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INTRODUCTION

Intel microprocessors and peripherals provide a complete
solution in increasingly complex application epviron-
ments. Quite often, a single peripheral device will replace
anywhere from 20 to 100 TTL devices (and the associated
design time that goes with them).

Built-in functions and a 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-shclf solution that
replaces a number of discrete devices, you're also re-
placing all the design, testing, and debug time that goes
with them,

INCREASED RELIABILITY

At Intel, the rate of failure for devices is carefully tracked.
Reliability is a tangible goal, and today we’re measuring
field failures in terms of parts per million! That translates
to higher reliability for your product, réduced downtime,
and reduced repair costs. And as more and more func-
tions are integrated on a single VLSI device, the resulting
system requires less power, produces less heat, and
requires fewer mechanical connections—again resulting
in greater system reliability.

LOWER PRODUCT COST

By minimizing design time, increasing reliability, and

replacing numerous parts, microprocessor and peripheral
solutions can contribute dramatically to a lower product
cost.

HIGHER SYSTEM PERFORMANCE‘

Intel microprocessors and peripherals provide the highest
system performance for the demands of today’s (and
tommorrow’s) microprocessor-based applications. For
example, the iAPX 286 CPU, with its on-chip memory
management and protection, offers the highest perfor-
mance for multitasking, multiuser systems.

HOW TO USE THE GUIDE

The following application guide illustrates the range of
microprocessors and peripherals that can be used for the
applications in the vertical column on the left. The peri-
pherals are grouped by the I/O function they control:
CRT, datacommunication, universal (user programma-
ble), mass storage, dynamic RAM’, and CPU/ bus
support.

An“X"ina horizontal application row indicates a poten-
tial peripheral or CPU, depending upon the features
desired. For example, a conversational terminal could
use either of the three display controllers, depending
upon features like the number of characters per row or
font capability. A “Y” indicates a likely candidate, for
example, the 8272A Floppy Disk Controller in a small
business computer. .

The Intel microprocessor and peripherals family provides
- a broad range of time-saving, high performance solutions.
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lntel 8080A/8080A-1/8080A-2
8-BIT N-CHANNEL MICROPROCESSOR

u TTL Drive Capability . ;ns-Bit Sltack Plointer and StfackR id
_q- & _ O ; anipulation Instructions for Rap
" %;‘;é 1:1.3 us, — 2:1.5 ps) Instruction Switching of the Program Environment
] g::verful Problem Solving Instruction. . RI?I‘t:I!ITn%IiIE inary, and Double Precision
a 6 General Purpose Registers and an n :\bility t? Provide Priority Vectored
Accumulator : :::rlr;p otly Addresesd VO Port
m 16-Bit Program Counter for Directly . . rec .y resse ons
Addressing up to 64K Bytes of s Available in EXPRESS
Memory - Standard Temperature Range

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

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation.

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit
stack pointer controls the addressing of this external stack. This stack gives the B080A 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 highimpedance state. This permits
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation.

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

, Yo
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. INTERNAL DATA BUS l INTERNAL DATA BUS ) Dy O] 4 37 —=0 Ay,
T e T 3 Dg O+—=|5 36 |0 A5
|ACI:UMV|.AYORI TEWP REG NSTRUCTION D; © 6 3 0 A9
. w REGISTER s MULTIPLEXER - Dy O=—nf7 34 —=0 Ag
TR FAC] s -
TEMP REG TEMP REG DZ 8 33 0 A7
I e mmre— D, 0+—=o 32 0 Ag
5
] REG REG D, O+ 10 8080A 31 =0 Ag
" o 8] € 18 0
OECO0ER ] REG REG 5V O——f 11 30 p—=0 Aq
fe—vp [ PREEC] ) REGISTER
Vevers o REG REG ARRAY RESET O—-—112 29 |—=0 Ay
ENCODING £ p— HOLD o——»f 13 28 f—0 +12v
« STACK POINTER
o INT O—=]{ 12 27 p—=0 A,
[} PROGRAM COUNTER 07 O 15 26 f—e0 A,
BECMAL
e e INTE 04— 16 25 |—=0 A
DBIN Oe—f 17 24 p—=0 WAIT
[ rwme WR o=—] 18 23 f+—0 READY
conTROL SYNC O=—] 19 22 f+—o0 5,
POWER [~ +12v 6) +5v O———1 20 21 =0 HLDA
SUPPLIES | ——e 45V DATA BUS INTERRUPT  HOLD WAIT ADDRESS BUFFER
sv WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS]
e GND 1
WhR DBIN  INTE INT HOLD HOLDWAIT SYNC ' .2 RESET Ay Ay
Ack REAOY ADDRESS BUS
Figure 1. Block Diagram Figure 2. Pin Configuration




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

Table. 1. Pin Description

Type -

Name and Function

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

o

- BOBOA outputs a status word on the data bus that describes the current machine cycle. Dy is the least

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

significant bit. *

SYNC

Synchronizing Signal: The SYNC pin provides a signal to indicate the beglnnmg 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 Q.

READY

Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending
an addressout the 8080A does not receive a READY input, the 80B0A 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/O output control. The data on the data bus is stable
while the WR signal is active low (WR = 0).

HOLD

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

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

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

¢ the CPU is in the HALT state.

e the CPU is in the T2 or TW state and the READY signal is active. As a result of entenng the HOLD state
the CPU ADDRESS BUS (A15-Ag) and DATA BUS (D7-Dy) will be in their high impedance state. The CPU
acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin.

HLDA

Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data
and address bus will go to the high impedance state. The HLDA signal begins at:

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 ¢2.

INTE

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

INT

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

RESET'

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

Vss

Ground: Reference.

Vbp

Power: +12 +5% Volts.

Vee

Power: +5 +5% Volts

VeB

Power: —5 +5% Volts.

b, b2

Clock Phases: 2 externally supplied clock phases. (non TTL compatible)
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ABSOLUTE MAXIMUM RATINGS*

" Temperature Under Bias . ... ....... . 0°Cto+70°C
Storage Temperature .. ........... -65°C to +150°C
All Input or Output Voltages

With RespecttoVgg . .......... -0.3V to +20V
Vee. Vop and Vgg With Respect to Vgg  -0.3V to +20V

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

D.C. CHARACTERISTICS (15 = 0°C to 70°C, Vpp =
Vece = +5V £5%, Vgg = —5V =5%, Vgg =0V; unless otherwise noted)

*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%,

Symbol | Parameter Min. Typ. Max. Unit Test Conditiop
ViLc | Clock Input Low Voltage Vss—1 Vsst08 | V

ViHe Clock Input High Voltage 9.0 Vpp+1 \

ViL Input Low Voltage Vgs—1 Vgst08| V

Vin Input High Voltage 3.3 Vee+l \Y

VoL Output Low Voltage 045 | V } loL = 1.9mA on all outputs,
Vou Output High Voltage 3.7 \Y lon =-150uA.

Ipp (av) | Avg. Power Supply Current (Vpp)

40 70 mA

lcciav) | Ava. Power Supply Current (V)

50 30 A Operation

Igg (av) | Avg.Power Supply Current (Vgg)

Tcy = .48 usec
.01 1 mA .

Vin < Vee

<
10 | .uA | Vss<Vcrock < Voo

I | Input Leakage R +10, MA Vss
oL Clock Leakage '
Ip (2] Data Bus Leakage in Input Mode

-100 MA VesSVinSVgs+0.8V '
-20. | mA
Vss +0.8V<Viy<Vce

Address and Data Bus Leakage

=V,
+10 A VapbbRr/DATA = Vee

| .
FL During HOLD -100 VaADDR/DATA = Vgs + 0.45V
15 -
CAPACITANCE (T4 = 25°C, Ve = Vop =Ves = OV, Vas = ~5V) {
. -
2 .
Symbol Parameter Typ. Max. Unit Test Condition E i
S0
Co Clock Capacitance 17 25 pf fo =1 MHz o I
o
CiN Input Capacitance 6 10 pf Unmeasured Pins 3 :
Cout Output Capacitance 10 20 ‘pf Returned to Vgg !
NOTES: %% +25 +50 +75
1. The RESET signal mustibe active for a minimum of 3 clock cycles. AMBIENT TEMPERATURE (*C)

2. Al supply / ATp = -0.45%/°C.

’

2-3

Typical Supply Current vs.
Temperature, Normalized'®!
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A.C. CHARAC,T,ERISTICS (8080A) (T4 - 0Cto 70°C, Vpp = +12V +5%, Vcc

= +5V 5%,
Vg =-5V +5%, Vgg =0V; unless otherwise noted)
| -1 -2 2 |
Symbol| . Parameter Min. | Max. | Min. | Max. | Min. | Max. | Unit Test Condition
tcyl! | Clock Period 048 | 20 | 032 | 20 | 0.38 | 20 |usec
tr, tf Clock Rise and Fall Time 0 50 0 25 0 50 | nsec
te1 24 Pulse Width 60 50 60 nsec !
tgo 7] Pulsg Width 220 145 175 nsec
tp1 Delay 91\to 22 0 0 0 nsec
tp2 Delay @7 to 24 70 60 70 nsec
tp3 Delay @1 to @ Leading Edges 80 60 70 nsec
tpa Address Output Delay From @5 200 150 175 nsec CL=100 pF
tpp Data Output Delay From 25 Mzzo 180 200 | nsec /
tpc Signal Output Delay From g1 or @ (SYNC, WR, WAIT, HLDA) 120 110 120 | nsec CL=50 pF
toF DBIN Delay From @ 25 140 | 25 130 | 25 140 | nsec
tpil!l | Delay for Input Bus to Enter Input Mode toF toF tpr | nsec
tps1 Data Setup Time During @1 and DBIN 30 10 20 nsec )
tps2 Data Setup Time to @3 During DBIN 150 120 130 nsec
tpn[!l | Data Holt time From @, During DBIN M U] Ul 'nseé
tie INTE Output Delay From @5 200 200 200 | nsec ‘CL= 50 pF ‘
tRs READY Setup Time During &, 120 9 - 90 nsec
tHs HOLD Setup Time to @2 140 120 120 nsec
tis TNt Setup Time During 22 120 100 100 nsec
tH Hold Time From @5 (READY, INT, HOLD) 0 0 0 nsec
tFD Delay to Float During Hold (Address and Data Bus) 120 120 120 | nsec
tAw Address Stable Prior to WR 5] (5] 5] nsec
tpw ' Output Data Stable Prior to WR [6] 6] 6] nsec
twbp Output Data Stable From WR 7 Y 71 nsec ‘
twa Address Stable From WR 7 n 7] nsec )-.gt:;gopf—w% (::i;i"g;:i‘
tHE HLDA to Float Delay 18 18] 18 nsec
twF WR}o Float Delay 91 9] 9] nsec
tAH | Address Hold Time After DBIN During HLDA . -20 -20 -20 nsec
A.C. TESTING LOAD CIRCUIT
WE
TEST C, = 100 pF !

CL 100 pF ‘
C, INCLUDES JIG CAPACITANCE

AFN-00735C
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WAVEFORMS

! . (cv—b —»|tpy |-
i A Y]
o J / 7\ _
<—to2—» '
“ v ] [ 1*
- :
-toss] !t e 1 ,
]
-—— —t, — . — )
Ay Ay - m...__’...._.___...r.____-«—-—....pj_‘
= toa—>! - taw— ! (
<_tw_>‘ —| tp |- | —H touf=— [ — J‘
'~
DATA IN ] DATA OUT
D S TN & XTI
—= tpgy [=— I , o —tow >
SYNC s tosz—= | i .
N 1 i
p i P e : ‘
DBIN N |
toF > = top | i 7
Wa T i
___________ . ol ’
ty —»! !4— N |
Y e - AQ @l X k ! i
tas thsle—>  tocles| |: a
WAIT Ty |-
tog —| |- e
HOLD —IQ@ X
d
—] ‘HS -——
HLDA
INT @y
' g ||
| |
INTE
NOTE:

Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V,
"0" = 1.0V; INPUTS "1” = 3.3V, "0" = 0.8V; OUTPUTS "1” = 2.0V, "0" = 0.8V.
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WAVEFORMS (Co/ntlnued) ) NOTES: (Parenthesus gives -1, -2 specifications, respectively).
: 1. Data input should be enabled withDBIN status. No bus con-
. . flict can then occur and data hold time is assured.
. tpn = 50 ns or tpg, whichever is less.
4 ! f\ 2.tcy = tpg + trg2 +142 + tig2 + tp2 + trg1 =480 ns (- 1:320
| ns, — 2:380 ns).
|« } ‘
N 0\ . ) .
E TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
—»| D |a— +20
I/ -~ 2
! ~s H
A Ag :-+--:_—_ - 1‘ -~ % +10 -
\ ' | [~ twa E
. fok ___‘________. [ 0
1 - == 2 sPEC
B IR e Py S
t SYNC ! “
i t L] N —

™ Y “100 50 0 w0 +100
DBIN o
— — A CAPACITANCE (pf)

(Cacruat — Cspec!

5 + ' 3. The following are relevant when interfacmg the 8080A to

READY
. devices having Vi = 3.3V:
[ . a) Maximum output rise time from .8V to 3.3V = 100ns @ C_
WAIT i = SPEC.
- b) Outputdelay when measured to 3.0V = SPEC +60ns @C_
HOLD . = SPEC.
-7 !t [ ¢) If G, = SPEC, add .6ns/pF if C| > Cgpgc, subtract .3ns/pF
HLDA ' D & — (from modified delay) if C| < Cgpgc.
T - : 4. taw = 2tcy— tpg — trg2 — 140ns( - 1:110ns, — 2:130 ns).
we = 5. tow = tcy — tpa — trg2 — 170 ns ( — 1:150 ns, - 2:170 ns).
P * 6. Ifnot HLDA, twp = twa = tp3 + trg2 + 10 ns. If HLDA, two
= twa = twr.

< fe—] - . tHF = tp3 + trg2 —50 ns).
INTE _J . - twr = tpa + trg2 — 10ns.
! . Data in must be stable for this period during DBIN Tj3.
I Both tpg1 and tpg2 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 T2 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.

© o~
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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 tﬁrough
or around the carry bit.

Input and output may be accomplished using memory ad-
dresses as 1/0’ports or the directly addressed 1/0 provided
for in the 8080A instruction set.

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

Data in the 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 D5 D4 D3 D 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 phen depend on the particular operation

executed.

One Byte Instructions

D; Dg Ds. D4 D3 D, D; Do | OP CODE
Two Byte Instructions

[D; Dg D5 Dy D3 Dy Dy Dy | OP CODE -
| D; Dg Ds Dy D3 Dy D; Dy | OPERAND
Three Byte Instructions

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

[ D7 Dg D5 D4 D3 Dy Dy Dg |

Dy

Do |

[D; Dg D5 Dy D3 D,

LOW ADDRESS OR OPERAND 1
HIGH ADDRESS OR OPERAND 2

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

For the 8080A a logic 1" is defined as a high level and a logic ‘0" is defined as a low level.

2-7
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Table 2. Instruction Set Summary

—

Clock ' | Clock

Instruction Code [1] Operations Cycles Instruction Code [1] . Operations Cycles
Mnemonic| D7 Dp D5 Dy Dg Dp D1 Dg| __Description @ Mnemonic|D7 Dg D5 Dg Dg Dp Dy Do) Description @
MOVE, LOAD, AND STORE’ L JPO 11100 0 1 0 [Jumpon parityodd 10
MOVrir2 |0 1 D D D S S S |Moveregister toregister| 5 PCHL 11101 0 0 1 |H&Ltoprogram 5
MOVMyr (9 1 1 1 0 S S S |Moveregisterto counter
: memory 7 CALL '
MOVrM 10 1 D D D 1 1 0 {Movememory to regis- CALL 11 0 0 1 1 0 1 |Callunconditional 17
. ter - 7 cc 1101 1 1 0 0 |[Caloncarry 1117
MVir 0 0 DDD 1 1 0 |Moveimmediate regis- CNC 110 1 0 1 0 0 |Callonnocarry 117
ter 7 cz 1100 1 1 0 0 (Callonzero 117
MVIM 001 10 1 1 0 |Moveimmediate CNZ 1100 0 1 0 0 |Callonnozero 1N7
memory 10 CP 1 11 1 0 1 0 O [Callonpositive 117
LXiB 0 0 0 0 0 0 0 1 [Loadimmediate register| 10 ’ CM 111 1 1 1 0 0 |Callonminus 1117
PairB& C CPE 1 11 0 1 1 0 O |Callonparityeven 1117
LXI D 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 1100 1 0 0 1[Return 10
. ) PairH& L RC 1101 1 0 0 O |Returnoncarry 511
STAX B 0 0 0 0 0 0 1 O |StoreAindirect 7 RNC 11 01 0 0 0 0 |Retumonnocarry . 511
STAXD 0 0 01 0 0 1 O |StoreAindirect 7 RZ 1 1 0.0 1 0 0 O |Returnonzero 511
LDAX B 0 00 0 1 0 1 O |LoadAindirect 7 RNZ 1 1 0 0 0 0 0 O |Returnonnozero 5/11
LDAX D 0 0 0 1 1 0 t 0[LoadAindirect 7 RP 1 1 1 1 0 0 0 O |Returnon positive 511
STA 00110 0 1 0|StoreAdiect 13 RM 111 1 1 0 0 O]Returnonminus 5/11
LDA 00 1 1 1 0 1 0|LoadAdirect 13 RPE 1 1 1 0 1 0 0 O]Returnon parityeven 5/11
SHLD 0 01 0 0 0 1 O |StoreH&Ldirect 16 RPO 1 1. 1 0 0 0 O 0 ]Returnon parity odd 5/11
LHLD 0 01t 01 0 1 0|LoadH&Ldirect ‘116 RESTART
XCHG 11101 0 1 1|ExchangeD&E, H&L 4 RST 1 1 A A A 1 1 1]Restart 1"
Registers INCREMENT AND DECREMENT
STACK OPS INRT 0 0 DD D 1 0 O0|incrementregister 5
PUSHB 1 1 0 0 0 1 0 1 |PushregisterPairB& 11 DCRr 0 0 DD D 1 0 1|Decrementregister 5
C on stack INRM 001 1 0 1 0 O]fIincrementmemory 10
PUSH D 1 1 0 1 0 1 0 1 |PushregisterPairD& 1 DCRM 001 1 0 1 0 1|Decrementmemory 10°
E on stack INX B. 0 0O0O0OO 1 1}|iIncrementB&C N
PUSHH 1 1 1 0 0 1 0 1 [PushregisterPairH& 11 registers
L on stack INXD 00010 0 1 1]incrementD&E 5
PUSH 111 1 0 1t 0 1 |PushAandFlags n registers
PSW on stack ! INX H 0 0100 O0 1 1]iIncrementH&L 5
-|POPB 1 1 0 0 0 0 0 1 |PopregisterPairB& 10 . registers
C off stack [s]07.4:] 000 1 0 1 1 |DecrementB&C 5
POPD 1 1 0 1 0 0 0 1 |PopregisterPairD& 10 DCXD 0 00 11 0 1 1|DecrementD&E. 5
E off stack ) DCX H 0 0 1 1 0 1 1 ]DecrementH&L 5
POPH 1 1 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 0 1 |PopAand Flags 10 . ADCr 1 0 0 0 1 S S S|AddregistertoA 4
off stack ‘ with carry
XTHL 111 0 0 0 1 1]Exchangetopof 18 ADDM 10 00 0 1 1 O/[AddmemorytoA 7
stack, H& L ADCM 10 0 0 1 1 1 0}[AddmemorytoA 7
SPHL 111 1 1 0 0 1|H&Ltostackpointer 5 with carry
LXI SP 0 011 0 0 0 1]|Loadimmediatestack 10 ADI 1 0 0 0 t 1 O]|AddimmediatetoA 7
_pointer ' ACi 1100 1 1 1 0fAddimmediatetoA 7
INX SP 0 0 1t 1 0 0 1 1 |incrementstackpointer| 5 with carry
DCX SP 0 0 1 1 1 0 1 1|Decrementstack 5 DAD B 0 00O 10 0 1|AdB&CtoH&L 10
pointer DADD 0001100 1{AddD&EtoH&L 10
JUMP - DAD H 0010100 1|AddH&LtoH&L. 10
JMP 11 0 0 0 0 1 1|Jumpunconditional 10 DAD SP 0 0 1 1 1 0 0 1] Addstackpointerto 10
] 110 1 1 0 1 0{Jumponcarry 10 H&L
JNC 110 1 0 0 1 O]Jumponnocarry 10
Jz 110 0 1 0 1 0fJumponzero 10
JNZ 110 0 0 0 1 0]Jumponnozero 10
JP 111 1 0 0 1 0]Jumponpositive 10 o
JM 111 1 1 0 1 0]Jumponminus 10
JPE 111 0 1 0 1 0]Jumpon parityeven 10
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intel
S y of P, (Cont.)
Clock Clock
Instruction Code [1] Operations Cycles Instruction Code (1] Operations Cycles
Mnemonic | D7 Dg D5 D4 D3 D2 Dy Dg Description [2] Mnemonic| D7 Dg D5 D4 D3 D2 D¢ Dg Description 21
SUBTRACT| ROTATE
SuBr 1 0 01 0 S S S [Subtract register 4 RLC 0 0 0 0 0 1 1 1 RotateAleft 4
. from A RRC 0 0 0 01 1 1 1 |RotateAright 4
SBBr 1 0 0 1 1 S S S |Subtract register from 4 RAL 0 0 0 1 0 1 1 1 |RotateA leftthrough 4
Awith borrow . carry '
SuB M 1 0 01t 0 1 1 O [Subtractmemory 7 RAR 0 0 0 1 1 1 1 1 |RotateA nghtthrough 4
from A carry
SBBM 1 0 0 1 11 1 0 |Subtract memory from 7 SPECIALS
Awith borrow CMA 001 0 1 1 1 1]|ComplementA 4
Sui 1101 0 1 1 0 |Subtractimmediate 7 STC 001 1 0 1.1 1 |Setcarry . 4
from A CMC 0 0 1 1 1 1 1 1 [Complementcarry 4
SBI 11 0 1 1 1 1 0 [Subtractimmediate 7 DAA 0 01 0 0 1 1 1 |DecimaladjustA 4
from Awith borrow INPUT/OUTPUT
LOGICAL IN 1 01 1 0 1 1|input 10
ANAr 1 01 0 0 S S S |Andregister withA 4 ouT 1 0 1 0 0 1 1 |Output 10
XRA T 1 01 0 1 S S S |Exclusive Orregister 4 CONTROL
with A El 1 1 1 1 1 0 1 1 |Enablelinterrupts 4
ORATr 1 01 1 0 S S S |Orregister with A 4 DI 1 1 1 1 0 0 1 1 |Disable Interrupt 4
CMPr 1 01 1 1 S S S |Compareregister wWithAl 4 NOP 0 0 0 0 0 0 O O |No-operation 4
ANAM 1010 0 1 1 0 |AndmemorywithA 7 HLT 01 11 0 1 1 0/[Halt 7
XRAM 1010 1 1 1 0 |ExclusiveOrmemory 7 v,
with A
ORAM 101 10 1 1 0 |OrmemorywithA 7
CMP M 1 11 1 1 0 |Compare memory with
A 7
ANI 11 1 0 0 1 1 0 |Andimmediate with A 7
XRI 111 0 1 1 1 0 |Exclusive Orimmediate 7
with A
ORI 11 1 1 0 1 1 0 |Orimmediatewith A 7
CPI 11 1t 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 CIntel Corporation 1977
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8085AH/8085AH-2/8085AH-1
8-BIT HMOS MICROPROCESSORS

= Single +5V Power Supply with 10% = On-Ch‘ip System Controller; Advanced
Voltage 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
Non-Maskable) Plus an
= 20% Lower Power Consumption than : p
8085A for 3 MHz and 5 MHz ' 8089A-Comp.atlble Interrupt
. = Serial In/Serial Out Port
= 1.3 us Instruction Cycle (8085AH); 0.8 = Decimal, Binary and Double Precision
us (8085AH-2); 0.67 us (8085AH-1) Arithmetic
= 100% Compatible with 8085A = Direct Addressing Capability to 64K
‘ . ~ Bytes of Memory
= 100% Software Compatible with 8080A = Available in EXPRESS
= On-Chip Clock Generator (with - Standard Temperature Range
External Crystal, LC or RC Network) - Extended Temperature Range

The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel,
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A
microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed. Its
high level of system integration allows a minimum system of three IC’s [8085AH (CPU), 8156H (RAM/IO) and

8355/8755A (ROM/PROMY/I0)] while maintaining total system expandabmty The 8085AH-2 and 8085AH-1 are
faster versions of the 8085AH.

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controlier)
provided for the 8080A, thereby offering a high 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 iatches of 8155H/8156H/8355/8755A memory products allow a direct interface with
the 8085AH.

’

INTA RST65 TRAP
INTR sib  sop
'
DATA l
; 8BIT INTERNAL 8US 3 x1 w0 vee
1 1 x2 o2 ssp wolo
N RESETOUT 3 38 HLDA
sop []4 370 CLK (ouT)
ACCUMULATOR TEMP REG NSTRUCTION
oR - sib 5 36§32 RESETIN
TRAP 6 351 READY
S ope RST75 47 34 10/m
N RsT65 CJ8 3B s
o TmET) INSTRUCTION ] E RSTS5 Q9 32 RD
LoGic ~ DECORER REG REG INTR J 10 3| wR
UNIT MACHINE H 8 L ® REGISTER INTA O |1m’A"30 [0 ALE
(ALv) CYCLE REC REG ARRAY ADg 12 2903 s
® ENCODING @ 0o Q1 0
STACK POINTER AD1 13 288 At
PROGRAM COUNTER  ™*) :gz E :g g; g :14
POWER | —= +5V 3 13
INCREMENTER/DECREMENTER
SuppLY |- GND ADDRESS LATCH _~ (16 ADg4 Q16 50 Az
ADs T} 17 24 An
ADg [J 18 233 A0
AD7 Q19 22 A9
TIMING AND CONTROL = = - vss' 20 21jp ag
" " - neseT ‘ ADDRESS BUFFER _I l DATA/ADDRESS BUFFER' ’I
X2 —=} csu comum surus oMA L

l RD wn ALE s.,s‘ IQIM | HLDA I RESET OUT

Hoo RESETIN ADD:::;.BUS ADDH:?;;DAS?A BUS
) Figure 2. 8085AH Pin
Figure 1. 8085AH CPU Functional Block Diagram Configuration
Intel Corp A NoR ity 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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Table 1. Pin Description

Symbol Type Name and Function Symbol Type Name and Function
Ag-A1s5 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 peripheralis ready to
during Hold and Halt modes and send or receive data. If READY is
during RESET. low, the cpu will wait an integral
ADo—7 VO | Multiplaxed Address/Data Bus: number of clock cycles for READY
Lower 8 bits of the memory address to go high before completing the
(or /O address) appear on the bus read or write cycle. READY must
during the first clock cycle (T state) conform to specified setup and hold
" of a machine cycle. It then becomes times.
the data bus during the second and HOLD o Hold: Indicates that another master
third clock cycles. 1s requesting the use of the address
ALE 0 | Address Latch Enable: It ocours and data buses. The cpu, upon
during the first clock state of a ma- receiving the hold request, will
chine cycle and enables the address relinquish the use of the bus as
to get latched into the on-chip latch soon as the completion of the cur-
of peripherals. The falling edge of rem bus transfer. Internal process-
ALE is set to guarantee setup and ing can continue. The processor
hold times for the address informa- can regain the bus only after the
tion. The falling edge of ALE can HOLD ts removed. When the HOLD
also be used to strobe the status is acknowledged, the Address,
information. ALE is never 3-stated. g’astt:t:(?' WB’ and I0/M lines are
Sp, S1,and IO/M| O Machine Cycle Status: -
_ HLDA (o] Hold Acknowledge: Indicates that
I0/M 8y S; Status the cpu has received the HOLD re-
0 0 1 Memory write quest and that it will relinquish the
0 1 0 Memory read bus in the next clock cycle. HLDA
1 0 1 VOwnte goes low after the Hold request is
1 1 0 I/Oread removed. The cpu takes the bus one
0 1 1 Opcode fetch half clock cycle after HLDA goes
N 1 1 1 Opcode fetch low.
1' o rc‘::\r;\zltedge INTR I Interrupt Request: Is used as a
. 0 0 Halt general purpose interrupt. it is
. X X Hold sampled only during the next to the
. X { X Reset last clock cycle of an instruction
* = 3-state (high impedance) and during Hold and Halt states. If it
X = unspecified is active, the Program Counter (PC)
will be inhibited from incrementing
S, can be used as an advanced RIW and an INTA will be issued. During
status. 10/M, Sy and S; become this cycle a RESTART or CALL in-
valid at the beginning of a machine struction can be mgerted ‘9 jump to
cycle and remain stable throughout the interrupt service ro'utlne. The
the cycle. The falling edge of ALE INTR 1s enabled and disabled by
may be used to latch the state of software. It is disabled by Rese‘t and
these lines. immediately after an interrupt is ac-
RD o Read Control: A low level on RD — cepted —
indicates the selected memory or INTA (o] Interrupt Acknowledge: Isus'ed_ln-
1/O device is to be read and that the stead of (and has the same timing
Data Bus 1s 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. used to activate an 8259A Interrupt
—_— —— chip or some other interrupt port.
WR (o) Write Control: A low level on WR -
indicates the data on the Data Bus is RST 5.5 | Restart Interrupts: These three in-
to be written into the selected RST 6.5 puts have the same timing as INTR
memory or /O location. Data is set RST 7.5 except they cause an intgrnal .
. up at the trailing edge of WR. 3- BESTART to be automatically
stated during Hold and Halt modes inserted
and during RESET. * 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.

2-11
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Table 1. Pin Description (Continued)

o I
b

Type

Symbol Name and Function Symbol Type: Name and Function
TRAP | Trap: Trap interrupt is a non- RESET OUT o ResetOut: ResstOutindicates 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 prionity of any inter- of clock periods.
rupt. (See Table 2) X1, X2 I | Xy and X3: 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 Enable and HLDA flip-fiops. 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.

N chronous "a'”'? of F:EtSET' tl;eﬂpro- CLK O | 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, Xp input period
predictable results. RESET IN is a 172 .
Schmitt-triggered input, allowing SIb | 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 R‘IM instruction is
3). Upon power-up, RESET IN must executed.
remain low for at least 10 ms after SoD O | Serial Output Data Line: The out-
minimum Vcc 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 5 volt ;
should be kept low a minimum of cc ower: +5 volt 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 B 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 level until sampled.
NOTES:

1. The processor pushes the PC on thé 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.

Vec O——4

RESET IN
’ o - Ry ’ A <
——AM———— ——

TYPICAL POWER-ON RESET RG VALUES"
Ry = 75KQ

Cr=14F

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

Figure 3. Power-On Reset Circuit

2-12
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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 improving on the present 8080A’s
performance with higher system speed. Also it is
designed to fit into a minimum system of three IC’s:
The CPU (8085AH), a RAM/IO (8156H), and a ROM or
EPROM/IO chip (8355 or 8755A).

The 8085AH has twelve addressable 8-bit registers. \

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

Mnemonic Register Contents
ACCorA Accumulator 8 bits
PC Program Counter 16-bit address
BC,DE,HL General-Purpose 8 bits x 6 or
Registers; data 16 bits x 3
pointer (HL)
SP Stack Pointer 16-bit address
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, Sq, S¢, and IO/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 additién, to these features, the 8085AH has three
maskable, vector interrupt pins, one nonmaskable
TRAP interrupt, and a bus vectored interrupt, INTR.

INTERRUPT AND SERIAL 1/0

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

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

AFN-01835C
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. | INSIDE THE
EXTERNAL | 8085AH .
TRAP
INTERRUPT

* REQUEST TRAP

RESET IN SCHMITT

TRIGGER

RESET

INTERRUPT
REQUEST

+sv—p CLK

D
FIF

CLEAR |

INTERNAL TRAPF F

TRAP
ACKNOWLEDGE

Figure 4. TRAP and RESET IN Circuit

The TRAP interruptis 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

Cy (load capacitance) < 30 pF
Cs (shunt capacitance) < 7 pF
Rs (equivalent shunt resistance) <
Drive level: 10 mW .
Frequency tolerance: +.005% (suggested)

75 Ohms

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 Cgy; that'is at
least twice that of Cjnt, or 30 pF. The use of an LC
circuit is not recommended for frequencies higher
than approximately 5 MHz.

An RC circuit may be used as the frequency-
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 Xp
open-circuited (F|gure 5D). If the driving frequency
is from'6 MHz to 12 MHz, stability of the clock
generator will be improved by driving both X and X3
with a push-pull. source (Figure 5E). To -prevent
self-oscillation of the 8085AH, be sure that X3 is not
coupled back to X; through the driving circuit.
[
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/
X, 8085AH
————"
1 |
| CGiNT
—L—— W % =~ 16 pF
= |
- 2 \
2007 X2 __ i
*20 pF CAPACITORS REQUIRED FOR
CRYSTAL FREQUENCY = 4 MHz ONLY.
a. Quartz Crystal Clock Driver
—1 X
' ; j
| o
LexT T~ Cext # ~15eF
|
b. LC Tuned Circuit Clock Driver
8085AH
r——c x
1
'
< 6K
20pF S
9
2
= A

¢. RC Circuit Clock Driver

+5V
LOW TIME > 80 \
A470Q ne
T0
1KQ
X
* x2
*X2 LEFT FLOATING _

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

LOW TIME > 40 ns

X4

L

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 o
ALE"—>]CLK CLK OUTPUT* —»]CLK
8005AH
o pe READY
F/F a FF |G | NeUT
+5vV —>Ip D

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

Figure 6. Generation of a Wait State for 8085AH
CPU ’
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AB-15 - , B T~ P .:>
Qow A ' >

ALE ,
B08SAH RD

‘——-m Vee
10/M
CLK
RESET OUT |
READY

Vee

Vee

=nmen _ AD
N

RESET

— - Ag- AD| 10/
' WR|RD| ALE | CE b7 |10/ v‘"‘ 071 CE| i | ALE ﬁ‘n’ L v

TIMER
out ¥
8156H 8355 [ROM + 1/0]

[RAM + /O + COUNTER/TIMER] OR
8755A [PROM + 1/0}

*NOTE OP‘TIONAL CONNEC'PION t I ‘ ‘ t

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

S RESET
INTA ADDR/ ouT So ,
- ADDR DATA ALE RD'WR I0/M  RDY CLK

(8) (8)

! o/M (cS)

WR

CHulim o

DATA

L

STANDARD
MEMORY

ADDR (CS)

S
~. 7

(16)

p—>1 CLK

RESET
10/M (CS) 1/0 PORTS,

- CONTROLS

WR -
RD .

DATA
STANDARD
170

ADDR

i

Figure 9. MCS-85%® System (Using Standard Mémories)
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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 8355 will have the following
features:

2K Bytes ROM

256 Bytes RAM

1 Timer/Counter

4 8-bit 1/0 Ports

1 6-bit 1/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 1/0, the memory mapped 1/O
offers an efficient I/O addressing technique. With
this technique, an area of memory address space is
assigned for |/O address, thereby, using the memory
address for 1/O manipulation. Figure 8 shows the
system configuration of Memory Mapped 1/O using
8085AH.

The 8085AH CPU can also interface with the stan-
dard memory that does not have the multiplexed
address/data bus. It will require a simple 8212 (8-bit
latch) as shown in Figure 9.

2-17

[0 17
rrar 9 X, RESET IN
RST,5
RST6,S
RSTSS
INTR

NTA

RESET

piddid

ADDR/ out
ADDR DATA ALE AD WR 10/ RDY CLK
/\ Vss, Vee
(8) an) L 1
T R
Al
PORT| ‘m
RD 8|
81564 “
ALE  popT ‘E’
oata/  ©
ADDR
IN
10/ TIMER f=—
reser  OUT]
oW
A -
ALE Pomm
)...._ CE A|
— Ag10
| g 8355
8755A
DATA/
DDR
N
o/ mm
- 8
2 v Vee
—jcLK TOR!

Vss Ve Voo PROG
_AAA
WA
AAA
WA

AAA
W

Vee

AV V4

*NOTE OPTIONAL CONNECTION

Figure 7. 8085AH Minimum System (Standard o
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 11O 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, Sg) 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 data is to

take place, so are used as command lines.
A machine cycle normally consists of three T states,
with the exception of OPCODE FETCH, which nor-
mally has either four or six T states (unless WAIT or
HOLD states are forced by the receipt of READY or
HOLD inputs). Any T state must be one of ten
possible states, shown in Table 4.

Table 3. 8085AH Machine Cycle Chart

STATUS CONTROI
MACHINE CYCLE 10/M | 51 S0'| RD | WR | INTA
OPCODE FETCH  (OF) o 1Mol 1
MEMORY READ  (MR) 0 ito0]o 1)1
MEMORY WRITE (MW} 0 of 1 1 0 1
1/0 READ (I0R) 1 11 0|0 1 1
1/0O WRITE (ow) 1 of 1)1 0 1
ACKNOWLEDGE - i 1
OF INTR (INA) 1 1 1 1 1 0
BUS IDLE (8l) DAD 0 1 o1 1 1
ACK OF : "
RST, TRAP 1 1 111 1 1,
HALT Ts 0j O|Ts TS 1
Table 4. 8085AH Machine State Chart
Status & Buses Control
Machine -
State |$1,50|10/Vi|[Ag-Aq5|ADg-AD;|RD,WR [INTA|ALE |
T X | X X X 1 1] 1
T2 X | X X X X | x| o
TwaAIT X | x X X X x| o
Ts X | x X X X | x| o
Ta 1 ot X TS 1 1 0
Ts 1| ot X TS 1 1010
Te 10t X TS 1| 1] o0
Treser | X | TS | TS TS TS| 1] 0
Tuatr | O | TS| TS TS S| 1] 0
Twoo | X | TS | TS TS TS| 1] 0
0= Logic "0 TS = High Impedance
1= Logic 1" X = Unspecified

* ALE not generated during 2nd and 3rd machine cycles of DAD instruction
110/M = 1 during T4~Tg of INA fachine cycle !

M,

My

L

Ut

Ag-Aqg PC, (HIGH ORDER ADDRESS)

X

(PC+1),,

10 PORT

(LOW ORDER

D.
ADDRESS) oRoM

MEMORY
(INSTRUCTION)

DO

-.(.

[o} PORTX

DATA FROM MEMORY
(1/0 PORT ADDRESS)

DATA TO MEMORY
OR PERIPHERAL

-

v/

10/M

—l

/

STATUS $;Sp (FETCH)

X A

10 (READ)

X

01 WRITE

- 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 ....................... ....1.5Watt
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 extende:

reliability.

d periods may affect device

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

'

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 "
VIH Input High Voltage 20 Vcc +0.5 v
VoL Output Low Voltage 045 v loL = 2mA
VoH Output High Voltage 24 \ loH = —400pA
) 135 mA 8085AH, 8085AH-2 *
lcc Power Supply Current 200 mA 8085AH-1 (Preliminary)
e Input Leakage *10 kA 0=<ViNn=<Vcc
ILo Output Leakage +10 nA 0.45V < Voyt < Ve
VILR Input Low Level, RESET -0.5 +0.8 \
VIHR Input High Level, RESET 24 Vce +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: (Tp = 0°C to 70°C, Vg = 5V +5%, Vgg = OV) ,
8085AH? | 8085AH-212' |  8085AH-1
Symbol Parameter (Final) (Final) (Preliminary) Units
Min. | Max. | Min. | Max. | Min. | Max.
teye CLK Cycle Period 320 | 2000, | 200 | 2000 | 167 | 2000 ns
o | CLK Low Time (Standard CLK Loading) 80 40 _ 20 ns
t2 CLK High Time (Standard CLK Loading) '120 70 50 ns
tr, t¢ CLK Rise and Fall Time 30 30 30 ns
tXKR | X4 Rising to CLK Rising 20 120 20 | 100 - 20 100 ns
txkE X4 Rising to CLK Falling 20 | 150 | 20 | 110 20 | 110 ns
tac Ag.-15 Valid to Leading Edge of Controll"! | 270 115 70 ns
tacL Ag-7 Valid to Leading Edge of Control 240 . “115 60 i ns
tap Ag.1s Valid to Valid Data In 575 350 225 ns
tAFR %esas_FWl:)at 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.

. ' 2-19
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A.C. CHARACTERISTICS (Continued)

2-20

8085AH'? | 8085AH-2%) |  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
tec \évt:gteh;fACLoEntrol Low (RD, WR, INTA) 400 230 150 ns
toL 'ol';a;‘lli-c;g Edge of Control to Leaéing 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 ns
tHDS HOLD Setup Time to Trailing Edge of CLK 170 120 120 ns
tiNH INTR Hold Time 0 0 0 ns
tins gnﬁ;gﬁgg,g:n; E?_QP Setup Time to 160 150 150 ns
tLa Address Hold Time After ALE 100 50 20 ns
te Z;a(i:lti)rr\lgt;:ige‘ of ALE to Léading Edge 130 50 25 ns
tiek ALE Low During CLK High 100 50 15 ns
tLDR ALE to Valid Data During Read 460 270 175 ns
tLow ALE to Valid Data During Write 200 140 110 ns
tL ALE Width 140 80 50 ns
tLRY ALE to READY Stable 110 30 10 ns
tRAE I;aAll‘ljr;greEs:ge of READ to Re-Enabling 150 %0 50 né
tRD READ (or INTA) to Valid Data 300 150 75 ns
tay Sfo:terzl g;ar:ltlrno? 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
tays :ngE)KY Setup Time to Leading Edge 110 100 100 ns
twp Data Valid After Trailing Edge of WRITE 100 60 30 ns

" twbL 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 Sy except Ag-Aqs
are undefined during T4—Tg of OF cycle whereas I0/M, S, and
S, 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 Ci # 150 pF use the following
correction factors: ‘
25 pF < C_ < 150 pF: —0.10 ns/pF
150 pF < C < 300 pF: +0.30 ns/pF
. Output timings are measured with purely capacitive load.
. To calculate timing specifications at other values of tcyc use
Table 5.

A.C. TESTING LOAD CIRCUIT

(S8 3

INPUT/OUTPUT
24 ><2,o > . < z.o>< pEvice —
TEST POINT:! TEST

e 08 08 . ICL = 150 pF

T 2R O, LR )

ANDOBVFORALOGIC 0 ‘C:t |:l(‘:i?13;5 JIG CAPACITANCE

Table 5. Bus Timing Specification as a Tcyc Dependent
Symbol 8085AH 8085AH-2 8085AH-1 )
taL (1/2) T - 45 (12) T - 50 (1/2) T - 58 Minimum
tLa (1/2) T - 60 (1/2)T - 50 (1/2) T - 63 Minimum
te (1/2) T - 20 1/2)T - 20‘ (1/2)T~33 Minimum
tLck (1/2)T - 60 (1/2)T - 50 (172)T - 68 Minimum
tLe (1/2) T - 30 (1/2)T - 40 (12)T-58 Minimum
‘tAD (5/2+N)T - 225 (65/2+N)T — 150 (65/2 + N) T — 192 Maximum
trRD 32+ N)T - 180 32+ N)T — 150 82+ N)T - 175 Maximum
tRAE (112)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 (BR2+N)T-70 (B2 +N)T - 110 Minimum
twp (1/2) T - 60 (1/2)T - 40 (1/2)T - 53 Minimum
tcc. (32 +N)T - 80 (32+N)T-70. (312 + N)T — 100 Minimum
toL {“/2)T - 110 (12T -75 " (1/2)T - 83 Minimum
tARY (3/2) T — 260 (3/2) T - 200 (3/2)T - 210 Maximum
tHACK (1/2) T - 50 ©(1/2)T - 60 (1/2)T - 83 Minimum
tHABF (12) T + 50 (1/2) T + 50 (1/2) T + 67 Maximum
tHABE (1/2) T + 50 (1/2) T + 50 (/2) T + 67 Maximum
tac (212) T - 50 (2/2)T - 85 (2/2)T - 97 Minimum
t4 (12) T - 80 (1/2) T - 60 (1/2) T - 63 Minimum
to (112) T - 40 (1/2) T - 30 (1/2)T - 33 Minimum
tRy (3/2) T - 80 (3/2) T- 80 (3/2) T - 90 Minimum
DR (4/2) T — 180 (4/2)T - 130 (4/2) T — 159 Maximum
NOTE: ~ Nisequal to the total WAIT states. T = tcyc.
A T 2-21 AFN-01836C
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|

WAVEFORMS (Continued)

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

[ T T2 Twarr

— tca —=|

Al
Ag Ars ADDRESS

|- tpag —|
tap thon = |

ADgy AD,; ADDRESS / ’,/ : /////X DATA IN

o 1y ] e tip ——]

i tarR —» jo— e oL —| —
ae f twor
4l;
i

(\

[

- tar - tho
i ? tec
RDANTA ! e N\
——— U Ry T
DU v — _‘1
}~—— tagy ———————= 'RYS | AvH tRys n"—vi—I
DA Pl
READY 4
NOTE 1 READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES N
0
INTERRUPT AND HOLD
, Tl I TZ I T3 l T4 , T5 ! TE I THOLD | T‘I , TZ
“wu—u—\fuw
Ags 8 i F
ADg; X —  caLL st ) oy
e BUSFLOATING* —————
ALE / \ \
. \
RD
- —r &
__ B
tHase
17
INTR,,/ / \
l.u.J ‘ - {
tins tinm .
"
7 T {
HOLD !/ / ,’ﬂ N \
[ .
Yips thon
[
HLDA : ’ \
L’ t =
HACK L‘ HABF *10/M IS ALSO FLOATING DURING THIS TIME.
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Table 6. Instruction Set Summary

Instruction Code Operations Instruction Code Operations
Mnemonic | D7 Dg Ds D4 D3 D> Dy Dy Description Mnemonic | D; Dg D5 D4 D3 Do Dy Dy Description
MOVE, LOAD, AND STORE cz 110 0 1 1 0 0 |Callonzero
MOVr1 r2 0 1 DD D S S S |Moveregister to register CNz 1100 01 0 0 Callonnozero
MOVMr | 0 1 1 1 0 S S S |Move register to memory gp 11110 1 0 0 Callon positive
MOVIM {0 1 D D D 1 1 0 |Move memory to register M 1111 1 1 0 0 |Call on minus ‘
MVIr 0 0 DD D1 1 0 Moveimmedate register CPE 11101 1 0 0 [Callon parity even .
MVI M 00110 1 1 0 |Movemmediatememory CPO 11100100 Callonpantyodd |
LXI B 000 0O O 0 1 |Loadimmediate register RETURN
Pir B& C :ET 11001001 :etum
f : C 110 1t 1 0 0 O |Returnon carry
LXI D 0 00 1 0 0 0 1 )lLoadimmediate register
ParD&E 9 RNC 110 1 0 0 0 0 [Return on no carry
. 4 . RZ 110 0 1 0 0 0 |Return on zero
XIH 0 01 0 0 0 0 1 |Loadimmediate ister
L e regt RNZ 11000 0 0 0 Return on no zero
STAX B 0000 O0 O 1 0O StoreAindirect RP 111100 0 0 Return on positive
STAXD [0 0 0 1 0 0O 1 0 |StoreAindirect AM t'1 1110 0 0 Returnon minus
LDAX B 000 O0 10 1 0]LoadA indirect RPE 11 1 0 1 0 0 O |Return on parity even
LDAX D 000110 1 0]LoadA indirect RPO 1 1 1 0 0 0 0 0 [Returnon parity odd
STA 001 1 0 0 1 OfStoreAdirect RESTART
LDA 0011 10 1 0LoadA direct RST 11 AAAT 1 1 |Restart
SHLD 0 0°1t 00 0 1 O|StoreH&Ldirect INPUT/OUTPUT
LHLD 0010 10 1 0|LoadH&Ldirect 'NT 1101 10 1.1 finput
XCHG 11,101 0 1 1/|ExchangeD&E H&L ou 1 10100 1 1 |Output
Registers INCREMENT AND DECREMENT
STACK oa - INR'r 0 0 DD D 1 0 0 jincrementregister
PUSH B 1100 0 1 0 1 |PushregsterParB& DCR r 0 0 DDD 1 0 1 |Decrement rregister
C on stack INR M 00110 1 0 O [increment memory
PUSH D 11 0 1 0 1 0 1 |PushregsterPairD& DCR M 00 11 01 0 1 |Decrementmemory
E on stack INX B 000O0OOT1T 1 Incnjement B&C
PUSH H 1110 0 1 0 1 |PushregsterParH& . registers
Luon sr‘agcik erra INX D 000 100 1 1 incrementD&E
PUSHPSW| 1 1 1 1 0 1 0 1 |PushA and Flags registers
. on stack INX H 0 01 00 0 1 1 jincrementH&L
POP B 11 0 0 0 0 O 1 |Popregister ParB & registers
: c gff s(gack DCX B 00001 0 1 1 |DecrementB&C
POP D 1101 0 0 0 1|Popregister Pair D& DCX D 0001 10 1 1|DecrementD&E
E off stack DCX H 0 01 01 0 1 1 [DecrementH& L
POP H 1110 0 0 O 1 [PopregisterParH& ADD,
L ok ADD r 10000 S S S |Add register to A
POP PSW 111100 0 1|PopAand Flags ADC r 100018 S S Aqd register to A
off stack with carry
XTHL 11100 0 1 1 ]|Exchange top of ADD M 10C00 0 |Add memory to A
stack, H & L ADC M 10001 1 0 Add memory to A
SPHL 111 1 1 0 0 1|H&Ltostack pointer with carry
LXI SP 00110 0 0 1 |Load mmediate stack ADI 1 00 11 Add immediate to A
pointer ACI 1 0 0 1 1 1 0 |Add immediate to A
INX SP 00 1 0 0 1 1 |increment stack pointer with carry
DCX SP 0011 1 0 1 1 |Decrementstack DAD B 0000100 1fAddB&CtoH&L
pointer DAD D 0001100 1|AddD&EtoH&L
JOMP - DAD H 0010100 1|AddH&LtoH&L
JMP 11700 0 0 1 1 |Jumpunconditional DAD sP 0 01 1 10 0 1 )Addstack pointer to
Jc 1101 1 0 1 0 |Jumpon carry H&L
JINC 11010 0 1 0 |Jumponnocarry SUBTRACT .
Jz 1100 1 0 1 0 |Jumponzero SUBr 1 0 0 1 0 S S S |Subtract register
JINZ 1100 0 0 1 0]|Jumponnozero from A
JP 11110 0 1 0 |Jumpon positive SBBr 1001188 S Sul:f!ract register from
M 11111 0 1 0 [Jumponminus A with borrow
JPE 1110 1 0 1 0 |Jumpon parity even Sus M 100 10 1 1 0 Subtractmemory
JPO 11100 0 1 0|Jumpon parity odd from A
PCHL 111010 0 1/|H&Ltoprogram SBB M 1 00 1 1 1 1 O |Subtract memory from
counter A with borrow
CALL Sul 110 1 0 1 1 0 [Subtractimmediate
CALL 1100 1 1 0 1 |Callunconditonal from A
cC 110 1 1 1 0 0]Calloncarry SBI 110 1 1 1 1 0 |Subtractimmediate
CNC 1101 0 1 0 0]Callonnocarry from A with borrow
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Table 6. Instruction Set Summary (Continued)

Instruction Code Operations f Instruction Code Operations
Mnemonic | D; Dg D5 Dy D3 D, Dy Dy Description: Mnemonic | D; Dg D5 D4 D3 D, Dy Dy Description
LOGICAL ) SPECIALS
ANA r 1 0 1,0 0 S S S |Andregister with A CMA 001 0 1 1t 1 1[Complement
XRAr 1.0 0 1 S S S |Exclusive OR register ¢ o A
with A STC 0 01 1 0 1 1 1]Setcarry
ORAr 1 01 1 0 S S S |ORregister with A CMC 00 1 1 1 t 1 1[Complement
CMP r 170 1 1 1 S8 S S |Compare register with A carry
ANAM 101 00 1 1 0 |AndmemorywithA DAA 0 0 1 0 0 1 1 1 |DecimaladjustA
XRAM 101 0 1t 1 1 0 |Exclusive OR memory CONTROL B
. with A El 1 1 1 1 1 0 1 1|EnableInterrupts
ORAM | 1 001 1 0 1 1 0 |ORmemory with A DI 1t 1 1 1 0 0 1 1|[DisableInterrupt
CMP M 101 1 1 1 0 |Compare NOP 0 0 0 0 0 0 0 O|No-operation
' ) . memory with A HLT 0 1 1 1 0 1 1 0]Halt
ANI 11 1 0 0 1 1 0 |Andmmediate with A NEW 8085A INSTRUCTIONS
XRI 1 1 1 0 1 1 1 0 |Exclusive OR immediate RIM 0 0 1 0 0 0 0 OfReadInterrupt Mask
with A SIM !0 0 1 1 0 0 0 O] Setinterrupt Mask
ORI 11 1 1 0 1 1 0 |ORimmedate with A
CPI 111 1 1 1 1 0 |Compare immediate
with A
ROTATE
RLC 0 0 0 0 0 1 1 1 |RotateA left
RRC 0 0 0 0 1 1 1 1 |RotateAright
RAL 0 0 0 1 0 1 1 1 [RotateA left through
3 carry
RAR 0 0 0 1 1 1 1 1 |RotateA rightthrough
| carry '
NOTES; ’

1. DDS or '$SS: 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 ©Intel Corporation 1976.
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WAVEFORMS

X1 INPUT [—_\.___/—-\___/-——\__f——\
tr t2 — tf
CLK . l
OUTPUT
'
tXKR [-— t
teve
—| txKF |-
L4
READ | T T, T | T,
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Ag-Ars ADDRESS
tRaE —
tap —- —» tROH
AD,-AD, X ADDRESS //// DATA IN <
1
r——‘u.—> fe—t A —|
t t | ph——
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cLK .
‘4— tek —=|
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.
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8085A/8085A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

= Single +5V Power Supply n Four Vectored Interrupt In‘puts (Oneis
= 100% Software Compatible with 8080A g°ﬂ-Mﬁ;isl';'ﬂbl'et) P'“sta" 8080A-
= 1.3 us Instruction Cycle (8085A); ompatible Interrup
0.8 us (8085A-2) m Serial In/Serial Out Port
s On-Chip Clock Generator (with External : .
" Crystal, LC or RC Network) u ngl;'r:aelt’i cBmary ahd Double Precision -

8 On-Chip System Controller; Advanced

Cycle Status Information Available for s Direct Addressing Capablllty to 64k
Large System Control Bytes of Memory

The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed.
Its high level of system integration allows a minimum system of three IC’s [8085A (CPU), 8156 (RAM/IO) and 8355/8755A .
(ROM/PROM/10)] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A.

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

The 8085A 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 8155/8156/8355/8755A memory products allow a direct interface with the 8085A.

N

sib sop
8BIT INTERNAL DATA BUS l x1 o1 wh vee
= 2 ? . X2 2 390 HOLD
' ’ RESETOUT }3 383 HLDA
s sop .j4 373 cik(ouT)
ACCUMULATOR | TEMP REG . INSTRUCTION sIp Qs 36 0 RESETIN
Ll L b TRAP [J6 35 READY
el tions Il ) RsT75 o7 b 1om
AEG ass ® RST6.5 8 30 $1
W) INSTRUCTION 0 RST55 9 3203 RD
Lol DECODER INTR CJ10 goqes 311 WR
UNIT MACHINE REGISTER INTA 11 300 ALE
(ALY) ARRAY ADg [} 12 2R So
- ENCODING
AD1 13 280 A5
AD2 14 270 A
AD3 15 263 A3
POWER [ +5V .
SUPPLY | —= GND mcnsM:gg::giﬁiﬂmrE:” AD4 Q16 250 A2
LY ADs 17 24P An
ADg 18 23 A1
AD7 J 19 223 Ag
TIMING AND CONTROL | S Vs 20 21
r ADORESS BUFFER WI [ unumonsss-usrsn"—’l s o he
X3 —=f  CLK RESET
© X —=f  GEN CONTROL STATUS OMA ———y I g
cLKouT l A WA AL sl;s{;Im 1 HLDA ‘ RESET OUT . G
As-Ag AD7-Al
Reapy Hoto REETIN ADDRESS BUS ADDRESHDATA BUS
) Figure 2. 8085A Pin
Figure 1. 8085A CPU Functional Block Diagram ‘ . Configuration.

/
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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 RespecttoGround. .. ......... —0.5V to +7V
Power Dissipation . . .. .............. 1.5 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
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C, Vcc = OV +5%, Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \
Vin Input High Voltage 20 Vec10.5 v
VoL Output Low Voltage 0.45 \ loL = 2mA
Vou Output High Volitage 2.4 v lon = -400pA
lec Power Supply Current 170 mA
e Input Leakage 10 HA 0< Viny <Vcc
Lo Output Leakage +10 MA 0.45V <Vt < Ve
ViLr Input Low Level, RESET -0.5 +0.8 \
ViHR Input High Level, RESET 24 Ve 0.5 V-
Vuy Hysteresis, RESET 0.25 v

-
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'

A.C. CHARACTERISTICS (1o = 0°Cto 70°C, Vgc = OV 5%, Vgs = OV) . .~ 41 ./ - i

Symbol Parameter 808541 8085A-24 Units
Min. Max. Min. Max.

teve CLK Cycle Period ) 320 2000 200 2000 ns
ty CLK Low Time (Standard CLK Loading) 80 40 ' ns
ts CLK High Time (Standard CLK Loading) 120 70 ns
t,t CLK Rise and Fall Time 30 30 ns
txxr X, Rising to CLK Rising 30 120 30, 100 ns -
tyxe X, Rising to CLK Falling 30 150 30 110 ns
tac Ag._45 Valid to Leading Edge of Controll™ 270 115 _ns
tacL Aq-7 Valid to Leading Edge of Control 240 115 ns
TaD Ap-15 Valid to Valld Data In 575 350 ns
TaFR Address Float After Leading Edge of

READ (INTA) 0 0 ns
tay Valid Before Trailing Edge of ALE!"] 115 50 | ns
taLL Ao_ﬁlalld Before Trailing Edge of ALE 90 ‘ 50 ns
tARy “READY Valid from Address Valld 220 100 ns

o _Address (Ag.-15) Valid After Control 120 60 ns

tec Width of Control Low (RD, WR INTA) :

Edge of ALE 400 230 ns
toL Trailing Edge of Control to Leading Edge

of ALE 50 25 ns
tow Data Valid to Trailing Edge of WRITE 420 230 ns
tHaBE HLDA to Bus Enable 210 150 ns
thaBr Bus Float After HLDA 210 150 ns
thack HLDA Valid to Trailing Edge of CLK 110 40 ns
tHoH HOLD Hold Time 0 0 ns
thos HOLD Setup Time to Trailing Edge of CLK 170 120 ns
tinK INTR Hold Time 0 0 ns
Tins INTR, RST, and TRAP Setup Time to

Falling Edge of CLK 160 150 ns
ta Address Hold Time After ALE 100 50 ns
tic Trailing Edge of ALE to Leading Edge - .

of Control 130 60 ns
tick ALE Low During CLK High 100 50 ns
tior ALE 1o Valid Data During Read 460 270 ns
Tow ALE to Valid Data During Write 200 120 ns
[ ALE Width 140 80 ns
tLRY ALE to READY Stable 110 30 ns

- 2-28
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A.C. CHARACTERISTICS (Continued)

Symbol ‘ Parameter 8085A1%) 8085A-212 Units
Min. Max. Min. Max.
tpag | Trailing Edge of READ to Re-EnablIng 150 90 ns
of Address
tRD READ (or INTA) to Valid Data 300 150 ns
trv Control Trailing Edge to Leading Edge 400 220 ns
of Next Control .
” — —
trpy | Data Hold Time After READ INTA!") 0 0 - ns
tryH | READY Hold Time 0 0 ns
trys | READY Setup Time to Leading Edge 110 100 ns
of CLK
twp Data Valid After Trailing Edge of WRITE 100 60 ns
twpL | LEADING Edge of WRITE to Data Valid 40 \ 20 ns

NOTES:
Ag-Aq5 address Specs apply to I0/M, Sp, and Sy except Ag-Aqs5 are undefined during T4-Tg of OF cycle

1.

2.
3.

No o &

whereas IO/M, Sg, andS, are stable.

Test conditions: tcyc = 320 ns (8085A)/200 ns (8085A-2); C|_= 150 pF.
For all output timing where C = 150pF use the following correction factors:

25pF < C| < 150pF: —-0.10ns/pF
150pF < C < 300pF: +0.30ns/pF

Output timings are measured with purely capacitive load. )
All timings are measured at output votage V|_=0.8V, Vi =2.0V, and 1.5V with 20ns rise and fall time on inputs.

To calculate timing specifications at other values of tcyc use Table 7.
Data hold time is guaranteed under all loading conditions.

»

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

P

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1" AND 0 45V FOR
LOGIC "0 " TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1"
AND 0.8V FOR A LOGIC "0

229

DEVICE
. UNDER
TEST

C_ = 150 pF

C, = 150 pF

Cy INCLUDES JIG CAPACITANCE
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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%
Voltage Margins

m 30% Lower Power COnsumption than
the 8155 and 8156

® 100% Compatible with 8155 and 8156

m 256 Word x 8 Bits

m Completely Static Operation

= Internal Address Latch

® 2 Programmable 8-Bit I/O Ports

1 Programmable 6-Bit I/O Port
Programmable 14-Bit Bmary Counter/
Timer

Compatible with 8085AH, 8085A'and
8088 CPU

Multiplexed Address and Data Bus

Available in EXPRESS
- 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 1/0 portion consists of three general purpose 1/0 ports. One of the three ports can be programmed to be status
pins, thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse

for the CPU system depending on timer mode.

10/M - PORT A, .
ADg , @ 256 X 8
STATIC _

RAM

# ——| PORT B
o| K=
ALE —————*

RD —————

WR— PORT C
’ c PCog

TIMER CLK—’ T_VCC (+5V) .

TIMER OUT Vss (0V)

*8155H/8155H-2 = CE, 8156H/8156H-2 = CE

Figure 1. Block Diagram

PC; 1 ~ Vee

rc, [ 2 30 [] pc,
TiMerR IN [] 3 38 [] rpc,
RESET [ 4 37 [1 PC,

PC; [}5 36| PB,
TIMEROUT [} 6 35 [ PBg
1o/m O} 7 34 [] By
CEORCE*[]8 33[] 8,
RD 9 e155H 3217 PB,

WR Q10 s1seH 3118,
ALE [J 11 g1ss-27 30[1 PB,

ADy [f12 8158H2 291 pg,
* ap, 13 © 280 pa,
AD, []14 277 PAg
AD,; [} 15 26 [ PAg
ap, (16 507 PA,
Apg (417 241 PA,
ADg []18 23[7] PA,
AD, [} 19 22[ PA,
Vgs [ 20 21[] pay

Figure 2. Pin Configuration

Intel C: ion A No 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. 2-30
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Table 1. Pin Description
Symbol Type Name and Function
RESET | Reset: Pulse provided by the 8085AH to initialize the system (connect to 8085AH RESET OUT). Input

high on this line resets the chip and initializes the three 1/O ports to input mode. The width of RESET
pulse should typically be two 8085AH clock cycle times.

ADg_7 o Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus.
The 8-bit address is latched into the address latch inside the 8155H/56H on the falling edge of ALE. The
address can be either for the memory section or the 1/O section depending on the I0/M input. The 8-bit
data is either written into the chip or read from the chip, depending on the WR or RD input signal.

CEor 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: Input low on this ine with the Chip Enabie active enables and ADg_7 buffers. If 10/M pin

is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected 1/O port or
command/status registers will be read to the AD bus.

WR | | Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data
bus to be written to the RAM or I/O ports and command/status register, depending on I0/M.

ALE | | Address Latch Enable: This control signal latches both the address on the ADg_7 lines and the state
of the Chip Enable and I0/M into the chip at the falling edge of ALE.

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

PAg_7(8) /0 Port A: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming

the command register.

PBo-7(8) /10 Port B: These 8 pins are general purpose I/O pins The in/out direction is selected by programming
the command register

PCg-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 PCo-5 are used as control signals, they
will provide the following:

PCo — A INTR (Port A Interrupt)

PCy — ABF (Port A Buffer Full)

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

Vee Voltage: +5 volt supply.

Vss ' Ground: Ground reference.

FUNCTIONAL DESCRIPTION

The 8155H/8156H contains the following:

e 2k Bit Static RAM organized as 256 x 8
e Two 8-bit1/O ports (PA & PBiandone6-bitli/Oport(PC)
L]

8 BIT INTERNAL DATA BUS

T110 11

14-bit timer-counter ; : COMMAND I oC ] PB [ PA | TR | TimeR
The 10/M (10/Memory Select) pin selects either the five STATUS ‘ I
registers (Command, Status, PAo-7, PBo-7, PCo-5) or TIMER
the memory (RAM) portion. 6 8 s  MODE

The 8-bit address-on the Address/Data lines, Chip Enable O i B v B
input CE or CE, and 10/M are all latched on-chip at the
falling edge of ALE '

Figure 3. 8155H/8156H Internal Registers
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CE (8156H)

CE (8156H)

1o/mM

ADg_, ADDRESS

« T\

* DATA VALID

D ORWR

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

N /

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 10/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 I/0 section can be polled
by reading the Status Register (Address XXXXX000).
Status word format is shown in'Figure 6. Note that you
may never write to the status 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.

2-32

7 6 5 4 3 2 1 0
ITM2|TM'.| IEBI IEA| Pczl PC1rPBI PA]

L ] L J
DEFINES PAg.7
0= INPUT
= OUTP
DEFINES PBo.; | |~ OUTPUT
00=ALT 1
b g =
L > DEFINES PCo.5 o-AtT3
10=ALT4
~ ENABLE PORT A
INTERRUPT 1= ENABLE
L—__, 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
LOADWNG {IF TIMER 1S NOT PRESENTLY
RUNNING) IF TIMER IS RUNNING, START |
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC
1S REACHED

10 =

L TIMER COMMAND-
"=

Figure 5. Command Register Bit Assignment
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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.)

AD7 _ADs (ADs ADs AD3 ADz AD1 ADo When the ‘C’ port is programmed to either ALT3 or ALT4,
DJrmer|™rel & nvar[iet 2 el the control signals for PAand PBare initialized as follows:
L PORT A INTERRUPT REQUEST CONTROL INPUT MODE OUTPUT MODE
——— ron s guerss ooy BF Low Low
t———————» PORT A INTERRUPT ENABLE lNTR LOW ngh
PORT B INTERRUPT REQUEST STB Input Control Input Control
l——————————————» PORT B BUFFER FULL/EMPTY
(INPUT/OUTPUT)
PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT
IS LATCHED HIGH WHEN .
TERMINAL COUNT IS

Con e || [ vo sooress

B aER AND BY A7|A6 |AS| A4 [A3| A2 |A1]A0
XX | X|{X|{X}0]0]o0 |interval Command/Status Reélster
X|X | X|Xx|Xx|[0]o0]| 1 |General Purpose I7O Port A
XX |X|X]|X}0]|1] 0 |General Purpose I/0O Port B
X|X | X|X|X}|0]1]1]PortC— General Purpose /0 or Control
XX | X|X|X}1]0]0|Low-Order8 bits of Timer Count
XX { XX |X}1]10]1]|Hgh®t bits of Timer Count and 2 bits

- of Timer Mode
Figure 6. Status Register Bit Assignment X Domt Care

t 1/OAddress must be qualified by CE = 1(8156H) or CE = 0 (8155H) and IO/M = 11n
order to select the appropriate register

INPUT/OUTPUT SECTION

The |/O section of the 8155H/8156H consists of five regis-
ters: (See Figure 7.) Figure 7. 1/O Port and Timer Addressing Scheme

o Command/Status Register (C/S) — Both registers are
assigned the address XXXXX000. The C/S address

serves the dual purpose. :
. ) Figure 8 shows how /O PORTS A and B are structured
When the C/S registers are selected during WRITE within the 8155H and 8156H:

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

8155H/8156H
ONE BIT OF PORT A OR PORT B

operation, the status information of the 1/0 ports and S ouTRT ~
the timer becomes available on the ADo-7 lines. L W
CLK CLR
® PA Register — This register can be programmed to be A

-either input or output ports depending on the status of
the contents of the C/S Register. Also depending on
the command, this port can operate in either the basic
mode or the strobed mode (See timing diagram). The
1/0 pins assigned in relation to this register are PAg-7.
The address of this register is XXXXX001.

. . 1 2 | . 4
. . . : : *—G | @ |
* PB Register — This register functions the same as PA <-l o_'li. LATCH .

PA/PB

MODE(4 PIN

INTERNAL DATA BUS
33
_ A
&
|
1
-l

Register. The I/0 pins assigned are PBo-7. The address READ PORT a D
of this register is XXXXX010. . LK

* PC Register — This register has the address XXXXX011 Vv st8 .
and contains only 6 bits. The 6 bits can be program- T TPUT MODE OLTIPLEXER (@ =1FOR OUTPUT MODE
med to be either input ports, output ports or as control g; §‘T”A%‘§E'$‘f&’.fm} NTROL =0 FOR INPUT MODE

sngnals for PA ,and PB by propgrly programming the READ PORT = (10/M=1) ® (RD=0) ® (CE ACTIVE) » (PORT ADDRESS SELECTED) ,
AD2 and ADs3 bits of the C/S register. WRITE PORT = (10/M=1) o (WR=0) e (CE ACTIVE) » (PORT ADDRESS SELECTED)

When PCo-s5 is used as a control port, 3 bits are - -
assigned for Port A and 3 for Port B. The first bit is an ‘Figure 8. 8155H/8156H Port Functions

R 2-33 . . ) AFN-01960C
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Table 2. Port Control Assignment

Pin ALT 1 ALT 2. ALT 3 ALT 4

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt)

PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full)

PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)

PC3 Input Port Output Port Output Port B INTR (Port B Interrupt)

PC4 | Input Port Output Port Output Port B BF (Port B Buffer Full)
" PC5 Input Port Output Port Output Port B STB (Port B Strobe)

Note In the diagram that when the 1/O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed.

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

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

When in the ALT 1 or ALT 2 modes, the bits of PORT C -

are structured like the diagram above in the simple input
or output mode, respectively. .

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

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

TO 8085AH RST INPUT

PORT A| OUTPUT ) PORTA
A INTR (SIGNALS DATA RECEIVED)
A BF (SIGNALS DATA READY)
. A STB (ACKNOWL DATA RECEIVED) TO/FROM
' PORTC B STB (LOADS PORT B LATCH) PERIPHERAL
INTERFACE

B BF (SIGNALS BUFFER IS FULL)

B INTR (SIGNALS BUFFER
READY FOR READING)

PORT B

TO INPUT PORT (OPTIONAL)

TO 8085AH RST INPUT

TIMER SECTION

The timer is a 14-bit down-counterthat,céunts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count (TC) is reached.

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

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the 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 3FFH in
Bits 0-13.

7 6 5 4 3 2 1 0

LMzJ M ]Twl T12[T11| T1o| Tel Tsl

L . J
T
TIMER MODE MSB OF CNT LENGTH

L7 6 5 4 3 2 1 0

Lo frefnfn]n]nln]n]

L 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
LPI t t l
o o 1 SINGLE — -t
SQUARE WAVE
SQUARE WAVE p
3 SINGLE = eee— p—— o - o - - -
1 0  PULSEON
TERMINAL COUNT
4 CONTINUOUS
T 7 puLses \J |V}

Figure 9. Example: Command Register = 00111001 -

2-34

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:

T™M2 TM1 N

0 0 NOP — Do not affect counter operation.

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

1 0 STOP AFTER TC — Stop immediately
after present TCis reached (NOP if 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.

— 4 \4——

> 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

The counterin 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 until a START command is.issued via the
C/S register.

Please note that the timer circuit on the 8155H/8156H chip
is designed to be a square-wave timer, not an event
counter. To achieve this, it counts down by twos twice
in completing one cycle. Thus, its registers do not con-
tain values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1 into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 (decimal). (For
the detection of single pulses, it is suggested that one
of the hardware interrupt pins on the 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:

Stop the count

1.

2. Read in the 16-bit value from the count length registers
3. Reset the upper two mode bits
4.

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

5. If carry is set, add 1/2 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.

AFN-01960C
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8085A MINIMUM SYSTEM CONFIGURATION

Figdre 13a shows a minimum system using three chips,
‘containing:

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

1 Interval Timer
4 Interrupt Levels

8085 MINIMUM SYSTEM CONFIGURATION

A8-15 1 I i T >
&z >
‘ALE AN I

. 8085AH )

WR |

10/M — L

CLK

RESET OUT
‘READV AAA—>

VCC
TIMER || __ _ A8- AD| __|10/ -
RESET IN WR|RD| ALE | CE v 10/M V"‘"’ 071 CE| | ALE nojrdﬂcmnsr RDY
1
LATCHES
TIMER __| TIMER
out ] 8355 |[ROM + 1/0|
CONTROL OR
256 x 8 8755A [PROM + 1/0]
RAM
Ay
8156H t
c/s ] [ PB PA

. T %%t §%

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

Figure 13b shows a five chip system containing:
e 1.25K Bytes RAM

* 2K Bytes ROM

® 381/0 Pins
® 1 Interval Timer
® 2 Interrupt Levels

GND
(Vss)

.

GND

N
MANUAL

RESET

]

RES

2
CLK
READY

8284
RESET

RDY1

Ag—A1g

ADg - AD
ck °

8088
—— READY

MN/MX

ALE

RST 5 RD

WR

10/M

ADDR

—Vece

ADDRIDATA

_ N
I0/M  TIMER
Reser OUT

THaE

ow
RD

IRV

Ag-10
8355-2/
8755A-2

DATA/

ADDR

I0/M  PORT

-| RESET

LTTLIT

READY

B

oR |[—

g

N

Vss Vee Voo

PROG

NN

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

TemperatureUnderBias ................ 0°Cto +70°C
Storage Temperature ............... -65°Cto +150°C
Voitage on Any Pin

With RespecttoGround ............... -0.5V to +7V
Power Dissipation ...................c0iiinn. 1.5W

*NOTICE: Stresses above those listed unider “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 (15 = 0°C to 70°C, V¢ = 5V + 10%)

Symbol | Parameter Min. Max. Units Test Conditions

ViL Input Low Voltage -0.5 0.8 \Y)

Vin Input High Voltage 20 Vec10.5 \'

VoL Output Low Voltage 0.45 \% loL = 2mA

VoH Output High Voltage 24 v loy = -400uA

he Input Leakage ) *10 HA 0V <=V|n<Vcc

Lo Output Leakage Current +10 HA 0.45V < Vout < Vcc

lcc Vce Supply Current 125 mA

IL(CE) | Chip Enable Leakage

8155H +100 pA 0V < Vjn < Vee
8156H -100 pA
A.C. CHARACTERISTICS (1o = 0°C t0 70°C, Ve = 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
tic Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tap Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tROF Data Bus Float After READ 0 100 0 80 ns
toL READ/WRITE Control to Latch Enable 2 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In‘to WRITE Set Up Time 150 100 ns
twp Data In Hold Time After WRITE 25 25 ns
trv Reccvery Time Between Controls 300 200 ns
twp WRITE to Port Qutput 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
ts) Strobe to INTR On N 400 300 ns
'2-38‘ AFN-01960C
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A.C. CHARACTERISTICS (Continued) (Ta = 0°C to 70°C, Vgg = 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
try 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
t2 TIMER-IN High Time 120 70 ns

INPUT/OUTPUT

A.C. TESTING INPUT, OUTPUT WAVEFOFiM

24
20 20
> TEST POINTS <
08 L]
0.45 -

AC TESTING INPUTS ARE DRIVEN AT 24V FORA LOGIC 1 AND 0 45V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC 0 ,

. A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

Cp = 150 pF
C INCLUDES JIG CAPACITANCE

ll C,_ = 150 pF

WAVEFORMS
READ
\
- CE (8155H) \ [ \
2
OR
B N
CE (8156H) ; \ /
0/m \ v / \
e 2
tap :
-\
ADg; ADDRESS >—< DATA VALID H
X ’ o A
e T T oy pu— .
ALE /
__/ A
L |<tRDE>, ’.—tRDF_—
RD '\x~—‘nn——- Zf N
e -~ teL—>
tee trv
2-39 AFN-01960C
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WAVEFORMS (Continued)

.| WRITE

CE (8155H)

OR

CE (8156H)

oM ~

)

S

2

ADg;

iDL

X
2

PN TN 21 TN

ADDRESS

ALE

.

fe—— tyy —» |—— tp —> tow

N

e te two o
" {\r / \_
tec try .
STROBED INPUT
BF / \
tsaF ‘ '
sTRoBE X / ZL
tss ts1 *" tReE
INTR / f R \L
tHo1 /
\.
‘ [ tpss tpug ‘
INPUT DATA K
FROM PORT

2-40
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WAVEFORMS (Continued)

STROBED OUTPUT . } \L

< tspe

twer

INTR

twp

OUTPUT DATA
TO PORT

BASIC INPUT BASIC OUTPUT

thg — e >

INPUT ‘X K "T__——

tap ~ WA \ % /
RD ' ' v
e —>|

QUTPUT
DATA BUS* x
—— e — — —— *DATA BUS TIMING 1S SHOWN IN FIGURE 7
TIMER OUTPUT COUNTDOWN FROM 5 TO 1
LOAD COUNTER FROM CLR —| RELOAD COUNTER FROM CLR —|

I 2 I 1 5 | 4 | 3 I 2 I 1

TIMER IN

TIMER OUT \
(PULSE) \

/
INOTET)

————

TIMER OUT \

. /
(SQUARE WAVE) | \ (NOTE 1) /
" —— -
: A—J tre —

NOTE 1 THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M‘I MODE BIT = 1)
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8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

256 Word x 8 Bits

Single +5V Power Supply
Completely Static Operation
Internal Address Latch

2 Programmable 8 Bit 1/0 Ports

m 1 Programmable 6-Bit 1/0 Port

® Programmable 14-Bit Binary Counter/
Timer ,

m Compatible with 8085A and 8088 CPU

m Multiplexed Address and Data Bus

= 40 Pin DIP : .

The 8155 and 8156 are RAM and I/O chips to be used in the 8085A 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 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-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 programimable 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.

" ADy.; <:> 256 X 8
- STATIC

PORT A
| K )me
RAM
 —_ PORT B
o| Koo
ALE ————>] ,

]L

Nl

WR————>] PORT C
¢ PCo-s
RESET —————s] TIMER _J

TIMER cu(——r L—vcc (+5v)

TIMER OUT Vgs (OV)

* 8155/8155-2 = &, 8156/8156-2 = CE

Figure 1. Block Diagram

e, 1~ a0 Ve

ec, 2 39[] pc,
TiMer N[} 3 38 [] Pc,
RESET [] 4 37 PG,

Pc; O 5 36 1 P8,
TIMER OUT [ 6 35 [ PBg
lom 047 34 [ PBg
CEORCE*[]s8 338,
RD 9 32[] p8,

- 8155/
WR O g2 31 s,

ALE [J11  g550/ 30[ PB,
ADy [12 81562 29[ pB,

ap, (13 281 ra,
AD, []14 271 PAg
AD, [} 15 26 [] PA;
AD, [} 16 25[] PA, R
ADg [} 17 24[7 PA,
ADg [ 18 23[] PA,
AD, [ 19 22 PA,
Vss [ 20 217 pa,y

Figure 2. Pin Configuration

2-42
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ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................ 0°Cto+70°C
Storage Temperature ............... -65°Cto+150°C
Voltage on Any Pin

With RespecttoGround ............... -0.5V to +7V

Power Dissipation ...............c.cieiiiiinn.. 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 (14 = 0°C to 70°C; Ve = 5V + 5%)

SYMBOL | PARAMETER MIN. MAX. UNITS " TEST CONDITIONS
| ViL Input Low Voltage -0.§ 0.8 v

Vin Input High Voltage 20 Vec+0.5 v

VoL Output Low Voltage ( 0.45 v loL =2mA

Vou Output High Voltage 2.4 '} oy = -400puA

W Input Leakage +10 MA oV <V|Ny<Vcc

Io Output Leakage Currer:lt +10 HA 0.45V < VouTt < Vcc

Icc Ve Supply Current - 180 mA

LiL(CE) | Chip Enable Leakage
8155 +100 uA 0V < V)N < Vgc
8156 -100 pA

2-43
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'A.C. CHARACTERISTICS (T, = 0°C to 70°C; Vi = 5V * 5%)

: , 8155/8156, 8155-2/8156-2 ‘
SYMBOL | PARAMETER o MIN. MAX. MIN. MAX. UNITS
taL Address to.Latch Set Up Time 50 30 ns
ta 'Address Hold Time after Latch 80 30 ns
‘te Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tap Address Stable to Data Out Valid 400 330 ns
tLL Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 " 80 ns
teL .| READ/WRITE Control to Latch Enable 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 100 ns
two Data In Hold Time After WRITE 25 25 ' ns
tRv Recovery Time Between Controls 300 200 ns
twp WRITE to Port Output 400 300 ns
tPR Port Inbut Setup Time 70 50 ’ ns
tRrp Port Input Hold Time 50 10 ns
tsBF Strobe to Buffer Full 400 300 ns
tss Strobe Width ' 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
tsi ' | Strobe to INTR On 400 300 ns
trDI READ to INTR Off 400 \ 300 ns
tpss Port Setup Time to Strobe Strobe 50 . 0 ns
tPHS Port Hold Time After Strobe 120 100 ns
tsge Strobe to Buffer Empty 400 300 ns
twBF 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
1 TIMER-IN Low Time N 80 40 ns
ta TIMER-IN High Time 120 70 .
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24 :
20 2.0 . DEvice
NDE!
TEST POINTS < TEST l
> CL = 150 pF
0.8 [}
045

AC TESTINGINPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1" AND 0 45V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 -
AND 08V FOR A LOGIC 0 G = 150 pF

Cy INCLUDES JIG CAPACITANCE
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~ 8185/8185-2
1024 x 8-BIT STATIC RAM FOR MCS-85°

@ Multiplexed Address and Data Bus B Low Standby Power Dissipation

@& Directly Compatible with 8085A

and iAPX 88 Microprocessors ® Single +5V Supply

& Low Operating Power Dissipation B 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 8085A-2 and the 5 MHz i APX 88.

N

A, (] Vee
s — ] ADy ] RD
[~ T ——
e — oW AD, [: WR
RD ——— 1 1 0Gic Ap; [} ALE
WR —————————
ALE ———rmo——] AD4 C cs
l ADs [ CEq
ADg ] cE
: Ao7 ] Ag
DATA 1Kx8 R
ADg-AD; aus MEMORY Vss [ he
‘ BUFFER ARRAY
X-Y DECODE
AD-AD; | ADDRESS/DATA LINES
—'\ Ag,Ag | ADDRESS LINES'
cs CHIP SELECT
' /| ApRRESS CE; | CHIP ENABLE (10/M)
Ag, Ag ! CE; CHIP ENABLE .
ALE ———————] ALE ADDRESS LATCH ENABLE
. WR WRITE ENABLE
¢
Figure 1. Block Diagram Figure 2. Pin Configuration
Intel Corp A s No R ponsi 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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8185/8185-2 o L

FUNCTIONAL DESCRIPTION

The 8185 has been designed to provide for directinterface
to the multiplexed bus structure and bus tnming 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
CEzareall latched internally in the 8185 by the falling edge
of ALE. If the latched status of both CE1 and CEz are
active, the 8185 powersiitself up, but no action occurs until

tididdd

X,
TRAP

RST7,5
RSTE,5
RST5,5
INTR

8085A

8,
RESET So
ADDR/

ADDR DATA ALE AD WR IO/ﬁ RDV CLK

the CS line goes low and the appropruateﬁT)orWR control P Ve Voo
signal input is activated. l ‘
The CS input is not latched by the 8185 in order to allow - ce  PORT
the maximum amount of time for address decoding in PoRT
selecting the 8185 chip. Maximum power consumption D g156 a
savings will occur, however, only when CE and CEz are ALE  pomt
activated selectively to power down the 8185 when itis not \Joaras ¢ m
in use. A possible connection would be to wire the 8085A’s < > ADDR
10/M line to the 8185's CEq input, thereby keeping the 10/ T.ME'.?.___
8185 powered down during 1/0 and interrupt cycles. reser OV
Table 1. IE'W
Truth Table for ) .
- Power Down and Function Enable ALE R m
&= & B ' ] =0
*' <
CE, | CE; | CS |(CS") 8185 Status t: Agro .
1 X X 0 |Power Down and 5%5554
Function Disable(1] DATA/
ADDR
X 0 X 0 Power Down and o
i i PORT
Function Disable(1) cser g
0 1 1 0 Powered Up and ROY
Function Disable[1]
p—=JCLK
0 1 0 1 Powered Up and
) Enabled Vss Vee Voo PROG
NOTES: |, —
X: Don’t Care. WR
1: Function Disable implies Data Bus in high impedance state RD
and not writing. v CE, 8185
2: CS* = (CE1=0) « (CE2=1),+ (CS§ =0) ALE
CS* = 1 signifies all chip enables and chip select active - & ce
L2
H— Ag, Ag
Table 2. ¢ oo
Truth Table for
Control and Data Bus Pin Status vf VT
'ss 'cC
__ | __ |ADg.7 During Data ) 4:1'" “:“
(CS*) | RD | WR|Portion of Cycle |8185 Function A4 \} M o
0 X X |Hi-impedance No Function
1 | 0 | 1 |Datafrom Memory|Read Figure 3. 8185 in an MCS-85 System
1 1 0 |Data to Memory |[Write
. I 4 Chips:
1 1 1 |Hi-impedance Reading, but not- ' 2K Bytes ROM
Driving Data Bus 1.25K Bytes RAM
. 38 I/0 Lines
:::ogﬁl:l’t Care. 1 Counter/Timer

2-46

2 Serial 1/0 Lines
5 Interrupt Inputs
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iAPX 88 FIVE CHIP SYSTEM:

e 1.25 K Bytes RAM
e 2 K Bytes ROM

e 38 |/O Pins

e 1 Internal Timer
e 2 Interrupt Levels

I\
I0M  TIMER

aEEE

reser OUT

Ag—Aig ADDR ow
RD
AD, - AD. .
e P~ AD7K T ADDRIDATA ALE PORT
CE A

L

1R

8088 Z:

- %
READY .
' MNIMX |V .

Ag-10
8355-2/
8755A-2

DATA/

ADDR

10/M  PORT
B
RESET

i

Veo 0 ALE
RST 3 RD

CLK WR

READY 10/M

[ [T TT]

READY Vee

T I T T—Pnoc

Vss Vee Voo

AN GE" .
MANUAL veen .
GND RESET ’ 3 b—
®

(Vss)

11

A4

NN

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

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

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

Voltage on Any Pin

with Respect to Ground
Power Dissipation

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

-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.

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 Vv
VIH Input High Voltage 20 Vcc+0.5 v
VoL Output Low Voltage 0.45 v loL =2mA
VOH Output High Voltage 24 lon = — 400uA
he Input Leakage +10 pA 0V <V|N sVce
ILo Output Leakage Current *10 uA 0.45V < Vour < Vce
Icc 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
tLo ALE to Data Out Valid 300 200 . ns

Tt 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
tce READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 150 ’ ns
twp Data In Hold Time After WRITE 20 20 ns
tsc Chip Select Set Up to Control Line 10 10 ns
tcs | Chip Select Hold Time After Control 10 10 ns
tALCE Chip Enable Set Up to ALE Falling 30 10 ns
tLACE Chip Enable Hold Time After ALE 50 30 ns

2.48 ' AFN-01230C
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8185/8185-2

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT .

24
20 20
> TEST POINTS <
0.8 0.8
0.45

AND 08V FOR A LOGIC "0

AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1" AND 0 45V FOR
A LOGIC "0 " TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC “1"

WAVEFORM

. DEVICE
UNDER

TEST |
IcL = 150 pF

C, = 150'pF
C, INCLUDES JIG CAPACITANCE

taLce —>|

/TN
_/

L |

C
I

(CE1=0)e -
(CE2=1) ‘
e
[ tRD — |le—tcL
L
WF, 5 Z
- 7 . 7
taL | tLa —> le—tRDF
n ——— —— o — s
ADg-AD7 .
ADDRESS DATA OUT ' (READ CYCLE)
(Ag, Ag) 5§-<:X X
—— — — — ——————— —
fto —> |e—tp tee L
le—— tow ——]
' —ftsc e — tes fe—
J
N\
cs
(SELECTED) N (DESELECTED)
2-49 - AFN-01230C
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8205 | :
HIGH SPEED 1 OUT OF 8 BINARY DECODER

= |/0 Port or Memory Selector s Low Input Load Current — .25 mA

= Simple Expansion — Enable Inputs m.ax.., 1/6 s'tandard TT_L Input Load
. . = Minimum Line Reflection — Low

* High Speed Schottky Bipolar Voltage Diode Input Clamp

Technology — 18ns Max. Delay

= Directly Compatible with TTL Logic
Circuits

= Outputs Sink 10 mA min.

16-Pin Dual-In-Line Ceramic or
Plastic Package

The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low,’” thus a single row
of amemory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large systems,
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions.

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds
results in higher performance than equivalent devices made with a gold diffussion process.

Ao Op fo——
. ~
Ay 00— Ag 1 ' 16 Vee
A, o jo— A ]2 15[ ]o,
osfo— A )3 [ o,
8205
ocbo— £, a 13 o,
8205
—aE, 05 fo— E7E5 "2303
—O€E; Og o— ) 6 n IO,‘
—E3 . o7 jo— 07[: 7 10 305
GrRo[ ] 8 .9 0g
ADDRESS | ENABLE OUTPUTS
Ag Ay AylE, E, E3]0 1 2 3 4 5 6 7
L L Lft L HIL H H H H H H H
H L L L L H|H L H H H 4 H H
L H L L L H H H L H H H H H
H H L|L L H|H H H L ,H H H H
L L H|L L H|/H H H H L H H H
H L H|L L H[H H H H H L H H
PR P L Ao A; ADDRESS INPUTS
H oL — <
X X X [L L L|H H H H H H H H Eq E3 ENABLE INPUTS N
X X X |H L L|IH H H H H H H H Op O; DECODED OUTPUTS
X X XL H L[H H H H H H H H
X X X|H H L|H H H H H H H H
X X X|[H L H|H H H H H H H H
X X X |t H H[H H H H H H H H
X X X|H H H[H H H H H H H H
Figure 1. Logic Symbol Figure 2. Pin Configuration
¥
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FUNCTIONAL DESCRIPTION
Decoder

The 8205 contains a one out of eight binary decoder. It ac-
cepts a three bit binary code and by gating this input, creates
an exclusive butput that represents the value of the input
code.

For example, if a binary code of 101 was present on the A0,
A1 and A2 address input lines, and the device was enabled,
an active low signal would appear on the 05 output line.
Note that all of the other output pins are sitting at a logic
high, thus the decoded output is said to be exclusive. The
decoders outputs will follow the truth table shown below in
the same manner for all other input variations.

Enable Gate

When using a decoder it is often necessary to gate the out-
puts with timing or enabling signals so that the exclusive
output of the decoded value is synchronous with the overall
system.

The 8205 has a built-in function for such gating. The three
enable inputs (E1, E2, E3) are ANDed together and create
a single enable signal for the decoder. The combination of
both active “high”” and active “low’’ device enable inputs
provides the designer with a powerfully flexible gating func-
tion to help reduce package count in his system.

2-51

Ay ]

Ap

SN

DECODER

ENABLE GATE

— >—

o
il
%)

Figure 3. Enable Gate

ADDRESS | ENABLE OUTPUTS
Ao Ay Ap|E, E; E3f0 1 2 3 4 5 6 7
L L LfL L H|L H H H H H H H
H L LfL L H|[H L H H H 4 H H
L H LfL L H|H H L H H H H H
H H L|L L H|[H H H L H H H H
L L HIL L H|/H H H H L H H H
H L H|L L H|H H H H H L H H
L H H|L L H|H H H H H H L H
H H H|L L H|H H H H H H H L
X X XL L L|H H H H H H H H
X X X|H L L|H H H H H H H H
X X X |L H L|H H H H H H H H
X X X |H H L|H H H H H H H H
X X X |[H L H|H H H H H H H H
X X XL H H|H H- H H H H H H
X X X|H H H[H H H H H H H H
A}
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Applications of the 8205

The 8205 can be used in a wide variety of applications in
microcomputer systems. |/O ports can be decoded from the
address bus, chip select signals can be generated to select
memory devices and the type of machine state such as in
8008 systems can be derived from a simple decoding of the
state lines (SO, S1, S2) of the 8008 CPU, °

1/0 PORT DECODER

Shown in the figure below is a typical application of the
8205. Address input lines are decoded by a group of 8205s
(3). Each input has a binary weight. For example, AQ.is as-
signed a value of 1 and is the LSB; A4 is assigned a value of
16 and is the MSB: By connecting them to the decoders as
shown, an active low signal that is exclusive in nature and
represents the value of the input address lines, is available at
the outputs of the 8205s.

This circuit can be used to generate enable signals for 1/0
ports or any other decoder related application.

Note that no external gating is required to decode up to 24
exclusive devices and that a simple addition of an inverter
or two will allow expansion to even larger decoder net-
works.

CHIP SELECT DECODER
Using a very similar circuit to the 1/0O port decoder, an ar-

Ay Ay [N et
A, A, o,po——1
A A, o,p0——2
o jo——3
8205
oo—1
Ay —f £, o o——5
Ay €, ogfo——¢6
EN €, o,jo——7
4 Ofo——8
A, o,jo———9
A, 0,Jo——10
o p———n
8205 | porT
o,Jo——12 [ NumBERs
o €, o fo—13
EN g'z 0g O—— 14
[ o,Jo——15
L—- Ay 0y fo——16
A, o,jo—17
.
A, o,jo——18
03 fo—19
8205
o fo——20
—OlE, o fo——21
EN —————| €, ogjo——22
£y o,jo—23]

ray of 8205s can be used to create a simple interface to a
24K memory system.

The memory devices used can be either ROM or RAM and
are 1K in storage capacity. 2708s and 2114As are devices
typically used for-this application. This type of memory
device has ten (10) address inputs and an active “low”
chip select (CS). The lower order address bits AO-A9"
which come from the microprocessor are ““bussed” to all
memory elements and the chip select to enable a specific
device or group of devices comes from the array of 8205s.
The output of the 8205 is active low so it is directly compat-
ible with the memory components.

Basic operation is that the CPU issues an address to identify
a specific memory location in which it wishes to ““write’” or
“read’ data. The most significant address bits A10-A14 are
decoded by the array of 8205s and an exclusive, active low,
chip select is generated that enables a specific memory de-
vice. The least significant address bits AO-A9 identify a
specific location ‘within the selected device. Thus, all ad-
dresses throughout the entire memory array are exclusive
in nature and are non-redundant.

This technique can be expanded almost indefinitely to sup-
port even larger systems with the addition of a few inverters
and an extra decoder (8205).

A ag( j>*°
A Ao 600—“5;
A A, o p—=s,
A A 0,p——¢s,
Ez&_—c—ga
s205 _—f -
’ 0 f0——Cs,
A g 0 o——5,
Aa e [ 05— G5,
Vee 3 o p——¢s,
S PR S Y
! A 5 p— )
A ] Sommaut
8205 Gy _cHIP
ol -— s, [ seLects
de sp—ss,
GND 3% O fo——¢s,,
I € S p—=s
|
| 1% Opfo—— 536
A op—os,
O p—— &8
8205 _
O p—Cp
—q& o o—— 5,
& O o——C5
Ey O o——=5,

Figure 4. 1/0 Port Decoder
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8205

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias:

*NOTICE: Stresses above those listed under “Absolute '
Maximum Ratings” may cause permanent damage to the

Ceramic
Plastic
Storage Temperature
All Output or Supply Voltages
All Input Voltages

—65°C to +125°C
—65°C to +75°C
—65°C to +160°C
—-0.5 to +7 Volts
-1.0 to +5.5 Volts

device. This is a stress rating only and functional opera-
tion of the device at these or at any other condition 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

OutputCurrents ..............cccvuviinn... .. 125 mA reliability.
D.C. CHARACTERISTICS (Ta = 0°Cto +75°C, Vg = 5V £5%)
Limit
Symbol Parameter Min. " T Max. | Unit Test Conditions
[ INPUT LOAD CURRENT -025 mA Vee =5.25V,V, = 0.45V
Ia INPUT LEAKAGE CURRENT 10 pA Ve =526V, V, =625V
Ve INPUT FORWARD CLAMP VOLTAGE -10 \% Voo =475V, 1. = -6.0mA
Vo OUTPUT “LOW" VOLTAGE - 045 % Vee =475V, 15, = 10.0 mA
Vou OUTPUT HIGH VOLTAGE L B Y Vee =475V, 15, = 1.6 mA
Vi INPUT “LOW’ VOLTAGE 085 v Vee =50V
Vi, INPUT “HIGH" VOLTAGE 20 v Vg = 5.0V
Isc OUTPUT HIGH SHORT -40 -120 mA Ve = 5.0V, Vg p = OV
CIRCUIT CURRENT
Vox OUTPUT “LOW" VOLTAGE 08 % Ve = 5.0V, lgx = 40 mA
@ HIGH CURRENT
lec POWER SUPPLY CURRENT 70 mA ] Ve =525V

A.C. CHARACTERISTICS (Tp = 0°C to +75°C, Vgc = 5V +5%; unless otherwise specified)

Symbol Parameter Max. Limit Unit Test Conditions
L 18 ns
t_, ADDRESS OR ENABLE TO 18 ns
', OUTPUT DELAY 18 s
t__ 18 ns
' INPUT CAPACITANCE P8205 4(typ.) pF f=1MHz, Veg = OV
C8205 S(typ) pF VgIAS = 2.0V, T = 25°C

1 This parameter 1s periodically sampled and i1s not 100% tested

TYPICAL CHARACTERISTICS

OUTPUT CURRENT VS.
OUTPUT “LOW” VOLTAGE

OUTPUT CURRENT VS.

OUTPUT “HIGH” VOLTAGE DATA fRANSFER FUNCTION

50 T l
. t Vec =S5OV § - —
L top t Ve | r——
10 a0 ___».-*‘—.-‘-:#—f-—f.v :
- -
4 2 s I
£ H E o
= £ ™ ————— To- 0%
H g 20 g 30 I r—r———T—7T ) _T_
H g 3 U — ;
3 3 > "Ta=25 ¢
g ~ -3 5 201 ~ ~ + 4t +
H 2 g o TA~'75°C.,_.\ ‘
g g P h |
= =3 - =
g 2 o \ \
°© 1 - —]
- -40 10— .
i Ta=0%C ) ‘\ i
- T T t bt - =+
Ta=25C 1 [
o - -50 ° [ | |

2 4 6 8
OUTPUT ' LOW" VOLTAGE (V)

10 6 8 10 12 14 16 18 20|

INPUT VOLTAGE (V)

10 20 30 a0
OUTPUT 'HIGH VOLTAGE (V)

0 50
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8205
TYPICAL CHARACTERISTICS (Continued)
ADDRESS OR ENABLE Td OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE , DELAY VS. AMBIENT TEMPERATURE
20 " 20
e e o ' ey

. - -

L w7 °
ga 15 ”", EE 15 e
| LT S ]
[} wiy
5?{_ 10 e &9 10 -

(2]
' @5 "ﬁg
g 5+ g 5}
° 1 1 0 . .
0 50 100 150 200 0 25 50 75
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C)
SWITCHING CHARACTERISTICS
TEST LOAD
. Vee
CONDITIONS OF TEST: TEST LOAD:

Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec
between 1V and 2V

Measurements are made at 1.5V

I

All Transistors 2N2369 or Equivalent  Ci = 30 pF

WAVEFORMS

ADDRESS OR ENABLE

\

INPUT PULSE

i 1

-[tu"uy‘ >“Au‘-<"<
o= ceccsecnema—y
¢ L\
4 . .
OUTPUT
’, .
7 .
B ——— | .
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4 8212
8-BIT INPUT/OUTPUT PORT

s Fully Parallel 8-Bit Data Registerand Buffer = "Asynchronous Register Clear

= Service Request Flip-Flop for = Replaces Buffers, Latches and
Interrupt Generation Multiplexers in Microcomputer

s Low Input Load Current — .25mA Max. Systems

a8 Three State Outputs = Reduces System Package Count

= Outputs Sink 15mA s Avalilable in EXPRESS

= 3.65V Output High Voltage for - Standard Temperature Range
Direct Interface to 8008, 8080A, or - Extended Temperature Range
8085A CPU : ‘ :

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
principal peripheral and input/output functions of a microcomputer system can be implemented with this device.

SERVICE REQUEST FF

\ _ A
, DEVICE SELECTION osa Ds, 1 24 Vee
_ I o mo ] 2 23 [JinT
> ost iNT @3> o[O3 22 []oyg
3> os2 4 1 (ACTIVE LOW)
S Dl o B
oI 5 DI
> mo WA 2 7
— | oo,[]s 6212 19 [ Joo,
sT8 — — 47—
g ; '[_ T 71 oureur DI LJ7 18 [ Jolg .
| | BUFFER oo, [} s 17 [Joo,
| | | o, [ 16 [Joig
B>on o o+ o0 [ oo, [] 10 15 [ J oo,
DATA LATCH | "Iﬁé4 | | stel] 11 14 [JCR
>0, \‘L b a _:&4 0oz [6> GND ] 12 13| Jos,
CRr |
| Q |
>ons t o o+ } D03
| s | |
|
o Lo oHHD>+ o0 >
LG
|
@ o's o oH D> o0 >
[ Hs] | l Dh-Diy | DATAIN
| | | ) DO0,-DOs | DATA OUT
5 al B8, DS, | DEVICE SELECT
D
's | CD Q —‘Tq >+| 00 (> MD MODE
P-I r) || ‘ sT8 STROBE
| | | Iﬁi INTERRUPT (ACTIVE LOW)
o1, } | | | 00, CLR CLEAR (ACTIVE LOW)
| el || |
>0 Jf D Q —*%-} Dog 20>
c
o | =R ‘
[ cir | |
(ACTIVE LOW)
\ L]
Figure 1. Logic Diagram - - Figure 2. Pin Configuration
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FUNCTIONAL DESCRIPTION

Data Latch

The 8 flip-flops that make up the data latch are of a “D”
type design. The output (Q) of the flip-flop will follow the
data input (D) while the clock input (C) is high. Latching
will occur when the clock (C) returns low. .

The latched data is cleared by an asynchronous reset
input (CLR). (Note: Clock (C) Overrides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected to 3-state,
non-inverting output . buffers. These buffers have a
common control line (EN); this control line either enables
the buffer to transmit the data from the outputs of the data
latch (Q) or disables the buffer, forcing the output into a
high impedance state. (3-state)

The high-impedance state allows the designer to connect
the 8212 directly onto the microprocessor bi-directional
data bus. ’ '

Control Logic

The 8212 has coﬁtrol inputs DS1, DS2, MD and STB.
These inputs are used to control device selection, data
. latching, output buffer state and service request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When DS1 is
low and DS2 is high (DS1 - DS2) the device is selected. In
the selected state the output buffer is enabled and the
service request flip-flop (SR) is asynchronously set.

MD (Mode)

This input is used to control the state of the output buffer
and to determine the source of the clock input (C) to the
data latch. ,

When MD is high (output mode) the output buffers are
‘enabled and the source of clock (C) to the data latch is
from the device selection logic (DS1 - DS2).

When MD is low (input mode) the output buffer state is
determined by the device selection logic (DS1 - DS2) and
the source of clock (C) to the data latch is the STB
(Strobe) input.

STB (Strobe)

This input is used as the clock (C) to the data latch for the
input mode MD = 0) and to synchronously reset the
service request flip-flop (SR).

Note that the SR flip-flop is negative edge triggered.

/ %

Service Request Flip-Flop

The (SR) flip-flop is used to generate and control
interrupts in rhlc_roc‘omputer systems. It is asynchron-
ously set by the CLR input (active low). When the (SR) flip-
flop is set it is in the non-interrupting state.

The output of the (SR) flip-flop (Q) is, connected to an
inverting input of a “NOR” gate. The other input to the
“NOR” gate is non-inverting and is connected to the
device selection logic (DS1 - DS2). The output of the
“NOR” gate (INT) is active low (interrupting state) for
connection to active low input priority generating circuits.

SERVICE REQUEST FF

DEVICE SELECTION
N _
> osi INT[E3> |
3> os2 1 (ACTIVE LOW)
4 i >-—-1 EN
2> wo - WR N
> st TTTTT T oureur
I | | sUFFER
= L
B>oy } 0 a4 Do, [©>
DATA LATCH | M‘ | |
~_
B>on e i) J—&m@
[ Heq : i
|
>o13 oo | : 003 >
I LJC“ l [
I
[>0o1, D O D04
’ CRr |
| | [
B>ors o S o0 >
| C ,
| CE RN |
=1 '
Dlg miE Dog 7>
| Crlll |
DIy 1o a I | 00,
| ’lﬁg:q I
! l
|
B0 } T& 005 D>
. el
f@>cLr -
(ACTIVE LOW) !
L __:AJ_—;J
: STB ™MD  (DS; DS2) . DATAOUT EQUALS CLR I(B§,' DSz) STB *SR | INT
i 3STATE
[ (1] 3 g 3STATE i 8 : ? g : t‘)
0 1 0 DATA LATCH RERE 1 ~ o 0
I 1 0 DATA LATCH IR 1 0 ' 1 0
L0 o0 1 DATA LATCH . IR ° 1 1
B RN TR SR AR
R DATA IN B *INTERNAL SR FLIP FLOP

CLR —~ RESETS DATA LATCH
SETS SR FLIP FLOP
(NO EFFECT ON OUTPUT BUFFER)
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ABSOLUTE MAXIMUM RATINGS*

\

Temperature Under Bias Plastic ....... 0°C to +70°C
Storage Temperature .............. -65°C to +160°C
All Output or Supply Voltages ........ -0.5 to +7 Volts
All Input Voltages .................. -1.0 to 5.5 Volts

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

*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 +75°C, Vgc= +5V = 5%)

Symbol Parameter Limits Unit Test Conditions
. Min. Typ. Max.
F Input Load Current, ACK, DSz, CR,
DI1-Dlg Inputs -.25 mA |VE = .45V
IF Input Load Current MD Input =75 mA |VF = .45V
IF Input Load Current DS1 Input -1.0 mA |VF= .45V
IR Input Leakage Current, ACK, DS, CR,
DI1-Dig Inputs 10 pA |VR <Vcc
IR ~ | Input Leakage Current MO Input 30 u#A |VR <= Vcc
IR Input Leakage Current DS1 input 40 uA VR <Vcc
Vc Input Forward Voltage Clamp -1 \ Ic =-5mA
ViL Input “Low” Voltage .85 \
ViH Input “High” Voitage 2.0 Y
VoL Output “Low” Voltage .45 ' loL = 15mA
VoH Output “High” Voltage 3.65 4.0 ’ v loH =-1mA
Isc - | Short Circuit Output Current -15 -75 mA Vo =0V, Vcc =5V
llol Output Leakage Current High :
Impedance State 20 pA  |Vo =.45V/5.25Vcc
icc Power Supply Current 90 130 mA
CAPACITANCE* (F = 1MHz, Vgjas = 2.5V, SWITCHING CHARACTERISTICS
Voc = +5V, Tp = 25°C) Conditions of Test
’ Limits Input Pulse Amplitude = 2.5V
Symbol Test Typ. Max. Input Rise and Fall Times 5ns
- Between 1V and 2V Measurements made at 1.5V
CN . |DSs &D_Input Capacitance 9pF | 12pF with 15mA and 30pF Test Load
CiN DS,, CLR, STB, DI4-Dlg
Input Capacitance 5pF | 9pF
Cout |DO1-DOsg Output Capacitance 8pF |12pF

*This parameter is sampled and not 100% tested.

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

Cy INCLUDES JIG CAPACITANCE

2-57

NOTE:

1| Test ) C.* Ry Ry
trp, twe, tR, ts, tc 30pF 3000 6000

te, ENABLE! 30pF | 10KQ | 1KQ
te, ENABLE | _ 30pF | 3000 | 6000
! te, DISABLE! 5pF' | 3000 | 6000
te, DISABLE! spF | 10k | 1K

*Includes probe and jig capacitance.
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A.C. CHARACTERISTICS (Ta = 0°Cto +70°C, Vgc = +5V + 5%)*

Symbol Parameter Limits Unit Test Conditions
C Min. Typ. Max. '

trw | Pulse Width - ns

trD Data to Output Delay 30 ns | Note 1

twe Write Enable to Output Delay 40 ns | Note 1

tser Data Set Up Time 15 1 ns

tH Data Hold Time 20 ns

tR Reset to Output Delay 40 ns | Note 1

ts Set to Output Delay 30 ns | Note 1

te Output Enable/Disable Time 45 ns | Note 1

tc Clear to Output Delay 55 ns Note 1

*Note: For extended Temperature EXPRESS use M8212 AC Electricals Parameters.
APPLICATIONS '

Basic Schematic Symbols

Two examples of ways to draw the 8212 on system schematics—(1) the top being the detailed view showing pin numbers,
and (2) the bottom being the symbolic view showing the system input or output as a system bus (bus containing
8 parallel lines). The output to the data bus is symbolic in referencing 8 parallel lines.

INPUT DEVICE OUTPUT DEVICE
—_— "W———
3 sT8 4 ‘ 3 STB 4
= | 4 = [}
Hoi ooj% 51> o
7] | 8_ 7 18
9 10 9 1o
_.'11 8212 |15 (DETAILED) ﬁ_4 8212 5.
18 17 18 17
20 19 20] 19
22JCtR WT[ 21 22 | INT CLR[21
1]/ mo \[Z3 23} mo__lia
955, | os,P 0s, DS,
NMBEREE EERERE
ND vV,
INPUT G —] "/T ¢ ouTeuT
STROBE * 1 . L = FLAG

MO e [T | e mp BECR m—py i
—dCR T p— i —{ INT CLR jo—
L 4 LT
GND DATA BUS DATA BUS Vee

Figure 3. Basic Schematic Symbols

Gated Buffer (3-State) "
cc
The simplest use of the 8212 is that of a gated buffer. By ;5
tying the mode signal low and the strobe input high, the
data latch is acting as a straight through gate. The output
buffers are then enabled from the device selection logic" g‘:y: C> a2 :> g:;:ur
DS1 and DS2. (250 wA) iy .
When the device selection logic is false, the outputs are 3- -
et Cll CL|

state. R
When the device selection logic is true, the input data from conTROL { ' G,!m l
the system is directly transferred to the output. The input (BSs2) -
data load is 250 micro amps. The output data can sink 15
milli amps. The minimum high output is 3.65 volts. Figure 4. Gated Buffer

2-58 AFN-00731C
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Bi-Directional Bus Driver

A pair of 8212's wired (back-to-back) can be used as a
symmetrical drive, bi-directional bus driver. The devices
are controlled by the data bus input control which is
connected to DS1 on the first 8212 and to DS2 on the
second. One device is active, and acting as a straight
through buffer the other is in 3-state mode. This is a very
useful circuit in small, system design.

Interrupt Instruction Port

The 8212 can be used to gate the interrupt instruction,
normally RESTART instructions, onto the data bus. The
device is enabled from the interrupt acknowledge signal
from the microprocessor and from a port selection signal.
This signal is normally tied to ground. (DS1 could be used
to multiplex a variety of interrupt instruction ports onto a
comnion bus).

Vee
B
DATA DATA
BUS 8212 r] BUS
—d &R
DATA BUS T
CONTROL —
0= L ~R) GND
(1=R=1) .
sT8
8212 K _j
——Q] CLR
S|
GND

Figure 5. Bidirectional Bus Driver

Interrupting Input Port

This use of an 8212 is that of a system input port that
accepts a strobe from the system input source, which in
turn clears the service request flip-flop and interrupts the
processor. The processor then goes through a service
routine, identifies the port, and causes the device
selection logic to go true — enabling the system input data
onto’the data bus.

, DATA
INPUT BUS
STROBE —

sTB

SYSTEM

s oo

PORT S
SELECTION { GND
(DSTeDS2)

D_] TO PRIORITY CKT
(ACTIVE LOW)
OR ~
TO CPU
INTERRUPT INPUT

Figure 6. Interrupting Iinput Port
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Vee DATA
BUS

STB

RESTART
INSTRUCTION 8212
(RST 0 ~RST 7)

er
(DS1) PORT SELECTION —_7 G'!‘D
INTERRUPT ACKNOWLEDGE

Figure 7. Interrupt Instruction Port

Output Port (With Hand-Shaking)

The 8212 can be used to transmit data from the data bus to
a system output. The output strobe could be a hand-
shaking signal such as “reception of data” from the device
that the system is outputting to. Itin turn, caninterrupt the
system signifying the reception of data. The selection of
the port comes from the device selection logic.(DS1 - DS2)

DATA
BUS

—) r———~— OUTPUT STROBE

sTB
) 8212 ) SYSTEM OUTPUT

INT LR Jo—=—— SYSTEM RESET

l JL PORT SELECTION

cc (LATCH CONTROL)

SYSTEM il
(DS1.DS2)

INTERRUPT

Figure 8. Output Port
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Inte[ 8212
808A Status Latch @l B
o . . f o1 /_\ \
Here the 8212 is used as the status latch for an 8080A 02 /LM
microcomputer system. The inpu.t to the 8212 latch is svne / —\__|
directly from the 8080A data bus. Timing.shows that when : - e
. the SYNC signal is true, which is connected to the DS2 oaTA ---
input and the phase 1 signal is true, which is a TTL level status -
coming from the clock generator; then, the status data will
be latched into the 8212.
N go 190 Do
15 D,
0, |~ 0,
g: 3 [D)i DATA BUS
4
8080A o[ o,
D5 | Dg
D, o,
syne 2
pein P2
& 92 STATUS
22 ts LATCH
12v 3[o, D, B— NTA |
_/_\_ 3 o WO
ov < Y 7 8 stack
1: 10 pita
' S our
8 8212 17y BASIC
20 19 |\ [ CONTROL
CLOCK GEN. J(e1TTL) 2 - (21 yemr | BYUS
L
& DRIVER 25 55, Mp 5,
113 {2 91
? DBIN |

Note: The mode signal is tied high so that the output onthe

latch is active and enabled all the time.
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It is shown that the two areas of concern are the bi-
directional data bus of the microprocessor and the control

bus.
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TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE
0 T 100 |
Ve =450V Vec = +5.0V
50 ///
~ 80
< <
i P Ty =25°C £
4 Ta=07C pn =75°C z
w «
g -150 El
3 3]
o =
5 S 40
2 13
2 200 L
o
20
-250
3005 2 E] [) T 2 3 % 2 4 s 8
INPUT VOLTAGE (V) OUTPUT “LOW” VOLTAGE (V)
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE
0 T so T
Vee =+50V Vee S+50V
s I T, =25°C
/7 _ a0
g e To=75C / i %
E s y | 8 30 —=
: / NS 2 I -~
35 A= i o -
E -20 7, \T‘\=°c :.‘5> ! ,r"’ //
: // 4 e == =
5 < P i
/4 - : |
10—
o 70 20 30 20 50 % 50 100 150 200 250 300
OUTPUT “HIGH" VOLTAGE (V) LOAD CAPACITANCE (pF)
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY
VS. TEMPERATURE VS. TEMPERATURE
22 T 40 T
Veg =450V Vee =450V
20 z 3» \
_ >
g P <
g o % _ e
2 16 S 2 T -%
'g Paliire E s _p——"T =70
o B 2 08, e—""T-"
14 < 20— = [
g § b8, " —~
=
12 g 5
% ) 28 50 75 100 % [) 25 50 75 100
TEMPERATURE (°C) { TEMPERATURE (*C)
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WAVEFORMS

STB or DSy « DS3 1.5V % Sk 1.5v
b
" QuTPUT Xx.sv
_ —

DS1 « DS 15v Sk 1.5V
L tg L—-

— R

gl
o
P
.
(4]
[
R
2

—
po x 1.5v
______________ -/

STBor D51 » DS, ! 1 sv\
: |
b ——— —
OUTPUT \,st
~

e e et e e o e e e e e e e et —, /._..__._.

DSq . DSy 15V

E
z
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4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER

= Data Bus Buffer Driver for 8080 CPU s 3.65V Output High Voltage for Direct
Iinterface to 8080 CPU
= Low Input Load Current — 0.25 mA = 3-State Outputs
Maximum k
s Reduces System Package Count
s High Output Drive Capability for m Available in EXPRESS
Driving System Bus - Standard Temperature Range

’

The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the
DO outputs provide a high 3.65V Vg, and for high capacitance terminated bus structures, the DB outputs provide a
high 50 mA I capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica-
tions for buffering in microcomputer systems.

\

*Note: The specifications for the 3216/3226 are |d‘nQicaI with those k\ar the 8216/8226.

8216 8226

o PE s 18] Vee
o 1> Dl
#——— D8, . ¢ oo, 00, [J2 s ] oiEN
oooo——Q 00, er o8, []3 141 ] oo,
b S
y{ o [J¢ g21g/ 3f 1 08
™ L . 8226
P—m ——o D8, ‘ q ——oos, 2 s 12 ] oy
o0 | 0010 Q} o8, Je¢ . n[]oo,
N [ [ o, [} 0[] os,
o1, 2P o1,
»—jt ¢——o o8, ¢ ‘ o o8, ono[ s s[Jo,
00, o J 00, Q: [
o4 o - VI [ ol & :
‘)—j ¢———0 D8, L ————o0 08,
00,4 00, o-
N 3
OByD8, | BroIRECTIONAL
) DDl | DATA INPUT
DO, DO, | DATA OUTPUT
_ SiEh | DATAIN ENABLE
& & | o DIRECTION CONTROL
DIEN L En a8 CHIP SELECT

Figure 1. Block Diagrams Figure 2. Pin Configuration
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FUNCTIONAL DESCRIPTION

Microprocessors like the 8080 ‘are MOS devices and are
generally capable of driving a single TTL load. The same is
true for MOS memory devices. While this type of drive is
sufficient in small systems with few components, quite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a multi-board
system.

The 8216/8226 is a four bit bi-directional bus driver specif-
ically designed to buffer microcomputer system components.

Bidirectional Driver

Each buffered line of the four bit driver consists of two
separate buffers that are tri-state in nature to achieve direct
bus interface and bi-directional capability. On one side of
the driver the output of one buffer and the input of another
are tied together (DB), this side is used to interface to the
system side components such as memories, 1/0, etc., be-
cause its interface is direct TTL compatible and it has high
drive (50mA). On the other side of the driver the inputs
and outputs are separated to provide maximum flexibility.
Of course, they can be tied together so that the driver can
be used to buffer a true bi-directional bus such as the 8080
Data Bus. The DO outputs on this side of the driver have a
special high voltage output drive capability (3.65V) so that
direct interface to the 8080 and 8008 CPUs is achieved with
an adequate amount of noise immunity (350mV worst case).

Control Gating DIEN, CS

The CS input is actually a device select. When it is “high’’
the output drivers are all forced to their high-impedance
state. When it is at “zero’ the device is selected (enabled)
and the direction of the data flow is determined by the
DIEN input.

The DIEN input controls the direction of data flow (see
Figure 3) for complete truth table. This direction control
is accomplished by forcing one of the péir of buffers into its
high impedance state and allowing the other to transmit its
data. A simple two gate circuit is used for this function.

The 8216/8226 is adevice that will reduce component count
in microcomputer systems and at the same time enhance
noise immunity to assure reliable, high performance op-
eration.
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¢$———0 DB,

o1,

0o,

oI,

AJ V—lAJ vlzg Y, AJ v]

¢———0 08,

DIEN

=D

cs

Figure 3a. 8216 Logic Diagram

Ol 1] ;
08,
DO, o&
ol ;
¢ [ 08,
ol, { ;
% ‘ 08B,
e -
'0ly = ;
[ 9 0B,
DOJ
cs
[Gien] s
0 0 (DI DB
1 0 (DB DO
‘: : ]—HIGN IMPEDANCE
Figure 3b. 8226 Logic Diagram
N,
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............. ., 0°Cto 70°C
Storage Temperature ............ -65°C to +150°C
All Output and Supply Voltages . . . .. .. -0.5V to +7V
All Input Voltages . ............. . -1.0V to +5.5V
OutputCurrents . .................... 125 mA

*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 (15 = 0°C to +70°C, V¢ = +5V * 5%)

Limits
Symbol Parameter Min. Typ. Max. Unit Conditions
gy Input Load Current DIEN, CS -0.15 -5 mA Vg =0.45 .
g2 Input Load Current All Other Inputs -0.08 -.25 mA Vg =0.45
IR Input Leakage Current DIEN, CS 80 HA Vg =5.25V
Ir2 Input Leakage Current DI Inputs 40 MA VR =5.25V
Ve Input Forward Voltage Clamp -1 \Y Ic=-5mA
ViL Input “Low”’ Voltage .95 \Y
Vin Input ““High"* Voltage 2.0 Y,
llol Output Leakage Current DO 20 HA Vo = .45V/5.25Vcc
(3-State) DB 100
8216 95 130 mA
lec Power Supply Current 8226 25 120 mA
Voui Output ““Low"’ Voltage 0.3 .45 \ DO Outputs Ig =15mA
DB Outputs Ig =25mA
8216 0.5 6 Vv DB Outputs lg =55mA
VoL2 Output “Low" Voltage
8226 0.5 6 \" DB Outputs Ig_=50mA
VoH1 Output ““High” Voltage 3.65 4.0 \ DO Outputs gy = -1mA
VoH2 Output “High" Voltage 24 3.0 \ DB Outputs loy = -10mA
los Output Short Circuit Current -15 -35 -65. | mA DO Outputs Vo =0V,
-30 -75 -120 | mA DB Outputs Vgc=5.0V
NOTE:
. Typical values are for Tp = 256°C, Vo =5.0V.
2-65
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- CAPACITANCE!®! (Vgjas=2.5V, Vcc =5.0V, Ta =25°C, f = 1 MHz)

Limits
Symbol Parameter Min. | Typ.01] Max. Unit
" Cin Input Capacitance : 4 8 pF
Coutt Output Capacitance 6 10 pF’
Cour2 Output Capacitance . 13 18 pF
A.C. CHARACTERISTICS (Ta = 0°Cto +70°C, Vcc = +5V * 5%)
Limits
Symbol Parameter Min. | Typ.[1] Max. | Unit Conditions
TeD1 Input to Output Dglay DO Outputs 15 25 ns C_=30pF, R1=30082
R,=6009
Trp2 Input to Output Delay DB Outputs
8216 19 30 ns C_=300pF, R1=90Q2
8226 16 25 ns | Ry =180
Te Oufput Enable Time
8216 . 42 - 65 ns (Note 2)
8226 ) 36 54 ns (Note 3)
To Output Disable Time 16 35 ns (Note 4)

NOTE:

Input pulse amplitude of 2.5V.

Input rise and fall times of 5 ns between 1 and 2 volts.
Output loading is 5 mA and 10 pF.

Speed measurements are made at 1.5 volt levels.

NOTES: »

. Typical values are for Tp = 25°C, Vg = 5.0V.

. DO Outputs, C_= 30pF, Ry = 300/10 KR, Ra = 180/1KQ; DB Outputs, C|_ = 300pF, Ry = 90/10 K2, Ry = 180/1 KQ.
. DO Outputs, C|_ = 30pF, Rq = 300/10KS2, Ry = 600/1K; DB Outputs, C|_ = 300pF, R =90/10KQ, Ry =180/1KQ.

. DO Outputs, Cy_ = 5pF, Ry = 300/10KS2, Ry = 600/1 KS2; DB Outputs, Cy_= 5pF, Rq = 90/10 K2, Ry = 180/1 KR,
This p: is periodically pled and not 180% tested.

OhwN =

A.C. TESTING LOAD CIRCUIT

Vee

Ry

l R,

DEVICE
UNDER
TEST
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WAVEFORM

INPUTS

1.8v :
L tgp —
ouTPUT
ENABLE X‘V
i———' tg ——— I__ © _.I sV

N\ Vou
ouTPUTS 1 st L
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8218/8219 B
BIPOLAR MICROCOMPUTER BUS
CONTROLLERS FOR MCS-80®. AND MCS-85® FAMILIES

= 8218 for Use in MCS-80® Systems = Reduces Component Count in

= 8219 for Use inMCS-85® Systems * . Multimaster Bus Arbitration Logic
= Coordinates the Sharing of a Common = Single +5 Volt Power Supply
Bus Between Several CPU'’s = 28 Pin Package

The 8218 and 8219 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as aCPU
or DMA channel to interface with other masters on a common bus, sharing memory and 1/0 devices. The 8218 and 8219
consist of:

1. Bus Arbitration Logic which operates from the Bus Clock (BCLK) and resolves bus contention between devices sharing
a common bus.

2. Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and 1/O
command lines to guarantee set-up and hold times of the address/data lines onto the bus. The timing logic also signals

. to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed.

3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines.

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the

bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA
controller.

,
a——s BUSY
BCR1 ———] —— BREQ U
Nt 1 28 [ Vec
® BUS A"Lﬂé:‘c‘\"(’" BPRN Ne.[2 27 [JOVRD
RSTB -y [— BFRO xSTR [ 3 26 [ ] RSTB
ADEN +— fe— INIT XcP(}a 25 [} BCR1
OVRD s’ | e— BCLK Xcv[}s 24 [1(E)
NI m [} 23] BPRO
U U = 8218/8219 2 jw__
©s 21 [1BREQ
DLYAD) ——=] ) 1 ke
' \ e 20 [JBCLK
ANYR[] 10 19 [) ADEN
10 THE ROD [ 11 18 [ BUSY
] XSTR—— TIMING LOGIC [y ToTHE vy
MASTER BUS MRDC [ 12 17 [Jiowe
b — iorRC (] 13 16 [JMwWTC
Gnp [ 15 [JDLYADY
XCV +—r]
ANYR 8218 8219
, . (A) TOWR 10/M
(A) = ) " MRDC (8) MWTR WR N
(c) IORR  RD
(B) |—— MWTC VRBR  ASRG
OUTPUT DRIVE LOGIC (D) MROR ASRQ
[ p— | ORC (E) BCRZ  BCR2
(D) ————] |—— iOWC
RDD <——— N.C. = NO CONNECT
Figure 1. Block Diagram ' Figure 2. Pin Configuration
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Table 1. Pin Description
Signals Interfaced Directly 10 the System Bus. Signals Generated or Recelved by the Bus Master

Symbol | Type " Name and Function (Continued) ‘

BREQ O |Bus Request: The Bus Request is used Symbol | Type Name and Function
with a central parallel priority resolution ADEN .
circuit. It indicates that the device needs to ° 3::“5:‘:;::"3;: e?:::';a:tg?::: c:'::
accass the bus for'one or more data trans- trol of the bus. It is - often used to enable
fers. It is synchronized with the Bus Clock. Address and Data Buffers on the bus, It is

BUSY /O | Bus Busy: Bus Busy indicates to all master synchronous with Bus Clock.
devices on the bus that the bus is in use. It
Py N . RDD O | Read Data: Read Data controls the direc-
s ny Oher Jey e rom, Joing the tion of the bi-directional data bus drivers. It

—— . Y : is asynchronous to the Bus Clock. A highon

BCLK | | BusClock: The negative edge of Bus Clock RDD indicates a read mode by the master.

/ is used to synchronize the bus contention N A - )
resolution circuit asynchronously to the OVRD | | Override: Override inhibits automauf: de-
. . select between transfers caused by a higher
CPU clock. It has 100ns min. period, 35%— priority bus request. May be used for con-
:f:kp::tz:::ge. it dmay be slowed, single * | secutive data transfers such as read-
p ppec. modify-write operations. It is asynchronous

BPRN | | Bus Priority In: The Bus Priority In indi- to the Bus Clock.
c:it:: : o iasdreevliee;?iant mt,hdeevt;ﬁ: o:taihlgh:t XSTR | | Transfer Start Request: Transfer Start Re-
Zhrongus wit: the 835 clock . S syl ‘quest indicates to the 8218/8219 that a new

L - data transfer cycle is requested to start. Itis

BPRO O | Bus Priority Out: The Bus Priority Out is raised for each new word transfer in a mul-
used with serial priority resolution circuits. tiple data word transfer. It is asynchronous.
Priorify may be transferred to the next lower to the Bus Clock. ,
in priority as BPRN. XCP | | Transfer Complete: Transfer Complete in-

—_ dicates to the 8218/8219 that the data has

INIT | [ Initialize: The Initialize resets the 8218/ been received by the slave device in a write
8219 to a known internal stdte. cycle or transmitted by the slave and re-

MRDC o Memoiy Read Control: The Memory Read ceived by master in a read cycle. It is asyn-

. Control indicates that the Master is request- chronous to the Bus Clock.
ing a read operation from the addressed XCY O | Data Transfer: Indicates that a data trans- |
location. It is asynchronous to the Bus | fer is in progress. It is asynchronous to the
Clock. Bus Glock.

MWTC | O |Memory Write Control: The Memory Write WR,RD, | | |Write, Read, 10/Memory: WRITE, READ,
Control indicates that data and an address Iom . 10/Memory are the control request inputs
have been placed on the bus by the Master used by the 8085 and are internally decoded
and the data is to be deposited at that loca- by the 8218 to produce the request signals
tion. It is asynchronous to the Bus Clock. MRDR, MWTR, IORR, IOWR. They are asyn-

chronous to the Bus Clock. (8219 only)

IORC O | I/O Read Control: The |/O Read Control in- ASRQ I | Asynchronous Bus Request: Can be used
dicates that the Master is requesting a read - | forinterrupt status from the 8085. Acts like a
operation from the |/O device addressed. It level sensitive asynchronous bus |
is asynchronous to the Bus Clock. request—no RSTB needed. It is asynchron-

fOWC O | 1/0 Write Control: The I/O Write Control in- ous to the Bus Clock. (8219 only)
dicates that Data and an I/O device address MRDR, | | Memory Read Request, Memory Write
has been placed on the bus by the Master MWTR, ( Request, /0 Read Request, or I/0 Write |
and the data is to be deposited to the I/O IORR, | Request: Indicate that address and data
device. Itisasynchronoustothe Bus Clock. IOWR have been placed on the bus and the appro-

Signal rat Recel priate request is being made to the ad-
gnals Generated or Recelved by the Bus Master dressed device. Only one of these inputs

BCR1/ | |[Bus Control Request: Bus Control Re- should be active at any one time. They are

BCR2 quest 1 or Bus Control Request 2 indicate to .| synchronous to the Bus Clock. (8218 only) |
Fhe 8218/8219 that the Master device is mak- ANYR 0 | Any Request: Any Request is the logical
ing a request to control the bus. BCR2 1s OR of the active state of MRDR, MWTR
a'ctive. Iou{ in the 8218 (BCR2). BCR2 is ac- iORR, IOWR. It may be tied to XSTR when
tive high in the 8219. the rising edge of ANYR is used to initiate a

RSTB | | Request Strobe: Request Strobe latches i transfer.
the status of BCR1 and BCR2 into the DLYADJ | | Delay Adjust: Delay Adjust is used for con-
8218/8219. The strobe is active low in the nection of an external capacitor and resis-
8218 and negative edge triggered in the tor to ground to adjust the required set-up
8219. and hold time of address to control signal.
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8218/8219

PRELIMINARY

FUNCTIONAL DESCRIPTION

The 8218/8219 is a bipolar Bus Control Chip which
reduces component count in the interface between a
master device and the system Bus. (Master device: 8080,
8085, 8257 (DMA).) ;

The 8218 and 8219 serve three majér functions:

1. Resolve bus contention.

2. Guarantee set-Up and hold time of address/data lines
to I/O and Memory read/write control signals
(adjustable by external capacitor).

3. Provide sufficient drive on all bus command lines.

Bus Arbitration Logic

Bus Arbitration Logic activity begins when the Master
makes a request for use of the bus on BCR1 or BCR2. The
request is strobed in by RSTB. Following the next two
falling edges of the bus clock (BCLK) the 8218/8219
outputs a bus request (BREQ) and forces Bus Priority Out
inactive (BPRO). See Figures 1a and 1b.

BREQ is used for requesting the bus when priority is
decided by a parallel priority resolver circuit.

BPRO is used to allow lower priority devices to gain the
bus ‘when a serial priority resolving structure is used.
BPRO would go to BPRN of the next lower priority Master.

When priority is granted to the Master (a low on BPRN and
a high on BUSY) the Master outputs a BUSY signal on the
next falling edge of BCLK. The BUSY signal locks the
master onto the bus and prohibits the enable of any other
masters onto the bus. .

At the same time BUSY goes active, Address and Data
Enable (ADEN) goes active signifying that the Master has
control of the bus. ADEN is often used to enable the bus
drivers.

The Bus will be released only if the master loses priority; is
not in the middle of a transfer, and Override is not active
or, if the Master stops requesting the bus, is not in the
middle of a data transfer, and Override is not active. ADEN
then goes inactive.

Provision has been made in the 8218 to allow bus-
synchronous requests. This mode is activated when
BCR1, BCRZ and RSTB are all low. This action
-asynchronously sets the synchronization flip flop (FF2) in
Figure 3a.

ADEN

OVRIDE

BCR1

s ——1J T

T
SE ASYNCH.

REQUEST

SET

FF1

CLR

—CO CLK

SYNCH. PRIORITY e = BREQ

o REQUEST AND REQ
REQUEST J—

LOGIC j¢————— BPRN

FF2

- CLR

!

g
X

'

S
&

. Figure 3a. 8218 Bus Arbitration Loglc‘
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intel ‘8218/8219 PRELIMINARY -

ADEN
OVRIDE —»~
- 1
l j+——> BUSY
' ' SET ASYNCH. SYNCH PRIORITY BREQ
BCR1 REQUEST REQUEST AND " BREQ
::D‘—— o a o a REQUEST S
BCR2 LOGIC |+———BPRN
FF1 FF2
——— BPRO
RSTB —o] CLK ’ ———a cLK
- CLR. CLR -
0
LT -
NI
Figure 3b. 8219 Bus Arbitration Logic
Timing Logic - ‘ -
Timing Logic activity begins with the rising edge of XSTR
(Transfer Start Request) or with ADEN going active, MRDR [ MRDC
whichever occurs secqnd. This action causes XCY ORR outpuT  |— iOFE
(Transfer Cycle) to go active. 50-200ns later (depending on CONTROL )
resistance and capacitance at DLYADJ) the appropriate VTR LogIC  b—emWTC | \
Control Outputs will go active if the control input is active. oW . ToWE
XSTR can be raised after the command goes active in the
current transfer cycle so that a new transfer can be
initiated ‘immediately after the current transfer is ANYR
complete.
A negative going edge on XCP (Transfer Complete) will e
cause the Control Outputs (MRDC, etc.) to go inactive. i CONTROL
50-200ns later (depending on capacitance at DLYADJ) A
XCY will go inactive indicating the transfer cycle is }
completed. SET
Additional Togic within the 8218/8219 guarantees that if a RBD +——————— ¢
transfer cycle is started (XCY is active), but the bus is not CLR
requested (BREQ is inactive) and there is no command 1
request input (ANYR is output low), then the transfer cycle
will be cleared. This allows the bus to be rel d in :
applications where advanced bus requests are generated Figure 4a. 8218 Control Logic
but the processor enters a HALT mode. : ’
N 10/M —> MRDC
Control Logic ‘ oecooNG | i
The control outputs are generated in the 8219 by decoding RD CoNTROL —
the 8085 system control outputs (i.e., RD, WR, 10/M) or in Logic
" the 8218 by directly buffering the control inputs to the WR — ioWC
control outputs for use in an 8080 or DMA system (see i

Figures 4a and 4b). The control outputs may be held high
(inactive) by the Timing Logic. Also the control outputs are ANYR ._QGT‘
enabled when the Master gains control of the bus and

disabled when control is relinquished.

SonTmor
The Control Logic also has two other outputs, ANYR (Any INACTIVE
Request) and RDD (Read Data). ANYR goes high (active) if RDD ~—————a
any control requests (IOWR, etc.) are active. RDD controls CLR
the direction of the Masters Bi-directional Data Bus 1
Drivers. The Bus Driver will always be in the Write mode | —
(RDD = Low) except from the start of a Read Control
Request to 25 to 70ns after XCP is activated. e Figure 4b. 8219 Control Logic

2-71 7 ‘ AFN-00208C



'nte’ T ' " s218/8219 PﬁEMﬂNAﬁV

ABSOLUTE MAXIMUM RATINGS* *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-

Ambient Temperature Under Bias ...... 0°C to 70°C tion of the device at these or any other conditions above

Storage Temperature .............. -65°C to +150°C those indicated in the operational sections of this specifi-
Supply Voltage (VEE) ...ovvvrnvnvnnnnn. -0.5V to +7V cation is not implied. Exposure .to absolute maximum
Input Voltage .................. -1.0V to Vcc + 0.25V rating conditions for extended periods may affect device
Output Current .. .....covvveevnnrennennennnes 100mA reliability.

D.C. CHARACTERISTICS (Ta = 0°C to 70°C; Ve = 5V = 5%)

Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Ve Input Clamp Voltage ‘ -1.0 V. | Vec =0.0V,Ic = -5mA
IF Input Load Current
MRER/_IL«TA/MWTR/!VR Vcc = 5.25V
IORR/RD, IOWR/IO/M -0.5 mA | VF = 0.45V
) . | Other | '-0.5 mA
Ir Input Leakage Current 100 uA  [Vcc =5.25
. ] VR =5.25 .
VTH  |Input Threshold Voltage 0.8 2.0 v Vee =5V
lcc Power Supply Current 200 . 240 mA | Vcc =5.25V
Vou Output Low Voltage ) . Vee = 4.75
MRDC, MWTC, IORC, IOWC 0.45 \ loL = 32mA
BREQ, BUSY 0.45 \ loL = 20mA
XCY, RDD, ADEN 0.45 \% loL = 16mA
BPRO, ANYR 0.45 vV |loL=32mA
VoH Output High Voltage Vcec = 4.75V
' MRDC, MWTC, IORC, IOWC 2.4 loH = -2mA
All Other Outputs 2.4 loH = -400uA
los Short Circuit Output Current -10 : © =90 mA |Vcc = 5.25V, Vo = ov
lo (oFF) | Tri-State Output Current -100 uA | Vcc =5.25V, Vo = 0.45V
+100 uA | Vcc =5.25V, Vo = 5.25V
Cin Input Capacitance Except Busy 10 20 . pF
Cio Input Capacitance Busy 25 35 pF !
/
200 8218/8219 XSTR TO OUTPUT DELAY (Tscp)
175
150
125
DELAY
100
- 400 pF'
300 pF
200 pF .
50
100 pF
250 , 100 200 300 400 500 600 700 800 900
OHMS :

' One Shot Delay Versus Delay Adjust Capacitance And Resistance
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8218/8219

PRELIMINARY

A.C. CHARACTERISTICS (T, = 0°C to 70°C; Vg = 5V = 5%)

- Limits

Symbol Parameter Min. Typ. Max. Unit Test Condltloni
tecy Bus Clock Cycle Time 100 ns | 35% to 65% Duty Cycle
trw Bus Clock Pulse Width 35 0.65 tecy ns
tras RSTB to BCLK Set-Up Time 25 ns g
tcss BCR1 and BCR2 to RSTB 15 ‘ ns

Set-Up Time
tcsH BCR1 and BCR2 to RSTB 15 ns

Hold Time
traD BCLK to BREQ Delay 35 ns
tpeNs | BPRN to BCLK Set-Up Time 23 ns
teno BRPN to BPRO Delay 30 ns
tBYD BCLK to BUSY Delay 55 ns
tcaD MRDR, MWTR, IORR, IOWR" 30 ns

to ANYR Delay
tsxp XSTR to XCY Delay 40 ns
tsco XSTR to MRDC, MWTC, 10RC, 50 . 200 ns | Adjustable by External R/C
. TOWC Delay !
txsw XSTR Pulse Width 30 ns
txco | XCP to MRDC, MWTC, 1ORC, 50 ns

IOWC Delay
txcw | XCP Pulse Width 35 ns
tcco XCP to XCY Delay 50 200 ns | Adjustable by External R/C
tcvp | MRDR, MWTR, IORR, IOWR 35 ns

to MRDC, MWTC, IORC, IOWC
tcrD MRDR, MWTR, TORR, IOWR 25 ns

to RDD Delay
tRw RSTB Min. Neg. Pulse Width 30 ns
tcpD BCLK to BPRO Delay 40 ns
txRD XCP to RDD Delay 25 70 ns

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24

1.5 <—— TEST POINTS —» 1.5

0.45

AC TESTING INPUTS ARE DRIVEN AT 24V FOR A LOGIC 1'AND 045V FOR
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 15V FOR BOTH A

LOGIC 1 AND 0

\[:
L
DEVICE
UNDER
TEST
ICL
VL = 24V
R = 7500
S~ 1000F
Cy_ INCLUDES JIG CAPACITANCE
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8218/8219

PRELIMINARY

WAVEFORMS

/

. SYNCHRONOUS BUS TIMING (System Bus Preylously Not In Use)

D Y S —
s £ X I\ — /- Vs / / r
b——lywA-I =tRas »
mn . /]
le— thw—>| \
tess = tcsH
BCAZ === ===
BCR1 = = = == =
t*—trRap —]
BREG / REQUEST FOR ACQUISITION OF THE BUS / 'REQUEST TO RELEASE THE BUS
L—-—mu——j f—  tayp--—
BUSY ADEN |
RNS Jo——nl ®RNS r- B
_ |
BFEN X !
1
L no!
'BNO \
|
&R0 !

tero

ANYR

RDD

[e—tcap

fe— tcRD

xsm_ _ j[

—!  txsW

XCP X

t—tsxD

[ txcw

G

{e——tcco

tero

L

le—txco
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|M o 8218/8219 PRELIMINARY
WAVEFORMS (Continued)

BUS CONTROL EXCHANGE (Master No. 1 Leaving Bus And Master No. 2 Getting On Bus)

MRDR MWTR
OFR  TOWR MASTER 1 GETS OFF BUS

MASTER 1ANYR OUT
AND XCP IN \\

MASTER 1 XCY OUT <0NE SHOT / )

DELAY

BCLK

MASTER 1 ADEN

\

14

BUSY  MASTER 1 HAS BUS

/ MASTER 2 HAS BUS

MASTER 2 ADEN

s

MRDR MASTER 2
MWTR  REQUESTS BUS

TORR

WR ;
1o ANYR DELAYED BY
XSTR . ONE SHOT
FOR ADDRESS SETUP

MRDC \
MWTC \'
TORC ~ OF MASTER2 :

owe

Xcy

MASTER 2 \
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- 8218/8219

Ag1s >
. ) g %
['Dl‘[ 8080A
1 K Doz ) . .
%2 8228
8224 READY
READY MEMR MRDR MRDC f——
5756 MEMW MWTR MWTC p—
§TSB oR 10RR IORC |——>
RESIN iow 10WR iOWC p——
b .
2 BCR1 BREG |—
D
3 BCRZ BUSY fo—n
8218
BCLK ja——
RSTB
ADEN BPRN je——
|oLyaDy
BPRO f—r
5
R c XcP
I XSTR
= = ANYR NPT
RESET
XACK .
(TRANSFER -
ACKNOWLEDGE)
MCS-80® CPU With 8218
D \
Ag.1s >
8085A
WR WR MRDC
RD RD MWTC
1o/m 10/Mm ORC
INTA ASRG ioWe
READY ALE RSTE
So BCR1 BREG
$1 BCR2
SYNC RESET BUSY
FF 8219
BCLK
ADEN BPRN
DLYADJ
g BPRO
= = ANYR TN7T
L RESET
XACK
(TRANSFER
ACKNOWLEDGE)

MCS-85® CPU With 8219
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8218/8219

PRELIMINARY

USE FALLING EDGE OF ALE TO INITIATE DECODE

& LOGIC'S SELECTION OF THE BUS
BU;
access | LOCAL
DECODE MEMORY
LOGIC
EXAMPLE OF BUS
ACCESS DECODE LOGIC
As1s
" [:
< > AooR _)
( ADg7
N 8206
. 8085A
o
WA WR__RDD wMRBC
5 RD MWTC 478
1o of oRe aLe .
READY iNTA ASRG iowe ¢ T
ALE RSTS
So _p—~{sca BRE
—_— 5 -
RESET BCR2 50V LEVEL ACTIVATED
- 8219 A SPARENT"
BOLK ' FLIP FLOP
o o msom,
DLYAD) eora AND GATE
Xcp
¢ ‘@ T =
READY IS SET UP ANYR i
FOR LOCAL = =
MEMORY THAT L
NEEDS NO WAIT
STATES RESET
(TRANSFER
ACKNOWLEDGE)

MCS-85° CPU With 8219 Using Local Memory

2-77

AFN-00208C



8218/8219

PRELIMINARY

TO/FROM HIGHEST
PRIORITY BUS MASTER

¥

REQUEST ADEN
8218
{a—usv BPRO _ BCLK

B

¥

REQUEST

TO/FROM LOWEST
PRIORITY BUS MASTER

Y

REQUEST ADEN
8218
BUSY BPRN BCLK

BUS CLOCK
“DAISY CHAIN ” CONFIGURATION
REQUEST REQUEST [ REQuEsT
8219 8218 8219
BUSY BReQ BPAN  BCLK BUSY BREQ BPAN  BCLK BUSY BREQ BPAN BCLK
BUS CLOCK

by

PRIORITY
RESOLVING
LOGIC

PARALLEL REQUEST CONFIGURATION

Two Methods of Connecting Multiple 8218/8219’s To Resolve Bus Contention Among Multiple Masters
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8224

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

8080A CPU

Single Chip Clock Generator/Driver for

Power-Up Reset for CPU
Ready Synchrqnizing Flip-Flop
Advanced Status Strobe

Timing
= Crystal Controlled for Stable System
Operation ’
® Reduces System Package Count

= Available in EXPRESS
- Standard Temperature Range

m Oscillator Output for’External System

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

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

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

XTAL1
OSCILLATOR D—osc >
XTAL2 —
> TANK ——]
>
cLocK
GEN. — >
4,0 9;A s,(TTL[E>
B> syne—————— 5778 [7>
[Z> FrREsN D
SCHMITT
INPUT ca RESET [T>
B> rovin o a} READY [4>
‘L_I

Figure 1. Block Diagram

RESET[_J1 16 1 Vee
RESIN[ |2 15 _JXTAL1
ROYIN[ |3 1] xTaL2
READY [ Ja 13 ] TANK
8224
syne [ s 12| _Josc
6 (TTLI[ J6 n[J
stsTe |7 o[ ¢
ano[ s o[ Voo
RESIN | RESET INPUT
RESET | RESET OUTPUT XTAL1 CONNECTIONS
RDYIN | READY INPUT XTAL 2 FOR CRYSTAL
READY | READY OUTPUT TANK USED WITH OVERTONE XTAL
SYNC SYNC INPUT osc OSCILLATOR OUTPUT
§TSTB STATUS STB ¢2 (TTL) ¢2 CLK (TTL LEVEL)
(ACTIVE LOW) Vce +5V
0 8080 Voo +12V
92 CLOCKS GND oV

Figure 2. Pin Configuration
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. . ........ e 0°C to 70°C .
Storage Temperature . . . ........... —65°C to 150°C.
Supply Voltage, VoG« v v v vve e —0.5V to +7V
Supply Voltage, Vpp. . . .« oo v i v e —0.5V to +13.6V
InputVoltage. .. .................. —1.5V to +7V
Output Current. . .. .... B e ittt 100mA

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

*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.

Limits
Symbol ° Parameter - Min. Typ. Max. Units Test Conditions
e Input Current Loading -.25 mA Vg = .45V
g ) Input Leakage Current 10 MA Vg =5.26V
Ve Input Forwatd Clamp Voltage 1.0 \ Ic=-5mA
ViL Input “Low”’ Voltage .8 Y Ve = 5.0V
Vin Input ““High’’ Voltage 2.6 \ Reset Input
2.0 All Other Inputs
ViH-ViL RESIN Input Hysteresis .25 \ Vee = 5.0V
VoL Output “Low” Voltage .45 \ (¢1.92), Ready, Reset, STSTB
loL =2.5mA
.45 \Y All Other Outputs
‘ |0|_ = 15mA
VoH Output “High” Voltage
(151 , ¢2 9.4 \ IOH = -100uA
READY, RESET 3.6 \ loq = -100uA
All Other Outputs 24 \% lon =-1mA
Iscl] Output Short Circuit Current - -10 -60 mA Vo =0V
(All Low Voltage Outputs Only) Vee =5.0V
lcc Power Supply Current - 115 ~mA
Ibp Power Supply Current 12 mA

Note: 1. Caution, ¢1 and ¢2 output drivers do not have short circuit protection

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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A.C. CHARACTERISTICS (V¢ = +5.0V £5%, Vpp = +12.0V £5%, Ta = 0°C to 70°C)

Limits Test
Symbol Parameter Min. Typ. Max. Units Conditions
ts1 | ¢1 Pulse Width 2—‘51 - 20ns
te2 ¢ Pulse Width %"! - 38ns
tp1 @1 to ¢ Delay o ' ns
tp2 ¢7 to ¢q Delay 2—:? - 14ns Cp = 20pF to 50pF
tp3 $1 to ¢, Delay 2% 2_t;_Y +20ns
tR "| ¢1 and ¢, Rise Time 20
tp ¢1 and @, Fall Time 20
tpg2 ¢2 to ¢ (TTL) Delay -5 +15 ns $2TTL,CL=30
R1=30092
R,=600%2
tpss ¢2 to STSTB Delay 5% - 30ns 6t_;y
.
tow STSTB Pulse Width Y _ 15ns STSTB, CL=15pF
9 R1 =2K
RDYIN Setup Time to 4tcy Ry =4K
t 50ns - —<Y
DRS Status Strobe "9
. RDYIN Hold Time 4tcy
DRH After STSTB 9 , ,
RDYIN or' RESIN to 4tcy Ready & Reset
t — - 26ns .
DR ¢, Delay 9 CL=10pF
. Ry=2K
Ry=4K
toLK CLK Period %’
Maximum Oscillating
fmax Frequency z MHz
Cin . | Input Capacitance -8 pF Vee=15.0V
Vpp=+12V
Vgias=2.5V
f=1MHz
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8224

A.C. CHARACTERISTICS (Continued)

(For tcy = 488.28 ns) (Ta =

Vpp = +12V £5%)

0°C to 70°C, Vpp = +5V +5%,

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions -
te1 ¢ Pulse Width 89 ns j tcy=488.28ns
ty2 ¢ Pulse Width 236 ns
tp Delay ¢1 to ¢, 0 ns
tp2 Delay ¢, to ¢4 95 ns | 91 & ¢y Loaded to
tp3 Delay ¢4 to ¢, Leading Edges 109 129 ns Cu=2010 50pF
t, Output Rise Time 20 ns
% Output Fall Time 20 ns
tpss ¢, to STSTB Delay 296 326 ns
tpg2 ¢2 to ¢ (TTL) Delay -5 +15 ns
trw Status Strobe Pulse Width 40 ns Ready & Reset Loaded
tpRs RDYIN Setup Time to STSTB -167 ns to 2mA/10pF
tDRH RDYIN Hold Time after STSTB 217 ns All measurements
toR READY or RESET 192 ns referenced to 1.5V
to ¢ Dela unless specified
2 v otherwise.
fmax Oscillator Frequency 18.432 MHz
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/OUTPUT
Vee
R,
20 20
. DEVICE
><: > TEST POINTS < >< UNDER
0.8 0.8 c I R,
AC.TESTING: INPUTSARE DRIVEN AT24V FORA LOGIC 1 AND0.45V FOR = =
ALOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FORALOGIC 1"

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

C INCLUDES JIG CAPACITANCE
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inter : 8224

WAVEFORMS

w® tn % . i
[ ) z
—
|
62 la - to3 . . g -
‘o2
B ooz tpoz —=
SarTL) .

SYNC \ /
(FROM 8080A)
le—toy—7. DS tow
§TsT8 )t } : )t }
" tops—a| fe—o

RDvJNOHRE_sm-_J&_-- _____ _-__-aé """ e ————— ———————————

READY OUT

RESET OUT A

VOLTAGE MEASUREMENT POINTS: @1, ¢2 Logic “0” = 1.0V, Logic “1" = 8.0V. All other signals measured at 1.5V. ‘
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8228/8238

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

u Single Chip System Control for
MCS-80® Systems

a Bullt-In Bidirectional Bus Driver for
Data Bus Isolation

= User Selected Single Level Interrupt
Vector (RST 7)

m 28-Pin Dual In-Line Package
= Reduces System Package Count

m 8238 Had Advanced IOW/MEMW for

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

Large System Timing Control

m Available in EXPRESS
- Standard Temperature Range

The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It geherates all signals required to

directly interface MCS-80 family RAM, ROM, and /O components.

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus
from memory and I/O. 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 level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g.,
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to

have an unlimited number of interrupt levels.

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for

cost effective, reliable design of the MCS-80 systems.
Note: The specifications for the 3228/3238 are identical with those for the 8228/8238

— N
Dy —» |~ <— o8, stste [ 28 [ vee
o — | -« D8,
2 —> =] p—=<— D8, HLDA [ 2 27 [ ilow
Su | oy—e<] eiomecriona oo o8} SYSTEM DATA BUS - =
s D, —s<—] BUSDRIVER | w<— D8 v wr[]s 26 [ memw
—] }—><— OB __
Dy —= =] |- <— D8, osiN[] 4 25 [7] iioR
D; —v il -— 0B,
oss []s 24 [ MEMR
DRIVER CONTROL o4 []e 2 []iNTA
. os7 []7 22 [ ] BUSEN
WEWR E 8228/8238 -
o7[]s 21 os
WENW !
L Taven oes [ 2 [Joss
Gating P OR 03] 10 19 Jos
ARRAY
T b - oW os2 [} 11 18] Joes
7578 02[] 12 7o
DBIN BUSEN
WR osg []13 =} ogy
HLDA INTA
GND [ 4 15[ Jog
5700 DATA BUS (8080 SIDE) INTA__| INTERRUPT ACKNOWLEDGE
DB7DBO | DATA BUS (SYSTEM SIDE) WLDA | WLDA (FROM 8080)
I/OR 1/0 READ WR WR (FROM 8080}
1OW 1/0 WRITE BUSEN | BUS ENABLE INPUT
MEMR MEMORY READ STSTB | STATUS STROBE (FROM 8224)
MEMW. MEMORY WRITE Vee +5V
(o8iN__| peiN (FROM 8080) GND OVOLTS

Figure 1. Block Diagram

‘Figure 2. Pin Configuration
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8228/8238

ABSOLUTE MAXIMUM RATINGS*

*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-

Temperature UnderBias.............. -0°Cto70°C tion of the device at these or any other conditions above
Storage Temperature.............. -65°C to 150°C those indicated in the operational sections of this specifi-
Supply Voltage,Veg. -« oo vvvvvinennn ~-0.5Vto +7v cation is not limited. Exposure to absolute maximum
InputVoltage. ...................... -15Vto +7V rating conditions for extended periods may affect device
Output Current. .................civvunn.. 100 mA reliability.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C, Ve = 5V +5%)

Limits
Symbol Parameter Min. [Typ.[1]| Max. Unit Test Conditions
Ve Input Clamp Voltage, All Inputs .75 | -1.0 \ Vcc=4.75V; Ic=-6mA
3 . input Load Current, ‘
’ STSTB 500 MA Vec=5.25V
D, & Dg 750 HA Ve =0.45V
Do, D1, Dg, Ds, BA
& Dy 250
All Other Inputs . 250 HA
Ir Input Leakage Current
STSTB 100 HA Ve =5.25V
DBo-DB;- 20 MA Vg =5.25V
All Other Inputs 100 MA
VTH Input Threshold Voltage, All Inputs 0.8 2.0 \ Vec=5V
lcc Power Supply Current 140 190 mA Vcc=5.25V
VoL Output Low Voltage,
Dg-D7 45 v 'Vee=4.75V gL =2mA
All Other Outputs ' .45 \ loL = 10mA
VoH Output High Voltage,
Do-D7y 3.6 3.8 ! Vv Vcc=4.75V; loy=-10uA
All Other Outputs 24 \ loq =-1mA
los Short Circuit Current, All Outputs 15 90 mA Vee=bV
lo(off) Off State Output Current, )
Ali Control Outputs 100 MA Vec=56.25V; Vp=5.25
-100 HA Vp=.45V
hNT INTA Current 5 mA (See INTA Test Circuit)
Note 1. Typical values are for T = 250C and nominal supply voltages.
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CAPACITANCE (Vgjas = 2.5V, Vo = 5.0V, Ta = 25°C, f = 1 MHz)

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

S Limits
Symbol Parameter -1 Min. | Typ.[1] | Max. | Unit
Cin Input Capacitance 8 12 pF
" Output Capacitance
F
Cour Control Signals 7 15 ) P
1/O Capacitance
F
/o (D or DB) 8 15 P

'A.C. CHARACTERISTICS (Ts = 0°Cto 70°C, Vi = 5V +5%)

Limits

Symbol Parameter Min. |. Max. | Units Condition
tpw ' ‘Width of Status Strobe 22 ns '
tss Setup Time, Status Inputs Dg-Dy 8 ns
tsH Hold Time, Status Inputs Dg-Dy 5 ns
toe l Delay from STSTB to any Control Signal 20 | 60 ns | Cp=100pF
tRR Delay from DBIN to Control Outputs 30 ns CL = 100pF
tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns Cy = 25pF
tRD Delay from System Bus to 8080 Bus during Read 30 ns Cy = 25pF
twR Delay from WR to Control Outputs 5 45 ns C = 100pF
twE Delay to Enable System Bus DBg-DB7 after STSTB 30 ns Cp = 100pF
twp Delay from 8080 Bus Dg-D7 to System Bus ns Cp = 100pF

DBp-DB7 during Write 5 40 :
te Delay from System Bus Enable to System Bus DBq-DB> 30 ns Cp = 100pF
tHD 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

+zv
A.C. TESTING LOAD CIRCUIT
TKS2 +10%

Vee

R,

I

For Dg-D7: R1 = 4K, Ry = =Q,
CL = 25pF. For all other outputs:
R¢ =5000, Ry = 1KQ, C|_ = 100pF.

DEVICE
UNDER
TEST

nt

INTA

INTA Test Circuit (for RST 7)
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WAVEFORM ' ‘

oed \o__/\n___/\u /\n__ [ \n
e T\ /N
ﬁﬁu%smoas —q‘m’_ \/
8080 DATA BUS
DBIN fss e VS

iNTA, iR, MEMR

HLDA

INTA, IOR, MEMR
DURING HLDA

SYSTEM BUS DURING READ

8080 BUS DURING READ

WR
‘ |__ _ ]
IOW OR MEMW ‘}“ \
R R N W AP S L____J

8080 BUS DURING WRITE T
. wo
SYSTEM BUS DURING WRITE = — == = = =— — = — T <

SYSTEM BUS ENABLE

tg o e r—
——
SYSTEMBUSOUTPUTS — — — — — — — — — = — — = — — <] > —_—
VOLTAGE MEASUREMENT POINTS: Dq-D7 (when outputs) Logic “0” = 0.8V, Logic “1" = 3.0V. All other signals measured
: at 1.5V.

— \
*ADVANCED IOW/MEMW FOR 8238 ONLY.

2-87 - ' AFN-00213C



8237A/8237A-4/8237A-5
HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

n Enable/Disable Control of Individual = High performance: Transfers up to 1.6M
DMA Requests Bytes/Second with 5 MHz 8237A-5
a Directly Expandable to any Number of
m Four Independent DMA Channels Channels ‘
= Independent Autoinitialization of all = End of Process Input for Terminating
Channels Transfers

= Software DMA Reduests

= Independent Polarity Control for DREQ
s Memory Block Initialization - . and DACK Signals

m Available in EXPRESS _

- Standard Temperature Range
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.

s Memory-to-Memory Transfers

a Address Increment or Decrement

DECREMENTOR

TEMP WORD TEMP ADDRESS
COUNT REG (16) REG (16)
B ~—)

ResET I 16 BIT BUS I
& —al 1887 8US I

READY —-——‘

CLOCK ——= . NG READ BUFFER READIWRITE BUFFER

N —
A€ CONTROL BASE BASE CURRENT | CURRENT
ADSTB ——] ADDRESS WoRD ADDRESS WorD
(18 COUNTY 16 COUNT
WEWR ~——0) 8
WENW -——q
R «—Q
oW ~—=q

COMMAND
CONTROL

READ BUFFER
00-D1

< > \ 080-D87
10 BUFFER
14

MODE
o snfus ® TEMPORARY (8)

DREQO- 4
DREGs ~7“—*1  pRIORITY
ENCODER -
HLDA ——— AND

INTERNAL DATA BUS

+«—{ ROTATING
HRa . PRIORITY
Loaic

DAcKo- L 4,
DACK3 |

REQUEST (4)

Figure 2.
Figure 1. Block Diagram Pin Configuration
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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.

cs

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 Idle cycle.

READY

Ready: Ready is an input used to
extend the memory read and write
pulses from the 8237A to accom-
modate slow memories or I/O per-
ipheral devices. Ready must not

make transitions during its speci-

fied setup/hold time.

HLDA

Hold Acknowledge: The active
high Hold Acknowledge 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
DREQ3 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.

DB0-DB7

[[e]

Data Bus: The Data Bus lines are
bidirectional three-state signais
connected to the system data bus.
The outputs are enabled in the Pro-
gram condition during the I/O 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 1/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 strobea into an
external latch by ADSTB. In mem-
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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

o

/O Read: /O Read is a bidirec-
tional 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 cy-
cle, it is an output control signal
used by the 8237A to access data
from a peripheral during a DMA
Write transfer.

oW

[[e]

IO Write: 1/0 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. )

[[[e]

End of Process: End of Process is
an active low bidirectional signal.
Information concerning the com-
pletion of DMA services_is avalil-
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-
80 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
that 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

[[[e]

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 be loaded 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 0 | 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.
IHRQ‘ After HRQ goes active at MEMR O | Memory Read: The Memory Read
east one clock cycle (TCY) must X A .
occur before HLDA goes active ‘ signal is an active low three-state
9 . | output used to access data from the
DACKO0-DACK3 O | DMA Acknowledge: DMA Ac- selected memory location during a
knowledge is used to notify the in- DMA Read or a memory-to-memory
dividual peripherals when one has transfer.
be:ne ggfar::,edearDMA. cycle. The. MEMW O | Memory Write: The Memory Write
sens ese 'ines is program is an active low three-state output
mable. Reset initializes them to ac- used to write data to the selected
tive low. memory location during a DMA
Write or a memory-to-memor
FUNCTIONAL DESCRIPTION transfor Y d

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_‘Tlming‘ 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 | (Sl) is the inactive state. It is
entered when the 8237A has no valid DMA requests
pending. While in SI, the DMA controller is inactive but
may be in the Program Condition, being programmed by
the processor. State S0 (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-/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 (521, S22, $23, S$24) 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 “SI” 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 internai
registers. Address lines AO-AS3 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 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-
nel 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 control 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 /O
device has exhausted its data capacity. After the 1/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
elther 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 additionat 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.
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2ND LEVEL

1ST LEVEL 8237A

MICROPROCESSOR
HRQ DREQ

DA.CK

\ : HLDA | HLDA

.

8237A

DREQ
DACK

|—

HRQ
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/0O 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 I/0 control lines all
remain inactive. The ready input is ignored in verify mode.

Memory-to-Memory—To perform block moves of data from
ane 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 seryice. .

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
channel 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.

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.

18t 2nd 3rd
Service Service Service
highest 0 2 <-a— service

1 ~—service
2
3

3 <a— service
0
1

2

3 <«—request
_\0
1

lowest

- With Rotating Priority in a single chip DMA system, any

The mask bit is 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
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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 S2 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 A0-A7 should be connected to
the address bus. Figure 11 shows the time relationships
between CLK, AEN, ADSTB, DB0-DB7 and A0-A7.

During Block 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 long 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-

Command Register
7 6 56 4 3 2 1 0 <««—Bit Number

LITTT 1]

.

] !0 Memory-to-memory disable
1 Memory-to-memory enable

Channel 0 address hold disable
Ch | 0 add hold enable
If bit0=0

{
1
—

Controller enabie
Controller disable

-0 x=o0

Normal timing
timing

C L
If bit 0=1

Fixed priority
Rotating priority

—e,
-0 X=0

Late write selection
Extended write sel
Ifbit3=1

DREQ sense active high
DREQ sense active low

—— e,
-0 X-=-o0

DACK sense active low
DACK sense active high

-0

Mode Register
7 6 56 4 3 2 1 0 <« Bit Number

LT T T[]

- 00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transfer

01 Write transfer

10 Read transfer

11 lilegal

XX If bits6 and 7=11

‘ 0 Autoinitialization disable
1 Autoinitialization enable

select

0 Add :
1 Address decrement select

{

Rl

[ 00 Demand mode select
01 Single mode select

l 10
1"

Block mode select
. Cascade mode select
Request Register
7 6 5§ 4 3 2 1 0 <w—Bit Number
LI I T ITITr]
s, s’ ~ {00 Select channel 0
Don't Care 01 Select channel 1

10 Select channel 2
11 Select channel 3

( 0 Reset request bit

1 Set request bit

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.
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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
orclear the mask bits s 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

I

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
All four bits of the Mask register may also be written
with a single command.
76 5 4.3 2

1 0 <«——Bit Number

—— 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
N o Signals
s o CS IOR IOW A3 A2 A1 A0
Command | Write. 0 1, 0 1 0o 0 o0
Mode Write 0 1 0 1 0 1 1
Request Write 0 1 0 1t 0 0 1
Mask Set/Reset | 0 1 1] 1 0 1 0
Mask Write |10 1 0 1 1 1 1
Temporary | Read 0 0 1 1 1.0 1
Status Read 0o 0 Tt /1t 0 0 0

Figure 5. Definition of Réglster 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 channeis have reached
. aterminal 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.

294

7 6 5 4 3 2 1

0 <—— Bit Number

N O O O O .

: ' | 1. Channel 0 has reached TC
1 Ch | 1 has hed TC
1 Ch | 2 has hed TC
1 .Ci 3 has hed TC
1 Ch | 0 request
1 Channel 1 request
1 Ch | t

q

2
I3

1 ch

Q!

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

Operation

Read Status Register

Write Command Register

{llegal

Wnite Request Register

lllegal

. Write Single Mask Register Bit

ilegat

Write Mode Register :

Iilegal

Clear Byte Pointer Flip/Flop

Read Temporary Register
Master Clear

llegal
Clear Mask Register

wlalalalalaf«l=lololo]lolo o ]o e
P N P B CRCE I CN AN E S B 3 3 ;
sjajolol=«l=lolof=|=Jole]|=|=]o o
sloj-lol-jel-lol-loj«jol=lo|=lo ;‘
ol-lol=lol-lof|-|o |- Ao < lof=lo |~

Write All Mask.Register Bits

Figure 6. Software Command Codes
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Channel [ ‘ Slonals Flip-Flop | Data Bus DB0-DB7
" S ! | us
anne 9 P TS .IOR 10W A3 A2 A1 A0 priop
0 Base and Current Address Write Q 1 0 0 0 0 0 1] AO-A7
0 1 0 0 0 0 0 1 AB-A15
Current Address Read 0 0 1 0 0 ] 0 0 AO-A7
0 0 1 0 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 o [} 1 0 0 0 1 0 W)0-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 AO-A7
0 1 0 0 0 1 0 1 AB-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 WO0-W7
0 1 [ ] 0 1 1 1 W8-W15
Current Word Count Read 0 0 1 [ 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 AQ-A7
0 1 0 0 1 0 0 1 AB-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 0 1 0 1 0 WO-W7
4 0 1 0 0 1 0 1 1 W8-W15
Current Word Count Read 0 0 1 0 1 0 1 0 W)0-w7
0 0 1 0 1 0 1 1 W8-W15
3 Base and Current Address Write 0 1 0 0 1 1 0 0 AO-A7
0 1 0 0 1 1 0 1 AB-A15
Current Address Read 0 0 1 o 1 1 0 0 A0-A7
0 0 1 0 1 1 0 1 AB-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-W15
Current Word Count Read 0 0 1 0 1 1 1 0 W)0-W7
0 0 1 o 1 1 1 1 W8-W15
Figure 7. Word Count and Address Register Command Codes
PROGRAMMING
The 8237A will accept programming from the host proc-
essor any time that HLDA is inactive; this is true even if
HRQis 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.
’ 2-95 AFN-00789D
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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 muitimode 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

i TT 7
AB-A1S
Po doe
) 8282
sTB
3 l 8.BIT LATCH
A0-A15 AEN  A0-A3 A-AT  CS  ADSTB
BUSEN
HLDA 8297A DBO-
HLDA , o o o
4 (-]
HOLD HRQ. . O [B E g g
o o I= o g 3
cPy I 50O m
cLock|
RESET
WEWR o - !
WEMW [O- CONTROL
TOR[O- BUS
oW O
DBO-DB7

SYSTEM DATA BUS

\/7

Figure 8. 8237A System Interface
2-96 '
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias .........0°Cto70°C

Storage Temperature ........ .....—65°Cto + 150°C
Voltage on any Pin with

RespecttoGround .................... -05to7V
Power Dissipation . .. .. R ....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.() Max. Unit Test Conditions
VoH Output High Voltage 24 \' lon = -200 pA
33 \' lon =-100 pA (HRQ Only)
VoL Output LOW Voltage 45 \ loL = 2.0mA (data Bus)EDP
loL = 3.2mA (other outputs) (Note 8
loL = 2.5mA (ADSTB) (Note 8)
Vi Input HIGH Voltage 2.2 Vec +0.5 \
Vi Input LOW Voltage -0.5 0.8 Vv
Iy Input Load Current +10 pA 0V = Viy=Vee
lo Output Leakage Current : *10 y 0.45V =< Vour = Voo
lcc VecSupply Current 110 130 mA Ta=+25°C
130 150 mA Tao=0°C
Co Output Capacitance 4 8 pF
Cy Input Capacitance 8 15 pF fc = 1.0 MHz, Inputs = 0V
Cio 1/0O Capacitance 10 18 pF
NOTES:

N =

for LOW, unless otherwise noted.

o

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

o

pull-up resistor connected form HRQ to V.
DREQ should be held active until DACK is returned.

® N o

1. V| from 2.2V to 2.0V
2. Vgy_from 0.45V to 0.4V on all outputs. Test condition Ig; =3.2 mA
Please contact your local sales office at that time for more information.

Output Ioadlng is1TTL 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 ﬂEMﬁ pulse width for

Typical values are for Tp = 25°C, nominal supply vo“age and nominal processing parameters
Input timing pararnelers assume transition times of 20 ns or less, Waveform measurement points for both input and output signals are 2 0V for HIGH and 0 8V

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 external 3.3kQ

DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode.
. A revision of the 8237A is planned for shipment in April 1984, which will improve the following characteristics.

9. 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
10. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vee
11. Pin 5 is 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 recom-

mended however, that pin 5 be tied to V.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

ey

AC 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
AND 08V FOR A LOGIC "0 " {Note 2) FORA LOG‘C v
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bA C. CI‘IARACTERISTICS—DMA (MASTER) MODE (1,=0°C to 70°C
Vee= +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 (SI) 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 50 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

1 @1 | {irq 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 309 225 200 ns
THS HLDA Valid 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 10 |.' 90 ns
N 2-98 /
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE (T4 = 0°C to 70°C, V¢ = 5.0V 5%,
GND = 0V)*
Symbol Parameter 8237A 8237A-4 8237A-5 ' Unit
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 3) 200 200 140 ns
TRDF DB Fioat 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 OWR 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 ‘ns
WAVEFORMS
SLAVE MODE WRITE TIMING .
TCW
s\ Y/
— TWC
Twws | (NOTE 9)
oW \ 2!
— - TWA
TAW
s
A0-A3 )K INPUT VALID
_— i—rwn
TOW .
DB0-DB7 )( INPUT VALID K
Figure 9. Slave Mode Write
SLAVE MODE READ TIMING
=\ /
A0-A3 13
)ZL ADDRESS MUST BE VALID i
L— TAR ——i ——! |e——TRA
| (NOTE 9)

DB0-DB7

t TRW

TRDE

TROF

Figure 10. Slave Mode Read N

DATA OUT VALID

2-99
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

st s
_.I ey TeH
" NOTE
e (77 " ANV \\l‘ -
T0Q i I TDQ —= —
THS —{ o :
wo AANARRRRRNRNNN
TAEL| Er
AEN . )
4y — B [ 1—
TSTL [~—op —t=| e TEPS
ApsTs " j}_
vraos | |—| e | e
080-087 < L asan % T ™ - ) — ]._m:n
AR | [ i w L TANW
Ao-A7 4 ADDRESS VALID ADDRESS VALID D-
ALY ! TAHR AHR
DACK o J
Toet TOCTR [+ r‘ﬂ. TOCTR |o—{| —»f |a—TaAFC .
TOR, MEMR f_"\r zl‘_‘\ £\
LI e rocrw TocTW
10W, MEMW s ‘3;_ z L Jt‘—‘\
N o] o
L (FOR EXTENDED WRITE) )
INTEDP v /4
TEPW l-| Tax
eeo " AN Y

Figure 11. DMA Transfer
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING
S0 st s12 {13/{1} s21 s22 s23 s24 sl
TSTL ‘ ——\Tfsﬂ' TSTL|—A —-{\TSTT
ADSTB ik
_ /
TFAAB ——{ k-—m-us TASM [+——1! ———‘ |~—T|AHs TAFAB—
s T
A0-A7 ADDRESS VALID y; ADDRESS VALI
-
TAFDB : TAFDB
|
TFADB s —| | _\ lr 1
- - N 4 \
DBO-DB7 { a8-a15 N ) AB-A15 < out Dy
. TOCTR |« TFADB
TFAC|— le-TDCL+] | | TODV TODH
TIOH—{ |—
fa TAFC
WEWR TIDS
TOCTW—> [
| — ke
TFAC TOCL — TAFC
MEMW j‘
TAK TAK
EOP !
TEPS —| [ TEPS —»| f«—
TEPW TEPW
EXT EOP / \ /
NN /) \\N\\\| LT
Figure 12. Memory-to-Memory Transfer
READY TIMING
s2 s3 swW sw s4
cLK
TocL " TDCTR ——«—]
READ \ ' © -
i o
ToCL TDCL TDCTW ——| —
WRITE ! N
EXTENDED P
WRITE TRH——{ |«— —=||[~—TRH
TRS —| [« («—TRS
o AN
Figure 13. Ready
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WAVEFORMS (Continued)

COMPRESSED TRANSFER TIMING

!

[ T {
A0-A7 )t V’ALID I X VALID

’ — {-_ . ]‘ ——  |e—-TOCTW
TDCTW ‘ ‘
e /o

—| |~—TRH ——— «—TRH

TRS -~ TRS—>| ~——
{
VAERVAN
NT TAK - ! L._. TAK

EoP

TEPS »| |=—
EXT . TEPW

| N
- X 74

Figure 14. Compressed Transfer

RESET TIMING

4

Vee /
! TRSTD
TRSTW

aly

RESET /
. ) A

le——— TRSTS

3k

16

TOR OR IOW

Figure 15. Reset

—
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- 8257/8257-5 ,
PROGRAMMABLE DMA CONTROLLER

= MCS-85° Compatible 8257-5 = Single TTL Clock
= 4-Channel DMA Controller = Single + 5V Supply

s Priority DMA Request Lpgic = Auto Load Mode

s Channel Inhibit Logic

a Terminal Count and Modulo 128
Outputs

The Intel® 8257 is a 4-channel direct memory access (DMA) controiler. it i1s 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 snmphfles the transfer of data at
high speed between peripherals and memories.

= Available in EXPRESS
- Standard Temperature Range

~
CHO j+— DRQ O
16
DATA BIT
0709 BUS ADDR
BUFFER
—e] CNTR }—e DACK D
) — T
VOR[] 1 40 DA,
T cH1  f=—DRQ1 iow( 2 39 1A
T/GR =——edf ) < ~] e MeM R[] 3 38 [JA,
e BIT J—
VoW +——=q .) ADDR . mEmMw(] e 1A,
o | CNTR | GACK T MARK (] 5 36 [J7C
RESET ——|  READ! T READY([] 6 35 [14,
LOGIC HLDA\E 7 34 14,
Ay | CH2 [=—DRQ2 ADSTB[} 8 33074,
A, e d 16 . 8257 ,
Ay +—s < :;;a AENE 9 32 jc‘,
HRa ] 0 k1l s\
Ay ol =1 CNTR |— GACK 2 &= e
> csdn 30 o,
[ | . :
3 J ck[d 12 29 [o,
PP — . RESET[] 13 28 ::Ilzo2
‘ cH3  |e—ora3
Ag -] . DACK 2[] 14 2700, ¢
Aq 8IT DACK3[Q s | 2610,
———— ADDR . Y
2 contROL / 10 aoon | . sxexs pra3(] 16 25 [15ACK 0
READY | ~Locic oRg2(] 17 24 [1DACK 1
AN
wobt ’<::> { oRa 1] 18 230,
HRQ = Rs:(v; . . DRao(]19 2270,
HLDA ~———e] PRIORITY
[ — ] ResoLver . onol] 20 2o,
MEMW +—O)
AEN +——f
ADSTB
INTERNAL
Tc L J BUS
MARK
Figure 1. Block Diagram Figure 2. Pin Configuration
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FUNCTIIONAL DESCRIPTION

General

The 8257 is a programmable, Direct Memory Access
(DMA) device which, when coupled with a single Intel®
8212 1/0 port device, 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 Ao-A7, outputs
the most significant eight bits of the memory address
to the 8212 /O port via the data bus (the 8212
places these address bits on lines Ag-A4s), and

4. Generates the appropriate memory.and /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 invoive the
transfer of data. When an 8257 channel is in the DMA verify
mode, it will respond the same as described for transfer
operations, except that no memory or I/0 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 DMA read cycles
(memory to peripheral) to allow the peripheral to verify its
newly acquired data.
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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.

DATA
0,0, BUS
BUFFER

ORQ 1

P p— <
CLK ————ee}
RESET e ::7&’ @
. LoGIC
8y ——e]
a, -] .
A, -~ < .

L

oRO 2

T

&t

A, -
N ORO 3

Ay -—
pu— e

A, e .
conTROL
v

0GIC
ReaDy ——— OO
MODE

HRQ St SET

BACKS

HLDA = | PRIORITY
[ pe— 1 mesouver
L pe—

AEN wnd

AOSTB

Tc
MARK

INTERNAL
8us

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 muitiple 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

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 8212latch 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.
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BIT 15 BIT 14 TYPE OF DMA OPERATION
0 (] Verify DMA Cycle
0 1 Write DMA Cycle
1 0 Read DMA Cycle
1 1 (illegatl)
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Figure 4. 8257 Block Diagram Showing Data Bus
Buffer
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3 Read/Write Logic

When the CPU is programming or reading one of the
8257's registers(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/0 read
and memory write (DMA write cycle) or 1/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 1/O devices
should be de-selected (disabled) using "AEN" signal -to
inhibit 1/0 device decoding of the memory address as an
erroneous device address.

(IIOR)

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/—O_R is a control output which is used
to access data from a peripheral during the DMA write
cycle.

(TTOW)

1/0 Write: An active-low, bi-directional three-state line. In
the “slave” mode, it 1s 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

" orterminal count register In the “master” mode, /OWis a
control output which allows data to be output to a
peripheral during a DMA read cycle

(CLK)

Clock Input: Generally from an lntel® 8224 Clock Gen-
erator device. (62 TTL) or Intel® 8085A 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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(Ao-Ad

Address Lines: These least significant four address lines
are bi-directional. In the “slave’ mode they'ar‘e‘ 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.

S

Chip Select: An active-low input which enables the 1/0
Read or I/0O 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
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Figure 5. 8257 Block Diagram Showing
Read/Write Logic Function
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(As-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.

(MEMR)

Memory Read: This active-low three-state output is used
to read data from the addressed memory iocation 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 Strobe. This output strobes the most significant
byte of the memory address into the 8212 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 1solate 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 1/0
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
in an /0O device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an 1/0 device when the DMA address is on the
address bus. The /0O device selection should be
determineq by the DMA acknowledge outputs for the 4
channels.
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(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 bitin 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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Figure 6. 8257 Block Diigram Showing Control
Logic and Mode Set Register
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$. 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:

CILIIIIT]

Enables AUTOLOAD Enables DMA Channel 0~
Enables TC STOP Enables DMA Channel 1
Enables EXTENDED WRITE Enables DMA Channel 2
Enables ROTATING PRIORITY 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 unléss 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 optidhs which can be enabled by bits in the
Mode Set register are explained below.

Rotating Priority Bit 4

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

N ()
N

If the ROTATING PRIORITY bit is not set (set to a zero),
each DMA channei has a fixed priority In the fixed priorty
mode, Channei 0 has the highest priority and Channel 3
has the lowest priority If the ROTATING PRIORITY bitis
set to a one, the prionty 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

CH-0[{CH-1|CH-2|CH-3

Lowest
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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 bit is set, the duration of both the
MEMW and I7OW 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
different 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 1/0 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, 1t is 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 chatning 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 1s 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” cycle Note thatthe TC STOP feature, described
above, has no effect on Channel 2 when the Auto Load bit
1s 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 2 and 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 Channel 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 tl;e status register can be monitored by

the CPU to determine when the re-initialization process -

has been completed so thatthe next block parameters can
be safely loaded into Channel 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 0
Cledod TP P T
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 PANA“ETERS —»|PARAMETERS ETC— —
FOR BLOCK 1 [~ ~|roR sLocK 2% ~"|FoR BLOCK 3 l‘ "’
CHANNEL 2 UPDATE CHANNEL 2 UPDATE
OCCURS HERE OCCURS HERE
DATA BLOCK 1 DATA BLOCK 2 DAYA BLOCK 3 —»
TC \
UPDATE FLAG I l/ l l{
Figure 7. Autoload Timing
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OPERATIONAL SUMMARY T = T — | — .

. . . CONTROL INPUT ' Cs 1/OW '| I/OR ‘A3
Programming and Reading the 8257 Registers Program Hall of a ° ° P o
There are four pairs of “channel registers”: each pair Channel Register
consisting of a 16-bit DMA address register and a 16-bit ‘ ] .
terminal count register (one pair for each channel). The Read Haltofa ' - o 1 0 0
8257 also includes two “general registers”: one 8-bit Channel Register : _ :
Mode Set register and one 8-bit Status register. The Program Mode Set ) 0 0 "1 1
registers are loaded or read when the CPU executes a Register :
write or read instruction that addresses the 8257 device ‘ -
and the appropriate register within the 8257. The 8228 Read Status Register 0 1 . 0 1

generates the appropriate read or write control signal
(generally 1/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‘memor’y, I/0 configuration) are usually decoded
to produce the chip select (CS) input to the 8257. An I/0
Write input (or Memory Write in memory mapped /0
configurations, described below) specifies that the
addressed register is to be programmed, while an I/O
Read input (or Memiory Read) specifies that the addressed
register is to be read. Address bit 3 specifies whether a
“channel register” (A3 = 0) or the Mode Set (program
only)/Status (read only) register (A3 = 1) isto be accessed.

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

8257 Register Selection

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 to 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 i7OR or i7OW'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 in the wrong state. This problem is
particularly obvious when other DMA channels are
programmed by an interrupt structure.

ADDRESS INPUTS *BI-DIRECTIONAL DATA BUS

TE F/L
REGISTER BY As | A2 | A | Ag D; | Dg | Ds | Dy [ D3 | D2 | Dy | Do
CH-0 DMA Address LS8 [} [] [} ] [} A7 Ag | As As | Az | Az, | Ay Ag

} - MS8B [ ] 0 ] 1 Ais | A4 | A3 | A12| A1 | Ao | Ag | Ag

CH-0 Terminal Count LSB ) 0 0 1 0 C;7 | C| Cs| Cal C3[C2a| Ci | Co

MSB 0 0 0 1 1 Rd | Wr | Ci3] Ci2| C11|Ci0o| Co | Cg
CH-1 DMA Address LSB [} 0 1 ] 0

MS8 o ° 1 0 1 Same as Channel 0
CH-1 Terminal Count LsB [] ] 1 1 ]

. MsB 0 0 1 1 1

CH-2 DMA Address LSB 0 1 0 0 0

msB ° 1 ° ° 1 Same as Channel 0
CH-2 Terminail Count Ls8 [] 1 0 1 0

MSB [} 1 0 1 1
CH-2 DMA Address Ls8 0 1 1 0 0

MSB 0 1 1 0 1 Same as Channel 0
CH-3 Terminal Count LSB o [ 1)) 0
. MSB ] 1 1 1 1 i
MODE SET (Program only) - 1 0 0 0 0 AL |TCS|{ EW | RP | EN3 |EN2 |EN1 |ENO
STATUS (Read only) - 1 ] [} 0 0 0 0 0 UP | TC3 | TC2|TC1 |TCO

*Ag-A15: DMA Starting Address, Co-C13: Terminal Countvalue (N-1), Rd and Wr: DMA Verify (00), Write (01) or 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

SI
SAMPLE DRQn LINES
SET HRQ IF DRQn = 1

lomn

S0 J—
SAMPLE HLDA HLDA
RESOLVE DRQn PRIORITIES

1HLDA L——-—-——

s1
PRESENT AND LATCH
UPPER ADDRESS
PRESENT LOWER ADDRESS

S2
ACTIVATE READ COMMAND
ADVANCED WRITE COMMAND
AND DACKn

ACTIVATE W:J"E COMMAND R‘T—EADV READY
IFY AMP! READY
ACTIVATE MARK AND TC Ve SREADLVE
IF APPROPRIATE LINE

l“EADV + VERIFY

sS4 READY
RESET ENABLE FOR CHANNEL N IF
TC STOP AND TC ARE ACTIVE
DEACTIVATE COMMANDS N
DEACTIVATE DACKn, MARK AND TO
SAMPLE DRQOn AND HLDA
RESOLVE DRQn PRIORITIES
RESET HRQ IF HLOA = 0 OR DRQ = 0

DRQn HLDA

lHLDA + DAGn

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

Figure 8. DMA Operation State Diagram

DMA OPERATION
. Single Byte Transters

A single byte transfer is initiated by the I/O 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 1/0 device. The 8257 then generates the

\

2111 T /

read and write commands and byte transfer occurs be-
tween the selected I/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.)

Consecutive 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 still
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 cycle and proceed normally. (See timing
diagram.)

Not Ready

The 8257 has a Ready input similar to the 8080A and the
8085A. The Ready line is sampled in State 3. If Ready is
LOW the 8257 enters a wait state. Ready is sampled dur-
ing every wait state. When Ready returns HIGH the 8257
proceeds to State 4 to complete the transfer. Ready is
used to interface memory or I/O 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 I/0 Contigurations

The 8257 can be connected to the system bus as a memory
device instead of as an 1/0 device for memory mapped I/O
configurations by connecting the system memory control
lines to the 8257's 1/0 control hines and the system 1/0
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
WEWRD : TG READ WRITE
6257 MEMWR f—————e——— TOWR 0 0 DMA Verify Cycle
{70 RD - MEM RD 0 1 DMA Read Cycle
O WR . MEMWR 1 0 DMA Write Cycle
1 1 lliegal
Figure 9. System Interface for Memory - Figure 10. TC Reblster for Memory Mapped
Mapped 1/0 1/0 Only ’
SYSTEM APPLICATION EXAMPLES
( ADDRESS BUS - )
g CONTROL BUS ' - 3
i 11 L i 11
g . DATA BUS j
DRQO :
U
DRQ 1 MEMORY
A DACK 1 P____D_Is.f_~
8212 DRQ2 1
. DACK 2 Disk 3
N DRQ3 e — T T T T T T
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|ntef , 8257/8257-5

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45

AC TESTING INPUTS ARE DRIVEN AT 24V FORA LOGIC 1 AND 045V FOR
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1
AND 08V FOR A LOGIC 0

Tracking Parameters

A.C. TESTING LOAD CIRCUIT

DEVICE

1

€, = 150 pF

C INCLUDES JIG CAPACITANCE

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 Tami) is used, and if Ty and Tg are tracking parameters,

‘Temax) can be taken as Tgmin) + 50 ns.

Taming + (Tepminy* + 50 ns) < 150 ns

“if Ta and Tg are tracking parameters

WAVEFORMS—PERIPHERAL MODE

WRITE

e Taw——=] ‘TWA” N
CHIP SELECT i z

ADDRESS BUS X X

fo—— Taw ——+f — YWA"'——

DATA BUS

= Two |

|
CHIP SELECT \j /
1 {' — Tan ". nd "JYRA
| !
ADDRESS BUS X 1 X
N — —
.
10 RD Taw
|
\ Tro > = *\‘ I* —Tor
‘
DATABUS = — ——— —— —— —— — — — — -
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Iﬂter . esmeasTS

WAVEFORMS—DMA ’
CONSECUTIVE CYCLES AND BURST MaDE SEQUENCE
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intel 8257182575
WAVEFORMS (Continued)
CONTROL OVERRIDE SEQUENCE
si | s so ; s2
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TaeL '_’5 -
AEN _/
NOT READY SEQUENCE

S0 \ st i s2 \ S3 ] sw ! Sw 1 S4 ] S! i SI ‘ S
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ACK _—\ ‘ f —————
MEM D/ ORD == = oo o == v \ /- _ -
VEMTWR/TOWR  =m o om m om 4 \\_ -/ | WP,
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- 8257/8257-5 -

An '
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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 ........ i 1 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 (8257: T = 0°C to 70°C, V¢ = 5.0V +5%, GND = 0V)
(8257-5: Tp = 0°C to 70°C, Vgc = 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 20 Vce+.5 Volts
VoL Output Low Voltage 0.45 Volts | lg = 1.6 mA
VoH Output High Voltage 2.4 Vee Volts lon=-150uA for AB,
DB and AEN
loH=-80uA for others|
VHH HRQ Output High Voltage 3.3 Vee Volts lon = -80uA
lecc - Vec Current Drain ’ 120 mA
i Input Leakage +10 uA 0V=V|N=<Vcc
lorFL Output Leakage During Float +10 uA | 045V =Vpyt = VCC
CAPACITANCE (Ta = 25°C; Vcc = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit | Test Conditions
CiNn Input Capacitance 10 pF fc= 1MHz
Cio 1/0 Capacitance 20 pF Unmeasured pins
returned to GND
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8257/8257-5

A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE
(8257: Tp = 0°C to 70°C, Vo = 5.0V £5%, GND = 0V)
(8257-5: Ty = 0°C to 70°C, Ve = 5.0V £10%, GND = 0V)

8080 Bus Parameters = -

READ CYCLE .

‘ ' 8257 8257.5 ,
Symbol Parameter Min. Max. | Min. Max. | Unit Test Conditions
TaAR Adr or CS! Setup to RD{ ns
TRA Adr or CS1 Hold from RD? . 0 ns
TrD Data Access from RD{ 0 300 0 220 ns
Tor DB-Float Delay from RD?1 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 WR1 0 ] ns
Tow Data Setup to WR*t 200 200 ns
Two Data Hold from WR1 10 10 ns
Tww WR Width | 200 200 ns
OTHER TIMING
8257 8267-5
Symbol Parameter Min. Max. Min. Max. | Unit Test Conditions
TrsTw Reset Pulse Width 300 300 ns
TrsTD Power Supply? (Vee) Setup to Reset!d 500 500 us
T, Signal Rise Time 20 20 ns
Ts Sigral Fall Time 20 20 ns
TrsTs Reset to First [/JOWR 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, Vgg = 5.0V £10%, GND = 0V)
TIMING REQUIREMENTS
8257 8257-5
Symbol Parameter Unit
. Min. Max. Min. Max.
Tey Cycle Time (Period) '0.320 4 0.320 4 us
Ty Clock Active (High) 120 8Tcy 80 8Ty ns
Tas DRQ! Setup to CLKI (Sl, S4) 120 120 ns
TaoH DRQ! Hold from HLDA!! 0 0 ns
Tus HLDAT! or ISetup to CLKI(SI, S4) 100 100 ns
Trs _ READY Setup Time to CLK!(S3, Sw) 30 30 ns
TrH READY Hold Time from CLK1(S3, Sw) 30 30 ns
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8257/8257-5

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, V¢ = 5.0V £10%, GND = 0V)

TIMING RESPONSES
Symbol Parameter 8257 82575 Unit
Min. Max. Min. Max.

oo | ool ook om G 50 |
Toat | (measuresataavi oY 250 250 | ms
TAEL AEN? Delay frbm CLK| (S1) 300 300 ns
TAET AEN| Delay from CLK? (SI) 200 200 ns
TAEA . | Adr (AB) (Active) Delay from AEN? (S1)"! " 20 20 ns
TraAB | Adr (AB) (Active) Delay from CLKf (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){?! 250 250 ns
TAH Adr (AB) (Stable) Hold from CLK1 (S1)12! Tasm—50 Tasm —50 ns
TAHR Adr (AB) (Valid) Hold from RD? (S1, StV 60 60 ns
TAHW Adr (AB) (Valid) Hold from Wrf (S1, s 300 300 ' ns
TFADB Adr (DB) (Active) Delay from CLK} (S1)2] 300 ' 300 ns
Tarpe | Adr (DB) (Float) Delay from CLK? (S2)t2! Tg7T+20 250 TsTT+20 170 ns
Tass Adr (DB) Setup to Adr $tbi (S1-S2)m 100 100 ns
TAHS Adr (DB) (Valid) Hold from Adr Stb}, (S2)l"! 20 20 ns
TsTL Adr Stb? Delay from CLK? (S1) 200 200 ns
TsTT Adr Stb| Delay from CLK? (S2) 140 140 ns
Tsw Adr Stb Width (S1-s2)l1] Tcy—100 Tcy—100 ns
Tasc ﬁa or W(Ext)l Delay from Adr Stb|

(s2)i1 70 70 ns'
Tosc z:?cl,ac:)r gg)ﬁlxt)l Delay from Adr (DB) 20 20 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)14]
TooL | oot satErih Dol o, G (52 and 200 | ne
Tocr | we] oo S S 2| o
Teac Rd or Wr (Active) from CLK} (51)12] 300 300 | ns
TAFC Rd or Wr (Active) from CLK? (S1)[2] 150 150 | ns
TRWM Rd Width (S2-S1 or Si{"! 2Ty +T§-50 2Tcy +Tg—50 ns
Twwm | WrWidth (83-54)11 Tey —50 Tey—50 ' ns
TwwMmEe | WR(Ext) Width (52-S4)\ 1! 2Tcy —50 2Ty —50 ns
NOTES: .
1. Tracking Parameter. N 3. Load =Vgy = 3.3V. 5. ATpcL <50 ns.
2. Load = + 50 pF. 4. ATpk <50 ns. 6. ATpcT < 50 ns.
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8259A/8259A-2/8259A-8
PROGRAMMABLE INTERRUPT CONTROLLER

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

a Eight-Level Priority Controller m 28-Pin Dual-In-Line Package

s Expandable to 64 Levels a 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.

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).

s Programmable Interrupt Modes

H
S
>|

INT

DATA CONTROL LOGIC
0;,-D, _‘/ . BUS
BUFFER
! I . I =d: 23 bvcc
4 wrR(]?2 274,
ap(g3 2 [iNTA
i l I T o,[a 25 [J1R7
— . 1RO IR
7 <—-m 0, 5 24 []IR6
WR—ed  READ/ R2 o6 23[11Rs
WRITE  |<—d¢ IN INTERRUPT] o,07 2[JRe -
LOGIC SERVICE PRIORITY ("* REQUEST [*—IR3 . 8259A
Ay -] REG jResoLVERR\ |  REG  fa—1Ra o, s 21[3r3
(ISR} (IRR)
«<—IRS o, 9 20 [J1R2
? |=——IR6 . .
& ——IR7 0,10 19 IR
0, 1 18 [ 1R0
CAsoé 12 17 [JINT
. ' —
CASO <o <:> INTERRUPT MASK REG castiys 16 I SP/ER
CASCADE (IMR) onp (] 14 15 [Jcas2
CAS1 <—=1 BUFFER/ |=—
COMPARATOR
CAS 2 =]
SP/EN ‘_‘j \.mrmmu 8us
—~d
Figure 1. Block Diagram Figure 2. Pin Configuration
Intel Corp ion A No R i for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses ave Implied.
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8259A/8259A-2/8259A-8

Table 1. Pin Description

Symbol Pin No. | Type Name and Function

Vee 28 | Supply: +5V Supply.

GND 14 | Ground.

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

WR 2 | Write: Alow onthis pin when CSis low enables the 8259A to accept command words from the CPU.

RD 3 | Read: Alow on this pin when CS is low enables the 8259A to release status onto the data bus for the

' CPU.

D7-Dg 4-1 /O | Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus.

CASo-CASz | 12,13,15| 1/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 /0 | Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used
as an output to contro! buffer transceivers (EN). When not in the buffered mode itis 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.

IRp-IRy 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 1 Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by
a sequence of interrupt acknowledge pulses issued by the CPU.
Ag 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 A0 address line (A1 for iAPX 86, 88).
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8259A/8259A-2/8259A-8 Fo 4'

FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systems

Microcomputer system design requires that /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 I/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

2-122

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 requlred based on
the total system environment. !
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Figure 3a. Polled Method
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8259A/8259A-2/8259A-8

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 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
Von 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 control
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.

2-123
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Figure 4a. 8259A Block Diagram
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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/ICOMPARATOR

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 slave
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.

6. 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.

. 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 EOl command is
issued at the end of the interrupt sequence.

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 ook like an interrupt level 7
was requested. . ! .
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Figure 4c. 8259A Block Diagram
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LTI

INTERNW
REQUESTS

SLAVE PROGRESS/ |
ENABLE BUFFER

Figure 5. 8259A Interface to Standard
System Bus :
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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

o7 D6 DS D4 D3 D2 D1 00

CALLCODE | 1 1 o0 ©0 1 1 o 1‘

During the second INTA puise the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits As-A; are programmed, while Ag-
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 DS D4 D3 D2 D1 DO
7 A7 A6 A5 1 1 1 0 [
6 A7 A6 AS 1 1 0 0 0
5 A7 AB A5 1 0 1 0 0
4 A7 A6 AS 1 0 0 0 0
3 A7 A6 AS 0 1 1 0 0
2 A7 A6 AS 0 1 0 0 0
1 A7 A6 A5 0 0 1 0 [
0 A7 A6 A5 0 0 0 0 0
IR Interval =8

o7 D6 05 D4 D3 D2 D1 [
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 0
2 A7 A6 0 1 0 0 0 0
1 A7 A6 0 0 1 0 0 0
0 A7 A6 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—Ais), is
enabled onto the bus.

Content of Third Interrupt
Vector Byte
D7 D8 D5 D4 DI D2 DI DO
[a15 | ata | a3 | a2 [ atn [ a0 [ a0 | a8 ]

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
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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
As—A14 are unused in iAPX 86 mode):

Content of Interrupt Vector Byte .
for IAPX 86 System Mode

D7 [ D6 | D5 | D4 | D3
IR7 T7 T6 5 T4 T3
IR6 T7 T6 15 T4 T3
IRS T7 T6 5 T4 T3

IR4 T7 T6 5 T4 T3
IR3 T7 T6 T5 T4 T3
IR2 17 T6 5 T4 T3
IR1 17 T6 5 T4 T3
IRO T7 T6 5 T4 T3

o
N
o
-
1~
o

olololo|=|=|=]=]
ojlo|=|=|O0lO|=|=
ol«|lo|l=lol={o|=~

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

1. 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.

2. 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

(ICWH1). 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.

f. If 1C4=0, then all functions selected in ICW4 are set to
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85
system).

® Qa0 U

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

As-As: 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~As). When the
routine interval is 4, Ag-A4 are automatically inserted by
the 8259A, while As-Aqs are programmed externally.
When the routine interval is 8, Ag-As are automatically
inserted by the 8259A, while Ag-As 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—Aq1 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. Ag—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 =
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. In the 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.

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 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
butfered 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/IS=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

AEOI: 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.

NO (SINGL = 1)

YES (SNGL = 0)

NO (IC4 = 0)

IS ICW4
NEEDED

4 YES (IC4 = 1)

icwe

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 6. Initia

lization Sequence
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oW .
Ao Og O, 0, 0, 0 0

LT[ el

r

0= NO ICW4 NEEDED

‘[ 1 1 ICW4& NEEDED

1 = SINGLE

0 = CASCADE MODE

CALL ADDRESS INTERVAL

1= INTERVAL OF 4
0= INTERVALOF 8

1 = LEVEL TRIGGERED MODE

0 = EDGE TRIGGERED MODE

Az-Ag of INTERRUPT
VECTOR ADDRESS

w2
0,

(AP~ ]
EEEREEE

(MCS-80/85 MODE ONLY)

Ay5-Ag OF INTERRUPT

ICW3 (MASTER DEVICE)

L I&fs-l%l»l%bl T
HEEEEEN

VECTOR ADDRESS
(MCS80/85 MODE)

T;-T3 OF INTERRUPT

VECTOR ADDRESS
(8086/8088 MODE)

1= 1R INPUT HAS A SLAVE

1CW3 (SLAVE DEVICE)
% O, O D O D, b, D DO

T T el ]e]

0 - IR INPUT DOES NOT HAVE

Ag 07 D¢ Ds Ds D3 D2 Oy 0o

(LTI P

BUF | M/S

AEOIT uPMl

A SLAVE
SLAVE 1DIY!
Of1[2[{3]|4]|S5|6]7
ofrjojr1j{ojrfolr
0jofrjr]ojojr}r
ofofojojriririn

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

1 AUTO EO

0 = NORMAL EO!

. 3 X NON BUF FERED MODE
i 0 ] - BUFFERED MODE/SLAVE
[C3_17 1] - BUFFERED MODE/MASTER

1 = SPECIAL FULLY NESTED
MODE

0 = NOT SPECIAL FULLY
NESTED MODE

NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING
MASTER IR INPUT. '

|

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)

: ocwt

A0 D7 D08 D5 D4 D3 D2 DI DO

(O] [w w6 w5 ma ms M2 w1 wo|
ocwz

[o] [R st €0 0o o 12 u w]
ocws

[o] [o Eesmsum o 1 P RR HAis|
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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, 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 Opera-
tion Command Word Format.

L, Ly, Lo—These bits determine the interrupt levél 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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‘oowt
A O Dy O, D, Dy D, D Dy
lv lm [msJ "6 ] m[mlml m luo]
LT T LT LT T s
1= MASK SET
0 - MASK RESET
ocwz
A © B © © D0 b D O
T
Inlnlu—[sm oIn LzlLIILol
1R LEVEL TO BE
'ACTED UPON
o[1[2]s[e]s[6]7
of1]ofr]o]1]o]r
oJofr 1o
! ofofofofr{1]1]1
L
041 END OF INTERRUPT
0] 1[1] seeciFicEo commanp
T[ 0] 1] ROTATE ON NON-8PECIFIC EOI COMMAND
T 0| 0| OTATE N AUTOMATIC EO MODE (ET) AUTOMATIC ROTATION
G| 00| ROTATE IN AUTOMATIC EOI MODE (CLEAR) }
T{ 71 [ 1] *ROTATE ON SPECIFIC EOI COMMAND } FIC ROTAT
111}]0 *SET PRIORITY COMMAND
0[1]0] woopenarion
“LO-L2 ARE USED
ocw3
A D O, D O D, D D D
loio Iswml‘m] [ l 1 l 3 ]m[ms]
READ REGISTER COMMAND
o 1 o 1
0 0 1 1
READ | READ
IRREG | ISREG
noaction | NS+ | B exr
RD PULSE | AD PULSE
1=POLL COMMAND
0=NO POLL COMMAND
SPECIAL MASK MODE
° 1 o 1
o ° 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 AEOI (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 AEO! 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 will 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-L2is 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
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
interrypt structure'is not required within a single 8259A.

The AEOI mode can only be used in a master 8259A and
not a slave.
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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 IS8 1SS IS4 1S3 IS2 1S1 IS0

lel1Jof1Jofofo]o]

“1S" Status |

Lowest Priority Highest Priority

¥ N
L7]els]«faf2]1To]

Prionty Status
/

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

IS7 IS8 IS5 IS4 1S3 IS2 IS1 IS0
lofr]JofofoJofofo]
Highest P_riomy I.qwnl Priority

B DRI e

“1S" Status

‘Prionty Status

- There are two ways to accomplish Automatic Rotation

using OCW2, the Rotation on Non-Specific EOl Command
(R =1, SL =0, EOI = 1) and the Rotate in Automatic EOI
Mode which is set by (R = 1, SL = 0, EOl = 0) and cleared
by (R =0, SL =0, EOIl = 0).

SPECIFIC ROTATION

(Specific Priority)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR 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-L2isthebinary priority level code of the
bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, itisindependent
of the End of Interrupt (EOI) command (also executed by
OCW2). Priority changes can be executed during an EOI
command by using the Rotate on Specific EOl command
inOCW2(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 channel 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 Special 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 (fower 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 AD pulse to the 8259A (i.e.,
RD=0, =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 AD is:

D7 D6 DS D4 DI D2 DI DO
w2 Wi wo|

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.

;"'E‘o'g; TO OTHER PRIORTY CELLS
= [ CLR ISR
1= LEVEL
CLR a 1SR BIT
€0GE SET
SENSE
LATCH P ! ) sevisa | PRIOMITY
- IN SERVICE RESOLVER
CLR LATCH
o
CONTROL
LOGIC
10
seT REQUEST
LATCH
£ NOM
R L MASKED
LATCH REQ
¢ q —fo a
A H
MCS-80, 85
MODE CLR "i
' INTERNAL
DATA 8US
- L 4-4'9
N « 403
iNTA M c g Soa
APX 86 ’ < g ¢ gis
MODE & H e
_ £ i
FREEZE
.
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 1o | | OPERATION
1 T ) [ [ FOLLOW
° x HOLD
Figure 9. Priority Cell—Simpilified Logic Diagram '
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READING THE 8259A STA]‘US .
Theinput 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 Reglster (IRR): 8-bit register which con-
tains the levels requesting an interrupt to be acknowl-
edged. The highest request ievel is reset from the IRR
when an interrupt is acknowledged. (Not affected by IMR:)

In-Service Register (ISR): 8-bit register which containsthe
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 issqed 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 OCWa3. 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 = 1 in OCW3.

EDGE AND LEVEL TRIGGERED MODES

. This mode is programmed using bit 3 in ICW1.

If LTIM = ‘0, an mterrupt 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.

IfLTIM = ‘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 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.

MWBDM

8000/00!5

—

INTA

LATCH" EARLIEST IR
ARMED CAN BE REMOVED

VaVava=

AN

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 of a bhig 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 slave 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 slave 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
slave 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 EOI should 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 SPIEN to enable the buffers. In this

mode, whenever 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
2in 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 puise 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 EOI 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

[

c

CONTROL BUS

|
| |

L1

DATA BUS (8)

N
4

AN

]
|

(93

€S A, Do7 INTA INT ¢S A, Do7 INTA INT
CASO CASO
: 8259A
SLAVE B cas1 Cas1 MASTER
cas2 cAS2
SPIEN] 6 5 3 2 1 0 SPIENM7 M6 M5 M4 M3 M2 M1 MO
~GND] l I [ I ' [ ! ‘Vcc ]7 ] ' I I ]
6 .
7 6 5 3 2 v o | 5 4 13,2 1 o
i J
N T
INTERRUPT REQUESTS

Figure 11. Cascading the 8259A
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intal = 8250A/8259A-2/8259A-8

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... 0°C to 70°C
Storage Temperature .............. -65°Cto +150°C

Voltage on Any Pin

with Respect to Ground .. e -05Vto+7V

Power Dissipation ................0....0..s 1 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.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C, Vo = 5V 5% (8259A-8), Vo = 5V +10% (8259A, 8259A-2)]

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 v
ViH Input High Voltage 2.0* Vce +0.5V v
VoL Output Low Voltage 0.45 v loL = 2.2mA
Vou Output High Voltage 2.4 : v loH = —400xA
' Interrupt Output High 3.5 \ loq = —100uA
Vi
OH(INT) Voitage 24 v loH = —400nA
I Input Load Current -10 +10 uA 0V <V|y sV¢e
oL | Output Leakage Current -10 +10 HA 0.45V <Voyr <Vce
lcc . Vee Supply Current 85 mA
‘ o " -3 A =
Slur IR Input Load Current 00 'u Vin =0
‘ 10 uA Vin = Vee
*Note: For Extended Temperature EXPRESS V),; = 2.3V.
CAPACITANCE (15 = 25°C; V¢ = GND = 0V) ’
Symbol ) Parameter Min. Typ. Max. Unit Test Conditions
CiNn Input Capacitance 10 pF fc =1 MHZ
Ci/o I/O Capacitance 20 pF Unmeasured pins returned to Vgg

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

TIMING REQUIREMENTS

Symbol Parameter 8259A-8 8259A 8259A-2 Units | 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 ns
TWHAX | AO/CS Hold after WR1 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 %’Ts-:f‘(’selasf;‘gnﬁ;)sec°"d orThird 5; 55 40| ns
End of RD to next 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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Inte[ 8259A/8259A-2/8259A-8

A.C. CHARACTERISTICS (Continued)

Symbol Parameter 8259A-8 8259A 8259A-2 Units | Test Conditions

Min. | Max. | Min. | Max. | Min. | Max.

End of Command to next Command

"TCHCL | (Not same command type)

500 500 500 - ns

End of INTA sequence to next
INTA sequence.

*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/ INTAT 10 200 10 100 10 856 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 RD] 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/OUTPUT
24

045

z teuct
TEST POINTS < TEST |
08 > 0.8 Ci.=100pF

A C TESTING INPUTS ARE DRIVEN AT 24V FORA LOGIC 1 AND 045V FOR
ﬁ"l‘.gglgv 2OJIRAI\[‘I§G%EA(’SPREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 Cy = 100 pF
Cy INCLUDES JIG CAPACITANCE

WAVEFORMS
V.IRITE R TWLWH
\ 1
K. 7
_ ! TAHWL (oo i ——te{ TWHAX
. ADDRESS BUS
Ao
TOVWH —=»] TWHDX
DATA BUS i
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IntJ 8259A/8259A-2/8259A-8
WAVEFORMS (Continued)
READ/INTA )
ROANTA TRLAN
K
\ b'mlll TRHEN
TRHAX
o }—me -
ADDRESS 8US
Ao
TRLOV TRHDZ
TAHDV [
DATABUS - — — = o e e e e — — -g‘ : g ——————
OTHER TIMING

T

EEE]

23
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|nte[ 8250A/8259A-2/8259A8

WAVEFORMS (Continued)

TNTA SEQUENCE — 'o—umn

TILM o

S N

INTA

o /
TCVOV —7 e ]
co2

e— 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.

2-137

AFN-00221E



In
 8355/8355-2
16,384-BIT ROM WITH 1/0

= 2048 Words x 8 Bits
n Single + 5V Power Supply

® Directly Compatible with 8085A
and iAPX 88 Microprocessors

» 2 General Purpose 8-Bit /O Ports

= Each /O Port Line Indlvidually
Programmable as Input or Output

= Multiplexed Address and Data Bus
® Internal Address Latch
= 40-Pin DIP

The Intel® 8355 is a ROM and I/O chip to be used in the 8085A and iAPX 88 microprocessor systems. The ROM 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 the 8085A
CPU.

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

The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and 5 MHz iAPX 88 microprocessors.

|

CE, 1 40 Ve
ok CE, [ 2 39 (Jrs,
‘ ck[]3 38 [Jr8,
cexoy RESET [} 4 37des;
—
N C (NOT CONNECTED)* [] 5 36 [1p8,
AD,-, READY [} 6 35 P8,y
PORT A lom]7 34 [pB,
ANO:> PAN R[] 8 as[aes,
RO 9 gycemass.2 2178
[ p—— 2KX8 iow [} 10 310pa,
o —— ROM ALE( 1 30 [IPAg
—]
10/ PORT 8 ap, [ 12 20[0ea,
ALE—————s] “ PBo~r
e Ap,[]13 28[JrA,
W——— AD, [ 14 27 [JpAy
—_—]
oo Ap, [} 15 26 [1rA,
Tﬁ— ap, [} 1e 25 [1PA,
. Apg [} 17 2a[1pa,
t Apg[] 18 23004,
Ve (+5V) ©ap, ] 19 2204,
Vgs (OV) Ves [ 20 21[] A,

Figure 1. Block Diagram

*For 8755A compatibility, pin 5 should be directly tied to VCC.

Figure 2. Pin Configuration
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8355/8355-2

g

Table 1. Pin Description

Symbol | Type Name and Function

ALE I | Address Latch Enable: When high, ADo—7, I0/M, Ag—1o, CE2, and CE; enter the address latches. The signals
(AD, I/OM, Ag_—19, CE2, CE4) are latched in at the trailing edge of ALE.

ADg—7 | Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the bus lines when
ALE is high. During an I/O cycle, Port A or B is selected based on the latched value of ADy. If 'RD orIOR is low when
the latched chip enables are active, the output buffers present data on the bus.

Ag—10 | Address Bus: High order bits of the ROM address. They do not affect /O operations.

CEq | Chip Enable Inputs: CE, is active low and CE; is active high. The 8355 can be accessed only when BOTH Chip

CEz Enables are active at the time the ALE signal latches them up. If either Chip Enable input is not active, the
ADo—7 and READY outputs will be in a high impedance state.

10/M | 1/O Memory: If the latched I0/M is high when RD is low, the output data comes from an /O port. If it is low, the out-

" | put data comes from the ROM,

RD | Read: If the latched Chip Enables are active when RD goes low, the ADg—7 output buffers are enabled and output
either the selected ROM location or I/O port. When both RD and IOR are high, the ADg_7 output buffers are 3-stated.

10W I | 1/O Write: If the latched Chip Enables are active, a low on [OW causes the output port pointed to by the latched
value of ADg to be written with the data on ADg—7. The state of IO/M is ignored.

CLK | Clock: Used to force the READY into its high impedance state after it has been forced low by EE] E4 low, CE2high
and ALE high.

READY 0. | READY: A 3-state output controlled by CE4, CE, ALE and CLK. READY is forced low when the Chip Enables are
active during the time ALE is high, and remains low until the rising edge of the next CLK.

PAg—7 /O | Port A: General purpose I/0 pins. Their input/output direction is determined by the contents of Data Direction
Register (DDR). Port A is selected for write operations when the Chip Enables are active and IOW is low and a
0 was previously latched from ADg, AD+.

Read operation is selected by either IOR low and active Chip Enables and ADg and AD4 low, or 10/M high, RD
low, active chip enables, and ADy and AD4, LOW.

PBo—7 1/O. | Port B: This general purpose /O port Is identical to Port A except that it is selected by a 1 latched from ADg

) and a 0 from AD;.

RESET | Reset: An input high causes all pins in Port A and B to assume input mode. (Clear DER Register).

10R | 1/0 Read: When the Chip Enables are active, alow on [OR will outputthe selected /O port onto the AD bus. IOR jow
performs the same function as the combination IO/M high and RD low. When IOR is not used in a system, IOR
should be tied to V¢g (“17).

Vece Voitage: +5 volt supply.

Vss Ground: Ground Reference. '
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FUNCTIONAL DESCRIPTION

ROM Section

The 8355 contains an 8-bit address latch which allows it
to interface directly to MCS-48, MCS-85, and iAPX 88/10
Microcomputers without additional hardware.

The ROM section of the chip is addressed by an 11-bit
address and the Chip Enables. The address and levels on
the Chip Enable pins are latched into the address latches
on the falling edge of ALE. If the latched Chip Enables
are active and |O/M is low when RD goes low, the contents
of the ROM location addressed by the latched address
are put out through ADg-7 output buffers.

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 8355 determine the input/output status of each pinin
the corresponding ports. A “0” in a particular bit position
of a DDR signifies that the corresponding 1/0 port bit is
in the input mode. A “1” in a particular bit position signi-
fies that the corresponding 1/0 port bit I1s in the output
mode: In this manner the I/0 ports of the 8355 are bit-by-
bit programmable as inputs or outputs. The table sum-
marizes port and DDR designation. DDR’s cannot be
read. , :

AD; | ADo Selection
0 0 Port A
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 ADg-7 is written into 1/0 port selected by the
latched value of ADo-1 During this operation all I/0 bits
of the selected port are affected, regardless of their 1/0
mode and the state of I0O/M The actual output level does
not change until IOW returns high (ghtch free output).

A port can be read out when the latched Chip Enablesare
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 ADo-7.

To clarify the function of the I/0 ports and Data Direction
Registers, the following diagram shows the configuratron
of one bit of PORT A and DDR A. The same logic applies
to PORT B and DDR B

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch’'s output buffer to be
disabled, preventing the data in the output latch from
being passed through to the pin. This 1s equivalent to
putting the port in the input mode. Note also that the data
can be written to the Qutput Latch even though the Out-
put Buffer has been disabled. This enables a port to be
initialized with a value prior to en