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LIS UMB259A-2
Programmable Interrupt Controller
Features
® Eight-level priority controller : B Individual request mask capability
B Expandable to 64 levels B Single +5V supply (no clocks)
® Programmable interrupt modes ® 28-pin dual-in-line package

General Description

The UMB269A-2 Programmable interrupt Controller handles real time overhead in handling multi-level priority

up to eight vectored priority interrupts for the CPU. |t interrupts. It has several modes, permitting optimization
is cascadable for up to 64 vectored priority interrupts for a variety of system requiréments.

without additional circuitry, Packaged in a 28-pin DIP, it ' .

uses NMOS technology and requires a single +5V supply. _ The UMB8259A-2 is fully compatible with the Intel 8259A-
Circuitry is static, requiring no clock input. 2. Software originally written for the 8259A-2 will cperate

the UM8269A-2 in all 8259A-2 equivalent modes.
The UM8259A-2 is designed to minimize the software and ) :

Pin Configuration ' Block Diagram
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*iAPX86, 1APX88, MCS-80 and MCS-85 are all trademarks of Intel Microsystems
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Absolute Maximum Ratings* _ _ *Comments
Ambient Temperature Under Bias ........ 0°Cto70°C . Stresses above those listed under "Absolute Maximum
Storage Temperature . . . .. ..... ... —65°C t0'+1'50°C Ratings' may cause permanent damage to the device.

These are stress ratings only. Functional operation of
this device at these or any other conditions above thbse
RespecttoGround ,.............. —0.5V to+7V indicated in the opeérational sections of this specification
is not implied and exposure to absolute maximum rating

Voltage on Any Pin with

jssipatlon . , . ....... ..., e e 1 Watt
Power Dissipatlon . conditions for extended periods may affect device re-
liability.
D.C. Electrical Characteristics
{Ta=0°C to 70°C, Ve =BV + 10%)
Symbol | Parameter | Min, Max. . Unit Conditions
ViL Tnput Low Voltage —0.b 0.8 v
ViH Input High Voltage 2.0* Veet+ 0.5V Y 7 _
VoL Output Low Voltage , ' 045 v oL =2.2mA
VaH | Output High Voltage 24 \Y lgy = —4004A
' Interrupt Output High 35 \' lon = —100A
VoH(IINT) Voitage ' 24 v , lon = —~400pA
u Input Load Current -10 +0 HA 0V Viy Vee
lLoL Output Leakage Current|  —10 +10 A 045V Voutr Vo
lce Vce Supply Current - 86 _ mA ' ' '
lugp IR Input Load Current : _—300 BA Vin =0
B 10 uA ViN =Vcc
- Capacitance
(Ta =25°C; Ve = GND = 0V)
Symbol Paramater ] Min. Typ. Max. Unit . _ Conditions ~
CIN Input Capacitance 10 pF ~fc=1MHZ
Ciio 1/O Capacitance | 20 pF Unmeasured pins returned to Vgg
A.C. Characteristics
{Ta =0°C 10 70°C, Vg = BV 4 10%) )
TIMING REQUIREMENTS
Symbol Parameter . Min. ~ Max. Unit Conditions
- TAHRL AO/CS Setup to RD/INTA{ ! 0 ' ns '
THRAX AO/CS Hold after RD/INTAT 0 ns
" TRLRH RAD Pulse Width _ , 160 ' ns
TAHWL AO/CS Setup to WRY S 0 ns
TWHAX ~ AQ/CS Hold after WRT 0 ] 7 ns
TTWLWH | WR Pulse Width 190 ns
TDVWH ~ Data Setup to WRT _ 160 - ns
TWHDX Data Hold after WRT 0 ' ns
TJLIH Interrupt Request Width {Low) - 100 Cons See Note.
Cascade Setup to Second or Third - i ]
TCVIAL "TNTAY (Slave only) 7 _ 40 bs
End of RD to next RD
TRHRL End of INTA to next INTA within 160 : ns
an INTA sequence only
TWHWL End of WR to next WR 190 1 ns

2-154 viwve.DataSheetdU.com
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A.C. Characteristics (Continued) _ e
Symbol Paramater Min. Max. Unit - ~ Conditions
*TCHCL End of Command to next Command 400 _ ns '

{Not same command type) :

End of INTA sequence to next
TNTA sequence,

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e, 8085A =1,6is,
8085A-2=1 s, 8086 = 1 us, 8086-2 =625 ns)
Note: This is the low time required to clear the input latch in the edge triggered mode,

Timing Responses

Symbol Parameter 7 7 Min. Max. Unit 7 Conditions

TRLDV Data Valid from RD/INTA} ' 120 ns C of Data Bus = 100 pF
TRHDZ Data Float after RD/INTA?Y 10 85 _ns C of Data Bus '
TJHIH Interrupt Qutput Delay ' 300 ns Max text G = 100 pF

Min. test C= 16 pF

Cascade Valid from First INTA e : ) N
TIALCV {Master Only) . 360 . ns Cyyt = 100 pF
TRLEL Enable Active from RD{ or INTA{ 100 ns Ccascape= 100 pF
TRHEH ‘Enable inactive from RD* or INTAT | 150 ns
TAHDV Data Valid from Stable Address 200 ns
TCVDV Cascade Valid to Valid Data - 200 ns
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
INPUT/OUTPUT '

DEVICE

20 2.0 ' ' UNDER
N | .1 TesT |
>TgST POINTS< ' - Ci =100pF
8 0.8 : .

A, C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 AND
0.45V FOR A LOGIC "0.” TIMING MEASUREMENTS ARE MADE AT i .
2.0V FOR A LOGIC “1': AND 0.8V FOR A LOGIC "0." €y INCLUDES JIG CAPACITANCE

Timing Waveforms

WRITE

WA . TWLWH  ———»]

) . TAHWL[*— . ' TWHAX
cs - : -
ADDRESS BUS
Ap - - - — .
TOVWH —sb!  *—TWHDX
DATA 8US A o

2-155 wyww.DataSheet4U.com




= NI

[ U,

———

UNICORN MICROELECTRONICS 24k D - ‘lE?&?BEn IJDDEIED? T -
@ | S . T-53-33-13
Juvic o - UMB8259A-2

Waveforms (Continued)

READ/INTA , . -
‘RO/NTA _ \“—" TRLRH -
o N _ —
EN= \IF TRLEL ——.kﬂHEH
. +———TAHRL B —  |+—TRHAX
, -
ADDRESS BUS )
Ag - o
«— TRLDV ——
j«—— TAHDV —
DATABUS-—--_-.- ------ - eaw -
OTHER TIMING

N i

e %El%l

INTA SEQUENCE

—»| e THIH )
IR
) L...
A TILIH
R
: ENT——/ ' - . .
INTA . 7 . \E/——
TVCIAL—» , ] le—TCVIAL
r r
—j'TCVDV — / \
co2 s : —
» TIALCV '

. Notes Interrupt output must remain HIGH at least untnl leading edge of first INTA.
. Cycle 1 in iAPX8B6, iAPX88 systems, the Data Bus is not active.
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Pin Description

Symbol

_ Description ..

Chip Select: A low on this pin enables RD and WR communication between the .

CPU and the UM8259A-2. INTA functions are |ndependent of CS.

Write: A low on this pin when CS is low enables the UM8259A -2 to accept com- '

Read: A low on this pin when CS is low enables the UM8253A-2 to release status

Bidirectional Data Bus: Conn"ol, status and interruptvector information is

“Cascade Lines: The CAS lines form a private UMBZ59A-2 bus 1o control a multiple

UMB2B9A-2 structure. These pins are cutputs-for a master UMB269A-2 and inputs

Slave Prograrh/EnabIe Buffer: This is a dual function pin. When in the Buffered
Mode it can be used as an output to contro! buffer transceivers (EN). When not in
the buffered mode it is used as an input to designate a master (SP = 1) of slave

interrupt: This pin goes high whenever a valid interrubt request is asserted. Itis

used to interrupt the CPU, thus it is connected to the CPU’s interrupt pin.

Interrupt Réquests Asyncnrdnous inputs.  An interrupt request is executed by
raising an [R input {low to high), and holding it high until it is'acknowledged
{Edge Triggered Mode), or just by a high level on an 1R mput {Level Triggered

Interrupt Acknowledge: This pin is 'u'éed to enable UMB259A-2 interrupt- -vector
data onto the data bus by a sequence of interrupt acknowledge pulses |ssued by the

AO Address Line: This pin acts in coniunction with the ‘C§,WT§, and RD pins. Itis
used by the UMB2B9A-2 to decipher various Command Words the CPU writes and
status the CPU wishes to read, Itis typ:cally cannected to the CPU AQ address line

Pin No. 1/0
28 Vee | Supply: -l_-BV Supply.
14 GND | Ground.
1 TS |
2 WH [
) mand wordsfrom the CPU.
3 RD I
onto the data bus for the CPU,
-1 :D7—Dp 1/0
transferred via this bus,
12,13,15 | CAS,—CAS; | /0
7 for a slave UMB269A-2.
16 SP/EN I/0
7 {SP=0).
17 INT o}
18-2b IRO—-IR7 |
Mode}.
26 INTA |
7 CPU.
27 Ao |
(A1 for iAPX 86, 88).

Functional Description
Interrupts in Microcomputer Systems

Microcomputer system design requires that 1/O devices such
as keyboards, displays, sensors and other components
recelve servicing in an efficient manner so that [arge
amounts of the total system tasks can be assumed by the
microcomputer with little or no effect on throughput.

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 portion of the main
program is looping through this continuous poiling cycle
and that such a method would have a serious, detrimental

effect on system throughput, thus limiting the tasks that.

could be assumed by the microcomputer and reducing the
cost effectiveness of using such devices,

A more desirable method wouid 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

2—-157

the processor that it should complete whatever instruction
that is currently being executed and fetch a new routine
that wil! service the requesting device. Once this servicing
is complete, however, the processor would resume exactly
where it left off,

This method is calied Interrupt, [t is easy to see that

system throughput would drastically increase, and thus’

more tasks could he 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,
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Each peripheral device or structure usually has a special
program or “routine’’ that is associated with its specific

functional or operational requirements; this is referred.

to as a '‘service routine”, The PIC, after issuing an
interrupt to the CPU, must somehow input information
into the CPU that can “‘point” the Program Counter to the
Service routine associated with the requesting device,
This "pointer'* is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

The UM8259A-2

The UMB269A-2 Is a device specifically designed for use in
real time, interrupt driven microcomputer systems. It
manages eight levels or requests and has built-in features
for expandability to other UMB269A-2's {up to 64 levels).
It is programmed by the system’s software as an 1/O
peripheral. A selection of priority modes is available to
tha programmer so that the manner in which the requests

. are processed by the UMB269A-2 can be configured to
match his system requirements. The-priority modes can be
changed or reconfigured dynamically at any time during
the main program, This means that the complete interrupt
structure can be defined as required, based on the total
system environment.

{nterrupt Regquest Reglster {IRR) and In-Service Registar
(ISR}

The Interrupts at the IR input lines are handled by two
registers in cascade, the nterrupt Request Register (IRR)
and the In-Service Register {ISR}. The |RR is used to store

all the interrupt levels which are requesting service; and the

ISR is used to store all the interrupt levels which are being
serviced.

Priority Resolver

This logic block determines the priorities of the bits set in
the IRR. The highest priority is selected and strobed into
the corresponding bit of the iSR during INTA pulse,
Interrupt Mask Register (IMR)

The MR 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 requ&st
lines of lower priority,

INT {Interrupt)

This output goes directly to the CPU interrupt input. The
Vou level on this line is designed to be fully compatible
with the 80804, 8085A and 8086 input levels.

" information onto the data bus.

2--168 -

INTA {Interrupt Acknowledge)

INTA pulses will cause the UMB269A-2 to releass vectoring -
The format of this data
depends on the system mode {uPM} of the UMB269A-2,

PU-DRIVEN
: ULTIPLEXOR
CPU mpSpIY S
\,
7~ ;? '
. \ i O

ram K K=ot |

U

ROM

o 2

r---1

\f:,‘):uo N) ':—— ,

L---J

Figure 1a. Polled Method

CPU INT 7
— 1

ram K= K= #ic

rom =1 o o

<::]> ifo 12} §

r---1

<:>uo (N)l—

L---J

Figqre 1b. Interrupt Method
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Data Bus Buffer

This 3-state, bidirectional 8-bit buffer is used to interface
the UMB269A.-2 to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer.

Read/Write Control Logic

The function of this block is to accept OUT put commands
from the CPU, It contains the Initialization Command
Word (ICW) registers and Operation Command Word
(OCW) registers which store the various control formats
for device operation.
the status of the UMB269A-2 to be transferred onto the
Data Bus.

'CS (Chip Select)

A LOW on this input enables the UMB269A-2, No reading
or writing of the chip will occur unless the device is
selected,

WR (Write)

A LOW on this input enables the CPU to write control
words (ICWs and OCWs} to the UMB259A.-2,

RD (Read) , ,

A LOW on this input enables the UMB269A-2 to send the
status of the interrupt Request Register (IRR), In Service
Register (ISR), the Interrupt Mask Register (IMR), or the
Interrupt level onto the Data Bus,

Ao - .
This input signal is used in conjunction with WR and RD
signals to write commands into the various command

registers, as well as reading the various status registers

of the chip. This line can be tied dlrectly to one of the
address lines.

The Cascade Buffer/Comparator

This function block stores and compares the I1Ds of all
UMB259A-2's used in the system, The associated three
I/0 pins {CAS0-2) are outputs when the UMB259A-2 is.
used as a master and are inputs when the UMB259A-2 is
used as a slave. As a master, the UMB259A-2 sends the ID
of the interrupting slave device onto the CAS0—2 lines. The
slave thus selected will send its preprogrammed subroutine
‘address onto the Data Bus during the next one or two
consecutive TNTA pulses, (See section ''Cascading the
UMB269A-2" )

Interrupt Sequence

The powerful features of the UM8259A-2 in a microcom-
puter system arg its programmability and the interrupt
routine addressing capablility, The latter aliows direct or
indirect jumping to the specific Interrupt routina requested
without any polling of the interrupting devices. The
normal 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. QOne or more of the INTERRUPT REQUEST lines
{IR7—~0) are raised high, setting the corresponding
IRR bitis}.

2. The UMB259A-2 evaluates these requests, and sends an
INT to the CPU, if appropriate,

This function block also allows

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

4. Upon rece:vmg an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit Is reset. The UMB2B9A-Z will also release a
CALL instruction code (11001101} onto the 8-bit
Data Bus through its D7-0 pins,

6. This CALL Instruction will initiate two more TNTA

pulses to be sent to the UM8259A-2 from the CPU

group.

6. . These two INTA pulses a]lowtheUM8259A-2to release
its preprogrammed subroutine address onto the Data
Bus, The lower B-bit address is released at the first
TNTA pulse. and the higher 8-bit address is released
at the second TNTA pulse.

7. This compiétes the 3-byte CALL instructinn released
by the UMB259A-2. In the AEO| mode the ISR bit is
reset at the end of the third INTA pulse. Otherwise,
the ISR bit remains set until an appropriate EO|
¢ommand is issued at the end of the interrupt
sequence.

The events occurring in an iAPX 86 system are the same

until step 4. *

4, Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set and the corresponding
IRR bit is reset. The UMB289A-2 does not drive the
Data Bus during this cycle,

6. The IAPX 86/10 will initiate a second INTA pulse,
During this pulse, the UMB269A-2 releases an 8-bit
pointer onto the Data Bus where it is read by the CPU,

6. This completes the interrupt cycle. In the AEOI
mode the ISR bit is reset at the end of the second
INTA pulse. -Otherwise, the ISR bit remains set until
an appropriate EQl command is |ssued at the end of
the interrupt subroutine. .

If no interrupt request is present at step 4 of either

sequence (i.a., the request was too short in duration) the

UMB269A-2 will issue an interrupt level 7. Both the

vectaring bytes and the CAS lines will laok like an interrupt

level 7 was requested..

r

—

' - ADDRESS BUS (iG) )
g e CONTAOL BUS S
1708 |TTOW | INT | INTA
§ DATA BUS (81 ' 4
CA§ Ag Dz-Dg AD WR INT TNTA
CASCADE ' A
LINES 4w f CAS) UMB259A-2
-+—nfCAS2 s 120 A0 IRQ mu mo 1RO IRQ IHO
‘| SEEN
SLAVE PROGRESSY ¢ 1
ENABLE BUFFER © INTEHRUPT

REQUESTS

Figure 3. UMB259A.-2 Interface to Standard
System Bus
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Interrupt Sequence Outputs
MCS-80®, MC5-85®

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

Content of First Interrupt
Vector Byte

D7 D6 D5 D4 D3 D2 D1 DO
catLcope [1 1 0 0 1 1 0 1

During the second INTA 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-As

are automatically inserted by the UMB2B9A-2, When -

Interval=8 bits only Ag and A, are progfammed, while
Ag-As are automatically inserted.

UM8259A-2

iAPX 86, iAPX 88

{APX. 86 made is similar to MCS-80 mode except that only
two interrupt Acknowledge cycles are issued by the
pracessor and no CALL opcode is sent to tha processor,
The first interrupt acknowledge cycle is similar to that
of MCS-80, 85 systems in that the UMB269A-2 uses it to
internally freeze the state of the interrupts for priority
resolution and as a master it issues the interrupt cade on
the cascade lines at the end of the INTA pulse. On this
first cycle it does not issue any data to the processer and
leaves its data bus buffers disabled. On the second
interrupt acknowledge cycle in iAPX 86 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 AD! mode control is
ignored and As-Ayy are unused in IAPX 86 made) ;

Content of Interrupt Vector Byte
for iAPX 86 System Modde

Content of Secand Interrupt D71 D6 | D6 | D4 | D3 | D2 [ D1 DO |
Vector Byte iIR7 |17 116 |15 | T4} T3 | 1 i 1
"1R6 | 17|16 |16 | 14| T3] 1T 1 0
Ll Interval = 4 "6 [T7 |16 116|418 |1 [0 |1
—[p7 D6 D5 D4 D3 D2 D1 DO R4 [T7|76 |6 |14]13[1 [0 ]0O
7 |a7 A6 A5 1 1 1 0 O B3 |17 |16 |16]14 18| 0 [1 T1
6 |A7 A6 AB 1 7 1 0 0 0 iR2 17136 | 15| T4|T3] 0 1 0
5 |A7 A6 AR 1 0 1 "0 0 IR |17 | 16|16 |[T4]T3]0 0 1
2 |A7 A6 A5 10 O 0 © RO |77 |16 |15 | 14130 [0 ]0
3 (A7 A6 AB O i 1 0 0 o
2 |aA7 A6 A5 O 1 0o 0 0
1 |A7_A6 A5 0 0 1 0 @ Programming the UM8269A-2
0 |A7 A6 A5 0 0 0 O 0 ' 7
The UMB2B9A-2 accepts two types of command words
IR Interval = 8 generated by the CPU: ’ )
D7 D6 D5 D4 D3 D2 D1 DO 1. Initialization Command Words (ICWs): Before normal
7 |A7T A6 1 1 1 o 0 ¢ operation can begin, each UMB259A-2 in the system
8 |A7 A6 1 1 0 0 0o 0 must be brought to a st_a[t_ing point — by a sequence
B |A7 AB 1 ) 1 0 ) of 2 to 4 bytes timed by WR pulses.
4 |[A7 A6 1 0O 0 0 0 O 2. Operation Command Words (OCWs):- These are the
3 |A7 A6 O 1 1 0 0 0 command words which command the UMB269A-2 fo
7 A7 A8 O 1 0 0 0 0 operate in various interrupt modes. These modes are:
1 |A7 A6 0 0 1 0 0 O Fully nested mode
o |lAa7 A8 0 0 0 0 0 O Rotating priority mode

During the third INTA pulse the higher address of the -

" appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag-Ays), is enabled
onto the bus.

Content of Thir& Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO
[ A8 [ a4 ISER A2 | A1 | A10 | A9 | A8 J

2-160

Special mask mode
Polled mode

The OCWs can be written into the UMB259A-2 anytime
after initialization.

ap oD

Initialization Command Words (ICWSs)

Genaral
Whenever a command is issued with A0=0 and D4=1, thi

i interpreted as Initialization Command Word 1 (ICW1]
ICW1 starts the initialization sequence during which th

www.DataSheetdU.com
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following automatically occur, externally, When the routine interval is 8, Ag-As are -

automatically inserted by the UMB259A-2, while Ag A;s
~a. The edge sense circuit is reset, which means that are programmed externally. :

following initialization, an interrupt request (IR}

input must make a low-to-high transition to generate The 8-byte interval will maintain compatibility with current
an interrupt. software, while the 4-byte interval is best for a compact -
b, The Interrupt Mask Fieglster is cleared. jump table, :
c. IR7 input is assigned priority 7. ;
d¢. The slave mode address isset to 7. In an IAPX 86 system Ay -Ay; are inserted in the five most .
8. Special Mask Mode is cleared and Status Read is set significant bits of the vectoring byte and the UMB269A-2
to IRR. sets the three least significant bits according to the
f. If 1C4=0, then all functions selected in ICW4 are set interrupt level, As-As are ignored and ADI (Address
to zero, {Non-Buffered mode*, no Auto-EOI, MCS-80, interval) has no effect.
85 system). LTIM: If LTIM=1, then the UMB259A-2 will operate in -
*Note: Master/Slave in ICW4 is only used in the buifered _ the level interrupt mode, Edge detect logic an the .
mode, .. interrupt inputs wilt be disabled, .
ADI: CALL address interval. ADI=1 then interval=4; - : g
Initialization Command Words 1 and 2 (ICW1, ICW2) : . ADL=0 then interval=8, - TS
. ] . - . o
As-Ay: Page starting address of service routines. Inan SNGL: Single. Means that this is the only UMB259A-2 in
MCS B0/85 system, the 8 request levels will generate the system, If SNGL=1 no ICW3 will be jssued,
CALLs to 8 locations equally spaced in memory. These  Cc4:  If this bit is set — ICW4 has to be read. If ICW4
can be programmed to be spaced at intervals of 4 or 8 - is not needed, set 1C4=0,
memory locations, thus the 8 routines will occupy a page _ )
of 32 or 64 bytes, respectively. Initialization Command Word 3 (ICW3)

The address format Is 2 bytes long {Ag-Ajs). When the This word is read only when there is moare than one

routine interval is 4, Ag-A4 are automatically inserted UMB269A-2 in the system and cascading is used, in which

by the UM8259A2 While As-A;5 are programmed case SNGL=0, It will load the 8-bit slave register. The
: functions of this register are;

N
CASCADE.
MODE

. NO (SNGL = 1}

YES (SNGL =0}

NO {IC4=0) 1S 1ICW4

NEEDED

ES (1IC4 = 1}

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 4. Initialization Sequence :
2—-161 vww.DataSheetd4U.com
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v cw1

Do

LTIM | ADI

SNGL

164

1 ICW4 NEEDED
0= NO (CW4 NEEDED

1= SINGLE _
0 = CASCADE MODE

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

1= LEVEL TRIGGEAED MODE
0 * EDGE TRIGGERED MOCE

w2 .
Ap D7 Dy 04 03 D

Do

Aq-Ag OF INTERRUPT
VECTOR ADDRESS
MCS-80/85 MODE ONLY)

A

Og
CACAVAR,
Tg Ts Ta Ty

Ag

Ag

1CW3 (MASTER DEVICE)
Ag. Dy Dy Dy Dy D3 D2

D}

Do

Ajs-Ag OF INTERRUPT
VECTOR ADDRESS
{MCS80/85 MODE!
T3-T3 OF INTERRUPT
VECTOR ADDRESS
{8086/8088 MODEL

v sy 1S [Ss|Sal sy s

Sy

ICW3-ISLAVE DEVICE)
Ag Dy 0O Dg Dy 03 D

Dy

Do

1= IR INPUT HAS A SLAVE
0= 1R INPUT DQES NOT HAVE
A SLAVE

1t ] otfo o oo |ip:

o

IDg

IGv4a

Ag B3 Dy Dy Oy D3 DIy

O

Do

Q=N
-|lolela
el BB =R L~
- =~

elo|e]-
[o|o|=]=
o[-«
Y P pg P

- |SENM|BUF | M/S

AEQL

M

1 =8036/8088 MODE
0 = MCS-80/85 MODE

1 AUTO EOI
0= NCRMAL EQI

—NON BUFFERED MODE
—BUFFERED MODE/SLAVE
~BUFFERED MODE/MASTER

Note- SLAVE ID 1S EQUAL TO THE CORRESPONDING *
MASTER IR INPUT. ’

1 =SPECIAL FULLY NESTED
MODE
0 = NOT SPECIAL FULLY

MESTED MODE

Figure 5. Initialization Command Word Format
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a. In the master mode (either when SP=1, or in buffered

mode when M/S=1in ICW4) a 1" s set for eachslave in”

the system. The master then will release byte 1 of the
call sequence {for MCS-80/85 system) and will enable
the-corresponding slave to release bytes 2 and 3 {for
iAPX 86 only byte 2) through the cascade lines.

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

{nitialization Command Word 4 (ICW4)

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

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

M/S: If buffered mode is selected: M/S=1 means the
UMB259A-2 is programmed to be a master, M/S=0
means the UMB259A-2 is programmed to be a
slave. If BUF=0, M/S has no function,

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

UPM:  Microprocessor made: pPM=0 sets the UMB259A-2

for MCS-80, 85 system operation, tPM=1 sets the
UMB269A-2 for iAPX B6 system operation,

Operation Command Words (OCWs)

After the Initialization Command Words (ICWs) are
programmed into the UM8259A-2, the chip is ready to
accept interrupt reguests at its input lines. However, during
the UMB253A-2 operation, a selection of algorithms can
command the UMBZ59A-2 to operate in various modes
through the Operation Command Words (OCWs).

ocw1

A0 D7 D6 D5 D4 D3 D2 D1 DO

1 M7 M6 MB M4 M3 M2 MI MO
ocwz

0 R SL EOlI 0 0 L2 L1 Lo
ocw3

0 0 ESMM SMM 0 1 p BR RIS

Operation Control Word 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt Mask
Register (IMR). M,;—My represent the eight mask bits.
M=1 indicates the channel is masked (|nh|b|ted) M= 0
indicates the chapnel is enabled;

2-163

UMB259A-2 will enter Special Mask Mode,

Operation Control Word 2 (OCW2)

R, SL, EO} — These three bits control the Rotate and End’
of Interrupt modes and combinations of the two, A chart
of these combinations can be found on the Operation
Command Word Format.

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

Operation Control Word 3 {OCW3)

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

If ESMM=1 and SMM=1 the
If ESMM=1
and SMM=0 the UM8263A-2 will revert to normal mask
mode, When ESMM=0, SMM has no effect.

SMM — Special Mask Mode.

Fully Nested Mode

This mode is entered after initialization unless another

mode is programmed, The interrupt requests are ordered
in priority from O through 7 {0 highest}. When an interrupt
is acknowledged the highest priority request is determined
and its vectar placed on the bus, Additionally, a bit of the
[nterrupt Service register (1SO-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 micro-
processor intermal interrupt enable flip-fiop has been
re-enabled through software).

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

End of Interrupt (EOI)

The [n Service {IS) bit can be reset either automatlcally
following the trailing edge of the fast in sequence INTA
pulse {when AEOI bit in ICW1 is set) or by 4 ‘command
word that must be issued to the UMB269A-2 before re-
turning from a service routine (EO! command). ~ An EOI
command must be issued twice If in the Cascade mode,
once for the master and once for the corresponding slave,

There are two forms of £0f command: Specific and
Non-Specific, When the UM8259A.-2 is operated in modes
which preserve the fully nested structure, it can determine
which IS bit to reset on EQ!, When a Non-Specific EO|
command is issued the UMB259A-2 will automatically raset
the highest 1S bit of thase that are ‘set, since it ttle fully..

nested mode the highest TS level' wag necessar'}y the la.st*' <

level acknowledged and serviced. A. noﬁlspecafac EOl mn
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acwi

Ag Dy Dy Ds Oy Dy -D; Dy Do
1 | M M8 | ms [ M| m3]m2]|m [mo
INTERRUPT MASK
‘1 = MASK SET
0=MASK AESET
ocw2 .
Ag D7 O DO D4 Oy D " O Do
0 R |su |eor] o 0 iy |
IR LEVEL TO BE
ACTED UPON
i o|1l2]3]als 7
oltjolrjoft]ol
ofjoajrlrjojojr]n
ojofojofi 1]}
L - .
EGIFIC EO] COMMAND
0] 0] U | NONSP CF[C‘I MAN ENO OF INTERRUFT
0| 1] 1| sPECIFIC EOL COMMAND
1! o | 1 | RotaTE ONNONSPECIFIC EQI COMMAND
1 | o | 0 | RoTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION
o | o | o] rotaTE in AUTOMATIC EOI MODE (CLEAR] :
1] TE: CIFIC EQ :
ROTATE ON SPECIFIC EQI COMMAND SPECIFIC ROTATION
1] 1] 0| *SET PRIQRITY COMMAND i
0| 1] o] nooreraTion
41012 ARE USED
ocwa
Ag Dy Dg Dg Dy Dy DO Dy Do
Q 0 |ESMM] SMM o 1 P AR RIS

AEAD REGISTER COMMAND

o N | o 1
o .0 1 1
AEAD fAEAD-
IR REG S AEG
NO ACTION ON NEXT {ON NEXT
AD PULSE ;RD PULSE
1= POLL COMMAND
0= NG POLL COMMAND

SPECIAL MASK MODE

[} X 1 a r
0 [ 1 1
RESET SET
NO ACTION SPECIAL | sPECIAL
MASK MASK

Figure 6. Operation Command Word Format
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be issued with OCW2 (EOI=1, SL=0, R=0).

When a mode is used which may disturb the fully nested
structure, the UMB8259A-2 may no longer be able to
determine the last level acknowledged. In this case a
Specific End of Interrupt must be issued which includes
as part of the command the IS level to be reset. A specific
ECI can be issued with OCW2 (EOI=1, SL=1, R=0, and
LO-L2 is the binary level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an -

IMR bit will not be cleared by a nonspecific £0! if the
UMB8259A-2 is in the Special Mask Mode.

Automatic End of Interrupt (AEOI} Mode

“If AEOI=1 in ICW4, then the UMB259A-2 will operate in
AEO| mode continuously until reprogrammed by ICW4. In
this mode the UM8269A-2 will automatically perform a
non-specific EO| operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,

_sacond In IAPX 86). Note that from a system standpoint,
this mode should be used only when a nested multilevel
interrupt  structuré is not required within a single
UMB269A-2.

“The AEOI mode can only be used in a master UM8259A-2
and not a:slave,

Automatic Rotation (Equal Priority Devices)

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

Before Rotate (IR4 the highest priority requiring service)

IS7 IS8 IS5 IS4 IS3 ISz IS1 ISO
ﬁlS"Status' o 1 o 1 0 0 O o}

Lawest Priority Highest Priority

PriorityStatus 7 6 65 4 3 2 1 ﬂ

After Rotate ;(1R4 was serviced, all other priorities rotated
correspondingly)

1S7 1S6 1S5 IS4 1S3 iS2 IS1 1SOs
|"IS"Status 0 1 0 0 0 0 O OJ

Highest Priority Lowest Priority
[ PriorityStates 2 1 0 7 6 5 4 3 |

There are two ways to accomplish Automatic Rotation
using OCW2, the Rotation on Non-Specific EQl Command
{R=1, SL=0, EQ|=1) and the Rotate in Automatic EOI

Mode which is set by {R=1, SL=0, EO|=0} and cleared by

{R=0, SL=0, EQI=0}.

2165

Specific Rotation {Specific Priority)

The programmer can change priorities by programming
the ‘bottom priority and thus fixing all other priorities;
i.e., if IRG is pragrammed as the bottom priority device,
then 1R6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R=1, SL=1; LO-L2 is the binary priority level code of
the bottom priority device.

Observe that in this mode internal status is updated by
software control during QCW2, However, it is independent
of the End of Interrupt {EOI) command {also executed by
OCW2}. Priority changes can be executed during an EOI
command by using the Rotate on Specific ECI command
in OCW2 (R=1, SL=1, EOI=1 and LO-L2=IR level to

. recelve battom priority).

- Interrupt Masks

Each interrupt Request input can be masked individually
by the Interrupt Mask Register (IMR} programmed through
OCW1. Each bit in the JMR masks one interrupt
channel if it is set (1}. Bit O masks RO, Bit 1 masks IRT

and so forth. Masking an IR channel does not affect the -

ather channels operation,

Special Mask Mode

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

The difficulty here is that if an Interrupt Request is
acknowledged and an End of Interrupt command did not
reset its 1S bit (i.e., while executing a service routine}, the
UMB259A-2 would-hava 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 fevel and enables
interrupts from all other levels {lower as well as higher)

" that are not masked.

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

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

Poil Command

in this mode the INT output is not used or the micro-
processor internal Interrupt Enable flip-flop is reset,
disabling its interrupt input, Service to devices is achieved
by software using a Poll command,
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The Poll command is issued by setting P="1" in OCW3.
The UMB259A.-2 treats the next RD pulse to the UMB259A-2
“{i. e, RD=0, CS=0 as an interrupt acknowledgement,
sets the appropriate IS bit if there Is a request, and reads
the priority level. Interrupt is frozen from WR to RD. -~

The word enabled onto the data bus during RD is:

"'D7 D6 D5 D4 D3 D2 D1 DO
W2 W1 wo

1 - =

WO-W2: Binary code of the hlghest prlorlty level
requesting service,

[: Equaltoa 1" if there is an interrupt.
This mode is useful if there is a routine command common
to several levels so that the INTA sequence is not needed
(saves ROM spacs). Another application is to use the polf
maode to expand the number of priority levels to more

- Reading the UMB259A-2 Status

" The input status of several internal registers can beread to

update the user information on the system, The following
registers can be read via QCW3 {IRR and ISR or OCW1
{(IMR]).

Interrupt Request Register (IRR): 8bit register which
cortaing the [evels 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,

than 64,
GBI TO OTHER PRIORITY CELLS ' - i
v . — — —cLRIsR
cLAa ISR BIT
EDGE - SET
TC /—L y PRIORITY
, ET ISR
q C A Wservice RESOLVER
LATCH
CONTHOL
Il: : LOGIC.
REQUEST !
LATCH _
g NON
o a ——WASK MmaskeD |
TCH . REQ
: +jc a —° QT
NTA :
MCS-80, 85 H
MODE
LCLR “_I .
FREEZE. Ly INTERNAL
& — DATABUS
N E ¥ i
NTA [ @
80C86/80CE8 o} a - 3 2og
MODE e o w wl<
[ B Eﬂ:g
FREEZE & :
z =
Notes:
1. MASTER CLEAR ACTIVE ONLY DURING ICW1
2, FREEZE/IS ACTIVE DURING TNTA/AND POLL SEQUENCES ONLY
3. TRUTH TABLE FOR D-LATCH
cC1 D | | OPERATION
1 ] D4 l FOLLOW
) X | Qg1 HOLD

Figure 7. Priority Cell—Simplified Logic Diagram
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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 pulsé, a Read
Register Command is issued with OCW3 (RR=t1, 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 UMB2569A-2 ’remembers”

whether the IRR or ISR has been previously selected by’

the OCW3, This is not true when poli is used.
After Initialization the UMB2BOA-2 is set to IRR.
For reading the fMR, no OCW3 is needed, The output

data bus will contain the IMR whenever RD is active and

AO=1 (OCW1).

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

Edge and Level Triggered Modes
This mode is programmed using bit 3 in ICW1,

If LTIM='0", an interrupt request will be recognized by &
low to high transition on an IR input, The IR input can
remain high without generating another interrupt.

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

The priority call diagram shows a conceptual circuit of the
level sensitive and edge sensitive input circuitry of the
UMB259A-2. Be sure to note that the request latch is a
transparent D type latch,

In bhoth the edge and level triggered modes the IR inputs
must remain high untii after the falling edge of the first
INTA. i the IR input goes low before this time a
DEFAULT {R7 will occur when the CPU acknowledges
the interrupt. This can be a useful safeguard for detecting
interrupts caused by spurious noise glitches on the IR
inputs. To implement this feature the IR7 routine is used
for “clean up” simply -executing a return instruction,
thus ignoring the interrupt. If IR7 is needed for other
purposes a default {R7 can still be detected by reading the

ISR. A normal IR7 interrupt will set the corresponding.

ISR bit, a default- IR7 won't, |f a default IR7 routine
oceurs during a normal IR7 routine, however, the ISR will
remain set. In this case it is necessary o keep track of
whether or not the IR7 routine was previously entered. If
another 1R7 occurs it Is a default,

The Special Fully Nested Made

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

“—_/

N\_ /T

LATCH
ARMED

EARLIEST IR
CAN BE REMOVED

W‘-_;
80C86/20C88  8080/808% '
y A V' )
) / \ | \ /
7 , B0C86/80CE8
" INTA - v .
W/ S oo

LATCH*
*EDGE TRIGGERED MODE ONLY  ARMED

Figure 8. IR Triggering Timing Requirements
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8. When: an interrupt request from a certain slave is in
service this slave is not locked out fram 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 processor. {In
the normal nested mode a slave is masked out when its
réquest is In service and no higher requests from the
same slave can be serviced.)

b. When exiting the Interrupt Service routine the software
has to check whether the interrupt serviced was the only
one from that slave, This is done by sending a non-
specific End of Interrupt (EOQ1} 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 EQ! should be sent.

Buffered Mode

: When the UMB259A-2 is used in a large system where bus

driving buffers are required on the data bus and the
cascading mode Is used, there exists the problem of
enabling buffers,

The buffered mode will structure the UMB2E9A-2 to send
an enable signal on SP/EN to enable the buffers. In this
mode, whenever the UMB8259A-2's data bus outputs are
enabled; the SP/EN output becomes active.

This madification forces the use of software programming
to determine whether the UMB269A:-2 is a master or aslave.
Bit 3 in ICW4 programs the buffered mode, and bit 2.in
ICW4 determines whether it is a master or a slave.

Cascade Mode

The UMB259A-2 can be easily interconnected in a system of
one master with up to eight slaves to handle up to 64
priority levels,

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

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

The cascade bus lines are normally low and will contain.
the slave address code from the trailing edge of the first
INTA pulse to the trailing edge of the third pulse. Each
UM8269A-2 in the system must follow a separate initializa-
tion sequence and can be programmed to work ina
different mode. An EO1 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 UMB8268A-2.

The cascade lines of the Master UMB259A-2 are activated
only for sltave inputs, non slave inputs leave the cascade
line inactive {low).

¢ ADDRESS BUS }1B) —
¢ CONTROL 8US
- INT REQ
S DATA BUS (@)
PAN

O \/ | . N V4 I , Q \/
T Ap D07 TNTA INT T Ag Do7  INTA INT T8 Ag D07 INTA INT
CAS O CAS 0 f— CASO )
UMB259A-2 UMB2E9A.2 ) & umazsea2
SLAVEA - cast SLAVE B cAs 1 1 MASTER
CAS 2 CAS 2 CAS2
FEN 7 6 6 4.3 2 1 0O SEN 7 8 65 4 3 2 1 O [SPER M7 M6 M5 a4 M3 M2 M1 MO
6
7 6 5 4 3 1 0 7 6 5 4 3 2 1 0 i £ 4 a2 1 0
L I

INTERRUPT REQUESTS

Figure 9. Cascading the UMB259A-2
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