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INTROOUCTION 
Thl Inlll 8259A I • • P<O\Irammabl. Interrupt Conl.oUe, 
(PIC) dellgned for USe in real·time InlerTupl dd~ 
mlcrocompyler syslerns. The 8259A manaoes elghl 
levels 01 Inle<ruplS and has bulll·ln leootu.u lor e"p.n· 
slon up 10 64 1"""ls wllh addIUDnlII82S9A' • . lis versatile 
de.lgn allows II 10 be uled wilhln MCS-&O. MClHl5, 
MCS ae. and MCS·&/! microcomputer syslem •. Being 
ful ly p<O\lrammab~. Ihe 82!>9A provldea a wide variely of 
modes aJ'ld commands 10 I.ilor 82!>9A InleJfupl process­
ing tor lhe specl/lc neods 01 lhe u ... r. These modea and 
commands conlrol a numbe< 01 Int.rrupl Q(lenled lunc· 
tlPn. such Q Interrupt prionly selection and masking ot 
Int.rrupt • . The 8259A prGgrammlng may be dynamically 
Changod by lhe software al any lime. Ihus ,lIowln.g com· 
plele Inle .. upl oooirol Ihroughoul prGgram execution . 

The 8259A Is an enhanced, lully compatible revision 01 
lIS prlldec,"so<. Ihe 82!>9. Thl . .... an. the 82511A can UOle 
all Nlrdware and aollw",e Originally de.lgned fQ( Ine 
8259 wilnout any changes. Furthermore. It provldea 80· 
dillonal modea Ihel lrocreale 111 lIe"lblllty in MCS«l 
and MC$.8S Iyatlml one! allow 1110 work In MCS-86 aOO 
MCS.a8 .Ylleml. Tllese _I ar., 

o MCs.36188 Mod. 
o Automallc EOO ol lnl.rrupl Mode 
• Lev ... Trtggered Mode 
o Specllol Fully Nesled Mode 
o Butlered Mode 

Each of tnes.e are covered In deplh further In thil awll· 
cation notl. 

Tltll applicalion OOle was wrltlen 10 e,plain complelely 
how 10 uH tile 8259A within Mcsao, MC&85. IwI CS-86, 
Ind IwICS·88 mlcrocompul" aystems. It II divided InlO 
II.-. ,ectlons. The llral aec:llon, "Conc"fll . ... explain. 
I". concepts Of Interrupts and p.-8I18flIS an OW!rvlew 01 
how the 82!)QA wo<kIr wllh e.acn mlcfGCompuler system 
"...nt~ .oo.e. TI>e second ... cllon, hFuroctl~1 
Block Dlagrom", desc~beS llIelnlema! lunctlons olille 
8259'" In block diagram f",m and pr""ldes • delllied 
functional de.acriptlon Of e.ach device pin, "Operation of 
the 8259A", lhe third HCllon, explains in deplh tile 
Oper.lion and use 01 each 0111le8259A moOes one! oom· 
mandl, F", cla~ly 01 explanation, Ihls . ectlon doe,n'l 
m,ke reference 10 Ihe acl .... 1 progr~mlng 01 the 8259A. 
Inslead, all prGgrammln.g I. covered In Ihe lou'th He, 

tlon. "Programming t~e 82S9A". Thll section explains 
how 10 program Ihe 82M1A wil h Ihe modes aOO com· 
mands mentioned in Ihe previous soctlon. Tl>ese Iwo 
section. are reterenced In Appendix A. TIle IIItIl end 
IInll section "Application Exampt ..... 11101'1'8 Ihe 8259A 
In Ihree Iypical appllcallons. Tt~e applications . .. 
lully explained with relerence 10 bOth hardwar. and 11011· 
war •. 

The reader . hould nOle Ihat so"'" 01 the lefflllnolGgY 
used tnfllO\llloul Inl. applicatiOn OOle may differ 
sllghlly lrom existing data s'-ts. This is done to belter 
cl.rily and e xplain Ihe operation and programming 01 
11Ie8259A. 

t . CONCEPTS 

In microcomputer .ystems the .. is usually a need 10' 
Ihe proc,""", 10 communicate wllh various Il'Ij?ul/Oul. 

, 

put (1/01 deviCes .""h.1 ~eyI>O'''''s. dl.pIaYI •• en,,,,", 
and Olher perlpher.ls. From Ihe syltem vlewpolnl, Ille 
process", should spend as litHe time 81 poslible leNlo­
Ing Ihe peripheral. since lhe 11m. roqulred fo< Ih."" 110 ' 
chores di.eclly .IIeels IlIelmounl 01 time .v.llable lor 
olher lu~ •. In other w",ds. Ihe sy.'em shOUld be 
designed so Ihat 110 uNicing has litlle Or 00 e!tecl on 
Ihe 100al a~tem Ihrovgnput. There are IWO basic 
methods 01 handling Ihe I/O clloru In a system; sletus 
polling snd (nterTupl servicing. 

Tile stalu. POll melhod of IIQ OIe Nlc lng e0-3en llally. ln­
>'01_ h.vlng tile proce.aor "as~" e.aeh perlpfleral it il 
needs "Nicing by leating tile peripllerel'l stalus line. It 
the pe~pner.1 .equlrea _¥iet, Ihl prGCetsor branch .. 
to IIIe appropd.I, ,,"'Ice rouline; II nol, IIIe proca"or 
continues wllh llIe main progrom. Clearly, Ihare are 
several problems In Imp~menHng .ucn an .pproach. 
FI,"" how oltan • perlph ... 1 Is polled Is an Impo<1anl 
conll",ln!. Some kin 01 Ihe "lrequency ... f·seNlce" 
",qul.ed by each peripheral must be known and any solt· 
w",e wrillen lor Ihe syslem must accommodale Ihls 
time dep8fldence by "SCheduling" when a device la 
polled. SecoOO, th,re will obviously be limes when. 
device Is pollod Ihltls nol ready lor service. wasting the 
processor lime 1n.1 II look 10 do lhe p-oIl. And oilier 
times. a .... dy device would have 10 wall unlll tile proo­
OS"'" "make, ii' fO<Jnds" bel .... II could be "Nlced, 
.Iowlng down Ihe peripheral. 

Olher prOI)~ms arise wilen certain peo-Ipherl la .re mOre 
Importlnt Io.n otn .... The only way to Implemonl Ihe 
"prlQ(Ity" of device" Is Ie POll the high priClflly <!e.ices 
more IrequeMly than lower priOrity"", • . II m~ even bt 
r.ecessa'Y 10 poll , lie hlgll priority d ... lcea while In. low 
prlo<lIy device seNlce roullne. It Is e"y 10 "" Io.t Ille 
polled approach can be Inellicient botH -'me-wlse .nd 
10Itw ...... I,... o..r811. 1M polled melhod of 110 seNlc· 
Ing can 1Ie. ... a detrimental eUecl on s\'Ste m IhfO<Jghput, 
Ihus IImlllng Ihe taeks Ihal can be per!Offlled I>y 1118 
procaal"'. 

A more deslrab~ approach in mosl syslems woold .1101'1' 
tM ~saor 10 be 8l!ecu-'~glls maJn program and only 
.IOp 10 .. Nice 1"- I/O wh.n lold 10 do 10 by 1"- I/O 
lisell. This I, coiled llIe Inlerrupl .eNlee m.lhod. In 
.!Iecl. 1"- dllYlce woukl asynchronously . Ignllilhe pfOC' 
tnOr whan It roqulred servICe. TI>e proce880< would 
finish II. curr.nl In.trucllon and then ...ctor to tn, 
service roullne fOf the device requesting aervice. Once 
tilt service routir.e I. complete. lile processor would 
resume exactly where It left oil. Using Ihe Inl"'UPI ... ' 
vlcI melhod, no processor lime I~ spenllasllng device •• 
l(:l\edull"1l I. not needed. _ prlorlly . chernel are 
readily ImplementO<!. 1I1 ....... y 10 "" 1Ilal, using t~e In­
lerrupl .ervlce awroa<:h •• ystem throughput would In­
C .... H . allOWing more task s 10 t:>e I18ndled by Ih. 
processn.-. 

However, 10 Implemenl lh. Interrupl seNlce melhod 
between proce. aor and pertpllerals. additional hardware 
Is usually required. This Is i>ecau., a!ter Inlefftlptlng 
Ihe processor. IIIe device must supply Inlormatlon lor 
vectoring prOgram execution. Oependlng o~ tile pro<:­
'""'" used , Ihls can be accompli shed bylhede"c. lak· 
ing conlrol of IIIe data bus aOO "Jamming" sn Instroo­
-'on(l) ""10 II. The In'lrucllon(S) then ...clers the pro-



gram to the proper H .... IC~ roulln~. Thill. of co~rae r&­
quires edOI"onal control logic lor ucn inte[fupt r&­
questing device. v .. the Implementation so far Is only in 
the mMt basic torm. Wh~t II cerlaln penph",., •• re to 
be 01 higher prlonty than othefa? What i l ""rtaln Inler· 
,upt. m~sl be disabled wh ile others are to be enabled? 
Tile poSSible var;alions go on. Dulthey all add up to one 
theme; to prOvide greater fle. lbllity using Ihe interrupt 
....... i"" melhod. hardware reQuirement. IncrNSe. 

So. we're caught In tne mlddHl. The status pOll method 
Is a Ins desirable way 01 servicing 110 In terms ot 
througl>pul. oot Its hardwAre req uirements are mlnlmel. 
On the other hand. the Interrupt "",",Ice method Is most 
desirable in terms ot flexibility and throughput. oot 
oddilional hardware I. required. 

The perlect situation would be to hav. tile Itexlbility and 
thro"llhput of the Inl",rupt method in an Implement ... 
tion with minl".., he,dwa,. roqul rements. Tr.e 825QA 
Programmable Inte"up! Cont,olle, (PIC) makes thl. all 
possible. 

Tile 6259,0.. Prog,ammeble Interrupt Controller (PIC) was 
designed to luncllon as an """rail mana.ger of an Inter· 
rupt driven system. NO add itional Mrdware Is requl. ed. 
The 8259 .... alone can hsndle eig'" prioritized Interrupt 
te ... " CO<1trolling the complete Interisce betw"" pe­
ripherals and ptDCeSSO'_ Addlllonel 8259A·S can be 
··casca6e<:l"" 10 Increase Iha number ot Inte<fuP! levels 
processed. A wide variety ot mode. and com"..nds lor 
programming the 8259,0.. g ive it eoo"llh lIe. ,b lllty lor 
• 'most any Interrupt cont' OIled structure. Thus. the 
8259A Is t~e fu.'ble answe< to handling I/O se~cing In 
microcomputer system •. 

NOW. before explaining e><&clty hOw 10 use the 8259A. 
let's 00 o.er Interrupt structures ot the MCS.ao. MCS-85. 
Mcs.a6. and MCS-88 .ystem •• and how they Interact 
with the 6259A. fIGure t "llows a block dl"ll,am 01 the 
8259A Interlacing with a standard system bus. This may 
prov. useful as rete,ence throughout the rflSt 01 the 
"Concepts·' .&ct ion, 
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1.1 MC$40TM_12:5IIA OVEIIVIEW 

In an MCS-80-8259A Int",,,,pt contiguration. as In 
f igure 2 •• d .... IO\I m~ cau,e an Interrupt by pulling one 
o f th. 82M1A·s Imerrupt request pins i tRO-IR7) h igh. II 
the 8259,0.. accepts the interrupt request (thiS <:Iepends 
on it, programmed cOOdition). lhe 8259,0..·11. INT (Inle,· 
rupt! pin wi ll go h igh. driving the 8080 .... •• INT pin high. 

Tile 9080A can recelye en Interrupt raque.t any tI ..... 
alnce Its INT inp~t Is uync"uonous. 11>8 8080,0... how· 
ever, doe.n·t always ha.e 10 acknowledge an Inte"upt 
request Immed'at .. ,y. It can accepl or dl.regatd ... 
questS under software conl,ol using the Et (Enable Inter· 
rupt) Of 01 (Disable Inte"upl! InstruCtions. These In· 
structlons either se, or reset an Internal lnlerrupt e .... bIe 
11Ip.llop_ The outPut Olthl' fl ip.llop cont'ols tile state ot 
the INTE (Intatrupt Enabled) pin. Upon rea ... the 8080,0.. 
Interrupts are disabled. making INTE low. 

At Ihe end ot eacn instruction cyCle. the 6080A e .. a ..... 
lne. the stete 01 Its INT pin. II an Inlerrupl reQuest Is 
pr .... nt and Interrupt ... e enabled . the 8080,0.. ent",. an 
Interrupt m.schlne cycle, During the Inla"upt machir.e 
cyC le the 808()A r .... ts the Intemal lnta""pt enableilip. 
IIGP. dlsabliflQ further interrupts unlll an EI Instruction 
I, a.&Cuted. Unlike r>Or"..' ma.clli .... cycles. Ihe Interrupt 
machine cycle donn't increment Ihe prOgrem counter, 
This _ures thet 'he 8080,0.. can relurn 10 the pra­
In terrupt prOgram location alte. tha interrupt I, com· 
pl.led, The 8080A then I."," an INTA (Interrupt 
AcknowledQII) pulse .. i. Ihe 6226 System Controller Bu • 
Orl .. ,. Thls'fRT)l; pulse signals the 8259,0.. th" the 8080,0.. 
Is hOr>Orlng t~e request IIOd is ready to p,ocess the Inter· 
rupl. 

T ile 8259A can now .""tor prOgram e.""utlon to the cor· 
,esponding service routine. This is done during a se­
quence 01 tile three mTA pu lses trom the 8060,0.. . ,, the 
8228_ Upon r",elvlng Ihe ",st iNTA pulse Ihe B259A 
p laces the opcoda lor a CALL Instruction on the data 
bus. This cau.es the contents olthe prOgram counter to 
De pUShed OntO the stac~, InIKJditiOn. the CALL Instruc­
tion causes twO mOre INTA p~ lses to be Issued. allow· 
'''11 the 8259A to) place onto the data bus the starting 
acldre., 01 tile corrupondlng service routine. Th is 
address I. called Ihelnterrupt·vector ac:rdres •. The lower 
8 bits j L$B) ot the Inle.-rupt·ve<:lor address ale released 
during the second INT\putse and tha upper 8 bits 
(MSB) d ~nng the third IN A pulse, Once this sequence 
Is completed. program execullon then .""tors to the 
,ervlce routine at tha Inl",rupt·Y&Clor address. 

lithe """,e ,egioter . .... used by both th .. main prOgram 
and tha interrupt ...... Ice routine. lh"r contents .hould 
be saved when entering the "",",Ice rout ine, This In­
c lu<:le. the Program Statu, Word (PS'N) .. hich consiSts 
01 tile aocumulato, and lIags. 11>11. best way 10do thi' " 
to ··pUSH'" each reglater ueed onto the atack. The s.r· 
vice routine can t~en "POP·· each register oU the stack 
In tna 'everse Ortle.- when II is completed , Thl, prevents 
any ambiguous operation when ret~,ning to the main 
program. 

Once the "",",Ice routine Is completed. the meln 
prOgram may be ...... ntered by using a normal RET 
(Return!lnstructioo. Thi. will "pop .. the original Con· 



tent. of the proo,.m counler back 011 Ihe . tack to 
resume proo ram execu tion w!>ere It lett ott. Note. that 
because Interrupts ",e dl&abled d uring Ihe Interrupt 
acknowledge sequanct. the Et InS"uction must be 
execU led el1 her during the seMce mutlnt or tt>e main 
prog.am before l u"her Interrupts c~n be proceulKl . 

For addl110nallnlormat lo<1 on the 8080A Inlerrupt elrue· 
lu, . a nd operation. reter to the MCS-tIO Ule(1 Manual. 

1.2 MCS.aS"'-82511A OVERVIEW 

An MCS-85-8259A configuration p'oce~ se$ Interrupts 
In mUCh tM &ame format a~ an MC5-60_82!i9A conllg • 
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uralloo. When an inl •• rupt OCCU'I.' sequence of three 
1"FITA pulses causes the 8259A to reluse ont<> It>e dala 
bus a CALL InSlructlon and an Interrupt.vector Ilddress 
for Ihe correspOfldlng seNloe mutine. Other eventl that 
occur du~ng the 8080A Interrupl machine cycle. such as 
disabling InterruptI and ""t Incrementing I'" proglllm 
counler. also occur In Ihe 8065" Inlerrupt acknowledge 
machl,.. cycle. Additionally. Ihe In."""lIon. tor . aving 
r'il'olar •• anabllng or disabling <>1 Inlerrupta. afld retu.n­
Ing from ..... ,c. ,oulln • • are literal ly the u m e. 

-

The 8065A. how ...... r. two a dillerent Inlerrupl hardware 
sene"", as . hown In F igure 3. FoOr one. the 8085A sup­
plies lis <>wn mTA output pin rathe. than usl"l) an Mdl· 
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lIonal chip, a. tile 8OBOA ullH the 8228 Sy.tem C<:>n· 
!folie< 8u. Driver. Anolher har<.lw,,, dl"e<ence Is lhe 
6065,01, has live I>wdware Interrupt pins: INTR, RST 7.5, 
RST 6.5, RST 5.5, and TRAP, The INTR {Interrupt Requnt) 
pin la It>e equlval..,t 10 th. 8080A'. INT pin, Tha RST 
{Restart) plna and TRAP pin ar. all raatart Inle<rupls 
which veclor po'Ggrem e.ecutlon 10 an InoSvldual dedi· 
cated a(!dress wt>en asserted . The Importanl laclor 
a .. oclatlno Inase Inl .. rupl. Is In,"r ralall"" prlorlW, U 

ahown below: 

"''' RST 7.5 
RST 6.5 
RST 5,5 
INTR 

Highesl PI'Iorlty 

LOwest Priority 

The INTR pin ha, 1ow""1 prlorlly among Ihe other 603!5A 
tw"dware inl"'tlJpls. Thu., po'&eaulions 10 prowent Inler· 
rupling 8259 ... .. ",ice routines may be necH"ry. This, 
01 cou"., depends on how the 8085" Inletrupt . are 
Deino used In a parllcular ,,'plication. Such precautions 
Cln be Implemented, however. by M9sklng the RST pin. 
uslno 1M SIM Inslmcllon. The TRAP pin on the other 
hand 10 non--maokabla; all intarrupt pina but TRAP can 
be controlled by Ine EI (Enable Interrupt) and Dt (Disable 
Inlerrupt) Instructlor1 •. 

for a complete de, crlption 01 thO 8O&5A interrupt .truc­
ture, reler 10 It>e MCS-&5 Use~. Manual. 

1.3 MCs.a&M' M_I259A OVERVIEW 

Operellon of an MCS-W83-8259A conflgurallon nas 
blI.lc ,Imt l,rllles 01 the Mcs.ec;'85 - 8259A conliour. 
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Ilona. That la, • device can eause.n IntertlJpt by pull ing 
On. 01 lhe 8259A' , Interrupt request plna tiRO- IR7) hlgn. 
1/ the 8259A honors tne request, ii ' INT pin wi ll go nigh, 
driving the 8086/8088's INTR pin Mgh. Lika I lle 9080,01, 
and 8085,01,. the INTR pin 0' the 9086f808:8 is asynchro­
I\Q\lS, thus It can recelve an Inlerrupl any time. The 
606618068 can al~o accept or dl sreganl reQuesls on 
INTA unoe. IIOlIware conl,ol uslno Ihe STI (Sellnl"'tlJpl) 
Or Cli {CI~f Interrupl) Instructions. T_e lnsltlJcllona 
sel Or clear tha inte<tlJpl-enabied lIag If. UlIOn 
606618068 reset I he IF nag is cleared, di sabli ng extemal 
inlerrupts on INTA Beside Ihe INTR pin, the 8086/8088 
prO\<ldu an NMI {Non·Mukable Interrupt) pin. The NMI 
funetton, almll., to tn.e 8065A', TRAP; i t can't De dl.· 
abled Or masked. NMI has hlOh", ptlorlty than INTA 

figure 4 shows an MC&a6 MAX Mo08 . ystem Inter'ac· 
ing wit h an 8259A On the local bus. Thl , MCS-66-6259A 
confiouf8liOn is also repre....,tatl ... 01 an MCS 8Il _ 
8259,01, conl iguration • • cepl 10< the data bu, which is 16 
bits lor 8OfI6 anet 8 bits lor 8086. In the MCs.sa syStem 
the 8259,01, must be on the lower 8 bits 01 tha data bus. 
Note I hat the 8259A COtJld also be intarl"",ad on the 
,ys tem bua. 

AlthouOh Ihere a'e lOme basic similarities. Ille actual 
Pfoc,salno 01 Interrupts with an 8086/8088 Is dillerenl 
tnan an 8080A or 606tiA.. When an Interrupt reQuest is 
preS8flt and Interrupts are anabled, the 808MI068 anter. 
i ts interrupt jC~nowladge machine cycla. The Interrupt 
eocknowladlle ,""chine cyCle puSlles lhe nag raglaters 
onto the Stack las In a PUSHF Instruction). It tnen Clears 
the IF lIag which disables Interrupts. The conlenls 01 
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both the cod\! "'llmenl and IIIe Instruction poInter . r<! 
thon alII<> pushed onlO Ihe s'ac~ . Thus, the Slack ,elalns 
the pre-Interrupt tlag slatus and pre-Interrupt program 
loealion which are uS(!(! 10 fl!lurn from Ihe ..... ice 
""'li ne. The 8086/9088lhen luuGSth .. lirst ollwO tNTA 
pulses whiCh sl~nal the 8259A 11>;1.1 lt1e 606618068 has 
1>0<10'00 liS Inletmpi ~st. li the 8086/9088 Is used tn 
liS " MIN Mode" the iHTA signal IS .vallftbl . from the 
806618066 on ito INf~£ln, If the 808618088 's used In Ihe 
" MAX Mode" the IN signal Is "".ilable via the 8288 
Bus Controller Tm'A pin. Additionally, In the " MAX 
MOde" Itle 808618088 LOCK pin goes low during the In · 
!"Nupt ackr.owledge sequence. The LOCK IIOnal Ca n be 
used to indicate 10 olhe. sySlem bu. muters 1>0110 gain 
con1l01 01 the system bus during the Intenvpt aoknowl. 
edoe seQuenc •. A "HOlO" request won't be honored 
while LOC K II low. 

Th. 8259,01, I , .. 
'"' 

• , . 
I bu.. IU a d irect address, 

vecto, byl" pertains 10 one 01 2!t6 Inle,rupl .. 
pone<! by I ..... 8086/8088 memory. ""<>g ram e XOIeullon I. 
vOleIO/ed 10 Ihe CONesponding .ervice roullne by tM 
COf1lenit 01 e . """ Iflo<! Inl"rrupllype. 

All 256 inler,upl types are loealed in abSOlute memory 
locations 0 throuCh 3FFH which make up 1M 8086/ 
8088's Inte,rupl·....:IO/ table . Each I~ In lhe Inlerru pt. 
....:10/ lable requi,es 4 bytes o t memory and slO'"s a 
cooe '8Omenl add,,", and an InSlrucllon polnle' O<!. 
d""" . Flouf8 5 show. a block d i"O,am of the Interrupt· 
vectot labte. locations 0 th,ough 3FFH Shoutd be 
reservo<! lot It\{! Int .. rupl . ....:IO' tabie alone. Fu,lne,· 
more, m"mory locallons 00 th'ough 7FH (Iypes 0-31) a'e 
reserved 10/ uSlt by tnl,,1 CQfpotation 10' Intel J>a"dwa'" 
and sollware products. To malnlain compatibility wllh 
prMenl and !utu re Inl,,1 products, lhasa !oeall"". 
snouk! not be u.ed. 
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When the 808616068 rll<:.l~s . n Inl,,,,,pl·.acIO' byte 
f,om th" 6259 ..... It mult lpll" , Its valoo by 100' to acqul'e 
tile address 01 11>& Inlerrupl type . Fo, example. if 11>& 
InleNupt . ....:tO/ byte specilles type \26 (8OH~ Ihe ....:. 
to'ed add,es, in 8OO6J8066 memooy il 4x80H, which 
equal. 200H. PfOO,am " xOIeutlon Is Ihe n v,CIO/Itd to Ihe 
,",rvlce fOO tlna whose add,,,,., ie ."""lIled by Iha cOde 
S8On1<'llll and Insiructlon polnler values wllhln Iype \ 28 
loeated al 2OOH. To ShOW how thl. l. aon., t.I'S U S ....... 
InlelTupllype 126 Is to ~CIO' <lala 10 8086/aoea memO<)' 
loeailon 2FF5FH. Fioure I> ShoWS Iwo pOSSible wayllo 
,",I values of 1M code seom"nl and InSl,ucilon ~nle, 
lor ....:10/1"" 10 loeatlon 2FF5FH. "<kI,,,, oen .. ,tlon 
by II,,, cod" S\t1jmenl and Inslruclion pointe, Is ac· 
complls l>e<l by an oIlsel (tiler """n,p). 01 th" total 
2(l.blt a<kl,,,,,. capability, Itle code s egment can deslO' 
nat. th. uwe' 1$ bll., Ih" In l lruction poinl .. can 
daSlg .... ta Iha tower .6 bit • . 

-- - "'" -- - """ . - - " . ~,. 
.~ - ". 
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When enle" nll an Inlerrupl service routine, Ihose ' .... 1' . 
t8'. IlII.t .. " mu tually used bet_n Ihe main PfOO,am 
end servlc. roullna s houk! be lived . Tile bes l way to do 
th is Is 10 "PUSH" each reg lsl .. used onlO 1M IIICk I ..... 
mediately. The 1 ..... lce roul lne can then " POP" each 
'eglsle' olf Ih" 'lack In .n.e same o rde' wh.., It I, co ..... 
plele<!. 

Once the aerviC<!O fOOllne il compteled the main p'ooram 
may be re ....... &<1 by USinC a IRET (Int .. rupl Relurn) In· 
"ruClion. The IRET insl,UClion will pop It\{! pr.' nlerrup! 
InSlruction poInl"" cod. s8Omen! and flags olf Ihe 
s \ack. Thus lhe maln p,ooram wil l ,e.ume whe,. It was 
Inl" rrupted with Iha same flag s ialul '''Ilardi ... 01 
c .... ng.s In th. s.Mce fOUllna. Note ,""""Ially thallhll 
Inchld.s Ihe s lale Ollhe IF lIag. Ihus inl .. , upla are re· 
enabled aulOmat icelly wilen relum lng from lhe service 
roulin.e. 

S ... lde extemallnterruptoen .. alion from the INTR pin, 
lne 8066/8088 Is also able 10 Invoke inl .. <upll by $(111· 
w..-a. Til, ... In",<upl lnslruclioM a'" prQYlded; INT, INT 
(Type 3). and INTO. INT i, a Iwo byl"lnstrucUon, Ihe MIo. 
ond byte s.IOIeIl the Inle<rUpl lype. tNT n'ype 3) I. a one 
byta Ins trucllon which ... Iacls Inlerrupl Type 3. INTO I • 
I condltl"",,' one byl" Inlerrupl Instrucll"" which 
... Iecl. Inle,rupl Type 4 III ..... OF lIag (I,ap on """fllow) 
Is l et. Ali lhe soft wa,e inle<rUpll ....:IOf program exec.,. 
lion as 1M ha,dwa r, Int .. rupls dO. 



For lurl .... lnlormotlon on 808BII088 InlemJ~ operation 
and Inll"'" InletNpt I1NCt""l .. fir 10 In.e MCS!Ie 
U ...... M..,u..l and 'M aoee $yt" ...... Delign _'ieallon 
noll. 

2, m .... FUNCTIONAL 8LOCK DI ... OR ... M 

A block d iagram of , lie B2MA I, . hown In Figur' 1. A' 
can boo He" from 'hi, Ilgur., 1M emA consists 01 .Ight 
rNljor block" ,he Inle<rupl ReelU"1 Reglsler ~RR). 1M 
In SlnicI Regiale< flSR}, thl Int .. NPI Mask Regilt .. 
~MR). tile Priority ReloI_ (PR), llIe c .. cadl bull.,., 
com""ltOl, 1M dall bul burt .. , _ logic block. for 
contJOl and rea ..... rtte. WI',I IIrSI go __ the blOCkt 
dlrt<;tly r"aled 10 Int.rrupt h_IIng, the IRR. ISR. IMR. 
PRo Ind the contJOl logic. TI\fI ....... Inlng luncl ....... ! 
blocks Ire I hen di,cusM<l. 

2.1 INTERRUPT REGISTERS ",ND CONTROL LOQIC 

e .. lcally, Inl ... rupl req" •• II'" handled by tllree '·cas· 
caOed'" reglsl ... " 1M Inlerrupt FIeQ","1 ReglsW (IRR) II 
UM 10 ""'1 all the Interrupt ...... requestIng senlel; 
lhe Ift.Ser'olcl Regllt.r ~SRl11<IN1 at. thl I ..... whiCh 
.. , bltno , : N';ced; ..., 1M I"t ..... pt Mask Reglsler 
(IMA) ,tOlM 1M btl! oI1he 1"I ..... pt lInes 10 01 milked. 
n.. Pr'fortly Resolver (PA) look, II tM IRR, ISR.oo IMR. 
_ determineS_he< an INT 'hould boo Issued by lhe 
, lie control logiC to , .... prrx:e .. OI. 

~ Igu ... 8 I hOW8 conceplulily I'IOw Ih' Interrupt Requ .. 1 
(I R) Inpul ""nd les "" Int,,,uPI 'KjUU! a<>d hOw the 
y.rIou. inlerrupl regl.t, .. '"' ..-act. TM Ilgu,e ... pr. 

PIN CONFIGURATION 
, . '. , .., 
• • ii'r. 

• ZI'" • .. .. .... 
, 1251 ... :n 
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1l .. .. 

C'!' ___ ''':P~' 

.... " 0lIl of .. ght ~dat.~Ined- prtoolly C .. II, one lor 
Heh III Input. 

The bill way 10 upt.ln the _ilion ot 1M I>fIortly cell 
I, 10 00 th""'llh I"" _enel 01 Inlern" _ml I"'" 
h",P8'I When ,n InlemJpl req .... 1 OCCurs. How .. er, 
Ilrsl , nollce ''''I tl\fllnput clrcullJ)' 01 Ihe priooilr c,1I 
.1I0wl tor boIh ll vel .... 1111 •• Ind lOge ""1111 • • IR In, 
putl. Deciding WhiCh m,t llOd 10 u .. i, d.pendent on lhe 
PI"llcuilt apjlllcatlon Ind will 01 discussed In mort 
d".l1let..-, 

WI>en the IR input I, ... an II'IICUve .1111 (lOW). t .... edge 
_ IIlch i. Nt. " eOg' .... IUve IrIg{III1ng I, 
.elecled, 1M "0" OUlpul oil .... .og.. ....,sa latch will 
arm t,.,.tnpUI gill 10 1M req ... " 1.lch. Thll Inpul gil. 
wi" 1>1 disarmed .n. I"" IR Inpul I/0Il active (HIGH) 
'MI trot Inlerrupt rSCI"'"' IIU been acknowledged. Thl' 
d18lb1 .. the InpUt irom gene,.tlng 'ny lurther In ler· 
<uP" until I! hn ,.tumed low 10 ... ·.rm Ihe edg. sansa 
I.,eh. II level ~n.ltlve trtggerlng I. selected, lhe "Q" 
OUlpUI ollhe lidO' • .""IIIeh I, ,.nd .. ed "s ........ Thl, 
rMOInl , he level 01 the IR inpUt lain complete control 01 
Inte"upt gene .. tlon; t .... input won't be d iSlrm.a_ 
acknowledged. 

When an Inl,,",,~ occurs on lilt IR Input, II _lIn 
through ,lit req ... " I.ICh and to t .... PR (II.Ium1rtg t .... 
InpU I Isn't ....... ed), T .... PR Ioob II lne Inco<nlng .. 
Qunt. and In, cunently In ........ ee Inlerrupts to_· 
IIln wnelher an Interrupt llIoukl btlluued to I"" proco 
1 .. 01. 1.11" . ... uml lhat Ihl requeslillhe only one In­
comlno .nd no reque." are p .... nlly in "",lea. The PR 
Ihen causes Ihe control log ic 10 putl the INT U", to the 
processor high. 
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Wilen t ile ,,",,,''Il0l' _I U .. IHT pulse. It &end •••• 
quence 01 tNT'" pyl ... 10 th' 8259A ~In," lQi' BOeOAi 
808M, two tor 808618088~ O ... rl"ll thl' M<I_ the 
• ,,,. of tile req.,." I'tch I, hoz.n (not. t ile tNT A·frH" 
reQuest tlmlrlg dl~ram~ Pllorltyil ~.In ,e_ by the 
f'fI 10 ~.rml ... tnt appropriate In' .. ",pl ...elating 
which II con~ 10 the PfOCHIOI' "I , ,,. 01011 bul. 

Immed~!tly .U .. tile lru"""pl aeknowleclQl' "_nee, 
\he PR H'I , ... CC)n.lpondhIQ bU In 1l'1li ISR which 
. lmulta ........ lyc ... ".llMIedge I. 1'I.teh. II-.Ige ..... 
.It .... trlgg_lng'e _. c_ln; IIIe «IlIa .... .., I.'ch 
.Iso die ,,~ IhI req .... , "Icn. me inhibit. the 
POSSIbility ot • atilt eel .... IR Input lrom ~.lIng 
through the prIoo'lly eel!. T ... IR 1"",,1 mutl Nt .... 10 In 
InactlM _.. _ling the ~ ..... Ia'ell, befor • 
• not ...... Int"""pI requ"t CIOn be recool'llad. II I~ ..... 
Ilttfe t~ t. uNd. _S.If, " ...... ng the edge 
_ 1" eftllM no .tlee' on the tlKl,,"'I,'ch. The .!t'l 
01 11", req ..... tllch " ."1I,,ly ~<»11t u_ the IR 'n­
put '-\. "'flOC,*" In t"",,,, will be ;-.01..:1 Irnnwd~ 
• l lI4y II 'he IA , ..... I, lelt _I .... u .. It, ISR bit I'IU bMn 
reset. ... n ISR bI' gtt. rent wll~ In Encklf~nlltmJpt (EOIl 
command 1 •• l1l<I In till ...-..c. _tlnl. EnO-oI· 
inll""ple will be COWIrt<lln ~ doe'all ~ter. 

U OTHER FUNCTlONAL BLOCKS 

0111 II .... lIuUer 

Thll th,e •• tate. bktlrectlon,1 8-tllt Du"er II UIM! to I .... 
lerllel the 8259'" 10 IIIe OroclllO' IYliem data bUI (via , 

--'---- - ---.­.. '0-

II 

DBO-DS1). Controt "Ofda . • talue 1"'OfmaUon, an<! 
ln1ernrpt·-.ecto, data are Uln,lerntd through tile dftl 
bu. bulle' . 

RhCWWrltl Control Logic 

The function ol lNe blocl< I. to controt the programming 
01 thl 8259'" Dy &COIpling OUTput COflWn_llrom tile 
processor. It liso controt. the .. IMllng 01 ltat ... onlO 
I,.. uta bus Dy M:Capting INpul comtnIOndl lrom Iha 
processor. The inltltllu.llon and O9OtlItion <;OmfIIIInd 
word ~1$tl!fS which " ..... tile .artoua co"'rot forma" 
... located In tIl'- blode.. n.. AD, WR, All, _ CS 
pins .... us.ed 10 conlrot .cuss 10 Ihl. block Dy the 
proc ••• Of. 

CHcacIe Bvlteo1Ccmparetor 

"'I mentioned Mrller, mulllpll8259A', ,,"'Ill combined 
loaxpand lhenumbefot InlltmJpt 1 •• ell.A ..... " .... 1_ 
.. ~t ion&hip 01 ellcadld 825QA., Is ulld lOf thea.pan­
tlon. Thagl"iEN ",d the CASO-2 pinl ... uMd Ior_ . 
ilion oIlhls block. The easc.dlng 01 825IIA', II OO'Mrt<I 
In Oeplh In Ihe "Oper.lIon ollhe ~A" ..ellOn 01 Ihll 
appllc<l.lIon no". 

U PIN FUNCTIONS 

" " 
+ 5V ,upply 

GrOUnd 



Pin. I/O Functk>n 

1 ' Cllip S.~I: I>.. k>w on this ptn en· 
.~es 1m and WR communtcatlon I>&­
tW"n ,"" CPU and the 8259 .... mTA 
f~nctions are tndependent of~. 

Wrif.' I>.. low on this pin when ~ Is 
low enables 'he 82591>.. to ""cept 

... , 
, 

07-00 (-II 

CASO- 12.13. 
CAS2 15 

command words from the CPU. 

RHd: I>.. tow on thl. pin when ~ I. 
low _ble. the 8259.0. to release 
.tatUI onto the d~l;I bllS fOf tM CPU. 

I/O Bjdlr~lIon.1 O.t. Bu,: Controt. 
.telu. ana interrupt·vector Informa. 
lion I. transferred via this \)<JS. 

I/O casc'~ Lines: The CAS lines fOfm a 
private 6259A. bus to control a multi· 
pte 82MA structure. The" pins ar .. 
output. for. muter 8259.0. aod In· 
puts lor a slave 8259.0.. 

SPI'EFi t6 I/O S~ve ProgromlEneb/e Bul~r: Thl. I. 
a dual function pin. Whon In the bul· 
lered moo:le It can be used a. an out· 
put to control bul1er tr.nscai ..... 
(EN). Wi>en not In thoe buttered mod .. 
It is used a8 lin Input to Oeslgllllte a 
master~ . I) or 'I .... ~. 0). 

INT 17 0 Inlem;pl: Th is pin goes high wh .... 
ever a yalid Interrupt request I. as. 
• erted. It is used to Interrupt tne 
CPU. thus it i. connected to the 
CPU·, Interrupt pin. 

IAI)- t8_25 I Iflr~Upf RfHjua,,,: AsynChronou. In. 
1R7 putl. An Int .. rrupl request can be 

generated by rai.'ng an IR Input (lOW 
to high) and holding it high until it is 
acknowledged (edl)8 trlg9&f8d mode). 
or lust by. high level on an IR Input 
116Y<Illl1ggered mode). 

Im."upl Aci<n<Jwledge: Thi. pin Is 
used to enable 8259 ... Imerrupt·vector 
data onto thoe data bus. T~ls I. done 
Dy a 8eq",,"ce of Interrupt ",,~nowl. 

todge pulses Issued by tne CPU. 

AO Addru, tine: This pin Ict. In con· 
junction with the CS. WA. and RD 
pinl. It Is used by the ~A to de­
cipher t>etW!H!fl vanous command 
word. the CPU writ ... and '\lItus t~e 
CPU wishes to read. It II typically 
connected to the CPU Ag ~drus 
line (At for 8066I1lO681. 

3. OPERATION OF THE 8259 ... 

Interrupt operation of Iha 8259 ... lolls under five main 
categories; vectoring. priorities. triggering. status. and 
cascading. Each 01 the ... <:6teoorles use yarious modes 
and command •. This section will explain the 0JIM.tlon 
01 thoes. modes and command • . For clarity 01 explan. 
lion. M w""ar. the actual programming olthe 8259A Isn't 

, 

coYered in this section Dutln ·'Prognommlng the 8259 ... ••. 
",ppendi. A 18 provided a, a cross ref.rMlCfl between 
these two sections. 

3.1 INTERRUPT VECTORING 

Each IA Input 01 thoe 6259A nas an Indlvld .... 1 inte,rupt· 
,""otor aodr .. ss In memory aSSOCiated with It. Oeslgna· 
tlon of Nch address depend. upon the Initial program­
ming of the 8259A.. As .tatad .... lier. the Interrupt 
. equence and addrasslng of an MCS-80 and MCs-85 
. ystem dllle~ from t~al of an MCS-86 and MC5-8a 
s~tem. Thu •• the 8259A must De Initially programmed 
In either a MCS.aoJl!S Or MCS-a6188 mode of operation to 
Insure tno COrrect Interrupt vectoring . 

MCs.e0t85T .. Mode 

When prognommed In the MCS--aOIS5 mode. the 8259'" 
should only be used within In 0080 ... or an aceS", 
.ystem. In th is mode the 606OAI6065 ... wllllland'" inter. 
rupt. In tn.e lormat deSCribed In the "MCS-80-6259A or 
MCS-85_8259", OWIrview.:· 

Upon Interrupt request In the MCS-8OI85 mode, the 
8259A will output to the data bus the opcOdtl lor a CAll 
Instruction and the add,e •• of the delired routine. This 
Is In response to a "quence 01 thr" rnn pul .... 
ISSUed by tne 808OA.I8085A aUer the 8259A has raiSed 
INT high. 

The lI~t INTA pulSe to the 8259A enables the CAll 
opCode ··CDH " onto the datI bu •. It ,1' 0 resol .... IR prl . 
orltie. 8/ld etlect. operation in the cascade mode. 
which will be co ... red later. Cootont. of the first 
Interrupt·vector byte .re shown In Figure 9A. 

During the second .nd thi rd 'NT'" pulles. the 8259A 
conY9ys a Ui-blt Interrupt.vector eddresS to the 6060AI 
8065",. The Interrupt.vactor ~dre8S<!S lor III eight I.vel. 
IIf •• elected when Initially programming the !!25lI .... 
How.ver. only One add, .... I. needed for progr.tmmlng. 
Interrupt·vector add,e.""s of IRO-IRT ere automaliCafly 
Ht at equally spacad intervale based on the One pro­
grammed oddr ..... ",ddren IntlllYaf. are user definable 
to ~ or 8 by tea apart. If the Hrvlce roo"ine for. device Is 
aI>ort it may be POs.lble to lit the ontlre routine within 
an 6-byte Interval. Usually. though. the service routioes 
require mora than 8 bytes. So, • ""byte IntlllY.ll. used to 
.tore a Jump (JMPj Inst ruction which dlrec!a the eo6OAI 
8OI:I5A to the appropriate roullne. T~e 6-byte Interval 
maintains compatibility with current 8080.&.l8085A 
Restart (AST) Instruction software, while the 4·byte in. 
tlllYal is beat lor. compact lump table. flthe (·byte in· 
terval Is selected. Ihen the S259A wlfl automatically 
Insert bits AO- M. This leaves A5-A15 to be pro­
grammed by the use<. If the 8.!)yte Interval I. selected. 
tne 6259A will automatically Insert bits AO- M . This 
INveS only A6-",15 to be progrsmmed by the user. 

The LS8 of the Interrupt • ...:t", address I. placed on the 
data bus during tna second INT", pul.e. Figure 98 
sho .. s lhe contents 01 the second Interrupt·vector Dyte 
for both (and 6-byte I ~terva l •. 

Tile MS8 of the Interrupt·vector address I. placed on the 
data bus during the third IFITA pulse. Contents of the 
th ird interrupt.vector byte IS shown In Figure gc. 
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MCs.e.u TM Mode 

Wh ... p'ogrFmmed In ''"' MCS-8eI8B mode, tho B259A. 
should only be liNd wllhln ." MOS-86 Of MCS-88 
sy.tem. In 1111, mOOe. \he 808e/S088 will 1I.lIdle Ime,· 
,~p-' In 11>1 IannI! de.crlbe<! larUer In thl "82M1A_ 
8OII6J8()88 0"""1""", 
Upon Interrupt In thl MCs.a&188 modo, til. 82"'" wil l 
output . Bingle Interrupt .. eclO'~. 10 , tie dal7 btl •. 
Till, 17 In , .. pon .. to on~ '100 ffifi. p.ul_ I .. ued by 
the 808eI8088 .11 .. the a25iA N. ,.s'" tNT high. 

The u .. , iRTJ; pull. I, uMdOfOI)o 101' H'.Up purpouFln. 
I ...... to ,he 825II" . .u In the MC9«tIM mode, Ihl7 HI­
up InclOKlH po1omy , .. oIuUon and c"CIde modi CJC)Itr. 

allana whlell will be _..:II" ... Unllke,heMCS«ll85 
mode, .... CALL opcode I. pIac«l on the clar. bu l. 

The u-""" IJiITA pUl .... uNd to enable the 1i .... 1. 
Inl....,pl....."OI' bylF onto ,tle dal. b UI. n.. 8086/8088 
UMS ttll.lmerNpt......,'or by1. to"*-<:I _ 0125& inter· 
!Up! ~1ypH'. In '" 7 e '" U """1011. In'WI\Ipt type MI_ 
llon IOf all II!gIlI III lewis II II'\ade when ,nll"tly pro­
or ....... "'O 1,..82$ .... HoJo',", reI.....:.loonly ..... ' ... 
lemopllypo II ~ lor progrwnmln(l. The lippe' ~ bite 
OIlhe "'I.nupl -..clor byte ... liter o&n_, The low .. 
3 bUI .... automelleally Inserted by lhe 825QA <Iep&n6. 
Ina upon the IR Ie¥eI. 

Conlente or lhe Int ... lllpl·_lor byl. tor 8O!IM!OIl8 ~ 
selecllon I, pul on Ih. dill bull durirog tile second II'lf"A 
pu la. and I, ,hown In FIOII" 10. 

, 
, , , , 

' ... '''" h .... ' -, v ...... ~ 101;,_'. "" .. ,.., 

, 

U INTERRUPT PRIORITIES 

A .... I.ty 01 mod" Ind commandl '" ,.,II,blt lor con· 
trolling Inl ........ pl ptloriti ... 01 the 82M1A. All O' liIem 1ft 

Pfoorammabl., lhal la, l hey ma, De ChangMI dYr'IIImlc. 
.I~ u_ oollw .... corllrol. With lhe .. modi. Ind COIfI· 

"'*"'>:I., ""'ny _"ibllliit ..... ~I .. blt, giving IIIe 
use, enough _!lllty 'or ,1 ...... , "'y Inl"","pl con-
IroIled IIPpltc.Uon. 

Ful , N .. t.orI M_ 

n Il lul~ I>llIIoCI mode o'_'lion 1'1 g_at pu'_ 
priooily mode. ThI. rnocIt auPllOfl:' • m ... III_ l-Inl ..... pt 
1""",lu" In which prioJll)' ordotr 01 11I,IOhIIR Inpull'" .n.ngeo:I' ....... I>IgI>e$t 10 IowHI. 

U ...... olt"rw", ~.........cr.lhe lully nealloCl mode I, 
ant .. IoCI by ""Iult uPOn Inlliat'z,'ion. ,-,,",1, lime. lAO I, 
'!lSlgrw<l lhe hlO,,"1 priority Ihtouon IRl "" r-",. 
The lully ,,"led mod.> tIowe .... Is IlOl con"Md 10 till. 
IR structll" aIont. Onoo putlnltlallr.ltlon. 011'" IR , ... 
~s can be ,aslOned hlgl\elt priority 1110, ~ .. plrog 'hi 
mullll.",Nnterrupt llructllll 01 the lully .... '-<I mod • • 
Flg u" I IA-C ShowS II<lmII v..-l,lion, or thl prioriI)' 
Itruelll'" In II" lu ll, ... 11..-:1 modt. 

'0:=: I~' "t 'r ,. "t?,. 'I 
o 

f_ 11 .• -e. _ ............ P,"'''. _ ........ .... 
F ... W ...... .. .. 

Further "P!arlatlon 01 the ' ult)' "'"1..-:1 mode, In Ihlt 
section. Is lin ked wi th Inlor""'l lon or genet,r 8259A I .... 
IIrrupl oopen.llont. Thla II d_ to ...... pIt. .... , ion 10 
lIIe u"" In both ...... 

In 1JIMflI~ ""',n all Interrupt I, N:~nowr..-so..-l. 11'>1 
hlot-I priority mqUltlt Is deI"".,!ned lrom tI" 1M (I .... 
lerrupl fteQ .... , RegoI.,..,. Th' Inl.rupt ...-:10< I, Ih ... 
pieced on 11>1 411" buL In _ ilion, IhI o;oIfMpondlrog 
011 111 tl'>l ISA (I...strvice Reglll..., I, _ 10 dQIg .... " thl 
roull,.. ... 1IIM<:t. ThI, ISR lilt remalns HI unlll '" EO! 
(End-OI· ... ten-upl) comn\lOl\d ,. I • ....., 10 1111 S250A. 
EOI', will be .xpholned In oreateo' dellil shortly. 

In tI" lully nesl«l mode. wt>tlt ... ISA bli I. _ • • 11 lu,· 
the< ' equal" 01 ' 1'>1 ...... or tow. prIorIly .... IntolOhed 
lrom oe ... ,.tlng .n In"'fIIPI 10 ,he mlcroproc I no<. A 
hlOhtr prlof1ty req,,"l, tllough, can g..-....-., ...... Inl ... · 
ru pt, thus ...-:to<l"O ptoo,am .,.~1Ion 10 Ita .. MC. 
routine. Im ..... p'. 1ft on.y ecknowt~. how .... ' . II 
'1'>1 micfOproc· I'" n.u pteviOUllIy UlCut..-:l .n .. E ...... 
Inllrrup"" inst, uctlon. Thi. I. bee ...... ,he In' ...... pl 
tlQUItII pin On the microproc" .... gall dl .. _ lUle> 
""'IICllly liter ec~roowlldgem,"1 01 Ifly In'errupt. rn. 
assembly I.roguagl Insttuetlons uNd 10 IMbI. Inllr· 
"'pl •• " " E!" ' IOf 808OAIII085A and "5TI"' lor 808618088. 
Inlerrupts Cln be disabled by ullnO the Inll .... cllon "0'" 
lor 8OaO.IJ 808~" Mrod "Cll" lor 1IOBIlI8068. Wl1,n • 
roulln.ls compleled. ",.tu,n··lnllruclion I, .. .cUled. 
"REr' 10' 8080A/808SA and " IREr' 10' 806&Ie0e8. 



Flgur/! t2 IIlu$lralM lhe corrt><l usage of In terrupl 
relaled In'!fuetloos and tne Inleraction 01 Interrupt 
le" l, In Ihe fully nested mode. 
Assuming Ihe IA prlorily assignment lor Ihe example In 
Figure 12 is lAO the highe'l In""-'\lh IAl Ihe lowesl, lhe 
sequence I, as follow,. During Ihe m~n p'OII",m, 1R3 
~e, • requMl. Sinet interrupt' are enabl&d, Ine 
microprocessor I, _e<:tor&d to the IA3 service routine. 
During lhe 1R3 routine, IAt n",,"s l request. SIMe IRI 
hat higher priority than IRl, an Inle rrupl I, generated. 
Howe_er, II Is nol acknowledged tMcaus. Ihe micro­
processor disabled Inlerrupla In rea ponse to lhe 1R31n­
lerrup!. The IRllnte.-ruptl, not.cknowle<!ged untlilhe 
"Enable Interrupts" InSlrucOoo Is execUled. Thu, lhe 
IR3 routine nas a "prolecled" , ,,,,lion ot code over 
whie" no Inlerrupls (except non-maskable) Ire allowed. 
The IRt routine has no , ue" "protected" secllon since 
an "Enable Inlerrupls" Inst ruction I, the Ilrsl 01>9 In ilS 
l18fVice routine . Note Ihat In Ihl. exampfe Ihe IRI reo 
quost muSI $lay hlgn until II I. ""knowledged. Thl. 10 
covered In more depth In the "Intetrupl TrIOll.rlng" 
section. 
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W""I I. happening to the ISR register'! Wh ile In lhe main 
program, no ISA bits ere set , ince there aten't any Inter· 
rupia In servlefl. When lhe 1R3 Interrupl I. acknowl· 
edged, the ISR3 bll I, set. When Ihe IRI Inlerrupt I. 
acknowledged, both lhe ISRI and It>!! ISM bit. are set, 
Indicating 1""1 nellher routine Is complet • . AI Ihl' tl ..... , 
only lAO coold generate an Inleffupt ,Ince II I. Ihe only 
Inpul with a hlglle< priority 1IW111lOSe preoHluaiy in aero 
_lefI. To t ~rmlnale lhe IRt routin" the rou1ine must 
inlorm Ihe 8259A t~ I~ il compl'le by re"ttlng 1t"SA 
bit. It does this !)y u ""ullhlj an EOI command. A 
"rei urn" In sl ructlon Ihen transfers execution back 10 

Ihe IR3 roullne . Thl. allow. IRO-IR2 10 inlerrupllh, 1A3 
routine IIgIIln, . 'nce ISR3 I. 11>11 hlgl>llst ISA bit set. NO 
lurther interrupt, occur In the e xample so the EOI com· 
mand resets ISA3 and the "' eturn" In,l' uclion causes 
Ihe main progrem to r ... ume allis p .. lnle .. upl location, 
ending the example. 

A s ingle 82511A Is •••• ntlally alway, In the tully nested 
mode unless certain programming cond;tions disturb II. 
The lollowlng prOllrammlng condilions can Cause Ihe 
8259A to go out of the high 10 low priority 'Iruclure ot 
the fully nested mQ(Ie. 

• The automatic EOI mode 

o The special mask mod' 

o A al." wllh • muter nOlln th. special fully neSled -. 
Tllese mode. will be covered In more delail later, 
l'IOwe.er, they art mentioned now SO the uo", can be 
aw"", 01 them. A. long as lhe"" program conditions 
aren'l Inacted, lhe lully nested mode remains una i .. 
lurt>ed. 

End of IntemJpl 

upon completion of an Interrupt service ,outlne IIIe 
8259A need. to be notilled so lu ISR can be updated. 
Thl. I, do"," to k""p Irac k of Which Interrupti_Is are in 
the proces. of being .ervic&d end tn'lr r.letio;e priori. 
tits. TI .... , dllter,,"1 End·OI·~nlerrupt (EOliIOrmat, "e 
a.ailaDie lor the user. These are: the non-3pe<:lflc EOI 
commsnd, the spe<:lIic EOI command, and Ih' aulo­
malic eOI Mode. 581""lIon of .. "'eh EOI 10 use., de pen· 
dent upon the Inlerrupt Operation. the user wl.hea to 
pertorm. 

Non-Spec" '" EOI Com ..... 1Id 

A non·speclflc EOI command senltrom tile mlc,Opror;· 
a."" lei s 11>8 8259A know when a service 'outlne h'" 
been completed, wilhout a;>e<:lIlc.llon of It . .... cl Inter, 
ruplle"t. The 8259A aulomatlcally delermines tile inter· 
'upt 1..,.1 and resel. IIIe CQr"feCI 011 In lhe ISA. 

To take sdvsnlage 01 llIe non·.pecific EOI the 8259'" 
must be I. S mode 01 operation in which it can predeler. 
mine In·servlce routine levau. For Ihl. reason the non· 
'p""lIlc EOI command should only be used when Ihe 
mool recent la_al acknowledged and serviced I. alwaya 
the I I_I. Whe n Ihe 8259A reefll.ea a 

I I I highest 
I Ihal Iha .....,ce I, 

Tile m. ln advantage ot using tile non.speclfic EDI com· 
mand I, thai IR leWlI specitic.tlon 10n'I necessary as ln 
Ihe "Specilic EOI Command", co_ared , horlly. 
HOw_, specill con.lde rallon sMuld be taken w"en 
d""lding 10 u"" the non-3pecilic EOI. He.-8 are IWO pro­
gram cenditions in which il is besl nOI u. ed: 

o USing the set Pfiority commana within.n InterrUllt 
..... iefl routine. 

o Using a special mal k mode. 

n.""e conditions are co ... red In more detail In thel, own 
sections, bul are listed here for the users reterence. 



S/>"I' lo Eo/ Com ...... " 

A specific EOI command senl Irom Ille mlcroprocesso, 
lelalhe 825\lA know when . serolce roollne 01 a pal1lcu­
la, Inlerrupt le",,1 I. compleled. Unlike a non·speclflc 
EOI COmmand. which a"tomallc~11)I ,e.ets Ihe hlgheat 
prlo,lty ISR bit, a specific EOI command .peclfles an 
exacllSR bit 10 be , ... t. Ona of the IIIIM IR I .. all ollhe 
825\lA can be specified in the comman:!. 

The ,eason lhe specific EOI command Is needed, Is 10 
re"' lhe ISR bll 01 a compleled service routine when­
C'ler the 8259A Isn·, able to 8\llomallcallv Oet8<mlf'MI It. 
An exampl e Of tills type 01 situation mlghl be II Ihe 
prlOfitl .. 01 the int8<ruplle""'I w8<e chanlloo du,'ng an 
Interrupl ,,,,,'ine r-Speciflc ROlatlon"), In this case. If 
.ny other rou llnes were in se",ice at lhe"me time, a 
OOlMlpecl!lc EOI millhl rosel lhe wrong ISR bit Thu8 lhe 
specific EOI command I. lhe be.1 bet In Ihls case. or fOf 
1"'-1 mallt'. any time in which conlullon 01 Inl ... rupl 
prloo1lles may "i.t. Tn.e s pecifiC EOI command can be 
usec! in all COnditions 01 8259,.. ope,atlOn, inCluding 
thOse that Prohibit non.,pec iflc EOI command usage. 

Automatic EOI Mode 

When prog,ammed in Ihe aUI""",tlc EOI mode. 11>9 
mlcroprocesaor no lor.ga, n .... d. 10 I""",, • command to 
nollly 11>8 8259A II haa compleled an Interru pt routine. 
The 8259A accomplish .. Ihls by perlorming a non· 
!J!!£lllc EOI automatically at lhe lralling edQe ollhe lUI 
INTA pulse (Ihlrd pulse In MCS.flOl85, second in 
MCS-66). 

The ob.ious adoentag. 01 I'" aulomatlc EOI mode o.e, 
tne other EOI command 10 00 eommaod .... 10 be 
Issued. In gene,aI, Ihls Il mplilles programming aod 
lowers code ,eq ~lr.manIS wilhln Inlerrupt "",tines. 

How_r. s pecial consideration sN:lol(! be taken wt>en 
cle<; ldlng 10 use the '\IIomatic EOI mode because It 
disturb. Iha lully nesled mode. In Ihe aUlomatic EOI 
mode Ih ISR IIU 01 a routine In .ervlce I ....... , ~ghl 
aile, II"s acknowled\led. Ihu . 18llVing no deslgnetlon In 
11>9 ISA that a sevlce roullne is being .. ecuted. It an~ In· 
le.-rupl requesl occul'$ duri"O In iSlime (and inlerrupls 
are enabled) il -.. ill gel serviced reg.relns 01 il l p"Ofily. 
low or nlgn. The proPiem 01 .. oYe' nesting·· may allo 
happen In I~II slluatlon. "Ovel ",.lIng·· Is when an iR 
InpUI k .... ps Inlerruptl"O lIS own r""tlne. re," ltlr.g in un· 
nacessary ollOCk puahe. which eould 1111 lile alack in a 
111'01'$1 ca"" ""odl1lon. Thl. I. nol usually a desired form 
olooeratlonl 

So wllel good I. lhe aUlomal1c EOI mode wilh problama 
IlkelN:lse jusl coYe<ed? Well. auain, like lhe olher EOI., 
seleCllon is de\leodent upon Ihe application. If Inl ... • 
rupia .re controll ed at a predtlermlned rala. ao al nol 10 
cause Ihe prOblems menlion.ed abo"". the aUlomatic 
EOI mode woriul perleci ju.lthe way ~ Is, However. II In­
t9ll"Op!S haWen sporadically at an IndetermillSte ,ate. 
the aUlomatic EOI mode aN:luld on ly be used undor t1>9 
100Iowing gUl(!ellne: 

• WhSfl Usl"O Ille automatic EOI mod, wilh an Inde-
11ImI1 .... 1, Inlernopl rate, tha microprocesS¢< SN:lllld 
keep Ua Inlerrupl request Input disabled do"ng 
execUllon 01 service routines. 

" 

By doing Ihls, higher priorUy Interrupl level. wi ll be se,· 
.'ced only al1a, Ihe complellon 01 a routine In se .. lce. 
Thl. guideline reSlores Iht lu lly nested ol ruClu,e In 
regards 10 I'" IAR; hOwe •• ,. a ' ''''llnl in-..... "'. can·1 be 
Inll)fnopled. 

Autom l tic Rot.llon - Equal Priority 

Aulomatlc rolation 01 p,lorllles "" .. es In application. 
where Ine inlerrupting devices Ife or equal poio'ily, 
.uch as communications cnannels. The concepl iSIMI 
once a pe~ph ... al I. ""'iced, all other $Qual prk)rily 
peripherals sIlould be gl.an a char>CC 10 ~e •• r.-load 
belore the Ofiglnal perlphe<al II .ervlced again. This 10 
8ccomplishad by automalically asSigning a pt~pheral 
Ihe lowest priority all., bel"O . erviCed Tnus. in worll 
csae, Ihe dC'fice w"" ld M.e to wail until all Olher 
devices are serviced belOfe being selVlced egaln. 

There .r. Iwo method. 01 accompliShing aUlomallc 
rOlation. One Is Il$ed In conjunction wllh Ine non · 
specifiC EOI, " 'Ola le on non·speclflc EOI command" , 
The Olhe, Is used with Ihe BUlomMlc EOI mode. "rOI.18 
In automallc EOI mode·'. 

Itolal. 011 NOII·Speclllc EOI Com.,..~d 

Whe~ Ihe rolale on nOl>-$peclf", EOI eommaod i, 
iSSued, Ihe hilihesl ISA bil Is " set as In a normal non· 
specific EOI eommand. After 11'. reset I~h, Ihe cor· 
responding IR ,_, IS .. &lgned 10_", prlOflly. Other I~ 
priorities rolate to conlorm 10 11>8 lully nesled mode 
based on Ihe newly usignad low p~orily 

Figures 13A and B ShOw Mill' Ihe rolale on non-specific 
EOI command effects the In lerrupl p,iOfities. Len 
.... ume lhe IR priorities were assigned with lAO lhe 
hlgt>eal and IR7 Ihe lowest. as in 13A. IA6 and IR( are 
already In ~ervlce but neither Is compleled. Being Ihe 
higher priority roullne, IR( I. nl)Ces$8~ly lhe roullne 
bei ng execuled. During tile IA( routine" rolale on non­
specific EOI command Is .... uled. When Ihls happen., 
bit • in 11>8 ISR is reset. IFW Illen becomes lhe lowesl 
p'lo~ly a.-.;l IRS becomes lhe higneat as in 13B. 

• 

..... H .. T . .... "" 

HI",,,, '010"''' 

ROIaIe In Aulomalle EOI Mode 

The rolate In aulomallc EOI mode III'OlI<s much IIkl! Ihe 
rotate On non·specillc EOI command. The main dlfler· 
ence Is tMI prlOfUy rotation ia done automatically alte, 



the"" mTl. putH 01 .... t~tenul>t req,,"' . To ente< or 
ul' Ihl' moOe' ,0UII.ifHlUlOmIoljc.EO! HI command 
and rot.ll"I .... ulOlTllll je.EOI ciear cotnmIOCI I' p'G'1de<!. 
Aner tI>M. no com""""' .... n I ! :led as wllh llIe nor .... , 
• UIOITIIItle EOI moOe.~. It mu" bI '.'Mnbeor~. 
wilen "at"" .ny lorm 01 the automat;c EOI mode. _ 
clll con-.lder.tlon ,1Iou1d bit tak"". TIlus. " III gulGlllne 
tor I .... IUlotnllt!c EO! """" Iiso standa tor till ,otlll In 
1"IOITIIItic EOI modi. 

S",",1I1c IIOlltion - Speeillc Priority 

SPlCII!c rotation g_ lhe uaer . erUllle c.~lIltI .. In 
Inte<,upl eonl ,OIIed ope<alions , II serves In tho .. ap. 
pllc.ttonl In w~lch. speeil ic deoice', In terrupt prlorlW 
musl bI .11.,1<:1. AS 00f)(IM(I 10 s ytomatlc rotation 
which .ule .... tlc.lly sell p,lorlliel. apecl!lc ,0' llion Is 
compll,.ly "H' corHrolled. ThIIt I •• 1l1li u_ .II&CI. 
... hicII IntllffUpt ie'fel ill to rec_ IOweIt or hlgherll 
prlotlly. TNI can boo done durlng 11\1 .... In proorem or 
... Ithln Int .. rup! rou tl ..... Two apKil!c rm.llon com­
tnWI<Il er, "lliebI, 10 IIIe u_. 1l1li ~HI priority oom­
.... IId~ lIId lne " fOI'll on apKlllr; EOI com .... net." 

h I I'rlorfl, C_I"" 

T .... III priority convnand allow. 1l1li IIfOgr ......... 10 
""gn.n III I_I the _I ptIortty. All Olhe< Inl ..... pl 
I_I. will con lorm to lhe lully neated mode _1<:1 on 
Ihl newly 1I,lgnl<:llow priority. 

An • • ampll o t how till sel priority com .... nd worl<a II 
ahown In Fig", .. I(A and 14B. TIl ..... Hgur ... ahow Ille 
.,.Iulot thl ISII end thl ,lIatiWi priorltll. 01 tllll inler· 
IUpt l .. eI. bll0f8 .nd .It ... thl sel priority commlnd, 
Two 1~1"lUpt roull ..... • r .. • I>own to til In MrYI" In 
F~u" I(A. Slncl 1R2 II thl NIlIIe.t priori ty. II I, 
neceaSlflly lhe 'oull .... being executed. OU,I"" llIe 1R2 
rooll ..... prlotltlH"l altered so lhel 1R5 II lhe IIIIJhe1i. 
Thle la d_ limply by Ilwlng lhe Ht priority command 
10 th. 82S8A. In 1111, caM. 1l1li command alJ&Clllet! 111.4 II 
being \he lewllt priority. The result oIlnl, M I priority 
f;OIIIII\and "'.nown In Flgu •• , . B. EYen though 1111 now 
h .. hlQhlr priority INn IR2. It won't boo.e~ 
u~tllllle 1112 routlnll, flnl,hId (ril EO~. TN, I, bln"M 
prtorIHII ... only .. ,oIved upon an IntlKru9l req\ll$1 or 
.... Int",uPI ICknowled~ sequence. II I hillher prIorily 
fIQ,,1I1 OCC" .. du~ng lhe !A2 .oullne. t"-n p,loril~' ... 
.nolo«! .nd the hlllllllal will til ac~no_l/I<I. 

~ .............. ' .. 
• ... .::..~ Ii I I ! J I I I I c:"'''!'!. 

.......... 1, Vii _ .. ,1,, __ ,", 
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_n compIetlnll I _I roull"" In which Hili ... t 
priority command II uSld, 1l1li conlCI EO! musl til 
Issued. TIIII non-apecJl le EOI cotI'IrMnd .nouldn' l bit 
uM<! In till __ routine .... tt prIotlty comtnend . 
TN, I, t...e.u ... ' he not>-I!>ICltlC EOI comMand reMt' 
the Nghesl 1511 bit, which. ~ "ling "" .... priority 
com .... IId . Is nol alWI,.. the mo.l fICInl routine In_· 
yJ". 1l'III lUfomstic EOI modi. on thl 01'* hlnCl. CIIn til 
uled witl> t ile Mt p,;o,-Ity com .... nd. Till, II Iw'I"M It 
.ufOffilltic.lly perform. I nor>-lIjleClllc EOI tIIlorl 1l1li 
,.1 p,lo,lty commlnd C.n bit IlIu&C!. Till speeUk: EOI 
command I, ' lie but bet In moll Clles whln ullnll Ihl 
•• 1 prlo,lly comm.nd within I routlnl. By 'Ueltl"O the 
speeltlc ISII bll of I ,oollne belnll completed. contu,lon 
Is Illmlnloted. 

lIof.,. "" SpeclNc EOI Com .... ,.., 

Till rotate on ,peo;lflc EOI commend II 1It .... lly I com­
blnatlon of lhe set prIorI.y comm"'" ...., the specific 
EOI command. Uklllte .." priority command •• lpec~ 
l ied III I_III asslgned_Ht pri<lflty. Llk, the lpaclflc 
EOI com .... nd. I apecllled ...... 1 will bit .- In the 15ft. 
Thul til. '01.1t on . pee/Iie EOI commend eocompll_. 
both t_ In only one command. 

II It I. not necessary to chlnge III prIorIillI prior 10 1l1li 
tn.d 01 en Inlltl'fUpt routine. then Ihl. co ....... ""'I • ..,.. .... 
IlglO<ll. Fo< .., EOI comm.net m"'1 be • • ecu leo:t In)' 
wlY lunl, .. In llIe lutomatlC EO! moOe). 10 why not do 
DOlh.t Ihe s ame l ime? 

Inl ... upl MI.klng 

OIIlbII"O 0< enlbll"" inl.,rupll CIIn til d_ by otllll. 
muna lhen juSI conI roiling the mlcroprocll"""lnl&!'· 
rupt request pin. TIIII825IiIA .... en I~R (Inlerrupl Muk 
RIIIi.I'" wNch en"-t". lnt .. rupt controt cepebllltl ... 
RIoIIIII, IhIn.1I Inle<rupll btl"" dlubll<:l or .. * ll d .1 
tile """ lime. 1l1li I ~ II IIlowl indlWl ... 1 III milking. 
The I ~II I, en &-bI1 "'gllte<. bill 0-1 d lreclty .,.,..respond 
10 1110-1117. Any IR input ctn be mUklct by wrlt1nlllo the 
I ~II"'" "'lIi"O tlw .ppropriIll bit. Lilc , ·. 1 .. , ...... III in­
put can be _bled by <:Inrinll tile CGn'tc1 IMA bl i. 

T .... "." ''''001 uM. tor mukl"" oIllndiYlduII IR in­
Putl. 0"" l xample Ie ""*'. portion 01 • meln "", l ine 
wl.h .. only 10 be In terrupled Dr .peell tc Inlerrupl •. 
Anolher mlllhl til diSllIJl In.g high ... priority Inl.rruPI. ,or 
I portion ot a I~' priority ..... Ic. roullne, The po.s!. 
bltll~1 er, many. 

Wh ..... n Inl ..... upl OCCu. a whll,ll. IMII bill . ... 1. 1111n ·1 
.....,. .... lIy lo,gottln. For. U 'l'lld .. .-1 ... Ihl IMII 
eela Of'ly on tile output 01 1l1li11111. b tn wllh an IR Inpul 
mukld II II stilt potaibf' to .. t HIe 11iR. Thus .... nen 
.... tUng an IMII. It 111 IIiR bli I, MIlt wMlthltl QIIlIIfII • 
.... Int .... upt. Thlt I, proridlnll. 01 <:OU'M, the' 01II1II 
priority t.el.,... ere I .... n InlO eonllder,tlon"'" II", III 
'*1 ..... 1 .emalns ICII'M. H the III ,,",,"I I, rtmO'l"Od 
belor. lhe IMII is """'I. no IntomJpl .,.111 bI acknow~ - . 
S,..elll "lSk ,,_ 

tn .er/OUI ceaea. It may til dellreble ' o en.c>ie In"nupta 
01 • lewer priority Irntn 1l1li ,,,,,Unl In 110"1". Or, In olher 
wo<dl. IIlow lower priority <!tvl". 10 g.ener.l. Inler· 
'UP". Howl"8'. In the fully nlll&C! modl •• 1t III 11' 11. 01 



p.io~ty below the .outlne In sefVice are in~ibilod. So 
wh at Can be dOne to enatole them? 

Well. one method could be u.ing an EOI command 
belo.e the actual completion 01 a 'oulln, In _ vice . Sui 
beware, doi"" tnl. may cause an "O'Iet nesting" PfOt). 
lem, simi lar 10 In Ine aulomatlc EOI mod •. In add Ilion, 
reM Uing an ISR bit I. Irre. e,alble by softw . ... control, 
$0 lowe< priority IR levels could only be later dls.abled by 
setting lhe IMR. 

A much t>eller solution Is I~e SP\lClal mask mode. Wo.k· 
Ing In conjunction w ll~ t~e IMR, tM special mask mOde 
enables Inlerrupts t.om all 1.,,1. except 1M level in . er· 
. Ice. This Is done by masking Ihel ... lthat I, in ..... ce 
and then Issuing the Special ma"" mode commano . 
Once Ihe ",eclal mask mode I. sel, II remains In elleel 
until .esel. 

Fillure t 5 shows how to enable lowe. prlorlly Interrupts 
by u.lnO the Special Mask Mode ($MM). Assume Ihol 
lAO """ hlOhe. 1 prlo.lty when the main prog ram 10 Inter· 
rupled by IR4. In the 1R4 seNlce fO<Jtlne an en.ble Inler· 
rupt In"ruction is execuled. ThIS only allOWS higher 
priOri ty interrupt requests to InierruPIIR4 1n II>e no.m. 1 
fully n_sled mode. Furthe. in l~elR4 .0ull .... bit 4 01 tl>e 
IMR Is masl<cd and I~e s~cl.1 m .. k mode is enlered. 
Priority operation I. no longe< In I he IUlly nested moo:Ie . 
All Interrupl le.els are ",abled except lor IR4. To leave 
the IP\lClal mask mode. the seq .... nce Is e .. culed In ............ 

I 
I 

I 

--

I 

,"­
""UT ... 

01 0 " " 

M ... ... 

I .. , .... 
........ M 

u .......... 

•• 
MlO' .on 

............. 

..... ' '"u ..... 

,_~ o.-n ..... D , .. ....... 

".D_' , ••• ". 
... · ' . ... . .. 0 

" 

Precaut ions m"sl be laken when .. ltI"II an Inlerrupt 
serwlce fOut lne w~iCh haS used the spec ial mask mOde. 
A no .... speci lic EOI command can'l be used when In Ihe 
special mask mod • . This is beeau" a non·speclflc 
won't clea. an tsR bit 01 sn int&rrupt which Is masked 
when In the special ma"" mOde. tn IltCl, the bit wi ll lIP" 
~ar inviSible. II the SP\lClal mask mode Is clea.ed 
beto.e an EOI commano Is iu ued .. non·specific EOI 
command can be used. This could be t~e caH In lhe a. ­
ample sMwn In Figure IS, but. to aVOid any conluslon 
II'. bUI 10 UH I~e SPeCific EOI w~eneve. uslng. t~e 

. peelel mas!< mode. 

II musl t>e remembere<llhat Ih' special mask mode ap. 
pll ... 10 all masked 1 .. ,1. when HI. Take, 10' In5ta""", 
IRI Int . rruptl ng IR4 In the p .... iou, .... mpl •. II lhla ~ap­
pened while In I~e special mask mode, end Ihe IRI 
routine masked Itselt, all Interrupti would be enabled 
except IRt and IR4 wh ich are masked. 

3.3 INTERRUPT TRIGGERING 

T~ere are two clu slcal ways of sensing an active inter· 
rupt request: a 1 ..... 1 .en.ll i.., Inpot Of 8n edge H nsitiWl 
inpul. Thoe 8259A glv .. the "ser Ihe capabilit y lor either 
melhOd with Ihe edgoo Iflgg&red mode and Ihe lave l tr ig_ 
gared mode. Selection 01 one 01 lnasa Interrupl trlwer. 
lno methodS I, done du, lng Ina prog rammed Inlll . llza· 
tlon 01 Ihe 8259A . 

Lnat Triggered Mode 

When In Ihe 11,,1 trlgge'e<l mode the 8259A will recog· 
nia any ""tivethigh) I •• el on an IR Inpul as an Interrupl 
requell . It the IR inpol remains ""live al ter an EOI com­
mand hU been l$Sued (.e",ttlno lis ISR bit), . nOlher In· 
le'rupl ",III be general ed. Thi s Is Pfovld lng 01 """",e, the 
PfOCGSiIOr INT pin Is enabled . Unl. ss repetitious Inte.· 
rupl generation 10 desl,ed, t"" IR Inpul mu. 1 be brought 
10"" In.ctl"" "ale belore .n EOI command Is Issued In 
Its seNlce fOuline. How_. 1\ musl not go 1rli\C1I" sO 
!lOOn that II di sObeys the n_nary t im ing .equlre­
ments shown in Figu", 16. Note that the requeSI on t~e 
IR Inpot m"SI .. main unlil alter the tailing edge oll~e 
Ilrst mn pulse. II on an~lnpul. Ina ' '''lue$1 goes 
Inactive t>elo ... t~e 11 •• 1 lNTA pulse, t~e 62'!19A will 
".POnd a. It IR7 was RCtiWI . In any design In w~lch 

there's a P088lblllty 01 Ihl . ~appBnlng. thoe IR7 defaull 
lealure can be UBed a. a saleg....-d. This can be acco ..... 
pliSMd by " sing the IR7 .outlne a8 a "clean·up fOuti ne" 
whiCh might . echeck Ihe 8259A Sl8tus or me.ety .alurn 
program execution to its p'e-Inl&rrupllocallon. 

Depending upon Ihe particular deSI~ and appl ication • 
Ihe level triggered mode has a numb&r 01 useo. Fo.one. 
it pfO_ldes lor repet itiou. inte,wpl lloner.llon. This Is 
"selul ln cases when a seNlce ,OUllne needs to be con· 
tlnually execuled unt i ll~e Inte.rupt request gOeS inac­
live. Anot~er possible adYantaoe 01 the Ie.el l ri goerad 
m()(le Is II allows lor ""'I . ... OA'ed .. Interrupt reques ts . 
T~al Is. a numb&r ol lnlerrupt '''IU'''"t8 using U'e s.ame 
IR Input. Thl . can'l be done In Ina edge 1,IOge<ed mode • 
10. II a device makes an Interrupt req .... st whll. ' '''' IR In.­
put Is high (f.om anolher req" estl, liS " . nsltlon will be 
" shadowed" . Thus 1M 8259A won'l recogn ize IU" he< In· 
lerrupt reQ .... sts because It. IR Inpul II already hlOh. 
Note that when a ·'wl.e--OR'ed" scheme Is used. Ihe 1tC· 
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1~" ,eqU.IlIng de""', "". to) be "",ermined by the 50!! · ... r. In , ... ..... ;,; .. '''''''ne. 
C..,,1on III>OuId be tak .... w'*" u.lng , ... automat ic EOI 
.....,.,. and til __ t rloOt<td mode 10\18"-. Slnce In 
11>8 .ulomall~ EOI _ .n EOI I, automatlclolly pet. 
tormed ., the Ind 0 1 [hoi Int~pt acknowledge ... 
0_. if lh, p<oc .. oor...ai)lH Intlmll'I . whil e en IR 
Input I. 8UII h igh, In I"' ... rupt ", III OCcur Immed latel,. To 
a>'Old .hl. oll""Uon In'MIIIp" enouiO be kep. dlsaCled 
uo!ll the ""d of ttle "' ''''ce 'QUlin, or unHi ,he IR input 
.. ,urn. low, 

(60- TrIgogeBd Mode 

WI\en In ,'" ~ 'rig~..., mode. In. 8259,.. will only 
reooonile Interrupts II geneu.,td by an lnactl ... (lOw) to 
.ell. .. (high) tran"tlon on .n fR III()IJ'- Tl>e edge trig. 
oe<..:I ..- Incorpor.,,,,, an ~ Jockou. method 01 
_,lion. Thl. me.n. '''', a Uer tile rili ng edge of an 
In,.nupl reques t a nd the acknowledl:/Elment 01 thl .. 
quest. the poslllve ' ••• ' ot lh' IR Input won', general . 
turlner Ih'errupl. on this ,,"",. The lI .ftr _ n'l wO('Y 
about Gulckly r,,,,,,,,lng tile Nqu .. 1 alt8r acknow ledo-' 
menl In Ie ... 01 gener.lIng turt~er Inter,upts as might "­
tile caM In lIIe!flY'&! IfI1jCered 1'I'IOGe. Belore anolhet II>­
t .. rupt can 1M oenwated thei R input must retu", to tile 
Ift.ellve ,UlI._ 

Ret .... ng back to Figure 18. the timing requiremontl lOf 
tft t6mlpl l'fOg,ring il I n.own. Uk, '~I 1_ trlwerld 
mode. 1ft , ... edge Irlgoe<oo;I mode I'" <eGunt on tl'loo HI 
Inp ut must 'emaln Ictl .. until l It .. t~e la iling eodge 01 
thl II." 1RTA poise tOf Ihl t plrllcula. Interrupl. Unlike 
Ih' 1 ... 1 trlgg erod mode. ll\Oug~ •• lte . the Inl. ,rupt 
.equ .. 1 il """""wledged IIIIAA Iltcn ia dlsa,med. Only 
,II .. Ille IA inpul _. "'xHv. will llIe IRA latch ag.IO" 
beeOme aimed. mal<lng It ,"If)' to ree,l ... not"', ;nlt,· 
rupC 'lqueSl (I" tlt' IeYeI Irlogered mo<M. ' '''' IRR t.lch I. 
IIwIyS annecI). S·CI· ... of the ... 1IY I'" edge lriW.red 
mode lunction$, ills IMst to UN. posil lve IeYet with. 
negIIt;"" pul"" to trigger t llelR .equests. Wiln thl' tl'fl' 
oIlnpUl, the tretllng edge 01 lIIe 1)101 .. tau"". Ille Int.· 
,upt Ind llIe meinlal....., 1>01111 .. 1_1 meetsille neue· 
... ry timing .-.qulr..,."ent , (remllnlng nigh unHI ahe. th, 
Inlerrupt acknowledg. occu,,). Note thaI Ihe IA7 dellull 
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1 .. 110" mentioned In Ille "1 ... 1 triggered mode" ""'tlon 
11100 WOfkl IOf I .... edll' IrIg ...... ed mode. 

~Ing upon lhe .,wllcu'" doollgn end _lieillon, 
'lleldge Irlogerld modi hall varioul u .... BtICIIUH 01 
Its Idll' Iock",,1 _llton. " I. best used In t_ 
_Ilcelions_a '~tltiou' Int..,-upt g ....... lion lin', 
d .. l.oo;I . 111~ ,1.0 Vl ry uN lu lln Irsl..,." . where llIe Inl"· 
,upl ,eqUI", I. I pul" (tI,II ll\Ould be In the IOfm 01 . 
nlglliv. pulse 10 lite 8259A). Anolher poss ible ed.,n· 
laCll. Ihal it cln 1M u_ whh the a utomatic EOI modoo 
wltl'lOut Ihe caullons In lhe level I'iggered mode. OYer· 
all, In moSI c ..... Ihl lOge 1,lgC"ed MOOe Simplifies 
o""IIlon IOf the u .. ,. sloce lite du,.11on 01 l ite i nltrtu~1 
req ... '" " . poalll .. ' .... ~ 001 u_lIy a lacto,. 

U INTERRUPT STATUI 

B~ ..... ns 01 softw." control. lhe UHr can Int."OOlle 
Ine IlItU I olille 8258A. Thll I lIow l the .... dlng 01 Ihe 
Inlernll interrupl '''!III I&fS. which mlY P'OV • • ,. luI10( 
Inletrvpt conl rOI Ourl"" . .... IC. routines_ It ,1'0 Pro­
vida. for . mooiHed lIalu. POll melhod 01 device moni­
loring, by ul ing Ih l poll command. Thi. mek .. IIIe 
"IIUI 01 tile Inl. ' .... 1 III InPUII .".llab!fl to llIe uHf . 1, 
""ltwer. control. Thl poll ..... '.11_ olters an .lte .... 
t lve to lroe Interrupl -.cIOf .... 11ooa, especially IOf thoM 
e_ ... _ morl tMn &l lnt...."p'. er. n .. _ . 

" .. ding Inlernop' R .... I" ... 

The contenll 01 IICh a.oi t Inte'rupl regisW . IRR. ISR. 
and IMR. can IJ.e reed 10 updatl the use~. p.ourem on 
the p ..... nl status Di llie 825CA. Thl l can be. v ..... tlil 
tool In th. decision meklng process of I ...... Ic. ,oullne. 
glot"" lhe u"'" more contrOl OWl, Int&fru pl ~rallonL 
Belo .. dlIVing Inlo ItM Iclual process of reading 1M 
reglal..-$, lal', brillly , ,,,lew lheI, ga ... '" dlll<:rlpi lonl: 

IRR ~nl"-rupt Spectllel all In!ertu pl leftl ... 
ReQuest Regis te" G .. stlng ....... ce. 

ISR (In.strvice Specl flel all In terrupl 1 .... 1. 
Reglill" WhiCh I .. being . erviced . 

IMR (Inter,upt 
Ma. k Aeglsler) 

Spec ll ll.l llinterrupileveis Ih'l 
, .. m •• ked. 



TO rN d the oontents of the fAA Or ISA. tM uSer must 
Ilrst Issue the appr<IP,lale read rll9lster tOmfTlllnd (read 
IRR or read rSR) to the 8259A.. Tllen by applying a JU:i 
puiS<! to the 8259A (an INpul InstruCliOn). Ihe conlenls 
of the dG$I,,,d ' egl.t., can boo acQuirlOd_ TMre is no nee<! 
to I""ue a read rll9I~ler command evef)'lIme Ihe IAA 0 ' 
ISA is 10 be read. Once a rNd register command Is 
recel>ad by I r.e 8259'" II "'"membe~" whic~ register 
has !wen selecled. Thus. all Ihat I. necuN.f)' to rN<! 
Ihe contenls ollhe same regloter more than once Is Ihe 
RD pul ... and lile oorreCI ad"r .. Ulng (AD .. O. expl ained 
In "Programmlng Ih .. 8259A'l Upon inilializaHon. 1M 
selection 01 'egl.I .... delaultSlo Ihe IAA. Some csulion 
'Muk:! be IRken when u.lng lhe 'Nd regi. ler command 
In a sy.tem Ihal supports ...... ral 1"",,1 . ollnlerropl •. If 
Ih .. h igher priorit y routine causes an Inlerrupl boolw ... n 
Ihe read register command and the actual inpul ollhe 
rtgiSler conlenl$. llIe,,,·. no g ... ,anIO(l 11\101 Ihe aame 
regi.te, will be $elecled when It ' ''Iurn._ Thu. il i. be$1 
In .uch caseS to disable Interrupls during the operation . 

Aea"lng the contenls 01 the IMA Is dllle'entthan ..... d· 
Ing the IRR Or ISR. A read reolster command is 001 
neceosa f)' when rNd ing lhe IMA. ThiS is because lhe 
IMR can boo addre$Sed di'ectly fo ' bolh ,&&ding and 
w'itlng. Thus all tMtthe 8259A requ i'e. fo, ' eading the 
IMR Is a 1m pul ... and th .. correcl addressing (AD: I, 
explaJned in "PrOOrammlng the 8259A"). 

Poll Comrl\llnd 

As mentioned towards the beOinning 01 this application 
note. there are two methods 01 S(lrvlcing penpherals: 
status polling an" Inlerrvpl ""rviCing. For moslspplici' 
lions lhe Inle<rupl ........ Ice method is beSt. TIll. Is 
beceV$e II requirelh .. leasl amount of CPU time. Ihu. 
increa. ing system throughput. Howe""r. lor certain ap­
pllcall""s. 11>0 slatus poll method may be desi rable. 

For Ihl~ reason. the 8259A . upport. polling ope rat ion . 
with the poll command . As Opposed 10 Ihe CO<1""nIlOIlaI 
method 01 polling. the poll command Ofl.~ ImprO>N 
(Ie_Ice servicing and Increased throughpul_ Raine, than 
havl"ll the processor poll each perlpl>Oral In order 10 
find 11>0 IctuII (Ie>ice requiring servlca. Ihe proce • • or 
polls Ihe 825911,_ ThiS allow. the use 01 all the pre>ioo . ly 
menllO<1N priority mQ(les an" commandS. Addltlooally. 
bolh polled and Inlerrupl meillod. can be used wilhln 
the same program. 

To use Ihe pOll command Ihe processor must fi~t ha>e 
Its Interrupt request pin disablod. Once t ile poll com­
mand II IUulOd. Ihe 8259A wiill ' eat Ihe neXI (e-§ quail· 
/led) AO pul.e Issued 10 It (an INpul in.IIVCliO<1) ea an in· 
lerrupt acknowledge. It wilt Ihen .ellhe app'oprlale bll 
In the ISA. If there was an interrupt request . and enable a 
special word onlo the dala bu •. This word shows 
wtlether an Interrupl r"'lUeSI M . occurred and Ihe 
h lgllest p,lo,lly 1e",,1 requesting service. Figure 17 
show.th" conl" nl ' of the "poll word" which I. 'ead by 
tM P1'OCMsor. Bits WO-W2 oonvey tl>O blnaf)' code of 
the highest priority 1e",,1 requesting ae .. lce. Bit I deslg. 
nate. whetller or not an Interrupt '''quest Is present. II 
an interrupt requMt I. prMenl. bit I wil l equal 1. It then! 
I. n·t an inte rrupt requMt at all. b ll I will &Qual 0 and bilS 
WO- W2 will be set to ones_ Se .. ice 10 tn e requeSling 
",,>ice Is echle>"" by .oftwa'e decoding lhe poll word 
aM branChing to tl>O appropnate $ervlce routlne_ Each 

lime lhe ~A Is 10 boo polled. the poll comm/lnd musl 
be wrillen before r"ading 1M poll word . 

The POll command Is u .. fulln _arious situal ions . For in­
. tance. 11"0 a gOO<l aUernatl>. when memo,y Is >ery 
limited. because an interrupt·>ector table Isn 't naeded. 
Another use lor the poll com man" is when more than a.. 
interrupll...,ls are needed (6' Is Ine IImil when ca.cad­
Ing 8259'.)_ Th" only limit of Interrupt . using the poll 
command Is the number of 8259'. that can be addressed 
in a particular system. St ili anolhe, applicstion 01 the 
poll command migM be woon the INT or mTI . Ignot. 
.re not .vailable. This might boo the ca. e in a I.rg. 
.y. lem wMre a processor on one card neeas to use an 
82!i9A on a different c~rd . In this Instance. the poll com­
mand is the only way to monitor the interrUPt device. 
and Sli ll lake ad_antage 01 the 825911," prioritil ing 
fealu,e •. For Ir.o..e ca .... when the 8259A is u. ing Ihe 
poll command only all(! nol lhe interrupt melhod, each 
8259A must me .. "" an Initlalilatlon sequence (interrupl 
vector). Thi l muot be d""e .Yen lhough the int ... rupt 
>ector fealuru of the 8259A are not used. In Ihls 00<1 .... 

Ihe Interrupl >eclor SpeWi .... in the initla li lation 
sequence cou ld be a "fake " . 

....w._., ... , cOO< or H"'H'S' 
•• _" ,,'n "0''''''' . ... "'" 

L _ _ _____ ,., ... H ' HI< . .. .,OCCO. "D 

~"" .. 11. ""'t ",,1«1 

M INTERAUPT CASCADI NG 

As mentioned .... ~ ier. mo,e than one 8259A can be used 
10 e. pand the prior ily inlerrupt scheme 10 up 10 6.0\ I""el . 
wi thOul ad"Ulonal Mrdwsre_ Thl. method for expanded 
inlerrupl capabilily I. called "cascad l"ll". The 825911, 
supports cascading oper. tlcns wllh the cascade mode. 
Additionally. the special lully nes ted mod" and the buf· 
ferad mode .re a>allable for In<;,eased lIe.lblllty when 
cascading 8259A's In certain app lications. 

Cuelo. Mode 

Wnen p'og rammed in Ihe ca.cade mode, Mole opera· 
tlon conslsls of ooe 8259A acting as B ma.ler to lhe 
otMrs wh ich are ... ",1"0 a. sla>ea. Figure 18 shows. 
system containing a mast ... and tWO Sla>es. prO"'dlng a 
10Iai 01 22 inlerrupt levelS. 

A specilic hardware .. t .... p is r"'lulred 10 establis" 
operation in the cascade mode. Wllh Figure 18 IS a 'el · 
erence. oote tl\olll>O master is deslgr>ated by a high on 
the SPIEN pin. whi le 1M SPIEN pins 01 the sla>es are 
grounded (thl. can al.o be done by software. see buf· 
fer"" mode)_ Additionally. Ihe INT output pin 01 each 
.Ia>. Is connected to an IA Inpul p in of the master. The 
CASO-2 pins fo, all 8259A's are p",alleled. Thes .. pins 
act as outpu ts when the 8259A. I. a masler aM as inputs 
lor lhe ol.""s. Serving as a private 8259A bu o. they con· 
trol which Sla>e flas oont rol 01 lhe system bus fo, Inter· 
rupl >eCtOring operalion wilh the processo,. All other 
pins are connecled as in norrnal ope,atlon (each 6259A 
recel\l8"S an INTA pul se~ 
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...... , .. C-__ .. ... " ... q,._ 
auld ...... rd .... .-... p rtqul'_~l'. all 8259"", mUll 
be IOU ...... progrlmm", to wott In ,n. uscad40~. 
Prog""",, 'ng 111<1 cas.- mode II donfl ouring Int In· 
Ullllallon 01 each ~9"'. TM~'" Ihat Is ""lee''''» 
rTIlIlltr mUI' ,ec"iv .. SpeeUk:ltlon during ilS ihlll.lla· 
,.,,, .. 10 Which 01 II~ IA Input ... e eonnected 10 • 
II ... '. tNT pin. €a<:h . 1,., 82WA, on \he othe, hand, 
mus' oe Cleslgnated d u,' ng '" Ihlll,II>'lIon with an 10 (0 
Ihlougll7) corr~PQndlng 10 whleh 01 tha maste( IIR;I\­
puts M, tNT pin II conn.."ed 10. ThIs II aU "ecQII¥Y 10 
,,,. CASlJ..-2 plna 0 1 1M mu'". will be _to add" .. 
...... indloldual slaY •. NOli II\at U In normal operation, 
ucn 825IIA must alSO be IniHaltz.d 10 g;'" it. IR Inputs 
I unique Interrupt y.clao'. t.l0I'1 o ... n on the necHUty 
p<ogrammi"ll of tne "".~ mod"l, e<plalr>ed In"~ 
gr.mm' .... the 8mA". 

Now, with I>aCkgrQur.d Inlorm.llon on OOlh hard war. 
,11(1 IOltware to! th~ caaeld' mode, let's go ove' th' 
'~Ince 01 evenl. IPlaI OCCU' du"r>g a valid In,."upt 
,-.q .... t lrom a II •••. SU9_' , 11_ IR inpul r.aa 
'_'...:1 an Inte,rupt.-.QVHI. " Mumlng mil request II 
nigh ... pnorlty IIIen o!her f"MIIIII" andl .... eroM;.t teo.tl 
on the ., ..... the 5111 ... •• INT pin I. dn ..... high. Thi. 
I Ig"II. lhe masl ... ollne ,eque.1 by ""using In In' .. ' 
rupt .-.queal on. deslgnoled IA pIn oilM mast .... """In, 
I .. uml"" l""l lhls f"MIuesllo In, "",Sl'" Is nigh ... priori. 
I ~ Inl .. oUler mlSler f"MIutala arod In·seJYie. I •• ell 
(po .. lbly lrom other ., .... ), In, ml.Sre~1 INT pin I. 
pulled high, Interrupti ng the Proc'''OI. 

Tn, I""rrup! acknOwlltdO& MQI>IIlC<! II>peara 10 'M 
Droc .. so, the ,.,... II lhe non-cll.cadi"" mlllflUpl 
acknowlAdgio 58<1""""; __ , It'. diU ...... ' *""<)ft{I 

,he 8259"" . The lira' IHlA l1li," III used by all ,lie 
Mil...... IOf In, .. nat HI'UP "",pose, and, II In ,lie 
8Ct8OI8086 mode, the "",,'.will 111_ 'MCAU oPCOde 
on Ine date buS. TIle tim mTl PU'" ,Iso .'gNls 'he 
mett .. to pl,ee the f"MIU''''ng .1 .... •• 10 coOe on the 
C .... S line •. This turns control 0'" 10 the alave ID' the 
' tal 01 'he Inrerrupl .cknowledoe s-.quence , plac ing the 

" 

_apriate pl&i>tog,arnmed Interrupt ¥ICIOt on tile 
d'" t>us. completing 1M Inl"""pt re<:luesl. 

Our1r>g the interrupt acknowledge seq_. thl COt· 
IHpondi ng ISA bit 01 bOlh the mlltlr and rhe tI .... gl' 
tel. Thi. me.na two EOI commarode mu$! be Issued (II 
not In tne aulomaUc EDt mode), one lor the master Ind 
0 .... lor the . , •••. 

Speclet consideraliorl II>OUtd be t.ken when ml.<III 
Intern<P' 'eQuests .... "oned 10 a m.slll< 1iZ9A; INrt 
la, when some 01 ,he metl .... If! inputs are uMd for 
,1_ inlerrupt re<:luesl. _ tome ,re U$Id IOf indl>ld­
u.1 """nupl reQlMSlI. In Inl1 type 01 s ltuC!ure. u.. 
m"te(a lAO mUSI not be uMd lOt • $I .... Thl, I. 
trec.u .... when In IA InpU t INr' lon1 Initl.'lzed I •• II ... 
recll ..... n Interrupt f"MIueSl, the CASO-2 lin .. won'l I>fr 
act!Vlted , Ihus s\lylng In lhe dellult cDnd ltIOll I OO",,· 
Ing lor lAO (.Iau IRO). II • 1I •• e I. connected to lhe 
m .. It~1 lAO woon • non-.II ... Interrupt occu'" on 
_,~" "'"II' If! Input. ",oneou. COtIditlont m., 
r .. uH. Thus lAO 'hook! [)of Ina lU I choI<:<! when .,,10"" 
Ing . 1 .. " '0 IR Inpula. 

Spec:1aI fulty H .. ' teI M_ 

Dependl"" on lhe Ippliocation, changes In the .... t<lll 
",,,,,,,,,. 01 ,n. """",,de moOt may [)of d"I'<III. Tn la II 
becau .... the nested s t l\lClure 01 • III .... 8259 .... dill". 
lrom tholt 01 the norm.1 lully nested mooe. In tne clI' 
Cade mode, il a s lave_lives I nigher prlori ly inlerruP' 
'lQuestlhan one WhICh I. In .eMce (th,ough th ........ 
• 1 ... ), It woo·, [)of recognlled by the mute,. This I. 
bec:auae the masl'~' IS A tilt I. N'. Ignoring 1111 re<:l ...... 
01 "lull or '''''''11< prlorIly. TIlu., In thil case, the higher 
PriOtMy IlIIve Interrup, won'l [)of .. rvlOkI unt~ . lter ,n. 
m.I.~. 1Sf! till II ... 1 by.n EO! commoond.. Thla I, 
moet li~lIy 11111< the completion of In. lower p<lo<It~ 
IOIIl ln •. 

If lhe u_ wl.hes '0 h ..... e 'ru ly lully ""ted aln<clu,e 
with in' lIa ... 82~9", tht special lull~ nell<111 moo. 
should be used. The apecle llully nested mode Is pro-



g,.mmed In the m •• ltr on l ~, n l. I. oone du,lng 11'1& 
m.osle<·, Inllllll:.tlon, In th lt motte the ma'H~r will 
Ignore Onl1 11'10,. Inltl",pl ,.quco.l. of kNler Pflorlty 
Ihlrn 1M .. t ISA bU Ind will , .. "",,,110 III r&qu"ll 01 
eQ~11 or hlghe< ""orll~. Thu.1f 1 sl.,. racel ..... h/illMr 
prIOrity r"'Ulll lhlrn one In Itf'WI.ee. II wll\ 011 recogniZed. 
To In.u .. proper inltllupl aotrllio!\ wilen u,lng lhe 
.pee"l lull)' IIIIIId~, the 1011", ... m",1 dele<mlne 
II "'Y 01111< _. Inl.",.pt. ar •• tlll In ...... 1<;. OII'or. 
'ISUing In EO! eommlnd 10 IIW multi. Tl'III II done Dy 

re-setlll'l9 tI>ot appropo'l.1t "" ... ISR bil wllh an EO!.nd 
II" .. rud"", 111 ISA. II I!\I ISR conlllni .11 ...... the,e 
...,'1 any otl>w Int .. ruptl tram the""" In aeMOO and 
I n EO! command C8fl oe .... t to the ",",e<. Illhe 1511 
' ,n'l all z .. ro .. ., EOI COi,w,,1nd .noo,oldn·1 be .. nt 10 1119 
masl • . Clelirlng 11'1& muler', ISR bllwllh In EO! com­
mind """ II , ...... ar •• 1111 ,,_ Inl.""pli In • ......,. 
",ould allOW 1_ pdod ly In'e<rupll 10 be 'tco\In;'ed ., 
1111 m .. III . ... n , '_11 ot Ihlt prwen ll a/IO.." In the 
HCOnII '1'011<;11Ion In ,he .. AI)p\lcflI!ont Enmp,"" 5tH> 
lion, 

Butt_ lIIodl 

The bullerld ~ II uaefull n IIrge ',Iteml where ""T· 
Itllng II ,.qul'ld on till dll. bul, AllllOugh noilimUId 
10 only 8259 ... Caac.dlng, It'l motl pertlnenlln Ihls uM. 
In the buffered moOe wt._ver the 8259 ... ·• d&la buS 
oulput i, I nlbled. III tiii~N pin .. III go low, Thl l algnal 
ca n be uSld to . n.bI . dill tran. l,r Ihrough I buffer 
I,.n.cel,,, In the reQuired dirlJCt lon , 

Figu re 19 , no .. ,. ccr.ctl>tu.1 dl'9ram ollh,ee 8259"". 
In caICId •.• tch ilia .. " COntrOlling In Indl,ldu.1 8285 
8-bU bldlreellonll bua drl ... , by mMn. ollhl buUe rlid 
mod •. Notl Ihe pull·up on t~. l'i~FI. It II uted 10 
eNObl. data IllIn,le< 10 Int 8259" 10< Its Initial proof"'" 
m i~. WIIIn del'l"n,1" 11 10 go trom Ihe 8259'" to the 
PfOClUor, ~1lN will go 1Ciw; Clnt,...I .. , II will be high. 

... qE'tlon should "I,., IIOW_, I,om Int IlCt I~.I till' 
Slil N pin II "ltd 10 dellgNOte I matt .. from •• Ia •• ; 

" 

now can il be used lor bOlll mAI ... ·.I . ..... locUon Ind 
l)yHer COtlI ,OI? f lit! answ" 10 thl' II til, prorl,1on tor 
software p'ogramm.lrble mast .. ·.I, • • ""11JC11en wlWn In 
llIe ~ ~ller mod • . Thl bun .red mo<Ie I. MllCtl<! during 
aacr. 8259 ... ·$ inWaliz,tlon . ... t IIIe same tlml, the w_ 
ean "".Ion each In(lI'iktuli 8259" II , matt .. Of ,I, .. 
(see "Progrommlno lhe ~"). 

" PfIOGflAlIIM ING T"E 82$1" 

Programming the II25IIA II KCOmpIl$hId by .. ,lng.lWO 
types 01 COfT'In'IIn<J _" Inltl,lizatlon ConwNond 
WordS (lCWs) ,nd Operell_1 Command Words 
(OCWs~ ... lI lhe IT'IOdotI Ind c:ommendl • • plalnl<! tllin. 
P"""""" section, ''O!>eretlon 01 I,.. &259A", ... pro. 
gr.rnmaDIe ualng lhe ICWI "'" OCWI (see -"''*'"'' ... 
lor cross rel .... ncI~ The lew,.re illUId trom I,.. proc. 
"$Of In, _nli.1 IormII ""' .... uoed 10 HI .... p 1111 
8259 ... In .n inlU.1 1t.l11 01 _"lion. The OCW. ". 
I",""" I. needed 10 vary "'" conlrol 825QA _ilion, 

Bolh ICW. and OCW. are lint by lhe procl.1O< 10 lhe 
8259 ... vi, lile d.11 bul (8.2S9" ~. O. WIIi _ 0). Th 
8259" d).llnguls"", bel_n the dlll",nl leW, 'nd 
ocw. by lhe . tate ot it .... 0 pin (controlled by prOCl'1<l/' 
add .... lno), the sequence IIIeY'" I .. ued In (lew. onl),), 
and some dedicated bils among lhe ICW. aM ocw.. 
Too.e bll ... hlch ." dedicated '" IndlC/ltld 10 by fI'I<! 
.. Iue. to or I) In Ihe com .. pOndlng lew Or OCW pro­
gr8mming tormat. which , ,' co ... red short IV. NOle, 
when l$Suing lithe, ICW. 0' OCWI , Ih' In l irrupi 
,eq uesl pin 01 Ihe p,oce$llor .nouk! be disabled. 

' .t INITI ... lI:tATION CO IIIIII ... ND WDRDS ~CWI) 

Belo<e normal operation can DlgI,., eaCh 8259" In • 
I Y",m ""'st be inltl,liz'" by. Mq"""'1 01 IWO to lour 
p'ograrnmlno byt •• C/llied lew. (Inlll,ll zalion Com· 
mlll(l Word.). The ICW. We uaed 10 HI'UP till !MICas· 
:sary condilmrut and modes lor jlfopflr 8259A OPlflltion. 



Flgu,. 20 snow. 1'- InlUalil..ollon 110 .... 01 1'- 8259A.. 
Bolli ICWI .rid 1CW2 musl be luU..:! IOf any lorm 01 
8259A oper.llon. How .... r. lem ."" lOW. are used 
only II d,,"IO""!..:!'o In ICWI. Dellrmlnlng II>. ""e ... · 
lily and UI. 0 1 .. e ll lew II COWtred .norUy In I""i.idual 
gfOUplngs. No'. 111'1, one .. Intl l tlled. II .ny proor ..... 
mlng ch.ng" .... lIhln I ..... ICWs ... 10 be....,., I ..... enU .. 
ICW ""'I""""" mull be "prog' __ , no! jusl .n I""~ 
~ldualICW. 

Certain Inl"""" ",' ... p condi lk>nll occur aulomallcally 
.... lthln Ihe 8250A .It ... lhe li"'l ICW h •• been i"ued. 
T ........... ' 

A. Sequ .. nce r log iC I, '" 10 accepl lhe ,em.ln' ng lew • 
• 1 dellgn.led In ICWI . 

B. The ISR (In S.",IOI R~illet)."" I""R (Inl.""p! ""as!< 
Reglaleft ... oolh ~.....,. 

C. T ...... peciIol muk mode i1I ", ... t 

D. T .... rotale In 'U'omiI lk: EOI mode 11Ip-1I0!) Is ele,te<I. 

e. T ..... IRR ~n'errupl Rtquesl Reglll"l1l. HI"eled lor 
Ih" ",ad ",gill", CO"""'_nd. 

F. II , ..... Ie. bli tqUllI, 0 In ICWI .• lI luncUonsln ICW. 
ar. cl .. red; 808O'Ilf""'i mode I, _ led t>y (Ie'aull. 

G. n.. ' ull)' .... ..., mod. I, ... _ .... 1111 ,n lnil ia' p rioo". 
111 u.IgNl\4lnl of lAO hIg ..... 1 llIlWOlI IRr Iowu'. 

H. The edll" ........ "'Oil ot N<:II ,R priority 0111 .. 
el_ lId. 'hu. rtqul~ng • low '0 IIlg11 Iran.mon 10 
ge"" .. " an Inl"rrupl (edge I~gg.te<I mode " fleeled 
only). 

••• 

• _ ... "'.""""'Iow 

" 

T .... ICW prog .. mml"ll ' Of ..... I, FlQura 21 , _1IOw. bll 
de"lJ"'tlon tnd • II>on dtflnlUon 01 each !CW. W1ll1lhe 
lOW lormal as ,.,....,.,., lhe lunctlon. 01 ...,11 ICW wi ll 
no .... be .. pliined 1"""'dUlllly . 

-
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_ .......... .. 

.. 

, -~-. .... -~-
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ICWI Ind ICW2 

luul"ll ICWI .nd leM I. t .... min ...... m .MOIInt 01_ 
g.anwntng flMded Io<.ny type 0/ 8259" _"ton. T"­
~ty 01 bit. within t_ two lCWa., ~Md to dfSlg· 
... ,. ttl. Int6mQ)t ¥Kto< I'artlng .oil ..... Tha .......... 
Ing bl, ......... fIou, pUtpOSII. Oftcrlpllon 0/ tl'lllCWl 
MIl 1CW2 bitt I, u toltows: 

TI'IIIC~ bli II uMd 10 liNign.,. 10 tl'll 82WA 
101'1111,,,, 0< nol ICW4 will be ISlued. II ..,y 01 
1"- ICW4 OpIfltionl I.e '0 bI Uled, ICW. 
mull l(Iual 1. If they .. ",,'I "Md, IMn ICW. 
n .. dn'l bll .. u(ld and 1C4 c.n aqu.1 0, NOli 
11'111 II 1C4 _ 0, Ihe 8259A will ".uma OP""lIon 
In 11'11 MCS 8OI~ mode, 

SNOI..: T"- SNOl bll II u!Mld 10 d"IO"',. wllttner or 
nol Ihe 8259" II to be used Iione 0< In I,," caa. 
o;ede modo. It the c"cede modo I. _I..." 
SNGl mull aq",,1 0, In doinll IN., 'M &25QA 
will .cupt ICW3 101 lull ..... c,~ mooe pro. 
g .......... "II. II the 825'M. I. to be uMII .. thl 
lingle 825Q" within, l\"IItem. tM SNOl bit 
mUI11<lu,1 I ; leM won't bI _led. 

AOI, The Aol ~I II u!Mld 10 Ipeclly lhe _.HI In· 
t.NI1 10. lhe MCs.&1'85 mode. II •• ·byf. ed· 
d .... Intt ... 1 i. ta bI uMd. " 01 mUll equal I. 
For.n 8-byte address InteNII. AOI mu.t equII 
O. TI'II . Iat. of AOII. Ignored when tile &259A 
I. In tho MCS-86/88 mode. 

lTI"' : Tile lTIM ~t II uoed tOl"..,' bllw .. n lhe Iwo 
III inpul 1,111II~"" model. II lTI M _ I. ,he 1_ 
t,lgo-red mooe Is sel..,tea. II l TIM.O, 'M 
edOe triOll",(Id modi II telectad. 

-'$-"": TM ~"'5 bill'" used 'a .... .." the In, .. · 
NpI ¥eCtor .:Idress wh"" in ' M MCS 8OI8!i 
moo:Ie. TI'II .. are lwo programming lor .... " 
lhat can "" uaect 10 do Ihl •. WtI;ch 0"' I, I"" 
p"""""'ad~. upon tile HI",'ed .oil,", 
In' ..... II"OI~ It AOI ia ael for ' he olobYlI In' ... 
.11. then , he 8259A will ,utom,llcltly Insert 
AO_M (AO, AI.O and 1<2. -'3, M_IF!O_7). 
Thul -'5-AI5 mu" be ua •• &81..,ted by pro­
g,ammlng tn. A.5-A 15 bits wltn tn. oollrad.:l· 
d''''. II AOlls"t 10' lhe 8-byll lnteN.I, lhen 
AG-A.5 ... autom.tlc,lIy lnoer1ed (AO, AI, 
A2_0.net .0.3. A4, A.5_IRlJ..7). Thl, I ..... 
A&-AI5 10 be ""ecled by prog ....... lng , he 
A&- "15 bit' with the oollrecl .oil, .... Thl 
'''" 01 bl i 51, Ignored in lhe I.U •• /omIIt, 

13-11: Tht 13-17 bits ... uled 10 _11M In' ... rupl 
Iype wh .... Ihi MCS 9I!.$8 .-. I. _. The 
ptQgflnvnlflg 0/ T3-T7 .. tecta lhe upper 5 
bil l. Tht low •• 3 bits .. , ,ulormotlCllly 111-
Mr'1ad, cor ... pond i .... 10 the IA 1.,...1 cauillng 
lhe In'",fUpl. Th. stat. 01 bill AS- A 10 will bI 
I;no.ed when In 'h. MCs-86i811 mode. E.teb-
1I'~lng Ih. actual memory add,ess 01 tna Inter· 
'uPI II s hown In Figure 2<. 

" 

, , , , 
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ICW3 

The 82511" will only acceplleM II prog,..........,;Iln the 
c,~ mode (ICWI, SNGl .o)' 1CW3 II uled tor 
ap..:IIIC P<O!I.ammlng within tnl UK"CII mode. Bil 
oollniHon 01 1CW3 dill ... dlpandlng on whelh" tile 
8259A Is • malte' 01 • ,,, ... o.llnltlon at !1'II1CW3 bits 
II IS lallow$; 

50·1 II thl 825QA I, • ma" .. (althe' when 'he 
(MUler): SPlEN pin hi lied high or In the bul~red 

100-102 
(51 a",): 

ICW4 

mooe when MIS -. 1 In ICW'). tCW3 bll dell­
nition II 50-7, conllpondlng 10 ",I, •• 0-r·. 
The" bitt '" uMd to,II.blllh which IA I .... 
poot. h ••• 11_ conn.."ad to 'hem. A I 
deslgnlles • ale ... ,0 no III ... For . . ...... 
pie, i f • Sla • • w8. conn.."ed 10 IfU, lhe 53 
bit should"" let 10. t.(SOI I tlDuld "" 1"", 
ctIDlce 10< sl_ d .. I;",Ilon. 

1l1he 8259" II. ,1""e1lhe' when the S'J!JtN 
pin I, low 0' In the buU",ad mod. when 
MIS _ 0 In ICW'~ ICW3 bit deUnlllon II uMd 
ta eslabllsh Itl Indl'ldual I"""I~Y· The 10 
code at • part lcullr II ... mull cor.espond 
1011'11 number at 1M ..... 11 ... IA Inp.ul It Is 
connecled 10. For •• _te, II •• _ was 
oonneclad to I,. 01 lhe mall., the ,1_ 
tOO-2 bll, sIIouId bI III to 100-.0. 101 E I , 
anet 102 .. t . 

The 82511" will only acce pt ICW. If It lOll lltecled in 
ICW I ,bll IC' .I). Va,lous modis .11 attered by using 
lew • . BII del inilion 01 ICW. II II toilowl: 

~PM: The ~PM bit ,lIows lor aelecUon 01 elth" the 
MCS-8OI8I! or MCSM'88 mod •. II set .s. I the 
MCS&'88 mode I, 1I1..,lod, it , 0, Ihe 
MCS-8OI85 mode II IIleclad. 

AEO!: The "EOI bll I. uMd to aIi..,t lhe lulom.atlc 
end o t Inl ..... pt mode. It AEDI_I. tl>e 
aulomalic _ of in' .. f\rP! modi II lltecled. II 
.o.EOI_O, 111 .. 1'1 1I1..,lad; In.ul .... EO! com­
.... nd mual "" uMd dUring , •• me. lOII\i .... 

The r.t/S bit I, u"" In conjuroctlon with the bul· 
t"ed mode. II In !hI bull"'ad mode. MIS 
defines wl>etl>e. the 825IIA II • mute. 01 • 
sl .... WhIon MIS I. NI 10 • I , lhe 8259A 
Ope"" ea .. Ine ..... t • .; when MIS 18 0, It 
_~tel.' a " • ••. It nol p'og'ammed In the 
buttered mod., lhe Itate 01 the MIS bit Is 
~nored. 



aUF: The aUF bills uSlld 10 deslgnatg oper.llon In 
the buUered mode, thus controlling 11>\1 use 01 
the SPlE~ pin. If aUF I~ S~l to at . Itle bufle<ed 
moO& is PfOgf,JM1ed aM ~Irn is USed as. 
, ,.n!ICelv. r enable ""'put II aUF I, o...!,ne buf· 
f","" mode isn't programmed and Sl'i£N is 
utI&(J tor rnaste,/sl ave sel&e lion, Noh. If lew. 
iM'1 programmed, SI'IEN I, u$ed f"r muterl 
,I . . .. seleclion. 

SFNM; Ttle SFNM bll d •• lg .... 'e. o. lecllon 01 the 
~I.I tu lly nested mode which 's used In 
conJuroclion wno 1M caSCllde mOde. Only the 
maste, should be proorammed in the special 
'ull~ """lad moOo 10 assure a t,uly fully hll,led 
.truetu,a among lhe .'ave IR Input •. II SFNM 
Is ..,,10 at. 1M special fully ""Sled mode Is 
s~ected ; If SFNM is O. it is nol selected. 

4.2 OPERATIONAL COMMAND WORD (OCW.) 

Once inll l.llle<l by the lew ., Ihe 8259" will m~1 II kel~ 
be OI"'rallng In Ihe fully nested mode. AI thl . pOint, 
operl tlon CIOn be f~ rt~er contrOlled or modilled by the 
u ... of OCWs (Operation Com....,d Words). Three 
oew s are availallia fo< programming various moo&ll and 
comm.nds. Unlih t~e lews. the OCW. needn't be In 
any type of sequential o<der. Ratller. t~ey are le~u(ld by 
the prOCl)3sor 88 needed within s program. 

Figure 23, tne OCW programming format. showstha bit 
de.lgnation and ,,"on de flnilion of each OCW. With the 
oew fo<mat ao reference. tne function. of eacn OCW 
will be explained individually. 

cew, 
OCW! is uSGd sole ly fo< 8259A masking operations. It 
Pfovide •• direct link to the IMR (Inten-upt Mask Reg i •. 
ter). Tne pi"ocessor can w~le to or read from llIe IMR via 
OCW! . Tn, OCWI bll dellnillon I, as follows: 

MO-M1; The MO_M7 bit' '" used 10 tonlrOtl1>e mask· 
Ing of IR Inputs. If an M bit I, s,tto a 1. It will 
ma.k 1M correspondlrog IR Input A 0 cleal"3 
Ihe mask. Ihul enabling lhe IR Input. Theoe 
bit. convey lhe ume meaning when being 
read by tM pi"oceSSOr tor slatus update, 

"""' OCW2 I. used for end of Interrupt automatic rotation. 
and specitit rotaHon operations. Assocl'ted tomm.t'>ds 
and modes of tnes. operaHon, (with the exteption of 
AEOllnltialiutlon). are $IIIOO1\ld using the bit ' of OCW2 
in , oomblned fashion. $elootlon of 8 oommand 0< 
mod .. ehouk:! be made with the corresponding table for 
00N2 In the OCW programming tormat (Figu re 20). 
rather than 00 a Illt by bit b&,1s. Howe_. fo< com· 
pleteness of explanation. bit definition 01 OCW2 Is as 
follows: 

LO-L2: Tne LO-L2 tlits are used to designate an inter· 
IUpt I_I (0-7) to be .tted upon to< the OPOlf.· 
tion IHI.cled by the EOI. SL, and R bits ot 
ocm. The I~I dnlgnatad will elthe' be 
used to fl!$IIt a specific ISR bit or to $It a 
'P9olllc prIo~ty , n ... LG-L2 bit. ar8 aMbled 0< 

dllabled by the SL bit. 
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Tn .. EOI bit i. used for all end of InternJpt com­
mand, (not automatic end of In ternJpl mode~ 
If ""I\oa I. a form of an end of InternJpt com­
mand will be executed depending on tne sUite 
of th .. SL and R bit •. If EOlia O. an end of Inter· 
nJpt tommana worn be e"outed. 

Th. SL bit II used 10 aelect a specific level to< 
a given aperation. If SL il set 10 a 1. the LG-L2 
bits are enabled, The operation seletted by the 
EOI and A bi ts wi ll be execuled on lho 
, peelfied Interrupt level. If SL Is O. too LO- L2 
bit' are dl,abled. 

The A bi1 is USed to tontrol all825~lA rot&tlon 
o"",al;on • . If tho R bit Is set to 8 1. a fo<m of 
priority r01atlon will be executed depending on 
th8 .,. •. te of SL and EO! bit • . If R I. 0. rot811on 
won·t be .",""uted. 
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0CW3 I, uwd 10 I ..... variouS rnoo:Ift ,1'11;1 ComT\IIl'II;1t 10 
11'11 &2!JQA. The .... , IWO main e.I-ooriet 01 opettllQn 
lseoclal..:l wltll 0CW3: Inlerrupl ""UI and I." .. rupl 
mukl"1l. an .,.tinltlon 01 0CWl 1, .. IoIlowe: 

AIS: The RlS bit 'I used 10 Mleclll'll ISA OIIAA 101 
11'4...-11 .~I.ter conmar<I. " AIS I, MIlo I. 
ISA', .. leel..:l . II AIS is D. IRR II .. leel..:l. The 
It.,eoI 11'11 RtS il OIIly t>o"",..:1 lIllie RR b~ II . , 

AA: Til. RR 1>11 11 ulld IOUteulf In, , .. " .. gi l'" 
com ..... nd . "RR 10 ~llo . 1. It>o , .. " regll'" 
commlnd i. inLilld and the s Ill' 01 RI S d"t .· 
min .. the .egis' .. '0 be , ... d . II AA II 0, IIW 
... d ,egillf' command I.n·t IlIu..:l. 

The p 1>1 11 uoed to Issue tht POll convntnd. 1! 
P II .. 110. 1. 11'11 ~I commoond Illuu"'. ti ll 
I. O. lhe pOll conwnand 1",,'1 II""". The poll 
comtr\IInd wiM ovenklt • ....., regl" .. c0m­
mend II _ limullan_11. 

S MM: The SMM 1;11 1 Is used to ",I 1111 '~I" muk 
mocIe. " S MM h; $1110. 1. 11'4 .~ ... """k 
....00. I, _ted. II II ,,0. 11 I, not .. !toel..:!. 
The .lItt of ' ''' SMM bit II only lIonored III! II 
""tbI..:! I>y t'" ESMM bH. 

ES MM: The ES MM bit II used Ie _ble 01 d l .. lIlel'" 
t lltet ell'" S M'" bit" ESMM II .. 110 I I, 
SMM I, In.IJI..:!. II ESMM II O. SMM II dll' 
I bled. Thl, bill. uselullO p ..... nt Inl .. l .. lnCt 
01 modI and commlnd seltetlon. In OCW3. 

• . APPUCATION EXAMPLES 

In tll11 section. the 825!1A Is shown In I"'H dlll .. ent "'" 
pllt.llon "' .... pIeL Thl liral ll an ..,Iuel dtalgn Imple­
"""!.lotion .-'Ing anl108().l1 mlefOllroc ....... y.t ..... 
· Po . .. fl il/Aulo 511" with BaUe<y Iia<:~-Up RAM~. The 
.. ~ "I COO"ICIC)IUlI 8XI<l"lIl1e 01 iflCOl1)OfllHng more 
than I50I lnlfrrupt I_I In an 8OIIOA 0I81I15~ .yall"" 
~7a ~ Inl8f"fUPi Syot...,.,". The Illird tppIie.tlon 'I. 
_PI""I dtalgn u11"1l an BCIII6 .yst .... , "timer C0n­
trolled Intltml~tl". Althoug h .peeilic mltropfOCtlllOl 
Iy" .... 1 a .. u • ..:! In NCh example. IhI .. IIlplle.UOIII 
can be epplled to IlIh •• MCS-80. MC6-85. MCS-86. 01 
MC$oM .y".ml. providing tne necest-a,y n.r(!w."..-.d 
SOftware chanoes ,,, mede. 0 ..... 11 , \h, .. appllcttloni 
l hOul d .. ' .. as. u .... lul gUide. IIlu. trlllng Ihe VI,louI 
p.ocedu". In .. l ing 1111 8259A. 

5.1 POWEll ~AIUAUTO-STAAT WITH BATTERY 
B ... CK·UP IlAM 

TI'I& II<" IlPPlleellon IM".lfI~. the 8259A ulld In an 
IIOfICI4 .yll ..... aupportlng e banery back·up ICMmtI tor 
lhe IlAM (Rtndom Access MIfl'"O)fy) In a mlcroc:omllUler 
. y" ..... $ucI! I tCI"I .... I, In'lX"lant in num.m..ol an<! 
p._ QOf\lroI applleetiQns. n. Inll" mlcrooomllUI .. • ,.t.... COUIO be supported by • bellery back-up 
IOhtnM. how_ •• due 10 the large .mounl of <XJnltnt 
.. Iulily reoul.ed and !Mltel thlt most m.clll.....,.l. ~ 
.u~I..:! I>y an e .. xlll.ry _ .. 1OU.ee, only I .... '"'' 
Of e.lcullllQn •• nd ... "'bll'S ulually """" 10 be .. ved. 
In IIW , .. nl 01 a lOIS of powe,. If IhI .. II .... S If. nOi 
• 1'Ndy IIor..:! In RAM. Ihey can be I,ansler"" th .... nd 
.. .." ullng • • I"'pl, boHery bock,up I Yl lem. 

" 

T .... ...,hlele used In Inl. tpptlclotJon "' IhI Intet" 
SBC-8IY2O Single 80atd ComP" I" , AA 82$11. It ulld In 
thl S!!('...!KV20 along wlln conl ,oI W ..... hllpful In Impl. 
menll"1l IhI _ .. _n II1d aUlomatlc ""'" ... 
queflOl used In. boll..., Wock .... p .ya""". T .... SBC-8CL'20 
,[so conlalns user'lIhctlblljumpers which allow tile 
on-bo¥<l IlAM 10 be pow"..:! I>y' .u\)ply Separt.1I lrom 
IhI .uppty used lor ttlt non-IlA"" compon.ml. Alto. lilt 
output 01 In .. ndedic.tted IIICII I, ... 1111>110 to be cen­
Moeted 10 the IR Inputl 01 Ina 8259A (th. tltCII II Cl .... ed 
vi. In OUtput port). In adO lt lon .• n undtdleeted. buff .. ed 
Inpul lin. i. provid..:l . 'long with In Inpul to ' ''' IlAM d..,""". ,""t will prollCl """,ory w .... n a," ,ted. 

The , ddlllon.1 c l.cultry 10 be delCt"lbtd YIn COlI' 

I I'utl..:! 011 an SBC-900 1><010lyplng _rd. An S BC635 
pewe, su pply was used 10 _ ... the IIO/I·RAM ""lion 
01 11>8 SBC-8CL'20 willie an ute.n .. DC .uppty was used 
\0 simulate lhe back·up boltery .upplylng po .... 10 lhe 
IlAM . The ~ w. UII(f"nee h prowId .. an open 
cotl..:lor ACLO oulp\r l wNcn Indie._ Ihlt the "'C 
IlIPul line """_ la below 103120B VAC (AMS!. 

TIlt Iallowing is .......... pI. 01, pow ... _n and ""art 
MQ_ that Introduee. IhI ".fIoul pOW" f,1I .!gnill. 

I . M "'C powerleitu .. occ .... ,r>d 1M ACLO goes nign 
IACLO I. pu lled up bylhl bltl ery IUPply). TIlls Indl· 
e.tes Ihal DC powe' wi ll be r.ll.blt 101 II "'OIl 7,5 
ms, The~e. fall clrcutry oene," ... Power fil l In· 
t'rruPI (PFI) I lg nal, Tnll Ilgn.1 n il IhI J>Fl latcn. 
whic h Is connected to the lAO In pul ollne &259A . • nd 
selS lhe Pow .. f ell S.nll (PfS) latch. The Slille 01 
!~ I. latc~ will Indte.lt 10 lhe processor. upon """1, 
whl!lIe. It Ie coming up from. _. 1.11u .. (warm 
111ft) Of il It II coming up Inltltlly fcoId .tart~ 

2. The I><OCtllOl" I"' ..... pt'" I>y IIW 825IIA when IhI 
Pf l lalcll il lit. Thll PU_I thl pr_,,-<Iown pr0-

gram counter onlO II ... t..,~ and Clil. 1l1li service 
roul lne fOf IIW lAO InIHlI. The lAO ...-vIce tOut"" 
..... IIW 1" __ .... alltul and any othtt nude.:! 
variable •. The routine _Id II1d with a HALT 
Ins!nJ<:Ilon Ie minimize bul I,.nlillon • . 

1 , , 

~. DC power 00II1 oown. 

5. ... C POW" .. tu.nl. The po_-on rue! circuitry ontlW 
sec 80'20 g_all'S' .y" .... RESET. 

.- IhI .,," 01 IhI PFS lint to 

, 
tlnul'S lrom the pre-power-dOwn I 

, .. 
rtm(l,ed. 

t .... Power 

.tart by .. slorln\l'~' p.ocessor and popping 
Ih' I>f8- powe.-<IOwn prog .. '" COIInl .. o tt Inl atack . 

Flgu'l 2~ iIIu$hat" thll timing . 
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FIQur. 25 $hOws (he blOC k diagram 10< tJ>e 'Ylt~m. 
Notice that Ina RAM, Ihe RAM decoder, and tne powe,· 
down circuitry .re POWMed by the WI!9<Y supply. 

TI>8 achernatk of the _,,-down c ireu llry and 11>8 
Sec-&:lI2O Interface I, shown In Figure 26. TIle "".11;In IS 
very SlralghtlIH'W. rd and use, CMOS logic to minimize 
the battery cu"enl requirement s_ TM ook! . tart s..,ilch 
is nee,","'Y to ensure Ihet during a C04d atart, 1M m 
line 10 Indicating "colO start" sense (PFS high). Thus, lor 
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a cold Ilan, Ine cold s tart I wilCh 10 dep ... Hd du~ng 
_er On . .... U. , that, ..., lunne< action is needed . Notice 
'!>at 11>. PFI signal set. the OIHK)8tO PF l latcn, Tne oul· 
put 01 th l' latch Ori"". the 8259A 11'10 Inpul. Thlslaloh I, 
clured dunng the ,,,,,tart 'outlne by . .. ..,utlng an OUT· 
put D4H in ' !(uction. The stalll of 11M m line may be 
read on Ihe 1 ..... 1 . Igllilicant data bu. line lOBO) by exe· 
culing an INput 04H instruction. An 8255 port i8Z55 " , 
POrt C. bl1 0) ie used to control 1M PFSR line. 
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The fully nested mode !orlhe 8259A Is uaed In liS Initial 
state to ensur. the lAO always has the highest p.io<'ly. 
The remain ing IR inpuls <;8n b6 u$9d lor any oiM. pur· 
pose In Ihe system. The only ~on$!ralnl l s Ihat the se'· 
",os ."",tlnes mUll enable Inlerwpt. "" 8a.ly as pOlsl· 
bla. Obviously, th l. il to an'Uf. lhat tne power.oown In· 
te rrupt does nOI have 10 w~il for :leNita. If • rolating 
ptlorlly scneme Is desired, enolhe< S259A could be 
adOe<l as a slaV<! and be programmed 10 operate In a 
totaling mode. The mu ter would remain In Ihe Initial 
S!a'e 01 the lul ly nested mode so lhet lhe IRQ . lill re­
main. the hlghesl prlor~y Inpul. 

The aollwa,e to .uppon the POwe<-down circuitry Is 
shown In Flllu", 21. The flow for "ach label will be 
dlscuSiI(!d. 

Afte' any system reset, the processor starts execution 
at locallon OOOOH (STAfITI. The Ws s talu. is read and 
.. x""uHon is traosleJ'fe<l to CST,o.,RT If PFS Indicates a 
cold start (I.e .. someone is de?reSSlng 1M cold atan 
.wl1c1>i or WSTART It a warm .tart IS Indicated (m 
LOW). CSTART Is the start 01 tM use~o program. Tt>e 
Stac~ Point'"'" (51') end device inltialiullon were in. 
cluded lu. t to ,emlnd the ,eade< thatth",. mu ' l OOCur. 
The lI~t El ln structiOn musl appe'" after the 8259,0., has 
'_I~d its initialization seqUf)/lCe, The 8259,0., (end 
other device'l are initialized In lhe INIT . ubroullne. 

When a power le llure oocurs. execullon I. vectored by 
Ihe 8259,0., to REGSAV by way 01 the Jump table al 
JST ART. The pr.power·down prog,am counler I, plac...:! 
on the . Iack. AEGSAV U~. the prooessor re gister, 
and flag. In II>e usual manner by puSfl ing them onto the 
stack. Othe, Ilems . • uch as outPut port stalu., proQram-

mabie peripheral states. etc,. are pus/>ed onlO the stack 
allhl, IIm. _ The Stack Polnte,(SI') could be push...:! on­
to 1M s tack by .... y o1tl>e reol.le , pelr HL butlhe lOP 01 
Ihe stack can exist anywhere In memory and there I' no 
way then o f knowing wnere Itlal l, when in Ihe power..,p 
roollnl_ Thu •. Ih' SP i. sa~ al a dedicaled looatioo In 
RAM. It i, n'l refolly necesury 10 send .. EO! command 
to lhe 82~9A In REGSAV , Ince power wi ll be ,ell1O\'ed 
from the 8259,0." but 000 Is IlI(:luded for completeness. 
TM lina l Instruction belo,e actually lOSing power Is , 
HALT, This mlnimlzH s omewhat s punous I(8n$;llon. 
on the varlOU o busses and lets the proce$sor dl' 
gracefully. 

On ,eset, when a warm Itart i$ t 
t"'ntlwed 10 WSTAAT, WSTAAT 
W$if 01 the 8255 I 
tlallz&d). In the 
PFS lalch a nd .e m""e, 
, lIow. aceet, 10 the RAM. WST .... RT 
latch which arms I t 
'e-initialized along 
,et,ie'ed lrom FlAM and the proce.so, 'SlII.le rs end 
lIags are . estored by popping them of! the s lack. Inler­
,upts a'" then enabled. Now the power-down p'ogram 
counler I. on top of the " act<, so e xeeuting a RETum In­
s truction tran,le", the prooe. sor to e xactly where it lell 
011 betore the power la ilure. 

A.lde I.om IIlustratlno the usefulnes. 01 the 8259,0., land 
the SBC$'2O) In Impl.."entlng a powe r failure pro­
tected mlc,ocompute, syM~m, till. application 'hould 
alSO point oul a way 01 preserving the processor s talu, 
when USing interrupts, 
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5.2 18 LEVEL INTERRUPT SYSTEM 

TM aecOOCl application IlI uslrales an interru pt s tructure 
with gfNl8f than 64 le.els lor .. an 8080A Or 8085A sys· 
tem. In tht cascade m<>d •. the 8250A support$ up 10 64 
le.eta wltn direct ~ctO(lng 10 the service routi"". Ex· 
tending lhe s tructure to greate< lhan 64 levels requ ires 
polling. using lhe poll command. A 78 le"8l Interrupt 
s truClure i . used . , u 11I.,trallon; now....,r, the prln. 
clple. appl y to sys tem. wUh up to 512 l8\'e ls. 

To Implement 11>0 781 • •• 1 s tructure , 3 tiers 01825911', 
v e used. Nine 8250II's are cascaded In the mastet·ala.e 
schome, giving 64 Ie>fflIS .1 tier 2.. Two addlllonal 
82501I's are connect&d. by way 01 tM INT outputs. to 
two 01 the 64 Inpuls . TI>e 16 InpuIS at tier 3. combi""d 
wltn the 62 remaining liet 2 Inpulo, gl~ 78 lota l l8\'et$. 
The lully ""sted structu,e Is p<e ....... ed O¥e< all 1~ls, 
aUoough direct vectoring is Supplied lor only the tier 2 
inputll. SoHwara is required to . ecIor any lie, 3 ,e. 
qUIIlt •. Figu re 28 shows the lIer&<l structure U$ed In th is 
ex.mple . Notice that the tier 3 6250A 's are connecled 10 
1M DOuom le .. 1 sla~ (Siln The n>asleroSla"8S are Inter· 
connecled as shown In '"lnterruPI Cascading'". while 1M 
tier 1...8250II·s are connected as "mnta,,"'; thai is. Ihe 
SPIEN plna .r. pulled hlOh and tM CAS piM . re lell uJ>. 
connected, Since these 825011'8 are only going to be 
used with 1M poll command. no INTA Is required. ther,," 
lore the tNT ... pins . re pull&<l high. 
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Ttl" "otIc .. pl uHd 10 Implement lilt 78 le.ell Is to 
dl,o<:lly 'teCtor to all tie, 2 Input s.",ke rQulinfl_ If . lier 
2 Input COma ins a lier 3 82WA, Ihe Ml'lltII roullne 10' 
Ihat inpul will polllr.e tier 38259A and bflln~h to the tl., 
3 input senlce roul ine based on Ih. pol l word read .,t", 
Ihe poll commMd. Figure 29 shOWl how I'~: j'1~~:;: 
Is organize<! ",umlng I II ': 
,onUg"ou. la"'lI" for 
"$A35" d"""I". Ihe ' 
Ihe maste' 1R3 input. 

lhe "rviCG routine lOt thal lnpul, while lor 1"" tier 2 In· 
pul. wilh 8259A 's conn..,le<:IlO their IR InPuts. the Pfoc, 
euor Is vectored to .. service routine (1 .• _. sao) which 
will poll 10 determine the aclu aill., 3 Input reqve.ting 
s.rvice, TI'I& pOlling routine uti li."" the jump table slen· 
Ing at 1200H to vector Ine proc .. ssorto lhe COIT&<' li&< 3 
.ervice 'OUline. 

EltOh 8259A mu. t rece;"" an Inlll.Hullon sequence 
regardleSS 01 Ine mode. Since t~e tier t and 2 82!19A's 
are in cascade.nd t"" s!>eC;a1 l ull y nesled mOde Is used 
(e<wered ,lIottly), all ICW. are '&/Iulred, The tier 3 
8259A'. don't requlf8 ICW3 Of ICW4 ,Ince only p.otling 
will be used on tllem and Ihey are connected a~ mUlef' 
not in 1M cascade mOde. Tile inilialization ~eq uence 10f 
each tier I. shown In Figure 30. l'I elice ' ''''tthe master I. 
inlliali:ed wllh a "<lummy" jump labte lIarling al OOH 
~lflCe all veclOflng 10 done Oy 1M .Ia.e, . The t ier 3 
<levlces also recel"" '"dummy" table •• Ince only p.olling 
Is u!l8d on tier 3. 

As explained in "Interrupl CUcading", to pr.M"'. a 
lruly lully nested mede within .sl l ve. 1M muter 8259A 
SMuid be proglammed In lhe .pe<:latlully nesled mOde, 
This allows Ihe masler to acknowledge.1I Interrupts at 
an<l a_ the 1 .... 1 In M rvice dioregar<llng only Ihose 01 
lower priority , The special lull y nesled mede I. pro­
grammed In Ine maslel only, so it on ly affects I"" lin· 
medl.te , I •• es (tiel 2 not tI" 3). To Implemenl • fully 
nested .truclUre among tie, 3 ,I, ves .ome .peclal 
hou$llkeeplng soltWBf8 Is requl,ed In all Ihe tier·2-wlth· 
tler·~sl.ve reutl"" • . T"" soltwar • • hould simply sav. 
the state 01 the lie r 2 IMA. mask alilhe low"" lIer 2 Inter· 
rupl., then Issue •• pecWc EOI, resetting Ihe ISA 01 the 
tlar 2 Interrupt level , On completion 01 the routln~ th~ 
IMA I. restored. 

Figure 31 shows an example lIow • . ,<1 prog ram lor any 
lie' 2 service routine without. tier 3 8259A Flgore 32 
shows an example 110'0' and program 1o, any tia, 2 "",. 
I'Ice routine with a lIe r 3 8259 .... NOI lce the ,eadlng 01 Ihe 
ISA In boj~ e. amples; this io done to determine whether 
Or 001 to ISSue an EOI command Ie tile master (reler to 
the section on '"Special Fully Nested MOde" fOf furlher 
delall'l. 
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6.3 TIMER CONTROLlE!) INTERRUPTS 

In a l",rGe number 01 controller Iype microprocessor 
designs. ""naln Hming requirement. must tie imple· 
menled Ihroughout prog ram exroculion. Such time 
dependent applications IncluO" control of keyboard • • 
displayS. CRTs. printers. and v"" lou. lacelS of Industrial 
oontrol . These examples. however. are ju.t a lew of 
many designs which require device servic ing 8t speciliC 
'8te. or \Iener.tlon of time delays. Trying to mainlain 
these timing requi,ements by prooossor control alone 
can be COStly In throughput and sott ware complexlly. 
So. wJlat can be done to al l...-Iate thl " problem? The 
answer. use the 8259A Programmable Inl . rrUQI Con· 
I'oller and eXle rnal llmlng to interrupl l he prOCeuor tor 
tima dependenl dev ice ... rvicing. 

Th i. appliCation exam pia use. tM 8259A tor timer con· 
t rolled Interrupts in an 8086 system. External timing is 
done by 1w<> 8253 Programmable lnt"",al Timers. Figu re 
33 8/'IOw •• block dlag,am 01 the IImer conlrolled inter· 
rupt circuitry wh ich was buill on Ihe breadboard " r&l ot 
an SDK.a6 (. y.tem design kil). Beaides lhe 82M .. and 
Iha 8253' •• the nrocasury 110 deCOding Is also shown. 
The IImer coni rolled Interrupt Circuitry Inlerlaces wllh 
Ihe SDK.a6 whiCh . erve. as the vehicle 01 operation for 
Ihi. design. 

A Short O\'erview 01 flOW this appllcal lon operates 15 "" 
f~loW1l . The 6253'5 are prog rammed 10 generate Inler· 
rupt req uests at specif ic roles to a numoorof the 825911 
IR Inpul • . The ~911 processes the ... requ".ls by inler· 
ru ptlng the 8086 and veclorlng prog ram axeculton to 1118 
appropriale ..... ice routine . In this example, Ihe 
rout;Mu uSe lho SDK·86 display panel 10 dlgplay the 
number of the Inle .... upt I"vel being Mrvlce-d. The ... 
roullnes are merely fordemonstralton purposes to shOw 
Ihe ne«s'ary procedures 10 estaDl ish the user's Own 
roullnes in a t imer controlled intefTupt scheme. 

Lef. go over the operaHon starling wit h the act",,1 inter· 
rupl timing gener.Hon which is done by Iwo 8253 Pro­
grammable Inlerval Timers (8253 . , and 8253 12). Each 
6253 provldea three individual 16-bit counters (counier' 

"" " "" " .. 

0- 2) whiclI are softw",r, programmable by lhe prO<!· 
nso,- Each counter ha ... clock Input (ClK). gate Input 
lGATE). and an output (OUn. TM oUlpul stgnailS based 
on divisions of the Clock inpul signal. Just how or when 
the oulpul OCCu rS is dele rmined by one 01 the 6253' •• i, 
programmable modes, a programmable 16-bit count. 
and !I>e .tate of lhe gate Input. 

Figu,. 3.4 shOws lhe 8253 timing contlguratlon u!Hld for 
generaliog InierruPIS 10 the 8259A. The SDK.a6·s PClK 
(pe~p heral c lock) signal provide. a 400 ns periOd clOC~ 
to CLKO of 8253 . 1. Coynter 0 Is used In mOde 3 (sQuare 
wave rale generator). and acls a. a prescaler to provida 
11>11 ClOck inputs ot Ihe Other counle", with a 10 ms 
periOd sou..-e wave. This 10 m. clock pe,IOd made It 
easy to c"culate e. act timings for the other counters. 
Counler 2 01 the 8253 . 1 Is used In mOde 2 (rate gene" 
ator). It Is programmed to output a 10 ms putse lor every 
200 pulses It receives (ev<lry 2 sec). The output 01 
counl.r 2 causes an inlerrupt on IRI 01 lhe 8259A. 1111 
the 8253.2 counte'" are used in mOde 5 (hardware trig· 
gered I1ro"") In whlcn the gale Inpul init iales counter 
operaHons. In thi s case the output of 8253 " counter 2 
controls Ihe gate 01 each 8253 . 2 counte, . When 0"" of 
the 8253 ' 2 counter. r&eei ... th" 8253., counler 2 cui · 
pul pul se on Its gale. 1t ... 111 outpUI a pul . e (10 mS in 
duration> alter 8 <:erlaln preprogrammed number 01 
clOck pul",," have occurred . The programmed number of 
clock pu laes lor the 8253.2 counter$ is as lollow.: 50 
pu lses (0.5 sec> for counter 0. 100 pul ... . (I sec) 10' 
counler I. 8nd 150 pulses (1.5 sroc) lor oounler 2. The 
outputS 01 Ihese counlers cau"" Inlerrupl r"'luesls On 
IA2 through 1A4 of the 8259A. Counler I 01 8253 . , is 
used In mooeD (Interrupl on terminal counl). Unli ke tha 
other mOdes used whiC ~ inilialize operation auto· 
matlcally or by gate trlllOering. mode 0 allows soll ... .,e 
cont rolled CO<Jntcr inilia li.alion. When counter 1 of 8253 
. , i. sel during program execution. it wi ll oo~ nl 25 
clOcks (250 ms) and lhon pul l Its output high. oausing an 
inte .... upl reQue.1 on IRO of the 825911 . Figure 35 shows 
tne timing oenerated by I he 82~·. w~lch C8USe Int.,· 
rupl requ" '1 on lhe 825911 IR Inputs. 
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TI .... . re basically "00 method' 01 ' hnitlO g_ •• lio)n 
lhal can De ....., In • Ii....". .;onlrotl..:l Inl ...... pt Slf\IQo 
IUf.: deptflOefIt liming and lncIepena.nlllmlnll. Depen­
den, liming u .... ,lng'. liming OCCu"..,ee u. reler· 
anee lo basa Olhtlf li ming occu""",," on. On '''' 01"'. 
hind. Inde~ndenl Umlng h U <>0 mulu.' reference be· 
IwlHtn occu",ncee, l!>du,trl., oontroll" IVP"I appllc.· 
lionl . re more aplIO"1IfI ~r>denl liming, wher.as In· 
d.pendent timing I, pron8 10 Indlridu.1 devIc. conlrol. 

"'''l'IOugh l!>is lP011cf,11on USH """""ty "->denlllrn­
Ing. Inde'*"""'l ' iming I, . 110 InCOfJlOflled n an 
. . .... pI •. The UN 01 d.pendenl liming een be seen b.lCk 
In Flllu,e 3(. where liming for 1R2 th,oullh IIU usa, H ... 
IR, pulu a. ,eference. e.<:h one ot Ihe 8253 12 coon.ers 
.. ltI gent'I".n Inllrrupl '*I"". t I IPlCltlc amoonl 01 
limes .It., Ih. 1f1, Int.nupt 'Ilquesl occur .. ..... l>oIn ullng 
Ih' ~nOenl mellIOO. as In Ihi. case, the tR2 Ihrough 
IIU reqaeall I'I1UII OCX:uf before tl>ll .... 1 IRt requtSl. 
Indeponden. l iming 1,..- 10 coni"" I'" IRO Interrupt 
request. Nolt thlll fll li ming lan'I conlrolled 0\1' .", ot 
th' other IR req'-". In Ihl. timer con' roIled Inlenup. 
""nllgu,alion tile <lependen. Umfng I, Inltllllv sal.O be 
""it running .n<l t"" Indl pen<lont li ming I, 10!!"I,e 
Inltl.llzed, Ho ... .... both melhod. CIOn work either ... , 
by ullng 11>01 _IOUS 6253 r'I'IOdeS to g_lIle Ihe SlIme 
tnt.",pl,;mffl\l. 

T"" 8259 ... Pf<ICU'" I'" ;n' ....... pls OI"".ted by lhe 
6253'0 ItCCOfdIng 10 _It It program....." In IhI' 'w';' 
CIOtlon II I. prog,,,,,,me<l 10 Ope"" In tIM edge trlg\jt<ed 
mode. IIICS Be.'88 mode,'nd .u.omallc EOI mode. In tne 
edge trlg08"a mode an Intet",pi requell on an 8259'" 

IR III()UI I>ecom4os .ell ... on I"" riling tdg • . WUII Ihl' In 
mind, flg",e l!i lnow, thll IfIO will gene.lle." Inter· 
<upl _,.,. hall IMICOnd an<! IR t Ih.ough IIW wilt NoOh 
generlle .... InrltmJl)' II\'tfy 2 ssconcIs Ipaced 'pfrrt .t 
hilt ....,ond Int,,,,.,., Inlerrupt ...,tortng In tr.. 
MC5-86I8B mod. Is prog,ommed so IRO. when tcllvatlKl, 
will Hlte' interrupt type 72. This me.n. tRI will HIIICI 
"'''rrupt type 73, fR2 Interrupt IYpe 7~, .fIII 10 on 
thfOU\lll IIW. Si~ 1R5.hrough IR7 .r ... '1 uMd. lhey ... 
.....ked 011 . This _It ''''' pos5ib1llty 01 any IC(;i. 
o.n." Interrupts .nd rid. I"" n&CesllI, ,1' tie the 
lHIuMd IR InPUtI IO. tteadY _I. Figure J6l1hows ''''' 
8259 .... IR r .. ell (IRO-IR.) with thei, CClmrIPQn(IIfl\I'nl.,. 
"'Pi Iype in th. 808tItnt"rupH'e<:lor 111)1 •. Type 77 In 
Ihe ta~te II seltc.<Id Cy • soltware " INT" Inl!ruction 
during program .. &eullon. e.<:h type I, programm.d 
.,I th the _II,.,. COde ..... ""nl aflll .... 'rucllon 
pointer .... ue$ lor _IOtIng to the ",pfOI>fllte ~ 
roull .... SI""" I"" ~ ... I. PfOt;Ir."med In I"" ""0-
.... tk: EO! Mode. It cIoIIn', r*lul" In EO! command to 
dealgnlle 'l>oI complliion 0111>01 se<YIe<r routl .... 
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A. menhoned e~rll er, the inte"upl ... rvlce roullne5 In 
Ihl5 application a'e used merety to demoostrate the 
limer controlled interrupt .c~eme, not to imptement a 
~rticular d"'lgn. Thu. A service routine simply display1l 
Ihe number 01 It s IntemJpllng leve l on Ihe SDK-86 dl .. 
play panel. The display I><Inel Is controlled by the 6Zl9 
KeybOard and Display Conlrol ler, It is Inlhaliled to 
d is~ay "1(' In It . 110'0 i<llt·most digits during the entire 
diSplay sequence. When an Inlerrupt Irom IRI through 
lAo( occu rs the co"e.~ing routine will dl.play its IR 
number via the 8279. During eaCh IRI Ihrough IR4 servo 
Ice routine a software " INTI7" iMtruc tion i. execuled, 
Thl. instruction vectors prog ram e,,",ullon 10 Ihe servo 
ice routiM deslgMted by type 77, whiCh sets the 8253 
counte r controlling IRO so It wi ll cause en interrupt in 
250 mo. When tl>e IRO Interrupt occurs Its routine will 
tum oft the dig it displayed by the IRI Ihrough IR4 
routines, Thu. each IR leve l (IRI - IAo() will be displayed 
lor 250 mslollowed by a 250 ma 011 t ime caused by IRO. 
Figure 37 ShOw' tl>e enll,e display sequence 01 the 
timer control led Interrupt aclPl icat lon. 

". 

....... ".. SDK D ...... , S", , nco lor 1_ C ... ".1Iod .......... " 
p __ ( ..... t>; .... , .'oc, S-.. to ..... ... '.0..0-__ 

Now Ihat we'.,. covered the operation. leI'S move on to 
the program flow and structure 01 the limer controlled 
Int .... rupt progrtlm. TI>e program I low Is made UP 01 an 
initialization section and six Interrupl service rOllllnes. 
Thelnil lalizalion program Ilow Is .hown In Flgurel8, II 
slarts by Init ializin~ $Orne 01 the 8Oe6's regislers for p'o­
gram operallon; this IncluOes t~ ext,a segmenl , dala 
seoment. stack segment, and slack pointer. Nell, by 
uslr>g the extra a"9"menl as rel ... ence, Inlernrpt types 
12 through 77 are..,t 10 vector Interrupts to the appro­
priate routlne8. This Is done by moving the code seg· 
ment aOd Instruction pointe. values 01 eac~ servl~ 
routine Into the C(lffesponding Iype location. The 8253 
counter •• rn then prog rammed with Ihe proper mode 
aOd count 10 pm,lde II>e Interrupt liming menl loned 
earlie,. All counters wi1~ 1M excepllon ollhe 825311, 
counter t are tully Inlllal>ze<! 81lhis point and will stan 
counllng. Counler I 018253 " starts counting when lis 
count ... Is loaded durtng Ihe "INTRn" servioe rouline. 
which wi ll\)(! C<Y<e,ed .Ilorlly, Nexl, the 82!19A Is Issued 
ICWI, ICW2, ICW4, and OCWI , The ICWs program tOe 

8.259A for Ihe edge tnggered mOde, automatic EOI 
mode, " nd tna proper interrupt ve<;loring (IRO, t~pe 72), 
OCWI is US&r:\ 10 muk Oft Ihe unused IR inputs 
(lRS-tR7). The 8279 Is Ihen sel lodisplay " IR" on its 110'0 
lelt·moal dig III. Alter lhal I .... 8086 enablGS inlerrupts 
aOd a "dummy" main program is e. &Cute<! 10 .. , II lor Ir>­
te"upt ,equests. 

There a,e s ix ditta,enl interrupt u",lce rouTlnea used In 
the p<Qgram. Five of Ine-s" roUlln"", " tNTR12" through 
"INTA16'", are veclored 10 via the 8259A, Figure 39A-C 
show. the Pfogrtlm flow lor all ai . Hrv;~ routines. Note 
Ihal " INTR73" through "INTR76"' (IRI_IR4) baSically use 
Ihe a"mellow, These fou, similar routin" dl.play Ihe 
number of IT, Inlerruptlng IR level on Ihe SOK-llEI display 
panel. The "INTR77 " routine Is veclored to by soft ware 
during neh 01 the prevloualy "",ntior.ed ,outlnes and 
H Is up Inlerrupt t iming to c. u. e the "INTR72" (1110) 
routine to be ,.&CUIe<!. TI>e ""INTR72" routine lurns 011 
Ihe number on the $OK-86 display ponel. 

.. ......... "" --- <- _ ..... """'0 .. " ... .. 
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To _, •• plaln I'Iow lheM.erne. ,,,,,'Ines woo1c., ieI'. 
........ an int .... rupl OCCUfJ'" on IRI o. I~ 82!19 ..... TI'M 
luocilled ""Mce fOUll.,. 101' IA I II "(NTA13", Enlering 
" INTA73" , the fl,stlhlng don, I, NYlng the p .. inl ...... pl 
program atalu •. TNa lan·1 'HIIy """ .... ry In Ihls pro> 
~.m since, "dummy" ""In prOC,am I, boeing executed; 
no_', Itll done u ,n .. ,mpl"o I!>OW lhe ope ral;o." 
Rather Ihan "",.Ing codlt lor .... ng the r.gl$I ..... In •• ch 
.. para" 'oullne, a mulual can roYlln., '"SAVE", I. "oed. 
This rouHn. will U'" III. r~I"'" IIltus by push l"ll II 
on 11\10 Ilac,,- Tile next POftion 01 ··INTR13" will ";Ill"'Y 
lile numl>e< of II. IR 1 ..... 1, 'T ', In 1M fI,S! digit Of tM 
SDK-86 display penel AII."hfot a IOftw .... INT Inslruc· 
tion I. uecUled 10 ....:Ior program uecUl10n 10 \M 
" INTA1T' .. me. fOUtI .... The '·INTArT' serrice ' ''''tine 
limply setS lhe 8253" a)Unl" I 10 cause an Int ....... '" 
on 11'10 In 250 m. Ind IIIen .. tum. 10 "'NT F!73" . One. 
back In "INTA13'·. lilt p .. ln,.nu", 1IIIuI i. , .. Iored by 
• C,II roullne. "AESTORE" , II doee lhe OppooSll' 01 
"SAVE··, returning 11>01 reg"'" ''''UI I>y popping It 0 11 
lile . Iad<. Tile "I NTA13" roulin. Ihan retum. 10 Ihe 
"dummy" main program. Tile ltow lor In, "I NTA7.·' 
Ihrougll " INTA76'· fOUlInn ... IM .. me excepl 10< Ilia 
dlgil Iocallon.,.. th. IA ... 81 OIap1.yed. 

Ahef 250 rna '-" e"'PHd. count .... , at 8ZO.J" mat< .. 
In InUlffUP! 'equesl on 11'10 Olille 8259A. This cau_ 
tile " INTR72" aerW:a routine 10 be executed. Sincto Ihl' 
routine In"""pll Ina m .... program, II alao ..... II'M 
"SAVE" fouliflfllO .... p..-lntarrupt program .Iatul. It 
tllen lums 011 Ihe digit dllplly lng lhe IF! .... I. In IIIe 
Clse of lile ·'INTA73" routine. Ih' ", .. I, bl,n ked oul. 
Tile ",,,"Interrupt II"UI I, tI.an .. Slore<! u~lng IhI 
"AESTOAE" routina and program execution f.tufn. to 
tl>ol "dummy" main prOgor.m. 

Tile comptete program lor II>e IImer conlrol"'" 1"1"· 
ruPI. tIpplicaUon la anown In Appet>Oix 8_ l ila program 
was .. ecuted In SOIl-86 RAM , ... lIng at Iocalion ~ 
(<;:Ode segment . 0050. Inti_lion IIOOnlef.O). 

CONCLU SIO N 

Thia appllcallon nole hu IlIplaif\fld Ihe 8259A In de"" 
and gl. es th ree appllcallons II1usl f811ng 11>01 uM or some 
or llIe numerOus progf.mm.~8 lealu 'et ..... II.~ •. It 
~hould De evidenl iram 11Ie •• dl"""uloos Ihl' II>e 
82511A la an extramely !*,I~ •• nd ... IIy programmable 
.....-, of lhe Inlel" MCS-IO, MCS-86, MCS 86, _ 
MCS 88 iamniH. 



APPENDIX A 

This tabl e Is provided merely lot reler"""e Inlormellon i)etwMn the "Operetion 01 the 6259"" and "Programming the 
8259"" secHOA$ 01 Ih l. appllcallon nole. 11 shouldn'l I;I\! used ~$ • progr~mmlng relerence guide lsee "Programming 
Ihe 8259,, 'l 

OperaliOMI CommMld 
n..crlpllon ."'" Dill 

MCS.aol~TM Mode ICWI.ICW4 ' 1C4. ~PM' 

A.ddress Inlerval lot MCS-1!OI&i Mode ICWI '" Inlerrupt Vector A.ddress lor Mcs.&lI8S Mode ICWt. tem M-MS 

M~Mode ICW!. ICW4 IC4. ~PM 

Interrupt Vector Byte lor MC5-86136 MOde ICW2 T:l-T7 

Ful ly Nuted Mode OCW_Oet~utt 

Non-5peciric EOI Command 00'" W 
Speclllc EOI Command OOW' SEOt. EOI. 

CO-" 
Automatic EOI Mode ICWt. ICW4 1C4, AEOI 

Rotate On Non-5!>eCllic EOI Command OOW' .0, 
Aotate In Automatic EOI Mode OCW2 R. SEOI. EOI 

Set Priority Command OCW2 <.0-" 
Rotate on Spacltlc EOI Command OOW' R, SEOI. EOI 

Interrupt Mask Register OCW! ~M' 
Spec ial Mask Mode OOW> ESMM_SMM 

Level Triggered Mode <W, LTiM 

Ed9" Triggered Mooe <W, LTiM 

Read Reglater Command, IRR OOW> EAIS. AIS 

~ed Registe, Command, ISA oow> EAIS. AIS 

~ad IMR OOW' 1.10_1.17 

POll Commano OOW> , 
cascede Mooe ICwt. Icm SNGL. 50-7. ,00-, 
Speci.1 Fully Nested Mode ICW!. ICW. 1C4, SFNM 

Bullered Mode ICW!. leW4 1C4, BUF, 
~ 

.0. ... ' r r. r. " ICWo ...... 1<>< .... _ ....... ,...., .P ...... MI. 



APPENDIX B 
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APPENDIX B (continued) 

ICS-86 IISSEIIlLER " .. " "" 
, 

coc .., ". """ 
• , 
» , L(H) lNJl~l IUTIJo: TAIlU 

• , 
"" " lWts: M fC(,(fl$ET (IHm72) ,Uft) M'I: n 

"" " M lPl2IP, fI)( .. " • M IP~CS .. ,""'" " M IC{.(FF5[T ([NJW] ) ; Uft) TIf'( 73 

"'" ""''''' " M TP731P,fI)( 

"'" "".,.., • M wncs. i."S ... ~- " .. fC(,(fFSfT CUlm.) ;L(H) f'IPE 7. 

"'" """"' ~ M lP74JP,fI)( 
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