Code Operations Instruction Code Operations
[M“e'“““’ D; Dg D5 D4 D3 D, Dy Dy| Description Mnemonic|, b: Ds Dy D3 D, Dy Dy|  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 0 1 [PopAandFlags
. to register off stack
MOVMr |0 1 1 1 0 S S S |Moveregister XTHL 11 1 0 0 0 1 1]Exchange top of
to memory stack, H& L -
MOVrM |0 1 D D D 1 1 0 |Movememory SPHL 111110 0 1|H&Ltostack
to register pointer
MVir 0 0DDD 1 1 O0fMoveimmediate LXI SP 0 0110 0 0 1|Loadimmediate
register stack pointer
MVIM 0 01 1 0 1 1 0}Moveimmediate INX SP 001 1 0 0 1 1|[incrementstack
memory pointer
LXIB" 0 0 00 0 0 0 1}Loadimmediate DCXSP |0 0 1 1 1 0 1 1 |Decrementstack
register Pair B & C pointer
LXID 0 0 01 0 O 0 1|Loadimmediate JUMP
register Pair D & E JMP 11000 0 1 1|Jumpunconditional
LXIH 0 01 0 0 0 O 1|Loadimmediate Jc 110110 1 0|Jumponcarry
register Pair H & L -
- JNC 110 1 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 11 0 0 0 0 1 O |Jumponnozero
LDAXB |0 0 1 0 1 0 1 O [LoadA indirect —
JP 111 1 0 0 1 O0)]Jumpon positive
LDAXD [0 0 0 1 1. 0 1. 0 |LoadA indirect -
JM 111 1 1 0 1 0)]Jumponminus
STA 0 01 1 0 0 1 O][StoreAdirect -
JPE 111 0 1 0 1 0]|Jumpon parity even
LDA 0 01 1 1 0 1 0|LoadAdirect -
- JPO 1 11 0.0 0 1 0]|Jump on parity odd
SHLD 0 01 0 0 0 1 O0|StoreH&Ldirect
- - PCHL 111010 0 1|H&Ltoprogram
LHLD 0 01 01 0 1 O0flLoadH&Ldirect counter
XCHG 111 0 1 0 1 1|ExchangeD&E, CALL
H & L Registers .
CALL 1 1 0 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 O|Callonnocarry
PUSHD [1 1 0 1 0 1 0 1 |Pushregister Pair 74 11001 10 0fCallonzero
D & E on stack CNZ 1 1 00 0 1 0 O]|Callonnozero
PUSHH (1 1 1 0 0 1 O 1 |PushregisterPair CP 11 1 1 0 1 0 O|Callonpositive
H&L onstack cM 1111 1 1 0 0|Callonminus
PUSH 1111 0 1 0 1]|PushAand Flags CPE 1110110 0fcCallon parity even
PSW on stack -
- - CPO 1 11 0 0 1 0 O|Callonparity odd
POPB 1 1 0 0 0 0 O 1 |PopregisterPair
B & C off stack RETURN
POPD 1101 0 0 0 1|PopregisterPair RET 1100100 1]Retun
D & E off stack RC 11 0 1 1 0 0 O]Returnoncarry
POPH 1110 0 0 0 1/|Popregister Pair |RNC 1 10 1 0 0 0 0]Returnonno carry
H&L off stack RZ 110010 0 0|Returnonzero
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Table 6. Instruction Set Summary (Continued)

Mnemonic Instruction Code - Operations Mnemonic Instruction Code . Operations
D7 Dg Ds D4 D3 D, Dy Dg|  Description D7 Dg D5 D4 D3 D2 D4 Dy Description
RETURN (Continued) IADD (Continued)
RNZ 1 1 0 0 0 0 O O |Returnonnozero DADD 00 1|AddD&EtoH&L
RP 1 1 1 1 0 0 0 O |Returnon positive DADH 001 1AddH&LtoH&L
RM 11 1 1 1 0 0 O[Returnonminus DADSP |0 O 1 |Add stack pointer
RPE 111010 0 0|Returnon toH&L
parity even ISUBTRACT
RPO 111 00 0 0O O[Returnon SUBr 10 S |Subtract register
parity odd from A
RESTART SBBr 10 S [Subtract register
RST |1 1 A A A 1 1 1]|Restan from A with borrow
INPUT/OUTPUT SUBM 10 0 |Subtract memory
from A
IN 1101 1 0 1 1jnput
SBBM 10 0 |Subtract memory
ouT 11010011 Output from A with borrow
INCREMENT AND DECREMENT sul 11 0 |Subtract immediate
INRr 0 0 DD D 1 0 O] lincrementregister from A
DCRr 0 0D DD 1 0 1]|Decrementregister SBI 11 0 [Subtract immediate
INR M 0 0110 1 0 O/ Incrementmemory from A with borrow
DCR M 0 01 1 0 1 0 1|Decrementmemory LOGICAL
INNB |0 0 00 00 1 1|incrementB&GC ANAr |1 S |And register with A
registers XRAT 1 S |Exclusive OR
IND [0 0 01 0 0 1 1]incrementD&E register with A
registers ORAT 10 S |OR register
INXH [0 0 100 0 1 1]incrementH&L with A
registers CMPr 10 S |Compare register
DCXB |0 0 0 0 1 0 1 1|DecrementB&GC with A
DCXD |0 0 0 1 1 0 1 1|DecrementD&E ANAM |1 0 |And memory with A
DCXH |0 0 1 0 1 0 1 1|DecrementH&L XRAM |1 0 [Exclusive OR memory
with A
ADD -
- ORAM 10 0 |[OR memory with A
ADDr 100 0 S S S|Addregisterto A
- CMPM |1 0 0 |Compare
ADCr 100 1 8 S S|Addregisterto A memory with A
with carry N X
ANI 11 0 [And immediate
ADDM 1 0C 0 0 1 1 0|AddmemorytoA with A
with carry immediate with A
ADI 11 0 0 0 1 1 0]|Addimmediateto A ORI 11 0 |OR immediate
ACI 1100 1 1 1 O0|Addimmediateto A with A
with carry cPl 11 0 |Compare
DAD B 0000100 1/AddB&CtoH&L immediate with A
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Table 6. Instruction Set Summary (Continued)

Instruction Code Operations Instruction Code Operations
— D7 Dg Ds Dy D3 D, Dy Do| Description Mnemonic|r, b, D Dg D3 D2 Dy Do| Description
ROTATE CONTROL o
RLC 0 0 0 0 1 1 1 [RotateAleft El 1.1 1 1 1 0 1 1 |Enablelnterrupts
RRC 0 0 1 1 1 1 |RotateAright DI 111 1 0 0 1 1 |DisableInterrupt
RAL 00 0 1 1 1 [RotateA left NOP 0 0 0 0 O O O OjNo-operation
through carry HLT 01110 1 1 0lHalt
RAR 0 0 0.1 1 1 1 1 |RotateAright " INEW 8085AH INSTRUCTIONS
through carry
RIM 0 0 10 0 0 0 O|ReadInterrupt
SPECIALS ) Mask
CMA 00101 11 1iComplementA SIM 0 0 1.1 0 0 O 0|Setinterrupt Mask
STC 0 0 1 1 0 1 1 1|Setcarry
CMC 0 0 1 1 1 1 1 1|Complementcarry
DAA 0 01t 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 170 PORTS AND TIMER

m 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
W Internal Address Latch — Standard Temperature Range
H 2 Programmable 8-Bit I1/0 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 |I/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.

— PC; O ~ [ Vee
10/M PORT A rc, [ 2 39 [] rc,
A PA0\7 TiMer 1N [] 3 38 [J P,
ReseT [ 4 37 [ PCqy
AD,. , <:>1 256 X 8 pc; [ s 367 r8,
STATIC — Timer out [ 6 35 [ PBg
RAM o/m 7 34 [ P8y
* PORTS CEorce-[]s 33[] e8,
B PB0*7 RD [} o 32[1] pB,
Al g ——————e] 8155H/

WR [J1o siseH 31[] P8,

- ‘ — ALE [} 11 g1ssH-2/ 30[] PB,
] AD, [12 81%6H2 51 PB,
WA ————| PORT C ap, [}13 28 {1 Pa,
[+ PCy.s AD, [} 14 27 [0 pPAg
- AD, [} 16 25 b PA,
) Apg 417 24[] PA,
TIMER CLK——J chc (+5V) ADg [] 18 23[1 PA,
FINEROUT Vs (OV) AD, E 19 22 3 PA,
v, 20 21[1 pa,
N 2317191 s °
*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 170 ports to input mode. The width of RESET pulse should typically be
two 8085AH clock cycle times.

ADg-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 I/0 section depending on the I0/M input.
The 8-bit data is either written into the chip or read from the chip, depending

.on the WR or RD input signal.

CEorCE

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 1I0/M pin is low, the RAM content will be read out to the
AD bus. Otherwise the content of the selected 1/0 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 I/0 ports and
command/status register, depending on I0/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 IO/M M into the chip at the
falling edge of ALE.

10/M

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

PAg_7 (8)

1/0

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

PCo-s5 (6)

1710

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 PCy_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 either a square wave or a pulse,
depending on the timer mode.

Vee

VOLTAGE: +5V supply.

Vss

GROUND: Ground reference.
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FUNCTIONAL DESCRIPTION

8-BIT INTERNAL DATA BUS )

|

The 8155H/8156H contains the following: :
e 2K Bit Static RAM organized as 256 x 8 Il ﬂ H
e Two 8-bit 1/0 ports (PA & PB) and one 6-bit I/0 I [commano
|
|
|
|
|

port (PC)

® 14-bit timer-counter

||
”
- K~
o
=2
52 K=
@m
o

STATUS {
TIMER
_ s 8 s  MODE
The I0/M (I0/Memory Select) pin selects either the
five registers (Command, Status, PAg_7, PBg-7, b —— - --——--——-- .

PCp-s5) or the memory (RAM) portion.
231719-3

The 8-bit address on the Address/Data lines, Chip
Enable input CE or CE, and I0/M are all latched on-
chip at the falling edge of ALE.

Figure 3. 8155H/8156H Internal Registers

CE (8185H) \

OR

CE (8158H)

1o/M

AD,, ADDRESS X DATA VALID H

/TN
b on WA L /

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

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

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

The command register contents can be altered at
any time by using the 1/0 address XXXXX000 during
a WRITE operation with the Chip Enable active and
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 /0
address and the command register is selected when
a write to that address is issued.

7 6 5 4 2 1 0

\— TIMER COMMAND—|

3
ITM;ITM|! e8| IEAIFC;I PC|LPB!ﬂ
o ' . ' [.. DEFINES PAg.7

= INPUT
L+ DEFINESPBy, | |7 OUTPUT

‘————————= DEFINES PCo.5 ~|j 01=ALT 3

L o ENABLEPORTA
U ——

00 = NOP — DO NOT AFFECT COUNTER
OPERATION

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

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

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

. IMMEDIATELY AFTER PRESENT TC
IS REACHED. N

00 = ALT 1
11=ALT 2

10=ALT 4

1= ENABLE
0 = DISABLE

INTERRUPT

ENABLE PORT B
INTERRUPT

231719-5

Figure 5. Command Register Bit Assignment

AD; ADg ADs; ADs AD3 AD; AD; ADg

INTE{ B [INTR[INTE| A [INTR|
Drmenl"s] & 19" o [

‘————= PORT A BUFFER FULL/EMPTY

‘————————= PORT A INTERRUPT ENABLE
t—————————— PORT B INTERRUPT REQUEST

———— PORT B BUFFER FULL/EMPTY

PORT A INTERRUPT REQUEST

(INPUT/OUTPUT)

(INPUT/OUTPUT)

PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT
IS LATCHED HIGH WHEN
TERMINAL COUNT IS
REACHED, AND S 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.)

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.)

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.

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 1/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 1/0 pins assigned are
PBp-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 ADy 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-

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]|O0] O |interval Command/Status
Register
X{X|[X[|X|X[{0]O0][1|General Purpose |/O Port A
X|X|X|X|[X]|0][1]O0 |General Purpose /0O PortB
X[X|X}X|X]|0|1]|1]|PortC—General Purpose
170 or Control
X|X|X|X]|X]|]1}{0] O |Low-Order 8 bits of Timer
Count
XX X|X{X|1]|0][ 1 [High 6 bits of Timer Count
and 2 bits of Timer Mode
- X: Don't Care.

:1/0 Address must be qualified by CE = 1 (8156H) or CE
= 0 (8155H) and I0/M = 1 in order to select the appropri-

ate register.

Figure 7.1/0 Port and Timer Addressing Scheme

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

OUTPUT
LATCH al

cLK CLR

t

QuTPUT
ENABLE

WRITE
PORT

X 1

FAUX m

INTERNAL DATA BUS

MODE(4

L

AT

READ PORT

LATCH

CLK

</

NOTES:

(1) Output Mode
(2) Simple Input
(3) Strobed Input

Multiplexer
Control

sT8

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

1 <

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

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

{>_.__

PA/PB
PIN

231719-7

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 1/0 ports are pro-
grammed to be output ports, the contents of the out-
put ports can still be read by a READ operation
when appropriately addressed.

The outputs of the 8155H/8156H are “glitch-free”
meaning that you can write a “1” to a bit position
that was previously-“1” and the level at the output
pin will not change.

Note also that the output latch is cleared when the
port enters the input mode. The output latch cannot
be loaded by writing to the port if the port is in the
input mode. The result is that each time a port mode
is changed from input to output, the output pin will
go low. When the 81565H/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| OUTPUT ) PORT A I

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

A STB (ACKNOWL. DATA RECEIVED)
B STB (LOADS PORT 8 LATCH)

B BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER
READY FOR READING)

PORTB

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 1/0 address XXXXX100 for the
low order byte of the registér and the 1/0 address
XXXXX101 for the high order byte of the register.
(See Figure 7.)

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the tim-
er addresses. Bits 0-13 of the high order count reg-
ister will specify the length of the next count and bits
14-15 of the high order register will specify the timer.
output mode (see Figure 10). The value loaded into
the count length register can have any value from
2H through 3FFFH in Bits 0-13.

7 6 5 4 3 2 1 0

[le My lTu[ Tul Tnl Twl Tsl Tal
L T JL J
TIMER MODE

MSB OF CNT LENGTH

7 6 5 4 3 2 1 o
[rfrfwfnn{nin]w)
L = T 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
My, S { 4
o o I SINGLE —__ et
SQUARE WAVE
SQUARE WAVE
3. SINGLE ——-—-—\J— ----------
10 PULSE ON .
TERMINAL COUNT
4. CONTINUOUS -
! A ! PULSES Y] 1¥)

231719-10

Figure 11. Timer Modes
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Bits 6-7 (TM2 and TM4) of command register con-
tents are used to start and stop the counter. There
are four commands to choose from:

T™M2 TMy
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 sfop 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

5.1f Carry is set, add 1/, of the full original count (V2
full count—1 if full count is odd).

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

8085AH MINIMUM SYSTEM
CONFIGURATION

Figure 13a shows a minimum system using three

chips, containing:
* 256 Bytes RAM

® 2K Bytes EPROM

e 381/0 Pins
® 1 Interval Timer
4 Interrupt Levels

AB-15 ¥ B P ‘>

an >

ALE /\
S085AH 55

WR

10/M

CLK

RESET OUT

READY -

V-
TIMER || _ = A8- AD|'|1or
RESET IN WR|RD| ALE | CE v 10/M V‘““ 0.7, EE‘M ALElﬁbmm.' T|ROY
1 ) O
LATCHES
TIMER :‘q
our 1 Tmer
CONTROL | - :
256 x 8 8755A [EPROM + 1/0}
RAM
8156H
|c/s||wc||ra|
231719-12
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Figure 13a. 8085AH Minimum System Configuration (Memory Mapped 1/0)
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8088 FIVE CHIP SYSTEM ® 38 1/0 Pins

o 1 Interval Timer

Figure 13b shows a five chip system containing: e 2 Interrupt Levels

e 1.25K Bytes RAM
e 2K Bytes EPROM

AN Vss Vee
il "

N
10/M  TIMER
peser OUT

aF s

Ag—Avg ADDR ) iow

ADp~ AD; K
LK (] 7 ADDR/IDATA

c

{1
Gl

CE
b As-10

8088 Z A
READY : 875542
MN/RX —Vce :3;:‘1

w  [0h -

10/M  PORT
RESET

READY Vee
oA |—

1T Lo

o| RESET - Vss Vee Voo
Vee
N ROY1

\_ 6No WR
MANUAL .. : w5

GND RESET [ & "o
® —

" (Vss) CE,
8185-2

8

) »
El

10/M

HEREE
—1

1T

A4

231719-13

Figure 13b. 8088 Five Chip System Configuration
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ABSOLUTE MAXIMUM RATINGS*

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

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

*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 Tp = 0°Cto0 70°C, Vo = 5V £10%

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 Vec+0.5 v
VoL Output Low Voltage 0.45 v loL=2mA
VoH Output High Voltage 2.4 v loy = —400 pA
o Input Leakage +10 HA oV < VN < Voo
Lo Output Leakage Current +10 HA 0.45V < Vout < Ve
lcc Vcc Supply Current 125 mA
I (CE) Chip Enable Leakage
8155H +100 rA OV <V|N £ Voo
8156H —100 HA

A.C. CHARACTERISTICS T, = 0°Ct0 70°C, Vo = 5V £10%

Symbol Parameter 8155H/8156H 8155H-2/8156H-2 Units
Min Max Min Max
taL Address to Latch Setup Time 50 30 ns
tLaA Address Hold Time after Latch 80 30 ns
tic Latch to READ/WRITE Control 100 40 ns
trD Valid Data Out Delay from READ Control 170 140 ns
tio .| Latch to Data Out Valid 350 270 ns
tap -| Address Stable to Data Out Valid 400 ) 330 ns
tL Latch Enable Width 100 70 ns
trROF Data Bus Float after READ 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 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 Ta = 0°Cto 70°C, Vcc = 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
ts) Strobe to INTR On 400 300 ns
trD 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
tsee Strobe to Buffer Empty 400 300 ns
twBF WRITE to Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
tTL TIMER-IN to TIMER-OUT Low 400 300 ns
ttH TIMER-IN to TIMER-OUT High 400 300 ns
tRDE Data Bus Enable from READ Control 10 10 ns
t4 TIMER-IN Low Time 80 40 ns
to TIMER-IN High Time 120 70 ns
twr WRITE to TIMER-IN 360 200 ns
(for writes which start counting)
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45

231719-14
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".

DEVICE

CL = 150 pF
Cy Includes Jig Capacitance

UNDER
TEST |
:LcL = 150 pF

231719-15
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WAVEFORMS

READ ' ) .
CE (8155H) \ / \
2
OR
- X
CE (8156H) 7/ \ » /
10/ N / \
r 2
- tap
7 X )
ADg; >( ADDRESS >< DATA VALID H
N P4
e—tp —| |e——1t a——
ALE : ' _
| / N ¥
i [«-tRDE> |e—tRDF -
N 4
RD i —
' ' JZ \_
e e—— g —|
tee try
‘o )
231719-16
WRITE
CE (8155H) \r / \
OR
CE (8156H) / : \ /
10/M \ / \
|
. X -
ADg.y ADDRESS >< g DATA VALID
£
. [ taL [ tta —* tow toL
ALE /] \ ‘
|
L—— e te | two
!
“ | X i \
tel fwr
tec tav
TIMER IN
231719-17
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| 8155H/8156H/8155H-2/8156H-2

WAVEFORMS (Continued)

STROBED INPUT

__/ N
y
tseF
1
STROBE .
tss — L ty) —| tReE
INTR ; \.
= tRos /
o \
= tess teus
INPUT DATA X X
FROM PORT
231719-18
STROBED OUTPUT
B8F ;
| «—— tspE ——»]
STROBE
tweF st
INTR \
L
twi
twp

OUTPUT DATA

PORT

231719-19

BASIC INPUT

BASIC OUTPUT

RD

INPUT x

X

231719-20

OUTPUT

X

*Data Bus Timing is shown in Figure 7.

231719-21

24-43




yy-ve

LOAD COUNTER FROM CLR —»
| 2 | 1 5 | 4

TIMER IN

RELOAD COUNTER FROM CLR —+!

| 2

. < -
TIMER OUT \ /
(PULSE) (NOTE D)
[ R ——
—=|trL —
—_— J— . Ir
TIMER OUT \
(SQUARE WAVE) \ (NOTE 1) /
e o ——d
— lnL— __4
‘NOTE:

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

1

\_/

i

231719-22

} Ol S WOHd NMOGLNNOD LNdLNO HIWIL

(penunuod) SWHOAIAVM

¢-H9S18/2-HSS18/H9S18/HSS18



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 B 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 to provide a maximum level of system integration.

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

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

" apg [} 18] vee
ap; [ 2 17[ ) RO
g?;:. ap; [ 3 s[Jwa
R — o AW AD3 [} 4 15 JALE
i — A, s el
l ADs [} 6 13[7]CE
ADg [ 7 12] ] CE2
Aoery<j‘——“> oama 18 e dn [ 14
. BUFFER “AE#ROA';V Vss E 9 - 10§ 148

' 231450-2
XV DECODE Figure 2. Pin Configuration
Pin Names
:> ADDRESS ADo-AD; Address/ I?ata Lines
Ag: Ay Ag, Ag Address Lines
ALE Ccs Chip Select
231450-1 CE4 Chip Enable (I0/M)
Figure 1. Block Diagram CE2 Chip Enable
ALE Address Latch Enable
WR Write Enable

. May 1987
24-45 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 ADp_7, Ag and Ag, and the
status of CE4y and CEj are all latched internally in
the 8185 by the falling edge of ALE. If the latched
status of both CEq and CE; are active, the 8185
powers itself up, but no action occurs until the CS
line goes low and the appropriate RD 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
CE¢ and CE; 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 I0/M line to
the 8185’s CE4 input, thereby keeping the 8185
powered down during 1/0 and interrupt cycles.

Table 1. Truth Table for
Power Down and Function Enable

CEq | CE; | CS | (CS*)(2 8185 Status
1 X X1 0 Power Down and
Function Disable(1)
X 0 X110 Power Down and
Function Disable()
0 1 1 0 Powered Up and
Function Disable(1)
0 1 0 1 Powered Up and
Enabled
NOTES:
X = Don’t Care.

1: Function Disable implies Data Bus in high impedance
state and not writing.
2:CS* = (CEq = 0) X (CE> = 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

ERERE

D Vss Vee
X, Xz RESET IN
TRAP HOLD f=—
RST7.5 . " HLDA|—
RSTES 8085A ° 50D |
RSTS,S SIDfo—
INTR o ]
RESET
TR aoory Sof—*
ADDR DATA ALE RD WR 10/M RDY CLK
p: Vss Veo
®] Je
¢ PORT
H , B
WR ' .
5 PORT) «ﬂ»
R g156 8
ALE  hopT -
DATA/ c ‘E’
. ADDR :
IN|
10/ TIMER fo—
reser  OUT
I‘o_w
e
ALE e m
H— w®
ﬁ— Ag.10
—
8755A
DATA/
ADDR
0/M  poRT
y. 8
RDY
p—{cLk
Vs Ve Voo PROG
WR
RD
CE.
'8185
ALE
P—‘ TS, CE,
H Ag. Ag
< ADg7
Vss - Ve
AAA v
VWA—— Ve
v v AMA- Vee
231450-3

ADg_7 During Data .
*
(CS*)|RD{WR Portion of Cycle 8185 Function
0 [ X | X [Hi-impedance No Function
1 [ 0| 1 [Datafrom Memory |Read
1 1| O |Data to Memory Write
1 | 1| 1 |Hi-impedance 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 170 Lines

5 Interrupt Inputs
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Inte[ 8185/8185-2
iAPX 88 FIVE CHIP SYSTEM:
e 1.25K Bytes RAM
e 2K Bytes EPROM
e 38 1/0 Pins
¢ 1 Internal Timer
e 2 Interrupt Levels
VN PN st Vee
o | [ pon:
WR
" PORT
° 1552
ALE
K‘ > DATA/ Pong
ADDR
IN|—
10/M  TIMER
reser VT
Ag—Ai] TTAaDDR ) oW
RD
ADg - AD; ADDRIDATA | ALE
¢ K ,'Z__w_ PORT
H ) 9-2 CE A
N O O N
8088 I o-10
READY 1 ‘) |8755A-2
MNIMX |— Ve 23;:‘
Vee "4 0 }—‘ ALE - 10/ PORT “
1 | RST 3 AD — RESET 8 “
' clk WR ] READY Vee
READY 10M - r ior |
RES —_—
8284A
RESET — Vs]s Vll:c ‘qu]_ PROG
c{ . RDY1 Vee -
GND WR
MANUAL RD
GND RESET 8 e
(Vss) ® % gras2
ALE
(S cs.
i CEz
T Ag. Ag

\/\}

231450-4

Figure 4. IAPX 88 Five Chip System Configuration
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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. ..........c.ccvvuiiiniinnn 1.5W

D.C. CHARACTERISTICS T4 = 0°C t0 70°C, Voo = 5V +10%

*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 Units Test Conditions
ViL Input Low Voltage —-0.5 0.8 \"
VIH Input High Voltage 2.0 ‘Vgg+0.5 v
VoL Output Low Voltage 0.45 \" loL=2mA
VoH Output High Voltage 2.4 lon = —400 nA
TR Input Leakage +10 HA 0V < V|N £ Voo
ILo Output Leakage Current +10 pA 0.45V < Vout < Vog
Icc Vce Supply Current 100 mA
Powered Up
Powered Down 35 mA
A.C. CHARACTERISTICS Ta = 0°Cto 70°C, V¢ = 5V £10%
Symbol Parameter 8185 8185-2
Min Max Min Max Units
taL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time After Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 . ns
tRD Valid Data Out Delay from READ Control 170 140 ° ns
to ALE to Data Out Valid 300 200 ns
L Latch Enable Width 100 70 ns
tRDF Data Bus Fioat 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 Into 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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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24

2.0

0.8
0.45

S

AC. T
0.45V for a Logic “0." Timin,
20 b

V for a Loglc “1" and 0.8V for a Logic “0.”

231450-5

esting: Inputs Are Driven at 2,.4V for a Logic “1"” and
Measurements Are Made at

C. = 150 pF

221450-6

DEVICE
UNDER
TEST
CL = 150 pF
Cy Includes Jig Capacitance

TALCE —| "—
N
ALE g
-
—t> tLACE [e—tLL —»
(CE4=0) -
(CEz=1)
te
s tRo —] fe—tc
ar \ / \ /
~
taL LA Lol lel—troF
L - N PR [ ——
ADo-AD7 ADDRESS DATA OUT (READ CYCLE)
(Ag. Ag)
;ﬁ —— o - —— ———
o =1 [+—two tcc
e tow ——]
r ~
ADo-AD7 ADDRESS WRITE DATA (WRITE CYCLE)
- t5C "—— —| ic§ (=
- r
cs
(SELECTED) (DESELECTED)

231450-7
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8080A

CPU

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

Timing

8224
CLOCK GENERATOR AND DRIVER

FOR 8080A CPU

Single Chip Clock Generator/Driver for

m Crystal Controlled for Stable
System Operation

m Reduces System Package Count

m Available in EXPRESS

— Standard Temperature Range

m 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 [
RESIN [_|
B> xrau ROYIN ]
OSCILLATOR D———Osc > READY []
XTAL2 —
B> Ta 7 syne [
(TTUL)
D> il
sTsTe [
cLocK
GEN. —D—o i
+9 ? ano [}
4,0 9,A - 8TTL[E>
231464-2
PR §T5TB
B> swe > RESIN | Reset Input :
Z> resw D RESET | Reset Output XTAL1 } Connections
sf;x}r ca RESET D RDYIN | Ready Input XTAL 2‘ for Crystal
: READY | Ready Output TANK Used with Overtone XTAL
> rovin foa Reapy [> 0sC Oscillator Output
SYNC | Sync Input scilfator Outpu
c STSTB | Statws STB $2(TTL) | ¢ CLK (TTL Leve)
231464-1 (Active Low) Vee +5V
Figure 1. Block Diagram 1 } 8080 Vop +12v
) Clocks GND ov
Figure 2. Pin Configuration
December 1986
24-50 Order Number: 231464-001
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8224

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ............ 0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Supply Voltage, Ve« o vvvvevvnnnt —-0.5Vto +7V
Supply Voltage, Vpp + «« <<+ ... ... —0.5Vto +13.5V
InputVoltage ..................... —1.5Vto +7V
OutputCurrent ..........covviiiivinnnnn. 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, Vgg = +5.0V £5%, Vpp = +12V £5%

Symbol Parameter Limits Units Test Conditions
Min | Typ Max
g Input Current Loading —0.25 | mA | Vg = 045V
IR Input Leakage Current 10 A | Vg = 5.25V
Ve Input Forward Clamp Voltage 1.0 \" Ic = —5mA
Vi Input “Low” Voltage 0.8 \" Voe = 5.0V
ViH Input “High” Voltage 2.6 \" Reset Input
2.0 \Y All Other Inputs
ViH-ViL | RESIN Input Hysteresis 0.25 \" Voo = 5.0V
VoL Output “Low” Voltage 0.45 \ (¢4, o), Ready, Reset, STSTB
loL = 2.5 mA
0.45 \" All Other Outputs
loL = 15mA

VoH Output “High” Voltage )

é1, P2 9.4 \ lo = —100 pA

READY, RESET 3.6 \ loq = —100 pA

All Other Outputs 2.4 \" loH= —1mA
lcc Power Supply Current 115 mA
Ibp Power Supply Current 12 mA

NOTE:

1. For crystal frequencies of 18 MHz connect 510Q 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: 75Q0-20Q

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 P Tve Max Units Conditions
i 2t
te1 }4>1 Pulse Width _g_cy — 20ns
42 ¢2 Pulse Width Stey 35
9
tp1 $1 to ¢ Delay 0
tpo ¢2 to ¢4 Delay 2tey 14ns ns | C_ = 20pF to 50 pF
s ,
tp3 $1to ¢2‘Delay 2tcy 2tcy +20ns
) 9 9
tR ¢1 and ¢ Rise Time 20
tr ¢4 and ¢ Fall Time 20
tpp2 &2 to ¢ (TTL) Delay -5 +15 ns ¢ TTL,CL = 30
R{ = 3000
Ro = 6009
tpss $2 to STSTB Delay btey 30 ns 9%3}: ns '
tpw STSTB Pulse Width * | tcy STSTB, C_ = 15pF
‘ — —15ns
. - 9 Ry = 2K
= Rs = 4K
RDYIN Setup Time to _ Moy 2
toRs Status Strobe 50ns ns
; RDYIN Hold Time 4tey
DRH after STSTB 9
: RDYIN or RESIN to 4oy Ready & Reset
toR 2 Delay g 2518 | ci="10pF
Ry = 2K
Rz = 4K
toLk CLK Period tey ns
9
f Maximum Oscillating 27 MHz ,
max Frequency
Cin Input Capacitance 8 pF Voo = +5.0V
Vpp = +12V
Vpjas = 2.5V
f=1MHz
NOTE:

These formulas are based on the internal workings of the part and intended for customer convenience. Actual testlng of the

part is done at to, = 488.28 ns.
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A.C. CHARACTERISTICS (Continued)
For toy = 488.28 ns; Ta = 0°C to 70°C, Vog = +5V £5%, Vpp = +12V £5%

Symbol Parameter Limits Units Test Conditions
Min Typ Max

tp1 ¢4 Pulse Width 89 ns == | tcy = 488.28ns
tp2 2 Pulse Width 236 ns
tp4 Delay ¢ to ¢2 0 ns
to2 Delay ¢2 to ¢4 95 ns ¢1 & ¢ Loaded to
tos Delay &1 t0 ¢ Leading Edges | 109 129 | ns Co = 20 pF to 50 pF
t Output Rise Time 20 ns
t Output Fall Time 20 NS o
tpss ¢ to STSTB Delay 296 326 | ns
tDg2 ¢ to po (TTL) Delay -5 +15 ns
tpw Status Strobe Pulse Width 40 ns Ready & Reset Loaded
toRs RDYIN Setup Time to Wi —167 ns ;i)llzmz:s/\}gg;nts
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

Ry

24
20 20 DEVICE
> TEST POINTS < UNDER
0.8 ‘0.8 C Ry
0.45 I
231464-3 L

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). Cy Includes Jig Capacitance
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WAVEFORMS

4 o

— "— ooz tooz —>
STy

SYNC \ / -
(FROM 8080A)

s7ETE A A

tors—] fe—

RDYIN OR RESIN 3& -) )

1,
oR

RESET OUT AC

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

X2

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

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

m Built-In Bidirectional Bus Driver for m Available in EXPRESS
Data Bus Isolation — Standard Temperature Range

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

m Reduces System Package Count

The Intel® 8228 is a single chip system controller and bus driver for MCS®-80. It generates all signals required
to directly interface MCS-80 family RAM, ROM, and I/0 components.

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080
data bus from memory and |/O. 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.

stste [ 28 [ vee
HoA [ 2 27 [Jirow
wR[]3 26 [] MEMW
Dy —» ] ~— DB i
o? o] -— DB? osIN[] 4 25 []iloR
D, —= <— DB. —
2 2
cPu D, — 81 DIRECTIONAL |~ «— 08! o84 s 2 [ memn
DATA D Pl BUS DRIVER 3 - SYSTEM DATA BUS
BUS e ~<— D8, oa[]s [ mim
Dy —o =] |—<— DB,
D, —= =] —~<— DB —
s d os? []7 22 7] BUSEN
D; —= <] |—><— DB, O 8228 &
or[s 21 Joe
DRIVER CONTROL os3[]o 20 1] ose
] o3[ 19[Jos
o——— MEMTR
: os2[]n 18[Joss
STATUS MEMW o222 - 7 [Jo
LATCH ]
b—— i0R osg [ 13 16 [ Jos1
GATING
ARRAY GND ] e 1sfJog .
r p—— OW
§TsTB 231465-2
DBIN BUSEN
wa D7-DO__| Data Bus (8080 Side) INTA__[ Interrupt
HLDA iNTA DB7-DBO | Data Bus (System Side) HLDA | HLDA (from 8080)
231465-1 I/OR 1/0 Read WR__| WR (from 8080)
. V/OW__| 1O Write BUSEN | Bus Enable Input
Figure 1. Block Diagram MEMR__| Memory Read |STST8 | Status Strobe (trom 8224)
MEMW | Memory Write [vec  T+sv
DBIN __| DBIN (from 8080) |ano Jovois

Figure 2. Pin Configuration

September 1987
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............ 0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Supply Voltage, Voo v v ovvvevnenn —0.5Vto +7V
InputVoltage ...................... —15t0 +7V
OutputCurrent .............coviiiniiin, 100 mA

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age lo 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 T, = 0°Cto +70°C, Vgg = 5V +5%

Limits
Symbol Parameter Unit Test Conditions
Min | Typ(1)| Max :
Ve Input Clamp Voltage, 0.75 | —1.0| V |Voc =4.75V;Ic = —5mA
All Input .
I Input Load Current | STSTB 500 | pA Voo = 5.25V
Do & Dg 750 | pA [VE = 0.45V
Do, Dy, Dy, 250 | A
Ds & D7 )
All Other Inputs 250 | pA .
Ir Input Leakage Current | STSTB 100 | pA | Voo = 5.25V
DBy-DB;7 20 | pa |VR =525V
All Other Inputs 100 | pA
VTH Input Threshold 0.8 20 | V |Vgoc =5V
: Voltage, All Inputs
lcc Power Supply Current 140 | 190 | mA |Vgc = 5.25V
VoL |Output Low Voltage |Dg-D7 045 | V |Vgo = 4.75V; 1o, = 2mA
All Other Outputs 045 | V |loL = 10mA
VoH |OutputHigh Voltage |Dg-D7 36| 3.8 V |Vgg = 4.75V; o /= —10pA
All Other Outputs | 2.4 V |lopH = —1mA
los Short Circuit Current, All Outputs 15 90 | mA |Vgc = 5V
looffy | Off State Output Current 100 | pA |Vgo = 5.25V; Vo = 5.25V
All Control Outputs —100| pA [Vo = 0.45V
IINT INTA Current 5 mA | (See INTA Test Circuit)
NOTE:

1. Typical values are for Ty = 25°C and nominal supply voltages.

24-56



intel

8228

CAPACITANCE Vgjas = 2.5V, Vg = 5.0V, Tp = 25°C,f = 1 MHz

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

Limits .
Symbol Parameter Min Typ() Max Unit
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 T5 = 0°Cto +70°C, Vo = 5V +5%
Limits "
Symbol Parameter Min | Max Unit | Conditions
tpw Width of Status Strobe 22 ns
tss Setup Time, Status Inputs Dg—D7 8 ns
tsH Hold Time, Status Inputs Do-D7 5 ns
tpc 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 | Cp = 100 pF
| twe Delay to Enable System Bus DBo-DB;7 after STSTB 30 ns | C_= 100 pF
twp Delay from 8080 Bus Dg-D7 to System Bus 5 40 ns | C_ = 100 pF
DBg-DB7 during Write
tg Delay from System Bus Enable to System Bus DBy-DB7 30 ns | C_= 100pF
tHD HLDA to Read Status Outputs 25 ns
tps Setup Time, System Bus Inputs to HLDA 10 ns
tDH 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
. I Re 8228
- - Nt
231465-3
For Dg-D7; Ry = 4 KQ, Rp = =@, G = 25 pF. 2
For all other outputs: Ry = 50092, Ry = 1 KQ, G = 100 pF. INTA
231465-4
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WAVEFORMS
.“ T/ /[
STATUS STROBE \_/ ' \/
8080 DATA BUS ' { j(
tgg hat' U] )% \
DBIN
iNTA, TOR, MEMR 1 '“;_
toc —~| L—
_ woa = |-t
INTA, IOR, MEMR "—‘—-\
DURING HLDA
=~1DS —=i=-tOH . .
SYSTEM BUS DURING READ ::::::::::::__j( ;C::__;_ ________
‘RO |=- tRe -
8080 BUSDURING READ — — — — — — — —J— [~ — — — ittt
‘m}_——{ .*——* "— twr
iOW OR MEMW
8080 BUS DURING WRITE :::::::::i = % .
. : ' twp
SYSTEMBUSDURINGWRITE — — — — — — — — — +< 3(
’ — we |[—
SYSTEM BUS ENABLE
e |— te [«—
SYSTEMBUSOUTPUTS — — — — — — = — — = = = — — — < > o - —— - — —
231465-5

VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0” = 0.8V, Logic “1" = 3.0V. All other signals mea-
sured at 1.5V. )
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) 8755A
16,384-BIT EPROM WITH I/0

m 2048 Words x 8 Bits m 2 General Purpose 8-Bit 1/0 Ports

m Single +5V Power Supply (Vce) m Each 1/0 Port Line Individually

m Directly Compatible with 8085AH Programmable as Input or Output

m U.V. Erasable and Electrically m Multiplexed Address and Data Bus
Reprogrammable | 40-Pin DIP

H Internal Address Latch B Available in EXPRESS

— Standard Temperature Range
— Extended Temperature Range

The Intel 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/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 consists of 2 general purpose 1/0 ports. Each 1/0 port has 8 port lines, and each 1/0 port line
is individually programmable as input or output.

PROG AND CE, [] 1 40 I Vee

cLx l CE;[] 2 39 []°P8,

cLk 3 38 [1PBs

READY < RESET (] 4 37 [1PBg

AD;_, Voo [ 5 36 [1PB,

) READY []6 35 [PB,

PORT A om]7 3a P8,

CE § o] ap [} 9 32 [1PB,
2Kx 8 — —

10/M ~—————srt EPROM 1 jow (J 10 8755 31[1PA,;

ALE i PORT B ALE (I n 30 [1PAg

7D B PBo~7 AD, L—ﬂ 12 29 [1PAg

__ AD, [} 13 28 [ 1PA,

o — AD, (] 14 27 [JPA,

RESET ——————— a0, 15 Y oy

ioR ‘ AD, [ 16 25 [1PA,

__’ L ADs ] 17 24 [JPA

PROG/CE, Ve (+6V) ADg 118 23[1Ap

Voo Vgs (OV) AD, 119 22[Aqg

231735-1 Vss [ 20 21 ;\As

Figure 1. Block Diagram 231735-2

Figure 2. Pin Configuration

November 1986
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Table 1. Pin Déscriptlon

Symbol

Type

Name and Function

ALE

ADDRESS LATCH ENABLE: When Address Latch Enable goes high, ADg_7, '
10/M, Ag_10 CEp, and CEj enter the address latches. The signals, (AD, I0/M,
ADg_10, CEp, CE1) are latched in at the trailing edge of ALE.

ADg-7

BIDIRECTIONAL ADDRESS/DATA BUS: The lower 8 bits of the PROM or I1/0
address are applied to the bus lines when ALE is high.

During an I/0.cycle, Port A or B is selected based on the latched value of ADp.
IF RD or IOR is low when the latched Chip Enables are acuve, 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 I/0 operations.

'PROG/CE;

CE>

CHIP ENABLE INPUTS: CE; is active low and CE 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. CE4 is also used as a
programming pin. (See section on programming.)

10/M

1/0 MEMORY: If the latched I0/M is high when RD is low, the output data
comes from an 1/0 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 IOR are high, the ADg_7 output buffers are 3-
stated.

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 IO/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 CE;, CEp, 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 |/0 pins. Their input/output direction is
determined by the contents of Data Direction Register (DDR). PortAis
selected for write operations when the Chip Enables are active and IOW is low
and a 0 was previously latched from ADg, AD1.

Read Operation is selected by either IOR Iow and active Chip Enables and ADg
and AD4 low, or 10/M high, RD low, active Chip Enables, and ADo and AD4
low.

PBo-7

170

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

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).

|

1/0 READ: When the Chip Enables are active, a low on IOR will output the
selected 170 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 hlgh voltage is supphed with Vpp = 25V, typical. (See
section on programming.)
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FUNCTIONAL DESCRIPTION

PROM Section

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

The PROM section of the chip is addressed by the
11-bit address and the Chip Enables. The address,
CE1 and CE; 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 Vgg).

1/0 Section

The 1/0 section of the chip is addressed by the
latched value of ADg_-1. Two 8-bit Data Direction
Registers (DDR) in 8755A determine the input/out-
put status of each pin in the corresponding ports. A
“0” in a particular bit position of a DDR signifies that
the corresponding 1/0 port bit is in the input mode. A
“1” in a particular bit position signifies that the corre-
sponding 1/0 port bit is in the output mode. In this
manner the 1/0 ports of the 8755A are bit-by-bit pro-
grammable as inputs or outputs. The table summa-
rizes port and DDR designation. DDR’s cannot be
read.

| WRITEDDR A = (JOW = 0) ® (CHIP ENABLES ACTIVE) ¢ (DDR

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 /O 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 IOR goes low. Both input and output mode
bits of a selected port will appear on lines ADg_7.

To clarify the function of the I/0O 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

£ . OUTPUT |
0 LATCH
2 [ a II
CLK |
OuTPUT
ENABLE |
2 WRITE PA !
2 |
<
5 DOR |
a|De LATCH |
° [} Q A
a 4 \0
z CLR cik | PIN
&
H RESET |
WRITE DOR A :
|
= @ —

READ PA
231735-3

WRITE PA = (IOW = 0) ® (CHIP ENABLES ACTIVE) ® (PORT A
ADDRESS SELECTED)

A ADDRESS SELECTED) -
READ PA = {(I0/M = 1) ¢ (RD = 0) + (iOR = 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/cm2. 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. i

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 1/0
® Memory Mapped 1/0

If a standard 1/0 technique is used, the system can
use the feature of both CEp and CE4. By using a
combination of unused address lines A11-15 and the
Chip Enable inputs, the 8085AH system can use up
to 5 8755A’s without requiring a CE decoder. See
Figure 4.

If a memory mapped 1/O approach is used the
8755A will be selected by the combination of both
the Chip Enables and I0/M using ADg_15 address
lines. See Figure 3.

8085AH K ADy;

ALE
AD

WR

CLK (¢2)
READY
10/M

Y =
D

vic
__ADg; Agye  RD CLK 1O/
ioR ALE 0W READY C(E

8755A

231735-4

Figure 3. 8755A in 8085AH System
(Memory-Mapped 1/0)
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CLK (62)
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10/M
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231735-6
NOTE:

Use CE; 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 . . . .. e 0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on any Pin

with Respect to Ground. .......... —-0.5Vto +7V
‘Power Dissipation.............c.c.oiiiene.. 1.5W

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vgc = 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 \" Vee = 5.0V
ViH Input High Voltage 2.0 Vgc + 0.5 v Ve = 5.0V
VoL Output Low Voltage 0.45 \" loL = 2mA
VoH Output High Voltage 24 Vv loy = —400 pA
I Input Leakage 10 MA Vss < VIn £ Veo
o Output Leakage Current +10 HA 0.45V < Vourt < Voo
lcc Ve Supply Current 180 mA
[[3)5) Vpp Supply Current 30 mA Voo = Vce
CiN Capacitance of Input Buffer 10 pF fc = 1puHz
Cio Capacitance of /0 Buffer 15 pF fc = 1 pHz

D.C. CHARACTERISTICS—PROGRAMMING

Ta = 0°C to 70°C, Vgc = 5V £5%, Vgg = 0V, Vpp = 25V £1V
Symbol Parameter Min Typ Max Unit
Vbp Programming Voltage (during Write to EPROM) 24 25 26 \"
Ibb Prog Supply Current 15 30 mA
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A.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vg = 5V £5%

Symbol Parameter . 8755A Unit
Min Max

tcyc Clock Cycle Time 320 ns
T4 CLK Pulse Width 80 ns
T2 CLK Pulse Width 120 ns
t tr CLK Rise and Fall Time 30 ns
taL Address to Latch Set Up Time 50 ns
tLa Address Hold Time after Latch 80 ns
tic Latch to READ/WRITE Control 100 ns
tRD Valid Data Out Delay from READ Control* 170 ns
tap Address Stable to Data Out Valid** 450 ns
tL Latch Enable Width 100 ns
tRDF Data Bus Float after READ 0 100 ns
toL READ/WRITE Control to Latch Enable 20 ns
tcc READ/WRITE Control Width 250 ns
tow Data in Write Set Up Time 150 ns
twp Data in Hold Time after WRITE 30 ns
twp WRITE to Port Output 400 ns
teR 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
tARY 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 + Trc), whichever is greater.

**Defines ALE to Data Out Valid in conjunction with Tay.

A.C. CHARACTERISTICS—PROGRAMMING

Ta = 0°C to 70°C, Vg = 5V +5%, Vgg = OV, Vpp = 25V 1V
Symbol Parameter Min Typ Max Unit
tps Data Setup Time 10 ns
trD Data Hold Time 0 ns
ts Prog Pulse Setup Time 2 us
tH Prog Pulse Hold Time 2 us
trR 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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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24
2.0 2.0
>Q > TEST POINTS <3<
0.8 0.8
0.45
231735-7
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".

DEVICE
UNDER
TEST

C_ = 50 pF

[ 1
I

C, = 150 pF

231735-8

Cy Includes Jig Capacitance

WAVEFORMS

CLOCK SPECIFICATION FOR 8755A

fe— Ty ——

teve

231735-9

PROM READ, I/0 READ AND WRITE

Ag10 ADDRESS K

X ADDRESS

oM

tao

ADg ADDRESS

A

DATA

-t

ALE

le— taL fe—— tLa ——]

(PROG)/CE,

B
E. —_— ADDRESS
7
1/—\_

CE,

AN

NIl
AN

—={ tRDF fe—o

— F—-— tRDE
iOR RO 31
e fe— tRL tow
oW N
tce

_Please note that CE{ must remain low for the entire cycle.

f——— tCL ——

-
.

231735-10
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WAVEFORMS (Continued)

1/0 PORT

DATA®
BUS

A. Input Mode

o GLITCH FREE
Yyp — 1 -~ OuTPUT

231735-11

231735-12

(CE=1) +(CE=0)

ALE

READY == wm e e

-231735-13
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WAVEFORMS (Continued)

8755A PROGRAM MODE

FUNCTION

CYCLE

ALE

)

A/Dg.7

DATA TO BE
ADDRESSU PROGRAMMED

VERIFY CYCLE* —‘l‘— PROGRAM CYCLE

.
— =

tpp ——>| | —

A8-10

X

SIS

PROG/CE} ' \

-——
tps —1 H |
15
+25
Voo
+5 — —
~———| PR PF |<—
—»| tpRG [*—
-——
" \__/- '

231735-14

*Verify cycle is a regular Memory Read Cycle (with Vpp = +5V for 8755A).
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8243 Expander, 2-4
8243 Port Characteristics, 2-5

A

Accumulator, 1-1

Addressing Beyond 2K, 2-1

Addressing External Data Memory, 2-4
ALE, 1-17, 2-9

ALU, 1-1

Arithmetic Logic Unit, 1-1

B
Bus, 1-5, 1-17, 2-9

c

Clock Circuits, 1-9
Conditional Branches, 1-6
Control Signals, 2-8
Counter, 1-7

Cycle Counter, 1-10

D
Data Memory, 1-3

EA, 1-15

Erasing EPROM, 1-18

Erasure Characteristics, 1-18

Event Counter, 1-9

Expansion of Data Memory, 2-3
Expansion of 1/0, 2-4

Expansion of Program Memory, 2-1
Extended Addressing, 2-1

External Access Mode, 1-15
External Data Memory Addressing, 2-4
External Instruction Fetch, 2-1

MCS®-48 INDEX

1/0 Expander Device (8243), 2-4

1/0 Expansion, 2-4, 2-5

1/0 Port Characteristics, 2-5

I/0 Port Restore, 2-2
Instruction Decoder, 1-1

Instruction Fetch (External), 2-1

INT, 1-17

Interrupt, 1-5, 1-7
Interrupt Routines, 2-2
Interrupt Timing, 1-7

Memory Bank Switch, 2-1
Memory Bank Switching, 2-8

Memory Expansion, 2-5
Multi-Chip Systems, 2-7

(o]
Oscillator, 1-9

P

Pin Description, 1-16
Port 1, 1-5, 1-17

Port 2, 1-5, 2-9 )
Port Characteristics, 2-9
Power Down, 1-13
PROG, 1-17, 2-9
Program Counter, 1-5
Program Memory, 1-1

Program Status Word, 1-6
Programming EPROM, 1-18

PSEN, 2-9
PSW, 1-6

R

RD, 1-17, 2-9
Read Cycle, 2-3
Reset, 1-10, 1-17

Restoring I/0 Ports, 2-2
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S

Single Step, 1-11, 1-14
Stack, 1-5

State Counter, 1-10

" Sync Mode, 1-15

T

TO, 1-5, 1-17

Ti, 1-5, 1-17

Test Inputs, 1-5
Timer, 1-7, 1-9
Timing, 1-13
Timing Circuits, 1-9

v

Vce, 1-17

Vpp, 1-17

Verifying EPROM, 1-18
Vss, 1-17

w
WR, 1-17, 2-9

Write Cycle, 2-3
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8 .
8031AH, 5-2,
8032AH, 5-2,
8051, 5-1, 5-2, 8-1
8051AH, 5-2, 8-1
8051AHP, 8-28
8052AH, 5-2, 8-1
80C31BH, 5-2, 8-1
80C51BH, 5-2, 5-3, 8-1
80C51BHP, 8-28
80C51FA, 5-2, 9-1
80C51GA, 5-2, 10-1
83CS1FA, 5-2, 9-1
83C51FB, 5-2, 9-1
83C51GA, 5-2, 10-1
8751BH, 5-2

8751H, 5-2, 8-1, 8-27
8752BH, 5-2, 8-1, 8-27
87Cs1, 5-2, 8-1, 8-27
87CS1FA, 5-2, 9-1
87C51FB, 5-2, 9-1
87C51GA, 5-2, 10-1

8-1
8-1

A
AC (Auxiliary Carry) Flag, 6-10, 8-4
ACALL, 5-13, 6-27
Accumulator, 8-3, 9-3
ADCON, 10-1, 10-2
A/D Converter, 10-1
ADD, 6-28, 6-38
ADDC, 6-29, 6-38
ADDRESS/DATA Bus, 6-5, 8-6
Addressing
Broadcast, 9-25
Given, 9-25
Addressing Modes, 5-7
AJMP, 5-13, 6-31
ALE, 5-16, 8-7
ANL, 5-12, 6-31, 8-7
Arithmetic Instructions, 5-7, 6-20
ASMS51, 5-6
Automatic Address Recognition, 9-25

B
B Register, 8-3, 9-4
Baud Rate, 6-19, 8-13, 9-27
BCD, 5-8, 5-10
Bit Addressable, 6-5
Boolean Instructions, 5-11, 5-12, 6-22
Bus Cycle
Data Memory, 5-16
Program Memory, 5-16
Byte Addressable, 6-7

MCS®-51

INDEX

C

C (Carry) Flag, 5-6, 5-12, 6-10, 8-4
Capture Mode, 9-21

Capture Registers, 8-3

Case Jump, 5-7, 5-13

Ceramic Resonator, 5-14, 8-29
CHMOS Devices, 5-3, 8-6, 8-25, 8-30
CINE, 5-14, 6-34

CLR, 5-12, 6-6, 6-36

Compare Mode, 9-21

Control Registers, 8-3

CPL, 5-12, 6-37, 8-7

CPU Timing, 5-14

Crystal, 5-14, 8-28

D
DA A, 5-8, 6-3

Data Memory, 5-4, 5-5, 5-11, 6-3, 8-7, 9-1

Read Cycle, 8-32, 9-9

Write Cycle, 8-33, 9-9
Data Pointer, 8-3, 9-4
Data Transfers, 5-9, 6-21
DEC, 6-40, 8-7
Direct Addressing, 5-7, 6-3, 6-5
DIV AB, 5-8, 6-41, 8-23
DINZ, 5-14, 6-42, 8-7

E
EA (Enable All), 8-21, 8-22

EA (External Access), 5-4, 8-7, 8-28, 9-10

Encryption Array, 8-27, 9-37
EPROM Programming, 8-27, 9-37
EPROM Verifying, 8-27
Execution Times, 5-7

External Clock, 8-29, 8-30, 8-31

External Program Execution, 5-4, 8-7, 9-8

F
Fetch/Execution Sequence, 5-15

. Framing Error Detection, 9-25

25-3

H .
High Speed Output, 9-22

1
1/0 Buffers, 6-4, 8-5
Idle Mode, 5-3, 6-10, 8-26, 9-35

IE (Interrupt Enable), 5-17, 6-11, 8-3, 8-21, 9-30, 10-8

Immediate Constants, 5-7

INC, 6-43, 8-7

Indexed Addressing, 5-7

Indirect Addressing, 5-7, 6-3, 6-5



1 (Continued)

Instruction Opcodes, 6-24

Instruction Set, 5-6, 6-20

Internal Timing, 8-31

Interrupt Response Time, 8-23, 9-32, 9-33

Interrupts, 5-4, 5-17, 6-11, 8-21, 9-4, 9-29, 10-7
External, 6-11, 8-23, 9-30 .

IP (Interrupt Priority), 5-17, 6-12, 8-3, 8-22, 9-30, 10-9

J
JB, 5-12, 6-45
JBC, 5-12, 6-45, 8-7
JC, 5-12, 6-46
JMP, 5-13, 6-47
JNB, 5-12, 6-48
JNGC, 5-12, 6-48
INZ, 5-14, 6-49
ump Instructions, 5-13, 6-22
JZ, 5-14, 6-49

L

LCALL, 5-13, 6-50

LIMP, 5-13, 6-50

Lock Bits, 8-28, 9-37

Logical Instructions, 5-9, 6-21
Lookup Tables, 5-7, 5-11

M
Machine Cycle, 5-15
Memory Organization, 5-3
MOV, 5-12, 6-51, 8-7
16-Bit, 5-10
MOVC, 5-11, 6-56
MOVX, 5-11, 5-16, 6-57
MUL AB, 5-7, 6-59, 8-23
Multiprocessor Communication, 8-12, 9-25

N
Ninth Data Bit, 8-12, 8- 18
NOP, 6-59

(o) )
ONCE (On-Circuit Emulation) Mode, 8-28, 9-37
ORL, 5-12, 6-60, 8-7
Oscillator, 5-14, 8-24, 8-28, 9-37
- External, 5-15
Oscillator Fail Detect, 10-4
Oscillator Frequency, 8-13
OV (Overflow) Flag, 6-10, 8-4

P
P (Parity) Flag, 5-7, 6-10, 8-4

PCA Timer/Counter, 9-17 |

PCON, 6-10, 6-19, 8-3, 8-13, 8-26, 9-4, 9-36
Polling Sequence, 5-17, 8-22

POP, 5-9, 6-63

P (Continued)

Port Bit Latch, 8-4, 9-6

Ports, 8-3, 8-4, 8-33, 9-4, 9-5, 10-3

Power Down Mode, 5-3, 6-10, 8-26, 9-36

Power Off Flag, 9-36

Program Memory, 5-3, 5-4, 6-2, 8-7, 8-27, 8-32, 9-1
Program Memory Locks, 8-27

Programmable Counter Array (PCA), 9-4, 9-16
PSEN, 5-4, 5-16, 8-7

PSW (Program Status Word), 5-6, 6-10, 8-3, 8-4, 9-4
Pulse Width Modulator (PWM), 9-23

PUSH, 5-9, 6-63

Q
Quick-Pulse Programming Algorithm, 8-27

R
RD Signal, 5-4, 8-7
Register Banks, 5-7, 6-5, 6-10, 8-4
Register Instructions, 5-7
Register-Specific Instructions, 5-7
Relative Offset, 5-12
Reset, 6-8, 8-24, 9-33
Power-On, 8-25, 9-34
RET, 5-13, 6-64, 8-23
RETI, 5-13, 6-22, 6-64, 8-23
RI (Receive Interrupt) Flag, 6-18, 8-13, 8-15, 8-18 8-21
RL, 6-65
RLC, 6-65
ROM Protection, 8-28
RR, 6-66
RRC, 6-66

S

SBUF, 8-3, 8-11, 8-15
SCON, 6-18, 8-3, 8-12, 8-13
SEPCON, 10-5

SEPSTA, 10-6

Serial Expansion Port, 10-4
Serial Port, 6-10, 6-12, 6-16, 6-18, 6-19, 8-11, 9-4
SETB, 5-12, 6-67, 8-7
SFRs, 5-6, 6-5, 6-7, 8-1, 9-2
Single-Step Operation, 8-24
SIMP, 5-13, 6-68

Software Timer, 9-21

Stack Pointer, 6-5, 8-3, 9-4
Start Bit, 8-12, 8-15, 8-18
State Time, 5-15

Status Flags, 5-7

‘Stop Bit, 8-12, 8-15, 8-18

SUBB, 6-69
SWAP A, 5-9, 6-70
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8XC451 Architectural Index

AFLAG, 12-1, 12-3

BFLAG, 12-1, 12-3

Control Status Register, 12-2
Handshake, 12-1

IBF, 12-2

IDS, 12-1, 12-2

OBF, 12-2

ODS, 12-1, 12-2

Special Function Registers, 12-3
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Tel: 50?‘”&!7&46

179

g%ne Elumvwm?ukw-y

Hlll.sbom 97124

: (503) 840-8000

2203

PENNSYLVANIA
Arrow Electronics, Inc.
Monroeville 151468
Tel: (412) 856-7000
Hamilton/Avnet Electronics
2800 Ave.
Pittsbur 5238
Tel: (41'5"231 4150
gskzgmr Electronics
Pittsburgh 15238
Tel: u’%lez—zaoo

: 710-795-3122

rl’:’chnoioghs Group, Inc.
lley

26! Glbmnar Road
TOI: 2!5 674-4@0
TW){: 5|I)-065-8770
TEXAS

"Arrow Electronics, Inc.
cunmanderodn

Mﬂ fmsm
Arrow Electronics, Inc.
0899 Kinghurst

Suite 100

Tok 1778 S64700

X 51b.580-4458
"Arrow Electronics, Inc.
W. Braker Lane

R

TW)!: 91 '4-1348

‘tHamilton/Avnet Electronics

1807 W. er Lane

758
(512) 837-8911
9! '4-1319

TEXAS (Cont'd.)

;Hunlmm/kvnot Electronics
111 W. Wainut Hill Lane

Irvie
Tel: 3%14 550-8111
1812)-660-5929

lamilton/Avnet Electronics
Wr !Rd Suite 190

W1 3&2‘&7733

Pioneer
8260 Kramer
Austin 78758
Tel: SIZW
1 '4-1323
1Plonw Electronics
3710 Owa Road
Dallas 7!
Tel: (214) 386-7300
: 91 5563

gPlomsr Electronics
353 Polm wm Drive

R,

V?te Distribution Group
0 Greenville Avenue

Ison 75081
Tol (214) 235-9953
UTAH

Arrow

1948 P

Salt Lake City 84119
Tel: (801) 973-6913
1"!’" /Avnet Electronics
5&5W c?éoﬂ Sauth

T.l 801) 972-2800

TW)!. ))- 925-4018

V:v,y;u Dlwlbmkm Group
5 Wes

m an 84119
Tel: (801) 674-9953

WASHINGTON

4360 S % Eastqlts w-y
Tol !208

81 2

Arrow Electronics, Inc.
}(9540 68th Ave. South
Tel: (206) 5754420
I imilton/Avnet Electronics

42!2 N. 2|s| Street
T

2469

le Distribution Group
N.E. 80th Street

Redmond 88052
Tel: (208) 881-1150

DOMESTIC DISTRIBUTORS (Cont’d.)

WISCONSIN

Arrow Electronics, Inc.

200 N. Patrick Bivd., Ste. 100
rookfleld 53005

Tel 414 767-8600
-262-1193

Nlmmun[Awm Electronics

29 5 Moodlm‘lsﬂ‘oad

Tsl “4 784-4510
-262-1182

CANADA

ALBERTA

Hamilton/Avnet E|

2816 21st Street N.E.

G T2E 623

Wit 032007042

ey

330 14 Avene NE.

TolS{43) 272-1021

BRITISH COLUMBIA:
Hamilton/Avnet Electronics
105-2550 éound

Burmalay V5M 3.

Tel: (604) 437-8667

Richmond V6X 1T2

Tel: ’004) 273-5575

: 04-5077-89

MANITOBA

Tel: ( 694-1957
ONTARIO

Eloctmnlcs. Inc.
38 Anun

T :(en) u&sm
Eloch-onica Inc.

Mue)'@s#ee 4

845 Rexwood Road
its 3-4-5

O
Wi 01042 0567

Hamitton/Avnet Electronics
6845 Rexwood Road

Unit8
Mississauga L4T 1R2
Tel: (418) 277-0484

ONTARIO (Cont'd.)
INlmlnon/Avml Electronics
90 Colonnade Road South

Norun K2E 7L5
Tel: 261 3) 226-1700
: 05-348-71
Zantronla
GT 374

T i 16) 451 m
Izmonlcl

USS (#lomudo Road
N K2E 7K1
Ym 3) 226-8840
Zentronics

60-1313 Border St.
Tel: (: 694-7957

QUEBEC

rArrow Electronics inc.
Jean Talon Quest

TS TaE 8801
'I'W.){: 05-25590

Tel. Eﬂ B) 387—4231

Hamilton/Avnet Electronics
suilep

ol:
'I'W)é: 8‘2)-421 -3731
Zentronics
817 McCaffre)
St. Laurent HAT 1M3
Tel: (514) 737-9700
05-827-535
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DENMARK .

Intel

Glentevej 61, 3rd Floor
2400 Copenhagen NV
Tel: (453 (01) 198033

TLX: 19567

FINLAND

Intel
Ruos«lanus 2

00390 H
Tk (353) 5. 544 644
FRANCE

| Hus Edison-BP 303

78054 St. Quentin-en-Yvelines Cedex
Tel: (339)(1)305 7000
TLX: 699016

Intel
4, Quai des Etroits

69321 Lyon Cedex 05
Tel: (33? (lg)’73 424089
TLX: 3051

WEST GERMANY

Intel

Dornacher Strasse 1

8016 Feldkirchen bei Muenchen
Tel (49%089 90992-0

FAX 904-3948
intel
Hohenzollern Strasse 5
3000 Hannover 1
Tel: (49%051 1/344081
TLX: 9-23625

N
Intel
Abraham Lincoln Strasse 16-18
8200 Wiesbaden
Tel: (49) 06121/7605-0
TLX: 4-186183
zettuehrmg 10A

Tel (49) 0‘?‘ 1 é7287 -0

y

EUROPEAN SALES OFFICES

ISRAEL

Intel®
Atidim Industrial Park-Neve Sharet
. Box 43202

T 72) 03-498080
TLX: 371215

ITALY

Milanofiori Palazzo E
A‘.sago

Tel (:391 (ozé 8244071

NETHERLANDS

Intel*
Mmen Mees

%el ok (310 s&‘:“?‘ 23.77
NORWAY

Intel
Hvamveien 4-PO Box 92
$°|1:24s7k 8) D42 420

el
R )

SPAIN

Intel

Zurbaran, 28

Tor 68y 4304004
ol:

TLX:( 48660

SWEDEN

Intel*
Dalvagen 24

171 36 Solna

Tel: (482 87340100
TLX: 12261
SWITZERLAND

intel

Zuerichstr
8165 Winker Hueetl bei Zuerich

Tol (ld 0‘/960
UNITED KINGDOM
Inlsl‘

p
I don, \Xnnsmra SN3 1RJ
Tel 144 (07922 696000

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.
Rotenmuehlgassa 26

1120 Wier
Tok (49 (ozzz) 8356460

BELGIUM

Inelco Belgium S.A.

Av. des Croix de Guerre 94

1120 Bruxelles
skruisenlaan, 94

1120 Brussel

Tel: (32) (702) 21601 60

TLX: 64475

DENMARK

ITT- Mumkcmponenl

gaver! 29

Tel: (45) O 2 456645

XLpL

FINLAND

OY Fintronic AB
Malkonkam 24A

00210
T (asa) oy sb2s022
FRANCE

Generim

Z.A. de Courtabosut

Av de |a Baltique-BP 88
91943 Les Ulis Cedex

Tel. (353 (7&39 0778 78

Jermgn

73-79, rue des Solets
ilic 585

94663 Rungis Cedex

Tel ( 09&‘5 6004 00

Metrole

92606
Tel (33) (1) 47 90 62 40

Tekelec-Airtronic

Rue Carle Vernet - BP 2
92315 Sevres Cedex
Tel: (33) (5:;45 347535
TLX: 204552

*Field Application Location

WEST GERMANY

Electronic 2000 AG
Stanigruberring 12

8000
Tel (492) 089/4200‘-0
T Mul(ikom nent GmbH
Postfach 121
Bahnholstrasu 44
Tel (4909914?[4879
Jermyn GmbH
Im Dachsstueck 9

6250 Lis
Tel (49) 05431 /soa -0
Metrologie GmbH
Meglin: ers(rasse 49

nchen 71

Tel: (49) 00?{(8042—0
TLX: 5213189
Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
?‘032(43?096?03/3040

el
TLX: 417903
IRELAND
Micro Marketing Ltd.
Glenageary Office Park
Glenageary
Co. Dublin
Tel: (21) (353) (01) 85 63 25
TLX: 31584
ISRAEL

Eastronics Ltd.
11 Houms Street

Tel Avw
(9723 03-4751 51

ITALY

Inte:

Dlvmone T Indus(nes GmbH
Viale Milanofiori

Palazzo E/5

20090 Assago

Tel (39) 0?824701

Lasi Elettronica Sf.A.
V. le Fulvio Testi, 126
de092 Cinisello Balsamo
Te| (3? 012440012

NETHERLANDS

Koning en Hartman
; Ene |sw

Tel: (:n ) 15809906

TLX: 38250

NORWAY

Nordlsk Eleklronikk (Norge) A/S
Postboks 123

Smedsvmgen 4

1364 Hvalsta

Tel: (47) (02) 84 62 10

TLX: 77546

PORTUGAL

Ditram
Avenida Marques de Tomar, 46-A

1000 List
Tel: (351) (1) 73 48 34
TLX: 14182

SPAIN

ATD Electronica, S.A.
Plaza Ciudad de Viena, 6

8040 Madri
Tel: (3? 234 40 00
TLX: 42754

Csllle MMguel Angel, 21-3
Tel: (34) 419 09 57

TLX: 27461

SWEDEN

Narmsk Eloklvomk AB
Huvud tagatar

17l 7

Tel (450) 05—734 9770
SWITZERLAND
Industrade A.G.

Tek ()¢ (em) 630504 0

TURKEY

EMPA Electronic
Lindwurmstrasse 95A

8000 Muenchen 2
Tel: (49) 089/53 80 570
TLX: 528573

UNITED KINGDOM

Accent Electronic Compomn(s Lid.
Jubilee House, Jubilee
%el (hwo:m Herts SG6 1TL
ol: 686666
TLX: 8252 3 68

Bytech-Comway Systems
3 The Western Centre

Waestern Road
Bracknell RG12 1RW
Tel: (w (0344) 55333
TLX: 847201

Jermyn

Vestry Estate

Otford Road

Sevenoaks

Kent TN14 SEU

Tel: (4? (0732) 450144
TLX: 95142

MMD
Unit8 Southvlew Park
Caversha

Berkanto RG4 OAF
Tel: (44) (0734) 48 16 66
TLX: 846669

Rapid Silicon

Rapid House

Denmark Street

Hng mbe
Buckinghamshire HP11 2ER

Tel 144 (0494) 442266

Rapid Systems
Rapid House
gov;‘m&r;( Street
BE king namsmra HP11 2ER
Tel (4343 (0494) 450244
37931

YUGOSLAVIA
H.R. Microelectronics Corp.
2005 de la Cruz Bivd., Ste 223
ﬁuma Clara, CA 95050
‘;08&9“'0286

45!
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INTERNATIONAL SALES OFFICES

AUSTRALIA

itel Australia Ltd.*
m Bullgl‘y

Cfm Non. fﬁ , 2085
Tol: (%57 -2744
TLX: AA 20097
FAX: (2) 923-2632
BRAZIL
tel Semicondutores do Brasil LTDA
Av Paulista, 1159-CJS 404/405
1 - Sao Paulo - S.P,
FAX, 55-11-212-7631
CHINA/HONG KONG
Intel PRC

Intel Semleonducm Ltd.*
10/F En

Quunawly. Central

}E’X‘?SJGBGS ISHLHK HX

FAX: (5) 8681-989

ARGENTINA

DAFSYS S.R.L.
Chacabuco, %PISO

1 s

Tel: 54-1-334-1871

54-1-334-7726
25472
AUSTRALIA

Total Electronics
15-17 Hume Street

Elebra Microelectronica

R. Geraldo Flausina Gomes, 78
Andar

04575 - Sao Paulo - S.P.

Tel: 011-55-11-534-9637

TLX 39"125‘31 ELBR BR

11-534-9424

CHILE

DIN Instruments

Suecla 2323

Casillia 8055, Correo 22

Tel: 56-2-225-8139
TLX: 440422 RUDY CZ
CHINA/HONG KONG

e o
Phase 1, 26 Kwal Hel Street
N.T., Kowloon

Tel: 852-0-223-222
TWX: 39114 JINMI HX
FAX: 852-0-261-802

*Fleid Application Location

JAPAN

Intel Japan
58 Tokodal. Tsukuba shi
300-26

Ibarakl,
Tek: 0297‘7-65"
FAX: 029747-5450

Intel Ji K.K.*
Dalchi Mitaug Biog.

Fuam-ahl TOkzo IBS
Tel: 0423-60-;

Intel Japan K.K.*
Flower-Hill Shin-machl Bidg.
|-23-9 Shinmachi

Tcl 28-2231

[ ll(:I Jﬁpcn KK*

68 Hon-cho

mmn-w Saltama 360
3 -24-8871

AX: 0485-24-7518

M .gdmcl MuthmsugI Bldg.
|5Shlnmnmko Nakahart

Kawasaki-shi, Kamglw- 2|1

Tol: 044-733-7011

FAX: 044-733-7010

JAPAN (Cont'd.)

Intel Jl§°
ngon Imel Atsuql Bldg.

AS I-shi, Kmsgawn 243
FAX: 0462-29-3781
Intel Japan K.K.*
Ryokucnl i-Eki Bldg.
-4-1 Terauchi
:?onlkn -shi, Osaka 560
: 06-883-1091
: 08-863-1
lsnw J-pln K.K.
éﬁ;o&‘:k‘"”r'ﬂo 10
u,
'FI.I. 03-201482
Intel J KXK.
Green Bldg.
1-16-20 Nishikl
Nm}?o Nagoya-shi

Tel: 052-204-1261
FAX: 052-204-1285

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

Fla
2, Raj
an Dathl 110 003
-59-97 71

11 -23509
X oamm MDND IN

Tei: -39-83
TLX: 8531 171447 MDEV IN

&S Corporation
cuxlzien Business Center

1610 Blossom Hiil Rd.
$San Jose, CA 95124

U
Tel: (408) 878-6216
TLX: 1

JAPAN

Electronics Co. Ltd.
KMM Bldq 2-14-1 Asano’

K
Tel: |1-M7‘
FAX: 093-551-7881

c. ItohTow»sdormca Ltd.
CltohB
vmo-

FAX: 03-497-4879

JAPAN (Cont'd.)

Dla sgmloon S wm. Inc.

njaya
n-ku Tol 152’
%7 -oaeom
Fak: 03487 3088

Okaya Kok
24-18 Sakao
Naka-ku, Nagoya-shi 460
Tel: 052-204-2018
FAX: 052-204-2801
Ryoyo Elactro Corp.

nwa Bldg.
1222 Taukil
Tol. 035465011
FAX: 03-546-5044
KOREA
J -Tek Corporation

th Floor, Government Pension Bldg.

34-6 Yoldo-Dony
ou
Yopaeo s
Tel: 82-2-782-8039
TLX: 25299 KODIGIT
FAX: 82-2-784-8391
Samsung Semiconductor &
et .
, 2- 3 u
Seoul 100
Tel: 82-2-751-3987
TLX: 27970 KORSST
FAX: 82-2-753-0967
MEXICO

Dicopet S.A.
Tochtll 368 Fracc. ind. San Antonio

o

C.P. 02760-Mexico, D.F.
Tel: 52-5-561.

TLX: 1773780 DICOME

KOREA

Intel Technology Asla, Ltd.

Business Center 16th Floor

81, Yoido-Dong, Young Deung Po-Ku
Seoul 150

Tel: (2) 784-81886, 8286, 8386

TLX: 12 INTELKO

FAX: (2) 784-8098

SINGAPORE

Intel Singapore Teoh;o y, Ltd.

10t Thomson Road
Goldhill Square

Sl 1130

Tarzi07an

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Techna (Far East) Ltd.
Intel Tech lowy( )

12{F No. 205.Tun Hua N. Road
Té pe R

6-9660
TLX l3|59 INTELTWN
FAX: 886-2-717-2455

NEW ZEALAND

Switch Enterprises
360" Rorg"

Penrosa, Auckland
ATTN: Dean Danford
Tel: 64-9-591155
FAX: 84-9-592681
SINGAPORE

Electronic Resources Pte, Ltd.
|7 Hm.y Road #04-01

‘l’el zmea ze0-1010

o

SOUTH AFRICA

Elactmrucsulldlng Elements, Pty. Ltd.
Five sqnm. 18th Street

Hazelwood, Pretoria 0001

Tl 2719469521

T SA

FAX: 0927-012-46-9221

TAIWAN

Micro Electronics Corporation
No. 585, Ml@ Shen East Rd.

5010231
AX: 886-2-501-4265

Tel (ogésmooss

FA)&’ 5012521
(02) 5058414

VENEZUELA

P. Benavides S.A.

TLX:
FAX: 58-2.572-3321
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Tel: (213) 840-6040

Intel .
1900?}'3« Rd.

Folsom

Tel: (916) 351-8143

Intsl .

1510% V'lgx. Suite 101
Sacramento 15

Tel: (816) 920-8096

Intel
mocggemm Drive

Sure
92121

e oA

Intel ,

00 Fhstin Avere

Sute 450

Santa Ana 92705

T s s

intel Corp.*

San Tomas 4
'nwsmTomuEwrulw-y
smmmnsw

Tel: 988-8088
: 91

i

Intel Corp.
4445 Northpark Drive
Suite 100

s 80907

Colorado
Tet: (303) 5¢

CALIFORNIA/

2700 San Tomas Expressway
Santa Clara 85051

Tet: (408) 870-1700

DOMESTIC SERVICE OFFICES

FLORIDA
Intel .
8360 MY, 6th Way
Sulte 100
517710600
 510.956-8407
FAX: 306-772-8183
$550 T8 Loo Biva.
Sulte 340
Orlando 32822 -
Tol: (305) 240-8000
FAX: 305-240-8097
Iintel Corp.
|130$§ ‘Street North
33718
o (813) STt
FAX: 813-578-1607
GEORGIA

Intel Coovzm
3280 P Parkway
Suite 200
Norcross 30092
Tel: (404) 449-0541
ILLINOIS
Intel Cm.'
300N. Road
Sutte 400

60173
Tel: (312) 310-8031

s 46268
Tel: (317) 875-0623
1OWA

Tel: (ssm:ge

-1944
Intel .
1mmu Drive
Sulte 550
Greenbett 20770
Tel: (301) 441-1020
MASSACHUSETTS
W Corp. Center
3 Carlisie Road
Waestford 01888
Tel: 692-

CUSTOMER TRAINING CENTERS

ILLINOIS

300N. Mlﬂh&sl‘. #300
173

Tei: (312) 3

MICHIGAN

Intel Corp.

7071 Orchard Lake Road
Sutte 100

West Bloomfield

Tel: (313) 851-8096
MINNESOTA

Intel 3
By om0
M#{n 56431
Tel: (812) 835-8722
: 910-576-2867
MISSOURI
Intel Corp.
4203 Earth Express\
Sum 131 Nl ey
Tel: (31 2{ 291-19890
NEW JERSEY
Intel .
Raritan [}
Raritan Center
Edison 08817
Tel: (201) 225-3000
Intel Corp.
385 Sylvan A\mma7 a2
T:] 1) 567-0821
mé‘?o‘ -891-8583
Intel Corp.*
Parkway 109 Office Center
328 Newman
Red Bank 07701
Tel: (201) 747-2233
Intel Corp.

%?uvmgam Am:

Ronlanﬂ 07068
Tel: (20!) 740-0111
FAX: 201-740-0628
NEW MEXICO

Intei Corp.

8500 Menaul Boulevard N.E.
. Sulte B 285

87112
Tel: (505) 262-8088

NEW YORK

Intel ).

127 msurt

Tel: 773-0337

Fugw-mm

050 Ocrg?t Keys Office Park

T !710 42&27
510-253-7391

Intei N

ey

Tel: (516) 231-3300

TW)!: 5!&-22’7—6236

mémlnuu Center
, Route 8

12524
TM (914) 897-3860
FAX: 91 3125

MASSACHUSETTS
Carlisie Road

Westford 01888

Tel: (508) 682-1000

NEW YORK

Parkway
11788
(516) 231-3300

Road

2308 W. M Road

Greensboro 27407
Tel: (818) 284-1641
|M0|
mw Road
'I'll :‘ 19) 7!1~M

5401 Par Genter Drive

D:‘yw«mu
M?ﬁzm
Iz"s?'oocggmm Park Dr.

73182
Tel: (405) M%

OREGON
IIMWWEV Greenbrier Parkway
W 91 7-&741

Intel Oo?

5200 N.E. Elam Young Parkwa
Hillsboro 87123 4
Te: (503) 881-8080

PENNSYLVANIA

MARYLAND
7833 Walker Dr., 4th Floor
Tel: (301) 220-3380

SYSTEMS ENGINEERING OFFICES

TEXAS (Cont'd.) -
Intel Corp.*

12000 Ford Road
Sutte 400

Dallas 76234
Tek (214)241-3087

Tel:
'I'W){, 1-2490
UTAH

Intel .

428 E(io:lpm South
Suite 104

Muw%a“ 07

Tel: (801) 263-8051
VIRGINIA

Intel 3

IWmSlm Rosa Road
Sulte 108

Richmond 23288

Tel: (804) 282-5688
'WASHINGTON

Intel .

155 m Avenue N.E.
Sulte 386

Bellevue 88004

Tel: 453-8088
: 91

Intel .

408 mulln Road

smn‘:?ozmos

Tel: (508) 828-8088

'WISCONSIN

intel .

330 sc«PEue\mn pr.

Sutte 102

Tel: (414) 784-8087
FAX: (414) 786-2116

CANADA
BRITISH COLUMBIA

Intel Semiconductor of Canada, Ltd.
wc«m‘d Suits 202

) 208-0387
FAX: (604) 206-8234

ONTARIO

Ottawa 8HE
Tel: (613) 829-8714
TLX: 116

Intel Semiconductor of Canada, Ltd.
190 Attweli Drive
T es

X 74

FAX: (416) 675-2438

QUEBEC

Intel Sem

820 St. John Boulevard

Pointe C!

Tei: 5;4 694-9130
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UNITED STATES
Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5.6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE ,

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

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

Swindon '
Wiltshire, England SN3 IR]

WEST GERMANY

Intel Semiconductor GmbH
Dornacher Strasse 1

8016 Feldkirchen bei Muenchen

HONG KONG

Intel Semiconductor Ltd.
10/F East Tower

Bond Center
Queensway, Central

CANADA 5

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500

Rexdale, Ontario MOW 6HS8

Printed in U.S.A /0189/70K/RRD JB ) ISBN 1-55512—048-2
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