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CUSTOMER SUPPORT

CUSTOMER SUPPORT

Customer Support is Intel’s complete support service that provides Intel customers with Customer
Training, Software Support and Hardware Support.

After a customer purchases any system hardware or software product, service and support become
major factors in determining whether that product will continue to meet a customer’s expectations.
Such support requires an international support organization and a breadth of programs to meet a
variety of customer needs. Intel’s extensive customer support includes factory repair services as well as
worldwide field service offices providing hardware repair services, software support services and
customer training classes.

HARDWARE SUPPORT

Hardware Support Services provides maintenance on Intel supported products at board and system
level. Both field and factory services are offered. Services include several types of field maintenance
agreements, installation and warranty services, hourly contracted services (factory return for repair) and
specially negotiated support agreements for system integrators and large volume end-users having
unique service requirements. For more information contact your local Intel Sales Office.

SOFTWARE SUPPORT

Software Support Service provides maintenance on software packages via software support contracts
which include subscription services, information phone support, and updates. Consulting services can
be arranged for on-site assistance at the customer’s location for both short-term and long-term needs.
For complex products such as NDS II or 2ZICE, orientation/installation packages are available
through membership in Insite User’s Library, where customer-submitted programs are catalogued and
made available for a minimum fee to members. For more information contact your local Intel Sales
Office.

CUSTOMER TRAINING

Customer Training provides workshops at customer sites (by agreement) and on a regularly scheduled
basis at Intel’s facilities. Intel offers a breadth of workshops on microprocessors, operating systems and
programming languages, etc. For more information on these classes contact the Training Center nearest
you.

TRAINING CENTER LOCATIONS

To obtain a complete catalog of our workshops, call the nearest Training Center in your area.

Boston (617) 692-1000 London (0793) 696-000
Chicago (312) 310-5700 Munich (089) 5389-1
San Francisco (415) 940-7800 Paris (01) 687-22-21
Washington, D.C. (301) 474-2878 Stockholm (468) 734-01-00
Israel (972) 349-491-099 Milan 39-2-82-44071
Tokyo 03437-6611 Benelux (Rotterdam) (10) 21-23-77
Osaka (Call Tokyo) 03-437-6611 Copenhagen (1) 198033
Toronto, Canada (416) 675-2105 Hong Kong 5-215311-7
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Intel OVERVIEW

INTRODUCTION replacing numerous parts, microprocessor and peripheral
solutions can contribute dramatically to lower product
Intel microprocessors and peripherals provide a complete costs.

solution in increasingly complex application environ-

ments. Quite often, a single peripheral device will replace

anywhere from 20 to 100 TTL devices (and the associated HIGHER SYSTEM PERFORMANCE

design time that goes with them).

Intel microprocessors and peripherals provide the highest
system performance for the demands of today’s (and
tomorrow’s) microprocessor-based applications. For exam-
ple, the 80386 32 bit offers the highest performance for
multitasking, multiuser systems. Intel’s peripheral pro-
ducts have been designed with the future in mind. They
support all of Intel’s 8, 16 and 32 bit processors.

Built-in functions and standard Intel microprocessor/
peripheral interface deliver very real time and perfor-
mance advantages to the designer of microprocessor-
based systems.

REDUCED TIME TO MARKET

When you can purchase an off-the-shelf solution that
replaces a number of discrete devices, you're also replac-
ing all the design, testing, and debug time that goes with
them.

HOW TO USE THE GUIDE

The following application guide illustrates the range of
microprocessors and peripherals that can be used for the
applictions in the vertical column of the left. The
peripherals are grouped by the 1/ O function they control.
CRT datacommunication, universal (user programmable),
mass storage dynamic RAM controllers, and CPU/ bus

INCREASED RELIABILITY

At Intel, the rate of failure for devices is carefully tracked.
Highest reliability is a tangible goal that translates to
higher reliability for your product, reduced downtime,

and reduced repair costs. And as more and more support.
functions are intergrated on a single VLSI device, the An “X” in a horizontal application row indicates a
resulting system requires less power, produces less heat, potential peripheral or CPU, depending upon the features
and requires fewer mechanical connections —again re- desired. For example, a conversational terminal could
sulting in greater system reliability. use either of the three display controllers, depending
upon features like the number of characters per row or
LOWER PRODUCTION COST font capability. A “Y” indicates a likely candidate, for
example, the 8272A Floppy Disk Controller in a small
By minimizing design time, increasing reliability, and business computer.

The Intel microprocessor and peripherals family provides
a broad range of time-saving, high performance solutions.

RAM MEMORY
64K RAM CONTROL

256K RAM CONTROL

ERAROR CORRECTION

LOCAL DATA
COMMUNICATION
ETHERNET,
STARLAN,
BIT BUS,
GPIB

SYSTEM SUPPORT
TIMER/COUNTERS
PARALLEL PORT

GLOBAL DATA
COMMUNICATION

ASYC, BISYNC
SDLC, HDLC,
DATA ENCRYPTICON

MICROPROCESSORS

BUS SUPPORT
DMA CONTROL

INTERRUPT CONTROL
LOCK:
BUS CONTROL

UNIVERSAL
PERIPHERALS/SLAVE
PROCESSORS
CUSTOM
PERIPHERALS
(KEYBOARD, PRINTERS)
MATH PROCESSORS

SYSTEM PERIPHERALS
APHIC:

GR, S
FLOPPY DISKS
HARD DISKS

1-1



|"ter Intel’s Microsystem Components Kit Solution

FLOPPY DISK HARD DISK
CONTROL CONTROL

82064

MEMORY SPECIAL
SUPPORT | PERIPHERAL
DYNAMIC RAM . 8203 ’ . CONTROL
8206 UPI™ 8041A
8207 UPI™ 8042
8208/82C08 UPI™ 8741A
UPI™ 8742
HARD COPY A
ROM/EPROM . . CONTROL . =
UPI™ 8042/8742
o2
7]
G
= KEYBOARD
CPU SUPPORT CONTROL
8231A 8279-5
8254/82C54 . UPI™ 8041A
8255/82C55 UPI™ 8042
8256AH UPI™ 8741A
8294A UPI™ 8742
LOCAL AREA CRT
NETWORKING CONTROL
82501 0 . 8275
82502 8276
82586 82720
82588 82730
cpPu
8086 INSTRUMENTATION
8088 BUS (GPIB)
80186 . . 8291
80188 8292
80286

GLOBAL
COMMUNICATIONS
8251A

8273/73-4

8274

82530-530-6
8044/8344/8744

Get Your Kit Together!

® _ September. 1985
Intel 1985 1-2 Order Number: 230664-004
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PERIPHERALS
Printers
Piotters
Keyboards
MASS STORAGE
Hard Disk
Mini Winchester
Tape
Cassette
Floppy/Mini
COMMUNICATIONS
PBX
LANS
Modems
Bisync
SDLC/HDLC
Serial Backplane
Central Office
Network Control
OFFICE/BUS
Copier/FAX
Wordprocessor
Typewriter
Electronic Mail
Transaction System
Data Entry
COMPUTERS
SM Bus Computer
PC
Portabie PC
Home Computer
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TERMINALS

Conversational

Graphics CRT

Editing

Intelligent

Videotex

Printing, Laser, Impact

Portable
INDUSTRIAL AUTO

Robotics

Network

Numeric Control

Process Control

Instrumentation

Aviation/Navigation
INDUSTRIAL/DATA ACQ.

Laboratory Instrumentation

Source Data

Auto Test

Medical

Test Instrumentation

Security
COMMERCIAL DATA
PROCESSING

POS Terminal

Financial Transfer

Automatic Teller

Document Processing
WORKSTATIONS

Office

Engineering

CAD
MINI MAINFRAME

Processor & Control Store

Database Subsystems

1/0 Subsystem

Comm. Subsystem

*Single Source Product
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inte|® 8080A/808A-1/8080A-2
8-BIT N-CHANNEL MICROPROCESSOR

W TTL Drive Capability ® Decimal, Binary, and Double Precision
B 2 ys (—1:1.3 us, —2:1.5 us) Instruction Arithmetic
Cycle o Ability to Provide Priority Vectored
m Powerful Problem Solving Instruction Interrupts
Set m 512 Directly Addressed I/0 Ports
@ 6 General Purpose Registers and an | Available in EXPRESS
Accumulator — Standard Temperature Range
m 16-Bit Program Counter for Directly B Available in 40-Lead Cerdip and Plastic
Addressing up to 64K Bytes of Packages
Memory (See Packaging Spec, Order #231369)

| 16-Bit Stack Pointer and Stack
Manipulation Instructions for Rapid
Switching of the Program Environment

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

The B080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation.

The B080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine
nesting.

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and 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 controlling devices for (DMA) direct memory access or multi-processor operation.
NOTE:

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

D; D,
BIDIRECTIONAL
DATA BUS \/
Ay O=—1 40 =0 Aq4
DATA BUS O—— —0 A
BUFFER/LATCH GND 2 39 14
s8im wam D, O3 38 f—=0 A3
INTERNAL DATA 8US INTERNAL DATA BUS D, Oe—wla 37 b—=0 4y,
C 3 5
T kil ke I ; 0, 0|5 36 |—=0 A5
ACCUMULATOR TEmP AEG WSTRUCTION D, © 4 3 O A
181 (8! REGISTER i) MULTIPLEXER D3 Ol 7 34 p—=0 A8
l B D, O=—={8 33 f—wo Ay
ACCU:AKU'IE::TDI: 5 ] D, O+—=f9 32 —0 Ag
INSTRUCTION H D, © 10 80BOA 31 [—0 Ag
" DECODER § _sv " 30 —=0 A;
- e REGISTER
el g ARRAY RESET O—-»f 12 29 f—e0 Az
ENCODING g
Y k1 STACK POINTER e} HOLD O——=1 13 28 p——O0 +12V
™ INT O—nf 14 27 f—0 A,
PROGRAM COUNTER P 15 " o Ay
DECIMAL INCREMENTER/DECREMENTER - —0
ADDRESS LATCH (16 INTE O 16 25 Ao
DBIN Ow—roi 17 24 p—=0 WAIT
| TIMING WR O+—H 18 23 p=+—0 READY
] convmot svng o=—] 19 22 f=—20 0
POWER [— +12v o] +5 20 21 f—0 HLDA
sv WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS)
— oo
WA DBIN INTE INT HOLD HOLDWAIT | SYNC #1 42 RESET a
ACK 'READY ABD!‘;)ES::VS
Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol

Type

Name and Function

A1s-A0

Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O
device number for up to 256 input and 256 output devices. Ay is the least significant address bit.

D7-Do

110

Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and |/O
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 I/O.

READY

Ready: The READY signal indicates to the 8080A that valid memory or input data is avaiiable on the 8080A
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending
an address out the 8080A does not receive a READY input, the 8080A will enter a WAITstate 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/ output control. The data on the data bus is stable
while the WR signal is active low (WR = 0).

HOLD

Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external

device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of

these busses for the current machine cycle. It is recognized under the following conditions:

e the CPU is in the HALT state. .

e the CPU isin 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:

e 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 enable flip/flop. This flip/flop may be set
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by
the CPU when itis 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 fiip/flop is reset it will
not honor the request.

RESET'

Reset: While the RESETsignal 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.

Ground: Reference.

Vop

Power: +12 +5% Voits.

Vee

Power: +5 +5% Volts.

Ve

Power: —5 +5% Voits.

b1, 2

Clock Phases: 2 externally supplied clock phases. (non TTL compatible)

2-2
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ABSOLUTE MAXIMUM RATINGS*

. 0°Cto+70°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
All Input or Output Voltages

With RespecttoVgg . .. ........ -0.3V to +20V
Vee, Vpp and Vgg With Respect to Vgg -0.3V to +20V
Power Dissipation .. ............. .. ..... 1.5W

D.C. CHARACTERISTICS

(Ta = 0°C to 70°C, Vpp =
VCC = +5V £5%, VBB =

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

device reliability.

+12V £5%,
-5V £5%, Vgg =0V; unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock tnput Low Voltage Vss—1 Vsst+0.8 \
ViHc Clock Input High Voltage 9.0 VDD‘HJ! \Y%
ViL | Input Low Voltage Vss—1 Vss+0.8 \%
Vin | Input High Voltage 3.3 Vee+1 \Y
VoL Output Low Voltage 0.45 Vv }'OL = 1.9mA on all outputs,
VoH Output High Voltage 3.7 \% lon =-150pA.
Ibp (av) | Avg.Power Supply Current (Vpp) 40 70 mA
lcc(av) | Ava. Power Supply Current (V) 60 80 mA ?per:itizr;
cy = .48 usec
Igg (av) | Ava.Power Supply Current (Vgg) .01 1 mA
I Input Leakage £10 HA Vss < Vin < Vee
e Clock Leakage +10 uA Vss < VcLock < Vpp
Ipi Data Bus Leakage in Input Mode -100 MA Vss <Vin SVss+0.8V
S20 ) mA L Ve +0.8V S Vi <Vee
- AddresF and Data Bus Leakage +10 A Vapbpr/paTA = Voo
During HOLD -100 VADDR/DATA = Vss + 0.45V
15 |
CAPACITANCE (Tp = 25°C, Ve = Vpp =Vss = OV, Vgg = —5V) _ ;
5
Symbol Parameter Typ. Max. Unit Test Condition § !
Co Clack Capacitance 17 25 pf | f.=1MHz z " ’
Cin Input Capacitance 6 10 pf Unmeasured Pins 2 |
Cout Output Capacitance 10 20 pf Returned to Vgg o IL
NOTES: 0 25 +50 +75
1. The RESET signal must be active for a minimum of 3 clock cycles. AMBIENT TEMPERATURE (*C)

2. Alsupply / ATA =-0.45%/°C.

2-3

Typical Supply Current vs.

Temperature, Normalized!?]
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A.C. CHARACTERISTICS (8080A) (T4 =0°Cto 70°C, Vpp = +12V 5%, Vg = +5V 5%,

Vgg = -5V £5%, Vss = 0V; unless otherwise noted)

Symbol Parameter Min. | Max. M.I:l M-:x. N;Ii M-azx. Unit Test Condition
toyl®! Clock Period 048 | 20 | 032 20 | 038 2.0 | usec

t b Clock Rise and Fall Time 0 50 0 25 0 50 | nsec

tp1 o1 Pulse Width . 60 50 60 nsec

g2 ¢, Pulse Width | 220 145 175 nsec

tp1 Delay ¢4 to ¢, ’ 0 0 0 nsec

o2 Delay ¢, to ¢, 70 60 70 nsec

13 Delay ¢, to ¢, Leading Edges 80 60 70 | nsec

toa Address Output Delay From ¢, 200 150 175 | nsec G, = 100 pF
top Data Output Delay From ¢, 200 180 200 | nsec

toc Signal Output Delay From ¢, or ¢, (SYNC, WR, WAIT, HLDA) 120 110 120 | nsec C = 50 pF
tor DBIN Delay From ¢, 25 140 | 25 130 | 25 140 | nsec

to 11 Delay for Input Bus to Enter Input Mode tor tor tor | Nsec

ths1 Data Setup Time During ¢, and DBIN 30 10 20 nsec

tos2 Data Setup Time to ¢, During DBIN 150 120 130 nsec

toul!! Data Holt time From ¢, and DBIN v 1] [1] 1] nsec

tie INTE Output Delay From ¢, 200 200 200 | nsec C, =50pF
trs READY Setup Time During ¢, 120 920 ’ 920 nsec

tys HOLD Setup Time During ¢, 140 120 120 nsec

ts INT Setup Time During ¢, 120 100 100 nsec

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

ten Delay to Float During Héld (Address and Data Bus) 120 120 120 | nsec

taw Address Stable Prior to WR 5] 5] 5] nsec

tow Output Data Stable Prior to WR 6] 6] 6] nsec

twp Output Data Stable From WR 71 71 71 nsec

twa Address Stable From WR ) [7] 71 71 nsec

the HLDA to Float Delay [8] 8] [8] . | nsec

twe WR to Float Delay [9] 91 [9] nsec

tan Address Hold Time After DBIN During HLDA ~20 -20 -20 nsec

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST
€, =100 pF

]

Cy = 100 pF
Cy INCLUDES JIG CAPACITANCE
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WAVEFORMS

oy 4—., — 19‘]<—
- l<— o1 ) X
| =
N\ N\ A A AN
- = | |
12 | | | | ' ‘ |
; _ | - ot - | f
2 - | | 4 ! | i A
! { T ‘ ‘ 1 \, ! i T {1
~ tog=|| | 1oy |=— | i | i | | |
| | | i
Ars-Ag l K ——— | | ._.4.1_.—-»_—.._.__‘4.__..__..____,._.‘
< toa > | Vot e
| 1
L oo~ -t = i [ SE— |
—_— ™~ NI ‘@ l s
DATA IN | DATA OUT
- IO 1 ST
0,04 T ——— '+ + = "'i +=r =4
! | —‘ tost = ’f*"‘nw —
SYNC | ‘ - ‘o2 —; “ I |
I | T T I
| toc = = toc I= | l P
. | | b
DBIN 1 i N | i L
< tpe | - tor = || ™
i H
WR li
1,
| [ty __Dc[*’
READY x ® x : £ @‘ X |
———————————— - fe— LA |
tas (el | | Gsle—r|  tocle—| |
WAIT tyom) 7\ q | .
toc—! [ oo |- i
HOLD z@ | ! I
—{ tyg le— H
HLDA
d
INT
=
sl ||
| |
INTE
NOTE:

Timing measurements are made at the following reference voitages: CLOCK "1” = 8.0V,

"0" = 1.0V; INPUTS "1”

3.3V, "0" = 0.8V; OUTPUTS "1"

2,0V, 0" = 0.8V.
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WAVEFORMS (Continued) NOTES: (Parenthesis gives -1, -2 specifications, respectively)
1. Data input should be enabled with DBIN status. No bus con-

flict can then occur and data hold time is assured.
tpy = 50 ns or tpfF, whichever is less.
o f\ ﬁ 2.tcy = tpa + trg2 +tg2 + tg2 + tpa + trpy = 480 ns ( — 1:320
] ‘ ns, — 2:380 ns).
w ] (.
| ! TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
f}_ — O | +20
i—-:-—--- ——— g o -~ K
Arghy =t e = - > +10
e i 4»1——-—»‘ twa i l é
RS I D :
‘ == 2 SPEC
P70 FT_*_’— | ’ 5 10
! i pe| typ | o -
<
sYNC | 2
! —»| | taH -100 -50 0 +50 +100
DBIN __"_."_/———- f\
= fmer e — A CAPACITANCE (pf)
[ n (CactuaL — Cspec!
i T A
ety S S
=] toc !
Reaoy 1 t 3. The following are relevant when interfacing the 8080A to
: . devices having Vi = 3.3V:
N D a) Maximum output rise time from .8V to 3.3V = 100ns @ C_
wai ; ; = SPEC.
- ! | b) Outputdelay when measured to 3.0V = SPEC +60ns @ C_
HoLD | | = SPEC. .
4 ! JER v ¢) If C = SPEC, add .6ns/pF if C| > Cgpgc, subtract .3ns/pF
HLDA —x__ . (from modified delay) if C| < Cgpgc.
f 4. taw=2tcy— tp3 — trg2 — 140ns(— 1:110ns, — 2:130 ns).
w = 5. tow = tcy = tpg — trg2 — 170 ns ( — 1:150 ns, — 2:170 ns).
- 1 6. It not HLDA, twp = twa = tpa + trg2 + 10 ns. If HLDA, twp
| . = twa = twr.
= tie—~] - 7. tHF = tp3g + tr¢2 —-50 ns).
INTE ) 8. twr = tpa + trg2 — 10ns.
! 9. Data in must be stable for this period during DBIN Ts.
) Both tpg1 and tpgp must be satisfied.

10. Ready signal must be stable for this period during T, or Tw.
(Must be externally synchronized.) )

11. Hold signal must be stable for this period during T or Tw
when entering hold mode, and during T3, T4, Ts and Twy
when in hold mode. (External synchronization is not re-
quired.)

12. Interrupt signal must be stable during this period of the last
clock cycle of any instruction in order to be recognized on the
following instruction. (External synchronization is not re-
quired.)

13. This timing diagram shows timing relationships only; it does
not represent any specific machine cycle.
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INSTRUCTION SET

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

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

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

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the 8080A. The ability to

Data and Instruction Formats

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

Input and output may be accomplished using memory
addresses as {/O ports or the directly addressed 1/0
provided for in the 8080A instruction set.

The following special instruction group completes the
8080A instruction set: the NOP instruction, HALT to
stop processor execution and the DAA instructions
provide decimal arithmetic capability. STC allows the
carry flag to be directly set, and the CMC instruction
allows it to be complemented. CMA complements the
contents of the accumulator and XCHG exchanges
the contents of two 16-bit register pairs directly.

Datain the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be

in the same format.

|D7 Dg Ds Dg D3 Dy Dy Do

DATA WORD

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

executed.

One Byte !nstructions

D; Dg Dg D4y D3 D, D; Do | OP CODE

Two Byte Instructions
[D; Dg Ds Dy D3 D, Dy Dy | OP CODE
[ D; Dg D5 D4 D3 Dy Dy Do | OPERAND

Three Byte Instructions

[D; Dg D5 D4 D3 D, Dy Do | OP CODE

[D; Dg D5 Dy D3 Dy Dy Dg | LOWADDRESSOROPERAND 1

TYPICAL INSTRUCTIONS

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

Immediate mode or 1/0 instructions

Jump, call or direct load and store
instructions

[D7 Dg Ds Ds D3 Dy Dy Do | HIGHADDRESSOROPERAND 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
Instruction Code [1] Operations Cycles Instruction Code [1] Operations Cycles
Mnemonic| D; Dg D5 D4 D3 D2 D1 Dg Description 2] Mnemonic| D7 Dg D5 D4 D3 D2 D4 Dg Description [2]
MOVE, LOAD, AND STORE 3 JPO 111 0 0 0 1 0 [Jump on parity odd 10
MOVri,r2 |0 1 D D D S S S [Move register toregister| 5 PCHL 111 0 1 0 0 1 |H&Ltoprogram 5
MOVMr |0 1 1 1 0 S S S [Moveregisterto counter
memory 7 CALL
MOV M 01 DDD 1 1 0 |Movememorytoregis- CALL 11 0 0 1 1 0 1 |Callunconditional 17
ter 7 CcC 1101 1 1 0 0 |Calloncarry 117
MVIr 0 0 DDD 1 1 0 |Moveimmediate regis- CNC 11 01 0 1.0 0 {Callonnocarry 117
ter 7 cz 11 0 0 1 1 0 0 [Callonzero 117
MVIM 0 0 11 0 1 1 0 [Moveimmediate CNZ 110 0 0 1 0 0 |Callonnozero 1117
memory 10 CP 111 1 0 1 0 0 [Callonpositive 117
LxiB 0 0 0 0 0 0 0 1 |Loadimmediate register| 10 CcM 11 1 1.1 1 0 0 [Callonminus 1117
PairB&C . CPE 1 1 1 0 1 1 0 O |Callonparityeven 1117
LXID 0 0 01 0 0 0 1 |Loadimmediate register| 10 CPO 1 1. 1 0 0 1 0 0 ]Callonparityodd 1117
PairD & E RETURN
LXIH 0 01 0 0 0 0 1 [Loadimmediate register| 10 RET 110 0 1 0 0 1 |Return 10
PairH& L RC 1 1 0 1 1 0 0 O |Returnoncarry 5/11
STAX B 0 00 0 0 0 1 O [StoreAindirect 7 RNC 11 0 1 0 0 0 O [Returnonnocarry 5/11
STAX D 0 00 1 0 0 1 0 |StoreAindirect 7 RZ 1 1.0 0 1 0 O O |Returnonzero 511
LDAX B 0 0 0 0 1 0 1 0 |LoadAindirect 7 RNZ 1 1.0 0 0 0 O O |Returnonnozero 5/11
LDAX D 0 0 01 1 0 1 0 |LoadA indirect 7 RP 1 1 1 1 0 0 0 O [Returnon positive 5/11
STA 0 0 1t 1 0 0 1 0 |StoreAdirect 13 RM 1 1 1 1 1 0 0 0 [Returnonminus 511
LDA 0 0t 1 1 0 1 0 |LoadAdirect 13 RPE 1 1 1 0 1 0 0 O /|Returnon parityeven 511
SHLD 0 0 1 0 0 0 1 0 |StoreH&Ldirect 16 RPO 1 1. 1 0 0 0 0 0 |Returnon parityodd 5/11
LHLD 0 01 0 1 0 1 0]LoadH&Ldirect 16 RESTART
XCHG 1110 1 0 1 1|ExchangeD&E,H&L 4 RST 1 1 A A A 1 1 1]Restart 11
Registers INCREMENT AND DECREMENT
STACKOPS INR T 0 0 DD D 1 0 O]lincrementregister 5
PUSH B 1 1 0 0 0 1 0 1 [PushregisterPairB& 1" DCRr 0 0 DD D 1 0 1|Decrementregister 5
C on stack INRM 00 1 1 0 1 0 0]fIncrementmemory 10
PUSH D 11 0 1 0 1 0 1 |PushregisterPairD& 1 DCRM 0 01 1 0 1 0 1|Decrementmemory 10
E on stack INX B 0 0 00 0 O0 1 1/incrementB&C 5
PUSHH 1 1 1 0 0 1 0 1 |PushregisterPairH& 1 registers
L on stack INXD 0 00 1 0 0 1 1]incrementD&E 5
PUSH 11 1 1 0 1 0 1 |PushAandFlags 1" registers
PSW on stack INXH 0 01 0 0 0 1 1 |IncrementH&L 5
POPB 11 0 0 0 0 0 1 |PopregisterPairB& 10 registers
C off stack DCX B 0 00 0 1 0 1 1 |DecrementB&C 5
POP D 1.1 0 1 0 0 0 1 |PopregisterPairD& 10 DCXD 0 0 0 1 1 0 1 1|DecrementD&E 5
E off stack DCXH 0 0 1 0 1 0 1 1 |DecrementH&L 5
POP H 11 1 0 0 0 0 1 |Popregister PairH& 10 ADD
L off stack ADDr 1 0 0 0 0 S S S|AddregistertoA 4
POPPSW {1 1 1 1 0 0 O 1 |PopAandFlags 10 ADCr 1 0 0 0 1 S S S|AddregistertoA 4
off stack with carry
XTHL 1 1 1 0 0 0 1 1 |Exchangetopof 18 ADDM 1 0 00 0 1 1 0|AddmemorytoA 7
stack, H& L ADCM 1 0 0 0 1 1 1 0/|AddmemorytoA 7
SPHL 11 1 1 1 0 0 1]H&L tostack pointer 5 with carry
LXi SP 0 0 1 1.0 0 0 1/|Loadimmediate stack 10 ADI 000 0 | Add immediate to A 7
pointer ACI 0 0 1 0 | Add immediate to A 7
INX SP o0 11 0 1 1 [lIncrement stack pointer 5 with carry
DCX sP 0 0 1t 1 1 0 1 1|Decrementstack 5 DAD B 0 000 100 1|{AddB&CtoH&L 10
pointer DADD 0 001100 1|AddD&EtoH&L 10
JUMP DAD H 0010 100 1|AddH&LtoH&L 10
JMP i1 0 0 0 0 1 1]|dJumpunconditional 10 DAD SP 0 0 1 1 1 0 0 1|Addstackpointerto 10
JC 11 0 1 1 0 1 0} Jumponcarry 10 H&L
JNC 11 0 1 0 0 1 0}Jumponnocarry 10
JZ 11 00 1 0 1 0|Jumponzero 10
JNZ 11 0 0 0 0 1 O/{Jumponnozero 10
JP 11 1 1.0 0 1 0]Jumpon positive 10
JM 111 1 10 1 0]Jumponminus 10
.| JPE 11 1 0 1 0 1 0] Jumpon parityeven 10




-
Inter 8080A/8080A-1/8080A-2
S y of P 8f (Cont.)
Clock Clock
Instruction Code (1) Operations Cycles Instruction Code (1] Operations Cycles
Mnemonic | Dy Dg D5 D4 D3 D, Dy Dy Description [2] Mnemonic| Dy Dg D5 D4 D3 D2 Dy Do Description (2]
SUBTRACT ROTATE
SuBr 1 0 0 1 0 S S S Subtract register 4 RLC 0 00 0 0 1 1 1 |RotateAleft 4
from A RRC 60 0 0 0 1 1 1 1 |RotateAright 4
SBBr 1 0 0 1 1 S S S [Subtract register from 4 RAL 0 0 0 1 0 t 1 1 |RotateA ieftthrough 4
Awith borrow carry
SUB M 1 0 01 0 1 1 0 [Subtractmemory 7 RAR 0 0 0 t 1 1 1 1 |RotateA rightthrough 4
from A carry
SBBM i 00 1 1 1 1 0 [Subtract memory from 7 SPECIALS
Awith borrow CMA 0 01 0 1t 1 1 1 |ComplementA 4
Sui 1 1 0 1 0 1 1 0 [Subtractimmediate 7 STC 00 1 1 0 1 1 1 |Setcarry 4
from A CMC 00 1 1 1 1 1 1 |Complerentcarry 4
SBI 11 0 1 1.1 1 0 |Subtractimmediate 7 DAA 0 0 1t 0 0 1 1t 1 {DecimaladjustA 4
from Awith borrow INPUT/OUTPUT
LOGICAL IN 110 1 0 1 1 |Input 10
ANAr 1 1 0 0 S S S [Andregister with A 4 out 110 0 1 Output 10
XRAT 1.0 1 0 1 8 S S Exclusive Or register 4 CONTROL
with A El 11 1 1 1 0 1 1 |Enablelinterrupts 4
ORAT 1 0 1 1 0 S S S |Orregister with A 4 DI 11 1 1 0 0 1 1 |DisableInterrupt 4
CMPr 10 1 1 1 8 8 S |Compareregister withAl 4 NOP 0 0 0 0 0 0 O O |No-operation 4
ANA M 101 0 0 1 1 0 |Andmemorywith A 7 HLT 01 1 1 0 1 1 0|fHalt 7
XRAM 101 0 1 1 1 0 [ExclusiveOr memory 7
with A
ORAM 101 1 0 1 1 0 |Ormemorywith A 7
CMP M 10 1 111 Compare memory with
A 7
AN 111 0 0 1 1 0 |Andimmediate with A 7
XRI 11 1 0 1 1 1 0 |Exclusive Orimmediate 7
with A
ORI 11 1 1 0 1 1 0 |Orimmediatewith A 7
CPI 11 1 1 1 1 1 0 |Compareimmediate 7
with A
NOTES:

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

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.
*All mnemonics copyright ©Intel Corporation 1977
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8085AH/8085AH-2/8085AH-1
8-BIT HMOS MICROPROCESSORS

= Single +5V Power Supply with 10% = On-Chip System Controller; Advanced
Voitage Margins Cycle Status Information Available for
= 3 MHz, 5 MHz and 6 MHz Selections - Large System Control )
Available s Four Vectored Interrupt inputs (One is
= 20% Lower Power Consumption than Non-Maskable) Plus an

8080A-Compatible Interrupt
8085A for 3 MHz and 5 MHz = Serial In/Serial Out Port

= 1.3 us Instruction Cycle (8085AH); 0.8 = Decimal, Binary and Double Precision
1S (8085AH-2); 0.67 s (8085AH-1) Arithmetic _
= 100% Software Compatible with 8080A = Direct Addressing Capability to 64K
Bytes of Memory
= On-Chip Clock Generator (with . = Available in 40-Lead Cerdip and Plastic
External Crystal, LC or RC Network) Packages

(See Packaging Spec, Order #231369)

The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel, depletion
load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A microproces-
sor, 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/I0) and 8755A (EPROM/10)] while
maintaining total system expandability. The 8085AH-2 and 8085AH-1 are faster versions of the 8085 AH.

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 RST6.5 TRAP
INTR SID SoD
8-BIT INTERNAL DATA BUS '
- — x1 g 408 vee
X2 }2 393 HOLD
RESET OUT 43 38 3 HLDA
NSTRUCTION soo 4 37 cLK (0UT)
ACCUMULATOR TEMP. REG. [I [
o, o L sio s 36 1 RESET IN
- TRAP 6 35 1 READY
FLAG ¢ -
FLIP. FLOPSI l — —= RST75 O3 ; g‘; b 1o/m
REG REG. ] RST65 O g S1
ARITHMETIC| INSTRUCTION () ® 3 T, RST55 J9 32 RD
LOGIC DE o REG. REG INTR 10 313 WR
o MACHINE W RecisTen iNTA ] 118085AH ;0 1 ace
CYCLE -
L ENCODING T ADg 412 2981 so
STACK POINTER AD7 113 280 A1s
PROGRAM COUNTER  * 232 E 11‘; i; g 214
POWER | —= +5V 3 13
INCREMENTER/DECREMENTER
SUPPLY |~ GND ADDRESS LATCH __(16) ADg Q16 250 A2
ADs 17 2403 An
ADg [} 18 233 A1
K AD7 O 19 220 Ag
TIMING AND CONTROL = vss 20 213 Ag
X1 CLK RESET | ADDRESS BUFFER (_'I [ DATAIADDRE&SBUFFER_EI
Xz —=} GEN CONTROL STATUS DMA
CcLK ouT I RD WR ALE So$ 10/M i HLDA ' RESET OUT A Aoy D,
15-As -
READY HoLo RESETIN ADDRESS BUS ADDRES;{DAT“A BUS
Figure 2. 8085AH Pin
Figure 1. 8085AH CPU Functional Block Diagram Configuration
intel Corp ion A NoR ibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.

®INTEL CORPORATION, 1981.
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8085AH/8085AH-2/8085AH-1

Table 1. Pin Description

Symboi Type Name and Function Symbol Type Name and Function
Ag-Aqs o Address Bus: The most significant READY | Ready: If READY is high during a
8 bits of the memory address or the read or write cycle, it indicates that
8 bits of the I/O address, 3-stated the memory or peripheral is ready to
during Hold and Halt modes and send or receive data. If READY is
during RESET. low, the cpu will wait an integral
ADg—.7 [[{e} Multiplexed Address/Data Bus: number.of clock cycles for ,READY
Lower 8 bits of the memory address to go hvgh‘before completing the
(or 1/0 address) appear on the bus read or write cycle. READY must
during the first clock cycle (T state) cpnform tospecified setup and hold
of a machine cycle. It then becomes times.
the data bus during the second and HOLD | Hold: Indicates that another master
third clock cycles. is requesting the use of the address
ALE O | Address Latch Enable: It occurs and data buses. The cpu, upon
during the first clock state of a ma- reqelvlrlg the hold request, will
chine cycle and enables the address relinquish the use (,)f the bus as
to get latched into the on-chip latch soon as the completion of the cur-
of peripherals. The falling edge of rent bus transfer. Internal process-
ALE is set to guarantee setup and 'ng can _contlnue. The ‘processor
hold times for the address informa- can 'ega'” the bus only after the
tion. The falling edge of ALE can HOLD is removed. When the HOLD
also be used to strobe the status is acknowledged, the Address,
information. ALE is never 3-stated. :?Zttzt:c?’ WR, and 10/M lines are
Sg, S1,and 10/M| O Machine Cycle Status: -
_ HLDA (o] Hold Acknowledge: Indicates that
10/M Sy Sp Status the cpu has received the HOLD re-
0 0 1 Memory write quest and that it will relinquish the
0 10 Memory read bus in the next clock cycle. HLDA
1 0 1 VO write goes low after the Hold request is
1 1 0 VOread removed. The cpu takes the bus one
0 11 Opcode fetch half clock cycle after HLDA goes
1 1 1 Interrupt low.
Acknowledge -
» 0 0 Halt INTR | Interrupt Request: Is used as a
» X X Hold general purpose interrupt. It is
. X X Reset sampled only during the next to the
* = 3.state (high impedance) last clock cycle of an instruction
X = unspecified and during Hold and Halt states. If it
is active, the Program Counter (PC)
will be inhibited from incrementing
S1 can be used as an advanced R/W and an INTA will be issued. During
status. I0/M, S and S; become this cycle a RESTART or CALL in-
valid at the beginning of a machine strugnon can be |n§erted tq jump to
cycle and remain stable throughout the m}errupt service rolutme. The
the cycle. The falling edge of ALE INTR is enabled and disabled by
may be used to latch the state of software. It is disabled by Reset and
these lines. immediately after an interrupt is ac-
— — cepted.
RD (0] Read Control: A fow level on RD pe— -
indicates the selected memory or INTA o} Interrupt Acknowledge: Is us.ed.ln-
1/O device is to be read and that the stead of (and has the same timing
Data Bus is available for the data as) RD during the Instruction cycle
transfer, 3-stated during Hold and after an INTR is accepted. It can be
Halt modes and during RESET. usgd to activate an 8259A Interrupt
— — chip or some other interrupt port.
WR 0] Write Control: A low ilevel on WR -
indicates the data on the Data Bus is RST 5.5 ! Restart interrupts: Thgse three in-
to be written into the selected RST 6.5 puts have the same timing as INTR
RST 7.5 except they cause an internal

memory or |/O location. Data is set
up at the trailing edge of WR. 3-
stated during Hold and Halt modes
and during RESET.

RESTART to be automatically
inserted.

The priority of these interrupts 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.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function Symbol Type Name and Function
TRAP | Trap: Trap interrupt is a non- RESET OUT (¢] Reset Qut: Reset Outindicates cpu
maskable RESTART interrupt. It is is being reset. Can be used
recognized at the same time as as a system reset. The signal is
INTR or RST 5.5-7.5. It is unaffected synchronized to the processor
by any mask or Interrupt Enable. It _ clock and lasts an-integral number
has the highest priority of any inter- of clock periods.
rupt. (See Table 2.) X1, X2 | X; and Xp: Are connected to a
RESET IN | Reset In: Sets the Program crystal, LC, or RC network to drive
Counter to zero and resets the Inter- the internal clock generator. X4 can
rupt Enabie and HLDA flip-flops. also be an external clock input from
The data and address buses and the a logic gate. The input frequency is
control lines are 3-stated during divided by 2 to give the processor's
RESET and because of the asyn- internal operating frequency.
chron9u§ v:aturT of BEtSET' ";e"p ro- CLK (¢] Clock: Clock output for use as a sys-
cessor's internal registers and flags tem clock. The period of CLK is
may be altered by RESET with un- twice the X4, X input period
predictable results. RESET IN is a 172 .
Schmitt-triggered input, allowing SID | Serial Input Data Line: The data on
connection to an R-C network for this line is loaded into accumulator
power-on RESET delay (see Figure bit 7 whenever a RIM instruction is
3). Upon power-up, RESET IN must executed.
remain fow for at least 10 ms after SOD O | Serial Output Data Line: The out-
minimum Vg has been reached. put SOD is set or reset as specified
For proper reset operation after the by the SIM instruction.
power-up duration, RESET IN v P v e von "
should be kept low a minimum of cc ower: +5 voit supply.
three clock periods. The CPU is held Vss Ground: Reference.
in the reset condition as long as
RESET IN is applied.
Table 2. Interrupt Priority, Restart Address, and Sensitivity
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger

TRAP 1 . 24H Rising edge AND high level until sampled.

RST 7.5 2 3CH Rising edge (latched).

RST 6.5 3 34H High level until sampled.

RST 5.5 4 2CH High level until sampled.

INTR 5 See Note (2). High ievel 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.

Vee Ot

RESET IN

TYPICAL POWER-ON RESET RC VALUES*
Ry = 75KQ

Cy=1uF

*VALUES MAY HAVE TO VARY DUE TO
APPLIED POWER SUPPLY RAMP UP TIME.

Figure 3. Power-On Reset Circuit
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FUNCTIONAL DESCRIPTION

The 8085AH is a complete 8-bit parallel central pro-
cessor. It is designed with N-channel, depletion load,
silicon gate technology (HMOS), and requires a single
+5 volt supply. Its basic clock speed is 3 MHz (8085AH),
5 MHz (8085AH-2), or 6 MHz (8085AH-1), thus improv-
ing on the present 8080A's performance with higher
system speed. Also it is designed to fitinto a minimum
system of three IC's: The CPU (8085AH), a RAM/IO
(8156H), and an EPROM/IO chip (8755A).

The B085AH 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
ACC or A Accumulator 8 bits
PC Program Counter 16-bit address
BC,DE,HL General-Purpose 8 bits x 6 or
Registers; data 16 bits x 3
pointer (HL)
SP Stack Pointer 16-bit address
Flags or F Flag Register 5 flags (8-bit space)

The 8085AH uses a multiplexed Data Bus. The
address is split between the higher 8-bit Address
Bus and the lower 8-bit Address/Data Bus. During
the first T state (clock cycle) of a machine cycle the
low order address is sent out on the Address/Data
bus. These lower 8 bits may be latched externally by
the Address Latch Enable signal (ALE). During the
rest of the machine cycle the data bus is used for
memory or |/O data.

The 8085AH provides RD, WR, Sp, Sy, and I10/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/O

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

2-13

The three maskable interrupts cause the internal
execution of RESTART (saving the program counter
in the stack and branching to the RESTART address)
ifthe 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
Table 2.)

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

For RST 7.5, only a pulse is required to set an inter-
nal flip-flop which generates the internal interrupt
request (a normally high level signal with a low
going pulse is recommended for highest system
noise immunity). The RST 7.5 request flip-flop
remains set until the request is serviced. Then
it is reset automaticaily. 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 MCS-80/85 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—
highest priority, RST 7.5, RST 6.5, RST 5.5, INTR—
lowest priority. This priority scheme does not take
into account the priority of a routine that was started
by a higher priority interrupt. RST 5.5 can interrupt
an RST 7.5 routine if the interrupts are re-enabled
before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events
such as power failure or bus error. The TRAP inputis
recognized just as any other interrupt but has the
highest priority. It is not affected by any flag or mask.
The TRAP input is both edge and level sensitive. The
TRAP input must go high and remain high until it is
acknowledged. It will not be recognized again until it
goes low, then high again. This avoids any false
triggering due to noise or logic glitches. Figure 4
illustrates 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 instruction is executed.
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INSIDE THE
EXTERNAL | 8085AH
TRAP

INTERRUPT
REQUEST TRAP

RESET IN SCHMITT

TRIGGER

RESET

INTERRUPT
REQUEST

sv—{p CLK

D
F/F

CLEAR

INTERNAL TRAP F.F.
TRAP

ACKNOWLEDGE

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 follow-
ing a TRAP interrupt allows you to determine
whether interrupts were enabled or disabled prior to
the TRAP. All subsequent RIM instructions provide
current interrupt enable status. Performing a RIM
instruction following INTR, or RST 5.5-7.5 will
provide current Interrupt Enable status, revealing
that Interrupts are disabled. See the description of
the RIM instruction in the MCS-80/85 Family User’s
Manual.

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

DRIVING THE X; AND X, INPUTS

You may drive the clock inputs of the 8085AH,
8085AH-2, or 8085AH-1 with a crystal, an LC tuned
circuit, an RC network, or an external clock source.
The crystal frequency must be at least 1 MHz, and
must be twice the desired internal clock frequency;
hence, the 8085AH is operated with a 6 MHz crystal
(for 3 MHz clock), the 8085AH-2 operated with a 10
MHz crystal (for 5 MHz clock), and the 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
desired

C, (load capacitance) < 30 pF

Cg (shunt capacitance) < 7 pF

Rs (equivalent shunt resistance) < 75 Ohms
Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the 20 pF capacitor between X, 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 circuit
may be used as the frequency-determining network
for the 8085AH, providing that its frequency
tolerance of approximately +10% is acceptable. The
components are chosen from the formula:

f=— 1
27VL(Cext + Cint)

To minimize variations in frequency, it is recom-
mended that you choose a value for Ceyt that is at
least twice that of Cjn¢, 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-
determining network for the 8085AH if maintaining a
precise clock frequency is of no importance. Var-
iations 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
approximately 3 MHz. It is not recommended that
frequencies 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 X,
open-circuited (Figure 5D). If the driving frequency
is from 6 MHz to 12 MHz, stability of the clock
generator will be improved by driving both X4 and X»
with a push-pull source (Figure 5E). To prevent
self-oscillation of the 8085AH, be sure that X5 is not
coupled back to Xy through the driving circuit.
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A
l ]w
= B

- 20 pF*

*20 pF CAPACITORS REQUIRED FOR

CRYSTAL FREQUENCY =< 4 MHz ONLY.
a. Quartz Crystal Clock Driver

8085AH

X
_____|;_‘_ ____II

| VINT
P
-~

|

|

J ~15pF
Lext T~ Cext

S

]

Xz___J

b. LC Tuned Circuit Clock Driver

8085AH

]

1

X4

u

S ~
20 pF :: 6K

2

o

||I\—~——)

Xz

c. RC Circuit Clock Driver

+5V
LOW TIME > 6C ns
470Q
TO —
1KQ
X4
* x2
*Xo LEFT FLOATING

d. 1-6 MHz Input Frequency External Clock
Driver Circuit

LOW TIME > 40 ns

X4

X2

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
e CLK is rising edge-triggered
e CLEAR is low-level active.

2-15

CLEAR 8085AH
ALE*—=]CLK CLK OUTPUT* —=|CLK To
8085AH
"D D" READY
F/F o FIF 3 | INPUT
+5v —»=[D D

*ALE AND CLK (OUT) SHOULD BE BUFFERED IF CLK INPUT OF LATCH
EXCEEDS 8085AH I0L OR IOH.

Figure 6. Generation of a Wait State for 8085AH
CPU
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AB-15 B

ADO-7

7

m

1El

WR

10/M

CLK

RESET OUT

READY

-

RESET

- — — — -

MER || __ AD
IN WR|{RD| ALE | CE \}07

10/M vAw

VN

—=Vee

Vee

M—>Ve

AD| __[10/
0-7

TIMER
ouT

 8156H
[RAM + I/ + COUNTER/TIMER]

8755A [EPROM + 1/0]

*NOTE: OPTIONAL CONNECTION ‘ t ‘

g4

Figure 8. MCS-85® Minimum System (Memory Mapped 1/0)

mon i
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ADDR DATA ALE RD WR 10/M

ADDR/ out

(8) (8)

10/M (CS)

LATCH= 9

WR

RD

DATA

STANDARD
MEMORY

ADDR (CS)

(16)

S22 N2

p—{ CLK

RESET

WR
RD

DATA
STANDARD
/o

ADDR

T

V]

AN Vee

AN Vee

ANN— Ve

10/M (cS) /0 PORTS;
CONTROLS

Figure 9. MCS-85® System (Using Standard Memories)
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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 float-
ing 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:

2K Bytes EPROM

256 Bytes RAM

1 Timer/Counter

4 8-bit 1/O Ports

1 6-bit I1/O Port

4 Interrupt Levels

Serial In/Serial Out Ports

This minimum system, using the standard 1/O tech-
nique is as shown in Figure 7.

In addition to standard I/O, the memory mapped 1/0
offers an efficient 1/O addressing technique. With
this technique, an area of memory address space is
assigned for I/O address, thereby, using the memory
address for /O manipulation. Figure 8 shows the
system configuration of Memory Mapped 1/0 using
8085AH.

The 8085AH CPU can also interface with the standard
memory that does not have the multiplexed address/
data bus. It will require a simple 8-bit latch as shown in
Figure 9.
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D Vss Vee
e
X X, RESET 1
—= TRAP HOLD|=—
—={RST75 HLDA f—=
—=f RsT65 500 p—=
8085AH
—|RsT55 SID fo—
—=l INTR s -
ol e RESET o -
ADDR DATA ALE RD WR IO/M  RDY CLK
4 Ves  Vee
@ @ l
H— ce  PORT
A
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oATa/  © “
ADDR
iN|
10/ TIMER f e
reser  OUT
oW
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PORT
H— e UKED
] g . Ag10
8755A
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ADDR
- o
+ B
* Ve
$—+——1RDY cc
CLK i0R
Vss Vee Voo PROG
‘vAVAV Vee
AV Vee
v v A A Vee
*NOTE: OPTIONAL CONNECTION

Figure 7. 8085AH Minimum System (Standard 1/0
Technique)
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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 address on
the Data Bus. Figure 10 shows an instruction fetch,
memory read and 1/O write cycle (as would occur
during processing of the OUT instruction). Note that
during the I/O write and read cycle that the 1/O port
address is copied on both the upper and lower half
of the address.

There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines (I0/M, S4, Sp) and the
three control signals (RD, WR, and INTA). (See Table
3.) The status lines can be used as advanced con-
trols (for device selection, for example), since they
become active at the T state, at the outset of each
machine cycle. Control lines RD and WR become
active later, at the time when the transfer of datais 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
possible states, shown in Table 4.

Table 3. 8085AH Machine Cycle Chart

i STATUS CONTRO
MACHINE CYCLE 10/M [s1]so [RD | WR | TNTA
OPCODE FETCH  (OF) o 1] 1]ol 1] 1
MEMORY READ  (MR) o 1{ojo| 1] 1
MEMORY WRITE  (MW) olof1f1{of 1
1/0 READ (I0R) 11l oo 1o
1/0 WRITE (1ow) tlol 1)1} o]
ACKNOWLEDGE
OF INTR (INA) 1 1 1] o
BUS IDLE (81): DAD of1fof | 1]
ACK. OF
RST,TRAP [N T A 1
HALT Ts | o] o|Ts| TS| 1

Table 4. 8085AH Machine State Chart

Status & Buses Control

Machine [ _ o

State 1,50 |10/M|Ag-A;5/ADg-AD;|RD,WR [INTA|ALE
T “ X | X X | X 1 1
T, X | X X | X X X 10
Twair “ X | x X | X X | x| o
Ts [ x | x X X X X | 0
Ts 1 1ot ] X TS 1 1,0
Ts 1| ot X TS 1 1] 0
Te Lo x TS 1 110
Treser | X | TS 1 TS TS TS| 1| 0
Tuar | O | TS| TS TS TS " 110
Tuowp | 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 cycies of DAD instruction.

t10/M = 1 during T4-Tg of INA machine cycle.

M| M2 M3
cLK T T, T, T, T T, T \ T T, T, \ T ,
Ag-Arg X PC,, (HIGH ORDER ADDRESS) X (PC +1),, X 10 PORT
(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
ALE
Fo _____/ _L/
WR \ ’
1o/M \ , \
STATUS $1So (FETCH) X 10 (READ) x 01 WRITE X 1

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°C to +150°C
Voltage on Any Pin

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

D.C. CHARACTERISTICS

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

8085AH, 8085AH-2: (Tp = 0°C to 70°C, Vgg = 5V £10%, Vgg =0V; unless otherwise specified)*
8085AH-1: (Tp = 0°C to 70°C, Vo = 5V +£5%, Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Volitage -0.5 +0.8 \
Vin Input High Voltage 2.0 Vce +0.5 \
VoL Output Low Voltage 0.45 \" loL = 2mA
VoH Output High Voltage 2.4 \ loH = —400uA
135 mA 8085AH, 8085AH-2
lcc Power Supply Current 200 mA 8085AH-1 (Preliminary)
e Input Leakage +10 nA 0=V|N Ve
Lo Output Leakage +10 uA 0.45V < VoyT < Ve
ViLR Input Low Level, RESET -0.5 +0.8
VIHR Input High Level, RESET 24 Ve 0.5
Vhy Hysteresis, RESET 0.15
A.C. CHARACTERISTICS
8085AH, 8085AH-2: (T = 0°C to 70°C, Vg = 5V +10%, Vgg = OV)*
8085AH-1: (T = 0°C to 70°C, Vg = 5V =5%, Vgg = 0V)
8085AH'? | 8085AH-2? | 8085AH-1
Symboi Parameter (Final) (Final) (Preliminary) Units
Min. | Max. | Min. | Max. | Min. | Max.
teye CLK Cycle Period 320 | 2000 | 200 | 2000 167 | 2000 ns
t4 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 Fall Time 30 30 30 ns
tXKR X4 Rising to CLK Rising 20 120 20 100 20 100 ns
tXKF X4 Rising to CLK Falling 20 150 .20 110 20 110 ns
tac Ag-15 Valid to Leading Edge of Controft ") 270 115 70 ns
tacL Ap-7 Valid to Leading Edge of Control 240 115 60 ns
taD Ap-15 Valid to Valid Data In 575 350 225 ns
tAFR %%%%s(%;t After Leading Edge of 0 0 0 ns
taL Ag.15 Valid Before Trailing Edge of ALE 'V | 115 50 25 ns

*Note: For Extended Temperature EXPRESS use M8085AH Electricals Parameters.
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A.C. CHARACTERISTICS (Continued)

8085AH2! | 8085AH-212/ |  8085AH-1
Symbol Parameter (Final) (Final) (Preliminary) Units
Min. | Max. | Min. | Max. | Min. | Max.
taLL Ag-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
fec \év;:Lhoc;f ﬁ-(;ntrol Low (RD, WR, INTA) 400 230 150 ns
teL I;a;i\liLr;Eg Edge of Control to Leading Edge 50 25 0 ns
tow Data Valid to Trailing Edge of WRITE 420 230 140 ns
tHABE HLDA to Bus Enable 210 150 150 ns
tHABF Bus Float After HLDA 210 150 150 ns
tHACK HLDA Valid to Trailing Edge of CLK 110 40 0 ns
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 IFI\:I"I:;QRSZ,gzn; 1;{}P Setup Time to 160 150 150 ns
tLA Address Hold Time After ALE 100 50 20 ns
fe l'lf'aglu:]g:rildge of ALE to Leading Edge 130 60 25 ns
tek ALE Low During CLK High 100 50 15 ns
tLpbR ALE to Valid Data During Read 460 270 175 ns
tLpw ALE to Valid Data During Write 200 140 110 ns
tr L ALE Width 140 80 50 ns
tLRY ALE to READY Stable 110 30 10 ns
tRAE I;e:lér;g;:ge of READ to Re-Enabling 150 20 50 ns
trRD READ (or INTA) to Valid Data 300 150 75 ns
try gfo;::tl g(r)a:lt:rr;? Edge to Leading Edge 400 220 160 ns
tRDH Data Hold Time After READ INTA 0 0 0 ns
tRYH READY Hold Time 0 0 5 ns
tRys nggSZ Setup Time to Leading Edge 110 100 100 ns
two Data Valid After Trailing Edge of WRITE 100 60 30 ns
twpL LEADING Edge of WRITE to Data Valid 40 20 30 ns
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NOTES:

1. Ag—Aq5 address Specs apply I0/M, Sg, and S¢ except Ag-Aqs
are undefined during T4—Tg of OF cycle whereas IO/M, Sg, and
S4 are stable.

2. Test Conditions: tcyc = 320 ns (B085AH)/200 ns (8085AH-2);/
167 ns (8085AH-1); C|_ = 150 pF.

A.C. TESTING INPUT, OUTPUT WAVEFORM

3. For all output timing where C| # 150 pF use the foliowing
correction factors:
25 pF < C| < 150 pF: —0.10 ns/pF
150 pF < C_ =< 300 pF: +0.30 ns/pF
4. Output timings are measured with purely capacitive load.
5. To calculate timing specifications at other values of tcyc use
Table 5.

A.C. TESTING LOAD CIRCUIT

INPUT/QUTPUT

2 2.0 2.0 DEVICE

~ , I

e S O 055, VR LB )

AND OBV FOR ALOGIC 0 . INCLUDES JiG GAPACITANCE

Table 5. Bus Timing Specification as a Tocyc Dependent

Symbol 8085AH 8085AH-2 8085AH-1
taL (1/2)T — 45 (1/2) T - 50 (1/2) T - 58 Minimum
tLa (1/2) T - 60 (1/2) T - 50 (1/2) T - 63 Minimum
tL (1/2) T - 20 (1/2)T - 20 (1/2)T - 33 Minimum
tLck (1/2) T - 60 (1/2)T - 50 (1/2)T - 68 Minimum
tLe (1/2) T - 30 (1/2) T - 40 (12) 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 (32 +N)T — 150 32+ 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 (32 +N)T - 70 (32 +N)T - 110 Minimum
twp (1/2) T — 60 (1/2)T - 40 (1/2) T — 53 Minimum
tce (3/2+ N)T - 80 32+ N)T -70 (32 + N)T - 100 Minimum
toL (1/2)T - 110 (1/2)T =75 (1/2) T - 83 Minimum
taARy (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 (12)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 (22)T —97 Minimum
) (1/2)T - 80 (1/2) T - 60 (1/2)T - 63 Minimum
t2 (1/2) T — 40 (1/2) T - 30 (12) T - 33 Minimum
tpy (3/2)T — 80 (3/2) T- 80 (3/2) T — 90 Minimum
tLDR (4/2) T — 180 (4/2) T - 130 4/2) T - 159 Maximum

NOTE: Nis equal to the total WAIT states. T = tcyc.
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WAVEFORMS (Continued)

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

T T2 Twair T3 T

CLK\ /‘7 | l{ \ 5 \ /

- tca —|
n

Ag-As ADDRESS (

|

-— tRAg —|
tap tROH =| |

ADy-AD; ADDRESS H / :: /////x DATA IN (

ot — ty ——| fe— typ e

tarn | Joe S S
ALE TLor ol |
/ . /
. j Y
- AL e RO

|
I T tee | e
AD/INTA e N\ d !
e —] "

Ry +=

e
fe———1tac
tRys tRYH

READY \ W /

NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES.

tary —————= 'RYS | tRVH
|| ]

INTERRUPT AND HOLD
1\_/_\_/_\_/_—}_/_\_/_\_/—\__/_\__/_\_/__\_/_

AD,, X )——( CALL INST. - {

j*————————— BUS FLOATING* ——|

ALEﬂ / \
- ~
d 4
i ¥
NTA \ / \
thase
7
TR,/ \ \
(s
tins tinH
(
HOLD / ,( / 0 l' '
v \
s tHoH
.
HLDA 7 \
thack [~ thasr *10/W 1S ALSO FLOATING DURING THIS TIME.
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Table 6. Instruction Set Summary

Instruction Code Operations Instruction Code Operations
Mnemonic | D; Dg D5 D4 D3 Dy D4 Dy Description Mnemonic | D; Dg D5 D4y D3 Dy Dy Dy Description
MOVE, LOAD, AND STORE czZ 110 0 1 1 0 0 [Callonzero
MOVr1 r2 0 1 DD D S S S |Moveregister to register CNZ 11000 1 0 0 |Calionno zero
MOV M.r 01 1 1 0 S S S |Move register to memory cP 111 1.0 1 0 0 Callonpositive
MOVIM | 0 1 D D D 1 1 0 |Movememory to register M T 111110 0 Callonminus
MVI r 0 0 DDD 1 1 0|Moveimmediate register CPE 17110 1 1 0 0 |Call on parity even
MVIM 0 0 1 10 1 1 0 |Moveimmediate memory CPO 1 1 1 00 1 0 0 Callonparityodd
LXI B 0 0 0 0 0 0 0 1 |Loadimmediate register RETURN
Pair B & C RET 1100 1 0 0 1 |Retun
N . N RC 1 1 0 1 1 0 0 0 |Returnon carry
LXI D 0 0 0t 0 0 0 1 |Loadimmediate register
PairD & E 9 RNC 110 1 0 0 0 0 (Returnonnocarry
LXI H 00 100 0 0 1 |Loadimmediate register Rz 1100 1 0 0 0 |Returnon zero
Pair H & L RNZ 1 1.0 0 0 0 0 O [Returnonno zero
STAX B 0000 0 0 1 0|StoreA indirect AP 111100 0 0 Returnon positive
STAX D 000 10 0 1 0|StoreAindirect RM t'1. 1110 0 0 Retum onminus
LDAX B 0000 10 1 0]LoadA indirect RPE 1110 1 0 0 0 |Returnon par!ty even
LDAX D 000 1 1 0 1 0]LoadA indirect RPO 1 1 1 0 0 0 0 0 [Returnon parity odd
STA 00 1 10 0 1 0]StoreA direct RESTART
LDA 001 110 1 0]LoadA direct RST 11 AAAT 1 1 |Restart
SHLD 0010 0 0 1 0]|StoreH &L direct INPUT/OUTPUT
LHLD 001 01 0 1 0|LoadH&Ldirect N 110 11 0 1 1 input
XCHG 11101 0 1 1|ExchangeD&E, H&L out 1101001 Output
Registers INCREMENT AND DECREMENT
STACK OPS| INRr 0 0 DDD 1 0 0 [incrementregister
PUSH B 110 0 0 1 0 1 |Push register Pair B & DCR v 0 0 DDD 1 0 1 Decrement register
C on stack INRM 001 1 0 1 0 0 |increment memory
i i DCR M 0 0t 1 0 1 0 1 |Decrement memory
PUSH D 1 1.0 1 0 1 0 1 |Pushregister PairD &
Eon stagck INX B 0 000 0O 1 1 lincrementB&C
PUSH H 11 1 0 0 1 0 1 |Pushregister Pair H& registers
L on stack INX D 000 1 00 1 1 |IncrementD&E
PUSHPSW| 1 1t 1 1 0 1 0 1 |PushA and Flags registers
on stack INX H 0 01 0 0 0 1 1 |IncrementH&L
POP B 1 1 0 0 0 0 O 1 |Pop register Pair B& registers
C off stack DCX B 0 00 0 1 0 1 1 |DecrementB&C
POP D 1101 0 0 0 1 |Pop register Pair D & DCXD 0 00 1 10 1 1 |DecrementD&E
E off stack DCXH C 0 1 0 1 0 1 1 |DecrementH&L
POP H 11 10 0 0 0 1 |Pop register Pair H & ADD
L Op" stgack ADD r 1 0 0 0 0 S S S |Addregisterto A
POP PSW 11110 0 0 1|PopAandFlags ADC r 100018 S8 S Ac_!d register to A
off stack with carry
XTHL 111 0 0 0 1 1 |Exchange top of ADD M 10 C0 0 1 1 0 |AddmemorytoA
stack, H & L ADC-M 100 0 1 1 1 0 |Add memorytoA
SPHL 11 1 1 1 0 0 1 |H&L tostack pointer with carry
LXi P 001 10 0 0 1]Loadimmediate stack AD! 1100 0 1 1 0)Addimmediateto A
pointer ACI 1 1 0 0 1 1 1 0 |Addimmediateto A
INX SP 00 1 1 |increment stack pointer with carry
DCX SP 00 1 1 0 1 1 |Decrement stack DAD B 0000100 1|AdB&CtoH&L
pointer DAD D 0001100 1|AddD&EtoH&L
JOMP DAD H 0010100 1|AddH&LtoH&L
JMP 110 0 0 0 1 1 |Jump unconditional DAD sP 0 0 1 1 1 0 0 1 |Addstack pointer to
JC 110 1 1 0 t 0 {Jumpon carry H&L
JINC 1101 0 0 1 0 |Jumponnocarry SUBTRACT 4
Jz 1100 1 0 1 0|Jumponzero SUB r 0 0 1 0 S S S |[Subtract register
JINZ 1t 10 0 0 0 1 0 ]Jumponnozero from A .
JP 111 1 0 0 1 0|Jump on positive SBB r 1 0 0 1 1 S S S |Subtract register from
JM 111 1 1 0 1 0 |Jumpon minus A with borrow
JPE 111 0 1 0 1 0 |Jump on parity even SUB M 1 0 001 0 1 1 0 |Subtract memory
JPO 1110 0 0 1 0 Jump on parity odd from A
PCHL 11101 0 0 1/|H&Ltoprogram SBB M 10 0 1 1 1 1 0 |Subtract memory from
counter A with borrow
CALL Sut 1 1 0 1 0 1 1 0 |Subtractimmediate
CALL 1100 1 1 0 1 |Callunconditional from A
cC 11 0 1 t 1 0 0|Calloncarry sBi 1 1 0 1 1 1 1 0 [Subtractimmediate
CNC 1 1 0 1 0 1 0 0 |Callonnocarry from A with borrow
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Table 6. Instruction Set Summary (Continued)

Instruction Code Operations Instruction Code Operations
Mnemonic | D; Dg D5 D4 D3 D2 Dy Dy Description Mnemonic | D; Dg D5 D4 D3 Dy Dy Do Description
LOGICAL SPECIALS
ANA r 1 01 0 0 S S S |Andregister with A CMA 00 1 0 1 1 1 1]|Complement
XRA r 1.0 1 0 1 S8 S S |Exclusive OR register A
with A STC 000 1 1 0 1 1 1]Setcarry
ORA T 1 0 1 1 0 S S S |ORregister with A CMC 00 1 1 1 1 1 1|Complement
CMP r 1 01 1 1 8 S S |Compare register with A ’ carry
ANA'M 1 01 0 0 1 1 0 |And memory with A DAA 0 0 1 0 0 1 1 1 |DecimaladjustA
XRA M 1 01 0 1 1 1 0 |Exclusive OR memory CONTROL
with A El 1t 1 1.1 1 0 1 1|Enableinterrupts
ORA M 10 10 1 0 | OR memory with A Di 1 1 1 1 0 0 1 1|Disable Interrupt
CMP M 10 111 0 | Compare NOP 0 0 0 0 0 0 O 0]No-operation
memory with A HLT 0O 1 1 1 0 1 1 0/!Halt
ANI 1 11 0 0 1 1 0 |Andimmediate with A NEW 8085AH INSTRUCTIONS
XRi 1 1 1 0 1 1 1 0 |Exclusive OR immediate RIM 0 0 1 0 0 0 0 O/|ReadInterrupt Mask
with A SiM 0 0 1 1 0 0 0 O] Setinterrupt Mask
ORI 1 1 1 1 0 1 1 0 [ORimmediate with A
CPI 11 1 1 1 1 1 0 |Compareimmediate
with A
ROTATE
RLC 0 0 0 0 0 1 1 1 |RotateA left
RRC 0 0 0 0 1t 1 1 1 |[RotateA right
RAL 0 0 0 1 0 1 1t 1 |RotateA left through
carry
RAR 0 0 0 1 1t 1 1 1 |RotateA rightthrough
carry
NOTES:

1. DDS or SSS: B 000, C 001, D 010, EO11, H 100, L 101, Memory 110, A 111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

*All mnemonics copyrighted ©lntel Corporation 1976.
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WAVEFORMS

CLOCK

T

X1 INPUT [—_—\—/___\_._/_\___/___\
tr— t2 -— 1t
CLK Z
OuTPUT
{ [
| tXK R [ |e——— 1 ——|
1
teve
— IXKF [*—
READ | T | T i T | T
i
CLK )
o teck —=| la - tca 4,_—‘
Ag-Aig | ADDRESS
| < TRae
— I e —- tap - tRoH | |- |
I Iy |
ADo-AD; x | ADDRESS /////X: DATA INH
r—*" T e A VN | |
|
taFR | |- |- teL —=
ALE f S"' ‘Lor [ !
- AL > | - thp— —— |
|
- z—'—"l‘———
RD/INTA . \L ce k !
P
fe——tac ——s|
| T | T, | T | T
WRITE ' ' ’ ’ '
ok \ / r / \ / \ /
|~7— fLek —|
Ag-Arg ADDRESS
| ~ toa—
r‘ — tow <—-+‘ I“ CA—
|
AD,-AD, X ADDRESS DATA OUT
[t = A —*( — tow <— twp —=
|
ALE f A - wo
(= taL—|
_ _t
R cc
fe— tic—| - tcL—>
tac
T2 T3 TvoLo ThoLo

HOLD (
- T
Hos tHoH I<~‘HACK‘>
[ e |
HLDA
‘HABF———| “_—
|- tiase —|
|
BUS (ADDRESS, CONTROLS) I‘T
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8155H/8156H/8155H-2/8156H-2
2048-BIT STATIC HMOS RAM
WITH 1/O PORTS AND TIMER

= Single +5V Power Supply with 10% m 1 Programmable 6-Bit 1/O Port

Voltage Margins . ® Programmable 14-Bit Binary Counter/
m 30% Lower Power Consumption than Timer

the 8155 and 8156 ® Compatible with 8085AH and 8088 CPU
m 256 Word x 8 Bits : -
m Completely Static Operation ® Multiplexed Address and Data Bus
= Internal Address Latch = Available in EXPRESS
m 2 Programmable 8-Bit I/O Ports - Standard Temperature Range

- Extended Temperature Range

The Intel® 8155H and 8156H are RAM and 1/O chips implemented in N-Channel, depletion load, silicon gate technology
(HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU.The
8155H-2 and 8156H-2 have maximum access times of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU.

The /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, 1 40 [T Vee

pc, [ 2 3 [7 pc,

] TIMER IN [] 3 38 [ pc

10/ PORT A !
07 pc; [ s 36 [ P8,

ADy 7 ;iﬁxs ] TivieR oot [] 6 35 |7 pay

ATIC .

- 10 7 PB,

RAM - B o [ 34 17 peg

* PORT B CEORCE*[]s8 33[] p8,

B P8y, RD [} 32[7] pB,

ALE o 8155H/

WR [J10 s1seH 31[] PB,

- — ALE [ 11 gys5H2/ 30 [ PB,

™ 8156H-2
. AD 12
w— ] PORT C o O 29 [J P8,
R <I>PC ap; [ 13 287 pa,
0~5
L] Ap, [ 15 26 [] pag
I t AD, [] 16 2511 PA,

TIMER CLK v #5v) ADg [} 17 247 PA,

TIMER OUT Vss (0V) ADg [ 18 23] pA,

AD, (] 19 2271 PA,

*8155H/8155H-2 = CE, 8156H/8156H-2 = CE Vss [ 2 2117 pag
Figure 1. Block Diagram Figure 2. Pin Configuration

Intel Corp A No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses ave Implied.

© INTEL CORPORATION, 1981. 2-26
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Table 1. Pin Description

Symbol Type Name and Function

RESET I Reset: Pulse provided by the B085AH to initialize the system (connect to 8085AH RESET OUT). Input
high on this line resets the chip and initializes the three I/0 ports to input mode. The width of RESET
pulse should typically be two 8085AH clock cycle times.

ADo-7 110 Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus.
The 8-bitaddress is latched into the address latch inside the 8155H/56H on the falling edge of ALE. The
address can be either for the memory section or the 1/0 section depending on the IO/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.

CE or CE Chip Enable: On the 8155H, this pin is CE and is ACTIVE LOW. On the 8156H, this pin is CE and is
ACTIVE HIGH.

RD i Read Control: Inputiow on this line with the Chip Enabie active enables and ADg_7 buffers. If10/M pin
is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected I/O port or
command/status registers will be read to the AD bus.

WR | Write Control: input fow on this line with the Chip Enable active causes the data on the Address/Data
bus to be written to the RAM or IO ports and command/status register, depending on |0O/M.

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

10/M | 1/0 Memory: Selects memory if low and /O and command/status registers if high.

PAg_7(8) 10 Port A: These 8 pins are general purpose /O pins. The in/out direction is selected by programming
the command register.

PBo-7(8) /0 Port B: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming
the command register.

PCp-5(6) [l{e] PortC: 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_g are used as control signals, they
will provide the following:

PCo-— A INTR {Port A Interrupt)
PCy — ABF (Port A Buffer Ful!)
PC, — 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 counter-timer.

TIMER OUT C Timer Output: This output can be either a square wave or a pulse, depending on the timer mode.

Vee Voltage: -5 volt suppiy.

Vss Ground: Ground reference.

FUNCTIONAL DESCRIPTION

e 14-bit timer-counter

the memory (RAM, portion.

|
The 8155H/8156H contains the following: : . SBITINTERNAL DATA BUS
e 2k Bit Static RAM organized as 256 x 8 i
e Two 8-bit I/0O ports (PA & PB,and one 6-bitl/OportiPC) |
l COMMAND I PC I PB PA TIMER | TIMER
| T MSB LSB
The 10/M (1O/Memory Select: pin selects either the five || sTatus |
registers (Command, Status, PAo-7, PBo-7, PCo-51 or | TIMER
| s 8 s  MODE
|
L

The 8-bit address on the Address/Data lines, Chip Enable
input CE or CE, and IO/M are all latched on-chip at the
falling edge of ALE.
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CE (8155H)

OR

CE (8156H)

10/M

ADDRESS

/TN

X DATA VALID

N\

v

AN
—___
—

RD OR WR

!/

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS.

Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle

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 I/0 address XXXXX000 during a WRITE
operation with the Chip Enable active and I0/M = 1. The
meaning of each bit of the command byte is defined in
Figure 5. The contents of the command register may
never be read.

READING THE STATUS REGISTER

The status register consists of seven latches, one foreach
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 polied
by reading the Status Register (Address XXXXX000).
Status word format is shown in Figure 6. Note that you
may never write to the status register since the command
register shares the same 1/0 address and the command
register is selected when a write to that address is issued.
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7 6 5 4 3 2 1 0

IYMZITM1‘ IEBl IEA| PCZI Pc.| PB! PA]

DEFINES PAg.7

L————> DEFINES PBo.7 |

00 = ALT 1
L DEFINES PCos oAt
10=ALT 4
L . ENABLEPORTA
INTERRUPT 1= ENABLE
_ ENABLE PORT B 0 = DISABLE
INTERRUPT

00 = NOP — DO NOT AFFECT COUNTER
OPERATION
01 = STOP — NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS
RUNNING
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
IMMEDIATELY AFTER PRESENT TC
IS REACHED.

10 =

—— TIMER COMMAND—

m=

[

Figure 5. Command Register Bit Assignment
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AD; ADs ADs AD; AD3 AD, AD; ADg

Timer|INTE[ B [INTRIINTE] A [INTR
B BF B A BF A

P 7L

R T R R

! ! | |

i

|

- -
| (INPUT/OUTPUT)
|
1

|
|
i
i
|

(INPUT/OUTPUT)

IS LATCHED HIGH WHEN
TERMINAL COUNT IS

C/S REGISTER AND BY
HARDWARE RESET)

PORT A INTERRUPT REQUEST

PORT A BUFFER FULL/EMPTY

PORT A INTERRUPT ENABLE
PORT B INTERRUPT REQUEST

PORT B BUFFER FULL/EMPTY

PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT

REACHED, AND IS RESET TO
LOW UPON READING OF THE

Figure 6. Status Register Bit Assignment

INPUT/OUTPUT SECTION

The 1/O section of the 8155H/8156H consists of five regis-
ters: (See Figure 7.)

e Command/Status Register (C/S) — Both registers 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 notaccessible
through the pins.

When the C/S (XXXXX000; is selected during a READ
operation, the status information of the 1/0 ports and
the timer becomes available on the ADo-7 lines.

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

PB Register — This register functions the same as PA
Register. The I/0 pins assigned are PBg-7. The address
of this register is XXXXX010.

PC Register — This register has the address XXXXX011
and contains only 6 bits. The 6 bits can be program-
med to be either input ports, output ports or as control
signals for PA and PB by properly programming the
AD2 and ADz3 bits of the C/S register.

When PCo-5 is used as a control port, 3 bits are
assigned for Port A and 3 for Port B. The first bit is an
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interrupt that the 8155H sends out. The second is an
output signal indicating whether the buffer is full or
empty, and the third is an input pin to accept a strobe
for the strobed input mode. (See Table 2.)

When the ‘C’ port is programmed to either ALT3 or ALT4,
the control signals for PAand PB are initialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF Low Low
INTR Low High
STB Input Control Input Control
1/0 ADDRESS*
5 e SELECTION
A7/ A6 | A5 | A4 [A3 A2 |A1|AD
X{X [ X|{X|{X]|0]0/|o0 |Interval Command/Status Register
X[ XX | x|X]|]0]0 |1 |General Purpose IO Port A
Xy X | X|X|[X]|0]|+1 |0 |General Purpose I/0 Port B
X| X [X|[Xx|X]0]1]|1i]PortC— General Purpose I/O or Control
X[ X | X|X|X][1]0]0 ]Low-Order8 bits of Timer Count
X| X | x| x|Xx}]1]0]1|High®6 bitsof 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 IC/M = 1 in
order to select the appropriate register.

Figure 7. 1/0 Port and Timer Addressing Scheme

Figure 8 shows how I/O PORTS A and B are structured
within the 8155H and 8156H:

8155H/8156H
ONE BIT OF PORT A OR PORT B
AN OUTPUT |
p LATCH |
_ VF |
CLK _CLR . |
OUTPUT
ENABLE |
@ |
a |
<
H t {
e WRITE
PORT R 4 PA/PB
< p— —
s -~ Pl MODE(4)
F [MUX ) | PIN
= | @ | . 4__ |
2
z ﬂ , PR — ;
<_| [—— { J |
Q D |
READ PORT
CLK |
< 7
N
NOTES: sT8

(4) =1FOROUTPUT MODE
(2) SIMPLE INPUT CONTROL =0 FOR INPUT MODE

(3) STROBED INPUT

READ PORT = (10/M=1) ® (RD=0) ® (CE ACTIVE)  (PORT ADDRESS SELECTED)
WRITE PORT = (10/M=1) « (WR=0) ® (CE ACTIVE) » (PORT ADDRESS SELECTED)

(1) OUTPUT MODE }MULTIPLEXER

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 /O ports are programmed
to be output ports, the contents of the output 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 previsouly
“1” and the level at the output pin will not change.

Note also that the output latch is cleared when the port
enters the input mode. The output latch cannot be loaded by
writing to the port if the port is in the input mode. The result
is that each time a port mode is changed from input to output,
the output pins witll go low. When the 8155H/56H is RESET,
the output latches are all cleared and all 3 ports enter the
input mode.

When inthe 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
m PORT A T
A INTR (SIGNALS DATA RECEIVED)
A BF (SIGNALS DATA READY)
A STB (ACKNOWL. DATA RECEIVED)
B STB {LOADS PORT B LATCH)
8 BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER
READY FOR READING)

PORT B

PORT A

TO/FROM
PERIPHERAL
INTERFACE

PORT C

TO INPUT PORT (OPTIONAL)

TO 8085AH RST INPUT

TIMER SECTION

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

The timer has the 1/0 address XXXXX100 for the low order
byte of the register and the 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 timer addresses.
Bits 0-13 of the high order count register will specify the
length of the next count and bits 14-15 of the high order
register will specify the timer output mode (see Figure 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
IM21M1|T13|T12|T11|T10|T9|Tsl
1 ] L ' ]
TIMER MODE MSB OF CNT LENGTH

7 6 5 4 3 2 1 0

Lo lre]me]m]n]n]n]w]

! I}
T
LSB OF CNT LENGTH

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 M { | ) i
o o 1 SINGLE —_ -t
SQUARE WAVE
o 1 2 CONTINUOUS 1 1 1\
SQUARE WAVE
3. SINGLE _-_\-r—— ——————————
1 0  PULSEON
TERMINAL COUNT
4. CONTINUOUS
o PULSES u u

Figure 9. Example: Command Register = 00111001

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

TM2 T™M1

0 0  NOP — Do not affect counter operation.

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

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

1 1 START — Load mode and CNT length

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

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 command to the
counter. This applies even though you may only want to
change the count and use the previous mode.

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

—— —

L

e
!

| 5

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

Figure 12. Asymmetrical Square-Wave Output
Resulting from Count of 9
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The counter in the 8155H is not initialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin
following RESET untila 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 con-
tain values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 (decimal). (For
the detection of single pulses, it is suggested that one
of the hardware interrupt pins on the 8085AH be used.)
After the timer has started counting down, the values
residing in the count registers can be used to calculate
the actual number of TIMER IN pulses required to com-
plete the timer cycle if desired. To obtain the remaining
count, perform the following operations in order:

1. Stop the count

. Read in the 16-bit value from the countlength registers

2

3. Reset the upper two mode bits

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

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

Note: If you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the 8155H/56H always
counts out the right number of pulses in generating the
TIMER OUT waveforms.
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8085A MINIMUM SYSTEM CONFIGURATION

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

256 Bytes RAM
2K Bytes EPROM
38 1/0 Pins

1 Interval Timer
4 Interrupt Levels

® o & o o

8085 MINIMUM SYSTEM CONFIGURATION

A8-15 e d v

QDOJ /\

ALE

VN

8085AH 7D

WR

10/M

CLK

RESET OUT

READY

HIIII[>

TIMER

RESET IN WR|RD| ALE | CE v 10/M \/vaw e[ |ALE Ro}uOch:LKRST

A8- AD| {10/

RDY

F

\—j LATCHES
TIMER 5
ouT + ] TIMER

CONTROL

256 x 8
RAM

8156H

! !
1C/S‘|LPC lPs][PA|

8755A [EPROM + I/0]

588

g3

cc

Figure 13a. 8085AH Minimum System Configuration (Memory Mapped 1/0)
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8088 FIVE CHIP SYSTEM ® 381/0 Pins

Figure 13b shows a five chip system containing: ¢ 1lnterval Timer

e 1.25K Bytes RAM ® 2 Interrupt Levels
o 2K Bytes EPROM

VANAN Vss Vee
|

PORT
A

359]

RRCEAC

PORT
D B
8155H-2
ALE  poRT

A DATA/! C
ADDR
IN

10/ TIMER

RESET out

1T
g

As—Ais]  ADDR

ADg - AD7 K ADDR/DATA
CLK -
CE A

Ag_
8088 Z: > '8-10
’ ——— READY J 8755A-2
ixX ———J]> DATA/
l MNIMX V¢ e
Ve [—‘ D W \ ALE 10/M  PORT
J RST 3 RD

N
Bints

(8)

%

PROG

] RESET
X4 X2 WA
cLk w . READY
READY |— 10/M — ior [
—|RES —
8284 I T I L
| RESET ‘ | Vss Vee Voo
Ol ~ I RDY1 Vee
1 GND % wR
'MANUAL .. .
GND RESET &y RD
(Vss) O} CE.
* ! g185-2
ALE
ST Cs,
H— CE;
ST Ag. Ag

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

Temperature Under Bias
Storage Temperature

Voltage on Any Pin

With Respectto Ground
Power Dissipation

0°Cto+70°C
-65°Cto +150°C

-0.5V to +7V
1.5W

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

device reliability.

D.C. CHARACTERISTICS (1 = 0°C to 70°C, Vi = 5V + 10%)

Symbol | Parameter Min. Max. Units Test Conditions

ViL Input Low Voltage -0.5 0.8 V.

Vin Input High Voltage 2.0 Vec+0.5 \%

VoL Output Low Voltage 0.45 \ loL = 2mA

VoH Output High Voltage 2.4 \% loy = ~400uA

e Input Leakage +10 HA 0V < V|N < Vce

ILo Output Leakage Current +10 uA 0.45V < Vout < Vce

lcc Vcc Supply Current 125 mA

IiL(CE) | Chip Enable Leakage

8155H +100 nA 0V = VN < Ve
8156H -100 uA
A.C. CHARACTERISTICS (15 = 0°C to 70°C, Vg = 5V £10%) ;
8155H/8156H 8155H-2/8156H-2

Symbol | Parameter Min. | Max. Min. Max. Units
tAL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 30 ns
tLc Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
o Latch to Data Out Valid 350 270 ns
tAD Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 ¢] 80 ns
ter READ/MWRITE Control to Latch Enable 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tpw Data In to WRITE Set Up 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
tpR Port input Setup Time 70 50 ns
trp Port Input Hold Time 50 10 ns
tsgF Strobe to Buffer Full 400 300 ns
tss Strobe Width 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
tg Strobe to INTR On 400 300 ns
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A.C. CHARACTERISTICS (Continued) (Ty = 0°C to 70°C. Vg = 5V +10%)

8155H/8156H 8155H-2/8156H-2
Symbol Parameter Min. Max. Min. Max. Units
tRDI READ to INTR Off 400 300 ns
tpss Port Setup Time to Strobe Strobe 50 0 ns
tpHS Port Hold Time After Strobe 120 100 ns
tSBE Strobe to Buffer Empty 400 300 ns
tweF WRITE to Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
trL 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
tq TIMER-IN Low Time 80 40 ns
2 TIMER-IN High Time 120 70 ns
twt WRITE to TIMER-IN 360 200 ns
(for writes which start counting)

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT
2.4
\ HF20 20
> TEST POINTS <
0.8 0.8
0.45
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

WAVEFORMS

DEVICE
UNDER —
TEST
C, = 150 pF
Cy = 150 pF
Cy INCLUDES JIG CAPACITANCE

READ

J

CE (8155H)

N

N\

OR

CE (8156H)

]

10/M

/

ADg4 ADDRESS

X 7

———tp —— [t p———

i N

ALl

.

<]

LL

2
tap
DATA VALID

A

|+ tRDE> | <—tRpE—|
' e
|« tRD———>
Y—— 7
O S <~ tcL—
tec thy

o
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WAVEFORMS (Continued)

WRITE

)

XJ
[
ETN AT IS

CE (8155H)

OR

CE (8156H)

.

10/M

X
A

tay = |t p —> tow teL
ALE \
8
e te two
'
wR Z
r

ADg_; ADDRESS

.

75

STROBED INPUT
BF / \
‘ tsgr , .
' STROBE 5< : ZL
-
INTR . i \[
NSy
7,
[ tpgg tous
e X X
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WAVEFORMS (Continued)

STROBED OUTPUT

BF

STROBE

i \L
[——tgpg |
- tgy —>

twer

INTR \

twe
OUTPUT DATA
TO PORT
BASIC INPUT BASIC OUTPUT
tap > WR
RD twp >
- S aiaiis Gum—" 4
INPUT ><L K —————— -

outeuT X

*DATA BUS TIMING IS SHOWN IN FIGURE 7.

TIMER OUTPUT COUNTDOWN FROM 5 TO 1

LOAD COUNTER FROM CLR —

TIMER IN

RELOAD COUNTER FROM CLR —=
4 1 3 i 2 1 5 |

t7 e lmL_

NOTE 1: THE TIMER QUTPUT ISPERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M| MODE BIT = 1)

. L4
TIMER OUT \ 7
(PULSE) \ NOTET
| SR —
—
R < 7
TIMER OUT \
(SQUARE WAVE) \ (NOTE 1) /
e ———— -
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8185/8185-2
1024 x 8-BIT STATIC RAM FOR MCS-85°

® Multiplexed Address and Data Bus ‘@ Low Standby Power Dissipation

m Directly Compatible with 8085AH .
and iAPX 88 Microprocessors ® Single +5V Supply

B Low Operating Power Dissipation ® High Density 18-Pin Package

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A and
iAPX 88 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 iAPX 88.

A, [
[ P a0
CEf ——
- ——— 2.
RD ————~ | 5aic AD3 ]
WR ——— 1
ALE —— s} ADg ]
l : ADs ]
ADg ]
AD;
DATA 1Kx8 E
ADo-AD7 Bus MEMORY Vss [
BUFFER T
X-Y DECODE
AD(-AD7 | ADDRESS/DATA LINES
Ag, Ag ADDRESS LINES
cs CHIP SELECT
ADDRESS CE, CHIP ENABLE (10/M)
Ag, Ag | CE;p CHIP ENABLE
ALE ——————————] ALE ADDRESS LATCH ENABLE
WR WRITE ENABLE
Figure 1. Block Diagram Figure 2. Pin Configuration
Intel Ci ion A No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are implied.

©INTEL CORPORATION, 1980 2-38
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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 ADo-7, Ag and Ag, and the status of CE1 and
CEz areall latched internally in the 8185 by the falling edge
of ALE. If the latched status of both CE1 and CE2 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 decoding in
selecting the 8185 chip. Maximum power consumption
savings will occur, however, only when CE1 and CE2 are
activated selectively to power down the 8185 wheniitis not
in use. A possible connection would be to wire the 8085A’s
10/M line to the 8185’s CE1 input, thereby keeping the
8185 powered down during 1/0 and interrupt cycles.

Table 1.
Truth Table for
Power Down and Function Enable
CE, | CE, | CS |(Cs")? 8185 Status
1 X X 0 Power Down and
Function Disable[1]
X 0 X 0 Power Down and
Function Disable[1)
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*=(CE1=0)+ (CE2=1)« (C§=0)
CS* = 1 signifies all chip enables and chip select active

Table 2.
Truth Table for
Control and Data Bus Pin Status
| __ |ADg.7 During Data
(CS*) | RD | WR|Portion of Cycle 8185 Function
0 X X |Hi-Impedance No Function
1 0 1 |Data from Memory|Read
1 1 0 [Data to Memory |Write
1 1 1 |Hi-lmpedance Reading, but not-
Driving Data Bus
NOTE:
X: Don’t Care.

ERRRE

X X.
TRAP 2
RST7,5
RST6,5
8085A
RST5,5
INTR s,
RESET
TR ApoR/ ouT So
ADDR DATA ALE RD WR I0/M RDY CLK
VSS VCC
(8) (8) l
H— CcE PORT

10/f TimMER
reser  OUT

T

i
3
>3

m-
a2
e =
q
3
o
o
o

Pt

Vs Vec Voo PROG

WR

"D

18185

ALE
H— €S, cE,
H— Ag. Ag

Vs Vee

~AN— Ve
AN Vcc

VNV
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Figure 3. 8185 in an MCS-85 System

4 Chips:
2K Bytes EPROM
1.25K Bytes RAM
38 I/0 Lines
1 Counter/Timer
2 Serial 1/0 Lines
5 Interrupt Inputs
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iAPX 88 FIVE CHIP SYSTEM:

e 1.25 K Bytes RAM
e 2K Bytes EPROM
e 38 1/O Pins

* 1 Internal Timer
e 2 Interrupt Levels

3l
REATeTs

_ IN
I0/M  TIMER
out

RESET

Ae—Aws|  ADDR ow
RD

ADq - AD; K/
culDo- 407 ADDR/DATA :> ALE  Lopr

+—i CE A
Z———- M Ag-10
8088 — T a755A2
| READY
| vy . DATA/
[ MN/MX Ve ADDR
Vee (_{ D W | | I0/M  PORT
RD B
] RST @ RD — RESET
— WR — READY Vee
ioR [

] ' P L nee

Vss Vee Voo

o

o

L
!
1

RESET
% RDY1 v

AN
. GND WA
“MANUAL e "D
GNp  RESET 8y "o

(Vss) 0] ) . CE,

NV

Figure 4. iAPX 88 Five Chip System Configuration
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ABSOLUTE MAXIMUM RATINGS*

.............. 0°C to +70°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
Voltage on Any Pin
with Respect to Ground
Power Dissipation

-0.5V to +7V
1.5W

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

D.C. CHARACTERISTICS (Ta=0°C to 70°C, Vcc = 5V + 5%)

Symbol Parameter Min. © Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 \
VIH Input High Voltage 2.0 Vcc+0.5 Vv
VoL Output Low Voltage 0.45 \ loL = 2mA
VoH Output High Voltage 2.4 loH = — 400pA
hie Input Leakage +10 uA oV <V|N sVee
ILo Output Leakage Current +10 nA 0.45V < Vourt = Vce
lcc Vce Supply Current
Powered Up 100 mA
Powered Down 35 mA
A.C. CHARACTERISTICS (Ta=0°C to 70°C, Vcc = 5V + 5%)
8185 8185-2
Symbol Parameter 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
trRD Valid Data Out Delay from READ Control 170 140 ns
tLp ALE to Data Out Valid 300 200 ns
tLe Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
tcL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 150 ns
twop 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/QUTPUT

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45
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

Cy = 150 pF

DE|
TEST
C_ = 150 pF

Cy INCLUDES JIG CAPACITANCE

tALCE — -—
\ / N\
-
- — tLACE L -
(TE1=0)e -
(CE2=1)
e )
e tRD ] fe—ter }
'
. 7 -
taL | tLa —t= ‘-— tRDF
- — e e e e ———
ADo-AD7 ADDRESS DATA OUT (READ CYCLE)
(Ag, Ag) -
— e ——
1 1
tow i r"" ‘WD cC
ADy-AD; ADDRESS . WRITE DATA §< (WRITE CYCLE)
— tsC f— — tcs

N

(SELECTED)

(DESELECTED)
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8080A

8224

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

CPU

Timing

Single Chip Clock Generator/Driver for

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

m Crystal Controlled for Stable System

Operation

® Reduces System Package Count
m Available in EXPRESS
- Standard Temperature Range
= Available in 16-Lead Cerdip Package

(See Packaging Spec, Order #231369)

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

Also inciuded 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.

15> XTALl
OSCILLATOR "} osc [i>
XTAL2 —
i3> TAnK
D B
cLock
GEN. —-—b——oz
+9
¢,0 9,A 6, (TTL[E>
B> sywne——7m——o §T5TB [7>
[Z> rREsN ———_—-D D
SCHMITT
INPUT - g4c G RESET [1>
[B> rovin D Q READY [4>
Ldc
c_

Figure 1. Block Diagram

———
RESET[__|1 6] ] Vee
RESIN[ 2 15[ ]xTALY
ROVIN[ |3 1l JxTAL2
READY [ J4 13 ] vANk
8224
sync [ |s 12 _Josc
6, TTL 16 n ;\m
STSTB 7 0] )¢
GND 8 9 D Voo
RESIN | RESET INPUT |
RESET | RESET OUTPUT XTAL 1 CONNECTIONS
RDYIN | READY INPUT XTAL 2 FOR CRYSTAL
READY | READY OUTPUT TANK USEDWITH OVERTONE XTAL
SYNC SYNC INPUT osc OSCILLATOR OUTPUT
STSTE | STATUSSTB 02 (TTL) 62 CLK (TTL LEVEL)
(ACTIVE LOW) Vee Y5V
K 8080 Voo 12V
62 CLOCKS GND ov

Figure 2. Pin Configuration

2-43




intel | 8224

ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute

Maximum Ratings” may cause permanent damage to the
Temperature UnderBias. . . ............ 0°C to 70°C device. This is a stress rating only and functional opera-
Storage Temperature . . . ........... —65°C to 150°C tion of the device at these or any other conditions above
Supply Voltage, Vgg -+« v v oo v e e —0.5V to +7V those indicated in the operational sections of this specifi-
Supply Voltage, Vpp. « v v e v v v o v e —-0.5V to +13.5V cation is not implied. Exposure to absolute maximum
InputVoltage. . . ... ............... —-1.5V to +7V rating conditions for extended periods may affect device
Output CUrrent. o .o v ot e et e e 100mA reliability.

D.C. CHARACTERISTICS (15 = 0°Cto 70°C, Vgg = +5.0V £5%, Vpp =, +12V £5%)

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Ig Input Current Loading -.25 mA Vg = .45V
IR Input Leakage Current 10 MA Vg =5.25V
Ve " Input Forward Clamp Voltage 1.0 A Ic =-5mA
ViL Input “Low’’ Voltage .8 \% Vee = 5.0V
Vin Input “High’’ Voltage 2.6 \% Reset Input
20 All Other Inputs
Viu-ViL RESIN Input Hysteresis .25 \ Vce = 5.0V
VoL Output “‘Low’” Voltage .45 \Y (¢1.92), Ready, Reset, STSTB
|0|_ =2.5mA
.45 \% All Other Outputs
'OL = 16mA
Vor Output “High” Voltage
b1, 0o ) 9.4 \% lon = -100uA
READY, RESET 3.6 Y lon = -100uA
All Other Qutputs 24 \ loH =-1mA
Icc Power Supply Current 115 mA
Ibp Power Supply Current 12 mA

Note: 1. Forcrystal frequencies of 18 MHz connect 510Q registers 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: 20-35 pF
Equivalent Resistance: 75-20 ohms
Power Dissipation (Min): 4 mW

*With tank circuit use 3rd overtone mode.
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8224

A.C. CHARACTERISTICS (vcc = +5.0V £5%, Vpp = +12.0V £5%, Tp = 0°C to 70°C)
Limits Test
Symbol Parameter Min. Typ. Max. Units Conditions
t1 61 Pulse Width 2—‘;—" - 20ns
te2 ¢ Pulse Width 5‘;’—" - 35ns
tp1 ¢1 to ¢, Delay 0 ns
tp2 ¢o to ¢ Delay 2t;:y - 14ns C. = 20pF to 50pF
to3 61 to ¢, Delay z-t;—y ﬁg‘ﬂ +20ns
tR ¢4 and ¢ Rise Time 20
tg ¢4 and ¢, Fall Time 20
tpg2 ¢2 to ¢ (TTL) Delay -5 +15 ns ¢oTTL,CL=30
R1=300$2
R,=600%
tpss ¢, to STSTB Delay 6%:-! - 30ns 6—%—:!
tow STSTB Pulse Width Y _ 15ns STSTB, CL=16pF
Rq = 2K
. Rp = 4K
toRs RDYIN Setup Time to 50ns - 4tcy 2
Status Strobe 9 -
RDYIN Hold Time 4tcy
IDRH =g e
After STSTB 9
tpR RDYIN or RESIN to Aty o Ready & Reset
¢2 Delay 9 CL=10pF
Rq1=2K
R2=4K
tok CLK Period ‘gﬂ
Maximum Oscillating
fmax Frequency 2 MHz
Cin Input Capacitance 8 pF Vce=+5.0V
Vpp=+12V
Vgias=2.5V
f=1MHz
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A.C. CHARACTERISTICS (Continued)

(For tcy = 488.28 ns) (Ta =
Vpp = +12V £5%)

0°C t0 70°C, Vpp = +5V 5%,

Limits .

Symbol Parameter Min. Typ. Max. Units Test Conditions
ta1 ¢4 Pulse Width 89 ns || tcy=488.28ns
ty2 ¢5 Pulse Width 236 ns
tp1 Delay ¢4 to ¢o 0 ns
tp2 Delay ¢, to ¢4 95 ns 1l ¢ & ¢ Loaded to
tp3 Delay ¢ to ¢ Leading Edges 109 129 s CL =200 50pF
t, Output Rise Time 20 ns
t5 Output Fall Time 20 ns
tpss ¢ to STSTB Delay 296 326 ns
tpp2 ¢ to ¢ (TTL) Delay -5 +15 ns
tpw Status Strobe Pulse Wicﬁ!:_— 40 ns Ready & Reset Loaded
tpRs RDYIN Setup Timeto STSTB -167 ns to 2mA/10pF
tDRH RDYIN Hold Time after STSTB 217 ns All measurements
toR READY or RESET 192 ns referanced to 1.5V

to ¢ Delay unless s..pecmed

otherwise.

fmax Oscillator Frequency 18.432 MHz

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

20 : 2.0
> TEST POINTS < ;
0.8 0.8

A.C.TESTING: INPUTS ARE DR!VEN AT24VFORALOGIC 1" AND 0.45V FOR
ALOGIC 0. TIMING M|

TS ARE MADE AT 2.0V FORALOGIC “1"

MEASUREMEN
AND 0.8V FOR A LOGIC “0" (UNLESS OTHERWISE NOTED).

DEVICE
UNDER
TEST

Vee

R;

I i

C INCLUDES'JIG CAPACITANCE
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8224
WAVEFORMS
'R—” -t — % o |
o \ Z \
‘ o1 ]
a4 A
%2 o3 Z te & n:
| "
—* ooz g2 —>1
b2rTL)
%
R soo \ / |
|
b toy —>! o | ‘PW“’*
e %JC u
tors o — toan |
RDYIN OR ns_sm- - %— R
or
mesovour T TTTTT
e - e e | o —————— ————-
tor
RESET OUT j\‘
VOLTAGE MEASUREMENT POINTS: ¢1, ¢ Logic “0" = 1.0V, Logic ““1”" = 8.0V. All other signals measured at 1.5V.
CLOCK HIGH AND LOW TIME (USING X1, X2)
X1 CLK
18MHz [
X2
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8228/8238

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

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

m Built-In Bidirectional Bus Driver for m 8283 Has Advanced IOW/MEMW for
Data Bus Isolation Large System Timing Control

u Allows the Use of Multiple Byte B Available in EXPRESS
Instructions (e.g. CALL) for Interrupt — Standard Temperature Range
Acknowledge ‘

@ Available in 28-Lead Cerdip and Plastic
m Reduces System Package Coun Packages

(See Packaging Spec, Order #231369)

The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to
directly interface MCS-80 family RAM, ROM, and 1/0O components.

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080
data bus from memory and 1/0. This allows for the optimization of control signals, enabling the systems
designer to use slower memory and I/0. The isolation of the bus driver also provides for enhanced system
noise immunity.

A user selected single leve! 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 the MCS-80 systems.

Note: The specifications for the 32283238 are identical with those for the 8226/8238

\J

svsve [+ 28] v,
Dy —» e 08, g (] vee
0y — [+« DB, noa [ 2 27 [Jiiow
CPY Kmen ecTionAL  [m e OB
Dy —e<—{ BIDIR 1 L b o DB. WR MEMW
oata~ 2 7271 Mausoniven DB, [ SYSTEM DATABUS wR[]s 2 [7] MEmw
Dy —> = =+ D8 oain[] 4 25 [] i7oR
Dg —=~—| e e DB,
0y === -~ 085 ose []5 24 [ MEMR
04[] 2 t:] iNTA
DRIVER CONTROL 4
] oe7[]7 22 [7] BUSEN
E 8228/8238 D
MEMTR o7[]s 2] os
STATUS MEMW o83 [Jo 20 [ ] ose
LATCH
03 [] 0 19 Jos
o——— JOR E j
GATING
ARRAY o2 [ 11 18 [ oes
T b—w i7OW
§75TE o2 [] 12 7 t] o1
DBIN BUSEN osg [] 13 16 [ oer
HLDA NTA GNp [ 14 15 og
57.00 DATA BUS (8080 SIDE/ INTA__ | INTERRUPT ACKNOWLEDGE
DB7.DB0 | DATA BUS (SYSTEM SIDE] HLDA | HLDA (FROM 8080)
1/OR 1/0 READ WR WR (FROM 8080
oW VOWRITE BUSEN | BUS ENABLE INPUT
MEMA MEMORY READ STSTB | STATUS STROBE (FROM 8224)
MEMW MEMORY WRITE Vee bl
DBIN DBIN (FROM 8080) GND GVOLTS
Figure 1. Biock Diagram Figure 2. Pin Configuration
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8228/8238

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias.............. -0°Cto 70°C
Storage Temperature.............. —-65°C to 150°C

*NOTICE: Stresses above those listed under “‘Absolute
Maximum Ratings”” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-

Supply Voltage,Veg. v v vovvvvev i1 -05Vto +7Vv cation is not limited. Exposure to absolute maximum
InputVoltage. ...................... -15Vto +7V rating conditions for extended periods may affect device
Output Current........ ..., 100 mA reliability.
D.C. CHARACTERISTICS (Ta = 0°Cto 70°C, V¢ = 5V =5%)
Limits
Symbol Parameter Min. [Typ.(1]| Max. Unit Test Conditions
Ve Input Clamp Voltage, All Inputs .75 -1.0 \% Vcc=4.75V; Ig=-b6mA
g Input Load Current,
STSTB 500 HA Ve =5.25V
D, & Dg 750 HA Vg =0.45V
Do,Dl,D4, Ds, MA
& Dy 250
All Other Inputs 250 HA
IR Input Leakage Current
STSTB 100 HA Vee=5.25V
DBy-DB> 20 HA Vg =5.25V
All Other Inputs 100 UA
VTH Input Threshold Voltage, All Inputs 0.8 2.0 \ Vee=5V
lcc Power Supply Current 140 190 mA Vcc=5.25V
VoL Output Low Voltage,
Do-D7 45 v Vee=4.75V; lo =2mA
All Other Outputs 45 \ loL = 10mA
VoH Output High Voltage,
Do-D7 3.6 3.8 \ Vec=4.75V; loy=-10pA
All Other Outputs 2.4 " loH = -1TmA
los Short Circuit Current, All Outputs 15 90 mA Vee=5V
oot Off State Output Current,
All Control Outputs 100 A Vee=5.25V; Vo =5.25
-100 uA Vo=.45V
INT INTA Current 5 mA (See INTA Test Circuit)
Note 1:  Typical values are for Tp = 259C and nominal supply voltages.

2-49




intel

8228/8238

CAPACITANCE (Vgjas = 2.5V, Vg = 5.0V, T = 25°C, f = 1 MH2)
This parameter is periodically sampled and not 100% tested.
Limits
Symbol Parameter Min. | Typ.['l | Max. | Unit
Cin Input Capacitance 8 12 pF
Output Capacitance
F
Cour Control Signals 7 15 P
1/0O Capacitance
F
1o (D or DB) 8 15 P

A.C. CHARACTERISTICS (T4 = 0°Ct070°C, Vo = 5V +5%)

Limits
Symbol Parameter Min. | Max. | Units Condition
tpw Width of Status Strobe 22 ns
tss Setup Time, Status Inputs Dg-D7 8 ns
tsH Hold Time, Status Inputs Dg-D 5 ns
tpc Delay from STSTB to any Control Signal 20 60 ns C_ = 100pF
tRR Delay from DBIN to Control Outputs 30 ns Cp = 100pF
tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns C = 25pF °
trRD Delay from System Bus to 8080 Bus during Read 30 ns C_ = 25pF
twR Delay from WR to Control Outputs 5 45 ns C_ = 100pF
twe Delay to Enable System Bus DBo-DB7 after STSTB 30 ns Cp = 100pF
two Delay from 8080 Bus Dg-D7 to System Bus ns CL = 100pF
DBg-DBy during Write 5 40
"t | Delay from System Bus Enable to System Bus DBo-DB; 30 | ns | C_=100pF
r__t,HP. L HLDA to Read Status Outputs ' 25 ns
tps Setup Time, System Bus Inputs to HLDA 10 ns
toH Hold Time, System Bus Inputs to HLDA 20 ns C_ = 100pF
+2v
A.C. TESTING LOAD CIRCUIT
1KQ £10%

Vee

DEVICE

R,

Co

For Dy-Dy7: Ry = 4KQ), Ry = %oQ),
C_ = 25pF. For all other outputs:
Ry =500Q, R, = 1KQ, C_ = 100pF.

I

8228

INTA

Nt
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mtel" 8228/8238
WAVEFORM
o/ \N /S N2/ \=__ /\u / \2
® S/ S/ \__/ \

8080 DATA BUS

DBIN
INTA, IOR, MEMR

HLDA

INTA, IOR, MEMR
DURING HLDA

SYSTEM BUS DURING READ

8080 BUS DURING READ

WR

IOW OR MEMW

8080 BUS DURING WRITE

SYSTEM BUS DURING WRITE

SYSTEM BUS ENABLE

SYSTEM BUS OUTPUTS

/]

!sﬁ‘

~ 'snj

tpc -

“*ADVANCED IOW/MEMW FOR 8283 ONLY.

VOLTAGE MEASUREMENT POINTS: Dy-D; (when outputs) Logic “0” = 0.8V, Logic “1” = 3.0V. All other signals measured
at 1.5V.
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8237A/8237A-4/8237A-5

HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

= Enable/Disable Control of Individual m Directly Expandable to any Number of
DMA Requests Channels
a Four Independent DMA Channels = End of Process Input for Terminating
e, Transfers . ‘
m Independent Autoinitialization of all
Channels m Software DMA Requests
m Memory-to-Memory Transfers = Independent Polarity Control for DREQ "

and DACK Signals

s Memory Block Initialization a Available in EXPRESS

m Address Increment or Decrement - Standard Temperature Range
m High performance: Transfers up to 1.6M =& Available in 40-Lead Cerdip and
Bytes/Second with 5 MHz 8237A-5 Plastic Packages

(See Packaging Spec, Order #231369)

The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microprocessor sys-
tems. It is designed to improve system performance by allowing external devices to directly transfer information from
the system memory. Memory-to-memory transfer capability is also provided. The 8237A offers a wide variety of pro-
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura-
tion under program control.

The 8237A is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains
four independent channels and may be expanded to any number of channels by cascading additional controller chips.

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be
individually programmed to Autoinitialize to its original condition following an End of Process (EOP).

Each channel has a full 64K address and word count capability.
The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected versions of the standard 3 MHz 8237A respectively.

DECREMENTOR INC/IDECREMENTOR
TEMP WORD TEMP ADDRESS
. COUNT REG (16) REG (18)
—q —
RESET l 1 or 1 40 b A7
18 BIT BUS . ow ]2 39{] a8
T8 ——=0 —
. 16 BIT BUS I wEmMR []3 8[] as
EADY °“;;g; MEMW []4 a7 aa
cLock ——f e READ BUFFER READIWRITE BUFFER v NotE1) O 5 3] EOF
-— AND
AEN CONTROL BASE BASE CURRENT | CURRENT - READY []6 317 A3
ADsTE ~—— ADDRESS Priied ADDRESS o z HLDA (7 4[] Az
(16) 16)
WEWR ~—0) e (w6 o ) H apste []8 1] ar
NEMW -—o0] AEN E 9 32[7] a0
o dJ COMMAND HRa []1 31 |3 Vec(+8
- GONTAOL _‘; * sza7a % g D:z“ o
———( 1
° ct:K 1;”3"'4/@ [ oe1
8237A-5
WRITE BUFFER READ BUFFER RESET q 13 28] pB2
Ll DACK2 [] 14 277 pB3
DREGO- ~_ Y D80-D87 DACK3 ':\ 15 26[7] pBa
oneas ~—|  prioniy COMMAND (5 INTERNAL DATA BUS m— DREQS [] 16 2517 pACKo
HLDA sn:sgsn |14 DREQ2 [{17 24 [7] DACK1
HRQ -] n&;{s;me oreqt []18 23] o8BS
P T
n;fg:; ._:,.«_ LOGIC READ WRITE DREGO [] 19 22{7] pBS
MODE (GND) Vss []20 21| oe7
RS STATUS (@) TEMPORARY (&)
REQUEST(4) K"
Figure 2.
Figure 1. Block Diagram Pin Configuration
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8237A/8237A-4/8237A-5

Table 1. Pin Description

Symbol

Type

Name and Function

Symbol

Type

Name and Function

| Vee

Power: + 5 volt supply.

| Vss

Ground: Ground.

CLK

Clock Input: Clock Input controls
the internal operations of the
8237A and its rate of data trans-
fers. The input may be driven at up
to 3 MHz for the standard 8237A
and up to 5 MHz for the 8237A-5.

Chip Select: Chip Select is an ac-
tive low input used to select the
8237A as an 1/O device during the
Idle cycle. This allows CPU com-
munication on the data bus.

RESET

Reset: Reset is an active high in-
put which clears the Command,
Status, Request and Temporary
registers. It also clears the
first/last flip/flop and sets the
Mask register. Following a Reset
the device is in the ldle cycle.

READY

Ready: Ready is an input used to
extend the memory read and write
pulses from the 8237A to accom-
modate siow memories or |/O per-
ipheral devices. Ready must not
make transitions during its speci-
fied setup/hoid time.

HLDA

Hold Acknowiedge: The active
high Hold Acknowiedge from the
CPU indicates that it has relin-
quished control of the system
busses.

DREQO-DREQ3

DMA Request: The DMA Request
lines are individual asynchronous
channel request inputs used by pe-
ripheral circuits to obtain DMA
service. In fixed Priority, DREQO
has the highest priority and
DREQS has the lowest priority. A
request is generated by activating
the DREQ line of a channel. DACK’
will acknowledge the recognition
of DREQ signal. Polarity of DREQ
is programmable. Reset intializes
these lines to active high. DREQ
must be maintained until the corre-
sponding DACK goes active.

DBO-DB7

1o

Data Bus: The Data Bus lines are
bidirectional three-state signals
connected to the system data bus.
The outputs are enabled in the Pro-
gram condition during the /0O Read
to output the contents of an Ad-
dress register, a Status register,
the Temporary register or a Word
Count register to the CPU. The out-
puts are disabled and the inputs
are read during an /O Write cycle
when the CPU is programming the
8237A control registers. During
DMA cycles the most significant 8
bits of the address are output onto
the data bus to be strobed into an

‘external iatch by ADSTB. in mem-

ory-to-memory operations, data
from the memory comes into the
8237A on the data bus during the
read-from-memory transfer. In the
write-to-memory transfer, the data
bus outputs place the data into the
new memory location.

10R

[lle]

110 Read: /O Read is a bidirec-
tional active low three-state line. In
the ldle cycle, it is an input control
signal used by the CPU to read the
control registers. In the Active cy-
cle, it is an output control signal
used by the 8237A to access data
from a peripheral during a DMA
Write transfer.

IOW

110

11O Write: /O Write is a bidirec-
tional active low three-state line. In
the Idle cycle, it is an input control
signal used by the CPU to load in-
formation into the 8237A. In the Ac-
tive cycle, it is an output control
signal used by the 8237A to load
data to the peripheral during a
DMA Read transfer.

110

End of Process: End of Process is
an active low bidirectional signal.
Information concerning the com-
pletion of DMA services_is avail-
able at the bidirectional EOP pin.
The 8237A allows an external sig-
nal to terminate an active DMA
service. This_is accomplished by
pulling the EOP input low with an
external EOP signal. The 8237A al-
so generates a pulse when the ter-
minal count (TC) for any channel is
reached. This generates an EOP
signal which is output through the
EOP Line. The reception of EOP,
either internal or external, will
cause the 8237A to terminate the
service, reset the request, and, if
Autoinitialize is enabled, to write
the base registers to the current
registers of that channel. The mask
bit and TC bit in the status word
will be set for the currently active
channel by EOP unless the channel
is programmed for Autoinitialize. In
ithat case, the mask bit remains un-,
changed. During memory-to-memory.
transfers, EOP will be output when
the TC for channel 1 occurs. EOP
should be tied high with a pull-up
resistor if it is not used to prevent
erroneous end of process inputs.

A0-A3

110

Address: The four least significant
address lines are bidirectional
three-state signals. In the Idle cy-
cle they are inputs and are used by
the CPU to address the register
to beiloaded or read. In the Active
cycle:they are outputs and provide
the lower 4 bits of the output
address.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function Symbol Type Name and Function
- A4-A7 O | Address: The four mostsignificant AEN O | Address Enable: Address Enable
address lines are three-state out- enables the 8-bit latch containing
puts and provide 4 bits of address. the upper 8 address bits onto the
These lines are enabled only during system address bus. AEN can also
the DMA service. be used to disable other system bus
HRQ O | Hold Request: This is the Hold Re- drivers during DMA transfers. AEN
quest to the CPU and is used to re- is active HIGH.
quest control of the system bus. If ADSTB O | Address Strobe: The active high,
the corresponding mask bit is Address Strobe is used to strobe the
clear, the presence of any valid upper address byte into an external
DREQ causes 8237A to issue the latch.
HRQ. MEMR O | Memory Read: The Memory Read
DACKO-DACK3 O | DMA Acknowledge: DMA Ac- signal is an active low three-state
knowledge is used to notify the in- output used to access data from the
dividual peripherals when one has selected memory location during a
been granted a DMA cycle. The DMA Read or a memory-to-memory
sense of these lines is program- transfer.
:\vaebll(e);ﬂﬂeset initializes them to ac- MEMW O | Memory Write: The Memory Write
- is an active low three-state output
used to write data to the selected
memory location during a DMA
FUNCTIONAL DESCRIPTION Write or a memory-to-memory
transfer.

The 8237A block diagram includes the major logic
blocks and all of the internal registers. The data inter-
connection paths are also shown. Not shown are the
various control signals between the blocks. The 8237A
contains 344 bits of internal memory in the form of
registers. Figure 3 lists these registers by name and
shows the size of each. A detailed description of the
registers and their functions can be found under
Register Description.

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register . 4 bits 1
Request Register 4 bits 1

Figure 3. 8237A Internal Registers

The 8237A contains three basic blocks of control logic.
The Timing Control block generates internal timing and
external control signals for the 8237A. The Program
Command Control block decodes the various com-
mands given to the 8237A by the microprocessor prior
to servicing a DMA Request. It also decodes the Mode
Control word used to select the type of DMA during the
servicing. The Priority Encoder block resolves priority
contention between DMA channels requesting service
simultaneously.

The Timing Control block derives internal timing from
the clock input. In 8237A systems this input will usually

be the ¢2 TTL clock from an 8224 or CLK from an
8085AH or 8284A. For 8085AH-2 systems above 3.9 MHz,
the 8085 CLK(OUT) does not satisfy 8237A-5 clock LOW
and HIGH time requirements. In this case, an external
clock should be used to drive the 8237A-5.

DMA Operation

The 8237A is designed to operate in two major cycles.
These are called Idle and Active cycles. Each device cy-
cle is made up of a number of states. The 8237A can
assume seven separate states, each composed of one
full clock period. State I (Sl) is the inactive state. It is
entered when the 8237A has no valid DMA requests
pending. While in S, the DMA controller is inactive but
may be in the Program Condition, being programmed by
the processor. State SO (S0) is the first state of a DMA
service. The 8237A has requested a hold but the pro-
cessor has not yet returned an acknowledge. The 8237A
may still be programmed until it receives HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. S1, S2, S3 and S4 are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with nor-
mal timing, wait states (SW) can be inserted between S2
or S3 and S4 by the use of the Ready line on the 8237A.
Note that the data is transferred directly from the 1/0
device to memory (or vice versa) with IOR and MEMW (or
MEMR and IOW) being active at the same time. The data
is not read into or driven out of the 8237A in 1/O-to-
memory or memory-to-1/O DMA transfers.

Memory-to-memory transfers require a read-from and a
write-to-memory to complete each transfer. The states,
which resemble the normal working states, use two
digit numbers for identification. Eight states are re-
quired for a single transfer. The first four states (S11,
S12, S13, S14) are used for the read-from-memory half
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and the last four states (S21, S22, S23, S24) for the write-
to-memory half of the transfer.

IDLE CYCLE

When no channel is requesting service, the 8237A will
enter the Idle cycle and perform “S|” states. In this
cycle the 8237A will sample the DREQ-lines every clock
cycle to determine if any channel is requesting a DMA
service. The device will also sample CS, looking for an
attempt by the microprocessor to write or read the inter-
nal registers of the 8237A. When CS is low and HLDA is
low, the 8237A enters the Program Condition. The CPU
can now establish, change or inspect the internal defini-
tion of the part by reading from or writing to the internal
registers. Address lines AO-A3 are inputs to the device
and seiect which registers will be read or written. The
IOR and IOW lines are used to select and time reads or
writes. Due to the number and size of the internal regis-
ters, an internal flip-flop is used to generate an addi-
tional bit of address. This bit is used to determine the
upper or lower byte of the 16-bit Address and Word
Count registers. The flip-flop is reset by Master Clear or
Reset. A separate software command can also reset this
flip-flop.

Special software commands can be executed by the
8237A in the Program Condition. These commands are
decoded as sets of addresses with the CS and IOW. The
commands do not make use of the data bus. Instruc-
tions include Clear First/Last Flip-FLop and Master
Clear.

ACTIVE CYCLE

When the 8237A is in the Idle cycle and a non-masked
channel requests a DMA service, the device will output
an HRQ to the microprocessor and enter the Active cy-
cle. It is in this cycle that the DMA service will take
place, in one of four modes:

Single Transfer Mode — In Single Transfer mode the
device is programmed to make one transfer only. The
word count will be decremented and the address dec-
remented or incremented following each transfer. When
the word count “rolls over” from zero to FFFFH, a Ter-
minal Count (TC) will cause an Autoinitialize if the chan-
ne! has been programmed to do so.

DREQ must be held active until DACK becomes active in
order to be recognized. If DREQ is held active through-
out the single transfer, HRQ will go inactive and release
the bus to the system. It will again go active and, upon
receipt of a new HLDA, another single transfer will be
performed, in 8080A, 8085AH, 8088, or 8086 system this
will ensure one full machine cycle execution between
DMA transfers: Details of timing between the 8237A and
other bus controi protocols will depend upon the char-
acteristics of the microprocessor involved.

Block Transfer Mode — In Block Transfer mode the
device is activated by DREQ to continue making trans-
fers during the service until a TC, caused by word count
going to FFFFH, or an external End of Process (EOP) is
encountered. DREQ need only be held active until DACK

becomes active. Again, an Autoinitialization will occur
at the end of the service if the channel has been pro-
grammed for it.

Demand Transfer Mode — In Demand Transfer mode the
device is programmed to continue making transfers
until a TC or external EOP is encountered or until DREQ
goes inactive. Thus transfers may continue until the I/O
device has exhausted its data capacity. After the I/O
device has had a chance to catch up, the DMA service is
re-established by means of a DREQ. During the time
between services when the microprocessor is allowed
to operate, the intermediate values of address and word
count are stored in the 8237A Current Address and Cur-
rent Word Count registers. Only an EOP can cause an
Autoinitialize at the end of the service. EOP is generated
either by TC or by an external signal.

Cascade Mode—This mode is used to cascade more than one
8237A together for simple system expansion. The HRQ and
HLDA signals from the additional 8237A are connected to the
DREQ and DACK signals of a channel of the initial 8237A.
This allows the DMA requests of the additional device to
propagate through the priority network circuitry of the preced-
ing device. The priority chain is preserved and the new device
must wait for its turn to acknowledge requests. Since the
cascade channel of the initial 8237A is used only for prior-
itizing the additional device, it does not output any address
or control signals of its own. These could conflict with the
outputs of the active channel in the added device. The 8237A
will respond to DREQ and DACK but all other outputs except
HRQ will be disabled. The ready input is ignored.

Figure 4 shows two additional devices cascaded into an
initial device using two of the previous channels. This
forms a two level DMA system. More 8237As could be
added at the second level by using the remaining chan-
nels of the first level. Additional devices can also be
added by cascading into the channels of the second
level devices, forming a third level.

2ND LEVEL

1ST LEVEL 8237A
MICROP
~——{ HRQ DREQ |«—— HRQ
——=| HLDA DACK |——=| HLDA

8237A

DREQ [~——{ HRQ
DACK |——{ HLDA

INITIAL DEVICE 8237A

ADDITIONAL
DEVICES

Figure 4. Cascaded 8237As
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TRANSFER TYPES

Each of the three active transfer modes can perform three
different types of transfers. These are Read, Write and Verify.
Write transfers move data from and I/O device to the memory
by activating MEMW and IOR. Read transfers move data from
memory to an I/O device by activating MEMR and IOW. Verify
transfers are pseudo transfers. The 8237A operates as in
Read or Write transfers generating addresses, and responding
to EOP, etc. However, the memory and 1/0 control lines all
remain inactive. The ready input is ignored in verify mode.

Memory-to-Memory—To perform block moves of data from
one memory address space to another with a minimum of
program effort and-time, the 8237A includes a memory-to-
memory transfer feature. Programming a bit in the Command
register selects channels 0 to 1 to operate as memory-to-
memory transfer channels. The transfer is initiated by setting
the software DREQ for channel 0. The 8237A requests a DMA
service in the normal manner. After HLDA is true, the device,
using four state transfers in Block Transfer mode, reads data
from the memory. The channel 0 Current Address register is
the source for the address used and is decremented or incre-
mented in the normal manner. The data byte read from the
memory is stored in.the 8237A internal Temporary register.
Channel 1 then performs a four-state transfer of the data from
the Temporary register to memory using the address in its
Current Address register and incrementing or decrementing it
in the normal manner. The channel 1 current Word Count is
decremented. When the word count of channel 1 goes to
FFFFH, a TC is generated causing an EOP output terminating
the service.

Channel 0 may be programmed to retain the same ad-
dress for all transfers. This allows a single word to be
written to a block of memory.

The 8237A will respond to external EOP signals during
memory-to-memory transfers. Data comparators in
block search schemes may use this input to terminate
the service when a match is found. The timing of
memory-to-memory transfers is found in Figure 12.
Memory-to-memory operations can be detected as an
active AEN with no DACK outputs.

Autoinitialize—By programming a bit in the Mode register, a
ichannel may be set up as an Autoinitialize channel. During
/Autoinitialize initialization, the original values of the Current
Address and Current Word Count registers are automatically
restored from the Base Address and Base Word count registers
.of that channel following EOP. The base registers are loaded
“simultaneously with the current registers by the micropro-
‘cessor and remain unchanged throughout the DMA service.
The mask bitis not altered when the channel is in Autoinitialize.
Following Autoinitialize the channel is ready to perform
another DMA service, without CPU intervention, as soon as a
valid DREQ is detected. In order to Autoninitialize both chan-
‘nels in a memory-to-memory transfer, both word counts should
be programmed identically. If interrupted externally, EOP
pulses should be applied in both bus cycles.

Priority—The 8237A has two types of priority encoding avail-
able as software selectable options. The first is Fixed Priority

which fixes the channels in priority order based upon the
descending value of their number. The channel with the lowest
priority is 3 followed by 2, 1 and the highest priority channel,
0. After the recognition of any one channel for service, the
other channels are prevented from interferring with that ser-
vice until it is completed.

The second scheme is Rotating Priority. The last chan-

nel to get service becomes the lowest priority channel
with the others rotating accordingly.

1st 2nd 3rd

Service Service Service
highest 0 2 <a«— service 3 «— service
1 «— service 3 <w— request 0
2 —\0 1
lowest 3 1 2

With Rotating Priority in a single chip DMA system, any
device requesting service is guaranteed to be recog-
nized after no more than three higher priority services
have occurred. This prevents any one channel from
monopolizing the system.

Compressed Timing — In order to achieve even greater
throughput where system characteristics permit, the
8237A can compress the transfer time to two clock
cycles. From Figure 11 it can be seen that state S3 is
used to extend the access time of the read pulse. By
removing state S3, the read pulse width is made equal to
the write pulse width and a transfer consists only of
state 52 to change the address and state S4 to perform
the read/write. S1 states will still occur when A8-A15
need updating (see Address Generation). Timing for
compressed transfers is found in Figure 14.

Address Generation — In order to reduce pin count, the
8237A multiplexes the eight higher order address bits
on the data lines. State S1 is used to output the higher
order address bits to an external latch from which they
may be placed on the address bus. The falling edge of
Address Strobe (ADSTB) is used to load these bits from
the data lines to the latch. Address Enable (AEN) is used
to enable the bits onto the address bus through a three-
state enable. The lower order address bits are output by
the 8237A directly. Lines AQ-A7 should be connected to
the address bus. Figure 11 shows the time relationships
between CLK, AEN, ADSTB, DB0-DB7 and A0-A7.

During Biock and Demand Transfer mode services,
which include multiple transfers, the addresses gener-
ated will be sequential. For many transfers the data held
in the external address latch will remain the same. This
data need only change when a carry or borrow from A7
to A8 takes place in the normal sequence of addresses.
To save time and speed transfers, the 8237A executes
S1 states only when updating of A8-A15 in the latch is
necessary. This means for iong services, S1 states and
Address Strobes may occur only once every 256 trans-
fers, a savings of 255 clock cycles for each 256
transfers.
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REGISTER DESCRIPTION

Current Address Register — Each channel has a 16-bit
Current Address register. This register holds the value
of the address used during DMA transfers. The address
is automatically incremented or decremented after each
transfer and the intermediate values of the address are
stored in the Current Address register during the trans-
fer. This register is written or read by the micro-
processor in successive 8-bit bytes. It may also be reini-
tialized by an Autoinitialize back to its original value.
Autoinitialize takes place only after an EOP.

Current Word Register — Each channel has a 16-bit Cur-
rent Word Count register. This register determines the
number of transfers to be performed. The actual number
of transfers will be one more than the number pro-
grammed in the Current Word Count register (i.e., pro-
gramming a count of 100 will result in 101 transfers). The
word count is decremented after each transfer. The
intermediate value of the word count is stored in the reg-
ister during the transfer. When the value in the register
goes from zero to FFFFH, a TC will be generated. This
register is loaded or read in successive 8-bit bytes by
the microprocessor in the Program Condition. Follow-
ing the end of a DMA service it may also be reinitialized
by an Autoinitialization back to its original value. Auto-
initialize can occur only when an EOP occurs. If it is not
Autoinitialized, this register will have a count of FFFFH
after TC.

Base Address and Base Word Count Registers — Each
channel has a pair of Base Address and Base Word
Count registers. These 16-bit registers store the original
value of their associated current registers. During Auto-
initialize these values are used to restore the current
registers to their original values. The base registers are
written simultaneously with their corresponding current
register in 8-bit bytes in the Program Condition by the
microprocessor. These registers cannot be read by the
microprocessor.

Command Register — This 8-bit register controls the
operation of the 8237A. It is programmed by the micro-
processor in the Program Condition and is cleared by
Reset or a Master Clear instruction. The following table
lists the function of the command bits. See Figure 6 for
address coding.

Mode Register — Each channel has a 6-bit Mode regis-
ter associated with it. When the register is being written
to by the microprocessor in the Program Condition, bits
0 and 1 determine which channel Mode register is to be
written. ’

Request Register — The 8237A can respond to requests
for DMA service which are initiated by software as well
as by a DREQ. Each channel has a request bit associ-
ated with it in the 4-bit Request register. These are non-
maskable and subject to prioritization by the Priority
Encoder network. Each register bit is set or reset sepa-
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Command Register
7 6 5 4 3 2 1 0 -<«—BitNumber

LI T I

Memory-to-memory disable
Memory-to-memory enable

- o

Channel 0 address hold disable
Channel 0 address hold enable
If bit0=0

X = o

Controller enable
Controller disable

-0

Normal timing
Comp d timing
If bit0=1

X = o

Fixed priority
Rotating priority

- o

Late write selection
Extended write selection
If bit3=1

DREQ sense active high
DREQ sense active low

-0

DACK sense active low
DACK sense active high

AJlJAILI

- O

Mode Register

7 6 5 4 3 2 1 0 -«— Bit Number

— 00
01
10

1"

Channel 0 select
Channel 1 select
Channel 2 select
Channel 3 select

00
01
10

"
XX

_________{ 0
1
___{ 0
1
00
l 01

Request Register
1 0 <=——Bit Number

10
7 6 5 4 3 2
[T 111

LT
[ ——

Verify transfer
Write transfer
Read transfer
lllegal

If bits 6 and 7=11

Autoinitialization disable
Autoinitialization enable

Address increment select
Address decrement select

Demand mode select
Single mode select
Block mode select
Cascade mode select

00
01
10
"

__{ 0
1
rately under software control or is cleared upon genera-
tion of a TC or external EOP. The entire register is
cleared by a Reset. To set or reset a bit, the software
loads the proper form of the data word. See Figure 5 for

register address coding. In order to make a software re-
quest, the channel must be in Block Mode.

Select channel 0
Select channel 1
Select channel 2
Select channel 3

Don’t Care

Reset request bit
Set request bit
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Mask Register — Each channel has associated with it a
mask bit which can be set to disable the incoming
DREQ. Each mask bit is set when its associated channel
produces an EOP if the channel is not programmed for
Autoinitialize. Each bit of the 4-bit Mask register may
also be set or cleared separately under software control.
The entire register is also set by a Reset. This disables
all DMA requests until a clear Mask register instruction
allows them to occur. The instruction to separately set
or clear the mask bits is similar in form to that used with
the Request register. See Figure 5 for instruction ad-
dressing.

7 6 5 4 3 2

HEREN
—

Don’t Care

1 0 <€«—— Bit Number

(L]
‘L{
L__{

All four bits of the Mask register may also be written
with a single command.

00
01
10
1"

Select channel 0 mask bit
Select channel 1 mask bit
Select channel 2 mask bit
Select channel 3 mask bit

Clear mask bit

0
1 Set mask bit

7 6 5 4 3 2

L]

1 0 <€¢——Bit Number

| 11 1T]

P p——

0 Clear channel 0 mask bit
Don’t Care { 1 Set channel 0 mask bit
{ 0 Clear channel 1 mask bit
1 Set channel 1 mask bit
{ 0 Clear channel 2 mask bit
1 Set channel 2 mask bit
0 Clear channel 3 mask bit
1 Set channel 3 mask bit
o o Signals
c " CS IOR IOW A3 A2 A1 A0
Command | Write 0 1 0 1 0 0 0
Mode Write 0 1 0 1 0 1 1
Request Write 0 1 0 1 0 0 1
Mask Set/Reset | 0 1 0 1 0 1 0
- Mask Write 0 1 0 1 1 1 1
Temporary | Read 0 0 1 1 1 0 1
Status Read 0 0 1 1 0 0 0

Figure 5. Definition of Register Codes

Status Register — The Status register is available to be
read out of the 8237A by the microprocessor. It contains
information about the status of the devices at this point.
This information includes which channels have reached
a terminal count and which channels have pending DMA
requests. Bits 0-3 are set every time a TC is reached by
that channel or an external EOP is applied. These bits
are cleared upon Reset and on each Status Read. Bits
4-7 are set whenever their corresponding channel is
requesting service.

7 6 5 4 3 2

1 0 <€«—— Bit Number

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

-

1 Channel 0 request
1 Channel 1 request
1 Channel 2 request
1 Channel 3 request

Temporary Register — The Temporary register is used
to hold data during memory-to-memory transfers. Fol-
lowing the completion of the transfers, the last word
moved can be read by the microprocessor in the Pro-
gram Condition. The Temporary register always con-
tains the last byte transferred in the previous memory-
to-memory operation, unless cleared by a Reset.

Software Commands—These are additional special software
commands which can be executed in the Program Condition.
They do not depend on any specific bit pattern on the data
bus. The three software commands are:

Clear First/Last Flip-Flop: This command is executed
prior to writing or reading new address or word count
information to the 8237A. This initializes the flip-flop
to a known state so that subsequent accesses to reg-
ister contents by the microprocessor will address
upper and lower bytes. in the correct sequence.

Master Clear: This software instruction has the same
effect as the hardware Reset. The Command, Status,
Request, Temporary, and Internal First/Last Flip-Flop
registers are cleared and the Mask register is set. The
8237A will enter the Idle cycle.

Clear Mask Register: This command clears the mask
bits of all four channels, enabling them to accept
DMA requests.

Figure 6 lists the address codes for the software com-
mands:

g

A3

>
»

Al A0

El

Operation

Read Status Register

Write Command Register

Write Request Register

lllegal

Write Single Mask Register Bit

lilegal

Write Mode Register

llegal

Clear Byte Pointer Flip/Flop

Read Temporary Register

Master Clear

egal
Clear Mask Register

llegal
Write All Mask Register Bits

afufa]af=l=|=|-]olojolojo|o|o |
wjafu]=jololo]lo|=|=|=|=|o|o|o|e
slalolol«|-lolo]=|=|ole|=]|=]o|e
~Jof«jol=lofl=lol=loe|=le|=|o|=|o
ofl«lofl=lo|=-lol=loj=|o]|=|oj=|o |-
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Signals
Channel Regi: o] i — | I Flip-Flop | Data Bus DB0-DB7
CS IOR IOW A3 A2 A1 A0
0 Base and Current Address Write 0 1 ] o] 0 0 0 0 AO-A7
0 1 0 0 0 0 0 1 AB-A15
Current Address Read 0 0 1 0 0 0 0 0 AO-A7
0 0 1 ] 0 0 0 1 AB-A15
Base and Current Word Count Write 0 1 0 0 0 0 1 0 WO0-W7
0 1 0 0 0 0 1 1 W8-W15
Current Word Count Read 0 0 1 0 0 0 1 0 WO0-W7
0 0 1 0 0 0 1 1 W8-W15
1 Base and Current Address Write 0 1 0 0 0 1 0 0 AO0-A7
0 1 0 0 0 1 0 1 A8-A15
Current Address Read 0 0 1 0 0 1 0 0 AO-A7
0 0 1 0 0 1 0 1 AB-A15
Base and Current Word Count Write 0 1 0 0 0 1 1 0 WO-W7
0 1 0 0o 0 1 1 1 W8-W15
Current Word Count Read 0 0 1 0 0 1 1 0 Wo-w7
0 0 1 0 0 1 1 1 W8-W15
2 Base and Current Address Write 0 1 0 0 1 0 0 0 AO-A7
0 1 0 0 1 0 0 1 A8-A15
Current Address Read 0 0 1 0 1 0 0 0 AO-A7
0 0 1 0 1 0 0 1 AB-A15
Base and Current Word Count Write 0 1 0 ] 1 0 1 0 WO-W7
0 1 0 0 1 0 1 1 W8-W15
Current Word Count Read 0 0 1 0 1 0 1 0 WO-W7
0 0 1 0 1 0 1 1 W8-W15
3 Base and Current Address Write 0 1 o 0 1 1 0 0 A0-A7
0 1 0 0 1 1 0 1 A8-A15
Current Address Read 0 0 1 0 1 1 0 0 AO-A7
0 0 1 0 1 1 0 1 A8-A15
Base and Current Word Count Write 0 1 0 0 1 1 1 0 WO-W7
0 1 0 0 1 1 1 1 W8-wi15
Current Word Count Read 0 0 1 0 1 1 1 0 WO-W7
o] 0 1 0 1 1 1 1 W8-W15

Figure 7. Word Count and Address Register Command Codes

PROGRAMMING

The 8237A wiil accept programming from the host proc-
essor any time that HLDA is inactive; this is true even if
HRQ is active. The responsibility of the host is to assure
that programming and HLDA are mutually exclusive.
Note that a problem can occur if a DMA request occurs,
on an unmasked channel while the 8237A is being pro-
grammed. For instance, the CPU may be starting to
reprogram the two byte Address register of channel 1
when channel 1 receives a DMA request. If the 8237A is
enabled (bit 2 in the command register is 0) and channel
1 is unmasked, a DMA service will occur after only one
byte of the Address register has been reprogrammed.
This can be avoided by disabling the controller (setting
bit 2 in the command register) or masking the channel
before programming any other registers. Once the pro-
gramming is complete, the controller can be enabled/un-
masked.

After power-up it is suggested that all internal locations,
especially the Mode registers, be loaded with some
valid value. This should be done even if some channels
are unused.
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APPLICATION INFORMATION

Figure 8 shows a convenient method for configuring a
DMA system with the 8237A controller and an 8080A/
8085AH microprocessor system. The multimode DMA
controller issues a HRQ to the processor whenever
there is at least one valid DMA request from a peripheral
device. When the processor replies with a HLDA signal,
the 8237A takes control of the address bus, the data bus
and the control bus. The address for the first transfer

operation comes out in two bytes — ‘the least signifi-
cant 8 bits on the eight address outputs and the most
significant 8 bits on the data bus. The contents of the
data bus are then latched into the 8282 8-bit latch to
complete the full 16 bits of the address bus. The 8282 is
a high speed, 8-bit, three-state latch in a 20-pin package.
After the initial transfer takes place, the latch is updated
only after a carry or borrow is generated in the least sig-
nificant address byte. Four DMA channels are provided
when one 8237A is used.

ADDRESS BUS A0-A15

N~

1

A8-A15

OE

T
i

Do
—

8282
STB

Q 8-BIT LATCH
A0-A15 AEN A0-A3 A4-A7 CS  ADSTB < N
BUSEN
1 1
; -3 ]
HOLD HRQ x E F% = e &
3 EElEBl = g
cPU T (r 0 O
4| a
CLOCK|
RESET
MEMR O
MEMW O CONTROL
0RO BUS
oW [O
DB0-DB7

SYSTEM DATA BUS

\/7'

Figure 8. 8237A System Interface
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ABSOLUTE MAXIMUM RATINGS*

0°Cto70°C
-65°Cto +150°C

Ambient Temperature under Bias
Storage Temperature
Voltage on any Pin with

Respect to Ground
Power Dissipation

-05to7v
1.5Watt

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

D.C. CHARACTERISTICS (T, = 0°C to 70°C, V¢ = 5.0V £5%, GND = 0V)

Symbol Parameter Min. Typ.(M Max. Unit Test Conditions
Vou Output High Voltage 24 Y lon =-200 pA
3.3 \ lon =-100 pA (HRQ Only)
Voo Output LOW Voltage 40 % loL= 2.0mA (data Bus, EOP)
loL = 3.2mA (other outputs)
loL = 2.5mA (ADSTB) (Note 8)
Vij Input HIGH Voltage 2.0 Voo +05 \ (Note 8)
Vi Input LOW Voltage -0.5 0.8 \
Iy Input Load Current +10 uA 0V = Viy = Voo
Lo Output Leakage Current £10 uA 0.45V = Voyur = Vg .
lcc VecSupply Current 110 130 mA Tp=+25°C
130 150 mA Tao=0°C
Co Output Capacitance 4 8 pF
C4 Input Capacitance 8 15 pF fc = 1.0 MHz, Inputs = 0V
Cio 1/0 Capacitance 10 18 pF
NOTES:

1. Typical values are for T, = 25°C, nominal supply voltage and nominal processing parameters.

2. Input timing parameters assume transition times fo 20 ns or less. Waveform measurement points for both input and output signals are 2.0V for HIGH

and 0.8V for LOW, unless otherwise noted.

ENIEA)

. Output loading is 1 TTL gate plus 150pF capacitance, unless otherwise noted.
The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net TOR or MEMR pulse

width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns.

o

external 3.3KQ pull-up resistor connected from HRQ to V.
DREQ should be held active until DACK is returned.

TDAQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value for TDQ2 assumes an

DREQ and DACK signals may be active high or active iow. Timing diagrams assume the active high mode.
The values of Vi and V,,; have been changed from the 1985 specification 1o allow more design margin.

©® N o

Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the
8237A, at least 500 ns for the 8237A-4 and at least 400 ns for the 8237A-5, as recovery time between active read or write pulses. The same recovery time is
needed between an active read or write pulse followed by a DMA transfer.

. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to V¢g.

1. Pin 5is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when the pin is left floating. it is
recommended however, that pin 5 be tied to V¢g.

. Output Loading on the Data Bus is I, Gate plus 100pF capacitance.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45
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. {Note 2)
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A.C. CHARACTERISTICS—DMA (MASTER) MODE (Ta=0°C to 70°C,
Vo= +5V 5%, GND = 0V)

8237A 8237A-4 8237A-5 :

Symbol Parameter Min. | Max.| Min. | Max.| Min. | Max. | Unit
TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 225 200 ns
TAET AEN LOW from CLK HIGH (Sl Delay Time 200 150 130 ns
TAFAB ADR Active to Float Delay from CLK HIGH 150 120 90 ns
TAFC READ or WRITE Float from CLK HIGH 150 120 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 250 | 190 ‘ 170 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns
TAHS DB from ADSTB LOW Hold Time 40 40 30 ns
TAHW | ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns

DACK Valid from CLK LOW Delay Time (Note 7) 250 220 170 ns
TAK EOP HIGH from CLK HIGH Delay Time (Note 10) 250 190 170 ns

EOP LOW from CLK HIGH Delay Time 250 190 170 ns
TASM ADR Stable from CLK HIGH 250 190 170 ns
TASS DB to ADSTB LOW Setup Time 100 100 100 ns
TCH Clock High Time (Transitions <10 ns) 120 100 80 ns
TCL Clock LOW Time (Transitions < 10 ns) 150 110 68 ns
TCY CLK Cycle Time 320 250 200 ns
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 4) 270 200 190 ns
TDCTR | READ HIGH from CLK HIGH (S4) Delay Time

(Note 4) 270 210 190 ns
TDCTW | WRITE HIGH from CLK HIGH (S4) Delay Time

(Note 4) 200 150 130 ns
oat HRQ Valid from CLK HIGH Delay Time (Note 5) 160 120 120 ns
TDQ2 250 190 120 ns
TEPS EOP LOW from CLK LOW Setup Time 60 45 40 ns
TEPW EOP Pulse Width 300 225 220 ns
TFAAB | ADR Float to Active Delay from CLK HIGH 250 190 170 ns
TFAC READ or WRITE Active from CLK HIGH 200 150 150 ns
TFADB DB Float to Active Delay from CLK HIGH . 300 225 200 ns
THS, HLDAValid to CLK HIGH Setup Time 100 75 75 ns
TIDH Input Data from MEMR HIGH Hold Time 0 0 0 ns
TIDS Input Data to MEMR HIGH Setup Time 250 190 170 ns
TODH Output Data from MEMW HIGH Hold Time 20 20 10 ns
TODV Output Data Valid to MEMW HIGH 200 125 125 ns
TQs DREQ to CLK LOW (SI, S4) Setup Time (Note 7) 0 0 0 ns
TRH CLK to READY LOW Hold Time 20 20 20 ns
TRS READY to CLK LOW Setup Time ' 100 60 60 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 200 150 130 ns
TSTT ADSTB LOW from CLK HIGH Delay Time 140 110 90 ns
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE ('(I'3

A = 0°C to 70°C, Vg = 5.0V 5%,

ND = 0V)
Symbol Parameter 8237A 8237A-4 8237A-5 WUnit
Min. Max. | Min. | Max. Min. Max.
TAR ADR Valid or CS LOW to READ LOW 50 50 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 200 150 130 ns
TCW CS LOW to WRITE HIGH Setup Time 200 150 130 ns
TDW Data Valid to WRITE HIGH Setup Time 200 150 130 ns
TRA ADR or CS Hold from READ HIGH 0 0 0 ns
TRDE Data Access from READ LOW (Note 12) 200 200 140 ns
TRDF DB Float Delay from READ HIGH 20 100 20 100 0 70 ns
TRSTD Power Supply HIGH to RESET LOW Setup Time 500 500 500 ns
TRSTS RESET to First IOWR 2TCY 2TCY 2TCY ns
TRSTW RESET Pulse Width 300 300 300 ns
TRW READ Width 300 250 200 ns
TWA ADR from WRITE HIGH Hold Time 20 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns
TWD Data from WRITE HIGH Hold Time 30 30 30 ns
TWWS Write Width 200 200 160 N8
WAVEFORMS
SLAVE MODE WRITE TIMING
oW
s\ e
— TWC
wws | (NOTE 9)
oW \ 7!
—_— l«——— TWA
TAW
Is
A0-A3 j‘ INPUT VALID
— '—— TWD
Tow
-
DB0-DB7 XL INPUT VALID }(
Figure 9. Slave Mode Write
SLAVE MODE READ TIMING
s 4
A0-A3 ADDRESS MUST BE VALID E(
~— TAR —‘ —— |~——TRA
AW i (NOTE 9)
10R
OR j&r JZ
TRDE TRDF
~
DB0-DB7 DATA OUT VALID
Figure 10. Slave Mode Read N
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

T0Q —+|

TAEL

N\

ANV

TAET

|

Figure 11. DMA Transfer

TSTT
e
TSTL |t —t=| |- TEPS
ADSTB S J
T
TASS! TAK
TFADB -—~-1 — -—Tns -
080087 A-ate
‘[ . l+—e{TASM —te] ‘.—unu
TFAAB i [ ‘[ TAHW. TAHW
A0-A7 e ADDRESS VALID R ADDRESS VALID L-~—
e il
ot {—TAHR TAHR
DACK ] \
TocL
Toct TDCTR fo—t—f» TOCTR [¢—F> —»| |«—TAFC
TOR, MEMR s \ 7‘# \L £\
~
TDCL
le——s| |et=|TOCTW TOCTW
TOW. MEMW £ \5 A £\
e —x /) - I—
\ ToCL TAK|
et
(FOR EXTENDED WRITE) |
INTEOP 7[
TEPW fe—! TAK
—

TCH
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING

| | ' |
S0 s1 | S12 ' S13 S14 s21 S22 S23 524 Sl ‘
’ f ‘ls H&_

TSTL «—T e TSTT TSTLf~——n — r.-rsrr
ADSTB ‘/rlf— j‘ 5
1 ‘—t |
‘ 4‘{
TFAAB - TAHS TASM f~— + TAHS TAFAB—»]
— r 1

1
A0-A7 ADDRESS VALID > - ADDRESS VALI
TAFDB
{
TFADB - J——
DB0-DB7 AB-A15 { out ;—-—
7 r 7
TFADB
TFAC TODV TODH
—
fa TAFC
WEWR TIDS—~
TDCTW—>{  fe—
TFAC L l=-TDCL ]
TAFC
- /
MEMW 7
TAK TAK
E0P
TEPS —| jo— TEPS —»|
TEPW TEPW

NN\ 77/7ana\\\\\7///4//004

Figure 12. Memory-to-Memory Transfer

READY TIMING

S2 s3 r{ SwW SwW sS4
CLK
TDCL TDCTR ——j«—>
.

TDCL TDCL TDCTW —— e

A}
WRITE A \
EXTENDED e
WRITE

TRH—{ |«— —=||~—TRH

TRS —| |=—— —>| [«<—TRS

ot ANV

Figure 13. Ready
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WAVEFORMS (Continued)

COMPRESSED TRANSFER TIMING

CLK 1
{ {
TASM— «—T TASM —1-—— |
1 4 !
' T T /a
A0-A7 VALID VALID
" | N
’ TOCTR IToct| |
TDCL | | TDCTR
; _/L_
<«—TDCTW

> = TRH

:
g
f

TDCTW
WRITE \

TRS ——=| |[+— ' TRS

X

INT

EOP

TEPS = [v
EXT L h——
EOP \\\

Figure 14. Compressed Transfer

RESET TIMING

Vee l
} TRSTD
TRSTW

‘ '
RESET /
)L
J —
|«—————— TRSTS

)
= ¢

I0R OR IOW

Figure 15. Reset
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82C37A-5
CHMOS HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

m Pin Compatible with NMOS 8237A-5 m Directly Expandable to any Number of
m Enable/Disable Control of Individual Channels

DMA Requests m End of Process Input for Terminating
m Four Independent DMA Channels Transfers
m Independent Autoinitialization of all m Software DMA Requests

Channels m Independent Polarity Control for DREQ

Memory-to-Memory Transfers and DACK Signals
oo g m Will Be Available in 40-Lead Plastic DIP
Memory Block Initialization and 44-Lead PLCC Packages
Address Increment or Decrement (See Packaging Spec., Order #231369)
High performance: 5 MHz Speed
Transfers up to 1.6 MBytes/Second

The Intel 82C37A-5 Multimode Direct Memory Access (DMA) Controller is a CHMOS peripheral interface
circuit for microprocessor systems. It is designed to improve system performance by allowing external devices
to directly transfer information from the system memory. Memory-to-memory transfer capability is also provid-
ed. The 82C37A-5 offers a wide variety of programmable control features to enhance data throughput and
system optimization and to allow dynamic reconfiguration under program control.

The 82C37A-5 is designed to be used in conjunction with an external 8-bit address register. It contains four
independent channels and may be expanded to any number of channels by cascading additional controller
chips.

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel
can be individually programmed to Autoinitialize to its original condition following an End of Process (EOP).

Each channei has a full 64K address and word count capability.
The 82C37A-5 will not be available from Intel until 2nd half 1986.

DECREMENTOR i INCIDECREMENTOR
110 BUFFER
TEMP WORD TEMP ADDRESS
COUNT REG (16) REG (16)
EOF «——Q
RESET ———|
16 81T BUS
s ——q 16 81T BUS I
cioox
BUFFER
CcLoCK TIMING READ BUFFER READ/WRITE BUFFER
AEN CO::'":OL T BASE CURRENT
BASE | CURRENT w
ADST8 ~——rdf ADDRESS | WORD ADDRESS WORD <
poy COUNT e COUNT <
WENR ~—0 i ) ) 2

WEAW ~——0)
-——} COMMAND
ToR CONTROL
oW -—qf

WRITE BUFFER l I READ BUFFER ]

{ } ‘J N 080-D87
BrEmAoTA aus m—

NERIENI

Figure 1. Block Diagram

DREQO- 4
oREQ3 —7|  pRiOAITY
WiDA ——| ENCODER
ROTATING
[Ty pa—
mc:: . PRIORITY
'o—+ LoGIC
DACK3

COMMAND (8)

TEMPORARY (8) l

REQUEST (4)

231202-1

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1985

© Intel Corporation, 1985 2-67 Order Number: 231202-002
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ToR (1 N~ 40[] a7
ow ]2 39{7] A6
MEMR []3 38[7 as
MEMW []4 7] Ag
(NOTE11) [] 5 36 [ ] EOP
READY []6 3507 A3
HLDA [} 7 34 (7 A2
ADSTB [] 8 33[] At
AEN [ 9 82C37A5 azg A0
HRQ [] 10 3111 Veel+8V)
cs : 1 30[] bso
cLK []12 29[ oBY
RESET [] 13 28{] pB2
DACK2 [ 14 27{] oB3
DACK3 []15 26[] pBa
DREQ3 [] 16 25|7] DACKO
DREQ2 []17 24 [7] DACK1
DREGt [] 18 23[7] o8s
DREQO [] 19 22[] bBs
(GND) Vss [] 20 21[] os7
231202-2
Figure 2a. 8237A
40-Lead DIP Configuration
4
PolyliRBzeezle
6 5 4 3 2 1 44 43 42 41 40
Nne]7 o} 39[3 A3
NC] 8 38071 A2
HLDA Y 9 3703 A1
ADSTB ] 10 36 A0
AENC] 11 3503V,
8237A-5 “ce
HRQ 12 347 pso
cS13 33 os1
CLk} 14 3217 oB2
RESETC] 15 - 313 os3
pAck2 ] 16 - 30} bes
NC 17 29 NC
18 19 20 21 22 23 24 25 26 27 28

38582 h88%¢
QEREgEECPPO 29
ao0oo0oaoo oo
231202-10
Figure 2b. 8237A

44-Lead PLCC Pin COnfiguratldn
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Table 1. Pin Description

Symbol

Type

Name and Function

POWER: + 5 volt supply.

Vss

GROUND: Ground.

CLK

CLOCK INPUT: Clock Input controls the internal operations of the
82C37A-5 and its rate of data transfers. The input may be driven at
up to 5 MHz for the 82C37A-5.

CHIP SELECT: Chip Select is an active low input used to select the
82C37A-5 as an /0 device during the Idle cycle. This allows CPU
communication on the data bus.

RESET

RESET: Reset is an active high input which clears the Command,
Status, Request and Temporary registers. It also clears the first/last
flip-flop and sets the Mask register. Following a Reset the device is
in the Idle cycle.

READY

READY: Ready is an input used to extend the memory read and
write pulses from the 82C37A-5 to accommodate slow memories or
1/0 peripheral devices. Ready must not make transitions during its
specified setup/hold time.

HLDA

HOLD ACKNOWLEDGE: The active high Hold Acknowledge from
the CPU indicates that it has relinquished control of the system
busses.

DREQO-DREQ3

DMA REQUEST: The DMA Request lines are individual
asynchronous channel request inputs used by peripheral circuits to
obtain DMA service. In fixed Priority, DREQO has the highest priority
and DREQS has the lowest priority. A request is generated by
activating the DREQ line of a channel. DACK will acknowledge the
recognition of DREQ signal. Polarity of DREQ is programmable.
Reset initializes these lines to active high. DREQ must be
maintained until the corresponding DACK goes active.

DBO-DB7

1/0

DATA BUS: The Data Bus lines are bidirectional three-state signals
connected to the system data bus. The outputs are enabled in the
Program condition during the 1/0 Read to output the contents of an
Address register, a Status register, the Temporary register or a
Word Count register to the CPU. The outputs are disabled and the
inputs are read during an I/O Write cycle when the CPU is
programming the 82C37A-5 control registers. During DMA cycles
the most significant 8 bits of the address are output onto the data
bus to be strobed into an external latch by ADSTB. In memory-to-
memory operations, data from the memory comes into the
82C37A-5 on the data bus during the read-from-memory transfer. In
the write-to-memory transfer, the data bus outputs place the data
into the new memory location.

by

1/0

1/0 READ: I/0 Read is a bidirectional active low three-state line. In
the Idle cycle, it is an input control signal used by the CPU to read
the control registers. In the Active cycle, it is an output control signal
used by the 82C37A-5 to access data from a peripheral during a
DMA Write transfer.

1710

1/0 WRITE: I/0 Write is a bidirectional active low three-state line.

In the Idle cycle, it is an input control signal used by the CPU to load
information into the 82C37A-5. In the Active cycle, it is an output
control signal used by the 82C37A-5 to load data to the peripheral
during a DMA Read transfer.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function

1/0 END OF PROCESS: End of Process is an active low bidirectional
signal. Information concerning the completion of DMA services is
available at the bidirectional EOP pin. The 82C37A-5 allows an
external signal to terminate an active DMA service. This is
accomplished by pulling the EOP input low with an external EOP
signal. The 82C37A-5 also generates a pulse when the terminal
count (TC) for any channel is reached. This generates an EOP
signal which is output through the EOP Line. The reception of EOP,
either internal or external, will cause the 82C37A-5 to terminate the
service, reset the request, and, if Autoinitialize is enabled, to write
the base registers to the current registers of that channel. The mask
bit and TC bit in the status word will be set for the currently active
channel by EOP unless the channel is programmed for
Autoinitialize. In that case, the mask bit remains unchanged. During
memory-to-memory transfers, EOP will be output when the TC for
channel 1 occurs. EOP should be tied high with a pull-up resistor if it
is not used to prevent erroneous end of process inputs.

AO0-A3 1/0 ADDRESS: The four least significant address lines are bidirectional
three-state signals. In the Idle cycle they are inputs and are used by
the CPU to address the register to be loaded or read. In the Active
cycle they are outputs and provide the lower 4 bits of the output

m|
O

address.

A4-A7 (0] ADDRESS: The four most significant address lines are three-state
outputs and provide 4 bits of address. These lines are enabled only
during the DMA service.

HRQ (0] HOLD REQUEST: This is the Hold Request to the CPU and is used

to request control of the system bus. If the corresponding mask bit
is clear, the presence of any valid DREQ causes 82C37A-5 to issue
the HRQ. After HRQ goes active at least one clock cycle (TCY)
must occur before HLDA goes active.

DACKO-DACK3 o} DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the
individual peripherals when one has been granted a DMA cycle. The
sense of these lines is programmable. Reset initializes them to
active low.

AEN (e} ADDRESS ENABLE: Address Enable enables the 8-bit latch
containing the upper 8 address bits onto the system address bus.
AEN can also be used to disable other system bus drivers during
DMA transfers. AEN is active HIGH.

ADSTB 0 ADDRESS STROBE: The active high, Address Strobe is used to
~ strobe the upper address byte into an external latch.
MEMR (0] MEMORY READ: The Memory Read signal is an active low three-

state output used to access data from the selected memory
location during a DMA Read or a memory-to-memory transfer.

MEMW (0] MEMORY WRITE: The Memory Write is an active low three-state
output used to write data to the selected memory location during a
DMA Write or a memory-to-memory transfer.
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FUNCTIONAL DESCRIPTION

The 82C37A-5 block diagram includes the major log-
ic blocks and all of the internal registers. The data
interconnection paths are also shown. Not shown
are the various control signals between the blocks.
The 82C37A-5 contains 344 bits of internal memory
in the form of registers. Figure 3 lists these registers
by name and shows the size of each. A detailed
description of the registers and their functions can
be found under Register Description.

Name Size Numb
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Figure 3. 82C37A-5 Internal Registers

The 82C37A-5 contains three basic blocks of control
logic. The Timing Control block generates internal
timing and external control signals for the 82C37A-5.
The Program Command Control block decodes the
various commands given to the 82C37A-5 by the mi-
croprocessor prior to servicing a DMA Request. it
also decodes the Mode Control word used to select
the type of DMA during the servicing. The Priority
Encoder block resolves priority contention between
DMA channels requesting service simultaneously.

The Timing Control block derives internal timing
from the clock input. In 82C37A-5 systems this input
will usually be the ¢2 TTL clock from an 8224 or
CLK from an 8085AH or 82C84A. For 8085AH-2
systems above 3.9 MHz, the 8085 CLK(OUT) does
not satisfy 82C37A-5 clock LOW and HIGH time re-
quirements. In this case, an external clock should be
used to drive the 82C37A-5.

DMA Operation

The 82C37A-5 is designed to operate in two major
cycles. These are called Idle and Active cycles.
Each device cycle is made up of a number of states.
The 82C37A-5 can assume seven separate states,
each composed of one full clock period. State 1 (S1)
is the inactive state. It is entered when the
82C37A-5 has no valid DMA requests pending.
While in S1, the DMA controller is inactive but may
be in the Program Condition, being programmed by
the processor. State SO (S0) is the first state of a
DMA service. The 82C37A-5 has requested a hold
but the processor has not yet returned an acknowl-
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edge. The 82C37A-5 may still be programmed until it
receives HLDA from the CPU. An acknowledge from
the CPU will signal that DMA transfers may begin.
S1, S2, S3 and S4 are the working states of the
DMA service. If more time is needed to complete a
transfer than is available with normal timing, wait
states (SW) can be inserted between S2 or S3 and
S4 by the use of the Ready line on the 82C37A-5.
Note that the data is transferred directly from the
1/0 device to memory (or vice versa) with IOR and
MEMW (or MEMR and IOW) being active at the
same time. The data is not read into or driven out of
the 82C37A-5 in I/O-to-memory or memory-to-1/0
DMA transfers.

Memory-to-memory transfers require a read-from
and a write-to-memory to complete each transfer.
The states, which resemble the normal working
states, use two digit numbers for identification. Eight
states are required for a single transfer. The first four
states (S11, S12, S13, S14) are used for the read-
from-memory half and the last four states (S21, S22,
S23, S24) for the write-to-memory half of the transfer.

IDLE CYCLE

When no channel is requesting service, the
82C37A-5 will enter the Idle cycle and perform “S1”
states. In this cycle the 82C37A-5 will sample the
DREQ lines every clock cycle to determine if any
channel is requesting a DMA service. The device will
also sample CS, looking for an attempt by the micro-
processor to write or read the internal registers of
the 82C37A-5. When CS is low and HLDA is low, the
82C37A-5 enters the Program Condition. The CPU
can now establish, change or inspect the internal
definition of the part by reading from or writing to the
internal registers. Address lines AO-A3 are inputs to
the device and select which registers will be read or
written. The IOR and IOW lines are used to select
and time reads or writes. Due to the number and size
of the internal registers, an internal flip-flop is used
to generate an additional bit of address. This bit is
used to determine the upper or lower byte of the 16-
bit Address and Word Count registers. The flip-flop
is reset by Master Clear or Reset. A separate soft-
ware command can also reset this flip-flop.

Special software commands can be executed by the
82C37A-5 in the Program Condition. These com-
mands are decoded as sets of addresses with the
CS and IOW. The commands do not make use of
the data bus. Instructions include Clear First/Last
Flip-Flop and Master Clear.

ACTIVE CYCLE

When the 82C37A-5 is in the Idle cycle and a non-
masked channel requests a DMA service, the device
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will output an HRQ to-the microprocessor and enter
the Active cycle. It is in this cycle that the DMA serv-
ice will take place, in one of four modes:

Single Transfer Mode — In Single Transfer mode
the device is programmed to make one transfer only.
The word count will be decremented and the ad-
dress decremented or incremented following each
transfer. When the word count “rolls over’” from zero
to FFFFH, a Terminal Count (TC) will cause an Auto-
initialize if the channel has been programmed to do
SO. -

DREQ must be held active until DACK becomes ac-
tive in order to be recognized. If DREQ is held active
throughout the single transfer, HRQ will go inactive
and release the bus to the system. It will again go
active ‘and, upon receipt of a new HLDA, another
single transfer will be performed, in 8080A, 8085AH,
80C88, or 80C86 system this will ensure one full ma-
chine cycle execution between DMA transfers. De-
tails of timing between the 82C37A-5 and other bus
control protocols will depend upon the characteris-
tics of the microprocessor involved.

Block Transfer Mode — In Block Transfer mode
the device is activated by DREQ to continue making
transfers during the service until a TC, caused by
word count going to FFFFH, or an external End of
Process (EOP) is encountered. DREQ need only be
held active until DACK becomes active. Again, an
Autoinitialization will occur at the end of the service
if the channel has been programmed for it.

Demand Transfer Mode — In Demand Transfer
mode the device is programmed to continue making
transfers until a TC or external EOP is encountered
or untii DREQ goes inactive. Thus transfers may
continue until the I/0 device has exhausted its data
capacity. After the 1/0 device has had a chance to
catch up, the DMA service is re-established by
means of a DREQ. During the time between services
when the microprocessor is allowed to operate, the
intermediate values of address and word count are
stored in the 82C37A-5 Current Address and Current
Word Count registers. Only an EOP can cause an
Autoinitialize at the end of the service. EOP is gener-
ated either by TC or by an external signal.

Cascade Mode — This mode is used to cascade
more than one 82C37A-5 together for simple system
expansion. The HRQ and HLDA signals from the ad-
ditional 82C37A-5 are connected to the DREQ and
DACK 'signals of a channel of the initial 82C37A-5.
This allows the DMA requests of the additional de-
vice to propagate through the priority network cir-
cuitry of the preceding device. The priority chain is
preserved and the new device must wait for its turn
to acknowledge requests. Since the cascade chan-
nel of the initial 82C37A-5 is used only for prioritizing
the additional device, it does not output any address
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or control signals of its own. These could conflict
with the outputs of the active channel in the added
device. The 82C37A-5 will respond to DREQ and
DACK but all other outputs except HRQ will be dis-
abled. The ready input is ignored. ’

Figure 4 shows two additional devices cascaded into
an initial device using two of the previous channels.
This forms a two level DMA system. More
82C37A-5s could be added at the second level by
using the remaining channels of the first level. Addi-
tional devices can also be added by cascading into
the channels of the second level devices, forming a
third level.

2ND LEVEL

MICROPRE 1ST LEVEL 82C37A-5

HRQ
HLDA

DREQ
DACK

p—

HRQ

—

HLDA

82C37A-5

DREQ HRQ

DACK

—

HLDA

INITIAL DEVICE
) 82C37A-5

ADDITIONAL
DEVICES

231202-3

Figure 4. Cascaded 82C37A-5s

TRANSFER TYPES

Each of the three active transfer modes can perform
three different types of transfers. These are Read,
Write and Verify. Write transfers move data from and
1/0 device to the memory by activating MEMW and
TOR. Read transfers move data from memory to an
I/0 device by activating MEMR and IOW. Verify
transfers are pseudo transfers. The 82C37A-5 oper-
ates as in Read or Write transfers generating ad-
dresses, and responding to EOP, etc. However, the
memory and 1/O control lines all remain inactive.
The ready input is ignored in verify mode.

Memory-to-Memory — To perform block moves of
data from one memory address space to another
with a minimum of program effort and time, the
82C37A-5 includes a memory-to-memory transfer
feature. Programming a bit in the Command register
selects channels 0 to 1 to operate as memory-to-
memory transfer channels. The transfer is initiated
by setting the software DREQ for channel 0. The
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82C37A-5 requests a DMA service in the normal

manner. After HLDA is true, the device, using four —— i .

state transfers in Block Transfer mode, reads data )

from the memory. The channel 0 Current Address highest ? , §<_“""°': 2‘—”""“
register is the source for the address used and is , e _\o«mues -\1
decremented or incremented in the normal manner. fowest 3 1 2

The data byte read from the memory is stored in the 231202-4

82C37A-5 internal Temporary register. Channel 1
then performs a four-state transfer of the data from
the Temporary register to memory using the address
in its Current Address register and incrementing or
decrementing it in the normal manner. The channel
1 current Word Count is decremented. When the
word count of channel 1 goes to FFFFH, a TC is
generated causing an EOP output terminating the
service.

Channel 0 may be programmed to retain the same
address for all transfers. This allows a single word to
be written to a block of memory.

The 82C37A-5 will respond to external EOP signals
during memory-to-memory transfers. Data compara-
tors in block search schemes may use this input to
terminate the service when a match is found. The
timing of memory-to-memory transfers is found in
Figure 12. Memory-to-memory operations can be
detected as an active AEN with no DACK outputs.

Autoinitialize — By programming a bit in the Mode
register, a channel may be set up as an Autoinitialize
channel. During Autoinitialize initialization, the origi-
nal values of the Current Address and Current Word
Count registers are automatically restored from the
Base Address and Base Word count registers of that
channel following EOP. The base registers are load-
ed simultaneously with the current registers by the
microprocessor and remain unchanged throughout
the DMA service. The mask bit is not altered when
the channel is in Autoinitialize. Following Autoinitial-
ize the channel is ready to perform another DMA
service, without CPU intervention, as soon as a valid
DREQ is detected. In order to Autoinitialize both
channels in a memory-to-memory transfer, both
word counts should be programmed identically. If in-
terrupted externally, EOP pulses should be applied
in both bus cycles.

Priority — The 82C37A-5 has two types of priority
encoding available as software selectable options.
The first is Fixed Priority which fixes the channels in
priority order based upon the descending value of
their number. The channel with the lowest priority is
3 followed by 2, 1 and the highest priority channel, 0.
After the recognition of any one channel for service,
the other channels are prevented from interfering
with that service until it is completed.

The second scheme is Rotating Priority. The last
channel to get service becomes the lowest priority
channel with the others rotating accordingly.
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With Rotating Priority in a single chip DMA system,
any device requesting service is guaranteed to be
recognized after no more than three higher priority
services have occurred. This prevents any one
channel from monopolizing the system.

Compressed Timing — In order to achieve even
greater throughput where system characteristics
permit, the 82C37A-5 can compress the transfer
time to two clock cycles. From Figure 11 it can be
seen that state S3 is used to extend the access time
of the read pulse. By removing state S3, the read
pulse width is made equal to the write pulse width
and a transfer consists only of state S2 to change
the address and state S4 to perform the read/write.
S1 states will still occur when A8-A15 need updat-
ing (see Address Generation). Timing for com-
pressed transfers is found in Figure 14.

Address Generation — In order to reduce pin
count, the 82C37A-5 multiplexes the eight higher or-
der address bits on the data lines. State S1 is used
to output the higher order address bits to an external
latch from which they may be placed on the address
bus. The falling edge of Address Strobe (ADSTB) is
used to load these bits from the data lines to the
latch. Address Enable (AEN) is used to enable the
bits onto the address bus through a three-state en-
able. The lower order address bits are output by the
82C37A-5 directly. Lines AO-A7 should be connect-
ed to the address bus. Figure 11 shows the time
relationships between CLK, AEN, ADSTB, DBO-
DB7 and AO-A7.

During Block and Demand Transfer mode services,
which include multiple transfers, the addresses gen-
erated will be sequential. For many transfers the
data held in the external address latch will remain
the same. This data need only change when a carry
or borrow from A7 to A8 takes place in the normal
sequence of addresses. To save time and speed
transfers, the 82C37A-5 executes S1 states only
when updating of AB-A15 in the latch is necessary.
This means for long services, S1 states and Address
Strobes may occur only once every 256 transfers, a
savings of 255 clock cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Register — Each channel has a
16-bit Current Address register. This register holds
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the value of the address used during DMA transfers.
The address is automatically incremented or decre-
mented after each transfer and the intermediate val-
ues of the address are stored in the Current Address
register during the transfer. This register is written or
read by the microprocessor in successive 8-bit
bytes. It may also be reinitialized by an Autoinitialize
back to its original value. Autoinitialize takes place
only after an EOP.

Current Word Register — Each channel has a 16-
bit Current Word Count register. This register deter-
mines the number of transfers to be performed. The
actual number of transfers will be one more than the
number programmed in the Current Word Count reg-
ister (i.e., programming a count of 100 will result in
101 transfers). The word count is decremented after
each transfer. The intermediate value of the word
count is stored in the register during the transfer.
When the value in the register goes from zero to
FFFFH, a TC will be generated. This register is load-
ed or read in successive 8-bit bytes by the micro-
processor in the Program Condition. Following the
end of a DMA service it may also be reinitialized by
an Autoinitialization back to its original value. Auto-
initialize can occur only when an EOP occurs. If it is
not Autoinitialized, this register will have a count of
.FFFFH after TC.

Base Address and Base Word Count Registers
— Each channel has a pair of Base Address and
Base Word Count registers. These 16-bit registers
store the original value of their associated current
registers. During Autoinitialize these values are used
to restore the current registers to their original val-
ues. The base registers are written simultaneously
with their corresponding current register in 8-bit
bytes in the Program Condition by the microproces-
sor. These registers cannot be read by the micro-
processor.

Command Register — This 8-bit register controls
the operation of the 82C37A-5. It is programmed by
the microprocessor in the Program Condition and is
cleared by Reset or a Master Clear instruction. The
following table lists the function of the command
bits. See Figure 6 for address coding.

Mode Register — Each channel has a 6-bit Mode
register associated with it. When the register is being
written to by the microprocessor in the Program
Condition, bits 0 and 1 determine which channel
Mode register is to be written.

Request Register — The 82C37A-5 can respond to
requests for DMA service which are initiated by soft-
ware as well as by a DREQ. Each channel has a
request bit associated with it in the 4-bit Request
register. These are non-maskable and subject to pri-
oritization by the Priority Encoder network. Each
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register bit is set or reset separately under software
control or is cleared upon generation of a TC or ex-
ternal EOP. The entire register is cleared by a Reset.
To set or reset a bit, the software loads the proper
form of the data word. See Figure 5 for register ad-

Command Register
7 6 5 4 3 2 1

[ 11

0 <«——Bit Number

[T 111

Memory-to-memory disable
Memory-to-memory enable

Channel 0 address hold disable
Channel 0 address hold enable
If bit0=0

Controller enable
Controller disable

Normal timing
Ci timing

Ifbit0=1

Fixed priority
Rotating priority

Late write selection
Extended write selection
If bit3=1

DREQ sense active high
DREQ sense active iow
DACK sense active low
DACK sense active high

Mode Register
7 65 4 3 2

LITTT]
=

1 0 <«—— Bit Number

Channel 0 select
Channel 1 select
Channel 2 select
Channel 3 select

Ha=

Verify transfer
Write transfer
Read transfer
lllegal

If bits 6 and 7=11

AL disable
Autoinitialization enable

Add select
Address decrement select

Demand mode select
Single mode select
Block mode select
Cascade mode select

Request Register
7 6 5 4 3 2

LT T T T

Don't Care

0 <e——Bit Number

1]

00 Select channel 0
Select channel 1
Select channel 2

Select channel 3

Reset request bit
Set request bit

231202-5
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dress coding. In order to make a software request,
the channel must be in Block Mode.

Mask Register — Each channel has associated
with it a mask bit which can be set to disable the
incoming DREQ. Each mask bit is set when its asso-
ciated channel produces an EOP if the channel is
not programmed for Autoinitialize. Each bit of the 4-
bit Mask register may also be set or cleared sepa-
rately under software controi. The entire register is
also set by a Reset. This disables all DMA requests
until a clear Mask register instruction allows them to
occur. The instruction to separately set or clear the
mask bits is similar in form to that used with the
Request register. See Figure 5 for instruction ad-
dressing.

7 6 5 4 3 2 1 0-«— Bit Number

[T 1]

T_{

00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

0 Clear mask bit
1 Set mask bit

231202-6

Ali four bits of the Mask register may also be written
with a single command.

7 6 5 4 3 2 1 0-e—Bit Number
—— |_{ 0 Clear channel 0 mask bit
Don't Gare 1 Set channel 0 mask bit
{ 0 Ciear channel 1 mask bit
1 Set channel 1 mask bit
{ 0 Clear channel 2 mask bit
1 Set channei 2 mask bit
____% 0 Clear channel 3 mask bit
1 Set channel 3 mask bit
231202-7
Register | Operation ——— Signals
CS IOR IOW A3 A2 A1 A0
Command | Write o 1 0 1 0 0 O
Mode Write 0o 1 o 1t 0 1 1
Request | Write o 1 0 1 0 0 1
Mask Set/Reset | 0 1 0 1 0 1 O
Mask Write 0o 1 o 1 1 1 1
Temporary | Read 0o o 1 1 1 0 1
Status Read 0 0 1 1 0 0 O

Figure 5. Definition of Register Codes
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Status Register — The Status register is available
to be read out of the 82C37A-5 by the microproces-
sor. It contains information about the status of the
devices at this point. This information includes which
channels have reached a terminal count and which
channels have pending DMA requests. Bits 0-3 are
set every time a TC is reached by that channel or an
external EOP is applied. These bits are cleared upon
Reset and on each Status Read. Bits 4-7 are set
whenever their corresponding channel is requesting
service.

7 6 5 4 3 2

1 0 <&—— Bit Number

[T TTT11]

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

Channel 0 request
Channel 1 request
Channel 2 request
Channel 3 request

231202-8

Temporary Register — The Temporary register is
used to hold data during memory-to-memory trans-
fers. Following the completion of the transfers, the
last word moved can be read by the microprocessor
in the Program Condition. The Temporary register
always contains the last byte transferred in the previ-
ous memory-to-memory operation, unless cleared
by a Reset.

Software Commands — These are additional spe-
cial software commands which can be executed in
the Program Condition. They do not depend on any
specific bit pattern on the data bus. The three soft-
ware commands are:

Clear First/Last Flip-Flop: This command is exe-
cuted prior to writing or reading new address or
word count information to the 82C37A-5. This ini-
tializes the flip-flop to a known state so that subse-
quent accesses to register contents by the micro-
processor will address upper and lower bytes in
the correct sequence.

Master Clear: This software instruction has the
same effect as the hardware Reset. The Com-
mand, Status, Request, Temporary, and Internal
First/Last Flip-Flop registers are cleared and the
Mask register is set. The 82C37A-5 will enter the
Idle cycle.

Clear Mask Register: This command clears the
mask bits of all four channels, enabling them to
accept DMA requests.
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Figure 6 lists the address codes for the software

commands:
Signals Operation
A3 | A2 | A1 | A0 | IOR | TOW
1 0o|0] O 0 1 Read Status Register
1 0|0 O 1 0 Write Command Register
1 00| 1 0 1 lllegal
1 0|0 1 1 0 | Write Request Register
1]o0j1]0]| 0 1 | Negal
1 0 1 0 1 0 | Write Single Mask Register Bit
1 0| 1 1 0 1 lllegal
1 0| 1 1 1 0 | Write Mode Register
1 1]1]0]0 0 1 lllegal
1 1 01} 0 1 0 | Clear Byte Pointer Flip-Flop
1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 lllegal
1 1 1 0 1 0 | Clear Mask Register
1 1 1 1 0 1 lllegal
1 1 1 1 1 0 | Write All Mask Register Bits

Figure 6. Software Command Codes

PROGRAMMING

The 82C37A-5 will accept programming from the
host processor any time that HLDA is inactive; this is
true even if HRQ is active. The responsibility of the
host is to assure that programming and HLDA are
mutually exclusive. Note that a problem can occur if
a DMA request occurs, on an unmasked channel
while the 82C37A-5 is being programmed. For in-
stance, the CPU may be starting to reprogram the
two byte Address register of channel 1 when chan-
nel 1 receives a DMA request. If the 82C37A-5 is
enabled (bit 2 in the command register is 0) and
channel 1 is unmasked, a DMA service will occur
after only one byte of the Address register has been
reprogrammed. This can be avoided by disabling the
controller (setting bit 2 in the command register) or
masking the channel before programming any other
registers. Once the programming is complete, the
controller can be enabled/unmasked.

Channel Register Operation ——— _S_i_gnals Internal Flip-Flop | Data Bus DB0-DB7
CS IOR IOW A3 A2 A1 A0
0 Base and Current Address Write o 1 0 0 0 0 O 0 A0-A7
0o 1 0O 0 0 0 O 1 A8-A15
Current Address Read 0 0 1 0 0 0 O 0 AO-A7
o 0 1 0 0 0O 1 A8-A15
Base and Current Word Count| Write 0 1 0O 0 0 O 1 0 WO0-W7
0o 1 0O 0 0 0 1 1 W8-W15
Current Word Count Read 0 o0 1 0 0 0 1 0 WO0-W7
0o 0 1 0O 0 0 1 1 W8-W15
1 Base and Current Address Write 0o 1 0 0 0 t O 0 A0-A7
0o 1 0O 0 0 t O 1 A8-A15
Current Address Read 0 0 i1 0 0 1.0 0 AO0-A7
0 0 1 0 0 1 0 1 A8-A15
Base and Current Word Count|  Write o 1 0o 0 0 1 1 0 WO-W7
0o 1 0o 0 o0 1 1 1 W8-W15
Current Word Count Read 0 O 1 0 0 1 1 0 WO0-W7
o 0 1 0 0 1 1 1 W8-W15
2 Base and Current Address Write o 1 0O 0 1 0 O 0 A0-A7
o 1 0O 0 1 0 O 1 A8-A15
Current Address Read 0 0 i 0t 0 O 0 AO-A7
[V 1 01 0 O 1 A8-A15
Base and Current Word Count|  Write o 1 0O 0 1 0 1 0 WO0-W7
0o 1 0o 0 1 0 1 1 W8-W15
Current Word Count Read o 0 1 0 1 0 1 0 WO0-W7
0 0 1 0o 1 0 1 1 W8-W15
3 Base and Current Address Write 0 1 0O 0 1 1 0 0 AO0-A7
0o 1 0O 0 1 1 0 1 A8-A15
Current Address Read 0o 0 i 0 1 1 0 0 AO-A7
0 0 1 01 1 0 1 A8-A15
Base and Current Word Count|  Write o 1 o 0 1 1 1 0 WOo-wW7
0 1 o o0 1 1 1 1 W8-W15
Current Word Count Read 0 O 1 0 1t 1 1 0 WO0-W7
o 0 1 0 1 1 1 1 W8-W15

Figure 7. Word Count and Address Register Command Codes
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After power-up it is suggested that all internal loca-
tions, especially the Mode registers, be loaded with
some valid value. This should be done even if some
channels are unused.

APPLICATION INFORMATION

Figure 8 shows a convenient method for configuring
a DMA system with the 82C37A-5 controller and an
8080A/8085AH microprocessor system. The multi-
mode DMA controller issues a HRQ to the processor
whenever there is at least one valid DMA request

from a peripheral device. When the processor re-
plies with a HLDA signal, the 82C37A-5 takes con-
trol of the address bus, the data bus and the control
bus. The address for the first transfer operation
comes out in two bytes — the least significant 8 bits
on the eight address outputs and the most signifi-
cant 8 bits on the data bus. The contents of the data
bus are then latched into the 8-bit latch to complete
the full 16 bits of the address bus. After the initial
transfer takes place, the latch is updated only after a
carry or borrow is generated in the least significant
address byte. Four DMA channels are provided
when one 82C37A-5 is used.

A
ADDRESS BUS A0-A15 )
17 W
A8-A15
>o ot
8.BITLATCH
r——————sve
Q
AO-A15 AEN A0-A3 A4-AT TS  ADSTB < >
BUSEN
HL 82C37A-5 DBO-
HLDA DA o o oo
5 g B g £
HOLD HRQ « U IE - g ¥
s EEEBER £ 2
cPU J 0O T
cLock
RESET
MEWR [O-
HEww CONTROL
TOR [0 BUS
oW O
DB0-DB7
N2 I\
f SYSTEM DATA BUS
231202-9

Figure 8. 82C37A-5 System Interface
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8257/8257-5
PROGRAMMABLE DMA CONTROLLER

® MCS-85® Compatible 8257-5 = Single + 5V Supply
= 4-Channel DMA Controller m Auto Load Mode
m Priority DMA Request Logic m Available in EXPRESS

- Standard Temperature Range

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

a Channel Inhibit Logic

= Terminal Count and Modulo 128
Outputs

= Single TTL Clock

The Intel* 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at
high speed between peripherals and memories.
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LOGIC HLDA(] 7 3¢ A,
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A, ] 16 ADSTB(] 8 330A,
! s aendo 257 3, ha
A2 ADDR o
A3 y | CNTR }— GACK Z HRa(] 10 31 Ve
1’, T csn 30 o,
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READY ————¢ Lfs.',c T ora2(} 17 24 [JDACK 1
o M;‘i‘ <:> pra 1(] 18 2300,
HRQ *———f .
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Figure 1. Block Diagram Figure 2. Pin Configuration
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FUNCTIONAL DESCRIPTION

General

The 8257 is a programmable, Direct Memory Acess (DMA)
device which, when coupled with a single 8-bit latch
provides a complete four-channel DMA controller for use in
Intel® microcomputer systems. After being initialized by
software, the 8257 can transfer a block of data, containing up
to 16,384 bytes, between memory and a peripheral device
directly, without further intervention required of the CPU.
Upon receiving a DMA transfer request from an enabled
peripheral, the 8257:

1. Acquires control of the system bus.

2. Acknowledges that requesting peripheral which is
connected to the highest priority channel.

3. Outputs the least significant eight bits of the memory
address onto system address lines Ag-A7, outputs the
most significant eight bits of the memory address to the
8-bit latch via the data bus (the outputs of the latch
should drive address lines AgA1s), and

4. Generates the appropriate memory and 1/0 read/
write control signals that cause the peripheral to
receive or deposit a data byte directly from or to the
addressed location in memory.

The 8257 will retain control of the system bus and repeat
the transfer sequence, as long as a peripheral maintains its
DMA request. Thus, the 8257 can transfer a block of data
to/from a high speed peripheral (e.g., a sector of dataona
floppy disk) in a single “burst”. When the specified
number of data bytes have been transferred, the 8257
activates its Terminal Count (TC) output, informing the
CPU that the operation is complete.

The 8257 offers three different modes of operation:
(1) DMA read, which causes data to be transferred from
memory to a peripheral; (2) DMA write, which causes
data to be transferred from a peripheral to memory:
and (3) DMA verify, which does not actually involve the
transfer of data. When an 8257 channel is in the DMA verify
mode, it will respond the same as described for transfer
operafions, except that no memory or 1/O read/write
control signals will be generated, thus preventing the
transfer of data. The 8257, however, will gain control of the
system bus and will acknowledge the peripheral's DMA
request for each DMA cycle. The peripheral can use these
acknowledge signals to enable an internal access of each
byte of a data block in order to execute some verification
procedure, such as the accumulation of a CRC (Cyclic
Redundancy Code) checkword. For example, a block of
DMA verify cycles might follow a block of DMAread cycles
(memory to peripheral) to allow the peripheral to verify its
newly acquired data.

Block Diagram Description
1. DMA Channels

The 8257 provides four separate DMA channels (labeled
CH-0 to CH-3). Each channel includes two sixteen-bit
registers: (1) a DMA address register, and (2) a termi-
nal count register. Both registers must be initialized
before a channel is enabled. The DMA address register is
loaded with the address of the first memory location to be
accessed. The value loaded into the low-order 14-bits of
the terminal count register specifies the number of DMA
cycles minus one before the Terminal Count (TC) output
is activated. For instance, a terminal count of 0 would
cause the TC output to be active in the first DMA cycle for
that channel. In general, if N = the number of desired DMA
cycles, load the value N-1 into the low-order 14-bits of the
terminal count register. The most significant two bits of the
terminal count register specify the type of DMA operation
for that channel.

DRQ O

DATA
BUFFER

j— ORQ 1
TIOR w————e-Cf

TIOW -——eof

CLK ————er
RESET READ/
£se WRITE
LOGIC

A =

DRQ 2

Ay st

A, e

Ay el BATK 7
T
&
A
[
A ]
A, oo
CONTROL
READY ~———em LES{"C
HRO e————d  SET
REG
HLDA —————=| L{ rRioRITY

RESOLVER

INTERNAL
BUS

Figure 3. 8257 Block Diagram Showing DMA
Channels
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These two bits are not modified during a DMA cycle, but
can be changed between DMA blocks.

Each channel accepts a DMA Request (DRQn) input and
provides a DMA Acknowledge (DACKn) output.

(DRQ 0-DRQ 3)

DMA Request: These are individual asynchronous chan-
nel request inputs used by the peripherals to obtain a DMA
cycle. If not in the rotating priority mode then DRQ 0 has
the highest priority and DRQ 3 has the lowest. A request
can be generated by raising the request line and holding it
high until DMA acknowledge. For multipie DMA cycles
(Burst Mode) the request line is held high until the DMA
acknowledge of the last cycle arrives.

(DACK 0 - DACK 3)

DMA Acknowledge: An active low level on the acknowl-
edge output informs the peripheral connected to that
channel that it has been selected for a DMA cycle. The
DACK output acts as a “chip select” for the peripheral
device requesting service. This line goes active (low)
and inactive (high) once for each byte transferred even if
a burst of data is being transferred.

2. Data Bus Butfer

This three-state, bi-directional, eight bit buffer interfaces
the 8257 to the system data bus.

(Do-D7)

Data Bus Lines: These are bi-directional three-state lines.
When the 8257 is being programmed by the CPU, eight-
bits of data for a DMA address register, a terminal count
register or the Mode Set register are received on the data
bus. When the CPU reads a DMA address register, a
terminal count register or the Status register, the data is
sent to the CPU over the data bus. During DMA cycles
(when the 8257 is the bus master), the 8257 will output the
most significant eight-bits of the memory address (from
one of the DMA address registers) to the 8212 latch viathe
data bus. These address bits will be transferred at the
beginning of the DMA cycle; the bus will then be released
to handle the memory data transfer during the balance of
the DMA cycle.

BIT 15 BIT 14 TYPE OF DMA OPERATION
[1] 0 Verify DMA Cycle
0 1 Write DMA Cycle
1 0 Read DMA Cycle
1 1 (lllegal)

|~— orao

}— OACK O

|*— oRQ 1

TOR @t

TTOW aent

CLK ————s

READ/
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RESET ——em
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|- oAEKZ

«— DRQ 3

Ay +—df

Ag ——ril

—
N

Ay -

CONTROL GACK3

LOGIC

Reaoy ——| 120K
MODE
SET
REG

HRQ =i

HLDA ————s
MEMA +——0)
MEMW O

PRIORITY
RESOLVER

AEN -] l

ADSTB
p—

INTERNAL
TC 8US
MARK

2-80

Figure 4. 8257 Block Diagram Showing Data Bus
Buffer




8257/8257-5

3. Read/Write Logic

When the CPU is programming or reading one of the
8257'sregisters (i.e., when the 8257 is a *‘slave’” device on
the system bus), the Read/Write Logic accepts the I/O
Read (ITOR) or /0 Write (TOW) signal, decodes the least
significant four address bits, {(Ag-A3), and either writes
the contents of the data bus into the addressed register
(if TOW is true) or places the contents of the addressed
register onto the data bus (if TOR is true).

During DMA cycles (i.e., when the 8257 is the bus
“master”), the Read/Write Logic generates the I/0O read
and memory write (DMA write cycle) or |/O Write and
memory read (DMA read cycle) signals which control the
data link with the peripheral that has been granted the
DMA cycle.

Note that during DMA transfers Non-DMA |/O devices
should be de-selected (disabled) using “AEN" signal to
inhibit I/0 device decoding of the memory address as an
erroneous device address.

(IOR)

1/0 Read: An active-low, bi-directional three-state line. In
the “slave” mode, it is an input which allows the 8-bit
status register or the upper/lower byte of a 16-bit DMA
address register or terminal count register to be read. In
the “master” mode, I/OR is a control output which is used
to access data from a peripheral during the DMA write
cycle.

(IIOW)

/O Write: An active-low, bi-directional three-state line. In
the ““slave” mode. it is an input which allows the contents
of the data bus to be loaded into the 8-bit mode set register
or the upper/lower byte of a 16-bit DMA address register
or terminal count register. In the “master” mode, I/OWisa
control output which allows data to be output to a
peripheral during a DMA read cycle.

(CLK)

Clock Input: Generally from an Intel® 8224 Clock Generator
device. (¢2 TTL) or intel ® 8085AH CLK output.

(RESET)

Reset: An asynchronous input (generally from an 8224
or 8085 device) which disables all DMA channels by
clearing the mode register and 3-states all control lines.
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Address Lines: These least significant four address lines
are bi-directional. In the “slave” mode they are inputs
which select one of the registers to be read or
programmed. In the “master” mode, they are outputs
which constitute the least significant four bits of the 16-bit
memory address generated by the 8257.

(cs)

Chip Select: An active-low input which enables the 1/0
Read or I/0 Write input when the 8257 is being read or
programmed in the “slave” mode. In the “master” mode,

CS is automatically disabled to prevent the chip from
selecting itself while performing the DMA function.

4. Control Logic

This block controls the sequence of operations during all
DMA cycles by generating the appropriate control signals
and the 16-bit address that specifies the memory location
to be accessed.

o
cHo  fe—oROO
16
o <-_L\.»> DATA <::> 8
BUS E—
)0, ADDR
BUFFER o] CNTR }— GRERD
1 p—orat
16
BIT
ADDR
CNTR |—e GRCK 1
I
cn2 fe—oRG2
1
air
ADOR
CNTR GATR 2
—J
cn3  |+—DRQ1
16
BIT
ADDR
ACK
contRoL CNTR | GACKS
LoGIC
READY o~
MODE
WRQ =——f  SET
oA — = REC L] erioriTy
s 5 RESOLVER
WEMW +—Of
AEN ———
AosTe INTERNAL
ppe— | LJsevs
MARK

Figure 5. 8257 Block Diagram Showing
Read/Write Logic Function
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(Ag-A7)

Address Lines: These four address lines are three-state
outputs which constitute bits 4 through 7 of the 16-bit
memory address generated by the 8257 during all DMA
cycles.

(READY)

Ready: This asynchronous input is used to elongate the
memory read and write cycles in the 8257 with wait
states if the selected memory requires longer cycles.
READY must conform to specified setup and hold
times.

(HRQ)

Hold Request: This output requests control of the
system bus. In systems with only one 8257, HRQ will
normally be applied to the HOLD input on the CPU. HRQ
must conform to specified setup and hold times.

(HLDA)

Hold Acknowledge: This input from the CPU indicates that
the 8257 has acquired control of the system bus. HLDA must
remain stable during the specified set-up time.

(MEMR)

Memory Read: This active-low three-state output is used
to read data from the addressed memory location during
DMA Read cycles.

(MEMW)

Memory Write: This active-low three-state output is used
to write data into the addressed memory location during
DMA Write cycles.

(ADSTB)

Address Strdbe:,This output strobes the most significant
byte of the memory address into the latch device from the
data bus.

(AEN)

Address Enable: This output is used to disable (float) the
System Data Bus and the System Control Bus. It may also
be used to disable (float) the System Address Bus by use
of an enable on the Address Bus drivers in systems to
inhibit non-DMA devices from responding during DMA
cycles. It may be further used to isolate the 8257 data bus
from the System Data Bus to facilitate the transfer of the 8
most significant DMA address bits over the 8257 data I/0
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
in an /0 device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an I/O device when the DMA address is on the

- address bus. The 1/0 device selection should be
determined by the DMA acknowledge outputs for the 4
channels.

(TC)

Terminal Count: This output notifies the currently
selected peripheral that the present DMA cycle should be
the last cycle for this data block. If the TC STOP bit in the
Mode Set register is set, the selected channel will be
automatically disabled at the end of that DMA cycle. TCis
activated when the 14-bit value in the selected channel's
terminal count register equals zero. Recall that the low-
order 14-bits of the terminal count register should be
loaded with the values (n-1), where n =the desired number
of the DMA cycles.

(MARK)

Modulo 128 Mark: This output notifies the selected
peripheral that the current DMA cycle is the 128th cycle
since the previous MARK output. MARK always occurs at
128 (and all multiples of 128) cycles from the end of the
data block. Only if the total number of DMA cycles (n) is
evenly divisable by 128 (and the terminal count register
was loaded with n-1), will MARK occur at 128 (and each
succeeding multiple of 128) cycles from the beginning of
the data block.
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5. Mode Set Register

When set, the various bits in the Mode Set register enable
each of the four DMA channels, and allow four different
options for the 8257:

7 6 5 4 3 2 0
!

Enables AUTOLOAD Enables DMA Channel 0
Enables TC STOP
Enables EXTENDED WRITE

Enables DMA Channel 1
Enables ROTATING PRIORITY -———/

Enables DMA Channel 2
~—-——— -~ Enables DMA Channel 3

The Mode Set register is normally programmed by the
CPU after the DMA address register(s) and terminal
count register(s) are initialized. The Mode Set Register is
cleared by the RESET input, thus disabling all options,
inhibiting all channels, and preventing bus conflicts on
power-up. A channel should not be left enabled unless its
DMA address and terminal count registers contain valid
values; otherwise, an inadvertent DMA request (DRQn)
from a peripheral could initiate a DMA cycle that would
destroy memory data.

The various options which can be enabled by bits in the
Mode Set register are explained below:

Rotating Priority Bit 4

In the Rotating Priority Mode, the priority of the channels
has a circular sequence. After each DMA cycle. the
priority of each channel changes. The channel which had
just been serviced will have the lowest priority.

If the ROTATING PRIORITY bit is not set (set to a zero),
each DMA channel has a fixed priority. in the fixed priority
mode, Channel 0 has the highest priority and Channel 3
has the lowest priority. If the ROTATING PRIORITY bit is
set to a one, the priority of each channel changes after
each DMA cycle (not each DMA request). Each channel
moves up to the next highest priority assignment, while
the channel which has just been serviced moves to the
lowest priority assignment:

CHANNEL— | CH-0|CH-1|CH-2 |CH-3|
JUST SERVICED

Priority —»
Assignments

Highest CH-1|CH-2/CH-3 |CH-0
CH-2|CH-3|CH-0 |CH-1
CH-3|CH-0|CH-1|CH-2

Lowest CH-0|CH-1/CH-2 |CH-3|

Note that rotating priority will prevent any one channel
from monopolizing the DMA mode; consecutive DMA
cycles will service different channels if more than one
channel is enabled and requesting service. There is no
overhead penalty associated with this mode of opera-
tion. All DMA operations began with Channel 0 initially
assigned to the highest priority for the first DMA cycle.

Extended Write Bit 5

I1f the EXTENDED WRITE bitis set, the duration of both the
MEMW and I/OW signals is extended by activating them
earlier in the DMA cycle. Data transfers within micro-
computer systems proceed asynchronously to allow
use of various types of memory and I/0O devices with
ditferent access times. If a device cannot be accessed
within a specific amount of time it returns a "not ready”
indication to the 8257 that causes the 8257 to insert one or
more wait states in its internal sequencing. Some devices
are fast enough to be accessed without the use of wait
states, but if they generate their READY response with the
leading edge of the I/OW or MEMW signal (which
generally occurs late in the transfer sequence), they
would normally cause the 8257 to enter a wait state
because it does not receive READY in time. For systems
with these types of devices, the Extended Write option
provides alternative timing for the I/0 and memory write
signals which allows the devices to return an early READY
and prevents the unnecessary occurrence of wait states in
the 8257, thus increasing system throughput.

TC Stop Bit 6

If the TC STOP bit is set, a channel is disabled (i.e, its
enable bit is reset) after the Terminal Count (TC) output
goes true, thus automatically preventing further DMA
operation on that channel. The enable bit for that channel
must be re-programmed to continue or begin another
DMA operation. If the TC STOP bit is not set, the
occurrence of the TC output has no effect on the channel
enable bits. In this case, itis generally the responsibility of
the peripheral to cease DMA requests in order to terminate
a DMA operation.

Auto Load Bit 7

The Auto Load mode permits Channel 2 to be used for
repeat block or block chaining operations, without
immediate software intervention between blocks. Chan-
nel 2 registers are initialized as usual for the first data
block; Channel 3 registers, however, are used to store the
block re-initialization parameters (DMA starting address,
terminal count and DMA transfer mode). After the first
block of DMA cycles is executed by Channel 2 (i.e., after
the TC output goes true), the parameters stored in the
Channel 3 registers are transferred to Channel 2during an
“update” cycie. Note that the TC STOP feature, described
above, has no effect on Channel 2 when the Auto Load bit
is set.
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If the Auto Load bit is set, the initial parameters for
Channel 2 are automatically duplicated in the Channel 3
registers when Channel 2 is programmed. This permits
repeat block operations to be set up with the programming
of a single channel. Repeat block operations can be used
in applications such as CRT refreshing. Channels 2and 3
can still be loaded with separate values if Channel 2 is
loaded before loading Channel 3. Note that in the Auto
Load mode, Channel 3 is still available to the user if the
Channel 3 enable bit is set, but use of this channel will
change the values to be auto loaded into Channel 2 at
update time. All that is necessary to use the Auto Load
feature for chaining operations is to reload Channel 3
registers at the conclusion of each update cycle with the
new parameters for the next data block transfer.

Each time that the 8257 enters an update cycle, the update
flag in the status'register is set and parameters in Channel
3 are transferred to Channel 2, non-destructively for
Channel 3. The actual re-initialization of Channei 2 occurs
at the beginning of the next channel 2 DMA cycle after the
TC cycle. This will be the first DMA cycle of the new data
block for Channel 2. The update flag is cleared at the
conclusion of this DMA cycle. For chaining operations,
the update flag in the status register can be monitored by
the CPU to determine when the re-initialization process
has been completed so that the next block parameters can
be safely loaded into Channe! 3.

6. Status Register

The eight-bit status register indicates which channels
have reached a terminal count condition and includes the
update flag described previously.

7 6 5 4 3 2 1 O
Cledel T 111
TC STATUS FOR CHANNEL 0
~——TC STATUS FOR CHANNEL 1
TC STATUS FOR CHANNEL 2
TC STATUS FOR CHANNEL 3

UPDATE FLAG

The TC status bits are set when the Terminal Count (TC)
output is activated for that channel. These bits remain set
until the status register is read or the 8257 is reset. The
UPDATE FLAG, however, is not affected by a status
register read operation. The UPDATE FLAG can be
cleared by resetting the 8257, by changing to the non-auto
load mode (i.e., by resetting the AUTO LOAD bit in the
Mode Set register) or it can be left to clear itself at the
completion of the updaté cycle. The purpose of the
UPDATE FLAG is to prevent the CPU from inadvertently
skipping a data block by overwriting a starting address or
terminal count in the Channel 3 registers before those
parameters are properly auto-loaded into Channel 2.

.

The user is cautioned against reading the TC status
register and using this information to reenable chan-
nels that have not completed operation. Unless the
DMA channels are inhibited a channel could reach ter-
minal count (TC) between the status read and the mode
write. DMA can be inhibited by a hardware gate on the
HRQ line or by disabling channels with a mode word
before reading the TC status.

] PARAMETERS - PARA“EYERS
FOR BLOCK 1 FOR BLOCK 2 |~

1/0 WRITE Illlllll Ill'llll

CHANNEL 2 UPDATE
OCCURS NERE

PARAMETERS
~lrorBLOCK 3 —=|ETe— -
CHANNEL 2 UPDATE

DRQ 2 \
je——— DATA BLOCK 1 \ DATA BLOCK 2 onn BLOCK 3 ~+
TC / I
UPDATE FLAG [ |/ [ ] /

Figure 7. Autoload Timing
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OPERATIONAL SUMMARY

Programming and Reading the 8257 Registers

There are four pairs of “channel registers”. each pair
consisting of a 16-bit DMA address register and a 16-bit
terminal count register (one pair for each channel). The
8257 also includes two “general registers”: one 8-bit
Mode Set register and one 8-bit Status register. The
registers are loaded or read when the CPU executes a
write or read instruction that addresses the 8257 device
and the appropriate register within the 8257. The 8228
generates the appropriate read or write control signal
(generally i/OR or I/OW while the CPU places a 16-bit
address on the system address bus, and either outputs the
data to be written onto the system data bus or accepts the
data being read from the data bus. All or some of the most
significant 12 address bits As-A;s (depending on the
systems memory, 1/0 configuration) are usually decoded
to produce the chip select (C—S) input to the 8257. An I/O
Write input (or Memory Write in memory mapped /0
configurations, described below) specifies that the
addressed register is to be programmed, while an 1/O
Read input (or Memory Read) specifies that the addressed
register is to be read. Address bit 3 specifies whether a
“channel register” (A; = 0) or the Mode Set (program
only)/Status (read only) register (A3;=1) isto be accessed.

The least significant three address bits, A¢-A;, indicate the
specific register to be accessed. When accessing the
Mode Set or Status register, Ao-A; are all zero. When
accessing a channel register bit A, differentiates between
the DMA address register (Ag = 0) and the terminai count
register (Ag = 1), while bits A; and A, specify one of the

8257 Register Selection

CONTROL INPUT cs 1/OW I/OR A3

Program Half of a 0 0 1 0
Channel Register

Read Half of a 0 1 0 0
Channel Register

Program Mode Set o 0 1 1
Register

Read Status Register 0 1 1] 1

four channels. Because the “channel registers” are 16-
bits, two program instruction cycles are required to load
or read an entire register. The 8257 contains a first/last
(F/L) flip flop which toggles at the completion of each
channel program or read operation. The F/L flip flop
determines whether the upper or lower byte of the register
is tc be accessed. The F/L flip flop is reset by the RESET
input and whenever the Mode Set register is loaded. To
maintain proper synchronization when accessing the
“channel registers” all channel command instruction
operations should occur in pairs, with the lower byte of a
register always being accessed first. Do not allow CS to
clock while either I/OR or I/OW is active, as this will cause
an erroneous F/L flip flop state. In systems utilizing an
interrupt structure, interrupts should be disabled prior to
any paired programming operations to prevent an
interrupt from splitting them. The result of such a split
would leave the F/L F/F inthe wrong state. This problem is
particularly obvious when other DMA channels are
programmed by an interrupt structure.

ADDRESS INPUTS *BI-DIRECTIONAL DATA BUS
REGISTER BYTE F/L
Gis Az | A2 | A | A D; | Dg | Ds | Dg | D3 | D2 | Dy | Do
CH-0 DMA Address LsB 0 0 (1] 0 0 A7 Ag As Ay Az | A2 Aq Ag
MSB 0 0 0 0 1 Ats | Ata | A3 | A2 A1 | Ao | Ag | Ag
CH-0 Terminal Count LSB 0 0 0 1 0 C7 | C | G| Ca| C3| Ca| C | Co
MSB 0 0 0 1 1 Rd | Wr | Cy3| C12| C11|Cio| Co | Cg
CH-1 DMA Address LsB 0 0 1 0 0
mMSB 0 ° 1 0 1 Same as Channel 0
CH-1 Terminal Count Ls8 0 0 1 1 0
MSB 0 4] 1 1 1
CH-2 DMA Address LSB 1] 1 0 ] 0
MSB 0 1 0 0 1 Same as Channel 0
CH-2 Terminal Count LSB ] 1 0 1 0
MSB ] 1 0 1 1
CH-3 DMA Address LSB 0 1 1 0 0
MSB 0 i 1 0 1 Same as Channel 0
CH-3 Terminal Count ’ LSB 0 1 1 1 0
MSB ] 1 1 1 1
MODE SET (Program only) — 1 0 0 1] 0 AL |TCS| EW | RP | EN3 |EN2 |EN1 |ENO
STATUS (Read only) - 1 0 0 0 0 0 0 ] UP | TC3|TC2|TC1 |TCO

*Ag-A15: DMA Starting Address, Cg-C13: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (61 )yor Read (10) cycle selection,
AL:Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK, UP: UPDATE

FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS.
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RESET

SAMPLE DRQn LINES
SET HRQ IF DRQn = 1

lDROn

S0 J—
SAMPLE HLDA HLDA
RESOLVE DRQn PRIORITIES

lHLDA L——————

st
PRESENT AND LATCH
UPPER ADDRESS
PRESENT LOWER ADDRESS

;

S2 )
ACTIVATE READ COMMAND
ADVANCED WRITE COMMAND
AND DACKn

READY W
ACTIVATE WRITE COMMAND VERIEY M READY
ACTIVATE MARK AND TC VER SRAEADLVE
IF APPROPRIATE LINE

lREADV + VERIFY

] READY
RESET ENABLE FOR CHANNEL N IF {
TC STOP AND TC ARE ACTIVE
DEACTIVATE COMMANDS.
DEACTIVATE DACKn, MARK AND TO.
SAMPLE DRQn AND HLDA
RESOLVE DRQn PRIORITIES.
RESET HRQ IF HLDOA = 00OR DRQ = 0.

DRQn  HLDA

lHLDA + DRan

1 DRQn REFERS TO ANY DRQ LINE ON AN ENABLED DMA CHANNEL.

Figure 8. DMA Operation State Diagram

DMA OPERATION
Single Byte Transfers

A single byte transfer is initiated by the /0O device rais-
ing the DRQ line of one channel of the 8257. If the chan-
nel is enabled, the 8257 will output a HRQ to the CPU.
The 8257 now waits until a HLDA is received insuring
that the system bus is free for its use. Once HLDA is
received the DACK line for the requesting channel is ac-
tivated (LOW). The DACK line acts as a chip select for

the requesting /O device. The 8257 then generates the .

read and write commands and byte transfer occurs be-
tween the selected /O device and memory. After the
transfer is complete, the DACK line is set HIGH and the
HRQ line is set LOW to indicate to the CPU that the bus
is now free for use. DRQ must remain HIGH until DACK
is issued to be recognized and must go LOW before S4
of the transfer sequence to prevent another transfer
from occuring. (See timing diagram.)

C tive Transfers

If more than one channel requests service simultaneous-
ly, the transfer will occur in the same way a burst does.
No overhead is incurred by switching from one channel
to another. in each S4 the DRQ lines are sampled and
the highest priority request is recognized during the
next transfer. A burst mode transfer in a lower priority
channel will be overridden by a higher priority request.
Once the high priority transfer has completed control
will return to the lower priority channel if its DRQ is stili
active. No extra cycles are needed to execute this se-
quence and the HRQ line remains active until all DRQ
lines go LOW.

Control Override

The continuous DMA transfer mode described above
can be interrupted by an external device by lowering the
HLDA line. After each DMA transfer the 8257 samples
the HLDA line to insure that it is still active. If it is not

- active, the 8257 completes the current transfer, releases

the HRQ line (LOW) and returns to the idle state. If DRQ
lines are still active the 8257 will raise the HRQ line in
the third cycie and proceed normally. (See timing
diagram.) '

Not Ready

The 8257 has a Ready input similar to the 8080A and the
8085AH. The Ready line is a sampled in State 3. If Ready is
LOW the 8257 enters a wait state. Ready is sampled during
every wait state. When Ready returns HIGH the 8257
proceeds to State 4 to complete the transfer. Ready is used to
interface memory of I/0O devices that cannot meet the bus set
up times required by the 8257.

Speed

The 8257 uses four clock cycles to transfer a byte of
data. No cycles are lost in the master to master transfer
maximizing bus efficiency. A 2MHz clock input will
allow the 8257 to transfer at a rate of 500K bytes/second.

Memory Mapped /O Configurations

The 8257 can be connected to the system bus as amemory
device instead of as an I/0 device for memory mapped 170
configurations by connecting the system memory control
lines to the 8257's 1/0 control lines and the system 1/0O
control lines to the 8257's memory control lines.

This configuration permits use of the 8080's considerably
larger repertoire of memory instructions when reading or
loading the 8257's registers. Note that with this
connection, the programming of the Read (bit 15) and
Write (bit 14) bits in the terminal count register will have a
different meaning:
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BIT 15 BIT 14
WMEMRD p———————e— IO RD READ WRITE

8257 MEMWR f—————————=——— IO WR 0 0 DMA Verify Cycle

170 RD MEM RD 0 1 DMA Read Cycle

70 WR MEM WR 1 0 DMA Write Cycle

1 1 llegal
Figure 9. System Interface for Memory Figure 10. TC Register for Memory Mapped
Mapped I/0 1/0 Only

SYSTEM APPLICATION EXAMPLES

& N ADDRESS BUS S
% | L[
R CONTROL BUS \
B A (i N —
g DATA BUS l W
DRQ 0 DISK 1
DACKO by 4 SVRSII;M
iﬁ; D‘:‘Z:: - il—sx: ] MEMORY
8212 DRQ 2
DACK 2 Disk3
DRQ3fe——— — T T T T T T
DACK 3 DISK 4
DMA CONTROLLER
Figure 11. Floppy Disk Controller (4 Drives)
& ADDRESS BUS j
CONTROL BUS S
S DATA BUS 5
8257 oRa SYSTEM
8251
:2"11[; DACK USART M:n:gnv

MODEM

TELEPHONE
LINES

Figure 12. High-Speed Communication Controller
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

.8 C_ =150 pF

2.4
2.0 20 DEVICE
> TEST POINTS < "?E"sEr" _a-l
0.8 0.
0.45

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “17 AND 0.45V FOR
A LOGIC “0.” TIMING Mt ASUREMENTS ARE MADE AT 2.0V FOR A LOGIC !
AND 0.8V FOR A LOGIC: 0

Cy INCLUDES JIG CAPACITANCE

Tracking Parameters

Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow similar
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but the
relationship between all these parameters is constant. The variation is less than or equal to 50 ns.

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

and only minimum specifications exist for Ty and Tg. If Tamn) is used, and if T and Tg are tracking parameters,
Temax) can be taken as Tgpwn) + 50 ns.

Taminy + (Taminy* + 50 ns) < 150 ns
‘it Tp and Tg are tracking parameters

WAVEFORMS—PERIPHERAL MODE

WRITE
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Vec ;
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WAVEFORMS—DMA

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE
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WAVEFORMS (Continued)

CONTROL OVERRIDE SEQUENCE
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Figure 13. Detailed System Interface Schematic
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ABSOLUTE MAXIMUM RATINGS*

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

With Respect to Ground .............. —0.5V to +7V

Power Dissipation

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

D.C. CHARACTERISTICS (8257: Tp = 0°C to 70°C, V¢ = 5.0V £5%, GND = 0V)
(8257-5: Tp = 0°C to 70°C, Vg = 5.0V £10%, GND = 0V)
Symbol Parameter Min. Max. Unit | Test Conditions
ViL Input Low Voltage -0.5 0.8 Volts
ViH Input High Voltage 2.0 Vec+.5 Volts
VoL Output Low Voltage 0.45 Volts | loL =1.6 mA
Vor Output High Voltage 2.4 Vee Volts | lon=-150uA for AB,
DB and AEN
lo=-80uA for others
VHH HRQ Output High Voltage 3.3 Vee Volts | lgpn = -80uA
lec Ve Current Drain 120 mA
e Input Leakage +10 pA | OV.sVN<Vce
lorL Output Leakage During Float +10 uA | 0.45V < Voyt < Ve
CAPACITANCE (15 = 25°C; Vgc = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit | Test Conditions
Cin Input Capacitance 10 pF fc= 1MHz
Ci/o 1/0 Capacitance 20 pF Unmeasured pins
returned to GND
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE
(8257: Tp = 0°C to 70°C, Ve = 5.0V +5%, GND = 0V)

(8257-5: Tp = 0°C to 70°C, Vg = 5.0V £10%, GND = 0V)

8080 Bus Parameters

READ CYCLE
8257 8257-5
Symbol Parameter Min. Max Min Max. | Unit Test Conditions
TAR Adr or CS! Setup to RD{ 0 ns
TrA Adr or CSt Hold from RD*t 0 ns
TrO Data Access from RD 0 300 220 ns
Tor DB—Float Delay from RD*t 20 150 20 120 ns
TrR RD Width 250 250 ns
WRITE CYCLE
8257 8257-5
Symbol Parameter Min. Max Min. Max Unit Test Conditions
Taw Adr Setup to WR 20 20 ns
Twa Adr Hold from WR?1 0 0] ns
Tow Data Setup to WR1 200 200 ns
Two Data Hold from WR1 10 10 ns
Tww WR Width 200 200 ns
OTHER TIMING
8257 8257-5
Symboi Parameter Min Max Min Max Unit Test Conditions
TRsTw | Reset Pulse Width 300 300 ns
TRsTD Power Supply! (Vcc) Setup to Reset!d 500 500 us
T, Signal Rise Time 20 20 ns
Ts Signal Fall Time 20 20 ns i
TRsTS Reset to First /OWR 2 2 tey
A.C. CHARACTERISTICS—DMA (MASTER) MODE
(8257: Tp = 0°C to 70°C, Vg = 5.0V £5%, GND = 0V)
(8257-5: Tp = 0°C to 70°C, Vg = 5.0V £10%, GND = 0V)
TIMING REQUIREMENTS
8257 8257-5
Symbol Parameter Unit
Min. Max. Min. Max.
Teoy Cycle Time (Period) 0.320 4 0.320 4 us
Ty Clock Active (High) 120 8Ty 80 8Ty ns
Tas DRQ! Setup to CLK! (SI, S4) 120 120 ns
TaH DRQ! Hold from HLDA1™M 0 0 ns
Tus HLDA' or |Setup to CLKI(SI, S4)[7] 100 280 100 280 ns
Tgrs READY Setup Time to CLK!(S3, Sw) 30 30 ns
TrRH READY Hold Time from CLK1(S3, Sw) 30 30 ns
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A.C. CHARACTERISTICS—DMA (MASTER) MODE
(8257: Tp = 0°C to 70°C, Ve = 5.0V +5%, GND = 0V)
(8257-5: Tp = 0°C to 70°C, V¢ = 5.0V £10%, GND = 0V)

TIMING RESPONSES

Symbol Parameter 8257 82675 Unit
Min. Max. Min. Max.

Toa | il Dey e 1 8159 |
Toor | (measecatsova o SY 250 250 | ns
TAEL AEN{? Delay from CLK| (S1) 300 300 ns
TAET AEN| Delay from CLK? (SI) 200 200 ns
TAEA Adr (AB) (Active) Delay from AEN? (1)) 20 20 ns
TEAAB Adr (AB) (Active) Delay from CLK{ (S1)2! 250 250 ns
TAFAB | Adr (AB) (Float) Delay from CLK? (SI){2! 150 150 ns
Tasm Adr (AB) (Stable) Delay from CLK? (S1)l2! 250 250 ns
TaH Adr (AB) (Stable) Hold from CLK{ (S1)?! Tasm—50 Tasm—50 ns
TAHR Adr (AB) (Valid) Hold from RD? (s1, spi'! | 60 60 ns
TAHW Adr (AB) (Valid) Hold from Wrf (81, S)t"] 300 300 ns
TeADB Adr (DB) (Active) Delay from CLK?} (S1)[2] 300 300 ns
TaFDB | Adr (DB) (Float) Delay from CLKY (S2)12) TgTT+20 250 TgTT+20 170 ns
Tass Adr (DB) Setup to Adr Stb | (81-82)[1] 100 100 ns
TaHs Adr (DB) (Valid) Hold from Adr Stb} (S2)l"] 20 20 ns
TsTL Adr Stbf Delay from CLK?! (S1) 200 200 ns
TsTT Adr Stb| Delay from CLK?! (S2) 140 140 ns
Tsw Adr Stb Width (S1-S2)l"! 1 Tey—100 Tcy—100 ns
Tasc Rdl or Wr(Ext)| Delay from Adr Stb)

(s2)M 25 25 ns
Tosc (F::l[)ia(:; ggﬁlxt)i Delay from Adr (DB) 10 “10 ns

DACK? or |Delay from CLK| (S2, S1) and
Tak TC/Mark? Delay from CLK? (S3) and 250 250 ns

TC/Mark| Delay from CLK? (S4)[4]
Too, | oot gnAWEx) Dl ey 1K1 (2)nd 00 | e
|
TeaC | Rd orWr (Active) from CLK? (S1)12! 300 300 ns
TAFC Rd or Wr (Float) from CLK? (S1)12) 150 150 ns
TRWM Rd Width (52-S1 or s\ 2Tgy +Tg-50 2Ty +Tg—50 ns
Twwm | WrWidth (S3-S4)11) Tey—50 Tcy-50 ns
TwwMme | WR(Ext) Width (52-54) "] 2Tcy —50 2Tcy ~50 ns
NOTES:
1. Tracking Parameter. 3. Load =Vpy = 3.3V. 5. ATpcL <50 ns.
2. Load = + 50 pF 4. ATak <50 ns. 6. ATpct < 50 ns.

7. HLDA must remain stable during tygs.
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8259A/8259A-2/8259A-8
PROGRAMMABLE INTERRUPT CONTROLLER

m iAPX 86, iAPX 88 Compatible = Individual Request Mask Capability
= MCS-80®, MCS-85® Compatible = Single + 5V Supply (No Clocks)

m Eight-Level Priority Controller = 28-Pin Dual-in-Line Package

= Expandable to 64 Levels s Available in EXPRESS

- Standard Temperature Range
- Extended Temperature Range
The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is

cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has
several modes, permitting optimization for a variety of system requirements.

= Programmable Interrupt Modes

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

i
DATA —N CONTROL LOGIC
D;-D, 8US
BUFFER
—1 - U
i I T s 28 [Jve
| —
4 WR Ij 2 27 A
T RO(]{3 26 [ 1INTA
fT 1 1 lﬁ 0,4 25 [J1R7
— le— 1RO 5 a [JIR
RD —d} e 0e O} 2a[]1R6
Wi ——wd  READ/ - o;(]s 23] IRs
j=——1R2
WRITE |4 IN . JnTERRUPT 0,007 2[0Rae
LOGIC SERVICE PRIORITY | /*-| REQUEST [*-—IR3 . 8259A
Ay - REG RESOLVERI\ | REG fe—iRa o, s 21[1IRr3
{ISR) (IRR)
< IRS 0,9 20 [11R2
T <—IR6
cs j—1R7 o, w0 19 3R
o, O 18 [J 1RO
caso ] 12 17 [JINT
AS 1 SP/EN
CASQ «+—= N INTERRUPT MASK REG casijs 16 [ SP/ER
CASCADE (IMR) GnD (e 15 [JcAs2
CAS1 =—=1 BUFFER/ |=—
COMPARATGR
CAS 2 ==
SP/EN o—? \ INTERNAL BUS
NS
Figure 1. Block Diagram Figure 2. Pin Configuration
Intel Corp. ion A NoR ibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.
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Table 1. Pin Description

Symbol Pin No. | Type Name and Function

Vee 28 | Supply: +5V Supply.

GND 14 1 Ground.

cs 1 I | Chip Select: Alow on this pin enables RD and WR communication between the CPU and the 8259A.
INTA functions are independent of CS.

WR | Write: Alow onthis pin when CSislow enables the 8259A to accept command words from the CPU.

RD 3 I Read: Alow on this pin when CSis low enables the 8259A to release status onto the data bus for the
CPU.

D7-Dg 4-11 /0 | Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus.

CASp-CAS; | 12,13,15| /O | Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These
pins are outputs for a master 8259A and inputs for a slave 8259A.

SP/EN 16 /O | Slave Program/Enable Buffer: Thisis a dual function pin. When in the Buffered Mode it can be used
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input
to designate a master (SP = 1) or slave (SP = 0).

INT 17 o Interrupt: This pin goes high whenever avalid interrupt request is asserted. It is used to interrupt the
CPU, thus it is connected to the CPU’s interrupt pin.

IRg—-IR7 18-25 | Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high
level on an IR input (Level Triggered Mode).

INTA 26 | Interrupt Acknowledge: This pinis used to enable 8259A interrupt-vector data onto the data bus by
a sequence of interrupt acknowledge pulses issued by the CPU.

Ao 27 | | AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A

to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically
connected to the CPU AO address line (A1 for iAPX 86, 88).
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FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systems

Microcomputer system design requires that I/O devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect “‘ask” each
one if it needs servicing. It is easy to see that a large por-
tion of the main program is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental effect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost effectiveness
of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program
and only stop to service peripheral devices when it is
told to do so by the device itself. In effect, the method
would provide an external asynchronous input that
would inform the processor that it should complete
whatever instruction that is currently being executed
and fetch a new routine that will service the requesting
device. Once this servicing is complete, however, the
processor would resume exactly where it left off.

This method is called Interrupt. It is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains
whether the incoming request has a higher priority value
than the level currently being serviced, and issues an
interrupt to the CPU based on this determination.

Each peripheral device or structure usually has a special
program or ‘“‘routine” that is associated with its specific
functional or operational requirements; this is referred
to as a “service routine”. The PIC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can “point” the Program Counter to the
service routine associated with the requesting device.
This “‘pointer” is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

The 8259A

The 8259A is a device specifically designed for use in
real time, interrupt driven microcomputer systems. It
manages eight levels or requests and has built-in fea-
tures for expandability to other 8259A’s (up to 64 levels).
It is programmed by the system'’s software as an 1/O
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

match his system requirements. The priority modes can
be changed or reconfigured dynamically at any time dur-
ing the main program. This means that the complete
interrupt structure can be defined as required, based on
the total system environment.

CPU-DRIVEN
MULTIPLEXOR
crPu

—_—— -
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Figure 3a. Polled Method
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Figure 3b. Interrupt Method
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INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handied by two
registers in cascade, the Interrupt Request Register
(IRR) and the In-Service Register (ISR). The IRR is used
to store all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt levels
which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits set
in the IRR. The highest priority is selected and strobed
into the corresponding bit of the ISR during INTA pulse.

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt lines
to be masked. The IMR operates on the IRR. Masking of
a higher priority input will' not affect the interrupt
request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The
Vou level on this line is designed to be fully compatible
with the 8080A, 8085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (uPM) of the 8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization Com-
mand Word (ICW) registers and Operation Command
Word (OCW) registers which store the various control
formats for device operation. This function block also
allows the status of the 8259A to be transferred onto the
Data Bus.

CS (CHIP SELECT) .

A LOW on this input enables the 8259A. No reading or
writing of the chip will occur unless the device is
selected.

WR (WRITE)

A LOW on this input enables the CPU to write controi
words (ICWs and OCWs) to the 8259A.

RD (READ)

A LOW on this input enables the 8259A to send the
status of the Interrupt Request Register (IRR), In Service
Register (ISR), the interrupt Mask Register (IMR), or the
interrupt level onto the Data Bus.
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Figure 4b. 8259A Block Diagram

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the ad-
dress lines.
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THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of all
8259A’s used in the system. The associated three /O
pins (CAS0-2) are outputs when the 8259A is used as a
master and are inputs when the 8259A is used as a
slave. As a master, the 8259A sends the ID of the inter-
rupting slave device onto the CAS0-2 lines. The siave
thus selected will send its preprogrammed subroutine
address onto the Data Bus during the next one or two
consecutive INTA pulses. (See section “Cascading the
8259A")

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter allows direct or indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1.0ne or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the corresponding IRR
bit(s).

2. The 8259A evaluates these requests, and sends an
INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds with an
INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The 8259A will also release a CALL in-
struction code (11001101) onto the 8-bit Data Bus
through its D7-0 pins.

5. This CALL instruction will initiate two more INTA

pulses to be sent to the 8259A from the CPU group.

. These two INTA pulses allow the 8259A to release its

preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and and the higher 8-bit address is re-
leased at the second INTA pulse.

7. This completes the 3-byte CALL instruction released
by the 8259A. In the AEOI mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EQOl command is
issued at the end of the interrupt sequence.

o2

The events occurring in an iAPX 86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the high-
est priority ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not drive the Data Bus
during this cycle.

5. The iAPX 86/10 will initiate a second INTA pulse.
During this pulse, the 8259A releases an 8-bit pointer
onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI mode
the ISR bit is reset at the end of the second INTA
pulse. Otherwise, the ISR bit remains set until an
appropriate EOl command is issued at the end of the
interrupt subroutine.
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If no interrupt request is present at step 4 of either
sequence (i.e., the request was too short in duration) the
8259A will issue an interrupt level 7. Both the vectoring
bytes and the CAS lines will look like an interrupt level 7
was requested.
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INTERRUPT SEQUENCE OUTPUTS
MCS-80®, MCS-85®

This sequence is timed by three INTA pulses. During the
first INTA puise the CALL opcode is enabled onto the
data bus.

Content of First Interrupt
Vector Byte

D7 Dé DS D4 D3 D2 D1 DO

CALL CODE [ 1 1 0 0 1 1 0 1 —!

During the second INTA pulse the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits As-A; are programmed, while Ay~
A4 are automatically inserted by the 8259A. When Inter-
val =8 only Ag and A; are programmed, while Ay-Ag are
automatically inserted.

Content of Second Interrupt

Vector Byte

IR interval = 4

D7 D6 D5 D4 D3 D2 D1 DO
7 A7 A6 A5 1 1 1 0 0
6 A7 A6 A5 1 1 0 0 0
5 A7 A6 A5 1 0 1 0 0
4 A7 A6 A5 1 0 0 0 0
3 A7 A6 A5 0 1 1 0 0
2 A7 AB A5 0 1 0 0 0
1 A7 A6 A5 0 0 1 0 0
0 A7 A6 AS [ 0 0 0 0
IR interval =8

D7 D6 DS§ D4 D3 D2 D1 DO
7 A7 A6 1 1 1 0 0 0
6 A7 A6 1 1 0 0 0 0
5 A7 A6 1 0 1 0 0 0
4 A7 A6 1 0 0 0 0 0
3 A7 A6 0 1 1 0 ] 0
2 A7 A6 0 1 0 0 0 [}
1 A7 A6 0 0 1 0 0 0
0 A7 A6 0 0 0 0 0 0 B

During the third INTA puise the higher address of the
appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag—Ajg), is
enabled onto the bus.

Content of Third Interrupt
Vector Byte

D7 D8 D5 D4 DI D2 DI
[ a5 [ ata [ a3 [ a2 [ ann [ a0 [ ao | as |

iAPX 86, iAPX 88

iAPX 86 mode is similar to MCS-80 mode except that only
two Interrupt Acknowledge cycles are issued by the pro-
cessor and no CALL opcode is sent to the processor. The
first interrupt acknowledge cycle is similar to that of
MCS-80, 85 systems in that the 8259A uses it to internally
freeze the state of the interrupts for priority resolution and
as a master it issues the interrupt code on the cascade
lines at the end of the INTA pulse. On this first cycle it does

not issue any data to the processor and leaves its data bus
buffers disabled. On the second interrupt acknowledge
cycle in iAPX 86 mode the master (or slave if so pro-
grammed) will send a byte of data to the processor with
the acknowledged interrupt code composed as follows
(note the state of the ADI mode control is ignored and
Ag-Aq1 are unused in iAPX 86 mode):

Content of Interrupt Vector Byte
for iIAPX 86 System Mode

D7 D6 DS D4 D3
IR7 T7 T6 T5 T4 T3
IR6 T7 T6 5 T4 T3
IRS T7 T6 T5 T4 T3
IR4 T7 T6 15 T4 T3
IR3 T7 T6 15 T4 T3
IR2 17 T6 15 T4 T3
IR1 T7 T6 15 T4 T3
IRO T7 T6 15 T4 T3

o
N
o
-
o
(<]

ololo|lo|alalal~
oflofj=|afolo|=]|=
O|=|O|=|O|=|O|=

PROGRAMMING THE 8259A

The 8259A accepts two types of command words gener-
ated by the CPU:

-

. Initialization Command Words (ICWs): Before normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to
4 bytes timed by WR pulses.

n

. Operation Command Words (OCWs): These are the
command words which command the 8259A to oper-
ate in various interrupt modes. These modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polled mode

The OCWs can be written into the 8259A anytime after
initialization.

INITIALIZATION COMMAND WORDS

(ICWS)

GENERAL

Whenever a command is issued with AO=0 and D4=1,

this is interpreted as Initialization Command Word 1

(ICW1). ICW1 starts the initialization sequence during

which the following automatically occur.

a. The edge sense circuit is reset, which means that fol-
lowing initialization, an interrupt request (IR) input
must make a low-to-high transition to generate an
interrupt.

. The Interrupt Mask Register is cleared.

. IR7 input is assigned priority 7.

. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is set to
IRR.

. 1f IC4=0, then all functions selected in ICW4 are set to
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85
system).

®© Q0 T

-

*Note: Master/Slave in ICW4 is only used in the buffered mode.
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-Aqs: Page starting address of service routines. In an
MCS 80/85 system, the 8 request levels will generate
CALLs to 8 locations equally spaced in memory. These
can be programmed to be spaced at intervals of 4 or 8
memory locations, thus the 8 routines will occupy a
page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-A;5). When the
routine interval is 4, Ag-A4 are automatically inserted by
the 8259A, while As-Aq5 are programmed externally.
When the routine interval is 8, Ap-As are automatically
inserted by the 8259A, while Ag-A,5 are programmed
externally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval is best for a com-
pact jump table.

In an iAPX 86 system A15—A11 are inserted in the five most
significant bits of the vectoring byte and the 8259A sets
the three least significant bits according to the interrupt
level. Ajgp—As are ignored and ADI (Address interval) has
no effect.

LTIM: If LTIM=1, then the 8259A will operate in the
level interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

ADI:  CALL address interval. ADI =1 then interval = 4;
ADI =0 then interval = 8.

SNGL: Single. Means that this is the only 8259A in the
system. If SNGL=1 no ICW3 will be issued.

IC4: If this bit is set — ICW4 has to be read. If ICW4
is not needed, set IC4=0.

INITIALIZATION COMMAND WORD 3 (ICW3)

This word is read only when there is more than one
8259A in the system and cascading is used, in which
case SNGL=0. It will load the 8-bit slave register. The
functions of this register are:

a. Inthe master mode (either when SP = 1, or in buffered
mode when M/S=1 in ICW4) a “1” is set for each
slave in the system. The master then will release byte
1 of the call sequence (for MCS-80/85 system) and
will enable the corresponding slave to release bytes 2
and 3 (for iAPX 86 only byte 2) through the cascade
lines.

. In the slave mode (either when SP=0, or if BUF = 1
and M/S =0 in ICW4) bits 2-0 identify the slave. The
slave compares its cascade input with these bits and,
if they are equal, bytes 2 and 3 of the call sequence (or
just byte 2 for iAPX 86 are released by it on the Data
Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)

SFNM: If SFNM =1 the special fully nested mode is
programmed.

BUF: If BUF =1 the buffered mode is programmed. In
buffered mode SP/EN becomes an enable output
and the master/slave determination is by M/S.

M/S: If buffered mode is selected: M/S = 1 means the
8259A is programmed to be a master, M/S=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

AEO!: If AEOI=1 the automatic end of interrupt mode
is programmed.

uPM: Microprocessor mode: uPM = 0 sets the 8259A for
MCS-80, 85 system operation, uPM = 1 sets the
8259A for iAPX 86 system operation.

o

NO (SINGL = 1)

YES (SNGL = 0)

NO (IC4 = 0)

NEEDED

IS ICW4

YES (IC4 = 1)

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 6. Initialization Sequence
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1ow
%, 0 O O D D 0O D

DODOE

LHM] ADI lSNGL] !CA]

1 ICWA NEEDED
0= NO ICW4 NEEDED

1 = SINGLE
.0 = CASCADE MODE

CALL ADDRESS INTERVAL
1= INTERVAL OF 4
0= INTERVAL OF 8

1'= LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE

A;-Ag of INTERRUPT
VECTOR ADDRESS
(MCS-8085 MODE ONLY)

icw2

[ T A~ ]

I I D o

VECTOR ADDRESS
(MCS80/85 MODE)

T,-T, OF INTERRUPT

1CW3 IMASTER DEVICE) VECTOR ADDRESS

(8086 /8088 MODE)
A% 0, Dy O O 0, D, D

[T LEL ]

T I } l [ J J [ 1: 1R INPUT HAS A SLAVE
0 : iR INPUT DOES NOT HAVE

A SLAVE
1CW3 (SLAVE DEVICE)

a4 O, 0O O, D, D, b, D 0

[ ]elo]o]o]o]e]m]n]
SLAVE 1Di?
of1]2]3]4|5]6]|7
Ofjrjojr1jojrjoj1
0jojrjrjojojri
ojojojofrfv{rin

Ag D7 De Ds Da D3 D2 [o}] Do

o o]0 ISFNMIM

M/S IAEOII uPM I

1 = 8086/8088 MODE
0 = MCS-80/85 MODE

—]

1 AUTOEOI
0 = NORMAL EOI

X NON BUF FERED MODE
1 [] - BUFFERED MODE/SLAVE
i ~ BUFFERED MODE/MASTER

1 = SPECIAL FULLY NESTED
MODE

0 = NOT SPECIAL FULLY

NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING NESTED MODE

Figure 7. Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are pro-
grammed into the 8259A, the chip is ready to accept
interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

ocwi
A0 D7 D6 D5 D4 D3 D2 Dt DO
E [M7 M6 ms M4 M3 M2 M1 Mo
ocw2

[_T_] [R st 0 0 o 2 u w]

ocw3
[o] [0 esum sMm 0 1 P AR ms|

2-103

OPERATION CONTROL WORD 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M; — Mg represent the eight mask
bits. M=1 indicates the channel is masked
(inhibited), M = 0 indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SL, EOl — These three bits control the Rotate and
End of Interrupt modes and combinations of the two. A
chart of these combinations can be found on the Opera-
tion Command Word Format.

Ly, Ly, Lo—These bits determine the interrupt level acted
upon when the SL bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit is
set to 1 it enables the SMM bit to set or reset the Special
Mask Mode. When ESMM =0 the SMM bit becomes a
“don’t care’.

SMM — Special Mask Mode. If ESMM =1 and SMM =1
the 8259A will enter Special Mask Mode. If ESMM =1
and SMM = 0 the 8259A will revert to normal mask mode.
When ESMM = 0, SMM has no effect.
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ocwi
A'J DY DG

[FLEEREET]
TTTTITT]

ocwz

INTERRUPT MASK
1= MASK SET
0 = MASK RESET

A, D, D,

OROoDoo

o, D D

2
BED

IR LEVEL TO BE
ACTED Ul
of1}12{3lais5i6}7
oj1jofirjojrjo}
clofl 1{ofol 1
ofofofolvfr]rfn :
01 NON-SPECIFIC EOICOMMAND END OF INTERRUPT
of1] 'SPECIFIC EOI COMMAND
1101 ROTATE ON NON-SPECIFIC EOl COMMAND
110]0 ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION
ojofo ROTATE IN AUTOMATIC EOI MODE (CLEAR)
111411 *ROTATE ON SPECIFIC EOI COMMAND SPECIFIC ROTATION
111 ]0) *SETPRIORITY COMMAND
0fl1}0 NO OPERATION
“LO-L2 ARE USED
ocw3
A Dy B B D D3 D, O Dy
Iolo ESMMSMMl [ 1 v]mes]
READ REGISTER COMMAND
0 1 ] 1
0 o 1 1
READ READ
IRREG | ISREG
NO ACTION ONNEXT | ON NEXT
RD PULSE | RD PULSE
1=POLL COMMAND
0=NO POLL COMMAND
SPECIAL MASK MODE
0 1 0 1
° 0 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK | MASK

Figure 8. Operation Command Word Format
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FULLY NESTED MODE

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are
ordered in priority form 0 through 7 (0 highest). When an
interrupt is acknowledged the highest priority request is
determined and its vector placed on the bus. Additional-
ly, a bit of the interrupt Service register (ISO-7) is set.
This bit remains set until the microprocessor issues an
End of Interrupt (EOl) command immediately before
returning from the service routine, or if AEO! (Automatic
End of Interrupt) bit is set, until the trailing edge of the
last INTA. While the IS bit is set, all further interrupts of
the same or lower priority are inhibited, while higher
levels will generate an interrupt (which will be
acknowledged only if the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware).

After the initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW1 is set) or by a command
word that must be issued to the 8259A before returning
from a service routine (EOl command). An EOl command
must be issued twice if in the Cascade mode, once for the
master and once for the corresponding slave.

There are two forms of EOl command: Specific and Non-
Specific. When the 8259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOl. When a Non-Specific EOI
command is issued the 8259A wiil automatically reset
the highest IS bit of those that are set, since in the
fully nested mode the highest IS level was necessarily the
last level acknowledged and serviced. A non-specific EOI
can be issued with OCW2 (EOl = 1, SL = 0, R = 0).

When a mode is used which may disturb the fully nested
structure, the 8259A may no longer be able to determine
the last level acknowledged. In this case a Specific End of
Interrupt must be issued which includes as part of the
command the IS level to be reset. A specific EOl can be is-
sued with OCW2 (EOI =1,SL =1,R =0, and LO-L2 is the
binary level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EQI if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI =1 in ICW4, then the 8259A will operate in AEOI
mode continuously until reprogrammed by ICWA4. In this
mode the 8259A will automatically perform a non-
specific EOl operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,
second in iAPX '86), Note that from a system standpoint,
this mode should be used only when a nested multilevel
interrupt structure is not required within a single 8259A.

The AEOI mode can only be used in a master 8259A and
not a slave.

AUTOMATIC ROTATION
(Equal Priority Devices)

In some applications there are a number of interrupting
devices of equal priority. In this mode a device, after
being serviced, receives the lowest priority, so a device
requesting an interrupt will have to wait, in the worst
case until each of 7 other devices are serviced at most
once. For example, if the priority and “in service’ status
is:

Before Rotate (IR4 the highest priority requiring service)

IS7 1S6 IS5 IS4 IS3 iS2 IS1 IS0

“IS" Status [o]1JoTl1JoJo]o]0]
Lowest Priority quhul{rlomy
Priority Status [7le]s[eJa]2]1 0]

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S8 IS5 1S4 1S3 1S2 IS1 IS0
LofrJoJofoJoJo]o]
Highest Priority

o
ARMIRZ RN

“1S" Status

Lowest Priority

Priority Status

There are two ways to accomplish Automatic Rotation
using OCWZ2, the Rotation on Non-Specific EOl Command
(R =1, SL =0, EOl = 1) and the Rotate in Automatic EO!
Mode which is set by (R = 1, SL = 0, EOIl = 0) and cleared
by (R =0, SL =0, EOl = 0).

SPECIFIC ROTATION

(Specific Priority)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR5 is programmed as the bottom priority device,
then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R =1,SL =1; LO-L2is the binary priority level code of the
bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, itis independent
of the End of Interrupt (EOl) command (also executed by
OCW?2). Priority changes can be executed during an EOI
command by using the Rotate on Specific EOl command
in OCW2 (R =1,SL =1, EOl = 1and LO-L2 = IR level to
receive bottom priority).

INTERRUPT MASKS

Each Interrupt Request input can be masked individu-
ally by the Interrupt Mask Register (IMR) programmed
through OCW1. Each bit in the IMR masks one interrupt
channel if it is set (1). Bit 0 masks IR0, Bit 1 masks IR1
and so forth. Masking an IR channe! does not affect the
other channels operation.
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SPECIAL MASK MODE

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priority
requests for a portion of its execution but enable some
of them for another portion.

The difficulty here is that if an Interrupt Request is
acknowledged and an End of Interrupt command did not
reset its IS bit (i.e., while executing a service routine),
the 8259A would have inhibited all lower priority
requests with no easy way for the routine to enable
them

That is where the Speciai Mask Mode comes in. In the
special Mask Mode, when a mask bit is set in OCW1, it
inhibits further interrupts at that level and enables inter-
rupts from all other levels (lower as well as higher) that
are not masked.

Thus, any interrupts may be selectively enabled ‘by
loading the mask register. .
The special Mask Mode is set by OCW3 where:

SSMM=1, SMM=1, and cleared where SSMM=1,
SMM=0.

POLL COMMAND

In'this mode the INT output is not used or the micropro-
cessor internal Interrupt Enable flip-flop is reset, disabling
its interrupt input. Service to devices is achieved by
software using a Poll command.

The Poll command is issued by setting P="1" in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e.,
RD=0, CS=0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:

D7 D8 D5 D4 D3 D2 D1 DO
[ = — = = w2 wi w]

WO0-W2: Binary code of the highest priority level
‘requesting service.
I: Equal to a “1” if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the INTA sequence is not
needed (saves ROM space). Another application is to
use the poll mode to expand the number of priority
levels to more than 64.

FREEZE

NOTES

c 1o |

EY’:D:;'; YO OTHER PRIORTY CELLS
= r«———-« CLR ISR
1= LEVEL
TR o -
,
€£0GE et
SENSE 1
PRIORITY
LATCH C T SETISR | esoLven
[ IN-SERVICE
oy LATCH
N -
CONTROL
Logic
{ . -
ser REQUEST 9
LATCH
NON
a 4N
. o a ASK MASKED
LATCH REQ
¢ a o o i
mTA -
MCS-80, 85 ¢ ° .
MODE L - )
r INTERNAL
FREETE DATA BUS
M x cxa
M 3 q 822
INTA w = 3
IAPX 86 < g = HH
w m = -
MODE « £ i

1. MASTER CLEAR ACTIVE ONLY DURING ICW1
2. FREEZE/ IS ACTIVE DURING iNTA/ AND POLL SEQUENCES ONLY
3. TRUTH TABLE FOR D-LATCH

| OPERATION

el

[ FOLLOW
HOLD

Figure 9. Priority Cell—Simplified Logic Diagram
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READING THE 8259A STATUS

The inputstatus of several internal registers can be read to
update the user information on the system. The following
registers can be read via OCW3 (IRR and ISR or OCW1
[IMRY]).

Interrupt Request Register (IRR): 8-bit register which con-
tains the levels requesting an interrupt to be acknowl-
edged. The highest request level is reset from the IRR
when aninterruptis acknowledged. (Not affected by IMR.)

In-Service Register (ISR): 8-bit register which contains the
priority levels that are being serviced. The ISR is updated
when an End of interrupt Command is issued.

Interrupt Mask Register: 8-bit register which contains the
interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a Read
Register Command is issued with OCW3 (RR =1, RIS =0.)

The ISR can be read when, prior to the RD pulse, a Read
Register Command is issued with OCW3 (RR = 1,RIS = 1).

There is no need to write an OCW3 before every status
read operation, as long as the status read corresponds
with the previous one; i.e., the 8259A ‘‘remembers”
whether the IRR or ISR has been previously selected by
the OCW3. This is not true when poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCW3 is needed. The output data
bus will contain the IMR whenever RD is active and AO =1
(oCw1).

Polling overrides status read when P = 1, RR = 1in OCW3.

EDGE AND LEVEL TRIGGERED MODES

This mode is programmed using bit 3 in ICW1.

If LTIM = '0’, an interrupt request will be recognized by a
low to high transition on an IR input. The IR input can re-
main high-without generating another interrupt.

If LTIM = 1", an interrupt request will be recognized by a
‘high’ ievel on IR Input, and there is no need for an edge
detection. The interrupt request must be removed before
the EOl command is issued or the CPU interruptis enabled
to prevent a second interrupt from occurring.

The priority cell diagram shows a conceptual circuit of the
level sensitive and edge sensitive input circuitry of the
8259A. Be sure to note that the request latch is a transpar-
ent D type latch.

In both the edge and level triggered modes the IR inputs
must remain high until after the falling edge of the first
INTA. if the IR input goes low before this time a DEFAULT
IR7 will occur when the CPU acknowledges the interrupt.
This can be a useful safeguard for detecting interrupts
caused by spurious noise glitches on the IR inputs. To im-
plement this feature the IR7 routine is used for “‘clean up”
simply executing a return instruction, thus ignoring the
interrupt. If IR7 is needed for other purposes a default IR7
can still be detected by reading the ISR. A normal IR7
interrupt will set the corresponding ISR bit, a default IR7
won't. If a default IR7 routine occurs during a normal IR7
routine, however, the ISR will remain set. In this case it is
necessary to keep track of whether or not the IR7 routine
was previously entered. If another IR7 occurs it is a
default.

RN

N/

N/

s Y

8086/8088 m
v __F

S

L\ /

$8086/8088

LATCH"
ARMED

EARLIEST IR
CAN BE REMOVED

INTA . £
\ / \_/ \_/Lsoao/soas

LATCH"

*EDGE TRIGGERED MODE ONLY ARMED

Figure 10. IR Triggering Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in the case ot a g system
where cascading is used, and the priority has to be con-
served within each slave. in this case the fully nested
mode will be programmed to the master (using ICW4).
This mode is similar to the normal nested mode with the
following exceptions:

a. When an interrupt request from a certain slave is in
service this slave is not locked out from the master's
priority logic and further interrupt requests from
higher priority IR’s within the siave will be recognized
by the master and will initiate interrupts to the proc-
essor. (In the normal nested mode a slave is masked
out when its request is in service and no higher
requests from the same siave can be serviced.)

b. When exiting the Interrupt Service routine the soft-
ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EOl) command to the
siave and then reading its In-Service register and
checking for zero. If it is empty, a non-specific EOI
can be sent to the master too. If not, no EOIl shouid be
sent.

BUFFERED MODE

When the 8259A is used in a large system where bus
driving buffers are required on the data bus and the cas-
cading mode is used, there exists the problem of enabl-
ing buffers.

The buffered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. In this

mode, whgr_me_\g'r the 8259A’s data bus outputs are ena-
bled, the SP/EN output becomes active.

This modification forces the use of software program-
ming to determine whether the 8259A is a master or a
slave. Bit 3 in ICW4 programs the buffered mode, and bit
2 in ICW4 determines whether it is a master or a slave.

CASCADE MODE

The 8259A can be easily interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels.

The master controls the slaves through the 3 line cascade
bus. The cascade bus acts like chip selects to the slaves
during the INTA sequence.

In a cascade configuration, the slave interrupt outputs are
connected to the master interrupt request inputs. When a
slave request line is activated and afterwards acknowl-
edged, the master will enable the corresponding slave to
release the device routine address during bytes 2 and 3 of
INTA. (Byte 2 only for 8086/8088).

The cascade bus lines are normally low and will contain
the slave address code from the trailing edge of the first
INTA pulse to the trailing edge of the third pulse. Each
8259A in the system must follow a separate initialization
sequence and can be programmed to work in a different
mode. An EOl command must be issued twice: once for
the master and once for the corresponding slave. An
address decoder is required to activate the Chip Select
(CS) input of each 8259A.

The cascade lines of the Master 8259A are activated only
for slave inputs, non slave inputs leave the cascade line
inactive (low).

( ADDRESS BUS (16) {

|| | |

( i CONTROL BUS

)

Ll

L

]l l | [ vaneo

DATA BUS (8)

|

FRERV

|
Uk 4L

CS A, D07 INTA INT A, Do7 INTA INT
cAaso CASO
8259A 8259A
SLAVE B cas1 CAs Y MASTER
cas2 CAS 2
SPEN7? 6 5 4 3 2 1 O SP/ENM7 M6 M5 M4 M3 M2 M1 MO
6
7 6 5 4 3 2 1 0 s 4 32 1 0
J

T
INTERRUPT REQUESTS

Figure 11. Cascading the 8259A
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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 RespecttoGround ............. -05Vto+7V
Power Dissipation .................. ... .... 1 Watt

D.C. CHARACTERISTICS

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

[Ta = 0°C to 70°C, Vo = 5V +5% (8259A-8), Voo = 5V £10% (8259A, 8259A-2)]

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 \
VIH Input High Voltage 2.0* Vce +0.5V V'
VoL Output Low Voltage 0.45 \ loL = 2.2mA
VoH Output High Voltage 2.4 \ loy = —400uA
VOH(NT) I\;\(t)igupt Output High 3.5 v loH = —100uA
ge 2.4 v loH = —400uA
I Input Load Current -10 +10 rA 0V <V|n sVce
ILoL Output Leakage Current -10 +10 nA 0.45V <VoyTt =<VcC
Icc Vce Supply Current 85 mA
ILIR IR Input Load Current 300 KA Vi =0
10 KA VIN = Voo
*Note: For Exténded Temperature EXPRESS V,,; = 2.3V.
CAPACITANCE (74 = 25°C; Vo = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
CiN Input Capacitance 10 pF fc = 1 MHZ
Ci/o 1/O Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS [Tp = 0°C to 70°C, Vgc = 5V +5% (8259A-8), Vo = 5V + 10% (8259A, 8259A-2)]

TIMING REQUIREMENTS
Symbol Parameter 8259A-8 8259A 8259A2 | ynits | Test Conditions
Min. | Max. | Min. | Max. | Min. | Max.
TAHRL | AO/CS Setup to RD/INTA| 50 0 0 ns
TRHAX | AO/CS Hold after RD/INTA? 5 0 0 ns
TRLRH | RD Pulse Width 420 235 160 ns
TAHWL | AO/CS Setup to WR|, 50 0 0 ns
TWHAX | AO/CS Hold after WR} 20 0 0 ns
TWLWH |WR Pulse Width 400 290 190 ns
TDVWH | Data Setup to WR} 300 240 160 ns
TWHDX | Data Hold after WR? 40 0 0 ns
TJLJH Interrupt Request Width (Low) 100 100 100 ns See Note 1
TCVIAL fﬁ%:f?;:f;‘g’nﬁz)sec°"d or Third 55 55 40 ns
Endof RD tonext RD
TRHRL | End of INTA to next INTA within 160 160 160 ns
an INTA sequence only
TWHWL | End of WR to next WR 190 190 190 ns
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A.C. CHARACTERISTICS (Continued)

(Not same command type)

End of INTA sequence to next
INTA sequence.

Symbol Parameter 825948 82504 8259A-2 Units | Test Conditions
Min. | Max. | Min. | Max. | Min. | Max.
“TCHCL End of Command to next Command 500 500 500 ns

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6us,
8085A-2 = 1us, 8086 = 1us, 8086-2 = 625 ns)
NOTE: This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

Symbol Parameter 8259A-8 82594 8259A-2 Units Test Conditions
Min. Max. Min. Max. Min. Max
TRLDV Data Valid from RD/INTA| 300 200 120 ns C of Data Bus=
100 pF
TRHDZ Data Float after RD/INTA] 10 200 10 100 10 85 ns C of Data Bus
Max text C = 100 pF
TJHIH Interrupt Output Delay 400 350 300 ns Min. test C = 15 pF
TIALCV Cascade Valid from First INTA| 565 565 360 ns Cinr = 100 pF
(Master Only)
TRLEL Enable Active from RD| or INTA| 160 125 100 ns Ccascape = 100 pF
TRHEH Enable Inactive from ﬁ[ or INTA] 325 150 150 ns
TAHDV Data Valid from Stable Address 350 200 200 ns
TCVDV Cascade Valid to Valid Data 300 300 200 ns

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OQUTPUT

24
2.0 2.
> TEST POINTS <
0.8 0.
0.45

0

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

Cp = 10(
Cy INCLL

1CL = 100 pF

0 pF
UDES JIG CAPACITANCE

WAVEFORMS
WRITE wh TWLWH
\ /1
N Y,
TAHWL = — L TwHAX

cs
ADDRESS BUS £

Ao

+— TOVWH —o! ] TWHDX

DATA BUS i
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WAVEFORMS (Continued)

RD
INTA—\

WR

£33

O\
N\

READ/INTA
e TRLRH
RO/INTA Y
-
EN
TRLEL TRHEM
le— TAHRAL TRHAX
cs
ADDRESS BUS
Ao
TRLDV TRHDZ |+
TAHDV /
DATABUS- = = = o = e e e e e e — = — -g ——————
X
OTHER TIMING

2

2
>

£
=
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WAVEFORMS (Continued)

INTA SEQUENCE _— I‘—unm

— TILIH |e—

o)
INT \

INTA

—

( ! \
vcvnv——f e /
co2

-— TIALCV ——|

NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA.
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active.
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]

82C59A-2
CHMOS Programmable Interrupt Controller

® Pin Compatible with NMOS 8259A-2 W 80C86/88 and 8080/85/86/88

m Eight-Level Priority Controller Compatible

m Expandable to 64 levels B Fully Static Design

m Programmable Interrupt Modes ®m Single 5V Power Supply

E Cow sy oy WG et 2o s
B Individual Request Mask Capability (See Packaging Spec., Order #231369)

The Intel 82C59A-2 is a high performance CHMOS Version of the NMOS 8259A-2 Priority Interrupt Controller.
The 82C59A is designed to relieve the system CPU from the task of polling in a multi-level priority interrupt
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro-
processors such as the 80C86/88, 8086/88 and 8080/85.

The 82C59A-2 can handie up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without
additional circuitry. It is designed to minimize the software and real time overhead in handling multi-level
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements.
Static CHMOS circuit design, requiring no clock input, insures iow operating power. It is packaged in a 28-pin
plastic DIP.

—
s 28 [Ivee
wR(]? 204,
RD[]3 2 [JINTA
o, [} 4 25 F1IR7
035 24 [1iR6
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s ol o b
‘ 82C59A-2
™ & T o, s 21 {1m3
DATA o, (s 20 [11R2
D,=D BUS CONTROL. LOGIC n
7= <:> s <_—_—> o,[J 10 1 R
—— DoC " 18 11RO
caso ]2 17 [)NT
cas1] 3 16 [J3P/EN
I GND [ 14 15 f]cas2
i i l l I l i 231201-2
% —ba :: :ij Figure 2a. 28-Lead DIP
W0 R0/ ] " wreRRupT €= R2 Configuration
LOGIC SERVICE <::> PRIORITY C: REQUEST |€—IR3
REG RESOLVER REG
Ay ——>p (ISR) (IRR) ::::; INF) Im 4 8 o |§
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CAS 2 —P 02053 2153 R3
A o110 2073 R2
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Figure 1. Block Diagram 2pz2E2¢8
o o o ‘%
231201-23
Figure 2b. 28-Lead PLCC
Configuration

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent

licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1985

®© Intel Corporation, 1985 Order Number: 231201-002
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Table 1. Pin Description

Symbol Pin No. Type ‘ Name and Function
Voo 28 I SUPPLY: + 5V Supply.
GND 14 | GROUND.
Ccs 1 i CHIP SELECT: A low on this pin enables RD and WR

communication between the CPU and the 82C59A-2. INTA
functions are independent of CS.

WR 2 - WRITE: A low on this pin when CS is low enables the
82C59A-2 to accept command words from the CPU.

RD 3 | READ: A low on this pin when CS is low enables the
82C59A-2 to release status onto the data bus for the CPU.

D7-Dg 4-11 110 BIDIRECTIONAL DATA BUS: Control, status and interrupt-
vector information is transferred via this bus.

CASy-CAS» 12,13,15 1/0 CASCADE LINES: The CAS lines form a private 82C59A-2

bus to control a multiple 82C59A-2 structure. These pins are
outputs for a master 82C59A-2 and inputs for a slave
82C59A-2.

gl
R
~
m
2Zi

16 170 SLAVE PROGRAM/ENABLE BUFFER: This is a dual

function pin. When in the Buffered Mode it can be used as an
output to control buffer transceivers (EN). When not in the :
buffered mode it is used as an input to designate a master (SP
= 1) or slave (SP = 0).

INT 17 (0} INTERRUPT: This pin goes high whenever a valid interrupt
request is asserted. It is used to interrupt the CPU, thusiitis
connected to the CPU’s interrupt pin.

IRp-IR7 18-25 | INTERRUPT REQUESTS: Asynchronous inputs. An interrupt
request is executed by raising an IR input (low to high), and
holding it high until it is acknowledged (Edge Triggered Mode),
or just by a high level on an IR input (Level Triggered Mode).
Internal pull-up resistors are implemented on IRO-7.

Z
3
>

26 ! INTERRUPT ACKNOWLEDGE: This pin is used to enable
82C59A-2 interrupt-vector data onto the data bus by a
sequence of interrupt acknowledge pulses issued by the CPU.

Ag 27 o AO ADDRESS LINE: This pin acts in conjunction with the CS,
WR, and RD pins. It is used by the 82C59A-2 to decipher
various Command Words the CPU writes and status the CPU
wishes to read. It is typically connected to the CPU A0
address line (A1 for 80C86, 80C88).
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FUNCTIONAL DESCRIPTION The 82C59A-2
The 82C59A-2 is a device specifically designed for
Interrupts in Microcomputer Systems use in real time, interrupt driven microcomputer sys-

Microcomputer system design requires that I/O de-
vices such as keyboards, displays, sensors and oth-
er components receive servicing in an efficient man- prep—
ner so that large amounts of the total system tasks v MULTIPLEXOR

can be assumed by the microcomputer with litleor | |  F---- -~
no effect on throughput. {\

The most common method of servicing such devic- —\——T
es is the Polled approach. This is where the proces- m m

sor must test each device in sequence and in effect h o
“ask” each one if it needs servicing. It is easy to see
that a large portion of the main program is looping
through this continuous polling cycle and that such a
method would have a serious, detrimental effect on ROM —_:> ¢:> Vo @)
system throughput, thus limiting the tasks that could [
be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

==
. |
A more desirable method would be one that would <:>| 110 (N) lr——
allow the microprocessor to be executing its main | i
program and only stop to service peripheral devices Vs Lo——

when it is told to do so by the device itself. In effect,
the method would provide an external asynchronous
input that would inform the processor that it should
complete whatever instruction that is currently being Figure 3a. Polled Method
executed and fetch a new routine that will service
the requesting device. Once this servicing is com-
plete, however, the processor would resume exactly
where it left off. CPU INT =

231201-3

This method is called /nterrupt. It is easy to see that 2\
system throughput would drastically increase, and

23

PIC

The Programmabie Interrupt Controller (PIC) func-
tions as an overall manager in an Interrupt-Driven
system environment. it accepts requests from the ROM
peripheral equipment, determines which of the in-
coming requests is of the highest importance (priori-
ty), ascertains whether the incoming request has a
higher priority value than the level currently being
serviced, and issues an interrupt to the CPU based
on this determination.

thus more tasks could be assumed by the micro-
computer to further enhance its cost effectiveness. RAM <:>
b 1/0(1)

1/0(2)

g U1

Each peripheral device or structure usually has a o

special program or “routine” that is associated with y 1/0(N) -
its specific functional or operational requirements; s
this is referred to as a ‘“service routine”. The PIC,

after issuing an Interrupt to the CPU, must somehow 231201-4
input information into the CPU that can “point” the

U

Program Counter to the service routine associated Figure 3b. Interrupt Method
with the requesting device. This “pointer” is an ad-

dress in a vectoring table and will often be referred

to, in this document, as vectoring data.
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tems. It manages eight levels or requests and has
built-in  features for expandability to other
82C59A-2's (up to 64 levels). It is programmed by
the system’s software as an 1/0 peripheral. A selec-
tion of priority modes is available to the programmer
so that the manner in which the requests are proc-
essed by the 82C59A-2 can be configured to match
system requirements. The priority modes can be
changed or reconfigured dynamically at any time
during the main program. This means that the com-
plete interrupt structure can be defined as required,
based on the total system environment.

INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by
two registers in cascade, the Interrupt Request Reg-
ister (IRR) and the In-Service Register (ISR). The
IRR is used to store all the interrupt levels which are
requesting service; and the ISR is used to store all
the interrupt levels which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits
set in the IRR. The highest priority is selected and
strobed into the corresponding bit of the ISR during
INTA pulse.

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt
lines to be masked. The IMR operates on the IRR.
Masking of a higher priority input will not affect the
interrupt request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input.
The Von level on this line is designed to be fully
compatible with the 8080A, 8085A, 80C88 and
80C86 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 82C59A-2 to release vec-
toring information onto the data bus. The format of
this data depends on the system mode (wPM) of the
82C59A-2.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 82C59A-2 to the system Data Bus. Control
words and status information are transferred
through the Data Bus-Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization
Command Word (ICW) registers and Operation
Command Word (OCW) registers which store the
various control formats for device operation. This
function block also allows the status of the
82C59A-2 to be transferred onto the Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 82C59A-2. No
reading or writing of the chip will occur unless the
device is selected.

WR (WRITE)

A LOW on this input enables the CPU to write con-
trol words (ICWs and OCWs) to the 82C59A-2.

RD (READ)

A LOW on this input enables the 82C59A-2 to send
the status of the Interrupt Request Register (IRR), In
Service Register (ISR), the Interrupt Mask Register
(IMR), or the Interrupt level onto the Data Bus.

Ao \

This input signal is used in conjunction with WR and
RD signals to write commands into the various com-
mand registers, as well as reading the various status

registers of the chip. This line can be tied directly to
one of the address lines.

THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of
all 82C59A-2’s used in the system. The associated
three 1/0 pins (CAS0-2) are outputs when the
82C59A-2 is used as a master and are inputs when
the 82C59A-2 is used as a slave. As a master, the
82C59A-2 sends the ID of the interrupting slave de-
vice onto the CAS0-2 lines. The slave thus selected
will send its preprogrammed subroutine address
onto the Data Bus during the next one or two con-
secutive INTA pulses. (See section “Cascading the
82C59A-2".)
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INTERRUPT SEQUENCE lows direct or indirect jumping to the specific inter-
rupt routine requested without any polling of the in-
The powerful features of the 82C59A-2 in a micro- terrupting devices. The normal sequence of events
computer system are its programmability and the in- during an interrupt depends on the type of CPU be-
terrupt routine addressing capability. The latter al- ing used.
NTA Ny

oATA — CONTROL LOGIC
0,-0, 8us
BUFFER
T

b b i

"0

RO —=q Ry

— REAOD/ wR2
- WRITE 0—1 N BNTERRULPT]

LOGIC SERVICE PRIORITY (‘* REQUESY = —IR3

a, REG RESOLVERK | REG  le—1Re

USR) (IRR) RS

? o IR6

53 — iR

! 1
CAS O =t < "\) INTERRUPT MASK REG

CASCADE (MR}
CAS V o—o BUFFER/ -

COMPARATCR!

CAS 2 +——od

BN -————? \

INTERNAL BUS

231201-5

Figure 4. 82C59A-2 Block Diagram

ADDRESS BUS(16) §

Vo

CONTROL BUS§

L
| | ]%‘RIWIWE
HTIIT]

DATA BUS(8)§

«—d caso C5 A DD, RD WR INT iNTA

C‘SS:[E’g <« cas 1 82C59A-2
___ Ra IRQ IRQ IRQ IRQ IRQ IRQ IRQ
A2 5 7 6 5 4 3 2 1 0

[AEAAREE

SLAVE PROGRESS / INTERRUPT REQUESTS
ENABLE BUFFER

231201-8

Figure 5. 82C59A-2 Interface to Standard System Bus
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The events occur as follows in an MCS-80/85 sys-
tem:

1. One or more of the INTERRUPT REQUEST Lines
(IR7-0) are raised high, setting the corresponding
IRR bit(s).

2. The 82C59A-2 evaluates these requests, and
sends an INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds
with an INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the correspond-
ing IRR bit is reset. The 82C59A-2 will also re-
lease a CALL instruction code (11001101) onto
the 8-bit Data Bus through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 82C59A-2 from the CPU
group.

6. These two INTA pulses allow the 82C59A-2 to
release its preprogrammed subroutine address
onto the Data Bus. The lower 8-bit address is re-
leased at the first INTA pulse and the higher 8-bit
address is released at the second INTA pulse.

7. This completes the 3-byte CALL instruction re-
leased by the 82C59A-2. In the AEOI mode the
ISR bit is reset at the end of the third INTA pulse.
Otherwise, the ISR bit remains set until an appro-
priate EOl command is issued at the end of the
interrupt sequence.

The events occurring in an 80C86 system are the
same until step 4.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set and the correspond-
ing IRR bit is reset. The 82C59A-2 does not drive
the Data Bus during this cycle.

5. The 80C86 will initiate a second INTA pulse. Dur-
ing this pulse, the 82C59A-2 releases an 8-bit
pointer onto the Data Bus where it is read by the
CPU.

6. This completes the interrupt cycle. In the AEOI
mode the ISR bit is reset at the end of the second
INTA pulse. Otherwise, the ISR bit remains set
until an appropriate EOl command is issued at the
end of the interrupt subroutine.

If no interrupt is present at step 4 of either sequence
(i.e., the request was too short in duration) the
82C59A-2 will issue an interrupt level 7. Both the
vectoring bytes and the CAS lines will look like an
interrupt level 7 was requested.

INTERRUPT SEQUENCE OUTPUTS

MCS®-80, MCS-85

This sequence is timed by three INTA pulses. During
the first INTA pulse the CALL opcode is enabled
onto the data bus.
Content of First Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

CALLCODE[1 1 0 0 1 1 0 1

During the second INTA pulse the lower address of
the appropriate service routine is enabled onto the
data bus. When Interval = 4 bits A5—-A7 are pro-
grammed, while Ag—-A4 are automatically inserted by
the 82C59A-2. When Interval = 8 only Ag and Ay
are programmed, while Ag-Ag are automatically in-
serted.
Content of Second Interrupt

Vector Byte

IR Interval = 4

D7 Dé D5 D4 D3 D2 D1 DO
7| A7 A6 A5 1 1 1 0 0
6 | A7 A6 A5 1 1 0 0 0
5| A7 A6 A5 1 0 1 0 0
4 | A7 A6 A5 1 0 0 0 0
3| A7 A6 A5 O 1 1 0 0
2 |A7T A6 A5 O 1 0 0 0
1 |A7 A6 A5 O 0 1 0 0
0| A7 A6 A5 O 0 0 0 0
IR Interval = 8

D7 D6 D5 D4 D3 D2 D1 DO
7| A7 A6 1 1 1 0 0 0
6 | A7 A6 1 1 0 0 0 0
5| A7 A6 1 0 1 0 0 0
4 | A7 A6 1 0 0 0 0 0
3 |A7 A6 O 1 1 0 0 0
2 | A7 A6 O 1 0 0 0 0
1 |A7 A6 O 0 1 0 0 0
0| A7 A6 O 0 0 0 0 0

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed
as byte 2 of the initialization sequence (Ag - A1s), is
enabled onto the bus.
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Content of Third Interrupt
Vector Byte
D7 D6 D5 D4 D3I D2 D1 DO

[Aa15 | a1a | a3 | a12] a11 [ at0 [ Ao | A8 ]

80C86, 80C88

80C86, 80C88 mode is similar to MCS-80 mode ex-
cept that only two Interrupt Acknowledge cycles are
issued by the processor and no CALL opcode is
sent to the processor. The first interrupt acknowl-
edge cycle is similar to that of MCS-80, 85 systems
in that the 82C59A-2 uses it to internally freeze the
state of the interrupts for priority resolution and as a
master it issues the interrupt code on the cascade
lines at the end of the INTA pulse. On this first cycle
it does not issue any data to the processor and
leaves its data bus buffers disabled. On the second
interrupt acknowledge cycle in 80C86, 80C88 mode
the master (or slave if so programmed) will send a
byte of data to the processor with the acknowledged
interrupt code composed as follows (note the state
of the ADI mode control is ignored and As-Aqq are
unused in 80C86, 80C88 mode):

Content of Interrupt Vector Byte
for 80C86, 80C88 System Mode

D7 {D6 | D5 | D4 | D3| D2 | D1 | DO
R7 | T7 | T6 | T5 | T4 {T3| 1| 1|1
R6 | T7 | T6 | T5 | T4 | T3 | 1 | 1] 0
R | T7|T6|T5|T4a|T3| 1| 0| 1
R4 | T7 | T6 | T5 | T4 |T3| 1 | 0| O
R3 | T7 | T6 | T5 | T4 | T3 | 0 | 1 | 1
R2| T7|T6 | T5|T4a| T3] 0| 1|0
R1|T7|T6|T5|T4a|T3| 0| 0| 1
Ro|T7|T6|{T5|T4|T3| 0| 0| O

PROGRAMMING THE 82C59A-2

The 82C59A-2 accepts two types of command

words generated by the CPU:

1. Initialization Command Words (ICWs): Before nor-
mal operation can begin, each 82C59A-2 in the
system must be brought to a starting point — by a
sequence of 2 to 4 bytes timed by WR pulses.

2. Operation Command Words (OCWSs): These are
the command words which command the
82C59A-2 to operate in various interrupt modes.
These modes are:

a. Fully nested mode

b. Rotating priority mode
2-119

c. Special mask mode
d. Polled mode

The OCWs can be written into the 82C59A-2 any-
time after initialization. )

INITIALIZATION COMMAND WORDS
(ICWS)

GENERAL

Whenever a command is issued with AO = 0 and D4
= 1, this is interpreted as Initialization Command
Word 1 (ICW1). ICW1 starts the initialization se-
quence during which the following automatically oc-
cur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR) in-
put must make a low-to-high transition to gener-
ate an interrupt.

b. The Interrupt Mask Register is cleared.
c. IR7 input is assigned priority 7.
d. The slave mode address is set to 7.

e. Special Mask Mode is cleared and Status Read is
set to IRR.

f. If IC4 = 0, then all functions selected in ICW4 are
set to zero. (Non-Buffered mode*, no Auto-EOI,
MCS-80, 85 system).

*NOTE:
Master/Slave in ICW4 is only used in the buffered
mode.

INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-Aqs: Page starting address of service routines.
In an MCS 80/85 system, the 8 request levels will
generate CALLs to 8 locations equally spaced in
memory. These can be programmed to be spaced
at intervals of 4 or 8 memory locations, thus the
8 routines will occupy a page of 32 or 64 bytes,
respectively.

The address format is 2 bytes long (Ag-A15). When
the routine interval is 4, Ag—A4 are automatically in-
serted by the 82C59A-2, while As-Aqs are pro-
grammed externally. When the routine interval is 8,
Ao—-As are automatically inserted by the 82C59A-2,
while Ag—A15 are programmed externally.

The 8-byte interval will maintain compatibility with
current software, while the 4-byte interval is best for
a compact jump table.

In an 80C86, 80C88 system A15—-Aq1 are inserted in
the five most significant bits of the wvectoring
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byte and the 82C59A-2 sets the three least signifi-
cant bits according to the interrupt level. A1g-As are
ignored and ADI (Address Interval) has no effect:

LTIM: If LTIM = 1, then the 82C59A-2 will operate
in the level interrupt mode. Edge detect logic
on the interrupt inputs will be disabled.

ADI:  CALL address interval. ADI = 1 then inter-
val = 4; ADI = 0 then interval = 8.

SNGL: Single. Means that this is the only 82C59A-2
in the system. If SNGL = 1 no ICW3 will be
issued. :

IC4: If this bit is set — ICW4 has to be read. If
ICW4 is not needed, set IC4 = 0.

INITIALIZATION COMMAND WORD 3 (ICW3)

This word is read only when there is more than one
82C59A-2 in the system and cascading is used, in
which case SNGL = 0. It will load the 8-bit slave
register. The functions of this register are:

a. In the master mode (either when SP = 1, or in
buffered mode when M/S = 1 inICW4) a “1” is
set for each slave in the system. The master then
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding
slave to release bytes 2 and 3 (for 80C86, 80C88
only byte 2) through the cascade lines.

b. In the slave mode (either when SP = 0, or if BUF
= 1 and M/S = 0 in ICW4) bits 2-0 identify the
slave. The slave compares its cascade input with
these bits and, if they are equal, bytes 2 and 3 of
the call sequence (or just byte 2 for 80C86,
80CB88 are released by it on the Data Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)
SFNM: If SFNM = 1 the special fully nested mode
is programmed. .

BUF: If BUF = 1 the buffered mode is pro-
grammed. In buffered mode SP/EN be-
comes an enable output and the master/
slave determination is by M/S.

M/S: If buffered mode is selected: M/S = 1

means the 82C59A-2 is programmed to be a

master, M/S = 0 means the 82C59A-2 is

programmed to be a slave. If BUF = 0, M/S

has no function.

If AEOI = 1 the automatic end of interrupt

mode is programmed.

uPM:  Microprocessor mode: uPM = 0 sets the
82C59A-2 for MCS-80, 85 system operation,
uPM = 1 sets the 82C59A-2 for 80C86 sys-
tem operation.

AEOL

cw1 1

icw2 l

NO (SINGL = 1)

YES (SNGL - 0)

cw3 I

NO (IC4 - 0)

IS ICW4
NEEDED

YES (IC4 - 1)

[ 7 l

READY TO ACCEPT
INTERRUPT REQUESTS

231201-9

Figure 6. Initialization Sequence
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NOTE:

1w
D, Dg Dg D, Dy D, Dy Dy

SNGL| 1C4

] 1=1CW4 NEEDED
0=NO ICW4 NEEDED

W] ]
]

1 =SINGLE
0 =CASCADE MODE

CALL ADDRESS INTERVAL
1 =INTERVAL OF 4
0 =INTERVAL OF 8

1=LEVEL TRIGGERED MODE
0=EDGE TRIGGERED MODE

A= Ag OF INTERRUPT
VECTOR ADDRESS
(MCS=80 /85 MODE ONLY)

Icw2
Ag D, Dg Dg D, Dy D, Dy Dy
A A A A A
15, 14, 13, 12, AR
[ PO ]
716 S| M 3 Ayg=Ag OF INTERRUPT
| | l I | l | T VECTOR ADDRESS
L (MCS=80 /85 MODE ONLY)
T,=Ty OF INTERRUPT
VECTOR ADDRESS
ICW3 (MASTER DEVICE) (80CBS /BOCAB MODE)
Ag D; Dg D5 Dy Dy D, D Do
I ' Is’l*t‘ls‘l”lszjs‘ Is"l
[ ’ 1 l L l l ] 1=IR INPUT HAS A SLAVE
0=IR INPUT DOES NOT HAVE
A SLAVE

ICW3 (SLAVE DEVICE)

A B Dg D5 Dy DOy Dy Dy Do
l‘lﬂ]o OIO]OIIDZIID‘leoJ
SLAVE 1D(1)
0]112{31415(6{7
Q|1jojrjojtrjogt
ojojtrjrjojojr]t
ofofojojrjtjtit
cwa
Ay D; Dg Ds D, Dy D, D Dy
I‘lo o | o SFNJ[BUF[M/S AEO][}‘PM

[ 1=80C86 /B0OC88 MODE
0=MCS-80 /85 MODE

1=AUTO EOI
0 =NORMAL EOI

[0 ] X_] NON-BUFFERED MODE
"1 | 0 | BUFFERED MODE /SLAVE
[ 1 1 1 ] BUFFERED MODE /MASTER

1=

0=NOT SPECIAL FULLY NESTED
DE

SPECIAL FULLY NESTED MODE

Slave ID is equal to the corresponding master IR input.

231201-10

Figure 7. Initialization Command Word Format
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OPERATION COMMAND WORDS
(OCWs)

After the initialization Command Words (ICWs) are
programmed into the 82C59A-2, the chip is ready to
accept interrupt requests at its input lines. However,
during the 82C59A-2 operation, a selection of algo-
rithms can command the 82C59A-2 to operate in
various modes through the Operation Command
Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

OoCwW1
A0 D7 D6 D5 D4 D3 D2 D1 DO

[1] [M7 M6 M5 M4 M3 M2 M1 MO]

ocw2

[o] [R SL EO 0 0 L2 L1 L0]

ocws
[o] [o ESMM swM 0 1 P RR RIS]

OPERATION CONTROL WORD 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M7—Mq represent the eight
mask bits. M = 1 indicates the channel is masked
(inhibited), M = 0 indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SL, EOI — These three bits control the Rotate
and End of Interrupt modes and combinations of the
two. A chart of these combinations can be found on
the Operation Command Word Format.

Lo, Ly, Lo—These bits determine the interrupt level
acted upon when the SL bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit
is set to 1 it enables the SMM bit to set or reset the
Special Mask Mode. When ESMM = 0 the SMM bit
becomes a “don’t care”.

SMM — Special Mask Mode. If ESMM = 1 and
SMM = 1 the 82C59A-2 will enter Special Mask
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2
will revert to normal mask mode. When ESMM = 0,
SMM has no effect.

FULLY NESTED MODE

This mode is entered after initialization unless anoth-
er mode is programmed. The interrupt requests are
ordered in priority form O through 7 (0 highest).
When an interrupt is acknowledged the highest pri-
ority request is determined and its vector placed on
the bus. Additionally, a bit of the Interrupt Service
register (ISO-7) is set. This bit remains set until the
microprocessor issues an End of Interrupt (EOI)
command immediately before returning from the
service routine, or if AEOI (Automatic. End of Inter-
rupt) bit is set, until the trailing edge of the last INTA.
While the IS bit is set, all further interrupts of the
same or lower priority are inhibited, while higher lev-
els will generate an interrupt (which will be acknowl-
edged only if the microprocessor internal interrupt
enable flip-flop has been re-enabled through soft-
ware). .

After the initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorities can be
changed, as will be explained, in the rotating priority
mode.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automati-
cally following the trailing edge of the last in se-
quence INTA pulse (when AEOI bit in ICW4 is set) or
by a command word that must be issued to the
82C59A-2 before returning from a service routine
(EOI command). An EOl command must be issued
twice if in the Cascade mode, once for the master
and once for the corresponding slave.

There are two forms of EOl command: Specific and
Non-Specific. When the 82C59A-2 is operated in
modes which preserve the fully nested structure, it
can determine which IS bit to reset on EOIl. When a
Non-Specific EOl command is issued the 82C59A-2
will automatically reset the highest IS bit of those
that are set, since in the fully nested mode the high-
est IS level was necessarily the last level acknowl-
edged and serviced. A non-specific EOI can be is-
sued with OCW2 (EOI = 1,SL = 0, R = 0).

When a mode is used which may disturb the fully
nested structure, the 82C59A-2 may no longer be
able to determine the last level acknowledged. In
this case a Specific End of Interrupt must be issued
which includes as part of the command the IS level
to be reset. A specific EOI can be issued with OCW2
(EOI = 1,SL = 1, R = 0, and LO-L2 is the binary
level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOI if
the 82C59A-2 is in the Special Mask Mode.
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OCw1
Ag Dy Dg D5 D, Dy b, D, DO

1 [ M7 I M6 l M5 | M4 | M3 | M2 | M1 MO

l l [ l I ] l ] INTERRUPT MASK
1 =MASK SET
0 =MASK RESET
ocw2
Ay Dy Dg D5 Dy Dy D, Dy Dy

IR LEVEL TO BE
ACTED UPON

213|4]5

o

ololole
—l=jo|o
[ N S B

0
0
1

olo|=|~

1 1
1 0
[} ) 1

0J0]1] NON SPECIFIC EOI COMMAND ]END OF INTERRUPT
0]1]1] SPECIFIC EOI COMMAND
1{0[1] ROTATE ON NON-SPECIFIC EOI COMMAND
1]0]0] ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION
0]0]0] ROTATE IN AUTOMATIC EOI MODE (CLEAR)
T]1]1] *ROTATE ON SPECIFIC EOI COMMAND
1[1]0] *SET PRIORITY COMMAND }SPEC'F'C ROTATION
0]1]0] NO OPERATION
*L0~L2 ARE USED
ocw3

Ag D7 DS Dg Dy Dy D, Dy Dy

[T o]« T [ o]

READ REGISTER COMMAND
o | 1 0 1
o | o 1 1
READ IR | READ IS
REG ON | REG ON

NEXT RD | NEXT RD
PULSE PULSE

NO ACTION

1 =POLL COMMAND
0=NO POLL COMMAND

SPECIAL MASK MODE

o | [} 1
o | o 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

23120111

Figure 8. Operation Command Word Format
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AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI = 1 in ICW4, then the 82C59A-2 will operate
in AEOI mode continuously until reprogrammed by
ICWA4. In this mode the 82C59A-2 will automatically
perform a non-specific EOI operation at the trailing
edge of the last interrupt acknowledge puise (third
pulse in MCS-80/85, second in 80C86/88). Note
that from a system standpoint, this mode should be
used only when a nested multilevel interrupt struc-
ture is not required within a single 82C59A.

The AEOI mode can only be used in a master
82C59A and not a slave.

AUTOMATIC ROTATION

(Equal Priority Devices)

In some applications there are a number of interrupt-
ing devices of equal priority. In this mode a device,
after being serviced, receives the lowest priority, so
a device requesting an interrupt will have to wait, in
the worst case until each of 7 other devices are
serviced at most once. For example, if the priority
and “in service” status is:

Before Rotate (IR4 the highest priority requiring
service)

IS7 1S6 IS5 1S4 1S3 1S2 IS1 IS0

“s"status |0 |1]o]1]o]o]o]o0]
Lowest Highest
Priority Priority
Priority Status | 7 | 6]5]4]3[2][1] 0]

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S6 iS5 1S4 1S3 1S2 1S1 IS0

“s"staus  [0]1]o]ofo]o]o]0o]
Highest Lowest
Priority Priority
1 1 :
PriorityStatus (2] 1] 0| 7 [6[5]4]3]

There are two ways to accomplish Automatic Rota-
tion using OCW2, the Rotation on Non-Specific EOI
Command (R = 1, SL = 0, EOI = 1) and the Ro-

tate in Automatic EOl Mode which is setby (R = 1,
SL = 0, EOl = 0) and cleared by (R = 0, SL = 0,
EOI = 0).

SPECIFIC ROTATION

(Specific Priority)

The programmer can change priorities by program-
ming the bottom priority and thus fixing all other pri-
orities; i.e., if IR5 is programmed as the bottom prior-
ity device, then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R = 1, SL = 1; LO-L2 is the binary priority level
code of the bottom priority device.

Observe that in this mode internal status is updated
by software control during OCW2. However, it is in-
dependent of the End of Interrupt (EOl) command
(also executed by OCW2). Priority changes can be
executed during an EOl command by using the Ro-
tate on Specific EOl command in OCW2 (R = 1, SL
= 1, EOl = 1 and LO-L2 = IR level to receive
bottom priority).

INTERRUPT MASKS

Each Interrupt Request input can be masked individ-
ually by the Interrupt Mask Register (IMR) pro-
grammed through OCW1. Each bit in the IMR masks
one interrupt channel if it is set (1). Bit 0 masks IR0,
Bit 1 masks IR1 and so forth. Masking an IR channel
does not affect the other channels operation.

SPECIAL MASK MODE

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priori-
ty requests for a portion of its execution but enable
some of them for another portion.

The difficulty here is that if-an interrupt Request is
acknowledged and an End of Interrupt command did
not reset its IS bit (i.e., while executing a service
routine), the 82C59A-2 would have inhibited all lower
priority requests with no easy way for the routine to
enable them.

That is where the Special Mask Mode comes in. In
the special Mask Mode, when a mask bit is set in
OCWI1, it inhibits further interrupts at that level and
enables interrupts from all other levels (lower as well
as higher) that are not masked.
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Thus, any interrupts may be selectivity enabled by
loading the mask register.

The special Mask Mode is set by OCW3 where:
SSMM = 1, SMM = 1, and cleared where SSMM =
1, SMM = 0.

POLL COMMAND

In this mode the INT output is not used or the micro-
processor internal Interrupt Enable flip-flop is reset,
disabling its interrupt input. Service to devices is
achieved by software using a Poll command.

The Poll command is issued by setting P = “1” in
OCW3. The 82C59A-2 treats the next RD pulse to
the 82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt
acknowledge, sets the appropriate IS bit if there is a

request, and reads the priority level. Interrupt is fro-
zen from WR to RD.

The word enabled onto the data bus during RD is:

D7 D6 D5 D4 D3 D2 D1 Do
| - - - — W2 Wi W0
WO-W2:
Binary code of the highest priority level requesting
service.

1: Equal to a “1” if there is an interrupt.

This mode is useful if there is a routine command
common to several levels sc that the INTA se-
quence is not needed (saves ROM space). Another
application is to use the poll mode to expand the
number of priority levels to more than 64.

LTIM BIT

0=EDGE 7O OTHER PRIORITY CELLS —1CLR ISR
1=LEVEL r ——
qQ ISR BIT
EDGE
Ui S]E~T PRIORITY
— { ® SET ISR
. \_{__‘ IN SERVICE RESOLVER
CLR LATCH
: CONTROL
Loeic
REQUEST [
LATCH —
SET
Q NON
® T ° MASK MASKED
LATCH REQ
N o4C Q| 1 Q
MCS—'BO,as[ iNTA
MODE | ———
FREEZE ,.!
CcLr M
80C86 /80C88 INTA _ -
MODE| ———— | S— 1 -
FREEZE DATA BUS
I o« X @ oo
4 = g E1H
=
& 2 . =22
x 5 "v-) x o
£ 3
231201-12
NOTES:

1. Master Clear active only during ICW1
2. Freeze/ is active during INTA/and poll sequences only
3. Truth Table for D-Latch

c| o| a | operaTiON
1 | Di [ Di | FOLLOW
ol x| an1 HOLD

Figure 9. Priority Celi—Simplified Logic Diagram
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READING THE 82C59A-2 STATUS

The input status of several internal registers can be
read to update the user information on the system.
The following registers can be read via OCW3 (IRR
and ISR or OCW1 [IMR]).

Interrupt Request Register (IRR): 8-bit register which
contains the levels requesting an interrupt to be ac-
knowledged. The highest request level is reset from
the IRR when an interrupt is acknowledged. (Not af-
fected by IMR).

In-Service Register (ISR). 8-bit register which con-
tains the priority levels that are being serviced. The
ISR is updated when an End of Interrupt Command
is issued. -

Interrupt Mask Register. 8-bit register which con-
tains the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
= 1,RIS = 0.

The ISR can be read when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
= 1,RIS = 1)

There is no need to write an OCW3 before every
status read operation, as long as the status read
corresponds with the previous one; i.e., the
82C59A-2 “remembers” whether the IRR or ISR has
been previously selected by the OCW3. This is not
true when poll is used.

After initialization the 82C59A-2 is set to IRR.

For reading the IMR, no OCW3 is needed. The out-
put data bus will contain the IMR whenever RD is
active and AO = 1 (OCW1).

Polling overrides status read when P = 1, RR = 1

EDGE AND LEVEL TRIGGERED MODES

This mode is programmed using bit 3 in ICW1.

If LTIM = ‘0", an interrupt request will be recognized
by a low to high transition on an IR input. The IR
input can remain high without generating another in-
terrupt.

If LTIM = ‘1’, an interrupt request will be recognized
by a ‘high’ level on IR Input, and there is no need for
an edge detection. The interrupt request must be
removed before the EOl command is issued or the
CPU interrupt is enabled to prevent a second inter-
rupt from occurring.

The priority cell diagram shows a conceptual circuit
of the level sensitive and edge sensitive input circuit-
ry of the 82C59A-2. Be sure to note that the request
latch is a transparent D type latch.

In both the ecige and level triggered modes the IR
inputs must remain high until after the falling edge of
the first INTA. If the IR input goes low before this
time a DEFAULT IR7 will occur when the CPU ac-
knowledges the interrupt. This can be a useful safe-
guard for detecting interrupts caused by spurious
noise glitches on the IR inputs. To implement this
feature the IR7 routine is used for “clean up” simply
executing a return instruction, thus ignoring the inter-
rupt. If IR7 is needed for other purposes a default
IR7 can still be detected by reading the ISR. A nor-
mal IR7 interrupt will set the corresponding ISR bit, a
default IR7 won't. If a default IR7 routine occurs dur-
ing a normal IR7 routine, however, the ISR will re-
main set. In this case it is necessary to keep track of
whether or not the IR7 routine was previously en-
tered. If another IR7 occurs it is a default.

W

N

e/

LATCH" EARLIEST IR
" ARMED CAN BE REMOVED

1
80C86/30C88 8080/8085
N -
LATCH"
*EDGE TRIGGERED MODE ONLY ARMED 231201-13

Figure 10. IR Triggering Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a big system
where cascading is used, and the priority has to be
conserved within each slave. In this case the fully
nested mode will be programmed to the master (us-
ing ICW4). This mode is similar to the normal nested
mode with the following exceptions:

a. When an interrupt request from a certain slave is
in service this slave is not locked out from the
master’s priority logic and further interrupt re-
quests from higher priority IR’s within the slave
will be recognized by the master and will initiate
interrupts to the processor. (In the normal nestled
mode a slave is masked out when its request is in
service and no higher requests from the same
slave can be serviced.)

b. When exiting the interrupt Service routine the
software has to check whether the interrupt serv-
iced was the only one from that slave. This is
done by sending a non-specific End of Interrupt
(EOl) command to the slave and then reading its
In-Service register and checking for zero. If it is
empty, a non-specific EOIl can be sent to the mas-
ter too. If not, no EOI should be sent.

BUFFERED MODE

When the 82C59A-2 is used in a large system where
bus driving buffers are required on the data bus and
the cascading mode is used, there exists the prob-
lem of enabling buffers.

The buffered mode will structure the 82C59A-2 to
send an enable signal on SP/EN to enable the buff-
ers. In this mode, whenever the 82C59A-2's data
bus outputs are enabled, the SP/EN output be-
comes active.

This modification forces the use of software pro-
gramming to determine whether the 82C59A-2 is a
master or a slave. Bit 3 in ICW4 programs the buff-
ered mode, and bit 2 in ICW3 determines whether it
is a master or a slave. )

CASCADE MODE

The 82C59A-2 can be easily interconnected in a
system of one master with up to eight slaves to han-
dle up to 64 priority levels.

The master controls the slaves through the 3 line
cascade bus. The cascade bus acts like chip selects
to the slaves during the INTA sequence.

In a cascade configuration, the slave interrupt out-
puts are connected to the master interrupt request
inputs. When a slave request line is activated and
afterwards acknowledged, the master will enable the
corresponding slave to release the device routine
address during bytes 2 and 3 of INTA. (Byte 2 only
for 80C86/80C88).

The cascade bus lines are normally low and will con-
tain the slave address code from the trailing edge of
the first INTA pulse to the trailing edge of the third
pulse. Each 82C59A-2 in the system must follow a
separate initialization sequence and can be pro-
grammed to work in a different mode. An EOl com-
mand must be issued twice: once for the master and
once for the corresponding slave. An address de-
coder is required to activate the Chip Select (CS)
input of each 82C59A-2.

The cascade lines of the Master 82C59A-2 are acti-
vated only for slave inputs, non slave inputs leave
the cascade line inactive (low).

ADDRESS BUS (16) {

CONTROL BUS - 1
11 il [ Pl
DATA BUS (8) S
: : I l
[ \} N2 A
| € A, o007 WA NT S A, o007 WNTA NT
CAS Ol caso
$2C69A-2 $2C89A-2
SLAVEB cas CAs) MASTER
CAS2 CAS 2
SPERI_6 S 4 3 2 1 0 SPENMI M6 M5 M4 M3 M2 M1 MO
GND[ ] l l 1 I ’ ] v:: I’
6
7 6 5 4 3 21 0
T
INTERRUPT REQUESTS 231201-14

Figure 11. Cascading the 82C59A-2
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ..... 0°C to 70°C
Storage Temperature .......... —65°Cto + 150°C
Supply Voltage (w.r.t.ground) ........ —0.5t0 7.0V

Input Voltage (w.r.t. ground) ... —0.5to Vgc + 0.5V
Output Voltage (w.r.t. ground). . —0.5to Vgc + 0.5V
Power Dissipation..................... .. 0.9 Watt

*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 condiitions 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.

NOTICE: Specifications contained within the
following tables are subject to change.

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

Symbol Parameter Min Max Units Test Conditions

lccs Standby Supply Current 10 HA VIN = Vgc or GND
AllIR = Voo
Outputs Unloaded
Vce = 5.5V

Icc Operating Supply Current 5 mA (Note)

ViH Input High Voltage 2.2 Vee + 0.5 \"

ViL Input Low Voltage -0.5 0.8 \"

VoL Output Low Voltage 0.4 v loL = 2.5mA

VoH Output High Voltage 3.0 \" loH = —2.5mA

) Vcc —0.4 loH = —100 pA

I Input Leakage Current +1.0 HA 0V < VN < Voo

Lo Output Leakage Current +10 pA 0V < Vout < Voo

ILR IR Input Leakage Current —-300 rA VIN=0

+10 ViIN = Voo
NOTE:

Repeated data input with 80C86-2 timings.

CAPACITANCE Tp = 25°C; Vgg = GND = 0V

Symbol Parameter Min Max Units Test Conditions

CiNn Input Capacitance 7 pF fc = 1 MHz
Ci/o 1/0 Capacitance 20 pF Unmeasured pins at GND

Cout Output Capacitance 15 pF
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A.C. CHARACTERISTICS T4 = 0°Cto 70°C, Ve = 5V +10%
TIMING REQUIREMENTS
Symbol Parameter 82C59A-2 Units Test Conditions
Min Max
TAHRL AO/CS Setup to RD/INTA | 10 ns
TRHAX AO/CS Hold after RD/INTA T 5 ns
TRLRH RD/INTA Pulse Width 160 ns
TAHWL AO/CS Setupto WR | 0 ns
TWHAX AO/CS Hold after WR T 0 ns
TWLWH WR Pulse Width 190 ns
TDVWH Data Setup to WR T 160 ns
TWHDX Data Hold after WR T 0 ns
TJLJH Interrupt Request Width (Low) 100 ns (See Note)
TCVIAL Cascade Setup to Second or Third 40 ns
INTA | (Slave Only)
TRHRL End of RD to next RD 160 ns
End of INTA to next INTA within
an INTA sequence only
TWHWL End of WR to next WR 190 ns
*TCHCL End of Command to next Command 400 ns
(Not same command type)
End of INTA sequence to next
INTA sequence.

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1.6
us, 8085-A2 = 1 us, 80C86 = 1 us, 80C86-2 = 625 ns)

NOTE:

This is the low time required to clear the input latch in the edge triggered mode.
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TIMING RESPONSES

Symbol Parameter 8259A-2 Units | TestConditions**
Min Max
TRLDV Data Valid from RD/INTA | 120 ns 1
TRHDZ Data Float after RD/INTA T 10 85 ns 2
TJHIH Interrupt Output Delay 300 ns 1
TIALCV Cascade Valid from First INTA ] 360 ns 1
(Master Only)
TRLEL Enable Active fromRD | orINTA | 110 ns 1
TRHEH Enable Inactive from RD T or INTA T 150 ns 1
TAHDV Data Valid from Stable Address 200 ns 1
TCVDV Cascade Valid to Valid Data 200 ns 1
**Test Condition Definition Table
TEST CONDITION Al R1 R2 C1
1 1.7V | 5230 | OPEN | 100 pf
2 45V | 1.8kQ | 1.8k | 30pf
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
Vi
INPUT OUuTPUT |
VIH + 0.4V - 2.4V R1
ViL = 0.4V ¥ * 0.45V OUTPUT TEST POINT
FROM
231201-15 DEVICE UNDER TEST
R2 I c1*
A.C. Testing: All input signals must switch between V; — 0.4V [ —_—
and Vi + 0.4V. Input Rise and Fall Times must be < 15 ns. All . 231201-16
timing measurements are made at 2.4V and 0.45V. *Includes Stray and
Jig Capacitance
WAVEFORMS
WRITE
WR o ——— TWLWH — F——-_‘-’
\ 7
TANWL |jo—r — TWHAX
=
ADDRESS BUS
a
TOVWH —e{» TWHOX
DATA BUS 4 j
231201-17
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WAVEFORMS (Continued)

READ/INTA

RD

TN
K

[e—— TAHRL — TRHAX
&3
ADDRESS BUS
A / :

TRURN

231201-18

OTHER TIMING

RD
INTA
TRHRL

231201-19
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WAVEFORMS (Continued)

INTA SEQUENCE

- [+ TJHH

o O-AN—\
iNTA G) }@_/ E@/

Dg.-.-..‘.------. < >-...4 ) .-.( )-.

TCVDV e

Z i A\

co2 _.]
le—
TIALCY 231201-20

NOTES:
Interrupt output must remain HIGH at least until leading edge of first INTA.

1. Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active.

2-132




8755A /8755A-2
16,384-BIT EPROM WITH 1/0

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

a Single + 5V Power Supply (Vcc) m Each I/O Port Line Individually
Programmable as Input or Output
= Directly Compatible with 8085A

and 8088 Microprocessors m Multiplexed Address and Data Bus

= U.V. Erasable and Electrically = 40-Pin DIP

Reprogrammable m Available in EXPRESS
- Standard Temperature Range
= Internal Address Latch - Extended Temperature Range

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/0 chip to be used in the 8085AH and
iAPX 88 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of
450 ns to permit use with no wait states in an 8085AH CPU.

The I/0 portion consists of 2 general purpose I/0 ports. Each I/O port has 8 port lines, and each I/O port line is individually
programmable as input or output.

The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085AH-2 and the ) Mz IAF'X HH
microprocessor.

PROG AND CE, CM] Vee
cLK CE2[] 2 39 [1P8;
1 ck [} 3 38 [1PBg
READY RESET [] 4 37 [1PBs
Voo [} 5 36 [1PBy
ADg~y READY [] 6 35 [1PB3
PORT A o/m 47 34 [1PB,
AE~‘0:> A PAo~1 ior []s 33778,
e Kl 32|1PBo

CEz 2K x8

iow [J 10 8755A/ 31[1PA;
ALE (] 11 8755A2 3 [PAg

(Y PORT B
RD—— AD, ] PA,

10/M ——————={ EPROM

13 28
oW ———————] AD, (] 14 27 [1PA;
RESET ————————= AD; ] 15 26 [1PA;
ioR—————f AD, ] 16 25 [1PA,
ADg [] 17 24 [PAg
— AD, A
PROG/CE,-——T chc (+5V) ADSE 8 3 ]A“‘
Voo Vgs (OV) jAS RE] 22[1Ay
Vss [ 20 2[4
Figure 1. Block Diagram Figure 2. Pin Configuration
Intel Corp ion A NoR ibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.

©INTEL CORPORATION, 1980
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Table 1. Pin Description

Symbol | Type Name and Function Symbol Type Name and Function

ALE | | Address Latch Enable: When Address READY O | Ready is a 3-state output controlled by
Latch Enable goes high, ADg—7, IO/M, CEj, CE, ALE and CLK. READY is forc-
Ag—10, CE2, and CEq enter the addrass ed low when the Chip Enables are active
latches. The signals (AD, 10/M ADg_1o, during the time ALE is high, and re-
CEy, CEy) are latched in at the trailing mains low until the rising edge of the
edge of ALE. next CLK. (See Figure 6c.)

ADg—7 | Bldlrecthnal Address/Data Bus: The PAo—7 /0 | Port A: These are general purpose /O
lower 8-!>|ts of the PRO,M or /0 addre§s pins. Their input/output direction is de-
are applied to the bus lines when ALE is termined by the contents of Data Direc-
high. tion Register (DDR). Port A is selected for
During an /O cycle, Port A or B is write operations when the Chip Enables
selected based on the latched value of are active and IOW is low and a 0 was
ADy. IFRD orIORis low when the latched previously latched from ADg, ADy.

Chip Enables are active, the output buf- Read Operation is selected by either TOR
fers present data on the bus. low and active Chip Enables and ADg

Ag—10 1 Address Bus: These are the high order and AD4 low, or IO/M high, RD low, active
bits of the PROM address. They do not Chip Enables, and ADg and AD4 low.
affect I/O operations. PBp—7 /O | Port B: This general purpose I/O port is

PROG/CE; 1 Chip Enable Inputs: CE; is active low identical to Port A except that it is

CEz and CE; is active high. The 8755A can be selected by a 1 latched from ADg and a0
accessed only when both Chip Enables from AD+.
are active at the time the ALE signal RESET I | Reset: in normal operation, an input
latches them up. If either Chip Enable high on RESET causes all pinsin Ports A
input is not aCt',ve' tl:le AD_°‘7_ and and B to assume input mede (clear DDR
READY outputs will be in a high impe- register).
dance state.CE; is also used as a pro- —
gramming pin. (See section on IOR 1 1/0 Read: When the Chip Enables are
programming.) active, a low on IOR will output the

= ——— selected 1/O port onto the AD bus. IOR

10/M | /o Meﬂo'ry: If the latched 10/M is high low performs the same function as the
when RD is low, the output data comes combination of 10/M high and RD low.
from an I/O port. if it is low the output When iOR is not used in a system, TOR

_ data comes from the PROM. should be tied to Vg (“17).

RD | Refd: If the latched Chip Enables are Voo Power: +5 volt supply.
active when RD goes low, the ADg_7
output buffers are enabled and output Vss Ground: Reference.
either the selected PROM location orl/o Voo Power Supply: Vpp is a programming
port. When both RD and IOR are high, voltage, and must be tied to Ve when
the ADy—7 output buffers are 3-stated. the 8755A is being read.

oW I | /O Write: If the latched Chip Enables aré For programming, a high voltage is
active, a low on IOW causes the output supplied with Vpp = 25V, typical. (See
port pointed to by the latched value of section on programming.)

ADg to be written with the dataon ADg 7.
The state of IO/M is ignored.
CLK 1 Clock: The CLK is used to force the

READY into its high impedance state
after it has been forced low by-CEq low,
CE3 high, and ALE high.
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. o
Intel 8755A/8755A-2
FUNCTIONAL DESCRIPTION one8im or P An DR A
PROM Section VAN QUTPUT |
The 8755A contains an 8-bit address latch which allows it 2l 7o |
to interface directly to MCS-48, MCS-85 and iAPX 88/10 cLK OuUTRUT |
Microcomputers without additional hardware. “ ENABLE :
2 WRITE PA

The PROM section of the chip is addressed by the 11-bit 2 !
address and the Chip Enables. The address, CE; and E Do i :
CE; are latched into the address latches on the falling F :LR ¢ 4
edge of ALE. If the latched Chip Enables are active and E L | o
I0/M is low when RD goes low, the contents of the 2| RESET :
PROM location addressed by the latched address are WRITE DOR A |
put out on the ADg.7lines (provided that Vpp is tied to |
Vee) > G— !

A4 |

1/0 Section

The 1/0 section of the chip is addressed by the latched
value of ADo-1. Two 8-bit Data Direction Registers (DDR)
in 8755A determine the input/output status of each pin
in the corresponding ports. A “0” in a particular bit posi-
tion of a DDR signifies that the corresponding 1/0 port bi
isin the input mode. A “1” in a particular bit position signi-
fies that the corresponding I/O port bit is in the output
mode. In this manner the 1/O ports of the 8755A are bit-by-
bit programmable as inputs or outputs. The table
summarizes port and DDR designation. DDR’s cannot be
read.

AD; ADo Selection
0 0 |PortA
0 1 Port B
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 active,
the data on the ADy__; is written into I/O port selected
by the latched value of ADg_ 4. During this operation all
1/0 bits of the selected port are affected, regardiess of
their I/0O mode and the state of IO/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 Enables are
active and either RD goes low with 10/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 1/0 Ports and Data Direction
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.
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READ PA

WRITE PA = (mﬂo (CHIP ENABLES ACTIVE) @ (PORT A ADDRESS SELECTED)
WRITE DOR A = (JOW=0) ® (CHIP ENABLES ACTIVE) ® (DDR A ADDRESS SELECTED)
READ PA = ([(IOIM=|) « (RD=0)] + (1DR=0} ) o (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 D_R
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 ini-
tialized 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.

TABLE 1. 8755A PROGRAMMING MODULE CROSS
REFERENCE

MODULE NAME USE WITH

UPP 955 UPP(4)

UPP UP2(2) UPP 855
PROMPT 975 PROMPT 80/85(3)
PROMPT 475 PROMPT 48(1)
NOTES:

1. Described on p. 13-34 of 1978 Data Catalog.
2. Special adaptor socket.

3. Described on p. 13-39 of 1978 Data Catalog.
4. Described on p. 13-71 of 1978 Data Catalog.




8755A/8755A-2

ERASURE CHARACTERISTICS

The erasure characteristics of the 8755A are such that
erasure begins to occur when exposed to light with
waveiengths shorter than approximately 4000 Angstroms
(A). It shouid 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 labels
are available from intel which should be placed over the
8755 window to prevent unintentional erasure.

The recommended erasure procedure for the 8755A is
exposure to shortwave ultraviolet light which has a wave-
length 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 minutes using an ultra-
vioiet lamp with a 12000uW/cm2 power rating. The
8755A should be placed within one inch from the lamp
tubes during erasure. Some lamps have a filter on their
tubes and this filter should be removed before erasure.

PROGRAMMING

Initially, and after each erasure, all bits of the EPROM
portions of the 8755A are in the “1” state. Information is
introduced by selectively programming “0” into the
desired bit locations. A programmed “0” can only be
changed to a “1” by UV erasure.

The 8755A can be programmed on the Intel® Universal
PROM Programmer (UPP), and the PROMPT™ 80/85 and
PROMPT-48™ design aids. The appropriate programming
modules and adapters for use in programming both
8755A’s and 8755's:are shown in Table 1.

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 diagram. In the verify
cycle (i.e., normal memory read cycle) ‘Vpp should
be at +5V. -

Preliminary timing diagrams and parameter values per-
taining to the 8755A programming operation are con-
tained in Figure 7.
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SYSTEM APPLICATIONS

System Interface with 8085AH and iAPX 88

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

e Standard 1/0
e Memory Mapped I/0

If a standard I/O technique is used, the system can use
the feature of both CE, and CE4. By using a combina-
tion of unused address lines Ayy_45 and the Chip
Enable inputs, the 8085AH system can use up to 5 each
8755A's without requiring a CE decoder. See Figure 4a and 4b.

If a memory mapped I/O approach is used the 8755A will
be selected by the combination of both the Chip
Enables and 10/M using ADg_ 45 address lines. See
Figure 3.

<A8_15 ] I T > |
8085AH <JIAD‘H j'>

ALE

RD

WR

CLK ($2)
READY
10/M

Vee

AfDg; Agyg RD CLK  10/M
I0R ALE [0W READY CE

8755A

Figure 3. 8755A in 8085AH System
(Memory-Mapped 1/0)
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iAPX 88 FIVE CHIP SYSTEM

Figure 4 shows a five chip system containing:
1.25K Bytes RAM

2K Bytes EPROM

38 1/O Pins

1 Interval Timer

2 Interrupt Levels

1o

GND
(Vss)

GND

“MANUAL
RESET

READY

8284
RESET
RDY1

& PORT
CE T
WR
" PORT
R0 gyss2 B
ALE

DATA/ c
ADDR
IN

10/M TIMER

reser OVT

1 HEY

g

PORT
A

> As-10

10/M  PORT
B

RESET

READY

o

(8)

It

Vss Vee Voo

PROG

I

O

€y
8185-2
E

CEz

Ag—A1g | .
N
AD - AD; ADDRIDATA
CLK
i
8088 Z:_
— READY 8755A-2
MNIMX —Vec gg;‘;’
ALE i
r RST @) RD bt
WREF——— —
10/M —
¢ |
Vee
®
S_._
H—
!

NN

Ag. Ag

> ADy;

Vss  Vee

Figure 4a. iAPX 88 Five Chip System Configuration
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8755A/8755A-2

ABSOLUTE MAXIMUM RATINGS*

Temperature

Storage Temperature

Voltage on A

With Respectto Ground
Power Dissipation

D.C. CHARACTERISTICS

Under Bias 0°Cto +70°C

-65°Cto +150°C

ny Pin
-0.5V to +7V
1.5W

(Ta = 0°C to 70°, Vg =

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

. reliability.

Vpp = 5V + 5%;

Vee = Vpp = 5V £10% for 8755A-2)

SYMBOL | PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \% Vce = 5.0V

ViH Input High Voltage 2.0 Vec+0.5 \ Vee = 5.0V

VoL QOutput Low Voitage 0.45 \ loL =2mA

VoH Output High Voltage 2.4 \Y loy = -400uA

i Input Leakage 10 HA Vss < VN < Vce
Lo Output Leakage Current +10 LA 0.45V < Vouyr = V¢
Icc Vce Supply Current 180 mA ]
' bp Vpp Supply Current 30 mA Vpp = Vce V
Cin Capacitance of Input Buffer 10 pF fc = 1uHz

Ci/o Capacitance of 1/0O Buffer 15 pF fc = 1uHz

D.C. CHARACTERISTICS — PROGRAMMING

(TA=0°Ct070°, Vg = 5V + 5%, Vgg = 0V, Vpp = 25V £1V;
Vee = Vpp = 5V +10% for 8755A-2)

Symbol Parameter Min. Typ. Max. Unit
Vbop Programming Voltage (during Write

to EPROM) 24 25 26 \Y
lop Prog Supply Current 15 30 mA
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Inter 8755A/8755A-2

A.C. CHARACTERISTICS (14 = 0°C to 70°, Vg = 5V + 5%;
Vee = Vpp = 5V £10% for 8755A-2)

8755A (Profiminary)
Symbol Parameter Min. Max. Min. Max. Units
tcye Clock Cycle Time 320 200 ns
T4 CLK Pulse Width 80 40 ns
T2 CLK Pulse Width 120 70 ns
tf,tr CLK Rise and Fall Time 30 30 ns
taL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 . 45 - ns
tLe Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control* 170 140 ns
tAD Address Stable to Data Out Valid** 450 300 ns
tLL Latch Enable Width 100 70 ns
tRDF Data Bus Float after READ 0 100 0 85 ns
tcL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to Write Set Up Time 150 150 ns
twb Data In Hold Time After WRITE - 30 10 ns
twp WRITE to Port Output 400 300 ns
tpr Port Input Set Up Time - 50 50 ns
trp Port Input Hold Time to Control 50 50 ns
tRYH READY HOLD Time to. Control 0 160 0 160 ns
tARY ADDRESS (CE) to READY 160 160 ns
tRv Recovery Time Between Controls 300 200 ns
tRDE READ Control to Data Bus Enable 10 10 ns

NOTE:

CrLoap = 150pF.

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

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

A.C.CHARACTERISTICS —PROGRAMMING (T4 =0°Cto70°, Vg =5V + 5%, Vgg = OV, Vpp = 25V £ 1V;
Vee = Vpp = 5V £10% for 8755A-2)

Symbol Parameter Min. Typ. Max. Unit
trs Data Setup Time 10 ns
trp Data Hold Time 0 ns
ts Prog Puise Setup Time 2 us
tH Prog Pulse Hold Time 2 us
tPR Prog Pulse Rise Time 0.01 2 us
trr Prog Pulse Fall Time 0.01 2 us
tPRG Prog Pulse Width 45 50 msec
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

2.4

2.0 2.0
> TEST POINTS <
0.8 0.8
0.45

AND 0.8V FOR A LOGIC "0

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"

WAVEFORMS

DEVICE
UNDER
TEST

Il C_ = 150 pF

Cy = 150 pF
C(_ INCLUDES JIG CAPACITANCE

CLOCK SPECIFICATION FOR 8755A

T

Y = k
| Ty ——
teve
PROM READ, I/0 READ AND WRITE
X X
Ag10 ADDRESS
oM
taD
; p r
ADg7 ADDRESS E- _— -Zr X‘ DATA ]

-8

fa— AL

r-—‘LA——»

-

LI

N

X
X
—
_/

j«—— tRDE

fa—————t C

! IRDF fe——

fe——— tRp

tow

Please note that CE1 must remain low for the entire cycle.

tcc

(SR T ——

tRv
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IM ; 8755A/8755A-2

WAVEFORMS (Continued)

1/0 PORT

A. INPUT MODE

o trp

GLITCH FREE
/OUTPUT
———————————— —
PORT
OUTPUT

WAIT STATE (READY = 0)

o M A\ /S _/ \ /_\_
e taL ——
(CE=1) «(CE=0)
- ST
\/ V. N\
READY == == o = mef = 4 N — o o ——
|- tary «»‘ — - RYH
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WAVEFORMS (Continued)

8755A PROGRAM MODE

FUNCTION J
-———————————— PROGRAM CYCLE ‘ VERIFY CYCLE* |«¢—— PROGRAM CYCLE

A/Dg.7

tpp —~

A8-10

4 DATA TO BE
ADDRESS D\ PROGRAMMED

CE2

J LK

PROG/CE1 \

- —
tpg —— H |
ts

+25
Voo

+5 — —

—| tpg > tpF |—
—| tppG [e—

*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A)
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INTRODUCTION

The Intel 8259A is a Programmable Interrupt Controller
(PIC) designed for use in real-time interrupt driven
microcomputer systems. The 8259A manages eight
levels of interrupts and has built-in features for expan-
sion up to 64 levels with additional 8259A’s. Its versatile
design allows it to be used within MCS-80, MCS-85,
MCS-86, and MCS-88 microcomputer systems. Being
fully programmable, the 8259A provides a wide variety of
modes and commands to tailor 8259A interrupt process-
ing for the specific needs of the user. These modes and
commands control a number of interrupt oriented func-
tions such as interrupt priority selection and masking of
interrupts. The 8259A programming may be dynamically
changed by the software at any time, thus aliowing com-
plete interrupt control throughout program execution.

The 8259A is an enhanced, fully compatible revision of
its predecessor, the 8259. This means the 8259A can use
all hardware and software originally designed for the
8259 without any changes. Furthermore, it provides ad-
ditional modes that increase its flexibility in MCS-80
and MCS-85 systems and allow it to work in MCS-86 and
MCS-88 systems. These modes are:

MCS-86/88 Mode

Automatic End of Interrupt Mode
Level Triggered Mode

Special Fully Nested Mode
Buffered Mode

Each of these are covered in depth further in this appli-
cation note.

This application note was written to explain completely
how to use the 8259A within MCS-80, MCS-85, MCS-86,
and MCS-88 microcomputer systems. it is divided into
five sections. The first section, “Concepts”, explains
the concepts of interrupts and presents an overview of
how the 8259A works with each microcomputer system
mentioned above. The second section, “Functional
Block Diagram”, describes the internal functions of the
8259A in block diagram form and provides a detailed
functional description of each device pin. “Operation of
the 8259A”, the third section, explains in depth the
operation and use of each of the 8259A modes and com-
mands. For clarity of explanation, this section doesn’t
make reference to the actual programming of the 8259A.
Instead, ail programming is covered in the fourth sec-
tion, “Programming the 8259A". This section explains
how to program the 8259A with the modes and com-
mands mentioned in the previous section. These two
sections are referenced in Appendix A. The fifth and
final section “Application Examples”, shows the 8259A
in three typical applications. These applications are
fully explained with reference to both hardware and soft-
ware.

The reader should note that some of the terminology
used throughout this application note may differ
slightly from existing data sheets. This is done to better
clarify and explain the operation and programming of
the 8259A.

1. CONCEPTS

In microcomputer systems there is usually a need for
the processor to communicate with various Input/Out-
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put (I/O) devices such as keyboards, displays, sensors,
and other peripherals. From the system viewpoint, the
processor should spend as little time as possible servic-
ing the peripherals since the time required for these 1/0
chores directly affects the amount of time available for
other tasks. In other words, the system should be
designed so that /O servicing has little or no effect on
the total system throughput. There are two basic
methods of handling the 1/0 chores in a system: status
polling and interrupt servicing.

The status poll method of I/O servicing essentially in-
volves having the processor “ask” each peripheral if it
needs servicing by testing the peripheral’s status line. If
the peripheral requires service, the processor branches
to the appropriate service routine; if not, the processor
continues with the main program. Clearly, there are
several problems in implementing such an approach.
First, how often a peripheral is polled is an important
constraint. Some idea of the “frequency-of-service”
required by each peripheral must be known and any soft-
ware written for the system must accommodate this
time dependence by ‘“scheduling” when a device is
polled. Second, there will obviously be times when a
device is polled that is not ready for service, wasting the
processor time that it took to do the poll. And other
times, a ready device would have to wait until the proc-
essor “makes its rounds” before it could be serviced,
slowing down the peripheral.

Other problems arise when certain peripherals are more
important than others. The only way to implement the
“priority” of devices is to poll the high priority devices
more frequently than lower priority ones. It may even be
necessary to poll the high priority devices while in a low
priority device service routine. It is easy to see that the
polled approach can be inefficient both time-wise and
software-wise. Overall, the polied method of I/O servic-
ing can have a detrimental effect on system throughput,
thus limiting the tasks that can be performed by the
processor.

A more desirable approach in most systems would allow
the processor to be executing its main program and only
stop to service the 1/0 when told to do so by the 1/0
itself. This is called the interrupt service method. In
effect, the device would asynchronously signal the proc-
essor when it required service. The processor would
finish its current instruction and then vector to the
service routine for the device requesting service. Once
the service routine is complete, the processor would
resume exactly where it left off. Using the interrupt ser-
vice method, no processor time is spent testing devices,
scheduling is not needed, and priority schemes are
readily implemented. It is easy to see that, using the in-
terrupt service approach, system throughput would in-
crease, allowing .more tasks to be handled by the
processor.

However, to implement the interrupt service method
between processor and peripherals, additional hardware
is usually required. This is because, after interrupting
the processor, the device must supply information for
vectoring program execution. Depending on the proc-
essor used, this can be accomplished by the device tak-
ing control of the data bus and “jamming” an instruc-
tion(s) onto it. The instruction(s) then vectors the pro-
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gram to the proper service routine. This of course re-
quires additional control logic for each interrupt re-
questing device. Yet the implementation so faris only in
the most basic form. What if certain peripherals are to
be of higher priority than others? What if certain inter-
rupts must he disabled while others are to be enabled?
The possible variations go on, but they all add up to one
theme; to provide greater flexibility using the interrupt
service method, hardware requirements increase.

So, we're caught in the middle. The status poll method
is a less desirable way of servicing /O in terms of
throughput, but its hardware requirements are minimal.
On the other hand, the interrupt service method is most
desirabie in terms of flexibility and throughput, but
additional hardware is required.

The perfect situation would be to have the flexibility and
throughput of the interrupt method in an implementa-
tion with minimal hardware requirements. The 8259A
Programmable Interrupt Controller (PIC) makes this all
possible.

The 8259A Programmable Interrupt Controller (PIC) was
designed to function as an overall manager of an inter-
rupt driven system. No additional hardware is required.
The 8259A alone can handle eight prioritized interrupt
levels, controlling the complete interface between pe-
ripherals and processor. Additional 8259A’'s can be
‘“cascaded” to increase the number of interrupt levels
processed. A wide variety of modes and commands for
programming the 8259A give it enough flexibility for
almost any interrupt controlled structure. Thus, the
8259A is the feasible answer to handling I/0 servicing in
microcomputer systems.

Now, before explaining exactly how to use the 8259A,
let’s go over interrupt structures of the MCS-80, MCS-85,
MCS-86, and MCS-88 systems, and how they interact
with the 8259A. Figure 1 shows a block diagram of the
8259A interfacing with a standard system bus. This may
prove useful as reference throughout the rest of the
“Concepts” section.

ADDRESS BUS . )

CONTROL BUS

i/0R INTA

i/oW Iwr

DATA BUS

CS Ay D,-D, RD WR INT INTA

CASCADE

LINES CAS1 82594

cAS2  IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
SP/EN 7 6 5 4 3 2 1 0

LT

T
PROG/ENABLE INTERRUPT
BUFFER REQUESTS

Figure 1. 8259A Interface to Standard Syste'm Bus
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1.1 MCS-80 —8259A OVERVIEW

In an MCS-80—8259A interrupt configuration, as in
Figure 2, a device may cause an interrupt by pulling one
of the 8259A’s interrupt request pins (IR0-IR7) high. If
the 8259A accepts the interrupt request (this depends
on its programmed condition), the 8259A’s INT (inter-
rupt) pin will go high, driving the 8080A’s INT pin high.

The 8080A can receive an interrupt request any time,
since its INT input is asynchronous. The 8080A, how-
ever, doesn’t always have to acknowledge an interrupt
request immediately. It can accept or disregard re-
quests under software control using the El (Enable Inter-
rupt) or DI (Disable Interrupt) instructions. These in-
structions either set or reset an internal interrupt enable
flip-flop. The output of this flip-flop controls the state of
the INTE (Interrupt Enabled) pin. Upon reset, the 8080A
interrupts are disabled, making INTE low.

At the end of each instruction cycle, the 8080A exam-
ines the state of its INT pin. If an interrupt request is
present and interrupts are enabled, the 8080A enters an
interrupt machine cycle. During the interrupt machine
cycle the 8080A resets the internal interrupt enable flip-
flop, disabling further interrupts until an El instruction
is executed. Unlike normal machine cycles, the interrupt
machine cycle doesn’t increment the program counter.
This ensures that the 8080A can return to the pre-
interrupt program location after the interrupt is com-
pleted. The 8080A then issues an INTA (Interrupt
Acknowledge) pulse via the 8228 System Controller Bus
Driver. This TNTA pulse signals the 8259A that the 8080A
is honoring the request and is ready to process the inter-
rupt.

The 8259A can now vector program execution to the cor-
responding service routine. This is done during a se-
quence of the three INTA pulses from the 8080A via the
8228. Upon receiving the first INTA pulse the 8259A
places the opcode for a CALL instruction on the data
bus. This causes the contents of the program counter to
be pushed onto the stack. In addition, the CALL instruc-
tion causes two more INTA pulses to be issued, allow-
ing the 8259A to place onto the data bus the starting
address of the corresponding service routine. This
address is called the interrupt-vector address. The lower
8 bits (LSB) of the interrupt-vector address are released
during the second INTA pulse and the upper 8 bits
(MSB) during the third INTA pulse. Once this sequence
is completed, program execution then vectors to the
service routine at the interrupt-vector address.

If the same registers are used by both the main program
and the interrupt service routine, their contents should
be saved when entering the service routine. This in-
cludes the Program Status Word (PSW) which consists
of the accumulator and flags. The best way to do this is
to “PUSH” each register used onto the stack. The ser-
vice routine can then “POP” each register off the stack
in the reverse order when it is completed. This prevents
any ambiguous operation when returning to the main
program.

Once the service routine is completed, the main
program may be re-entered by using a normal RET
(Return) instruction. This will “POP” the original con-
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tents of the program counter back off the stack to
resume program execution where it left off. Note, that
because interrupts are disabled during the interrupt
acknowledge sequence, the EI instruction must be
executed either during the service routine or the main
program before further interrupts can be processed.

For additionz! information on the 8080A interrupt struc-
ture and opetation, refer to the MCS-80 User’'s Manual.

1.2 MCS-85 —8259A OVERVIEW

An MCS-85—8259A configuration processes interrupts
in much the same format as an MCS-80—8259A config-

uration. When an interrupt occurs, a sequence of three
INTA pulses causes the 8259A to release onto the data
bus a CALL instruction and an interrupt-vector address
for the corresponding service routine. Other events that
occur during the 8080A interrupt machine cycle, such as
disabling interrupts and not incrementing the program
counter, also occur in the 8085A interrupt acknowledge
machine cycle. Additionally, the instructions for saving
registers, enabling or disabling of interrupts, and return-
ing from service routines are literally the same.

The 8085A, however, has a different interrupt hardware

scheme as shown in Figure 3. For one, the 8085A sup-
plies its own INTA output pin rather than using an addi-
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tional chip, as the 8080A uses the 8228 System Con-
troller Bus Driver. Another hardware difference is the
8085A has five hardware interrupt pins: INTR, RST 7.5,
RST 6.5, RST 5.5, and TRAP. The INTR (Interrupt Request)
pin is the equivalent to the 8080A’s INT pin. The RST
(Restart) pins and TRAP pin are all restart interrupts
which vector program execution to an individual dedi-
cated address when asserted. The important factor
associating these interrupts is their relative priority, as
shown below:

TRAP Highest Priority
RST 7.5
RST 6.5
RST 5.5
INTR Lowest Priority

The INTR pin has lowest priority among the other 8085A
hardware interrupts. Thus, precautions to prevent inter-
rupting 8259A service routines may be necessary. This,
of course, depends on how the 8085A interrupts are
being used in a particular application. Such precautions
can be impiemented, however, by masking the RST pins
using the SIM instruction. The TRAP pin on the other
hand is non-maskable; all interrupt pins but TRAP can
be controlled by the El (Enable Interrupt) and DI (Disable
Interrupt) instructions.

For a complete description of the 8085A interrupt struc-
ture, refer to the MCS-85 User’'s Manual.
1.3 MCS-86/88 —8259A OVERVIEW

Operation of an MCS-86/88—8259A configuration has
basic similarities of the MCS-80/85—8259A configura-

tions. That is, a device can cause an interrupt by pulling
one of the 8259A’s interrupt request pins (IR0-IR7) high.
If the 8259A honors the request, its INT pin will go high,
driving the 8086/8088’s INTR pin high. Like the 8080A
and 8085A, the INTR pin of the 8086/8088 is asynchro-
nous, thus it can receive an interrupt any time. The
8086/8088 can also accept or disregard requests on
INTR under software control using the STI (Set interrupt)
or CLI (Clear Interrupt) instructions. These instructions
set or clear the interrupt-enabled flag IF. Upon
8086/8088 reset the IF flag is cleared, disabling external
interrupts on INTR. Beside the INTR pin, the 8086/8088
provides an NMI (Non-Maskabie Interrupt) pin. The NMI
functions similar to the 8085A’s TRAP; it can’t be dis-
abled or masked. NMI has higher priority than INTR.

Figure 4 shows an MCS-86 MAX Mode system interfac-
ing with an 8259A on the local bus. This MCS-86—8259A
configuration is also representative of an MCS-88—
8259A configuration except for the data bus which is 16
bits for 8086 and 8 bits for 8088. In the MCS-86 system
the 8259A must be on the lower 8 bits of the data bus.
Note that the 8259A could also be interfaced on the
system bus.

Although there are some basic similarities, the actual
processing of interrupts with an 8086/8088 is different
than an 8080A or 8085A. When an interrupt request is
present and interrupts are enabled, the 8086/8088 enters
its interrupt acknowledge machine cycle. The interrupt
acknowledge machine cycle pushes the flag registers
onto the stack (as in a PUSHF instruction). It then clears
the IF flag which disables interrupts. The contents of
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Figure 4. MSC-86: 8259A Basic Configuration Example (8086 in Max. Mode)
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both the code segment and the instruction pointer are
then also pushed onto the stack. Thus, the stack retains
the pre-interrupt flag status and pre-interrupt program
location which are used to return from the service
routine. The 8086/8088 then issues the first of two INTA
pulses which signal the 8259A that the 8086/8088 has
honored its interrupt request. If the 8086/8088 is used in
its “MIN Mode” the INTA signal is available from the
8086/8088 on its INTA pin. If the 8086/8088 is used in the
“MAX Mode” the TNTA signal is available via the 8288
Bus Controller INTA pin. Additionally, in the “MAX
Mode” the 8086/8088 LOCK pin goes low during the in-
terrupt acknowledge sequence. The LOCK signal can be
used to indicate to other system bus masters not to gain
control of the system bus during the interrupt acknowl-
edge sequence. A “HOLD” request won’t be honored
while LOCK is low.

The 8259A is now ready to vector program execution to
the corresponding service routine. This is done during
the sequence of the two INTA pulses issued by the 8086/
8088. Unlike operation with the 8080A or 8085A, the
8259A doesn’t place a CALL instruction and the starting
address of the service routine on the data bus. instead,
the first INTA pulse is used only to signal the 8259A of
the honored request. The second INTA pulse causes the
8259A to place a single interrupt-vector byte onto the
data bus. Not used as a direct address, this interrupt-
vector byte pertains to one of 256 interrupt “types” sup-
ported by the 8086/8088 memory. Program execution is
vectored to the corresponding service routine by the
contents of a specified interrupt type.

All 256 interrupt types are located in absoiute memory
locations 0 through 3FFH which make up the 8086/
8088’s interrupt-vector tabie. Each type in the interrupt-
vector table requires 4 bytes of memory and stores a
code segment address and an instruction pointer ad-
dress. Figure 5 shows a block diagram of the interrupt-
vector table. Locations 0 through 3FFH should be
reserved for the interrupt-vector table alone. Further-
more, memory locations 00 through 7FH (types 0-31) are
reserved for use by Intel Corporation for Inte! hardware
and software products. To maintain compatibility with
present and future Intel products, these locations
should not be used. )

3FFH

INTERRUPT TYPE 255
3FCH
3FBH

INTERRUPT TYPE 254

3F8H
.

3 L] B

— e

L]

BH
INTERRUPT TYPE 2
8H
H

4H
3H

INTERRUPT TYPE 1

INTERRUPT TYPE 0

OH

Figure 5. 8086/8088 Interrupt Vector Table
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When the 8086/8088 receives an interrupt-vector byte
from the 8259A, it multiplies its value by four to acquire
the address of the interrupt type. For example, if the
interrupt-vector byte specifies type 128 (80H), the vec-
tored address in 8086/8088 memory is 4 x 80H, which
equals 200H. Program execution is then vectored to the
service routine whose address is specified by the code
segment and instruction pointer values within type 128
located at 200H. To show how this is done, let’s assume
interrupt type 128 is to vector data to 8086/8088 memory
location 2FF5FH. Figure 6 shows two possible ways to
set values of the code segment and instruction pointer
for vectoring to location 2FF5FH. Address generation
by the code segment and instruction pointer is ac-
complished by an offset (they overiap). Of the total
20-bit address capability, the code segment can desig-
nate the upper 16 bits, the instruction pointer can
designate the lower 16 bits.

=~ =
Cs(MsB) 2FH 1FFH
cs(LsB) FoH wen Lo
1P (MSB) 00H 1FDH 2
1P (LSB) 5FH 1FCH
3 4
CS(MSB) 200 1FFH
CS(LSB) 00H 1FEH
1P (MSB) FFH 1FDH [ TYPE128
1P (LSB) 5FH 1FCH
i 4

Figure 6. Two Examples of 8086/8088 interrupt Type 128 Vectoring
to Location 2FF5FH

When entering an interrupt service routine, those regis-
ters that are mutually used between the main program
and service routine should be saved. The best way to do
this is to “PUSH” each register used onto the stack im-
mediately. The service routine can then “POP” each
register off the stack in the same order when it is com-
pleted.

Once the service routine is completed the main program
may be re-entered by using a IRET (Interrupt Return) in-
struction. The IRET instruction will pop the pre-interrupt
instruction pointer, code segment and flags off the
stack. Thus the main program will resume where it was
interrupted with the same flag status regardiess of
changes in the service routine. Note especially that this
includes the state of the IF flag, thus interrupts are re-
enabled automatically when returning from the service
routine.

Beside external interrupt generation from the INTR pin,
the 8086/8088 is also able to invoke interrupts by soft-
ware. Three interrupt instructions are provided: INT, INT
(Type 3), and INTO. INT is a two byte instruction, the sec-
ond byte selects the interrupt type. INT (Type 3) is aone
byte instruction which selects interrupt Type 3. INTO is
a conditional one byte interrupt instruction which
selects interrupt Type 4 if the OF flag (trap on overflow)
is set. All the software interrupts vector program execu-
tion as the hardware interrupts do.
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For further information on 8086/8088 interrupt operation
and internal interrupt structure refer to the MCS-86
User’'s Manual and the 8086 System Design application
note.

2. 8259A FUNCTIONAL BLOCK DIAGRAM

A block diagram of the 8259A is shown in Figure 7. As
can be seen from this figure, the 8259A consists of eight
major blocks: the Interrupt Request Register (IRR), the
In-Service Register (ISR), the Interrupt Mask Register
(IMR), the Priority Resoiver (PR), the cascade buffer/
comparator, the data bus buffer, and logic blocks for
control and read/write. We’ll first go over the blocks
directly related to interrupt handling, the IRR, ISR, IMR,
PR, and the control logic. The remaining functional
blocks are then discussed.

2.1 INTERRUPT REGISTERS AND CONTROL LOGIC

Basically, interrupt requests are handled by three “cas-
caded” registers: the Interrupt Request Register (IRR) is
use to store all the interrupt levels requesting service;
the In-Service Register (ISR) stores ail the levels which
are being serviced; and the Interrupt Mask Register
(IMR) stores the bits of the interrupt lines to be masked.
The Priority Resolver (PR) looks at the IRR, ISR and IMR,
and determines whether an INT should be issued by the
the control logic to the processor.

Figure 8 shows conceptually how the Interrupt Request
(IR) input handies an interrupt request and how the
various interrupt registers interact. The figure repre-

sents one of eight ‘‘daisy-chained” priority cells, one for
each iR input.

The best way to explain the operation of the priority cell
is to go through the sequence of internal events that
happen when an interrupt request occurs. However,
first, notice that the input circuitry of the priority cell
allows for both level sensitive and edge sensitive IR in-
puts. Deciding which method to use is dependent on the
particular application and will be discussed in more
detail later.

When the IR input is in an inactive state (LOW), the edge
sense latch is set. If edge sensitive triggering is
selected, the “Q” output of the edge sense latch will
arm the input gate to the request latch. This input gate
will be disarmed after the IR input goes active (HIGH)
and the interrupt request has been acknowledged. This
disables the input from generating any further inter-
rupts until it has returned low to re-arm the edge sense
latch. If level sensitive triggering is selected, the “Q”
output of the edge sense latch is rendered useless. This
means the level of the IR input is in complete control of
interrupt generation; the input won’t be disarmed once
acknowledged.

When an interrupt occurs on the IR input, it propagates
through the request latch and to the PR (assuming the
input isn’t masked). The PR looks at the incoming re-
quests and the currently in-service interrupts to ascer-
tain whether an interrupt should be issued to the proc-
essor. Let’s assume that the request is the only one in-
coming and no requests are presently in service. The PR
then causes the control logic to pult the INT line to the
processor high.

PIN CONFIGURATION

BLOCK DIAGRAM
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Figure 7. 8259A Block Diag and Pin Config
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Figure 8. Priority Cell

When the processor honors the INT pulse, it sends a se-
quence of INTA pulses to the 8259A (three for 8080A/
8085A, two for 8086/8088). During this sequence the
state of the request latch is frozen (note the INTA-freeze
request timing diagram). Priority is again resolved by the
PR to determine the appropriate interrupt vectoring
which is conveyed to the processor via the data bus.

Immediately after the interrupt acknowledge sequence,
the PR sets the ccrresponding bit in the ISR which
simultaneously clears the edge sense latch. if edge sen-
sitive triggering is used, clearing the edge sense latch
also disarms the request latch. This inhibits the
possibility of a still active IR input from propagating
through the priority cell. The IR input must return to an
inactive state, setting the edge sense latch, before
another interrupt request can be recognized. If level sen-
sitive triggering is used, however, clearing the edge
sense latch has no affect on the request latch. The state
of the request latch is entirely dependent upon the IR in-
put level. Another interrupt will be generated immedi-
ately if the IR level is left active after its ISR bit has been
reset. An ISR bit gets reset with an End-of-Interrupt (EOI)
command issued in the service routine. End-of-
interrupts will be covered in more detail later.

2.2 OTHER FUNCTIONAL BLOCKS

Data Bus Buffer

This three-state, bidirectional 8-bit buffer is used to in-
terface the 8259A to the processor system data bus (via
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DB0-DB7). Control words, status information, and
interrupt-vector data are transferred through the data
bus buffer.

Read/Write Control Logic

The function of this block is to control the programming
of the 8259A by accepting OUTput commands from the
processor. It also controls the releasing of status onto
the data bus by accepting INput commands from the
processor. The initialization and operation command
word registers which store the various control formats
are located in this block. The RD, WR, A0, and CS
pins are used to control access to this block by the
processor.

Cascade Buffer/Comparator

As mentioned earlier, multiple 8259A’s can be combined
to expand the number of interrupt levels. A master-slave
relationship of cascaded 8259A’s is used for the expan-
sion. The SP/EN and the CASO-2 pins are used for oper-
ation of this block. The cascading of 8259A’s is covered
in depth in the “Operation of the 8259A” section of this
application note.

2.3 PIN FUNCTIONS

Name Pin# 1/0 Function

28
14

+ 5V supply
Ground

Vee
GND
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Name Pin# 1/0 Function

Cs 1 | Chip Select: A low on this pin en-
ables RD and WR communication be-
tween the CPU and the 8259A. INTA

functions are independent of CS.

WR 2 | Write: A low on this pin when CS is
low enables the 8259A to accept
command words from the CPU.

RD 3 | Read: A low on this pin when CS is
low enables the 8259A to release
status onto the data bus for the CPU.

D7-DO 4-11 1O Bidirectional Data Bus: Control,
status and interrupt-vector informa-
tion is transferred via this bus.

CASO- 12,13, 1/0O Cascade Lines: The CAS lines form a

CAS2 15 private 8259A bus to control a multi-
ple 8259A structure. These pins are
outputs for a master 8259A and in-
puts for a slave 8259A.

SP/EN 16 1O Slave Program/Enable Buffer: This is

a dual function pin. When in the buf-
fered mode it can be used as an out-
put to control buffer transceivers
(EN). When not in the buffered mode
- it is used as an input to designate a
master (SP = 1) or slave (SP=0).

INT 17 O |Interrupt: This pin goes high when-
ever a valid interrupt request is as-
serted. It is used to interrupt the
CPU, thus it is connected to the
CPU’s interrupt pin.

IRO- 18-25 | Interrupt Requests: Asynchronous in-

IR7 puts. An interrupt request can be
generated by raising an IR input (low
to high) and holding it high until it is
acknowledged (edge triggered mode),
or just by a high level on an IR input
(level triggered mode).

INTA 26 | Interrupt Acknowledge: This pin is
used to enable 8259A interrupt-vector
data onto the data bus. This is done
by a sequence of interrupt acknowl-
edge pulses issued by the CPU.

A0 27 | AOAddress Line: This pin acts in con-
junction with the CS, WR, and RD
pins. It is used by the 8259A to de-
cipher between various command
words the CPU writes and status the
CPU wishes to read. It is typically
connected to the CPU AO address
line (A1 for 8086/8088).

3. OPERATION OF THE 8259A

Interrupt operation of the 8259A falls under five main
categories: vectoring, priorities, triggering, status, and
cascading. Each of these categories use various modes
and commands. This section will explain the operation
of these modes and commands. For clarity of explana-
tion, however, the actual programming of the 8259A isn’t
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covered in this section but in ‘“Programming the 8259A".
Appendix A is provided as a cross reference between
these two sections.

3.1 INTERRUPT VECTORING

Each IR input of the 8259A has an individual interrupt-
vector address in memory associated with it. Designa-
tion of each address depends upon the initial program-
ming of the 8259A. As stated earlier, the interrupt
sequence and addressing of an MCS-80 and MCS-85
system differs from that of an MCS-86 and MCS-88
system. Thus, the 8259A must be initially programmed
in either a MCS-80/85 or MCS-86/88 mode of operation to
insure the correct interrupt vectoring.

MCS-80/85™ Mode

When programmed in the MCS-80/85 mode, the 8259A
should only be used within an 8080A or an 8085A
system. In this mode the 8080A/8085A will handle inter-
rupts in the format described in the “MCS-80—8259A or
MCS-85—8259A Overviews.”

Upon interrupt request in the MCS-80/85 mode, the
8259A will output to the data bus the opcode for a CALL
instruction and the address of the desired routine. This
is in response to a sequence of three INTA pulses
issued by the 8080A/8085A after the 8259A has raised
INT high.

The first INTA pulse to the 8259A enables the CALL
opcode “CDy;” onto the data bus. It also resolves IR pri-
orities and effects operation in the cascade mode,
which will be covered later. Contents of the first
interrupt-vector byte are shown in Figure 9A.

During the second and third INTA pulses, the 8259A
conveys a 16-bit interrupt-vector address to the 8080A/
8085A. The interrupt-vector addresses for all eight leveis
are selected when initially programming the 8259A.
However, only one address is needed for programming.
Interrupt-vector addresses of IR0-IR7 are automatically
set at equally spaced intervals based on the one pro-
grammed address. Address intervals are user definable
to 4 or 8 bytes apart. If the service routine for a device is
short it may be possible to fit the entire routine within
an 8-byte interval. Usually, though, the service routines
require more than 8 bytes. So, a 4-byte interval is used to
store a Jump (JMP) instruction which directs the 8080A/
8085A to the appropriate routine. The 8-byte interval
maintains compatibility with current 8080A/8085A
Restart (RST) instruction software, while the 4-byte in-
terval is best for a compact jump table. If the 4-byte in-
terval is selected, then the 8259A will automatically
insert bits A0O-A4. This leaves A5-A15 to be pro-
grammed by the user. If the 8-byte interval is selected,
the 8259A will automatically insert bits A0-A5. This
leaves only A6-A15 to be programmed by the user.

The LSB of the interrupt-vector address is placed on the
data bus during the second INTA pulse. Figure 9B
shows the contents of the second interrupt-vector byte
for both 4 and 8-byte intervals.

The MSB of the interrupt-vector address is placed on the
data bus during the third INTA pulse. Contents of the
third interrupt-vector byte is shown in Figure 9C.
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Figure 9. 9A-C. Interrupt-Vector Bytes for 8258A, MCS 80/85 Mode

MCS-86/88 Mode

When programmed in the MCS-86/88 mode, the 8259A
should only be used within an MCS-86 or MCS-88
system. In this mode, the 8086/8088 will handle inter-
rupts in the format described earlier in the “8259A—
8086/8088 Overview”.

Upon interrupt in the MCS-86/88 mode, the 8259A will
output a single interrupt-vector_byte to the data bus.
This is in response to only two INTA pulses issued by
the 8086/8088 after the 8259A has raised INT high.

The first INTA pulse is used only for set-up purposes in-
ternal to the 8259A. As in the MCS-80/85 mode, this set-
up includes priority resolution and cascade mode oper-
ations which will be covered later. Unlike the MCS-80/85
mode, no CALL opcode is placed on the data bus.

The second INTA puise is used to enable the single
interrupt-vector byte onto the data bus. The 8086/8088
uses this interrupt-vector byte to select one of 256 inter-
rupt “types” in 8086/8088 memory. interrupt type selec-
tion for all eight IR levels is made when initially pro-
gramming the 8259A. However, reference to only one in-
terrupt type is needed for programming. The upper 5 bits
of the interrupt vector byte are user definable. The fower
3 bits are automatically inserted by the 8259A depend-
ing upon the IR level.

Contents of the interrupt-vector byte for 8086/8088 type
selection is put on the data bus during the second INTA
pulse and is shown in Figure 10.

3.2 INTERRUPT PRIORITIES

A variety of modes and commands are available for con-
troliing interrupt priorities of the 8259A. All of them are
programmable, that is, they may be changed dynamic-
ally under software control. With these modes and com-
mands, many possibilities are conceivable, giving the
user enough versatility for almost any interrupt con-
trolied application.

Fully Nested Mode

The fully nested mode of operation is a general purpose
priority mode. This mode supports a multilevel-interrupt
structure in which priority order of all eight IR inputs are
arranged from highest to lowest.

Unless otherwise programmed, the fully nested mode is
entered by default upon initialization. At this time, IRO is
assigned the highest priority through IR7 the lowest.
The fully nested mode, however, is not confined to this
IR structure alone. Once past initialization, other IR in-
puts can be assigned highest priority also, keeping the
multilevel-interrupt structure of the fully nested mode.
Figure 11A-C shows some variations of the priority
structures in the fully nested mode.

PRIORITY [ 7 6 5 4 3 2 1 0
A

IR LEVELS [IR7 IR6 IR5 IR4 IR3 IR2 IR1 IR0
3 2 1 0 7 6 5]

PRIORITY [ 4 7

B

PRIORITY | 1 0 7 & 5 4 3 2
C

Figure 11. A-C. Some Variations of Priority Structure in the
Fully Nested Mode
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Figure 10. interrupt Vsctor Byte, MCS W“T" Mode
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Further explanation of the fully nested mode, in this
section, is linked with information of general 8259A in-
terrupt operations. This is done to ease explanation to
the user in both areas.

In general, when an interrupt is acknowledged, the
highest priority request is determined from the IRR (In-
terrupt Request Register). The interrupt vector is then
placed on the data bus. In addition, the corresponding
bit in the ISR (In-Service Register) is set to designate the
routine in service. This ISR bit remains set until an EOI
(End-Of-Interrupt) command is issued to the 8259A.
EOI's will be explained in greater detail shortly.

In the fully nested mode, while an ISR bit is set, all fur-
ther requests of the same or lower priority are inhibited
from generating an interrupt to the microprocessor. A
higher priority request, though, can generate an inter-
rupt, thus vectoring program execution to its service
routine. Interrupts are only acknowledged, however, if
the microprocessor has previously executed an “Enable
Interrupts” instruction. This is because the interrupt
request pin on the microprocessor gets disabled auto-
matically after acknowledgement of any interrupt. The
assembly language instructions used to enable inter-
rupts are “EI” for 8080A/8085A and “STI” for 8086/8088.
Interrupts can be disabled by using the instruction “DI”
for 8080A/ 8085A and “CLI” for 8086/8088. When a
routine is completed a ‘‘return” instruction is executed,
“RET” for 80B0A/8085A and “IRET” for 8086/8088.
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Figure 12 illustrates the correct usage of interrupt
related instructions and the interaction of interrupt
levels in the fully nested mode.

Assuming the IR priority assignment for the example in
Figure 12 is II"0 the highest through IR7 the lowest, the
sequence is as follows. During the main program, IR3
makes a request. Since interrupts are enabled, the
microprocessor is vectored to the IR3 service routine.
During the IR3 routine, IR1 asserts a request. Since IR1
has higher priority than IR3, an interrupt is generated.
However, it is not acknowledged because the micro-
processor disabled interrupts in response to the IR3 in-
terrupt. The IR1 interrupt is not acknowledged until the
“Enable Interrupts” instruction is executed. Thus the
IR3 routine has a “protected” section of code over
which no interrupts (except non-maskable) are allowed.
The IR1 routine has no such “protected” section since
an “Enable Interrupts” instruction is the first one in its
service routine. Note that in this example the IR1 re-
quest must stay high until it is acknowledged. This is
covered in more depth in the “Interrupt Triggering”
section.

MAIN PROGRAM
El OR STI

IR3 SERVICE
ROUTINE

e I
INTERRUPT

El OR STI

IR1 SERVICE
ROUTINE

EI OR STI

RET OR IRET RET OR IRET

Flﬁun 12. Fully Nested Mode Example (MCS 80/85 or MCS 86/88 )

What is happening to the ISR register? While in the main
program, no ISR bits are set since there aren’t any inter-
rupts in service. When the IR3 interrupt is acknowl-
edged, the ISR3 bit is set. When the IR1 interrupt is
acknowledged, both the ISR1 and the ISR3 bits are set,
indicating that neither routine is complete. At this time,
only IRO could generate an interrupt since it is the only
input with a higher priority than those previously in ser-
vice. To terminate the IR1 routine, the routine must
inform the 8259A that it is complete by resetting its ISR
bit. It does this by executing an EOlI command. A
“return” instruction then transfers execution back to
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the IR3 routine. This allows IR0-IR2 to interrupt the IR3
routine again, since ISR3 is the highest ISR bit set. No
further interrupts occur in the example so the EOI com-
mand resets ISR3 and the “return” instruction causes
the main program to resume at its pre-interrupt location,
ending the example.

A single 8259A is essentially always in the fully nested
mode unless certain programming conditions disturb it.
The following programming conditions can cause the
8259A to go out of the high to low priority structure of
the fully nested mode.

¢ The automatic EOl mode
* The special mask mode

* A slave with a master not in the special fully nested
mode

These modes will be covered in more detail later,
however, they are mentioned now so the user can be
aware of them. As long as these program conditions
aren’t inacted, the fully nested mode remains undis-
turbed.

End of Interrupt

Upon completion of an interrupt service routine the
8259A needs to be notified so its ISR can be updated.
This is done to keep track of which interrupt levels are in
the process of being serviced and their relative priori-
ties. Three different End-Of-interrupt (EOI) formats are
available for the user. These are: the non-specific EOI
command, the specific EOl command, and the auto-
matic EOl Mode. Selection of which EOI to use is depen-
dent upon the interrupt operations the user wishes to
perform.

Non-Specitic EOl Command

A non-specific EOl command sent from the microproc-
essor lets the 8259A know when a service routine has
been completed, without specification of its exact inter-
rupt level. The 8259A automatically determines the inter-
rupt level and resets the correct bit in the ISR.

To take advantage of the non-specific EOl the 8259A
must be in a mode of operation in which it can predeter-
mine in-service routine levels. For this reason the non-
specific EOl command should only be used when the
most recent level acknowledged and serviced is always
the highest priority level. When the 8259A receives a
non-specific EOl command, it simply resets the highest
priority ISR bit, thus confirming to the 8259A that the
highest priority routine of the routines in service is
finished.

The main advantage of using the non-specific EOl com-
mand is that IR level specification isn’t necessary as in
the ‘“Specific EOl Command”, covered shortly.
However, special consideration should be taken when
deciding to use the non-specific EOI. Here are two pro-
gram conditions in which it is best not used:

e Using the set priority command within an interrupt
service routine.

¢ Using a special mask mode.
These conditions are covered in more detail in their own
sections, but are listed here for the users reference.
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Specitfic EOl Command

A specific EOl command sent from the microprocessor
lets the 8259A know when a service routine of a particu-
lar interrupt level is completed. Unlike a non-specific
EOl command, which automatically resets the highest
priority ISR bit, a specific EOl command specifies an
exact ISR bit to be reset. One of the eight IR levels of the
8259A can be specified in the command.

The reason the specific EOl command is needed, is to
reset the ISR bit of a completed service routine when-
ever the 8259A isn’t able to automatically determine it.
An example of this type of situation might be if the
priorities of the interrupt levels were changed during an
interrupt routine (“Specific Rotation”). In this case, if
any other routines were in service at the same time, a
non-specific EOl might reset the wrong ISR bit. Thus the
specific EOl command is the best bet in this case, or for
that matter, any time in which confusion of interrupt
priorities may exist. The specific EOl command can be
used in all conditions of 8259A operation, including
those that prohibit non-specific EOl command usage.

Automatic EOl Mode

When programmed in the automatic EOl mode, the
microprocessor no longer needs to issue a command to
notify the 8259A it has completed an interrupt routine.
The 8259A accomplishes this by performing a non-
specific EOl automatically at the trailing edge of the last
INTA pulse (third pulse in MCS-80/85, second in
MCS-86).

The obvious advantage of the automatic EOl mode over
the other EOl command is no command has to be
issued. In general, this simplifies programming and
lowers code requirements within interrupt routines.

However, special consideration should be taken when
deciding to use the automatic EOl mode because it
disturbs the fully nested mode. In the automatic EOI
mode the ISR bit of a routine in service is reset right
after it’s acknowledged, thus leaving no designation in
the ISR that a sevice routine is being executed. If any in-
terrupt request occurs during this time (and interrupts
are enabled) it will get serviced regardiess of its priority,
low or high. The problem of “over nesting” may also
happen in this situation. “Over nesting” is when an IR
input keeps interrupting its own routine, resulting in un-
necessary stack pushes which could fill the stack in a
worst case condition. This is not usually a desired form
of operation!

So what good is the automatic EOl mode with problems
like those just covered? Well, again, like the other EOls,
selection is dependent upon the application. If inter-
rupts are controlled at a predetermined rate, so as not to
cause the problems mentioned above, the automatic
EOI mode works perfect just the way it is. However, if in-
terrupts happen sporadically at an indeterminate rate,
the automatic EOl mode should only be used under the
following guideline:

¢ When using the automatic EOlI mode with an inde-
terminate interrupt rate, the microprocessor should
keep its interrupt request input disabled during
execution of service routines.
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By doing this, higher priority interrupt levels will be ser-
viced only after the completion. of a routine in service.
This guideline restores the fully nested structure in
regards to the IRR; however, a routine in-service can’t be
interrupted.

Automatic Rotation — Equal Priority

Automatic rotation of priorities serves in applications
where the interrupting devices are of equal priority,
such as communications channels. The concept is that
once a peripheral is serviced, all other equal priority
peripherals should be given a chance to be serviced
before the original peripheral is serviced again. This is
accomplished by automatically assigning a peripheral
the lowest priority after being serviced Thus, in worst
case, the device would have to wait until all other
devices are serviced before being serviced again.

There are two methods of accomplishing automatic
rotation. One is used in conjunction with the non-
specific EOI, “rotate on non-specific EOl command”.
The other is used with the automatic EOl mode, “rotate
in automatic EOl mode”.

Rotate on Non-Specific EOl Command

When the rotate on non-specific EOl command is
issued, the highest ISR bit is reset as in a normal non-
specific EOl command. After it’s reset though, the cor-
responding IR level is assigned iowest priority. Other IR
priorities rotate to conform to the fully nested mode
based on the newly assigned low priority

Figures 13A and B show how the rotate on non-specific
EOI command effects the interrupt priorities. Let's
assume the IR priorities were assigned with IR0 the
highest and IR7 the lowest, as in 13A. IR6 and IR4 are
already in service but neither is completed. Being the
higher priority routine, IR4 is necessarily the routine
being executed. During the IR4 routine a rotate on non-
specific EOl command is executed. When this happens,
bit 4 in the ISR is reset. IR4 then becomes the lowest
priority and IR5 becomes the highest as in 13B.

IS7 1S6 IS5 1S4 1S3 IS2 181 IS0

A ISR STATUS 0O 1 0 1 0 0 0 0] BEFORE
PRIORITY [ 7 6 5 4 3 2 1 0| COMMAND

' }

I
LOWEST PRIORITY HIGHEST PRIORITY

I1S7 1S6 IS5 1S4 1S3 1S2 1S1 IS0

ISRSTATUS [0 1 0 0 0 0 0 O] AFTER
PRIORITY [2 1 0 7 6 5 4 3| COMMAND
A
rﬁ_f e

HIGHEST PRIORITY LOWEST PRIORITY

Figure 13. A-B. Rotate on Non-specific EOI Command Example

Rotate in Automatic EOl Mode

The rotate in automatic EOl mode works much like the
rotate on non-specific EOl command. The main differ-
ence is that priority rotation is done automatically after
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the last INTA pulse of an interrupt request. To enter or
exit this mode a rotate-in-automatic-EOIl set command
and rotate-in-automatic-EOI clear command is provided.
After that, no commands are needed as with the normal
automatic EOl mode. However, it must be remembered,
when using any form of the automatic EOI mode, spe-
cial consideration should be taken. Thus, the guideline
for the automatic EOl mode also stands for the rotate in
automatic EOI mode.

Specific Rotation — Specific Priority

Specific rotation gives the user versatile capabilities in
interrupt controlled operations. It serves in those ap-
plications in which a specific device’s interrupt priority
must be altered. As opposed to automatic rotation
which automatically sets priorities, specific rotation is
completely user controlled. That is, the user selects
which interrupt level is to receive lowest or highest
priority. This can be done during the main program or
within interrupt routines. Two specific rotation com-
" mands are available to the user, the ‘“‘set priority com-
mand” and the “rotate on specific EOl command.”

Set Priority Command

The set priority command allows the programmer to
assign an IR level the lowest priority. All other interrupt
levels will conform to the fully nested mode based on
the newly assigned low priority.

An example of how the set priority command works is
shown in Figures 14A and 14B. These figures show the
status of the ISR and the relative priorities of the inter-
rupt levels before and after the set priority command.
Two interrupt routines are shown to be in service in
Figure 14A. Since IR2 is the highest priority, it is
necessarily the routine being executed. During the IR2
routine, priorities are altered so that IR5 is the highest.
This is done simply by issuing the set priority command
to the 8259A. In this case, the command specifies IR4 as
being the lowest priority. The result of this set priority
command is shown in Figure 14B. Even though IR7 now
has higher priority than IR2, it won’t be acknowledged
until the IR2 routine is finished (via EOI). This is because
priorities are only resolved upon an interrupt request or
an interrupt acknowledge sequence. If a higher priority
request occurs during the IR2 routine, then priorities are
resolved and the highest will be acknowledged.

1S7 186 IS5 1S4 1S3 IS2 1S1 IS0
A ISR STATUS [0 0 0 0 1 0 0] BEFORE
PRIORITY [ 7 6 5 4 3 2 1 _0 | COMMAND

LOWEST PRIORITY HIGHEST PRIORITY

IS7_1S6 IS5 IS4 1S3 1S2 IS1 IS0
g 'SRSTATUS [1 0 0 0 0 1 0 0] AFTER
PRIORITY [2 1 0 7 6 5 4 3| COMMAND

L

HIGHEST PRIORITY LOWEST PRIORITY

Figure 14. A-B. Set Priority Command Example
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When completing a service routine in which the set
priority command is used, the correct EOl must be
issued. The non-specific EOl command shouldn’t be
used in the same routine as a set priority command.
This is because the non-specific EOl command resets
the highest ISR bit, which, when using the set priority
command, is not always the most recent routine in ser-
vice. The automatic EOl mode, on the other hand, can be
used with the set priority command. This is because it
automatically performs a non-specific EOl before the
set priority command can be issued. The specific EOI
command is the best bet in most cases when using the
set priority command within a routine. By resetting the
specific ISR bit of a routine being completed, confusion
is eliminated.

Rotate on Specific EOl Command

The rotate on specific EOl command is literally a com-
bination of the set priority command and the specific
EOI command. Like the set priority command, a speci-
fied IR level is assigned lowest priority. Like the specific
EOI command, a specified level will be reset in the ISR.
Thus the rotate on specific EOl command accomplishes
both tasks in only one command.

If it is not necessary to change IR priorities prior to the
end of an interrupt routine, then this command is advan-
tageous. For an EOl command must be executed any-
way (unless in the automatic EOI mode), so why not do
both at the same time?

Interrupt Masking

Disabling or enabling interrupts can be done by other
means than just controlling the microprocessor’s inter-
rupt request pin. The 8259A has an IMR (Interrupt Mask
Register) which enhances interrupt control capabilities.
Rather than all interrupts being disabled or enabled at
the same time, the IMR allows individual IR masking.
The IMR is an 8-bit register, bits 0-7 directly correspond
to IR0O-IR7. Any IR input can be masked by writing to the
IMR and setting the appropriate bit. Likewise, any IR in-
put can be enabled by clearing the correct IMR bit.

There are various uses for masking off individual IR in-
puts. One example is when a portion of a main routine
wishes only to be interrupted by specific interrupts.
Another might be disabling higher priority interrupts for
a portion of a lower priority service routine. The possi-
bilities are many.

When an interrupt occurs while its IMR bit is set, it isn’t
necessarily forgotten. For, as stated earlier, the IMR
acts only on the output of the IRR. Even with an IR input
masked it is still possible to set the IRR. Thus, when
resetting an IMR, if its IRR bit is set it will then generate
an interrupt. This is providing, of course, that other
priority factors are taken into consideration and the IR
request remains active. If the IR request is removed
before the IMR is reset, no interrupt will be acknowl-
edged.

Special Mask Mode

In various cases, it may be desirable to enable interrupts
of a lower priority than the routine in service. Or, in other
words, allow lower priority devices to generate inter-
rupts. However, in the fully nested mode, &l IR levels of
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priority below the routine in service are inhibited. So
what can be done to enable them?

Well, one method could be using an EOl command
before the actual completion of a routine in service. But
beware, doing this may cause an “over nesting” prob-
lem, similar to in the automatic EOl mode. In addition,
resetting an ISR bit is irreversible by software control,
so lower priority IR levels could only be later disabied by
setting the IMR.

A much better solution is the special mask mode. Work-
ing in conjunction with the IMR, the special mask mode
enables interrupts from all levels except the ievel in ser-
vice. This is done by masking the level that is in service
and then issuing the special mask mode command.
Once the special mask mode is set, it remains in effect
until reset.

Figure 15 shows how to enable lower priority interrupts
by using the Special Mask Mode (SMM). Assume that
IR0 has highest priority when the main program is inter-
rupted by IR4. In the IR4 service routine an enable inter-
rupt instruction is executed. This only allows higher
priority interrupt requests to interrupt IR4 in the normal
fully nested mode. Further in the IR4 routine, bit 4 of the
IMR is masked and the special mask mode is entered.
Priority operation is no longer in the fully nested mode.
All interrupt levels are enabled except for IR4. To leave
the special mask mode, the sequence is executed in
reverse.

MAIN PROGRAM

EIOR STI

R4 SERVICE
ROUTINE

i
o

R4 —

EI OR STI

IR0-3 ENABLED
IR4-7 DISABLED

| «—]
<]

]

—
2
>
7]
=
]
=

_—

-

I

SET SMM

IR0-3, 5-7 ENABLED
IR4 DISABLED

RESET SMM

IR0-3 ENABLED
IR4-7 DISABLED

RET OR IRET

Figure 15. Special Mask Mode Example (MCS 80/85 or MCS 86/88 )
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Precautions must be taken when exiting an interrupt
service routine which has used the special mask mode.
A non-specific EOl command can’t be used when in the
special mask mode. This is because a non-specific
won’t clear an ISR bit of an interrupt which is masked
when in the special mask mode. In fact, the bit will ap-
pear invisible. If the special mask mode is cleared
before an EOl command is issued a non-specific EOIl
command can be used. This could be the case in the ex-
ample shown in Figure 15, but, to avoid any confusion
it's best to use the specific EOl whenever using the
special mask mode.

It must be remembered that the special mask mode ap-
plies to all masked levels when set. Take, for instance,
IR1 interrupting IR4 in the previous example. If this hap-
pened while in the special mask mode, and the IR1
routine masked itself, all interrupts would be enabled
except IR1 and IR4 which are masked.

3.3 INTERRUPT TRIGGERING

There are two classical ways of sensing an active inter-
rupt request: a level sensitive input or an edge sensitive
input. The 8259A gives the user the capability for either
method with the edge triggered mode and the level trig-
gered mode. Selection of one of these interrupt trigger-
ing methods is done during the programmed initializa-
tion of the 8259A.

Level Triggered Mode

When in the level triggered mode the 8259A will recog-
nize any active (high) level on an IR input as an interrupt
request. If the IR input remains active after an EOl com-
mand has been issued (resetting its ISR bit), another in-
terrupt will be generated. This is providing of course, the
processor INT pin is enabled. Unless repetitious inter-
rupt generation is desired, the IR input must be brought
to an inactive state before an EOl command is issued in
its service routine. However, it must not go inactive so
soon that it disobeys the necessary timing require-
ments shown in Figure 16. Note that the request on the
IR input must remain until after the falling edge of the
first INTA pulse. If on any IR input, the request goes
inactive before the first INTA pulse, the 8259A will
respond as if IR7 was active. In any design in which
there’s a possibility of this happening, the IR7 default
feature can be used as a safeguard. This can be accom-
plished by using the IR7 routine as a “clean-up routine”
which might recheck the 8259A status or merely return
program execution to its pre-interrupt location.

Depending upon the particular design and application,
the level triggered mode has a number of uses. For one,
it provides for repetitious interrupt generation. This is
useful in cases when a service routine needs to be con-
tinually executed until the interrupt request goes inac-
tive. Another possible advantage of the level triggered
mode is it allows for “wire-OR’ed” interrupt requests.
That is, a number of interrupt requests using the same
IR input. This can’t be done in the edge triggered mode,
for if a device makes an interrupt request while the IR in-
put is high (from another request), its transition will be
“shadowed”. Thus the 8259A won’t recognize further in-
terrupt requests because its IR input is already high.
Note that when a “wire-OR’ed” scheme is used, the ac-
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Figure 16. IR Triggering Timing Requirements

tual requesting device has to be determined by the soft-
ware in the service routine.

Caution should be taken when using the automatic EOI
mode and the level triggered mode together. Since in
the automatic EOl mode an EOI is automatically per-
formed at the end of the interrupt acknowledge se-
quence, if the processor enables interrupts while an IR
input is still high, an interrupt will occur immediately. To
avoid this situation interrupts should be kept disabled
until the end of the service routine or until the IR input
returns low.

Edge Triggered Mode

When in the edge triggered mode, the 8259A will only
recognize interrupts if generated by an inactive (low) to
active (high) transition on an IR input. The edge trig-
~ gered mode incorporates an edge lockout method of
operation. This means that after the rising edge of an
interrupt request and the acknowledgement of the re-
quest, the positive level of the IR input won’t generate
further interrupts on this level. The user needn’t worry
about quickly removing the request after acknowledge-
ment in fear of generating further interrupts as might be
the case in the level triggered mode. Before another in-
terrupt can be generated the IR input must return to the
inactive state.

Referring back to Figure 16, the timing requirements for
interrupt triggering is shown. Like the level triggered
mode, in the edge triggered mode the request on the IR
input must remain active until after the falling edge of
the first INTA pulse for that particular interrupt. Unlike
the level triggered mode, though, after the interrupt
request is acknowledged its IRR latch is disarmed. Only
after the IR input goes inactive will the IRR latch again
become armed, making it ready to receive another inter-
rupt request (in the level triggered mode, the IRR latch is
always armed). Because of the way the edge triggered
mode functions, it is best to use a positive level with a
negative pulse to trigger the IR requests. With this type
of input, the trailing edge of the pulse causes the inter-
rupt and the maintained-positive level meets the neces-
sary timing requirements (remaining high until after the
interrupt acknowledge occurs). Note that the IR7 default
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feature mentioned in the “level triggered mode” section
also works for the edge triggered mode.

Depending upon the particular design and application,
the edge triggered mode has various uses. Because of
its edge lockout operation, it is best used in those
applications where repetitious interrupt generation isn’t
desired. It is also very useful in systems where the inter-
rupt request is a pulse (this should be in the form of a
negative pulse to the 8259A). Another possible advan-
tage is that it can be used with the automatic EOl mode
without the cautions in the level triggered mode. Over-
all, in most cases, the edge triggered mode simplifies
operation for the user, since the duration of the interrupt
request at a positive level is not usually a factor.

3.4 INTERRUPT STATUS -

By means of software control, the user can interrogate
the status of the 8259A. This allows the reading of the
internal interrupt registers, which may prove useful for
interrupt control during service routines. It also pro-
vides for a modified status poll method of device moni-
toring, by using the poll command. This makes the
status of the internal IR inputs available to the user via
software control. The poll command offers an alterna-
tive to the interrupt vector method, especially for those
cases when more than 64 interrupts are needed.

Reading Interrupt Registers

The contents of each 8-bit interrupt register, IRR, ISR,
and IMR, can be read to update the user’s program on
the present status of the 8259A. This can be a versatile
tool in the decision making process of a service routine,
giving the user more control over interrupt operations.
Before delving into the actual process of reading the
registers, let’s briefly review their general descriptions:

IRR (Interrupt
Request Register)
ISR (In-Service
Register)

IMR (Interrupt
Mask Register)

Specifies all interrupt levels re-
questing service.

Specifies all interrupt levels
which are being serviced.

Specifies all interrupt levels that
are masked.

121500-001



AP59

To read the contents of the IRR or ISR, the user must
first issue the appropriate read register command (read
IRR or read ISR) to the 8259A. Then by applying a RD
pulse to the 8259A (an iNput instruction), the contents
of the desired register can be acquired. There is no need
to issue a read register cornmand every time the IRR or
ISR is to be read. Once a read register command is
received by the 8259A, it “‘remembers” which register
has been selected. Thus, all that is necessary to read
the contents of the same register more than once is the
RD pulse and the correct addressing (A0 =0, explained
in “Programming the 8259A”). Upon initialization, the
selection of registers defaults to the IRR. Some caution
should be taken when using the read register command
in a system that supports several levels of interrupts. If
the higher priority routine causes an interrupt between
the read register command and the actual input of the
register contents, there’s no guarantee that the same
register will be selected when it returns. Thus it is best
in such cases to disable interrupts during the operation.

Reading the contents of the IMR is different than read-
ing the IRR or ISR. A read register command is not
necessary when reading the IMR. This is because the
IMR can be addressed directly for both reading and
writing. Thus all that the 8259A requires for reading the
IMR is a RD pulse and the correct addressing (A0=1,
explained in “Programming the 8259A”).

Poll Command

As mentioned towards the beginning of this application
note, there are two methods of servicing peripherals:
status polling and interrupt servicing. For most applica-
tions the interrupt service method is best. This is
because it requires the least amount of CPU time, thus
increasing system throughput. However, for certain ap-
plications, the status poll method may be desirable.

For this reason, the 8259A supports polling operations
with the pol!l command. As opposed to the conventional
method of polling, the poll command offers improved
device servicing and increased throughput. Rather than
having the processor poll each peripheral in order to
find the actual device requiring service, the processor
polls the 8259A. This allows the use of all the previously
mentioned priority modes and commands. Additionally,
both polled and interrupt methods can be used within
the same program.

To use the poli command the processor must first have
its interrupt request pin disabled. Once the poll com-
mand is issued, the 8259A wili treat the next (CS quali-
fied) RD pulse issued to it (an INput instruction) as an in-
terrupt acknowledge. It will then set the appropriate bit
in the ISR, if there was an interrupt request, and enable a
special word onto the data bus. This word shows
whether an interrupt request has occurred and the
highest priority level requesting service. Figure 17
shows the contents of the “poll word” which is read by
the processor. Bits W0-W2 convey the binary code of
the highest priority level requesting service. Bit.| desig-
nates whether or not an interrupt request is present. If
an interrupt request is present, bit | will equali 1. If there
isn’t an interrupt request at all, bit | will equal 0 and bits
WO0-W2 will be set to ones. Service to the requesting
device is achieved by software decoding the poll word
and branching to the appropriate service routine. Each
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time the 8259A is to be polled, the poll command must
be written before reading the poll word.

The poll command is useful in various situations. Forin-
stance, it's a good alternative when memory is very
limited, because an interrupt-vector table isn’t needed.
Another use for the poll command is when more than 64
interrupt levels are needed (64 is the limit when cascad-
ing 8259’s). The only limit of interrupts using the poll
command is the number of 8259'’s that can be addressed
in a particular system. Stili another application of the
poli command might be when the INT or INTA signais
are not available. This might be the case in a large
system where a processor on one card needs to use an
8259A on a different card. In this instance, the poll com-
mand is the only way to monitor the interrupt devices
and still take advantage of the 8259A’s prioritizing
features. For those cases when the 8259A is using the
poli command only and not the interrupt method, each
8259A must receive an initialization sequence (interrupt
vector). This must be done even though the interrupt
vector features of the 8259A are not used. In this case,
the interrupt vector specified in the initialization
sequence could be a “fake”.

[ [ [T T- [we[wilwd
WO0-W2 = BINARY CODE OF HIGHEST
i PRIORITY LEVEL REQUESTING SERVICE

R —— t=11IF AN INTERRUPT OCCURRED

Figure 17. Poll Word

3.5 INTERRUPT CASCADING

As mentioned earlier, more than one 8259A can be used
to expand the priority interrupt scheme to up to 64 leveis
without additional hardware. This method for expanded
interrupt capability is called “cascading”. The 8259A
supports cascading operations with the cascade mode.
Additionally, the special fully nested mode and the buf-
fered mode are available for increased flexibility when
cascading 8259A’s in certain applications.

Cascade Mode

When programmed in the cascade mode, basic opera-
tion consists of one 8259A acting as a master to the
others which are serving as slaves. Figure 18 shows a
system containing a master and two slaves, providing a
total of 22 interrupt levels.

A specific hardware set-up is required to establish
operation in the cascade mode. With Figure 18 as a ref-
erence, note that the master is designated by a high on
the SP/EN pin, while the SP/EN pins of the slaves are
grounded (this can also be done by software, see buf-
fered mode). Additionaily, the INT output pin of each
slave is connected to an IR input pin of the master. The
CASO0-2 pins for all 8259A’s are paralleled. These pins
act as outputs when the 8259A is a master and as inputs
for the slaves. Serving as a private 8259A bus, they con-
trol which slave has control of the system bus for inter-
rupt vectoring operation with the processor. All other
pins are connected as in normal operation (each 8259A
receives an INTA pulse).
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Levels

Besides hardware set-up requirements, all 8259A’s must
be software programmed to work in the cascade mode.
Programming the cascade mode is done during the in-
itialization of each 8259A. The 8259A that is selected as
master must receive specification during its initializa-
tion as to which of its IR inputs are connected to a
slave’s INT pin. Each slave 8259A, on the other hand,
must be designated during its initialization with an ID (0
through 7) corresponding to which of the master’s IR in-
puts its INT pin is connected to. This is all necessary so
the CASO0-2 pins of the masters will be able to address
each individual slave. Note that as in normal operation,
each 8259A must also be initialized to give its IR inputs
a unique interrupt vector. More detail on the necessary
programming of the cascade mode is explained in “Pro-
gramming the 8259A”.

Now, with background information on both hardware
and software for the cascade mode, let's go over the
sequence of events that occur during a valid interrupt
request from a slave. Suppose a slave IR input has
received an interrupt request. Assuming this request is
higher priority than other requests and in-service levels
on the slave, the slave’s INT pin is driven high. This
signals the master of the request by causing an inter-
rupt request on a designated IR pin of the master. Again,
assuming that this request to the master is higher priori-
ty than other master requests and in-service levels
(possibly from other slaves), the master’s INT pin is
pulled high, interrupting the processor.

The interrupt acknowledge sequence appears to the
processor the same as the non-cascading interrupt
acknowledge sequence; however, it’s different among
the 8259A’s. The first INTA pulse is used by all the
8259A’s for internal set-up purposes and, if in the
8080/8085 mode, the master will place the CALL opcode
on the data bus. The first INTA pulse also signals the
master to place the requesting slave’s ID code on the
CAS lines. This turns control over to the slave for the
rest of the interrupt acknowledge sequence, placing the

2-160

appropriate pre-programmed interrupt vector on the
data bus, completing the interrupt request.

During the interrupt acknowledge sequence, the cor-
responding ISR bit of both the master and the slave get
set. This means two EOI commands must be issued (if
not in the automatic EOl mode), one for the master and
one for the slave.

Special consideration should be taken when mixed
interrupt requests are assigned to a master 8259A; that
is, when some of the master’s IR inputs are used for
slave interrupt requests and some are used for individ-
ual interrupt requests. In this type of structure, the
master’s IR0 must not be used for a slave. This is
because when an IR input that isn’t initialized as a slave
receives an interrupt request, the CAS0-2 lines won't be
activateéd, thus staying in the default condition address-
ing for IR0 (slave IROQ). If a slave is connected to the
master’s IR0 when a non-slave interrupt occurs on
another master IR input, erroneous conditions may
result. Thus IR0 should be the last choice when assign-
ing slaves to IR inputs.

Special Fully Nested Mode

Depending on the application, changes in the nested
structure of the cascade mode may be desired. This is
because the nested structure of a slave 8259A differs
from that of the normal fully nested mode. In the cas-
cade mode, if a slave receives a higher priority interrupt
request than one which is in service (through the same
slave), it won’t be recognized by the master. This is
because the master’s ISR bit is set, ignoring all requests
of equal or lower priority. Thus, in this case, the higher
priority slave interrupt won’t be serviced until after the
master’s ISR bit is reset by an EOl command. This is
most likely after the completion of the lower priority
routine.

If the user wishes to have a truly fully nested structure
within a slave 8259A, the special fully nested mode
should be used. The special fully nested mode is pro-
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grammed in the master only. This is done during the
master’s initialization. In this mode the master will
ignore only those interrupt requests of lower priority
than the set ISR bit and will respond to all requests of
equal or higher priority. Thus if a slave receives a higher
priority request than one in service, it will be recognized.
To insure proper interrupt operation when using the
special fully nested mode, the software must determine
if any other slave interrupts are still in service before
issuing an EOl command to the master. This is done by
resetting the appropriate slave ISR bit with an EGI and
then reading its ISR. If the ISR contains all zeros, there
aren’t any other interrupts from the slave in service and
an EOI command can be sent to the master. If the ISR
isn’t all zeros, an EOI command shouldn’t be sent to the
master. Clearing the master’s ISR bit with an EOIl com-
mand while there are still slave interrupts in service
would allow lower priority interrupts to be recognized at
the master. An example of this process is shown in the
second application in the “Applications Examples” sec-
tion.

Buffered Mode

The buffered mode is useful in large systems where buf-
fering is required on the data bus. Although not limited
to only 8259A cascading, it’'s most pertinent in this use.
In the buffered mode, whenever the 8259A’s data bus
output is enabied, its SP/EN pin will go low. This signal
can be used to enable data transfer through a buffer
transceiver in the required direction.

Figure 19 shows a conceptual diagram of three 8259A’s
in cascade, each slave is controlling an individual 8286
8-bit bidirectional bus driver by means of the buffered
mode. Note the pull-up on the SP/EN. It is used to
enable data transfer to the 8259A for its initial program-
ming. When data transfer is to go from the 8259A to the
processor, SP/EN will go low; otherwise, it will be high.

A question should arise, however, from the fact that the
SP/EN pin is used to designate a master from a slave;

how can it be used for both master-slave selection and
buffer control? The answer to this is the provision for
software programmable master-slave selection when in
the buffer mode. The buffered mode is selected during
each 8259A’s initialization. At the 'same time, the user
can assign each individual 8259A as a master or slave
(see “Programming the 8259A").

4. PROGRAMMING THE 8259A

Programming the 8259A is accomplished by using two
types of command words: Initialization Command
Words (ICWs) and Operational Command Words
(OCWs). All the modes and commands explained in the
previous section, “Operation of the 8259A”, are pro-
grammable using the ICWs and OCWs (see Appendix A
for cross reference). The ICWs are issued from the proc-
essor in a sequential format and are used to set-up the
8259A in an initial state of operation. The OCWs are
issued as needed to vary and control 8259A operation.

Both ICWs and OCWs are sent by the processor to the
8259A via the data bus (8259A CS=0, WR=0). The
8259A distinguishes between the different ICWs and
OCWs by the state of its AO pin (controlied by processor
addressing), the sequence they're issued in (ICWs only),
and some dedicated bits among the iICWs and OCWs.
Those bits which are dedicated are indicated so by fixed
values (0 or 1) in the corresponding ICW or OCW pro-
gramming formats which are covered shortly. Note,
when issuing either ICWs or OCWs, the interrupt
request pin of the processor should be disabled.

4.1 INITIALIZATION COMMAND WORDS (ICWs)

Before normal operation can begin, each 8259A in a
system must be initialized by a sequence of two to four
programming bytes called ICWs (initialization Com-
mand Words). The ICWs are used to set-up the neces-
sary conditions and modes for proper 8259A operation.

SYSTEM DATA BUS

1}

Bo-7

8286 OF

Ag-7

~——DT/R

DATA BUS

SPIEN

8259A

iNTA INT CASq-2

CASg-2

DATA BUS

Do-7

SLAVE
8259A

INTA

MASTER
8259A

INTH—INTR

INT IR_IR _INTA CAS,.

AN

IWTA

Figure 19. Cascade-Butfered Mode Example
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Figure 20 shows the initialization flow of the 8259A.
Both ICW1 and ICW2 must be issued for any form of
8259A operation. However, ICW3 and ICW4 are used
only if designated so in ICW1. Determining the neces-
sity and use of each ICW is covered shortly in individual
groupings. Note that, once intialized, if any program-
ming changes within the ICWs are to be made, the entire
ICW sequence must be reprogrammed, not just an indi-
vidual ICW.

Certain internal set-up conditions occur automatically

within the 8259A after the first ICW has been issued.

These are:

A. Sequencer logic is set to accept the remaining ICWs
as designated in ICW1.

B. The ISR (In-Service Register) and IMR (Interrupt Mask
Register) are both cleared.

C. The special mask mode is reset.
D. The rotate in automatic EOI mode flip-flop is cleared.

E. The IRR (Interrupt Request Register) is selected for
the read register command.

F. If the IC4 bit equals 0 in ICWA1, all functions in ICW4
are cleared; 8080/8085 mode is selected by default.

G. The fully nested mode is entered with an initial prior-
ity assignment of IR0 highest through IR7 lowest.

H. The edge sense latch of each IR priority cell is
cleared, thus requiring a low to high transition to
generate an interrupt (edge triggered mode effected
only).

NO(SNGL=1 casCADE
MODE

YES (SNGL = 0)

NO (IC4=0)

IS iICW4
NEEDED

YES (IC4=1)

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 20. Initialization Flow

The ICW. programming format, Figure 21, shows bit
designation and a short definition of each ICW. With the
ICW format as reference, the functions of each ICW will
now be explained individually.

oW
4 0 0 0 O D O O 0
As

Be -]
1]

ADI | SNGL|

1. 1ICW4 NEEDED
0= NO ICW4 NEEDED

Ag ] 1 ILTIM
| I

1= SINGLE
0= CASCADE MODE

CALL INTERVAL
1= INTERVAL OF 4
0= INTERVAL OF 8

1= LEVEL TRIGGERED INPUT
0 = EDGE TRIGGERED INPUT

A7 - Ag OF INTERRUPT VECTOR
ADDRESS (MCS80/85 MODE)

w2

A~ ]
EEEN

A D; D O
YRR
! T7 Te|/Ts
Ags - Ag OF INTERRUPT VECTOR
ADDRESS (MCSB0/85 MODE)

T7 - T3 OF INTERRUPT TYPE
(MCS86/88 MODE )

1CW3 (MASTER DEVICE)

(T ]
HEEE

ICW3 (SLAVE DEVICE)
A 0, D O D 0 0 0 D

] ] 1< IR INPUT HAS A SLAVE
0 IR INPUT DOES NOT HAVE
ASLAVE

SLAVE 10111

o[e]o]e
o=~
“Tolo]~
T=lel=

5
1
0
1

olo[=]-
of-{-]e

Ap D7 Dg D5 Dg D3 D2 Dy Do

T i !
0 |SFNM| BUF 1 M/S [ AEOL| uPM |
] | i

|

1= MCS86/88 MODE
0 = MCS80/85 MODE

1 AUTO EOI
0 NORMAL EO|

e

NON BUF FERED MODE
BUFFERED MODE/SLAVE
BUFFERED MODE/MASTER

1 SPECIAL FULLY NESTED

0 NOT SPECIAL FULLY NESTED

NOTE 1SLAVE 10 IS EQUAL TO THE CORRESPONDING MASTER 1R INPUT
NOTE 2 X INDICATES "DON'T CARE"

SOME OF THE TERMINOLOGY USED MAY DIFFER SLIGHTLY FROM EXISTING 8259A
DATA SHEETS. THIS IS DONE TO BETTER CLARIFY AND EXPLAIN THE PROGRAM-
MING OF THE 8259A, THE OPERATIONAL RESULTS REMAIN THE SAME.

Figure 21. Initialization Command Words (ICWS) Programming Format
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ICW1 and ICW2

Issuing ICW1 and ICW2 is the minimum amount of pro-
gramming needed for any type of 8269A operation. The
majority of bits within these two ICWs are used to desig-
nate the interrupt vector starting address. The remain-
ing bits serve various purposes. Description of the ICW1
and ICW2 bits is as follows:

1C4: The IC4 bit is used to designate to the 8259A
whether or not ICW4 will be issued. If any of
the ICW4 operations are to be used, ICW4
must equal 1. If they aren’t used, then ICW4
needn’t be issued and IC4 can equal 0. Note
that if IC4 =0, the 8259A will assume operation
in the MCS-80/85 mode.

SNGL: The SNGL bit is used to designate whether or
not the 8259A is to be used alone or in the cas-
cade mode. If the cascade mode is desired,
SNGL must equal 0. In doing this, the 8259A
will accept ICW3 for further cascade mode pro-
gramming. If the 8259A is to be used as the
single 8259A within a system, the SNGL bit
must equal 1; ICW3 won’t be accepted.

ADI: The ADI bit is used to specify the address in-
terval for the MCS-80/85 mode. If a 4-byte ad-
dress interval is to be used, ADI must equal 1.
For an 8-byte address interval, ADI must equal
0. The state of ADI is ignored when the 8259A
is in the MCS-86/88 mode.

LTIM:  The LTIM bit is used to select between the two
IR input triggering modes. If LTIM = 1, the level
triggered mode is selected. If LTIM=0, the
edge triggered mode is selected.

A5-A15: The A5-A15 bits are used to select the inter-
rupt vector address when in the MCS-80/85
mode. There are two programming formats
that can be used to do this. Which one is im-
plemented depends upon the selected address
interval (ADI). If ADI is set for the 4-byte inter-
val, then the 8259A will automatically insert
AO-A4 (A0, A1=0 and A2, A3, A4=1R0-7).
Thus A5-A15 must be user selected by pro-
gramming the A5-A15 bits with the desired ad-
dress. If ADI is set for the 8-byte interval, then
AO-A5 are automatically inserted (A0, A1,
A2=0 and A3, A4, A5=1IR0-7). This leaves
AB-A15 to be selected by programming the
A6-A15 bits with the desired address. The
state of bit 5 is ignored in the latter format.

T3-T7: The T3-T7 bits are used to select the interrupt

type when the MCS-86/88 mode is used. The

programming of T3-T7 selects the upper 5

bits. The lower 3 bits are automatically in-

serted, corresponding to the IR level causing
the interrupt. The state of bits A5-A10 will be
ignored when in the MCS-86/88 mode. Estab-
lishing the actual memory address of the inter-
rupt is shown in Figure 22.
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ICW3

The 8259A will only accept ICW3 if programmed in the
cascade mode (ICW1, SNGL=0). ICW3 is used for
specific programming within the cascade mode. Bit
definition of ICW3 differs depending on whether the
8259A is a master or a slave. Definition of the ICW3 bits
is as follows:

S0-7 If the 8259A is a master (either when the

(Master): SP/EN pin is tied high or in the buffered
mode when M/S=1 in ICW4), ICW3 bit defi-
nition is S0-7, corresponding to “slave 0-7".
These bits are used to establish which IR in-
puts have slaves connected to them. A 1
designates a slave, a 0 no slave. For exam-
ple, if a slave was connected to IR3, the S3
bit should be set to a 1. (S0) should be last
choice for slave designation.

If the 8259A is a slave (either when the SP/EN
pin is low or in the buffered mode when
M/S =0 in ICW4), ICW3 bit definition is used
to establish its individual identity. The ID
code of a particular slave must correspond
to the number of the masters IR input it is
connected to. For example, if a slave was
connected to IR6 of the master, the slaves
ID0-2 bits should be set to ID0=0, ID1=1,
and ID2=1.

1D0-1D2
(Slave):

ICW4

The 8259A will only accept ICW4 if it was selected in
ICW1 (bit IC4 = 1). Various modes are offered by using
ICW4. Bit definition of ICW4 is as follows:

uPM: The uPM bit allows for selection of either the
MCS-80/85 or MCS-86/88 mode. If set as a 1 the
MCS-86/88 mode is selected, if a 0, the
MCS-80/85 mode is selected.

The AEOI bit is used to select the automatic
end of interrupt mode. If AEOI=1, the
automatic end of interrupt mode is selected. If
AEOI=0, it isn't selected; thus an EOl com-
mand must be used during a service routine.

M/S: The M/S bit is used in conjunction with the buf-
fered mode. If in the buffered mode, M/S
defines whether the 8259A is a master or a
slave. When M/S is set to a 1, the 8259A
operates as the master; when M/S is 0, it
operates as a slave. If not programmed in the
buffered mode, the state of the M/S bit is
ignored.

AEOLl:
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BUF: The BUF bit is used to designate operation in
the buffered mode, thus controlling the use of
the SP/EN pin. If BUF is settoat, the buffered
mode is programmed and SP/EN is used as a
transceiver enable output. If BUF is 0, the buf-
fered mode isn’t programmed and SP/EN is
used for master/slave selection. Note if ICW4
isn’t programmed, SP/EN is used for master/
slave selection.

SFNM: The SFNM bit designates selection of the
special fully nested mode which is used in
conjunction with the cascade mode. Only the
master should be programmed in the special
fully nested mode to assure a truly fully nested
structure among the slave IR inputs. If SFNM
is set to a 1, the special fully nested mode is
selected; if SFNM is 0, it is not selected.

4.2 OPERATIONAL COMMAND WORD (OCWs)

Once initialized by the ICWs, the 8259A will most likely
be operating in the fully nested mode. At this point,
operation can be further controlied or modified by the
use of OCWs (Operation Command Words). Three
OCWs are available for programming various modes and
commands. Unlike the ICWs, the OCWs needn’t be in
any type of sequential order. Rather, they are issued by
the processor as needed within a program.

Figure 23, the OCW programming format, shows the bit
designation and short definition of each OCW, With the
OCW format as reference, the functions of each OCW
will be explained individually.

oCcwi1

OCWT1 is used solely for 8259A masking operations. It
provides a direct link to the IMR (Interrupt Mask Regis-
ter). The processor can write to or read from the IMR via
OCW1. The OCWT1 bit definition is as follows:

MO0-M7: The M0-M7 bits are used to control the mask-
ing of IR inputs. If an M bit is set to a 1, it will
mask the corresponding IR input. A 0 clears
the mask, thus enabling the IR input. These
bits convey the same meaning when being
read by the processor for status update.

ocw2

OCW?2 is used for end of interrupt, automatic rotation,
and specific rotation operations. Associated commands
and modes of these operations (with the exception of
AEOI initialization), are selected using the bits of OCW2
in a combined fashion. Selection of a command or
mode should be made with the corresponding table for
OCW2 in the OCW programming format (Figure 20),
rather than on a bit by bit basis. However, for com-
pleteness of explanation, bit definition of OCW2 is as
follows:

LO-L2: The LO-L2 bits are used to designate an inter-
rupt level (0-7) to be acted upon for the opera-
tion selected by the EOI, SL, and R bits of
OCW2. The level designated will either be
used to reset a specific ISR bit or to set a
specific priority. The LO-L2 bits are enabled or
disabled by the SL bit.
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SOME OF THE TERMINOLOGY USED MAY DIFFER SLIGHTLY FROM EXISTING 8259A
DATA SHEETS. THIS IS DONE TO BETTER CLARIFY AND EXPLAIN THE PROGRAM-
MING OF THE 8259A, THE OPERATIONAL RESULTS REMAIN THE SAME.

Figure 23. Operational Command Words (OCWs) Programming Format

EOL: The EOI bit is used for all end of interrupt com-
mands (not automatic end of interrupt mode).
If set to a 1, a form of an end of interrupt com-
mand will be executed depending on the state
of the SL and R bits. If EOl is 0, an end of inter-
rupt command won’t be executed.

SL: The SL bit is used to select a specific level for
a given operation. If SL is set to a 1, the LO-L2
bits are enabled. The operation selected by the
EOl and R bits will be executed on the
specified interrupt level. If SL is 0, the LO-L2
bits are disabled.

R: The R bit is used to control all 8259A rotation
operations. If the R bit is set to a 1, a form of
priority rotation will be executed depending on
the state of SL and EOI bits. If R is 0, rotation
won’t be executed.
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ocw3

OCWB8iis used to issue various modes and commands to
the 8259A. There are two main categories of operation
associated with OCW3: interrupt status and interrupt
masking. Bit definition of OCW3 is as follows:

RIS: The RIS bit is used to select the ISR or IRR for
the read register command. If RIS is set to 1,
ISR is selected. If RIS is 0, IRR is selected. The
state of the RIS is only honored if the RR bit is
al.

RR: The RR bit is used to execute the read register
command. If RR is set to a 1, the read register
command is issued and the state of RIS deter-
mines the register to be read. If RR is 0, the
read register command isn’t issued.

P: The P bit is used to issue the poll command. If
P is set to a1, the poll command is issued. If it
is 0, the poll command isn’t issued. The poll
command will override a read register com-
mand if set simultaneously.

SMM: The SMM bit is used to set the special mask
mode. If SMM is set to a 1, the special mask
mode is selected. If it is O, it is not selected.
The state of the SMM bit is only honored if it is
enabled by the ESMM bit.

ESMM: The ESMM bit is used to enable or disable the
effect of the SMM bit. If ESMM is set to a 1,
SMM is enabled. If ESMM is 0, SMM is dis-
abled. This bit is useful to prevent interference
of mode and command selections in OCW3.

5. APPLICATION EXAMPLES

In this section, the 8259A is shown in three different ap-
plication examples. The first is an actual design imple-
mentation supporting an 8080A microprocessor system,
“Power Fail/Auto Start with Battery Back-Up RAM”. The
second is a conceptual example of incorporating more
than 64 interrupt levels in an 8080A or 8085A system,
“78 Level Interrupt System”. The third application is a
conceptual design using an 8086 system, “Timer Con-
trolled Interrupts”. Although specific microprocessor
systems are used in each example, these applications
can be applied to either MCS-80, MCS-85, MCS-86, or
MCS-88 systems, providing the necessary hardware and
software changes are made. Overall, these applications
should serve as a useful guide, illustrating the various
procedures in using the 8259A.

5.1 POWER FAIL/AUTO-START WITH BATTERY
BACK-UP RAM

The first application illustrates the 8259A used in an
8080A system, supporting a battery back-up scheme for
the RAM (Random Access Memory) in a microcomputer
system. Such a scheme is important in numerical and
process control applications. The entire microcomputer
system could be supported by a battery back-up
scheme, however, due to the large amount of current
usually required and the fact that most machinery is not
supported by an auxiliary power source, only the state
of calculations and variables usually need to be saved.
In the event of a loss of power, if these items are not
already stored in RAM, they can be transferred there and
saved using a simple battery back-up system.

The vehicle used in this application is the Intel®
SBC-80/20 Single Board Computer. An 8259A is used in
the SBC-80/20 along with control lines helpful in imple-
menting the power-down and automatic restart se-
quence used in a battery back-up system. The SBC-80/20
also contains user-selectable jumpers which aliow the
on-board RAM to be powered by a supply separate from
the supply used for the non-RAM components. Also, the
output of an undedicated latch is available to be con-
nected to the IR inputs of the 8259A (the latch is cleared
via an output port). in addition, an undedicated, buffered
input line is provided, along with an input to the RAM
decoder that will protect memory when asserted.

The additional circuitry to be described was con-
structed on an SBC-905 prototyping board. An SBC-635
power supply was used to power the non-RAM section
of the SBC-80/20 while an external DC supply was used
to simulate the back-up battery supplying power to the
RAM. The SBC-635 was used since it provides an open
collector ACLO output which indicates that the AC
input line voltage is below 103/206 VAC (RMS).

The following is an example of a power-down and restart
sequence that introduces the various power fail signals.

1. An AC power failure occurs and the ACLO goes high
(ACLO is pulled up by the battery supply). This indi-
cates that DC power wili be reliable for at most 7.5
ms. The power fail circutry generates a Power Fail In-
terrupt (PF1) signal. This signal sets the PFI latch,
which is connected to the IR0 input of the 8259A, and
sets the Power Fail Sense (PFS) latch. The state of
this latch will indicate to the processor, upon reset,
whether it is coming up from a power failure (warm
start) or if it is coming up initially (cold start).

2. The processor is interrupted by the 8259A when the
PFI latch is set. This pushes the pre-power-down pro-
gram counter onto the stack and calls the service
routine for the IR0 input. The IR0 service routine
saves the processor status and any other needed
variables. The routine should end with a HALT
instruction to minimize bus transitions.

3. After a predetermined length of time (5 ms in this ex-
ample) the power fail circuitry generates a Memory
Protect (MPRO) signal. All processing for the power
failure (including the interrupt response delays) must
be completed within this 5 ms window. The MPRO
signal ensures that spurious transitions on the sys-
tem control bus caused by power going down do not
alter the contents of the RAM.

4. DC power goes down.

5. AC power returns. The power-on reset circuitry on the
SBC-80/20 generates a system RESET.

6. The processor reads the state of the PFS line to
determine the appropriate start-up sequence. The
PFS latch is cleared, the MPRO signa! is removed,
and the PFI latch driving IR0 is cleared by the Power
Fail Sense Reset (PFSR) signal. The system then con-
tinues from the pre-power-down location for a warm
start by restoring the processor status and popping
the pre-power-down program counter off the stack.

Figure 24 illustrates this timing.
2-165 121500-001



AP59

POWER DOWN
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POWER UP
ROUTINE

Figure 24. Power Down Restart Timing

Figure 25 shows the block diagram for the system.
Notice that the RAM, the RAM decoder, and the power-
down circuitry are powered by the battery supply.

The schematic of the power-down circuitry and the
SBC-80/20 interface is shown in Figure 26. The design is
very straightforward and uses CMOS logic to minimize
the battery current requirements. The cold start switch
is necessary to ensure that during a cold start, the PFS
line is indicating “cold start” sense (PFS high). Thus, for

a cold start, the cold start switch is depressed during
power on. After that, no further action is needed. Notice
that the PFI signal sets the on-board PF! latch. The out-
put of this latch drives the 8259A IR0 input. This latch is
cleared during the restart routine by executing an OUT-
put D4H instruction. The state of the PFS line may be
read on the least significant data bus line (DBO) by exe-
cuting an INput D4H instruction. An 8255 port (8255 #1,

port C, bit 0) is used to control the PFSR line.

BATTERY SUPPLY

!

ACLO

]

POWER DOWN
CIRCUITRY

!

|

O
m
a
ol

CcoLD
i__START

PFS

IRO

CONTROL BUS

8080A | INT
rGRoud‘—'l 8259 8255

DATA BUS

ADDRESS BUS

Figure 25. Block Diagram of SBC 80/20 with Power Down Circuit
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Figure 26. Power Down Circuit - SBC 80/20 Interface

The fuily nested mode for the 8259A is used in its initial
state to ensure the IR0 always has the highest priority.
The remaining IR inputs can be used for any other pur-
pose in the system. The only constraint is that the ser-
vice routines must enable interrupts as early as possi-
bie. Obviously, this is to ensure that the power-down in-
terrupt does not have to wait for service. if a rotating
priority scheme is desired, another 8259A could be
added as a slave and be programmed to operate in a
rotating mode. The master would remain in the initial
state of the fully nested mode so that the IRO still re-
mains the highest priority input.

The software to support the power-down circuitry is
shown in Figure 27. The flow for each label will be
discussed.

After any system reset, the processor starts execution
at location 0000H (START). The PFS status is read and
execution is transferred to CSTART if PFS indicates a
cold start (i.e., someone is depressing the cold start
switch) or WSTART if a warm start is indicated (PFS
LOW). CSTART is the start of the user’s program. The
Stack Pointers (SP) and device initialization were in-
cluded just to remind the reader that these must occur.
The first El instruction must appear after the 8259A has
received its initialization sequence. The 8259A (and
other devices) are initialized in the INIT subroutine.

When a power failure occurs, execution is vectored by
the 8259A to REGSAV by way of the jump table at
JSTART. The pre-power-down program counter is placed
on the stack. REGSAV saves the processor registers
and flags in the usual manner by pushing them onto the
stack. Other items, such as output port status, program-
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mable peripheral states, etc., are pushed onto the stack
at this time. The Stack Pointer (SP) could be pushed on-
to the stack by way of the register pair HL but the top of
the stack can exist anywhere in memory and there is no
way then of knowing where that is when in the power-up
routine. Thus, the SP is saved at a dedicated location in
RAM. It isn’t really necessary to send an EOl command
to the 8259A in REGSAV since power will be removed
from the 8259A, but one is inciuded for completeness.
The final instruction before actually losing power is a
HALT. This minimizes somewhat spurious transitions
on the various busses and lets the processor die
gracefully.

On reset, when a warm start is detected, execution is
transferred to WSTART. WSTART activates PFSR by
way of the 8255 (all outputs go low then the 8255 is ini-
tialized). In the power-down circuitry, PFSR clears the
PFS latch and removes the MPRO signal which then
allows access to the RAM. WSTART also clears the PFI
latch which arms the 8259A IR0 input. Then the 8259A is
re-initialized along with any other devices. The SP is
retrieved from RAM and the processor registers and
flags are restored by popping them off the stack. Inter-
rupts are then enabled. Now the power-down program
counter is on top of the stack, so executing a RETurn in-
struction transfers the processor to exactly where it left
off before the power failure.

Aside from illustrating the usefulness of the 8259A (and
the SBC-80/20) in impiementing a power failure pro-
tected microcomputer system, this application should
also point out a way of preserving the processor status
when using interrupts.
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Figure 27. Power Down and Restart Software
5.2 78 LEVEL INTERRUPT SYSTEM
The second application illustrates an interrupt structure CASBUS !
with greater than 64 levels for an 8080A or 8085A sys- | sa00
tem. In the cascade mode, the 8259A supports up to 64 sA0 —
levels with direct vectoring to the service routine. Ex- o [
tending the structure to greater than 64 levels requires F—
polling, using the poll command. A 78 level interrupt o i
structure is used as an illustration; however, the prin- 1RO INT P07
ciples apply to systems with up to 512 levels. .
ples apply to sy P _ g YT
To implement the 78 levei structure, 3 tiers of 8259A’s —| iNTA L sat0 SP INTA | sgoo
are used. Nine 8259A’s are cascaded in the master-slave s [ —
scheme, giving 64 levels at tier 2. Two. additional s - @
8259A’s are connected, by way of the INT outputs, to - -
two of the 64 inputs. The 16 inputs at tier 3, combined MASTER | [ _
with the 62 remaining tier 2 inputs, give 78 total levels. 1R1 INT [ SAT Nt 807
The fully nested structure is preserved over all levels, : FA—
although direct vectoring is supplied for only the tier 2 ¥ T
inputs. Software is required to vector any tier 3 re- . %
quests. Figure 28 shows the tiered structure used in this ——
example. Notice that the tier 3 8259A’s are connected to b B —| iNTA se1 [
the bottom level slave (SA7). The master-slaves are inter- —
connected as shown in “Interrupt Cascading”, while the a7 17 - SATT - T 7

tier 3 8259A’s are connected as “masters”; that is, the
SP/EN pins are pulled high and the CAS pins are left un-
connected. Since these 8259A’s are only going to be
used with the poll command, no INTA is required, there-
fore the INTA pins are pulled high.
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Figure 28. 78 Level Interrupt Structure
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The concept used to implement the 78 levels is to
directly vector to all tier 2 input service routines. If a tier
2 input contains a tier 3 8259A, the service routine for
that input will poll the tier 3 8259A and branch to the tier
3 input service routine based on the poll word read after
the poll command. Figure 29 shows how the jump table
is organized assuming a starting location of 1000H and
contiguous tables for all the tier 2 8259A’s. Note that
“SA35” denotes the IR5 input of the slave connected to
the master iR3 input. Also note that for the normal tier 2
inputs, the jump table vectors the processor directly to
the service routine for that input, while for the tier 2 in-
puts with 8259A’s connected to their IR inputs, the proc-
essor is vectored to a service routine (i.e., SB0) which
will poll to determine the actual tier 3 input requesting
service. The polling routine utilizes the jump table start-
ing at 1200H to vector the processor to the correct tier 3
service routine.

Each 8259A must receive an initialization sequence
regardless of the mode. Since the tier 1 and 2 8259A’s
are in cascade and the special fully nested mode is used
(covered shortly), all ICWs are required. The tier 3
8259A’s don’t require ICW3 or ICW4 since only polling
will be used on them and they are connected as masters
not in the cascade mode. The initialization sequence for
each tier is shown in Figure 30. Notice that the master is
initialized with a “dummy” jump table starting at 00H
since all vectoring is done by the slaves. The tier 3
devices aiso receive “‘dummy” tables since only polling
is used on tier 3.

As explained in “Interrupt Cascading”, to preserve a
truly fully nested mode within a slave, the master 8259A
should be programmed in the special fully nested mode.
This allows the master to acknowledge all interrupts at
and above the level in service disregarding only those of
lower priority. The special fully nested mode is pro-
grammed in the master only, so it only affects the im-
mediate slaves (tier 2 not tier 3). To implement a fully
nested structure among tier 3 slaves some special
housekeeping software is required in all the tier-2-with-
tier-3-slave routines. The software should simply save
the state of the tier 2 IMR, mask all the lower tier 2 inter-
rupts, then issue a specific EOI, resetting the ISR of the
tier 2 interrupt level. On completion of the routine the
IMR is restored.

Figure 31 shows an example flow and program for any
tier 2 service routine without a tier 3 8259A. Figure 32
shows an example flow and program for any tier 2 ser-
vice routine with a tier 3 8259A. Notice the reading of the
ISR in both examples; this is done to determine whether
or not to issue an EOl command to the master (refer to
the section on “Special Fully Nested Mode” for further
details).

LOCATION

1000 H

71071C H
1020 H

103C H

10E0 H

10F8 H
10FC H
1200 H

121CH

12200

123CH

8259

SA0

JmP

JMP

mp

JMP

"sB0

sB1

JmMP

Jvp
JMP

Jmp

SA00

SA07
SA10

SA17

SA70

SBO
SB1

SBOO

SBO7
SB10

sB17

COMMENTS

; SADD SERVICE ROUTINE

; SA07 SERVICE ROUTINE
: SA10 SERVICE ROUTINE

; SA17 SERVICE ROUTINE
; SA20-SA67 SERVICE ROUTINES

; SA70 SERVICE ROUTINE

; SBO POLL ROUTINE
; SB1 POLL ROUTINF

775800 SERVICE ROUTINE

; SB0O7 SERVICE ROUTINE
; SB10 SERVICE ROUTINE

; SB17 SERVICE ROUTINE

Figure 29. Jump Table Organization

{ INITIALIZE MASTER

" MINT:

INITIALIZATION SEQUENCE FOR 78 LEVEL INTERRUPT STRUCTURE

Mvi A15H ; ICWI, LTM =0, ADI=1, S=0, IC4=1
ouT MPTA ; MASTER PORT A0=0

Mvi A00H ; ICW2, DUMMY ADDRESS

out MPTB ; MASTER PORT A0 =1

MvI AOFFH  ; ICW3, S7-S0=1

out MPTB ; MASTER PORT AO=1

mMvi AIOH ; ICW4, SFNM =1

out MPTB ; MASTER PORT A0 =1

; INITIALIZE SA SLAVES - X DENOTES SLAVE ID (SEE KEY)

' SAXINT:

MV Ay

out SAXPTA

Mvi A, 10H

out SAXPTB

MVI AOXH

out SAXPTB

Mvi A10H

out SAXPTB

; SEE KEY FOR ICW1, LTM =0, ADI=1,8=0,1C4=1

5 SA“X” PORT AD=0

; ICW2, ADDRESS MSB

; SA“X” PORT A0=1

; ICW3, SA D

; SA“X" PORT A0 =1

; ICW4, SFNM =1

; REPEAT ABOVE FOR EACH SA SLAVE

; SA*X” PORT A0=1

; INITIALIZE SB SLAVES - X DENOTES 0 or 1(DC SBO, REPEAT FOR SB1)

" SBXINT

mvi AlI6H

out SBXPTA

mMvi A,00H

out SBXPTB

“SA INITIALIZATION KEY

; ICW1, LTM =0, ADI=1,5=1.1C4=0

; SB“X” PORT A0=0

; ICW2, DUMMY ADDRESS

SA“X"

NonrLON=O

« (lcvﬁ 0

T
|
I
|

; SB*X"” PORT A0 =1

JUMP TABLE START () |

|

|

1040 |
[

{

|

Figure 30. Initialization Sequence for 78 Level interrupt Structure
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SAVE PROCESSOR
STATUS

ENABLE

B INTERRUPTS
; SA“X” ROUTINE - GENERAL INTERRUPT SERVICE ROUTINE

SERVICE
ROUTINE
; FOR TIER 2 INTERRUPTS WITHOUT TIER 3 8259A
DISABLE H
INTERRUPTS SAX: PUSH D ; SAVE DE

PUSH B SAVE BC
PUSH H SAVE HL

NON-SPECIFIC PUSH PSW SAVE A, FLAGS
EOI TO SA“X" . El

ENABLE INTERRUPTS
; SERVICE ROUTINE GOES HERE

A0By
OUT  MASPTA
SAXRSR: POP  PSW

MASTER PORT A0 =0
RESTORE A, FLAGS

READ ISR ol ; DISABLE INTERRUPTS
OF SA“X” I 204 | 0CW2, NON-SPECIFIC EOI
OUT  SAXPTA ; SAX” PORT A0=0
MUl AOB4  ; OCW3, READ REGISTER, ISR
OUT  SAXPTA | SA“X” PORT A0=0
IN SAXPTA ; SA“X” PORYT A0 =0, SA“X" ISR
: BoS R
x ; , STATU
SA"X ISR ZERO mvi } OCW2, NON-SPECIFIC EOI

POP H RESTORE HL
POP B RESTORE BC
POP D RESTORE DE
NON-SPECIFIC El i ENABLE INTERRUPTS
EOI TO MASTER RET ; RETURN
RESTORE PROCESSOR
STATUS
ENABLE
INTERRUPTS
Figure 31. E: Service R for Tier 2 pt (SA“X”) without Tier 3 8259A (SB“X”)

SB“X" RET

; SB“X” ROUTINE - SERVICE ROUTINE FOR TIER 2
; INTERRUPTS WITH TIER 3 8259AS
$8X: .

SLAVE PROCESSOR DISABLE i SAVE DE
STATUS INTERRUPTS PUSH B ; SAVE BC
PUSH H SAVE HL

PUSH PSW SAVE A, FLAGS

READ & SAVE NON-SPECIFIC z‘ov :,AI"B : ;fe: SAXTIMA
IMR OR SA“X" EOI TO SB“X" MVI AXXy ; MASK SA“X” LOWER IR
K OUT  SAXPTB ; SA“X” PORT A0=1
Mvi A8Xy ; OCW2 SPECIFIC EOI SA"X"
MASK LOWER READ ISR OUT  SAXPTA ; SA“X" PORT A0=1
INTERRUPTS OF SA“X” OF SBUX" H,12004  ; JUMP TABLE START
MvI 8,00y ; CLEAR B
. mMvi A0C, ; OCW3, POLL COMMAND
OUT  SBXPTA ; SB“X” PORT A0=0
SPECIFIC EOI IN SBXPTA  ; GET POLL WORD
TO SA“X” AN o7y ; LIMIT TO 3 BITS
is ADD ; GET TABLE OFFSET
SB“X” ISR ZERO ADD A 5
? MOV CA ; OFFSETTOC
POLL $B"X" DAD ; HL HAS TABLE ADDRESS
E : ENABLE INTERRUPTS

;. SB“X"RET ROUTINE - FOR EOl AND MASK RESTORE
; AFTER SB“X"” ROUTINE

NON-SPECIFIC

CALCULATE JUMP
TABLE ADDRESS

EOI TO MASTER SBXRET DI ; DISABLE INTERRUPTS

VI A20 OCW2, NON SPECIFIC EO!

ENABLE our SBXPTA SA“X” PORT A0 =0

INTERRUPTS gvlT Qf:ﬁ'n g;:v)«(s, :ozsn REGISTER ISR
U’ X T A0=0
RESTORE IMR N SBXPTA  ; SA“X” PORT A0=0, ISR
OF SA“X ANI OFFy TEST FOR ZERO
JUMP TO SERVICE JIJNZ  SBXRSR ; IF 0 RESTORE IMR

ROUTINE MV A204 OCW2, NON-SPECIFIC EOI

uT MASPTA MASTER PORT A0=0

el
SBXRSR: MOV

A, RESTORE SA“X” IMR
ouT SAXPTB

SA“X"” PORT A0=1

RESTORE PROCESSOR
STATUS

POP PSW RESTORE A, FLAGS
POP H RESTORE HL
ENABLE POP B RESTORE BC
INTERRUPTS POP b RESTORE BC
El RESTORE DE
RET RETURN

RETURN

Figure 32. Example Service Routine for Tier 2 Interrupt (SA“X”) with Tier 3 8259A (SB“X")
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5.3 TIMER CONTROLLED INTERRUPTS

In a large number of controller type microprocessor
designs, certain timing requirements must be imple-
mented throughout program execution. Such time
dependent applications include control of keyboards,
displays, CRTs, printers, and various facets of industrial
control. These examples, however, are just a few of
many designs which require device servicing at specific
rates or generation of time delays. Trying to maintain
these timing requirements by processor control alone
can be costly in throughput and software complexity.
So, what can be done to alleviate this problem? The
answer, use the 8259A Programmable interrupt Con-
troller and external timing to interrupt the processor for
time dependent device servicing.

This application example uses the 8259A for timer con-
trolled interrupts in an 8086 system. External timing is
done by two 8253 Programmable Interval Timers. Figure
33 shows a block diagram of the timer controlied inter-
rupt circuitry which was built on the breadboard area of
an SDK-86 (system design kit). Besides the 8259A and
the 8253's, the necessary /O decoding is also shown.
The timer controlled interrupt circuitry interfaces with
the SDK-86 which serves as the vehicle of operation for
this design.

A short overview of how this application operates is as
follows. The 8253's are programmed to generate inter-
rupt requests at specific rates to a number of the 8259A
IR inputs. The 8259A processes these requests by inter-
rupting the 8086 and vectoring program execution to the
appropriate service routine. In this example, the
routines use the SDK-86 display panel to display the
number of the interrupt level being serviced. These
routines are merely for demonstration purposes to show
the necessary procedures to establish the user's own
routines in a timer controlled interrupt scheme.

Let’s go over the operation starting with the actual inter-
rupt timing generation which is done by two 8253 Pro-
grammable Interval Timers (8253 #1 and 8253 #2). Each
8253 provides three individual 16-bit counters (counters

0-2) which are software programmable by the proc-
essor. Each counter has a clock input (CLK), gate input
(GATE), and an output (OUT). The output signal is based
on divisions of the clock input signal. Just how or when
the output occurs is determined by one of the 8253’s six
programmable modes, a programmable 16-bit count,
and the state of the gate input.

Figure 34 shows the 8253 timing configuration used for
generating interrupts to the 8259A. The SDK-86’s PCLK
(peripheral clock) signal provides a 400 ns period clock
to CLKO of 8253 #1. Counter 0 is used in mode 3 (square
wave rate generator), and acts as a prescaler to provide
the clock inputs of the other counters with a 10 ms
period square wave. This 10 ms clock period made it
easy to calculate exact timings for the other counters.
Counter 2 of the 8253 #1 is used in mode 2 (rate gener-
ator), it is programmed to output a 10 ms pulse for every
200 pulses it receives (every 2 sec). The output of
counter 2 causes an interrupt on IR1 of the 8259A. All
the 8253 #2 counters are used in mode 5 (hardware trig-
gered strobe) in which the gate input initiates counter
operations. In this case the output of 8253 #1 counter 2
controls the gate of each 8253 #2 counter. When one of
the 8253 #2 counters receive the 8253 #1 counter 2 out-
put pulse on its gate, it will output a pulse (10 ms in
duration) after a certain preprogrammed number of
clock pulses have occurred. The programmed number of
clock pulses for the 8253 #2 counters is as follows: 50
pulses (0.5 sec) for counter 0, 100 pulses (1 sec) for
counter 1, and 150 pulses (1.5 sec) for counter 2. The
outputs of these counters cause interrupt requests on
IR2 through IR4 of the 8259A. Counter 1 of 8253 #1 is
used in mode O (interrupt on terminal count). Unlike the
other modes used which initialize operation auto-
matically or by gate triggering, mode 0 allows software
controlled counter initialization. When counter 1 of 8253
#1 is set during program execution, it will count 25
clocks (250 ms) and then pull its output high, causing an
interrupt request on IR0 of the 8259A. Figure 35 shows
the timing generated by the 8253’s which cause inter-
rupt request on the 8259A IR inputs.

CONTROL BUS \
PCLK| RD| |WR mml lNTT RD| [WR
§ ADDRESS BUS (20)

MT M/B—FISIAM|A1SIA12‘AH| Aml A9| ABI A7‘ Asl A5| Adl Aa( \’
P P ’

7430 7402
A0 A1 RD WR A0
c INT
CLK1 Ty
CLKO 8253
cares ® out2 R4 8250A ————I
E2|

GATE2
+5V »—E GATE1 ou GATE1 outt 1IR3 SP/EN |—o0 + 5V =5

GATED ouT1 GATED 2 3
[ c§ 8205
IR o A
—I 0, A1
1RO

cs '_‘

ML L

DATA BUS (16)
AT
L

DBO-7
K pBO-7

a|
lfj

L
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Figure 33. Timer Controlled Interrupt Circuit on SDK 86 Breadboard Area
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Figure 35. 8259A IR Input Signal From 8253S

There are basically two methods of timing generation
that can be used in a timer controlled interrupt struc-
ture: dependent timing and independent timing. Depen-
dent timing uses a single timing occurrence as a refer-
ence to base other timing occurrences on. On the other
hand, independent timing has no mutual reference be-
tween occurrences. Industrial controller type applica-
tions are more apt to use dependent timing, whereas in-
dependent timing is prone to individual device control.

Although this application uses primarily dependent tim-
ing, independent timing is also incorporated as an
example. The use of dependent timing can be seen back
in Figure 34, where timing for IR2 through IR4 uses the
IR1 pulse as reference. Each one of the 8253 #2 counters
will generate an interrupt request a specific amount of
times after the IR1 interrupt request occurs. When using
the dependent method, as in this case, the IR2 through

IR4 requests must occur before the next IR1 request. .

Independent timing is used to control the IR0 interrupt
request. Note that its timing isn’t controlled by any of
the other IR requests. In this timer controlled interrupt
configuration the dependent timing is initially set to be
self running and the independent timing is software
initialized. However, both methods can work either way
by using the various 8253 modes to generate the same
interrupt timing.

The 8259A processes the interrupts generated by the
8253’s according to how it is programmed. In this appli-
cation it is programmed to operate in the edge triggered
mode, MCS-86/88 mode, and automatic EOl mode. In the
edge triggered mode an interrupt request on an 8259A

IR input becomes active on the rising edge. With this in
mind, Figure 35 shows that IR0 will generate an inter-
rupt every half second and IR1 through IR4 will each
generate an interrupt every 2 seconds spaced apart at
half second intervals. Interrupt vectoring in the
MCS-86/88 mode is programmed so IR0, when activated,
will select interrupt type 72. This means IR1 will select
interrupt type 73, IR2 interrupt type 74, and so on
through IR4. Since IR5 through IR7 aren’t used, they are
masked off. This prevents the possibility of any acci-
dental interrupts and rids the necessity to tie the
unused IR inputs to a steady level. Figure 36 shows the
8259A IR levels (IRO-IR4) with their corresponding inter-
rupt type in the 8086 interrupt-vector table. Type 77 in
the table is selected by a software “INT” instruction
during program execution. Each type is programmed
with the necessary code segment and instruction
pointer values for vectoring to the appropriate service
routine. Since the 8259A is programmed in the auto-
matic EOl Mode, it doesn’t require an EOl command to
designate the completion of the service routine.

T T
134 TYPE 77 SOFTWARE INT
'H
1304 TYPE 76 R4
1200 TYPE 75 IR3
128 TYPE74 IR2 | 8259A
H
124 TYPE 73 IR1 ’
1204 TYPE 72 1RO
J- NS
Figure 36. pt “Type” Desig
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As mentioned earlier, the interrupt service routines in
this application are used merely to demonstrate the
timer controlled interrupt scheme, not to impiement a
particular design. Thus a service routine simply displays
the number of its interrupting level on the SDK-86 dis-
play panel. The display panel is controlled by the 8279
Keyboard and Display Controller. It is initialized to
display “Ir” in its two left-most digits during the entire
display sequence. When an interrupt from IR1 through
IR4 occurs the corresponding routine will display its IR
number via the 8279. During each IR1 through IR4 serv-
ice routine a software “INT77” instruction is executed.
This instruction vectors program execution to the serv-
ice routine designated by type 77, which sets the 8253
counter controlling IR0 so it will cause an interrupt in
250 ms. When the IR0 interrupt occurs its routine will
turn off the digit displayed by the IR1 through IR4
routines. Thus each IR level (IR1-1R4) will be displayed
for 250 ms followed by a 250 ms off time caused by IRO0.
Figure 37 shows the entire display sequence of the
timer controlled interrupt application.

[T ] R2

Figure 37. SDK Display Sequence for Timer Controiled interrupts
Program (Each Display Block Shown is 250 msec
in Duration)

Now that we’ve covered the operation, let’'s move on to
the program flow and structure of the timer controlled
interrupt program. The program flow is made up of an
initialization section and six interrupt service routines.
The initialization program flow is shown in Figure 38. It
starts by initializing some of the 8086'’s registers for pro-
gram operation; this includes the extra segment, data
segment, stack segment, and stack pointer. Next, by
using the extra segement as reference, interrupt types
72 through 77 are set to vector interrupts to the appro-
priate routines. This is done by moving the code seg-
ment and instruction pointer values of each service
routine into the corresponding type location. The 8253
counters are then programmed with the proper mode
and count to provide the interrupt timing mentioned
earlier. All counters with the exception of the 8253 #1,
counter 1 are fully initialized at this point and will start
counting. Counter 1 of 8253 #1 starts counting when its
counter is loaded during the “INTR77” service routine,
which will be covered shortly. Next, the 8259A is issued
ICW1, ICW2, ICW4, and OCW1. The ICWs program the
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8259A for the edge triggered mode, automatic EOI
mode, and the proper interrupt vectoring (IR0, type 72).
OCW1 is used to mask off the unused IR inputs
(IR5-1R7). The 8279 is then set to display “IR” on its two
left-most digits. After that the 8086 enables interrupts
and a “dummy” main program is executed to wait for in-
terrupt requests.

( STAl\RT )

r INITIALIZE REGISTERS l

!

l INITIALIZE INTERRUPT ]
st

PES” 72-77

BOTH 8253's

!

[ SET 8259A ICWs & OCWs ]

l SET MODES & COUNTS OF

[ DISPLAY “Ir” VIA 8279 —I

T

| enasie wtermoets ]

DUMMY MAIN PROGRAM
(WAIT FOR INTERRUPT)

]

Figure 38. Initialization Program Flow for Timer Controlled Interrupts

There are six different interrupt service routines used in
the program. Five of these routines, “INTR72” through
“INTR76”, are vectored to via the 8259A. Figure 39A-C
shows the program flow for all six service routines. Note
that “INTR73” through “INTR76” (IR1-IR4) basically use
the same flow. These four similar routines display the
number of its interrupting IR level on the SDK-86 display
panel. The “INTR77” routine is vectored to by software
during each of the previously mentioned routines and
sets up interrupt timing to cause the “INTR72” (IR0)
routine to be executed. The “INTR72” routine turns off
the number on the SDK-86 display panel.

( INTR72 ) ( INTR73-76 ) ( INTR77 )
L ! 1

CALL CALL SET 8253
“SAVE” “SAVE” TIME DELAY
l l FOR “INTR72”
TURN OFF. TURN ON ‘
SELECTED SELECTED
LED DISPLAY LED DISPLAY
CALL SOFTWARE
“RESTORE” “INTR 77

< RETURN ’ CALL
“RESTORE”
RETURN

B. INTERRUPT ON
8259A IR1-I1R4

C. SOFTWARE INVOKED
INTERRUPT

A. INTERRUPT ON
8259A IR0

Figure 39. A-C. Interrupts Service Routine Flow for
Timer Controlled Interrupts.

121500-001



AP59

To best explain how these service routines work, let’s
assume an interrupt occurred on IR1 of the 8259A. The
associated service routine for IR1 is “INTR73"”. Entering
“INTR73", the first thing done is saving the pre-interrupt
program status. This isn’t really necessary in this pro-
gram since a ‘““‘dummy’’ main program is being executed;
however, it is done as an example to show the operation.
Rather than having code for saving the registers in each
separate routine, a mutual call routine, “SAVE”, is used.
This routine will save the register status by pushing it
on the stack. The next portion of “INTR73” will display
the number of its IR level, “1”, in the first digit of the
SDK-86 display panel. After that, a software INT instruc-
tion is executed to vector program execution to the
“INTR77” service routine. The “INTR77” service routine
simply sets the 8253 #1 counter 1 to cause an interrupt
on IR0 in 250 ms and then returns to “INTR73”. Once
back in “INTR73”, the pre-interrupt status is restored by
a call routine, “RESTORE”. It does the opposite of
“SAVE”, returning the register status by popping it off
the stack. The “INTR73” routine then returns to the
“dummy " main program. The flow for the “INTR74”
through “INTR76” routines are the same except for the
digit location and the IR level displayed.

After 250 ms have elapsed, counter 1 of 8253 #1 makes
an interrupt request on IR0 of the 8259A. This causes
the “INTR72” service routine to be executed. Since this
routine interrupts the main program, it also uses the
“SAVE” routine to save pre-interrupt program status. It
then turns off the digit displaying the IR level. In the
case of the “INTR73” routine, the “1” is blanked out.
The pre-interrupt status is then restored using the
“RESTORE” routine and program execution returns to
the “dummy” main program.

The complete program for the timer controlled inter-
rupts application is shown in Appendix B. The program
was executed in SDK-86 RAM starting at location 0500H
(code segment = 0050, instruction pointer=0).

CONCLUSION

This application note has explained the 8259A in detail
and gives three applications iliustrating the use of some
of the numerous programmable features available. It
should be evident from these discussions that the
8259A is an extremely flexible and easily programmable
member of the Intel® MCS-80, MCS-85, MCS-86, and
MCS-88 families.
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APPENDIX A

This table is provided merely for reference information between the “Operation of the 8259A” and ‘“Programming the
8259A" sections of this application note. It shouldn’t be used as a programming reference guide (see “Programming

the 8259A”).
Operational Command
Description Words Bits
MCS-80/85 Mode ICW1, ICW4* IC4, uPM*
Address Interval for MCS-80/85 Mode ICW1 ADI
Interrupt Vector Address for MCS-80/85 Mode ICW1, ICW2 A5-A15
MCS-86/88 Mode ICW1, ICW4 1C4, uPM
Interrupt Vector Byte for MCS-86/88 Mode ICW2 T3-T7
Fully Nested Mode OCW-Default —_
Non-Specific EOl Command ocw2 EOI
Specific EOl Command OCW2 SEOQI, EOI,
LO-L2
Automatic EOI Mode ICW1, ICW4 IC4, AEOI
Rotate On Non-Specific EOl Command ocw2 EOI
Rotate In Automatic EOl Mode oCw2 R, SEOI, EOI
Set Priority Command OCw2 LO-L2
Rotate on Specific EOl Command oCcw2 R, SEOI, EOI
Interrupt Mask I'Register OCw1 M0O-M7
Special Mask Mode OCW3 ESMM-SMM
Level Triggered Mode ICWA1 LTIM
Edge Triggered Mode ICW1 LTIM
Read Register Command, IRR OCW3 ERIS, RIS
Read Register Command, ISR OCW3 ERIS, RIS
Read IMR OCwi1 MO-M7
Poll Command OCW3 P
Cascade Mode ICW1, ICW3 SNGL, S0-7,
1D0-2
Special Fully Nested Mode ICW1, ICW4 1C4, SFNM
Buffered Mode iCW1, ICW4 IC4, BUF,
M/S
*Only needed if ICW4 is used for purposes other than xP mode set.
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APPENDIX B

HCS-86 HSSEMBLER

TCIS9A PAGE
ISIS-I1 MCS-8G ASSCMBLER Y1.@ HSSEMBLY OF MODULE TCISSA
OBJECT MODULE PLACED IN :F1:7CIS9A. 0BJ
RSSEMBLER INVOKED BY: :F1:RSM36 :F1:TCISSA. SRC
Lac oBJ LINE  SOURCE
1 ekbkekklkkokkkkkkk TIMER CONTROLLED INTERRUPTS sokioioksoiloiskbobiokiok
2
E S
4
5 EXTRA SEGMENT DECLARATIONS
[ S
—- 7 EXTRA SEGMEN!
g
a12a 9 0RG 1204
0126 84681 18 TPP2IP DM INTRT2 s TYPE 72 INSTRUCTION POINTER
Biaz2 27?2 11 TP72CS OH ? +TYPE 72 CODE SEGMENT
8124 1801 12 TP7IIP DH INTR72 ; TYPE 72 INSTRUCTION POINTER
Biz6 277? 13 TP73CS DM ? i TYPE 72 CODE SEGMENT
8123 2881 14 TP?4IP OMW INTR74 s TYPE 74 INSTRUCTION POINTER
#12a 277? 15 TPP4CS DUW ? i TYPE 74 CUDE SEGMENT
8120 4801 16 TPYSIF bW INTR?S #TYPE 73 INSTRUCTION POINTER
Bi2E 77?7 17 TP73CS DMW ? s TYPE ¥5 CODE SEGMENT
130 sEal 18  TP7EIP DW INIR76 i 1YPE 76 INSTRUCTION POINTER
6132 77? 19 TP76CS DW ? i TYPE 76 CODE SEGMENT
6134 7861 28 TP77IP DW INTR?? S TYPE 77 INSTRUCTION PUINTER
lze 277? 21 TP77CS DM ? +TYPE 77 CODE. SEGMENT
2
- 23 EXTRA ENDS
24
25 DATA SEGMENT DECLARATIONS
2
——— 27 DRTR  SEGMENT
' 2
aegg 7777 23 STACKL DW ? FYARIABLE TO SAYE CALL ADDRESS
wigz 777 8 AXTEMP DW ? i YARIRBLE TO SAVE AX REGISTER
a4 ?? 21 DIGIT DB ? i YARIABLE TO SAVE SELECTED DIGIT
32
-—-- 33 DRTR  END:
4
35 CODE SEGMENT DECLARATION
KGN
-—— I7  CODE  SEGMENT
R’
3% ASSUME  ES:EXTRA, DS:DATA, CS:CODE
44
4 INITIALIZE REGISTERS
42
bARa B3BAGA 43 STRRT: KOV AX. BH JENTRA SCGMENT AT BH
0802 3ECA 44 my ES: AR
13645 BE7O80 43 nay HX, 78H +DATA SEGMENT AT 78@H
@mas 8ED2 46 MY D%, AX
PABA Ba78ag 7 Moy AZ. 75H +STACK SEGMENT AT 78eH
aaaD 3EDE 43 Moy S5 A8
WaaF BLEARR 49 Moy SP, 38H i STHCK POINTER AT 8@H (STRCK=586H)
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APPENDIX B (continued)

HCS-86 RSSEMBLER  TCIS3A PHGE
Loc 08J LINE  SOURCE

58

Mo LOAD INTERRUPT YECTOR TRBLE

S
6912 BSG481 53 TYPES: MOV AX: OFFSET CINTR72) sLORD TYPE V2
a1 26H32801 54 MYy 1P72IF, RX
#0915 2ASCHE2201 55 Moy TP7ECa, 05
vBiE BS1561 56 Moy RX. OFFSET (INTR73) iLDAD TYPE 72
8821 26A32401 W MY TP7ZIP. RX
9625 268CYE2681 95 HOY TF73C5, L5
BE2R 833801 59 MOy R¥, OFFSET C(INTR74) ;LOAD TYPE 74
8820 26AR32441 ] oy TP74IP, HX
@931 263C0E2ABL 61 Moy TF74C5, 05
@836 BS4ge1 62 1Y A&, OFFSET CINTR?SY +LOAD TYPE 75
wa39 26Az2081 83 1oy TP7SIF. HX
983D 263CHE2E01 64 Moy TP¥SCS. CS
8942 BooeRl €3 oY A, OFFSCT (INTR7E JLOAD TYPE 76
8845 26A23081 =3 oy TPYEIF, HY
8949 263CRE3201 &7 Moy TP?76C5, €5
UBdE B57581 63 Moy A, OFFSET (INTRTT) i LOHD TYPE 7Y
@851 26R33401 £9 HOY TP77IF, X
w855 268CHERBL 7a Mo IP77C5, 05

7 s

72 8253 INITIALIZATION

7
BB5A BROEFF 74 SET321: mov DX, 2FFBEH 18233 #1 CONYROL WORD
Bash Buse 5 MOy AL. 35H ;COUNTER 8, MODE 3. BINARY
#85F EE 76 ouT D¥ AL
4664 Ba7i 77 MY HL: 71H ¢COUNTER 1, MUDE 8, EBCD
Bé62 EE 78 ayr D#, AL
6863 BABS 7 % AL, BESH ; COUNTER 2. MODE 2, BCD
8865 EE 39 [LHE Dy AL
w66 BHESFF 81 Moy DX, BFFB5H +LOAD COUNTER @ (1@M5)
Bak9 BBRG 282 MY AL BREH iLLE
Wa6B EL 82 T DX AL
6a6C BE6l 24 moy AL. 51H i M5B
BB5E EE 93 ouy DX, AL
B@6F BRACFF 36 Moy X, BFFACH iLUAD COUNIER 2 (25EC)
972 Baea a7 Moy AL, BEH iLEk
w474 EE 28 ouT Dx, AL
Ba75 Belz 39 MDY AL, B2H iMsB
977 EE L] ot D&, AL
#6878 BR1GFF 91 SETH32: Moy ¥ BFF1EH ;8293 #2 CONTROL WORD
va7e BO3E 92 mov AL, XBH s COUNTER 0, MODE 5. EBCD
wavh EE EXS ouT D&, AL
W47E BBYB 34 Moy AL, 7BH ;COUNTER 1, MODE 5. BCD
882 EE k5] ouT D¥, AL
8981 BABE % MoV AL 8BBH +COUNTER 2, MODE S, BCD
2883 EE ¥ ouT DX AL
2984 BR1GFF 95 Moy D¥, BFF18H i LOAD COUNTER @ ¢ SSECY
8487 BUSH 93 Moy AL, S3H iLoB
wg89 EE 160 ouT DR AL
WASA Boga 101 MY AL, 98H i M5B
9asC EE 192 Ut D AL
wasD BALZFF 182 MoV D¥. BFF12H ;LORD COUNTER 1 <4SEC)
8858 BoEg 184 MOV AL, B3H iLSB
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APPENDIX B (continued)

MC5-86 ASSEMBLER  TCIS9A PAGE
Loc 0BJ LINE  SOURCE
8892 EE 185 ouT DX, AL
8453 BABL 186 Mov AL, 81H i MSB
8895 EE 187 ot DX AL
¥a96 BAL4FF 108 MoV DX, BFF14H ;LOAD COUNTER 2 (1. SSEC)
#9339 B650 109 Moy AL 58H iLSB
@698 EE 118 ot DX, AL
BasC Bial 111 MoY AL, 81K i M5B
BASE EE 112 our DX, AL
112
114 8259A INITIRLIZATION
115
BA9F BRABFF 116 SETS9A: MOV DX, BFF98H 1 8299A AB=0
#PA2 BO1Z 117 MOY AL; 13H i ICH1-LTIM=8, 5=1, IC4=1
#eR4 EE 113 ouT D¥, AL
WBRS BARBZFF 119 Moy DX, BFF@2H i 8259R RB=
AARS BA48 126 MoY AL, 48H  ICH2-INTERRUPT TYPE 72 (128H)
BAAA EE 124 ot DX AL
BeAB BAGZ 122 noy AL, B3H 3 ICW4-SFNM=8, BUM=8, REQI=1. MPM=1
BAARD EE 123 ouT D&, AL
VARE BOEA 124 Moy AL BEBH ;OCW1-MASK IRS, 6,7 {NUT USED)
BaRa EE 125 ouT DX, AL
126
127 82753 INITIRLIZATION
128
14AB1 BRERFF 129 SET79: MOV D¥, BFFERH ;8279 COMMAND WORDS HND STATUS
06B4 BADA 130 Moy AL, BDBH iCLEAR DISPLRAY
ABR6 EE 131 T DX, AL
9eB? EC 132 WAIT?9: IN AL, DX i RERD STATUS
BeB8 DOCo 133 ROL AL:1 ;"DU" BIT TO CARRY
BOBA 72FB 134 IB WAIT?79 i JUMP IF DISPLAY IS UNAYAILABLE
BARC BAST 135 Moy AL, 87H ;DIGIT 8
BORE EE 136 aur DX AL
WOEF BAESFF 137 Moy D¥, BFFESH 18279 DATA KORD
weC2 BaBe 138 oY AL, B6H i CHARACTER "1
a4 EE 133 T DX, AL
9ACS BREAFF 148 Moy DX, BFFERH 18279 COMMAND WORD
wacs BOsE 141 Moy AL, 86H :DIGIT 7
@aCA EE 142 ouT DX AL
BACE BAESFF 142 Moy DX, @FFESH 18279 DATA WORD
BBCE BASH 144 Moy AL, 58H i CHARACTER "R"
BADa EE 145 ouT DX, AL
#apt FB 146 STI ; ENABLE INTERRUPTS
147
148
143 DUMMY PROGRAM
158
8ep2 EBFE 151 Dummy: JMP DUMMY SWAIT FOR INTERRUPT
152
153
3aD4 AZB209 154  SAVE: MOV AXTEMP, AX ‘ i SRVE AX
2aD7 38 135 FOP AR ;POP CALL RETURN ADDRESS
8abs A3AG8A 156 MoY STACK1, AX i SAVE CALL RETURN RDDRESS
98DB R18208 157 MOV AX; AXTCMP i RESTORE AX
@apE 58 158 PUSH  AX + SAYE PROCESSOR STATUS
BaDF 33 159 PUSH  BX
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APPENDIX B (continued)

MCS-B6 RCSEMBLER PAGE
LOC 0BJ LINE  SOURCE
gER 51 168 PUSH  CX
BoEL 52 161 PUSH DX
BeE2 55 162 PUSH  BP
#vE3 5A 162 PUSH  SI
weEd 57 164 PUSH DI
BGES 1E 165 FUSH DS
BOEE B6 166 PUSH ES
BOE7 R16804 167 Moy AX.: STRCK1 +RESTORE CALL RETURN RDDRESS
ABEA 50 168 FUSH  RX +PUSH CALL RETURN RUDRESS
WIEE 3 169 RET
170
@EC 58 171 RESTOR: POP A% 7 POP CALL RETURN RDDKESS
WOED AZaaAg 172 Hoy STARCKL, AX i SAVE CALL RETURN ADDRESS
o6F9 A7 173 POP  ES RESTORE PROCESSOR STATUS
BoFL 1F 174 POP [
wiFz 5F 175 POP DI
wgFs SE 176 FOP S1
8aF4 50 177 POP BP
a8FS SH 178 POP DX
WaFE 59 179 FOP cX
RgF7 SB 129 POP BY
agre 58 18 FOP A%
HBFS R39200 182 MOy RXTEMP. AX i SAYE AX
BAFC A1an0a 182 MoV AX: STACKL ;RESTORE CRLL RETURN ADDRESS
BuFF 58 1584 PUSH A% ;PUSH CRLL RETURN ADDRESS
9168 A19200 185 may A%, AXTEMP :RESTORE AX
Ble3 L3 186 RET
187
12
153 INTERRUFT 72, CLEAR DISPLAY, IR® 32398
1%
8184 ESCDFF 191 INTR72: CALL  SAVE SRUUTINE TO SAVE PROCESSUR S1RTUS
187 BRERFF 132 Moy DX, BFFERR ;8272 COMMAND WORD
B8R RON4HR 193 Moy AL, DIGIT SSELECTED LED DIGIT
wiah EE 194 T DX, AL
W1WE BHERFF 195 Moy DX, BFFE3Y ;8279 DATR
#i11 BOBO 19 Hay AL, B8H JBLANK OUT DIGIT
8113 EE 197 uT D% AL
@114 EEDSFF 15 CALL  RESTOR +ROUTINE TO RESIORE PROCESSOR STHIUS
8117 CF 199 IRET JRETURN FROM INTERRUF1
208
281
282 INTERRUPT 73, IR1 8259
283
9118 ESB9FF 284 INTR73: CALL  SAVE sROUTINE TO 5AYE PROCESSOR STRIUS
@118 BREAFF 285 MY DX, BFFERH 8279 COMMAND WORD
B11E Basd 286 Moy AL, 88H ;LED DISPLAY DIGIT 1
9128 A2B400 207 noy DIGIT. AL
9123 EE 288 auT DX, AL
8124 BRESFF 209 MY DX, UFFESH ;8279 DATA
a127 Bave 219 WY AL 86H  CHARACIER 1"
w9 EE 211 ot D% AL
B1zA (04D 212 INT 7 ;TIMER DELAY FOR LED ON TIME
wizC ESBOFF 213 CALL ~ RESTOR JROUTINE 10 RESTORE PROCESSOR STATUS
812k CF 214 IRET JRETURN FROM INTERRUPT
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APPENDIX B _(continued)

MCS-86 ASSEMBLER  TCIS3A

LOC 0B LINE

245

216

217

218
8120 EBALFF 219
8133 BREAFF 228
#136 BAS1 ' 224
@138 A20400 222
213B EE 223
B13C BRESFF 224
B13F paSE 2245
al41 EE 226
B142 CD4D 227
#144 ESASFF 228
B147 CF 229

238

231

232

33
#1485 EBSSFF 234
8148 BHERFT 233
314E BAG2 236
2158 20482 237
#1532 EE 238
9154 BRESFF 239
8157 badk 248
8153 EE 241
B15R CD4D 242
@19 ESSDFF 243
Bi5F CF 244

243

246

247

248
Bled ESVIFF 249
8163 BAERFF 258
3166 BAS3 e
#l6s A20498 © 232
3168 EE 33
B16C BRESFF 234
BLEF BBs6 233
@17l EE 236
#ive Cp4d 2357
B174 ES7IFF 258
8i7r oF 259

268

261

262

263
AL78 BABAFF 264
8178 BE25 263
#i7h EE 266
917E Bose o267
180 EE 263
@181 CF 263

INTR?S:

NTR76:

i
H

i

INTR??:

FAGE
INTERRUPT 74, IR2 $2598
: CRLL  SAYE sROUTINE TO SAVE PROCESSOR STATUS
Moy DX, BFFERH 18279 COMMAND WORD
WOV AL, 81H :LED DISPLAY DIGIT 2
Mo DIGIT, AL
T DX, AL
HOY DX, BFFESH 8279 DRIA
Hov AL, 5B ;i CHARACTER "2"
T DX, AL
INT w7 i TIMER DELHY FOR LED ON TIME
CALL  RESTOR sROUTINE TO RESTORE PROCESSOR STATUS
IREY FRETURN FROM INTERRUPT
INTERRIPT 75, IR 8253
CALL  SAYE sROUTINE 7O SAVE PROCESSOR STATUS
Moy DX, BFFERH 18279 COMMAND WORD
MoV AL, 82H ;LED DISPLAY DIGIT 3
MoV DIGIT, AL
T DX, AL
KoY DX, BFFESH 8279 DRTA
MY AL: 4FH i CHARACTER - "3"
ouT DX: AL
INT 77 s TIMER DELAY FOR LED ON TIME
CALL  RESTOR SROUTINE TO RESTORE PRUCESSOR STHTUS
IRET sRETURN FROM INVERRUPT
INTERRUPT 76, IR4 8239R
CALL  SAVE ;ROUTINE TO SAYE PROCESSOR SIATUS
HOV DX, BFFERH 18279 COMMAND WORD
Moy AL, 334 +LED DISPLAY DIGIT 4
Hov DIGIT. AL
T DX, AL
Mov DX, BFFESH 18279 DRTA
HOY AL. 66H i CHARACTER “4"
our DX AL
INT I s TIMER DELRY FOR LED ON 11ME
CALL  RESTOR iROUTINE TO RESTORE PROCESSOR STATUS
IRET FRETURN FROM INTERRUPT

INTERRUPT 77, TIMER LELRY, SOFTWARE CONTROLLED

MOV DX, BFF8AH iLOHD COUNTER 1 8253 #1 (250 MSEC)
Moy AL, 254 HR

ot DX, AL

HOY AL, B34 iMSB

T DX, AL

IRET JRETURN FROM INTERRUPT
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APPENDIX B (continued)

MC5-86 RSSEMBLER  TCISOA

Loc OBy

8200

SYMBOL TRBLE LISTING

NAME  TYPE YALUE

?95EG . SEGMENT

AXTEMP. V WORD  8@@2H
CODE. . SEGMENT

DATA. . SEGMENT

DIGIT . ¥ BYTE  #9ndH
DUMHY . L HERR  @@D2H
EXTRA . SEGMENT

INTR72. L NEAR  B184H
INTR72. L NERR  B148H
INTR74. L NERR  9138H
INTE?S. L NEAR  B148H
INTR?6. L NEAR  B16@H
INTR??. L NEAR  B173H
RESTOR. L MERR  @@ECH
SAYE. L NEAR  @B04H
SETS31 L NERR  @@5HH
SETS32. L NERR  2478H
SETS9A. L NEAR  8@9FH
SET?9 . L NEAR  @@B1H
STRCKL. v WORD  @opeR
STRRT . L NERR  @aasH
TP72C5. V WORD  8122H
TP72IF. ¥ WORD  8120H
TP7IC5. ¥ WORD  B126H
TEP3IP. ¥ WORD  B124H
TP74CS V WORD  B12AH
TP74IP. ¥ MORD  9128H
TP7SCS. V WORD  B12EH
TPYRIP. % WORD  B12CH
TP76CS. ¥ WORD  B12H
TPPEIP ¥ WORD  @13WH
TPP7CS. Y WORD  @136H
TPZPIP. ¥ WORD  B134H
TYPES . L NEAR  @912H
WAIT?9. L NEAR  @8B7H

LINE  SOURCE

8

2

272 CODE  ENDS:

274

275 END START

RTTRIBUTES

SIZE=00BH PARA PUBLIC
DATA

SIZE=6182H PARA
SIZE=2865H PRRA
DbRTA

CODE

SIZE=8138H PARA
CobE

CObE

CODE

CODE

CODE
CODE

FSSEMBELY COMPLETE. NO ERRORS FOUND

2-181
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8086
16-BIT HMOS MICROPROCESSOR

8086/8086-2/8086-1*
a Direct Addressing Capability 1 Arithmetic in Binary or Decimal
MByte of Memory Including Multiply and Divide
s Architecture Designed for Powerful . Ra?v?:I °ff Clock Rates:
Assembly Language and Efficient 5 MHz for 8086,

8 MHz for 8086-2,
10 MHz for 8086-1

s MULTIBUS® System Compatible

High Level Languages.
m 14 Word, by 16-Bit Register Set with

Symmetrical Operations Interface
= 24 Operand Addressing Modes = Available in EXPRESS
- Standard Temperature Range
= Bit, Byte, Word, and Block Operations - Extended Temperature Range
m Available in 40-Lead Cerdip and Plastic
m 8 and 16-Bit Signed and Unsigned Package

(See Packaging Spec, Order #231369)

The Intel 8086 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is implemented in
N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CERDIP or plastic package. The 8086
operates in both single processor and multiple processor configurations to achieve high performance levels.

*Changes from the 1985 handbook specification have been made for the 8086-1. See A.C. Characteristics TGVCH and TCLGL.

EXECUY}ON UNIT @US INTERFACE UNIT
I H RELOCATION
REGISTER FILE REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER. AND AND -/
INDEX REGS INSTRUCTION GND O 40 [ Vee
(8 WORDS) POINTER
6 WORDS) AD14 ] 2 39 [] AD1s
1 C j AaD13 [ 3 38 [ ] A16/S3
] { AD12 [J 4 37 [ A17i84
} ;l AD11 [ 5 36 [J A18ISS
}—— BHEIS,
AD1 6 35 [ A19/S6
16.81T ALU —A‘ | RioSe o a
s, AD9 [} 7 ] BHEIS?
FLAGS BUS 76 )AD:s ADg ADs ({8 up 'f_NlMx
INTERFACE NV ap7 (9 s086 32[] RD
=\ i Ao @A Ao (J1o cpu 31 [ RQIGTE HOLD)
L aps (] 11 30 [ RQIGTT (HLDA)
,DT/R.DEN.ALE —
1 /OTRDENAL apa (12 29 [1 (6CK  (WR)
L ap3 [] 13 w182 Mo
AD2 (] 14 27[] & (DTIR)
6BYTE C 3 — J—
“— iNsTRUCTION AD1 ([ 15 26 [1] 50 (DEN)
i QUEUE -
aDo (] 16 5[] QS0 (ALE)
NMI] 17 24f] ast  (NTA)
-4 —
TEST—— = L o INTR[] 18 23] TEST
N cLk (9 22 ] READY
__ A =) oseas. GND [ 20 21[] RESET
oiaTe .<\T) CONTROL & TIMING _ﬁ> o s :|
‘) I N
HOLD ——| 3 $2.51.50 .
HLDA = -~ V
T T T < 40 LEAD
: K
CLK ﬂEéEY READY MN‘IMX GND
Vee
Figure 1. 8086 CPU Block Diagram Figure 2. 8086 Pin Configuration
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Table 1. Pin Description

The following pin function descriptions are for 8086 systems in either minimum or maximum mode. The “Local Bus” in these
descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional bus buffers).

Symbol | Pin No. | Type Name and Function

AD45-ADg| 2-16,39 | I/O | Address Data Bus: These lines constitute the time muitiplexed memory/IO address (T )
and data (T, T3, Tw, T4) bus. Ag is analogous to BHE for the lower byte of the data bus,
pins D7-Dy. It is LOW during T1 when a byte is to be transferred on the lower portion of
the bus in memory or I/0 operations. Eight-bit oriented devices tied to the lower half
would normally use Ag to condition chip select functions. (See BHE.) These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus ‘“‘hold
acknowledge.”

A19/Sgy 35-38 O | Address/Status: During T1 these are the four most signi-

A1g/Ss, ficant address lines for memory operations. During 1/O

A17/S4, operations these lines are LOW. During memory and I/O e T p——
A16/S3 operations, status information is available on these 17154 | A1§S3 | Characteristics

lines during T3, T3, Tw, and T4. The status of the interrupt 0(Low) 0 Alternate Data
enable FLAG bit (S is updated at the beginning of each | { a4 ack

Code or None
CLK cycle. A7/S4 and A4¢/S3 are encoded as shown. 1 Data
Sgis 0
This information indicates which relocation register is (6|.<'>SW)
presently being used for data accessing.

a0 -

These lines float to 3-state OFF during local bus “hold
acknowledge.”

BHE/S; 34 O | Bus High Enable/Status: During T1 the bus high enable
signal (BHE) should be used to enable data onto the
most significant half of the data bus, pins D45-Dg. Eight- BHE | Ag| Characteristics
bit oriented devices_tied to the upper half of the bus o o | whole word
would normally use BHE to condition chip select func- 0 1| Upperbyte froms
tions. BHE is LOW during T, for read, write, and inter- to odd address
rupt acknowledge cycles when a byte is to be transfer- 1 0 Lower byte from/
red on the high portion of the bus. The S; status informa- to even adaress
tion is available during Ty, Ts, and T,. The signal is active [ 1| Nore
LOW, and floats to 3-state OFF in “hold.” It is LOW dur-
ing T, for the first interrupt acknowledge cycle.

RD 32 [¢] Read: Read strobe indicates that the processor is performing a memory of /O read cy-

cle, depending on the state of the S; pin. This signal is used to read devices which
reside on the 8086 local bus. RD is active LOW during T, T3 and Ty of any read cycle,
and is guaranteed to remain HIGH in T, until the 8086 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge.”

READY 22 | READY: is the acknowledgement from the addressed memory or I/O device that it will
complete the data transfer. The READY signal from memory/IO is synchronized by the
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in-
put is not synchronized. Correct operation is not guaranteed if the setup and hold
times are not met.

INTR 18 | Interrupt Request: is a level triggered input which is sampled during the last clock cy-
cle of each instruction to determine if the processor should enter into an interrupt
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table
located in system memory. It can be internally masked by software resetting the inter-
rupt enable bit. INTR is internally synchronized. This signal is active HIGH.

TEST 23 1 TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution
continues, otherwise the processor waits in an “Idle” state. This input is synchronized
internally during each clock cycle on the leading edge of CLK.
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Table 1. Pin Description (Continued)

Symbol | Pin No. | Type Name and Function

NMI 17 | Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A
subroutine is vectored to via an interrupt vector lookup table located in system
memory. NMI is not maskable internally by software. A transition from a LOW to HIGH
initiates the interrupt at the end of the current instruction. This input is internally syn-
chronized.

RESET 21 | Reset: causes the processor to immediately terminate its present activity. The signal
must be active HIGH for at least four clock cycles. It restarts execution, as described in
the Instruction Set description, when RESET returns LOW. RESET is internally syn-

chronized.

CLK 19 | Clock: provides the basic timing for the processor and bus controller. It is asymmetric
with a 33% duty cycle to provide optimized internal timing.

Vee 40 Vee: + 5V power supply pin.

GND 1,20 Ground

MN/MX 33 | Minimum/Maximum: indicates what mode the processor is to operate in. The two

modes are discussed in the following sections.

The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MNIMX = Vsg). Only the
pin functions which are unique to maximum mode are described; all other pin functions are as described above.

52,51, So| 2628 O | Status: active during T4, Ty, and T, and is returned to the

passive state (1,1,1) during T3 or during Tyy when READY S2  |S4|So| Characteristios
is HIGH. This status is used by the 8288 Bus Controller owow) oo interrupt
to generate all memory and I/O access control signals. Acknowledge
Any change by S5, S5, or Sy during T is used to indicate 0 Sl | Deaquo Por
the beginning of a bus cycle, and the return to the pas- 0 1] ] Han )
sive state in T3 or Ty is used to indicate the end of a bus THIGH) 10 10 | Code Access

I 1 01 Read Memory
cycle. 1 110 | Write Memory
These signals float to 3-state OFF in “hold acknowl- ! P[] Passve

edge.” These status lines are encoded as shown.

RQ/GT,, 30, 31 /O | Request/Grant: pins are used by other local bus masters to force the processor to
RQ/GT, release the local bus at the end of the processor’s current bus cycle. Each pin is
bidirectional with RQ/GT, having higher priority than RQ/GT. RQ/GT has an internal
pull-up resistor so may be left unconnected. The request/grant sequence is as follows
(see Figure 9):

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request
(“hold”) to the 8086 (pulse 1).

2. DuringaT,or T, clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master
(pulse 2), indicates that the 8086 has allowed the local bus to float and that it will enter
the "hold acknowledge’ state at the next CLK. The CPU'’s bus interface unit is discon-
nected logically from the local bus during “hold acknowledge.”

3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that
the “hold” request is about to end and that the 8086 can reclaim the local bus at the
next CLK.

Each master-master exchange of the local bus is a sequence of 3 pulses. There must
be one dead CLK cycle after each bus exchange. Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it will release the local
bus during T, of the cycle when all the following conditions are met:

1. Request occurs on or before T,.

2. Current cycle is not the low byte of a word (on an odd address).

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence.
4. A locked instruction is not currently executing.

3-3
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Tablé 1. Pin Description (Continued)

Symbol | Pin No. | Type Name and Function
If the local bus is idle when the request is made the two possible events will follow:
1. Local bus will be released during the next clock.
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active
memory cycle apply with condition number 1 already satisfied.

LOCK 29 (o] LOCK: output indicates that other system bus masters are not to gain control of the
system bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK”
prefix instruction and remains active until the completion of the next instruction. This
signal is active LOW, and floats to 3-state OFF in “hold acknowledge.”

QS4,QSo [ 24,25 | O | Queue Status: The queue status [ QS; | QS, CHARACTERISTICS

No Operation
First Byte of Op Code from Queue|
Empty the Queue

Subsequent Byte from Queue

is valid during the CLK cycle 0 (LO
after which the queue operation 0( W)
is performed. 1 (HIGH)

QS, and QSg provide status to |1
allow external tracking of the

—“O0O -0

internal 8086 instruction queue.

are unique t

The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = Vee)- Only the pin functions which
0 minimum mode

are described; all other pin functions are as described above.

M/l

28

)

Status line: logically equivalent to S, in the maximum mode. It is used to distinguish a
memory access from an I/0 access. M/1O becomes valid in the T4 preceding a bus cycle
and remains valid until the final T4 of the cycle (M= HIGH, 10 = LOW). M/iO floats to
3-state OFF in local bus “hold acknowledge.”

29

Write: indicates that the processor is performing a write memory or write 1/0 cycle,
depending on the state of the M/IO signal. WR is active for T,, T3 and Ty of any write cy-
cle. It is active LOW, and floats to 3-state OFF in local bus “hold acknowledge.”

24

INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during
T,, Tz and Ty of each interrupt acknowledge cycle.

25

Address Latch Enable: provided by the processor to latch the address into the 8282/
8283 address latch. It is a HIGH pulse active during T of any bus cycle. Note that ALE
is never floated.

DT/IR

27

Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287
data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically DT/R is equivalent toS_1 in the maximum mode, and its timing is
the same as for M/IO. (T = HIGH, R= LOW.) This signal floats to 3-state OFF in local bus
“hold acknowledge.”

O
m
pd

26

Data Enable: provided as an output enable for the 8286/8287 in a minimum system
which uses the transceiver. DEN is active LOW during each memory and I/O access and
for INTA cycles. For aread or INTA cycle it is active from the middle of T, until the mid-
dle of T4, while for a write cycle it is active from the beginning of T, until the middle of
T, DEN floats to 3-state OFF in local bus “hold acknowledge.”

HOLD,
HLDA

31,30

110

HOLD: indicates that another master is requesting a local bus “hold.” To be acknow!-
edged, HOLD must be active HIGH. The processor receiving the *hold” request will
issue HLDA (HIGH) as an acknowledgement in the middle of a T; clock cycle. Simul-
taneous with the issuance of HLDA the processor will float the local bus and control
lines. After HOLD is detected as being LOW, the processor will LOWer the HLDA, and

when the processor needs to run another cycle, it will again drive the local bus and
control lines.

The same rules as for RQIGT apply regarding when the local bus will be released.

HOLD is not an asynchronous input. External synchronization should be provided if the
system cannot otherwise guarantee the setup time.

3-4
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FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal functions of the 8086 processor are partitioned
logically into two processing units. The first is the Bus
Interface Unit (BIU) and the second is the Execution Unit
(EU) as shown in the block diagram of Figure 1.

These units can interact directly but for the most part
perform as separate asynchronous operational process-
ors. The bus interface unit provides the functions related
to instruction fetching and queuing, operand fetch and
store, and address relocation. This unit also provides the
basic bus control. The overlap of instruction pre-fetching
provided by this unit serves to increase processor perfor-
mance through improved bus bandwidth utilization. Up to
6 bytes of the instruction stream can be queued while
waiting for decoding and execution.

The instruction stream queuing mechanism aliows the
BIU to keep the memory utilized very efficiently. When-
ever there is space for at least 2 bytes in the queue, the
BIU will attempt a word fetch memory cycle. This greatly
reduces ‘‘dead time’” on the memory bus. The queue
acts as a First-In-First-Out (FIFQ) buffer, from which the
EU extracts instruction bytes as required. If the queue is
empty (following a branch instruction, for example), the
first byte into the queue immediately becomes available
to the EU.

The execution unit receives pre-fetched instructions
from the BIU queue and provides un-relocated operand
addresses to the BIU. Memory operands are passed
through the BIU for processing by the EU, which passes
results to the BIU for storage. See the Instruction Set
description for further register set and architectural
descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory which
locates the byte being referenced. The memory is orga-
nized as a linear array of up to 1 million bytes, addressed
as 00000(H) to FFFFF(H). The memory is logically divided
into code, data, extra data, and stack segments of up to
64K bytes each, with each segment falling on 16-byte
boundaries. (See Figure 3a.)

All memory references are made relative to base
addresses contained in high speed segment registers. The
segment types were chosen based on the addressing
needs of programs. The segment register to be selected is
automatically chosen according to the rules of the follow-
ing table. All information in one segment type share the
same logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characteristics
and by automatically selecting segment registers, pro-
grams are shorter, faster, and more structured.

Word (16-bit) operands can be located on even or odd
address boundaries and are thus not constrained to
even boundaries as is the case in many 16-bit com-
puters. For address and data operands, the least signifi-
cant byte of the word is stored in the lower valued
address location and the most significant byte in the
next higher address location. The BIU automatically per
forms the proper number of memory accesses, one if
the word operand is on an even byte boundary and two if
it is on an odd byte boundary. Except for the perfor-
mance penalty, this double access is transparent to the
software. This performance penalty does not occur for
instruction fetches, only word operands.

Physically, the memory is organized as a high bank
(D15-Dg) and a low bank (D;-Dg) of 512K 8-bit bytes
addressed in parallel by the processor’'s address lines

A1g - A1. Byte data with even addresses is transferred on
the D7-Do bus lines while odd addressed byte data (Ao
HIGH) is transferred on the D15-Dg bus lines. The process-
or provides two enable signals, BHE and Ao, to selectively
allow reading from or writing into either an odd byte
location, even byte location, or both. The instruction
stream is fetched from memory as words and is addressed
internally by the processor to the byte level as necessary.

Memory Segment Register Segment
Reference Need Used Selection Rule
Instructions ‘CODE (CS) Automatic with all instruction prefetch.
Stack STACK (SS) All stack pushes and pops. Memory references relative to BP
base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination of string
operation, or explicitly overridden.
External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a
segment override.
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— _FFFFFH
54 KB CODE SEGMENT
l ) 3. XXXXOH
STACK SEGMENT
+orrssr
A8 1
SEGMENT
REGISTER FILE
DATA SEGMENT
[
SS
DS
ES ¥ s
}EXTRA DATA SEGMENT
T 1
T——00000H

Figure 3a. Memory Organization

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the start-
ing byte of the word is on an even or odd address,
respectively. Consequently, in referencing word oper-
ands performance can be optimized by locating data on
even address boundaries. This is an especially useful
technique for using the stack, since odd address refer-
ences to the stack may adversely affect the context
switching time for interrupt processing or task muiti-
plexing.

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b.) Locations from address
FFFFOH through FFFFFH are reserved for operations
including a jump to the initial program loading routine.
Following RESET, the CPU will always begin execution
at location FFFFOH where the jump must be. Locations
00000H through O003FFH are reserved for interrupt
operations. Each of the 256 possible interrupt types has
its service routine pointed to by a 4-byte pointer element

3-6

consisting of a 16-bit segment address and a 16-bit off-
set address. The pointer elements are assumed to have
been stored at the respective places in reserved memory
prior to occurrence of interrupts.

FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOH

3FFH

INTERRUPT POINTER
FOR TYPE 255

3FCH

H
INTERRUPT POINTER

TYPE 1 aH

3H

INTERRUPT POINTER
FOR TYPE 0

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maximum
8086 systems are sufficiently different that they cannot be
done efficiently with 40 uniquely defined pins. Consequently,
the 8086 is equipped with astrap pin (MN/MX) which defines
the system configuration. The definition of a certain subset
of the pins changes dependent on the condition of the strap
pin. When MN/MX pin is strapped to GND, the 8086 treats
pins 24 through 31 in maximum mode. An 8288 bus
controller interprets status information coded into S, Sy, Sy
to generate bus timing and control signals compatible with
the MULTIBUS® architecture. When the MN/MX pin is
strapped to V¢, the 8086 generates bus control signals itself
on pins 24 through 31, as shown in parentheses in Figure 2.
Examples of minimum mode and maximum mode systems
are shown in Figure 4.
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Figure 4a. Minimum Mode 8086 Typical Configuration
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Figure 4b. Maximum Mode 8086 Typical Configuration
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BUS OPERATION

The 8086 has a combined address and data bus commonly
referred to as a time multiplexed bus. This technique pro-
vides the most efficient use of pins on the processor while
permitting the use of a standard 40-lead package. This “local
bus” can be buffered directly and used throughout the system
with address latching provided on memory and I/O modules.
In addition, the bus can also be demultiplexed at the
processor with a single set of address latches if a standard
non-multiplexed bus is desired for the system.

Each processor bus cycle consists of at least four CLK
cycles. These are referred to as T4, Ty, T3 and T, (see
Figure 5). The address is emitted from the processor
during T4 and data transfer occurs on the bus during T
and T4. T, is used primarily for changing the direction of
the bus during read operations. In the event that a “NOT
READY” indication is given by the addressed device,
“Wait” states (Ty) are inserted between T3 and T,4. Each
inserted “Wait” state is of the same duration as a CLK
cycle. Periods can occur between 8086 bus cycles.
These are referred to as “Idle” states (T)) or inactive CLK
cycles. The processor uses these cycles for internal
housekeeping.

During T, of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor or the
8288 bus controller, depending on the MN/MX strap). At
the trailing edge of this pulse, a valid address and cer-
tain status information for the cycle may be latched.

Status bits S_o, 3—1 and S_g are used, in maximum mode,
by the bus controller to identify the type of bus transac-
tion according to the following table:

S, S, | So | CHARACTERISTICS
o(ow) | o 0 | Interrupt Acknowledge
0 0 1 | Read IO
0 1 0 | Write /0
0 1 1 | Halt
1(HIGH) | O 0 | Instruction Fetch
1 0 1 | Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 | Passive (no bus cycle)

Status bits Sz through S; are multiplexed with high-
order address bits and the BHE signal, and are therefore
valid during T, through T4 S3 and S, indicate which
segment register (see Instruction Set description) was
used for this bus cycle in forming the address, accord-
ing to the following table:

S4 S3 CHARACTERISTICS
0(LOW) | O | Alternate Data (extra segment)
0 1 | Stack
1(HIGH) | 0 | Code or None
1 1 | Data

Ss is a reflection of the PSW interrupt enable bit. Sg=0 and
S7 is a spare status bit.

/0 ADDRESSING

In the 8086, 1/0 operations can address up to a maximum of
64K 1/0 byte registers or 32K I/0 word registers. The 1/0
address appears in the same format as the memory address
on buslines Ay5-Ag. The address lines Ajg-Agare zeroin I/O
operations. The variable I/0 instructions which use register
DX as a pointer have full address capability while the direct
1/0 instructions directly address one or two of the 256 1/0
byte locations in page 0 of the I/0 address space. .

I/O ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the
D7-Dg bus lines and odd addressed bytes on Dq5-Dg.
Care must be taken to assure that each register within
an 8-bit peripheral located on the lower portion of the
bus be addressed as even.
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GOES INACTIVE IN THE STATE
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Figure 5. Basic System Timing
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EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished with
activation (HIGH) of the RESET pin. The 8086 RESET is
required to be HIGH for greater than 4 CLK cycles. The
8086 will terminate operations on the high-going edge of
RESET and will remain dormant as long as RESET is
HIGH. The low-going transition of RESET triggers an
internal reset sequence for approximately 10 CLK cycles.
After this interval the 8086 operates normally beginning
with the instruction in absolute location FFFFOH (see
Figure 3B). The details of this operation are specified in the
Instruction Set description of the MCS-86 Family User’s
Manual. The RESET inputis internally synchronized to the
processor clock. At initialization the HIGH-to-LOW trans-
ition of RESET must occur no sooner than 50 us after
power-up, to allow complete initialization of the 8086.

NMI may not be asserted prior to the 2nd CLK cycle fol-
lowing the end of RESET.

INTERRUPT OPERATIONS

Interrupt operations. fall into two classes; software or
hardware initiated. The software initiated interrupts and
software aspects of hardware interrupts are specified in
the Instruction Set description. Hardware interrupts can
be classified as non-maskable or maskable. -

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing address
pointers to the interrupt service program locations
resides in absolute locations 0 through 3FFH (see
Figure 3b), which are reserved for this purpose. Each
element in the table is 4 bytes in size and corresponds
to an interrupt “type”. An interrupting device supplies
an 8-bit type number, during the interrupt acknowledge

sequence, which is used to ‘“vector” through the ap-
propriate element to the new interrupt service program
location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable interrupt
pin (NMI) which has higher priority than the maskable in-
terrupt request pin (INTR). A typical use would be to ac-
tivate a power failure routine. The NMI is edge-triggered
on a LOW-to-HIGH transition. The activation of this pin
causes a type 2 interrupt. (See Instruction Set descrip-
tion.)

NMI is required to have a duration in the HIGH state of
greater than two CLK cycles, but is not required to be
synchronized to the clock. Any high-going transition of
NMI is latched on-chip and will be serviced at the end of
the current instruction or between whole moves of a
block-type instruction. Worst case response to NMI
would be for multiply, divide, and variable shift instruc-
tions. There is no specification on the occurrence of the
low-going edge; it may occur before, during, or after the
servicing of NMI. Another high-going edge triggers
another response if it occurs after the start of the NMI
procedure. The signal must be free of logical spikes in
general and be free of bounces on the low-going edge to
avoid triggering extraneous responses.

MASKABLE INTERRUPT (INTR)

The 8086 provides a single interrupt request input (INTR)
which can be masked internally by software with the
resetting of the interrupt enable FLAG status bit. The
interrupt request signal is level triggered. It is internally
synchronized during each clock cycle on the high-going
edge of CLK. To be responded to, INTR must be present
(HIGH) during the clock period preceding the end of the
current instruction or the end of a whole move for a
biock-type instruction. During the interrupt response
sequence further interrupts are disabled. The enable bit
is reset as part of the response to any interrupt (INTR,
NMI, software interrupt or single-step), although the

Ta

y

| T | T2
ALE _—_/_—\
LOCK \

T " T | T2 | T |

Ta

1

INTA

FLOAT
ADo-AD;s

J

< TYPEVECTOR >——

Figure 6. Interrupt Acknowledge Sequence
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FLAGS register which is automatically pushed onto the
stack reflects the state of the processor prior to the
interrupt. Until the old FLAGS register is restored the
enable bit will be zero unless specifically set by an
instruction.

During the response sequence (figure 6) the processor
executes two successive (back-to-back) interrupt
acknowledge cycles. The 8086 emits the LOCK signal
from T, of the first bus cycle until T, of the second. A
local bus “hold” request will not be honored until the
end of the second bus cycle. In the second bus cycle a
byte is fetched from the external interrupt system (e.g.,
8259A PIC) which identifies the source (type) of the
interrupt. This byte is multiplied by four and used as a
pointer into the interrupt vector lookup table. An INTR
signal left HIGH will be continually responded to within
the limitations of the enable bit and sample period. The
INTERRUPT RETURN instruction includes a FLAGS pop
which returns the status of the original interrupt enable
bit when it restores the FLAGS.

HALT

When a software “HALT” instruction is executed the
processor indicates that it is entering the “HALT” state
in one of two ways depending upon which mode is
strapped. In minimum mode, the processor issues one
ALE with no qualifying bus control signals. In Maximum
Mode, the processor issues appropriate HALT status on
§,5,5, and the 8288 bus controller issues one ALE. The
8086 will not leave the “HALT" state when a local bus
“hold” is entered while in “HALT”. In this case, the
processor reissues the HALT indicator. An interrupt
request or RESET will force the 8086 out of the “HALT”
state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the proc-
essor when directly consecutive bus cycles are required
during the execution of an instruction. This provides the
processor with the capability of performing read/modify/
write operations on memory (via the Exchange Register
With Memory instruction, for example) without the
possibility of another system bus master receiving
intervening memory cycles. This is useful in multi-
processor system configurations to accomplish “‘test
and set lock” operations. The LOCK signal is activated
(forced LOW) in the clock cycle following the one in
which the software “LOCK" prefix instruction is
decoded by the EU. It is deactivated at the end of the
last bus cycle of the instruction following the “LOCK"
prefix instruction. While LOCK is active a request on a
RQ/GT pin will be recorded and then honored at the end
of the LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general /0
capabilities, the 8086 provides a single software-
testable input known as the TEST signal. At any time the
program may execute a WAIT instruction. If at that time
the TEST signal is inactive (HIGH), program execution
becomes suspended while the processor waits for TEST
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to become active. It must remain active for at least 5
CLK cycles. The WAIT instruction is re-executed
repeatedly until that time. This activity does not con-
sume bus cycles. The processor remains in an idle state
while waiting. All 8086 drivers go to 3-state OFF if bus
“Hold”is entered. If interrupts are enabled, they may
occur while the processor is waiting. When this occurs
the processor fetches the WAIT instruction one extra
time, processes the interrupt, and then re-fetches and
re-executes the WAIT instruction upon returning from
the interrupt.

BASIC SYSTEM TIMING

Typical system configurations for the processor
operating in minimum mode and in maximum mode are
shown in Figures 4a and 4b, respectively. In minimum
mode, the MN/MX pin is strapped to V¢c and the proc-
essor emits bus control signals in a manner similar to
the 8085. In maximum mode, the MN/MX pin is strapped
to Vgs and the processor emits coded status informa-
tion which the 8288 bus controller uses to generate
MULTIBUS compatible bus control signals. Figure 5 il-
lustrates the signal timing relationships.

AL
BL
cL
DL

AX
BX
CX
DX

AH
BH
CH
DH

ACCUMULATOR
BASE

COUNT

DATA

SP
BP
St
D!

STACK POINTER
BASEPOINTER
SOURCE INDEX
DESTINATION INDEX

INSTRUCTION POINTER
STATUS FLAGS

FLAGSH |

cs
DS
Ss
ES

FLAGS,

CODE SEGMENT
DATASEGMENT
STACK SEGMENT
EXTRA SEGMENT

Figure 7. 8086 Register Model

SYSTEM TIMING — MINIMUM SYSTEM

The read cycle begins in T, with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the address
information, which is valid on the local bus at this time,
into the 8282/8283 latch. The BHE and A, signals
address the low, high, or both bytes. From T, to T, the
M/ signal indicates a memory or I/O operation. At T,
the address is removed from the local bus and the bus
goes to a high impedance state. The read control signal
is also asserted at T,. The read (RD) signal causes the
addressed device to enable its data bus drivers to the
local bus. Some time later valid data will be available on
the bus and the addressed device will drive the READY
line HIGH. When the processor returns the read signal
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to a HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver (8286/8287) is required to
buffer the 8086 local bus, signals DT/R and DEN are pro-
vided by the 8086.

A write cycle also begins with the assertion of ALE and
the emission of the address. The M/iD signal is again
asserted to indicate a memory or 1/0O write operation. In
the T, immediately following the address emission the
processor emits the data to be written into the
addressed location. This data remains valid until the
middle of T4. During T, T3, and Ty, the processor asserts
the write control signal. The write (WR) signal becomes
active at the beginning of T, as opposed to the read
which is delayed somewhat into T, to provide time for
the bus to float.

The BHE and A( signals are used to select the proper
byte(s) of the memory/IO word to be read or written
according to the following table:

BHE A0 CHARACTERISTICS
0 0 Whole word
0 1 Upper byte from/
to odd address
1 0 Lower byte from/
to even address
1 1 None

/O ports are addressed in the same manner as memory
location. Even addressed bytes are transferred on the
D;-Dg bus lines and odd addressed bytes on Dy5-Dg.

The basic difference between the interrupt acknowl-

edge cycle and a read cycle is that the interrupt
acknowledge signal (INTA) is asserted in place of the

read (RD) signal and the address bus is floated. (See
Figure 6.) In the second of two successive INTA cycles,
a byte of information is read from bus lines D;-Dg as
supplied by the interrupt system logic (i.e., 8259A Prior-
ity Interrupt Controller). This byte identifies the source
(type) of the interrupt. It is muiltiplied by four and used
as a pointer into an interrupt vector lookup table, as
described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is connected to
Vgs and the 8288 Bus Controller is added to the system as
well as an 8282/8283 latch for latching the system address,
and a 8286/8287 transceiver to allow for bus loading
greater than the 8086 is capable of handling. Signals ALE,
DEN, and DT/R are generated by the 8288 instead of the
processor in this configuration although their timing re-
mains relatively the same. The 8086 status outputs (Sz, Sy,
and Sp) provide type-of-cycle information and become
8288 inputs. This bus cycle information specifies read
(code, data, or I/O), write (data or I/0), interrupt acknowi-
edge, or software halt. The 8288 thus issues control
signals specifying memory read or write, 1/O read or write,
or interrupt acknowledge. The 8288 provides two types of
write strobes, normal and advanced, to be applied as re-
quired. The normal write strobes have data valid at the
leading edge of write. The advanced write strobes have
the same timing as read strobes, and hence dataisn’t valid
at the leading edge of write. The 8286/8287 transceiver
receives the usual T and OE inputs from the 8288’s DT/R
and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive from
an 8259A located on either the local bus or the system
bus. If the master 8259A Priority Interrupt Controller is
positioned on the local bus,aTTL gate is required to
disable the 8286/8287 transceiver when reading from the
master 8259A during the interrupt acknowledge
sequence and software ‘“‘poll”.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias......... 0°Cto 70°C
Storage Temperature............. -65°C to +150°C
Voltage on Any Pin with
RespecttoGround.................. -1.0to +7V
Power Dissipation ........................ 2.5 Watt

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

D.C. CHARACTERISTICS (8086: T, = 0°Cto 70°C, Ve = 5V = 10%)
(8086-1: T, = 0°C to 70°C, Vg = 5V * 5%)
(8086-2: Ty = 0°C to 70°C, Ve = 5V = 5%)

Symbol Parameter Min. Max. Units Test Conditions
viL Input Low Voltage -05 +0.8 v
Vin Input High Voltage 20 Vee+05 \'
VoL Output Low Voltage 0.45 \Y loL=2.5mA
Vou Output High Voltage 2.4 \ loy= —400 uA
lec Power Supply Current: 8086 340
8086-1 360 mA Ta=25°C
8086-2 350
m Input Leakage Current +10 uA oV < Viy =< Vee
o Output Leakage Current +10 uA 0.45V < Voyr € Ve
Voo Clock Input Low Voltage -05 +0.6
Ve Clock Input High Voltage 3.9 Vec+1.0
Capacitance of Input Buffer
Cin (All input except 15 pF fc=1MHz
ADy— AD4s5, RQ/GT)
|
Capacitance of /0 Buffer _
Cio (ADg— AD,5, RQ/GT) 15 pF fc=1MHz

Note: 1. V_tested with MN/MX Pin = OV.
2.V, tested with MN/MX Pin = 5V.
MN/MX Pin is a Strap Pin.
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A.C. CHARACTERISTICS (8086: T, = 0°C 0 70°C V¢ = 5V = 10%)
(8086-1: Ty = 0°C to 70°C, Vg = 5V = 5%)
(8086-2: Tx = 0°C to 70°C, Vg = 5V = 5%)

MINIMUM COMPLEXITY SYSTEM
TIMING REQUIREMENTS

Test
Symbol Parameter 8086 8086-1 8086-2 Units Conditions
Min. Max. Min. Max. . Min. Max.
TCLCL CLK Cycle Period 200 500 100 500 125 500 ns
TCLCH CLK Low Time 118 53 68 ns
TCHCL | CLK High Time 69 39 44 ns
TCH1CH2 | CLKRise Time 10 10 10 ns From 1.0V to
3.5V
TCL2CL1 CLK Fall Time 10 10 10 ns From 3.5V to
1.0V
TDVCL Data in Setup Time 30 5 20 ns
TCLDX Data in Hold Time 10 10 10 ns
TR1VCL RDY Setup Time 35 35 35 ns
into 8284A (See
Notes 1, 2)
TCLR1X RDY Hold Time 0 0 0 ns
into 8284A (See
Notes 1, 2)
TRYHCH READY Setup 118 53 68 ns
Time into 8086
TCHRYX READY Hold Time 30 20 20 ns
into 8086
TRYLCL READY Inactive to ~8 -10 -8 ns
CLK (See Note 3)
THVCH HOLD Setup Time 35 20 20 ns
TINVCH INTR, NMI, TEST 30 15 15 ns
Setup Time (See -
Note 2)
TILH Input Rise Time 20 20 20 ns From 0.8V to
(Except CLK) 20v
TIHIL Input Fall Time 12 12 12 ns From 2.0V to
(Except CLK) 0.8v
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Test
Symbol Parameter 8086 8086-1 8086-2 Units Conditions
Min. Max. Min. Max. Min. Max.
TCLAV Address Valid Delay 10 110 10 50 10 60 ns
TCLAX Address Hold Time 10 10 10 ns
TCLAZ Address Float TCLAX 80 10 40 TCLAX 50 ns
Delay
TLHLL ALE Width TCLCH-20 TCLCH-10 TCLCH-10 ns
TCLLH ALE Active Delay 80 40 50 ns
TCHLL ALE !nactive Delay 85 45 55 ns
TLLAX Address Hold Time TCHCL-10 TCHCL~-10 TCHCL-10 ns
to ALE Inactive
TCLDV Data Valid Delay 10 110 10 50 10 60 ns *CL = 20-100 pF
TCHDX Data Hold Time 10 10 10 ns | forall 8086 Out-
puts (In addi-
TWHDX Data Hold Time TCLCH-30 TCLCH-25 TCLCH-30 ns tion to 8086 self-
After WR load)
TCVCTV Control Active 10 110 10 50 10 70 ns
Delay 1
TCHCTV Control Active 10 110 10 45 10 60 ns
Deiay 2
TCVCTX Control Inactive 10 110 10 50 10 70 ns
Delay
TAZRL Address Float to 0 0 0 ns
READ Active
TCLRL RD Active Delay 10 165 10 70 10 100 ns
TCLRH RD Inactive Delay 10 150 10 60 10 80 ns
TRHAV BRD Inactive to Next TCLCL-45 TCLCL-35 TCLCL-40 ns
Address Active
TCLHAV HLDA Valid Delay 10 160 10 60 10 100 ns
TRLRH RD width 2TCLCL-75 2TCLCL~-40 2TCLCL~-50 ns
TWLWH WR Width 2TCLCL-60 2TCLCL-35 2TCLCL-40 ns
TAVAL Address Valid to TCLCH-60 TCLCH-35 TCLCH-40 ns
ALE Low
TOLOH Output Rise Time 20 20 20 ns From 0.8V to
2.0v
TOHOL Output Fall Time 12 12 12 ns From 2.0V to
0.8V
NOTES:

1. Signal at 8284A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3).
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

2.4

0.45

1.5 <—— TEST POINTS —» 1.5

LOGIC 1" AND ~0."

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 1.5V FOR BOTH A

DEVICE
UNDER
TEST

1

C_ = 100 pF

C INCLUDES JIG CAPACITANCE

WAVEFORMS

MINIMUM MODE

T T T3 Tw Ts
TCLCL TCH1CH2 Teizctt
Ve
CLK (8284A Output) qj‘ 5; ;‘ ’\ ]r 5‘\ /F \
cL
—=| TCHCTV TCHCL le— TCLCH —
o X
—[ TCLDV,
TCLAV-—> | roLax~ TCHDX —»|
BHEIST, A19/Se-A16/S3 )( ?H_E. Aqg-Atg S7-S3
T
TCLLH— "» TLHLL—] TLLAX
\ | re-
ALE | J/
—=| TAVAL |<T ] AR
TCHLL—> - - TR1VCL {
RDY (8284A Input)
SEE NOTE 4 Vi = N [<cLRIX
TRYLCL—>|  |«—
READY (8086 Input) { TeHRYX
| |
|
LS
TAVAL |t TRYHCH—=| —
TLLAX — e |
TCLAV—»| — l~-TCLAZ TDVCL ———+|+—TCLDX |
— le-TCLAX
AD15-ADg A15-ADo FLOAT DATA IN FLOAT
TAZRL—>| |=- TCLRH— TRHAV
RD ;
READ CYCLE — TCHCTV TCLRL | / TRLRH «—TCHCTV
(NOTE 1)
(WR, INTA = Von) oTiR /
TCVCTV—| TCVCTX —| /
DEN
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WAVEFORMS (Continued)

MINIMUM MODE (Continued)

T T2 Ta Tw Ta
L TCH1CH: TCL2CLY
Vew f+—— TCLCI — CH1CH2

CLK (8284A Output) Vjt 5\ ;‘ *\ 5‘\ )r \
ZHrcHery E TCHCL - TCLCH —»
Mo X

- TCLD'

TCLAV—> TCLAX TCHDX =
BHE/S7, A19/Se-A1e/S3 BHE, Atg-A1s $7-83
TCLLH-»| TLHLL- TLLAX
, -
ALE
.
TAVAL T =
TCHLL—!

ToLAV el l: TCHDX |
T
AD45-ADg ADis-ADy X DATA OUT
"
[TavaL < TWHDX

TCVCTV {“
WRITE CYCLE ’1 TLLAX b - TCVCTX

_(NOTE 0 BEN .

(nn‘.“_mu,

DTR=Von)

TCVCTV—| |+ TWLWH
W N i
TCVCTX—> -—
—= TCLAZ
Fmvcu.—— — TCLDX
AD15-ADp POINTER

/ FLOAT L/

— —TCHCTV
INTA CYCLE DTIR

(NOTES 1 & 3)

—| l—TCHETY

AD, WR =Von TCVCTV—»|
BHE = Vo)
INTA
TCVCTV—>| TCVCTX—!
DEN
SOFTWARE HALT— OFTWARE HALT
RD, WR, INTA = Vo INVALID ADDRESS S
DT/R = INDETERMINATE TCLAV—> pand

NOTES:

1. All signals switch between Vo and Vo uniess otherwise specified.

2. RDY is sampled near the end of T, T3, Ty to determine if Tyy machines states are to be inserted.

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown
for second INTA cycle.

. Signals at 8284A are shown for reference only.

5. All timing measurements are made at 1.5V unless otherwise noted.

»
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Test
Symbol Parameter 8086 8086-1 8086-2 Units Conditions
Min. Max. Min. Max. Min. ‘Max.
TCLCL CLK Cycle Period 200 500 100 500 125 500 ns
TCLCH CLK Low Time 118 53 68 ns
TCHCL CLK High Time €9 39 44 ns
TCH1CH2 | CLKRise Time 10 10 10 ns From 1.0V to
3.5V
TCL2CL1 CLK Fall Time 10 10 10 ns From 3.5V to
1.0v
TDVCL Data in Setup Time 30 5 20 ns
TCLDX Data In Hold Time 10 10 10 ns
TR1VCL RDY Setup Time 35 35 35 ns
into 8284A (See
Notes 1, 2)
TCLR1X RDY Hold Time [ 0 0 ns
into 8284A (See
Notes 1, 2)
TRYHCH READY Setup Time 118 53 68 ns
into 8086
TCHRYX READY Hold Time 30 20 20 ns
into 8086
TRYLCL READY Inactive to -8 X -10 -8 ns
CLK (See Note 4)
TINVCH Setup Time for 30 15 15 ns
Recognition (INTR,
NML, TEST) (See
Note 2)
TGVCH RQ/GT Setup Time 30 15 15 ns
(See Note 5)
TCHGX RQ Hold Time into 40 20 30 ns
8086
TILIH Input Rise Time 20 20 20 ns From 0.8V to
(Except CLK) 2.0V
TIHIL Input Fall Time 12 12 12 ns From 2.0V to
(Except CLK) 0.8v
NOTES:

1. Signal at 8284A or 8288 shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T3 and wait states.
4. Applies only to T2 state (8 ns into T3).
5. Change from 1985 Handbook.
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Test
Symbol Parameter 8086 8086-1 8086-2 Units Conditions
Min. Max Min. Max. Min Max.
TCLML Command Active 10 35 10 35 10 35 ns
Delay (See Note 1)
TCLMH Command Inactive 10 35 10 35 10 35 ns
Delay (See Note 1)
TRYHSH READY Active to 110 45 65 ns
Status Passive (See
Note 3)
TCHSV Status Active Delay 10 110 10 45 10 60 ns
TCLSH Status Inactive 10 130 10 55 10 70 ns
Delay
TCLAV Address Valid 10 110 10 50 10 60 ns
Delay
TCLAX Address Hold Time 10 10 10 ns
TCLAZ Address Float Delay TCLAX 80 10 40 TCLAX 50 ns
TSVLH Status Valid to ALE 15 15 15 ns
High (See Note 1)
TSVMCH Status Valid to 15 15 15 ns
MCE High (See
Note 1)
TCLLH CLK Low to ALE 15 15 15 ns
Valid (See Note 1)
TCLMCH CLK Low to MCE 15 15 15 ns
High (See Note 1)
TCHLL ALE Inactive Delay 15 15 15 ns Cy = 20-100 pF
(See Note 1) for all 8086 Out-
TCLMCL | MCE Inactive Delay 15 15 15 ns | Puts(n &:‘;g" .
(See Note 1) tion to selt-
load)
TCLDV Data Valid Delay 10 110 10 50 10 60 ns
TCHDX Data Hold Time 10 10 10 ns
TCVNV Control Active 5 45 5 45 5 45 ns
Delay (See Note 1)
TCVNX Control Inactive 10 45 10 45 10 45 ns
Delay (See Note 1)
TAZRL Address Float to [¢] ) 0 ns
Read Active
TCLRL RD Active Delay 10 165 10 70 10 100 ns
TCLRH RD Inactive Delay 10 150 10 60 10 80 ns
TRHAV RD Inactive to TCLCL-45 TCLCL-35 TCLCL—-40 ns
Next Address Active
TCHDTL Direction Control 50 50 50 ns
Active Delay (See
Note 1)
TCHDTH Direction Controi 30 30 30 ns
Inactive Delay (See
Note 1)
TCLGL GT Active Delay 0 85 0 38 0 50 ns
(See Note 5)
TCLGH GT Inactive Delay 0 85 0 45 0 50 ns
TRLRH RD Width 2TCLCL-75 2TCLCL-40 2TCLCL~-50 ns
TOLOH Output Rise Time 20 20 20 ns From 0.8V to
2.0V
TOHOL Output Fall Time 12 12 12 ns From 2.0V to
0.8v
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MAXIMUM MODE T T s Ta
ToLeL TCH1CH2 TeLcL gy,
H e —
ax " N N a2 [_\____
VCLJ ) . ] \.__._J
TCLAV- TCHCL le—TCLCH |
X I
TCHSV —e!  |=TCLSH
¥ 7 c—————
§2,51,55 (EXCEPT HALT) K 7 (SEE NOTE 8) \
| N ——
TCLAV TcLov
— LAY ] TCHDX |
-
BHE/S7, Atp/Se-A16/Sa BHE, Atg-Ate S7-83
Tour] — oL
o
ALE (8288 OUTPUT) /
SEE NOTE § le—TRIVCL
RDY (8284A INPUT) § \T
| |l=TCLRIX
TRVLCL{F —
READY (8086 INPUT) m— 4— TCHRYX
TRYHSH —|  |a—
—>{TCLAX 71f
TRYHCH — -—
READ CYCLE TCLAV—| —=|TCLAZ |~ ——TDVCL t~TCLDX —=
- A15-AD
ADys-ADg 15-ADg AT DATA IN ) onT
TAZRL—=| f+— TCLRH TRHAV
w X
+ TRLRH ;
TCHDTL —= [— TCLRL [; TCHDTH
DTR \
TCLML—~ ~— TCLMH—»] -
8288 OUTPUTS | poc oo
SEE NOTES 5,6
TCVNV—»| —
DEN .
TCVNX —
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WAVEFORMS (Continued)

WRITE CYCLE

SEE NOTES 5,6

INTA CYCLE

SOFTWARE HALT —

MAXIMUM MODE (Continued)

Ts

/_-\\ /"—\

Ta

— f«—-TCLSH

oA

52,51,50 (EXCEPT HALT)

w

-(see note 8) AN

8288 OUTPUTS |

\
S
TCLAV | TCHDX—|
T
AD15-ADg DATA
TCVNV -~ TCVNX— [;
— TOLMH—=|  [o—
— l;mn.m — |e—TCLMH
FLOAT||  / RESERVED FOR \ —~
CASCADE ADDR / FLOAT | FLoaT \
— TCLAZ [+—— TOVCL—> —TCLDX
I
| \ POINTER
T 'FLoar =g FLOAT
TCLMCL | =
TSYMCH—] ———
/
[— .
TCLMCH—~ CHDTH

]

TCLML —|

(DEN = Vo;RD,MRDC,IORC, MWTC,AMWC,IOWC,ATOWC,INTA, = Vor)

[+~ TCVNV

~TCLMH

TCVNX |

INVALID ADDRESS

TCLAV —=

NOTES:

1. All signals switch between Vo and Vg unless otherwise specified.
2. RDY is sampled near the end of Ty, T3, Tw to determine if Ty machines states are to be inserted.
3. Cascade address is valid between first and second INTA cycle.

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer

address is shown for second INTA cycle.

. Signals at 8284A or 8288 are shown for reference only.
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active high 8288 CEN.

7. All timing measurements are made at 1.5V unless otherwise noted.

8. Status inactive in state just prior to Ty.
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

cLK b_—\

”

Q (see note 1)

AT NEXT CLK

NMI
L d
e 4
INTR signal
L ! -
TEST

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY)

Any CLK Cycle —a—-i

TCLAV |=— TCLAV
LoCK

RESET

RESET TIMING

s

24 CLK CYCLES

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

- Any CLK Cycle - == - 0 CLK Cycle .I

N\

“[rcLey- -

i PULSE 1
/ ) COPROCESSOR
fQ

PULSE2 |
8086 GT |

RO/GT V.

Previous grant

L L ———
TCLGH

el |e--TCLAZ

-

| PULSE3
COPROCESSOR,
RELEASE

NOTES: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION
SHOWN WITHCUT RISKING CONTENTION.

ADys-ADy

A;gs‘s-n.us; 8086 X COPROCESSOR
RD.[OCR 4

BAEIS? ’ (SEE NOTE 1)

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

|2 1 CLK CYCLE—

AN

[-- +10R 2 CYCLES —|

AN AANAN

|
| {

(= TCLHAV

)k

I
I' N
—f 1« TCLHAV

/AN W

AD15-ADg,

Arg/Ss-ArsiSs. soes

COPROCESSOR

)a

-

b, i
BHE/S7, MIB,
OTA. WA, DN
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Table 2. Instruction Set Summary

DATA TRANSFER

MOV - Move:

Registe: /memor 10/trom reguster
immediate o register memory
Immediate to rewister

Memory to accumulator
Accumulator to memory
Registerimemory 10 segment register

Segment reqister 10 register/memary

PUSH - Push:
Register /memory
fegrster

ent reg

POP  Pop.
Register ‘meniory
Register
Segment register

XCHG  Exchange:
Reqisier/memory with reqister
Register with accumulator

IN=input from
Fixed port
Vaniable port

OUT = Qutput to
Fuxed port

Vaniable port

XUAT- Transiate byte to AL
LEA-Load EA 1o register
105 Load pornter (o 0S
LES-Load pointer to ES
LAKF-Load AH with flags
SAHF Store AH 1nto flags
PUSHF-Push flags
POPF-Pop flags

ARITHMETIC

ADD - Add:

Reg./memory with register 10 either
Immediate to register/memory
Immediate to accumulator

ADC - Add with carry:

Reg /memory with register 1o either
Immediate o register/memory
Immediate to accumulator

INC - Increment:
Register/memory

Register

AAA-ASCit adjust for add
OAA-Decimal adjust for add

SUB - Subtract:

Reg./memory and register to aither
Immediate from register/memory
Immediate from accumutator

888 = Subtract with borrow
Reg./memory and register to either

Immediate from register/memory
Immediate from accumulator

76543210

(19007104 w mod

w_reg

1010000w

ad0r-low

addr-tigh

1610001 w

addt low

000tt10

oo iw

100 {mog

reg

10011111
1000 11
100111

76543210 76543210 76543210

00000¢cdw mos reg rim ]

1000005 w[md000 i/m | gaa catz s w 01
0000010w cata_ | datavw 1 |
0001000 w][mod res_t/m ]

1000005 wlimogg10 r/m | data_ | datarsw 01
000101 0w data | datadw ! |

1111111 w(m000 r/m |

01000 reg

00110111

00100111

fc01 0100 w]moa reg tim |

[10000uswimgrot vim | data_ | catadsw 01
[coioriow data_ | dataitw ! |
0001100 w][md reg r'm

100000 sw|md0 11 tm data | dataiisw 01
0001 110w data dataitw 1 |

OEC  Decrement.
Register ‘memory
Requster

NEG Change sign

CMP Compare:

c0

ey |
\

$43210 76543210 76543210 76543210

Reqister memary and register 1110dwimod rea rim |
ediale With register - memory 100000sw |modt 11 rom data I
Imaiediate with acu ator 10w data
AAS ASCit adjust for scbtract 111
OAS Decimat adjust for subtract 11

MUL Multiply cunsigneds
IMUL foteger muttipiy 15

011w

T

0d10 1 1 m

ARM ASCIl adjust tor multiply

1610100

00001010 |

OV Dwice 1unsigned:

1 dvide 1signed

for dwide
CBW Convert byte 1o word

CWD Convart word to doubie wore

LoGIC
NOT tosrt

SHL/SAL Stilt 1o,

gicat.anthe

ROL Rot,

1011w

mod 1 10

AOR Rotate rignt

ACL Rotate thiough

mod § 10

RCR Rotate inrougn carry ngnt [

mogl 11 o

AND  And:

Reg memory and register to either 00 10004 w [mod_reg_rm |

immediat memory [1000000w]med100 m da_ | daadw 1 ]
immeciate t accum {00100 R ]

TEST  And function 1o flags. no result:

Reqister. memory and register 100001 0w |mod_reg cm |

Immediate data and register. me: 1911011 w [md000 tim Gata | cataw |
Immediate 63ta a0 accumulater TG10100w data dataitw 1|

OR Or:

Reg -memory and [Cono10cw imod reg _om |

immediale to reqister /memn: 1000000 w [mod001 1im da | datadw )
Immediate 1o accumulator 0000t110w data datadw 1|

XOR  Exclusive or.

Req /memory and register to eitner [0 0 1 1000 w [mod_reg_rim ]

Immediate 10 register; memory 1000000w [modi 10 rim | data | datadw i ]
Immegiate to accumulator 0011010w ] daa | daaitwi |

STRING MANIPULATION
REP=Repeat

MOVS=Move byte/word

CMPS:Compare by te/word

SCAS=Scan byte/word

LODS~Load byteiwd 10 AL/AX

1010

STOS=Stor byterwd from AL/A

Mnemonics ©Inte!, 1978
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Table 2. Instruction Set Summary (Continued)

CONTROL TRANSFER
CALL - Call: 76543210 76543210 76543210 76543210 76543210
Direct within segment 11101000 disp-low disphign | INB/JAE ump on not below/above [ 17 70011 disp
Indirect within segment 11111111 mod010 /m -'"f/-"‘eéz'ma%gg‘ below or 01110111 disp
Direct intersegment 10011010 offset-low offset-high | JNP/JPO-=Jump on not par/parodd [0 1111011 aisp
seg-low seg-high | JING-Jump on not overfiow 01110001 disp
Indirect inter 11111111 {med011 rim JKS- Jump on not sign 01111001 disp
JMP - Uncanditional Jump: LDOP Loop CX times 171100010 disp
LOOPZ/LOOPE - Loop while zero/equal [ 1110000 1 disp
Direct within segment 11101001 disp-low disp-high | wom,tg?:/"ei ul.aa]cp while not 11100000 disp
Direct within segment-short 11101011 disp SR domp O““Cx sero EETYEEE] oo
indirect within segment 11111111 imod 100 r/m
Direct intersegment 11101010 offset-low offset-nigh | INT  Interrupt
seg-iow seg-high [ Type specitied type ]
Indirect intersegment T11111 11 md 101 r/m Type 3
INTG Interrupt on overtiow
RET = Return irom CALL: IRET Interrupt return
Within segment 11000011
Within seg. adding immed to SP 11000010 catalow | dala-nigh |
Intersegment 110010711
intersegment. adding immediate to SP{ 11001010 data-low data-high PROCESSOR CONTROL
JE/IZ=Jump on equal/zero 01110100 gisp CLC Clear carry 11111000
JL/JNGE=Jump on less/not greater
or equal 01111100 disp CMC Complement carry 11110101
JLE/JHB;;T%M less or equai/not [ m I disp STC Set carry T1111001
Jl/JlAE‘-’})uelggaun below/notadove g 1110010 disp CLD Clear direction 11111100
JBE/JIA—;‘;ﬁ;‘u:gOoV.';belnw orequall fo1110110 disp STD Set direction T1111101
JP/4PE=Jump on parity/parityeven {0 1111010 disp CUI Clear interrupt 111110190
J0=Jump on overflow 01110000 aisp STI Set interrupt 11111001
J8=Jump on sign 01111000 disp HLT Hait 11110100
JINE/JNZ=Jump on not equal/notzero [0 1110101 aisp WAIT Wait 10011011
INL/JGE. Jump on not lessgreater g7 1 disp £SC Escape (1o external device) 11011 x x x|modx x x r/m]
INLE/JGJump on not less or equall [g 41 11 1 5 arsp LOCK Bus lock prefix 71110000
Footnotes:
AL = 8-bit accumulator it s:w =01 then 16 bits of immediate data form the operand.
AX = 16-bit accumulator it s:w=11 then an immediate data byte is sign extended to
form the 16-bit operand.
gg : I[El:;raas:ggn:;r:t ifv= O‘Ihen “count’” =1; if v=1 then “"count’’ in (CL)
Above/below refers to unsigned value. x = don't care
Greater = more positive; z is used for string primitives for comparison with ZF FLAG
Less = lessPoinive (more negg}lve)"signed values SEGMENT OVERRIDE PREFIX
ifd =1 then "“to” reg, it d = 0 then ""trom” reg
if w = 1 then word instruction; if w = 0 then byte instruction 001rqg110
if mod = 11 then r/m is treated as a REG field REG is assigned according to the following table:
if mod = 00 then DISP = 0*, disp-low and disp-high are absent
it mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 16-Bit (w = 1) 8Bit (w = 0) Segment
it mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 ES
if £/m = 000 then EA = (BX) + (S) + DISP prige ot o R
if r/m = 001 then EA = (BX) + (DI) + DISP 011 BX 011 BL 11 DS
it r/m =010 then EA = (BP) + (SI) + DISP 100 SP 100 AH
it r/m = 011 then EA = (BP) + (DI) + DISP 101 B8P 101 CH
if r/m = 100 then EA = (SI) + DISP - ne st 110 DH
if 1/m = 101 then EA = (DI) + DISP oo 11 BH

it r/m =110 then EA = (BP) + DISP*

it r/m = 111 'then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required) Instructions which reference the flag register file as a 16-bit object use
the symbol FLAGS to represent the file:

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. FLAGS = X:X:X:X:(OF):(DF).(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics©ntel, 1978
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® PRELIMINARY

80C86/80C86-2
16-Bit CHMOS Microprocessor

® Pin-for-Pin and Functionally Compatible m Architecture Designed for Powerful

to Industry Standard HMOS 8086 Assembly Language and Efficient High
m Fully Static Design with Frequency Level Languages
Range from D.C. to: m 24 Operand Addressing Modes

— 5 MHz for 80C86
— 8 MHz for 80C86-2

& Low Power Operation
— Operating Icc = 10 mA/MHz
-— Standby Iccs = 500 pA max

® Bus-Hold Circuitry Eliminates Pull-Up
Resistors

Byte, Word and Block Operations

B 8 and 16-Bit Signed and Unsigned
Arithmetic
— Binary or Decimal
- Multiply and Divide

& Will Be Available in 40-Lead Plastic DIP
and 44-Lead PLCC Packages

® Direct Addressing Capability of (See Packaging Spec., Order #231369)
1 MByte of Memory

The Intei 80C86 is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. It is
available in 5 MHz clock rate and will be available in 8 MHz clock rate in the 1st half of 1986. The 80C86 offers
two modes of operation: MiNimum for small systems and MAXimum for larger applications such as muilti-
processing. It is available in 40-pin DIP and will be available in 44-pin plastic leaded chip carrier (PLCC)
package in the 1st quarter of 1986.

EXECUTION UNIT BUS INTERFACE UMIT

. L
— T MODE  IMODE
sontEn a0 e cuod [ Vee
INDEX REGS msm':m?n aoracl2 ADIS
(8 WORDS) (s’?mnns;
= = AD13 (}3 AD16/S3 - . %Qé
ApD12 (§4 A17/S4 8230 or =N e
oo zZQ oo -0
U T s, ap11 {3 At8/SS e
1807 ALY | ﬁwﬁ. Apt0 (16 A19/S6 6 5 4 3 2 1 444342 41 40
e ::m’m aps (7 BRE'ST aviot]7 [e] =3
FLaGs wreRrAGe @ s A0 aos [1s N a9 e 383 A19/s6
:>, ERADTR 9 = AD8 [ 9 3713 BHe/s7
407 4 EE_. AD7CJ 10 363 MN/MX
j TR, OEN, ALE 06 [] RQ/GTO (HOLD) aos O 11 shwo
1T aps RG/GTT (HLDA) wos 12 e 340 Ro76T0
AD4 LOCK (WR) AD4 13 3313 RO/GTH
msi{lgv:low AD3 [} s (WiD) A3} 14 3210 Lock
= = AD2 ] 15 31 s2
I Ap2 4 s_‘ (D_T'f) AD1 []16 308§
veST = ap1 (3 S0 (DEN) avocd17 =k
INY ——s] - LOCK =
M) ] ADo (] Qaso {ALE) 18 19 20 21 22 23 24 25 26 27 28
mﬁ;‘.@ CONTROL & TIMING Ty %0 M O] ast  (iNTA) oounooUyury
. 2IESS¢H5EE 3
HoLo -——] 3 ) 85,8 INTR [] TEST zZ z OGO Lelpgoo
HLDA ~— ¥
1| ‘ H cK [ READY 231200-3
GND [ RESET .
CLK  RESET READY MN/MX !3:: Flgure zb. 80086
231200-1 231200-2 44-Lead PLCC Configuration
Figure 1. 80C86 Figure 2a. 80C86
CPU Block Diagram 40-Lead DIP Configuration

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1985
® Intel Corporation, 1985 3-25 Order Number: 231200-002
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Table 1. Pin Description

The following pin function descriptions are for 80C86 systems in either minimum or maximum mode. The
“Local Bus” in these descriptions is the direct multiplexed bus interface connection to the 80C86 (without
regard to additional bus buffers).

Symbol Pin No. Type Name and Function

AD45-ADg 2-16, 39 170 ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/10 address (T4) and data (T, T3, Tw, T4) bus. Ag is
analogous to BHE for the lower byte of the data bus, pins D;-Dy. It
is LOW during T1 when a byte is to be transferred on the lower
portion of the bus in memory or 1/0 operations. Eight-bit oriented
devices tied to the lower half would normally use Ag to condition
chip select functions. (See BHE.) These lines are active HIGH and
float to 3-state OFF(1) during interrupt acknowledge and local bus
“hold acknowledge.”

A19/Se, 35-38 (0] ADDRESS/STATUS: During T4 these are the four most significant
A1g/Ss, address lines for memory operations. During I/O operations
A17/S4, these lines are LOW. During memory and I/O operations,

A16/S3 status information is available on these lines during Tp, T3, Tw,

and T4. The status of the interrupt enable FLAG bit (Ss) is updated
at the beginning of each CLK cycle. A17/S4 and A1g/S3 are
encoded as shown.

This information indicates which relocation register is presently
being used for data accessing.

These lines float to 3-state OFF(1) during local bus “hold

acknowledge.”

A17/S4 A16/S3 Characteristics

0 (LOW) 0 Alternate Data

0 1 Stack

1 (HIGH) 0 Code or None

1 1 Data

Sgis 0
(LOW)

BHE/S7 34 - 0 BUS HIGH ENABLE/STATUS: During T4 the bus high enable signal

(BHE) should be used to enable data onto the most significant half
of the data bus, pins D15-Dg. Eight-bit oriented devices tied to the
upper half of the bus would normally use BHE to condition chip
select functions. BHE is LOW during T for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the high
portion of the bus. The S7 status information is available during T5,
T3, and T4. The signal is active LOW, and floats to 3-state OFF(1) in
“hold.” Itis LOW during T for the first interrupt acknowledge cycle.

BHE Ao Characteristics
0 0 Whole word
0 1 Upper byte from/
to odd address
1 0 Lower byte from/
to even address
1 . 1 None
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RD

32

(0]

READ: Read strobe indicates that the processor is performing a
memory of I/0 read cycle, depending on the state of the Sy pin.
This signal is used to read devices which reside on the 80C86 local
bus. RD is active LOW during To, T3 and Ty of any read cycle, and
is guaranteed to remain HIGH in T until the 80C86 local bus has
floated.

This floats to 3-state OFF in “hold acknowledge.”

READY

22

READY: is the acknowledgement from the addressed memory or
1/0 device that it will complete the data transfer. The READY signal
from memory/I0 is synchronized by the 82C84A Clock Generator
to form READY. This signal is active HIGH. The 80C86 READY
input is not synchronized. Correct operation is not guaranteed if the
setup and hold times are not met.

INTR

18

INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table
located in system memory. It can be internally masked by software
resetting the interrupt enable bit. INTR is internally synchronized.
This signal is active HIGH

TEST

23

TEST: input is examined by the “Wait” instruction. If the TEST input
is LOW execution continues, otherwise the processor waits in an
“Idle” state. This input is synchronized internally during each clock
cycle on the leading edge of CLK.

NMI

17

NON-MASKABLE INTERRUPT: an edge triggered input which
causes a type 2 interrupt. A subroutine is vectored to via an
interrupt vector lookup table located in system memory. NMl is not
maskable internally by software. A transition from a LOW to HIGH
initiates the interrupt at the end of the current instruction. This input
is internally synchronized.

RESET

21

RESET: causes the processor to immediately terminate its present
activity. The signal must be active HIGH for at least four clock
cycles. It restarts execution, as described in the Instruction Set
description, when RESET returns LOW. RESET is internally
synchronized.

CLK

19

CLOCK: provides the basic timing for the processor and bus
controller. It is asymmetric with a 33% duty cycle to provide
optimized internal timing.

Vce

40

Vec: +5V power supply pin.

GND

1,20

GROUND: Both must be connected.

MN/MX

33

MINIMUM/MAXIMUM: indicates what mode the processor is to
operate in. The two modes are discussed in the following sections.
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Table 1. Pin Description (Continued)

The _following pin function descriptions are for the 80C86/82C88 system in maximum mode (ie.,
MN/MX=Vsg). Only the pin functions which are unique to maximum mode are described; all other pin func-
tions are as described above.

Symbol Pin No. Type Name and Function

S2,51, 5o 26-28 O | STATUS: active during T4, T1, and T» and is returned to the passive
state (1,1,1) during T3 or during Ty when READY is HIGH. This
status is used by the 82C88 Bus Controller to generate all memory
and 170 access control signals. Any change by Sp, Sy, Sg during T4
is used to indicate the beginning of a bus cycle, and the return to the

passive state in T3 or Ty is used to indicate the end of a bus cycle.

These signals float to 3-state OFF(1) in “‘hold acknowledge.” These
status lines are encoded as shown.

[ S5 So Characteristics
0 (LOW) 0 0 Interrupt
Acknowledge

0 0 1 Read I/0 Port

0 1 0 Write /0 Port

0 1 1 Halt

1 (HIGH) 0 0 Code Access

1 0 1 Read Memory

1 1 0 Write Memory

1 1 1 Passive
%/ﬁo, 30, 31 I/0 | REQUEST/GRANT: pins are used by other local bus masters to
RQ/GT;, force the processor to release the local bus at the end of the

processor’s current bus cycle. Each pin is bidirectional with RQ/GTg
having higher priority than RQ/GT4. RQ/GT has an internal pull-up
resistor so may be left unconnected. The request/grant sequence is
as follows (see timing diagram):

1. A pulse of 1 CLK wide from another local bus master indicates a
local bus request (“*hold”’) to the 80C86 (pulse 1).

2. During a T4 or T4 clock cycle, a pulse 1 CLK wide from the 80C86
to the requesting master (pulse 2), indicates that the 80C86 has
allowed the local bus to float and that it will enter the “hold
acknowledge” state at the next CLK. The CPU’s bus interface unit is
disconnected logically from the local bus during ““hold
acknowledge.”

3. A pulse 1 CLK wide from the requesting master indicates to the
80C86 (pulse 3) that the “hold” request is about to end and that
80C86 can reclaim the local bus at the next CLK.

Each master-master exchange of the local bus is a sequence of 3
pulses. There must be one dead CLK cycle after each bus exchange.
Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it
will release the local bus during T4 of the cycle when all the following
conditions are met:

1. Request occurs on or before Ta.

2. Current cycle is not the low byte of a word (on an odd address).
3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. A locked instruction is not currently executmg.
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

If the local bus is idle when the request is made the two possible
events will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1 already
satisfied.

LOCK

29

LOCK: output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK
signal is activated by the “LOCK” prefix instruction and remains
active until the completion of the next instruction. This signal is active
LOW, and floats to 3-state OFF(1) in “hold acknowledge.”

QS+, QSp

24,25

|

1

QUEUE STATUS: The queue status is valid during the CLK cycle
after which the queue operation is performed.

QS and QSg provide status to allow external tracking of the internal
80C86 instruction queue.

QsS4 QSy Characteristics
0 (LOW) 0 No Operation
0 1 First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent Byte from Queue

The following pin function descriptions are for the 80C86 in minimum mode (i.e., MN/MX=V¢¢). Only the pin
functions which are unique to minimum mode are described; all other pin functions are described above.

M/10

28

0

STATUS LINE: logically equivalent to Sy in the maximum mode. It
is used to distinguish a memory access from an /0 access. M/10
becomes valid in the T4 preceding a bus cycle and remains valid
until the final T4 of the cycle (M=HIGH, 10 =LOW). M/10 floats to
3-state OFF(1) in local bus “hold acknowledge.”

29

WRITE: indicates that the processor is performing a write memory
or write 1/0 cycle, depending on the state of the M/10 signal. WR is
active for To, T3 and Ty of any write cycle. It is active LOW, and
floats to 3-state OFF(1) in local bus “hold acknowledge.”

INTA

24

INTA is used as a read strobe for interrupt acknowledge cycles. It is
active LOW during T, T3 and Ty of each interrupt acknowledge
cycle.

ALE

25

ADDRESS LATCH ENABLE: provided by the processor to latch
the address into an address latch. It is a HIGH pulse active during
T4 of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: needed in minimum system that
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically DT/R is
equivalent to Sy in the maximum mode, and its timing is the same
as for M/10. (T=HIGH, R=LOW.) This signal floats to 3-state
OFF(1) in local bus “hold acknowiedge.”
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Table 1. Pin Description (Continued)

Symbol Pin No.

Type -

Name and Function

DEN 26 o

DATA ENABLE: provided as an output enable for the transceiver in
a minimum system which uses the transceiver. DEN is active LOW
during each memory and I/0 access and for INTA cycles. For a
read or INTA cycle it is active from the middle of T, until the middle
of T4, while for a write cycle it is active from the beginning of T2
until the middle of T4. DEN floats to 3-state OFF(1) in local bus
*“hold acknowledge.”

HOLD,
HLDA

31,30 1/0

setup time.

HOLD: indicates that another master is requesting a local bus
“hold.” To be acknowledged, HOLD must be active HIGH. The
processor receiving the “hold” request will issue HLDA (HIGH) as
an acknowledgement in the middle of a T clock cycle.
Simultaneous with the issuance of HLDA the processor will float
the local bus and control iines: After HOLD is detected as being
LOW, the processor will LOWer the HLDA, and when the processor
needs to run another cycle, it will again drive the local bus and
control lines.
The same rules as for RQ/GT apply regarding when the local bus
will be released.

HOLD is not an asynchronous input. External synchronization
should be provided if the system cannot otherwise guarantee the

NOTE:
1. See the section on Bus Hold Circuitry.

FUNCTIONAL DESCRIPTION

STATIC OPERATION

All 80C86 circuitry is of static design. Internal regis-
ters, counters and latches are static and require no
refresh as with dynamic circuit design. This elimi-
nates the minimum operating frequency restriction
placed on other microprocessors. The CMOS 80C86
can operate from DC to the appropriate upper fre-
quency limit. The processor clock may be stopped in
either state (high/low) and held there indefinitely.
This type of operation is especially useful for system
debug or power critical applications.

The 80C86 can be single stepped using only the
CPU clock. This state can be maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion (down to DC). In a power critical situation, this
can provide extremely low power operation since
80C86 power dissipation is directly related to operat-
ing frequency. As the system frequency is reduced,
so is the operating power until, ultimately, at a DC
input frequency, the 80C86 power requirement is the
standby current (500 wA maximum).

3-30

INTERNAL ARCHITECTURE

The internal functions of the 80C86 processor are
partitioned logically into two processing units. The
first is the Bus Interface Unit (BIU) and the second is
the Execution Unit (EU) as shown in the block dia-
gram of Figure 1.

These units can interact directly but for the most
part perform as separate asynchronous operational
processors. The bus interface unit provides the func-
tions related to instruction fetching and queuing, op-
erand fetch and store, and address relocation. This
unit also provides the basic bus control. The overlap
of instruction pre-fetching provided by this unit
serves to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes of
the instruction stream can be queued while waiting
for decoding and execution.

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
queue, the BIU will attempt a word fetch memory
cycle. This greatly reduces ‘“dead time” on the
memory bus. The queue acts as a First-In-First Out
(FIFO) buffer, from which the EU extracts instruction
bytes as required. If the queue is empty (following a
branch instruction, for example), the first byte into
the queue immediately becomes available to the EU.
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Memory Segment Register Segment
Reference Need Used Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

Stack STACK (SS) All stack pushes and pops. Memory references relative to BP
base register except data references.

Local Data DATA (DS) Data references when: relative to stack, destination of string
operation, or explicitly overridden.

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a
segment override.

The execution units receives pre-fetched instruc-
tions from the BIU queue and provides un-relocated
operand addresses to the BIU. Memory operands
are passed through the BIU for processing by the
EU, which passes results to the BlU for storage. See
the Instruction Set description for further register set
and architectural descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 000C0O(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64k bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3a.)

[y FFFFEH

4 KB CODE SEGMENT

XXXXOH

STACK SEGMENT
+ OFFSET

>
P

SEGMENT

REGISTER FILE DATA SEGMENT

A 4

EXTRA DATA SEGMENT

TS OOOOOH
231200-4

Figure 3a. Memory Organization
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All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
Odd auaiess boundanes and are thus not Con-
strained to even boundaries as is the case in many
16-bit computers. For address and data operands,
the least significant byte of the word is stored in the
lower valued address location and the most signifi-
cant byte in the next higher address location. The
BIU automatically performs the proper number of
memory accesses, one if the word operand is on an
even byte boundary and two if it is on an odd byte
boundary. Except for the performance penalty, this
double access is transparent to the software. This
performance penalty does not occur for instruction
fetches, only word operands.

Physically, the memory is organized as a high bank
(D15-Dg) and a low bank (D7-Dg) of 512k 8-bit
bytes addressed in parallel by the processor’s ad-
dress lines.

A1g—-A4. Byte data with even addresses is trans-
ferred on the D7-Dg bus lines while odd addressed
byte data (Ag HIGH) is transferred on the Dy5-Dg
bus lines. The processor provides two enable sig-
nals, BHE and Ag, to selectively allow reading from
or writing into either an odd byte location, even byte
location, or both. The instruction stream is fetched
from memory as words and is addressed internally
by the processor to the byte level as necessary.

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the
starting byte of the word is on an even or odd ad-
dress, respectively. Consequently, in referencing
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word operands performance can be optimized by lo-
cating data on even address boundaries. This is an
especially useful technique for using the stack, since
odd address references to the stack may adversely
affect the context switching time for interrupt proc-
essing or task multiplexing.

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b.) Locations from ad-
dress FFFFOH through FFFFFH are reserved for op-
erations including a jump to the initial program load-
ing routine. Following RESET, the CPU will always
begin execution at location FFFFOH where the jump
must be. Locations 00000H through 003FFH are re-
served for interrupt operations. Each of the 256 pos-
sible interrupt types has its service routine pointed to
by a 4-byte pointer element consisting of a 16-bit
segment address and a 16-bit offset address. The
pointer elements are assumed to have been stored
at the respective places in reserved memory prior to
occurrence of interrupts.

FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOH
J: “L_
IFFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
.
NS . NS
[ T
.
™
INTERRUPT POINTER
FOR TYPE 1 aH
INTERRUPT POINTER 3H
FOR TYPE 0
oH
231200-5

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 80C86 systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C86 is equipped
with a strap pin (MN/MX) which defines the system
configuration. The definition of a certain subset of
the pins changes dependent on the condition of the
strap pin. When MN/MX pin is strapped to GND, the
80C86 treats pins 24 through 31 in maximum mode.
An 82C88 bus controller interprets status informa-
tion coded into S, Sy, S to generate bus timing and
control signals compatible with the MULTIBUS® ar-
chitecture. When the MN/MX pin is strapped to V¢,
the 80C86 generates bus control signals itself on
pins 24 through 31, as shown in parentheses in Fig-
ure 2. Examples of minimum mode and maximum
mode systems are shown in Figure 4.

BUS OPERATION

The 80C86 has a combined address and data bus
commonly referred to as a time multiplexed bus.
This technique provides the most efficient use of
pins on the processor while permitting the use of a
standard 40-lead package. This “local bus” can be
buffered directly and used throughout the system
with address latching provided on memory and 1/0
modules. In addition, the bus can also be demulti-
plexed at the processor with a single set of address
latches if a standard non-multiplexed bus is desired
for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as Ty, Tp, T3 and
T4 (see Figure 5). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “Wait” states (Ty) are in-
serted between T3 and T4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C86 bus cycles. These are
referred to as “Idle” states (T4) or inactive CLK cy-
cles. The processor uses these cycles for internal
housekeeping.

During T of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor or
the 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.
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Figure 4a. Minimum Mode iAPX 80C86 Typical Configuration
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Figure 4b. Maximum Mode 80C86 Typical Configuration
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Figure 5. Basic System Timing

Status bits Sp, Sq, and S, are used, in maximum
mode, by the bus controller to identify the type of
bus transaction according to the following table:

[ Sy | So Characteristics
0 (LOW) 0 0 | Interrupt Acknowledge
0 0 1 Read I/0
0 1 0 | Writel/O
0 1 1 Halt
1 (HIGH) 0 0 Instruction Fetch ‘
1 0 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive (no bus cycle)

Status bits Sg through S7 are multiplexed with high-
order address bits and the BHE signal, and are

therefore valid during T2 through T4. S3 and Sy indi-
cate which segment register (see Instruction Set de-
scription) was used for this bus cycle in forming the
address, according to the following table:

S4 S3 Characteristics
0 (LOW) 0 | Alternate Data (extra segment)
0 1 | Stack
1(HIGH) | 0 | Code or None
1 1 Data

Ss is a reflection of the PSW interrupt enable bit.
Sg=0 and Sy is a spare status bit.
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1/0 ADDRESSING

In the 80C86, 1/0 operations can address up to a
maximum of 64k 1/0 byte registers or 32k I/0 word
registers. The 1/0 address appears in the same for-
mat as the memory address on bus lines Ay5-Ag.
The address lines Ajg—Aqg are zero in 1/0 opera-
tions. The variable 1/0 instructions which use regis-
ter DX as a pointer have full address capability while
the direct |/O instructions directly address one or
two of the 256 1/0 byte locations in page 0 of the
I/0 address space.

I1/0 ports are addressed in the same manner as
memory locations. Even addressed bytes are trans-
ferred on the D7;-Dg bus lines and odd addressed
bytes on D15-Dg. Care must be taken to assure that
each register within an 8-bit peripheral located on
the lower portion of the bus be addressed as even.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET nin. The R0CRA
RESET is required to be HIGH for greater than 4
CLK cycles. The 80C86 will terminate operations on
the high-going edge of RESET and will remain dor-
mant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset se-

quence for approximately 10 CLK cycles. After this
interval the 80C86 operates normally beginning with
the instruction in absolute location FFFFOH (see Fig-
ure 3b). The details of this operation are specified in
the Instruction Set description of the MCS®-86 Fam-
ily User's Manual. The RESET input is internally syn-
chronized to the processor clock. At initialization the
HIGH-to-LOW transition of RESET must occur no
sooner than 50 us after power-up, to allow complete
initialization of the 80C86.

NMI may not be asserted prior to the 2nd CLK cycle
following the end of RESET.

BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and eliminate the need for
pull-up/down resistors, “bus-hold” circuitry has
been used on the 80C86 pins 2—16, 26-32, and 34—
39 (Figures 6a, 6b). These circuits will maintain the
last valid logic state if no driving source is present
(i.e. an unconnected pin or a driving source which
goes to a high impedance state). To overdrive the
“bus hold” circuits, an external driver must be capa-
ble of supplying 350 wA minimum sink or source cur-
rent at valid input voltage levels. Since thie “bus
hold” circuitry is active and not a ‘“resistive” type
element, the associated power supply current is
negligible and power dissipation is significantly re-
duced when compared to the use of passive pull-up
resistors.

“PULL-UP/PULL-DOWN"

OUTPUT o] BOND | ExTERNAL
DRIVER 4 PAD |~ PIN
3
\
INPUT
PR PROTECTION
CIRCUITRY
231200-24

Input Buffer exists only on 1/0 pins

“PULL-UP”

EXTERNAL
PIN

- BOND
PAD

INPUT
PROTECTION

SUFFER CIRCUITRY

231200-25

Input Buffer exists only on 1/0 pins

Figure 6a. Bus hold circuitry pin 2-16, 34-39.
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Figure 6b. Bus hold circuitry pin 26-32.
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INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the Instruction Set description. Hard-
ware interrupts can be classified as non-maskable or
maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(see Figure 3b), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type”. An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to “vec-
tor” through the appropriate element to the new in-
terrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt pin (NMI) which has higher priority than the
maskable interrupt request pin (INTR). A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW-to-HIGH transition.
The activation of this pin causes a type 2 interrupt.
(See Instruction Set description.) NMI is required to
have a duration in the HIGH state of greater than
two CLK cycles, but is not required to be synchro-
nized to the clock. Any high-going transition of NMI
is latched on-chip and will be serviced at the end of
the current instruction or between whole moves of a
block-type instruction. Worst case response to NMI
would be for multiply, divide and variable shift in-
structions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
going edge triggers another response if it occurs af-

ter the start of the NMI procedure. The signal must
be free of logical spikes in generai and be free of
bounces on the low-going edge to avoid triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The 80C86 provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the interrupt enable FLAG
status bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the high-going edge of CLK. To be re-
sponded to, INTR must be present (HIGH) during
the clock period preceding the end of the current
instruction or the end of a whole move for a block-
type instruction. During the interrupt response se-
quence further interrupts are disabled. The enable
bit is reset as part of the response to any interrupt
(INTR, NMI, software interrupt or single-step), al-
though the FLAGS register which is autornatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-
ister is restored the enable bit will be zero unless
specifically set by an instruction.

During the response sequence (Figure 7) the proc-
essor executes two successive (back-to-back) inter-
rupt acknowledge cycles. The 80C86 emits the
LOCK signal from T3 of the first bus cycle until T2 of
the second. A local bus “hold” request will not be
honored until the end of the second bus cycle. In the
second bus cycle a byte is fetched from the external
interrupt system (e.g., 82C59 PIC) which identifies
the source (type) of the interrupt. This byte is multi-
plied by four and used as a pointer into the interrupt
vector lookup table. An INTR signal left HIGH will be
continually responded to within the limitations of the
enable bit and sample period. The INTERRUPT RE-
TURN instruction includes a FLAGS pop which re-
turns the status of the original interrupt enable bit
when it restores the FLAGS.
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Figure 7. Interrupt Acknowledge Sequence

HALT

When a software “HALT” instruction is executed the
nrocesgor indicates that it ic entering the “HALT”
state in one of two ways depending upon which
mode is strapped. In minimum mode, the processor
issues one ALE with no qualifying bus control sig-
nals. In Maximum Mode, the processor issues ap-
propriate HALT status on Sy, Sy and Sy and the
82C88 bus controller issues one ALE. The 80C86
will not leave the “HALT" state when a local bus
“hold” is entered while in “HALT”. In this case, the
processor reissues the HALT indicator. An interrupt
request or RESET will force the 80C86 out of the
“HALT” state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when directly consecutive bus cycles are
required during the execution of an instruction. This
provides the processor with the capability of per-
forming read/modify/write operations on memory
(via the Exchange Register With Memory instruction,
for example) without the possibility of another sys-
tem bus master receiving intervening memory cy-
cles. This is useful in mutliprocessor system configu-
rations to accomplish “test and set lock™ operations.
The LOCK signal is activated (forced LOW) in the
clock cycle following the one in which the software
“LOCK" prefix instruction is decoded by the EU. Itis
deactivated at the end of the last bus cycle of the
instruction following the “LOCK"” prefix instruction.
While LOCK is active a request on a RQ/GT pin will
be recorded and then honored at the end of the
‘LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general 1/0
capahilities, the 80C8E nrovidee 2 single software.
testable input known as the TEST signal. At any time
the program may execute a WAIT instruction. If at
that time the TEST signal is inactive (HIGH), pro-
gram execution becomes suspended while the proc-
essor waits for TEST to become active. It must re-
main active for at least 5 CLK cycles. The WAIT in-
struction is re-executed repeatedly until that time.
This activity does not consume bus cycles. The
processor remains in an idle state while waiting. All
80C86 drivers go to 3-state OFF if bus “Hold” is
entered. If interrupts are enabled, they may occur
while the processor is waiting. When this occurs the
processor fetches the WAIT instruction one extra
time, processes the interrupt, and then re-fetches
and re-executes the WAIT instruction upon returning
from the interrupt.

BASIC SYSTEM TIMING

Typical system configurations for the processor op-
erating in minimum mode and in maximum mode are
shown in Figures 4a and 4b, respectively. In mini-
mum mode, the MN/MX pin is strapped to V¢ and
the processor emits bus control signals in a manner
similar to the 8085. In maximum mode, the MN/MX
pin is strapped to Vgg and the processor emits cod-
ed status information which the 82C88 bus control-
ler uses to generate MULTIBUS compatible bus
control signals. Figure 5 illustrates the signal timing
relationships.
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Figure 8. iAPX 80C86 Register Model

SYSTEM TIMING—MINIMUM SYSTEM

The read cycle begins in T1 with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the ad-
dress information, which is valid on the local bus at
this time, into a latch. The BHE and Ag signals ad-
dress the low, high, or both bytes. From T4 to T4 the
M/IO signal indicates a memory or 1/0 operation. At
To the address is removed from the local bus and
the bus goes to a high impedance state. The read
control signal is also asserted at T,. The read (RD)
signal causes the addressed device to enable its
data bus drivers to the local bus. Some time later
valid data will be available on the bus and the ad-
dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 80C86 local bus, signals DT/R and DEN are pro-
vided by the 80C86.

A write cycle also begins with the assertion of ALE
and the emission of the address. The M/10 signal is
again asserted to indicate a memory or 1/0 write
operation. In the To Immediately following the ad-
dress emission the processor emits the data to be
written into the addressed location. This data re-
mains valid until the middle of T4. During T, T3, and
Tw the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T, as opposed to the read which is delayed
somewhat into T to provide time for the bus to float.

The BHE and Ag signals are used to select the prop-
er byte(s) of the memory/10 word to be read or writ-
ten according to the following table:

80C86/80C86-2
BHE A0 Characteristics
AX AH AL ACCUMULATOR 0 0 Whole word
8X BH BL BASE 0 1 Upper byte from/
cx CH cL COUNT to odd address
DX oH oL DATA 1 0 Lower byte from/
to even address
— sp STACK POINTER 1 1 None
B8P BASE POINTER
s! SOURCE INDEX I/0 ports are addressed in the same manner as
ol DESTINATION INDEX memory location. Even addressed bytes are trans-
) ferred on the D7-Dg bus lines and odd addressed
e ] INSTRUCTION POINTER bytes on Dy5-Dg
= CODESEGMENT The basic difference betweeq the interrqpt acknowl-
os OATA SEGMENT edge cycle and a read cycle is that the interrupt ac-
L. S STACK SEGMENT knowledge signal (INTA) is asserted in place of the
£S EXTRA SEGMENT read (RD) signal and the address bus is floated.
231200-10 (See Figure 7.) In the second of two successive
INTA cycles, a byte of information is read from bus

lines D7-Dg as supplied by the interrupt system log-
ic (i.e., 82C59A Priority Interrupt Controller). This
byte identifies the source (type) of the interrupt. It is
multiplied by four and used as a pointer into an inter-
rupt vector lookup table, as described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is con-
nected to Vgg and the 82C88 Bus Controller is add-
ed to the system as well as a latch for latching the
system address, and a transceiver to allow for bus
loading greater than the 80C86 is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 82C88 instead of the processor in this config-
uration although their timing remains relatively the
same. The 80C86 status outputs (Sp, Sq, and Sp)
provide type-of-cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or 1/0), write (data or 1/0), inter-
rupt acknowledge, or software halt. The 82C88 thus

-issues control signals specifying memory read or

write, 1/0 read or write, or interrupt acknowledge.
The 82C88 provides two types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read strobes, and hence data isn’t
valid at the leading edge of write. The transceiver
receives the usual T and OE inputs from the 82C88
DT/R and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 82C59A located on either the local bus or
the system bus. If the master 82C59A Priority Inter-
rupt Controller is positioned on the local bus, a TTL
gate is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software “poll”. '
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage

(With respectto ground) ........... —-0.5t08.0V
Input Voltage Applied

(wrt.ground) ............. —~2.0to Vg + 0.5V
Output Voltage Applied

(wrt.ground) ............. —0.5to Vg + 0.5V
Power Dissipation. ......................... 1.0W
Storage Temperature............. —65°C to 150°C
Ambient Temperature Under Bias .. .... 0°Cto 70°C

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

D.C. CHARACTERISTICS (80C86: T = 0°C to 70°C, Vo = 5V £10%)
{80C86-2: Ta = 0°C to 70°C, Vo = 5V £5%)

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \
ViH Input High Voltage 2.0 Voo + 0.5 \ {Note 6)
(Allinput except
RQ/GTO, RQ/GT, MN/MX)
VoL Qutput Low Voltage 0.4 \% loL = 2.5mA
VoH Output High Voltage 3.0 \ lon = —2.5mA
Vec—0.4 loy = —100 pA
lce Power Supply Current 10 mA/MHz ViL = GND, Vi = V¢
Ta = 25°C, Voo = 5.5V
lccs Standby Supply Current 750 HA Veoc = 5.5V Ready = High
ViN (max) = Vg or GND
Outputs Unloaded
CLK = GND or V¢g (Note 7)
lccs Standby Supply Current 25 mA Voe = 5.5V Ready = Low
Vin(max) = Vg or GND
Outputs Unloaded (Note 7)
CLK = GND or Voo
1Ly Input Leakage Current +1.0 nA 0V < ViN < Voo
IBHL Input Leakage Current 50 300 BA Vin = 0.8V
(Bus Hold Low) (Note 1)
IBHH input Leakage Current -50 —300 pA ViN = 3.0V
(Bus Hold High) (Note 2)
IBHLO Bus Hold Low Overdrive 350 BA (Note 4)
IBHHO Bus Hold High Overdrive —350 RA (Note 5)
Lo Output Leakage Current +10 LA OV < Vout < Voo
VoL Clock Input Low Voltage —0.5 +0.8 \%
VeH Clock input High Voltage Voo —0.8 Veec+0.5 Vv
Cin Capacitance of Input Buffer 5 pF (Note 3)
(Allinput except
ADg-AD;5, RQ/GT)
Cio Capacitance of 1/0 Buffer 20 pF (Note 3)
(ADg—AD15, RQ/GT)
Court Output Capacitance 15 pF (Note 3)
NOTES:

1. Test condition is to lower Vin to GND and then raise V)y to 0.8V on pins 2-16 and 34-39.

2. Test condition is to raise Viy to Vg and then lower Vi to 3.0V on pins 2-16, 26-32, and 34-39.

3. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Viy at +5.0V or GND.
4. An external driver must source at least Igyy o to switch this node from LOW to HIGH.

5. An external driver must sink at least IgpHQ to switch this node from HIGH to LOW.
6
7

. Vi for MN/MX is 2.5V.
. This spec may improve to 500 nA during 1986.
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A.C. CHARACTERISTICS (80C86: To=0°C to 70°C, Voo =5V +10%)
(80C86-2: To=0°C to 70°C, V=5V +5%)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol Parameter 8oces 80C86-2 Units c Tde.:t
Min | Max | Min | Max onditions
TCLCL CLK Cycle Period 200 | D.C. 125 D.C. ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time ’ 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time 35 35 ns
into 82C84A (See
Notes 1, 2)
TCLR1X RDY Hold Time 0 0 ns C=20-100 pF
into 82C84A
(See Notes 1, 2)
TRYHCH READY Setup 118 68 ' ns
Time into 80C86
TCHRYX READY Hold Time 30 20 ns
into 80C86
TRYLCL READY Inactive to -8 -8 ns
CLK (See Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST 30 15 ns
Setup Time (See
Note 2)
TILIH Input Rise Time 15 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V
(Except CLK)
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mtel 80C86/80C86-2 PRELIMINARY
A.C. CHARACTERISTICS (Continued)
Timing Responses
Symbol Parameter 8ocsé 80C86-2 Units ¢ T:f.t
Min Max Min Max onditions
TCLAV Address Valid Delay 10 110 10 60 ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float TCLAX 80 TCLAX 50 ns
Delay
TLHLL ALE Width TCLCH—-20 TCLCH—-10 ns
TCLLH ALE Active Delay 80 50 ns
TCHLL ALE Inactive Delay 85 55 ns
TLLAX Address Hold Time | TCHCL-10 TCHCL—-10 ns
to ALE Inactive
TCLDV Data Valid Delay 10 110 10 60 ns *CL=20-100 pF
TCHDX | Data Hold Time 10 10 ns | forall80C86 Out-
puts (in addition
TWHDX | Data Hold Time TCLCH-30 TCLCH-30 ns | to 80C86 self-load)
After WR
TCVCTV | Control Active 10 110 10 70 ns
Delay 1
TCHCTV | Control Active 10 110 10 60 ns
Delay 2
TCVCTX | Control inactive 10 110 10 70 ns
Delay
TAZRL Address Float to 0 0 ns
READ Active
TCLRL | RD Active Delay 10 165 10 100 | ns
TCLRH | RD Inactive Delay 10 150 10 80 ns
TRHAV | RD Inactive to Next | TCLCL—45 TCLCL—40 ns
Address Active
TCLHAV | HLDA Valid Delay 10 160 10 100 ns
TRLRH | RD Width 2TCLCL—-75 2TCLCL—50 ns
TWLWH | WR Width 2TCLCL—-60 2TCLCL—40 ns
TAVAL Address Valid to TCLCH—-60 TCLCH—-40 ns
ALE Low
TOLOH | Output Rise Time 15 15 ns From 0.8V to
(Note 4) 2.0V
TOHOL | Output Fall Time 15 15 ns From 2.0V to
(Note 4) 0.8V
NOTES:

1. Signal at 82C84A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3).
4. Characterization only.
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intel 80C86/80C86-2

PRELIMINARY

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT
Viy + 0.4V
20v
0.8v
ViL - 0.4V .
231200-11

A.C. Testing inputs are driven at Vyy + 0.4V for a logic “1” and
VjL — 0.4V for a logic “0”. The clock is driven at Vo + 0.4V and
VgL — 0.4V. Timing measurements are made at 2.0V and 0.8V.

WAVEFORMS

MINIMUM MODE

DEVICE

UNDER
TEST l

€y = 100 pF

Cy Includes Jig Capacitance

231200-12

T T2 T3 Tw Ta
TCLCL TCHICH2+] o - Tewek
Veu
AR mCKACHE \ ) \ /) \___/{——\___.
<t remerv TCHCL le— TCLCH —]
u X
—| TcLovi
LCTEYS B S TCHDX —|
BHEIS7, Ar9/Se-A19/S3 )( BHE, A1p-Are $7-S3
TCLLH -~ - TLHLL— TLLAX
\ i
A
LE ) R s
T I
Toh A T - TRIVCL
ViH et
RDY (82C84A input)
SEE NOTE 4 Vi — — Pl
TRYLCL—=|  |=—
READY (8086 Input) l . e TcHRYX
TAVAL ot TRYHCH—>] -—
TLLAX—>] —
TCLAV—] — le-TCLAZ TOVCL ——=}e—TCLDX
, ' ==l [etciax I/':___
ADy5-ADg Ats-ADo o DATA IN ST
TAZRL—»| |« TCLRH—*| TRHAV
RD ¥,
READ CYCLE ] TCHCTV TCLRL | | TRLRH— TCHCTV
(NOTE 1)
(WR, INTA = Vou) oTiR
TCVCTV— TCVCTX —
DEN
231200-13
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'nter 80C86/80C86-2 PRELIMINARY

WAVEFORMS (Continued)

MINIMUM MODE (Continued)

T T2 T3 Tw

pe——— TCLCL --———+{TCH1CH2 TCL2CLY /
Veu

cL

Ty

—=| TCHCTV TCHCL je— TCLCH =/
Mo

—| TCLD!'
TCLAX

TCLAV-

TCHDX - =

BHEIS7, At9/Se-A10/S3 BHE, Ayp-Ae $7-53
e

TCLLH | TLLAX

CLK (82C84A Output) v_)/w-\\ )[_\& f .—\\ _/(_\__
X

TCHLL— T

TCLAX -

T
ADy5-ADg AD15-ADg DATA OUT

(NOTE 1)
(RD, INTA,

DEN

j
;
vcvcrv——i
WRITE CYCLE TLLAX |-
]
}
+

TCLAV +| TeLov— i: TCHDX —]
o X
[TAvAL - TWHDX

——' TCVCTX
| }I

DTiR =Von) TOVETV—+|  |om

TCVCTX—>
—
"'CLAZ —TOVCL—=

AD15-ADo \ POINTER
/S FLOAT A\

—| - TCHCTV
INTA CYCLE DTR 4

TWLWH ‘
WR ‘k i
l
.
Tcﬁox

(NOTES 1 & 3)
5, Wh = Vo Tevetv—l e
BAE = Vo) /
iNTA |
TCVCTV— Teverx—!
DEN
SOFTWARE HALT—
RD, WR, INTA = VoH INVALID ADDRESS SOFTWARE HALT
. WR, =
DT/R = INDETERMINATE TCLAV ~—
231200-14
NOTES:

1. All timing measurements are made at 0.8V and 2.0V.

2. RDY is sampled near the end of Ty, T3, Ty to determine if Ty machines states are to be inserted.
3. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control

signals shown for second INTA cycle.
4. Signals at 82C84A are shown for reference only.
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Inter 80C86/80C86-2 PRELIMINARY
A.C. CHARACTERISTICS
MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)
TIMING REQUIREMENTS
Symbol Parameter 80cse 80ces-2 Units ¢ T;::
Min | Max | Min | Max onditions
TCLCL CLK Cycle Period 200 D.C. 125 D.C. ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to
3.5V
TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to
1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VGL RDY Setup Time 35 35 ns
into 82C84A
(Notes 1, 2)
TCLR1X RDY Hold Time 0 0 ns CL = 20-100 pF
into 82C84A
(Notes 1, 2)
TRYHCH READY Setup 118 68 ns
Time into 80C86
TCHRYX READY Hold Time 30 20 ns
into 80C86
TRYLCL READY Inactive to -8 -8 ns
CLK (Note 4)
TINVCH Setup Time for 30 15 ns
Recognition (INTR,
NMI, TEST)
(Note 2)
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 40 30 ns
80C86
TILIH Input Rise Time 15 15 ns From 0.8V to
(Except CLK) (Note 5) 2.0v
TIHIL Input Fall Time 15 15 ns From 2.0V to
(Except CLK) (Note 5) 0.8V
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Inte[ 80C86/80C86-2 PRELIMINARY
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter 8ocse 80C86-2 Units ¢ T;f.t
Min Max Min Max onditions
TCLML Command Active 5 35 5 35 ns
Delay (Note 1)
TCLMH Command Inactive 5 35 5 35 ns
Delay (Note 1)
TRYHSH READY Active to 110 65 ns
Status Passive
(Note 3)
TCHSV Status Active Delay 10 110 10 60 ns
TCLSH Status Inactive 10 130 10 70 ns
Delay
TCLAV Address Valid 10 110 10 60 ns
Delay
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay | TCLAX 80 TCLAX 50 ns
TSVLH Status Valid to ALE 20 20 ns
High (Note 1)
TSVMCH | Status Valid to 30 30 ns CL=20-100 pF
MCE High for all 80C86 Out-
(Note 1) puts (in addition
TOLLH | CLK LowtoALE 20 20 ns | 1080C86 self-load)
Valid (Note 1)
TCLMCH CLK Low to MCE 25 25 ns
High (Note 1)
TCHLL ALE Inactive Delay 4 25 4 25 ns
(Note 1)
TCLDV Data Valid Delay 10 110 10 60 ns
TCHDX Data Hold Time 10 10 ns
TCVNV Control Active 5 45 5 45 ns
Delay (Note 1)
TCVNX Control Inactive 10 45 10 45 ns
Delay (Note 1)
TAZRL Address Float to 0 0 ns
Read Active
TCLRL RD Active Delay 10 165 10 100 ns
TCLRH RD Inactive Delay 10 150 10 80 ns
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'nte[ 80C86/80C86-2 PRELIMINARY

A.C. CHARACTERISTICS (Continued)

TIMING RESPONSES (Continued)

Symbol Parameter 80cse 8ocse-2 Units c T;;t
Min Max Min Max onditions
TRHAV | RD Inactive to TCLCL—-45 TCLCL—-40 ns
Next Address Active
TCHDTL | Direction Control 50 50 ns
Active Delay
(Note 1) C_=20-100 pF
TCHDTH | Direction Control 30 30 | ns :)‘L’t:';igggggioo:"
Inactive Delay
(Note 1) to 80C86 self-load)
TCLGL GT Active Delay 0 85 0 50 ns
TCLGH | GT Inactive Delay 0 85 0 50 ns
TRLRH RD Width 2TCLCL—-75 2TCLCL—50 ns
TOLOH | Output Rise Time 15 15 ns | From0.8Vto
2.0V
TOHOL | Output Fall Time 15 15 ns | From2.0Vto
0.8V

. NOTES:

1. Signal at 82C84A or 82C88 shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T3 and wait states.

4. Applies only to T2 state (8 ns into T3).

5. Characterization only.
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i""er 80C86/80C86-2 PRELIMINARY

WAVEFORMS

MAXIMUM MODE

T T2 T3 Ta

VCH

I—— _jcmcuz—-l H( TeLct gy,

. VCLJ N\ j N / r—\\___]r_\___
TCLAV~] TCHCL e~ TCLCH —=f

e XX DX

TCHSV — |= TCLSH

~
§2.57.50 (EXCEPT HALT) f

A '/ ,:/(sz: NOTE 7) N

Tetov TCHDX —=

>
o $7-S3 X

TSVLH-—=
TCLLH] — +TCHLL
[
‘ALE (82C88 OUTPUT) I’

le—TRIVCL
— )

. PR AR
o LILEEEEER
—| |« TCLRIX
TRYLCL—| ._l
( = )

READY (80C88 INPUT) ; 1 } -] +— TCHRYX

BHE/S7, A19/Se-A1¢/S3

SEE NOTE S

] RDY (82C84 INPUT)

TRYHSH —| -

-

—*|TCLAX

~=| TRYHCH |e—

YCLAV**{ -={TCLAZ |+ TDVCL ———==f= TCLDX -+
ADys- Ais-ADo -
15-ADo * FLOAT DATAIN > FLOAT
TAZRL—=| fs— TCLRH TRHAV
-—

5 R 1

+
TCHOTL —| | TCLAL TRALAH TCHOTH
DTR %
|

TCLML~| f— TeLMH o -
92C88 OUTPUTS *
MRDC OR iOAC
SEE NOTES 5,6 ORT
TCVNV—=| |ls—
DEN
TCVNX —| — .

231200-15
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intel 80C86/80C86-2  PRELIMINARY

WAVEFORMS (Continued)

MAXIMUM MODE (Continued)

Tl TZ T3 TO
TW
VCH
g o U o Wi Wiee NN o0 U
veL \— 1 N | S—
h TCHSV —] l=— TCLSH

§,.5,.5, (EXCEPT HALT) J W (SEE NOTE 7)'y

WRITE CYCLE TCLAV-=(| < [Tetov | TCHDX
—_—
AD,5-AD, AD,;-AD, > DATA
1
TCVNV ~ - TCVNX
DEN )l(‘" !l

— TCLML TCLMH ~
82C88 OUTPUTS {

SEE NOTES 5,6 | AMWC OR AIOWC

— [TCLML -~ TCLMH
MWTC OR iOWC

RESERVED FOR
INTA CYCLE CASCADE ADDR

AD,-AD, FLOAT Ve

(SEE NOTES 3 &4) ™ ] FLOAT FLOAT N\
- TCLAZ tTDVCL-— |- TCLDX

" POINTER s

—_— ) .

AD,;-AD,
18 FLOAT\ | _— '\ FLOAT
TCVNX —
TSVMCH—~{ - -
’
MCE/ -
PDEN TCLMCH ~ TCHDTL = TCHDTH
DTR |
82C88 OUTPUTS TCLML —f
SEE NOTES 5,6 | INTA
N Tovnv TCLMH
DEN
TCVNX—|
SOFTWARE HALT —
(DEN = V,, ;RD,MRDC,IORC,MWTC,AMWC,
IOWC.AIOWC,INTA, = Vo) ap _aD, INVALID ADDRESS
TCLAV —
o c-=---
$2:81:8y ____/ Ve e e
231200-16

NOTES:

1. All timing measurements are made at 2.0V and 0.8V.

2. RDY is sampled near the end of Ty, T3, Ty to determine if Tyy machines states are to be inserted.

3. Cascade address is valid between first and second INTA cycle.

4. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

5. Signals at 82C84A or 82C88 are shown for reference only. -

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN)
lags the active high 82C88 CEN.

7. Status inactive in state just prior to Ty4.
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intel 80C36/80C86-2 PRELIMINARY

WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

CLK \ 1 \
NMI ] —o‘ TINVCH (see note)

INTR

SIGNAL X

TEST
231200-17

NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK.

BUS LOCK SIGNAL TIMING RESET TIMING
(MAXIMUM MODE ONLY)

tq———‘AA—z 50 u36C —————————
ANY CLK CYCLE ANY CLK CYCLE ,

1 | w o/ |

CLK

TCLAV — TCLAV
J— TCLOX 4-‘
LOCK TovCL "l,——s

| S —— RESE"
231200-18 -/ N

24 CLK CYCLES
231200-19

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK 20 CLK
Vs U A oV
TCLGH i —%rcicL ‘
— TCLGH
P !
RQ/GT PULSE 2 PULSE 3
80CB6GT | TCLAZ COPROCESSOR

RELEASE

AD,-AD,

Ayg/Se-Ae/Sy 80C86 COPROCESSOR
2. 51, So

AD, LOCK (SEE NOTE)

BNE/S,

231200-20

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention.
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80C86/80C86-2 PRELIMINARY

WAVEFORMS (Continued)

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

21 CLK CYCLE 1 OR 2 CYCLES
—
CLK ‘
THVCH THVCH
HOLD
TCLHAV —-} TCLHAV
L ]
HLDA
AD;5-AD,, —of e TCLAZ
A1g/Se-As6/Sy,
RO, 80C86 COPROCESSOR 80C86
BHE/S,, M/IO,
DT/R, WR, DEN 23120021
Table 2. Instruction Set Summary
DATA TRANSFER DEC Decrement: 78543210 76843210 Tes43210 7es43210
MOV = Move: TE543210 76543210 76843210 Tesa3210 Registerimemory
‘Register/memory to/rom regisier 100010dw mad reg rim Register
Immediate o regieterimemory 110001 1w mod 000 rim date deafw! || MEGChange sign [ 111101 1w |
Immediate to rogiaser TO1iweg G Gata i w o Compers:
Memory to accumuistor ‘°‘:“°°' sodiow Lo S Registerimemory and register Go1viodw mod g im |
o 0 1019001x Sddriow L2l Immediate with registecimemory T00000sw mod 11 1im | dain [ mmitowsor ]
ouer! tosegmentragter [ 10001110 ] medomarn ) Irmediate with accumulator S0r 1110w T T omatwer
Seament rogeter o g 10901100 | medowsrm AAS ASCH acjust for subtract [XIKKERR]
PusH = . 'DAS Oecimal acjust for sublract 00107111
Registeimemory [REEEE] ML Mutiply (unsigned) 111101 1w mod 160 m
Register 01010 | MUL Integer multply (signed) 1111011 w mod 10 1 rim
‘Segment register AAM ASCHI adjust for muliply 71010100 00001010
08 « Pop DIV Divide (unaigned) Ti11011w mod 11 0 1im
A 101V Integer divide (signed) [ERCARL] moa 111 1m
Pogiter AAD ASCII adust for dide 77070107 50601010
CBW Convert byte 10 word 70071000
et rod WD Convent word to double word 70017007
XCHG = Exchangs:
Flagister/memory with register 100001 7w | modregrm |
Pagister with accumulator (ioorores |
W = input from;
Fixed port [oorow T pon 7] LoaKc
Variable pot NOT invert 11101 1w | modoionm .
0UT = Output to: SHUBAL Shift ogicaliarithmetic left 110100vw mod 1 00 1im
Fixed pont 111001 1w port ] SHR Shiftlogical right 110100vw mod 1 01 rfm
Variable port 111011 1w SAR Shif arthmatic right 110100vw mod 1 11 m
XLAT = Transiate byte 10 AL 71010131 ROL Rotate et 710100vw o4 000 rim
LEA = Load EA to register 70001101 od reg rim | ROA Rotate right T10100vw od 00 1 7im
108 = Load pointer t0 DS 11060101 ‘mod reg rim ACL Roale through carry fieg left T10100vw ™od 0.1 0 fm
LES = Load pointer 10 ES 71000100 o reg rim ACR Rotate through carry nght 110100vw mod 01 1 rim
LANF = Load AH with flsgs 70011 AND And:
SANE = Siore AH into fags 10011110 Feg /memory and register o ethe | 001000dw | modregrim |
PUSHE = Push flags 10011100 Immadiate 10 registerimerory 1000000w mod 100 dm dua | Gmitwsi )
POPF = Pop fiags 1001v101 Immediate to sccumulstor 0010010w | data T emanwer 1
ARITHMETIC TEST And function to flags, no result:
ADO = Ade: Rogistavimemory and register 10000 10w mod reg i
R memory with registe 10 ather 305000 dw od g 7 Immediate dats and registerimemory | 111101 1w mod 000 rim ) Gata w1
Immadiate 1o rogistarimemory 100000sw mod0001m | data T aaiaw=or | st cominior © [ 1010100w dota [ omeresr ]
Immediate to ccumulator [Cooooorow | dels 1 omatwr | OROr:
ADC = Add with camy: Rog /memory and register 10 ither 000010dw
‘Bagimemory with register 1o ther 000100dw immediate 0 register/memory 1000000w damiiwer_ ]
Immediate 1 registerimemory [ too000sw | Immediate to sccumuiator 0000110w
Immediate 10 accumustor [[ocororow | data XOR = Exclusive or: 3}
WE = incroment: Flog./memory and tegister 10 wither 001100dw mod reg im
Ragisterimemory [REERERK) md000m ] Imemediate 10 registerimemory [1000000w | meariomm | dan [ oumitws=r ]
Raginter 510000 Immediste to accumulator [Coorrotow | data [ oemitwsr
AAA = ASCH adjust for add [TERIIRE]
DAA = Dacimal adjust for ad 00100111
WS = Sudtrect:
Reg /memory and register to either
immadiate from registerimemory 11110012
Immediate from accimulator 1010010w
101001 1w
86 = Subiract whth borrow SCAS = Scan byteword 101010 1w
Reg/memory and regsterto sther | 000110dw modreg im ) L8 = Load bytwwd 16 AUAX TITIRTT
imediate from regisier/memory [1o00000sw | modottom | dan [Tcanitsw=01 1| 5708 » stor byteiwd from AUA o101 0 ™
Immediate from accumulator [Looot11ow | data dataifwe s 231200-22
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80C86/80C86-2

PRELIMINARY

Table 2. Instruction Set Summary (Continued)

CONTROL TRANSFER

CALL = Call: 76543210 76543210 76543210 76543210 76543210
Direct within segment 71101000 disp-iow disphigh | JINBIJAE Jump on not below/above 01110011 disp
Indirect within segment [(EEEEEEK mod 010 rm INBE/JA Jump on not below or [oriioiir | G ]
Oirect infersagment 10011010 Oftsetiow ofsethigh JNP/JPO = Jump on not pariparodd [ 01111011 disp
seglow seghigh ] INO = Jump on not overfiow 01110001 disp |
Indirect intarsegment [IEEEEEEEEN BETXERZ. 0 JNS Jump on not sign 01111001 disp
JMP = Uncondttional Jump: LOOP Loop CX times $1100010 disp
Direct within segment 71101001 disp-low disphigh ] LOOPZ/LOOPE Loop while zerolequsl | 11100001 aisp
Direct within segment-short 11101011 disp . LOOPNZALOOPNE Loop while not 71100000 rrT)
Indirect within segment 11111911 mod 100 r/m JCXZ Jump on CX zero E‘_‘““‘ = a0
Direct intersegment 11101010 offset-low offset-high R .
low. seg-high INT Interrupt
Indirect intersegment IEEEREEER) mod 101 rim Type specitied 11001101 )
RET = Return from CALL: Type 3 11001100
Within segment 11000011 INTO = interrupt on overflow 11001110
Within seg. adding immed 10 SP 11000010 data-low [ caanign ) IRET Interrupt return 11001111 |
Intersegment 11001011
Intersegment adding immediate to SP 11001010 data-low detahigh |
JE/JZ = Jump on equalizero 01110100 dup PROCESSOR CONTROL
JUINGE = Junp on ares/not grester 01111100 disp CLC Clear carry 111110060
JLE/ING = Jug:g. r::’un or equal/not m CMC Complement carry 11110101
JlImAE-Jumpon.?amlmwovo TTTTo0T0 v STC Set carry 11111001
SOEIMA = Jump on“ oeiow or equel CLD Clear direction 11111100
not above [ovrioiio ] disp 87D Set direction 11111103
JP/JPE = Jump on parity/parity even 01111010 rj CLI Clear interrupt 11111010
JO = Jump on overfiow 01110000 disp 871 Set interrupt 11111011
J8 = Jump on sign 01111000 dsp | HLT Halt 11110100
JNE/INZ = Jump on not equai/not zero | 01110101 disp WAIT Wait 10011013 e
INUIJGE = R X Bi111101 Gisp ESC Escape (o external device) 110t 1xxx mod x x x tim__J
INLEAG = Jump on nol less or equal [To 1y 11111 disp LOCK Bus lock prefix 11110000

Footnote:

AL = 8-bit accumulator
AX = 16-bit accumulator

ES = Extra segment

Above/beiow refers (0 unsigned value.

or = more positive:

Less = less positive (more negative) signed values
i = 1then “10” reg: it d = 0 then “from ™"

#w = 1 then word instruction. if w = O then byle mstruction

if mod = 11 then r/m is treated as a REG fieid

it mod = 00 then DISP = 0°. disp-low and disp-high
it mod = 01 then DISP = disp-low sign:
it mod = 10 then DISP = disp-high: disp-low
if t/m = 000 then EA = (BX) + (S)) + DISP
if rim = 001 then EA = (BX) + (DI) + DISP
it t/m = 010 then EA = (BP) + (SI) + DISP
it im = 011 then EA = (BP) + (DI) + DISP
it t/m = 100 then EA = (SI) + DISP

if rim = 101 then EA = (DI) + DISP.

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

ended to 16-bits,

DISP follows 2nd byte of instruction (before data if required)

sent
disp-high is absent

“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low.

**MQV CS, Req. 1 Memory not allowed.
Mnemonics - Intel. 1978

it s:w = 01 then 18 bits of immedi

it s:w = 11 then an immediate data byte is 3ign extended to

form the 16-bit operand

if v = 0 then “count” = 1, f v = 1 then ““count” in (CL)

x = don't care

z s used for string primitives for companison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

00119110

REG is assigned according to the following table:

o-Bit [w - 1] a-bit [w = 0]
000 AX 000 AL
001 Cx 001 CL
010 DX 010 OL
011 8x o1 BL
100 SP 100 AH
101 BP 101 CH
110 S 110 DH
11 DI 11 BH

Instructions which reference the flag register file
the symbol FLAGS to represent the file:

16-bit object use

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF).(SF):(ZF): X:(AF).X:(PF):X:(CF)

231200-23
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80186
HIGH INTEGRATION 16-BIT MICROPROCESSOR

Figure 1. 80186 Block Diagram

m Integrated Feature Set m Direct Addressing Capability to 1
— Enhanced 8086-2 CPU MByte of Memory and 64 KByte I/0
— Clock Generator ; : ;
® Compietely Object Code Compatible
“'g Independent, High-Speed DMA with All Existing 8086, 8088 Software
hannels — 10 New Instruction Types
— Programmable interrupt Controller
— 3 Programmable 16-bit Timers m Complete System Development
— Programmable Memory and Support
Peripheral Chip-Select Logic — Development Software; Assembier,
— Programmable Wait State Generator PL/M, Pascal, Fortan, and System
— Local Bus Controller :Jt'gt}es Emulator (IZICETM.186
Available in 12.5 MHz (80186-12), — In-Circult-Emulator (I*ICETH-186)
10 MHz (80186-10) and 8 MHz (80186) ® High Performance Numerical
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The Intel 80186 is a highly integrated 16-bit microprocessor. The 80186 effectively combines 15-20 of the
most common 8086 system components onto one. The 80186 provides two times greater throughput than the
standard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new
instruction types to the existing set.
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Figure 2. 80186 Pinout Diagrams
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Table 1. 80186 Pin Description *

Symbol

Pin No.

Type

Name and Function

Vee Ve

9,43

System Power: + 5 voit power supply.

Vss, Vss

26, 60

System Ground.

RESET

57

0

Reset Output indicates that the 80186 CPU is being reset, and can
be used as a system reset. It is active HIGH, synchronized with the
processor clock, and lasts an integer number of clock periods
corresponding to the length of the RES signal.

X1, X2

59, 58

Crystal Inputs, X1 and X2, provide an external connection for a
fundamental mode parallel resonant crystal for the internal crystal
oscillator. X1 can interface to an external clock instead of a crystal.
In this case, minimize the capacitance on X2 or drive X2 with
complemented X1. The input or oscillator frequency is internally
divided by two to generate the clock signal (CLKOUT).

CLKOUT

56

Clock Output provides the system with a 50% duty cycle waveform.
All device pin timings are specified relative to CLKOUT. CLKOUT
has sufficient MOS drive capabilities for the 8087 Numeric
Processor Extension.

|

s
m
(72

24

System Reset causes the 80186 to immediately terminate its
present activity, clear the internal logic, and enter a dormant state.
This signal may be asynchronous to the 80186 clock. The 80186
begins fetching instructions approximately 7 clock cycles after RES
is returned HIGH. RES is required to be LOW for greater than 4
clock cycles and is internally synchronized. For proper initialization,
the LOW-to-HIGH transition of RES must occur no sooner than 50
microseconds after power up. This input is provided with a Schmitt-
trigger to facilitate power-on RES generation via an RC network.
When RES occurs, the 801886 will drive the status lines to an
inactive level for one clock, and then tri-state them.

47

TEST is examined by the WAIT instruction. If the TEST input is
HIGH when “WAIT” execution begins, instruction execution will
suspend. TEST will be resampled until it goes LOW, at which time
execution will resume. If interrupts are enabled while the 80186 is
waiting for TEST, interrupts will be serviced. This input is
synchronized internally.

TMRINO,
TMRIN1

20
21

Timer Inputs are used either as clock or control signals, dependlng
upon the programmed timer mode. These inputs are active HIGH
(or LOW-to-HIGH transitions are counted) and internally
synchronized.

TMR OUT 0,
TMR OUT 1

22
23

Timer outputs are used to provide single pulse or continous
waveform generation, depending upon the timer mode selected.

DRQO
DRQ1

18
19

DMA Request is driven HIGH by an external device when it desires
that a DMA channel (Channel 0 or 1) perform a transfer. These
signals are active HIGH, level-triggered, and internally
synchronized.

NMI

46

Non-Maskable Interrupt is an edge-triggered input which causes a
type 2 interrupt. NMI is not maskable internally. A transition from a
LOW to HIGH initiates the interrupt at the next instruction boundary.
NMI is latched internally. An NMI duration of one clock or more will
guarantee service. This input is internally synchronized.

INTO, INTH
INT2/INTAQ
INT3/INTA1

45, 44
42
41

1/0
170

Maskable Interrupt Requests can be requested by strobing one of
these pins. When configured as inputs, these pins are active HIGH.
Interrupt Requests are synchronized internally. INT2 and INT3 may
be configured via software to provide active-LOW interrupt-
acknowledge output signals. All interrupt inputs may be configured
via software to be either edge- or level-triggered. To ensure
recognition, all interrupt requests must remain active until the
interrupt is acknowledged. When iRMX mode is selected, the
function of these pins changes (see Interrupt Controller section of
this data sheet).
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Table 1. 80186 Pin Description (Continued)

Symbol

Type

Name and Function

A19/86,
A18/S5,
A17/84,
A16/S3

O0O0O0

Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the
four most significant address bits during T1. These signals are active
HIGH. During T, T3, Tw, and T4, status information is available on
these lines as encoded below:

Low High

S6 Processor Cycle DMA Cycle

S3, S4, and S5 are defined as LOW during To-T4.

AD15-ADO

110

Address/Data Bus (0-15) signals constitute the time multiplexed
memory or I/0 address (T4) and data (Tp, T3, Tw, and T4) bus. The
bus is active HIGH. Ag is analogous to BHE for the lower byte of the
data bus, pins D7 through Dg. It is LOW during T1 when a byte is to
be transferred onto the lower portion of the bus in memory or |/0
operations.

64

During T4 the Bus High Enable signal should be used to determine if
data is to be enabled onto the most significant half of the data bus;
pins D15-Dg. BHE is LOW during T4 for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the higher
half of the bus. The S7 status information is available during T, T3,
and T4. Sy is logically equivalent to BHE. The signal is active LOW,
and is tristated OFF during bus HOLD.

BHE and AC Encodings

= . T PP T - .
BHE Vaiue AU Vaiue runciion

v

0 0 Word Transfer

0 1 Byte Transfer on upper half of
data bus (D15-D8)

1 0 Byte Transfer on lower half of
data bus (D7-Dg)

1 1 Reserved

ALE/QS0O

61

Address Latch Enable/Queue Status 0 is provided by the 80186 to
latch the address into the 8282/8283 address latches. ALE is active
HIGH. Addresses are guaranteed to be valid on the trailing edge of
ALE. The ALE rising edge is generated off the rising edge of the
CLKOUT immediately preceding T4 of the associated bus cycle,
effectively one-half clock cycle earlier than in the standard 8086. The
trailing edge is generated off the CLKOUT rising edge in T1 as in the
8086. Note that ALE is never floated.

WR/QS1

63

Write Strobe/Queue Status 1 indicates that the data on the busiis to
be written into a memory or an /0 device. WR is active for T, T3,
and Ty of any write cycle. It is active LOW, and floats during
“HOLD.” It is driven HIGH for one clock during Reset, and then
floated. When the 80186 is in queue status mode, the ALE/QS0 and
WR/QSH1 pins provide information about processor/instruction
queue interaction.

QS1 QSo Queue Operation
0 0 No gueue operation
0 1 First opcode byte fetched from
the queue
1 1 Subsequent byte fetched from
the queue
1 i 0 Empty the queue
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Table 1. 80186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

g
<
Ol
(]
<
)

62

.0

Read Strobe indicates that the 80186 is performing a memory or I/0
read cycle. RD is active LOW for Ty, T3, and Ty of any read cycle. It
is guaranteed not to go LOW in T until after the Address Bus is
floated. RD is active LOW, and floats during “HOLD”. RD is driven
HIGH for one clock during Reset, and then the output driver is
floated. A weak internal pull-up mechanism of the RD line holds it
HIGH when the line is not driven. During RESET the pin is sampled
to determine whether the 80186 should provide ALE, WR and RD, or
if the Queue-Status should be provided. RD should be connected to
GND to provide Queue-Status data.

ARDY

55

Asynchronous Ready informs the 80186 that the addressed memory
space or I/0 device will complete a data transfer. The ARDY input
pin will accept an asynchronous input, and is active HIGH. Only the
rising edge is internally synchronized by the 80186. This means that
the falling edge of ARDY must be synchronized to the 80186 clock. If
connected to Vg, no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active to terminate a
bus cycle. If unused, this line should be tied LOW.

SRDY

49

Synchronous Ready must be synchronized externally to the 80186.
The use of SRDY provides a relaxed system-timing specification on
the Ready input. This is accomplished by eliminating the one-half
clock cycle which is required for internally resolving the signal level
when using the ARDY input. This line is active HIGH. If this line is
connected to Vg, no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active before a bus
cycle is terminated. If unused, this line should be tied LOW.

48

LOCK output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK
signal is requested by the LOCK prefix instruction and is activated at
the beginning of the first data cycle associated with the instruction
following the LOCK prefix. It remains active until the completion of
the instruction following the LOCK prefix. No prefetches will occur
while LOCK is asserted. When executing more than one LOCK
instruction, always make sure there are 6 bytes of code between the
end of the first LOCK instruction and the start of the second LOCK
instruction. LOCK is active LOW, is driven HIGH for one clock during
RESET, and then floated.

52-54

Bus cycle status SO-S2 are encoded to provide bus-transaction
information:

80186 Bus Cycle Status Information

s2 S S0 Bus Cycle Initiated
0 0 0 Interrupt Acknowledge
0 0 1 Read I/0
0 -1 0 Write 1710
0 1 1 Halt
1 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive (no bus cycle)

The status pins float during “HOLD.” _ _
S2 may be used as a logical M/IO indicator, and S1 as a DT/R
indicator.

The status lines are driven HIGH for one clock during Reset, and
then floated until a bus cycle begins.
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Table 1. 80186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

HOLD (input)
HLDA (output)

50
51

|
O

HOLD indicates that another bus master is requesting the local bus.
The HOLD input is active HIGH. HOLD may be asynchronous with
respect to the 80186 clock. The 80186 will issue a HLDA (HIGH) in
response to a HOLD request at the end of T4 or T4. Simultaneous
with the issuance of HLDA, the 80186 will float the local bus and
control lines. After HOLD is detected as being LOW, the 80186 will
lower HLDA. When the 80186 needs to run another bus cycle, it will
again drive the local bus and control lines.

34

Upper Memory Chip Select is an active LOW output whenever a
memory reference is made to the defined upper portion (1K-256K
block) of memory. This line is not floated during bus HOLD. The
address range activating UCS is software programmable.

33

Lower Memory Chip Select is active LOW whenever a memory
reference is made to the defined lower portion {1K-256K) of
memory. This line is not floated during bus HOLD. The address
range activating LCS is software programmable.

38, 37, 36, 35

Mid-Range Memory Chip Select signals are active LOW when a
memory reference is made to the defined mid-range portion of
memory (8K-512K). These lines are not floated during bus HOLD.
The address ranges activating MCS0-3 are software
programmable.

PCSO
PCS1-4

25

27,28, 29, 30

Peripheral Chip Select signals 0-4 are active LOW when a
reference is made to the defined peripheral area (64K byte 170
space). These lines are not floated during bus HOLD. The address
ranges activating PCS0-4 are software programmable.

PCS5/A1

31

Peripheral Chip Select 5 or Latched. A1 may be programmed to
provide a sixth peripheral chip select, or to provide an internally
latched A1 signal. The address range activating PCS5 is software
programmable. When programmed to provide latched. A1, rather
than PCSS5, this pin will retain the previously latched value of A1
during a bus HOLD. A1 is active HIGH.

PCS6/A2

32

Peripheral Chip Select 6 or Latched A2 may be programmed to
provide a seventh peripheral chip select, or to provide an internally
latched A2 signal. The address range activating PCS6 is software
programmable. When programmed to provide latched A2, rather
than PCSS, this pin will retain the previously latched value of A2
during a bus HOLD. A2 is active HIGH.

DT/R

40

Data Transmit/Receive controls the direction of data flow through
the external 8286/8287 data bus transceiver. When LOW, data is
transferred to the 80186. When HIGH the 80186 places write data
on the data bus.

O
m
p=d

39

Data Enable is provided as an 8286/8287 data bus transceiver
output enable. DEN is active LOW during each memory and I/0
access. DEN is H!GH whenever DT/R changes state.
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FUNCTIONAL DESCRIPTION

Inti'oduction

The following Functional Description describes the
base architecture of the 80186. This architecture is
common to the 8086, 8088, and 80286 microproces-

sor families as well. The 80186 is a very high inte--

gration 16-bit microprocessor. It combines 15-20 of
the most common microprocessor system compo-
nents onto one chip while providing twice the per-
formance of the standard 8086. The 80186 is object
code compatible with the 8086/8088 microproces-
sors and adds 10 new instruction types to the exist-
ing 8086/8088 instruction set.

80186 BASE ARCHITECTURE

The 8086, 8088, 80186, and 80286 family all contain
the same basic set of registers, instructions, and ad-
dressing modes. The 80186 processor is upward
compatible with the 8086, 8088, and 80286 CPUs.

Register Set

The 80186 base architecture has fourteen registers
as shown in Figures 3a and 3b. These registers are
grouped into the following categories.

General Registers

Eight 16-bit general purpose registers may be used
to contain arithmetic and logical operands. Four of
these (AX, BX, CX, and DX) can be used as 16-bit
registers or split into pairs of separate 8-bit registers.

Segment Registers

Four 16-bit special purpose registers select, at any
given time, the segments of memory that are imme-
diately addressable for code, stack, and data. (For
usage, refer to Memory Organization.)

Base and Index Registers

Four of the general purpose registers may also be
used to determine offset addresses of operands in
memory. These registers may contain base address-
es or indexes to particular locations within a seg-
ment. The addressing mode selects the specific reg-
isters for operand and address calculations.

Status and Control Registers

Two 16-bit special purpose registers record or alter
certain aspects of the 80186 processor state. These
are the Instruction Pointer Register, which contains
the offset address of the next sequential instruction
to be executed, and the Status Word Register, which
contains status and control flag bits (see Figures 3a
and 3b).

Status Word Description

The Status Word records specific characteristics of
the result of logical and arithmetic instructions (bits
0, 2, 4, 6, 7, and 11) and controls the operation of
the 80186 within a given operating mode (bits 8, 9,
and 10). The Status Word Register is 16-bits wide.
The function of the Status Word bits is shown in
Table 2.

16-8IT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0
ADRESSABLE o AL MULTIPLY/DIVIDE
1/0 INSTRUCTIONS
@®BIT ox|  on o
REGISTER
NAMES
SHOWN) cx| oH cL } LOOP/SHIFT/REPEAT/COUNT
8X BH BL
BASE REGISTERS
8P
si
INDEX REGISTERS
DI
SP } STACK POINTER
15 o
GENERAL
REGISTERS

15 0
cs CODE SEGMENT SELECTOR
DS DATA SEGMENT SELECTOR
ss STACK SEGMENT SELECTOR
ES EXTRA SEGMENT SELECTOR
SEGMENT REGISTERS
15 ]
F STATUS WORD
P INSTRUCTION POINTER

STATUS AND CONTROL
REGISTERS

Figure 3a. 80186 General Purpose Register Set
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SIGN
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CONTROL FLAGS:
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INTERRUPT ENABLE

\\\\\‘ INTEL RESERVED

DIRECTION FLAG

210451-4

Figure 3b. Status Word Format

Table 2. Status Word Bit Functions

Bit
Position

Name

Function

0

CF

Carry Flag—Set on high-order
bit carry or borrow; cleared
otherwise

PF

Parity Flag—Set if low-order 8
bits of result contain an even
number of 1-bite; cleared

otherwise

AF

Set on carry from or borrow to
the low order four bits of AL;
cleared otherwise

ZF

Zero Flag—Set if result is zero;

cleared otherwise

SF

Sign Flag—Set equal to high-
order bit of result (0 if positive,
1 if negative)

TF

Single Step Flag—Once set, a
single step interrupt occurs
after the next instruction
executes. TF is cleared by the
single step interrupt.

Interrupt-enable Flag—When
set, maskable interrupts will
cause the CPU to transfer
control to an interrupt vector
specified location.

10

DF

Direction Flag—Causes string
instructions to auto decrement
the appropriate index register

when set. Clearing DF causes
auto increment.

11

OF

Overflow Flag—Set if the
signed result cannot be
expressed within the number
of bits in the Aestination
operand; cleared otherwise

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string
manipulation, control transfer, high-level instruc-
tions, and processor control. These categories are
summarized in Figure 4.

An 80186 instruction can reference anywhere from
zero to several operands. An operand can reside in
a iegisier, in the instruction itsell, o in memory. Spe-
cific operand addressing modes are discussed later
in this data sheet.

Memory Organization

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K
(216) 8-bit bytes. Memory is addressed using a two-
component address (a pointer) that consists of a 16-
bit base segment and a 16-bit offset. The 16-bit
base values are contained in one of four internal
segment register (code, data, stack, extra). The
physical address is calculated by shifting the base
value LEFT by four bits and adding the 16-bit offset
value to yield a 20-bit physical address (see Figure
5). This allows for a 1 MByte physical address size.

All instructions that address operands in memory
must specify the base segment and the 16-bit offset
value. For speed and compact instruction encoding,
the segment register used for physical address gen-
eration is implied by the addressing mode used (see
Table 3). These rules follow the way programs are
written (see Figure 6) as independent modules that
require areas for code and data, a stack, and access
to external data areas.

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
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GENERAL PURPOSE MOVS Move byte or word string
Mov Move byte or word INS Input bytes or word string
PUSH Push word onto stack OuUTS Output bytes or word string
POP Pop word Of'f stack CMPS Compare byte or word string
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers from stack "
XCHG Exchange byte or word LODS Load byte or word string
XLAT Translate byte STOS Store byte or word string
INPUT/OUTPUT REP Repeat.
IN Input byte or word REPE/REPZ Repeat while equal/zero
ouT Output byte or word REPNE/REPNZ Repeat while not equal/not zero
ADDRESS OBJECT . LOGICALS
LEA Load effective address NOT “Not” byte or word
LDS Load pointer using DS AND ::And" F)yte or word
LES Load pointer using ES OR Inclus|Ye or” byte or word
XOR “Exclusive or”’ byte or word
FLAG TRANSFER TEST “Test” byte or word
LAHF Load AH register from flags SHIFTS
SAHF Store AH register in flags SHL/SAL | Shift logical/arithmetic left byte or word
PUSHF Push flags onto stack SHR Shift logical right byte or word
POPF Pop flags off stack SAR Shift arithmetic right byte or word
ADDITION ROTATES
ADD Add byte or word ROL Rotate left byte or word
ADC Add byte or word with carry ROR Rotate right byte or word
INC increment byte or word by 1 RCL Rotate through carry I‘eft byte or word
AAA ASCIl adjust for addition RCR Rotate through carry right byte or word
DAA Decimal adjust for addition FLAG OPERATIONS
SUBTRACTION STC Set carry flag
SuB Subtract byte or word cLe Clear carry flag
SBB Subtract byte or word with borrow oMo Com;.JIem.ent carry flag
DEC Decrement byte or word by 1 STD Set dlr?CtIOfl flag
NEG Negate byte or word CLD CIeaTr direction flag
cMP Compare byte or word STI Set interrupt enable flag
AAS ASCI| adjust for subtraction cu Clear interrupt enable flag
DAS Decimal adjust for subtraction EXTERNAL'stCHRONIZAT'ON
MULTIPLICATION HLT Hal't untll_rrie_rruf)t or r.eset
MUL Multiply byte or word unsigned WAIT Wait for TEST pm. active
j - ESC Escape to extension processor
IMUL Integer multiply byte or word - - -
AAM ASCHl adjust for multiply LOCK Lock bus during next instruction
DIVISION NO O.PERAT|ON
DIV Divide byte or word unsigned NOP No operation
— HIGH LEVEL INSTRUCTIONS
IDIV Integer divide byte or word
AAD ASCIl adjust for division ENTER Format stack for procedure entry
CBW Convert byte to word LEAVE Restore stack for prf:cedure e.xn
CWD Convert word to doubleword BOUND Detects values outside prescrlbeq range

Figure 4. 80186 Instruction Set
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CONDITIONAL TRANSFERS JO Jump if overflow
JA/JNBE Jump if above/not below nor equal JP/JPE Jump if parity/parity even
JAE/JNB Jump if above or equal/not below JS Jump if sign
JB/JNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS
JBE/JNA Jump if below or equal/not above CALL Call procedure
JC Jump if carry RET Return from procedure
JE/JZ Jump if equal/zero JMP Jump
JG/JNLE Jump if greater/not less nor equal ITERATION CONTROLS
JGE/JNL Jump if greater or equal/not less LOOP Loop
JL/INGE Jump if less/not greater nor equal LOOPE/LOOPZ Loop if equal/zero
JLE/JING Jump if less or equai/not greater LOOPNE/LOOPNZ Loop if not equal/not zero
JNC Jump if not carry JCXZ Jump if register CX = 0
JNE/JINZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow INT Interrupt
JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow
JNS Jump if not sign IRET Interrupt return

Figure 4. 80186 Instruction Set (Continued)

To access operands that do not reside in one of the
four immediately available segments, a full 32-bit

nointer can be ueed to reload both the base (eeg-

ment) and offset values.

SHIFT LEFT 4 BITS

i

TO MEMORY

15

15

o

SEGMENT

BASE
LOGICAL
ADDRESS

o

PHYSICAL ADDRESS

210451-5

Figure 5. Two Component Address

Table 3. Segment Register Selection Rules

Memory | Segment i

Reference | Register In;p:|c|:.8eg;1?nt

Needed | Used election Rule

Instructions | Code (CS) | Instruction prefetch and
immediate data.

Stack Stack (SS) | All stack pushes and
pops; any memory
references which use BP
Register as a base
register.

External Extra (ES) | All string instruction

Data references which use

(Global) the Dl register as an
index.

Local Data | Data (DS) | All other data references.
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Addressing Modes

The 80186 provides eight categories of addressing
modes to specify operands. Two addressing modes
are provided for instructions that operate on register
or immediate operands:

© Register Operand Mode: The operand is located
in one of the 8- or 16-bit general registers.

® /mmediate Operand Mode: The operand is in-
cluded in the instruction.

Six modes are provided to specify the location of an
operand in @ memory segment. A memory operand
address consists of two 16-bit components: a seg-
ment base and an offset. The segment base is sup-
plied by a 16-bit segment register either implicitly
chosen by the addressing mode or explicitly chosen
by a segment override prefix. The offset, also called
the effective address, is calculated by summing any
combination of the following three address ele-
ments:

® the disp/lacement (an 8- or 16-bit immediate value
contained in the instruction);

e the base (contents of either the BX or BP base
registers); and

¢ the index (contents of either the S| or DI index
registers).

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
values.

Combinations of these three address elements de-
fine the six memory addressing modes, described
below.

® Direct Mode: The operand’s offset is contained in
the instruction as an 8- or 16-bit displacement el-
ement.

® Register Indirect Mode: The operand’s offset is in
one of the registers SI, DI, BX, or BP.

® Based Mode: The operand’s offset is the sum of
an 8- or 16-bit displacement and the contents of
a base register (BX or BP).

® /ndexed Mode: The operand’s offset is the sum
of an 8- or 16-bit displacement and the contents
of an index register (S| or D).

o Based Indexed Mode: The operand’s offset is the
sum of the contents of a base register and an
Index register.

® Based indexed Mode with Displacement: The op-
erand’s offset is the sum of a base register’s con-
tents, an index register’s contents, and an 8- or
16-bit displacement.
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Data Types

The 80186 directly supports the following data

types:

® Integer: A signed binary numeric value contained
in an 8-bit byte or a 16-bit word. All operations
assume a 2's complement representation.
Signed 32- and 64-bit integers are supported us-
ing the 80186/20 Numeric Data Processor.

® Ordinal: An unsigned binary numeric value con-
tained in an 8-bit byte or a 16-bit word.

® Pointer: A 16- or 32-bit quantity, composed of a
16-bit offset component or a 16-bit segment base
component in addition to a 16-bit offset compo-
nent.

e String: A contiguous sequence of bytes or words.
A string may contain from 1 to 64K bytes.

® ASCII: A byte representation of alphanumeric and
control characters using the ASCIl standard of
character representation.

e BCD: A byte (unpacked) representation of the
decimal digits 0-9.

® Packed BCD: A byte (packed) representation of
two decimal digits (0-9). One digit is stored in
each nibble (4-bits) of the byte.

® Floating Point: A signed 32-, 64-, or 80-bit real
number representation. (Floating point operands
are supported using the 80186/20 Numeric Data
Processor configuration.)

In general, individual data elements must fit within
defined segment limits. Figure 7 graphically repre-
sents the data types supported by the 80186.

I/0 Space

The 1/0 space consists of 64K 8-bit or 32K 16-bit
ports. Separate instructions address the /0 space
with either an 8-bit port address, specified in the in-
struction, or a 16-bit port address in the DX register.
8-bit port addresses are zero extended such that
Ais—Ag are LOW. /O port addresses O0OF8(H)
through O0OFF(H) are reserved.

Interrupts

An interrupt transfers execution to a new program
location. The old program address (CS:IP) and ma-
chine state (Status Word) are saved on the stack to
allow resumption of the interrupted program. Inter- -
rupts fall into three classes: hardware initiated, INT
instructions, and instruction exceptions. Hardware
initiated interrupts occur in response to an external
input and are classified as non-maskable or maska-
ble.
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Figure 7. 80186 Supported Data Types

Programs may cause an interrupt with an INT in-
struction. Instruction exceptions occur when an un-
usual condition, which prevents further instruction
processing, is detected while attempting to execute
an instruction. If the exception was caused by exe-
cuting an ESC instruction with the ESC trap bit set in
the relocation register, the return instruction will
point to the ESC instruction, or to the segment over-
ride prefix immediately preceding the ESC instruc-
tion if the prefix was present. In all other cases, the

3-63

return address from an exception will point at the
instruction immediately following the instruction
causing the exception.

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt. In-
terrupts 0-31, some of which are used for instruc-
tion exceptions, are reserved. Table 4 shows the
80186 predefined types and default priority levels.
For each interrupt, an 8-bit vector must be supplied
to the 80186 which identifies the appropriate table
entry. Exceptions supply the interrupt vector inter-
nally. In addition, internal peripherals and noncas-
caded external interrupts will generate their own
vectors through the internal interrupt controller. INT
instructions contain or imply the vector and allow
access to all 256 interrupts. Maskable hardware ini-
tiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence.
Non-maskable hardware interrupts use a predefined
internally supplied vector.

interrupt Sources

The 80186 can service interrupts generated by soft-
ware or hardware. The software interrupts are gen-

mwndad ba: amaaifia i
Giawwu vy vpCuiine

OP, etc.) or the results of conditions specified by
instructions (array bounds check, INTO, DIV, IDIV,
etc.). All interrupt sources are serviced by an indirect
call through an element of a vector table. This vector
table is indexed by using the interrupt vector type
(Table 4), multiplied by four. All hardware-generated
interrupts are sampled at the end of each instruc-
tion. Thus, the software interrupts will begin service
first. Once the service routine is entered and inter-
rupts are enabled, any hardware source of sufficient
priority can interrupt the service routine in progress.

-
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The software generated 80186 interrupts are de-
scribed below.

DIVIDE ERROR EXCEPTION (TYPE 0)

Generated when a DIV or IDIV instruction quotient
cannot be expressed in the number of bits in the
destination.

SINGLE-STEP INTERRUPT (TYPE 1)

Generated after most instructions if the TF flag is
set. Interrupts will not be generated after prefix in-
structions (e.g., REP), instructions which modify seg-
ment registers (e.g., POP DS), or the WAIT instruc-
tion.

NON-MASKABLE INTERRUPT—NMI (TYPE 2)

An external interrupt source which cannot be
masked.



intel

80186

Table 4. 80186 Interrupt Vectors

Interrupt Vector | Defauit Related
Name Type | Priority | Instructions
Divide Error 0 *1 DIV, IDIV
Exception
Single Step 1 12**2 [All
Interrupt
NMI 2 1 All
Breakpoint 3 *1 INT
Interrupt
INTO Detected 4 *1 INTO
Overflow
Exception
Array Bounds 5 *1 | BOUND
Exception
Unused-Opcode 6 *1 Undefined
Exception Opcodes
ESC Opcode 7 *{1*** | ESC Opcodes
Exception
Timer O Interrupt 8 2A****
Timer 1 Interrupt| 18 | 2B****
Timer 2 Interrupt| 19 | 2C****
Reserved 9 3
DMA 0 interrupt 10 4
DMA 1 Interrupt 11 5
INTO Interrupt 12 6
INT1 Interrupt 13 7
INT2 Interrupt 14 8
INT3 Interrupt 15 9
NOTES:

*1. These are generated as the result of an instruction exe-
cution.

**2. This is handled as in the 8086.

****3 All three timers constitute one source of request to
the interrupt controller. The Timer interrupts all have the
same default priority level with respect to all other interrupt
sources. However, they have a defined priority ordering
amongst themselves. (Priority 2A is higher priority than 2B.)
Each Timer interrupt has a separate vector type number.
4, Default priorities for the interrupt sources are used only if
the user does not program each source into a unique prior-
ity level.

***5. An escape opcode will cause a trap only if the proper
bit is set in the peripheral control block relocation register.

BREAKPOINT INTERRUPT (TYPE 3)

A one-byte version of the INT instruction. It uses 12
as an index into the service routine address table
(because it is a type 3 interrupt).

INTO DETECTED OVERFLOW EXCEPTION
(TYPE4)

Generated during an INTO instruction if the OF bit is
set.

ARRAY BOUNDS EXCEPTION (TYPE 5)

Generated during a BOUND instruction if the array
index is outside the array bounds. The array bounds
are located in memory at a location indicated by one
of the instruction operands. The other operand indi-
cates the value of the index to be checked.

UNUSED OPCODE EXCEPTION (TYPE 6)

Generated if execution is attempted on undefined
opcodes.

ESCAPE OPCODE EXCEPTION (TYPE 7)

Generated if execution is attempted of ESC opcodes
(D8H-DFH). This exception will only be generated if
a bit in the relocation register is set. The return ad-
dress of this exception will point to the ESC instruc-
tion causing the exception. If a segment override
prefix preceded the ESC instruction, the return ad-
dress will point to the segment override prefix.

Hardware-generated interrupts are divided into two
groups: maskable interrupts and non-maskable in-
terrupts. The 80186 provides maskable hardware in-
terrupt request pins INTO-INT3. In addition, maska-
ble interrupts may be generated by the 80186 inte-
grated DMA controller and the integrated timer unit.
The vector types for these interrupts is shown in Ta-
ble 4. Software enables these inputs by setting the
interrupt flag bit (IF) in the Status Word. The inter-
rupt controller is discussed in the peripheral section
of this data sheet.

Further maskable interrupts are disabled while serv-
icing an interrupt because the IF bit is reset as part
of the response to an interrupt or exception. The
saved Status Word will reflect the enable status of
the processor prior to the interrupt. The interrupt flag
will remain zero unless specifically set. The interrupt
return instruction restores the Status Word, thereby
restoring the original status of IF bit. If the interrupt
return re-enables interrupts, and another interrupt is
pending, the 80186 will immediately service the
highest-priority interrupt pending, i.e., no instructions
of the main line program will be executed.

Non-Maskable Interrupt Request (NMI)

A non-maskable interrupt (NMI) is also provided.
This interrupt is serviced regardless of the state of
the IF bit. A typical use of NMI would be to activate a
power failure routine. The activation of this input
causes an interrupt with an internally supplied vector
value of 2. No external interrupt acknowledge se-
quence is performed. The IF bit is cleared at the
beginning of an NMI interrupt to prevent maskable
interrupts from being serviced.

3-64



intel

80186

Single-Step Interrupt

The 80186 has an internal interrupt that allows pro-
grams to execute one instruction at a time. it is
called the single-step interrupt and is controlled by
the single-step flag bit (TF) in the Status Word. Once
this bit is set, an internal single-step interrupt will
occur after the next instruction has been executed.
The interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET.instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single-stepped.

Initialization and Processor Reset

Processor initialization or startup is accomplished by
driving the RES input pin LOW. RES forces the
80186 to terminate all execution and local bus activi-
ty. No instruction or bus activity will occur as long as
RES is active. After RES becomes inactive and an
internal processing interval elapses, the 80186 be-
gins execution with the instruction at physical loca-
tion FFFFO(H). RES also sets some registers to pre-
defined values as shown in Table 5.

Table 5. 80186 Initial Register State after RESET

Status Word FO02(H)
Instruction Pointer 0000(H)
Code Segment FFFF(H)
Data Segment 0000(H)
Extra Segment 0000(H)
Stack Segment 0000(H)
Relocation Register 20FF(H)
UMCS FFFB(H)

80186 CLOCK GENERATOR

The 80186 provides an on-chip clock generator for
both internal and external clock generation. The
clock generator features a crystal oscillator, a divide-
by-two counter, synchronous and asynchronous
ready inputs, and reset circuitry.

Oscillator

The oscillator circuit of the 80186 is designed to be
used with a parallel resonant fundamental mode
crystal. This is used as the time base for the 80186.
The crystal frequency selected will be double the
CPU clock frequency. Use of an LC or RC circuit is
not recommended with this oscillator. If an external
oscillator is used, it can be connected directly to in-
put pin X1 in lieu of a crystal. The output of the oscil-
lator is not directly available outside the 80186. The
recommended crystal configuration is shown in Fig-
ure 8.

-
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80186-12 (12.5 MHz)| 25
80186-10 (10 MHz)| 20
80186 (8 MHz)| 16

Figure 8. Recommended 80186
Crystal Configuration

The following parameters may be used for choosing
a crystal:

Temperature Range: 0to 70°C
ESR (Equivalent Series Resistance): 300 max
Co (Shunt Capacitance of Crystal): 7.0 pf max
C4 (load Capacitance): 20 pf = 2 pf
Drive Level: 1 mw max

Clock Cenerater

The 80186 clock generator provides the 50% duty
cycle processor clock for the 80186. It does this by
dividing the oscillator output by 2 forming the sym-
metrical clock. If an external oscillator is used, the
state of the clock generator will change on the fall-
ing edge of the oscillator signal. The CLKOUT pin
provides the processor clock signal for use outside
the 80186. This may be used to drive other system
components. All timings are referenced to the output
clock.

READY Synchronization

The 80186 provides both synchronous and asyn-
chronous ready inputs. Asynchronous ready syn-
chronization is accomplished by circuitry which sam-
ples ARDY in the middle of T, T3 and again in the
middle of each Ty until ARDY is sampled HIGH.
One-half CLKOUT cycle of resolution time is used.
Full synchronization is performed only on the rising
edge of ARDY, i.e., the falling edge of ARDY must
be synchronized to the CLKOUT signal if it will occur
during Tp, T3, or Tw. High-to-LOW transitions of
ARDY must be performed synchronously to the CPU
clock.

A second ready input (SRDY) is provided to inter-
face with externally synchronized ready signals. This
input is sampled at the end of T, T3 and again at
the end of each Ty until it is sampled HIGH. By
using this input rather than the asynchronous ready
input, the half-clock cycle resolution time penalty is
eliminated.
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This input must satisfy set-up and hold times to guar-
antee proper operation of the circuit.

In addition, the 80186, as part of the integrated chip-
select logic, has the capability to program WAIT
states for memory and peripheral blocks. This is dis-
cussed in the Chip Select/Ready Logic description.

RESET Logic

The 80186 provides both a RES input pin and a syn-
chronized RESET_pin for use with other system
components. The RES input pin on the 80186 is pro-
vided with hysteresis in order to facilitate power-on
Reset generation via an RC network. RESET is
guaranteed to remain active for at least five clocks
given a RES input of at least six clocks. RESET may
be delayed up to two and one-half clocks behind
RES.

Multiple 80186 processors may be synchronized
through the RES input pin, since this input resets
both the processor and divide-by-two internal coun-
ter in the clock generator. In order to insure that the
divide-by-two counters all begin counting at the
same time, the active going edge of RES must satis-
fy a 25 ns setup time before the falling edge of the
80186 clock input. In addition, in order to insure that
all CPUs begin executing in the same clock cycle,
the reset must satisfy a 25 ns setup time before the
rising edge of the CLKOUT signal of all the proces-
sors.

LOCAL BUS CONTROLLER

The 80186 provides a local bus controller to gener-
ate the local bus control signals. In addition, it em-
ploys a HOLD/HLDA protocol for relinquishing the
local bus to other bus masters. It also provides con-
trol lines that can be used to enable external buffers
and to direct the flow of data on and off the local
bus.

Memory/Peripheral Control

The 80186 provides ALE, RD, and WR bus control
signals. The RD and WR signals are used to strobe
data from memory to the 80186 or to strobe data
from the 80186 to memory. The ALE line provides a
strobe to address latches for the multiplexed ad-
dress/data bus. The 80186 local bus controller does
not provide a memory/1/0 signal. If this is required,
the user will have to use the S2 signal (which will
require external latching), make the memory and I/0
spaces nonoverlapping, or use only the integrated
chip-select circuitry.
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Transceiver Control

The 80186 generates two control signals to be con-
nected to 8286/8287 transceiver chips. This capa-
bility allows the addition of transceivers for extra -
buffering without adding external logic. These con-
trol lines, DT/R and DEN, are generated to control
the flow of data through the transceivers. The opera-
tion of these signals is shown in Table 6.

Table 6. Transceiver Control Signals Description
Pin Name
DEN (Data Enable)

Function

Enables the output
drivers of the
transceivers. It is active
LOW during memory,
170, or INTA cycles.
Determines the direction
of travel through the
transceivers. A HIGH
level directs data away
from the processor
during write operations,
while a LOW level directs
data toward the
processor during a read

DT/R (Data Transmit/
Receive)

operation.

Local Bus Arbitration

The 80186 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus ex-
change mechanism. This means multiple masters
utilizing the same bus can operate at separate clock
frequencies. The 80186 provides a single HOLD/
HLDA pair through which all other bus masters may
gain control of the local bus. This requires external
circuitry to arbitrate which external device will gain
control of the bus from the 80186 when there is
more than one alternate local bus master. When the
80186 relinquishes control of the local bus, it floats
DEN, RD, WR, S0-S2, LOCK, ADO0-AD15,
A16-A19, BHE, and DT/R to allow another master
to drive these lines directly.

The 80186 HOLD latency time, i.e., the time be-
tween HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor
when the HOLD request is received. A HOLD re-
quest is the highest-priority activity request which
the processor may receive: higher than instruction
fetching or internal DMA cycles. However, if a DMA
cycle is in progress, the 80186 will complete the
transfer before relinquishing the bus. This implies
that if a HOLD request is received just as a DMA
transfer begins, the HOLD latency time can be as
great as 4 bus cycles. This will occur if a DMA word
transfer operation is taking place from an odd ad-
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dress to an odd address. This is a total of 16 clocks
or more, if WAIT states are required. In addition, if
locked transfers are performed, the HOLD latency
time will be increased by the length of the locked
transfer.

Local Bus Controller and Reset

Upon receipt of a RESET pulse from the RES input,

the local bus controller will perform the following ac-

tion:

¢ Drive DEN, RD, and WR HIGH for one clock cy-
cle, then float.

- NOTE:

RD is also provided with an internal pull-up device
to prevent the processor from inadvertently enter-
ing Queue Status mode during reset.

o Drive S0-S2 to the passive state (all HIGH) and
then float.

e Drive LOCK HIGH and then float.

* TRISTATE ADO-15, A16-19, BHE, DT/R.
e Drive ALE LOW (ALE is never floated).

e Drive HLDA LOW.

INTERNAL PERIPHERAL INTERFACE

All the 80186 integrated peripherals are controlled
via 16-bit registers contained within an internal 256-
byte control block. This control block may be
mapped into either memory or 1/0 space. Internal
logic will recognize the address and respond to the
bus cycle. During bus cycles to internal registers, the
bus controller_will signal the operation externally
(i.e., the RD, WR, status, address, data, etc., lines
will be driven as in a normal bus cycle), but D15_g,
SRDY, and ARDY will be ignored. The base address
of the control block must be on an even 256-byte
boundary (i.e., the lower 8 bits of the base address
are all zeros). All of the defined registers within this
control block may be read or written by the 80186
CPU at any time. The location of any register con-
tained within the 256-byte control block is deter-
mined by the current base address of the control
block.

The control block base address is programmed via a
16-bit relocation register contained within the control
block at offset FEH from the base address of the
control block (see Figure 9). It provides the upper 12
bits of the base address of the control block. The
control block is effectively an internal chip select
range and must abide by all the rules concerning
chip selects (the chip select circuitry is discussed
later in this data sheet). Any access to the 256 bytes
of the control block activates an internal chip select.

Other chip selects may overlap the control block
only if they are programmed to zero wait states and
ignore external ready. In addition, bit 12 of this regis-
ter determines whether the control block will be
mapped into 1/0 or memory space. If this bit is 1, the
control block will be located in memory space,
whereas if the bit is 0, the control block will be locat-
ed in 1/0O space. If the control register block is
mapped into I/0 space, the upper 4 bits of the base
address must be programmed as 0 (since 1/0 ad-
dresses are only 16 bits wide).

In addition to providing relocation information for the
control block, the relocation register contains bits
which place the interrupt controller into iRMX mode,
and cause the CPU to interrupt upon encountering
ESC instructions. At RESET, the relocation register
is set to 20FFH. This causes the control block to
start at FFOOH in 1/0 space. An offset map of the
256-byte control register block is shown in Figure
10.

The integrated 80186 peripherals operate semi-au-
tonomously from the CPU. Access to them for the
most part is via software read/write of the control
block. Most of these registers can be both read and
written. A few dedirated lines, siich as intqrrupfg and
DMA request provide real-time communication be-
tween the CPU and peripherals as in a more con-
ventional system utilizing discrete peripheral blocks.
The overall interaction and function of the peripheral
blocks has not substantially changed.

CHIP-SELECT/READY GENERATION
LOGIC

The 80186 contains logic which provides program-
mable chip-select generation for both memories and
peripherals. In addition, it can be programmed to
provide READY (or WAIT state) generation. It can
also povide latched address bits A1 and A2. The
chip-select lines are active for all memory and /0
cycles in their programmed areas, whether they be
generated by the CPU or by the integrated DMA unit.

Memory Chip Selects

The 80186 provides 6 memory chip select outputs
for 3 address areas; upper memory, lower memory,
and midrange memory. One each is provided for up-
per memory and lower memory, while four are pro-
vided for midrange memory.

The range for each chip select is user-programma-
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K,
128K (plus 1K and 256K for upper and lower chip
selects). In addition, the beginning or base address
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Relocation Address Bits R19-R8 ]

RMX = Master Interrupt Controller mode /IRMX compatibie Interrupt Controller(0/1)

Figure 10. internal Register Map

of the midrange memory chip select may also be
selected. Only one chip select may be programmed
to be active for any memory location at a time. All
chip select sizes are in bytes, whereas 80186 mem-
ory is arranged in words. This means that if, for ex-
ample, 16 64K x 1 memories are used, the memory
block size will be 128K, not 64K.

Upper Memory CS

The 80186 provides a chip select, called UCS, for
the top of memory. The top of memory is usually
used as the system memory because after reset the
80186 begins executing at memory location
FFFFOH.

Figure 9. Relocation Register

The upper limit of memory defined by this chip select
is always FFFFFH, while the lower limit is program-
mable. By programming the lower limit, the size of
the select block is also defined. Table 7 shows the
relationship between the base address selected and
the size of the memory block obtained.

Table 7. UMCS Programming Values

:;a:’rtmg Memory UMCS Value
ress Block (Assuming
(Base .

Address) Size RO=R1=R2=0)
FFCO00 1K FFF8H
FF800 . 2K FFB8H
FF000 4K FF38H
FEQ00 8K FE38H
FC000 16K FC38H
F8000 32K F838H
F0000 64K FO38H
E0000 128K EO38H
C0000 256K C038H

15 14 13 12 11 10
OFFSET: FEH [ ET [RMX] X [M710]
ET = ESC Trap / No ESC Trap (1/0)
M/10 = Register block located in Memory / 1/0 Space (1/0)
Interrupt Controller mode (0/1)
OFFSET
Relocation Register FEH
DAH
DMA Descriptors Channel 1
DOH
CAH
DMA Descriptors Channel 0
COH
A8H
Chip-Select Control Registers

AOH
66H

Time 2 Control Registers
60H
5EH

Time 1 Control Registers
58H
56H

Time 0 Control Registers
50H
3EH

Interrupt Controller Registers

20H

The lower limit of this memory block is defined in the
UMCS register (see Figure 11). This register is at
offset AOH in the internal control block. The legal
values for bits 6—-13 and the resulting starting ad-
dress and memory block sizes are given in Table 7.
Any combination of bits 6-13 not shown in Table 7
will result in undefined operation. After reset, the
UMCS register is programmed for a 1K area. It must
be reprogrammed if a larger upper memory area is
desired. .

Any internally generated 20-bit address whose up-
per 16 bits are greater than or equal to UMCS (with
bits 0-5 ““0"") will cause UCS to be activated. UMCS
bits R2-R0 are used to specify READY mode for the
area of memory defined by this chip-select register,
as expiained below.

Lower Memory CS

The 80186 provides a chip select for low memory
called LCS. The bottom of memory contains the in-
terrupt vector table, starting at location 0C000H.

3-68



intel

80186

The lower limit of memory defined by this chip select
is always OH, while the upper limit is programmable.
By programming the upper limit, the size of the
memory block is also defined. Table 8 shows the
relationship between the upper address selected
and the size of the memory block obtained.

Table 8. LMCS Programming Values

Upper Memory LMCS Value

Address Block (Assuming
Size RO=R1=R2=0)

003FFH 1K 0038H
007FFH 2K 0078H
O0OFFFH 4K 00F8H
01FFFH 8K 01F8H
03FFFH 16K 03F8H
07FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FF8H

The upper limit of this memory block is defined in the
LMCS register (see Figure 12). This register is at
offset A2H in the internal control block. The legal
valites for hita R—15 and tha reculting unner addrece
and memory block sizes are given in Table 8. Any
combination of bits 6-15 not shown in Table 8 will
result in undefined operation. After reset, the LMCS
register value is undefined. However, the LCS chip-
select line will not become active until the LMCS
register is accessed.

Any internally generated 20-bit address whose up-
per 16 bits are less than or equal to LMCS (with bits
0-5 ““1”") will cause LCS to be active. LMCS register
bits R2-R0 are used to specify the READY mode for
the area of memory defined by this chip-select regis-
ter.

Mid-Range Memory CS

The 80186 provides four MCS lines which are active
within a user-locatable memory block. This block
can be located anywhere within the 80186 1M byte
memory address space exclusive of the areas de-
fined by UCS and LCS. Both the base ad-

dress and size of this memory block are programma-
ble.

The size of the memory block defined by the mid-
range select lines, as shown in Table 9, is deter-
mined by bits 8—14 of the MPCS register (see Figure
13). This register is at location A8H in the internal
control block. One and only one of bits 8-14 must
be set at a time. Unpredictable operation of the MCS
lines will otherwise occur. Each of the four chip-se-
lect lines is active for one of the four equal contigu-
ous divisions of the mid-range block. Thus, if the to-
tal block size is 32K, each chip select is active for 8K
of memory with MCSO being active for the first range
and MCS8 being active for the last range.

The EX and MS in MPCS relate to peripheral func-
tionally as described in a later section.

Table 9. MPCS Programming Values

Total Biock Individual MPCS Bits
Size Select Size 14-8

8K 2K 0000001B

16K 4K 0000010B

32K 8K 0000100B

64K 16K 00010008

128K 32K 00100008

256K 64K 0100000B

512K 128K 1000000B

The base address of the mid-range memory block is
defined by bits 15-9 of the MMCS register (see Fig-
ure 14). This register is at offset A6H in the internal
control block. These bits correspond to bits
A19-A13 of the 20-bit memory address. Bits
A12-A0 of the base address are always 0. The base
address may be set at any integer multiple of the
size of the total memory block selected. For exam-
ple, if the mid-range block size is 32K (or the size of
the block for which each MCS line is active is 8K),
the block could be located at 10000H or 18000H,
but not at 14000H, since the first few integer multi-
ples of a 32K memory block are OH, 8000H,
10000H, 18000H, etc. After reset, the contents of
both of these registers is undefined. However, none
of the MCS lines will be active until both the MMCS
and MPCS registers are accessed.

14 13 12 11 10

0

OFFSET: A0H|115l1]u]u{u[ul

9 8 7 6 5 4 3 2 1
UJuTJulJuJi1T1T1r]R1]Ro]

A19

A1l

Figure 11. UMCS Register

15 14 13 12 11 10

8 7 6 5 4 3 2 1 0

9
oFfFSET: A2H[ 0 Jo JUJUTJuUuJuTuJuTuJul 1T+ T1TImre]R1]RO]

A19

Al1

Figure 12. LMCS Register
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: ABH[ 1 [Me [ M5 [Ma[M3a[ M2 Mi[MO[EX[Ms] 1 [ 1] 1Rl RI]RO]
Figure 13. MPCS Register

15 9 3 0
OFfseT: A6H [ U J UJUuJuJuJuJu] 1T 1T 11T 1] 1m]R[Ro]

A19

A13

Figure 14. MMCS Register

MMCS bits R2-R0 specify READY mode of opera-
tion for all mid-range chip selects. All devices in mid-
range memory must use the same number of WAIT
states.

The 512K block size for the mid-range memory chip
selects is a special case. When using 512K, the
base address would have to be at either locations
00000H or 80000H. If it were to be programmed at
00000H when the LCS line was programmed, there
would be an internal conflict between the LCS ready
generation logic and the MCS ready generation log-
ic. Likewise, if the base address were programmed
at 80000H, there would be a conflict with the UCS
ready generation logic. Since the LCS chip-select
line does not become active until programmed, while
the UCS line is active at reset, the memory base can
be set only at 00000H. If this base address is select-
ed, however, the LCS range must not be pro-
grammed.

Peripheral Chip Selects

The 80186 can generate chip selects for up to seven
peripheral devices. These chip selects are active for
seven contiguous blocks of 128 bytes above a pro-
grammable base address. This base address may
be located in either memory or I/0 space.

Seven CS lines called PCS0-6 are generated by the
80186. The base address is user-programmable;

however it can only be a multiple of 1K bytes, i.e.,
the least significant 10 bits of the starting address
are always 0.

PCS5 and PCS6 can also be programmed to provide
latched address bits A1, A2. If so programmed, they
cannot be used as peripheral selects. These outputs
can be connected directly to the A0, A1 pins used
for selecting internal registers of 8-bit peripheral
chips. This scheme simplifies the hardware interface
because the 8-bit registers of peripherals are simply

treated as 16-bit registers located on even bounda- ¢

ries in 1/0 space or memory space where only the
lower 8-bits of the register are significant: the upper
8-bits are ““‘don’t cares.”

The starting address of the peripheral chip-select
block is defined by the PACS register (see Figure
15). This register is located at offset A4H in the inter-
nai control block. Bits 15-6 of this register corre-
spond to bits 19-10 of the 20-bit Programmable
Base Address (PBA) of the peripheral chip-select
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. If the chip-select block is
located in 1/O space, bits 12-15 must be pro-
grammed zero, since the I/0 address is only 16 bits
wide. Table 10 shows the address range of each
peripheral chip select with respect to the PBA con-
tained in PACS register.

15

0

OFFseT: AdH[ U JU T U J U U] u]

6 5 3
UluJulul1T 1] 1]Rr]lR1]RO]

A19

A10

Figure 15. PACS Register
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The user should program bits 15-6 to correspond to
the desired peripheral base location. PACS bits 0-2
are used to specify READY mode for PSCO-PCS3.

Table 10. PCS Address Ranges

PCS Line Active between Locations
PCS0 PBA —PBA+127
PCS1 PBA+128—PBA+ 255
PCS2 PBA + 256—PBA + 383
PCS3 PBA+384—PBA+511
PCS4 PBA+512—PBA + 639
PCS5 PBA + 640—PBA+ 767
PCS6 PBA + 768—PBA + 895

The mode of operation of the peripheral chip selects
is defined by the MPCS register (which is also used
to set the size of the mid-range memory chip-select
block, see Figure 16). This register is located at off-
set A8H in the internal contrcl block. Bit 7 is used to
select the function of PCS5 and PCS6, while bit 6 is
used to select whether the peripheral chip selects
are mapped into memory or I/O space. Table 11
describes the programming of these bits. After reset,
the contents of both the MPCS and the PACS regis-
ters are undefined, however none of the PCS lines
will be active until both ot the MPCS and PACS reg-
isters are accessed.

Table 11. MS, EX Programming Values

Bit Description

MS | 1 = Peripherals mapped into memory space.
0 = Peripherals mapped into |/O space.

EX | 0 = 5 PCS lines. A1, A2 provided.
1 = 7 PCS lines. A1, A2 are not provided.

MPCS bits 0-2 are used to specify READY mode for
PCS4-PCS6 as outlined below.

READY Generation Logic

The 80186 can generate a “READY” signal internal-
ly for each of the memory or peripheral CS lines. The
number of WAIT states to be inserted for each pe-
ripheral or memory is programmable to provide 0-3
wait states for all accesses to the area for which the
chip select is active. In addition, the 80186 may be
programmed to either ignore external READY for
each chip-select range individually or to factor exter-
nal READY with the integrated ready generator.

READY control consists of 3 bits for each CS line or
group of lines generated by the 80186. The interpre-
tation of the ready bits is shown in Table 12.
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Table 12. READY Bits Programming

R2| R1| RO | Number of WAIT States Generated

0 | 0 | 0 |Owait states, external RDY
also used.

0 | 0 | 1 |1waitstate inserted, external RDY
also used.

0 | 1| O |2wait states inserted, external RDY
also used.

0 | 1| 1 |3 waitstates inserted, external RDY
also used.

1 | 0| 0 |Owait states, external RDY
ignored.

1 | 0| 1 |1waitstate inserted, external RDY
ignored.

1| 1| O [2wait states inserted, external RDY
ignored.

1 { 1] 1 |3 wait states inserted, externa! RDY
ignored.

The internal ready generator operates in parallel
with external READY, not in series if the external
READY is used (R2 = 0). This means, for example,
if the internal generator is set to insert two wait
states, but activity on the external READY lines will
insert four wait states, the processor will only insert
four wait atates nnt cix This is heraiise the two wait
states generated by the internal generator over-
lapped the first two wait states generated by the ex-
ternal ready signal. Note that the external ARDY and
SRDY lines are always ignored during cycles ac-
cessing internal peripherals.

R2-R0 of each control word specifies the READY
mode for the corresponding block, with the excep-
tion of the peripheral chip selects: R2-R0 of PACS
set the PCS0-3 READY mode, R2-R0 of MPCS set
the PCS4-6 READY mode.

Chip Select/Ready Logic and Reset

Upon reset, the Chip-Select/Ready Logic will per-
form the following actions:

e All chip-select outputs will be driven HIGH.

¢ Upon leaving RESET, the UCS line will be pro-
grammed to provide chip selects to a 1K block
with the accompanying READY control bits set at
011 to allow the maximum number of internal wait
states in conjunction with external Ready consid-
eration (i.e., UMCS resets to FFFBH).

No other chip select or READY control registers
have any predefined values after RESET. They
will not become active until the CPU accesses
their control registers. Both the PACS and MPCS
registers must be accessed before the PCS lines
will become active.
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Figure 16. MPCS Register

DMA CHANNELS

The 80186 DMA controller provides two indepen-
dent high-speed DMA channels. Data transfers can
occur between memory and 1/0 spaces (e.g., Mem-
ory to 1/0) or within the same space (e.g., Memory
to Memory or 1/0 to 1/0). Data can be transferred
either in bytes (8 bits) or in words (16 bits) to or from
even or odd addresses. Each DMA channel main-
tains both a 20-bit source and destination pointer
which can be optionally incremented or decrement-
ed after each data transfer (by one or two depending

words), a 20-bit destination pointer (2 words), a 16-
bit Transfer Counter, and a 16-bit Control Word. The
format of the DMA Control Blocks is shown in Table
13. The Transfer Count Register (TC) specifies the
number of DMA transfers to be performed. Up to
64K byte or word transfers can be performed with
automatic termination. The Control Word defines the
channel’s operation (see Figure 18). All registers
may be modified or altered during any DMA activity.
Any changes made to these registers will be reflect-
ed immediately in DMA operation.
Table 13. DMA Control Block Format

on byte or word transfers). Each data transfer con- N
sumes 2 bus cycles (a minimum of 8 clocks), one Register Name Register Address
cycle to fetch data and the other to store data. This Ch.0 Ch.1
provides a maximum data transfer rate of one
Mword/sec or 2 MBytes/sec. Control Word CAH DAH
Transfer Count C8H D8H
Destination Pointer (upper 4 C6H D6H
DMA Operation bits) ;
) . . Destination Pointer CaH D4H
Each channel has six registers in the control block Source Pointer (upper 4 bits)| C2H D2H
which define each channel’s specific operation. The Source Pointer COH DOH
control registers consist-of a 20-bit Source pointer (2
ADDER CONTROL |
20 BIT ADDER/SUBTRACTOR oo TIMER REQUEST
l DRQ1
REQUEST
ITRANSFER COUNTER CH. 1 s‘tﬁg}?“ DRG0 U
DEST. ADRS. POINTER CH. 1
SRC. ADRS. POINTER CH, 1 DMA l
CONTROL
| RansFer counter cH. 0 bosIe
DEST. ADRS. POINTER CH. 0 fe INTERRUPT
SRC. ADRS. POINTER CH. 0 REQUEST
CHANNEL CONTROL WORD 1
CHANNEL CONTROL WORD 0
< INTERNAL ADDRESS/DATA BUS >
210451-9

Figure 17. DMA Unit Block Diagram
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T

M/ DESTINATION| M/  SOURCE D chas | s1/ | B/

!IO DEC  INC| 10 DEC INc | TC | INT| SYN P | @ | * |nochHa|sToP| W

X = DON'T CARE.

Figure 18. DMA Control Register

DMA Channel Control Word Register

Each DMA Channel Control Word determines the
mode of operation for the particular 81086 DMA
channel. This register specifies:

» the mode of synchronization;
e whether bytes or words will be transferred;

e whether interrupts will be generated after the last
transfer,;

whether DMA activity will cease after a pro-
grammed number of DMA cycles;

e the relative priority of the DMA channel with re-
spect to the other DMA channel;

o whether the source pointer will be incremented,
decremented, or maintained constant after each
transfer;

e whether the source pointer addresses memory or
1/0 space;

® whether the destination pointer will be increment-
ed, decremented, or maintained constant after
each transfer; and

e whether the destination pointer will address
memory or /O space.

The DMA channel control registers may be changed
while the channel is operating. However, any chang-
es made during operation will affect the current DMA
transfer.

DMA Control Word Bit Descriptions

B/W: Byte/Word (0/1) Transfers.
ST/STOP: Start/stop (1/0) Channel.

CHG/NOCHG: Change/Do not change (1/0)
ST/STOP bit. If this bit is set when
writing to the control word, the
ST/STOP bit will be programmed
by the write to the control word. If
this bit is cleared when writing the
control word, the ST/STOP bit will
not be altered. This bit is not
stored; it will always be a 0 on
read.

INT: Enable Interrupts to CPU on
Transfer Count termination.

TC: If set, DMA will terminate when the
contents of the Transfer Count regis-
ter reach zero. The ST/STOP bit will
also be reset at this point if TC is set.
If this bit is cleared, the DMA unit will
decrement the transfer count register
for each DMA cycle, but the DMA
transfer will not stop when the con-
tents of the TC register reach zero.

SYN 00 No synchronization.

(2 bits) NOTE: The ST bit will be cleared
automatically when the contents
of the TC register reach zero re-
gardless of the state of the TC bit.

01 Source synchronization.
10 Destination synchronization.
11 Unused,

SOURCE:INGC Increment source pointer by 1 or 2
(depends on B/W) after each trans-
fer.

M/10 Source pointer is in M/10 space (1/0).
DEC Decrement source pointer by 1 or 2

(depends on B/W) after each trans-
fer.

DEST:  INC Increment destination pointer by 1 or
2 (B/W) after each transfer.

M/10 Destination pointer is in M/1O space
(1/0).

DEC Decrement destination pointer by 1
or 2 (depending on B/W) after each
transfer.

P Channel priority—relative to other
channel.
0 low priority.
1 high priority.
Channels will alternate cycles if both
set at same priority level.
TDRQ 0: Disable DMA requests from
timer 2.
1: Enable DMA requests from
timer 2.
Bit 3 Bit 3 is not used.

If both INC and DEC are specified for the same
pointer, the pointer will remain constant after each
cycle.
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DMA Destination and Source Pointer
Registers

Each DMA channel maintains a 20-bit source and a
20-bit destination pointer. Each of these pointers
takes up two full 16-bit registers in the peripheral
control block. The lower four bits of the upper regis-
ter contain the upper four bits of the 20-bit physical
address (see Figure 18a). These pointers may be
individually incremented or decremented after each
transfer. If word transfers are performed the pointer
is incremented or decremented by two. Each pointer
may point into either memory or I/0 space. Since
the DMA channels can perform transfers to or from
odd addresses, there is no restriction on values for
the pointer registers. Higher transfer rates can be
obtained if all word transfers are performed to even
addresses, since this will allow data to be accessed
" in a single memory access.

DMA Transfer Count Register

Each DMA channel maintains a 16-bit transfer count
register (TC). This register is decremented after ev-
ery DMA cycle, regardless of the state of the TC bit
in the DMA Control Register. If the TC bit in the DMA

the destination of the data may request the data
transfer. In addition, DMA transfers may be unsyn-
chronized; that is, the transfer will take place contin-
ually until the correct number of transfers has oc-
curred. When source or unsynchronized transfers
are performed, the DMA channel may begin another
transfer immediately after the end of a previous
DMA transfer. This allows a complete transfer to
take place every 2 bus cycles or eight clock cycles
(assuming no wait states). No prefetching occurs
when destination synchronization is performed, how-
ever. Data will not be fetched from the source ad-
dress until the destination device signals that it is
ready to receive it. When destination synchronized
transfers are requested, the DMA controller will re-
linquish control of the bus after every transfer. If no
other bus activity is initiated, another DMA cycle will
begin after two processor clocks. This is done to
allow the destination device time to remove its re-
quest if another transfer is not desired. Since the
DMA controller will relinquish the bus, the CPU can
initiate a bus cycle. As a result, a complete bus cycle
will often be inserted between destination synchro-
nized transfers. These lead to the maximum DMA
transfer rates shown in Table 14.

Table 14. Maximum DMA Transfer Rates

control word is set or unsynchronized transfers are Type of
programmed, however, DMA activity will terminate Synchronization | CPU Running | CPU Halted
when the transfer count register reaches zero. Selected
Unsynchronized 2MBytes/sec/ 2MBytes/sec
DMA Requests Source Synch 2MBytes/sec | 2MBytes/sec
i Destination Synch | 1.3MBytes/sec | 1.5MByte/sec
Data transfers may be either source or destination
synchronized, that is either the source of the data or
HIGHER
REGISTER XXX XXX XXX A19-A16
ADDRESS
LOWER
REGISTER A15-A12 A11-A8 A7-A4 A3-A0
ADDRESS
15° 0

XXX = DON'T CARE

Figure 18a. DMA Memory Pointer Register Format
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DMA Acknowledge

No explicit DMA acknowledge pulse is provided.
Since both source and destination pointers are
maintained, a read from a requesting source, or a
write to a requesting destination, should be used as
the DMA acknowledge signal. Since the chip-select
lines can be programmed to be active for a given
biock of memory or 1/0 space, and the DMA point-
ers can be programmed to point to the same given
block, a chip-select line could be used to indicate a
DMA acknowledge.

DMA Priority

The DMA channels may be programmed such that
one channel is aiways given priority over the other,
or they may be programmed such as to alternate
cycles when both have DMA requests pending. DMA
cycles always have priority over internal CPU cycles
except between locked memory accesses or word
accesses the odd memory locations; however, an
external bus hold takes priority over an internal DMA
cycle. Because an interrupt request cannot suspend
a DMA operation and the CPU cannot access mem-
orv during 2 DMA cvele interrint latency time will
suffer during sequences of continuous DMA cycles.
An NMI request, however, will cause all internal
DMA activity to halt. This allows the CPU to quickly
respond to the NMI request.

DMA Programming

DMA cycles will occur whenever the ST/STOP bit of
the Control Register is set. If synchronized transfers

are programmed, a DRQ must also have been gen-
erated. Therefore the source and destination trans-
fer pointers, and the transfer count register (if used)
must be programmed before this bit is set.

Each DMA register may be modified while the chan-
nel is operating. If the CHG/NOCHG bit is cleared
when the control register is written, the ST/STOP bit
of the control register will not be modified by the
write. If multiple channel registers are modified, it is
recommended that a LOCKED string transfer be
used to prevent a DMA transfer from occurring be-
tween updates to the channel registers.

DMA Channels and Reset

Upon RESET, the DMA channels will perform the
following actions:

® The Start/Stop bit for each channel will be reset
to STOP.

e Any transfer in progress is aborted.

TIMERS

mable timers (see Figure 19). Two of these are high-
ly flexible and are connected to four external pins (2
per timer). They can be used to count external
events, time external events, generate nonrepetitive
waveforms, etc. The third timer is not connected to
any external pins, and is useful for real-time coding
and time delay applications. In addition, this third
timer can be used as a prescaler to the other two, or
as a DMA request source.

SONED Ty DMA
AN ] Aoy IN A four, —— REQ.
T0 m T2
INT. > INT. INT.
REQ. REQ. REQ.
l‘> T20UT

TIMER 0 TIMER 1
_Mxxw m-u;m_vm TIMER 2
WAX COUNT VALUE CLOCK A COUNT VALUE MAX COUNT VALUE
MODE/CONTROL SODETGONTROL MODE/CONTROL
WORD WORD

i3 i3

¢

) INTERNAL ADDRESS/DATA BUS 5

ALL 16 BIT REGISTERS

210451-10

Figure 19. Timer Block Diagram
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Timer Operation

The timers are controlled by 11 16-bit registers in
the internal peripheral control block. The configura-
tion of these registers is shown in Table 15. The
count register contains the current value of the tim-
er. It can be read or written at any time independent
of whether the timer is running or not. The value of
this register will be incremented for each timer
event. Each of the timers is equipped with a MAX
COUNT register, which defines the maximum count
the timer will reach. After reaching the MAX COUNT
register value, the timer count value will reset to zero
during that same clock, i.e., the maximum count val-
ue is never stored in the count register itself. Timers
0 and 1 are, in addition, equipped with a second
MAX COUNT register, which enables the timers to
alternate their count between two different MAX
COUNT values programmed by the user. If a single
MAX COUNT register is used, the timer output pin
will switch LOW for a single clock, 1 clock after the
maximum count value has been reached. In the dual
MAX COUNT register mode, the output pin will indi-
cate which MAX COUNT register is currently in use,
thus allowing nearly complete freedom in selecting
waveform duty cycles. For the timers with two MAX
COUNT registers, the RIU bit in the control register
determines which is used for the comparison.

Each timer gets serviced every fourth CPU-clock cy-

Since the count registers and the maximum count
registers are all 16 bits wide, 16 bits of resolution are
provided. Any Read or Write access to the timers will
add one wait state to the minimum four-clock bus
cycle, however. This is needed to synchronize and
coordinate the internal data flows between the inter-
nal timers and the internal bus.

The timers have several programmable options.

e All three timers can be set to halt or continue on
a terminal count.

e Timers 0 and 1 can select between internal and
external clocks, alternate between MAX COUNT
registers and be set to retrigger on external
events.

® The timers may be programmed to cause an in-
terrupt on terminal count.

These options are selectable via the timer mode/
control word.

Timer Mode/Control Register

The mode/control register (see Figure 20) allows
the user to program the specific mode of operation
or check the current programmed status for any of
the three integrated timers.

Table 15. Timer Control Block Format

cle, and thus can operate at speeds up to one-quar-
ter the internal clock frequency (one-eighth the crys- Register Name Register Offset
tal rate). External clocking of the timers may be done Tmr.0 | Tmr.1| Tmr.2
at up to a rate of one-quarter of the internal CPU-
clock rate (2 MHz for an 8 MHz CPU clock). Due to Mode/Control Word | 56H | 5EH 66H
internal synchronization and pipelining of the timer Max Count B 54H | 5GH | not present
circuitry, a timer output may take up to 6 clocks to Max Count A 52H | 5AH 62H
respond to any individual clock or gate input. Count Register 50H 58H 60H
15 14 13 12 11 5 4 3 2 1 )]
[eN T INE I NT T Ru T o J ... T Mc RG] P [ EXT [ ALT ] CONT]

Figure 20. Timer Mode/Control Register
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ALT:

The ALT bit determines which of two MAX COUNT
registers is used for count comparison. If ALT = 0,
register A for that timer is always used, while if ALT
= 1, the comparison will alternate between register
A and register B when each maximum count is
reached. This alternation allows the user to change
one MAX COUNT register while the other is being
used, and thus provides a method of generating
non-repetitive waveforms. Square waves and pulse
outputs of any duty cycle are a subset of available
signals obtained by not changing the final count reg-
isters. The ALT bit also determines the function of
the timer output pin. If ALT is zero, the output pin will
go LOW for one clock, the clock after the maximum
count is reached. If ALT is one, the output pin will
reflect the current MAX COUNT register being used
(0/1 for B/A).

CONT:

Setting the CONT bit causes the associated timer to
run continuously, while resetting it causes the timer
to halt upon maximum count. If COUNT = 0 and
ALT = 1, the timer will count to the MAX COUNT
register A value reset count tn the register R valie,
reset, and halt.

EXT:

The external bit selects between internal and exter-
nal clocking for the timer. The external signal may
be asynchronous with respect to the 80186 clock.
If this bit is set, the timer will count LOW-to-HIGH
transitions on the input pin. If cleared, it will count an
internal clock while using the input pin for control. In
this mode, the function of the external pin is defined
by the RTG bit. The maximum input to output tran-
sition latency time may be as much as 6 clocks.
However, clock inputs may be pipelined as closely
together as every 4 clocks without losing clock puls-
es. .

P:

The prescaler bit is ignored unless internal clocking
has been selected (EXT = 0). If the P bit is a zero,
the timer will count at one-fourth the internal CPU
clock rate. If the P bit is a one, the output of timer 2
will be used as a clock for the timer. Note that the
user must initialize and start timer 2 to obtain the
prescaled clock.

RTG:

Retrigger bit is only active for internal clocking (EXT
= 0). In this case it determines the control function
provided by the input pin.
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If RTG = 0, the input level gates the internal clock
on and off. If the input pin is HIGH, the timer will
count; if the input pin is LOW, the timer will hold its
value. As indicated previously, the input signal may
be asynchronous with respect to the 80186 clock.

When RTG = 1, the input pin detects LOW-to-HIGH
transitions. The first such transition starts the timer
running, clearing the timer value to zero on the first
clock, and then incrementing thereafter. Further
transitions on the input pin will again reset the timer
to zero, from which it will start counting up again. If
CONT = 0, when the timer has reached maximum
count, the EN bit will be cleared, inhibiting further
timer activity.

EN:

The enable bit provides programmer control over
the timer’s RUN/HALT status. When set, the timer is
enabled to increment subject to the input pin con-
straints in the internal clock mode (discussed previ-
ously). When cleared, the timer will be inhibited from
counting. All input pin transistions during the time EN
is zero will be ignored. If CONT is zero, the EN bit is
automatically cleared upon maximum count.

INH:

The inhibit bit allows for selective updating of the
enable (EN) bit. If INH is a one during the write to the
mode/control word, then the state of the EN bit will
be modified by the write. If INH is a zero during the
write, the EN bit will be unaffected by the
operation.This bit is not stored; it will always be a 0
on a read.

INT:

When set, the INT bit enables interrupts from the
timer, which will be generated on every terminal
count. If the timer is configured in dual MAX COUNT
register mode, an interrupt will be generated each
time the value in MAX COUNT register A is reached,
and each time the value in MAX COUNT register B is
reached. If this enable bit is cleared after the inter-
rupt request has been generated, but before a pend-
ing interrupt is serviced, the interrupt request will still
be in force. (The request is iatched in the Interrupt
Controller).

MC:

The Maximum Count bit is set whenever the timer
reaches its final maximum count value. If the timer is
configured in dual MAX COUNT register mode, this
bit will be set each time the value in MAX COUNT
register A is reached, and each time the value in
MAX COUNT register B is reached. This bit is set
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regardless of the timer’s interrupt-enable bit. The
MC bit gives the user the ability to monitor timer
status through software instead of through inter-
rupts.

Programmer intervention is required to clear this bit.

RIU:

The Register In Use bit indicates which MAX
COUNT register is currently being used for compari-
son to the timer count value. A zero value indicates
register A. The RIU bit cannot be written, i.e., its
value is not affected when the control register is writ-
ten. It is always cleared when the ALT bit is zero.

Not all mode bits are provided for timer 2. Certain
bits are hardwired as indicated below:

ALT = 0,EXT = 0,P = 0,RTG = 0,RIU = 0

Count Registers -

Each of the three timers has a 16-bit count register.
The current contents of this register may be read or
written by the processor at any time. If the register is
written into while the timer is counting,the new value
will take effect in the current count cycle.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers,
while timer 2 has a single MAX COUNT register.
These contain the number of events the timer will
count. In timers 0 and 1, the MAX COUNT register
used can alternate between the two max count val-
ues whenever the current maximum count is

reached. The condition which causes a timer to re--

set is equivalent between the current count value
and the max count being used. This means that if
the count is changed to be above the max count
value, or if the max count value is changed to be
below the current value, the timer will not reset to
zero, but rather will count to its maximum value,
“wrap around” to zero, then count until the max
count is reached.

Timers and Reset

Upon RESET, the Timers will perform the following
actions:

e All EN (Enable) bits are reset preventing timer
counting.

e All SEL (Select) bits are reset to zero. This se-
lects MAX COUNT register A, resulting in the
Timer Out pins going HIGH upon RESET.

INTERRUPT CONTROLLER

The 80186 can receive interrupts from a number of
sources, both internal and external. The internal in-
terrupt controlier serves to merge these requests on
a priority basis, for individual service by the CPU.

Internal interrupt sources (Timers and DMA chan-
nels) can be disabled by their own control registers
or by mask bits within the interrupt controller. The
80186 interrupt controller has its own control regis-
ter that set the mode of operation for the controller.

The interrupt controller will resolve priority among
requests that are pending simultaneously. Nesting is
provided so interrupt service routines for lower priori-
ty interrupts may themselves be interrupted by high-
er priority interrupts. A block diagram of the interrupt
controller is shown in Figure 21.

The interrupt controller has a special iRMX 86 com-
patibility mode that allows the use of the 80186 with-
in the iRMX 86 operating system interrupt structure.
The conroller is set in this mode by setting bit 14 in
the peripheral control block relocation register (see
iRMX 86 Compatibility Mode section). In this mode,
the internal 80186 interrupt controller functions as a
“slave” controller to an external “master” controller.
Special initialization software must be included to
properly set up the 80186 interrupt controller in
iRMX 86 mode.

MASTER MODE OPERATION

Interrupt Controlier External interface

For external interrupt sources, five dedicated pins
are provided. One of these pins is dedicated to NMI,
non-maskable interrupt. This is typically used for
power-fail interrupts, etc. The other four pins may
function either as four interrupt input lines with inter-
nally generated interrupt vectors, as an interrupt line
and an interrupt acknowledge line (called the “cas-
cade mode’) along with two other input lines with
internally generated interrupt vectors, or as two in- .
terrupt input lines and two dedicated interrupt ac-
knowledge output lines. When the interrupt lines are
configured in cascade mode, the 80186 interrupt
controlier will not generate internal interrupt vectors.

External sources in the cascade mode use external-
ly generated interrupt vectors. When an interrupt is
acknowledged, two INTA cycles are initiated and the
vector is read into the 80186 on the second cycle.
The capability to interface to external 8258A pro-
grammable interrupt controllers is thus provided
when the inputs are configured in cascade mode.
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Interrupt Controller Modes of
Operation

The basic modes of operation of the interrupt con-
troller in master mode are similar to the 8259A. The
interrupt controller responds indentically to internal
interrupts in all three modes: the difference is only in
the interpretation of function of the four external in-
terrupt pins. The interrupt controller is set into one of
these three modes by programming the correct bits
in the INTO and INT1 control registers. The modes of
interrupt controller operation are as follows:

Fully Nested Mode

When in the fully nested mode four pins are used as
direct interrupt requests. The vectors for these four
inputs are generated internally. An in-service bit is
provided for every interrupt source. if a lower-priority
device requests an interrupt while the in service bit
(1S) is set, no interrupt will be generated by the inter-
rupt controller. In addition, if another interrupt re-
quest occurs from the same interrupt source while
the in-service bit is set, no interrupt will be generated
by the interrupt controlier. This allows interrupt serv-
ice routines to operate with interrupts enabled with-
out being themseives interrupied by iower-privrity in-
terrupts. Since interrupts are enabled, higher-priority
interrupts will be serviced.

When a service routine is completed, the proper IS
bit must be reset by writing the proper pattern to the
EOI register. This is required to allow subsequent
interrupts from this interrupt source and to allow
servicing of lower-priority interrupts. An EOl com-
mand is issued at the end of the service routine just
before the issuance of the return from interrupt in-

struction. If the fully nested structure has been up-
held, the next highest-priority source with its IS bit
set is then serviced.

Cascade Mode

The 80186 has four interrupt pins and two of them
have dual functions. In the fully nested mode the
four pins are used as direct interrupt inputs and the
corresponding vectors are generated internally. In
the cascade mode, the four pins are configured into
interrupt input-dedicated acknowledge signal pairs.
The interconnection is shown in Figure 22. INTO is
an interrupt input interfaced to an 8259A, while
INT2/INTAO serves as the dedicated interrupt ac-
knowledge signal to that peripheral. The same is
true for INT1 and INT3/INTA1. Each pair can selec-
tively be placed in the cascade or non-cascade
mode by programming the proper value into INTO
and INT1 control registers. The use of the dedicated
acknowledge signals eliminates the need for the use
of externai logic to generate INTA and device select
signals.

The primary cascade mode ailows the capability to
serve up to 128 external interrupt sources through
the use of external master and slave R259As. Three
levels of priority are created, requiring priority resolu-
tion in the 80186 interrupt controller, the master
8259As, and the slave 8259As. If an external inter-
rupt is serviced, one IS bit is set at each of these
levels. When the interrupt service routine is complet-
ed, up to three end-of-interrupt commands must be
issued by the programmer.

TIMER TIMER TIMER DMA DMA

INTO INT1 INT2 INT3 NM|

NN L

TIMER TNTERRUPT
CONTROL REG. REQUEST REG.
DMA INTERRUPT
CONTROL REG. Mask REG. |
DMA 1 TN-SERVICE
CONTROL REG. REG.
EXLINPUTO | b PRIOR. LEV.
CONTROL REG. R MASK REG.
EXT. INPUT 1 INTERRUPT
CONTROL REG. STATUS REG.
EXT. INPUT 2
CONTROL REG.
EXT.INPUT 3
CONTROL REG.
INTERRUPT
REQUEST TO
PROCESSOR
INTERNAL ADDRESS/DATA BUS
21045111

Figure 21. interrupt Controller Block Diagram
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Special Fully Nested Mode

This mode is entered by setting the SFNM bit in
INTO or INT1 control register. It enables complete
nestability with external 8259A masters. Normally,
an interrupt request from an interrupt source will not
be recognized unless the in-service bit for that
source is reset. If more than one interrupt source is
connected to an external interrupt controller, all of
the interrupts will be funneled through the same
80186 interrupt request pin. As a result, if the exter-
nal interrupt controller receives a higher-priority in-
terrupt, its interrupt will not be recognized by the
80186 controller until the 80186 in-service bit is re-
set. In special fully nested mode, the 80186 interrupt
controller will allow interrupts from an external pin
regardless of the state of the in-service bit for an
interrupt source in order to allow multiple interrupts
from a single pin. An in-service bit will continue to be
set, however, to inhibit interrupts from other lower-
priority 80186 interrupt sources.

Special procedures should be followed when reset-
ting IS bits at the end of interrupt service routines.
Software polling of the external master’s 1S register
is required to determine if there is more than one bit
set. If so, the IS bit in the 80186 remains active and
the next interrupt service routine is entered.

Operation in a Polled Environment

The controller may be used in a polled mode if inter-
rupts are undesirable. When polling, the processor
disables interrupts and then poils the interrupt con-
troller whenever it is convenient. Polling the interrupt
controller is accomplished by reading the Poll Word
(Figure 31). Bit 15 in the poll word indicates to the
processor that an interrupt of high enough priority is
requesting service. Bits 0—4 indicate to the proces-
sor the type vector of the highest-priority source re-
questing service. Reading the Poll Word causes the
In-Service bit of the highest priority source to be set.

It is desirable to be able to read the Poll Word infor-
 mation without guaranteeing service of any pending
interrupt, i.e., not set the indicated in-service bit. The
80186 provides a Poll Status Word in addition to the
conventional Poll Word to allow this to be done. Poll
Word information is duplicated in the Poll Status
Word, but reading the Poll Status Word does not set
the associated in-service bit. These words are locat-
ed in two adjacent memory locations in the register
file.

Master Mode Features

Programmable Priority

The user can program the interrupt sources into any
of eight different priority levels. The programming is
done by placing a 3-bit priority level (0-7) in the con-
trol register of each interrupt source. (A source with
a priority level of 4 has higher priority over all priority
levels from 5 to 7. Priority registers containing values
lower than 4 have greater priority). All interrupt
sources have preprogrammed default priority levels
(see Table 4).

If two requests with the same programmed priority
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level are pending at once, the priority ordering
scheme shown in Table 4 is used. If the serviced
interrupt routine reenables interrupts, it allows other
requests to be serviced.

End-of-Interrupt Command

The end-of-interrupt (EOI) command is used by the
programmer to reset the Iin-Service (IS) bit when an
interrupt service routine is completed. The EOl com-
mand is issued by writing the proper pattern to the
EOI register. There are two types of EOl commands,
specific and nonspecific. The nonspecific command
does not specify which IS bit is reset. When issued,
the interrupt controller automatically resets the IS bit
of the highest priority source with an active service
routine. A specific EOl command requires that the
programmer send the interrupt vector type to the in-
terrupt controller indicating which source’s IS bit is
to be reset. This command is used when the fully
nested structure has been disturbed or the highest
priority IS bit that was set does not belong to the
service routine in progress.

Trigger Mode

The four external interrupt pins can be programmed
in either edge- or level-trigger mode. The control
register for each external source has a level-trigger
mode (LTM) bit. All interrupt inputs are active HIGH.
In the edge sense mode or the level-trigger mode,
the interrupt request must remain active (HIGH) until
the interrupt request is acknowledged by the 80186
CPU. In the edge-sense mode, if the level remains
high after the interrupt is acknowledged, the input is
disabled and no further requests will be generated.
The input level must go LOW for at least one clock
cycle to reenable the input. In the level-trigger mode,
no such provision is made: holding the interrupt input
HIGH will cause continuous interrupt requests.
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Interrupt Vectoring

The 80186 Interrupt Controller will generate interrupt
vectors for the integrated DMA channels and the in-
tegrated Timers. In addition, the Interrupt Controller
will generate interrupt vectors for the external inter-
rupt lines if they are not configured in Cascade or
Special Fully Nested Mode. The interrupt vectors
generated are fixed and cannot be changed (see Ta-
ble 4).

Interrupt Controller Registers

The Interrupt Controller register model is shown in
Figure 23. It contains 15 registers. All registers can
both be read or written unless specified otherwise.

In-Service Register

This register can be read from or written into. The
format is shown in Figure 24. It contains the In-Serv-
ice bit for each of the interrupt sources. The in-Serv-
ice bit is set to indicate that a source’s service rou-
tine is in progress. When an In-Service bit is set, the
interrupt controller will not generate interrupts to the
CPU when it receives interrupt requests from devic-
es with a lower programmed priority level. The TMR
bit is the In-Service bit for all three timers; the DO
and D1 bits are the In-Service bits for the two DMA
channels; the 10-13 are the In-Service bits for the
external interrupt pins. The IS bit is set when the
processor acknowledges an interrupt request either
by an interrupt acknowledge or by reading the poll
register. The IS bit is reset at the end of the interrupt
service routine by an end-of-interrupt command is-
-sued by the CPU.

Interrupt Request Register

The internal interrupt sources have interrupt request
bits inside the interrupt controller. The format of this
register is shown in Figure 24. A read from this regis-
ter yields the status of these bits. The TMR bit is the
logical OR of all timer interrupt requests. DO and D1
are the interrupt request bits for the DMA channels.

The state of the external interrupt input pins is also
indicated. The state of the external interrupt pins is
not a stored condition inside the interrupt controller,
therefore the external interrupt bits cannot be writ-
ten. The external interrupt request bits show exactly
when an interrupt request is given to the interrupt
controller, so if edge-triggered mode is selected, the
bit in the register will be HIGH only after an inactive-
to-active transition. For internal interrupt sources,
the register bits are set when a request arrives and
are reset when the processor acknowledges the re-
quests.

Mask Register

This is a 16-bit register that contains a mask bit for
each interrupt source. The format for this register is
shown in Figure 24. A one in a bit position corre-
sponding to a particular source serves to mask the
source from generating interrupts. These mask bits
are the exact same bits which are used in the indi-
vidual control registers; programming a mask bit us-
ing the mask register will also change this bit in the
individual control registers, and vice versa.

80186

INT

8259A
PIC

INTAD

210451-12

Figure 22. Cascade Mode Interrupt Connection
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OFFSET
INT3 CONTROL REGISTER 3EH
INT2 CONTROL REGISTER 3CH
INT1 CONTROL REGISTER 3AH
INTO CONTROL REGISTER 38H
DMA 1 CONTROL REGISTER 36H
DMA 0 CONTROL REGISTER 34H
TIMER CONTROL REGISTER 32H

INTERRUPT STATUS REGISTER 30H

INTERRUPT REQUEST REGISTER 2EH

IN-SERVICE REGISTER 2CH
PRIORITY MASK REGISTER 2AH
MASK REGISTER 28H
POLL STATUS REGISTER 26H
POLL REGISTER 24H

EOI REGISTER 22H

Figure 23. Interrupt Controller Registers
(Non-iRMXT™™ 86 Mode)

Priority Mask Register

This register is used to mask al! interrupts below par-
ticular interrupt priority levels. The format of this reg-
ister is shown in Figure 25. The code in the lower
three bits of this register inhibits interrupts of priority
lower (a higher priority number) than the code speci-
fied. For example, 100 written into this register
masks interrupts of level five (101), six (110), and
seven (111). The register is reset to seven (111)
upon RESET so all interrupts are unmasked.

Interrupt Status Register

This register contains general interrupt controller
status information. The format of this register is
shown in Figure 26. The bits in the status register
have the following functions:

DHLT: DMA Halt Transfer; setting this bit halts all
DMA transfers. It is automatically set when-
ever a non-maskable interrupt occurs, and it
is reset when an IRET instruction is execut-
“ed. The purpose of this bit is to allow prompt
service of all non-maskable interrupts. This
bit may also be set by the CPU.

These three bits represent the individual tim-
er interrupt request bits. These bits are used
to differentiate the timer interrupts, since the
timer IR bit in the interrupt request register is
the “OR” function of all timer interrupt re-
quest. Note that setting any one of these
three bits initiates an interrupt request to the
interrupt controller.

IRTx:

8

7 6 3 2 1

15 14 10 9
0

[oTole =« oTo]

5 4 )]
[ o JT13J12] n ] w[ot]poo] o [T™MR]

Figure 24. In-Service, Interrupt Request, and Mask Register Formats

15 14 3 2 1 0
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Figure 25. Priority Mask Register Format
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o [IRT2]IRT1[IRTO]
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Figure 26. Interrupt Status Register Format
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'Timer, DMA 0, 1; Control Register

These registers are the control words for all the in-
ternal interrupt sources. The format for these regis-
ters is shown in Figure 27. The three bit positions
PRO, PR1, and PR2 represent the programmable pri-
ority level of the interrupt source. The MSK bit inhib-
its interrupt requests from the interrupt source. The
MSK bits in the individual control registers are the
exact same bits as are in the Mask Register; modify-
ing them in the individual control registers will also
modify them in the Mask Register, and vice versa.

INTO-INT3 Control Registers

These registers are the control words for the four
external input pins. Figure 28 shows the format of
the INTO and INT1 Control registers; Figure 29
shows the format of the INT2 and INT3 Control reg-
isters. In cascade mode or special fully nested
mode, the control words for INT2 and INT3 are not
used.

The bits in the various control registers are encoded
as follows:

PRO-2: Priority programming information. Highest
Priority = 000, Lowesti Friority — 171

LTM: Level-trigger mode bit. 1 = level-triggered;
0 = edge-triggered. Interrupt Input levels
are active high. In level-triggered mode, an
interrupt is generated whenever the exter-
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this

level is proceded by an inactive-to-active
transition on the line. In both cases, the
level must remain active until the interrupt
is acknowledged.

MSK:  Mask bit, 1 = mask; 0 = non-mask.

C: Cascade mode bit, 1 = cascade; 0 = di-
rect

SFNM: Special fully nested mode bit, 1 = SFNM

EOI Register

The end of the interrupt register is a command regis-
ter which can only be written into. The format of this
register is shown in Figure 30. It initiates an EOI
command when written to by the 80186 CPU.

The bits in the EOI register are encoded as follows:

Sy Encoded information that specifies an in-
terrupt source vector type as shown in Ta-
ble 4. For example, to reset the in-Service
bit for DMA channel 0, these bits should be
set to 01010, since the vector type for DMA
channel 0 is 10. Note that to reset the sin-
gle In-Service bit for any of the three tim-
ers, the vector type for timer 0 (8) should

oo cncibbnm (e i wo ik
WS WIS 1w LR~ I )

15 14 4 3 2 1 ]
[0 T o« o . . . o . . T o [msk][PR2] PR PRO ]
Figure 27. Timer/DMA Control Registers Formats
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Lo]o’o . . e e

76 5 0
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Figure 28. INTO/INT1 Control Register Formats
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5
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Figure 29. INT2/INT3 Control Register Formats
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NSPEC/: A bit that determines the type of EOl com-
SPEC mand. Nonspecific = 1, Specific = 0.

Poll and Poll Status Registers

These registers contain polling information. The for-
mat of these registers is shown in Figure 31. They
can only be read. Reading the Poll register consti-
tutes a software poll. This will set the IS bit of the
highest priority pending interrupt. Reading the poll
status register will not set the IS bit of the highest
priority pending interrupt; only the status of pending
interrupts will be provided.

Encoding of the Poll and Poll Status register bits are
as follows:

Sy Encoded information that indicates the
vector type of the highest priority inter-
rupting source. Valid only when INTREQ
=1

INTREQ: This bit determines if an interrupt request
is present. Interrupt Request = 1; no In-
terrupt Request = 0.

iRMX™ 86 COMPATIBILITY MODE

This mode allows iRMX 86-80186 compatibility. The
interrupt model of iRMX 86 requires one master and
multiple slave 8259As in cascaded fashion. When
iRMX mode is used, the internal 80186 interrupt con-
troller will be used as a slave controller to an exter-
nal master interrupt controller. The internal 80186
resources will be monitored through the internal in-
terrupt controller, while the external controller func-
tions as the system master interrupt controller.

Upon reset, the 80186 interrupt controller will be in
the non-iRMX 86 mode of operation. To set the con-
troller in the iIRMX 86 mode, bit 14 of the Relocation
Register should be set.

Because of pin limitations caused by the need to
interface to an external 8259A master, the internal
interrupt controller will no longer accept external in-
puts. There are however, enough 80186 interrupt
controller inputs (internally) to dedicate one to each
timer. In this mode, each timer interrupt source has
its own mask bit, IS bit, and control word.

The iRMX 86 operating system requires peripherals
to be assigned fixed priority levels. This is incompati-
ble with the normal operation of the 80186 interrupt
controller. Therefore, the initialization software must
program the proper priority levels for each source.
The required priority levels for the internal interrupt
sources in iRMX mode are shown in Table 16. -

Table 16. internal Source Priority Level
Priority Level

interrupt Source

Timer 0
(reserved)
DMA 0
DMA 1
Timer 1
Timer 2

aH O —=-O

These level assignments must remain fixed in the
iRMX 86 mode of operation.

iRMXTM 86 Mode Externali Interface

The configuration of the 80186 with respect to an
external 8259A master is shown in Figure 32. The
INTO input is used as the 80186 CPU interrupt input.
INT3 functions as an output to send the 80186
slave-interrupt-request to one of the 8 master-PIC-
inputs.

15 14 1

1 0

NSPEC

3 B
SPEC/ o[ol ° . . . . .

o o Tos o [ o [o0]

Figure 30. EOl Register Format

15 14 13

2 1

INT
REQlolOLo ° L[] L[] L]

o Toe [ s[5 [s1 ] 0]

Figure 31. Poll Register Format
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8259A
MASTER

INTA REQUESTS FROM
IR0 OTHER SLAVES
80186 INT. IN INT
IR7
80186 CAS0-2
INTO
SLAVE SELECT CASCADE
INT ADDRESS DECODER
INT2 [——
INT3 80186 SLAVE INTERRUPT OUTPUT

210451-13

Figure 32. iRMXT™ 86 Interrupt Controller Interconnection

Correct master-slave interface requires decoding of
the slave addresses (CAS0-2). Slave 8259As do this
internally. Because of pin limitations, the 80186
slave address will have to be decoded externally.
INT1 is used as a slave-select input. Note that the
slave vector address is transferred internally, but the
READY input must be supplied externally.

INT2 is used as an acknowledge output, suitable to
drive the INTA input of an 8259A.

Interrupt Nesting

iRMX 86 mode operation allows nesting of interrupt
requests. When an interrupt is acknowledged, the
priority logic masks off all priority levels except those
with equal or higher priority.

Vector Generation in the IRMX™ 86
Mode

Vector generation in iRMX mode is exactly like that
of an 8259A slave. The interrupt controller gener-
ates an 8-bit vector which the CPU multiplies by four
and uses as an address into a vector table. The sig-
nificant five bits of the vector are user-programma-
ble while the lower three bits are generated by the
priority logic. These bits represent the encoding of
the priority level requesting service. The significant
five bits of the vector are programmed by writing to
the Interrupt Vector register at offset 20H.

Specific End-of-Interrupt

In iIRMX mode the specific EOl command operates
to reset an in-service bit of a specific priority. The
user supplies a 3-bit priority-level value that points to
an in-service bit to be reset. The command is exe-
cuted by writing the correct value in the Specific EUi
register at offset 22H.

Interrupt C