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uPD8259A
PROGRAMMABLE
INTERRUPT CONTROLLER

Description

The uPD8259A is a programmable interrupt controller
directly compatible with the 8080A/8085A/8086/8088
microprocessors. It can service eight levels of inter-
rupts and contains on-chip logic to expand interrupt
capabilities up to 64 levels with the addition of other
uPDB259A’s. The user can choose a selection of priority
algorithms to tailor the priority processing to meet
his system requirements. These algorithms can be
dynamically modified during operation, which expands
the versatility of the system. The uPD8259A is
completely upward compatible with the uPD8253-5,
allowing software written for the uPD8259-5 to run on
the uPD8259A/-2.

Features

0O Eight-level priority controller

O Programmable base vector address

[J Expandable to 64 levels

O Programmable interrupt modes (algorithms)

3 Individual request mask capability

O Single +5V power supply (no clocks)

O Full compatibility with 8080A/8085A/8086/8088

Ordering Information

Part

Number Package Type
1PDB259AC 28-pin plastic DIP
1PD8259AC-2 28-pin plastic DIP

Pin Configuration
s \ J = E Vee
WRO2 270 A
rRbO 3 26 1 INTA
[ % Y 25 P iy
Dg s 24 [1IRg
Ds]s 20 IRs
o7 g 22 {1 1R,
igw ¥ ] 2 2R
D9 * bRk
D10 19 [ Ry
DO 1 18 [J IRy
CASo [ 12 17 3 INT
Cas; [ 13 18 {1 SP/EN
GND [ 14 15 |7 cas,
B83002777A
Pin ldentification
No. Symbol Function
1 cS Chip select input
2 WR Write input
3 RD Read input
4-1 D7-Dg Bidirectional data bus
12,13, 15 CASy-CAS, Cascade lines
14 GND Ground
16 SP/EN Slave pragram input / enable buffer
output
17 INT Interrupt output
18-25 IRg-IR7 Interrupt request inputs
26 INTA Interrupt acknowledge input
27 Ag Command select address input
28 Veo +5V power supply
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Pin Functions
Bidirectional Data Bus (D7-Dg)

Three-state data bus used for interfacing to the system
data bus. This bus carries control words, status infor-
mation, and interrupt vector information.

Interrupt Request inputs (IRg-IR7)

These are eight asynchronous inputs that operate in
two modes. In the edge-triggered mode, the IR input
must be raised from low to high and held high until it is
acknowledged. In the level-triggered mode, the IR input
requires only a high.

Cascade Lines (CASg-CAS»)

These lines are used as a bus which controls multiple
uPD8259As in a master/slave configuration. When an
uPD8259A is a master, these lines are outputs. When a
uPDB8259A is used as a slave, the lines are inputs.

Chip Select (CS)

When CS is low, the CPU can read and write to the
uPD8259A. The INTA input operates independently of
CS.

Command Select Address Input (Ag)

The uPD8259A uses this input with CS and WR 1o de-
code command words written by the CPU. Ag is used
with CS and RD to decode controller status information
for the CPU to read. Typically, Ag is connected to the Ag
address lines on the CPU.
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Interrupt {INT)

When the uPD8259A receives a valid interrupt request,
the INT output goes high to interrupt the CPU. This pin
should be connected directly to the interrupt pin on the
CPU.

Interrupt Acknowledge (INTA)

This input line goes active low to indicate that the CPU
has received an interrupt request from the uPD8259A.
INTA enables interrupt vector data onto the data bus.
Read Input (RD)

When both RD and CS are low, the uPD8259A sends its
status information to the data bus so the CPU can read
it.

Write Input (WR)

The 4PD8259A can receive command words from the
CPU when both WR and CS are low.

Slave Program Input/Enable Buffer Output
(SP/EN)

This is a dual function pin. In the buffered mode, the en-
able buffer output is used to enable the buffer transceiv-
ers. In the non-buffered mode, when the SP input is
high, the uPD8259A operates as a master and when the
SPinputis low, the uPD8259A operates as a slave.
Ground (GND)

Ground

Power Supply (Vcc)
Power supply input, +5 volts.
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Block Diagram
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Block Diagram Description

Interrupt Request Register (IRR) and In-Service
Register (ISR)

The interrupt request and in-service registers store the
incoming interrupt request signals appearing on the
IRp-IR7 lines. The inputs requesting service are stored
in the IRR while the interrupts actually being serviced
are stored in the ISR. Refer to functional block diagram.

A positive transition on an IR input sets the correspond-
ing bitin the interrupt request register. At the same time,
the INT output of the uPD8259A is set high. The IR input
line must remain high until the first INTA input has been
received. Multiple non-masked interrupts occurring si-
multaneously can be stored in the IRR. The incoming
INTA sets the appropriate 1SR bit, which is determined
by the programmed interrupt algorithm, and resets the
corresponding IRR bit. The ISR bit stays active high dur-
ing the interrupt service subroutine until it is reset by the
programmed end of interrupt command {(EOI).

Priority Resolver

The priority resolver decides the priority of the interrupt
levels in the IRR. When the highest priority interrupt is
determined, it is loaded into the appropriate bit of the
ISR by the first INTA puise.

Data Bus Buffer

The three state 8-bit bidirectional data bus buffer inter-
faces the uPD8259A to the systems data bus. It buffers
the control word and status information being transfer-
red between the uPD8259A and the processor.

Read/Write Logic

The read/write logic accepts processor commands and
stores them in its initialization command word (ICW)
and operation command word (OCW) registers. This
logic atso controls the transfer of status information to
the processor.
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Chip Select (CS) Table1. uPD8259A Basic Operation

The uPD8259A is enabled when this input receives an A, Dy D; RD WR TS Operation

active low signal. When the CS input is high, reading or Processor Input (Read)

writing of the uPD8259A is inhibited. 0 0 1 0 IRR, ISRor IR — databus (Note 1)

Write (WR) 1 ¢ 1 0 IMR—databus

Thi vel ) li he LPDB259A t . Processor Dutput (Write)

is active low signal instructs the u o receive T 0 0 1 0 0 Diabmsmoowz

command data from the processor.
0 0 1 1 0 0 Databus = 0CW3

Read (RD) 0 1 X 1 0 0 Databus—ICW!

When the RD input receives an active low signal, the Tt X X 1 0 0 Databus—>0CW1,ICW2, ICW3, ICW4

status of the interrupt request register, in-service regis- (Note 2)

ter, interrupt mask register or binary code of the inter- Disable Functian

rupt level is placed on the data bus. X X X 1 1 0 Databus— highimpedance state
X X X X X 1 Data bus — high impedance state

Interrupt (INT) — gh mpe

The interrupt output from the uPD8259A is directly con-
nected to the processor’s INT input. The voltage levels
of this output are compatible with the 8080A/8085A/
8086/8088.

Interrupt Mask Register (IMR)

The interrupt mask register stores the bits which will
mask the individual interrupt lines. The IMR masks the
data in the ISR. Lower priority lines are not affected by
masking a higher priority line.

interrupt Acknowledge (INTA)

INTA pulses cause the uPD8259A to put vectoring infor-
mation on the bus. The number of pulses depend upon
whether the uPD8259A is in the 4PD8085A mode or
8086/8088 mode.

Command Select Address Input (Ag)

Ag is usually connected to the processor’s data bus. To-
gether with RD and WR, it signals the loading of data
into the command register or the reading of status data.
Tabie 1illustrates the basic operations performed. Note
that it is divided into three functions: input, output, and
bus disable distinguished by the RD, WR, and CS in-
puts.
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{1 The contents of OCW3 written prior to the read operation governs the
selection of IRR, ISR or the interrupt level.

(2) The sequencer logic on the uPD8259A aligns these commands in the
proper order.

Cascade Buffer/ Comparator

The IDs of all uPDB259As are buffered and compared in
the cascade buffer/comparator. See figure 4. The
master uPD8259A sends the |D of the interrupting slave
device along the CASg, CASyand CAS; lines to all slave
devices. The cascade buffer/comparator compares its
preprogrammed ID to the CASg, CAS4 and CASy, lines.
The next two INTA pulses strobe the preprogrammed, 2
byte call routine address onto the data bus from the
slave whose ID matches the code on the CASg, CAS4
and CAS2 lines.

Slave Program (SP)

The interrupt capability can be expanded to 64 levels by
cascading multiple uPD8259As in a master plus slaves
array. See figure 4. The master controls the slaves
through the CASgp, CAS{and CAS; lines. The SP input to
the device selects the CASp, CAS1 and CAS3 lines as
either outputs (SP=1) for the master or as inputs
(SP =0) for the slaves. If only one uPD8259A is used, the
SP input must be set to a logic 1, since it is functioning
as a master.
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Absolute Maximum Ratings DC Characteristics
Ta=25°C , Ta=0to +70°C, Vg = +5V£10%
Power supply voltage, Vcg —0.510 +7.0 V(Note 1) Limits Test
Input voitage, V| —1.0VtoVge +1.0V Parameter Symbol Min Typ Max Unit Conditions
Output voltage, Vo ~05VioVee +0.5V  Inputwvoitage V) -05 08 Vv

low
Operating temperature, Topy Oto +70°C

Input voltage v 2.0 V .
Storage temperature, Ts7g -850 480°C  pep o M Cc+05 Vv
Power dissipation. Pp 1OW  Outputvoltage VgL 045 Vg =22mA
Note: low
(1) With respect to ground. Output valtage  Voy 2.4 Vo Igy=—400puA

high
Comment: Exposing the device to stresses above those listed in Abso- ki
lute Maximum Ratings could cause permanent damage. The device is Interrupt output Yoyt 2.4 lon=—400uA
not meant to be operated under conditions outside the limits de- High voltage 1.5 lon = — 100 uA
scribed in the operational sections of the specification. Expasure to - OH K
absolute maximum rating conditions for extended periods may affect Input leakage I -0 10 A OVSVISVge
device reliability. current (Nete 1)

Output leakage | g -10 10 pA  0.45V<V<Vge

current

Ve power lco 85 mA

supply current

Note:

(1} For other inputs.
AC Characteristics
Timing Requirements
Ta=0°Cto +70°C, Voo = +5V£10%

Limits
uPD8259A «PDB259A-2 Test

Parameter Symbol Min Max Min Max Unit Conditions
A0/ CS setup to RD/INTA ¢ tAHRL 0 0 ns
A0/CS hold after RD / INTA * tRHAX 0 0 ns
RD pulse width tRLRH 235 160 ns
A0/ TS setupto WR 4 tAHWL 0 0 ns
A0 /CS hold after WR 4 tWHAX 0 0 ns
WR pulse width twiwh 290 190 ) ns
Data setup to WR 1 tovwH 240 160 ns
Data hold after WR ¢ tWHDX 0 0 ns
Interrupt request width low YLIH 100 100 ns {Note 1)
Cascade setup to secend or third toviaL 55 40 ns
INTA { (slave only)
End of RD to next command tRHRL 160 160 ns
End of WR to next command WAL 190 190 ns
End of command ta next command  touer 500 500 ns (Note 2)
(different type)
End of INTA sequence to next INTA  tcygl 500 500 ns (Note 2)
sequence
Note:

(1) This is the low time required to clear the input latch in the edge-triggered mode.

(2) Worst case timing for ticl in an actual microprocessor system is typically much greater than 500 ns (8085A = 1s, 80852 = 1us, 8086 =1us,

8086-2 = 625 ns).
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AC Characteristics (cont)

Timing Responses

Ta=0°Cto +70°C, Voo = +5V10%

Limits
uPD8259A WPD8259A-2 Tost
Parameter Symbol Min Max Min Max Unit Conditions
Data valid from RD / iNTA 4 taLoy 200 120 ns {Notes 1-5)
Data ffoat after RD/INTA 1 tRHDZ 10 100 10 85 ns (Notes 1-5)
Interrupt output delay tHIH 350 300 ns {Notes 1-5)
Cascade valid from first INTA taLcy 565 360 ns {Nates 1-5)
(master only)
Enable active from RD 4or INTA *  tmip, 125 100 ns {Notes 1-5)
Enable inactive from RD tor INTA t  tryen 150 150 ns {Notes 1-5)
Data valid from stable address tAHDV 200 200 ns {Notes 1-5)
Cascade valid to valid data tovov 300 200 ns [Notes 1-5)
Note:
(1) Cotdata bus=100pF
(2) Max testC =100pF
(3) MintestC=15pF
(4) Cin7=100pF
(8) Ccascape = 100pF
Capacitance AC Test Input
Ta=25°C, Voo =GND =0V, fc=1.0MHz
Limits 24
Test 20 Tost Point 20
Parameter  Symbol Min Typ Max Unit  Conditions s 0g - TestPas =—C
Input C 10 pF (Note 1) 830021794
capacitance
1/0 /o 20 pF (Note 1)
capacitance
Note:
(1 Unmeasured pins returned to Vgg
Timing Waveforms
Write Mode Read/INTA Mode
_ |e——twiLwH——{ P {RLRH
WR ———\ f——— RD/INTA ——— y—
X 7Z K 72
tAHWL lttovwnv tWHAX tRLEL — 1RHEM
cs — \ EN ——
Address Bus X K
Ao K 7
—»l twHODX —.1 [+— taHRL —+ }—tRHAX
cs X
Data Bus Address Bus (
Ao 7
83-002780A [‘_'RLDV I-—innbz-o‘
Data Bus == — == =—— o e 1 } =
tAHDV { o
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Timing Waveforms (cont)

INTA Sequence

e (Ot D+ -
teVIAL t+tCVIAL
Co-C2 ]'- fcvov }‘ \
le—tiaLcy —=i
830027638
IR Triggering Timing Requirements
Eadllest IR
Can Be Removed
Latch(t} Latch(l) Latch(®
Armed Armed Armed

808618088 /808018005

£
wr -/ N\

. VaVave

NOTE:
(1)} Edge triggered mode only

" \ J X \ /
Vaum

8080/8085

83002784A

Other Timing

tRHRL —*
RD/INTA \_/—
HWHRL

83002782A
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Functional Description

The uPD8259A functions are described in following
paragraphs under these major headings:

Interrupt Sequence
8080/8085A Mode

8086/8088 Mode

Initialization Command Words
Qperational Command Words
Reading uPD8259A Status

Interrupt Sequence

The uPD8259A derives its versatility from pro-
grammable interrupt modes and the ability to jump to
any memory address through programmable CALL
instructions.

The sequence used by the uPD8259A to handle an
interrupt depends upon whether an 8080A/8085A or
8080/8088 CPU is being used.

The following sequence demonstrates how the
uPD8259A interacts with the 8080A/8085A systems.

(1) An interrupt(s) appearing on IRg-IR7 sets the
corresponding 1R bit(s) high. This in turn sets the
corresponding IRR bit(s) high.

(2) Once the IRR bit(s) has been set, the uPD8259A will
resolve priorities according to the preprogrammed
interrupt algorithm. It then issues an INT signal to
the processor.

{3) When the processor receives an INT, it issues an
INTA to the uPD8259A.

{4) The iNTA input to the uPD8259A from the processor
group sets the highest priority ISR bit and resets the
corresponding IRR bit. The INTA also signals the
uPD8259A to place an 8-bit CALL instruction opcode
(11001101) onto its data bus lines.

(5) The CALL instruction code instructs the processor
group to issue two more INTA pulses to the
uPDB8259A.
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(6) The two INTA pulses signal the uPD8259A to place
its preprogrammed interrupt vector address onto
the data bus. The first INTA releases the low order 8
bits of the address and the second INTA releases
the high order 8 bits.

The uPD8259As CALL instruction sequence is
complete. A preprogrammed EOI command is
issued to the uPDB8259A at the end of the interrupt
service routine. This resets the ISR bit and allows
the uPD8259A to service the next interrupt.

7

—

The following sequence demonstrates how the
uPD8259A interacts with the 8086/8088 systems.

(1), (2), (3) Same as for B0B0A/8085A.

(4) During the first INTA from the processor, the
uPD8259A does not drive the data bus. The highest
priority ISR bit is set and the corresponding IRR bit
is reset.

(5) The uPD8259A puts vector information onto the data
bus on the second INTA pulse from the 8086/8088.

(6) Thereis nothird INTA pulse in this mode. In the AEOI
mode the ISR bit is reset at the end of the second
INTA pulse, or it remains set until an EOl command
is issued.

8080/8085A Mode

For these processors, the uPD8259A is controlled by
three INTA pulses. The first INTA pulse will cause the
uPD8259A to put the CALL opcode onto the data bus.
See table 2. The second and third INTA pulses will cause
the upper and lower address of the interrupt vector to be
released on the bus. See tables 3 and 4.

Table 2. Contents of First interrupt Vector Byte
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Table 3. Contents of Second Interrupt Vector Byte 8086/8088 Mode
iR Interval = 4 In this mode only two INTA pulses are sent to the
D7 | B | Ds | Dy | Dy | Dy | Dy | Dy HuPDB8259A. After the first INTA puise, the uPD8259A
7 A7 Ag As 1 1 1 0 0 does not outputa CALL butinternally sets priority reso-
5 Y A A ] y 5 0 0 lution. If it is a master, it sets the cascade lines. The in-
7 6 5 terrupt vector is output to the data bus on the second
5 | A | A | AT 0 1 0 0 iNTA pulse. See table 5.
4 A7 Ag As 1 0 0 0 0
3| A | As | A5 | 0 ] ] 0 0 Initialization Command Words
2 A7 | As | As 0 1 0 ] 0 ICW1and ICW2
1 A7 | A | A5 | O 0 1 0 0 LTIM If LTIM =1, then the uPD8259A operates in
0 Az Ag As 0 0 0 ] 0 the level interrupt mode. Edge detect logic
on the interrupt inputs is disabled.
ADI CALL address interval. If AD! = 1then the in-
IR Interval =8 terval is four; if ADI =0 then the interval is
Dy Dg Dy Dy D3 Dy Dy Do eight.
AN ! 1 0 0 0 SNGL {Single) Indicates that there is only one
6 Az Ag 1 1 0 0 0 0 uPD8259A in the system. If SNGL=1, no
5 A | Ag 1 0 1 0 0 0 ICW3 is issued.
4 A7 Ag 1 0 0 0 0 0 IC4 Ifthis bit is set, ICW4 has to be read. If ICW4
3 A7 | Ag 0 1 1 0 0 0 is not needed, set IC4 to logic 0.
2 A7 Ag 0 1 0 0 0 0 As-Aqs Defines the page starting address of the
1 A7 | As 0 0 1 0 0 D service routines. In an 8085A system, the
eight request levels generate CAlLLs to
0 A | A 0 0 0 0 0 0 . ) .
eight locations equally spaced in memory.
These can be programmed to be spaced at
Table 4. Contents of Third Interrupt Vector Byte intervals of four or eight memory locations,
Dy Dg (U] 04 D3 D, Dy Dp allowing eight routines to occupy a page of
32 or 64 bytes, respectively.
us l Ma I A l a ) A [ Ao I Aq l Ag —’ © vt Spectively.
The address form is two bytes long (Ag-Ass). When the
] , 8086/8088 routine interval is four, Ap-A4 are automatically inserted
Table 5 ;c:::eents of Interrupt Vector Byte, 803 by the uPD8259A, while As-Aqs are programmed exter-
nally. When the routine interval is eight, Ag-As are auto-
IR interval =4 matically inserted by the «PD8259A, while Ag-Aqg are
Dy Dg D5 Dy Dy D, Dy D programmed externalily.
Tl T T | Ts | Ta | Ta | 1 ! ! The eight-byte interval maintains compatibility with
6 1; Ts Ts T4 T3 1 1 0 current software, while the four-byte interval is best fora
5 7| T6 | Ts | T4 | Ta 1 0 1 compact jump table.
4 T; Tg Ts T4 T3 1 0 0 In an 8086/8088 system, T7-Tg are inserted in the five
3 T Ts | Ts | T4 | T3 0 1 1 most significant bits of the vectoring byte. The
s 7 T T T 7 0 ] 5 uPDB8259A sets the three least significant bits accord-
U 6 5 4 3 ing to the interrupt level.
1 T T Ts Ts T3 0 0 1
0 Ty Ts Tg Ty T3 0 0 0
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ICW3 ICW4

This word is read only when there is more than one SNFM If SNFM =1, the special fully nested mode
uPD8259A in the system and cascading will be used. is programmed.

SNGL of ICW1 is programmed for logic 0. ICW3 will load _ .

the 8-bitslave register. The functions of this register are, BUF Ifraant::e::I 1I,n m: bﬁ?ggg%:&gd%;%ﬂpég:
inthe master mode, when SP=1orBUF=1and M/S=1 <g:omes .an enable outout ’ and  the
inICW4, a1isset for each slave in the system. The mas- master/slave det rminatignpil; by M/S

ter then releases byte 10f the call sequence (for 8080A/ e Y -
8085A system) and enables the corresponding siave via M/S If the buffered mode is selected, M/S =1
the cascade lines to release vector bytes 2 and 3 (byte 2 means the uPD8259A is programmed to be
only for 8086/8088). a master, M/S =0 means the uPD8259A is
In the slave mode, when SP=0or BUF=1and M/S=0 E;ngﬂi?i;z be a slave. If BUF =0, M/S
in ICW4, bits ID2-1Dg identify the slave. The slave com- ’

pares its cascade input with these bits and if they are AEQI If AEOI =1, the automatic end of interrupt
equal, vector bytes 2 and 3 of the call sequence (byte 2 mode is programmed.

only for 8086/8088) are released by the slave on the data PM Microprocessor mode: yPM =0 sets the

bus.

uPD8259A for 8085A system operation;
uPM =1sets the uPD8259A for 8086 system
operation.

Figure 1illustrates the command word initialization se-

guence,
Figure 1. Initialization Sequence
Ag D7 Dg Ds Ds 03 D2 D1 Do
I 0 A7 Ag As ] LTIM ADI SNGL  IC4 I|cw1
I 1 MsiTr  AwiTe  A13/Ts  AiTs  AniTs A Ag Ag JICW2
YES Single
(SNGL = 1)
NO(SNGL = 0}
[ 1 S7 S¢ S5 Ss $3 S2/ID2  S1/lDy sonogl Icw3
1
NO 1ICW4
(IC4 =0)
YES(IC4 = 1)
[ 1 0 0 [ SFNM  BUF MIS  AEOI uPM ] IcwW4
L]
'
Ready to Accept interrupts J
83002785A
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Figure 2 illustrates the initialization command word for-
mat.

Figure 2. Initialization Command Word Format

Dg Ds Dy D3 D2 Dy

Dy

on[o T[]+ [ow[oe]oo]

Ll

L.

1=ICW4 Needed
0=No ICW4 Needed

1 = Single

0= Cagcnde Mode

Call Address Interval

1= Interval of 4
0 = Interval of 8

1= Level Triggered Mode

0 = Edge Tiggered Mode

A7-As of Interrupt

Vector Address
(80/85 Mode Only)

Ag 24 Dg Ds Da D3 D2 Dy Dp
A5 A8, | A | Ay | A
|cwzl 1 T Te 5| Ta Ta| A0 l Ag | Ag l
Aq5-Ag of Interrupt
Vector Address
r e
T3 Of Interrupt
torAddra":sp
(8086/80B8 Mode}
Ag D7 Os Ds Dg D3 D2 Dy Do
ICw3
(Master Device) 1 ls"lsG}sSIs‘IsBlszlalsol
I l I I l [ | = IR Input Has a Slave
0 = IR Input Does Not Have a
Slave
Ay Dr Dg Ds Dy D3 D2 D1 Dy
ICW3
{Stave Devica) | ! ] 0 I o [ 0 ! 0 I °|'°”""l'°°l
Slave iD{1)
Dlti2)l3|afs5]|6|7
olt1jai1fo]j1]0]1
Djof{1ft1]olof1|1
ojo[ofo{1]|1]j1[1
Ag D7 Dg Ds D4 D3 D2 Dy Do
ICW4| 1 | 0 l 0 l o |SFNM] BUFIMIS [AEOIlpPMl
> 1= 8086/8088 Mode
0 = 80/85 Mode
1= Auto EO|
0=Normal EOI

~ Non Buff

Mode

Mode/Slave

-]

Mode/Master

1= Special Fully Nested Mode

NOTE:
(1) Slave ID Is equal to the corresponding master input.

0 = Not-Special Fully Nested
Mode

83-002786B
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Operational Command Words

Once the uPD8259A has been programmed with initiali-
zation command words, it can be programmed for the
appropriate interrupt algorithm by the operation com-
mand words (OCW). See figure 3. Interrupt algorithms in
the uPD8259A can be changed at any time during pro-
gram operation by issuing another set of operation
command words. The following sections describe the
various algorithms available and their associated
OCWs.

Interrupt Masks

The individual interrupt request input lines are maska-
ble by setting the corresponding bits in the interrupt
mask register to a logic 1 through OCW1. The actual
masking is performed upon the contents of the in-
service register. For example, if interrupt request line 3
is to be masked, then only bit 3 of the IMR is set to logic
1. The IMR in turn acts upon the contents of the ISR to
mask bit 3.

Once the uPD8259A has acknowledged an interrrupt,
the masked interrupt input inhibits lower priority re-
quests from being acknowledged. There are two means
of enabling these lower priority interrupt lines. The first
is by issuing an end of interrupt (EOI) through operation
command word 2 (OCW2), thereby resetting the appro-
priate ISR bit. The second approach is to select the spe-
cial mask mode through OCW3, The special mask mode
(SMM) and end of interrupt (EOI) are described later.

Fully Nested Mode

The fully nested mode is the uPD8259A’s basic operat-
ing mode. It will operate in this mode after the initializa-
tion sequence without requiring operation command
words for formaiting. The order of priority is determined
by IRg-IR7. IRg has the highest priority. After the inter-
rupt has been acknowledged by the processor and sys-
tem controller, only higher priorities will be serviced.
Upon receiving an INTA, the priority resolver determines
the priority of the interrupt, sets the corresponding IR
bit, and outputs the vector address to the data bus. The
EOl command resets the corresponding ISR bits at the
end of its service routines.

Rotating Priority Mode Commands

The two variations of rotating priorities are the auto ro-
tate and specific rotate modes. These two modes are
typically used 1o service interrupting devices of equiva-
lent priorities.

Auto Rotate Mode. Programming the auto rotate mode
through OCW2 assigns priorities 0-7 to the interrupt re-
quest inputs. Interrupt line IRy is set to the highest prior-
ity and IRy to the lowest. Once an interrupt has been
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serviced, it is automatically assigned the lowest prior-
ity. That same input must then wait for the devices
ahead of it to be serviced before it can be acknowledged
again. The auto rotate mode is selected by program-
ming OCW2 in the following way: set rotate priority bit R
to alogic 1, program EOIl to a logic 1and SECOl to a logic
0. The EOl and SEOlcommands are discussed later. The
following is an example of the auto rotate mode with de-
vices requesting interrupts on line IR2 and IRs.

(1} Before interrupts are serviced:

In-service register

Priority status register highest priority

| IRy I IRg ’ IR ‘ IRy | IR3 ] IR | IRy ‘ '""I

According to the priority status register, IRz has a higher
priority than IRs and wili be serviced first.

(2) Afterinterrupts are serviced:

In-service register

Priority status register highest priority

| 1Ry [ IRy ‘ IRg | IRy ] IRg ! IR ‘ iRq ‘ IRy ‘

At the completion of IRy’s service routine, the corres-
ponding in-service register bit (IS2) is reset to logic 0 by
the preprogrammed EOI command. IRz is then as-
signed the lowest priority level in the priority status reg-
ister. The 4PD8259A is now ready to service the next
highestinterrupt, which, in this case, happens to be IRs.

Specific Rotate Mode. The priorities are set by program-
ming the lowest level via OCW2. Then, the uPD8259A au-
tomatically assigns the highest priority. If, for example,
IR3 is set to the lowest priority (bits L, Ly, Lp form the
binary code of the bottom priority level), then IR4 will be
set to the highest priority. The specific rotate mode is
selected by programming OCW?2 in the following man-
ner: set rotate priority bit R to a legic 1, program EOl to a
logic 0, SEOI to alogic 1and Ly, Ly, Lg to the lowest prior-
ity level. If EOl is set to a logic 1, the ISR bit defined by Lo,
Ly, Lgis reset.
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End of Interrupt (EOI) and Specific End of Interrupt
(SEOI)

The end of interrupt (EOI) or specific end of interrupt
(SEQI) command must be issued to reset the appropri-
ate in-service register bit before the completion of a
service routine. Once the ISR bit has been reset to logic
0, the uPDB259A is ready to service the next interrupt.

Two types of EOI’s are available to clear the appropriate
ISR bit depending on the uPD8259A’s operating mode.

Non-Specific End of Interrupt (EOI). When operating in
interrupt modes where the priority order of the interrupt
inputs is preserved, such as the fully nested mode, the
particular ISR bit to be reset at the completion of the
service routine can be determined. A non-specific EQI
command automatically resets the highest priority ISR
bit of those set. The highest priority ISR bit must neces-
sarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from.

Specific End of Interrupt (SEOI). When operating in in-
terrupt modes where the priority order of the interrupt
inputs is not preserved, such as the rotating priority
mode, the last serviced interrupt level may not be
known. In these modes, a specific end of interrupt must
be issued to clear the ISR bit at the completion of the
interrupt service routine. The SEOI is programmed by
setting the appropriate bits in OCW2 to logic 1's. See fig-
ure 3. Both the ECI and SEOI bits of OCW2 must be set
to a logic 1with Lo, Ly, Lp forming the binary code of the
ISR bit to be reset.

Special Mask Mode

Setting up an interrupt mask through the interrupt mask
register by setting the appropriate bits in OCW1 to a
logic 1 inhibits lower priority interrupts being
acknowledged. In applications requiring that the lower
priorities be enabled while the IMR is set, the special
mask mode can be used. The SMM is programmed in
OCWa3 by setting the appropriate bits to a logic 1. Once
the SMM is set, the uPD8259A remains in this mode
until it is reset. The special mask mode does not affect
the higher priority interrupts.

Poll Mode

In poll mode, the processor must be instructed to
disable its interrupt input (INT). Interrupt service is
initiated through software by a poll command. Poll
mode is programmed by setting the poll mode bit in
OCWS3 to logic 1 during a WR Pulse. The folltowing RD
pulse is then considered as an interrupt acknowledge. If
an interrupt input is present, the RD pulse sets the
appropriate ISR bit and reads the interrupt priority level.
Poll mode is a one time operation and must be
programmed through OCW3 before every read. The

word format which is strobed onto the data bus during
the poll mode follows:

Dy Dg D5 Dy D3 Dy Dy Dg
L [T [ [w]

where:

I = 1if there is an interrupt requesting service

| = Qif there are ne interrupts

Wy-Wy forms the binary code of the highest priority level of the interrupts
requesting service.

Poll mode can be used when an interrupt service routine
is common to several interrupt inputs. The INTA
sequence is no longer required; this saves ROM space.
Poll mode can also be used to expand the number of
interrupts beyond 64.

Reading \PD8259A Status

The following major registers’ status is available to the
processor by appropriately formatting OCW3 and
issuing RD command.

Interrupt Request Register

The 8-bit interrupt request register stores the interrupt
levels awaiting acknowledgement. The highest priority
in-service bit is reset once it has been acknowledged.
Note that the interrupt mask register has no effect on
the IRR. Prior to the issuing of the RD command, a WR
command must be issued with OCW3. Programmable
logic bits RIS and ERIS of OCW3 determine whether the
IRR or ISR register is to be read. To read the contents of
the IRR, ERIS must be a logic 1, and RIS a logic 0.

In-Service Register

The 8-bit in-service register stores the priorities of the
interrupt levels being serviced. Assertion of an end of
interrupt (EOI) updates the ISR to the next priority level.
A WR command must be issued with OCW3 prior to
issuing the RD command. both ERIS and RIS should be
set to logic 1.

Interrupt Mask Register

The 8-bit interrupt mask register holds mask data
modifying interrupt levels. A WR pulse preceding the
RD is not necessary to read the IMR status. The IMR
data is available to the data bus when RD is asserted
with Ag at logic 1.

A single OCW3 is sufficient to enable succesive status
reads providing it is of the same register. A status read is
overridden by the poll mode when bits P and ERIS of
OCWS3 are set to logic 1.
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Figure 3. Operation Command Word Format

Ay D7 Dg Ds Dy D3 D2

D1 Dy

oown [+ T T [ we [ we [ w0 [ e ]

o]

Ag Dy Ds Ds D4 D3 D2

OCWZ:‘ 0 I R [SEOIIEOI| 0 ! 0 I Lzl

-Te]

1= Coms&ond Bitin
IRR is Masked.
0= :lho Ig:sk Prss%v)l for
e Correspondil
{RR Bit. sponaing

Binary Level 1o be Reset
or Put Into Lowest Priority

1 213|4|5|¢6

1 0t [ | 0

0|1 1]0] 0]

ofo0ofof1]1 1

Non-Specific End of Inferrupt

1=Reset the Highest Friorlgy
Bit of ISR

0=No Action

Specitic End of Intesrupt
1=12, L4, Lo Bits are Usad
0= Nc Action

Ag D7 Ds Ds Dy D3 D2

Dy Do

:

Rotate Priority
1= Rotate
0 = Not Rotate

cows [0 T - Jesun[wa] o [+ [ v Jows] we |—

Read In-Service Register
0 | NoAction
1 No Action
1 | 0 | ReadIRReg.on
Next RD Puise
1 1 | Read IS Reg.an
Next RD Pulse
Polling
1 Read Binary Code of

Highaest Level Requesting
interrupt on Next RD Pulse

No Action

Speciat Mask Mode

No Action

No Action

Read Special Mask

s|a]lofe ped

“le|w]e

Set Speciat Mask

830027878
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Table 6. Summary of Operation Command Word

Programming
Ag Dy Dy Ag Dy Dy
ocwt 1 X X M7-Mg IMR (interrupt mask register) OCW3 0 0 1 ESMM SMM
WR loads IMR data while RD
reads status 0 0 }  Special mask not affected
0CWZ 0 0 0 R SEOlEOl 0 1 Special ma'sk not affected
0 0 0  Noaction : (1) :etssl SD?TaI szR
0 0 1 Non-specific end of interrupt - 7 Specla’ mas
0 1 0 Noaction 0 P oot
0 1 1 Specific end of interrupt Ly, L+, } 0 act!on
Lo forms binary representation 0 1 No action
of level to be reset 1 0 Read IR register status
0 0 Noaction 1 1 Read IS register status
1 0 1 Rotate priority at end of inter-
rupt (auto mode)
1 1 0 Rotate priority, Ly, Ly, Lo

spacifies bottom priority with-
out end of interrupt

1 1 1 Rotate priority at end of inter-
rupt (specific mode). Ly, Ly, Lo
specifies battom priority, and
it is in-service register bit is
reset.

Figure 4. Cascading the uPD8259A

o= I — |
y I l I [ lProc]essorDlllBul(a)] [ 1 "o | r:

s 1 H

AN
17
-—ad——trd 4 —_———
-t R
-——t b .
g b N/ i\/v

i ptinput is
mand and initialization sequence for all ,PD8259A’s.

TS Ap INT CcASg T8 Mo INT CASo Ag INT
PD8259A PDB259A
,‘g'):vz.sg)ﬁ\ CAS: “ Slave ) CAS1 CAS¢ ¥ Master)
casz _ cas cas,
SP IR iR IR IR IR IR IR IR SPIR IR IR IR IR IR IR IR SPIR IR IR IR IR IR IR IR
GND] I ' ’ ‘ ’ I l ™ [ ] ‘ ’ I [ [ —
220 19 18 17 16 15 4 3 121 1 9 8 7 6 5 4 3 21 0
NOTE:
(%) Insure that the disabled during the of any control com-

830027888
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Instruction Set

Operation Code
# Mnemonic Operation Description D; Dg Dg Dy D3 Dy Dy Dy Ay Format
(Byte 1 Initialization, No ICW4 Required)
1 ICW1A Single, edge triggered Az Ag A 1 0 1 1 0 0 4
2 ICW18B Single, level triggered Az Ag Ay 1 1 1 1 0 0 4
3 ICW1G Not single, edge triggered A7 Ag As 1 o] 1 0 0 0 4
4 ICW1D Not single, levef triggered A7 Ag Ay 1 1 1 0 0 0 4
5 ICW1E Singie, edge triggered A7 Ag O 1 1] 0 1 0 0 8
6 ICW1F Single, levet triggered A7 Ag O 1 0 1 0 0 8
7 ICW1G Not singie, edge triggered A7 Ag O 1 1] 0 0 0 0 8
8 1ICW1H Not single, level triggered A7 A O 1 1 0 0 0 0 8
(Byte 1 Initialization, ICW4 Required)
9 ICW1I Single, edge triggered A7 Ag A5 1 0 1 1 1 0 4
10 ICW1J Single, level triggered A7 Ap As 1 1 1 1 1 0 4
11 KWK Nat single, edge triggered Ay Ag A5 1 0 1 0 1 0 4
12 ICWIL Not single, level triggered A7 A Ay 1 1 1 0 1 0 4
13 ICWIM Single, edge triggered Az Ag O 1 0 0 1 1 0 8
14 ICWIN Single, level triggered Az Ag O 1 1 0 1 1 0 8
15 ICW10 Not single, edge triggered A7 Ag O 1 0 0 0 1 0 8
16 ICW1P Not single, level triggered A7 Ag O 1 1 0 0 1 0 8
{Byte 2 Initialization}
17 ICW2 Initialize byte 2 As Ay Az Ap Ay A Ag Ag 1
(Byte 3 Initialization)
18 ICW3M Initialize byte 3 (master) S7 S S5 S4 S3 S § 1
19 ICW3S Initialize byte 3 (slave) 0 0 0 0 0 S2 S S 1
(Byte 4 Initialization)
20 ICW4A No action, redundant 0 0 0 0 0 0 0 0 1
21 ICW4B Nen-buffered, no AEO!, 8086 / 8088 o 0 0 0o 0 0 0 1 1
22 ICW4C Non-buffered, AEOI, 80/ 85 0o 0 0 0 0 0 1 0 1
23 ICW4D Nan-buffered, AEOI, 8086 / 8088 ¢ 0 o0 0 0 0 1 1 1
24 ICW4E No action, redundant 0 0o ¢ 0 0 1 0 0 1
25 ICW4F Non-buffered, no AEO!, 8086 / 8088 ¢ 0o o0 o o0 1 0 1 1
26 ICW4G Non-buffered AEOI, 80/ 85 ¢ 0 0 0 0 1 1 0 1
27 ICW4H Nan-buffered, AEOI, 8086 / 8088 ¢ o0 o o 0o 1 1 1 1
28 ICW41 Buffered, slave, no AEQI, 80/ 85 ¢ 0 0 o0 1 0 0 o0 1
29 ICW4U Buffered, save, no AEQI, 8086 / 8088 o 0 0 0o 1 ¢ 0 1 1
30 ICW4K Buffered, stave, AEOI, 80 /85 0 0 0 0 1 4} 1 0 1
31 ICW4L Buffered, slave, AEQ!, 8086 /8088 ¢ 0 0 0o 1 0 1 1 1
32 ICW4M Buffered, master, no AEQI, 80 /85 0 0 0 0 1 1 0 0 1
33 ICW4N Buffered, master, no AEQI, 8086 /8088 0 0 0 0 1 1 0 1 1
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Instruction Set (cont)

Operation Code

] Mnemonic Operation Description D Dg Dg Dy D3 D, Dy Dy Ag Format
[Byte 4 Initialization) (cant)
34 ICW40 Butfered, master, AEOI, 80/85 0 0 0 0 1 1 1 0 1
35 ICw4p Buffered, master, AED!, 8086 /8088 0 0 0 0 1 1 1 1 1
36 ICW4 NA Fully nested, non-buffered, no AEQI, 8085A 0 ] 0 1 0 0 0 0 1
37 ICW4NB ICW4 NB-ICW4 ND are identical to ICW4 B-ICW4 D with the

addition of fully nested mode 0 0 0 1 0 0 0 1 1
38  ICW4NC ICW4 NB-ICW4 ND are identicat to ICW4 B-ICW4 D with the

addition of fully nested mode 0 D 0 1 0 4 1 0 1
39  ICW4ND ICW4 NB-ICW4 ND are identical to ICW4 B-1CW4 D with the

addition of fully nested mode 0 0 0 1 0 0 1 1 1
40 ICW4NE Fully nested, non-buffered, na AEQI, B0/ 85 0 0 0 1 0 1 1] 0 1
41 ICW4NF ICW4 NF-ICW4 NP are identical to IGW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 0 1 0 1 1
42 ICW4 NG ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested made 0 0 0 1 0 1 1 0 1
43 ICWANH ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 0 1 1 1 1
44 ICW4 NI ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested made i} 0 0 1 1 0 0 0 1
45  ICW4NJ ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested made 0 0 0 1 1 0 0 1 1
46  ICW4 NK ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 0 1 i 1
47 ICW4 NL ICW4 NF-ICW4 NP are identical to ICW4 F-tCW4 P with the

addition of fuily nested mode 0 0 0 1 1 0 1 1 1
48 ICW4NM 1CW4 NF-ICW4 NP are identical ta ICW4 F-ICW4 P with the

addition of fully nested mode 1] 0 0 1 1 1 0 0 1
49 ICW4 NN ICW4 NF-ICW4 NP are identical ta ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 1 0 1 1
50 ICW4NO ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 1 1 1] 1
51 ICW4 NP 1CW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 1 1 1 1
52 0CwW1 Load mask and read mark registers M; Mg Mg My M3 My My My 1
53 OCW2E Non-spegcific EOI 0 0 1 0 0 0 0 0 0
54 OCW2SE Specific EOI, Lo-Lo code of IS FF to be reset 0 1 1 0 0 L L Lo 0
55 OCW2RE Raotate on non-specific EOI 1 i} 1 0 0 0 0 0 0
86  OCW2 RSE Rotate on specific EOt Ly-Lp code of ling 1 1 1 0 0 L L L 0
57 OCW2R Ratate in auto EOI {set) 1 0 0 0 0 0 0 0 0
58 (OCW2CR Ratate in auto €01 (clear) € 0 0 0 0 [ 0 0 0 0
59  0CW2RS Set priority command 1 1 0 0 0 L Ly L 0
60 OCW3P Poll made 0 ] 0 0 1 1 0 0 0
61 OCW3RIS Read 1S register 0 ] 0 0 1 0 1 1 0
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