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1.0 INTRODUCTION 

The lcrm "microcompulcr" has bccn uscd lo describe virlually evcry lype of small computing device 
designcd wilhin lhe last fcw years. This lcnn has bccn appiicd to cvcrything from simple "microprograrn· 
mcd" controllcrs conslruclcd out of TTL MSI up lo low cnd rninicompulcrs wilh a porlion of 1hc CPU 
constructcd oul ofTTL L~l "bit sliccs." llowcvcr, lhc m:ijor impact of lhc !.SI lcchnulogy wilhin lhc la;I 
few years has bccn wilh MOS ¡_<;). With this lcchnology, il is po'5iblc lo labrkatc co111plc1c aud ver y powcr· 
ful computer syslcms wilh only a fcw MOS LSI compuncnls. 

The Zilog Z-80 family of componcnh is a srgniílcant advanccmcnl in lhc stalC·Of·lhc art uf micro· 
compulers. Thcse components can be configurcd with any type of standard >emiconductor mcmory lo 
gencratc computcr syslcms wilh an cxlremcly widc rangc of cap~bilitics. For cxamplc, as fcw as two LSI 
circuils and linee standard TTL MSI packages can be crnnbincd lo furm a simple controller. With additiunal 
mtmory and 1/0 dcviccs a compuler czn be comlructcd wilh capabilitics that only a minicomputcr could 
prttiously deliver. This widc rangc of computational powcr allows standard modules to be construclcd by a 
user lhat can satisfy the rcquircments of an cxtrcmcly wide rangc of applications. 

The major reason for MOS l..SI domi1rntion of thc rnicrnr.0rnp11tcr markct is thc low LO'it of 
thcze fcw l.Sl componen u. For cumple, MOS !.~! Microcompt!ters h,ye olreJdy rt·pbrnl TTL lor;ic in 
IUCh applications as terminal controllcrs, periphernl dcvke controll<rs, traffic signal controllcrs, point of 
sale tcrrninab, intclligent terminAls and test systems. In fact the MOS J..!;f microcomputer is frnding ils way 
!nto almos! every product lhat now uses cifctronics and it is cv<n replaclr.¡¡ man y mech:mical systems such 
llS weight ltCalcs and automobilc conlrols. 

Thc MOS LSI mitrocomputcr m;uket h olrcady wcll cstab!ilhcd and ncw products using lhcm are 
bcing dcvelop<:d atan extraordinary r•te. TI1e Zilog Z·BO componcnl set has hcen designed to fít in to 
tl1is markcl 1h1ough thc folluwiug factu1'. 

1. Thc Z-80 is fully software compatible with thc popular SOSO/\ O'U offcrcd from sevcral suurccs. 
Existing desif)ls can be easily coiwcrtcd to íncludc thc Z-U.Q üS a superior altcrn:iti\c. 

2. The Z-80 componen! sol is superior in both softwnre and hardware capabilitics to a.ny other micro· 
computcr systcm on the market. ThcS<! capabilitics provid~ th<' uscr with significantly lowcr hardware 
nnd software developmenl costs whilc also allowing him lo offcr alldilional f••aturcs in his systcm. 

3. For incrcascd lhroughpul thc Z80A operating al a 4 MllZ dock ralc offcrs lht user slgnHicmt spccd 
»dvanlab"'S over competitlvc products. 

4. A rompktc product linc including full wftvmc support with strong emphmis on hirJ1 lcvrl lnnguagcs 
1md a disk-ha.sed devclopmcnt systcm wilh advonccd rcru-time dehug capabilities is off e red to enable 
!he uscr lo c:uily devclop new products. 

Micmcomputcr syalems are cxtrewcly simple to conc.lrucl usiug Z-80 componen Is. Auy such systcm 
ronwts of three parts: 

l. CPU (Central Proces.\lng Unil) 

2. Memory 

3. Interface Circuits lo peripheral dcvices 

The Cl'U is 1he heart of the system. (Is function is 10 obtain instructions from the memory and perforrn 
thc deslred operatlons. Thc mcmory Is U!Cd to contain instructions and in most coses data that is to be 
procesfed. For cxample, a typical instruction sequence may be to reJ1d data from a specilic peripheral 
device, store it in a location in memmy, check the parity and write it out to anolhcr pcriphcral dcvice. Nole 
tlial thc Zilog componen! !et lncludcs the CPU ami v•rious general purpos< 1/0 dcvice controllers, whilc a 
wide range of mcmory devices may be used from nny source. Thus, ali rcquired components can be 
connecled togethcr in a very simple rnanncr wilh virlually no othcr cxiernal logic. The user's cffort then 
becomes primarily one of software dcvelopmcnt. That is, lhc user can concentrate on describing hi's prob­
lt.m and translating it in to a series of instructions 1hal can be loaded inlo the microcomputcr memory. Zilog 
is dedicated lo making this step of software gcneration as simple as possible. A good cxamplc of this is our 



assembly language in which a simple mncmonic is used to represcnt every instruction that thc CPU can 
pcrform. This language is self documcnting in such a way that from the mnemonic the user can understand 
exactly what the lnstruclion is doing withoul constanlly chcckil1g back to a complex cross llsting. 
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2.0 Z-80 CPU ARCHITECTURE 

A block diagram of the interna! architecture of thc Z·80 CPU is shown in figure 2.0·1. The diagram 
shows ali of thc major clcmcnts in tite CPU and it should be rcfcrrcd to throughout thc following 
descrlption. 
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FIGURE 2.().1 

2.1 (JIU REGISTERS 

1UIT 
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The Z-80 CPU contnlns 209 bits of RJW memoiy tlw m e.cess!ble to lbt prognimmcr. Fl¡urc 2.0·2 
tnmttatcs how thla memoiy is configured into eigh!Loen 8-bit reglstcn :md four 16-blt reglslers. All Z-80 
iq¡lstcrs tre implcmentcd u:!lng static RAM. The re¡,'hten Jncluda two sets oí six gene.ral purpose registcrs 
thal nay ~e u~d indiv'.duclly al 8-bit rrzfsters or in plir.: M 16-bit re:;1tm. Th~e ue nl!o two sets of 
aci:umu1ai\iúiid Olll! rq¡lstm. 

5pec1a1 ~ nc8lstm 
l. ~ Countcr (l'C). Tlic program counter holds the 16-bit addrm of the curren! lnstruclion being 

fetched from mernory. Tite PC is automntlcally lncrcmented after"lts con tenis have been tiunsferred 
. to tlw address Unes, When a program jump occurs !he new vruuc is 1utomatically placed In the PC, 
merrlding the incrementer. 

2. Sbck Pl>inter (SP). The stack polntcr holds thc 16-bit addreS3 of tite current top of a stack located 
anywhere in externa! system RAM memory. The externa! stack memory is oiganlzed IUl a last·ln flrst· 
out (UFO) file.Data can be pushed onto the stack from spcclficCPU reglsters or.popped off of the 
sw:k into speclfic CPU registers througl1 the executlon of PUSH a1ld POP instructions. Thedat3 
popped fiom the stack Is always the last data pushed onto it. The stack alloWJ ·mnple lmplementatlon 
oí multlple leve! lnterrupts, unlimlted subroutine nesting and simpllficatlon of many typcs of data 
manlpulatlon. 
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3. Two lndex Rcgi<lers (IX & IY). Thc lwo i11dcpendc111 indcx rcgislcrs hold a 16-bit base address that 
is uscd in indcxcd addrcssing modcs. In lfm modc. an indcx rcgisler is uscd as a hase lo point to a 
region In mcmory frorn whirh dala is to ho slorcrl "' rctricrcd. i\11 '1ddilional byte i> indudcd in 
lndexed lnslmctions to specify a displaccmcnt from this base. Thls displaccmcnt is spcciíled as a two's 
complemcnt signcd intcger. TI1is mude of addrcssinc grcally simplil1cs many typcs of programs, 
especially whcrc tables ofdal;1 are uscd. 

4. lnJcrrupt l'agc Addrcss Rcgistcr (1). 111e Z-llü CPU can be operatcd in J mude whcre an indircct call 
lo any men10ry localion can be ad1icvcd in response ll> an interrupl. The 1 Register is used for thls 
purposc to storc tite ltigh or<ler 8-bits of !he i11<lirect address wltile tite inlerrnpling devicc provides the 
lower 8-0ils of 1he address. Thls feature allmvs inlerrupt roulincs to be dynamically localcd anywlterc 
In memory willt absolutc mínima! access lime to !he routine. 

5. Mcmory Refrc:Ji Regwler (R). Thc Z-80 CPU contains a mcmory refrcsh counlcr to cnablc <lynamic 
memories to be used with thc samc case as static meruorics. Seven bits of lhis 8 bit rcglslcr nre auto-­
mallcally incrcmcntcd aftcr each instructlon fetch. Titc elghlh bit will remaln as programmed as the 
result of un LD R, A instruclion. Thc data in the rcfrcsh counler is sen! out on the lower porl!on of 
lhc address bus along wilh a refrcsh conlrol signa! while the CPU Is dccoding and cxecuting the fetched ' ' 
instructlon. Titls mude of rcfrcsh is tolaily transparent lo thc programmor and docs not slow down thc,, 
CPU opcration. The programmcr can load thc R rcglster for testlng purposes, but thls regfster is normally 
not used by thc programmcr. During rcfresh, thc conlcnts uf thc 1 register are placed on thc uppcr 8 bits of 
the address bus. 

Accumulatornnd Flug Regislers 

The CPU includes lwo lndependent R-bit accumulators and assodalcd 8-bit flag rcgislers. Tl¡e accumU· 
lator holds lhc rcsulls of 8-bil arilhmetlc or logical opcrnllons while thc !lag registcr indica les spccltlc 
condillons for 8 '" 16-bit operalions, such as indlcaling whclher or nol lhc resull of an operation is equal 
to zero. Tite programmer selccls !he accumulalor and flag palr lhat he wishcs to work with with a single. 
ex.change iuslrucllon so lhat he may casily work wilh cilhcr pair. 
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General Purposc Rcgistcrs 

TllCre are two matched sets of general purposc rcgisters, each set containing si~ 8·bit rcgistcrs tltat 
may be uscd individually as 8-bit registeis oras 16-bit rer,ister pairs by the programmer. One set is callc<l 
llC, DE and HL whllc the complemcntary set is call<<l llC', DE' and llL'. Al any one time thc programmcr 
can sclcct cithcr set of rcg.istcrs to work wiú1 through J singk exdiangc comrn:mJ for th!! t!ntirc set. In 
systems whcre fast interrupt response is roquire<l, one set of general purpose regislcrs an<l an accumulator/ 
ílag registe¡ may be reserve<l for handling this vcry fas! routinc. Only a simple cxchangc commands need be 
exccuted to go betwecn thc routincs. This grcatly reduces inlerrupt scivicc time by eliminating the require· 
mcnt for saving an<l retricving rcgister contcnls in the externa! slack <luring inlerrupt or subroutine process· 
ing. Thesc general purpose rcgislers are used for a wide range of applications by the progranuncr. They al so 
simplify programming, cspecially in ROM base<l 'J'SICms where lit tic externa! read/writc memory is 
availablc. 

2.2 ARITHMETIC & LOGIC Ufl!IT (ALU) 

The 8-bit .ritltmctic and logkal instructions ofthe Cl'U are cxecutcd In thc ALU. Intcrnally the ALU 
comrnunlcates with thc regislcrs and the externa! data bus un thc intern:tl data bus. The typc of functions 
perfonncd by thc ALU include: 

Add Left or right shlfts or totales (arithn1etlc and loglcal) 

Subtract Incrcment 

logical ANO I:h,crcmcnt 

Logical OR &Jt hit 

Loglc:tl Exclusive OR Reset bit 

Compare Test bit 

2.~NSTRUCTION REGISTER AND CPU CONTHOI. 

As ench instrucUon Is fctche<l frorn memory, it is placed In the lnstrnction registcr and deco<led. 111e 
control sectlons pcrforms thls funclion and thcn generales and supplies ali of thc control signals necessa1y 
to 1ead or writc data from orto the registcrs, control thc ALU and provide ali reqtúrcd externa! control 
lignals. 

5 
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3,0 Z-80 CPU PIN DESCRIPTION 

Thc Z·80 Cl'U is packagcd in an industry standard •ltl pin Dual ln-Linc Package, The 1/0 pms a1c .,h<>w11 
in figure J.O· I anti thc functi111111[ cach is dcsrnbcd bclow. 
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Tri·sta te output, active hlgh. Ao·A¡ 1 constitute a 16-bit addrcss bus. 1ñc 
aúd1css bus pro vides tlw ndd~ss for'mernory (up to 64K bytes) data 
exchanges and for 1/0 devico Jata cxchanges. 1/0 nddrcsslng uses the 8 luwcr 
addrcssbits to allow the user to <li1ccUy ;cl<:ct up to ~56 input or 256 uutput 
ports. Ao is the lcast si¡¡nificant addrc&s bit. Ourlng rcfrcsh time, the lowcr 
7 bits contoin a vaiid rcfre!h address. 

Tri·statc input/output, active high. Do·l>r constilutc an 8-bit bldirecllonal 
data bus. 11ie data bus is used for data ex~h~ngeswiU1 mcmory and 1/0 
úcv!ces. 

Output, active IC!W.M¡ indicales Utal the curren! machlne cycle Is lhe OP 
code fetch cycle of an instruction cxccution. Note that during execution 
of 2-bytc op-codcs, Mi is generatcd as each op code byte is fetchod. Thcse 
lwo byte ~odes always begin with CBH, DDll, EDH or FD!t MI alsu 
occurs with IORQ to indicatc an inlerrupt acknowlcdge cycle, 

Tri·statc 1'ulpul, active low. Thc memory rcquest signa! indicates thal the 
addrcss bu> holds a va lid addret~ far a memory rcad or memory write 
opc:-ilion. 
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IORQ 
(lnpu1/0utput Rcqucst) 

RD 
(Memory Reo-1) 

WR 
(Mcmory Wrik) 

RFSH 
(Rcfres'1) 

HALT 
(Jlalt stale) 

WAiT 
(Wnit} 

iÑr 
(lntcrrupt l\c<¡ucst) 

w;¡¡-
(Non Maskahle 
lntcrrupt) 

Tri·stnlc ouqiut, activo low. Thc IÜRQ ,;guol indica tes tii:it thc lnwcr half of 
the addrc:;s bus hold> a vali<l 1/0 n<ldrc>S for ~ l/0 reoJ or writc op~ralion. An 
IORQ ~gnaI i!i abo gcmrntcd w1lh an Ml j¡~n~d '.\·h:.:n <di int::uup~ is Ucing 
acl:.nowlcdged tn intli.:ate tliat an interrnpt rc·spon:,~ V.'.'.ctor c;m be pLH'l~d on 
the data birn ... lntcrrupt Ad:nowlcúgc OJh'1ation'.i nccur durmg M1 lim·; whilc 
1/0 opcrr..tions ncV1.'f o~· ~ur dttring M 1 time. 

Tri·statc r1utput, actirc lm1:. RD indir:1tc:; th;i,t 1':1.:- CTl 1 \'/alll.i tn r~:1tl data 
from 1tie•inu~y 01 an I/O d::,·:..:.~. TI11· ~!1ltln~~~e<l i/0 lkVir•; nr rn~mory !.hou!d 
U9! thi'lt:i:_J;;d to gatc d.11:¡ ontll tii.: CPU tbt.1 h11',, 

Tri·:.lc.ll: 011tr.1:t, ¡,c.tiv; iuv:. w1; 111dk.1tc; tliat thc l·t U d;i! i bu.1 hoh.ls nlid 
data tu be :..-tl 1 ~·,:d Jn ¡l¡,_, ;-.Jdr,"i:":d nll'illlHY or 1/0 d,,~·1 .. .:. 

Uutput, <:.clivc low. !lFSU indic~Hc·.: thJl thc lo;.v1;;r 7 bit:. of thc ~iddrc:;; 
l;¡n; Cl'n!Ji11 a rcfrvs.h ;:.:!dr~.í'.~ f.,r ,¡j1fl':wic 11::.~11H.·l!~·:; anJ tht~ cummt ¡,¡J{EQ 
~gnJl !ihould b~ m.::d to dn a rdt1·;,h r.::d to a:I dyn:im:;: rn,:nnric:'. 

Üutpu!,ilCIÍ\'C lov.·. ii:"d.'J maH.:'1tl.!~ 1h:"Jt th~ c:·U ha·; CX•:cutcd J llALT .;oft· 
':J:i.re in~tru·:~\'.~r! :;::d !-. ::~·,,~:::nr, e:~h:~r ~ :~o~s. r:~:::!:~1bk c.•· ,1 m;i..,:bbk hih·¡. 
rupt (with thc rP11o;k cnJiJk.U.) bcfor11 Ofit.~ration un resume. Whil-: hJited, !he 
CPU cxei;utr:¡ NOP':; to m3inl:1:n m~mory rcfreJ1 ;1r.::ti1¡ity. 

Input, ~~tih~ ll)\'>'. WAIT indktiii:s to 1hc Z·tlO Cf'U that thc :!ddrt•:;:cd 
mcmmy or J/0 Jl'.:'vH:Ls nn; O·'Jl rcady for ;1 .JaLt tr:1mf·~r. 'IIH~ CPU nrnlinucs 
to i.::nr·:-r wait ~t.!k\ 101 ;1:1 long us thi.c; ~i:~r1JI i:i ;:cfrn:. Thi:i :sir,n;il altows 
mernory ur {/O <l~:\'kt:~ of nny qH:cd to be synchronizcd to lhi! CPU. 

Input. v~th·c fow. 1he lnte:-rupt Rcque:;r :;ig1rnl 1~ ~',i.:nt:rntcJ. by 1/0 Je vice~. A 
rcqucst wm he honored at the encl of thc rmrent i:1structi1. 1 11'.f1!1·~ Interna!. 
software contro!lcd intmupt onaok llip·tlop (!Fl'l is enohlcd and if thc 
1H1SffQ ,o¡j~¿~J is 11ut ;:iClivr. Wh,~n the CPU acrl.!pt1J thr intcrrupt, an at·knowl· 
edge ~ig)1al (Tf>lfQ durJ11g M ¡ time) b stnt out ;1t tl!c lieginning of thc ncxl 
lilsfruction cyclr.. The CPU can rcspiJ11d to rm ink-rrupt in three diffore1lf 
rnmk:1 tli:it ar<! de~.criOed in <let:.iH in St.!Clion 5A (CPU Control lnstmcliuns). 

Input, negativc edp)~ lriíJperc<l. Ti10: 0011 m~.skable intc.r;upt reque'.t lino h:ts a 
higher piio:ity thon !NT ~nd is a!1:1ayo reco¡;niud at the end of thc curren! 
lmtructio11, indcpcncent of l.hc st~tlls of the intcrrupt enablc ilip·flop.Nill 
automotically forces !he Z·BO CPU to rcstart to location 0066[-J. Tite program 
counter is atllomaticaily s:ived i11 thc externa] stack so tita! the user can retum 
to the pro;irnm thai wa• irtlCI!Uptc<l. Note tl1al cuntinuous WAIT cycks cau 
preven! !he curren! fnstruction front ending, and thal a RÜSRQ will override 
aNMl. 
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BUSRQ 
(Bus Request) 

iiüSAK 
(Bus Acknowled!;'!!) 

Input, active luw. RESET forces the program cuunter to zero and inillalizes 
the CPU. TI1e CPU initializalion indudes: 

1) Disablc the lntcrrupl enablc tlip-ílop 

2) Set Rcgister 1 = 0011 

3) Sel Rcgislcr R ~ 0011 
4) Set lntcrrupt Mude O 

Uuring re set time, thc addrcss bus and data bus go to a high impedance state 
and ali control output signals go to thc inactive state. 

Input, active low. TI1e bus rcqucst signa! is uscd lo requesl the CPU addrcss 
bus, data bus and tri·slate uutput control slgnals to go to a high impedonce 
stale so that other de vices can control these buses. Whcn BUSRQ is activatcd, 
the CPU will set thcse buses to a high impeJancc statc os soon ª' the currenl 
CPU machinc e y ele is tenninatcd. 

Output, active low. Bus acknowledgc is used lo indicate to the requcsting 
device that the CPU add<ess bu;, dalo bus and trl·state control bus slgnals 
havc bccn sel to thcir high impcdancc sute and thc cxtemal devlce can now 
control thcse slgnals. 

Single phasc TIL leve! clock whlch rcquircs only a 330 olun pull-up iesistor 
to +5 volts to meet ali clock requircmcnts. 

') 
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4.0 CPU TIMING 

The Z-80 CPU cxecutcs instructions by stepping through a vcry precise set of a fcw basic op~rations. 
TI1csc includc: 

Mcmory rcad or writc 

1/0 devicc rcad or wrilc 

lntcrrupt acknowlcdge 

Ali instructlons are merely a series of these ba1ic opcrations. Each o( these basic operations can take from 
tlHce to six clock periods to complete or thcy can be lcngthcned to synchronize the CPU to thc specd of 
externa! dcvices. The baslc clock periods are referrcd to as T cyclcs and the basic operations are referrcd to 
as M (for machine) cycles. Figure 4.0·0 illustratcs how a typical lnstruction will be mcrcly a serles of 
speclfic M and T cycles. Notice that this instructlon consists of time machi ne cyclcs (M t, M2 and MJ). Thc 
first machine cycle of any instruction is a fetch cyclc which is four, !ive or six Tcyclcs long(unless lcngth· 
ened by the wait signa! whlch wiil be fully describc<l in the ncxt section). The fetch cydc \M 1) is use<l to 
fetch the OP code of the next instruclion tu be exewtcd. Subscquent machine cyc!es move data between 
tite CPU and memory or 1/0 devices and thcy may havc anywltere from three to five T cycles (again they 
may be lengthencd by wait states to synchronize the externa! cieviccs to the CPU). The followin~ para· 
graphs describe the timing which occurs v1ithin any of the basic machine cycles. In scction 7, thc exact 
tlmlne for c:ich instruction is spccificd. 

TCyei1 

L~in1Cycl1 

"11 
IOPt.odthlthl 

r.12 
!M.mwiy íluJ) 

MJ 
IM:.>no1yW11ol 

lmtructii'.t11Cycl~---------9>1 

DASIC CPU TIMING EXAMl'LE 
FIGURí! 11.0-0 

Ali CPU timin¡ can be broken down !nto a fcw very simple timing diagrams as dlown in figure 4.0-1 
through 4.0-7.111ese diagrams show tl1e following basic operations with and without wait states (wait statcs 
are added to syrchronlze theCPU to slow memory or 1/0 devices). 

4.0-t. lnstructlon OP code fetch (MI cycle) 

4.0·2. Memory data read or write cyclcs 

4.0·3. 1/0 reod or write cycies 

4.0-4. &Is Rcque.it/Acknowtcdge Cycle 

4.0-5. lnterrupt Requesl/Acknowlcdge Cyctc 

4.0-6. Non maskabte lnterrupt Request/ Acknowledge Cycle 

4.0·7. Exit from a HALT instruction 

ti 



INST!tlJCTION FETCH 

Figu1e 4.0-1 sl101" lhe tillling <luri11;~ :in MI •·yclc (01' coJc frtchJ .. 'iohce 'linl lhe l'C is placed 011 thc 
addrcss bus at thc bcginning of thc Mi cyck. üno l1Jlf dock time lalcr thc !.lllE°lJ s!i~nal ¡•,llc> actil·c. Al this 
lim< tho addrcss to lhc mcmory '"" lud lime to slab,liLc su tilat thc lali<nr, cdgc of ~fiITU can bo uscd 
direc!ly as n chip cnabh! dock to Uynamic mcmorics. Thi.! 1IT> lir.e abo ~~'h-'" Ji.:tive to mdicatt.: that tlil! 

memory read data should be <·mbkd onto thc CPU d1ta 111:1. ·¡he CPU >.11,1pl<,; 1hc dato f1u111 tlll' rncmo1y 011 
(he tlata. bus wilh thc rising cd~·. 1..:: of !he chH.~ or ~ti\ll.' T:~ :md tlfr: •;:.!füt' crl¡•/.'. i'; u~,cd h1· tlw rru to tUill off 
the 1ill ~tnd MRQ :sig,1rnh. Th11~ !hl~ {la!:-> l:,1, :tln·:1-:ty hccn •,:;mph:d \.y tl:1~ cr·u l}t·foit• lh~Y[J) 'ilEfl~l kcorm~'> 
ínactivc. Clock stnte T3 am\ 'f .i of a tt:l h cydc ~¡.,! U\:!d l'l ¡ c>fr,::,ii d)'11:1m1c memuril:i. tlhe CPU u~c-.~ thi~ 
ti:nc to dccodc and c·xccuti~ th~ fl'!ck»·i imtruct1on :.•.) til.¡t 1,0 otbt'r 0! 1 ~~rat :on cou1J b(,! p.::rfornwd al this. 
time). Durinp. T3 and l4 th 1~ \<1\JJl'r ·; '..1il:i oi' die JlÍíht!._,._, hm cont~un a. mi:mr.iiy H'Úc:,h ;idrlil"''i :\nd thc R~ff 
signa! bccom~~ activ<: 111 indic1tt.> th:!' :\ rt•fr1~::!: reat! o( aU dyn;:mic 111 1-'llltliiL".'i .\llou\d he ucc1.::mph:ihe<l. Notin~ 
thal 41 U.U sign:il is not g~n..;r .d~J dt.11 in:~ r·:fr,_.,;J¡ tüni· tn r11 r':cnt d:~ 1·t 1: ,¡¡¡¡ LLffc1cnt rn·::n~ory re~iw•n!:i from 
hcing galt'tl oi:tu th;: lbl;: blis. 111e X!l~TG ~it~na l durin['. 1.-t"rc.:;h tim.,~ ~.lmuU he u.o,::d to P•'I íurin a r .:r1.!~h f/;ad 
o{ all memory clcrnents. The rcfrl.!:-:h :,i¡.;11,;J can r.ot b~ u·, 1:d by it!-t.lí ~;1.i·.::.: thl! rdrt:!.h ,\Jd1L''.':, 1:; only ¡~u:nan­
tccd to he mblc du1illt; 111:85 tii:''' 

INS"ínUCTION OP COPE l'ETCll 
FIGURE 4.0-1 

Figure 4.0-IA illuslrates how the lctd1 cycle is d~~ if the mcmory aclivalcs the WAIT ~ne. Dttr­
ing T2 and every subsequent Tw, the CPU samples the WAIT line with the falling edge of it>. lf the W AIT 
line Is activo 3t this lime, another wait state wlll be entcred ilurinB the following cycle. Uslng thls tci:lmique 
the read cycle can be lengthened toma tch tite ¡1ccess lime uf any lypc of memory devicc. 

l2 



MI 

i-------------M!Cyc.l11------------+l 

L--r---.,.. 

iNSTílUCTION OP COOE FETCH \fJITH WAIT STATES 
f-IGUílE .-'L0-11\ 

MEMORY READ OR WRITE 

Figure 4.0·2 illustratcs thc tirning of menlllry rc•Jd or writc cyc\es othcr than an OP «idc fetch (M 1 
cyclc). Thesc cycles are gcncrally t\HCc clock periods long nnkss wait statcs are rcquestcd by thc mcrnury 
via the WAITsignal. Thc MR~9_sjg~a\ and thc RD signa\ are used thc s:nm as in thc fetch cyl'ic. In thc case 
ut' a memory write cycle, the MRE(j also llcrnmcs acli\•c whcn thc addrcco lrns is ,,table "' !ha t it can he 
uscd dircctly as a chip cnahlc for dynamic incrn<iries. Thc WR linc i> active when Jata on the data bns is 
stablc so that it can be uscd dircctly as a R/W pulse to virtually any typc of scmiwnductor mcmmy. 
Furthermorc thc WR signa! gocs inactivo one half T statc hcforc thc addrcss anJ data hus rnntcnts a1c 
changed so that thc overlap rcquircmcnls for virtually any type of semiconductor rnenrn1y type will be mct. 

•!• 

AO-Al5 

OATAous_-t~~~~t-~~~-t~~1N!!J---l----{:::t:::Jo~A~T~A~o~u~T:::::::::¡J too-011 

WAii T\_-_- -rt.: 

MEMORV REAO OR WRITE CVCLES 
FIGURE 4.0·2 
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Figure 4.0·2A il!ustratcs lrnw a \v AIT req11e'1 sir,nal will lcnl\lhcn any mcmoiy rcaJ or w1itc opc1a­
tion. This operation is identical lll th.11 prnviously <lcocribccl for a íct.:!1 cyclc. Notice in thls ílb.i1c tlrnt a 
scparate read anda sepaiatc writc cydc aie shown in thc ~mte f1gu1c althoui,h read and w1ite cyctes can 
ncvcr occur simultaneou,Jy. 

•\• 

AO -A15 

DATA DU'.i 
(DO- 071 

w;;.n· 

INPUT OR OUll'UT CYCLE:; 

Figuie 4.0·3 illustratco an 1/0 rcac! or 1/0 w<ik opc1atirn1. Notk•: that cludng 1/0 operations a single 
wai~is autom::itically imcrtcd. 111c It.:ason for thir. i3 t!}.:!_t_~!in[~ l/0 op!.!ral1on~. ll1c time from when 
the IORQ signal gocs active until thc CPU n111s1 :;,11nplc thc WAIT linc i:1 vcry short and ~ithc~_t thi' extra 
statc suft1ch:nt tíml! doc.i not cxin for ;in 1/0 purt to dt.•codc H·; :!ddrc~:, ami ~;ctivate thc WAJT linc if :! wait 
is requlted. Also, without this wait statc it is rlifficult to dcsign MOS 110 dcvi<'cs lhJl 1:.111 opcratc at lü!l 
CPU__sp:e<l. Du1i11¡¡ this walt stm tim·: lhe Vii\iT rcqucst ,;gnJI is scmplcd. Du111111 a rea<! l/O opcr;llíon, 
the 1ff) Hne is useú to enJ.bl~ th1~ adi.ln.;s~~d port onto the data bIB ju;,l J5 in thi.: ('1·~,~· nf a memory rl!ad. For 
1/0 w1ite opcrations, the WH. Ji110 is uso<l as a clocl: tn the l/0 µur1 •• 1.~Jill with rnftid,,nt ovc1l3p timing 
automatically pmvidcd so that the rioini:;cdgc m'Y he u.<;ed as a dato clocf:. 

Figu1e 4.0·3A illustratcs how additioual wait statc31my bo oddc<l vilh thc Í'IAIT line. 'lñe ope1ation 
i~ ldcntical to that prcviolU!y dcscribec\. 

BUS REQUEST/ACKNOWLEOGE CYCLE 

Figu1e 4,04 illustiate~ tite timlng for a Bus Request/Acknowledr.c cyclc. Tht BUSRQ signa! is 
sampled by thc CPU with the 1ising edgc of the last dock pellod of any machitic cycle. Jf tite ñuslIT,f 
sl¡nal is active, thc CPU will set its add1css, data and tri-statc control signals to tho high impedólnce stat~ 
wlth !he rislns edgc ofthe next clock pulse. At that time any externa! devicc can control the buses to 
transfer data between mcmory and 1/0 devkes. (11lis is gcnc1ally known as [)ircct Memory Access [DMA! 
u1lng cycle stcaling). The maximum time fo¡ thc CPU to 1espond to a bus rcquest is the length of a machlnc 
cycle and thc extemnl controllcr can maintain control of the bus for as man y clock cycles as is desi1eJ. 
Note, howe\11!1, that lf vciy long DMA cycles are used, and dynamlc memmics are being used, the externa! 
controlle1 must ulso pe1form the refresh function, This situatlon only occms lfvcry large blocks of date are 
transferrcd undc1 DMA contwL Al so note that during a bus request cycle, the CPU cannot be intcrruptcd 
by eithcr a NMI or an INT signaL 
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AO ... A7 

\Rud 
f Cvctt 

1--l---) 

DATADU!-j----{:::t:::::::::i:::~o,~1rc::::t::::::::D 
}

w,, .. 
Cyde 

,,, 

ltO - A7 

INPUT OR OUTP\JT CYCLES 
FIGURE 4.0·3 

:TA BUS -+----4·---. ---..j..-.. ---_-_"-_·_·1--~--------.-.. ..j.-.,..j.~~~.--:_--i:-:_-_-:_-_-_-} ~~~~E 

DATA BUS 

iii 

:::l"L.C 

-~-ovri---~~+-----1~ l.wmn 
'----+-----ll----.¡--_;-1--- J CVCLE 

INPUT OR OUTPllr CVCLES WITHWAIT STA TES 
FIGURE 4.0-3A 

• Aulomatically inierted WAIT slale 
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-------An~· M C'1rh-----..lc----Elu1 Aw•1lthl~ Sutu-

GUS: ílEGUES f/¡\C:{iJO~'.'LEOGF CYCL[ 
r: JGUR E 4.fr.'l 

Figu1t! ·L0-5 ilhi:.lfak:. tlr; tÍl'~iJ!¡, ;.i,,s~,, i.<vd r. ~.:1 .1i1 intc-1n1pt Lyd~~- Th~ inl•:Irnpl :Ji[;Jlü.l (ÍÑ°T) l'i 
samplcd by tite CPU with thc risiI'¡~ cdgc of lhc bl dock at thc cn<l oí any instructiun. Tite signal will not be 
acccptcd if thc interna! CPU softv;oic contro!k<l inlc1 rnpl cnable n;p-ilop is not set or if tire ÍillSHQ_!i1¡nnl 
is active. \Vhcn thc si:o,nJl is acccplcd a s¡x"ia_l_!'.l_~~i:,clo is rc11t'1"lcd. D11ri11g lhis speciJI M 1 cyclc thc IOHti 
signa! bccomcs active (inr.lcad oí tl:o norn1nl M IU;()) to Indica te lh1t thc intcrrupling dov1cc can placean 
8-bil vector on tho dala bus. Ncticc lhal lwu 11·ai1 stJll'S aro wtornatically ,uldod lo lhis cydc. Thcsc slalcs 
aH.: ;u.hkd :.o th .• t 11litJf'k1iriu:ity inl.'t1u~1( ~ ... -:u:¡;¡; ~:.:n !i~ CJ~;ily iH p!~T¡;('.¡¡¡;:L T!H.: t ::u ., ... ;di !.L:~~·:; ;;!le;w 

suffi<:ic11t time for lhc ripJ'lc si1mals to stabili:•c ami idcntify which 1/0 <lovi«' mml inscrt the rc~pomc 
vcd1."IL Rcfcr to !\Cction 8.0 foi tfrt.1i!.-. on lrnw tít·~ interrup' rt'S[HllJ~;t;: 111·~·tor i.; Hlilitl'd h;l the CPU. 

=~~J~~d;J:~CJ~~ 
-------- :._-___ ¡_-_'_" __ -_1¡..=--_-_-____ ¡_ ____ ..J,.J REF,!!!'..!!!. 

IOAÓ -,--

I_ 
OAT~OUS =t-== 
WAIT 

INTERílUPT REQUEST /ACKNOWLEDGE CVClE 
FIGURE4.(}.5 

16 



Figures 4.0-5A and 4.0-51l illustratc how a programmablc countcr can be u sed to cxtencl intcrrupt 
acknowlcdge time. (Configurcd as shown lo add onc wait state) 

---08 WA!f 7432 o----
0 ITO CPUI 

74504 

111 -[::>0--0 LOAD 

-- --Or,::-\ 
M1~ 

+6V _.....,,,,,,.-~ 

EXTErmmG !NTERílUPT ACKNOWLEDGE TIME WITll WAIT STATE 
FIGURE 4.tHA 

LAITT STATEillJF 1 AlJTO~-'ATIC W/\IT 
LA$T M CYCl.E OF lt 

INSTRUCTION ""'-- T 1 1 T¡ 1 T 1•1 • 1 

usrn \'iAIT 

<!>~_¡---\,__ 

! 

--~-

L 
DAUDUS -----------

~=====-=========-
OORUAl ACJl':NOWLfDGE 

.....,__ TIME -... 

ACKHOl"ILEDOE TIME WITH ONi 
..,..__ AODITIONALWAITSTATE ____,. 

REOUEST/ACl<NOWLEDGE CYCLE WITH ONE ADDITIONAL WAIT STATE 
FIGURE 4.0-50 . 
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NON MASKABLE INTERRUPT RESPONSE 

Figure 4.0-6 illustratcs the rcq11cst/ackr10wlcdge cyclc for the non maskablc interrupt. This signa! is 
samplcd at thc rnne time as the intcr111pt linc, !Jut this linc lm priority ovcr thc normal intcrrupt and it ca:i 
not be disabled undcr suftwa1c cuntwl. lts usual functiun is to provide imm:!dia!t: rl!spons::: 10 impurt~rnt 
signals such asan impcnding powcr f:iilurc. Thc CPU response to a non maskable interrupt is similar to a 
normal memory rcad opcration. llic only diffcrcnce being that the content oí thc data bus is ignorcd while 
the processor automatically stores tire PC in thc externa! stack and jumps to location 0066H. The service 
routine far the non maskable intcrrup! must bcgin al this location ií this in terrupt is used. 

IIALT EXIT 

Whenever a software halt inst ruction is cxccuted the CPU begins executing NOP's until an interrupt is 
receivcd (either a non maskable ora m"kable interrupt whilc the interrupt tlip flop is cnabled). 111e two 
interrupt lincs are samplcd with thc rising dock edge during cach 1'4 state as shown in figure 4.0-7. lf a non 
maskable intcrrupt has been rcceivcd ora maskablc intcrnrpt has bcen receivcd and the intcrrupt enablc 
flip-flop is set, U1en the hall state will be cxiled on thc next rising dock cdgc. 111e following cycle will thcn 
be an interrupt acknowlcdge cyclc corrcsponding to the type of intcrnrpt that was rcccived. lf both are 
reccived at thls time, then the non rnaskable eme will be acknowledged since il lrns highcst priorlty. The 
purpose of executing NOP lnstructions whilc in thé halt state is lo kecp the memory refresh slgnals aclive. 
Each cycle In the hall state is a normal M l (fetch) cyclc except thnt the data rcceived from thc mcmory Is 
ignorcd anda NO!' instruction is forced internally to the CPU, ·me halt acknowledge signa! Is active during 
tltls timo to in<licate tl1at the processor is in the halt state. 

---LMtMCydt~i-----------Mr-------

lul T T1m1 

ÑMI 

\_-+-----1· 

NO~~ MASKABLf. INTERRUPT REOUEST Ol'EnATIOl\I 
FIGURE 4.0·6 

--Mt--o-¡..---------Mt--------<'*">--ll'1 

r, 

HALT INSTRUCT!ON 
IS REClilVED 
DURINQTIUS 
MEMOnV CVCLE 

Tz 

HALT E>tlT 
FIGURE4.0-7 
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5.0 Z·BO CPU INSTRUCTION SET 

The Z-80 CPU can cxccutc 158 diffcrent instructlon types includin~ ali 78 of the K080A CPU. 
The instruclions can be brokru duwn into thc following major groups: 

o Load and Exchangc 

" Block Transfcr and Scarch 

o Arithmelic and Logical 

o Rotate and Shift 

• Bit Manipulation (set, rcsct, test) 

11 Jump, Call and Return 

• lnpul/Output 

• Basic CPU Control 

6.1 INTRODUCTION TO INSTRUCTION TYPES 

The load instructions movc data in!cmally bctween CPU rcgis!t'rs or be1wccn CPU rcgisters :iml C\lcr· 
nal mcmory. Ali of these instructions must specify a sourcc location frum which !he data is lo be moved 
Anda dcstination location. The source location is not nltcred by a load instruction. Exa111ples uf 
load group instructions include moves bctwccn any of the general purposl! rtlz.hters ~u~h a:i mm\! thc <lata 
lo Regis!er IJ from Rcgist;:r C. This ¡;roup alrn inciudcs lood immcdi:itc to ,1ny CPU registcr nr to any 
externa! memory location. Other !y pes of load instructions allow transfcr between CPU rcRistc1 s a111J 
memory locatlons. The exchange instructlons can tradc thc contents of two 1egi•tcr11. 

A unique set ofblock !ransfcr lnstiuctions is providcd in the Z-80. With a single in>truction a 
block of memory of any sizc can he moved to any other location in memory. Thi' set of hlock nH>ves 
is cxlrcmcly valuablc whrn larr.e s!rinp,s nf <hto mus! he prorcso"i. · Thc Z-80 hiock scarch inmuctions 
are also valuable for this type of proccssing. With a single instruction, a block of extcrnal mcmory 
of nny ~tired length e.in he scarched for any 8-bit character. Once thc charactcr is found or thc end of thc 
block is renched, thc inslruction automaticaily termina tes. Bolh thc block transfcr aud tht• block 'ca1ch 
instructJons can be inlcrrupted during thcir execution so as to not occupy the Cl'U fo1 long periods of time. 

The arithmc:ic and logical instruclions opera te on data storcd in thc accumulatnr aud other 
gencrnl purpose CPU regis!ers or externo! memory locations. The remlts of l11c oper3tions are placed 
in the nccumulator and the a¡ipropriate ílags are :;et accotding to thc rcsult of !he opcration. An 
example ofan arithmclic opcration is adding the accumulator to the contcnts of an externa! 111cmory 
lcx:ation. Th: rcr.ults of the addítion ore ploccd in the accumulator. This group al'o inciudcs lü-hit 
addition and subtrnction bctwccn 16-bit CPU rcglstcrs. 

'Thll rotatc and shift group allows any rcgistcr or 1111y memory locat!on to be rotatcd righl or lefl 
wtth or without carry either arithmcllc or logical. Al.so, a diglt in the accumulator can be rotatcd right 
or left wlth two diglls In any mcmory locatlon. 

Thc bit manipulatlon irutructions nllow any bit in the accumulntor, any general purpose registcr 
or any externa! mcmory location to be set, reset or testcd with a single inst1uctlon. For cxamplc, 
the most signllicunt bit of tegisttr 11 can be reSl!t. This gruup is especiJlly ur.efui in cnnlroi appiications 
and for conttolling softwa1e íliigs in general purposc programmin¡¡. 

The jump, cal! and rcturn instructions are used to tr1111sfer betwcen variom iocations in thc user's 
program. This group uses severa! different tcchniques for obtainlng the ncw program countcr addrcss 
from spccific externa! memory locations. A unique type of call is thc restar! instntclion. This instruction 
actually conta!ns the ncw addrcss as a part oí thc 8-bit OP codc. Thls is possible since only 8 separa te 
addresscs !oc.1ted In page zcro of the externa} mcmory may be spec!fied. Program jumps may abo 
be a~hieved by loadlng rcgntcr HL, IX or IY dircctly into the l'C, thus a!lowing thc jump autlrcss to 
be a complex functitin of the roulinc bcing exccuted. 
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Thc inpul/oulput group of in1l1uotions in tl1" Z·BO allow for a widt! tange of transfcrs belwccn 
externo! mcmmy locatlom or tho r·.cnrrnl ¡11irpme CPU r<·~istcrs, and tho c.xtcmal I/O dcYice~ In 
each case, thc port number is providn! on thc lowcr 8 bits of lhc a<ldre~> bus during ony I/O 
trnnsaction. üne instrucliun allow:; this port iilHlllicr to b~ sp...-díkd by tb:.- ~~·1..nnd byte of th0 in:>truc:i1rn 
whilc other Z-80 lmtructions allow il to he "l''"iflcd ª'' !\1c COtl'.''!ll of lh·j e rcgislcr. üoc ll!iljor ad· 
Vantagc oftViirt¡\ fhc C registct 05 a poilllCt lo thc l/Ü <lcYtc'C ÍS ti;al it allows diffc1cnt 1/0 ports lo 
sh~1c commun y)ftw:irc drivc· routi11c:>. This i~ nol pm'.ihh· ·: .. ilL'íl thc a1.hln:~·" is p:!rt of th~ OP code 
if thc routines are slnrcd in ROM. Anothcr fi.:!:!tuie of t!1(::..: input in:.1rn 1:tin11s is that thcy set thc 
llnc rt!gistcr automnlica.lly so tl1.1t addiu11n:.U or1:1,1tiom nre not rL~quiri~LI lo 1Jctrnnirn.~ tbc o;;t:lte of 
tirn input data tfor cxampk. its pnrity). Thc Z-80 cru indudts ~in;~k imtru1.:iion.'i th:it cm Jl!llVC". 

blocb. of cbt:i (up to 256 byte'~) automittir::ill:: t1J 1.1r f11)iil any líO port dln·ctl~· to any m~rnory localiQn. 
In t:onjunction with thc dua? s.:\ 1)f gc1w1al pu1 ;t·J~.c rcgl-; k1 .•:, ih1~:;t' instri1ctions prt.1viJc for f?.\t 
l/O block transfer rltcs. Th~ ·;;¡\uc of t!iis J/O imt1111:tii111 51-~r is ¡fc:inon)trJtt:J by tli..! foct that thc 
z.20 CPU can providc all r...•q11ircd lloppy di:;J.. forn1attir:.'. (i.c, :he u~u p1oviJcs tht· prc,w1b\o, addrC.\S, 
d:ita ~\lld cn;~blcs tlH.' en.e cozk~) 111; (ln11hle d1.'!l.1ily flor:':," Lli:.L 1.lliV(f; (1\\ :ltl intl:rrupt <lrivcn hasis. 

Finally1 thi! b:.1:.ih.: ni~¡ contw! imtr11t.:tiu1~~ :ütuw \";:1i,1t1., opti.q1;, .111\~ ·11,,,i.k:i. Tilh gruup inc!cdcs 
imtruction:; '111ch ns ~1dting or rc:;;.;tlin:.; thc in!,·inipt cn.1!1k llip tlop \l;'" ~ettin¡_: th~ mrn!e of interrupt 
rcspom·'.:, 

5.2 ADDRESSING MOíJE~ 

Most of tlw Z·BO in.struction~: üpl!talc on data s\Oif:d in intc111.1\ CPU 1~~gi:;te1:~. i.::dun~tl mcmmy 
or in the 1/0 port~. Addrcs.'.iiug rcfcr!i to hnw the ,1ddre.s:. of this data i:; gcne.ratc<l in c-:1ch ins.tructimt 
This scctlon gi\'L:J :\ hricf sunun~ry of thc typt:.'i of addlc ~sing us~d in thc 2.-80 whil~ itub~cqucnt ~ctions 
dt:tad th~ typ-i:u~·<aidr;..:"Jsin!-l•l\ .. lllu.l•l.: f,i, 1.:11d1 iu .. 11-.tdk1.i ¡_'.iiJii1' 

Immed.Llk. li! tlüs. ruoJe of add1c~:1mg thc byt-.~ loH1>v;i11g tli:.: 01' .:ode in Ifü'lllt'íY contnin\ thc 
actual t\pc1.1nr.I. 

---·-·--·\ 
(~-~'.:'..'!:'.J / 0110 ,,, 2 uyk" 

Opc1and 

Examples of thh type of in;trnction woul<l h1~ to k1:11\ tlic accumulator with a constant, wherc the constant 
is lhc byte immcdi;1tdy followlng lho OP wd,•. 

lmmediale E.xtcnrled. Thi> mode is mcn,ly en exlcn;ion of immcdille addressing in thal the lwo 
bytes following lile OP codooare lhe opol •ll1L 

OP codc one or 2 byt<s 

Operand low ordrr 

OpcrJnd hlgh 01der 

Examplcs of lhis type of h\Struclion would he lo load tite !IL registcr-- ¡1air (1 ú·bil regl•ler) wlth 
l(i bits (2 bytes) of dat;i. 
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Modificd Pnge Zcro Addrcssinn. Thc Z-80 has a special single byte CALL instruction to any of 8 locations 
in pagc zcro uf 111cmo1y. Thb in~t111diu11 (v.:hkh í:, rcfcrrcC ln :1s J rcstart) sets thc PC to :m cffcctivc 
adc:ress in p~gc 1cro. Tht• valuc of this im .. truction is that il allnws 3 5inµlc hylc to spccify a complete 
16-bit address whcrc cornrnonly callcd suhroutines are locatcd, thus ~aving llh!Ill<>ry spacc. 

1 OP Codc j onc byte 

b7 ho 
Effoctivc addrcss is (b5 b4 b3 000)2 

Relative Addressin¡¡. Relativc addrcssing uses onc byte of data following the OPcodc to specify a 
dispL1cerncnt from tite exis:ing program to which a progrnrn jump can orcur. This displacement is 
a slgned two's complement numbcr th:it is added to the addrc·ss of thc OP codc of thc following instruction. 

Jump relativc (une bylc ()¡> code) 

8-bit two's rnmplcn1cnl displaccrncnl addcd to Addrcss (A+2) 

The value of relativc addrcssing i' that il alluw;jumps lo 11ca1hy local iuns whilc only rcqu\ring two 
bytes of memory spacc. ror most pro~rnms, rcl¡¡li>v jumps .ne by f,H thc mo,l prevaknt typc of 
jump dueto thc proximity of rel:ltcd rro~~r;nn ~er;ments. Thus. thcse instructions can significan ti y 
reduce memory spacc rcqu\rcrnents. Tite signe<! displuccmcnt can rangc bctwcc11 t 127 and ·128 
from A+ 2. This al\ows for t1 tola! displaccmcnt of + 129 lo ·126 f1om thc jump relativo or codc addrcss. 
Anolher major advantagc ¡, tl1at it al\ows far rc\ocalable ende. 

Extended Addressing. Extended Addressing providcs for lwo bytes (16 bits) of addrcss lo be included 
in tht! instruction. 'ihi:i Uo.1.l.11.;.i.ll Uu an .i<ld11.'.Jl lo \:hkh a ptngr~m c:in jump or it r·:1n hr :in :tddrcs.'\ 
whcrc an opcrond is locatcd. 

~·-----··------~-- }onc or lwo bytes 

Low Ordcr Addrcss m L.ow ú!dcr opcraml 

High Or<lcr Addrcss or high ordcr opcrand 

Extended addrc,;sing is rcquirc<l far a prognrn to j111np fro1n any local ion in mcmory to miy othcr locatlon, 
or load and store dala in any mcmory loca tion. 

' When extended nddrcssing is used to spcc!fy the sm1rcc or dcslination address of an opcrand, 
the notation (nn) will be uscd to indica te lhccontcnt of mcmory at nn, where nn is the 16-bit addrcss 
specificd in the instructiun. This mcans th3t tM two bytes of addrcss nn are uscd as a pointcr to a memo1y 
location. Tite use of tite parcnthescs always mcans that thc valuc cnc\oscd within thcm is usccl as n 
pnlnter to a memory location. For cxamplc, ( 1200) rcfcrs to thc conlcnls of mcmory at location 1200. 

lndexed Addressin¡¡. In this typc of addrcssing, tl:c byte nf data IOIJowing lhc OP ende cnntains 
a dlsplaccment whlch is addcd 10 one uf the two lndcx rcgisters (thc 01' codc spccifics whlch indcx 
reg\ster is uscd) to forma polntcr to memory. Thc cnntcnts of thc index rcgisler are not altered by this 
operatlon. 

OPCodc } 
1------1 two byte OP codc 

OPCndc 

Displaccmcnt Opcrnnd addcd to index registcr to forma pointcr to memory. 
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An exarnple of an indexed inslruction woul<l be to load the contents of the memory location 
(lndex Regisler + Displaccrncnt) in111 thc accumubtor. The dispbccmcnl is a signcd two's complomcn1 
number. lndexed :id dressing grcatly simplifics proprnrns usinr, 1abh'5 of data sincc the ln<lex rcgisler 
can point to thc stail of any table. Two in<lex regislers are provi<lcd since ver y often operations m¡uirc 
two or more tablcs. lndexcd at!<lrcssing also allows for rdocatablc coJ,>. 

Thc two indcx rcghlers in tlw Z-HO are rcferrcd to as IX an<l IY. To indil'ate indcxc<l a<ld1cssing thc 
notation: 

(IX td) ur (IY+d) 

is uscJ. llcre d i.s the dispbccmenl spccificd af1rr thc Of' ende. Thc pJrcnthcscs indica te that this 
valuc is usetl as a pointcr lo externa! 111ernnry. 

R.ep,hter Ad<lressinz. , Many of thc Z-80 0!' ende; cont.lin bit-:; of infonnJtion thJt spcdfy whii.:h 
CPU rcgister is to be uscd for :rn opcration. An cxamplc of rcgislt!r addrcssing would be to load thc 
data in rcgistcr IJ into reRisw C. 

fr:iptic<l AC1lr:.;!.. ... ,in,:. Implkd :tddrc::;::in.~ r..:fc:rs tu Ofh.'f~\tio1¡; whrrc lhc OP ~tide autom.:ilkaUy 
implies one or rmm~ l 'PlJ H~gi<;t~·r~ a~ contai!liu~: tk c¡h'.rJn<l:. :\n c:~amp!L'. h lht.: ~et 1.if arith1Hl'lii.: 
o~r:Hiom wher~~ tlic c:.cc11mnbtnr i:; :i:;.'::i)": iril¡.!lk.J tu !J~: th:.."! <l.;:,tÜ]Jtiun uf th'.! rC:>'.J!ts. 

Register lmii.rccl Addre~1in~:. Tl1is ty¡'e of "dJrcssing :;pccifics a 16-bit CPU rcgister p•ir (such as llL) 
to lle U!iCd as;¡ pointrr to nny Jo1::ition in mcmory. This tyrc of instru(:!Jon is vi::ry powcrful and 
ít is usrd in a w1dc rrmgc of ~\pplic.:ations, 

{O~}or)t' rn f\"obyr1~'~ 

An example of thls lypi..! of imtructio11 \.,1\>tild he tn lo;!l! the ai~curmi!:itor \Vilh !he <lata in tite mcmorr 
!ocation pointcd to by tho liL re~is?cr contcnts. lndcxcd addrcs;ing is actu"lly a form of rcgistcr lndlrect 
addrcssing exccpt thal a displaccmcnl is added wilt. imlc~cd addres;inr. Rcgbtcr indirccl addressing 
aUows foc very powcrful but simpll! to impkmcnt mc-mnry riccc5$CS. Tlrn bl()Ck movc nnd sc;nch cnmmJmh 
in thc Z-80 are cxtcn;.ions of this lypc of ad<lrcs:.;ing whc-rc :iutomatic registcr incren1e11ling, dccr~:mc:nling 
ami comparíug has becn ¡uJdcd. The notation foI indir~iting rcgistcr i11dirt~t:1 nddrcssing i!s to pul 
parcnthes"s ;;round the namo of lhc rcgistcr that is to be u;cd as the pointc1. For c'amplc, the symbol 

(lll.) 

specities that lhe contcnts of the HL rcgister aro to be lllcd as a polntcr to a memory location. Of!cn 
register indirect addrcssing is uscd to spccify 16-bit operands. In thls ca:;e, the rcgister conlcnts 
polnt lo the lower order portlon of the opcrand whl!e the rcgi1tcr contcnts Jré automatically incrcmentc<l 
to obtain lhe upper portian of thc opcrand. 

Bit Addtn!ing. The Z-80 conlaíns n lar ge numhcr of bit .et, rc><:l and test instrucllons. Thesc 
Jnstrucliom al!ow any mcmor)' loc:itio11 or CPU register to be specified for a bit operatlon through 
one of thrcc prcvious addresslng modes (register, recbter lndircct and Jndcxed) whlle thrce bits In thc O!' 
code spcclfy which of the elghl bits Is lo be manipulated. 

ADDRESSING MODE COMBINATIONS 

Many Jnstru.:tlcms lnclude more than one opcrand (ruch ¡¡:¡ anthmetic instructlons or loadg), In 
thcse cases, two types of nddressing may be cmployed. for exarnple, lond can U!e immcdiatc addrcssing 
lo specify the sourcc and register ind1rcct or indcxcd add1essing to specify thc <le~tlnatlon. 



5,3 INSl'RUCTION OP CODES 

This scc.;tion describes each uf tite z.~m mstructions and providcs tables listing thc OP codc'.-1 for C\l'ry 

instruction. In cach of thcsc robles thc OP codcs in shadcd arcas are idcntical tu tl11i>c nffc1cd in thc 80~0,\ 
CPU. Also shown is thc a:i\crnbly languagc rnnemonic that is used for c11ch imtru..:tion. Al! 111·:.rr11l'fw11 CIP 
corles are listcd in hexadecimal not:1tion. Single byte OP codcs rcqt1i1c l\\ <l hex d1araL"l~I" wh 1ll' 1l11t1hlt• 

byte OP codcs rcquirc four hcx character'.\. Thc convcrsiun from hc.!x lo binary is rcpc:ttt.:d h..!rt: fo1 
convenicncc. 

llex llinary Decimal "'" Dinary Decimal 

o 0000 o 8 1000 

1 0001 l) 1001 9 

2 0010 A 1010 10 

3 0011 3 B 1011 11 

4 0100 4 e 1100 I~ 

5 0101 5 D 1101 13 

6 0110 6 E 1110 14 

0111 F 1111 15 

Z.SO instruction mncmonics consist of an OP codc and zero, one or two opcrands. lnstructions in 
which the opcrand is implicd have no opcrnnd. lnstructions which havc only onc Jogical opcrand ur thosc in 
which one operand is invarlant (such a.s thc Logical OR instruction) are 1cprescntcd by a onc opcrand 
mnemonic. lnstructions which may have two varying opcrands are rcprcscnted by two opcrand mnemonics. 

LOAD AND EXCllANGE 

Table 5.3-1 defines thc OP code for ali of ihe 8-bit loa ti instructiom implcmcntcd 111 the Z-80 CPU. 
Also shown in this table is thc type ofaddressing uscd for each instrnc1101i. Thc source of the dat:i is found 
on the top horizontal row while the dcstination is spccified by thc left lm1d wlurnn. For cxa1.iplc, load 
rcgister C from rcuistcr n uses thc OP code 48H. In ali of the tables thc OP co<lc is specilled in hexadecimal 
notation and the 48H (~0100 1000 binary) code is fetched by the CPU from thc cxtcrnnl 111emory during 
M 1 time, decodcd and then the rcgister transfcr is automatically pcrfomrcd by thc CPU. 

111c assembly language mncmunic for this cntire group i1 ill, followcd by the dcstina.'ion fo!lowc<l 
by thc sourcc (LD DEST., SOURCE). Note that Sé Vera! combinations of addrcss111g mo<lcs are po"ihle. ror 
cxample, tire sourcc may use rcgistcr addrcs.sing and the destination "'"'"he r<gistcr indircct'. su ch as lt1ad 
the mernory location pointcd tu by rcgistcr HL with thc contcnts oí rcgistcr D. Thc 01' codc fo1 this 
operatlon would be 72. Thc mnemonic for this load insmiction would be as follows: 

W (HL),D 

The parenthcses around thc HL mea ns that !he contcnts of llL are usc<l as a pomtcr to a memory location. 
In ali Z./lO load instruction mncmonks thc dcstination is always listed lirst. with the sourcc following. Thc 
Z.SO assembly languagc has bcen dcfincd for case ofprogramming. Every instruction i> ;clfdocumcnting 
and programs writtcn in Z-80 language are casy to maintain. 

Note in table 5.3·1 that sume load OP codcs thJlt are available in !he Z·BO nse two bytes. This b an 
efficient mcthod of memory ulilizatlon since 8, 16, 24 or 32 bit instructions are implementcd in the Z-80. 
Thus oftcn utllizcd instructions soch as arithmetic or logical opcrallons are only 8-bils which rc;ults in 
better rnemory ulllizatlon than is achievcd with ftxcd iirnruction sizes such as 16-bits. 

Ali load fnstructions uslng indexed addressing for either tire sourcc or dcstlnation locallon 
aclllally UEc time bytes of memory witlt thc third byte bcing the displaccrnent d. For cxamplc a load 
register E with the operand pointcd to by IX with an offset of +8 would be writtcn: 

lJ) E. (IX+ 8) 
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Thó! inslruction sequencr. for lllís in nicn1ory would he:. 

Addrcss ¡\ ~D '} 
~ ¡-. OPCudc 

A. I Sf: 

A+2 ~1' Di,,rL1e,,u1wt upcr:rnd 

Tite two extendrd addrcs;,i11g imtn:i.:tions a1·~ alsn·ltuc~ by1~ 1rnl.-i1i..:tilli11t. for cxamplc the instruction lo 
lnad ,tlw. accumuiator witl: rhr opcrJnd in m1:mory loc;1tio11 6FJ.2H,would be writlcn: 

'w 'li', (llF 321-i' 

1111d its instrnction :-;.~·qucnu.: tn.iu!t! Uc; 

The load llntrn!diate i nst rt1 1
.: tio1: ·; foi" ti1c g~ ni!rai purµosc 8-hit ri:gi'itcrs are lWO·byte irl~l ru.:tíons. The 

instn:...:·lionJoJd rcpst~r !I v.ith 111~· \/,d1:1. 3óll ~vmdd !11.· wr.ittew 

L!J li.3úli 

ami its s>!qul!ncc would IH•: 

¡ .. 

LoarlinU l nh·niory lo;:.ttiou uc111~ indcxc1I ;ui<l1t!S3ing lur tlic dcstim1ri1rn aih1 in11~1·~dh1e ¡,lJ¡i::;:c;íng ior 1!w 
source r1:4ulres four bytes. Fm 1:xa;upl'-': 

W(lX -1'.>),'Wl 

would n;>po:ir ns: 

1 . .:. 

Notke that with any indcxed ad dressing thc disp!Jccmmt nlw~ys full~wi dirc~.!l)' uf1t:r the 01' rnJc. 

Table 5,3'2 speciílcs thc 16-bit load opcratiom. Thi• tablo Is very similar to the pr<vluus onc. Nolice 
that the extended addressing capability COl'l'rs •ll 1cgistcr pai1s. Also nutice thnt tcglstcr indin:ct operation1 
spccifying the stnck pointct ari. thc !'U SI l and POP in,t1uctlons. Thc mnemouic for ú1cs; instruction< li 
'·PUS!!" and "POP." 111csc diffcr from nthcr 16-bit loads in that thc stack-pointer is aUll'rnatlc¡¡Uy decre· 
mented ami incrcmcnted as l'ach byte¡, pushcd onto or poppcd from tire stnck respcctivcly. For cxnmple 
the instruction: 



PU5H AF 

is a singlo hyte instruction with tite 01' codc of F5H. Whcn this instruction Is executed thc following 
sequencc is gcncratcd: 

Thus the externa! stack now appcars as follows: 

Decrcment SP 

W(SP),A 

Decrcmcnt SP 
ill (SI'), F 

(SP) 

(SP+i) 

Top of stack 

f~::1 

M.olllUH D :.:,t 
'.p: ~ 

.,.: 
-

L . 
Dlltrl*TIOJI ·:·n, ... 

~ .•; .o!IUtf 

IDll .,.,~· 

~p 
lt«AlltO 

. 
~? 

lln. N!Ofl ¡,,,¡ ~!\ 
:? 

•uio 

!~ 

¡\ 

.. .. ·,~, ... .. 
, .... .. .. .. ~.~ .. '" ·~ o'; ~tfi. 

'l "' .... .. en 

"' 
,: .. .. ., 

" " .f;_· " "' .. "? 
.... 

··~ " , ... 

':: " 00 ~¡f F " " ' 
~g ID " ~~ rn 

11 
~ " ' . . . 

8 BIT LOAD GROUP 
'LD' 

TABLE 5.3-1 
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{\!) :r " :' . 
"" '" " .. • ' --1~ 
"" :~) .\a .. 
00 .. 
u " ;' . . ,. '1• 
M H ... 
' . 
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The POP instruction is thc cxoct rc1·ersc uf a PUSll. Noticc that ali PUSll ami POP instmctkrns 111ili1.e .1 

llí-bit opcrand and thc high arder byte is always pu~1cd flrst and poppcd last. 111at is a: 

l'lJSll IK' isl'USll ll thcn l' 

l'llSll DE is PUSll D thrn ¡: 

PUSll llL ¡, l'USll 11 then·L 

POP U l. i; POI' L then 11 

111e instruction using extended immcd intc adcirc:.sin:\ fm thc sourcc obvimisly rcquircc. 2 bytes of data 
following thc 01' codc. For .xamplc: 

U>DF,lliMH 

Addrc:.s A 11 OP Coik 

A i· l 59 Low 01 tlc1 01i,:r:111ú w r<gi>t<r E 

At-2 l Oú liigl1 ordc, Gµ..:cuiü lOic¡:,.i:..tcr D , __ 
ln ali extended imrncdi::l.t~' or cxundcd ~ddr~·~;.inr~ modcs, thc low order byte always appears first aftt•1 thc 
OP codo. 

Table~ 3.3 lists lhe 16·bil exchan¡;•: i1111ructiuno irnplementc<l in the Z·80. OP c0dc 08H allu1>·s tii.· 
prngramml'r tn swit~h hetWl'en tite two paÍ!~ or J1.,:::unu1b!or tlí!g rcr,istt•rs whil~ D9Il ::illuws the J!fO· 
grnrmner to switch hctwecn thc duplk;itr: !;L't ni ~.ix ryn·~rJl purpo~e rc~~istt'f9. Th~s:: OP endes ore nn!y unl 
byte in lenglh to ab:;o!utdy miitimi·~-~ the ti1m: 11ctc:.:..<:ry to p~rform the cxd1:ingc ..:;o thJ.t the duplica!~ 
b:mks C.Jll b:.! u:;r;d to clfr¡~l very f;.-,t i:iti.:nupt 1Lqil11;~,~ ltnE'S. 

Tabk 5.3··~ !i~L thc r:.,.1ri::1ndy pü;;.~1ful ül1,:~: l 1a11~•for instruction!t. A.ll ur tht:s:: jn::Lrnctions. op~~ratc 
with tl11re rep:.tM. 

BL poinr~ fo thc ~ource loc.1t1~>n. 

DE püir11s to thc de:-tmJtion lot::Jtion. 

:::. .. ~ i~ ~1 byt~ i;:oun:,~1. 

After thc pt0grom10cr hzs initialiml ú1ese tlirf-e re~hlcl!, any of thcsc fnur instrnctions may be uscd. TI1e 
U>I (Load and !ncremenl) instruclion mo\'es 011~ byte frorn the toqtivn polntcd to by HL lo tire lm:olitrn 
¡1-0inted to by DE. Rcp.i·;ter pairs m. oml DE aro the!l OlllO!llJ!ically incmn,111~,¡ ancl •tC rcody !o roinl In 
thc following loc:iHons. Thc byte co1mtcr (re~hter pair IJC) is abu dccremcnlc<l al this time. This instrrn;. 
tion i' valuabie When blocks OÍ dala must be lll<JVCJ but other typ~S of procmiug UH' rcquircd betwecn cach 
mcHi~. Thc LDIR (l...v.1d1 iucrer1:io;:11t unil rep\:!ilt.) in~uU1.:1ion i'> an ex.t.cnsion oftfw L.DI tnstruction. 'lhe same 
lmd .3nd incrtnlii:i:nt opcrntinn h rcpe:itcd Hntil the b)'tc C'OUrtter rc~chcs l11C' cotmt of z>.!ro. 11ms, thb singk 
imtrucUon can move any block of dato frum one location to any othe;. 

NQte that slnce 16-bit rcgislcrs are u sed, the si1c oi th: block cnn be up to 64K bytes (1K~1024) 
long and it crn be moved from any lcx:allon In n1emory to any othcr locatlon. Furlherrnore the block! can 
be overlapping since therc are absolutcly no constraints on the data tl~1t is U'J~d in the th1e~ regisler pairs. 

Tire LDD and LOOR instructions are vcry sLq1ilar to thc LO! and LDm. 'll1c only differcnce is tlrat 
rcgistcr pairs HL and DE are dccremented afler cvcry movc so lhat a block transfor srarts from tire highcst 
address ofthr desienated hlock rolher than thc lm•:,"1. 
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AF 

BC 

R 
E 

~ 

G 
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MSTINATION T 
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1)1 

IV 
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AEG. (U'} • f5 
1110. ·-

NOTE: Tht P\llh 8' Pep l~.Nctlcnt a!l!i.NI 
tha &r' Gftvr C'.":f)' enc~..tfl.~ 

fil' 

llC. 
Df, 

Ml'LIEt 11 
HL 

DE 

RIG. ISPI 
INOIR. 

SOURCE 

REGISnR 

oc DO lll sr IX 

íii DD ... f9 

LU rn .. F.O ºº 43 63 
Q 

73 22 
n n n 

" n 

.e . tlJ . ES DO 

.1.;; E5 

1i.l BIT LOAD GROUP 
'LO' 

'PUSH' ANO 'l'OP' 
TABLE 6.3-2 

IMPLIED ADORESSINO 

AF c::',oe'e.HI. UI_ 
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09 

.~. 

EXCHANGES 
'EX' AND 'EXX' 
TABLE5.3-3 
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i 
1--

sou_nce.,," 

RECl. 
mn1íl: 

OÍLJ 

' . ' 
[U 'LOI' - LO&d IDE~-IHLJ 
A!i !rK: HL & 0(, Oc;: ce 

Ef) ·1.orn: - L(l"d iO;;}...,_-fHLJ 1 

l::rj Ir¡.; Hl & Dt', 0!?(' liC, Rr.pe.;t unlll n; ~ G 

{b¡; llL Jlt~,1:1:1 t;) SO\Jf'"<" 
l•r:; r;¿ ~~1"-'11\ rn <lntÍ', 
lk; h.' fJl'f':! CINllU 

['L_CC•·: rnr,r.:sl'Efí G»O!é, 
T,¡'\IJU: b.~-1~ 

TJtile 5· . .J-5 ~p,~etfi'!S" fl1·! OP cwJ::j rnr IL~ it•l11 lihic'.: :.c.1i~11 iHildt.::Lit11:~:-. Ti1c Úc:~!, (·J;J (compare und 
iucremcnO comParts tl~c da.1,1in'H1i!:;1cq1m'u?a1or,'·with1!1t· ,,:t1afd1ts or 11!.: n:emt>'ry'11 ... a:•·d,;rn pointed 10 by 
register I.f~ .. Thr rcsul; of th•! ·camp:Úc is ~tCirt:d in oriS uí ~i!C' fb;: hit:, (·;.!t~ ~·lTtion 6.0 for a dd~i!cj ;.'.\pb.· 
nation c{thc íla'µ cp~rJtion 'i) ;ir1r~ tih' HL rcr,!:;kr ¡13i: ¡~ it:cn ir,i.:rrn~~llttti 1m:1 th~ t;ytc.~;~.rnntcr {rct,'1st,:f 
pair ne) is dccrl'mrnt ~.\. . : 

Th~ in:;~ructicm CPJR is 11!1..:rdy Jn c>.:tcn-.10n nf 111" t'l11 nF~rP:·1:.-,•1h1 "!:;~ !~ ;,;1;' u. ;11J'Jl,,,; i.~ h pi.:.u~:d 
u.1:ti! cid1i.:r.) ln.1lcÜ 1:; jilll!ld IH tLe hyte i.:n•:nti.:r (r·~1-~ht1~.r !l;iir l~C) bcCOHll!S l·:·fr:o-. ·n111·;, ti.Ú;. !il'nr;k j:JS[I\lC· 

tion <..:rn·~,dfrrh !he en tire wcmmy (.,r ~lúY S·bit cl1Jí;'>~:( 1.~L 

'lb: CPD (Cump,1r(: :rntl IJ1.:crc1r:::nt) ;iuú CPDH. (Comp,:r'"" í;',:nLmi:ni :iml F.ep.·..:.t) ;u;,;:· sirniLir 
jnstructiom, thr.!1 only difft•rcu.;:·~ IJ~Íilf. tkd th•:y de~·t~'.m(•:Jt lIL_:iikr r.'\t'J}' 1.:o:;np;H~' toth;lf IJ1cy !:i:':Hdi 

!L(' m~moiy in tli~ opposite Jhi::clilHr. (Tite !:i>:atdl i'i st¡:!fi.:d JI t2i~ /;i; h·.':i' k·.;:\tiun i\~ i~;.:- :!1~mory bl<1d,). 

H dwuld ht: ,·01plwsi: ... ~il ::~1il~ U1J! t!H~s~ b!,•cL .tr~mf~1 ;Jild ú1r1¡.1~1e in~:.rrr1crwn~~ .rn..' i.:xtrcn:cly 
powi~riul in srrin¡•, m:mipuhuion np¡ilic:.Hion~-. 

Altrrmmnc AN!J LOGif'.,\:. 

r!1bh· 5 J~6 lht~ :1B of.tüi: g .!Jit <>ú!l.uu;li~: tip1.:rntwm ~hat r.:xn ql! pl!rroanl'ú with ihe acc11nmbt11¡ 1 

also lis!cd urc lhc i11crcrnc11t'(INC) ~nd tfocrcn1crn (DEC) inslructions. ln ~ll of lhrsc i11structio11,,cxccp1 
INC and D!:C, lhc specifüd 8·bit opc1:11io

0

n is ["<'rformedhcrwecn thc d:il¡¡ in tl1c "cn::nu!Jtor Jlld tk 
riource <lala :1p•:cificd iü dw tdbk. Thc 1~úlfof thc Opcration i'.~ P!accd in th.e acctm~ubtor with the excc¡i· 
tion of cumparc (Ci') tliar lea ve> IJ1e accrn)mlaror unaffocrcti. Ali of th,,""·;>pcraiions affect thc flor, 
registcr as 2 result of the ~}h'ciíi::d tjpcr3tiAn. (S1:dion G.O ¡Htnd<l~~ ali of,tJ1i t.ktaib on how thc- tlags are 
affectrd by <.uy imlruclion typc). INC and DEC inslruclio11s 'prcify a rcgh!er ora momory lo<atio11 ao 
both sourcc .m<l drninathm oí ihe rcsult. Whcn fhc.w.urce opcrand is:addrnssed usin¡\ lhe imlcx regisfeni 
thc displacement musf fo!low dircctly. Witlt írmnediate ouldremng thc octual ll¡\'íand wlll folluw directly. 
For ~xampll! theinstruction; · · ' ' · · 

llND 071! 

would appcar ;i¡: 
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SEARCH 
LOCATION 
~ 

REO. 
INOIR. ,____ 
IHLI 

ED 'CPI' 
Al lna HL, Doi: DC 

ED 'CfllR', lnc HL, Oac EC 
81 niptzt until ec. o or f/Mt "'*""' 
ED 'CS'O' l>o< llL 6 UC 
~ 

El> '0'00' O.. HL 6 GC 
D1J ~t unt!I 6C •O 01 llnd mttcl1 

"1. polfttl to foeldor1 In M$mOl"I 
ta bt CO!nptllld wlth ~IL.""bt 
een~tt 

0Cll!Jyt11~~ 

BLOCK SEAnCll GílOUP 
Tt'JlLrttZ-G 

Assuming that lho accumulator contalncd thc VJ!lll! F3H thc rcsuJt of0311 would be placed in the 
accumulator: 

Aei: b.eforc opcration 
Operand 
ResuJt lO Acc 

llllOOJJ;FJH 
0000 0111 ; 071l 
0000 0011; 0311 

The Add irutruction (ADD) perforrns a binary add bctwccn thc data in tite sourcc location and the 
data in the accurnulator. The subtract (SUB) does 11 binary subtractiou. When !he add with carry is specificd 
(ADC) or the subtuct with carry (SBC), then thc carry flag is also added or subtracted rcspectively. The 
flags and decimal adjust in•truction (DAA) in thc Z.80 (fully dcscribcd in scction 6.0) aUow arithmetic 
operations for: 

multiprccision packed BCD nurnbcrs 

multjprecision ti-ip,ned or unsigned bm:-tl'y numbcrs 

multiprcci.;ion two's complement •igned numbers 

Other instructions in lhis gro11p are logical and (AND), lo¡;ical or (OR), exclusive or (XOR) and compare (CP}. 

There are five general purpose urithmctic instructiuns that operare on thc accumulator or carry flag. 
Thesc flve are listed in tablo 5 .3·7. Thc decimal adjust instruction cun adjust for sul>traction as well a.s add­
ition, thus rmking BCD arithmelic operations simple. Note that to allow for this uperation the flag Nis uscd. 
l1Us flag Is set Jf the l:ul arlthmetic operation was a subtract. The negate accumulator (NEG) lnstruction 
forms the two's complement of lhe 1111rnbec in the eccumulator. Finally nolicc llrnt a reset carry instruction 
is not·included in the 7,go slncc this operation can be easily achievcd through other lnstructions such as a 
loglcal ANO of the accumubtor with ilself. 

Table 5.3-8 lists ali of the 16-bit arithmetlc operalions betwecn 16-bil registcrs. Thhc are five groups 
of instructions including add with carry and subtract with carry. ADC and SBC affect ali of thc flagL These 
ovo groups simplify address calculalion operations or other 16-bit arilhmetic opcrations. 
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SOURCE . "'i 
REG. 

REGISTER AOORES~mc INOIR. INO[XEO IMMEO. 

A - 8 '·e· o IHU flXf.dt fl'i'tJ) 

DO FO 
.-~~~__,f--~-l-...,.-+-,---l-~l,-....,.~.~~+-,.....-1-~__,1--~-1--

':~.:, ~·,tJ~ ;'.~t:~ /?::';; ·i~~:, :;.9'4~ ;"s• 'ADD' 

ADOwCARflY 
'AOC"' 

SUSTRACT 
'SUB' 

StJ9niCAílílY 
'!OC' 

.. , , µ,Bl'f Af¡JTHM¡;T!:J. Af\!O LOG!C 
TABLc !;,3-G 

. ·;·- ''.·' 
; ..... 

---,-... ~~·- --·-·------·s~~·f~: 

_Jr.1.; sa 
d 

DO 
UE 
d 

Do 
00 
d 

DD 
PE 
d 

6" 
d 

ro 
Cf 
d 

rn 
9) 

ro 
Gf: 
d 

CE 

rn 
n 

DE 

• 

".::'.";':· 

.~~·"'·~j.:i~~;~' (~~.~·.. ~;:l!i)~· ;,d ;¡:, ··•,r,\ l :1~·¡ ::~ ~·11' ¡; ,:,;~·~;.~ ;:¡tjl:: 

. "\• i . \ .. ~ ': 
t., • : !.:• :.i _ •1'•;!. ,,. : : · ·t:e9att~;·'NÉ'G;' 

~l~l:;·¡\i-;;·~:~,:,_.>.;·_'.~_-_·.. • w-==:.,.<. 
',, ,· :. ::11í1 ~· ' .. 

·•' :• ·" ·,.-,:·· ' ,..: . ' 'J. 

ry Fl.i:!.t 'SCF' 

':, t q-lr \, ·¡, :·'·•! :~·i:.::. ~-·~··~·~ 
)1 ';i. ·: 1 ·. - . \ ¡'·· .. ,·¡ '.'' ' 1 ; . ~ '.'¡.' ; ,¡' • • • ' '., ;:~1.;¡t '."•" 1,t 

• .. _..:· ·;, ·:.· 1: .. ,._--:.GENERAL-P_UTflAfB'~S-.,._Er-A.!,,Ol'EÁ~~IOflS ,;·:.·,,-::: .. :.1:.· ._,.,., ,,1,,,,,, ·:.1.;c 
'•! .• ¡,¡ "' 11 PI .• ·, l.:.C. y..>"'"# 

. ' ;; ~ . 
,. ·~' . ' ,:,:1i 

.i.i .. 

·,,,::, (:lj ... :! ' ;.i ~. 1'•:\.,.(:,;¡¡ \'¡o 1 _;¡ 

• 1,:1 : 1,:.. :·,; :·i.t . ·:c. '.·1 ~\ ii.:.~·l::1;~ 

¡· .. • :·'.>: 
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'ADD' 

AllDwCARilY 
'ADC' 

IUBTAACT 
'SUD' 

!._ .. ;.; -

,., '. ;:~. P<.''· . '1 ~ i '~ \ 

. :;,;.;,· 

SOIJACE 

REO. 
AEGISTER ADDllESSINO INOIR. JNOEXED IMMEO 

A ~ 8 ··e;· o.. .É .. 11 fHLI llX+dl 11'1'-td! 

.;•,· 

' :~~'"' "rio' ~ ... ' 
D'f 5-~ . ' 

1 ,: 
¡. ·'1:·' 

t1 BIT ARJTHJ\lf:TICAf'JO WGiC . 
' " . "TABLE G.3-G . 

• · l<!gml ÍI«, 'NtG' 
f2"trvlt1t1fen-<'!l'lll 

-::-~ 

'CuroplemchfCmy"tt~,j~CF' }}~tf '', 
Set Carry fll!L ·sr.F' 

DO 
no 
d 

DO 
OE 
d 

DD 
00 
d 

DO 
OE 
d 

FO 
llO 

_rl 

rD 
Uf. 

" FO 
Eli> 

" ro 
N'. 

" 

cu 

" 

.l. 
.._..,, 

:,.· ! 

't j ."\ ~ ':;;.'; .. ·:· 

~ ,.!•: .,
1
·.,,·\ 1 •.• :''.J•i·'•\ .. \!;'·•!::·: .•. :.r.•,~; 

·:·, <.GE.NEAALPURPOSE AF ÓPEílAYIOriS" .. ,.. i:;F ~y.i.:. ·:i.. . . ",. 1:~:·,,, ·¡._: 
.·,;

1 
1-' · TABt:.E·G.3-7' .. -, ~-i\i.tt··.:. \. ··-.. -,''. 'l~~f'~'- '/º 
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DESTINATIDN 

ROTATE ANO SIUFT 

!O URCE 

llC DE 

HL 09 ,. 
'M>D' IX 00 00 

09 10 

IY FO FO 
00 10 

ADDl'llTU CAílílY ANO tlL ED EO 
SET FLAGS 'J\OC' 4A 5A 

SUBWITHCARRYANO llL EO ro 
SET FLAGS ·soc· ., 52 

mcntMErH 'U'JC' OJ 13 

OECflEM[NT 1)[C' O!J 19 

1G OIT AfllTHMETIC 
TABLE 5.3-B 

HL Sl' IX IY 

29 39 

DO 00 
3'J " 
FO fD 
J9 20 

-
ED ED 
6A 7A 

EO EO 
G2 72 

23 J] DO ro 
11 23 -

ZD :ra DO FO 

'" w 

A major capab11ity of tlic Z-80 b 1t;; ah1llty to rot:..itc or ~hift data m thc ar~umulator, ;1ny general pui­
pose rcgi~lcr, or any mcmory lo~alion. Ali of lhc rot.Jtc a111J shift OP -.:udc.\ are fihnwn in table S.3·9. Also 
included in thc Z.80 are a1ilhmctic and logic:il !lhift opcrations. Tlu::sc opcration.'\ ar~ uscful in an cxtremcly 
wiJc raugc uf applh.:aiiuns induJing iuti..:p.:1 111ultiplicat1011 and U1Y1!>iu11. Two liCU dir,it rutatc 111strui;tiuns 
(RRD and RLD) allow a digit in thc acrnmulator lD he rotatcd with thc two dir,its in a 111cmo1y location 
pointcd to by rcgistcr poir llL (Scc figure 5.J«lj. T\ic'e imtructiom allow for cfficic111 BCD aritlunctic. 

!llT MANIPULATION 

The abflily to set. resct and test indi\'ldua! bi l:i in a rcgister or llh~mory location is nr..:cJt:d in :Jlmost 
cvcry program. 'llte!:c bits may be Jlags in a general pnrposc software routine, imlkatiuns ofe.xtcrnaJ con· 
trol conditiom or data packed in to memof}' locations lo make mcmory utilization more cfficient. 

Thc Z.EO hac. thc ability to set, rc:,ot or test >11y bit in thc accu111ulato1, any ¡;c11crat pWf<»e rcgistcr 
or any mcmory location with a single i11strudi011. Table S.3·10 lisis the 2·10 inslmctiom that are available 
for this purposc. Regi:.kr ..,,Jdrc~ing 1,;Jn specify Lhi.: accumulator or any general purposc registcr on which 
thc opcration is to be perfonned. Register indircct and indexed addrcssing are available to opera te on 
externa! memory locations. llit test opcrations sel the >ero flag (Z) if the tested bit is a zero. (Re fer to 
section 6.0 for furthcr explanotion of llng opcration). 

JUMP, CALL ANO RETURN 

Figure 5.J..11 lisis ali of the jump, caU and rcturn instructions implemented in thc Z-80 CPU. A jump 
Is a branch in a program wherc tite progrnm cotmter is loadcd with thc l 6-bit value as 1pecificd by ene of the 
tluec available addressing mudes (lmmcdiatc Extended, Relative or Register lndircct). Notice that the jump 
group has severa! diffcrent conditions that can be spccified to be met before the jump will be made. lf 
these conditions aro not mct, the program mercly continuos with the next sequcnfül lnstructlon. Thc 
cunditions ar~ ali dependcnt on the data in the lhg registcr. (Rcfer to section 6.0 for dctails on thc flag 
rcgistcr). The immediatc extended addressing is used to jump to any location in the mcmory, This ;,.. 
struction requires tluce bytes (two to specify thc 16-bit addrcss) with thc Iow arder uddress byte first 
followed by the high order addrcss byte. 
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ROTATES ANO SHIFTS 
TABLE5.3-9 

~ -l•hC ....... 

~ ~-· """.c. ...... 

~=-Y 
[.¡:J-~ ..... 
B·-~11 ~~:· ... ~-... 

COd;- ¡J .... 
11.,,.1 ... _ 

ro-~ .... -·-
·~ ~~tu '1-·~ •i-"o lttll ~:-~' 

~' 

~••u:'.';'º" 
" 

Far cxamplc nn uncondltion:tl Jump to momory !OC<1tion 3E32H would be: 

Address A ~3 OP Code 
Atl 32 Low arder address 

A+2 3E High orücrnddress 

Thll relative jump lnstructlon uses only two bytes, t!ic ::econd byte Is a slgncd two's complement dis· 
placement írom the existlng PC. 11ús displacement can be in the rnnge oí+ 129 to • 126 and is mearured 
from lho addrw oí the lnstruction OP code. 

Thtee typcs of re¡¡ister lndirect jumps 3¡e also inc!uded. Thcsc imtructions are implemcnted by loading 
lhe register pai.r HL or one oí the iJldex registcrs IX or !Y directly in to the PC. Tlús capability ai!ows far 
program jumps to be a function oí previous calculations. 

A call is a sp:cial form oí a jump where dte addms of U1e byte following thc cal! instruction is 
pushcd onto thc s!llck bcforc the jump is mnde. A return instructlon is tite reverse oí a caU because thc 
data on tite top of füe stack is popped diiecUy into tite PC to forrn a jump ndd1ess. The caU and return 
instructions allow Cor simple subroutino and interrupt handling. Two spccial return instructions have been 
inciuded in the Z.80 family of com¡>onents. Thereturn írom intcrrupt instruction (RETI) and the return 
from non maskabie interruvt (RETN) are treatcd in the CPU asan unconditionai rcturn identical to the OP 
code C9H. The difference is that (RETI) can be used at the end of an interrupt routine and nll lr80 perlpheral 
chips wiU recognize tite exccution oí this instruction for proper control of nestcd priority interrupt handling. 
This instttiction coupied with tite Z.80 peripherai deviccs impicmentation simplifies tho norqial retwn from 
nested interrupl Without this feature the following software sequence would be nere«;ary to inform the 
interrupting device that the interrupt rouline is compicted: 
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llEG. 
omm HtOl'llfD 

co ;¡g 'º " "" "' "' co "' " ca 

" 'º " " " " .. " . 
" ~o· 

"' Q CIJ 
CiO 

"" "' " cu en ~ ¡>' 
ff .. fi FA " re ro " " " 

BIT MANIPULATION GROUP 
TABLE 5.3-10 
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Disable lntcrrupl 

LOA, n 
OüT n,A 

l:-.11;1l>l1.• lntl'rrnpt 

Return 

-- preven! interrupt befure 
routinc is cxitcd. 

-· nohfy periph\!ral lhat '>CrV1~c 
ruulin~ b i.:ornplctc 

'This seven byte sequence can be replaced with the onc byte El instruction an<l thc two byte RETI instruction 
in the Z80. Tilis is importan! since inte¡rupt service tirne often must be minimize<l. 

To facilita te program loop control the instruction DJNZ e can he uscd advantageou,[y. This two byte, 
relative jump instruction decrements thc B re gis ter ami thc jump occurs if the B register has not been decre. 
mented to zero. The relative displacement is expressc<l as a signed two's cornplcment numbcr. A <imple ex­
ample of its use might be: 

Address 

N, N+ 1 

N + 2 to N t 9 

N+!O,N+ll 

N+ 12 

JUMI' 'JP' 

JUMP 'Jíl' 

JUMP 'JP' 

JUMP 'JI'' 

JU~~ '.r." 

lnstruction 

LD B, 7 

(Perform a sequen« 
of instructions) 

DJNZ -8 

(Next lnsuuction) 

VN· 
corw 

r.:1 
IMMEO. nn n 
EXT. " 
llELATIVE PC•o HI 

.. i 

!HLI u 

REO. llXI DO 
ltlDIA. E9 

flYI FO 
E9 

c"1mv 

OA 
n 
n 

33 
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Conu11c11ts 
; set D regi~ter to cmmt of 7 

; loop to he pcrforrnc<l 7 times 
; tojmnp frum N t· 12 tn N + 2 

CONOITION 

----
NON NON rARITV PAlllTY 
CA.RAV ZERO zrno EVEN OOD 

02 CA C2 EA E2 
n " n n " n n n n n 

3() 21! 20 
•·l .. i •·l 

SIOtl 
NiG 

FA 
n 
n 

·---- - --
'CALL' IMMEO. 

EXT. 

DECREMENT 8, 
JUMI' IF NON RELATIVE 
ZERO 'DJNZ' 

RETURN REGISTER 
'RET INDIA. 

RlTURNFROM REO. 
INT'RETI' INDIA. 

RETURNFllOM 
NON MAIKAULE REO. 

INT'RHN' INDIA. 

llOTE-CERTAIN 
FLAGI HAVE MORE 
THAN ONE PURPOSE. 
RE FER TO SECTION 
6.0 FOR DETAILS 

w oc t)4 e,; e: t:C 
M n " n n n n 

n n " n • . -
PC•• 

ISPI C\I ca DO e¡¡ co u 
ISPtll 

ISPI ED 
ISP+11 40 

fSl'I EO 
ISP+1) 45 

JUMP, CALL and RETURN GROUP 
TABLE 5.3-11 
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"I'able 5.3-12 lists thc ciHhl OP codes for thc restar! instructiun. Thi> instruction is a singk byte call tu .my 
ofthc eighl addrcsses listed. Thc simple mncmonic fur these eight calls is also sh.iwn. The valuc uf tlti> 111· 

sUuction is that frcqucntly uscd ruutincs can be c..tl1L•d witl1 this ill:ill ut.:t1un to 111inimi1• nH:mory u~gl!. 

e 
A 
L 
L 

A 
D 
D 
A 
e 
s 
s 

IM'UT/OUJl'UT 

~ 

OP 
CODE 

aoco,, C1 'ASTO' 

0008" a ·nsre· 

0010 .. 07 ·nn 16' 

001Du Df 'AST 2 ... 

0020,, E7 'AST 31' 

-· ·---
ooiu.. EF 'RSTt:O' 

OOl<\, J7 ·nsr 4U' 

OOJSu ff 'AST SG' 

RESTAílT GROUP 
TABLE 5.3-12 

The Z-80 has an extensive llJt of Input and Output lnstructlons as shown in table 5 .3-13 and table 
.S.J.14. The addressing oí the Input ar output device can be either absolute ar reglster Jndlrect, uslng the C 
rcglster. Natlce that In the reglster indirect addresslng mode data can be transferrcd bctwccn thc 1/0 devices 
ami any of tlse interna! registers. In addition eight block transfer lnstructions havc been implemcnted. These 
irutructlons ll!I! similar to thc memory block transfers except that they use registcr palr llL for a pointcr lo 
the mmory source (output commands) ar destination (input commands) while register Bis used as a byte 
countcr. Registcr C holds tite address oí tite port for which tbe input or output command is desired. Slncc 
register il Is eight bits in length, thc 1/0 block transíer command handles up lo 256 bytes. 

In the imtructions IN A, n and our n, A the 1/0 device addrcss n appears in the lower half of the add· 
ras bus ('\¡-A-¡) whlle tite accumulator contcnt is transfemd in the upper half oí the address bus. In all reg­
istcr lndircct input OU!pul instructions, including block 1/0 trnnsfers !he coillent of rcgister C is tramferred 
to the lower half ofthe address bus (dcvice address) while the content oí registcr Bis transferred 10 the 
upper halí oí tite address bus. 
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INPUT 
OESTINATION 

Cl'U CONTROL (;!{QUI' 

IN?:.JT Gfi()U? 
"f/;SLE !i.3·-1: 

SO URCE 
PORT ACDílESS 

!~,'\MEO. HEG, 
INUIH. 

(ni {CI 

ULOCKINVUT 
COfr'oMAN03 

TI1e final table, table S.3-15 illustrates thc ,¡x gcncrnl purpoyo CPU control instructions. Th• NOP isa do· 
nothinr. illl1ruction. Thc HALT imtruction rnspcnds CPU <>J"'rnl1011 11ntil a suh,cq11ent interrupt is r~ccived, 
wlille the DI and El are =el to lvck 0111 nn<l º"'"'' intcrru¡i1°, The thr"·~ ir.tmupt mc:b com1nonds s~t t!io 
CPU into llllY of the thrce ª"ailablo interrupt response modos as follows. lf modc wro is 1et the 'intcrrupting 
device c.an insert any instmctiou on the dat.a bus aud allow !he CPU to cxccute it. Mode 1 is a slmplifieü 
mode whcrc th~ CPU automatiCJUy cxccutci ~ ¡~start (RST) to location OOJSH ::.o that no cx:~rnal Jtrudware 
is m¡uircd. (Tite old FC ccintent is pushed onto the ,1ack). Mode 2 is the m0>1 powerfuJ in that it allows for 
an lndlrect cal! to any location in memmy. With this mode thc CPU fonns a J 6-bit memory address where 
the upper s.¡¡¡u aro the cotllent of reg)rter 1 nnd t!1e lower 8:bits aic supplled by the interrupting device, 
Thls addrct.s point¡_to thc fiw oí two sequcntial liytes itl a tabfo whcrc lhe atldres.s of thc service routine is 
located. The CPU autouiatically obt:iins the startlng address and p<!rfonns a CALL to this ncldress. · 

Address of lntouupt {. ~-, . ~ínter to Jntcrrupt tablo. Rcg. 
servke routinc I u uppu address, 

Períphcral supplies lower address • 
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'OUT' 

'OUTI' - OUTl'UT 
IDOHL.Doob 

'OTIR' -OIJTl'UT, Ir.o HL. 
Dac B, REPEAT IF 0"'6 

'Ol/T1Y - Otm'tlT 
DacHL&B 

'OTDR' - Otm"JT, O.• fil 
8' B, REl'fAT IF 1110 

SOURCE 

A 

¡'MMEO. (n) 01 
n 

REO. (C} ED 
l>!ll. 79 

REG. (CI 
irw. 

ílEO. (CI 
mo. 

REO. (CI 
lNO. 

Rf::G. l::l 
INO. 

'----v--" 
POAT 
DU'TlNATION 
AODRESS 

o 

EO 
41 

REGlSTER 

e o 

EO ED 
.(3 51 

OUTPUT GílOUP 
TAOLE 5.3-14 

"llOP' 

ll>lAGLE ti.o \'llll' :~~~;l.i; 
l!l'IA!ll.l! lllT '(El)' : ~':;~~ 

··~:«,Jv~;i 

IET lllT lllOOE O EO 
'IMO' .(4¡ !lOOOA !rolle 

E 

ED 
69 

_, 

SET INT MODE 1 ED 
CALL TO LOGATICH OCllllH 'IMl' 56 

H 

ED 
61 

KTlllT MOOE 2 ED INDIRECT CALL USlllO REGISTl!H 

L 

ED 
69 

·- 6E 1 ANO 8 BITS FROM INTERRIJl'l'lNO 
OEVICE AS A l'OINTEll. 

MISCELLANEOUS CPU CONTROL 
TABLE 6.3-15 
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REO. 
lND. 

lllU 

ED 
AJ 

ED 
03 

ED 
AD 

m 
00 

> 
BLOCK 
O\ITVllf 
COt.a1AIWll 



-BLANK· 
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6.0 FLAGS 

Each of thc two Z.80 CPU Í'IJg rcgislers contains six bits uf information whid1 are sel ur resct by 
vnríous CPU opcralions. Four of thesc bits are tc~tablc; lhJt 1:..' thcy a~c. u sed as 1:onditiu11:::. lur 1~111p, t;;..i\I 11 r 
rclurn instructions. For CXJtnplc ;¡ jump m:iy bl! dcsircd only 11' a ~pec1f1c bit in thc ílag rc~btcr 1s ~et. Th1.· 
íour testa ble flag bits are: 

1) Carry Flag (C)- TI1is llag is thc carry from thc highcst arder bit of the accumulator. For examplc, thc 
carry llag will be set during an add instruction whcrc a carry from thc highest bit of thc accumulat•ir 
is gcnerated. This llag is abo set if ;1 borrow is gcncr;1ted during a subtract1on instruction. Thc shift 
and ro tate instructions also affcct thís hit. 

2) Zero Flag (Z) - Thls llag is set if thc rcsult of thc opcration loadcd a zcro into thc accurnulator. Othcr· 
wisc it is resct. 

3) Sign Fbg (S) - TI1i< llag is in tended to be uscd wilh signcd numbt•rs and it is set if the rcsult 
of thc opcration was nr.gativc. Sincc bit 7 (MSB) rcprcs~nts thc sigo of the numbcr (A ncgative 
numbcr has a 1 in bit 7), this llag stores the statc of bit 7 in thc accumulator. 

4) Parity/Overllow Flag (l'/V)- Tiiis dual purposc llaglndicatcs thc parity uf thc rcsult in thc accumulator 
whcn logical operations are pcrformcd (such a> ANDA, B) and it rcprcscnts overflow whcn signed 
two's complcment arithmctic uperatium are pcrformcJ. Thc Z.80 ,,,,,11luw flag indicatcs that thc 
two's complemcnl numbcr in lile acl:unn1ii1lur is in cnur sin¡;c it híi~ excccdc<l thc maximum pos-­
sible (+ 1 ~7) or h lr's thrn thc minimnm p1miblc (· I 2R) number than can be tcprcsentcd in twu's 
complement nutation. For cxamplc consider adding: 

+120 = 
+105 " 

0111 1000 
0110 IUUI 

(' = O 11IU0001 = -'I) (w;un~) Overtluw ha' uceured 

Hcrc thc re~ult is incorrect. Ovcrílow ha~ ot.:i:urrcd ami yct thcre is no carry lo indicate an error. 
For this case th(" overflow llag wuuld be set. Also cnnsider th!! addilion of two ncg:!CÍ\'C' numbers: 

.5 = l 111 1011 
·lú = 1111 0000 

t' = 1 11101011 = -21 correct 

Notice lhat thc an¡wcr b. currcct but thc cany is set m th:it this flag can not be uscd asan ovcr· 
llow indicalur. In this case thc uverlluw wuuld not he sel. 

For lugical o¡r.rotio11s (ANü. OR, XORJ this !lag 11 s,•t if thc pinity of thc re,ult is evcn and it Is 
rcset if lt is odd. 

Tliere are also two non-tcstablc bits in th•: tfag registcr. lloth uf thcsc :ire uscd far BCD arithmctic. Thcy are: 

1) Hall' carry (H) - TI1is is the BCD carry or borrow rc1Ult from thc lcast sip,nlficant four bits of opcratlon. 
Whcn usin¡¡ the DA.\ (Decimal Adjust lnstructiou) this tlag is usc<l l<J corrcct thc rcsult of a 
previous packed decimal add or snbtrnct. 

2) Subtract Flag (N)- Sincc thc algorithm for comcting BCD opcratlons is differcnl far n<ldilion or 
subtraclion. this flag is uscd to spedfy what typc uf instruction was c'ccutcd lilSt su that thc 
DAA opcration will be correct for eithcr addition or sobtractiou. 

lhc Flaµ rcgistcr can be accesscd by the progrnmmcr and its format is as folluw;: 

1 s 1 z 1 X 1 H 1 X lr1vl N 1 e 1 

X meam llag Is indetermlnatc. 
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Table 6.!l-1 Jic,ts how e;ch n·,g bit is afí•,ctod by variousCPU instructiom. ln tl1is table a"" indicates 
th,1t thi.! in.:itrndion doc..: 110t ch'..!llf'.C t!H: f1;:1..~, ~n 'X' mc.:tll'i th:it thc fhg <;;O('S te. :m inrtctcrmi!\3tc st~te. <.1, '01 

m:ans thnt it Is n:sct, ~ ·1 1 me-ans that it i~ s-:.·t and thc symboi 't.' itH\kJtcs th:JI it is set or rm;et accordin~j to 
thf! previous discussion. Not1! 1h H ~'llY imnruction not nppe:iring in this tahlc Juo:s not affcct ar1y cif the t1Jgs. 

Tabfo 6.0-1 irn:ludcs a fei,v ~p~cbl c;nJ'.. that niu:.t be d~'S(rilE~d i0r cluity. Mmicl' l11;1t thc blo...-k s~arch 
jmtruction sets thc Z füir, if thc last fOúip:~tc Up-Jtation inüic:ited :J match bctw.:rn tl1t: !iOurcc- <1nU tlw 
accumuJ,tor d.ltn. Also, thc pori\y fl:i~ is cot ;¡ th·' byte counicr (rcgistcr pir llC) fa nut cqual to zero. Thi·; 
s3me use of thc parity fü1g is madc wlth tl1·.:: block mov~ !nstrnctiow. A11otlwr ~pcci.il t:~sc is dming hlot.l: 
input or output instruction::, hcrc tlH· Z fhij i:; HseJ to indic:ili.; thc 5t;;t0 of rcgi\ter B which is usl.':d <i:.. a bytL' 
countcr. Notio' thot whcn ti:e 1/0 hlocl: l"11iof,,; is wmpklc, !ht• ""º r,.,~ 1·1ill b< Ct1>:t 1u '' ""º (i.e. Jl"O) 
wh.ik in th:; Cl'.i~ of a blocl~ mov1.> . .-om1n:ind tli.~ p:uity fhg i~ tc:·;·,:t \'.'l!1~11 t!it~ opi.:ra!!ün is i.:uri1pl1~k~ A final 
case fa whcn tlv.: rcfrcsh or i rcght1.. r ¡,, }1J:Hh:d illto thc ar;cumuhtor, tít..: int-.:rru¡it ~;1:l!.J1~ rnt, flop is lnnd,::á 
intv thc p:trity ffal_; sCJ tJiai thc cna3.plctc.. ~(:lll' of thc r.PU crn be s:wed :1f. any time. 
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lnmuction e z L NH 
ADD A, s: AOC AJ V o 1 B·bit add or add wilh cany 
SUD" SBC A,'· cr s. N[G V 1 1 8·bit subtracl, suLtm:t wilh carry, comp:t(C 3nd 

ncg~te accumulator 
AND1 
OR s~ X!JR s 

INC1 
DECm 
ADDOO,u 
AOCllL,u 
SBCllL,u 

o 1 p 1 
o 1 r 1 
• 1 V 1 
o l VI 
l ... 
l l VI 

1 VI 

o 1 
o o 
o f 
1 1 
O X 
O X 
1 X 

} Logical operatlons 
And $et's diffcrent flagt 
B·bit increment 
8-0it decrement 
16·bit add 

RLA; RJ.CA, RRA, RRCA 
RL m: RLC m: RR m; RRC m 

o • • o 
o 

o 

16-blt add with carry 
!Hit rubtí3CI wilh cury 
Rotate 1ccun1ulalor 
Rot.tte and shffl location m 

SLA m:SRA m;SRLm 

RLD,RRD 
DAA 
Cl'L 
SCF 
CCP 
INr,(C) 

o 1 I' t o o 
1 I' 1 " 1 

• o • o 1 1 
o Q) • o o 
o• •O X 

Rotate dlgjt left •nd right 
Decim:.l 11.djust accwnulator 
Complement acom1ulator 
Set cany 
Cornplmu:nt carry 
Input 1egister lndirect 

INI; IND;OlTTl;OUTD 
INIR; INDR; OTIR; OTIJR 
IDl,LDD 

o l p 1 o o 
•!XXIX 
o 1 X X 1 X 
<>XIXOO 
•XUXOO 
o 1 t 1 X 

l ll!od: Input wd outpul 
Z •O lfD *Oolhe""is• Z • i 

l Wocl: tnnafcr lnsl:Ucllom 
LDIR,LIJDR P/V • 1 ifDC i6 O, othcrwlse P/V •O 

mc-d; ::m:h in•lrt:.o:tír.ni C1'1, CPIR, CPD, CPIJR 
Z u 1 lf A• (llL), ol/'.crwlsc Z •O 
P/V • 1 lf ne+ O, othcrwlsc P/V •O 

LDA,l;LDA, R 

BITb,1 

offf!OO 

• 1 xlx o 1 
1 1 V 1 1 1 

The contera of lhe intcuvpt crublc fllp.flop (IFI') 
Is copi<d lnto lhc P/V flag 

The statc of bit b of loc>tion 1 ~ copied in to U1< Z l?og 
Ncgalc accumuh:lor NEG 

The íollowin¡ notatlo.n h us.cd in th!.s h~h!e: 

Sjmbol 

e 
z 
s 
P/V 

11 

N 

. 
o 
1 
X 
V 
p 

r 
• • u 
a 
D 

"" .. 

Carry/link tbt'f. C•J iíthe or.:ntlon produced 1 ra"ry fnrrn th~ MSD or th.!! opci.md or ttJull. 

Zcro nrz. Z•J lf tho mult o(t}\copuallctt lslt'fO, 

Slgn DJC.S•l ICthc MSB oíl.!!.a mult lt o:ir>. 

Parlty oro~rflow Oag.P.ulty (P) aeci OJtrtlow (V) sh1m lhe ume llfc. Lo¡lcal opcntiol!1 affecl thlatli¡ 
wlth fbc pa.rhyof tho re~t whlJ= &dthmctk opcraUoma!fcct thi•fba•ith thc C)V(lftow ol~ re1ult. lf f(V 
hold1pari1r,YN•l lf thc ~rultof tticcpc:ralkm Is m:n,fN•O!CrtwII h od<J. lf P/V holds O'fUflow, P/V•I 
l! &!211 roalt of Die Dpftttlon prod'lltOOd an owrflow. 

thtt-cd'!I')' ~.11•1 itt= a.dd Df u~tn.:t op.::al/.on ~odi:oo! a c.rtr lnfo l'.íf ~row tlt'm inlo bk 4 of rhc ac~ror, 

~/SUbtnct ni,¡.tf'"l (fth:p¡~fot.11¡;¡>C.U.lior\Wd..ll JUbl.r4Ct 

H aad N flap lll't u.ed In conjunctJen wttll tho dtdmil ldjust 1n,1ructfan (DAA) to propedy COft'CCt the n:· 
n.Jt lnto pachd UCD ronnat r~a: iufdltion or subtnction ut!ng ~ wtth pad.cd BC'D formal 

'Iba O.., b aft'.:dtd acc(lrdlnÍ to tht mult oí lhc op::ntion. 
?be flag is undangt:d by tbe ope:ttfon • 
The fta¡ ts ruat by the opmtiou. 
Tbo 4a¡ 11 Mt by fhe Clp(Btion. 
Tbe fbgts. udcn'tcm,• 
P{V fba: 111eeUid actording to t.hc anirnow nniJt oíthe operition, 
P/V tlq affec:ttd 1t.eotdfn« to the perlty resu!t orth~ CPp'etatlon. 

Arl)' ono ortheCPU reghtenA. P,C, D, E, H, L. 
Any 1-tiit Jocalton '°' cJ.l ltre addrmlns mod~ a!J-owcd (or U'le putic:utu imtru.:tiun.., 
An.y 16-bit loatlon (or all lho kldrc:um, mode1 dlowed (or th.!I ínstrucdm1, 
t'J;;bªC:~~:¿wo lndex ttt{stc:n IX or JY. 

6'l>ll ..iuo i. ""'° <l>. :m> 
16-b!t Wlluoinn.ap<o, 65515> 
Any 8-blt loc:ation füt all tho •ddtttsinl: mo1es allonJ for 1hc patlfculu insnu,1ton . 

SUMMARY OF FLAG OPERATION 
TABLE 6.0·1 

41 



·BLAHK-

-42-



7.0 SUMMARY OF OP CODES AND EXECUTION TIMES 

The following section givcs a sunun:uy of thc Z..&l irutructions set. Thc instructions a1c logically arrnngcd 
inlo groups as shown on tables 7.0.1 lhrough 7.0.11. Each table shows lhe asscmbly langt"1gc mncmunic 
OP code, the act~I OP code, lite symbolic operaliun, lhe conlenl of thc flag rcgistcr following thc exccu· 
tion of each instruction, thc number of bytes requircd for cach imtruction as well as thc 11u111hcr of rncmory 
cyclcs and lhc total numbcr of T slates (cxlcrnal cluck pcriods) rcquircd fur tite fctching and cxcculiun uf 
each instruction. Care has been taken to make c~cli table self-cxrlanatory without requiiing any ""'"' rcfer­
cnce with the test or olher tables. 
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F1'p Qp.code No. No. 
Symbollc "' olM 

Mnemonic Oprnlion C Z P/V S N 11 76 50 llO Dylt't CydeJ 

LDr,r' ,_,, . . . . . . 01 1 ( 1 1 
l.Dr,n r-n .. . . . . 00 1 110 l 2 - n -
LO r,(lfl.) r-(Hl) .. . . . . 01 1 110 1 l 
LDr,(IX"1) ro- UX•d) . . .. . . 11 OJI 101 J 5 

01 ' 110 - d -
lD•,(IY"1) ro-(IY•d) .. . . . . 11 111 101 J 5 

01 1 110 - d -
LD (111.l,' OIL)-r . . . . .. 01 llO ' 1 2 
LD (IX<d),r UX•J).-.r .. . . . . 11 011 101 J ' 01 110 r - d .. 
lDUY>d~r (IY<,1)-r .. . . . • 11 111 IOI J l 

01 110 1 

- J -
LD(llL),n (llLI-• .. . . . • 00 110 110 2 l - n -
lD(JX+,l),n (IX+c:)-n .. . . . . 11 Olt IOI ' l 

00 110 110 - d -- . .. 
LDUY<d),o UV+dl t-n . . ... . 11 111 101 4 5 

00 110 110 - d -
•· n 

lD A, (llC) A-(llCJ .. . . . . 00 001 010 l l 

LD A,(DE) A-(Of.l .. . . . • 00 011 010 1 2 
l.D A, [M) Ao-(nn) .. . . . . 00 111 010 ) ' - . -- n -
LD(llC).A (BCI-A .. . . . . 00 000 OIO 1 2 
LD(D~l.A (OE)-A o • . . .. 00 010 010 1 2 
LD(Ml,A fnnl-A .. . . . . ca 110 010 ) 4 - n -- n -
lDA,I A-1 • 1 ll'fl o o 11 101 101 2 l 

1 01 ~:o 111 
UlA, P. .A-ll. ~ 1 Jrr.' o o 11 101 101 l l 

i: 
01 011 111 

Ull,A ·-· .. .. 11 IDI 101 2 l 
01 000 111 

LI> a. A 11-A .. .. 11 101 101 2 2 
01 001 111 

Nota: r, .. nwa11n7ofthe io.0Jtn1A, n,C,O,E, H.L 

IFP lhe contenr ort.M inlnrupt en&ble rup.noC' (IFF) ii copitd Jnto tM P/V n11 

Ali Nocatioa: • • f1ac not affecW, O• Q.q mt'I, J •na; •I, X• ftl¡f b mknoft., 

, • O.,hdf"'"41<""11ia&lorl .. ...WlotU..opcr.alloa. 

a.BIT LOAD GROUP 
TABLE 7.0·1 

No. 
olT 
Cyclt1 Commtnu 

' r, ( .... 
7 000 B 

001 e 
7 DIO D 

19 011 E 

100 u 
IOI L 

19 111 A 

1 

19 

19 

10 

19 

19 

7 

7 

13 

7 
7 
lJ 

9 

9 

9 
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lltp ~ ... .... "'· .... 
S1mll<l1Jc 

~. " "'" •" - O,.u1kll e z " 11 1• .so 110 ., .. l"rrk>ll ~., .. Ca!llml'llll 

lD ... M Ol•a .. . . . • 00 4tO 001 " 
,., 

00 " OI ... 
UJIX.• u-.-1 • JI 011 101 " ID llL 

llJ 100 e.JI 11 " 
UtlY,M IY-~ 11111101 " 00 HlO CVI 

LVK!...fan) H-Cnrt•I) • (('] J~I Oltl J " L-t<t"I 

U>ied.(aa) ... --·· .. 11 101 JOI ~ti 

Hi_-(!!a) tlrlJltlll 

. ·I· . .. 

1 
Wl~.t.tr.I l"tt-C=tlJ . . . 11 011 1~1 . n 

IXL -tMl t.11:'.lltllll 

1 
U11T,(~;.) ;111··•"'"º 11 Jll hll 

1 

' "' IYL -1·.a) tl(IJOIDIO 

t.nviai.WL fll;l\•1)-H CtJf.:"JO!O ) 
1 

" ¡ron)-L 

lD(t1.11),JJ ~•1)'·4"¡, .. 11.0l tal ,, 
1~ .. 1-'411. t'J,•''"'1'11 

th!Mt,IX (IAl•ll-IXH JJOll llll ;.J 

¡~)··''1. ~\I IM 11111 

- . 
l0t11~), IY (1'1111)-ll'K ... . . llill IJI "' (r=)•·IYt 00 IC'O OJO 

1DC1,lU.. S?..-lfL . • •I• . lllllC:JI 

U>!l,IX ''""' 11 011 llH .. 
lllllNI 

t?Ul',IY :::'~·17 Jllll !Cl lü 

11 111 tal .. "" PU~Yt (&'·1J-e4t_ 11~'!'1 11 "' '" .,...,,\ .. ~ " DE ....... mr-»·"t. . . •I• .. 11011 UI ] IS 10 llL 

(JP.l) ... 11'q i1 WO ID-1 lJ Ar 

Pl':i.'1111\' f~?:-"'1 .. . . . . 11 111 1e1 ' " (Jt•IJ .. IYn 11 100 uu ..... ~-fai'IJ . .. . . . 11 t'4'8' teJ 1 •• .... . ..., ...... ........... . llotl 101 l .. 
lXt.-•> 11 IO<J OOJ ..,..., '"" .... º . .. I• • 11 lit 101 1 .. 
ryL .. CRP) 11 1{10 001 - d.illtlllJl/•("'9~ ... JC.Dl'..ltl..~ 

".,_,.otllM~ ... AP,JC.Dl,HL 
P'A..,.."~'*•lllifl..,_.b9ffftrc-'.¡blbit1orm,~ibl«pilr1"J"'Cliwly. 

41C'L•C.Af'u•A 

.... -. ••n..91a1dfktlid,O•n.,rtMI, 1 •(lqHI, X• n1.1 l1untno•lt, 
ttt,,i. .... Mtonli,.:tCtlht1~l1oftlitoprmton.. 

16-BIT LOAD GROUP 

TABLE 7.0-2 
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flop Op<'.odo 

Syrn~ r, 
Mnrinnnic Oi><n•""' ( z V S N 11 7b .\4) llO 

1 X 0[, HI. DE·· lll . . . . . . 11 JOI 011 

1'X AF. AF' AF ·• Af' . . . . . . 00 001 000 

>XX . . . . . . 11 011 001 (nMf) 11 IL' 

EX(SP), 111. 1104 lSP+I) . . .. . . 11 100 011 

l•·ISPl 

r.x cSP), IX IX¡(•fSPtll . . . . . . 11 011 101 

IXL .. tsr1 11 100 011 

FX lSPl, IY IY
1
(·15Pt 1) . . . . . 11 111 101 

IYL ... tsr1 11 100 011 

:(j) 
LOI 1DE)•· 1t1L1 . . 1 . 11 o 11 101 101 

OE .... ta:+I 10 100 000 

llL - HL+ 1 
oc·.- lH.'·I 

LDIR iOU-lllll . o . 11 o 11 IUI 101 

{)f. •·Ut:•I 10 110 000 

llL - llL• 1 
IK' - lM.'.I 

Rl;'pUl\¡.'\lll 

~· "º 
<D 

l.OU WU-t\lU . . 1 . u o 11 llll líll 

01- - o~·-1 lll 101 000 

HL-tll-1 

te:. m:-1 

LUU~ 1on ... 1Hu . . " . " o 11 101 101 

01::-u~.-1 IO tll 000 

111.-Hl.·1 
IM..' ... Dt'·I 

Rcpc:aluntil 
..,- •O 

<Z (]; 
rr1 A·1llL1 . 1 1 1 1 1 11 IOI 101 

HL -llL•I 10 100 001 
!){' ... Br-1 

C: CI 
l'fll A-lltl.) . 1 1 1 1 1 11 101 101 

HL-llL+I 10 llD 001 

IX'-"C'·I 
RtP'o·alunlll 

.o\" tlll1 or 

11('. o 
aa; 

C'PD A~ OILI . 1 1 1 1 1 11 101 101 

llL-llL·I 10 101 001 
D<·-ac.1 

e¡ <t 
!'POR A-tHLi . 1 1 1 1 1 11 101 101 

llL-HL·I 10 111 001 

0('-11<"·1 

ft1:pnl•fil 

A• tUL1 °' 
llC•O 

Notn.i CD p,y n:ia ¡,o ir rtlr lfflll o( RC·I • o. otherw~ PfV. 1 
CD /.flaJ1,JU'A"'Otl),uthc1'1o11tZ•O. 

1'o. 1'o. 
oí o!M 
E y ka Cyclu 

1 1 

1 1 

1 1 

1 ' 
l 6 

l 6 

l • 

l ' 2 • 

l ' 

l ' l 4 

2 • 

l ' ¡ ' 

' 4 

l ! 

l 4 

1'118 Nou.tiolU •.:. füg nlll afk~tcd, 0 • fl,ag Ttlt.!I, 1 .. ílq M:t. X.• fl.aJ IS unkno .. , 

1 • ll.aJ "~rrcch~d :u.:~·ord1rt1 lo lhC" ~lt of ~ optnlt<l1. 

"º· orT 
SUln Conmirnll 

4 

' • Rrzister b&nk Uld 
&ux11!uy rtgUtcr 
banlr.cxcMnge 

19 

ll 

ll 

16 Lol.dOILJinlo 
(DI::), 111uc:mcnt tbe 
potntc11and 
docrem1:nt lhi: byla 
l.'.OllnWt(llC) 

21 lf 8C "'O 
16 lrBC •O 

16 

21 lfDC,r.o 
16 l!Ul"• o 

16 

ll lfDC •O ond A" (11 
16 lrDC•OotA•(HlJ 

I~ 

ll lfDC"0 .... A"IH 
16 lfDC•ONA•(lfJ.) 

1JtCHJ1.NG! GROUP ANO BLOCK TRANSFER AND SEARCH GROfJP 

TABLE 7,0.3 

Li 

LI 



r·lap OpCod« 

P¡ 
No. No, ""' Sym- of º'" aCT 

Mnemonic Opera don e Z V S N 11 16 50 210 Oytts Cycl<s Stalrt Commtftta 

ADDA,r A-A+r 1 1 V 1 o 1 10 ll!lEiJ r 1 1 4 r ll<¡. 

MJOA,A A-A+n 1 1 V I o 1 11@jj]110 ¡ ¡ 7 000 B 
001 e - " - OIO D 

ADDA,(llL) A .. A +(f{LJ 1 1 V 1 o 1 IOf®li] 110 1 2 7 011 E 

ADD A, (IX•d) A.:..A + (IX+d) 1 1 V 1 o 1 11 011 101 ) s 19 100 11 

1 
10 ((ill 110 

101 l 
tll ,. 

- d "-
ADDA,(1\'•d) ,\.-f,t(f'¡'t,:l) 1 1 \' 1 o 1 11 111 101 l s 19 

10[@110 

- d -
AOCA,• A-A+s+CY 1 1 V 1 o 1 [!j] 'i11ny of r,n, 
SUB~ A-A-1 1 1 VI 1 1 (fil), fl)(+d). [ijj]J 

llY•JI a\ -.hown f 
SDC A,1 A ... 1'-s-CY V lilll º' 1 1 1 1 

ANDt A-A /\ 1 o 1 I' 1 o 
ORs At-A V 1 o 1 p 1 o 
XOR1 A-A•• o 1 p ¡ o 
Cl's A·• 1 1 V 1 1 

INCr r ... ,+ 1 . 1 V 1 o 
INCttll) OILJ-UiLJ+I . 1 V 1 o 
IN<' (IX+d) (IX+dl- . 1 V 1 o 

(IX+di•I 

INCUY'-11 UY+dl- . 1 " 1 o 
HY+dl + 1 

DECm ~m~I • 1 V 1 1 

1 
1 (@] 
o IIiill 
o fjT¡j] 
1 IITil 
1 ()(1 r IIlliiJ 
t 00 llO[llii] 

1 ti 011 101 

oo ttofI]fil] 
d . 

1 ti 111 IOI 

00'11o[@ij) 

- d ". 
1 mm 

1 1 

1 l 

J • 
) • 

4 
11 

ll 

ll 

AIJll in,Uudion 

Thc tnJkafcd bth 
tcpl»U) thl! 000 In 
U14 AOU wtabov 

mi111l!7olr,OIL 
llX•d>.UY+d)¡¡, 
•huwn fOf INC. 
5.Jml' fonn.il ,mJ 
~1.it~" ., INC 
11.cpl~·t ltHl1¡1,·i1h 
IOI m Qtt ~·°'k•. 

Noertt: lbo V l)'mbol In thc P/V n.,, cohtmn indi1,;.¡lt=• th.11 thi: PI\.' nas ~·ontains tht 0\'(fnow or Ut<.• f\'IU.ll or lhl! 
Qptr11Jon Similarly the P11nibctlh1dir;atc•parily, V• 1 mc;in1ow10uw, V• O n1un~ no1 uv~rl1'1w.l' s 1 
meAtU pU11)' Of thc 1c1.ult h cvtn. f' • 0 mt;in~ pJnly of lh~· fC\Ult i\ odd . 

..... Nobll.mu •• flag not arrccted, o. "'ª rt~r. 1 "na~ tri, X .. nai: I\ unknown. 
1 • Ote h afüclcd ;m;otdill¡ to thc n!'Uif Of thc op>!rJllOn. 

S.BIT ARITHMETiC ANO LOGICAL GROUP 
TABLE 7.0.4 

47 

). 



l'b¡:s Op-Code 

P¡ 
No. flo, No. 

SymboUc o! olM olT 
Mnamoalic Opmtloo e z ., s N u 76 50 210 Bytes Cyci.. St11e1 Couunr.ats 

DAA Convcruacc. 1 1 p 1 . 1 oo rno 111 1 1 4 Dcclln&l adjutt 
contcntlnto 1C1:Umulltoi 
pJ<lr.ell BCD 
followiq: add 
otsubuact 
wtt.h pa.clcd 
BCD cper;nd1 

CPL A-A .. . . 1 1 üU lGt 111 l 1 '. CO'T!l)l!'m1"1\t 
tceumutator 
(one't complemen t) 

NEG A-0-A 1 1 V 1 1 1 11 101 101 2 l ll tk¡:atc acc. (lwo'1 

01 000 100 coniptrlll"nl) 

CCF CY~CY 1 ... o X00111111 1 1 4 Compttment cauy 

~CT CY•-1 1 . •• o o 
uor No orcration . . .. . . 
HALT CPU halted .. . . . . 
DI IFF~o . . .. . . 
tl IFF~I . . . . .. 
IMO Set lnlcmipt . . . . .. 

modcO 

!MI Set lntemipt 

l 
. . . . 

model 

1111 S41t h1!uwpt .. . . . . 
mnde2 

Motes: IFP lndJcaW tbo lnt~rrupt ensbSG ~fiop 
CY lndla.101 !he eany !Up-fiop. 

00 110 111 1 1 

00 000 000 1 1 

01 110 110 1 1 

11 110 011 1 1 

11 111 011 1 1 

11 101 101 2 2 

01 000 110 
11 101 101 l l 
01 010 110 
11 101 101 2 l 
01 O!I 110 

f1ea Not&Uon: • • tlq not tfít1:ted, O• 11A3 rcscl, l • fiag•ct, X• 114811 unlc.novm, 
t • l1a3 b afl'"~ acco11ll11g to tho re1ult or the ~erulon. 

n.s 
4 ~tc.ury ~ 

.¡ 

4 

4 

4 

8 . 
8 

B 

GENERAL PURPOSE ARtTHMETIC ANO CPU CONTROL GROUPS 
TABLE 7.0·5 

48 



Flap O,.Coolo 
bOlbolle 

11•- Optratloe 
z "' 

5 N H 76 50 110 

ADDHL, • HL-HL+• 1 •• • o X 00 ul 001 

AllCHL, • llLo-llL+ m +C'I 1 1 V 1 O X 11 101 101 
01 ul 010 

!ICHL, m llL~lL-A.cY 1 1 V 1 1 X 11 101 101 
01 ..o 010 

ADDIX.PI' IX-IX+pp 1 ... o X 11 011 101 
00 ppl 001 

ADDIY,rr IY....n'•n 1 • • • o X 11 111 101 
00 ni 001 

lllC. m-tiJ • l . . .. . . 00 "° 011 

lllCIX IX-IX+I . . .. . . 11 011 101 
00 100 011 

lllCIY IY .. lY• 1 . . .. . . 11 111 131 
00 100 011 

ose u S3~ca.J .. • o .. 00 ul 011 

Dl\CIX IX-lll· I ... . . . 11 011 101 
00 101 011 

Ol!CIY IY-IY·I ... o • e 11 111 101 
00 101 011 

NMiri: sa t. AA'/ W L'nl l~t~ µl:t te. 0-f, tU ... 9 
pp 1,.ny al tlle t•¡btcr p<iR BC, DE, IX. SP 
a is aay af lht rqincr,W:n &C. DE, tY. Sf. 

!lo. No. 

"' olM 
Dy1q Cyclo& 

1 l 

2 • 
2 • 
2 4 

1 4 

1 1 

l l 

2 l 

.1 1 

l l 

l l 

Htt¡Nou.üaa; • 11na¡no:1ffr:l.:ted. o• nta r;iel, 1 • fuc\Ct. X• rta;t"vl'lt.non, 
t .. n.s iJ arrc~tcJ M:«Jr4in& lo lh• rcQIU of ~ ~rition. 

1&-BIT ARITHMl!TIC GROUP 
• TABLE '/.o.e . 
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No. 
olT 
Su ta O:>mm111t1 

11 .. ...... 
00 oc 

15 01 DE 
10 HL 
11 SP 

15 

u M' 

""°" 00 oc 
01 ¡;¡; 
10 IX 
11 sr 

u " Í\(!',, 

00 oc 
01 DI< 
10 IV 
11 sr 

b 

10 

10 

6 

10 

10 



.,,., Op<:ode 

z p~ s 
No. 

Srmbouc º' - OpenUoa e N 11 76 541 210 llylrt 

IUCA 

~ 1 ... o o 00 000 111 1 

R1.A ~ 1 .. • o fi 00 010 IJI 1 

RRCA ~ 1 .. • o o 00 001 111 1 

RllA ~ 1 .. • o o 00 011 111 1 

Rl.Cr 1 1 p 1 o o 11 001 011 2 

OO~r 
lll.C!HL) 1 1 p 1 o o 11 001 011 2 

a.f:E3J 
001.li9!i1110 

lll.C(IXttl) 1 1 p 1 o o 11 011 101 4 
,lllU,lilwt,UY .. 11 (l1J 011 

~ d ~ 

C.J tlfilJ 110 
llLC(IYttl) 1 1 p 1 o o 11· 111 101 4 

11 001 011 
~ d ~ 

ooliiifil110 

RLm ~ 1 1 p 1 o o [fil]] 
•••.(Nt.J.Ull~~Wf'41 

RRCm ~ 1 1 p 1 o o li'iiII 
..... $ll{\1"1 .• ~~ 

RRm LG:§J 1 1 p 1 o o @m 
~·•.fllt~Jlll•().fll•4t 

SLAm ~ 1 1 p 1 o o CiliJil 
••1.(ll'll,llX~""" 

SRAm ~ 1 1 p 1 o o mm 
••r.OIU.IU...._(JYW) 

SRLm ~-a 1 1 p 1 o o ITiil 
•••.4lll~llX"'!.ITTl<J) 

RLD ·~~u. 1 p 1 o o 11 101 101 i 
01 101 111 

·~~· RRD 1 r 1 o o 11 101 101 2 
01 100 111 

.,., Notadm: • • Ciq not aff~td, D • nq re set, l • na, Jet. X• n., lt untutJwn, 
•• nt¡ lt atfccted acamlina to lhe mutt or tbc optntim . 

• 
' ' 
ROTATE ANO SHIFT GROUP 

• TABLE 7.0-7 
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No. No. 
ofM orT 
Cyclcs Stlln Commn.ts 

1 • flota te ~ft dlcuJu 
ac.cumul.ator 

1 4 Rotate ldt 
accumuLtlor 

1 4 Rohte rlg.hl clrculu 
accumuWot 

1 4 Rollle ri'¡hl 
aiccumulalor 

2 B Rolde Jdl circular 
rqbtcrr 

4 IS r llo¡. 

000 e 
4 2l 001 e 

010 D 
011 E 
100 11 
IOI L 

6 23 111 A 

fnsttuclion fonnat an 
states are u &hown 
for fll..C,m. To fonn 
lfjj OP-codo replac. 

of RLC,m ~·ith 
shown codli 

s 18 Ro1ate di1\1 Ion an4 
daht botwoz:a the 
ao:umulalor 
and tocation (HL), 

s 18 'fbe COJlti!nl OÍ thf. 
"l'P"h~lolll>< 
accwmvlltotb 
mulfcctld 



Fb&• Op-("C<lc 
~ .. r, No. 

a,.- ol ollf - Opo- e Z V S N 11 16 543 210 nrt~s ey,"' 
artb,r z-1b . 1 X X O 1 11 001 011 l 2 

01 b ' 
lllrb.(JI!.) z-liii\ . 1 X X O 1 11 001 011 l J 

01 b 110 

IBb,(IX+d) z-¡¡x.;¡i¡, . 1 X X O 1 11 011 101 • 5 

11 001 011 - d -
1 IX 

O! b 110 

D!Tb. CIY+dl z -nv;;J). . X O 1 11 111 101 • ~ 

11 001 Oll .. d -
01 " 110 

SETb,r rb ... 1 .. . . . . 11 001 011 2 2 

fil] b ' 
S2'rb,01Ll UILlb-1 . . .. . . 11 001 011 l 4 

fil] b l IO 

sttb,(IX+dl (IX•dl¡,-1 . . . . . . 11 Ull l(H 4 " ll 001 011 
d -

fül b 110 
SETb. (IY +d) UY+d)b-1 . . . . . . 11 111 I01 • 6 

11 001 011 

d -
!Iil b 110 

RES b, m ... -o ITQJ 
m=r,(llL), 

(IX-td), 
(lY-tJ) 

H0MJ: lM tfO!!lt!inn 'b lod;J,cat:t1 bU b lO to 1) or \oQl:tfos L 

ftlllitu&IU.W •• ~fto)ta.ffKteJ,0• fü¡u.-;:r, I ,.flq.cL X•r.iifli 11~. 
t ,. na, b aft'"i:ctic4 ~B to lbc n:11Ult of thc tipc:ration. 

mT IIET, RESET ANO TEST GROUP 
TABLE 7.G-8 
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No. 
olT 
sutes e.a.-
8 ' ll'9o 

000 o 
12 001 e 

010 D 
011 E 

lO 100 11 
101 L 
111 A 

b blcTcabd 

lO 000 o 
001 1 
010 l 
011 J 
100 4 
101 s 
110 6 
111 1 

e 

lS 

2l 

ll 

To fonn new OP· 
code rcplacc9ii}! 
ofSETb,m wl 
¡m. Aip on~ lime 
Ualtl forSET 
lnttructfon 



Flll(t 1 Op-Code 
No. 

S,mbolic ~ of - {)pc:rllion e z V S N 11 76 ~] 110 Byttt. 

Jhn f'C ... nn 11 000 011 

1Pu. nn H'ccr.ditloncc . . . . . . 11 " OIO 
iJ1rnr.f'C-nn. :¡ othuwl:.: 
rontfr11.H; 

+ ! ' JR~ ~C ... ·J'C• ~ . . . CO Oll C~.<1 

1 

+ 
~ -:~:! 

JR.C:,c f!C,.O, . .. I • . w 111 c.:a 
t\.l.lfinu~ 

1 

•· r-Z .. 
lfC• I, 
l'C•-l"C•c 

.1. JRNC.c lfC""I, . G"l llO W-0 
'<Xllmu.· 

1 ¡ · •. <-l -- i 
1r e-~ o. ! 1 1 2 
l~ •·.!''-'+.: 1.1. . !· ·1 :· ::: ·~' JR.Z,e lf7. .. t) . 
C\l!llirlU'! 

1rz • 1, 

.1. '¡ "I 10<1 UJ•J 

re-re• f: 

Jll. PlZ,c 1r z .. 1. 
(C!Jliuc:h" ! 11 · ,.¡ • 
1rz "º· ['(' .... re. e 

.1 •• 11 W(llll f{' ... 111. !Ol ¡1,)1 

JP(IXJ H' •IX 
1 

11 Ull :o! 
11 IUI 001 

Jr(IY) fl'-IY 11 111 101 

11 tOI C'j1 

DJNL,e ll-U·l . l\O 010 C:f.<Q 
lrB•O. ¡- ,.¡ conlin~ 

1 
f!!l l"l'. 
PC-f'C-t>e 

Noi.u: e: rtptl'1eáU lh.: ltACtru!on i:i Un:- 1dztffl! .idJri:nt11g ltfOl'z. 

ie 811 ligntd l"tJV'a a>mple.mcnl awutts !a L'le n.op <-lU. t29> 

~1 w U.e opwd~ PI"º'"~"'~ effectJ·1e ad.d10.1 el...,.. -fe .u re¡, 
~:Mdb:r2pi-Wcr tolb-:!M1dil~ofc. 

No. 
ofM 
Cydu 

1 

1 

fb;Nobtico.: • • n~ nut •ff.:.ctrd. O .. tto-:,: mct, 1 ,. fb; s:t. X., ft!g ¡, -cnln:iwn, 

t .. f4$ M atJ'ecttd M'tontin1 lo IJrc tcsclt ol b qu-1•tiai. 

JUMP GROUI' 
TABLE 7.0·9 
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No. 
ofl 
St.atN Commtnts 

IO 

Condillcn 

10 000 NZnon a:ero 
Clll l tero 
010 t./Cnoncury 
011 e wry 
100 POpuu,. odJ 
101 l'Epuíty C't'Cn 

1 
110 p !lr,np:mlivc 

ll 111 M 1~mgJf1H' 

1 
lf ~on.1Hfon r.ol m..:I 

1 

ll lf rtmdi1:on U mC'I 

11, ••n•hllon n1't u~el 

1 

1 !l 
lf~ond11wn 1' m.·t 

1 
., 

lfumdllwnn~lmtl 

1 
¡¡ H ~·1-.-Wlliun l"l m~I 

lf rnnd1liun r.ot n:~ 

" llrnn.iitiun rncl 

l(IJ. o 

IJ U-' D t' D 



flap Op-Codt 

~ 
No. No. 

Symbollc ol orn 
Mn- Opt111ion e Z V S N 11 76 $0 llO By res Cyd"' 

CALLnn (SP·J>-rc11 
. . . . . . 11 001 101 l ' (51-l)~L .. n -re...,, - n -

CAl.Lcc,na lrcondllion . . . . . . 11 '" 100 3 l 
a:ilfWc .. n -ccntlnue, 
Oiberw!ic - . - l ' 
'"'"'" CALLnn 

ll.ET re¡_ -<sr¡ . . o . o . 11 001 001 1 J 
rc11 -t..S.F'+I) 

REToc Jrcond!t!on . . . . . . 11 "' 000 1 1 
ce ll falte 
contlnur-. 

1 l othcrwl~ 
ame u 
llET 

llL"II t\llLLrn, ÍlUl.i " " ' ' " ' ll Wt 101 ., 
' lntr.mipt 

01 001 101 

l\ETN ~~~tbii . 11 101 101 2 ~ . . . . . 
lntmlJpl 01 O:l;l 101 

RSTp (SP·l)o-i'Cll . . . . . . 11 t 111 1 3 

(Sl'-l)o-l'CL 

rcn~o 

rc1."" 

' 

Fkl;NoWkm.1 a• n.,noi lfíeded,O• nt:rn:t, 1 • ílna sel, X .. fbgl! unknoiOl 
t • f'hc b affc,tcd &ecotdlns lo \he s:mlt e! tho ~atlon. 

CAU. ANO RETURN GROUP 
TABLE 7.0-10 

53 

No. 
rirr 
SU In CommtnU 

17 

10 lícc 11 r.iJs~ 

11 Uccltlruc 

10 

l lfcch r.ise 

11 UccbUUe 
<C CCJNtillon 
000 NZ non nro 
001 z . uro 
010 NC non cany 

11 011 e cury 
100 ro pitil)' odd 

14 
101 PE puttyovcn 
110 p ~poilth-o 
111 u ~oc;:tl~ 

l1 

~ ~ 
001 0811 
OJO 1011 
011 IRH 
100 lOJI 
101 2811 
110 3011 
J1l 3811 



,.,, .. Opo.Cod~ 

~ 
No. No. 

IY•ltoUc ot olM -... O~iation e Z V S N 11 76 54) lJO Gyr~ Cyd" 

IN A,(n) A-(n) . . . . . . 11 011 011 2 ) 

- n -
INr,!Cl r-tCl . 1 p 1 o 1 11 101 101 2 ) 

lfr•llDonJy 01 r uoo 
the fb&1wiU 
be afftcted 

J 
INl (111)-(C) X 1 X X 1 X 11 101 IOJ l 4 

D-B· l IO 10-0 IJIO 
llL-llL• 1 

INlR (IJL)-(C) X 1 X X 1 X 11 101 101 ¡ 5 
D-B·l lO 110 OIO orn ... o: 
HL-HL+I ¡ ., 
Rc-pn.tun:.il (lfll•O) 
~·o 

lú 
IND (Ull-lCl X 1 X X 1 X 11 101 JOJ 2 4 

U-D· 1 10 lúl 010 

l!L • IIL· 1 xi 1 INDR !llL)-IC) X X 1 X 11 JOI 101 2 s 
B-D~ 1 Jo 111 úlO (ll~:J -~ OJI 
llL+-HL·I 

1 
P'-"pe.tt uniiJ ([flJ•(oJ 
B•O 

OUT (n),A (n)-A . . . . . . 11 (JIO 011 l ; 
e-- n --t 

Ol!í(C),1 (() •-r . . . . . . 11 ICH 10! l 1 

º' r COI 

J 
Ollrl !t1-(lll.) X 1 X Y. 1 X 11 101 101 l •\ 

D-0· l 10 JüO 011 

llL-HL+ 1 

OI!R !Cl-lllL) X 1 )(X 1 X 11 llJI 101 l s 
8-ll-1 IO 110 011 (lí[J "º' 
llL-JIL • l 

2 • P.tP4tuntil (lfll•O) 
D•O 

"! 
OUTD !t1-(l!I.) X 1 X X 1 X 11 JOI Hll l ·• 

fJ-11-1 IO IOI flll 

m.~llL·I 

OTDlt (t)-(llL) lt 1 X X 1 X 11 IOI 101 2 5 
D~D·I 10 111 011 (lfll•Ol 

111.~HL·I 
2 4 

l\tpeal nntil (llB•D¡ B•O 

ttotn: © 1r1ttcmvl1orB-1 uuro1t..Zfb¡U1ct,01fmwiniti!ttt1et• 

Fbj;Holition: • • Otg nut aífet1fd.O • íll¡met, 1 • Oiir, s~t. X• n:i:¡fs unl:nown, 
t • Oa¡ Js actected actording lo lh': muU o( the opcrallon 

INFUf ANO OUTPUT GROUP 
TAllLE 7.0-11 

S4 

No. 
otT 
SUia e.e. ...... 
11 n toA

0 
... A

7 
AcctoA

8
-A 15 

12 CloA0 -A¡ 
D loA6 - AJ.S 

16 CloA
0

-A7 
DloA

8
-A

15 

" C10A0 -~ 
UlOAa-Au 

16 

16 Clo"o- A7 
UtoA6 - ,\IS 

JI CtoA(.\ -~ 
u lo A

3 
-A 15 

16 

11 ntuA
0

-A
7 

/V:c to A8 - AIS 
p c10 "u - !\-; 

U lo A. 8 - AIS 

If1 ('lo A
0 

.. A.
1 

e 10 "u .. A15 

21 {'1t.1AO-Al 

o tu A
8 

- A
15 

16 

16 ('1t1 Ali - A1 
Pto/\ü-AB 

21 t'luA0 -A7 
B1aA

8
-A15 

16 



ll.O INTERRUPT RESPONSE 

Thc purposc of an intcrrnpt is to allow pcriphcral deviccs to suspcnd CPU opcration in :in ordcrly 
manner and force the CPU to stJrt a pcriphcral scrvicc routinc. Usuatly this servicc routine is rnvolvcd with 
thc exchangc of data, or status and control information, bctwccn thc CPU and tho peripheial. Once thc 
scrvice routinc is cornplctc<l, thc CPU rctums to thc opcrntion from wh1ch it was rntcrruptcd. 

INfERRUPT ENABLE - DISADLE 

Thc ZBO CPU has two intcrrupt inputs, a ;oftw:irc maskablc intmupt anda non maskable intcrrupt. 
Tite non maskablc intcrrupt (NM!) can 1101 be disablcd by thc programrner and it will be acceptcd when­
ever a pcriphcral dcvioc rcquests it. This intcrrupt is gcncral!y rcservcd far vcry important functions that 
must be serviccd whencvcr thcy occur, such asan impcnding powcr foilurc. The maskable intcrrupt (INT) 
C3J1 be sc!ectmly cnabled ar di~1blcd by 1hc programmcr. This allows thc programmcr to disab!e the intcr­
rupt during pcrio<ls where his program has timing conslrainls that do not allow it to be interrupted. In thc 
Z80 CPU thcrc is an enab!c flip flop (callcd !FF) that is set or rc"'t by thc programmcr using thc Enablc 
lnterrupt (El) and Disablc lntcrn1pt (DI) instructions. Whcn the IFF is reset, an intcrrupt can not be 
11tccpted by the CPU. 

Actually, for purpo""s that will be subocquently cxplained, thcre are two enablc flip flops, called IFF 1 
and IFF2. 

Actually disablcs intcrrupts 
from bcing acceptcd. 

Tempornry stoiage location 
for!FF 1• 

The st•te of IFF ¡ is l"~d to cctuolli• inhihir intr.rrupts while IFF2 ;, m.od ~s a trmpomy stornr,e location 
for IFF ¡. Thc purposc of storing the !FF ¡ will be subscc¡uently cxplaincd. 

A rcstt to thc CPU will force bo1h IFF ¡ ar.d !FF2 to thc rcsct stale so that intcrrupts are disablcd. 
TI1cy can then be enabled by an E! instruction at uny time by the programrnor. Wllcn an El inslruction is 
executcd, nny pending inlcrmpt reque>t will not be :u:cepted until after !he in~truction following El has 
been executed. This single in3truc1ion del ay is necessary for cases whcn the following instruction is a return 
inslruction and interrupts rnmt not be allowed uutil the rctum has bcen completcd. TI1c E! iustruction sets 
both IFF¡ and IFF2 to thc enable state, When an inirnupt is ncceptcd by tite CPU, both IFF¡ and !FF2 
are automatical!y reset, inhibiting further interrupts until the programmcr wlshes to issue a new El irutruc­
tion. Note tlut for ali of the ptevious cases, IFF ¡ and IFF2 are lllwnys equ;tl. 

1he purpose of IFF2 Is to m-t thc status of JFF ¡ whcn a non m~ble int~rrupt occur~. When a non 
mukable lntcrrupt is accepted, IFF ¡ is reset to prevtnt furthet !nterrupts until reenabled by tho pro­
grarnmei:, Thus, after n non mlllkable interrupt 114' becn accepted, nwk!ble lnterrupts are disabled but tite 
prevlous state of IFF 1 has been :iared so that the complete state of thc CPU just prior to the non maskablc 
interrupt can be rcstoted at any lime. When a Load Registcr A with Rcglster ! (LD A,!) instruction ora 
Load Rcgister A wlth Regi1tcr R (LO A, R) instruction is cxccuted, the state of IFF~ Is copied in to the 
parlty flag where it Can be tested or storcd. -

A se<:ond method of restoring the status oí IFF 1 i~ thru the execution of • Return From Non 
Mask.able lnterrupt (RETN) instructiOfl. Since this instruction indica tes that thc non ma!kablc intcrn1pt 
strVice routine is complete, tite contents of IFF2 are now copicd back into IFF¡, so that thc status of IFF ¡ 

. jusi prior to the ncccptancc of tite non maskable interrupt will be rcstorcd automatically. 
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Figure 8.0·1 is a summary oí lhe cffecl oí differcnt htstructlon~ on !he two cnablc ílip flops. 

Action IFF¡ IFF2 

CPUResct o o 
DI o o 
El 

LDA,l o IFF2 -•Parity flag 

LD!t,U lff2 -Parity ffog 

Acccpt NMI o 
RE1N IFF2 Il'Fz .... IFF¡ 

••e" indica tes Jl(l cha11ue 

FIGURE !l.0.1 
ll'lTERílUPT ENAflLE/DISABLE FLIP í-LOPS 

a•u RESl'ONSE 

Non ~fa'>!rnblc 

/t no11ma,kabk int.,nupt will lw :t•:c,pl"d ni ali limr:i by lhc CPU. When thi.< O("CUrs, the CPU ignores 
lite ncxl instruction thll il fold1c,; and inslcau do'"" rrslnrt to location 006611. Thu,, it bchaves exactly ns 
if it had rcceivei.i a restnrt instruction but, it i!i to :1 location that i.'i not one of thc- 8 softwaa~ red;nt loca· 
frm•;. A rt:'~f;"rf ir; ff'""ff'ly ~ r:-'.dl tn ;i ~f"' rific ;i(Hrr-: in r'f'·:; o cf !;;"i:~·ir_r, 

1\fo:lkal.tlc 

111~"! CPU c:rn ht! prn¡!i;tlllnicd to ie;;p~)mt to rb~ m:tsb.blc inll'rrnpt in any OJ\t~ of tlace possiblc 
mo<lcs. 

ModeO 

'11:is moúe is identic3I to lho 8080A i11lcrmpt response molk With 1hc1 mode, the inlerrupting device 
can p!Jcc any inslruction on thc data bt~ ami the CPU will cxecutc it. Thus. lite inlerruptin3 devicc prn~ 
vides the m~~'.t imtructfon to be executcd inst~ad of the ml·mory. Oíten thi:i; will he ::i ~est:ut imtruction 
5ince th~ tntcrrnptlnz d~vic-; only ner1 !:.Upply :t !inr,k h'-;te in1truclion. Alt~rn:lth·dy 1 :.;-1}' ot~cr instruction 
such ;1s a 3 byte cal! to any location in mcmory could be executed. 

Thc nnmber of dock cyclcs neco>!l!J' to exccutc lhis instruction i1 2 rnme than the nonnal r¡umber for the 
instruction. This occu" sincc.lhe C1'U autonrntically ndds 2 wait state1 toan intermpt response cycle to 
allow surt1c!ent time to implement an extcmal daisy cltain íor priorlty control. Scction 5.0 illuslratc1 tite 
detailed timinr, for nn intcrrupt response. A!ter tite application of RESET the CPU will automatlcally enter 
lnterrupt Mode O. 

Mode 1 

When this mode has been selccted by the programmer, the_f?.U ~ill_respond to an interrupt by 
executin¡¡ a restar! to location 0038ll Thus the response is identfcal to that for a non masknblo interrupt 
except that the call location is 003SH instead of_QO~tL Another dlffcrencc is thnt tite numb~r of eycles 
requlred to complete the restar! lnstruction b 2 more titan nonnal due to the two ndded wait statcs. 
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Mode2 

This modc is the most powe1lul intc1rupt te>pon"" nw1k With a sinr,le R bit byte from thc user an 
indirect cal! can be madc to any mcmory looation. 

With this mode thc progrnmmer maintains a table or 16 bit starting addrcsses fur every intcrrupt 
service routine. This table may be locatcd anywhere in rnemory. When an intcrrupt is :1cceptcd, a 16 bit 
pointer must be formed to obtain thc dcsircd intcrrupt servicc routine starting addrrn from thc table. 
111c upper 8 bits of this pointcr is formcd from the content.• of the 1 register. The l 1egister must havc been 
previously loadcd with the desircd valuo by thc prograrnmer, i.e. LD 1, A. Note that a CPU resct clears the 1 
rcgister so that it is inilialized to zcro. TI1e loll'er eight bits oí the pointcr must be supplicd by the lnterrupt­
ing dcvice. Actu:tlly, only 7 bits are required from the intcrrupting devicc as tite least significant bit must Ir.: 
a zero. This is roquired since thc pointcr is uscd to gel two adjacenl bytes to forma complete 16 bit service 
routine starting addrcss and thc addrcms must alwa)'s start in e'ien locatiom. 

lnterrupt 
Smice 
Rautinc 
Starting 
Addrcss 
Tablo 

&úred storting addrcsa 
pointcd to by: 

IREG 
CONTHITS 

7 lllTS FROM 
1'11RlPllERAL 

Thc first byte ln the table is the lcast si~,ni!icant (low ordcr) portion of the address. Thc programmer must 
obviously fil! this t.ihle in with tite dcsircd addrcs;cs befare any interrupts are to be accepled. 

Note that litis table can be changcd al any time by thc programmer (if it is storcd in Read/Write 
Memory) to allow diffcrcnt pcriphcrals to be wrviced by diffcrcut ;crvicc romines. 

Once the intcrrupting dcviccs supplics thc lowcr portian of thc puintcr, thc CPU automalically pwhco 
the program counter onto the stack, obtains tlw starting addrcss from thc toblc :\llll <loes a jump to this 
address, This modo of response rcquires 19 clock pcri0<ls to complete (7 to fetch the lowcr 8 bits from tho 
interrupting dcvice, 6 to savc thc program counter, and 6 to obtain tite jump addrm.) 

Note that thc ZBO pcripheral dcvices ali includc a daisy chain priority lntcrrupt structurc tltot auto­
matically supplics the pr"!l!ólll\Jl'led \'Cctcr to the cru durin¡; L~terrupt ackno1111ll:d¡;e. Refer to thc Z8().1'10, 
Z80,SIO nnd zoo.ere manu~h Cor di:taih. 
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9.0 HARDWARE IMPLEMENTA TION EXAMPLES 

Tilis chapter is intcndcd to serve as a basic intruduction to implementing systems with the Z80-CPU. 

MINIMUM SYSTEM 

Figure 9.0·1 i!; a diagram of a vcry simple Z-80 system. Any Z·SO systcm must lncludc thc following 
five clements: 

1) Five volt power supply 

2) Oscillator 

3) Memory devices 

4) 1/0 circuits 

5) CPU 

tGV 

Rt!!T 

T 

CitDIT 
flOM 1----"º"'-º--->-Cleil 

1 
~~~-...,.-0-AT-A~....,. 

OATADUS OUT r .. ::~~.--.p 

1C»la Z'OQ .. F'fO 

OUlf'tH 1¡.jWf 
0..-\TA 0-\TA 

FIGURE 9.0.1 
MINJMUM ZOO COMPVTER SYSTEM 

Slnco tha Zi!O.CPU only requlrcs n single 5 volt supply, most sma.11 systenu can be implemented using 
only this llnale supply. 

The o¡¡;illator can be vcry simple sincc tite only requircment is that lt be a 5 volt ¡quare wave. For 
syllems nol running al full speed, a simple RC oscillator can be used. When the CPU Is opcrated near the 
hlgl1est posslble frequency, a crystal osclllator is generally requlrcd bccause the system limlng will not 
tolerutc the drift or jltter that an RC network will generate. A crystal oscillator can be made from inverlm 
and a few dlscrete components or monolllhic circuils are widcly avallable. 

Tite externa! memory can be any mixture of standard RAM, ROM, or PROM. In this simple cxample 
we have shown a single 8K bit ROM (1 Kbytes) belng utlli7ed as tite entlre memoiy system. For this 
exumple wc have assumed that thc Z-80 Interna! register configuration contains sufllclcnt Read/Wrile 
storage so that external RAM memo1y is not required. 
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Evrry computr.r sy~!cm ft'(!UHC~ 1/0 circuits lo :.illow it to iHtcrfacc lo thc ··real wurlJ.' 1 In this simple 
cxamp!e il is nssumc<l t!:at tho output i> ;111 8 bit control vector ancl the input i:; an 8 bit status word. Tl10 

inpul dat;, cuuhl be g.Jtcd onto tht.: tlat..I hu:> miug .my ~L:rnLuU í1!·;1:1k 1lrh·cr whil.-: thc oulput d~t:i cuu!d 
be lotched with any type of sl,ndarcl i-rL latrh. Foc this cx:nnp'.c we havc used .1 Z80-PIO for the 1/0 
circui;, This sinr,lc circuit att:ichcs te thc elata bu,;'" shown ::nd provirb thc rcquircd 16 bits ofTIL 
compatible 1/0. (lfofcr lo the Z80·l'l() manual lor d:t3iJs con the opcration of this circuit.) Noticc in this 
cxamplt.! th:it with only tlm:c lS( circuit5, a .'>1mp!e u·;t.:ilhtor ;ind .1 •,inr)e 5 'Mlt po\v~r supply 

1 
a 

powcrful compuh:r ~;n hci:n im¡il.:m~n tetl. 

AODJNG !lMi 

t,to:;t cnmputcr !,)">tcms rcquir~ ~mnl.! :1mo11n1 of cxi:1...rnal l~~;!d/Wri!c mc:mory far data stor:tuc nnd to 
implemcnt :1 "st:1cb:." figure 9.0-1 iliu'.ltr,itr~ ho\'.' 256 hyt~s uf st:itic mcmory can be ;\ddcd to lhc previous 
exampk. In tlüs c~~a.mplc tht! lll".!IihHY ;p~ct· i:; a:;su1~1;:d to be organi1<;d :!~ fo!lows: 

Adt!rr:''' 
00001! 

mtTI! 
0400!! 

fl(HJrtt: ~.O·~ 
ílOM& R!\111 IM!'l.F.MENTJ\TION D(AMPLf: 

In thls diagnun llie a<l<lre;;s spJcc is dosnib-:d in hcxidecim:tl no!Jtion. For this cxarnple, addms bit A 10 
separatcs tlic ROM •;Ji!l:C from thc Rr"J',\ spj~C so thot ll ce.ah·: ll~cd for thr chip sdect function. For 
fa•r,er nnmunls of externa! ROM or RAM, a simpk lTL dccoder will bo rcquiml to form tite. chip sclccts. 

MEMORY SPEED CONTRO'v 

l'or many appllcations, it may be de;irabfo to use slow memorics to reduce costs. Thc WAfT line on 
the C1'U allows !he Z.SO to IJ!'Crate with any speetl mcmory. lly rcforring back to scction 4 you will nollcc 
U:iat lhc mcmory nccess time rc'<¡Ulrcmcnts are moot sevc1c durlng the M 1 cycle lnstruction fctclt. Ali othcr 
memor;r acccsses have •» addillonal one half of a clock cycle lo be ccimplcted. For this reawn íl may be 
d~irable ín sorne appli<.'átíons to add one walt slate lo lhc M 1 cycl~ w that slowcr memoñcs can be uscd. 
Figure 9.0.3 is anexamp!e of a símplecircuil that will accomplisll this tmk. This.drcuit can oc changcd to 
add a single wnll stalc to any mcmory access n.~ shov.n In Figure 9 .0..1. 
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7474 

+GV 

wm -----

7474 

·~v 

¡---M• "'I 
1 T t 1 T 2 1 T w 1 T J 1 T4 1 

·~ J\..Jl._j\J\J"\ 

Mt ~..._~~~__, 

WATf~ 

FIGURE 9.0-3 
ADDING ONE WAIT STATE TOAN M1 CYCLE 

FIGURE 9.0.4 
ADDING ON&: WAIT STATE TO ANY MEMORY CVCLE 

INTERf'ACING DYNAMIC MEMO!UES 

This scclion is intendM onl)' to servo a.•• brlef inlroductlon to lnte1fei:ing dynamic memories. E11th 
individual dynamlc RAM has varying specificalions lhat will require mlnor motlificallons lo the de!¡eription 
givcn hcrc and no altempl wiUbc madc in lhls document to glve delails for uny particular RAM. Separnto 
appllcatlon notes mowlng ltow tite ZBO.CPU can be interfoced to mosl popular dynnmic RAM's are 
avallablc from Zilog. 

Figure 9.0-S illustrates lhe logic necessaiy to interface 8K bytes oí dyrnmúc RAM ming 18 pin 4K 
dynamic memorles. Thls figure nssumes ll1at the RAM's are the only memoiy In the system 20 that A¡ 2 is 
us.id to &elect between the two pnges of memory. During refresh time, all memories in the systcm must be 
read. Tho CPU provldes the p1oper rcfmh ndd1ess on lines Ao througi1 A6. To adtl addiUonnl memo!)' to 
the system it is necessary to only rcplnco thc two gales ú1at opera te on A12 with a decoder that operate:1 
on all requircd address bits. For lrugcr systcms, buffering far thc address nnd dita bus is nlso generally 
required. 
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nJW 

CE 
(.:,,.GR.t.t:atAílAAV 

PAGE 1 
(1001to 1FFF) 

CE 

Pl\OE O 
1000\1 to OFFF) 

l"IGUAE!l.IJ.G 
ltlTERFACING OVNAMIC RAMS 
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES 

IO.l METIIODS OF somvARE IMPLEMENTATION 

Severa! diffcrcnt approaches are possible In developlng software far the Z·BO {Figure 10.1 ). First of 
:ill, Assembly Languagc ar PL/Z may be uscd as the sourcc language. TI1cse languages may then be trans· 
lated in to machine language on a commercial time sharing facil!ty using a eross·asscmbler or cross·compiler 
or, in the ca.e ofasscmbly languagc, the translation can be accomplished on a Z-80 Development System 
using a resident asscmbler. Finally, the resulting machi ne code can be debugged either on a time-sharing 
facil!ty using a Z·BO simulator ar on a Z-80 Dcvclopmcnt System which uses a Z8Q.CPU direcUy. 

SOUACE 
LANGUAGE 

ASSEMBLV 
LANGUAQE 

PL/Z OR OTHEA 
HIGH LEVEL 
LA~'GUAGE 

TRANSLATION 

RESIOENT ACSEtf.01..ER 

CROU AJlSEMDLER 

CROSS COMPILEll 

l'IGUfü: 10.·1 

IMCHlllE 
LANGUAGE 

OCOUGGING 

OEVELOl'MEl'lT 
SYSTEM 

SJMULATO:? 

In selecting a source language, the primal}' faclors to be considcrcd are clarity aflll easc of progralll· 
ming vs. codc efficlency. A high leve! language such as PL/Z with its machine inde¡wmdent construr.ls is 
typlcally better for formulating ond malntaining algorlthms, but the resultlng machine code is usually 
;ommhat le:::; cfficicnt thon what ran be writtcn dircctly In ~'scmbly bnguozc, Thcsc trndrnffs con afien 
be balanced by comblning PL/Z and assembly language routines, ídentifylng those portions of a task which 
must be optlmlud and writlng them as assembly lnnguage suhroutlnes. 

Oecldíng whcther to use a residen! or cross assembler is a matter of availabillty and shorMerm vs. 
lons·tcrm expense. While the lnitíal expendlture far 11 developmcnt system is hlgher than that for a time· 
sharlng terminal, the cost of an individual assembly using a residen! assembler is negligible while the same. 
opcration on a tim~íng system Is rclatívely expcnsivc :md In a short time this cost can equ3l the total 
cost of a development systcm. 

Debug¡¡lng on a de\-elcpment system V5. a ~imu!ator is a!so e m?.tter of aveílablllty ¡u¡d expense com­
bined wlth operatlonal fidelity and llexibllity. As wlth the membly procm, debu¡;ging Is lm expenslve on 
adevclopment 'ystem than on a simulator available through time-sha1h1g. ln addition, thc fidcllty ofthc 
operatlng envlronment is preserved through rcal·tlme execution on a ZSO.tl'U and by connectlng thc 1/0 
and mi:mory components whlch will octually be used in the production system. Thc only advantage to 
the use of a slmulator is the range of criteria whlch may be selccted for such debugginS procedures as trac­
ing and settlng breakpolnts. This flexlbillty exists because a software simulation cm achleve any degreo of 
complexlty in lts lnter¡iretation ofmachlne lnstructlons whíle development system procedures have hard· 
ware llmltations such u the eapacity of the real·thnc storage module, the number of breakpoint registers 
and thc pin configuratlon of the CPU. Desplte such hardware limitatlons, dcbugging on a development 
system Is typically more produetive !han on a simulator because of the dlrect interactlon that Is posslble 
'ictween thc programmcr and the authentlc executlon of his ¡11ogram. 
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10.2 SOFTWARE FEA TIJRES OFFERED BY TIIE Z!lO.cPU 

Thc Z·SO instruction set providcs the t"er with a large and flexible repetoire oí operations with which 
to formulate control oí the Z80.CPU. 

The primary, au:<iliary and inde.x rcgistcrs can be u sed to hold the argumcnts oí arithmetic and !ogical 
operatiom, orto form mcmory addresscs, oras fast·access storage for írequently used data. 

lnformation can be moved cilrcctly írom rcgistcr to rcgistcr; from memory to memory; from memury 
to registers; or from registcrs to memory. In addition, register contcnts and !Cgistcr/memory contents can 
be exchanged without using temporary storage. In particular, the contcnts of primary and auxilary registeis 
can be completely exchanged by cxecuting only two lnstructions, EX and EXX. This reglster exchange 
procedure can b.e used to separatc the set of working rcgistcrs betwccn differcnt logical procedurcs orto 
expand thc set of available registers in a single procedurc. 

Storagd and rotrlcval of data betwecn palrs of registcrs and memory can be controllcd on a last·ln 
fust-out basls through PUSH and POP instructlons which utilize a spcciJI stack po!ntcr rezjster, SP. TI1is 
stack register is available both to manipulatc data and to automatlcally store nnd rctrleve addresses far 
subrouUne linkage. When n subrouline is cullcd, for cxample, the addrm followln¡; the CALL !nstrnctlon 
is placed on the. top oí the puth-Oown stacl: pointed to by SP. \'lhen a subroutlne returns to the caiilng 
rouUne, t1111 addre¡s on t11e top uf tho stack i> used to sr.t the progr~m connter for the nddre1s of the ncxt 
instruction. 1be •tack pointer is adju;tcd automatic::.ily to rc!lcct thc currcnt "to¡>" st•ck position durlng 
PUSll, POP, CALL ~nd P.ET instrnclion•. Thls stack mechanism allows pushdown data stacks and sub· 
routine calls to be nested to any prnctici.I depth becaure tite stack arca can potrnttally be as la1ge a; 
memory 1pace. 

Tho scqu.enc~·of lnstructlon execution can be controlled by ux different fbss (carry, zero, ugn, 
parlty/ov\?rílow, atld-subtract, half-carry) whlch rcflect the results of arithmctle, loglcnl, shlft :md compare 
instructlom. Aftct tllc cxccutlon of nn lmtmctlon whkh ""ts n n.~. thnt flag can b<l used to control a 
cóndltlonal jump or retum instruction. These instructions provlde lo¡;ic:il control following the manipula· 
!ion of single bit, ei¡,;ht-blt byte (or) dxteen-bit data q11ru1tities. 

A full set of loglcal operations, lncludin¡¡ ANO, OR, XOR (exclusive - OR), CPL (NOR) and NEG 
(two's complcment) 11ro available for Boolean opcratlons betwecn !he accumulator nnd 1) ali other elght·blt 
regi.gtcrs,2) memo1ylocatlons or 3) lnuncd!Jlle operands. 

In additla11, a fu!l set of arlthmetl.c 1111d lo¡¡!cal sh!fts in both dlrtctions are aV11Uable wlúch opera te 
on the contents of ali cl¡ht-blt prlmary registera or dttectly on zny memory location. The carry flag can bo 
inclwú:! "o!"!l.'t!pty tct by t.we !hlft l~lt!llctlons to pr0\'ld4 both the tc1tln¡¡ of wft results and lo link 
regi!tet/tegister oi r<'@.1tcr/~mo1y lhlft oi;crtti011s. 

,'¡,. ;_.,¡ ,,, 

IO.:l. EiAMfU.S Of USi OF Sff:CW. Z!lO INS'JlUlCTIONS 

A. · Let 111 wumc that a strlng of data in illmi!UfY atarting at locatlon "DATA" is to be moved lnto 
·anothér area of memory lllnrtlng al locmllon "BUFl'ER" and that thc· strlng length Is 737 bytes. ·Thls 
opératlon can be accompUshed as follows: 
l. 

LD 
LD 
LD 
lDIR 

HL,DATA 
DE ,BUFFER 
BC, 737 

;START ADDRESSOF DATASTRING 
; ST ART AODRESS OF TARGET BUFFER 
;LENGTHOF DATASTRING; . 
; 140Vll STRING -TRANSFER MEMORY POINTED TO 
; BY HL INTO MEMORY LOCATION POINTED TO BY DE 
; INCREMENT HL AND DE, DECREMENT BC 
; PROCESS UNTIL DC "O. 

11 bytes are rcquired far thls o¡w:ration md cach byte of data is moved in 21 clock cycle1. 
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B. Lcl 's assumc thal a string in mcmory slarting al local ion "DATA" ls lo be moved in lo anolher arca 
of mcmory stnrling al location "BUl'rER" until an ASCII S characlcr (uscd as slring dclimitcr) is 
found. Let's rilsn as$11nw that the m:1xirnu111 string kngth is 132 i.:haractcrs. llic upcration can be 
performcd as follows: 

LD 
LD 
LD 
LD 

LOOP:CP 
JR 
LDI 

JP 
END: 

HL ,DATA 
DE, BUFFE!l 
BC, 132 
A,'$' 
(fil) 
Z, END- S 

PE,LOOP 

;STAlfflNG ADDRESS OF DATA STRING 
; STARTING ADDRESS OF TARGET BUFFER 
;MAXIMUM STRING LENGTH 
; STRING DELIMITER CODE 
; COMPARE MEMORY CONTENTS WITll DELIM!TER 
; GO TO END 1 F CllARACTERS EQUAL 
; MOVE CllARACTER (l!L) to (DE) 
; INCREMENT HL AND DE, DECREMENT BC 
; GO TO "LOOP" 11' MORE CllARACTERS 
; OTllERWISE, FALLTHROUGll 
; NOTE: P/V FLAG IS USED 
;TO INDICATE TllAT REGISTER BC WAS 
; DECREMENTED TO ZERO. 

19 bytes are requircd for this operation. 

C. Lct us assumc thnt n 16-digit declm1l numbcr reprc•cntcd in packcd l!C[) fonnat (lwo BCDdigils/. 
byte) has to bz shiftcd as shown In thc Figure 10.2 in ordor to rncchanizc BCD multlplication or 
division. Thc operatlon can be accomplished as follows: 

LD 
LD 
XOR 

ROTAT:RLD 

INC 
DJNZ 

HL,DATA 
D,COUNT 
A 

llL 
ROTAT-S 

; ADDRESS 01' FIRST BYTE 
; SI lll'T COUNT 
; CLEAR ACCUMULATOR 
; ROTA TE LEFT LOW ORDER DIGIT IN ACC 
; WIT!l DIGITS IN (llL) 
; ADVANCE MEMORY POINTER 
; DECREMENT B AND GO TO ROTA T 11' 
; IJ IS NOT ZERO, OTllERWISE f-ALL TllROUGll 

11 bytes are required for lhis opcrnlion. 

o 

FIGURE 10.2 
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O. Lct us assume that'onc number is lo be subtracted from anolher anda) that thcy are botl1 in packed 
llCO formal, b) lhat they are "f equal but va1ying lcngth, ande) that thc rcsult Is to be storcd in tl1e 
locatlon of the minuenc!. The operalion can be accompllshcd as follows: 

LO 
ID 
LO 
ANO 

SUBDEC:LO 
SBC 
DAA 
LO 
INC 
INC 
OJNZ 

HL,ARGI 
DE,ARG2 
B ,LENGTII 
A 
A, (DE) 
A,(llL) 

(HL) ,A 
HL 
DE 
SUDDEC-S 

; ADDRESS OF MINUEND 
; AODRESS UF SU!lTRAllEND 
; LENGTH OF nvo ARGUMENTS 
; CLEAR CARRY FLAG 
; SUBTRAllEND TO ACC 
; SUDTRACT (HL) FROM ACC 
; AOJUST RESULT TO DECIMAL CODEO VALUE 
;STORE RESULT 
; AOV ANCE MEMORY POINTERS 

; DECREMENT D AND GO TO "SUDDEC" IF D 
;NOT ZERO, OTHERWISE FALL THROUGH 

17 bytes are requlred for this opcration. 

10.4 EXAMPLES OF i'ROGRAMMING TASK.S 

A. The following program sorts an array of numbers each in the range (0,255} lnto ascendlng arder uslng 
a standard exchange sorting algorithm. 
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01/22/76 11: 14:37 BUBBLE LJSTISG PAGE 1 
LOC OBH'ODE Sl'MT SOURCE STATEMENT 

•••STANDARD EXCllANGE (BUBBLE) SORT ROUTJNI: •" 

ATENTRY: JIL CONTAINSADDRESS OF !)ATA 
4 C CONTAINS NUMBER OF ELEMENTS TO BE SORTEO 
s (l<C<256) 
6 
7 AT EXIT: DATA SORTED IN A5CENDJNG ORDER 
8 
9 USE OF REGISTE R.~ 

10 
11 REGISTER ('ONTENTS 
12 
13 A TEMPORARY ~'TORAGE FOR CALClltATIONS 
14 n COUNTER FOR DATA ARRA Y 
15 e LENGlll OF DAT,\ ARR,\Y 
16 D FIRST El.EMENF IN COMPAIUSON 
17 E SECOND ELEMENT IN COMPAIUSON 
18 11 FLAG TO INDICATE EXCllANGE 
19 L UNUSED 
20 IX POJNTEH JNTO DATA ARRA Y 
21 IY UNUSED 
22 

0000 222600 23 SORT: Lll (DATA\,llL ; SAVE DATA ADORESS 
0003 CB$4 24 tOOP: RES FLAG,11 ; INITJALIZE EXCllANGE FLAG 
ooos 41 25 lll ll,C ; INITIALIZE LENGTll COUNTER 
0006 05 26 DEC B ; ADJUST FOR Tl'.STING 
0007 DD2A2600 27 LO IX,(DATA) : INITIALIZE ARRAY POINTER 
0008 D07EOO 28 NEJ\J': LO A,(IX) ; FlltsT ELEMENT IN COMPARJSON 
OOOE 57 29 LO D,A ; TEMPORARY STORAGE FOR ELEMENT 
OOOF OOSEOI JO LO E,(IXtl) ; SECOND ELEMENT IN COMPARISON 
C::l2 9J 31 SUB E ; CUMl'ARISON FIRSf TO SECOND 
0013 JOOR 32 JI( NC, NOEX-S ; 11' Frnsr > SECOND, NO JUMP 
OOIS 01>7300 33 LD (IX),E ; EXCHANGE ARRA Y ELEMENTS 
0018 Dl>7201 34 LD (IX+l),D 
0018 ClllC4 JS SET F!.AG, ll ;RECORDEXCHANGEOCCURRED 
OOID 0023 36 NOEX: INC IX ; F'OINT TO NEXT DATA ELEMENT 
0011' IOEA 37 DJNZ NEXT-S ; COUNT NUMBER OF COMPAIUSONS 

3ll ; REPEAT 11' MORE DA'J'APAIRS 
0021 CtMo4 J9 DIT FLAG,11 ; DETERMINE IF EXCIIANGE OCCURRl:D 
0023 200E 40 JR NZ,LOOP-S ;CONTINUE IF DATA UNSORTED 
002S C9 41 Rll'f ; OTIIERWISE, EXIT 

42 i 
0026 43 FLAG: EQU o ; DESIGNATION OF FLAG BIT 
0026 . 44 DATA: DEFS 2 ; STORAGE FOR DA'fA ADDRESS 

4S END 
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H. Thc following program multiplics two umignc<l 16 bit intcgcrs an<l lcave> thc mult in thc HL re gis ter 
pair. 

01/22/76 11 :32:36 MULTll'LY LISTING PAGE 1 
LOC OBJCODE STMT SOLIRCE STATEMENT 

0000 MULT:; UNSIGNED SIXTEEN BIT INTEGER MULTIPLY. 
ON ENTRANCE: MULTIPl.IER IN DE. 

MUL TIPLICAND IN llL. 
4 
5 ON EXIT: RESULT IN llL. 
6 
7 REGISTER USES: 
8 
9 

10 ll lllGll ORDER l'ARTIAL RESULT 
11 L LOW ORDER PARTIAL RESULT 
12 D lilG!l ORDER MULTIPLICAND 
13 E LOW ORDER MULTIPLICAND 
14 ll COUNTER foOR NUMBER OF SHIFTS 
15 e ll!Gll ORDER BITS OF MULTIPLIER 

·----'º A LOIY ORDER BITS OF MUL TIPLIER 
17 

0000 061" 18 LD ll, 16; NUMllER OF BITS- INITIALIZE 
0002 4A 19 LD C,D; MOVE MULTIPLIER 
0003 7B 20 LD A, E; 
0004 ED 21 EX DE, lll.; MOVE MULTIPLICAND 
0005 210000 22 LD llL,O; CLEAR PARTIAL RESULT 
0008 CD39 23 MLOOP: SRL C; SlllH MULTIPLIER RIGHT 
OOOA lF 24 RRA LEAST SIGNIFICANT BIT IS 

25 IN CARRY. 
0000 3001 26 JR NC, NOADD-$; IF NO CARRY, SKIP TllE ADD. 
OOOD 19 2'/ ADD llL. DE: El.SE ADDMULTIPLICANDTO 

28 ; PAlnlAL RESULT. 
OOOE ED 29 NOADD: EX DE,HL: SlllFI' MULTIPLICAND LEFT 
OOOF 29 3P ADD llL, !IL; llY MUL Tll'l.YING IT llY 1WO. 
0010 EB 31 EX DE,HL; 
0011 IOFS 32 DJNZ MLOOP-S; REPEAT UNTI L NO MORE BITS. 
0013 C9 33 RET; 

34 END; 
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A.C. Timing Diagmm 
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~ 
12.0 DECIY D~rc:mcnt IY 

280-CPU 
ucc" Occmmtrnt Ueq. llílir '.i'.t 

Zilog INSTRUCTION SET 01 Disablc intcrrupts 

ADCHL, ss Add with Carry Rcg. pair ss to HL DJNZo Oecrcment B nnd Jump 
relativo il B/O 

ADCA,s Add wirh carry opcrand ~to Acc. 
El EnabJe interrupfs 

ADD A,n Add valuo n to Acc. 
EX (SP), llL Exchany., the location (SP) and Hl 

ADDA,r Add Re¡¡. r ro Acc. 
EX (SP), IX Exchanrr. thn location (SPI and 1 X 

ADD A, (HL) Add location (fil) to Ar.e. 
EX (SPl, IY Exchan!J<> tho hx:ation (SP) and IV 

ADD A, UX+dl Add locatlon (IX+dl to Ac:. 
EX AF, AF' E>cchanga tho contents of AF 

ADDA, (IV+dl Add location (1 Y+d) to A.u. nnd AF' 

ADDHL,,. Add Reg. poir u to HL EX DE, HL Exchilnge tho contcnts of DE 
ond lll 

ADD IX, p¡i Add RC1J. l"ir pp to IX 

ADD IY, rr 
EXX Exchanga tho contcnts ol DC, DE, 

l\dd Rc¡i. plir rr to IV lll wlth contents o! OC', DE'. HL' 

ANDs Lo¡¡Xol 'ANO' of opcrnnd s ond Acc. "1lpCCtivoly 

DITb, (HLI Tett BIT b of loc>tion (llL) HAL7 HAL T (wait for intenupt or moti 

DIT b, UX+dl T<trt DIT bol l<>talion (IX+ril IMO :k.'"1 intorrupt mcxfo O 

lllTb, UY+dl Te>t DIT b of location (IY+dl IM1 S.t lntcrrupt modo 1 

BITb,r "ímtRIT hof Ro?. r IM2 Set intetrupt mode 2 

CALLcc, nn Ci>.ll subtoutlne at lo::.Uon nn if INA,(n) i.o..t tho Acc. with input from 

condition ce ff true dt'tkan 

CALL nn Uocond.ir.ion.:il call rubroutino t.t IN r.(C) Luad tha Reg. r with Input from 

laaltion nn dovico(C) ' 

CCF Complcmcnl ccrry O•g INC(llL) lncl<!ment foclltlon UIL) 

CP s Compota oper.md s with Ai;c. INCllC fncremcnt I){ 

ero C<lm!""c lc..:otion (lll) tnd Ac::. INC(IX+rl! l~rerr.c:'lt f~:rtion (IX+d) 

mcremmt lll ami ne 11\i:CIV lntremmt IV 

«:roR Compare lo<atlon (HL) end IVoc. 
decrumenl llL cnd llC, repoot l~.:C (IY+dl h?CremCnt toc.tlon (IY+d) 

untilBC•O INCr lncnmcnt Re¡¡. r 

CPI Comparo location (HL) and Ar.e. 
lf~o lncri::mcnt nea. pair s:. 

lncrument HL tmd decn>ment llC 

CPIR Compern foeation (llL} and Acc. 
INI> Load locotion (HLl wlth Input 

mcrement HL, decremcnt BC 
from port ICl. decremcmt HL 

rqieat until BC-0 
andB 

CPL Complemcnt Acc. ( 1'• comp) 
INOR Load locatlon (fil) wllh input 

from port ( C), decrement H L ond 

OAA Decimol adjust Ace. cfecfement B, repent until D•O 

DECm DOCl'll111Cnt operand m INI Load locatlon (HL) witl. lntM 

DEC fY. 01lCr"'11C!ntlX 
from port (C); and lncroment llL 
••d docrement O 

73 



INIR l.onl location (Hll with Input LO(nnl,A Load IOC1t>on (ovd wlth Aec. 
from port (CJ, lncrement Hl 

LD (nnl, dd Load loution (na) with Reg. pair dd llMI dlcnment B, ropcat until 
B•O LD(MJ,HL LoMI lccatlon (nnl with HL 

JP (Hll Unconditloml Jump to (HLI LO (nnl, IX Load IO<lltlon (nnl wlth IX 

JP (IX) Unconditionol Jump to (IX) LD (nn), IV Le>ad loeation (nnl with IV 

JP (IV) Unconditonol Jump to (IV) LO R,A wd R wilh Ac:;. 

J? ce, nn J.:.!mp to !c::.itlon r.n if LO r, OILI ln'<l B<!!- r wiL'1 loe;rtion (HLI 
C<lft<lition «: b tnm 

JP nn Uaeondltior.al jum¡i ttl l<>ation 
lD r. (IX+d) Lol!l At.;¡. r ,,.,;11i IOC'ltion (IX+dl 

"'' LO r, (IV+dl Lo.>d llt-¡. r with ki<.31i.;>11 (IV+d) 

JP e, e .ktmp f'c:.i!:l;\!e to f'C.•c íf C.".l~'Y"'1 LDr,n Lo.;J r...:i. r r'iiith "~~&u 

JR e Ua...-crtditkmal J~r1!p rct.at(i;) LOr,r' Lo;id )lea. r with flog. r' 
1nPC+tt 

LDSJ', lil. Lotod ~?w.itn HL 
JP PJC, e .k:;:t:·' ~~~· ... :t t.J PCte ií c.e.rry'"'O 

LO f··P, IX Load ~w \7rith 1>: 
JR NZ, ~ ,t~~ !"~.,~~ ~ r-c·~ u n>'.\li 

lor.d s~ wr<h ¡y rero(Z•Ol LDSl',IY 

JR Z, o Juu::> nl'\1)vo to PCia if wro (Z'='l) LOO lood lorAtion (DE) >"ilh locatlon 
IHLl, d:.;:r<tr.onl OE, llL •nd llC 

LDA,(!JC) l.r;.-:.1 /l.~:~..,. Y:t"¡th f·!?::ttbn, H.!C} 
LOPh Lt1~"1 ~tion {D~l wlth lnraf!:on 

LO A,IDEI Lnt>d Ai..-z. i.•Jith tocztion IDE} llll), d.o:rcnumt O~. HL and BC; 

LO f" 1 Lc:"J l'-:.:. 1:;it11 r 
rl!?fillt "'1til BC•O 

LO A, (nn! L')~d t~- wii!1 ll-eiltion rm LCI lm!d li>:>ti<>n (OE) with tDtr,\i<>n 
(l!U, iaeroment DE, IH., 

LDA,H Low A<oe. ,.,¡fü lln¡¡. (l d<>:rmimt BC 

lD (BC),A to;;-~ l=tmn (IJC) dth Aco. LO!íl LDlld IOClrti<m (OE) mth locllllon 
(HLJ, im:tem;mt DE, ML, 

LO (DEI, A Lnod laeoti<ln (Del with Ate. &.-=mmt !!i.C •nd rorwt ""ti! 

LD(Hll,n Lca-J lo<:>.tion (HLJ witl1 vslue n 
EC•O 

LO <:d, 1:<1 l<J;,j n.:.:z. p;;!; ~d \º,it!l ,_.~!t.\0 nn 
NEO fJ~u A<..~- t:z·~ cnmp!emrr~t) 

fl'OP f\'o op-eratiíX':! 
lD Hl, (n;i) ~ Hl v.--iti; lQ.W.i¡.u¡ fo,i,) 

Olh ~gJ 'OR' nr opmml s &mi Acc. 
LD (llU.r Lm.t ~¡°" IHLI wilh fle¡¡. r aron l.ood out:µut ptlft (CJ with lo:1tlon 

LDl •. A lood 1 v"1h A= IH!.I darem<1t1t HL ami B, "Pllll'· 
untll D•O 

LF 1::,nn lmd IX witit Vílhe nn 
OTIR Lood outpUt port (C) witfi loation 

LD IX, (nn) LO<ld 1)( with lonli<ln (nn) (llL), Ir.cromen! ML, d<:<;1em1."lll D, 

LO llX+ól,n Laad IOClltktn (IXtdl with vo!ue n 
"""'°tuntilB•O 

LO (IK+d),r L-S loc.ation llX+dl Y<ith Rog. r 
OUT ICl.r Lo.sd 0111¡>Ut port ICJ whto Reg. r 

LO IY,nn l.ood IY wílh va!lto M 
OUT(nl,A 

OUTO 

L~ output part (ni wlth Ar.e. 

Loed output (lCft (CI wlth location 

LOIV,(rm} Lcad IV ..,¡u. locatlcn (nnl (llL), deaement HL andB 

.LDUV+dl,n Lond location (IWd} with value n OUTI Load outp<Jt port (CJ wllh locallon 
(lll), lncremont llL and docroment 

LO {IV+d),r load loeatkm (IV+dl wlth Ru¡¡. r B 
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POP IX Load IX wlth top of stock AR m Rotato right through carry opcrand m 

POP IV load IV wlth top of stack RRA Rotate right Acc. through carry 

POPqq load Rcg. p:ilr q'.1 w:th top of steck RílC m Rotala operand m ri11ht clrcula.t 

PUSH IX Load IX onto stuck llílCA Rotala right circular Aa;. 

PUSHIV Load 1 V onto stack RílO Rotato diglt rlght cnd loft bctween 

PUSH qq Lo3d Reu. pair qq onto stack 
Ao;. and locotlon (Hl) 

RES b. m Aesttt Bit b of opcrnnd m 
RST p ílenart to locaUon p 

AET Roturn from r.ubrnutino SBC A. s Subtract opcmnd 1 from A.ce. with 

RET ce Roturo from subroutíno if condition 
Cilny 

ce is true SBC HL. u SufJtr;u:t Rog. pair u from HL wlth 

AETI Rctum from lntenupt 
C""Y 

SCF Set carry flag (C~ll 
AETN Rctum from non mnskable lnlrtmlpt 

SETb.(HU Set Bit b of IOOHÍOO (Hl) 
Alm Rotna Joft through c¡¡rry opcrnnd n1 

SETb, (IXtd) Set Bit b of l0t.1tion (IX+d) 
ALA Rotate left Acc. throuoh cury 

ALC (Hll Rotata locatlon {HU foft cin:ular 
SET b, (IV+d) S<!t Dit b of locatlon (IVtd) 

RLC (IX+d) Rotata locaitun {IX+d} lurt circular 
SF.T h. r Sot Bit b ofR•u. r 

RLC(IVtd) llo14ta locatlon (IV+d) loft cin:ulot 
SLAm Shift o¡>O"rand m loft arithmctlc 

snAm Shih opmmd m ri"1t erithmetic 
AlCr Rot.ete Reg. r loft circular 

ALCA Rota~ i«I clreulnr Acc. 
SRlm Shift opM•nd m rl¡;ht loulcol 

ALO Rotato dig!t lclt r.nd rlght botwcon 
sua. Sublntct opernnd 1 from A~. 

Acc. an<l locatlon (lll) XOR1 Excluslw "OA' openrnd 11nd Acc. 

75 



TELE VIDEO® 
MODEL 910PWS TERMINAL OPERATOR'S MANUAL 

Tele Video Document No. 8300021-001 

Fcbnmry 1982 

Copyright C 1982 by TclcVidcD Sy>tcms, lnc. Ali right• mcrvcd. No port of this publication may be rqiroduccd. 
trammhled, tnnsaibcd, storcd in a rcuic1111l 1ystcm, or 1r.111slatcd in10 any langual'C or computcr lar.¡wigc. la nny 
fonn or bf any mc1n1, ckctronk:, mtdtlnical, maanc1ic, optical, (hcmkal. manual. nr 01hcrwisc, whhout lhc prior 
writtea pcrmlulon ofll:lcVideo Syslcms, lnc., ll'IU ~Conc Avcnuc. Sunnyva!c. California 94<186. 

TcleVidco S)'llcnu, In.:. makcs no repmcntalion• or warrontks wi1h mpcct lo this m.:mll.1). f'unher. TclcVideo 
Sys.tcms, lnc. rcsenfl thc righl lo nul<c ~ang.:s in !he •p«ií~•tion• of th• prodiu:t dc..:ribcd wi1hin this manual al 
ny lime withoul nolia: &lld without ob!igalion of Tele Video Systcm<. lnc. lo notify any pcrron of such rcvhion or 
dwl:cs. 

"Wami1111: This cquil'ftll!"I ~•tales, l!!n, nrul c:m ndi:11e r:Win frcqu.~ncy cnergy. •l'.d if n<>t inzia~ and wcd Íll 
-dance wilh lhc imtn!tti<m r:mmcl tn3Y ~ imerC.:rcac.: to r.Wio rnmmunicalions. As tcmporarily pcrmilted 
by rcpdalion, it has noc bccn testcd for oomplÍIJIQ: with tllc llmits for cta.s A ccmputing de vices pursW1nt to Subp¡ln 
J of Parl U of FCC Rules, wl'lldt ~re clcli¡ned lo providc rcawnablc protcction ag;iinst sud! interfcrc-. Opcr~lion 
of lll!!s cqul~t In a relident!ll arca is 6kely la cause ln1.:rferc~. in which case 1hc uscrorhis own cspcRtCS w!ll be 
rcqulrcd to.:orrea 1he lntcrferencc." 

TdaVldoo• in registercdtradcmarllofTelcVidco S)'llems. ll!tC. 

TELEVIDEO SYSTEMS, INC. 
1170 Morse Avcnue 

Sunnyvale, California 94086 
408/¡JS-7760 



UMffEJ) WAH.llANTY AND EXTENDED '\YAURi\NTY 

STATEMENT OF LIMITEO 'WARltANTY 

l;.:lcViJc ... • Systcms, lm.:. ("TclcVidcu") w.1rrants ¡n Dhtnhutor that it~ proda(:ts, exccpt s.t1ft·.r.a1c. '"'·ill be frL:e trnm 
dd~ct~ iu llMlcrial.<i ;rnd workm;w .... hip {1 >r l!-iO (hys ,\{i..'.r sluprn~~nl l ·y 'L !~:Video. Td::V1dcn will tL'p.iii or n·plae<:, at 
ihoptil1n, ;_,nycquipment or parl\ ilrnt T~k\ id~T <li:krminc;, \\\'fL' ,\:ft.•tti\.1.: whi::n shippcil to Dbtribut{lf. Dbtributor 
ma~. p,1• . .., :dong to ih initial cmt·u ;~r l'.•bl•)llll r ( {ºq\ltHÍh•r") t!11· balance· of it" iin:itcd \\.'J.rrnnty (ll\ t:ra¡:i: on th1.'. 1ern1~ 
~nd c\)n~;11i\.rn:. st~lttd lwtr1n, 'i.!p \,) ;.i nu';i 1:rnn1 r {•;o. i.,\,, \ 1t:~~inn1ng ,1n 1li..-dn1i..: 11i ~11wme11t 10Cu·,10m~:r. Tlils \,·ñrranty 
nuy ntH b\~ further a~ .. ~íi~n..:·d. 

1f ~ ... ·r,·iu:Í<... rt.:quiri:d llmkr lhi·; m.11; ,11: \', \)jo;1.ributm tirCus1omc1 rnust: t l} notify Teh:ViJ .. ·o in" 1iti11gNhy tdl'pitOI!.' 
of thc dl'fi:ct; l~~) obtain a Tt.+~v¡,\,,;i l~1·1t.1rn t-.·1;;"tti:nal An1hrni:,h:11;1 ("RM,\") ~ nmhvr which must b: sh1wm on thc 
01¡t•;J •. k ,,! .di :-hif'pinr, \'Otlt;li:H."!'i l.!J,,i in,¡\\ LUi fL'~fl~lillÍl'Jll'l:; a11~! {~:) ·.1:nd til\' 1111Ít J,¡ "[i:J-:.:\'id:.'11 rr::i{'ii! ¡ift'paid unlc!\" 
:1thu·.1. :-. :: i1etruc1, ... d hy klc.Vhk1'. Jn m;,\...ing r1:paw;, 'lch:\/1, ·.·o v.11.l rqlL _·..; p.id:..t'> IH l'~k~~ ;>•· .'.íl ..::·•..:hangt: h:1~i·~. 
1\f1..;r rt:p.i:r. 'kk \'id~11 wi!i ¡1rcp.1y íc·: 111 ír..:112 hr d1.11 1r;.~·c;. 

;l, \)u1: lll i1;1p1opcr cnviro~Hn~·nt, c.{1).,:'\:;1w· ri,. inaJ ... ».¡a:H~ h~:.itii'í'. or Jil n10ditio11111g •. anJ ckcuic¡il ¡HlWCr 
í.1iiu1 e.,, '>lll ¡:-.:'.. 1~r oth :1 i; 1 t·~·,ul:•; ::., 

5. Dn.: to olhn ;;1:·,,~, t,,,~ •.111.i iik· ·:·P1mul 1f T·::·\:¡,}1~11, indndinr hut n•'t ¡m¡itnl 10 P:ttmal 1,;,n:'t..:i or dis;l~-
1er-,. \11.1r, in~ur1-ei:t11 · ;·i·.-il di:,! 1.11!'.HlG.''.i, lahi)f di"plltc'.>, rcqÍ1i11·n•i:n1•, o! dc111''.'-'\ic 1·1r ínri:ign govt·rn­
mcm>, :rnd •,\h •1 í;:;·1· ·1 .J:. ~··.u 1• ::1 ll~· n::.:'tr 1 ;.il \. t11ilit1.:c., ur t'lk-1 : ~· ,. 1:1\ i.:l·' 

/\n~· ;;,l;:t •.. i:.: 1 ~tr., .i1;11k .1t u;:: kk·Vil\..·11\ pre" ~lL.\'i by •,;iJ, _,nL·n. tk.d1..·; . ., tli:..!nhln11;:, nr :•r/n\\. ur.k·-·, i11 \'.'titing~i¡;ned 
l'>v an {tffo.•:r i.¡ 'idc\'i'.ll~ll . .:J., n•Jt cun·,tiH , .. \\.11t.t:1t:1.>, ..,l. .. !l ·1•t11~· r~ li•:d upnn h-.- Di~.:tih\1t1;r llf Cusmmer ;111d an• 
r,é1t piirl o( \t:;:, \<:rr;,:·1 uf.··.!:· , 

1\ll stati.:r.1c111::, tt·clioic:~! 111f .)( 111:1tion i'~··J í•. ,-.,;hlnl"ll1fatiu;:" in liti\d•1cen1·:n1 . .1H1 ! ; .. 
·;¡ ,! helicvcd to b.'. rdi::l· 1, \1ut liH: act"t1.i·a1:\' •JI mc1pk;lt':L·;-. thl'r~·li. 1•, •:· i1 

TELI:\TJ[O !)f)f~ 1•:0-r v .. 'r\H !<1v~·¡ i lt/. '. i rs •'i·:OiHJ( '.f.,,.~}{~. ; ... :~:I~::::-·.:i.~·'.'i'/. "G! y o:~~ ·~-r ;" on :\NY PA ~'!.TIC· 
lJI.,,\~·: i'L1 ~~Pt.'·.;'.:':. ·or~-\} f;,a 1' ~-]"¡ V;:;;..~U:/..~·~T\' 1:; I:\i ¡_:~:1 ! <H; ;\! t''} ¡ fft t~ •;1'1";l):J.:_.\t~T1I.~-;. L).Ttt'.~S. lMPUt:n 
OH STi\TUHll~V. TFLEYHJEO r.JAKE:-; NO WAl~H1\j•fl :i' ~l¡,,'l(...;,fr:'.'.~;; c.:¡~·:;__·;:~~:\!).·z: ,~.~¡~ t:--!)~"t'\YA~H: 
t~RODtlCTS. VVH~CH ;\~-'.E SOi .. h º/,,,·~IS'' A~~J •·VJITl~ Ai.L F:\\)lJS" 

TELE'll1>1'JJS l tAUlLlTV. rfllKl'Jfüit i>hSEJJ Oi\ co;~·n\/ .. tT. l\.l·fff. l'r'AH~ 1./l~·lT\', ~~·rracr LLHH!..lTi' (l::t 

ANY onrnr; lllEürt\', S!IALL NOT 1:Xt.'Hü 'lllE PiOC" tlF Tlfü !NlllVlllllt.L Ui'<IT w1ws¡.; O::FEl.;T OR 
IJM,L\GE w TI!.': iU ~··'' :>'" THE ''1 .All•l. IN NO EVE:ff SllALL Tl:JJó'í!lHfü m: LlAH\.E nm AM' LOSS OF 
PROFl'fS, l.OSS OF USE Uf F1\C!Ll'fff30lt EQUlPfv1EN r, Oí~ 0.\'iiEh ~Ni>lH.ECl~ lr'cn:-ENTAL o;: CO~/St·'.-. 
QUENTlhL DAMA(;Es. 'fHE l·U:tEGür:"; u:<.!1TCD Wft.i:RAcln' !'.; THF ~:XCLUSlVE REMllDY l'ROVID~:l) 
TO llISTl\llJ!JTOH ANl) TO ('lJS J'OMLt. 

1;xTENDEl) WAWI!ANn.' 

1C1eViJco nffcrs an Extended '.Y.:rranty Contrac1 on thc s<inh! tt~rms a11.J conrlitiom, as ihc original Limítc<l \Varrnnty. 
lb takc a<lva1lla~e of this Extcmfod V.'nrranty, you must sign thc E.i!:lt'mk<l_\V•\rrmlty Contrart ami rcturn ít. togcthcr 
with full paymtnt, to "IClcVidco prior to thc'i.;':ml of your norm~ll warrnnty pclirid. TI1e ntcntle<l warrnnty Jasts foronc~ 
:-;car; thc cost is $75.00. 

Tu n:ncw the extended warrnnty for a11othi.:r ycnr. thc .'\ame proct:tforc nmst he íolluwcd. 

Shipping c:hargcs arl! rwl includ .. ·U in thc Extcnd~t.l W<trranty. This is thc 011ly cxpl'n~c: ynu incur. 



TABLE OF CONTENTS 

LIST OF FIGURES ANO TABLES 

l. INTRODUCTION . . . 1 
1.1 Terminal Ovcrvicw . . . . . . . . . . . .. ¡ 
1.2 !low lo Use Thi> Manual. .......... ¡ 
1.3 Protc'CI Yoursell! ................ 1 

2. INSTALLATION .................... z 
2.1 lnuoduction ................... 2 
2.2 Unpacking and lnspccting lhc Terminal . 2 
2.2.1 Shipping Damagc ln'Ptction ........ 2 
2.2.2 Unpading lhc Terminal ........... 2 
2.2.3 ln•pccting thc Terminal ........... o 
2.Z.4 Reponing Damage . . . . .. . . . .. . .. i 
2.2.5 Rcshípping thc Ttrminal. .......... 3 
2.3 Prcpuing thc Site . . . . . . . . . . . . . .. , 
2.3.1 Powcr IW¡uircmcnts ............. j 
2.3.2 Physial IW¡uircmcnts .....•...... 3 
2." lmtallalioft . . • . . . . . . . . . • . . . • . . l 
2.4.1 Powcr Coafiguratioo .•........... j 
2.4.2 Conr:cciíng lhc Termin«I to a Corn~urcr · 

Sritem cr Modem . . . . . . . . . . . . . .. 3 
2.4.3 Coon.cdin~ '"" Tcrmfo•I !<> • Prir.1er .... 1 
U.4 Configuring thc Terminal for l~.e 

Cai.lr;:~: ~•d rrk.t.;r ......... _ .. .; 
2 .. u.1 Cbanw:ter Sets . . . . . . . . • . . . . . . .. 4 
2.U.2 Video Di>plzy ................. 6 
2.4.4.3 Composite ViJcoJum~r Opli<>:'I •.•.. 6 
2.4.U Cur~~· Loop ~io~ ..........•.. 6 
2.4 . .t.S Additwml l\fod1f1GlKm$ ••••..•••. 10 
2.S lmullalion Ch«kfül ............ · IO 

3. OPERATION •••.•..•••••...••...•. 11 
J.I lnlrod'"don .................. · 11 
3.2 Turning on tl..: Tcrmin>I .......... · ll 
J.l ~rdControls ............. ·ti 
3.3. I Kcyboanl Layout ............•.. 11 
3.3.2 Kcy ful\Cli<>tu ................. 11 
3.3.3 Cunar Control .•••••...•.••.•.• 14 
3.4 Dasic Opcrationi ................ I' 
U.I llib Coruro!• .................. 1~ 
3.4.2 Editing ................•..•.. 14 
H.2.1 ll!ockMudc .•..............•.. ¡.¡ 
3.4.2.2 C.mven•tion M<»: .............. 1~ 
3.4.3 S.:nding D•l<I lo thc l'rinl<t ......... IS 

.C. l'ROGllAMMING .••.....•....•..•.. 16 
U lntroduaion ....•...........•.. 16 
4.2 Moni1oring Control Command• ...•.. 16 
4.3 FUNCT Kcy •.•.•......•.•.•.. 16 
4.4 A&lrcssin¡:and Re2ding !he Cursor .. · 17 
U. I Addressing lhc Curwr ..•.••...•.. 17 
U.2 R.cadingthcCu:wr •... · · ..•.. • · · 17 
4.5 Visual Auribute< •........... • · · 17 
4.6 l'roo:ct Mode ....... · .. · · • .. • .. 18 
4.6.1 Application •••..•.. · · · . · · .. • · • 18 
4.6.2 Elrcct ......•..•.........•... 18 
4.6.3 Proccdure ....•.•.••....•..•.. 18 
4.6.3.1 Input ••••........ • • . · . · ..•. • 18 
4.6.3.2 l'rotcctíoo ........•.•...•..... 19 

iii 

4.7 Tah Pro¡!ramming ............... 19 
4. 7.1 Setting a lab .................. 19 
4. 7.2 L:;ing Tahs. . 19 
4.7.2.1 Typcwritcrhhs (Protcctcd and 

Unprolcctctl) .................. 19 
4.7.Z.2 Fieltl Ta"'- (Protcct"d Onlv). . . 19 
4.7.2.3 Back Tah .......... ." .......... l'J 
4.7.3 Clearing Tabs .................. 19 
4.7.3.1 TypcwritcrTab. ............... · 19 
4.7 .3.2 All Tahs .................... · 19 
4.8 Editing Contruls ................ 19 
4.K 1 Edil Modcs ................... 19 
4.8.1.1 Local Edil Modc ................ 19 
4.8. 1.2 Du¡ilex Edil Modc ............... 20 
·l.M.2 Cun<l! Control. ................ 2() 
4.8.2. ! Curwr Cor.trol Codc• ............ 20 
4.H.2.2 Normal Uncfccd ................ 20 
4.8.3 f:diting Commamls .............. 20 
4.8.3.J Charar.tcrlnscrt ................ l\J 
4.H.3.2 Chuacter De!cte ................ 20 
4.H.3.3 Litie lnserr .................... 20 
4.8.3.4 Lin;: lkktc ................... 20 
4.H.3.S Eme to F.nd off.ir¡¡: ............. Zíl 
4.R.3.6 Er~•etll Endoíl.inel'li!~ Nti!!• ...... !ll 
·l.H.3.7 Erase10EndofSae-cn ........... ;zo 
O:.t!.J.n Er~ to Entl o1 ~¡,,.,;¡¡ u;i:. NuH~ ....• 20 
4. 9 Ocar Fuooion •....•...•...•... 20 
4.9.1 OcarUnprotcctcdtoNulls ......... 21 
4.9.2 aearUn;:aro:LxtcdtoSp::ccs ........ 21 
4.9.l Clcar ScrL-en to Half·ln1c!Ui1y Sp.xc• .. 21 
4.9.4 ClcarAllDaiatoNw!J ...••...... ·21 
~.10 Oi"'bli~;ll an:t Ellllblir.¡i 1hcl<C)1>o;vd •. 21 
.:;;.H Cuis~¡ J\Uilliü~c:> ••...••••.••..• "I 
4.12 Wo:d Slr...:turc. P:trity Stning>, :nd -

~.13 
4.13.I 
4.13.2 
4.13.3 
UH 
4.13.5 
4.13.6 
4.1, 
~.IU 
4.14.2 
4.15 
4.15.1 
4.IS.2 
U6 
4.17 
4.18 
4.19 

St<>¡>Bit• ......•.....•.. • · .. • ·21 
Smd Funclion . . . • . • • . . . . •..... 22 
Semi Une UnprotCC:ed .••••..•.•. ·22 
Scnd Scrccn Unprotc<lcd .....•.... 22 
Scnd Linc Ali. . . . . . . . . . . . . . . . .. 22 
Scnd Scrttn AIJ . . . . . . . . . . . . . . .. 22 
Scnd Unprull!Clcd J\.tcsug" .•....... 22 
Scnd En tire Me1!lllgc ............. 22 
Tcrmination CharOC!n ~~ion ..•.. ·22 
l':i~ Tef!:'in~!cr . . . . . . . . . . . . . ... 22 
Une Tmnill:llor ................ 22 
rrint function Prc~nc,..¡,.::~ ....... ·22 
'lr•n'l"'frol Priftt . . • . . . . . . . . . ... ;o 
Eatcnsion (Copy) l'rittc ............ 23 
X-On/X·Of!Control ...........•. 2J 
Daca Terminal Rcady Control ....... 23 
CLtlltom EPROM A¡tplications ....... 23 
Dcll .............• ·. ·. · · · · · ·23 

S. PREVENTIVE MAINTENANCE ANO 
CARE ...... · .............. · · · · ··24 
5.1 Care .......•...•..•.•.•..•. ·24 
S.1.1 Clc:uning .......•.....•...... ·24 
5.2 Troublcshooting •.••........•... 24 
5.2.1 Testing the Terminal (SclfTest) ...... 24 
S.3 Rcpair ..••.............••.. :n 
S.3.1 Changing thc Linc Fusc ........... 27 



TABLE OF CONTENTS 

5.3.2 
5.4 

Changing the Power Supply Fuscs ..... 27 
Tcchnical Assisloncc ........ 27 

APPEND!CES .......... . . ....... 27 
A. Spccificalions .......... . .. 27 
B. ASCII Cod" Chort ........... 29 

GLOSSARY 

INDEX .. 

··········n 
............. 31 

OPERATOR'S QUICK Rl:l'ERUlCE 
GU!U'E. . . . . .......... Inside back i70H'r 

SW!TCll SETTING ltEFEftENCE 
CHART .................. lnsidc back cnwr 

jy 

LIST OF FIGURES 

2-l Locntinn of Scrcws in 1\!11nin:d Co .. er. ..... . 
2-2 Dirncnsíons , . 3 
2-3 Rcar Panel. . . . . J 
:?.-4 Switch Sclling E:t:m1pk: ü 
2-5 Logic Board . . . . . . . ........ · · 7 
2-6 Interior of Tcrmind . . . . . . . . . . . . . . . . ti 
2-7 Currcnt Llh.'P Board .. ~ . t) 

2-~i Curn.:nt Loop Bo~mJ in H.dation tn 
Loeic H11:1rd. 

J-1 l~cvb~)<Hd La\·out 11 
3-2 C0Ír.inu1\1<.:.1t1.on MrnL:s.. J.¡ 
:1"-3 Scr1:c11 l>ispby . . . . . . . . JS 
·t-· l Viúco Anribuk$ am.! ?vlonitor MoJc . . ¡,:. 
4-2 Bit Strm·turc of J Serial Dat:l Wurd . ,., 
·t-J Print rvlndl'i; .'.:~ 

1 ~, .. d •• ".' .... ' !(• ~ ~·-·· 
l' ..... t.:> ! • .. I ~· .IH!a!.-i:.'...,"J 

2-1 PJ (Co:11p11tcr lntt:rl~n·) t11n \~1l11nl'ctit111'i 
2-2 P·i (Scrii\l l'rimi.'.r lntcrfa1,:c) Pin Cll!lnc1::i111;s .. 
2-J a. s\vitclt SL·ttint;s . 

b. Switdi .Sctti1111~ írn· BaUtl Ratt·:. 
2-·1 Switch Scttine.'i ~11 SI tor C1mmwn \llonJ 

Structurcs . (! 

1-5 Characrcr S~'f J1m1pl'1 Op11011:; . 11 
2·-6 l'os~ibl.~ Currcnt Loop Coníigurations. . !J 
2-7 RS232C Terminal lmnfocc Jumper Optiom JI) 
3-1 Ft,nctk111 of l~ty~. . . . . . . . . . J ·1 

4·-1 Cursor CoorOinatcs , . . .. . . . . . . . . l ~ 
4-2 Escape s~qucrJCC'.'1 ft~f \1 i~ual Attribu:cs . 1'' 
·1-J Switch Setting!> for Parity and D:1ta Bits :1 
5-1 ·n~lul1lcshooting ·1~·m\i1tal Pmblcm~. 2.i 



l. JNTRODUCTION 

This manual w1ll cxplain hm\ 10 m ... tall. opcratc. pro· 
gram. and trouhlci;hoot ~our ncw tcrmin;1I. Thc manu:.il 
has bccn dcsigncd to hdp you u~c tlu! tcrmm.11 ca~ily 
rcgardlcss oí your pn:vious exp!!ricncc with tcrminals 

1.1 TERMINAL OVERVIEW 

The Model 910 PLUS CRT terminal i• a modular·d.,.ign 
unit. lts nonglare green scrcen with highrcsolution clrnr· 
actcr> reduces opcrator fatigue. Characters can he green 
on blnck ar black on green. 

Thc terminal includcs many deluxc fcaturcs. During in· 
stallation you can changc the terminal to onc of four lan· 
guage eharactcr sets (English, Spanbh. Gcrman. or 
French). Fifteen b•ud rates are avnilable to lit your sys­
tem requircments. An RS232C printer port allows you 
to connect au auxiliary printcr of your choice. An op­
tional current loop interface can he added, allowing thc 
tcrminol to beinst:!!ed up to l,Ol~lfcct from your com· 
puter systcm. 

Vou can selcct video ntiributes, transmission modcs. nnd 
cunor appcarance. Additional commands control pro· 
tccted ficlds, ~ditlng modcs, monitor modc. handshak· 
ingprotocol, and extcn•ion or copy print. U•ing a spccial 
"FUNCT" kcy plus ~n odditicnal ch~rnctcr ollows )'011 

to quicldy transmit a prcprogrammcd conunand <e· 
quence. Tranllilbsion can be conwr>ntinnal or block. 
cditiog can be lo;:al or dup!ex. 

1.2 HOWTOUSF.THISMANUAL 

As you progrcs• through !he manual, you will lind thc 
following chaptcr>: 

2. INSTALLATION 
S..Uing up your site for lhe terminal. thc powcr 
requircmcnts, unp;,ckiog und checking thc ter· 
minal, 5Ctting switchcs to rake advantage of thc 
optlons availablc, conliguring the terminal for 
your computcr systcm and printer. 

J. OPERATION 
Turníng on the terminal, a dcscription of the 
kcyboard and runctions or the keys, using tahs, 
cditing, w:nding data to rhe computer anJ tite 
printer. 

4. PROGllAMMING 
Controlling the terminal through oommands from 
your computer system: programmlng spccial 
f1mctions, w:uing vis.W nttributes, monitoring 
the program, loading and rcading the cul'10r po­
sition, adding custom RAM and ROM, di•a· 
bling the keyboard and primer. 

S. TIWUBLESllOOTING AND 
SERVJCE 

Pcriodic clcnning nnd in,pcction ot thi: termi­
nal. trnuhlc\hootin!! \imple pllihlcm'i (u ... ing a 
tabh: of ~ymptom~. pos'iiblc- causes. and ... olu· 
tion"}. u'ing sclf·tcst. 'icr\'h:l· undc:r \\arrant~. 

GLOSSARY 
Explanation of tcrms commonly uscd in this 
manuotl. 

APPENDICES 
Spccilications and rcfcrcncc tables. 

INDEX 
Rcfcrencc• to nrnin sub<cctions by subjcct. 

Ol'ERATOR'S QUICK !tEFERENCE 
GUIDE 
List:i ali control and ~sc~pc rommant.ls. 

Each section of thc m;rnuol i• numlx:rcd. To find a topi< 
la1cr, look in thc ir.ilcx ami !inJ the appwp;i¡¡lc ><etion. 

As you rcad the 1nanu.1I, you will noticc sorne spccial 
symboi• at tt.c lelt rnargin al thc text. l11ese •ymbols call 
)'Our attentio11 tn information of spccial importancc. Thc 
symbols uscd are: 

,1, .. ()-,,, 

e 

General note ~iving information 
to every opcrator. 

Prograrnmin~ note r,iving infor· 
mationof spccial !ignifw:ancc to thc 
programmer. 

Warning ~il'ing inlormation con· 
ccrning thc safety of the operatllr 
or pos,iblc lo" of data. Whcn you 
stt tlüs noú, l>IOP alld re1'<I tk-t 
l>Gl• lrcl'utt~ag! 

l.3 fROTECT YOURSEU'! 

When you install or test the terminal, observe standard 
•aícty precautioos (as you woulJ with nny cleL1rical or 
clcctronic equipment). Only qualificd scrvicc pcrsonncl 
sltould opcn the terminal housing. Disconncct nll po .. ·er 
befo re pcrforming any ins~ct!on or ntaintcnancc. 

lleyond thc normal prccautions, you should be awarc of 
two additional conditions: 

l. lf thc CRT tubc brcaks, always wcar heavy rubllcr 
glovesor use tongs to pickup thc brokcn CRTCrag­
nu:nts siuce lhc coating on the insidc of thc tubc is 
poisonous. 



e 
" Enn ;;iflcr the powcr is turncd off, chitrgcs are re~ 

rnincd hy tite CRT ami capocitors. i\lways dis· 
chargc lhcm to ground bcforc toucbinr. thcm. Ncvcr 
rcach into thc terminal e11dos1_1rc unlcss sonh.'onc 
c.apablc of gjving aiú is pn~.\cnt. 

Z.J lNTfü)DUC1 ro:< 

Tnis cflafilc.T v.i!i tell ~\VJ l!nv: In 1~·\f' .,.¡., r:nd rh,:ck Y-'CI 
l•:rmin:,i fnr d.-.1n1a}:;··, ci1·:\-'. p•.:s:c: <-i¡1'! '.'.rte: rc:i.¡11i;._:-
m.:nt'. .. ~nd ;-,':{ th.,; ;111.1 IH~.L1f;•...::-.: r.1.>::1~'.U•?1lil'<n~. 
A hrid d1rr~'.!i·;f :\;..: i:1·.d \". ¡!; 11i.1r ... ~ •..¡, i: ]CU 1\\1\ IJPt 
:,kip ruv p:1~1 <>fr.~ •.. in· J·:l!.iJL~: i. ,;;· 

()., • 1··!1 ;¡;; l :~ f., j¡)':( :¡jf,•d, :i ,¡q lV 1 i ¡ r·~ l (',\• J ). fC' nr· 
cr.1k t,~¡ rni11.1L Y\\tl \vi:l pr\:ba!iJ:· •w! 11;-cd ll) n.fi:r 
to 1hi~ t.:h~\fHt:r ;1gain rm! 1

:.,·; yrm mm·:: rln· l•:rm¡n:al. ! > 
:.liit1 it. (•r t:'>t: ir \:,'it~1 J11ü'• H'I \·,1,llf.H!\n .• i,.-.r~·in. 

A" }\lit :.!;ut tltl'. imt:1!!:rln:¡, \\~< ·.t·il! w~1r;t tnh1r1.:- sm,1•~ 
inf,)P;t 1iur1 ;¡;,,>lit~ our ~\unn~~l;,.: \\:·1~·n1 :·1Hl ii·, í'"n'i~· 
·: ¡ ,, ~¡,,:; '. ;¡ul i '...'(¡¡.,:¡¡;,, 

2.'! ur.~PACL~ ·{G /1!'..'!~ J;\;;:.:p~·:\"fi!'.;~: ''.'l t~.-· 

·n,,¡:~l!NM, 

1\11.·1 tiw <t:rnün:d i~ d.·n .. ·1:1T~~ f(' ';'(H!, ;,1,.:pt.c: tilc "i1t11. 

pint! ro:it;.1ii1t:r :.i~· wcll ;r, lch' l•'ffí1i!l.ll Íln"Í•lt :1:~ 1 1 ,•,.ir) 
fo!' J•11n;ig1• bdt\/ i: t.d~inG 1t to your i11..,_U!J:1lint'i snc. \';}:J 

;,lwuld ímpcct fJ¡,_; coat.:1i11i·l for nll\':rn.1•• d·,n.n<Jf:'.\' lwfn, ... 
.:cü.:pting d:.:Ji,.·.:1 y ot lÍit: u:nni;\¡;.J~ fl 1L11n:q••: i•; Íc',lm~. 
n11k it on t~I•' \'l:tj'l;;;¡ ;;:n,d ;.::qwr;_ il1·· .ldiv~t~ '\'.'.l"-:1• ~., 
:-,;g11 ibc v,.:.¡ybill. Notity f/¡1; rran-;kr lomp~ny imnHdi· 
atdy and sul.nnit ~1 ,~:rn:ta 1:e rcpnr: to ihc c;~11kr, yo:.ir 
dcak r. and l\) ~frie Vidv~>. H JJ\1t:xtc-ri~1¡ 1.farn'..11~~~ i• !.i.;nr.d, 
unp:.i..:L tite tL.rmim:I a:id ii~q.1~·c1 it for hiú¡,.k..}.;l;11:i:1¿:e. 

Cn:dnlly nnp::;r!. t!;e ll'lm;n.:.l fJl>ul tlit; shiM1ing iron~ 
wincr. Avoi.J using ~:h:up in:1trum-cn1s to open tlw f1)11 

laincr. !Ja ve rht p;1dUng oontaÍn\!r an:I rrt:-ttl'rial !or pos';¡ble 
use in n~sl1ipping thc ter minal. 

2.2.3 Irtspcding thc Termim., 

Af1.;t yotJ.'unpar.k the tcrntinal, mspcct it rhoroughiy flH 
hidUcn dama1~c nnd loo~(~ contponcnls or fitting!-. 'l11e 
insr·ection dwckli!-.t i.i; as follows: 

2 

l. Hcmu\c the terminal covcr hy n•movinr. thc ~CrC'.\'i 
umlcrnoath lho fronl hotlom ofth•: kcyi>oMd. f.if1 
up the cmcrc;m:fu!!·.· 

8 
The tc1 minal wi!! r.ow be top h..:-nvy anJ will havc n 
trnd~nc..~· ¡,--. h!f O\~r b:H:l\' .. ·ar<ls. lk :;nrc thcrc is 
suffidc::it t;ii·'.t~ 11F .. J1JL 

2. lr1spcct thi: l( yh>arJ ;111d Uí~j!ll y ...-:abinct inlcrior 
f;1r ~hippinr. i.IJ·,1 '"!r',1" 

:L Ex..1mi111.· l·.1hli: h~.:.r;w:.q_•s iw '!.tre·;~. In.hc ur hrn· 
1~ .. ~n "· iH-.~. o: t1m~:,:111 ,1[!L· !i~' •. 

'L E.t~.:.nilw ;:J\ int1.:i1nl!" ;11our~t,:¡l cwironc{!I~ fOJ 
!n1J~<.i.:rm:··•.1n,;h;J1,h~\!i,'. · 

F>¡;c·e 1--·1 l.!.~~I!tion t~rscn·~);.; hith-= 
'1~rmioml C(i\'ff'' 

Jl hiddi.~n J.;.¡magc i.l lound, irnmcdiatt'!Y 1H1tuy the lnl!l!.r· 

frr company of rl•t: d11mn¡~:·. S:H'r .. 1!1 p;1.:-king mat..:ritib 
for thc transfcr comp~my'~ iu'ipec1ion. file a d:nnagc re­
port with thc G.Ur:~·r, w1J no:ify yt\ur<J.-!alcrandl(.'lcVideo 
o( the da1m.1gc. Sinc1.: h~rms of sa~.;! for lhc tt:rminnl nrc 
FOB TckVideo, Sunnyvale. C11lifMnin. TdcVidco is nol 
rcsponsiblc for anydnmagc which occcrrcd Uuring ship­
ment u~d will no! rcpairthis damagc undcrwarrnnty. Ali .. 
rcpairs tor shlpping damn~c nre blllab!c. Prorn¡;, m•tiu­
ration of damagc wiU cm:,ure dnirn vnlidíty ami c~pc<lile 
payment for ncci.=ssary rcpairs by lhc u.~mfer company 
or its insurance ngcnt. 



2.2.5 Reshipping thc Terminal 

Shrnld you nced to rcship thc !crminal, follow !hc'c 
proccdurcs: 

1. Rcmove the two scrc1"' on thc bottom lront of !he 
terminal and lift off the covcr. 

2. Check thc intcgrity of the cabling and sccurity of 
intcrnalmounting hardware. 

3. Rcplacecover, bcingcarcfulnot toovcrtightcn thc 
screws. 

4. Rcpack the terminal in thc original TclcVidco _ 
•.hipping container or 01hcr sui!ablc matcrials. 

2.3 PR.EPARING TllE SffE 

!lcfore you procecd wlth thc aclual installation. makc 
"We you are rendy with the propcr powcr and a lar¡¡e 
C110ugh table. 

2.3.1 Power Rcquire¡;w;¡¡:S 

• llSVAC60Hmzat0.5amp 
OR 

l30VAC50Hcrtz at0.25 •mp 

• SS watts 

• Aat, ltvel arca 

• Surface dimcndons: 13 v. inches (33.66 cm) high 
16M. inchcs (40.%cm) widc 
2ilV•• incfa:s (50.96 cm) d«p 

• Rcro111111endcd vcniilation dtat-.mre is 4 inchcs ( !0.2 
cm)onnlh~. RefcrtoFigure2-2. 

T 
13\1-c:::::::::-----u 

..... -----201.. · I 
Figure 2-2 Dimenslons 
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2.4 INSTALLATION 

Thc actual installalion and !ict-up consiMs oi only thrcc 
stcps: 

l. Configuring !he icrminal for cithcr 115 or 230 Vt\C 
opcration. 

2. Connccting thc terminal to tht: computcr ora mu· 
dcm (and to a printcr, ifuscd). 

3. Coufiguring thc terminal by sctting ;wi!chcs ami 
imt>lling jumper options. 

2.4.l Powcr Configurntlon 

Depcnding on your locntion. the termin;i\ can be config­
urcd to opcratc with l!ithcr 115 VAC (Unitcd Statcs) or 
230 VAC(internalional). 

115 VAC Coollt!ura!km-Kc"I' the thrcc-prong plug which 
is providcd with lhe terminal and make sure your outlet 
is groundcd. lf an adaptcr is W<'d, grnund wilh a pigtail. 

l-1.!l VAC CO\lll!;¡~lf you are locatcd outsidc thc 
United Statcs and w.c 230 VAC powcr, cut off the US· 
•tyle 1hrcc-prong plug provided and install a conncctor 
comp31iblc with your local pomr receptadcs. Thc powcr 
rord wircs are color-C<ldcd ;is foll<>ws: 

•Green farth gro•Jnd 

• Bl•d. Primary p<T""' (hot) 

• V/hite Primnry I""""' rc1urn (neutral) 
Set the powcr sclcct >witch (locatcd undcrncath thc 
terminal) to cither 115 or 230 V (Fig. 2-3). You will 
set Hertz 10 match your powcr lrcqucncy when you set 
switchS1. 

Figure 2-3 Rear Panel 

2.4.2 Coon«tlng tbe Terminal lo a Computcr 
S~m or Modtm • 

You can conncct thc terminal directly to your computcr 
system or use a modcm. Table 2-1 points out pin con­
ncdions which muy be uscd. 



T11e interface conncction ro lhL: co111puter '.:-i}'::ilcm (m:li11J 
port is P3, locatcd on lhc rear or 1h~! terminal. Th1: con­
neccor configuralion of P3 hl givcn in Tabk '2-1. 

!'In No. 

4 

5 

6 

!l 

12 

13 

w 
2·1 

Nnt...•'i 

Table 2-! 
P3 (Compnkr lnkrf:•r~I 

Píi! Co1m~ctio;-;:; 

F1 •Hni.: Groun1~ 

1ian:.mit Dat:1 Omr1!t 

Receive D:lL:1 In~)ll~ 

R-.!que~t liJ 5end O;Hpu1 

Clcai To Scnd lnpl!t 

Dala Sl't Hc;}dy l11p;i; ( 1)p!.) 

C:::-fr~r D..:-!l"t·1 h:r~": 

Currcnt Loor..¡ , ReL~i\ 1: 

Currcnt LotJr ··, Tra11~mit 

DJ.ta TL'rmínal ReaJy Output 

CtHIL'ílt Loc-·r-. n(:cclh:' 

Currcnt L(hJp ·l . 'lia1Fn;it 

1. Rtfercncl! E!A Standard n~;~J2 l1Jr Si1.;1;11i f:Jdini11m1·, 

Your teuninal i:an h.: c01m:1:tL!i1 lo an auxilian· :;ciia! 
~)ri11tcr W m.ib: .1p·.:rn:.i:i:...Jil1i.1rd L\ ... 't'Y of J~ti~ di;.¡;by.:d 
un thc sc¡~·r.:n. Tb:! ft~J 1·\io:ii\ ;,..:ti.ti pnni>..·r intt•rf.1,·1~ ;.!l· 
luw:l fü.: kuniu;¡l to b1;: U.:ii.:Ú • ... id1 nai,..,1 RS2J1.·\.úi11J-M'i· 
hit: serial printers currcmly a\.'í:ibblc (1n tht: r.~;1rl:ct, 
includíng both charnctcr·hy·ch:1r~ctcr ami bufkrcd 
pdntc.rr:. Thc :;erial pri¡¡lc:r interface il .1 ::!5-pin cc.rnn-:c· 
tor. P4, locJtcd on thc rcar of thl! terminal. Tahk 2-'! 
defines thc ~erfal prinlcr íntcrfi.h!C pin conn~ctio11·.;. 

Pin No. 

ó 
7 

20 

Table2-2 
P4 (Serial Prl11ter Et?.ttríim.') 

Pfu Cmm~ctlons 

ProtcC1 Ground 
.1hutttmit Data 
Data Set Rc;1dy 
Signal Ground 
Data lhn1i11al Rcudy 

Z.4.4 Coufi¡¡urlng lhc 'J'crmlnal fo•· tlw 
Compu!er and l'rlntcr 

T\\"O swít~hl·~ (101."atcd on th .. • rL'.11 of lhL' terminal .md 
~hown in Fig. ~--"2) all'.11\' }'1JU to rnnt'igurL' rh~ tL'rminal 
to opL'r:\tt! accordí11g to thl' rcq11i1;·n1cnt~ ot your t.:11m­
pUtL'1 !tj"Slcm and p1íntcr. Thi·, ···:, ;,·•n d1.'!·~·nhc" tii..:~-..: 
-.wilcli '>~ttir1&-.;. 

You ..:;:in si:h:..:t anv o! 1.1 t-,,1ud rdlL':-. .i .. Lurdmr. 111 t!J:.: 
1~t¡uirc111c111:; ot ;~rnr t<Jrnpu!t 1 ·.; .. 1 :111 · 

You L'.H1 '>t:kct Englic,l1. Fít'n.::!t, Gi.•rmJn, •Jr Sr :1rw.h 
L'l!;Jt(!':{Lf '.11 .. t:. 

Yon r:in ~et !11•' ti-. n-· ~" .. i!t.:l: !,, ir!·:td1 y1 ·.i:--r:i·;;.,:r!i.;,· 
frt.:quc111:y. 

l'nríl}', SlníJ Bits. :mrl \\'onl Strnclur,; 
You ran ~et tht~ parity, numbn tlf sl1ip lW:' .. ind n1:m· 
b.:r of bits in thr wor .. l .qruL'tllíL' lo m;1t1.:h ll:-:.· 1cq~mc.:· 
ment') oí your ú1111p11kr "Y"h'lil. 

Si¡.~n~b 

Yüu ..:~in 1.1"i111~ ... c1,dt· cotwt·.:t 1>:11,1 Si:t l<.c:;1dr. 1.l.11.1 

Cnricr Dct·,:•:t, 11111! 1J·.1::1 T,,·rmin,il Rc;id). · 

Trnnsmbshm 
Ynu c.111 ~t'!L·Lt li.df !Jf full .:L1f'!L1': (l·onh.·r~,1th1i:;il mod\.') 
Prb!LJ.::k l!tlll!t•. 

S..:.·:. \\Jllr plinicr':; b:iuU 1.1te lo n1 •l(j1 ¡l¡,· \·1i:111111tc1'., fl·1ni! 

nHc. (f !11·; ¡¡¡¡,~ i~ :1!•,o u~t·d Li! ~·\ltl'h SI <1{p'lwi11 .. ·h .. ··: ! 

thrvu~'.11.¡ d» di::-;1 r liK1: in ·r:.n¡,. _l-_~fi.1 

\'-.'h..;n"'·'H.'r you d1.tnge •111y :-.Yvili.:111 .• ;., p1é~s URl::AK twic.:~ 
while holdin~ ,Jl)wn the SIHFT J.·e'" This nlln·.'i~ 1he ~.nfr­
WHl'l' to sean.ali ncw switch positiÓns. 

2.~l.4.1 Ch11fpcter Scrs--You can ~~kct any of fnur pos­
sibk d1arnc1cr se1s. ll1e slandard set is English. To•l'lcc1 
anu1hcr chaiactcr set, rcfcr lo Table 2-5. 

Clrnractcr sets ure residcnt in thc charnctcr genermor. 
You mu•t rcprngram thc 1mninal sy>tcm J(OM for thc 
panicular kcyboard layoul dcsircd. 



Swllch Dlp."vltch 

SI 1.2.3,4 

5 

6 

7 

8 

9 

JO 

S2 

2 

6 

7 

8 

9 

10 

Tablc2-3a 
Externa( Switch Setlln~s 

Position 
Open Closcd 
(l!pl lllown) 

X 

X 

X 

X 

X 

X 

X 

~match powcrlinc frcqucncy to avoiJ scrcen ílicker. 

t'uncllun 

Compu1cr bauJ ratc; scc Tahk :?-3h 

Scvcn·hit word structurc 
Eigllt·bit word slructure 

Semi parity 
Noparit)' 

facnparity 
Odd parity 

Twü!:ilopliits 
Onc stop bit 

Autowrapon 
Autowrapoff 

Pcrfnnns CRILF upon rcceipt of CR 
l'crforms CR u pon reccipt of CR 

Ulod; 
Convcrsational 

l lalf duplcx 
Full duplcx 

50 Hertz' 
60Hcnz' 

Local cdit 
Duplcx cdit 

Unt.!i:J lini: curwr 
Block cursor 

Cursor down key as in 9121920 
Cursor down key as in 9251950 

Green on black 
Black on green 

Data Set Ready disconncctcd 
Data Set Readyconnectcd 

Data Carrier Derect disconnected 
Data Carrier Detcct connected 

Data Terminal Ready disconnected 
Data Terminal Rcady connectcd 



Tublc 2-21! 
Switch Sctlin~s for Comput~r ll:md Rate!; 

Boui\ Hn~e 
Switch Po1tition S1.:tting 
-------------

,<,¡ 2 J 4 
D n D [) 9CC0 
D D f) u 51) 

IJ D u iJ 75 
L' D u u !!ti 
!) JJ J) D !.l'i 
D u D " 150 
!) lJ lJ i) 31'') 
[) lJ :J u <<KI 
u 1) l.l D 121\(J 

u ¡¡ D () ISl.l.I 
u D ll 1) 2-H~J 

u ll lJ u J(.();) 

IJ u D D •í;·)Uí) 
u u o u 7"1KJ 
u lJ Li ::i r.~ í ,('!J 

u 1J lJ u 19200 

-·-------
lt~nd: U '"" llp 

n ,,_, D0M1 

lhhlc 2--..t 
Sll'ikh Setting!; of St for C1>nunc•a 

Woni :-itrndtirc5 
(U~1;;1 Uih1 Stor: Ui~~1. und Pnrily} 

l'o!-.H;on 
5 6 ~¡ l),\(a Blt:~ P.idt•l ~ttop Hih 
--·------·---------------------------
u [) X 
u D " IJ ll !) 

l.' 11 i) 

u u u 
u u u 
D D X 
D D X 
D u [) 

n u u 

l...q\l1Ut: u·- Up 
D"' Do~n 

ll 
u 
¡; 
ll 
D 
lJ 
D 
u 
[} 8 
[j ~ 

X ;= Either ur oi down 

,,, 
-o-,•' 

Nnnc 
Neme 
Udcl 
01.M 
E,·~:1 

E ven 2 
No:10 
Nom~ 
Oúd 

E"~" 

lf word structurc, parity1 or stop híts are 'iCt incoucctly. 
tite terminal will only display (<y signs whcn it is turnccl 
on. 
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1\ihk i-:; 
Cltar.!ct~r Sd Juw¡it'r Oplio1e; 

~:rench Cut tr;ir': ~:r-l\\Tcn t:·-i :ind FS h1<.mc tliar F~\ 
1:nd F/ ;;•,! ¡·n1w1:ctcd. 

J.A..t.l \i hku ULr!;iy-- '\\111 cm ..,n :he 1crmina! display 
to hl· !_".,TCCP oa hlacl. (r10nnal) \H hb..:i. l 111 green lfl'­
vcr.,c) .rn•lt.~lh~' tl1t• nu•,nr lt1 h,~ ;in mu.krl1Pt: nr .1 hlock, 
l~>.pLild ¡: .. ~,\¡ .. ~;) 111 hli¡¡!.i11~.· (~;,-~· T~t1~c .: ~-L ~ 

2.4 . ..!,J Compo ... itc- \'itkn .Juui;nr 0¡1illla··- ~ti1 1!1iw :1 

111uníi1J1 in .Jdd1lit)l\ tu n; dllh'< ::1an ti::= krrni11;d mor;;­
\ur. m11diíy thc lu;!ÍI lmard (l.'ig. 2-5) br ;1ddin1~ :m Ani­
phenol Bl'IC uH11H:chH (l\111 ).27tU)-·5) to ihc r~ac oi 
ih,! t.:1mina\ r.1:.- (S1~~ F1p.. -~- i-. f,ir r1.Tomm~ndi~d 
pb~'L'lj\('ill.) 

(\rnncct lh;~ n·11t1...·r l.::..J Lli tl:t' \ ;:···, · l·~1:1•·1.'.t:h1¡ \ti P~ p\a 
6 <'.\lid th(: BNC ~rmtnLI i::.itl tu ii2 p111 3. Cul the tr.i·~e 
!1.-·~,;'fTf! FW :!r~d f·: 11. lmt11i a jHn1p1'.r h··lwc.l'.ll l"'. J::! a11d 
1.L1. 

'i1u: monihH should not be more th.m !O íed from thc 
krmin:il. 

2 .. ~ .• ~..1 CunT:1! I..oop (}pliim-lnstallíng nn upl:ional 
i.:t:rrcnt.Joop 111.lan:l enahlc-1 yon to º!)Lrat(· 1hc tcrmin:il 
u1) ti .. i l ,O(}~} f-::1.:t fni111 yuur rnmptli1:r ''l km. 

Bcforn you irn>tall the optional cunt:nl lotip bo~rd, in~ 
sp;."t:t it for possihlc shipping d.11n:1r,1~ (i.e. _ ht.•nt pins, 
crncked board. cte.). 

Makc nm. :.mli jumpcrsun thc curr;;r1t loop board (shown 
in Figur~ 2-7) according to rhe dc.sirett l.'onfi!~Uration . ., 
(Po!~síhlc..: configttrations are llescrihcd in Tahlt• 2-ti) 

Rcmove th~ tcrminnl cnvi:1 hy removing thc two scrcws 
in tht: hottom of t11l' ca\c. (Figure 2-1 shows thc localion 
of thcsc screws.) 



EBE9 

KEYBOARD ENCOOER 

KEYBOAflO 
CONNECTOA 

SOCKET (MOOEM CUARENT 
LOOP cmlNECTION! 

E4 E5 CHAAACTER MONITOR P2 PIN 6 (COMPOSITE VIDEO) 
EO E7 GENEAATOA CONNECTOA 

Figure 2-5 Logic Doard 

SI 

E17E18E19 

P4 



POWER SUPPLY 

POWEíl SUPPLY -
FUSES 

MONITOn CARO 



Figure 2-7 Curren! Loop Board 

Table2-6 

11"'-'l'l""'' 

·~~ ._,.__ 
,_ .... , 
t -..;• .. .l:J 

1-~ ............... :;,.~"' 
u.-.i.,"..,.~ 

-·..:o.1<><a• 
~· .... ..,. 
"''°'~· 

Figure 2-8 Currcnt Loop llonrd 
In Relalion lo Logic Board 

Posslblc Curren! Lonp Configurntlon!; 

\1oc101 
'frammlt/ PJ 
Rmlvc Cul Jumpcr Pin No. 

FGllDuple'c 
.:·• Aclive 'lransmil W210W3 WltoW3 Pin25-

W310W4 Pin 13+ 

.!"¡ 
Rcreive WótoW7 W5toW6 Pin 12-

W7toW8 rin24+ 

Passivc 'lransmir Non e Nono Pin25+ 

" PinlJ-

'{ Rcceive Non e No ne Pin12+ 
Pin24-

llalfDuplex 
Active Trnnsrnit WJtoW4 W!toW2 Pin25-

and Rccclvc P3-Í3 to PJ-12 Pin24+ 

Passivc 'lransrnit Non e PJ-13 to P.3-12 Pin25+ 
and Recei\e Pin24-

Notes 
'Active ~ terminal supplics the current source; pas<ive = computcr supplies the curren! sour<e. 
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ln'!icrt the currcnt loop hoard into thc \6-pin !)OCkcl \n. 
catcd on thc terminal control board. Rdcr to Fieurc 
~-3 far s.oc~ct pmition~ Figun: 2-X\IHJ\\'i \\her e tn iñ~crt 
thc ~ere''· ~pacer. wa-.hcr. anti ntll. 

Rcplacc thc terminal covcr using thc scrcws you rc­
mmcd. Bt.! carcful not to ovcrtightcn thc scrcws.. 

Connect your co::tputcr to th(" terminal. using n cable 
with pins. as s.hnwn in thc column lahclcd P3 Pin :-;o, in 
Table 2-6. 

2.4.4.S Addltlonol Modlfiratlom-l<1hlc 2-7 tkscnbc, 
other jumpcr option) which will changc thc tcrminal's 
interfaces. 

T!lblc 2-7 
RS232C Terminal lnterfucc Jumpcr 

Options 

l. S!.lndard Sel Up (no modlficnllon• to printcd drcult 
bo1rd1 
a. Data Cnrricr Dctcct (DCD). 1'3 pin 80 is used to 

monitor status of an externa! modcrn. 

b. Data Terminal Rcody (OTR) output is'°"' to thc 
oomputcr whcn DTR from printcr pmt is rcccil'cd. 

2. Jumptr Opthms 
a. Data Set Rendy (DSR). P3 pin 6. can be uml to 

monitor thc externa! modcm rnthcr than DCD. 

To in.iall: Cut thc trace bctwccn El4 and E15. 
Adda jumpcrbctwcen El5 nnd El6. 

b. Use Rcquc>t loScnd(RTS) l<>'ond DTR torom· 
puter rathcr thon DTR !rom printcr. 

To instoll: Cut thc trace IY.:tWc<!n EIH nnd E19. 
Add a jumpcr betwcen E17andE19. 

(Rcfcr to Figure 2-5) 

2.5 INSTALLATION CHECKLIST 

lk!ore you ptocccd to the next chaptcr and turn 011 tite 
terminal. check to be ""º you installed the terminal 
corrcctly. 

10 

Did ~ou in\tall thc corree\ pmi.·cr plug for your \\J\I 

outlct? 

, Did ~ou -.el the powcr ~dcctor -;witch \t) nwh:h ~llUT 
powcr fL'qllircrncn1~· 1 

J. Is thc main interface cable to thc computcr sy'itcm 
prnpcrly wircd and p\uggcd in:' 

.t. lf you are u~ing a pnntcr. did you plug in thc printcr 
interface conncctor? 

5. Uid you set thc switchcs for thc corrcct 

• llaud ratc (both for 1crmin:it and printcr)'! 
• Swp bits? 
• Word strueture? 
• rarily? 

6. Did you set switcht.·s for 

• 50 or MI Hcnz (to match your powcrline/!rc­
quency rcquircments)'! 

• Full or hall dupld! 

H the answcrs are YES, titen you are rcady to procccd 
with nc!Unlly ming the terminal. 

Enter herc thc serial numbcr, date r~ccivcd, ::iml switch 
scttings. This will cxpeditc any tcchnic3l convcrsationo; 
about your terminal. 

Serial Numhcr _____ _ 

Date Itccch·cd. 

Sw·itch Sellinp_~ lh.ed: 
(Entcr U or O for Up ur l>llwn) 

lJ/l) U/D 
Sl 1 S2 ¡_ 

2 2_ 
3 3_ 
4 4_ 
5 5_ 
6_ 6_ 
7_ 7_ 
s_ s_ 
9_ 9_ 

10 _ 10_ 



3. OPERATION 

3.1 INTRODUCTION 

This chap1cr will lead you step·hy-~tcp through thc op· 
eration of 1hc terminal. Ei,·cn if you ha\.·c nc,·cr uscd a 
computcr 1crminal hcíorc. you will he ablc to use thc 
terminal casily if you rcad this chaplcr carcfulJy. lf you 
are a progrnmmcr. you will Wíml to continue on 10 Chnp· 
ter 4. which covcrs additional inforrnation for pro~ram­
ming a cornputcr to interface with your terminal. 

In this chaptcr you will lcarn ahout: 

• Turningon and adjusting thctcrminal\displayscrccn 

• Using lhc various kcys on the kcyboard 

• Dirccting data 10 thc computcr sysrcm am.I the printcr 
through scnd c<>mmands 

• ScttinG tabs 

• Communicating with )uur computcr systcm 

3.2 TURNING ON THE TERMINAL 

'furn on the lerminal as fOllO\vs: 

1. Make surc the ON/OFF switch at thc lrnrk of tlw 
terminal (Figu1c 2-3) is OFF. 

2. Plug thc terminal cord into a grottndcd outlet (115 
YAC in Unitcd States). 

3: l'ush !he end of thc rocker powcr switch marked 
with a whilc dot. Thc terminal slllluld hecp within 
onc serond, indicating that powcr is on and rhe CPU 
has initinlized the terminal. Aftcr anothcr 10 to 15 
seconds, the cu1>or should appcnr in the uppcr Jcft 
comer of thc scrcen (home). 

4. lfthe cuMt" docs not nppcar at thc home position. 
¡nes~ abe home kcy on thc kcyboard. lf tht.! cut:>Or 

~till docs nnt ;ippcar. chL·ck 1hc rnnua~t control at 
1!11.: rt:ar of tht: lt:rminal (Figure 2-3). 

~. /uljuq th~ contr,1~t n>mrol for thc c.kliircU scrci.:n 
intcmlty. 

6. Follow thc sign-011 pro!ncol rc4uircd by your com· 
putcr syslt:m. 

7. Rcfcr roCh.1plcr 5 ifthc imtallntion docs not pro· 
cecd ~moolhly. 

3.3 KEYllOAltD CONTROLS 

In 1Jdd1!ion IO !itandanJ alphanumcric typcwritcr kcys, 
your terminal ha'> sr.:'.'eral kcy~ which pcrform specialop· 
crntions. Thesc spc:cial ke~·s can be uscü in conjunction 
with your rnmpulL'I to allow: 

• Modifying .iclion on othcr kcy~ 

• Editing 

• Entenng prcprogrnmmt:d dJta 

Ench kcy 011 tite kcyboard ¡, actually a switch. Scme· 
times. two kcys cJn hr.: uscd \vith :my alpha· or numcric 
kcys !O providc a rotally diffcrcnt messnge to the com­
putcr. Whcn uscd togcther. thcsc kcys control the gen· 
crationof dala sera lo 1hc computcr systcm and 1lw rcC't"ipt 
atlll prillling ~1( inior111atiu11. 

J.3. l Keybonrd Layout 

FigurcJ-1 illustratcsthc kcyboard layout. Thccharaclcr 
kcys highlightcd in Figure 3-la includc ali alphabctic 
charactcrs (a through z), nunibers (O through 9), punc-
1ua1íon marks, and mathcmatic.il symbols. 

3.3.2 Key FtmctiOl.'ls 

·n1blc 3-1 summarizes thc: function of the spedal kcys 
l'<hich are bighlightcd in Fip,urc J-lb. Many oíthcsc kcys 
are aho lis.tcd in the Opcratur's Qnick Hcferencc Guidc 
on thc inside baclc covcr. 

Figure 3-111 Keyboard Layout 
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KeyName 

Space llar 

SHIF1' 

Al..PH.\ l..OCK 

TAil 

BACKTAil 

CTRL 
(Cootrul) 

~e . 
(Escape) 

Tronsmlttcd? 
(Yc51No) 

y 

N 

N 

y 

y 

N 

y 

000 
000 
800 
008 
GO 

fl¡\urc 3-lb Kcyboard Layou! 

Rcpcnt 
Ac:tlon? 
(V«/No) 

y 

N 

N 

y 

y 

N 

N 

lhlilc 3-1 
Function of Kcys 

ll<s<:rlptlon 

Cau!,cs a blank space to appcar on thc display and tnuhnÜls ¡in 
ASCII ,pace mue (20 l kx). 

Sclccts upper character inscribcd on a kcy. chnngcs operation of 
most spccial kcys. ami cupitalizcs n.lpha charnctcrs. 

Locks thc SHIFf kcys ;o that ali alpha keys transmil codcs for 
uppcr-casc chnruct~rs. Thc key is prC5'ic<l to lock and presscd 
again to rclease. 

(C11\Ul)-TAO rnovcs thc cursor fo"'ard 10 typcwritc1· tab> 
(l'ro~cct modc off) orto thc starl of 1hc ncxt unprotcctcd,ricld 
(l'rotcct modc on). 

(ESC 1)-Movcs cursor hackwanl to typewrilcr tabs (Pro1cct 
mo<lc off) orto thc prcvious stmt of an unprotcctcd ficlu 
(Protcct modc on). 

Gcncrates normally-nnndisplayc<l ASCII control codcs whcn 
uscd in t·onjunction with anothcr kcy. 

1ñc CTRL key combinations are use<l for specinl nction by thc 
lcrminal r.ml!or thc ;ipplic~uion progrnm in thc computcr. 

,,, 
-o­
'•' 

The CinL key is nlways used simultaneomly with the othcr 
character in the command; i.c., the CTRL key is prcsscd !irst 
nnd held down while thc othcr key is presscd. lit is similar in 
aclion to the SHIFT kcy.) The commands whlch requlrc 
i(mull~llCOUi dcprC<51on Of l\VO keys RfC lndlcoted by 8 sJru;h 
separnllnR the two kcy names. 

Thc ESC key scnds an ASCII code !or escape to 1he display 
processor. The key is gcncrully uscd to momcntarily leavc 
(escape) nn application program in or~er to use u speciul 
fcaturc or function. 

Another funetion of thc ESC key causes thc nc•t control 
churactcr entcred to be displayed on the scrccn. This facilitates 
puuing control charncters on the screcn without going lnto 
monitor modc. 
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KeyName 

RETURN/ 
ENTER 

HOME 

LINEFEED 

BACKSPACE<-

DEL 
(!hlclt) 

BREAK 

CltarSpaee 

PRINT 

"FUNC'f'' 

'll'ansmlllcd? 
(Yes/No) 

y 

YIN 

y 

YIN 

YIN 

YIN 

YIN 
y 

y 

YIN 

N 
y 

Repeal 
Acaon? 
(\'es/NoJ 

N 

N 

y 

y 

y 

y 

y 

y 

N 
y 

N 

N 

Table 3-1 
Function of Keys 

Ocscription 

',, -o-
' o' 

The ESC kcy h uscd in conjunction with onc alphanurm:ric 
char.-ictcr in thc command scqucncc: i.c .. lhe ESC kcy is pres.sed 
dnd rcleoscd befare tbe sccond key Is pressed. 

Although csc~1pe scqucnccs appc:ar hcrc with a spacc bcforc the 
alphanumcric charactcr. thio;; spacc is not to he cn1crcd as pilíl of 
thc scqucncc. lt is inclwkd only tor 1hc sakc of clarity. 

(CTRUM)-Thc RETURN and ENTER kcys perform rhc 
same function. Thcy scml 1iic ASCII code for a carriogc rcturn 
(CR) to 1hc display or cornputcr. Thi! communicatiun modc 
u1cd c:Mcs lhc. lcrminal lo lrJnsmil a CR (or CR/LF) 10 rhe 
computcr und/or the <.:Ltrsor to be moved to tite first unprotecrcd 
position. 

Hthe entirc rnrrcnl linc is protcctccJ, 1hc co<lc movcs thc cursor 
ro lhc ne."<t unprotcctcd pusition 011 thc pagc. 

,., 
-o-
' o' 

TI1c 1crmi11al kature:, Ju auto Y.raparound function which 
eliminatcs thc nccd to munually cntcr n carriage return nnd a 
linefccd ut thc cnd of cach RO·chnrnctcr linc. 

(CfRU /\ )--Movcs cursor 10 firsr unprotccled characrer 
pmition on thc pagc. 

(CffiUJ)-ll1e LINEFEED kcy semis an /\SCfl ende (OAH) 
fo1 a Jindccd (LF) lo thc computer. Thc code causes thc 
terminnl to tnmsmit un LF codc to thc computer and lhc cursor 
to be moved down onc linc on 1hc scrccn in lialf duplcx, or 
cchocd by thc (ompulcr in full dupkx. 

'(CTRIJH)-Moves cursor one charactcr lo rhe left. 

(CTRIJK)-Movcs cui~or up <me linc. 

(CTRUJ or CTHUV)-Movcs cursor down onc line. H !he 
cursor is on thc bottom Ji11c of the scrccn, thc codc has no ef~ 
fect. The clJde 1mmmit1cd is dcrcrmincd by selling of •witch S7.. 

(CTHIJl,)-Mom curwr onc charnclcr lo t.hc rir,ht. 

Thc DEL kcy semis an ASCII DEL choracler ro che computer. 
lb is is usually interprercd by thc t'Ompurcr ns a charactcr erase 
codc. · , 

Trammits a 250-millisi:cond break pulse to the computcr. 

Rcplaces ali unprolcctcd chnraclers on rhe prige wilh spaccs. 
When prcsscd !he rnmc time as SlllFf (ESC.' ), it cleu13 rhe 
en tire page 10 nulls and turns off prorccl nnd half inrcn•!ty 
rnodcs. · · 

TIÍ~ PRJNT key roggles thc.extc~sion ~rint moilc o~ or off.· 

The FUNCT key transmits a user-sclcctcd charactcr bracketed 
by CTRUA {SOH) nnd CR. 
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3.3.3 Cursor Control 

Thl! Jightcd rectangular block whkh ;.1ppcar.-. on thc scrc:cn 
imlicatcs thc emry !<ipot for thc following .:.·haractl:rs to 
be typcd. lt is call..:d a ··cur!<lor." During typing. thc rnr­
sor moH!S from lcf1 tu right. A!i it rcachc~ the cnt.1 of a 
linc. it "\\raps around" to thc bcginning of thc next linc. 
lf you platl! thc cursor m·cr a charactcr which you havc 
alrcady typed. the charactcr within thc cursor will be 
changcd into a reverse imagc within lhl~ cursor. (tí tht• 
charactcrs havc bccn green un a 1.Jlack buckground. thc 
cursor will appcar as a green rcct::rnglc around u black 
churuclcr.) 

Thc movemcm of the cursor is casy to control. To movc 
1hc cursor. press one of thc cun.or rnntrol kcys markl~d 
with an arrow. Thc cursor will movc in the dircction of 
thc arrow until you rclcusc thc kcy. To rcturn thc cursor 
4uickly 10 thc lop lcft pmilion on thc scrccn. prcss HOME. 
lltc cursor \Vill now be in column onc. linc onc. 

'1, -o-,,, 
lf vou are in local edit mmlc. cursor movcmcnt will n1)t 
be. tr.'.!.nsmittcd to !h~ computcr. 

The cursor display may app(!ar any onc of fivc W:t}'5. 

See 4.11. 

3.4 BASlC OPERATIONS 

'Iñis scc1ion dc-;cribC"•; \';uiou:; ciption'.; ;wai!abk to you a:, 
)'OU use thc terminal: 

" Editing data 

" Tnb controls 

• Communícating: with your computcr systcm 

• Printing 

3.4.1 Tab Controls 

You can >el regular lypewritcr·stylc lahs or (if you ore 
u•ing prolcct mode as <!ci..;1ibcd in 4.6) fidd tal>;, Rcfcr 
10 4. 7 for .complete instructlons on scUlng, using, and 
clearing labs. 

3.4.2 Edlting 

Should you necd to chonge texl on 1he .creen, you cau 
delele a line (eithcr parlinlly or complctely) or the dis· 
plny (•itbr partially or completcly). This will give you 
spnce to enter 1he corree! tcxt. Oelctions will slnrt with 
!he column position of the cursor. The terminal can nlso 
modify screcn dalliusing character inserVdclele and linc 
inscrVdeletc. These both slart nt lhe charncter position 
also. Commnnds for cditlng nrc dcscribed in 4.8. 

Yo u can seiect one of thrcc transmission modes by switch 
sctlings or using escape sequcnccs. The tluee modcs 
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available are hlock. hulf duplcx (convcr~alion). ami full 
dup!c'< (convcr~atitin). Thc comnmnic:itiom f!ow c;rn,cd 
hy thcsc modcs are illu'itratc<l in Figure 3-2. 

-""~""me 
n .. • ,._ __ --•o•F'Ql.léCN"'-'''~ 

' 

r.::::l_ ;:f~~~ª"''""' L:..:..J ' 

9 
' __ __,___ B 
'-----1------. ''"~"" l c.;..., .. ,, ... ,,.,~,(/ol 

Figure J. .. 2 Ccrnmunlcatlon !\folles 

J.4.2.1 Block Mod<>--Opcra1ing in the block modc gen· 
e rally comisls cf cnlcring or chunging text locally. In lhis 
modc, thc terminal scnds thc rcsults to thc scrcen. Whcn 
you are sulisficd with !he resul!s of the data cntry or 
changc, you can cnlcr an escape stquencc to scnd the 
daln 10 the coinpuler. Dl!>ck mode allows you lo makc ali 
corrcctions beforc trnnsmission. 

To enlcr block mo<lo, cnter 

ESCll 

lf switch 52 is set for blo-:k modc, thc terminal wii! rcvert 
to conversation rnrn\e whcn nn ESC C is rcceived or 
entcrcd. 

3.4.2.2 Ccavcr.iatlcn Mode-ln this modc, lwo·way 
1rarnmission occu" oontinuously betwccn the scrcen and 
the computcr. Youcan eithersend the informalion 10 the 
comput~r at 1/ie sume time il U düplayed on 1lre sc:ree11, or 
you can send il 10 !he computer and 1he compu!er will 
echo back the infonnation on the screcn. (The time necded 
to echo back the informatlon is so shorl it will seem lo 
happcn simultaneously.) Regardless of whcn you send 
data, the tcnninal can always receive informntion from 
the compuler. When the infonnn1ion is displayed simul· 
1aneously wi1h the transmission, it is callcd "hall du­
plex." When the informntion is sent first 10 thc computer 
and echoed back to the tenninnl, it is "ful! duplex." Refcr 
to .Figure 3- ~ for a diagrnm of lhe informntion now. 
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T11 cntcr co1wl.!'r~a1ion modc. cnler 

ESCC 

Thc terminal is convcrsational in ci1her half or full du­
plex modes. 

llalr Duplex Mode 

Thc half duplcx mo<lc scnds kcyboard cnirics to 1hc scrccn 
and to thc computcr al thc samc time. 

Full Duplex Mode 

Thc full duplcx modc scnds kcyboard cntrics tothccom­
pu1cr only. lf the compu1cr is prograrnmed to act u pon a 
codc rcccivcd from a keyboard cntry, i 1 may echo 1hc 
rcsult back to 1hc terminal. For cxamplc, if thc "A" is 
prcssed on thc kcyboard, thc computer will probobly 
scnd tite "A" back 10 1hc ~creen. 

3.4.3 Sendin¡.: Dula lo the Prinler 

Whcn thc printcr h printing on a contínuous basis. it is 
an cxtcnsion of tl1c linc frnm the computcr 10 thc tcr­
minal-1his modc of printing Ílii thus callcd exlenslon or 
copy ali. 

To starl cxtcnsion printing, cithcr prcss the PRINT kcy 
or cntcr 

ESCla 

To s1op printin~. prcss PRINT again or cntcr 

ESCA 

You can also sc:nd information from thc computer to thc 
prinlcr withoul displa)·ing it on 1hc scrcen. Thís is callcd 
trun.'iparent modt!. 

Seclion .i.15 dei;crihc"' communds uscd for transp.ircnt 
print. 

.... ·-- .. _:, .... :.· 

;olgure 3- 3 Sc:reen Display 
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4. PROGRAMMING 

4.1 INTRODUCTION 

Your cumputcr program can l1Hr.plctcly control your 
terminal by lransfcrring !he appr<ipriatc ASCII codes. 
ll1is chaptcr lclls you how to tra11sla1c kq·hoard Cune· 
tions into remate control functions. 

Unless othcrwisc spccificd in !he tcxt, ali control cmk 
scqucnccs are lr.ansmittcd to thc terminal to clicit !he 
response associatcd wilh tlw coJc. 

4.2 MONITORING CONTROL 
COMMANDS 

You can monitor control camm:mds in ~cvcral ways: 

• Activatc thc monitormodcwi1hou1 transmitling thc 
monitor mo<lc t·ode itsclf to thc computcr 

• Trunsmit the monitor mn<fc code to the cornpu!cr 

To. ena~le monitor modc without transmitting tliat codc 
to t~e computcr. eme; 

CfRUI 

. ' To terminatc this modc, cnlcr 

cmw 
'lb en:ible monitor rnode viíl the computcr. cntcr 

ESCU 

OONITciíl MOOE COOED 
OWV.CTER SETS 

HAlF IUTENSnY 
Bll.NK REVERSE 
r-EVERSJ:! 

t:or.M,•,t_ VIDEO 
otANO< NORMA!. 
lll.NKNORWJ. 
DLANt<DllNK 

'i' ' REVERSE UNOEfU.IHE 
OlANX REVERSE l!fiDERLINE 
BllM< REVERSE lJNOERUNE 
DLANJ<Bl/NKAEVÉASE 
NORMAL UMOERUHE. 
DIANK NOflMAL uNDERLINE 
81.JNK NORMA.L UN>ERLIHE 

51 82 '· " 
XaDON'TCl-lAOOE 

This must he echocd by thc computcr or monitor modc 
will not be activatcd. ' 

To tcrminatc thc di<;play of thc control commands. cntcr 
cither 

ESCuor ESC X 

Figure ·i- t illustratcs !he monilor rnodc codcs. 

4.3 FUNCT KEY 

Using thc FUNCT (function) kcy in combination with 
any kcy cnablcs you toquickly transmita thrcc-character 
'.'icqucncc or commands. 

Tu cntcr n function command, prcss thé FlJNCr key nnd 
m tirt Mme time prcss a kcy. Thc first codc which is lrnns-
mittcd will nlwny'> tX' ' 

SOH (Control A) 

'I11c secondcude will be thc ASCII codcof lhc dcpres>od 
~cy. Tite thinl codc will always !>e a CR ('foble 2-3), · · 

Pror,r:nn ynur cnmputcr's input/output string rnutinc )o .• 
catch thc cntirc string and then proces.s it ( unlcss you are 
using an intcrrupt·drivcn computcr, in which case ,yoµ 
do not neeJ lo worry ahou.t datll l;idng lost). 

Figure 4-1 Video Altributcs . . . 
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4.4 ADDRESSING AND READING THE 
CURSOR 

Thc computcr can tell thc terminal whcrc to position thc 
cursor with a four--charactcr c~apc scqucm:c. TI1io, ¡.., t:;11li:d 
addrcssing tlr loadini thc cursor. 

4.4. l Addressing the Cursor 

To addrcss thc cursor. en ter 

ESC ~ 

Thcn cntcr two more charactcrs to repn .. --sc11t thc abso­
lutc row or Hnc and column whcre the cursor will rc~t. 
Using Table 4-1, find the ASCII code reprcscnling 1hc 
desired row. Note that 1he linc number can not be greatcr 
than 24. Entcr thc appropriate ASCII code. Next find 
the ASCII code eorrcsponding to the dcsired colunm 
position ( 1 through 80possible) and cnter thal codc. Far 
cxnmple. if you want to program the cursor to go to Row 
9. Column 50. cnter 

ESC ~(O 

4.4.2 Reading lhe Cursor 

Thc computcr can also rend thc tur~or's TO\\' muJ 1.:olumn 
position. Toread th~ cur.~or"!-1 pllSition. cnh:r 

ESC? 

Following thc cursor COllrdinntcs (mw and column ). thc 
terminal \\ill transmit .1 Cll. 

4.5 VISUAL ATTRlBUTES 

You can define the appc:u:.rncc of cnch lint: on thc scrccn 
(a "holc linc or only part uf a linc). Each line mu'1 he 
dcfincd scparatcly (cxccpt half intcnsity). Sc\'crol attri· 
bu tes can he uscd on cach linc (i.e., blinking set at thc 
bcginning followcd by underliningsct later in thc linc). 

Ruerse Vldro Changcs background of screcn on that 
line to the reverse of 1hat which appenrs 
on power ON. lf scrccn is normally black 
with green charucte1s, this linc will now 
be green with black char.:u:tcrs. 1 

Tub!c4-l 

rosmoN ASCOCOUE 
RorC1 'lnMmlued 

1 Spatc 
2 ! 
3 
4 " 5 s 
6 <;¡, 
7 ~ 8 
9 

IU 
11 
12 
IJ 
14 
IS 
16 I 
17 o 
18 1 
19 
211 J 
21 4 
22 s 
2J 6 
24 7 
25 8 
26 9 
27 
28 
29 < 
J() 
JI > 
32 

"""" ~· ValucofRcan'tbcgreattr1han24. 

Cursor Coordinntes 

("t•nsnrt l"ClS1TtoSISG 

POSITlON ASCllCOllE 
e Trarmnltttd 

)J "' J.I A 
).1 n 
36 e 
n D 
)H E 
39 F 
.¡() o 
41 ll ,, 1 
43 J 
41 K 
JS L 
46 M 
47 N 
48 o 
49 p 
50 o 
~I R 
52 s 
SJ T 
54 u 
~s V 
S6 w 
51 X 
SI! y 
59 z 
60 l 
61 " 62 1 
63 ,, 
64 
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rosmON 
e 

M 

"' 67 
68 
¡¡.¡ 
7ll 
71 
n 
73 
74 
7~ 
76 
77 
7R 
79 
60 
RI 
82 
83 
84 
8!i 
S6 
R7 
118 
R9 
90 
91 
9~ 
9) 
94 
9~ 
96 

ASCllCODE 
Ti'usndtltd 

• 
h 

' d 

m 
n 

' w 
l 
y 

DEURUB 



llnlC lntrn.slty Changc'i inll'mity to )¡;ilf of 11ormal on a 
charaLtcr·hy-d1aractcr h::-;i:;. 

Half intcnsity diffcr!) {com t1ther visual 
attributcs in th:n once it i5 ser, it afft!cts 
<lll cbarnctcr!' cnt1!rrd (r·~ganlh.~~·, oí cur­
sor JiD~ition) un1il it i:; rnrncd off. 

Underllnc Cn.::atcs a sol id line hdu";I. :J!I d1:ir;1rh.:c, 
ori the linC' (induding th1: linc rrcati:<l liv 
tht! under!'.cmr Lt~y). 1 

• 

Bbnk Ail data l:llll'.rcJ un thl; hn.:: wdl be i11-.1,· 
ibk to you hut wil! ¡1 rit11 out ~1m\ h·; 
ttan..,mill~d to llll' i.'dP1puk1. (,\ lj-¡•icd 
:1pplícatio11 rci~:h! ''1· r:i\'f!•li inf1):-· 
r.1:1riC\n. ~; 

Nv(1; 

l. Attrib11k' .. ~.ut.., wi·,b rnt.',,ir po.,itii..··n ~.nu Ctl111i:iu·.:·, 
trntii anntfu.:11Huibtfr.:011:.:,.l.oi l1u•: L.i.:n..:ulHat:~..:~:. 

Figure ·l--1 iHu~traH.''.l lh:.~ vi•.na! attribuk 

4.5. l Settiu:~ 

'fo '"et a vi~.11;11 :1tt:·il111tr'. phn' tlll' nn•:nr cin1~ Pll"itírn~ 
b~·fr·n· you want thi..: al!1 il111k to :\\:1n. Attributcs c.n:up_i· 
a dldra.:"t,:r posithm. H )'llll w,:rnt t\lc whok linc ch;mµ<.·d. 
p!.:u! thL' t:Uf.\Of ;1\ rnhm1111111•' b:f•.;·~ t'Olt·ring tb: ;1\~ 
trib~tt: c1rnnn.:md (ESC Cin). 

T:.;bl'~ .; .• z 
Escape Scc¡urnc~:; l'or 
Vi~ual Altrib11tc~; 

Norm"l video (green on hlact) 
lllank (invioihlc normal vidw) 
lllink 
lllank (invisih!e blink) 
Reverse video (black ou f',f\.'cn) 
Dlank (invhiblc rcvcr:1e vidc·n) 
Rcvcr5c und blink 
B!ank (invisible re-veme hiink) 
Urulcrlinc 
Blank (invisible underlinc) 
Und•,.linc and blínk 
Blank (invisible blink undcrlinc) 
Undcrlinc and reverse 
lllank (invisible undcdinc rcvcm·) 
Underline nnd reverse and blink 
Blank (invisible undcrline rcvcm' 
blink) 

Ei>!.'.upc 
&:4l:i:t:.c.:: 

ESCGIJ 
ESCGi 
ESCG2 
ESCGJ 
[SCG·i 
F.SCGS 
ESCG6 
ESCG7 
ESCGS 
ESCG9 
ESCG: 
ESCC; 
ESCG < 
ESCG '' 
ESCG> 
ESCG'? 
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.t.6 l'ROTECT MOllE 

4.6.l Applkalion 

lhin¡~ ¡irotcct mmk during thl! <:rc~1ion of a page a\low~ 
yuu t<.l prntcc1 Jesignat·.:11 arl':i~ of 1hc pag.c from futu.·c 
ch;!ngc bv th~ ope1~1tm :md rontrnl thl! 1ransmi'isíon of 
tho',.; ar~·a· .. 

U\in¡; p11r1· . .:1 1nt1\k i~ ;.~ctua!ly a two·Sll"[1 pr<H:c~~•: input 
ami proto.;.:tinr .. 

h typir,i\ ~1pplkati1111 wouhl h~ tht! Cíl:ation of a form, 
kavin¡.~ hbnl, s;)au··: tor h1tcr cnrry or variahh.: infot llla· 
!ill!l. \\'1.Tl~ th-:: form bradings nnt prnlt.::ctcd hJ prol::ct 
m••1k, lL 1_::, would bi..: vul111..·1 ahlc to chanr,.: or •11.:dd.:nt.1! 
{1dl'tiün a~. thc form w;i·; h:mr. hllt:d in. 

~·.6.2 Eff:c1 

l 1,·•1: :•:(: .1 i 'l: c~1 ·; ,(¡-!·.:ar tin tht.• ».Crc·~·n ~t ha!f tht: regul;1r 
inltlhity. Th~ c1,r.,.;r i 1

; not :liJk fo t't11er a titlJ which ha'> 
hecn prritcct~·ti, bul \':ill ;11-..t1:ad ;1dv:m~e at:ro-.~ th<.1t ai 1.:t1 

W the tlf~~ ur1p101~ 1.i...:d livi.1·,;l1c.111i1-. üi1~'í.!hll t:til•'i.,· • 
n; \ - l _inef.:::t·J. ¡'" , nr ! 11?:~\', hu\•-'•.'\ci", ,,,nv1· 1h.: rnrsor 
1!1 lh~· protcrn.d ti¡;],J. !111: ,·c1ci..•n do<.:$ .~1H ~,·1;)i1 up in 
proki..:l m11,le. ll thl· v:!inh; ~.c1~~;.:11 i·;protci.:ll:J, th•' cu¡ 
-;or wi!\ J'íl to !he hn1;1.· p(1.1lttlll .iml •:.ill !hll m~v.-e. 

Pru!;.!l'l lilC'd,• :1i Í1.:C.:h n11<ior :irtit)il during t:1b11iating, t!Ú· 

i1i1~~~, •;en· !iC¡'., .1nd pnnti11~1 .. 

t¡,;,,:,., t in~;!\! -··llidi•. idnal ;trt...'il • (li~hJ..) wl!irh wil\ he 
giv..:n bi;.111~-~-! pintldinn lrom 1:.tn changl.! Jrc nc-atcU 
usi11;:: pn.ti:rti:il v. riting nw,Jc . 

.. ~:~T~:~-~~=- -~;¿;~.[[LJ 
J11form.H:un 1m. '-.: h~~ input u~ing thi'I prnc.:ihm.: if it i:; 10 
b:: protn:tcd b!l':·. 

'fi) ;,[;¡¡ t ¡~rniGL'f, :J ',";-i!Íll[:, rn~.:\[( 1 f! the l'm'l{'f V•hi:re !!•(' 
li1~t pr•JlC•.l~~l d:,;i,;~:tn i:. tu be lot.:.tt'.'d. 

E1:ta 

FSC:) 

Tlii> turns un prolc·ctcd writinr, mode (also callcd halí 
i.:.h:usHy). Uu1il th...: mw..ii.: h r\!!:.et, ~ach d1aradcr en· 
terc<l is dispbycd ;it half intcnsity. 

Entcr ihc informrition for tha.t arcJ of thc scrccn. 

Pwoírl'rHJ tbc 'mtry and changc if ncces.sary. 

End data ,,ntry in that arna hy cntcring 

ESC( 

'llti> lluos o[f thc pmtcctcd writing modo (haliintcnsity). 

Muvc thc cursor lo thl' ncxt 3rr.n to be protcctc<l and 
rcpcat. 



4.6.3.2 Protttllnn-Wbcn ali arcas to be prn1cctcd havc 
bccn entt.!rcd corrcctly. thc wbole scrttn is rcady to he. 
protcctcd from changc (protccl moJc on). Once this 
protection is givcn. thc cursor will not he :1bk to cnlcr 
thosc arcas unlcss thc protcction is rcmovl!lf. 

To start protcct modc. cntcr 

ESC& 

The position of the cursor is írrclcvant during this csc.:tpc 
scquence. 

Protect modc protccts ali visual attributc coc.!cs \.rwithin 
the dcfincd protectcd arca front ovcrwriting ore rasure. 
Andata within protcctcd arca' is abo protcctcú. 

Tu rcmovc protcct mnúc (prulcct off), cntcr 

Ese· 

4..7 'l'AU PROGRAMMING 

As bricfly d"'°'bed in Chaptcr 3. the C1Jrsor may he m1wcd 
on the screen 10 presct typcwritcr-stylc l•bs or. if pro1ec1 
modc i~ on, to ficld tabs. ll1is scction dc~bcs how to 
sel, use. and clenr both typcs of tabs. 

4. 7.1 Setting n Thb 

To~ a tab. movc the cursor to thc colu111n p.)sÍlion whac 
you wanl a tab. Entcr 

ESCI 

Be su.re you entcr a numtr!!I onc, not a fowcr case L. 

Whcn protecr mode is on, rhio ESC 1 code gcncrntcs a 
vertical column oí half.in1cnsi1y spaccs from thc cursor 
~tion down to the firsl wrirc·protcctcd charnctcr nr to 
llle end of the pa¡;e, whichcvcr is first. 

Whon prorcct modc is off, thc cu<l< M> a typcwntcr· 
style column tab. 

4. 7.2 Us!ng Tubs 

4.7.2.1 l)·pewrltcr Tob.i (i'rvttcted ond Unprotecttd}­
When the prolcct modc is off, CTRUI en uses thc cursor 
10 advnnce to !he next typcwriter·stylc tab set. lf no tabs 
are set. thc code has no effcct an<l rhe cursor will 1101 
move. 

Wbcn the protecl mode is on, rhe C1Jrsoris moved to the 
füst unprotected character following the ne•t protectcd 
fic!d. 

4.7.1.1 FleldTabs(ProlmodOnly)-Withprorcctmodc 
or. ESC i C3uses !he cursor to movc to rhe first unpr<>­
lc~rcd charactcr following che ncxl prorecrcd field. 
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\\'ith protccl modc off. thi' ende ha< no cffcct. 

4.7.2.3 llack Tab-When protccl muele is off. ESC 1 
causes thc cursor to go bJck to thc prcvious rab position 
set. If no tJh'i are .. et or if 1hc cursor is on thc first tab 
pno;,ition. this codt:" mm·cs thc cursor lo thc first column 
011 thc line. 

lf protcct modc is on, ESC 1 movcs thc cur!<.or hack to 
thc slart of the fir:i;t prcccdin!! unpwtcctcd ficld. lf no 
prcccding position-; cxist. tht cursor will not move. 

If 1hc cursor is al thc first unprotectcd posilion on thc 
por,c. thccodc hos no cffcct. H no pro1cctcd fields cxist, 
home position is considi:rcd rhc st•1rt o( an unprotccted 
ficld. 

4. 7.3 Clea1ing Tubs 

4. 7.3.1 'If¡:cwrltcr fabs-You con de ar a typewritcr tab 
by putting thc cur;or 011 thc rab position you wish roclenr 
'1nd entcring 

ESC2 

This code has no cffccr when protcct modc is on. 

4.7.3.2 /'JI T<1l,,;-To clcar oll tab;, cntcr 

ESC3 

·¡ ÍH! pu.:.ition ot 1he t..-Urmr wh~n 1hi11 C(}dc is cnlcrcd is 
not importan!. 

4.ll El>fl'ING CONTIWLS 

Thc ediring control :icqucnccs anda <lcscríption of lhcir 
funclions follow: 

e 
Use of the tditing commnnd'.i mny rcsul! in lhc !O!jS. of 
d:lta. RcJd lhe foHowing cxpl;rnations of the cditing con· 
trol fun~rions carduJJy. 

4.8.l Edil Modes 

Thc edil modes which are dcscribcd in this ><ction can 
be se!ccted cithcr with rhe switchcs on the rear vf thc 
terminal or with control co<.ks. 

Thcre are twoedit modcs availablc: local edil and dup!ex 
edil. 

4.8.1.i Lota! Edll Mod<-Opernting in local edil mode 
enab!cs you to change thc rext u'ing rhe edil keys 
(CLEARSPACE, BACKSPACE, f, l , -+, ..... TAB., 
HOME, and BACK TAB) wi:hout lransmitrinz thesc 
keys or any changcs caused by these keys lo the com· 
putcr. To enter local edit niode, entcr 

ESCk 



Ali othcr keys will operiltc normally whilc \mal cdit ¡, 
on. 

4.8.J.2 Duplex Edil Mode-To set thc cdit keys <le· 
scribcd in 4.8.1.1 to opcratc in the mude set for thc 
alphanumcric kcys, cnter 

ESC 1 (luwer case "L") 

For cxampk, if the tcrmin3l is sd for hn.lf-dupkx op.::t · 
ation, both thc alphanumcric ;:i.nd i.:Uit i:cys will opcratc 
in half duplcx mo<lc. 

4.B.2 Curs<>r Coll!rol 

Thc cursor control kcy opcration is úcscribcd in :L\.3. 
Escape and control ~c1.¡ucnccs may h;; st.:nt from thc com­
puta to perform tlte varit\U'i cursor functions. 

4.R.2.1 Curt.:.or Cn~1trn! Crrks-Th1! c\JN.Jf control c..·mk<. 
~md a dc!--cription nf thcir lonctions :m: Jr.:~:.t·rihcd bdow. 

Curs.or Up. CTRlJK 1t1ov~s th~ cm:;o1 up Oill' lÍi;c 

Cur.,-0r Hiiwn. Depcnding on thc switd1 scnini~ .... 
t'TRUV or Cl'Rl./J lllU\\.'S th.: cursordnwn (lJH~ lini.:. 
lf thc cursm i:; l:1~ th~· hottom lint: of the scr~t:n :m<l 
swit.ch 2 dípswit1.·h 6 i11 dm;tn (92.'.i/950 mmk), tln: codl· 
h:t'i no e 1 fcct. 

Luaau~ L\;Ü. CrI~L1ll i .. tlL' ~:1mr· ;!~ H/\rl(SPA<T: 
it movcs thc cmsor ldt to thL' next unprotcctcd po:.i­
tion cm thc p~1P,l'. H the cursor is cunently in thc fir;,t 
column of thc lin..::, it 'Niil 11111\'C to tlw bst cuhmm l' 1 
thc preccding line. lf thc rur::or i~ currcntly at thl' f11~1 
unprotcctcd pnsition on tiH: <>creen, thc rndl: has no 
effcct. 

Cvrwir lti~~1t. CTRUL r110vc:; thc cm:;or right nn::­
column. If thc cur:>or i:. at column HO. it move!. th~ 
cursor to the first column uf thc nc~l linc. \Vith prn· 
tet1 modc off, it camc" a <;.c.:ro11 ií th.:. curwr is ¡1t ro!· 
Umtl Wofthc last linc. \Vith protei;:I modc 011 an<l th1; 
CUf$0f at thc la:;t unrrnterted pn ... ition un thi: PJf;.::. 
the cursor wiU move to thc füst unprotcctcd position. 

C&nW.;c llct~rn. Cr!UJM movcs thc rnr>or kft to 
column 1 o( the curren! linc. 11 protect mode is on, it 
moves thc cursor to th~ first unprotcctcd posilion of 
thc ncxl unprntcctcd fiel<.!. 

Cursor llOME. Cffil}i\ movcs the cursor to thc fiN 
unprotecte<l charn.cter on the pagc. 

Now Lw. Cl"RU_ (undcrline) causes t!1c terminal 
to perform a CR an<l a LF. 

4.3.?.? Llmf...i.-With protect mo<lc off, CfRUJ or 
lincfeed (LF) advances thc CtJr.:or to tite ncxt line un tite 
page. lf thc cursor is at the bottont of thc screen. a LF 
causes a new linc of data 10 appcar at thc bottom of thc 
scrccn and rcsults in the loss of thc "1p linc uf data on 
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thc pag.c (shifb thc 1.·ursür dllwn) Thc.: ncw hnc ¡,:ontarn.., 
spacc::s. 

1f the cursor is at thc bnttom of the ~ca.·cn with prot~i..1 
mot.lc on, LF movcs thc cursor to thc;: top of tht...• ~crt...·cn ;11 

thc currcnt column position. lf that position is protCL'tt.:d. 
il then movc!\ tht! cursor to lhc ncxt unr·rntc1.:tctl pu'.titinn. 

4.!l.3 Editing Con1man1ls 

~.B.3.1 Cl1aractcr li>wrt-ESC O causes thc rlm.Lctcr 
at thc cursor to movc right onr: <.:olunm anti ente!·.; a sp:1ú' 
characlcr at thccursorpositinn, The character <1t colum11 
KO is lost. 1f protcct 1110tlc i~ on, thi.<:i control will 1n\crt 
from lhc cur').{>f pn~ition to th!.! cnd of tht.: linc or tn tln.: 
tir:.t protcctcd field. 

·tB.J.2 Charnch'r Ddctc---ESC\V <h.·\ctcs thc dnr.1ct~1 
al tb•.:: cursor pLl'.tltion and mO\'C~ all following charal'tl'r'• 
ldt mw po-.itktrn. At thc cn<l of thr. dclctc fum:tion. a 
<ipat.:c charactcr is wnttcn into thi: l;i<.,t pmition 011 tb: 
linc. lf prot;;ct mod..: ison, ch:uackr dcleti: opcrat~s only 
[1lHl1 tln: cur~,or pn:.ition tn tl11: cm! nf the unprotcctcd 
n~.1.J or \in : 

.:.t!.J.J Un.:-: c.H't i- ···\1.'i:h prn!~cí rn~1de off. ESC E in­
'iCrts a \inc 1.:cmsi.,ting ol sri~1~co.; at thc nirsor position. 
Thic;cau-;c'i thc cursor to movc tc1 thc ~tart o[ th.:: lll!\'1 lint~ 
.iml all fl)llowim: Hfü·s 10 mow down ont: lín::. rc~tdtinL 
in thc \o-.s of thC l1ht Hni: 011 thc s~rccn. ll proli.:ct nrnd~ 
is on, a linc in~..::rt rommand h:ts 110 effcct. 

4.t;.3_.I U11,· iJdc;c --\','\ici, iH•ll•:Ct rJ¡(l¡!;• ;.; <lff. f'~r' 1! 

tk:letcs the linc at 1hc cur~or position <tnd ali fnllowi11¡.: 
\ine\ mnvl' up mu~ Jinc. 111c cursor wi\l 1110\.\' to colum11 
l o( 1hc linc and ~p;1cc:. "11\ b~ lo;i1.t:d illW thl' 1:1.-.t linc ol 
thc scri:cn. \Vhcn pnHCL:t mmli..! is on, this cmk has lh• 
dfrrt. 

•!.H.3.5 Ent.'iC to E1al or LlnL'-ESC' T C!'i\St~ ull unpr~i· 
tcctnl d1aractcrs {rom thc \.:ur•nr IP thc end of thc linl.'. 
{or Ht:ld. if prott.:i..:t nwdc is onj a1Hl 1L'placcs thcm wi1h 
sp<Jccs. H hnlf intc11sity b 1,Jn, half-intcnsity '.'ti:.irt·~ 1,1. ill 
1cpl;1CL.: tht: ~ra;-cd ch:uacter~. 

4.U.J.6. Era.si: iu Ei~<l uf U.a.: \~·~fü Ni;~·.~ ~ESC t era"lº' 
all diarnctl'rs from the cursor position to thc cnd ol th .. · 
linc or thc cnd of an unprotcctcd field atHl rcplacl's thcm 
with null charactcrs. 

4.R.3. 7 fa114e tu End of Srr .. n-ESC Y rcplaccs unpro· 
tcctc1.l charactcrs hom lhc ..:ursor po!iition to the cm! Hf 
t he scrccn with spacc3. lf hnlf inrcn'\ity ison. crascd dl:1r· 
ncters will be rcplaced with half·intcnsity spacos. 

4.8.3.8 Erase to End of Scrten wllh Nulls-ESC' cra,cs 
ali unprotecte<lcharactcrs from the cursor positiÓn to thc 
cnd of thc scrccn and replaccs thcm with null charactc". 

4.9 CLEAR FUNCTION 

Thc clcar function ic; used in onc of four \\'i\l'S tu clcar 
tlarn from scrccn mcmory ¡indtor computcr m'cmory. 

! 



4.9.1 Clcar Unprotcctcd to Nulls 
ESC : clcars all unprotcctcd data nn the scrccn to thc 
null l'.hara..:tcr. 

4.9.2 Clcar Unprotcctcd to Spaces 
ESC: or ESC + or CrRlJZ rlcaí' ali unpro1,·c1cd dala 
on thc scrccn to spacc<.,. lf half intcmity ¡.., rn1. thc !>creen 
will be clcarcd to h,lif-inlcnsily spatcs. 

4.9.3 Clcar Screen to Half-Intensity Spaccs 
ESC. clcars ali unpro!cc!cd dala un !he ;creen 10 half­
intcnsity spaccs. 

4.9.4 Clcar All Data to Nulls 
ESC 'clcars ali data on thc scrccn to nu\ls an<l rco;;cts thc 
half in1cnsi1y and prolcct mrnks. 

4.10 DISADLING AND ENABUNG TllE 
KEYBOARD 

You can disable ali kcybuard functions by remole com­
mands from the computcr. Once thc kcyboard is di1-
ablcd, it canon/¡• be cnabled once again hy anothcr r<0 mn1c 
commnnd from thc computor. 

8 
lf your computer systcm cchncs ali rodcs, thc kcyboanl 
mny be accidentnlly disabled. 

To disable thc kc)·boanl rcmotcly, cntcr 

ESC~' 

While the kcyboard is disablcd, ali kcys are disablcd cx­
ecpt FUNCT. PRINT, BREAK, CTRUI, and CTHIJ2. 

To subscqucntly enabl~ tite kcyboard. the terminal must 
rcceive an ESC" or you must prcss BREAK twicc whilc 
holding down thc SHIFT key 10 reset thc terminal 
complctcly. 

4.ll CURSORATTRIBUTES 
Thc cuMr display may app~ar any one of fivc ways. To 
set the cursor display, enter the control cede for the ele· 
sircd auribu•e, 1)'pe the code in the exact sequcnce shown 
bclow: 

Attrltme 

Not displayed 
Blinking block 
Steady block 
Blinking underline 
Steady underline 

ESC.O 
ESC.I 
ESC.2 
ESC.3 
ESC.4 

4. U WORD STRUCTURE, PARITV 
SETIINGS, AND STOP BITS 

Each computer systcm has its own melhod for checking 
thc transmission or charactcrs from the terminal to verify 

21 

rct:cipt. ln Chap1cr 2 }OH v..i.:rc ~hm\n how hi 'l.'t 1!J,· 

switchcs in thi: 1crmin;1\ to match thc rcquiri.:11\L'llh n1 
your computcr \Y~lcm. Sin1.:i.: 1hc\I.' ... i:tting.., m.t\ hl· 11! 

impnrtancl.' in ~ our 11ro.~r;111uning. thL·~ .1r1: d1"~ w· .... d 111 

mon.· dctail hcrl' 

The first bit of 1hc tr;rn~mi ... ,i1nt ¡., alw.1\" u..,cd ,¡, .1 ..,lart 
bit to tell the computa th<tl .i ch<1ractt:r·v. ill h1..· tra1h11111~ 
ti:d. {Thi1i Íl 1101 part of thc char;1chn co<lc.) Thi~ ~tart hit 
is always J onc. A one may abo bl! rcfcrrctl to a~ true 11r 
mark or higli. A zcro bit can abo be calkd afuhe, lpace. 
or low. 

Fol\nwing thc st<lrt hit, thc tl'.rminal will now ~.cnd cithcr 
a 7- or 8-hit chn.rnctcr 1.:odc. Tht:sc are dala bih. 

Tn vcriíy corrcct rcccipt of thc diarnctcr code, comput­
t.:rs m:iy now rcquirc that thc ncxt hit rC(\.'h:cd ~crvc illi a 
d1eck on thc trnnsmis•;ion. Thi.;; ¡..¡ called pmity. Severa! 
mcthods arn uscd, varying írom systcm to systcm. Thc 
mctho<l' U5cd are listcd in la ble 4-3. 

Following any panty bit r~<.¡uircd. thc terminal will als.o 
..;;cnd (as set by thc switch scttingo;) cithcronc or tv.n ~top 
hit-.;; to signa! thc cnd of thc characlcr ende transmission. 
Stop hit"' are nlways ones. 

Figure ·1-2 shows th~ ~truc!llrc of a ~eriJI dat:l word. 

S.-ltc!iSl 
llips~ltch 

1 

NOTES 

Tablc4-3 
Switch Settings for l'arily 

andDatallils 

Poslllon 
Up Down l'&rily ~..('rlptlon 

ODD Rc•¡uire~ thnt the lota! 
num~r of \'a\it! dala hih 
!><odd. 

EVEN Terminal will ;1úd a onc 
ns ncctssarv h' make thr 
ltllDI v.1lid Jam bits ~cnt 
cvcn. 

x' Onc(or Rcquircs 1hat a one be 
MARKor scm in thc p•irity 
TRUE) po:.i1iun. 

x' ZERO(or Rcquin:s thnt a zcro be 
SPACEor scnt in lhe parity 
FALSE) po\ilion. 

SENO Allows <1n o<lJ 11r evcn 
p:nity lo h\' ~l·nt. 

NONE(or Oocs Olll rcl¡ui1c a p:1ri1y 
NO) bit IO he senl. 

C:ausc'i 7 dJta bits tu he 
scn1. 

k ~~l~~i~: ~j'~~ ~~~~~ ~t~ !~~~~~'.~\ ~~!~~~~ ~~ 2~~ó~!~11y. 



lXJ~, p:¡r.ty, t' :•~I bt: 

1 . .,, 1,¡f .: .. :t ~ r:J i..:::.?1.' 

l 
l I ·-·--11 ¡· r-r-T-T-n-:1"-r··y· ·; 

._~_Li.J~J~.1.-~..l .. ~ :.:J~:. l:J. ~.! 

Or.n· \'OU h'1\'1";: rlt'. l 1 J J!'tl \~~k ' ! '·.)' 'e: :;;:\;L y1.=1:' ., 
ttíll\<,,:1:1 tl ~·' f),; r.:11;np11r~: h: ,_\!1,,J"'' .,, f"·.':Jji· 

q1H:m1:t ··,:nd• 11 • ._·i~~.~c..:\;1. 

E'~I ~ ! ~1·:v.h ::li ·1 npf(H::ctt-•1 {1.t! 1i11 ;i ;i1,r. tr.im u1!1iltl!'. 

l 'llt\Hlp.h th~· C\l;'.O/ r·)'.¡¡¡;m. 1Li·;.cn1.• ,)~ \} ~,,·n,; ... •.i ;. J 
{,.rh~'.'. { IC J kx) ;i•, a tid.! d:·lir:út.-.::1 ir r•:':lL' ¡;\ c;1d1 P~'..\· 
1crH::1 t ·.:i:i .11H\ :<1;r:11il .,1 :,. -;t,:!~.~nn,:: .1: 1h,· \'11d ¡,; 1.1~.: 

'"~ ¡ 1. \ t ¡ :1 !\ :'i ·.;; 

L~l ,'; \l·nd·-; aU um.wt~ .-i·.·d <b:;. 11i< 111: ··i:H:\'?l !tur.i 
h; ;011· llti 1•11:~ll tirn (~ir ·,u¡ 1 ·11·: t;t'.I lt "'11~;:, .~:1 F~ '" ;~\ · 
(~( ll:•.1 .1Ji,:l:ld.'\11H:·sri11:'!.· nr:..::·: •.·,¡¡,,,,. 
lid,~ lh·' ,',~,\· 1 ·.c-•H\·. ,1 )!~1,· d;;·i1mi<.;·;· .n tla' •:.t•: '11 :, 
hn;: .Ui ¡ ;~ri •:n1L,,..,, ... ~ c'.ur,¡c1n· ;,t 1 :.' :1,j e; 1!1r ;,:n:! 

tr;1n"1111\'.!ll1; 

E:-i(' h ~~'ud~ all d.ita 11on1 th, l~r,:: uH11ir.;~ Ü;r•Ju·l; fr:· 
cursor p;)\ili~111. lt .1hc1 <>ntd~; ~:,~1.' ·~ ,,¡ th:· l'1~1:irnw·: "' 
carh rmtl'Cl\'.d ÍH'ld :1ntl E.':ü.'. ¡ i1t dtt• l.IJÜ lri l•l'. 11 ,.;u­

(l'clc,J íid\l. li tit1..: i.:h<H'.:. !~:1 at tio'.: i.:ur:.or pu~.itÍllll h ¡1w­
tccti:d, !h,: lcrr.iírial 51:1;<.! .... f:~L'. (to 11:1· (··1mp:1ü.·1. ibl· 

crnh.· Stnd«;1n end-nt+.~1 f. r.:ha1:v~·~.!r 31 thi·. L·nd ol thc scnd 
tr;msn11c.:•:1r1n. 

lf t}H~ t.!:.tid to he Sér!I indu<lt:. rl•'!rihut~· \':.':H:iC1í'I''., li:•.'S\' 
wil! he ~f~n! ;ik,o {lhi: i1·rmi.nl v.-1\1 illJhUn.lti.:.llly Íildl:d:.: 
tiH'.~U1tablccsca1w !,i·t¡uc.:ilt•:s (ESC On)J 

ESC 7 scnds a!l 1fata on tl.c scJci...'n from home throur.h 
thc cursor po'.\itil.in. [t a!:m semis r.sc ) ~it ttH: ~ta1 t ~~f 
cach protcctcd ficld ami ESC ( ~lt thc l:nd of c.~ch pw­
tectcd ficld. 1f thc charn1.:r.::r :.H rh: cur.;or (1l'~.}tion i .. rro­
tcclt!d, thc terminal scmh (11\ ESC( to thc i.:omput\:r. ·!'hi:. 
codc als.o ~{:nds it linc d1.•limitt~r nt tite cnd of c;1ch lini: 
and thc cml-of-text char;:clcr nt thc cm! cf 1hc scnd 
trn'l~müssion. 

[:~C S st~nch J\l 11npl ,1i'.:Cí~d tlati1 brackcl•~<l Dy thi.: sf:1r! 
iif kXl {S 1 :~) ,,¡;:J l'¡;.! i:i il:.~1 ( I"TX) ...:oJ~:.-, dl'-pl;·) _. l n, 1 

•. SC\ct!n. 1\it\'r 1Jw data í·; 'i1.:n1, the l•:rmim1l po.ition, 
th..: c1m.r•r :it ~he F't X COlk. lf -..:· ·: .;~:rer:11cr.•nli1i11.<;1•n 
S'fX COtl>:'= !l ,k!l:imis··.i1HI l1~~1.Í11.; f!11Jll {\¡¡: h·.1nk ptFitiU!l. 
\! ¡;~,; 5r:rcc1¡ com·irn.., no ETX ,:;ud~. rh..; t1:uniHal scmh 
lo the cnd of tlw ~rt'" .-.~ :ud p<r..;ido11:tth•.' rnr~or at lio;i;\: 
aftt:r lhi. d.1t:i r· ~ .. riL li ~ne ~:·:·~r1: cur.i;\iii:. 1:.:ith~r :in 
ST\. nor an [·."l'X r.nt~t.', th:> t"'.11i1c scrt~~·.1 ·.,,,11 bo:: ~.cn1 
·r:i:,codc s~ncl•, an f··.: wrL.: ~ !C ~le\:) .1~ ,1 fü:!-! rJ.·J~,r-iti:: 
i:: ?;laci; of pmtr.c-!Ctl fir:kk ·¡, '11.~1) :~nid-; linc d.::-iim1tc1,.; 
\\t ~:t·.~ ..:mi of e.1d1 hne ;11h! "" c11d·ot-tr.:\t d..:\u::i:~:r :t; thr.: 
~. ;:. J l"'f :he ~cnd 11 ·Líh1111-..,iü:1. 

r.::¡ · \ ¡,, <,!:11iLir 1.· · ;,T: ¡p ;1~~ ;·~~;· ·~ ::·.<c11; rh:n ~1:11 .. 

''-· ':.'J fo~L!.; dcl11:··1:.~t~ b .. 1,tar~·t·:•'1;·c11.d lidd 1"ES(.' O 
, .·J ::i:.i-prnt¡ncJ :¡::Jd { F;.;C; 1 d~!· .11'io a:m-..11ar1·:d. 

.:_ iL: TE;.\\~t.N/"'·:i·~oN C~:l;•.;1 c1CTE;--. 
~;ri;,.CCT~tJ:·· 

:\r ilk ..:1t1;1p\~;t:ioi1l1l1.·~1,:l·· 1 1.:nd •:. ,:u.:'i,:.: .1 t.·¡~'> ~i.:·'1 

to IJi,~ l'mT\l'i;:1 J 1it• t'.'1!111;¡,11:o.ir: d:-\1.:~¡~·1 r;¡\1 t·, 
, :n11rr:tl to ~i!\\' /•;·,("j"¡ t'~d.: iiy eatc!"n1,' 

whu:: ¡..;¡.,¡ ·=- anv h,n ;\'.).1..'l t • • •11~\Llt.·1,. ¡ 1 .e ¡.,:¡.¡, l'>\ l) 
dt:l1 ;.l_'~t"'.!~ \\lll- f j;~. t:l{L'l rd. {J.,,: .1 r~ {J¡ ,3 .• l,Í. ]'{.~J.)(d.) ;1:: 

bl:.'1 1·111:. 

.,·¡•;:', 

CllU..IC(E1,';) c;r:.1, ··,f.I\ 

!".' tl·e t:m! r~r '.":!f.'l'i li11._•. n us 1. lFl n ;., llJUtinlilll'~l Tu 
i.:b:.é1;;:.! th:: !;,~,~ termin·.itirin 1:i:~1r·•.(l"f'. 1·!1i·.·r 

TJn: inrnin;il':~ prim::r lHlfl nrn~, l1r i:,1:1 10 p.1ss dttta n·~ 
n~ivcd from the l:omputer through f11 thc prinrer. lf thc 
print1;r nn not :1e":..::pl LiJI}' 1-ntlte J;ita d11cin~ a print t"?p­
\~!atio11.1hc pdnt.:r nrny signat tlic krminal to stop bt.:11d­
ing <lat<'.! hy :.:.:miingn Prilllcr B11!,y ~i¡pH1l (P4 pin 2t,}1)~;). 
'Ilüs &..od~ \m X.oíf drnraftcr (DC3) or paS'i('~ thc iJTR" 
signo! to the computcr lif lhc llTfl "vi1d1 i; ~·!k<:t..•tf). 
Ttic prinler rnay thcn rcqUt!!~t mor~ ci:lt~~ by :;:::111..Hng a 
Printcr Rcady sip.;nal (P4 pin 20 t1i1~h). This ~crnJ; rin 

X-on characler (DCL) or p:i~se:. thc IlTH.. ~i~n:1l hJ thc 
corn¡Hltrr. 



"'~ di~t.'US'icd in Chaptcr 3, lhcrc are 1wo mdhoJs of print 
commanJ" availab!~: 11an~p;m.:nt ~md ..:xtcn,ion. 

Thc protocol dcscribc<l ahcwc functinns in cithcr 1rans­
parcnl or cxtcn'.'.lion modc. 

< g;;;;;¡¡ 1 u 1 

Ports P3 an<l P4 mus! hoth he set for thc same b;iud ra1c. 

4.15.1 'Iransparcnt Print 

ESC • allows 311 subscqucnt data rcccivcd by thc ter­
minal (inclu<ling comrol and escape charnctcrs) 10 he 
pa«ed through to thc printcr. No scrccn updating occur> 
whilc this modc is active. 

To stop transparcnt printing and rclurn to cxtcnsion 
printing. cntcr 

ESC (u 

To stop tra.nspnrcnl rrintinp, hut allow !\Creen upd;itinr, 
to continuc. cntcrcithcr 

ESC aor f'SC A 

4.15.2 Extcrui·>n (Copy) Print 

ESC <c.i causes ali 1 ubsequent datn rcccivcd hy thc ter­
minal to be scnt to thc screcn and ¡mscd to thc printcr. 

ESCA turn~ off rhc ntcn',ion mmk'. St:rrl'H upJating 
continucs normally. 

c::::=J-----,--~-, 

C--:4.-. """"'"'"'"' 
- .. -·___\ 

,m¡llll11~l:f</i_) 
.....___..:..-----

b. E;ictension Modc 

Figure 4-3 Print Modcs 
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4.16 X-ONIX·OFF CONTROL 

Thc terminal auhHllt1lii.:allv tr.111'>mits :\-oli to lh~ com­
putcr (rc4uesting it to stnP scnding data) whcn thc 256-
byti; rccCt\·c buffer i'i almmt full (lc~s than 16 charactcrs}. 

',, -o-,•' 
Thit. buffer is for da!a bc.inr~ ~cnt to 1hc tcrrninal bv the 
Lornpu1cr. lt is not a huffc'í for dar¡¡ hcing ~cnt te~ the 
printcr. 

\Vhcn thc Jata in thc buffor has bccn scnt to thc ~creen. 
thc tcrntinal automalically transmits X-on to 1hc com­
putcr, indica1inr. that the computcr mJy rc~umc ~cn<ling 
d:1ta 10 thl! terminal. 

To turn this fe ature off (i.c .. rnablc Data Terminal Rcady 
control). cntcr 

CTRL/N 

To rn~rnh!r~ thi<; fcJtmc (i.c., di;~M·:- D.itJ Ti:nuir.al Rcady 
control). cnrcr 

<..TltLIO 

At powcr on, X-on/X·off i:i cn;,1hlcd. 

.;. l'/ DATA 'ffütMii'lAL kEADY CONTHOL 

lf you havc dis:iblcd thc X-on/X-off feature dcscribcd 
nbovc, the Ofita Terminal Ready fcature isenabled (i.c., 
thc DTR linc is high). In that case, whcn thc 256-bytc 
reccivc buffer in the termino! has rcccivcd 2~0 bytes from 
the computcr, thc DTR linc will go low until thc buffer 
is 20 pcrccnt cmpty again. 

You can turn thc DTR fcaturc nn or off by changing 
switch S2 dip,witch 10 on the rcar of the terminal. (Up 
disr.onnccts DTR; down connects it.} 

4.18 CUSTOM EPROM APPLICATIONS 

You can rcplacc thc 2532 EPROM (supplied with thc 
terminal) with your º"n special 2532 EPROM or (if more 
spacc is nccded) your own 2564 EPROM. The 2564 
EPROM will provid~ an ad1litional 4K EPROM, giving 
you a total of 8K EPROM space for special npplication 
programs. 

4.19 BELL 

You can cause a shon loud bcll to sound by entering 

CTR/G 



Se TROURLESH001.,_, 
ING .!lND SER.VICE 

5.1 CAt\E 

Pcriodic ckanin~~ ;i.nc..l in~p::,tiot1 w1U prolong t ht.: mdul 
lifc nf your tcnnil:al. 

T(>dc;in t\1c ktmin::\ t:xtcrio:: 

t. V.:.c1rnm the teytm;1rU c\;;l"y du;;..; n10nü:1 \•-ith.:; 
wft bru.o;.h uttachmen1. (cr u~c .1 smaH ~oii l1rulh). 

2. Ckan th1.:: housln~. wi~h a soft, l111t·frec doth :.m<l r~ 
tommc.'.fcial <lt:i.crgi:nt c\.try lhrcc rnon~h '· 

it--·:~.:t'ipiin11 Frr.qm:ncy 
1. lnsp::d t!1r h!tlí1in:1I cabinet for ilYr. 

c~J:r.:l:.s C\r hr·~.::.!.:s. 

}. Ci1rrk tht.: 1:~bh: t.;onn~1;i1Jf (at thc l/Yr. 
re.ur ofth.: t.r:rminal c,1t,1m:t) lor 
d>moi:."· 

Yu\U coraputet .~{'fmin~il i.'1 ju::.t or.1; oí i;;e,·cral coinpo· 
u-ents in tbc coo1v-.ih~r systcm. A failur;; anywherc e\si~ 

in the system can cau'e the impropcr opcration o{ llw 
lcrminal. The computcr systcm, m~mory systems, C.\· 

hlcs, modcms, and opcratiom1.I prrn.:l'.dures ~hou!J ) •, 
chccked i{ therc ha> bccn" ina\{1111ctio11. 1\ih\•, 5-1 v. ill 
be hclpfu\ in detcrmining thc causi.: of a problcm. lf th1, 
table docs not hclo !orate thc cause nf tht' prohli:m. run 
the s.clf test or c~dl a qualificd ' 1·.11.'l~ tcd111ici .. m f1 :r 
assistam:(!. 

5.2. ! Tcsling ti?!! Tm:linol (Seli'lb;t) 

\'ou can test thc terminal your$clf to vaity prnr\'.r <1f1• 

cration of thc video dü.play circuitry, the tl:J!1:-111it .11ul 
rc1.:t:i,·~ portian oí thc ltS2J2C inti::tfacc. and lill'. coi\lr,1! 
proccs~or. ·1111: ti:st will display nli l!i~.phyahk d1ar;1c­
tcr:,, and all ló vid.:.'o attrihut~~---in bo1h lwH an<l tl'I: 
du¡)h::x. 

To st;nt th.: tc':t, enlcr 

,-:se v 

Thc di5play ~.creen shoultl n()W iuok lik:: that ir. 1\!'!;: 
·l-1. Locr~ at the display r.arduHy to vc1ify 1f1;1t üll ·: L,1r­
;1r:tcr.<; nppear, al! video :tllributcs app~ar cmn:rtly. ai;J 
í!li haif mtcnsitv d:;:n:tClt~rs :uc shnv.n. Each d1.H:'.h i 

s.l10uld be formC.d J1fCl!),_·riy ,,nJ you i.hou\tl not lw ali!·· 
to "ec nny extra l!ols (.md nq dol'. ~houlJ. he m1~-:in:; 1 

Check ll11~ switch st:ttin1:• nn lhe tt·rminal ;]t•amq l!.•,, ''" 

no the di.~play (~;ce Fi'.1 .~-t-I). Thi:.: dhrby ,.,;,¡¡ ~.hov. \i'.: 
Ji¡.h\',·it.:ho..~~, :1 ·; :i 1 { up ~ ur a O ( d1)\\ n ). 

Tu stop tht! tc:~I, prc!'.s IJltE/¡ l~ twi1·<: whik hnhJ;nr, di\\'. r1 
lhe SHIFT kt.y {to ti.::::..ct thc tt:rmiiul). 

:.dwul;l yom dl~;pl¡¡y not i1\•jJC;\f .1· pit:tur1:d iu i\;t:J..: 
4-1, call qlwlifcd snvict.: l~:chHL·i.111. 

1iibit:5-I 
'I\"rouh!"'"jh~l'ilH11g Tllrniint~.! Prnb~ 1:E1:; 

Sy&>j)(Offl 

ll:rminal dead (no l>cCt>; no cut:ior) 

Terminal dead; cutsor nuy appcar 

Terminal wm not go oo lin·~ 

N.o AC powc1' 

Lvn:~{: or dcfcctive lir<~~ or powl!r 
"'l'Ply fu;cs 

Systcm is not "up" 

Loosc. unconnc<.1.rU, or darnagcJ 
cat~c' 
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Plug in powcr ccr<l. 
1\irn on powcr switch. 
Check 115/230 powcr switch settíng. 

1\Jrn terminal powcr off ami changc 
htl"'· 

Check status of >ystcm. 

Attacb ali cables and check for catite 
d<imagc. 

Chock rnaín purl {P3) interface cahlc 
píns: 



TableS-1 
Troubleshootlng Terminal Problems 

Symptom 

Cursor will no! appear 

System docs not respond whilc on 
line 

Terminal is not rcsponding tu sctlings 

Terminal "lockcd up" 

l'o&slblc Cause 

i.lodcin not turncd on, dclcctivc, or 
phone hand.:;ct on modt::m upsidc 
clown 

DcfcctiYc cuntrnst pot 
Contrast set too light 

lu\..orrcn r~rity ~v¡\t•·h i.:cllin?. 
word structurc, stop bit'l 

Terminal not powcrc<l down ;,flcr 
hcing rcccmfigured; software has 
not scannc<l ncw scttings 

Systcm is not rcsponding; 
communication link hrokcn 

Terminal incor~cctlv set for on linc 
and ful! duplcx · 

Solulion 

• 5.ó.and8mustbcclrivcnby +12 
VDC or not t.:onnc¡:tcd ut ali far 
normal opcr<ltion. 

• 1and7 mu.ca bt:: grounJcJ. 
• 3 must he connectcd to thc hnst 

transm.ittcr. 
• 2 mu~t he conncctcd w th..:: hmt 

rc:ceivcr. 

Turn on molk-111. 
Atlach diffcrcnl mndcm. 
Check phonc hamisct pmition. 

Hckr to tt:chnic:1l repre<"icntativc for 
ai..ljus.tmcnt llf con1ra.;t i:.cttin!~s. 

Set parity switch w mntch ~ystem. 

Powcr <lown tt.!nninal and turn back 
on 

Se! lo¡,,,¡¡ Jupk.\ ami try to typc. lf 
terminal will typc, check cable>, 
modcm, phonc lincs, :rnd computt·r 
sy•tem. Set to ful! dupkx •md 
pcrform sclf test. 

Set to half duplcx. 

Tcrminal locked up Kcyboard disablcd !mm computcr Enlcr ESC" 

Switches set incorrcctly 

Terminal prints corr~ data only part Parity settin!;.' incorrect 
of the tinie 

Display is wavy 

Printer does not print what is typtd 

Stop bits or word structure wnmg 

Hertz se1ting incorrccl; <loes not 
match local powcr frcquency 

Corree! print modc selectcd? 

Cable conncctor pins conneclcd 
incorrcctly 
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Rcvicw Ch:lptl'r 2 switch scttin~!I 
carcfully ond check ali switch 
""ttings. 

Check pnrity scttings wilh system 
requircrnents. 

Change S\\'itch scttings. 

amngc switch sctting. 

Refcrto 3.4 and 4.15. 

Rcfcr to 2.4. 

01eck primer port (P4) interface 
cable connector pins: 

• 20 must be drivcn by + 12 VDC or 



Tuhle 5-1 
Troubleshooting Terminal Problcms 

Symptom 

Escape and control codes to not 
function as specified 

Terminal prints "garbage" 

Erroneous data sent to computer 
Scramblcd output 
Terminal loses memory 

PGS.!ible Cause 

The escape andior control codc' 
bcing used are not corrcct 

Keyboard lod,ed in Sl!IFT position 
(AUTO LOCK on) 

lmproper baud r;\lc sctting 

lmpropcr handshaking prntocol 

Dcfccti\.'c modcm 

Noisy telcphonc lincs 

Static elcctricity 

AC outlct not wired propcrly 

Terminal does 1101 print wbat is typcd Duplex switch incorrcttly set 
whileonline 

Tcnninal only prints@ characters Word length switch set incorrectly 

Parity switch set incorrectly 

Stop bits set incorrectly 
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Solutlon 

not conncctctl at ali for normal 
opcration 

• 3 must be conncctcd lO printcr datu 
input 

Check othcr printcr port <lcvicc 
n:quircmcnts. 

Check mo<lcl numbcr of terminal and 
codc talJk for correct mo<lcl of 
terminal hcing us!.."J. 

Makcs sur e uppcr ~rnd lowcr case 
codcs arc used. Je; i.\ numeral one 
requircd instcad uf lowercasc "L''? 

Put in lowcr case. Conncct PJ-2 to 
P3-3 and try in full duplcx. 
Di~rnnnt:(i .:ompt:tcr systcm. 

S!!t corrcct hauc..I rate. 

Check handshaking protocol 
rcquircmcnls of system with terminal 
protncol. 

Heplacc modem. 

Check phone liucs. 
lnstnll dedicated phone lincs. 

l. Check opernting cnvironment for 
static problems. 

2. lnstall antistutic floor mat. 
J. Spray carpcting with antistatic 

spray. 
11. lncn:ast: humldity. 

Check far propcr wirin~ anú 
groundiog. 

Set duplex switch to match host 
systcm. 

Set word length switch to match 
computcr systcm. 

Set parity switch to match computer 
systcm. 

Set stop bit switch to match com¡:.utcr 
sy5tcm. 



5.:1 REPAIR 

Opcrator rcpair is limitcd to clumging the linc: fusc- and 
tlw two inh~mal powcr supply fuscs. 

5 .. 1.1 Changing thc Linc Fusc 

'fo changc thc lir.l' fusc. procccd as follcws: 

8 
To avoit! clcctric~\l shock., di'iconncct th{• terminal fll'WCr 
ccm! b~forc ch:1ngi11g thc linc fm~:. 

l. Dis1:onm:ct thc terminal pow,~r cnrd frnm prim:iry 
powcr. 

., Rcmovi.: thL' fusc hold..:r (s.:.;,~ rif.Ul'C 2-J) by un· 
v;rcwing it 1.·mrntcrrlorkw[~11:. 

3. Rcmuvl! thc bltl\VII fu'ic ~mi 1cplacr. it with a .1AG. 
l amp "<.;f1J l1!u" ,~ .. ) V,.\(' Oí t.l.S aiilp, ~50\.' foc.~· 

for 220 VAC ;lppfü:a110;1'i im1a11t:incou.'l (fast hlow) 
fu;c. 

-L Insta!! Oil~ fu se in 1111.: r-.·vci ~,..- PTLlc.:r of Src-p~ 
thruugh .l. 

5.3.2 Changin¡: thc l'owcr Su¡iply Fw;cs 

~ll1c tea minal pm·.·cr ~iupply fw:cs are in~1;1lkd in fu~c dip'.. 
on thc pü·wcr supply a~semhly imidc lht: tcrmimil (sec 
Figure 2-6) "fo rcplact· cilhl.'r of thc!'le !uses. prort.·cd a.":> 
fvllows: 

8 
I lazardou<; voltag..:s are cxposcd in thc cabinct. Turn off 
thc powc-r ..,wjtdi and di•:l'onnect pr1\1..(•r b1•f1•rt• opening 
thi: terminal cJbinct. 

1. Dbconncct thc tcrminJl powcr corU from primary 
powcr. 

2. Turn thc terminal upsi1fc down ami S<:t it an a so!t 
surfocc to prC\'Cnl marriug th~ rabinet. Remuve 
thc two Phillip:-; SCl~\\.S lhal h(l!J thc cahinct i.:ovcr 
on the terminal. 

3. 1lirn thc terminal right sitie up and lift nff thc cnh­
inct covcr. 
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,1, 
-o-,,, 

Makc surc lht!fC jo; ;¡t.Jcquatc tahlc spacc ror the 
open terminal. ll is top hc.:.ivy and i.:ould foil <her. 

·1. Rcmm·c thc hlown fusc from it~ fusc clip ('>ce Fig· 
urcC-fi). 

5. llcplacc lhc hlown fmc wi1h a JAG. 3 amp, 125 
YAC fu..,!!. 

6. Rcir...,t;1ll th\! t1..·rminal cowr íUJJ ~rcurc it with lhc 
two '>~Ti.:ws. (lh1 :.ot ovcrli!!-htc11 'l.l:re\.\:.!) 

5..1 lfü.:llMC.\L ,;SSJSTANCE 

Tlit: Scrvi~:c Dcpartmi..·111 is opt:a frnm í':Oü a.m. until 
S:IITT p.m .• P:1cific ~t~~nd;irtl Time. ?i toru.l:ty through Fri­
tl.1y (t:Xct:pl ho!iday~). :\r; "fle<'ifo: when tk-.crihing thc 
pwblt·m and foiluu· hi..,tory. H thc line i~ \io\~~y ami ynur 
p10blcm e.in w11ll. lca\'c a mcs~Jgt.!' with tht! T(.·!cVldco 
np:'r~:!m ~•:id ~01Jr .:;\lJ wi!I h.· a·turncd at out fir':lt 
tlppurtunil). 



APPENDIXA 
SPECIFICATIONS 

Monitor 

Sizc: 12 in('hc!-- mca!<iurcd <liagonally 
l'hosphor: P3 l green nonglarc rca<l-out 

Displnyed Character Si!t 

lcB displayablc charactcrs 
(%charactcr ASCII uppcr/Jowcrcll'c alphabcl with 
true dc~ccmli.!r"'i plus 32 control charnctcrs} 

Hlincs 
80 charactcrs pcr linc 
llJ2ll charactcr~ pcr ~creen 
Sccurity (blank) ficlds 
Reverse video 
Undcrlincd fields 
Half intcnsity 

Charactcr S~L~ 

Engfoh. Frcnch. Gcrmon, Spanish 

Chnracter Font 

7X8 <101 rnatrix 
BX!Orcsolution 

Cursor Control 

t. l.~.-+, Home. Tab, Back Tah. Rcturn. Linc 
Fccd, Backsp<1cc 

Editlng 

Line in,.rtldclctc 
Charactcr insert/dclctc 

Re peal 

20-cps nuto·repeat 

Piuity 

Evcn. Odd. Scnd. Mark. Spacc or No Parity 

Transmission 

Conversation m0<lc: Full or half duplcx (keyboard 
selectable) 
Block modc 

Word Scructure 
7 or 8 data bits 
10 or 11 bit word 
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Video Attrihutcs 

llaud Uatcs 

15 haud ratcs: 

50. 75. 1111. 135. 150. 31l0. 600. 1200, rn1KU4011, 
3600. 48!KJ, 72!Xl. %!KI. 19.:!llll 

Interfaces 

Standard RS232C point-to-pnint (50 h. max.) 
21lrna currcnt lrnip (optinnal) ( llllKll!. rn.1x.) 
RS232C printcr porl (unidircctional) 

Amdliary l'ort 

Communlcution Protocol 

X·ON/X-OFF. DTll 

Dlmcnsions 

llcight: 
Width: 
Dcpth: 

!W." (3.1.ó6crn) 
1611<' PO.% cm) 
~OV1o'' (S0.96cm) 

Ventilation Rcquircments 

Mínimum 4" ( lll.2 cm) 

Weight 

3ülb>. (13.95kg) 

Opcr.1ti11g Envlronment 

Ambient tcmpcrnturc rangc: 
O'C to 50'C (32ºF to 122ºF) 

Maximum rclativc hurnidity (noncomknsing): 951:; 
(Nonopcrating: no rcstrictions) 

Power Requlremtnts 
115 VAC at 0.5 ump 
230VACut0.25 amp 
50/60 Hz. 65W 



APPENDIXB 
ASCU CODE CHART 

o 3 4 5 6 7 
o o o o o NUL OLE SP l' 

O O O 1 SOH DCl A O 

~0+'-0~1+'-0+--=-+-S~T~X'-+~O~C~l-!---+--'--'f-'íl"-+--'-R'-4f-'"-+-'--~ 
O O 1 1 ETX DCJ ~ C S 

O 1 O O EOT DC4 O 
O 1 O 1 ENO NAK u 
o , 1 o ACK srn1 V 
O 1 1 1 ~!:- ETB ______ L._ ... ~!- _ _fL ... ~ w 

1 o o o es- CAN v ~--,_'-'x-f-'-"'--,f-''--1 
1 O O 1 ~1;¡~ f.M 1 .'!__ _ _ ...!.___!._ 
1 O 1 O 10 LF SUB • : J Z 1 z 
H-'++'-+-"'-'--+=-+·~--~--- ~-

1 o 1 1 11 vr 1 ese + : --~t r k .L 
1 1 O O 12 FF- FS r l \ 1 1 

t 1 O 1 13 Cfl GS - ~---=-~ _l _ m ~ 
1 1 1 0 14 ~~)~~E ----,'··l---!'J .... 

1
i.-.2- n -,;-17 _ 

~1 t l -15-· SI Mntr.i: • O - ~uii 

GLOSSAIRY 

ASCII 
Thc acronym for American Standard Codc for Infor­
mation lntcrch:mgc. This is a s..tantlanlizcd codc for thL' 
transmissiun of d2ta within thc Unitcd Statcs. lt is com­
posed of 128 charnr.tcrs (uppcr and lowcr case lcllcrs, 
numcrals 1 punctuation marks, symbols, and cnntrol 
charnctcrs) in a 7-hit binary {ormnt. 

Asynd1ronous Cornrnunication 
A mcthod o{ conununication wherc thc lime !!.ynchroni· 
zation of thc transmis.sion of <lata bctwccn thc scnding 
and rcceiving ~~ation::o i') sd t1y stnrt Jild ~!Op bib anti tlic 
baud ratc:.·. 

~ 

Thc rate of trnn5mi.sion of data. One b:rnd equal; <)ne 
binary bit pcr sccond. 

Bit 
An abbreviation fur binarydigil. A bit is thc smallcst lillit 
of data. ASCII codcs are composed of seven bits. 

BREAK 
To break or interrupt communicarions. When the BREAK 
switch on thc terminal is toggled, a 250-millisecond tone 
is scnt to the computcr to immedialely hall communi· 
cations. 

Buffer. 
An electronic crevicc within the terminal that allows for 
thc tcmporary storageof incoming data should the trans-

29 

mb:i1u111 <.ik l'r thc i111.:omi11g data be fas ter th;111 tllc 1t.·1· 
minal's printing spccd. 

Uug 
An error in a computcr piogram or in thc opcration of 
thi.: cmnputcr. 

Byte 
A codcd group of hinary hit'1 whid1 rcprcscnts a char­
actcr (lctlcr, numeral. symbol, comm,lnd, cte.). 

ÜJtl~ 

1\ mcrhod of rcprc-;enting Jata by groups of binary digits. 

Cc;mmand 
A codc that will cause the terminal or computcr to per­
form an clcctronic or m~rhanicJI action. 

Computcr 
An clcctrnnic systcm which, in accordancc with ils pro· 
gramming, will storc thc process information and pcr· 
form lúgh·spccd mathematical or logical opcrations. 

Coninl! Codes 
Special nonprinting codcs which cause the terminal or 
computer to pcrform spccific clcctronic or mechanical 
actions (such as setting tabs, ere.). 



CPU 
Cc1tral Proccssing. Unit. ·n1c "hrain\" of a computcr or 
cornpu1cr terminal; that scction whcrc thc lugii..: an<l con­
trol function!i. are pcrformcd. 

Defuult 
Condition which cxists from l'OWER ON ar RES ET if 
no instructions to the contrary are gi\.'CO to lht.: terminal. 

DEL 
Thc ASCII DELETE codc uscd in sorne instunccs 10 
dclctc transmittcd charactcrs or to cxit modcs of opcr­
ation. 

Digit 
Onc of the numcrals in n numbcr sys1cm. 

Digital 
lnformation in the formo{ indi>idual par Is-bits or digil>. 

F.OT 
An ASCII oode that mcans "cnd of 1r"ns111i.1>ion" (EOT): 
"""d in t~-" EOT/ACK handshaking prolocol. Thc com­
putcr sends an EOT al thc end of each trnnsmi'5ion to 
the terminal. When thc terminal is ready to rcccivc more 
data, it transntits an acknowledge (ACK) back 10 thc 
computcr. 

ESC 
An ASCII codc mr:lninc "e~r:<ipe" whkh ¡1¡ 110:.ccl to con· 
trol various clcctronic and mcchanical functions of thc 
terminal. 

FullDuplex 
In full duplcx communication, thc lerminal can t'"nsmil 
nnd rcceivc simulta11eously. Til.c transmittcd da ta is not 
printed locally unless it is "echocd back" by the computcr. 

HalfDuplex 
In hall duplcx communication, thc terminal 1ransmi1s Pnd 
rcceive~ datn in separate 1 coruecwivc operations. Trans· 
mittcd data is printed Joc3lly. 

Handshaking 
A communications protocol which is ncccssarily uscd 
when the tran•mitting speed of thc computcr is !aster 
than thc printing speed of the terminal. lt consists of a 
set of commands, recognizcd by both stations, which 
control thc flow of the data transmission from the 
computer. 

Host 
The computcr systcm. 

Interface 
A communications channel whith is typicnlly used for 
externa! devic'5. 

Main 
111e computer system. 
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Mcmory 
That pan of a computcr ~Y<ill'lll or terminal whcrc infor· 
1n~•1lon ¡.., ... 1or..:U. 

Microproccssor 
An clcctronic drcuit on thL'\Urfacc of a smallsilicon chip 
which can he programmcd 10 pcrform a widc \'aric1y of 
func1ion~ within thi.! cumputcr systcm or terminal. 

Modcm 
An clcctronic dcvicc whkh convcrts (modulatcs) thc se· 
ria! communications bctwcen thc computcr and terminal 
into audible tones which can be tram.mittcd nvcr tele· 
pho111: lincs. Ali rcccivcd data is rcconvcrtcd {c..lcmo<lu· 
latcd) from thc audible tones into serial informi.ltion. 

NUL 
An ASCII codc ("nolhing") uscd "' a fill charactcr in 
~me communications form<itc;. 

l'arity 

A mcthod of chcckinr. for crrors in data communica· 
tions. An extra bit \cithcr a" l" or "O"), callcd thc parily 
bit, is addcd 10 !he cr.d of cach AS\11 rharactcr to make 
thc final count of" I" bits in thc charactcr an cvcn orodd 
numbcr, according to a prcarrangcd formal. Sorne sys· 
tcms always U'\C cven parity, somc always use o<ld parity, 
and sorne do not check forparity. IJoth terminal and sys· 
tcm must be set for thc samc pnrity. 

t'lototo2 
Ali of thc convcntions which must be obscrved in order 
for thc computcr ami terminal to conununicatc with cach 
othcr. 

Scr!nl Communlcatlon 
Thc standard mcthod of ASCII chnractcr 1ransmission 
whcrc bits are ~cnt, one ata time, in sequcnce. Each 7· 
bit ASCII charactcr is preceded by a start bit (scc Asyn· 
chronous Communication) and cnd~d with a parity bit 
andstop bit. 

Toggie 
Activation or dcactivation of function or mvlc kcy (cither 
a rcceive key, command scqucnre, or manual .tcystrokc.) 

Wraparound 
Movcrnent of thc cu1Sor as it rcachcs the right cdgc of 
screcn, disappcars1 and "wraps around'' to thc bcgin· 
ning o! thc ncxt linc. 

X-ON/X-OFF 
A hnndshaking pro toco l. Whcn thc tcrminal's buffer is 
ncarly full, it trnnsmitsan X-OFF to the computer to stop 
transmission; whcn thc buffer is almost cmpty, an X-ON • 
is lransmittcd to thc host to resume transmissiuu. 



INDEX 

Additional rnodifications 2.4.4.5 
Addrcssing cursor 4.4. l 

Ilcll 4.19 
Ulock mo<k 3.4.3.l 

Carc 5.1 
Chari.lctcr sets 2..1.·t. I 
Clc:rning 5.1. l 
Cka r function ·L 9 
Cumpositc video jumpcr oplion" 2.4.4.3 
c:onfiguring terminal for Cllmputcr Jnd printcr 2AA 
Clmm·cting terminal tn computt.:r/modrm 2.4.2 
Cnnnr.:cting terminal to printcr 2..t.3 
CONTI:OL comrn:imb 'fabk 3-1 
C'nnvi!r..;Hion mndc J.4.3.2 
Cu;tom Et'RO~l 4.1:> 

Dam<lW; claim~) 2.1.2 
Data Terminal Rc:.1dy 4.17 
Dimcnsíon~ 2.J.2 
()i"ahlinp./t•nahlin~ k('ybP'.lfd ·l. )(l 

F.dit mm.le<; 4.}i 
Editmµ J.4.2 
En:.blingidi;abling kcyhoa1 d 4.1!1 
Ew..1pc cummand~ 4.8.J 
l:.!-.1:apc scqucnccs T:ihtc J-1 
r,tcmi,1n prinl :i .. 1 .. 1, ·1 15 

Ficld tabs 4.7.2.2 
Ful] tlupkx llll~lk J...t.3.:! 
FU'.'ICT kcy 4 .. 1 
Fuscs, changing 5.3 

l lalf duplcx modc 3..1.:1 2 
l lalf intcn•ity .1.5 

lnspcction 2.2 
ln-;rallation 2.4 

chcckli'r 2.5 

Kc)' funclions 3.3.2 
Kcyhoard 

controls 3.3 
cnablc/disablc 4.10 
layout 3.3. l 

Line fusc 5.3. l 

Manual, how to use 1.2 
Monito~ modc. 4.2 

Ovcrvicw, terminal 1.1 
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Parity sening' .J.12 
Physical rcqu:rcmcnts 2.J.2 
Powcr 

configurations :!.4.1 
requircmcnt'.-> 2.3.1 
sclcct S\\'Í\ch 2.4. l 

Prcventi\'c maintcnaru.\· 5.1 
Print kcy 3.4.4 

progr;-imming ·l.15 
Printcr interface 1..onnccdons 2.4.J 
l'rotcct nwdc -1.fi 

Rcading rnr!>or 4.-l.2 
Rear rancl controh Hgurc 2-·:! 
Repair 5.3 
Rcset 2..1.4 
Rcshipping 2.2.S 
Rcturn Mall:rüil t\uth1,ri/:.ition numbcr front 

Safcty prccautions 1.3 
Si:r~~n att1ibu1t::-. ·L.5 
Sclf test 5.2.1 
Scndfunction4.D 
Si;rial number Fir.Lill' 2-J 
Scrvict.~. hov.· to (;ht·1in frnnt 
Sitt: prcparntion 2 .3 
Sperificatinn,; Ap¡x ndL' A 
Stupbih·l.lc 

Tab comroh JA.1 
progrnmming •l.7 

Technical <)~,si~;t:i1wc 5.4 
TcrminJI ovt:n icw 1. \ 
Tcrminating dwrai.:tcr ·L 1·1 
Test, sclf 5.2.1 
Transmission mo<lcs 3.4.3 
Transparcnt print 3.4.4, .J. IS 
Troublcshootinr, 5 .2 
Turning on trrminal 3.1. 
Typcwritcr !abo 4.7.2. I 

Unpacking 2.2 

Vcntilillion rcquircmcnl~ 2.J.2 
Visual attributes 4.5 

Ji,,play 2.-l.4.2 

X-On/X-Off control .\.lb 

Warranty, extended front 
lirnitcd front 

Word >tructure 4.12 



OPERATOR'S QUICK REFERENCE GUIDE 

t'unctlon Command Functlon Command 

CURSOR Blank (invis1bk norm:.il) ESCOI 

Home (.,IRU'' lllink ESCü2 

Ncwline CTRU_ Blank (invisible blink) Escm 
Carrhige rcturn CTRUM Reverse vidoo (black 011 green) ESCG~ 

Linefeedlcursor <lown CrRUJ íllank (invisible reverse) ESCG' 
Cursor up CTRUK 
Backspacc/cursor lcft CTRUll VIOEO conllnucd 
Cursor right CTRUL Reverse blink ESCG6 Cursor off ESC.O Dlank (im·isiblc reverse hlink) ESCG7 

TAB 
Umlcrlinc ESCGH 
íllank (invisible undcrlinc) ESCG!J 

Set column tab ESCI Un<lcrline blink ESCG: 
1)'pcwritcr tab CTRUI Blank (invisible undcrlinc blink) ESCG: 
Ficldtab ESCi Reverse blink undcrlinc ESCG< 
Back tab ESCI Blank (invisible reverse undcrline) ESCG= 
Clc•r typcwriter tab ESC1 Rcvcr~c blink underlinc ESCG> 
Clear ali rnbs ESC3 lllank (invhihk reverse tilink underline) F.SCG'? 

Half intcnsity (prntcctcd writing) on ESC) 
EDIT llalí intcnsil)' (protcelcJ wriling) off ES('( 

Local edit ESCk Protcct on ESC& 

Ouplexcdit ESCI Protect off ESC' 

Character insert ESCQ Cursor visiblc/invisibk ESC. 

Character dcletc ESCW Blinking block cursor ESC.I 

Une inscrt ESCE Stendy block cursor ESC.2 

Une dclole ESCR Blinkin~ undcrlinc ESC.J 

Erase line to spaces ESCT Stcady Uthicrhnc ESC..I 

Erase line to nulls ESCt 
Erase scrcen to !ipa~es ESCY MONITOR 
Erase screcn to nulls ESCy Monitor mode on (not trunsmittcd) c.TRLil 
Clear scrcen to spaccs ESC+ Monitor modc off (not transmittcd) CrRLi2 

cmuz Monitor moJc un (transmiltcd) ESCU 
ESC: Monitor modc off (lransmincd) ES Cu 

Clcar scrccn to nulls ESC' ESCX 
Clcar m1protcctcd to nulls ESC: 
Clcar screen to half-intcnsity spaccs ESC 

SEU'TF,ST 

lllil'OGBAM Start sclf test ESCV 

Addrcss cursor (row, column) Ese~ 
Rcad cursor (row, column) ESC'! SENO 
Enablc keyboard ESC' Send linc unprotccted ESC4 Oisablc keyboard ESC# 
Extension print on ESC@ Scnd scrcen unprotcctcJ ESCS 
Stop printing ESC¡\ Send linenll ESC6 

Send cntire scrcen ESC7 'lhlnsparent print on ESC Send unprotcctcd mcssa~e ESCS Ttansparent print off (updatc on) ESCo 
Betl CTRUG Senó entire mcssagc ESCs 

Selec1 scrcen terminator ESC'x4NN 

VIMO Selec1 lin~ terminator ESC:xlNN 
Data Terminal Readv on CTlllJN 

Normal video (green on black) ESCGO Dala Tcrininal Rcml)• uf! C:TllliO 



PJNational 
~Semiconductor 

Voltage Regulators 

LM78XX Series Voltage Regulators 
Ge!'IOflll DascripHo.o 
ne Lt1mx tmin º' fhrM ''«'~ ~1arors is 
~ wid"I t.lf'llfat rikcd cutput ~olu;et rnN:.itt; tlwm 
l,Mful In 1 ~ r~ of ~ie:illtm O~ of thttt i1 
kttd on anS rqu!Uion, tllmintUrtQ tho d-nnbuticn 
~ c:::cd:t':d with tin~~ point reyJIUi01i. Tl10 
~tic::• ~it~ rllow ~a n\;'Jlm:« to b.,- t.'Lt':t io1 
lo1c l't1tema. tmtru~•atron, HiFi, ~ 01,.,,,., solid 
nMlt t~ tq.t1¡::mff!I. Allhouqh dn"Tt•d prwn:mly 
ti fh11d ~ ff0.14!.0rl t~c devM:tl can bt ukd 
w\th ht:tt'l\:2 m~"n ro cbtJm &-j;1JJ~b/c vo.lt .. o.~·1 
.,,.¡ °"""""-

n. LM76)()( ,_¡tf is :v.,•!.ibht in ,m JfLmlr.~m TO-::t 
patk.ega •"'Ñd1 ~I, ~ Q..,.r 1.0.1\ lrud ("U~ lf 

~•m httrt etnki11!J 11 prnvidcd Cvtrto: l~itin:J h 
lftdtld!ld toi l!mit 1"1e JX":~l: ou1put eum-r.1 fCl a t.l!fo v'h"". 
5do erq ~ f0t ltit O!Jt'PUt trmiinor 11 rtf0Y11.ktl 
1a limlr ~ s>ewtt di,1ip•t•Cf'. lt int!!m~I PQWtt 

diaipatión bcrcomtt too tw.h for t~ he:tt 11nkrnt1 
~d, lha themi:sl shutdo~ cim1it Ht.tii 0"/\-'1' 

~ Ñ IC rrom 0Ytl1ht'::tin!} 

~~ tff«t "'1n o-i:~t1d:m to m.'lh cl\o u.Ha)!):( 
tttlc:t cf fS1UhitoN eny to tm .,nd minimi~!' ~ m1m~r 

of Clltm'd con~tJ. lt n not n!Xt'mry fr) t1'(pM1 ~ 

mi4'Cilt. &:n~ thk doe'S l:nwnve trnn-;i~nt ir:Pf)nre. 
lrq,~t bvP'™"9 n l\H'd1Jd DftlV it tM re9dnor ¡, loc;¡tcd 
fu from tt-... filltt Q\'l'il':\tor af the ~~y. 

Far OU?PtJ:t vo.~ (it™'r ttum SV. 12V 11nd 15Y tt~ 
LM117 serifrl r,..~J an Ollf\'lUf vcAt.."Wf rllW)t fTom 
1.2.V to 57V 

Featurm.1 
~ ().mvt c.wrtnt In 11'1.ctn of 1 A 

u lnttmof ~ti ovtrfotd p1ort:tlon 
ü fla u~ c~PQn:tnU r:quif"Od 
o Outµ:.;t tr~10i.:t;,x ~..;¡,,. ¡¡¡¡¡¡ p,·~1io"' 
a ln~.:r~ Utort c.lrcuit c-J_mmt limit 
o /tv,.,•l~¡ in m. 1:h.1rr.i1wni TQ..3 p¡du.7) 

l!oltege Ranga 
lJ~"7llOSC GV 
l.M7B12C 12V 
U.11015C 15\I 

~;:,"1SCM'lF"eth:r.;p 
T0-31!10 -

OroWil~• 
LUl&.ÑCA 
LM'111:CK 
1Jn11BCK .... _."""' -­TI).lllllfl 

...... --· LM7IOOCT 
Uf71t1CT 
WTSlllCT 

........... TOl3 

MS1 



2 

(/)E: . • !!! Absoluto Meximum RallngB 
a; lnptit VollsnoiVO n5V, 12V sincJ lGVJ 3aV 
(fj i tntumal Powsr Dto~tp11Ucn (No~~ 1) ln!ornslly Umllld 
~ 1 Ot>uuuno To.'Tlpqr:lu.'i> R.Qng~ ff tJ 
X Q"CI<> +70-C 
CO M!xlmum Junctlcn Tmn~.cr&Htl ti 
...... IK Pac>.ne•l 150'C 
~ (T fockOQü) 125'C 
-J S1or11ua Tom~r.tllf.:l nr.rn:;( -C3"C ta+ 1:\l)"c; 

Le-Qd° Tnmp;m:'l!Lrr" (S~;-0:11,.,['J, t:? r.~r:mr',G) 
lO·Jflnr.:1:11!'.".•:'. 
l<l.:?;.:oi.-nc . ...tr;': \ 

HOTE~h llwrmd~of,~T0-3~Uutili\,r:.Clü.trt~4'CIW}<,io..-fui1roc.;¿at¡i..J'ft!;."C/WQ"}.),)\l'JU~r.t.1f\:lrr,.,,,,,l\i~cd~ 

10·220 r;..td:a.;t: ITI l.t t\'f,liclfy4~1W jur.nit>n io u,g lllld tJJ"C/W CllUll to smL'i1.,11, 
P;l;OTE.1;. AAct'"11t..1on1tict.~""ºti:l,,lt'llrlPUl~IO'.'.>O'•~lm4cf0.22~ •• nd•capt'".Jr.!ll'~CU\fawtplllflf0.1,,f.M~i:r.lai~­
tEpl noca~tndr~~};t<t.'mrili:amrM~u:;.:;;rfUbOt:i:h~ t~ .r; ltimt,. <U., cvd» < s~•. ~~J~~CIW~ 
cMl'l(JellnintU11~ 1~1UW!)~ bt!l~!n!Ocrounl 1<2US1%!W(. 

2 
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yp!cal Pelfonnance Characteristlcs 

ft - .. ~~~lt: : IOJ .. 
1'J 1 
1 l"I.. '\ 

..... 
,tt:t:cr:t~ 
.n-n-n • n M n. 1n m 

AISMlrf ru:nu.ruu 1 ti 

~V~OJotMdit!od 
1e1v.ir¡·a·c1 

···r· q 
; ·~-+-i-y ~;:;:,·~.:}~ 
.: '"' ·-1- - 1 -·--~ ' - _: 

·:1m - f- , -
~ur. : ----

;'• -
~urt - -

tut 
11-"1-111 uun1au11u 

11 lll i. 10. IRl 

fl.1-IDtlllfd 

• ti .............................. -1 

:;. 1' H-H-t+t+t+'+f-t-i-j 

ft ,, ""'t:!-t-'-:tt:-~:C:C:.T.~ 
~ 

.~-'--'--'--'----'-'-~ 
·1' ·l4 -11 1 n i4 1\ lr.1 IH tu 

JUDalfUttwt~UUfllt ti 

" 

11 

1 t 11 " u a ~ n 
IWUTTOQUTtl.ITtl:IFlnlfrlTIAl!~I 

" " n 
(..Jl7\IT VOt T1C.l 1~1 

" tt#VlV1'Ll.lú.llVI 

~c4.,,.,... 
C.b&c4'M e""'""' 

1 

.. ~~~~,~.-.. -,~ .. ~ 
-- 'i'fllj1"" 

~~~--~-~"~º~' ~r­,, 1 - ,. -f-:" -""'. 
i - . . -

-+· 

·rt-M·• • n "·" 1m1n"' 
MONIM m•U..lluat ja 

11 

1 ' 
ii 11 

= ¡¡ 11 

i .. 

M8l 

3 

VauT ·tY 
·'ti;f•1t ... - -

r1•nt 
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l?l Nalional 
~Semiconductor 

051488 Quad Une DriVGr 

General Dl'.ISCflplton 

Thli 051400 is 1 QU:ld tina drMr ~ eonvtru 
s1'1'sdcld OTL/fTL ., kJ91c kY.l'~h throwtt one 
sA19f ot 1rt'AftJ.On to ou:tput lh',1s wh1ch """1 EIA 
Stfllf\dud No. RS·2l2C 1nd CCITT Rccommenda· 
tion V. 24. 

Schematlc .rm:.1 Connoctirm Dlilgram:.; 

1'ypical Appñcatioom 

......... 

Transmission Une 
Drivers/Receivers 

Featuros 

o Cllfnftl limittd OUt¡IUl 
• PCM:tt·Oll tourco impcid.ance 

110 rnA lVP 
3000 min 

a S.mpt1 ilnw rMt control w1th tW.lcrntl c1paci1or 
t= Fmabtt (JP'ffat1n9 wp;ily range 
N lnputi tfl' OTL.ml ~ 

t~ P~ o:w.;;:u~ tt.n...tm;i 
f.-;;ir:'S~JlU0tHl4A 

"'''""' - -
·-D::• .... '1--+.--Ji--+--<r· 

--
1-6 

4 



Absoluta Maximum Ratings tNm 11 

Su11Pl'f Voluq1? 

V' t>15V 
V" -15V 

lnpul Voiloqe lVml 

OuU>UtVolt~ 

01~llU1Q Tcmpcralultl fla1y¡~ 
S101~c TnnJJ1•,.1urc RJ1l<'l•' 
Lt"od Tcm~r•hm.' ISoltlcnnq, 10 M."cl 

· 15V < V,~ <. 1 OV 
~ • 1 15V 

O"Ctot75"C 
~Gs"cto +1so"c 

300 e 

Elactrlcal Charactenstlcs ttfo1 ... 2. J m1141 

PARA.METER 

'" Log<(tl "O'' lf\putCuirtnl 

'·· L091c&l "1" lr1pu1Cu1.-.n1 

Vo• H191" ltwl Qu1put Voll~ 

Voc l.O>'I Lh1I ~~I IJoHU;_"? 

los' H1uh Lt~tl Oulpul 

Shorl·C1rtu1I Cunt-nl 

'º' lO'l'lllh'tiPu~I 

Sho1!·C1rc~11 Cu1tenl 

Hou1 Ü\ltpul llh1\lii»:"i 

,.,.. Pot1l1,.. !Se.rpply Currtfll 

((};.¡tpu( 00tol 

lec Ntipt1ve Supply Cunrnt 

tOvux.it0pt1'11 

S:r.'itchhtr. Ctmrnctzristli::s 

llARAMflER 

"'"' PtoP¡¡¡lt1on Otlay ID• l~ic,¡l "1" 

...., P,ap19ut0n Otla<J '°a Loi;1ul ''O'' 

RiwTtrnc 

FUI Ttl'NI 

IV ce. 9V, Vee. -!IV, TA. 25°CI 

CONotTION5 

AL• JO~U.Ct • ISpF, T., .. :zSºC 

ílL •l.O•U.CL • 15pF, T.:. •:i!5'C 

R._ • J.0 ltU, el. • 15 pF, T"' • 2lrC 

Al• ].QkU,C~ .. tSpF, r ... zs"c 

MIN TYP MAX UWTS 

230 JSO ., 
70 l1S 

76 100 ., 
'º 15 

Nole 1: "AtAW!!)I• M•••mum Rtl•f1111" tt• thotit ftlutf bWOfld ~h1ch thol "''"" ol th• d.htce unnot bO ~111\tHd. E'lct:p1 IOt "DPft•Uni; 
hrn1>Mttu1e Aift;e" th•v 1re no! ,.,..,, to ·~ me1 ~ ctn<H IAOllld bt cio-rntd a1 thtw hmin. Tho 1&bl-I Qf "Elec11ic&1 Cht1ac•mtie1'' 
Pf0'1•diftcf,nd1ll()nl lo1 KIU111 dt<t>Ce OPtlll•G,.,, "°" 2 ~ UU•n Oltlfnlr!Y 1Pt"C1l1rd mm/mu hlf\111 IPOh' KTOUi ""*etc 10 •75'C IOm;.trlt\Jr• f&r>9' lot lht 051480. 
Now S. A:i "'"''"' 1n10 dh.C• 111"' it'IQWm H DOlllP••· out ol ótYa pitt• es n"9!1t1"· lil w11aQH 1.-tt11f\Clld 10 Q'OWld unltu 01110M1it nottd. An 
~ "°'~" H !''ll• or rn•n Ot1 libWllJlll vt!ld btt•t 

5 



6y Ulnr'N"Chnq • O(l.JC1tnt U> H\ .. \ 1tn .... ~1 n1111;.11 
11W' "~ f,)h• C41llll' cunt1r1lrl'll t1t1\1Jtr.tJ \hf' (lU\)IU1 

t\Ull'llt hn11t1111¡ d1.P.1th'11\trn ot Un• US14f!ll 
ftlt ~ wl \k-W 1.Ut' tht" lll\"''°'u1.att."t:•:)ok.:1t0t llJLt<'" 

ff'>.t'I l~ 1·.,1kul.1lo'1l ll'ill'\l,J llti.• fol!n'J'mq 1d,1t1im'\.l'11\) 

C · ls.cll.l.'l\V) 

wt\1•1l~ C 11. lh1• lrt16Jnn! (,l\Mn:1;.I, l~C t~ 1h/1hc•t 

titC\Jil CUlltllt y,•lu:t. -'"'' ¡'\\tl.'\l 11 lht t.l..'N n-~·,J. 

6 

Typlcal Perfonnance CtWacte~ 

Í'.S71?C 'lt.;.W'<.·duz\ lh.it '''IC' uut¡k.11 \I~ 1411i' rntHI 
nnt r101c~1-.l ')OV ilf'' n~1~·1u'"t'\·¡;11lll U1-1ni1 lhtrl"On\ 

CA\.l 001\i\lt ¡.hrnt (11(1111 CUHt>nl (JI 12' in.A 1n tt.e 
.:ih<wr rc¡u,llinn. cvkutJt1tl41\ IH&11! "' ;r u1.¡ulfL-d 

,,!;),,'í:tlor º' i.'JOO \1Í- connrcti:d to o::h W1pYt. 

it• 

__ .... __ ..-.,..._.... 

:::s;i- ::::., :i;!; -
·~ .-:. .... :;:::1 

• 1.(1 

6 
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~National 
Zll1I Semiconductor 

7 

Transmission Une 
Orivers/Receivers 

DS1489/DS1489A Ouad Une Receiver · 
Geooml De<>...crlptitm 

Thl DS1420/DS\.CWA en quad lu"8 t"K'lliwn 
dWaned to intatt.co d1t1 tarmMlll equiprmnt 
with d;u. c.ommuni.utioru: tQuipm:.:nt. Th11y uc 
c.onwucttd on 1 ti~ mooolithi<: sillcon ctlip. 
Tlllnl ~ d'ttSfy tht wecifiution1 of EIA 
~ f~. ~5232C. Tha OS146D/DS14G9t.. 
ntt;;t wd (!:i.tt'~-d th¡ t~~.:!f1c;tln~~ of MCM!l!'/ 
UC14!9.A llld at• pin·fOf.pln raplacm11tn11. lh• 
os1.;.;:ros14ro:. "'ª ¡¡.,;¡::!:;t; in M-!:.;::d c:f~ 
mi: WtMn-liM p1cla$0. o lnpuu vittltund :tJOV 

SduMnallc and Connection Dlagrams 

=~:: 

-- -)>.---l,....-.--1--ti..-:::t:) ...... .. _ __.... ..... 
-.-10:: ... -<1--i---'--+--< ---'?:;:: 

_ ........ "-·-.. 
+ ..-+----1-.. 

......, ... _ ..... 
,., 

7 

------...... -• e--:- 1 • i.o, ... 1 

~~0$1t.nJ, O:UIOAJ. 
m1"!~ or OSt,.,,Afi 

htNt\l'eotk.,-.ll4A..-N14A 

\ MOll•mJOn TraMwu 

m 



Absoluta Maximum Ralings 1No1e 11 
Thr lullow1nq dVl'IV lm TA 2~ C unlcu olhcrw11-1 wec1fieil 

Powrr S111111ly Votl"'-JC 
lnuut Volldf}C' R.mgt 
Ou1pu1 lo.ttl Cunen! 
Powrt' D1\u11•1t0n IN010 11 
O~Jl1nq Tcmµctdture íl¡n<¡e 

StorllJC TemlJ'efJlure Aanaii 

IOV 
•JOV 

20mA 
IW 

o ·e 10 115 e 
6!) C10•150'C 

Bcctrical Characteristlcs 1"°'" 2. J •nd 41 
DS1439/0S1489A:The followtng apply for Vcc • 5.0V t1%, O''C $ T,.. $ •7S"C Uftk1.s 01hetw1&.e specif1ed. 

PARAMETEn CONDITIOUS MIN TVP 

r., ·i~·c. Vout ~ 045V, 1,_os_14_s_~ _ __, __ , _o_. __ _, __ _, __ _ 
lovT • lOmA jDS14ll')A 1 75 

Vrt1 

------··-----·-+--------'----+--+---+--+---v., 

''" 
lnout Low ThmhOld Volt a~ . T ~ • :lf)~C, V001 ?_~·=-~:-~~y_r_•_-<>_>_mA __ -t--º·_75-1---1---1---

IMlUtCurrC1\t .. 5 6 . 

-3 5 

•043 •0.53 

Vm • -3V -043 --051 -------------! 
lour .. -o 5 mA 11_v-''-." _·_o_:m_v ____ t-_2_.6_t-_J_a_t-_.-t---

11nou1 • 0Ptn 2.6 3 8 

()utpuf LO\v VollllJC V1H • 3 OV. lour • 10 mA 0.33 

'"' Output 'Sh0r1 Cucu1! Currtnt V11~ .. 0.75V J.U 

lec Sup()iv Curnm1 V1,,•fi.CV 14 

P, V1N•IU.rV 10 

Switching Characteristlc:; 1vcc." sv. r,,. • 2s•c1 

PARAMETEH CONDITIONS MIN . rvr 
1-------------1-------------~~~..:...--1'----"~--

\l'put to Ck1tput "Ht.;-it" 

Pmp..~g.,üon Otl;y 

RL .. 3.9k, (F~rtt FJ (u Tttt CHcuil) 

1-------------+--------------... -t-----~---~·---l>----
lnpy110 OutJUI "Ltn•" íl¡. .. ::;c:l, ff"•°;!.':? IJ f:.: l:;t Ci.•:;-:.111) ' 10 

Propao111ion Oolfv 

AL •3.9k, IF~ IJ le::TntClf"tViU 110 17!5 ------------+------ "' 
Ov.tpt¡lFa.llTimt R L • JOOn. (Figurr 11 {llt 1tU C1~cv,_,,_, _.._ __ ..._ __ ..__20_ ..... __ "'_ 

M89 11 "Alaol1.110 M1.1<;mu."fl fl.r.ll==.,.""1'º tte 'Mat VJ!1J1;1 b:,-vond '1'.tlk"h tM nt:tY of ~· ~ c,nnot hl .... ..,tnd. fu:ept fuf ••OPtrlbnQ 
1.., • .,. Aan"'~ thry ,.,. fl01 rn11nt 10 1mply 1h.tt,.,. diMcft rticiuld ll4' CQnsuid •I ~ hfn•U. lM utja º' º'l;ltrc.UU Ch.-.c'11ti;&..la." 
PfO.~ "'-'lihl•UN fQf e;.:~ dio.no! opcr111on 
Not1 2. UJ\ltt101htrv.11-1~ll9d nHn/1na11 llmmll>P*Y .cron t~O"C t».+7S"Ctin'IP11r81YIOl8N;' lor 1he 0Sl4@J t11d OS1~A. 

NoM :S.: Au CW1"••nt1 mio ówitll p¡n11f'.<)WnHPQ11IN1.aut of cm.a piM•""IJlt,..., all lllOI~ ttll'l'•roerd 1ogroww:t unjut0thefw"9 l'\Oted.AN 
vtkM1 lhown • tnu or m1n on tblutuu nlu1 ~. 
Note4: The'lON'QC'licl11óntapply fo..- 1e,...un111 CCMtrot pin• Upiln. 

·' 
MO 
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54n4 FAl!llW!S OF COMPATUllE TTL cmcum 

...,_ ........ """' 
f'O!fn'Yf~;mGATE.C 

Q1W QK#COU/1C'f0R OUfWI\\ 

..... _ ... 

PIN ASSIGNMENTS ITOP VIEWS) 

~ 
~ 
....... u, 
Sl'lli!WH(IOIJI 
UltMlOOl.U 
~U,'l't1 

5~1J,WI 

tNJWO IJ. NI 
CAl7~1J.t>.;} 

s.NlUOOIJ,M 
GM7tUt'OU,»I 
UC1'Woil IJ.t..:I 

~im P'l ftfJ'JM IJ. m 
Pie.UU'I CJ.M Ut~um (J,Ul 

DWO:UJ ~f.l,NI 
P1M\JD tA IN14lm' U, tiJ 
9164U«l IJ, fil SHJUltal lJ, f41 
~J'l$.tSDJU,Wl '1174"'.i0'2:11.Nl 

TEXAS INSTRUMENTS 
l"'t<*fOOR4,aO 

..... ~ ....... llllU.MI.,.. ...... 

9 

CNV.OOl"O'I 
c:m.4HOO (\\'l 
~;~~U>Jm 

sr.1..<01 fT:l 
~,;¡¡.;¡¡~;) 

~no1m 

-cm 
..... 1.cun 

i' 



Clll\D:ll,qLI 2·»#'t,"T 
rc&ITIVIE.HAJlO e.Ate.~ 
WITH Ofll~trcn oorn..ri:u 

Q3 

p.'lti;!nll"4:~1 

y.AJ 

J !} 

liJJ/74 FAMlí.U'.S OF COMP.l\TIBLE lll CIRCUITS 

PIN ASSIGNMENTS (TOP VI EWS) 

s:-:: '.-711.!~ ::::;·7.,:)J u. tjl 
t?tt!Rl'>.'l{fl. ti..\.)41.0JU,f:t 
t.z~tL"h'l U, r-;) s:~;7Al,.,s.o;; IJ,iJI 
¡,:_,;;.:.¡;i,·JU.l'~I ;;o.1-;:>JU.f-41 !-------·--------------·------

i-:-r.:-tmvtnTzr::; 

¡¡:¡, 

l'M!Mlt;-;~~! 

V•A: 

~un Uí\'t.:f\TCh\f 
Wln• onrHoi.u:crmt l".Ul1't.rr~ 

~X uwnnrrfalll'm'fl~"Y'lfiG 

J;;fH Of'i.U(',..J-UEl;f041 
ittCH-VO~T .. (llJ CUTI"Jtt 

flG 

~tt.:1· 

~'m.Urrl4.f...'l 

t?;;'!!Ut.r.4f.,!1 

i:.~r;.t.').: IJ. t,. 
CN1AN~·~ U, !ii 

ua-,~Lc.1 u,11¡ 
c,~,:.Lt.:.-~u ... : L .. ·.,,L',. ¡¡' r .. 
H;J!.#~tlJ,~•I CH'-1.'7g1J,M 

~!IW: 2;11,~U.M 
~tl1.'ii.ii ~Nl~V.llJ,~ll 
tJ._¡,,IJ.W.' U, ~q ~le7~lS,"I i J, h 

~~""!'>Jt.',!;~I t"r:~::-:::.!:.:;¡ 

TEXASINSTRUMENTS 
tfrilCQllt"llMAl&O 

""1!'f ~ flelll MU• • -'-\.111" tf.lllA# n1K 

1 o 

f..';;-.-:-:;.: l~· J 

~'..!T'.iío1'\f ~\'1) 

~··:·::.t.-:.~ m 

r.i.tu.·.i;r ... i 
!.il!·~.t~·~ 1rn 



olectrlcat charc.ct:rln!cs ov:;y racomílY.md~I optrntlna frc:Hlr tempcrnturo ronua !unlnn otherwiso notcd) 

TUT 

V '1 Hn:f\~"':>llYOll.,. "' 

··~;¡-¡¡-- '(fllll \..tll .-,-.,-.. -.. -,-,-~-.. -.-.. -, .. -.~-~ 

1~~·~'""-"~·~··~--!---''-'"~"-'-'~"'o.' -1--"~"-'"-'-"~"'-if-"-'ll"-"'-'-"'-''~""-l--J--'l!AlfS UI 
'li.'l.I. s...-.o•<». 

'M. 'ni 'H[)1, 'Ho-t. 

'ICl.'l<1.·1u 1110. HlJ,'H~ 

'LOO,'ll\'. 
U:U.'llliJ, 

·um.·nl:'l 
,,o. "11~. 

~1'4 Tvrl f.1,0( MIH IY,I MAX Mlfj ,..,,, MA)( 1,m~ TVPI MAX MIJ-1 TYPI M.t.'i 
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54n4 FAMILIES OF COMPATIBLE TTl CIRCUITS 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~ 

PIN ASSIGNMENTS ITOP VIEWSI 

85 

,....,,.. OUTl'UT 
-¡¡-¡¡- V 

L L L 

L H H 

H L H 
H H L 

1~u.w1 &U74tsCJ.t:\ irWAtstJ:I cn41.&5u.m 
Sl!m4l."'5 U. r~ SITT.\Lfd fJ, ~I 
UllJ.llM IJ, W) !HHG.m tJ, N! 

Q'.lt<TllOL 

"""""' ""'"" • e ., .. V3 •• 
L L J<1 A2 A2 a 
L H Al A2 113 M 

" L 11 11 11 11 

" H L L L L 

H•Mplwtt,L• .... ~ 

ClMHIJ.WI INlU.U,N) 
Ui15"l.5ll6 IJ, W'--1 l\N74LSl!4 U. H1 
~U.~I t.íd14.~IJ,M 

141, A.2, Al,1"&• ........ of .... ffl!Ne1W.Airnipu'I 

TEXASINSTRUMENTS 
IJol<UI0'011fA11t.D 

_...°""°9 ..... u • ....,._.,..,..,._ 
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"""""'" TmcAI. 

TYPES SN5485, sr~!illlll5. SN54tSB5, SN54SB5, 
SN7485. SN74lB5. SN74lSB5, SN74S85 

4-BIT MAGNITUDE COMPARATORS 
dULLITIN NO,Ol S 7(;1111!0 '-'"J1c11 1'174- nf',I'>! n Ot,;1 r;¡1~H 1nu, 

1NMCtJr. DrlMUt,G, tt!~,,. J~ ff PAcitl\.Q~ 
m7CUS. &Nl'Um, EN74.Sll3 ••• J on N PACl(AQI.! 

IT'CC'Vt?\'ll 

s~um ... J PACKAGE 
Slof74U!S.,. J on tf PACKAGG 

tTOPVll!Yll 

...... ,.,,... OUAV 

º""'' t•-lllT .. ,.,.,.. ,., ... ,.¡ ... 216ftllf ""' . , .. ,. ... !JOM .,,... '2mW ~· .. .... l03mW ""' " ., •.• •>•••• •.••• 
~--~-

<!;!!eri¡¡tioo 

___ ._::.::-1.:_,,~_"-_::_"_'_"_"_1.-;n_·_,~_·_'~-""-~ e------.-; ~;-;:~\lo;\ ttl:Uil 

Thilla faur-b1t ~ltucb com-,.....ufttor• p:tform wmpmien Of nrVr,ht llincity tnd su&ilf\t eco j84·'1·t) ~;1. TI11110 

fuUy dooodai tkcittom thout two IC-b11 wcmh (A, 6) ~ro meda utd are exl~N.lly av1il .. ble al tt11es uutpuU. Th!~ 
dlrio:ts on tv:lly os:~lt to 1rnv numbci l)f bm WlttiWt 0.::tt~MI 1;::nei. Wan:h ot !JfUhrr l~r.gth m8y h~ compned by 

c:onneciinQ' ('Omptflton in cucll.1a. Thl'I A> O, A< U, tnd A• O ou1puu of 11 ~t* ha11<lhng len \1cnif1c1nt bm el''rlt 

~to Uttl ~in¡J A> B, A< O. and A• U inpou or tho noxt sta~p tunótu\lj rnore·t1gn1fotJnt b1n. Tita 
.._. ~ tht thnht;¡mficant b1n mun hei9 a Mfih-""''º' "ºlw:¡;a it.pp{i•d lo thtt A• B in¡l'Jt r.nd m aridition for thtl 
'L.Uú, l~t.:.~ 'lol~~i r¡¡.¡:~i"J 10 lh:i :~ > ll rn,J f, <".'. 13 il'1put1 Th,. t::t,r~,~ ~thi of thn 'íl5, 'LSD5, n.d 'SB5 are 
~M wittl only a IWOiJ.llO·ln.:\ dt•lav to r&duai cm.nU compMison um:i f~ I~ word,. An 1l!,&t'n11te müthod 
of c:mcedlng whkh funt\« mtucm tht cc,mpuiwn timt i11hovm in th-t typic;il appt1ation ¡Jata. 

fU.:~CTICN TAIJLE~ 

"-"!;:1".i!.$.lki:l 1 CAS!'.ADl:tU 

lttf.UT": "'""ª ..... .u.ei Al,;1 "'"º A:>ll •« .. , ":-n 
.. > .. • K ' ' ' . H 

.U<IJ . X X X ' X L ..... AJ:.Ql X X X ' X H ... ., A.2<•1 ' ' X K . L ..... AJ•U Al>ll X ' ' ' " ..... A1•1l2 "'"ª' X ' ' X L 
"3•Bl Al•tl.2 Al•ill AO> t"! ' ' X " ... ., A2•t.1 l\l•BI Atl<rz>" X ' . L ..... Af"'tl1 Al•ll ,i..(l.¡;.a H ' L ... ..... AJ•W A1•tll A.O•~ L " L L ., ... Al•C1 Al•DI ..., ... L l " L 

·f1.·L;=.~ 

Al•IJ A2•02 Al•ll ..... X 
Al•U AJ•l:I At•ll ..... AJ•t:I 111.1•01 

.... ..., ... o\l•lliil lrr,1•91 ¡-..... A2•11 ..., .. ,, ..... A1•U "' "" ...... .,.n A\•tlt M•IO 

Al•U A:l•ll Al•01 ~O· l-0 

H • hlfll ..... , L• low i-t. IC'" llnl• ....... I 

TEXAS INSTRUMENTS 
lhCOMl"ONAflO 

.......... OOllNll•~~_, 
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TYPES Sl\l5405, SN54Lll5. Sl\l54tSB5. srd54SB5. 
SN74B5. SN74LB5, SN74LSBS. SN74SBS 

4-BIT MAGNITUDE COMPARATDRS 

idllmltk:a ol lnputs and outputs 

IQUIYAUNT CI' IACll ECUIYAL[NT 04' EACH EOUIVAUNTOF EACH 
IM'UTl'Cll .... IHPUTfOR•un lkl\17 fOA "Ull$ 

·o- v~x-- --~--... ... .. ~T ·--.. ~~ ....,,. -- ·~ '-t-. . 
J, . . Lj 

A•l,/VtyA•81 Af'IYA•DI 
~·t.n,nr~ n'-i•ltl.Tlfit;.QtJ 

A>l,A <11 A•9.A>t1.A<D1 L_ ___ J r,,.·~i.n~_y: 

1 
k,....•cullOflWM 

-· -·· ........ -Lailw•dU;t. Vccl•~O 1 • 1 

,,..._,._..c-Na1t21 ... .. 1 
IA...._wol\llltlMNCIMJl ... 
av-- ,,....., 1*1\(lllfl\Uf• ftlVI -~510 12$ - -&lto 150 

flt0Th¡1 1.v..,...._.._..en_. .. .-~.,.,...,.,..-, .. .....,...._.IOfMlfttf. 
1, flll!Ul ......... 'Ul,,.....W..,_..,_.,.,1-•lth ...... I•,.._...._.---. 

lOUIVAl.ENT O, fACH 
mnJTF0'1-m 

·~o--·-.. j--
.... ,.,_, .... ! 

"~·G..).Jll~:.1 
A>R,A<lh 

A .. ,2.a11.n~u 

IH14' 

5"741" 
$1'U4L• ...,.... IRllT 

1 • 1 V ... ... 1 V ... V 
• 010 lQ ·e 
-61itoUiO ·e 

a. TNttf-...,_....._ ... _.nsoot•MIJl19'~t•"-'tW~.TMer~~D_..Alf\lhl.Cll'l....,..U­
-...1u.,.....tMea.ute1..,.·M...,,....._ 

TEXÁSINSTRUMENTS 
l"C.UM .. tUIAf&.Q 

......................... tt ........ 
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TYPES ~N~4B5 •.. SN748!i 
4-BIT · MAGNITUDE CDl'v1PARATORS 

.,,.. .. INHl'5 
MIN HOM .... "'" -.... ...., 

"""°'rwahlflll, Ycc .. .. •Uft . ... V 

-•oo -- ... 
16 16 

-M "' 10 ·e 

Vt~ ,Input~~ vcc" t.11N, -1.0 V 

Vcc• MIN, 

V11., •OBY, 
'2.4 J,.A V 

Vec•MIN, 

Vn .. • 0.1 V, 
V1 .. t;.!!. V 

V1•0.• V 

lll 0,4 V 

-H! 
-4.0 mA 

· 1 SNe.&!35 ~l<J -65 

~•es __ """""' __ ""'_·-"""""-· -""""--''-----+•-o.:_·_.,._. _x_ .• _•_o_·_•_, __ .~ ~-·---:.ll ::._ 
Ice 14.ic:i?Jybiil'l'Ohl Vcc•MAK, ~N!l'04 u ,.g mA 

tFr.90flflt.,_..,_,..u1N0ttu/lJC,_.o..~·to~...i..,."'4ltttU11t_...,~~~;*'1ñL 
s,,. • ..,...,....,. ... nvcc•av,T,.,,.•.,·c. 
·JWlll -·~--1>~\¡¡;;,,•' th~l;l.f ~..¡¡ '",¡;;.:--: ~: 1' t•.·.:-::. 
'"rª"' 'ccll~k+aav~&1oo~A•l~d.lfttffll~~-.i:.A\I. 

mlWililQtl'...-w:::.rl;rl::l, Vt;C ;;I) V, TA 0 l'.1i'C 

) PARAtÍ411.•' ¡ fll()U TO NU~UHtCP TUY~...:tf~ i&'U tvt' tMJl UHIT 

"'""' --=º~l/Tl'UT"'-';:.;...-'~-º~·~"~·~.,,~·~"':=-i~~-~--+--,--1'--l 

A<I, A>O 1---'--~ 

1 ,., •• 

1 

• ... ....... 
3 

"<.•40011, 
ri.var...-;;.)& 

.1 

: '; ,~1i· 'lfHL F ' ·.·A<lairA~D' .'<.: A>B ' . ,/ t?l.tt.· '··· - .~··: ,,,...... • .. _.,_, •• , 
, 

• ..• J.IJUI,,. .... A.>0 flal;A11a •.•. ' .. A.<-a ··-1· 

.,.:.;;:.;;.;.;.,;.;;.-.;;;;;..,~....,.;..' ' .. .,...,.............,..._,,~·Cwfl~L 
NOlll1 .................... ~~~.~.~:~~ . 

,, ,.. •·· .,. 
TEXASINSTRUMENfS UI 

¿¡.' 
.... ,., .... ª."'"º ' ' 

~.·~~MU--~,.,...-·. 

a.o 

" " ,. 
n >!!. 

.. 
:ro :::> 

':!O "' 11 
11 11 ,, .... 
" 11 
1'; 11 ... ... 1 .. 



liuOPfvVOltooe.Ycc 
ou~1cu1rtn1, Ott 

Clllllt;iutcufnl'lt, lo 
O~f,....,l*mPff1h1f1,TA, 

TYPiES sr~54Ul!i. Sr.174Ul5 
4-SIT MAGrmuaE COMPARATOns 

S.H5'Ut5 StU4lfS 
UNIT ..,,. ,..,.. ... x UIN '"'" MAX ..• •• . ... • 0.15 V 

00 -200 .... 
3.0 ... ... "" IO 'e 

l'ARMl:!lrtft T\iiSTCCiW'TtO&a' M::i TYl'l UA)( UNIT 
r.v~,H~:"""u~~.~....,--,,...,,....-,,....,..-.,...--~--~~-~-r~----~--~---11--~,~-~--1-,,v-t 

0.1 V¡L ~lnp.¡t.oltlp V 

33 

1.2 

VQH __ _ 
Vcc•Wff. VtH•2Y, fSN$4L1$ 2.4 

VtL•tUV, lott•etA)! !IN74LM :U 
y 

0.1& O.l 

º·' o.• 
1.....,.t._....,,,' '"" = 

10 

"" 
1-----,,,,-4 ... 

l1L.~~mmm 

)"" 
,,_~.....,_. • .,,.- ..... suc.-~~n.a~~~~=to:i-.. ~~. 

llMWliWd~111••''-'cc"'•v. tA••u
4~ 

-ft.allft.tallllMW .. tSfilll~tN~-111ti.T19. 

-0.18 

-o ... _,. .... 

tton:t1 ,....,..,c¡wr1__.,1cc1t~1.,,~A~4/!!J~l'f,let.a.:tv,""1~~•~G:'~~· 

1 

1 """-"""'_, ·- TO 
TI<llt"°""""""'2 -'"mm 1rr,.mun 

,.,.. ..... umv 

1 '"'" .b'JACl19 ..... ... , .. 
1 ..... l CL•Ollo!'. '1\,•Clktl. .. '"" 

... 
1 ...... A>lííll,A(U. - ......... , ,.. 

'"' 1 -· orA•Q "" too .. 

TEXASINSTRUMENTS 
l"UMft*fMl4UU ... , ..... -..... ~ ....... ,_, 
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TYPES SN54LSBS, Si'l74LSD5 
4-BIT MAGNITUDE COMPARATORS 

. AlVl5~0 OCTODt" tlll!l 

rocommandod oporatino condltlona 

SN!Ml~ SNlCUe& 

"''"' L11ff '"'" MA• MIN NOM MAA 
~lyvolto¡¡o,Vcc ... ... 4.}5 5.:a V 

... oo -•oo Jo\J 

• • m• L0'#-1.,..1 OUIP\lt cur11n1, lot 

-{¡~ ,,. 
'º ·e. 

elactrbl ch&ractGri:tics ovc..r rncomrMndtd cponning freo-a!r bmperaturo rnnua (unlMs otherwiia not.cd) 

PARAM!UR Tf.Sl CQNUl'f'lot~st 
MIN TYPI l'IA)( MIN T'Yff MAX llNtT 

' ' 0.7 0.8 
Vcc .. t.11N, ,, .. -10 mA -u:. 
Vcc•MIN. V1H"2V, 2JI :u 
Vtt" V1t trnlN, 'OH• ~OOt'A 

2.7 1A 

lnp.¡tc.;.r.1,.,.,l 
A<a.A>O~ "'' 0.1 

""""""""' Vcc• t.!AX. Vt•lV 
if..,utYoltl9f ~lo'IMf~ ll.l o.3 

1-0;h-hwt A<fJ.A>Dinpun 
Vcc•WX. V1 •2.7V '° '° •1u l~wrr.nt 111 othff lnputJ 00 00 

L°"'"" A<B,A>D~ll 
Vcc•h!J,)(. V1 .. O ... V 

-04 -o.• ,,. ....,,.,._ llllloth ... lnDl.lU -1.l -1.l 

-70 -Ir<' 
_,., 

-100 la< !':hlln-t:irn1ltno.1f!':rtr1.•n•rrtl V(:c .. '1M'! 

tcc Guppiy CVllf·lt Vcc"' MAX. swr4ou<I 10.4 '° ~-:ro-
tfflf~tdo1'9thown M MIN Of YAX, ..... lhlflPp.:'.WltA.,.d1Mrti«t1Md uft!lQ~~.a ~~,JI~ 
fAlltypk .. vc'l.laa••rl Vcc• IS v. TA •:z&•c. 
IN111mor.~0Ñoutput~ou1'Sb9itttlttsd.,a1Jirnto.J.tldd0tf'1lo:.not~~l:cu:t11Kiwt.tniat~4~\fll'»Ut'<C. 
"º"~ IC(: ....... lfldwh.h0Yt;Wt1~.A-81'00~<d~·~·uo~M'lllQ.uta1R4.IV, 

nvltdtlngcht:rllCti.'fittics. Vccn~V. TA•2a·c 

PAnAltliTER• 
Fl101~ TO 

INnJT OUTPUt 

""' AfftA•Otaiak.i;l!..-. 
1'<0.A>D . 

A-e 

..... Ar/fAarD~ta¡s¡n 
A<it,A>G .... 

IPtH A<DrirA•! A>D ..... A<PorA•U A>O 

tftuf .... .... 
1fHL .... ... 
1PLH A>DcwA•B A<B 

"'"' A>EhtA•B A<B 

ttrt.u•,,......~Nt..,..._,~~ 
... Hl. .,.....,..._deuy Úít'le, h ........... ""'"4 ~ 

WJMlliiftOF 

OATE U:VEL.S 

1 

' ' • , 
' 3 

• 
1 , , , 
1 

1 

"°1'111 Leadclfc"LlMdiWOJWlljlt_.,ann1••...,,....,--s,1t. 

TIJif~'D111nm 

CL• l&l~. 
nL • 2kO, 
lonffu;t7 

TEXAS INSTRUMENTS 
l"'CONl'nRAllO 

l'CltT C.'$« MI! MU • ~ TUAI ftQ:¡ 
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TYPES SN54S85, SN74S85 
4-BIT l'JIAGNITUDE COMPARATORS 

_.ndlcloponiting conditlom .. '"''""' SN74Si.15 

MI• """' .... MIN NOfd .... 
~YOlw.vcc ... ' .. 4.75 • .,. _, 

:o "' _,,. 
'"' 70 

PAAAMETIR TCSTCiJttOITJOtUf MIN ,...., 
MA~ 

V¡H H~lnputvolUQll 2 

V1t ~lf'9vt~ o.o ... lttpulciN'IPvolt:P;lll Vcc· MIN, l¡•-16mA -1.l 

"°'' 
_ .. __ 

Vcc• MIN, Vm•2V, tiNt>4505 2.!i J.< 
~-o.av. 'oH"•-tr!'tA IStH.t$D;; V J.• 

•ot ~~.,gU1'Jll 
Vcc• MIN, V1H•2V, o.o 
V1t • oav, loL •20MA 

1~1 CWl1H'l1 H meain-.m loputW<lttfO:' Vcc•M"X, V1•55V 1 

'm H~lnpvta.'11'Wll 
A..;:tt,A>D1~u Vcc .. t.:_\).' .. V¡•:!.1 V "' 1 tl!ci.t.a~u '"' 

'" ~w.,.n~ 
... <O,A>SlflPUI._ 

vcc .. '""')(· V¡"'O.~V 

_, 
.Jlotlo«lnf'l,lta _,. 

"" ~ilOUCSXltcutrmli Vcc· MAX ..... -100 

Vcc• MAX, St•Ncm4 7J ll!j 

•ce -""""' Vcc• a.t ... x. rA•12s·c.1 5~., "º .......... 
1P'4'111r1tlll'dMl ....... Mfl'lllf8fltl\X,-ltlo~MIQ~~lllo!d.....azr~~lft1'Vlf:i.tq~<lu..a.. 
f.t.11rn!=f-....11:nM "ce •111 V, TA .. :ra•c. 
l1ttt~t"l!rncr."l:::u:;-~.H"1t....:l.J l;• 14•\lfW.1'1 •11'1T4, ,.-.,dutMk;nol U.. lh0flc'1t>llt0.eotd ....,,~.....,«<:~. 
"90T141 tcc•~•f1h9"'l.PYhlli»ft,A•ltfO~,....,.ilolhct~ ...... .11v. 

IWl.Wll!RI '""" TQ ...,,., OUmtl 

&.,AwDGlt••• 
A<a.A >lll ..... 

A•O 

...... ...,11 .. a-- A<Z,A>D 

A•O 

""" A<Qu.A•B A>O 

""L A< .. eorA•lll A>B 

"1.H A•8 A• O 

.... L A"U A•O 

"'" A >UOIA•fl A<• 

.... L A>SotA•D A<B 

~ '•lft - ~H~ ~q tlml, IO'N·lo.1'1¡,pt ...... CHll~ 
YttL • .......,.~.,.,., twn..ftltPI 1•Nw#dto..irou1 

PnAtJ!ROP 
GA'lll LEVIU 

1 , 
¡ 

11tOr111 L~rlmtlt~w~U¡tw....t..,..-~nltfl ffP:OtO, 

un ci:r-ronu.ttt~ 

ct.•1!Srf=, 
AL"•2n:Jll, 
~qaNut.eli 

TEXASINSTRUMENTS 
01CUllll'fJll4'JID 

~ ............. ~f'IMa""* 
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""" TYI' ..,,. 
1.• 

10.G " 
" 

,. 
•• 

7 
--~~ 

--" 10.'5 
11 !U -----
" 7.5 •• •• 
7 1M1 

• 1.5 ,. ..• •• 

Ul<IT 

V 

mA 
..... 
·e 

llNIT 

V 

V 
V 

V 

V 

mA 

,.,. -mA 

..,,. 

umr 

--"' "' 



. , ~ ' ' 

:'nPES SN5485, SN54L85, SfJ54LSB5. SfJ54SllS. 
~·SN7485, SN74L85, SN74LS85, SN74S85 
.4-BIT MAGNITUDE COMPARATORS 

TVl'K.:AL Al'l'LICATION DATA 

Thb ~ ~ hoat thtto mc;nit\.1dl:l 
~canb&~to~ICJOa'r 

- Tht eum¡H ilklnn101d"'°'"1 mocamp«lson 

of .... 24-blt """111: -· .... dulgn lt 
·tM~ ton~ Al en .. "~11. ~ ccmp1'J'tt0l 
._ bt und Yrtih tNo of tht 24-h'l ~"lon 

- to • ....,,,i ... - tonflh to 1JO.blti. 
Tvoial ....,_¡""' 1"""1 l<>r -- _., ~ 
... lw U. 'LOS, 'LS!!S, or 'liOO "'" 

WOl\D Nlltl:lm '83 ·u¡; 'U:tlá ~ 
l.DlOTll OF l'KQS 

1-tttlu 1 :z:lN OOn• 24m llru 
S-24 blU 2-41 4am 1130nt 411., 22M 
~1201"" 0-31 m>m 210m 72ru l3 .. 

• •• ,. 1 

ª~ .. ~.. ·~----Al ' ' ,.. .. .... 
:: ' t 

.·-~~ ~~· -~ ___ ... i::----, 

: . 
:: _ .. .. 

-'"'---

.. ,... TEXAS,J!!.~lA~,Y¡.tEH.TS ............... ~ ....... 
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-

_ .. .,.. 

- ...... 
•·Ri<l:I 

...,_-.,_,.VI~ 

'41 º"' ___ _ 
IHOICA"'OA Tlm.S 

Mn4 FA!i11UES Of COMPATIBLE m CIRCUITS 

PIN ASSIGNMENTS (TOP VIEl'Vl 

TEXAS INSTRUMENTS 
01(.llM,.IUfAfl.Q ,......, ..... l., ........... ~ 
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TI 
nL TYPES SN54LS138, SPl54LS139, SN54S138, SN64S139, 
MSI SN74LSIJB. Sl\174LSl39. SN74S138, SN74S139 

DECODERS/DEMULTIPLEXERS 
~.,.,._...,_..........,-... ~~~.11r11fl•\.1 n11·1~···11•1·•~.' 1i;,¡t;¡!)f"ICfcll•1111<>111 

D11s1gne-ct Spccltü:nll~· lor Hlah-S•rorid: 
Mcmory Docodu~ 
Data Trnmmimon SVU~rn~ 

'S13ll and 'LS133 3·iu-S-Lin!1 Ducoder$ 
lncorfotat1~ JE nuble lnpua tJ Simplif~· 
C.r.scndmg ¡inrl/nr O~tn Hocop:ir.n 

'S139 and 'LS139 Con~uin Two FLJll;.• 
índt-pm1:Jent 2-toA·Lin;J 0+.rodu1./ 
Qr,rnultipkxt: ~ .' 

• Schottky Clampd for Hi¡:'.1 P.-;-forrm;-ic<; 

'LS!Jil 

'Sl:'J 

'l.51J3 

':lll.1 

THIC.t'. 

•: llet·~GATIO;~ lJLl:. '/ 

() LtVLltOFLOGIC! 

11 .... 

B ~: 

fhM~ 5chnttk·y c:li1mr<:-"l ·rn. M31 circ~1h ll:,1 
dtt$t,1fl>Kt 10 I:)(! UJ;>{! 1n h!¡:11 ¡":rfo•mrnc~ mJn~:ltY 

dv.;od1;1g vi ÚJl!HtJüllr•J tppl1r..an~m:; rt;_ju1r11-.q vcry 

'hort propYpt1•'ln nrrl~y tlmu. ln hl:;h p...'11oíll'I..!'-·,.;..., 
ltll!rrlCJT'f ry~!l'n•~ thtH' de-.::..x!f'fi- t::.'11 t'-'J l•",<:d !f• 

min,r:111'! the •lill~t·, of !ystern ~!'l:lJduq. '.Vl1tr1 

<'mpl1>yf-{1 w11h h1!j1·u ... >tt'd m~l"1crn.1. utilh1rv,¡ 11 l~>t· 

eri3b1e c;rcui~ t!Uj dnlJ¡i llrni1 of tf}<fr1J tJ~;o;Jr,u tn.J 
the enabh! time o! th:l rr:-.;inlory t.r,l'I uw~l!v l~r..s thtn 

thll tvuical ~cc..n!.' t1m~ of tho mtmc-.ty, 1Ws m-:::m~ 
thst ~he tifft-C!IVP svtlfi'I U~lay intrndur:e.l b'!' Lh.l 

Sd\\tt1/;y·~1~mp....J :,~:<...,; O.:.o:o.l • .t [i 1;.;l'::~,lJi •. 

Th:-. 'L'.;l:Jü .t.H.J ·s1::i:¡ ¿~c.::·.!.i uai-..; • .:•\J¡1 1,,i.:~ 

1for.endcnt ml the condJt!ons at tfv.t U\r(:ff binar; 
wlr::t in¡lut.s •r'd tll': 1h11:e en:bllt lnptJb.. Two 
nctivo·low ami on11 ec.tivt't·hi~h c11~1e fnpt.,t! rMu1:i! 
th:J nf:f'd lor r.>xtern:d gntitt or lnvflrttrl wht11 
~icp.:mding. A 2"·1it11' tli::ccx!~t cm he lmplcm~tt!d 
wi1hout fl'l'.tP.<ru11 ínverh"n end a :n Hl"ill ~:.'CT'dr. 

require; onlv o•ll lnvertnr. An &.'h.'°i:.!tt in11Ut Cllll btt 
u1«1 '" 11 data input for dl:rnull1t:J<:;.i:-.g nµpl1i;..;,¡k;.1~. 

Th11 'l..St3:> arnl '$139 compt1M1 two individua:! two·lin~ 16-four·llna d<1codl'11in11in~1e p.sñcrJfl. Thc activo·iow tnebl• 
input can hfJ u1toú n 11 dau lmt In d'lmul!lplurng app!ica1iom. 

All of lh~ d-e-tod~s/demultiplc:ten fcature fully borhrud lnputs exh of wh1di f&prM.t'nt! ontv ooe notrmllred $t1k'I 
&4LSn4LS loM ('LS13S. 'LS139) or ooo notmalitcd Sefits 54S/74S load ('Sl;J(J, '513~) tn ltt drfving clrcult. Ali 
inpuu are c/pmped wilh hi{li·perfL11Tnancl! &chottkV d/odl'!l 10 NJPPft'U lino·rlni;:ino,¡ tll1d úrnrilify IVJ\Ml dr:ai~. Sottcs 
&4LS And 545 dtniir.es ero chnr111::tcti.ttrtJ for op«stion over th~ full mililary temperatuto f.!10\_Ja of -55ªC to 126"C; 
Sefies 74LS anrl 74Sdevíresare th.Ul!C?crlml forOºC to 70QC i:odtntrí'11 sy¡km&. 

TEXASINSTRUMENTS 
11'1CnlU•OA~fCD -t Cl?ll:I ~· Mii • O.t.U.ll&. tllt.tol nau 
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TYPES SN54LS138, SN54S1JB, SN54LS139, SN54S139 
Sl\l74LS138, SN74S138, SN74LS139. SN74S139 

DECO DERS/DEMUL TIPLEXEllS 

functlonal block diilQrams ;inJ logir::: 

'l.:ltll.11113 

't:\1..t•.•, '\IJU 
•UNCTION TA!lLE 

'l.~l:;.J,'íH::iJ 

~~m?°~~T=~1 ---·-~: .. ~~-, 
- Gl" c-n:-~frº VI - ;,-v)'v4' \,, .;;:·;_,1 

H X X X HHHHlli"IHtl 

)(X)(';( HtlHllH~fHH 

/ 11 L L \. L L H H H li H H lt 

ll l i l l 11 1 H L ti H tl 11 U •I 

I
H l l H L !fHLHH~lHH 
H L L ., H H 11 tl U L rl H •l 11 

! H L 11 L 1, H ti H H L H '-1 lf 1 
1 ti L 11 L H ti •I 11 H 11 t H 11 

l H L ll 11 L ti ll H "i •1 H l H / 

_•_<_L_ H U. +I H ~~--!::'.__,~ 

'LS1:.'l.J, 'Sl:i'il 

tf."Actl 0!1COOl:RtDfMUL Tll'UiXfRI 
fllNCTIOU TAULE 

" H 

L H H " " L H " H " L " ... " " " L 

li" n)yl1l.t,..,., L" f.Jw 1.;-n.1, X" Wltllt-.•n• 

achomatlcs of lnpuu •nd outpun 

EOUIVAUNT OF EACtt EQUIVALWT OP EACH T'tl'ICAL OF OUTl"UTS TVPICAL OF OUTPUTS 
IHf'UfQpl 'l.Slll, 'LS1li INtUT OJI 'S lla, ':1131' OF 'LS13a, ºLSlllJ OF 'S1Jl~"!ilJ9 

-~·· ~"' "'If "ºlr 
_7:¡:1 NOM M 

lOllONOIA ;u110NOM 

INl'VT ,._ INl'UT -• OVTit\JT OUTrtJT 

TEXAS INSTRUMEN'rS 
ou1nu•nMA11 u 

""'°''"--.,MU~ o-..u •. , • ._... nua 
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TYPES .SN54LSIJB, SN54LS139, SN74LS13B. SN74LS139. 
DECODERS/DEMULTIPLEXERS 
111VI!>!O111·111111 11 1••11• 

absoluto m1numum ratin·tl' O\.'Qr CfAmstino lreo-c:r tcmJ,"'()fnturn r~ lunfon othmwiso natcd) 

f>111>111..,v1111.u11'. Vcc 1~ Nc)12 11 

Input vult.,.11• , 

SN74LS1Ja, SN14LS12JJ Circu1t1 

NOflE t Vo.lt10¡¡;11••"•" .. •-1t1 ,_..,.110 nt1 .. o<• p-ftd l"'''""<>l 

1 V 
• • 7V 
-55°C to 125~C 

·n·c 101o"c 
-&5•c 10 1a<tc 

ass.tlSU7 :N74LS1JG U!mT 
rt:'llf rt'Oi:J J.1\'M UIN MJU l:aAlC 

~ ouiput cu1rtnl, IOL -4 ti rM 

~111na lrte-IK Jempefl!Urt, TA --!.>!> 115 o 10 e 

e-!oi:tr1a.I ch.ar.ílCt1mstta O\'Cr rnc.oir.m1ffi1:;"l11 Of'"...;.""r'Ut1ng f'"'7·eu tamper3ture rt:n.jl (un!m othcrvme not=:dl 

J.1:1& 

Ui':MlStltJ SM7US1U 

t1'!;1.ll!S13':l ""7U.S1l9 ll'J'UT 

UlN TYl'i UAX Id.DI TYP& t.tAM 

Vcc• MAi(, Vt• 7 V lll 0.1 .... 
Vcc .. U-Al(, v,. 2.7 V "' "' "" Vcc .. MAX, V¡. o 4 V -0.4 -o• mA 

Vrc .. MAX 
_, -40 -!• ... , .... 

1 l513[l h.3 10 GJ 10 
mA 

l 'LSIJ'J •o 11 ªº 11 
ice 5uop1..,. cummt 

Vcc. MAX, 

IFcw t:OO'ld11-1 th- •tWll<f or MAX, l>W th• 6'>i>f•K11I• Yai\11 -ll11k1\ltWhir,__,__llld~&~-.etgr W~Gwkl ..,... 
1~111,.~ .. •™"• ... •• vcc .. !lo v, T11 •.,~·e 
!IJ.Je.t110Q>eU..,n1,,,10.,l¡""l ll°•C.._.'\Jl>t >~Wtlt"H lt,,\O,J 

swttd\in1J thorOcillrittia, Vcc • 6 v. TA• :¡r,•c 

P .t.ltNGTl R' ·- 1"0 LIVIU 
WW.S11" ........ ., .. 

T!Nl~TtOW.S RJ&t'1~ hl'44.D1W 
torautl '"""""' CFD:lLAV 

"IH ...... ...... .... TYP ..... 
IPLH 2 

13 "' INIL .. .,...., 21 41 

S-1 
,.., ·- 11 21 'PLH l CL•1!1~, 

1PHl 
,. 

"" IPLH 
"L"2 .. 0. 

12 •• 2 !"11'Nota2 
1Pttl ...... 21 32 

""' - 17 26 •PLH J 
1PttL •• .. 

'''LH •po...,..h01'idlll•v tlm•, ll'W to·hlcf\1-IOUlp.r\; 'irkl. ·~----~ta.e, """"' .. tD.-~~ 
NOll J. l-to•t•ul1.-lw-'O<'m•••lllt.Oollln on OIQll :J·ll. 

TEXAS INSTRUMENTS 
tl'flUICt'OIOd CD 

-fOl'•IC&.0.. .. U•~.TU ... 1Qa 
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TYPES SN54S138, SNSllS139. SN74S138, SN74S139 
DECODERS/DEMULTIPLEXERS 

.matute maxlmum ratingi ovar e>pwatíng fr~·a1r te-.nporature nmf}S (unleu otherw1s.;, noted) 

Suppty YOlttQI, Vcc lst« Nola 11 
Input wlt191 . . . 
Operitfn; frw-air temperarum ran.»: SN54S138, SN5~S13U Circuils 

SN7~S1J3, SN74$130 Cucuuo 
Stor~ lt'm~1nuro r~ . 

1V 
. 5.5 V 

-l:i5°C ta 125"C 
o"c to 7cfC 

--O!l~C ta 1ro"C 

!te.i;.e.sua sN7451JI 

r,..-,.,,.~ .. ·~~"':.~"-· .. ,.,.-:cX+M°"•°"N-".,.~=~~.,."-'M.,.A°"x., "'"' 

r ..... ~~··-•·clc-""'~·~V~CC~-------------·-··--··--~··-'-~~ ~~ .. _¿ _ _!i 2fi _::_ 
Hldl-'-wlD\ll'PUICIJ~flf.fou -1 -1 mA 

o!cctticul cl..aactcristics ovu recomiT;i0ndc<l op.:mtina fr!?:J·iiir tcrn~wiuuro ranD') (unlet"O othcMis.& notetl) 

lHTL'ONOITittr:s'.>' S."fU~1ll: !;N1~ l"41T 

>---------------~·----·---- _MIN yypi MAX MIN TVPI MAX 

' V1L Low-lvnl 1npo1volt11<:" ---- ____ o_a --·----~ _.!'._ 
Viic IHp.,t\.l~·l'l)W~\.i.;!. _______ r-~V~~-~tni• ·---·----2:.l__ -U \J 

.. H" Vcc. MIN, Y1H .. -:;:t. S/ll5-l'j' 2 5 :J "1 t l5 '.' 
•ou ~~ou1!)'Jlv{lja.}1 - --·- v 
f---·-------------- -~L:.~E-'!:....-'_m!.:.:~~~ ~.'.!~ l.~ .... !!.::·-·---r-~!_:!.:!.__ __ 

VoL Low./tWGIOUlpulvOU"1J• ~~tc:~·~r~. ~:~:~vr:,A o.s¡ 0.5 V 

lo0111c1m1nt11rnn1mv1-;:;~;_;;-v;:;~-~- 1 ~~ 
lu·l Hl<)"t-1.....-.f #l¡1ut tulfU'+I Vcc. M/\X, V¡. 2.7 V !,/) !JO ~-

111 Luwttvel1nt1'<ltC1mfnt Vcr.·'·MX, Vr·05V -2 -2 mA 

105 Shurt-e.ircantou1nu1currrn1~ Vcc"MAX -40 -100! -40 -100 mA 

lec Sopoiv Ct!lft-111 ~- .. t.IA.X, Ü<JlL"-lll lnX1l"I ond l>pol'"1 4') ~ co !JO 11lA 

1
fnt co11dl11or>t ll'to,..,, "MIN º' J,A,'!lt,)(, UH ll'llMl><Dll•"'" ... '"" J;1•:1!1«1 "nd41 ••cOm .... U•drl cp .. n1 .. ,: CONl•l•On• l•H '"" l\¡!¡;loc1lJll d ... ·~· 

""" f11.11 f\'¡hal ~•l-..ttt.o<lll Vcc·· o; 'l. TA. Vi .. C 

IN01 mmt rtun 0111 cu1;.u1 t."n>uf<f b<1tl'!-J<1~\U11•n-,, ond ,.,,,.,¡,.,,, "' 11'~ <l'\'1<1 c"'"'11u1 ..,?ul:1 ""' c~c .. ~1 .:u>(I wtoml 

,.,.,•1'Mtf1Rf '"""' TO L.EVi:LS 

uwvn I01JWUTI o-=cnAv 

IPLU 

IPH Bi"..-. 
·~, .,......-~--·-

IPLH ~"'' 

'"'' ip H 

IPHL ' Enllblo •.. 
IPLH 

'l'HL 

11
•LH iw~110nt1.....,.1 .. n•.l-•oh..;ii....in.11pul 

lflUL •oSM'llfltOn it .. ..- '""•· h'll' lo'°"',.,..,. cr<jl¡IVI 
*t11Tl l; ,lu..t clri:Ulh and .. _,,,.,., • .,. 'h'"'"'...,. r>-.. 3·10. 

TE9T 

C.-ONOITIONl 

45 5 1S 

7 I0.5 G 5 10 "' --------------
CL•15()F. 

AL• 100 11, 

1.5 11 1 l:Z 

12 H 12 

SHNni. J 
11 l;!, 10 

" 11 

TEXAS INSTRUMENTS 
ll"lllH'llH~ll 11 ,..,orf'tel .... 111111 ... """- ....... u ..... fMlol 
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54114 fAMlllES OF COMPATIBLE TTL cmcu1rs 

PIN ASSIGNMENTS tTOP VIEWI 

DUAi. 41-\.INI TO 1-l*G 0.-T.\ DLICTOAIMUL 'nP'LIJtl1Q 

153 

154 

"""°""-­OUAL,. TO 4-LUll DICOOIR 

,, 

D&.IAL t. TO 4-Lttr.I ~TiJ'U:Jt:Li.1 • 
J.'r0"41MI O!COC4ft 
... w...,11ff ot~11n.~ 

TEXAS INSTRUMENTS 
'""''"º" .. """'"º ............ Ntl • -.uiia. .......... 

50 

~41!1iJIJ,'1ll IWi•taJU,lOJ 
~L1UIJJ 1"7C&.11.JIJ,'1f 
1!31MU1U &,I, '11 Uf14L&taJ U, 111 
&.~15.JIJ,'W Cll1.U11JU,"1 

IN&US4u,rn ht'l~mu.m 

SftML1H(.e t:..~t.::.GU,NJ 

~w.;;;t astl••U,tn 
-. ......... ..._11,llO 
StC41LGIJ,WI IMH'MIU,ft> 
-......u.wi-.. m11.111 



m 
MSI 

TfPES SfdSf.153, SN54L153, sr,!54LS153. S~54S153. 
SN74153, SN74L153, SN74LS153. SN74S153 

DUAL 4-UlllE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 
BULLETINNO.OLS Hi118!>2,0ECEMnl!:n l'IJ' · l'lVl~.r:oocTCln[n l~IG 

&mt1&1, ~Ll1!ll, IM411~ ••• J on w PACKAGI! 
&UUL11.1, •• J PACIC...a.=. 

tm41t3. tzftL1Dl, &H74LS1tll, Sff74S193.,. J GR N P.M:ltAOC 
(TOP VICW1 

• Alioalll~!romNful<l1Jto11mo 

• !Wfc:ml PUoll>l-to-~ Cnmml<m 

• SIJcht l~I Uno Pnmdul kit Cm:l!Qi~ 
IN U- to n lkwl 

" H~F~. t.ow-1~. Ter"'-~~ 
Oulpllll 

• Ñllly Compatib!v >riL"¡ = Til c.~"'3 DT''­
Clíall1' 

T'"-f:"~:. :.:~~l'.G!i: "'"•·v..:.u.. 
'MQ 

Mar.ulA1 IQ!t CU.AV TI:;;:;t;¡ ro:::rt!n ...... '"""' fl\OSi c-rnt1'.ti.YtW3 
DATA Cmoo> :ua.lcr 

'1113 .... nM l2n• IOOmW 

'1.112 2'1m :i.t .. .. ~ "'""' '1.11163 1 ... ,.g :n .. 31r.~ 

~163 .... ..... 12ro 1z.Jw.'tf 

"1UCT 
Q.!\TA~Tii 

'"""" 
..-. OUTf'1T 

• A co C1 O-> 1:1 • V 

X , 
' X • H L 

L L L • " • L L 

L L 11 X X X L " L " X L ~ • L L 

L H X " " " L H .. L • • L • L L 
11 L X • .. • L H 

L~ 
11 • K X L L L 

" • K • H L H 

E.N:fl Gf Mi ~th!c. cbUl~~rnultip:f3t$ft. 
mMlii"ll ~ and d1Mn to w~v fully 
~wv. oo<htµ, bhwv decedirn.J dim 
IOiectlon 1Q IN AllO-OR·-.P .... 5«>11•ttru-ob> 
~ .,. ~ tor 1<:11 of "" """ b.'t·~m 

&.lM• •r~ A Cftd O ••co~ l4 ~Oth """­
tt •~•i...,.,,L•~~.1'-~t -

~~"'ÚOil"""'~'~"*u...-.,,....-r:.n;¡>(-~ ... -) 
~'"111q1.Vcei1011óot11I .. , , .•. , . , •. , •... , . 
'-""-' '153, 'Ll5J, 1111>3 •.••.• 

'LSISJ ••••.•••........•...•. · .. 
(\pordlo¡--rcn;>:lf($4',t;ló4L',SNM\.S',!!11S4S'c;,.,.1n. 

S/47-''. St.J74l', S.1!74t.S', :t.9'74.S' ClrQrita • 
""'-'"''"'111'••••""""" .... ' ................ . 

TltlASINSTRUMENTS 
UrCOllroMAllO ................................ 
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TVPES SN!i41!i3. Stl54l153. SN54LS153, SN54S15l. 
SN74153. SN74L153. SN74LS153. SN74S153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEJ(Ell:i 

tu11c1ionol block tlil){Jrun 

schamatlcs of inputs :m1 outp.1t• 

fenurvAl.f.NTOF ltH>IJ"f!';OF '15J, l.11>"11 

Va·3···-11,. 

IN,.UT. ~··· 
~: 

' 

TVPw::ALOtl OUTl'UT60f '11U, 'L1!.i-J 

~~¡-veo 

-~~~· 
'1&31 A• 130 0 NOl.t 

'L1$~· n•2ton~~ 

TYflCAL. OF OUTPllfS or 'LSC!l;\ in::..J 

--dv~ 11 

-Qtº"'" 
'l.S1!ll: R • 1:-0 n NO';\ 
·sn1J: n .. ronuOM 

TEXASINSTRUMENTS 
O•~ l'Jkf'OJ(AUO 

NMT O"'OCI "°"' Ml
0
j o .,,.....,, .. TIU'I fUU 
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TVPES SN54153, SN74153 
DUAL 4-LINE·T0·1·LINE DATP. SElECTORS/MULTIPLEl<ERS 

11C011w1ded QpOnlljng conditio:n 

ION$<11!Jl CN14t5J 
Uf'UT 

1.1m '""' MA)( MIN '""' MAX 

"4Jot'tWl .... ,Vcc ... • 5.5 4.15 • º·"' 
-flC).l -ooo "" ~ cu~rcurnnt.101. " 10 mA _,. 

12S 1 o 10 •e 

docU'k$1 chamctnrlrtics owr rGOOmm~ntlbd OjJt."í.itin-a fn!u-t:ir t:ent(ldraturo rnol}'I (unlon otherwiq notod~ 

n:srccu:Jmox.:o' 5N5.U!!...1 ~N74t51 1 ------f---·-:--- UNIT 
MIH TYP¡ M"-X MIN TYPt MA.)( 

2 2 V 1 

VtK lnp,Udamt:JvoltAQ9 

VOH tt~CNtlXll\'Ul\a;¡~ 

··-

rvcc•MIN, 
Vcc•MIN, 

Vtl '"0!JV, 

Vcc· MIN, 

l/1L •O.OV, 

l¡•-IJmA 

Vo1'":Z\/, 

'0f1·-~•J1t~ 
2.4 

V1H • :ZV, 

'oL•1UmA 

on on ,, V 

" H '·' V 

0.2 º' 0.2 o.• V 

1 m,. 
•o 40 ... l"fN1QJITl1ll&lrn&11lmuml11put.,.Ol~ 

l1H H1~1!1fJlltturnnt ~~~:~::: ~::~::~ ------·~+------~+~ 
V¡:c•MAX, V¡•04V -1.6 

-5!i -10 

Jii " 
lffl'i c~c!ltt..11• thown M MIN Of l.fA)I(, .... d•• 1~p1o¡:wlotJ1 -:ut tpl.crlir>;t """1ff r..,-.;:.m<nliof'rlod ooo<"11"'f o:Or.dl!IOM. 

fAA fY1M.:-Mwiful•..,..•11/cc .. 5 "'·TA• lS"c, ' 
fNot ~ ltlett - cu,,o~t ilflQuld h• ..,~,.~" 1 !tf"I•, 

liOTE ::t:. lcc1. lt -........rld wtm VI• out¡>ut• ~ ..,.., eu !"""º"°"""'~.J. 

PiU'lwn-En1 

.. LH 
,,.,..L 
lflLH 
ltH 
'PUi ,., .. 

rAOtA 

UFWUT) 

º"' 
º"• 
~l~t 

;;..¡ac;t . 
Z1ru;;.,--· 
Strobcl 

TO 

IOUTftn1 

CL":);l~;'. fit. .. ~·Ht, 
S,..,eNo•.,J 

!--~,,_.--; 

'"1.K ··~.....,, ''""· i..w·1o~lth-t!M4 011~1 
'PHL ·~ _..,, *"'-• h""·tv·h-~ 0\1\INI 
~fa 3l ....... .ir.lt9ad~'--~º'm1••#111Nfteo1ttllll J.ID. 

TEXAS INSTRUMENTS 
lfllt.ONl'lllCAllU 

,... .............. Olllt,.U.f. ......... ,.... 
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J<l --~ mA 

~-· 

'fYP l>\A)( UMIT 

12 ID .. " n "' " J4 
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TVPES SN54l15J, SN74L153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 

11*lHr.J 

TCST CO'mtTl°'3t 

va:•t;mii, 11•-12""'11 

Vcc•MIU, Vu•· IV, 

V1t •o.av. iou•-«l!).A 
Ycc•MIN, V1H•:ZV, 

V1L •0.8V, 101..•Ul'ltA 

fo.tttvMIRthel-Dr•llVcc"'. "· '••H"C. 
·-~1htn•,_. .... ,ttv1••~•cholU:IS111tllnlo. 
HOTIJ: •cci.hr11_...,_..1 .. hk~--.,,""~~,~ 

..,Jtthlngdwt;etaristlcs, Vcc • 5V, TA u m'C 

..... ... 
_., 

""' . ' 

>.• 

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

gNtotLl5J ,.,., ..... 
0.1 

-1.& 

"' .. , o.• 

'° 

PAllJ\Ullt ft • "'"" TO 
nna¡;o¡)ITRJJm .....,. oumrr 

1rLH ..... . V 

'l'HL ''"' ..... ,_, e..•:;} ... 
llut. ~~· y ti11~: 

'"" ·-'PHL -
, ............ 11.,....., ................... ...... 
WL • ...,._...,.,......, t~ • ..,_ .... ....._._,.,. 

MOTI): L~lrs..11...-.it ... _...,....,. ........ ..,.a.tQ, 

TEXASINSTRUMENTS 
IMntO'OMAILD ........ _ ........... ..._-. 
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JtL•~n, 

IH14Lt&l 

"'" - .... "''" .., . • 5.2~ 

-<OD .. 
• ... 

·-¡¡¡ ""'C""" 

IN7•t.t'53 

MIN TYPI ""' """ , 
OJI V 

-u V 

,.. l.4 V 

0.2 ... V 

1 ... 
'° .. 

.... .,.. ... '°"'T .. .. 
30 .. ... ... .. .. .. "' :IO• .. 



TYPES SN54LSt5J, Sfn4l.ST53 
DUAL 4·LlllE·T0·1-Lll\IE DATA SELECTORS/MULTIPLEXERS 

11cv1:.E11u1:rnueH n1g 

"""4Ul5J S'NJ4l51!U .... .......... MIM ltOM .. , ... )( 

StiiroPtf' ....... Vcc ..• • . .. 4.15 ,,. 
.......-._.,,tllln'filiM.l0t1 """""' --L...-..O&ttpu1eu1t'Wlt,lnt 8 
· i..-.-.,,_.,~ TA ...,, ,,., 

"' 

P~ni'a Ti:Sf~IOH.S' 
1 ""'°'""'"" S:N14LS153 

fA!tf.J TYJtt lUlt" t."'!~ TYPt U.Jll!I 
..,,. ___ 

1 2 ' VoL ~lrou1wot~ ! 0.1 o.a 
VtK .... dalOwol'*&' -y~-;-:¡¡-;;,\ -1.!l -u~ 

~~~wM-.:;po 
Vcc • u1-u. Vrn•2V, 

V1L • Vtt. Mali, lou • -c.cD ~ 
2.5 ,, 2.7 J.4 ...,..._ __ 

"cc•MUt, V1~1 ·~V, J IOt. •4RIA Q.2S 0.4 QZS 0.4 
V¡L • V1Ln'.:t:t 1 rm. •nmA 0.35 o.• 

,, l ... OIMlflt .. 
Vcc • ltAK. V¡ .. }V 0.1 0.1 ---1111 --- Vcc• MAX, V¡ .. 2.7V 20 '° '" ~1"""81CUI'""" Vcf" • MAX, V¡•0.'4V -0.4 -~~ 

""' ~ri.ltW.tOld~l:i;to;Mtil Vcc· Wl.;.;. -~(J 
_,.., -io -100 

ltti_~~~'°" Vcc- MAX, !M-N<N:'Z d.2 10 62 'º 

b.n..,,.._..-., •• .,Ycc•• Y, TA· ~·c. . 
flllfl""°""UlM~~t~h1rti~1t11mv..Mci!Nf¡,.1k\.1't;fll'10l'NIN:i.otl•.N."1Jf..,-t0...~-;1.J~11>.ttu...f. 
NOTI 21 1ect. .. ~~--~f.J•nitad ''' 1ncut1caot~1. 

llll!!lllll!R¡¡~Va:•llV,TA•ZSºC 

,__, ...... TO va;r couorr~-J 

"'''''" "'''""" •>1.11 O.lo 

'l'ttL º'" CL•10~. ....... SflM:.t y 
r'1.'"2•n . ..... ...... . --· ..... ·-

•• l,.M • .....,.. ....................... .... 

..... l. ............. ._~-... 

tfOttitl .................. ~-~---i.··· 

TEXAS INSTftUMENTS 
l"lllNt'UN"tl 11 

,...01"'111'MllW1 .. •111.v ... ,...,.,,.... 
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..... n? '"" 
'º •• 1---,, 20 .. 111 

"" "" .. .. 
21 ,, 

·-r 
V ... .... 
•e 

V 

V ., 
V 

V 

""' 
•A 

mA ,___ 
mA 

'"" 

""'' 
. fa 
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TYPES SN54S153, SN74S153 
DUAL 4-LINE-T0-1-UNE DATA SELECTORS/MULTIPLEXERS 

rncommtirldcd oporati~ cond1tion.: 

,,M Cllf\U<li'ln• 1hu ... n ., 1.t1•¡ UI i.01>:,i.r-OIMJ ""'·""!,ff\\~ ..... 9' .. -l"ll"·' ''"""'-' f<t[0•"<1W•'>d0•1<ltJ.&tcl!r4C<'lr..;':.-:.,., .... 

!~:t'":~..:1 ,~·.1~: .. ::::.:~~.;,;,7~ ~.:::;~; t t!m~ f,r.J <";\1fO"tiM nf '7';,•Hl•~ur1 :~L·.t~I NI U•;n,J (><~\) IGf.\Jn<:l. 

t"OTll ;!1 lcc:1. •trM~1 ...... J...i111 tl•t•JUl¡' ... !tQ¡.. ... \ ,,,.,,l .... ilnp •• 1,,,,,.:i•mc•~:! 

MHAMtlER, 
f---~--1-~L--·1-~lO_UTP_u_u_ . . .. ~L!;I_ 01<\a ___ v __ ,_ 
¡.-_!I'ill.._ -~!_ __ r--_.';'__ __ t--¡--¡t--;;-
~~u__~.s~;,~1 __ ._. __ v __ _ 

11•.u S•!oxl Y 

fp¡ H S!rc!"' Y 

"'" 
•ttLtt upi(lµ"'"un11llM•v 1lm•, l.:iw""•.J•..li/l-k":t c.-...11,,., 

tf>tU. lli P'fil"~lu.111 IMi.ty t\11•, ldiJ'·lt> k>w·l'JYlll C'"put 

NOTE 3; lo~chtMlt •nd w11lt~w,., .. 10"";1••t-thCM'<100,,...,. 3-10. 

CL·U~F. Rla._l!'Jn, 11.Ei 19 
li;i:tfau3 1~ 18 

11) 1$ (11 

7-170 TEXASINSTRUMENTS 
1"'(0Jl .. OR4U::O 

-·· CW'lel "°" 9011 • O.O.u.AL ti.U. nnt 
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une FAMILIES OF COMPATIBLE TTL CIRCUITS 

PIN ASSIGNMENTS (TOP VIEWl 

QUNJ >TO ,-uq DATA AUC10RIJMULTJPl.EW31 

1511 IHVliR1~D DATA OUl?UT!l 

t6i1 
161 

162 
t&3 

DH:AOE. OHUiCT CLEo!J'! 

lll'OAAY, DUWCT CUA.ft 

TEXAS INSTRUMENTS 
f,_U'IN .. Ut141 l.P .._.,Ol'l'lCIS.,. ............ ,.. .... tkP 

57 

tr.:Gi1C!11J,W) ~NU1~11J.NI 

IHMl.1&l IJ) ~N74L1'51 fJ,NI 
~10/ tJ, "' i;:.::4LS1::i1 !J, M 
Gt0U'1!7 IJ, W1 Stle:As1S7 IJ, NI 
t:..~L'il&.i IJ, h1 !.:t:1.!t.:;1:1 tJ, M 
lnt$4811!J IJ, W1 SHl.t11tl.!l IJ, NI 

_,,.,IJ,Wl 
~1t~IJ.W) 
_.tl11J,W1 

""'"''''"u. m INM1SZU,WI 
SHB<CU11l'-U.M 
-l&JU,Wl 
..-.1utJ,fj1' 
CIQMUHllA U, W'I 
INMltf.ltJ,'AI 

J.N74160(J,NI 
tlN1-'1.S1SOA !.J. NI 
SN:U\11 IJ, NI 
SN7CLS1&1A IJ, NI 
SNU11l IJ, NI 
5f1J4f,.S1UA IJ, KI 
SNT.&&112 (J, NI 
SN1Attl U, NI 
SN74Ul11J" U, NI 
l&N74&1U(J,NI 



TTl 
MSI 

TYPES SN54160 THRU SN54163. SN54LS16DA THRU SN54LS163A 
SN54S162. SN54S163. srH4160 TllRU SN7416J' 

SN74LS16DA THRU SN74LS163A. SN74S162, SN74S16J 
SYNCllRONOUS 4-BIT cournERS 

lllll 1 1 lt'I/ •¡,1 111 •·. 1111 ""· ••1 1 ••l'I 11 11llt> tlf \l!'-11• &.IH\P~t 1•111 

·rno. '161,'LS160A, 'LS161A .•. SVNCHllONOUS COUNTEHS WITH DIRECT CllóAR 
'162, '16J, 'LS162A, 'LS16.JA, '5162, '5163 ... FULLV SVNCHRONOUS COUNTEAS 

• lnhirnol Loo!l:·Ah!ad for Fat Coumm\I 

• Cary Output fer n·Bit C...~!!~ 

• Syndtronous Countln;i 

• &vnd-ily "'-~ 
• Load Control Uno 

• Di odo-Cllun¡:gd ll'ljl'Jtt 

tv;>~\.r•.r.:n.o..t11irr1 
T~ Tttr:<!,CLOCK TO 

OCUll'IJT 

T'fl'ICAl. TW~l 

M~~ ~~" 
FREDVIUCV ~ .. ~Anc..:-1 

't60tl'lnl'HO Uri~ 'JlMHt xti~ 

'U160Adwu'U15.JA lolr.t 3lMHt 9lff11f 

'1112 tM1 'SUJ.3 1 r.1 70r.1Ht 47!!om'# 

URIUI M'. e.tlS'.~.,, J 00 "PM:MOI 
U:IUH 14', 7'LS', 7Clf. ,,JOCHQPACll(~ 

ITOPVrtWI 

lbew synchrcnous, pra11n~ C(Mltm to;it11r• ar1 lnt'IID\d ctnY '10."tk·hl:d f'Of awltc.11lon in hi¡h-tpttd tountiAf 
dKl>'1!. Tho '1GO. '102, 'LS100A, 'LS1G2A, ond '5162 an d<t.._ '"''""" ond th• '161. '163. 'LS161A. 'LS163A. lnd 
'!i163 l!fl! "·bit l":!-n!!ry ffl!t111!", Syf'll':hfOOOIJS opnation ¡, PfOVIGtd bv t\.cv1ng all f11p-ftQP1 tfochd timulunt~IY'º 
that tha ourpon ch~ cc»nekbnt with uch athu v.hen 10 1miruct\JJ bv the ctnn1h-,~4 ÍllfJ'Jli r;.;HJ !11tmwl ¡¡:.¡irv 
lhit mCICÑ of QPffation tliminstn Un OUt>\.11 countint iPlkH th61 •re ~1V &HOCIOle:d wi!h aync:t'lfOl'IQt4 (t~ft 
dock) count.m. A btJffi:rtd clr:rl \F'P()Ut tt~ th• four lllp.ftop¡ on tN risinQ (puhm-selfl§) "' .. (;f \htdodic tt'4M 
wmfomt. 

ThtU countan 1ra fullv p~ctnmcablr; tmt i1, thtl ovtf)l.IU mav bit Pfmt to l'ith:t lwtl. N pm.ming tt ~ 
ttt\ing up 1 low ht\·tl 11 lt1t lotd lnpu1 diubln tha eoumH '*"" Ca\lNS thl oulPun to JUn• wtth thil totup ól'tl Kttr"" 
nl!xt el~ pullo ngardlm of tM ltwls of the trub!t lnputt, ~·to htgh tftnsitlon1 lt ths IOld Input of IM '160 ttwv 
'163 1hwld bl avoldtd whm the dock•• lo.irt lf th• ~ inputl .,, hi\)h 111 or ~for1 tht tr1mi'Hon. Thls mtrtction lt 
not epptic:able ta tho 'LSIOOA thr\I •LS16lA or 'S162 or "5163. Tf\4 ciur hmctiott for tho '100, '1\)1, 'LS160A. pj 

'LSIG1A is asynchronoos ond t ltMI loffl •t tl-4 c-Wu lnPUt wt111! fOUf ol the tllp-U<¡.p ou1p·1t1 IO'# reprdimoltha 
ltvtll of cloc:k, li»d, en enlblo lnpuu. 1ht cl~ar functlon for t~ '102, '161, 'LS16lA, 'LSICJA, '5162, atd 'S1Glil 
•yroduonous i&r\d 1 law llvtl &t tht c.J.nr to'-'Ut 1tn 1oU four of tht Wp-tk>o¡:> OUfP\tU li:sw &tftr tht riut c1odc. ~. 
rt91fdleu ol tM 1no11 ot tht imoble intJUu. This syhd~ ~ .i~" th~ W..Tlt l~O!;th tQ ~ m001n~ t=itv tl 
det:oding 1h• maxinwm C<1.Hl1 d;:iir~,j Otl b! ~pl1sh-!d with one •Ji:te"l'I"" NANO iµtt. n.o WQ;tt ~ li ~ 
to tf\e clnt lncNt to 1ynd1ronoull't' cMlff tlle coonur to OQ.¡'.¡U tLLLU. i..rMl-tet-h+;#l tri:..>litlonJ et tiu dlit ~rt of tt.1 
'16211'd'U5Jll>ouldbo"'°"""-'lwclodcl1i-11ttoe-.....,1om......,.,.hl¡¡h1te1bolate""'...-;... 

Tht carry li>ot;~ ci11:1.:ttry prwid• fot t.atc.ldi~ counnn h:ir n-blt synchronoin IPPliert'°"-t wh:hout oódtrionll 
&1"1'"8. lnttrun'lltnUI In accompOshlna lhis function .,. twO CCM.W'lt~ ¡npuu and • rlppl;a arrv DIJlPUt. &ad\ 
-i'IHnll>I• lnputs IP ene! TI m111t bo hi!ll tD courn. ond lnout T 1i fed-10 tNblo ~ rlol>b _.., ,..tpat, nt 
ripplt arrv ou-ttM 1hu1 11'\lblff wiU ~ 1 hir;Mrrtl outPUt puto with 1 dur,tion 1ffJJOJ1.ift'lñt4V tqu.d to H 
h~•I ponkM of th• OA output. TM1 hijh·ll'Y&I Oll-iTtloN rip?b urrv pt.:bt tan tn uttd to ..,~ w:oomin 
""""""'"-. H9'.-..-t 11111Cltl<>f1' 11111• enol>le P orT inl>ulloflht'l&Ottuu 'lli31hould-on~­
lhe clodl lr>put 11 hi¡h. TrondtioN ot lht tNble Por T 1.,,,.0of1NU100A lhru 'LS1G3A0< 'Slc:lrnd'Slfll"' 
11i0Md,_.ii .. of "1o lnol of IM dodl inpJL 

'LSllOA llwu 'LSlll3A, '5162 ond '5183 fe....,. 1 flllty i- clod< dreult. ~ 11-~.­
p o< T, °' cle•I tlwJt wlll mcdify tho -"in9 mO<lo h,... no efftc1 u...U dodtlng occurt. n.11 l\lnelloll ol tlD 
........ 1-. ... ..-. d __ k>tdi"" "'""""ioll "'"' bo-nolotr by •111 CdOdlllool_... ... _ 
•lUP end hold tJm1L 

Tho 'LS1IOA llw 'Ul1113A .... -.pletlly - .....,.. ~ tD ... O<i¡iMI '1.$160 llln< 'Ull'i!I.""" -
~-holdrinMonclroducldlt'l>Ul.,....,.,l!H .... lfL· 

TEXASINSTRUMENTS 
01(0Mf"OllArlO ..., ............... ~~ ... 
58 



TIPES SF.154160 THRU SN5411iJ. SN741GO THRU SN74163 
SVNCHRONOUS 4-BIT COUNTERS 

TEXAS INSTRUMENTS 
1-.u1111Pt ...... llU .IJlllGf---- .................. .... 

59 
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¡mremrwrrwumwmmernm11Mf:limW5RCTW7ww s:ewmFWT FSFW1l'YHE 

m 

J.192 

TYPES SN!illLS160A THílU SN54LS16JA, SN74LSl6DA TllRU Si\l74LS11i3A 
SVNCllRONOUS 4-BIT COUNTHlS 

~ fi' 
;; ] 

!l 
~ 

~ o 
" ~ o ~ 
" ;¡: ~ ~ ~' (,., 

z" ¡:; 
)-W <l 
"'!i: <( l3 
!" tl § ~8 § 
~~ 

;'f, 

~ z 

"" Vl 
zu " .i; """ ~o " .e 8 
¡;; § ¡ _, 

.l~ :r; ;i; 
~ ~ ~ 

.TEXAS INSTRUMENTS 
1 .. lOIU'Ofltl\llU 

""°'"' :uo•icr .011 tau • o.w.LM. n1u..a JPH 
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TYPES SN54Sl62, SN54S16J, SN74S162. SN74Sl63 
SYNCHRONOUS 4-BIT COUNTERS 

TEXASINSTRUMENTS 
l,_Ut10'11MAIO.tl · 

MP 
,.,,..8"a ... ffll •-....u. .. ni ..... ,... .. 
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TYPES SN54160, SN54t52, SN54LS160A, SN54lS11i2A. Sl'J54S1U. 
SN74160, SN74162. SN74LS160A. SN74LS162A, SrH4SttiZ . 
SYNCHRONOUS 4-BIT COUNTEílS 

'IEIJ, '162, 'l5100A, 'LS162A, '5162 OECAOE COUlllTEl'IS 

IJl!i:al-. ..,.....,, OOlln1. .,,.¡ inltibll ""'IU"""'1 

l""'trawd ~ n tWt fotto#fng ~: 
1. Cliw G'.l1puf1 to toro (.,C:O ind ºLS1f.!)l\crer e1'f\~1~1ti; '1G.2, Ute.2A,Pd 'StU:2u-•11'~ 
2. PrtNt 10 eco'"'° 
3. Caunlto•~'· ntno,t¡io,om, ~.~t.!\m 
... lmibit 

CUAAt_r· 
___ J-=-uo.-~..-'''I í 

UIAll 1 u 

{ 

A_j l [_ 
DATA B _rl---c = 
~ c_¡-f---[= 

1 .--

º- ~ J, -
1 

CLCCK~.fUUl..JlSL.11.J 
11 1' -¡ 

lNAlllL!P I f 'l' j 
1 i 1 - : j"- --

lNASlE T _ : : : 1 1 .. : l..._ __ _ 

- _, -J 1 .... l' ,......_.: _______ _ 

{

OA= -i :U--i-n_-1LJi----
e<i _-! -··---r --- , 

OUTPVJS - -, -f 1 : 

Oc_....t...J.. 1 

.,., .. 

t 1 1 1 ao= :rJ ¡ l ...... , ! 
' l • 1 .._--~---~.~~~--~~~~-

1\~~v • 1 1 : ! n __ ..,..._;-:-~------
1 ¡' ~1 lª • o \ :r ~. 

1 i 1 c~1~mn----
smc mmr · 

-CLEAll 
CUASI 

TEXAS INSTRUMENTS 
lt.Cf•M .. R•AflD 

........ N!ll .... ~ ........ 



nPES SN541&1. SN54t63, SN54LS161A. SN54LS163A. SN54St63, 
SN14Uit, SN741li3, sri74LS161A. SN74LS163A. SN74S163 

SYNCHRONOUS 4-BIT COUNTERS 

'101, 'LS161A, '163, 'LS163A, '5163 BINARV courlTERS 

~ c:!eo:r, ~~ami lr.hlhitrnp;:i::; 

---ktlo>-.;¡~: 

DATA 
ll>PUTS 

1, 0aroutPUtltDltt'Ol°181 cnd'l.AlOlAtw~"tron:oo.i;"l03.'l.!'i1BlA,tird'"JtG3t>1!1~~ 

3. - .. b!Mty-<O 
1 Ctivnt to~~.,. f'.;:";.;n:¡.:., m~. x::-:m.., w.:; ~j t" ..... ::> 

4.tr.:.lblt 

WAEl-i.-.r · 
LOAD --t-1 r~---·-· -

1 ·~o 

1 

"--~----___,.f .... -­
º 1 ,------·.......!..-
e Ii~~--~r.= 

oJ r 
1 

Cl.OClt~JLfUl...n~ 
1 1 1 

lllf<lUP 1 : __u--.---------·i.. r 
t 1 1 1 

lltA.lll.IT L.J__JJ-- ---.... ,----.. 
-. 1 1 1 '----
_ _,..., 1 ~......,· 

u.a._ -1 -· ! - " . t..::""---------
0() = ¡: 1 r-t___ft-

llU'il'\l'l'll ' 1 
O(: - 4.., ;-~~~-~-

--A-'--! -------------
' 00 = .., ::LJ 

-f 1 1 
1 1 

~IU'IY---+~;_...¡..,.---,.~-"--~'& o 1 "i~ 

1
, re. -~r-

nm: mim 
CllAR ' 

AS'l'llC 
CUIAll 

TEXAS INSTRUl'dENTS 
0111.0fillt'OM"l"D 

_....,_ .............. Ala 
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TYPES SN54160 THRU Sf\1511163, SN7416G TllRU SN7416~ 
SVNCHRONOUS 4-BIT COUfdTE!!S 

..-...--.. .. ---~--------
tchematic:l of inpt1ts M<J O'JtpuU 

lQUIVAlCNT Of fAtH HWU'í TYl'ICAL º' AU. 001?Vrs 

Vcc--y-----
,1" .. 

lrll"\Jl-S\•J ~--­l ,1,, 
F ~: 

l 
L .. _."J 

""•. ,. ~~-"º'' 
51'•1>i. l: R.,1") kU tl0'~ 

~.E,.~<ot'. n¡¡r.;- .. 1..0NClM 
A,0,C,O: t-1.,.., .. 91;0M()ll1 

-·-
at.11otubl ma::imum ratin'.;'\ m.'~f c-p::inting fr~'\1-::.i-: t~1r:r.~n.turn 1~11¡;¡:' lunlt!-; otho.!Vlit;g r.a~) 

Sup,ily volw~:. V::.r. b'::- ~~;;;., 1~ 7V 
5.5 V lr.putvoltllg'? . 

lnwrrnlttrr voln.-¡}l'l (~::.ri ?bt;, 1) 

Otnt.i.tlniJ frl!! air t::r.1~1~rarur,; rrr~:•!: 5~1'1-1' f.llf:"Jhr. 

SICrt~ lltfnptr:aturt! tU1\f'! • • , 

• ~.5V 
-li!:i4 C 10 125•c 
. o'C to 70'C 
-65"C to 150•c 

NOT[S. 1 1, ,)H<>u•"•lvU. t•t"<i<l• lnl./:nln\Jf\tw •<ll\:.I~~. ••• whn t~..:1111 r>ll'l•~O<li O•tuNI t:!fln!'1~L. 

· 1. lhi~ h '"'" V<1llf1" ~' .. "°"' '"'º "°'••H.,..~ i;J • n .. 11u;i1,. ... ~hH't trl'/'·tlw .... ftot s:ip;c: &lu.,11111,. 1Mlulih111$r>l'u !>~""n1, ti'"' CC\lht 

..-.1o1'l<tl"""'""'r" T. 

rccommenW....J or.rírr;,~~illii w•-....:.l!~::...: 

J..19G 

-~·«---··'-·--------------- ~f~{IE!J, L"IS.l\HI PH4 liO, E.l\174'161 

~~2.&li:.4ti.l Sa'Mlia,U~l41el "'1T 
"IN """' MAX MI~ HOM """ ..._ 
4.fi !"~ryo11$.:)1. vcc --·-------------+-"" s.; 4.1~ • '·"" V 

u;::;::::;::;:;::::¿~"----------------1-----..c.,-+-----.,,+..,--i -tuo -- ... 
1G ,. 

"" Clock ht<'IUtr.ty, ltJo.d 

Width of CIMr pub?, t •• ,.frtff.r} 

Hold111n1111nvil'!Pll. h. 

~,.Om l~ll!.1 A, 8, C, 0 

I Et>.rl:WP 
1 ..... 

'.:'• 

'º 
"' :10 

:t!i 

"' _,,, 

TEXAS INSTRUMENTS 
IJ.lltlHt'llM ... 11 O 

"°"'~_..MU • ...... u.&. 'SltA.11 nlJ.t 
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TYPES SN54Ui0 TllRU Sf\154163, SFJ74!50 THRU SN74163 
SYNCHROi\IOUS 4-BIT COUNTERS 

-----------~--·--•--u 

sr.;z..11;0, mMtlll S1"74160, SN74161 

l"AA~nn n:iT oo;.tVJ TIC!\if ~~IU.~llll st414162,5N7"1U 

"'1H TYPJ ..... ••• TVPt MAK 

V114 tffd'\·~ln()l,lt~~ i 

V1L ~lftPl,llwl~ 00 o.a v,. Input dlfnp volt• Vcc•WN. '1'"-1211\./\ -1.5 -· · 
VoH Hi-¡tl~outpu-tvctui,," 

Vcc•M1t-1, Y11i• :ZV. 

V1L •0.SV, 1011•-&-0¡iA 
2< " 7.4 ,:. 

Vol ~O\ltp'.lt \o'OfU•,,, 
vcc•Mt1', Vllf'':ZV, 

ni o• j ni o.• Vn ... OAV, lf'p.•1firnJ!i 

fllilUt eurnnt 11 ITlUlf1\tlffl lllP'll VOlU~ Vcc•MAX, y¡-~-~sv--~-- 1 

lut 
Hlt"l.W.ql 1 Cl".)':"kt:llf.-Yl!-T 

Vc;c • IJA~. V1 .. 2.·PI '" en 
illplJICWJ'fnt 01het mpou 'º 'º 

l1L 
low.j_, 1 ctoc.k.0t~tHT 

Vcc .. MAX, V¡• 0.41/ 
-1i -J.'2 

ifooo¡1 t'Ur1'Vf\I Olh..,.ir>QOJll -1.R -is 

'"" Shon<lrniU o...1pu1 evrrtnlt Vcc •t.1AX -w -57 _,. 
-57 

le CH iluW'f CUft«H • ..1!1 OUlpoll h'O'l Vcc • MAX, i;u ~lot• J .. "' 
., 04 ,,,., &.iipply tUl'rafll, aU 0\1lpull low Vcc. MA)(, S<tti ~lo'" 4 "' " 6l 101 

''°" totoollttfon. lti-n "MIN º' UA,X, llM 1"- '"Pn>t)fllt• .... 1 .... 11-.11td w"<IOt '*"'~ Ofl•...,,..'ll r;o<>auont. 
f4111vpfu1111c1.- .,....1t Vcc .. ~v. l,.'" l!.> 'c..:. 
luot rnor9 tl'lan º"' Oo.llPYt 11>0,.ld b• 1ho1tcd 111 llnu1 

UNIT 

V 

V 

V 

mA 

.... 

.._. 

... 
mA 

mA 

HOT!S1 3. lcc14 11 mvcun-..d .... 111, 11'• to.a l1t?UI kl11t" '"'"" F¡;:tn woth IM lo.cl 111-,:. ... 1 '°"'• n>rt1 .!I o:t- lnP<1t1 hl¡'> '"d J<ll iw""'"' ~. 
4. tccL la mlluu...-1.,.;1+. 1h.t c!oelt ln?"lt ht-:f', """" .t:;1'f~ ..... •.'!'l lf•• c1o-e1t l"t"''I km,..,¡.., 11111~ lnp<.;11ltoft1.-d 1!! cu~tf>""' ~. 

mitc:Mng cJ¡.ar¡ctr::rbt!c1, Vcc"" 5 V, TAª 2j .. C 

IPHL tl•nt 

•1mbllr-U111!mu-l"'!C~klf"IT,Na"''r 
tl"\.H ·- ~tlcrt1~ ti .... ,~ 1•hlfl'I i.-to..tP\'1 
tfot .... ·~11$11~11-.~t"lt-l.-.l~t 

l'fOTIW: ti, Lo.dclfcutl.,~nonP ... 3·10. 

AnyQ 

Mr.4 rvr MA• UNIT 

25 " " J¡j 

:?J J5 ---·- --13 "" 15 2l 
-~17~ -

19 ,,, 
11 16 

11 •• ,. "' 

&. ~tl ..... Y fOf c._,11\1._...,..,_.-d ,_ 1i..11Ut ~ fcw \'k'9't40~ 'IQI o.-..-.dlitodoU i-t1----btJM 
'IAllfOGl'"IH. 

TEXASINSTRUMENTS 
1"'4111U'llH~ll U 

,....,._...~9'11tMLUl&.tlU.•tMU 
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TYPES SN54LS160A, TllAU sr~54LS163A, Sré74lS1íillA. THRU Sfn4LS163A, 
SYNCHROrrnus 4-BIT COUNTERS 

ichema1ics of inputs nnd ou1put: 

p,,u1: 11.a-.i'" l.l'I ~nNoM 
lMt>I• T, L..>ld: R,,1 • 10 ~U llOt~ 

Clotk, l;nat.I• I"; lltq "'2il'-l11t0U 
C'-"' t'lSl&OA, 'UHilA): fli::i .. lQk(l PICIA 
Oe.r t'lSHl2A, 'l.'11a3AI: n..c¡ • 10110 tJOM 

r
-·---:;;;IC/\L OF .O.LL (}UTI'U'Tt .. -

·- - Vcc 

' . ~· __ .-f ,,.,- ) 
~¡, 

. . l>o, 
1 L~OU'f?UT ILtlJ . 

¡;'; 

7V S11pp1y "º1t;i¡¡o, vcc (t:;n tbt-? 11 
lnputv:.ih~ 

, 7V 

()p!lralifl'J frr:Nlif tumr~r:;tur~ r:..1:,-<J· SN54L!:~ Ciru:i\~ 

Stl741.f,' Ci1C\IÍG 

m reCOMfU!..'tl:J.~d O¡Ktatin!J ~m.Jiü:;,1) 

-55.Cto 125~C 
. . o"c to 10°c 

-05°C to H:{tC 

--------------------~-----~---·-----

&¡11J01iVvt1l!~~----------- --------- i.,..!L. & !t.S 4.1!> ~ 5.2!1 V 
H.pn.1ewt ouunn t1tir•"'· loH -..oo -400 iJ.A 

low·~•I D<J1PUI cuueni, IOL B mi\ 

Cl!!tk l!!'Qtwnev, rtlc.dt ______ • ________ --+-.:!...---'"'-1--"---'"+""'-' 
Wid1h al dock p11la, lw·h.lcx:kl 

--------.,..-, 10=-.. -,,-'"-,,-,.-A""'. ,-. c"°."'"n-+-'~"'~---~--''---
1 (n..-i:if¡IP01T 20 

¡_. ______________ J_~~"~~.-"~'-----1-""'-----+---l 

=~:::.;;;·::;;;;1~.~~.~,,--.-------------1-_~~:e.....---+--"----+'"-I 

TEXAS INSTRUMENiS 
l~(tlHt'nRAJ~('I 

~· d,ICI' FO• ""' • 11.14"°"1• Hu.a Jlaa 
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TYPES SN54LS160A THRU Srd54lS16JA, SN74LS160A THRU SN74lS163A 
SYNCHRONOUS 4-BIT COUNTERS 

cttctrieat chri:racuaristics ovur rocomnl'Codod oparating free-air tcrnporntore rcnge lunlr..s otherw1sa notedl 

PARAMiTl!R TCIT CONDITtCUSt 

"'" 
~5-CLS 

rm MAX 

SfH4LS" 

UIN TY'' MAX 
UHIT 

2 

o 1 D.8 V 

V11c; lnpi.ac.tamavl>ltrvi V("'.c'"MIN. ,, .. lllrnA -1.fo -15 -v-

H~I 

''" lnpuli;urntit 

Vcc'" MIN, v,H .. 2'J, 

Vt .. v, m1:1, loH • -400 lLA 
25 1' 2.1 ,, 

0.2' 'o.4 0.2!1 º·' 
Ol5 º·' 

Vcc• MIN, l •oL •4mA 

~:~: ~,:· !Mn J •ot •o"~ 
Os11or..,...h!1P º·' º·' 

0.2 0.2 

o' o' 
V1• 7V 

----~.!- .. º' 
:.'tl "' 40 40 

20 "' C~ut'LSl521\, 'LS 1C.JAl 4() 

D1t1or1n!~ -04 -0.4 

""' 

,. 
LD~I ~k,Or;;:;tbltlt -Oíl ··OD 

l1L k't?JIWl'A"tt Cllill>l'l'\.Sl60A, 'L.~1G1A) Ver. .. MllY., V1•O4 \' -0.4 -O°' mA 

C~~11'LSl!l1.'°' .. 'L'i1!'!11\I/ -------------_:~.!_ ----·-·---=·'!_-~. -·--
tos &iort-drt7.lltot11pu1~r11n1f . !Vcc-M•x; -zo ~100 -20 -100 "'" 
'cCH Suppty L\Jrr•nt, 111 m.itpun h~,, 1 Vcc. MAX, !.H NO!• J ---lli JI - 11:1 J1 11\.,. 
•ccL Suwtvwrnm1,a!lou1pu1Jl'.l,.. 1 Vcc·UA.X, 5e1No~1•\ lú JJ --~:..~~ 

1for condl!il;m11hown u MIN or MAX, ,,.,,. tt"I f>ttfWU-t>•'u• w1!"" 'P*t•l"'<l uM.I<" t<e~"<.I ~U•11~ cond!\">"1. 

'"lltypk¡1h••"'·--- Vcc- ~V, TA .. 'J!l.'c. 
INot 1'1'>!»0 ~ ,....._ aulPul W1QuLJ bol tllOrl«l '1 1 llm1, anti chmrtl~n al""' ,fior~-c!cetJll .,...cu1<f nol .-~.-.. _'f ona o«on/1, 

NOTllC; 1 ICCH it ........... ,td ft1tl'I lh• l<>•d lnp,;1h?15h.1~ tOol .. ftl1'1 ''"' '"•1 '""'-'~ 10-0., wlO• lit otl'llf ft>i"~fil i'ol(Jh '"'I 111 oYll».oO OJ>9'1, 

"· lccL lt ,,_,,.., wtlh 1N cl11<k l"fl'lt 111¡;11, th- •-.n•n wnh 1t11 d<)t._ lnou11,,..., w111'1 11U 011- !nputJ low 1n<:1 1n o ... tvut,op.o<"o. 

1PtlL 

tf'LH Cli>ctl 

'PHI Uo.ttdinputti-=t1I 

lPLH Cloci< -· 'PHL U0Mt1npt.1t l°"'I 

l?LH •.-.r 
'PML 
,,HL -1.:llW' 

11,...,.,.w1alonumckM•tn~~tY 
''LH • llWO'll•lkll'll IMlit., WN, IOW 10 ti.,, ~ 9UlrNI 
'PH\., lll~tlof\O.W, llrM, l'llfll IO·low ~ .... ,,..... 

NOT1t1 1, LcJ...s•k'cutllllhOwft•n.,._.:MI • 

,.,., 
.,, 
o .. , 

Hi¡~.W -AnyO 

Tf<;T C'~t'ifl(W-M ,.... .... 
" " -· '° ;; 

CL • 15pF, 
.. 3' ,, ,. 

"1.'"2'U1, •• 27 
S-f'9'1'111 

" " 1ton42""4 

" 21 
NotaiB4t1dO • " • " -20 

"' 

.. ,~dllaYfafc ... ,,..,,,..,.._..,,omlr.llct.or ... ""''" .... LS,M"~·u111AMlftrr.lrttelc:klo:•t1 ........ 
fot ..._ 'Ll112A MWll 'LlttlA. 

TEXAS INSTRUMENTS ..... , ............... o 
.... , OHC• DO~ MU• •"'-L"'• llllQ ru11 
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TYPES'SN54St62. SN54S163, SN74S162, SN74SUl3 
SYNCHRONOUS 4-BIT courmns 
IUVIUDAUOUST 1~11 

schomutlCJ ot lnputs and outpul1 

EOUIVAlfHT OF i:ACH lkO'UT TYtlCAl OF AlLovrn.m: 

--~va; ~OttO"..t 

u 

• ~OVT 

t.n.1tu1'a•T "'Pttltl R1.q" IAllUNQJll 
01Mr1~tt. fl""'•2.0~UttQM 

-vJ1 
clnolute maximum ratingi ow1 optrntir.u frto·F..fr tnmpr.ratun1 ~fl))-! (unlett 01t •• ~rni11:1 nO'" .... a:d) 

Sup~ly voltlld~. Vcc h~e tk.-1·.? 11 
Input vollogt 
lnmcmittet v~UVJ (Jet Notil :11 
Opdta11ny lrtt·air ump(!rlltm\' r1w;¡-?: SMS4~162, SN545161 (tt0 Notit 1C,1 

SN74SlG2, SN74S163 
Stor,.gc 1em~tatu11' rani;n 

recommondcd opcretinQ conditkwti 

''I· 

)y 

5.5v 
.... 5.Sv 
-55"C ti) 1'25~C 

. . . <fe'º 10·c 
-t!>"Cto 150"C 

i.'.;i~sl&J, SN5-4~16l :;N7G1GJ,SN14.&'IJ UNIT 
MIN NOM W\K- MIN H0M MAJC 

s:;;¡;;;;:;;,-~----~---- 4f;:i 6.2!t !i.!j 47!i 

¡.t .... 14,wl oulflúl CulltM, lo11 
LO'íW"~tl 01.uput c:¡;;;;;:;t,l(}L------~·-"'•><•·~--·---· 2J 

'º 40 MHt 

W'°1h ol ctock ~. ••ltlotkl IMtf'lor lawt 10 10 

Wutth el Utat ~l1ot, 1,..1ctud 10 10 

01t11npuu, A, o. e, u e • 
frlÑICP0tT 11 12 

L'4d " " 14 

12 
12 .. 

~~A.8,C,D 

Lood 
o 

-05 125 . o 70 "C 

N<>lll t. vcu-oe,,.•tlt't. tu~1 ·--""" .01...,.. ..... ,.., ,...,.c.1 .. ,..,.,...11 "°"""........,.d. 
:J Tl'ui >& lho ~·-.-- 1Wll 9«!11_.. 01 •mult~-lflO" l!~Or. fOt .... Clt'CUfh. lttlllllllf'IN9l_.,...._.,..~ 

•tt.i..Ml•t11N1t'a"l't T 
tO.A,nSNM!'io10:J .. ll1'f~l1G31ftlMWpM•·~··· ... 111,....., , ......... , ..... ~01·cr91'5<'NMl'-t ...... IJWI~· 

,,..,,,__, re&1ti.11u """"e-'º 11 ... ,,., l'lfCA• of "'°' ,_. rt.n :Jt•C/W, 

~ TEXASINSTRUMENTS 
lld040'rNlllAllO 

_, orroec ..u 111u • OMu.t. .Clláa ruu 
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TYPES SN54S162, SN54S163, SN74Slli2. SN74S11i3 
SYNCllRONOUS 4-BIT COUNTERS 

Tm COJJOITIOl'lt!t ~163 9U .. l11l VHIT 

wm yyp1 11\A)( tllllN TYf't htAIC 

V 

on 08 V 

Vcc • MIN, t1 .. -\CrnA _., -1.2 V 

Vct.•MIN, V1H •2V, 

V1L •O..OV, IOH" -1 rnA 
,_. 3' 2.1 3.4 

Vcc•hflN, V114 •:ZV, 

"'L .. oav. IQL •lOm.I\ 
o.• o• V 

Vcc. MA)(, V¡ •5.5V 1 ""' 
Vr,:c • '"'')(· 

111 •l.JV 
100 ICO 

"" "" "" ~""~-~~~-"-'~-""""~-1·~~-·~-..... --
1

,-'-.o--~------·------+-~---1~---1 _, -~ 

lfl ~ .... tCWfl'll.lt Vcc•MAX, V¡•D.!IV ~~7-------:; m .... 

Vcc. MA~ 

vcc•M/\)( 

--l:J -lQIJ -<&{) -100 mA 

'.b ll>O 95 160 mA 

.,or .. N~•-••MHlorMAJC ....... 1h•f9P•l>Pll•~-·1 .... _ •• _ .... , ... ~~·t11 ... t0""1•1'°*"1 
i,..,,...........,..~ ... vcc•5V, r,.·is c. 
lltN',..,.0..0flolOUtOU1~br9.a.G~ll'l•tln1•,-.idchll(lú""'ol1t<"~<li'ocvtt .. "oukJN;t.,.-c-nd-WCO#G. 

r~nnt 
··--¡:·¡,¡;., ... 

IWPUTI 

·~· lf't..H 
Cl<r.k 

lPftL 

IPlH ·- Cl(Jl;k 

''"' ....... 
Ertmi-t f 

... HL 

if,,,.. •"'~•111111-Tfl ,_11. ff~V 
''LH • ~O!M'ttl~ d"""" l•tn•, '- ti0 """" I_... o..,..... 
llHL •01otH911111Wt .... V hm.. """''"° llM ,..,,,.. __ I 

MOT'&l1 ""1af ...... k¡:-4Wltt•n~J.\O. 

ru 
IOUTPUYI 

T1..t.rt:~;.~,¡~1.::,.:..,.;. 

Ri.p~.._ 

""' cL • 1Gp1. 

Ao:tl' nL. • :zrnn, 
&.l:IF'rfH!t!l1,J,Wd,.l'J'd 

n~ """'' 

TtXAS lNSTRUMEHTS 
l""lutU•tlM'\1111 ............ , ................... ,.,... 
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HOZ 

TYPES SN54160 TllRU SN5416J, SN54LS160A,TllRU Sf~54LSl63A 
SN!i4S162, SN54S163. SN74160 TIHlU Slll7416J. ' 
SN74LS160A TllRU SN74LS16JA, SN74S162, SPJ74S16J 
SYNCHRONOUS 4-BIT COUNTEílS 

OllTPU1' 

Cu 

OUTPlJT 

"e 

ourplf. 

ªº 

PARAMETEíl MEASlJílEMENT INFORMATION 

l.ll"<fllOdd""'l 

1 1 

VOL 

tfOTt:'!I: A. TI ... lnpu1 C)uhH IHI ~by. ¡;Giwrnor tunl11g v .. 101-1no thllft<IUlflln: t'J\H < 1 btttr, dV1\I "Vfl~" tril'!f,, Zovt .. con; 
for '100 th<~ '1&3, 11 e,; 10 no lf "' 10,.,;'lt>r'LSHJ.OA lhr"' Ul~lA,1, .;; 18 nf, lf < 6 N; aNf for "81Cl, '11G3, t, C.2JI "'· 
tf < 2.a ~•. 'tl&tV f'Rtt 10 ~u .. •mu· 

1, °"""''" Oo .,.d r•"ll .,. IM1"42 11 lno 10 tor ''60, '1112, 'L9160Jo,'L!11&1A,lnJ '!UGJ, 11'd •t le.+ 10 tor '111, '163, 'UlUl1~ 
'L9HIJA,.,ld'S1G3 ........... t 11 i.1tt. bll llme""h.,. 111 o ... 1~111- lqw 

c. FM '1&0 '"'" '1C.J, ·s1e2. •nd '81'3, v, .. , .. l.& VJ fou'\,.110.0A thtu'LS!aJ .... , v, ..... 1.JV. 

f IGUR!: 1-SWITCHJNG TIMt"S 

TEXASINSTRUMENTS 
• lt.IOIO'OU .. lf.0 

OOC$'t
0

CWP>CI •C>a .. u• D•H"'•· T1•111 l'tl•H 
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TYPES SN54160 THRU SN54163, SN54LS1GOA THRU SN54lS163A, 
SN74160 THAU SN74163, SN74LS160A TllRU SN74lS163A 

SYNCHRONOUS 4-BIT COUNTERS 
PARAMETER MEASUREMENT INFORMATION 

Cl.OCKINF'UT,.,,....----------. r-------------JV 

'1tl0,'LSll50A \::_i ·uu, 'LS181A Vn;f Vrtf 

: -
1
---------- ---- --- ov 

1+-'nlckH::V)-.J __ JV 

CU!AA 
•Nl'VT 

1 1 
Ynt 1 1 

1 1 1 1 
1 ....i-----1-¡----1--------:--------ov 
¡-'wfcl-} I l._ IJ..i • .,.J 

-r.._, :r JV 
LOAO 
ll<l'UT j.J!'Vref .,. Vr-.1 

: \__/.!_ __ - -- - --- - - ----- av 
11--'~1-~ ~ 

'itl_r-v., E-v~,--------------- JV 
CATA lt-~?VTS ..,, ·~ 
A,D,C,Wl.d0 ___ ,_ _____ _j, I OV 

-..J 'PHL J.- 1 _..I lptH t-___ ._, 1 1 1 ir 
~~~~~~~11 : 

1 
Vnt I . 

1 kv 
1 o,..~aoOUTPUYS 1 ,' : •.' ¡-V11:f 

'--------- Yott 

'130, 'LSllOA 1 '-------'------L-.J_ 
4 l;'HL :,..._ 1,..-~-= ;:--._;;(,;;---::-. ;!,,:-; :::-,"::¡ - - - - Vol 

03,;,.,0cO~-". : ¡,.-----------.---- VoH 

'l&a.'LS1e"JA ; ·1\:__ : f 11,t1 

! iF\~CE'.'.' E'ljAflLE rot 
ENADLf T 

l : 1nu-f--! ~'f'HL 

1 -Vnf • Yrtf 

h·-t¡ 1'"°' Fl-¡----- VoH 

---,--------,----.,-
1 -----~ ...__ VoL 

DOUTPiJTS 
'IGJ, 'LS113A 
01\tt;dQoOUTffJT:l 
'ICZ, 'LllG2A 

....... OcOUTf\JT'B 
'Uil,'Ll141A 

NOTll¡ A. ll't<t M!put p.i._ •• .. ~llsdby...,,.ra111nhw.tt"f U•• lollowm; d1•••1•1ttlc.! ,,.,._" 1 MUr, <tu1v r.,..:,.."" f>Q'll, Zowi • 60 U; 
Jw '111Q 11\N 'l&l, 11 o¡, IOnt, t1 ... 1ot1t.W>dl11r'l'bl&OAlh•u·1:ílllJ",1, "o ID11•.li "l"4, 

a. 1Mt111r1M...-T"1V4Jtlmoit.,.,,,_,..,,,.,.,0. 
C. Pet'1SOtf'ln•'lll, Yrflf • 1,& V¡ fot 'UUllOA tflru'LSle.:JA, Yr•f • 1,l V, 

"OURI Z-IW\TCHING TIMES 

TEXASINSTRUMENTS 
INCllMl'llM ... 1111 

.... , Dl'9'C9 .. "" • ... U18. llUI PUM 
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JI 

TYPES ºSN54St62, SN54S1li3, SN74S16Z, Sff14S1G3 
SYNCHRONOUS 4-BIT CDUNTERS 

lflllULf T 

"'''" 

CAAAV 
OUTPUT 

PARAMETER MEASUREMENT INFORIAATION 

_)•v \•:v----~----·h 

1 l.=---... -... -_..,.-----··· 
l:it-- 'rLtl -4 l 

y--------···---y_~::;---···· 
_/···· ~ 

------ ~rl4Sr~~ "1., 
NOTlii A T~~· p.ot• ··~l .... by •c-•••o< .,..,,"'91!'>9te1""""~c .. .,.n.,.•1rt1.u 1,.:1&- •t"ll·•"""•~c.1....., ..,,, 

C\fch' '°""· ZOu1 0t &Oll 

CLOCK 
l,_PUT 

CLEAR 
INPUT 

•OAO 

""'"' 

a ''LH .... ,l'HL "°""'-" 'l •"'P•n 10 tlf"IY .... ,._,_.,.1~11t~1c.-~i.,.t l1Ufl•>,..,f,.1¡.-.,,,~t-~ !0AC'!!ll0olt'(f\._ 
s101.a11oe-.... 1i,.,rs11ty'\l0t':neJ! 

t*-~t:.kXlll4 

--{.:·-· 1~ .... _r.-~·\ ~,. 
'C__J"v -~-uv __!i.'~·-- ... 

i- ... ....! ¡..-- .... __ ¡ : 
{'~"~'1l- ~ ) 1-~·uu:_: ¡ " 

1 1 -~---:------{---·· 
¡.....__ '"'"'°'' __ ...,¡ t-· "'° -i 1- •w --1 l l&Clw9 gt•~•I f"" lri ~ hnulM t.f.'"'O>;J I 

-------------, 1 1 1 
u;v 1 1.lioV 1 

lV 

____ .,..1 _., ________ .J ____ ., 
,,.,_ ........ -' 1 
1 ~ .. 1 

• D.&TAlWVTI 
A ••• C...SD 

1··----...,,1 --------!---'"' 
l·· \:__ : .. 

~~~~~~~J ¡..-.... ~ ::::::r 
1 ~-

:::t:~ Uf __________________ y... t=:: 
-·---MCITI A. 11Mo...,..1~ .............. ._.. ......................... ~:\C:t.ll"°""1"2.a..,,.M41"°*,m" 

C'fdl""' .... J' .. 1•1M1U. 

TEXAS INSTRUMENTS 
lk(UN .. nlCAJCO 

,_, .., •• llOS ttll • MoUAa. lP'oM ...... 
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...... 
w 

·~ 1 ~ 
l
._ 
"% 

'ita : ~ ... 
1 ~:o ;e: 
• •:e 
: l'I s % 

1 iil 

i 

N-SIT llYUCHRONOU8 COUl'fTliRS 

This &;:Plic=don d11mon;l:r11n hoct tti.• look·l!huid cm-ry citcu:!t c:.n bo Liaé to kn.plemm1 a h~-spetd n-bit coun'CW. lha ·100. "162. 
UleoA. ºLS16lA,or "StfJlwiU C!ll.tlttt 1n BCD end tha º161. '193. 'l.S181A. 'LS163Aot 'Slesl wHI g>unt lnbirmy, Virtw!ly any caunt 
mode (mcdulf>N. NHo-rtz. NHl>"T..M~'"'lUr.'I. Ca:'I ba u;ed ~th thi:s f.t:t took-had c!Truit. 

H•COLMT 
L~Dl~U: 

H •c:o<mT 
\.•DlSAC\E 

~ 

L!l A B C O ... 
R!P.PLE 

(N T CAAffY 
OUT'VT 

"" 

¡--· lkP\ITT 

;-'----
Á ' 

ILDAGCD 

-¡"" 
Rl1'P:...5. 

P~T C'-ARRY 
OVTPUT 

cr. 

l
. '"PUTS 

r---A~ 

.l U.li.. 
r~ o e o 

-tE.NP. 
fN'f'LE:. 

EN r c,e;nr(: 
CtJTMJT 

~TS 

.UJ---. 
~IG; '· • .+-1-i 

t·:: ~J OVTI'UT e 

r - 1 

CclAA 1 ~1111 1 ~1111 f ~ 

'(•TITT ¡•º•Ce Co ! 

~¡-i1l.-
~ '---y-J '---.,--J 

OVTPUTS: OU1'f'VTS OVTPVTS OUTPUTS 

cuxx~ ... ~~~~~~~~-41,-~~~~~~--<o-~~~~~~~~~~~~~~~~-<> 

R 

~ g 
r-
~ .,, 
r-

t 

~ ... 
TOMC.RS.· Q 
SIGWFICANTZ 
STO:..C!::O 0 

~ 
> 

j 

:¡ 
"' en 
UI 
IZ ... 

en "" a _. 
... CI 
f! CI 

Cll -i - = cnUI= 
ciZc: 
>~en 
-i!!?Z 
:cu,n 
:J:JN.j>o 
e:~¡; 
CIOZ:-' 

~~en 
CIO.¡:.cnZ < ,...-. c.n 
ZCtOcn.;>o 
ge;~~ 
::a"""cn­
o:i:>zcn 
z· -..1= o _¡,,> 
~~~= ..,.c-
.::a.cn-4:1'1 
Caé>:= 
::¡ !" ::un 
M C:Z 

=~en~ c: .... z.­
Z+:a...rcn ......:cn.¡:a.­
m--c:n 
=mcnw 
cnLtJ~?' 



&4n4 fAMlllES Of COMPATIBLE TrL CIRCUITS 

PIN ASSIGNMENTS !TOP VI EWSI 

octAL lfUFFllWLINll DRIVl.HS/lltt! 111!.CflVIM 

• 
241 UONIHVEATED UTATF. OtJTPtrf!; 

z;~;~ilt.n' r_!r;..it..:.2.:.111,r¡¡ 
s.w .. w~-t1 w sru1.t:u:.t u,w 

1-----------

... __ 

TEXAS·INSTRUMENTS 
INC.tlMt"flMAJt.U 

NJ61' ...... ~ .. ·~"·"*·-
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TYPES SN54LS240,SN54LS241.SN54LS244,SN545240,SN54S241, 
SN74LS240.SN74LS241,SN74LS244,SN74S240,SN74S241 

OCTAL BUFFERS AND UNE DRIVERS WITll 3-STATE OUTPUTS 

,...,_. r,,..... TypiciWfl~f.Hllt 

'"'- '°" "-'T-
111 .... -,,..,..~ c....-1 lnnr'llrt;I H~t~ 

Sl4ML5' llmA -12 mA 
SN74ll" 2(mA -15ni"' 
~.....- e.e .. ~" -l'lmA 
SH7.c.$° ll' mA -l~mA 

o 3.SteU Outputs Orivo Bus Llnei 
or lluffM Mmlory Addnm Ru¡¡;.non 

• P-N.P ln¡iulll Ro<luco 0-C Loatling 

o Hvsemh: et lr:pun frnprl'".~ 
NahoMllfgins 

lo!:rtptlon 

10.Sru 
10.!int 
4'm 
<C.5rrt 

Thels C\..""'tel butf;n and lin11 dtrvcrt lf\t t.luis:i~J 

ipteiflc=lly to lmprw11 both lho P>:'flt)flllU\U e,nd 

dmdty of thre<Htatl mernory addrou drivu1, dodt 
drivwJ, end bus-orWotcd rQc.,ivrr' <Uld tr.smmitten. 
Tht dasJpr hu t choice of $i!lected combinatiom ot 
fflv9rtlno uul ncnlnwrting OIJl¡)UU, lyrnrnatrkal C 
ttctivt-low ootJl\JI control) inpvts, ond 1.-omut.t· 
mmt.y G Md 0 lnputi. Thtia dt'l1C1:1 fHtur• hi<;h 
tcn".out, lmpr()\rtY.f feo-in, 1'f'!d 40!l-niV no~;H111lHJin. 
Tll9 SN74LS' and SN"l45' cun bv U1'i."J to 1,Jr,~.; 

t1rmln.t~ llnH dO't"ln to 13J ohms:. 

rll:mlt!cs ol ln;iuts &n<J 011tpun 
'LS240, 'LS:U1, 'Lll4L --IOUIVAUNT OF TVl'ICAl OF ,\lL 

IACUIN1UT OUr?UTC 

::~= 
~' vrrur 

"SNa'llit 

IOUSYAU.NT OP 
CAOl1r1"UT o 

. •cch-·· 
"'""W-- 'Ul.fiO, 'l.5241, ·~.u; 

R•&OllNOM 
'5lol0,'Sl4t: 

A•2anHOM 

12m 
1211• 
Om 
6r•• 

Tvitied Typ+c_,P_. ......... °"""*"~ 
º"""' IE~) 

T""" lrn.t'"fÍftl NCfOl~'"'J 

IOM 13) ""'~ U!imW 
l!lru IJOrn>:t 1J5m'Jf 
9M '"'""" ""'""' ''" 4:'.-0m'.'V 53-lrt.W 

t:r.s.U.:.249, SN"1?.$i0, •• J 
l'UJ'<!l.040, E-~7'-Sl&O., .J OR N 

ffOJ'\llEW) 

TEXASINSTRUM(NTS 
f"(OtlPnflAU.U ..... "°' .... Mil t..._..... fQJl.ae ,_ 
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TVPES SN54LS240.SN54tS241,SN54LS244, 
SN74 LS240, SN74LS 241.SN74 LS244 
BUFFERS ANO UNE DHIVEílS WITll 3-STl\TE OUTPUTS 

rocommended openrting conditiont 

SNs.tl.S' 

NOM .... 
H • " _,, 

" -!J5 "' 

VN1CLS' 

MIN NOM M .. ""'' '" ' '" ' _,, ... ,,; 

" ~· 
.. 

70 r-· 

etectrical characteri1tics owr rocomrmmd"ld opcreting f~·olr romperaruro rL"1;:J (unleu othlnwiea noffd) 

'"RAMETCR TDT CQJlOITIDHSt MlN s;~~S' MAX MIN F~:r· MAX lnftl l 
rvv_;t--?~~~~T.~----- -----~---- 2 ºª .... 1 

\1¡1>; lf\P11l t!~m;.i ~clt.1•,;i CC • Mlt. 11 ~ •• 1 ~ _, ".> 

MVl!ef.-..1llVT• VT cr.•M/N IJ U4 U U.4 

" VQI¡ 
y 1 1vcc.. ........ v1H • 2 v, 

V11 •O!iV, lmt"MAX 

VoL 
Vcc•MfN, loL•12mA º" 0.4 1 
~:~: i,v :n. • ...,,-OL-.-,-.-m-.-+-----+-----.,.0.,,-i, V ' 

¡----..,0"""11--.. ~ .. ~ •• ~.~,,~ .. ~,.~"='"~ .. ----t...U..~"'-'-+ l 
'OZH h>Sh-'tvtl Kll~ &rol1•d Vcc. "1AX, Vo. 2.l V :ro ~ 

1-1 --~ 0"1h"'u.--1~-,-.,,-,'"~'-'"~"-""-' ----<~:~: ~l~·rn.i~ , 0• V -:iJ -:iü ,iA 

~·-:~::.~·~~·;~~~:~:~-:~.:.~""~.:~~:~m---...J----.1-'-º-"-'--1------..+-----l-....j 
I¡ ¡,..putv.111~ Vcc•MAX, V1•7V 01 0.1 m•: 

tfo.- Celll\dhlto111 ~ .. MIN ~ l.ilAX, UA ltl• g¡p1Qprlri8\lalUe IC>tr;lll.a U...,., ,_C>tnme!>ded pP81' .. htjC~Üflf1t. 

i.t.u IVPlcM ... " ..... etVcc. &V, TA. 2r."c. 
•~101mo ... tl'itn~1t••trv..1r~1<tt>e.._.....,., .......... .,a..,11111cnot-~-c~ult~lt.Ct~011o1~. 

1witchingchu.r~a:ristüa, Vcc 1~ 5V, TA azr:c 

t'ARAIKTER TUTcawi1~ 'LS?M 'l.!1 .. 1 'LU44 ..... TYP .... MIN TYP .... . 
IPLH 

Pr~1•0t16t'..a'lllni0!, 
1·1 12 18 

tow-to-hiflh.4fWlo,,iu>vt 

IPHL 
PrQPIOtltion deit'¡! t•fl'lll, CL •4SriF, flL•&.ilO, 

12 ID " 18 
hioh-to-low-a."91 out?UI S..fil*2 

'"' O\ltpu1•n&tl4e Tlml tOIOWm.i '° "" :IO JO 

'P7H vutCNt •n•b,. 11me 10~ q..m ,, 
" "' ''" UrJIP\11 rs.aeo+• hmt from k)'l'f i..;;r- rcL"'TP1. HL .. e:;lu, .. •• " '""' OuUNI 0-ubt• tH'N hom htgh ...... 1 S•Noa2 10 .. 10 18 

TEXAS INSTRUMENTS 
INlOH .. OMAJ&D 

-l Offll;.I ...-. .... o OALUt. TCt.1111 l'UU 
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llPES SVi!:i4S24D, SNMS241. SIU74S240, Sl'd74SZ41 
IUFFERS/LINE DRIVERS/UNE RECEl\fERS WITH 3-STATE OUTPUTS 

l'E'vl!l(O A.UOUST ll!H 

-~~ 

~ o;>6fDting condition:t 

rJ.R.M.:..."'fll.!~ 
.,,,,,,. S'N7oiS" u.,r 

l.'.!'~ "'~.a f.'IJ:l,)( '"" "'º"' """ M*'t wlnot, vg;; hec h«t 1 r "' 5 ~. 6 .a1s ' !i75 V 
'. ~ ou1pu1 currm1, IQH -12 .1:; "'' 
~= ¡:: ~~::;·,:2,~. l A Un "ºr. JI "" .. ·m• 

-cir---11\> o 70 e 
ll)TUI f, VolYll!' \f .. l.>n .,, .... ~ r•ltldel lo ""'tt-.Nt ''°""IJ !,.Wff11na1. 

l.A"IHadU41J~,1~~e-n. ... ~lltl 1C-11'ff•J.is:rctlnk\'lt«~~·~~~c-tO 
,......,., n,c.... oft1Q1mo,..1f\.,, ~·cJW. 

~ d\a.m:tmirtia avar racom:~ QU..."'fS:-?i~ ~""1Ír tt."ml"itt"ture nirv.r"l (ttn~ r.rth:.."i'Wf'3 not:>tS) 

PAllMtlTIR TUfCQml)T1'~' ~ """º 
"$1111 

TYP• ....... MIN .... .... 
r1u H~ ...... IMk.11~ 

;------
;, ~tnout'o'OltJr(J't --~-º 
'111. fflflVtcfamoYCI~ V('I• .. l'.:l~J, 1 '"-lSmA -1.l 

~fVT+-V"r-1 VM"'•fMN 0.7 0.4 o.7 

lnt4'' 
Vcc • WfN, 

V1v•01'V, 
'l1H•1V. 
lo,1•-l mi\ '" "' 

'"' ~~ .. ott~ 
SNGL&"atld Vcc•M!N, V¡H•2V, 

2.• 3.4 ,.. 
l!N7~ V1t.•O,BV, loH'" -JrnA ............. Vtc•~IN, V11t•2V, 

u•1.c:t__~ .. - YJJ . .:~~!~_:~~!' .. ,...~~ 
.... ~OU~l~e.:.te 

Vcc•llt!N, V1H"lV, 
0.C5 

VtL•0.8V, lot,•MA..li: 

'"" 
arr-Ar.1ruu1P".11~. 

Vc,:"t."f-.l:{, Vo•l.4 V /!.O 
l'l~.,.,.l~c.?;·~l.;d 

Off«tn °"ia..I C\lrrel'lf. 
V1H•2Y, 

'O.'I. VIL. •O,OV Vo•MV _,,., 
l~llOltll(l!ttPl)fl..:I 

,, -ln¡:vto.tt'""'7tM~"'""'""1 
Vcc•t.tAX, v1-e.sv ._. ... _ 

''" M~/l"JIUfC:Utre')f,lrtylf\?UI Vcc•'l.lAX, V1•7.71' "' 
'" ~llq)WtCUf?Mf~ vcc ·~AX. 

_,ao 
V¡•O.llV _, 

''IS lhWldto.att~flU«tnt• Vc;c"'MAX 
_ .. _,,. 

-~o 

~&4¡· 'º "" .,._...,.. 
:SN74!1 ·------~ ll5 

_, ____ 
'ce -- V(.'C•i\.IAX, &N'G4...\' 100 ... ....,.,..,_ 

"""""'- $N74S' 100 150 ------- !N.S4S' 100 ,.. - liJt1'4t" 100 "º 
,.,~.._.........,.~.,MA.li:,weW.~1• .. .,.;"""JClttl'''Mid_..,,._~llM"Mt"t~ 

;~~=.::.-:w~~~V~T.:;:•~~l ...... ,_.cMl,.....,ott"-~~1Jit~MIUU;44C..~~ 
°"~~;,lico,Vcc• llV, TAn25'C 

Fif.DMtllllflfll TU'f"""""""' 
.. _ 

.... 'IV1' """' """ ..... ~~"""'· . .. kliw-to~~oui.w.t 

"""' 
~.*""'llmt, CL •st)pf, AL •QQO, ..• 

~ ?!~=.~;:1;:~Nwt ....... , 
'º •• _ .. 

lon.1on1 /O 

~ UUtD1tlar.ubi•l•rnelfOl'l'lt°'9 .. llllf t:t •OciF, 
At. '"""· 

10 ,. ..... ó::a'Pf;t™•tuMirOl'tth•th ..... s .. Nott4 6 

TEXAS (NSTRUMENTS 
l,.(Oltt<1tft41lU "'*' ............................ ..... 
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º' -1.l 

º" 

"' 

º·"" .. 
-!J.? 

1 

"' _,,, _, 
-22• 

°' '" 
"' li;-0 

120 110 

170 '"" 120 !TO 

"º "'º 

'"'' l'VP .... 
10 .. 
• " 'º IS 

• • 

"""' -V-
V 

V 

V 

V 

"" 

""' 
•A .. 
m• 
mA 

... 

...... 
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J'iíJ 
!;;ti~ 

TYl'ES. SN54LS240,S!~!i4LS241. 
SN54LS244,SN54S240,Sfl54S241,SN.,4LSZ40, 
SN74LS241,SN74LS244,SN74S240,SfH4S241 
OCTAL BUFFEílS ANO UN[ DRIVERS WITll 3-STATE OUTl'UTS ----------.----

111·~~;~\E(~,, r-------;¡;;:;:l~- I (),>;i;~~~[ATíll n[~{A11R t f~~~:;. ;.,, 
1~,~-~ f':;-.!..'._'"l~l_H_·~~1 ____ f;"~m.'l~";_ ___ _f ....... 1111ul•1.·i:m ~oorn.n 
~-,~~~-h~/ --.t--Tl~~1~."--

J. l ~ ~ 

g~~}~f:\~~~f0:1~I:~:~~n-:~fi~~t:§~~ff 
1."R'UT 01.ITl"\Jf OVUT UUTrtll l~lfUT (tVlf'Uí 1>,i'Ul OU~t\I\ ¡.,~T C\.111'tl1 

'L~Z·ll. 'S.:'111 lt$'~0 t.!; ntrr.Al Efl/Lt\li:.L nt~·m¡¡u1 

•1-: ... ,1 --~~n 1r-~o JI" ">Y<:tr'• ,.~:omn ~O-"Of1'.f nu.~ t1í'll'/HJ~tH 
c:t~·;_"11·J1?A1lonr~11tt t>:~ .A.i"f'1.llótJ TOHA..ii.OU.; (>l:N.\l·;·r c.1 ¡¡¡,o 

r". 

""' R~l'(t'li!(ll.J "" ~11~w· ~n ~'l~M f:\"ill.~1. 

" t ' tt ' L • . " tt 
L " . . ' H 

•" L ft:':~ lt~t ' H 

rJurrv .u1-1:r IM~ avne1ii 

fHOlKNOfNT .t.OIT eus OfOVUSIR!C!IVf"~ 
IN A SlffO\.li P~AQE 

VJllll 8.UJLTiPLI IWUTS. OU'fP'UT~. ANO ~IVE.rur 

TEXAS INSTRUMENTS 
l .. (OHl'OJ-IAICO 

tola' OITM:C SOlC PU • D"'-1.AI. lUA• ltltl 
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54n4 FAMILIES OF COMPATIBLE TTL CIRCUITS 

OCTAL 1 fa TRA!CllYIRI 

245 ffONINVlOTE034TATI!OVlPUTI; 

2.1!7 f,(."T!VlO,LO'tl,OX;N.(".0LLECTOn, t6·'JOVTPUTS 

P:S.f218 IJ, \ffl tm.OtG µ, fdl 

1>Nt.tl47 IJ, "' 1"14247 '"·.,, 
Sh:...,,LS2M IJ, 'fO Pl74lUU U, tO 

2lJ.0 INTErlNAL PULL-Uf'm.rff'U1U 

249 C?rN.COLUCTOn OIJTP\ITT 

~:::'=::.~ 
CN5"4J44IJ,Wl 111711N8tJ,N) 
t1ffl.4~t1 u. ro IH74lS241 ll. "' 
Sf6.tt"9 IJ, Wl S"742"t IJ, NI 
Sm4U2'491-l,Wl IHJ4UllltlJ,HI 

¡--~~~~~~~~~~~--~~--~ 

251 llW'i!•.HDINWft'l1iD3'STATl<oomlt1I 

SHGQ5t u, w1 cmazzn u, N1 
6NS4Ul?6t U, Wl 6N74L121t U,M1 
UH"4S251 ti, W) IH1G21t C.I, N) 

TEXAS INS1"RUMENTS 
l~C.OMl'ORAT&D 

POlt ......... lloetol .. U•~,_...""61 

79 
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TYPES SHS4l5245, SN74LS245 
OCTAL BUS TRAlllSCUVERS WITH 3-STAlE OUTPUTS 

•uLLETIH NO. DL·S 1112•7,,0CTO!IEA l'Hli-HEV19(0 AUOUST Hnr 

o l!HtinmtlONI Bui Tron- m • 
Hiltl·OOftSity 211·Pln Paclcl@I 

• 3-Sll1lt OutpuU O"""' Bu• Li!WI Dir=úy 

e P-N.P Input) R~ o.e LoW~ c;."1 

m..Lln=i 

• 1-tys- at flüs htputs lmp''"'" r~, 
lllilrolr.s 

• Ty¡;ltll PM¡J'llJlion D•!>v Tim<J>, 
l'<ltt·to-Pon ••• 8 "" 

o T\lllitlll l!n:hWo;.sbl.t r;.,.., ... 11 1;; 

.... 
°""' ,..... ai~lit c;:.cur,:¡¡ 

CUMO>lfl C\JRMITTl 

lll!IO!n<ll t2MA -12mA 

....,.'"'" 2-trnA -1!Jn1A 

··~""' 

~el,,, J PAOlAtn 
~ ••• JCRNP~ 

rr<» ....... 

Tian cct&I bl11 trrM:oi'wn ~ d.."i!r,"'U:d fc:r asyr.dlr(P.)'J1 ~ 'º"'•t.·,~,.~oi;;:j L .. ·l:;.-.:,;n C....t;; !,.;,~.;;. TI.~ t.-=.:~.trd 

f\mc'don l~n:onutlon minlmttéa llkt;;n".d timina nK,'<llrtt:"fl,tlt"!. 

'""'d'twlct dlowr dat1 trunmluion frcm t:'lot A bV1 .tQ Ü\O o b-.!J et rn)HI ~.., o (;u¡ to t!iJ A t:u1 c.t~P.mdin~ l~n th• 
laclc lM et ttut dlfl'etlon contra( (OIAI ln?Ut. Thu·nttJ• ir•?O:t tGI ~ta uicid ta di1tbl~ \tio d.:r1'c• so that th• busH 
... o&11..iv1to1'1l>l. 

Thl Gf54LS246 11 crunttsrill'd fot !Wlfltton <.rNr d'rl> ft.lil m•Utl!IY tUH?lJlitl.lf3 rl-r-~ uf -S5"C 10 1l5"'C. Tht 
SN14LJ:l4G la c.hutiCtCrind for c;:.ue-tiC'1 from OºC ta '/O"C. 

ilul'l*t ..i-. Vcc (Mt No• 11 . • • • . . . 
'"""''all>Oilt .............. . 
~--"""'"''"" ~l.S:NG llM741.$14& 

Storoiit--·····.····· 
llfO'l l1Yt11t1111.,..._ .. lft"'*'""t~~ ......... ~-

- .. 
L 

TVtASINSTRUMENTS 
lllCC*i-GRAlllO ,.., ............ ~ ...... ,...,. 

80 

30&uit~AW 

A~10Db>A 

hctetion 

, ••• 1V 
• • , • 7V 

.-&ll"CID1:1G"C 

.. o'c io10'c 

. ..Q"c,.,1sfc 
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TYPES SN54LS245, SPl74LS245 
OCTAL BUS TllANSCEIVEllS WITH 3-STATE OUTl'UTS 
Hf:V•SlO ""'l.'Gll~T ton 

rec;:ommendod opernling cooditions 

:Pil$4L'24G • IH74lllU 
tAIN """' MAX .. ,. NOM ...... """ PAAMl!TfR 

&upplvw-ol11Q't,Vcc ... ' ... 4,lS • 6.2& V 

-12 _,. 
mA. 

" " -t5 ,,. 7ll "e ::~:=~~=:=~~·~~.-,T,_.-----------+--,-,----~1--,----"'+-""--" 

PARMIETEt: TrSl Coa®ITK»J t 
Uf&tlU41i '1;f74LS24ti 

MIN "'" UAX MIN TYPI 
V1H H1¡ih~tyt11~111ci1fii'Q , 

' V¡L L°"""l""'lttputYolUQCI 0.7 

V¡K lnou1 cltmP vohqt Vcc· M!H, l¡•-1DmA -1.5 

!1~111<4~ IV1·t - Vt_IA 01 lJ lr,pu Vcc. M1N º' OA º" vc:·Mm, lcH•-.lf!'l/\ '·' :'t.4 ,. 
VQH Hl~.,.&~1voh~ V1H•'lV, 

V¡t '"VIL m~., l0t1•MA)( 

Vcc•f.llN, 101.. 12m.A OA 
VOL LO'lllMP'ti CVOU1 '#dUp Vu~ •lV, 

Vn.•VtLffiP •01.•7'jmA, 

IO?H 
Ofht1t11:L1rJ)ulQJ1tcri1. 

Vo•2.7V 'º hl!l'l~wtlwolt•t»~d Vcc•MAX, 
Otl-stt1tOU1¡1UICUnwl'll. 

IQZL IM'M-l'ft'll:UíJll«lQio.d 
G112v 

Vo•0.4V -:roo 
------------··"·····- ------· ~V O.\ lnpu1winn111 ~ 

moirrr.im lnpul vcl111q9 OIR or 
Vcc .. MAX" 

V1 • l V º·' 
''" H!Wl"Mllncl111r:vrrot11 Vcc•MAX, Vm•2.lV "' ,, Lo-ifrlo't\ lnpu' CUlfft'll V •r •Mt.X, V11 •O.• V -0.1 

'"' Shon·clru1i1 ou~t C\11r1t11t1 Vcc•MAX -<O _,,. ...... 
j Tet.11, DUIJCJUi hltfl •• 70 

ice S\:Wly wrrc.ni / Tota!, OIJt¡n,1111 low Vcc•MAX, ~':P'-1$~ º' ll() 

l(}i,¡1:Juts1tm-Z •• as 
'f'M•on<'ltl0111•hOWf1AMIM0tMAlC.utomlh•11wrGIHl~ ....... spv::lt~1·~NI(~~~·~~ 
*"'11 WI)~ ... 1 .... ª'' uVcc• av, TA .. 2a-c. 
•Not"'l>r9"'"""nlOllftJWt11f1Cl"ldN.r10f'lltld1n1t1'"",ldod~9tlc#'IFM~rc»lt~ldM-t'~o=~ 

r:i~,.~rnl'l 1üY~~N ""' 
•LH 

p~~*'eilll'M. 

IO#l~~Wtlllllt 

..... i>~an~timt. Ct.•et=-F. f1t•MO, ~U~t 
MtfMO·hJ"•.., Cliltl:Jlll 

""''· OuUN1~d!Mtolol'lltwt 

•ltl Ov'P.tt.....,.. Ulnl to h'5fl lrlRil\I ..... Outl\ll Cliuibll Orne trotn "- IOWt:I 
CL• .... Jl¡,•fi'l7n, .......... 

1'Hl O\llP\ltdllllb&e timt lrc:tnh'ri>t....., 

TEXAS INSTRUMENTS 
1Ht0Mt"OAA1,D 

""~- ... ··~'t1111141 ... 

81 

... ... 

.. .., ... 

"" a 

27 ,. 
14 

•• 

UAX 

0.8 

-u 

DA ... 
'º 

-l:DO 

º·' 0.1 

20 _,,_, 
-m 

7ll 

"' ... 

~ 

• 12 

12 

"" .. 
:n 

"' 

""" 
V 

y 1 

•• 
... .. ... 
mA 

... 

""" .. 
.. .. .. 
" .. 



:m l50HITWOR00 
3-GT Att.outnm; 

!i4noti FAMILIES OF COMPATIBLE TTL CIRCUITS 

::.\!7ttl70 (J, ~ll 

~
~c~~:)''.~~~'.J) 

.. ·-· 1 
• 1 ••• .. -· ...... ;.., 

GH7W11 U.ttl 

TEXAS INSTRUMENTS 
l"(.Otn•nt1AfLfl 

,...,.~ -· "11 • ....... '-> .. ,,._ ..... 

82 

... 



HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

1 
1 
1 

~' 
J = e: 
K C 

= = 

·~ i! 
;~ 

u 4 

> > ¿" 
H 
I~ 
~ 

i 

u 
H 
~ ~ 
~ ~ 
~~ 
~ r 

> 1 1 :-' 

~~ ~; • 
N • ~ E J?. 

r .. .. ~ o - _,_ 
~ : • N 1 ~ ~~~ . 
~ . 
~ : ; 1 D 

JH H H1 
~ ~ i :: ~; ~ ;g ~ 

~ ~ i B 
f 1 n 

i i ¡ l a t 
t l ] J l t 

TEXAS'INSTRUMENTS 
tHCOff,.DRAf~p 

-.T ornee llOll: MU • "'"""6. .,...... ..... 
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¡i ~-~ ~111 
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el 
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HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

V !· 

TEXASINSTRUMENTS 
UtCOtl.PCUt4rc.o ..... ..._ ........ ~,....,_ 
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HEX BUS DRIVERS W!TH 3-STJiTE OUTPUTS 

TEXASINSTRUMENTS 
'M(OAPOQAJ&D ....,.._ __ ' a.w.M, ....... 
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8212 
8-BIT INPUT/OUTPUT PORT 

1 FullY Parallel O·Bfl Dalll Réolaler rmd Bu flor 

1 SenlC9 Raquoat Alp-Flc¡> lor 
lntllrrupt Gononitlon 

11 LoW Input Lo.md Cummt - .:!SmA ~.lm:,, 

11 Thl1!• Slalo Outp11ts 

a Out¡whl Slnk 15 mtl. 

lil 3.65V Oul¡lul H!Gft Vollage for 
Dll'IM:t lntarfaco lo llll08, OOSOA, ot 
€OS5A CPU 

El All~a Rogl~tor ctaar 
a Aopmcn ouno,., LutcMa &nd 

Multlplo11ora In Mlerocomputer Syatolftll 
¡;¡ ~ Sllfll~nt Pei:bgu Ccwnt 

Tlle et12 kt¡:ut/CVl;lut port cen•!ato ot on IH>ll t.tch wtltl :i.e10111 O<tt¡>ut lluflet11 ~ Yll:h conl!Ol lilld-ce IGlecilon 
.,glC. Alm lnclUdod lo a ..me. 19Qu.t31 Mip-llcp '°' t11'1 o-rauon ana control or lnlm\q>tl ID lha lnlcnll>roc:e...,,, 
!lle clrJl<e lo rnultlmot!D In naturo. 11 CM bu Ui"1l to lmpl:.,...,..,¡ loll:l\co, ¡µ!&d butlon 011;wtup14 ...... Th...., o U almo 
,,oldpll ponphom ond ln¡¡U!/out¡:<a ~al• mlcn!co.'Tlpu!ff llV&lol':I un i:o ~ wuh !ni• -""· 

C)óil ¡¡;¡ 111> 
"" f!>ov 

"'· [l) .. !'O, 

!3)<11 ... 
[)01, 

DDti 
.... 

:>01, 

:!)u•• 

:~··, 

:>••t ,.., ...., 
;..'>l.l•· 

H.>tli 
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'inlJ 8212 

FUNCTIONAL OE$CRIM1C~l 
Date Lalcli 
n,. O t11p.1top1 tllat ""'"-U,, tilo da14 lltcll aro ola -o· 
t¡ope dOllgn. The output 101ofllto111¡>-ffop ltllll lollo'#lh& 
elata Input 1 DI lrl\llo tho clocUnput iCI 11 i'll(l!l.1.'11Cllln¡¡ 
Mii occur when tne ctocil: (CJ ~urnw low. 

The llilch-ed data la cUn:d by en etrff1Chl'01!'0US ~ 
ln,ul ICLAI. 1NG:o: CloQ (CJ OWinld<O Roto! 1Cüi1.1 

Out¡wt Cufhv 
Tlle output>of lflO<lala lllcll (01 éto connort>dlo)..:J"'­
n....-..ing output burt.:r.. Th ... bllf!:ro hlvo a 
eommon control Hne (ENJ; tñt,ccntrnl Une t;lttl:u cnt:lt:l 
lfte bufltr to tran,,..lt Uvt dala lrom lho outputJ of tlloclma 
lltch ¡Q¡ °' di1abt .. tilo bullor, lotclnu lho ®l¡¡ul lnto o 
hl¡¡h lmpo<IJl11C4 IUll. 1:i..w.01 

Th> hlgh4mp;;danco •llllollQnllledoolgnotlo c:onnm:t 
!he 8212 dlrectly OlllO lho ....icr-or bHfüTd.'cl:'J 
cllla bu3. 

Clm1rol~l!: 
Tna e:i12 hQ control lfll>UI> iiSi, DS2, MD ltnd STIL 
Tholoa Input> aro uood to control d-ool:ct\On, data 
14ltclllng, outi>UI buttor <'.lltl end EGl\'!c• roqWlll fil;l·li<lp. 

ii$1, DS2 (~ Eiw!!tet) 
Yhmw 2lnputa1re uwdforde*'a ~o~. V-'lnn ~ la '°" and DS2 ll hlgh (DS1 • DS2i lho d~o 11 .. 1<0!"1. In 
llla -led DIAlt l1>o Oult>ul buftor lt cr.ol:Jt:J tnd 11'.o 
"'11'.co rn~"""1 ~"'P (l;.1) I> "')'J•clm>"""°'Y tT.. 

lllll> (L!otllJ) 
Thb 11""411• llWl 10 COOTl<ll lllo otttoctft,.o\J!¡lutbtr.;:r 
iMd to clolormllillU...,,..,..oflhoc:loct fn¡JllC !CJ tul!» 
d>talatch. 
wi- QI!) "11!;11 (OIJll>l¡t _, ""'CUll>U'I bllflwf¡¡.,.. 
cn.ttlo:l tnd th• ~ o1 cloc.!c !Ci lll U''" C:.t.> t;;:;¡, 4 
loOm IM dovlco ~llll lo;;lo (t\m • DS:!I. • 

m..r1 W 11 low lkll>ul ....,., !he °"""" buflor 1111118 to 
~ b)'lllt-l!#Metlonk>olo ¡fiSi •DS2iln<! 
lflO ........,. el doct (CJ to 1111 tln1a bl<:h la !he 5TB 
(Sll'Ol>tlint>vl. 

Wl(ll~) 
Thla lrJpul la uoed"tllo c:f<ld¡ (Ci tolhad4ta fQIGh lor lhll 
Input moda MD • OJ &nd to 1yrn:hronoUlly 111161 lho -.11111..,.. nl¡Mlop 111111. 

Nalt tllst lllO SR lllp.llop 11 llllOI~ ei!ge fl1Qgltt¡d. 

87 

S:¡f'Vbl íl<lqll<ICI Fii;H'lop 
Tho f5Rl fllp-flop 11 UUd to gsnerete 1nd contt04 
lntonup" In microcomputar tyttema. tt ta HYl"IChtOf'oo 
cuaty "'' bytno ciJi Input tectilolowJ. Wl>on!N IS111tu .. 
flop lll OCJl il Is In 1111non-ttltofnipll!IQ111te. 

Th• Ov1pul º' u .. ISAI ftlp-llop 101 '"ccnn&Ct>d to'" 
lnWnlng lttpu1 el :ii "NOtl'' gate. The other lnpu1 to tftt 
"NOíl'' gala 11 non4nW:~no end lt conm;ctod to 1~ 
C!oviett u~tlon loglc 1os1 • 052). Tho cutput or tf\t 
"Non· u•t• 1001 "' •e!"" 1ow t1rrt•nvpt1no OU1111ot 
conootuon ID JtCllllO toa lnpw priorltyo-rsllng clrcul!t 

U> L.Q ---tt-t,¿ 
®'º __ .,._.,_.., 

, .... rv 
1 

C..{'!> 

1 

1.,..lil> 
1 
1 
""'® 

1 
1 O>ie!> 

1 
.¡....a¡;. 
r 

rr---1 1 
L_..,..,,,J..,....,1 



ABSOLUTIS MA!m.m;s RATINQS• 

y..,penruroUndorBluPtulfc , ••. : .• O'Cto+71l'C 
SU><IQI Ttmpomtura .............. ~·e to +160"0 
A11 ()ul?UI cr Supply ,Yolt:uoo ••• , •• , • -0.5 lo +7 Vo!t> 
AIJ inpul VoltaQoa •• .. .... .. .. .... .. ·1.0 to U VO!b 
()utO<I! CUn'ln!I ....... ,, ......... ,, ......... 100mA 

ºNOTICE: Sl,.1!)11 aboY"«t thOH llalf1d undor "Ab:m/Uta 
MHlmum Raflngt" mtJ'/ CDUN P4f1"•nMI damaqe IO tfM 
chvlc.. Thlt /tJ a 1trau ratlng onty and funct1on1I opanto 
tfon ot tho chwlce •I lhtn.a O< cny other cond1tions abo\fO 
rtro~s lndlcatttd In rh1J oporatlonaJ aocrlon!I ol rtus IPOClll­
cat:on Ja not lmphod. EKpoJ:Jre to •bsoluto mulmum 
roting cond/flon:; far ol!tand«I pt!rlod:s mtty dftf<:t dovice 
ro1:.1>1111y. • 

o.C. CHARACTERISTlCS cr.-<re to +wc, Vcc• +IN :t !ll>l 

gycdlGI -to• 
11 Input ~ Cutre.it AC 1<. OS::. CR. 

Oh-Olt tnputs 

" lft¡Jut Load CUrmnl MO Input .. l"""°'t lolld Curren! DS1 Ir.pul 

111 Input Loak&QO Cummt, ACll, OS, CI!, 
Dh-Olllnputll 

la Input LHl!&QO Cumrnt MO ln¡M 

'" Input IAaU{¡t Current OSt lnpul 

Ve ~ fc;;-¡;:q,n: Vcit:lQQ Cl:.mp 

Vn. Input "Low" Voltllgu 

VOll tn¡>UI "lilgh" Voliago 

VOi. Outs>Ut "low" Voltooo 

VOM OU~"Hl¡¡h"Vol!Oi1G 

lto Sllo<I Clrcult Oulpul Cumml 

llol ~ut ~a CUm•nl t-i.lwn 
lm¡iedanco Ststo 

loe .~r~:;tvC~nt 

CAPACITANce· (F - 11\0U. ........ - :z.~v. 
, ., \\::<:• +av,r,.N wc¡ 

. .,.... Tod 
IJml!I 

TVi>o f.14:¡. 

c. 001 MD Input C<>paclt>nc& OpF 1~pF 

i:.. OS,. CUI. SlB. Dl,-Olo 
-c.paeti.nce 5pf &,F 

CclJT OO:-OOo Ou!put ~""- !opF 121>1' 

A.C. TllmtlO LOAD Cll'tCUlT 

1"'" 
'1 

.. = 1 .. 1 l~ ... , 
¡ ... 

Ct., lllQ.llDO ,&\1 Cld'MIWlc;a 

Um!t• 
UllN T4fltCondlt!ort11 

U!JI, Typ. fJ""-

·.Zl mA Vp•.~V 

•.75 mA Vv• .45V 

·1.0 mA W•.45V -
10 µA v. ~Vcc 

Sil .A v. svcc 
.;.:¡ ,.A Vn svcc 
·1 V lc 111 ..-5mA 

.115 V 

2.0 V 

.45 V l0t.• 15mA 

3.6~ 4.0 V lott• .. 1mA 

·13 

Ui1 

-1a mA Vo • ov. Vcc • sv 

2ll ,.,.. Vo • ."45Vl5.2!iV 

ro 130 mA 

GWIYCHINQ CHARACTERISTICS 
C0'1~1>M OÍ Test 

Input rum Amplllu<!O • HV 
Input Rite Md Foll Tlmea 5111 
lletwocn 1V &nd 2V Moasurcmtntt ma.da l.t 1.5V 
wllh 15mA Md :!C}¡)F T°"t L<!.od 

IWl'l!l 
l. TC!ll 

"1>1Vtl.li1.to.lc 
tL ll!WlLEi 

... l!M-!I 

"·~· ... OIG>Jll.El 

8~ 

«:<: 
~ 

:IOl>f' 

"""' ""' 5llf 

n1 Ro 
300ll eoon 

'º"° 1Kll 

3000 IOOR 

30011 eoon 
10Kll tKll 



8212 

A.C. CHAAACTERISTICS IT• •O'Cto +70'1:. Vcc •+&V:&%) 

,,,,,_, Um111 
Unit y .. 1 CondlUona ,,_ 

Nin. Typ. Mu. 

ll'W Pul10 Wldlh 30 ns 
IPO Oal1 10 Output 01!1y 30 n' Nota 1 

IWE Wrllo Enablo to Oulput Oolay 40 na NOIG1 

IS.ET Data Set Up Time 15 na 
IH Data Hold Time 20 ns 

•• Retel to Output Dolty '° na Note1 

•• Sol to OUlput Oalay 30 "' Note 1 

•• Output En11blo/Ojublo Timo 45 na Noto, 

te Clear to Output Otlay 55 ne Notll 1 

APPUCAllONS 

611slc Schcmntlc ltymoo!11 

1Wo extunplúSof wa.'(1 to draw tha a212 on g-¡ntom 'ch:!rrtll.tle&-(1} thtl toP OOlng lM ~t:.lleti vi~<tl &.howlnÓ Pin nurnb&11. 
ruid (Z) thQ bottom btllntr tho !)'mOOlic vk)w 1howlng th11. 1y1tom Input or output u D Gi)"item b:.zs lbi...~ ~ltalnlng 
3 p:mJ!-:11~!). TM cutput to th:I data bu.u ts eymbollc In re1ert11u;h'O O pwi!ll:il fü~z:¡. 

Gated Buffer (3:-Sta!G) 
'"'- alrnploo! ...., et tho 112121111111011 Qated butttr. By 
tytng tilo mode lllgnal tow tnd tllo 1trobo Input hlgh, 111<1 
dllO lalch 11 llCll!tll ll • &1ralgh1 lltrooch gate. Tho output 
bufforo lf811Mn onal>lld from tllt r:lmca IOlfCllon loQlc 
!iSi end 052. 

Wl>m Ule dtvlpo oelocUon lo¡¡lo la f;l:.o, lt.• out¡¡W ""' :1-
ltlll•. 
Wlt1nlho-11le<:tlonloglclllrw,lt1elnputdltairom 
tho 1yttem Is dlrwctly translcl'lld to !he output. Tilo Input 
dala IOld lo 2Sll micro amps. Tilo output dita oan alnl< 1& 
mUll amp1. Tho mlnlmum hlgh outpul I• 3.e& volll. 

89 
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621:! 

~BuaDrtnr 
1 ~lt of 821ZI wlrod Cbock-to-bldr;) can be uaod u 1 

11
,._,...crtca& ctrMt. bkttt'\1Cdon$.I hu:s drlvt1r. Tho c»v!C® 

1
,.. canuanlld ~ th8 data bul Input control ,,.hlch Is 

,,,......., IO ~ on lho 111'11 e212 and to os2 on H10 
eaconcf. OM dnk:e 13 ecttw, ar.d actlng u a D1ralght 
t11rouah DUftM ttte otf'lllt ''In~"~. Thio la a~ 
~"""' dmlll IA cm&ll ..,.. .. , 1$So!Qn. 

.. , ... 
""''""'" '°"'' .. "' U•tt-U 

lftlemlpllnfl Input Poli 
: ... ""'., ... 4312 lt tti11 º'. oyotom l"l>'JI cron th•t 
o:cepll I - ft'Olll tht "f'lt1lm Input BOun:<i, wllld'l In "'"'_ ._.,..-,.....ui Hl¡HlOf) ond lntotrupt• t"4 
-· TIIO ptOCU»Qr lhon gca throw,;¡I\ a .. ,.ic,. 
- ... - 1119 pon, •n<I - tht dovlca 
-lollCto"pttut-~IM~lfl(lill(l:la 
·>OI09!0dall• 

-..... ......... ..., 

lOMIO\fTYCKY 
Ofl IACTtYt LC1;11t 

fOCN 
•f~U\ftlllNf 

~ l1111fnletlon Poft 
The 8212 can be U38d lo gato mu lnterrupt kWrur:tlon, 
normally AESTAAT IMtructlona. MI.o CM data bul. Tlw 
dowlQ ITI onabtad lrom tho lnltlT\/pl GCk"""""'1ge llg1tll 
rrom tn. mteroproceuor tnd rrom a pan selectton !Ugnat. 
This 1lgnal l1nocmattytledtog:round. (b$i couldbauaod 
ro mulllpt~ 1 vzrhrty of lntlnvpt lnatruction pcvt1omo1 
com"""bi;s). 

~U.t.llf 
~11!1t.t:t1'D 

1~••-~in 

1r.:J1ro11TS:~ 

l'dl@l'A.1l'f~400•----' 

0u:4!l:1t Port (Wlfü Hand-Siu:iltlng) 
T1l'J e212oa• IH> und tot,.,..mlldlln lromtho<lata butto 
A ~ ootput. TM output 1uobo could t>o 1 haftO. 
lifi¡¡;¡lng llgnslauch m "roapllon of data"lrom lltt­
lf>lll tM ·~ 11 outputtlilg to. ttlntum, can intomJ¡ltlhl 
ti¡.-4~..-.11 ~;;!trio.y Uiü 1;,;.::~~U;;n et ~tzi. TI~ ~!:31!tfon cf 
lit• port0<>1nulromlhedovlca-Uonllll)l~ii"Sl • 0521 
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OOBA Statuc Llltch 

Hnfe the 1212 11 UG4d es tM1 aatua &atch tor 11n eoGOA 
m1crocomputer ayatem. Th& Input to thD 8212 l4tch la 
dlreclly lrom tn. 6060A ..Uta bua. Tlmtng 1howtthat wh4n 
lho SVNC 11gna1 le lrue • ._hlch la conntetttd to the DS2 
Input and lha r>NMt 1 &1gnii.I t!I tf'U8, .:rlüc:h la a TIL bvol 
comino trom the clock genoralor; thtn, tnestatuodata\\'&B 
be lftched lnto tilo 1212. 

.. 1 . . -.... ,. . -· - .. 

.. ,. ""}' o, • ----...-1-------0, ' 
~· ~ . 
::f':'-·---...... ++-1+----....... -::· 'c.:.Tll.= . 

~ -'--- -.: .. m-................. ~ . 

~· ~ . 

~-' 1 

lall:Thl-~lo~~'""lll:tl~OO¡:,,, 
la:chtle<:ttt'llll:l'll~~~~~. 

r.11>~!1"'11Mw:>•11>11&ol coneemoroU>e.,.. 
dl~Jd!!t!l"""'ofll>Oml<:"'!""°-iltldUIOCOiltnil -

91 



8212 

'f'(PICAL CHARACTERISTICS 

.. 
j .... 1--t •• -.-"-t:;;fll-J_.-0-.,-:c.·,.!-;:-,·- r--
i ,...!..--'•·n-c 
~ ·IOtl---+--i-<llt-t--t--

i -1----t---t-

·• --
-Gii~ c.'--..... ""'~-.J.---'----' 

ICl'\ITWl.TA.alM trum."i'"\.Ol.'T'y.;;t,Tr.<;.(1\1 

OUTl'UT-fT VS. DATA to O\JT1'UT Dl!U>Y 
Wfi'llt "IOOH" Yül.TAQ<i ~oi. l.OAD CJlrACll AHUi 

~!:--+---:!.,:--..,::--.;,,.-~ .... 
fllftUWMra 

7--01 

v~•-t-"" 

1 ···f--: -i---+---1 
L. _· --+--+--·.,._! -+-:"'1 
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8212 

WAVEFORMS 

.. v)( _________ Y::: __ _ 
-----~ 1r=~==:r-~~ 

DATA 

u..vf,, \IV 1n.m1_·"'-'--------· ~'flrr:~ '-------

OUTPUT 

-----------, 1 r- ·-------
_____ _¡ -------

. UiV 

uv/, \,m 
1 ~ • .IV 

:~-=--=----~--f..'• jr r-- - - - - - - _;: .'.';_·:t _--..-~•OH 
~-~ - - - - J '\..__---·---·-----·-~-¡ Vet -------J l""'-1 .ov 

.... !'---_¡' ov 

-----------·--"'==:j ,-----x1f.V 
------ --- - -- - __ __¡ '----------·· 

DO 

.-----------~---------

-----\..r--------- -,~r,;:--
o.i.TA l!i~~\.-------·---_J,~~:_ __ 

----- ...... lfiif .. ¡. lft - --...{ 

-~ ' 1111/ IT11.,ta1•Dl1 

-------· ~~,- -- ··- - - -- - - -· 
OUlP\JI --------'~·------------
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M8214 
PRIORITY INTERRUPT CONTROL UNIT 

MIL/TARY 

11 8 Prlorlly Lowela 

a Fully Expandl!b!<ll 

n <:¡¡mmt Slatuo ~l6!Gr 

11 Priorlty Compomtor 

a :Z4·Pln Dual t11·Lloo Pcckago 

" Wlltary Temporeturo Rangfj: 
-55ºC ta +125"C 

o + 10% P<r.:;rnr Supply :re~ 

The """'" WJ:l14 lo .., 1).- p¡lonty Jw.amlpl """'"" unlt (PICUI c;r,.1z1"'<l to Cl"'ll!lfy "'"''"'Pl-d!IWlll -
........ •'l\IOl'I•· 
The PfCU can ~to rf':Qurstlnc ll\~a; '4<?4TT11ins tti;: f';r(;iflnl pri'ofil v. u.:no""' thl!'! pncrtl)' to a toii~~ c.on'1rolM,d 
tl.lfTent lllluil reoi1te1 itnd i!'~l.°' e.~ l:;:;,:¡wpt I~ fi'..;; l>JG.hlll) aior~ 1;1Jllh ~etor mfMnlllOll to ~Uy ~pMce 
roullr.to. 

Th8 Mn.21" '' h:\ty ü~µ.¡¡11dtibl= b;-t tr-.a: u~ of c;;mn colltctor lrrt~rrupt out-s;:ut ~w;tot lr1fo~ll0rt. Control elgn.¡Js a19 
alto provldod to slmphfy thfa tU'f\CIJort 

Tl\o PJCU i~ ctealgnttd fO IUJ)poll A 'Ul!!'J t".!.'lafy OI \IGciürvd lnf$tfUp-t !SltllCIUl't!I emJ WiTuC.3 (:1'1C~ C'OUÑ l.n lnt:lmzpt· 
drlwtrn mlcrotomputflt :y;steii'~. 

@> ITT 
@>rile. 

(f!) '· © .. 
@> ¡; 
fil> '· @> .. 
(!j) <; 
!!I> .. 
lIT> .. 
(!> i; 
[D .. 
lD ¡¡; 
CD,.. 
[i) ICi 

tDmr-
(Dlti 

(D 

1'; CD 

----r~fil> 

"""" 

,~~~ 

fl4¡ure 1. l.oglc: lltlllJlll.lft 

~ 

.. 

.. 
;;¡ 

w• 

.... 

... 
"' "' 

(\ . ..., .... 
,...u"""' .. . , ................. ... -:'· ==·u.. }·:!':.t. 

'""'• ~t•rfUWfl....., 

-..c.,. ..... ~ ...... -~-W..\lllrtoflollr~~"*'ewc.•~"-WialPr~t -~~,...~ ......... 
'NflL-TI<W.•OOO t2-76 . -
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T-1-0-.ei.o .......... -SºCto +1:ZSºC 
Slor..,.T __ ............ -fi!iºCto+160"C 
All0..1;.SJtudSúoptyVam,¡., ........ --0.5V to+7V 
Alll-Vot- .. . . . . .. . . . .. -1.0V ro<!!.!;V 
OvtlNt C.minN ••• , , , . . • • . • . . . . . • • . • • 100 mA 

ºNOTICE: Strovu' abo"9 thnn Utted undor "Absoluto 
A10.11Jr.:um Ratings .. m(i'/ causo p""'"ani11nf dam.tg8 to"'º 
devfea This is • srr.ss rstlng onty f.lfd lcinr.t1onel opera­
tlon o/ t"e cMvtc:e lit th~lD OI aA)' Orftff C01td1hOnA • bOW 
thos-CJ 1ndluted In rtto opetttlottt/ s.act1on.s ol ''"' spoe;­
l1ca.tion 11 not 1mplfo.d. EipownJ to absoluto mH1tmun 
rtUi11g conchtiont lot uttmd:d pefflldl m&y .n~t d#tll;::o 
,.iiri>/ln~ 

Umttt 
. nz.n. ·T.,..11r- -;;¡;;.- U;t,! 

'" 

lopwt fOf'W{'lrú Curr.mt: ETLG i1'1l)ut 

.i101h4:rlrr~a 

• 15 

-ao 

-1.2 

-0.5 
--0.l~ 

BO 

V 1c··5mA 

mA V,o-0.45V 
MA 
µA 

t--~-·--+-1"""-'-L_ow_v_~_,_te>_, ___ ::_:_~_"" __ .. _1~-""~---~.o~~~~=t-·····_-·o_(~----·~ .. _·'-~v~-1-''tt_·_,.,,_,_.w __ ·-_--__ .. _._ ... _ .. _---_-1 

Yill Input HIGH Voltt~: ~I inpua • Vcc•5.ov 
--------!---;-- ~ -- ·--+-'----~ .. ~-----

lrc:c ~r Supply Current YJ: 130 mA Stt Not:i 2. 

\/et. Output lOW Volt,p;9: 411 out¡;uu .J .45 \;\ IOL u10rnA 
•---+-----------------r··--->---4---+--·•--------~ 

Vett Outpu1 HIGH Voll~a: ENLG out.puª2.4 J.O V loH•~lrnA 

tos Shon Ciraiit Output Currimt: ENLG oumut ~ ~- -~_._, __ ._&s_,_,._A-<._'k:c_• __ e._rrv ____ ____. 
lclx Ourou• L<ñ11U• C..rnnt: ilft. A0, A,. A:i =c ___ ._'_oo_._1•_A.....J'-v_c_e,_x_·s_.5_v ____ , 

'! 

Lknit1 

Sytllh!I ""'- Mln. f Typ.111 f Mo• ~ 

e,,, '-~· 
----·- .. ~ 1 5 1 10 pf 

Cour Ck!tput C~ Eltcept ENt.G 1P1n 141 ! ¡ 1 12 pf 

12-77 -
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MB214 

A.C. CHARACTERISTICS rr. - -wcto ·1~·c. Vcc - +ov i11»11 

Limiti 
Min. Typ.lll Mon. Un« 

SS "' is 15 "' 

ttOTl!'S· 
1. T~~1:t•I01T1,•n•c.vcc•5.ov. 
2. f.gO;¡i.Sfü. q~. f!O..fi4oiuv.-..JW, .t.il u1hw w:ipunJOlldaU°'O!j)tJl100tn. 

12-70 -
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8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 

e Srnchronous ond Asynchronoua 
Operatlon 

8 SynchronGUS 5-0 en Chamele<$; 
lrrtornal or E•lemol Cha rae ter 
SJnchronlzatlon; Automalic Syn'!: 
lntertlon 

e A11ynchrono1111 5-8 Bll Chomctorn: 
Clock Rmte-1, 16 or 61 Times tlnu:J 
Reto; Brcolr Chamelar Genernlion; 
1, 1V., or 2 Stop Bits; False Start Bit 
Dlslectlon; Autcmeth: Brer.!t. Dctcc! 
udN11ndfln9 

1t Srnchronou:1 Buud Rain-OC lo 
1!4K Baud 

ll Anynchronous Baud Rata-OC lo 
19.2K Baud 

" Fu!l-Ouple1<, Daut:lo·flullered 
Trmnsmlll<>r and Rncoivcr 

" Error Deteclion-Pnrlty, Ovcrrun and 
Fromlng 

o Cor.i¡;iaU!::ft'.) wif.1 an Extended Rmng0> 
ol lntel Mlcroproco~sorn 

o 21l·Pln OIP Pnckage 
a All lnpuls and output.<i are TTL 

Compatible 
tJ Sin;;io + SV Suppfy 
E1 i.;.Jngla TTL Cloel< 

Th3 I~ n1!51A ! tlle ~!1h~nc::d \'~r;;.lvn o~ ti1'1..< irtdu~try ::ot:::ndün!, lotul 6251 Univor.i.!lt Syncttronoucl 
Acynchronout Rec7iY{tr/1ranJmittor (USART}, dcslg11cd tor data communicallon!l wHh lntel's microprocessor 
flu1ri!in:auch es MCS.68. 00, 85, and IAP>H.lü,138.Tho6251A i!l usoo as a p<triph~ral dov~onnd is Programnif!d 
by ttl9 CPU to operate wung virtuolly nny 3orlt.11 data trJ.nsmisnion tochnlque pre!"ntly in u.s-o (1ncludmg IBM 
•·bf...¡ync"), Tho USJ,RTaccopts data charucters from tho CPU in parnllcl lormat and then converts thom into a 
CGlrtfnuooa hrlal dat3 streom far trnm;m/5s1an. Slmultancou$ly, U can reca1vo sr.rinl d:ita streams and convert 
thftn lnto pa.rallol o ata chareclars lor tho CPU. Tho lJSARTwUJ siQnlll tM CPU whonovar 11 can accept a new 
eharactar fM tr111Mm1~qlon or wh1~nN·::-r it h::.~ r..:;c.:i1J(,J u t..:huracwr for tt1a CPU. rttf.t CPU can rt!nd the 
completo a:tatus of tho USARTat nny 1 ime. Thaso lnc!udo date trz:Mm1~Jon orrors eind r..·.lntrnl fJignnls su ch as 
SYIIDET, TxEMPTY Tho chip I• fabricatod uolng N·chann•I oillcon 9nto tgchl>(ll<>Ol'· 
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fl2S1A 

FEATURESAND ENHAt~CEMEIHS 

The 0251A is nn ~dvenccd d\1sign ot tho lndvstry 
standard USART. lho lnlal' 62~1. Tho 0251f, 
operntcs with nn cxrendcd rangc of lnlt•I 
m1croprocessors and maintain~ compntrb1hty w1lh 
thc 0251. Fam11!ariz<J1lon ttm(' is mrmn~nl becuuse ot 
compat1b1l1ty and involves onl~· knawmu lhri <líh1:· 
t1onal fouturns 3nd enhancement!.. and reviewin~¡ 
lhe /l.C and DC cpecilicottcrm of tho 8251t,. 

The 0251A ir:cmpmnte~ ni~ th,-; ~::~y lnatumri oi 1tw 
8251 and hJs tho 10:1owlng !<r~;J1t1or- . .11 fo::\tur~!.. ;"tn'~ 
f;nhancemant!i: 

• H251A hn5 doub,fl·buffwt!d (l;H,"J pMh•1 wHh F1¡i;.i­
ra!f" 110 re9isters for control. ii~:.ltu~. Dal;l In, an::.1 

Data Out, whích cormdcrnbly cm1pllfic~::. control 
progrnmmin~ cnd mi11irni:~·:~~ CPU c· .. ~·r~1~·:1r_i 

• In asynchronous ope:rations.. the nfft•iver d1?:•Ht •. 
and hand!es "b1cal;" nul.omolicairy, f(._'hl'v1n{l 111::• 
CPU ol this taok. 

• A rcfined Ax in!tia!izalian prf:ví!nt:. tlu~ fluc~i\1-r 
from starting whcn in "bn.::nl\" st1fc, pro'IOl\ting 
unwanted interrnpls fn~.11 •~ cfüc:onn;::c1cd USART. 

• l.t lhc conclu!i!on of o tr;rnsml~~~;ion. h.0 lin;; witl 
nlways rcturn tothe r:i.1rkina slnte un!e~;.'3 SüHt.~ l!.i 
progrnmmo-::1. 

o Tx Enoblfi loglc unhanc:crn.-:>dt pr;:;wn!5 e Tx 01~­
Bblc commmid from halting 1ran~mis~;mn unttl :;!! 
dnta prnviouzly written ha:i br.en tran:..rnlltnd. Ttw 
logic also prevents the trl.!ns111Hh~1 trc1m !ummg 
off :n lhe mid\1!c al a word. 

u Whcn Extern.al Sync Ou!oct is p;ogrurnincd, ln!OJ· 
nnl Sync Ootect is disabled, uncJ an Extcrncl S1ric 
Dctcct ~tetus is provider: vill R frin·flo~ \~·hich 

cle?rS itsclf upvn a st::l!l!s rr:'ld. 

• PQs5ibil1ty of lo!~~ ~~·ne ddi;ct ;"' rn;ni1n!i--::.! Uy 
ensuring that if dout•le cfrnrncler ~ync is proyram· 
med. tho charaeters be con1iguous!ydetccted nnd 
also by clearing tho Rx roglstor to all cnti::; 
whenovur Enter Hunt comm~nd is i:1!1und in Sy11c 
mode. 

• As long &'i the 6251 A is not salactod, tne ftü r.nd 
Wfi do not nHoct Hio intnrnal or,eratian of ttm 
device. 

• Tho 8251A Status con be ruad nt any timo but 100 
ttetus update will be inh1b1tcd during status ruad. 

• The 8251A ls free from extraneous glitchcs and 
has onhanced AC and OC characterlstics, pravld­
ing hlgho1 spcad and battcr oporatlng msrgins. 

• Synchronous Baud ralo from OC to 64K. 

Fll:·ICTIONAL DESCRIPTIOl-4 

Gnnorcl 

Tho iJ2~11\ i-s a Unl\.f)rnnl Synchronou~Asynchro. 
nous íl~1CCÍVCrfTran::;miltor doslgnod for D Wide• 
íanqc ot lntol mlcrocornputors such os B!J.40, 608-0. 
BOH5, 8030 and OOBB. Ukc olhor 110 dovlctl'J in " 
r.11crccomputer !y:::tcrn, it.!> functional cOnfiaurlltioo 
1:, ¡HOfF~rn1mod hy lhl'.l sygtem·5 sottwmo lor muí· 
mum f!.:mbil:ly. Th'i! ll.ZS1A can suppott mogt &3rl.li 
<.lalú 1oc.nnrqu.;<> in u:,.n, inc:udlng 18M "tli·eync." 

In 11 co·nmunicalion cn\lironmont on lntorfnc"! 
1.k101:-;2 r;;u:;~ cc;;•¡erf par<i!lcl fonnat :>ystcm d:!:o ln:o 
:;::rb/ torm21t to~ trnn..:;mi!:!:·ic>n nn::I c::ir . .,•:-rt ln'.':C·rning 
• :"'t I:~! tcrm:t t1~~n tn!c pra 1!('! !:y~·tt"Tt d:i.!:1 f"rn:'.:~"I 
llon. 1 he intorlz.ic0 dc .. ·1ce mu5t ~lso tJolit!!O or lnat:rt 
1~1L u1 ..:.lu.111t:tl'1~ ti1,_,¡ ar-3 fui+clior.t.!ly untc¡¡.v io t:iii 
r,ornmu1\Jcatinn lüChr11qu~. In C!;3';lt1CO, thU lntr,irfaco 
Bhou!d ::i.ppr¡;:ir "tmn~;pmont" to tf,f,; CPU, a s.Jmn!~ 
111~:t;t oo· nutr;ut or b}.·fc·ori·::nt.::d 5/!!!0m dnt:i. 

Ttu~; 3-·s\;,!11, bd1rnctlon~l. 6-bit buH!1r i3 u&-:nJ to in· 
tN1r.~.'! lhc fi~'~";lA IO Hlü t>y~tem Data Bu~. O.:na" 
tr;rn·,rn1t~~<1 f!r rnr:ci·111i 1 by ti l'J bufft r u pon ll.\\eCu!lon 
ot IN¡.;ul or C'lUTput ln!.truclicna of tho CPU. Control 
words. C:0r1i111üml "vor<!~ nrid Stntus infcrmntion nru 
;::.t!3o tran:1lerrC'::í ··,rou:Jh 1h(4 D<ila Dus Buffor. Th-0 
Cc:-nmand S!;:itus. Üí!lí'·!n .e.nd O;itJ.·Out rcgis!IH:i 
l!ft."! f.üp~;r~tP. 8-tJil r~9i3t0r5 communiceti11g wllh thO: 
~ystvm bus through thc Oa.t:'l Oua Ouffer. 

Thi:: !u:-:ct1c:-. .:t b!o:l> ~cc:t-pt:; Input~ frr.mtt:~::~!em 
Control tlU!3 :!:id ucn1:r~1tescontrolsignn!s fcrovoren 
d:vic.1 opí::1ti::-.i'1. lt cnn!cin~ th~ Centro! W°'rct P.t!!)· 
ister and Conunand Word Ragistar that Bfora lht 
various control fonnatu for tho d~vice functíonal 
r!:)finition. 

f!i".SET(1l~::r.7) 

A "high" on this Input for'.e• thoB251A lnloon "ldl•' 
mode. Tho devíce wiU remaln al "fdle" until a ntW "' 
ot con1rolwords i:iwritton in to the 6251A toprcgrlim 
lls hmclionol dolinilíon. Mlnimum RESET putst 
wldlh lo 6 lcv (clccl< mus1 bo runnlng). 

A eommand reS-OI oporallon l!lso puto tho d<r<ica lnto 
tho "lálo" utota. 

0-166 
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6251A 
PROGAAMMABLE COMMUNICATION INTERFACE 

1 Synchronous and Asynchronous 
Oporatlon 

11 Synchronous 5-0 Bit Characters; 
lntemel or E~temal Charactcr 
Synchronlzallon; Automatic Sync 
ln11Grllo11 

1:1 f.laynchronoua 5-8 Bit Char,.ctur,;; 
Clol:k Ralo-1, 16 or 64 Times llaud 
Rato; Brea~. Charactor Generation; 
1, 1V... or 2 Stop Bits; False Stairt Bit 
l>Gtectlon; Autolmltlc Break Dotn~t 
alld Hmnóllng 

lil S.ynchronou:J Baud Hat .. -o;; lo 
MK Bnucl 

a Asynchronous Baud Rate-OC to 
19.2',( Bau<l 

a Ful!·Duplex, Double·lluf1ered 
Transmlttcr or.d fü1celver 

"' Error Dctecll~--Perl1y, OVerrun and 
Framlng 

"' Compatible wilh a11 E~tcnd"d Range 
of lntcl Microprocoswr5 

tl 26-Pln DIP Package 
"' A!l ln~ts and Output!I are TTL 

CQmpatlblc 
rn Sln¡;lo +5V:5:uppl1 
" !i'Jn¡;!G TTL Cloc!: 

!l'..ai lnmi« 6251A a the oohnncod vcm;ion ot tho indu:¡,lry stundtttd, 111~;;1 lll~ 1 Univ,.1t 1'e.-i Synct"ircr.cu:,I 
~us Rec~IVMFTransmlttor (USART}, do~igm::d tor data communic:itlons with lntal's microprocessor 
~ GUch 118 MCS-68, 00, 85. and IAPX.{)O, l)ll. Tho 625 IA io usod •• • petiphoral dnvico and is programmed 
by tM CPU la oporate using virtual/y any serial d:ita transm1ssion to-chrUquc prE>:.anlly in U${'! (includ1ng IBM 
"bHync'1. Tho USARTaccepts data chnrect1.Hs from thfJ CPU in parellel lormat and thefl convorts thom into a 
contlnoouu serial data stroam far transmls&1on. Simutt.:in-oou&ly, it can rccoive ssrial d3~ stretsm!I nnd convert 
H•·:.:'11 lnto p~rnll~I cntrt Gh;mu1hH1i tor thtt CPU. Tho USARTwill uign:tl tho CPU whonovar it can accept n nnw 
cherut:tz1' for transmisaicn ar whcncver it he!l roccl\l&<J a chs:r&ctur !or thu CPU. Tl;a ·cru c;;m rrr-ct thu 
catnpkitoatatus ot tho USARTat any tim1:i. Thoso include data transmissfon u-rror11 and con1ro1 &ignals such ao 
SYHOET. TxEMPTY Th~ chip i!l fobrict.tad uning N~chnnn'}! stlk:on gate tnchno!<Jgy. 

"· M 
o, 

kjj, 

M<i 
111$11 

'" 
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l'l251b. 

FEATURESl\ND ENHANCEMENTS 

Thc 0251A is nn edvancod do5ign of tho lnGustr¡• 
standard USART, lho lntcP 6251. Thc 625 rn 
operntcs with an extended rango ol lnlol 
m1croprocossors and maintains compnlibthty wilh 
the 8251. Fnmili11rizat1on l1ml" 1~ mm1mol becm1sc of 
compal1bil1ty and invo!vus only know1n9 lhe nddi­
t1onnl fcaturc5 •md enhnnccmcnts. and revicwlr19 
thc AC and OC r;pncif1catmns of !he 8251A 

The 8251A mcorporatc5 rill fh(• kcy f{':;!urc·~ of ttw 
8251 and has tho following nddilion:.11 fenture:. und 
cnhanccment!:: 

• 8251A has doubl'<'.l-buftcrnd dnla patt1:1 with jepa­
rate IJO registers for control, !ilntu:;. Unta In, an;1 
Da!J Out, !.':hich con;1~t;1at.ily $1111pldte!i connol 
programming ;or.d rninm1i2<J:; CPU c· • ..:r\lcu'1. 

e In asynchronous OD{!rntion~. fhr• rt,.,(::b1°r í 1 ·.'10~·!:~ 

and handlcs "break"" nutomat1caH~·. rn!ri:ving thf! 
CPU of lhis lnsk. 

o A rnfincd Ax initinl1zntion prvvcnts tliv íiar.::ih.'G• 
from starting whon in "brc:ik" st<tft' .. '. pruvcntino 
unwantod interruptr; from n disconncclor.J lJSAíl r. 

• At tho condu?iion of n trJnsm1~s·1on, Tr.D l1:io will 
nlw;:i~•:; rnturo tu lliO m;11 :,1119 '-'la(lJ u1l!or.~~UHh l'• 

progrnmmed. 

• Tx Ennblo logic nnha:iccn1C'nt pWv\~nts n Tx Di:> 
nblo commanó from t111Uing trnnsmis~ron until ;:ii! 
data prcviously wrlft~n hns br-cn trvn~mittm:J. ·¡ h,, 
logic a/so prnvcn!'l 1h·:· tran!.im1tlcr frcm turnrnv 
off in the middle of a worcJ. 

• Whcn Extorna! Sync Oatoct i:.; programmcd, lnlcr~ 
nal Sync Octoct is. disablad, l)nd iln Exlomnl Sync 
Delect atatus is pro\lidcd via a flip-fh">p which 
cle~rs itsclf up<.n a statuo rc11d. 

• Possibility ot talr,o sync de!ec.t h minimiz~d by 
cnsuring th<lt if doubltt ch11rnctor ~yni:: 1s pm9rnm-
01ed. th11 charactern be contiguou:;ly cletcctcd ancJ 
aJso by clearing the Rx rogislei' to nll onec 
whenavor Enter Hunt command l:s is.su-ad in Sync 
modo. 

• As long c.s lho 0251A Is nol scloctod, tho RO nnd 
WA do not nftcct thr: inlern:!l opor..-:tion of thu 
dovlcc. 

• Tho B251A Sta;us can be toad at any timo but the 
status update will bcinhibilcd during GtJlus ri:ud. 

• Tho B251A is free from cxlraneous glirchi1S and 
has enhanced AC ond OC chnractcristics, provid~ 
mg higher speed ond better opcrating margins. 

• Synchnonous Baud rate trom OC 10 641<. 
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í'UMCTIONAL DESCRIPTION 

Gen~rni 

Tho 0251/., b et Univ~,rsal Synchronou~/Asynchro· 
nou::; r.iuceivor/Trnnsmlltor dos1gnod lar o W1do 
rang{' of lnfnl 1P1crocamputors such as 6040, 6080. 
BOOS, UOSG nnd BOB3. Llke othor uo dovicos In • 
m1crncompu!rr systcm, its functional cOntiguralion. 
b fJíOflíüíllmod by th::t systorn·s ~ollw.:..ro fer malf1· 
mum Hox1b1hly T11c R251.I\ c,,n c:~pport mosl r.~ri.nt 
dJfu (•;ctmíquc'J in U30, including IBM "bi·sync:· 

In a (.:Ornmunic<.::tion Pnvironmcnl on intcrf'1ce 
duvic',! rnu:\t convert parallfJI formal systern do.tn in10 
~0n~:J hnm.:,:t for tréinsm1ss¡o11 and convert incorrunn 
:»Nial f¡1rm~1I <J;·.tn rnlo pnrn!IL'I r.yslom d&la kH ruCf!;. 
fi11n. Th~ intr;rfi"·:'':" Ccvrr~ nHJ'".I nis.o dükl;; cr 1r.:.v11 
b1t!j or ch.u2ctfJrr. thut nre tunctJonnHy unlquo to lhr> 
ccmr,;:Jilk:;:ic.;1 lL-d11llt!LW. In c~.;;.;;ncn. thil lniulfaco 
!3hould sppc:1r "lrnn~p:Jrcnt" lo tho CPU, a ~unp!<J 
input or outpul of byt.a-oríanled sy\J.lflm dnt.rr. 

Tt11<: '.""_!.~¡~_t_-, i.11:.lil.:,';·.11crd, C-li1t Uuflur i.:J U:..:..:d to In· 

l•Jrlcco thn C251A to the sy:>lcm 0;1ta f3us. Data i~ 

tri?n!im1ttcd ar rece1v1Jd by thobutlcrupOntJxocuticn 
ot INpui or OU f pui i11s.1ruct"1ons of tfrn CPU. Control 
word~;. Con11n:mcl wurds r.nd Stnlus lnformation ar~ 
<ll!io tranalcrr~d "1rough tho 0.iln Ouo J3uffor. ThC> 
Cornm~nd StafU!t. Dat<t·ln .:md O~la·Out rcglslor~ 
r.ro separo to. él-lrn reg1s.ters communrcntlng \ºtifh lh9 
r.y::.t:1m bu:> throug;1 thu Dota Bu5 Buff~r. 

Th!s function,11 bfock acccpts inputs frorr. ths sys1em 
Control bus nr;d n~nci;110~ conlrcr signíll:l ioro-..·u;:U 
dr:vic~ operntion. lt con1;;i11:-; tho Control \"!k>rd Acg· 
i-:;!N r:nd Corr.rn:nd \\'-ord r.'Jt¡l¡,t¡,¡r that t.toru lii.:i 

various control torm~ta for th:a dc-..ica tunctional 
d,;>finltlon. 

A "high"' on lhis input torces lha6251 A lnlo sn "ldl& 
modc. Thü devíce wi1I remahi at "ldlo" unlil a now HI 
of control words is wrlttcn lnto lho B251A to prooram 
lls funr.lional definilion. Mlnimum RESET pul,. 
widlh is 6 ley (clock muot bo runnlng). 

A command reset opern1ion siso puto, lhe davico inlO 
tlw "ldla" ctat•. 



lflte! ll251A 

CLK (Clock) 

The CLK Input Is uscd to gonnrate intornal devico 
limlng and Is normally connoctod to the Phase 2 
(TTL) output of tho Clock Generator. No externa! 
inputs or outpuls aro rcferonced to CLK but tho 
frequoncy ol CLK must bo grcater than 30 timt.-s tho 
Aecoivor or Transmittor data bit rotes. 

Wl'i(Wrlle) 

A "low"on this Input Informo the 8251A th•l lt10 CPU 
iti wrltlng dat11 cr control words to thu 8251A. 

ITTí (R¡¡ad) 

A 'low" on thls ln:'lut inforrns tho 0251 A thnt thil CPU 
1s roadlng data ar status intorm~t1on trom lho 0251A. 

Fl¡¡uro 3. 02S1A Block Diogrnm Showln9 Dutn 
Bus Buffer ond Read/Wrlle Loglc 
Functlons 

c1D RO Wñ es 
o l o 0251A DATA • ll/\TA llWi 
o 1 o o OATAUlJS •1:1751ADATA 

o ·' o STAHJS •DAT"BUS ., o o UA{A BUS"" CONTROL 
o DATA ous .. l Sr ATE 

·x DATAeus ... JSUTE 

CID (Control/Data) 

Thís input, in conjunction w1th the WA and Al> in· 
puts, tnforms the 825 t A that tho word on the Data 
Bus is oilhcr a data charoclor, control word ar status 
1nformation. 

1 ~ CONTROLJSTATUS; O , CATA. 

(;g (Chip Selcct) 

A ''low''tm thls input se!octsthc 5251A. No r1.rnding ar 
writing will occur unlo~!J tho devico 1:J soloctod. 
Whcn CS is high, the ílala Bu!i is in the floal state and 
Ffó and WR havo no offect on the chip. 

r.lod'lm Control 

Tho 025tA has a !;CI or control inputs and output!l 
that can be uscd to s11nphty U1c 1nterraco to almos! 
any modern. 1 he modom control signalS aro gonernl 
purpl):;Q in naturo ;:ind c<in be usod for functions 
othor thnn modom control. if necessary. 

i'.fsii (Data Set RRndy) 

Tho OSA. input signal is a qenoral-purposo, 1·bir in· 
vorllng Input port. lts cond1t1on can be 1e5tod by tho 
CPU usinq a St.1lu!; Road opornuon. The Q1j-A input 
1s normat1y usod to test !TlOd!!tn cond1tmns such ns 
Dota Sol floady. 

títf'I (Data Terminal Ready) 

Tho tifR output signnl 1:; a genorn!-purpo~c. 1 ·bit 
invortmg oulput port. lt can bP, set low" by pro~ 
gra.mm1ng the appropnillf' bit 1n th11 Comrnand In· 
5lructmn worci. The tfrR outpul ':>19n,1l 1:; normally 
used fer modem control such dS D<lla l'ermtnal 
Roady. 

frrs (Roc¡ucst to Sl)nd) 

The f\fS output signa! 1s a general-purposo. 1·b1t 
inverting output port. 11 can be !i~I "low·· by pro· 
gramming tho appropnalo l.11t in tlrn Commílntl In· 
struction word. Th~ RlS outpul s1unal 1s normnlly 
used for modom conl~ol such as ReQut1st lo Send. 
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CTS (Clonr to Send) 

A "law·· on tt11s input cnnbtes ttw 0?5 IA to 1rnnsm11 
Sll11al dala 1( thc fx EnatJ:e b1l u11111! Crn1111111ml llvto 
15 set to B ··ano." 11 Ollhor í\ Tx En.il.ilu t1ll ur c·rs otl 
cond1t1on occurs'wh1lo thc> Tx 1s 11111µt•1,1l11.>n. thn Tx 
will transmll oll tho dula 1n tho USAm. wrtthm pnor 
to Tx Oiaablo command before shu1t111g down. 
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Tranamllter lluff111 

Tho Transm1ttor Bulfer &CCDpts parallal data from IM 
Data Bus Butler. convens 11 to n serial bit strsam, 
lnserts tha npproprieto charactors or bits (be11>0d on 
the commun1ca11on lochniquo) ami outputs a com· 
pos¡te !>(mal stream of dato on the TxDoutput pin on 
tho falhng odgo of TXC. Tho 1ramm11lor will bcgm 
transmiss1on upon boing enablod lf CTS .. o. Tho 
TxD lme w1ll be held in thn marlting nt.cto lm~d¡.. 
Atoly u pon a master Re<Sot or whe11 Tx Enobla 01 CYS 
Is off or tM transmitt.cr 11 cmpty. 

Trcm1mlttor Cootrol 

Tho Trzn~mitter C.-mtrol manegth\! zdl ccthi1~!l ~~o­
ct¡,t¡¡.d w1th tho tr;1n1mtJ~n of sarlal ds-l.9. U a.cup~ 
and i~c5 sign.'.iJs both rw:.1urr~!!7 e.ad k1~~;ni.:.Uy tt.l 
c=ccomplis.h th:s runcH::rn. 

Th!&.output s1gnnl5 ttl:t CFU tha:t tila trenain1tt~r ¡5 
n>Jldy to sccepr a dota chnr~cter. ThuT•RDYoutput 
pin cnn be usad as rm lntorrupt to th!! ny:;.tGm, cin~ ll 
i• m&Skcd by TxEnoblo; or, for Pollcd opllratlon, tho 
Cf"U cnn ch~ck T:i:.ílDY u:ing o St:tu:1 n..,:,J o¡:;Jrc· 
!Ion. TxRDY ,. automotlcally rcr.et by tho loadlng 
mJgo ot WR wtwn o d.nta chornctcr in f.;)11dod from 
lh9 CPU. 

·Noto lhat wMn uning too Pol1..:id orl'3ration, tho 
TxROY status bit m not m&nkod byTxEnablo, but will 
only índicato the Emply/Full Sto tu• of tlw T• Data 
Input Rogister. 

TxE {Transmlll0r Emp1)>) 

WMn ihe B251A hi!U no ch~r~ci~ra to 1!'nfld, th& 
TxEIAPTY oclpul will go "hiyh." lt r»>ttl& upon 
rocoiving n charactor from the CPU if tha trllflamittar 
la con1blod. TxEMPTY remalns iow whltn !tia trrm,.. 
millar is disabled ovan if it is oclually empty.· 
TxEMPTY can be u!Mld to indicotu tho end of 1 tr•n•· 
ntiaalon modo, 50 thut the CPU "kn°""'" when to 
"ltJm tho lino .,ound" in lha 11~1-<l<iplox e¡;Gr&lic.'llll 

"'""""-
In th9 Synchronoll! mode. a "hlgh" on thlo output 
lndlcatuo thot a chllractor has not boen loaded and 
!lle SYNC charncter or chllracl.irs are about to be or 
ª"' being tran&mitted auton¡atically as "fllloro." 
TxEMPTY doea not go tow when lhd SYNC chorac­
i.re aro belng llhiftod oot. 
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R¡;uro 4. e:ist A rnock Dloaram Sh""'ln¡¡ r.tC>d0111 
und Tn:n(¡rr.Htor OuHcr nnd C!J'."ltret 
Fcactl~n: 

Tho lransmittcr Clock control:i th3 rn!O et \'.i1hh:h 1ho 
choractor Is to l>o tr~nsmittod. In tho Synchronou' 
tri'!nsmission mode, tha Bnud Anto (1x) ta oqunl 10 
tho lXC frt.~uency. In A!yrichronouis tmnnmiM1on 
moda, tho baud roto In o froctlon ol tho octu~l 'i'il: 
lroquoncy. A portien of tha modo inttruction """"'' 
tilia factor; it""" bo 1, 1/16 01' 111!4 tna TXC. 

F"' El<i1mpt..; 

11 BuuJ FU<•• ,.....,.. .. 1 ID ilüud, 
TiiC oquulo 110 Hz In 111~ 1x me>:l"J. 
YxC "<!LliliS 1.72 kHz In the 16x mo6a. 
i'Xc uqua.l• 7.04 kHz In tita 64x m<>d9. 

Tt"' fl>ffing e:;¡¡a el 'f¡;¡:; •mC'ln r..,,, .,,,,...,.¡ ~ "''1 ot 
u ... s2s1A. 

Tho RotelV'Or •="' terlal dlrto, t"Om'8l'tS thla-"' 
lnptJt toparallel fnrmat, checks forblta01ct1aracte11 
that are unique to lhe cornmunlcatlon techniqu• 
ond aends en "a•semblod" charactor to tlMI CPU 
Serial data is input lo AxO pin, Md 11 c:tockod in on 
t11e risino ec1ga ot Rie. 



0.."51A 

necelver Control 

Thls lunctlonal block manageo all rocelvor-rclat&d 
actlvlliH whlch consisto of !hO following leatum>. 

Tilo RxD lnltlallutlon clrcuil provenl5 ths 6?51 A 
trom mistaklng an unus!Xi input lino fQr <ln ncti~ 
low datn line In tho "break condit1on." Before 
startlno to ror.eive oarial characters on tho RxO 
lino, a valid "1 'must fl"'t be dotocted alter a chip 
m=ttor A~t. Once tliis hH boftt1 dotermined. a 
scarch for a valld low (Sti:rt bit) i'l en!!blcd. Thi5 
fu,ture 1, only active in the asynchronous niod.¿o, 
and lo.oniy dcfle once for oc-ch m:i3t"r Hof..üt. 

n" Fo.1.u Stut bit det&elion clrcuit prcvents falso 
sta.rtsdwi to a transient no!!.10 ~1ko by first d:Jtcct· 
lniJ thiJ fc.!Ung odga nnd then i:trchlng !ho nomini-f 
c,:mt,zr of th~ S:~rt b!t (R,.;O "' l!""'!r). 

Partty error d11tection s!lia H1:il corr¡¡;;¡.,. .. wndmg 
statU3 bit. 

Tilo Framlng Elror otalu• bit Is sot lf t11o Stop bit lo 
•boont al tho on~ of th• dota b)'\'I (llSynchronouo 
modo). 

RdlDV (Recelvor Rcady) 

This output lndicate> thot tha 0251 A contalns n chnr­
actor lhst Is ....OOyto be inp11t to lha CPU. flxADY can 
be i:onntelod to the lnlorr"upl structure of tilo CP!J 
oi; lor pollod operatl,on, tho CPU can check tho con­
dltlon of RxRDY u'ing a Statuu Rvad of}"ralion. 

BllEr~ Villo.'"l off, holeo AxROY in th\l Fllnol Con­
dltlon. Fot AeynchfOllO\JO ~. to ••t AxRDY, Ir·• 
Roe.!ver muet be enabled to oe- • Stut Bil ond •. 
C<JmpfGle character must be ª""'mblod and tran&- · 
fomd to tr.. Cata Outpul Registar. For Synchronouo 
moda, !(>ni AxRDY. tho Roceiver mu•I be onabled 
anda chcrectar must llnlsh as ... mbly and b<l trans­
forred to til9 Data Output !Wgi•tür. 

Fcllu,.;"\o read lhe recolved charactor frcm !he Ax 
Data Output Aoglstor prior to the asoembly or tho 
neJ.t Ax Data ·charactor wm set overrun condition 
error a:nd tho prevtous charactor will be written over 
and los!. 11 !he Rx Data Is belng read by the CPU 
whtn the Internet transter ta oce1.1rring. overrun er~ 
ror wHI bo set and the old character will bo lost. 

f.fiC (Rocelvor Clock) 

TOO Rocoivor Clock contro~ tho rato al wh1ch lha 
char¡¡cter io to oo rccc1ved. In Synchronous ""iodo, 
tM Baud Rate ( 1x} 1s equal to tho actual frequencyal 
Aié. In A~ynchronous Moda, tho Oaud Ralo Is a 
fracticn ot thct octunl l1iC l<nquoncy. A portion ot 
th-0 moda in5truction !>'1loctG th~ factor: 1, 1/16 or 
1164 uw RiG. 
Far oxampla: . 

8.:lud A¡¡;fe oqul.ilS 300 Baud, if 
nx-c equaJs 300 Hz in the 1x modo; 
fíiG ~qual• 4000 Hz In thJ 15x modo; 
FiXC equolo 19.2 kH• 1n tha ll-'x rrn><llo. 

B.nud Rata ~qua!~ 2~00 Oaud, it 
lf,\l; oquats 2400 Hz in ti>• 1x modo; 
ffx-C equela .:W.4 kHz in tha 16x modc; 
n:c ~q~:J 153.G Jd-tz In lhci €-h modr.. 

OD.tn ¡¡¡ n~rn1pl~ into UHl t2S1A en tho rising i:idge ol 
rw::. 
f~: In mostcomrnunlcntlorl3s-rJtom:i, thefl251A 
will bu hc.ndlln9 both the trnnsmittt1ion &nd receptlon 
O¡:JOrQtions of D single linlii:. Consoquontly. lhc 
~Jvo ond Transmlt Oaud Ratos will ~ tho s3me. 
C:::~:i~ cind IT;:15 vli!I r~quirn irf~ntlr.1'1 rrnqutrnr,iP.!\ 
for this opero.tion and can btt ti~d toguttuir and con· 
O'SCtGd to a ninglo frequencv sourco (Oaud Roto 
Gcmn!tor} to eimplify tha lnt~ric.ce. 

Figure 5. 1251A BfoCk Dlagrim Sllowlng 
Rocelver Bullar ond Control Functlona 

9-169 Al'ff415TJC 
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8251A 

SVNDET (SVNC Dot11cl/ 
ORKDET Brook Dolect) 

This pin Is usod In Synchronous Modo 101 SYN· 
OET nnd may oo uMld as eilhor Input or output, 
programm1ble through the Control Wottl. 11 la'"""ª 
lo outpul modo low upan RESET. Whon uood as on 
oulpul (onternal Sync modo), tho SYNOET pin w~lgo 
"high" to lndlca1o lhat tho 8251A h•• locatcd the 
SYNC character In the Raceivo modo. U tha 6251A is 
programmod lo uMr doublo Sync charactorn (b1· 
sync). thon SYNOETwiil go "high" In tha mlddl• ol 
u-., 13st bit ol thll 11<1cond Sync charoctor. SYNOET io 
auuim.tically rcaet upon o Stotu1 Rm OfJOf&tlon. 

tóWlcn"""" sunlnput (axtemol SYf'ICditocl modil), 
8 poslllve Qolng llgnol will CAUIO tho 8251A to GtOr1 
uwmbhno dnt• ch•rnclora on tilo rlting cdíl• ol tho 
,,..., l'iiC. º"""In SYNC, the "high" Input slon•I c•n 
!>o r~'""""'1. Wllan En•rnat SYNC Dol•et Is pro­
grammad, lntornol SYNC Otttoct hl dl08blod. 

BREAK (Asyne Molla Only) 

Thls oulput wlll go hlgh whenovor tho rocolvor 
fl!fNlln1 low through two con .. cutivo otop bit 14-

quancea (includlna tho stort bita, data bits, and 
p:1rity bit•). Break Ootoct may also l>o row as n 
Sllltua bit. 11 I& ro:iot ontyupon ~ m""1iir chip f-i¡;¡;,¡¡to< 
Rx Data 11rtumlng to a "01>&" otata 

As¡ure l. 1125111lnterr.Ctito8"0 Sbnclaed 
SptemBui. 
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DETAILED OPERATION DESCRIPTION 

Geooral 

Tho comploto luncllonet dallnition ol th" 8251A Is 
progrnmmed by the systom's aottware. A !iJOI ot con. 
trol words mu•t oo sent out by ti>& CPU to lnltlall10 
tho 8251A to support the do~lred communlatlon1 
lormat. lhcso control words wllt program lha: BAIJO 
AATE, CHARACTER LENGlH, NUMBER OF STOP 
OITS, SVNCHl'IONOUS orASVNCHRONOUS OPER· 
ATtON, EVEN/000/0FF PARITY, ate. In lho 
Synchronous Mo<lt. optlono nro ol&O p11111ldod to 
soloct olthor lnlornDI or oxtornal charoctor 
r;yn<:11ronlutlon. 

Oneo progromrr.,d, IN ll251A lo '110dyto perlonn lts 
communicallon lunct1on1. The TxAOV_putput is 
'"''"º "hlgh" to algnal 1M CPU that the l!251A is 
rcady to rc~ivo o dota cñ::r~cter frorn th!l CPU. Thi< 
output (TxROY) 1• met automaticatly w!len th• CPU 
writos a character m1o tho 0251 A. On tha othcr h:md, 
11>1 0251A rece!._ cerial dita lrom tho MOOEM 0< 
110 dovlce. Upen rtQtwlno en entlra ch&nlctar, tilo 
RxROYoutpul is ralt.ed ''hlgh" to lllgnal tho CPU that 
the 8251A has a comploto ct•nroctor romdy lor the 
CPU to fetch. RxROY lt rent outomallcaay upon the 
CPU !lata read tljl$fll1lon. ' · 

Tl«t 8251A cruinot b&gln tron1mll$lon untll the Tx 
Enable (Tronomlttor Ennble) bit i• set In tho Com· 
mund ln>tructlon and lt h .. rec;;;Jva<J a C~rTo S<:nd 
(C'rll) Input. ThoTxO ou•¡mt w'JI bo hold In tila mark· 
l"IJ &l1ta upon 11-1. 

ca., --u;., f'ffC~"· }--e,-!)., fft!:.~"Te•t 
e-,y• 

f(.-t;., .........,_ 
cr.; •• 1 '-'At• 

~ .. ~ 
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Ptogrammlng lhe 8251A 

PriGr to startlng dnta tmMmisolon"' roooptlon, tho 
!!25tA must be loadad with n sol ol control words 
~twd by tho CPU. Theo!J control 3Jgnn!:l c!clloo 
!NI ccinpleto lunctlonal dolinlllon ol tho6251A and 
Olu:I lmmedlQb>ly lollow o f~t oporation (lntornal 
Ot ••lamlll). 

t. MOOll lnotruclkw. 
2. Carntreand l:wt~tit>n 

TI~ lrul!rucUo-;i c!;:;f;í::..,; t~ .. .) c~r .. :::;;.:.:! o;;-:fctlorrnl 
r.tioractsrbtlcs ol ll'ls 6251A. 11 must loll""' a Flo<.AI 
oparation {ittt.ural or eJ1.t5rn..1IJ. arico ma t.!c.c!J In· 
structlon hll!I i-n "rltt:m into tila 6251A by tho 
Cl'U. SYNC chamctom or Ccmm:uid lrolluctiora 
(f'.Q'/ b3 ~ttsl~ 

Thia lr..ttrucllon do!lnen a word tti;rt f~ =ttto control 
t:..i o.etu:ll o¡¡orntlon ol llOll 62SIA. 

Bolh ttio Moda and Comm:md lnolructiono m"'t 
eonfonn to a spuclf~d •:rquonco lor prooor davlce 
oporatlon (-Fl~ure 7). Tho Mo<!o lzmtrui:tlon must 
I><! wrltton lmmedlately lollowlng • ílosot 
operatlon, prior to u~lno the B251A lor dalo 
communlc.ellon. 

Aft control lllllfdo mlltm lnto 1111> o:!;StA sl!nr ti"' 
Molle hulructicn t.:1m l<Y.id U:a Commz:ncJ lr.utruc· 
tion. Comniand lnslructlons can be .. rittan lnto tlM 
ll2i 1A al any limo In tila <!~la block during 11..i op.>ra· 
tlon ol lho 0251A. To roturn to lho Modo tnotructloo 

• lonnat, the mas!Or Flnot bit In thll Command In· 
structlon word can bb HI lolnltla~an lntlrnnl R<r.at 
operatlon whlch autornatleally pLoeos tm 8251A 
baclt lnto the Mod!J lnitruetlon lormaL Comrnand 
L~cllilll3 mwt lo!low 111<> Moe lnstruCticro or 
9ync cllanlc11/1!'a. 

l'iode lll!ltructloll Dltft."11111111 

Tiio 825tÁ Clll I» llOlld lor Gltt .. r AsynchlOllOllS or 
Synchronous data communicatlon. To unc1er1t.ind 
'- lho Modo lnalNClion clollnes the lunctional 
Clplt'Clion ol lho 8251A. the Cliltlgner can bost v•w 
thl d4vlce u two uparate components, 01111 
Asynchronow and 1119 otnar Synemonoua. stwlng 

too aoma paeixa!}<Í. Too fo<rrot dclmi110f'I can ro 
c"""17-'d only altor n maotor crup Resct. For o•plllM­
tlon purpoM?:I too '"º fonrolS will b<J isolalo:l. 

f'JOTii: Wtwn panty ln 91\,;1b~d u 15 not consiWred 
013 ono of tho data bits t0< lhe purposo ol progrnm. 
ming tho "1lrd hJngth. Tha actual parily bit receiYcd 
on tha Ax Osta lino cannol bo rcad on tho Oatn Ous. 
In tho c:tQ() ota programroodcharactor lcngth of foss 
lh!m a bltg, too fe!l~t signitlcant Data Bll!i bits wr.t 
hotd tOO data; unll50d bits aro "don't cnro" whan 
wrHlng data. to tt'.o 8251A, &nd wlll h3 "zorm" vJt"JZn 
rend!n1) tm dntn lrom tilo 025111. 

';".':-::~r "' d~:t:l ch:!~ct;";i' b !'"~nr by ttm CPO tM 
02-3111 auromatblly ndds a Start bil tlow lovel) fo~ 
lov.-.3d b'f tiw ruta b;t:J (r-<3&::!.l signihc.lnt bit flrjt), ijr¡,j 

lho programmad numoor ot Stop bll!l to eech etw· 
actor. A!so, an ewn ar odd Pvrity bit is in'!\ertod prior 
to tll!'I Stop bit(•). a• oollood by too Modo lrnitruc· 
Uoo. Tha ch.oructor I• ti"'" transm1t~d as a serial 
~?:! 1trnam on tho TxO output Tho ""rial data lo 
e~.l!tlld out on lila rnmng od!}O or~ ato ralo oqual 
10 1. 1/IG, or 1/t4 thot ol t~o 'Ti<C, "' dnllnod 11'( lhJ 
Uod> lnOtructlon. BRE>\K charactam con bo eonllrr 
ucuz~ a'ilf\t to th~ TxO 11 comm:>ndod to do"°· 

WllOn no data cMmewr> """' boon loa<!Dd lnto lhcl 
ll25tA lhoTxO oulput roam1rui "high" (nia!king) un­
lo•o a Broak (conlinuouoly 10 .. ) h.. beon 
IJTOl!íllmnw<J. 
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Asynchronous Mode (R;,cnlvo) 

Tho AxD line 1s normally high. A fnlling odgo on this 
lmc tnqgors lhP. bcqinning ar n START bit. Tho 
vahd1ty ol lhis START bit is chec\¡od by aílall\ si rob· 
mg lhis b1I al lls nominnl conler (16'< ar 64X modo 
only).11 a low u; dctected again, 11 rs a vnlrdSTART bit. 
nnd the bit counter will starl counting. The bit coun· 
ter lhus locales lhe contP.r ol lhu dala b1t:.. tho parlty 
h1! (1f il oxi!i15) Jnd t!ir, s1op bit:, 11 fE11ity orror or· 
curs. thu pnr11y error flag is s~l. 0,1\a nnd pnrny bl\:. 
aro sampled on tho RxD pin w1th tho r1s1nq cdg:..: ot 
Rié. 11 a low leve! is dcteclcd as lho STOP b11. the 
Framing Error flag w1H bt..' :;.et. Thc STOP bit ~1gnal-:. 
thc· cnd al a choracter. Noto th~t the rncciv;;r H~· 

qmres onlyof'P. slop b1l, wo:1rdle-5s ot !he numb-'Jr ol 
slop bits proqrammod. Th1s charílctnr 15 then lo.id::io 
1nto ttlo pílrallol ltU Ouflor of ltte 0251 A. ·1 ho HúfüY 
pin i:; r,11~f'd to .o;1gna1 tho CPU lh~11 n ch!lrnctur is 
rei1dy lo be hHched. 11 a provious ch;uactcr h[:fi not 
been felched by lhr: CPU. the pm~cnl charactor 
rentaco;, 1t 1n thc llO bullar. Jnd ll-..:! OVEílnUN Error 
lk1g is rn1sod (ltlU::J th~ prov1ou5 chnractcr is lo;;t).Alt 
of the error flag:; cun 00 re!>CI by an Error fi,)~;;t 
ln51ruct1on. The occurn:rnco 01 any ol thcsc orro1~ 
w11I no! nHer.t lh.1 llPNílhOr1 of tho 02511\. 

OO!l~fMlt>.~ 

fl[CIN111ll'41'\.1T ~tlt'"-·lh C-...t!>f.PAl._k., 

1 t 1 1 
1i.o ----¡ m.nt 1 r.u11.1u~ .. --;:~ L..!11 ~ ¡¡,,n l_ -H'CO!'I~-.¡ ¡> 

{,.,,,, .. .;'¡¡\\ 

ll111'1Ut 

U'\Ji;i/lll";¡UJ .. V:.>.!'l 

e=~ 

trU•\111 •\~IHU.'U .... l+I' 

e:=::-~ 
•fl&Utt ll(Hltk"'(lllllll"'t1M•hll ..... !tll!\IOlll 

~IShtf....ui&OIHl\ ... 1 ~11111 'll'"T 

Figure 9. Aaynchronouo Modo 

Synchr:mouu Modo (Tronamlr.elon) 

Tho TxD ou1pu1 is conlinuously hlgh unlil 1ho CPU 
sond-; Hs firsl chAr;:iclor to lho B251Awhich usu11Uy 1s 
n SYMC r.harnc1N Wh<!n tilo CTS hno gocs low. lhü 
flrst chl\rnctct is sorinlly trnrn1mittod out. Ali cho.rae. 
lorn ore shlttod ou1 on tl't-J fallingod90 olliC_ Data 1:: 
r.tüllrd out nt tho sam:J rota .:!S tho TY.C. 

Onco lransmisslon hH~ stuttud. thv data blraam EH 
the TxD oulput must continuo ílt lho r,a; rato. 11 lh!l 
CPU dom; no! providú lht! B:~51A wllh u datJ ctmrac. 
ler boforo the 8251A Tran~mittor Buffors boconl!J 
empty. lhc SYNC r:hmuctor5 (or ch:nnctor lf in singla 
SYNC charactor modo) will b-0 a1,1tomatlcal~f m. 
~r.tcd m the TxO dJla !ilreum. In thi~¡ case, lhe 
l)(El-wW íYp1n ¡;; Jdi.:..tH.l h1gh to slgt1nl lh1.t th-a 0251A 
¡_:, t:rn¡:;ty ollld SVl;C. ch.Jr<.:ctcrn ur·~ t0:riu ~ont oui. 
T:xEMPTY doo5 nof go low whcn U11.1 SY~;1C 11 boing 
:;;h1fled out (::.éo llguro bolo•'•). Th.:! l xl:.:Mf:.ry pin:~. 
irl!ern~l!y rosnt by a d..1t:1 ch<:1rnch1r baing wrlttun 
into tl>'J 0251A , 

oArll n•lA IV'•'' 5'f"G! -;-~=;:-:i 

l•!U'TY ____¡·~\~~~$J'11¡~~0<JT~i'~1· 

~;ynchrnnou~ Moda (Rscohm) 

In 1t1l-.i 1·,1odi~. cl;:.uJctersynchronizatlonc¡¡;n bo lntar· 
na!!y or oxterrmlly f!CM.:vod. 11 tho SYNC mode has 
baan progmr.imcd, ENTEFl HUNTcomrnond •hould 
bn included In tho tirst command in;;truc11on word 
written. Data on thc nxD pin Is then scmplod on 
t:;i:l u~ing edgo of Hi'C. Thu content of tho nx tJulfcr 
is comparad nt fJvory hil boundary wlth lho tirnt 
SYNC chaw.r.ter Ul\IJI a mate.JI 0CCU:$. I{ tho 6:!51A 
ha.'l beon progrnmrood tor tWo SYNC chDractors, lhn 
subsoquenl roccivcd chnractor la also compared; 
when Uoth 'SYNC r:hílractors h.lvo OOcn detected,· 
1ho USARTends the ~'UNT modo and Is In charac1cr 
svnchronizot1on. Tilo SYNDET pi' lo lhen sal hlph, 
and i• resol au1oma1""11!y by a STllTUS READ. 11 
porily Is programmad, SYNDETwill not be oet until 
the mlddle al lile parity bit inotoad et tita mlddle ol 
thc l<wt dntn bit. 

In the externa! SYNC modo, synchronlzollon 11 
achi8'i9d by ~pplylng o hlgh lavel on the.SYl'IDET 
pin,"lhu• lorclng 1ho 8251A ou1 ol tha HUNT mod<l 
The tiigh levol can bo removed ofter ooo RiiC cycle 
An ~NTEA HUNT "command has no "eJlect In tilo 
Jsynchronous mooo of operallon .. 

9-172 . ..,...,..., 
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Parlty error and overrun error are bolh checkod In 
lhe samo way as In lho Asynchronous f!x modo. 
Parlly Is c~cked whon nol In Hunl, rooardl= of 
whelher the Recoivor i. on.tblod or nol. 

'-------- f•tr~'-ln"'CCfUCI 
1·n~T1J....,rlrl'Ur 

••IY'IOfll'l.l.lfOO'n"IJI 

'---------- ti.'P.lUC.HAll:ACT"'IAIV~ 
1 • woott IYhC C°"'"ll.-.C11~ 
l•Ot'.J't.$1,llJMCOU.IU.::ru 

-f·"l'""l'"":•"t ~>''-~1.~'l'~ ;, -~'--··•·;,;1;~,¡,¿,.¡ ¡..;..1.;\.lt!IU 
lri.c"~AHilfT(~1'1"'flo. 

~ 10. lll<l<lo fr><lructlon Formol, 
S¡;md1rcrtou!l r..7o~-u 

The CPU can ·commanll Uttt roesrvnr to nnt&r tM 
HUNT modo 1i synchronlzallon is lo.at. This \Vill al!iO 
S<tt ali tho wo1 choroctor bil• in tho buflor to a 
'on;,," thw prt.>von:mg o poosibla false SYNOET 
Ca!Jt'<>d by dala lhal happeno lo bO In lho Hx DuHor a! 
ENTER HUNT llrr ... Note lhal !lle SYNDET f/F IS '°"" at 64Ch SlaltJS Reod, rcgardlass or whelhur 
infernal or externa! SYNC has ~n programmed. 
Thi> do:.. notcaUO<I th<tll251A torolurn 10 lhoHUNT 
mO<Jo. When I~ SYNC mode, bul nol In HUNT, Sync 
Dotecllon Is al~I funcllonal, bul only occur.i a1 lhe 
'koown" word baundar,.~. Thuo. il one Stalll1J Re•d 
ind.cates SYNOET and a second Sl3fUS Rcitd a/so 
'º<!•cates SYNDET, lh<ln lhe progrommed SYNOET 
char&elalt h!Mt bee~ rocaived sinr.u. U'ile prw1ous 
s1a1.,. Rud. (11 doubla characlor oync has been 
Programmed, lhan bolh sync characlers havo beon 
conuguQualy recaivotd logalol SYNOET indlcofion.) 
Wllon externa! SYNOET modo Is solaclad. intornal 
Svnc Oolecl Is disablad.and tha SYNOET F/F may bo 
IOI al any bll boundary. · 

C'UaYflllU .. '"CfM.111! 

e=·~ 
A.tU~(D M"lll 0040V1'1Jf lhfll 

'--'-'---"-''-!:_;~_,~¡ ~~AC!fAt 1 

Fi¡¡uw 11. O.ala f'crm!i!l, Synthrnnlli!!l Modo 

COMMAND INSTRUCTIOIJ DEFINITION 

Oncothe tunclional dotinilion ol thc B251A has boen 
pro{lre:mmoo by the Modo 11utruction and the sync 
Chi.lfllCittts uro looCl.c?d (U In Sync Modc) then the 
dnvlce 13 Nacty lo bo used lar data communicntion. 
Th0Con1mand lnstruction control:!t tho actu::I opora· 
tion of the sol~ctod formar. Functions such ns: 
Enable Tran:1mitlRec-0ive. Error Resat and Modom 
Controla mrdprovicJed by thc Commaod lnstructicn. 

Onco tilo Moda fnstruction hil5 boon wrttten inlo the 
825tA and Sync ch~f<:r.ters ín.'it:rted. 1r nccess;uy, 
th1'1'n ft\J furth~r"control wntc-~" (C'D .... 1) w•ll load C1 

Comm;;irtd ln<strw:ticn. A íl;:;s¡it Opcralion (u1ltirnul 
or oxtemaJ) Ylill roturo lhe 02!>1A ro lhe Modo In .. 
:strucUon tormat. 

"tm: lnl<lrn•I A-1 on f'ooM>N1p 

When power Is fir~ appliod. tho 6251 A may corno up 
in lhe Mo6e, Sync character or Commond tormat. To 
gu;mmloo that lhtt Ueyico 1s in the Command In .. 
structloo tormat belore the Ar.set comm.!nd is hi .. 
sued, lt Is safosl to eJ<ocuto tho worst·cose 
inillollzation sequonco (sync mode vtilh two aync 
cnoracters). Loodmg lhree OOHs consecurivoJy inlo 
lho dtvlca with CID • 1 conftguros sync opernlton 
and wriloa two dummy OOH sync choraclors. An In· 
tornal Roool command t40H) inay.1hen be iaslllld lo 
raturn lha devico lo lho "'ldlo" atala. 
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ll 1 I', I• 1'1 () 1 0 1 (l 0 ll• 

l ··l ·• l""l ·· l· .. 1·" 1"·1 .... 1 
Llr= .. --~. 

lto111~•1U'I' 
~--------<¡ .. :::~::.~:.:.:. 

"ti'tUllOIHfCI 
'"AJ~M; llOOI• 

llme: f:nor R•ot mcn ha Pfl'f<tnmtd r\'h~ R111fA&itllt 
9"d!nt1rH.,int,...~. 

______ .. 
fig1or11 12. Commtnd 1n11!ructlcn l'm!l.>t 

ti, D, 

, ... ,~"'"'"'' 
1 

-

n, o, t>, 

1 1 

,••llYlllAO!l 

~--:!:::::.::-:-..:.~ ... '""" .. -~ ._..._ ... __ -..,, ._ ......... .. 
Ovlll!"'J<OllMIOA , .. ot""',...,_..,.vu --·-· ........ ~· .... ----~ ... -h ......... ._ C.--......_DI _ 

'-... 

_ _... __ ...... C?\li 

:::::.~~ 

'r11~IM1Jltl ....... _• n.f11,.. ..... _,_ """"'-"_.....,. __ ....... _,....._ ... _ 
""-'"'"'" .. e­--··-... -__ ,,...,.,," 
D.AU1tOlll*)'I' '""­

--OU•••--

~•1: T11t;OV11m11bt1hnd•ltenn1~troM1bt 
hROV OUl>iut pll'I' T/lt fo•~ ti not Cc.nórllO<'!rd 

by fn'. Vd T•Et4. lt'lr rmai 11 n:od11ionsd by bofh 
CT'fNTd:N 
l,Q. Td'IDY MtlUS~· na jk,rf., l:""V 

T•!liOV pin OWI - OD R11.1ll•1 E""Qty .1m.01. 
llld!N•11 

STATUS READ DEFINmON 
lnclallcommunlcallonaystamtllbo!lon~ 
touumlna thG "status"ol lhuctr..t ~lo 8•""~ 
blln 11 errora have occurll!ld 01 olher condl!IOR'l !MI 
llN!llint Uw ptQC:edOr's "tUtntioo, T1"' ll251A M.1 
llldllllet lhat allaw lhe programrnar to "roed" u .. 
llatus of lhe devlow at a111 time c!urlllg tht lunc­
lloMI Ollf!flltlon. (Sl!IM UfldalO 111 lnhlllllltd durlng 
ll&l\lllroad.) 

A!>VUCATIONS OFTHE fla51A 

A ftOllllOl "raad" command la "3ulld by tm CPU "1llll 
CID - 1 to accompll$h thlo lurn:tiolL 

~ o4 lha bits In lha Status Aaad Fonn&t hCMI 
· ldenUcat meanings ID externa! outflut plris so thl!I 

tllo 11251A can be -d In a complelel)o pol!Dd e< 
lnterrupt·drivan envlronment. TxROY Is on 
OJseeplien. 

Noto that status update can lllwe'1 maxtmum cloluy 
ol 28 CIOCk perlods lrom the ectual -nt alhlctlng 
llle status. 

D-174 
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RcJUIO w.. ayr.r.tuer~~: !:it:¡~.:::c" (<) Í•• .. :;~'¡'.1.t~~ cr 
""-~mi O..Vfco 

l 
nu_. ..... 

(~rn 11. {l'¡~~r;:;:.::r;:; rn~(;¡lu~ ti.> T.uúapL'"USBO 
Uno o 
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ABSOLUTE MllXIMUM llATINGS• 

Ambrcnl Tl'rnpora.lurt Umfor Ul-':I: 
Slora~w Temp-0uuuro 
Vollooo On Anv Pm 

W1th Ro:apcct To Ground 
Power 01sslp!1110.; • , . 

rrc ro 70"C 
-Gs~c 10 f 1scrc 

0.5\.' t:J i 7V 
. .. t\\'.:-tt 

ºNOTICE: Sfrt.!SS!JS ebov" rhoia tl1tod und3r .. Absoluto 
Mu1mum H1<1r111r,is .. moy causo pormanont damage ro lh;; 
d~vicl'! Thls 1s a ¡rr~.1 rating anlyandluncrionot opera11on 
ot rho d1mco 111 tflC~9 or :rny olht>r cond1t1on1 abov~ tho.so 
i11d1•:Rt11d in ftto oporMiom1I .S('Cf1on.s oi' tll/s spocific:t1ío11 
1s: nor lmp/1cd fx;rn:wre to ebsolutc mrnrimum fllflng con. 
dt!1cni lcr ~~tolndad p~riodJ mo¡ aUocr d')v/t:JJ rttliC1billty. 

-'"-"~~~-REA_D_P_u_l•_>i_V_ió~lh==o--~~~~~-1-~~t--~~t· 
~2~~~-+º-ª~'ª~°"~~~y-tr_om~P.-_EA_-5~-·~~· l'OO 

~'~º~'~~~·-'-R-_EA_-ó_1_0_0_._1n_F1cru!oo ~~--~ ...... ----'~1_00~-'-·-"~'-l~~~~~-~~~-' 

\VRITc CVCU! 

Symb~ s;..uc~tqr ffthL. t:,:oi;. Unlt 7GM Conl!~!~~ 

'•w /\ddreas Stable fuforo WRl'tE o "" 
•w• Addle<o Hold Timo for WRi'fE o "" •ww Wl'iíl'e Pu1tow1<11h 250 ns 

lov1 Data Set-UpTlme torlíiAITT !50 "' 
2_.Wjl Data HoldTirne fo< WiiifE 20 ... 
'"' Rtteonry TI me Bolween WAlTES 6 !(.'Y No1<>4 

"'""'"' 
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. A.C. CHARACTERISTICS (Conllnuod) 

OTKER TIMINGS 

Symllol Pt'1amct~r Mln. MH. Unlt Taot Condlllon1 

tcv Clock Porlocl 32'0 1350 ns ti&oto:s 5. G 

I¡:/ Clock Hlgh PulseWldlh 120 ley-"' n1 

1--t¡j~-----+-c1_oc_k_L_""_P_u_1...,_w_1<1t._h ________ ,~ ___ n• 

~'~n~.'~r ___ -t-c1_oc_k_R_1_,._•_n_d_F_•l_IT_in_10 __ -c==---+---r--2_0 ___ º_'-1----------~ 
IOTw T1tO Ootay from Fa!Hng Edgo ot t~ -·~ ~-.~"-'-+-~---------
f.r11 Tramsmltter Input Clo<:k Frequcncy • 

1x Baud Ru.te OC 
Ulx 61ud Rltld OC 

!!A 
310 

kHz 
ldiz 

6-b: Baud Rata OC 615 11.Hz: ._,. ____ _,_ _______________ ___,.. __ _,.___ ___ ~------------~ 
rrMr.mltter !npul Clück Pulsa Wid!h 1 

ITPo 

1,.. 

tnpo 

lxlJtmdRato 1:! tc'i 
101< and 64x Oaud ABte 1 1 tt:r 

~-¡---·--_,__ ___________ _ 
·,ri:.ntm1t1ar Input Ci.:;:;1: Pul::- Gt-!~''/ 

1x 6aud Antij 
16x .ond 64ic B<:ud Ratl't 

H~CQr.·vr Input Clock. Frtiqu~ncy 
1 x 04ud Rato OC M 
16x B1ud Rato OC 310 
64x Ooud Ralo- OC 615 

fiocei't&t Input CICr<;k. Pu!;.~ ~'.'lll\11 l .. ~,---i---i---------
1x Ba.ud Rato 12 1 
16>tand 6">1 Oa.ud Rato -~-L.__ 

ne~vt.tr tnput Clock Pul:;o D~tay 1 
1x G"ud Ro.to 15 
10)( anrJ &b: Baud Aate 3 

thROY TxRDY Pin ~lay from Cen;o~f Ln.!:t Bit ¡----+--8----+-"'-l·---------l 

... ,~T=,O~O'l'~C-1-.EA-R-+T-xílOY i from Leadlng Edga of WR----r 400 

tAxRDV fb,ROY Pin 001cy lrom Centcr ol La~t B!I ---,--Z-6-+-----+--

PIR~•R"'oºv'-C-l-f.A-,.-1-A.-R-O_Y_¡_from Leadlng Edg~~--i-=-----1--~ -~"-!-------_---_-_-_-·--= 
tia Internad SY~l::.T On!ay frorn íli!'.!1nJ l __ J 

EdG(t af HxC __ _ __28_--+-_tc~v,_ ~~~-! _______ ____, 
External SYNOET Sct·Up l'ime Ah;,it. 

Rl1lno Edil• ol AiG 1n tcv Note 7 ----r---1--------t----+-------·----i 
TxEMP"ry' Oetay from Ctnter Cll LH1 Olt _20 ___ , ___ _,__lc~Y'-<_No_1_0_1 ________ ; 

Control Delay from Ris~ Edge ol 
WRITE (TxEn. !ffii. AfS) 8 tcy Nolo 7 

~tc~n,,_ ___ ~coo __ 1ro_1_1o_A_F.A_O_s.._1-_U~p-T_in_1•~l~_J'-'._C'f!i__,·¡_.___21l_..___ __ --'-~tc~v_.__N_o_1e! ______ ~ 

IH77 
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A.C. CHARACTERISTICS (Contl11u1>d) 
NOTl!S: 
1. Pe. J1m1n4JI IT'tf'ai:~u•fld Vou .. 2.0 Vot • 2.0. Vol '" O.O. and with load ~lrcult of F~nt 1. 
2. Chip Setecl (CS) end Command/Oats (C/0} ero considarcd B!J MónnsM. 
3. Assum.1 lhnl Add1rss l!I vahd btJfore Rol. . 
4. This recoverv time 11 for Mode ln11u~h:1111on only Wrlto Dala Is all°'"d oo)y wttln TxRDY • 1. Rocmer)'Thnobli-..,.. 

Wrhf!s for Asvnchronous Mode 1s 8 ley and lor Synchronous Moc;kt 1116 tcv· 
5. The Tw.C and A•C frequonc~s ha\lelho followrno hml11tt0ni \trilh rMP&d to CLK: For 1• &aud.Rnt. fraottltta: • 1·1)0 

•cvl: 
For 16x and 64x Daud Aali:t. fr.11 or IR11 ~~ 11(4.5 ley). 

O. Res.et Pul~e W1dlh .. 6 ley m111imum; Zy~lem Clock must 00 runn.no ®fir1e ~t. 
7. Status updale can hav-e 1 mu:irnum d-Olay of 26 dock ponods from tha want dfoctlng U.U llaba:l. 

A.C. TE&TINO IHI'~ OUTPUT \!IAllEFGllM A.C. n!TlllG LMIJ CllliCU1T 

-

-
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WAVEFORMS 

llf!Cl!JVl!R Cl..OClt ANO DATA 

.. 

WllITT! DATA C1'CLE (CPU - USMll) 

O!WfColat ---·--
,,,,------.1 

.. 
llEAD DATA~ (CPU - llSllMl -.,-------it--11-----'I 

111 
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WAVEFORMS (Con!lnued) 

V/RITE CONTROL 011 OUTPUT POill' CVCl.E (CPU - USART) 

.----------·-------------
READ .CONTílOL OH INPUT POfiT (Cf'U - u¡;e'lf¡T) 

H>lf ., r.., . ... -11,;inn•t "'"'1":1,1i.n.:ici' ~ccmlr.o\l!Y1f 
>oOI~"' 1,.u.:1ut'llf1ttllHC1CJC"110lfh<lfot~CIM'.lll11rf, 

'---------------··------------· .. 

--------·------·-----
TliANSMITTER CONffiPL AtJD l'LAG TIMINQ (•\ SYt-!t: i\lü1J2'.) 

9-160 
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·WAVEFORMS (Contlnued) 

lll!CEIVER CONTROL AHD FLAG Tl:ialJG (AS'l'f..: !l:OCE) 

.--------------------------------------.... 

llECEIVSI co1;mot At:O f1..Ml Tl!\<INQ (S'mC oom:) 

------- ----+-----H'-~·--

• 
. • 

·~~----~~-~~ 
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27"ñ6 
16K (2K x 8) UV ERASABl . ..E PRCM 

~ Fu~t Acce2e Tlm~ 
-2716-1: 350 n~ M::n:. 
- 2716-2: 390 ns Mal!. 
- 2716: 450 ns Mm;. 
- 271G-5: 49\1 no M3~. 
- 2716-G: ~50 in Mm:. 

e rnr.';j:f':1 +5'v' Pc.t·J~r Suppl~I 

" Low Powor Dla~ipatlon 
- .(\Ctl\6e Power: 525 MV.J ~~¡i•rn. 
-s1ancfüv Pcwo': 132 mW M~;:. 

• flln Compr.lilile to lntol 2732A EPROM 

o S!mplo Prcgrnmming Requlrcment:i 
- Shtglo LocaHon Progrnnuning 
-· l'rogrnm:i wlth Ono 50 ma Puls<:1 

" lrLpulc ond Outputn ITL Compu\lb!c 
r~uring ~1m::d oorJ Pmgrarn 

~ Cr:rr.:J!etni;¡ SlaUc 

Tho lntot 271ti Is n 1U,:!..'l4·bit ultt.Mulut tru:..au:~ ::.1.d t.!:ctci~r 11¡ prr;.Jrtmmr~.:.~ ri~fYj-<?flly mCmory (EPROM). 
1110 2/16 Opero.tll:l frorn ü ~.lngk: 5·\'0Jl POW-.!( :;ur-p::.-, !i;t; :.J -:;!.1\ir. rt:~ndt;y !nOLli', ;wi.d ÍCJ.tUrGS (aM S\ngte­
;.;j(1rM.~ ponrimming. 11 mrykl':'s dos19nlng with EPROM5 IJ_-;\, CisW :m~J t~cono!nlc<~!. 

Tha 271G. 'fúlh lb &lngltl 5-volt supply and wLth ~n u::r.u.<>:) time up t~ 350 ll'.t, ¡~ id~ril fo1 w;o w1t11 high· 
p:.ldOrm~nce t-5V roicroprocc$'iOrs f,llch u~ lnt;:l's COf!.'.i :md OOB6. &1 1 :ic:oct•211ó~G:1 ;lnd 2715-fi'J are al'.;o 
avallablc fc.r slov1or ::;pe•.~d npplic¡-tt1on~. Thu ~7iL n!:.o ti.:t.:. 11 stt1\ic .~tJndby moclu U;hich rnduC\~:> pr.wer 
coosumpth>n without incrensing .:;ccus'i umi::i. Thn rn:-ixt1mm1 nctí·.:.-:.r po •:·H di!!'i!pation i~ 52~ mV/ ~i1h•t~ th'J 
moxlmum standby powor dts~ipatiori 1j onl;• 13~? r.¡W, a 7f..'~:'J s.:wu r;.; 

Th1J27lt: ui;.o:; n simpltj !!ml fa.:¡t 11.oUtüll irir p1uv1~.;111.1,;,~¡ · :. :::·1c;i·, TTl:!r:·¡nl p11I··" Trnrn M no nried tor high 
voltage pulslng bocmi~ tlll progrnm1il1111J con!rols a11) h.:tndlr-.1 by TTLs•qr1uls. Pmgro.mmint] ot rmy 1ocat1on et 
rny timll-olthcr lndlviduo.1/y, !'f'Jf"Jl1unti11lly or .:it rnrHlorn ¡~ po~s1bl:.· v;ith \t\;;i 271trG 1lngla·addross program­
minu. TotrJ progrnmming ton!.> fL'r .til 1G,::w..: b;;~ i.:; u:il\' 100 tí.'c.~nd1. 

l'lg<l."G 1. Pin Conllg01mllon 

o.\.lAOOfi'UTR 
~,-<J. 

,.----~ 

! 

f'!\¡ur~ 2. Block lll•aran1 

"""~cA\OllAl•-•HoRUpofl~fkiflMU..olMyC.c1111rYCAAotltl.-Cit~rvC~fl-lnl.if"fu.MI ~Ott.ctC..e*1P1t•lic•"6HtHlrolpll9Ó 
~"4flL C.QAX>f'A110lf, lf\IC 1~: , NO'o'~'°'BU\ ltcl 

. 4-5 ::":::!! tlUMUft· J!~~!,Mt 
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2711 

DEVICE OPERATION 

Tho 111• mod03 or oporollon of tlit> Z716 ª"' listed In 
Tablo 1. 11 should be noted thut mputs for s.11 modas 
aro TTL levels. Tho powor suppl10'9 requimd Bnt a 
+5V Vcc anda Vpp. The Vpp powcr fiUPP'Y must 00 
nt 25V during the three programming modos. and 
must ba ot t 0V in ttt.1 0U1cr threa morJc~. 

Tho 2716 h1u two control function!, both ol which 
must bo logica.lly !latisUcd in arder to obtain data nt 
lhe outputs. :;hip Eniibla (CE) is tho powor control 
and should l>a u:u:d far duvice !JelecHon. Output 
l::ne.ble{OE) i! tht? output control ó'.nd 5hould ba ulfrd 
to ga\.e data trom thc ou1put pin.s, lndcpendonl al 
dGViCO suIDcti:m. ~UíilH){} th01t ~ddn:;:;:;','!~ [:!fO Sl"l· 

b*. Bddross a~cees timo (IAcd is cqual to thc dclay 
trom CE to oulput (te E). Data t!k avai!.able nt tho out· 
puts toe. alter the lalling cdgo of bE, essuming \h<tt 
CE has b1,.."i!n k1\"I end addrcsscs nave beün mabb for 
•t leWlt t,.cc-1<><· 

Stnntllr,r Motl!Jo 
\ 

Tho 2716 has a. 9.tMldD'f ríi"xic wh!th rt:duce!!i the 
maximum active power disslpation by 75%, lrorn 
525 mW to 13~ mW. Tho 2716 Is placed in lh--:! !.l:md­
by mode by.~ plying n TTL·high signar to the CE in­
put. When in staridby modo,•the outputs ore in e 
higl'l lmpedance •t•t<>. lndepEndonl o! tha OE Input. 

Output OA-Tl~lll® 

8eco.we 2716s ¡uo u,su.iiJ;j l.t'...:.;d in l.:l1t;:.rr mt.r1rc,ry 
arravs. lnt.al has prO't!1ded r. 2·1in~ c:othrol functüJJ1 
that accomodates this uw ol mulliµlú rnüu1wy c..;o;1-
1>ec1ions. Th<rtwo-linn centro! lunclion &llows lor: 

~~· 
CE 
11:.¡ 

- V1L 

°"'""' º'"""'º V1L 

Sler.dlly v," 
Progrwn P•laodV¡L IOVfH 

Varlly. v,L 

Pro0rarn fnhiblt V1L 

n) tha 1o1Ves1 possible memory povw di&0ipat1on, 
Md 

b) compla«> "°""rt.flal thnt output bU• contontlon 
will not oc cu r. 

To "'º tt>eso lwo conrrol ll•1es 1noot cfllclently, CE 
(pin lA) ohould be docoded and used"" lhe prlmary 
dGvlcn sclcctlng lunctlon, whilo OE \pin 20) should 
be mudo a comrno;i connection to nll dcvlc9a In the 
array and conn~tod to tho READ lina trom thu 
systcm control bus. Th1s assurcs thal u\\ dosolocted 
rnumory dc:vic:es aro in lhcir low-power stnndby 
modes anct that the output pins aro DCtlvc only whon 
dala is doilrcd frcm m pt,rtlcul:!r memory dnvic~. 

lnitially, onda flor o~ch oril~Ufi.!, ali bll:J Df thil 27 IG ;;;~ 
in tho "1" stnto. Data is lntroduced by S<ltectivcly 
programrninn "O's" into the dusirt1d bit locaticns. 
Allhough only "O's" wi!I bu progrnmmi!d, both "1's .. 
e.nd "O's" e.en bo pro!\cnted in tha data word.Tiw only 
wey to chongo a "O" lo a "1" I• by ultni.vlol6t light 
orc:.uro.. 

Tt>o 2716 13 In tho proqrnmmlng modu whon too Vpp 
poworsupplyisr.t 25Vnnd OE ion1V111 .lhedatu lobo 
p1ogrtif'í!ffi(i(l Is ;;ppli!ld 8 bit~ in p:!r:J.HO\ to ttm data 
output pins. The lave\~ rvQuirnd for tr..o addres.s nnc! 
dala inpu\5 ara TIL 

Woon 1110 addf'8Sll &nd dota ore •tab», a 50 m .. c. 
acli.,,.higl1, TIL program pulso is oppl»d to t~• 
CE Input A pulse musl be sppllod &t o•ch ;iddrsu 
location to 00 programmod. You r.an progm.1"1 any 
lr;>e~llon at any time-either indMdually, soquontlnl· 
ly, or nt rnnOom. The pronrarn pulso ha!l a 1naximum 
\'!idth ot 55 m?lHC. TM 2716mwt no1 b.'ílprogrnrnmt:O 
wtlh • OC •i\tn•I •pp!iod to tl1'I él: input. 

oí! Vpp Vcc !Mpll!a 
(1V) (n) (24) p.11, 13-17) 

·---~ 
Vil +5 +5 DooT 

V1u +5 +5 tii¡¡hZ 

X +5 +5 HIOhZ 

V1H +25 +6 0tN 
V1L +25 +5 Dour 

V1H +25 +5 HlghZ 
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2716 

ABSOWTE MAXIMUM RATINGS• 

Tompe<aturo Undor Die .......••...•. -10"C to +OO'C 
S1orao• Temperature .............•.. -6S'C to +125-C 
Ali tnput or Output Vottagcn w1th 

Rowpect to Ground • .. . • . . . . ........ +OV to -0.3V 
VPI' Suppty\lollat,111w1th~I 

to Ground During Program •..• , .... +20.5V to -O 3V 

ºl.:OTICE: Stro~ aboW lhoso n1ted undtr "Ab3ofuto 
IJarimum R:iting:f' m!y causo pgmÑtnenr dlmoga ro r11e 
11Gvfco. ThfJ ;s a srros.srmtlng onty1ndlunct1on•IOpGrarion 
ol tho d11Yico at th•M or any otMr conditlon~ abOvu tnostt 
indlcatad In tho opereHonel mtionJ ol ltus ~1t1cat1on 
l?J notlmpliJd. Expo1uro to e.NQtuto maxlmum rarmo co1t­
dillon:i for a::t:mded P'!'ftO~I ni.y ,,tt~t ~ nfflcbi#ty. 

D.C. ANO A.C. OPERl\TING CONDITIONS DURING REAO 

2710 2TIG-1 27111-2 27111-5 271&-0 

T"""""'1Uro fl:onyo ()'C.TCl"C O"C-70"'C O'C-1rrc 0-C-'TCfC 0-C-TCl"C 

Vcc ~ Supptylt.21 5\/~5~ 5V :=10i~ 5V ~5% ~V:5% 5V:5'!. 
'---=--------- -

v.,. Power Suppty121 Vcc Vcc Vcc Vcc Vcc 

READOPERAllO?I 
D.C. CHARACTERISTICS -

Urntta 
Sl'lfb<>t Para.-.=t<r 

Typ.IJI 
111'!13 T.:il-~ Cond1Hon11 

~Un. u .... 
···----·· 

lu l~ut Lof¡'(j Cunwnt 10 pA l\t¡ -~""" 

ILO Output Ual7Q'tl Currfltt 10 ,,.A Vour • 5.25V 

lpp1l•l Vpp Currwrt1 5 "'"' VFY .. 5.25V 

'cc1121 Vcc Curmnt {Slondby) 10 25 mi\ CE •V1t1· oe .v,L 

'c1;21a1 Vcc Current (J.cll••) 57 100 mA O~·Cl'.·V1L 

ViL Ir.pul LowVolta.go -0.1 0.8 V 

V1H . ln¡iutHlgh\lo1t1u• 2.0 Vcc+1 V 

YQl Output loa VoUag< 0.45 V leo. • 2.1 mi\ 

Voit Output ttlgh von•o• 2.4 V loo"" --t .. JQµA 

Limito (no) 

sv-1 Peta- 2118 211;.1 27111-2 271&.5 :rnG-11 llat 

"""'· N!u. Nlo. M.n. Mln. llu. -l.1az. llllln. ...... CondltloHt 

·--
'1.cc Addm1 to Output Otioy •51l 350 300 •so 450 éE•OE•VJL 

•e! CE to Olltl>ul Delay 450 350 390 4llO 650 oe •V1t 

tol41 Outpul Enoblo 10 Oulpul O...., 120 120 120 160 200 Ce •Vi• 
lnal<.01 C1! or !!E Hlgh to Oulpu1 flotl o 100 o 100 o 100 o 100 o 100 ce· v,L 

'CH 
Oútput Hold ftom AdCStHSH, CE or o o o o o e~· 01.v,. OE WhtcMwr °"\lftod f111t 

4-7 
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Programming o! mulliplc 27160 in porall~I with tho 
a.ame data can ba oa9ily accompl1shed due to tho 
slmphc1ty ot the programming requ1roments. Liko 
lnputs o! tho porollolod 2716• moy be connocted 
togcther Yrhen thcy are prOlJmmmed w1th th<l sama 
data. A high·level TTL pulse appli<!d ta tho CE input 
programo the parall<!llld 27169. 

Pi'ogn:im lnltlb.'i 

Programmlng o! mulllplc 2716' in paralkll •11111 dil· 
!otont data IS also oasily cccomplished. Exccpt far 
CE, ali liko inputs (includlng OE) of tho parallel 
27165 ma)' ba ~ommon. A ITL·levcl program pulse 
applied toa21· 6's <::E Input with Vppal 'éJV will pro· 
gram thal 271ü. A low·lovel CE input lnhibils lll<l 
olher 2716 trcm bi'ring prog••mm;:.:J. 

A veri!y tthould bo perlonned on the progrnmmed 
bits to do!tlrmino lhnl thcy wero cornictly pro¡¡ram­
med. The ven!y mey be par!onned with Vpp nt 25V. 
Except during p•ogrammlng Wld program vcrlly. Vpp 
mUll bo "'5" 
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ERASUR!E CllARACTERISTICS 

The erasuro cnnraeteristlcs of tho 2716 ore such lhal 
m.1sure bcgmn to occur upan exposure to light wlth 
wnvolnngths shorter than approxlmatoly 4000 
Angstroms (A). 11 ohould be noted that sunlighl and 
ccrtain typos of fluoroscent li!mps h&\~ wavelengths 
in tho 3Cl00-4000 A range. Data show thot confllanl 
exposure to room-lovcl lluorosecnt llghtlng could 
ert5'l lho typical 2716 In approximatnly 3 ynere, !Hhll<I 
it w-ould tako approximate-ty 1 WOO"k to ~uaa eti:noro 
when expo""d to d11ect sunlighl. ti the 2716 Is to bll 
nxpoaod to theso IYPfl!I of llghtino conditi<inl fa< 
oxtoncl<>d perlods of timo, opaquo lobol• 1hoUld be 
plnecd owcr the 2716 window to provont unlnlen­
liord cmoura. 

Tho ro<:omm•ml!!d era.uro prvcooum !ortho 2716 Is 
• oxpoouro to shortwovo ultravlolet light whlch hao a · 

W4''.J:Jlc11gth of 2527 Ar.g~troms { Á). The lnl(!{!ratnd 
doM (l.c., UV lntcnslty X exposurc lime) for erasure 
&hould bo o m;nlmum of 15 W·seclcm'. Tha emuro 
time with thl• doS<1go lo approximafely 15 to 20 
minutes uslng an ullraviolet lamp wltti o 12000 
~ Wlcm' pow<ir ratlng. ~he 2716 should ba placed 
.,11111n t lnch o! 1110 lnrnp tubos durlng emsuro. 

- --



CAl'!ICITANC!!1'l (Th • 25'C, 1 • t Ml-<>I 

Symool ParcmoN-T Typ,13 Man. 

Ctu Input Cap:tcitn.nco ---- -
Cour Output Capecif¡¡¡¡c;c 12 ----

'' ... ____ _ 
... 

... .. ....,._ 

HOTI!!: 

2716 

Unllo 
Tont 

(;ond!llono 

~ V1N .. OV 

pFj Vo'!.!..:.?.~J 

t A.C. TEST CUNOITIONS 
Oulplll Lood ........... 1 TTL galo nnd 

Ct~lOOpF 
Input Rír.-0 nnrf F;:¡lf Tlmt!S . . . . 1;2Q nl:I 
Input PulS<1 Lovel•... . .. 0.BV lo 2.2V 
Timirig MtJa<:iurom'!nt Refcronco Leve!: 

lnpul• . . . . O.SV and 2V 
Ou!pu!" . . . . . . . . . . O.BV nnd 2V 

1. Vcc mutl bo appllfd 11m1.1llnnc-oustyor ~foro \.\l? and mmovcd s1m1.:1t:;n.ao11.sl)' 01 i!l!tJr vi"'f'. 
2. V,.p me, 09 c~l:id to Vcc t"lCf!Pt dur1no prcgr.:uomwQ Thtt !upplr C"Uirnnt W;)\Jld lh6n h-'J U'IO ttlil'11 al lec lnd ~l. 
3, 'fyplcll ~llfuas m for TA .. 25'C and nomJnW srnpply voltcoua. 
4. Thi1P•~'11 ooty t<lmpted nnd 1a noi 1o:n.1u~.1od. 

:: ?:P~~~'!"~~~P 6~ ~~ir~~:k~,'::~~~~:~' or Ct! wtthout 1rn~t oo 'Jite· 
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2716 

PROGRAMMING CHARACTERSITICS 
D.C. PROGRAMMING CHARACiERISTICS: TA •25"C ~S'C, Vcc'" •5V ,5'!., vl'Pl•.2I •25V •1V 

Symbol Parome:t&r l.lln. Typ. r.•ox. Unl12 
THt 

Condltlcno 

lu Input Currcnt (fot Arty Input) 10 pi\ VIN • 5.25V/0.45 

1,.,., Vpp Supply Current 5 mA CE m Vtt -
lpp2 /pp Supply Currant Duril'ilJ ~o mA CE• V1H 

1lrogramming Pul~ 

'ce \ce Supply Cum:mt 100 r.11\ 

v,L Input Low l.#"'I ··0.1 o.a V --->------- -· 
V1t1 11,put Bf{jh lvi't!I 2.0 Vcc+1 V 

-

A.C. rr.nn;n,"'i.~.'i~!NO CH.l'l.,f\,.-.. CTEfHSTIC~ T.-, u2!l""C !:Ser.. Vcc 1º ·~V~~"!:.. Vppll..1I •25'J :t lV 
.----.-----------"-r----~---.----·-.--·------- --------

TH! 
Co11-úil.h:-;,a• 

1------<----·-----------+·-----+----<-----------
tAs Aod1en &;;1up Time "" 
tM Oatn Setup Tlm.i , .. 
tp,H Aodrou Hold Timo 2 µ;i ----- --------- -·-··---- - - - - - --
•orn Ot HoldTlm• • ; 0 _[_ 

i-'~™--+-º-•-••_h_'o_ld_T_lm_o __________ --~--------~J------< 
CE a VtL toFP Output Ena.bla to Output Float Onltiy :!00 "' 

tot Oulput Ennb~ to Otilput Ogtly ~DO "ª --~~~ 
1pw Proernm f'ulaWidlh 45 so 55 m• 
lpfn Progrzim Puli.! FUoti Tim& "" -~-~-t-~--+-

1 r F T Progr~m Pulff Fcll Timo ... 
ºA.C. CONomo::s 07 TOT 
Input Fti:.~ nnd ra..,Tirn~ (1tn' .. b ~} .......... 2Q n'!\ 
Input Pum loYola ......................... o.o ro 2.2V 
lnpu1 Timlng R•f4...,.. u-1 .............. OEV ond 'LV 
Output Tim1ng R~~ lem-1 .......•..•• O.SV !!?~ Z'I 

(;¡j)l!W• 
1. YccmuUbe1pPltdJ!nwntnl<>UflfVotbafof1>VpplNl~~01attf1rYw.TM:11emu1tnotbllnMrttdlt*> 

0t ~ trcm •board ••'h v,.,. 111 25' : 1V to prt'i<&l\l diltl"'"'JO to th:!3 c!e..nca. 
2. Tht ma•lmvmsikMa~ vohaOtwhlCh may bo applled lothrlV,,, pin during pttJgl'll'ft:nlftO tt +m Can-mullb9 l&>ltnwhenawltchlng tht"'"" IUPPfy IO P,.t'tf"lt OWflflho)Ot aaxaadi.n; thl& 2GV rnGAlmum GP*tilf;;alk>ft, 

4-10 
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infeí 
2732A 

32K (4K x 8) UV ERAS.A.BLE PROM 

• 200 na (2732A-2) Ma1drnum Acceso 
Time ••• HMOS··E Technology 

" lndustr¡r 51andord fb-lmmt ••• JEDEC 
Approvcd 

• Compatible wlth Hlgh·Speod llmHI 
IAPX 186 .. .Zorc WAIT Slaie 

n 1\1.to Uno Control 

• Compatible wllh 12 MHz 6051 Femlly 

" Low Slandby Cummt ... 30 mA 
M11xlmum 

" :!:10% Vcc Tolornnce Avallablg 

" lnlellgont ldonllflor'" Meda 

The lnlel 2732A la a 5V only, 32,768 bit ultravlolot ora'"1bla ond elGclrlcally progrrmtnalllo nucl-0nly-momory 
(EPROM). The stnndard ?.732A .Ccoso timo is 250 ns wllh ap"1?d seloctlan (2732A·2) avallablo ol 200 ns. Tilo 
acells.il time Is compatible with high porformMCo micropwcoosors such as th" 6 MHz IAPX 1BG. In lhe-..ll 
syalem•, tho 2732A at1owe·the mlcroprocesoor to oporele wllhout tho nddillon of WAIT ntatoa. 

An lrnpoÍtent 2732A fc.'.ltura I~ tho :wp.in:aa c:.:tput control, Output ~nablG {ür), rrom lliú Chip Ef\iJjliJ coi ... 
trol (l!E). The O!" control atlmlnatos bua contontion In mlcraprocessor syslems. lnlol's f\ppllc1t1on Notl! 
AP-72 descrll>os th& mlcroprac&oaor syatorn implomantation of lh~ tit; and Gr control= oo lntol'a 
EPROMs. AP-72 .'a avallablo from lntei's LltJHllture Departrr.ont. 

The 2732A hu a &lilndby mode which reduces powor tOflnumptlon wlthout lncrooalno acc<ms timo. Tilo 
maxlmum active current la 125 mA, whi1"e the maxlmum standby cu,,...nt is oniy 35 mA, o 70% saving. The 
Ütandby modc Is soloctod by •Pplylng the TTL·high algnal 10 tho al: Input. • 

Thn :?73?.A I~ fobrlct'lt~d wlth H~,~OS··E ttthrt~!;:¡r/, lrt!~!'!:l h!gh·!:::" ... ~d t!-~h:r:nJI ~,~03 r!!~CG:1 C:;.!a1";:chn::;~ct;j,1. 

'9.IOSJta pnunt«!Pfl)C'l!lgof lm>I ~ 

12.mt11 
CIUlllATMt 

• flUura 1. Block Ofqmm 

blettor(*lbclll ...... No~,--u..•klfC:lrev1t1yoatitlTMetn.lrrr~lll-~01~.Noo.tlll~ .... ~-....-. 
4'Wftl. COflPOMTIOM. HfC. taJ 4-12 -
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ERASURE CHARACTERISTICS 
Th• era&ure chanic1eflstlcs ol tha 2732A oro 1uch ttm 
sraaura bogl~ to occur upen expo:iuro 10 hght \'tllh 
wa'911ngths ahorter !han approxlmaloly 4000 Angslrcma 
(Á~ tt thould be n<>led lhal aunlighl and cortaln lypes ol 
fluole<:ont lamps llave wavolen~lhs In tho J000.4000>. 
rano-. Data ehoW that con~tant ux~tu to room lovol 
lluoretcenl tlghllno could eruo tho typlcnl 2732A In ap. 
proxlmatel)' 3 years, whlio 11 would lako approxlmatoly 1 
week to e&ute er&Jure when expolód to dlract sunUghl. U 
lho 21'32A 1110 bo 0>poeod to lhtl50 'YP<l• ol liQhtlng con<11· 
tlonl fet extonded perlad• ol timo, opaquo i.l>tlls •ll<>•Jld 
bO pfllCOd o- tilo 2T.12A wlndow to pRMlnt unlnlontlon>l 
emuro. 
lllo rocommondod 01eauro procnmrre 10< tha 21J2A Is 
upoauro to c.h<Jrlw~"" ullrovlolot light wlllch h•• o 
waveltnglh ol 2"7 Angs1roms (Á). The lntO!lr•tO<l doao 
(l.e., UV lnt9"1ity X oxposuro Hmtt) for eraaure tihO\lld bo 
a rffinlmum of 1~ W~Gce/cin:i. Tho u~uro timo wlth th!: 
dOUtQ! 16 opp:ruldrii.ite:v 1~ to :O mlnutoti u:;~na tn 
utlr1Ylolo! lamp vtlth 12000µWlcm' power rotlng. Tiw 
Amo\ &t~ va ¡;l9Wd \'.t~i:iilíl 1 t~'i Gf t~~~ tz.r.-:;:i, H.:!:;~:; 

. durlng etuure. 

D!:!lllCE OPERATIO~J 
Tiio 1lx moclH of o;>orotl<K' ot IM 2732A""' lloted In Totl~ 
1. A olnglo 5V - suppty Is roqulred In lile rt!od mooo. 
/,ll lnput=trn m f~vt!~ t~~c-:;pt for C5r".Nr-;1d1Jrino prccrr,,_,,,. 
mlng and 12V on Ag lor 1119 lnt,,li~nl ldontlllor1

" modo. In 
!he JllllOllm modo th<I m'.fv,.1nput IS pulsod lrom a TIL 
"""'to21V. 

~- C!f ¡;¡¡,.._ .. •ce C\ffi'Ul1I 

"" !>11. cm P'I ct-tt,tJ.'1) - .. v. • .. 
"""' "-- ... ... X •• ..... - v.. • X •• Hi<"l - •• v,.. X •• o., -- v., v,. • .. .. ,.,, -~~~ \'¡L ... •11 .. Cm> 

Holclll:t.JCc.Mbl~f/IVn. 
L"H• 12.0aG..SV 

ReadMode 
Tiio 2732f\ hQ two control l'l!n<:lloM, bo!tl ol- -
bt loglcllty activo In O<dOt to obtlln d••• at the outpui.. 
Clllp En:ble {Ctl la tho "°""''control <nd should b• u•od 
for devlcl 111ectlon. Output En.ble t6EI la lhe output 
control ltod ahould bo u...i 10 gato elata lrom lho output 
plns, lndtpendont ol dovic:e lllecllon. Asl\lfl\lng t!IM td­
dlelaes •• atabl<r, lddlHa ocena t1mo1tacc) I• oqual to 
thl detey ftorn ~ to outpul <tell- Dat.a Is avallablo at tha 
outpula lftlt lha lalllng edil•º' cm. usumtng lhal et'~ 
_, low Md -· .. - betn alol>lo lor al IMSI 
tm:-lof!· 

Standby Modo 
Tu> 2T.l2A hu a atlndby mocSo whlcll "'®cts the max­
lmum 1>etlve curr<mt lrom 125 mA to 3~ mA. Tl1'127liA 13 
placocl In tilo s1andtly moda by opplyllllJ a TIL·hlQh •lona! 
to tilo CE Input WhMJn Gtandby mo<le. tno outputs a.13 In 
• h~ tm¡:odanca oiat., lndal)iflder\I ol tilo O!: Input 

Output OR·Tlolng 
Bccuuu EPAOMs aro uslUl~ und in lmQor rftOmoll' ,,. 
rayg, lntol ha provldatt o 2 llM control tunctton Hiel AC• 
commod:.itoa rhls uu or muttlplo memory conn~ton. 
Th~ two Un~ control funct1on auowa for: 
a> ttw lowezt po.ulbl• mcmoiy power dlulprrtion. r.'Mt 
b} c:omp!cte c.uurunc. that output bus contentioi, wUI 

not occw. 

To..., ttre~• l"'"'""lrt>l lirlG3mootGfflclonlty, °Ct(p!n 11i) 
ohoutd bl! docodod ond us9d u tilo primarf d<Nice s•l..:­
Unu tur~tlon, nhH~ 0C{¡)in :O) nhoul~ b:l m&do Q ccmmon 
r.011n~1lon to ali clr .. ic:rl lil th:> e.-r.rr e.id o:o:u·'lectcd 10 th' 
AEAi'i lino !mm ll're aystan1 contml bu•. Thls IMUr05 lhat 
v.il ú-V¡,¿¡J¿.-c\W m;:.rr..o,...; d.".i'•'iCül ;..,-.;;; In ~Ir tcw r;e:.;;cr 
ol!rulby modo and that the outpul pin• oro ~tlvo only 
'*''"" a.u. i. ~r.>d lrom o por!ICUlol ""'""'Y dovicc. 

FOOGRAMMlllQ 
CAllT'IOt'I: -.., nv.,. Al• w !Oilv.u-1 M'i 
~d......,,. v.. 213311.. 

lnlllalty, Md a.tt~ ctu:h CfUUf'CI, &JI bits ot ttlo 2732A eru 
In tn.r> "1" at;ta. Od11 13 lntroductd by aaltctlvaly pl'l}o 
grammlng "0-•" lnlo tilo d .. lrt!<I bit locallons. AllhouQh 
onty -O's" wlll be progrrunmed, bolh "1't" 11nd "O'a" can 
!» fl'-OO..""t In 11>3 c1ots wonl. Tiio only way to chruroo " 
"O" lo• "1" le by ultrovtolot llghl Of&llllro. 

TM V32A 13 In tho pro¡¡ramn1ingmcdo wllen tl>t <W!v,, 
lnpyl il c1 2111 tt Is r..:¡~lrod U..! a 0.1 ~F capoclicr bo 
p!acod &erDff ot/V~ and ground to 1upprn11pUtlous 
~ tranaitnt.I whlch m11Y diunago th• d&VlCCl The de ta 
m be prooraftun.o iV appüad & bitf. ln par.not to tht ctatn 
~ ¡)liu. Thü lona/a r~ulrc·i::I fu:r th4 ~dr:.¡~ u~ da.ta 
llr;l<.u ... n~ 

- llt9 ll<ld!0111 on4 da!•º"' - • so ....... IClive 
I<>=. T1'I. p!ogr1m pul'8 Is eppliod to "'" ~ Input. A pro­
Gf'llfl puln muit bo ~plied at each addr111 tocalion ta bG 
Pf'CG"&Mmod. 'rou can program •"Y locati0t1 et 1u1'f limo 
~tMr lndr .. ~.ttty. SGquentlelf>/, or 1t random. Th!t pro­
gram pulse hu• mu.Jmum wtdth ot 55 mue. Tho 2732A 
MU&t not be Pftl<lrlm~ wlth. ce algn;.t &ppllod to thQ 
ce1npu1. · 

Pf<IQtatnrnlno el Ollifflpto 2732All In Pll•ffol wltn ""' 
- dato ••n IMI oaJlly occomptlSllod du• 10 the slmpll· 
clly ot tho p1agrammlng requlrcmenta .. L1ke lnput1 or tho 
p&rllllolacl 2732AI moy bt conne<:tod togoth•t when thoY 
m p<ogtllTlmod wllh the..,.. dita. A low 'º""' TTL pulse 
epplled 10 tM CE Input progroms 1119 parollolod 2732A1. --
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2732A 

Pto9ram lnhlbtt 

Praorammlng ot muttl~• 2732.As In p1nmllcl wi1h dlller· 
ent dala is al&o enslly accompllishtd. Excepl for CE, oll 
llke lnpuls (includlng fü) ol thft parallel 2732As may be 
common. A TIL lcvel prograr:i pulGO appllcd to a 27J2A's 
CE Input w1th OEIVpp at 21V wlll pr0tiram thal 2732A. A 
hlgh levfll CE ,nput lnhlbita tho othM 2732As treitn ba1ng 
pro¡¡romme<l. 

Vct11y 

A Ytt!fy (ruoe::,') :tb:rutd ~ p-2rfcrmod on th9 prc.,;.;r.:.rmmd 
bits to delerm!Mt ttul 1hoy w01c corr~lly pr0gramm{'!d. 
Tho3ve11tylaaccnmpliehed with OENPf'anciCE al Vil· D.11a 
t.h'Ju!d btt ..-Cfihod tcw e.her Ur;, fa!!!f'"lg c.:l¡¡c ol IT. 

Tho lnt61!09nt l®ntillcr Modo nllow1 the ro:/Jlng out ol A 
binary Codo frtlfn L1 EPROM lhat w1ll ld3nl11y 1ts ~nuf¡,c·1 
turcr and ty0e. Th1s modo Is lntcmdcd '°' us!I 17¡ programm· 
lng cqulpment fo- lhe purpo!le of av1om.:H~Hy matchmg 
the dav1CQ to be f)ft)Qrammed w1th 11& corrc~Donding prcr 
(ltamm1ng ~gorltnm. This modo is fun.ction·¡¡¡ in tho 25'C 
:t 5'C ;:.i1ibl....-;;I t.:m1p:mtu1ü r.;..;ye. 

To ltllvato thla moda, the proorMUTII~ cquiprrm1t mu1;1 
forco 1 t .5V to 1~.5V on addres5 lmo A9 (pin 22} ot the 
2732A. Two idont1fktt' bytes moy lllen be sequ~nced frOfn 
the devlce outputo by togvtino eddrooa lirio AO (pin OJ from 
Vt. lO ViH· AH ot~r eddrc-a' 11°" m:.:~t 00 ~d at Vn. tbJJtrQ 
lnfell¡¡ont kbntlflet Modo. ' 

Byte o (AO • V11J reprounta tho manuf1eturer cod;;. and 
byte 1 (AO .. Vrttl tttu oevlcs l~ntlliar eedé. For Hw tnt91 
2732A, tMso two ldent!fksr bytos ero otven In Teb:e 2. All 
id8nti~S hw rtm'IUi.ciUrtlf •nd devf~ OQ(~ w\ll ~~t-!"' 
- poriiy, Wllll IM MSll !il,J di!llM<i M !hit porlty l:tt. 

lntol wlll t>=Oin manufoctu!1ng 2732Ao du<lng 1992 lllOI wlll 
contlin lhe lnteligonl ldent1fier loature. Earher oenenat1on 
ch.~1ces will no! conlain tdenhlrcr lnl0tmatlon, and 11 etl'l· 
od, ~111 rn11pond wllh 11 "o~ .. (VOH) on each data Uno ·..non 
~ralerJ In this mOOe. Progra:mmod, prelctcnt1Her moQe 
27l2As wlll ro3pond with the current d.Ma contalned In 
kx:at1on1 O and 1 whcn G'.Jb¡ecl~d to,tho lnleHoont IOOn· 
tllicr opcu1tkm. 

Systom Con~l<!onillo·n 

Tha pcwtl'f ewltchlntJ ch&r.i.cteristic!I of HMQS.E EPROL1s 
ri;qulro camlul d-ocoupling ol !ha da•~s. Tho a.upply cur· 
renl, lec. has lhroo Se-Qments 1hnt aro of lntflfMI to tho 
3yslom de!iiQfl(]r-lho atMdDy curren! k>Yel, the acUw cur· 
rtnt lcv.::1, Md tho lróln!i.lW1 current ~:¡. ttli.t u• pn.xiuv 
ro by tl"r" f.!tl!lng :ir.a rt.'jln¡¡ C-.dlJ>:'..'~ of Chip E~!~ Tit.l 
rm.gnltude "' tOOs~ translont current peaks la ~ 
en tt~.:i CU!p-'Jt c.::.p::;t:!YO lo.t¡jing of U'6 Wvic~. Tlt',J 
M~cel.n:Gd translant volt¡;ge pe-J.k'!li ca:n ba supPre!Md by 
complying with lntol's Two-LJne Control, as detalltd In ln­
tol's AppHc:.i11on Noto, AP·72, anti by Pfoperly ~l~ed 
dzcoupllng capaciloru. 11 1a ro-commanooo Out a 0.1~F 
ccmmlc cap.;x:1t0f be uMd on every dev1ca t>etwHn Vcc 
and GND. Th1s ahould bG a t1lgh ltequency ca~llatof low 
lnhttíenl lnduetanco and shootd bo placed 11s closo to tho 
tfo•i'-a ü:s µ¡ssiblti. In nJJ111on1 J 4.7;.f bulk clectrolytlc 
~p.xitor 11hould bo u~cd ootw~n Vcc and GNO f0t ov1.11y 
clghl dG\llcu. TM bulk ccp.ec:llor i:.hould bo located near 
wn<;rn th<J pow« !JUpply I~ conncctcd 10 tt1e il!Tay. The pur· 
~e of ltlft bulk ~1tor 13 to cwrcomo the vottago 
drocp ~Cd by lhe lnducuve clfccts ot PC board-traces. 

T~ 1. %7~ MI.~ kJwi:tlh;irTCI S'(t• -... "' 
.,. .. º• o, o, o, ... -- "' P'l IMI CllJ P41 fUJ (111 11'1 "' -_< ... VJL " ...... cw .... 11 
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2732A 

ABSOLUTE MAXIMUM RATINGS• 
TemperaturaUnderOlas ........... -1o•cto +so·c 
StoragoTomporature •....••..•... -65•c to + 125•c 
Ali Input or Output Vollagos wttn 

RoapocilaGro<lnd ................. +6VID -o.3V 
VOl"1go Oll Pin 22 Wlih 11-o<pocl 

loGround ...................... + 13.SV to -0.3V 
Y,. S..PIJly Yol1aoa wilh H•<l>4<110 Gtound 
Durll'llJ~•mmln¡¡ ..•........... +22Vto -0.JV 

·NOTICE: Srre.saa! sbo11e 1hoD listed undar ''Absoluta 
Muimum Ratlng:f' may caúJB pe1manont t111msge ro thfl 
d9vico. Thlsis a stress rat1ngo11ft'and lunct1onaloporttl1on 
of lho U.vk:oat those or anyothor cond1tions above tflosa 
lnd1C11ted in ths oporarionaJ soclion.s of th1s apedficatlon 
Is notlmpli~!I. EJrposuro to absoluta mu1mum rattng co,,.. 
ditlon2 lor axt.mdod Plfflod:s mny alfe-et dovice rnli9búttt. 

D.C. AMD A.C. OPEMTll\JG CONDITIOIJS OUllltlG AEAD 
, ...... ~~27"N~~¡¡,-v-~-v-.'IA~~~-~r~~~-22A~--2'l-,-A--::s~,1A:O~~~ 

1 ~lnlJTem¡>mft!ron.._ 
( Vc:e .......... Gupply 

1 

1 O'C-70"C .l_ O"C-70'C 
5V % 5% T-----~-V-%_l_IT"'_.-----+ 

RIF.AD OPERAT10t~ 
D.C. CW.RAC'l'ERl!lll~ 

~ P...- Urnihl 
Mln. Ty¡>J•l M~u. 

~-·~»~---· 

111. Input lm4 Cull'onl 10 

lt.0 <l<JIPUI l.oak199 c.vmtt 10 

'cc1 Vcc Cum1111 (Standlrt) :l5 

lea Vc:e Cunonl (Achvt) 125 

Vn. lnpv1 t.cw VOllago -0.1 o.o 
V11t lnpul Hlgh VOlllOO 2.0 \Ice+ 1 

Voi, Outl)lll low Vollago 0.<5 

Vo:1 O.lpo¡t Hlgh Yottago 2.• 

Zf32A.a 2732A 2T.121W 
mu.to 21'32A·25 %mMO 

~ 
,_ 1\!!1.1. Nu. i.un. "'""· lblln. YaL 

t..cc Mdran ro Output 01tay 200 25a 300 

les el! lo O\lt;>ut O.loy 200 Wl 300 

""' 
!l! to OU1put Dol<rf 70 100 150 

ltno"' ¡j¡¡ H!Qh ID 0Utpu1 Not Oriven o 60 o 60 o 130 

lelo O!!lllllt Hoid 1rom Addrn..o. 
el! <ttl!E-Occurrad 

o o o 

Fllll 

tA.C. TEST COHDmOltS 
Oulpull.old .............. 1 Til.Qsl!IMdC.. - 100pf' 
lripulllllollndfollllmot ........................ 20n11 

· llfllul PulM &Atollo ....................... O.UV to 2.4V 
Tlmlng ....... _ _,,.. l.JMI: 

lftpu\11 ................................ O.I01142.0V 
Ovlpute •• " ••••• " ............... " •• o.a ene! 2.0V 

124 

un:a CO<>dlli.m. 

,,,, V'114 = SS/ 

"" Vour .. 5.5V 

mA e~ A V1H• OE ~ v,L 
mA 0É•CE•V1t 

y 

V 

V ""- • 2.1 mA 

V lo>t. -olro¡u\ 

2732"4 

Test 
Mln. MSll. 111'll!9 Cooldlllom 1 

45a ns c:E • líE -v,, 
450 n1 OE •V1t 

150 n1 ce-v" 
o 130 "' ce· v,L 
o na ¡;¡¡ ·Of:-v,, 

-



27321< 

CAPACITANCEl21 cr •• 2s·c.' • 1 MHZ) 

SJmbol PATINTHtltr Trp. MH. Unll CondlUon• 

C11n Input Capacilanco 
Excopt OE'NPP • 6 pF V1k •OV 

C1N2 6ENf>P Input 
C11pnci11tnco 20 pF V1H •OV 

Cour Outoul Capscl!anco a 12 pf Vour .. ov 

A.C. TESTING INPUTIOUTPUT WAV!l:FOr:m A.C:. TESTlllG LOAD Cll'lanT 

AC l(!J1"'6 ""il'\JTSUJt:PA......- ... ATJ•11,onAUX'o>C 1 '-/'IOO•~v•ói'\ 
ALOO:c O TllU!fll()M·:~.1i\U.•(k13AAtw.oEUJW10AAl.OO!C 1 
AMJOl't'I0-.11.l.O(WC O 

A.C. WAVEFORMS 

." ____ ..,, 
v.-----

....... ...., 

v..-----~----iz. .. .. 
... 

'"' 

1---t----QOUT ..... 

..... . 

...... 

4-1G 
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2732A 

tA.C. TI:ST C01'DITIOl!S 

Input Rlt:3cnd fa!ll·nme1 ( IC1r. to ~m'.) .••...••. s20 n3 
lní}ut Pulte t..u1el5 ........................ 0,4¡;,IJ to 2.4V 
Input Timlng Rcferonc:o Lovet . , , ..... , • 0.8V tmd 2.0V 
Output Tlming Roloronto L6'"'4 •.......• O.OV Gnd 2.0V 

NOTl!S: 
t Typle.nt vatuu art f1't TA "' :Z5"C 11nd nomlntl tuf>l)ly rottaggs. 
~. Thlt parMMltr 11 on1y umpltd anc: :a nul 100% latltd. Output lloal Is doflnOO as lhit ¡:-olnt wh1re d11ta Is no longor dtlwen -
'" tlrnlng dltQtam on P!l• 5. 

3. OE may bo do~yet1 up to l,1.cc-toe alter tht f&IUno tdQI ot CE _.,1mou1 lmpaellrtig t-.,cc. 
'· wnen programmtng ttio l132A. 1 0.1 111 F e~!tor la r«tulr~ llCf0$1 Ot."ipp and 01ound to auppttJS!l lputl®t voll1ge 

lranai9nlS wt\lch m&y Wrn;o1 tho dt'ltCO. · 
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PROGRAMMING WAVEFORMS 

1 AlL TIWU IUQWN IN 11 Afll M'INU•U"I ... Ho 111 .11rc ~LlU OTHll'll'NQ: fPc-CWU:O 
1. 11-l( IMl'\lf tl~Tl••G ~fFEmhC( U:VE.l 1$ 01\1 'º'~A VI!,_ AN[}JV •NI A YtH 

4-18 
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inlef 
2764 

64K (8K x 8) UV ERASABLE PROM 

11 200 na (2764-2) Maxlmum Accl!BS 
Time ••• HMOS··E Technology 

11 Compatible with High·Spood BmHz 
IAPX 186 ••• Zero WAIT Stalo 

m Two Un;i Control 
11 Pin Compatlblo to 27128 EPROM 

e lnfollgont Programmlng'" Algorilhm 

a lndu11try Standmrd Plnout ••• JEDEC 
Approvod 

" Low Activo Curront .•• 100mA Mox. 

m :!:1G% Vcc Toloranco Avallablc 

The lntal 2764 Is a SV only, 65.53G-b1t ultrav1okA orasahlo ar.d cl~tric.elly progremmeblrJ read-only rnemory (EPROM). The 
standard 276• accosa tima 1s 250 ns with Spe9d wlecllon ava1lublo al 200 °'· Tho iJCCil~l Urna 1s c:ompal1blo w1lh high­
p.trfOfmanco m1crQproco$lOrS such as lnlo\'~ B 011!1 iAPX lllG. In th'l~J gy~t!!m-J. lho 2704 ;1.11ow1 lh~ m1croproce~~r to 
cpc;rate without trio ed{!lt!on ol WAIT st.:.lcr:;. Tho :!1€-1 I~ :!l!!O comr'!t1hll') wilh tM 12 MHz S-051 lnmily. 

An 1mportant 1764 foalurc Is tho ~r.parn~c o~tpul control, Output Enabt"e ¡'Qt) from lhe Chip Ena.ble con1rot (Ci:I. Thc Qt 
control ollminates bus contenuon m m1croprocossor syslem5. lntcl':i Appl1callon Notu AP·72 doscribos tM 
mlcroproces~r symim 1mptornenta.11on of th9 Qt and ~controla on lnlal's EPROM:i. AP-72 i!I avaitablt) lrom lntel'B 
Llter•turo Depanmcnt. 

'The 2'/'64 l'la.s a sts.ndby modo wh1ch reducos powor cons11mp1ion w1thout incro;ialnn occa:i~ limo. Thí! ma.ximum activo 
curront Is 100 mA., wh1lo thO rna:rnnum standby currcnt I:> only <tO mA. Th¡t stmdt>y modo is solcc1ed by applying a TIL· 
high signaJ to lhe Cf Input. 

.t10~hi Vcc lOlt;r~nc;11 l:r.tv¡¡ilJl!?iJ i..líln dto.rnctl>:J fo 11:1 ~:::nr""rd ::5~, Vcc 101rirnnM lortti,'7fH. Ttii"lt:nn nl!ow !M!;ytt""' 
desigfltir mora l1tr""'!'i1' wlth '"'.1· :d to his pawor supply ret;¡o.1iramt:nt!J. and othcr 1SY3tom paramo1ars. 

Thtt 2764 ls fabricated w1th HMOS"·E tcchnotogy. lnlcl's hlgh·tpocd H-ehannol M<?S Sillcun Galo TlJchnology 

... __ 
• _¡¡¡;¡r.¡¡rn¡¡;¡¡¡.,_,........u ........ ......, -.. 

Fleafu 1. Block OU.,.1en1 

MODI! SEl.fCTIOll 

;;;-.::: " :. ... .. i'::' .. .. ... .. 

!"'-" ~ . ~ -
l..llat1NY11401Y11. 
1YH•1111'110W 

"ltMOS". petonltd prGtftll º' li'tt.i ColporaHorn 

ll ~ ~ 
'" '" ... ... .. .. . , .. .. .. .. ., ;; .. .. .. .. .. .. .. .. .. .. .. .. .. "' o, "' .. .. " o, .. .. .. ... ... ... 

~· i1t:1,~t• .. 
~- "' 

-· 

~ 

. " ~ ~ ~ 
'" '" "º ... .. '" '" ... ... .. .. .. .. .. .. ... .. .. .. .. '" An A11 ... .. .. (ilN,.. Cil " .. . .. ... ... . .. .. " " " 1.1 .. "' .. "' º' 

"' °' .. ... o, 

'• "' ., 
"' o. 

"' .. .. " .. ... o, º• º• º' 

fi¡¡UfO :z. Pin Conllguratlona 

l'INNAME$ 
...... ADORESSES 
e.e 011P ENADLf 

"" OUTPUT EW.DlE 
OUTPUTS 

PGM PflO(lJ1MI 

N.C. HOC<»tNtCT 

.... corpor-.A•-•rMfle~ .... .o.ttrlet11\<SUtol~MtfCr1t ...... ~O...c.tc.,¡¡yl"'°'°""\!"'MIN•tl'rlid!tel HOOlfltf'"'.tf'attfllL~ ... , •• .,.""OltM 
•9"1t..~UICll ~EMalftl .. I 

4'°1Q CftDCll~I,.,.... 
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ABSOWTE MAXIMUM RATIHGs• . 

Tempera1ure Under Olas .............. -10-C lo H!Q'C 
Storage Temperatura •.••..•.......•. -es·c tu "f· 125"C 
All Input or Oulput Vott.Egve wirtl 

AespecttoGround ................ +7.0Vto -0.6V 
Voltogo en Pin 24 wflh 

Respectto Ground ................. +13.!Wto -0.6V 
Vpp Supply Vollogo wllh R@spocl lo . 

Ground Durlng Proqn>mmint1 ......... ·:. +2'.2'1110 ."o.cv 

1.1 

'NOTICE: SlrH.!11 •bow llrou llli.d llnder ':4boollllo 
Mu·imum Rtttngs" ~.,,e«uur Ptf~I da~ga: t~ rht 
dovñ:o .. Th1a IS a 1110s.r r1rtng Oniy .._·ií:J. túnc1iOn.a1 Opét1· 
t1on of rhe doV1ci et rht" 01 any arh« conditfon11boW1 
thO~ci. md1t;11tod.in.rha Op~r•!lon1l:.•1!;,~tl~1t1 of lhl: 
ft;xJcific•t1on io.. not impli«/. E itp0$U,. f!O ib•IUuto mulo 
mum ttt~ng COf'ldmOll'# lor ~Nrondcd p:rff:idJ '.tnll'f 1ffott 
d!Prk:I t~L-~'ty. . . . . . 

o.e. AND A.C. Ol'EF'..ATIHG CONDITTONS oumtm P.l'.Af) 

.READ OPERllTI~ 

o.e. CHARAClERi;.l"fie¡; 
u.<> .. 

""'" 1':.. IJ¡,¡¡ c.~ 

·10 .. - ~'1A ·'·~··V1;¡ •&.5\t ;.,' 

10 ,A v,,, ... uv 

"'· ·"~"rt.e.v 

'º mJI i!~·v~ 
ro 100 '· ... ~-OE·v" 

v,, lnpt.1Lcw\~ -.1 +.O V 

v,. ..,. .. .-~ ~.o \'r.c.+1 V 

Vrn. o..,u;-~. .C5 
.. V .... . ""-2.1 ... - °"'l>VI ..... ~ :tA ""' - -4®,.A 

2194-:5 A' "2™':10' "l'll>Mllll" .1,J 

=-!L.'"t.!:> ::T"'..OU;:;.':¡ 21w.J l.LtW~ 2'i'a.)11}~.la -- .... _ ""' .... P!!n .... ~~ ~JU Wn Uea Ita~ e~~ 

2ÓO ':no oca '"° "' Cl!•l:lr•V,, 

•- tltoe>utnutOMar 2oo '>!!O 300 •50 •• ~~ 
"' 1CO "" 1\!Q ... Cl!·V11. 

..... ~H!QlllO~;¡;j¡{'•"' 
'··' ,· ,·,,-

""O ·¡··~· ·º CD 10S l:tl) "' CJ!.v .. 

1"" °""'"'-f-Ad""'""9. .o, .. tl:•llt•VIL 
Cl °' (!f W!llt-r O<CutlW • ' .. ..... 

ttoTl8: 1:-vee.,.. n llPPllG ~or lleb'9V .. end ~*''"'ttAMouatt or'8ftlf·V-··. 
2. V,,. fMY M cOMICbd OWtct11 toYtt •.ceP1dur1~progrernmtng.tñe11.lPAIY curr•nt wovld lhon be thawm ot los and l.,. 
:t. 'l'J1S11•ulnW.11ttfOf r.. • 2s,•caM1 notNMhuPPi)l votteon.· ... ,,,.1 ... ,. r: .-.1:;··1·, ., ~, . , ,·, . . 

.. T•11-_11on1YNmolodandl1not 100"' IMIOd.0-·Floit lldollncd ... f/O>_wfloi9d!l1l .. olol>QOI' 
~ '°'"*" - 1ot tlrNnpdl.IQfw °"~era.·-· 1 

:?· '" : ·1 ·,, ,.,.,~ \",; •· ·.• -.•. ~ "'. :··; : .. ~:· _ ·:',"'.í.: ... ;~;~·~ ... : 
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.fntef 

CAPACITAN CE ITA Q 2S'C. 13 IMHl) 

!l,.aOol Patamtstar T)'I'.' Msa. IJnU CcndfUona 

c.• Input Cspoellanco ~ pF V"'nOV 
c..,, Out¡¡ul C4¡>aclt:mco 8 12 pF vl"', .. ov 

A.C. TESTINQ INPUTIOUTPUT WAVEFOR~I A.C. TF.STINQ LOAD CIRC1JIT 

A.C. WAVEFORMS 
•· 

1'------···· 

... -"' 

-· ··--........ m: ... __ _ """'_ .. ...,_ ........ , __ 
a. &..., ....... to .... - ...... lNffN1agf1d9fdÜWllflaLtt111111Ston.r., . .. ,..., __ óiiarQI. __ ..__ 

4-21 
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STANDARD PROGRAMMING 
D.C. l'CIOORAlllMING CHARACTERl!l11Ct!: T, • 25 ~5'C, Yoc • 5Y :5'JI.. V~ • 21Y :0.5V (1"9 ~to 1) 

Ull\1111 

&,allal PllfAfM!llr Mln. Mllx. 11"!1 TaG1 CoMltJotll 

Ju Input Curmtt (Al llll>trtll) 10 "" ~IN • V1L Of Y1H 

Y1L lnpyt Low .... (Ali inQUIJ) -0.1 0.8 V 

Y1H lnpul tllghl Llml 2.0 Vcc+1 V 

V01. Oulput Low ~ DurlnQ V.rlly 0.45 V 10t.•ll.1mA 

Vott OutpU'I tllgh --Dvrin(I Vttlly 2.4 V lOtf - -((¡(),.... 
Jea Vec 8"pply c:-1 (Progrant D -fy) 100 rnll ._ Vw ~ Curre:d (ProglMI) :JO mA ~·V1L•Jl{.!il 

\lm Al""~·~ lc!&rl'Jfloo'\'~Ui:."' 11.5 12.5 V 

'" u= ....,. - ~~'- •r.- Mo::. U~t l"t,,"J.i.t~~· 

... Add ..... lletupThM 

lo.o ~Sa!UpTk'M .~ 

... Do.ta Sctup Tullil ... Adcl'"1 llold Time • 

t... D•b Hola ru.:o 

..,; Output Enrilblo lo Oulput Fklol Ooby 

... V,.SctupTim!I ... i'GM l'uloe.-."IGWlllurlng ~iflll .... CE s.t1111 Tin» ... DtU Vslld licim 5ií 

•a.c. ~¡¡a"" OP 'iYi' 
lllllUl .... _FallT!llm¡w%1Dfill%) ..••• , •• :.a31Q 
.. l'llllltl.IMllS.'' •.• •'-· ..... '''' .. D.e'll11!12"\/ 
lllpUI Tlmlng l!tltwenr¡o l.m.>I •••• ' ••••••• c.ev ll.'ld WI 
QulputT"""'ORof-LOvol .•••••••• OJN&ldUV 

.llllTU: 

.2 

2 

2 

o 
2 

o 130 

2 -4S so !IS 

2 

1611 

1. Vcc-tbl-lldalmul-1y<fbol""'V""--~flllGllsrV,.. 

"" 
"" ,.,. 
¡d 

ir.9 

n.o 

"" -,... 
... 

#.:nt1'1'M ....... 19or.!J-ln019not100%-Clol¡¡utF-114'llftodlllllllpclnt--lllllll 
ioooor--.MtlmllliJdloQtom..,_11. 
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!JTANDARD PROGRAMMING WAVEFORMS 

-111·-

rmA!W¡:¡¡¡¡ ClUll'.t,C'l'U'J!$ftCS 
Tltl _,,. ctiar1<:1$rlstle1 ol thO 27114or .. uch11\&t oruure 
bcglnA IO ...... , """" .. poaure IO lll!ht ~ W•.olor.OthO 
th __ .,,.,,1matety <MlOO AnJi•tromo (A). lt mould b<I 
l101'd lflld Blftllglll ami certaln lyPft ol lluor.,cant llfft\..,. 
hav9 ....,.¡ongt1t1 In 111• 3000-«XJO !. ranoo. O ata show tMI 
eonttant uposúnt to room lovet Uuomcent !lf¡hting coutd 
-U\ltrf;teal27641nepproJ1imat~yly.ura,\lftlito1tv:cu!d 
tlbapproxlmatc4y t M9k to cau11 erauro when 111.PQ..Hd to 
dlNCt 11111Ught. tt tila 27114 Is to be npoOO<I to1he,• l)l>n ot 
llghtlng condltlona for extended ~rlods ot time, op1quo 

l:'.131 M.~ (A). TIMi lnt"l)ra! .. \hlou(l.a., UV lmensity • 
~~ t~) fqf ft'fa!lure ihould ba a mlnlmum ol 15 W· 
ndcrnJ, The etuure tlrne ,wtttl \N:s ~e 1, approx1matoly 
1$ to 20 minu111s utllnii .... ultr.tffOil!Í lamp Vllth • 12000 
,w1etri'-~numo:.llle2l641hau!db0placlldwit11ln1.1ncn 
ol !n. lam¡> - ll\:l'lng """"'º: Tho ff\Olllmum lntogn¡tod 
-•·• 27S4.can ba ·~ 10.wtthO<Jt·<llMnaQ<fi•·7258 
w.uc1c1n2(t"""~ o 1axxi.w1cm'). ~roollho271!4't"o 
hlQh lnlllllsll'¡ W l~l lorlont,11l')1'""1llrrc¡ =••-1 
c:am.oa. 
DEVICE OPERATION 

libela ahoukl be pl&ctd over lhn 2704 - to p...,..m Tho elght mod&a ol cperllllon ol th• 27114 ara llelt!d In Tablo 
11111~ • ....,,.. 1. A etnglo 5V powcil •upply Is ~ulred In tho "'"" !l)od•. 
Tht- ,.,...,... ~" '"' tno ,27~41.1 '1'1JO''.,· Jlll fnputu,. T,1'L lo,w\$ ••Cll!lllQr.VPP ar'4 12\1 on.A9 tor 
·...,.coehortw-ll«rllolololllghtwhlchhlae·-IWn¡¡l~ot· · ""1,¡ll;111t,ld6'1'11illtrf1!0<\D. . , . 

......... 
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Tlllle 1. t!ODE &ELl!CTION 

~ e~ l!t l'l:ll "' Vpp Vcc º""'"" f11-13, '"" (20) 1121 (27} t2•J (1) (2DJ ... ,., 
Read Vu Vu Vtt X Vrr Vcc 0ouT 
Output Ol~bl~ VtL V1H Vot X vcc vcc H~Z 

S11ndt:i11 V1tt X X X Vrr Vrr H1ghZ 

Proor1m Vu v," Vn X V•p Vrr "'" Veril y VIL VIL V1M X Vop Vrr · DnuT 
Progr1mlntiitit V1H X X X l\>p Vrr H19hZ 

1nt,,I~ t!&Ñ'Hier v" V11 Vut v, Vcc Ver. . Coda 

lnltl-otnt 
Pt00rMrmi1tn v,, l\\rt V1t X \~ .. p Vcc "" =· 1 XconQl/¡Hl"'Yn. 

2 \\t°"tU11.tO.OV 

lh~ 21& t¡,::¡ ~ cotrtrel hmcUo~. boiil o1 t".~'f<-\:ll "~1.1'1 ~ 
logtcalfy acttv. in orctor to obtnln Cat:J at 100 output;,. Chip 
Ernsbft iCEI 1• tht PoWOf conlrol eJ'l\l ehovkt be u .. d lor 
doovtce MlM:tlon. Output EnWlo (OC:) Is th.o O\ftPUt controt 
1nd ahould be uetct to gtte csata from tho output pina:, lnda-­
POndonl o! devlceoolectlon. Auumlng that oddrouoaero 
1toblt, tito ldtl1110c tce1>U 1111'111 (IAccl Is oqU41 to lh• d<!loy 
from C~ to output (ter). C'l!U" lt1 ~'11'.'ll~b!~ N tm ei.!lput::: 
el!"' a Mlay 01 ICE 1rom tho lolllng odOO al Cíl!, Oll:umln¡¡ 
1""1 Cl!""' botn low &n~t-- hoV3 bt-on et>.bla lcrot 
lozn IM:C- t()'¿. 

n.o 271l4.l\a:l al""'1by mod11 whi.l'I ~ ltlil mmidÍ'null'I 
mlfitGUfl'ént lrom 100 mA to.40mA. Tho 2764 IG pl11Cód In 
!M llandby modo by IOP!llylng a Til-hlgh oJr¡nml to tl>3 e!:! 
Input, When In •llln®J mo:tt, tilo CUl¡Mo l!lll In e hlJ,Jh lm· 
P-..,.-.~flftlal!í!llt'llllt 

lllallfte~ .... -r:r.,....,1n1r~~ º'"'~·· 
lft!at l\Gt pl'Oltidld 2 control ~ wtt~ 1ccommada10 lhl:i. 
MUtt!;f,3 ~ tonnattlcn. TM fQ.!J control IH'l5aallow for: 

o) !ha --'tlhl ~ po_, dlulpalion, a"'1 
b) ~a ~..uran~ tl\!.1 c~tput b!JJ '~n~antlon ~lil nct 

occur. 

To U11C1 llm• '""'control Nm """'t efllcionlly, CI! (pin 29¡ 
•hould bl tloC'Odod 1r.d uted u tM p1tmary devJce &eJec11ng 
l'Uncllllll, WhllO (!lr (pin 22) ahould be lntlóo A common con­
noettanlOOll llovfces In lhtlrfOyand connecl~dto tho llm 
fine r.om tho aystem control bus. T~ uaum lhol 111 doo 
•Jettwd mDmO'Y deYicfl aro In thtlr low po•tr 111ndby 
- 111<1 lhal tl'le oulput pino aro llCllY<J only whon data lo 
doalred lrom a pan1cu1<rr mcmqiy dovl'9. 

Syatom Collall!arsl!orui 

Tho p&ill'r. D'M1chmg chcrctmrllcs of HMO$-E EPROMa 
raiqulm urcifut ct«oupllng ot tfla dovtcn. TM wpply cur· 
t11nt. lec. Nis threo ugmonta ttult 1110 of lnterat to tho ey;­
tí!m do~lgn:ir- tho ttnndby curren! lowl, tho acttwa cumsnl 
lt:vel, and lhc 1ran!.1ont curren! pa1ks fh:i1 aro produt:dd by 
tho fdllf19 llnd risingodges ot ChrpEn.o.ble. Tho magnltudeol 
lhc'o trun11enl curren! puka is dependent on the outgul 
copoci11>o lo.1<1109 or tho devieo. Tho ASSOCIA1e<l trenalonl 
vo~lllJO Pcllkt cn.n bo supprttused by complying wnh lnte1'1 
Tv.io-lln_, Control, as d~tailcd in lnt~l'e Applfcatlan Neto, AP-
72, Elld by properly ~l4clud docoupOng capacilúfl. ll bl rec­
ormmft<Hld thDI a 0.1 µF ceramtc cap.aclfOt bti uRd on 
....,Y doYl<e -n Vcc und GND. Th!J chould be a hlgh 
l~ucncy cap2c1tor of low lnf\erenl lnduchlnct and 1hould 
t:.:.i pl.:M:e<l a.Dtle&a to the tJ.ovic• 11 pouiblo. In addiUon, e 4.7 
µF b~lk.eklctrolytk: c1pnc1tor &houtd bO used bttweenVcc 
fil4 GNO fOf uvary e!ghl dtvicH. Ttq bulh. capectlor 1hould 
bv ~9-d neur whera tn. power e.upt.il)' la conMC!Od to 1ho 
C:..'T::.(. Th;! purpc,:.., et th.J turl~ ~::.c1:cr I:; to Q'o,arcom.a t~ 
~ Qooi> =...i by tl!O lnductm o!lllC1 el PC boonl-

PiiOGRAM~.lmG &.10DES 

CJiur.W: ifl:w<rd:."'11 :1JV11:> ¡:h r (llp,J "".3 
-rtt~am.a1M.,. 

lrut!GU)', Md mtter Hch Bi'Muro, c.lt bits of tlta 21641110 ln tt10 
.. t" t.tm11J. O~a lis lntrodt1Cl'M by '-"'ff\ctlWlt)' flroort1mmtno .. ~ .. 
ln10 the: dnirnd bit 1oc11tio:i:s. Although only "O•" wlP b9 
pro¡¡r1m!Md, both "1B' ond "tia"""" bo pn>zont In tilo di!• . 
~rd. Tho ontvwr:¡ to c~wo ·cr to a"'t"' 11 b\f uttroVl.otot 
ll;¡lttenmiru. · 

;~ ~:~'~'°r!®g:':~ ~L':.° ::: .:::: ~ 
P">Clrtmrnod b <wllod O bns ln para11or to tllQ d•I• oul¡lUI 
pbG. Tho i..t:to rcquli'od for tho oddr .. • ond dll.a lnpll!o 

. ""'TTL. 

~~~ 

F<>< !ii"i)Oili""""1. e¡; il1wiol bu lló¡:i nl.-lwt ol IOI· -
M"'1>..ll Vrr,> I• !rep1 •1 t1V. ~.'m:t ~ ll<ldre<'..o •t>l é:tll ll;'O 

.~ ... a!IO ""'""' ... -ilVí>iow, m ~ pulllt lal!ll>il.i to 
1!lo ~ ln¡¡o1, A program putoe muo!!» ll>Pllod al occll ~ 
clruo loc&Uon to ba programmod, vcu can Pn>Ororn tll'f roca. 
·tkl!t el my 1-lhor lndl-ly, ~Uo!ly, Ol' &t l'OI> 

c!om. Tho progrom pulce hu 1 mulnium wldlh ol 
ca~ . . 
Provrimmlng(lfrRUU~2"~lnJ¡ereiiefwith~Mmodat1 
csn be 11tlty accompllshed du8 to thia •~mpllcllyof the pro­
Gfl'IM!thO roqu1romenll. Llka Input~ ot !he parallea.d 2764t 
may beº°"""°'"" toaother when tl>ty oro progrommed wlth 
!ha .....,. data. A 1..,,.1o .. r TTL pulH appllad IO 11111 1'Gil 
lo¡!u1 PfCOl&mo tto porar;.,11<1 2704i. 

~r11m lnlllblt 
Pn>gremmlllg o1fl'l\lniplo27G41 In p¡mllel with dllltn.nt c!m~ 
Is alto ollllly occompll&hod by u~ng !he Pnigram lnhlbll 

-· 
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lnfellgont Progl'Mlmlng"' Afgorlthm 

The 2764 lnt0 11g""t Progrommlng Al¡¡orllhm ·1How. l111e1 
27641 lo be programrnod In a •lonitlcantly Fe!\f~r time th11n 
ll!a at&lldltá 50 msec pet-llyto progrnmmlng routlrul. 
Typlcal programmlng times ror 2764• IW on tho ord•r o! a 
minute ando hall, whlch Is a liw-lold rGductlon In prc)gram­
m!ng timo ltom tllt atanducl mtlríod. Thls lást ,1~1i1hm 
multe In tilo nine rellllblllty ch11tac.1t<l•UCS u ,tho s.l•n· 
dard 50 msec elgorllhm. A llowchart ol tho lnl81igd!•/. Pfo­
or1m1nlno Algotllhm la •hown In Figuro 3. Thll _Is coi¡ipntl• 
bl~ Wlfh the 27128 lnloli¡¡onl Programmlng Algo"1hm, · 
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intef 

Wilh thO standard pro¡¡rammlng rnell!od, data 11 program­
med lnto a sel8Cted 276-4 locauon by a alngle 60 msoc, 
acU.e-low, m pul .. apptlld to the l'nU pin. ThO 1,,. 
t811oent Programmlng Algortthm utlll1eo two dlffcirent 
pulse types: lnltlal and overprogram. The durat\on ot tho lo­
ltial PGM pulae(s) 11 one mllllsecond, whlch wlll thon 00 
tollowed by a lonoer overprogram pulse ot leogth ex m:u1c. 
X Is an lloretlon counter and Is eQual to the numbor ot tho 
1hltl1I ona mllllsocond pul .. S llj)(>lled to 1 portlcul"' 27e. 

lntellgent Programmlng"' Algorlihm 

loc.41.lon, t>atore a cOJTeci '18t'llV oc.cura. Up to. 15 cr.r 
mllllaacond pul .. • ll"r byto ara provided fer bolort tilo 
ova<¡>10gr11111 pulot lo apptl9d. 

~-.._otprogram/!lb>lllHlbytl> .... -11 
porl""""'1otVcc• 6.0VlllHIV,..• .nov. Whl>nll>0lnfollg<n1 
Pr09rammlng cyclo hao be-On cumi>lotod, ali bytoo ahoutd bo 
comp..lf'Od to \tloo:!.Qir.al da.ta wlth Vcc • v,., •a.IN. 

o.e. l'RCQ!'J>.Ml'41NQ CMAflACTEIUSTIC!!: TA • 25 :5"C, Vcc • a.ov :0.2SV, Vpp • 21V >:.O!:N (i:t>O Nolm11 

S,.nllcl 1'0111- M!n.. 

1¡,¡ t"llu1 Curront (,IJI lritM&l 

YrL Input Low LcYel (Al tnpm) -0.1 

V1H Input Hl1JM l.ovel 2.0 

VOL Out+>ut Lo~ Vota.u~ Ourl~ \~tfy 

V0t1 Out:>ut Hogh Yo~ Durina tl«Hy 2.4 

•ca Vcc Supply Currant (f'roo"'1ft & y.,117¡ 

m Vpp Supply Currtnl (Pl'Ollf1lftl) 

Vro "9 for mt011"°nt l<lenlttlot \lott.Oge 11.5 

~ ~' 
IAS Ad4,.,..8rtl;¡pilffia 

'<ns lm fltlup Timo 
11)3 Delallellll> Tlino 

IAH Ad!Jrtlo llolll n. .... 
IOff D.14tllold'Tkno 

'"" OUIP\11 Entibie to °"fPVI FIODI Dol.."1 

'•n vl'I' a.tu, Time 

l'«:S VceStlullThM 

'"' 1"<11' 1n1t1a1 Proa'*"' p.,i... ww;;1 

IOPW JlllQ °""'''"1>11....,. Pvllr9 Wlcllll 
tas CE S4tup T1mQ 

loa 
DC11 - '""" m 

'A.C. COHDl'TIONS 00' TlmT 
Input lll•nnd Falt T-(IO'llo 10 IO'ILI .......... 20 ns 
lnpl¡t Pulle Ltv'lll ...... , ..... , •• , • , ••• ,'0.4511 IO 2.4V 
~ llmlf>O lllftrll\CO law9t , , •••••• , : • Q.811end2.0V 
OlllpUI 'Timlno lll-l.eVGI •••••••••• o.av tftd 2.0V 

U:n~ta 

Mu. Ur.11 Ti~I CMi4ll~ 

10 ~A 1/ru • VrL orVm 
o.a V 

Vcc ... 1 V 

0.45 V tloliw1.1m.'\ 

V . i'<lH. -@,.A, 

100 • MA 

30 mA ~~•ª VrL • Plm 
12.!:o V 

U,7.:'.n 
MI • .._ l'Yll. l!~K. IJnll T~at Cont!J!~• 

2 ,.. 
2 ,... 
2 ,.. 
o 

'"' 2 ... 
e 1:1(1 no 
2 ,.. 
2 J<• 

C.\!5 1.0 1.0S ,,. .. , ..... -:;i 

u ll3 "'* 
, __ 2) 

2 ,.. 
160 .. - . 1. Vccrr.u¡;.tb:ii.,--plle'Oa.t~~otbtf0f'9V,,.n 

ron'IO\'ld ~tyOf attM v,.. 
2. 'nlft Mngth ol IM o-it1prcorarn pu IN trill""' f'°'9I U meeo 

to 6l mMC u a tuncUOn ot uw h..-auon counaar watue Jt. 
:i. lftllrat""'9ramPut .. wld1h--111- as-... 
A. ,... _., taonry umpltdlftCf lahOl l-·-Out· 

1*1Flaolt1cs.t1MOnthtpoillt-fi!ltl · 

.., tollQIJ ~·- - - tlllllnodloQNll ""-'· -
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1. AU. TtilU 5HOWN 1H ( l Aft! Mtrt:'l.ttJtd ANO IH ~tC ~ Olttf~! 'OPfCIFIED. 
t. ntt! tNPll1 ntlhHO REFEAtNC! LEVE\. l!i .IV FOR Y1t /1.1110 2V F04t A Y111. . 
l. to¡ ~"fO t.,,,..Mt CM.\RACTCR\$1\C.1 Off THE DEVICE QUT JtlUST DE ACCOM~Tttl t.., ~1t AAOQRAM\t!ft . 
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2784 . 

lntellgonl ldsntlller'• Moda 

The lnteltgent ldentilior Moda allows lhe tHdlng out ot a 
brnary codP from an EPROM thot w1ll idtntily its m1nut&e• 
turer and typc. Ttlla moda 11 lntendOd far use by programm­
lng equ1pmen1 tor the purposo or automallcally matchlno 
the devlce to be progl1ltnllltd wllh 1111 cornnpondlng pro. 
gramming algori·hrn. Th1a modo 11 funetlonal In tM 25•c 
:t s·c .11.mb1cn1 1t1mper.=turo rango. 

To activare this mode. tho programmlng oqui'PfM'MI must 
torco 11.5V to 12. iVon addre:sa llne ASJ (pin 24) ot tho :nG-4. 
Two ldenut1er bytea may then be eequancG'd trom tha dovce 
outpu19 by togghng cddrt-ts llne NJ(pln 10)trom V1L to Vut· 
All other addross Unes mu1t bo flotd &t V1L durlng 
ln11Ugent ldi!nlifinr ~. 

~~ ~ Or Oe 
kbn (10) {1S) (1!) 

Manufacturar t.;001 V1L t o 
O.vlc1 Codo V1H o o 

Byta O(AO • V1LJ roprol4nta the rnanufaetum code end bytt 
1 (AO ... V1H) th• devk:e idenuuOr coda. For th• lnttl 2764. 
these two •dcnutter bytes .,., givon In T&blt 2. All ldonllri•n 
tor m1nut1cturtr cnd drtlce codn will powns odd p111ty. 
wllh trni MSB (0,I dotlned IS tl>o porlly bit. 

Dtmng 1962, lnlel wlll bo'gin manulecturlng 2784• th.tt ~ill 
cont~in th:t lnt.,llgent ldentllh>r fc&turo. Earll~r OG""ra11on 
dov1cos w1ll no1contAln1denUhcr in10tm1Uon, 1nd tt eru.a, 
will re~Pond wlth e "ona" (VOH) on each data fine When 
opers1vd In tnls mode. Programmld, p,.idontificw moa. 
276-U will roli)ond wilh the curr•flt d•I• contaiMd I" 
locatlona O to 1 wtton sul>joctod to tllo lnlofliltftt ldontltior 
-Ion. 

~-· 
05 º• 03 02 o, ºº Hu 
(17) (1~) (15) (13) (12) (11) Data 
o o 1 o o 1 19 
o o o o 1 o 02 

-
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27128 
128K (16K >t 8} UV ERASABLE PROM 

• 250 n5 Maxlmum Acces!l Tirmi •.. 
HMOS'·E Technology 

• Ccmpntlbltl wllh Hlgh-Sp;ed !l MH! 
iAPl( 1BG .•. Zuro WAIT Stnln 

n Two-Llno Coi:lrol 
o Pin Compatible to 27t:~ EPAOr,1 

e h1dustry Standard Plnool .•. JEOEC 
J.\¡>¡:rovod 

Tho lntol 27120 ls. e:. SV or1ty. 1:J 1,072'-t~il L!ltrav11,I·.~~ Cfí_'.;:,"2blo l'trH1 cl-::'Ctr1crd!y nroqr<:mm;ch/o rnttd-only memory 
(EPROM). Tho r..tílncinrd 2712i:\ ;ir.ccss 11mü i'i 250 n~ wti!r.:tl i~ comp~!llbb w1th high·~~rionnan;,:~ m1croproce~;ª 
sors such 11!1 lntill'!l U Mliz iAPX 105. In thcYJ ~ysl.Jmn H'i".J 27126 r.l!oWil thn m;r:;ro,jroce?.zor to opor;m1 wrtnoi.Jt 
ttw oddi11on af Wt.!Tst3tcs. lh'J 2112111~ a1·~0 cornpJt1b1tt•r11tn tna 12 fl'tHz ff151 1.tn)tl). 

An irnpurlu11i. 2i120 lo..:..:.tu11: i~ Hi.i :· ¡-,,;;;;;r. oJ:r,ut c..:.;1!1;:L üuw~: Er.:;t;!:: (Óf~) frc:~1 t~~ C!1i;:i En:!hh~ ti:'ntrcl 
(C'E). Tho Q~ control ohrnina\l}S bu:J contonticn in m'\',,rCpróc(l<sSor sy5tcm!.i. lr1ld's /\~p!icalíon Noto AP·72 
do~crlbe5 tho m1cropro.;c<:;sor 5y:1:mn implamonl<:liion of tlw OG ond CE contrcl:J <m lntu\'s EPROMs. ),p.72 b 
availablt? from lf1tnl'5 Lltoraturn Dr.•pN:rnc r1~ 

. Tho 27120 ha~t sltindby modo whlch ¡~oucc!; 1110 pJ'..." :~;- c;on~umpticf\ \·.-itflout li\!:r·J~tina ~ccuss tirne. Tho 
maximurn nctlvu curro~t ia 1CO mA, whil~ ll1r~ rn.1xlmurn ol.:mdby currnnt l.'J onl'I 40 nv~ ... Tho ~t~rndby modo i5 
!lalcctr.d b)' app\)'lng a TTL·hlg~1 '3~9n:1l to !In t\I input .. 

:!:10% Vcc IO!(lr~n-ce io nv:li!~!ilo n~• nn :1!tr,rnativ11 10 th-t: ~tC'ndr;td :o;:!>'}., Vcc tcl·Yf,nc0 for tlw 21 I'.:!·~. ·¡ hi:; c.:.rn 
al!cm thc !.y::>tcm df.!li[IOL!f moro lt.Kh">'ªY w1U1 1ey:::rd to t:i:; pm~ -;r ~wpn!y r;:;1.~wrcmcmt5 rmd othcr r.y::fcm 
pnrnmull!r~. 

Th-J 27128 la fahric;it:~d with tt:..,os·-i:-: t~:chnol-ogy. lnlnl'!". high-.ip.:cd N·c!1~nn::;I r~io~; S1l!GOíl Ga!alechnology. 

vous 
1 llttt11HV,".,W11 
1 V,¡ UfW UY 

(l.J,flflC.iH\:1.3 

~ 

'HMOS 111 patont•d eHacan af lnl&l Cc.np<>rttl•on 

o'llfl ur..,,,f~~.~l 5.11e C..."1.!l'i'll·!llf t.H'I.. ..... 1'11lCO.,.->GIJIUlf'úld.Afll; S>ICWti t4 fk( 
t:ux~s "'0JKJll\ftOI~ Hll"'§~ 

PIH NAM~S 
Ao-AI] AOOAES5{S 

Cf O<tPf.NAOU! 
()( OUlPUT [NAOLf. 

C\·O. QUlPUtS 

PGM PROORAM 

HC NO CONNtCT 

tllllf.ICorJ(M~··~*"•~ltJIQflfl•'J"OlhrrC .. c....,.,Otta~l'hallc.rt"''"''~lllQ1'1o<.i .. "4M1 NoOt'*CtC'"4Ptf9MLoC-•111YlptoM 
!Nl[l GON'OAAIJOH l~ll NOVllrol&lA IJU 

"'·29 OQIJI INMNlll: t1UJ4·0'U 

138 



2712a 

ABSOLUTE MAXIMUM RATINGS' 
Temperalure Undor Blns •.....•..•... -1o•c 10 +BO"C 
S1orago Temper11ure -6s•c to + 12s·c 
All Input or Outpul Volt&gM wllh 
R~t 10 Ground • . . . . + 7.0V to -0.fiV 

Voltsge on Pin 24 'R'llh 
Reapect to Oround ..... .+13.5V to -0.CiV 

Vpp Suppty Voltage wlth flttPQct to Oround 
During Prograrnmlng . . . .. , . +'22V to -0.6V 

'NOTICE: SÚtsns 1b0Vtt thon listad undier "Absoluto 
Maximum Ratmgs" fmfY cause parmsnont damago to tht 
dewce. Th1s 111 •treu rotlng anlyand functionelopor111on 
ol th• da vice 11 these or anyothar condition11bovo those 
1nd1cat&d m tho operat10n11/ uctions ol th11 :psclllc.tlorr 
11not1mpl1od. ExpoJure 101bsolutr1 muimum r•tmgcon­
ditions tor O;(fondt1cJ p:at1od1 may nfltct CJ4VWfi relisbl11ty. 

o.e. AMO A.C. OPERATING CONOITIONS DURING llEAD 

~lflg Tcmp:u:.tui" -Vcc ~&,pe:~'~ 

v,..,.voltttr,('2 

REAO OFERAT!OI~ 
o.e. CHARACTERISllCS 

2712Jl 

etc-ro-e 

!;.';' = ~/;,, 
Vpp ·- Vcc 

27128.J 27123--4 

O'C-7V'C o-v.10 e 

SV !: 5'~ 5V-:- !fr. 

VFP .. \/ce Vpp ·• Vcc 

271:'.llJ.;?5 2712ll~ %1128-lS 

ae-wc CTC-7<re O"C-ro'C. 

··-
3V -:.· 10'r. $V= 10'",w. 5V:: 1'1'!. 

v""' .. Vcc Vvp .. Vcc Vpp • Vcc 

~-----~------------~---·---·----~-~--------~ 

Dr<>b4! Plo'rfil,,..1:ter ~ln. 
··--··--·r--

'" lnpu: load Currtnl 'º µA V.., • S.5V 
'-· 

''° Oul~ul Leok1ge Curronl 10 

l..,,J V,. C urrf'!nt Rnl"rtlStrnctt:iy 

Ice•' Vcc Current SU:.ndt>y 15 40 mA CE. v, .. 

lcc1 ' Vcc ClJfff)fll Active ca 1CO -· V,, Input Low Vclt.age - .1 •.O 

v,. Input Hiph \lolfag.:r 'º Vcc+1 V· 

v,. Ou!pul Lvw Volt.a.ge .45 V 1x •2.lmA 

v~ Oulpul Hli)h Vüflc.¡¡~ 2.4 

A.C. ~rlftíl:'!.CT~SS·~ 
~ -----------,-----,--- ----.-----~-~---~ 

-1,.,.<' Addfeuto"Ou1pu10o&11'f 

.,,,.. 

'º" 
NOTES: • 

Out;>ut t!Ofd trom Attdlt:H#.S. 
ti Of G! W111c,...,.• Ottutrsd 
First 

m~-~ !. 2n:1.::J ~ :rf'U:i'1""4~ 5 
2nn Umita a11n.J ~ ma-e UMtU 1ttC 

dln. Ma~. M!n. Mol•. t.Un. ~a•. ~ ~ 

300 

100 ,,. 

1 . Yci; musi be applled ~mulllOIOU1'1y ot bffore v,., tind romoved •lmu1tafl4f()U1ty Ot att.I Vpp. 
2. VPJI mayt. connecloddhecttv toVcc t11.cepldur1ng progrDtnmlng. Thl aupeWycwn1ut woutdtnan btthuumoflcc an01,..,. 
3. lyp.¡eal vllues ''' '°' IA • 25"C and nom1n.a1 &upply woltages. 
4 lh11 param•t•r •tonty umpled &t'ld 11nor100" t11t.O. Oulput Flo11lld$f1"4d11 lh• potnt •trer• dite 11 P'O loni)tr dr..._ ... 

lim1npd11g1am on pa~ ~-
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27128 

CAPACITANCll (TA • 25'C, I • 1 Ml\t) 

Symbol P1ramol'1 Typ. • Mu. Unl1 Condnlons 

c.• lnP4JI Capac1lr.nce pF 

Output C2pac11ance 12 pF 

A.C. TéSTING INPUTIOUTPUT WllVEFOr.M 

... ~. 
. . ... 

AC ftlT'N) lf#lt.lft'M!lllli"WMaf2.,¡l()ftAL~ 1 .lllQOl~·lf?" 
All"lClt:O T'tliftOt.tf . ...suNWll!MTSIJlaY.\(JIAllWl'<:<llAL(/C:C 1 
»QDIVl<Jl'I•~ 11 

V,.•OV 

11.C. TeTING LOAD CUICUIT 

...... ..... 
"'" 

1--+---owr ¡C..•ta,. 
C\·~rl' 
~l!!.CUQl.r:lc.-&:Jt.N...;:.¡ 

·--... ------------~ 

·----····......J , ____ _ 

llOTH: 

.,. _____ _,i--... 

... 
.., _____ _.. ___ _ 

lil 

... 

1. Trplcll.,.....,.torT• ·~vand""""nal111Pfl1Yvo• ..... 
2. TN1parltNftf' llontyump~andl1f\Qt 10Cl% 1n1..:1. 

'3. Oi mav btdetaY9<1up10 tAcc:,-to1 alter tno ltMlng tdg• ot cg wttl'tout kn;loct Oft IACC· 
4. 'Df' "8'0CMliid ''°"" ó~ °"ce. wNchfYef accutl flrd. 

~I 
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infef 27128 

STANDARD PROGRAMMING 
D.c. PROGhAMt.m40 QtAflACTERISTICS: TA • 25"' s·c. Vcc - 5V :!: 5%, v,.. - 21V = 0.5V (coOlol• I) 

Umli1 

Symbol Pum- 1.1m. M1u. Unh Tosl Condlllem 

i,,_, In' ut Curront (All lnputs} 10 µA V¡N • V1t orV1tt 

Vm Ou·put LowVollege Ourl"gVenfy 04S V lot. • 2.1 m/l. 
e---

Vcm Ou1put H•oh Vol1flQ!t Ourlno Verity 2.4 V bt1 • -•oo i<A 
VIL Input Low Lc\"'61 (AM lnput1) -0.1 o.o V 

VtH lnp .... t High u .. 1 2.0 .vcc +' V 

'cc1 Vcc Suppty Currént (Pr~T"t.m lnhibtt) .1() mA t~ •V1H 

'ce Vcc Supply Cuminl tPrO\lr~m A \.l;:-rily} 1C~ mA -
lpP2 Vpp lupply Cunent (P1()\if•íil} :)V r.V, CE - "it • p(;tf 

lpp3 Vpp :h1pplf Curr:nt (\h!rlfy) 5 mA CE - v,L PGid • Viw .. 
" ---·-...... Vpp Uupply Current (Program lnhibit) 5 mi\ CE .. Vn'1 

v,. Ag ln;eligent ldantitior Voltaao 11.5 12.S V 

Uri:lU3 
>---- ----- -··· --·~-

Srml>ol Puo.~r L.lln. Trp. Mu. lhllt THt CoiMlU0tti>• -· ,., Add1a-st ~tup Tlm\'! 

Ion OE f·etup Tlmt 

1.,. Data Soh.ip Timo 

.... Add1eu Hold Timo 

1~ 0Dla Hold Timo 

1.,, ' Oulpul Enablo to Outpu1 Flo.ait Ooloy 

1., V"' Satup Timo 
,_ JínM PUl:;a W1dlh Durinu Pr0Qrnmm1r.9 

ten Ce Sotup Tirne 

"" Data V1Ud lrom OE 

ºA.C. COfllDITIOliS Ol' TEST 
lnpul Risa and Fall Time• (10% to llO'il.) •.••••..•• 20 na 
lnpu1 Pul• la,.la .. , .. , • , ..........•..• 0.4!>V 1" UV 
Input Tlmlng Helaren« L.evel •••. , ...••• 0.8V llnd 2.0V 
Ou1pu1 Tlrnlng Reler•nce L- ..•...•... O.llV ond 2.0V 

NO'IH: 

2 

2 

2 

o 
2 

o 130 -2 

~5 .!;() !>5 

2 

150 

1. Vcc mustt.applied 1lmultl~Ofbtf0teV,. .nd~ t1mun.antout1yorctttr'tlPfl; 

µ• 

"" ,.. 
~· 
~· n• 
p.I 

'"" -
µS .. 

2. Thl• p.a1amete1 itonly u~and ll l"l01100"'Q.,lu~.OU1p\11 fJoal ildafl~•tMpotnf \lft.ofli-•no klfl9M 
dtl'l'en-a.oe tlm~ dlagram on PfPt A. 
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, _____________________________ _ 
STANDARD PROGnAU.MINQ WAVEF<m:ll3 

1 AU.TitH:etlfC'l"l'"tl~~t IAl'f.W."'tt:'" t.4/J"."'!'•~,.-:tct.~\l':!:~O~-~l';">'l"'ro;..•,':1f»~ 

! fl'i::IUP\!f~f;[fff1[1i-.,.'o!.!V~l1'.; f.VfC'IA.Y 1l/<!'Q':VIC'" •ll',¡j 
' !(JE AHOro,, AA1Ct+AA~U~T;c$QI' TI!! et.~ tFJTh!'J!!.11!.!i .V..:.U.OL.~ATrn e·; llfl'. "7"._\G:U.;...!'¡.,.,;r\ 
• li\'UEH P'j\()(}IU.WWfQ Ttif Z1•~. A a ,,.,, C.lJ'J.Clffi•~ 1$ RiOO•~n >.Ct>..H.l Y,¡>"'° C.f.t.•1.na 'º UtN\i'. !.3 Hvr~"ILJ: VOL.?~ fAJ.tff.::loffU \lt'lllat Cut 

OAUMJ.a'l;EOC\U 

EflASURE CHARACTERISYIC5 
Tho ercsuro characteri~tics of tho 27120 ruB e.uch 
thnt orasura begins to occur upon tnr:po~ure to llght 
with wovolengths ohorler th•n •pprcximatoly 4000 
Angstroms (A). 11 should 00 not-W thr.:t sunlight ::¡nd 
cartJtln typeo of nuor~cm11 le.m'()1. hovn wevelt;ngth:~ 
lo tho 3lJ00-4.000 A rnnga Data !thow th"t comt;@nt 
fJJ<posuro lo room lovel fluorcscont lighling could 
OrWl tha typl"31 27126 In approxlm•talv 3 1 .. ars. 
whllo 11 would lako appro•imatoly 1 week lo causo 
ercsurowhen ••Po••d to direct sunllghl. lt tila 27128 
11 to be axposad to lhosa types of lighting conditiorm 
10< extended perlad• ol timo, opaqu~ label• should 
bri placed avor tha 27128window10 preV<111I unlnlon­
t~nal orasuro. 

TM recommondrxl oroouro procodure lar lho 271%ll 
Is Ol<j)O#Uro lo shOllwave ultraviolel light whlch has n 
.,.vehln¡¡lh of 2537 Angstroms (AJ, Tho lntegrat•d , 
dose (1.e., UV lnlansily x oxpasure timo) fa<"'""""' 
ohould boa mínimum of 15 Wsoc/cm'. Tho erasuro 
limo wllh lhls dosago lo approxin1ntoly 15 to 20 
nilnutu uslng an ullravlolot lamp with a 12000 
,wicm> powor ratlng. Tito. 21128 ohould oo placod 
wlthln 1 lnch of Jhe lamp tubos durlng erasure. Tho 
maxlmum lnlegrated doaa a 27128 can bo oxpoaad 
lo wllhout damaoa Jo 725!1 Wsoelcm' ( 1 wook v 

4-33 

12COO ~Wlcrn'~ Exposuro of tho 27128 lo hlgh lnl9r1-
~1ty UV ligM for long pericás may cnu5e pmmani?nt 
damuoe. 
OEVICE <:ll'El11\l!ON 
Tht- c!oht modc~ o! cp~r::tlcn cf 1ho 27129 nrc 
linled in Tabla 1. A ~!nglo 5V PO".ti~r ~upply Is rc­
qu!red tn th! rend mod~. Atl ln~ut::; are TIL lcvcb 
o~cspt fer Vpp t.nd 12V on i\9 for int0ligt:nt ldon .. 
hfior moda. 

:::----~ "' 
l1>ed 

Ol.llpofDIDA!)l4 ·-P1091am ,.,..., 
-

~!.!""inMJ1t 
mlehuentklsntllt9f' ,.._... _____ 
"''•'líl•nl 

_!.fOQflln'UJUng 

MOT8': 
1 11Unt4Yut otV11 
2 v,. .. 12011 tO$\I 

~ g¡¡ 
l"'1 ¡ni 

v, v, 
V1L· "'" v. X 

v, v •• 
Y, v, 
v, .. X 

1-~ v!l 

VIL "'" 

PGM AtJ Vpp •ce Cvtputs 

(llJ 17'' (11 ""' 
(11-tl, 
15-U) 

"'" X Ycc Vr.r. ºº"' v, .. • Ycc Vcc .. gnZ 

X • Vcc Ver. tllQ'hZ 

v" • Ypp Veo º'" 
"'" X v .. Vcc n.. .. , 

X X v,.,. ... ,..,.z 
v,. v .. Vcc Vcc ~ 

v" X v,. Vcc °'" 
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27121 

READMOO!; 

Tho 27126 has two control funr.lions, both of which 
mus1 be log1cally act1vt1 in order to obtain dnto et ttl0 
oulputs. Chip Ennble (CE) 1s the ~r control end 
should 00 us~d for dov1ce sutection. Output Enr.bte 
(Ü@.) is lhe output conlrol and should be~ to gatc 
daln trom the output p1ns, indopcndenl ol device 
salcctlon. Assumlng thnt addresnos are atablo, 
the addross a..:ccss tlrno (tAccl 1:1 cqunl to tho 
delay frorn CE lo output (lcE). Data is ovallobl~ al 
thc outputs af\er a dolay ot loE from th<.i h:lllng 
cdgo ot OE. a:numlr.r¡ that CE h.is b~n ltm nnd 
nddrn~~'!s hi!VI! h{>"!n tttsi¡blc for PI lvast 1r,r.c- t 0~. 

STANDBV r::onr: 

Tho 27128 hos utnndby modo v,1hlch rcduce3 tho 
mo•lmum acliv~ current lrom 100 mA to 40 rnA. 
The 27128 is placed In tho otandby mo:le by npply· 
lng a TTL-t1igh signa! to the CE Input. Whnri In 
ut1:rndliy modo, lhc output~ ere In e hlah fm 
podanco stnto, lndo¡wndont of tilo Ci~ Input. 

Output Oil·Tle>!JlrJ 

Bccnuse EPROMo are uwüUy u:i!XI In Lt?rq-Zlr m~y 
arrays, lntel ha5 provld~d 2 control llnes wh!ch ne· 
commodate thi1 multlp!., mcmory conn~ctlon. Tilo 
two ccntrol linai n'1ow fQf; .... 

a) the lowefJt po~ib!e m'imory power d!sslpn.tlcn, 
and 

b) completu a!!lur&inco U~¡¡~ outµu: bu:l cc;1~:.;r:Ho:1 
wlll not occur. 

To """ t~ two centro! llnes moat olfitlantly, ?:E 
(pin 20) ahould bo d1ttodcd a'hd used u the primary 
d8wlce oeloctlr.g function, whlle óE (pin 22) ohould 
be moda a cornmon conneetlon to aU OOvlce• In the 
array and connocted to the líEíiO ti ne from tm "f" 

tem control bus. This asaures that ..U ~!ad 
momory dovicm 1re in ll>tir low _, 1tanc!by mode 
and tnat the output plmi are acll,.. only wt>l>n <!;>ta In 
dealred from a p&r1lcul111 memory dovlco. 

The power swltchfng charac101iatlco al HMOS-E 
EPAOMs requlre carolul docoupting ol the c!O'Ylces. 
ThG supply curront, lec. has th...., Sllglnents lhat ore 
o1 intorest to the systsrn designor-the standby cur­
ren\ level. the activo current level, ond tho ·frnnslent 
curren! peal<s thnt ore produced by tt>e fatllng and 
rising edges al Chip Enable. The magnitud« of theso 

143 

trsmuont curront pu-ok:i ts dopo:mca.nt on tho outpy1 · 
capacillve loadinQ of lho dov1ce. Th<l &s&ociai .. lt 
tran~ient voltaqe poaks can b-8 supprttUtd by cor11 
plying wilh lntel's Two-Line Con1rol, o~ dtl&UIO<J 1" 
lntol's Apphcation Nolti, AP·72. nnd by proporly ,., 
lr:ctad decoupling cspac1tors. H Is ror.ommnndf'<J 
lhP'lt 0 O. 1 ¡cF cenumc c;pncnor b!t uood on t1v-ery 
OOvico bet ..... 'N'!n V ce gnd GNO. This !ihould b3 a high 
freqLHmcy capacilor of lcw inhcrent inductnnce llnd 
e.hould bn pi.leed a» closo to tho de'ilic.o D!I potl1b!e 
In cdd1t1c11. a '1.7 µF bulk elc:-ctrolytlc capr..c1lor 
should txJ U$0d bclvteon Vcc and GND for e-t-ny 
cight dl!viccs. Thc bull• capacitar should bo tocnt~ 
n<Jar whnro Hui power supply is conn-ected to lhe 
urrC1y. ·llhl J".>Urµv~ o! tl-..a bul~ c-.~µ.;:.c1tcr !.:; to ov;i1. 
ccm-J lh<!! voltaf,Ja droop ccuse:.d by tno lnductiw of. 
foct> of re board·trn<:••· 

Coul/cm Er.ceadll?i/ 22V on pJn 1 (ilpy) r>:Jl p;>rmo-
1;~:,;Uy c:.;.;1;:ü.;i e::.:: :irr:=-. · 

lnltlally, •nd n!lor o~h ornouro, clt bits of the 27123 
mu in tilo "1" &th¡,¡, D.zta is lntroducad by ~l~fo:~Jr 
prcgrammlng "O>'' lnto th<> d•slrcd bl110Cllllon•. Al. 
though only "Os" wlll bo prograrnmnd, both "1s" •11d 
"Os" con bo pN!lnn1 In the data word. Th• only wny to 
chMg• •"O" to a "1" Is by ultravlolet l!ll~t or.,.uro 

Tho 27120 Is In thn progrommlng rnod<I wh<>n Vpp 
Input Is •t 21V•nd CE andPGM .,. both at nL low 
Too data to be pro9rommed lo upphod O bit• In par•l­
~1 to the data oulput plns. Tho lcvola requírod for tli.e 
ori<!r•'" Blld d•U. Input• ara TIL 

Standard PmgrGm~ 

For programmlng, CJl should bo lt;tpt TTl-loll1 r.1 all 
tlm"" whlle VPf' Is kept at 21V. WIM>n the addret!I and 
datn are stabttt. a 50 mMc. ac1ive-tow, TIL program 
pu loe I~ opptled to 1113 ~Input. A pro;¡ram pulse 
must be applled at .. ch address tocatioo to be pro­
grammod. You can program ony looflllon at any t;me 
-<1tthor lndividutllty, seqU1lnllatty, or et rendom. The 
pro¡¡ram pui..t Nis a ma•lmum wldlh ol 55 mioc. 

0

Progrnmmlng of munlpki 271211s In pal'lllal • 1l1tt 
name data can be easity accompllsf'led dula IO tht 
o!mptlclty ol the programmlng roqulremtrrt" LI~• 
lnputs of the paratlolfd 271281 mrry bo connacted 
togother when they are programm•d wHh tt>e urne 
data. A low-levet TILpulso appllod to the fil3M Input 
programs the paraUelod 271211a. 

-· 



271211 

.......... 
Fl;!tro 3. 27128 lntoUgonl Programmlng•• Ftowcharl 

Program lnhlblt 
Progrnmmlng of mulllplo 27128• In parallol wilh dil· 
leren1 dala la easily accomplishod by usino tho Pro­
gram lnhiblt modo. A hig~·lovel t~ or PGM inpul 
lnhibila lhe othot 27128• lrom belng programmod. 
Except ror ce. ali llk~ lnpuls (lncludlnn 6E1 ot tno 
parallel 271281 may bo common. A TTL low·lovol 
pulse eppllod to lhe

0

CE arid l'GM lnpul3 wlih llvp 
at 21V wlll pro¡¡ram tha eelectad 27129. 

Verlfy 
A 'Hlrl!y should bO ptirlormed on IM progrommed 
bli~ to determino lhal llloy havo beon correclly 

pro¡¡rammod. The verlly lo performod wlth CE ai.d 
bl: al ll1L. fl\iJ;l al 111tt ..00 11,.,. al 21\1. 

lnteflgent Progmmmlng'"Algorllhm 
Tho 27120 inl8 1igenl Programming Algonlhm allowa 
lntol 27128s to be programmed in a signihcantty 
laslor timo lhon lho •londard SO msoc por byle pro­
gramming routin&. Typ1cot programming timos fer 
271291 am on lhe arder of lwo m1nu1os, which is a 
slx·lold reducllon In programming timo from the 
atandard method. This tasi algorlthm rosulls in the 
sorne rollablllty chornctorlatics as lile slahdard SO 
m .. c algorllhm. A llowchart ol ih• 27129 lnlaiill"nl 
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-~· •• .,;¡ fli,t11. 

"' '"""'Cumlm<A11~¡ 1 1 1 10 ir,.,.' ¡.¡;;,1.v,, c.v.~ 
Vn-'"'" "lf1i'ú1Lllll't~Ml'{llllll',..lrn,n- ---;::;-.:..-.. ,t'•0:1'· -'11:11··~ l'-•V'"· '••·.! '''º' 
y.., lnputNWt~-1 2.o: VN'+1 1 V i\ 

lrr• Vrr SupplyCurrent(p\.,,,,rem& '4r1iy) 1 100 ~ mA / _. __ . _,,__ 

'=~· ·-·· ¡¡~¡;:;-;;¡;¡,;;-c.:;;;¡¡;;¡¡¡;i.;o>o;;.¡" · ; · - ~-- · ·• n,¡¡ ·~·•,fo • PlW , , 
Vio · Aj) lnt~tldantlfi9r liortoioo 1 11.5/ 12.5 ... y. •,~ -·-• 

1 f 1 ~ . 
A.C:'i>l'lOOl'iiilííiíiU!9'C!itiiiACTEliJS'tréS:'fA-;.;-:1r.r~'i!A1 ce • o.q J'"f(IJIGV,\IP?.:.upw-~ g.5v 

1 1 IJ '::.-.S.Mtia re,1 Condlllona•¡ 
BmnMI ....... ...- ¡ : •. '.'.~' -11 llll>... 'l'lm.1 -1110. :Unlt (ce• Nota 1) 1 

t11~-~ ··~uoTime 

i--·~.YllD'-"1mt•"••w-----·•;--•~I--:?-• --•• ........... _, .• ,.._ --·-··•"-""' 

·- vr .. S.1UpTl"'8 2 ... ·- ~ 1n11111 Prooram Me Widlh 

"'•= ~ 0> .. 1"oO•""' PulM Wiólh 

·~·· ~SctupTlmo 

'"" Data V.lldlromt5ll 

•a.c. CONDl11011S OF TUT 
ltlput AllO and Fati Timo• (10% to llO'l<ol .••.....•• 20 no 
ll'l¡:<lt Pwl1<1 L.owrl1 ...................... 0.45V to UV 
loput Tlmlng Aefortn(e Lwill •...•••.••• O.SV 11\d 2.0V 
O~tput Tlmiag floleronco Lewt • " ....... 0.8Ylt\d2.0V 
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0.95 1.0 1.05 "" l1HHolo31 

3.8 113 m1 (IH Nole2) 

•• 
1150 ns 

lolOTtll: 
•. Vcc """'bolPPfledll"""""1tollllyCHlalorllV.,. .... 

remo.od ctmuhantOUSfy « antr v,.. 
2. The ltngthol lheworproorampu!M dvaryframllmau 

tu 03 rn...c &11 lunc11on al tM lletallon COUJ• vslue )(, 
l. 1nttim ProQl&m P111lae wtdth to$tfMOO tl 1 ll'llllCI :t 6%. 
•. Tnot p118mow llonty11111pl4daai1nQt10CW.lnMd . 

.output F&o11 l1 dalinod •• IM Polnt wherw dlll la no ~ 
cb.wn-on 1in*tg dtagrlft'I on pago 9. 



27126 

lnfollgent Programmlng'" WA11EFORl\1S 

-~~.~~ ... ~ 

..... 

' .... ------·"' 
"'" ... 

-t. M.LNllll90'N•l l llfil wmtJMMO n~UM.UIOncD':dl:I or«#fm 
& MUVJnttet0flr1t1irw.:tU!.\1.llD~fo;\AV1L~NFO:tA\'m· 
l.'OClll!Gtc1"NllQl..l.IUCtlMTICIOftHICCVIClllll'M.'lTH~fffMl.~llÍ. 
f Wiml~flli!l11Zl.Al3.t,.tcm.c.1"0oi1tt=cun:D~3V,p~~ro~1~~f~~C.li» ---

-· 
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.intJ 

lntollg11nt ld11nUfl1tr"' Modl'l 
The lntellgont ld&ntlfillr Modo allowo tilo rcodir.g ou1 
of a b1narycode from an EPROM thol wlll tdentity 1t• 
manulocturer and typa. Tilla modo Is lnlonded tor 
use by programmlno equlpmont lor tilo purpooe ot 
automalically matclling tilo dev1<:o to ba program­
med wlth il1I corrosponding progrnmmlng algorlthm. 
Thla mode la tunctlonal In the 25'C " S'C emt:il>OI 
ltm$*&1u,.. range. 

To eclivate thie mct.fe. too progromming cqulprMnt 
must torce 11.5V to 12.SVon oddress llno A9 (pin 24) 
o! !he 27128. Two klentlller ~· moy thcn bo ro­
queneed lrom tho dovlce ou!puts by IOQGlir1g ad· 
dresa 1111& NJ ¡pin 10) from V1t to Vt11· All othar 
l!ddroos llMS muzi b3 h~!d .:l Vil duiln¡¡ lntolil}<!fll 
~t~rMO<:e. 

~Pmll Ao o, o. 
110) 119) 118) 

MonulflCtUIM Coda Vtt , o 
DewfoJ Codo . VfH 1 . o 

___, ....... ,.. ·--· -

Byte O (AO • V1LI raprasentt !he manult.c:tunJr tCdt 
nnd byto 1 (AO • V1H) tho dovlce ldentlfiGr codo. Far 
tho lnlel 27128. lheso two l<lenliller bytoa are gl\'anift 
Tcblo 2. Ali id&11tlfklrs lor manulocturar and doviot 
codo• wtn POZSOI& odd pnrtty, wllh lho MSB (07) 
dotlnod a:r tho ptrl1y bit. 

lntol will h<!gln ,,..,nuf:cturlr.g 271:!ll3 durlno 11la2 
that wlll c:cntaln tho tntollacnt tdonllfiM !natura. Eo. 
Hor gonu111Uon doviees will not c:ontaln i<k<ltlfier ln­
tormn11on. and 11 er .. &d, wlll .respond wlth a •ono• 
(Voo) en -i1 data lino .. hen oporatod in thls modt 
Programmed, pro·ldontlflor modo 27128s Will 
ro<>;>ond wilh tilo""'"'"' <1111• eont•IM<I In 1<>Cottoo1 
O mnct·1 when aubjccle!l to lhtl lnt0 llj¡<lnt ld"ntlf!er 

D¡lClll'tlOn. 

Os º• o, O;, º' Clu '""' 117) (1C) (15) (13) (12) (11) Dala 

o o ' o o ' ·ea 
o ·o o. o ' , el 

4-38. 
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27256 
256K (321< x 8) UV ERASABLE PROM 

o. Sofrwl!J'O ~ Capabllll¡,< 

ia 250 na Mulrnum Accsnm Timo 

lll~Conlrol 

IS lltfellg'lll'lt l®llllfü¡;f" MGll;J 

e ltwluatry Slim.1.afd PI00\11 ••• JEDEC 
Aµpro~ 

L'J Le.11 Pl::wer 
-100 mA nmr.. ~· 
- .r..o mA IMX. Slnndby · 

g ln~0m~"' Atgartltlm 

ThG lntul 27256 Is a 5V cnty. !m2, 10-btt unravlo~t Erasabfo and E~trtcafly Pro~wfe Reod Onty "'41mory 
(CPROM). Organlmd as 32K words by e bito. Individual bytes are acce•""d in undor 250ns. This h cotnp;1t1bla 
with hlgh porformancc mk:roprocesson. sueh as 1118 lnlol 3Mttz JAPX 11l'S, &!!~ !U!I ~ apsnllimt 
wtttloul tilo addlUon of portormanee-degr21Jlng WAfT satos. 

Tht 27256 eruolll"" lm;:tomon!:l11on et mm, c.dv'lnCl!d 0)'$lorr10 wlth 11nm.;i...,. in";611'""' crchl!oeturn Tila 
c.cmbln..Uon ol fho 27256'• hlgh don,;!'¡, co.i effoctlvfl EPROM atora11&. ~d mw edvllllCod mlcropíQCG•ootl> 
r..fno "ICllllbll adáre'91ng capllblllty prov\40> ~fjl'IGIU •Jlll'l cppOrtunrtlOB l>:l "''lli""" ~ti<lr>dly, hl,;n 
lllflllíblllty, hl~h-p&1'fcnn= •Y•fema. 

TM 27258'a largo storago capablflty of 32K bytos enables 11 lo functlon 03 a h!¡¡h darolty :af1wat& earrier. Entlre 
operallng syatems, diagnoutk:s. hlgh·lovof JanguolJO progmms ond spoclallzed •PPllc•tion sottwaro can ro,;do 
lnams6 ¡¡PROM dlrcctlycn a oystlm's memory buo. Thio V10Uld pormil irnmadl•t• mlcroproconsor tccoss •nd 
-.:utlQtl of oaftware nnd ollminato tne nced far timo comwnli"1! dlñ &bau~• Md downloods. ___ ,,,,,_...., .... 

_ ......... .;O'..,.,.,. . ..,_.,._~. 

=~ 

"'""' 

01 

~ 1. Block lnaQTrml 

..... 
1 lun .. V"'9IV11. 
1 V..•'1W•OIV 

!l ll 11 
ti 211!50 5 ¡¡ ... . .. V~ Ve.: 

'" '" ... ... •u RW -.. .. "" tlC:. ... .. .. .. .. .. .. .. .. .. .. .. .. . .. ... . .. .. "' 
tl1l "" 01 .. .. ... ... .,, .. .. fil 111 CI .. .. º' o, 

o, "' º' o, 
c. .. "' "' o, o, "' º• .... .... .... º' o, 

t.'m(· ltif(l -util'lt:TISU. ~re· COWPAOOLE f Pf'ICU PlPI cowieun~ 
AA( Slte$WM lflt mi etJ'X)l.S AWACi.fff YO THl tm.5 fws. 

Plet.n2.tll:I~~ 

--~At ..... e.~181'1MVMltMJCiJQllJJQfter.Tl'IMCAr_,a...... •• ...-,,..._IUQftll~ ...... Uc ...... ~ 

-owna.~Ahafl.tm . 4'30 0•1u • .=:;: 

148 



intef 
·.UV ERASABLE PROM FAMILV· 

• 0-70ºC Tcmpornture Rnng0 
Standard 

• Extended Temperatura Ro11go 
-40ºC - +es·c Avall~bb 

a 1\-;o Um1 Control 

EXPRESS 

A 168:!:0 Hour Bum-In A.vcllabht 

" lndustry St~ndard Plnout ••• JEOEC 
Approlllld 

a lnspoct:!!d Tu 0.1% AQL 

The lntel EXPRESS EPROM fsm!!y i<t n ~~rt!'JS of ullrnvlol~t "rn1Jable Rnd !llactr•rnlly rroornmm-'!bl'lt mad only 
memoríos whict" have racaíved nddittonel proce:l!ling to cnhnncc producl charnctoristics. EXPRESS procMs­
lng Is 3.'J<ol~b!o lrn :..o·oc;al dLJrtjtlic:; ol EPflOM, ~:~o;·;mg !lrn c!lo:c~ of nppra~nJtJ m:mcry :;1;:0 to m.::tch ::y~tom 
appllcations. lntnl's JEOEC npprovcd 28 pin Unlvernnl MC?mory Sockct prov1dcs tho industry standard upgrade 
palh to hlghor oonsily EPROM•. 

EXPRESS EPROM p1oducts aro svalffiblo wllh 166=:8 hour, 12ricc dynamk: burn·in utüng lntel'e etondnrd bis.s 
configurotion (cquivakm11o MIL-STD--6838). This procus!) cxcoods or me'Ots mcst industry spaclUcations of 
burn-ln. 

Tho Gtandnrd EXPRESS EPROM op.erntlng tomporeturn rn:nge i!.l O"G to 70"C. Exte1'td'td opnrs.tma temperatura 
range (-40'C to 65'C) EXPRESS products aro avniloblo. EXPRESS produc1a plus mlillary gr1de EPROMs 
(-55ºC to 12snc. pmvido tho mo!Jt compl<!>t't choice of r.t1.lndard and cxlúnd.~d turnp.:!r.:.1ure rnnon EPROMs 
Mlllablo. 

Llko sll lntol EPR:JMs, lho EXPF1ESS EPROM lnmlly lo ln.pac1ed 10 0:1 % olt-ctrlc.11 !,.OL. Thlo moy ollow tho UIOr 
to roduco or olimlnnto lncomlng ln:¡>'JC1lon telltlng. 

27128 

PIN CONFIGURATION 

.,....C-,CWMWAl~-~torlMUMofÑt'IClr~OIMtfJ.a'llCittlll'r\llMbo.u.dM111W.i~. fWOt!WfQalllP' ... LicMMtM~ 
'11NTU.CON"ORATIOH HN ' 4-40 NIMIMr 1111' ---
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~ erv~~wtltm 

002715-1 ~ 

002118-2 2tl~!'b:i!l 
002718 ~ 

w:mo :~ 

roano WW>.9 

002732,a..2 4000ll!I 
owrnA •wo.a 
OO:Z132M : ""1>'axB 
ll021l2M «lll'lbdl 

002132A-20 "4m:dl 
0027321\-25 .v.X!ll>l! 
002732.WO 4000"3 

L0:17YIA ~"' 
LD2732~ 400lld 

LD2732A·25 <W"A:dl 
l02732A-45 .CC-'Jth:3 

Til2132A 41m.all 
Til2132M .ww.n 

TD2732A-25 4C!SaxB 
TD2132M5 40~K6 

OD2re4-2 611l2:1l 
002764 8192"'8 
00276•·3 61! ... ~..e 
0021~ 01~~ 

0027114·2~ 01112'8 
OD21114-3Q 8111216 
002- 9192•9 

LDm4 819:Wl 
LDm4-4 0192118 

l.02784-~5 8192d 
l.D276M5 81V2Ji8 

TD27U4 e112xe 
~ 1192.0 

T021M-2S 111121<1 
lll27ef-4:1 01112.a 

00271:111 1d3&h8 
00.m:a.3 16384•0 

EXPRESS 
l'b"OOM l"loduct Fsmlly 

t~ 

p"""""" ""....,.,. 
(n•) Supp!y 

3~,0 5V :!: 10% 

3!)() sv, ~ 
4W 5V: 5% 

•CJ :;v = ~"' 
.¡,;¡a S.il::S:-wi. 

;ea sv ~ 5'"¡, 
zso SV:: $"'..:. 
JOO sv::: 5% 
•50 SV: M• 

:roo 5V !: 10'r, = SV = Hl'Y. 
300 5V:: 101'. 

'·"' 5V :o;:~.,., 

4!1-0 !W = 5% 

2Síl sv::: 10%. 

--~º 5V ...-. 10--4 

250 ~V: S''A 
450 sv :!; 5% 

~so 5V = 10% 
450 sv = 10"• 

:lOO 5V ::: 5~~ 
2,¡(j ~V :: 5"1. 
3W sv-:!_ s-r. 
•:a $V.: 5%. 

2!IO sv:: 10"1. 
30l 5V :t 10-,.. 
•SO sv = 10% 

2"...0 5V ~ s•1v 
<M 5V: 5'4 

2!!0 sv' 10% 
•W sv = 10% 

250 sv '5 ... 
'30 ·sv, ~ 

250 sv ! 1oi. 
cae SY ' 1a'4 

2'° sv % 6.,.. 
XD 5Y • 6.,.. 

150 

Opomlng Oum-in 
~_...iuro 125-C 

rc1 (hr) 

O to 10 11SS<8 

O lo TO H'JS<B 
o to 70 1GB<8 

-<O tol!l 11lil±O 

-~;olf:i ri= 

. Oro70 Wl•G 
o to 70 11J3•0 
o lo 70 16a<8 
Otn70 1113±8 

Otoi'O 16!1<6 
O to TO 160:t8 
o"' l".l 168<9 

-AO 10 RS 1M•ft 
-ofO to&; 1&"\±8 

--«> 10&5 16lh0 
-..:o 1065 1U3;t6 

-.{Otoe.s tlONE 
-4010~ NONE 

-~Oto M NONE 
--«> 10 es NOHE 

O to 70 111lh0 
Oio 70 Hlll<O 
o"' 70 160:0 
Ot4.1Ñ 1C1:0 

Otol'll 168•~ 
O IU l'll 1ell!8 
o to 70 16'h5 

-40 to C!S 1ell±8 
-40 to 05 11111±8 

-.00toa5 1Gll:8 
-•Oto~ 1Gll:B 

-«J \Ola NOlli -•o 10 •~ NOH( 

-•o'º as NOHE 
-40 'º 85 HOME 

o to 70 Ulhl 
O lo 70 168•8 

-



Typa 

ODZ71Z<M 

00271111-C'!I 
OO:rtllk5 

LD27trJ 
LD21t28-4 
L02712M! 

TDZ1111l 
TD271:S.4 
TD27tm..5 

. EXPRESS 
F.PflOM Product Fmm!I)• 

(Cont.) 

aiexlmum 
A:c~•G 

Orgonb:>ilt."I (no) 

tllll!>lx!I 
"'"'° 

·~ z:o 
t&3~.i;O .::w 

1e.=:.ai ~ 
1W4xo ~'J 

'""""'º ""° 
tlll!l"'3 .Wl 
t="'-~ ~ 

~'.'$>.JI .(W 

Cf•a~Y A•U(J1 Vcc••G'i 
VJt,••IV Yi,1•c:n..l Cf~<lttD 

·~ . .. 
' .. 

-q~-_!!J~-~ • 

B!•+W "'"tllO trec••W 
Vpp••P' ~-o= Cl'..Q$il) 

Aa.1·•1Y 

IQ•• 

PC\"~..,....rt 

Supply 

~" = em 
5V :t 10% 
5V 2: 10:\\ 

6'' :t ~\\, 
~V .t. tJ% 

5\1 ~ 1011. 

5V • G» 
!;V ;i; Gª.4 

~"' :i: 10"?4 

09etstlng 
T&"'f*iltum 

("C) 

o 10 }'O 

Oto TO 

o'º 11) 

-.ro lo tia 
-.W loi.5 
-110 10 e::¡ 

..:.ieoto~ 

-«>toro 
-«llo~ 

•u . • 
' ' 'i!:. __ ::¡r-• 

~•+!Y A•»:.Q Vcc•+.;'t 
...... .e;:, a-~ 

Ol• •IN R•*D lttc•.fV 
~·IV ~-U:O Of•CHD -.. .... 

.. ~ 
':>...r--i___.;-
~ 

lllNARY S1'QIJl!NCE FR<»J #\) to A,\f 

151 

Bum-M 
125'C 

<M 

1C3*B 

15nt8 
IO!l•8 

1~•8 

'""º 1ts.te 

~t*IE 
llOlfE 
~ 

¡,' 

-



READ OPERATIOI~ 
o.e. AND A.C. CHARACTERI STICS 

Eloctrlcal Paramotoro ot E.WRESS EPAOM prOilucls wa idantlcol to •li!ndord dela shoot pnramotero oxcopl 
lor: 

•• 
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NEC 
NEC Bectronics U.S.A. lnc. 

Doucrll'tlon 
TM ,.P04016 Is a 16384-bil slatic Random l\o::.css Mom­
ory daVlco organized as 2048 words by 8 blls. Using a 
scaled NMOS tochnoiogy, 1ts des1gn provides lho oas1>-of· 
use !estures nssxiated with non-clocked static memorfos. 
Tiio µP04016 has a thrc1>-stato oulput and ottcrs a 
s!nnd-by modo ~iU1 an attendant 75% sav1ngs in power 
consumption. Jt fvatures cqual accoss and cyclo 11mos and 
provides an output onable lunction that elumnales tho necd 
fOf eX1emal bus IJJttors. ThG µPD4016 is pockag<>d m d 

Glar.dald 24-pin dJal-in·lino packJgo and is plug-comp.:on­
blo wilh 161< EPROMS . ..._... 
a ScaJod NMOS le<:hnolom• 
a Completely stallc momory: no c'.ocit, no rclruon 
a Equal accoo! and cyclc ''"'"'º 
a Slnglo +sv su¡:ply · 
a Automallc pow!'r-down 
O All inpul9 and outpuls diroctly TTL-compnt1blo 
o Ccmmon l/O caonbilily 
o !51: ellm!nateo noed lor oxlomnl bus buffors 
O Thre&-slDIO oiJlputs 
O i'tuQ-compatibl< Wilfl 16K SV EPROM3 
O Ll;w power dlssipabon in •tandby modo 
O Awilable In a stundard 24-pin dual-in-lioo poi::l<.3go 

... _,, 
AG•Alf --•• 'folrt!Wf: ...... 

" --· .. o..tl'IOll,...... 
~, ... 0.C.lfltMo.tJiul ·- ..... , •• Y) ... --Ci OllW! "º'" """'" . 1 1 ........... 

\ . .... .... .. .... 
L L - "" l ' - 1~ 

µPD4016-1 
µPD4016-2 
µPD4016-3 

2048 x O.BIT STATIC RAM 

~rol'Jl'JllI!nr.;¡11~msa• 
V,a:urc 
Tem¡;emturo Undor 01ao . . . . . -1ll"C to 05'C 
Stcrngo Tompuraturo . . . . . . ·~ 65ºC to 150"C 
lloltago on any pin wilh rcopvel lo Groond -0.SV lo 7V 
O.C. Ou!p<JI Curren! . 20m;\ 
Power O!ssipauon .. .. .. .. 1w 
•COMMENT: Expos1ng lhe dovicc to stroSSO'S atKMl tflooo 
l\$bOO In Absclute Mrucimum Raflngs coukf causa perma· 
nant damago. Tho dovice is not mean! toba operatlld 
t.."iidt:r ccncblion.!J outs1dre tho l1m11s doscnbed in lho opera· 
ti.OMI !eciioM of this sp-C'Ctflcatron. Expo:suro lo absoluto 
ma<imum ro.ting cond>bons lor extended Pl!fiods may 
1!11~ c1<rvico raóal>hly . 

~ .. 
"··•·o.•··--
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µPD401G 

llC Chmract .. rlollcti 
T • • ••C:it• T•"C. "" • ;y t tt!~ 

4C T,~ut Con~~Car.:W-
lnput Pulse L6"10'.:; ... 
lnpui Hi::.o and Ft.ill 111111.~& 
Input Timmq H.a::::-rnnc"J Ltivol~~ 
Output Tinung Refi"1r11ncc L(N·..:!~ 

. . O.UV to 2.2V 
10n:H.:, 
1,.[;\I 

.. 1.5V 

64 
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AC Chsaracterl&t~co 
...... C•••• 
Ta•••c••T"ºC:.Vcc•Yt '~ 

-... 1. Arlf'tf,atJCydnhm~~Ciordt!l'enc:"-lfrcmlte~\o'<"~c.d:Jffl~lott:n 
l1r?J.tfim'i1tJorL .. 1Qi!dc'1'C.S.S. 

2. Aoa1ttss ~lt.'.J pnc.v to Of c:o:na:Jent wiltl C$ tranl.lt1an km. 
J Ttt1n'.;11 ... :v1 ~<:; mt"L\::\lt('d :': 2f)JrnV !H.'1"11 $!!:.Y.fyS!i!ll'.1 \t:·~~<ct1 !p.':'!:· 

tt~d~c!Fr;¡'tlffr1 
'4. ThtspMtimot,r1ss.:~3ndrctlWk\d~~. 
5. lfCS and OlE. r:10 t>oth kmbeioro WJl\"! enat>j!Jd, tWP • rNZ. + r:nt 
6. Trnl'l$1tlon1sl'TICJe".u~'OO ~rocmvtrorn 1rto.1<fy:s1~1e~wllh1P=­

it:od~inFfOuraz. 
7. T111spar.o.rnctlorls~oo::tnotl00%l'$01:>d. 



¡.¡PD4016 

_.,., __ ..,,_ 

-· 

65 
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¡.¡PD40t8 

:_--_-_-_-_-_-_'-"_,}~. 
12>12> 

No!Qs: (!) Address Wllid prior lo 01 colncldonl wiU1 CS lranslUOn kl<J. 
12> WE Is high 101 Raad Cyclos. . 
12> Davlce Is conUnuously selectod, CS "l,VIL. 
®O!!• VIL 

66 
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- C~¡, 

¡¡;; =- 1-M• ·- -·· -----
1.JIQ.: 1Ultst ..,, t.11 

11 .• , •• 1 a.c.1¡11.o-» ... º'"' ., ... rr.c-1 

mi ...... .. .. ...... ---------~·--·-
0.11,:.:., 

\11!1'f!:'"I ... ~-- 1.IU~ O.\lllláll 

t&U " tJ.J "'·' •1.10 ··- +•.1~ .... UI o.en _, .. ~OMlt 
_,., 

........ ___ . 

&1 
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NEC 
l\!EC Bectronics u.s.A. lnc. 

J.lf'D44G 
J!PD446-1 
1o1PD446·2 
,d'0446-3 lllicncoa:rputlt DiviaiM 

2048 x O.BIT STATIC CMOS RAM 

DESCRIPTION ThoµPD443 l11 h';¡l11;ioro.1""'"""'°'·200l"""dbv8 bit...U.~OS RAM 
- lldll9 r. edv...ad 11llcon om CMOS tad\M>l"JV. A onlque circuhrv 
llidlnlquo l'Mbt tht~ 1""" 1-_.ti"ll""'""' e.,;.,. '"1l<h roqulm 
noclocf< 0< rwfmhónQ"' °""' .... Mml"'""'stmdbv"""'"'...,..,,' '' m- by mil 
ciwlol"""1 Cll'Dqll>lt Vcc ~ly ol tr.tOll>u Input'-''· 

i:ota-1• ~n • ""~"" ..,.,,.i~ ..i~ .. - .. 2v. 

Thl~i<~ln•_,,¡.,d~du:.!.Jl>."""-..O"""i•l>ll>,lolo 
"""4'0tilllt willl IBK EPROt.-'1. 

ffEATURES • S1~+5VSl.lpj)ly 

"N<:ONFIGURATION 

• Fully Si.tic O¡;imtlorl - '«>Ciad<'"' -~ ""l',¡,,,,;¡ 
o TTL CDln;lOliblt - Ali lnpua &nd °'1t;ltlU 
$ C:.-mr..:m 1/0 u.J,1'11 Trwn-Stata Output 
• ijl Ellm1""1t1Hofd 101 Ex!omtl 8"' IM"n 
• 1.1,¡x ,,_a/Mln Cydt Ti.,., o_, to 100 m 
• IPN - Dla!Q>tl0<1, rn rnA l'lu Ac:lto>/!O¡¡A ra .. St&ntl\W 

10 µA Mox Dm fletootl<Jn 
• Dota R.,.,,t!on Voll1Qt - 'N Min 
• ~ 24& Pi11tic &n<l Cor'°""" P'l<lt"I:!:' 
• l'h;eln Coml'Ollhlo w!i!I 16K EPl101do 
• ()pgatfngTtmp;n.t\~R~ --~Ct?-tdc 

Z• 

" :: 
.... _ 

31 

:111 
fii!l~ l:..;,;...,.1..,... 

".'ª wm.•-
e "90 'º ce 

_,_ 
- w es a...,-. 

lf.lll 1./Yl1-llOI Daal~rou• 

"'" 
Va: -(+fVI 

l/Cl """' a~ 

111'11 

l/t>l 

TiUITH TASl.I 

et ¡¡¡ llil """"' L'O l<:C 

H X X HOT 5ELECTIO HZ STANOBr 

L H H NOT ULICTIO HZ ·AC:ttYI 

L , L H READ oour M:TIVI 

L X L WRITI DtN ""'1YI 
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BLÓCK DIAGRAM 

: ~Clr-i;::.:::t---
~ .~~l~r'l--~~~~--~~~..J 

&..pply ~ ..................... ., .................... 7JN ABSOLUTE MAXIMUM 
l~orO.-.put.Vo~S~O:z.::? ••••..•............. -0.3t=>Vct:+O.!V VIATINGS• 
Stor11111T._..,.Aonuo .......................... -lilfCtolWC 
l)pmtifttT-ro l'mp ..• , .••.........• , •..... , ·<.d'Ct<>..WC 

T1 • 21•c 

•coMllCENT: ª''"' ribow thClll'J lit«d unWr "'~\...,, W...Mni,;;r111 r~titlQI .. flWf ~ r•~~t 
dilfnlllfll totM•'flce. ftiit K1111niraMJ-y..-.dl~1JOMt<P?SrstlonottR1d""'6Gtttt~01 
""' ort. to'lldlUOM l&OtNf thon ~ in liD ~ltion:al ISC1iont (lf lttia Pfjfkstion io ftOt 

~-·~ w~uut mo~ mw;o~l<X"sto..nMnt=d~Filff~C:?Mot 
~,. 

T,•--'dCto•ca"C.'lcc .. e.CV ll 1CIJ\ 

Llldl1f; 

PAft.O:MITlft SYMOOL MIN ·--V- V1H l.2 

lnp.,11 LtM Vofut9 V1 .. , 
lr.put ........ Cwnim ••• -•.O 
110 LMkqill ei.rr-t 'Lo -•.O 

•cu., . __ ...._ 
'CCA2 

ICCJ>.3 

i-c- •cea 
l<-..HipY- vo .. 2.• 
IQW1po1.._VGI_ VOL 

llUTlh (j}j.ft)oMl:IZrnATYl',11-fMX 
~h1IMATYP,1GMAMAJC 
JA'l)40e.2: 20""" TVI', liO IRA lilAA 
~:B .... TYl',lll-llAK 

"'' 

(j) 

1 

:o 

MAX OOIT COWOITtoHS 

vcc V 

'º' 
0.6 V 

•.o •A V1w•O""VCC 

•.o •A vcs•V1H 
VllO•O""V_,. 

© .... Vcs•V1Ll110•0 
Ml~TCVCU 

'º """ Ves• V1L l110 •O 
DC CIJllll(NT 

un "" Vcs•OJVt11Q•O 
V111 • Vcc-0.2 
OR0.2V 

10 ,,,,. Vcs•Yec-0.2 
v1N .. a-vee 

V IQtt • -t.0""' 
0,4 V loL•2.0-
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11PD446 

AC CHAl1ACTERISTIC~i r::: . .-.~, c:·•-:t..~: 

LOW Vcc DATA r,•.-Wct .. G'l'C 

ílETENTION ,..;..--·-----,-- ! llMITC 

n:n 
$'Vtllj.QL, Cüt:O.IT\O<!~ M!N lYP MAX UNIT 

vccon V1N "Q -vcc. 1 o 
VCS"V~c___,_, __ ¡_.....¡.~~~-· 

ICCDA Vcc- l.OV, 
V1N•D-Vcc· 
vcg•Vcc 

0,01 10 µ11. 

Ch19 º~''°"'to o.ui 1coo 
fl~tioriT.m• 

•n 

Gl 
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AIAO CYCLS 111 

=t=-... "'º_ 

READ CVCU! 121 

Q> Dot.ilolb~tl~-..md,U•V1L· 
Q) ~wlldPfli>rt110troJncit.A,:nt:Mt9iGl~bnklw, 

~.'RITI! CVCU? (1) 

... 
- C!l m ........ ...,_"''-""""''°"· 

(%) A writ9 oecw1Ciurifto dttCMfilp of 1 tow l!S ond1 b#W'E, 

Q> "'" ,,_,..,,, ... ,..._ .. a .. w~- ........ .,,._ .. _ ..... ~ 
@ w .... ~ .... ,, ... ,,..,,_...,~,..,.,.,....,,..m .... -. 

011lputbuttcnrtmfMn"'•l\lch~d.W. 

82 
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TIMING WAVEFOAMS 
(CONT.I 

LOWVcc DATA RETF.NTION 
TIMING CHART 

AC TEST CONOITIONS 

,,?0446 

wt\ITE CYCLE (2\ 

Not?H: (j) ~ rY'IWt\;J: h1<,111\..i''"\J ,j¡ :.''.·~:"'.'~, fr.~·"hion 

@ A wthi!- otoi.Jtt dur:nu llH 0~1 t-.;J :>f o \~'l'f ¡;;¡ tnd ll lm.,, \'i~ 

Q) t>¡.¡R h ma:¡¡uf'UIJ lrom tM t.wli~rot C'.ii orfiE goií\g i'l¡.,.ti to th$ t"fld ol W11t>J cyi:lll, 

@ lf u~ C$1!>'111 tr•Nitlon o:rl11t 1llt1Ulf~~¡:ilv \'<'llll O( l•l\11( thtt WE lc-...i tr~itien, 
ouq:nJt butfw¿ 1011,~ln In o. !'ti~• !n·~"~t.111c>J ita!-... 

® fü! 11 ccr.t:r1uom:I/ l•)V,I 10~ - V1Ll. 

-h~tcc;r: --""'"""'"""'oo'~==-1-
""",:~ -~----¡~ ---------------------- ----.J 

v.,, ---7·· ----- ----------------- ------··-··--"'\ 
"~ _ ........................... ~------- \._ 

C?; V1L-

G:IO -""-"'"""' -··- -- -- "'-~·· .. -- ... ---------- _.,.. ---------"' 

·-
Input Pul~ Le\'ch O.OV 10 2.2V 

Input Ri~ and Fall Tim~l 10 ns 

lnipc.n artd Qutput TimirllJ RefDrlt"C" Ln1b 1.5V - Oul¡JUI Lood 1 rt:L + lOOpF 

IJ3 
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CEl\Ol_P 

~ 1 MllLl"tiUlt~ 

¡__!.._ )) fl t.~AI! 

-- -· "' 
- ' :!,t 

. o ,., 
- ' ,, .. _. .. 

1.5-tWJH 

ª'"'"" ........ ,, ..,._, 
1•1• 

"' 
L 

M o.n-010 .... 
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1 INCi.tU 
,. 

1.UMA:--" 

o.o 

,__G_:' .... . .. . ... 
UUIH 
o.e, ... .--.. ,,. .. ,.-;--
u .. --.. -.... 
Cl.1100.004-....,, __ 

PACKAGE OUTLINE 
11P.D446C · 
PLASTIC 

11PD44GD 
CEl\DIP 

: 



NEC 
NEC Electronics llS.A. lnc. 

¡.iPD449 
¡dl0449-1 
¡.iPD449-2 
¡.iPD449-3 

lticrocom,.1111 Oivision 

2048. x 8-BIT STATIC CMOS RAM 

OESCRIPTION The µPD44911ahigh1peed, low powor, 2048 word by 0.flit mtic CMOS RAM fabri· 

caitld ullng an edv1notd 1il!con gate CMOS tt'Chnology. A uniqm: circuitry ttchniQue 
mak" th• µP04491 verv low opcntrng power devico which rcquires no clock. or 
rt1ruhlnQ to OPfflt11. 

SlnOI th1 c:Nvlca htt two chip enabkl inputt, it is suit::d for bmury b~up eppllc.i· 
tlont. Mlnlmum ttandby power curr1tlt is drawn by this dc•icu whcn CE t or CE2 
equals Vcc lr'td1ptndentlv of tho other ínput 111 .. '111•. 

D•t• Rlfsntlon Is ou:tt11ntc:ect u a PO"NSf 1upp.'y volr"9' 111 low .n 2V. 

Thl µP0449 Is P&Ckt;t'd ln a st<md3rd 24-pin dwl·in·lim1 p~ck~ tnd is plug.ln «xn· 
patlbio wilh lOK EPílOM1. 

FEATURES • Single •5V Suppty 

• r:uuv St•tic 0f!frl1t!o., - Nn Cloc~ el' Refr.::hir:; rcq: .. !ired 
• TTL Comp1tlblt -All lnputs and Outpuu 
• Common 0111 lnPot a.nd Output U1ing Thre-e-Statl! Output 
• Two O,lp En1blt lnputs for Ehttcrv Üp.!rttion 
• Max ACCH1/Min Cyde Times Oown to 150 ns 
• low Powcr Oiulp::1t1on; 1 B mA Mu Activc/10 µA A.ta Sttndby/ 

10 µA MllC Dat. Aetenhoo 
. -• · • 01:it R!!t-rntfnn Volte:¡:'! ... ?.V t,tin 

PIN CONFIGURATION 

. . .~. 

• Suodud 2.._,in Plutic artd Cc.!rimic PackJ~1 
• Plug.ln Compatible with 1 CK EPHOMs 
• OP'Jtitlng Tr.msxmturn R.!n~ --to•c to +ll5"C 

ª' flz Vil 

• 11 • 
H L X 

L L L 

L L H 

A10 

Cii ,.,. 
l/OJ 

'""' ,,,... 
l/!)l 

TmmlTAGU 

MOOE 

NOiSE.LECUD 

,_.01'SELECTED 

WRITE 

READ 

es 
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f'iNtlAME& 

AQ•AfO Addr•n lnp\111 
~.· ... w11111tn.blf 

~'1~2 Ch•Do El\4ol1I• 11\()ull 

l/OMI06 Oat• i11fl'11/0u1py1 

Vr,c Pa-r 1•5VI 

ONO Orour1d 

1/0 ltC 

Hl STAHOOY 

HZ STANOBV 

º"4 ACTIVE _ 

Dour ACTl\ll 



,.PD449 

fHLAllfl.lll'f 
Ulltlll~ 

UtCOl\IM'd 

~-{> ...... -<{__/"~~~~~~~~~--' 

BLOCK DIAGRAM 

Su<>ply VoitOQ> . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • 7.0V ABSOLUTE MAXIMUM 
lnputor 01JtputVot11090Supph•d.... .-0.3taVcc+0.3V 11ATINGS' 
Storz:~ T!f'('fW'rMure Ron\7: , . . . . .. -&S•Cto 12S-C 
OperatinQ Tempcruuru R•~ •. , .......... , , .... , ........ ~~i'C U) -+US-C 

Ta• 25QC 

•tOMflléUT: S1nm .WQ\14 IM.i.wi hs1W u11dlf "J\."~vtt: M~or.imum A•t~¡s,. mfrl r;:&IJJlll ~1 

dom~• to th• d•111t.11o lhi1 11 a suen rat1ng Ol'lly snd functio~tl O?'Jrl\ion ol \Mi dtvklrst t~ or 
•nv othor cor.dition1 ~Ju1111 thl1Co3 1~iatft! ll\ ttiu or•ratmN,1 ttcüon1 cf mi. 1pe1;111e.lti0n lt n01 
1m~tod. EJ1PC1Urt 10 ob10IUt• ma11imum ratino cvnd1l•Q1'1f. f0t ••lt'nl,bj Ptlftodl mav ct\'~6'N~ 

r'llr.~i!l!\;'. 

llMITS 
Tiltl 

P•M1'MITER $'1'Mf10l CO~UlflOlU 

lnpul l"l'!J'IV<>lt...,• \, 11> " "''cr:•OJ 
lnpulLo .. Volty '" Ol °' 
lnl)UtL .. kil911C.,..U"I ,,, " , .. \11N•O"Ycc 

Vél.1'1' 

11ou .... c.,,.,"' ''ª ·1.0 1.0 ,A llér2•Vttt 
'" V\'lt: •V1L 
v110 •o~ Vcc 

Vée1 ao1d 

ICCAI Cil G) Véfl •\ltl 
•110•0 
MlNTC"•CU. ---- ---- . VCft _. 

~""""'""C..lltM 'cc•1 m4 Yf'h • V1i. 
1110·0 
DCCV"1'1WT 

VfitW 
VCf:l•D.Jv. 

l~A:I "' 10 .. V¡N • Vce ·Ol\' ...,., 
l110 •O 

Véf1 crYff:t• 
.....,e"'"'" •cts .. .. "ce -o.2\1 

Y1N•O"VCC 

~ ..... Yoltt19 v.,.. ,. !OH• -1.0PIA 

Oiiq:iut\AIWYoll ... vo, º·' loL•2.DMrA 

"'"" (!),.~ t2'1ttATY1,111"ANAX 
JOPD449·t. 19 lllA TY,, 21MA. SrAAX 
Jll~2.20MAfVP,JOMllflAK 
~-3:2tmA1'tr,SlftlAUAJC 
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pP0449 
CAPACITANCE T 21"'C.f 10MH ... . .... .. 

::r:.:: Tm 

-AWTt• IY...OL ""'T CONOl110ttl -
...... IC.0Unat <1N 1 • .. Y1N•OV 

~tc.:mtric:t Cll" 1. "' V11n•rJY 

AC CHARACTEAISTICS r""'-.".;..'IN;;...• .;..' .. ..;..;'•;...·_-.. .;..·_,.,.;...;....,T·c--...------,-~-,n------.,......., 

~ ,.PD4'U '•l'OMf.I 

~'·~ 
,_.,o..i.r--- .. 
09~1(i}11 .. o.. ... 1Vtilod "°' 

,,. , .. '" Qllfl ...... téUl .. O..UNtVd.4 •ro: 
~ HoW .... ""*-0-..• "'" o.w ..... ~¡11ce°""""".,u •u• 
C.W...._.tt"ln .. o..""°t'"U 1~u 

Q;;¡i~~11uo .. ~...,,~.t 114,z:i 

!!'!- l..W. eta11 .. o..-t .... "' .... , 

Mlltltev::t.ll 

...., ... , 
hl.PUtlllTU ''"""" 

Ro'tt<ir.i.1i...... .. , 
C* ...... ltllltiil..talfttial "'" '"' '" a.. ..... telfl•t.. ...... '"" 
"----·~ ... -- .... ,,. 
--~ti-· .... 
'8Mlll .... ta(),.f¡Wf111Ht '" .. " 

,,. 
o.... ..... &.-lllldol•llll - IQi 10 

DllllVVCll ............. '"" .. .. '"" 
Da..WTW.. .... 

LOWVcc r,·~c .. ....-c 
DATA flmNTION 

T'HT l.IUIT5 

~'tlR ··- COMOITK>Cl9 ..... TYP ..... ""'' 
V1w~O-Vec. 

"lr:clor-- Va;on v¿¡,,,, 2.0 V 
VB:z•Vcc 

Vcc•J,OV, 

Dallr'of~~' '= 
V1N"0-.1Jcc 

0.01 'º "A Y~it• 
Vl'f2•Vcc 

°"' CWlllllt .. O..."*""°" TN '"°" o "' __ , .... 
... ""' .. 

11 
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µPD440 

---J;:::=i-------••c----~~i 

ADO•m -1:==-,.--------i-"'"----=--: 

C11 

Dour 

rm1u: cvcu: Tt-W::O ~ 

""" 

~-----------------------------------------· 
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TIMING WAVEFORMS 

L.OWVCC 
DATA RETENTION 
TIMING CHART 



AC TEST CONDITIONS 

PACKAGE OUTLINES 
µPD440C 
PLASTIC 

µP0449D 
CEADIP 

f!PD449 

Input Pulse levcls 0.SV to 2.2V 

lnput Riw and f.oll T1rnr~ -------
Input and OutP\Jt Timinn Rclerencii Lev11:. 1.SV -------· 
Output lo.;;d l .1 TL .- \(() pF -·------------L-·--'------' 

89 

168 



~National 
~Semiconductor 

NMC6164/6164l 8192 )( 8-Bit Static RAM 
Gonoral Descriptlon 
TllO NMC616416164L Is a 81il2'wa<d trv B-blt, now.¡¡­
Uon statlc RAM. U itl fabrlcated wtth NaUonal's propflo­
tary mlcroCMOS doublct-polys1Uccn tochnology whk:h 
ccmbinea Mgh ptrtonnanco and high dcnslty wlth lo'N 
powl'f' conwmp~ion and oxCGllont raUablllly. 

The NMC6164lti164L operatoa. vtilh a. si~ 5V p<M'ef 

auppty wlth : 1 )% tolor~nco. Additlonn.I b3.Uor; b&ó:~p 
cperatlon Is mvaJlable (l vor&lon) far data retentlon c=o 
to 7'/, wllh low utondtly cummt. 

~lno I• In st>ndard 20-pln DIP wd I• tvilll.<>bto In 
bGth plasllc and CERO!!'. 

In .:ddfflen to the lnpt1I' l!fld o\llputa bnlno TTL ~U· 
ble, tlle óutput1 ue aloo CMOS CO!!:;ll!libl•, In tllot "­
d~ .. -: lo:d3c."!)dt!-.~ to Vcc(lf'V:;::. 

Block and Conmictlon Dlngmms 

Fentures 
111 SlnijlO i-et 1WWl1: ~y odO'lt. 
o Fmn 11CCM.1J timo 100 ns/120 fl311:ID ~ mJlC 
ll Equol e•:c:.••• end cycla llmeo 
a C<lm~cly a~Uc RAio: no dock or tlmlng -

rOQuired 

a Low stiltldL'Y l'O""" llnd low "°""" c¡:<ratlc'1 
Star.:!by: 10 ,w, lyplcru 
0""'1tlon: 15 mWIMH1. typlcal 

Cl l!.011"'Y b<dl·~P o¡>3ro11or1 "'""'.i1" (L "'"Ion) Yilt1l 
d:ll• "'111<1llon aupply volto¡¡o: 2V-5JIV • 

a Commcn dot• Input ond ootput, Tlll·STA'rPoulput 
D TT\. compatibla: di t~ua Cid oulputs 
a CMOS ccmp:illht:! ou~ts d1\vo cap¡;;ciU'ta ~to 

VccorVr, .. ; 
¡¡¡ nw.dMJ 2&¡¡ln poct..'1{!0 conriQIJ!lltlon 

att ---0 ~~ "' "" 

.. 

.. 
111 

Truth Table - W1! es¡ csz Qli 

Nol Solectlld H 
(-Oown) L 
CM(:iul Dlaabltd H L H H .... H l H L 

Wrll• L L H 

--<> "' 

110 c.-
Hl·Z Isa. lset 
Hl·Z. • ... 1u. 
lfl·l lct:olccl 

!loor 1cc. •ce• 
o., lcc.lcc1 
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¡¡¡ 
., .. ,., .. "' 
"' ... .. lil ,. ... ., ¡¡, 

l/Ci 

"°' 
'"' ,,., 
,, .. 

Ol*-KMCOtlWtMMC81G4Ul 
NSPed1191N-..J:lllA 

°'* ,_ NMC91GGH (NMC81G4lH) 
WI "'°"'91 llurnbel N21B 

E1J 



..J 

""' (1) ,... 
co o 

. :E z -<:1' 
CD .,... 
(Q 

CJ 
~ 
2! 

Abso!utrJ Mo::lmum fietl;;,,111 Recommoncfod OC OpQratlng 
C-Ondlllcno 

lltn Ma¡ Unlt¡ 

VoUogo on Arcy Pin Rel41iYo lo V \<.ti 
Slorago Temporeluro, Taro 
TompcralurB Undcr Btu, T~Atl 
PowerOlr.slpallon, P0 

-0.SV to -7V vcX Supply Vctr~p1t 
Vss ~pply Vülttt'~O 

V1i.:. Input Hlch V\'l:ICQJ 
(Loglc 1) 

o !.5 V 

-55'C lo+ 1~·c .o V 
-1o•c 10 + 65"C 

CUfrent Througti f\ny Pin 

lec Actlw1 Qu!o~C".mt Cs..'tront, TTL 

1.0W 
100mt. TIL 

CMOS 

Vil• Input Len·.¡ Va.!tizga 
(LOlllCÚ) 

Tri. 
c~oo 

'r ('r.lf:. Op~uuna T~mp 

All h1put~ a.t TTL Liw,t:IJ 

32 
vd,-02 

-0.3 
-0.2 

o 

e.o V 
Vcc+02 V 

o.o V 
0.2 V 
70 ·e 

CSl~vlL1 TTLcrCS2~Vn-hTTl í!5 mA 

-~--+-----------t-~!.;:'ºO mA 
St,:t ~.!.IJnputs at CMOS lu•üls =1 2 mA 

le::: L-- i\ctlva Qu\t:.c•nr.t Curru1t, CMOS (~1 = Vr_. c~os J1.,,d CS2 ~ Vtth CtAOS ..... 

---''----ll---------------+'~'"''-•-O_m_A __________ ~ _____ :~----~ ·~---
lwa-1ao-o Operntino Cutront, TTl. ~~lrn~~~~~~ .:.r~'Ftm~~ ' W mA 

lcc1 1-----------+----------··----.:..--.---f-----+-~ 
/wtir&.Qn Opt'ifetlr.g Cttrrr:?nt, Ct,1()~; 

lse1 ~ SU..·v:1b~1 f'QWer Supply Current 
L 

Cuty C)rc!t'l iu 100% ~o 
1
nt, 

Ali l11puli1 nt u.m~ Lt":·~-''-''----t-----t--·--1--
CS1'r1. v1H. 11Lor CS2= V¡t~, Tlt mA 
11,.0 t::!Omt, mA 

2 mA -------
100 ,iA 

Vat.. Ovtput LowVottngo, lTl foi-~~~---------t---+-º-·•-+_I_' _ 
____ .,_0t_1~pu1l.owVotlafjo,CMOS loLn:t10pA --~:--0.2 ___ 0_2 __ y __ 

Voi1 Ou!pul Wgh V.>ltil{,jú, 11L___ 'OH"' -__ 1Jl_rn_A ___________ .¡-_2_.•_+---+--v-
---~·--"'- 9:!tpul tuoh Voll.l\1i. CMOS -'~~·;;-_.,_-_~_1Q_,_., _______ -~-V~c~c·_-o_._? ~V~cc~-+_0_2~~v-

Capacftl.1ru:o 
Un!U 

CIPt·. Input Capoct!JlllC<> pF 

lnputlOUtvul Ctlpochaneo · Vuom0\l(tlote5) pF 
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AC Eloctrical Characteristlcs (Not• 1) 1s1a-..i ond L Vn1ont) 

Hr.tee11J4/Gl1!4L 1 

srmt>ol l'4lllrnol« l -10• l -12· -1s• Unlta 
l\lln Mu Mln .... Mtn Mox 

!UD CYCLE (Note 4) 

'"" Reo<l Cyclo Timo 100 120 150 "' 
1 .. Address Accas' Timo 100 120 150 .. 
lcot Chip SolocUon (CS1) to Oulput Va!ld 100 120 150 n• 

...tE2L Chip SelocUon 1cs2110 Oulpul Valld 100 120 1!.0 M 

'"" Output Enable (OE) lo Oulpul Valld !lO 00 70 ns 

tm Chip SHoctlon (CSt) to Oulpul Acllve 10 10 15 no 
lo.n Chip Sclocllon ICS21 to Oulput Active 10 10 15 ns ---
IO<.Z. Oulput i!nablo (OE) to Output Activo 5 5 -
tur1 Chip Oon~lectlon (C51) to Output In H~Z ("folcs 2 nnd 3} o :¡:¡ o (O 

lHt.2 Chip Oe~l'itCtlon (CS2) lo Output In Hi·Z (Not~ 2 and J) o 35 o (O 

-~ Output (!!sable (OE) 10 Output In Hl·Z (N-Ote' 2 <md J) o 3'I o 'º 
IQHA Ootput rootd trom Addr~, Ch?.n~IJ 10 10 

\'/RITE CYCLE ----
lwc Wrilo Cyi:le Tima 100 120 

lcw1 Cl1lp Solt>Cllon (es 1J • 1 End ol Wrllo ¡Note 10) 00 85 

lcm Chip Se1cct!on iCS2J to End ol Wrlto co 05 

1,.. Addrll:3s Scl·Up Timo (Noto 7) o o 
IAw Addrtl3S '/a.lid to End ot Wrlltt C-0 !l5 

lw¡o Wri11t Pulse Wielth·(Nolo fil llO 70 - -
lwRt WrHe Recovcry Time from és1 (Noto 6) o 5 

lw"' Wrilo Rccovery Tima from CS2 (Noto 6) o 5 

lwMZ Be-¡;ilnnln!J ol Write to Outpul in Hl·Z (Nolo U) o ::i~ o 40 

low Data Va.lid to Wrltu Timo Over1ap J.5 40 

loH Data Hold trom En.d al Wrilu o o 
to11z Ou1pul Olsabla IOE) lu Oulpul In Hl·Z o 35 o "° low Oulput Active from End of Wriltt 5 5 

·~p.pllu 10 Sl.\~ aild t \(!fftlona.. 

lltte 1: Ac1 .. 1~1kma r,..o•c tu .1o•c, Vcc•6V '* 1'0%. 
11We2: ~tand l0t1r.aredtl1J'*JM tri.UtN.11 wh<Ch tho!I ~1· scW-.t1'4fl'¡'O!'l'\~•.o41t,.,_.,.,......,!""<i ~'"1~ .,".': 

Hioh IO Ull !iTATI:. mema~ .. VoH !OC)- o IV 
lo- lo fftl.:JTAlE IT>eHUf11<1n VOi. {l>C)i'O.IV 

·5 

o 50 

o 5ll 

o 50 

15 

---··-·--
151l 

100 

100 

o 
100 

"'! --
10 

10 -- -o (1() 

!O 

o 
o 50 

10 

~ 3:; /J 11•( •l,..¡¡t1 l~&l11<1i 6fld ~UH.A-,µ, C4KIJ,li~l, IH?tMJI 1.4 ~ lh.1i!1 ltz li!!PI• i;.;;o-J¡ l.:t O ~~vi~ "114 h1Ml ~~ ~ O#'o'k.,a, 

lloN t: Wl l9 hlgtl lot rttd c:vtte. •te f,t,•Z'C,lmtOMtti. TN•P11'11Mt«ll~fdldrt0I 10'l%tttltd. -....1: A wl1N OCC""11 dl.lf1"Q IM O"#fltp ("nrl °' • ~ Ctii ~. ti~ CFl eM • ~ P-. 
- J'; '"'U. n'l.:tffUl'ld lrom l1't .adreu ~ 10 thrl btQ\t'IO'nQ ol tM w11~. 

no 

ns 
n• 

"" no 

·-·--
no 

"" no ,___ 
no 
no 
M 

>---
n> 
n• --
no 
no 
n3 
no .. 

::: ~c\!i i':::.:=~~o;~0::1;::~:~;.~~~=,: ~1';;,~:1::,::::::;1~~~.º'~~tQ*'e-~~\t?t 
"<111 AOtbeotpeMttd. 

"- MI: U lfta éii to-w lltntltton octin slA'l111!1MOU1iy ;.lth 1~ Wi low tr*'OHlon cw .rtu tM W'E tr;rt,!ltcft, ~ C'.it~ •ffl ~ il'l I ttl·.t 1lll• 

..... m C5J i:ontrodlthltddNHb\Jllw.. Witiu1tt1,ffl bYI,.,., O,,.~llor&ndüibwll«. \\'henu.2tot11rot.1n.datarwcw.uonmodt, Yittitt'911MJditU.. 
i!. es;, Oi.) Cllft bti In 11• f\¡gh '~· 111'4. Wr.ttl ~ °"""''""' ,,.,. dl4ll N«!nllon mOOs, CS.1 f"ltllft bf .. v ... ,. CM01. AW OMTH lflWI ~ («'drua, 
ltf.IJOtu11Mln11\th1Qfl~••lo&le. 

f\C Test Condltlons: 
111pu1 pulae '"ª'' v, •• 3.ov, v~- o.ov 
"'Pul 11 .. lnd fall llmes 5 ns 
.1.1 inpu1 lnd out¡iut tlming refor1nco llW1 1.5V 

z 
3: 
~ .... 
~ -z 
:s:: 
o 
O'I 
..,¡, 

~ 
r 

El 



_...., 
w~~l--+-~~-r-~ 

~~---~~~~~~-~~~~~-
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nmtng Wavelonns 1eont1nuodl 

.ow Vcc Data Retentlon 1L v"'"""i 

""'""' P4rtt1w..t-¡n CondlU(f.,, - -----·-·-··-·· ·es'{;V~H, cuos·· v..,, Vcc lm lJ•ta RetonH:m 
CS2>V1~" CMQg 

Yo." Vcc lor Q3ta Aotonlion C52<Vit. CM05 

'=• Dala Rlltcn1\on CuflMI (ND\6 11) Vcc.,.2V 
al>V1H,CMOS 
CS2>V1H,CMOS 

lccoRJ Dal1 Ratontion Cutrnni (~'Olll 11) Vcc::.2V 
CS2<V1t 1 CMOS 

lmo Chip Oa~lccl to O;i.la R,,tentlon Tima 5-0tt Aatentia!'l Wavolo1m 

1, OpM•Uon ~covu1y Timo ~ ílelonllon Wa'l'Cllorm 

JWJ \Ice Data Ro!cnllon Wa11oforms 

IJo.1fCSIC"'1trol'.><l) 

""-Z!C52Contn>ilodl 

Mln Unl\s 

20 

2.0 

"' .. 

~¡i~-= ___ -_ ..... _,_ ... _-__ -__ ..... __ ~ 
•n~~ en-"'"" -~ .. 
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1 MACROENSAMBLADOR 

1,1 INTRODUCCION 

El macroanuamblador es un Prolrama aue traduce mnemonicos del 
i=iicroProcesador zao a codütos de ffiiJtlUina e.JP.cotables. Los 
=nemonicos Y codilos de oPcracion son identicos a los utilizados 
ror HOSTEK y ZILOG en su literaturar excepto Por las diferencias 
aue representan facilidades del ensamblador. 

El proorama es un ensamblador de dos 'Pasadas•, En la 
Primera identifica etiouetas Y variablesr Y en la sodunda denera 
los codisos de operacion dando como resultado un listado con 
avnsaJes de errorr facilidades do lectura ~J una lista de 
referencia de va1·ial1lcs. Adicionalmente Proporciona un archivo 
con un 1>rosrama obJeto oue puedtl sor lfc.ndo F'<'JNI carsas en el 
LINK-LOADER o bien un ••Odtilo obJeto p¡¡ra d sr;::ibado de f'ROMs o 
EPROHs. 

El pro~ra~a se distingue Por su capacidad de ruaneJar macrosr 
ensa•bles condicionalesr direccionaniento simbolice v relativor 
11valuacion de exl-'resiones cori.pleJasr seneracion de ur1 list,ado de 
referencia 11 versatilidad en sus modos do direccionamiento. 
Adicionaln1ente el r>ro11r<1ma es ca1>az de !h:merar datos en muchos 
t1iste111as de nu111eracion \J codisos con10 ASCll o EBCDIC. 
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MACROENSAMBLADOR ZBO 

1 .2 LENGUAJE ENSAMBLADOR 

El lensuaJe del Pr1siln1bla•Jor r1os brinda lJna manera fdcil 11~ 

r:1·ttdt" t-'ro~rd111dt::i f.'d1·1·) 111ic1'USJ":...,Ler11as cur1 l(J':1 !:Í:-:.·.·.~--~·:.~~ ·1entr-...ió"::>; 

if: Fd1.:il.i.Udd dt' ~-:ictlt'l'dt.:iu11 Ut!' t--1·u~i1·utt1d'::> ~11 1111n.:111ú11.i.L'U';1• 

:f. Fd...:il.i.Jdd d1:: n1odificaciu1'lt 
* Listados de facil l".::lura " P.11lendi111ie11to. * Gener2cion de modulas accesables en lensuaJe de n1aouina, 

Y ha sido di&cnarto para 
~i~uientes: 

SOPOrt.ar las 

* Har.eJo de codi9oc;i. de uPt-l'dcio11 d~ mr1emonicos. * Direcciones asi~n~das o rofe1·~ncid(ld~· 

* Direccionamiento relativo. * Comandos Para crenr da·los. * Comandol Para rese1·va1· füemoria. 

caracteristicas 

*Comando; de control Para el listndo de salid~. * Di recci1Jnamientos constantes. * Codi&ou du cUrQctorns nRCII o EBCDIC, * Comentarios para documentacion. * Listado de referm1cia. 
* Hodulos lesibles o modulas obJcto. 

Un pro•ra¡a en lensuaJe ensamblador es un archivo escrito en 
ler1suaJe simbolice de mac1uina <nmemcmicus), El Prosrama los 
cOGPrin1e en estatutos; un estatuto es un instr•Jccion sin1bol ir:a 
<mnemonicos), una di rece: ion, •Jna instruccion macro o un 
comenta 1· i o. 
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Lr.NOUA..JE rns,·111f<LAJI01; 

1, 2 .1 EST1\TUTOS 

Un estatuto es un datri aue se asun1e esc1·ito ~n Uf) 1·HnSlon dv 
80 colurunas en la ·forrua siguiente! 

/ 
/ 

1 c>timieta oPn-racion OPPraridos cament.arios 

El c¡11r1Po dvno111inado 1 etiouetas 1 
f 1 S Provisto Para asi~na1· un 

r1ornbre sin1bolico a una di1·accior1 da memoria o a un valo1· variable 
o constant~. El can1PO de otiau~las PUedu emprzar t 1n cualaui!?l' 
culumnn si ~.1 s 

on1itiendol¿¡. 
etiuue t.a, 

terrriin~Jdc1 r_,01· 

Un u::;talutu 
una coru<J o E1 l11Pf}::n11do dn J ti col1Jmna 

PIJ<.ldf} Ct)n; • .is ti 1· un i e iJílli..'f'!i.P rlci 
IJíl() 

un¡,1 

El campo dP 'nPf-1 1'ac1ur1' r"·i Provi :'.t,u Pi!l'C:J p~·i.r•ecifleor unn 
oPc~racion ~ii.mbulica1 una di 't(~ccion o 1.1r1n ll;;m;Jdél ;.1 un m<.1cro. Si 
esta present~, PuuJP en1P~;:at' dr1~Pu~s du J~ t~olu111n;1 ~1r10 o estar 
-z,t.:1:..orwda dul c.:_;n1;··0 d(~ 1..>Linur~t...J'-• f·UJ' u11c1 o 1:1a'.j r:~-.r-ac:i o•:. n una coma. 

El campo .,fo] ªoPPr-1!ndu 1
! p-:-, Proveido HSPGCifiCiH' 

a P!ltHllE'nto~. f:lf..1 1 íl CH··u t•at~ i nn da1.{P Pr1 1• J C'i10¡F•O dn t.n 1' 1Cl1' t r J. c;HTll"'I) 

del opc~randn~ <.:1i. usta r·1·0·Jur .. ,t,py c:'.l~;tt, ::-.C'r·urado d<'~l camro dv:~ 

or,,t?r<¡cjon i:·nr uno o 111a:; e~·,p;1ciu::.. Lo~-; d1'g11r11:~ntu~1 L-~n el campo de 
or:-eranrJo~i r1u dL~tv..•r1 t~.;l,.:;¡· ~-~.:._·r·d1·,:do::; l'Of' lJl.J11co~; o i,or m.:J~ de: un1..:1 
COfl'lt:lt 

El cartiPo do cnrnt~ntnrio~; Pf) /·•rnvi::;t,o ¡.,-_,f'ij dn:)~1~:ldl.itrJr <·!l 
ensa1T1bladol' () f'f'.Jf'¡'J POí1PT' ITIC!'l'li:.-;n,.il~':-t ;_J(~Ef'C;J d".'·1 1 j-"T'CIPCJSit.o dr> .li3 
instruccior1. El can1PO dt? los con1cntnrio~ dabe ostn1· scParndo do 
c:-1 Ci3TIIPO ant~..:if"ilJr r-or uno o n1i1':t blanco~·; n r1 nr un Punto u co111u, 

Un estot~1to Plli,de osl~r corr11~let~mcr1lc un bl~r)CU• en cu~10 caso 
Uf"liJ lin~.:J on bl,if1.:-o dFCJl'2C.:J1'd or1 ._:.il li~1L,:,do d •. 1 :.<.il.i.da. 

1.2.1,1 COMENTARIOS 

Un CQmentario es un estatuto el cual no as ensamblada, 
solamente es reproducido en el listado de salida, Esta estatwto 
esta indi~ado Por un asterisco o un Punto v coma como ol P~ima1· 
caracter no blanco en la linea, Hav mue tener cuidado cuando se 
usa asterisco Para indicar un con1enta1•io· poroue Puede ser 
interpretado como una directivo del ensamblador. Si un asterisco 
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MACROENSAMDLADOR ZBO 

es usado para indicar un coffientario• es recoffiendable iniciarlo con 
IJrt espacio. 

Nota!!!. Si el asterisco aparece en la col•.inona uno el 
en~.affiblador Puede reconocerlo con10 ur1 directivo. 

/ 
/ 
1 ;este es url con1cntario 

Adicionalment8, las calun1nns de la 73 a la BO nunca son 
procesadas y ::rueden ser usadas partl cualauier ?roPosit.o. 

1.2.1,2 DIRECCIONAMIENTO SIMPOLICO 

Cuando se ef3cribe un r-ro!lrüma en t11l1f?monicos1 los oPerandos 
son exPresados en muchas ocasiones on forffia sirubolica. El 
Pro~rama ensamblador reconoco este tipa de direcciona~ianto Y para 
aProvechaí'lo solo l.1 s lH..icv~u\·io coloc~r rt,j n11pt.n~ ;i los P.Stat.utos ':-J 

posteriorn1ente t•cferirse a Qllas en los argu~entos, Por eJe~plo: 

LOOP LD ArD 

JR ZrLOOP 

Ta~bien es Posible direccionar loc~lidades 
etiauetas definidas utilizando los orsradores + o 

JP DEGIN 
JR PE,BEGINl4 

DEOHI LD Ar[t 
HALT 
LD Cr 'D' 
INC D 

coreanas a las 
-, Por eJemPlol 

En el eJe~Plo anterior la instruccion 'JP DEGlN' se refiere a 
la intruccion 'LD ArD' ffiientras oue la intruccion 'JR PErDEDINt4' 
sa refiere a la intruccion 'INC n•. DEOIN+4 sümifica la 
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LENGUAJE ENSAMDLAPOR 

direccion BEGIN mas cuatro bYtes ~ r10 mas c1Jatro ir)tt·ucciones. 
Notese au€• no deben e;-:isti1· esPdClO~ entr·e los operandos. 

1,2,2 SINTAXIS 

El lensuaJe ensamblador es como cual~uier otro lensuaJer es 
decirr tiene un set de caracteresr un vocabularior reslas de 
!lra~atica Y la Posibilidad de definir nuevas Palabras o elementos. 

Para aue un estatuto sea ensamblado debe estar correctamente 
escrito de acuerdo con las reslas de sintaxis desci·itas ensesuida 
para Poder ser reconocidas Por el Prosrama. 

1,2.2,1 SET DE CARACTERES 

La si~uicntc lictw de caructo1'0~ ~1or1 los uut: el Pros1~au~a 

PUl!'de reconocer. Son los unicos caracteres validos Y cualauier 
otro• a excePcion de los ouo se us~n en el campo dQ con1entarios, 
!lenerara un error. Huchos de los caracteres especiales no tienen 
un si!lnificado Previrnl!ente definido e::cepto cuando se trata de un 
caracter constante. 

CARACTERES ALFADETICOS 
A D c D E F G H I J K L H N o p a R s T u u w X y z 

blanco 
> 111auor aue 
< raenor 01Je 
' co~illa simple 
r co111a 
+ 11as 
- menos 
& amPersand 
1 adR i raci on 
• canillas doblas 

.. t sharp 
:r. Porciento 

barra vertical 

CARACTERES NUMERICOS 
o 1 2 3 4 5 6 7 8 9 

CMACTERES ESPECIALES 
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1 dia!lonal 
$ Pesos * asterisco 
( Parentesis izauerdo 
> Parentesis derecho 
(~ arroba 
• 1>unto 

dos Puntos 
. i Punto u con1a 

i!lual 
'? . .interrosacion 
- underbar 
\ diaSonal inversa 



MACROENSAMBLADOR zao 

1.~.2.2 CONSTANTES 

Una constante es un valor oue Permanece invariable y existen 
muchas maneras de esPecifica1·las en el len!lua.ie ensan1bladc11•, 

Constantes decimales pueden ser especificadas como una 
secuencia de caracteres numericosr Precedidos Por un si~no n1enos o 
mas. Si no esta si~nador el valor es asumido Positivo. 

Los valores nesativos se codif icar1 en complemento a dos ~ son 
evaluadas en cantidades de 16 bitsr es decirr en modulo 65336 Por 
lo aue no se debe intentar evaluar nun1eros dem~siado srandes o un 
error sora !lenerado. 

La si!luit•nte lista indica los decrir,to1'es disPonibles ~ su 
si~nificado. Si no se da descrir~tor al n1Jn1ero es asumido decimal. 

B - Din0rio 
O - Octal 
ll - Octal 
n - Decin1al 
ti - lle::adeciíl1al 

Usando lo~ descrir ... tort~s a1d .. u1·iurL1sr debe colocnrse un cero a 
la izouierda c~ando se utilicen numeras heMadecimales oue emPiecen 
de la A a la F. EJemPlo de constantes son los si!luientesl 

10011fJ 25 OFFH 13770 255[1 

Un caracter constante en ASCII o en EDCDIC Puede ser 
especificado encerrado con comillas siIDPles Precedido Por una A 
para codificacion ASCII o una E para una codificacion EBCDIC. Si 
no &e da un descriptor el carHct~r su asume ASCII. EJeIDPlos de 
esto se dan cnsetluidR! 

LD Ar 'I' 
L[I CrE'A' 
OR '0' 

Para al•unas intruccionesr la constante Puede consistir de 
dos caracteres. Los caracteres son car9ados en los re!listros en 
el orden en auer esto es, el estatuto: 

LD HLr '-1' 

asisnara el codiso ASCII •-• al resistro H ~ el ASCII •1• al 
.re!listro L. 

Una conJunto de caracteres Puede ser especificado usando 
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LENGUAJE ENSAMRLADOR 

DEFBr DBr DATA o llEFW. Los ci:ih3ct.e1'r_H_, dPclur~:dns mPdi.i:ndP Pst.o~:; 
or--eradore~ se rJufinC'n dP i,cJual ii1anera Pi1l'a Ac-;c11 o EBCI1TC, por· 
eJemF>lo: 

A'CODIGO !IE TELETIPO' 
E' CODIGO DE TEflHINAL.' 

I 123t7 1 

Notese aue un b~te de men1oria es acu~ado POI' cada cedido de 
cada caracter en forma secuencial con el p1•iruero disror1ible cuando 
son definidos mediante DEFB, DBr DATA O DEFW. 

Para ~enorar el codido de una Cl1mill~ simple se especifica 
con dos co~illas simPles consecutivas1 e~jumplo: 

'DON' 'T' 

1,2,2.3 SIMBOLOS 

-Un simbolo es una secuencia de caracteres. El Primer 
caractcr en un simbolo debe ser alfabeticor siMno de 
interro!lacionr arrobar si9no de adniiraci-onr Pot'ci:11t.uJ<J o urorJerbar. 
Los caracteres especiales, e:-:cep\,uando los enunciados 
anterior~onter no deben ser usados rn l~ definicion de siffibolos. 
Tampoco son permitidos blancos intermedios. 

Solo los Primeros sois caracteres dü un siffibolo son usados 
por el Prodrama para definirlo; los restar.tea Pueden ser usados 
Para documentacion. La tabla de simbolos del Prodrama puede 
contener hasta 200 diferentes definiciones. 

Los simbolos son usados para repreGentar valores arit~eticos, 
direcciones da ~emoriar arrodloa de bit~· etc. EJomPloa de 
simbolos validos son.los siduienteal 

LAD 1 
tlASK 
LOOP-NUM 

180 

PAGINA 7 



MACROENSAMBLADOR zbo 

1. ~.~.4 SIMDOLOS ESPECIALES 

El ensamblador tiene 20 sin1bolos rese1·vados ouP corresPonden 
precisamente a los non1brPs de los resislros internos ~ codi~as 
condicionales definidos Por ZILOG, Estos simbolos especiales no 
son suardados en la tabla de simbolos por lo oue Pueden ser usados 
CORIO eticrnetas, Dichos simbo los son los si511Jientes ~ 

A B e D 
E F 11 L 
fj(' DE HL SP 
AF AF' IX IY 
I R z NZ 
c NC PE PO 
p 1-1 

El ensamblador !:!er1cr¡;n·n un er1·nr si sP. ritent.a usar uno de 
estos simbolO•· donde no es reoucrido o si no es usado donde se 

. - reauiere. 

Exiten acicionalmenta dos simbolos oue denotan el stack Y 
se~mentos de nemoria de un prosran1a1 .estos son: 

STACK MEHORY 

F.inaln1ente• e::iste un sio1bolo ¡>roodefinido llamado '.NARG' \o! es 
usado para representar el numero de ardumentos rasados en una 
llamada .de macro. 

1.2.2,5 CONTADOR DE PROGHMIA Itt:L EHSM1DLAIIOR 

Durante el Proceso de ensa~blado se mantiene una variable aue 
contiene la direccion de la sisuiente localidad de •e~oria llaaada 
CONTADOR DE PROGRAHA del ensanibladc1·, Es usada Por este rara 
asi.!lnar di rece iones a los b\,ttes ensainbladosr sin el!lb<Jr!lo r esta 
disponible tambien para el Pro!lrilmodor. 

El caracter •t• 
prosrallla Y Puede ser 
aparecer- en el ·Ca1>Po de 
prosrama asume aue $ = 

es el nombre simbolice del contador de 
usado -como cualauier otro si&bolo• rero no 
etiouetas. Cuando se usa el '$' el 

ini mism~ direccion• por eJemplo: 

31" JR 

La intr•Jccion de salto relativo se encuentra en la direccion 
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3F Y es codificada como un salto a si mismo. El CONTADOR UE 
PROGRAMA tiene en este caso el valor de 3F, 

1,2,2.6 EXPRESIONES 

Una e>:Presion es una secuer1cia de uno o mas símbolos. 
constantes o do otras e>;Presiones. Las e~:Prasiones son evaluadas 
de iz~uierda a der~cha suJetDs a las Prioridades oue se muestran 
abaJo. Los Parentesis hacQn aue las Prioridades no sean tomadas 
en cuenta. Las oPeraciones ~ Prioridades so~ n1ostradas erlsesuida 
de la maYor a la menor. 

PRIORIDAD 

5 
6 
7 

8 

9 
10 

2 
3 

OPEf¡ADOR 

-** 
* / 
,MOD, 
.SHR. 
.SllL. 
+ 

r .tlOT, 
&r .AND. 
l r .OR, 
,XQR, 

=r.EO. 
>• .oT. 
<r.L~T• 

.UGT, 

.ULT. 
, f¡ES, 
.Low. 
.HIGH, 

(si:_1r10 r-o~~it1vn) 

(sig1·10~ ncqat.ivo> 
e e:~Ponenci ac ion> 
(multiPlicacionl 
<divisionl 
(modulo) 
(corrimiunLo a la derecha) 
(C(lrrimiento a l~ i7al1ierda) 
( sun1a) 
<resta) 
<NOT loc!ico) 
( AN[o lo,,¡ico 1 
<OR lo;iir.o) 
<üf( e}:clusiv;:il 
( i eJua 1 dad) 
<rria':;JOJ' aue > 
( merro r auE.•) 
Cma~or oue sin sidno) 
(mPnor nue sin si~no) 
(rcsultZldo) 
(8 LS!ll 
(8 MSBI 

Las operaciones da cornparacion don como r~s\Jltado todos los 
bits "1' si la comParacion es verdaderar w todos los bits •o• si 
la coroParacion es falsa. Los operadores .OT. Y .LT. realizan la 
comParacion con numeras sianados por lo oue si son mawores de 
32767 seran tratados como neaativos. Los operadores .UGT. Y 
,ULT, renlizan las comParaciones si tomar en cuenta el siano. 

El oPerador resultado •• RES,, no realiza ninauna funcion ~qro 
se da Para compatibilidad con otros ensambladres. 

- Los operadores de corrimiento (,SHR. 
funcion tantas vece~ como lo indioue 
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opt•rador sobre ~l 
lu~iare1;1 deJados a 
Ej1·mPlo: 

arsumento especificado desPues de 
la i=a1Jicrdn n derecl1a sor1 llenados 

el. Los 
corr ceros. 

DEFB 2.SHL.BIT 

Los operadores .HIGH, Y .LOW, se dan Para aYud~r al 
prodramador a definir una direccion do dos bytes en forma 
individual si se desea. 

Una e><Presion debe resolver •Jfl valor unicor consecuentemente 
no se Permiten araumentos caractere5 Ca eMcePcign de lonaitud 21 
debido a aue 5on Procesados er1 modulo 65536, Atentar contra esto 
senerara r.Jn 1hensaJe de error, EJemPlcls de e!:Pt'esiones validñs se 
dan enseauida'. 

PAMl-3 
CPAM+45Hl/CAL 
IDAH.AND,255 

LOOP+CADDR,SHR.01 
VAL1, Eíl. VAL2 
,LmJ,EXPR 

Como puede verse' los blancos intermedios no son Permitidos. 

Para ciertoG ffi11e~onicos, una a•:prcsion encerrada en 
parentesis indica una direccion de memoria. Paro ~ndicar valores 
inmediatos en una e>:Presion encerrada en Porentesis se Puede hacer 
colocando tJn si~no Dn~; nl ~rincirio del volo1·. 

1.2.2.7 DIRECCIONAMIENTO RELnTIVO 

Para aauellns intrucciono& Gue usan direccionamiento ralativo 
<JR, DJNZ>• el contador de Prosrama• 5, PUede ser sustraido o no 
dY la direccion r~lativa dependiendo si se ttsPecifica LIST o NLIST 
(eHPlicado mas adelante). De esta manera el usuario puede definir 
el direcciona~iento relativo en cualouiera de las sisuientes 
formas: 

DJNZ t!AIN DJHZ HAIN-\l 

Aunoue el default es "$' Y no es necesario especificarlo• se 
recomienda usarlo Para decir eHPlicitamente al ensamblador aue va 
a ,acer• ademas de aue ciertos errores Pueden ser detectados solo 
con esta oPcion. 
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1,2,3 COMANDOS DEL ENSAMBLADOR 

Los coffiandos del cr1saffiblador sor) directivos aue emPie=an con 
un asterisco en lcJ; columna 1.Jno. La columna dos id{-!nt.ifica el tir-o 
de coo1ando. El usua1·iu d~!bF! ser catJteloso con el uso de e!;tos 
comandos cuando dcnot.J comentari.os cor1 un a'.:> ter i seo ~n la column,1 
unn, DnPE?nd ir!ndo dt• aul-:? ca rae tP r ~ . .:t' 01··1c1J>-~nt re en la ca lurr1na :, , 
r-·1.H"!dc ser· int.erp1·etado como CrJm;!ndo o no. Len.; comandos 
ecHJivaleFltl.HJ. a los directivn~ cc1rr2sPond1urd,c:i~1 sr~ dan a 
cont,inuacior1. 

*UEC' 
*HEAllHW S 
*LIST U!I 
~LIST OFF 
*MACLIST UN 
i:<Ml1CLIST OFF 

EJé_c,· 
TITLE 'S' 
L!ST S 
tlLIST S 
LIST M 
Nl.!ST M 

1,2,4 DIRECTIVOS 

Los- directivos del Prodra111a sor) escritos como estatutos 
ordinn1•ios en el lenuuaJo ensa111~lador1 roro no son t1'ansladddoG ~ 
lentluaJe de maauinn siria aue son ider1t.if icados como comandos 1~ar~ 

el control dnl onsamblada1 

A t r-aves do t::•~,tos di rt~ct. i vos-,~ el f.~r1~. a111b 1 ªº'J \· f'(;:se rvu ra 
memoria, definiro b~te~ de dalc1s' as1snnr~ valores 3 sirubolos, 
controlaro loD listados do salidn~ Btc. 

Estn seer.ion describ~~ tndo~> los dit•rir.t.lvor, P.~·:cr~Ptt:1 11nuellos 
asociadoo con ol cr13nffiblndo do 1:13cros •1 rrlocvli=~cicn1 ~l~unos 

directivos tales como ORG se aplican a ensamblado absoluto o 
relocali=ado y ~o discute en ambas ~acciones. 

Los directivos descritos en esta seccio1·1 son: 

ORG 
END 
EClU 
DEFL 
DEFrl 
DD 
DATA 
DEFW 
DW 
DDD 
DEFS 

Coloca el orilen del Prolra~o. 
Fin del ensamblado. 
Itluzla un simbolo u una e~:r-rasion. 
Define o redefine una etiaueta. 
Define b\oltes. 
Define bwtes(como DEFB), 
Define bwtea (como DEFD>. 

.Define palabras+ 
Define palabr.a,;(corno DEF\J), 
Define-bytes dobles. 
[lf~fine mcn1oria. 
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Define rueruoria(como DEFS)t 
Define mensaJes. 
Da lineas en el listado. 

ns 
DEFM 
SPAC 
EJECT 
TITLE 
LIST 
NLJST 
COND 
IF 
ELSE 
ENDC 
ENDIF 

Avanza el listado a la sisuiente Pasina. 
Coloca el encabezado del Porsrarnn. 
Lista los elementos especificildos. 
No lista los elen1cntos especificados. 
Ensamble condicional. 
Ensamble condicional(como CONDJ 
Ensamble condicional alternativo. 
Fin rjel ensan1hle condicional. 
Fin del ensamble condicionallcorno ENDCJ, 

En las siguientes descripciones los Parentesis {} son usados 
para indicar 3Pcionalidad, 

1.2.4.1 ORG 

Coloca el orisen del ProSrama <En modo no-relocalizableJ, 

El directivo ORG es lJSado Para informar al ensnmblador la 
direccion con la cual deberR sPr asisnndo el si~uiante b~ta 
ensamb 1 ado, Los subsecuen t.es b1..itr~s se ran ü~iÍ !'1undos con 
direcciones secuenciales en1Pozando con esta dircccion. 

Si el Prortrama no tior1e un ORG como Primer estatutor un •oRG 
O• es usumido 1:.1 el ensambl udo r omP i oza r1n 1 a di rc~cc ion cr.~ ro c.1 1·1 e 1 
sesmento absoluto del prosraffiar esto 1~s, el Pro~rami1 no sera 
relocalizabler a menos aue se espocifinue lo contrario. 

I 
I 

{etiGueta} 

donde: 

ORG 

EtiGueta -Es un simbolo opcional el cualrsi esta presenter 
sera isualado a la eHPresion dada. 

ExPresion -Un valor la cual reemplazara el contenido 
contador de Prosrama del ensamblador con el 
especificado, CualGuier simbolo utilizado 
estar Previamente definido. 
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El directivo END es usado Para informar al ensamblador aue es 
el ultimo estatuto aue deba ser leido e indicar la direccion de 
comienzo del modulo de carga, Cualouier estatuto wm sisa al 
directivo END no sera Procesado. 

-EsPecificando una direccion de carsado en este directivo 
tambien informa al carsador aue este as el Pro9rama rrinciPal. Si 
son combinados multiPlcs modulas de car9a por el Linkind Loader• 
solo un modulo Puede ser especificado con una dir~ccion de car~ado 
~ de esta manera sea 1Jn Pro9rama princiF,al. 

EJemPlol 

donde: 

I 
I 
1 

END MAIN 

END {e::p res ion} 

ExPresion -Es una direccion aue va a ser Puesta en el final 
de el record del modulo de carda e informa al 
carsador donde va a empezar la eJecucion del 
Prosrania. Si la e::Prvsion no r..1sta especificada' la 
direccion de carsado es Puesta a cero. 

El directivo EOU causa 
Particular a una etiaueta 
absoluto o relocalizable, 

aue el ensamblador asidne un valo~ 
no definida, Este valor Puede ser 

SEVEN EOU 7 

I 
¡' 

1 etiaueta EOU exPresion 
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do11de! 

Etic11Jeta ··Es un simbolo definido Por este estat1Jto. 

E:·~Presian -E<::> una e:·:PresiCJn la c•1al valuara a la etiaueta 

1. 2, 4, 4 DEFL 

dada d1Jrante todo el ensamblado. Si se intenta 
revaluar la n1isma etiauetar se ~enerara un mensa Je-? 

estn 
No 

de error4 Cualauier símbolo usado en 
e~:presion debe esta11 Previamente definido. 
pueden ser usados aaui siffibolos DMternos. 

El directivo DEFL asilna a un simbolo un vnlor particularr 
pero a diferoncia del directivo EOU puede haber multiples DEFL al 
~isffio simbolo durante el ensamblado del ffiismo p1·osrama. La ulti~a 
definicion de el simbolo es la oue especifica su valor, 

E .. iemPlo! 

donde: 

I 
I 

GO 
GO 

etia•Jeta 

DíTl. 
DEFL 

DEFL 

GOtiO 

Etiaueta -Es un simbolo definido por este estatuto, 

ExPresion -Es un valor aue se lo sera asilnado a la etioueta 
dada a menos oue sea cambiado Por otro DEFL, 
Cualauier simbolo usado en esta exPresion debe 
estar Previamente definido. Los simbolos ettternos 
no Pueden ser usados aaui. 
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1,2.4.5 DEFB DATA [1[1 

Los directivos DEFD, DATAr DD sor1 usados Paril dPfinir hüst¡i 
70 b1.:1tc~s dE.' datos. El ensamblilcior colocara un b';.1t.P •.;1 ~lP da una 
e}:Prusion ~ varios si una palabri1 da rlos o n1¿1~ caractores se 
especifica. Todac las e~:Pt'e:done..:; debo1'ar1 valuilr un c.:>olo byt~ o 
un mcnsaJe de error se ~Pnc•1'dT'i1.Lt)S v~lu1•es ne~~tivo~ ~r~ 

codificür.an en comr-lcrM:;1nto A dos. En lff1a e::F·T'esion rc'loc2li::able 
p1Jede Us(Jr'.)c1 los OF'PPadorpr, .H1GHt ~1 .LOiJ •• Si cunln1Ji0r ntrn 
oPeradol' es •JE,ador ser~j ~.Jcnerudn 11n L'rrnr "-l ,-~1 OP!!radnr ,LD~J. 

S(Jru usunddo ~ 

donde: 

/ 
/ 

7A 11 00 
06 1F 42 1A 

<etiauota} DEFD 
DATA 
[lfl 

ITEM DEFB +122,17,0 
DATA ;,, 1Ffl, 'A'+t,320 

Etioueta -Es un sin1bolo opcional el ct1vl sera asitlnado con la 
direccion d~l Primer t1~to definido. 

OF·arar1do -Es una (~~:F·r•?sion avnll.Ja(ta contrndondo u1·1 byte: o un 
caracter constilnte o •JnA vat'iAl,le alfcr1umerica en 
ASCII o en EBCDIC de hasta 70 caracteres. 

1,2,4,6 DEFW DW 

Estos directivos informan al ensambJ.ador L1 localizacion de 
dos bwtes por operando. Cado operando es . duardado en Pares 
sucesivos de bwtes. Estos son duardados can los B bits meno& 
sidnificativos en la Primera direccion disPanibla w los 8 bits mas 
sidnifico~ivas en la siauiente dircccian. Los valoras nedativas 
son cod.i.flcados en complemento a dos. 

EJemi>lol 

--1B 00 2B 00 
00 00 

Artr11 DEFW lDH124H+4rO 
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donde! 

' 

I 
I 

' . 

EB 03 10 27 

{etiaueta} DEFW 
DW 

DW 1000.10000 

OPerandol{roPerando2 ••• } 

Etiaueta - Es un siffibola oPcional a el aue so le asianara el 
valor de la diroccion del Primer bute codificada. 

Qperandc -Es una eHPresion evaluable conteniendo dos butes o 
una cadena de caracteres de lonsitud 1 o 2. Un 
total de 70 bYtes Pueden ser aloJados en este 
directivo, 

Este dirl!ctivo es siniilar al dirflctivo Dl:'.FW l!::c.,vLo r-or el 
orden en el aue los valores de 16 bits de cada operando es 
~uardado. Lo!; O bits menos sisnific~tivo~ d(~l operando son 
duardados en el sedundo byte Y los 8 bits mas sisnif icativos son 
duardados en el PriffiQl' byte. Los valorAs netlativos son 
codificados en comPlomcnto n dos. 

Natal!! Este directivo 
relocalizablcs debido a aua 
cardado, El oauivalcnte 
.HIGH.exp,,LOW.owp" 

EJP.mPlo: 

I 
I 

03 E8 27 10 REV1 

<etiaueta} DDD 

no dcha ser usado con operandos 
se ~enoraran errores al n1offiento del 

de 1 DDB ~}CP 1 seria *DB 

DDD 1000r10000 

Etiaueta -Es un simbolo ol cual sera asilnado con un valor 
i~ual a la direccion del primer bYte codificado en 
esta e>:Presion. 

Operando -Es una e>:PrP.sion evaluable contenida en dom b~tes. 
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Un total de JO b~t~s p1Jeden se alo~iado6 Píll' esto 
directivo, 

1,2,4,9 DEFS DS 

Los directivos DEFS Y DS son usados Para reservar un 
secuencial de bwtes. Este directivo realmente causa 
contador de Promrama avance y de este modo el contenido 
bwtes reservados es impredecible. 

EJemPlol 

donde: 

/ 
/ 
1 
1 

JAl\E DEFS 

{etiaueta} DEFS 
DS 

6211 

tamano 

bloaue 
<11.Je el 
de los 

Etiaueta -Es un simbolo opcional el cual sera asimnado cun la 
diraccion d~ el priu1er bute aloJado Por este 
directivo. 

Tamano -Es un valo1· atJe csP2cific~ el ntJruCf'O de b~1tos uue 
seran aloJados Por estQ directivo. Cualot1ier 
sirubolo usado en entn directivo debe ser 
Previamente definido. La e~:r,resion final no Puede 
corrtener terminas relocalizables. 

Este directivo es usado para definir hasta 70 bwtes de 
cadenas de caracteres en ASCII o en EBCDIC, Este directivo es 
eauivalente a usar el comando DEFB con la diferencia de aue la 
cadena de caracteres es un.sola operando, 

EJemF·lol 

DEFM 'SYSTEM SHUTDOWN' 
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I 
I 

<etiaueta} DEFM 'cadena de caracteres' 

dondel 

Etiaueta -Es un simbolo oPcional el cual sera asianado con la 
direccion de el Primer bute aloJado Por este 
directivo. 

Cadena ele caractPres -Es una cndena de h~sta 70 caractores. 

1,2,4.10 SPAC 

E~t~ debe estar ~ncerrada en coffiillas simples. Una 
comilla sin1Ple Puede ser representada Por dos de 
ellas seguidas. Puede estar precedido por una A 
para oue se eodifiaue en ASCII o una E Para aue lo 
haaa en EBCDIC. Si no se da caractcr alsunor la 
codificacion es a9umida ASCII. 

. Este directivo causa una o mas lineas en blanco en el listado 
de salida. Esto habilita al Prolramador Para formatear los 
listados w a~e estos sean de facil lectura. Este directivo no 
aParece en el listado. 

El Prosramador puede insertar estatutos en blanco Para loarar 
el .~ismo efecto. 

EJemplol 

donde: 

I 
I 

SPAC 7 

SPAC exPresion 

ExProsion -Es un valor el cual deter~ina cuantas lineas en 
blanco aPareceran en el listado. Este valor no 
PUade ser relocalizable. 
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Este directivo le indica al prodrarua 
Pilrte suPer-í.or de la si!JIJiente •·adina, 
hacer listados de facil lectura. Alsunos 
emr·ezar las subrutinas en nuevas Panina$, 

EJemPlol 

I 
I 
1 EJEC 

LENGUAJE ENSAMBLADOR 

oue debe saltar a la 
El PrOPosito de esto es 

Prodramadoees Prefieren 

Este directivo es usado Para imPrimir encabezados en el 
-comienzo de cada Padina de el listado. El encabezado default ea 
•zao ASSEMBLER VER -•- tiR.'. F·ar"' oue el usuario Pueda usar 
encobezndos ProPiosr este directivo debe se1· el Primer estatuto en 
el prosrau"'. 

donde: 

I 
I 
1 

TITLE 'DISPLAY PROGRAH' 

TITLr. 'encabe:.::adc1' 

Encabe:i:ado -Es el ti t1Jlo oue sera P•Jesto •1n el comiEmzo de 
cada PBdina. Ba pueden usar hasta 50 caracterau, 
los caracteres adicionales seran idnorados. El 
encabezada cstn limitado Por ca•illas simPles• Pero 
si no esta Presenta la comilla do terminacion, solo 
los Primeros 50 caracteres son usados, El 
encabezado f"Jado contener a no caracteres, en t.al 
caso, el encabezado sera Puesto en blanco. 

Nota: El comando del ensamblador *HEADING S as similar •al 
directivo TITLE con las sisuiantes~diferencias: 

-*HE~DING tambien causa un cambio de F-adir1a. 
-El titula imPreso con *HEADING comienza con el Primer 
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cargcter no blanco en el operando, 
-*HEADING no es impreso en el listado de salida. 

1,2,4,13 LIST 

El di rec· .ivo p1Jede ser usado Pilra senerar listados de 
elementos esP~cificos. Los defaults en el Programa son: El texto 
fuenter la ta~ la de simbo los si e!;Pansiones de muero ':l lo~ estat.1Jt.os 
condicior1ales CllJe no fueron ensamblarJos, lJn modulci obJeto en 
formato relocalizable es Producido w la tabla de simboloa no es 
puesta en el modulo obJeto. 

Los mensaJes de errorQS 
los elementos ·~SPecificados. 
usado Para cr€:!-.1T' un archivo 
monsaJas de er·o1·es. 

EJemPlo: 

son siempre list~do sin hacer caso de 
Er• Pa1·ticularr l~ DPcion E Puede ser 
silParado consistente solo de los 

LIST XrB El listado tiene 
de refa1·encin y Pone la 

donde: 

/ 
/ 
1 LIST 

una tabla 
tabla de 
ol,_irto, 

sin1bolos en el modulo 

A -Especifica oue sera un ensamblado absoluto. Todos los 
directivos relocnlizables son distinsuidos co~o 
errores v el ~odtJln c1bJoto Ps dado on formato 
Hexadecimal lntel• esta OPcion debera estar 
habilitada w debe esPecificarse antes de aenerar 
cualouier codiao obJeto. Cuando es usada esta 
oPcion• debera ser el unico araumento de este 
directivo. 

B -Especifica oue la tabla de simbolos sera colocada en el 
•adulo obJetor absoluto o relocalizable, w Puede 
ser usado Para busoueda de errores. 

D -Especifica aue cualouier 
Primero, aenerado 
listado <Default), 

linea de datos, desPues del 
por DEFB, DD,DEFW• DW o DDD serp 

E -Especifica oue los errores seran listados en un archivo 
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aPart.P. Esta Of'Cion es mu'J usu11l cuanrJu 1d 
Pro~ramador ·auiere un listado sin n101isaJes da error 
Y estos aParecen en la ter~ir1al dol usunrio. Si 
solo sn ouiere ver los errorcr, puerle rh~shabi.litat' 
el listado~ los errores apar&cc1·an en la tern1inal. 

G -Especifica aue cualouiur simbolo scnrrarln sc!ra listndc1 en 
la tnbla de simbolos o c~r. la tabla dP rt.lf('t'[>f"ICiu Y 

en el modulo obJeto (si Bes esPAcificado), 

-Especifica oue l~~ instr11ccioncs no er1samblada$ dabido a 
condicionamientos seran listados (Uefault>. 

H -EsP~cifica uue la C>:Pansion de macros snra iíl1Prcsa en el 
listado CDefault>, 

O -EsPecifica auc ~e vn n crear un modulo obJoto (Default), 

R -Especifica uuo el usu~rio debe ~ustrJu1· el contador de 
pro!lrama, M~a, cuando s(.2 h;_,~ta 1Jn direccionamiento 
ralntivo <Default>. 

S -Especifica ouu el texto fuente sera listado IDofault) 

T -EsPecifica oue la 
< Defaul l). 

tnbla de sera 

X -Especifica auc la tabla do referencia sc1·a listada. 
Parametro deshabilita l~ OPcion T ~i 
esrecificada. 

listada 

Este 
esta 

Nota. Si el usuario osPRcifica las opciones ff o G• estas 
deberan estar ante& de denerarsc cualauier codi~o obJeto, 

1,2,4,14 NLIST 

El directivo NLIST instruwe al Pro~rama Para suprimir el 
listado de los elementos especificados. El listado Puede ser 
habilitado Por el directivo LIST. Los errores ~enerados son 
siempre listados. Para senerar un listado de errores solamente se 
debe especificar la orcion 'NLIST S' al Principio del rrottrama• el 
usuario puede usar la orcion 'E' Posteriormente. 

EJeml'lol 

HLIST O 
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/ 
I 

NLIST 

Las opciones especificadas tienen el mismo silnificado oue en 
el directivo LIST, a excepcion oue este directivo suPrime los 
listados, 

1,2,4,15 CONO IF 

Los directivos CONO e IF Pueden ser usados Para condiconar 
ensa~bl~s del texto entre estos directivos Y ELSEr ENDIF o ENDC. 
Cuando la exPresion evaluada en el campo del OPerando ea no-cero, 
el codiso ser3 ensamblado, Si la exPresion evaluada es cero, el 
codiSo no se e,samblara. Pueder1 hacerse anida~ientos con estos 
directivos hasta 16 niveles. 

EJemPlo: 

dondet 

/ 
/ 

CONO 
IF 

COND 
If 

SYSTEM 
DATA.E0.7FH 

expresion 

ExPresion -Evalua la exPresion la cual deter~ina 6i se va a 
ensamblar o no los estatutos entre este directivo Y 
el sisuiente ELSEr ENDC o ENDIF. Cualauier simbolo 
usado en esta expresion debera estar Previamente 
definida. La exPresion no Puede ser relocalizable, 

195 

PAGINA 22 



U:tlfil!A.H" lérlEAME<l.AT!llí< 

(1 rJirer:tivu E'l..SE es u:iariu en cor1.111r1c1nr1 <'CH• los d1r1.~fi.1·;l)c~ 
IF o CONU. S1 la Pl~F·re~don r~n el OPf~T't.1111f11 rh~ f~1;:t(V..:- d1rPct1·1u!=. 
fuese cHro' lodos lns ~stat11t.ns Hlll:I s1g11er1 ¿) ll_fj[. sur1 ~ns¡1111hlad0Ll 

hasta el siduiente ENDIF o ENDC. 

El diractivo ELHE es orcior1ol ._, solo p11ede aF•dre<'e1' t~n ur. 
Li 1 OClUC u: ·-UHI ff o cmrn-Et HIC. 

ELSE 

ENDIF 

/ 
/ 
1 El.SE 

1.2,4,17 ENDC ENDIF 

Los directivos ENDC Y ENDIF son usados Para informar al 
ensamblador donde terruirl~ el c11diLlu 1'1_1ontr at1e Re suJeto a un 
condicior1amicrito. Er1 Pl c.:1.11;n dP .::1nirJamiento, f..>l ENDC t) ENDIF t~s 
aPareado con t•l ul lü10 COND e1 IF, 

ensamblado si 
SUM-4 es no­
cero. 

ens<llnbl¡ido si 
SUM··4 es cero 

IF SUM·-4 
OR 200H 
l\[l[I l'\1 Vl'\LOF\ 
LD A147 
ELSE 
OR 07FH 
ADD A1C 
ENDIF 
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I 
/ 
1 ENOlf 
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1,3 MACfW~ 

Un MACRO es •Jna secuüncia d0 ir1struccjones auc puede ser 
a1Ji.:.omaticamer1te insertada Pr1 el te:: to fuerd.e del Pro9rama varias 
veces con el codificado de una sola 1ns1.1·uc1~ion, la llamadJ rle 
MACRO. La defiriicion del macro es fJscri ta solo 'H"li"l ve:: \J r--uede 
ser llaffi~da cuantas veces se reoL1Jera. Dicha daf1nicion Puerle 
contener Pararnetros a los aue es posiblP cambiarlos en c~rlo 

llamada. La facilidad del MACRO s1m~lifica la rodificac1on de 
p-rosran1asr reduce las Po<.:1ibilidadp~, de f:?rrorP.$ dnl Pro~1ram.:idor \_: 
r--erniite hacet' ProEtrnmar, facilPs de Pni.Pnder dando nPort.11r1i.•L1rl d~ 
hacer coffibios en una sola Pa1·t0 drl p1·o~rar1n. 

Una definicion de MACRO cor1Gisle en tres PH1·tes: un 
encabezador un cuerpo Y un tp1·mjrlad<Jt•i la rlcfinictnr1 PUPdc estar 
en cualauior lu~nr Pero ~iemPre Jntns Mel Primer ll~ruDdo. Un 
Macro Puedo ser redefinido en cualau1er ~om~nto ~ la definicion 
mas reciente sera la aue se tJsa. Un mnemonico ostandnr del 
ensan1blador, Por eJemP lo F• I T, r•Ut"Je si:r rede?fi r .. ido dando le est.e 
nombre a ur1 HACr.:o; en l1r,tP c0so, lo::; 1J::;ns subsecuent.0~, de est;:1 
instruccion en el Prodrama ca•Jsar~ lJna c>:Pansion de este ultimo. 

1,3.1 ENCABEZADO DEL MACRO 

.El encabezador el cual consiste an el directivo MACRO o MACR 
da al MACRO un nombre y define cualauier Parametro formal. 

/ 
/ 
1 etiauet.a 
1 

MACRO 
l'IACR 

{lista de Parametros) 

La etiaueta especifica el nombre del MACRO Y Puede ser 
cualauier simbolo definido Por el usuario. Eate nombre Puede ser 
el •is~o aue el de un simbolo definido por el Prosrama y el 
siSnificac:'o dePendera del can1Po en donde se encuer.t.re. Por 
eJemp}o, lAB puede ser el nombre de un simbolo y a la vez da un 
MACRO. 

Si el nombre del MACRO es identico al de un mnemonico a un 
directivo del ensamblador este sera redefinido Por el MACRO; una 
vez aue esto ha sucedida, no haw forma de resresar a la definicion 
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or1 sinalr sin embar9o• el Ml\Cí<O puede ser redefinido con un nuevo 
CIJf•rPo. 

El campo del operando del directivo MACRO contiene el nombre 
de los Parametros formales en el orden en el cual ellos aparecen 
en la llamada del HACRU. Cadn Parametro es seParado Poi· cenias Y 
debe empezar cor1 un signo sharP Ct). El Parametro puede consistir 
de un texto arbitrario• por eJemelo 112XYZ, La lista de 
parametros es termir1adn por un blanl:'o, un tab o un PtJnt.o Y coma. 
Los Parametros son leidos de i=Quierda a derec~1il; asi Pues, el 
usuario debe tener· ClJidado de no •Jsar nombres de ~arametros los 
cuales sean Prefijos uno de otro. Por eJemPlo IAB w 11\BC. 

1. 3. 2 CUERPO llEL MAcrw 

·La primera linea de codidos dusPues del directivo Hl\CRO el 
cual no es un directivo LOCAL es el inicio del cuerpo del MACRO. 
Estos estatutos son puestos en el archivo de MACROS CMCFILEr 
destruido cua11do tarn1i11a ul Pro~ran1a) Para su lJso cuando es 
llamado, Durante una llamada un error sera denerado si un MACRO 
es definido dentro do otro MACRO. Los estatutos del MACRO no son 
ensarr1blados cuando encuehl.l'd 1.111..; dcí'ir1iciori ~10 ost,r :i.ncl1.1~1P.ndo 
directivos o comandos dnl ensilmblador. 

El nombre de un Paramotrc forn1al especificado en el directivo 
MACRO Puede aparecer ~n el cuerpo en cu~la1Jier can1Po. Si ur1 
parametro H>,ister es marcndo '::l substituido PCll' 1~1 parametro rt::ial 
cuando el MACRO es llamado. Los Poran1etros pu~den existir on 
cualouier· can1Po dentro del cuerpo, incluso er) con1entot·iafi• Un 
parametro formal dentro del cuerpo del MACRO P~ indicado por un 
&harP Ctl idual auo en el encabezado de este. 

Para tnd~s la defir1iciones de MACRO e>cisto un ~nrometro 

internamente definido indicado Por tSYMI este Para~~Lro Puede ser 
referenciado dentro del cuerpo del MACRO Pero no debe aparecer en 
la lista de parametros formales. Cuando el MACRO ns lla~ador cada 
ocurrencia de tlYM en el cuerpo de este es reemplazado Por una 
cadena de caracteres representando una constante hexadecimal de 
cuatro di•itos. La cadena de 4 diditos es conslantc sobre un 
nivel dado de la exPansion w se incrementa en uno en cada llamado, 
El uso tipico de t$YM es proveer eti~uetas unicas a .un MACRO aue 
es expandido varias veces Para evitar cometer el error de 
duPlicarlas. Esto Puede losl'arse tambien con el us.o do'l directivo 
LOCAL, 
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1,3,3 TER~INADOR DEL MACRO 

El directivo 
la definicion de 
directivo MACRO. 
definicion de un 
ensamblado total. 

I 
I 

ENDH termina la definicion del HACRQ; dup;;nt" 
ester un ENDH debe encontrarse antes de otrn 

Un directivo END aue es encontrado durante la 
MACRO terminara su definicion asi corno el 
El formato del directivo ENDH es el siduiente. 

Cetiaueta} ENDH 

donde! 

Etiaueta -Es una etiaueta opcional la cual la direccion 
simbolica del Primer b~te de 111e111oria sesuida de la 
insersion del MACRO. 

1,3,4 LLAMADA DE MACRO 

Un MACRO Puede ser llamado codificando el noa1bre de e&te en 
el campo de oPeracion de un estatutol el formato es el si9uiente! 

donde: 

/ 
I 
1 -Cetioueta} No111bre -<:lista de p¡ir;:imetros} 

Etioueta -Es una etinueta opcional la cual sera asisnada con 
un valor isual al del actual contador de prosrama. 

Nombre -Es el no111bre del MACRO llan1ado. Este nombre tiene 
oue estar definido por el directivo MACRO 
anteriorl!lente o un mensaJe de error sera denerado. 

Lista de Paramet.ros -Es 1Jna lista de Para111etros separados Por 
co111as. Estos Parametros Pueden ser. constantesr 
si111bolosr expresiones• cadenas de caracteres a 
cualouier ot.ro texto seral'ados por comas. 
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Los Paraíl1etros er1 ln llamarla del MACRO son los actuales ~ sus 
nohbres PUC?iden sPr diferentes oue los parametros formalfJS usados 
en la defiriiciori de estG. Los parametro~, actuales sustituiran a 
len pararket.ros formules era el order1 en aue estwn P.scritos, L.0~1 

comas p1Jeder1 ser usadas para rPSPT'V.Jr la Posicion de 1Jn Parametro, 
En este caso el Parametro sera nulo, asto es' no cont.endra 
caracteres actuales; el Parametro formal correspor1diente a 1Jn 

nulo es removido simr-lemente en la e::pansiar1. Cualaui.er Pa1·ametro 
aue no se especifioue sera n•Jlo. La list.u de Parnmetro~. es 
terminada Por un blancor un tab o un Punto ~ coma. 

Todos lc1s ParametroG ~ctuale~ son pasadoG can10 cadenas de 
caracteres der1t1·0 du ln defin1~ion, y Por r1ombre ~ no Por valor. 
En otrns Pa.lnbras' si el valot' de un símbolo es cambiado en el 
HACROr su 1alllr cambiara tnmbien fuera do este. A~,i los 
directivos DEl7 L dcr1t ro de 1 c•Je rpo de 1 tlACHO Pueden n 1 ter ar el 
valor de los Paraioetros pasndos a esto. 

ÜlJr~nte la e}:pansion de rnacru~ ul cnG~nblnrlor reconoce 
ciertos caracicres oue tienen si~~ific~do ospccinl. El amPersand 
(&) es usado Fat'a co11cat~•noir el tc>::t.o en l,o linea de definicion Y 
cualouier Parametro nctual. Duranto la expansionr un amPcrsand 
inmediotamente Precedido o siduiendo a un Pararnetro foraal es 
removido y la sustitucion da este ocurt•o on ese mo~ento. Si el 
amPersand no esta adwacente al parametror no sora removido w 
peraanece co~o parte de la linea de definicion. AmPersands dentro 
de cadenas da cal·actcrcs nn snn r"conocidos co~1l concatenadores. 

Las combinacionau •i~PIBs son usadas para delimitar los 
parametros actuales aue Pueden contener otros _delimitadorea. 
Todos los caracteres <mtre corllillaB son removidos antas de ser 
sustituidos en los Parametros formales. Las comillas es el unico 
camino Para Pasar Parametros auo continen blancosr co~as u otros 
delimitadores. Por eJemPlor Para usar la instruccion 'LD HL,O' 
con.o un Paramotro actual reauiere aue se de co1110: 'LD HLrO' en la 
lista de parametras. Un Para•etro nulo Puede consistir de 
co~illas sin caractaros. Una comilla dontro del Parametro es 
rerresentada Por dos comill~s conGecutivas. 

Un eJemPlo de una llamada de MACRO u su exPansion es mostrada 
a·continuacion, Note el U5o de concatenacion u el Parametro 
especial 0$YM, El codi!:!o e>:pandido es no;H'cado con i;i!.lnos müs < +>, 

Definicion: GET HACR ~x.ov.oz 
LD E!ttX&oAND.OFll 
OY 

Lla111odol 

ez 

LUYH 

LOOP 

JP C,HAIN 
ADD HLrHL 
SET OrC 
ADD ArC 
EHDl1 

SCF 
GET 200r'lNC B'rEHTRY 
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1,3.~ DIRECTIVOS 

+ 
+ 
+ 
+ 
+ 
+ 

LOOP 

ENTRY 

L001 

Jf~ NZrl10 

SFC 
GET 200r 'INC D',ENTRY 
LD Dr::?OO.AND.OFll 
INC [! 

JP CrHMM 
ADD HL,HL 
SET o.e 
ADD A,C 
.IH NZrGCT 

MACROS 

Los directivos ouo se ctcfinon enoesuida corresponde 
unicamentc a los usados en la definicion del MACRO. Alsunos de 
estos coinciden can los dir~ctivos dal ens~lhblador• sin embargo 
HOn P.T1félt.ii~flriot; f1(;.11:i.' 

i. 3, 5, 1 LOCAL 

Dnbido il aue todé1!i lu'.i r.tin11~t"~~H incluso lns aue se 
encuentran en los MACROS, son Ylobales en todo el Frosrama• un 
MACRO oue la& contiene w oue es llamado varias veces Puede senerar 
errores Por duPlicacion da etiouetas. Para evitar este Problema 
el usuario Puede declarar etiouetas 'locales' dentro de los 
MACROS. Cada ve= ouc se llame al MACRQ , el ensamblador asi~nara 
a cada •imbolo local un simbolo de la forma ??nnnn. De esto 
manera• la Primera vez oue sea llamado el MACRO el simbolo local 
sera 7700001 la sesunda vez TT0001r etc, El ensamblador no 
emrieza con TTOOOO Para cada MACRO• sino nue incrementa el 
contador para cada simbolo encontrado, Los simbolos definidos Por 
este directivo son tratados como parametro5 formales w de esta 
manera Pue•den ser usados en el camPo del orerando de las 
instrucciones. El camPo del operando del directivo LOCAL Puede ~o 
contener cualouier parametro formal definidos en- la 1~1ea del 
directivo MACRO. Se Pueden usar tantos direetivos LOCAL-como sea 
necesario Pero deben estar despues del directivo MACRO w antes de 
la primer~ linea del cuerPo de esta, Si se encuentra un directivo 
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LOCAL fuera de l<J definicion d!? un MACRO se senerara un 111ensa,ie de 
er·•or. 

Usol 

donde! 

I 
I 
1 

Definicion: 

1a. Llanoada: + 
+ 
+ 

2a. Lla111adal + 
+ 
+ 

LOCAL 

WAIT MACRO tTIME 
LOCAL tLAB1 
LD E<rtTIME 

1LAB1 DEC B 
JR NZrllLAB1 
ENDM 

LD Br5 
??0000 DEC II 

JR NZr?'i'OOOO 

LD BTOFFH 
?'?0001 [IEC B 

JR NZr170001 

lista de si~bolos 

Lista de simbolos -Ea una lista de sirnbolos separados Por 
comas aue son definidas co11to locales en el MACRO. 

1,3,5,2 EXITM 

El directivo EXITH Provee un ~etodo alternativo para terminar 
una exPsnsion do MACRO. Durante una e:<Pansionr un directivo EXITM 
causa oue esta cese hasta encontrar un ENDH ~ los codisos entre 
estos dos directivos son isnorados. Si los HACROS estan anidadosr 
estu directivo causara 'l•Je la seneracior1 de codísos reslrese al 
nivel de expansion anterior. Note oue un EXITM o ENDM P•Jede ser 
usado Para terminar una exPansionr pero solo un ENDM termina la 
definicion. 

EJemPlol 
STORE HACRO tDATA 

1F tDATA 
EXITM 
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Uso! 

donde: 

I 
I 
1 

MACl~OS 

ENDH 

{etioueta} EXITM 

Etiaueta -Es una etiauetn orcional lo cual tomara el valor de 
ln rllrPccinn nctual del cnntndor de rroNrama. 

!,3,6 Paremntro de Cuente dol MACRO 

El simbola especi¡1l NARG Puedo snr usado Por aauellos 
usuarios aue necesitan sabrnr al n1.1mero de Paraructros Pasados· en la 
lla~ada dol ~IACRO i! este. Este simbolo es usado como cunlaui~t· 
otro sin1bolo y rPPT'esanLa el numc1·0 Qct1Jal do ra1·umc~tros ~asados 

al MACRO, no de P01·amelros forffialc~; def ir1i~os nn este. El simbolo 
debc:r.a usar~e:; solamentr: dent.ro del MtiCf~·J lJiJ our• f11ora dE.\ (~str.;1 
valdra r.er<J (0) • El uso t.ir .. ico de estr? ;q··~lU!H?nto ·~s cuündo G(?c 

f(JT'ltian tablas dentro de los t·h\CRDS cor1 E!n~~,ambles condicionales. 
Esta ct1ent2 representa sulidn1u11Le los ~-ill'i11~ot1·n~¡ GLJG t)t) SOl) r1ulos. 
Nf-' debe E'";'t,;¡ t· definido en r..:11 Pl'1CiÚ.\í?Z<Jdo t 

EJemPlo: 
flefinicion: 

Llamada: 

E;·CF"ansion t + 
+ 
+ 
+ 
+ 
+ 
+ 
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GEN HnCRO IP1.tP2rtP3 
IF NARG 
DEFIJ tP t 
GEN tF'2•\tF'3 
ELSE 
ENDIF 
ENDM 

GEN ADD1,ADD2 

IF 2 
DEFft ADD1 
GEN AIID2• 
IF 1 
DEFEI ADD2 
GEN , 
IF O 



MACROENSAMBLADOR Z80 

205 
PAGINA 32 

+ ELSE 
+ ENJHF 
+ ENO!F 
+ ENDIF 



RELOCl\LIZl\CION 

1,4 RELOChLIZl\CION 

El modulo obJcto Producido por el ensamblador Puede estar en 
formato relocalizable. Esto Permite al usuario escribir Prodramas 
cuYa direccion final Pueda ser aJustad~ Por el LINKER-LOAPER Y 
tambien aue los modulas individuales senn cambiados sin necesidad 
de reens~mblar el prosra~a comPleto. Los n1odulos obJeto separados 
pueden sor concatenados ~ cartlados en un PrnSrama fir1al. 

La rro~roruacion r~locali~nble Provee ffiUChas ventaJas al 
UfiUario. l.a direccion actual rlP n1emoria no ~s definida hnfita el 
momento de la car~a final. Los Pro~ran1as lh•J~ tlrandes Puedon ser 
5eParados en Peauenas se~n1or1tosr dpsarrollndos en forma seParnda Y 
posteriormente carsarlos Juntos. Si un sesmento cont~ene un 
error, solo e5te necasit~ ser rcensam~lado. Una ve~ dcsarroll~do 
una libreria de rutinasr esta Puede ser us~da por ~uchos usuariofi, 
El carsador aJustara la direccion ~ara Jos rooucrimientos do cada 
usuario, 

1. 4 .1 rROGRflMl\S SEGHFMTl'\DOS 

Para tomar ventaJa de la relocabilidadr el usuario debe 
comPrender el concepto de prodramas sesmentados Y como estos 
pueden ser carsados Juntos. Un se~mento de rrodramn os una parte 
de este el cual contiene su ProPio contador de prodrama Y es una 
seccion lo!lica distinta del Prodrama total. En el instante de la 
carsa la direccion de cada sedmento Puede ser especificada por 
GCPDrado. 

El ensaffiblador Provee cuat1•0 $~~~antas do rro~rnmn distinlos. 
El sesmento de codisos CCSEGl es seneralmente el sedmento aue 
contiene las instrucciones de maauina. En un sistema Rl\H/ROH este 
debe ser colocado en ROM. El area de datos es localizada 
usualmente en el se!lmento de datos ([ISEG> ¡ !lenerah1erote reside en 
RAM, El sed~ento de datos puede contener intrucciones de =aauina 
asi como el se!lmento de codidos Puede contener datos. 

Dos sesmentos adicionales son Provistos Para facilitar la 
prosramacion. El sedmonto de stack puede ser usado Para contener 
el area de stack del prodrama w reside en RAM. Generalmente solo 
el Pro!lrama Principal puede ha=er referencias al sesmento de stack 
w especificar su tamano. Pueden hacerse referencias a este 
se!lmento 1:on el simbolo reservado ºSTl\CK", El sedn.ento de n1emoria 
es aouel espacio de la Porcion de memoria aue no aloJa los otpos 
sedmentosl las referencias a este sesmento se Pueden hacer con el 
simbolo reservado • HEHOHY • , l\mbou se~lmer1tos son comur1es a todos 
los rrosrnmas y su direccion a tamano es definida Seneralmente al 
momento de la carsa y no en el ensamblado. 
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Asi con10 l11s ons~mt1l3dorPs nn ru]oraljzat1le~, 

PU~dcn tarubien esPecificar un en~an1blnrlo ~bsoltJto. 

lo~. modulas obJc:~to uun r.uonrln esten Pn for·mato 
co11ter1drün in!:d.T'1Jcr.iorH'''::> n dat.o-:• lo~¡ cualos 
locali;.:o.ciL1nc!:-. esF1oc1t'1t'.3S de 1TLt.111torin. 

1.4.2 CARGADO 

los •Jsua1•io 1;; 

[n este casoy 
relocwli::able, 
t·es i rli ran en 

Los modulas obJoto del ensamblador son combinados o car~ados 
Juntos por el LINKER-LOADER. El LOADER convierte todas las 
direcciones r•!localizables en direccionas absolutas Y resuelve 
referencias e11tre moi:1ulo 11 otro. El carnada antPc rriod1Jlon es 
provi~to Por defiriicionps e;~t.orn.Js <PUE!LIC> ~! refC1renr.ins eHtf~rnas 
<EXTRN>. Las dt-1finicior1l.~S t?::t.ern.:Js con dofirdd0s en 1.1ri modulo 
obJeto y r,nr1 r--11cr.t.i1s como disr-or1ihles a 1.ndo~; los demar; modulo5 
por el LOA[ER. L.:i~i l'Pf1:.i1·cncias e::ternas son s1mboios 
·referenciados en 1.1r1 modulo PPT'IJ def irddos f~n otro 

El LINKE~-LOADER combina 
pro~raffia con las referncias 
direer.inn fin;:;l. tfn p1•oc1ramn 
defiraicioncs t~!:terrias. 

1, 4, 3 SIMBOLOS REl.OCAUZABLE5 

1 di:-, def inic i Dnes e::tr~ t'n~1~• dP. 1Jn 
f'::tP.rnas de otros f"'at•a obtener la 

p1Jerje contener referenci~s ~ 

Cada sirnbolo en el ensamblador esta asociado con un tipo el 
cual denota si es ab~oluto o relocali:able. Si eH relocalizable, 
e•te tambien indica el sesmento al aue Pertenece. Las simbolos 
aue no dependen del orilen del Prosrama son llamados absolutos. 
los simbalos cuyo valor cambia al cambiar el oriden del Prodrama 
se les llama relocaltzables. Los simbolos reservados "BTACK' y 

'MEttORY' discutidos antes son consideradoa como relocalizablesr a 
pesar de oue el valor final Pueda ser absoluto. Los simbolos 
locales y relocalizables pueden aparecer en Prosramas absolutos o 
relocalizables. Note aue los simboloa relocalizables pueden no 
aParecer en un Prosrama cuando se esPecifica un 'LIST A'• 

Los simbolos relocalizables son definidos como siluel 

1. Un simbolo en el campo de etiauetas de una instruccion 
cuando el Prosrama se ensambla en un sesmento de 
codisos o de datos relocalizable. 

2. Un simbolo hecho ilual a una exPresion relocalizable Por 
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EGU o DEFL. 

3, Los sirnbolns rnscrvados 'STACK" ~ "MEMORY", 

5. Una refurncia al cor1tndor dP Pro~lrumiJ ($) c1Jar1do el 
seglhPnto se ensambla or1 f'orn1n relocalizable. 

Los simbolns 
codirtosr datos. 
definid<1s. 

1·elocaliz~blcs sor1 
~tack o man101·ia 

clasificadon tarubien con10 
dePendi~ndo d~ como csten 

1.4,4 EXPRESIONES RELOCALIZABLES 

La relocabilid~d de 
relocali=acion d(! los 

1Jrii1 e::r-resion es dcterrtiiriada Por 
símbolos ou0 ella compromete. Todas 

la 
las 

constantes numcric0!:; ~.Jnn considcirnda~; absolutas. La~.; e::r·resiones 
1·elocali2ablas pueden svr combinados Para producir una n>:Presian 
abnolutav 1·elocnli~able o incluso, b~~io ciertas circlJnstancins, 
c..::~pre:::irn1ct;' ilC'~L-~lr.:::;. Lt: ~~.j~!r.!ir'ntc~ li'..t.0 m11P~t1~.'.1 ,-=fí1'ttP.11cts 
e}:Presiones cu~u resultildo es reloc¿1li=ablc CADS don1Jta un simbolo 
~bsolt1lb1 cor1stantc~ o 0:~p1·rsio1) rit1s1Jlt1t~ Y REl~ denota un simbolo tJ 

c:,presion ralocal1zablc1 ). 

nns-1-m:L REL-ADS .LOW,REL .HIGH.REL 

Adic-iar.o!mcrite, lc:i~ fi].i:!ujcntr~~-: c>!!r·resione~:¡ son validas ~ 

producen E~>a:-.. resionc~~ ab~.;calutns. Arribas !'.-iube;.-:?resioneG deben sor 
relocali=nbles en e! 1~isffio sesmento del P1·os1·Hrua. 

Rl:L. EQIJ, REL 
REL.LT.REL 

REL.UGT.Rt:L 
REL.ULT.REL 

í<EL, GT, í\EL 
REL-REL 

Los simbolos relocalizables nuo ~pa1•ecen en e:{Presiones con 
cualauier otro nPerador causara un errorr Por cJemPlor REL*REL. 
Cual~uier combinacion de dos simbolos relocalizables de difernetes 
sesrnuntosr incluwendo referencias externaa CEXTRN> es erronea. 
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t. •I. 5 DIREC nvos F•ELOCALIZAIJLES 

Las sirtuier1tcs p~ginos describen aouellos directivos en el 
en·~amblador oue Permite11 una Primera rclacali=acion. La 
non1enclatura es l~ mi~n1a atJe la descrita anteriorm~nte. Lon 
directivos son: 

ASEG Espacifico SeSmPnto Absoluto • • c~:EG Especifica Se!.imento de Codif.tos. 
DEEG ECF·cci fica Sc1mento dt-:.i- Itc3t.05. 
OfW Especifica t1riser1. 
PUBLIC E~1Pecifica Definicion E::t.erna, 
EXfRN [spocifica r~C'fe rene i C1 EH te r·na. 
NA11E Especifico Nombre del Modulo. 
STl;LN E$PPcifica la Lon!'lit.ud del Stac~,, 

1.4.5,1 ASEG 

El directivo ASEG esPecifica al ensamblador Gue los 
siguientes eloffiontos deben ser ensamblados en modo absoluto. El 
ASEG Permanece en efecto hasta mue el directivo CSEG o DSEG es 
ensamblado. La direccion inicial Para el contador de Pro~rama es 
cero. Al inicio del ensnmble al ensa~blador asume auc un 
directivo ASEG ha oido especificado u el ensamble se hace en n1odo 
absoluto. 

El 1Js11ctrin PUt.1dG USül' c-1 directivo 1 LI~.)T A' r-ara SPrH?T'Ut' 1Jn 
listado absoluto con un modulo obJeto absoluto. 

Nota. Este directivo causa mue un codilo absoluto sea 
senerado dentro del Prolrama relocalizable Y Por lo cual el modulo 
obJeto esta en formato relocalizable. 

donde: 

Uso: 

/ 
/ 

{etiaueta} ASEG 

Etiaueta -Es una etioueta oPcional aue es asilnada con la 
direccion actual del contador de Prolrama antes de 
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RELOCALIZACION 

Ponerse en ruado absoluto. General~ente no es usoda 
esta opcion. 

El directivo CSEG esPecifica al «Ue los 
Gi~uientes estatutos deberan net' ensamblados en mo1io relocalizable 
usando el contador da proararna del seamento codificedo. Este 
se~fficnto Permanece en efecto hasta au~ otro directivo de se~mento 
es ensamblado. Inicialmantu, el contador de prosramn es cPro. 

Este directivo Puede esPocificar 
tipo de relocali:acion. Los tipos 
tienen cfocto un el cn~~mblado. 

~n oporanrlo indicando el 
sor1 Pasodos al LOADEF~ ~1 no 

El usuario PlJede alterr1ilr entre varios se1n1entnn con 
multiples directivos para setimcntos dados dRntro de lJn Pro~rama. 
El ensamblador marrtendra el valor dPl actual contador de Proarama 
para cada sesmento. 

donde: 

EJemPlo: 

Uso: 

I 
I 
1 

CSEG p 

{eliaueta} CSEG <espacio•P•l} 

Etiaueta -Es una etiaueta oPcional la cual sera asianada con 
la direccion actual del contador de Proarama. 

EsPacio -Especifica aue el sodmanto del Prosrama Puedo ser 
rolocalizado en el sisuiente b~to disPonible. 

P -EsPecifica aue el sesmento de codisos debe empezar 
frontera de una Pn~ina 10,100H,200H1otc.1 
se relocalize Pur el LOADER. 

en la 
cuando 

-EsPocifica aue el seamento codificado dobe estar 
codificado dentro de una sola Paaina. El LOADER 
comenzara el sedmento en la siauiente Paaina si 
este no cabo en la actual, 

Si se especifica varias veces el directivo CSEG en el 
ensamblador• cada uno debe osPecificar el mismo operando. 
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1,4,5,3 DSEG 

El directivo DSEG esPerifica aue los siauientes estatutos 
~eten ser ensamblados en modo relocalizable usando el contador de 
~rosrama del selmento de datos. el cual sera inicializado con cero 
{0), Este se~mento POt•ruanece en efacto hosta aue otro directivo 
Ue se~menta sea ensamblado, 

El directivo puede especificnr un operando indicando el tiPo 
de l·elocalizacion1 este e~ rasado al LOADER Y no tiene efecto en 
el l'hsan1blado. 

El tJSLJar:.o p1Jcdo altornar entre varios ~P.Hmentos can 
multiples dit'E•ctivos dB relocali::~iJcion Para un 
dentro de un Frosrama. El ensoffiblndor n1antiene el 
del contndor ce pro1ran1¡1 Para c~da ~;egmento. 

ses111N1to dado 
valor actual 

donde: 

EJemr--10: 

I 
I 

[1SEG 

1 {etiauet~} DSEG {nqpario,P,I> 

Etiaueta -Especifica una etiaueta oPcional la cual sera 
asiBnada con la direccion actual del contador de 
P1·o~rama ont~s de en1Pezar el so~mRnto de datos. 

Espacio -Especifica aue el se~n1cnto d~ datas Puede ner 
relc1calizado con el si~uicntP b~1tP rlisPonible. 

P -Especifica CUJO el segmento de tJ~Los dLlbu cr.,¡:c::ur 
frontera do una Palinn co,100H,200H,etc,l 
&e relocalice Por el LOnDER, 

en la 
cuando 

-Especifica aue el seBmento de datos debe ser colocado en 
una sola Padina cunndo ae relocalice. El LOADER 
emPezarn el selmento en la frontera de la siluiente 
palina si no cabe dentro de la actual. 

Si son especificados multiPles directivos DSEG en el mismo 
ennambler cada ui-10 debE~ esPecit'ic<1r el mismo oPerando. 

211 

PAGINA 38 



RELOCALIZACION 

1,4,5,4 ORJ 

El directivo ORG es usado Para informar al Pnsamblador de la 
direccion de memoria la cual sera asignada Rl siguiente bwte 
ensamblado. Este directivo cambia el contador de Programa del 
sesrnento aue esta siendo ensamblado. Cuando ORG se encuentra en 
un sesmento relocalizabler la direccion dada Puede ser una 
exPresion absoluta o relocali~ablo• la cual a su vez sera 
relocalizada dentro del segmento. 

donde! 

EJemPlo: ORG StJO 

Uso: 

/ 
/ 

{etiaueta> ORO exPresion 

Etiaueta -Es una etiaueta opcional la cual sera isualada a la 
exPresion. 

ENPresion -Es un valor el cual reemplazara el contenido del 
cantador d~ Proarama del sesmento actual. 
Cualauier simbolo usado debe estar Previamente 
definido. 

1,4,5,5 PUBLIC 

Este directivo esPecifica una lista de simbolos loa cuales 
daran atributos u definicion externamente, Estoa simbolos estaran 
disPanibles a otros modulas Para aue el LOAOER hasa la 
concatenacion necesaria entre estos. Solo aouellos simbolos 
definidos Por este directivo Y definidos en el ensamble ueran 
colocados en el Dodulo obJeto. 

Este directivo Puede aParecer en cualmuier ludar dentro del 
Pro~rama u cada simbolo debe estar definido solo una vez, 

Los s~•balos definidos con este directivo pero 
en el Prourama seran declarados indefinidos en 
salida. 
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donde: 

E.Jemr-lo: 

Uso: 

I 
I 

PUBLIC SCANrLABELrCOSINE 

PUBLIC lista de simbolos 

Lista de Simbolos -Es una lista de simbolos seParados por 
comas la cual especifica los nombres definidos en 
este modulo w disponibles a otros. 

1,4,5.6 EXTRN 

Este directivo especifica una lista de simbolos los cuales 
t~ndran atributos con referencia externas. Estos son simbolos oue 
son referencia1os en el Prosrama poro dufinidos en otro noduln. 
Este directivo provee el enlace entre dos o mas modulas a travez 
del LOADER. 

Este directivo puede ararecer en cualouier Parte del Prosrama 
w cada simbolo debe aer declarado solo una vez, 

EJemplo: 

Uso: 

donde: 

I 
I 
l 

EXTRN INPUTrOUTPUT 

EXTRN lista de simbolos 

Lista de si111bolo!I -Es •Jna lii;ta de simbolos separados POr 

comas la cual especifica los nombres de .las 
variables externas diaPonibles en otros modulas. 
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1.4,5,7 NAME 

El directivo NAt1E e$ usada Pura asi~nar ur1 nombre al niodt1. 
obJeto Producido ""º'' el cmsnniblarJor, Solo 1Jn rJi rect.ivo NAHE d<:-1• 
aParecer en el Pr0Sran1a, El nan1brP del modulo e~ usado POl' ~! 
LOADER cuar)rlo con1bina Programas ~1 dicho nombr~ aparece en el mn~? 
de cal'!ia. 

Si el directivo tlAME r10 es •~SPüt~Jfj_cQdo POI' el usuario• sera 
usado el nombre 'MODULE', 

donde: 

EJemPlo: 

Uso! 

/ 
/ 

NMíC 

Norubre -[5 ~l 11ombro ouo scrn 1~1Jesto en el modulo 11bJeto 
denotando el nombre de este al LOADER. Este nombre 
debe snsui r las T'ü!:ilas de los sin1Liolos. 

1. 4, 5, 8 STl(LN 

El directivo STKLN especifica el tamano del sesmento de stack 
~cnerado POl' ~l LOnDER. GPn~ralffiente este directivo solo es usado 
er) el rro~rom3 PT'incir2l1 rero otros ~rn~r2rnas Puerlen rl~~finirlo. 

Si el usuario no especifica este dif'ectivor el ensamblador 
asu~e la landitud del stack como caro COI. Mee de un directivo 
STKLN PUode sor Punsto on el Pro~rama, Pero solo la ultima 
definicion es l~ l!Sad~. 

STKLN ~OH 

Uso! 
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I 
I 
1 STKLN exPresion 

donde: 

ExPresion -Es una expresion la 
se~mento de stack. 
relocalizable y todos 
exPresion deben estar 
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1,5 USO DEL ENSAMBLADOR 

Para hacer uso del Macroensamblador 280 relocal1>,ble de la 
PRIME es necesariol 

a) EscrLbir un Fro~ramn 1.Jtil1=ando mnemon1cos 
Y directivosr codificando loq ar~umentos con 
constantes, et, ia11etasr di recctor1P.:; simliol ica~, etc. 

b) ·rransferir el Pro<:Jrama f11ente ¡¡ un archivo 
utilizando el EDITOR de l~ PR1HE. 

c) EJecutar Pl Prosrama invocandolo a nivel 
PRIMOS con el comando HACRO, 

El prosrama Pedira el nombre dpl archivo creado de la formal 

----------- ARCHIVO DC ENTRADA! 

este archivo dobe e::istirr d<~ lo contt•ario volvera a Pedirlo. 
Posteriormente Pide el nombre del listado de salida de la formal 

-----------· Ar;C:llIVO [I[ SALIDA 

aue es el archivo aue contendr~ la 1nformacion acerca del 
ensamblador mensaJes da errorr aimbolos no defin1dosr tablas do 
referenciar etc. Este archivo no debe e::istir r-reviamente o de lo 
contrario volvera a Pedirlor esto con nl fin de evitar el borrar 
archivos Por error. Por ultimo Pida el nombre del archivo obJeto 
de salida de la forma: 

----------- ARCHIVO OBJLfO 

en donde el ensamblador colocara el archivo obJeto de salida Para 
su utilizacion directa o bien Para ou posterior carsado a trave~ 
del LOADER, 

Al terminar el Prosrama dara el mensaJe de STOP w podra 
entonces revisar el listado de salida Yr en su casor corregir el 
Proarama fuente Para volver a ensamblarlo. 
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1 • ., INTl:lff'l~E:TACIOll flE LISTADOS 

l11Jrante la c;p:·~11nria rasada del r-roct~so de enriamblado1 un 
li >tado es r>rod•wido. El listado contien<' informacion Pertinente 
al Pro~rama ensamblador los estatutos fuentes de lo~ mnemonicos Y 
datos aue el usuaria dio. 

El liqtado Puede ser usado como herramienta 
travez de la inclusion de com~ntarios auc 
funcionamiento Farticulnr del rroarama. 

documentativa a 
describ.¡¡n el 

del listado Ps llevar toda la 
del ensamblado del Proarama• esto 

El F ropo si to Pri.nci>''ll 
informacior1 pertinnnt~ ac~rca 

e•ir las di1'ec:iones de mcn1oria ~ 
obJetor at1naLJ1? tier10 1¿1 n1isrna 
forlllato no fa1:il de lcc•r• 

sus valores 1:.1a tJUl~ el modulo 
informacionr se encuentra en un 

El list8clo e~ el vPendice A ~G u~ eJcmPlo tipico de ur1 
prosraa.a ensan1bl ndo. Ret· 1 rieridu!;t- a E?i'.itf~ ~r_,anrJicc- $t: da 1 a 
si~uiuntc inftrrnacion, 

- ~Jando el Pnsamblador dotocta condiciones do error durante 
el Proceso da unsamblador la columna titulada ERR contcndrn ol o 
los codi~os describiendo el tipo do error asociado a la linea 
correspondiente. Una ettPlicacion da los codiaos de t!rror 
individ1Jnl ~~ proPorcionnrln Pn ol ~P~ndice R. 

- La columna titulada LINE contiene numoros decimales los 
c•Jales estar. a~:ociacios con la<:; lir1ens del l1Gtado fuente. Estos 
nua1eros san usados en las tablas de rn~crencia, 

- La columna tituladn ADDR contiene un valor el cual 
reProaenta la Primera di rece ion de memoria de los datos mostrados 
en buten en la linea o bien el valor de un directivo EGU o DEFL. 
El nun1ero he::adeci mo 1 baJo Dl reF· rE.'f~enta un b\,lte de da t. os E!uardado 
en la direccion do memoria. 9i haY un dato baJo D2r este 
rePresenta un buto duardado on la direccion de memoria dada 
anteriormente mas uno. Las colu•nas DJ w D4r ai contienen 
valores• representan datos similares oue seran suardados en la 
ois~a direccion de me~oria mas dos \1 mas tres respectiva111ente. 

- A la derecha de los bwtes de datos se encuentran los tipos 
de relocalizacion de cualouier orcr~ndo relocali=able. Los tipos 
son catalo~ados Por las sieuientes letras: C=Codisosr D=Datosr 
S•Stack• H=He~oria, E=Externa. 

- Los estatutos orisinales del usuario son reproducidos a la 
derecha de la informacion anterior. Las exPansiones de HACROS son 
precedidas Por un sisno ~as <+>, 

- Al final del listado el ensa~blador muestra el mensaJe 
ªASSEHDLER ERRORS ,,• con un contador ocum•Jlativo de errores. El 
er1sa111blador sustituue con cuatro bwtes de NOP c!Jimdo no encuentra 
un ane~onico particular Y asi Provee lusar para cDrresir el 
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i:-ro~raiua 111ani1ülmcnte si es Potjiblc~. 

- Una tabla de simbolos o tabla de referencia es aenerada al 
final del listado. La tabla lista todos los simbolos utili=ados 
en orden alfabetico con cualouier ttPo rl0 relocali=Acion como se 
describio anteriormente • 

. ~ . . "\ . ' 

· . ., 

. ~" . -· ..... 
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2 LINKER-LOADCR 

2.1 INTRODUCCION 

Este manual describe el LINKER-LOADER dol ZBO oue comrlementa 
el ttacroonsamblador ZBO Rclocalizable. El LOADER Puede ser usado 
rara combinar varios modulas obJeto relocalizables 
independientemente ensamblados. Las referencias e:~ernas entre 
los modulo& son resueltas y cada simbolo en sustituido por su 
valor final. 

El LOADCR no solo Prov"n el carnada de varios modulas w 
aJusta las direcciones relocalizables en direcciones absolutas. 
sino auo adama~ Permite oue las direcciones de loa se~mentos sean 
esPecificadas, las definiciones e>:ta1·naG sean definidas Y el orden 
del cardado sea especificado. 
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2, :~ CAFWADO 

Muchos Pro~ramns son tan ~randPs atJe es conveniente 
ensamblarlos en modulos sencillos, Para evitar tiempos mu~ larsos 
de Proceso o Para reducir el tamano de las tablas de simbolos. 
Estos ProSramas Pueden dividirse er1 Pea1Jenos sesmento&• 
ensamblarlos en forma separada u conJuntarlos Posteriormente con 
el LOADER. DesPues de oue los sesmentos han sido cargados w 
conJuntado&• el modulo de salida aParuce como si se hubiese 
senerado Por un solo ensamble. 

Las funciones Primarias del LIN~ER-LílADER son: 

1. Resolver referencias oxtornas entre 
modules w checar las referencias no definidas. 

2. AJustar 
relocali=ables rara 
absoluto. 

todas lss direccionDs 
su Pro?io direccionamiento 

3. ProPorcionar un modulo obJe~o final. 
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SEOHENTOS 

:2.3 SEGliE~TOS 

Para ontender el Proceso de cardado Y habilitar al usuario 
del Ensamblador y del LitlKER-LOADEí< rneferido como LOAL1Eí\ ff• 

adelante) en forma efectiva, el usuario debe con.Prender loa tipos 
de segmentos aue componen 1Jn pro~ram~ ~ las direcciones de estos a 
carsar. A Pesar de aue son descritos en el manual del 
ensamblador, a continuacion se da ur1 dcscriPcion de cada uno de 
ellos. 

SEGMENTO ARSOLUTO 

Este SQS1;1cnto es la parte del Prosrnn1a en ensamblador oue 
co1·1tiene informacion no relocalizable Pero nue Puede ser car~ado 
en locnlid~~rs fiJas •ia P1en1oria. Los codirtos absolutos son 
colocados en el modulo de salidn tnl como se lec de los archivos 
obJeto de cr1lrada. 

SEGMENTO DE CODIGOS 

Cl Sesmcnto de codi~os contiene la Parte dol Pro~ra~a el cual 
comPrend8 las instrucciones tie moauina actuales w auo tleneralruente 
rr~5ídira en HOMt Las insi.ruccio1H:?s en el ;;etJmr~nta de-.? r.ndi!1os 
plJPdon h0cer rrforP.nciiJ 0 c1JillWJi1~r cd.ro r-ro!..lrnma. 

SCGl\CllTO DL nnTOéi 

Los sc~\n1entos d¡i datos cor1ticnr~n t?SPecificacionr~s r--ara las 
partes d~l prosranan dul UGUario aun ~er1uralmonte so11 dato6 
obter~idos on el mo1nvnto de c:o1·rt?t'lo Y uuc Ll~ualrucnte residen en 
RAM, No <:ndf.;ten rost·t:iccionQG en estG se.rJl{lf_.into Para contenet• 
inctrucciones eJcc1JLnbles. 

SEGMENTO DE STAC~ 

El scjmontn rlr STACK 
usuario lo ¡•nn1Jifl¡·a y 
del ZBO, 

SEGMENTO DE MEMORIA 

ps 1.1sado tal como c!'l r-ro!11·ama del 
s11 comr-ortnmicnt.n Q~ '3i11tilar al del STACK 

El seEment.o de memoria e5 rJenernl111ertt.e la rJireccior1 mas alta 
de la Porcion de niemot·ia la cual no aloLi~ los otros sesmentos. 
Las tablas d<' elatos pueden ser e::Pandidas dentro del sesmento de 
memoria Pero el ensamblador no tiene la facilidad de causar uue 
las instrucciones ne carauen dentro de entn sedmonto. El inicio 
del sesmento de memoria es determinada en el momento de la carsa, 

El LOADER Permite al usuario cardar los sesmentos en un 
proSrama continuo o especificando la direccion inicial <Direcci~n 
Base) de cualauiera de los seamentos. El orden en el cual los 
sesmentos son colocados en la memoria Puede ser esPecificado 
tan.bien. La orsanizacion Predefinida usada Por el LOADER es la 
siSuiente: 
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Direccion alta 

Memoria 
--------------------------IDD 

Stack 
IDB . . . --------------------------· 

Datos 

--------------------------IDD 
Codi~o> 

l--------------------------IDD 
DB ~ Direccion Daae 

Esta es una ordani:acion de rnen1ori~ tiPica en l~ maHor Parte 
de los Prosramas, pero altlunos usuarios Profieran colocar el 
se~mento de STACK despues del sc~ruento de codirtos1 da esta maner~ 

el sesmento de datos puede e::panderse dent1·c1 dDl so~mento de 
memoria durante la oJecucion del pro~rama. 

La direccion basa <DD> Para todo5 las scdmantosr v~:cePto Parn 
el sedmento de STACKr es la direccion !has baJa de estos. Cuando 
un usua1•io especifica la dirnccion inicial de un sesmento con 
comandos del LOADERr estD es la di1·eccion base asPecificad~. La 
direccion bRaa del selffiento de STACK De ruueve tipicoruente hacia 
las direcciones ruas baJas durante la eJecucion del Prolrarua. 
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2,4 TIPOS DE RELOCALIZACION 

Los tipos de relocal12acion IPa!inndol de cualouier se!ffiento 
del Pr0Srau1a es deterruinado en el ensan1blndorr Pn1· el directivo 
CSEG o DSEG; estos pueden sur osPecificados tambien Far co1~andos 

del LOADER, El efecto de 106 tres tipos de relocali=acion en el 
LOADER se da a contin~1acion: 

Este implica cn10 no fl.IP l?<o.íF·r~cificado un oPPT';Jndo on r,,11 
directivo do sc~mento en el ensambl~dor~ En este c~so1 ~l 

sesmento del n1odulo obJeto ser~ loc~1li~~(ln ir1mf~diat~rn~nto despues 
del mismo se~n1ento dosde el 1~odulo obJeto anterior ~ esto causara 
uue no sean desperdiciadas Porcior1rs dv mPn101·ia. 

Este tipo de rclocalizacion es especificado Por vl 
•p• en el directivo dtJl c:r,;;:~mt1lorlor o Pr1 ol CD:'i1<~ndo del 
Esto imPlica aue el se~1nanto dGl Pr0Yran1a deba umpeznr 
frontera de la sisuiente pn~inil di~ror1il)lG, esto 
0,100H,20QH,etc. deSPIJCS del n1odulo ohJeto anterior. 

Relocalizacion No Pa~ini~~d~ 

0Perar1do 
Líli'\DER, 

en la 
es 

E~te es cspccifica<la por ul oPer~ndu ªIª en el directivo 
aProPiRdo ~el cnsamt•ladar o del l.OADER. E5lo imPlica auR el 
sesmento del Prosramn debe residir en un~ Potlirl~ s1 es Posible. 
Si el LOADEí~ dote:-:irrnir1a aur...1 no cwbe r~n la .-... a!:lina currü:~nte, este 
emPie:a al sa~mcnto an la sitluicntc pa~ina COlliO Gi fuera ur1 •r• 
relocali:::ablc, 

En la ~ecuuncin tiPica de cardadnr ul LOADER coloca todos los 
sesmentos da codi~o contiguos en la memoria sesuidos por los 
se~mcntos de datos, no Q}:isten bvt0s ndicionnlos entre estos 
oe~mentos. Sir1 e1hbar~o, si ClJi1ln1Jit?l' se~mento dP dato~ especifica 
una relocalizacion oue no sea de bwte1 el LOADER lo colocara en la 
frontera de la localidad reservada. Para evitar cualauier 
desperdicio de memoria ol us•Jario Puedo sil:'mPre dl:'finir la 
direccion inicial. El ffiismo problema e>:iste si el sesmento de 
codilos sisue al seamento de datos Y el Priffiero tiene definido un 
tiPo de relocalizacion PaSinizada o llO FaSinizad~. 

Cuando se esta desarrollando inicialffiente un Prolrama w se 
esta Probando• es recoffiendable especificar cada segmento en cada 
ensamblado como relocalizacion Pa!inizada¡ esto forza aue la 
direccion inicial de cada ffiodulo a terminar en OOH y hace mas 
facil al lsuario se1uir el fluJo del Prolraffia, En este caso la 
salida del ensamblador contiene la direccion de memoria e>:acuH 
excepto Pcr un offset aue sera adicionado al bwte alto de la 
direccion. La relocalizacion Palinizada Puede ser especificada 
tambien en el LOADER Por los comandos CPAGE o DPAGE. 
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2. ~ coMMmos 

El LOADER lee 1Jna nec1Jencia de co111andos del dispositivo de 
entrada <archivo) ~ la ultima linea debe ser un EXIT o un END, 

Los modulas obJeto son leidos del dispositivo de entrada o de 
archivos especificados Por el comando LOAD. 

La salida del LOADER consiste en un modulo absoluto carsable 
en el microprocesador en uso. El mod•.Jlo de salida es escrito en 
el formato IllTEL. hc::adP.cin1nl, 

Todos les con1ando deben comenzar en la column uno <1>• Los 
ar~Uffientos de los con1andos pueden e1nPP~a1· en cualauier columna Y 
deben estar separados de estos POI' un esPacio al menos. Los 
comentarios ~ueden colocarse er1 cualauier lusar del archivo 
indicandolos ~on un asterisco en la colu1r1n~1 ur)o (1). 

Lac si~u:~cntQ~; patlinns 1J0scrJh~n los coffinndos del LOADER. En 
la descripcion de los comilndosr las lliJVeti {} indican or-cionalidad 
en los ar!1t.J1T1E•r1to1;;;. Un sumario dP los comandos üS dado a 
conlinuacion! 

ª' 

COD[ 
DATA 
STACI\ 
MEMÜf(Y 
CPAGE 
DPAGE 
ORCtEf¡ 
START 

STKLN 
NAME 
LOAD 
PUBLIC 
LIST 
NLIST 
EXIT 
END 

* 

r10 J .1 '11 rPr.r.inn tinc,p rjp] c:;p~mP.nt,n º" cndi~Jos. 

Dn la di r(~Cc ion ba<:1e dol seSmr~nto de datos. 
[ta la di l'eccian bc:iso del se!:tmento de Stnck, 
Da la dirciccion bus e del sesmento de Merr1ori<:i. 
Relocali:.:v Para un ~;c~mento de codi8os, 
Ralocali=~ Para un setln1er1to do datos. 
EsPecific~1 el orden de los sesruentos. 
Especifico la direccion inicial del modulo de salid 

Espmcifica el tamano del Stack. 
Es~ccificn el nombre del ~adulo de sRlida. 
Es?Bc:ifica modulas obJeta cni·g~blo~. 
Especifica la dafit)icion de si~bolos. 
Especifica los elementos a listar. 
Especifica los elementos aue no se listaran, 
Termino de s~siOfl• 
Termino de comandos v coraa. 
Comentario. 

Los araumentos de los comandos aue son numericos Pueden ser 
dados en decimal o hexadecimal. Los constantes hexadecimales 
deben ser terminadas con una 'H' w no necesitan empezar con 'O' a 
menos oue el Primer disito sea un caracter hexadecimal da la 'A' a 
la 'F', 

Los comandos pueden ser leidos en cualauier orden ~ el mismo 
comando puede darse mas de una vez, El ultimo uso del comando 
determina los Parametros de este. Los comandos Pueden ser Puestos 
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antes o despues del comnndo LOA[I excePlo Por CODE• DATA, STACK w 
Ml::MORY lo~ cuales d•~ben preceder al Primer LUAU er1 el archivo. 

2.s.1 CODE 

El comando CODE es usado Para e&Pecificar la direccion 
irlicial del sesmento do coditlos relocalizable. Si no es 
especificado, la direccion inicial ea asumida ·cero COI o empezando 
de5Puos dol se~mento Prccpdantr, 5uJelo ~ cualouier tipo de 
relocalizacion• si este no es el Primer seamento en la memoria. 
Este comando debe especificarse antoo del f~rimor comando LOAD. 

EJemPlo: 

Uso: 

donde: 

/ 
/ 

COflE 400H 

CODE direccion 

Direccion -Especifica la direccion base del sesmento de 
codisos. 

El comando DATA es usado Para esPecificar la direccion 
inicial del ses~ento de datos relocalizable. Si no es 
esPecificador la direccion inicial es asumida cero (0) e empezando 
des1>l1es del se;.t1u;nto r·1·ecedenter ,:;u.Jeto a c•J<llauier tipo de 
relocalizacion• si este no es el primer sedmento en la memoria. 
Este comando debe especificarse antes del Primer comando LOAD. 

DATA lOOOH 

Usol 
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donde: 

I 
I 

DATA direccion 

Direccion -Especifica la direccion inicial del se~ruento de 
datos. 

2.5.3 STACK 

Este corui1ndo es u~ado Pnra esPecificor la di1~eccion inicinl 
del sc:lr.1cnto tiP. Stacld la lon~itud de! este es esH?cific;:ido Por e>l 
con1ando STKLN en C!l cmsambL:irjor o '"' el LOl'\DER. Si la direccior1 
del Stack no os espccific;:id;:ir esta se inici;:ira inmediatamente 
despues del sn~mento en ln ffiDmo1·ia Precedente o empezara en cero 
(0) si es el Fri~1er ocsruanto. Estu comando debe especificarse 
antes del priner comando LOAD. 

Nota. L~ direccion ir11cidl c~1-~clfic~d~ ~r1 P~te co,11ando e~ 

la Parte alta <topa) del segmento de St;:ick. 

EJemF lo: 

Uso: 

donde: 

/ 
/ 

STACK 1FFH 

STACK direccion 

Direccion -EsPecifica la direccion inicial del se~mento de 
Stack. 
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2,5,4 MEMORY 

El comando HEMO~Y es usado Prlra esPrcifiror la dire~cion 
inicial del seamento de memoria. J_a lon~1tud de nste se•mento 
sera especificada como cero (0) en el lha•·a de ~emoriar pero la 
lan~itud se actualiza con la memo1·1a disponible remar1ente en el 
sistema del usuario rjcsPues de a•JP los otros seSffientos se han 
car~ada. Si no se especifica, la di1•et:cior1 inicial sera la 
inmediata desFues del anterior seSnit~nto o 1~c1·0 (0) si es el 
primero. Este comJndo debe esFecific~rsf~ ant~s del Primer comando 
LOAD, 

EJemPlo: 

Uso: 

dondel 

I 
I 

MEMORY DOOOH 

--------------------·-·-----------------
MEHORY direccion 

Direccion -EsPecifica la direccion inicial del seamento de 
memorja. 

2.5.5 CPAGE 

Este comando Puede ser usado Para ruodificar los tiPos de 
relocalizacion de los searnontos dr codijo en los modulas obJuto d~ 
entrada, Como se a::Plico on loa tipos de relocolizacionr el 
ensamblador le indica al LOADEH el tiPo esPecifico Cbwter 
pasinizadar no Paainizada) en cada oeamento de cada modulo obJato. 
Este comando Permite al usu~rio redofinir el tiPn de 
relocalizacion especificado Por el ennamblador. 

El uso cspecifjco do asto comando es Permitir al tJsuario 
emPezar cada modulo en la frontera de una Pa~inar Para propositos 
de rastreo de errores, u entonces especificar el Prosrcma final 
con una relocalizacion de Bute, Padinizada o no Paainizada o bien 
especificada Por el ensarublador. Este comando Purade ser cambiado 
Para cada modulo leido Por el LOADER. El ultimo uso de CPA~E 
determina el tiPo de relocalizacian. 

EJemPlo: CPAGE 
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Usot 

/ 
I 

CPAOE {esPaciorBrPrl} 

donde: 

Espacio -Especifica aue el tiPo de relocalizacion esta dada 
por el ensamblador (Default), 

D -Especifica relocali=acion de bwte. 

P -EsPeciflca relocali=acion Padini:ada. 

I -Especifica relocalizacion no Padini=ada. 

2.5,6 DPAGE 

Este comendo PUede ser usado Para modificar el tiPo de 
relocalizncior1 Para se~mentos de datos en los modulas obJeto de 
entrada. EstE1 comando es usado de la n1isma manera aue el comando 
CPAGE w Permite al usuario especificar el tiPa de relocolizacion 
de cada modular de bwtar Padini=ada o no Padini=adar o bien 
definida Por ol ensamblador. 

Este comando puede ser cambiado para cada modulo leido por el 
LOADER. El ultimo uso da esto coffiando e5Pecifica sus Parametro~. 

dende: 

EJemplo: 

Uso: 

I 
I 

DPAGE 

DPAGE {espaciorBrP•l} 

Espacio -Especifica aue el tiPo de relocalizacion 
definida por el ensamblador <Default), 

D -ESPecifica relocalizacion de bwte. 
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P -E!;Pecifica relocalizacion pa~ini:ada. 

-EuPecifica relocali:::acion no Pa!tird::ada. 

2.5.7 ORDER 

Como se descrihio en ln oPerncion del LOADERr el orden normal 
de los se~mentos de maruoria es: Codigo, Datosr Stack H Memoria. 
El comando ORDER es Provist0 ParD anuellos •Jsuarios aue no 
necesitan espccifica1· la dircccion inicial poro si ~1 orden de los 
sesm0ntos en la mcmo1·ia er1 forfi1a diferunto, 

Si t'l usuario e~.r-ct~ifica l.:) dircccion irdciul dí! los 
seSrrient.os, c·l Ot'dE:'n de c!.~t.ns p1Jed(~ no tr__iner r-ort.icular 
imPort;;ncf;J.. Sin r1i:1bCJrDor e:~; b11cr10 r-eco1·d,;1' C-tUC ~·;i su c:sr,oc.i.fici-1 
la dirHccior1 inicial Par~ civrlo se~n1er1lor ltJ~ ~ut1sucuo:)tcs s01·~¡-! 

carsados un fo1·1¡12 F'iü~lrt:'.:;:i._:;_~. f'.:ii: ~:i t:l •1:;1.;:-trio lo i::i!!sea1 t1i 

5egn1ento de datos Puede residir en la loc~lidad 8000H Y todos los 
otros $B~n1antos t~ueslos Juntos nn lv Pot·cion de memori~ mas baJoi 
paro el $e~ffionlo do data~¡ ter1dra uu1~ fi<~l' rl ul1.imo f!~rametro de 
los artlumentos del co111ilndo. Si esto no L1 s es~ucificado asir 
enloces CUR]ouivr S(·~1~ento c~t'!lado cias1)lJPS d~l seLl1ncnto do datas 
rtH1i<li1'.J e11 l~; ;,¡:;1'Li.~ •. :JI,;; •.~r? 1---; r::·:!Y'lri~ tipr;p11c1 ~. rlfl fic-~tf~· 

El usuario osracif icA el ordPn ~o los nc~ffientas 

rePrasentativas de ostos, scP~rcdt•~ ~or con1as. 
ura~mentos deben ser esPeci~icados en el cnman1io o un 
ortOT' set·a !..lenerarJo i!.lnornndos.o el corri<.1nrJo~ 

E-lemPlol 

Uso: 

donde: 

/ 
/ 
1 ORDER se!1 •ses, se~h ses 

con 1.ett·a~ 

Todos los 
mensn~it.1 dt? 

Sed -Especifica uno de las cuatro sedmentos como siduel 

C -Sesmento de Codisos 

D -Sedmento de Datoe 

M -Sedmento de Memoria 
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S -Sesmento de Stack 

2.s.a START 

Este comando es usado Para especificar la direccion inicial 
~ue sera puesta en el record terminador del modulo obJeto. Si no 
se esPecificar la direccion inicial es obtenida del record final 
del proarama Principal de los modulas obJeto de entrada. En caso 
de no haberse leido el Proarama PrinciPalr la direccion inicial 
sera cero (0) 

EJemPlol 

Uso: 

donde: 

I 
/ 

START 7FCH 

START valor 

Valor - Especifica la direccion inicial a usar en el modulo 
obJeto de salida. 

2,5,9 STKLN 

El comando STKLN es usado Para especificar la lonsitud dol 
sesmento de Stack al LOADER. Si no se esPecifica• la lonaitud de 
este es determinada Por el tamano dado Por las definiciones en los 
modulas obJeto de entrada, 

EJemplol 

Uso: 

STKLN 20H 
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donde: 

I 
I 

STKLN valor 

Valor -Especifica la lonsitud del seamento de Stack1 

:;?,5,10 NAHE 

COMANDOS 

EsPecifica el nombre del modulo obJeto de salida final, 
Generalmente este coruando no realiza ninauna funcion sobre este 
modular el cual esta escrito en formato hexadecimal INTEL aue no 
contiene el nombre. Este directivo es usado cuando el modulo 
obJeto de salida Puede ser relocoli=able. 

El nombre esrecificado por el ust1nrio Punde ser cualauier 
~i~bolo estar1dar de hils·ta 6 caracter~s. Si el usuario no 
especifica nombre. este soro tomado del Primer modulo obJeto de 
entr.Jdu. 

Este nombre no se refiere al del archivo de salida o el 
obJetor estos son dados en ol inicio de lo sosion con el LOADER, 

EJumplo: 

Uso: 

donde: 

I 
I 
1 

NAME LECTOR 

NAHE nombre 

Nombre -Es un sin1bolo c.ue especifica el r1ombre del modulo 
obJeto de salida. 
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2,5,11 LOAD 

El comando LOAD es usado Para especificar uno o mas modules 
obJeto a s~r carsados. Si el operando del comando es un numero~ 
este es asumido como un dispositivo losico de entrada/salida 
(lectora de cinta perforada Por eJemplol. Si el operando no es un 
nurueror se asume oue se dio el non1bre de un archivo ~ a1Je el 
modulo obJeto ser.i leido de este. Si u c1;alauier operando le 
precede un si~no ffienos' esto indica aue varios ruodulos seran 
leidos del dispositivo o del archivo hasta encontrar la marca de 
fin de archi•10. Er1 este casar el usuav·io no nect~sit.a esPecifica1· 
1Jn nombre paril cada modulo obJeto. 

Los modules obJeto Pueden ser leidos en combinaciones de 
archivos Y dispositivos da entrada/salida Y Pueden o no ~er leidos 
hasta el fin de urchivo. Los modulas obJeto son cariados en el 
orden especificado u cada uno de ellos es colocado inmediatamente 
despues del ar1terior o bien como se ha~e ~SPecif icado la 
reloc.ilizacion. íl usuario Puede usar tantos comandos LOAD como 
necesite. 

donde: 

EJ01wlo: 

Usol 

I 
I 

LOAll 7 r -FIL.El 

LOAD modulol{rmodulo2r ••• rmoduloN} 

Modulo -Especifica el numero de unidad lodica del dispositivo 
de entrado o el nombre del archivo en el cual el 
~odulo obJeto reside. Cualauier modulo 
especificado can un sidno mono& causar~ oue se lea 
hasta encentra la marc.i de fin de archivo. Los 
~odulos son separados con comos. 

Nota -El LOl\DER disponible en PR1HE no tiene habilitada la 
facilidad de leer de unidades lodicas debido a oue no tiene 
dispositivos de entrada salida viables como lectora de tarJetas o 
de cinta perforada, 
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Este comando es usado Para definir Y/o cambiar el valor de 
una definicion e>:terna. Si un símbolo QGPecificado Por este 
comando tiene una definicion e:d.0rna ([lefinido Por nl directivo 
PUBLIC del ensamblador en el modulo obJnto de entradalr el valor 
del simbolo es callibi~do al esPccificado r·or el 1Jsuario. Si el 
simbolo no esta definido, Pstc sera colocado en la tabla do 
simbolos del LO~DER con el valo1· f~specif ic~do Y cstara disPonible 
para solisfaceT' refe1·encias G}:ternas du los nrod1.1los. 

Este comando Permite ;11 1Js1Ja1·io PS~~cif1ca1• el valor de 
al!.H.1nos simbolor. (•::i.Prnc:is ;Jl mumt:rd.o de car·rJa1· los mCldu!o!.~ ~ la 
posibilidad do nv1 t,¡j1· ur1 rC!Pflsarriiilado. F'aru cambiar el valor de 
un riirtibnlo uuo se encuentra (]í"1 unu de'finicion E''' el modulo obJetor 
este comando debe esrecificat's" antes de ser car~ado por el 
comando LOAD. ruede sor colac~du t1·1111ediata111ente antes del comando 
END. 

donde: 

E.JemPlo: 

Uso: 

I 
I 

F'UBLIC 

INPUT~2FH10IJTPUT"OAC1l 

simbolol=valor{r,,,,simboloN=valor} 

Simbolo -Es un C::1i1ubolu e}~t.f1rno dE":'finido Por el us1Ji1rio. 

Valor -Es el valor aue sern asisnado al simbolo. 

2.5.13 LIST 

El comando LIST Puede ser usado Para senerar listados de los 
elementos csPocificados. Los defaults son: Tabla de símbolos no 
listador modulo obJeto Producidor loa simbolos no son colocados en 
el modulo obJeto de salida Y los simbolos locales no son PUrSados 
de los modules obJeto de entrada. Los simbolos locales son los 
colocados en el modulo obJeto Por el ensamblador oue no sbn 
definiciones externas. El usuario debe notar aue colocando 
definiciones eKternas u locales en el modulo obJeto de salida 
Puede causar la rePeticion do simbolos. TiPicamente solo los 
simbolos locales Puestos Por el ensamblador o las definiciones 
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externas seran colocadas en el modulo obJeto de salida. Es por 
esto auo ol directivo LIST B en el ensamblador forma una tabla de 
simbnlos donde incluye a las definiciones locales Y extvrnas. 

dondel 

EJemPlo: 

Uso: 

/ 
/ 
1 

LIST r.x 

LIST {DrOrPrTrX} 

D -Especifica aue las definiciones eKtenaa seran Puestas en 
el modulo obJeto de salida. 

O -Especifica oue un modulo obJeta sera rroducido CDafault), 

P -Especifica oue cualauiar simbolo local en el ~adulo de 
entrada sera puesto on la tabla de simbolos del 
LOADER CDefaultl, 

S -EsPecifica uue la tabla de sirnboloG locales sera escrita 
en el modulo obJeto v rueda ser usado Para rastreo 
de error~s f 

T -EsPecific¡¡ aue la tabl¡¡ de sirhbolas coru lir;t~da en el 
.:rchivo de salida, 

X -EsPeci fica aue la tabla de definiciones e>:ternas Gera 
listado en el archivo de salida. 

2.5.14 NUST 

El'co~ando NLIST es el contrario del comando LIST u es usado 
para suprimir el listado de los elemnto~ especificados en el 
ar~u•ento. !.os ele~entos Pueden ser Puestos a listar nuevamente 
usando LIST, 

EJelll!'lOI 

Uso: 

tft.IST o 
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donde: 

/ 
/ 
1 

COMANDOS 

NLIST {D,o,p,5,r,x} 

D•OrPrSrTrX -Tienen el sisnificado opuesto al dado en el 
comando LlST. Los elementos CHJe son default en el 
comando anterior, no los son en este \l viceversa. 

2,5.15 EXIT 

Este comando es usado cuando se esta en modo interactivo <no 
tiabilitado en PRlME> para tarminar una sesion. Este comando es 
111u11 usado cuando el usuario encuentra ur1 error \l rea1.1ierc re!lresar 
al sistema operativo Para corre~irlo. Este actua como el comando 
END excePto aue la carsa final no tom~ lusar u no es Producido el 
11odulo obJeto. 

Uso: 

I 
/ 

EXIT 

Este debe ser el ultimo comando en cada archivo de entrada. 
Inicia los Pasos finales del Proceso de carsa. 

Unol 

I 
I 
1 END 
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2.~.17 * ICo~entarioJ 

Un asterisco Puede ser usado Para especificar un comentario 
en el archivo de entrada. Este debe estar en la columna uno 11), 

EJe~Plol 

Uso: 

/ 
/ 

* ESTE ES UN COMENTARIO 

* comentario 
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2,6 USO DEL LOADEk 

Para hacer uso del LINK-LOADER de la PRlHE es necesario 
tener: 

a) Uno o mas archivos obJeto generados por el 
ensamblador o bien por el LOADER. 

b) Un archivo con comandos Para el LOADER en 
donde se indiaue cualaQ archiven svran carSados Y 
la forma en oue se hara. 

El Prodrama es invocado como comando do la PR1HE mediante el 
tecleo de LKLD, Esto hace nue el Prosrama corra en la cuenta 
especifica del usuario. El ProMrama emPie=a Preduntando Por un 
archivo de entrada: 

--------- ARCHIVO DE ENTRADA: 

aue es precisamente el archivo da comandos formado Por el usuario. 
Este debe ser un archivo mdstrmte o de lo contral'io volvera a 
pedirse. Posteriornu:ntü riid(! r~l nor.~liro ouc tcncirü el listado de 
salida: 

-------- ARCHIVO DE SALIDA 

aue es el archivo donde el LOADER coloca los resultados ~ mensaJes 
de error de la carda en caso de haberlos. asi como las tablas de 
si•bolos si son Pedidas; este archivo no debe existir o de lo 
contrario se pedira nuevamenter esto can el ol fin de no borrar o 
reescribir archivos ror error. Por ultimo Pide al nombro del 
archivo obJeto de salida: 

··--------- ARCHIVO ODJETO 

en donde el LOADER colocara el modulo obJeto de salidal este 
archivo ta~Poco deba existir o volvera a pedirse. Al ter~inar 
dara un mensaJe de STOP. En el listado de salida se podra ver los 
resultados de la carsa. En caso de resultar sucesiva Y sin 
errores aParecera el mensaJe sisuiente en dicho archivo: 

LOAD COHPLETE 

En la PRlME no estan in•Plemerotadas 
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L l ut<:ER-LOADER 

di•;positivo,¡ de EntrarJa/Salida Por no haber nin!Ol•Jno aProPiado como 
lo seria la lectora de tarJetas o cinta perforada, 

Asimismo no esta imPlomentado el modo interactivo Por ser 
po1~0 usual r sin embat•dc> Puede hacerse uso de ot.roG sistemas 
e:: Lsten Les como Dl r<ATCH para comr,lementarlo, 
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1 EL ESTArWAf~ RS--~3~C, 

reconiendacior.es encaminadüs ., facilitar 10 cor11?:'. ior1 ~:nt.rr.: 

coffiputadora y terminal' modems o r~dPs de 

Act•Jalmente el r~standar RS-23:.:!C es uno de lor:"t m¡.ir-; PnF,ul arr:1 :-; 

utili:ndos Pnr~ conect~r computadoras a moden1s y A tormina1es, 

El titulo oficial r-wra 0~1tc P-stanriur p~-.: 

PQUiPO terminal de d~tos ~1 eau1po de dnt.os con 

Circuito-terminal l.Jt,ilizDndO interf:Jr.C! binciti.D en <;!!rtP, l..;' ('. 

en RS-232C indica oue ha sido roYisado. Este estandilt' incluHe 

receF·cion do dato:;; cHJc Sf..1 util i=an Pi'Jf~¡¡ conectar unn t.erndnül 

D una computadora. 

El estandar ílS·-232C conot.a da cu.:itro 1~artos Pl'inciP3les! 

a> C~racterioticas electricas do la scn~l. 

b) Caracteristicas 1~ecanicaa de la interface. 

e) DescriPcion funcior)al de lns genalo5. 

d) Una lista de subconJuntos de ~üí)O]rs 

interfaces de tipo especifico. 

La Pri~era P•rte define los voltaJes a ser utilizadoa Y 

sus interr:·ret.aciones como ceros '=' urios, La sr.HltJndo osPec i f ica 

el tamano del conector Y la disPo&icion de lna terminalas. La 

tercera. la cual se describira poateriormente con mas detalle• 

PrOPorciona una descriPcion funcional de las 21 nonales GU~ 

conforman el estandar RB-232Cr y la cuarta Parte• 

f'AGillA 
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alr~dedor de 14 suU.sruPos díl t,•...it;vt :-.1 -::.pn;,;l('Hi n1.1p stJn 

utili=adas en dif'crenlas tiPos d~ modem~. 

El estandar RS-23~C fue ~st~bl~cirto por un¿1 orsoni=acion 

de los estados unidos, la ~sociocion rle 

eleclronica CEIA>, ~son casi irjcnticas ~ las 1·ncome1~rlacil>n~s 

v.24 del :CITT (Comite Con~ultatif IntPrnational Teleehoninue 

Et Telegral'himie>, Comite d•? l."3 Un1.on Internucional de 

de laG Naciorle~ Unidas Gin en1bar10 

electricas je la sanal se esPocific~n nePnradamente en la 

recomendaci3n v.2e, 

telefonicas, la coIDPUtadora se debe conect~r ~ un n1oderu' ~ste 

a ou v~z se comunic~' otrnvc= de lo rad t~leforlic;1 a ot1·0 1hodo1~ 

el cual debera estar conectado a una tprminal. Esta 

confi~uracion involucra dos interfaces RS-232C: uno entre la 

C00Putadora Y su modem y otra entre la terminal Y su mnde~. 

La terminolo~ia oficial denomino t~nto ~ lJ coniPu·tadura collio a 

la terminal DTE's CeauiPo terminal de datos) Y a los modems 

DCE CeauiPo de comunicacion de datos). 

Debido a aue frecuentemente ea deseable Poder escosar 

entre conectar una terminal con un modem o directamente al 

Puerto de salida de una computadora. el estandar RS-232C 

Provee frecuente~ente ambas coneHiones. Est ric:tament•< 

hablando• el estandar RS-232C no fue Pensado Para conectar 

directamente un dispositivo DTE a otro DTEr w cuando esto se 
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Cue;r,do un fabricc:u·1t.ci csh:icifica our::o un Producto P'.:i co1T1:.•at.:i.blt.• 

con el estandar RS-232C ~Qr101·DlmPnto sP 1·0fivr·n a u1Jp el 

como lns d<?l f·rotocolo r-,1r~1 rnnt.r•:;tnr 11..irnt:irl~is '-J PiJrü 

ccird rol.Jt· fítOd(?ill'.) r·<:~ra inv1:rt.L1 l~i dJ1-ucc1011 de.~ la tr;Jnsmision 

':J 

coir1riut.adoru, 'd[.) nur:.• mic!rd,r.:;~; la vPlncidad l1mi.tP r.lf.11 f~S··~:32C 

a1·1 al meJor <Jo lo~ e~~º~' ~ es m1J~t dificil transn1itir datos 

aun a estas baJas V8locidades alravc!= d~ r0des telefonica·s 

La restr~~cion de distancia no es und sot•ia dcsvPnlaJ~ si 

se utiliza un modum para accesar a un~1 co1nputoctu1·0 en forma 

r~mota. Los ffiodems seneralmente fie utiican a un l~do rlo la 
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EL ESTANúAR RS·232 

Sin en1bardor POT'a oPlicaciones locales G~ mu~' frecuente 

encontrar interfaces conectando direct.oment.r. 

terminales a comr~utadoras, poraue ma~: 

conveniente 1Jtili~~r l~ mi5rna jnterface tcrrr1in~l-coíl1Putadora, 

se utilice o no 1Jr1a cone>:ion ror n1od0íl•1 u es aaui donde el 

limite de loG 1S metros ':",l~ vuolvr:-~ rc:.d.rictivu, zidcmasr lnf'. 

niveles d~ voltaJaa no ~on p,JrticlJl~r1110r1t.P convenientes díldo 

t.~cr1ulo::Iiws c:.t2nd:::r-:; rJnmi.n¡1n actunlrnf.lnte la 

imPlementnctcir1 rJe comrutadordr. <TTL '::l ~tOG) 1 Psto ~•1Snifi.c;i n1Jf~ 

es nece-sario una t'uor1tC1 do. ali1110ntucion 0c1iciont3l al utili.::".i"lr 

dicho estnndar. 

Debido n 1~ sc1°io d0 dosvcnt~~i~s nrltO~ 111cncion~dos dal 

estandar RS~232Cr 10 ir1t.P.rfi3cl"' r~or modio de ur1 anillo dP 

ori~linwlvs, sn héi 

Puesto r·n r t. i cul a T'lht: ntn con 

Co1T1P1Jtadoras casPras de bJ ... io costo, P.<;>t.a .intr.~r f't1cc1 no c?s 

Propiamente est~ndnrr POPlilari=andose las da 20 Y 60 íl1A, ~ 

velocidades 96()0 l!i t,,. por sc~9•Jndo. 

Desafor~unadan.ente, interface 

incompatible con el RS-232C w reouiere el uso ~e circuituria 

conmutabler circuitos de conversion o una d•rnl id ad de 

circuitos para ambos estandares. Mas at1n1 la interface vi0r1P 

en dos sabores; activa' la cual •enera por si misma la 

corriente w Pasiva• la cual detecta la corriente o Permite el 
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EL CSTANDAR ~S 2~2 

Paso de corrienLe abriendo o cerrando el rircuito. e i rc111 t.n:i 

de convorsion Fcrmiten aue disr,ositivo:; rtHilvos .if.? rnmurdPu,.111 

con disPoaitivos activos, 

9eneralmente contiPrH."? la interface cictivei u ur,;:: t.PrminDl la 

Pasiva, lo cual si!ini fica o.ue ·:~e debera contar con 1m ~ i r'c11i l.n 

de conver~ior1 act iva-a-act i v~1 para dor; 

microcomPutadores directamentP. 

SOBRELLEVANDO LOS DEFECTOS. 

Para resolver los Problema~ del ílS-23~C u paro incorPor~r 

~ meJorar laa vcntaJan de la interface de enillo de corriente. 

la EIA introduJo loa estandareG RS-422A• RS-423A ~ RS-449. Un 

cambio Principal fue el de desenredar las esPecificacionen 

electricao, n1ccanicQs ~ funcionales d0l RS-~3~C. 

ospecificnciones olectrica!i, Para 

mayores en la trans1nision de dato51 el RS-4~2A utili~o cln!; 

cables Para cada una de les ~nnnlesr e~te arre~lo, conocido 

coiao tr.Jnumision b~l<:ncoadar dur-l icn r.l n11mero de ulnmbrr~. en 

el cable. El HS-423A transmite a velocidades mas lentos Y 

utiliza un cable como trawectoria do retorno comun do todas 

las sen~lcsr a lo cunl se le conoce corno tranaffiinion 

desbalanceada Y es muy similar al diseno del RS-232C, El 

estanda• RS-423A opera en cualauiera de loa ambientes RS-232C 

o F<S-42:?A, w de esta manera se Provee al U&IJiJl'io del eCl•.dPtL 

actual con una via Para emi~rar lentamente al nuevo re~imen 

PAGINA 5 
244 



EL ESTAttDAR PS-232 6 

r~l RS-42~A. 

La EIA ha introduci~n el estandar RS-449 coruo el ~osibla 

sucesor del RS-23~C. Dicho cstandar provee! una descriPcion 

fur)cional coffi~leta de los scnale~ necas~rias r~ar~ el control 

de modemsr lo mismc, nuc de lns esP~cifíc~cion0s mecanica~ ~e 

claviJas u soauats. Lns csPccifirncionas Plcctrir~s Parn 18 

~aYoria de las scnales son i~ualc~ Q las dol ~st~nrla1· RS-47~A. 

aunaue las del ílS-4~2A cst~r1 rji~roniblcs P~rn n~oraciones rlc 

alta Velncicad si PS n~CC]~nr1n, fl rS-449 ti~nR un tremend1J 

numero de cables (46r en contr3~tc con loe ~5 d~l RS-232C> en 

dos conactoresr uno can 37 terminales ~ otro cor1 

AfortunadDme~ter la ma~101·i~ de las ~Plicncioncs r10 rcauieren 

las scnales del conector de 9 terrninale~. Ademas de las 

meJoras en la vnlocidcd ~ distar1cia, el l~S-449 oft·eca ill~unos 

otras funcioneg d~ n1~uor valin sobro el RG-232C er1 lo oue s~ 

refiere a la Prueba automatica de moderu w provisionamiento 

Para canales en eGtado establar roro ~un no incorPora la 

capacidad de automarcacion. fl e~ito del RS-449 en el ~ercado 

co~ercial aun esta por v~rae. 

EL ESTANDAR RS-232C. 

La siauiente tabla ruuestra las 21 senalea del estandar 

RS-232C en tres modalidades: 

3) De acuerdo al numero de la terminal aue ocupa en el 

conector estandar de 25 terminales. 

a) Sesun la codificacion asi~nada Por la EIA. 
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el Conforme la r~ffiera~ion del CCITT v,24, 

j~HA ~:.:::.:::·-~= ... ,..,,,,,.,.,,_~e: .. -·--... 
AB 102 Signa! G1ound 

... 2 (1A 103 \ Trar !.rni\\i.:O 0::1! ... 
~ CA 10: ' n-11·-.t To ":-:-r.í1 

20 CD 100 ~ D~:a Terminal Ready 
23 CI 1 111 OJtJ $1~11.;,!r1'J R .... lu ~;\1-.::c.: 

24 DA 113 
(OH: r.cu1co) 
T rnn~rn1t101 S1QniJI fl~rr.Nil Timino 

¡ ([)TE !>OlU<:.c) 
1.1 SEA na ¡ Snconc,1ry fransrn11tt:d Data 

f)H. 

(c0rnpu1ar ~tortaee) 

19 ser.. 1:!0 ._J_ Sr.co·n·dJP{. ~~H:::t Tes~---··-------
0:·1 10: ! nr.rri, 1rr1 D.1l.: 

5 
6 

22 
8 

cu 
CG 
CE 
CF 

105 1 Cle.1r To Scn1 
107 Üi•\3 SN l\co<t¡ 
i25 l11nr) !n;J1C<atcr 
1(19 Roce1,·t1d L:n'J S1(;n:11 Detector 

21 CG 110 S1'.líl'1l Ounlity Dctec\;:ir 
23 GI 112 O¡¡L1 S1glla.ling ílltv Selector 

17 

16 
IJ 
12 

Dü ,,, (OC( sourco) 
Trnn~rn11ter S1gMI Elcmcn1 Tlm!no 
(0Ct= SO\JICt:i) 

Re..:e1ver S1gnJI E!füni.mt Ti..,.1!11:) 
(lJCE sourco) 
'.:ccor:r:J'JI)' r..:cr:';1cd D:t~~ 
Sccom!.:tr¡ ClsJr To Scnd 

or,t 
(modern or tmrrUw.i.I) 

DO 1115 
smi 

1

110 
f:Cíl 1~ 1 
XF 1Z2 

!--~-'--'--~~--~·---~~-~-~~~~~~~-~~~ 

T •hl• 2: RS-231C >i;;nr.k 
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El. ESTAN[l(¡f~ rw. '13:! 

2 DESCRIPCION [IE LAS GENALEB. 

TIERRA DE PROTECCION,-

Esta senal es Para seauridad y se conecta al chasis del 

eauipo en ambos extremos del enlace. 

TIERRA [IE SENAL.-

Esta senal establece un voltoiJe de tierra da refereroci<i 

comun Para todas las senales de datos. 

TllANBHISION DE DATOS. 

Es la travectoria de los datos desde la terminal hasta la 

interface de la computadora. 

RECEPCION DE DATOS,--

Es la travectoria de los datos en direccion opuesta. 

DATA SET READY.-

Senal senorada Por un rnodem Para indicar auo esta 

Preparado Para recibir datos Para su transmision. 

Cu¡ndo se interconecta un disPositivo lento a un 

co~Puta~or se Puede utilizar esta terminal para controlar el 
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10 

rlu,io de datos,, .?•.lncfüe. se ·Puede •Jti li:oar otras 1.,in".ap t .. al, c.r,>.m.n. 

el 'CLEAR TO SENU' Para el mismo ProPosito. 

< .. ; 

RECElVED,LINE. SIGNAL~DETECTOR~-

tratando de h<1cer cor.tacto. en est;:i•, ¡ inea "'_Y, se· H!C:di:\.:< !J_t.._i:lJzar1 

para disPar3r a l& com•utadora Para Denarar una invitacion de 

acceso CLOGrN). ., · ·, ...... "'.;:... ~: 1 T/1': 

.;. > : ,~ r, •. 

REOUE:ST·' TO' ~;END, . .,o ·.··J .. :.:'J•' 

· :·, Eil!ta "l ir1ea i:m :un ion cor!'' la ·d., ·'.CLE.AR: TOr: SEND':-:. C:C\Ot.;~J;np 

la direccior de la transmision en una. oPel'acion HALF·-flOPl.,F_)(,., 

La comFutadora oenara la ser.al 'REílUEST TO BEND' cuando 

trans111ision. "'' '·' ';\ . 

.,,\¡, • ,¡·.·;.."\ 

DATA TERMINAL REl\D'I', --

IND'ICATOR h r.-, 

RING INI•ICATOí~, -



EL ESTnNDAR RS··~l~ l t 

cor.tes ta r desP•Je~ dQ •Jn 11ume 1·0 e".ir··<!C i f i co d~:.i 1.1 ~imadas .. 

DATA SIGNALINU RATE SELCCTOR IDTE SOURCEJ,-

Senal utili~ad~ Por alat1nos 111odems pnra ctlnmutar entro 

dos velocidades de trani.:.iminion. Li1 computadorü en el C'~:t.rr:nio 

l~ velocidad de transmision do la linea. 

DATA SIGNALING HATE SELECTON CDCE SOURCEJ,-

linea ~ue reciba la llamada y le indica a su comPuLadora ln 

velocidad de transmioion, de acuerdo a la sanal recibida dRl 

otro cHtrc~o de la linc~. 

RECEIVER SIGNAL ELEHENT TIHING CDCE SOURCEJ.-

Senal senerada en el extremo receptor Por loo mod~~s de 

funcionamiento sincronico raru proveer de un reloJ e 

incrQmentar ln conflnbilidad do la tr~rl~minion. 

TRANSNlTTER SIGNAL ELEMENT TIMING IDCE SOURCE 1, -

Para la trans~ision de lós datos on forma sindronica el 

reloJ se P•.iode Scmerar en el modem, rm cuyo caso el relo'J 

recibe este nombrG. 

TRANSMllTER SIGNAL ELEHENT TIMING <DTE SOURCE>,-

Este es el nomb~e oue recibe la senal de temporizacion de 
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EL ESTANDAR RS-232 

datos cuando se tjpnera er1 la Ct)ffiputadora. 

SIGNAL GUALITY DETECTOR,-

Scnal senerada en 103 modems sincronicos ~ utilizada Pat·a 

indicar si e::iste 1Jna alta Probabilidad de error en los datos 

t•ecibidor,. 

LINEAS DE CANAL SECUNDARIO, 

AlSunos modemc;; Proveer, cinco lineas oue formtJr1 un caria} 

secundario ja comuni<:aci(in. El canal PrinciP~l ~cnarnlmente 

se utiliza .1 una alt.a velocidad <1200 Bits r>or setlundo) p¡¡r¡¡ 

transmitir on u¡~,a dlreccion ~ 1Jr1 c.an<:Jl sec•.1ndu1·io de· valocid;J1.I 

mucho ~as t)nJa (75 Bits Poi· so~1Jndo> Qn la c~ircc~ion invoro~. 

El canal sec~undario se utili=a Para •escuchnr• u confirmar la 

recepcion o para intarrun1Pir nl transffiiso1·. 

SENALES DEL CANAL SECUNDARIO! 

1,- Secondarw transmited data, 

2,- Secondar~ received data. 

3.- SecondarY reauest to send. 

4,- SecondarY clear to send. 

5,- Secondar~ received line sianal detector. 

12 



3 ESPECIFICACIONES ELECTRICAS l~l ESTAHDAR RS-232C. 

1·cconocur voltaJcs ~01· enc1n.~ rlu ', ,,, 'JU l ~ :; COf!ltl 'J 

voltaJos Po1· 1Job~Jc1 dr~ los 3 vt1lt~ corno n1n1·c~~' v~f· fi0L1r~. 

c•Jando mucho• 4 Por ciento del Periodo de un Bit <2 

microse!itmdcs a la ma:üma velocidad pe1•mi.sibl1~ de 1'1'200 
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CL L~TnNDnR RS-232 14 

Bí-1UDS,1 en lu re.::1or1 dr.~ tr;Jr1::.icior1. 

[stos rec~uerim.tt.•rito'_; limitan la Ci•r.tidorl d;~• ...:.·ur-uc:itancio 

.. tJobido a PIE? lo:, cables tiener1 •.Jr1a 

caPacitancja de 40 o ~O PF rnr PiP• ol RS-232C limita la 

RS-·232C c1s su arraslo de 

tie1·r~ de Prntaccion ~J 

tierra do G<?nal. [lesafortunadamcnto al estar)d~r na establece 

imr-rlcmentac:ono~:;, 1:-i tiet~ra dt~ r rot.c.,crion ~iitíir·lc::~m~nte no 0~1 

conectada. 

La cone::ion rJQ tiorrus sistemus unalo~lo!:i 

distr•ibuidos e~ un~ matcri~ notori~~ent8 dificil. Para dar 

'Jfla ido.a sene i 11 a <l~ los J .. rob lemas aue puc,rJen oc• 1rr1 r, inrasl flP 

un enlace RS-~32C entre eauiPos an los ClJnles lan tiRrras de 

Proteccion no estan conectadas Pero donde la tiurra de senal 

esta conectada a la tierra real en Ambos eMtremos. Diferentes 

potcncinlas de tierra en los e>tt1•emos tlel enlace causaran nue 

exista un fluJo de corriente a traves del cable de tierra de 

aenal. La resistencia inevitable en este cable aselura Ja 

existencia de una diferencia de Potencial entre las tierras de 

senal aue Podria, si la distancia es lo suficientemente 

srande• causar aue los datos sean recibidos incorrectamente. 
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2 

4 
5 
6 

a 
9 

10 
11 
12 
13 
14 
1 '" ,, 
16 
17 
1!l 
11' 

N 
2() 

\]'\ 21 ,,. 
22 
23 
;!4 
~~5 
26 
:;7 
20 
2? 
-.rn 
31 
32 
33 
:.14 
35 
36 
3/ 
3U 

" T r M !\ 

TtTI C 
LHlT (; 

G i( - J o O O 

F M (1 

f•(¡(;fil() 

G p l o () (•' 

*************************~Srttltll***'*'***'******rlt1tit1t*STTtf ***************** SIGTfMA DE DFSf\RROLLO GR-1000 *'*'*''*jtlf~lttt 
***********************'''*'**'**l*'*'*'*'~*t~t1t•=••3tt*'***l•t~ 

* El 1-•1'C''.i1~11t.1• 1,1n·!1'~'1nn f11p 1IP"LJt·111ll;~do i'r1 t,-j llrdcl;·.i·¡ r.k• 111~1·· * rde1·f,1 E~;.pr!ci;·1]i.~~..¡t"f.-: i\1~ l.: Corr11.•-,1ti11 ~1·rl!•1.:I 1h 1 rlí•(tr1ricl.11.I r111 * Hnctli1· Tila:·. !1111'11111'·-·1 fnrn1,'11dn p<"·,t!• í•I t'Ut~ll'!l l1.:•,·ict\1 r•r1 r-11•ml,n 
*a P1·n~!ri1n1;:ciu11 11~i1<'rr·" ()lll· r•~11.,iV' ,,111.' (.1.1 '.:i 1 ,tf·1.,·¡ r~(' r\l':-.·;·· * l't'olln fil(· J('tOO· 1'1w11··ir.r1·· r'Oíll/I t;·1tr l~111·1\'1.1 \ •''í'11J\ 1.'., .. ·11 1111 • lwrrn * ni:i.f_.11t;J h;,,:l,11111~ ._,,,\1r.i1,,' ¡;,1;111 d"'"~!1'c1ll•1 r_h· 1·\1·¡:uj!.i1" ndc\<.-
'fl.. pror·c·~.., •. P.!n•1 Ulll' 1•llii·l(•,,11 ,,¡ ¡¡.11·r1•i r111·1•· , 1,t11' :"OO. 

* :t: Ln Or:¡,q·1·i,·"r·i1Jl1 d, l 1 \cJ·\r.:111.• );, •,\du il1.\1i1i11', f'I• t:q,;l .·t· * t-X.>l'Ci.nnr··."., p11(·rl.1r1do i·<,~ .. ldt·("¡1;11 d1• l .. 1•\1111 ti\1· ,:1<·ll'"1d: 

* :t l. f1If~n:1 flJu;; í;U ¡·\.:qr~~·(:~F·, * t'Dl'l'!·''·t·-1111d i.i-11\·l''• ,.1.1 ,, ¡,· ! * PflJ~.11'i)H1il l''f\['H .. ll'11Í ~ 

* 

1.,1.\ 1 11(! .¡¡¡.>1·1·ir;r11··, 1·i 

lr. J,1; :r· 
:"J 11~ior, 
i\pl 

* ~~, Pf\'l)IJJ¡r.it\A ¡·f<TllCrf'lil, (~11Ci11,:<, «11t 1 u1il 1c·.1, 11 Jn; \,·1( 1 •1•1í-:·, * biH;·iL'.tl'> \·dl'c! t•l. (!ldi1i"i<1 ii: 1 '.lt'. l.1.·1~1, l!C 1•)1')0, Í.~'. L.1•_, i11r·lq';'t~>11 * la Jnír'id~ i..:.-,ci~111Y "l i·Li1H· i(1 1\t· I" ·11\.;11./;>r;, {•\,1,, 

* * :,3,-- filll'!f\UTH!ti~l f1U~(.tl.f(1f:/ ';, 1.:11L111,; 1,· ;··1'(1) l)'";i l t• •.t1.!11c•1'",1 * n•.1n (.;it'Vl.>n cun1n Eu .. u1 L•..' ,,) f''1·1¡•·1r,•111;; f'r\11ci:··rd. rn!.r1 l••.L 
# sn i11\·.l•1,1t~ri M:irin.iri dL' !1lnn1H>r; 1\;• 1! ;Lll~.,r 1 ¡·,1~_,J..,1i11 ·:. l•l1l1·11.••: 
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44 OOO<J ílllJ _()/, [1111 0000011 
,¡5 000\) nin .01 Eílll 000()l)\I 
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5? FITí l<HIL]1 mu üfffl"ll 
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1.1 FFf í IHHL3;~ r1111 \1r1 rrH 
(') :~ rrri- fdH1 :14 mu i1f"f! 1 H 
¡,3 ITíf f<f\H .. 3:J mu 011 lfll 

N ó4 Frff HHrL•lú r11U (1íflTll 
U1 ¿~. FFrF 1.-HIL•ll [íllJ OITITll 

"' t~l.. rrrr l~riH_.•\~ mu or rrrn 
,;7 FFrF HMTL43 1:au üfTíl-11 
i;n rrrr f<Mlt.'I~ [ílll orrrr11 
/,9 FFff nriM_'\~ Eílll úlTITll 
·70 FFfl" llHH_ 46 EOU orFI Fil 

71 rrrr Cl\IL.Gí< EílU ürfTrH 
7~ rrrr cnH _ns Eílll NITf"ll 

73 FFfF GIW .. MH Ellll ülTI r11 
74 rrrr 1mn_.cr mu Orl"ITll 

75 flTF GÍ\Jt_lm Eílll orrrrn 
76 Frl"F mrn_r•s mu 1líffl 11 

77 ITfF DSK-flli r.au orr r fil 
70 FFrF IJflK~Cr mu ()fflTll 

79 FFFF Dfil\-.GR EOll vFFff"ll 
O\) rrrr llStcns EOU orrrru 
01 ffFF HEH .. CP ECIU ornTll 

02 FFFF HEILGR mu onTFll 

03 FFFF MEH .. f•Ei r.au orrrni 

íl•l FFrf UTUJ2 rn11 OITITll 
05 ffFF ISEED3 Eílll orn n1 
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ílllT ((Jl\I) dl 
L[I SP,00()011 
u1 (-.,orn1 
L[I Ir('¡ 
HI ~ 

xnn ~ 
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140 009/, 11 IT 10 li[li _(J() LTI f1[ ·MFMlOI !:(ll{fj{I rn1i MU1'ii'1.IT ()j 

\1\J 00 119 Oó !.A L11 11,6All l:(1h:l,,"l LOrlí(1!1(}1¡ l<I f (IJ•(d: l {J.1 •;, 

142 0()'1l1 ¡,¡_, ;~ l {¡~ 00 L11 rx,nrr. ()) Uil·:L;;i r1rr;·. nr pr r111.JH), 

\4:1 009F C:I ~iC oc .11· MI. N 11 f; 

144 0on~1 0[ ()(} m:n.01 l\1 1:,0011 CIHI rt"llllff.:. 

,,l!":i ()()114 :'1 M ()O r.:rt1_.1 Lll 111 r1.:u:ro1 r,u·1 1·r1rH1 1'1 l\l;r1Tf!11I 1·¡.¡ 1 Ct:lúl, 

146 ()()1\7 C:I :~o oc .Jf• l<l l'lLI< IJ¡i (, r.·1r:1 rk. 
147 ()()(\(\ (lft 0:1 l\[f'f01 rn ¡'), 10:•11) 11r 11 11,'illl 111 :;111 11> l l i .-1 i r , t ,· ~ 1 

140 OMC rq nn 1: 
149 (){)(\(\ •Ir l.[I r:.r. fl(l! l.'(\ [lf)\0 ,. (\idl\il Í•'.1'1 t 

l':iO 0\)1iL 1·r.· :•1 Ji', {)\) Lll 1'(,(\I 1 ()\ 1111;11:1:r11n 111 \(! 1111Wfl, 

l ~j 1 0(111'., e~ ~1 ;' oc tr' 111·1 1·0 ]!J: ¡ tU'.1~ ,, ['1\J.:{i1\k r·u·:11 lt\11, 

\~:! 00ft~, r11 ;11 111. ()() ,,, 1 _OJ 11< fY ,\.•tlf 1 Ul. 111\"I IT\tHJ '" 
,., ::;¡:H(1, 

1!-i,1 OOft'I Clt 7'1 1111 ! ,\' 1'1·\I\ [¡,'¡ 1•1'itn1r 1·.-1. 
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1~íl1 \)()C 1 PI l\l f\,l 
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1 ~¡a OOC4 =~ ll :I('. .11< I r~if"l ( Ct'. '.'.l ,, '\' l'l\111LA r, 'i\11 !t 

1 ~jr} O()Có rr ~-,o cr· ~,011 

11.0 oorn '.'ll I'/ .H.; 1•!!!'11'1· ¡ [1 !;J A•-'I' \1\ 1 ltH:li ¡\ \,,\(l. 111 

lbl oor:A 1 [ ~·13 r:t· : .. 111 
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170 OOL.l .. \~ ft/lCI\ 1 ft \ICC (111 ) 

171 ()(J\'4 :1~ t•rt: UH ) 11id'l 11 !11•r·1. '.il't'il'( 

l·12 oor..~ 7E l.{I {\,(lll) 
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10:! OOFO 10 ro JI< flil,IfiE 
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104 oorr. 111 (C Jf< 11unm: 
1Ufi OOFC 36 20 í\EA.1-~' Lli <HL> ,n111 h:U\.lllSfll \'D'-IC\Dtl, 

106 0100 10 rn .H.: l•IRtfl[ 
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IDO 010:1 .[{¡ or MID 01"11 !\A\if'.l'\í!(l El tlT\\1111" (:¡I f[l, 

109 0105 cu :17 ~ il (1 /\ í\f cr11.;r;·r [(; Hlrlll'tiílClOrl, 

190 0107 :!6 Oll I\\ lldll111 f'lil·:r;11 \'l11'l ltY 1 (" !ti" "' '" ¡\\'1•!1! 

191 01()9 61" 1.11 1 ,,, t.J°,{1110 ll'ill ltl \!1i 111 111·111"1!. 
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rf<R LINFíl AD[tf< [<I D~ [•J M G 1 n T ¡: M A o l o o o rno nin •, 

1'J4 OIOC 11 '17 l•I LD DI: r HENT90 cM<GA l1FU~1''i.IE ?O, 
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197 01 lf, C~I oc or. Jf• MENHI' 
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·_1:1·; o 1 ~,'.i 1::! :1 / or: .ti' tJ/ •JI[ 1 !"fi ii.-,in·:1·.1 1 11,', ... 1:111.·1·1'¡';, 

'" '.'.'lt (l \ ~¡(l 11 (1{1 ra.r_.l'.:"1 cr· 0:111 

"' :~ :''} o 1 ~i{1 ;:11 1ir- .\Í{ 1.,11M:h1 i1· 1 I ', lt1'.t'1,·:1·1·11T 1'!·1(11,l " 1.·1llt1•,, 

._.~o Ot~iC 1 r 11< n· 41111 
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'l'\•J \)llS C:fl :'"1l nr r 3, ( 111.) 
;•40 o 17~¡ c·1 'I\ (IJ .JI' ~l ~1 , l.: r TI lf: t l 
: 111 Ol './ll CJI ! .. ', ltll q .Clll \ 

:14 ;~ Ol 7A r"I (I~/ o~; jf' N7rl\IJI 0:1 
',14 \ 017[1 Clt /.!" .[l(f ~¡' ( 111 \ 

'. ~ ,14 üt 1r e;! (<O on .tí' u;· ,1.:111. o', 
,":l:i 010:! Cll ",'/, rn·1 br (11\ ; 

'.'46 0101 r:~ 00 º" .JI' Ul rl'll 1 .. 0~1 

·.)47 011!7 en 7E ItlT 7, (111 ) 

:."10 Míl'I e~ 00 º'' .1r· NZ r l\llT .Off 
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El<R LINEA A[1[1f~ 1•1 a2 D3 D4 5 1 S T E H A o f< - 1 o o o f'n!i!NA 7 

254 0190 79 LD A•C RECUPERA DATO f;[C![ill\0, 
:?55 01'19 (111 ~1 fl5 01 LD IX,f<EL11 CARO~ om. DE R[TílRllO, 
256 0190 C3 5t oc .Jf• DAr:fl_ T vn A f<llT!tlA SAr.n n_ Trr<HlllAl , 
~57 01AO rD 21 A7 01 ERROR! LO JY,RET-12 CA ROA nm. [1C RETORNO, 
250 01M C3 -:27 oc JP DELr·o !IR!llCA n rHJTHllt ti[T .í'íl, 
259 01A7 FfJ 21 AE 01 m::r_12 LD IY,f;EL!J CARGA [tlí<. t1E f<ETOf<llO, 
260 O!AD C3 6D OC JP PONE_ T LLAMA A 1¡111 INn Pílllf._ T, 
261 OlAE FD ~1 4~ 01 llEL13 Lf1 1v,11r.:cr10 CARBA !IIR, Df. f<ETORllO, 
262 OtD:! C3 47 oc JP SfT _f'O LLAMA A í<lll !HA srr _r·n. 
263 01fl5 OE 00 f<ELll Lll c.ooH nr.sr11:A HEOISTRO ror [IA l ll l«AN[1, 
264 OID7 10 23 JR RlLH 
2ñ~ 011l9 79 REL17 U1 A•C J<Ectwrnn tuHO [![ f[IUl!llnl 
:!66 OllJA 10 9C ,Jf\ hL r _1'.i 
267 01!1C FfJ ~I C3 01 llF.T..10 U1 JY,f<ET .16 C1'1kG1i lllR, [1E f.¡CTDf,'NO. 
260 OICO C3 7r oc JP normAs 
269 01c:1 rr1 21 l!') 01 R[T_l(1 l.n 1Yrri[T_17 CM~ti1i nrn., t1F. í<ETOfU!O. 
270 OIC7 C3 47 oc .lf' S[T __ ro 
271 OlCA 70 DAr.l·\tiP LU fl,fi rr111n1t1 CllNTn!1ílH, 
:!7::! OlClJ :21 cr ff Lfl llL ,orrcrn 
T13 OICE DE cr CHU 
'74 01cr CA '13 01 ,jp Zd\[T_.1fl ,;¡ ClJIHM1ílR ,4, VA n l<[l. lll. 
27~¡ 01l12 lli f1[r, nr r1rcrEHC11T I• 1111~. [1[ Hít1llriTA, 
':!7h OID3 04 INC [1 1111.T<EtlFllTA r.0tJTAf1flk, 

"' 277 01114 7'} l.D A•C RFClff'FRA EL l1A HJ. 

"' ~78 01[15 nr1 21 43 01 LD IX11<EL.1ll Cfl!Hiñ I•IR, DF f;[lOl<tllJ. o 
~7? 01fl9 C3 ~¡[ oc JI' ~ACILl UlVIri ti l[fit\ltU\I .• 

;'ºº OtftC lJ f\LT _14 Itlr. Ji[ Hlt:!¡ftffNft>. l•lh:' 11r: llrt1nl\l1i' 
201 Ol[IJl 05 IJEL [I tll_Clü.tlEHT fl COll11\[IOf;, 
282 Ol!IC C::! .q~ 01 .lf' llZ .Jll<CTIO tl I CIHH MlfJf<) O r VA A 11\<CTlO, 
213'3 O!Cl 21 [10 FF LD fil. ,OFrDOH REV!GA í<CfiIUTrW nm1cM10R. 
204 OIE4 CD 46 ll!T O .<IU. > 
205 O!E6 C2 16 03 .1r NZ,RUT..11 
~06 O!E9 CD 4E IJ!l 1.< HL> 
207 OlCD e~ e~ 01 JI' HZ, RUT _ 1 ~ 
:::?00 OlEE CD 56 DIT 2t OIL) 
209 OIFO C:.! os o~ Jr NZ,RllL13 
290 Olr3 CD 5E DIT 3.<llL> 
291 OIF5 C2 bD 04 JP NZ,RllT-14 
29:? Olf'O C[I 66 D!T 4, OIL> 
293 O!F'A e~ 6íl 04 .ir 111.m11_14 
2?4 O!rD Cl< 6E !tIT 5.<llU 
:

19'5 Olff C2 00 (10 JP NZ,f<ULl/1 
296 0202 CI< 76 HIT 6.<llll 
297 0204 C2 00 00 JP NZ,RUT-17 
290 0207 en 7E DIT 7.<llL> 
2?9 0209 C2 00 00 JP UZ,RUT-10 
300 020C 11 DO 12 LD DE, HF.NTl2 ENVIA MEIWAJE 1~. 

301 020F 06 no LD [t,ODOH 
302 0211 nu 21 10 02 LD IX,RELl2 DIRECC!OH DE RETORNO, 
303 0215 C3 OC oc JP HEHTER 
304 021tl D? UEG-12 EXX 
305 0219 OE OD LIJ c.01111 CAf<OA 1m, DE LTNEl\G CALTl, 
306 0210 ir'i EXX 
307 021l: 21 ltD FF L!t llL , OFF DDH 1.oc. DE MTOG 11rxnllECIMnLcr.. 



ERR LINEll llDl>f< lll U2 l\3 M n l !; T l" M A OH 1 o o ~ l'¡\l.Ctl() 

300 0~1r 11 n6 FF U• [1f.,Qnf16H tUI:, nr 1tY1[ft l\l:'lf\ltU:Tl1HI l'l. 

30'1 O~:'!~ 06 O'.~ LD u,o:m un, rir rtlMVEUS IntW~i, 

310 02~4 Ct• Aíl or: Cl\L.L llEX. HY 
311. O~:?~' ~l(I n1> Fr Ut llL• IOffD611) f\[Ctl(jf f'O!lI(:LUH, 

312 0221'\ 11 os ºº ILMlO LU LLE, OOO~H! 
313 02:!D ED 52 GDC m .• nr 
~14 o:~:1r ~;i [14 rr r<c r .. ~·1 l.D IOf'FMlll di\ !1flLVf\ lllll:l'A 11mu:c1011. 

'.115 0~3:? 7E Lll f11<llU Cfl!Wf\ ru n liCIJtHll t1t•11r.: 11 t•r1Tll, 

Jl6 U~!.AiJ J::> [lj f(' Ut (i)fflllll) ,(\ f~(il.IJ(l CL 1•(110. 

317 0236 n M rr Ln \lLrOfTL141! 1 RAtlr>F t r l.;C 1t(l11)~~ (11 rrn1. 1T11~. 
310 0239 11 111 ff Ui ltErOITlll\l 1'11 ITfll 1 r11:1

• 

:u9 o:~.IC 01 02 00 1.11 [IC rO()O:~ll 

:i:10 o~Jr [11 [10 LlJlli 

321 0241 :'I fl5 rr l[I llL, orr 11~11 1111:. [11: ltYff!I 111YAllLC111(\l.l :.>. 
3"'1 0244 11 llll IT Lit llE•Off!IOll l OI:. 11r l.:{\{,'(il'."ff."j.·~: •.: t.:-.l:lt. 
32:.\ o:.-47 06 0:.1 U1 lt, OJlt tl!I, 11r f'O:IVFf-·~\ lllllrr;, 

324 0:'4? en n:j oc rAU. I1Y .MiC 
a2!:; 0211r. 11 !líl rr l.U l•EtOíf"llOll .-i/Vlf\ IH:f~~·;¡t,JC t1[!.iM. 1 r1111. 

J:!IJ 07-lf O/. 06 l.l"I ll,()61\ 

J27 o:i=;i l)[I 21 ~o o~ Lfl lX•f'l'.T .!'" fltt;Lct: urn \l{" h·r 1nrnw. 
320 0255 C3 ()[: oc .Jf• HFUl n~ 
32? 0:!50 [19 r<t:L!S' l:XX 

N 330 0~5? Ol\ nrc e OEC:l<[l1CllTf\ CflNIMtrH\ !Al 1). 

" 331 025A Cf\ 65 o~ .11· 7,r¡n. :·o !il cmnr,f.iílf.~··'º' \h\ (\ r.-u. :10, 

3~:1 o~·~r1 [19 rxx 
333 02~( 2() lit IT lft HldOftlitH> l•t.cu11nr1 nHin:r11H1. 

334 02b1 :.'.l TllC 111. 111c:i;rnunr, r11r(rr:c10N, 

33~, 0262 C3 2f' 02 .IP f\Ef .. ~1 i1Lüh['.~f1 .~ \(\ íi!l"l [ti(,, 

336 021JS [19 f~E1 _:!O [XX 

337 0266 OE 0[1 to c,()1111 ('(\f<CA f.ílUTl'\{lOR 11[ 1.Ttlrttr;, 

330 021,0 D9 [XX 
339 0269 06 02 LD 11,0::!lt CM~Gf\ COUlflTIO!\ 11r ntnr HVi. 

340 0~6{1 OE 00 Ll"I c,OOH Cf'lh:Gf\ r~E fi t ~¡ 1 l<ll ¡1(, Ttfltlll!T.:1i:,,_,Oü, 

341 026(\ 21 73 02 llf<CTll U1 llL•ílI:CTI 1 !<ElTl'Cll\tl [ti f<[Cl l l. 

342 0270 C3 :!O oc J[' m:r.1rn 
343 0:!73 l~Ic o·• llECTll IN A, (O:~\I) lffff fl"Tll 1irnnr:: l"Cf\Hllirll 

344 0::?75 on EX AFrAF' OllA!Wf\ l'I. UAlll, 

34!:i 0276 J'D 21 0'7 02 Ln l'trl<L f _2'.i r.MHJli IJ 11~. 11r Rr 1 maw. 
3~6 027A r.n 79 l11T 7,c 
3~7 0~7C C2 7f oc .ir NZ' r1or<r~AU fil ll!T 7-:-:11 Vf\ lHJírnM;, 

340 027F 21 cr f'F' L[J lll • OF FCFll 
349 0~02 CD 7E BIT 7dl1L) 

J50 0204 C2 00 03 Jf' HZ• DOl1RA~ 51 DIT l1:::1, VA 11 lLQf\l,'A2. 

351 0207 ºª U[T _25 [X f\frAF' RCOkFSA El MTO. 

352 0200 2A [16 FF LD llL • < OFFfl610 r.AHOA Hlr COH \.A r·os 1 e rn1-1. 
353 020D f[ 4'1 CP 4911 
354 1)200 CA [13 02 JP z,RESTAf< SI ES •¡•, VA A RftiTl'\R, 

355 02?0 FE 4[1 CP 401\ 

356 0292 CA D4 03 JP ZoMOIHTll SI rs •H•, VA A HMIJTíl, 

3'57 02?5 FE 4E CP 4Ell 

JSO 0297 CA ca 02 JP z.uEXT SI (5 •u•, VA NEXT, 

359 02?A FE 4F CP 4Fll 

360 02r;c CA DD 02 JP 7 1GUMAR fil ES ·o•, VA 11 tillHM~· 

31>1 029í rE ~o cr ~jOlt 
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1f1 1l 02Mi f'A r;,, O { 
t·,', ,¡'.1 A'J 1 ¡: ~~ 
{,~,. ri2f\H en. ft.'1 º-' 
.'.f.,' i:!AL ~1 4'/ ()] 
,1,•,q ·.>2n1 ri1 011 '>l'. 
, l./, '.I \) '. 1 l ! :) ~ 1 1 ft li 1 \-
.<"/" I .1:_1 1,; rll t.í 
L'! \':'11" o:i 
1: • ·J~'ft;l e:! .-,u o:~ 

11:•1111. /L 
.L'•; 021H: 4/ 
,~ .", (1 ::iv1· ~1 1\ 11.:, r 1 
'.Ji, (1~~C'.! /""/ 

,l/ll fi' 1C'\ JHI 
P·) o •e:·; c:1 ~:e o.s 
~·_; ·, ·1·1¡:0 :n 
",, , , -·c~.i . .. t:,'.. ¡ ,-
~ :1 /) 1cr e:' :~."i ne> 

)~: 1 '· 1r:r :1 1t 
~ 11 l i • '111\ f ~ I "! 

.~w. o.:DJ Jr. 111 
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~ !, .\ ( 1 "!::' ¡ 111 :1 1 t · 1 '). ! 
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~'.1 u ·i ![ l 01.1 11: 
.\"? ~1-:1 flil :1 l Fr"1 1 ¡·.1 

: ·o ·, )r-1 e~ í1c ='.le 
\, .', () ~ ~ 
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IT '1'.' 
cr. 11.!: r·' 
rL 11r 
C('\ !1H O'' 
r 1: ~d 

c.·, 'lt1 º-" 
rr '.;:• 
C(1 l'l'· i.n 
e::. 1,• l <) J 
ll h\ 1 { 
(\/,Ji: 
111! '.'1 ·.i·.i (q 
e:" or: or· 
• 1 1 1111 l"'F 
J! 111' ir 

1 <; 1 1 1t (¡ 

Jf' /11"í-:U!J1l 
r.f· ~ilH 
JP ZtrLJ1J1.,:¡ 
cr· ~::i11 

.JP Z, _;.:UN. 
LIJ 111., Er:r1w,;:~ 
f:i\Ll r:p. ~r;c 
¡ 11 J!I • orn,.,11 
r~Ln 

flEC L1 

,ll-' tll, 111'1' l 11 
LIJ fi, <llL) 
u1 r1.r1 

,, 1 

1.t1 ll! .• (\lf[!J,',11 
l It <!H.} ·1·1 

tffXl 

l fl 11.( 111.) 
CI' Je 
,H' '11111 r;r.:1.1- > 
rn1; 111. 

('1'1lo:1 .. ,i: LT1 1C•JT!t/,!l•·ll: 

l 'hr '.11 t1 rn:c r:1 
f'j'\{:tj(\I' 

1~1·-:-: 1 í,f l 11 li1fHH 
1.1"1 (0fTl1 1)Jli •il 
1 1: 111-,¡H·tl l I ·'• 

j¡\ l lii!{d 
ti111\11li t.11 ¡''¡,(Jlll 

1 l1 ((\!fll•.lll\•,'1 
l ¡, ]1[ r dl ;; ¡ 1 

f("ill(i! 1 TI p.:·1¡j 

1 !1 IX di/ O 1 .'· 

11' lll llíl"f: 
r-:1 f;. 1 . !, ! J • 111: • tH f J 1 ~ ': 

1 JI ¡1, 1 l!f! 
1 H }X, Id 1~ 1 'l 
.lf' llllllífi 

r.:i·n. 1 ,, 1 11 11,0·.·11 
.w h'fl.' jo') 

f:!Jl 1/ 1 1:1· }' 1H 
, lf· /, r.;r !;·r .~.r, 
i:J' .11:11 
.lf' ¡, '..if)/·]J)I., 

í.:llL (I;' t:I' ~.1)1 

!I' : • ti.. 11 J !~l" 
f.T '.j'.'ll 
,ll' ¡, !<lit/ 
ti' m·riH:tl 

1\111 t t ! f1 Jil •IH tH 1 ~. 
¡ \1 JtiJf:ll 
1 n n:.i.:r 1; t'i 

11· M·rnrr· 
\-'f !i_ 1 ~¡ 1 \! 111 • (\rí 111111 

11! 111,,111111·11 

l 1 AMA t1 fnl t I tU, CI · ftllC, 

rr11<1d'I r 1 r1rn1111. 
JI[ !'j\r /irtJ J ÍI f"llt/ j (\flflf', 

·;1 rr111rr1110i> =n, •.•r, 11J e r ir 

1:.11-;1;;1 ''L(lt~~1rrn 111 c111H·r11·r,! 1o¡1 
¡,¡ l f'\!1'1>.-1 f'!'; L1·· LOll. 
!'fd·r;r, p11r '-'O !1(iff¡, 

r<i rn1:·'1'1 111-, 11 

!;T il!; l ; ICll,'.1 • '·'tl ,¡ rt:!nlli:í. 
lt.tt'!"!.llUJ!r1 t ,'I 1·11(¡1.l'l!IU, 
1·t1,1 11111 11:. 1·11.:11·1nr1. 

11,1 , ... f' 'i! l';i1·' 
ui1 trlt"i 1·1\1,-,1 Id 11-:rt~ir,:: l'fl'.;11: rn.: 
e r. L!, .¡ r·1 i~ rr n 1 1 C1'1J 11 w t~ 1 . 
f"j¡l_q,·, !1l 1J','¡ll 1.1 , 

1:ur 1 ·1.-1 r ,,, <'1 n1111 ri111.'d' ; ri; 11· 1,1r1. 

!'1',1:1:¡-. ;,·1 r.r':lídl OJ\111·.,;:11: (1 t 
: otl! i_,. !d li I] ¡¡ 

Jllf;!.('t'lllt/ fil ¡.,:¡ ii!!-;!Jll. 

U)I! [" ! i1llt1 f\!l l J /Ji1 HI .. t'{_\r\f'(1i•H! 1 !f:, 
!Ir t :·; • r " • 1.1n ,·¡ t:r ~._'! 1·.: · 

1:1 r· .• ,,. •• 1.'íi (1 1·11r1 
r:r rnrwt1 ,"! 1 f\ 1•111 ttif,, 
nw1~l n1 w; ...... 11· 1"·· 

111 ,' 

111'.' 
(1[ 11,·,ifl'.O 

1,1:1' • .11111 .• .-i11•. 



r.rm 

N 

"' .. 

LINCfl 

·170 
471 
47~ 
473 
474 
47~ 
476 
477 
470 
479 
400 
401 
4112 
40;1 
404 
4mj 

Afll1R 1•1 

031.t'5 06 
O~Ul7 llfl 
OJ[l[I C.l 
031:[ º"' OJCO JE 
03C~ C3 
03C5 ~I 
03CO 11 
03CD 01, 
03CD cr1 
OJDO ~A 
03[13 t:? 
0304 11 
OJ[I/ 06 
OJD? Dll 
o:mo e~ 

fl~ ItJ 114 r. 1 s 
:"] 
::'I l•E OJ 
oc or. 
04 fiH.I ~1 
o~ 
39 01 
ltfl FF ídll .!:! 
D6 IT 
O::> 
/\O OC 
116 rr 

ºº 10 110U1 TO 
11· 
:!1 '/(¡ 00 
oc or: 

T E 11 A fi H t o o o l'(',fjJflf", 11 

LO fl, :!3tl 
Lll IX·f·EO .. ~I 111r;rrr:1 mi rw r,r·rnr11rn. 
jf' Hetnrn 
l.D llr 0411 COtlf (1!UJf,;r·(J.l, 

ll• ArO~H 1 '(\!~F. ¡;rGI!:H.:0 [1[ fiUfltJt,. 
,Jf' Er .. fl\lf\ 
L.11 HL, OífJIIrH Dlf<ECC!Dtl nr c11n1·ros, 
Lll DE, Off' [1611 [1lf1r.cr:10/1 fl[ l1Y rr~;. 
l.[1 ft, O~lt 110. ¡,¡ wnu;. 
!'ML li[X .. I•Y 
\[I llL .ron r11.i1i 
.tr (f\\.I f!f¡ l llCti ti r:.J[CllTfH¡, 
t.Tr nr,ur~nn0 rflPnn t1r:t1•;rur (Hl. 
L!I 11,MTll 
t.11 Jl( dlíG .00 Ctlfifif\ [• Ifl. r•F r:rrcr11m. 
.J[· m:urt1~ 



FRf\ LitlEA ADfln [11 n:• [<3 [<4 ;, 1 T [ H 11 [i R 1 o () o f't'1GIUt'1 1() 

416 0320 O{, 01 L.D [\,Olfi tm. ltC cm1vLr.;u1 llN[:J. 
•117 032A en AO oc CAU. llEX.BY 111\M 11 l>llTINll fl[ COtN. llCX. DY, 
410 032[1 1lt J\EC DE 
41'/ . 03'.'E IA Lfl f\, <llE> f<FrnrrnA [l. f<YTE y 

420 03~r ::;r l,.[I [,(\ LO Cllf<Cili [11 EL f<COH:TRO ¡:, 
4:-!l 0330 16 00 LD Hd>OH 
4"" 033:~ '.'A l•6 tT L.D llL, <OfTfllttl) m·r.w)nil'\ F'Ofl!CION, 
•1:!3 0335 3(\ [r() Fr Ln ¡¡, <OrFLHllt) ' -l~-l .;,JJll ¡;11 i'l tt1·1 7, A l'l\Uf-.fü) l!(¡/llll:.h'f\ fil AJ1t:/:.il1f:, 
'1:'.:i 03JA e·.> 4·· en ,JP 11z ,1a:s rA 
·1~'6 03.Ht r:11 ~i(l i'lJ•C rn , ur [rr r r1i.1 IA ::lll\A, 
·1:17 cu.ir CI e~ o:' .JP f'í°lr\(i()f¡ 1.1ri ,) CM\l:1\li 

4W 034:! [D !·;:! Hn;TA ~; ll r: lll., [1[ r1·r·1:rlt1·1 IA t~l'TTA. 

/j:!C/ 0:1-14 C:! C'í o:i Jf' l:AfWf'lfi VII A r:rdil'Jr'\I<, 

-130 O.J•l? rll ~I 41~ 03 rr:r,nr.;;, 1[1 ! Y ,r;1 T. ... r:t1r,,r;.1 lllf¡, l<I f\¡-'fíH·:/!0, 
431 034II CJ 27 oc lf' r1cT _r·n 

432 034r. rn :.')! :;:-=; 03 r:n _ "»1 U1 TY ,i.:r· r .. :'~ Ci'll\Gf'1 {lff\, Jl[. rff rnr·m1. 
4:J3 03~:~ C:J bit oc .11· r·n1u: ¡ 

4:14 o:~~~J ri\ ~t 6tl 0:1 nr.1. :• ~~ U1 IY ,IJr.:t: f 11 í'.1'1f:[';1 Jl[f;, {1[ r1r rnr.:t~o. 
43'.""i 035? r.3 47 oc .ir· !ir·T.f'f) 

436 035C rr.1 ;!1 ~A O:! crn..run 111 1 y .t, t1t1ffl 1:(1f•'()¡J {1 ff,:. r1r· :-H-·!f1f·~1n. 

4:17 0:560 7C 111 (lrl/ 

430 o:~til 21 CI' r-r Lll Hl.rOFf Cl'll 
43Y 03M r:n fT fif:l 7, (t!l ) Cr"\l~fl1i l«iilHIFí.:r') [1[ rn1wr:. 

"' 440 036/J :!it íl6 n lf< 111 , (Oíf fl/¡/l) C1\í:lit'1 \_1) 1·m;1rION r:u 111' º' ,, 4•11 036? FE 00 cr· 01111 
44~ 03/.11 30 Oíl .Jí: r.,Lf\f,·U/,;\ !a 11.(f\, (11.f(,'.(l',', V1\ " C/.:íiOf\•l• 

443 036fl ll? i:xx 
44·1 ()3/,[ 11 Ell t.1 U< 11r.,11un1·; Ul~'ll1 f'\HJf;¡¡,lf t /. 
445 03?1 I){, 2C lfl ri,:'Cll 
446 O~ln un ;?1 44 oc l.ll lXrRCO. °'1 
447 03;>;' c:I oc oc .11· HI tlll I< 
440 037A 3F Efd\UIM CCF li'.[~it: f[j\ !'l¡)/j!l[f:f-1 fl[ fAl~í~Y. 

449 0371< D? i:xx 
450 037C 11 l'í l•l Ln llE,HElll 111 DlVIri /1Ftl~li1J[ 10. 
451 037F 06 2C Lit 11,:.1cn 
452 0301 [l[I 21 4·1 oc l[I JX,RE0 •. 04 
453 OJ!l5 C3 or. oc: .ir Hrtnrn 
454 0300 :.:!1 cr FT llllh'TM:? L11 111..or-rcF11 nEfi[f[(l 11!1 /, nr DfltHll:'.l~fif,, 

455 030[1 en nr. HEB 7.<HU 
456 030[1 n? !:XX 
457 030E 11 45 14 LD DC,Hr:Nll? ENVIA m·: t rn i'i.J t: !?. 
450 0391 06 or U• r.1,on1 
459 0393 ItD ~1 44 oc Ln IX,Rrn .. 04 
460 03?7 e~ oc or. jf• 11EillER 
461 039A 11 fi4 14 tLr1mE LU flfrHDH:?O Cf1IWl'I CON ttnmfi.IE ~o. 

4lJ2 03?D 06 33 LII fJ133H 
463 OJ?F DD 21 35 01 Lll IXrREfL11 11mccc1otl JI[ R[TOl<tlll. 

464 0:1n:s C3 oc oc .JP Mrnrrn 
465 03M 11 07 14 _f:IJIL Ln nr,t1nn22 f.t'HW:l'I CON HEU~iAJC "'' 
4/,6 03A? 06 10 Ut Jt, 1011 
467 OJAD fJD ~1 JJ2 03 l.ff IXrf~tG_2·,• rtTlffCCHJN fl[ nc1ormo. 
•l6ll 03AF C3 oc oc .lf' Hr:NTFf< 
4(19 03112 ti t.4 14 nen ,.l'I l.[I fl[ rHU/l:~t CMilif1 f'(Jtl rtni~;rur :q. 



Eflf¡ LlllEA AD!lB ti! It:.1 u:1 D4 H r f, T r: 11 A /l R 1 o o o t'+'\l•llli'. /'.' 

41l'l :J<UOtUUUU Hlll ltll'I r•rt Tf<M)L1'1l1tl rir MH'llt'..10!1 i:'f#:~*f::Htl't.*tt • 

40.9 o:n:o 11 70 1:; fí,:fl!iLI'\ l lt flF,MFNí71 f<ll f Jtl(¡!1 11(" 1 r"t1rn flflO JI[ (\f~ r: 111 t, /() ~; ! 
4c¡o 03[3 06 n3 l.D H,(1A:rn 

4?1 03[5 flll 21 Fr. O'J /.U IX• RF.G .'I 
492 o:ll"? r.:1 º" oc J[' Nrnrrr1 
4?3 03EC ot, o:! IH.li ,' 1 l./J 11,0;111 
4'14 OJtr. :1r. 04 l h f'ldHll 
4'15 o:iro t:,I :l? ()J JI' l. 1 . F~llt~ 
496 OJr:I rr •\'., n11r .0:1 rr· 4~J!I 

41.J l OJI '.i 11:1 ('¡() 01 J[' tlr•fl\ídlP1 
4f"lll C\3f0 n: 4l Cf' 4111 
4?9 o3r" flt''I (\{) 01 ,11·' e .r:man-:1 
500 o:iru 1:· Lll Clll") '" 
501 <UIT flll :11 ll!"i 01 l.[I lX, l~C J __ 1 l 
50::! 040:.1 C:J !"J(" oc ""' !JM.'.fl.1 
50:1 040~ \ll filll .. 13 11r:c 11[ 

ti04 0406 lA L!J "' (fl[) 
505 040'/ CIJ 27 !JLfi fl 
'506 040? Clt :'.17 fll(¡ ('¡ 

'507 04011 12 l.11 (111:),t, 

500 040C r.n [X ll[' 111 
S09 04011 11 [10 ff Lll r1r, orrno11 
510 04tO 06 Ot LlJ [!,()111 

'" 511 041:! i:r1 nn UC CAL 1 HtX_H'( 

"' 512 041~ LU r.x llC,HL 
"' 513 0416 :-'fl rite 111. 

514 041'l 6E Lf• l ,( 111 ) 
515 041tl 26 or. 111 u,on1 * MiIGNf\f~ nrnn:c1llll * 51l1 041A E? JP (/11) 
517 041ll rr rr rr llAH1 <HT11,orr11,orn1 
510 041[ 11 11 1{, l:OH-CI' LD llF•l'1Ull"n 
til? 04~1 1 06 O? L[l litOYlt 

520 0423 Llll :!1 :!(i 04 /.TI IXd<rn. 7;i 
:;21 0427 c:i <>C oc Jf' HUHrn 
522 o4:~n 11 13 11. fff[L.7? LTI f1E,HUH~1 :! 

523 042D 06 0'1 11.1 l,l,0911 

524 042í r1n ~I ;v, 04 1.1• JX,fff!l .. 7] 
525 0433 c;1 IO oc .lf' HíNCOH 
526 04:11, ~E 36 lffCl.?:l 1.11 Ar:\{11! 
527 0430 r.J 1~ 0C Jf• HCHTWI •>6 

529 IRLITINA DF MEHOí<!A-HU/Oí<!A, 

531 0439 fD 21 42 04 HíH .HH Lll IYrRMl1 00 RETOmm 
532 043F C3 65 on .JI' H-DPC! !lí<illCA A MENSA.JE flf'CI, 
533 044~ 11 3? 16 f<HH.00 LI1 llE rOPC .. 0~ CAí<GA . HJ:NiiAJr OPC_(l? 

534 0445 06 l? LO 11 r ~~) 
535 0447 [l(I n 4E 04 U1 1x,rmt-L<ll --- HETOí<NO -··· 
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536 04411 CJ oc oc JI· HENIEí< 
537 0-14[ ni ~l ~J5 ('uj f\Htl. 01 lD lYrfmM o~ --·· R!"Tf1RtH1 
530 045~ CJ '11 Q[i Jf' M .• IWCS nrnNCh A t1UJ!if\,J[ IJf'CC:: 
SJ? 04!"1~ 06 üC 11111LO~? Lli l"lrOCH CAF:1;r1 Cl1PJTflJ1111:· nr: cr.r.·1\cT¡·1~r!i 

540 O<l'..í? 11 C1 !T L[t L1ErOFFClH INICIO [lf. tf\RGA 
5'11 045A 3[ 01 LD A•Olll ltMHlrf.¡I'\ [I[ HH1JCM:Iot~ 

~42 04Sr. J;! co rr Lli (OfTCOlll •A 
~j43 º"~~r ~1 CI fF t.r1 Hl.rOFFCFH 
!í44 04ti~ 70 L[I 011_),rt ~~!!LV/\ rL c:mntirirn~ 

54~ 0463 J[ on l.JI "'' ºº" r.ri1.:n1i hfC1Hill\tl i mi rc.·,1111r1 
546 041.i~I 3:? DO 1·r LD <OtTfl<HD r!1 

547 04,'.U CJ 4J 01 JI' 111:1 _to !il:ltlf'1\ ... r:l!Tf /1;1 r:u. 1 n 
540 04fiD 11 9'2 \(, féllf..l·1 L\"I ltEr HCH 17:~ C.'ifdi(l COll llU~'.l(LJt" 

.,., 
549 O<lli[ O.) :•u LD llr 4~ 

~50 0·170 llll '.~ l ;; -~, {)'\ 1.11 r x, ::re .. /:~ r:i- rmw11 
551 01'14 líl l)~j .lí< r<M!LOO/O'I Ul\11(\ ,-1u~:Jr1JL 

:i5~ 0471, 21 ·1c 04 PCL7.I Lll IH.,\lf;C r?O l•Cf.ll!L l1C Lf1 ·¡.fi\l\JtU1L 
~'¡~j3 01\7!} CJ :20 oc ,Jí' m:cn·r, rn llf\C 1'70 
!:154 04i"C Vlt º" !lf \ (~ 1 7 (\ IN (\, (0;") 1:crr:r1.1r CL f11ilO 
~_;5~-:¡ 04?E FC 'líl cr· ·Hlll 
'""•'-~l. 04fl(J CA fl4 0:1 .IP z,111111nn ~~ 1 f•-''1111 v .. llfJllJTU 
5~7 0403 í·[ 0[1 cr· 0[111 
~::;o 040~ :"'O 4D Jf( z,fd\IL 06 !)J í~ ·. Üftr U¡) r, mHLOf1 
5!"i'l 0407 rr: Oíl Cf' Oflll 
~60 0'10'i '..1tl \A .!f.: ¡,f..:iil\ .O'.) ,, ()tJ, '),', '" 1:1.il .0'.' 

"' º' ~61 04(1Fi rr 1.~ cr· llJI 
~b2 04011 l;ft 4'/ Oti .rr· i'.1l<:t\t'\_í) 1J ... " 1,"+r \,t;; l!ti!l 07 
5(13 04'/() FD :>1 9/ 04 Ln IY,HMl1 .. 0~ r:1.1rr1lf) 11[ r:urnr: 
5/J4 O-W4 C3 :>7 or. ,Ir' DELHl 
~J6!.J 0197 fli :'l 9[ 04 :rnH_o:1 l.fl l'trf<t\H._0·1 
~ll16 04911 C3 (ilt oc JP Pllfll_T 
5117 O•W(·. Fii 21 76 04 mlM-04 Ln lYrBEC. 73 
:JbB 041i:O CJ •17 oc ,IP SET .f.'0 
!.ib? 04A~ lA co H f~t1!i .. 0~1 UJ ~. ( OFFCOll> r:t1frnr, l1¡)rH1rn1t lUi•lCl'\llU(\A 
~}'/() 04All l"E Ol CI" 0111 \' llfl)\!F f:llTJN•i 
5'l1 04M 20 11, J;~ 21HllM -~1'• 
!172 04r1r. f[ 02 cr· 0:~11 

573 04A[ Ch FF IT JP 71Rt\11 _~0 
!'J?4 04[11 FI'. 03 CP 0311 
!:i75 041q CA rF FF .IP z,HMIL:n 
576 f);)[lf¡ FE 04 Cf' 0411 
~i77 04Dn CA fF Ff .Ir Z1f\tllL22 
5:10 04JHI F~ ()~) Cf' 05H 
:;79 0~111r.i r.11 rF Fr ~JP z,m1~L~:'i 

500 04CO 00 00 [IEFD ºº'ºº 
5fl1 04C::? 11 l!F 16 f~Mt1. ~it\ LI1 m-.HEtH74 f<lllltll\ T.tAU,Sf'f\CC 
!"iB2 04CS 06 10 Lll flr:!'I 
503 04C7 [r[l 21 en 0-1 LfJ IX1Rf::n_74 ·--·· ROORND --·-
!:iH4 04CB HJ 71 .m REO. 7~··0:1 l"NVlil t1LW:iAJr: /4 
!105 04CD 06 01 í~[Li.-74 LD 0.0111 lNIC!AL!ZA r.ot1TM10I~ 

~06 MCF 11 ce íT Ln [t[, OFff:Cll y t1rnEcr.rnt1 JI[ crir::nrt 
51:17 Oi\ll2 10 '14 .m f<UT .14-03 VII A lil'. LlfJ 
fjllO (J4n4 31\ co Ff l<MM .. 06 Lli A• ( OFíC:Oll l Cl'lf.:Oí'i f!MHICf~t\ 1Nr1I{'f-t[ILrnli 
!!OrJ 04D7 FE 01 CP 0111 y S!GllF FíllTTIM 



[f\H LilffA AJH1í< 111 r12 K~ 114 !i 1 ~¡ l [ M ,, G ,, 1 (l () f'Al1lt1A H 

~''º OlilW :~o ~:.; Jn Zrf\11M_07 
5'/1 01\fl{\ !T o~ Cf' 021t 
!:ífJ2 01nn CA IT IT .JI' Z•RMIL30 
~jfJ3 04[0 íE 03 Cf' 0311 
t;94 º'ff~ CA rT f'I .Jr z,m1H .. 31 
~j?!) 04[5 n: 04 CI' 0411 
~j96 04Ll 1'.1\ rr IT JP ;· ,rrnM .. 3:! 
tS97 MCA rr o~. cr· 0511 
~~'i'U ll4CI: CA IT rF' .IP ZdmH.-33 
:.99 04[(' re 01. r.r 0611 
bOO 04f'1 f:(¡ rr l'F Jf' z,mm 14 
!.O l 041"4 n: 07 r.r· 0711 
1,02 orir 1, l:A lf' rr JI' z,mu1. ~~~ 
/,()3 Or\r 1,1 rr Oíl r.r 0011 
/,()4 041'1• CA (0 º~' .JI' /, l\Mtt :~11 

''º~' 04FE 00 •10 11rru ºº' 7011 
l10b 0500 ti f<í 16 !{HM. 07 Ul UC,MENT 74 !<IJTJIU1 f:ETllRll 
ó07 ()~.Qj 01, 12 U• 11,111 
60[) O~íO~i llll :•1 011 05 Lfl 1x,r.;11H .. OO .. FLf(l\·'flll 

601/ 050? 10 33 .JI"\ HF0_7~i·-0] rtl'JJ¡\ Mf"N!l().I[ ?J) 

610 0~011 :17 WIM .. Oll ~.r.r 

611 050C 3r CCI ¡.;[!j[lTtl l"l CAnl<Y 

612 0500 ~1 r.c ff 1.n J1L,orrcc11 f<ll<rCClllll 11r lltiTml 111 Xi\ 

61:1 0510 11 111 rr l.D 11i:,01-r11111 1nr1·[cc11111 ltC l!Yl[fl 
N 614 OS13 06 0!.1 L[I re, ()l,\l IJ\11\fl<ll JI[ cm~vtr.:i:~ t otlt:~i 

"' ¿g·; 0~1~) cu MI oc Ci'\LL llCX .. llY l.LAllA A llLX··l1'( 
" 616 0!)10 ~(\ 113 rr i.n Hl, <OíFL1311> l:li\"1Gíl 111 r.ot~ r1IT.:. r1MlM 

61'/ O~lt1 rn ~'jil ll"S IT 1 n rir, < orr n~i11 > 1:t\h(i(1 IJl. Cll/I lJll:. r<r 1PTC to 
610 os ir Eil ~~ snc HLrlJL 11·1('11111 1.1 111n1.:rnr.1A 

619 0~21 44 Lll n,1t 1:r1J;li1\ UJ •¡:e· U. llLIMflcll 

620 05:!~ 411 L[I r:rt lll: lRA!:i!•M)(IS 

621 052:l 03 !NC ltC JllCf<[lj[lf{" n. cmnM1rir.: 
¿.,~, 052/t CD EX ft[,!H Cfif\fi1\ •\l\. CUll 1nr~. rir: ll!JC!O 

6:23 05~5 [D 5U 111 rr LD Ilf., <OFFíitH) C1\k(i1\ •11r• Cntl lllli. nu;111u1 
6:!4 O~J2'J ID IJl:C l1[ 

6:?5 052(1 13 IUCltEt1 !llC m: HH:FFHUlTA n til-':.iTHUI 
¿';!_¿ 05~11 7r LU A•<lll.l t)ffi(\f'(\ u IJ(\ltl 

b27 052C 12 Lll (111.) ,t, 10 ['(\l~(i(\ fil • (J1rl • 

ó20 O!J2D 1A L(I tu <IW> Cntlf'l,111 flA Lfl, CAl..:liti 
b'2 1l 052E CD Al cr1 r.OfllllA 1:1. IH'1TO [i[<lilltlAI 
630 0~30 20 55 .JI< uz,r:rrnoH !il ( flr) 11Ir. (11\.)r VA t\ n~r~nr..: 

1.31 0532 EA 2A 05 .)[• f'Er HJCí~EM !31 •ne· r11r. {I[ ºº' Vt> A rnrnLH 
632 0535 11 D7 16 l.H [tf,MOlT75 llllflllt> [l[ CONCI 11'.i lllN 
633 0530 06 1,1 l.fl [t,97 
634 05Jfl DD 21 41 o~:; lll JX,r<C:G_75 ··-- r~ETOHNO --··· 
635 053E C3 oc oc JP MENTrn EtlVIA MFNfüiJE 75 
636 05111 21 co FF Rro .. n• LU llL,OFFr.Oll 
637 0544 36 00 1.D <llL >, 0011 Cl'IRGA f.lfltWEr\f\ llWICAftfll<A 

630 0546 C3 76 04 .JP r<rr. .. n lllUNCti (\ REG-73 
639 0549 3A co FF Rl1M .. 09 L!• A• <OFFCOlll CflMl'l\I</\ CON l1MHJCliA llWlt:t\Dllfa\ 
640 054C FE 00 Cf' 0011 y ftklllCA A r<IJTINA 
641 054E 20 26 -11~ z.imtt .. 10-·11 
b42 0550 rE 01 cr 8111 
643 0552 CA FF rr Jf' z,raHL.4o 
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644 0555 íE 02 CP B2H 
645 0557 CA FF FF .IP z,RHH_41 
646 0551\ íE llJ CP OJll 
647 055C CA rr rr JP ZtRNH_42 
b4ll O~SF rl 04 CI' 0411 
649 0561 CA íf Fr .IP Z.!IHH-43 
650 0564 FE 05 CP 05)1 
651 0566 CA rr fT JP l. rHHIL44 
652 0569 rr 06 t:f' 0611 
653 05/,D en rF FF JP ZrHHH_ 45 
654 0~6E FE 07 CP 0711 
655 0570 CA rF Fí Jr Z•RtlH-46 
6~6 057:\ C3 90 04 .11· l<tltl_03··0J lti\ IUCt\ A l<UI !1111 11[: fHí.:OH 
657 0576 11 D4 12 l.1\ lif,HrtHlc-04 ENVIA UN •r!JC 2' 
650 Ori79 06 03 LD Tlr031t 
659 0570 DD '.'I 111 o:; L.D JX,HttH_lO ·--- .. RETOHNll 
660 OS7F 10 [10 Jf( f\EtL?~l-03 
óó! C-.5!?1 21 !C OD llHH .10 Lll HI., OOD!Cll CARO A 'ltl. Cílll l•IH. PAf<A rnDLA 
662 0504 CJ OD 01 .JP m-:o_Ex-1:~ flRlllCA A RllTINA [lf. c,[L[CC!flll 
663 0507 11 [17 16 nmoR LD f1[,f1r.tH75 tAí\01\ HEttnf'tJE :'!"i 
·~4 OSBA 06 40 Lll n,64 
l16'5 oso e DD 21 9~ os 1 D IX d<rG.1ó ---- RETOlltl!l - --
666 0590 10 AC JR f.'LIL75-·0J 

N 667 0592 11 30 17 flEG.7/, LD í•E, MEtH7(, Cf'tfWfl MfNriA.JE 71. 

"' 66[3 05'.>5 06 21 l.D [t,33 

"' 669 OS?? D[I :-.1 41 os L[I TX1RHL7:) ··--- l<EWl<t/O 
670 OJ9I1 10 111 Jf< H[fL 7J~OJ 

672 IRLITIHI\ DE Cfl11f•IJTAf10RA A l\EIHWJA, 

614 05?D rD 21 A4 o~ COH .. HH l.D IY1í\CH. 01 
675 05A1 C3 65 011 Jf' ILílf'CI 
676 05A4 FD 2J Al• o~ RCILOI LD J Y, RCH .. 02 
677 OSM C3 70 011 Jt· t1 .nrc3 
670 05AI! 00 ºº 00 RCfLO::! [1trB 00,00,00 
{¡"/9 05At 00 00 l•EFIJ oo.oo 
600 051'10 ºº 00 00 00 DEFD 00,00,00,00 
601 0504 CJ 00 00 JI' JHP .. 00 
602 05D7 11 C5 FF 111:r1..0J l.D 11r .orrcm1 
/,[JJ 05Dft JE 4D 1.D 11,4f1t1 
60•1 05BC !?. l!l (fl() dt 
605 05DD IJ lllC [l[ 

606 05DE JE :!O L.tt Ar~Otl 
607 05CO 12 Lfl <DE>,A 
608 05C1 13 INC DE 
609 05C2 06 01. LD D>0611 
690 05C4 3r Oíl l.[I 11.0011 
691 05C6 J:? co rr LD ( OFfCOIO , A 
¿92 05C? n r.r rr LD llL•OFíCfll 
693 05CC 70 LD 011.hD 
694 05CD 3( 10 LD 11.1011 
695 O':iCF 3:! DO FF LD <OíFDOllhA 



1:1m L!N[A (\[lftí\ [11 11:1 D:I M n { r. 1 [ 11 A r: t o o o l'NiUh\ 11. 

¡,en O~I•:! CJ 4J 01 Jf' HCLlíl 
6?7 05[15 1~ TWT. O~ l.TI <DCl ,A 
6lJO o~n,.i, ltll n ll~) 01 LTI IXdffl'. 11 
699 05DA C3 ~.r. or, Jí' Sf'ICft .. T 
700 O".:ilHI 00 ºº ºº PEFTI ºº'ºº'ºº 
701 05[0 ;'! Cl ff f\HM.J.', 1.11 111.,0rFClll 
702 05E3 36 00 L11 (1/1.), ºº 
703 O~iE5 11 ·r, 11 l.[I [I[, H[NT7? 1 11. 
704 O~·iLü 06 01• 1.11 It ,()011 
705 O:iEA !IU ~' 1 ri n'.i U• tX,Rt:H_OI\ 
706 O':J[[ r.:~ oc oc JI· Hnnrn 
;'07 o~r1 00 C3 1¡r,1 1\1:11.0ti fll"flt oo,ot::m,:, 1111 

700 O'.;r4 01, 011 ll• {1.01111 
709 05f6 [llJ :•1 11·. 0:1 i.n JX,r.:CH.O?i 
710 O~ífl 111 F:! .JI< Rf'H 0·1 ·Cl:I 
711 osrc ºº 00 u 1'Cl1 () ~ i ltEíb ,;;¡,v•i•1il:311 
71:! 05Fí oc 00 [l(·íll OCHrOfJll 
713 0601 1 :~ l.1' <r1r), 1i 
714 0602 01, O? ll• 11,oi.111 
715 01.01 llD 21 ()Jl ()/, Lfl t x, rwM .. of. 
71/, 0600 CJ 10 or. .JP HUJCllH 
717 0601.l 11 fJ!1 1l liCli. O/. l!I r1r, HUH7'•' 1 : 11 ~ 

710 060[ 01. o~ t.n [1,0:111 

N 719 061(l DI• 71 J/, 0/1 11• IX~ r.:nl..O/ 

"' 720 0614 10 r~ .m RCN .O/,· 03 
"' 721 0/,16 III• :11 44 ()ó h:CM.O/ L 11 I'<,f\ctLl<) 

-•'"l'"I (>6rn :•t :10 06 11.1 111 ,ncottr·t 
l~3 001[1 c;t I•/ oc JI• 1a:_ 1111 
7:!4 06:!0 DI• O:! f·:CotlJ'l !N l'lr < o:~IP 
7~5 0622 rr Of\ CP Mll 
726 Ob::!4 r.:• !'.il! Oli JP tlZ, RCH-12 
727 0627 21 Cl IT LJJ 111.,orrc111 
720 Oó2A CD 7E n1r 7, OIL> 
729 Q6~1.C C?. F..fl oc .JP N7,HC. !lEC 
730 062r CD u. DIT t,, OIL> 
731 0631 C2 rr rr lf• riz.i.rru~ 

732 01,34 CD (,[ l•IT 5r <HL> 
733 0636 C2 rr IT JP NZ.l.fff.[13 
734 0639 Cll 66 nn 4, <llU 
735 063D C2 ff FF JP ¡¡~,uTr.M 
736 063[ 21 60 Ol1 Ll"I 111. ,RCOMP~ 
737 0641 C3 CF oc JP llECOHP 
730 0644 !1 D7 16 l'<CH .. 10 L[I J1t ,NENT7~.i 
739 0647 06 40 L[I D,64 
740 0649 [IJJ 21 50 06 Lfl JX,RCH-11 
741 OMD CJ oc oc .JP HENTíR 
742 0650 11 no 17 l<CH ... 11 LD [IEr HEIH70 
743 0653 06 22 l.D llr34 
744 0655 DP 21 41 05 LD !X,RE0-7!'> 
745 0659 10 F2 .JR RCH_ll .. 03 
746 065D 21 20 06 Hf.H .. 12 LD 111. ,RCOHPI 
747 065[ 10 El .m fcCH-lO-O:l 
740 0660 00 00 00 RCONP',! ItETfl ºº'ºº'ºº 
74? 0663 C3 71 06 JP 00ó7111 



nm l!Nrn Alifll\ Dl o:: ri:~ M " ! :J T f 11 n o R o o o f'f\Cllll'l \l 

n;o 01,¡..¡, rr f F rr llf.f D Oi'f 1\. OFFll o OITI 1 *'* i\flfff0(1J10 *** 7f>l 0669 11 ¡;¡ 1> 1.D Itl.:,OFr f:711 
?~:! 01,6\, 01. o~ l.[I Ur06 
7r,3 066E C3 F/, O':./ JI'' OO~if ,<¡¡¡ 
75'1 Oi,71 !ID O~! Jtl r., (O::!H) m:CIJ1E rL PRIMER CAP.AGTEf! 
7~~ Ot1T~ '13 me ~;r 

756 0674 ]:l TllC !;[' 
757 o¿,7:; 1·[ :lA cr• 3/'llt 
750 0677 i~~ (1 ~ ~líi 1,1~ctt _oo 
759 Oi,'J'I ,J.,'I 07 l.[I l".<rí-iCM_o 1.J 

~'60 01,· 1 11 01, 0·1 l n n, ü·111 
761 06/f ~! 1 Cl IT l!l HLr(llTl:lH 
762 0611:? :16 00 l.D OIU ,uo11 
'Jl13 1)1,Ll<l 11 r:;t fi' 111 [lL,(HTC~ll 

764 IJ/1lr/ C:l !,I¡ 01, .11 !;t:IL t~~ 
?f.ir:J OóllA 1111 ~!, 'I(. 01, fiCM_Ofl U• IX .l:Ctl..i 3 HllCll'l nllTINA DE CARGA 
7ó6 0/,11[ Oó 0~1 LH flr 0211 
71.>7 06110 t1 11r, FF l.11 t1c,orn1r111 
76EI ()l,.,'}J CJ [f4 oc .H· r;:r:_ ncc 
7¿,9 01.'16 ¡-¡1 '.'1 l,J'~ ()'/ t(CJf. 1:\ Lll IY ,[f,;[\tll·:'l CARGO r:::rmrm (I[ EtiCHITtlRA, 
"J~líj •)6?fl 06 (i1 Lf, i1rQ111 
771 06~1c HI f1FC nr. 
77~ Ofi'/It 111 t1[C TI[ 

7';;1 !)/JI/[ :,1 [1\ !T ll' H! .• 01FTLl11 

,~ 
774 ()i,(11 l:l1 I1,·'. «l• C"l i f\Sr __ \1'( 

~ I J!J Oi,f1-~ '/[ U1 f\p '\11_) 
e? 77b OM~ [ll •11 NLG 

777 06"7 2J rnr: llL 
770 Ot1Ml 77 1 ¡1 (t/Li ,f1 
71'1 01.r,9 IHI :!1 1•1 01. l. lt lXdi:ClL 1 ;¡ 
700 OMD º'' 0'1 tri l''04tl 
701 06Ar \(i [Ir .m Ht:fl~lJ-Oó 

702 0601 06 o:! h:Cn_ 14 LD Dt0:1 CARDA 1>1RECCIOtl DE 11acro 
703 OW3 1r ''" LD LrOIJl'lll 
704 06D~i n [13 rf' Lll m ,orr11:111 
7US ()[i(IÜ cr1 t1A 011 l:í'\LL MiC_llY 
706 Ol1Dll ~~3 !NI: ill 
787 06UC l[ IJJ LD r:,otJ.rn 
700 O!JDC lA U1 f'I, <liE> 
70'1 06t1F 77 [[I Oll_ ht\ 
7?0 01,CO ED 4'l tlCG 
791 06C2 \ll DEC 1ir 
79?. 01.c3 47 Lll llrA 
7 1}3 06C4 lA LIJ f'l r (fLE.) 

794 06C5 llO AJl[I Arf1 
795 06C6 1~ l.fl (11[) ,('¡ 

796 o/,C7 ~ll DEC llL 
797 06CO 7[ 1.n ('¡,(fll.> 
799 O!JC9 [[I •14 iiEO 
799 06CD 47 1.D 1.l,(¡ 

000 06CC J¡\ LD Ad !1[) 
001 OliCD no r~1•n "'º 002 01.CE 1.2 LIJ (fl[),(\ 

00:1 O/,tT nn :•1 TI~) 06 Lll IXrf~Ct'L15 



nm Llllrn /)[l[tf( f•I ti:! D3 D4 S I s T E H A o R - 1 o o o PAOillA 10 

tl04 06D3 IU [•9 Jíl í<Ctl-0010•1 
005 Ol[l:::i ID ílCtl .. 15 nr~ ne 
006 06!16 rn l fl AdflE) 
007 06D7 Ff. 31 CP 31H 
000 06[19 CA ~7 07 .:I' z,rm. u 
009 06DC [l[I 21 E2 06 l.D IX,RCtL15H3 
010 06[0 10 AC JR RCH_OOI 04 
011 Ot;E2 06 01 LD n.0111 CARGA llE DATOS DESDE 1.A COHf'UTADílP.A 
111~ 06E4 ID DEC DE 
013 06[5 ID DEC DE 
014 06E6 21 D6 rr LD HL • OffD611 
015 06[9 CD DA O[I CALL llGC-DY 
016 06EC :A li4 rr 1.n fil , corrMfl> 
017 06EF 3A 116 Ff l. D A.< OrFJ16l1) 
010 06F2 Tl l.IJ Cftl.) ,,, 
019 Ol·F3 46 l.l\ D.<llU 
020 o6r4 23 !NC Hl. 
021 06F5 '1'1 fl4 rr LD (0íF!J4fl) ,fil 
0:!2 OM'O [10 CP U 
ll23 otir9 C"' 90 07 JP NZ rEJHWRb VA A ERROR I1E CARGADO• 
024 o6rc ED 44 NEO 
025 01.FE 21 D2 FF LD lll. ,orrr12u 
026 0701 06 AflD A,(flU 
027 0702 77 Lll CltL ><A 

~I 028 0703 2U DEC llL 
B:!rl 0'704 :~5 [•EC <HU 
o:rn 0/05 20 [l'.:i JR NZ,RCILl~t07 
831 0707 DD 21 OD 07 L11 IX,f<CH-16 
03~ 070D 10 01 JR RCM-OOt04 
833 07011 06 01 RCIL16 LD r .. 0111 
034 070í ID DEC DE 
035 0710 1[1 DEC DF. 
036 0711 :!1 n1 FF LD llL,OffDllt 
037 0714 CD DA 00 cnu. nnr. .. nY 
039 0717 7E LD A.<flU 
039 Ol!O 23 IllC llL 
040 0719 46 l.D DdllU 
841 071/l DO CI' [I 

04:::! 0711• r.·' 9[ 07 JP NZ rf.RROR7 VA n ERROR DE CllEKBUH. 
043 071E [l[I 21 OA 06 LD JX,RCN_OB 
044 0722 Q6 03 l.D 0.0311 
045 0724 CJ 90 06 JP f<CH_ootot. 
046 0727 FD 21 59 07 FIN.-LI l.D IY•RCH_llH 15 
047 0721.l 06 01 LD n.orn 
049 072D DO 21 34 07 Lll lX•Rr.M_l7 
849 0731 CJ 90 06 JP f<CH-00t06 
850 0734 01 01 00 RCH-17 LD nc.000111 
051 0737 21 ne 17 LO fil' MENT7A-05 
oL·"1 
"~ 073A DD 21 65 07 LD 1x,ncH_ t9 

853 073[ CD {10 OD CALL cr_S(C 
054 0741 06 04 LD [l,04H 
US5 0743 DD ~1 4A 07 l.D IX ,m:H .. \O 
056 0747 C3 '10 06 JP nr.H_oot 06 
057 074A 01 04 00 RCH-10 Lll (IC,000411 



El<R Lrncn ADnf< Dl D2 l•J fl4 r. l u T C ti A o f< - 1 o (J o f'AOlllA 19 

A~O 07'1P ~I fJD 17 LD HLol1ENT7A-04 
0~'9 0750 TID 21 6~ 07 LD IXoHCtL19 
060 0754 CD DO OD CALL cr _S[C 
061 0757 f[I E9 JP <IY> 
062 0759 DD 21 3~ 05 LD lXrREG .. 7~-1~ 
063 0750 11 C1 17 LD DE, HENT7A 
064 0760 06 06 LD Do06 
865 0762 c:1 oc oc JP HEtHER 
066 0765 33 RCH-19 INc sr 
067 0766 33 me sr 
060 0767 10 C2 JR RCH_l"/-09 
869 0769 01 04 00 nr.11_09 LD DC,000411 
U70 onc :.!1 LJO 17 LD tll, f1(tl ru1-0'I 
871 onr DD 21 A4 07 LO IXoERRORO CARDA ERROR DE FORHATOo 
072 0773 CD IIO OD CALL CP .• SEC 
073 0776 DD 21 7C 07 LD !XoRCtl.'.'0 
074 077A 1D El .JH RCH-19-·011 
075 077C 11 D7 16 f<CtL20 LD DE o HENT75 
076 077F 06 40 LO Br64 
077 0701 . DD 21 87 07 LD 1x.nc11_21 
070 0705 10 DD JR RCH .• 19-03 
079 0707 11 C7 17 RCH-21 LD DE .t1ENT7A 106 
1100 070A 06 "" LfJ n,:1·1 
001 070C DD 21 41 05 LD IXoRE0_75 
002 0790 10 no .JR RCH-19-03 

N 003 0792 00 00 00 ERROR5 llEFIJ 00,00,00 .... , .. 004 0793 C3 AD 07 .JP EíffW5t~ 

805 0790 00 ºº 00 ERROll/, !JEFD 00,00,00 
086 079D C3 D9 07 JP ERR06A 
007 079E 00 00 r.o ERí<OR7 DEFD 00,00,00 
800 07Al C3 ur 07 JP EllR07A 
009 07M 00 00 00 ERf<OIW DffD OOoOOoOO 
090 07A7 D9 ERROOA EXX 
891 07A8 21 r9 07 LD 1Jl.,f.ONL4 
892 07AD 10 04 JR ERl<05AI04 
093 07AD D9 ERf<USA cxx 
094 07AE 21 DE 07 LD llloCONLl 
895 07D1 D9 EXX 
U?6 07B2 FD 21 C5 07 LD JY,RCiL22 
097 0706 C3 2D 07 JP FIN-Lit04 
090 07D9 D9 ERí<06A EXX 
099 07DA 21 E9 07 LD HL, CotlT .:! 
900 07DD 10 r2 JR ERR05AI04 
901 07DF D9 ERR0711 EXX 
902 07CO 21 F4 07 LD HL•CONL:l 
903 07CJ 10 EC Jíl ERROSAf04 
904 07CS 11 C:l 17 RCH-22 LP DE•HENT7A 
905 07CB 06 06 LD 9,06 
906 07CA DD 21 DI 07 LD IX,RCH.-~:I 
907 07CE C3 oc oc JP HENTER 
908 07Iil 11 D7 l/, RCH.23 LD DE, HENT75 
909 0704 06 40 LD ¡¡, 64 
910 0706 r1n ~1 ne 07 LD IX•RCM .. 24 
911 0:1011 1tl F2 .IR RCH_2J-03 



Eí<R LIHE!I (l[l[IR 

912 07DC 
913 07DD 
914 o7nr. 
915 07El 
916 07E3 
917 07E7 
918 07E? 
91'/ 07EC 
9:!0 07EE 
921 O/F2 
922 07í4 
923 0"7F7 
924 07í'I 
n5 07FC 
9~6 07íE 
927 ºººº 920 0003 
929 ºªº~ 930 0809 
931 oooc 
932 OOOF 
933 0012 

N 934 0014 .... 
"' 935 0010 

936 OBIB 
937 081E 
930 0020 

n1 

[lf} 

E? 
11 
06 
Dn 
10 
1 \ 
06 
DD 
10 
11 
1íl 
ll 
10 

ll 
06 
[l[I 

C3 

11 
06 
DD 
C3 
11 
JE 
C3 

.. ...... ,. 

Ft2 fl3 D4 

?2 or 
24 
21 41 o~ 

E5 
D6 OF 
02 
21 9~ o~ 
DA 
DB or 
EO 
¡,e or 
E3 

5tJ 17 
10 
21 D7 05 
oc oc 

M 17 
OE 
21 1D 00 
oc oc 
C4 rr 
3F 
01 06 

s 1 s l l H !\ o f~ .. 1 o o o P!IOIH!I ~o 

RCILH EXX 
.Jf' OILl 

r.ONLI Ln DE,HEHT71• 
LD D.36 
l.D IXrRf.0_75 
JR RCH-23-03 

CotlL2 LD DE' NEUT7r.-02 
UJ Dr02 
LD IXrBElL7li 
JR RCH_:!J-03 

COllL3 Ll! DE,HENT7C 
.m CONL!l03 

COllL4 Ul DE,HCNP!l 
.IR CONL 1103 
DErn :! 

.Jl\P_OO LD [IE,HrtlT77 
LD D.010fl 
LD l X .tlCH_03 
Jf' Hl'NTrn 
ritrn 3 
LO DE,HENT7!1-23 
LD D' OOCll 
l.D !X,COllT9? 
JP HEtHER 

Cotl1'?9 LD DE, OFFC411 
1.0 A•03nt 
JI' HCH .O~il:1 



ERR LINEA ADDI! [•1 D2 113 04 ¡¡ I s l E M A o " - 1 o o (\ r·tdllUA :!\ 

940 u****** u***'** u*••**••"~** t ***no~******•** t * t • * * ** nuu * ·* • * 
941 *******•··~•*****'***" ~tll.'lf~\11 fNf'I'~ AIJXILJ nf([f, **HHUUOUH 
9·1~ * $ * * * * H * * t UU *U$**************** U*••** U*.; i 1; 1; * * t H t *U U #U 
943 (ll\Ü or:oo11 

945 ocoo 1A ra111101 L!• "' ( llf) "THAtHiHlfltOU Nn. !'. 
94b OCOl fl:S 02 ll\IT (();!IJ) di rnvIA MIO A f'Tfl, º" 
947 OC03 13 me DE 
?4íl 0C04 05 nrr: n ~FCREHFNlA CONTADOR. 
94? oc os ~u 62 IH 1,RE1N01 SI [1-:iOOr llf<lUCA f1 vun vr. 
1i50 OC07 Cll 7'I oc CAi l. 1 li:Hl'O u (¡f\ .. ¡ ,., r-:1nrtir1 nr TTrttrn. 
f!!H o con 10 OE .m ESl'íf<I'\ 
fJ~~ oc oc 3C 31 Mrnrrn lll (-01111 ltlV!A ttnrnr.Jr. A Trí<MlllAL, 
953 OCüE 10 o~ .IR ·rntrn~~H 

95.\ OCIO 3[ 1:1 HENCf1H lll (), 1311 rtlV!fl Ht t!SfUE A COHl'llT1,[IOf<A. 
?55 0C12 :!1 00 oc TRflNSM Ll• Hl., !1UH1 O l 
?56 OC\5 22 r2 FE EtlVIA 11' <<lfTFcllldll. 11010\UlA H{MJ;;MI~ilntl fil ~illl!TOl, 

957 OC!U I1J 0] Gf\Cf\f< OUT (('l.'{\J) '" 
950 OCIA 3E O~í [Sf'(RA LD fo ()~ill 
'1~9 üC!C [13 O/; OllT (Oó!l) ,¡'\ llM<!Ll TA n·1. 
?60 OCIE rn El llAl'll 1 fA IH T(fü.:Ui"'C IOflfG, 
961 oc1F C'I HEf 
962 oc~o 2:! FO FE f:ECTrn tfi <OFFFOl\l ,HL 
96:1 OC23 3C 3·1 LO n,J411 

~ 964 OC:?5 18 Fl ,JR fiA!'f1f.: 

P• 965 OC27 D'I Dl.T-f'O EXX HLIECfl• l'll'.>ICiílH [ti l.A TrnHIUAL. 
'166 OC20 11 b9 11 Lll tiE-t1nno::i 
967 OC:!D 06 04 Ll• D,O'\H 
968 OC2D un :'1 33 oc Lll lX•HEG .. O:! 
969 OC31 111 I•? HnlT .. X Jf\ HfllTER 
970 OC33 1\ DE FF r~lo_o2 LD uc.orrnrn 
?71 OC36 06 02 LU ti,O:!H 
97'2 OC30 ~1 :m oc [([CT,_2 Ln HL•RECT02 
'173 OC3!1 10 C3 .lf< RECTH< 
974 OC3D llD 02 RECTO~ IN Ar <O:!ll> 
975 OC3r 12 LD t DEh A SALVA LA POSICION, 
?76 OC40 13 me DE 
977 OC41 05 DEC D 
970 OC42 20 F4 .JR llZ, RECT _2 
979 OC44 D'I RE0_04 EXX 
900 OC45 FD E9 .IP (fY) 

901 OC47 D9 sn _ro EXX PONE CURSOR EH lERHINAL, 
98::? OC49 11 70 11 LO DE,MENT05 
903 OC4T< 06 04 LO u.0411 
904 OC4D 11!1 21 53 oc t.n IX• RE0 .. 05 
995 OC~! 1íl !•E JR HENT-X 
?86 OCS3 11 [I[ rr RC:a_os LD r•E.orn•Efl 
907 OC56 06 02 Ln r1,02u 
900 "OC50 DD 21 44 oc LD IX•RCG_04 
909 OC5C 10 D3 JR MENLX 
9?0 OCSE 00 íl~CA-T EX AFrAF' EllVIA DATO A lERHINAL, 



Lid\ Lll/[f\ Anl•R nt ¡1::i rr:~ [14 !j I G 1 e H 11 ¡¡ t () () o r"l'\Glt/f1 ,., 

'}'11 oc~.;r 2J ,'¡/, oc Ll"I IH.,!i\HilO:' 
f('I:! <JC(1:1 ~r :11 1.1• 1\1,\tll 
'/?~ Ot:M 111 Al' .H~ n1vrr, 
9Y4 OC66 Oíl !illf.lf(\'.1 EX l\r.Ar • 
9?e, OCl17 11 ~ ~ 07 our co:~H > "í 
996 ()[69 llfl [? f¡[l t401 ,Jf' (IX) 
9?7 or.tJn or ()() 1·111Jr._r l.ll 1:.0011 f'ONE HOHJAJE .,., ¡,• 
'/?ll OCt1l1 [l(¡I rxx 
99'} OC6C 11 (.IJ ll 1.11 11[,HUHO:\ 

lüVú (JCJ l ÚCI {)11 Ur [1,()Jcll 

1001 OC73 1111 :•1 44 or. 11• IXrf\Ff1 O•l 
100~ OC77 lfl no ,m Hl:flf. X 
1oo:i 0rn :'.'• fl0 TTI i\I (1 ll• ll ,(!ull J.:lll HUI llf. TIEMPO, 
1004 OC7í• ~'.~ 1 (lnJ '0.l 11cc 11 
tOO~ OC1C 20 rn .JI\ Nl ti rirn·oJ 
1 ()06 Ot:7[ C? ra T 
100/ onr Cll [l'I 1 !! ) í·: 1.: ll ~ i f\f."!i ;,¡: t1ühlrn '11".CLA It/Vl\UDA'. 
1000 OC!ll Jt',' l:x'< 
100'1 or:o2 11 7C 11 1.11 ti[, MtH íO/, 
\010 oc:o~ 06 ()[! Ll• 11,or1H 
1011 OC07 lll) :?1 44 oc Ll• tXrf([ti_ 0 11 

1012 OC09 1ll M .m Hr:tH..X 
1013 OCllD FE 47 U' .Mil: r.1· 4711 f.OtlF'tiHf\ !lI f!1 r.Af/Ar.lt:I< AGr.t!. 
1014 OCOF :rn or ./[< ur..Nn __ osc 
101~ OC91 n: 41 r.1· 411l 

"' 1011. OC',13 J() oi: .m Nr:.VAl Iíll\ 
~~ 1017 or;r¡~-j r1: .lA c1· 3All 

lO!fJ OC'/7 JO ()/ .11( NCttm __ ('¡',_¡C 
101? OC9? re 30 Cf' ;1011 
l020 OC?Ll 30 03 ,m C,Nfl_llSC 
1021 ocn1 [/, OF Auti or11 
1022 OC9F ce; íff l 
10~3 OCl\O 33 N0_11:·;c me ~11' nr NO rn AGC1T, 
1024 OCAi 33 lllC r;r· ítf·'rt/Crl n h'lJf lllt"1 11r U\ltllh'• 
10;~5 ocr.i [? ,fí' (111) 

l O?éi OCA3 r.11 09 Vt1L Tfr/1 í\ll!I (110'/ll t'ñl.;(\ 1:tifi1-iC'I Lh't:.~i ,,_,., 
10:~7 OCA5 E6 OF l\N/J OFll 
1020 OCA7 C? LHllO ra:r 
102 1} OCAIJ 7E llEX .. nY l.r• f\, (Ht > f<ll I ltiA l'MiA CflNVf:riifH 
1030 OCA? 2D í•EC llL flfYJ{l!) lll:XAltff;tHALUl 111 tiy·rni 
1031 OCAA Efl 6r ra.11 IM1f•ll'll llDAlll 1'.HIAL!'!1, 
1032 OCAC 7[ 1 n 1'11<111) 
1033 ocnn 12 Lll (Df) •A 
1034 OCAE 13 INC fl[ 

103S ocnr 05 [l[í. D 
1036 OC!IO 20 r~; ,fü ZoL!íllll 
1037 0Cll2 2[1 11c1.: llL 
1030 OCl•J 10 FJ ~m llEX-flV 
1039 0Cll5 oc 02 ¡1y_ ose lfl CtO:'ll IWrINA f'ARA coNvr.rn r r' 
1040 OCD7 3C 30 Lll f,, 301f JIYTf!i A CAl~ACTErW.n (\fif:Tl t 

1041 OC!l9 rn /,F HIPI IE r~Lf.I 

1042 OC!lD FE 3A Cf• 3All 
1043 ocr•D 94 ce oc CAL!. NC,VAUll<A 

1044 o ceo 12 Lll (fl[) '" 



CRR LINEA AllDR 1•1 f!;'! n:1 Ju\ r, l i; T E li ~ o H - 1 o o o f'MlTlll\ T~ 

104~ OCCI :1[ JO l.D A•3011 
1046 occ:i 13 me DE 
1047 OCC4 OIJ Li;t: e 
1040 OCC5 :'O r~ .JR NZ•í\EPI1l. 
1049 OCC7 :'O DCC HL 
1050 occo 05 DEC l< 
10~1 OCC? ::'O [A .IR tl7.•l\Y. A[;C 
1 O~i'.2 oc cu C9 r<n 
105:1 occc C6 07 Vl\LOf<I\ ADD A•0711 l~r(1.JIJGTti VALOR l\9CII. 
10~i4 OCCt: C? f<ET 
1055 OCCF 3[ 16 HECOHf' 1 n A•\6H 
1 o~¿ OC!<\ 11 ro rr 1.11 < on:ro1n .i11. 
1057 OCL1•\ CJ 10 oc .11· Sl\t:l\R 
1050 OCU7 CIJ CF oc fiC_ T Itl 1:1\Ll ~ECOHP 
10~j'f OCUA 0( OD 1.\1 CrOf1U 
1060 ocric :'.'~ ff LD H•OFI 11 
106\ OC[<[ ~[ EF UI 1..orr11 
10b~ OCEO :..!{! m:c L 
1063 OCE! :~{) rn .m 1rz .r;t:_ T !ti 1 Q? 
1064 QC[3 ~5 l<EC 11 
10,,',!"j OCE4 '.:!O rn .11< ¡¡z, r;c...nttto7 
1066 OCE/, Ol\ n1-::c e 
106/ OC[7 '.!O F:I .JI~ 1a,nr_T!fHO~.i 

1060 OCE'I llll [9 .JP ( t>·:} 

·~ 1069 DCLD ~1 ro or. .... HCC Lf• HL•f<í: "-WC ~0~1 -· 1070 OClT 10 vr m nr:rrnw 
1071 o ero Df• o~ "' (\, ( (1~1 f !) 

107:! OCF2 12 Líl (f1El11'l 

1073 0Cf"3 13 me {1[ 

1074 OCF4 o~; DU' fl 

1075 OCF5 20 F~ .IR N7, hG.-FCC 
1076 U~I· I LlD E'l JI' (IX 1 
1077 OCF9 [l(fli 7 



[í<H l. ltlrA t'\[l[lí\ íl\ ít::! U3 M fl 1 G T [ H " u r~ 1 o o o í'A!ilUA :'4 

107? *****tHHH**H f¡'¡filf'l!.1 y fillTHU\!J AUXtt TM>l:S ***'*******'**'* 
1001 0!100 C3 42 Oll JP PRG_Ef' • ~·1.:Ulih'MIAI10k [lf U'l\llH'fi•. 
1002' O!I03 rtEF!J 13 
IOU3 or110 C3 1[ 01 JP EX •. MEH '[XMIU/ (I[ t1EMlll<rn'. 
1084 0!113 rF nEF'll orrn 
100~ 01114 C3 20 OD .JI' EXtLR!i 'CXMlf"tl )I[ nrr.1 rr1T·nt> •• 
101\/, 01117 rr ncrn ()\"fil 

l0t17 01110 C3 2C 0{1 .Jr fX\Lf'T ·cxt11ir11 r1r r-unnnn•. 
100!1 OU!ll FT tirrtc orrn 
100? <)lllC C3 ]7 0{1 ..ir· TH~l-(\1'( • rra1~i1.1-i11C1 Jtl" M.:CllJVW~·, 

t()!JO Ofttr rr TffrJI 01T\I 
10'J1 0!120 11 11~ 14 EXILTW l.11 r1t:, 1wN 1 ~rn r ·w·~1rr1 r ,'¡ c·:titwu !1[" l\r!JI~i!Ti!Ei, 

1()!}:1 011~3 06 :~6 111 t.1 , :~ t, 11 
10 11:~ OIJ25 r1n ::!1 411 (lfl \fl IX ,ffff! 7,(l 1;:r1nr.:t1.i ("\/ fl["íj 10. 
1ori1'1 0[12 17 c:1 oc oc 11\tll .11' 1\CMTU: 
10 1/~j 0[12C 11 rA 14 rxt1 .1· r l.fl fll-, ru ·ri r~rn r·1:r'.;1·1n11 T XAl\rtl l![- r·unnns. 
!O'J/, Ofl~í 06 "" 111 Ilr:-':?11 
10?~' 01111 l1J1 :•1 ~-¡:~ OD 1.11 IX1í>i-ti ~' () 11r rrnarn rn r~t n_~10. 

10911 0(135 10 r2 .11\ MUll 
10 1/? O!IJ7 11 te 1 ~/ ff\!Lf'll; Lit i1c,m:tn70 f'f.;nJrtHt1 Tíifl!11 f\[10 11[ M\CllIVOS. 
1100 OD3A 06 :!O Lll lJ,:,OH 

1101 ou:ic lll't :!1 ~jfj 011 l.ll IX,f<fíL70 u:TmaJA [tl f·'EO .. 70. 
1102 01140 lfl [7 .IH MUH 

".:'. 1103 0[142 11 44 1 ~; f'l\(;_U· L[J IH. • tH U l Cü 1·r~r.'.;un • ., f'f¡(][!f~f\!ir1I1(m ll[ [Í'f\Otlf.. 

.... 1104 0[•'1~ 06 2C 11• Tt.: 1c11 

1105 Ol147 !JfJ ~L ~1r {}11 Lfl rx, ra:Li .. oo rsTDruu1 rn f'[G_OO, 

1106 OD4D 111 f1C .lí< MrtlT 
1107 0[141) 0() 00 00 íl[G_:rn ltfTil ºº'ºº' 00 
11on Ofl50 CJ 00 F6 .lf' REX. 0:? 
110? 0!153 C3 00 FO HE0_5o .Jf' 111.RllH 
1110 0[156 Fr IT FF nEf Il 01-r11, orrn, orr11 
1111 or1s9 00 00 00 í.;F0_70 11rFn ºº 'ºº' 00 
1112 OD5C C3 EO 03 .IP THMH r, 
1113 ori~r C3 00 ro m:n .. no .Jf· 111 é:AH 
1114 OD6~ rr rr FF fll:rH 01·rn, OFrll, O!Tll 

1116 ;opr.ION[S [I[ HL:~W(UFB: 

1110 OD65 11 !C 16 tLOPCl LD DE•ílH .. 01 rl/EN[[ y rinn1uu. 
1119 01160 06 111 LTI ltr:!9 
11::!0 OD6A UD 21 t1E 011 l.ll TXrfW_flt'C 
1121 OD6E CJ oc oc JI' MENTEI< 
11:.'!2 0[•71 11 3? 16 H .. Oí'C:! Lfl nr ,opr._02 DIR[CC:IONEB <DLGTINU), 
1123 OD74 06 20 L[I [1,4~ 

1124 0[176 10 F2 .m M_OPC\ fOf. 
11 ~~5 0070 11 64 16 ~1-0l'CJ Ul nE.orc_o3 M<CIHVO < FLJEtHE>, 
1126 OD7D 06 "'' LD 1.1,34 

1127 OD7D 10 [JI .m tLOPCI 10~ 



ERf< LINEA Anr·i~ Dt n2 r•3 114 fi 1 íl T E H A o n . 1 o o o f'l\Gltll\ ~~5 

1128 OD7F 11 39 16 H .. orc4 LO DE, m·c_o~ l\f<r:llIVO (ll[liTI NCI >, 
1129 OD02 01. 04 l.fl Ftr04H 
1130 OD04 DD ::!1 OA on i.n n:.rrn_nr4 
1131 onoo 10 E4 ,JR t1-0PC1H)9 
1132 ODOA 11 68 16 RQ_Of""'1 Lll riE,nrr. _01104 
1133 0[10[1 01. lE LO r1,30 
1134 oroor líl [19 Jí< ~Lorr.:11os 
1135 OD?I 11 64 "' 11. PPC!"-í LU rrr::,orc_o3 Irlfi'ECC I otlEB crUENTE>. 
11:11. OIW4 01. O•I l n r1,01rn 
1137 OJ.!96 DO 21 1/C Ofl Ut IXr!~ILíll':j 
1130 OllWl 10 [1~ .JI; H- nr·c1 H1 11 
1139 OD?C 11 :m 11· rw Jll'~i U1 fll1fH'C. (>;.!~0'1 

1140 Ofl'J1 1· 0/, "7 11• f! , -~ f} t:-07114 
1141 ()[1(\l J1[1 21 1\7 ()fJ l.[1 IX ,nrL ~Hll' 
114:! Oflf\::i lll C7 .fil M _l)f'Cl 1 or¡ 
1143 ODA'/ 11 01. 16 r::1; ~~111' l.JI nr ,rwr: _011 :~4 .' 
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