__“ ____“___

{
i

_.

[ ____“___

£

s

=

vl



intal
8205

HIGH SPEED 1 OUT OF 8 BINARY DECODER

s 1/O Port or Memory Selector m Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

= Simple Expansion — Enable Inputs m Minimum Line Reflection — Low

a High Speed Schottky Bipolar Voltage Diode Input Clamp

Technology — 18 ns Max Delay a Outputs Sink 10 mA Min
a Directly Compatible with TTL Logic a 16-Pin Dual In-Line Ceramic or Plastic
Circuits 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 a memory 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.

PIN CONFIGURATION LOGIC SYMBOL
7
Aq 1 16 Vee Ao Op Jo——
I E 15[ Jo, — A o jo—
A, 3 14 0, — A, 0, fo—
E, 4 13 0, o3 jo—
8205 8205
£, 5 12 04 oulo
e, []e 1] Jo. —e 0s Jo—
0; 7 o] Jos —, o6 o—
GRD 0
8 9 6 —3€;3 o, fo—
ADDRESS | ENABLE OUTPUTS
PIN NAMES Ao A, A,|E, Ep E4]0 1 2 3 4 5 & 7
L L Lt L H{L H H H H H H H
H L L L L H H L H H H L] H H
Ag Ay ADDRESS INPUTS Lo LU L HH H L H H H HH
= H H L L L H H H H H
1 €3 ENABLE INPUTS L L H L L HIH H H L L : : :
O¢ O; DECODED OUTPUTS H L H|L t 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 B H KB H H H L
X X X L 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 XU H L|H H H H W H H H
X X X H H 8 H H H H H H H H
X X X |H U 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|IH H H H H H H H
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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 output 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.

6-75

Ay — 0,
Ay =] P——0,
Ay o———= 0,
b——— 5,
DECODER
o———— 0,
O——— 0
o——— &,
jo—— 0,
_ ENABLE GATE
E
£ (E1E763)
&
Figure 1. Enable Gate
ADDRESS | ENABLE OUTPUTS
Ao Ay A|Ey E; E3l0 1 2 3 4 5 § 7
L LJL L H|L H H H H H H H
H L L L ¢t HJH L H H H 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 H|L L H|H H H H L H H H
H L H|L L H|IH H H H H L H H
L H HIL L H|H H H H H H L H
H H H L L HIH H H H H H H L
X X XL L L|H H H H H H H H
X X XIH L L|H H H H H H H H
X X XL H L|H H H H H H H H
X X X IH H LIH 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|IH H H H H H H H
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APPLICATIONS OF THE 8205

The 8205 can be used in a wide variety of applications in
microcomputer systems. 1/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, AO 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 8§205s.

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/O port decoder, an ar-

Ag A, o fo—— ]
Ay A, o o—1
A, A, o jo—12
ol0——3
8205 -
o,fo——14
Ay = 13 osfo——5§
Ay - &, ogfo——6
EN £, o o—7
——] A % o—3s
Ay o Jo—3
A, 0, jo——— 10
0 fo— 1
8205 | PORT
0, fo—— 12 | NUmBERS
E oo—13
EN [ OgJo——14
E; 0,Jo——15
LA O lo——16
A, o po——17
A, 0, Jo——18
00—
8205 3
0, fo—— 20
—|, osfo——21
EN ————————0] £, oglo—22
[N o,fo—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. 8308s and 8102s are the devices
typically used for this application. This type of memory de-
vice 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 ele-
ments 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 compatible 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 A0-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).

TO
MEMORIES

jo———¢s,

AgAg §

Ay

b,

Ay

Az > cs,
jo—— s,
8205 _
O——Cs,
o—— 5,
O—— CS;

O——Cs,

b——cs,

o —
]

o— 3,
. chip

8205 " SELECTS

T
T
T
N

Byl

o

b——— &5,
Pp——¢s;;
P—— 15,

Po—— &
o5,
Po——Cxn

8205

m

&1

O fo— CS,y,

m
&

[O~—— €Sy

Figure 2. 1/0 Port Decoder
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Logic Element Example

Probably the most overlooked application of the 8205 is
that of a general purpose logic element. Using the “on-chip”
enabling gate, the 8205 can be configured to gate its de-
coded outputs with system timing signals and generate
strobes that can be directly connected to latches, flip-flops
and one-shots that are used throughout the system,

An excellent example of such an application is the “state
decoder”’ in an 8008 CPU based system. The 8008 CPU is-
sues three bits of information (S0, S1, S2) that indicate the
nature of the data on the Data Bus during each machine
state. Decoding of these signals is vital to generate strobes
that can load the address latches, control bus discipline and
general machine functions.

In the figure below a circuit is shown using the 8205 as the
“state decoder” for an 8008 CPU that not only decodes the
S0, S1, S2 outputs but gates these signals with the clock
(phase 2) and the SYNC output of the 8008 CPU. The T1

and T2 decoded strobes can connect directly to devices like
8212s for latching the address information. The other de-
coded strobes can be used to generate signals to control the
system data bus, memory timing functions and interrupt
structure. RESET is connected to the enable gate so that
strobes are not generated during system reset, eliminating
accidental loading.

The power of such a circuit becomes evident when a single
decoded strobe is logically broken down. Consider T7 out-
put, the boolean equation for it would be:

T1 = (50-51-52)-(SYNC-Phase 2-Reset)
A six input NAND gate plus a few inverters would be need-
ed to implement this function. The seven remaining outputs
would need a similar circuit to duplicate their function,
obviously a substantial savings in components can be
achieved when using such a technique.

. | |
| |
R !
13 1 13 r_\_‘f'_\_"(_\—"
Sy Ay 2 T ; l
2 i B |
s |2 A, 7 i ;
H |1
3 i |
s, ! A, b - LT
8008 B : v Jﬂ
cPy A ST N
8205 ! I i ‘ i
4 1 _ o i
sync 2 T spll T P [ ‘ \ I w i
: t T t e
# ¢, 5| 15 W ‘\ f } ‘ ‘
AE, 0 WAIT 22—y ; - .
16 15 _ | | ! . ]
s 12 sSTOP 4 W T T —
Ey 33— STOP — | ! |
OUTPUTS | g U/ | ‘ ;
sb2—i FROM 1 ! . i !
8201 8205 1 . : I
CLOCK 3 | ; I
GENERATOR 3 T\ ' -
W T
5 i
5 —ur
SYSTEM RESET
State Control Coding
Sp | S, | 'S, STATE
of1 0T
o111 |
o012
0/ 0|0 warr
10|03
1 1|0 |sToP
111 T4
1/0/1Ts

Figure 4. 8205 State Decoder Circuit
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ABSOLUTE MAXIMUM RATINGS*

*COMMENT
Stresses above those listed under ‘“‘Absolute Maximum Rat-
ing’’ may cause permanent damage to the device. This is a stress

Temperature Under Bias:  Ceramic —65°C to +128°C l!
] (4] Ye] ;
Storage Temperature ~65°C to +160°C ‘ rating only and functionat operation of the device at these or at
i
|
l
)
|
|
|

Piastic —-65°C to +75°C

All Output or Supply Voltages —0.5 10 +7 Volts any other condition above those indicated in the operational

sections of this specification is not implied. Exposure to absolute
All tnput Voltages —1.0 10 +5.5 Volts maximum rating conditions for extended periods may affect
Qutput Currents 125 mA device reliability.

D.C. CHARACTERISTICS
T, = 0°Cto +75°C, Vec = 5V 5%

8205
SYMBOL PARAMETER » LIMIT UNIT TEST CONDITIONS
MIN. MAX.
le INPUT LOAD CURRENT --0.25 mA VCC =525V, VF = 0.45V
s INPUT LEAKAGE CURRENT 10 A Vee © 5.26V, Vg = 5.26V
VC INPUT FORWARD CLAMP VOLTAGE -1.0 A\ VCC =4.75V, 'C = —5.0 mA
VOL OUTPUT “LOW"” VOLTAGE 0.45 " VCC =4.75V, foL ™ 10.0 mA
VOH OUTPUT HIGH VOLTAGE 24 \ Vee = 4.75V, 'OH =--1.5mA
V. INPUT ““LOW" VOLTAGE 0.85 \Y Vee ™ 5.0V
Viu INPUT “HIGH” VOLTAGE 2.0 \ Vee © 5.0V
loe OUTPUT HIGH SHORT --40 -120 mA VCC =50V, VOUT =0V
CIRCUIT CURRENT
VOX QUTPUT “LOW" VOLTAGE 0.8 vV Vee © 5.0V, {5y = 40 mA
@ HIGH CURRENT
lee POWER SUPPLY CURRENT 70 mA | Vee = 5.25V
TYPICAL CHARACTERISTICS
OUTPUT CURRENT VS. OUTPUT CURRENT VS.
OUTPUT “LOW"” VOLTAGE OUTPUT “"HIGH” VOLTAGE DATA TRANSFER FUNCTION
100 Q 50 T
7 T Y T I [
Ta = 75’C » b Ve lg (,L ! 7‘ /W‘ \{ ! ! 4_-% vc; =5.0V -‘t———'—?"“
wl L Ta - zs‘ic\ N7Za o | T Ta-2s'C a0 ;
P Vee = 50V | AT Ta=0°CT Ta=75C | g P
EoT 1 £ { o B T4 = 0°C
Z 60 | = 20 Q 30 b AT o
o i ; é ;i ' I \ \ ‘
é T 7 ES B Ta- 25°C ~-—¥A
S wl ; ", S 3 I 5 20 A
2 | ! 5 S Tp = 75°C —ian) \
R £ 5 '
3 " T 15C g o 2 3 . i \
= t——t —40 1
/AR i/ N
, - Tac 25 C - ‘Lﬁ , IR
[} 2 a 46 8 1.0 0 1.0 20 30 40 50 0 2 4 6 B8 10 1214 16 18 20
OUTPUT “"LOW" VOLTAGE (V) OUTPUT "HIGH" VOLTAGE (V] INPUT VOLTAGE (V)
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SWITCHING CHARACTERISTICS

Vee
Conditions of Test: Test Load

Input pulse ampflitudes: 2.5V 3908

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

Measurements are made at 1.5V
I 2K

All Transistors 2N2369 or Equivalent, C_ = 30pF

Test Waveforms

ADDRESS OR ENABLE
INPUT PULSE

OuUTPUT

DL T LT TP )

Cermre s rcm .-

A.C. CHARACTRISTICS

Ta = 0°Cto +75°C, Vo = 5V +5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS
Ty 18 ns
t_, ADDRESS OR ENABLE TO 18 ns
t, OUTPUT DELAY 18 ns
t__ 18 ns
CIN i INPUT CAPACITANCE P8205 4(typ.) pfF t =1 MHz, Voo = OV
C8205 5(typ.) pF Vgias = 2.0V, Ta =25°C
1. This parameter is periodically sampled and 1s not 100% tested.
TYPICAL CHARACTERISTICS
ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
20 20 N
Vee =50V b Vee = 5.0V
T, = 25°C - C,_ = 30pF
o
°o_ 15 G el // o s
uz = — uz Lot
z5 p =t N o e Rt TR
] 3 / 2 b t
cd 10 c2 10
<} | L —T co
§§ /__,.———-" §§ t
L2 b
a° 83
< 5 < S
u 0
0 50 100 150 200 0 25 50 75
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C)
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8212
8-BIT INPUT/OUTPUT PORT

m Fully Parallel 8-Bit Data Register and Buffer ® 3.65V Output High Voltage for

m Service Request Flip-Flop for Direct Interface to 8008, 8080A, or
Interrupt Generation 8085A CPU

m Low Input Load Current — .25mA Max. m Asynchronous Register Clear

m Three State Outputs m Replaces Buffers, Latches and

Multiplexers in Microcomputer Systems

m Outputs Sink 15mA
m Reduces System Package Count

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.

PIN CONFIGURATION LOGIC DIAGRAM
SERVICE REQUEST FF

DEVICE SELECTION oa
\ — | SR
__ C
> os iNT 23>
3> os2 (ACTIVE LOW)
t— EN
> mo - WR
> sre CIT I ouren
| | | BUFFER
| | |
o o sHH D60 &>
DATA LATCH | ]| |
>0 {c q} ‘ Doz (6>
Pidea ! |
I ‘ |
>o1s 1 D Q b D03
e | |
| - |
|
[>on [oo + D04
PIN NAMES ‘. »-lc o | ‘
| \
oK Dlg | DATAIN Dig +—o el Do 15>
DOy, DOg | DATA OUT | Cq ‘ \
D%, DS, | DEVICE SELECT | | 1
[ MODE X
sT8 STROBE Dlg ‘ 0 Q 00g (7>
INT INTERRUPT (ACTIVE LOW) Cr | |
CR CLEAR (ACTIVE LOW) | LE | |
2> 01, Lo a 00y
i ] ‘
| "lﬁ@.;‘ | |
.
>0y IR oy ‘l oog 2>
c

{ACTIVE LOW)
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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}.j

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

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When DS1is
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 microcomputer systems. It is asynchron-
ously set by the CLRinput (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

4
DEVICE SELECTION oS0
N = | ss
[N C
> os1 INT B>
3> os2 (ACTIVE LOW)
- — EN
2> mo WwR
—C
sT8 - — 17—
D r _T j QuTPUT
| | | BUFFER
! 1 -~
B>on Jl‘ 0 afr+ Do,y >
DATA LATCH I o L B i
o, T~ 1 & 002 [E>
! 4&&' '
| Y
o1 —Hoe o >
| 4:6‘_4_‘ ! I
|
>0, L foa + + 00s
‘ Cy | {
| i
! |
7 > o >
\ "lCR | |
| !
o >+ oo >
| LEC“ ! i
|
o1, +Ho o ‘ 7 oo
| 45;._{ \ |
@0 % 5 aH, _{$+ 00g ED>
C
| 2 [ 1
CL‘R ACTIVE LOW | 1
( i il
[ R
STB | MD | (DS;0S;) | DATA OUT EQUALS || CLR | (DS; DSz} | STB | *SR | INT
SETATE s s
DATA LATCH 1 —
ATA LATCH 7 3
ATA LATCH 7 o
ATAIN ! ~
ATA IN *INTERNAL SR FLIP-FLOP

CLR - RESETS DATA LATCH
SETS SR FLIP.FLOP
(NO EFFECT ON OUTPUT BUFFER)
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Applications of the 8212 — For
Microcomputer Systems

| Basic Schematic Symbol
1 Gated Buffer

11l Bi-Directional Bus Driver
IV Interrupting Input Port

1. 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

\" Interrupt Instruction Port
VI Output Port

VIl 8080A Status Latch

Vil 8085A Address Latch

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.

BASIC SCHEMATIC SYMBOLS

INPUT DEVICE OUTPUT DEVICE
— 11 n[————
3 ST8 4 3 STB 4
| 4 DI pof—
=o! oot s -
7 8 7 B
B 10 9 10
61 g2 RIS (DETAILED) L -PIP R LI
8 17 18 17
20 19 0] 19
22| CLR INT [ 21 22 |INT CLR| 21
4]/ mp |23 23 MD__.[ 14
A58, | os,P s, ' DS,
1 ]2 |3 IEERERE
GND v,
INPUT —] ~ c¢ OuUTPUT
STROBE FLAG
SYSTEM (SYMBOLIC) SYSTEM
INPUT C> 8212 :> . 8212 ouTPUT
—dCLR INT —d INT CLR
Fr L Py
GND DATA BUS DATA BUS Vee

1l. Gated Buffer (3-State)

The simplest use of the 8212 is that of a gated buffer. By
tying the mode signal low and the strobe input high, the
data latch is acting as a straight through gate. The output
butfers are then enabled from the device selection logic
DS1 and DS2.

When the device selection logic is false, the outputs are 3-
state.

When the device selection logic is true, the input data from
the system is directly transferred to the output. The input
data load is 250 micro amps. The output data can sink 15
milli amps. The minimum high output is 3.65 volts.

GATED BUFFER

VCC 1
sT8
INPUT ouTPUT
DATA 8212 DATA
(260 uA) (156mA)}
(3.65V MIN)
b CLR

GATING |
CONTROL GND

(BS1.DS2)
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Itl. 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 controlied 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.

BI-DIRECTIONAL BUS DRIVER

Vee
STB
DATA DATA
BUS 8212 BUS
—— CLR
DATA BUS
CONTROL — o1
(0= L =R) GND
(l=R—1L) +
STB
8212 K
.
GND

IV. 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.

INTERRUPTING INPUT PORT

DATA
INPUT BUS
STROBE — | —
STB
SYSTEM
SYSTEM T
Reser ——CLR iNT
PORT r i
SELECTION GND TO PRIORITY CKT
(DS1-DS2) {ACTIVE LOW)

TO CPU
INTERRUPT INPUT

NS
OR

V. 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
common bus).
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INTERRUPT INSTRUCTION PORT

vV,

cc DATA
BUS
—" )
sTB
RESTART
INSTRUCTION  {— 8212
(RST 0 — RST 7)
Ldcr
(DSI) PORT SELECTION _—T CLD L\’
INTERRUPT ACKNOWLEDGE ———p— ]
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VI. Output Port (With Hand-Shaking)

The 8212 can be used to transmit data from the databus 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. Itinturn, caninterruptthe
system signifying the reception of data. The selection of
the port comes from the device selection logic.( DS1-DS2)

SYSTEM
INTERRUPT

OUTPUT PORT (WITH HAND-SHAKING)

DATA

BUS

M — OUTPUT STROBE
sT8

8212

) ) SYSTEM OUTPUT

JOo——— SYSTEM RESET

|

PORT SELECTION
{(LATCH CONTROL)
(DS1.DS2)

VIi. 8080A Status Latch

Here the 8212 is used as the status fatch for an 8080A
microcomputer system. The input to the 8212 latch is
directly from the 8080A data bus. Timing shows thatwhen
the SYNC signal is true, which is connected to the DS2
input and the phase 1 signal is true, which isa TTL level
coming from the clock generator; then, the status data will
be latched into the 8212.

Note: The mode signal is tied high so that the output on the
latch is active and enabled all the time.

It is shown that the two areas of concern are the bi-
directional data bus of the microprocessor and the control
bus.

o, 0 0
D, : D,
D, O,
o, b D
03 3 03 - DATA BUS
8080A o, o,
Ds 5 Ds
i 6
D, 0,
syne P2
pein 2
ot o2 STATUS
= 5 LATCH
12.\-//-\- g D, Dy _;_ INTA _‘ - -
s 1 2
L)
ov 4/‘\5 7 18 STACK
S S\
1> out
18 8212 17 BASIC ’\
7wy /
20 19 L conTROL  ©2 /T
—— 22 21 NP BUS \
CLOCK GEN. [(01TTL) s -— MEMR SYNC
] _
& DRIVER 18] 0s, Mo DS, - _—
J13 |2 ? 1 DATA ( —_———
1 DBIN |
STATUS (_
Vee
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VIil. 8085A Low-Order Address Latch

The 8085A microprocessor uses a multiplexed address/
data bus that contains the low order 8-bits of address
information during the first part of a machine cycle. The
same bus contains data at a later time in the cycle. An
address latch enable (ALE) signal is provided by the
8085A to be used by the 8212 to latch the address so that it
may be available through the whole machine cycle. Note:
In this configuration, the MODE input is tied high, keeping
the 8212’s output buffers turned on at all times.

12
ADg

13

D
AD1 Ty

15

AD3 16

ADy

8085A  Apg 2

18

ADg 19

AD7
30

ALE

Vee
1|

Diq STB DO,

~N|o|w

18 8212

20

22

—d CLR
os2 MD DS,

—?ﬂi

Do
Dq
D2
D3
Dg
Ds
D¢
Dy

— DATA BUS

LOW ORDER
ADDRESS BUS
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8212

ABSOLUTE MAXIMUM RATINGS*

....... 0°C to +70°C
-65°C to +160°C
-0.5 to +7 Volts
-1.0 to 5.5 Volts
100mA

Temperature Under Bias Plastic
Storage Temperature
All Output or Supply Voltages
All Input Voltages
Output Currents

D.C. CHARACTERISTICS T1a=0°Cto +75°C,

*COMMENT

Stresses above those listed under “"Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods

may affect device reliability

Vee = +5V 5%

Limits R
Symbol Parameter Unit Test Conditions
Min. Typ. Max.

IF Input Load Current, ACK, DSg, CR,

Dl11-Dlg Inputs -.25 mA |VF = .45V
IF Input Load Current MD Input -75 mA | Vg = .45V
IF Input Load Current DS Input -1.0 mA |VF = .45V
IR Input Leakage Current, ACK, DS, CR,

D141-Dlg Inputs 10 wA VR <=Vcc
IR Input Leakage Current MO Input 30 uwA VR <=Vcc
IR Input Leakage Current DS1 input 40 wA |VR <=Vcc
Ve Input Forward Voltage Clamp -1 Vv Ilc = -5mA
ViL Input “Low” Voltage .85 Vv
ViH input “High” Voltage 2.0 "
VoL Output “Low” Voltage .45 \ loL = 15mA
VoH Output “High” Voltage 3.65 4.0 \ lon = -1TmA
Isc Short Circuit Output Current -15 -75 mA |Vo =0V, Vcc =5V
[lol Output Leakage Current High

Impedance State 20 wA Vo = .45V/5.25V
lcc Power Supply Current 90 130 mA
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8212

TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW"” VOLTAGE
0 | 100 T
Ve = #5.0V Vee = 5.0V
0 ) ==
' = 80
< 100 :g /
z Tp=0C o //IA i:sc £ e
z H L-'a~ 5°C k3 /
& -150 - 3 T, =75'C
3 3 T, = 25°C /
5 '§ 40 o /
2 200 5
(=]

YV

L

-300 0

-3 -2 -1 0 +1 +2 +3 [ 2 4 6 8
INPUT VOLTAGE {V) OUTPUT “LOW” VOLTAGE (V)
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE
0 T 50 I
Vge = +5.0V Ve = #6.0V

T, =25°C

30

20
P —

-20 7 A
L

OUTPUT CURRENT (mA)
L
B
Y
won
° 3
a5
DATA TO OUTPUT DELAY (ns}
.
"
Y
\
\
\
\
\
\
\ \

) 1.0 2.0 3.0 4.0 5.0 0 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
Voo = +5.0V Ve = +5.0V

20 ]
H k3
=

/|

E s P g 30

1
b i 5 .
a g a A
g [WXe 5 -
2 1% L o 25 - \- x
[ I ° — ~
2 = o " st8_ " ety
e | ] vs, <[ — T
- Q e -
< M g 0—== ——
B H 08, | _—1
e £

12 £ 5

1 10

% ] 2 50 75 100 “25 [ 25 50 75 100

TEMPERATURE (°C) TEMPERATURE ( C)
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8212

A.C. CHARACTERISTICS Ta=0°C to+70°C, Vcc = +5V * 5%

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

tpw Pulse Width 30 ns

trPD Data to Output Delay 30 ns | Note 1
twe Write Enable to Output Delay 40 ns | Note 1
tseT Data Set Up Time 15 ns

tH Data Hold Time 20 ns

tr Reset to QOutput Delay 40 ns Note 1
ts Set to Qutput Delay 30 ns | Note 1
te Output Enable/Disable Time 45 ns | Note 1
tc Clear to Output Delay 55 ns | Note 1

CAPACITANCE* F = 1MHz, Veias = 2.5V, Vcc = +5V, TA=25°C

Limits
Symbol Test
Typ. Max.
CIN DS1 MD Input Capacitance 9pF 12pF
CIN DS2, CK, ACK, DI1-Dlg
Input Capacitance 5pF 9pF
Cout |DO+-DOg Output Capacitance 8pF 12pF

*This parameter is sampled and not 100% tested.

SWITCHING CHARACTERISTICS

Conditions of Test

Input Puise Amplitude = 2.5V Test Load
Input Rise and Fall Times 5ns

15mA & 30pF
Between 1V and 2V Measurements made at 1.5V
with 15mA and 30pF Test Load Vee
Note 1:
Rq
Test cL* Ry R2
tpp, tWE, tR, ts, tc 30pF | 3000 | 6000 |T30u T
te, ENABLET 30pF | 10KQ | 1KQ -
cL* R2
te, ENABLE | 30pF | 3000 | 600Q I
te, DISABLE! 5pF 3000 | 6000 — —
te, DISABLE! 5pF 10KQ | 1KQ
*INCLUDING JIG & PROBE CAPACITANCE

*Includes probe and jig capacitance.
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8212

TIMING DIAGRAM

/T T T T T T T T TN
DATA 1.5V 15V
-/ _’i\______

STB or DS¢ » DS 1.5V 1.5V

Ve
OUTPUT 1.5V
—/

DSq. DSy 1.5V SK 15V
- h

"} (SEE NOTE BELOW)

r—— _—— VoH
OouTPUT \ ?

9
A
el
-
2]
[
o
<

Ve
Do xLSV
e/
Y 20
DATA 15V 15v
—_——e e — e —

tSET { tH ‘
|
STB or DSq « DS; 1.5V
e tpp |

1/___—’—__————__"

ouTPUT thv
——— e e —

sTB 15V

——— e y———

DSq. DS 1.5V
|

INT \ 7}4 15V

NOTE: ALTERNATIVE TEST LOAD L R

Vee
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intel
8218/8219
BIPOLAR MICROCOMPUTER BUS :
CONTROLLERS FOR MCS-80" AND MCS-85" FAMILIES

m 8218 for Use in MCS-80™ Systems m Reduces Component Count in
m 8219 for Use in MCS-85" Systems Multimaster Bus Arbitration Logic
m Coordinates the Sharing of a Common B Single +5 Volt Power Supply

Bus Between Several CPU’s m 28 Pin Package

The 8218 and 8219 Microcomputer Bus Controliers consist of controi logic which allows a bus master device such asa CPU
or DMA channel to interface with other masters on a common bus, sharing memory and I/O 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. Thetiming 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 1/0 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.

PIN CONFIGURATION BLOCK DIAGRAM
e BUSY
w1 A H vee BCRY ———» | BREQ
ne [z 27 [JovRD (E)— BUIS ARBITRATION - BPRN
xsTR(] 3 26 [ RSTE ASTB ———] Logic —— 8FRO
XcP ] a 25 {71 BCR1 ADEN <—] le——— INIT
XcY[}s
xev 24 Hie) OVRD ———] le—— BCLX
n[]e 23 {1} BPRO
®0 5210 22 [18PRN U U
8218/821 —
[(31m K 21 [ BREQ
od e 20 hsex DLYADJ ———s]
ANYR [} 10 19 ] ADEN
ROD ] 11 18 |11 8USY TO THE T0HE
WRDC [] 12 17 Jiowe BUS <::| XSTR ———=4 TIMING LOGIC [:> 1o
wre ] O WwTe MASTER ?
13 16 -
eno [ 14 15 [J DLYADJ
XCY -]
ANYR i
8218 8219 (A) ———] |— mRDE
(A) TOWR 10/
SALLL L (B) ——1 ——— mwic
(8) MWTR WR OUTPUT DRIVE LOGIC
c) TORR RD (€} —— | — ionc
(D) MRDR ASRG
() BCR2 BCR2 (D) ———] |—— ioWe
RDD <——1

N.C. = NO CONNECT

6-90



8218/8219

8218/8219 PIN DEFINITIONS

Signals Interfaced Directly to the System Bus
BREQ (TTL Output)

The Bus-Request is used with a central parallel priority
resolution circuit. It indicates that the device needs to

access the bus for one or more data transfers. It is
synchronized with the Bus Clock.

BUSY (Input, O.C. Qutput)

Bus-Busy indicates to all master devices on the bus that
the bus is in use. It inhibits any other device from getting
the bus. It is synchronized with Bus Clock.

BCLK (Input)

The negative edge of Bus-Clock is used to synchronize
the bus contention resolution circuit asynchronously to
the CPU clock. It has 100ns min. period, 35%-65% duty
cycle. It may be siowed, single stepped or stopped.

BPRN (Input)

The Bus-Priority-In indicates to a device that no device of
a higher priority is requesting the bus. It is synchronous
with the Bus Clock.

BPRO (TTL Output)

The Bus-Priority-Out is used with serial priority resolution
circuits. Priority may be transferred to the next lower in
priority as BPRN.

INIT (Input)

The Initialize resets the 8218/8219 to a known internal
state.

MRDC (3-State Output)

The Memory-Read-Controi indicates that the Master is
requesting a read operation from the addressed location.
It is asynchronous to the Bus Clock.

MWTC (3-State Output)

The Memory-Write-Control indicates that data and an
address have been piaced on the bus by the Master and
the data is to be deposited at that location. It is
asynchronous to the Bus Clock.

IORC (3-State Output)

The 1/0O-Read-Control indicates that the Master is
requesting a read operation from the /O device
addressed. It is asynchronous to the Bus Clock.

IOWC (3-State Output)

The 1/O-Write-Control indicates that Data and an 1/0O
device address has been placed on the bus by the Master
and the data is to be deposited to the I/O device.

Signals Generated or Received by the Bus
Master

BCR1/BCR2 (Inputs)

Bus-Control-Request 1 or Bus-Control-Request 2 indi-
cate to the 8218/8219 that the Master device is making
a request to control the bus. BCR2 is active low inthe 8218
(BCR2). BCR2 is active high in the 8219.
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RSTB (Input)

Request-Strobe latches the status of BCR1 and:
the 8218/8219. The strobe is active low in the 8248 a
negative edge triggered in the 8219.

ADEN (TTL Output)

Address-and-Data-Enable
control of the bus.

indicates the Master

has
It is often used to enable Address
and Data Buffers on the bus. It is synchronous with Bus
Clock.

RDD (TTL Output)

Read-Data controls the direction of the bi-directional data
bus drivers. Itis asynchronous to the Bus Clock. A high on
RDD indicates a read mode by the master.

OVRD (input)

Override inhibits automatic deselect between transfers
caused by a higher priority bus request. May be used for
consecutive data transfers such as read-modify-write
operations. It is asynchronous to the Bus Clock.

XSTR (Input, Rising-Edge-Triggered)

Transfer-Start-Request indicates to the 8218/8219 that a
new data transfer cycle is requested to start. itis raised for
each new word transfer in a multiple data word transfer. It
is asynchronous to the Bus Clock.

XCP (Input, Falling-Edge-Triggered)

Transfer-Compiete indicates to the 8218/8219 that the
data has been received by the slave device in a write cycle
or transmitted by the slave and received by master in a
read cycle. It is asynchronous to the Bus Clock.

XCY (TTL Output)

Indicates that a data transfer is
asynchronous to the Bus Clock.

in progress. it is

WR, RD, 10/M (8219 Only) (Inputs from 8085 to the 8219)

WRITE, READ, IO/Memory are the control request inputs
used by the 8085 and are internally decoded by the 8219 to
produce the request signals MRDR, MWTR, IORR, lOWR.
They are asynchronous to the Bus Clock.

ASRQ (8219 Only) (Input from 8085 System)

Can be used for interrupt status from the 8085. Acts like a
level sensitive asynchronous bus request — no RSTB
needed. It is asynchronous to the Bus Clock.

MRDR, MWTR, IORR, IOWR (8218 Only) (Inputs from
8080 or 8257 to the 8218)

Memory-Read-Request, Memory-Write-Request, 1/0-
Read-Request, or I/O-Write-Request indicate that ad-
dress and data have been placed on the bus and the
appropriate request -is being made to the addressed
device. Only one of these inputs shoutd be active at any
one time. They are asynchronous to the Bus Clock.

ANYR (TTL Output)

Any-Request is the logical OR of the active state of MRDR,
MWTR, IORR, IOWR. It may be tied to XSTR when the
rising edge of ANYR is used to initiate a transfer.




8218/8219

DLYADJ (Input)

Delay-Adjust is used for connection of an externai
capacitor and resistor to ground to adjust the required
set-up and hold time of address to control signal.

8218/8219 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 major functions:

1. Resolve bus contention.

2. Guarantee set-up and hold time of address/data lines
to IO and Memory read/write control signals
(adjustabie 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) a‘(nd’wr
inactive (BPRO). See Figures 1a and™]

BREQ is used for requesting the bus whie p
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 (alow on BPRN and
a high on BUSY) the Master outputs a BUSY signal on the
next falling edge of BCLK. The BUSY signai 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, BCR2 and RSTB are all low. This action
asynchronously sets the synchronization flip flop (FF2) in
Figure 1a.

ADEN

OVRIDE

BCR1
st

SET SET

N ASYNCH. SYNCH. PRIORITY | . FRea
ASTE 1> REQUEST REQUEST AND
Q o REQUEST __
LOGIC [+~ BPRN
FF1 FF2 o
—— 8PRO
——] CLK
CLR CLR
1]
Bod

BCLK
iNTT

FIGURE 1a. 8218 BUS ARBITRATION LOGIC



8218/8219

OVRIDE

ASRQ l

SET
BCR1 REouesr ReduzsT A e L
LOGIC [+———————— BPRN
FF1 FF2 —
> BPR
RSTB —Of CLK —— CLK
CLR CLR
BCTK
NI
FIGURE 1b. 8219 BUS ARBITRATION LOGIC
Timing Logic
Timing Logic activity begins with the rising edge of XSTR o
(Transfer Start Request) or with ADEN going active, MRDR [ MROC
whichever occurs second. This action causes XCY ORR outeur  |— ioRE
(Transfer Cycle) to go active. 50-200ns later (depending on CONTROL
resistance and capacitance at DLYADJ) the appropriate MWTR LoGIC L MWTC
Control Outputs will go active if the control inputis active. oW WE
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. CONTROL
50-200ns later (depending on capacitance at DLYADJ) e
XCY will go inactive indicating the transfer cycle is
completed. SET
Additional logic within the 8218/8219 guarantees that if a RDD +———————Q
transfer cycle is started (XCY is active), but the bus is not CLR
requested (BREQ is inactive) and there is no command t
request input (ANYR is output low), then the transfer cycle
will be cleared. This allows the bus to be released in
applications where advanced bus requests are generated FIGURE 2a. 8218 CONTROL LOGIC
but the processor enters a HALT mode.
1o/M —— MRDC
Control Logic B DECOMNG | BRE
The control outputs are generated in the 8219 by decoding fb conma e
the 8085 system control outputs (i.e., RD, WR, IO/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
Figures 2a and 2b). The control outputs may be held high
(inactive) by the Timing Logic. Also the controt outputs are ANYR ‘_Gj—‘
enabled when the Master gains control of the bus and
disabled when control is relinquished. & CONTROL
SET OUTPUT
The Control Logic also has two other outputs, ANYR (Any INACTIVE

Request) and RDD (Read Data). ANYR goes high (active) if
any control requests (IOWR, etc.) are active. RDD controls
the direction of the Masters Bi-directional Data Bus
Drivers. The Bus Driver will always be in the Write mode
(RDD = Low) except from the start of a Read Controi
Request to 25 to 70ns after XCP is activated.
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8218/8219

ABSOLUTE MAXIMUM RATINGS*

0°C to 70°C
.............. -65°C to +150°C
-0.5V to +7V
-1.0V to Vcc + 0.25V
100mA

Ambient Temperature Under Bias
Storage Temperature
Supply Voitage (Vcc)
Input Voltage
Qutput Current

above those md/cated in the operational sections:of tl

specification
maximum rating conditions for extended periods may
affect device reliability.

implied. Exposure to absolute’

D.C. AND OPERATING CHARACTERISTICS Ta =0°C to 70°C; Vcc = 5V + 5%

Limits

Symbol Parameter Min. Typ. Max. Unit Test Conditions
Ve Input Clamp Voltage -1.0 \ Vcc = 4.75V, Ic = -5mA
IF Input Load Current

MRDR/INTA/MWTR/WR Vee = 5.25V

IORR/RD, IOWR/I0/M -0.5 mA | VF =045V

Other -0.5 mA
IR Input Leakage Current 100 uA | Vcec =5.25

VR =5.25

VTH Input Threshold Voltage 0.8 2.0 V. < Vcec =5V
Icc Power Supply Current 200 240 mA | Ve = 5.25V
VoL 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 \ loL = 3.2mA
VoH Output High Voltage Vcc = 4.75V

MRDC, MWTC, IORC, IOWC 24 loH = -2mA

BUSY O.C.

All Other Qutputs 2.4 loH = -400uA
los Short Circuit Output Current -10 -90 mA | Voc =5.25V, Vo = 0V
lo (oFF) | Tri-State Output Current -100 uA | Vce = 5.25V, Vo = 0.45V

+100 uA 1 Vcc =5.25V, Vo = 5.25V
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8218/8219

A.C. CHARACTERISTICS Ta=0°Cto 70°C; Vcc =5V £ 5%

Limits
Symbol Parameter Min. Typ. Max. Unit
tBCY Bus Clock Cycle Time 100 ns | 35% to 65% Duty Cycl
tew Bus Clock Pulse Width 35 0.65 tecy ns
tras RSTB to BCLK Set-Up Time 25 ns
tcss BCRy and BCR2 to RSTB 15 ns
Set-Up Time
tcsH BCR; and BCR2 to RSTB 15 ns
Hold Time
traD BCLK to BREQ Delay 35 ns
tPRNS BPRN to BCLK Set-Up Time 23 ns
tano 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, |ORC, 50 200 ns Adjustable by External R/C
IOWC Delay
txsw XSTR Pulse Width 30 ns
txco | XCP to MRDC, MWTC, TORC, 50 ns
IOWC Delay
txcw | XCP Pulse Width 35 ns
tcco | XCP to XCY Delay 50 200 ns | Adjustable by External R/C
tcmp MRDR, MWTR, 1ORR, IOWR 35 ns
to MRDC, MWTC, IORC, IOWC
tcRD MRDR, MWTR, TORR, TOWR 25 ns
to RDD Delay
tRw RSTB Min. Neg. Pulse Width 30 ns
tcPp BCLK to BPRO Delay 40 ns
txRD XCP to RDD Delay 25 70 ns

8218/19 XSTR TO OUTPUT COMMAND DELAY
ONESHOT DELAY VS. DELAY ADJUST CAPACITANCE AND RESISTANCE

230

Vee= 4.5V
220 FOR A TYPICAL DEVICE
210 ROOM TEMPERATURE Vee = 5.5V
Vee =5+ 5% R = 3900
200 |-
190
180 |-
Ve = 5.5V
o R = 3000
160 f—
= 150
=z
NERT S
< s
w =
& 10l Ve = 6.5V
R = 200Q
10—
100
90 |- 20092< R<5002
100pF<C<450pF
80— 2 P
70+
60 |- APPROXIMATELY 25ns OF DELAY DEPENDS
50l ON INTERNAL GATE DELAYS
20 1 1 I 1 1 I
50 100 200 300 400 450

CAPACITANCE (pF)
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8218/8219
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8218/8219

MRDR MWTR 4

{ORR IOWR N

[ tcAD

ANYR

|e—— tcRD

RDD
le— txcw
- -
XSTR j[ Xxcp -S\
- —-———
| —={ txsw le———— tcco
xcy |
[«— tsxD pe—txcD
MRDC MWTC N
IORC  1OWC -\-—
tsco Le— tcMD

FIGURE 3b. 8218/8219 CONTROL CYCLE (SYSTEM BUS PREVIOUSLY NOT IN USE).
MRDR MWTR
ORR  TOWR MASTER 1GETS OFF auf
STER
m;ﬁz :NYR out Q\\

— (ows SHOT
MASTER 1 XCY OUT LA j/

BCLK

MASTER 1 ADEN

BUSY  MASTER 1HAS BUS MASTER 2 HAS BUS

MASTER 2 ADEN Q\\
MRDR \
MASTER 2
MWTR REQUESTS BUS
1owR ANYR C DELAYED BY
ONE SHOT
XSTR FOR ADDRESS SETUP
MRDC \
MWTC
TORC OF MASTER 2
iowe
Xcy \
MASTER 2

FIGURE 3c. 8218/8219 BUS CONTROL EXCHANGE (MASTER NO. 1 LEAVING BUS AND MASTER NO. 2
GETTING ON BUS).
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8218/8219

Ag1s >

D 8080A
01 Do.7
62 8228
8224 READY
READY MEMR MRDR MRDC p——>
7S MEMW MWTR MWTC p——
STSB IOR IORR IORC f————
RESIN iow IOWR IOWC p——
Do PO
BCR1 BREG |——
D; — —
3 5CR2 [y De—
8218
BCLK |+=—
RSTB
ABEN BPRN je——
DLYADJ
. BPRO }——>
XCP
R c
I XSTR
= = ANYR INIT
t RESET
XACK
(TRANSFER
ACKNOWLEDGE)
FIGURE 4a. MCS-80 CPU WITH 8218.
Ag.15 >
8085A
WR WR MRDC
RD RD MWTC
10/M 10/M iORC
iNTA ASRG iowc
READY ALE RSTB
So BCR1 BREG
% BCR2
RESET BUSY
8219
BCLK
ADEN BPRN
DLYADJ
%P BPRO
R
CI XSTR
= — ANYR NTT
I RESET
XACK
(TRANSFER
ACKNOWLEDGE)

FIGURE 4b. MCS-85 CPU WITH 8219.
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8218/8219

USE FALLING EDGE OF ALE TO INITIATE DECODE
- LOGIC'S SELECTION OF THE BUS

BUS
ACCESS LOCAL

DECODE MEMORY
LOGIC
4

1

EXAMPLE OF BUS
ACCESS DECODE LOGIC
Ag.15
g BUS
BUFFERS
.
AN R <’ > ADDR >
< ADo7 A oien
8205
8085A —
E— p4D
wr  RDD WRDC
RD MWTC 7475
10/M 1ORC ALE
ASRG iowc ¢ a
RSTB
_—=}8CR1 BREQ
BCR2 BUSY LEVEL ACTIVATED
8219 LATCH
BCLK “TRANSPARENT"
FLIP FLOP
ADEN BPRN TO BCR2
DLYADJ AND XSTR
AND GATE
READY IS SET UP _]_ Xcp BPRO
FOR LOCAL —
MEMORY THAT R :’:c XSTR
NEEDS NO WAIT
STATES ANYR i
I RESET
XACK
(TRANSFER
ACKNOWLEDGE)

FIGURE 4c. MCS-85 CPU WITH 8219 USING LOCAL MEMORY.
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8218/8219

TO/FROM HIGHEST
PRIORITY BUS MASTER

REQUEST

REQUEST

REQUEST

TO/FROI
PRIORITY

BUSY BPRN

M LOWEST
BUS MASTER

8218

BCLK

|

BUS CLOCK
““DAISY CHAIN" CONFIGURATION
REQUEST ADEN REQUEST ADEN REQUEST ADEN
8219 8218 8219
BUSY BREQ BPRN  BCLK BUSY BREQ BPRN  BCLK| BUSY BREQ BPRN
BUS CLOCK

PRIORITY
RESOLVING
LOGIC

J

PARALLEL REQUEST CONFIGURATION

FIGURE 5. TWO METHODS OF CONNECTING MULTIPLE 8218/8219's TO RESOLVE BUS CONTENTION
AMONG MULTIPLE MASTERS.

6-100



8237/8237-2
HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

= Enable/Disable Control of Individual m High Performance: Transfers up to 1.6M
DMA Requests Bytes/Second with 5 MHz 8237-2
m Four Independent DMA Channels m Directly Expandable to any Number of
Channels
= Independent Autoinitialization of all
Channels = End of Process Input for Terminating
Transfers

m Memory-to-Memory Transfers

m Software DMA Requests
m Memory Block Initialization

» Independent Polarity Control for DREQ
m Address Increment or Decrement and DACK Signals

The 8237 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 to or
from the system memory. Memory-to-memory transfer capability is also provided. The 8237 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 8237 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 8237-2 is a 5 MHz selected version of the standard 3 MHz 8237.

DECREMENTOR INCIDECREMENTOR
O BUFFER
TEMP WORD TEMP ADDRESS -—
COUNT REG (16) REG (16)
EOF -—Of —
RESET oR 1 a0[] a7
I 16 BIT BUS l iow ]2 397 As
% —d 8 BIT BUS I WEWR 3 ] as
READY ———{ OUTPUT wEMW []4 37[7] A4
cLock ——f e READ BUFFER READ/WAITE BUFFER BUFFER (NOTE1) [5 387 eop
AEN ~——t AND
CONTROL BASE BASE CURRENT | CURRENT - READY []6 357 A3
ADSTB +—ro ADDRESS “:”O%RN"Y ADDRESS &m"' z HLDA []7 4] A2
[ pa— o 16) e t8) 2 aosTe (s s A
MEWW ~——f AEN (]9 32 A0
TOR ~—(f coMMAND HRQ []10 s2sm  31[70 Vecl+5)
[ p—y & 1 82872 37 pso
CLK [ 12 29[ pBY
READ BUFFER RESET []13 28] p82
20-D1 DACK2 []14 277 pB3
. " ‘ ~_~ N D80-D87 DACK3 []15 26 [ o84
-4
oreas 4| priony COMMAND (8) INTERNAL DATA BUS — pReaa [] 16 25[] DACKO
HLDA —— ‘"ﬁSﬂ“‘ 14 DREQ2 [ 17 24[7] DACKY
HRQ +——oA :c:s:m; DREQ1 []18 237 DBS
v 4 LOGIC MASK (@) HEAD WRITE OREQO [] 19 22[7] oBs
(GND) Vss [] 20 21[] oe7
Mooe STATUS (&) TEMPORARY (8)
{4x8
REQUEST ()
BLOCK DIAGRAM Figure 1. Pin Configuration
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PIN DEFINITIONS
Veg: + 5 volt supply

Vgs: Ground

CLK (Clock, Input)

This input controls the internal operations of the 8237
and its rate of data transfers. The input may be driven at
up to 3 MHz for the standard 8237 and up to 5 MHz for
the 8237-2.

CS (Chip Select, Input)

Chip Select is an active low input used to select the
8237 as an I/O device during the Idle cycle. This allows
CPU communication on the data bus.

RESET (Reset, Input)

Reset is an asynchronous active high input which clears
the Command, Status, Request and Temporary regis-
ters. 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, Input)

Ready is an input used to extend the memory
read and write pulses from the 8237 to accommodate
slow memories or |/ O peripheral devices.

HLDA {Hold Acknowledge, Input)

The active high Hold Acknowledge from the CPU (ndi-
cates that control of the system buses have been relin-
quished.

DREQO-DREQ3 (DMA Request, Input)

The DMA Request lines are individual asynchronous
channel request inputs used by peripheral circuits to
obtain DMA service. In Fixed Priority, DREQO has the
highest priority and 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
initializes these lines to active high. DREQ must be
maintained until the corresponding DACK goes active.

DBO0-DB7 (Data Bus, Input/Output)

The Data Bus lines are bidirectional three-state signals
connected to the system data bus. The outputs are
enabled in the Program Condition during the /O Read to
output the contents of an Address register, a Status
register, the Temporary register or a Word Count
register to the CPU. The outputs are disabled and the in-
puts are read during an /O Write cycle when the CPU is
programming the 8237 contro! registers. During DMA
cycles the most significant 8 bits of the address are out-
put onto the data bus to be strobed into an external
latch by ADSTB. In memory-to-memory operations, data
from the memory comes into the 8237 on the data bus
during the read-from-memory transfer. In the write-to-
memory transfer, the data bus outputs place the data in-
to the new memory location.

IOR (/0 Read, Input/Output)

1/0 Read is a bidirectional active low three-state line. {n
the Idle cycle, it is an input control signal used by the
CPU to read the control registers. In the Active cycle, it
is an output control signal used by the 8237 to access
data from a peripheral during a DMA Write transfer.

10W (/0 Write, Input/OQutput)

110 Write is a bidirectional active low three-state line. In
the Idle cycle, it is an input control signal used by the
CPU to load information into the 8237. In the Active
cycle, it is an output control signal used by the 8237 to
load data to the peripheral during a DMA Read transfer.

EOP (End of Process, input/Output)

EOP is an active low bidirectional signal. Information
concerning the completion of DMA services is available
at the bidirectional EOP pin. The 8237 allows an external
signal to terminate an active DMA service. This is ac-
complished by pulting the EOP input low with an exter-
nal EOP signal. The 8237 also generates a pulse when
the terminal count (TC) for any channel is reached. This
generates an EOP signal which is output through the
EOP Line. The reception of EOP, either internal or exter-
nal, will cause the 8237 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 channet by EOP unless the channel
is programmed for Autoinitialize. In that case, the mask
bit remains clear. During memory-to-memory transfers,
@ 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.

AQ-A3 (Address, Input/Output)

The four least significant address lines are bidirectional
three-state signals. In the Idle cycle they are inputs and
are used by the 8237 to address the control register to
be iocaded or read. In the Active cycle they are outputs
and provide the lower 4 bits of the output address.

A4-A7 (Address, Output)

The four most significant address lines are three-state
outputs and provide 4 bits of address. These lines are
enabled only during the DMA service.

HRQ (Hold Request, Output)

This is the Hold Request to the CPU and is used to re-
quest control of the system bus. If the corresponding
mask bit is clear, the presence of any valid DREQ
causes the 8237 to issue the HRQ. After HRQ goes
active at least one clock cycle (TCY) must
occur before HLDA goes active.

DACKO-DACK3 (DMA Acknowiedge, Output)

DMA Acknowledge is used to notify the individual
peripherals when one has been granted a DMA cycle.
The sense of these lines is programmable. Reset initial-
izes them to active low.
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AEN (Address Enable, Output)

This output enables the 8-bit latch containing the upper
8 address bits onto the system address bus. AEN can
also be used to disable other system bus drivers during
DMA transfers. AEN is active HIGH.

ADSTB (Address Strobe, Output)

The active high Address Strobe is used to strobe the up-

per address byte into an external latch.

MEMR (Memory Read, Output)

The Memory Read signal is an active low three-state out-
put used to access data from the selected memory loca-
tion during a DMA Read or a memory-to-memory trans-
fer.

MEMW (Memory Write, Output)

The Memory Write signal is an active low three-state
output used to write data to the selected memory loca-
tion during a DMA Write or a memory-to-memory trans-
fer.

FUNCTIONAL DESCRIPTION

The 8237 block diagram includes the major logic blocks
and all of the internal registers. The data interconnec-
tion paths are also shown. Not shown are the various
control signals between the blocks. The 8237 contains
344 bits of internal memory in the form of registers.
Figure 2 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 Descrip-
tion.

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 2. 8237 Internal Registers

The 8237 contains three basic blocks of control logic.
The Timing Control block generates internal timing and
external control signals for the 8237. The Program Com-
mand Control block decodes the various commands
given to the 8237 by the microprocessor prior to servic-
ing a DMA Request. It also decodes the Mode Control
word used to select the type of DMA during the servic-
ing. The Priority Encoder block resolves priority conten-
tion between DMA channels requesting service simul-
taneously.

The Timing Control block derives internal timing from
the clock input. In 8237 systems this input will usually
be the $2 TTL clock from an 8224 or CLK from an 8085A.
However, any appropriate system clock will suffice.

DMA OPERATION

The 8237 is designed to operate in two major cycles.
These are called idle and Active cycles. Each device
cycle is made up of a number of states. The 8237 can
assume seven separate states, each composed of one
full clock period. State i (SI) is the inactive state. It is
entered when the 8237 has no valid DMA requests pend-
ing. While in SI, the DMA controiler is inactive but may
be in the Program Condition, being programmed by the
processor. State O (SO) is the first state of a DMA ser-
vice. The 8237 has requested a hold but the processor
has not yet returned an acknowledge. An acknowledge
from the CPU will signal that transfers may begin. S1,
S$2,S3 and S4 are the working states of the DMA service.
If more time is needed to complete a transfer than is
available with normal timing, wait states (SW) can be in-
serted between S2 or S3 and S4 by the use of the Ready
line on the 8237.

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, §13, S14) are used for the read-from-memory half
and the last four states (S21, S22, $23, $24) for the write-
to-memory half of the transfer.

IDLE CYCLE

When no channel is requesting service, the 8237 will
enter the Idle cycle and perform “SI” states. In this
cycle the 8237 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 8237. When CS is low and HRQ is
low, the 8237 enters the Program Condition. The CPU
can now establish, change or inspect the internal defini-
tion of the part by reading from or writing to the internal
registers. Address lines A0-A3 are inputs to the device
and select which registers will be read or written. The
TOR 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
8237 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 8237 is in the Idle cycle and a channel re-
quests a DMA service, the device will output an HRQ to
the microprocessor and enter the Active cycle. 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
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word count will be decremented and the address decre-
mented or incremented following each transfer. When
the word count goes to zero, a Terminal Count (TC) will
cause an Autoinitialize if the channel has been program-
med 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/8085A systems this will ensure one
full machine cycle execution between DMA transfers.
Details of timing between the 8237 and other bus con-
trol protocols will depend upon the characteristics 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 zero, or an externai End of Process (EOP) is en-
countered. 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 un-
til a TC or external EOP is encountered or until DREQ
goes inactive. Thus transfers may continue until the /0
device has exhausted its data capacity. After the /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 acdress and word
count are stored in the 8237 Current Address and Cur-
rent Word Count registers. Only an EOP can cause an
Autoinitialize at the end of the service. EOP is generated
either by TC or by an external signal.

Cascade Mode — This mode is used to cascade more
than one 8237 together for simple system expansion.
The HRQ and HLDA signais from the additional 8237
are connected to the DREQ and DACK signals of a chan-
nel of the initial 8237. This allows the DMA requests of
the additional device to propagate through the priority
network circuitry of the preceding device. The priority
chain is preserved and the new device must wait for its
turn to acknowledge requests. Since the cascade chan-
nel in the initial device is used only for prioritizing the
additional device, it does not output any address or con-
trol signals of its own. These would conflict with the
outputs of the active channel in the added device. The
8237 will respond to DREQ and DACK but all other out-
puts except HRQ will be disabled.

Figure 3 shows two additional devices cascaded into an
initial device using two of the previous channels. This
forms a two level DMA system. More 8237s 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.

TRANSFER TYPES

Each of the three active transfer modes can perform
three different types of transfers. These are Read, Write
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and Verify. Write transfers move data from an I/O device
to the memory by activating MEMW and IOR. Read
transfers move data from memory to an |/O device by ac-
tivating MEMR and IOW. Verify transfers are pseudo
transfers. The 8237 operates as in Read or Write trans-
fers generating addresses, and responding to EOP, etc.
However, the memory and I/O control lines all remain
inactive.

2ND LEVEL

1ST LEVEL 8237

MICROPROCESSOR

HRQ DREQ

DACK

HRQ

HLDA

HLDA

8237

DREQ HRQ

DACK [——| HLDA

INITIAL DEVICE 8237

ADDITIONAL
DEVICES

Figure 3. Cascaded 8237s

Memory-to-Memory — To perform block moves of data
from one memroy address space to another with a mini-
mum of program effort and time, the 8237 includes a
memory-to-memory transfer feature. Programming a bit
in the Command register selects channels 0 and 1 to
operate as memory-to-memory transfer channels. The
transfer is initiated by setting the software DREQ for
channel 0. The 8237 requests a DMA service in the nor-
mal manner. After HLDA is true, the device, using eight-
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
incremented in the normal manner. The data byte read
from the memory is stored in the 8237 internal Tempo-
rary register. Channel 1 then writes the data from the
Temporary register to memory using the address in its
Current Address register and incrementing or decre-
menting it in the normal manner. The channel 1 Current
Word Count is decremented. When the word count of
channel 1 goes to zero, a TC is generated causing an
EOP output, terminating the service.

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

The 8237 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 Diagram 4,
Memory-to-memory operations can be detected as
an active AEN with no DACK outputs.

Autoinitialize — By programming a bit in the Mode reg-
ister, a channel may be set up as an Autoinitialize
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channel. During Autoinitialize initialization, the original
values of the Current Address and Current Word Count
registers are automatically restored from the Base Ad-
dress and Base Word Count registers of that channel
following EOP. The base registers are loaded simultane-
ously with the current registers by the microprocessor
and remain unchanged throughout the DMA service. The
mask bit is not set when the channel is in Autoinitialize.
Following Autoinitialize the channel is ready to perform
another service without CPU intervention.

Priority — The 8237 has two types of priority encoding
available as software selectable options. The first is
Fixed Priority which fixes the channels in priority order
based upon the descending value of their number. The
channel with the lowest priority is 3 followed by 2, 1 and
the highest priority channel, 0. After the recognition of
any one channel for service, the other channels are pre-
vented from interferring with that service until it is com-
pleted.

The second scheme is Rotating Priority. The tast chan-
nel to get service becomes the lowest priority channel
with the others rotating accordingly.

1st 2nd 3rd
Service Service Service
highest 0 2 -a— service 3 -« service
1 «g— service 3 - request 0
2 _\0 1
lowest 3 1 2

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

Compressed Timing — In order to achieve even greater
throughput where system characteristics permit, the
8237 can compress the transfer time to two clock
cycles. From Timing Diagram 3 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). Tim-
ing for compressed transfers is found in Diagram 6.

Address Generation — In order to reduce pin count, the
8237 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 8237 directly. Lines A0-A7 should be connected to
the address fus. Timing Diagram 3 shows the time rela-
tionships between CLK, AEN, ADSTB, DB0-DB7 and
AQ-A7.

During Biock and Demand Transfer mode services,
which include multiple transfers, the addresses gener-
ated will be sequential. For many transfers the data held
in the external address latch wiil 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 8237 executes S1
states only when updating of A8-A15 in the latch is
necessary. This means for long services, S1 states may
occur only once every 256 transfers, a savings of 255
clock cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Register — Each channel has a 16-bit
Current Address register. This register holds the value
of the address used during DMA transfers. The address
is automatically incremented or decremented after each
transfer and the intermediate vatues of the address are
stored in the Current Address register during the
transfer. This register is written or read by the micro-
processor in successive 8-bit bytes. It may also be re-
initialized 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 holds the num-
ber of transfers to be performed. The word count is
decremented after each transfer. The intermediate value
of the word count is stored in the register during the
transfer. When the value in the register goes to zero, a
TC will be generated. This register is loaded or read in
successive 8-bit bytes by the microprocessor in the Pro-
gram Condition. Following the end of a DMA service it
may also be reinitialized by an Autoinitialization back to
its original value. Autoinitialize can occur only when an
EOP occurs.

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 controis the
operation of the 8237. It is programmed by the micro-
processor in the Program Condition and is cleared by
Reset. The following tabie lists the function of the com-
mand 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 8237 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-
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maskable and subject to prioritization by the Priority En-
coder network. Each register bit is set or reset sepa-
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 4 for
address coding.

Command Register
7 6 5 4 3 2 1 0 <«—BitNumber

LITTTTTT]

‘{ 0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel 0 address hold disable
1 Channel 0 address hold enable
X Ifbit0=0

0 Controller enable
1 Controller disable

0 Normal timing

1 Compressed timing
X Mfbito=1

{ 0 Fixed priority
1 Rotating priority
|
1
|
1

Late write selection

1 Extended write selection
X Ifbit3=1

0 DREQ sense active high
1 DREQ sense active low

0 DACK sense active low
1 DACK sense active high

Mode Register
7 6 5 4 3 2 1 0 <« Bit Number

L]

[T T T 1]

‘—F-' 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 lllegal
XX If bits 6 and 7=11

]

0 Autoinitialization disable
1 Autoinitialization enable

0 Address increment select
1 Address decrement select

00 Demand mode select
01 Single mode select

0 Block mode select

1 Cascade mode select

Request Register
7 6 5 4 3 2 1 0 -«—BitNumber
LITTTTITT]
— 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

Software requests will be serviced only if the channel is
in Block mode. When initiating a memory-to-memory
transfer, the software request for channel 0 should be
set.

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

7 6 5 4 3 2 1 0-«—Bit Number

LI T TTTTT]
00 Select channel 0 mask bit
Don’t Care 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.

7 6 5§ 4 3 2 1 0 -«——BitNumber

(LTI

N —— — 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 Ciear channel 3 mask bit
1 Set channel 3 mask bit
- o . Signals
- " CS IOR I0 A3 A2 Al A0
Command | Write 0 1 0 1 0 0 0
Mode Write 0 1 ] 1 0 1 1
Request Write 0 1 0 1 0 0 1
Mask Set/Reset | 0 1 0 1 0 1 0
Mask Write 0 1 0 1 1 1 1
Temporary | Read 0 0 1 1 1 0 1
Status Read 0 0 1 1 0 0 0

Figure 4. Definition of Register Codes

Status Register — The Status register is available to
be read out of the 8237 by the microprocessor. It con-
tains information about the status of the devices at this
point. This information includes which channels have
reached a terminal count and which channels have
pending DMA requests. Bits 0-3 are set every time a TC
is reached by that channel or an external EOP
is applied. These bits are cleared upon Reset
and on each Status Read. Bits 4-7 are set when-
ever their corresponding channel is requesting service.
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7 6 5 4 3 2 1 0-«—BitNumber

flllIIILI_Ll;_

Master Clear: This software instruction has the same
effect as the hardware Reset. The Command, Status,

1 Channel 0 has reached TC Request, Temporary, and Internal First/Last Flip-Flop
1 Channel 1 has reached TC registers are cleared and the Mask register is set. The
- : g:a::g § ::: "’22,’:23 ig 8237 will enter the Idle cycle.
al re:
Figure 5 lists the address codes for the software com-
1 Channel 0 request mands:
1 Channel 1 request
1 Channel 2 request
1 Channel 3 request Signals
. . . OR | iOW
Temporary Register — The Temporary register is used A3 | A2 | A1 | a0 L TOR ji0 Operation
to hold data during memory-to-memory transfers. Fol- 1 oo oo | 1 | ReadStatusRegister
lowing the completion of the transfers, the last word vl oo o | v ] O | WrieCommandRegister
moved can be read by the microprocessor in the Pro- v jojo [t o |1 | Weg
gram Condition. The Temporary register always con- 1l o jo v ] v} O | WriteRequestRegister
tains the last byte transferred in the previous memory- 1vpo |1 jo f o 1t | Ueg
to-memory operation, unless cleared by a Reset. v o | 1 f o | v | o | Wrie SingleMaskRegister B
" . 1 0 1 1 0 1 Megal
Software Commands — These are additional special ] o ] ) . o | write Mode Register
software commands which can be executed in the Pro- ; ; o 1ol o A
gram Condition. They do not depend on any specific bit ; ; o | o ) o 1 Croar Byve Pomter Fiip/Fiop
pattern on the data bus. The two software commands
1 1 ] 1 0 1 Read Temporary Register
are:
3 . R . 1 1 0 1 1 ] Master Clear
Clear FirstiLast Flip-Flop: This command is executed ; ) . N o 1 trogar
prior to writing or reading new address or word count ; : ; N : o | tegat
information to the 8237. This initializes the flip-flop to . ; . p ; | tear
a known state so that subsequent accesses to regis- ; ; ; ; ; o 1 write Al Mask Fogiater Bits
ter contents by the microprocessor will address up-
per and lower bytes in the correct sequence. Figure 5. Software Command Codes
c i [¢) Slgnate Flip-Fl Data Bus DB0-DB7
hannel Register perati —— | -Flo| ata Bus -
9 CS IOR IOW A3 A2 At A0 p-Hop
0 Base and Current Address Write 0 1 0 0 0 0 0 0 AO-A7
0 1 0 0 0 0 0 1 AB-A15
Current Address Read 0 0 1 0 0 0 0 0 AQ-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 WO-W7
0 1 0 0 0 0 1 1 W8-W15
Current Word Count Read 0 0 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 A8-A15
Current Address Read ] 0 1 0 0 1 0 [} AQ-A7
0 0 1 0 0 1 0 1 AB-A15
Base and Current Word Count Write 0 1 [ 0 0 1 1 0 WO-W7
0 1 0 0 0 1 1 1 W8-W15
Current Word Count Read 0 0 1 0 0 1 1 0 W)0-W7
0 0 1 0 0 1 1 1 W8-W15
2 Base and Current Address Write 0 1 0 0 1 Q 0 0 A0-A7
] 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 WO0-W7
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 [+} [} 1 1 0 0 AO-A7
0 1 0 0 1 1 0 1 AB-A15
Current Address Read 0 0 1 0 1 1 0 0 AQ-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 ] 1 1 1 0 W)0-W7
0 0 1 0 1 1 1 1 W8-W15

Figure 6. Word Count and Address Register Command Codes
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APPLICATION INFORMATION

Figure 7 shows a convenient method for configuring a
DMA system with the 8237 controller and an 8080A/
8085A microprocessor system. The multimode DMA
controller issues a HRQ to the processor whenever
there is at least one valid DMA request from a
peripheral device. When the processor replies with a
HLDA signal, the 8237 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 significant 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 significant address byte. Four DMA channels
are provided when one 8237 is used.

_ N\
ADDRESS BUS A0-A15 )
A8-A15
o doe
8282
STB
o) 8-BIT LATCH
A0-A15 AEN A0-A3 A4-AT TS  ADSTB
BUSEN
HLDA 8237 DBO-
HLDA ° o DB7
- o 3 8 -]
HOLD HRQ 3 ‘5 = . e &
w
3 4 2 BB P & 3
cPU J 0 O O
CLOCK
RESET
MEMR [O
WENW [0 CONTROL
TOR [O- BUS
oW [O—
DB0-DB7Y
N~ N
l SYSTEM DATA BUS )

Figure 7. 8237 System Interface

6-108



8237/8237-2

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature underBias ......... 0°Cto70°C *COMMENT: Stresses above those listed under “Absolute Maximum
Storage Temperature ............. ~65°Cto + 150°C Ritings”Imaydc?uset‘pernl'tanenttg!amafgfhto(;hg devitc:: This is a st:iss

R . rating only and functional operation of the device at these or any other
Voll?teasg:ez?tznérzijnn:lth 05107V conditions above those indicated in the operational sections of this

specification is not implied. Exposure to absolute maximum rating con-

Power Dissipation......................... 1.5 Watt ditions for extended periods may aftect device reliability.

D.C. CHARACTERISTICS
Ta=0°C to 70°C, Vcc=5.0V +5%, GND=0V

Symbol Parameter Min. Typ.t) Max. Unit Test Conditions
Vo Output HIGH Voltage 24 v low = — 200 4A
3.3 v ioH = — 100 uA (HRQ Only)
VoL Output LOW Voltage 0.4 \ lot=3.2 mA
Vin Input HIGH Voltage 2.0 Vcc+ 0.5 \
ViL Input LOW Voltage -05 0.8 \
Iy Input Load Current +10 uA Vgs<V|<Vge
lo Output Leakage Current +10 uA Vee<VosVgs + 0.40
lcc Ve Supply Current 65 130 mA Ta= +25°C
75 150 mA Ta=0°C
Co Output Capacitance 4 8 pF
C Input Capacitance 8 15 pF fc = 1.0 MHz, Inputs =0V
Cio 1/0 Capacitance 10 18 pF
Notes:

1.
2.

© © N>

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

Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0V tor HIGH
and 0.8V for LOW, unless otherwise noted.

. Output loading is 1 TTL gate plus 50 pF 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 IOR or MEMR pulse

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

. TDQ 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

3.3 kQ pull-up resistor connected from HRQ to Vgc.

. DREQ shouid be held active until DACK is returned. -
. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode.
. Output loading on the data bus is 1 TTL gate pius 100 pF capacitance.

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
8237 and at least 400 ns for the 8237-2 as recovery time between active read or write pulses.

. Parameters are listed in alphabetical order.
11,

Pin § 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. Alter-
natively, pin 5 may be tied to V.

A.C. TEST WAVEFORM

24v

L HIGH “1™
x-ov
0.45V 0.8V

Low o
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A.C. CHARACTERISTICS: DMA (MASTER) MODE
TAo=0°C to 70°C, Vgc=5.0V 5%, GND=0V

Symbol Parameter 8237 8237:2 Unit
Min. Max. Min. Max.
TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 200 ns
TAET AEN LOW from CLK HIGH (S1) Delay Time 200 130 ns
TAFAB ADR Active to Float Delay from CLK HIGH 150 90 ns
TAFC READ or WRITE Float from CLK HIGH 150 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 250 170 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 ns
TAHS DB from ADSTB LOW Hold Time 50 30 ns
TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 ns
DACK Valid from CLK LOW Delay Time 250 170 ns
TAK EOP HIGH from CLK HIGH Delay Time 250 170 ns
EOP LOW to CLK HIGH Delay Time 250 100 ns
TASM ADR Stable from CLK HIGH 250 170 ns
TASS DB to ADSTB LOW Setup Time 100 100 ns
TCH Clock High Time (Transitions <10 ns) 120 70 ns
TCL Clock LOW Time (Transitions <10 ns) 150 50 ns
TCY CLK Cycle Time 320 200 ns
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 4) 270 190 ns
TDCTR mE_OA;D:)HGH from CLK HIGH (S4) Delay Time 270 190 ns
TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time 200 130 ns
(Note 4)
TDQ1 160 120 ns
HRQ Valid from CLK HIGH Delay Time (Note 5)
TDQ2 250 120 ns
TEPS EOP LOW from CLK LOW Setup Time 60 40 ns
TEPW EOP Pulse Width 300 220 ns
TFAAB ADR Float to Active Delay from CLK HIGH 250 170 ns
TFAC READ or WRITE Active from CLK HIGH 200 150 ns
TFADB DB Float to Active Delay from CLK HIGH 300 200 ns
THS HCDA Valid to CLK HIGH Setup Time 100 75 ns
TIDH Input Data from MEMR HIGH Hold Time 0 0 ns
TIDS Input Data to MEMR HIGH Setup Time 250 170 ns
TODH Output Data from MEMW HIGH Hold Time 20 10 ns
TODV Output Data Valid to MEMW HIGH 200 130 ns
TQS DREQ to CLK LOW (S|, S4) Setup Time 0 0 ns
TRH CLK to READY LOW Hold Time 20 20 ns
TRS READY to CLK LOW Setup Time 100 75 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 200 130 ns
TSTT ADSTB LOW from CLK HIGH Delay Time 140 90 ns
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE
Ta=0°C t0 70°C, Vo =5.0V +5%, GND=0V

8237 8237-2 i
Symbol Parameter Unit
Min. Max. Min. Max.
TAR ADR Valid or CS LOW to READ LOW 50 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 200 160 ns
TCW CS LOW to WRITE HIGH Setup Time 200 160 ns
TDW Data Valid to WRITE HIGH Setup Time 200 160 ns
TRA ADR or CS Hold from READ HIGH 0 0 ns
TRDE Data Access from READ LOW (Note 8) 200 140 ns
TRDF DB Float Delay from READ HIGH 20 100 0 70 ns
TRSTD Power Supply HIGH to RESET LOW Setup Time 500 500 us
TRSTS RESET to First IODWR 2TCY 2TCY ns
TRSTW RESET Pulse Width 300 300 ns
TRW READ Width 300 200 ns
TWA ADR from WRITE HIGH Hold Time 20 0 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 0 ns
TWD Data from WRITE HIGH Hold Time 30 10 ns
TWWS Write Width 200 160 ns
TIMING DIAGRAM #1 — SLAVE MODE WRITE TIMING
| TcW
cs
\C /
R — I<—TWC
|
TWWS J
oW N 7 |
—_— -——TWA
TAW
7
A0-A3 >‘ INPUT VALID
— TWOD
TOW
DB0-DB7 ‘EL INPUT VALID
TIMING DIAGRAM #2 — SLAVE MODE READ TIMING
s\ 4
X
A0-A3 —X ADDRESS MUST BE VALID 7(
f~— TAR “ ——! le—— TRA
TRW
OR jﬁr 1(
TRDE TRDF
s N
DB0-DB7 1\ DATA OUT VALID E—
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TIMING DIAGRAM #3 — DMA TRANSFER TIMING

HLDA

ADSTB

0B0-DB7

A0-A7

DACK

INTEOP

EXT EOP

T0Q ——‘ 00— I-—
— Y
THS —»] [ ‘
M AANARRRRRNNAR
TAEL TAET o]
L L—f
TSTL [« —t» e TEPS
: I
TASS TaK |
TFADB [+—1 L ] kTiAHS
: S e sl % TA‘FDG «—|TASM — ‘-—-—TAFAB
TFAAB 1 I } i TAHW TAHW
—{ ADDRESS VALID VALID ) J(
TAK |
f—] F—TAHR TAHR
4 j | ~
TFACI—| Toct TDCTR [+——+] Toct TDCTR [«——t»| —| i«—TaAFC
TN X Y
oo | TDCTW TDCTW [~—=]
{ £ \3L . \ 73; 1 |/ e
TDCL TAK
) (FOR EXTENDED WRITE) - Hl
TEPW E TAK
ANNN\\\\\\\\S' 7777044444744
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TIMING DIAGRAM #4 — MEMORY TO MEMORY TRANSFER TIMING

TAFC

TAFC

s0 s11 s12 s13 s1a s21 522 523 s24 s1
T__/
TSTL —— —TSTT TSTL [=— —»_{TSTT
ADSTB -\
K /|
TFAAB «4—‘ "—TAHS TASM|[~—1 —-—{ }‘—TIAHS TAFAB—
i
A0-A7 ADDRESS VALID ADDRESS VAL
TAFDB TAFDB
TFADB =
DB0-DB? AB-A15 IN AB-A15 < out —
X
TDCTR = TFADB | ‘
TFAC|— l-TbCL ! ToDV TODH
TIDH—] .
WEWR Tios—~{A
TOCTW —» (=

TFAC [+— l~TDCL | ‘.1 1

MEMW \ jL
N
TAK TAK
0P
TEPS —>| |—
TEPW
EXT EGP [
NMINWN\NWMWNNMNWNNNNNNNNN 777777777/

TIMING DIAGRAM #5 — READY TIMING

READY

TDCL

3

TDCTR ——j=——>

}

TDCL TDCL TOCTW — |
: =
EXTENDED e *—- -
WRITE TRH—» |«— —=| |~—TRH
TRS —| [«— [ TRS

AN

—
(/1)
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TIMING DIAGRAM #6 — COMPRESSED TRANSFER TIMING

s2 s4 s2 s4
CLK j )
TASM TASM
! r
A0-A7 ( VALID VALID
X
TDCTR TDCL |
TDCL | TDCTR
READ \
! / A\
el e —|  |~—TDCTW
TDCTW N\
WRITE \ N
el |«—TRH ——| |—TRH
ms-——i ~— Tns——v‘ —
READY 7' K J \

TIMING DIAGRAM #7 — RESET TIMING

+

Vee / |
[

RESET

TRSTD

TRSTW
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8257/8257-5
PROGRAMMABLE DMA CONTROLLER

s MCS-85™ Compatible 8257-5
m 4-Channel DMA Controller

m Priority DMA Request Logic

a Channel Inhibit Logic

m Terminal Count and Modulo 128
Outputs

= Single TTL Clock
m Single + 5V Supply
u Auto Load Mode

The Intel* 8257 is a 4-channel direct memory access (DMA) controlier. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA
cycies is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at
high speed between peripherals and memories.

PIN CONFIGURATION

OR[] 1 ~ A,
vow( 2 39 [Ag
MEMR[] 3 38 [0Ag
MEMW(] 4 37 [0A,
MARK (] 5 36 1]TC
READY[] 6 35 [JA;
HLDA[} 7 3 A,
ADSTB[] 8 33[0A,
AEN[] 9 8257 4 1A,
HRQ[] 10 31O Vee
csn 30 1o,
cik[] 2 29 [Jo,
RESET[] 13 28 [1o,
DACK 2{} 14 21{]o,
DACK 3(] 15 26 1D,
DrRa 3] 16
oRra2(} 17
ora 1} 18 230
DRQ O[] 19 22 o
GNo[] 20 21{]o,
PIN NAMES
D7-Dg |DATABUS AEN ADDRESS ENABLE
A7-Ag | ADDRESS BUS ADSTB ADDRESS STROBE
I/0R 1/0 READ TC TERMINAL COUNT
7OW [ 1/0 WRITE MARK MODULO 128 MARK
MEMR | MEMORY READ DRQ3-DRQp | DMA REQUEST
MEMW | MEMORY WRITE | INPUT
LK CLOCK INPUT DACK; DACKg DngAU;TxCKNDWLEDGE
RESET | RESET INPUT & ChiP SELECT
READY [ READY e T5VoLTS
HRQ MO ST GND GROUND
HLDA | HOLD ACKNOWLEDGE
(FROM 8080A)

BLOCK DIAGRAM

DATA

BUS
BUFFER

K=

I/OR -——=O)

1/OW =)

CLK ———|

RESET ————»
Ay =

Ay =]

Ay -]

READ/
WRITE
LOGIC

}=— DRQ O

Aa
Ag -t
AG

A, =—

HRQ =*+—
HLDA ————
MEMR -——)
MEMW «———)

AEN =
ADST8

CONTROL
LOGIC
AND
MODE
SET
REG.

=] CNTR p—= DACK 0
]
CH1 l~— ora 1
16
8IT
ADDR o
b—| CNTR }—= DACKT
]
CH2 f+—DRO2

16
BIT
ADDR

CNTR

|— DACK 2

CH-3

16
8IT
ADDR
CNTR

<+— DRQ 3

— DaCk 3

‘_I

PRIORITY
RESOLVER

)

I R S

MARK

INTERNAL

@ Intel Corporation, 1978
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FUNCTIONAL 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 Ag-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-Ays), and

4. Generates the appropriate memory and 1/O 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., asector of dataona
floppy disk) in a single “burst”. When the specified
number of data bytes have been transferred, the 8257
activates its Terminal Count (TC) output, informing the
CPU that the operation is complete.

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

Block Diagram Description
1. DMA Channels

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

Figure 1. 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 (DACKnR) 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
DACK output acts as a “chip select” for the peripheral
device requesting service. This line goes active (low)
and inactive (high) once for each byte transferred even if
a burst of data is being transferred.

2. Data Bus Buffer

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

(Do-D7)

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

BIT 15 BIT 14 TYPE OF DMA OPERATION
0 0 Verity DMA Cycle
0 1 Write DMA Cycle
1 0 Read DMA Cycle
1 1 (Ilegal)

Figure 2. 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 isa “slave’ device on
the system bus), the Read/Write Logic accepts the 11O
Read (JOR) or IO Write (FOW) 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/O read
and memory write (DMA write cycle) or I/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.

(I/OR)

1/0 Read: An active-low, bi-directional three-state line. In
the “siave” 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, |/OR is a control output which is used
to access data from a peripheral during the DMA write
cycle.

(I/OW)

1/0 Write: An active-low, bi-directional three-state line. In
the “slave” mode, it is-an input which allows the contents
of the data bus to be loaded into the 8-bit mode set register
or the upper/lower byte of a 16-bit DMA address register
or terminal count register. In the “master” mode, I/OWisa
control output which allows data to be output to a
peripheral during a DMA read cycle.

(CLK)

Clock Input: Generally from an Intel® 8224 Clock Gen-
erator device. (¢2 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.

6-118

(Ag-Ag

Address Lines: These least significant four address lines
are bi-directional. In the “slave” mode they are inputs
which select one of the registers to be read or
programmed. In the “master” mode, they are outputs
which constitute the least significant four bits of the 16-bit
memory address generated by the 8257.

(cs)

Chip Select: An active-low input which enables the 1/0
Read or I/O 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.

Figure 3. 8257 Block Diagram Showing
Read/Write Logic Function
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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.

(Ag-A7)

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

(READY)

Ready: This asynchronous input is used to elongate the
memory read and write cycles in the 8257 with wait states
if the selected memory requires longer cycles.

(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.

(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 location during
DMA Read cycles.

(MEMW)

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

(ADSTB)

Address 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. Itmay also
be used to disable (float) the System Address Bus by use
of an enable on the Address Bus drivers in systems to
inhibit non-DMA devices from responding during DMA
cycles. It may be further used to isolate the 8257 data bus
from the System Data Bus to facilitate the transfer of the 8
most significant DMA address bits over the 8257 data I/0
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
in an 1/O device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an I/0 device when the DMA address is on the
address bus. The I/0O device selection should be
determined by the DMA acknowledge outputs for the 4
channels.

(TC)

Terminal Count: This output notifies the currently
selected peripheral that the present DMA cycle should be
the last cycle for this data block. If the TC STOP bit in the
Mode Set register is set, the selected channel will be
automatically disabled at the end of that DMA cycle. TC is
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.

Figure 4. 8257 Block Diagram Showing Control Logic
and Mode Set Register
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5. Mode Set Register

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

LEnables DMA Channel 0
Enables DMA Channel 1

Enables DMA Channel 2
Enables DMA Channel 3

Enables EXTENDED WRITE
Enables ROTATING PRIORITY

Enables AUTOLOAD J
Enables TC STOP

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 enabied unless its
DMA address and terminal count registers contain valid
values; otherwise, an inadvertent DMA request (DRQn)
from a peripheral could initiate a DMA cycle that would
destroy memory data.

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

Rotating Priority Bit 4

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

—0O

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

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

Priority —»-
Assignments

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

Lowest

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

If the EXTENDED WRITE bitis set, the duration of both the
MEMW and [/OW signals is extended by activating them
eartier in the DMA cycle. Data transfers within micro-
computer systems proceed asynchronously to allow
use of various types of memory and 1/0O 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 toinsert 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 [/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 aillows the devices toreturn 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, it 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 chaining operations, without
immediate software intervention between blocks. Chan-
nel 2 registers are initialized as usual for the first data
block; Channel 3 registers, however, are used to store the
block re-initialization parameters (DMA starting address,
terminal count and DMA transfer mode). After the first
block of DMA cycles is executed by Channet 2 (i.e., after
the TC output goes true), the parameters stored in the
Channel 3 registers are transferred to Channel 2 during an
“update” cycle. Note that the TC STOP feature, described
above, has no effect on Channel 2 when the Auto Load bit
is set.
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If the Auto Load bit is set, the initial parameters for
Channel 2 are automatically duplicated in the Channel 3
registers when Channel 2 is programmed. This permits
repeat block operations to be set up with the programming
of a single channel. Repeat block operations can be used
in applications such as CRT refreshing. Channels 2 and 3
can still be loaded with separate values if Channe! 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 wili
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 the status register can be monitored by
the CPU to determine when the re-initialization process
has been completed so that the next block parameters can
be safely loaded into 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
Lelefof T 11

UPDATE FLAG

1 0

LTC STATUS FOR CHANNEL 0
TC STATUS FOR CHANNEL 1
TC STATUS FOR CHANNEL 2
TC STATUS FOR CHANNEL 3

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 update 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 ; . PARAMETERS
FORBLOCK 1 [* ™ |FOR BLOCK 2

=]
| s

1/0 WRITE

CHANNEL 2 UPDATE ) I

OCCURS HERE \

_.IPARAMETERS | _ _
|FOR BLOCK 3

—»

ETC — — — ——

CHANNEL 2 UPDATE

OCCURS HERE \

DRQ2

L

TC

I«~—~— DATA BLOCK 1— ———»{

- DATA BLOCK 2 ———={

|
| I

DATA BLOCK 3 —

UPDATE FLAG

Figure 5. Autoload Timing
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OPERATIONAL SUMMARY

Programming and Reading the 8257 Registers

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

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

8257 Register Selection

CONTROL INPUT Cs /oW I/0R A3

Program Half of a 0 0 1 0
Channel Register

Read Half of a 0 1 0 0
Channel Register

Program Mode Set 0 0 1 1
Register

Read Status Register 0 1 0 1

four channels. Because the “channel registers” are 16-
bits, two program instruction cycles are required to load
or read an entire register. The 8257 contains a first/last
(F/L) flip flop which toggles at the completion of each
channel program or read operation. The F/L flip flop
determines whether the upper or lower byte of the register
is to be accessed. The F/L flip fiop 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 CSto
clock while either I7OR or [/OW is active, as this will cause
an erroneous F/L flip flop state. In systems utilizing an
interrupt structure, interrupts should be disabled prior to
any paired programming operations to prevent an
interrupt from splitting them. The resuit of such a split
would leave the F/L F/F inthe wrong state. This problem is
particularly obvious when other DMA channels are
programmed by an interrupt structure.

ADDRESS INPUTS *BI-DIRECTIONAL DATA BUS

REGISTER BYTE Al A | Al A F/L p;| be | Ds | Ds | D3 | D2 o, | Do
CH-0 DMA Address LsSB 0 0 0 0 0 Ar | Ac | As | As | Az | A | Ay Ay

MSB 0 0 0 0 1 Ais { Ais | Ay | Az | A [ Ao | Ag Ag
CH-0 Terminal Count LSB 0 0 1] 1 0 C{C | Cs|CsifCs|C|C1 |Co

MSB 0 0 0 1 1 Rd | Wr|{Cii|Ci2|Cii |Cio| Co Cs
CH-1 DMA Address LSB 0 0 1 0 0

MsB 0 0 1 0 1 Same as Channel 0
CH-1 Terminal Count LsSB 0 0 1 1 0

MSB 0 0 1 1 1
CH-2 DMA Address LSB 0 1 0 0 0

MSB 0 1 0 o 1 Same as Channel 0
CH-2 Terminal Count LSB 0 1 0 1 0

MSB [ 1 0 1 1
CH-3 DMA Address LSB 0 1 1 0 0

MsB 0 1 1 0 1 Same as Channel (
CH-3 Terminal Count LSB ] 1 1 1 (]

MSB 0 1 1 1 1
MODE SET (Program only) — 1 0 0 0 1] AL |TCS| EW | RP |EN3 |EN2 | EN1 |[ENO
STATUS (Read only) — 1 0 0 0 0 0 0 0 UP | TC3 |TC2 | TC1 |TCO

*Ao-A1s: DMA Starting Address, C¢-C,3: Terminai Count vaiue (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection,
AL: Auto Load, TCS: TCSTOP, 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

S| J—

SAMPLE DRQn LINES Ran
> SET HRQ IF DRQn = 1
lDRQn l—
SO J—
SAMPLE HLDA HLDA
RESOLVE DRQn PRIORITIES

lHLDA ;

$1
PRESENT AND LATCH
UPPER ADDRESS
PRESENT LOWER ADDRESS

;

§2
ACTIVATE READ COMMAND
ADVANCED WRITE COMMAND
AND DACKn

READY - sw
ACTIVATE WRITE COMMAND Veriey | sameLe | READY
ACTIVATE MARK AND TC READY
IF APPROPRIATE LINE

| —

READY

lREADV + VERIFY

sS4
RESET ENABLE FOR CHANNEL N IF
TC STOP AND TC ARE ACTIVE
DEACTIVATE COMMANDS.
- DEACTIVATE DACKn, MARK AND TZ
DRQn - HLDA SAMPLE DRQn AND HLDA.
RESOLVE DRQn PRIORITIES.
RESET HRQ IF HLDA =0 OR DRQ = 0.

lHLDA +DRQn

1 DRQn refers to any DRQ line on an enabled DMA channel.

Figure 6. DMA Operation State Diagram

DMA OPERATION
Single Byte Transfers

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

read and write commands and byte transfer occurs be-
tween the selected 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 1/0 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 1/0 Configurations

The 8257 can be connected to the system bus as a memory
device instead of as an |/O device for memory mapped /0
configurations by connecting the system memory control
lines to the 8257's 1/O control lines 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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MEMRD
MEMWR

8257 R
1/G RD

TOWR

BIT 15 BIT 14
i70 RD READ WRITE
O WR 0 0 DMA Verify Cycle
MEM RD 0 1 DMA Read Cycle
MEMWR 1 0 DMA Write Cycle
1 1 lllegal

Figure 7. System Interface for Memory Mapped 1/0

SYSTEM APPLICATION EXAMPLES

Figure 8. TC Register for Memory Mapped /0 Only
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Figure 9. Floppy Disk Controller (4 Drives)
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Figure 10. High-Speed Communication Controller
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Figure 11. Detailed System Interface Schematic
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . . ... .. 0°C t0 70°C
Storage Temperature . . ... ......... —65°C to +150°C
Voltage on Any Pin

With Respect to Ground . . . ... ...... —0.5V to +7V
Power Dissipation . . .. .. ... o 1 Watt

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vg = +5V £ 6%, GND = 0V

*COMMENT: 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. UNIT | TEST CONDITIONS
Vi Input Low Voltage -0.5 0.8 Volts
ViH Input High Voltage 2.0 Vee+.5 Volts
VoL Qutput Low Voltage 0.45 Volts | lg = 1.6 mA
VoH Output High Voltage 2.4 Vee Volts | lgn=-150uA for AB,
DB and AEN
lon=-80uA for others
VHH HRQ Output High Voltage 3.3 Vee Volts | lon = -80uA
Icc Vcc Current Drain 120 mA
(IR Input Leakage +10 MA Vin = Ve te OV
lorL Output Leakage During Float +10 HA Vout = Ve to OV
CAPACITANCE
Tp = 25°C; Vg = GND =0V
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | TEST CONDITIONS
CiN Input Capacitance 10 pF fc = 1MHz
Cio 1/O Capacitance 20 pF Unmeasured pins
returned to GND
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE
Ta = 0°Cto 70°C, Ve = 5.0V £6%; GND = 0V (Note 1).

8080 Bus Parameters

Read Cycle:
8257 8257-5
Symbol Parameter Min. Max. | Min. Max. | Unit Test Conditions
TaR Adr or CS} Setup to RDY 0 ns
TRA Adr or CS? Hold from RD1 ns
TrRD Data Access from RD{ 0 300 0 200 ns (Note 2)
Toe DB-Float Delay from RD?1 20 150 20 100 ns
TrRR 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 0 ns
Tow Data Setup to WRt 200 200 ns
Two Data Hold from WR t 0 0 ns
Toww WR Width 200 200 ns
Other Timing:
8257 8257-5
Symbol Parameter Min Max. Min. Max Unit Test Conditions
TrsTW Reset Pulse Width 300 300 ns
TrsTD Power Supply® (Vcc) Setup to Resetl 500 500 us
Tr Signal Rise Time 20 20 ns
T Signal Fall Time 20 20 ns
TrsTs Reset to First [/OWR 2 2 . tey I
Notes: 1. All timing measurements are made at the folowing reference voltages unless specified otherwise : Input 1" at 2.0V, “0” at 0.8V

2. 8257: C|_= 100pF, 8257-5:

CL = 150pF.

Output 1" at 2.0V, 0" at 0.8V

8257 PERIPHERAL MODE TIMING DIAGRAMS

Write Timing:
—Taw—=| "“TWA
CHIP SELECT
! |
ADDRESS BUS x
e Tag e —aTyale—
—
DATA BUS K
X ‘
T
e Ty —— = Typ >t
N -\ |
176 WR N\

Reset Timing:

Read Timing:
|
'k*ﬁm* r“—’\’TRA
ADDRESS BUS X —"X
i
Tar — eTra

DATABUS ~———— e .3

Input Waveform for A.C. Tests:

24

70 20
= resteomTs 7T
08 o8

0.45
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A.C. CHARACTERISTICS: DMA (MASTER) MODE T, = 0°C to 70°C, Vcc = +5V 5%, GND = 0V

Timing Requirements

8257 8257-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
Tey Cycle Time (Period) 0.320 4 0.320 4 us
To Clock Active {High) 120 .8Tcy 80 8Ty ns
Tas DRQ? Setup to 81 (S, S4) 120 120 ns
Tau DRQ! Hold from HLDA? (4] 0 0 ns
Tus HLDA? or {Setup to 81(Sl, S4) 100 100 ns
Trs READY Setup Time to 61 (S3, Sw) 30 30 ns
TrH READY Hold Time from 61 {S3, Sw) 20 20 ns

Note: 4. Tracking Parameter.

Tracking Parameters

Signals labeled as Tracking Parameters (footnotes 4-7 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 rela-
tionship between all these parameters is constant. The variation is less than or equal to 50 ns.

Suppose the following timing equation is being evaluated,

Taminy + Temax) <150 ns

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

Taming + (Teminy® + 50 ns) =< 150 ns

*if Ta and Tg are tracking parameters
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A.C. CHARACTERISTICS: DMA (MASTER) MODE T, = 0°Cto 70°C, Viec = +6V +5%, GND = 0V

Timing Responses

8257 8257-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. | UNIT
Tba HRQ? or {Delay from 6 1(SI,54) 160 160 ns
{measured at 2.0v)l1
Tban HRQ? or |Delay from 0 1(S1,S4) 250 250 ns
(measured at 3.3v)!3!
TaEL AEN? Delay from 0 4(S1)1"} 300 300 ns
TaET AEN/ Delay from 81 (S)!7! 200 200 ns
TaEA Adr(AB)(Active) Delay from AEN1(S1)14] 20 20 ns
TraAB Adr(AB)(Active) Delay from 81(S1)I2! 250 250 ns
TAFAR Adr(AB)(Float) Delay from 61(S1)!2! 150 150 ns
Tasm Adr(AB)(Stable) Delay from 81(S1){2! 250 250 ns
TAH Adr(AB)(Stable) Hold from 1(S1)!2l Tasm-50 Tasm-50 ns
TAHR Adr(AB)(Valid) Hold from Rd1(S1,51)14! 60 60 ns
Tanw Adr(AB)(Valid) Hold from Wrt(S1,S1){4] 300 300 ns
TrADB Adr(DB){Active) Delay from 61(S1)I2! 300 300 ns
TAFDB Adr(DB)(Float) Delay from 0 1(S2)(2} TsT7+20 250 TsTT120 170 ns
Tass Adr(DB) Setup to AdrStbl(S1-52)14] 100 100 ns
TaHS Adr(DB)(Valid) Hold from AdrStb4(S2)!4 50 50 ns
TsTL AdrStb?1 Delay from 9 1(S1)(1 200 200 ns
TstT AdrStb| Delay from 0 1(S2)I1] 140 140 ns
Tsw AdrStb Width ($1-52)141 Tey-100 Tcy-100 ns
Tasc Rd4 or Wr(Ext){ Delay from AdrStb{(S2){4} 70 70 ns
Tbac Rd{ or Wr(Ext){ Delay from Adr(DB) 20 20 ns
(Float}(S2)[4!
Tak DACK? or {Delay from 01(S2,S1) and 250 250 ns
TC/Mark? Delay from 6 1(S3) and
TC/Mark{ Delay from 61 (S4)!*.5]
TocL Rd{ or Wr(Ext)! Delay from 81(S2) and 200 200 ns
Wri Delay from 61(S3)!26]
Toct Rd* Delay from 64(S1,SI) and 200 200 ns
Wrt Delay from 61(S4)(2.7}
TrAC Rd or Wr (Active) from 61(S1)!12! 300 300 ns
Tarc Rd or Wr (Float) from 61(S1){2] 150 150 ns
TRWM Rd Width (S2-S1 or S1)i41 2Tcy + Tg-50 2Tcy + To-50 ns
Twwm Wr Width (S3-S4)14] Tcy-50 Tey-50 ns
Twwme | Wr(Ext) Width (S2-S4)14] 2Tcy-50 2Tcy-50 ns
Notes: 1. Load=1TTL. 2. Load=1TTL+50pF. 3. Load=1TTL + (R =3.3K), Vo =3.3V. 4. Tracking Parameter.

. ATAK <50ns. 6. ATpcL <50ns. 7. ATpcT <50 ns.
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DMA MODE WAVEFORMS

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE
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MEMMR/IIOWR — — = = \3 LN J[b —_————
[ Twwme —>|
Trs ht——
}‘—TR
READY N /  \
Tak—= e
_—.JEiTAK
TC/MARK _ _ _ J / \
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NOTE: The clock waveform is
duplicated for clarity.
The 8257 requires only
one clock input.
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Figure 12. Consecutive Cycles and Burst Mode Sequence
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DRQ O3 \

e Ty | e T
il_*.__
HLDA

Taer ™™
AEN _/
Figure 13. Control Override Sequence
so ; s | 82 { $3 ’ SwW ’ sw ‘ 54 i S i Si ! Si
e VAWA AVAVAVAN
“’i Tas
DRQ 0-3 ﬁK— —————— i

\
A
Trs "‘f I+ Tas
READY f‘ \ -

TC/MARK / X o

Figure 14. Not Ready Sequence
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PROGRAMMABLE INTERRUPT CONTROLLER

n 8086/8088 Compatible s Programmable Interrupt Modes

= MCS-80/85™ Compatible a Individual Request Mask Capability
m Eight-Level Priority Controller = Single + 5V Supply (No Clocks)

= Expandable to 64 Levels m 28-Pin Dual-In-Line Package

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 originaily written for the 8259 will operate the
8259A in alt 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

PIN CONFIGURATION BLOCK DIAGRAM
—\J_—‘ INTA INT
Cs |
cs 28 [ v
wr(]:2 2714, ~
RO[]3 26 [JINTA
o, 25 [11R7
DATA SN
045 2a71R6 D’_Do<::’> AT :: CONTROL LOGIC
o, []6 23[7iRs g BUFFER
T
0,47 22[11R4a |
8259A
0,08 21[71R3 [
0,9 20 [11R2 {
o, 0 19 [k ﬁl i lﬁ
D, [ 1 18 [J 1RO _ 'R0
caso[]12 17 [JINT RD —=0 ;—m
P WA ——=a  READ/
cas1]13 16 [1SP/EN WA WRITE  |-—d N INTERRUPT| :::
LOGIC SERVICE PRIORITY REQUEST |
GNDE 14 15 :ICASZ AO -1 REG @RESOLVERC REG j=-—— IR4
(ISR) (IRR) RS
i [-——1R6
cs j=—1R?7
PIN NAMES
D,-D, DATA BUS (81 DIRECTIONAL)
RD READ INPUT CASO =—= Q INTERRUPT MASK REG
WR CASCADE (tMR)
WR WRITE INPUT cAs 1 Fprisey
Ay COMMAND SELECT ADDRESS COMPARATOR
— CAS 2 =]
cs CHIP SELECT
CAS2-CASO _ CASCADE LINES ? \
SP/EN SLAVE PROGRAM /ENABLE BUFFER HIEN ——————— INTERNAL BUS
INT INTERRUPT OUTPUT .y
INTA INTERRUPT ACKNOWLEDGE INPUT
\RO-1R7 INTERRUPT REQUEST INPUTS
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INTERRUPTS IN MICROCOMPUTER
SYSTEMS

Microcomputer system design requires that 1/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 reterred
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.

8259A BASIC FUNCTIONAL DESCRIPTION
GENERAL

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 /0
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

match his system requnrements Theprie
be changed or reconfigured dynamically at at
ing the main program. This means that the :
interrupt structure can be defined as reqwred bas d oni
the total system environment.

CPU-DRIVEN
MULTIPLEXOR
CPU

T —\
|

@ 10 (1)

N

RAM

1

ROM

!

<:> 10 (2)

I'_ -7/
<::">| 10 (N) :————
| 1
| S
A4
Polled Method
CPU INT
AN

RAM <:> ] e

ROM X K ) 1o (1

<:> 110 (2)

TTTTM

i 1
<:> vom —
1 1

[ |

Interrupt Method
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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
VOH level on this line is designed to be fully compatible
with the 8080A, 8085A, 8086 and 8088.

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.

8259A Block Diagram

BUFFER

8259A Block Diagram

Ao

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

This function block stores and compares the IDs of all
B8259A’s used in the system. The associated three /O
pins (CAS0O-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 CASO-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).

. 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 puise.

.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.

. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU group.

. These two INTA pulses allow the 8259A to release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and and the higher 8-bit address is re-
leased at the second INTA pulse.

7. This completes the 3-byte CALL instruction released

by the 8259A. In the AEOI mode the ISR bit is reset at

the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EOl command is
issued at the end of the interrupt sequence.

N

H

w

[=2]

The events occuring in an 8086/8088 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 8086/8088 CPU will initiate a second
INTA pulse. During this puise, 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 untii an
appropriate EOl command is issued at the end of the
interrupt subroutine.

If no interrupt request is presen!
sequence (i.e., the request was to0 shor 3

8259A will issue an interrupt level 7. BSth the, ved
bytes and the CAS lines will look like an inte g

was requested.

CASCADE

8259A Block Diagram

ADDRESS BUS (16)

CONTROL BUS

II/OR II/OW[INT INTA

DATA BUS (8)

|

+—{caso
CASCADE
LINES oAy
«——afcas2

SPIEN

& 4,

D,D, RD WR INT INTA

8259A

IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
7 6 5 4 3 2 1 0

O

|

SLAVE PROG./

ENABLE BUFFER

LT

T
INTERRUPT
REQUESTS

8259A interface to Standard System Bus

6-135



8259A/8259A-2/8259A-8

INTERRUPT SEQUENCE OUTPUTS
MCS-80/85 MODE

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

Content of First Interrupt
Vector Byte

D7 Dé DS D4 03 02 D1 Do

CALL CODE [ 1 1 ] 0 1 1 0 1 |

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

Content of Second Interrupt

Vector Byte
IR Interval = 4
D7 Dé DS D4 D3 D2 D1 DO
7 A7 A8 AS 1 1 1 0 0
6 A7 A6 A5 1 1 ] 0 0
5 A7 A6 A5 1 0 1 0 0
4 A7 A6 A5 1 0 0 0 0
3 A7 A6 AS 0 1 1 ] 0
2 A7 A6 A5 0 1 0 0 0
1 A7 A6 AS 0 0 1 0 0
0 A7 A6 AS 0 0 0 0 0
IR Interval =8
o7 D8 D5 D4 03 D2 D1 00

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 o} 0
4 A7 A6 1 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 0

During the third INTA pulse the,hig
appropriate service routine, which’ was progr
byte 2 of the initialization sequenée (Ag
enabled onto the bus.

ress of the
fed as

Content of Third Interrupt
Vector Byte
D7 D8 05 D4 D3 D2 D1 DO
[Tas T ata [ az T a2z [ ann ] ato [ a9 | a8 ]

8086/8088 Mode

8086/8088 mode is similar to MCS80/85 mode
except that only two interrupt Acknowledge cycles are
issued by the processor 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 inter-
rupts for priority resolution and as a master it
issues the interrupt code on the cascade lines at the
end of the INTA pulse. On this first cycle it does not
issue any data to the processor and leaves its data bus
buffers disabled. On the second interrupt acknowledge
cycle in 8086/8088 mode the master (or slave if so
programmed) will send a byte of data to the processor
with the acknowledged interrupt code composed
as follows (note the state of the ADI mode control
is ignored and As-Ay are unused in 8086 /8088 mode):

D7 D6 DS D4 D3 D2 D1 DO
IR7 T7 16 T5 T4 T3 1 1 1
IR6 17 T6 T5 T4 T3 1 1 0
IRS T7 T6 T5 T4 T3 1 0 1
IR4 T7 T6 T5 T4 T3 1 0 0
IR3 T7 T6 T5 T4 T3 [0} 1 1
1R2 T7 T6 T5 T4 T3 [¢] 1 0
IR1 T7 T6 T5 T4 T3 Q 0 1
1RO T7 T6 T5 T4 T3 o (¢} 0
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PROGRAMMING THE 8259A

The 8259A accepts two types of command words gen-
erated by the CPU:

. Initialization Command Words (ICWs): Before normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2
to 4 bytes timed by WR pulses. This sequence
is described in Figure 1.

. Operation Command Words (OCWs): These are the
command words that are sent to the 8259A for var-
ious forms of operation, such as:

Interrupt Masking
End of Interrupt
Priority Rotation
Interrupt Status

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

INITIALIZATION
GENERAL

Whenever a command is issued with AO=0: -and:D4
this is interpreted as Initialization Command "Wor
(ICW1). ICW1 starts the initialization sequence durmg
which the following automatically occur. :

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

b. The Interrupt Mask Register is cleared.

c. R7 input is assigned priority 7.

d. The slave mode address is set to 7.

e. Special Mask Mode is cleared and Status Read is

set to IRR.

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

‘Note: Master/Slave in ICW4 is only used in the buffered mode.

A, D. D, RD WR cs INPUT OPERATION (READ)
0 0 1 0 IRR, ISR or Interrupting Levei—»DATA BUS (Note 1)
1 0 1 0 IMR —»DATA BUS
OUTPUT OPERATION (WRITE)
0 0 0 1 0 0 DATA BUS » OCW?2
0 0 1 1 0 0 DATA BUS = OCW3
0 1 X 1 0 0 DATA BUS—»ICW1
1 X X 1 0 0 DATA BUS = OCW1, ICW2, ICW3, ICW4 (Note 2)
DISABLE FUNCTION
X X X 1 1 0 DATA BUS — 3-STATE 'NO OPERATION.
X X X X X 1 DATA BUS — 3-STATE NO OPERATION:

Notes: 1 Selection of IRR, ISR or interrupting Level is based on the content

of OCWS3 written before the READ operation

2 On-chip sequencer logic queues these commands into proper sequence

8259A Basic Operation
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

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

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

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

In an MCS-86 system T7-T3 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. Ajg-Ag are ignored and ADI (Ad-
dress Interval) has no effect.

LTIM: |If LTIM=1, then the B259A 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.

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.

SNGL:

This word is read only when the
8259A in the system and cascading \ ;
case SNGL = 0. It will load the 8-bit slave régxsier T
functions of this register are:

a. In the master mode (either when SP = 1, or in buf:
fered mode when M/S = 1in ICW4) a “1” is set for
each slave in the system. The master then will re-
lease byte 1 of the call sequence (for MCS-80/85
system) and will enable the corresponding slave to
release bytes 2 and 3 (for 8086/8088 only
byte 2) through the cascade lines.

b. In the slave mode (either when SP = 0, or if BUF = 1
and M/S = 0in 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 8086/8088)
are released by it on the Data Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)

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

programmed.

it BUF = 1 the buffered mode is programmed. In

buffered mode SP/EN becomes an enable outptﬁ

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 siave. I
BUF =0, M/S has no function.

BUF:

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 MCS-86 system operation.

o7 De 05 4 03 D2 D1 00
[ 0 a7 ") AS 1 LTIM ADI SNGL Ica l IcW1
I 1 A15/T7 A14/T6 A13/TS A12/T4 A11/73 A0 AY As I'cwz
)
(SNGL=1)
NO (SNGL=0)
[ 1 s7 s8 s§ s4 sa s2/102 s1/101 $0/1D0 ] w3
NO /lcm
(1IC4 = 0)
YES (CA=1)
r 1 0 0 0 SFNM BUF ws AEOI ,m]ncm
[ READY TO ACCEPT INTERRUPTS J

Figure 1. Initialization Sequence
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cwi
A O 05 L3 04 0y ) 0, Oy

I o [A, [ AGI %T ) 1LT.MIAD. ISNGL |04]
— 1. ICW4 NEEDED
0= NO ICW4 NEEDED

1= SINGLE
0 = CASCADE MODE

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

1 = LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE

A;-As of INTERRUPT
VECTOR ADDRESS
(MCS-80/85 MODE ONLY)

icw2

A 5-Ag OF INTERRUPT
VECTOR ADDRESS

A% D Dg O O Dy D,
' Ars/ [A1a/ [Ara/ A2/ (A R
Tr| /Tef /Ts| /Ta] / T} "
(MCS80/85 MODE)
T,-T, OF INTERRUPT

ICW3 (MASTER DEVICE) VECTOR ADDRESS
(80868088 MODE)
B Oy Dy D D O

CLLLL DT o]
(T e

0 < IR INPUY DOES NOT HAVE

A SLAVE
1CW3 (SLAVE DEVICE)
a 0O, Dg O, D, D, D, D D,
I\l010{0[010[!02100‘11001
SLAVE 1011

o|1/2|3|4[5]|6]7
ojrjojtjojr]jofr
Olojr]rjoq0fr ]
olojojofr|ri{r]

cwa
Ao D7 De Os 04 O3 D2 Dy Do

o [

SFNM! BUF

m/S ]AEOI} uPMl

1 i 8086/8088 MODE

MCS-80/85 MODE

1 AUTO EO!
0= NORMAL EO!I

— NON BUFFERED MODE
110 |- BUFFERED MODE/SLAVE
{__1_ 11 ]- 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.

Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

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

OPERATION CONTROL WORDS (OCWs)

ocwi

A0 7 D8 D5 D& D3 D2 D1 DO

E] [M7 M6 M5 M4 M3 M2 M1 Mo
ocwz

E [rR st e o 0 L U |
ocws

[o] [0 esMmsmMm o 1 P FRR mis|

OPERATION CONTROL WORD'1 (0

OCW1 sets and clears the mask bits,
Mask Register (IMR). M; — M, represent ‘the ‘éig
bits. M=1 indicates the channel is»mas
(inhibited), M = 0 indicates the channel is enabled.:.

upt

OPERATION CONTROL WORD 2 (OCW2)

R, SL, EOl — These three bits control the Rotate and
End if 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 level
acted upon when the SEOQI 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 normai mask mode.
When ESMM = 0, SMM has no effect.
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ocwy
o, D0, 0, O D

ulm :lm[mMm[m]
R

ocw?

A

CLLel L]

o

LT

INT!
1

ERRUPT MASK
MASK SET
MASK RESET

iR LEVEL TO BE

ACTED UPON
o 1 27134 516 7
oo e yjiof
ofo] tjojoj1 |1
ojojofol 1 111

Non-specific EOl Command

* Specitic EOl Command

Rotate On Non-Specific EOl Command
Rotate In Automatic EOl Mode (SET)
Rotate In Automatic EOl Mode (CLEAR)
*Rotate On Specitic EOl Command
*Set Priority Command

No operation

=[=l={elole]-|e

olol-lo|lol~]-]-

ol=|=|o|=]=]co

*LO-L2 are used

} END OF INTERRUPT

AUTOMATIC ROTATION

} SPECIFIC ROTATION

ocw3
4% 0 By b DB, Dy D, D D

(L =l [ [ T=T]

RR

READ REGISTER COMMAND

DON'T
CARE o 1 o 1
0 ] 1 1
READ | READ
IRREG | ISREG
NO ACTION ONNEXT | QN NEXT
RO PULSE | AD PULSE

t = POLL COMMAND
0 = NO POLL COMMAND

SPECIAL MASK MODE

o 1 0 1
o o 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Operation Command Word Format
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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.

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 (lower as well as higher) that
are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

The special Mask Mode is set by OCW3 where:
SMM = 1, SMM = 1, and cleared where SMM = 1,
SMM = 0.

BUFFERED MODE

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

The buffered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. in this
mode, 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
2 in ICW4 determines whether it is a master or a slave.

FULLY NESTED MODE

mode is programmed. The mterrupf
ordered in priority form 0 through 7 (0 hlghesﬂ When
interrupt is acknowledged the highest priority request i
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 (EOI) command immediately before
returning from the service routine, or if AEO! (Automatic
End of Interrupt) bit is set, until the trailing edge of the
last INTA. While the IS bit is set, all further interrupts of
the same or lower priority are inhibited, while higher
levels will generate an interrupt (which will be
acknowledged only if the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware).

After the initialization sequence, IRO has the highest

priority and IR7 the lowest. Priorities can be changed,
as will be explained, by priority rotation.

THE SPECIAL FULLY NESTED MODE

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

a. When an interrupt request from a certain siave 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 (EOI) 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.
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POLL

In this mode the microprocessor internal Interrupt
Enable flip-flop is reset, disabling its interrupt input.
Service to devices is achieved by programmer initiative
using a Poll command.

The Poll command is issued by setting P="1"in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e.,
RD=0, C5=0) as an interrupt acknowiedge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:

D?7 D8 DS D4 D3 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 comm-
mon to several levels so that the INTA sequence is not
needed (saves ROM space). Another application is to
use the poll command to expand the number of priority
levels to more than 64.

END OF INTERRUPT (EOI)

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

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

However, when a mode is used which may disturb the
fully nested structure, the 8269A may no longer be able
to determine the last level acknowledged. In this case a
Specific End of Interrupt (SEOI) must be issued which
includes as part of the command the IS level to be reset.
EOl is issued whenever EQOl = 1,in OCW2, where LO-L2
is the binary level of the IS bit to be reset. Note that
although the Rotate command can be issued together
with an EQl where EOIl = 1, it is not necessarily tied to it.

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EO! 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 ICW4. 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,

this mode should be used only wﬁen a nest
|nterrup1 structure is not reqmred wsthm a Sl

is a special rotate flip-flop. It is set by O'CW~2 with
R = 1, SL = 0. EOl = 0, and cleared with R =0,
SEOI = 0, EOI = 0.

AUTOMATIC ROTATION
(Equal Priority Devices)

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

Before Rotate (IR4 the highest priority requiring service)

IS7 1S6 1SS IS4 IS3 IS2 1SV IS0

“IS” Status fo] JoJ 1 JoJa]oJo]
Lowo‘n Priority Highest Priority
Priority Status [7]e]s]a]s]2]1 o]

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

Llf:lli&llzsllzl]lzlllozll? LIOJ

Highest Priority

“1S" Status

Lowest Priority

Isz\To[7+{[5[4L3J

Priority Status

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

SPECIFIC ROTATION
(Specific Priority)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IRS 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, SEOI = 1; LO-L2 is the binary priority level code
of the bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, it is independ-
ent of the End of interrupt (EOl) command (also exe-
cuted by OCW2). Priority changes can be executed dur-
ing an EO!l command by using the Rotate on Specific
EOI Command in OCW2 (R = 1, SL = {, EOl = 1 and
LO-L2 = IR level to receive bottom priority).
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ST";DIG'; TO OTHER PRIORTY CELLS
= o
1= LEVEL "
CLA ol —oisnar
EDGE SET
SENSE
LATCH C T ‘ SET ISR ::'s?;:'v’:a
[ Nﬂ IN-SERVICE
- LATCH
[

REQUEST

SET LATCH

CONTROL
LOGIC

NON-

o a

MASKED
REQ

MCS80/85
MODE

1

INTERNAL

INTA

FREEZE

8086 /8088
MODE

READ IRR
WRITE MASK

FREEZE

NOTES

DATA BUS

MASTER CLR
READ ISR
READ IMR

1. MASTER CLEAR ACTIVE ONLY DURING iCW1
2. FREEZE/ IS ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY

3. TRUTH TABLE FOR D-LATCH
c | 06 | @

I

OPERATION

IR

Priority Cell — Simplified Logic Diagram

FOLLOW
HOLD

LEVEL TRIGGERED MODE
This mode is programmed using bit 3 in ICW1.

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 above figure shows a conceptual circuit to give the
reader an understanding of the level sensitive and edge
sensitive input circuitry of the 8259A. Be sure to note
that the request latch is a transparent D type latch.

READING THE 8259A STATUS

The input status of several internal registers can be
read to update the user information on the system.
The following registers can be read via OCW3
(IRR and ISR or OCW1 (IMR).

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

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

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

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

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

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

After initialization the 8259A is set to IRR.

For reading the IMR, no OCW3 is needed. The output
data bus will contain the IMR whenever RD is active and
A0 = 1 (OCW1).

Polling overrides status read when P = 1, RR = 1 in
OCwa.
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SUMMARY OF 8259A INSTRUCTION SET

inst. # Mnemonic AO D7 D8 D5 D4 D3 D2 DY DO Operation Description -~
1 ICW1 A 0 A7 A8 A5 1 0 1 1 0 Format = 4, single,/ é&gé (r"lglgere&'
2 ICwi B 0O A7 A6 A5 1 1 1 1 0 Format = 4, single, level {figgered:
3 ICwt1 C 0 A7 A8 A5 1 0 1 [} 0 Byte 1 Initialization Format = 4, not single, edge trig‘ggré
4 ICW1 D 0 A7 A6 A5 1 1 1 V] 0 Format = 4, not single, level trigcered
5 ICWt E 0 A7 A6 O 1 o 0 1 0 No ICW4 Required  Format = 8, singie, edge triggered
[] ICW1Y F 0 A7 A6 O 1 1 0 1 0 Format = 8, single. level triggered
7 ICW1 G 0 A7 A6 O 1 ] 0 0 0 Format = 8, not single, edge triggered
8 ICW1 H 0 A7 A6 O 1 1 0 0 0 Format = 8, not single, level triggered
9 ICW1 0 A7 A6 A5 1 0 1 1 1 Format = 4, single, edge triggered
10 ICW1 J 0 A7 A6 A5 1 1 1 1 1 Format = 4, singie, level triggered
1 ICW1 K 0 A7 A6 A5 1 0 1 0 1 Byte 1 Initialization  £ormat = 4, not single, edge triggered
12 ICW1 L 0 A7 A6 A5 1 1 t 0 1 Format = 4, not single, level triggered
13 ICW1 M 0 A7 A6 O 1 0 0 1 1 ICW4 Required Format = 8, single, edge triggered
14 ICW1 N 0 A7 A6 O 1 1 0 1 1 Format = 8, single, level triggered
15 ICW1 O 0 A7 A6 O 1 0 0 0 1 Format = 8, not single, edge triggered
16 ICW1 P 0 A7 A6 © 1 1 0 0 1 Format = 8, not single, ievel triggered
17 ICW2 1 A15 A14 A13 A12 A11 A10 A9 A8 Byte 2 initialization
18 ICW3 M 1 S7 S6 S5 S4 S3 82 S1 SO Byte 3 initialization — master
19 ICW3 s 1 0 o 0 0 0 82 S SO Byte 3 initialization — slave
20 ICW4 A 1 0 0 0 ] 0 0 0 0 No action, redundant
21 ICw4 B 1 0 0 0 0 0 0 0 1 Non-buffered mode, no AEOI, 8086/8088
22 ICws C 1 o 0 0o o0 0 0 1 0 Non-buffered mode, AEOI, MCS-80/85
23 ICW4 D 1 0 0 0 0 0 0 1 1 Non-buffered mode, AEOI, 8086/8088
24 ICW4 E 1 0 0 1] 0 0 1 0 0 No action, redundant
25 ICW4 F 1 0 0 0 0 0 1 0 1 Non-buffered mode, no AEOI, 8086/8088
26 ICwa G 1 0 0 0 0 0 1 1 o] Non-buffered mode, AEOI, MCS-80/85
27 ICW4 H 1 0 0 0 0 0 1 1 1 Non-buffered mode, AEOI, 8086/8088
28 Icwa | 1 0 0 0 0 1 (4] 0 0 Buffered mode, slave, no AEOI, MCS-80/85
29 ICW4 1 o o0 0 0 1 0 o 1 Buffered mode, slave, no AEOI, 8086/8088
30 ICW4 K 1 0 0 4] 0 1 (] 1 [¢] Buffered mode, slave, AEOI, MCS-80/85
31 ICW4 L 1 0 0 0 0 1 [} 1 1 Buffered mode, slave, AEOI, 8086/8088
32 ICW4 M 1 0 0 o} [ 1 1 c 0 Buffered mode, master, no AEOI, MCS-80/85
33 ICW4 N 1 0 0 0 0 1 1 0 1 Buffered mode, master, no AEOI, 8086/8088
34 ICW4 O 1 0 0 0 [} 1 1 1 0 Buffered mode, master, AEOI, MCS-80/85
35 ICW4 P 1 0 0 0 0 1 1 1 1 Buffered mode, master AEOI, 8086, 8088
36 ICW4 NA 1 0 0 0 1 0 0 0 0 Fully nested mode, MCS-80, non buffered, no AEOI
37 ICW4 NB t o o 0 v 0 0 0 1 ICW4 NB through ICW4 ND are identicai to
38 ICW4 NC 1 0 0 0 1 0 0 1 0 ICW4 B through ICW4 D with the addition of
39 ICW4 NOD Tt 0 0 0 1t 0 0 1 1 Fully Nested Mode
40 ICW4 NE 1 0 0 0 1 0 1 0 0 Fully Nested Mode, MCS-80/85, non-buffered, no AEOI
41 ICW4 NF 1 0 0 0 1 0 1 0 1
42 ICW4 NG 1 0 0 0 1 0 1 1 0
43 ICW4  NH 1 0 0 0 1 0 1 1 1
44 ICwW4 NI 1 0 0 0 1 1 [¢] 0 0
45 ICW4  NJ 1 0 0 0 1 1 0 0 1
46 ICW4  NK 1 0 0 0 1 Y 0 1 0 ICW4 NF through ICW4 NP are identical to
a7 ICWA  NL ' 0 0 o 1 1 0 1 ] ::Cu\ﬁl; :e:\'vec;uz\oﬁWA P with the addition of
48 ICW4 NM 1 0 o 0 1 1 1 ] 4]
49 ICW4 NN 1 0 0 0 1 1 1 0 1
50 ICW4 NO 1 0 0 0 1 1 1 1 0
51 ICW4 NP 1 0o 0 o 1 1 1 1 1
52 oCcw 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask register, read mask register
53 OCW2 E 6 0 0 1 0o 0 0 0 O Non-specific EOI
54 OCw2 SE 0 0 1 1 0 0 L2 L w Specific EOI, LO-L2 code of IS FF to be reset
55 OCw2 RE 0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EOl
56 OCW2 RSE 0 1 1 1 0 0 L2 L Lo Rotate on Specific EO! LO-L2 code of line
57 OCwW2 R 0 1 o 0 0 o 0 o0 o© Rotate in Auto EO! (set)
58 ocw2 CR Q 0 c 0 0 0 0 [ 0 Rotate in Auto EOI (clear)
59 OCwW2 RS 0 1 1 0 0 0 L2 L Set Priority Command
60 OCW3 P 0 0 0 0 0 1 1 0 0 Poll mode
61 OCW3 RIS 0 0 0 ¢4 0 1 0 1 1 Read IS register
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SUMMARY OF 8259A INSTRUCTION SET (Cont.)

inst. # Mnemonic A0 D7 D6 D5 D4 D3 D2 D1 DO Operation Description
46 OCW3 RR 0 0 0 0 0 1 0 1 0 Read request register
47 OCW3 SM 0 0 1 1 0 1 0 0 0 Set speciai mask mode

48 OCW3 RSM 0 0 1 0 0 1 0 0 0

Note: 1. In the master mode SP pin = 1, in slave mode SP=0

Cascading

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

A typical MCS-80/85 system is shown in Figure 2. The
master controls, through the 3 line cascade bus, which
one of the slaves will release the corresponding
address.

As shown in Figure 2, 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

Reset special mask mode

to release the device routine address during bytes 2
and 3 of INTA. (Byte 2 only for 8086/8088).

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

The cascade lines of the Master 8259A are activated for
any interrupt input, even if no slave is connected to that
input.

ADDRESS BUS (16] ¢

L

CONTROL BUS 3
i { I I 1 ‘[ ‘[ ‘ l I I e
DATA BUS (8) 5
———— 4
R S
INT ¢S A, D07 INTA INT CS A, Do7 INTA INT
CAS 0 CASO CASO
82594 8259A
cast SLAVEB CAs 1 CAs 1 MASTER
CAS 2 |=—+- CAS 2 CAS 2
L SPENT 6 5 4 3 2 1t 0 SPENM7 M6 M5 M4 M3 M2 M1 MO
6
1o 7 6 5 4 3 2 1 0 5 4 {32 1 0

J

T
INTERRUPT REQUESTS

Figure 2. Cascading the 8259A
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PIN FUNCTIONS

NAME 170 PIN# FUNCTION NAME 170 PIN#
Vee | 28 +5v supply INT [¢] 17 Interrupt: iy
GND I 14 Ground This pin goes high Wheniéyer
valid interrupt request:is as-
[ | 1 Chip Select serted. It is used to interrupt .
A low on this pin enables RD the CPU, thus it is connected to
and WR communication be- the CPU's interrupt pin.
tween the CPU and the 8259A.
INTA functions are independent 1Ro-1Ry ! 18-25  Interrupt Requests: )
of CS. Asynchronous inputs. An inter-
rupt request can be generated
WR | 2 Write: by raising an IR input (low to
A low on this pin when CS is high) and holding it high until it
low, enables the 8259A to ac- is acknowledged (Edge Trig-
cept command words from the gered Mode), or just by a high
CPU. level on an IR input (Level Trig-
) , 3 Read: - gered Mode).
A low on this pin when CS is low INTA 1 26 Interrupt Acknowledge:
enables the 8259A to release This pin is used to enable
status onto the data bus for the 8259A interrupt-vector data
CPU. onto the data bus. This is done
D;-Dg 1/0 4-11 Bidirectional Data Bu§: 2zoilfzgssn;ﬁ|§;;mi§g:2:1 a:y
Control, status and interrupt- the CPU.
vector information is trans-
ferred via this bus. Aq | 27 AO Address Line:
CASG-CAS,  1/0 12,1315 Cascade Lines: _ el s vt B pine. i
8250 bus 1o control & muliple used by the 82594 to decipher
P between various Command
8259A structure. These pins Words the CPU writes and sta-
are 9utputs for a master 8259A tus the CPU wishes 1o read. It
and inputs for a slave 8259A. is typically connected to the
SP/EN 10 16 Slave Program/Enable Buffer: CPU AO address line (A1 for
This is a dual function pin. 8086/8088).
When in the Buffered Mode it
can be used as an output to
control buffer transceivers
(EN). When not in the buffered
mode it is used as an input to
designate a master (SP =1) or
slave (SP =0).
ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias . . . .. —40°Cto85°C “COMMENT
Storage Temperature ........... ~-65°C to + 150°C Stresses above those listed under “Absolute Maximum Ratings’ may
Voltage On Any Pin ;:ause_ Dermanenl‘ damage to trfe device. This is a stress ralllng onty and
X unctional operation of the device at these or any other conditions above
With Respect to Ground ........... -05Vito +7V those indicated in the operational sections of this specification is not
Power Dissipation ......................... 1 Watt implied.

D.C. CHARACTERISTICS

TA=0°C to 70°C., Voo = 5V + 10% (8259-A), Voo =5V = 10% (8259A)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -5 \'
\m Input High Voltage 2.0 Veo+ .5V \Y
Vo Output Low Voltage .45 v lor=2.2mA
Von Output High Voltage 2.4 \" lon= — 400 uA
Vorunm I\l/'g]etrarupt Output High 35 C lop= — 100 uA

ge 2.4 \ 'OH = —400 uA
L Input Load Current 10 uA Vin= Ve to OV
Lot - Output Leakage Current -10 uA Vour=0.45V
lce Ve Supply Current 85 mA
ILR IR Input Load Current -300 HA Vin=0

10 KA Vin=Vee
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8259A A.C. CHARACTERISTICS
Ta=0°Cto70°C Vcc=5V25% (B259A-8) Vcc=5Vx10% (8259A)
TIMING REQUIREMENTS

Symbol Parameter 8259A-8 82594 82594-2 Units Test Conditionk‘ )
Min. Max. Min. Max. Min. Max. ’

TAHRL A0/CS Setup to RD/INTA| 50 0 0 ns

TRHAX AQ/CS Hold after RD/INTA] 5 0 0 ns

TRLRH RD Pulse Width 420 235 160 ns

TAHWL AO/TS Setup to WR| 50 0 0 ns

TWHAX AO/CS Hold after WRT 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 Eﬂ:ade Setup to Second or Third 55 55 40 ns

INTA| (Slave Only)
TRHRL End of RD to Next Command 160 160 160 ns
TWHRL End of WR to Next Command 190 190 190 ns

Note: This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

8259A-8 8259A 8259A-2

Symbol Parameter Units Test Conditions
Min. Max. Min. Max. Min. Max.
TRLDV Data Valid from RD/INTA| 300 200 120 ns C of Data Bus =
100 pF
TRHDZ Data Float after RD/INTA]| 10 200 100 85 ns C of Data Bus
TIHH Interrupt Output Delay 400 350 300 ns mfn" :::: g - :gong
TIAHCV Cascade Vali'd from First INTA| 565 565 360 ns Cir = 100 pF
(Master Only)
TRLEL Enable Active from RD| or INTA| 160 125 100 ns Ceascape = 100 pF
TRHEH Enable Inactive from RD[ or INTA] 325 150 d150 ns
TAHDV Data Valid from Stable Address 350 200 200 ns
TCVDV Cascade Valid to Valid Data 300 300 200 ns
CAPACITANCE
Ta=25°C; Ve =GND =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc = 1 MHz
Cio /0 Capacitance 20 pF Unmeasured pins returned to Vgg

Input and Output Waveforms for A.C. Tests

24
2.0 2.0
> TEST POINTS <
0.8 0.8
45

0
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WRITE MODE

WR

TAHWL |=——
cs
ADDRESS BUS
Ao
— TOVWH —=
DATA BUS

READ/INTA MODE

ROANTA TRLAH {
s
\ /

TAHRL — TRHAX
[
ADDRESS BUS
Ao
TRLOV — TAHDZ [+
f TAHDV /
DATABUS- — — = m m m e e e —m o —— - — — -g i’ —————-
K
OTHER TIMING

e N s
NI s
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R
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intel
8282/8283
OCTAL LATCH

m Fully Parallel 8-Bit Data Register and m 3-State Outputs
Buffer

s Transparent during Active Strobe
= Supports 8080, 8085, 8048, and 8086

= 20-Pin Package with 0.3” Center

Systems
= High Output Drive Capability for s No Output Low Noise when Entering
Driving System Data Bus or Leaving High Impedance State

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers,
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph-
eral and input/output functions of a microcomputer system can be impiemented with these devices.

PIN CONFIGURATIONS LOGIC DIAGRAMS
oo+ ~ 20[7 vee r___gi“i?———-ﬁ
oiy[] 2 19 |7 pog
biz[]3 18 [ ] DOy
D3] 17 [] 002
ola 5 16 [ 003
Dis] 6 8282 15 [ 1DOg
oig ] 7 14 {7005
ol (] 8 13[1P06 oy -
6E[]s 12 [ 007 7___| -}:*” @
GND [} 10 11{]sTB — J| _______ 4 Ta—
O o oo}
<] P e
o]~ vee :lL A
oy [}2 19100 P~y | L——————— 1l
i om.
O3[]4 k4 |} 1o < I— ——————— -| RN
oulys o 16150 e —— ]
ois [} 6 15[10% F——————— J1 5 <
s LS O e e
oy []e 13[]00g — L in .
6E ]9 12 [1007 m — ] b @
GND[]10 11[]s8 1 L I B
- 4 A J { 5E
PN Names L) = z

Dig-Dlz | DATA IN
DOg-DO7 | DATA OUT

OE OUTPUT ENABLE
STB STROBE
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PIN DEFINITIONS

Pin Description

STB STROBE (Input). STB is an input control
puise used to strobe data at the data input
pins (Ag-A;) into the data latches. This
signal is active HIGH to admit input data.
The data is latched at the HIGH to LOW
transition of STB.

OE OUTPUT ENABLE (input). OE is an input
control signal which when active LOW
enables the contents of the data latches
onto the data output pin (By-B7). OE being
inactive HIGH forces the output buffers to
their high impedance state.

DATA INPUT PINS (Input). Data presented
at these pins satisfying setup time re-
quirements when STB is strobed and
latched into the data input latches.

Dlg-DI7

DATA OUTPUT PINS (Out

DO,-DO; “When OE is
(8282)  true, the data in the:data latc) pre-
DO,-DO; sented as inverted (8283)..0t non-inves
(8283) (8282) data onto the data output pir

OPERATIONAL DESCRIPTION

The 8282 and 8283 octal latches are 8-bit latches with
3-state output buffers. Data having satisfied the setup
time requirements is latched into the data latches by
strobing the STB line HIGH to LOW. Holding the STB
line in its active HIGH state makes the latches appear
transparent. Data is presented to the data output pins by
activating the OE input line. When OE is inactive HIGH
the output buffers are in their high impedance state.
Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output
bus.

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias................. 0°Cto70°C
Storage Temperature. ............ —-65°C to +150°C
All Output and Supply Voltages........ -0.5Vto +7V
All Input Voltages. ................. -1.0Vto +55V
Power Dissipation................ ... ... ... 1 Watt

D.C. CHARACTERISTICS FOR 8282/8283
Conditions: Voc=5V+5%, Tp=0°C to 70°C

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

Symbol Parameter Min Max Units Test Conditions

Ve Input Clamp Voltage -1 \ lc = -5 mA

lce Power Supply Current 160 mA

13 Forward input Current -0.2 mA Vg = 0.45V

Ir Reverse Input Current 50 uA Vgr = 5.25V

VoL Output Low Voltage 0.50 v loL = 32 mA

Von Output High Voltage 24 \ loh = -5 mMA

lorr Output Off Current +50 uA Voree = 0.45t05.25V

Vi input Low Voltage 0.8 v Veo=5.0V  See Note 1

Vin Input High Voltage 2.0 \' Vec=5.0V  See Note 1
F=1MHz

Cin Input Capacitance 12 pF Veiag=2.5V, Vg =5V
To=25°C

Notes: 1. Output Loading o =32 mA, igy= —5 mA, C_=300 pF
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8282/8283

A.C. CHARACTERISTICS FOR 8282/8283
Conditions: Voc=5V+5%, Tp=0°C to 70°C
Loading: Outputs — g, = 32 mA, lgy = —5 mA, C_ = 300 pF

Symbol Parameter Min Max Units Test Conditions
TIVOV Input to Output Delay (See Note 1)
—Inverting 25 ns
—Non-Inverting 35 ns
TSHOV STB to Output Delay
—lInverting 45 ns
—Non-inverting 55 ns
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns
TIVSL Input to STB Setup Time 0 ns
TSLIX Input to STB Hold Time 25 ns
TSHSL STB High Time 15 ns

NOTE: 1. See waveforms and test load circuit on following page.

8282/8283 TIMING

(¢ TIVSL———1=TSLIX

/ N\

STB / x
TSHSL

[+ TIVOV-»| TEHOZ TELOV

Von - 0.5V
OUTPUTS < — =

SEE NOTE 1

TSHOV

NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION.
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED
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8282/8283

OUTPUT DELAY VS. CAPACITANCE

sor- 50 —
8283 8282

0

(4] [+
SE w

2 wop worsL z
> >
< <
I @
Q a

20 PICAL 20

10 10

| i 1 I I | 1 1 1 1
200 400 600 800 1000 200 400 600 800 1000
pF LOAD pF LOAD
OUTPUT TEST LOAD CIRCUITS
1.5V 1.5V 2.1av
330 1809 5279
out out out
f 300 pF == 300 pF :l: 300 pF
LSTATE TO Vo 3.STATE T0 Vo SWITCHING
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8286/8287
OCTAL BUS TRANSCEIVER

= Data Bus Buffer Driver for MCS-86TM, a 3-State Outputs
MCS-80™, MCS-85™, and MCS-48™M

Families . .
m 20-Pin Package with 0.3” Center

s High Output Drive Capability for
Driving System Data Bus
s No Output Low Noise when Entering
s Fully Parallel 8-Bit Transceivers or Leaving High Impedance State

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

PIN CONFIGURATIONS LOGIC DIAGRAMS
8286
Aog-i—\f;]vcc :‘ _______ ‘l|
A2 1911 8Bo ] |
A3 18] B4 @ | ~>< | m
A3]a 1782 | oA
s T = —~ | Fm—————— 1 F 4
As[:smew]h Oy s (o) N I
asCl7  14f08s o L~ — g a1
a7[]s 13[186 () j LI—: (s2) [ : : @
oe[]9 12[]B7 oos I i 1l oo I 1
ano[J1o w37 ) »Jl_ ——IL G [ ,J‘_ _{L< &)
Ol b e (o) o) s (=)
) DR S o L '
& LB B 8
\J =
sod] i ohvee _}* —————— TR R U &
A1 [}2 19|60 N DL S Iy _{L N
7 p——————— 4P .
nde eph =) e =)
A3[]a 1717]B2 ﬂ_ _______ e I
Aalys s287 3§
As[]s 15[ Ba
as(]7 14|78 @_.[
a7[]s 1317186 y H{A
[3m £ 12187
GND [ 10 nwlgr

PIN NAMES

Ag-A7 | LOCAL BUS DATA
Bg-B7 | SYSTEM BUS DATA
OF OUTPUT ENABLE
T TRANSMIT
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8286/8287

PIN DEFINITIONS

Pin Description

T TRANSMIT (input). T is an input control
signal used to control the direction of the
transceivers. When HIGH, it configures the
transceiver's By-B7 as outputs with Ag-A;
as inputs. T LOW configures Ag-A; as the
outputs with By-B; serving as the inputs.

OE OUTPUT ENABLE (Input). OE is an input
control signal used to enable the appropri-
ate output driver (as selected by T) onto its
respective bus. This signal is active LOW.

LOCAL BUS DATA PINS (Input/Output).
These pins serve to either present data to
or accept data from the processor’s local
bus depending upon the state of the T pin.

Ag-A;

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................. 0°Cto70°C
Storage Temperature............. —-65°C to +150°C
All Output and Supply Voltages. . ... ... -0.5Vto +7V
All Input Voltages.................. - 1.0V to +5.5V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS FOR 8286/8287
Conditions: Ve = 5V 5%, Ty = 0°Cto70°C

Bo-B; SYSTEM BUS DATA PINS (Input/Output).

_(8286) These pins serve to either present data to
Bo-B-; or accept data from the system bus de-
(8287) pending upon the state of the T pin.

OPERATIONAL DESCRIPTION

The 8286 and 8287 transceivers are 8-bit transceivers
with high impedance outputs. With T active HIGH and
OE active LOW, data at the Ag-A7 pins is driven onto the
Bo-B; pins. With T inactive LOW and OE active LOW,
data at the Bo-B; pins is driven onto the Ag-A7 pins. No
output low glitching wiil occur whenever the trans-
ceivers are entering or leaving the high impedance
state.

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

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 \Y lc=-5mA
lcc Power Supply Current—8287 130 mA
—8286 160 mA
Ig Forward Input Current -0.2 mA Ve=0.45V
Ir Reverse Input Current 50 uA Vg=5.25V
Vou Output Low Voltage —B Outputs 0.5 v loL=32 mA
—A Outputs 0.5 Vv loL=10 mA
VoH Output High Voltage —B Outputs 2.4 \ lon=-5mA
—A Outputs 2.4 \ lop=-1mA
lorrF Output Off Current g Vorg = 0.45V
lorr Output Off Current IR Vore = 5.25V
ViL Input Low Voltage  —A Side 0.8 \ Voo =5.0V, See Note 1
—B Side 0.9 v Vee = 5.0V, See Note 1
Vin Input High Voltage 2.0 \ Vee=5.0V, See Note 1
F=1MHz
Cin Input Capacitance 12 pF Veias=2.5V, Vg =5V
| Ta=25°C

Note: 1. B Outputs — Ig| =32 mA, Igy=-5mA, C_=2300 pF

A Outputs — Ig =10 mA, Io=-1mA, C| =100 pF
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8286/8287

A.C. CHARACTERISTICS FOR 8286/8287
Conditions: Ve = 5V £5%, T4 = 0°Cto 70°C

Loading: B Outputs — lg. = 32 mA, oy = —5mA, C| = 300 pF
A OUtpUYS —_ IOL = 10 mA, IOH = —1mA, CL = 100 pF
Symbol Parameter Min Max Units Test Conditions
TIVOV Input to Output Delay
Inverting 25 ns (See Note 1)
Non-Inverting 35 ns
TEHTV Transmit/Receive Hold Time TEHOZ ns
TTVEL Transmit/Receive Setup 30 ns
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns

Note: 1. See waveforms and test load circuit on following page.

8286/8287 TIMING

INPUTS

o | / \

< TIvov. > TEHOZ |=- TELOV — -~

VOH - 0.5V
oQuTPUTS X e e e e ey

«—— — TEHTV ——»‘ le—TTVEL

NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
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8286/8287

OUTPUT DELAY VS. CAPACITANCE
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