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Figure 7. Single Multimaster Bus Interface

Figure 8 shows how a typical multi-processing system
might be configured with the 8289 in the Single Bus
mode. In the system there are three bus masters, each
having the assigned priority as indicated—priority 1
being the highest and priority 3 being the lowest. Prior-
ity is established using the parallel priority scheme
(ignore the dotted signal interconnect for the moment).
Each bus arbiter monitors its associated processor and
issues a bus request (BREQ) whenever its processor
wants the bus. A common clocking signal (BCLK) runs
to each of the arbiters in the system. It is from the fall-
ing edge of this clock that all bus requests are issued.
Since all bus requests are made on the same clock
edge, a valid priority can be established by the priority
resolving circuitry by the next falling BCLK edge. Note
that all multi-master system bus (MULTIBUS) input sig-
nals are considered to be valid at the falling edge of
BCLK. And that all multi-master system bus output
signals are issued from the falling edge of BCLK. With
the parallel resolving module, arbiters 2 and 3 would
issue their respective BREQs (Figure 9) on the falling
edge of BCLK 1, as shown. The outputs (BPRN 1, BPRN
2, and BPRN 3) of the priority encoder-decoder arrange-
ment change to reflect their new input conditions and
need to be valid early enough in front of BCLK 2 to
guarantee the arbiter's setup time requirements. Since
arbiter 2 at the time is the highest priority arbiter re-
questing the bus, bus priority is given to arbiter 2 (BPRN
2 goes low), and since the bus was not busy (BUSY is
high) at the time priority was granted to arbiter 2, arbiter
2 pulls BUSY inactive on BCLK 2, thereby seizing the
bus and excluding all other arbiters access to the bus.
Once the bus is seized, arbiter 2 activates its AEN. AEN
going low directly enables the 8283 address latches and

wakes up the 8288 Bus Controller. The bus controller
enables the 8287 transceivers, waits until the address to
command setup time has been established, and then
enables its command drivers onto the bus.

If the serial priority resolving mode was used instead,
much of the events that happened for the parallel prior-
ity resolving mode would be the same except, of course,
there would be no parallel priority resolving module. in-
stead, the system would be connected as indicated in
Figure 8 by the dotted signal lines connecting the BPRO
of one arbiter to BPRN of the next lower priority arbiter.

The BREQ lines would be disconnected and the priority
encoder-decoder arrangement removed. This arrange-
ment is simpler than the parallel priority arrangement
except that the daisy-chain propagation delay of the
highest priority bus arbiter’s BPRO to the lowest priority
bus arbiter's BPRN, including setup time requirement
(BPRN to BLCK), cannot exceed the BCLK period. In
short, this means there are only so many arbiters that
can be daisy-chained for a given BCLK frequency. Of
course, the lower the BCLK frequency, the more arbiters
can be daisy-chained. The maximum BCLK frequency is
specified at 10 MHz, which would allow for three 8289
arbiters to be daisy-chained. In general, the number of
arbiters that can be connected in the serial daisy-chain
configuration can be determined from the following
equation:

BCLK period = TBLPOH + TPNPO (N—-1) + TPNBL

where N = # of arbiters in system
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Figure 9. Example Timing For Figure 8

Returning to Figure 9, it can be seen that K BCLKs later,
arbiter 1 has decided to request the bus and its BREQ,
BREQ 1, has gone low. Since arbiter 1 is of higher priori-
ty than arbiter 2, which presently has the bus, bus priori-
ty is reassigned by the priority module (or the daisy-
chain approach in the serial priority) to arbiter 1. BPRN 1
goes low and BPRN 2 now goes high (BPRN 3 remains
high, even though decoding can cause it to glitch
momentarily). The loss of priority instructs arbiter 2 that
a higher priority arbiter wants the bus and that it is to
release the bus as soon as its present transfer cycle is
done. Since arbiter 2 cannot immediately release the
bus, arbiter 1 must wait. In the particular case illustrated
in Figure 9, arbiter 2 releases the bus (allows BUSY to go
high) on clock edge M, and on clock edge M + 1, arbiter 1
now seizes the bus, pulling BUSY low. Arbiter 1 is the
highest priority arbiter in the system and it now has the
bus. Arbiters 2 and 3 still want the bus (their BREQs are
both low).

How quickly arbiter 1 can acquire the bus is dependent
upon the configuration and strapping options of the ar-
biter it is trying to acquire it from. For example, if the
LOCK input to arbiter 2 was active (low) at the time, then
arbiter 1, even though it was of higher priority, would not
have acquired the bus until after LOCK was released
(goes high). Effectively, LOCK locks the arbiter onto the
bus once the bus has been acquired. LOCK will not
force another arbiter to release the bus any sooner, it
just prevents the bus from being given away no matter
what the priority of the other arbiter. Another factor to
be considered is where in the transfer cycle is the proc-
essor when the arbiter is instructed to give up the bus.
Obviously, if the cycle had just started, it will take
longer for the bus to be released than if the cycle was
just ending. Another factor to be included in this con-
sideration is the phase relationship of the processor’s
clock (CLK) to the bus clock (BCLK). This relationship is
examined in more detail later on. Table 1 lists the time
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requirements for various arbiter actions such as bus ac-
quisition and bus release (under LOCK and other
circumstances) taking into account the phase relation-
ships between CLK and BCLK.

Bus Request (BREQ!) Mode ﬂ;’:(’)' '(’,;'I:;’
Status - BREQ! single 2 BCLKs 1 BCLK
Status—BREQ! 108 2 ﬁ:ﬁ ’_ECET;
Status—BREQ! RESB 2 Z_%Sf;; Iﬁﬂ(s :
Status— BREQ! 108-RESB | 2 ?rclf:; }‘%*s :

*Request originates off of ¢2 of T1 and BREQ! occurs 1 BCLK (min)
to 2 BCLKs (max) thereafter. Depending upon where status occurs
with respect to clock determines how long a time exists between
status and ¢2 of T1, and is anywhere from 2 CLK (min) to 1 CLK
(max).

tRequest originates off of T2:¢1 and BREQ! occurs 1 BCLK (min) to
2 BCLKs (max) thereafter. The same reasoning as used in the I0B
mode is valid here-

Delay Delay
Bus Release (BREQ?) Mode Max) Min)
. - 2 CLKs + 1CLK+
Higher Priority (BPRN1) All 2 BCIKs 1 BCIR
; 2 CLKs + 1CLK+
Lower Priority (CBRQ!) All 2 BOLKs 1 BOLK
Surrender occurs once the proper surrender conditions exist.

Table 1. Surrender and Request Time Delays

One signal which has been basically ignored to this
point is CBRQ. CBRQ, like BUSY, is an open-coliector
signal from the arbiter which is tied to the CBRQ signals
of the other arbiters and to a pull-up resistor (see Figure
8). CBRQ is both an input and an output. As an output,
CBRQ serves to instruct the arbiter presently on the bus
that another arbiter wishes to acquire the bus. As an in-
put, CBRQ serves to instruct the arbiter presently on the
bus that another arbiter wants the bus. CBRQ is aninput
or output, dependent on whether the arbiter is on the
bus or not (respectively), and is issued as a function of
BREQ. Thus, a lower priority arbiter requesting the bus
already controlled by a higher priority arbiter will pull
CBRQ low, as well as BREQ. Even a higher priority ar-
biter will pull CBRQ low until it acquires the bus. Note,
however, that the higher priority arbiter will acquire the
bus through the reassignment of priorities — it being
given priority and the other arbiter presently on the bus
losing it. In effect, CBRQ serves to notify the arbiter that
an arbiter of lower priority wants the bus.

If the arbiter presently on the bus is configured to react
to CBRQ and the proper surrender conditions exist, the
bus is released. When releasing the bus, the arbiter also
turns off its BREQ (BREQ goes high) in order to allow
priority to be established to the next lower arbiter re-
questing the bus. Such is the case shown in Figure 9.
Whereas it was assumed that the proper surrender con-
ditions did not exist for arbiter 2 when it had the bus, it
is assumed that the proper conditions do exist during
the time that arbiter 1 has the bus. Arbiter 2 had to give
up the bus because an arbiter of higher priority was re-

questing it. Arbiter 1 surrenders the bus because the
proper surrender conditions exist and a lower priority ar-
biter requested the bus by pulling CBRQ low. This is an
assumed condition which is not otherwise shown in
Figure 9. This is not an unrealistic condition. Normally,
a higher priority arbiter will acquire the bus through the
reassignment of priorities, while lower priority arbiters
acquire the bus through CBRQ.

Digressing for a moment, the 8289 Bus Arbiter will not
voluntarily surrender the bus (except when the proc-
essor halts execution). As a result, it has to be forced off
the bus. The 8289 Bus Arbiter does not generate a BREQ
for each cycle. It generates a BREQ once and then
hangs onto the bus. To do otherwise would require that
BREQ be dropped (go high) after each transfer cycie so
that if it did need to do another transfer cycle, another
arbiter would automatically be assigned priority. This
approach, however, entails certain overhead. Command
to address setup and hold time must be prefixed and ap-
pended to each transfer cycle. Each transfer cycle
would be characterized by first acquiring the bus, then
establishing the setup time requirements, finally per-
forming the transfer cycle, establishing the hold time re-
quirements, and then releasing the bus (see Figure 10).
If another transfer cycle was to immediately follow and
if the arbiter still had priority, then the whole above pro-
cedure would be repeated. The end result would be
wasted time as hold times following setup times (see
Figure 10A). The approach taken by the 8289 Bus Arbiter
of having to be forced off the bus, even when it is not
using the bus (i.e., forced off by a lower priority arbiter),
provides for greater bus efficiency. A lower priority ar-
biter having to force off another arbiter that is not using
the bus but just hanging on to it, may not seem very effi-
cient. In actuality it is a good trade-off. In many muiti-
master systems some bus masters occasionally de-
mand the bus, while others demand the bus constantly.
The bus master which constantly demands the bus may
momentarily need not to access the bus. Why should
that arbiter surrender the bus when chances are that the
other bus masters which occasionally access the bus
don’t want it at the time? If it doesn’t give up the bus,
then it can momentarily cease access to the bus and
then continue, without any performance penalty of hav-
ing to reestablish control of the bus. The greater bus ef-
ficiency that it affords is well worth the added complexi-
ty (Figure 10B).

Returning to Figure 9, the combination of the proper sur-
render conditions existing and CBRQ being low, forced
the higher priority arbiter, arbiter 1, off the bus. Arbiter
2, being of next higher priority and wanting the bus, ac-
quired the bus on clock edge N + 1. If arbiter 1 decides
to re-access the bus, it would reacquire the bus through
the reassignment of priorities. This is not the case
shown in Figure 9. Arbiter 1 has decided that it does not
need the bus and does not renew its BREQ. Arbiter 2,
having acquired the bus through CBRQ, is now the
highest priority arbiter requesting the bus. As can be
seen it is not the only arbiter requesting the bus. Arbiter
3 is still patiently waiting for the bus and CBRQ remains
low. The same conditions that forced arbiter 1 off the
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bus for arbiter 2 now forces arbiter 2 off the bus for ar-
biter 3. When the proper surrender conditions exist, ar-
biter 2 releases its BREQ and surrenders the bus to ar-
biter 3. Arbiter 3 acquires the bus on clock edge P +1
and releases its CBRQ. Since no other arbiter wants the
bus (i.e., there is no other arbiter hoiding CBRQ low),
CBRQ goes high (inactive). This would have also been
true when arbiter 2 acquired the bus and released its
CBRQ if arbiter 3 didn’t want the bus.

In the Single interface, the arbiter monitors the proc-
essor's status lines, which are activated whenever the
processor performs a transfer cycle. The arbiter, on
detecting the status lines going active, will issue a
BREQ if the status is not the HALT status. If the proc-
essor issues the HALT status, the arbiter will not re-
quest the bus, and if it has the bus, will release it.

This effectively concludes how arbiters interact to one
another on the bus. Having examined the processor-to-
arbiter interface, and arbiter-to-MULTIBUS (arbiter-to-
arbiter) interaction, one interface is left, the internal
interface of processor-related signals to that of
MULTIBUS-related signals.

An important point to remember is that the processor
has its own clock (CLK) and the multi-master system
bus has its own (BCLK). These two clocks are usually
out of phase and of different frequencies. Thus, the ar-
biter must synchronize events occurring on one inter-
face to events occurring on another interface. As a
result of this back and forth synchronization, ambiguity
can arise as to when events actually do take place.

Very simply, the 8289 arbiter operation can be repre-
sented as two events, requesting and surrendering.
Figure 11 is a representation of the timing relationships
involved. The request input is a function of the proc-
essor's clock and the surrender input is a function of
either the bus clock or the processor's clock. To request

the bus, the processor activates its status lines whichin
turn enables the request input. Depending upon the
phase relationship between the occurrence of status (re-
quest active) and BCLK, BREQ appears one to two
BCLKs later. As shown in Figure 12, the phase relation-
ship between request and BCLK is such that the BRQ1
flip-flop may or may not catch request on the first
BCLK.*

If BRQ1 flip-flop does catch the request, then one BCLK
|ater, BREQ goes low and one BCLK after that, BUSY
goes low (it is assumed that priority is immediately
granted and that the bus is available). If BRQ1 flip-flop
does not catch the request, then request is caught on
the next BCLK and BREQ goes low one BCLK later, fol-
lowed by BUSY which also goes low one BCLK later.
Note that BREQ and BUSY track, as BREQ is an input
term for BUSY. During bus acquisition, the surrender
flip-flop is false (SURNDR Q= low) and AEN follows
BUSY.

Once the bus is acquired, the surrender circuitry is
enabled so that when a valid surrender condition exists,
the bus can be surrendered. The surrender circuitry syn-
chronizes the surrender request to the processor's
clock and drives SURNDR low. Like the acquisition cir-
cuitry, it takes from one to two processor clocks to gen-
erate SURNDR and depends upon the phase relation-
ship between the surrender request and the processor’s
clock.

*The two bus request flip-flops, BRQ1 and BRQ2, are edge-triggered,
high resolution flip-flops and serve to reduce the probability of walkout
down to an acceptable level. Walkout occurs because BCLK is asyn-
chronous with respect to request. If walkout does occur on BRQ?1 flip-
flop, the probability is high that the BRQ1 flip-flop will resolve itself
prior to BRQ2 flip-flop being triggered. Even if BRQ1 flip-flop did not
quite resolve itself, the probability of BRQ2 flip-flop walking out to an
unacceptable point in time is itself low.

SET-UP
TIME

TRANSFER HOLD
CYCLE TIME

l SET-UP “ TRANSFER HOLD SET.UP TRANSFER x HOLD * SET.UP l TRANSFER I HOLD n SET-UPx
(@)

*SET—UP” TRANSFER lTRANSFER ‘ TRANSFER TRANSFERX J “
{b)

a) BUS UTILIZATION AS A RESULT OF HAVING TO REQUEST AND RELEASE THE BUS
FOR EACH TRANSFER CYCLE. THIS PERMITS LOWER PRIORITY ARBITERS EASY
ACCESS TO THE BUS SHOULD THE HIGHER PRIORITY ARBITER NO LONGER NEED
THE BUS. HOWEVER, BUS EFFICIENCY IS POOR DUE TO THE ARBITER THRASING ON
AND OFF OF THE BUS FOR EACH TRANSFER CYCLE.

b) 8289 BUS UTILIZATION IS MORE EFFICIENT IN THAT THE ARBITER HAS ONLY TO
ACQUIRE THE BUS ONCE. THE 8289 HANGS ONTO THE BUS UNTIL FORCED OFF.
THIS APPROACH ADDS A LITTLE MORE COMPLEXITY TO THE SYSTEM INASMUCH AS
SOME MEANS MUST BE PROVIDED FOR LOWER PRIORITY ARBITERS TO FORCE THE
HIGHER PRIORITY ARBITER OFF OF THE BUS WHEN 1T IS NOT USING IT. THE ADDED
COMPLEXITY IS WELL WORTH THE BUS EFFICIENCY AND SYSTEM FLEXIBILITY IT
AFFORDS. THE 8289 ARBITER CAN BE CONFIGURED TO HAVE THE TRANSFER TIMING
AS SHOWN IN (a) (IMITATING THE METHOD 8218 AND 8219 USES, BUS ARBITERS FOR
8080 AND 8085 RESPECTIVELY) BY STRAPPING ANYRQST HIGH AND CBREQ LOW.

Figure 10. Two Techniques For Doing Multibus Transfer Cycles
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Having synchronized the surrender request to the proc-
essor's clock to generate SURNDR, SURNDR is then
synchronized to BCLK to reset the BUSY and BRQ flip-
flops. When BUSY-Q goes low, the surrender circuitry is
reset which in turn re-enables the request input. The tim-
ing in Figure 13 shows the surrender request input
going high on the falling edge of the clock. If the Sample
tlip-flop was able to catch the surrender request on the
edge of clock 1, then SURNDR would be generated (go
low) on clock edge 2. If not, SURNDR would be gener-
ated on clock edge 3. SURNDR going iow on clock edge
2 will be, for ease of discussion, referred to as SURNDR
a and SURNDR going low on clock edge 3 will be refer-
red to as SURNDR b. As can be seen from Figure 13,
SURNDR a just happens to go low on BCLK edge 2.
Since SURNDR is used to reset the BRQ flip-flops,
which are clocked by the falling edge of BCLK, the
BRQ1 flip-flop may or may not catch SURNDR a on
BCLK edge 2. !f it does, then BRQ and BUSY go high on
BCLK edge 3 which, for convenience, will be called
BREQ a or BUSY a. If not, theh BREQ and BUSY will go
high on BCLK edge 4, which will be referred to as BREQ
b or BUSY b, respectively. SURNDR b occurs early
enough to assure that BUSY and BREQ are reset on
BCLK edge 5, which will be referred to as BUSY b1 and

BREQ b1. Depending upon when BUSY goes high, deter-
mines when the surrender circuitry is reset and how
soon the next BREQ can be generated. BUSY a1 causes
SURNDR ¢ to occur where shown and SURNDR ¢ in turn
would allow the earliest bus request to occur at BREQ
c1. At the other extreme, BUSY b1 allows the earliest
bus request to occur at BREQ efl.

Table 1 summarizes the maximum and minimum delays
for bus request, once the proper request and surrender
conditions exist. Table 2 lists the proper surrender con-
ditions.

Mode o Surrender Conditions
Singte HALT state, ioss of BPRN, T{.CBREQ
HALT state, loss of BPRN, TI«CBREQ,

108 /0 Command+-CBRQ
RESB HALT state, loss of BPRN, TI-CBREQ,
(SYSB/RESB = 0)-CBRQ
HALT state, loss of BPRN, T1.CBREQ,
1OB-RESB (SYSB/RESB = 0)-CBREQ,

/0 Command-CBRQ

Table 2. Surrender Conditions
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Figure 13. Asy Bus
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I0B INTERFACE

Now that the processor-arbiter, arbiter-system bus and
internal arbiter timings have been discussed, it is ap-
propriate to consider the other interfaces that the 8289
Bus Arbiter provides.

In the I0B mode, the processor communicates and con-
trols a host of peripherals over the peripheral bus. When
the 1/O processor needs to communicate with system
memory, it is done so over the system memory bus. Fig-
ure 14 shows a possible I/O processor system con-
figuration, utilizing the 8089 I/O processor in its
REMOTE mode. Resident memory exists on the periph-
eral bus in order that canned I/O routines and buffer
storage can be provided. Resident memory is treated as
an |/O peripheral. When a peripheral device needs ser-
vicing, the /O processor accesses resident memory for
the proper I/O driver routine and services the device,
transmitting or storing peripheral data in buffer storage
area of resident memory. The resident memory’s buffer
storage area could then be emptied or replenished from
system memory via the system bus. Using the IOB inter-
face allows an I/O processor the capability of executing
from local memory (on the peripheral bus) concurrently
with the host processor.

Timing in this mode is no different from timing in the
SINGLE BUS mode. The only difference lies in the re-
quest and surrender conditions. The arbiter extends the
single bus mode conditions to qualify when the system
bus is requested and adds on additional surrender con-
ditions. The system bus is only requested during sys-
tem bus commands (the arbiter decodes the processor’s
status lines) and, in addition to the other surrender

terms, the arbiter permits surrender to occur during 1/0
bus (or local bus) commands, when the /O processor is
using its own iocal bus.

Like the arbiter, the bus controller must also be in-
formed of the mode it is operating in. In the IOB mode,
the 8288 bus controller issues /O bus commands in-
dependently of the state of AEN from the arbiter. It is
assumed that all /O bus commands are intended for the
110 bus and hence there is a separate /O command bus
from the controller. Ail /O bus commands are sent
directly to the I/O bus and are not influenced by AEN.
System bus commands are assumed as going to the
system bus. Since system bus commands are directed
to the system bus, they must still be influenced by AEN
and the arbitration mechanism provided by the 8289.

As an example, suppose the processor issues an I/O bus
command. The 8288 Bus Controller generates the
necessary control signal to latch the /O address and
configure the transceivers in the correct direction. in the
10B mode, the multiplexed MCE/PDEN pin of the 8288
becomes PDEN (peripheral data enable) and serves to
enable the /O bus's data transceivers during I/O bus
commands. DEN similarily serves to enable the system
bus’s data transceivers during memory commands.
PDEN and DEN are mutually exclusive, so it is not possi-
ble for both sets of transceivers to be on, thereby
avoiding contention between the two sets. Since the /O
bus commands are generated independently of AEN in
the IOB mode, the I/O bus has no delay effects due to
the arbiter. During this time in which the processor is
accessing memory the arbiter, if it already has the bus,
will permit it to be surrendered to either a higher or
lower priority independently of where the processoris in
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its transfer cycle (i.e., independent of the machine
state).* If the arbiter does not aiready have the bus, it
will make no effort to acquire the bus.

If the processor issues a memory command instead, the
same set of events take place, except that 1) the system
bus’s data transceivers are enabled instead of the
peripherals bus’s data transceivers, and 2) when the
command is issued depends upon the state of the ar-
biter. In both cases of /0 bus commands and system
bus commands, the address generated for that com-
mand is latched into both sets of address latches, the
system bus’s address latches, and the peripherals bus’s
address latches. For each command (regardless of com-
mand type), an address is put out on the I/O bus and on
the system bus if the arbiter has the bus at that particu-
jar time. However, the bus controlier only issues a com-
mand to one of the buses and hence, no ill effects are
suffered by addressing both buses.

I the arbiter already has the system bus when a system
bus command is issued, no delays due to the arbiter will
be noticed by the processor. If the arbiter doesn’t have
the bus and must acquire it, then the processor will be
delayed (via the system bus command being delayed by
the bus controller through AEN from the arbiter) until
the arbiter has acquired the bus. The arbiter will then
permit the bus controller to issue the command and the
transfer cycle continues.

RESB INTERFACE

The non-I/O processors in the 8086 family can communi-
cate with both a resident bus and a multi-master system
bus. Two bus controllers would be needed in such a con-
figuration as shown in Figure 15. In such a system con-
figuration the processor would have to access to
memory and peripherals of both buses. Address map-
ping technigues can be applied to select which bus is to
be accessed. The SYSB/RESB (system bus/resident bus)
input on the arbiter serves to instruct the arbiter as to
whether or not the system bus is to be accessed. It also
enables or disables commands from one of the bus con-
trollers.

In such a system configuration, it is possible to issue
both memory and I/O commands to either bus and as a
result, two bus controllers are needed, one for each bus.
Since the controilers have to issue both memory and 1/0
commands to their respective buses, the |IOB options on
the controllers are strapped off (IOB is low). The ar-
biter, too, has to be informed of the system configura-
tion in order to respond appropriately to system inputs
and has its RESB option strapped on (RESB is high). The
arbiter's 10B option is strapped inactive (IOB is high).
Strapping the arbiter into the resident bus mode
enables the arbiter to respond to the state of the
SYSB/RESB input. Depending upon the state of this in-
put, the arbiter either requests and acquires the system
bus or permits the surrendering of that bus.

*Under other circumstances, bus surrendering would only be permitted
during the period from where address to command hold time has been
established just prior to where the next command would be issued.

In the system shown in Figure 15, memory mapping
techniques are applied on the resident bus side of the
system rather than on the muitiprocessor or system
bus side. As mentioned earlier in the 0B interface, both
sets of address latches (the resident bus's address
latches and the system bus's address latches) are
latched with the same address; in this case, by their
respective bus controllers.” The system bus’s address
latches, however, may or may not be enabled depending
upon the state of the arbiter. The resident bus’s address
latches are always enabled, hence the address mapping
technique is applied to the resident bus.

Address mapping techniques can range in complexity
from a single bit of the address bus (usually the most
significant bit of the address), to a decoder, to a PROM.
The more elaborate mapping technique, such as PROM,
provides segment mapping, system flexibility, and easy
mapping modifications (simply make a new PROM).

In actual operation, both bus controliers respond to the
processor's status lines and both wili simultaneously
issue an address latch strobe (ALE) to their respective
address latches. Both bus controllers will issue com-
mand and control signals unless inhibited. The purpose
of the address mapping circuitry is to inhibit one of the
bus controllers before contention or erroneous com-
mands can occur. The transceivers are enabled off the
same clock edge the commands are issued, namely ¢1
of T2 (Figure 16). The address is strobed into the ad-
dress latches by ALE. ALE is activated as soon as the
processor issues status, and is terminated on ¢2 of of
T1. From when ALE is issued, plus the propagation
delay of the address latches, determines where the ad-
dress is valid. The time from which the address is valid
to where control and commands are issued determines
how much settling time is available for the address map-
ping circuitry. The mapping circuitry must inhibit (via
CEN) one of the bus controllers prior to where controls
and commands are issued. Part of the settling time
(see Figure 16) is consumed as a setup time requirement
to the bus controllers. As it turns out, CEN (command
enable) can be disqualified as late as on the falling edge
of clock (the leading edge of ¢1 of T2) without fear of the
bus controller issuing any commands or transceiver
control signals. In systems (8 MHz) where less time is
available for the address mapping circuitry, the address
latches can be bypassed, hooking the mapping circuitry
straight onto the processor's multiplexed address/data
bus (the local bus) and using ALE to strobe the mapping
circuitry. This would avoid the propagation delay time of
the transceivers. Besides needing to inhibit one of the
bus controllers, the arbiter needs to be informed of the
address mapping circuitry’s decision. Depending upon
that decision, the arbiter acquires or permits the release
of the system bus.

*A simpler system with an 8086 or 8088 can exist, if it is desirable to
only have PROM, ROM, or a read only peripheral interface on the resi-
dent bus. The 8086 and 8088 additionally generate a read signal in con-
junction with the 8288 control signals. By using this read signal and
memory mapping, the 8086 or 8088 could operate from local program
store without having the contention of using the system bus.
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The arbiter is informed of this decision via its
SYSB/RESB input. If the memory mapping circuitry
selects the resident bus, then SYSB/RESB input to the
arbiter and CEN input of the system bus controller are
brought low; and the CEN Input of the resident bus con-
troller is brought high. The commands and control
signals of the resident bus are now enabled and those of
the system bus are disabled. In addition, with the arbiter
being informed that the transfer cycle is occurring on
the resident bus, the system bus is permitted to be sur-
rendered. Glitching is permitted on the SYSB/RESB in-
put of the arbiter up until ¢1 of T2. Thereafter, only clean
transitions can occur on the input.* So, if mapping cir-
cuitry can settle prior to ¢1 of T2, there is no need to be
concerned over glitching. If the mapping circuitry is
unable to settle prior to this time, then the designer
must guarantee a clean transition on the SYSB/RESB in-
put.

INTERFACE TO TWO MULTI-MASTER BUSES

The interface of an 8086 family processor to two multi-
system buses is simply an extension of the resident bus
interface. The only difference is that now two arbiters
are needed, one for each multi-master bus, and the ad-
dress mapping circuitry must acquire its input straight
off the processor's multiplexed address/data bus (the
local bus), using ALE as an address strobe input. Figure
17 depicts how such a system might be configured.

Figure 17 illustrates the use of the 8289 in a system en-
vironment in three of its four modes. The host 8086 CPU
(priority 3) is using the 8289 in its single bus multi-
master mode, while an 8089 I/O processor is using the
8289 in its IOB mode. A work station based on an 8088
processor uses the 8289 in it system/resident bus mode.
This diagram represents a hypothetical system wherein
there can exist more than one work station (only one
shown). Each work station shares system resources and
1/0. The lowest priority processor (8086) would provide
supervisory functions and system control, i.e., allow
operator intervention into the system resources. A work
station would call in assemblers and compilers or ap-
plication programs as needed. When compiled or
assembled, the results are transferred to the 1/O station
for output, thus freeing up a work station for another
user.

*In certain memory mapping techniques, the CENs of the bus control-
lers are controlled differently from the SYSB/RESE input of the arbiter.
In short, CEN is brought low automatically to both bus controllers,
thereby disabling their command and control outputs. This permits a
longer settling time for the memory mapping circuitry, since both con-
trollers are disabled. When the mapping circuitry settles, sometime
after ¢1 of T2, one of the bus controllers and its associated bus arbiter
(if one exists) is enabled. After ¢1 of T2, the arbiter can only permit
clean transitions on the SYSB/RESB input line.

If one work station is used, the serial priority resolving
technique could be used between the 8289 Bus Arbiters
(shown in dotted lines). If more than one work station is
desired, it would be necessary to either slow down the
system bus clock to accommodate the additional ar-
biters, or resort to the parallel resolving technique (as
shown).

WHEN TO USE THE DIFFERENT MODES

Single Bus Multi-Master Interface

This mode is the simplest and is sufficient for systems
where a multiprocessing environment exists and the
system bus bandwidth is sufficient to handle the peak
concurrent requirements of a multi-master environment.
This solution can provide an inexpensive solution for
multi-masters to access an expensive /O device. If,
however, the system bus bandwidth is exceeded, the
10B or system/resident modes should be considered.

10B Mode

The OB mode is ideal when the bus can be separated in-
to an I/0 bus and memory or system bus. This mode is
commonly used with the 8089 I/O processor in its
REMOTE configuration to separate the 1/O space from
memory space. With the 8089, all instructions operate
on either system or /O address space. 64K bytes of /O
space can be accessed by the processors in the 8086
family.

The remaining processors in the 8086 family are con-
strained to using only I/O instructions when referencing
110 space. If this is a limitation, and it is desirable to
remove some of the processor functions to its private
resources, the resident bus mode should be considered.

Resident Bus Mode

The resident bus mode allows for maximum flexibility
for a CPU device, giving it both access to its own local
resources with full instruction set capability, and the
system resources. The CPU can work from its own local
resources without contention on the system bus. By
using a PROM for memory mapping, memory space can
be easily altered in this mode. This mode requires the
use of a second 8288 bus controller chip.

CONCLUSION

The 8289 brings a new dimension to microcomputer ar-
chitecture by allowing the advanced 8/16-bit microproc-
essors to play easily in a multi-master, multiprocessing
environment. With the flexible modes of the 8289, a user
can define one of several bus architectures to meet his
cost/performance needs. Modularity, improved system
reliability and increased performance are just a few of
the benefits that designing a multiprocessing system
provides.
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INTRODUCTION

The Intel 8259A is a Programmable Interrupt Controller
(PIC) designed for use in real-time interrupt driven
microcomputer systems. The 8259A manages eight
levels of interrupts and has built-in features for expan-
sion up to 64 levels with additional 8259A’s. Its versatile
design allows it to be used within MCS-80, MCS-85,
MCS-86, and MCS-88 microcomputer systems. Being
fully programmable, the 8259A provides a wide variety of
modes and commands to tailor 8259A interrupt process-
ing for the specific needs of the user. These modes and
commands control a number of interrupt oriented func-
tions such as interrupt priority selection and masking of
interrupts. The 8259A programming may be dynamically
changed by the software at any time, thus allowing com-
plete interrupt controt throughout program execution.

The 8259A is an enhanced, fully compatible revision of
its predecessor, the 8259. This means the 8259A can use
all hardware and software originally designed for the
8259 without any changes. Furthermore, it provides ad-
ditional modes that increase its flexibility in MCS-80
and MCS-85 systems and allow it to work in MCS-86 and
MCS-88 systems. These modes are:

¢ MCS-86/88 Mode

* Automatic End of Interrupt Mode
* Level Triggered Mode

e Special Fully Nested Mode

* Buffered Mode

Each of these are covered in depth further in this appli-
cation note.

This application note was written to explain completely
how to use the 8259A within MCS-80, MCS-85, MCS-86,
and MCS-88 microcomputer systems. It is divided into
five sections. The first section, “Concepts”, explains
the concepts of interrupts and presents an overview of
how the 8259A works with each microcomputer system
mentioned above. The second section, “Functional
Block Diagram”, describes the internal functions of the
8259A in block diagram form and provides a detailed
functional description of each device pin. ‘“Operation of
the 8259A”, the third section, explains in depth the
operation and use of each of the 8259A modes and com-
mands. For clarity of explanation, this section doesn’t
make reference to the actual programming of the 8259A.
Instead, all programming is covered in the fourth sec-
tion, “Programming the 8259A". This section explains
how to program the 8259A with the modes and com-
mands mentioned in the previous section. These two
sections are referenced in Appendix A. The fifth and
final section “Application Examples”, shows the 8259A
in three typical applications. These applications are
fully explained with reference to both hardware and soft-
ware.

The reader should note that some of the terminology
used throughout this application note may differ
slightly from existing data sheets. This is done to better
clarify and explain the operation and programming of
the 8259A.

1. CONCEPTS

In microcomputer systems there is usually a need for
the processor to communicate with various Input/Out-

put (I/O) devices such as keyboards, displays, sensors,
and other peripherals. From the system viewpoint, the
processor should spend as little time as possible servic-
ing the peripherals since the time required for these 1/O
chores directly affects the amount of time available for
other tasks. In other words, the system should be
designed so that I/O servicing has little or no effect on
the total system throughput. There are two basic
methods of handling the 1/0 chores in a system: status
polling and interrupt servicing.

The status poll method of /O servicing essentially in-
volves having the processor “ask” each peripheral if it
needs servicing by testing the peripheral’s status line. If
the peripheral requires service, the processor branches
to the appropriate service routine; if not, the processor
continues with the main program. Clearly, there are
several problems in implementing such an approach.
First, how often a peripheral is polled is an important
constraint. Some idea of the “frequency-of-service”
required by each peripheral must be known and any soft-
ware written for the system must accommodate this
time dependence by ‘“scheduling” when a device is
polled. Second, there will obviously be times when a
device is polled that is not ready for service, wasting the
processor time that it took to do the poll. And other
times, a ready device would have to wait until the proc-
essor ‘‘makes its rounds” before it could be serviced,
slowing down the peripheral.

Other problems arise when certain peripherals are more
important than others. The only way to implement the
“priority” of devices is to poll the high priority devices
more frequently than lower priority ones. It may even be
necessary to poll the high priority devices while in a low
priority device service routine. It is easy to see that the
polied approach can be inefficient both time-wise and
software-wise. Overall, the polled method of 1/0O servic-
ing can have a detrimental effect on system throughput,
thus limiting the tasks that can be performed by the
processor.

A more desirable approach in most systems would allow
the processor to be executing its main program and only
stop to service the /0O when told to do so by the I/O
itself. This is called the interrupt service method. In
effect, the device would asynchronously signal the proc-
essor when it required service. The processor would
finish its current instruction and then vector to the
service routine for the device requesting service. Once
the service routine is complete, the processor would
resume exactly where it left off. Using the interrupt ser-
vice method, no processor time is spent testing devices,
scheduling is not needed, and priority schemes are
readily implemented. It is easy to see that, using the in-
terrupt service approach, system throughput would in-
crease, allowing more tasks to be handled by the
processor.

However, to implement the interrupt service method
between processor and peripherals, additional hardware
is usually required. This is because, after interrupting
the processor, the device must supply information for
vectoring program execution. Depending on the proc-
essor used, this can be accomplished by the device tak-
ing control of the data bus and “jamming” an instruc-
tion(s) onto it. The instruction(s) then vectors the pro-
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gram to the proper service routine. This of course re-
quires additional control logic for each interrupt re-
questing device. Yet the implementation so faris only in
the most basic form. What if certain peripherals are to
be of higher priority than others? What if certain inter-
rupts must be disabled while others are to be enabled?
The possible variations go on, but they all add up to one
theme; to provide greater flexibility using the interrupt
service method, hardware requirements increase.

So, we're caught in the middle. The status poll method
is a less desirable way of servicing /O in terms of
throughput, but its hardware requirements are minimal.
On the other hand, the interrupt service method is most
desirable in terms of flexibility and throughput, but
additional hardware is required.

The perfect situation would be to have the flexibility and
throughput of the interrupt method in an implementa-
tion with minimal hardware requirements. The 8259A
Programmable Interrupt Controller (PIC) makes this all
possible.

The 8259A Programmable Interrupt Controller (PIC) was
designed to function as an overall manager of an inter-
rupt driven system. No additional hardware is required.
The 8259A alone can handle eight prioritized interrupt
levels, controlling the compiete interface between pe-
ripherals and processor. Additional 8259A’s can be
‘‘cascaded” to increase the number of interrupt levels
processed. A wide variety of modes and commands for
programming the 8259A give it enough flexibility for
almost any Interrupt controlled structure. Thus, the
8259A is the feasible answer to handling I/0 servicing in
microcomputer systems.

Now, before explaining exactly how to use the 8259A,
let’s go over interrupt structures of the MCS-80, MCS-85,
MCS-86, and MCS-88 systems, and how they interact
with the 8259A. Figure 1 shows a block diagram of the
8259A interfacing with a standard system bus. This may
prove useful as reference throughout the rest of the
“"Concepts” section.

ADDRESS BUS B
CONTROL BUS )
1/oR {1/iow TINT INTA
¢ DATA BUS

A, D;D, RD WR INT INTA

CASCADE
LINES

B259A

cas2_

{RQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ '
SP/EN 6 5 4 3

2 1 0

T

SLAVE T /
PROG/ENABLE INTERRUPT
BUFFER REQUESTS

Figure 1. 8259A Interface to Standard System Bus

1.1 MCS-80"™—8259A OVERVIEW

In an MCS-80—8259A interrupt configuration, as in
Figure 2, a device may cause an interrupt by pulling one
of the 8259A's interrupt request pins (IR0-IR7) high. If
the B259A accepts the interrupt request (this depends
on its programmed condition), the 8259A’s INT (inter-
rupt) pin will go high, driving the 8080A’s INT pin high.

The 8080A can receive an interrupt request any time,
since its INT input is asynchronous. The 8080A, how-
ever, doesn’t always have to acknowledge an interrupt
request immediately. It can accept or disregard re-
quests under software control using the El (Enable Inter-
rupt) or DI (Disable Interrupt) instructions. These in-
structions either set or reset an internal interrupt enable
flip-flop. The output of this flip-flop controls the state of
the INTE (Interrupt Enabled) pin. Upon reset, the 8080A
interrupts are disabled, making INTE low.

At the end of each instruction cycle, the 8080A exam-
ines the state of its INT pin. If an interrupt request is
present and interrupts are enabled, the 8080A enters an
interrupt machine cycle. During the interrupt machine
cycle the B0B0A resets the internal interrupt enable flip-
flop, disabling further interrupts until an El instruction
is executed. Unlike normal machine cycles, the interrupt
machine cycle doesn’t increment the program counter.
This ensures that the 8080A can return to the pre-
interrupt program location after the interrupt is com-
pleted. The 8080A then issues an INTA (Interrupt
Acknowledge) pulse via the 8228 System Controller Bus
Driver. This TNTA pulse signals the 8259A that the 8080A
is honoring the request and is ready to process the inter-
rupt.

The 8259A can now vector program execution to the cor-
responding service routine. This is done during a se-
quence of the three TNTA pulses from the 8080A via the
8228. Upon receiving the first INTA pulse the 8259A
places the opcode for a CALL instruction on the data
bus. This causes the contents of the program counter to
be pushed onto the stack. In addition, the CALL instruc-
tion causes two more INTA pulses to be issued, allow-
ing the 8259A to place onto the data bus the starting
address of the corresponding service routine. This
address is called the interrupt-vector address. The lower
8 bits (LSB) of the interrupt-vector address are released
during the second TNTA pulse and the upper 8 bits
(MSB) during the third INTA pulse. Once this sequence
is completed, program execution then vectors to the
service routine at the interrupt-vector address.

If the same registers are used by both the main program
and the interrupt service routine, their contents should
be saved when entering the service routine. This in-
cludes the Program Status Word (PSW) which consists
of the accumulator and flags. The best way to do this is
to “PUSH" each register used onto the stack. The ser-
vice routine can then “POP” each register off the stack
in the reverse order when it is completed. This prevents
any ambiguous operation when returning to the main
program.

Once the service routine is completed, the main
program may be re-entered by using a normal RET
(Return) instruction. This will “POP” the original con-
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tents of the program counter back off the stack to uration. When an interrupt occurs, a sequence of three
resume program execution where it left off. Note, that INTA pulses causes the 8259A to release onto the data
because interrupts are disabled during the interrupt bus a CALL instruction and an interrupt-vector address
acknowledge sequence, the El instruction must be for the corresponding service routine. Other events that
executed either during the service routine or the main occur during the 8080A interrupt machine cycle, such as
program before further interrupts can be processed. disabling interrupts and not incrementing the program

counter, also occur in the 8085A interrupt acknowledge
machine cycle. Additionally, the instructions for saving
registers, enabling or disabling of interrupts, and return-
ing from service routines are literally the same.

For additional information on the 8080A interrupt struc-
ture and operation, refer to the MCS-80 User’s Manual.

™ . .
1.2 MCS-85™" —8259A OVERVIEW The 8085A, however, has a different interrupt hardware
An MCS-85—8259A configuration processes interrupts scheme as shown in Figure 3. For one, the 8085A sup-
in much the same format as an MCS-80—8259A config- plies its own INTA output pin rather than using an addi-
“INTE Bo-1s ADDRESS BUS >ro MEMORY AND 110
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——{HOLD INT L5V
8259A 1K
[SEI.ECT
8080A  wp WR cs SPIEN IR0 |=—
" orf—=| e DBIN DBIN 100 Ay IRY fe—
= - HLDA HLDA INT L
1)(2 &2 82 TR I T & IR2
bl | st IR3|«— | INTERRUPT
RDYN 8224 READY READY Do-7 Do-7 8228 lIow WR 8259A REQUEST
— NTAf-——————}INTA Rat=—( "inpuTS
—+{RESIN RESET |—|RESET sTsTB 1R [+—
MEMR IRE |+—
SYNCH—{SYNC
ISTST MEMW DBo.7 DATA BUS Do-7 CAS: IR7 |
0-2
TO SLAVE 8259AS

TO MEMORY

> TO MEMORY AND 1/0

Figure 2. MCS-80 8259A Basic Configuration Example
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Figure 3. MCS-85"™ 8259A Basic Configuration Example
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tional chip, as the 8080A uses the 8228 System Con-
troller Bus Driver. Another hardware difference is the
80B5A has five hardware interrupt pins: INTR, RST 7.5,
RST 6.5, RST 5.5, and TRAP. The INTR (Interrupt Request)
pin is the equivalent to the 8080A’'s INT pin. The RST
(Restart) pins and TRAP pin are all restart interrupts
which vector program execution to an individual dedi-
cated address when asserted. The important factor
associating these interrupts is their relative priority, as
shown below:

TRAP Highest Priority
RST 75
RST 6.5
RST 5.5
INTR Lowest Priority

The INTR pin has lowest priority among the other 8085A
hardware interrupts. Thus, precautions to prevent inter-
rupting 8259A service routines may be necessary. This,
of course, depends on how the 8085A interrupts are
being used in a particular application. Such precautions
can be implemented, however, by masking the RST pins
using the SIM instruction. The TRAP pin on the other
hand is non-maskable; all interrupt pins but TRAP can
be controlled by the El (Enable Interrupt) and DI {Disable
Interrupt) instructions.

For a complete description of the 8085A interrupt struc-
ture, refer to the MCS-85 User’s Manual.

1.3 MCS-86/88™ —8259A OVERVIEW

Operation of an MCS-86/88—8259A configuration has
basic similarities of the MCS-80/85—8259A configura-

tions. That is, a device can cause an interrupt by pulling
one of the 8259A’s interrupt request pins (IR0-IR7) high.
If the 8259A honors the request, its INT pin will go high,
driving the 8086/8088’s INTR pin high. Like the 8080A
and 8085A, the INTR pin of the 8086/8088 is asynchro-
nous, thus it can receive an interrupt any time. The
8086/8088 can also accept or disregard requests on
INTR under software control using the ST} (Set Interrupt)
or CLI (Clear Interrupt) instructions. These instructions
set or clear the interrupt-enabled flag IF. Upon
8086/8088 reset the IF flag is cleared, disabling external
interrupts on INTR. Beside the INTR pin, the 8086/8088
provides an NMi (Non-Maskable Interrupt) pin. The NMi
functions similar to the 8085A’s TRAP; it can't be dis-
abled or masked. NMI has higher priority than INTR.

Figure 4 shows an MCS-86 MAX Mode system interfac-
ing with an 8259A on the local bus. This MCS-86—8259A
configuration is also representative of an MCS-88—
8259A configuration except for the data bus which is 16
bits for 8086 and 8 bits for 8088. In the MCS-86 system
the 8259A must be on the lower 8 bits of the data bus.
Note that the 8259A could also be interfaced on the
system bus.

Aithough there are some basic similarities, the actual
processing of interrupts with an 8086/8088 is different
than an 8080A or 8085A. When an interrupt request is
present and interrupts are enabled, the 8086/8088 enters
its interrupt acknowledge machine cycle. The interrupt
acknowledge machine cycle pushes the flag registers
onto the stack (as in a PUSHF instruction). It then clears
the IF flag which disables interrupts. The contents of
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Figure 4. msc-86™ s2594 Basic Configuration Example (8086 in Max. Mode)
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both the code segment and the instruction pointer are
then also pushed onto the stack. Thus, the stack retains
the pre-interrupt flag status and pre-interrupt program
location which are used to return from the service
routine. The 8086/8088 then issues the first of two INTA
pulses which signal the 8259A that the 8086/8088 has
honored its interrupt request. If the 8086/8088 is used in
its “MIN Mode” the INTA signal is available from the
8086/8088 on its INTA pin. If the 8086/8088 is used in the
“MAX Mode” the TNTA signal is available via the 8288
Bus Controlier INTA pin. Additionally, in the “MAX
Mode” the 8086/8088 LOCK pin goes low during the in-
terrupt acknowledge sequence. The LOCK signal can be
used to indicate to other system bus masters not to gain
control of the system bus during the interrupt acknowl-
edge sequence. A “HOLD"” request won’t be honored
while LOCK is low.

The 8259A is now ready to vector program execution to
the corresponding service routine. This is done during
the sequence of the two INTA pulses issued by the 8086/
8088. Unlike operation with the 8080A or 8085A, the
8259A doesn’t place a CALL instruction and the starting
address of the service routine on the data bus. Instead,
the first INTA pulse is used only to signal the 8259A of
the honored request. The second INTA pulse causes the
8259A to place a single interrupt-vector byte onto the
data bus. Not used as a direct address, this interrupt-
vector byte pertains to one of 256 interrupt “types” sup-
ported by the 8086/8088 memory. Program execution is
vectored to the corresponding service routine by the
contents of a specified interrupt type.

All 256 interrupt types are located in absolute memory
locations 0 through 3FFH which make up the 8086/
8088’s interrupt-vector table. Each type in the interrupt-
vector table requires 4 bytes of memory and stores a
code segment address and an instruction pointer ad-
dress. Figure 5 shows a block diagram of the interrupt-
vector table. Locations 0 through 3FFH should be
reserved for the interrupt-vector table alone. Further-
more, memory locations 00 through 7FH (types 0-31) are
reserved for use by Intel Corporation for Intel hardware
and software products. To maintain compatibility with
present and future Intel products, these locations
should not be used.

When the 8086/8088 receives an interrupt-vector byte
from the 8259A, it multiplies its value by four to acquire
the address of the interrupt type. For example, if the
interrupt-vector byte specifies type 128 (80H), the vec-
tored address in 8086/8088 memory is 4 x 80H, which
equals 200H. Program execution is then vectored to the
service routine whose address is specified by the code
segment and instruction pointer values within type 128
located at 200H. To show how this is done, let’s assume
interrupt type 128 is to vector data to 8086/8088 memory
location 2FF5FH. Figure 6 shows two possible ways to
set values of the code segment and instruction pointer
for vectoring to location 2FF5FH. Address generation
by the code segment and instruction pointer is ac-
complished by an offset (they overlap). Of the total
20-bit address capability, the code segment can desig-
nate the upper 16 bits, the instruction pointer can
designate the lower 16 bits.

T ]
3FFH
INTERRUPT TYPE 255
3FCH
3FBH
INTERRUPT TYPE 254
3F8H
L]
= . ¥
L]
8H
INTERRUPT TYPE 2
8H
™
INTERRUPT TYPE 1
aH
3H
INTERRUPT TYPE 0
oH

Figure 5. 8086/8088 Interrupt Vector Table

CS(MSB) 2FR 1EFH
cs(Lse) FoH wen |
P (MSB) 00H 1FDH YPE128
1P (LSB) SFH 1FCH
ES 4
* *
cs (MSB) 20R 1FFH
Cs(LsB) 00H 1FEH
P (MSB) FFH 1FDH [ TYPE12
1P (LSB) 5FH 1FCH
4 L

Figure 6. Two Examples of 8086/8088 interrupt Type 128 Vectoring
to Location 2FF5FH

When entering an interrupt service routine, those regis-
ters that are mutually used between the main program
and service routine should be saved. The best way to do
this is to “PUSH’" each register used onto the stack im-
mediately. The service routine can then “POP” each
register off the stack in the same order when it is com-
pleted.

Once the service routine is completed the main program
may be re-entered by using a IRET (Interrupt Return) in-
struction. The IRET instruction will pop the pre-interrupt
instruction pointer, code segment and flags off the
stack. Thus the main program will resume where it was
interrupted with the same flag status regardiess of
changes in the service routine. Note especially that this
includes the state of the IF flag, thus interrupts are re-
enabled automatically when returning from the service
routine.

Beside external interrupt generation from the INTR pin,
the 8086/8088 is also able to invoke interrupts by soft-
ware. Three interrupt instructions are provided: INT, INT
(Type 3), and INTO. INT is a two byte instruction, the sec-
ond byte selects the interrupt type. INT (Type 3) is a one
byte instruction which selects interrupt Type 3. INTO is
a conditional one byte interrupt instruction which
selects interrupt Type 4 if the OF flag (trap on overflow)
is set. All the software interrupts vector program execu-
tion as the hardware interrupts do.
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For further information on 8086/8088 interrupt operation
and internal interrupt structure refer to the MCS-86
User’s Manual and the 8086 System Design application
note.

2. 8259A FUNCTIONAL BLOCK DIAGRAM

A block diagram of the 8259A is shown in Figure 7. As
can be seen from this figure, the 8259A consists of eight
major blocks: the Interrupt Request Register (IRR), the
In-Service Register (ISR), the Interrupt Mask Register
(IMR), the Priority Resolver (PR), the cascade buffer/
comparator, the data bus buffer, and logic blocks for
control and read/write. We'll first go over the blocks
directly related to interrupt handling, the IRR, ISR, IMR,
PR, and the control logic. The remaining functional
blocks are then discussed.

2.1 INTERRUPT REGISTERS AND CONTROL LOGIC

Basically, interrupt requests are handled by three ‘“‘cas-
caded” registers: the Interrupt Request Register (IRR) is
use to store all the interrupt tevels requesting service;
the In-Service Register (ISR) stores all the levels which
are being serviced; and the Interrupt Mask Register
(IMR) stores the bits of the interrupt lines to be masked.
The Priority Resolver (PR) looks at the IRR, ISR and IMR,
and determines whether an INT should be issued by the
the control logic to the processor.

Figure 8 shows conceptually how the Interrupt Request
(IR) input handles an interrupt request and how the
various interrupt registers interact. The figure repre-

sents one of eight ““daisy-chained"” priority cells, one for
each IR input.

The best way to explain the operation of the priority cell
is to go through the sequence of internal events that
happen when an interrupt request occurs. However,
first, notice that the input circuitry of the priority cell
allows for both level sensitive and edge sensitive IR in-
puts. Deciding which method to use is dependent on the
particular application and will be discussed in more
detail later.

When the IR input is in an inactive state (LOW), the edge
sense latch is set. If edge sensitive triggering is
selected, the “Q” output of the edge sense latch will
arm the input gate to the request latch. This input gate
will be disarmed after the IR input goes active (HIGH)
and the interrupt request has been acknowledged. This
disables the input from generating any further inter-
rupts until it has returned low to re-arm the edge sense
latch. If level sensitive triggering is selected, the “Q”
output of the edge sense latch is rendered useless. This
means the level of the IR input is in complete control of
interrupt generation; the input won’t be disarmed once
acknowledged.

When an interrupt occurs on the IR input, it propagates
through the request latch and to the PR (assuming the
input isn’t masked). The PR looks at the incoming re-
quests and the currently in-service interrupts to ascer-
tain whether an interrupt should be issued to the proc-
essor. Let's assume that the request is the only one in-
coming and no requests are presently in service. The PR
then causes the control logic to pull the INT line to the
processor high.
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Figure 8. Priority Cell

When the processor honors the INT pulse, it sends a se-
quence of INTA pulses to the 8259A (three for 8080A/
8085A, two for 8086/8088). During this sequence the
state of the request latch is frozen (note the INTA-freeze
request timing diagram). Priority is again resolved by the
PR to determine the appropriate interrupt vectoring
which is conveyed to the processor via the data bus.

Immediately after the interrupt acknowledge sequence,
the PR sets the corresponding bit in the ISR which
simultaneously clears the edge sense latch. if edge sen-
sitive triggering is used, clearing the edge sense latch
also disarms the request latch. This inhibits the
possibility of a still active IR input from propagating
through the priority cell. The IR input must return to an
inactive state, setting the edge sense latch, before
another interrupt request can be recognized. If level sen-
sitive triggering is used, however, clearing the edge
sense latch has no affect on the request latch. The state
of the request latch is entirely dependent upon the IR in-
put level. Another interrupt will be generated immedi-
ately if the IR level is left active after its ISR bit has been
reset. An ISR bit gets reset with an End-of-Interrupt (EOI)
command issued in the service routine. End-of-
interrupts will be covered in more detail later.

2.2 OTHER FUNCTIONAL BLOCKS

Data Bus Bufter

This three-state, bidirectional 8-bit buffer is used to in-
terface the 8259A to the processor system data bus (via

DBO0-DB7). Control words, status information, and
interrupt-vector data are transferred through the data
bus buffer.

Read/Write Control Logic

The function of this block is to control the programming
of the 8259A by accepting OUTput commands from the
processor. It also controls the releasing of status onto
the data bus by accepting INput commands from the
processor. The initialization and operation command
word registers which store the various control formats
are located in this block. The RD, WR, A0, and TS
pins are used to control access to this block by the
processor.

Cascade Buffer/Comparator

As mentioned earlier, multiple 8259A’s can be combined
to expand the number of interrupt levels. A master-slave
relationship of cascaded 8259A’s is used for the expan-
sion. The SP/EN and the CAS0-2 pins are used for oper-
ation of this block. The cascading of 8259A’s is covered
in depth in the “Operation of the 8259A" section of this
application note.

2.3 PIN FUNCTIONS

Name Pin# HO Function

Voo 28 |
GND 14 |

+ 5V supply
Ground
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Name Pin# 1/0 Function

cs 1| Chip Select: A low on this pin en-
ables RD and WR communication be-
tween the CPU and the 8259A. INTA
functions are independent of CS.

WR 2 | Write: A low on this pin when CS is
low enables the 8259A to accept
command words from the CPU.

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

D7-D0 4-11 1/O Bidirectional Data Bus: Control,
status and interrupt-vector informa-
tion is transferred via this bus.

CASO- 12,13, /O Cascade Lines: The CAS lines form a

CAS2 15 private 8259A bus to control a multi-
ple 8259A structure. These pins are
outputs for a master 8259A and in-
puts for a slave 8259A.

SP/EN 16 /O Slave Program/Enable Buffer: This is

a dual function pin. When in the buf-
tered mode it can be used as an out-
put to control buffer transceivers
(EN). When not in the buffered mode
it is used as an input to designate a
master {SP = 1) or slave (SP=0).

INT 17 O Interrupt: This pin goes high when-
ever a valid interrupt request is as-
serted. It is used to interrupt the
CPU, thus it is connected to the
CPU’s interrupt pin.

IRO-  18-25 | Interrupt Requests: Asynchronous in-

IR7 puts. An interrupt request can be
generated by raising an IR input (low
to high) and holding it high until it is
acknowledged (edge triggered mode),
or just by a high level on an IR input
(level triggered mode).

INTA 26 | Interrupt Acknowledge: This pin is
used to enable 8259A interrupt-vector
data onto the data bus. This is done
by a sequence of interrupt acknowl-
edge pulses issued by the CPU.

A0 27 | AQ Address Line: This pin acts in con-
junction with the CS, WR, and RD
pins. It is used by the 8259A to de-
cipher between various command
words the CPU writes and status the
CPU wishes to read. It is typically
connected to the CPU AO address
line (A1 for 8086/8088).

3. OPERATION OF THE 8259A

Interrupt operation of the 8259A falls under five main
categories: vectoring, priorities, triggering, status, and
cascading. Each of these categories use various modes
and commands. This section will explain the operation
of these modes and commands. For clarity of explana-
tion, however, the actual programming of the 8259A isn’t

covered in this section but in “Programming the 8259A".
Appendix A is provided as a cross reference between
these two sections.

3.1 INTERRUPT VECTORING

Each IR input of the 8259A has an individual interrupt-
vector address in memory associated with it. Designa-
tion of each address depends upon the initial program-
ming of the 8259A. As stated earlier, the interrupt
sequence and addressing of an MCS-80 and MCS-85
system differs from that of an MCS-86 and MCS-88
system. Thus, the 8259A must be initially programmed
in either a MCS-80/85 or MCS-86/88 mode of operation to
insure the correct interrupt vectoring.

MCs-80/85™ Mode

When programmed in the MCS-80/85 mode, the 8259A
should only be used within an 8080A or an 8085A
system. In this mode the 8080A/8085A will handle inter-
rupts in the format described in the “MCS-80—8259A or
MCS-85—8259A Overviews.”

Upon interrupt request in the MCS-80/85 mode, the
8259A will output to the data bus the opcode for a CALL
instruction and the address of the desired routine. This
is in response to a sequence of three INTA pulses
issued by the 8080A/8085A after the 8259A has raised
INT high.

The first INTA pulse to the 8259A enables the CALL
opcode “CD,,” onto the data bus. It also resolves IR pri-
orities and effects operation in the cascade mode,
which will be covered later. Contents of the first
interrupt-vector byte are shown in Figure 9A.

During the second and third INTA pulses, the 8259A
conveys a 16-bit interrupt-vector address to the 8080A/
8085A. The interrupt-vector addresses for all eight levels
are selected when initially programming the 8259A.
However, only one address is needed for programming.
Interrupt-vector addresses of IR0-IR7 are automatically
set at equally spaced intervals based on the one pro-
grammed address. Address intervals are user definable
to 4 or 8 bytes apart. If the service routine for a device is
short it may be possible to fit the entire routine within
an 8-byte interval. Usually, though, the service routines
require more than 8 bytes. So, a 4-byte interval is used to
store a Jump (JMP) instruction which directs the 8080A/
8085A to the appropriate routine. The 8-byte interval
maintains compatibility with current 8080A/8085A
Restart (RST) instruction software, while the 4-byte in-
terval is best for a compact jump table. If the 4-byte in-
terval is selected, then the 8259A will automatically
insert bits AO-A4. This leaves A5-A15 to be pro-
grammed by the user. If the 8-byte interval is selected,
the 8259A will automatically insert bits A0-A5. This
leaves only A6-A15 to be programmed by the user.

The LSB of the interrupt-vector address is placed on the
data bus during the second INTA pulse. Figure 9B
shows the contents of the second interrupt-vector byte
for both 4 and 8-byte intervals.

The MSB of the interrupt-vector address is placed on the
data bus during the third INTA pulse. Contents of the
third interrupt-vector byte is shown in Figure 9C.
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Figure 9. 9A-C. Interrupt-Vector Bytes for 8259A, MCS 80/85 Mode

MCS-86/88™ Mode

When programmed in the MCS-86/88 mode, the 8259A
should only be used within an MCS-86 or MCS-88
system. In this mode, the 8086/8088 will handle inter-
rupts in the format described earlier in the “8259A—
8086/8088 Overview”’.

Upon interrupt in the MCS-86/88 mode, the 8259A will
output a single interrupt-vector_byte to the data bus.
This is in response to only two INTA pulses issued by
the 8086/8088 after the 8259A has raised INT high.

The first INTA pulse is used only for set-up purposes in-
ternal to the 8259A. As in the MCS-80/85 mode, this set-
up includes priority resolution and cascade mode oper-
ations which will be covered later. Unlike the MCS-80/85
mode, no CALL opcode is placed on the data bus.

The second TNTA pulse is used to enable the single
interrupt-vector byte onto the data bus. The 8086/8088
uses this interrupt-vector byte to select one of 256 inter-
rupt “types” in 8086/8088 memory. Interrupt type selec-
tion for all eight IR levels is made when initially pro-
gramming the 8259A. However, reference to only one in-
terrupt type is needed for programming. The upper 5 bits
of the interrupt vector byte are user definable. The lower
3 bits are automatically inserted by the 8259A depend-
ing upon the IR level.

Contents of the interrupt-vector byte for 8086/8088 type
selection is put on the data bus during the second INTA
pulse and is shown in Figure 10.
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Figure 10. Interrupt Vector Byte, MCS 86/88"™ Mode

3.2 INTERRUPT PRIORITIES

A variety of modes and commands are available for con-
trolling interrupt priorities of the 8259A. All of them are
programmable, that is, they may be changed dynamic-
ally under software control. With these modes and com-
mands, many possibilities are conceivable, giving the
user enough versatility for aimost any interrupt con-
trolled application.

Fully Nested Mode

The fully nested mode of operation is a general purpose
priority mode. This mode supports a multilevel-interrupt
structure in which priority order of all eight IR inputs are
arranged from highest to lowest.

Unless otherwise programmed, the fully nested mode is
entered by default upon initialization. At this time, IR0 is
assigned the highest priority through IR7 the lowest.
The fully nested mode, however, is not confined to this
IR structure alone. Once past initialization, other IR in-
puts can be assigned highest priority also, keeping the
multilevel-interrupt structure of the fully nested mode.
Figure 11A-C shows some variations of the priority
structures in the fully nested mode.

IR LEVELS [IR7 IR6 IRS5 IR4 IRG IR2 |R1 IRO
PRIORITY [ 7 6 5 4
A

IR LEVELS [IR7 IR6 IR5 ma ma mz IR1 mo
PRIORITY | 4 3

IR LEVELS [IR7 IR6 IR5 IR4 IR3 IR2 IRT IR0
PRIORITY [ 1 0 7 6 5 4 3 2

c

Figure 11. A-C. Some Variations of Priority Structure in the
Fully Nested Mode

Further explanation of the fully nested mode, in this
section, is linked with information of general 8259A in-
terrupt operations. This is done to ease explanation to
the user in both areas.

In general, when an interrupt is acknowledged, the
highest priority request is determined from the IRR (In-
terrupt Request Register). The interrupt vector is then
placed on the data bus. In addition, the corresponding
bit in the ISR (In-Service Register) is set to designate the
routine in service. This ISR bit remains set until an EOI
(End-Of-Interrupt) command is issued to the B8259A.
EOVs will be explained in greater detail shortly.

In the fully nested mode, while an ISR bit is set, all fur-
ther requests of the same or lower priority are inhibited
from generating an interrupt to the microprocessor. A
higher priority request, though, can generate an inter-
rupt, thus vectoring program execution to its service
routine. Interrupts are only acknowledged, however, if
the microprocessor has previously executed an “Enable
Interrupts” instruction. This is because the interrupt
request pin on the microprocessor gets disabled auto-
matically after acknowledgement of any interrupt. The
assembly language instructions used to enable inter-
rupts are “E|l” for 8080A/8085A and “STI” for 8086/8088.
Interrupts can be disabled by using the instruction “DI”
for 8080A/ 8085A and “CLI” for 8086/8088. When a
routine is completed a “return” instruction is executed,
“RET” for 8080A/8085A and “IRET” for 8086/8088.
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Figure 12 illustrates the correct usage of interrupt
related instructions and the interaction of interrupt
levels in the fully nested mode.

Assuming the IR priority assignment for the example in
Figure 12 is IR0 the highest through IR7 the lowest, the
sequence is as follows. During the main program, IR3
makes a request. Since interrupts are enabled, the
microprocessor is vectored to the IR3 service routine.
During the IR3 routine, IR1 asserts a request. Since IR1
has higher priority than IR3, an interrupt is generated.
However, it is not acknowledged because the micro-
processor disabled interrupts in response to the IR3 in-
terrupt. The IR1 interrupt is not acknowledged until the
“Enable Interrupts” instruction is executed. Thus the
IR3 routine has a “protected” section of code over
which no interrupts (except non-maskable) are allowed.
The IR1 routine has no such “protected” section since
an “Enable Interrupts” instruction is the first one in its
service routine. Note that in this example the IR1 re-
quest must stay high until it is acknowledged. This is
covered in more depth in the “Interrupt Triggering”
section.

MAIN PROGRAM

El OR STI

IR3

INTERRUPT IR3 SERVICE

ROUTINE

€l OR STI IR1 SERVICE

ROUTINE
. E! OR STI
1] ]

L ] [ ]
] []
L | [ }
13 ]
[ - ] { i J
[ e ] [ e ]
———ﬁno‘a iReT] ———{ Rer 0:! 1RET |

Figurs 12. Fully Nested Mode Example (MCS 80/85™ or MCS 86/88™)

What is happening to the ISR register? While in the main
program, no ISR bits are set since there aren’t any inter-
rupts in service. When the IR3 interrupt is acknowl-
edged, the ISR3 bit is set. When the IR1 interrupt is
acknowledged, both the ISRt and the ISR3 bits are set,
indicating that neither routine is complete. At this time,
only IR0 could generate an interrupt since it is the only
input with a higher priority than those previously in ser-
vice. To terminate the IR1 routine, the routine must
inform the 8259A that it is complete by resetting its ISR
bit. It does this by executing an EOl command. A
“return’” instruction then transfers execution back to

the IR3 routine. This allows IR0-IR2 to interrupt the IR3
routine again, since ISR3 is the highest ISR bit set. No
further interrupts occur in the example so the EOl com-
mand resets ISR3 and the ‘“‘return” instruction causes
the main program to resume at its pre-interrupt location,
ending the example.

A single 8259A is essentially always in the fully nested
mode unless certain programming conditions disturb it.
The following programming conditions can cause the
8259A to go out of the high to low priority structure of
the fully nested mode.

¢ The automatic EOl mode
e The special mask mode

o A slave with a master not in the special fully nested
mode

These modes will be covered in more detail later,
however, they are mentioned now so the user can be
aware of them. As long as these program conditions
aren't inacted, the fully nested mode remains undis-
turbed.

End of interrupt

Upon completion of an interrupt service routine the
8259A needs to be notified so its ISR can be updated.
This is done to keep track of which interrupt levels are in
the process of being serviced and their relative priori-
ties. Three different End-Of-Interrupt (EOI) formats are
available for the user. These are: the non-specific EO!
command, the specific EOl command, and the auto-
matic EOl Mode. Selection of which EOI to use is depen-
dent upon the interrupt operations the user wishes to
perform.

Non-Specitic EOl Command

A non-specific EOl command sent from the microproc-
essor lets the 8259A know when a service routine has
been completed, without specification of its exact inter-
rupt level. The 8259A automatically determines the inter-
rupt level and resets the correct bit in the ISR.

To take advantage of the non-specific EOl the 8259A
must be in a mode of operation in which it can predeter-
mine in-service routine levels. For this reason the non-
specific EOl command should only be used when the
most recent level acknowledged and serviced is always
the highest priority level. When the 8259A receives a
non-specific EOl command, it simply resets the highest
priority ISR bit, thus confirming to the 8259A that the
highest priority routine of the routines in service is
finished.

The main advantage of using the non-specific EOl com-
mand is that IR level specification isn’t necessary as in
the “Specific EOl Command”, covered shortly.
However, special consideration should be taken when
deciding to use the non-specific EOl. Here are two pro-
gram conditions in which it is best not used:

¢ Using the set priority command within an interrupt
service routine.

¢ Using a special mask mode.

These conditions are covered in more detail in their own
sections, but are listed here for the users reference.
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Specitic EOl Command

A specific EOl command sent from the microprocessor
lets the 8259A know when a service routine of a particu-
lar interrupt level is completed. Unlike a non-specific
EOI command, which automatically resets the highest
priority ISR bit, a specific EOl command specifies an
exact ISR bit to be reset. One of the eight IR levels of the
8259A can be specified in the command.

The reason the specific EOl command is needed, is to
reset the ISR bit of a completed service routine when-
ever the 8259A isn't able to automatically determine it.
An example of this type of situation might be if the
priorities of the interrupt levels were changed during an
interrupt routine (“Specific Rotation”). In this case, if
any other routines were in service at the same time, a
non-specific EOl might reset the wrong ISR bit. Thus the
specific EOl command is the best bet in this case, or for
that matter, any time in which confusion of interrupt
priorities may exist. The specific EOl command can be
used in all conditions of 8259A operation, including
those that prohibit non-specific EOl command usage.

Automatic EOI Mode

When programmed in the automatic EOl mode, the
microprocessor no longer needs to issue a command to
notify the 8259A it has completed an interrupt routine.
The 8259A accomplishes this by performing a non-
specific EOl automatically at the trailing edge of the last
INTA pulse (third pulse in MCS-80/85, second in
MCS-86).

The obvious advantage of the automatic EOl mode over
the other EOl command is no command has to be
issued. In general, this simplifies programming and
lowers code requirements within interrupt routines.

However, special consideration should be taken when
deciding to use the automatic EOl mode because it
disturbs the fully nested mode. In the automatic EOI
mode the ISR bit of a routine in service is reset right
after it's acknowledged, thus leaving no designation in
the ISR that a sevice routine is being executed. If any in-
terrupt request occurs during this time (and interrupts
are enabled) it will get serviced regardless of its priority,
low or high. The problem of “over nesting” may also
happen in this situation. “Over nesting” is when an IR
input keeps interrupting its own routine, resulting in un-
necessary stack pushes which could fill the stack in a
worst case condition. This is not usually a desired form
of operation!

So what good is the automatic EOl mode with problems
like those just covered? Well, again, like the other EOls,
selection is dependent upon the application. If inter-
rupts are controlied at a predetermined rate, so as not to
cause the problems mentioned above, the automatic
EOI mode works perfect just the way it is. However, if in-
terrupts happen sporadically at an indeterminate rate,
the automatic EOl mode should only be used under the
following guideline:

e When using the automatic EOl mode with an inde-
terminate interrupt rate, the microprocessor should
keep its interrupt request input disabled during
execution of service routines.

By doing this, higher priority interrupt levels will be ser-
viced only after the completion of a routine in service.
This guideline restores the fully nested structure in
regards to the IRR; however, a routine in-service can’t be
interrupted.

Automatic Rotation — Equal Priority

Automatic rotation of priorities serves in applications
where the interrupting devices are of equal priority,
such as communications channels. The concept is that
once a peripheral is serviced, all other equal priority
peripherals should be given a chance to be serviced
before the original peripheral is serviced again. This is
accomplished by automatically assigning a peripheral
the lowest priority after being serviced Thus, in worst
case, the device would have to wait until all other
devices are serviced before being serviced again.

There are two methods of accomplishing automatic
rotation. One is used in conjunction with the non-
specific EOI, “rotate on non-specific EOl command”.
The other is used with the automatic EOl mode, “rotate
in automatic EOl mode”.

Rotate on Non-Specific EOl Command

When the rotate on non-specific EOl command is
issued, the highest ISR bit is reset as in a normal non-
specific EOl command. After it's reset though, the cor-
responding IR level is assigned lowest priority. Other IR
priorities rotate to conform to the fully nested mode
based on the newly assigned low priority

Figures 13A and B show how the rotate on non-specific
EOI command effects the interrupt priorities. Let’s
assume the IR priorities were assigned with IR0 the
highest and IR7 the lowest, as in 13A. IR6 and IR4 are
already in service but neither is completed. Being the
higher priority routine, IR4 is necessarily the routine
being executed. During the IR4 routine a rotate on non-
specific EOl command is executed. When this happens,
bit 4 in the ISR is reset. IR4 then becomes the lowest
priority and IR5 becomes the highest as in 13B.

1S7 1S6 IS5 14 1S3 IS2 1S1 1S0
A ISRSTATUS [0 1 0 1 0 0 0 0] BEFORE
PRIORITY [ 7 6 5 4 3 2 1 _0 | COMMAND

LOWEST PRIORITY HIGHEST PRIORITY

IS7 1S6 1S5 1S4 1S3 152 1S1 1S0
ISR STATUS 0 1 0 0 0 0 0 O AFTER
PRIORITY [ 2 1 0 7 6 5 4 3 | COMMAND

HIGHEST PRIORITY LOWEST PRIORITY

Figure 13. A-B. Rotate on N. pecific EOI C E

Rotate in Automatic EOl Mode

The rotate in automatic EOl mode works much like the
rotate on non-specific EOl command. The main differ-
ence is that priority rotation is done automatically after
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the last INTA pulse of an interrupt request. To enter or
exit this mode a rotate-in-automatic-EOl set command
and rotate-in-automatic-EOI clear command is provided.
After that, no commands are needed as with the normai
automatic EOl mode. However, it must be remembered,
when using any form of the automatic EOl mode, spe-
cial consideration should be taken. Thus, the guideline
for the automatic EOl mode also stands for the rotate in
automatic EOl mode.

Specific Rotation — Specific Priority

Specific rotation gives the user versatile capabilities in
interrupt controlled operations. It serves in those ap-
plications in which a specific device's interrupt priority
must be altered. As opposed to automatic rotation
which automatically sets priorities, specific rotation is
completely user controlled. That is, the user selects
which interrupt level is to receive lowest or highest
priority. This can be done during the main program or
within interrupt routines. Two specific rotation com-
mands are available to the user, the “set priority com-
mand” and the “rotate on specific EOl command.”

Set Priority Command

The set priority command allows the programmer to
assign an IR level the lowest priority. All other interrupt
levels will conform to the fully nested mode based on
the newiy assigned low priority.

An example of how the set priority command works is
shown in Figures 14A and 14B. These figures show the
status of the ISR and the relative priorities of the inter-
rupt levels before and after the set priority command.
Two interrupt routines are shown to be in service in
Figure 14A. Since IR2 is the highest priority, it is
necessarily the routine being executed. During the IR2
routine, priorities are altered so that IR5 is the highest.
This is done simply by issuing the set priority command
to the 8259A. In this case, the command specifies IR4 as
being the lowest priority. The result of this set priority
command is shown in Figure 14B. Even though IR7 now
has higher priority than IR2, it won't be acknowiedged
until the IR2 routine is finished (via EOI). This is because
priorities are only resolved upon an interrupt request or
an interrupt acknowledge sequence. If a higher priority
request occurs during the IR2 routine, then priorities are
resolved and the highest will be acknowledged.

1S7 1S6 IS5 1S4 1S3 IS2 iS1 IS0
A ISR STATUS 1.0 0 0 0 1 0 0 BEFORE
PRIORITY [7 6 5 4 3 2 1 0] COMMAND

LOWEST PRIORITY HIGHEST PRIORITY

1S7 1S6 IS5 1S4 1S3 IS2 IS1 IS0
ISRSTATUS [1_0 0 0 0 1 0 0] AFTER
PRIORITY [2 1 0 7 6 5 4 3] COMMAND

HIGHEST PRIORITY LOWEST PRIORITY

Figure 14. A-B. Set Priority Command Example

When completing a service routine in which the set
priority command is used, the correct EOl must be
issued. The non-specific EOl command shouldn’t be
used in the same routine as a set priority command.
This is because the non-specific EOl command resets
the highest ISR bit, which, when using the set priority
command, is not always the most recent routine in ser-
vice. The automatic EOl mode, on the other hand, can be
used with the set priority command. This is because it
automatically performs a non-specific EOl before the
set priority command can be issued. The specific EOI
command is the best bet in most cases when using the
set priority command within a routine. By resetting the
specific ISR bit of a routine being completed, confusion
is eliminated.

Rotate on Specitic EOl Command

The rotate on specific EOl command is literally a com-
bination of the set priority command and the specific
EOI command. Like the set priority command, a speci-
fied IR level is assigned lowest priority. Like the specific
EOI command, a specified level will be reset in the ISR.
Thus the rotate on specific EOl command accomplishes
both tasks in only one command.

If it is not necessary to change IR priorities prior to the
end of an interrupt routine, then this command is advan-
tageous. For an EOl command must be executed any-
way (uniess in the automatic EOl mode), so why not do
both at the same time?

Interrupt Masking

Disabling or enabling interrupts can be done by other
means than just controlling the microprocessor’s inter-
rupt request pin. The 8259A has an IMR (Interrupt Mask
Register) which enhances interrupt control capabilities.
Rather than all interrupts being disabled or enabled at
the same time, the IMR allows individual IR masking.
The IMR is an 8-bit register, bits 0-7 directly correspond
to IR0-{R7. Any IR input can be masked by writing to the
IMR and setting the appropriate bit. Likewise, any IR in-
put can be enabled by clearing the correct IMR bit.

There are various uses for masking off individual IR in-
puts. One example is when a portion of a main routine
wishes only to be interrupted by specific interrupts.
Another might be disabling higher priority interrupts for
a portion of a lower priority service routine. The possi-
bilities are many.

When an interrupt occurs while its IMR bit is set, it isn’t
necessarily forgotten. For, as stated earlier, the IMR
acts only on the output of the IRR. Even with an IR input
masked it is still possible to set the IRR. Thus, when
resetting an IMR, if its IRR bit is set it will then generate
an interrupt. This is providing, of course, that other
priority factors are taken into consideration and the IR
request remains active. If the IR request is removed
before the IMR is reset, no interrupt will be acknowl-
edged.

Special Mask Mode

Invarious cases, it may be desirable to enable interrupts
of a lower priority than the routine in service. Or, in other
words, allow lower priority devices to generate inter-
rupts. However, in the fully nested mode, all IR levels of
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priority below the routine in service are inhibited. So
what can be done to enable them?

Well, one method could be using an EOlI command
before the actual completion of a routine in service. But
beware, doing this may cause an “over nesting” prob-
lem, similar to in the automatic EQl mode. In addition,
resetting an ISR bit is irreversible by software control,
so lower priority IR levels could only be later disabled by
setting the IMR.

A much better solution is the special mask mode. Work-
ing in conjunction with the IMR, the special mask mode
enables interrupts from all levels except the tevel in ser-
vice. This is done by masking the level that is in service
and then issuing the special mask mode command.
Once the special mask mode is set, it remains in effect
until reset.

Figure 15 shows how to enable lower priority interrupts
by using the Special Mask Mode (SMM). Assume that
IR0 has highest priority when the main program is inter-
rupted by IR4. In the IR4 service routine an enable inter-
rupt instruction is executed. This only allows higher
priority interrupt requests to interrupt |IR4 in the normal
fully nested mode. Further in the IR4 routine, bit 4 of the
IMR is masked and the special mask mode is entered.
Priority operation is no longer in the fully nested mode.
All interrupt tevels are enabled except for IR4. To leave
the special mask mode, the sequence is executed in
reverse.

MAIN PROGRAM

R4 SERVICE
ROUTINE

IR4 —»

108
]

IR0-3 ENABLED
IR4-7 DISABLED

—

MASK IR4

SET SMM

IR0-3, 5-7 ENABLED
IR4 DISABLED

JR0-3 ENABLED
IR4-7 DISABLED

R

RET OR IRET

Figure 15. Special Mask Mode Example (MCS 80/85™™or MCS 86/88™)

Precautions must be taken when exiting an interrupt
service routine which has used the special mask mode.
A non-specific EOl command can’t be used when in the
special mask mode. This is because a non-specific
won’t clear an ISR bit of an interrupt which is masked
when in the special mask mode. In fact, the bit will ap-
pear invisible. If the special mask mode is cleared
before an EQl command is issued a non-specific EOI
command can be used. This could be the case in the ex-
ample shown in Figure 15, but, to avoid any confusion
it's best to use the specific EOl whenever using the
special mask mode.

It must be remembered that the special mask mode ap-
plies to all masked levels when set. Take, for instance,
IR1 interrupting IR4 in the previous example. If this hap-
pened while in the special mask mode, and the IR1
routine masked itself, all interrupts would be enabled
except IR1 and IR4 which are masked.

3.3 INTERRUPT TRIGGERING

There are two classical ways of sensing an active inter-
rupt request: a level sensitive input or an edge sensitive
input. The 8259A gives the user the capability for either
method with the edge triggered mode and the level trig-
gered mode. Selection of one of these interrupt trigger-
ing methods is done during the programmed initializa-
tion of the 8259A.

Level Triggered Mode

When in the level triggered mode the 8259A will recog-
nize any active (high) level on an IR input as an interrupt
request. If the IR input remains active after an EOl com-
mand has been issued (resetting its ISR bit), another in-
terrupt will be generated. This is providing of course, the
processor INT pin is enabled. Unless repetitious inter-
rupt generation is desired, the IR input must be brought
to an inactive state before an EOl command is issued in
its service routine. However, it must not go inactive so
soon that it disobeys the necessary timing require-
ments shown in Figure 16. Note that the request on the
IR input must remain until after the falling edge of the
first INTA pulse. If on any IR input, the request goes
inactive before the first INTA pulse, the 8259A will
respond as if IR7 was active. In any design in which
there’s a possibility of this happening, the IR7 defauit
feature can be used as a safeguard. This can be accom-
plished by using the IR7 routine as a “‘clean-up routine”
which might recheck the 8259A status or merely return
program execution to its pre-interrupt location.

Depending upon the particular design and application,
the level triggered mode has a number of uses. For one,
it provides for repetitious interrupt generation. This is
useful in cases when a service routine needs to be con-
tinually executed until the interrupt request goes inac-
tive. Another possible advantage of the level triggered
mode is it allows for “wire-OR’ed” interrupt requests.
That is, a number of interrupt requests using the same
IR input. This can’t be done in the edge triggered mode,
for if a device makes an interrupt request while the IR in-
put is high (from another request), its transition will be
“shadowed”. Thus the 8259A won't recognize further in-
terrupt requests because its IR input is already high.
Note that when a “wire-OR’ed" scheme is used, the ac-
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Figure 16. IR Triggering Timing Requirements

tual requesting device has to be determined by the soft-
ware in the service routine.

Caution should be taken when using the automatic EOI
mode and the level triggered mode together. Since in
the automatic EOl mode an EOI is automatically per-
formed at the end of the interrupt acknowledge se-
quence, if the processor enables interrupts while an IR
input is still high, an interrupt will occur immediately. To
avoid this situation interrupts should be kept disabled
until the end of the service routine or until the IR input
returns low.

Edge Triggered Mode

When in the edge triggered mode, the 8259A will only
recognize interrupts if generated by an inactive (low) to
active (high) transition on an IR input. The edge trig-
gered mode incorporates an edge lockout method of
operation. This means that after the rising edge of an
interrupt request and the acknowledgement of the re-
quest, the positive level of the IR input won’t generate
further interrupts on this level. The user needn’t worry
about quickly removing the request after acknowledge-
ment in fear of generating further interrupts as might be
the case in the level triggered mode. Before another in-
terrupt can be generated the IR input must return to the
inactive state.

Referring back to Figure 16, the timing requirements for
interrupt triggering is shown. Like the level triggered
mode, in the edge triggered mode the request on the IR
input must remain active until after the falling edge of
the first INTA pulse for that particular interrupt. Unlike
the level triggered mode, though, after the interrupt
request is acknowledged its IRR latch is disarmed. Only
after the IR input goes inactive will the IRR latch again
become armed, making it ready to receive another inter-
rupt request (in the level triggered mode, the IRR latch is
always armed). Because of the way the edge triggered
mode functions, it is best to use a positive level with a
negative pulse to trigger the IR requests. With this type
of input, the trailing edge of the pulse causes the inter-
rupt and the maintained positive level meets the neces-
sary timing requirements (remaining high until after the
interrupt acknowledge occurs). Note that the IR7 default

feature mentioned in the “level triggered mode” section
also works for the edge triggered mode.

Depending upon the particular design and application,
the edge triggered mode has various uses. Because of
its edge lockout operation, it is best used in those
applications where repetitious interrupt generation isn’t
desired. It is also very useful in systems where the inter-
rupt request is a pulse (this should be in the form of a
negative pulse to the 8259A). Another possible advan-
tage is that it can be used with the automatic EOl mode
without the cautions in the level triggered mode. Over-
all, in most cases, the edge triggered mode simplifies
operation for the user, since the duration of the interrupt
request at a positive level is not usually a factor.

3.4 INTERRUPT STATUS

By means of software control, the user can interrogate
the status of the 8259A. This allows the reading of the
internal interrupt registers, which may prove useful for
interrupt control during service routines. It also pro-
vides for a modified status poll method of device moni-
toring, by using the poll command. This makes the
status of the internal IR inputs available to the user via
software control. The poll command offers an alterna-
tive to the interrupt vector method, especially for those
cases when more than 64 interrupts are needed.

Reading Interrupt Registers

The contents of each 8-bit interrupt register, IRR, ISR,
and IMR, can be read to update the user’s program on
the present status of the 8259A. This can be a versatile
tool in the decision making process of a service routine,
giving the user more control over interrupt operations.
Before delving into the actual process of reading the
registers, let’s briefly review their general descriptions:

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

IMR (interrupt
Mask Register)

Specifies all interrupt levels re-
questing service.

Specifies all interrupt levels
which are being serviced.

Specifies all interrupt levels that
are masked.

A-150



AP-59

To read the contents of the IRR or ISR, the user must
first issue the appropriate read register command (read
IRR or read ISR) to the 8259A. Then by applying a RD
pulse to the 8259A (an INput instruction), the contents
of the desired register can be acquired. There is no need
to issue a read register command every time the IRR or
ISR is to be read. Once a read register command is
received by the 8259A, it “remembers” which register
has been selected. Thus, all that is necessary to read
the contents of the same register more than once is the
RD pulse and the correct addressing (A0 =0, explained
in “Programming the 8259A”). Upon initialization, the
selection of registers defaults to the IRR. Some caution
should be taken when using the read register command
in a system that supports several levels of interrupts. if
the higher priority routine causes an interrupt between
the read register command and the actual input of the
register contents, there’s no guarantee that the same
register will be selected when it returns. Thus it is best
in such cases to disable interrupts during the operation.

Reading the contents of the IMR is different than read-
ing the IRR or ISR. A read register command is not
necessary when reading the IMR. This is because the
IMR can be addressed directly for both reading and
writing. Thus all that the 8259A requires for reading the
IMR is a RD pulse and the correct addressing (AO=1,
explained in “Programming the 8259A").

Poll Command

As mentioned towards the beginning of this application
note, there are two methods of servicing peripherals:
status polling and interrupt servicing. For most applica-
tions the interrupt service method is best. This is
because it requires the least amount of CPU time, thus
increasing system throughput. However, for certain ap-
plications, the status poll method may be desirable.

For this reason, the 8259A supports poiling operations
with the poll command. As opposed to the conventional
method of polling, the poll command offers improved
device servicing and increased throughput. Rather than
having the processor poll each peripheral in order to
find the actual device requiring service, the processor
polis the 8259A. This allows the use of all the previously
mentioned priority modes and commands. Additionally,
both polled and interrupt methods can be used within
the same program.

To use the poll command the processor must first have
its interrupt request pin disabled. Once the poll com-
mand is issued, the 8259A will treat the next (CS quali-
fied) RD pulse issued to it (an INput instruction) as an in-
terrupt acknowledge. It will then set the appropriate bit
in the ISR, if there was an interrupt request, and enable a
special word onto the data bus. This word shows
whether an interrupt request has occurred and the
highest priority level requesting service. Figure 17
shows the contents of the “poll word” which is read by
the processor. Bits WO-W2 convey the binary code of
the highest priority level requesting service. Bit | desig-
nates whether or not an interrupt request is present. If
an interrupt request is present, bit | will equal 1. If there
isn’t an interrupt request at all, bit | will equal 0 and bits
WO-W2 will be set to ones. Service to the requesting
device is achieved by software decoding the poll word
and branching to the appropriate service routine. Each

time the 8259A is to be polled, the poll command must
be written before reading the poll word.

The poll command is useful in various situations. For in-
stance, it's a good alternative when memory is very
limited, because an interrupt-vector table isn’t needed.
Another use for the poll command is when more than 64
interrupt levels are needed (64 is the limit when cascad-
ing 8259's). The only limit of interrupts using the poll
command is the number of 8259's that can be addressed
in a particular system. Still another application of the
poll command might be when the INT or INTA signals
are not available. This might be the case in a large
system where a processor on one card needs to use an
8259A on a different card. In this instance, the poll com-
mand is the only way to monitor the interrupt devices
and still take advantage of the 8259A’s prioritizing
features. For those cases when the 8259A is using the
poll command only and not the interrupt method, each
8259A must receive an initialization sequence (interrupt
vector). This must be done even though the interrupt
vector features of the 8259A are not used. In this case,
the interrupt vector specified in the initialization
sequence could be a “fake”.

LI-T-T-1- [wewilwef

WO0-W2 = BINARY CODE OF HIGHEST
PRIORITY LEVEL REQUESTING SERVICE

b |=1 IF AN INTERRUPT OCCURRED

Figure 17. Poll Word

3.5 INTERRUPT CASCADING

As mentioned earlier, more than one 8259A can be used
to expand the priority interrupt scheme to up to 64 levels
without additional hardware. This method for expanded
interrupt capability is called “cascading”. The 8259A
supports cascading operations with the cascade mode.
Additionally, the special fully nested mode and the buf-
fered mode are available for increased flexibility when
cascading 8259A’s in certain applications.

Cascade Mode

When programmed in the cascade mode, basic opera-
tion consists of one 8259A acting as a master to the
others which are serving as slaves. Figure 18 shows a
system containing a master and two slaves, providing a
total of 22 interrupt levels.

A specific hardware set-up is required to establish
operation in the cascade mode. With Figure 18 as a ref-
erence, note that the master is is designated by a high on
the SP/EN pin, while the SP/EN pins of the slaves are
grounded (this can also be done by software, see buf-
fered mode). Additionally, the INT output pin of each
slave is connected to an IR input pin of the master. The
CASO0-2 pins for all 8259A’s are paralleled. These pins
act as outputs when the 8259A is a master and as inputs
for the slaves. Serving as a private 8259A bus, they con-
troi which slave has control of the system bus for inter-
rupt vectoring operation with the processor. All other
pins are connected as in normal operation (each 8259A
receives an INTA pulse).
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L ADDRESS BUS (16)
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CASO CASO cASO
8259A 82594
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L |

T
INTERRUPT REQUESTS

Figure 18. Cascaded 8259A’S 22 Interrupt Levels

Besides hardware set-up requirements, all 8259A’s must
be software programmed to work in the cascade mode.
Programming the cascade mode is done during the in-
itialization of each 8259A. The 8259A that is selected as
master must receive specification during its initializa-
tion as to which of its IR inputs are connected to a
slave’s INT pin. Each slave 8259A, on the other hand,
must be designated during its initialization with an ID (]
through 7) corresponding to which of the master’s IR in-
puts its INT pin is connected to. This is all necessary so
the CASO-2 pins of the masters will be able to address
each individual slave. Note that as in normal operation,
each 8259A must also be initialized to give its IR inputs
a unique interrupt vector. More detail on the necessary
programming of the cascade mode is explained in “*Pro-
gramming the 8259A"".

Now, with background information on both hardware
and software for the cascade mode, let's go over the
sequence of events that occur during a valid interrupt
request from a slave. Suppose a slave IR input has
received an interrupt request. Assuming this request is
higher priority than other requests and in-service levels
on the slave, the slave’s INT pin is driven high. This
signals the master of the request by causing an inter-
rupt request on a designated IR pin of the master. Again,
assuming that this request to the masteris higher priori-
ty than other master requests and in-service levels
(possibly from other slaves), the master's INT pin is
pulled high, interrupting the processor.

The interrupt acknowledge sequence appears to the
processor the same as the non-cascading interrupt
acknowledge sequence; however, it’s different among
the 8259A’s. The first INTA pulse is used by all the
8259A’s for internal set-up purposes and, if in the
8080/8085 mode, the master will place the CALL opcode
on the data bus. The first INTA pulse also signals the
master to place the requesting slave’s ID code on the
CAS lines. This turns control over to the slave for the
rest of the interrupt acknowledge sequence, placing the

appropriate pre-programmed interrupt vector on the
data bus, completing the interrupt request.

During the interrupt acknowledge sequence, the cor-
responding ISR bit of both the master and the slave get
set. This means two EOl commands must be issued (if
not in the automatic EOI mode), one for the master and
one for the slave.

Special consideration should be taken when mixed
interrupt requests are assigned to a master 8259A,; that
is, when some of the master's IR inputs are used for
slave interrupt requests and some are used for individ-
ual interrupt requests. In this type of structure, the
master’s IR0 must not be used for a slave. This is
because when an IR input that isn’t initialized as a slave
receives an interrupt request, the CASO-2 lines won’t be
activated, thus staying in the default condition address-
ing for IR0 (slave IR0). If a slave is connected to the
master's IR0 when a non-slave interrupt occurs on
another master IR input, erroneous conditions may
result. Thus IR0 should be the last choice when assign-
ing slaves to IR inputs.

Special Fully Nested Mode

Depending on the application, changes in the nested
structure of the cascade mode may be desired. This is
because the nested structure of a slave 8259A differs
from that of the normal fully nested mode. In the cas-
cade mode, if a slave receives a higher priority interrupt
request than one which is in service (through the same
slave), it won’t be recognized by the master. This is
because the master's ISR bit is set, ignoring all requests
of equal or lower priority. Thus, in this case, the higher
priority slave interrupt won't be serviced until after the
master’s ISR bit is reset by an EOI command. This is
most likely after the completion of the lower priority
routine.

If the user wishes to have a truly fully nested structure
within a slave 8259A, the special fully nested mode
should be used. The special fully nested mode is pro-
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grammed in the master only. This is done during the
master's initialization. In this mode the master will
ignore only those interrupt requests of lower priority
than the set ISR bit and will respond to all requests of
equal or higher priority. Thus if a slave receives a higher
priority request than one in service, it will be recognized.
To insure proper interrupt operation when using the
special fully nested mode, the software must determine
it any other slave interrupts are still in service before
issuing an EOl command to the master. This is done by
resetting the appropriate slave ISR bit with an EOI and
then reading its ISR. If the ISR contains all zeros, there
aren’t any other interrupts from the slave in service and
an EOl command can be sent to the master. If the ISR
isn’t all zeros, an EOl command shouldn’t be sent to the
master. Clearing the master’s ISR bit with an EOI com-
mand while there are still slave interrupts in service
would allow lower priority interrupts to be recognized at
the master. An example of this process is shown in the
second application in the “Applications Examples” sec-
tion.

Buffered Mode

The buffered mode is useful in large systems where buf-
fering is required on the data bus. Although not limited
to only 8259A cascading, it’s most pertinent in this use.
In the buffered mode, whenever the 8259A’s data bus
output is enabled, its SP/EN pin will go low. This signal
can be used to enable data transfer through a buffer
transceiver in the required direction.

Figure 19 shows a conceptual diagram of three 8259A’s
in cascade, each slave is controlling an individual 8286
8-bit bidirectional bus driver by means of the buffered
mode. Note the pull-up on the SP/EN. It is used to
enable data transfer to the 8259A for its initial program-
ming. When data transter is to go from the 8259A to the
processor, SP/EN will go low; otherwise, it will be high.

A question should arise, however, from the fact that the
SP/EN pin is used to designate a master from a slave;

how can it be used for both master-slave selection and
buffer control? The answer to this is the provision for
software programmable master-slave selection when in
the buffer mode. The buffered mode is selected during
each 8259A's initialization. At the same time, the user
can assign each individual 8259A as a master or slave
(see ““Programming the 8259A").

4. PROGRAMMING THE 8259A

Programming the 8259A is accomplished by using two
types of command words: Initialization Command
Words (ICWs) and Operational Command Words
(OCWs). All the modes and commands explained in the
previous section, “Operation of the 8259A”, are pro-
grammable using the ICWs and OCWs (see Appendix A
for cross reference). The ICWs are issued from the proc-
essor in a sequential format and are used to set-up the
8259A in an initial state of operation. The OCWs are
issued as needed to vary and control 8259A operation.

Both ICWs and OCWs are sent by the processor to the
8259A via the data bus (8259A C5=0, WR=0). The
8259A distinguishes between the different ICWs and
OCWs by the state of its A0 pin (controlled by processor
addressing), the sequence they're issued in (ICWs only),
and some dedicated bits among the ICWs and OCWs.
Those bits which are dedicated are indicated so by fixed
values (0 or 1) in the corresponding ICW or OCW pro-
gramming formats which are covered shortly. Note,
when issuing either ICWs or OCWSs, the interrupt
request pin of the processor should be disabled.

4.1 INITIALIZATION COMMAND WORDS (ICWs)

Before normal operation can begin, each 8259A in a
system must be initialized by a sequence of two to four
programming bytes called ICWs (Initialization Com-
mand Words). The ICWs are used to set-up the neces-
sary conditions and modes for proper 8259A operation.

J SYSTEM DATA BUS {
Bo-7 Bo-7 Bo-7
8286 OE T 8286 OE __L OE 8286 T[|=—DTR
= Ao-7 = Ao-7
1]
2 LOCAL DATA BUS
+5V 2 +5V +5V
o 3 o M DEN
SPEN  Do-7
MASTER
82594 INTf— INTR
- IR IR INTA CASp.2
NTA

Figure 19. C. de-Buff

d Mode E
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Figure 20 shows the initialization flow of the 8259A.
Both ICW1 and ICW2 must be issued for any form of
8259A operation. However, ICW3 and ICW4 are used
only if designated so in ICW1. Determining the neces-
sity and use of each ICW is covered shortly in individual
groupings. Note that, once intialized, if any program-
ming changes within the ICWs are to be made, the entire
ICW sequence must be reprogrammed, not just an indi-
vidual ICW.

Certain internal set-up conditions occur automatically
within the 8259A after the first ICW has been issued.
These are:

A. Sequencer logic is set to accept the remain' ng ICWs
as designated in ICW1.

B. The ISR (In-Service Register) and IMR (Interrupt Mask
Register) are both cleared.

C. The special mask mode is reset.
D. The rotate in automatic EOI mode flip-flop is cleared.

E. The IRR (Interrupt Request Register) is selected for
the read register command.

F. If the IC4 bit equals 0 in ICW1, all functions in ICW4
are cleared; 8080/8085 mode is selected by default.

G. The fully nested mode is entered with an initial prior-
ity assignment of IR0 highest through IR7 lowest.

H. The edge sense latch of each IR priority cell is
cleared, thus requiring a low to high transition to
generate an interrupt (edge triggered mode effected
only).

r—
5
3

NO (SNGL=1)

YES (SNGL = 0)

L icws j

NO (iC4=0) IS ICW4

NEEDED

YES (IC4=1)

| Icwa B

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 20. Initialization Flow

The ICW programming format, Figure 21, shows bit
designation and a short definition of each ICW. With the
ICW format as reference, the functions of each ICW will
now be explained individually.

icwt
A ® D O 0, 0 O, 0D o

[ﬂ 5 [ e I Nk ILT.M‘ a0 swsm
L]

1. 1CW4 NEEDED
0= NO ICW4 NEEDED

1= SINGLE
0 = CASCADE MODE

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

1= LEVEL TRIGGERED INPUT
0= EDGE TRIGGERED INPUT

A7 - Ag OF INTERRUPT VECTOR
ADDRESS iMCS80/85 MODE)

w2

C T
EEEEERES

A5 Ag OF INTERRUPT VECTOR
ADDRESS (MCS80 85 MODE !

T; T30F INTERRUPT TYPE
(MCS86 88 MODE !

ICW3 (MASTER DEVICE)
A% © o & o, 0 o b o

Lle[o s [T T 5]
LITTTTTT s

0 IR INPUT DOES NOT HAVE
ICW3 ISLAVE DEVICE)

ASLAVE

SLAVE iDi1

2
0
1
0

ol<l=lw

.
0
0
1

—J=Tel=

5
1
0
1

ofo]e]e
olel=1=

A D7 De D5 Dg D3 Dz D1 ng
T
l 1 0 P 0 4 ‘smm%au: Ms\“sm‘ PM
I |

1 MCS86 88 MODE
0 MCS80 85 MODE

( -
[
L.

1 AUTO EO)
i U NORMAL €01

X" ] NON BUFFERED MODE
0 BUFFERED MODE SLAVE
_t BUFFERED MODE MASTER

SPECIAL FULLY NESTED
MODE

NOT SPECIAL FULLY NESTED
MODE

o

NOTE TSLAVE 1015 FQUAL TO THE CORKESPONDING MASTEH 10 INPU |
NOTE 2 X INDICATES “DON'T CARL

SOME OF THE TERMINOLOGY USED MAY DIFFER SLIGHTLY FROM EXISTING 8259A
DATA SHEETS. THIS IS DONE TO BETTER CLARIFY AND EXPLAIN THE PROGRAM-

MING OF THE 8259A, THE OPERATIONAL RESULTS REMAIN THE SAME.

Figure 21. Initialization Command Words (ICWS) Programming Format
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ICW1 and ICW2

Issuing ICW1 and ICW2 is the minimum amount of pro-
gramming needed for any type of 8259A operation. The
majority of bits within these two ICWs are used to desig-
nate the interrupt vector starting address. The remain-
ing bits serve various purposes. Description of the ICW1
and ICW2 bits is as follows:

1C4: The IC4 bit is used to designate to the 8259A
whether or not ICW4 will be issued. If any of
the ICW4 operations are to be used, ICW4
must equal 1. if they aren’t used, then ICW4
needn’t be issued and IC4 can equal 0. Note
that if IC4 = 0, the 8259A will assume operation
in the MCS-80/85 mode.

SNGL: The SNGL bit is used to designate whether or
not the 8259A is to be used alone or in the cas-
cade mode. If the cascade mode is desired,
SNGL must equal 0. In doing this, the 8259A
will accept ICW3 for further cascade mode pro-
gramming. If the 8259A is to be used as the
single 8259A within a system, the SNGL bit
must equal 1; ICW3 won’t be accepted.

ADL: The ADI bit is used to specify the address in-
terval for the MCS-80/85 mode. If a 4-byte ad-
dress interval is to be used, ADI must equal 1.
For an 8-byte address interval, ADI must equal
0. The state of ADI is ignored when the 8259A
is in the MCS-86/88 mode.

LTIM: The LTIM bit is used to select between the two
IR input triggering modes. If LTIM = 1, the level
triggered mode is selected. If LTIM=0, the
edge triggered mode is selected.

A5-A15: The A5-A15 bits are used to select the inter-
rupt vector address when in the MCS-80/85
mode. There are two programming formats
that can be used to do this. Which one is im-
plemented depends upon the selected address
interval (ADI). If ADI is set for the 4-byte inter-
val, then the 8259A will automatically insert
AO-A4 (A0, A1=0 and A2, A3, A4=IR0-7).
Thus A5-A15 must be user selected by pro-
gramming the A5-A15 bits with the desired ad-
dress. If ADI is set for the 8-byte interval, then
AO-A5 are automatically inserted (AQ, A1,
A2=0 and A3, A4, A5=1R0-7). This leaves
AB-A15 to be selected by programming the
A6-A15 bits with the desired address. The
state of bit 5 is ignored in the latter format.

T3-T7: The T3-T7 bits are used to select the interrupt

type when the MCS-86/88 mode is used. The

programming of T3-T7 selects the upper 5

bits. The lower 3 bits are automatically in-

serted, corresponding to the IR level causing
the interrupt. The state of bits A5-A10 will be
ignored when in the MCS-86/88 mode. Estab-
lishing the actual memory address of the inter-
rupt is shown in Figure 22.

-~ UPPER 5 BITS OF 8086/8088
INTERRUPT TYPE (USER PROGRAMMED)

]

(AUTOMATICALLY INSERTED BY 82594)

|

|

- REQUESTING IR LEVEL
|
|

|
~— COMPLETE 8086/8088 INTERRUPT TYPE
| ]

-—- ~-—-

! !
[T TRl o] — AR e ™

Figure 22. Establishing Memery Address of 8086/8088 Interrupt Type

ICW3

The 8259A will only accept ICW3 if programmed in the
cascade mode (ICW1, SNGL=0). ICW3 is used for
specific programming within the cascade mode. Bit
definition of ICW3 differs depending on whether the
8259A is a master or a slave. Definition of the ICW3 bits
is as follows:

S0-7 lf_th_e8259A is a master (either when the

(Master): SP/EN pin is tied high or in the buffered
mode when M/S =1 in ICW4), ICW3 bit defi-
nition is S0-7, corresponding to “slave 0-7"".
These bits are used to establish which IR in-
puts have slaves connected to them. A 1
designates a slave, a 0 no slave. For exam-
ple, if a slave was connected to IR3, the S3
bit should be set to a 1. (SO) should be last
choice for slave designation.

If the 8259A is a slave (either when the SP/EN
pin is low or in the buffered mode when
M/S = 0 in ICW4), ICW3 bit definition is used
to establish its individual identity. The ID
code of a particular slave must correspond
to the number of the masters IR input it is
connected to. For example, if a slave was
connected to IR6 of the master, the slaves
ID0-2 bits should be set to ID0=0, ID1=1,
and ID2=1.

ID0-1D2
(Slave):

ICW4

The 8259A will only accept ICW4 if it was selected in
ICW1 (bit IC4=1). Various modes are offered by using
ICWA4. Bit definition of ICW4 is as follows:

uPM: The PM bit allows for selection of either the
MCS-80/85 or MCS-86/88 mode. if set as a 1 the
MCS-86/88 mode is selected, if a 0, the
MCS-80/85 mode is selected.

The AEOI bit is used to select the automatic
end of interrupt mode. If AEOI=1, the
automatic end of interrupt mode is selected. If
AEOI =0, it isn't selected; thus an EOI com-
mand must be used during a service routine.

M/S: The M/S bit is used in conjunction with the buf-
fered mode. If in the buffered mode, M/S
defines whether the 8259A is a master or a
slave. When M/S is set to a 1, the 8258A
operates as the master; when M/S is 0O, it
operates as a slave. If not programmed in the
puffered mode, the state of the M/S bit is
ignored.

AEOL:

A-155



AP-59

BUF: The BUF bit is used to designate operation in
the buffered mode, thus controlling the use of
the SP/EN pin. If BUF is set to a 1, the buffered
mode is programmed and SP/EN is used as a
transceiver enable output. If BUF is 0, thg_buﬁ
fered mode isn't programmed and SP/EN is
used for master/slave selection. Note if ICW4
isn’'t programmed, SP/EN is used for master/
slave selection.

The SFNM bit designates selection of the
special fully nested mode which is used in
conjunction with the cascade mode. Only the
master should be programmed in the special
fully nested mode to assure a truly fully nested
structure among the slave IR inputs. If SFNM
is set to a 1, the special fully nested mode is
selected; if SFNM is 0, it is not selected.

SFNM:

4.2 OPERATIONAL COMMAND WORD (OCWs)

Once initialized by the ICWs, the 8259A will most likely
be operating in the fully nested mode. At this point,
operation can be further controlied or modified by the
use of OCWs (Operation Command Words). Three
OCWs are available for programming various modes and
commands. Unlike the ICWs, the OCWSs needn’t be in
any type of sequential order. Rather, they are issued by
the processor as needed within a program.

Figure 23, the OCW programming format, shows the bit
designation and short definition of each OCW. With the
OCW format as reference, the functions of each OCW
will be explained individually.

OoCwi1

OCWI1 is used solely for 8259A masking operations. It
provides a direct link to the IMR (Interrupt Mask Regis-
ter). The processor can write to or read from the IMR via
OCW1. The OCW1 bit definition is as fqllows:

M0-M7: The MO-M7 bits are used to control the mask-
ing of IR inputs. If an M bit is set to a 1, it will
mask the corresponding IR input. A 0 clears
the mask, thus enabling the IR input. These
bits convey the same meaning when being
read by the processor for status update.

ocwz2

OCW2 is used for end of interrupt, automatic rotation,
and specific rotation operations. Associated commands
and modes of these operations (with the exception of
AEOI initialization), are selected using the bits of OCW2
in a combined fashion. Selection of a command or
mode should be made with the corresponding table for
OCW2 in the OCW programming format (Figure 20),
rather than on a bit by bit basis. However, for com-
pleteness of explanation, bit definition of OCW2 is as
follows:

LO-L2: The LO-L2 bits are used to designate an inter-
rupt level (0-7) to be acted upon for the opera-
tion selected by the EOI, SL, and R bits of
OCW2. The level designated will either be
used to reset a specific ISR bit or to set a
specific priority. The LO-L2 bits are enabled or
disabled by the SL bit.

INTERRUPT MASK
1 MASK SET
0 MASK RESET

IR LEVEL TO BE ACTED UPON

1[2{3fals]e]7

0
ofrinlvloeffo
ofjoli| ool
ojojojofrffa

1
[
i

1 NON SPECIFIC £QI COMMAND
“SPECIFIC £O! COMMAND

ROTATE ON NON SPECIFIC EOI COMMAND
ROTATE IN AUTOMATIC EOI MODE iSE 1)
ROTATE IN AUTOMATIC £01 MODE (CLEAR

} enor mrewnors

} Automatic soTATION

“RGTATE ON SPECIFIC EO) COMMAND
“SET PRIGRITY COMMAND

LO L2 ARE USED

[Tl

[T

1

READ REGISTER COMMAND
e
x o 1
0 ' '
AEaD
NO IR RE ISREG
ACTION {ONNENT [ON NEXT
RO PUCSE | a0 PuLSE
1 POLL COMMAND
] 0 NOPOLL COMMAND
SPEC(AL MASK MODE
x 0 '
o ' '
RESET | set
Cvoon | SPECIAL | seEciaL
NOTE 1 X INDICATES “DON'T CARE AcTiO MasK MASK

DATA SHEETS. THIS IS DONE TO BETTER CLARIFY AND EXPLAIN THE PROGRAM-

SOME OF THE TERMINOLOGY USED MAY DIFFER SLIGHTLY FROM EXISTING 8259A

MING OF THE 82594, THE OPERATIONAL RESULTS REMAIN THE SAME.

Figure 23. Operational Command Words (OCWs) Programming Format

EOL

SL:

The EOI bit is used for all end of interrupt com-
mands (not automatic end of interrupt mode).
If setto a 1, a form of an end of interrupt com-
mand will be executed depending on the state
of the SL and R bits. If EOl is 0, an end of inter-
rupt command won’t be executed.

The SL bit is used to select a specific level for
a given operation. If SL is setto a 1, the LO-L2
bits are enabled. The operation selected by the
EOlI and R bits will be executed on the
specified interrupt level. If SL is 0, the LO-L2
bits are disabled.

The R bit is used to control all 8259A rotation
operations. If the R bit is set to a 1, a form of
priority rotation will be executed depending on
the state of SL and EOI bits. If R is 0, rotation
won’t be executed.
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ocws

OCW3 is used to issue various modes and commands to
the 8259A. There are two main categories of operation
associated with OCW3: interrupt status and interrupt
masking. Bit definition of OCW3 is as follows:

RIS: The RIS bit is used to select the ISR or IRR for
the read register command. If RIS is set to 1,
ISR is selected. If RIS is 0, IRR is selected. The
state of the RIS is only honored if the RR bit is
at.

RR: The RR bit is used to execute the read register
command. If RR is set to a 1, the read register
command is issued and the state of RIS deter-
mines the register to be read. If RR is 0, the
read register command isn’t issued.

P: The P bit is used to issue the poll command. If
Pis setto a1, the poll command is issued. If it
is 0, the poll command isn't issued. The poll
command will override a read register com-
mand if set simultaneously.

SMM: The SMM bit is used to set the special mask
mode. If SMM is set to a 1, the special mask
mode is selected. If it is 0, it is not selected.
The state of the SMM bit is only honored if itis
enabled by the ESMM bit.

ESMM: The ESMM bit is used to enable or disable the
effect of the SMM bit. If ESMM is set to a 1,
SMM is enabled. If ESMM is 0, SMM is dis-
abled. This bit is usefui to prevent interference
of mode and command selections in OCW3.

5. APPLICATION EXAMPLES

In this section, the 8259A is shown in three different ap-
plication examples. The first is an actual design imple-
mentation supporting an 8080A microprocessor system,
“power FaillAuto Start with Battery Back-Up RAM”. The
second is a conceptual example of incorporating more
than 64 interrupt levels in an 8080A or 8085A system,
«78 Level Interrupt System”. The third application is a
conceptual design using an 8086 system, “Timer Con-
trolled Interrupts”. Although specific microprocessor
systems are used in each example, these applications
can be applied to either MCS-80, MCS-85, MCS-86, or
MCS-88 systems, providing the necessary hardware and
software changes are made. Overall, these applications
should serve as a useful guide, illustrating the various
procedures in using the 8259A.

5.1 POWER FAIL/AUTO-START WITH BATTERY
BACK-UP RAM

The first application illustrates the 8259A used in an
8080A system, supporting a battery back-up scheme for
the RAM (Random Access Memory) in a microcomputer
system. Such a scheme is important in numerical and
process controi applications. The entire microcomputer
system could be supported by a battery back-up
scheme, however, due to the large amount of current
usually required and the fact that most machinery is not
supported by an auxiliary power source, only the state
of calculations and variables usually need to be saved.
In the event of a loss of power, if these items are not
already stored in RAM, they can be transferred there and
saved using a simple battery back-up system.

The vehicle used in this application is the Intel®
SBC-80/20 Single Board Computer. An 8259A is used in
the SBC-80/20 along with control lines helpful in imple-
menting the power-down and automatic restart se-
quence used in a battery back-up system. The SBC-80/20
also contains user-selectable jumpers which allow the
on-board RAM to be powered by a supply separate from
the supply used for the non-RAM components. Also, the
output of an undedicated latch is available to be con-
nected to the IR inputs of the 8259A (the latch is cleared
via an output port). In addition, an undedicated, buffered
input line is provided, along with an input to the RAM
decoder that will protect memory when asserted.

The additional circuitry to be described was con-
structed on an SBC-905 prototyping board. An SBC-635
power supply was used to power the non-RAM section
of the SBC-80/20 while an external DC supply was used
to simulate the back-up battery supplying power to the
RAM. The SBC-635 was used since it provides an open
collector ACLO output which indicates that the AC
input line voltage is below 103/206 VAC (RMS).

The following is an example of a power-down and restart
sequence that introduces the various power fail signals.

1. An AC power failure occurs and the ACLO goes high
(ACLO is pulled up by the battery supply). This indi-
cates that DC power will be reliable for at most 7.5
ms. The power fail circutry generates a Power Fail in-
terrupt (PFI) signal. This signal sets the PFI latch,
which is connected to the IR0 input of the 8259A, and
sets the Power Fail Sense (PFS) latch. The state of
this latch will indicate to the processor, upon reset,
whether it is coming up from a power failure (warm
start) or if it is coming up initially (cold start).

2. The processor is interrupted by the 8259A when the
PFI latch is set. This pushes the pre-power-down pro-
gram counter onto the stack and calis the service
routine for the IR0 input. The IR0 service routine
saves the processor status and any other needed
variables. The routine should end with a HALT
instruction to minimize bus transitions.

3. After a predetermined length of time (5 ms in this ex-
ample) the power fail circuitry generates a Memory
Protect (MPRO) signal. All processing for the power
failure (including the interrupt response delays) must
be completed within this 5 ms window. The MPRO
signal ensures that spurious transitions on the sys-
tem control bus caused by power going down do not
alter the contents of the RAM.

4. DC power goes down.

5. AC power returns. The power-on reset circuitry on the
SBC-80/20 generates a system RESET.

6. The processor reads the state of the PFS line to
determine the appropriate start-up sequence. The
PFS latch is cleared, the MPRO signal is removed,
and the PFI latch driving IR0 is cleared by the Power
Fail Sense Reset (PFSR) signal. The system then con-
tinues from the pre-power-down location for a warm
start by restoring the processor status and popping
the pre-power-down program counter off the stack.

Figure 24 illustrates this timing.
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Figure 24. Power Down Restart Timing

Figure 25 shows the block diagram for the system.
Notice that the RAM, the RAM decoder, and the power-
down circuitry are powered by the battery supply.

The schematic of the power-down circuitry and the
SBC-80/20 interface is shown in Figure 26. The design is
very straightforward and uses CMQOS logic to minimize
the battery current requirements. The cold start switch
is necessary to ensure that during a cold start, the PFS
line is indicating “cold start” sense (PFS high). Thus, for

a cold start, the cold start switch is depressed during
power on. After that, no further action is needed. Notice
that the PFI signal sets the on-board PFI latch. The out-
put of this latch drives the 8259A IR0 input. This latch is
cleared during the restart routine by executing an OUT-
put D4H instruction. The state of the PFS line may be
read on the least significant data bus line (DBO) by exe-
cuting an INput D4H instruction. An 8255 port (8255 #1,
port C, bit 0) is used to control the PFSR line.
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Figure 25. Block Diagram of SBC 80/20 with Power Down Circuit
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