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DESCRIPTION

The WMSME2CSAAP-2 2 & programmable LS| for inbesrupd
cenirel. It ks fabricated wsing slcan-gate CMOS lechndliogmy
and s designed to be used easlly in connaciion with an
BO86A, B0BG or 2083, 2

FEATURES

& Singla 5 supply vottage

# TTL campatible

#® Having internal ani-nobse cireull on [Ry~IF; ping

& LEMBICEAAR-? = compaflble with MOLEZSIAR in pin

Qo g tion,

CALL Instruction to the CPU 18 ganarsted automatically

Priceity, intermupt mask and vectored address for each In-

farrupt request input are programmabls

& Upio & levels of Intarrupl requests can be aontralled by
cascad|ng with MEME2CEAAP, -2

® Palling funckons

APPLICATION
The MEMEZCSHAR-2 can be used s an imarmupt controfher

for CPUs BOESA, BOBE and 8088

FUMCTION

The MGMEICSAAR-2 |e & device specificafly designed for
usa In real time, Inderupt driven migrooompuber systems. B
manages eighi level requasts and hes bullt-in fealuras or
mipandabllity io other MEMEZC5IAP-2s, The pricelly and In-
terupt mask can ba changed or reconfigured & any tme by
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PIN CONFIGURATION (TOP VIEW)
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ihe main progeam.
When an interrupl is ganeraled becasse of an Inferpt re-
quest at 1 of the ping, the MEMEZCE2AP-2 basad on the
mask and priodty will oulput an INT to the CPL, After that,
when an INTA slgnal Is received from the CPU or the sys-
tam controller, a CALL instruction and 4 programmed veobor
addrass is reteasad onio tha data bus,
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PiN DESCRIPTION ’

Iagar &
el s e s | " :
&8 ::-Hpulnil_tlﬂd Irpat mmu-mﬂﬁ-mﬁﬁmﬁhwﬁmmumﬂmummm
WA Witln omivel gl inpet | -Command wella conlrol il dom the GPU
RD Paod sonbroingat | dapst | Cula rmied cselral lnpid for the CPU
Dr~Dp | Bidiesciou dabs b ﬂ mmummm'mummmmummmuummm.
CASy—~ w These pins e cuipus for 8 masier asd Inpais Sar & slawe, And these plas of e mewr wll B9 6818 00
S Ourcede bras gt e each individusl 8lawe. The masiee Wil anabie fta eomaiponding e by feleses the davics routing
o -l-:ldriﬂd-r_ri!pﬁil-i‘lnd!ﬂ'm
BRfEs | Bl progren inpatf ingul | BF: In nommal mosde, m mastar s Sesignatad whon BRYERF1 and o sies is designaled whas BF/ER =Y,
Ermbils buffar cutput oulpul | IERE b B BT red medb, miwiivar ) WSWERSORP: Xy dul bus oodaul b srablad, e BRI pleowil go low,
INT InfnITUpd rRGUA] CUNA | sl || This pla o high ehansisi @ wald Aisrypl i aisied, - )
The mynchronoms 'I'rl-lnrrur.t_hp.ﬂ-l l-l-l.-ﬂl'l lmllh;ﬂ. Thaa Inbarrupt o sal add prosty of asch | ra g
IRr-ipy | emge mamtingat | o el 4t TR, Fo toveh gpared o b i
Terwed sl b hedd wndl] the frst IHTA, o
A nlmmgl meimewades g Whan &n Beru scinowiedge [THTA) o B GPU 13 eosived. the MEMEICSIAF miesmses & DALL in-
npl siruelion or veciorsd sddrmas oo he data bus
A PRp——— | bt mﬁn%mlrm::mm:m:‘ﬂ:::::lmﬂuuhm:ﬂmhﬁ.ﬂuiﬁ
OPERATION Table 1 MBMB2CSSAP,-2 baslz operalion
The MEMEZCSEIAP-2 Is interfaced with a standard sysiem -
bus as shown In Fig. | and oporates ot an Inferupl cans | Ao [ DOy [ Oy [ RD WA CB lnpuil eprition {sead}
trallar, 1 O | 1| 0 [ PR, ER e slerrspiing bevai=dot bus
1 a1 | 0| ikA—=Pals b
_ Culpul eperation {wiiis)
I ADDRESS Bl olo|o|[1 0] 0]oumnmoow
- LU I | 1| @ | 9 | Culs bie—DCWE
d;n"":‘;“_ Bl aQ 1 = 1 a 0 | Dale bua—iCikt
T X | X | T | 0| & | Dals banDOW, ICWE IDWD, oW
" DATA BUE Disabia Turatiss
4 ; - K |® |1 & | Dal bes— High-lwgesanes
B X |x | x| x| 1 |0 ba—Hghiepeties

INT GHTH

T8 & Ov-y WD WH

MEMESCETAF,-2

BE/EN IRy IR IRy IRy A3 W: WA, IRy

HLAVE anﬁ-ﬁ“ INTEAPAFT ARGLUIEST ;Fiﬂi
MPUTY ENABLE 1
BUPFER OUTPUT

Fig. 1 The MEMERCEIAP, -2 intertaces fo standard 5y8-
fam bus.
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MSM82C59AP,-2

Intarmupt Sequence
1. When the CPU ls an B085A:

(1] Whan one or mora of tha iMarmupt reguast inputs are

talsed high, the canesponding IRR bitje] for the Righ-
. laval Inpurts will b sel.

{2) Mask siaie and prioriy levals are considered and, If
apprapriabe, the MEMEZCSOAP -2 sands an INT alig-
nal to the CRL.

(3} The ackrowiadgement of e GPU to the INT signal,
the CPU issuse an INTA pulse 1o the MEMEDCESAR, -
o
Upon receiing the flrst TNTA pides from the GPL, &
CALL Imsiruction s retaased onto the data bus.

A GALL B & 3byle instruction, 30 sddiicnal fwo
INTA pulses are lssued to the MIMBZCEIAR-2 from
the CPLI. o

Thasa two INTA pulses allow the MEMEICHIAP.-2 o
releass the program address onbo the deia bus, The
loa-crdar B-hit wacbored addisss 8 released al the
:uwﬂ-ﬁmlm and ihe high-arder B-BH wectored
address |s released at the third INTA pulse, The ISR
bl eorreaponding o the intarmapd request nput le set
Upon raceiing the tHird TNTA palse from te CFLU,
and the cormesganding IAA bil is raset

Thiz completes the 3-byte GALL nstruction end the
interrupt rouline will be sendced. The ISR bl is ragat
at the tralling edge of the third TNTA pulse in the
AEDI mode. In the ather medes the 158 bl s not re-
sl il an ECH eommand ie FEsuad.

m—|_|"*‘|rm BET
L
IEI_!. HET

{4}
LH

{8}

* Linm neser
AE=ET
L AECH BUODE]

2. When the CPU Is an 8086 or S088;

T-53-33-13

-_ll.__|"-|ru1 SET
ﬁI'I'I_I 1
R SAT

The interrupt request Input must be hald o high=lewel wnlil
tve first THTA pulse |8 issuad, I X ks &llowed ta raburn bo bow-
level bafore the first INTA pulde I8 lsswed, an interrupl re-
quest in IFy is exequind, Howevar, In this cass the ISR bit i
nol ead. .

Thig I8 & function for & nolse counbermeasure of intarrupt re-
guast inpuRs, |k ke inberrnpd rewtine af IR, T ISR 8 checked
by software gither the intarrupt by roise or real interrupt can’
b acknowledged. In the #ate of sdpe trigger made normal-
Iy the Enberrupl requast inputs hodd high-lewsl and (ks nput
low-level pulsa Inthe cass ol interrupl.

2 r
IE:‘ HREEEIII;J.WI [ Teir] §]

Interrupt sequence outpuls

1. When the CPU |s an B085A:;
A CALL Enstropllon I8 released oo fhe dala bue whan
the first INTA palse I8 issued. The low-order B bils of the
vaciorad address are releasad when tha seoond [HTA
pulse is lsswed, and the high-grder B bite are released
whgn the ihird INTA pules |s lssued, The formal of Hese
three oulpuls ks shown in Table 2

Table 2 Formals of Interrupt GALL imstruction and weo-
tored sddress
Firat THNTA pulsa (SALL Ingtruction}

Be [= (=4 Dig Oy D Dy

Ly [ v e o} v |1 |
Sacond INTA pulse {lows=ondar B=bit of vecloned address)

(1) When one or morg of the Interrupt request inpuls are | 1R _ Whenai=4
reieed high, e cormespandirg IRR bitfs) far the high- Oy | G | Gs | By | O | B2 [ By | Bo
laved Inguts will b sad. IFRg i g, g o i o ] [
(2} Mask stabe and prioty lovels are consldered and i ERL | Ao Ha Ag o o 1 ] ]
eppropriated, the MEMEICSRAP,-2 sands an INT sig- WAy | A Ha A o 1 o o ]
nal b T GPLL iy | A | Ae| s o 1 i 0 7
(3) As an acknowledgement to the INT signal, the CPU Mo 1m0 =TT g [ & | 0 | o
|ssues an [NTA pulsa mmﬁmﬂﬂﬁﬂhﬁ-t Rs | A e ™ 1 o 3 o o
{4) Wpon raceling tha first INTA pulse from tha CPU, e | 2 | e | 7a - ] 3 5 3
e MSMERCTEAP -2 doad ol drive e dala bus, and - . . o - ] " & ™
the data bus keaps high-Impedanoae stake, |
(5) when the second INTA pulse is lssused from tha
CPLU, an §-bl palnter [ relepsed onto the data bus,
(8] This completes the Indermupl cysle ard the intsdmapd
roauting wlll be serdoed, The IS bit s reset at the '
trallimg adga of tha second INTA pulse In the AECH
mods. in tha othar modas tha IR bil 18 not resat un-
El an EQl command ks [ssved from tha GPLU,
MITSUBISHI =104
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M5MB82C59AP,-2

IR ) Irkarval=§
B | o | O | Du [ D | B: | On | Dw
My | A . o <} o o il 0
W | A& | & | 0 [ B8 | 1) o |0 | @
Mo | Az | & | 0 | 1 o | o0 | o | o
W | A | Aa | 0 | 1 1 | o | &8 | @
Wa | Ar | Ae | 1 | @ | €@ | & | B0 | @
W | A | A | 1 | 8 | 1 | 0@ | & | @
We | &r | A | 0 | 1V | @ | o | o | @
wr | A | & | 1 [ 1 [ ol o | @

Third TNTA putse (high-ordar 8 bite of vectored addrass)

Oz D Dy Dy (=1 B By By
L dos | e [ A [ A | A | A [ A | |

2. When the GPU [s an BOBG or BOBE; -

The data bus keeps & high-dmpedance state when the
first INTA pulsa I issued, Then the polntar Ty~Ty & ra-
leasod whan the next INTA pulse (s lesuad, The conbenl
of the pointar Te~Tp I8 ahewn In Table 3. The To~Ts ara
A binafy coda coresponding to the lolerupt reguest
lovel, #p = dg are unused and ADI mode comired [
Igncrad.

Tabla 3 Contents of intarrupt poinier
Sacond TNTA pulse {B-bi poinier]

3] g D Iy Oy Bz O g

IRy LE] T Ta Ty Ty o a 1]
IRy T Ta Ts Ta Ty o a 1
LI3F] T 7 1-'- Tl| Ta T ] o 1 1]
iRa Tz Ta Ta T Ta o 1 1
iRy Tz Te Tg Ty Ty | i} 1]
I;Hu- 1 :I'; Te Ty T T i 1] 1
W | T | e | T [ T | ] 0 [0 | 0
A | Tz | To | Ts | Ta | T 1 1 1

Interrupl Aequest Regisier (IAA), In-sarvice Register
(15A)

As Imterrpt requesis ana recalved at inputs |Rp~IRy the oo
responding bits of IRA are sl and &s an nbarrupl request le
sarviced the somasponding bit of ISR 15 set. The IRA is usad
to store all the Interrupt levelds which are reguesting service,
and the [SA (= used 1o store &l the Inermupt levels which are
being sarviced The slaiss of thase hwo regislars can be
read, These hwo regisions are connedbed throwgh the pricrity
rasolvar.

An inermupl requsl ranah-_u-u‘ by 1Rn I8 ackonowledged on the
leading adge when in the edge friggered made or it = ack-
nowledged on the laval when In the level friggered mode.
After that an INT aignal is releassd and he intemrpd regoesl

T-532-33-13
signad |z latched in tha coresponding IRA bR IF the high-
tevel 8 held unill the firat THTA pulse lg issued. |f |8 impor-
lant to remember thal the Interrupt request signal must be
hald at high=level undll 1he first INTA pulse |3 lssued,

The mtarmapt raquest fatching In the AR carses A signal to
& s@nt 1o e priceity reaslvar unbeas |t e maskad oul Whan
ihe priority resolvar racelves ihe slgnals |t sedeots the highe
o3t prigrty Imterrupt request lakched In IAR. The ISR iz sot
when the lasl TNTA pulss is [ssusd while the correspanding
bl of IAA 18 reset and the gther bits of IRA e unofivobod,
The bRt of ISR thal was sai i3 not resel during the nbarrs
routing, bul |s resel &1 the and of the routine by the EOE
eommand {and of Interrupl) e by the irafling adge of the last
THTA pidse I AEQ| mods.

Priarity Reachmar )
The priorily resolver axsmines all of the IMemupt requests
g2l In IRR fo delermineg end solects ihe highes1 priarty, The
IR bl corresponding te the selectad (highsat pricoily) re-
quest Is set by he last TNTA pulse.

interrupt Mask Poeglster (IMRA)

The achtents of the intarrupt mask repistar are ueed to mask
out (disablia] Irtarrupt requasts of sslectad imarrupt reguast
pine, Each termiral I8 indapendanily maskad = that magk-
ing & high paorily Interupt does not Influsnce the kewar or
higher pricrity Intemapis. Therefore the comberis of IMA
salactively anable reading.

interrupt Regquest Qutpul (INT)

Tha intenupt requees! cutpud cannects deractly o the inber-
rinpd Ingut af tha CPL. The oubpul laval i@ compalible wiik
the Input level required lor ihe CPL,

The INT output is sol to low ofier the Inerupt seguence
ands, imospeciive of the current mode. When the power i
tarnad an, the INT ouwlput (high odlput) may appear but ks
resel o low by execuling FCWE.

Indervupt Acknowledge input (INTA)

The CALL nstrucllen ard veclorad addrese are rebassed
onto the dats bus by the TNTA piles.

Data Bus Butfer

The data bies bufler |5 a 3-state bidirectional data bus bal-
far that |5 wsed to Inkeraoe with the syatem bus. Wrike cem-
mands to the MSMEICEIAF,-2, CALL inabruciions, vecbared
addregees, stalus indormation, eio. ame transtered through
e dala bas bufiar,

ReadWWrila Coniral Lagic

Thia rasdfwribe contral fogic Is used o cordrel fundtions suoh
ag retalving gommands from the GPU snd supplying stelus
intormation to tha dakta bus.

Chilp Select (C&)

The MSMEZCSSAP,-2 1s salected (enabled) when G5 ks at
kwlewel, but during nbarrepd requeast mpul or IMermupt pro-
cessing it may be high-levail,

Writs Control Input (WH)

Whan WH goes to loa-leval the BSMBZCEIAP-2 can be
writhen,

G—102 )
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M5ME2C59AP,-2

Read Canirol Inpul (RO)

Whish AD goas |ow stalus infarmation in (b inbarmal regisier
of the MSMEZCSIAP <2 can be read through the data bus.
Address Inpat (Ag) : -

The address Input 18 narmally conmeciad with ona of the
address lines and |5 used akeng with WR and AD 1o contral
write commands and reading stabus information,

Cascads Bulfer/Camparator

The taicade bifler/comparalor sbores of compares ident-
fication oodas. The thrae pascada lings sre outpud when the
MERBICESAP.-Z |8 & master of (mput when & (s & slove. The
ifantiicaich code on e cascade linesd salaect it as mastar
of shave, ' ,
PROGRAMMING THE M5M82C59AP,-2

The MiMEZCEIAP,-2 i progremmead through the inltializstion
Command Word [ICW] and ihe speralion comeand word
{DOW) . Tho following ouplwing tha funclions of hese two
oommands. .
initialization Command Wards. (ICWg)

Tha infistzalion command ward s ussd lor b DGl setting
of ha MEMEZCEIAP.-2 Thare ardé four sommands in Whis
graup and e foficwing explaing the detalls of thess Tour
Cosnenands,

IcW

The meaning of the bits of ICW Is gxplained In Fig. 3 along
with the Tunctions. 10W] confaims vectorsd addrass bits Ap—
fs, & Mag Indicaling whathar imearrupl Input s adge ing-
pered o level tiggerad, CALL address inlerval, whether &
single MSMBICEOAR-2 or the pascade mode i used, and
whather IGWY is reguired or not

T-52-33-13"

WhanswEr & aommand 18 issuad with &=0 and Dy=1, thiz &

interprated as WOWE and the following will sulomaboamy

TGO,

{#] The interrupt mask registar (IMR) 15 claarad.

{b] The Intermupi request Input IRy | assigned the (cwesd
priority. :

{5l The spacial mask mode fs clearsd and fhe sialus read
la st to the IrMarrpt reguast reglatar (IRAD.

{d} ‘Whan IC4=0 gl bits In ICWY are st bo 2ena.

[+

ICWE conlaing vectored sddress bits A — 4 or Intempd

fype Ty~Ta, and tha format Is shown fn Fig. 3.

cwa

Whan SNEL=1 it indicates that only a single MEMEICHIAR -

2 I wead |0 ihe gystem, [n which case ICW3 s nat walld.

Whan SHGL=0, IZWZ |s valld and Indicaios casaads aon-

nactions with other MSMEZCEIAP,-2 devioss, In the magtor

moda, & " 1" s 281 for each slave.

Whan the CPU |s an BO8GA e CALL instructon 18 relaasad

from the master af the first INTA pulse and the veciored

Addrass {8 released onio the deta bus from the sleve at the

sacond and third INTA pulses.

When the CPU s a BOBE the masisr and shave ars In high-

impedance at the first TNTA pulse and the pointer is re-

legsad oo the dats bus from the slave al the second INTA

pulss,

The master mode (o specified when SP/EN pin Is highlevel

of BUF=1 and K/5=1 in IGWY, and skave maode |3 apeoified

when BF/EN pin I8 low-level or BUF =1 and M/8=10 In

ICWMs. In ihe slave moda, thraa Dits 1Dy~ 1Dy kKardily e

B D B O B D o
o | Imlk|hl1[Lm|M|Isqui|m|

e |

FarsrTs | mowrta | At fmam [ dems | a | 4 | & |

SO YES[BNALE T }

HO[SWEL= [ )

wwil 1 | & | s | m [ & | & [asm|sen|sam]

b""‘-.._ HalicA=101

Lr ]
VES(GH=1 |
HH'HI1II]| Dlﬂlﬂ-‘HHIBIJFlH"Ef!EﬂlpPH—I

[ FUALLY HESTED MODE
REAQY TO RCCERT RTERRAIFT

Fig. 2 Inlliaization sequence
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: ‘ 7 . M5M82C59AP,-2
6249528 MITSUBISHI(MICMPTR/MIPRG) 91D 12017 D

CMOS PROGRAMMABLE INTERRUPT CONTROLLER
T-53-33-3

VECTOR ADDRESS-LOW-ORDER BITS
3 (Ar~As)

(Note 1)

1: LEVEL TRIGGERED MODE
0. EDGE TRIGGERED MODE

1: CALL ADDRESS INTERVAL IS4
0: CALL ADDRESS INTERVAL 188 | (Note 1)

1: SINGLE
0: GASCADE MODE

1: ICW4 NEEDED
0: ICW4 NOT NEEDED

[“"‘—_| Note 1 : B8085A ONLY
Lo | & a&a] a0 lLTIM] Aot | snat | 1ca |
D; Ds Ds Dy [s D. Dy Do

VECTOR ADDRESS HIGH-ORDER BITS
(A15~Ag)OR INTERRUPT TYPE (T;~T3)
Note 2 : T, through T; are binary encoded

outputs corresponding to the

| v [ s ] awte| aes| A avms] Ao | A | 4 | ot rocuuest It at Imes
B D D D D0 B D b Do IR, through IR;.

lowz .

1: IR INPUT HAS A SLAVE
0: 1Rn INPUT DOES NOT HAVE A SLAVE

i [ s s s | s |s [ s]s ||
A

D7 Dg Ds Dy D3 D2 D1 Do SLAVE IDENTIFICATION CODE
ICW3 (MASTER DEVICE) ol1)2l3]4l5]6]7
ojojojor]il1f1
ojofr]1jofofrjn
oj1]oj1]of1]oj1

[ v o[ o] o] oo Jw] o] ]
Ao [» Ds Ds Dy Da D2 [+}) Do
ICW3 (SLAVE DEVICE)

1: SPECIAL FULLY NESTED MODE
0: NOT SPECIAL FULLY NESTED MODE

0 X | NON BUFFERED MODE
. 1 0 ]| BUFFERED MODE/SLAVE
. i 1 1 ] BUFFERED MODE/MASTER

1: AEOI MODE
- - 0: NORMAL EOI MODE

: 8086, 8088 MODE
0: 8085A MODE

v [ o] o] o |senm|bur] ws|aeor] xpm]
Ao [ Ds Ds Da D3 [ Dy Do

b m—

ICW4

Fig. 3 Initialization command word format

: : MITSUBISHI
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MITSUBISHI LSls
M5M82C59AP

6549628 MITSUBISHI(MICMPTR/MIPRG)
e . CMOS PROGRAMMABLE INTERRUPT CONTROLLER

" 91D 12018 D

slave. And then when the slave code released on the cas-
cade lines from the master, matches the assigned ID code,
the vectored address Is released by it onto the data bus at
the next INTA pulse. : )
ICw4 '

Only when IC4=1 in ICW1 is ICW4 valid. Otherwise all bits
are set to zero. When ICW4 is valid it specifies special fully
nested mode, buffer mode master/slave, automatic EOIl and
microprocessor mode. The format of {CW4 is shown in Fig. 3.
Operation Command Words (OCWs) -

The operation command words are used to change the con-
tents of IMR, the priority of interrupt request inputs and the
special mask. After the ICW are programmed into the
MS5MB82C59AP,-2, the device is ready to accept interrupt re-

T-8333-13
quests. There are three types of OCWjg; explanation of each
follows, and the format of QCWjs is shown In Fig. 4.

ocwi i

The meaning of the bits of OCW1 are explained In Fig. 4
along with their functions. Each bit of IMR can be indepen-
dently changed (set or reset) by OCWI.

ocw2

The OCW2 is used for lssuing EOl commands to the
MB5MB82C53AP and for changing the priority of the interrupt
request inputs.

OCW3

The OCWS3 is used for specifying special mask mode, poll
mode and status register read.

1: INTERRUPT MASK SET

[ T [ 1 [ [ |

| 0: INTERRUPT MASK RESET

o Tw v [ows [ ome [ [ v [ M | wo ] '
Ay [ Ds Ds D Ds [s]) Dy Do

ocwi ’

00| 1] NON-SPECIFIC EOI

0| 1] 1] SPECIFIC EOI (RESETS ISR BITS Lz~Lo) }Eo'

1 {0} 1] rRoTATE ON NON-SPECIFIC EOI

1]10]0] SETS AUTOMATIC ROTATION FLIP-FLOP ]AUTOMATIC ROTATION

0100l RESET AUTOMATIC ROTATION FLIP-FLOP

111 |1} ROTATE ON SPECIFIC EOI (RESETS ISR BIT Ly~Lp)

1|11 0 | SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT Lo~Lo) }SPEC'F'C ROTATION

0| 1] 0] No OPERATION

1

——‘l ~ ID LEVEL TO BE ACTED UPON
ol1]2[3]a]s]e]7
ofofofoft]1]1]
ofofr]1]ofof1]1
| of1fofr]o]r]o]n
[ o T wr]stfeafofo]t|u]w]
Ao D; Ds Ds D4 Ds D2 Dy Do *
ocw2

0 X |NO OPERATION
1 0 |RESET SPECIAL MASK MODE
1 1 | SETS SPECIAL MASK MODE

1: POLL COMMAND

0: NO POLL COMMAND

NO OPERATION

0 JSETS STATUS READ REGISTER IN IRR .

1 SETS STATUS READ REGISTER IN {SR

Dy Ds Ds D4 Ds
ocw3

| o o [eswmfsam| o | 1 | p [ rr | mis |
Ao [*) Dy Do

Fig. 4 Operation command word format

MITSUBISHI _
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MITSUBISHI{MICMPTR/MIPRC} 9l DE_I L249828 0012019 y MITSUBISHI LSis
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

FUNCTION OF COMMAND

Interrupt masks

The mask register contains a mask for each individual inter-
rupt request. These Interrupt masks can be changed by
programming using OCW1.

Speclal mask mode

When an interrupt request is acknowledged and the ISR bit
corresponding to the interrupt request is not reset by EOI
command (which means an interrupt service routine Is
executing) lower priority interrupt requests are ignored.

In special mask mode interrupt requests received at inter-
rupt request inputs which are masked by OCWI1 are dis-

abled, but interrupts at all levels that are not masked are

possible. This means that in the mask mode all level of in-
terrupts are possible or individual inputs can be selectively
programmed so all interrupts at the selected inputs are dis-
abled. The masks are stored in IMR and special mask is
set/reset by executing OCW3.

Buffered mode

The buffered mode will structure the M5MB82C59AP,-2 to
send an enable signal on SP/EN to enable the data bus buf-
fer, when the data bus requires the data bus buffer or when
cascading mode is used. In this mode, when data bus output
of the M5M82C59AP,-2 Is enabled, the SP/EN output be-
comes low-level. This allows the M5MB82C59AP,-2 to be
programmed whether it is a master or a slave by software.
The buffered mode is set/reset by executing ICWA4.

Fully nested mode .
The fully nested mode is the mode when no mode is speci-
fied and is the usual operational mode. In this mode, the
priority of interrupt request terminals is fixed from the lowest
IR; to the highest iR;. When an interrupt request is acknow-
fedged the CALL instruction and vectored address are re-
leased onto the data bus. At the same time the ISR bit cor-
responding to the accepted interrupt request is set. This ISR
bit remains set until it is reset by the input of an EO! com-
mand or until the trailing edge of last INTA pulse in AEOI
mode. While an interrupt service routine is being executed,
interrupt requests of same or lower priority are disabled
while the bit of ISR remains set. The priorities can be
changed by OCW2.

Special fully nested mode

The special fully nested mode will be used when cascading
is used and this mode will be programmed to the master by

ICWA. The special fully nested mode is the same as the fully

nested mode with the foliowing two exceptions.

1. When an interrupt from a certain slave is being serviced,
this slave is not locked out from the master priority logic.
Higher priority interrupts within the slave will be recog-
nized by the master and the master will initiate an inter-
rupt request to the CPU. In general in the normal fully
nested mode, a serviced slave is locked out from the
master's priority, and so higher priority interrupts from the
same slave are not serviced. '

T-52-33-13
2. When an interrupt from a certain slave is being serviced
the software must check ISR to determine if there are
additional interrupts requests to be serviced. If the ISR
bit is 0 the EOl command may be sent to the master too.
But if it is not 0 the EOI command should not be sent to
the master.
Poll mode
The poll mode Is useful when the internal enable flip-flop of
the microprocessor is reset, and interrupt input is disabled.
Service to the device is achieved by a programmer initiative
using a poll command. In the poll mode the M5M82C53AP,-2
at the next RD pulse puts 8 bits on the data bus which indi-
cates whether there is an interrupt request and reads the
priority level. The format of the information on the data bus Is
as shown below.

1: there is an interrupt request.

Binary code of the highest priorit
0; there is no interrupt request. v 9 P ¥

level requesting services.

- ~

'
F'J-IJW—I—IWz-IWxIWoI

Dy Ds D4 Da D2 Dy Do

When I=0 (no interrupt request), Wo~W; is 111, The polt is
valid from WR to RD and interrupt is frozen. This mode can
be used for processing common service routines for inter-
rupts from more than one line and does not require any INTA
sequence. Poll command is issued by setting P=1 in OCWS3.
End of Interrupt (EOI) and specific EOI (SEOI)

An EOl command is required by the M5M82C59AP,-2 to re-
set the ISR bit. So an EOl command must be issued to the
M5MB2C59AP,-2 before returning from an interrupt service
routine.

When AEOI is selected in ICWA4, the ISR bit can be reset at
the trailing edge of the last INTA pulse. When AEOI is not
selected the ISR bit is reset by the EO! command issued to
the M5MB2C5H9AP,-2 before returning from an interrupt ser-
vice routine. When programmed in the cascade mode the
EO! command must be issued to the master once and to
corresponding slave once.

There are two farms of EOQI command, specific EOl and non-
specific EOl. When the M5MB82C53AP,-2 is used in the fully

‘nested mode, the ISR bit being serviced is reset by the EOI

command. When the non-specific EOl is issued the

. M5MB2C59AP,-2 will automatically reset the highest ISR bit

of those that are set. Other ISR bits are reset by a specific
EO! and the bit to be reset is specified in the EOI by the
program. The SEOI is useful in modes other than fully
nested mode. When the M5MB82C59AP,-2 is in special mask
mode ISR bits masked in IMR are not reset by EOI. EOl and
SEOI are selected when OCW?2 is executed.

6—106 ’ R

MITSUBISHI
- ELECTRIC




———— 1 mas 7

e o A a8 . 886 5

NITSUBISHI{I"IICNPTR/NIPRC} “ll IEELHBE& DDLEDED 0

[ MITSUBISHI LSIs

M5M82C59AP,-2

6249828 MITSUBISHI (MICMPTR/MIPRC)

81D 12020 D

. CMOS PROGRAMMABLE INTERRUPT CONTROLLER

Automatic EOl (AEOI)

In the AEO! mode the M5MB2C58AP,-2 executes non-
specific EOl command automatically at the trailing edge of
the last INTA pulse. When AEO! = 1 in ICW4, the
M5MB2C59AP,-2 is put in AEOI mode continuously untii re-
programmed in ICW4.

Automatic rotation

The automatic rotation mode is used In applications where
many interrupt requests of the same level are expected
such as multichannel communication systems. In this mode
when an interrupt request is serviced, that request is
assigned the lowest priority so that if there are other inter-
rupt requests they will have higher priorities. This means
that the next request on the interrupt request being serviced
must wait until the other interrupt requests are serviced
(worst case is waiting for all 7 of the other controllers to be
serviced) . The priority and serving status are rotated as
shown in Fig. 5. ’

BEFORE ROTATION (IR3 THE HIGHEST PRIORITY
REQUIRING SERVICE) ,
1S7 IS¢ 1Ss ISy 1S3 1S IS

isrstatus [o [ o | 1 ]0]1|0|0|U

LOWEST PRIORITY HIGHEST PRIORITY

STATUS I7J6I5I4I312l‘l°l

AFTER ROTATION
(IR3 WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)

18 1S IS5 ISy 1S3 18, IS 1S

srstatus [o Jo[1Jofofofofol]

HIGHEST PRIORITY LOWEST PRIORITY

honry [zl 1 Jofz]els]e]

Fig. 5 An example of priority rotation

In the non-specific EOl command automatic rotation mode is
selected when R=1, EOI=1, SL=0 in OCW2. The internal
priority status is changed by EOI or AEO! commands. The
rotation priority A flip-flop is set by R=1, EOI=0 and SL=0
which is useful when the M5MB82C53AP,-2 is used in the
AEOI mode.

Specific rotation

Specific rotation gives the user versatile capabiliities in inter-
rupt controlled operations. It serves in those applications in
which a specific device's interrupt priority must be altered.
As opposed to automatic rotation which automatically sets
priorities, specific rotation Is completely user controlled.
That is, the user selects the interrupt level that is to receive

T-53-33~13

lowest or highest priority. Priority changes can be executed
during an EOl command.

Level triggered mode/Edge triggered mode

Selection of level or edge triggered mode of the
M5MB2C59AP,-2 is made by ICW1, When using edge trig-
gered mode not only Is a transition from fow to high re-
quired, but the high-level must be held until the first INTA. if
the high-level is not held until the first INTA, the Interrupt re-
quest will be treated as if it were input on {R;, except that
the ISR bit is not set. When level triggered mode is used the
functions are the same as edge triggered mode except that
the transition from low to high is not required to trigger the
interrupt request.

In the leve! triggered mode and using AEOI mode together,
if the high-level is held too long the interrupt will occur im-
mediately. To avoid this situation interrupts should be kept
disabled until the end of the service routine or until the IR
input returns low. In the edge triggered mode this type of
mistake Is not possible because the interrupt request is
edge triggered. .
Reading the M5M82C59AP,-2 internal status

The contents of IRR and ISR can be read by the CPU with
status read. When an OCWS3 is issued to the M5M82C53AP,-
2 and an RD puise issued the contents of IRR or ISR can be
released onto the data bus. A special command is not re-
quired to read the contents of IMR. The contents of IMR can
be released onto the data bus by issuing an RD pulse when
Ag=1. There Is no need to issue a read register command
every time the IRR or ISR is to be read. Once a read regis-
ter command is received by the M5M82C59AP,-2, it remains
valid until it is changed. Remember that the programmer
must issue a poll command every time to check whether
there Is an interrupt request and read the priority level. Poll-
ing overrides status read when P=1, RR=1 in OCWS3.
CASCADING

The M5M82C59AP,-2 can be interconnected in a system of
one master with up to eight slaves to handle up to 64 priority
levels. A system of three units that can be used with the
8085A is shown in Fig. 6.

The master can select a slave by outputting its identification
code fhrough the three cascade fines. The INT output of
each slave is connected to the master interrupt request in-
puts. When an interrupt request of one of the slaves is to be
serviced the master outputs the identification code of the
slave through the cascade lines, so the slave will release
the vectared address on the next INTA pulse.

The cascade lines of the master are nomally low, and will
contain the slave identification code from the leading edge
of the first INTA pulse to the trailing edge of the last INTA
pulse. The master and slave can be programmed to work in
different modes. ICWs must be issued for each device, and
EOl commands must be issued twice: once for the master
and once for the corresponding slave. Each CS of the
M5MB2C59AP,-2 requires an address decoder.
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" ADDRESS BUS : 16

CONTROL BUS

DATA BUS - S 8
f3 /8 /’3 A3
’8 /'8
r__
cs A INT Ts Ao T 53
CASy| CASo
M5MB82C59AP,-2 CAS CAS, M5MB2C59AP,-2 M5MB2C59AP,-2
MASTER SLAVE LAVE
CAS; CAS;
SP/EN M7 Mg Ms M M3 M2 MiMg SP/EN 7 6 543210 6543210
IRERERREE R EBEERE
Ve 7 65 4 3210 . GND 7 6 543210 6543210
N J

Y
INTERRUPT REQUEST INPUTS

Fig. 6 Cascading the M5M82C59AP,-2

DEN
DATA BUS 8
- Do~Dy Do~Dy
ADDRE
(Note 1) ADo~AD; SS BUS A
AD OR TORC A INT INTR
WR OR TOWC 1 - 5 <
INTA | v OE
WR SP/ENP—
MG 5 > | s TO BUS BUFFER
Az T3 E4
o o 5 _
Vs 2| P
k_*_________ .
A7 — |Rl _-q .
NTERRUPT| o | 12 ®
REQUEST 1Ry
INPUTS — | R
- |R5
—=lIRs
—1IiR;

Note 1 : Dy~D; of the MBMB2C59AP,-2 are direct connected with AD;~AD; of the 8086.

"Fig. 7 Example of interface with the 8086

o ——
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" INSTRUCTION SET T-53-33-13

ltem Instruction code Function
Mnemonlc g
Number Ao D, Ds Ds Dy D3 D2 Dy Do |ICW4 required? Interve! Single Trigger
1 ICW1 A 0 Az As As 1 0 1 -1 0 N 4 Y E
2 ICW1 B 0 A7 Ag As 1 1 1 1 0 N 4 Y L
3 ICW1 C 0 Az Ag As 1 0 1 0 0 N 4 N E
4 ICWi D 0 A; As As 1 1 1 0 0 N 4 N L
5 ICW1 E 0 Az Ag 0 1 0 0 1 0 N 8 Y E
6 icwl F 0 Az Ag 0 1 1 0 1 0 - N 8 Y L
7 ICW1 G 0 A7 As 0 1 0 0 0 0 N 8 N E
8 ICW1 H 0 A7 As 0 1 1 0 ] 0 N 8 N L
9 ICW1 1 0 Az As As 1 0 1 1 1 Y 4 Y E
10 Icwl J 0 - A As As 1 1 1 1 1 Y 4 Y L
1 ICW1 K 0 Az As Ag 1 0 1 0 1 Y 4 N E
12 ICW1 L 0 A; As As 1 1 1 0 1 Y 4 N L
13 ICWI M 0 Ay Ag 0 1 0 0 1 1 Y 8 Y E
14 ICWI N 0 Az As 0 1 1 0 1 1 Y 8 Y L
15 Icwi o 0 Az Ag 0 1 0 Q 0 1 Y 8 N E
16 icwi P 0 A; As 0 1 1 0 0 1 Y 8 N L
17 Icw2 1 Ais As Az Az An A A As 8-bit vectored address
18 ICW3 M 1 Sz Sg Ss Sy Ss3 Sz S So Stave connections (master mode)
19 ICW3 S 1 0 0 0 0 0 D D1 D Slave identification code (slave mode)
SFNM BUF AEOI 8086
20 ICW4 A 1 0 0 0 0 0 0 0 0 N N N N
21 IcCw4 B 1 0 0 0 0 0 0 0 1 N N N Y
22 ICW4 C 1 0 0 0 0 0 "0 1 0 N N Y N
23 ICwW4 D 1 0 0 0 0 0" 0 1 1 N N Y Y
24 ICW4 E 1 0 [ 0 0 0 1 0 0 N N N N
25 ICW4 F 1 0 0 0 0 0 1 0 1 N N N Y
26 .| ICW4 G 1 0 0 0 0 0 1 1 0 N N Y N
27 ICW4 H 1 0 0 0 0 0 1 1 1 N N Y Y
28 1ICW4 | 1 0 0 0 ] 1 0 0 0 N Y § N N
29 icwd J 1 0 0 0 0 1 0 0 1 N Y S N Y
30 1ICW4 K 1 0 0 0 0 1 0 1 0 N Y 8 Y N
31 iICw4 L 1 0 0 0 0 1 0 1 1 N Y S Y Y
32 ICW4 M 1 0 0 0 0 1 1 0 0 N Y M N N
33 ICwW4 N 1 -0 0 0 0 1 1 0 1 N Y M N Y
34 ICW4 O 1 0 0 0 0 1 1 1 0 N Y M Y N
35 ICW4 P 1 0 0 0 0 1 1 1 1 N Y M Y Y
36 ICW4 NA 1 0 0 0 1 0 0 0 0 Y N N N
37 ICW4 NB - 1 0 0 0 1 0 0 0 1 Y N N Y
38 ICW4 NC 1 0 0 0 1 0 0 1 0 Y N Y N
39 ICW4 ND 1 0 0 0 1 0 0 -1 1 Y N Y Y
40 ICW4 NE 1 0 0 0 1 0 1 0 0 Y N N N
41 ICW4 NF 1 0 0 0 1-- 0 1 0 1 Y N N Y
42 ICW4 NG 1 0 0 0 1 0 1 1 0 Y N Y N
43 ICW4 NH 1 0 0 0 1 0 1 1 1 Y N Y Y
44 ICW4 Ni 1 0 [V} 0 1 1 0 0 0 Y Y 8§ N N
45 ICW4 NJ 1 0 0 0 1 1 0 0 1 Y Y 8 N Y
46 ICW4 NK 1 0 0 0 1 1 0 1 0 Y Y S Y N
. 47 Icw4 NL © | 1 0 0 0 1 1 0 1 1 Y Y § Y Y
B 48 ICW4 NM 1 0 0 0 1 1 1 0 0 Y Y M N N
49 ICW4 NN 1 0 0 0 1 1 1 0 1 Y Y M N Y
50 ICW4 NO 1 0 0 0 1 1. 1 1 0 Y Y M Y N
51 ICW4 NP 1 0 0 [} 1 1 1 1 1 Y Y M Y Y
52 ocwi 1 M, Mg Ms My Ma Mz My Mo Interrupt mask
53 OCW2 E 0 0 0 1 0 0 0 0 0 EOI
54 OCW2 SE 0 0 1 1 0 0 L2 Ly Lo SEOI
85 OCW2 RE 0 1 0 1 [} 0 0 0 0 Rotate on Non-Specific EOI command (Automatic rotation)
56 OCW2 RSE 0 1 1 1 0 0 Lo L Lo Rotate on Specitic EOl command (Specific rotation)
- 57 OCW2 R 0 1 0 0 0 0 0 [} 0 Rotate In AEOI Mode (SET)
58 OCW2 CR 0 0 0 0 0 0 0 0 0 Rotate in AEOI Mode (CLEAR)
59 OCW2 RS 0 1 1 0 0 0 L2 L Lo Set priority without EOI
60 oCcw3 P 0 0 0 0 0 1 1 0 0
61 OCW3 RIS 0 0 0 0 0 1 0 1 1
62 OCW3 RR 0 0 0 0 0 1 [ 1 0
63 OCW3 SM 0 0 1 1 0 1 0 0 0
64 OCW3 RSM | 0 0 1 0 0 1 0 0 0

z : CMOS PROGRAMMABLE INTERRUPT CONTROLLER

Note : Y:yes, N: no, E: edge, L: level, M: master, S: slave
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

ABSOLUTE MAXIMUM RATINGS

. T’ 53'33—I3

Symbol Parameter Conditions Ratings Unlt
Vec Supply voitage i —0,3~7 \"
\'A Input voitage With respect to Vss —0.3~Vgc+0.3 \'4
Vo Output voltage —0.3~Vgo+0.3 \"/
, Torr Operating fi Ir temp range —20~75 b
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)

- Limits
Symbol Parameter i Nom . Unit
Vec Supply voltage 4.5 5 5.5 A
Vss Supply voltage v

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vco=5V10%, Vss=0V, unless otherwise noted)

Symbol ) Parameter Test conditions Limits Unit
Min Typ Max
Vi High-level Input voltage 2 Vect+0.3 v
Vie Low-level Input voltage —0.3 0.8 v
lon==4001A 2.4
Vou High-level output voitage _ o= —20nA 74 \
loy=—400uA 2.4
Vortinty | High-level output voitage, interrupt request output lon=—100uA 3.5 \'
] low==—20uA 4.4
VoL Low-level output voltage lor=2.2mA 0.45 v
lec Standby supply current from Ve Vee=5.5V, Vi=Vce or GND output open 10 HA
Iy High-level input current Vi=Vee -—10 10 uA
he Low-level input current vi=0v —10 10 LA
loz Ofi-state output current Vss=0, Vi=0~V¢o —10 10 LA
furt IR pin input current Vi=0v —300 A
Iuaz IR pIn Input current Vi=Veg 10 A
Ci Input capacitance Vee=Vss, f==1MHz, 25mVims, Ta=25C 10 pF
Ci,o Input/output capacitance Vec=Vss, I=1MHz, 25mVims, Ta=25C 20 pF
6110 @ MITSUBISHI
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TIMING REQUIREMENTS (1a=—20~75T, Vgo= 5v+1o% Vss=0V, unless ctherwise noted)

Altenative Limits
Symbot Parameter ’ M5MB2C59AP |M5MB2C59AP-2 Unit
’ symbol Min | Mex | Min | Max

twiw) Wiite pulse widih twiwn 290200} 190(120} ns

tsuca-w) Address setup time before write tanwe - 0 0 ns

thiw-a) Address hold time after write twiHax i 0 0 ns

Tsutba-w) . | Data setup time before write tovwH 240(100) 160{100] ns

thiw-oQ) Data hold time sfter write ' twHDX -0 0 ns

twir) . Read pulse width | 235(200) 160 ns

tsuca-rR) Address setup time before read tanRL 0 0 ns

- thr-a) Address hold time after read trRHAX 0| 0 ns

twar) Interrupt request Input width, low-level time, edge triggered mode | tyLun 100 100 ns

tsulcas-INTA) Cascade setup time after INTA (slave) toviaL 55 40 " ns

treciw) Wiite recovery time | twHwo 190 190 ns

trac(r) ) Read recovery time . truAL 160 160 ns
End of C d 10 next Ce d (Not same Command type) .

tdtrw) — — toHoL 500 400 ns

End of INTA sequence to next INTA sequence.

"SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo=5V£10%, Vss=0V, unless otherwise noted) (Note2)

- Altemative Limits
Symbol Parameter M5M82C59AP (M5MB2CEOAP-2 Unit
. symbol Min | Max | Min | Max

trzv(r-DQ) - | Data output enable time after read taLov 2000170)] - 120 ns
tpvz(R-DQ) Data output disable time after read trHDZ 10 | 100 10 85 ns
tpzvia-DQ) i 1 Data output enable time after address tanpv 200(1703 200(170) ns
tPHL(R-EN) Propagation time from read to enable signal output i thel 125 100 ns
teLH(R-EN) Propagation time from read to disable signal output tAneH 150 150 ns
teLHOR-INT) Propagation time from interrupt requést input to interrupt request output | tyin 350 300 ns
tPLVUNTA-CAS) Propagation time from INTA to cascade output {master) tiaLov 565 360 ns
tpzvicas-oa) Data output enable time after cascade output {slave) tcvov 300 200 ns

Note 1 : MS5M82CE9AP,-2 is also Invested with the extended specification showed In the brackets.
2 : INTA signal is considered read signal

cs signal Is considered address signal 2.4

input pulse level 0.45~2.4v ' 2
. Input pulse rise time 10ns 8

input puise fall time 10ns 0.45

Reference level Input V=2V, v, :=0.8V

- Output  Vou=2V, Vo, =0.8V
Load capacitance C_=100pF, where SP/EN
pin is 15pF

MITSUBISHI =111
ELECTRIC

~— A




MITSUBISHI{MICMPTR/MIPRCY 9L DEIEE'—I“I&EE: 0012025 O MITSUBISHI LSIs "

M5M82C59AP,-2

91D 12025 D
CMOS PROGRAMMABLE INTERRUP'I: CONTROLLER

5249828 MITSUBISHI {(MICMPTR/MIPRG)
[ 4

) T-53-33-/3
TIMING DIAGRAM ’
Write Mode
) A
) tsuta-w) thiw-a)
twiw) '
- \ /
N 7 .
h(w-pa)
\ tsu(pa-w) 4
N
Read Mode
A
TS, Ao
\u
tsu(a.p) thia-a)
twir) |
RD
NTA - ZV
tozv(n-pa) ) tevz(r-pa)
trzvia-0q)
o <ﬂ— J>>
_J tPHL(R-EN) trLntn-en)
. - ) A
EN .o
|
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Interrupt Sequence

IR 2 - \ .
. | twam ————

teLH(IR-INT)

INT . \(Nole 1) \(Note 2)
(Note 1)

TNTR \ L_/_) § / ' \ (Note 2) /
(Note 3) (Note 2’4@ (Note 2)
Dy~Do H >_———
. _ { .

teLv(INTA-CAS) tsucas-INTA)

. - N
CAS;~CASo - ]’”"“"5“"” \(Note Ny \(Note 2)

Other Timing

WR —__\___]
treciw)

AN N/

WH
RD
INTA

[SPEpa——

Note 1 : 8086, 8088 mode

2 : 8085A mode -

3 . 8086, 8088 mode is in high-impedance state, pointer Is released during the next INTA.
When in single 8085A mode, data Is released by all INTAs., When master, CALL In-
struction is released during the first INTA, high Impedance state_during the second and
third INTA. When slave, high Impedance state during the first INTA, vectored address
is released during the second and third INTA.
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