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CHAPTER 1 OYERYIE'J 

' 
lllthou;::h thc first rr.icroprocessor, the Intel ~OC14¡ appcólred stx years a¡;o, 

the rnicro;;rocessor field 5till secr...s ne1.1 and excitinr.. The rnpid ;¡dvances in 

microprocessor technology, the creativity of the soft~o<~re desirners, a11d the ex-

plosion o!' l'licro;¡rocessor applications have all contributed to this ima~e. In 

the po;¡ular rr.ind, thc CC~C~pUter on a chip has been realizcd, and the a~n~.ilability 

or computinE power to everyone is at hand. Whilc this is not yet the c<~se, it 

is true tloat few of us will long escape the ir.1pact of nicroprocessors, Hi-

croproc<Ossors are scheduled for use in most ilutOOXJhilcs in the late 70's and 

early 19DO's, and the rrarkct for tcleviston.~ules is just now devclopins. For 

cne;i11cers and scientists, :nicroproce:ssors 01ill increasine;ly be en>ployed in in-

struments, tef'l'tinals, anda wide variety of military.-.and industrial control >~nd 

communication syst~. 

Con~onents - Hot Coaputers {A vicvpoint) 

1nere is :1 wide s¡>ectrum or vicws on nicroprocessors due in part to the 

;;ide varicty of available ntcropr-ocessors. The ;.ror<! ""'icrocO!"putcr" b fre-

quently u::oed to er.1phasize tllat the baste operation of thesc dcvices and their 

assoc!ated syster.lS is ncarly idcntical to that. of corwentional cocrputers, • On 

thc ot~\cr· hamJ digital desirners often view microproccssors as convcnicnt re-

placer:-ents for hardwired dirit.al subsystems. One should note that microproe<:>s-

' sors are ¡:>roducts of the COGlponents industry ano::! not or the computer industry. 

1. In tr.is text, "r'licro¡;rocessor" will be uscd when descrit>inp the cen
tral processing: unit ol' a "nicro~rocessor syste:-:" (or "micrQCCfllputcr"), 

'• 
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Coll·ponent.::~ manul'acturers ;¡refer to sell 1tems in la.rre quantities at low costs. 

Thus the types or proceS30r5 that are available and that will hec:O':!C <Jvail<>ble 

are larcely deten:lined by a rnnufacturers • predictions ;J.bout ro3r'.<t:<ts wherc la¡·re 

nurnlx'rs of processors can be solc!, .::.m.111 users am:! Oobhyists benel'it fror. the 

"fallout" tne shecr availability of thc cor:.po11ents, but genernlly, they do not 

play an important role in the desirn process. Gordon /loare cf Intel '.!latcd 

that: in its sir.plest tef'll'lS, a l'licroproce/~sor can be considere<! a "standil.rd lar-

ic block >~hose particular flmctions can be deterr:'.ine-1 after fahrication hy 

software routines 10hich the lo~ic block would execute" .•2 ' This does not imply 

that .-,.jcroprocessors cannot be ~r.ade into sophisticated cOMputin¡;: systers. The 

cor.•;::uter hobbyists llave siJOWn that this c"n te done. (A lai·ge fmction of the 

25,000 iJQ';:.byist systens produced in 1977 by various coo:p:mies (i-1!7$, lt\S,and In

t<!l for cxan1J1c) will be ¡¡urchased by industrial C<X~panics,) The an:lteurs ray 

very well lea-..! the wav aS il.'l".ateurs radio operntors once pion'ecred new tcchniques 

in radiO corm.mications. Uut, rr.ieroprocessors are still r.cst suitablc for 2p-

" plications l<here tfJcy will be used in lar¡ce nur.~bcrs, 

Head gf the Fa=ily 

Alr.10st in .,arallel llith the developr.1ent of r.ücroprocessors, r.anufacturers 

develo;;cd ancillary chips that unburden the processor and sL,.,pl ify the sort·.;.1re, 

In nany case~, thesc chips rivtll the complexity of the proccssor; thcy ~re pro-

grar:1'1"1"lble Md thus can be configured by the processor under softW'l.rC control to 
' 

perfonr. ~ particular task. Exar.lple are: parallel input and output chips, scriéll 

interface chips, dis:. interface chips,-and n!Xlbcr crunchers, 'tlotoroll'l developed 

' its fa:nily chips tor.ether with the H6800 and described ther. all a:J a 

2, i'roc, of the ¡;;.:;,:, June. 1976. 
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"rlicro¡.¡rocessor t'amily". Later, Intcl developcc1 its systcr,s·components for tha 

8080. "Ihe desip1er can expect a continuinr: <;rowth in t~e fanily sizc for r.ost'· · ·' ·· 

• 
r.ücroprocessors since the capabilities of the systems can be iocn:!ased without 

moving to another processor and it corlcoor.titant soft~ral"'e investnents. 

i!ather special men:ory C<:r.lponents have also been develo¡¡ed for microproces-

sors. íllese chip:~ rny have MJltiple. chip selects that sb:plify the addre.ss 

decoding and .:~ay be organiz:ed so that a minimurn number of chips can be u sed. 

The ub1quitous 2102 is organized as a 1C2~ by 1 hit chip (102~ words, 1 bit 

long), and a ~rinimur:1 r:Je!Dry for an S-bit processor would require eirht chip.s, 

'i'his neMOry would have 1Kbyte capacity and r.light be too lD.rre for l'B.'IY aicropro-

cessor a¡¡plications. Instead, one could use a l-!otorola 6810 ;..t'lich, in one chip, 

has 128 bytes. (In :ro.st o:lcroproces.sor application:1, the progrnr.: is stored in 

read-only-!!let:lOry and not in read/write me:rory.) Ultraviolet erasallle read-only-

mer.:ory (kOB) is also available for prot-6- type systerns. .-. 

¡.'inally, read/write and ROl! mei'Klries h?..ve been combined with input/output 

circuits on the sa-ne chip. Obvtoosly, the 'nanuracturers ai-e try~ to provide 

chips that will simplify the design af microproces..'\Or syste<r..s by r~ininizinl;' the 

nur:~bcr af chiP!!. Further, the load on the addre.ss and data ~ses is reduced and 

the overall reliability increasec!. 

Coaputers are Srlarter tban Progral!"laers 

Software rE!m'lins a costly feature of·tilC desi.\'Tl proces:1 for a microproces-

sor system. Thf>re are two rea!IOns for this. First, r.Jicroprocessors havc a li:r-

ited l.nstructions sct and lit:lited addressint mode.s, The procrarrer siJI>ply must 

<10rk Mr'\ler and ~re carefUlly. Scconr1, in contrast to COMputer rnnufacturers, 

' 
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com¡xment ranufacturers have been slow to develop ccmprehensive 50ftware ¿ids 

hecause that software assoctated with develo.,.,ent systetts is so eJ~;pen:9ive cOCl-
. ' 

pared to the cooponcnt coot. Various estirrates ranr.in¡¡ fi"CC'11 $20 -ieliO per assem-

bly langua¡;e instruction have been r:l3de for typical proe;raming tasks, Thi" is 

to te contrasted with the ~5 - $10 cost for the nicroprocessor. 

1-\anufacturers have devloped sone aids however, The.se include: cross assel'!-

blers, cor:lpilers, development syster.-.3 with resident a55a'lblers and debu¡¡: ai<1s, 

and software packages that allcw the user to prop:rart entirely in "meros", '!he 

necphyte is frequently surprised and diSI'layed at the hi~h costs or a rleveloprr.ent 

3yste-1, especially 11' he had been looking for an inexpensive substitute for a 

miniccnpu':.er. A designer can expect (or at least hope) that considerable pro-

gress in SOft\oiare for microprocessors ,wl.ll be r.nde. Because micros will ü.,pact 

on r:eny whc other.~ise would never touch a cc.r.~pUter, there will be a continuin"' 

demand for tletter sd.'tware, especially software that is trans;:>ortable from pro-

cessor to ¡¡rocessor. and that ctoes not 1nvolve a functar~ental understandin_., of the 
' . 

details of tlle proces:;;ar architecture. 

Cba1leo~e3 to tbe Desigoer 

íf only a t'ew systems are needed for an application, a dcsiener should 

pro!:lably select one of the single board syster\S (Intel !\0/10, for exarr:ple) con

tainin!: the processor and slots for R0/1, readlwrite r.a:Dry, and in¡¡ut/output. 

Essentially tr.e ctcsigner facc thc sa:ne problen'S {not challen¡::cs) as the hobby-

ist, and the relntive cost of cach system will Ice hic::h. 

"i"he far trore challenging task ü1 the desirn_ for an application that. will 

involve DEny processors (Le., r:~any identical nicroprocessor systerui to be used 

- -
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in exactly lile same way), Here the desi¡;ner must exersize careful judrement is 

' . _. ·- "' ., .. , ,., .. ' ...... 
the selection of the · processor, menory, pro¡>;!"a..lm''ble 'tnputloutput, board desirn, 

development .eystem, etc. The lar!!e rll.lnber of systems justtfie_, coosiderable at

tention t.o the mtnimization of costs ,to testing and rel1abiltty, and to docu-

mentation. Since the same software will be used, the desir:ner can try to optim-

iz;e the software so that hardware costs can be minimized (e.g, l'!ei!Df'Y size) 

through various tradeoft's in software. In th'i!l latte,.' case, a desteT~er should 

complctely Uncterstand the cccponents o'r the systein and be able to cope with the 

software. 

In this tutorial, we will attempt to study same of the fundamental ideas 
. . . 

tnvolved in microprocessor systern design and to rev1Cil the hasic characteristics 

of microprocessor system ccmponents. 

' ' ' . 
• 

' 

' 
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6ASIC HICiiOPROC.=:SSOil ARCHlTi:CTUili: A!lll 0Pi:B.l1"10K 

'io illustrate the basic organiz.atioo of 11. nicroprocessor, we will use the 

model shown in Fig. 2-1. This model reser.lbles the 650X series or t1JS Technology 

and the G800 or Hotorola; certain regi:.ter3 are not shown for clarity however. 

The sixteen address lines pennit acce5s t.o 65,536 nemory location, although re-

latively few applications will require such 11. lilrge nerory. Thesc .,l?C'ltions 

contain · thc pro¡>;ram, data storage, and input/output reri:.;ters. Some of the 

newer and sl..n;>ler ~:~icroprocesscrs discussed in Chp. 5 llave coly ei¿-ht address 

lin,e3 l:a..lt tine Clllltiplex the siKteen address bits. Other processors time multi

;;olex the c!at.a bus to obtain the 1\111 address infol"'l'.ation, and still others sinl-

ply havc fewer than sixteen address bits. These various scheoes penr.it the use 

o!' o~her ;oins on the processor packal:':e for input/output, for llXtl"'l control si(':-

nals, or to peruit a S!!'aller package. The o;oemtion of sane of the interna! re
o 

gistcrs will te discussed in the foll01.1ing sections <~m! c!escribed in det.ail at 

the enc1 of the cllapter whcre a specific processor is analyzed. 

The operation of this processor is illustrated in F'ie'. 2-2. :ibe progran is 

stored in a !Oequence of memory locations in the rea<!-only-merrory (HGIJ). 1-.'hen 

the ni::Se"f signal is tor_gled low and then hir}l, the contents of the program 

counter pOint to a particular oemory location which .rust contain the first in

struction (location O in this CxarJ¡>le), The first instruction i3 fetched h'hen 

the contents of the PC flow on to the address hus to select location O. í"he 

contents of that location, the op code, is brought into the instn.Jction re¡;ister 

of the ¡wocessor, where the op code is decoded, The PC is automtically incre

rr.ented so that its contents pOint to location 1, If only one byte is needed for 

tne instruction, the instruction is executed, If ~~re t~n onc byte is needed, 

• 
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thc additional bytc(s) is fctched befare the instruction is executod. 
-, 

tional byte is stored in thc location(s) followim· the o;x:ode, 'In<! as eE!Ch 1::~ 
• 

fetched, the ?~ is increr.lented so that at thc end of the inStroction,· it points 

' to thc ncxt instructinn. Thc processor continues fetchi:lr; an<l executing in-

structions sequentially until it is told to halt or until thC' PC is oodiried by 

an i.n3truction so that it junps to another l=tion in thc pro;o-ra~. This oper<"-

tion 1!1 identical to that of r.early any othcr c;omputcr. The rücrnproce!<Sor is 

distine;uished frCI'l'l ·conventional COillputers by s""'e or the dctails of .its c;¡era-

tion. These det3ils are discussed in the rest of the chapter·and su::-rr.<:wizcd >Jt 

the end. 

Ty,ncally, s~e or the address linos ¡¡re uS€ld for deco<lill!'; i.e,, the 
• • 

~electicn 01 thc appropriate chip(s) or 1/C dcvice. 1wo possible scheres are 

5ho;;n in Fir;. i-3 ror t;.;o syste!".s with 4K (4096) bytcs'or rrrory consisting of 
• 

four ii-. ~Yte rtCJ!:s (2708). In Fíe;. 2-3a, ti1e upper ilddress lines ilre connectcd 

to a Cecoder ch1p which ¡:;rovides a O or lJ)I,; on only one of its output lines 11nd 

- ' thcret;y selects only one of thc fii:.01s. 1n l-"ig. 2-3b, cach 1:1en:ory chip is endowe~ 

;;itn r.J.Jltiple chip selects (tlotorol~- 's f<~mily chips) and the address decodin,: is 

accom~lishcd directly. Thi:> 1.1tter- scher-.e is vcry useful if only <:1 few chips 

will be u.sed in the syst\.'rr.. ~·or lar¡:cr Me~ry systems, addltior.al chips for ad

dress decoding are nccessary. 

The exae.ples shown <:~re called "linited address decodinP.~ since the, ad-

dresses of tho or.emory location:s 1n a ¡:;iven chi» are not unique. Since bits 10 

to 13 are oot used in the decoding or selection or the chips, they can be arbi-

trarily set withOut affectin!: thc operation of the syst€'L"l. In contrast, 

• 

,, 
,. 

• 
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ninicom¡:.uters 3re "fully ctecoded", hence il' the processor rererences locatic:1s 

where ~-errory does no:. exist, a "trap" to r1 sp~cial pro,.ra., for such errocs usu-

ally ta.Kes é'lace, lienerally, in 'llicroprocessor syst~r-.s the procPssor. roy read 

and write in non-existent ¡oomory llithout i~punity or it r:>ay adctress t.he srune 

physical location through multiple addreslles, Thus :nicroprocessor pror:rarmers 

r.~ust be more carerul because no "hand shaking" occurs betwcen pz:xessor ;md 

mer:ory t.o a.ssure the processor that the rnetrory exists or that the locatlon is 

uniquely éefined. 

HenOrJ Xapped •s. Isolate~ lnput/Output 

In rrost c1icroprocessor systerlS, the in~ut anc! output re!;:ister!l and thei;· 

associated control and status registers are seen i!.5 ~ry locations by the pro-

cessor. Thus the input and output reg1sters and the ordinary mem;:~ry locations 

occupy tne s~e address space (i.e., they fall within the ~5,536 locations ~d

" dressable by a stxteen bit address hus of a ty~ical processor). This scher.1<' ' , . ... 
called rwr.ory mapped I/0 and i.'l illustrated in Fip:. 2-~. The advanta<tes of this 

schcoo ts that one can apply any of the ne:r.ory reference instructions to the 
1 

.input/output, Thus to create a pulse at an output bit, one can si"Ply use thc 

r;;¡,; {increo:!nt) and bEC (decrenent) ccrr:rr:ands which ordinarily increr:1ent an<! de-

crer-ent retrOry lOCLltior..s. Sorne processors ha.ve separate 110 tnstruction:<:; the 

eoeo is a ¡;ood exar,¡:.le. 111e !!CEO generntes input and output sig:nals se;>arate 

fror.~ the C'ell"Ory read and write signals. The tn¡¡ut and output signals essenti>~l-

ly are read and write signals for the I/0 reeisters selected by eic;ht of the ad-

drcss Unes. 11\e advantages of tsolated I/0 are that less address deco<iin¡:: i~ 

necessary and that the tull addreas space can be used for r.>er.oory. In tsol:¡ted 

110, s¡...ecial instructions such as W :md OU1 are used; these place the conte"ts 

of the accunulator at the output register or place the contents of the input 
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register in the accumulator, The 8080 is easily converted to ~y ~app~ ~z 

stiQWl1 in Fig. 2-5 andas discussed in Intel 's "6o80 1-!ÍcrocC~e:puter .Syst= llser':¡ 

~!anual." 

Isolnted I/0 1s used in sorne or the newer processors such as Intel's P.o4/l 

and 8085. The 808') is a later version of the Bc80 chip Which helps to mir,Joriz"' 

the chip count while keeping software cOI'Tp<l.tibility, The SOBo is really a t~rec 

chip processor because it requires a 8228 data bus chip to capture th•! status 

and a 822/j timing chip to generate the clock signals :¡nd synchronize contro¡ 

signals, A typlcal 8085 "'ystem is shown in F'ig. 2-6, ; the llOSS will be used in 

addition to the 8080 for íllustrations and ex~ples. The SOijfl, a true ~icroCOM-

puter oo a chip, is discussed later in Chp. 5 a_s one of the beat, air.pler pr'O

cessors. All o!' the Intel 80XX processors can be linde COMpatible with si."'9l"' 

lor,ic circuits, and even other, quite distinct procesaors such as the 6/lOO or 
C· 

6505 can be interface<:! with Intel-like circuits. 

A sir:rple microprocessor systen based on the <!OS Technolo¡zy 6502 is shown in 

Fig. ¿_7 to illustrate address decodinL and memory mapped I/0, A sinple eoso 
systen is included in Ap¡¡cndil< A along wit/1 othcr operation details, These sin-

ple exartple.s show that the n~_ber of chips requirt.'d to fabric~te a working sy:¡-

tem .U: quite w.all. Yet quite sophisticated operation" may be perfor:md by 

these syster.lS, In addition, thelc systCMS provide excellent 1/0 capabilitie~, 

typical of most f:licroprocessor systects. In thc E085 sy3tem, the 8755 providc.:J 

2K bytes of tiU! in additiOil to the l/0 ports ad the 8155 provides 256 bytes c-f 

HA! l. Ebth the R<»! and RA!-1 capacities are suitablc for a lare;e nUI:lber or appli-

cations. Note that limíted address decod!ng is provided by the 11th and 12tn 

bits o!' thc address bus. These systecns require only a few resistor3 a:1d cap.:¡ci-

• 
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t.ors in addition to the chi;>s and cryst.::tl shown to fabricate a worl<:in,:: systeo-.• 

J 6SC5 systems u::<es a 17C2 lilf·i ~<itli 256 bytes anda :btorolo 6B10 w·ith 12B 

bytes. Address decoding is provided by the 7~45 decoder chip. Again lirrlited 

address decodinc is used, The 6505 has only 12 a9dress ~ins, and thus it can 

address only 4K bytes; but this capacity ts vcry adecuate. for rost systern. The 

650X . - .. ' senes frorn HJS •echnolo2)' rese~:bles the tl5800. In sone cases, a conslder-
r ~ , . 

able simplification of the interf'acin¡; requir~nt5_ has been achieved, Uote 

that a very simple'clock circuit is used and UJ3t thc chip selecto!' :nemory or 

I/0 occur.s with phasc two of the clock. The syste"l sho>m is probably the least 

expensive microprocessor system that can be asser..bled, It fits on wirirtl'strips 

such as the Super-Strip and co:;ts less than $30 is single quantities. 

Restart Locations 

Upon a RESe!' signal, the program counter of, a proccssor is sct toa specif-
• 

state. In the 8080, the PC is cleared so that it points·to location O. 
·' 

The 

first instn.:ction of the prozram mll!lt-be in that-lOC<Ition. Since the pro~raJ:I lS 
• 

stored in lt0/·1 for nonvol~ttíiiy "<ret.ains data-without powerl, thc R0!-1 is usu;~lly 
·-~ -.. ···-' 

located in the lower r:~enory locati?rnl· In the 6800, the PC is loaded with the 

contents of location FfF<: and location l'Tff,on FIESi:.í, thus the HOII in a 6800 

system is usually locatcd at the top of merrory. 'In addition, the 6800 has ad· 

dressing I!Pdes which =kes special us.:o of the l01.~st troe!Xlry locations,. and 
. --· ··-' thus 

• 
react/write memory (RA!1)'u.sually starts a location O. {F!g. 2-8). 

Tbe Data Bus 

The data bus of rost processors is e1ght bits wide; a few such as the SP . 
• ooo and the TI 9900 are sixteen bits widc . Eirht bits pe~it tne 



. . 

PROGRAM 

FFF'FL--------------
8 O 8 O SYSTEM 

' 

.. 
0000 

0100F============== 
PROGRAM 

6800 SYSTEM 

1'1&. 2-8 

. . . ' 
., '< • .. 
' 

.. \ 
20 



:::¡ 

.,resentation of aU of tne alphanll:'leric characters; a byte is a r.atural unlt 

1or corm.mication purposes, Most 8-bit processors have 11r.1ited instruction sets 

because of the width limitation, the Z-80 pert1aps is an except1on. The 8080 

uses 2~~ of the possible 256 op cedes, the 6800 uses 195, anrl the 80~8 uses 239 

• In contrnst to the address bus, the data bus is bidirectional, t:ence <bta can 

be read fran or written into rlefllOry via the same lines. 

In a typical system, the outputs of severnl ~ry or interface chi~s are 

connected to the data bus; however, only ene device can place its contents on 

th~ bus at any riven time. Thus most ~icroprocessnr syste~ chips have ~tri-

state" or high ir.~pedan~e outputs. Unless a chlp is selected by the address 

decodin!l ¡..rocess, its outputs ~in in the off or floatin~ state and do not 'lf-

fect the output. !ihen selected, thc outputs are either the 1 or O st..,te • 

•• 
The data and address buses can drive only a limited nlJI'".ber of chips. A 

rule of thumb is that ten fa-:~ily chips ¡;¡ay be connccted wtthout buJferine. &!eh 

r~e=ry or l/0 device ;¡laces a capadtance on the bus a pemits a certain leaka¡:e 

current to t'loo.;. The addre~ anc! Cata buses m.~st be able to char<::e the prtrasi-

·tic capacitance or the wires and of the devices and must provide the le<'!GI'e 

current in arder for the ¡:.rocessor to ~o~ork al its roted spee<j, Special chips 

are available to bufTer the buses.- Intel desi¡med the B22A chip usually used 

11ith the 8080 so th.::lt it would buffer the d;~ta tus in addition to Hs other 

tasks. The d"'ta bun is the more difficult because it is bidirectional. 

Tlnlng and Clock3 

!1icroprocessor operatioo is controlled by clock (oscillator) signals. In 

sorne cases, the osdllator is oo the chip, and extemal components such a 

" 
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crystals or reststances aod capacitances can be used to set the clock l"<lte. in 

' other cases, the clock signals must be provided hy externa! sirnals. In the 

cases of tne 6800 and the 8080, this is no mean task. íhere are restrictions on 

" the voltage levels, risetines, rallt!rres, overlap, etc. \;hile the 6800 requires 

a 5 volt clock, it is not TTL compatible. The 8080 requires a hirh levcl clock 

(12 volts) and to achieve mKirun speed, a difficult tiir.inr sequence (!:Olverl by 

the 82211). 

t-licroprocessors have a variety of cloc:.: types: single phase, single p\vl.3e 

static clocks, t;.'O phase clock.::;, etc. \ie will use the twa ;¡hase elock ¡¡san 

illustration (ó800 and 650X), The sequence is quite ai_mple. Durinr phase 1 , 

address infonmtion is placed on the address bus lo select :~ome mer:lOry location 

or device. Control signals, discussed in a late~ section, are also set to es-

tabltsh a read or w~ite condition, At the end of phase 2, the contents of the 

ll'lenJry location are available to the processor in a read OO)Cration or 

cessor snould place the oppropriate code on the data bus in a ;;rite o;:.,.r:ltion. 

Tr.us phase ooe is associated with "'ddress infon:1ation and phase two with dati! 

inforuation. mese operations are illustrated in fir,. 2-o, ileiCrrinv to this 

figure and t.o our model processor, the first byte of the instruction, the o;.-

code, is rcceived at the end of phase two and direct('d into the instruction ~e-

¡:;ister wher<:! it is decoded to detemine what operi'ltion is to be perfomed. 

~ince tne decodin5 will take ~ time and since the next ~yte in menory r.ay he 

needed, that second byte is fetched in the next cycle. At the end of phase two 

of the second cycle, the next byte is available and Um oyeretion is now decod-

ed. If only ane byte is required for the instn.~ction, the processor discards 

the second byte and executes the instruction. If two bytes were required, that 

secand byte is nou available, These cases are shown in Fig. 2-10. The execu-

tion of the instruction in most processors overlaps the fetchin~ of the next 



01 

02 

FETCH 

ADORESS VAUD 

OECOt.ll:. ANO EXECUTE 

ADDREs:I:>( oP cooE ADDREss .._ .X. ? OP, coDE, ADDRESS + r X NEXT ADD.RESS 

DATA 

rooo roor 

4F 

----------~~P~~------~< ~~--~---
OP C6ÓE 

• 

• 

. 
ONE BYTE INSTRUCTION 

(CLEAR ACCUMULATOR) 

Fig. 2-9 

OF NEXT INST 

DISCARDED ANO 

-FETCHED AGAIN 

' 

' 

• 

• • 

. - . 

.. . 

' 

• N 
~ 

• 



01 

02 

FETCH 

AOD~ ADORES S OF OP CODE X ACORES S OF OP CODE 1 X NEXT lf\ISTRUCTIQIII 

1001 1002 1003 

OPERAN O 

2 BYTE INSTRUCTION 
(· AOO 6 TO ACCB ) ' 

Fig. 2-10 

' N 

~ 



instruction; the obviously save t~ and is called "plpelining". All of the 

ecoding of the op-code and execution of an instruction reauires operation~ 

between internal registers in the proeessor. The nonoverlapping two pM.se clocl< 

provide:~ four "edges" (rising and f'alling tran.sitions) that clock or toggle 

these interna! register.:~ in addition to other timbll'; tasks. If or.ly a sir:2;1e 

phase clock is used, mre clock cycles will be required to provide the "ec!ges", 

An example is shc:lwn 1n Fig. 2-11 for the Intel 8085. Here, the data bus arld the 

' lower byte bus share the :s.amc pins, 

sent o;.i fir3t and must by latched using the AlE as the enabling pulse on D-type 

latches. Later, the data flows in or out of the processor in the nc~l ~nner, 

While this may see<n Cl$bersome, the cccnplete 8C85 systa:!l 19 !t".J::h sbple,. than a 

corre.:sponding &l80 system. 

The 68o0 and 650X microproce:'3801"3 havc the very simple tw phase clocks 

The 8080 also has a t;oo phase clock, but Hs operations are 

very much roore canplicated. A ~rore or less complete discussion is tncluded in 

Appendix A. 

The clock rate alone is not an indicatúm of' the speed of' ;:, proce,.soP. It 

is t'rcquently and incorrcctly stnted that the 8080 is twice as fast a.s the 6800 

becau.se the f'or:Der·.s clock rate 1.9 twice as fast as the latter's. In fllct, the 

BoBo requires oore clock cycles to aCCOCilplbh the 9M.ll! task, and the tWo proccs-

/ son~ have ~ry slr.Jilar specds. 3 Of cou.:Se, for a gtven p~:\SOr, a higher 

clock rate yieldb raster execution. 

3. Clock rates are only one of many characteristlcs that are incorrectly 
<:ompared even in the most recent literature. 

'· ' 
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The rmxlr'llum clock rate is limite<! by propaeBtion dclays, access tie>es,· 

other factorz within the proces.sor. The slowest rate at which the proces.sor 

will opera te depends upon the type of sto~r.e in the interna! · re~isters; vi~. 

:<~tatic or dynamlc. In dynamic storap:e, thc tnrcnnatton is stored on caracitors 

which will eventually discharp:e unless the infonnation is rcfreshed. í'hu:<~ thc 

l'linimum clock rate depends upon the rntc of discharge. The slowest specif1e<1 

clock ratc for the 6800 is lOOKH~. · At room temperature where the le-:Ikage i."l f\Ot. 

particularly large, a 6505 can be operated at 5 KHZ befare it CE".ases operaticon. 

The 6080 al:so has dyr.anic :<~torage, and its details are included in App. A • 

• 
for static storage (the associated.clock is somettmes called a ftstatic 

clock") the clock may be slowed as much as·desired. The RCA ffi.<;¡.JAC (18o2) ha:~ a 

static clock and thu3 may be !!ingle stepped usinp: a debounced switch. Stat.ic 

and dynai'Jic storage in thc intemal reglstcrs 1s, or cour:se, similar to ti'\é 

:~Latic and dynamic memory dlscussed in Chp. 3. 

Fimlly, some procesoors provide synchront~ing or state 3l@Th1ls that may 00 

used for the control of peripherals or for interfacing. Thc 1:1080, for instance 

uses a "synch" signal; the RCA OJS<IAC state sirnab, >md the 6800 has a W11A 

(valid rrEm.Jry address) signal. As discu3Sed eaUer, s001e processor:~ do not have 

sixteen address plns, but time multlplcx the address info~tion or 5hare th~ 

addres::. bus w1th the data bus. In this case, the sixteen address bits 11rc sent 

out in two bytes, and ene of the byte3 will have to be latchcd or helrl by exter-

n~l circuitry. A timing signal for the latch ha9 to be provided such as the ALE 

on thc 8085. 
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Coatrol Bus 

!be last group of signals include read wrlte lines, the ready or hold 

11nes, R!::SET itlput, HALT, <~nd IRQ, the interMJpt request. 'fuese are often 

grouped together, !be l'lmlber of suc:h lii'IE':I and their .speclal features vary 

widely trom proee.s$0r to proce.s.sor. The interrupt reat.ure b dt=sed in the 

next chapter. The Halt. Line perfonns the obvious actioo of stopplng the p~es

sor. A temporary halt !!DY be used in sone proce.ssor:s (e,g. the 6800) ::~o that 

another devlce suc:h as a direct mem:>ry access device (DMA) may control the 

mem::lry or I/0, In other processor3, a HOLD .signa! cau~s the procesoor- to enter 
• 

a waiting state and to release t.o tus to sane other devtces. Scac of the3e 

features are di::~cussed later in the next chapters, 

The read and wrlte .!lignab ?all 1nto two groups. In the 6800 and 550X 

:series, one single R/\1 contains both :ügnals, and the convention is that the 

REA.II üs high or 1 and the write is low or o. This can lead to problem!! as dill-

cussed below. In the BOBo and the c:osMAC and other pi"'(:e-"0~,3 the read and 

write si&nab are separate. For instance, the 8080 has a meuory read and memory 

write lines that are inactive when they are high or 1. When a read or a write 

operation i.s desired, one of tfM; lines goes low to signal the memory that a read 

ora '"rite operation is occurring. See Fig. 2-12 • 

A question of 1nterest to =.st designen~ is, What i.s on the varlous buses? 

The oBilufacturers naw provide that infonnation, and the differences between pro

ce5sonl is very interesttng. The 8080 is discussed in an appendix, and we will 

simply state that 1t puts nothing on the bus that shouldn't be there. In the 

6800, depend!og upon the operatioo, inappropriate 1nformat1on may be on the 

\ 
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address or data bus. Fortunately, a read operation nonnally occurs is sueh cases 

and that data is simply ignored, Hotorola further provide::~ a VHA signal (valid 

memory address) that is :~up~ to enable the rnemory and I/0 regist.er.s. VHA b 

never asserted unless a valid ...emry h on the address bus, 'nle 650X ser!~ lla.:l 

very similar propertie:~. Cycle by cycle descriptiorlS are shown in Fig. 2-1]. \ 

Kza•~aatioa or a Proceaao~ in Detall 

In thb section we will examine the in.struction set of the · 6800 proces.'!oor 

and the detaib or 1ts operation. This pn>..."eSSOr, a$ part Of the Hotorola 

Evaluation Kit II will be used in the tutorial. The designers of the 6600 ini-

tially at.tempted to produce a nlicroproce=r with the same lnstroction 3Ct as 

the PDP-11 minicomput.er; however the processor could not be realized on a single 

chip and nDrketing lndicat.ed that a two chip processor would not 5ell well. 1be 

final product does strongly resemble the PDP-11 (albeit 8-bil:5) and 1:5 perhaps 
o 

the easie:~t microproce.sso!"' t.o progi"3.Pl. Like the PDP-11 lllini, the 5800 u.ses 

mer:Qr-y mapped I/0; that is, it ha.s no .separat.e 1/0 in.stNctions. ~s any in-

.struction.s that apply to memory Ioeations can be applied to the I/0 regi.sters. 

The 1ntemal register-s in the 5800 &!"'!! .shown in Fig. 2-14. The two accumu-

lato!"'S, the index registe!"', the ::~tack pointe!"', and the progZ<II!I eounte,.. are ver-y 

conventional regüste!"'.s. The 5800, lU<e al=:~t every othe!"' pi'OCeSSO!"', U a :~in-

gle operond II'Bchine: all a!"'ithlnetic, logical, and data tron.sre,.. imstruction.:s 

1110ve th!"'ough the a~~m.~lator-s and only one operand 1ll manipulated at a til!>e. 

The 68oo i.s C33Y to program becau:se it has a reasoo.able in.:stn>etion aet and 

1t has good !Jlllllbe!"' of addr-e.s:ling mde.s. The mode.s include the J.moodiate mode, 

the absolute mode (two t"onM), a true index. n:x!e, and the registe!"' mode. 
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CICLE - BY- CYCLE OPERATION 

EXTENDED ADDRESS!NG: 

ADD @#XXXX 

ADDRESS BUS 

Op codo addroea 1 
OD codo addroea+1 1 
Op codo addroeeTZ 1 
Addrees of operand 1 

DATA BUS 

Op code 
Address of operand (hish byt&) 
Address o! operand (loe byte) 
Operand data 

DEC a#XXXX 

" 
Al!DRESS BUS 

Op code ad.dress 1 
Op coda address+l 1 
Op coda addreas..-2:, 1 
Address of operand 1 
Addrasa of operand 1 
Addreee of operand O 

DATA 805 

Op coda 
Addrass of operand (high byte) 
Address o! operand (loe byte) 
Current Operand data 
Irrelevant data (note) 
New O~rand data. 

note: It VHA 1e uaed to enable memory, 
then VMA rtll be O during this 
~Ycle and the data bus will depend 
on capacit1Ye decay. 

Fig. 2-13 
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(~btorola 's narr.es for these mode9 an:o not standard names.) ConditicMl branches 

use the relative mode. These rrodes are SUTJ113rized in the follOio'ing. 

lomediate II>Ode: In the ~late mode, the operand 13 stored in the location 

following the op-code, For exarnple coostder the instruction which adds the 

number S to acc~lator A: 

AOO #5, ACCA 

Thi:s Ol<lUld be assembled in the following fom: 

ADD D'j 1 ACCA " ()'j 

(op-C'Ode) 

(data) 

Extended and Direet Hodes: The I!IXIes are really absolute addresstn~~: modes, 

1 .e., the absolute or r'JO.roerical address of the operand is given in the follow

ing byte or bytes. In the extended 17lX!e, the specific add11ss of the rnc:rory lo

cation or I/0 register 1.5 given in the rollowing two bytes (the t'Ull sixteen li!d

dress bits), the high arder byte fil"3t. For mernory locations with addresses 

less than 256, the dire<:t addressing rrode may also be u:red. !!ere, onlr one 

byte, spccit'ying one of the first 256 locations ts u.sed. This direct roode per

mita fa.ster executing and, or course, .saves ~ry locations. An example 1~ a 

load u,e accurulator with the contenta or a lni:!I!Of'Y locatioo: 

LDA (JI 167A 
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This instruction loads the acc\6Tk.!l<~lor wlth the contenta of location 167A fr¡e)[

adecimal), and would be asserUlled: 

LDA @1167A B6 

16 

{op-code) 

7A (low byte or addre~) 

The 6800 has an index registe!" which may be used to located the operands. This 

addressing =de u3e3 an offset following the op-c:ode to specify how many ti!."les 

the inéex register IWst be increroented to point to the addre= of the operand. 

Thito ende is especially 113eful When dealing with t.ables. Although SOITle mi

croproces.sors are said to Mve an index register, they have in fact ooly a 

po!nter register; one that points to a IOOII>:ll""/ locat1on only and h.'UI oo proviston 

for an U!dex or offset. The 6800 ha.s a true inde~~: register. For eJCa!rille, if 

the index register ts currently pointing to location 8008, and one w1shes to 

clear location 800A, ooe can use the following: 

Cl.R 2(X) 

Which 1:1 as3elllbled, 

ci.R 6F 

"' 
(clear index mode) 

(index or offset) 

The "impUed" rrode or more corm:only the register mode 1s used llhen ooe wishes to 

deal wtth one of the lnternal registers: the accurt~Jlators, the index or stack 
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being executed, 

• 

\ 

•• 



-::F.O-

pointer registers, or the eondition cOOe é"'eehter. 

Finally the relative mode is used for tl"e branc:h COI'TIIands and COn.'lists of addine 

the seco11d byte of the instruction to t.-.e progran counter to divert the progra."' 

eJ<ecution to another part of the prograa:.. Thc second byte is a 2"s complements 

number, meaolng that the eontents of the program counter may be increased or de

creased. An exarnple is a brnnch rran tl".e current location hack to a previOU3 

il'l!ltn.Jction, often in a loop. For insta."lCe, one may wish to test the ::~tate of a 

process by testing a done bit. If the done bit 1s the most sl.gnificant bit of a 

register then the register"s content::~ are a negative numher when the done bit is 

set {=1), We suppose that the register ts located at 8oo8 (heJ<). 

LOOP: TST @18008 

JJPC 1.001' 

Thus unle::~s t.he done bit 15 set, the loop test the contents of 8008 and branches 

back for another test. This would be as:~el:lbled: 

LOOP: 70 (test) 

80 

08 (the adC.~!Is) 

" (BPL., bl""~ of plu.:J) 

" (2"s coc;::ement of -5) 

t<ote the one branche::. back -5 becau!le ~ program counter wU 1 point to the lo

eation following the off:~et of the !Mr:ch cocmand while the brnnch co:rmand ts 



-38-

The instruction set 1s displayed on the followine par.os _and are crouped accor'd-

ing to the1r furlction. Not all of the instructions may use all of the tlddN'ss

ing rmdes; for example the clear (C.R) instruction cannot use the direct. ad-

dressing mode but must use the extended addressing mode. 

Data Handling Instn.tctions 

Furiction linem::>nie Operation 

Load acC\ml, LDAA,LDAB M ->A, H ->B 

Pu3h data PSHA,PSHB A -> stack 
B -> otaok 

Pull data PULA,PULB stack ->A 
stack ->B 

Store acC\111, STAA,STAB A ->H, B->11 

Transfer accum. TAB,TBA A ->B, B ->A 



·39· 

"'"' Handling Instructions II 

Funclioo Mnemonlc 

Clear Clii,CLHA,a.RB 

Decrement DEC, DECA, DE:CB 

Inere.nent INC,IIJCA,INCB 

Negate Nill,NEGA,NOOB 
z·s complement 

COrnpleMent ( 1 • 5 ) OOi, o::ttA, COMB 

Data Handling Instruction III 

function 

Rota te left 

ilota te ritht 

Arithmetic 
shift left 

Aritl""metic 
shift right 

Loa;ic shift 
right 

A - Acc~lator A 
B - Ace~n.Jlator B 
M - ~lemory location 
e -carry bit 

bO bit o 
b1-bit7 

:!nemonic 

HOL, HOLA ,IIOLB 

ROII,RORA,RORB 

ASL,ASLA,ASLB 

ASR, ASRA, ASRB 

¡_<;f!, L.SRA, LSRB 

O¡)eralioo .. 
QO->M, A, B 

H 1 ->M 
A 1 ->A 
B 1 ->B 

H • 1 ->M 
A • 1 -1 A 
B • 1 _, B 

-!-1,-A,-fl 

.. 
H, A, B 

Operalion 

e ->bO, " ->o 

"" ->e, e ->b7 

b1 ->e, D->bO 

b7 ->b7, bO->c 

o ->b7, bD->c 
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Arithmetic Instructions 

Functioo Hnemonic Operation 

Add ADDA,ADDB A • H -> A 
B • " -> B 

Subtract SUSA,SUBB A " 
_, A 

B H -> B 

Add with carry ADCA,AOCB A • H H ->A • B • M • ' ->B 

Subtract with SBCA,.SBCB A -'M ' 
_, A 

mry B H ' 
_, B 

ADV accuaulators I.JlA A • B ->< 

Subtract acclll3. S!lA A B -> A 

Logtc lnstruction:s 

' function , 11nemonic 0perat1on 

AND" AJIDA, AUDD A M 
_, 

A 
B H 

_, 
B 

Exclusive OR EXlRA,DJRB A H 
_, 

A 
B M' _, 

B 

Inclusive OR ORA ,OHB A . " ->A 
D ., ->B 

+ - plus or Oil 

• 



' '1 ~¡ 

-41-

Conditional Branch and J¡np Instructions 
-' 

Function 1Tlemon1c Condition 

Branch always BHA ~· 
Branch 1f ' ,.ro '"' z ' ' • 
llranch 1f ' ,.ro BNE z ' o 

J:!ranch if plus BPL N ' o 

Oranch 1f carry "' - BCS e "'. 1 

• 
Br.anch to subroutine BSR 

Jun:p 

No operation "" 
This is a partial list. of t.he branch and jl..lllp CO'Dl'C'lnds; SOI:Ie depend upon the 

bits 1IJ the condition code register lo'hich are sunr.:arizcd below: 

Bit no, Coodttion COde 

o e carry - borrow 

' ' overflow 

2 z ,.ro 

3 N negative 

4 I interrupt rnok 

5 H half carry ( for dee, arith,) 



\ 
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Cbapter 3 HEHORIES - RAM A•D ROH 

Semiconductor memory development preceded that of rr.tcroproce:~sor develcp-

r.1ent and is equally important. SOOn after the announcement of the fif'3t mi• 

croprocessor, it was facetiously stated that the c-omponents !"Bnufaeturer-..> 

developed - r:'licros so that they eould sell merory! In fact, th~ cost of the 

mernory usually exceeds the cost of the microprocessor in a typical systcn. ln 

thb chapter, ve will discuss read-only-menory, read/write memory, ex:unine a 

sim¡:¡le mP.rOClry systen, ;.nd discus::s direct metDory access (CHA). 

Read Only Heaory; ROH 

A r:ücroproce5sor's Pl"Q!';r"al':l is usually st.ored in 110!-t since ROO is non
/ 

volatile; that is, it retains its contents without applied power. In prototype 

or evaluation systems, the progra¡:¡ rny be temporarily stored in read/wrlte 

merrory for easy testing and editing, and then the program r:ay be =v.xt to ROM. 

Electrically alterable ROM is also useful for systc~ where the ROM will be used 

in SIIDll quantitics or whcre the program .,ay be modified D.!"'in. The well known 

1702 uses a p-MOS technology~ and contains 256 bytes. Hecently the 2708, an n-

channel HuM, h:1s bec<me available. It contains lK hytes and is much easier to 

program than the 1702. Each of these HOMs is ultraviolet erasable and can be 

reprogrammed in an appropriate device external to the microprocessor syste~ in 

which it will ultimately be used, This process take~'at Jeast 15 to 20 ~inutes 

including the erasure. Once programmed, the ROM chip is placed in the micropro-

cessor sy.stem, If a large number of identical Rw.s are to be used for f'<lny 

~. p-~'OS and n-t-OS refer to p-ch:mnel iiOd n-channel ~letal Oxide Sl.."l!!icon
ductor transistors used in the memories. 



• 

-43-

identical systems, mas)( prograr.rned I!CJtols are available from a nu:llber of 1"3nllfac

turers which are pin for pin compatible with the erasable Ra1s. Even lare;er 

capacity 11ask program:Jed fl()1s are available; e.g. the Intel 8316A with 16K 

bytes. Other types of progra!!JIIable ROMs include fusible link ROMs in which a 

nichrane or silicon link is bl.lrned opened to store a 1 or O in the corresponding 

bit locattoo. Fusible link ROMs are usually bipolar hence 1'11Ch fal!lter thar'l the 

MaS HOMs; but they are les:s practica! since the raster speed is not necessary , 

they can be progranrned only once, and the chip capacities are smaller, Intel, 

1i0S Technology and others have ccnblned ROHs and I/0 circuits on the same chiPs. 

This helps to lllinimi:;:e the chip count for the system. SOrne of the ROM:~ are 

reprogracrnable. The ultJJ.late chip is the 8748, a member of the the MCS..ll8 fa:ni

ly of Intel, which conta111!1 the processor, erasable ROM, read/write memory, 

lnterval/event timer, and copious I/0. 

,, 
In addition to pro{.'ram storage: ROM can store tables of data, codes, moni-

tor programa, assembler3, editors, etc, In evaluation kits and development sys

tems, monitor programs assist the user in writing, editing, and executinr: pro-

gra.ms. 

Actunlly, ROiis are randan access rncmory (RAM), rut "RAM" is usually, 

reserved for read/wri te memory. Developments in RAM ha ve proceeded as teast as 

fast as microprocessor development. Hemory chips with 16 K by ene bit organiza

tion.:~ are available; eight .such chips -..:>uld provide 16k bytes, In microproces-

sor systems, RAM is usually used ror data storae;e, however the program rm.Y be 

stored in and executed fron RAM. RAM is volatile, and thus requires battery 

baclrup if a power loss occurs. Hany microproccssor syster:lS require only a .small 
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, arrount of HA11 arn:l thus eomponent rnnufacturers have providP.d organiz.atlon:J 
' 

' ' . 

thé..t 

minimize lhe numt>er of chiP"• 1\lo example are shc\.m In Fig. 3-1. The first ls 

a Hotorola 6810 with 128 bytes, and lhe second 1s an Intel 2111 with 256 11-blt 

nibbles. 1\lo 2111 would provide 256 bytes. Larger ~ts of r:lelll:l!")' rny be ob

tained using 2102's (lK by 1 bit). For very large nemory syst~, larger cara-

city chips such as the 2107 (l!K by 1 bit) and the newer lK by llbits st.atic 

me=ry by Intel are also available. 

Dyna•ie and Statie RAN 

Some of the larger capacity chips such as the 2107 have dynamic storage of 

bit.'!. That is, tht:. bits are stoN:Od on cap:u~itors fabricated directly oo the 

chip using the MOS technology. Since thP. data will eventually leak a.ay, it is 

necesssary to detect the state of the bit befare it 19 changed and restare ttle 

charge to the initial st.ate: refreshing. 1be refreshing is acconplished u.!linr. 

additional circuitry which addresse.!l the chip and perfonns re<~d operatio:Js oo 

each location. Ccunter and timing circuit.!l are needed to ensure that aU loca

tions (actually all colllfnll.S in the array) are refreshed and to avoid confltct 

with processor access. Normally, the proces~r opcratton must be delayed or 

held in a state and be disconnected fram the address bus to avoid conflicts. A 

refrcsh of each location must be done every 2 millsec. and thus the processor 

operation lrBY be slowed by as much a:~ 3J. The complP.dty or the refresh circuit 

does not .increase with mc~ry size, and thus dynamic memory is not the burden 

that one mighl think. In addiUon, dyna'llic mcrrory uses less ener¡>;y t.llan static 

' and is t.herefore more practica! for battery backup. Fin2lly, nearly all the 

very large capacity RAM.s are dyna:nic, hence they are ..:;re 3Uitable for large 

riterrory systems. 
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The smaller capacity RAI'b are static. Here the bit data is stored cr:; 

flip-flops and t.he data will retlllin so long as po1.'er is applied. Power-down op

tions are available which ~ve power when the ITiefllOI"')' 1s not accessed by the pro

ces$0r. Static mem::Jry is easier t.o use than dynamic and is the ot>vious choie<:> 

for amall RA11 syst~. 

Recall that mi<::!"OproceS$0r t.!r.il.ng 1s controlled bY clock cycles. When t.he 

processor acce!lses l!leiOC>ry, it sends out address informa.t.ion for chip selectioo 

alld for byte location wit.h1n a chip{ e). At the end of phase t.wo in our earlier 

e""-'l~Ple in Gnp. 2, the processor expect.s valid data. Thus the memory must ~ 

fa&t enough t.o yield valid infonnation. The time t>etween the application of 

val id address and t.he data valid state is called t.he "accees time" and must at 

least rntch that of the the processor. ShC>olll in Fig. 3-2 are the timing data 

for a 2111, Note also that the chip 11elect may occur after the address is ap

plied. Usually the address 1nfonnation is involved in a chip select, but the 

phase two clock may also be involved in chip select. Thu11 a second time, thc 

"chip enable t.o output" time 111 also irnportant. Typical time11 are shown in the 

figure and in thc associated table, Other times are included for complctencl!s. 

Extremely fast ~nemory, raster than ~00 nsec would be a wasted expense for 100st 

11ystern:J, 

Shown in Fig. 3-3 is a simple eystern using one ROM and two 2111 ~. :.w 

me~D?ry is connected to an 8080 bu!! and sane address decoding 1s acc=;>ltshed t>y 
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1 WRITE CYCLE 1 
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TIMING DATA FORTHE8111 RAM 

Min. M~. 

trcy Read Cycle 850 nsec, 

'• Access ti!liO 850 

~e o Chip enable tn 550 
output 

twcy Wri te Cycle 850 nsec, 

'·· Wri te delay 150 

t" Chip enable tn 750 
output 

• 

Fig. 3-2c 
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the 8205 chip which supplies a low on one of its outputs acoording to the in?Ut 

pattern, That low selects the appropriate chip or chips. for this systern, the 

ROM locations start at 0000 and the 256 bits of RAM start at ~000. 

plete system drawings can be found'in the app<'!ndices of the Intel SDK-130 1-i•mu.al. 

Dlreet He•ory Access 

• 
Direct Memory Access {DMA) is related to input/output. and thus could be 

discussed 1n the following chapter as well. Under programmed 1/0, a suhstar.tial 

time (at least several microsecom!s) are required for data transfers to rnernry; 

f'urther, tite processor r.J..~St be QeCicated to the I/0 process, In many applic;;

tiorw, !'ast transfer of la.rge a:oounts of data to memory are req<:ired, It rmy be 

that the data generation l"ate of the process 1s intierently fast or it rr.ay be 

desired to tl"'lnsfer the ·data so that the processor 1s not 
' .. tied up or held 1n ' 

waiting state for- long time_,, .\n excellent discussion of varioo.ls techniques can 

be found in t-totorola's ApplicatioM !-~anual fcr the 68oo. There are direct tech-

nique.s where the processor is halted or held in a waiting state so that the ad

dres_, and data line:s are not contrólled by the processor. ,An extemal circuit 

or device then can take diroot control of the buses and depesit the data in 

menory. The 8o80 has a HOLD signal input that accomplishes just that task, The 

6800 is only slightly uore complicated in its HALT state. In both, the '"emory 

may be wl"itten fast as the cycle time of thc meroory pemits (one applicathm 

where fast RAH 1s u.sefUl). This scherne does not require complex hardware. 

Another techniques use.s "cycle .stealing" which does not require a coo:plete shut-

down of the processor or c001plex circuitry. However, the data tran.,fer rate.s 

are correapondingly less. An unus-..al s.chl!h,e involving the 68oo i.s "'IMJltipleJ<ed 

DMA" and is illustl"'lled in Fig, 3-4. This sch~ is pos.sible because of thc 

simple, sy¡metrical clock timiilg of the 6Boo. These techniques are S\.ll'l'nrhcd 
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in lhe associated table. 

Applieations for DMA toelude disk interfaces 'Rhere data tran.:~fer in b!ock!l 

at high speeds ts required and a variety of C:lta acquisitioo systecl::l. One ex."'U'l-

ple i.:~ a transient recol"der in which the digital data is stored directly in the 

' RAH and then the processor "slO'olly" displays an or parts of the pulse under 

prograrn control. Har&lired !lystern.s cost up to $10,000; but a micropr'CCe!l!IOr 

:~ystem could reo:luce much of the cost and provide additional.fe.atures, 

Drill can also be accom¡>~ished by sane of the prog!<l!T'I<Ible chips rliscussed in 

the next chapter; however, the data r-ate:3 are not as high ¡u those in which the 

processor is halted or held in a HOLD state. 

' 

\ 

' 

: 
1 
1 
' 
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DMA 7tx:Hl/IQUES 

Tec.'mique l!axilrum Data Rate 

Hal t Processor 1 byte/microsee. 

Cycle Steal 1 byte/2.5 r:~icrosec. 

!-t;ltiplexed 01-IA 1 byte/1.2 micro.sec. 

Software (PIA) 1 byllf14 microsec. 

Notes: 

HPU prograr:1 

Execution 

Hardware 

Cor:lplexity 

lcycle/5 clcrosec. 1-lediwn 

lcycle/1.2 microsec. Hiehest 

Dedtcated to 

Aquisition 

Lowest 

These examples hold for the 6800 processor and are describcd in 

Hotorola's Applications Manual. The DMA rate for the Halt case 

is limited by memory speed, 

CHAPTER 4 

PROGBAMMADLE MICROPROCESSOR SISTEM CHIPS - I•PUT/OUTPUT 

W"nen microproces~r.l first becamc available, the input and output circuits 

has to be deisgned using SSI logic, Not only was this task time consuming, but 

the ..,::1ber of chips in the systeM increascd a ereat !leal. llotorola, and later 

1 
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Intel ~d others, eased these problema by providing LSI r.hips to h2ndlc I/0, 

Recently, addit.ional LSI chips h<wo beeome 2vailable tmt augr:¡ent tho 

processor • s capabilities in other ways. Alrnost all of 
• 

these ne1-1er enlp~ ·~ 
prograrrrnable, •od thus they can be configured to suit a given t.ask, St.and<1rd 

rnicroprocessor systetnS can therefore be fabricated for a number of" appli~tion~ 

thereby ~ducing production and docu:nentation costs. Intel, Motor-ola, ar-e t.""i!llY 

other rnnufacturers have produced a nu:,ber of syst= that can be prcgri111JTlC'd by 

the user for various ta~ks. The S0/10 and S0/20 systc:l".s of Intel are good ex

amples, These system3 contain a variety of l/0 circuits in addition to the 

processor and memory, and they can be expanded te include additional met:JOry and 

I/0. These S1!1all sy.:~ter..s are particularly useful for applications where only a 

fe;~ systems are required. For applications that require a lare:er Ol.r.lber of pro

cessors, several r.:anufacuter.:~ will provide cust<:n designs, ;.'hether a deSili>]er 

e haos es tnese systems or use:~ one of his own, he will encounter these prof:ra.-.:J-

able chips. 

In this chapter, we will discuss basie input/output"chip, and.then examine 

scme specific exanples of parall•"ll and scril'll I/0, Interrupt progral'"flling, in

cluding priority internupt schemes will thcn be discussed and illu.:~trated. fi-

nally other programmable chips will be surveyed, 

Baste Iaput/Output 

Progra=ble chips r:ray be descibed u51ng the rroclel sho.m in Fig, ~-1, llot 

all of the reg1sters are found in every chip; sorne co~bine the registers, others 
' 

=Y sir.t:¡ly lack ooe or =re of the registers. The chip is progra;ncd by depo-

siting the appropriate number in the control register. The control register =Y 

appear as a Glel!IOry location to the processor (nenory rrapped I/0) or as one oJ" 
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• 

1 1 1 1 1 1 1 1 CONTROL 

1 1 1 1 1 1 1 1 STATUS 

1 1 1 1 1 1 1 1 
INPUT 

1 1 1 1 1 1 1 1 OUTPUT 

o 

1 1 1 1 1 1 1 CONTROL 

' 1 1 1 1 1 1 1 1 PORTA 

1 1 1 1 1 1 1 1 
PORT B 

n 1 1 1 1 1 1 
PORT C 

Fit. 4-1 



-58-

'he l/V registers (isolated I/0). The contents of the control register deter

mine the roles that the other register can play. The contents may speciry which 

register is an input register or an output register; they may enable or disable 

interrupt requests froro the chip; or tlley may specify the type or input (e,g, 

latching with h.1ndshaking) or output (.synchronous or asyTlchronous). 

One of the roore interesting examples is Intel's R255 Programnble Peri

pheral Interface (PPIJ5 shown in Fig. ~-2. This device contains no :o~tatus re-

gister. The four interna! registers are selected by the two lines connected to 

the addre:o~s bits AO and Al. The control register is "writc only"; thal is, it 

cannot be reacl by the processor. On reset, all or the registers are cleared, 

The chip n:ay be opcrated in three rrOOes. Modc O is called ba."Jic input and out

pul. In ttüs =ele, ports A and B may be either input or outpUt ports. Port C 

·"' split and either half may be an input or output. In this conf!.guration, the 

output lines will hold or latch the data in the output registers, and the input 

regbter·s will reflect the state of the input 11ne.!l. Further, any of the eight 

bits of part C may be individually set or reset using a single output in.struc

tion ..tlich writes into the control register. The control register b twwever 

not peroanently modified by a bit set/reset operation. Details of the control 

register operation are ."Jhown in Fig. 4-3. 

reyboa~d Encodlng - an lppllcatlon Eiaople 

A simple scheroe for encoding an array of switches usinr, the 8255 is shown 

in Fig. 4-ll, Of course, keyboard."J rmy be pUrChased with LSI encoder chips, how

ever, encoding by the microprocessor may reduce the cost of the total systCI!l. 

5. I don't CBke up thcse naoos, 1 just use them. 
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!lis 1.s very practical if the proeessor will frequently be waiting for an tnput 

from the keyboard anyway, and if the extra software does not require additional 

menory chips thus cancelling the saving of the encoder chip. SCine of the simple 

evaluation kits such as the KIM-1 and the M68oOD2 use this scheme. In this ap

plication, a pattern of 1 's anda O wUl be applied f!"'CCl the A port, and 1f a 

key is closed in the l"''W in which the O 13 applied, one of the port B inputs 

will be pulled low. If no switches are clo.sed, the inputs to port. 8 will all be 

high (+5 volts). The processor, under program control, thus shifts or rotate:s 

the single O among the port A outputs and checks the state of the B input. When 

a low 1s found at the input, the proce.ssor can use the state.s of port A and B to 

detennine which key was closed. F'or exarnple. the proce.ssor can use the B input 

data and the A output data tó constNct an atldress in a table stored in meo::n•y 

and rind the corre.sponding ASCII character. An outline of the SOBO code i.s 

hown in Fig. 4-5. 

' 

1 
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8080 OODE FOR SJlll'Ol DECODING 

In the follwing, it is assurned that the 8255 regi5ters have .the 
addresses: Port A: F'4; Port B: F5; Port C: F6; 
Control Register: F7. 

A progrWn fragment is shown; the cocnplete program would be too 
car!plicated to be showtl hcre. 

HVI A, t82 
OUTF7 

HVI A, #f'E 
OUT F4 
IN F5 
XRI IF'F 
JNZ HIT 

• 
• 
• 
• 

; load accum with 82 
;initialize the control register, 
Port A, bits D-3 outputs, Port B input, 
Port C incidentally set as input 

;Put zero in bit O of Port A 
¡read Port B 
; 1"s COIT!plE!!:Ier'rt the accum. 
;Hit b the routine for the table lookup 
If zero, no kcy was closed, and the 
zero bit of Port A should be shit'ted 

Fig. 4-5 

b ... 
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Latebed Inputs and Handsbaklng -Anotber.Mode 

In sc:me applications, it is necessary to-latch inpUt data since the data 

may be valid only for a short time. Usually :JO!Il!! timing signal or "strobc" is 

available to indicate when the data are va11d. The processor may be occupied 

with sorne task which cannot be interropted or the data Vlllid dstate may be too 

short for the processor to capture the data; 'l'he 8255 m..'ly be used in mode 1 as 

shown in fig. tl-6 for these cas~, (If the processor is not other-..ise occupied 

and if the data valid state exists for at least several microseconds, the pro-

cessor can check the state of the strobe input and capture the.data easily in 

mode O of the previous sectioo.) In the latched input case of f'ig. 4-6, the 

strobe signal loads the data into the input latch. Suhsequently the gz55 i:9sue 

'the input buffer f\lll (IBF) signal. If the interropt enable 1s ~~et using 

bit sct of pin 4 of port e, an interrupt request will be generated on pin 3 of 

port. c. The strobe and the lBF constitute the handshaking; the IBF signal 1s 

useful ror indicating to the inputting"device that the data has not been read by 

the processor, IJhen the CO!ltei1ts of portA are read, the IBF signal is ~set, 

Port A and port B ""'Y both be operaled in this mode. Another use of tbde 1 is 

strobed output, Here data are placed at ,the output of A or B and an output 

bufrer f\111 (OBF) signa! is issued by the 8255. When the output dcvice connect

ed to the 8255 accepts the data, it should is:sue an acknowledge signa! that can 

in tum generate an interrupt reque:~t. (lnterrupts are dbcussed later in this 

chapter. l 

The 8255 can be operated in :~till another mde which can provide :synchro

nous input or output. Details can be found in the 8080 Hicf"IOComputer System5 

User's M.:mual. In sumnary, the 8255 provides 211 input or output Unes and can 

, 

1 
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be operated in a n=ber of modes. 

There are a OU'IIber of other chips t'ro:!l Intel and other nanufacture~j th."'.t 
~' 

re3emble the 8255. With the new 8o85, an 8155 has been nnde available which has 

many of the 8255 rea'turi.;::tWo 8:_-bit:A")anct B·~ts, .6-bitA'CAJ)ort, basic and 
1 ¡ 1 1 111111!1 

strobed inputlootput~- Iwaddition,-it-ha.s a-111-bit-binary.down.counter,.and 256 
' 1 

bytes of RAM, andlmafbe-interfaced with the 8080. r::::::O);J 
1 =¡;·':_J 1 ~~ 

Data D.lrectlon lee;l3t.e~s 1 

1 
1 •-oo_ 1 
j .T~~:11~ l' lrtl!J 1 1 .J:U~¡Q ¡ 

bits may be designated"as f!ither an On sorne parallel I/0 chips, individual 

¡ .---.-,-,:::::> 
input or an output bit. One ~le is 1 - --- 1 the Motorola PIA (6820). Here the chip 

l ! 0\1 ¡ 
rnay be divided int.o two.parts,.A.and B. 

1 1 0\1)! 
E:ach side or part is very similar as 

' ' -- - 1 
shown in Fig. ~-7;-{TherA·.output-bit!l-are-standard -TIL.compatible,.tMJt the 8 

1 1 t•~·--¡Tl-. ¡vt• -}·¡ ' 1 -.--- _ ... "H . .,. ~-•-o- .. v ' 
output bits ~:~ay. souree .up to; 1· m_illla..pere, adequate f_!)!" ·.t.~...JC,ba~~dr:~~ of a 

transistor. The Intel 8255 outputs alao provide the 1ma, drive,) Although there 

are six internal regist.ers, ooly four are addressable at any time. 

direction regiaters specify which bits are outputs or inputs. A 1 in a bit of 

the data direetion register defines the correspooding extei'T1Bl Une as an out-

put; a O defines an input. The control registers define and enable the intcr-

rupt state3 and with pins RO and Rl, the register.tse_l2ct pir:.1, select the I/0 

register or the data directlon register. Specifically, it the 2nd bit of the 

control regist.er is a zero, then (RO,R1) = (0,0) selects the data directioo re

gister. lf the 2nd bit 1s one, (0,0) selects t.he I/0 regi3ter. Tile control re

gisters are always selectable. The register select is indicated in Fig. q_g, 

While cumbersaae, thi.'l scheme perrnits a pin th<lt would ordlnarily be used as 

register select, te be used for some other useful task. ~103 Technology nanufac-

tures an excellent variatioo of the PIA: the 6530. It cont.ain::~ not only the 

' ' 

1 
' 
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," j . -' . ' ... 

ItlTCri!IAL ADLlRI::SSlNG Of Thf: PIA 

óSO Control Registcr Bit 

CHA-2 ! _ CRB-2 

o ' ' 
o o ' 
' ' ' ' 
e ' '" ' 
o ' o 

' ' ' 

,.:.::!-,'~.! .'l . 

• 

Location SelectfXI 

Peripheral Register ' 
Data Direetion ?.er.ister ' 
Control RP.fl.~ter A 

Per1pheral Rer,ister B 

Data Dirs-ction ile¡::ister B 

Control Register a 

RSG anC :iSl are t.he re!;l~tcr select pins nornally connected to address 

pins AO and A 1. CRA-2 and CRB-2 are bit 2 ot' the control rep;isters. 

1: Yl 

• 
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Data Acquialtloo: Analo& to Dlsltal Coower3loo 

In this exaMple, ;;e will .consider the simple task of controllin¡¡ an A/D 

converter and st.oring the binary data in consecutive rre:JDf'Y looations. 1/ote 

that the 6800 use:~ l:leCDf'Y mapped 110, and thus the registers in the PIA are ad

dressed as memory looations. The AIO converts analog signal::~ {usually a volta!':e 

or a current) into a binary ni.J'!lber. 'Jhen the A/D 1:1 issued a CO!rm"'nd pulse {0 

te 1 to ·o), it begims the conversion. When the convers!on is finished, a ~done" 

signal is issued by the A/D. Sorne AIO"s perfonn the conversion very quickly, 

perhap.s in a few microseconds. Other may take as Ion¡>: as oilliseconds. If the 

A/D is fast and frequent conversions are requi~d, the processor w111 have to be 

devoteú to the tasks. If the A/D is slO\I, the Pr<:><;essor mny be ul'led for sane 

other task and then come back for the data or be interrupted fran the other task 

to take care or the conversion and data. In this latter case, interrupt pi'O

cessing may be useful. Here we will consider the case where the proces.sor is 

handling ooly the conversion. In Fig. 4-9, the flow ch.art and instructions for 

the 6800 are given. 

"' 

1 

1 
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6800 CO<le for the A/0 Example 

LDAA 101 

STAA (!t 8(108 

LDAA '" 
S'fAA (!" 6009 

STAA ru Booll 

lNC @118008 

DEC !!~8008 

TST 018008 

OPL OONE 

LDAA (óJ800A 

;initialize PIA, bit O an out?Ut 

; store in data direction register 

;set control register A 

;set control register B 

;pulse the comnand line 

;is the done bit set? 

; if not, go back to l'XlNl': 

STAA (using inde~ reg.); index register used to store data 

INX 

CPl ~xxxx 

ENE I..OOP 

;step index register to next location 

¡all data acquircd? 

; 1 f not , go back to LOOP 

F.ig. 4-9 

. ' 
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The AID ü1 one example of a cOOT'IOn task where thc proccssor r.ust examine a 

.strobe bit and .store the date for a certain number of .samples. A question cf 

import~nt is, how rast can the processor acquire data while keeping track of 

data sam¡.:oles and the count? The cede for the fiBOO is shown in Fig. ll-10. The 

processor rray handle more than one such task, The Motorola Applications Book 

describes and analyzes this multiple task. 
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DATA TRANSFER PROORAM 

Thts progra¡n segnent is intended to indicate the maxirrum rate at whic:J a 

6800 may acquire data, Here, we are given a control register (CNTH~) which in-

dicated that status: if bit 7 is high, the data 1o10rd (DTWR) is rearjy to t>e read, 

The index register has been preloaded with the number of words to be acquired 

andi is decremented until it is zero in vhich case the acquisition is done, 

LOOP: LDAA CNTHL ;load control word • cycles 

BPL LOOP ;data oot ready • 
LD" onro ;get data into accurn A. • 
PSHA ;store oo stack • 
""' ; Index ~,. "'" ~t • 
"" LOOP ;rcturn for next "oNl • 

Fig, 4-10 

' '' 

' 
1 
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Here it is shown t~t 24 clock cyclcs are required to test the ~tRtus, •o-

quire the data, and count the n~ber of acquisitions. For a 6fl0o, 24 cycles 

correspond to 24 microseconds or 12 microseconds depending on which ~peed pro-

cesoor :ls u sed, While adequate for many tasks, this acquisition ratc is too 

slow for other tasks, It is sufficiently fast to acquire data f!"'<!l a floppy 

dbc if the data is available in bytes, bl:t too slow to provide thc bit to byte 

interfaci.ng for the disc itself, It i.s fast enout;h to acquire data ff"'OII a 

cassette tape reoorder bit by bit. 

Serial Input/Output Cbips 

t;ot long agO, canrnunication between the proe:essor and a telc.typc or CRT ~o~as 

handled by a U/ART, a p-MJS LSl chip ~o~hich converts parallel data f!"'<!l the pro
" 

cessor into serial data and converts serial data fror.¡ the tenninal into parallel 

data, This chip is "prograi:r.led" by =necting jurnpers to +S volts or to ¡;;round. 

It is very flexible and in fact is still used (in hobby computer:> and in the 

LSI-11 ror exarople. Again, Hotorola ;;as the first to produce a microproces:~or 

corlpatjble chip that can be proerammed by the processor and not by extcrnl!l con-

nections. These chips have various names: ACIA {asynchronous cor:m.micaticn in-

terfaee adapterl, USART (Intel's universal synchronous asynchronous receiver 

tranSl'li t ter) , A typical versiO<l is shown in Fig. 4-11. The four internal re-

gisters are selectcd by the register select linc and the read/write line. The 

control negister and the transmitter buffer are write only and the status regis-

ter and read buffer are read ooly, The chip is prograre~ed by depositine the ap

propriate code in the control register. Specif1c bits determine the nurnber of 

stop bits, parity, nlll:lber of data bits, and together with the tranSIIIitter and 

receiver clocks, the baud rate. An intern.Jpt on the reception or complete 
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1 1 1 1 1 1 1 1 1 CONTROL 

1 1 ¡ 1 1 1 1 1 1 STATUS 

1 1 1 1 1 1 1 1 1 INPUT 
.. 

1 1 1 1 1 1 1 1 1 OUTPUT 

CONTROL REGISTER - WRITE ONLY 

STATUS REGISTER - READ ONLY 

I/0 REXHSTERS - DOUBLE BU FF'ERRED 

Fig. 4-11 
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transmi~sion of a character may also be provided. Thus the processor nay per-

form sor.~e other task while the transrn.ission of a .character is carried out or 

while waitin¡: for a character to be received, The fUnction of t!le individual 

bits is illustrated in Fig, ~-12; The input and output of the ACIA are serinl 

strings oJ' bits shown in Fig. ll-1], The start bit and stop bit.-; act as timinr 

signa}:~ for the teletype or C/iT. 

The ACIA can be connected to a ~em (modulator-demodulator) chip so that 

the serial inronnation can be tra=itted over telephone lines, 1he rrodem pro-

vides the frequency shift keying (fSKl over the lines; it can be operated in an 

originate or an answer =de. It originales l's and o·s (called ~rks and 

s;Jaces) at 1270 and 1070 Hz respectively and answers at 2225 and 2025 Hz repec-

tively, 

" 
The U/J!,nT or ACIA type chips are not ah:ays satisractory ror teletype ccr..

rn~nication since thcre is no provision ror reader control. 6 Shown in Fig. 4-11! 

is a achffil(l used bY l~otorola in their evaluation kits. Certain output bits send 

and receive the serial ' data and others turn on or off the reader relay. HO'olev-

er, in this sch~, the p!"'CC?ssor is responsible ror converting the paral!el 

character into serial bits, It c.:m do this by shifting the bits out one by one. 

The processor will therefore have lo dedicate itself to this task, lf the pro-

cessor is supposed to handle other tasks, the ACIA or its equivalent is neces-

sary, (Transrnission to a teletype require!l 100 milliseconds per char::~cter or 

about 9 r.lillcseconds. per bit. This. slow rate would permit sorne t~ for execu-

tion of a task, but ror higher baud rates., the proce:~s.or would have to spend 

6. In some teletypes., provision 
reader us.ing special coding bars, 
the reader en and off. 

is made for control of the paper tape 
Certain control characters then can turn 

• 
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TRANSMIT ~A REG· 
RS · 
WRITE ONLY 

7 S '5· 4 3 2 f O 

l 08 7108610851 084[ 08310821 DB ll DB~ 

RECEIVE DATA REG. 
RS · R/W 
READ ONLY 

76543210 

7 

~~ 
"' ¡;; 

7 

CON T"¡¡l!-. ~ 
WRITE ONLY 

6 5 4 3 2 

0-l ~ .. "' ~ .. 
~¡¡ ~<¡; 

_, 
~íl r ll no .. -< 

-< 
• 

STATUS REG 
RS· R/W 
READ ONLY 

6 5 4 3 2 

,, 
'"" ,, 
o¡¡: 

"'"' 
' 

Fig. 4-12 
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/ 

f- GND FOR 30 CPS 
5V FOR 10 CPS 

RESET IN 1 
91K 

A OUTI 1--

TTL 
OUTPU T 

TTL 
INPUT 

TOREA OER 
OL CONTR 

OOK 
Dout OU~ 620PF 

TIMER 
4!1 OR 
9.1 tnSEC 
PULSE 

> 

' ' 

' 
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rro3t oJ' ~t3 time 3hiftin¡: and timing the bit:'!.) 

Interrupt Uandllns 

lnterrupts provtde a proces:wr 11ith the capacity to handle more than one 

progr1!1mlin2 t.ask, Usu>~lly one task is the "r.nin proeral'lft and the other(s) is a 
• 

service routtne 11hich is perfonmed on request. An cxample is a microprocessor 

prorrar.~ 11here the P/"'OCessor b suppo:5ed to monitor a process (and perhap.'j also 

provlde control sigoals) and print infonnation or data on a terminal. Here, the 

processor rmy, undcr pro¡:ram control, enable interrupts on the serial c~"ica-

tion interface so that the processor may r.rmitor thc process m:::>st of the time 

and only occasion¡llly divcrt to the terminal prograJ~ and transmit the next char-

acter oot. lf the =nitoring program canoot be interrupted at certain tir>es, 

the processor can disable- the interrupt and devote full time to its 1113in pro-

grar.1. i;hen the interrupt is enabled, the processor oo interrupt reque.st fin-

ishes its current in.struotion, saves enough info~tion so that it can return to 

the rmin program (e.g. the pro¡:ram counter and the condition codes), and junps 

to Lhe interrupt routine. On entering the interrupt routine, the proce.ssor dis

ables further interrupts and begins execution, When finished, it returns to the 

matn program by re"toring the saved pr<:>gra:n counter and any other registers in-

forr:ntion t.aved befare leaving the·main prop;rom. The processor may enable an 

interrupt on entry to an interrupt routine and thus interrupt.s of interrupts 

(nesting) may occur. 

:Hnicanputers such as the PDP-11 handle interrupts in sophisticated ways. 

The3e processors are relatively expensive and powerful, thus multitask progrom-

min¡:; is very corrnon. The interrupt capabilties of most micro;::orocessor are sim1-

lar to those of minicornputers (or can, by additional circuitry, be made 
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sinil:•r·}, IIO\olever the designer should consider the possibility of using several 

proeilssor.;o ralher thao coping with complicated rnJltitask proe:rar.ning, Micro¡.oro

cessor nre less powerful thao minicomputers, the software presenls more diffi-

culties, and they cost llllch less. Of course, if the data or control rates are 

very slow and simple, a microprocessor can handle many tasks, 

Typical Ioterrupt Procedurc& 

Most interrupts are rraskable, that is, the microprocessor's condition code 

register contains a flag bit which enables or disables (masks) interrupt re-

quests, :men the interrupt in oot oasked, andan interrupt requesl is rnde, the 

processor finishes its current instruction and inters thc service routine, The 

flow ch.-.rt of a 6Boo is shown in Fi¡:o:, 1<-15, Note thal t.here are two inlerrupt 

requests: 11 no!l.'lr:lSkable interrupt (one that eannol be disabled by the processor) 
·.• 

and a regular interru¡¡t requesl, We will di~~euss only the latter. When the 

processor finishes an instruclion, it check.s for a hall signal and theo an in-

terrupt request. If the interrupt request ts asserted, it then checks the mask, 

If the nask is set, the prooe.ssor COI'ltinues with the next instn~etion. If the 

request is not masked, the processor saves all of the internal registers on ti~ 

stack (excluding of course the contenl:5 of the st.ack pointer} and goes to Ioca

tions FFF8 and FFF9 for Uhe new program counter. If several deviccs are capable 

of interrupting the processor, the service program r.rust POLL lhe devices to 
' 

detennine which device created the interrupt request. A npriority'' of the re-

quests may be established through the arder in which the devices are checked, 

In the 6800 f'amily, the I/0 devices have a sl<ltus reghter or status/control re

gister which contains a nag bit that si¡¡nals an interrupt rec¡uest. Thus when 

1n I/0 device is progranned, interrupt enable bits in the control re¡dster n-.ay 

be set to pennit interrupts by that 110 devtce,(Fig, ~-16). lhe Motorola scheme 

• 

1 
1 
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• 

. 
/ ' RESET 

• START SEOUENCE 

FFFE 
' 

FFFF 

YES 
HALT 

' • 
MACHINE NO 
ON HALT 

< YES 
NMI 

' 7 

YES 
HALT NO 

' < 
- YES IRQ 

NO ' 
NO MASK NO 

ON 
FETCH v EXECUTE 

INSTRUCTION INTERRUPT 
R~TINE 

+ 
EXECUTE 

NMI INSTRUCTION IRQ 
FFFC FFFB 
FFFO FFF9 

Fig. 4-15 



PROGRAMMABLE INTER-
FACE AN EXAMPLE 

ADDRESS [;E] CONTROL 
BUS S 

. ~ 
. 

' 
. . . . . . . . . 

' e~ 1 I 1 I 1 1 ' 11 Ir 1 1 REGI ' ' DATA 1 1 ' 1 1 DfRECflON ' 
' INPUT 

1 -1 : r 1 OR OUTP\11 

• 
~ 
• 

' 
1 AOOIT/ONAL 

CONTROL 

jPORT A ,. \PORTBj 
Ll NES 

l.i\~ 
joNPUT OUTPUT UNES/ 

Fig. 4-16 '"' '-" 



-85- .. 

minimize9 the hardware for interrupt processing, however, the search for'th~ in-

terrupting device docs require additional time. Coo91derable tir.le =Y te 3aved 

if the processor is told or can quickly detennine which device is interr"Jpting 

and thereby go directly to the service rcutin,o;. This 19 called VEC1UR ínter-

rupt, 

Vector lnterrupt E%anple 

In the 8080, the processor is fed a particular address correspanding to the 

.,articular interrupt service I'Olltine. This saves time at the expense of addi-

tional hardware, The 8080 itself allows eight possible interrupts. When the 

interrupt request is received and the interrupt enable bit is set, the 808o ex-

pects to sce a Rf..S'i'ART instruction. 

11NNN111 

When this restart cor.R>nd is received, the PC is saved on the stack, and the 

processor will go to location S•NNN (locations 0,8,16,32,40,48 and 56l'for the 

beginning of the interrupt routine. 1 Location o corresponda to reset External 

circuitry is required for the g~ncratinn of the RST cor-rnand, For a single in-

terrupt, this can be ac~lished usinp an 8-bit input port th'lt is enabled when 

the procensor ackn01.rledges an intcrrupt requcst ( IiJTA). The circuitry for 

9everal devices is considerably :rore complicated. Intel produeed the 82lll 

l>riority control unit shown in Fie;,jj-16, which fed a particular RST co~nd for 

each request on ooe of the in¡.>uts to the 821~. If two devices sir:I.Jltaneously 

7. Note that the 8o8o 1s essenttaUy coded in octal rather than in hexa
decimal, and thus when the ir.struct ior..:; "re ex¡;:r~s:wrl i 'l 'l~x'lrledt:".,.l, they 
have a rather chaotic relationship. 

1 



.86-

o 
• • 
• 
• 
• 

o 7 

vcc 

IK 

r~ 1= ~ • • . • 
• • 

REOUEST 

[" 
• • 
• . := 
7 ;t? 

ETLG 

8214 

l 

Fig:. 4-16 

INT 
DO . 
• . 
• . . 

07 

8212 
000 

• . 
• 
• 
• 

DÓ7 

! 

f-

. . 
,\ -· 

... 

lO K 

!"'--
V' NT 

PfNI•~J (8080 

... 



~87-

rcqucc;t ,;.n intcrrupt, tiJ<' one with highcr priority will he re<:opnl;:ed first, 

Ar,ain, the 821~ i~sues the appropriate ~T instruction on (INTA) f~ the pro-

cessor. 

Intel's 8259 provides progr'ar'm'!ble priority interrupt which can be cascaded 

to 64 leveb. On IiHA fran the 8228, tne P2'i9 will im;ue a CALL (Sub:-oc:tine) 

op-code which in turn will cause the 822~ to ie>sue t.wo more nrn to fetch the 

complete ;, byte subroutine call instructioo. Tlle 8259 rny he proerarmed so tMt 

any ~t.enory locat.ion nay be s;>ecified.for the st:lrt of the interrupt routine and 

so that desired priority i~ established. 

' 
Gthcr chips ihclude "nur~ber crunchers" which are ' ' ' ft'Sentially 

Ci.<lculators for processors. S;:>ecit'ic chips have been announced for the 8080 and 

foz· tl'.e SC/11? of l/ational. When the cruncher finishes \./ith the calcul<'ltion, it. 

can interrupt the processor in the rr:anner described earlier, Floppy disk inter-

face chips, s¡>E'Cial ~erial and ;l<lrallcl interface chi;JS, crt controllers, 

kdyboard/display interface chips and SDLC protocol controller chips have also 

bcen dcveloped. lla.sically theJr operatioo ts <1eternined by a control re~ister 

and simple ccx=mls from the processor acciY'Iplish thc desired operntion(sl. As 

dis~usscd earlicr, these chips extend the c~pabilities of thc processor, un~r-

den thc processor, and simpliiY tne software and hard~are desien. ln this sec-

tinr, ~e will only lock at :1 direct rr><:;oJOry access (DI-lA) c;,ip that sirnplifies ti1e 

scl'tv..rc an<1 hardware of the llliA pro!Jlerr; discussed in ::mp. 3 (t--.e;:JOries). 

'J'h<! DI·IA chip in question is the fi257 DI1A controllcd of Intel, This devtce 

permits four diffcrent channel inputs to nem:Jry, lt aut=tically eenerates 
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:~equential addres:~ loeations for the input or output amd uses the proceasor HOLD 
- -

featur'e d1:te!JS3ecl ear-Uer, Prioritie:s znay be .set foro each of ·the channels or a 

rotating proiority may be ~tablhhed, finally, a "teminal count" or the number 

of byte:~ that are to be tran:sferred in a single request may be p!"'gr-artrJed. A 

disadvanta¡¡e of u:~ing this chip 1s that a maxlnm! transfer rate of 1 t>yte/~usee. 

is possit>le, For rnany 1n.strumenlat1on ta:~k:~, this rate is nuch too slow, A 

hardwir-ecl DiA ~it 8!11 discu.:s3ecl earlier, can handle data 8!1 fast u the mevory 

access time 1o11ll allow-, However, in this latter case, that hardware eomplexit.y 

b lll.-leh greater than the eomplexity of a :~ingle chip. 

' 

• 

-,:_ i 



' 

-- ---

' ., 

' ' - ~ .. ._,· : - ' ... 
In this chapter, we will discuss the lntel 110118, the P.CA 18o2, the llat1onal 

SCIHP, and toa lirnited degree, the Intel 8085., .I ryave _<:lal'mified these proces

sors as sit:lple hecause ~hey provide 1/0 lines on the CPIJ,chip, and thu.s thcy can 

be used to des1gn syste~ with.very few _components, .The,processors are not 

n~cessarily lirn.ited.Eiither_in the degree of system complexity or in- the degree •.. . . 
of syster.J expansion or capabilities ~~ev~r. 1 have, peri'.aps unfairly, not in

cluded the f8 in this chapter, In most respects, the operation of these proces

sors is similar to that discussed in Chap 2, and the interfacing of the preces-

sors to their "fa:: .. ily" rrernbers 1s ver-y sinilar to those techniques discu.ssed in 

the chapters related to I/0 or 1!1'mory, Only those features of these simple pro-

ccssors and scne applications will be illu.strated hel"''!, 

1s , .. 
neve.st aod perbap.s 

sinple processors. It bas 1~byte or ROII, •• bytes or 
k AH, • counter, aad 27 I/0 lines. 

~ersion bas eraseable ROM {PROM) vbile tbe 8048 •ask 

progra~~ed at tbc tactory, a ache•atlc is shovo in Fig. 

5-1. 

In developing this processor, Intel see.ns to have departed fi"Oll the 

8008-8030-8085 series of software compatib111ty. But, the proce~r ~:~ay be in-

tcrfaced to the 8080/8085 family or syst.el!l CO!npOnents discussed in the previous 

chapter on 1/0 in addition to its own, specially developed system chips. Any of 

the interna! RAM r:~etnOry locations can be addressed using one of the two 

' 
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8048 
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Fig. 5-1 
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registers, kO or Hl. In Mc:Ution, any of the f1rst eight reelst.er3 can 00 

directly addressed ustng several instn.Jetion:~. These are called "working" re

gisters. A second bank or worklng registers can be selected by using a rerister 

bank switch instruction. Additional, .extemal RAM and Rlll1 rny be added usinr, 

conventionlll ~rory or using the special I/0 chips· tr.at canta in HAll or RC:l. 

The in:~truction set contains many conventional operation:J: loading and 

storing the ~ccumulator, conditional-jumps on flags or condition codes, etc. A 

new instruction that I have not 11een befare 1s a conditional jurnp instructior. 

depending upon is a specified bit in the acclr.llator is set. This "instruction 

could be very useful in quickly handling scme I/0 problerns. .. 
• ' • 

The 8048 has three I/0 ports or buses. TWo are called "quasi.,-bidirect,ional . . . 
ports" recause they ¡:¡ay act as latching output port or oon-latching input ports 

'-" . 

' ' without defining instr-.Jctions ·or progranining. This reature is pessible because 

of a special hardlol3.re design. ThU3 one si.mply oonnects inputs to the lines a:~ 

desired and connect.s 1others 'as out.puts. The third bus .iS simply · called "bus" 

and is a bidirectional bus in the usual r:ranner. It h through this bus that 
1 --· .- -

~yste~ expansion is • accomplished. 

• 

A simple application of the "80~8 ts ~hown in Fi¡;. 5-2 and 5-3. Here, t.he 

80~8 is uscd asan intell1gent teroinal; a-~"-:ideo display ID:Xlule"8 is u~ed for 

t.he display. The 1110dules display thc characters on standard monitors in a 

variety of """-YS· For exa:nple 32 characters by 16 lines, 80 characte~ by 25 

lines. etc. are available The lll)(!ule appcars t.o the processor as standard RAM; 

hence it can be read and \.l"f"itt.en. The 1110ntt.or displays Lhe .converted ASCII data 

8. Avatlable lh:xn 1-latrox Electronic Systms and other campantes. 
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or thc 11AI1. A keyboard may be interfaced to the 8048 using the 8279 

keyboard/display ora standard, encoded keyboard r:~ay be connected lo ene of the 

quasi-bidircctional ports since the VDt1 alreac1y supplies the display. The seri

al l/0 can be provided by using t.he other quast-bidirectional port. Tn ¡¡eneratc 

to proper baud and hanc1le thc serial 1/ú, the processor may use its interna! 

counter fbr t!ming. 

The Ebyte ROH and 6il bytes of RAM are adequate for the ncccssar-y progral:\, 

Thc processor must spend most if its tine monitorin~ the serial input and output 

and echoing that response on· the Vl*!, When ;¡ key is struck, an intcrrupt will 

occur that results in a read of the keyboard cncoding chip and tranSI'IIission or 

the character via the serial output, Sincc the interna! Uncr incrernents every 

80 microsec,, this scheme is sathfactory up to 600 baud, For highcr baud, a 

serial intcrracc chip suc~ as the 6800 discussed in the prevlous chapter is re

quircd, 

The 8085 was mentioned in Chp,J as an extension or simplication of the 

8080, In the 8080, status infomation llJ.JSt be placee! on the bus and be captured 

using an addltional chip, t'Je 8<.>28. Thoe B22fl possesses sóme additional features 

tlut make it ver-y useful, but if one is trying to use the minil:un nlR'Iber of can

poncnts, the 8085 system is better. The 8085 has all of the instructions of the 

flD8Q and can !>e used in similar system.s but is not bus cmpatible. O!le Jll.lsl use 

sorne logic chips to connect the R085 to an 8080 bus, 

The 8085 offers sorne simplicatian of system design, especially if the sy~-

te11 does not require mny ;>riority interrupt request lin":S. for inst.ance, thc 



-95-

6085 has five interrupt reque.!ll 11ne:~ on the chip: 

INTR- general pu!"p05e interrupt request 

RSTS.5 

RS16,5 

RST7.5 These ~ all interrupt requests which result in 

internal restarl.!l, restart.!l at particular loeations. 

RS1'7.5 has the highe.!ll proiorily, R$15.5 the lowest. 

A nomaskable restart instruclion that restart.s at 24(Hex). 

Il is not affected by any interrupt nnsks and can 

be used for power down or other "cat.a.!ltrophic~ error 

The 8o85 also has ltwo I/0 pins on the package, a serial in and a serial out 

pin. The outpu( is set by setting bits 6 and 7 of the accumulator lo the ap

propriate state and then using a SIM, .!let interrupt mask.!l. lbe serial in datum 

1s read by a HIM, read interrupt mask, and found in bit 7. 

Tbe COSIUC: IlC.& 1802 

Actually, RCA prohably produced the fiM:It 6-btt processor but delayed ils 

announcmenls and production because it had recenlly divested its computer divi

sion and apparently was not willing to invest in another "eanputer~. The CQSi.\C 

(a m:ne wtJich 1s not alwaye used lo des.cribe the 1802 even in Rt::A l.iterature) is 

1 

1 
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a Olt.G (cornplimentary IUS lo~ic) proces50r, and thus has some unique fe<~ture:'l. 

First, the proces50r can be operated wtth a wlde range of voltares: 3 - 15 

volts. Second, the proces50r ~uire:~ extremely low power- rnicr'Oir.ltt:l il'l!!tead 

of hundred3 of milliwatts for l!llre conventional proces=r:~. nrus the processor 

and its associated chiP!' can be operated in application.s requiring battery power 

or very low power input PUch more succe:~sfully than, say, the SOSO. 

• 

Other spccial re"atures of the C0.91AC includc a static clock (no minirwm 

clock frequency); simple input/output eHher ~ry !'l<lppcd, on-chip D!~A. or I/0 

Unes oo the chip; and 16 15-t>it registers, any one of which rray be the program 

counter, index register, or UiA pointer. TI!e processor is t.hUs I/0 oriented. 

Each of the:se I/0 featuroes will be examined in the following, 

The proce:ssor has four input fl<igs which which ¡nay be testP.d and 
" 

foe 

conditional branches and it ha.s 3 output lines which IIBY be used for ~implified 

address ~coding or devicc selection or for additional I/0 linea, Finally, a 

one-bit I/0 line is available for.serial input/output, Some detalla are shown in 

Fig, 5-4. 

The proco!!s:!Or h."ls a ~ request input that essentially provides "cycle 

stealing" capabilities. If the request is made frequently encugh or if it ts 

continuously made, the prooessor -..111 continue to pz'Ovide ctiA in or ~ out, 

This feature is very useful for' loading I!ICDlOry with the desired progra:rn and then 

executing the pl'Ogram, RCA has made available a "Microtutor" thl!lt uses thi:~ 

scheme. The DMA feature 1s handled by Registe.- O; i,e, RO pe1nts to the :neroory 

locations that are loaded throug,'l the ~ requests ami is autonntically steppml 

to the next memory location, On RESET, RO also serve:~ a!l the p!"'Ogral!! counter, 

but any registe.- may thereaft..er be designated the program e<:>unter. 
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Any or the sixteen 15-bit reg1ster may be designated as an index register, 

Baste input and c>Utput is handled through an IN or an OUT instruction whlch uses 

an index reglster as a pointer to input or o~tput a byte, The index register ls 

auto:mtically step¡>ed in this procedure. Further a 3 bit coc:le 1s specifled or. 

the output bits fbr de'vice selectlon, The byte 1s placed on the data bus by the 

processor 1n an output operation, or the processor rea1s the byte on the input 

opcration. With addit.ional ext.emal logic, t.he I/0 capabilit.ies uray be greatly 

expanded. HCA has also develo;:>ed peripheral chips for this' processor. The .-.d-

ditional I/0 linea ~ possible ~U!Ie only 8 pins are used for the addre" 

bit:s. The 16 addross bi~ are time CJJltiplexect; an additlor'lal bit 1s provicted 

so t.'lat. tt1e first (!Wst significant} address bits can be latched. This address 

multiplexing 1s CO!llllDO on uanY of the sinpler proce-"Orn. 

v 
The SCIHP: •ational-s SClMP 

' 

The origiml SCIMP was Ptbricated u.sing a p-!iJS technology, and thus it was 

quite slow~ 32 micoroSeconds per instruction. A n ..... n-I.US version 1s noo.r 

available and is correspondingly raster, The SC/lo!P 1-.as 12 address bits on the 

chip but can CJJltiplex the additional four for 'l full 16-bit address u.sin¡¡: four 

bit:~ oo the data bus, A timing or latchlng signal is im;ued by the processo,. 

11hen the additlonal foW"" bit:~ are valid. The intemal register organi:tatlon is 

illustrnted 1n Fig. 5-5. The program counte!' 1.s hardwired as pointer regi:~ter O. 

!lowever, the oontents of the PC can be exchanged 111th the contenta of any 

pointer reglster usine a single iruJtruction. Thl.s feature lead3 to an intereat

ing ~.~ay to handle subrountincs: if the pointer registers are pointing lo the 

beginning of a subrountine, then by exchanglng contcnt.s, thc proce:~sor execute:~ 

thc :~uLroutlne. The rcturn fror:~ subroutine 111 accomplished by another exchange 
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or content.s. ln ;¡ddition toa conventional >~ccll'lll.llator, an exten.sion reP,istcr 

is avaliable for 1irithmelic, logical, and d11ta-transrer instructions. Its vsc 

will he illustrated belO\J. 

The SC/I·IP has B(!Veral I/0 lines on the tli.' . .J. First, it has serial in and 

serial out pins. Under software control, these si¡>nals can be shirted in and 

out of the extension register using ene byte instructions. Second, there are 

three flag outputs that can be used for almost any pur~se. These flars are sct 

thr'Ollif. "copy" instructiOIJS which copy the contents of the- acc•r•Jlator into the 

status register and vice versa. TWo additional input hits, Se'nse P. :md Sense B 

are availablc for user puriJOses, and Sense A nay be used ror interrupt rec;uests. 

The sense bits are available to the proces.sor throurh the status reeister. 

7ne SC/Hf' has an unique D!J..AY coornand which can, thr'OI.l,c:h a two byte in

struction, delay fr'IXl te-ns of microsecomls t.o seconds without usin: prOJ:ranoed 

delay loops. ·• 

A sir.!ple application for the SC/1-:P is shown in i"ir. 5-5. This apylication 

is a mlcroprocessor controlled weldin~ system. Here the processor ~st control 

the rutput positions of the weldinr; head, perhaps throurh stepping r.JOtors, the 

weldine current, and in turn ~oqire enou~h lnfnrmation about the processe.s so 

tliat a desired accuracy rny be obtained. Since ene mirht •lish te direct the 

processor t.o perfom a variety of welds, provlsions il/"e rrode for keybo'lrd entry 

by the operation. The processor :;.lso echoes the operntor's corrr11'1nc!s and pro

vides infonmation on the state or the syst~ when it l~ operating. ~~il~ Lhi~ 

system uould !lave once been conplicated, microprocessors and thelr nssociated 

c~~nents would gr~atly simplify a desien. Almost any processor woulct do, cer

tainly ene that is l/0 oriented would help. A processor with f11nily chips that 
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would nel¡¡ "'ith the acquisit.ion ancl operat.or 110 ....:>Uld help Mink.ize thf' chi;> 

numbers. 

In the cnd, t.he software, or the programin~ of the processor IJOUl~ be t.he 

costliest. part of" the design - for any proccssor. These troubles are discussed 

in the next. chapt.er. Dut even wit.h these costs, ~icroproce5sors usually 

represent less than 10% or the total cost of a system. Desi~ners should not 

theref"ore ;ut. the cart before the horse - modit'y t.he overall syste<"> desirn to 

sim¡¡lify t.~e microproeessor dcsign. 

SOFTWARg AIDS AHD DEVELOPHEHT SYSTEHS 

CHAPTER 6 

t:any soft~~are aids for rnicroprocessors resenbles those available for r.ini-

couputers. 1i:l.nufacturers of micros and ot.hers have "'ritten asser.~blers, cross 

assemblers, simulat.ors, and conpilers. These are avail~b1e at aJditional cost.s 

to the purchaser of the processors; These aids are l."elliJrally not use<:! on typi

cal nicroprocessor systems. I113tead, the software is ass!!:'lbled and often tested 

on a larger computer systen or on a special microprocessor developnent syst.em. 

Logic analyzers are also available f"or nicroprocessors t.hat help to solve 

hard;.·are t..Jc;s. All or these aids are generally expensivl! cornpared to the final, 

indiVidual r:Ucroprocessor syst.ems. The.se hieh costa are justificd because 

sof"tware oosW! are ver¡· high ot.heJV15e, and because the cost.s are amortized 

over rrany systems and 1:1<my dcsigns. 

In this chapter, 11e "'ill examine various microprocessor syst.ems that help 

"'ith the development or microprocessor software and discuss the various software 

aids ~ssociuted wit.h each system. 

i 0 '1 
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Evaluation Systens 

Hicroprocessor rnnufacturers have developed inexpensivc cvaluation kit"C or 

systems for users 11~m wish to explore :;implc mieroprocessor c;•eration. The 

i1otorola F.valu'J.tion Kit II used in this tutoriul is a gcod cx'1r:1ple. lilcse sys-

terJs interface with a teminal or with ll ~eyOOard en t.he systero 'lnd allo<~ t!"ie 

user to deposit, run, debub, and ~~ps store his prc¡ram on " cassette. The 

syst.Cfl: "is controlled by a prograr:, the ::nnit.or, stored in a H011. These syste!T'S 

can be cx¡-anded to include lll)re r.emory and rore l!ü, however, it is i~mctical 

in =st cases to add asseG~bler:s, disks, etc. These syste.,-.s cost fror.-. $100 to 

$300, and are often available only as a kit. Other popular evalu~tion kits in-

elude the SDK-80 !"ron Intel, and the Kll1-1 f'"'OCl /-lOS Technolopy. \/hile l have 

\card of a fírm that used the SDK-80 in a product, ·I believe that evaul'J.tiOn --·-
kits are rcally sui.table for learninr about rücroproccssor and e.s.,ccial1y in 

educational programs. 

Hobby SysteR:s 

This text is not directed. t.o;.ard thc dcsign of hc!:>by systems such as the 

Altaír by IHTS or IMSAI "s 80SO sy.stern. They are roentin.,ed here bccausc their 

costs are modcst, and because these systcms are occasionally used !"or 1ncxpen-

si ve development of software. In contrast to the evaluation sy3tCf'l.5, the hob!:>y 

!;yste!ll.9 can be eas1ly expand.ed. H.3ny have assernblers and debucging aids tha.t 
' 

greatly case the prograrning process. l'bst of the systens can be interfaced to 

flo;>;>y disks where the sort'-'are can be stored, edited, assembled, ete. High 

~vel lan¡¡u~ges have also ~en developed for these systens; BASIC in sorre !"onn 

is the r:ost popular. 
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Most of the use Óf the hObby systems are r.ost suitahle as a "personal coc:1- . 

puter": for computing by lhose who do not havc casy access to larfcr syste"ls. 

The costs of these systems varíes f~ ~600 to !3000 dependine upon the er,uip-

~ent added to the hasic processor. 

!he advent of r.licroprocessor systens led to a denand for a new desi.""n tool, 

a tool that IKIUld groatly ease th.e test.ing of pror:rn~ and testinr of t.ne uller's 

hard".;are syste:>S. One ans;;er to the dennnd has t>een developnent sylltems. These 

syste:r.s contain system prograi:lS such asan editor, assenhler, cOifllilcr, and de-

bugging aids. Provisions for the testing of prototype syster:JS and loric 

analyzers have also t>een adde¡j.. Intel, t1otorola, and others ha ve produced 

develo;;ment systerr.s for software develoP"'Cnl and dcbug¡:;ing of hardl.'llre systems. 

These syste!".s cost from $5000 to $20,000 dcJ.l('ndlnr on the options. In Intel's 

"ltinll.EC Hiorocomput.er Devclopr.¡ent Systemn {1-IOS), S<Jftware for the 8080, 8045, 

8085, and 3001 slice systems can be dcvelo¡>Cd. The !1DS provides a basie bus and 

intcrfacing to disks and holds the appropriate modules for each processor. In-

tel has developcd an "in circuit er'!Ul;üor" in which cr:mnection is rrndc to the 

uscr's systeM throu~h t.hc processor's socket., and the actcal processor is enu-

lated using the software in the HDS. This systern allows the testin¡; of software 

in the t!Ser's sytcrns and the checkl.ng o!' hardware operation. Recently, lntel 

has introduced a resident compiler, PLIM, which can sireplifiy the prog~nnlng 

for a particular applicat.ion, and which can be evalcated and develo~ on the 

11D3 system. Compilcrs are discussed llelow, 

tlotorola has produced an "i"XOHciscr" t.'J'lt perfoO'JS !"'"'Y of the same 

• 

•• 
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O)l('rations "!S thc ~-IDS syste.11. As in the Jntel syster.J, it accomodatcs a nu11ber 

of different systems, and can be expande<! to addition'll :neoory, ROI·I prorraor..ers, 

disk interfaces etc. Both the Jntel and the 11otorola systerr.s deal only with 

tñeir respective processors. Recently, Tcktronix ll"'s developed its systef!l, the 

8002 systen, which can accomodate a n~ber of differcnt proccssors; 6800, SOBo, 

Z-BC, 'i."ld will be ex¡¡anded to include four othcrs. This systen will 00 avail

able at the tutorinl and will be discusscd hclm:. 

The 8002 systo~ consists ora dlli>l-floppy disk, a tenninal, and thc 8002 

mainfr~. 1"he first two are standard co:llporle:Jts and nccd no elaborotion. The 

mainf'rame ccnt..ains the system processor, a Z-80, 16K bytes of system ncrory, an 

assenbler proccssor, and an enulator processor. 15K bytes of RAM are availnble 

fo!' the usc!'s program nnd the RAm ro.y be expanded to 6~K bytes. The asscr:bler 

i v' ¡ 

'1proccssor run thc Tektronix assernble!' while the system procen:;or handlcs .. <?ll of 

the l/0 to thc disks. 7he emulator ~rooessor is a circuit board which uses the 

particular <:01-r.oercail processor of interest to the uscr. Jt runs the user·pro-

grru.1 wh1le the systc:"l processor proerar.~ detects pro¡.ram error:; and runti~ er

rors. 

As shown in 6-1, one can start witn the softvare design and produce a 

sou!'ce proernm which in turn rm.y be cdited by the 8002 editinr. prograrn. The 

source ;.Jr<;Jgra~:~ rmy be assembled via the ;;ssenblcr processor and tested usin.oo the 

cmulator p!'OCessor. ln that testing, the emulator ~rocessor executes thc user 

program from the en~lator me.rory and also provldes the l/0. 

In the hardware desi¡;n proccss, one rnay start with a breadboard ora proto-

. lype system. Osing a speciRl prototype prohe, the ha!'dwnre syst~ ~~Y be 

checked usin>: the cnulator processor. TI1e proceswr is removed fron the 
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breadboard or prototype system and the prototype probe i.s insertcd in its pla~•:. 

In this mode, the emulator processor runs the hardware while the systcm pro~cs

sor perfonns dcbur:r;ing and run time checks. Breakpoints tny be inserted, neo.~ 

instruction added or substituted, and timing check in loops or from one part of 

the user pror;ram to another. The user program may be run from the errulator pro

cessor, from the prototype systern, or both, A s¡;echl nappinr: cor,rr,and cxists to 

select wtJich part of the !lle!!Ory and I/0 space resides in the e':J.Jlator mel'".ory ;:;.nd 

which part in the prototype board. A ROM progra!llller is also ovailable for pro

erar:llling the h.1rdware systcm's memory, 

Finally, a logic amlyzer facility is availllble ·for system testlng, 

Software jehu¡;¡;ing is successful only whcn the hardware is working properly. To 

check har'(!-.. are, the analyz.er displays the states of the address bus, the data 

bus, the control bus, and e1ght o¿;her uscr selected points. The last 100 such 

states are stored and displayed as a result of a pre-trigger, a post-trigrer, or 

a ~ariable oenter trigger, 

This developmcnt system was described in sorne detall ~cause it offers nost 

of thc design aids avail ~ble in a sinp;le systCITI. The desi~ aids are not neces

sarily ~ique however; Intel off~rs an ICE syster.~ whieh is very similar to the 

em.~lator processor and the prototype prohe. The high initial cost for this sys

tcm -about $18,000- ü, justified ir dealgns using scveral differcnt proces5ors 

are neeessary, The saC'lC systern instructions and uMge prevails over all of the 

pnx:essors, and i5 easier than usine development syStems fi'OII different r..anufac

turers. 

¡U'¡ 
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Tiu~e sharing :¡y.st=s are availablc t.o nearly everyone, althoo¡r.h the co~ne~t 

til'lE' costs may be very high in a faw cases. Hany org.Jnizations have thcir o;,TJ 

c~putcr systems and offer this servlce at little or no costs. t1icroprocce;sor 

manufacturers have offere<:! compilers, cross-assemhlcrs, 11nd sim\Jlators/cr.ulators 

for time sharing services. Nonmlly, the asser.Jblers are written in tortran, and 

the compilers are written in PL/1 Ontel's PLm, 1-btorola':s Mí'L). The cost of 

sucn pror.rams is about $1000. These pro¡::rruns may be placed on the host CO!":;>ut

ers and source programs mly be assctnbled or cornpiled and partially detugged. 

This ap;oro.1ch is, of course, considerably cheapeR in lcr'!:l$ of initial costs, but 

if extensive software assembly and siculation is done on a tirne sharing syst~, 

the ccsts may exceed th¡¡t of a development system. 

The assemblers are fairly standard. ~ people llave trouble with ass~bly •' 

laneuage prot:raJ:='ling, and rrnny problems are difíicult to write in ten'!.'~ of as

sembly language instructions. Thu.s, there haS been eon:;iderable interest in 

c<;r.~pilers which allow the prograJmler to write in a high level langua<;:e. Intel 

was the first to ofTer a compiler and Ch03e PL/1 a::~·the basic language, callin~ 

their compilers the PL/H C'OI!lpiler. Lilter, t'i:ltorola also wrote a compiler in 

PL/1 and ~lled it HPL. Especially at first, compilers were relatively contro

versia!. They were accused of gencrating inefficient cede thus requiring 

greater amr:>unts of IDe!':lOr-.f t"or the final mtcroprocessor pro¡:ram. Also it is 

ne~essary to write the l/0 .,arts in assembly Janguage anyway. The COI"lpilers 

have been irnproved and indeed offer a numbcr of advantages. First, cornpilers 

save a grcat deal of progrillmling time; claims of one-fifth the ti!'le crnJparod to 

assembly Ianguage prograiiJIIing have been rmde. Second, compilers ma;.:e gocx! ser.se 

if frequcnt reprorra~ing is necessary or if one wants to quickly obta1n proto

type software. Third, comp1lcrs are usefUl in low volwr.e systll<'lS where it is to 
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costly to oplimize in assembly languare. i/onrally, the speed w1lh o.rhich a pro-

gram will execule depcnds upon a very few portions of the progrnm: a feo.r loops 

perhaps. If the compiler can be Unked to an asseobly language program, as rnost 

can, these re ... portions can be optimlzed. and the rest or the program writien us-

ing assembly language. 

Intel offers their compiler as a resident program in their Intellcc systen 

(HDS) and clai.r.ls that this offers considerable savings over timesharing ser-

vices. Intel also states th.~t the realiab111ty of programs written in PUM havc 

better :'lOftware relillbility. 

Macros and otber alds 

Ptogramning. still seems to be a barrier in the use of computer sy.'ltens for 

many people. While high level languages help, they are not always the anso.rer. 

Macr'03 represent at least a partid solutton. A macro is essentially a string 

of assembly language instroctions Which represents a single operation or task. 

An exru~ple might be a microproces.sor controlled pin -hall """chine9 in which the 

designers (o.rho are not computer experts) o.rish to program a variety of fa~es. 

The mnufacturer of the processors (if the quantity is very pro~isinr) or sorne 

other organization lllight write a series of .'i'!cr'03, each of >:hich perfo=.s soroe 
' 

lask: check U1e tilt, count the points, cheek for bonus points, etc. The 

dcsi¡:ner of the game could then simple cor:¡bine the rnacf'Os ilnd a few conditional 

branches to rom a specific game. The 'macros cn.n be named in obviou~ ... ays. 

Essentially, thcn, ~acros can be used by non-expert prograrmers to deal "'ith 

pro¡;ra.'!rBble syste/1\S such as rnicro;>rocessor based syst=. 

9. Mentioned at an IE2t; 11icroproc-essor \.J"orkshop by a 1\'ational Ser.licondu~
tor speaker 
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The use of r:-.acros to simplify progra=ine is sinilar to "modular software" 

10 Where each module is a short, debueged, prorram that accomplishes one task. 

Software modules can be compared to standard hardware ~dulcs that are used 

again and again in design of microprocessor systems. One necds, of course, a 

softo;are deslgn systcm that will sup;>ort the modules or nacros. 

Hicro.,rocessors will soon play an important role in "personal computine~ 

·that far exceeds its present . hobby status. Si..,plified prof!ra...,ing languages 

beyond ~\,eros will have to be developed to satisfy this ,.,.,r:.:et. Asser:~bly 

"language and prohably BASIC are out of the question. Of course the lan~ares 

will r.ave to be closely related to the system that the proce.'1.Sor controls. This 

text was ¡,repared using only a few syst= calls - the rest: the editinE:, insert

ins, appending, even chec:O:ing the spellinr. was acc~lished w!tn a few syste~ 

calls. Such a systen: is used by a larBe nu..,ber of people, scrne of whom know 

very little aOOut. progranrlinf!:. 

10. Intel article reprint AR-30 from El<Jctronics, Sept. ]O, 1976. 

1 1 'l.. 
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API'ENDII a THE 8080 NICRGPROCESSOR 

The Bo8o i:s best. a;Jpreciated and underst.ood if it is re~bered that it is 

the fil"St of the "2nd t;eneratioo" processors. Its predessesorS 11ere the 4004 

and the 8008, quite limited processors by CO'Tiparison, The prosraJTT.~in¡; ::ndel of 

the 8080 is shown in Ftg. A-1. The prograrn counter, the staek pointer, and the 

accurrulat.or are quite standard registers. The condition cOde reeister has the 

u.sual bits plus a parity bit that is set when the m:xlulo 2 sUI'l nf the bits in 

the result of the operation is zero. I have never u:sed this feature, 3nd thus 1 

cannot give an example of the application of the partty bit. The re¡¡ister pair, 

H & l., is frcquently used to point to a memory locatton, but it is not an index 

register. llee;isters D & E and B & C, as pairs, also can point to r1emory rmd 

used in :;ome instructtons. The registers rray also be used ror l!~Cratch pad pur-. 

poses. 

The &ceo has a nur".ber of addre.ssing r:-odes: absolute {cxact adCrcss), 

rcgistcr indirect (location pointed to by registcr pair), register (op-code 

s;>ccifies ene of internal registers or register pairs), 

ir:nediate{operancl follows op-code). All conditional branches, called condition-

al jumps in the 8080, use absolute addrcssing. The registcr pair H L is more 

frequently used for t~Cf:lOry-acctm..~lator transfers or ALU operntions. Tile condi-

tion codcs are not I:!Odiried by incrementing or decrenenting.re¡;ister pairs anc! 

therc is no operation to compare K L to ~ctermine if a transfcr a data is c~

plete. This is the principal shortCOMing of the instruction sct • 

• 

The 8o8o's clock cycles are rore COC!ple>t than =st other processors'. Each 

1 
' 
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instruction cyclc consists of a nurr.ber of rochimo, cycles. !::¡,eh r.1chine cycle 

. . ' c-onsists of a nU'Ilber of clock cyCles. The mnber of 1:'\.'IChine c:;cles in a:1 in-

struction cycle is equal lo the nunber nf memory refcrtmces in the instruction. 

For o:ar.-¡,le, if the inst.rudi011 is a ene byte instructio:1 such as incre~nt the 

acc;,.-,;uJ..ator, one rnchine cycle is needed to fetch the instruction. lf we are 

r,oing lo add a nur.:ber lo the accU'fltllator using the it:JT.ediate nodc, two cyclr.s 

are need<ed, one to fetch the op-code, and ooe to fetch the operand. 'ale fi rst 

r.J!chine cycle is either four or five clock cycles and the restare three clock 

cycles. Shown in Fig. A-2 is 11. typical rrachine cycle (the first in ;m instruc

tion). In 11, the address of the op-code ie placed on the address bus¡ 

in T~, status information A& placed on the data bus; in T3, "the op
code"is cupposed to be available from memory; and in T4, the opcode 
is decoded, If the inatruction is only a single byte inetruction, 
a T5 period will follo• for execution, If more than ona byta 

,, is required for tha instruetion, T4 will be followed by another 
saries of Tl, T2, and T3 to fetch tbe next byte, Thus each cycle 
consiste of a single series of Tl,T2,T3,T~ (pos&ibly TS) anda 
r.aries of Tl,T2,T3 for eacb additional accees to memory, 

The status information supplied by the processor during 
each T2 ts tranaitory and muat be latched. It consiste of the 
memory rond and write or input or output control eignale. It muet 
further be decoded to be uaeful. Intel now supplies the 8228 ..,·hich 
automatically latchee and decodea the status information and aleo 
eupplies the interrupt oapabilitiee discueeed earlier in the main 
text. The 8o80 is probobly not now usad without tha 8228 in moet 
aya tema, 

Tha high level clockB (greater than 5 volts) required for. the 
8080 are aleo hard to generated for the following reasons. The 
phase 1 and phasa 2 Bignale are not symmetricel if the processor ia 
to operated at maximum speeds. Further there ere synchronization 
problema witb the READY s·igcal. Intel has provided en 8224 
clock drivar for this purpose that aolves ell of the problema. 
Thua the 8080 cpu could be considerad e three-chip procesaor (in 
fairneas the clock generation o! the 6800 is nontrivial), 

• 
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The co~plete proceesor is shown in Fig. A-3. The 8085 
of!ers considerablo'eaee in design 1 since it does not need any 
&peciel clock or status latches. It ie almost certeinly the processor 
of choice !or most futura systems if one ~ishes to etay in the 
8080/8085 software (a considerable investment). 

1 
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2.0 Z-SOCPU ARCHITECTURE 

A ~loe k ~i>&r•m uf !lo< ini<OnJJ •rdoiiOcture ,.¡ llo< l-M CPU io V.n"n in fi&U!t ~ 0-l. Thr diop-•m 
,¡,0,, •11 of tho majm <lomen" rn tht cru •nd 1! ''""'Id ho r<forred 10 throu!,hnut the following 
de"ríplr<Jn. 

" tl'\IANO 

'""" CONTROl 
IIGNAC< 

2.1 CPU REGISTERS 

1 "" o•TuL>O 

"""'""' CONI.OL 

{) 
'"" INHA•'- OAUOUO 

"" '"" "UG!'ON orwor 

' "" co~••o• "" AlGo.,. AS 
'~ CONIAOL 

i ¡¡ ADORE<' 

"'"'"'" 
.. VGNO. run 

AOOAUSIUI 

Z-8!1 CPU BLOCK OIAGRAM 
fiGURE Z0-1 

"'" 

TI1< Z-~0 Cl'lJ , . .,,,.¡m 20~ ¡,¡.,uf R/W momory that aro '''"'"ible lo ll1o programmor, figuro 2.0-2 
rlhr" ,.,., ho" this rnonwrv is cunngurcd intn ei¡,hteen 8-hir re~"' m and fnur 11• bir "&''""· All l-80 ''&"' '" are implemented {.,;ng ,,.,;e RAM, The rogiue" indude two ><!< of si>. general purpt"e rtg.stús 
rh•l may he US<d indi•·idua!ly ., 8-biL r<gi""'"' in poi" <> 16-lnl rt¡iS!er<. Time '" abo 1wo "" of 
accumulalor and 0.•8 "8"""-

Sped•l Purpo--< Re¡iol<r> 

l. Pro¡nm Counl<r IPC). The propam counLet holdothe 16-bil oddr<» of lhe cuuenl in>lrUction be1n¡ 
f<Lched f1~m memory. The !'C ;, outomalically incwnenled .r1e1 il> con le ni> ha" bee n lransferred 
Lo 1he •ddr<" linos. llñen , prt>g!iun jump oocu rs tbe now ,-,loe ;, a~l<>malk>lly pl.cod in lhe P{:, 

m·ctriding the iL>erome•11er. 

~ Sur~ Poinler (~1'). The >loe k pmnl01 holds tbe 16-bit •dd"" of the curr<nt top of a otack lo"ted 
>n} "-h<r< m "'"na! oySiem RAM m<lliOJ)-. The "rernal >l><l me mor:· is OL&>Ili"d •• 1 l.,l·rn fi"l· 
oul (LIFOJ r.Le. O ata c•n be pushed unto the <Laok from <f"<lficCPU re¡:i>l<r> 01 popped off of lh< 
SI .e> in•o •pecifo< CPU regi"'" tiHough lhe e.ocution of PUSH •nd l'OP inmucl>MO. The data 
puppd fr,>m o he >1 "' " , lv. 'Y' the la.t dat• pu •hed onto 11. Th< <ta<k O<ll<•w' "m~l• "" pl<rntntation 
~~ mullople le,tl i nlerrup". unlimu•d "'!"""'in< ne<r m~ '"d ,;.,,pl•~cal oun e~f """)" ty ro• .,f d•to 
monipub11on. 
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l-80 CPU REGJSTER CONFIGU"A.TlON 
FIGURE 2.0-2 .. r--

3. T"o lnde> Ro¡i<l<r.. (IX&. IYI- The two indepondcnl indn "P""' hold a J6-b1t b•"' •ddreso 1hat 
"u"'d in ind<'"<l;•ddressing m<>des. In this m<>de. '" index r<gJSier rl uoed "'o bne ID point 10 a 
1egion in onemo'} from v. hkh da1a " lo be >IOred or «11icved An •ddll!onal by10 " induded m 
indr-ed lnstrUCIIon> to sp<CJfy 1 d"placcmenl f1um lh" base, l1ú1 duplacemenl is sp<<lfled •> a two's 
oomplement •i¡;ned ont•ger. This onode of add ressing gre•tly simplifios moriy types ~f program>. 
especi•lly wlrore lable> of dat• are ""d. 

4. lnterTupl P•¡< ,\ddre" R<¡;i"er (1)_ The Z-80 CPII can be ope!aled in o mode "'hcre al! indi!<CI c.ll 
w ln)- "''""") lucaoion can b< ochi.-ed in r<sp<>rl'-t 10 an inl<rrupt. The 1 RepSI<r i> u sed for th" 
purpo« '" '""' the high order h·bits of lhe 1nd""'l •~""" "·hilo 1~< 1n0<rrup1mg devocc pr0•••des lhc 
""''' ~-bi" nf oh• .ddJ<<>. Til is ¡,,.u re ,H UW< inlrrJ urt rooninr~ 1 o bo d )'11ollnocally loc.,od .on¡ "h<l< 
Ln memor¡ ~ ioh ah>olute miui111JI JOC'>S 1 une 1 n 111< rou 1 1110 

5. \temory Rrh<>.lt Regisler (R) The Z-80 CPU""""'"' • memory refre:~ counl<r lo en•ble dynam>c 
onomori" 10 h< u"d "''ilh the ''""'<ase., Slalic onen>orieo. S.vtn bot1 ollhi> 8 blt re¡;:lller are •utc
maiJcally incrtm<-nled ,flor.,,¡, in>lruCiion leich. Tho <igl11h bot ,..,)) remain "proS"'"""d as 1he 
~esult of '" 1.11 R, -~ <n>lructioH. The dala in the refrcsh tc>unt<r is><ul out on the hrwer purlton of 
1 he •ddrcss h"' >l1111~ with a rofro>h """rol sign•l while lhe CPU is docuding and oxecul i ng the fo<ched 
i llSiruct io11. Tli i1 100do of rof1 e>h is 1 01 ally transparenl lo \he progro oumer and doc> nol slow down the 
CPU opcmiun. Thc programm<r can load the R regi•ter for te>tin¡ rurpose>, butlhi> !<gi11<r is normally 
nor u"'d by lhe rrogrammer. Durint rofrcsh, rhe cunlents of rhe 1 rogister ••• plaood on the uppe1 8 bih of 
tho ~ddrc« bu,, 

Mcum ulalol and Flag Regi<ler> 

The CPU includ" I"-O indcp<HJ<nt ~-bil •c,umul""" •nd ao>oci•O<d 8-blt n,g 1o¡i>to" The ae<umU· 
l•our hold• the "'"11 < of 8-bu >rllhm<l oc 01 lvg<cal upowi~n• "'hile 1h< r..¡ rcgi>ter i~di<Jt<> ;pecific 
onnduion> for 8 or 1{.-bio <>¡><<Ali<>n>. ""h., indkoton¡" h<oher or nol lhe r<>ult of an op•r•oion i< equ.ol 
IH '010. The pr<>il•mmer -.Jws ¡he "cumubtnr •r>d n,~ p_.r lh'l 1" ,._;<f¡., lO v.mk "'oth wi1h • >ingl• 
"''hange m;[[ul'lion '" ¡Jw he"'') c.-il) ~'"' ,..;,¡, trlher pai¡, 
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Tlo<O< "' 1wo n111Ched "''' of ¡o m rol r"'P'"' rt¡;i<lers, <•<h !.ti corll•iuiug ih 8-bit "&iUea lh•t 
m,,. he u«d mdi•·idulll) •• S-bu oegi"e" m >1 16-bil 10~i"'' p•i<> b)' 1ho pw¡;,.mmer. One ><1 is called !;(': DE •nd Hl while lhr «>mplemenoary "'' is called BC"", DE' •nd HL•. A 1 •ny une tÍr:l< th< pwg,mmer 
'"' ><le" <Oih< 1 <el of '"SÍ""' lo ~ ook v.-ilh lhrough • singlo t>change ,-mnm•nd for 1he enlire .. ,. 1 n 
sy'l ""' "ho ro f "' in <orrupt I'>P""" is m¡~h<d. one sel of geno,.¡ rurpnse "~"""' •nd m .o,·umula too/ 
no~ r<~Í><O t m•y be ""'"'d for hru•diHig lhis '"Y f "' ooonine. Onl)' • sin1ple <"h" n~o cun1man d> need he 
<>.culed 10 go bct,.,een lhe 1 Olllin,., This SI "lly rtduc" inwmpl «<'"1<< limo b~ <lin dna<~ng 1 h< roquir<
n1<nl fut '"ing •nd «lm"n~ rogmer rontena in the e~tmd mck during inlmu~l "' subH>tUin< >''"''"'' 
ing. The>< geno.,¡ pu rpn,. "~i<l e r> '" u"d for a wid< ro11ge of •ppllcotima b}' tiro prn~rarnm.,, Thry al>n 
Mrpl i f) prngr •nrnring, <Specially in fl.O~I b.md >ystem> '><h<rt ht !le "'e r n •1 re•d/v. 111 L' rrrrnr,ry " 
>'ail•bl<. 

2.2 ARITHMETIC & LOGIC UNIT (ALUI 

The 8·br! .rit hmo tic •nd logio. 1 rnmuctrons of <he CPU "' exer;~~ted in tho ALU. lntern•lly tire ALU 
<ommunic•tes wrth tho register> and \)ro ntomal dala bus on Lho rnlemal d11a bu>. The Lype of function< 
performed by Lhe ALU •nclude: 

Add L<fr or dght slnfl; or rototu{~rllhmelic ond lo¡ical) 

SubltlC\ 

Logoc•l ANO 

Logic.l OR 

Logical Exclu1i•·• OR 

Comp~re 

lncremenl 

Otcroment 

Sot bn 

Re;et bit 

Ten b, 

2.3 INSTRUCTIQN REGISTER AND CPU CONTROL 

" 

A• .. eh in•truCLion ;, for ched from memory, ir " plaord in Lhe ir . .,"'"'"'" a·gisl e r •nd decOO od. The 
control oechons perf orm, thrs f unition and lhen gener01<> •nd >Upplies •11 of Lhe conl rol signols neceosary 
toread or "'file d•L• fwm orLo the rogi¡lers, contrd tiro ALU and P"'"'de all requited ,.,.,n•l control 
•ignoh. 

' 
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3.0 Z-80 CPU PIN DESCRIPTION 

[he Z-tiO CI'U ;, l'"~•~td in on inth"Lt) ,¡.,oJJ1d 40 pin Du,J ln.Une Pac\ .. ag<. l he 1,10 pin> ,,. ~'""'" 
in fo~ur< J 0-1 •nd thr funcuon nfe>,·h "J<><1ibrd ~<lO\\. 

''"'" CO~TROL 

"" OONl.OL 

"o·A¡s 
(Addt<S> Bu•) 

M¡ 
(hl"hm< Cyde on<) 

. \\REQ 
{\lernor) Rrque<t) 
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l-80 LPU 

' 

Z-BOPIN CONFIGUflATION 
FIGURE 3.0-1 
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Tri·""' output, .e uve high. A0-A 15 con•titute a 1 b-b it •ddO<<> h•"· TILo 
•ddre" bu> ptovidt> the address for memory (up lo b41\ b}'!O>J dolo 
nchangu •nd lor 1¡0 dr.-,ee data e~chang., l/0 •ddrusing US<5 lhe B lov.er 
•ddr<,.bn> t<> oUo'" lh< u><:r loduec~y .. l«t up Lo 256 in pul or ~56 oulput 
poli S ,\a i> !he lu>i significan! oddrr" bit. Duron¡ rtf ,.,h 1 rme. lhe lower 
7 bit< cun,.in a >ali<l rofre¡h >ddre55. 

Tri·Siale wput/oulpul,.rtiv< hrgl1. Do·[}¡ oon•lriUI< '" H-bil bidH«IIOnol 
d"• b"'· n •• d.t.< bu<¡, "'"d for data o.ch;n~el with m.: m"<}" .nd 1/0 
d•,«•. 

Q¡,t poli, a el ive low. W¡ ,,.a;,, es lh'l Lhe comen\ m.•dHn< "~·do is 1 h< OP 
c<'de fetch cvdc uf >tlln>lructoun ''-'"'Jtion. :>:oto 11101 dunng r\eoutiun 
of :!·byte ur:co<l", MI "genor•ted ''.,eh up rud• byte 1> f<tdw_<!. The~< 
two bytr np,codes ai"'"'i' begu\ 1\Jih CBH, DDH, ~.Dil <'1 1 DH .. \1) al>o 
occu" l<"ith i"OkQ to ind1talt an Jnoerrupt >clvwwkd~e .y de . 

T ri·<t>le ouoput, •Oii" low. Th< meroory req "'" <i&nalmdiw" th" the 
•dd '"' bu\ huid> a •·alod addoe" for a mtmory r<ad or momur¡ "rol< 
operation. 

1 



IORQ 
{luput/OILI)''" Req"<<l) 

RD 
(M~mory Reod) 

WR 
(MomoryWrile) 

RFSH 
{Rcfrc,¡,) 

HALT 
(llah 5101<) 

WAIT 
{Wait) 

ll'>T 
llnl<rrupl Reque") 

NM l 

(~OIL M"~"hlc 
lntcrrupl) 

Tri IIJI< ""'P"'· •<tilo l<1w. Tho lORO 'signa] iudi<ore• thal the lo,.er h•lf of 
-'.!;o~ó«<s bu' lu>ldo o VJltd 110 ~ddrt" fo1, 1/0 teod or "rile upewion_ An 
lORO •O¡;n.l ;, abo ¡eneratcd Wtlh an MI •ip>al when '" inl<rrupl i> b<ing 
•ünnwledt"d lO indic.>le lhit., irnerrupt ,.,pon'" ''tctor c;rn be plactd on 
the da\ a bu< l ntmupt Aokn~"·ledge op<ration• o.:cur dunng M¡ time while 
1/0 opc·:atioiL• "'"' occur Uu1tng M¡ time. 

Tri-,.11< oulput,a<li>e low. RD ind;cal" that the CPU wanalo re•d dota 
!rom memory "' an 110 device. Th< >ddr<>..ed l/0 de>ic< or m<mory <bou\d 
u..e Üris si¡<ml 1<> g•l< dala onto lh< CPU data bu,_ 

T rt-mte outpu l, >ellve low. W R ill<licato• lhat th< CPU data b•J> boldo valld 
d.! la 10 be "ored in the •ddru!<d memury 01 1/0 devict_ 

Output, "';'~ )ow. RfSH indicoto> that the low" 7 b11< of 11-,e oddr<,. 
bus contab>a r<ff'•h 3ddre" fur dynamic rnemnri<> and thc curront MREQ 
~~nal shoold be u,.d todo' rdre•n read to •11 dynornic memorie~ 

Output,act,.olow. flALT it><htat<> that the CPU h"''"""'ed • HALT .oft
"'ite inslruclion •nd "await>n~ either a non m.,l-ablc or' m .. ka~le ínter·· 
rupt ( wtlh lhe m"k e na bkd) btfnoe operalinn con tt>llm<. \\'hile ha] tod, the 
CPU execuleo NOP"s In matn" irt memory r< f ,.,h .0\ll'll)' _ 

Input, aclive lo ... WAIT tndicatu 10 the Z-1!0 CPU that th< addt.,!<d 
momo~ or 110 de vice• are no\ ¡eody foro d•!> uon•f"t The CPU cuntinoes 
to '""' "'"' •lates for "long u thiosignol ;, oCIJvt. Tluo <~gnal ollow• 
memory or 1,'0 do vices of ony speed to be •ynchrom<ed to the CPU. 

1 nrtn. n•¡;.'llv<' erl~e t 11ggeoed, Doo nun m"kable in1errupt reqU<>I lwe h•• a 
lngher p11ur11y tk<n ¡>;jf and is ,]ways recngniud al \be end of tht 0<1rtent 
umructinn, ind<ponrlent of the """'' of the interwpt enable fltp·flup. N'>tl 
Julorn•tic.lly forces the Z·BO CPU !o restar! tO ¡,,,.,on 0061>tJ. rht prograrn 
count<r" automstk•tly sa>ed 1n the ntomal st~Ck so th" tho u••r con re1um 
10 lhe pro~rlltl <hat was inlerrupted. Note th<i cun!inuou> W "'JT C}d« can 
P"""' th< Clltt<nl in"r"cl1on fwm ondm&. and th>t J f!USRQ v,jiJ o•.,nde 
' S 1-11 
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RESET 

BUSRQ 
(Bu• RoGu<>t) 

BUSAK 
(Bu• Ac~nowlod¡o) 

• 

---
1 npul. acli>r luw. RESET fo!CoS !he pr<>Kram coun ter to zern and inil ialir.e• 
the CPU. l11e CPU init iahulinn inch1des· 

1) Disoblethe itll<rrupl rnable flip-nop 

~) S.t Regi>let 1 = 00¡¡ 
3) Se E Regi11er R ~ 00¡¡ 
41 Sellnl<nupl Modo O 

Dunng test! time. lh< add!<" bu• •nd dato bu• go toa hig)¡ impedance m te 
ancl all control out pul 1ignal1 ¡o lo th< in•<lm >1>1<. 

Input . • w-. low. 11« bus reqLJeO! S<gnal" ""d to oequ«t th< rPU ,ddrr" 
bu1, data bu• and lri-stal< outpul ton!IOI ><gnol< lo go 10 !_hi¡;h Qnped;nce 
'""so lhat o1h01 d""ÍCOI c1n conllollhe" bu1e1. Whon BU~R ;, a<l""•l<d. 
lh< CPU ,..,11 ,., tho,. bu"' lo a hi~h imped•n« ""' "' '""" as lhe cur rent 
CPU machtne cycle" l<mBnated. 

Qulpl.ll, acl"e low. Bu< ackno,.]edge i< u"d lo indJcate lo the 1eque•tmg 
dovicc that lhe CPU addre" bu•, data b"' ond tri-lla!< conuol bu• .;gnall 
h»< been se1 lo lh<H hi¡h impedant< <late •nd the <xtem.J d<>·tc< con now 
conlrollhose •ignal>. 

Singlo ph"" ITL l<l·ol tlocl which "quit<l onl)" a 330 ohm pull-up t«iOIOI 
10 +5 ""]"lo n>Hlall doc~ toqui.-<rmnt~ 

, 
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4.0 CPU TIMING 

11,. Z..'lO CI'U e-etUI<'i in<lrucliom by slepping lhtongh a '"Y p<ed .. «l of a few bnic opemioo<. 
noo .. indude: 

~lemory read or write 

1/0 deVI<e reod or "rile 

lnlerrupl ackno"ledge 

All t~><truction> "' mercly a "ríes of lhe;o h'<IC nperaoions F"h uf lhH< b.,;, oper"'ons can take from 
tb;<O 10 ,;, dock penOOs 1ucomple1e or lhey c•n br ltn$1llened lo synchroniu !he CPU lo !he 'P"d of 
'-"•rnJ.l d.-icos The ba<ic docl prrlods aoe refe¡¡ed lo" T cytks and Íl" bJsic operal1ons .,. refwed lo 
» .11 (for machine) e y de> Fi~ur< -l.ú-D Jlu>tral<> lw" a tnical in>truction will be merely a >eti., of 
>r<<>fic ~~ and T cycles. :O.:olice thal !hi¡ imlru<tion consim of lhltt machine cydcs (M 1, M2 and ~B). Th< 
fir>l mochme e y ele of an¡ mSirucnon "' f"ch cycle v.hirh ;, four, f1vt <>r six T ,·ycles long(""''" length
ened by lllt wail •ign al which wül be f uUy describod in lile nexl ot<llcn), The fe~ eh cycle (M l) ;, u•ed lo 
fetch the OP code of lile nUI imlruclion lo be "ernted. Sub..,quep¡ mothine cydes me"• dolO belW<OJI 
lhe Cl'll •nd rncm<>~Y or 110 <l<>ir« .!lld 1hoy moy ha ve anywhoro frMI th10e 1<> lh·e l cycles (ap.in lhey 
m ay be lm~th<ned by"''"' "atesto •ynchroniu lho <xtoonal devices lo \he CPU). The foli<YWing pa~
g,.phs de..:ribctho Hming which occun wilhin llflY oftl1e b!<ic m achine cycl ... In r.eclion 7, \he euct 
linling for cach insuuction ;, spcdned . 

• 
'• '• •• '• ., '• ., 

'·---"-"é-é''''""--- '---•• ---t---;:,;,---1 r "" T- .. , .,, 
<o• c."''"'"' ,..,._, .... , ,~..,.,.. .,,_,., 

' BA$1C CPU TIMING EXAMPt~ 
FIGURE 4.0-0 

All CPlltiming can be brohn down inlo a r,,_ "'1)' •imple 1 imtng diagram< "' .!:t""-·n in figuoe 4 .0·1 
lhrou¡;h 4 0-7, TI> e<.< diagrom• sho"' the f"llüwing h"ic opeoattons wilh •nd willtoul w"t """ (wBOI <lates 
are odded lo >ynch¡umze !he CPllto slow memo')' 01 1/0 devices). 

4 0-1. lnsltLJO!Íon OP cod< fetch(MI cycle) 

4 0-2. Memvl)' d&U oe>d ot \\fÍI< cycles 

4 0-.1. 110 •••d ur "rile cycles 

4.0-4 Bus Requ .. t/A<kn""ledgeCytle 

4 0-5. lntetrupt Requ"t/Acknowledge Cyclc 

4 0-{;. !'un m1ú.able !nteo rup1 Requ«l/ Acl-..nowledge ('ycle 

4.0-7. Exol fruon, I!ALT on<lrueli"o 

" 

1l 



I .... HKL'CTION FEfCH 

F 1 ~ure ~ 0-1 sh""' thet1ming 1hmngan MI <)'Clt(OP code fe1(~). Notice th•t lhe PC os pl•<ed on lh< 
addr.,, bus 11 the boginning of tho MI C) ele. Ont h¡JfclocO ltme la ter the1>fREQ ~~~''' aclo>t. Al thi• 
time the addr<« to th< mtrnOr) has ),.d time to mboill< >0 that tht folhng edg< of ~IREQ c.n be u'l<d 
dJre<tl)' 01 a <hip cnable dncl. to d)'""'"' nltmori" The TUlim< al>o goe• oc\"'' H.> ondic.te thatthe 
memO!)' r<ad data W.nuld be enabled onto the CPU d•t• hus The CPU sampl<> the d"' from the memory on 
the d•t• bu• ~-L<h the "''"& edge of tho docl. of <U!< T3 and thl< <ame edgo ;, ustd by the CPU In turn off 
the ~ •nd .~IRQ "~n•ls. Thu• the d•u h»>h<>d)' bren <.Jtllp'cd b) the CPU hef<>l' the l(fj <ignal b«<>m<• 
on•<ti•·e. Clock m~< TJ ond 14 of • fel<h <¡clt ore U><d to ,.¡,-,.,¡, d•·namic memon•s- (Tho (PlJ Ul<< thi< 
timo "' Joco do and ""'"" the ( <IChed in ~truco ion w th" n n oth<r op<rat ion could be puform<d ot Uu1 
timo). lluring T3 •nd T4 lh< Jo,. ti 7 bits of th< addr<» bu< c<>ntain' memury r<ft<sh •ddrc" and lh< l{)·Sil 
"~~"'' beoom" acto'< lo indoca« thot a rofr<sh r.•d of all d)· norn.c memori., W>ould be accomplo-.hod. Notk< 
that • RD sognal "nut gm<r>oed doHing ,.¡,.,¡, tirn< lo provont data fmrn d•ff<r<nt memory .. gments from 
bems t•l<d onlo th< data bu<. Th< t;'iR_EQ signa) du<1ng re[,.,.¡, lome ihould be u,.d 10 p<1fo1m o rof10sh t<>d 
of a\1 memory elemon1S The r<f1<1h •ign•l can nOI bt u<ed b) ll«lf ltnt< lh< r<fr<Ül addo<<S" only guuan· 
l«d lobo «oble dutii•S MREQ tim<. 

L----·"··-----1 
,, ,, ,, ,, 

RlfR"H.OOR 

INSTRUCT!ON OP COOE FETCH 
FIGURE 4.0-1 

'' 1 

Figuoe 4.0·1 A iUmtralet hnw th< fetch cycle i1 doloy<d if lh• memory ''""'"' the WAlT lino_ Dllr· 
ong l"l and C\Or}' sul"eq uen t T w. tho CPtl wmpl" lhe W 111 T lLil< "llh th< falling od~< o[ o!>. l f tho \\ AlT 
lmo ;, •e ti>< ot thi< umo. •nother "'"'>tal< will be ml<ted rlurmg !he foUowing cycJe_ U .. ng this techniquo 
th< «•d qde C.ill be length<norl lo mol eh the .Ce<!> lime of any l)pO of memoty rl"ice. 

" 
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INSTRUCTION OP CODE FETCH WITH WAIT STA TES 
FIGURE 4.0-lA 

J 

. 

_____ [_ 
-----t; 

1 

.~IEMORY RL\Il OR \\RilE 

Fi~uro ~ O·C rllullr.riOS the 1in11nf .,¡ rnenwr)' oe>d nr "'"" cycl" olh" !han·'" OP o<ldc fclrh l"ll 
cycle ). Thc.e cyd« ar< gonrralh· thr<c dod; pt11"d' long unl"' "''"" "'''' .,, requened by the m<mory 
, . ., lhe WAil •ign•l. The MREQsirQ.ol and thc R!'·~ognal ore u;od l)><ume a< in the fetch <)de. In 1he ''"' 
oi • rncmory><-rll< cycle.the ~IR!-. •l!oh«ome> "''"" when lhe addre" hu< is mhle so rhal it C'l\ be 
UJ<d dnocth· •• a dlip e11able f<lr dyHomJ< n>emorieo. Tho W R lino ls 0<1 "'' whon da o a on 1 he dota buo " 
ouble oo 1h>1 u r•n be u .. d d11ec<l;· a< o R{W pul .. to •·inuolly any 1 )'p< .,r stmiconduclor n1emory. 
F Llllhermoro lhe \\' R oign>l goes inactivo on' half T m 1< h< fo10 1 he odd "" •nd dato bu• <c>n tents are 
<hanged <o thot the o•erlap r<qull!mena for virlually ony type of semiccndn.:lor memo¡y typ< will be met. 

•• .... , 
••iO 
~ 

•• 
DOlo OU> 

ooo. "' ..... 

'• 
-

- --
- ---

.. ,...,,,.,"". 

MEMORY REAO Ofl WRITE CYClES 
FIGUHE 4 0·2 
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F1~urt 4 O-lA llhJstrol" how 1 WAJT 1equ"'1 signa! wiU longthtn any mtmocy r .. d or write Of>OJO· 
ti<>n. Thi• ~r•oouon io id<nlioallo 11,., pr<vioully d .. cribed for a felch oycle. No1N;e in thi< figure thlt a 
«pJr.>IO "'d .1nd a 'oporate "rito cyde ore shown in lhe "'me figuro •llhough toad ond wrile cycl« can 
n<><l occur simult:mromly. ' 
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f------- lJ_:.-_lL- n:.:j:-- -=r---~--1 1. 
MEMORY READ OR WRITE CVClES WITH WAIT STA TES 

FIGURE 4.0-2A 

L'IPliT OR OUTl'UT CYCLES -

} .... ncc• 

}""'" e<CH 

Figure 4,0-3 dlustrale< m 1/0 read or 1/0 wri!e operation. Notice that durin¡ 1/0 opera!ioru • singlo 
"au ""' isoutomalically insened. The r<llKin for thiSI$ thot durmg 1/0 operOiions, the lime from "'hen 
111< IORQ oignol gnes acliV< unt~ lhe CPU mus! ..mple the WAIT lin< is very shonond without this exlra 
stale sufnc.ent "m< d'''" nol rxist f<>r dO 1/0 pon to decrnl< il• 'ddr<« •nd a<IÍVal< the WAJT line if a wail 
"required. Al so. "'ilh{)Ut thi• wail '""ti "drfficult lo d<Sigt> ~OS 1/0 d<VIC<> lh>1 con op<rate al foil 
CPU~ed. Duung thr< wall suto time tite W AIT request sign•l " .....,pied. During a read l/0 op<rol!on, 
the RD loue "mtd ro rn"blo the 'ddro,,.d pun unto the do13 bus ju<t" in tho "''" of a memory read. For 
110 wntr oreralton>. thr 1\'R ltno is U>ed '" do<k lo the 1/0 pe>rl,apiri with •ufflcienl overlap liming 
>ulomatinll} provi<kd 50 1lu1 lhe risingodg< may bt u"d as • dala dock. 

F1gu¡e 4.0-JA illumates ltow addil ion•l wail ''''" may bo added wi!h lho W A lT line. The op<ralion 
"ldenlicolto tloalpro>iou<ly de>cribed. 

BUS REQUEST/A("Ii:,.OWLEDGE CYCLE 

Ftguro 4.04 dl"""'''' lhe tirnong fm a 11<>5 Reque,.{Ac~no~<·led¡e cyde. The BUSRQ !~ i~ 
"''"PI<d by the CPlJ wllh oh e n;ing od~e nf o !re t.st el <JO], peoioJ uf any mochine cycle. If tht BU~"Q" 
signal i> acti ... tht CPU,.¡¡¡ ><t it> oddren. data and lri-stale control "Bnllls to the high impedance ""'' 
wnh tho rooing edgo of lhe nnl el oc\. pulS<. Althat timo illY e>tern>l device <m mntroltho bu>« o o 
tr•n•f" data loell"''" rnomnry •nd 110 d<>ke.. (T].,, ¡, g•ntr•lly known ., flt 1<<:1 ~temory A""" [O l.\ A 1 
u•ing cycle "ealing). Tlre rllaxomum tírne fot the CPU to «>pond 10 • bu5 "<!"'" is th• loH¡¡th of • rnachme 
cycle and the exrern•l contrnller can maU.taln conuol of oho bu• for u m1ny dock C)-Cie. 11.!" dt>ired. 
Nnle, ho" o ver. th" if vory ¡, -ng DMA cycles ato tJ\Od, ""~ d)"nam¡c mernories '" bemg mod. the t 'terna] 
<unlroller mu<l oho pe;form the refre<h function. Tim oitualoon only <><curo if vory large block• of dala ar< 
tr.or,.f<tred und" D\t.'\ controL Aho nol< that durmg • bu> r<<jU<!I cycle, th• cPU cannot be in1euup1<d 
b¡ «l)oor a S\11 <•t ,tn Jl'. f ,j~nal 
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Ftgure 4.0-5 illu•11a>" tho \Jnling '"od•tod "ith an intcrrup¡ oye lo. Tho intcrrupl •ip~al (INT) is 
s..,.,plod by tho CPU wolh 1hc ,;,.n¡¡ edse of thc !J;t doá at thc ond of ony in<truction. Tho .,gnoJ ,..¡¡¡ not bo 
•ce<pled 1f1he in!<mil CPU wfl"•'" controlled ml<rruptenoblo fl¡p•flt•p "not ..,¡ or ifthc Bl'SRQ~ 
llltli•e. Whcn the signo!'' aoccpled a spocial MI "''do;, tenO!ated Durin11hio $f"'CÍ11 ~ 1 e;. de thc lORO 
ll¡nll becom« ""•• (inotud of th< normal MREO)to ind•<•l< lhol the inl<rruplirt& dovice """ pbce on o 
ll<blt ''''"' on th• do10 bus. l"oüco thatlwo woit '''''' "" outomalically odded to this cyclc. Thc>O statco v 
Oro odded 10 !hu a !ippl< priori! y inr«rupl sch<rne can b< oo>il) impl<m<nled. The 1wo walr ">leS allow 
•offidenllime for !he ripple ¡i¡nalo to ¡t¡biliu and id<ntify whioh 1/0 device musr in son !he rrspon .. 
~ctor. Refer lo s<ot1on 8.0 for de!al\1 on how rhe imerrupl respOnR .. ~ror io utiliud by the CPU. 
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FJ¡:ur« 4.0-5 A and 4.0-~B illuslrot~ hnw • pr<>¡:r•n>rn•blt cO\urm can l>t ""'d tn txtond inl<nupl 
ac\,no~ lodge rimo. (Con r.fl"'d •• ohown lo add ono "a ir •m•l 
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r\0:'>" \¡ \SKAIILE I~'TERRlJPf RESPO~'SE ¡ 

F ,~u" ~ 0-6 11IU>1 1 <l<'S 1 he r<<¡IJ<ii/J<~ """ l<~g< cy<l< fur the """ '""kable inl'""P'- This signa! lS 
""mpl<d al the '"me lime" lhe IOI<IIBPI hn<, boJI lhi• l1n< has pronoil}' n•er lh< noomallniOirupt •nd 11 can 
""' he d•;:,bl«l uHrl<J •uft~ .• re '""'rol, 1\1 U>lr.l fun<l ion is tu pr<>l'ld< ommed i•le respon-. 1 o 1mpurtanl 
'lgh>il ""h "•n impcndm~ P""" foHure. Th< ('l'll "'1"'"" to • nun nl>'kable inlmtipl is simil.r 10 a 
"'"m.1l roemol)' rc•d op">lwn, Tho <lllly d,ff<ocn<e be111g lh>i lh< cunlent of lhe dJta bus" ignored whil< 
1he 1""'"~"" •ulomatically """' 1he rr in ihe "'"'"'me~ and ¡umps to location 0066H- The >tr>'ice 
r<>ulme for the non nla<kable m1euup1 mu" t><~in al oh" IO<:IIiun if this inlrnupt "u5td. 

HALT lXIT 

1\ñ~n.--er a softl'·aro hall insuuctioo n n<•'Oitd lht Cl'll bt~•n• <><<Uiing :-.op·, unul •n inl<rrupl ts 

re«i><d (<illttl a non m.1,bbl< 01 3 madablt onoerrupt ~ hrlt lht intorrupt !lip !lop "tnablodj_ The :wo 
inlcrrUpl hnes ar< '->mpltd "Jlh lht ri"ng <1<><~ <dgt duting tado T4 "'" •• .Jm .. n in frgure 4.0.'1 _ 1 f • non 
m"la~le mr<rrupl hd> been r<c<r"ed 01 1 m"l.ablt inrmupl h., bten r<cci•·•d and the rnterwpl tno<blt 
!lrp-!lup ""''· rhw !he h,l! "''' "'11 b< niltd un ,¡,. ""' ri>ing dock odgt. Tht foil""'"~ cyd< "'U then 
be .10 in1<rrup1 acknn" ledge cyde corre>pondutg 10 lht 1) pe of '" l<rrupl 1ha1 "" '"""ed. l f both are 
recer>ed '' thrS tlme, th<n rhe non m.1>l•ble un< wrll bt ockroo,.l<dg<d >in« il ha. hr¡;,~<>l priori!~- The 
purpo>t of e "nllrng ;>;OP inslruc llon> wh1lt in lh~ h•lt >1 •lt i• lo kotp lh< memory refre>h sigrrals acli><
Each cyd< in the hall stato rs a normal M 1 (f«ch) cyclo r><:Opl thollht d>U rt<eiV<d frum the memory is 
r¡¡nored and a t\ OP imlrt><lron i> forctd inleroolly 1 o llrt CPU. The halt >eknowlodgt signal ;, acli>e áuring 
lhi< 1irne to indica!< lhal tho pro<t;,or ;, in tOo hall Slllt. 
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5.0 2-80 CPU INSTRUCTION SET 

TI'< Z-80 CI'U can ne<ute 158 dtff<relll illslructoM t¡.pes mcludin~ a U 78 of ''" ~OXOA CPU. 
He inMruOii<>n> Cdll be bwkon dn"·n miO 111< fnllo\\ 111~ m•jur grnup.: , 

• load and E>,_:J,.,ge 

• RIMk Tr•nsf'f and S"'rrh 

• A rit hrnetic 'nd l n~ic.oJ 

• Route ond Slult 

• Ba ~la ni f"Jiation ( .. t. 1eset, te•t) 

• lump. Call and R<tu¡n 

• lnput/Output 

• Ba<l< CPU Control 

5.1 INTRODUCTION TO INSTRUCTION TYPES 

The load inst ruclions mo>e dJ la tn'<rnall; betworn CPU "S""" or bet ween CPU ''ll""" and "1 e¡

nal me mOl)'. All nf these insuuctions must •pecof)' o so urce lotation from "'hich 1he d"' "lo be mm·ed 
anda destmotion lo<alinn. The source location ;, not ahered by a laad m"ructJOn. EuniPI" of 
load group inmuc!ions include move> between any of the ~ener1l pUrJKl"" ''l"''"" such., move the d>lo 
lo Regi>t<r B from Re~~'""' C. This ~roup al10 include< lood immed,.l< lo any CPU rO~;,.er nr roan}" 
exr<rnal memory lo<arion. Other l)"p<s of lotd inolruerion• aUow 1 ranofer be¡weon CPU ''~"""" ond 
m<mory Joariono. The uch•nl!" instrucliono oan m de rhe con tena of '"'" re¡:i:lre,.. 

A unique <el ofblock rranofet in;lructionor< provid<d in the Z-80. With a orngle in.,uction • 
'' block of memory of ony oi<e oan be mo.ed 10 any other l"c>tion in memory. This <el of block moves 

is oAtremely vóluable when lar~e slnngs of da10 must be rrocened. The Z-80 block .. aroh i11<1r ucüon< 
'" al<o valuablo for this t;p< of proce,.ing. Wilh a srngle i11Sinrc!ion, a block of exlemal rnornur)" 
ofany de~"d length can he "arched for any 8-b1l charactor. Onú lhO charaelei is found or lh< end uflhe 
block is reached, th< ins!ru<lron •ulornotically wminale~ Bolh lhe block lronsfer and the block ""''h 
in<tructions con be in!Orrupted dur"1ng their e.oculion SO as lo nor occupy the CPU for l<Jng porinds of Irme. 

Tho llltlrmetiC and Jo peal instruCiions opero te on da'- otored in tho accunml31or and 01 flor 
general purpose CPU regmen or exrornalJn<mory locatiOnL The re•ult< of rho Of'<totion• •re placed 
in the occumulotor •nd the appropriote fbg• are"' acoo<din¡to the '""]! ofth< oper•tion. An 
<umple of In arithmelic Operatron is adding the accumularof to the contenu of an <~terna! memory 
loca!Jon. The rewlto of the addition are placed in the accumuluor. Th" group olso in dude¡ 16·bil 
addirion and ¡ubtn<tion bth•<<n 16-bit CPU reg.ist<rL 

The m tole an4 oh1ft group ollowo •ny r<gi"er or •ny m<mory location lo be rottted right or left 
with or wilhout '"'Y either "ilhmelic or logrcal. Also. • di gil in lho .ccumu!AtO! can be roured right 
or left with lwo digiiS in '"Y rncmory Joc>lion. 

The hit "'"nipul;¡t i"n in.,rucllons allow '"Y b 11 m llro "'umt•la tor. '"Y gclleral purpn>< "~¡" er 
or any e>tornal mem<"Y local ion lo be :.et, re,.¡ or l<"<d with a Single "'" ruction. For ex• m pie, 
the most significa ni bil of "!!'"" H can be r<set. Thi> grnup i• <>pocially uoefu\ m c<mtrol applko1ions 
and for conl ,n]lmg •oft" ore na¡;s in general purpn« prn~r a m mm~. 

Th< ¡ump, .:all and re rum rnsHuc:ron• "" u«d rv 1 ran>fcr b<l\\ cm '>riuu; l<ulrun• in th< ,,., ·, 
protram. Th io gruup use, se> e o al d¡ff'I<Jrl rtc~niG"" ¡,, ubl.rning the nov. pn~r"m <O un rer addren 
from >r<Cifr< t>te/ oal momory I<OC>Ilon~ A uniqo< lYr< of <>11 i• lh< reS111t insllUC!i<l!1. Thi• rnmuc!Jon 
ocwally contoino th< "'" addr<S>., • p;lf1 of !he S·bir OP codo. Thi> i> possrble sine. only 8 '"""'"'" 
add '"'" located in P·•i• '<lO of lhe ex m na! mom<>r} may h< >pecifr<d. Pro¡.r.rn jumps ma) al so 
be achi,•;ed by l"adill~ tr~i.l<r Hl.. IX or JY d"" tlr irlro lh< 11", 1lrus .rllr wrng 1he J'""P ,JJ•<» '" 
be a "''mpl" for~·ti<>n of llro '""lino horng ,_,ecuotd. 



Thc '1lpllt/"<11 pul ~· ~up of m<t 1 '"'' i"'" in 1 he /- '(\ _,n,,~ ;,, a wtdc ran~e "f t tansieTS betwccn 
"t 011 ,.¡ llkll<Ot \ k>c·ati""' út ihr ~· "' tdl¡>"t p<>ce (I'LI 1 <',0""' ~ Jlld 1 bo n lot no 1 1,1() lle~i<:". 1 n 
.,,¡, '''"· thc P"tl nwtth<l h prP>'<deJ ''" tl,o 1""'" 8 hit> l'fthe •drlte..,ou, dll!lllS '"Y l/0 
"'"~"" t""· 011c in,¡ ructton , llc''" tlm 1'"" """'!'" '" he <pe<Jf.eJ by tite >e<'llOd b; 1< of the instructoon 
whil< <>tlt<r 7.-00 ill<LrHOt<>llS •11"" it tn be 'l"c'ir.,·J .•< ti""'"'""' of the C te~i .. er, Ot>< tnajor •d· 
'·'""~' ofL>>in~ tbc C regi"<t "'l'"inter '" 11,, 1,'0 ""'"' i< th•t it a\lt>w, ddfet<ntl/0 P"'<" tu 
>i•J te , , ""'Mil S<>fl'-' ,,. "'"" "'"' ¡,,,_ i hi> " nnt 1~''>101< "l. en thc oJdt "' " p.u 1 of the OP code 
tf tite 1 ""' "'" ••e "•·«d Ir• ROM_ A Mlher ;, . .,"te ,,¡,¡,""' mpn1 inslruclion• " th.>t they ser the 
fu~ ,.,,,, <r '""'"'"''"ll) >O that •ddLtio1>.1l "r<'" ion> o <O '"'' r«¡uired lo dt101 mine lli~ '"" of 
th~ tnrut "-'" ( f ~' n>mp\' i ts ¡o•!ll}) 1 he L-~0 CPU iocluo!-. •in!)• m>trur ti<ln• th•l <ln move 
hk>ch <>f d, 1> (.-p 1 o 2S 6 byt.,) >UI<>n>>l ir>lly 1 o or ftotn >n: l/0 pc!l du<ctly lo •ny m<~nory loc:•tion. 
In C~l\jn ll<~iron -. ll h 1 he du•l >OI <>f F<UOtal p1JO J'"'' «ti<letS, tbc"' in>I!UChon; p!O<iJe for f,>l 
liO ~hd. lrJn>f« 1"<'- The <llar of tlu• 1,10 itl>ll>l<liou s<l i; Jcmonsltat<d by tho f•ct th" the 
I~HO Cl'l! '-'" ;,,.,-,do •11 1equirod noppy d"< h "''" iu~ (L. o., thr CPU pro.,id" 1 ho r"amble, address, 
J,.,, '"d ,.,,¡,¡" :0< CRC c~d<>) un Jn¡¡\•lo <i<n>tl)' ~Oi'p) di, k dnve< on •n iniCI rupt driven ba.i>. 

¡·¡ ,,¡¡). t 1 ,, ¡,, 11C CPU '""'rol Ln>lt '" ltOn> •11m' \'3fic.us o¡;Uons 111d ""'""· This gwu~ includ<-' 
in>t r "' '"'"' >nCh ·" setting or ""llill~ liTo inl•rrupl eoable ntp nop 01 "'1m~ 1 he m~de of in ter oupl 

"'r"""· 

5.2 ADORESSING MOOES 

11<"1 nf 1 he Z-SO '"''' ""'""' ~P"" r "" ,1,.• ""' rd '" '""' n>l (I'U «~'"e'"- "'" n•l mcnmry 
m m thr 11(1 pc>rt~ ,\rldre,_,Tn~ tefe"'" ho"' the add'"' o[ lhLS dol• i1 R'<T<1>torl,tn "'h in,truction. 
ThT> ><el ion gL< '' a bud sun>nm) ,,¡ tite 1 yp<> uf •dJ t , .• ""' ""J 10 the l.-KO w \11o '" "'"4"'" t "'"""' 
,¡"·"' ¡¡,,. 1) re ',f addte,ing 0\'<Ti.Lblc ¡,, c.od> in>tr<"""n ~t oup, 

,..,.,_,¡ operand. 

or c~o. } '""m~ bytes 

Operond 

1:\, 11 1pl" of 11, t> 1¡- pe of oo<lr ,,., i"n w,•uld be. t" lood ti, e accumLJI•Ior wi th a C"t"tant, ,.-hote the com<ant 
"ti•< byiL' tnllUc'di.>ICiy fnll11"011~ lite 111' <'O>do. , 

i<10>n<di.¡te hl cnded_ Thi< ""'do i• <n«<ly "" exl ''"ton of tr>llnodia1e add "";"~ in th" 1 he two 
by¡., foll<>wLn~ the OP '"rl" are ti« operand. 

01' ">de '''" ,, 21"''-" 

1:' ""!'k; ' ,¡ th" t' ]'<' uf itt•l t "' • '' '" '' • •llld ! •C 1' • !, __ ,¡ t! '' 111. 1 o~''"" 1'"' ( 1 6-ln1 'cgi>Lc;) wi1h 
lú bit> 12 b)h'>l ,,¡ ,¡_,,_ 
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llodifi•d Pa¡< Zt:ro Addre"ÍIIJ· Th• l--80h0111r<d•l single byte t .. LL in>lruotion lOan¡. of 8 loca1iun1 
on P'~' «rO of memofy. Thi1 in<Uuc"nn (whirh \; rcfwod ro" • ,.,1>!1) "'" 11,. PC 10 an <ffecllvt 
oddr<» '" 1"8• ¿ero. The 1"3lue of lhi; in<1rurti<ln "thai 11 allnw• a sinsle b; <oto spccify • completo 
l t.-bit 'd<itoS< wherc WlllnlOn]y ralled '"h' uul ine; are loc>Eed, lhLJ> ''" mg IH<m<>ry >p•ce, 

ReLatil<' ,ldd•e"ing. Rel"'" odd<e,in¡ "'"une b¡. te nf dato follo" in~ lhe OP rodo lo 'pec<fy a 
di>pl><en"nl f•nm rhe O'Í<!ÍOl! propom ro which • pro!;r>m ¡ump oon occur_ Thi> d.,p]atement " 
• si~ned '"o·, wmplernonl numb.r that u odd«< lo the addoe» of the OP code of the f ollowing in>lrU<Iion. 

OP Ctodc 

Tho l'a]ue of r<lall'·e •dd1<s>in& is llmt 11 ollo.,.jump< lo eo.rb)' loc.lion< whilc only ~rqu11ing two 
byte. of men~>ry 'P"'"· Fur rnost pr<>grom-.. relari•ejun:p< 11e by far rl•• moSJ pre•alenl l}p< of 
¡ump duelo r~e pr<"imll} of rolaled pr<>grAm '"'"''"''" T~u .. lhe,. >nSirllcllOns c.n si~n1ficantly 
red u"" merHory space requirerneniS. The >ignod di>plae<n1<n1 oan nnge bet" eon t 1 27 •nd ·1 18 
fmm A t 2. Thi;,Uowo fnr a tnt•l d»~lacerr•<nt oft129 to ·126 fmm lhcjump rtl'l"cOPcode,,ddre" 
~nutl"1 rnajN ad.-a:uage is 1hat n allows for rolo>r•table ende' · 

h1<nd«< ,\ddr«>ing. E> tended Add<t»ong pmvrde• for l ... ·o b; tes ( 16 bit5) of •ddre" lo be induded 
m lile insuuctrurL Thi> di U can be'" addre" In which a pro¡rom c•njump nr 11 con be an addrNS 
wiloro "' ope,.nd" l<>t•ted. 

f''''''-'c,"'"''-c-cc----,-------,-1} onc '" twu bytes 
l.ow Order Add!<" cr Low ordtr <•~rostd 

tlrgll Order Add!<SI or hi~h orJer o~raiÍI 

¡: "<nJed •dd rc»mg ;, rtc¡ui 1<J f m a p 1 ogram 1<> jtomp frc,n ony 1 "' a li<'n m mem ory 1 n '"Y othcr Jn,·a lr<>n, 
c.r lnad •nd <loO< da" in any rn<~TIU!)' l<xa\101>. 

Whcn ~" ended •ddr<S>ing is o><d to 'pec'f) t h< so oro< m dul inll N•n addre<S of on nperand. 
1he nn•al•<>n (nn) w.ill be ""d to •nd><::!te rhe corll<nL of m<niDI)' JI nn, "h<r< nn " the J 6-hi1 oddrc" 
'r<•<~<d in th< imt'""inn. Th" rnoan< th" the twobyre> of ;,Jtlo<>S nn •r< u>«< <S ap<>inter te • memory 
J"c>Lioot. Thc "" of Lhep.,onlhc>OS al\\l)'S IILCaiL> rhat Lhe toluo Olltlo"•d wLthin lhon1 '' u'-€d "'' 
roinleo Lo a mcmory I<•C>tinn. Fm """~le, ( 12ll0) rdc~> ln lho c<or11<111< of mcnHory .r lncotinn 1200. 

Jndr..-d Addr=irtg. In thi• 1) pe of addres<ing, the byte nf d•La folln" ing th< OP code con" in> 
a disrl•<••nent y.Jnch ;, •dded Lo une of lhe lwo mdu rogi>l<JO (lh< 01' wdc >p<CL('l<, which ind'" 
ro~i"'' h u"d) ro forma J>OÍnter ro me mor y. 1 he cunlent> ~ro he iml<' ret•ist<r >rt nol alk:cd by thiS 
opcr>!ion. 

OP ('o de } 
f::C':-';--~ lwo b;re OP ende 

01' r~do 

,, 

' 
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5.3 INSTRUCTION OP CODES 

¡n, "'''¡''" d<'"-' ibes urh of lhr t -~0 '"'""di<>n• ~ud pro.-ide• t3bl<> h>i in¡ •h• OP cod« r ur <><1) 
""''"'"""· In r.ch uf ¡hr"' t>bles thr OP .-.•Je• on >l••drd •re" aro iMn11o.o.l lo thuoe <>ffered in the 80SOA 
(. PU. Al•o <ho,.·n is oh< l~><mbly ¡,,¡uag< nln,moll ic lh•t " tl<<d f or <o<h J "" •u:tion. All on>lruction OP 
cc•d" are JiS[ed m he >adocunal nntoHnn. Si.,rle by 1< OP codos oequir< t wo he, chora<Lrr> "h•le doLJb]e 
b)r< úP code< ¡equir< f,>Hr he\ cliOJ<riOr>. The '""""iuo1 fr"m hn 10 bmal) i< trp<a"d here for 

,., '" 1 "' '""'' 

"" Bi,w)' Decimal "" Rinary [leoimal 

o "'"' • o • • '""' • • 
• ""'' • ' • '"'' • • 

• • "'" • ' ' • 1010 • " 
' • "'" ' • ' ' • 1011 • " 
' • (11 00 • < e • 1100 • " 
' • 0101 • ' o • 1 1 o) • " ó • 0110 • • ' • 1110 • " 
' • o 111 • ' ' • llll • " 

Z..<!O in<truction mntmonks comiSI of "" OP ende and uro, one or No Optrondo. )n>lfll<liono in 
"·hich lh< operand ;, implood h"< no <>p<ldnd. ln•Uuolion> "hi<h ha1·e only o no logkal oporand 01 thM< in 
"hich one op<r>nd is '"'"IiOnt (su eh as the Logicol OR insuuwon J ar< ~<pro!<nLtd O y • on< "P"and 
""'""'~" •e. lrl<l ructi~'" ""hkh m>)" havo 1" o '""'Y"'S "rero~nd< aro rep«><n <td b.1 '"" ''P' ran d lnll<J~onics. 

T•hl< S.:l-J defoMI the OP codo for all of tho S·bll l<>•d insuuctoon< ionplemenl<d m ¡he 7.-bO CPU. 
Al<<> olto"' n in th" l•bl• is !he l} p< of •dd rmmg u sed for tach m<tru01ion. The >Ouoce of th< doJ> io found 
on o he lop horimnl3] row whilt o he do>lm.,ion is spoc.foed b} <h< Ioft hand C<>h>mn. For •~"nple. IOild 
r<giSI<r C foom regi>l<r B "'"'o he OP code ~SH. In all of lh< tabl .. oh< OP codo io •pecofled m hexodecimal 
nolal><>n •nd lh< 4811 (=01 00 1000 bmary)cOO<" f<1chod by theCPU from ~!-• u torna] memory durona 
M 1 lome. decnded and then tht ,.g,.ler l!ansfer "automJtocally porform<d bY;<i1< CPU. 

lho .o><mbly bn¡n.,~o mn•monic f01 <lu< onti10 goull¡'" W, follu\LeJ h_1 thr dc"matioo fnllowod 
by thr '""'" (LD DlSl ., SOU RCEJ No!< tha! ,., oral <om bi nadoos of •ddu·""'K on"d<> are P""'blc. F or 
o>amplo, the so u te< m ay use regi,er ,JdreiSing •nd th< dtfl inatoon m•Y be ''~'"" ind ortct; •uch " load 
lh< memOJ)-" local ion poinled 10 by o<gistet HL "JI h lh< con ltnts of r<Ei<ler D. Tht OP cod< for this 
op-traUQn woold b< 72. The mutmonic for lh» load inouuction would ~• 3< follo-....: 

LD(HL).D 

noo p•r<nth•"• .ro~nd <he IIL "'"'"' 1ha1 th< canten u of lll ,,. u«d -'' • poinltr lo a memor)" locolion. 
In all l-~0 load in•IJuCI ion mnomonoe> tht d"tinali<la ;, 3lw ay< lt"ed n rsl. with th< "'"'''' f<oliO'-' lltg. ·n,. 
L-RO "sombly bn&uoge h.11 been dofoned fot '"" "f r rogr .1m m ing. E•try >n>t rLJCiiOil a sol f ducumcnl1ng 
and pro~rams wril len in Z-80 langu•gc ore <J<Y 1<> "'"'""in 

:-.:me"' !Jblr 5.3-1 th•t "''"' h•aJ Qp,,od<>lh01 ,,, J\-,;J,bl< in oho Z-~0 """"'bY'"- This" an 
efnci•no m<thod of mrmory utoli<>ti<•n <inr< 8. l ~. C~ or .lC bu '" ltrU<Ii•n" "' impl<m<nL<d m oh• Z-HO. 
n,u, ofl on otoliud inmll<l imos '"'h .- >riLhn><ll<: "' 1 •"!1•~•1 <>pt: "'""' '" <>OI) S-~n' whi<h results in 
M o 1<1 m< mor}" ''' ili,.ti<>n o!.an i' •<hk"<<d ~-, lh f"od instru.:luln <ites m,h •• 1 (>-bn•. 

All load inst ru<tiono usins ond"ed oddr<lling for cith<r the ><><><O< or de<Oon.ll ion ]oco~t.on 
•""'11) .,,. 1hoeo by••• of me mor)" "illo lht third b)"1< bomg !he di,plo.:omcnl d. F'or ''•rnpl<, lo•d 
o·:¡:i>Le; E ";rh lh< operood po:nwl toby 1\ .,.¡,¡, '" t•ff-.r uf•~ """:~be"'"''"' 

1111.{1\•HI 
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1 11 ,. "''', "' 1 '"" "'~llrnco 1 or 1 his 111 """"''>' W1>11ld bo: 

or Codo 
A• 1 <;~ """" ~D} 
"'': 01! ll~>pl••<m<nt ort:•nd 

n>o '" n "' eodt-d ad d ""'"g on<L ru<l '""' "' ,¡,,. oh"' b; 1 e '"''' "'' inn>. F "' eumpk lho "'" r UCI>on lo 
k>.,J rhr occumuh;or "'llh lho upol'nd ;, mcmmy Jo,·"io11 f>I'3C!I wuuld br "'""'"' 

LDA,lóF_~:IIJ 

Addi<>< A ~A OP Codo 

A+l n lowuodor>ddru; 

A•2 bF lúr.Jo ordor addro,. 

fh< Jn,J unm'd" L< irl'l ruc 1""" fur rhe g< 11<r.1l ¡>LitJ'"" ~-~ i 1 1 '~'"'" "'' two-bylt iml riiCI ior,. 1 he 
i11•:! "' tl!lll J~.1d reg"W H 1\ ,.¡, 111< \'JIU< J(,j J WOIIld he wnl "": 

,~dJ''"' A ~ OP Codo 

A•l ~ Orerand 

LDH.36H 

l."•d "'& a menwry lncalloll """S indr "d .1ddre;,Lllg 1 or o he <loso ii•OI ion """ '"""'d late od dre.,ing (m lho 
'""'e' roqtmts IL>llr byles For '"'"'pi<: 

LD(IX-15).:'111 

DD } OP Codo 

" di•rl•comcnl (·15 "' 
signcd t wo' s rompl•mcnl) 

"por>nd Lo lo•d 

T•ble 5.3-' >i'ec;;,., thc \(•-bit lo...J np<Wiom nm l.>bl< i> "'Y ,¡,.\l[o¡ lo ti« prt;¡om ""'·.'>o lOco 
:hao oh• '"end<d .Jdr<<>ing ••r•b•lu~ '"' '" all rego>'er r•hs. ,\ho nol ie< oh" ''P"" mdu<e1 oporotions 
,1,,.;¡, ins oh e '"' ~ poimor "" •h• PUSil aud POP "'"""' '""'· Th< mnom..,n;o for lh<<e in" rucllon• " 
""l'l:~l'" '"d '")'())'_ .. Th<'< doff<t /l<>m <olhtr 16-bil ¡,,d, m lh., lht ""' 1"-''""' 1< '" letnall<all~ Jocro· 
m.·nl<d ,,.,J : , .. ,,.,or.,e.~ a• ,·xh e~ oc i> r,.,¡.,.,! "'"" "' r··~;><><l r,.,m 1he "·''' "'f"'"'"'"l;- ¡·.,, "'"'PI< 

1 
C4 1 

1 

• 
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Pl!SH AF 

is > •iotlt t.; lt m<l•"<!ion" 11h tht 01' '"'"' of F51L \11"n lhl< in•tru<!ion ¡, 0\tCUttd the follO~<'ing 
.. quen« ;, @'"'"'!'d: 

1-12 1' 

... ,,.. 

• • 
••• 1·· ·-"'" 

1··· 
1··· 
1 .• 

... 
1 _, 
1 1 

LD (SP). A 

ill(SP). F 

''" (SP•l ' -Topor,,,,, 
) A 

" ~~ . • 
• • • •• • • • . r: .. . 
.. • .. • • • • • 1' .. • • •• • • 1· •• 1 ' 
•• • •• " •• • • • 1 ' 
" " " " • • • • , . 
•• • 1 •. • " • 1 ' 1 • . 
• • 1· " • 1- . 

. 
1· . 

• 

•• •• • • • •• • 
• • • •• • • • • • 

" - ' 1- j-. •• 1 .. 1-
1" 

8 SIT LOAD GROUP 
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Th< I'OP in.,¡urnon " the ""1 ''' '"" of o PU ~. Noti<r 1 hat •11 PL'~ and POP m•lrucl ions uuhu > 
11•-~11 op<n•>d .nd th< high <l!dtr b} te ¡, al"•Y• r,!J,ed r,,., ond popped 1•"- That i1 a: 

PUSllllr i>l'liS!I B thenC 

l'l'SH!JE i>I'\ISIIDlhenE 

PUSHIIL ;,I'LJSIIllthen-L 

POI' HL 1< 1'01' L then H 

1 h< ;,., r U< 1 i"n UILIIg n t<nJed 1mmedoa1e Jd dr<~•mg 1 or the snurre obnuusly requtr<> 2 b)'l <1 of da" 
following the OP wde. for<umplo: 

1" •11 "u"d ed im n><dllle <>r ex10ndtd add"""'8 m Lid<>, tbe low order byte alw•Y• •PP'"" fir<l 'fl<r the 
01' rnde, 

Table 5 .3 -3 l1<1 s 1 he 1 6-bil """ "8' "'" rurl ;, "" tn>plelllont ed in lhe Z·RO, 01' code 1181! ollow• lhe 
pr"~'""""" Lo >wllch between lh< "'" P"" of .<r<Um.,lolur flog reg"'"' "hile D911 oll"''" tho pro
S"'""'"' to swilch betv.tcn the dupil"'' sel of ,¡, g<neral ptapo" r<gl!l<"- Thes. OP c~d•• ar< onl~ one 
by <o on lonsth lo >b<Oiu~<ly minJuizothe lome neces«ry 10 peoform !he nchange w lhalthe duphcate 
banl-• <•n be used lo eff<CI "''Y fw imerrupl r<spon.., llm<>. 

BLOCK TRASSFER 'ASD SE.'IRCH 

Table 5.3-l ¡;,,. the exttemely p~ .. roful bl<"<\, ttan1fe1 in•lructioos. Atl of JlK" inst ructiom Opero le 
w[!h lh"e ltgJsterS. 1-o. 

HL po;,n, lo dtr "''"•"' ¡,,,,.,on. 

DE püin lS to 1111' d"l '""""" lor>1 ion. 

~e" a by1c '"""'"· 

1 ~· 

\ 
M" r 1 ho 1'"'~' ,omm<r ha> lllil i.1ht<d oh"' lh '" rt¡ilfO!!, •ny of o he se f our in<lno<lions m ay ho U$0d. Tho 
l.Dl (Lood '"J ln<f<m<nl) in>lHJCtton m'""~'" b) te fo<>m 1he ]o;atior. poinl<d to by HL '" thel<>""lion 
pomltd '" b) DE. Re~"" r•i" HL •nd DE'" ¡¡,,., '"""'""cally '"'"men:ed and "'' !<ad) 10 roinl lo 
!he folluwin~ II'C; twn>. Th< by'< counter {r<~tll<r P"' BC) " al•n deo "lnented al olu• lim<. Tlm 10<\tUC· 
linn ;, valuable "'hen blo<l.• of dala mu5l be moved hui other l)'p<S of pwe.,.>ing ar< required botwee11 eacll 
move. The LDIR /Lo•d, mcrrmenl and rrpul) ÍlllltU<IÍ<>n ;, on ""n<ion of lh< LDI inmuctiun. The u m< 
lwd and i"'remenl operolion os repe.,ed unlll th< b~l< <OUnleJ ,.,,h.,. lh< court1 of :uto. Thu<. ohl< 1ingl• 
in<Uucoion """ mov. any bloc\; of d"a from ont loocatilln 10 '"Y othe<. 

S"'e lh'll '·"" ](o·blt fo'~""" "' IJ<.<·d. !he tilO uf lhe ~lock can he up TU MI: b) "' ( 1 K • 10~4) 
lvn~ '11d ti o Jtl b< mo"rl f ron1 on)' lo•catwn m "'' """) 1" an~ ,,, h<! il't:Jiion. Fu nhentwoc tho block> con 
he lll<tlapping (Ínce thore "' "b>olutely no con.,r.irtl> "" ohr dala lh" is used.m oh o lhrec t<gt>l<r paitt. 

lloc I,IJ]l <nd I.IJDR ""'l"tli•"""" very ""'ilor tnthe 1 DI and LDIR. ·n .. onlv dtfft·H'IICO is that 
t<fil'" j'.!Í!I l][ . .¡o,j [)[ Jle ~ú·l.ll1Cillc'J :<fl,l <'\") 111<'\0 '<• thdl 'bh:k II.HI<fOI 1(.;1\ f10111 lhe j¡jEh<<l 
.1dJ "'" ' ,f ¡1,, tk>•rtJ oeJ blo>.. k r .·lt<t 1 h.tn tiJ< lu~ m. 

·. 

• 

,. 
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16 BIT LOAD GROUP 
'LO' 

'PUSH' ANO 'POP' 
TABLE 5.3-2 

• 

' 

EXCHANGES 
'EX' ANO 'EXX' 
TABLE 5.3-3 

.. 

.. 

.. 

00 • 

l'f, 
• 
" ' 00 • .. , 
' ' 

•• 
' 

- ·-•~T. 
" --

" " 
" 

" " 
" 
" • • 

" " " • 
" 00 

" " " 
" " " " 

" •• • • 
" •• -

--

. ' 

UT. 
ADDR. 

~· 

" .. 
" " 
" " " " 
~-

• • 
" • " " 00 .. 
" " 
" ~ • 
" 

A!G. 
, .. tH •• 

~· 

" 
" 
" .. 

00 

" 
" " 
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"" <NOIH, ''" 
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,,, "" 
"" t~DIA 

!Hl) 

.. 
"' 
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'LDI'. l~d IDt>--IHLI 

'"' ~L ~O<. D•< oC 

., O IR." - L""" lou-n<l 1 
'"' HL & "'·o,. •c. ""''' ""'''oc• o 
"LOO'- Lo•d 1Dt>4-IMU 

"" "' & o•. o., oc 

'LOOR" Lo>d lOE 1- IHll 
O.o ML <DE, O., BC. Roo"'""''' 8C" 0 

.... "' .... , ......... 
"•• o• _., '""''"""
"'• 0C Hby0o< .... 0H 

9l0CK TRANSFER GROUP 
T A8LE 5.J-4 

T oble 5 3-5 ;pec¡f.r< til< Q)• codo> for the (""' bl~t k ""'h <ns<ructions. Th< litO!, CPI (compare and 
iu<r<n>Onl) , ompdrts th< da" on 1 be .c.:umul "'", \\'1\h <he co111 ent, nf thc "" mury loc•lion poiolted To hy 
"'&;.,., HL. Tite re•ult oflhe COJTIP"' """r<d 111 one <>[ the n.1g bu;(seo ><c'li<>n ''O fm • delailed '-pla
"'"i"n uf lhe tbg operalwn<) and !loe 111. ro~i"or rm "Ll"n "'""ncn<eJ a>td tho hy" • •>untor (rt~i<<er 
pm FICI " olecremenl ed. ·.• 

The mst ruco oun CPIR " mo o el) •n <>ton <ion o[ lhe CPI lliSIItoCiion m which lhe comp.re 15 repoaled 
un~il rllh<r a m"ch 1< found m the byl< cntlnl« (regi"er pan OC) b.cnmes «ro. Thu•. lhi• swg\e iostruc
IÍIHl c.n -.orch lhe entue memory fo1ao1y 8-bil <h'!''"'-

The CPD (Comp•re and De<1emen1) and CPUR ({'ampare, Decl<monl•nd Ref"•l) lf< suniln 
1n>1w<1ions, 1hen only dofforenot h<1ng 1h01 1~}' dec,nnonl Hl>h« tvery '''"'P"• ">lh>t they "''clt 
1he memor; '" 1he orp<>sne d11«1ían. (The ..,.,eh ís "'"«1 '' the hi¡;he>t lu<>1ion In the memory block). 

1 1 .tlould he <mph;.,ud ·~·in lhat lhe<t hl"'~ """'[" and -.:~m poro inOirUCIÍon> are e>lrem<ly 
puworful in '' rwg monipubllun ']•phc.oion,, 

"-RIIHME!IC ,>,~'D LOGICAL 

'1 ;1ble S 3-6 list• all uf !he R-hll "11h1110ii< oporaiL<"" thot can be perfl>rLJICd w11h lho accumu\01or. 
alsn lo>i<d "e rhc• "''""'"'' ( 1 NC) .1nd J< ctomen r ( DEC¡ imlwc·tioro' In •11 o[ ti,.,, io~>lrn-.1Í<>IlS, •~cepl 
JNC >rld U~C. lile spmr,ed S-bLl "P"'''"" ¡, perfmmtd bei>H<n iho do\a in l\10 o<CU<>liLiolor and lhe 
'"ur« dat• >pwfied in the tablo Tile ""'11 of the <•r<r>~ion "plo,..,d 11\ tll< •u:•11n"l.oor wilh lh< "cep· 
ti un of wmp"< (CP) thot 1'""' the accumu\ator unaffe"ed _ All uf 1he,. u pe ratw"' off oc o 1 11< n,g 
r<gi<ler u • ,.,.,¡, of lhe speoonod OJ"""""· (Secuon 6.0 pro,· id<> .JI of lh< det11l> on how th< llags are 
aff.eotd by any in"ruoaan l}P<). INC •nd D~C m<lrnctions sp<cify • res]•ttr or a memury locali~n >< 
bolh sourco and do>tinauon of lhe ""'Ir. llñen Lhe >.OUr<e o¡>erand i1 oddr<.,<d using \he indt\ regi'"" 
th< d11pl•ccmon1 mu>1 follow diroctly. \\'ilh lrnrnedi•l• adJr.,smg lh< .clual opero:nd ,. ~1 follow Jireotly. 
for t\«npl< the im.,ucticn: 

A~!J 0711 G 
••• •• 

OP Ct>d< 
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' • SE .. RC~' 
LOCAliON 

' 

"" '""'"· , :. 
' 

'"" ' 

" 'CI'I' 

"' I~Hl, O" BC 

" '""'· '"' HL ""' •e " .. P'" """' BC • O o• '""' """" 

" ' 

'" 
[PO' O" Hl & BC 

' 

" 'CPOR' 00< Hl• OC 

"' "'"'"' ""''' •e • o "'''" '"""" 
' 

Hl .. "" lo •~•<ooo '" "'''"'" 
robo,.,.,..,.~"' O<rumuloODo 

""'""'' BC lo '"'"..,"'" 

' 

BLOCK SEARCH GROUI' 
TABLE 5.3-5 

A><u1ning thal lhe accunl\ll•tur conlained tho v•luc Dlltl~e r<>u]t of03H would be pbced m the 
occumubtor: 

A oc boforc upemliorl 
Ope,nd 
Re>ulttu A ce ,, 

llllüül!~F3H 

0000 0111- 07H 
0000 001) ~ 03H 

Th< .~dd '"'''"''"'" (ADD) perfonn; a bmory ;dd hetMen thr dota in the source locatwn •nd the 

29 

dJto in lbe accunH•Iotor. Tho subt"Cl ¡St;U) do" a bitwy wbtraction. When the add W1lh carry is spec1fled 
(ADCJ or tho 'uhtr:.ct wolh car1y (SBC),'thcn 'tho o'.rr~· flag is a]so added "' >ubtracted re•pecl!vely. The 
flags a~d dewnal ad¡mt mS!nJOtion (DA~) tn ¡he Z·~O (flllly de.cril><d in serltürt 6.0) allol" authmelio 
operaltons fm: • 

mulltprCC~iOn two's com plemcrtl signed n umhero 

J"herc ate fi\·e general put puse '"1!unettt '"'"'"tiuns 1 hat o¡>e!Jil' u11 lhe >ecu n¡u)a1 or '" cauy n.g. 
n,,,, flve ''' li>l<d in t•ble 5.3·7. Tlie decimal od¡ult tn<lmclwn can ad¡uS! fc>r •ubt"ctiun" wdl "' •dd· 
ttlon, thus mak "'~ I!CD arJthm<l te <•r><J otJOn' si mpk Note 1 hal 10 •llow ft" 1 his uperotton lhe n,g S os u,.d_ 

Tlm lh;' is ><1 1 f tite 1"" '" thmettc ope,.lion '"' , '" btrJcL The ne~a" ""'""lllolvr (S~G) """"''"'" 
fnrrtl> lh< t>~o'> .um¡>ktt\001 ,¡ tho number tn tite dcCLLtnubtcor. fto .. tlh ""t~c.· llt"', re>el '""' i>»lrlllllt>n 
" nol mchtdod 1'1 1 he Z-~0 ""'' lh is Dp<r <1 iort <•tt be oasilv >< lti< wd tlt r• "'"1, ul 1,., ""1 tlt<ft, ,.;, <tJCb " a 
IO~tcJI A'>'D uf Lhe "C<'ULT1ubLur ,.,jth tt«]f. - -

' T oble 5.3-8 liS!1 ;IJ of lh' 1 (..bit anthn><IJC nperatiuns betv.<en 16-0tt r<g¡ster~ T],,,. '" ftVc ~mups 
of """" '"""' lltcluditt:• •rld "Jl h tarry wd •tobtrJot wtl 1' '"") _ ,\ DC ""d ~B\ , ffoct , 11 of Lh< n'F' Tl.ese 
""' F""' 1"> "'" phf1 odd~c·» .,;, •.lot ;. '" u!"-'" liom ur "tlt,·¡ 1 b-hll ,¡, 1" ,,,, "" "r'-'""""'-

\ 
' 



" 
'AUO' " 
AOO w CARRY " 'ADC" 

SUBTRA01 " ·wo· 

SU• w CARRY " -~-

A~o· "' 
>OR' " 

'OR" " 
COM!'AR' " '" 
ONCR""'"' < 

1NC' 

o.c""""r • 
"'' 

' 

"'''""' . -
"" "'G"U" AOOR'"'~G I~DIR. 

-- ---
• ' " ' " ' 
., 

" " " " " 
• .. " '" " ., 

• " " " " " 
• " '" '" • '" 
•• "' '"' "' " '" 
" " " .. " .. 
" " " • " • 
• .. .. '" " .. 
• oc " " " • 

. 
• 00 .. " " • 

8 BIT ARITHMHIC ANO lOGtC 
T ABLE 5..3-6 

Ü'<•m~ Ad¡v" A«, 'OAA' " 
Como'•"·'"' A«, e"- " 
~.,.,,A«, MO' " (2'< <Om•••~•·•l • 
e'""'''~'"' c ... ,""· CCF" " 

-~---- --

s.oc.,.,,, .. SCf" " 

·~ll 

• 

" 
• 

" 
" 

"' 
• 

" 

• 
• 

GH.:ERAL PUR?OSE AF OP~RATIONS 
TABLii' 5.3-7 

JU 

INOE~·O IMM'O 

IIX..OJ 11'1>01 " 

" " • " • • • " 

" " " " " • • -"-" " • • • • • " 
" " " " " • • " 
" " .. '" " • • " 
" " "' "' " • " " 
" m .. '" " • • " 
" " " " " • " " 
" " • • • " 
" m 

" " • " 



/ 

DUTi~llTOON 

ROTAl E A~ll SlllFT 

~·· 
~ ~ 

"' • " 
'AOO' '" 00 00 

"' " 
" '" •o 

" " 
ADO IYITH CARAY A~O "' <o •o 
SH >lAGS ··~ .. ~ 

su• "''~ CA"RY A~O "' <O •o 
sot fl.AGJ 'O!IC' " " 

INCRIM!NT 'INC' • " 
o•CR(ME.NT 'D'O' • " 

15BIT ARITHMHIC 
TABLE 5.3-8 

"' • '" " 
• • 

00 "" • " 
•o •o • • 

m •o .. ,. 
m •o • n 

" " " '" " " 
" • 00 •o .. • 

A majo• C·lroOihty oftho /,W i1 in 'bihty lt• rul"e "' >hih rlola in !he "''"'""1""'· on¡ ~rn<ral pw
pose registe<, or •ny memory lq;;oti(ln. All of thc rota te '"d shifl OP md" ore shown m 1ablc 5.3·9 Also 
induded in thc Z-80 are OJrlhrmtic ond lugioal shrft nperalrons Th"e operalwru; ai< u>eful rn •n ewernely 
"idc r•n¡e of •pphc"ions includin¡ in ICJO< mulliplocatktn .nd d""'""· T wo BCD dJII'l rotal< imlructions 
(R RO •nd R LD) •llow a digit in the Ktumublor ro be rot.,ed wnh th< two digit. in o memory lo.; Ilion 
poinled lo by regi11<l p3ir Ht.. (S<t fo¡ure 5.J.9). Thc"' instrucl Oons aUo~< f m eff,dent BCD a<ithmetie. 

BIT MAI"IJ>Ul.-\TION 

Tho abil1ty lo <el, IO>ct •nd '"' illdi>Ldo•l bi11 •n a r,·gi"or "' menwry I,,,'JIIOII" nocrlod m alme»l 
e .el)' P' og,m. Th.se bit< m ay be n,~, in • gone "'1 I'<"P'-'" <ult ., . .,, ''""in e. ind1ca 1 i'"" o f o•l• mal con
Tiol CUildlliPn' ('1 d4<d P"ked in1 O j)lti1101Y JocatiUH> to m.l k o 1 1 10111\l 1)-' 11 1 Li ILJ l1on 11\~1 e emdent, -The Z.SO ha. !he ability 10 m. rutl or test •nr hll in 1 h< •«11 rnul.,or, any g<rJOrol pur ¡>O>< r<gi"er 
or any mm10ry local Oon with a <ingl< inmoct ion_ T able 5 .3-JO IJ<t~ !he =~o inmuc!ion> that are avOJI•hle 
for thi> rurpo.r. Regíster addrossin¡ can >p<01fy !he a.-cumul.tur ur •nr general purpo>e r<¡i>lor OJI "'luch 
the operatinn i> to be performe<l Rogistet indiroct >nd '""""d >ddtMOúng ''" ••-.il•hle to <.>pe13 te on 
ext<rn•l n><lnory loc.,ion>_ Bn !<SI up<r>liun• ><t !be zero n,g (l) 1f tho I<Sled b11 ;, , lelo. (Refor lo 
"""'ion 6.0 for f unher explanJ 11011 of 0•& upe,.lion)_ 

JUMP, CAI.L ANO RETlJRN 

F1~uoe 5.3--ll hsts a U of 1110 ¡ump, <•11 '"d r<turn lr"uuctiuns irnplement<d in lh< Z-SO CPU. A j11mp 
"• br;nch in; p!Ogr>rn where the pro~r.m """"'"' is ¡,.,J«I "ith 1he 16-bit val u e "'r<<if«•d by <>n< ,,¡\he 
th~ee >~•oil•bi< •• ~d'e"in~ modo> (lmrnediJte htenJod, R<l• l>V< ur R<¡;islet lndi!<Ct ). :-;,, ico 1h.l\ 1 he jump 
11' oup h•• >ti <r ,¡ d,fferenl c"Undll ions th>l con bnp<df1<d 1<1 b• mot b<fore tlle jump ,..,¡¡ be tn:td<. lf 
lh<!< condllions a~ e not met, !he pro1:nm m<rely contir.u"' w¡th 1he ne '1 s<qu<ntia] in>l! uctiun. Tht 
c<md•ti""' '" •11 dependen< on the dOla in 1he n.g 10gi""· (Refet to ><<~ion 6.0 fm del>~l< on th< n.g 
''f'"")- Th< immed,.l< <>iendod •ddre""'f ;, med to ¡urnp tu any ]uc><inn 1n tho m<moty. T01S in-
''""ti un r <"'IUil es L luce b) 1<1 ( 1 "" lo >pt·c'Lf) thc 1 6-bil ,, ,Id• O><) " 11 h 1 he lu\1 ord" •rld1ecs b) 1 < fmt 
:u'iu~>.oJ by ti,.· llif_h r•rdor otiJ"''' 0) 1<. 

• • 



&¡¡::; __ ... J 

[}y- ¡J 

CC--c:=:::rl ~

--
•..•. .... ,._~. 

IlOTA TES ANO SHIFTS 
TA6lE 5.3-9 

Fo, t:umple •o unoon<!.lional lump to rnemory location 3E32l! w•mld b<: 
,. 

Addrr<> A ~3 OP C"de 

A+\ 32 lJOw ordc1 addrt,. 

A+2 3E \-Lghmd01 addre"' 

fJ 
. -•.. ·~·-

• 

o 32 

... 

Tht "¡,¡ "' jurnp inltruction u>o< c>nly t" o by te>, the socond byte i> a <ip>td No·, complemont di•
plac<mcnt f10m the existing PC. Thi> dL<ploctment can b<1n the rango o[ +1 :'9 to -126 •nd is me><ur<d 
f,om the address uf the instruction OP codo. 

Tluoe typos of ;o~i,tot il>ditoct j'""l" '" alw m'JuJ,d. TilO >e ins\ruction< ar< itnp!Oln<ntrd by J~ading 
thr rcgi>tor p•il IIL ot one of thr index ro¡:i•len IX or IV duo<tly irtto the PC. This C<lpabihty al!ows for 
pro¡;¡am jumps lo b< • funci!On uf ptniou> calcul>lion~ 

A ea U il • sp<ci•l form of • jump where the addrm of lhe byte [oUowing the e>U inmuction is 
pusl"d unto thr >lock be foro the ¡omp ;, rnade. A retu¡n insl!lJ~!i~n is the reverst of • cal! btCIUst the 
d.m on rhe Wp of lh< sloc~ is P"J'pod rlirectly mio rhe PC to f,Htn t jump oddre•~ The caU ond relurn 
;""'"''''"" •liow fm >iJn¡>le subro,tlitto '"d itllerru?l J.,,dji,tg. Twn ,peml rei<Hil inotruCIJOOS hove bc<n 
¡ntlorlod in \l,o Z-~0 fon\ll)' uf "'""•"'"''""· TJ,o r<tum frum ittlt'J 1 "P' in,truotion (k E 1'1) drtd th< rctu rn 
f rum nun tna>~al•le JnL<r!Upl (HE f~) "< Ir '""d in the CI'U o; "' UllCU!ldJt ional r<torn idonlicollo tite OP 
c<><l< C9H. Tho dtfference JS that {RE.Ttj c•n be med al ti>< end of >n mlttrupt ro u tino •nd all Z-80 p<nphorol 
chip> "-'IU re<og.rt ¡,, !he r<ecut ion of this in>lruclior. for rro,,.r ronHol of OO$ted pur>!ity inlerrupt hmdling. 
Tlll> i.~>011t<lk•n coupled "¡th th< /A10 ptripher•l d<>i«s irrtpl<mtntatiun sim¡>lifi<> ti« nunnol r<t urn frum 
t·<>l _-J .r." o rt>)'l. 1\'rtlouu r lhi< f,., 1-ll< ,¡,. f ullu..-iJ'g wft" "' "'''"'"'- wou!d h< ,,.,,,._.,~ 10 ,,.r,•ttn tht 
"''""" ¡>1 it>g J, .,.;e th"t üoo i"'"" u¡.t r "utiroe ;, ,-,.,_.pl<t"l-
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Di .. ble\nlerrupl 

ill ~. 
OUT n, A 

En>blr !nttrrupt 

Return 

1""""1 interrupt bofore 
routin< i; nll<d. 

nou!")' p<Jiphe!>lth•t '"<Vice 
routlrle is cornpl<te 

Tllh <<>·en byte oequenc< can b< r<pl><ed "1th the une b)~< El insmrction and the rwo byte RE TI in51<Uclion 
in the Z&O. llti< io ímpor1ant sine e lnterrupt sef'Íe< tinl< often muo\ be rnininlized. 

Tn foci\i<otr ¡rrograrn \nup coutrol the in>I<"Ctiun DISZ e"" be u"'d >d'"'""S<OU!ly. This two byte, 
trL1tive jump imtrurtoon decremonlo the B re¡¡i;ttr and th< jur.1p uccun if tho B t egist" h•• not been d<cr<-
mented lo uro. The rel•ll''< dr;pla<em<JJI i; npres;ed" o signed twn's complement number. A simple •~· 
1m pie of it; "'" miY,t be: 

Add¡e" 

N, N+ l 

S+ ~toN+9 

·"•JO.N+lJ 

N+ J2 

lmtruction 

LD B,? 

(Perform a •<quonce 
of instruction>) 

Dl.'-:Z 

(Nnt lnmuctton) 

Corrunenl> 

; ,., B regi<ter lo cnunt of 7 

;loop to beperformed 7 time• 
;tojumpfromN+I!toN+2 

CONOITION 

..... - '""" '''"' .. mv O•G• "G" ,,-;.l 
<Q..O. CAOOY <AoOV ""' '"G IYI• OOD •IG - ••• 1 

'"""' ., -
JUW "JR" REI.A11VE PC+o 

JU'* ., 

HEG. 

1--------1\NO.R. 

CJ OA O> CA Cl U U '-" '2" 
• n o • n • o o o 
••••••••• 

.. 
• ., • ,, " ,, 

oc .,. ce co ·~ •• fC •• 
"CAU' ''""''o"'"'''"·"~~· 
-cco~~~J'"'''·~--J---)-""--'1--'"'--)-'---J-'"'--J-'"'--\-""--If-'"'--\-'''--J- '""--\--~ 
O>~R,._,[NTS, 

JCI~· lf ~0- R<LAIIV[ """ 
""o or~•· 

R<GOSHR !VI COl 
INOIR. ISI'•!I • 

~OH-C<RTA1" 
FL>GS HA~· .. ORE 
Te •~ O"• •URO!Ct'< 
H'"H '0'-ICT<ON 
•ocO~D!lAitS .tu:t.~. CAl l."''! RHURI\1 GAOUP 

fADLI05.3-11 

1 .. 
1 

.. n 

.. ., 

34 
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T obl~ S.J.l2 ~sli the eight OP codos rn, the rnt•ll insuuction.. This instruction ;, o single b~te uU ro l:ly 
of the 01 ght orldrn'<• h"ed. The simple rnMmonk fOt thest rigllt <•lh io al so <ho"ll. n.. 'voluo of thu in· 
strortion Í! that frequently u .. d routme> con be c.1llod with thil inmucHon to minimizo memo/y USIJ<. 

' 

INJ'UT/Otm'UT 

oe 
00~ 

-.. " ~ .... 
-·, " 

' •. , • • 'A$110' 

' ' •. , " • ...... 
o 
o 

" .. , " ' • • ••• " ~ ..... 
... " 
..... " ·•nu· 

· RESTART GROU~ 
TAILE6.3-12 

The Z-80 hb on extensivo m of Input and Output instructions as sho\\n '" t•blo 5.3•1 3 ond t•blo 
-S .3· J 4. The odd ''"in¡¡ of !he input or output de vice can be •ithor .b.olu L< or «gist<r indLrect, u<ing the C 
f'<¡¡iUer, N Otice ihll 'on the !Ogi<t<r lndlrocl addro>Ung mode doto o m be 1 ransferrrd bmo;een the 1/0 d<vioeo 
.nd any of the interna! rqisters. In oddition <i&ht bl<><k tran>fu imltUtiJOn> hove bten Jmpleme~t<d. n. ... 
inslru~tions are •imilar lo ¡~e mtmory block uansft" t.ceptl~ll lhty Ult "1"1" pair HL for a poinltr lO 
!he memo!)' $ource (outpul cmnm•nds) or destinonon (rnpul c<>mfll•nds) whilt re¡:~51er B lo u .. d "a by\ e 
counler. Re¡ister C hold• the oddre" ofl~t port fur which tho rnpU\ or <•utput commmd lo de5ire-d. Since 
re¡¡J<I<r d ls eight bitl in len~th. tho 1;0 block tr.osftr <ornm•nd h,ndl., up to 2S6 bytes. 

In th< imllueti,.ns IN A, n and O lJ[ n, A !he l/0 devi« ,Jdrc,. n "l'f''~" in the lower h<lf of the •dd· 
re» bus ( A¡¡-A7) while \he acoumu)Oior content is tr•nsftrrtd in 1 he upper ¡,,¡¡ of tht add1ess bu~ In •U ltJ" 
imr indorect input ~utput instruction•. includins block l/0 '""'f trs tht córutnt of regi•t<r C is mnsf<<red 
lo the ]U"o\01 !" .• ,lf ,,¡ lh' ·.ddr<so hu< (d<>k< oddrt;<) "htl< !he cr•n••nt of regi>ltr R ;, lransferrtd to !he 
upper h•lf uf th< .~d''" bus. 
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CPU CO.<.:TROL CROUP 

• 
• 

" • ' • 
l~>uT'IN' • o 

o o 
• • • • ' ' " • " 

' . 
'INI'- IN>IJT a 
IM Ml, l)o< B 

'INIR"- IN., In< Hl, 
DO< O, R(" AT 1 f """ 

'" '"'' INDIA 
,ND"-I~PUT & 
O. o Hl. Ooo O 

'L~o•·-•~•ur, o .. Hl, 

"''"·"'"""'"""' 
INPUT GIIOUP 
TABLE 5.3-13 

SOURCE 
O'OH AOO#ESS 

loMMEO "" ·~o••· 

'"' '" 
"' '" " " 

•o .. 
'" .. 
'" " 
'" " 
'" • 
'" • 
'" " 
'" " 
'" M 

'" .. 

The fLoal "blo, t,b]e S .3-15 lilu<trate< the ,¡,~en< rol purpo>e CPU eon t rol in<IIUOI '""'· The :-JOP i> • d<>
nothins insl ruchan. Tho HAL T in m U<llon su1ponds CPU upemion untH a subsequenl imerrupt ;, reo.ovod, 
whilo !he DI andEl "'u sed to loo k out and en.ble ¡otmupl~ Tho three i~lorrupt modo cornmand• se\ the 
CPU in lo any of !he tlueel\~il•ble int<rrupl l<lpCln"' mod" U foUows. lf ronde uro 11 ,., the btonupting 
devi<e e.n in><rt on)• in¡tru<tion on tll< ~>t• bu• aod >tlm• the CPU 10 n<eule it .. \lode l is • simplir.od 
rnodt ~>.·hore 1~10 CPU outom"rc.1lly execut<s • r<1br< ( RST) 1 o lucation O(¡]g¡¡ ><> 1 hal no <"<mal h•rdwar< 
is re<¡LJÜod. (Thc ~Id I'C content is p11shed <>nto lho s\•<k). M<,de 2 is tho '""" row!"lf<Jl ir> lh•t il >ll<,W> for 
an indl!<Ot coll to any local ion in memo!)'. Woth this mode the CPU form• O 16-bil memo¡ y addro" -..he" 
the upper S-bit• ••• !he contenl of "¡;ister 1 and !he lov.<J S-bit> ore supplied by !he lnltrtupting devitt. 
Thi< oddr<" roin" lo the firSl of \"0 "quontral bY"' in atable -..h<J< !he addoe" of the >er>ice routin<" 
loc•led. The CPU autnll"tioally nbloin• tho stanin~ ,dJre" and P"form< o (ALL to thi< ,Jd;e.,, 

Addr.ss of inwrupl { 

'""'''" routwo , 



;) 

"'" 
'OUTI' ~ OUTPUT 
'"' Hl, 0« b 

"OriR"- OUT>UT, '"' Hl, 
Po< o, ""'A T " B"'l 

'OUTO' ~ OU'rPUT 
Do<Hl&• 

'OTOR" - 0UTPUT, Ou Hl 
&8,R .. (UOfB ... 

) 

SOURCE 

"'a""" 

• • ' o 

¡,..,..,,0_ 
'"' " ' " 

"" "' m m m m 
IN O. " 
'" '" '""-
RfG_ '" IND. 

'" '" '""-
"" '" '""· 

O"fiNATION 
AOOR< .. 

'NOI" 

'HAlr 

D"AOC[ INT '(C<I' 

EN .. " INT '("'' 

<liiNTMOD<O 
.,..,~ 

SET INT MOOE 1 .,,,. 

" " " 
. 

OUTPUT G~OUP 
TABlE 5.3-14 

• 1 

" 
" • 

' 
" 

! 

' 
m 
• ..... "'"'" 
m 

" 

' " 

m m 

" .. 

"'' INT MOO' 2 m ' NOOR ECT CALl U"NG R' C1ST<R 

' 

m 
• 

., ..... 
L. " t UD 0 "',. fR()M 1~ H RRUProNG 

O( VIO[ AS. POIN"R-

MISCfllAr,EOUS CPU CONTROL 
TABLE 5.3-15 

"'<l. IN O. 

IHll 

m 
~ 

" "' 
m 
~ 

m .. 

3'1 

BlOU 
OUT"UT 
<;OM.,ANOI 



o 

) 
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6.0 FLAGS 

F~ch of the [y,·o 1-BO CPU Flog "&J""' culltoin< six bi" uf mfuom>tion "hich ;re,.¡ '"'"'"by 
,·oriou• CPU or"•Hon~ Four of the>< hits "" l<!l•ble; that ¡._ th<) aro u<rd O>e<>nditi""' for jump, e>ll or 
reltun in<[ouetion~ For nample o jun1p omy l>r d,·,ued only of • spt·c,r,c bit in tht• flag «g<>l<r os so~ The 
four «<t•ble flog bi1> aro: 

1) Carr)' !-lag (C)- 11li< flag is the carJ} from the higho.t ord<J bit of ti>< aceumulator. For <'>onple, the 
c>rry flag o,¡ll bo ;et dutlng an add insuuct¡on where • <.1rry irOm the h1~hnt bit of the ac<umul>!or 
is gene,!t<l Thil flag is •1"' >tl ,¡ • boiJO"'' J5 g""""d durin~ a •ubtra<lion in,ruchoO- The shift 
and rolO te inmuction< also • ffec1 thi> btt. · 

2) loro Flag (Z)- n,;, nag is sct if the "'ult of <h< orrration loaded a'-"" into the a<eumulator. Othcr· 

"'''' il """! 
3) Sigo Fl•g (S)- Th!S nog is inlended 10 be u"d wil~ signed numbcn and il is ..,¡ if lhe rosult 

of the operotion WO> n<1'3tivc. Srnco bH 7 (MSB) repm.ena !he sign of the number (A ne~>livo 
nurnb<r has a 1 "'bot 7), thi1 nag Slornthe <tate of brl 7 in the o<cumula<oi. 

4) P>TU) /O,·er fluv. Fl•g {PfV J- This dual purpose flag indk.:rtes tllt parity of the re•ult 1Jl lile .:rccumu1otor 
"hen lu~rCJ] upcl' Lru '" "' pcrforn"d (<uth " AND A, B) • nd l1 r epre<en\' overflow wherr ,¡~ned 
two"• complemenl.,ithmetic Dp<JOtion• aro performed. The Z..SCI ovtrflow fl•g indicate• thi\ the 
two', complement number in the accumLJiatot is rn error •in ce it ha1 excetded the max•mum po .. 
<>hle ( • 1 ~ 7) or i1 ¡,., 1 hon tho minimum poiSible {·1 ~8) numbtr th'" can berepresenled in 1 wo's 
.:umplemeot notal iod. Fnr n•mplc con>idor addi~g: 

~~~o· 01111000 

t JOS ~ ~~'~'"'''"''"'"'-' 
C • O 11 1 O 0001 - ·95 (wrong) tlmnno. hu occured 

H<re the re<ult is incurrect. Ov<rflow h» occurred and yet thert ;, no carry 10 indicate an crtor. 
For thil "" <he o•"fiow fi•g would be sOl. Abo cotl•idtr <he addition uf two neg>li\e mrmben: 

·5• 11111011 

-16 ~ -~'"''''' ""'""""' e= 11101011 ~ ·21 '"'"" 

s,,,¡" llw tilo"'""'';,'"'""" bul 1ho c.rry" "''>o <hat tlris n,~;:.:rn ""'be med "on <>ver· 
fi~~· indic""'· In thi• <J'-' thc o'erno~ ""''Id n<ll be set. 

. Fur lugicol O?''"ion• (ASD, OR, \.OR) 1his na¡:""' tf the pdlll)' oflhe re<ull i••'<O and tl" 
r«et tf it is odd. 

l) H;lfcarry (11)- Thi' ;, lho llCD cmy '" horrow oesult fwrn the lca<l signific•nl four bliS ol'or<"lion. 
\\'htn """&<he !"JAA !De.:im•l Adjtm ln>iructiM) this fi•g ¡, u"'d to cortect th< re1ult of • 
pro"""' l'""'<d dccrrn.1l add m subtr>ct. 

2) S>rh110ct f1,<g(N)- ~ir>rc lh< 'lg•rrilhm f,rr cnrrcrtirtB IICIJ "Pe"lion• is d1fferont fm oJ litinn '" 
>ll~"'otion, lhj; fl.o¡• 1> '"'JIU >pt<rf~ ~Jut 1}¡>< uf ior>ttLJ.-UOn "d< t\<,"Ull'd '•" '0 lhJI lh< 
D.\A ••r•r.rlio\0 "ill he'"""''(,, oLthc1 aJdLtr•m "' •ubtr•-tton. 

3'! 



T .ble 6.0- \ hm how eoch nag b•t is •ffoc«d by '"'"o'" CPU inst1 uction-. 1 n tllis uble • ·•· ir> dic.,., 
thai oho •n>truction dor> not <h•n~f the na,_'" ·x~ mean•thal the flag goes toan indete1minale "'''• • 'll' 
m,.nsth>i ol is resel,a ']' means that Íl Í>!OI and the s)mbol'l' indotal« lhat 11 ;, ><1 or ''"' accord1ng lo 
the r• O>'iou• d""'"ion. ~u lO 11101 o ny instruction not aprcaoi ng in this table dnos not affe<l •ny of the llogs. 

T oh lo /,, 0-1 indud" , fe w 'P"' iol c.¡;es that rnu'l bc dcscrtbed for clafily, )';ot te< tha t lht bl<tck "arch 
instruction s.\1 the Z ll>g if lhe 1-•>1 cnmpore u¡>eration indic.ned o m" eh bel\\ ee n lhe so u re< and the 
o<wrnulotor <Lt>. Alw, thc parity !lo¡ is s<l rf the byte countu (rtgister p<U BCJ" not oqLl.olllo ¿ero_ This 
sam< me of lhe f'"IIIY 11•~ is made wrlh tho blo.:k rno•e mmuetions. Another special ea !O is dwing block 
input or out pul on>tructions, here \he 7. fl¡g is ""'d \o indi<>l< the •Ute of tegi>ltr B wh¡ch is u<ed "o byte 
counttl. )',:otjce that whtn tl>e 110 block lran•f« ;, complele, the uro fl•g will be .. ,., 10 01~ro (ü. B=ll) 
"hile m tho am of • block mo•e comm>nd t~e parity flag i• t ,,., when the op<r •110n is complete. A. final 
c"e" when the teftoshor l Jogi>ter i> lu•~•d in lo the •o;umulalot, the interrupt "''ble flip llop is ]uaded 
into tht prltily fl•g ;o lh>t tho cumple\ e >La le of lht CPU con he •aved at any time. 

• ',. 



o 

) 

~'D• 
oo, \01<> 

1'<( ' 
OtC m 

;1)000" 

•OCHLu 
S ti{' HL," 

"' " ' 
u,~~·' ~1''"'"00' 
,..,d "'"' d>lfmno O•p 
S-b<t '"""'""' 
8-bil d'"'"""' 
16bn•dd 

" and 

Rl~. RLCA, I<RA, k k~~ 
Rl rn.RU' m_ RR m. o•t m 

>1-<m.SR<m SRlm 

16-bn >dd wlon "' ry 
16-bi\ ""b"'" wi>h wry 
Rout< I<<Umolllor 
Ro"tt •od •Mft loul!on m 

RLD,RRD Ro'"' d>Jil l<fland 11th1 
D<nmalod¡o!l ><<umuhtor 
(omplom.,t ><CIJmolllor 
S.i "'IY 

'" m 

"' CCF (ompl<m<nl eotry 
IN r.(C) Jr.rot "&"" r tndi~<<l 
11>1: 1~0; Olll 1: OUTD 
l~IR: J>;DR: OTIR; OrDR 
LDI.LDD 

Blo,l. inpu! ond ~otpu! 
Z = 01f B #O otl"""''" Z = 1 

Blo<k '""'f" "'"''""""' LDIR,LDOR P,'\' = 1 ,¡ BC "# O. oth<J..;>< P,V • O 
CPJ. CPl R, CPD, CPDR B!O<l ><'>r<h inSHUOHon> 

Z • 1 ,¡ ~ • (11!.), oth",.;" Z •O 
1',1\' • 1 ,¡ BC " O, o ti><'~'" P¡V • O 

LDA,l;LDA,R Th< contont of Lh< <n><rropl <n>bl• Oip·Oop (lfF) 
;, copiod inoo Lh< P/V ft¡¡ 

BITb. 
~IG 

S¡mb<JI 

' 
' 
' " 

" " 
• o 

' o 
o 

' 
" ' " • ., 
• 

Th< '"" of bll bof lo><!tton," cop"d lnto oho Z O o¡ 
No¡ ale >ccumul>toJ 

C"uo llm\ "'' C"•l of '"' '"'""'" prndmd • "'"' from !0, '"" of tM '"''""' oo ''"" 
lno n •O l • 1 or l o. "'"lo of "" "'""' " " o "'-

,,,., n,~ S•l of '"'\OS> of "" '""" 1'""· 

'·'"' " ""'"··· "·~ '"'" "' "'" ""''"" l ,., ... ,. '"' ... , "" ,.,,,_ ,, "'""·""' '""' "·'' "" 
• "' "' ''"'-' of lh< "''" • ''" ..Olhm•'"' '~""'"" •'''" ,.., "" ""' th•· '"'""" of '"' """ lf '''' 
'"''' "'""· ,,,-., '' <>• "'~" of e" "f'<'""'" ~ n,., •.~-·0 11 ""'""""" or P, ,- ""'"' •"•"••· rJ\'•J 
of ... "'"" ..... ""'"""" ............. , ... _ 

Holl<o"<> n.,_ H•J ofob< ·'' "' '""""'' ,....,.,.,. pood><od • ""' '"" oo ''"'' fro'" m!o b>t > of »• ""'"'''"''· 
"'·~'"'"" Oo~ N• t of th< ''"''""'""""'"" •" • o.>U><L 

• JI , "' ·" n .,, '" '"'' m "' j • "' " "" •" • " r ''" m '' •'J"" """" "" o t n u l oo ''"""'' eo r "" Lh< " -
<oh "'" po.l<O DCD '"""" foU••I•J•M"'" oo '"""'""· """' "''""'' "'" '"''' OC"O '"""" 

"" o •1 " • "· • " ' " ""'''"' '" "" " '" 10 " r "'' '''" """· TI.< "'' " •. ,.,,,,,,,by oh< "'""'"" 
1~• n., ;, ''"'' •• "' .,..,uon. ,.,, ... ""'' ., """'""'"'" ,-,,n,,, •• , .. ,, .... -
•.~· Ooo >11« ... ""'"'""" lO ""' -•!\<-• lOml< of lh< "1"""""
r;v "'''"",.. ~'"''" to "" """ ""'" ''"' "1""
A., ""' of <11< CP\l "'""" <. 0, (', D, I, H, L 

'"' • ' ,, , __ ..... '"' ~· '" '"'"""! ··~'" •••••• '"' "'· ··~~ '"' '"'"''""" '"' " ... '""'""' ,,. '" '" ,,,,,, .. ·.; , ....... '""''" ,,, ..... '""" ,,,,, 
A"' "" "' ''" > '" '""" ''~'"" L \ • ., i1. 
• ' r' "" "' ""'"-'-'"' "'" '" ..... <o,"'> 
'~'"' "'"" ""'' <fl. "'"> '"' '·'" ......... '" '" .•... , ... ,,, '""'" ,, ..... '"' "" '"""'" '""""'"'-

SV!,·,;,,_,Y 01' rtAG (;.'Ei'!A-ilúN 
TAOLf 6.0-1 

" 

qu 



7.0 SUMMARY OF OP COOES ANO EXECUTION TIMES 

Thr foil· owmg ''' 1 "'" O''''' ,, <u"'""')' of lite ¿KO ÍHSI r ''''"'"-' ;o t. lloc "'" ruwnn> are l"f" ,lfy J r r <Jo¡•ed 
inl" ~"'"'1" "' shu"'" <>n roblo• 7.0-1 Lhruush 7.0-1 1. l".:ld¡ 1>blo >howl lile '"''"bly l.nlf'"f' mnemnn.c 
01' 'o de, 1 he ••'"' 1 01' cude, !he ') nobohc "P'" ¡ion. lhr conLenl of lhe n.~ o<p"<r folio~ i11g Ll" <><tu· 
!ion nf <•eh Í<lSIJUclion, tho numb<r of b¡.t<• r«JUÍrrd for nch >n<Uuclion •• "di•• lh< numb<r of memory 
g ele< •nd Lhc lOI<I ""'"b" of T >t>I<L (c\l<rml .;lo< l. ¡><riods) ooquncd for !110 fcl.hin~ •nd <><mlion of 
e o eh instru<twn lar• h>i b<en token Lo mal. e o. eh l•t>lc >tlf-<> rl• "'' ury "'Íthout '"~""'"f '") ero" oef cr
<ncc "'Llh lhe 1«1 ur nlher l<bleo. 

• 
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' f:ATI~ 1 ~" 1 i'7. 1 ;:, " '· ' 1 ::: 1 : ; 1 ; 
J !J '· " ' 

¡:: .: ' 
. 

'"'·"''' ' .. ,,,, "' ' ' ' w .... , ... , ·-<!• .. , "' ' ' " ' ' "' 1• • . 
LD<,<lY•O) -~c•v,.¡ 

1;: ':' 
"' ' ' " '" . 

lD<HL),< ,,,,_, 
1?~ ."" ' ' ' ' "'"' .. '·' "X«!J-1 ~~~ 011 101 ' ' " 1·· "" ' • • 

wm··••-• ""''-' • 
1 Jj '" "' ' ' " 1·· 110 ' • . 

LD!Hll.o oHLJ-n 10(1 "" 110 
' . ' ' " 

LD IIX•Ol, o (JX•dJ-• 

1~ "" "' • ' " "' '" 
' . 
' . 

LD(IY .. ).n (IY .. I-n 
1 -~ 1" "' • ' " 1"" 110 "' ' . 

• . 
lD A, IIICI .. _ ... , 1··· ... ' ' ' lD A,tl>EJ A -!DE) 1~ 011 ... ' ' ' lD ,_, .. , ,_, .. , 1~ '" ... ' • " 1• ' . 

1· ' . 
LD <8C). A C!ICI-A ¡ooOOOOID ' ' ' lD<D!), A (0[)-A ~~OJO 010 ' ' ' U> (nn), A IM)- A 1~ "" 010 ' • " • • 

' . 
LDA,I ••• ' 1 ICJ 101 ' ' ' 1 ~~~"'"'" LOA, R ••• ' l]j '"' 101 ' ' ' 
LO l. A 

~~~ "" 111 

' ' ••• 11 JO! 101 ' ¡ .. ® "' 
en~- • ••• 

1 :: "1 "' ' ' ' ¡, 001 "' 
~ .... '·e ~•~• ~- oll>< ~"'''"A, O.<,D. E.H,l 

IFF "" , .. ,.,, oll>o '""'"'P",."' n.pfloo UffJ" ·-· '"'' ll>< ... ,- "'' 

"'' ,,.,.,;.,, • • "'' ""' '"" ,,d,O • n,, ""'· 1 • "'' ~• \ • "''" "'''·"' 

' ~ "'' " .~ ... -.,.d '-, "''"' '" "" "'"'' "' "" '1" '''""" 

Ui:lii.OA!JI,~"UP 

... ~l~ 1.0·1 
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8 0 INTERRUf'T RESPONSE 

' Th< J''" !"'>'-' .,( "' iuh•1 rtopl ;, lo lll"" l"'riphtr .11 de•· ~en la '"'1"' IJd CPU o pe< JI ion in "" "' derly 
""""" .,,d for« the CPU lO ""!l • r<riphet>l «n·jcc 1ooünc. L'<U•IIr 1 hi< ''"'"' roulin< " ;,,.·ulvrd with 
1 h< r xthJng_< nf J,u, 01 >1 3 tU> •nd «>nlro] inforrnation, be¡ w<On the CI'U •nd the P"'!'l ,,,.¡ On" lh< 
'<"'ice ro u< in e ;, wmplc10,1, 1 hr CPU "'"'"' 10 thr opowion (ro m which il """ intonupled. 

1'\HRRl'Pl E.\.\ OLE- lliSAIILE 

The Z80 CPU¡,., '"o tnl<rrupt inpu,.,, >ofl"ar< mOl~ablr inlouuptand • nM m .. l.>blt interrupl. 
Tioe Mn umkablt in~<uupt (:-:\n) can nm be d~;,blod by th• rwgf3mrn<r and it v.ill be acc<pled "hrn
"" a 1'" iph"al d "'iO< "~"'"' 11. TI m Lnl<rrupl " g.,ll·rolly "''"'''d for ><ry impo<l• rll fu;¡cl ¡,,.,. <hat 
muS! be '""''"d when" <r 1 he y uccur, su eh •• '" Llnptlld i=>~ pow<r failure. TI>< m,.l>.bl< inl<rr upt {1\:Tl 
<•n h• >tite ti •<1)" en.bled <>r disobled by th< prog"rnmer. Thi> •llo\\ ~ the prn~romm<r ID disahle the into¡. 
rupt dutin~ p<rio<h \\ ho~t hi< program 113> timin& con>tr•int• thot do not allow '' to be ml"rupled. In U" 
Z80 CPU lhtre ;, ''' <nabl• Oip Oop (oallod IFf)that is>et or teset by the prosrJrnm<r U>mg the Enable 
lntenupt (El) ""d Or!.:!ble lntettupt (DI) instrucnDn<. \\"loen th< IFF ;, te!< t. an int<rtupt <an not be 
accer;rd by tho CPU. 

Artu,lly. fot 
•t•d IFF,. 

Artu>U!· d".1bleo inl<rrupu 
from being •ccept<d. 

T<onpooary >lo:ogt le><Jtion 
forlFF 1• 

Th< <tate nf !FF ¡ '' u«d 10 •<~ually inh>bit imern.rpa ""hile IFF, ;, u<.<d a. a lrmpor•ry storo~• loc;rtion 
f<>t IFF1. The purp<r<e of ""''·'S the IFF¡ Y.tll b< <ub.oqurntly ,;.pJa.,tcd. 

A r<!Cl lo tlt< CPl' "'ill fot<< both IFF ¡ and lFF ~ lo tite rroet ""'" "' that in l<rruplHto di<.Jbled. 
TI!<)" can then b< <n>hl<d by >n El inolruction ot •ny litno by \he prog,mm<r. When an El imtruclion" 
"'Cuted. ,n)· pondLI\g irltorrupt teg~tm will 1101 be .coept<d until aftor lh< '"''"";:ino foiiDwing El h•> 
been <Hcut<d. Tlus >tng]e itlouu::liun dolay i• "'""·"l" frn cases Y.h<n the follo\>o 1ng instrt.>CliDn is 1 r<tum 
illll mcliDn and in1" rupt• m u" nol be allowrd u ni iltho ""'"' h>' buu -'~tnpl" e d. Th< El in'l ru;:t ion >ets 
li<•th IFF¡ ,,d lf'f'" \u tho cn>l>lo >lo!<. \l"ho" '" in1<"<n•pt ""'"«p1ed b)' lho (PU. hoth IFF¡ .oo~J IFF2 
"' 0111 '''"" ic, l!y '"'"'· i~l 11b1l ing fu rthot mLcuupl> unnl 1~:: pfl•gldO'Hnor "i>ll<$ Ln ~""' a n<w El in•tn.r<· 
tion.~ote th>t forall oi th< pioviOil<oa~e•,lfF¡ :.nd I~F~ are al"·~••<!u•l. 

Tile purpose of JFF2 11 10 '"' the "•tu• of IFF ¡ ~·h•n a non m31kable ir.'<rrupt uccu". \\"lrtn a non 
m.,).able mt<rmpt io a<e<plod, lFF¡ i• ""<liD pte>tnl (urihet int<mt~" until roeeabl•d by th< pto
~'""'"". Thus. afiO! ' nnn rn>'bble wwrtJpt 1: a.5 bern ><<"tflrd, mo>koblc i:.:; ""P L' "e di<JbJ,•d bul the 
PIOI"im:s >l•t• ullff 1 ¡,, b«•ll "ved >O tbat th< .:orr.ploiC >lol< of lhe l"PL' jl'>l ¡oti<>r le th< n<m n,.,,,blr 
tPt<nUpl e>n b~ r<stDt<d >t any ti:ne. Whrn o Lood Rogioter A with R<s:ner 1 {I.D A. 1) ll"W\!tliDil or 3 
l.~•d Regi>"' A \\"tlh Rogi<let R (LO A, R)inmuction i> e>eruted, the >tate ol IFF2 is copied inlo th< 
p•rit)" r.ag wh<re tl c•n be le"<d m stored 

A """'d m<th•>d ol '"""""g 1110 ;ta~m "f IFF 1 ;, thru ,¡,, "'''"''"" ,r, R<'"''' ft<•m "''" 
11,1.oble lnl<"tl't]'1 1 H F.T:-1) '"'""e¡, .. .,. S"'c' thi1 ''"'"'''Lir•n ;,,,¡¡,·"''"' 11 •. 11 ,;,, '"'" '" ·· ~ .,bk ;,,,., '"P' 
>."IIÍC< ruutin< Í><"••onpl<t<. ti•< "''•'"''""[ II'F~ otc,;"~ '"P'•d ~"''· itoto> 11·1'¡. '" Ll1.11 lho ''·'"'' ,.¡ !1 f 1 
j11" ;-rior lo the ""''P''""" of the nvtt ,,.,:,,bl< '"' "'"ro "-"tll ~e t '" tOJCd ·"•'' ''•'·'' ·,, ally. 
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Fi~uro 8 Q.] ;, ' "''"'""')" c>f thc df<t< of dofferent Htstructiom on th< two en,ble flip flop1. 

Aotion IFF t lfF2 

CPU R<.et o o 
D' o o 
El 

lDA,l • • JFF2- Panty flag 

LDA,R • • IFF2 -• Panty flo¡ 

Accept :\\!1 o • 
RETN [ff2 • lFF2·•t!'F¡ 

"'•"' mdica1<1 no change 

FIGURES.0-1 
\NTERRUPT. ENABLE/DISABLE FltP FLOPS 

CPU HI:SPOr-.SE 

A POJLtnJ>l,¡bJe mterrupt will be 'C<Opted ot oll tim« h)' \he CPU. 11110tt thr> '""'"'• th< CPU i¡;twres 
th< n<~t iomuction 1 h3t it fetcl>" and inu<ad d<><, 1 restan Lo locat ÍOJt 00f>(>H Thu•. it beha>e; "'rtlv as 
tf 11 hod t<C<I'<d a te.Utl mslrU<Lion but, 11 is toalocation th3t ;, ooton,(lf the S toftwar< r«1ar1 loe;. 
ti""'· A trstarl ;, merely o c~ll tn ''P"'i~c oddre" in page O of memory. 

l'h< CPU o.n b< programmrd to ,.,pond to the rn.o•~oble iotonupt '" '"l' MO of tht<< P'"~ble 
mod.,, 

.\lude O 

TI>¡, <m.,¡, ¡, l<lc•nt kol t o tire 6Ú)~A i11tcnupt rO>putl>< t.lnde. 1\'ith 1 ¡,¡, mt•d<, lhr mico fiJ ptir 'g , lo1 ¡,,. 
"n pi•" '") in5ttuction on th< d,¡, bu• •nd th< CPU ~JIIe"cul< it, Thu•.th' int<rru¡,ling Uov"e pr<~ 
,jdes the n<>.l in<tru<tion to be necuted in•t.,d ofth< m<mo.ry. Often thi• ,..¡]1 be a '""'" '""ruction 
•meé 1 h< int crrupt ing d<l'ite only nted •upply a •in ¡;le byto instwctinn. Al!<t ""'¡' oly, •ny ot her imt ruction 
mch ''' 3 b)IO cal] to '"l' lnCdtion 10 mtmmyc<>u]J be "'ecuted. 

11\0 outob<~ of el o e k 0\'C]., noceS>arr lo .,eout< th'• in,ruoti~n ¡,.:m,,,.'""" ti" n~rmol numbor for th< 
;,,1ruction. l11i1 """"" sinco the ( PU autorn"ic'll) "J,]< 2 w"t ,¡ *' 10 "" i"""''P' re·.-~''""' e; el o to 
allow •uffitient lome lo Jmpl<m<!11 '" e>t<rnal doisy eh> in f or priori\\· conttol. S«tion 5.0 ill<rstr" •• t he 
d<tJil<d timing for an int<rmpt re>pome. Aftet the appl!tation of R!o'SET th• CPU w¡]J •u LOmJtically <nt<r 
;,.tetwpl Mode O. 1 

\\'J,,.,. lhi<Jll• •de lu• becn ><leotcd b¡• ¡]¡, l'"·~r.oo,m<r, ¡¡,, (']'IJ "oll "'i'""d t" .1 n :nf<rrupt by 
"'""'tlins • ,.,,., to locotion 003SH. n,u,th< repon"'" id<ntinlto th3t for • non m•<L.ble int<rrupt 
''"F' rh>t tho oalllcocaliuo,; 00.18H tn<t<ad of 00~61l. AnNir<r drfftrcnc< i< that lhe numbet uf e; de> 
requiml 1 o oompl't e th< 'r<t.all i 1 "' ruclrun h 2 "'"" th, n n ,.rm>l due to 1 he 1 \Hl >d,],•d watl "a'"· 
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) 
Thi; m,..Je is :he mQ" P'''"lf"l inl<rrupt re,pM>t 1noclc. 1\'uh • ¡i"sl• S bu byt< from th< u ser an 

.nd.,<<l c.ll c.rn be m.Jrlt loan¡ rnemQry l""ation. 

Wuh thi; mode the ptogtam:n<r m•ÍOIO!n< a toble of 16 bit >I>Oilng •dd""<> for <><!)' inl<rrupl 
""'Í<< I<>Uiine. Thi< uble m>)' b< loi:>!,d anywhero in memO!)'. 1\'htn an in!Ottllpl Í< acC"<pted. a 16 bil 
r~intot '""" be f~rmed lo ub,.in the demed intorrupl ""'ÍC' "'":in< "111 irg .lddre" fr~m lhe lable. 
Tht upp<r B brt>of tlti> poinw Í> formed fro1n tht roment> of the 1 rtSÍ>Ior. The 1 r<giSI<J mu51 ha•~ been 
pre> iout.l)' loaded wLth the do>ired 'alue by lh< pw¡;mnrner, > <. LD l. A. :-:me 1h01 a CPU ""' de a" the 1 
r•~i•t« so that 11 i• mltillizrd lo zero. The lo"~' eigllt bm of lht poinltJ muot l>t •uppl1'd h; the mtwupi
IIIS d«·ict . .-\ctrrally, only 1 hlls ar< r.quired fmm lh< inl<rruphn¡ de>ice u the 1<>'1 IÍgnir.<>nt b•l mn•l be 
• "'0- Thi> "r.oquLr<d !Lne< the poimer" '"'d 1~ g<t two adjacent hytt• !O forma complelt J61nt '""ice 
'""1 irre ""'' ing Jddres. and thc addresm mu<t alway• S lar\ in even loc>tinnt. 

lnl<rrllpt 
;;,-r~·ice 

Rnu\Lne 
Sl,nling 
Addre" 
T .. hle 

d"i"d staning •dd,.,. 
pointed w by: 

7 atrs ~~oM 
PHIPJIER.~L O 

TI>e r,,., byte m thr tobl< "tb<le•" •igninc•nt (lo" order) portion of the adJre ... Til< p1o~r.mmer """' 
ob''~"'IY ftll lhi> ub]e in wnh the desired oddr«,., befme al\)' inl<rrupiS are 1<1 ht ar<epled. 

:-;ot< thatthi• l>ble "" hr th•nged a1 •ny time h¡• the pmsromrn'! (rf Íl "<lur<d 10 R .. d/ll'nt< 
\lonr<>ry) 10 all0w drfferent pcripherah to h< '"''icrd by d1ffw•n1 ><11ice t~Ul in ... 

On« 11>< inlcrrupnng de,-:,., <Upph<s lh< In" er pvni,>n of t ht p<JÍn:tr, th< CPU au\OJn" ic.lly pu<lle. 
the pu>gram rounler onlo the ''''~• obl3ins the <!.>lling addr<" from lhe lahle ond d<'Os a jump ro lhi> 
•ddte>S. Th~< m <><le ofr<>pon5t require> 19 doc~ perio<h t~ c~mrlete (7 10 f<l<h tire lo~<or 8 bits fwm the 
intouupl ing de>-k<. 6 lO "'ve the progr•lll coun10r. and 6 10 C>bt>in lht jump oddtru.) 

:-:o te lha\ \he a0 !"'!:Ph<r>] d,,.;;., a]] induJo' d:LÍ>.' <h•in ptÍOr¡IJ interrupl "mol Uf' th>l •uto
mali,alil' <Upplie• lhe progtomrned \'OC\Or 1<> 1he Cf'L' dunu¡ int<rrup\ ao~no~ l<db'<· R•ftr 10 the Z>O-PIO, 
Z~O-SIO •nd ZStJ--CTC mJnuah for d<t'~'-

5J 



o 9.0 HARDWARE IMPLEMENfATION EXAMPLES 

This ch.pP<r" in tended to ''""" •• • b•<i< ~r-!ruduc11on 10 impltm<nling sy>ltrns v.oth the Z80.CPU. 

~11,\1\!U\1 SYSTE.\l 

Fi~urt 9.0-l i< • di•siOJn of a ••r¡· •irnple Z.SO •}sl<m. Any Z·óO S)'SI<m mu<l mdude rhe follo"' in& 
fl'·e rlernems· 

] ) Fi>t 'Q]l !'O"tr SLrpJy 
~) O.Ciii>IOr 

3) ~lomO!}' dtvlces 

4) 1/0 <!!CUt !o 

5) CPU 

= 

• 

í 
,. -

~ 

... 

r 

........ 
""~···-·· 

,., J • ,!, 
~""""' '" .,.,¡; 

"• " ., 1 

"" ,,, ••• . 
DOTA 

DATA Ou< '" 
l. • ¡¡;,o -----::LL _¡ 

" '" ~ •o•a ' ' ¡,-¡ "'"M ,, C/0 

"''"' . •o"' • 

íf 
:;¡._., 
cr·· 

OUl'UT '"'Ul 
OAfA O.fA 

FIGUAE9.01 
MINIMUM lBO COMPUTEA S\'STEM 

5ü 

S m e· o ¡]¡e l80-CPU onl)' requir<> a si 1 ,~1• !' voll 1ucply, J\ld, 1 ,,,_,¡] ;ysl."n" ,-;,n be 11upku•;nlcJ usin~ 
""]\' rl1is •Jo ¡;le >upply, 

The osctll"or c•n be ver; simplo since lhe onl)' requirtmeon is lh~¡ n bo • S >oll squ•ro "''"· For 
'l'!!em• not runnmgat full s~eed, a simple RCo«:oll""'"" bo o<ed. lll~tn tho CPU is op<r>lod ntor the 
l11gl'«l p~>5ibie frequency,' <r)'>l•l <><C1II"ot Í! sent<.>lly tO<jiJÍted berou~e rl10 >)"<'<1" tln1ÍllG will nor 
''''""' the Jrlft or¡il1e¡ rh,l JO RC nel>~otk 1>ill ~'""'"''·A •l'l'"'' <·•·:>11-ll<•r' '"he m.•do !""" '•;"ePI''' 
.• mi ,1 !n1 ,Ji,,·r<le ""npononl! "' r.l<>l '"Ji lluc dt< "'" O<< "'irl<ll' ,.,,¡¡ ,~Jo, 

The nttr "' 1 rr.em<>r) c•n bo '"\ m"ture of slond ,r<J R ,\1 1. ROII, or PRO.\!. 1 t1 n,·,' simplo ,. l•mrle 
"' ha•< >hn"n, smgle ~"bol KO:O.I (ll>: b;r«l beingut1111<d "' lh• ,.,,¡,. lll<rO<Jtl w•r1·m. l'w thi1 
O\ampl< "'e h'' e >I!Om<d t bal lhe 7. -SO onwnal "f;'"' '"" n.: .11 .r tlun "'"'"'¡,., '" i<i<tll R<:od '\l'ri" 
•l<>r>;,•s":h •. '"''·,,J. R\\1 ""·""') """' "'~·•ir,d. 

' 



,_ 

o 

C) 

!,g 

._ 

\ 

't Q h ·'·'··" _ _¡ Ul U •·••:'•" >•>.'» (J"''•;-1 (•<•' "1 •'1"·>• JL•·-0(0 '''" ¡ :·•' 
o• p•ii-l"P ·~ ~·.-l!'·'"·' -1\;l. )•'' "'n '1"1~·"·''-'' 11'" ,,.,,, ,,,,,,_, .•¡J. ,,, "J" .-,o,,,,.,_,"'>! r·o 6 ~ .. ,~._-! 
'P>•" >q """ "'~'"'"·'"' ••~··ro "~''"~pi o 111 >'/l 01 '''" 1\'" >un pr• o¡ '""11"-"idd• >wo> "' •I'I""•'P 

oq ,(?ltl 11 ""'"' ><<¡: '"i 'P·'I>[<I•I«» -'4 u¡ >!' 1> V<'l' • JO J!'4 ""' ("UO<UPP• "' »•~ '""'"• ,<;;oworu 
l>~J(\ ti V ·~11 >j H•>o:,nlhlli >j' iJ li\' '41 ~U ¡JO p >" >>'> """' m "UJ<<IOI! llb>l 'ltl!l <'000>' ÚnLJ:"U 01!1 I'L[l 

»<w -' il'" :~u.( t ""'"'' nt '1 ''•1 Ow• < ';" .iiJ --'-"'m->er p>>é• .iu< ~11" ''"'"Jo "' OS·Z ''11 '"·'11" n.U "'ll 
"" ""i JI\'.\\ "'ll "'''-' '-'' ;• · n: '"~'"'"""' Pi• '"' u1 •1<;•<¡>>r '~ .l•w 11 ''"''''"'!1''~' ·'"'"' "'oJ 

10lll.~()) IU3.fS Al!Oinl~ 

''1"1" dr•p ''11 '"'"J 01 p>•rnho• 'q 11''" ropoJOp ll.l •1dw¡• • 'l'iVH 10 \'iOli I'U">IU JO <Juno""' "~''1 
10~ "Un~l.'\lnj "'f>< '!•!f.' >~1 IOJ P"" '<1 [11'0 lT l''[l 0' »•ds f\"Vl! >41 Ul•'lj l'd< 1\Qli J\{1 !OicJPd.'< 

O 1 v nq ''"'PP• · •1~'"·"" ,,,;: •o o~ ·uow¡ou ¡tw!-' ·'?! "'1 "' r•g""''P " .,.~, "''PP' ••11 '""'~'\~ Wll "1 

--

•• • •• 
• 

"• ., w. ... D~~.LE--. . "" 00 

1v -0v 

31d\III'>'X3 N01lVlN3W31dWI \llllfH '!l\1110!:1 
~-o·s 3l:ln~IJ 

"'·' "• 
D.~ 

"" 

----- snon'o 

••••• 
,, w• l!.~ . .. ,, .. "" 00 

o• 

.. ~ ..... S09 <slHOOV 

H:HI;-i) 

HOOtO 
IIHfO 

""'"" su•ppv 

""" S>l,(q 9)1: 

1'>:0}! 
'''·'G )11 

'• -·· 
.,. ¡q( 

'•·0.. 

--

" "• .,, -- G~·Ol"" 

"·""lfOJ " p>T¡uci! 10 'q 01 P"" "'" <r oord• ·'"'"""' '4' 'IJUtv\ o >!'1' u¡ o¡duW\0 
snoo.,>Jd >41 01 p>ppo oq Utl .\.Jow;w '!'"''JO •o¡;(q 9<;¡: .\\04 "'""'''111 C1J6 >Jnii¡ 1 . ."~'""·· • ""''•.-¡JuH 
01 p "" ''""''' 'l'P JO) ~IUUI>W '1",1\.iP"l:l 1'""' <> jo ¡unnw• olll()• .mnb>J <UI>¡s,(¡ J>(ndu,..,, 1\0f\ 

1\Vli '),>;IO(]V 

"POIUlWlldLUI U»q <•4 mno!uiOl 1nJ ""''d 
• • Á¡ddn• J> ~nd liU' i >1fft1!< • P"' w( '"IIIO<n .>¡duns • '1 \IOOHJ JS"I O>J\IL ,(¡uo 4'"" 1<41 'fdwrx; 

S141 U! ;o110:0. ("]ln>lp '!41 ]" IOH¡u;do >41 U<> 'l"l>p "'J I'MrtU Ql,f OS'l >41 O] J'j>)j) "0/J o¡q¡¡o·dui<D 
tl.t _¡o "''l 91 Pli!ObJJ >41 <>p¡,ood pm u ""4''" <nq U<p >~1 <>i "4''"" \lnJm >(<Ion< "ql ·¡m>l)l 

0/1 >41 I<>J 01,)0~7' p»n ""1 '" >¡dLI"'·' <Jql <uj '4JLrillJ P"P"'"JO od\¡ {UE 4"" p>tjJ\Oj >q 
PI"O'<~<P tnd¡nn llll '1!4" ""'P "'l> !'l P"Ptl'\' Í'lrSol!<n >n~ 010p >lfl otuo P'l''' >4 PI"""' '"1' i"J"' 

>LI.I. "P'"" '""'' j)q 8 '" <! JndLI¡ >41 por l!'lJ" 1"''""' )!q S u• >! 1ndrno "!11"11 p>uln"" <1 11 "Id""''' 
o¡dtll[< "'11 u 1 . ."PI w" 1'" .. "11 o 1 JOCj J>HII "1 ll "":t" ''' '"""" 011 <.wnb;J W>l> (< mnJwu> ~l>•:;J 

' 

' 



o 

o 

" Ail 

--- -·- ---... 
j 

"' • _,_ ~-{-: 
' o • 

1----·---; 
'' 1 

,.,. ,.,. 
• 

' ' ' o ' • • 

.L .L 
FIGUR~ 9.0.3 

ADOING ONE WAIT STA TETO AN Ml CYClE 

"" ' rv f'v --t '"" 
..... o • ' • • • o 

'"' "" ' ' o ' • " . r. .. L 
' 

FIGURE 9.04 
ADDING ONE WAIT STA TETO ANY MEMORY CYCLE 

L'- f ERf ,\CI:\G lW'\ ,\\IIC \1 E\toRI ES 

Th" •«li<m is ini<JJded only to ''"'' " a brief intr<>duetion to int<rf adr.g d¡ nami< momorie>. Each 
individt13l d)'nam" RA\1 h.s ""l'Íng 'P"'~'otium th;t \\ill "quire mino: modtncalion! to the de>crip<ion 
gi•·•n ho" and no ·wempl will be made in thi< d<>,:umenl 10 gi•·e dolaih fm >1)" po;tkular RAM. S.p,;o"'' 
·~~lit>lion nOI<' !oloo,.·íotlww liJO IJ.O-O'Li ,·.n b<' '"'"''•••d :o mu<l P''l'"'" d;mnm RA\l's .ro 
;,t,ol·.ble fouon hl~g. 

Firute 9.0-5 IIIU«rat<S thelogic n<e«S<II)' lO inr<rface M.: b)·t<S uf dy:>ami< RA\l '"ml 18 pin 4K 
dynalllic mernunts. This fl~uto '""m" lhat the f(A\1'>3!< the onl)' ntwtory in lho >)'>km"' t~at A12 " 
""d ¡,, >tlect hetw<en t h< two pagos uf memoty. During refto!h 1 im<, all m•murtos in th< sy<!<m m u" be 
re.od The CPU pru•id<S the pwper r<fre<h addr<>< ~n lt~<S "'o through A6 . Tn ,,Id,,.~_;¡¡;""'] memory to 
:!>o 5;·11em ti i> """""'Y'" uPiy tepl:o,·e the twopt,-• ih.<l "P"''' on A1c .,¡;;,' .J.•"•d<r tht •·~oEJ!e> 
''" ,)1 "q ,,;,,J ,,.],] ""' bll> F"r b¡~or >' ""'"', huff.rmg fur the >ddt«< '" d ,],:• ~'' 1 i• al•n ~-~·<r ,!ly 
~<qUir<d. 

' 
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10.0 SOFTWAflE IMPLEMENTATION EXAMPLES 

S<><r<l doff< ron 1 •PP""dle; .,~ P"'"b k in de•. e loplll~ wflwore for <he Z-80 (Figure 1 O. 1 ). F'"' of 
,11, ,\;"•mhly Longu.oge or PL/ L ""Y h< LNd as tho <o urce longuage, The" l•11gu -,~, "'·') 1~1<n he 1 t ,mi· 
laterl inl" """hin e l.nog""B' "" a e<>nliHer<iol tLme ''"" ~ng facihly uoi"g , crr~ 1 .;¡ '"' 1, •blor or """"'""'P'I<r 
or, •n lh< <a>< ofa»rmbly bn~t,ge, !1" 1tam\ol1on e<n be '""''"Piiohed on, Z-~0 DO\e];,pment Sy51em 
u<ing a "'id<nl assembl<r. Fmolly ,lb o ttsullmg madú!l< code c•n be dobugged ei!l-.<r on a time-!oharing 
f•CJhiY u•in¡ o Z-80 >imulaoor or on a lAIO De' olopm;nt Symm "'luch u<ts • U O-CPU d j¡eo~y. 

A""'"' V 
L.A~GUAGE 

fiGURE 10.1 

In ••l"lmg • '""''' l•nguage, lhe prional)' faclors 10 be [(>nsid<Jed are cl.,it¡. .nd '"' nf P"'l!'""' 
muog vs. codr e fflri<ncy. A bigh leo<! bng,,.ge 5uch ., p¡p; wi rh '" ¡n,;:hine ind<pe ndent cons\r"<'IS is 
llr i"lly beo let for f unnulaling 'nd main<ain ing •IEO'i1i'Jm<. bu 1 the resuloing ma<hin< tnde is "'"' lly 
IU'"'"' 1al le\> tlflm nt thon v. bat , "" bo wriU<n d""ll) m •<>oonbl)' l>nguage _ fhe" lro1enff> "'" nften 
b< b>lane<d by romh inu1g PL/7. and "'''~ Oly ¡.,,~,,g, "'""""'· ,Jenlifying th~« pnnion• of • la~ l. wluch 
mu51 be Oplimi?<d •nd "rio in~ lhem as '"'"'hlr langu•g< >t>b1 <•u lineo. 

O.cíding whe\her lo u« a re>idenl or ''"'' as<r>nblor is a m>ltor of a~·ailo!>i!n; and >hO"·oerm vs. 
JonE·ltrm e~p<n!t_ lllul< lhe rnnial e\penditute for • de<elopmeno symm" high<r \hm rhat for a Iom<· 
llmin¡ termor.al, ohe cosr of an indi'Odual a"embly """g a r<•idenl U'<mbler ;, nrgliglblo "hile r1e ,.,ne 
<•['<'! ,¡ ;,.,, on a tim<-,~anng >)">tem is r<lali"Ol)' Up<nsive ond 1n • ""'" lirn< lhiS <<Jst o.m <q to] ''" lota! 
0o,, nf ,, J"d~J''"""! 'l "·''"· 

Deh uggin~ Qn a de'<l.oprno n! S)">Lem "' a >inwla 1 01 is al so , mall or uf "''ail ol>th!}' ""d npttl>c ,.,,m. 
bin•d Wt!h oP<"Iwnal fldelily and Oe"bility. A> with lile ""mhl)' rr"tt", Othug,g¡ng "¡,,. expensh-• on 
• d<"l"rmen! •Y"•m than on a >imulalor .-·ailablt :h rough oimt->harmg, 1 n addr l!on , <he Meltl)' of the 
''i'' 1 '' '''1' en<110ml'ent js pr<«r•·ed lhrouS)l real·1 i•ne necution on a 7.\0.(J>U •nd by Cflnntct ing 1 he 1 (0 
•"~ m"n01~ rompmt<nH "hi<h w¡ll .ctu•lly he m<J in tht ~-o¿uo¡j,•~ >J>Iem_ Tilr <•ni y ,d,·anta~e tu 
r:" "'' of 1 simulator is :he ""¡e of <tited• ,.-hioh m; y (., .eit<led f1•t >uch .:•h ,Jmg pro, odu re¡ •> tr•<· 
ing and >etllng breaJ..roi""- Tilis flexrbilil)' u!5t> b<""" a software sin>ul.loun nn achiO<e •ny de¡re• of 
e<~nrlnuy in Íl> ini<IJlr<Uiron of m•chin• inslr'-"'lion• whilo de.elopment 'Y"<m procodure> ha>e ho id· 
.,..,. limiration, >u eh as the capoour of lh< real ·lime >lorog< mt>cM•. tho numb.r of Oreak ¡><~in o rogi>l<" 
and thr pin ron~~uration of lh< CPU. D«pi<e >U<h ha~d" "' li<niliiÍ<'"'· Jobu!',iling "" a de~tlopm<n 1 
'l""" i• t¡-riCJI!y mo" I'<Od"coi;e '~"" nn '<imtJlalor O,,,·""'' or lho di"" illi<"C!Í<'n lh•< is i'''"rhle 
b' ·," ,.,~ 1 br ¡m·g¡ '"'"'"- ond Lh< ''" 1"· Hlk "''' '" i ''" of 1m 1'' "g"rn. 
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TI>< l-80 in.uowion "' pro' id e< lh< ""' "'1lh a lorge "'d fl"ihle rcpeo coir< <>f op•""""' with "hich 
'" fornmlal< coniiol of •h• z~o.cru_ 

!1-,e prirn•ry, au~1lwy ond indtx r<gi•w• can be u sed to l,old tho argumon" of arilhm<tic and logical 
o>p<r•lion<, or 10 form m"""'l' add!O«<S, '" 4> f"l a.:ce<S siO"g< for f"GU<ntly u"d d•l>-

1 nf u¡ molÍOrl ron be muvtd duectly from r<¡iSier to r<gi««: ftom momO!)' 10 momory; from m< mOl)' 
10 ro~i'""; or f rom r<¡;i"'" lo memory, In addition, r<gJ<I<r cunl en ti •nd l'gi,.er/memol)' con ""U "" 
b< <\<h ·mged withoul u <ing l<lllporary •to:a¡<. In parl iculu, 1ho conttn" of primary and ou.ubry r<gistors 
can bo comrl" ely ncl""g<d b;• o'otulln¡ oul)' two m si rucl iom, EX and EXX, ThlS r<gi"et "chango 
rrncoduro Oln bt usod lo S<p"Oie !he ,., of working re¡oi•ton bct"·ren dtffeten! logkal procedure• or 10 
<>P>nd the "' of .-·ailable 10gisters in a •ingle proceduro. 

Stom¡t and r.uieval nf dOia belw<'n pJirs of registers and memory """be controlled on oi.•Hn 
flr.,-oul bni• through PLJSH and POP inmuc!IOn• whrch utilil< a speciol "•ck poinw "S''"", SP. T1ns 
stacl "8"'"' is a~•ailable both lO m•nipulare dal• and !o •Ulomaric.!l)' otme and "uie'e addre.,es for 
sub1outine linh&•- When 1 <llbro:.>line " called, for <> ample, the •ddrm follow111g the CA LL in SIWCIIOn 
'' ploced on the top ofthe pttsh-do .. n <tack pointed lo by SP. 1\'hen a subrOUiin< r<lurn< 10 the ealhng 
,outine. the addre" on the top of the Slock ;, u .. d to m the progr•on <Ount<r for the •ddrm of the nexl 
inmuotion. The l"ck pointer i¡ odju<led outoma\Jcally \O re{lect the curren! ""top"" sud; po"tion dunn¡ 
PVSH, POP, CALL •nd RET insrructions. Thi< ""~ moch•n"m allows pushdown dala mcks and sub· 
routu" C31IS lo b• n<Stod loan)· procti<al deplh becou"' the •lack are a C>n potentiilly be a• lar¡e as 
m<rnof) •pace. 

The "quonce ofm"ruction e'ecution can be co~trollod b)' u~ d¡fferent flap (<ar!). •ero. •ign. 
p•Ut) {o,·erflow, ad~-•ubtnct, half-carry} which roflecl the rosulu of arithrnetk, logkal. shlft and compore 
in>tru¡;tions. AfiO¡ tho necution of an inllrucliOn "''hi<h ""a flag, that O o¡ c.., be u><d 10 ron trola 
(PnJiti"nal ¡um p or murn in<tr<Jcti on Th<Se inmuction• pJo,·ide log"'l cnntrol folk"" in¡ lhe manipulo· 
ti<•U O { si"¡!ie bil, eigh ¡.bit b) 1< ( ~;) si~l«n·bit d>.\1 quant ilieo. 

A full¡et oflogical oporotions. induding .-\~0, OR, XOR ("':lu".e- OR), CPL (1\0R) ond 1\'EC 
( lwo'• c<>mploment) are ••a~lablo f or Boolo011 o pe ro !'lo 115 betw<en the aceumulator •nd 1 J .U other Otght-b'll 
rei"'e"· :¡ memory loca~ ion• or 3} immrdi01< operand1. 

In •ddirion, a r.,u "' of 'ritl~""" ond I"Si<•l ,hif" in b:,lh diTecLic•n• are a»'hble ~hioh <'p<rale 
on tho '"""'"~" of .tJJ oi~ill·bLI prim"y rt~iU<rS or dnectl)' on on~ nrcmor;- l~:;ti.,n. Th• c.rr;- r.,g can be 
indu~•d or •l:n?l)' ><1 b)' th.,e sh1ft instruotions ro pru,iJc both the t.sim¡¡ of 'hifl Jesults onJ 10 link 
r•¡¡i>tor/regi>t<I "' "gislei/memory shift o¡><rotions. 

10.3 EX.ü!PLES OF USE OF SPECIAL lSO I"STRLCTIO"S 

A. Ut u'"-""mt tlut a stJbg ~fdou in memory st>rting 01 loc•tion '"DATA"" h ''' ho rno,·ed into 
an· ,,¡"' "''" of nJOmOI)' ""'in¡ at locotion ""BUFFER'" and thll thi <Ir in~ le~gtO " 13 7 b) '"· Thio 
ope:•tion can bo occompli¡he~ u follows' 

" " " LO IR 

HL,DATA 
DE. BUFFER 
RC, 737 

;START AD!lRESS OF DA B SfRI!'JG 
;START ADDRESS OF T ARGET BUFFER 
; Lf.SG 1 ll (JI' DATA ')TRI 'IG 
;!-11.)\'E STRI:O.:C. 1'<..~ '\SI't:J{ ~!EIIORY J•OI~"Tf:D TO 
:BY Jll ¡_.,. TO .\lHIORY L(.¡(,qJO~ POISf~D 10 ¡¡y DE 
; IKCRE.IIél': r Hl ANO DE. DECR 01 EI'>T HC 
; PROCESS U~TIL I:IC "O_ 
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B. Ui\ "'umelllal '<Bir~¡• ir, '""""r)' <lar1111~ •lloo.IL<.>n "DATA" i; !O b< rnu,·ed inlo anothor "'a 
of momury "'"i"g al luClli<>O ··RUFFER" unlil•n ASCII S charaCI<r(u><"d •• <lrmg d<ll!not<r) is 
found. Uf< •'''j "'mm ilw 1\" mJ\imum ming kngth ;, IJ: charotlers TI>e "J>C1a1ion ••" bo 
p«form<d "' foll(rw,: 

" ,, 
U> 
U> 

LOOP.Cl' 

" l. DI 

END: 

HL ,DATA 
DE. DUH'ER 
I\C,I32 
A,'S' 
( 1 JL} 
Z,Et.D-5 

PE, LOOP 

, STAR IJ;<-G ,\!lDRESS OF D.l Ll STRIS'G 
; ~lAR ri~G ,\DDRESS OF fAIU>ET BUfFER 
;MAXJI\L'\1 STRit-.'G LE'IGTH 
;Sl Rr:-·c OELJ.\IlTER ('QDE 
;COMPARE ~\ü!ORY CO~TE.~ fS IIHH OELIMITER 
; GO TOE:- o IF CHAR.~CTERS EQUAL 
; MOVECHARAC fER (IIL) 10 (DE) 
; !NCRHIES'T HL ASO DE, DECRE\1EST BC 
; GO TO "UX)P'' IF MORE fii·IRACTEil'> 
;OTI!ER111SE, f,\LL THROUGH 
;:-.'OTE: P,'V fLAG IS USED 
; TQ I:>.DTCATE Tl!AT REGISTER llC WAS 
; DECRE.\!ESTED T0 ZERO. 

19 bytes "'" requir<'ll for tití• opo ratíon. 

C. Ul u' mun10 thot a 16-digtl dedmal numb" repr<.,ntod in p"hd !lCD formal (rwo 8("0 dígito/ 
b) 1<) h" !O b< ;h¡[,.d ~>•hown in tho Ft¡utt JO.~ in ordor lo mochan izo BCD muluplication or 
dhiSton. l"hot>p<rotL<>n can be acrompltshed as foll~ws: 

" w 
XOR 

lt {¡'fA T; Rl O 

ISC 
OJNZ 

Hl .DATA 
B . CO\Jl'T 

' 
"' ROTAT·-S 

; ADDRtS.~ DF J" IRST !J'i f~ 
. SHIFT cou:"r 
:CLEAR .KClJ.\!ULATOR 
• ROT ATE LEFT LOW O ROER DIGIT lt"> ACC 
; WITH DIGITS IS (HL) 
; AOV,\l\CE MHIORY POISTER 
: DEnEIIEST B ANO GO TO ROTA T lf 
; B JS .\OT ZERO, OTHERII"JSE F ALL TIIROUGH 
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D. L<l '"""u m< th•t une HllJt>ber i< to bt sublr>.:L<d fro•n .,,olh<r •nd o) lhat they a~ e both in pad.ed 
HCD fo11m1, b) rhal lhe)- .,, ofequal bul \'.n)ing lcnt1h,aod <) <h•l the ''"''' ;, tol>e .t111<d in the 
location oftht 10innlnd. The op<"tion can be"''' .. 1pli'l'"d as f<>lluws: 

w 
w 
w 
A)'; O 

S\'BDI:C":LD 
;oc 
OM 
w 
ISC 
l~C 

PJ'\Z 

Hl ,ARGJ 
DE ,ARG2 
B, LENGTH 

' A,(DE) 
A , (HL) 

(HL) , A 
He 

"' SIJBDEC- S 

~ AL\DRF~S OF .\!lSliEND 
; ADDRI:SS OF ~\JI\TRAHESD 
; LENGTfl (Jf f\\'0 ARCU.\lENTS 
:n.EAR CARRY FLAG 
; SUST R.\llE~ O 1 O AfC 
; ~l'BTRKT \HL! FROM ACC 
:AtJJUSf RESl'L r TO DFCI\1~1. CODF.D \'.~LUE 
:SJORF. Rl5l'I.T 
; ADV ~:-,CE .\1 El¡ OR)' !'01 '\ ITKS 

; DI:.CRI',;E.W B A'\ U G0 TO ··st.;BDEC" rF B 
; NOT ZERO, OTHER\\ ISE F ALL TllROUGH 

17 bytes are roquittd ro, thi• op<11tion. 

10 4 EXA_\tPLES Of PROGRA.\1.\ll"'G TASKS 

,\, Tho follo" in~ pr<•gram """ an ""} of 11 umb<" e. eh '" tho rango 10 .~;5) o ni~ '"'nQ:,.g ,,J., using 
• ><•~~ard nclo..-.o gt •or1 mg >1g<•l'"h m. 
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orn!f76 rr:I4:J7 Aur:nn: 1rsrr:-.-c P.\GE 1 
LOC OBJCODE ST\!T SOURCESTAlE\IEST 

••• ST A:\0.\IW EXCllA~G~(IIUBBLE¡SOR T k(>l'Tit\E "' 

' ' ATF.~TRY: 111. CO:•-IT Al\'$ ADDRESS OF D,>, f.\ 

' C CO:>.'f AJ:-:5 SL'~IBER Of f'lEI¡E:-.TS ·ro BE SOR 1 ~O 
; (1<(<~56) 

ó 
; AT f..\.lf !l,\T A SORTEO IN .\~E~Dll\'G ORDER 

• 
' l:SE OF Rl:CJSTERS 

" 
" RECISTER COSTESTS 

" " A TEMPORARY SlORc\GE ¡.QR C AU'VLATIO.':S 

" • <OL':\TER FOR DATA AJ<RAY 

" e LE\'GIJJ OF DATA ARRA Y 

'" o FJRST El F.ME.W IN CO'>!PAlliSOI' 

" E SECOKD ELB!H,T IN CmiPARISOX 

" H FLAG T0 il\OICATE EXCJ/A~GE 

" ' l'>.'L'SED 

'" IX POISTER JST() DA fA MI.R W 

" " t:;•;l!SEil 
n 

""" :22600 B SORT: w (D,HA).Hl ;SAVE ÜAT A Ar..iJRESS 

""'" CB84 " LOOP. "' FLAC,H ; IN !TIA l.I.!.E E\.CH.\J\CE FL \G 

""'' " " CD '·' ; !Si flc\Lilf LL\'G rli { OL'!'-1 ER 
(1006 o; C6 "'' • ·, ADll:S T FOR TES f!NC 

""' oo=-\:600 n w JX,iO->.TAl : IC\ITIA LIZ E ARRA Y 1'0!1\TF.R 

""" DD7EOO " .\EXT: ce A. HX) ; FIRST ELEIJE,\T 1~ C"OMPAIII~O:-' 
OOOE ;; " '" D.-~ ; TEIIJ'ORAR.Y STORAGE FOR fLBIENT 
IIOOF [JD.IEO! " ce L(I"'\+IJ . SEC0,._ D EL!-. ~IL\ r IN ("Q\;J' 41\ ISO N 
()(J 1 :: " " S l." B E . fO\ 1 p A 1~1 ~n.-..: F lllST T O ~ FC<lC\" D 
1"\1 3 .'•lUS 

., 
'" " ;.;c. :-.o~x-s : IF Fl RS"f > SH"O\ D .. \CO JI .I!P 

UOI ~ utJnoo " ce (1.\J. E : L\CIH.\:GE ARRA Y ELL\: ~STS 
\lO 1 8 DlH~OJ " ce (1.\•JJ.D 

00" CBC4 ,;; sEr H.AG.JI , RECOR () T: \f HA.J\GF. OCetlR RED 
(I•JIO DIJH " ;.;oEX: ¡:-;e " ; POI~ f 1 O \E.>. f DA T ,\ El.f'.: fST 

"" ¡{JEA " DJ.\Z \;E\T -1 ·, COL":--.'T )'l"\ 1 BloR OF !"ü.\: r. \ ;.¡; ~0\S 

'" ; R EI'L\l" 1 F •.!ORE D 1 r. 1 1" .;1 i\S 
uo:I e u 14 " "' J'L~C.H ; I>HEI\ \IJ\:E JI' 1;.\CiiA\I:E !)( O.::URKI:D 
()()~3 :ODE " " Nt.. 1 OOP-S ;CONll'\JI 1E IF DATA lJNSüR 1 ED 
0025 " " RET ;OTilERIIISF.. E.XIf 

" oo:~ " \'1 .\G: >00 " ; DL>;JG\'cl !lOS IJF FLIG Bl f 
(f'J: ¡, " ll.\fA. PHS ' :~T(;¡qi:E ff,R Ll\[".\ .II>¡)Hi.\~ 

" ~:\D 

,, l 



R_ Tilc lnll.o·•in~ J'lO~'·"" "'"IIIJ'IJOI lwo l•n>i&md 16 bll inl<gcr< •nd lcOI'"> th< r<<ull in lhe I!L rtgi>ltt 
pan_ 

O 1.'2 2/16 1 1 :J2; J6 \1\JL liP 1 Y LIS T 1'/G P,\GE 1 
LOC OBICOUE STMf SOl:RCE~TAJ'Eil\OST 

0000 MULT:; USSIG~ED SJXTEE.'J ~IT !S fECEK ~1\JLTIPL Y. 

' OS ESTRASCE: ~1\JL TIPI.IER IS llE. 

' \lULTIPLIC.~SD IS HL-

' ' OS E:>.IT- RESULT 1~ lll. 

• 
' RfCISTr:R USES· 

• 
' w " H11:11 ORDl:R PARIIAL RESULT 

" ' LO\\' O ROER PARTIAL RESUL T 

" o HIGil ORDER \lULTJPLICAND 

" ' LOW C'RDER ~1LILTIPLICASD 

" ' COUSTER FOR NU~1BER OF SHIFTS 

" e HIC!i ORDER BITS OF _IIUL TWLIER 

" ' WW ORDER BITS OF ~ll'LTIPLJER 

" 0000 0610 '" w B_ 16: SL'MBER OF Bl TS- l'IT!ALIZE 
()(10: " " w c. D: MOVE Ml1L TIPLIER 

""" " "' '" A, E: 
,~("04 ~H " ex DE. llL: .110\'E m"LTIPLI(.\SD 
(1005 :10000 " '" HL. 0: Cl EAR P.\RTL\1_ Rt:~l"LT 

"''" (839 B ~!LOOP: "' e, Sltl FT IIL:L T IPI.I ER R 1 Gil T 
OOOA " " "' LE.\51 SIGSIFIC\' T BIT 15 

" 1~ CARR\'_ 

"""' 3001 " " SC.~OADD-$: IFSOCARK\- ~1\IP THE AllD 
OOuD " " "" flL. Of.: f.LSf .ltllJ \ll' LT lf'I.IC.\ S D 1 O 

" PM:fl,\l RL~I'LL 
LOOE " " SOADD: EX DE, HL: ~Jll fT ;,¡¡. L 11 i'I.ICI C'D 1 ~1-' f 
OIJOF 

,, ;o ·ADD lil. HL: IIY ~lliLTIPL YI~G lT BY TilO. 
00>0 " " " DE.IIL: 

"'" IOFS J.l DJXZ ~1LOOP-S: KEPE~T l'l'TIL ?'O .llORE BITS. 
(IJ 1 3 " " ltET; 

" E~· o; 

' ' 
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.\1" ·¡lule _\ f:~'. imurn Ratings 
,,,, . ., .. ,,,,.,., 
,.,_,., ......... .. , . .,,,,,.o,.,.,'" 

__ , '''"'" .. c.-... , ..... ~ .... ,,,.,, 
'"'"'"' .~ .... -,, ""'' 

-<>>'(oe•I><>'C 
-'JJ\'Io•" 

1 ~w 

/..SO-CPU D.C. Charactcri~tics 
r, •O Co .. To'c.•·,, • '"' ,., """' "'''"''" ......... 
S•mbol '"'m'"' "'" .,., "'•·' '"'"' .... "'"''' " 

''"'"'""' 
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'm 1 

o..,., L.~,,..,,. .. " 1oc •O>m• 

r 
o.., •. 11 " 1 ...... " ' loH • -O•~A 
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"' '" "•'• ""'""' '"'~<•f•"•"' ~ n,.., " "' \'OLT•: 4 "''« u. o, '" "•'" ""'''"'' ,,,,,,r ...... ~ ..,~, ... "' ''o~,-o .,. .. . 
1 ''" "•'• .... , ...... ( ...... "- ,,,., "-~· "" "' ""'•--~·,. ' 

Z2:1A-Ci'U D.C. Clwractcristics 
A • V' '" ,,., ' •• • 1\ •' '""''"" "'""' "'''"~' 

··~··· '" "" , .... 
~~·~·····-

~-':__ ' .. '1 '•' '"''" l·. '"'"" 

""•.l ' __ ,_ - . -------_,_.,,,_t~~-: ,, ~·" "~· , ....... 
.,, ,,, ... , ......... . "' ' 

1 •r '" ".,o ' ·""'' 

6G 
'~ '"" '" '" ,, .... ,,. ,, ... _ ' '" . y,.. ·~ ..... ., ... , ,.,,, ........ ,,, • .. 

'-~· ''"~' 

Capacitance 
TA•1, 0("./•\ 11lh, 

""m"'"" ' . ' P•"' "'"'" ",,ou 
,, ...... ........... •• .. 
'• "'"'e''""'"'' " -
e,~ '"""' r., ........ ' 
COLT 

,,.,.,...,c., .......... 
" 1 

ZSO-CPU 
Ordcring Information 
e. c .... ,,., . __ ,,. 
, • '"""" "' , ,.,_o' "' 1o'c 
r - '"'""'' •v ·•~ ·••' '' .,•, 
M _ "''"'" ,v ,,.,. _,,. •• '"'e 

Capacifance 

l..t:OA-CPU 
OrJering In;-or,~m:¡-;tl 
r.,,.,_ . . ..... ,_,.,,,,,, 
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Zilog 
lSO-CPU 

INSTRUCTION SET 

ADC HL,., A<~:l ,.,;'., <::a<f)' Rog_ ;>air · < : > Hl 

ADD A, n J.dd "lo• n to Acc. 

ADD A, r !lid A•·~. r lo Aco. 

ADD A, (1-!LI Add loc:01ion (Hll to Ate. 

/IDO A, UX•dl Add location (IX•dl toAcc, 

AflO A, (IV•d) Ad;l le><otion (IY•d) te Acc. 

ADD HL, <> 

;.oo tx.I>P 

ADD IV, rr 

ANO 1 

BIT b, (HLI 

BIT b, IIX+d) 

BIT b, UV•dl 

<liT b, r 

c.:.~Lcc,nn 

CAI.L nn 

"' 
"' 

C!'DA 

"' 
crtR 

·-· l 

1 r; "' 

Add Rog. p~;, "to Hl 

Add Aeg pair pp to IX 

Add R~g. pair rr to IV 

Logbl 'ANO' of operand' and A ce. 

To" BIT b of l<><•lion (HL) 

Test BIT b olloo•tion (IX• di 

T '" BIT b of loc>~i~n (IY+d 1 

TestBITLofRe~.r 

Call wboou1in~ otlocotion Mol 
cor.dcti~n CO if true 

Uro~,ditionol call ouhroutin• al 
locaticn nn 

.-;,,.I•Jr< ;,.,\,on illll :•d t.«, 
d·cr.mant HL a~d SC 

Co:npJ<o io:otion (H Ll and A ce. 

<Je<"moM Hl •nd ~c. rer••t 
· hntii 3C•O 

r ~:.-;'"'" looot;on (H Ll ,_,J :.<e. 
i.-,oc •. no~l HL and rleC!<ment BC 

C<>mp01~ l<>eati(H1 1 H L) and Aec:. 
ino,;m,nl fll, rle<:!O<~Cnl BC 

•· • ·• -.' "'" ,¡ BC:-O 

_, .. ,1 

• -.,,. ,.,.,. --·c·lrn 

... 

OEC IV 

o~r .. 

O.JNZ e 

" 
EX (SPI, HL 

EX ISPI, IX 

EX ISPI,IY 

EX AF, AF' 

EX OE, Hl 

HALT 

,., 
!M 1 

1M2 

IN A, (n) 

IN r, (CI 

INC IHL) 

INCIX 

INC !Y 

INC (IVtdl 

1.\·C r 

,. e" 

'" 

11\!1 

o"'"'""""' B ood J~•"P 
reT.!i.r 11 B/0 

70. 

f.•el).onyo t~e loealion (SPI-:. .... 1 tV 

EKch•ngo lhe can~onts o¡ AF 
ond AF' 

E•ch•nll" t~e con!OnU al DE 
and HL 

E> o han¡¡.• lh• con ton" ol BC, OE, 
H L with canten" al BC', O E', hl' 
rc>pe<li,ely 

HALT (wail for inlotrupl '" ,....,,¡ 
Set intorr"pt modo O 

Set inl01rupi1T'~dl 1 

Se! intu, opt moJo 2 

Load the Aeo. with input Ir 
d<vice 11 

Lr.od lhe fl<g. r •;ilh i"f'" ~-~·" 
~"'ice ICI 

lnc•<· non! location (Hll 

ln<«.ntnt IX 

Ir:..-;,-,,.,, IV 

¡.,,._.noollocotion uv~dl 

.,, -·· .. ·'·'' ~ ·:.' 

lood '"'"'iun {HL) with inr.tt 
'"'"' !'<>rl 1<::1, rl, ,•tm~nl I--IL 

""~ fl 

'-" .. _. .. _ 
... 
" 

., ', . 
:.<.m ;MI (•;J, t' -''·' •< ni ¡;t. •' -j 

•• 



Jf' (HL) 

JP (IX) 

JP ll Vl 

JP oc, nn 

JP nn 

JP c. e 

"' 
JP NC. e 

JR NZ, o 

JR Z, e 

LO A. I~C) 

LO A, (DE) 

LO A, 1 

"= ~OA,Innl 

LO A, R 

LO IHCI. A 

LO !DEl, A 

LOIHLI.n 

l[l rl,J, ''" 

LOHL,(nnl 

LO (Hl),, 

LO 1, A 

LFIX,nn 

LOIX,Innl 

lDIIX+<ll,n 

1 ·) ; ; :: • ':) • f 

LO IV, nn 

lOlV,(r.n) 

. '" .. . ' .. ' ' " 
,_,) (1'," . , 

1 r:.~ l~cation ;Hll with Ít•pül 
from f'<o" ICI, ir.crt:nont Hl 
" ,,¡ d.•oro:u.,nt 6, ro¡.oal until ,., 
Uncondoti~~.d .)' Hnp lO 1 HU 

Ur;oonditional J""'P to (IX) 

U<>tondito~al .lump to (IV) 

Jum~ lo h-e,\ ion"" il 
condilion oc i> truo 

Uncondrti: e ,¡ jump to lo<alion 

M 

Unconditio,,l Jump relative 
to PC+e 

Juonp <'lilli•• 10 PC->o rf c.r.-y•O 

Juonp relatio·o tO PC+o if non 

'"'" (Z=OI 

Jump rel,tive to PC+o if zoro (Z•I) 

load ,O.cc. with locotion I6Cl 

lo...! ,O.ce. wiL~ l<>t•tk>n lOE) 

Lood Acc. with 1 

lnad Aoo. wilh location nn 

Loo<l Acc. with Reg. R 

lood loc.tiun (SC) with Ar;c, 

l~ad lnc•H~n (HLI with val11e n 

• lo•d Hl with l.ocatk>n (~ni 

L o•d loeotion ( HLI "'ith Reg. r 

1 c'd IX ""•lh ·., ''' "" 

Loor! IX "ith looation lnnl 

t o.d IV wi!l, ~,,,. """ (,,,¡ 

" 't' ·, :: '.' ' '" ' 
,., .. : :~ . ~- f 

LDinni,A 

LDinnl,dd 

LO lnn), Hl 

lO lnn),IX 

1.0 lnn),IV 

LO R, A 

LO r,IHLI 

LO <,IIX+d) 

LO r,IIV+d) 

LO r, n 

LO r. ,. 

LO SP, HL 

tOSP,IX 

LO SP, IV 

'" 
lOOR 

"' 
LO IR 

NEG 

t:op 

". 
OTDR 

OTtR 

"UT(Gl,r 

C<!l(o),A 

0Ul0 

'), .' r 1 

load local ion lnn) wilh Rog. p>;r dd 

l<>-ld loc;tion lnnl with IX 

load loc>tion (nnl wi¡h IV 

load R with Acc. 

lood R"'.J., with location (IR) 

load R<'jj. r w1th locotion (IX+d) 

lo•d Reg. r with location I!V+d) 

Lo.d Reg. r with voloe n 

lood SP with Hl 

Load SP wrth IX 

load SP wilh IV 

load location ID E) with locotk>n 
(Hl), doorernenl DE, Hlaod BC 

load Toeotion (DE) with k>cotK>n 
IHLI, dócrement DE, Hl and BC; 
re-p<ol until BC•O 

load locotion.mEI ,.;th lo.::ation 
(Hl). in<romtnl DE, HL, 
deore,c.ent BC 

Lood loe"ion (DEl with l.:>:ion ' 

( H l), '"""""''' DE, Hl, 
d'cremenl BC aod ••~··• until 
6C=O 

lo¡i;:al 'OR' or op<Tond' ond Ace. 

le>>d ootput IK<<t(C) with l<~•bon 

IHI_l J .. ,,.,.,,.,, f!L •nd B, '•'i'''' 
'>'·'":-o 
L~.d "•'P"IJ•ort (C) wi.h t.j:,li~n 
(Hl), incr.rnent HL, decrem•nt6, 
re~oat unt'rl B•O 

L,-,;, _,:~:: r ><1 (ni ,.i:~ ·'-"· 
Load ~~i,Nt ¡>uft (C) ,-.-:~ looo'i>n 
111!.1, d«r•·•.o• .. t f!L and 6 

"1, .. .::11 .. 
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:.)P IY 

~O? t¡q 

PUSH IX 

PUSH IV 

PUSil qq 

RES b, m 

"" 
RET oc 

RETI 

RETN 

RLC IHU 

RLC (IX>d) 

RLC IIY+d) 

RLC r 

RLCA 

l. ·l'(•,·ilhi"J>"'"""" 

1 ood IY .-. ith !OJ> ~~ •t.ock 

Lood IX o~lo •<•ck 

load Rog. pait qq onto >li1Ck 

R-.otBitbofoporandm 

Rcturn !ro m <Ubroutine if condilion 

ce io '"'" 

Re:urn !r<>m in1om•pt 

Re1urn !rom r>On maskable interrupt 

Relate 1•11 througl> coarry ope<and m 

Rotote lelt Aec, thrO<Jgh carry 

·Ro tato l<J<•Iion \HL)Ie!t i:Trcul•r 

Rota\e looolion (1 X+d) left circular 

Rotatel<><alion (IY+d) leh circular 

Roto te digitlelt and right bet,-,oon 
Are:. a•d I~O'tion !HU 

RRCm 

RRCA 

RST p 

SBC Hl, u 

"" 
SET b, {HU 

SET b, IIX•dl 

s~r b,IIY+d) 

SETb,r 
• 
SLAm 

SRA m 

SRL m 

SUB o 

XOR o 

,, .n 

RotalorigMAcc.ttr~ ""'"·•Y 

Relate righ1 ciroul•r A ce, 

Rotote di~it o og'ot '"d ldt belv. "''" 
A«:. ond location (HU 

Sub\""'\ oror•"" s hom Ace. ,,.,th 
carry 

Subtr.oct Re!J-I"'if" !rom lll ••,ith 
c..-ry. 

S.t carry flog (C•l) 

Set Bit b <>1 loc•ti<m ( l-ll) 

Se\ Bit b of locotion (1 X +d) 

S•t Bit bol lo<otoon ll'r'+d) 

Set Bit b of ReG- r 

Sub\rO<:t <>pe"nd s leo m_ A oc. 
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1.0 INTRODUCTION 

Th~ 7-~0 l'•r ,lid 1/0 1 P!Ot ("""'' ;, J p!Og.r .1mnublo, 1 "-O por! dovi,·e .,.¡, i.:h p<<J>rde- , Tfl 
"'""l'"lhl< itnc• r I.1CC he rv.oou periph<r•l d.-h:« anJ th< 730-CPU. The CP!J ~"" .:on rtg'"' rhc Z ~O-PIO 
''' inh·• '"'" ~nh' ~ •J< r 1nge ul penpl•·,>l de""" .,¡¡hao nrh<r o.t<malla&tc reqUired. T¡pical ¡><ripherJI 
d<>lc<• lhJO Jr< iull¡ Col11pJtLble V>llh lh< hO PIO ¡,,t,Je nou>t kqbu<rd<, poper lJp< reod<r> •nd 
punche>. prullcl>, PRO)\ progr.>nml<r>, e<.:, Thr 1:~0-1'10 ulllll-<< N ch•nno 1 ,¡¡¡'"" g•le Jepl<lonn lnad 
re. hnuln~y Jnd ¡, r•áJg<d tn J 40 pm DI P. Ma¡ur l<Wroe> ofth< Z80-P10 iududo: 

• ·¡ w u indeconJ<nt H b 11 b !U ir<~lr..,n.d p< npil<rol inleri"ae< porl< with 'hand,h>ke' d•t> tran>f" 
.;nmrul 

• lnt<rrupt dr"'" 'hand,h•k<' íur ''" "''"'"" 
• Any une of four di<llnc·t moJe~ nf <>p<rdl"'" '"•Y be ,ole,;<eJ fot a p~t! induding: 

B)'" uutpul 

B)t< inpul 

B)'l< bidir<(liunal bu• (,\vaiiJbk on PortA only) 

BLl control nt•>d< 

All wuh 1ntmupt '"" tr~ll<LI hand¡h.tke 

• D>l>) .:h1in prJuril)' interrupt h.>~LC induded t•' pro,iJ< for a u IU>nJIJ.: in terrupt ".:tming 'NilhOut 
ex~<mJ! lugk 

• Eight uutpuh •« t:.p.tble uf drivlng D>rling1un tran'i"o" 

• All i"puts ouJ output< fully TTLeomp;tible 

• Sin~l< 5 volt lllppl) and <in¡¡)< pho>< .;~...._~; l!< 1<4Uir<J. 

On< uf the unique fr<atures uf the ZBO·PIO ti! JI <Cpdr..LI<• tt from other interface controlle<1" thatall 
dll> lr •nsf<r b<tl'. oe!l th< p<riph<ral d'""" and the CPU is accomplitiled und< r total in l<rrupt <ontrol. Th< 
irllwuptlugi,; of the PJO p<rmih full ""11' of the efl1cientlnterrupt capobilim• of the Z80-CPU duriug l/0 
tr .,,r.,, All lo~k """"·"Y IQ implom<:ll • fully "'"'d •nterrupt mucture ;, includ•d on th• P!O •o that 
odJittnnJI .:ir,;t~it> or< not tequire~. Anotho¡ uniq11e feol<lro uf th< PIO is that it can be programm<d U> 
onterrupt th< CPU 011 th< cccumn.:e of spewled ll>tU• oundr!ions in tilo po ripherol dovu, Fur e <O mplo, 
the PJO cal\ be proar.tmm<d tU interrupt if >ny sp<cifi<d p<riph<t>lJI>rm cu11ditions should occur. Thi• 
lo<errupt cop•h thty re duo" the omuunt o f """ tha! the proceswr musl sp<nd In pollmg p<fiph<131 '"'"'. 

' 
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2.0 PIO ARCHITECTURE 

A bl"d Ji•S""' uf the nO-PIO i< shuwn in Figute ~ 0-1. Th• in tunal <tructu!e of th• 280 PIO 
con>i,¡, <>f > Z~ü CPt; bu,'""'~""'· 111torno.l co>tmollugJC, Porl A 1/0 logic, Poli 8 1/0 logic, and intorrupt 
'"'"""''"~k. TI" C!'U bll< ir1Wf;celogic Jllow! the PIO "' intetf:~o:e dire•tly 10th< ZSO.CPU "'ith no 
oth<r n«nt.tll\l~JC. flo>'O><t, addre" deco.J<" and/or hno boff<fl may be r<quir<d for largo •Yl!<m< The 
intemal conlrollogi•' ') nchrot"'"' the CPU data busto the pC!tph<ral device interfacos (Port A and Pon B). 
The two 1/0 pom (,\ anJ B) '" I'Lrtually tdenlld and .11< used to inttrfaotdiroctly to ptnph<ral d<I'ÍCCI . 

:~ { ~ "'". 
~...... -

~""" 
• r-
~•ot 

"" '" ... 

'"""""_' 1 ""' co•••o• ~ • 
'""'' •• 

t•n•••••v• 

u ........... '-o ""' • "'"""' ... 
. 

• 
"""""" """'"~' """ 

~~GURE 2.0-1 
PIO BLOCK OIAGRAM 

• 

.,_,,__, 
......... ., 
'""''"'' 

The Porl 1/0 lopc is composed of6 r<giuers with "handshako" oontrollogic ,., •hown in Figure:! 0-2. 
Th~ r<gi"'" includ.: •n 8 brt d•tl input rogiuor, '" 8 brt da tJ output roghtor, • 2 b rl moJe control 
r<g"t' r, '" 8 bit m•sk r.!,i•ter, an 8 bit input/ out pul ,.(oot regio ter, and 1 2 brt rnask control r<¡istor . 

.... "'""'"" ,.- """' '" .. '"'" ••• _,.., 
()"""' "' '"""' "'''" 

\1 ... 
'""'""'"' ""'" "" "'"" 

--·· -· ~- .. ,. 
,-'--.... "'" 

. ... , ... 
"~· .. /"--,..;;; .... """ 1"'''" ~""' -

.. ""'"7-
.. .,. ..... .,. .. , .. , 

"'"""' ·-
FIGU!1E 2.1H 

POfi 1 1/0 BLOCK OIAGAAM 

' 

.... , 
~ ..... 

"" .......... .... .. 
0>"'"''"' 

} ...... , .... """ 
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·¡ ho :. bol tn• •d• """' r<•l 1<~¡,,,. r ¡, loCJded b¡- 1 h< CPU 1 o <<le<t 1 !to clo<irtd ''fl""lmg mode_ (b; <e 

""if"", b; t< lllpul. 1•.' L< bi<ht<''t.<>n>l bu1, ur bu contml nw<I•J· .\11 J'" lransftJ bet" cen thr pe<Jph.:.l 
J,.,,,., .. r'ld tl1<· Cl'l' ""h~e\,•d th>nu¡.h ,¡,, dat:, i>•piiT .111d d•<> Pulput >egi<1e!! Dl!a onay be Wfllten intu 
ti><· ntHpul "'g""' by ili<CI'\1 '" l<'od ~•.1d 1<• the CPU ft<'lll thr input r<g~<W al ony 11me. Tho han<hhole 
¡;,,.., "~'' ""d "1Lh "''' 1"'' 1 or< ""d In <••nlrol tho do~" 1 ,,,fer O<i"''"' thr PIO Jnd tho pmphn•l 
,¡_., ¡, '' ' 

n,. S·hl1 "'·"' "'!"'" ,,d oh<8·blt '"P'"-~"'P"' "le<t rcg>'"' '" ""'d tmly m th• bit ron1rol 
lllPM. In thl>mL>M .1m "'ti" S P"lph<ral daOJ "' '"""~1 hu• pin1 ""be P'O\_l<.lmmrd '"he an "'P"' or 
an ""'P"I "I¡>'Oifood h) \he <<1«1 "!l'ltr. fhe ""'' J<~ÍI[OJ 1> U>ed In 1]¡j, IllOde in (<lllJHOCIIOI• W1lh a 
>P<<iJI illh'n 11pt f< ''"''. Thi1 ¡, . .,,,,. •llo11 1 "' inWrtlpl 10 b<" ~01101 ,.,.d "hen any '" all of lh< ummsl...cd 
1'"" rrath a >p«ified ''"' (<11ber higll or ~~~~ 1 "!hc C-b11 m"" con! rol r<~i"'' lpeciflos !he 3CIL'< """ 
dtlircd (hr¡h 01 lo~) .r•d tf lhr in,.rrupt 1h0uld be g<~t<latrd 11hen al/ unma.ked pin• •~< "'"'" (A:>-:D 
tr•1'd:l i~n) or 1\ hen a11y unrn•!~<d pin i1 acli" ( OR cond 11 ion). Th" feaHH e todtJCe< th< ¡eqo11ement fot 
("Pll 11 01 "' chtr>.tnf of 1 l1< 1''" ipl1<r •1 b)· allu" ing •n ¡n1<uu pi to be aotorn., 1Call.l" genrr;red 011 'P<C1f1c 
¡><1 iphrral Ita!"' cottdJI ¡,.,,.. Fnr ''"mple. in a ')''""' 11·ith 3 •larm C<•ndition•. an tnt<rrupt ma> be 
f<n<!Jird 1f ""~ on• occu" o• rf •lllh••• occur. 

Th: ini011Upl .:onl roll"ric l<ctk>n hJndlt> •11 CPU mterrupl protocol fm """d pdmit y ime rrupt 
"'":tur<<. The priorll¡ of an.l devict i< d<1mnoned by ti< phy•icollocalion in a daa; cham configurotion. 
T" o lin" 31< p1u1 idtd in uch PIO 10 f nrm lhi< dai>y cha in. Th< de,·ice do><" 10 lh< CPU ha• 1 he high<" 
f'!Í""'i"· ll'nluu 1 PJO. Pcitt A inlcorupu h•<r h1~h<r prioJit) !!tan lho>t of Pon B. In th< by,. m pul. b;.,. 
""'P"' ,,, bidn«li"n•l mod<s. '" in•mupl c.n b< ~cnruttd \\)~<n<>er a"'" b¡ te tran>f« ;, roque.t<d br 
•he p<lipheul. ln lh< bi1 control1oodr an intcuupl <•n bt t<ntrated "h•n th< p<r1ph<ral """' rr."ch" • 
prngr•mmtd ''""- Tht PIO p•o•idu for complot< conuol of M<l<d ini<I!Up!5. Tlu.t i>. lol'<r prior o:.· 
do•· k<> mi) not inltlf\lpt high<1 prio1ity dt~·iu< 1h" h01< not had th<ÍI inlwupt ;<1\ÍCe rouhne com· 
plrttd by th< ("PU. llighe1 prio1i1y dtvi<:<S may inrmupl th< ~ervietn~ of low.r pnority dtvic<5. 

ll'hen an intcrrltpl is •CC<plod b~ lhe CPU in JT'Kide C. the mtenupling devie< 100>1 poo•ide •n &-bn 
tntcr•upt ltctor for th< ere. Thi• veclor" """' 10 fo1m a poin'" toa l<>eotion in 1he compui<J memo;y 
\\hcrt lh< addrt" of lhe in1<11~p1 5<'f\IC< rOili,M" localod. Th< 8-bu >t:tor from, thc inl<rru~ling de>ict 
f"""' !he I<JII 1i~n1flC.n1 8 b111 of lh< tndir<ct puitu<r "·hllt 1h< 1 Regt>l<l 10 lh< CPU p1~1id<> tite m~>l 
<>gnofi:ant b hll! of the ¡>Oit\1<1. Each purt (A •nd !1) bas •n iud<P<"dcnt Jnl<rrupt veclor. Thelt"" 
,;~1\JÍI,••nt bll of th< \fe\01 i• •UIOmllic~lly m tn 1 O 11ithin th< PIO "'"" the pomter mu>l pQint \n 1\\0 
.>d¡o~cent mcmory l..:01ion~ foJa cumple!< lb-bi1 •ddrt$<. 

Th< PIO dec<><l" th< RETlll'l.ttu1n hum mto:rupt) mmuotion dire<tl; f1om :ile CPU d"J h"' so 
th11 ••.:h PIO in thesystom knowo '''11 '"""' ,.h.,her ¡, ;, ~ring ''"'"iced by thr rPt: mt<tJUpl ""·.ce 
II'Uiine "llhOUI an) 01he1 communielliun "•lh lht CPU. 

' 
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3.0 PIN OESCRIPTION 

A Ji,~r '"' nf !he Z"l 1'11) pi11 ,,,,.¡¡1"'"'""' ",¡,"""in fi~ure 3 O l_ TI m <ce ti'"' Je''"'"" the 
f"'"""" ,.f e"d' P"'-

BIA Sel 

C¡D Sel 

• 
,\11 

JORQ 

ZHO-CPU [Jo[J Bm (bidil<,ttunol, tri,tate) 
Thi>bl"" u;e.i tu ''"'"f<r ,¡¡ dotJand CüflHllJnds b'"''"' ¡¡,, Z30-CPU anJ the ZHO-PIO. 
D0 " th' '"" >igrlif"'"' bit ofth< bu,, 

Port B '"A Seioc1 (Lilpllt,acti>< hrgh) 
lhLS prn delur<>v.hich por< ,.di Oe ,c,·<ss<d d11r111g, data tr.1nslú botwan the l:lO-CPU and 
the ZS<l-PIO A lo"' lol'<l un thi' pin <el<el< Porl A while' high l<•el selects PortO. Ohen 
Addr<>~ bL[ Ao frum ¡¡,,CPU will b< ""d for thi,,.lecttun function. 

Cootlrol or o,u s,h, (mput, '""'' hi¡¡l>i 
ThL> prll deHn<> lhc ''P' ofdall trJfl>f<r to be perfurmcd betv.een :he CPU .10d the PI O_ A 
hogh l<>el un th" piro Juri"g" CPL: Wli'< to the PIO cm""the Z..BO d.Ho busto b< lltl<r
ptet•J "' acumm.urd iut Lile· pull ><l"t<J by the Blil S.lect lme_ ,\ luw lev'l "" tlti; ~'" 
ltt<JH< that he Z..eO d,, hus ¡, betn¡ u"d tu tran'f" dJta betwcm the CPU and Che PI O_ 
Ott<>r Add«>< ~" A 1 lr<tm th< CPU v.tll be nsed fur lht> functLun. 

Chtp Er"bl< (tllp<r<. ""le luwl 
A lo"" kv<l on thi• ptll <OJble< the PIO tú accepl .;ttntnOJnd or da" '"P"" [runo th< CPU 
durrngJ WtLtC c;.de ot ''' trart<mtt data Lo theCPU durongJ i<Jd .:yde. Th" ><gnJI ;, 
g<rt<rJt:: J decud<. uf fmrr 1/0 port Jtumb<r, th:ll ett,;OnlpJ>< purl 11 Jttd B, data Jnd t:Otllrol. 

S)'>l<rtl C~ock ("tptrt) 
Th, no PIO u><; the <t.mdJtd Z..80 >y<t<m cloc~ to syn.:hrottrz< cert.1in "grul> rnterndlly 
Th" "a >ingle phose <luck_ '· 

.\lachtnc C; el< On< St,¡rLJI from CPU (input, octwe low) 
lh1> srgnal irom tite CPU;, used a; o >ync· pulse to .:ontrol '"vera[ int.,nol PIO op<r.1ttut1> 

1\'h'n Wis """" and th< RD sign'l is '"*'· th< ZSO-CPU '' fet-iting '"""""""""[ron> 
mentOr} Con~ersely. "hen MT" "'"' •nd lORO ts Jdc;e, the CPU;, Jckn0wlod~,¡,~ 10 
in"nupt. In aJditlon. tho 1fl "gJLol hos two othc' funct ions w r thr" thc ZSO·PIO 

·'vil S)"rtchwlliZ<s tho PIO tntc rru pi 1 ogi.:. 

-- ---
2_ 1\'hen .111 OcCUr<1'llhou< on ''"'''RO or IORQ >igml the PIO logk <rlt<ts" ""' 

m te 

Input :Qu' pu t Roque ,, ~·rom Z~O-CPU (Input. "trv• 1 ow) 
The IOR'Q <tgml is u"d rn "onjullctrun wlth th< BIA Selc;:t.C/0 Select, (1:, and Rf' ~igr.;ls 
10 tr•nslú ,;orma.md, >nJ j"'" he:w"n the ZSO-CPU J:ld thc ZSO PIO \11tcn CE. RD .1nd 
IORQ are''""'· t!!_o pu!t add1C»d !ty B.' A v.tll 11amfer Jll> llt the CPU (• r<od op<;atJL•n) 
Coll"r><ly '-'h<'n CE- ond TORO"',,,;,, but RD LSJ\01 acle;<_ titen 1hc purt ad.Jre,_;e~ by 
B•-\ will be"'"'"" mlo fwm 1ho (PI, l'oith<llher dJ~> urcontrol infOtllldlt"n 1< ;pecrfJd 
b) the C/D Sc:..:,t ;rg'lJI. Al su, tf IORQ JnJ-;;¡-j ar< '"""' "multotteuu<i)", the CPU" 
"'"owled;¡ing JTL mterrupt onJ th' rr•t<rr~P""g port wtll >utom•Iic.lly plotc tls mtwup¡ 
Y<,;tvc 0" th< CPI. dJtJ bus ti 11 "the hrghcst ?""'"Y dev~ce '"l'"""'g .1n inwrupt 

Reod Cycle StJIH> from lit< z<,O.(PU (tnpul, acttY< [<>w) 
JJ'RiJ, .tctr'< .t \IHIORY RF..-\P or liD RJ-.AD úp«>tiott, '" ptogte<5. The RD srgn.tl ¡, - ---
used ~rlh B;A Sckct,C.'DSel<ct.Cé. Jr.d JORO signal; to tromfe1 data from <he ZRO-PIO 
<u thc Z81l-CPli. 

; 



lfl 

' 
I~T 

---
A S lll 

AIWY 

H SI B 

ll IWY 

lni<IIUpt En.blt In (input. ><U•< ~•gh) 
Jñis >ignal is u-...! lO forma pn~rity inwrupl dAl>J' ,ham "htn '""" lh•n un• inl<rrupl 
drhtn de•·tco i> being usod. ,\ loi~h le~ el on thi< pin indroole> lhat no other de•icu ofhigher 
priOnll a o e bting "'"'"d by' CPU mt<rrupl ><rvic<" rouhne. 

1 n«o r upt En•blt Out (output. aw•·• high) 
Tite 11'0 <:~na) i> the otbcr •ignal requ1red ro fonn a da i-r ch•rn prioru¡· "heme. lt i> high 
only r f 1 E 1 i> high •nd tht CPU i> nor ,.,;-idng an inlOJTUpl from 1 hi> PI O. Thu• 1 hi> sisnal 
bln<k> 1""" p11onty devkes from tnteorupting,.·h¡)< • higlr<r ptiorit}' dOI'i« "heots 
"'" icod b) '" \PU in lO< rupt '"""e routtne. 

1 nt<rn'l'_l_ Rtqutsr ( output, úp<n drain. """' l~w) 
11 ll<n i ~r " ""''" the ZRO-PIO is requ<>tmg "" mterrupt frnm u,;. UO-CPU. 

Port A [hl$ (b1d i ~<otio"' 1, 1 mlal<) 
Thi< ~hit bus is u sed lt> rran5fer data •nd/or !t>ILJS nr <ontrol rnfounation be'""" !'mi A 
of the 1..';0-I'ICland a Jl'LLph<ral o.,·,oe. Aoi• 1he )e.Sl >1gmflcanl bil o(lhe P~n A dJta bu>. 

l'ort A S LtLOb< Pul>< f rom P01 ipheral !);,·ice (mpul. actiVO low) 
llL<' ""''''"~ nf this signaJ d<pcnd• on the mode of operatton "lecLc-d fo1 PortA as follow.: 

1) Out pul llWd<: Th• positi•·• edge of thi< <Lrnbe i< i><ued by lhe ptnphorallo 
"' no~>olcdge the recetpl of d•ta made av•il•bl< by the PI O. 

"J In pul mode: The 51mb e is ;,.ued by the p<nph•nl lo load doto from lhe periphenJ 
tnlolhe PortA inpul r<tJsl<J. Data is lo;oded into th< PJO "'hen lhi• 01gnal i! '"'"· 

3) Bidir<Cioonal mode: ll'lten this signa) ;, acti•<. d"a fmm the Por! A oulpul tegi51or 
' l5 ~aled onto Por! A bidireelionol data bus. The poSJIL\'e edge of lhe >lr<.>be 
"'' no,.·ltdg., lho receipt of lht data. 

~) Control mode: The strobe is inhtbited int< mally. 

Regi<ttr A Ready (output. iCti'" high) 
Tht meaningof thi• <ignal depend< on the mode of op:ra1ion ,ele<ted for PoH A •• follo"": 

l) Output modo: Tht> signal g<.o<s atll>e lo md1<01e that lh< Port A out¡>UI orgi"eo hos 
been loadod and tho poripherol dal• bu•" ,oable and ready for tr•n>fer to th< 
prttpheral de01ce. 

2) Input rnode: This >i~n•l" octi~e "'hen tht Poro A input rogi<ter ;, empry •nd ¡, 
read} to .ccep1 do!• f rom the p<rlphoral dovico. 

3) B•dir<otional mode: Thn Slgna] is ac !J>'O ,._htn dato i> 0\'ailable in tho Port A ou !pul 
regisleo for tron;for 10 I!!!J'!!_LPhoral do vice. ln lhi• m~d• dato lo not pbctd on th< 
PortA d•" bus unless A STB is aelive. · 

4). Control modr: This oignal i>dt.ablod ond fo"od 10 •low state. 

Port B BHI (bidorectional, lti!tal<) 
This 8 bit bus is ""rl to 1 "nsfer data and/or m tus ur Wll trol infonn•tion bet weon Port B 
of tho PIO •nd a peripher•l de>JCe. The Port B data bus is capable of ;upplymg 1.5ma@ 
1 ,5V 1(' dti;·e DJtlmglon mnmtors. Bo "lht lea" signof•c•nt bJI uf th< bus. 

)'"" lt Su• ,¡,, !'.ti>< f rnm P<t ipheral lleYJC< {Cnp'"- '"' i;< low) 
'l1t o m con mg "f L lt is signo) is sirmlar 1 o th• t of A~ wllh 1 he f"llnwmg "crptron: 

hL tho p,,, A btd~r<ellonal mode thl> 11gnal >lt<>hesdat• f""" tht p<'iphc"l de>ice 
iruothc p,,¡ A mput r<g,.ter. 

Regi<rrr A RtJd) (outrut. •Oh\0 hogh) 
Tho ""'"ing of lhil sign•l " S\ mol" to thaL of A Rcad) ><"ith the folio" 1ng <><• pt ion: 

In thc Puro A bid~rectiun;l modo this'i~nal J< iligh ~lh'n Lht p,Jrt A inpLJI oe~i<<Or 11 
<mpty •nd re•d} to•crtpl d•ta from ti" pertphoral d<1ice. 

' 
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4.0 PROGRAMMING THE PIO 

~-1 RkSEI 

Th< l.Sir f'IO ""'"""ll;.rll) Olll<!>> "'"' """ when power isapplied. The re><!''"'' porfunn>the 
fulln"''"~ fu"'""'"' 

1) Bo>lh P"II '""'k ro~i>t<rl "'" r«<l tu inhibit Jll pml d>IO bits. 

~) Port Joto bu; lino; Jt< "' n> o high impedan.:e state and the Ready '"handshake" signab are 
in><riW (luw) Mode 1 ioautomJiicJIIy select<d 

J) The '"'"' addre,, «gi"~" "' "Qt rnet. 
4) Bo>th P"'L inteuupten•ble fhp nop> "' «><'-

5) B•>lh p.irt outpou r<gi>t<" "' r<><l. 

In •ddiliOn.J..2...!he aulono;tic pu,.er U!!.f!><!, the PIO C111 b< reset by mlymg_~ "!Jf "gnol "'ilhwt 
the P""'"'' uf' Rll 01 10ii_Qu~oa1. lf"" RD or IÚRQ "d<te"ed during MI the PIO wrll entor the ,.,., 
""' imme·lia>dy afler the -~11 •ignol S"'" in>en-.. The purpo"" of th15 ''"' "lo allow • •ingle Utetn•l 
g:ue tu ~e!Ocr>Oe a,.,., "lih<Jol • P""''' down .. quen<e. Th" lppr();tch "''-' re~uired du< lo tho 40 pon 
P"b~rH~ ltnr<lllion. 

On" the PIO hJ< ent<JeJ 1he rnterrr.rl ""'¡ <tOt< it i1 h<ld lhere until th< P!O "'"''"'o oontrol word 
from tho CPU. 

4.~ lO,J,DI~G lilE 1;\H.RRLl'T VECTOR 

,·.1he PIO h" b"" J.-t~n<J to op<r•to with rhe 7-BO.CPU using the mode" inter¡upt response. This 
mod< req ui ro' lha 1 "" irt '" rur 1 '"""' be suppli<d by th' tn L<rrup tmg d''""· Thi< vector i> Ul<d b .V the 
CPL tu form the oddr<<> fur lit< inrerrupt ''"ice ((ltrlille of tlut pon This •ecwr" placed on tito Z.~O d.rro 
b rr, JH rtng .r" inte r rupt .,·k'"'" ldge •)"<le by rhe hrghe>l prion ry dev1ce r<qoe,ting ser vice >1 tho t ttnl<. 
(Rel" '" the ZRO.CPU l"ltni,·•l ~l.rnu.rl t'or dotoils on how on inte<rupr" ;ervked by the CPU). The 
de>i"d interrupt vector h lnodd int<.> th< PIO by wnt1ng o control word to tho de>i"d pútlllf th< PIO "'i!h 
the followr11g fomut: 

o; '" o; D• " DO D' DD 

" " " " v; V' V< ~D 1 
L SL~nifle• tlú, control word iun inl<rrupl 

vector 

00 i> u"d in thi> "-''< " o lhg bit "'h"h ~ h<n lo" """"' V7 rhru V 1 te be lcad<d in re th< >ector "~'"". 
At tnterrupt a.:knu~<I<J¡< tinr<. !he"""' ~r th< int<rrupting port ~<ill opp<>r on lh< Z.SO d~t>. bus «a<tly 
a> •h•JWtt in tite f¡.um>l >bOl<. 
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BZ 

~..1 ~lLL(li."G .Ir\ IJI'!'R~ IISG !JODE 

Pc>rl A of lhc• Pl(l "'·'l ho "l'""'d '"""Y of f~ur d""""' rn<•dos· ~lurle O(oulpUI '"'odo), \1ode 1 
(inpul mnde 1, ~1 od< : (biJ i r<'c11onol lll<'do ), •nd linde 3 ( cun Lrol ¡no de) N cM ohot 1 he llHHio ntnnbm h"·e 
b" n "lt•clod f"' "'"""""¡,. ,;~ni~" nC<: i e, O•ÜUL, 1 ~1 n. > ~'"""""'"']. Puro B can "P"" e in '"Y uf 
lhc>e "'"d"' ""''PI linde 2. 

The moJe uf op'!•Liun "'""he "''bh•hod b;· ~m in~ a ton !rol word lo the PIO on lhe ¡,,¡r~~mg 
format: 

.\11 MO 1 X 

~ 
modnH>rd 

oc "' 

· sigmfO<s mode uord 
to be,., 

00 

' 

Bm 07 and D6 f1om lh< bin•r~ <oJe lor th< desiO<d mode •ccordi~ lO lhe following lable: 

"' ~ ,\lo de 

o o o (output) 

o ' (input) 

o ' (bodir<<l 1<>nal) 

' (oontrol) 

S•l~/lingMud< O enoble! '"Y""' wntten lo th< por! output reg.sl.r b; the CPU lo he• tnJbleJ ""'" 
lhc porl dolO bu,_ Tho cnnlenlsoflhe OtJtpul r<SL<Ler m•}' Oe changed" ony time by lhe LPtl >imply by 
"''''"Z • ncw dau word lo lh< port. AIM>the cull<n.' contont> ofthe oulput TOgL>IOr,may be toad b"k lo 
lh< ZSO·CPU " Oll)' 1JJ1l< th w•.1gll the ne<ution of an in pul iml rucl!on 

\\'11h ~!nde O •~'"'· o ~ato"'"" from 1he CPl'c.uso< the Readyhandshakelin< of thol porl W go 
lllgh 10 nnl ify the periphenl thOI da lO is availoble. ThJS signa! r<moim h1gll until a st roO< 11 recoÍI ed f rom 
the re,~honl. Tne li>in¡ odge of lhr U robe goner,es an inltrrupt (if 11 h" b«n <nahlod) 1nd <•use> the 
R<ady hno 10 go maCih'<. Thi• '''Y >~m pi• handshoh is similar 10 th>l ""'d in '"""Y P<llpherol dO\ico•. 

Sei'Cting Modo 1 pul> the purt rnto t!Je in pul modo. To <larl hond"11ke openlinn,lhe CPU merely 
porfu1ms •n 1npu1 reod op<tadon fr~m lhe pon. Th" acli;ales 1ho Rudy line lo t~o p<upherall<> •i¡;rLify 
that ~''' !lltould be lcadrd m! O !he empty input regi•ler. The p<1ipher1l d<; i« lhe~ •U e !>e> dato into 1 ~e 
pon in pul ''i'"'' u•ing th< S11obeline. AgaLn, 1h< rtsing edgo of ,¡., •Uob< "'"'" •" Ínf<IIUpt roqu<Sf (if 
j¡ ha> bten •n•bl<d) ¡nd d .. oth'ale< the R"dy sigo. al. Data m ay bt <lrol>ed in lo tho input 1<gistor f<So'rdleu 
of tho <IJle o( tbt Rud)· \Ígnol if care ;, l>ktn to pre10nt • dala o>ewm condnion. 

\lode" is a bidit«tionol dala ¡,.,,.¡., mN<"hich U«< .ti foor haodlhal.< linOS The1dore only Pon 
Ama~ be u"d for .\lode ~ oper•uon. \lOOe 2 op<ruoon "''" the Porl A hondsh•ke signah fm outpul 
oonllol ond th< Pon B handlllol,e •ignol< for mput coo1rol. Thu<, both A RDY •nd B RDY moy be ocli>< 
>imultJnoously. Tho only opuilional d<fference btt;o.<en ~1od' O and lhe ou1put ~'!>'""" of Modo 2" th¡¡ 
d>" frorn 1!1t Pon A t\LJiput r<g111<1" allowed on <o lhe f"'II d>l• bus only when A'STB ">Olivo in Nder 
Ln >doi<" , ~1d "" """' 1 < "1" t>rlity. 

\],•do J OP" «ion i> '¡nl<r>Jed for S1" "' ,md c"mrol a,,plicdlion< >nd Jo<" TWI Ullhle 1110 h.<11Jshake 
si~n•l>. ll'hen M"J' 3 i> ,,l,·,:t<d. lhe nexl con11ol "ord ""' 10 tho PIO muS1 JeHno "'hi•h of lh< porl d•l• 
huslmo> or<· lo ~e ÍI•P"" ond "ho<h .r< oulputl. The rurondl ofth< O;llllrol wvrd" <h"wn holuw: 

1 '7 '>ó IJS '" ll.l "' "' '" 
1:0¡ l~l!,~l 1;04 I:~Oc Il:o1 1/i] 

" 
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lf '"Y b<l "«:1 h> dono, theo, dt< '"'"'p~nJ1n~ da<> bLh lino ,.,u b< u«d "an input. Cunv<r><ly, ifth< b1t 
;, r<s<l, 1h< hu< "tll b< ""'d a; on ouopul, 

During \luJo J op<rarLon lh< "'""" 11gnal "lgil<>r<J ond the R<ady hne is hold In"·· D. u m•) be 
"''¡''"" '"' P'"' "' reoJ lmm l p<>rl b) lh< Z~O-CPV '" any Hm< dumig~loJe 3 op<rJIIon. Wheu re.dmg 
• pon, ohedot.o relurned 10 lll< CPU,.,¡¡ b< .:ompmeJ ofinpul da [O from p<Jrl dJI.L bu' ltne, "'"!l'l<J a• 
<npu ts plus 1'"' t ou 1 p•< r r<,;r;t<r dJ" !""'"' 11< ""' hnes a><ign,J " outpu15, 

~-~ SEITI,\G 1 HE Jr<.TfRRlii'T COt"TROL l'iORD 

Th< int<uupt cant<ol '".lrd lor each port has the follo""ong form>l: 

[)7 D6 04 DJ 0' DI DO 

-,=,,,., ¡--"'-, r-¡ 1·"". 1-"'-1 
oooto~• _ _ _ 

11 bit 07•1 the int<rrupt <n•~le flLp n,>p ofth< poot;, "'' •nd the por! nmy ~en<! al< '" inte""P'- lfbit 
01•0 th< enabl< nJgi< ""' and inttrrupll mo:r not b< g<ne!Jled. lf "" •ntwupl it ¡>tnJing "'h<n tht 
en:thlo flag i< ><1, <l wtllther> be <flJhleduntu the CPU inlorrupt ~<queSl ltn<. Bm 06, OS, •nd D~ are u>ed 
only with >ludo 3 "1""""" How<l<'¡, "Utng bil D4 ut' the int<rrupt control wurd durtng any mode of 
O¡>t<Jtiun ,.,¡¡ '''"" lLO)' ¡>t<t<'irtg HllmUpt to b« re>et. The« thr<e bits are U><d tu allow for Lntorrupr 
O¡>tWton in ~luJe 3 ,.hen •ny gruup uf rbe 1/0 line< go to •ertain definod state•. B1l 06 (AND(OR) de fin<< 
the !o~icol op«Jtiun to b< p<rformeJ in pon monitoring. lfbit 06-1, an A:-10 fWictlon io !pod:led aod if 
06-<l, an OR function i< •pedlied. For o.umple, if the A)'; O function Í< •p<cif\ed, all buo mu<t go lo 1 
t¡><dfied ""'" .;•<fur< an inwrupt will bo acnorato~ while the OR function will gcnorale an interrupt if In)' 
lp<oifted bit go<< to the a<lt>'O >l><e. -B<t o< d<fine• the JCIJVO p,.J,ity of the port dolto bus lino tobo mQnitored. lf bit os~ 1 the porl d>U 
lmeo are n~<,mitorod for • h1gh """ while if DS~O the} "''11 be m~1Utored for • low state. 

lf bil 04•1 tho no<! <onttol word ""'ro !he PIO nlun der.ne • m:¡,~., follow.: 

07 DI> o; 04 DJ O! DI DO 

1·~1·~1·~1·~1·~1···1···1·~1 
Oniy those p~rt lino; "'ho,e mosk bit js ztr0\0111 be mont!Qr<J for generartn~ •n tnterrupl. t 

1 

" 



5.0 TIMING 

S.l OIJIPl:f .\IODE I\!OI">E O¡ 

Figtor< 5 0·1 ollu•lt•l•' <h< lÍol!Ín~ ""o.:Ílted ,..¡,~.\lude O o¡><r>tion. An O<Jtpul .:)d< h ~l"l)S st>rl<d 
by the ewcuriun of an outp1u in>lr<<"i"n by the CPU. A Wk' pul« i> gen~rat<d by th< PIO during a CPU 
1/0 '"il< op<r"i"n and is U<<J to IJ"h lh< dato from <he (PI) dato bu• into th< addr<;!<cl port"s (A'" A¡ 
u<Hptot rego<ter. lile 1i1in~ c•dge of the WR' pulse lhcn '"""' <he RoJdy fiJg aft<r the "''t fJtlm~ <dgc .,¡ '~ 
tu ind<e•l< <h•< d'" ¡, a•.•d.1Uie for th< P"ipheral d"Ke. In"""' ,Yst<m< th< rising cclg' uf the Re1dy signJI 
con b, U>C'd"' ;l>tddll~ ;i~uol in the p<ripher>l deoice ifd<>ired. The ReJdy "11''•1 woll romain aCtL"e urltil: 
(1) • po<iliw ed;1e '' «.-hod fwm the Wob< line mdkating th•t th< P'ripherol h»~ken the d>l>.or (~) 
if •lt<•dy ><li•·e. R<ody will b< forced low 11-\. 4> O) do. alter th< J .. dm~~d1f of fORQ if the port"s out~t 
regí"" io "ri tt<n in!<>. Ro~Jy .. m retu<n hig.h on th< fim f111inK "dge of <!> >ft<r the nai!ing edge uf fORQ. 
Thi• ~UatJtlt<" thot R<.tdy i< low "'h<n po1t data~ changon~. lhe R<>dy <i¡¡nal will not go inaoti•e unttl a 
falling odg< ue<t"< un !he el oc k (<1>) l1n•. Tho P"'P'"" uf dol•ymg the negatr•e transitiun of the R<JJy signa! 
untH alter a !ltg,tlive duá llon>itinn i• th.tl it Jllo~·s for a v<ry si111ple gen<,tiurl "herne for the <llube 
pul". By m<rdy <onn<C!in~ the Reo~dy lino lo the Strube line.a strobe wlth' Juratioll ofone clock p<riuJ 
v.·tll be ~en<tJt<d "'ith no olh<r lugic requir<J. lh< P"'iti~e od~e of the Siro be pulo• automotically gen<'"l" 
.IR f;o.'l r<qu«t if th< onte¡¡upt <n.lble fitp flup h•< h<on >tt ond thi> de>·ke ;, the hig.h"t priority de> ice 
roquo.ting an imerrupt. 

lf th< PIOlS nul in a'"""'"· the QtLtpl<t regist<r ma)" b< luJdeJ befor< mudo O is <el<eltd. Thiso~llo"' 
tho port uutpul ¡¡,._, l<' b,•,·um< ooti•·e in J U<e< ddincd '""· 

• 

""OTOUT .. Jl 

" ""' 
OTAOY 

S.2 I:"I<PUT MOJJE (.\IOOE J) 

FIGURE 5.0.1 
MOOE O IOUTPUT) TtMING 

Frguro 5O·! illul!tJI<i lhe timin~ l\f an input cycle. Tho P'ripheral initi:tte< this "Yd< U<ing lhe strobe 
line afler the CPU hu P"lfOrmeJ a datJ rrJd. A lo~ leve\ on thls line IQ•ds d:t~> into 1he pon in?ut rogilt<r 
and th< n<ing tdge of th< <trob< hne lctiv>tU the ini<IlUpt «quel\ !ine (1~1) if the intorrupt enable is ,.¡ 
anJ thio is th< hig.ho>t priority r<quesltn~ del'i:e. The n«t fallins edg< of th< do.: k lino (4>) v.·iJI th<n ,.,.¡ 
the Ro.1d)· !in< toan ino.:t"e ..,,. <ig•üfying th>t the input r<~htor il full Jnd íurth<r loading mu<t be 
ini\Jbit<d until tho CPU read< the da\.l. lhe CPU'Io1lltn th< cour.., ofits intertupt SOl\ lee routin<. read th< 
data fr~no the intorrupt'rn~ port. "''h•n tltis QCCut$, the posit'r1·e odg• from the CPU RO slgnal ,.,'t[¡ roí« th< 
Rtady hn• wtth the ne't low guing mnsitlun of<to, indicoting tflot new data can be lo•ded im~ thc PJ.9c... 
lf ai!O"J~··octi>e. R<>dY will be for.od low o no and om·half <1> porlo<4 folluwing th< l<Jding ed~e of IORQ 
du<in~ .1 r<JJ ~~aPIO port. lf the user mobes d1ta into th< PIO only 'lohen ReJrly is hig.h, the for<ed m te 
oí ReJJ) ,..ill pre~<nt input regi<:<r dall from .:h•c~ng while the CPU" reoding lh< PI O. R<ady v.iU 110 
high again after th< 1r•iling odg< of th< IORQ ., p~<•·iou<lr d<<.:ribed. 

FIGURE 5.1)2 
MOOE 1 (lt.PUT) Tll.\1!;(; 

" 

84 

' 



S.J BIDIRECTIO-.;AL ~IODIC (~IOllE 2) 

n,;, onod< is '""ol) • ct>mbit,.ticn of Mndr O ;nd ~lpdo 1 LJ>ing oll fcmr h•nd>h:tkt ltnes. Swce it 
"4"""' ,]1 four hu_,,,¡" "'oiloble <>nly OH Porl A. \\1"n thi> mod<" osod on PortA, Por\ B must b< <et 

tn th< Bil Ct'l111ül \ludo. TI><""" ÍrliWUpt '"'"' will be 1<\LHned fut • Mude J JOimupl on P"fl Band 
on mpul tramfer tr.tcrrupt durinE ~lude 2 upetaliun ol Purl A. Ambiguity is O>oided if Pu1T B ;, up<r.«d 
in a r<>lled nrodo '"d tho p,,¡ B "'"'k "gt<ler ¡, ..,, to inhibrt ,¡¡ bhs. 

F,gure 50-~ ili,suo"" ti" tuning f<>r thi• mudo. 11 i>ahnusl id<nlrcal lo th'l piO\'iuusl; d";:ribed for 
MoJo O ond ~lodo l wo<h thc Pmt A ],nJ\ha~e hn<l u<td fur <JUiptll t'orllwland lht Purt Bhnt< ""d fm 
in pul control The dJff<ren<e bol""" tho '"'" nn•d•l i> tlial, in Ml>Je 2, d•t• is •!lo\\td uu! unlu the ""' 
Orll)" "'"" tho A ""'b' "luw. Th• n<mg e~ge uf tltio stroho c.n bo U'<d w brch tOe da" inl<' lh< p<r~pha•l 
<once tho data wtll '"""" •table un!ll afttr th" eclg<. The input purtiun of \lc•do 2 optr<!ts idtnlloally to 
~!nde 1 )\:o te that both Pur! A and Pon B must h•vo lheir intmupa enabled lO aclueve ln interrupt drhon 
brdirecllunal transfer . 

•• . , .. 
..,,,. . .,. "" 
. "' 
•••• 

fiGURE. 5.0.3 
PORTA, MODE 2 IBIOIRECTIONALI T!M<NG 
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The ptriph<rol mu>t not gate da u onto 1 pon d.tO bu• whlle A"STB is•cth·e. Bu o contention ;, "'"idod 
1f !he f""Iiphetal "''" B STB lo ~ate tnpol data onto lhe b\11: Tho PIO U<Hthe ErSrB low le,.] lo blch thi• 
dHa. The PIO ha< bcm dollgn<d "ith a1oro hold lim< rrqulroment for tho da u ,.·h<n lar< hin¡ inthi• mode"' 
th" th" simplo pting mucture can~ u<ed b)' the ptrlpllrral. That io. the da u ••n bt di<>bled hcm the bus 
immedt•t<l) after tho <!robe n<ing tdg<'. 

5.4 CO:-.'TROl ~IOOE (\IOOE l) 

TI~t contTol mod• does n~l utiliz.e the h•nJ•l"'' si¡n1l1and o nOJmol port "'rile or por! re•d ••n ~ 
e~ecultd •t •"Y tim<. \\'hen "'riting.the doto '"JI be latchod In! o output t<gistelS ,.,¡¡¡, tht .. ntt tinting U 
Modo O. A RDY "''U bt forced lo"' ,.,¡.,.n.,-.r Pmt A b operoted in ~lodo J. B ROY wtll br htld low ,.-hone>or" 
Por! B,. oper>ltd in ~todo j unlu:s Pon A io in ~lodo 2. In the lanor ene, the stoto of B RDY wU! ""' be offttttd. 

Wlten teodrng tht PJO, the data returnod to th< CPU wtlll>e compo-.d of output rtgist<r doto from thost 
port data lines '"igll<d o> oulpU\5 •nd input regillet doto from 1ho~ ron dotoline~ onigno_~ _ _., inpuu Tht 
input r<gistet will contoin dilo which wo:s pr<~entlmmtdiately prior lo lho falling tdge of RD. Seo Figure 5.0-4 . 

• 
"" 

•• 
o,- o, 

1 
""' """' 1 """" ""' 
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AI1 inle<!~pt w~l be g"oer:H<d if in«n"l'" fmm ti>< P•>rl are enablod •nd !he dlt> on th< pon d110 lines 
s¡¡¡,¡]<, ,¡,,. \ogi•·•l qu,ion ddi.,<J b~- 1ho S-bil m;;\.. anJ 1-bot ma;k con !rol I<!ÍSI<rS. Another inrenupt v.iU 
nm b< S"'"'' "<d u mil ' oh>·• .!' <>ecur. in th< m tu• of the log¡cal eqo3lion. A Mude J lnterrupl "1.11 b< gener
aled od; if th< rcsuh of 1 \I.,Ue 3 log:,:.l op<rllion <hln,es fcorn f.>i« 10 uue. For e.omple, ""'""'" th>< 11>< 
.\lodo 3 lo1gical equation b •n .. OR"' function. An unm»~<d p.JOI Jata ll"" b<como< •<ti~ andan interrupt !S 

requ««J. lf 1 "'<ond nnr:u;kd pon d><• hne b<Com<; a.:!Í<e con<on<ntly wilh Lhe flr<t, • new inrerrupt will 
nut b< re~u.,!<J •inoe J ch>ng< in the r<<oll of the .\luJe 3 logical operalion h., no,H <><;corred. 

lf thc r«ult of J lo~,;,¡ "P"'""'" b<cum« t¡ue immoJbt<l; p!Íor '" or durlnl] ~IT. •n interrupl will !>. 
rc:4Ue>I<J '[ter th< luilmg ed ~ of ~11 . 

6.0 INTEFIRUPT SERVICING 

Some 11~~-all<t Jn 1nwrupt Íl r<~·J<>I<~ by th< PIO, th< CPI.J will "'"d oulau inwrupt ackno"l· 
eJge (\1 1 and IORQ). DutillO IIL» u me the int<r<upl lngi,; of the PIO v.ill dol<t<nine lhe hi~est primily 
P•Jrl whtch " teque,ting on "''"'"P', (Th" i< <imply the Jevico wi 1h u, lnt•rrup t Enablc lnpu 1 high .llld 
'" ln"tn<pl Erl;b[e Out pul luv.) 1 u'"'"" th" 111• dJisy dLJLn enable lir1c• <l.lb1li10, de>i«< aro ir1lubit<d 
fro•Ll ch.Lng<ng their ¡,¡t<rru pt reql'<>l ''" us whe n 'iíT " actl'e. The h '•&h«t pticoriry de• k e pi .Leo< the '"" · 
l<r1 ls of LlS int<rr u pi "-tor regÍ>«r Orl lo lhe UO d"J h<a J,, ng wterru pi ackn<lwleJge, 

F <gLJro 6 0-1 tll tt<tr.ll<> the ti m in~ .lS<C>CiJ I<J ~·nh Lnl<rrupl ''4""'"· During :\il titn<, no new 
m te r<urt teqciOSI< cm be g<nera<ed. 11m gll-<> llme for the 1 ni En.1ble signa[< lo r ipplo thruug)t up to f our 
Plll ,;¡rc'Uitl Th< PIO wuh IEI htgh and lEO [Llw during W!A woll placo lh< S-bit intorruptvector ofthe 
•pp<upri"te purt un th< dJto bus attilL> ILmo. 
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FIGURE 6-0-1 
INTERRUPT ACKNOWlEOGE TIMING 

[f an inl<rrupt r<que;td br th< PJO ;, ac\;now!edg<J, th• requelting port ;, 'unJer ~,.;._~·. lEO of 
llu< 1"''' "'ill "~'"¡¡' low until ' return from int<rrupt in"ruction (RETI) il e"Culed ,.hile lE! of 111< port 
¡, ltigh. lf on mterrupt roque,, i< n,:,t •cknu,.ledgd, lEO ,.;u!>. forced ltigh for one MJ cyde •ner the PJO 
decude; th< up.:t>d< 'ED'_ Th" action guJtant<« th.r Ül< two byte RETJ imtruction il decoJecl b)' the pro>per 
PIO port. &e Fogure 6.0·"· 

Figure 6.0-3 tllu>l<"'> > typ•c>l ne,t<d mt<rrupt I<~•J<nct thJt <ould oc.:ur "'llh (our pom corln<<t<d 
Ln th< d•i•J Lhlln. In tht< ><~o<nce Poro !A reque>h ""d is gr>nted :tn inl<rrupt. Wh,le thi• potl i< b«ng 
1ervkeJ. a h1g)1<r pnunty pc><l ( 1 B) «que m •nd "gr>nt<J '" inter<Upt. lhe ,.,,¡_. routino for th< high<r 
P'"""Y pon i< compl<t<cl Jnll ' RE TI mstmc<ion ""'""""d tu indk>l< h> 1 h< por 1 th•t it< routin< is 
complete. A 1 this time the S<tvke routirl< of !he luw~r prio1 ity P'"' " <<lrnpl< red, 

" 
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FIGURE 6.0-2 
RETURN FROM INTERRUPTCYCLE 

HIGHEST PRIORITY PORT 

( PORT 1A PORT 1B PORT 2A PORT 20 
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1_ PRIORITY INHRAUPT DAISY CHAl N BEFORE ANY lNTERAUPT OCCURS. 
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UNO EA SERVI • . ., E SUSP NOED CE s•R C E 
j Hl "' w w 
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.. .. 4, POilT 18 SER VICE ROUT!NE COMPLETE, RETI ISSUED, PORT 2A SEA VICE RESUMEO . 

l_o<or::-::::1 
-~ 
5. SE CONO ''RHI"' 

S[RVICE COMPLETE 

IEO~~IEI lEO] Hl IEI 1~0~ ! 1 El 

INSTRUCTION ISSUED ON COMPLETION OF PORT 2A SEIWICE ROUTINE. 
' 

FIGURE 6.0-3 
DAIS Y CHAl N INTERRUPT SERVI~ING 
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7.0 APPLICATIONS 

7.1 E.\ TI..\ DI\(; 1 flE ISJ ERRUI' 1 lJAI~Y CHAir<o' 

ll't th"u L Jtl) 'x" mal lo~ t.:. a m a xirnum of four ZSO-PIO de~·;,., m .y be d.o isy chJi r>ed mio l prL<Htl}' 
inwrupt <1 1 "'' lu". Th,; lmm<IIL<>n " r~ LreJ su th.1t th< in l<rr~pt enabl< Sl.1lu• {lEO¡ nppl-. through tht 
enlÍr< ch.mo betl' etn th< b<~inning of M 1 , and the bc&mning of IOI«J dwing "' inlerrupl ao~no,.·ledgo 
oydc. St "'' 1 h< trole""P 1 <noble >la!<" "nnot chaugc Junr1~ \IT, th< ve e tor oddre>< retumed lo th< CPU 
"'"uwlt<> be trom tho highe-t prioruy d"ke "htch r<queued an intenupl. 

lt nt~« dt.lrl fout 1'10 devko, m<JH be occumrnod,teJ, • ''luuk-ahead" stru<turo may be US<d as 
shu"'n Ln Ftgure7.0-1. Wnh thi> te,hniqU< mure than lhiroy PI O'< m• y be cha1ned logether using <t>nd;ud 
Tll.logic. 

. 

'f 

L -

e'"' '"' r.;; "' '"' .. .. "' '"' " "" "" "" "" "" [0" 10" 

7í 7'1 A__j¡ ~ '71 7\ 7\ 
o ... "' 

FIGURE 7.0-1 
A METHOD OF EXTENOING THE INTERRUPT PRIORlTV DAISV CHAIN 

7.2 110 DE\"lCf l .... TE!I.F.>.CE 

In thi• <''""Pie. the 180-PI O " connec l<d to an 110 "m1 i:1"l d"tce whi'h communkal« o•er an 

' 

8 bit pJ<~It<l bidir.,Eion•l d1n bu$ li 1llu$lrl1<d in Figute 7 .0·~. Mode ! oper>!ion (bidi<«:!ion.1l) i• sele"E<d 
b~ "''Jing th' f~ltu"' iog con!1ol "'01d lO Porl A: 

07 D6 o; "D1 DI DO 

[1 
Modo Control 
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FIGURE 7.0.2 

EXAMPlE 1/0 INTERFACE 

• 

.. " 
"'
=i ' o ' • • o 

:--;'"· lho pruper Hlltrrupl ve<tor is [oadod (r<fer 10 CPU ~bnu.J for do<a•h on the opera! ion of lh< 
inlorrupl). 

"' "' D< OJ 00 

V4 r. V3 ' 
lnt 01~\1 a r< 1 hen rnablod b¡ lh~ 1 i>ing edge of lht fmL MT afto t the in lerrllpt n1nd~ "'ord " so! u ni<« 
that M 1 defines an inlerrupl •<l.nowl~ cyde. lf a miSl folloM the on l<rrllpl m <>de "ord. inl wup" • ro 
""bled b) lho ri<ing odgo of tho ~rsl M 1 followi11g lhc "ttin~ of lhe onosk. 

D>l• t•n nu" b< tran•fetted betv.een lh< p<riphc1aland lhe CPU. Tilo 1imms for this 11ansf<r is as 
do•<rihod on S.otion 5O. 

• 
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7.3 (ONlROL l"llKFACf 

A l)pJcJI cou<rol mnd< .!pplh;oti<'n i; tllusl" ted ;,. Figure 7.0-3, Suppo.< Jn indu>tu,<l pr<><"' " lo he 
munitor<d. Th< <><:<u trence of >O)' abn<.>rmal op<uting condt!lon i< lo b< !<p..>tled lo, Z80.CPU b¡"'d 
e out rol >ystem _ The P'""" .:unuul ,nd statu• word ha< the iollowin~ fntmJ!; · 

" 
Sp"wl 

T~rn 

l<>l 
o, 
Po"" 

Z!OCPU 

1 1 
AUI> 

'" D< DO 

"""" &<> '"" Pr<»w· hmo. "'""'" r .. tu« Pro,<or 

··~ 
>k.""' '" Abtm 

-~ .. 

~' o o 

""""'" OlCUO<A 

~ Snt<m 

., 
~-•no.o ., lU ~O~'""" 

•• ..... fAOl AlM 

•• WA<T ., "'"·AL.., 
. ----;~~--.., ......... 

•• . .......... 
IIA CIO a 

FIGUfiE 7.0-3 
CONTROl MODE API'LICATION 

oNC<J$lROAL 
••oc<>Oo~G 

'V'""' 

Thc PIO m• y be u>ed •• folluv,s. Fir>t P~rl A i• 5<llor .110<!< J opero !ion by wn-hn¡ üte foUowing control 
word tu Pon A. 

00 

[ X X 

l><ñenever .11 ode J is sele..t<tl, the ne~l control word sent to tho port m un be an 1/0 10le~t wo rd. In lhtS 
"""'Pk "'" "'ish lO,.¡.,¡ pott data lin" AS, AJ •nd \0" inputs and so th< following ~Ontrol word is 
"'riU<tl: 

m o; '" D> DO 

' ' ' 1 

D> D~ DI 00 

L-'-'-"L-'_'_i_· _'_' _1._'_'__,_'_'--'-'-2 Li 1 o 

" 
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.~n mE<rrupr ''''"'"] ""'d ""'";entro rbe port: 

m Oo DS u• DO 

o l o 
f,.¡,¡, "" ,l.tovo """ '"'"'"r" ~...,, llrrh Follo .. , 

Dó "' DO DO 

o 

$tlec1> ,\5, A3 "'d AO rob<rnonnmod 

''o". rf a"'""'' pur. a hi¡h lr><l on hnr AS, A3, or AO, an imerrupt tequ<<t "rll be grne,.trd, The '""~ 
~ c>rd o m)' ><leer d ny 'ombma 1 ion of rnput> or output > lo cauoe an interrupL Fur "•mple, if rhe m"'k 
"'''d Jbove h>d been: 

u; D' DO 

' ' ' 1 ' 

!loen ;n inlerrLJpl request 'i:ould •lso o<eur ifbit A7 (Special T .. t) of the out pul rrgi11or ""•' ,.,, 

""""'' tlral 1hr fnllov. '"S pt•rl ossi¡11men" •1< t~ be u~rd: 

EOH• PortA Dlla 

EIH• Purr B Dara 

E2H• Pon 11 c,,,uol 

E3H• Pon 8 (" ~nr rol 

All purt numO< r> arr in hnadedmal notatiorr. This 1"'<1 .ou)., asignmtnr uf porr numbrr< ;, cun1en1tnl 

rince A o of rhe addreu bu• can bo ustd •• 1ho Port 8/A Sei<Ct and A¡ of rhe addre" bllS con be usod '' 
rht C<>nrrol/Dara Srl~ct. The Chip Enoble "ould be rhc duode of CPU •ddre« bns A 7 rhru A2 (!!lO 00) 
1\'olc rhal if only a fcw pttiphctal de vice> are being IJSOd, a Chtp Enablc d" "de lllJ)' nn t be req"" ed 11nco 
• h1g.h<1 orJ<r oddJ<i> bir oould bt u"d di!e<rly, 
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PIIOGRAMMING SUMMARY 

LOA!J 11\TUtRUPT VECTOR 

1 
y; 

1 
Yo V> 

sn ~1oo1: 

~ 1 
MO ' 

1 " Vó y; V, o 

X 

~1 .\lo M"d< 

o o Outp<ll 

o ' Input 

o Bod~eectiun;l 

B" Control 

110 ~ 1 Se!>_ bol to Input 

1/0 ~ OS<ts bit to Oulput 

92 

8.l SF.l 11\IERRUf'l' COSTROL 

o 

~-
u..,d tn ,lloJ< J only 

Jfthe"ma•k foil<>~< o" bit ioltigh, the ne~t conlrolwo¡d wrln<n lo the pool must b< the m.,k· 

~ID, .liBÓ ~lB; ~lB 4 -~~ B 3 
.IIB2 MB¡ M Bu 

' 

MB 2 O, Mo!lJtvr bol 

~111 • 1, .111<1< bit from be1ng moruweJ 

Al so. tho ont<H'IPl <nabl< llop !lop of a P<>ll m•;· b< ><1 or o<><l wiohoutmodof)iHg the r<>! of the inunupl 
conrrol "''"J b¡' u>ing the fullowing """""nd. 

Ll Ec""
1
:0:1"'LI _'_¡_'_L_x_L_0_1_0_j__~[i] 
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Ct:ncral Information 
10\l 

He UO-SJO IS<rial Jnrut/Ouipul) i> a du,¡.d,~i'"r:l 
"'tJ!t i-fomct ;,, rori phcral wm )'onenl desi~ ned to '"' isfy 
a 'lido •ariet} of <erial d>tO r<;mmunica:ic>m'reQutre
tlle'm< in miu''"'mpoJier ;;«cm,. J¡, b.><ic functiun i< a 
'orial-t o-rarallel, parallel·to-serial con• encr /cumroller. 
hut-~ithin thot rolr-11 ¡, ,.,,nfisuroh)e b; '"l<m• 
"'''""" so i1.1 "per•onahtJ'" can be Of>limiud for a 
gi-.n ,.,;~¡ tlot.o communicatinn, "pplication. 

~nJ~~-~~~~~~~~;~~-~~~;1;,~~ h;;~~~~~1 ,a~~·;~Ji~;n,~8~~ 
B".' nc, and >) nclu onou\ hit-oricnt<J iii<ioocÓis such as 

~TR{.Crl'UE 

• S-channo) >iliron-¡¡al< dcplotion-Toad technolo~)' 

11 ~0-pin DIP 

11 S1n~J~ 5 V P~""' <uppi;· 

11 ~~n~l<'-pho>' S V clnd 

11 A)) inpul• and <>utpUII 111 Wmpaliblo 

n:.-'\1 URL'i 

• T"o in~crendcnt full-dupl<• chanMls 

• Da1• rat<s in;; nch10nou• or i•o•;·nchronous modo.: 

---·---

--
"""" '"'""' "'" 

"""""' '"'"" "'" 

IIDlC and lB" sote fhis ,-.,,atilr de> ice 1·an al<o be 
u<ed to support 1irlually any other se<ia) pwtocol fnr 
applic.1tÍOnS other than data communications (<"'"'" 
or flon)'IY dis~ intorfaccs, for e\ample). 

The Z80-SJO Nn t•ncrate and ched c~c- codos in 
an¡• S)n<hr<>Mu> mode and can he programmcd 10 
'hrc~ dara int~grir¡- in 'ario•" mod~. TI>~ d~,¡,·e aho 
hos farilit101 for modc1n ,·,-,nnul• tn both chJnnel,, )n 
opplications "her~ th''" ;ontrols are not ntedtd, rht 
mndem control• can be u>ed fm g"'eral-ptnpos< ''"· 

t _Oc~.lQK-hTiil;ii;oií!!_:-" ilh 2~5' M Hz -'> srim Clac,• ,.,. 
• 0-880K bitsl>ocond with 4.0 .~1Hl '''"<m dod ,.,. 

11 Rffeiver data regl<letl q<tadrupi;· hulfored; ''""'' 
mt!l<f d<'ubl; huffor<'<l. 

• ,!l,·;y·,;.;¡;~~no~~ · ¡,;: ;,¡., 1 

'"""'' "'"""" """'" 

• S. 6,',7 .or 8 h!t-¿ch•;~··y=r 
• ),J~\or2sropbin 
• E~tn, o-dd or no paril)' 
• (1~'.:Xl~;Y12and >-.114 do:l mo1k• 
• Brea\. gonerarion ~nd dot<'Ction 
o Parity, O\NfUn and framing errnr detoction 

---•om~oo 

--··'""""""" -· 

•. 

ZBO-SOO BLOCK Df~C~AM 

----- -----·-·-·-- - ---·--· ---------



• !linar.' •)nchr"n"m fc31LJI~>· 
• lnrer,al or C\lcrn.11 eh"""""' •)O<hroni,arion 

• One m '"0 '-"" draro<r<r' in '<PJta1< regiMers 

• ,\ur,rrrraric ,,,,.. '""'"""' in"·nion 
• < •e grntra~ion and ch~rling 

11 llllr , .. 1nd m" 'llll" f<alllt~.: 

• Al>on <NI"""''" r,.,,..,~rinn and drrrrrion 
• ,\uromaric ;,·rn imerlinn and dclori"n 
• ,\LJIOrMii< na¡: in<erlion b<il<r<n mo,.ages 
• Addre" fidd rrc<>gnilion 
• J.field r<siduc handling 
• \'alid r<<<Í<< mr;>a~<• ¡>rolccted from O\"Crrun 
• O<' gcm•raric•n :.nd d.rüing 

• Srpar31< modcm <omrol inp.,ts and ourputs fot bmh 
chonncls 

• ~·~c.r• or nc.ccrn bloc\. check 

• n • .-,.d,din priorny"iniefiilpi r,;g;;:·p·,;;\ióes:"BuiO. 
• m o~ oc inr "" upt >e-ctbrinj, c;¡¡¡hOIJt ~<terriil kigieP 

• • ~lod<m "aru> can be monirnred 

Pin Descriplion 

0 0-D;. S.r~lem Dala 8uJ; (bidirrcrional. 3-Sial~). The 
.\)'Iom dala bu. rransftrs data and cpmmand• b-'"«"" 
!he cru and !he ZS0-510. Do i•rh~ tcur •ignifitanr bil. 

.BI A. Ch~I"MI A Or 8 Stl~t:l(inpul, H•gh sdoct•_<::h!l.~· 1 
-n;l B) fhis rnput delincs "h.ch channd is acr .. •e<l 

~·{ '" 

..... { .... 
'" 

""''' { , .... 
•"'"'"" """"' 

¡¡ - _!1_ 

~¡¡¡ ~:.:: 
··~ 

'"'' ~'!... 
-~·.. ~•. ... _,,_ 
' _!!. 

" 

:he 

'"' . 
Clll. Con/rol Or Dala S<>/e<:l (iñ,,ul. Hi~h <c:¿c~ Ío•n·. 

,. ltol)¡ Thi• in¡ml ddin«lhe "PeQfinforrnatio.ln 11on5· 

¡~r p"formed ~e!\\e<IT !he CPr... «nd ,·h~ l~0·'-10." A., 
ligh0 aÚhi$ inpul duiiñ8 a" á0 "'ité"lo thr zg(I.SJO 

c~u•~• ¡he inforrn,Tion on the dala b1" lO~< inl<·rpto"led 
a<a command for lhechann<l '•lerird by BtA. A r.u-. m , 
._,¡; means tha! rhe in!ovnation on thr dar>~"';';~.,,_-·. 
A_sldres¡ h!.Jj~¡. i;. of!''!..~~~~.!.Jj.rJI-•i> r ur • .:li<ln._.. 

'cE. Chip Enablt (inp1H, acthc Lo"). A Lo" le<el a1 
rho;inPilt tnahles !he 7;80-SIO ro ac•ert con.c.1<nd or.--:. 

•· .. da¡a.i.nJ:>W•.fr,.rn thc CP!J during a '"'" c)ci~.-Or to 
tlansmil data <O lhe CPU during ~ read cycle. 

t. SysJem C/ock (inrul). The zso.sro "'"' the <tand
ard ZSOA S;11cn> Clocl. lo <ynchronize mocrnal signar.. 
Thi• ;, a lingle-;>ha<e cl<>el< • 

\u.~..Mac!>i!'.e_-cy.liO~; r.nron fróni'ZS{'-CI'U. a.:ti;< 
Low). \Vhen Mi ;, acriv~ and ~o is also ""i,·e. the 
Z80-CPU ;, ferching an ins1rue1ion fwm me mor)·; "hen 
;:¡] is acriv~ "hile IORQ is acrive, the Z80-SIO >CCeD" ;:¡] 
and IORQ asan inrerrupl ackno"ledge if rhr/.S0-~10 is 
the highe•t priority de• ice !ha! hÚ interrurrrd rhe 
Z80·CPU. 

•IORQ.~"'(0:::'f'P"l ~<"quesr (i~pm :rom -<.:Pt~oti_:c; 
!.o.,.). 10~Q is u;cd in 0onjunwon ""h B'"· CID. CE 
and iiD lo rransfer co;nmands and dala t.et,.ern th< (·pu 
and rhr Z80·S 10. \'l!;_e_n :·~~_o .~r~d .'""<1-"!~ _al! ~"~" ":: 

_,,_ .... 
0'~

L-!!- , ... 
--''- ,;¡:, 
-''-~ ,.,¡¡ _,,_ ..... 
-"-- "''1 _,.._ "~ """ _..__ ""' j"'"" ·-·~~ 

"" 1 "" ''"'' "" r ""'""' 
"") 

•• 

1 
• 

' r 
Fl~"" 1. ZS~·StOfD Pin Conhgu<OIIon 

--

' 



11>< d,,,,,,¡-,o'h':'d bv ,,, <1!-''· '•" ¿,:a¡,, 'he <)'L (a 
rr•d orc•a•inn). Whon <1' and iO.-Q .ur arli<r. bul ~Di~ 
in,,cli• e, ;h•: cr,·,nncl ,.r, Cl<d t" " .\" "ri<'•m 10 ~~ lhe 
1 !'L' " "h r'lhn d•<a or wm1 .,¡ ;, f orma1 ;,, 3' <peciflrd 
b; c.D. ,\< menlionrd pre•·iou,l), il ÍORQ and iJi are ac
li•< <imoh:mt-oLJ<Iy, the CPll ¡, ac~no"lodging an imer
rupl and <he ZSO-SJO au<o•naticall¡· plac<> it> intenupl 
Hctor on the CPU dala bm if i1 i~ the hi~heSI priority 
Jc,ice rrquc>ling an inlerr\Jp\. 

1([). R,,dC)d~SIG(IIS_ (inrLJI fr<>m CPU, actiH l.011). 
JfltD i< acliH, a m"rnOr) or !•Oread opcration ;, in pro
P•"- ¡¡:j'j ¡, '"ed ~<ilh B•.i.", C1' and JORQ to'trandcr dauo_. 
fr~m ,¡,,. ZW·SIQ 1~.1he C/'U. 

IIF.~Ef. R~sel (in¡>ul, at:tiH low) . .-\ lo" R>.Sf.T di•· 
~l>les both rc.;oi~tc< ond or¡,n>millrf5, 'f<1rcr> T11l~ and 
T• DB marking, f ""'' 1br mt>Jcm mr.Jrols High aod di~· 
o~les all intcrru¡m. The, cuolrol Jegislcr~ ¡nu>I,P_; r~ 
"rirleo,- "f1~r · the LRO·Siü.,i• .!<:?.:,1 .• "."2 .~~f9!~A'!I__~\o, 
lr~n,mtU~ "' '"'•"cd.o-

lU~ 
1 0"). 1\'t,.-,~hc ZO{l-SIO i< ICQllr<ling an inlrtrLp,. ll 
rut!s ,,r w ..... ' ·~-·,•-- e,~,,, .., .. ,. ·, 

\1--,RU\'A, W/RU\'R. Wap¡/Ready A, Wair!Rruf' 
f~J!P.'i~,l!.P~ d!a!'.'.l'hep p¡<lgran,m«l {,, w~¡, f ., 
ll<>n, dn•cn H;gh and Low when progoammed ouo 

Rcad) function). Th~~ dual-pmposr nutputs ma)' br 
pr<~grammed 21 Read; line~ for a 0\t.~ conlroller oral 
'\\'~ir li.,ot:that >}ll(hrnnite The Cl'<..' ro Tho ZSO-SIO b1 a · ~ 

.,~a;•- The r<>et •tale ¡, open drain. 

CI-SA, CTSH. C/eat To Send {inpqt~. acti"e P•"~· 
1\'hen pr<lgr~mmcd a• Auto Enatilr., a Lo11 on the<c 
inpul< er.ablo• the rc,pcctiH lran,miller. lf n<1t pro· 
¡¡¡ammrd as ,\uiO Enar>lcs, the.r inpu" ma)' br pro. 
~rammed a• grneral·purp("e input,, Bo¡h input• are 
Schmitt.trig~or buffcred to ~ccornrnod.11r 'lo"··ti'Ctimc 
inpuu. Th: U(). SJO de•ec~ pul,•• <>n 1hc'c input• ·and ~ 

~ interr~pl~·!h'é .éPii' Oñ"bolh "Jogic le' el """'"ion<; Thc 
Schmill·lrigger inpms do nol ~uaranl<r a >¡>ec•fi<d 
noi>e·lc>tl marEiri_ 

J El. !m~rrupt Et;abl~ In (j"pu:, ~cli•e Hiih} Thi< sig· DCDA, IJCDR. Data Corrier Dnea (inpuls, a.::¡, e 
',;~r;'l; u•rJ "ith lEO 10 form a priority dais) chaio 11hen l.ow). Thcsr 1ignah are •imiTar 10 thc en inpu~S, e>apt 
thcre ;, 111ore than ono inlrrrupt·dril'en de-ice,. A lligl¡. lhC)' can be usod as recei•rr cnablr<. 
<~n this line indica!S_.Ihat no.other dr~·[cr nf high~•.P!i· _ -----..~·~ .. 
ori 1;: is bdng • ;" icod ti; ·a s·r~· i_~~rrtipl s~iviCo rouline.'"'' ·<(:"'R, DA~· R~DB. Rec't-;'-.:; 'DOra~ (mput<, ~e ti' e Hi¡h). 

lEO. /nlcr•upr f:r.,¡b/e Our (output:''ae~i•·fHi#t). lEO 
i< High nnl) if IFI is High and lhe cr11" nol '""'icingao 
Jntc,upl frc•m :~;, ZBO·SIO. Thus, Jhi; li&nal bl<1ch 
lo"« priorit;- de>kt~ from imerrupting ~<hile a hi&her 
p11ofl1)- d.-·icc ¡, ~cing <ef\ictd b) i11 CPII inlerrupl ,.,. 
'icr routine. 

l.\ f. lnl\•rmpt Req¡,es/ (OUi;>U!;• Opon drain, acliY< 

,, :3--:-: :: ==-~: '"{ . , ~,:~ "" '"' '• ·-· ., :-+:: .. ~ " 
' ., ~·--'---

' -~--~ ... ~ { o¡¡¡ 1 -------'!.: ... oo, 
"--·· .. ,. 

~.¡ --·-.. ·-·-
;:; -=l~ . .. 

.. ~. { ""::±: ''"" ""'"''" ;•; ;-..:~-
~-"-

• 
1· 
" 

-------

(.T~D.,',';;TiOR .. rr(;.,,;,u DJrG (o'it:pu", ac1i•·• High). 

t,Ri'n', R-c:B.• R~.,.iler:CLor~,i{inpllts). Sec ¡be fol. 
lo11ins ¡tction on bonding options, Thc Rccei•·• Cl<> 
l"ma~biJ;16; ~2 0164 timcs.!~e.data 1atr m as.".~h> .. 
(10~,!ld~- Rrai•e da¡a ;, samplod on lhc Tiiing •die 
of R>C, 

'5<< '"'"'"""' "" ,.,. 

" .... 
..!!.- '"" ....!L.._ ,, .. " ----- '"' -"-- ~""' _¡, ~ .-.; .. 

i::j¡- ~ 1 e::- "" """' . . . e::;;-"" j"'"'" ---
·"-""' l • - ~¡¡ 

-'~·- .... -" - ''" - " .. •··-" r -" -..... 
. ''--- ·~· ~ " ,· .. ,... 

- ',, j '"'""' -"- ""' 
• 

" 



1•1'.\, :,,-¡(,' : ... ,.'!,!!•'''"''' ···~··1<\ '"''• 
"""' "" f•,IHlin<' "P""'"· 1 .. ,>< ·:, ··t.•.•" .,,,•_. 

,••: .o;."•·.·r cli•:l' ¡; l~ 1•:· 1, H•, 1: e>: '1 ,;-,,,. •!.e d .• ;,! 
'": < '11• ,. ,;•~hiplior f<>r d ,e 1 ran'l,;ill< r ,, n ~ 1 •'< . ,, ' -, cr 
"1''"1 :, 11·< "'""'· BNh >hr f>(' •nd ~-( iupur• .• re 
".lluoiii·OfÍgg~r huffcred for od3\ed ri•C· ;;rJ ~oll-1irne 

1< · fllil•lll<lll< (no rroi•c rnar~in i; •f'<CÍfi«<) T •O ch~nge; 
"" lhe f:rtlin~ <d~e of M. 

--· ·- --
fl ,r ~ \. f{ 1 _~R. RN¡11~SI T o S,•,¡d (o•:!J"'."' 11 ,¡el i • d 0': )• 
\1 l"·n <he ~H h11 " •el, 1 he R 1 ~ mn ru< ~""' Lo" . Wh<.'1• 
1~0 HT~ hi; ]; re•el in 1he .-'l>yn,hr<•n('.J< mnllc, 1he OUl· 

'f'"l ¡;""' :figh afler lhc ú:i'"'"i.tor ;, "">'l)'. lii"sYn:» 
,·h¡ <•nnu' 1110de;, lhe ii"'f'S ~in \lfÍCII) lciiiQ\., Lh <1a1e of 
tho "r~ h". Bo;h pin< can be ll•eJ "' ~<neo•l-purpo<e 
•·u•ru11. 

hiiU, ñT111i. Dolo Termina/ R~ody (ou!pu". aoti•~ 
l. C" 1. 5~~ !>Ole en bcnding cpiÍCil\. Thc>< e>u·l jjriÍs' fol. 
km 1hc ~tale rrogr~mmo:d into thc DTR bll. Thc} can 
~l•o b< rao·1mc~ as genc1al-pur¡m" oulpul~-

lU3 
[n ~<'<'P i1 !.011 llniÍI ;;, l'I'L' '~'"' ¡l ·.le" ,,• ,_..,_ 
l.·~ic-lh.11 'l~·'>ronl73ll<'n 1"'' h,,.,, '"'' "'; ,,," P'•"
'·•Fe i> •h""l 10 ':arL Ch.,r"''~' ,,,,.,;,bh !·o~in<, n :he 
"""!' cdge of ¡;,--¡; :hal in•mcd:ald) r~< ,.Je, •he faflmg 
cdg<· of SI"( in lhr E><crnal S;nc m•><l<·-

In lh< lnl<rnal S;nchroni,ation moJe ¡\lo"O"Il< 
.1n<! IJi>¡nc), the<e pins ""'"' ~Hipun th•t .,,, "'ri•·e 
<iLnitlg 1hc pon of !he recci>r dod, '"'n <;el< in "hi,-lr 
<)11<" c·har•.:ters are rcct>gni1<d. fhc 'lll< cnn,:i;•o·l' ,; 
nnl latrhcd, <O the;c oulplll> '"" "cti-o c~ch tirno:. "-'"' 
p.lll<rn i< rccogni>ed, regardle" of c!•·H"''" ;-,,':'a
riel. 

~' •• 1':\.C B. S)nchroni;:a_rion fon_ru«fout:pu!; Thc conmaints of a .fO-pin r•cl.a~c mal. e i1 impo<SiC.Ie 
. - to brin¡ nur.lhe Recei•e Clock, T1ammit Clnck, Dol~ ""'"'" Tt•c'e ~1m can '<1 <"Liher a; mpul' or out-

~'"":, A~;nthroMm Re.:ei>e mode,.lhe)' are<n.~-:. Terminal Ready and S)'OC •ignals for horh á.anl\dl 
'r"ts·,;,, lo CrS 2nd D,ci\ In thii"mode, the lransi- Thorefnrc, Channel B musl ;ac1ifi.:e a ,;~nal or ha•·e 
¡;,,0, on :« linc' affccl 1he >lale cf lhc S¡nc/Hum 1\\U signals bonded Wgolher. Since u•er requircm<nts 

' 
· > • o >S • • ,. •arv, threebondin"-'0"1ÍOn'•reoffered: •talt" ,,, m RRO_ n 1"<'-"l<rna . ;nc moY<, '""" tne; ' ,. 

al<<' :.c1 as inrul•. \\"hen c'lcrnal •;nchroniz~tion i> o ZSO-SI0/0 ha; aH four sitn•ll. ~ul ¡;¿~ ond ¡¡·,e¡, 
.>.:h:c,~d. SI-.( mu<t bc d1hen Lo" un the <«"ond ri>ing are bondcd togclher (Fía. 1). 
td~r of R•C aflcr 1ha1 ri<in¡ ed~e of R>C on >~hich the 

' 

•• , ~ • • A , • • l80·Sl0/l >a<rifi<es fiTro '"" ,_,, ···•. •·• o a11 ,.u o lu~ 1\llC c .. araelor ""' rc<el\e~. n otuer u " ' • 
"'''~·. •fler t~c s}nc pallern ;1 delcclo:d, lhe 0,rcrnal ond ffiCii (Fig. 2). 
lo¡:k must "ait for t"o full Recei>eCiock e) ele< lo acti- o Z80-SI012 ;acrifice• Sl"JCii and ~rtp< 1-Tii, "''B 
' ,, e 1 he s¡-¡:;c input. Once SY "e ;, forced l o"·. il is wioe .. nd DfRii (F tg . .l ). 

---------------~------· 

" 

" ;- -"---: ;: 
~-i!--· '•!' 
·· .. - ·~ - ... ~ .. 

---" -· . ,,,, 
;·~_:;.::;::l.,~. 
-''·· ''"' J"'''~ .,_ '"' 
--;:- ~'! - - .... 
;-3!.:: :::: - ~ ...... . 
-" - .,, 1 ·"-· "" , ..... 

n ••• ,. 1 "'"'" 
"- .... 1 

' 

l 
f., .. 
1 

! 
J 

1 
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J 
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Architecture 
104 

Thr <Ir• ice interna! muct u re incl L!des a ZSO-C PU ínter
f•ce, interna! connol and inlcrrupl logic, •nd '"" full
dupk' channels. A«otiatN "irh rach channcl are read 
•nd "rile rogi<ters. and di•cwc <:nnlrol ""d Sial u; logic 
thaT pw1ides 1he inlcrface lo nll><l<tnS "' nthor n1e1nal 
de> iros. 

Thc rc.od and ,.,¡,, reg"'"' g1oup incluU<'>•f,.e 8-b!!' - ' . ·-. i:<'lll! el regí sters. l'.i o -') no-.;ba r a> ter .e~i"'"· • nd ~"_o~· 
~1.1:"' It'&i,lcrs: The ·¡ tilero u r1 ·, ccl<:>i is ,¡ r illen intÓan 
~d.litic•r.al S-bi1 rcgi<ter (Wrno Rcgillcr ;!) in Channd B 
1ha1 rn•) ~. road through Reod R<si>«r 2 in Channel B. 
The regi<1ers for both channels are d.signa1cd in thc•e•t 
as follnv.s·. 

\ ":kO·_" ~T ~.:___ \\'ri>e Re¡;¡ster> Q through l 
\_U<~-~1<1 ·· =:- Rc.od Regi{;-¿,·, (\ through 2 

Thr hil ""ignm~n• and functional grouping of ~och 
l<~i•t•• ;, configured 10 •implif; and organil~ thr pro
~ramming proc•"- fable 1 illumate• 1he function• 
""ign~d lo cach read or 11ri1e rc¡;i.,er. 

Wl!ü n-:~,;r.-;-;;loler., CAC iml1aloze. in,¡ial,.allon com- i1 
':':~d_S_I~he '""~' mode•. etc. lj 

WAI T•aosmotJRec~"~ inle.,uol and d•=a I!M•T•r mMe ,¡ 

.• ----~-··~~~- ----------- ____ i; 
Wl!l lnle.,upt ,ecto• !Channol B onl,l , 

---- ----·--------¡; 
WRJ l!e<e"e ~ocomet~<• aM conuoJs 

r,;,;,-.-,-,JReo-;;-.,-·-;,, .. ~¡¡-.--;..;u• ~ .• .,;~;;;;-aodl ~ 
~n~~·--,;;;;;;;;;;;_;~ ,,-------~: 

...-~~ Tooos""' pa'Omele•s and conlfolo --------- -~--" 
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Srnc coao_.cle• O< SOlC addro .. I10id r J . -.. ·- -------------t· 
.~::~-'-"-'-'_··~ SOlC llao ··----4 

r.,.,,m,IAO<ei"< builer "'""'· '"'"""P' ""'"" ond 

"''"'""' ''"'"' 

fhc• lnfÍC for bolh channel' prmid« f<""'""· '}O
<"hl<>llÍ1.11iUn and 'alida1ion for dala lt~mlcrttd lo and 
frnm lhc• chJnntl inlerface. l'hc modcm c<>Hirlll inpll\S 
Ci<'ar In Scnd ~~-,¡ "nd Dala Carricr Del~,-• ilWDI are 
m~nil~rtd b} !he di,crele <~ntrnl logic und<r p1ogram 

' 

con1rol. All 1he modem ,:nnlrol <ignal• are generAl f..•· 
pose in na1urr aod can be u"'d lor function• othe1 •han 
mcxlem conlrol. 

l'or <lll<>m.l1ÍC in1c·rrup1 I<CLOring, the in1e11up1 ,-<ln· 
lrol l0~ic dot<r lllinn "hich channel and "ht,·h d<1 ;,e 
l'lthinth< ch.11n1cl h1S th< highcsl priori!)'. Pri,lfÍI) i1 
fixcd l'ilh Channrl A a<•i~ned a higher priorily thon 
Channelll; Rocei1c, Trar"mil and E'lérn.!l/ 5-talu• m
terrup" are prioriti>ed in 1hat ardor ~<ilhin e.1ch chan
nel. 

Dala Palh 

The lransmit and IO<'<ile dala pa1h for each channel h 
sho"o in Figure4. The rrcei"" has lhree 8-bil buffer 
registe" in a FIH> arrangeme01 (1<' pro\'ide a 3·h;l< 
dday) in addi1ion lO the ~·hil rereile •hifl re¡;ister. Thi.> 
arrangcment creale> addilionaltime for !he CPU 10 5et
vice an interrupl 31 lho beginning of,a block of hi~h· 
speed dala. Thc l<<"<·i-c <IJOr >lfO <lotes poril) and 
framing rnor• anJ <>lhor l)'pes of <tal u' 1nforma1ion lor 
oach of th~ 1hroe h)'le> in the rccci>e data FIFO. 

1 neo mm~ data i< rou•~d lhrough """ of '"'eral path< 
depend•n~ no lhe mode ~nd ch .. ra;;ler length. In the 
As}n<hroncu> m<>dr, <erial dato ¡, emered in the 3-bn 
buffer if il ha< a characl~r lensth of'•'~" or ei2h1 hi11. 
or ;, cnlered in lho ~-bit re<:cive •hift rcgi.<ler if ¡¡has a 
length ol fíH or ,¡, bn•. 

In lhe S}nChron;,.,, mode, l•o""'"'' lhe data palh" 
de1<rmined by the ph."c" <>f 1 he rec·ei>e proc·o" cur1 e m 1} 
in oreration_ A S;ncliwnom Re.ei~e operation bcfi"' 
v.·ith lhe r<OOI'cr in Lile llun1 ph,1<e, during "hich lh< 
rccei• er '"""'''"' 1 he incomin¡; data wcam f or a bil pat
lern that n•alCh.- 1110 prcprngramrned ""C chJraCICf\ 
( or lldg\ in 1 he ~1>1 <" lnodt"), lf 1 ht• Jcd<e i1 prog ramnwd 
for ~l~no<)nc lhJnt. a malch ;, madc "''ha single >)·nc 
charac1er >tcired in W~7. ln Bi1ync Hunt, a mal<h ;, 
made I'Íih dual <)OC char~olc" <IOr<d in \\R~ and \\ "'· 

In cilhcr ca'C lhC incominB Jaoa """" 1hrough the 
re<:ei<e s)nC re~i>lcr. and i1 compared •Fain<l lhe pro. 
grammcd "nceh.1ra.:1cr in WMo nr \\~7. In lhe Mono· 
""e mod<. ~ m~ICh b(l"-«"n lh< '}nC ohara.;ler pro· 
~rammed inl~ "•: ~nd lhe charo"""' a"embled in lhe 
r<·cei>e >)OC oeg1<1C1 ~"abli;hc. "·nch10niza1iun. 

In lhe B"\11< rnnde, 1"'"''~'· inc0n1ing JO!a 
,¡llfled lo lhc rt'COÍIO ,J,ift rcgi\lor 11hile<hc r.nl c1gh. 
¡,,, c~f 1he m<I>.J~t· "'< a"omblcd '" Jbo tC<'Cl'< '}OC 
"·~i \ler. rlw mat, h hct v. t·<n 1 he a", 1n~led , h~r •el, r in 
tht• recci'< >:nc "'~i,ler< "ilh the P<O$tdn•rncd 1)nc 
<"haroCicr in \1 "' .1nd \1 "' <Siabli,J>e> ')nChr'-'nl/aiiOO. 
Once >)nch"'ni.-.Hi<>n i' e"abli<hod, mtomíng dala b;· 

.· 
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pas•es the rc,·che oync re~i,tor and dirccoly en1ers the 
H•it huffrr. 

In lh: SDLC mode, wcomini dala firsl P"""' through 
the recei>e ·~nc rrgi<tet, "hich conlinuousl; monioors 
the r«:ci>e data stream and ptrforms z<ro deletion when 
indicaled. Upon recei\'ing fiH conoiguous 1'<, the sixth 
hit¡, impwed. lf o he sixth bit is a O, 11 ;, d<leted from 
lho data S[ream. Jf the >i•th bit is a 1, the 1e>enth bit is 
in<pocted. Jf that bit is a O, a Flag >equente has been 
recei><d; tf it is a 1, an Abort .equence has b<en re· 
cei>ed. 

The rcfnrmoltc·d ~ata <nl<fl the >·bOl ~uffcr and is 
tran•ferrod h> the rec~i-. shift ""i"'"· ~ote that the 
~DI e tecei•e orx·ration ol•o hc·gin~ in the Hunt pha•e, 
dnring ''hich th< /.SO·SIO ltÍ<> 10 match the a"embled 
char,.CI<t in tite tccchc 'hift rcgi>!Cr with the flag pal· 
tern in"'"'· Ona thc fir>t f1"g charocler i< retognil<d, 
all <nb,oqn<nt d~ta is rout«l through the '"m< path, 
regardJe,, of dt~t~CI<r kngth, 

• 
' ! 
i 

' 

• 
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A lth<>u~h t he samc CRC cheder ;, u>ed f or bot h ~Dt e 
and >ynchwnou• data, tbe data path tahn for each 
rnodt is different. In Bis~·nc protocol. a b)IC·<>riented 
npn~tinn requircs that tite CPU decide to include thc 
data character tn l'~C. To •liD" the CPtt ample time to 
ma~e this dccision, the ZSO.SIO pro,ide! an S·bit 
d~lay for s;nchronous dat~. In th< sote modc, no del ay 
is provided sine< the ZEQ.SIO comaim logic that detcr· 
mine• the b:t<> on "'hich CRC is calculatcd. 

Thc transmittcr ha• an s.bit tra·n,mit dota re~iltor 
that ;, loaded fro•n the interna! d3ta ~"'anda 20·bll 
transmit ,hift re~i>t<r that can be lnaded ¡,.,m "'R•. "'k7 
and the trammit data re~ister. WR• and "k' comain 
S)'llC ,·haractor¡ in tbe .~l<ln<><ync or Bi') nc ""'de1, or 
adtlrcS< fidd (one dt~ro<ter long) ~nd tlag 1\'>pccti-eh 
in thc ~Ptc mode. flurin8 S:mhronous m<>de•. info(. 
mation con~>in«l in "R6 ~nd "'~7 is loodcd into the 
'"'""nir \hift re~i>l<r at the hc~inning of thc me"""" 
and, i!l a time fill<"t, in the middle of th< mt•o,age i(a 
Tran<mit Und"run <:ond<lwn <>Ccu". In thc sot_c 
mode, the tla~s •re loaded iruo the trammit •hift regís· 
t~r at the bcfinnin' and end of me;,age. 



.\<)nchronou< dato in th~ tran>mil <h1fl reti"er is 
fN<na::ed "ith """ and Slop biu ~nd is <hifted oul ro 
tho lr'ln•rnil mulllplc"" '' lh< <cloctcd clock rare. Syn. 
chr"""'" (\lnnosrnc '" lli\)rlc) J"ta is 1hifred oul ro 
1he 11an<rnit mul!ipk>rr and abo 10 ll~e < RC gc,.cralor 
ar the x 1 dod ral~. 

SDI c>Hrll e dala is shifled oulthr.-ugh tht tero inser· 
,·,<.>n Ingle, ~>hkh is di,obled ~>h'll~ the na~s aJ< being 
,,m. For all <>ther ftclds (addre", con1rol and fram~ 
ched.) a O is inwrted follo11ing fi,e "'"ti~toous 1 'sin the 
dala slream. The CRC ~<ncraror rc.ul¡ for ~DlC dala is 
also rouocd tht0U¡:h tho lero imtrti~n logic. 

Funclional Description 

The fLJnctirmal capobilities nf lhc Z80-SIO can be 
de<<ribcd from two different p.:>int• of ";""'' as a data 
communication.< de,·ice, it ¡,an>mirs and ucei>es •~rial 
dala, and meets th~ requiremenrs <>f •·ariou• data com
muoicatiom prOIO<ols; as a Z80 family peripheral, it 
intcram "ith the Z80·CPU and other Z80 pcripheral 
circui\S, and shares their data, addr~ss and control 
bu"'"· "' "'ell a• heing a pan of the Z80 imerrupt struc
'""· As a pcrípheral to orher microproct!!Or>, th~ 
Z80-SIO offns 'aluabk features such as nOn·•~ctorcd 
inrerrupts, polling and simple hand,hal.e capabilities. 

The fim pan of lh~ fo!lo,.ing functional description 
de,cribc; the imeracriun bei\\Oen the CPU and Z80-SIO; 
rhe <econd port inlf~duce> its dala c·ommunications 
capabilities. 

1/0 CAI'AIHI.ITif:S 

rhe Z80-Sl0 offers lhe choice of Polling, lnt<rrupt 
(' ecl ored or non·' ..-ctnred) and Bl~~t~ Tr~nsfer modes to 
tran,fer data, <tatus and control informa1ion to and 
from the CPU. Thc Riock Transfer mode can be 
implemenlcd under CPU or D:>lA control. 

Polling. The Polled mode a>oidl inrcrrupn. Stalus 
rcgi<lcrs RRO and RRt are updared at oppropriate tim"' 
for each function bcing performed (for cxample, CRC 
Error >tarus "alid a1 rhc end of the me>•age). A]] the in· 
terrupt modes of rhe ZSO-SIO mmt ~ di•abled to 
op<ralerhe de• ice in a polled •n•ironmem. 

\\'hile in its Polling ;equence, "rhc t'PU <'amines <he 
"a'"' cont;,incd in RRO for c•<h chartnel; lh< RRO ;lalus 
bits'""~ a, an ackno,.kdge ro 1he Poi! inquiry. The 
'"" R'n 5latus birs Do and D¡ indkarr that a recei>e or 
"''""nir d.<la ~~~n\f,•r is nceded. The "~'"' aho in· 
dic.lles Erom ur otb,·r •pccial ""''" wnditi»m {'<< 
"'ZiiO·SIO P"•gran1J11in~"). Tho Spuial Rccei>e Condi· 
1 ion <131m <"Ontaincd in R • 1 do<> no< ha> e t o t>e «ad in a 
Polling >equenc< became the statu\ bi15 m RRt are ac· 
comr¿nicd by a Recci'e Ch".!C!er A,·ailable "al u; in 

"""· 
' 
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lnlerrupu. The ZS0-.~10 offen an elabo;ate inrrrrupt 
;ch,me 10 pro,.ide fa<t interrupt respome in real·time' 
appltcar iom. As montionod earlier :CI-.:ir,ii'er lfTc';:is~r s , 
'-"· kl .~nd ~IU ~o~l ain .the imerruptY..Oú" th~t point > '" "· 

\anJ!'..'.;l!upl ''i':~i~e t®tt~e !~.:!~~-~e~lor¡. To •••• 
"o¡>:rauon(in borh channeh and to elimmate the ne<.. 
•it¡· of "riting a >tatus analysi< re>uti ne, the Z80-SIO can 
modify t he interrupt >e<lor in R R ¡ <o ir poin" dir~ctly ro 
one of cight interrupt sen·il'e rf1utines. This is dono 
under program_conuol by >ertins a program bit{" Rt, 
Dl) in Channel B callcd "Siatus Aff«ts \'<"Ctot." When 
this bit i< ><1. the imcrrupl '"'"'in""' is modifiod 
accordin11 lo the a<;ignod priority of the .,,¡~'" ¡nl<r· 
ruptiog cooditions. The 1able in 1he Wnte R~g·,.,., 1 
d~5Crtplion (ZSO-SIO Programming section) shows th~ 
modification deiaih. 

Traosmit inrerrupu, R~c~i'< in1errup15 and EX!ornall 
Statu5 interrup1S are thc main sources of interrupts 
[f1gnre 5) Each in«rrupt 'ource is enabled under pro· 
sram control wi1h Ch~llnel A haling a htghcr priority 
titan Channel 8, and with Recei,er. Transmil and E•: 
!~rnal!Sraru, inrerrupts prioriliJed in lhat order "ilhin 
each channeL When the Transmit inlerrupr is enabled, 
the CPU j¡ interrupl<d by lhc lrammit buffer b«omins 
cmply. (Thi.< irnpltes 1 hat the transmitler m u" ha' e had 
a data character "tillen in ro i1 •o it can beco me ~mpl)'.) 
\\'hen enabled, tho r~tei•·er can interrup11he CPU in one 
of lhr~e way.: 

• lnlerrupr on f;rst receioe character 
• lnterrupl on al] re<:á\e characterl 
• lnterrupl on a Special Rec~he condllion 

lnterrupl On Firsl Charac!er i< t) pica 11;· U>ed "'·ith 1 h~ 
Bloc~ Transfer modo. ]olerrupt On All Rccd•e Charac. 
ters has the option of modif)ing thc interrupl •ecl<>r in 
the C<·enr of a P"ril)' error. The Srccial RecciH Condo· 
tion mterrupt can <'<¡;ur on a character or m~11age basis 
\End Of Fratn~ inlcrrupl in ~01 e, for nample). The 
Spccial R~cci•e condirion can cau;c an imerrupt only if 
the lnl~rrupt On First Receioe Character or lnrerrupt 
On All Recoi•·e Chara<ters mode is •eteo1ed. In lnler· 
rupt On Fim Recei' e Character. an interrupt can occur 
from Special Recei~e conditions (O>Cept Parily Error) 
after the fim receh·e ch>rac1er interrupt (e\ample: 
R~cei'e Q,crrun intcrrupt). 

Thc main funCtion of lhe E"ernal/Starus int~rrupt is 
to monitor the signar 1r•mítions or'rhe ffi, Ui"'il •nd 
¡;y;;c píns: ¡,,,. e>er, a n Exre,ta 1/Srar "' inlf1ru pr i• a 1 <o 
cau><d by a Tran,mil Underrun cond11ion or b; the 
delection of a Brea\. (AI)nchronous modc) or Al>ort 
('>m C mode) "·qucnce in the data ltr<am. The imerrupr 
'""'ed b; rhe 1\r.akf,\bort <equonoe has .1 'P""'' 
fca<nro thnt :olio"' <11c /,80-0.10 w inl""'l'l "ilcn til, 
llrea~/,\boll >cqucn(e i< dcH•,·t~d '" tcrminared. Th" 
r~awro raeiliratcs the P'"l""' tcrminauon of th~ ~urrem 
rn~«ag~. «mect ioitiJii<ation of the nc\1 m<"J[e, and 
the ""urdl< tim1n~ of thc BreaU1\hm< con.lnion In 
ntcrn.lllngic. 



Cl'l" 11\!.\ Hl"<"k Tran•kr. The ZW-SJO rr""·!<, ~ 
llln,·l T ram! cr modo ro oo·commndale , -~u O In, l :r .on<
:·er fllliCli<•r" .u1d '"" cnntr~ller< {/..SO-DMA or cllher 
J.-•i,:nq_ fhe Blocl Tr.<~>\fer m~M "'"' lhe v;:-AtT, 
¡¡¡ -\Dl •·u1pu1 in conjunction 11i1h lhe Wdit/R.ady bm 
of \\'rile Rt€isler l. The 1\',\lrJRE.~!ll outpul can be 
ddii•Cd «<>tl<·r ,afl\•dr< control a< a \\ALT line in the CPU 
!llnd fran,fer mode or as a RE-\DI lino in tile D\tA 

Bloc). Tr"n,fcr mude. 

Toa "'" conlrolkr. the Zf:O-SIO "' \D>' oulput 
inJic.Jie' Lha11b< 1:00-~10 is r<od) 10 1ran1fer data loor 
from mernor). To !he cr•L', ¡he 11 "1 outpul indkale< 
lhaJ 1he /liO-SiO ¡,no¡ r<Jd\ 10 lrOn•fer dala,lhcreby 
roquc<l<ng 1ht <'F'l' ro '"""d lhe 1•0 cydc. The pro
p~mrnillg nf "'" 5, 6 ond 7 of 1\'riL< Re~l<lff 1 ""d lh< 
l<>gic 'l~les of ¡he 1\Aif,"[\D\ l1nc are defined in 1he 
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ll'rite Rogi•ler 1 descriplion tZM-SIO Pr<'¡'J-Mm:.,~ 
'<'<!ion.) 

ll-\ T A C0\!\1li.\IC•HIO.\S CAP.\HIUTIES 

In addi1ion Jo rhe ''" capabili1ic. prr~·iousl) di•CLJ>-.J, 
the Z80-~10 prooides '"" ind<pendenl full-durle\ 
cli.tnnol• as "di as AS)IIChronou<. S)n,hronous and 
'DL C JH DI C 1 opc•r .tt 1onal modo•. The<< mod.- f a<ili IOIC 
lho implcmcnlal10n of ,·ommonly u'ed dala t0111l~"ni
''''iom pro10cols. 

Tho 1pocillc k~LIHe< of 11,.,, mode; are d.-u'obed in 
1ho follo'-'in~ -ection.. fo pre,~ne 1he inderondcn.:e 
anJ cnmple~en~" of each "'Ciion, 'ome inform01ion 
common ro all modc1 ¡, repeated. 

r;~"" 5. lolo,.upl S"u<two 
-·---- ---·--- -------------------

• 
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fo ,~,·ei' ~m "'''''·"'' J·" · ¡, d1e ,,,, o•:h:~""'" n1od.•," 
tia• 1':>0 ~lO mu<1 t•e ,,,,,,,J,,cd wuh The IC'II~v.ill~ pa· 
1-<lner<r" Cii.Hci<:I<T IOIISih, de>c0 ra_1e. ¡¡un;bor Vf ""p / 
Üit;, """ "' udd rorir). inlern•rt mode, "" 1 '"'.""' or" 

·:,.n,mi<ler er.nQie. n•e paromo1or> •••lc>oded Ínlo the 
i'I'I'T"Priole \\rilo rcg"'"" b1· lile •)«c'm pcogram. \\'R''"' 
p'•'·'""'''"' "H"I l>e i»ucdbeforc ',\~:. V.RJ and v.'ltl 
p:11" •l" 1 cr .• or ~vmmJ<¡ds. 

lf tl.e da1" Íilro'ñsmined o, e]- a ;:>O~em or RS~nC 
intnfa.-~. :he úvlE.Sl IU >L<D ,);j'S¡ ond DA¡-::¡;;iii--·» 
;-;¡•:i.L><~"i\ ,IiiJ<, oul¡>~l> mu" b: ;<t along \\Hh th...,. 
Í" r .m"llll E n3ble b11, T r a_\1-'.!D.il}iOn _Ci'_n no_\_._tegL'!_UnliL 
1 ~~-T' a""" i '-.~~-~ble bllJ).:.tt:" _- _ _:_- --- • - --

-------· 

As)·nchrunous Tr~tnsmil 
-------· 

' 
J he T ran,Ólit D:l!Ol o11t pu! !T,ol ii hc•l,l lr1o1Tl-ing 0 f i~h ¡· 
"h~n oh~ lron<min~r ha, 110 Jata 10 >ond .. Untkr ]l!O· 
gr.1m conlrol, 1hc Sond [lreak (1\H), o,) """"'""<1'"" 
be iw~ed 10 ht•ld r,o >p~r:ing (l.o") tJmillh<" "'"'"·""J 
;, dcarod. 

Tho Z80-SJO au1omo1kall)' add< lh<: """ hit, thc 
pr~grammrd paril)' bit (odd, <>en'" no p.ority) ond thc 
p1ogrammrd numt>er of "op bi1.110 1hc d01~ c·har•"<l 
10 be tran<mined. \\'hen 1he eharactor it"U~th Íl ,¡, <>t 

' The Auw Ecal>~edr:alur~ alkm< rh< pro~rammer I<Y~ 
<end 1hc fir<l da•a ~hara~•er of the m,..;ag'e IO'ih? 
Zl<!>.SI(l »ith~UI '><aitin~ for ,=r<¡_ lf the AUIO Enable• 
hi1 ¡,'el, 1he Z~0-510 "'ll "a" for 1he en pin 10 go 
Lo" before Íl \>eg1n' dala ~ran>mi"ipn. C"TS, DCD and 
~l-;;r ale general-purpn<r: 1'0 line< thal m ay be U,ed fot 
funclÍ<'n' <'lher !han tbeir lahelr:d purposes. Jf CJ~ Í'-~ 
i:<...:l f<'l •n<•thcr pm;'<'><, 1 he A u lo Er.ab!~> Bu_Únm b<-· 

~ ";.en b¡_t<, tl)_e unu<od bit• ~~• auwrna¡i,·al!) Í¡;llu<rJ b; 
~he UO.SlO. Jf ¡he char•<ler len~lh i; fi•• bits <>t le<>. 
~efer 10 the table in the Writo Registor 5 de;.·,ipti'"' 
(ZSO-SIO Prog1amming ''"'1on) for 1he Jata fmma¡, 

--.---
..,. ... ·-~· ~ ' 

...Serial d31a is •hrfted·from r'n ata tale equal w 1. ~ ·• 
~'Trt6th, ]/J2nd or.J/Cr-lth of !he dock•rat< "'pplicJ lo .. 

th'e Ti3nimit ciD.:( inPuT< r.c). Sr:rL\1 data ;, shiftcJ 

figure 6 illu<IJale' a•)nChrnnou• message formats; ~ 
Table Z >hO\\ > \\~l. \\ R4 and \\ R' ldth bit$ Sel lO indi·¡ 
r:alethe applicahle modos, parame1cr< and r:ommand; in v 
a"nchr<>nOu> modes. \\ R' (Ch•nnel R onlyl'<lores lh"..¡ 
iñ-l<:rr_up_l >reto:; \\'RI defines th< intcrrupl'mod~-:.ndj 
d.lta Ir an;fer mode• . .,., R6 and \\'ll~ are no! mtd m asyn·¡ 
.:hrunou> modt>. T•ble 3 >ho~<> the t)pir:al prog1am 1 
•ter• lha¡ impJe.itent a full-duple~ recei•Otransmit 
operation in either chnnel. 

out on 1h< fallin~ edgr of ¡""fiC'l. 

,. lf •et •. lhe_ E\teinitiísra:us ln10rrupt muJe monio 
'Ího •tan¡t_of UCil. ffi ~nd S>"l' through,ut rhe "~'"' 
;mi•siop of ih·e-me"a~e; lf ih<>e tnPins chan@e rora 

period of ¡¡-¡¡,·. 'glo"Olter th3n the mínimum •P<"<ilir-d pul•e 
"idtb, 1h< ·,nterrupt ¡_, $enerated. In a ~ransm\1 o¡>tra
tion. 1hi• feature is used 10 monitor th~ modem cona<>l 
signa! ffi . 

... ., .. , .... "'"" 

'-.---'""'r---'__j__• 1 __j

0

' 1---1::1---7--1 ··--'-,-1 .-----' .. "' 1 '\ 

'"'""'""'"'""V ..••• '" • .! / 
"'""" '"' ....... "" 

... "'''" '"' orhl 

""" ""'"' .. . ,,_ '"'" "" 
""'"' 'lOW -<--------· ---

• 

'''•"'1'" 

' 
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,\n ;\ 1_.•;cht·JnOu¡ R,·,oi>e •'J'c-r:.:ion ~e{t:l~ "'hen the- él 
~ c'(<'Í' e E,;n l•le bJI i> ;e!. _!_!_ the_ __ \u 1_,~ _[_n" ;o leC: u~~ 
:<kc;,·d, 1K_B mu;t .. bc_J,,~~---"'·''tll ,\Le>\\ (<pacing) 
t<>n<inion on the Recei-e Da<" 1nrut '~'Di indico tes a 
"or 1 bit. 1 f 1 hrs Lo~< pet>Jst 1 fnr 01 k.1 <t ~n e. ha! r of " bit 
tin>O, theslart bit JS ""umed to b,· <ahd ond th~data in-
pul is then I<Hnpled ol mrd-bll time Ll"til lhe entirc 
rhome1er is a"embled_ fhi< moth~d of Jc;c:ting a <l•rt 
bit imprú\c' c-rrm rcjocll(>n 11hen n,'i'C <p;kes e1ist on 
an o1her"ise marking line. 

Jj the "1 .-;,.,;., rnc•Ü i.< <cl.,,¡~d, bl! !;nrhrOnJ,atiOn-¡!:' 
_mu>i b-._,.,·compii,'-,.-J ".':ernally RC;epe daTa is <am
'pled on thc ri;ing ~dge of "'C. fhe receher in<<rts J's 
11hen a character leng1h of other tJ-,an eighT bit< isu,ed. 
lf raritl-' ¡, cnahled, 1he pdnty biL i< nol qripped from 
1 Le ,l ""m t-led eh a rackr for charar> or len¡;t hs olher than 
e1gh1 hit> For lengths other !han eighl biiS, the r<ccner 
'''ernhks • chor,.cler l<ngth of the rcqutred number of 
data h1IS, pi u< a parity bit and l's for an)' unu«d bits. 
For c\Omple, the recei\er as.emble. a 5-bit character 
"ith the follo•<ing formal: ''Po, DJ D¡ D¡ Do. 

"'i'"" lhe receinr is bunered by üm~.S-b_il r~gi"~!'! 
~~-"JJitioc, tO·Ihe .. ,eiv.e ;hift,regL<t_eT, the CPU has 
c·nollgh time ro ~~nice an interrupi'and to accept lhe 
da,; d'"roeler a"<mhled b) •heZSO-SIO. The rocei>er 
o loo ho' oluec buffer< that store error f]ags for ea eh data 
ch"•acter in the receive buffer. These ermr nags are 

•ad,•d at the '"me time,,, the data char.Jclers. 

Af1er a"~"'"'''' is rctci>ed, n is ched.~d for tho 
r,,ll'"'in~ error cr>rrdill<>ns: 

• \Yfie!'.J!\'(i).Y,.Í,).e¡¡o,bi~<J....-hi:Parlty Eúr·;· bri'( ~ R 1, 
o';(j¡->CL"fh~nC!<;_f lhe,pa.rity *'" of lhe ch:;ra<:lq
lfoe-s n<ll_matctf'.' 11 h 1 h< progra m rncd r" ril)', Once 
this bit;, '~t. it remaini,.~<L~~ti_J ~h~ r:;'~". R~'"' 
C<>tnnJ•nd-nl·~o¡" g¡ven_ , ·- ·- .} 

• fhc Friún;;,_.; Euo! __ b_;, (~~h~~Wj• '"' if the char
acter i, __ as,<oJr.~led."ilh_q_ut any stop bit~(ohat ;,, a 
Lo~< le> OJ del ec[.7d f Or''lo'"Op bit): U rílfl(e the Par ity 
Error bit, Ibis bil i' <el (ond not latched) only for 
the char•cttr on ~<hich it <:>ccurJcd_ Dctcction of 
framing error add; an •dditional one-half of a bit 
time LO tho cha'"'"" time so !he fr~ming c'rror 15 
not in~erpreted a> a ne\\ staro bit. 

• Jf lhe <.FU J ails lo rNd a data ~1.....-~ctor "hile mwe 
.-:0 dJi ~th ~~·.eh :i ra;cí e~s j~~;-' ._b~sn · re<ri•~; 1h~ fié-. _, 
.~"'"" _O~errun hJt (R~J, pJJ )j ;el. \\'hen th" oc· -' 
curs, the fourth charaCl<r a>semblcd replaces !he 
lhlfd charatler tn the rtc~in buffcrs. \\'i1h thi> ar
rangcmenl, onl) thc charactcr lbat has b<oc-n writ-
tcn o>er is na~gcd \\Jth tbo Rece;,_.o,crrun Error 
bit. Like Parity Error, 1his bll car> onh· ~e re1et by 
the Error Reset command from <he cf.u. BOthl\¡f · 

,<-'E:arrtinli ~ror_ and R_tteive O!~U:'l~ .. Err~r . .:a_u_s,._._j 
.an 1merrupt wlth lhe mlerrupt veqor indJcal!ng_') 
:,SpeciaLR ecei''" :onditiop (i f Status Affem Vcetor 
" '<iected) · -- --

Sine. the PMity Error and Roceive 0-.rrun Error 
nags are latehed, the error status that is re"d renects an 
error in the current "ord in the roceive buffer plus an;· 
Parity or Qvcrrun Error> recei>ed since tho la" Error 
Reset command. To-hep __ cone>pond~nce b•tv.-~on tho. 
st~k of fhe -.r-;,;, buff ers and th~ <:oments of the receh e·

; d~fa' bufféh, _JhefHrfr' &t~tus_,<eg_h)'er_ -must be,;(Sd 
~fore lhe data.· This " oa!ily accompli>hed 1 f voc10red 

BLT? BIH "'" BJI 4 BIT 3 • BIT O , BtT 1 BITO 

... 

00 • R> 5 BITS O,AR 
10= R•óBITSC>--AR AUTO 
01 • R, > 8•15 CHAR E'NABI.E'5 
11 ~ "' B BllSCH~R 

•• .,. 
10 = ,. 

• t CLOCK MOOO 
• 1 6 ClOCK -YODE o 
> 3> ClOCK tjQDE 
•"" ClOCK MODE 

00 • 1> 5 BITS (0~ 
LFSSJ CHA~ 

10• T,63JT5CHA~ 
01 = r, 76USCHAR 
1\•T•BBITSCI<M 

o o o o 

·----·--
00 ~ NOT USED 
01 • 1 STOPBITCHAR 
10 • 1', STOP B 'S CHAR 
11 ~ <SlCPBITSCHt.R 

'" ENABLE 

EVEN 000 
PARITY 

"' EN.SLE 

PARITY 
ENABLE 

o 
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.-.~. ASYNC~PONOUS "'ODE, PA~oTY INFO~MATION STOP ens 
INFO~'I•l•ON C'OC!< R<TE INFORY<TIQN 

"Al AECEIYE ENABCE. A~TO ENA8lES AECEIV. CHARACTER 
lEN\HH 

WR$ A• DtJF Sl 10 tf_ '0. 1 AANSM O E'"~lE. TMNSMIT 
CHA~ACTEA U;NGH<. DATA TER"JNAC AEADY 

WAI TA.NSMJT INlCAAUPl EN•BLE, S a TuS AFFECTS VECTOR. 
INT tMuPT QN AU. AEC0'"0 CHAAACTEAS, OtSABLO WAlT' 
AEACY FUNCTOON, E>T E ANAL JNlEAAUPT [NASI.E 

!FA C~A~ACTMIS ~fCEMD 
• TP.Al<S'E~[)ATACMA~AClE~TOC~ll 

o .... [)AlE POoNTERS A~[) P•"-""!:1EAS 
• ~ETUAN FROOO INTERRUPT 

11' T~A~S .. m¡;~ 8"FtMIS E""'' 
• TAA~S•ER o.o,U CMARACllA TO SlO 
o ..,..[)AlE PO;~ TEAS A~O PA ... ••HERS 
• RETUAl< FRD"' ... l(RAun 

(INClUOE SAEM OETECTION] 

UPOAlE MOOfM COO'<fAOt OUT PUf S (E G Al S OH¡ 

" 

COMI<!ENTS 

Chan""l 8 only 

ReCeiVO o nO Transmol t>olh lul~ •no· ol
o>od. Aulo Enables w1'1 onablo Tta"S· 

mmor 11 CT:!; is ""'"'" •"<l Roce"'"' 1l 

OCi:i,. ""''"'· 

Tran"'not fl¡,''""" onte<rupt "'''"" $0· 
le<'od. E•ternal '"'""upl mon.:ors l~e 

''"'"" ot toe m ~ ond SYi'l!: '"~"" 
and oetoc:• lt>o Boeak seq""""" ~"'"' 
AIIO'CIS VeclOr on CnoOI'ol 8 01'11)1. 
Th>S doto ~y!e ""-'"be t:anslen• ,., 
transm1t onto<rupto .,.., """"· 

Pmgcam "' wa•""9 '"' an ontorrupt '""" 
the SIC. 

wt>en thB ;niOtlu~l OCcLI<•, tho inl~""~' 
vOCICI ;, rnodo!lod b,: f. AOCIIiVf' C•..,_ 
oc1o1 A•aUaOOe, 2. T•ar•mll Bu~!o• Err-;> 
¡y; 3. E>tornai<St•tu• cto&ngo, •t>d • 
"~*''"-' Aece~>o ccn<Wcn. 

P<og"a'TI con!"'l '' uansloroed to one ol 
lhe e.gllt OliOt!up! Sl>f\li.:OIO'-'"-

H """" ""'~ "'""""'"" 01~-eo-lhao :hezeo 
~e rnod.t..., lfoiOmJill >OCio< (M>) "-'>oc.OO 
be lei<.01'ed to- CPU Ol 111e !nior.~l ~C· 
k""""""''le <eqc.ence-



• 

utt<: rur1' .tt<' tNd. h<'CC\U<c; 'P'• i.d rn.crrupl <color i1 
!'<'O,·t:otc·t1 fur rhc,c condition\. 

\\ bik 1 h~ r: ,,,., nal /St:.tu> intcrrurt ¡, cnat lcd. bre>~ 
dt·tc,;tion c.llhC> on imcrrupl ;pd lhc Bor.ik Dci<Cied 
'"'"'bit (~RCl, D;) "<ti fhc )l"·.ü D<roc·r,·J ÍHICHUpt 
1houiJ he )oorrJI,•d b~ iS<u'rng lhe Rt,tl Eliern¡¡IIStatus 
ln1<rrupr cnmm.ond to lhe /.50-SIO in respon•e 10 the 
fim Rrea~ Dcte,red intermptthal h2s a Bre•l. "a'"' of 
l (Ron. D;). The Z1'0-SI0 monitoiS the Rrcei•< 0.113 in· 
pur ;md 1\ai:< fur th< Brea> <c<¡<·<n<< to rwniMte, at 
'lhich r~inl lhc 7;0-SJO tnlettLJfl" the CPU 'IÍih the 
llteok <tatul 'el [(10. TheLPI' m u'' agaio issu< thc Re<et 
E~ternal/STatu< lnlerrurt '"mrnJnd in jg inl'rrurt ••r
,¡,, '"urin< ro rciniTiali¡eth~ hrcal d<ttttion lotic. 

The E'tern311Soatu> interrupt aho mooiton the 
'la! m of D<'Ii. lf thc OCo pin bo-:omes inactil~ for a 
rc·ri~d trealer rhan ¡he minimum >pecified pul•c width, 
,10 intarupt i' r<nerated "Íih th< IKD Status bit (RRG, 
D¡) '"'lo 1 ;\:otc that the OCo input ·,s in•ortM ·,n the 
k"O <latu; rcgi<ter. 

lf th< ,,¡,,;.- ;,-;,~d iiffeJ rhe .:ara, rhe error data ro,-~ 
!loe nc~t 11urd Íl •ho induded if it l:~s b<en <t~<:led m.~ 
the bu ff or. 1 f "r"aTiOn' iio per f N:ud rap'rdl¡-Oñ~'ugti; 
~':' 1 he ~·~-" charac 1 or_ is no( )~r r eod1 ed, the """' <<gis-! 

.;:ter rcmaim •alid.pn <xception o(<ur< 11hen the luoer
iü¡;¡ On f'im Character O ni; m <>de¡, •dected. A 'l"';ial 
intcrrupt in thi• mode holds thc crrN ,Ja¡a ,,nd th< <hM· 
acter it>clf ("'en if read fwm the huH<r) '"'"lthe !:rrm 
Re•et command is i«ued. Thi• '""'""" funht·r rl;ra 
fr<>m beraming avail,ohle in thc reai~er untillhr Re<ol 
comtnand ·., '""cd, and allow• CPU inw•cnrion un rhe 
characrcr 11i1h th< error <•en if D;,l~ or block !r~mfer 
trchniqu"' are bcing usM. 

1 f lmerrupl On E• <r)- ChM a e ter i< <e lee! cd, 1 he inl<r
' 111'1 < cct or ; , di rf crenr if r he re ;, o n er "" st~t "' in R "'-
1 f a Rocei <er 0< c•fl 11n oc,·urs, tite mo.<t r<Cttlt ch&r ''"' or 
oecched is lood~d into th~ huffer: thc choracter pr<· 
ccding ir ;, lo.r. \\'hen 1 h~ <h.>racrcr 1 h3t has Non " rit· 
ton owr the other ch~racters ¡., rcad, rhc R e<ei•o O<CT· 
run bit is '~' and thcS~ial Rrcci•eCondnion •<el~r is 
returned if Sta1us Affecrs Ve(lor ;, enobled. 

frñ:: a--:-poii;"d- \ ~'·i~iiñiTi¡<¡¡¡, 1 he~-Recó< e. Ch., r~:;cr 
t.;._ A •·ail2blc btt .. (RRO, L>ol: ~">t: be m0i.ic.:>cM . '·' ~~· 

4B_O.CPU can k no ... "hen >g read" dtd;-ac:eT. rhi< hit " 
auromatically re<<l "tiOn-l!tc'fcrei<~ ~uffcrs aro '""d. 
To pt<•ent OHrHillng data in polled operation•.· thc 
trommit buffer _,tatu.< must he ,·heded hefore ""1ing 
itTto the Tran>mirter. The Transtnit Buffer Etnpl) bit i' 
'~' 1 o l ·" hcne-.r t he r rammit buffer ;, empty . 

" 
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B~fore d•·•cribing ;¡n.:hronou> ""'"mi'>ion and ,~,-•r>· 
tion, rhe three t;pel of ch<orar~er 1ynchwni1ation
~ lono•; nc, Bi<} nc and E \ler nal S! nc - roquire ;ome e•
r>l•norion. The•c modos '"' the x 1 doci. for both 
fran'lnir ond Rcc<ÍI< c>pcr"tiom. D.llo is ;ompleol on 
rhc ,¡_,¡,~ t'd~e of rho Rrcei•< Cl<>d.. input rR<U. fram
rnillrr dJia """'iliom occur on rho f"lling tdge of lhe 
Tran;rnir ("IC>d inpUI rr.C¡. 

Tilo differcn.:e> btt~'«n 'v!ono;;nc, Bis¡nc and E•
l<rn.ll S1nr are in rhe monner in "hrch inirial charocrer 
synchr~;,;,,.nn ;, ochic-cd. Thc mude of oporarion 
mu•r be ;dect<d bcfore '.""" cbra<ler> are l<';oded, 
l><<·au« rhe re~i<l<f> are u<ed doffcrcntl; in rhc •>riou• 
modc<. Fi~ure 7 ¡hows the f<'rm•~> for allthree of th.-r 
S}n<hrnnom mr>des. 

'!"""'·'"'· In a Rcc<"h< orerali,,n, 111a<ching a <ingle 
'·'"' chorarter (B·hil S) O< modt) ~ith 1he pro¡¡r~mmrd 
'} nc· choracler "or~d in WRJ implies charackr S} nchro· 
ni1a1inn and ena~ks data uansfrr. 

f\i.;ror . .\Jo¡,·hin~ t~o contiguous sync characters 
(16·bit s;nc mndo) '-'ilh 1he pw~r~mmcd s~nc charac· 
lC!> '""'·d in \\ R' ar1d WR7 irnrlie• ch~roe1er syndlfOilÍ· 
.ati"n. In t>nth the ~l,,nos¡nc and B"ync modts, SYNC 
is u•ed as an outpul, and is a<IÍH for the pan of 1he 

,,ecei'c dod 1ha1 de1ects 1he s}·nc character. 

hh·rn•l S¡ nc. lO th i s mode. characrei <ynchroni131ÍI>u 
;, C>tabli>hed e"ernally; SI~C is an inpu1 1ha1 indi>ates 
.,wnal chMarter s¡n.:hronilalion has been achi.-ed. 
Afler lhe s¡n< panero i.< d"erlffi. the e'tcrnal ln¡ic 
m u" "-'il for 1110 full R~ccÍ<< Clock r;doltO actÍ\Oie 
the ~ inpUI The "·~(" inpul 1\lUII ~e held Lou. until 
tharacler 'ynchronilltion is lmt. Chara<I<r a"cn1hl; 
beg¡m on 1he rioing edse of R•C" t hat precedes thc· f alltns 
edgeof~. 

In all '"'"' after a '"'et, the re.:oÍHt is in the llunt 
pho~e. durmg u.h10h 1he ZSO·SID looks for ,har~<l<r 
s¡ nchmnllation. The hunt cari 1-c~in only "hen the 
rrcei>er is cnablrd. and data uamfrt ean begin onl; 
'lhen character >)n<htoni.:ati<:>n ha> b.-en achie>Od. lf 
charaeter <)nchroni7alion ;, loSI. the Hunt pha<e c~n be 
re-enlrt<d b; 'ltitill8 a cuntrol 'INd 11i1h thc f;nter 
Hunl Pho<C bit -.t (\\~J. D;). In th< Trdn.•mit m~de. tho 
lr~nsmitltt ah'"l"' ;ends the programmed num~er o! 
>;nc bit> (8 or 16). In 1he .\!ono•ync mode, 1he uans
mill« uammi!S from WM; 1hc recei,·er compares 
asain11 "·RJ. 

In thO Monos;nc, fli>;nc and E•tnnal S;nc mr•Jes, 
assem bly of re«" ed dala eontinues u nt i lt he ZM!-SJO is 
'~"'· or untilth< "'"''"' is di.abl..:l (by eommdnd O' 
b}" OCii in ¡he Auto Enable¡ modo). or until 1ho CPl"' 

the Emer Hum Pha.e bit. 

MtSSAGt FlDW -..... , 
'"' '""'"' 

• 

----~· 

" 
'" ,., ....... 
•• 
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,\fr<r ir1ili.1l '-""¡,nniiJiic.n h>< be<n arhie>ed, !he 
oprr~:ion <of 1he \l<>nC')'''· llis)nC and E~tem~l S)nc 
'''<>de,;, quile <Ünilar .. \n) dilfe«nee' aor l[l<'Cified in 
o he IL!II~"in¡¡ ,,,,, 

Tnble 4 <h""' ho" ""-'• IIR4 ar.d \\kl.•r• \J>ed in 
>)nehronom JO<ei>e and 1ransmi1 operalions. "'"" 

.. poin" "" olhrr registers and iS<ue. 'arinu> eommand<, 
"RI dofine. lhe intennpl m<>des, WRl <!ores the inler
rupl ''""'· and "Ro and "RJ <loro <)ll< characrer>. 
fJ~Ie 5 illu11rale<the l)'pieJI pu>gram ""P' lh.!l impk
'"""' a half.Juplex Bi>)'"' """'mil ~rc•oliÓn. 

Synchronous Transmil 

1 ~ 1 r!A 1.11.,\ 110:-.' 

The ;y<tem rtosram mmt ini1ialize the tran>miner ><'ilh 
thc follo"ing paramcters: odd or '''" parily, X 1 dock 
111ode, B- or 16-bil s}'n< charActer(<), eRe polynomial, 
Tr~n<millcr Enables, Requo.t To Scnd, D•la Terminal 
Rnd;·, inl<trupt modes and tran<mit charac1er length. 
WR< paramel~" must be i"uM b<for< ><~1. WRJ, WR!, 

"•• and "~' paramel<rs or eommands. 

Oneof l><o pol;nomials-CRC-I&{XI&~ X 1l.¡ X'+!) 
'" soLc (X 10 +X 11 tXl+-1)-m<l¡ he u•ed with s¡n
chronou< mode<. In eithcr ca« (SDl<' mode n01 
\Oiected), !he <'AC ~<neJ310f and ch~der are r=t !O al! 
)'>. In lhe nan•mit inilializaliOn proce,., the CRC 
~eneralor is inilialiud by scning 1he Reset Transmil 
nc G<r~eralor command bi" ¡WRO¡_ lloth lile trans
miller and lhc recei'<r me 1he same pol)·nomial. 

Transmil lmerrupl Enable or \\'aitiReady Enable 

Btl r "". M> 

00 • Ro~ SITS'C~AA 

""' 
10•R>to"I1SCHAR AUTO. 
01 • A• l 611SCHAR [NA8LES 
11 • R> 8 BiTS CHA<I 

113 

Tran¡mil dala ;, held marking afler t<-'1 or if lhe 
transmillor ís nol enobkd. Brea~ may he rr"grarnmrd 
lo gencrote a <pacing linelhat begin< as •<-on "' 1he Send 
Brea\. bil is >el. Wnh t he 1ran<miucr f ull) inilialized and 
cnabled, the dd<!ult condition is conlinuous transmis· 
lion ofthe 8- or 16-bi¡ S}nc characlor. 

DATA ·¡ RA~sn:R A .... ]) STA TVS MOC'>l I'ORL"Ii 

In rhis pha.c, there are """'al combina¡ ion' of ínter· 
rup¡, and Wait/Read}'. 

Dala Tr.n•f•r U•ina lnlerrupt•. lf thc Tran,mil Jnler• 
rupl f.nable bit {wRt, o1) ;, ,.,, an imcrrupt ;, generatM 
eaeh lime 1he transmil bu ffu becomes empr) . Thc inler
rupr can bo <aliJficd either by ><riting anmher eharacrer 
into the transmiuer or b} resening the Tran<miuer !n
lcrrupt Pending latch wilh a Rescl Tran•miTier Pending 
command (WRO, <MDjl· lf 1he interrupl ·,. <oli<fied ,.·,,h 
lhis command and nothing moic is "ri11en into lhc 
lransminer, there can bo no funhcr Tranlmil Buffer 
Emply in;..n-upts, beca use it is the rroce.• of rhc buffer 
bccoming empl}' lhal causes lhe ino~rrupts and thc huf· 

. fer cannOl becomc empl)' "hcn it ;, airead)' emply. This 
situation docs cau<e a Tiammil Underrun condirion, 
"'hich i< e>plaincd in the "Bi>ync Transmll L:ndcrrun" 
scclion. 

BIT • BIT J BIT J BIT 1 BOTO 

EN1ER ~· "'m A• CI<C CHAA "' [NAEILE o LOAD ENABlE 

"'~ oN,.tBrT 

00 • e 811 SfflC CW.A 

""' o 01 • 1('.--SITSYNCCW.A o o EVf:N 6i'ill PARITI 
10 • SDi.C MOOE SELEClS SYNC PARJTI ENABlE 
11 • EXT S.,.,.C MOllE MOOFS 

00• r.~BITS¡OA 
tESS¡<CkAR 

~~ " ' T• C"C ... "" \O•l,ó81TSCHAR SHEClS "" "' = T> 1 BtTS.C>tAR 
8REAJ< lNA!Il.E 

COC-1" 
[NABLE 

' " •l•"BilSC>tAR 

' 
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[)ola Tr"o,ft·r 1-'•in~ "~II.·NI:AIIl. To !he CPU, the 
aoli•ation of i.IAi'f indic•l<> 1h.11 lhe Z80·Sl0 is not 
roady 10 ~ecop1 dala and lhal !he (PJ.; mu" o•tcnd !he 

out pul e) do. ro a """ controlkr, REU>l' indica los lhat 
the tron•mit t-uffer is empt)' ond tbt lhe Z80·510 is 
,,.,dy lo ac·ccrl lh< n<'l d.11• d'"'"':l" lf thc da<a 
ch•r•cler ;, nn1lnaJcd imo thel80-SIO by ¡he time the 
lrammit •hifl rosi.<ler" emr•.'· lh< ZB0-510 onte" tilo 
Tran•mit Undcrrun condi1ion. 

1\l•;nc Tron<tnit Und•rrun. In Bi"·nc Pr~oocol, filkr 
'h"'"'"" are in1er1ed 10 m;o¡main 'l"dunnization 
"hen the ¡fan•millcr has no dala 10 send (Transmit 
L'nJorrun cundi1ion). The ZSO-SIO has 1\\0 program
mal>le op\ioo¡ fm <Ohing 1hi1 situJtion: it Can in~rt 
<\no ,hara.:lers, or i1 can ><nd lho CRC charatiCIS goner· 
,;,.d"' fai, follo"ed by s)nc characl<!l. 

1 . . 

fhe•e Oplior" are under the control of !he Rc"t 
T ran•mit U nJerrun/fOM command in w~o. Follo" ing a 
ch1p or ~honnel reset, !he Trammil Underrun/E0'-1 
>!31U5 bit (RRO, P61 is in a s•t condilion and a!lows 1he 
in,ortion M s)nc characlc" "'hcn there is no data 10 
~end. CRC" is n'ot cai<ulated on lhe ""\oma\icall)' in1crtffi 
svnc chal .lclcrs. \\'hcn tho CPtl Jt\ects tho cnd of m<S· 
,;8 •. a R«ct Tr~nsmn Underrun/to~• con1m•nd can b• 
i"ued. This allo"'' CRC 10 be sem "hen the lrammiu•r 
has no dala. In 1his ca,.., 1he ZW·5!0 sends CRC, 
follo.,ed b) <)nC characters, 10 terminalethe me<iage_ 

' Ther• ;, no re< !riel ion as to " hen in the me~Sag• the 
Trammil Underrun/EOM bil can be re•et. lf Reset is 
i»ued afler the fir1t dala charae~er has b«n loadcd the 
16·bit c~c is ><ni and foll<.>, .. d by <ync charactUI 1he 
fimtimeth• 1ransmi11er has no dala 10 send. Beca use of 
the Tran<inil Undor<un condition, an E,tern•I/Sialus 
interrupl is $<nerated whenever the Transmil Under. 
run/f0\1 bit hecom<l 1<1. 

1 

In th< ca•• of 5)0C in.ertion. an imerrupl i• gentrated 
onil after the first aulomatically inser1e<l 5)'llC charaCI<r 
ha; becn 11oaded. The >tatus indica><! !he Transmi¡ 
UndorrunhO"' bit and the Trammll Buffer Empty bit 
are 5<1. 

1 

In the ca"' of e~ e insertion. th~ Transmit Underrun/ 
COM bit is '"' and !he Transmit Buffer Empt)' bit i< '"'" 
"hile CRC.is bcing sem. Whcn CRC has been completely 
·'""'· tho Tr•n1mi1 Buffer F.mply ·""'"'bilis set andan 
inlorrupl i< ~encratcd to indicale to the CPUthot anoth<r 
me<~ago can begin (thi•·in~errupl occu" bKamo CRC 
h-. t-ctn sen¡ and s}nc has been loadcd). lf no more 
me"age.•are lo be sen!, the program can tcrmlnale 
transmi<~ion by reseuing ~n. and di~abling 1he 
1ran1millr< ("M), DJ). 

Pad char~clo" rna)" be sen! b)" ~euing !he ZS0-5!0 to 
8 hill/ttanlmil character and "'riting FF lO then~n>mit. 
ter "hilr roe i1 being -.nt. ,\hcrnati-el}, !he ~)nc char. 
"'"" can he rrdefinrd a> pad char~Ciers during thi, 
li•ne. Thc follo11ing nanlplc is includod'¡o darif,· thi, 
poi ni. 

" 

i.J.~· 

The /80510 ;nwrup,. w•th lhe Tran•m•1 ~e'"' lr"~'' e" , ... 
The "'' reco9ni,es lh~l the lall ch>raow '"'' of !he 
mes,.;;• ha> airea~, been .. nito IM l80 SIO b) "'""''~·- ~ 
tt>e >nlernol ~ro¡¡r•m 0\0hJS. 

To lorce the zao SIO lo send e•<. IM ce<J •sso•s 1he Resel 
T<•nomot Un~e<runlfOM Lotch command •''·"' and saloof••• 
"'" intorrupl wllh ¡ne Resol Tron,mot '"'"'"PI P&Mong 
command. ¡Tnl• commal"ld pro•enl> 1M 280 StO from re
quesung moro dal~ ¡ Sec;ouso ol l~e <••n•m•t unde""" 
eau.,,(l ~y lh•S command, lh~ lftO.SIO S:a~• •endong C"C 
Tne ZBD-510 al>o •a•seo an E>terna!IS'"'"' io<e"u~l '"'h 
the T<onsmol Und.erroniEoo.o laten Oet. 

The CPU satisllo> H>•s •nte,upl by IOading o• d onar •clers on· 
lo lhe """'"''' bollor •nd osou•ng the Reset E' rorr o••Sta1 os 
lnle"oPI command. 

W'lh '"'' u~uence. """'" lono .. o(l by o ~·d <ha<atte< >n
OIUd ola .,no tha<acle<. Note thal tbe 28D-St0 woll onte<
rupt wo\h O Transm•l llulfor E<r.pt, on>e•ruol """"o-c" 
comple,eiy sonl •M thal the pao charoOI•r •• loaded .n1o 
lhotrac,sm•t sh•ll !eglSter. · 

From 1Ms pc•nl on the c""can oond mo•• o•1 cha<octe<O or 
"'"' chO'Otlora. 

Bi>JHC CHC GoneraHon. 5etting 1he Tran<mi¡ c~c 
onable bit (WRI, Po) iniliatc< c~c accumub>i<.>n 11hen 
1he program 1ond1 the fim Ja1a charaeler to 1ho 
Z80-S!O. Ahhough 1hO Z80-S!O aulomatically'trans
mi" up to '"o sync charaelers (16-bil 1ync), it is "i•c 10 
~nd a f~ mort •¡·nc chacaelo15 ahoad of the me«ag• 
(befoce e<1abling Transmit CRC) to emuro 1)-nChror•' 
lion atthe roc~hing end. 

The tran•mil c~c Enable bil can be ehan¡¡ed on lh< 
ny any üme in the rncs.<age io'includ~ or .,dude a par· 
¡jcular data chara01er from CRC accumu:ation. The 
'Transmil CRC Enabl~ bil should b~ in th< dr<it~d SI ato 
"hen the data characler i1 loadod from !he lran;mil 
dala buffer inlo thc lran•mit !hift rogi,l<r. To en!Ute 
this bit is in 1he proper state, the Tunsmit c~c Enable 
bil mu¡t be l"ued before sendina 1he <!ata charat~er to 
¡he UQ.-510. 

Tcansmit Tran>parcnl Modo. Transparont mode (Bi
syn< proloeol) operation is madc po55iblo by !he ahilily 
to change Tron<mit CKC Enable on th~ n)' and by the 
zddilional capabilil) of imerlina 16-bit <ync chanctcrs. 
E>clusion of OtE chacaCiers from CRC calculation <4n 
be aehie~ed b)' disabting CRC calculation immedia1cl)' 
pretCding the DL.E <haraeler 1ransfer to !he Z80-St0. 

In lhO '"'" of a Tran,mil Undorrun condition in the 
Transparem mod~, a paif of ot.:-~l,.; ch~racte" aro 
<~ni. Thc Z~0-510 can !-e programmed 10 "'"d lhC DL.f· 
~Yr< «quencc b) loading a DL.E charaCJer in lo II'Ró and a 
<)'nc character inlo WRl. 

' Tr•n•mil T.rmlnalion. The Z80·510 is equippcJ 1 
>f'<daltermir.al i<ln f~a1ure that m.Unlains dala ink~roly 
and •alidi!). H lho 1ran<oni1ter is disablcd "hile a dala 
or S)'nc character ¡, bcing <enl, lhal charact<i i, <<ni as 
u>ual, but i1 follo\\ej b)' a marl.ing l•ne rather !han nc 
or <)n.: chd!aCI<rS. When lh< lrOn>mi11<r i1 di<;obled, a 
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INITIA.lllE 

IOlf MOOE 

OATAT~AtlSHRAOlD 
STATUS MONITORIOlG 

;R"'I'lATIO'l 

TYPICAL PROCRAM STEPS 

W~J •UIO fNABLES 

W~~ ;>O.NT! R < 

\\'R4 -0~RoT'f I~FQR ..... TI()N SYNC >ooOOES ""'0"-""'110~- • 1 
C<.OC>< '-'OCIE 

WRO ?OINlóR & 

WRO POINTER T, R\SET HTERN~L SHTUS INTERRUMS 

WRT SYNC CHARAClER l 

WRO POLNTER 1. RE$U ~XTE"""c STATIJS INTEROIUPTS 

WRt STATUS AFFEC1S VECTOR EXTERNA< INTERRUPT E'lo&E. 
TR'"5"1T IN1EARUPT ENAIILE OR WAiloReAOV MODO !'NAacE 

WR' REOUEST TO SENO. TAANSMIT ENA8H, BISY'<C CRC, 
TRANSMIT CHAOV.CTER CE~GT>< 

W~EN INfEMUPf ¡w~¡¡ RfM>Y} OCCURS 
• INUUOE.<nECLUOE CATA OYTE FROM CAC 

ACCL''.'ULAHON fiN ~101-
• TR~NSFE A CATA BYTE FAOM CPU iOR MEMOAVITO SIO 
o DETECT ANO SfT APP~DPAJATE FUOS FOR CONTROl 

CHAAACl ORS ¡.N CPU¡ 
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Of MESS.O.G~ IS OHECHO 
• IJPOATE POINTER$ "-""' PAR.....--rEAS ICPUl. 
• AETURN FROM INTEIIIO.JPT. 

iF EAAOA CONOITIOt< OA ST~TUS C><ANGf OCCUFIS 
• TAA~SFER ARO 10 CPIJ 
o E<ECUTE [AAOA AOUliNE;. 
• AET!JAN fACI.< INTE:kAUPT. 

OISA!llE I'<A,.S<tol MOCE 

COMMENTS 

Tra"""''"on beg,n• onfy "~"' Cf'S,. 

""'""'""· 

E•ternal ln:e""P' mode ""'"''"'" 1r>e 
.,.,,. o1 m an<l Drn '"P"' p.ns •• woll 
•• tM ol;¡tus of Tx Ur>dortun EOM lalch 
Tron•mll lnle"upt Enab'o mw·upts 
"~"" "'" TransrM bullo• boco,.., ... 
ompf';, tho Wao: Reac1· modo canto usod 
to lrano<eo dato "'"'9 ~MA or CPU BlOC>. 
Tran•let. 

h .. smo e"" Eoable SI>Ould ¡,¡,sol w~'"" 
lorst ....,,..oync dala '' senl ta l00-'!'0 

N••d ••verol 5yn< chataC1ers 1n lho be· 
g•nn.ng of message Tronsrn•nor ·• 0olly 

'"'1'"'''"" 
Wo~ong l<>r onlene>pt 01 W&il ~ady o>u:p<.o 
10 trenole< <lata. 

lniOff<J!'\ OCC~r$ (\1/0iOI~•dy 1>0-C<>mOS 

""'"'") "'""" fiJSI oa:a ~)'lo " ""'"'" •onl 
Wo~ moele allows CPU bi<Xk lronsler 
from momory lo SIO, Aeady =d• •'"'"' 
DMA block :'ansler hm IT••"'<>ry lo SIO 
Tl>o OM~ Chip """ t>e prog· •mmed lo <.aP· 
Iuro >PGOII <>:>ntrol ol>a,~<t••• (~V .,_ 
amnong ""'V lho t.!S lhat ~!y •scu or 
fiiCCIC C<li'IUOI d'laraCI..,ol. and inl~"'"'' 
'~ 
l> IJ<odorru.-.<0" lllíl.cale11 ool~e< ,,.,..._ 
rT"ol unde~un (syoc oha••<lo< t>o..-.¡; senil 
or ond of rreesóge (CAC·16 1»·"9 

"""" 

Poogram s.'>t>old g•aoelull)- ,.,.,..r .. :e 
-.._.ge. 

-------------------
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<hRr,ocr"' in th< buffer '<maim in thc buffer_ lf the 
''·"''""''''' i' o!i,ohlcd ~>hile nC" i< ho1ng '""'· tho 16-bit 
::o•.,,n,;,,;.,n ;, cOIT.~Icted, hui •¡·nc ;, •em in<teod of 
, •r. 

,\ P'<'!''·""""'d bo,·al. ¡, df,•cli•c ~~ •non ~~ i1 i< \Hit
ten i"'" 1h~ ,·om~<>l •<!"i•tcr: ,-h·""''"'' in 1hc 1r•n•mi1 
\>ufr<r and ,¡,¡, resi•oer are ln<l. ,. 

In all tn<ldel, chor<KlcTS are "'01 1'llh thc koq Slgtlifi
cotll hi" finl. This royuires ri~lll-hand jol511ficdlion of 
lr.,n'lni•tod ~a1a if the ""'d lcn~th ;, b, lhan eight 
bll•- lf the ""'d leng1h ;, file bits or le.,, the >pedal 
rechnique de<r:ri~ed in the \\'rile Regi5ler 3 di>eu"ioo 
(l~0-510 Progr~mming >ection) must be used for the 
Jala fo:>rma1. The Sla~rs of an)' unu-.d bits in a data 
eharoctof aro irrd~anl, e>eept "hen in the Fi•e Bit> Or 
Les• m<>de. 

lf lhe f:\lcrnai/Stalus lnlcmtpl Enable bit is '"• 
lrotl•lniorer cnndi1ions •uch "' "«arting ro sénd CRC' 
rh.,raCI<"r<," "51arting to ,cnd ')'OC characters," and 
<"'TS d"•nsing <rato causo in1errup1< that ha.e a uniquc 
•cctor if S1J1us Affcct> Vector is '"'· This in1crrup1 
modo ma¡ be u'"d during bloc\. tran<lers. 

All intcrrupt5 may be di<ablN for operation rn a 
Polled mode, or to "'oid in1crrupts at inappropriate 
limes duting lhe c-.cution of a program. 

S~·nchronous Rccche 

l.'f fiAUZ." nO~ 

fhc.')"l'tll [1iú~ra1n innialc' thc S)'nchwnous Rccei>e 
<Opcrali"n wi1h 1he folle"""~ parametcr<: ndd or e"n 
parity, 8· "' 16-bil »n< eharactcrs. >< 1 dock mode, 
r•C pol¡nomial, 1eeeivc charaelor length, etc. S¡nc 
charoe~ors mu" be loaded into resi11crs WR6 and WRl. 
Th< re<eiHr< can bc enabled onl~ a/1er all recci>e pa· 
rdmelcr< ate •ct. WR• parame_tel5 mu<t he i«ucd bcfore 
"R 1, " k), WR 1, WR6 and w Rl parametcrs or rommand<. 

,\flcr thi• i' done, 1 he reeei '" ;, in 1 he Hum phasc. lt 
rem.>in< in¡¡,¡, phase unlil charaelcr •ynduonizat1on is 
•chie>ed. Nnte 1ha1, undcr prt>~ram «mtrol, all thc 
lcading <)'nc characteiS of lhc me;,.<~< can he inhibitN 
from lnading 1hc rec<i-o huffers b¡· '"lling the Sync 
Chara<W Lnad Inhib11 bil in "R). 

After .:h>ldctrr ')nchroni;ation i< •chie•ed, the as
'0Jl1blrd rhar.<el<'fl •re lran,frned ro lb< rc<ei•e data 
llfO The follov.ing fo,ur itnerrurt ll><>do; are a•ailahle 
tn or~r"fer lhe JalO and ir> a"o"aled "a1us 10 rhe .;-ru. 

.\'o lnl<rrupiS t:n•bl<d. This m<>de i< u<ed for a purcl~ 
rnlkd or~rJtinn or for off-line condilion•. 
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lnlrrrupl On Fir;o Ch8r8c!er Onl)·. Thi< morle i; norm
all) m.-d 10 Sldrl a polling loop ora Bl"d Tran•fer in· 
"ruction using "~JI;~~AÓY lO >ynchroni;c lhe C"PU or 
1he D\g dcvke to tho ineoming data rato. In thi> mo< 
•he Z80--S10 in'"rrura on the first char•clet anJ tho 
afie< inoerrupl¡ onl} if S~cial Rc-cei•·c rondili<>n< aro 
dclteled. The mnr:k i< oeini1iali1ed with lhc rn:ohle Jo
remo f'l On Ne\1 R "' h e C'h a rB<Iet '"" ""'""J 1 o "llo" 
lll< noxt charactcr tccci•cd to ¡enrrat• an inl<trUpl. 
Pa11ty erro" do nnt ,·ame interr"P" i11 lhi' ""'"'· hut 
End 01 Frame (5flt (' mode) and Rec<i•e Q, ,·rruo Jo. 

JI E'letnai!Sialu• inlenupiS are enabled, lhe)' may 
intenupl any lime lX:D ch.ong.,; 5131<. 

lnH·rrupt On E-.,. Ch~r~<ler. \\"hene><r a ,'h.Hac!or 
enlers lb< reeohe buffer, an intertUpl is gem·raled 
Error and Spccial Rocehe ~o~dit1om generare a >r<"Cial 
>rclor if S101us Aff•cn Vector is <elecled Oplio.,all)', a 
Parir) Error ma¡- be dir~cTed nO! lo gener•lo thc >pe,ial 
inlcrrupl ,·eclot. 

Spteiol Rteei'" C"ndillon lnlerrupl<. Tht Sr<"eial 
R ccci>e Condilion in ter rupl can occur only i f enhrr the 
R~·ei>e l~l<rrupl On Fim Charaele, Onl}· or ln•cr~upl 
On E•erJ Roce;,, Charae1e1 mod.-. i< ai<O "'t. The 
Spocial R«:ei>e Condi¡ion inlertupt is cau••d b} •he 
Recoive O~·crruo ertor eondi¡ion. Sincc 1he Ro«i•e 
Ü\Crruo and Paril)' error staiU\ bns are latched, lh< 
rrror sratus-~<·hcn road- renee1' an error in 1 he cur ICnl 
wnrd m the rocehe buffer in addition 10 an;- P~rity ( 
O•·orrun erro" t«<i• ed since 1he la 51 Error R<«l '""' 
mand. The<ie staTus biu can only be resct b~ 1hc ErfOr 
te<CI command. 

CII.C Error Chrrl.ln¡ ond Ttnninalion. A C"RC <!ror 
chcci- on the rocei•·c me~sage can be ~rformN on a ~r 
charaelcr basis undcr program c"norol. The Recei•• 
c•c Enable bi1 (w~J. o1) "'"" be 'eJ/rc;et b¡· 1ho pro
¡;ram belore <he nnl characler is tramferred from lh< 
rccei>e shi f1 regi<>er into lhe recei>e buff cr re~i<lcr. Thi< 
ensures pr.oper indu<ion or eiclusion of data char~eter> 
in the C'RC check, 

To allo" the C"PC ;¡mrf• l·rme to cnable or disable the 
C"RC" check on a pan i.:ular ch3racter, the Z80-S 10 ,·alcu
lale< C"RC eight bit 1ime5 afler thc charactcr hai bcen 
uansferred lo the recoive buffer. H C'RC" " en;¡bled 
before the next r:har•cter is lran,ferred, CRC" ;, coku· 
laled on 1he rramfened characrer. rr C"RC" ;, Ji,ablcd 
bdure lhe lime of tbc "'" tran<fer, ealr:ulation pro
<"eod< on l~e. ~<ord in pro~te<<, bul th< "'ord jmt tr~ns
fcrred 10 the buffer i> ttol included_ \l"hco lhc5e roquiro
mtnl5 are '-'lti5fiN, the 3·by1C recei•e data buffer i•. in 
tffc<l, unu<ahle in Bi>)ne O~<alion. c•c rnay bt onabl
ed aod di,..bled •• many limo• a, nec<<""'-r) lora ¡hon 
calc~lalion. 

In lhc ~~~nO<)n,·. Bh;n<· and E"crnal S¡nc rtt<>de<, 
tho t'R('/Fraoning ¡:,,,,hit (RRI, o6¡ C<\11laim lhr.-nm
r•ri,on re>ull o/ lho' "'" l'hrchr 16 hitlirn<S (cight bi" 
dola)' and r1~hl •h•fu f<>r (R<:) af1Cr tbo charaelcr ha< 
bocn uansfeo«d fwrn· th< IOceivc shift rcgister lo lhe 
buffer. The ro,ull •bould be l<ro, indi<"ating an error· 



free n""'"''"i~n. í"o'• thal ¡he "'ult ¡, •alid onl}' al 
thr cnd of ~~C" rolcula1ion. lf the '""'11 ¡, t>a•niued 
hdnre 1hi• lim~. ¡¡ "'">.11) indi,·a,,., an error.) Thr com· 
pari•un ¡, 1n.1dc \~llh c;och <ramf<r and is •alid e>nl) a< 
lonG as !he characl.:r rrmoim in lho 1<'<ei1e IIFO. 

foiiO~<Jng" an r\amplc of thc c. e cheding opcn· 
tion ~<hen four charactcrs (A, B, C and D) are rrceivcd 
in thal ordcr. 

CM·•cre< A lc>ded '" 10 ~uller 
C~•• ocle< S IOOded •nlo ~ulleo 

Jf '"' ¡, di~abl<d ~eforc e;, in the buffer, (O("¡, not 
calcub1ed on B. 

Co•••«•• C kladed in lo buller 

A ner C ;, Joaded, tl1c e RC 1 Fran>ing Er wr bit <hows the 
rcsul! of thc comparison tlorough characler A, 

• 

!lfrcr D i< in lhe huffer, the C"RC Error h'n sho~<s the 
lt<uh of the comrari<on throu¡h chara<~cr R "hethor '" 
no1 B "'"' indudrd iil ¡he CRC ~alcul>tions. 

Due 10 1he <erial na1ure of CRC ralcula~ion, 1he 
R•·oeJ\e Cloc~ tRI m'ust qclc 16 1im" {S·bir dcla¡· plus 
S·bil CRC <hift) •fler !h< .econd CRC <P•'a<ler has been 
loadcd iniO the rrcei1e buffrr, or ~O''""" (lhe predous 
16 plu< J.bil buffer de la¡· artd J.bil inpu1 dda¡) after the 
J.st bi~ is at !he R•ll input,' bcfore nc cakulation is 
complc1e. A fa<lcr C\1erna] dock can he g"rd Ínlo the 
Rtcei•e Clod input 10 •urply lhe rcqu>red 16 e>d"'. 
The T<Jnsmil and Rece he Data Palh d1agram (Figute4) 
illu•trales lhc ,·arious poims of dclay in thc nc palh. 

The rypical progrnm ""P' 1hat impkment a half
dupln Bis)n< Rcceile moJe are illuSTral<d in Tabl< 6. 
Tht complc•<i set of command and ""'"• bi1 dcfinitíons 

• are e.plained under "Z80·SIO Pro¡¡romming." 

FU,CTION TVPIC.O.l PROGRAiol SHPS COMMENTS 

I"!TIA.lllE 

WRO C~AN .. El RESET, RESET RECEN E CRC CHEC~ER 

W~O POIN"R 2 

WR> I"TERRUPI VECTOR 

wR• PARilv IN•ORW.TION, SVNC .. OOES ""fO« .. ATrON, • 1 

Cl.OC" MODE 

WRO PDINTER 3 

W'IJ SYNC CH"F!,ACUR 10.00 ,,.~,BIT, R~CEIVE CAC ENA!ii.E: 
ENTE A >flJN'TioiOOIO. AUTO ENioalES, AECEIVE CH"R"CTER 
l._GTM 

WRO POI«TER 1 

WR1 STA11JS "" tCTS VE OlOR, fX"RN>L ,N 1 óRRUPT ~NABlE. 
~E CE \VE IN'TERRuPT 0N F IRST C><ARACTER O><l Y 

" 

Sync cNuocter loacr inh;t~o~ Slripr; all 1t>t 
leodmv oync c~o<octo<o olllle be¡¡~ 
ol f>e messoge Au!o !':""tlles enotoees 
lh~ roceove< 10 ~coe~l do:o <w'l>¡o .,,.. "'

~ "'P<'I •• ""''""· 

In th\5 "''"~""' mo<le. 0<1~ ""' ""'"""" 
,,.,. daiO c~"'aooer '' l'ansle"od lo lOe 
CPU All sut>;eq"""' ~•la '' 1raoo!etoed 
"" a DMA b.ws; ho~•·'e' Spocal Ro· 
'"""" Cond.loon """""~'" ftl on:e<<upt 
1~e CPU Slatus Affe<ls Vecto< used "' 
c ... rne~e 0<1y. 



FUNCTION 

IPotTIALIZE 
¡CONTINUED) 

• 
11 

TYPICAL PRQGAAM STEF'S 

WR3 ~ECEM' E~A6UO. SYNC CHARACTER 10.0.0 ~~~16il, E~TER 
HU~T V)QE, AU10 EN•!ILE. ~!CE:JVF: WORD tl ~GTH 

COMMEI'HS 

Resor.,"'l t'l<o tntoorupt rnode · pcr -"es 
"""plo p<o9••m loop~Ck or,lry > 
,...t uansaoc~on. 

1'.'><3 ,0 re,.suood 10 ""'"'" "'"""er. Re
ce..,. CRC Enable rnuot b• ••t a~er re· 

""'"'"~~ SOH or sn ot""""'"'-
···-----·---·----_,--·-----'--
IOLE MOOE 

DUATRA"SfEAAND 
STAT1JS MQNITORING 

lEA~INAnON 

E"CUTE HAI T IN$1~\JCTIQN OR SOME OIHER PROG<A"' 

;'!HIN '~ IERRUPT ON FIRS1 CHAAACrER OCCIJRS, IHf CPU OOES 1HE 
FO .. Co><NG 

o T~ANSf"-"SOA1ABYlET0CPU 
• 0EIEC1$A~O SETSAPPROAAIA>E FV.G$ FOR COOTROl CH""-

ACTEAS ¡tN CPU¡ 
o t~ClU~ES HCI-UDtS [lATA BV'IE IN CRC CHECKER 
o UPOATES POI"ERS A~OOTHEA P~RAMHEFIS 
o ENA8c ES WA-T•RE•.l,. FQR OMA.O?ERAlOON 
o (NA8HS DI._ CC~TROCLER 
o RETUR~S FROM t•ITERRUPT 

Wl<f~' WAoi.11E'!>Y !!tCOMfS ~<;;ffVE. 1~E DMA <;;OA>rRQ¡CER DOE S THC 

muo~.NG 

o TR,~SfE"'l DATA 8YTE TO """""'' 
. o l~ll eRUPTS <;;PU W A SPHlAL CHA~ACTEA IS CAPTUR[O BY THE 

DMA CO..TAOUEA 
o INTER~UPTS THE CPU IF THE LIIST CHA .... Cl!"~ OF THE MESSAGE 

IS OETECTEO 

fO~ MI SSAGf lf~MINAfl()~. TI<E c•u OOOS TKf fOLt(nWM:l 
o T~·NSFtRS AA\ 10 T~E CPU 
o SOTS •Co<. NA< AEP'L Y FUIG BASE O ON Cl«: AESUI-T 
o .... OAT<S POINTf"'l •~O PAF>AUETERS 
o RETURNS FROM o~ TERRuPT 

DIS.O,Si.ES REC.CIVE !,OOOE 

labio 6_ Blsjnc Aoeol•• Mod• (ConUnuod) 

" 

R.coive mo~o '' lull) '~'''·''''"' an~ tne 
•ystom !S "•>OQ lor o<>torrvp< 011 1"$1 
c>.arocoer. 

Ovnng the H....r """"· toe 51(1 ele:"'"• 
two con1•guoos c..~a•aCie<s lo eslaCW• 
oynchmno.zal.on ne CPU cslablls!"H the 
0'-'A mo<le aoll a~ ""~>eQuOnt ~ata cha•· 
octors are t<anslo"e<l 1>)< e.e o·:• C()(l· 
tm¡Jo.,, Th@ con:•cilo' ;, a·•~ P"''9'a..,-,.,; 
ro c;w1"'e 3peoal cna'"''"" (1>)< o>am
"'""' ooly tho O.:o !No! '""""" •SCiJ or 
EBCDIC ConlrCI ct .. 1"0"e<S) a<>d 1nle"UPl 
lf><l CPU t."?O" ""e<:l""'- In re._,.., 
rM CPU e•arn•no• lho >101\rs or con1r01 
eha-. ond ,.~ ... o;.pro¡na~e ~01000 
(e g. cRC Enoblo Updale). 

TI>O -SIO rntor<up~• the CPU lor er.o 
d•l<ln. and t11o 01101 rou11ne at>on. • 
pr11 .. n1 mes•oqe. dears lhe error conclo· 
1101\, a<>d <epealS lhe operahon 

' 



SDLC (HDLC) Opcration 
--------

Thc /'.~0-SIO i< capabl~ of handling l>oth Higb-lc.el 
S¡n.:hr<m""' Oa1a Linl- C"mrol <HDLC¡ and IBM S¡n
chrono!l< Dora Un' Conlrol <'DICI prmocol•. In thc 
follo,. in~ 1~\l, onl¡ ~DLC i< refcrr~d lo bt~•u•e of the 
high d~gr<c of >imilarit" ~"""''" SnLr- and HDLC. 

Tho SDJC moJe¡, con<iderabl¡ difbenl rhan S¡n
'h<ono:>us Bh¡nc pr,,locol l>ccaLJ>o il is bil orienled 
ra1ha lhdn characl<r ori<nrcd and. rher~fore, can natu
!.1lh handlc tran<parenl uperation. Bit orientalion 
.,.,¡.,'"'e a nc1ihle prn10col in •erm< of me»age 
kng1l• ,,,J hil patl~'"'· The lS0-~10 ha, <<~tral buih-in 
fealt¡r« 10 )r.mdlc >~riablc ffif!.<agelcnglh. Dtraikd in
formorion ,·nn<'orning SDI <' rrolt>d>l c.1n he found in 
litetdi!He pul•il<hed nn 1hi< .luh¡ect, <uch o< IB.\1 docu
menl GA27-.l093_ 

Tho 'DL<' me''"~<. callcd the fr·•m• (figu,. 8). Í< 
opened and clo'"d b¡· nag• 1ha1 are •imilar lo the •¡nc 
rl!arac!er< in Bi<)nC pro¡oml. Th~ 1.80-$10 handle< !he 
Jran.,ni"ion ~nd re.:ogni [Ion ~f lhe nag ch"rac!crS that 
mar~ lh~ be~innin~ and ~nd of lhe frame. :-,'otethat the 
ZS0-510 can rec~i' e ;hared-teJO flag<. but cannot tran•
mi! thom. The 8-bi1 ~ddress field of an SDLC frame con
raim ¡h~ <ocnndarr <tation add'""· The ZSO-SIO ha. an 
.-\ddrc'" Scarch mnde lhat recogni>e< 1he 1ccnndary sta
,;,,n addrc>< <o it can acc<pl or rcj.cl !he fr~me. 

~ioc·e <he wmrol fidd of thc SDl(" frame is tran•par
cnl 1!1 ihe ¿~O.SIO, 11 is s"n¡>l)' 1r<~nsfertM lo the CPU. 
Thc :?.~0-SJO h~ndlcs the Frame Checl ;equence in a 
mann<r lha< ;imphfie> ohe pr<•gram h\' inCMp!lr31ing 
fea<ur« <uch a< inoli.ll[,jng the C"RC gen<rator 10 all 1·s. 
re~ening the C"RC" cheder "hen 1ho opening nas i• 
dolee~ed in the Recei•e mode, and .cnd1ng lhe Frame 
Cheol/FI~~ <<<!'""'"in 1he Tran;m'll mode. Con1r0llcr 
hard"are is 'implified b¡ automalic '""' insetTinn and 
Jdction l<>~ic conraincd in tho ZSO-SIO. 

Table 7 <ho" s ¡he conten" of" RJ, "R> and "·~ dur
in~ SntC" Rcc·ei•e and Tran>mil mode<. WRO poiniS lO. 
nther <e~i,¡ers and ;,.ues 'ariou, commands_ "RI 
define• the Ínlerrupt modes: "-R: "0"'' th• in1<trup1 
""ctor. "R' 'lores the flag choraclcr and 1\'R' !he ••c
<l!ldotY addr<"<> . 

........ 
·-· "" 

1 
"" .... " " "" L_ _ __L_ _ _L __ ,, 

SDI.C Transmil 

1 ;.,· 1 TlA i.J'l.A 1 IO.'i 

lil.e S;nchwnou< opcration,rh• SDIC" r,,,.,,;, m<>Je 
rnu" he ini"''li"·d "ith the following paramelot>. sol e 
mode, SDLC pnl;nomial, R«¡ue" To Send,' Da1a Ter· 
minal Ready, lr~o"mit <:har.<"l<t length, lran,nil intcr
rupl modo, (l!r 1\'"it/Redd)' funCiion), Tran1mit F.n· 
able, Aulo Enablc< anJ Exlefnai/Soalu> intcrrupt. 

Selecting the ~lll.C mode and lile ~DIC pOI}nomial 
cnabl,.. thc Z8()-SIO to init'oalile the c~c Generator 10 
a!l 1'•· This is accompli•hed b) i<<LJing thc Rese1 
Transmit c~c G,·nerator command '" ~01. Rder lo •he 
Synchronous Ope¡otion .e•lion for more de1ail• on 1he 
int<rrupt mod<>. 

Aflef fe>el, Of "hen lhe tra!l5milter is nol enabled. 
the Trammi[Da¡a ou1pu1 is hcld mar~ing. Break ma¡ 
be pro$r.tmmed to ~encrate a 5pacin¡ lino. ll'ith rhe 
lransmiu<T fui!¡· initialil<'CI and enabled, continuou• 
flag< areuansmiued on 1heTransmit DaTa nutrut. 

An abon ..-quence may be scn1 by Í!>uing the <;end 
Ahon command ¡WRO. ntr:¡-,¡_ Thi< cau~<< "' """" eigh1. 
bul 1,.., than founeen, 1 •$ 10 be sen• b<fore the lino 
r<•em lo eontinuou• f1ags. 11 is pn"ibletharthe Abon 
sequen ce (<ight 1 's) could follo"' llp To fi•·e c·onTioLJous 1 
bits (allo"ed by th< 1ero in.ertion logic) and thU> <au•e 
up 10 lhin«n 1'• to be .enl. Any d~ta btin¡tran>miued 
and anydara in lhe tran.<mil buffer i< lo" o.hen an •bort 
is ¡¡<uod. 

\l'hon re<¡L!Íted, on "''"O;_, auron'"li<all) i"'<rled 
"hen 1h'Ce are fl>< conttiUOlls l's in ¡he data 5tream. 
This doc. nol app!y lo nags or abom. 

0.-\ TA TRA,,SH:R ·"-·'D STA T1;S .\10:'<-IIORI.'G 

There are •t•~ral combinatinns of im<rrupl5 and the 
Wai1/Read} function in th• stoc modo. 

'" 
'" "' """' ., ., -...... ~ 

' • • • 
•""~ .... ... _____ ,_. ___ _ 

" 



• n'"" T ro ,,.r, ' '•in~ r """"PI<." lf r •·~ rran<miT 1 m~r- ·.., 
•'·1'' ¡;,,_,'•le h1L ¡, ,,.¡_ ''" ¡¡,,,, rup: i< ren<,~•~rl •-•~h 1im~ ., • .-, 
1\r ·-~¡~~f ht·C<c~· <'m¡>i¡._Thr in1crr11p1 ma) he •aris-
r., ·~ ,-ilhcr b) <•riring annlh•·r ,·h·""'""' irno 1he trans
mill<r or b)' '''•llinr rhc T'""'"'" 1"''"'"1'' Pending 
¡.,r.:h "il h ,. R e•cl T r:.~<miu~r Ponding <<>mmand '" ~o. 
C\10¡1. lf thr irllerrrrpl i< 'atill"ird '"'h rhi< ,·omrnand 
""d nolhing moro;, 111Í11<n into 1ht lr•nsmiuer, lhere 
aro no funher lr~n<miurr in1crrup". The rtJult is a 
fr~n<mil Undcrrun condirion. ll"h<n :Otl<>lher ch .. racter 
is "<ÍIIen and •enl oul. 1he lran<nd!ltr can a~ain 

~'''"'"" cmpl) and inlrrrupt thr {J>U. Follo"ing lhe 
flag• in an >DI C operalion, !he S-bit addrc» ftrld, con-
aol lield and informolion fi~ld ma)' be srn¡ 10 lhe 
hO·SIO u<ing 1h~ Tran;mil lntcrrup¡ mode. Th~ 

/.,:0-SIO lr,msmill 1ho Frame Check 'cquen<e using lhe 
Tro.,;mÍI UnMrrun fealur<-

1\'htn lhe lrans•mtlrr is fi"l en•hlod, il is already 
en•piJ ·lnd nbiousl•· cann011hen beco m~ empl¡. Thcre
fN<, no Tran.•mi1 Buffer Empty iniNrupt< can occur 
un•il af1or 1he fi"1 da1a charac~er" "rillm. 

1\'hon 1he !fan,miller is first mabled, i1 is already 
emply and cannOI lhen hccome empty. Thorefore, no 
Tran<mÍI Buffer Empt;· inlerrupts Cdil occur until af1er 
th< ~r<l d.tla ch:Hacler is '"'iliOn. 

llor• Tnnsfrr l'•inx W•ilfRnd). lf !he Waii!Ready 
fun«ion ha• hocn >elected, I'>AIT indica1es to th< CPU 
t~al the ZRO-SIO ·" n01 road¡· to accepl the dala and lhe 
<"PU mmt c\l<nd the 110 cycl<. Toa D'l" con1roller, 

,, H ~D\ indieOI<< 1 hal 1he transmill er bu ff cr isemptY and 
ohal lhe Z~O-SlO is r.ady 10 3<<<pt the ne" character, lf 
lh< da1a charac1~r i• not loadt"d imo the Z80-SJO by lhe 
,·"ne the 1ran1m·., \hift togislcr is emp1y, the ZSO-SIO 
cnt<rs 1hc Tran<mi1 Underrun condi1ion. Addreu. con
!rOI and inform~lion fidds may be lfansferred to 1he 
zgO.SIO "ith this mode u<ing the Wait!Ready func
lion. Thel80-SIO ltansmi" thc Frame Check sequence 
u>ing lhe Transmi1 IJnderrun fcalure. 

BITT BIT & BIT • 

._,lli.CTr•n'mitl:n<ltrrun/F.nd Of .\!<•'>~<. SDlC He 
pwtocol' do not h-11'< pro,-i,ions for fill d'·"·'"'"" '-'Íih
in a me><age. Tho /80-SJO therofore auh•m~li<a!ly let· 

minal"' on ~DIC fram< "h~n thc ~ran•nHI d;oTa ~11ffc• 
and oulpul 'hift ro¡¡ister ha-. no more bil< [O •<nd. 
dnes ¡his b)' fím •cndins 1110 lwO b¡·~es of nc an, 
follo.,ing tho.e "ith ono or mor< flags. Tlús tochnique 
allow¡ , . .,y high->pted tran•missiom unda D\IA or CPU 
blod. lfO control "Íthout rcquidn¡¡the CPU 10 '"lX'nd 
quidly lo 1he end of m•"•B• silll~lion. 

Th~ action lhatthe 280·510 la O e. in lhe underrun SÍI· 
ualion depend, on 1he "ale of the Transmi1 Underrun/ 
E0\1 comrnond_ Follo" in¡: a "'"• the T'"nsmit Under
run/[0\t sta1u• bit is in lh< <et "al< and pr.,cnts the in
sen ion of CMC charaCI<ro during the lime 1h<r< is no 
data lo <end. Con<cqucnll¡•, flag chorocle" are .en1. 
The ZSO-S!O hegios ro .ood rhe frame a< dota;, "rinen 
into the tranlmit buffer. Bet,.een thotimet~e fint data 
by10 is "'filien and lhe end of th< me"·'~'· tho Re<ct 
Trammil Underrun/EO'>t command mu¡t be i••ued. 
Thus the Tran<mil UnderrunfEO'I sta1u' bit is in lhe 
re•et Sial< at.lho end of 1he mes;~¡:• ('-'hon ut~dcrrun oo
rurs), .. -hich amomalicall~ sends the CRc charac1e". 
The sending of CRC a¡;ain •ets the Tran¡mn/Onderrunl 
EOM status bit, 

Althoush lherc is no r~miction ao 10 .. t,en the Trans· 
mit Underrun/EOM bit can be resel within a m<ssa~e. i. 
is usually reset aftcr lh< firsl da11 charatlcr (>~ondary 
addr<ss) is senl 1<> the ZSil-SIO. Re•ening this bit allo,.·s 
CRC ond nags to be <ent when there ;, no da1a ro ••nd 
~<hkh gio·e• kddilional time lo 1he CPU for recosnllin¡ 
!he fault and r.,;ponding with an abort command. 8~ ••· 
selling it early in the mesoage, the enlirc me« ase has tho 
ma•imum amoum of CPU response lime in an unimen
tionalrransmn underrun •itua~ion. 

BlT l B¡T 2 BIT 1 BIT G 

WAl 

00 • A• 5 BITS CHAR 
10 • A• S BITS CKA.R 
01 • R1o 78<rSCKA.R 
11 = A• 8 BITS:CHAA 

AUTO 
EN48t.ES 

[NTEAHUNT 
MODE ¡1> 

INCOM!NG' 
DAT~ NOT 
NEWED) 

ADORE SS 
SEARC>l 

"'~ 

o 
,, 

E'l48t.E 

"' 

' o 
SHECIS SOIC 

00 • h ; BITS !OR 
L<SS¡ CKA.R 

10 • T• 6BITSCHAR 
01 T. 1 BITS Ct<AR 
11 T, 8 BITS CHAR 

-
o 

" 

•• 
ENABLE 

o 

o 
SHECTS 

SDLC 

"' 
'" 

o 

1• CRC 
ENABLE 



• 

• 

\\'hen the r:,rcrn:.IISI"I"' Írl1crru¡l1 ¡,<el and \\hi!r 
~·· Í> bóng •mt. thr Tra,•mil Undcrrtmii-OM bit i•set 

.l!ld th~ rran•mit Buffer f:mpty hit"'"'" ro indicatr 
th.,t thr '""''"''' rc~i""' ;, full of CRC data. When e-oc 
~-" h,·,·n ,ornpktdy 10n1, lhr Tran<mit Buffer Empty 

'•t.llll' bit Í< <el and on intcnupt i< ~enora1rd 10 indicate 
ro the <PU that anothcr mO<<aHC c·•n begin:This inter
rupt oe<uf' he<amr nl' h," hccn <<nt and thr flag has 
l:>rcn h>.1<ied. lf no mote mc.-age> are to be""'· tht 
~ro~ram , . .,, terminote tr:n"mi'lion by rcselling m. 
3nd d1'abhng thc lr.H1'mitter, 

In the ~[ll e nwdr, ir is ~o,,d prae<ioe 10 reset tlle 
Trammll Gndcrrun/tO" """" bit immrdi;Hely after 
thc fif'! char.'Ct<r is •<nt lo thr Z>0-510. 1\'hen the 
Tran,mit ündeHl>O is detC(I«i, this emurtS !hat !he 
a.•nsmi«ion 1ime i• filkd b)' nc rharae~c", si,·ing the 
CPU cnocsh lime lo is•uc the Send Abon comrr.and. 
Thi• ~l<o HOps 1hc naE• from [<>ir.g on the line prema
!ure!) and elirr.inate• the pos¡ibiluy of 1he recei<er ac
,,-ptin~ the fr .. mc as •alid data. Thc sirua:ion can hap. 
p<n ~ccau•e Íl ¡, po .. ible thll-31 1hr r<cci•·ing end-thc 
dara pallern immcdiately prrceding thc automa1ic nag 
in1<rtion could maoch the CRC checl<er, giving a fal~ 
CRC chcc~ re1ult. Thc E"crna]/Sialus inlerrupt is gen
erat«l ~<·hcnc\<r 1he Tran1m11 Undcrrun/EoM blt is ~~ 
t>e<ause of the Tran1mit Llndcrnm condilion. 

The t ram n1 it undcrn1 n l~gic prn• id e~ additionat pro
tcction against premaTuro nas in~ef!ion if the proper 
rcspomc is ¡;i•·cn to the ZBO-SIO b}' thc CPU intenupt 
<ervicc routine. Thc follo.,. in& c>ample i< gi.cn 10 daf. 
if} thi• point: 

•~• zao SIO •~·U~ on inle"u~l w•lh 1~o T1ansm11 9ulfor 
E~'~'' SloluS bol .. 1. 

The <"' oou nol 100~0M on ""'e ond causes • T••n"""' 
UndoHun condl!oon. 

T~• """ e><nluallt ••••sloeo lhO l•onom•l Bull@l Emoly .,. 
'""""' wlln o dot• <ho•a<la• !hol lo lOo .. o 1nec•< cha1aele1 
b•lng honsmHiod. 

The l50-SIO H10 tOO E•lo•naiiSLalus 1n1e"uPI ""h lhO 
l•ansmol Undc,unloo~ Ololus ~·1 set. 

Tne cou !OCO~nlies the Ttencm•l liM<.,un'•oM Sial u$ ond 
deletmonoo hom liS tnle1nal P'l•g•om slolus 1hal tn• onle•
•upl os nol 1m "end ol mo.oago" 

Tho CP\.' lmmodoololy '"'"""a Send Abo<l Co•nmoM ¡,...,,lO 
1ne Z80-S10 

Tnol80-S10 ••nd•lhe Atoo<l ""~u once by dewoylng ""••
"'"' dO! a l<•c. o••• m ltagl i1 be•no "'"!. 

This '~qucnc~ illumate~ 1ha1 1hc CPU ha' a prot~<· 
tion of 12 minimum and ~O ma•imum 1ran•mit docl 
·}·des. 

_,ni.C CRC Gen•••linn. Th~ nc renerator m u" be 
reset lo a JI 1"• 01 ¡he beginning of ea eh framc befo re CRC 
accumlllat'ton ,·an t>egin. A<lual acoumulation begins 
"'hen thc program '~nd• tho •ddrc" field (eight bm) to 
the 00-SIO. Although the nO-SIO au1omatically 
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tran•mits onc nag c~aractcr follo,.ing thc T13"""" 
Enablr, it ma)' be "i'< to ""d a fe,. more n~ll chMa<· 
'"" ahr•d of the mr<,.gt ro en sUr~ cb,racw \)ncbroni· 
¡:ation al thc r<-•oidng end. Thi< can t>e done b! clfer· 
nally timing O<Jt afrer enablin~ the tran;nnller and 
beforc lnading the fir<t character. 

Thc Tran1mit c~c Enablc ("R), o0 ) should br cn
ablcd prior lo lending the address flcld. ln th~ 51Jl e 
modc a 11th< <'h~racle" be!"CCn !he op<ning and ck><ing 
fta¡¡; are included in CRC ar<um~lall<>n, and thc rMC 
generat~d in tllc Z80.SIO 1ramminer i• in<crted ~fNe 
i1 is nn• on the line. 

T<an•mil rrrmln•tion. lf 1he uan>miller ;, di•abl«l 
~<hile a characur is being •mt, 1hat charac!Cr (<l31a or 
nag) ;, sent in th~ nmmal fashion, but" follo~<ed b< a 
ma1l.ing Hne rathcr than CRC or tl.ag characters. 

A character in thc buffer "hen thc trammiller ;, di;. 
abled remains in thc buffer: ho"t<er. a prn~rammcd 
Abon .. quence i¡ effect11e a• soon as it i; ~rittcn in ro 
the control 1cgi"cr. Character< being trammitted, if 
any, are lost. In tlie ca•• ofCRC, thc 16·bi• trammi,ion 
;, complctcd if thc tran<miuer is di•abled; ho,.eo·er, 
nags are <Cnt in place of CRC. 

In a ti modes, charactcrs are <e ni "i1h 1he lcasi·Si~nifi· 
can1 bits fim. Thi• rcqu¡rcs right-ha,;d justification of 
data to be tran•milt«l if thc "'ord length i• le<s than 
cight bin. Jf the "ord leng_1h is fi10 biu or le~s, the 
spetial tochnique drscribcd in the Wril< Register ~<OC· 
tion ("l80-SJO P•o~ramming" chap,.r: "Wri1e R~si•· 
ICU" 'ection) must be u<ed_ 

S1ncc the r~umbcr or bi"/cha1acter tan be changcd 
on the ny, thc data ficld can be f1lled "ith any numt>er 
of bits. 1\'hen u,eJ in con¡unction "ilh 1he Recehcr 
R,·,idLJo ,·no1o•, lhe 1.80-SIO can J<C<l>C a mes.<o~o lh~t 
has a '•ri•hle ].field and rotrammit it e-.<tly a> rc
rciHd "' i1 h no J>l<'l'iOI" in for mation a t>out !ho chara([cr 
<tructure of tho 1-fi<ld (if any). A chan~e in the'numher 
of hi1s docs nm aff~ct thc character ,n the prucc~> of 
heing shiflrd out, Clla1a<1c" are sent v.ith thc nurnber 
of bils pro¡¡rammod al the time tha1 !he ch.Haetcr " 
loadcd frnm 1he transmit buffer lo the tran,minor. 

lf th< E•ternai:Statu• ln1~rrup1 En~bt~" <<1, !r~n•· 
mitrcr condilicn< '"'h a• ""alling 10 ><nd c•c cha•ac
'~"·" .. .,aning 10 •cnd nag char~;:t<r~," and ru 
cllanging ,¡ate cau\C inletrup!l !ha! ha'< a uni~u• <OC· 
!Or if Statu• ,\((e((< \'c<'or i> •ct. All inle!Jupt> can be 
di,abled fo• ~rc••liPn in a polled mode. 

Table 8 lhO~<I the l)pi<al program lteps that itnple· 
ment thc half-dLJplr• SOLC Tron,mil modo. 
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1.0 INTROOUCTION 

Th< ZSO C<>,,nw Tuue r C~rcu1t (Cl C) i• > progJmm>hlo compononl wilh four inde¡><ndenl channelo 
th,\! pw• ode count"' ,j ond timing fu~ctions for m boxomp u ter <ystew• bo<eJ on the 1:80-C PU. Tho C'PU J 

..¿a·,;·oonf" "" ll'" Cl C ch:l¡,nel< lo operote un<l<r VlJlou> :n.:xl<' and e<1ndilloni" r<qu1ii<l i&tnt~<be~ .,.¡¡]t .' 

4 
a ~C~e _<>~~< o~ Jc .~e,,_ Jn mo>l •;p-pli<><ioñ<; ¡,¡¡j,; or no ext<rn.il 1o¡¡oc is requ~red. Th< ZlW.CTC u!o1 il" 
!'.'-ch>mo<l .,¡,,.,n g•Te dep letioll hoJ technnlogy and ¡, pacb~ed in a 28 ·pin D!P. The l.SQ:i:!Cí"equi~ 
:<'ll:} J ;ir ;1< 5 v,•\~ '"PP.l)" .wJ' ~n<-pi<>~,S .":':'h~loxki•bjor fe>~Ures of th< Z80-CTC ll1clude: 

• Al\ in pul< •nd mtlp111< fui\ y n L ct>mpatoble. 

• E:i.Ch dt•n"d may be s.eioct<J to o ¡>e rato in <ither Countor "'J!'!< !![_ Tfm~r ~lode.:::; -· ...... -- -- - ""'-' , .... ~---·--· ... ----- -- ·- ·--
• U<ed in elther mode. > CPU-reodobl< Down Counl<r indica L., numb<r ofcounl>·lo-jO ontJ ><ro. 

• A, timo ·¿,;;¡;unt R>¡¡i<t•r "'"' automatically retood th<DQw~·cou.,yr at CounrZt<o in l:ounter and 
lunorMoJe_ · - ·--·----· • - ··- - ··---

• 5<1ectoble po"ttve ur no~otive trLgger initial" timo opo,.tion 1n TimO< Modo_ Th• u me inplll is 
monitor<d for e ven\ counts in CounleJ Modo. 

• Thre• chonnet< ha« Ztro Count/Tomeout outpu" e>p1b le of dri>ing Dorhngton tromistors 

• ti ierlup!S ''"·'' b< progr>r.L,¡J ti> OcEur on lht U!<> Cllll~t conohlwn in .li!Y cJunno.\.. .') ... . .. - ---·- .,._- - -· ... --
• D:ril)' eh• in p!iorily Lntmupt logic •nc\uded 10 provide for •utomatic interrupt voctOrin& without 

'"'rna! togic. 

,, 



2.0 CTC ARCHI f[CTURE 
120 

2.1 OVERVIEW 

A blod, di•g~>m of the ?.f:O-CTC ;, <hown in f1gute 2.0.1. The inlrrnal '""""" of the Zf>O·Cl(' ton· 
,;., 1 of , nO-CPU ~"" inl <, f.c-e. l•.tt·on•l Cun trol 1 ugic, f ou• "" of Cou nter /Ti m" C'h.Jn nel L<>gic, •n d 
]nw:upt Conunl l<>~ic The f uur indopeno>enl coun1e1/timer d"""'h "' idontir.ed b)' soquential numhea 
frnm Oto 3. D1e CfC ]¡;,' 1he capob1lily of 8"""1inga uniqu< intmupl \"Cim fm <>eh "pauto <h•nnel 
(for auh>n••tic w"'•ring to •• mtwupl '"'k< rouline). The 4 channel• con be wnnocl<d into fnur con-
1 iS"""' si<>!> in tll<' '' ond>< d /.80 p1 Jority eh o in witb cha11 nel n ',IT_bor () hav,ng ll•e highest priorily. TI• e CPU 
bU' >n><,f•« logie a!lo"'' tho CTC d"·ia to intorf.ce di10ctly to tlle CPU \\llh no oth<r e>t<rn•llogu:. 
Jl,,.,. e>«, pnn odd "" """~'" • nd/or lino buffers m•)' loo rquirrd f or lo rge ')'stem•. 

'"'""' ""'""'"' ,,,,,,,. 
... '·''' + 

<O'lROL 

1 f( 
'"'''"" 

1 1 1 
[0(,1( 

ru~ '''"'"'·'"o 

. 
' ( 

1~ 
1' " ' ' "' it Hlll0l'! """"TI .. 

1 
"' ., """"' "'' '""'"' <O 

"'" •ot • 1 '""''""·'·''' 

1 ~ ,,,,,,,. ""''"''' '"" U<'f' "n""''"' 
~-~· ""''''""''''"' 

' ¡¿ ' '"'" ,., '""""' '"""'' 1 U'U 
~''"'''""~'"-' . 1 

FIGURE 2.G-1 
CTC BlOCK DIAGRAM 

' 

o 

o 
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2.2 STRUCTURE OF CHANNEL LOGIC 

TI" ><m<!1'!< .,¡ one uf th< foo11 "'~' of C<>uuO<r/Tml<t ChJ<lll<l L.>~LC ;, >il""" iu lig"" : 0-C- 1 hh h•~,,
¡, <<>mpo«J uf ;! ''1"1"'· ::! '"'""' r; J<lJ coll:rul lo~k Tilo rogi;tct• ''< JO S-bit Tin>< ( "'"'"" R,·~"''' "'J 
Jn 3-bit Clt>nnd C<>nUol Re¡li;ter. Th< coUñle" JI< ln g_~¡¡ ( PU-re•d>ble ll<>wn Counter 011J a o ~ ·bLl •' 
Pri<caler. -

'"'~"' Tl~l 

'"~'"'" UGISH• <O~<H'T 

·~"'"'·"· K'G"H" .. ""'' ,, """ 

< ~ A'ví 

E •~n"''''~' 

1 7 
' roE•C'l(ll _:g ...,_, -----~ (OU,TF,R 

"""'' ,, """ 
_/ 

, "t "'" < tO< • '''"" r••c~•• •• 

fiGURE 2.0-2 
CHANNEL BLOCK DIAGJlAM 

2.2.1 THE CHANNEL CONTROL REGISTER ANO LOGIC 

ZERO 

Tho Ch•n~<l Con"ol R<gi•ter (S-bit) •nd l<1~;, it "'riuoro lo by lile CPU w ielec 1 lile nwJe• .LnJ 
puom<t<" of the ch,nnd. WitiHr, the '""" CTC Je;ic< th<rc "' f<>Uf suoh regi>ltr$, co>n«¡>undin5tn lhe 
tour Counttr "Tin>er Chonn<l•. 1\ lokh of th~ four ;, bdO>~ "ril "" lo dc;"ad< <>n the encucitn~ n r t wo cl"n r.<l 
..,le.:t tn?"' pm;, 'eso and (SI tu'''''ly .uach<J ¡., ACl '"J \1 of th< CPV aJJr«¡ bu,). Th" ¡, •IIU>tr•l<d in 
th< u u1h <abl< bdo": 

• 
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2.2.1 CDrHH.:UED ' 12'1 

In 11"- "''"" ,¡ -' · ·•d ~-,' •··~ '" ~"~':.m <•d• CJ.annel C~nuol Rrgi"<r, bit O ;, alw,r• .. t. and th• otl,., 
7 ~~~' '" ,. !""!''·"""·' d 1" < •, 1 . lk n>th··• "" lh< ''"'""¡·, "1''"'•' "'& mnd" •nd r" '·'"'" "'· ''' ''""''" ;, lh< 
J:.or• "" b<l<•~ . 1 r,, • "'"' ,. "·th;>i<l< •IN U'"''" <.tr '<ninn 4.0; '·(l C Opemin~ ~1<>.:! ... ' .1nd •oction 5.0: 
'"( 1 C l'tt•S"""mrog.") 

"' '-
I~'!Eili!UPT 

MODE 
WABLE 

2.2.2 THE PRESCALER 

CHANNEL CONTROL REGISTER 

"' "' -
RANGE SLOPE TRIGGER 

/ 
USED IN 

TIMERMOOEONLY 

"' 
LOAD 
TIMt 

CONSTANT 

"' 
RESET 1 

l 1;od m the1ímeo Mod< unly, the?rO>é;;;,·;¡ "'lil-bÍI d.-· oc< "!.ido nn bo prn¡;-an:cm<'C·h~' 11>< CPC '"" 
,tite Chor.rd C~p!rJ<l Re~islerJo d!ll~< i« in pul, ~" Sy.,~·m_p~CÍ< (~·), b¡_. JI:> ur l:"t...The out pul of lh< Pr<· 
'«-~l<i iJ. liJ<n f:d ., '~ 1nput tu rl~ol. th< o.,,.,¡ {'0Ünt0r, "'hicli lr.hi.ily ~and ""fJ' time " doo\.¡ ~o" n "' 
'"'''· ¡, rol0"d' d ""'"m'" 'llr wHh ,¡,, '"""'"" uf the T """ e~-""'" t Reg"'"'. lu eff ect_ rri•a¡;ain dh id e< .. ") 
the S}"<m Cl<'d b)" an a~Ji;ional factor of th< tune <OO<Iano.·I;•e.ry time U. e O<ni"-:l Countor co~~'-'- do,.~. to 

·-'<ro,¡,. OUij><ll. Z<tn Ú•Uot_;TC't>WLJ1 (ZC"/TO). a pul<ed high . - ~- ... 
'"-•- .. . ·- .... -- ·-· .. ··----.. - . . 1 

?..?.3 THE TIME CONSTANT REGISTER 

Tioo TIJ'I"< Conmot Regi>ter ¡, >n g.;,¡, r<¡;i"<r. m•d in buth C<'UOI" ~l"ú '"d Tuner \Jode, Pf<•¡;roc . .m~·¡f" 
b)' 1ho CPU ju>l alter \he Cbntlel Control Wor~ with an mi'V' "m• ~''"'''-''' •, ,¡,., nf ltl;m"gl' ~56. TI u• 
r<~i<lor lm~o lhe pl<'grommed t·a]ue into the o,,. n ("ountel "hon 1ho CTC i! fn<t iniuali><d and t<lood< the 
"me t·aluo in10 the Do" n CGunter aut"m•tic;lly ,.],ene•" i1 count< down lhor,,IL" lo""'- lf' """' 11m< 
''''" <leoll <> 1"'"'" ""u ihe Tm10 Con•lonl R<gi.,er "hilo ' channtl is eountin& ''' thning. 1~0 pre-cnl du"'n 
"""'' '' oll be <Oilipl<tcd \>ef oro the neo. lime con•t>OI " ]r,.d,d in lo thr DDo, n Cotmter. (f ~r drtail< of how 
' 1 ;,,,. '""" .mt " ~ r illen tu a C1 C d'""''l, ''" '"'ion S .0: ·-c1 e p,,8, •mmong.") 

2.2.4 THE bOWN COUNTER 

"lloe O.>o. n C ••orol<r i< •n 8. bit regi!let. ""d in bmh ("~ur.tor ~1<>J• •nd fimer \1 ude. ¡,.,o <LI "'" iall)'. 
,111d 1<1<'1 whot, il cu••nts du"n In'"'"· by tho 'f1me (un>lonl Ret""L TI•c [),,...., CY'-'"'"' Í>-J~o.oomo•t.ii"d 

.-· ~y ach "l<u'"! d·>:l. rdr• m.the Co~nl<: ~lode" .~r;,; \he Tim" 'foJe~'br lhrd,,_J.. "'"'P"' of tllt Pre· ~ 
~-.,;.le¡. ,\1 otiy ''"". hy porf m.ni11~ a· ""'PI<' 1,."0 Ko.d al tl1e purt ,d.lress '"'•"'d Lo r lle "1··< ted CTC "'' ,,nel. 

1ho CJ'U '"' "'""' the '""""" nf thi< re~ioler <nd obtain the number nf cnoum-to-terc_ Anr cTr cbnnel 
rn') b,· P"'t r. mm<d tu g<rlOO>I< •n ml<rrupl tt·qucot «gurnce ead1 1 im' thc /rr '' ' "'"" i< '"'h<d .' 

In <lr>nr><I,O. l. >nd ~- "·hrn lh< aro "'"01 condit\!•n io '"d"·d. • ,:~nal ruho ·~P'"' al ti. e cur••o-
1'·"'"'"~ /C. 1 O pir>. Pue lo po<l.•¡:o pirr limil>liuns, hu"'""· dWHI<I 3 J, • ., '"'' 1..,, thi> pio ond so m• y 
br ~ .. ·d ''"!: in >r;-·:1:>1ion• ·•l•<t< this ou1pu1 pulse;, not tequúd_ 

' 

o 
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2.3 INT~ RA.LIPT CO~!TROL LOGIC 

• 
1 h: lnr<u"f' r e,,, LO,,¡ 1 "~;e """'"' thJI ,¡,,. Cl C '"" iu JCc<'rdJ"" "tlh 7~U 'l ''"'" Lllh'r"' p1 1'' "'''' r •l 

i'nt r·.c, :e.! pr ¡,., i\:- ¡,.,,." "P''"~ _,,,, r«tLrn ir'"" ini<<~Uf'l. Th< poi~rit} .,¡ Jrr; .; >«m de• ;,.., ¡, ~<1<. nuorcJ h; 
ih ph; ,i:;] ln.:Jii••<l 111 J JJi'; drJin "'" ft~ llf JO L<Jil. 1'~ <> "~'"' hu,·, (11' 1 JllJ 1 l () 1 are f'l<"iJ<J 111 fl( ,!·:LÍo''' 
tn lo'"' tlu, ;; """' J •'•; dr•rn. Th< J.-ia d<»<>l ro lh< CPLI hJ, lhc 111!ih<>l prio!it;: within th< ClL'. ,.,,.,. 
rupt pr iur i: )' i; ¡>r<J<h·r tl>ir·.cJ Ü)' eh"""' ruHnbc r , wl\1 L , h'""'' O ¡,,,.¡,.~ h i~l ""' P'""i t)' d'"' n h> ch,mrd 3 
wlrkh ¡,_, thc lo"•''' prior it_, . Th< purposo ol ' CTC -~•''k't '''J ioucrturt. "' "oth ""Y orhcr pc•r i¡•hcr JI J.:,i,·:. 
" '" ft'f ,._. l]',c C~U 1" e ""ute "" ml<rt up! >erl k< '"" '"'" ¡\..:.no Jo"' '" UO <) "~'" ont<rru¡>l P""'""L Iom « 
pri.,rrt)' J<> k<> ur .:h.mu<l> m. y no! intwupl higl ,., poi• .,¡,) dC'ioes m ,lt,-o 1>d> th, t h'vc ol tcoJy i11" ""l'k·l 
1 nJ h L'' "''' luJ lhoir in«nllpt ''"' i.:< r.>ulLn<; compl<toJ. llow<><r, hig'> pri""'Y J« ;,..,, Or ,b,m<l> lliJ) 
¡ntwu~t th< ><flwing of low<t ptionl) de~·ico> "' el" IHld<. 

'"~ C'lC ch:mn<\ mor IJ<.. ~'""' '"'n);_d ~" •. '•'!"''' ;!!' ¡""'' "l'.' ~"'J '""' "' IJ<,~,_ r""'""·~'""'h~, • ,, -..-. 
• ""''''' ol "'!'· (To UlLILf< 1 hi• feJ<u,. re:¡UirO< liOJrific C'i'l' b: progr!lnu!lo'>; f "' iu tori'upr r.<<><le 2.; ~'""" ti11>0 
'' '' 1 tll' irHcrt\lpt 1 "'--!'"", tho CP\J wtll ""J ""' '" ;,,, ""?' ockn"" kJ;o. '"'\ the e-re·, bne~nopt r """"l 
Lo~,_ "'ttl J<t<rllli"< Jo< hi~l.c"·priuoity dm1<!cl wludo i> "4"<<1ing "' inLwu ~~ w LliiiiL il«' C re Je• ,,.,. f\,<n 
IIth< [1(', 1!.1 •nrut ¡, ,,·ti···· inJ'"'''"g th>t it hJ< pri<>ri<r withm th< 'l''""' J;i,:.- duut, it will rl•c·· "" 
S-bll.lntorcupt Vo""' "" tll< >) """' d''"' bu;. 1.., ho,¡IJ.·;!J• ¡,., S hi" ,¡' 1\ti),.l_·:,;tuL. "'~'~ I•••O.l>.:~." :·• : .t;c ,, to ~· .. 
-~::, C1'"C ·., ri:o,.,, :''" c•i t~c e1c noit;.l P•"6rlotmi~~ r"•9."i(,O~ '''"' bit> "''11 b< P'">i<kd b•· tilo 
CT C'< In, .. , u¡•t (:,"' t' ul 1,. •giL: Ji' .i liL11"~ ,~,·!~ ,,,rrc>pondi"g '" ¡¡,, hi~loe,t-?""' 11> ,.¡,,..,"¡ '"4'"'""" Jll 
in:ao "?" n,,H,- thc low-u,,i« bit uf tho ''"''" v. ollll"•;, b< ''"' '"-'"Ji<tg tu , c·urt>ertti<>" Je<e< 1hcJ 
b<lo~. 

---
lNTERRUP;T VECTOR ,, ,, ,, 

" 
,, ,, o, Do 

c:=l v, 
1 

v, V. V, ' ' 1 
o] 

' "1 o o CHANNEL O 
o ' CHANNEL 1 

' o CHANNEL 2 

' ' CHANNEL 3 

Thi< interrupt "'tur io u><d tolfl!m¡_a p<>Lorar l<r o.lot>t¡,,¡.¡\(mor."lu•; v. boro tlle" •ddre>< ul l1'e- Ll>:errupr 
(. "'~<::r routtne" ·~~·~-~ ~ !.i'!..Ol~:_lbi~e.:tor l<pr<sml> th< leo" tisnotkont 8 bit>. whde tho CPU "'""' the 
~bnt<nl> of th• 1 r<g;,w t<> P ro><d< the.mqst <I.,Hfkant 8-bits of tbe 16-bit P"i" '". "U'~ ••lJr<•• ;, ;ao,Hur; , 
po(ni<il fi> Wi!T<llntotn "tt,e !(}.,.¡.(,,d.; bri~: md-:lt< ne <t-M~•t .;!JitU..WLiícOntai1, thi i]i¡jn_:_~ián h, to uf on 
oddre>< "-'hidt in tur., o"<>n toiL" 1l1e 111'1 opcod< of lh< in te rrupt 101vice "'"""', 11t"u<in -mude ~. J sin~le ~-bit 
••"cr •t~r•~ in .In int<:r~ptin~ CTC .::m r<<ult in an indiroct .:ollto :rny momory locotion. 

ZSO 16·BIT POINTEA (\NTERRUPT STARTING ADDRESS! 

1 REG 1 BIT$ F ROM o CONTENTS PERtPHERAL -
'VECTOR 

Th""' f,; O 7~U '·' -' ·e1 ,, ,.:;"-·•nti•>n ti"' ·,u "~::!">'-'< ;, th;. iitf«rJpt '""""'i: rautiú" ta~J• ,¡,,,,.[J ¡,,,, . 
~ -~.~i;'"low-ord<! b; « in Jt. , •• ,,\' :,"o\l<>ll in '""''~') . ,,.,,¡ •b:~ ,!>J~h-<lfdc<})"•e -\11 tho. n_n t l11~ll<•l 1Üc,,¡1,.,, 1;, ; 

·m;, ;;-~<:,~1>i<h-·•il! ,¡,.,,~; ,..,. ,,<!~ ,;; 'tiii't th• ¡,_,;t ;ignmC.~l blc¡,flñ¡i'iñi,.'iui;i"~é,'o';--';,;u ;h, :i;-< bOic,¿:l': 
H<nc< th<le><t <i~nill.:;r.L hit af Jny Ítll"'upt '"el"' .,¡11 ''"'Y' be t<10 

. ¡:.t." ';l:'ll :'~'~!'!""'"t t~ '"":¡ •,: lh< _cnJ ·~f Lll) .'"-'' '.'.''Pt '~!";' """"'':tu i."-'!i•lr<_< .'¡," JJi., -h.u;> l 
(_" _•n.'""· ,;;te ,¡ ,o tvo. prup~o ~"-'~'':"~ '-'' n~'" i '"''""y .:'~e"~~~ h•d•n~ filo 1 Tt_ "'""1 .'"" the ,_,:,.,, J,l., , . 

0''> ;nd .!eco,,,' 11111 lfl>l ·~<tlun "hon " .,,-,-"''' 1ll "' '"" crr c"hJmW• O<Jnlt•JI I<Jgtc -~·11 """" """" ti L eJ t; 
h:.t, .:on\plet<d """i'ing ln int<rtupt, wLIIt<Ju 1 •n )' f ulllt<r '"""""""" iun w ith Lile Cl'll h<i "~ nccc":n: .. 

, 



"lO CTC ?lh' O[SCi'IIP !"ION 

A dJ.•O ,.,.,,,(;loo /'lH"f(' ~¡,u llf<t'""""' is ''"""' Ln G;t<tO 3 0·1. n;, ~e·ctinn d<">.nOO< 11,. fui><II•>IO 
.,¡-..lo pin 

u; ·DO 

/.~0-CI'U D>!> Bu> lbi·di!O<IÍo>nA .,;.,,_,. J 

n,;, bu' " ""d to "••·•foo all Jo;, and comm•nd '""d' t>w' «n the hO·( Pl' •nd the ZóO-("TC. n,,., 
,,. 8 bll> ''" this bt,.. uf ~>hielo 00" !lo< 1"" •isr,of•c•nt. 

(~1-CSO 

("]""""' Solrcl (itLpul, "til<lllgh) 

Tl•<>' pin> fwm • ~-!oio bin.•r) •drl'"' mdo fno ,..ltCiinr one of lho four illdtp•nJcnr CTC oh,,-.nel• for 
"" 1 O 1\"rir< or Hrod. (Sto \nllh O•bl: below.) 

\"SI "' 
'" ' ' 
'"' ' ' 
'"' ' ' 
'"' ' ' 

e 

,, o 
("l,ip En>blt (Lupon. "'"" lnw) 

.1 lnw bol "" 1 hi> pin enoblts the C"TC <o •«<pi "'"'" ol word•. lni<"!!Llpt V c·chor<. ur lnne ' '""'''"' ,¡.,, 
""'d' fruoll the ZSO llo~IJ BLJ<durillg Jlll/0 Wrile C)clo.ur In lr.mmillhr '''IOiOilLI Llf lhe Down C"coun10r lo 
tilo ("I'U clunng an 1/0 R"d cyd<. In rnon applicallun• lhi< <ignal i> d<eo<ltd from the E''"" Sl~nLflcan\ bi" 
,¡ lile ,dd re» tu• fur •ny of lht four 1/0 port add""" rhat are n»pped l~ lhe f,•ur Cr•unt<r /T Lrner Chan~•ls. 

,_,, .. ~ {<1•) 

S~ "<m Clocl (illpul ~ ) 

This >ingl< phJ>< ""'" " LJsed b) th< CTC l<• S)"''·;,,.,,;_, '01\lm •ignal> on '' 11llll)'. 

~ú 
'.!ad11ne Cyde Ooe Si~n•l ¡,,,m CPU (input . .e ti" low 1 

111J<n .\n "•.:ti•·• and lh< RD signa!;. >Olivo. lht CPU i> fuching an in<lru¡¡ion hum memory. \\loen 
\Ti ">COi' e and tho IORQ •ignal Í< "'""'· tho CPU ol ;o<lno .... led~in& an mi<I!Upl, >lel\mg o he CTC to ploco an 
lrll<"mop! \'""" on the lSl• D"' Bn> if io h>< dai•1· chain pri"nl)' aud une nf m d .. o.nrl• ],., r<GU<>!<d •n 
intwupr 

i(lllQ 

1 ¡o poOl. Oll Lput ~-~'"" fr<>11> CPU (mpu!. octive lu") 
~- . . . . .•.. , -·- ' 

no o lORO "gnal " """" nl Co•n¡eocl 111n ~ 11l1 ti,, 1 l. •nd 11 [\ >"~""!' L0_ t: ""fcr Jat" ar~d {"l.cnP<o r_<>_nll,>l 
11\•<rl• h,·t ·"·,·n lhe 7 80-CPl" ,nd Oh< ~ l C. Durmg a (" 1 C" 1\"nl< f; ele. ll"• ~0 onJ CF. '""" Oe tr ,_,. >< j il D 
¡,¡,,. n« CTC J"" n~o r<<<i« o •: ~.:o roe '""nte <i~uol. ~,.,;<o~J g""; , :i,< ;, •"" n '" t'<n>:l~ fro~> ,;, ' i'""'"' 
.,f, •. ~o~ :{i) ~¡:t.al. In, ("TC Ro.d C.•· e: e. iORQ. ti" •Pa "¡if¡ '""'o toe ,::.,,,., "' ¡>i>" th '·'"'<"·'' .. ~ o:;• 0<-"n 
f,•~nt<r <•n ol" ZSO o,. Roll. li lORO >nd ~¡¡ .,, b,uh lru<. ti« CJ>l"" ,, ,,.,." "d~ins .n ;c.;w;:¡'; ··~·'«1, 
:ouJ 11,< ).igh<<t·rrioril' ini<[PUplios d~oonel Wlll p:•cr ¡,. 1 ""'"'~; \"cct .•r c•n dl< nO Da" Bu>. 
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30 CTC PIN DESCRI!'liON ~CONT'D) 

R<"J Cyclo S""" lrom the CPtJ (iHplll, ""'" luw) 

lh< Rü "g"JI ¡, '"d in'"";""''¡"" with the TORO '"d IT >i~n>l< tu m"''" dot; artJCh"""d C"ntrul 
ll'orJ, b<t""'' ti.< hO-ePll Jll<l th< en:. Dunn~> ere 1\ut< C¡de, IORQ ;nd CE mo<t be tw< ""J 'kll tolse. 
Th: Cl C ~"'' "'" ,,,,¡,: ' >¡><:il k "'10 >igtu!._,n>tr ~ene<>ling iB """ int<tnJIIy frum th< in,<r"' ul o 
"lhd R!> "i"'l. In a en: 11.<><1 (¡ d<, II.Q. CE >nJ II.D mu" be octi>e to pi>« tire '""""" of th< Du" n 
(OU!I!CI 011 Ü•< l.SU [)J" Bu•. 

IEI 

lnt<L tupl !: ~::tOlo In (iHpu 1. ""''' lu~h) 

Thil 1igtt•l ís u,.d '" hd~ furrn a •;·•tom·wiJe inte,.upt d>i>y duin w~kh e>1>bl1,1l<> priuriti<> when 
mure thon une ¡><nplrer<l d"k•• in th< 'l"""' h» inteuupting '"P:ththt¡·.•A higlllc•·el on tl'tii pin indlcll., :) 

t." Ilw nu vtlr" Ult<rruptin~ •!<• te« of h1gher priumy 111 <h<: daisy eh•in '''LI:?'"'.'& srr,viCOd b"y_.th< Z.JU-CPU. ·' 
· .. --·~·-- ... -

lEO 

lnt« rup 1 l:nJbi< Out (ouc pul, ,I<IL>e high) 

TI" 1 EO "gn<tl, in conjunotiun whh !El, is used lO forrn l system·wide icu., cupt priuuty d>i>y <h>in. 
1 EO is h¡gh unly if IH ;, high and the CPU ;, not iCrllCÍni '" int<rrupt from >ny CTC ehanne\. Thul thio •ig· 
""1 blocl,s lull er priudty de vices r '""' Ín"rmpting "'hile • hi&h<r priurity inteOrupting de• ice ;, b<urg ,<rvked 
b) theCPU. 

•• Ti\T 
lnLe\fUpl Requ"t (ou1put, up<n dllon. oclivelow) 

f1 hi1 •ig~•t goc; true whcn •ny CTC. channd whidt h.ls bccn pto~r>mrMd 1o enable inJcrrupiS hu :t «<•~ 

·. ~~"':~ .;un.!itiuc. in i:< Do:• !' c_':,~"~:j 

• 
1/.e¡e¡ (i11put. "ti·ce lo") 

r,·n;, ,;6,,, 1 siop; ,n ,n,nn~!• i~;;; co~nt:ng or.d rewS ch•n nel ;ñterrupt •ñ:ibi• bitS m: •ti mntrul 
r•g•sten, thcreb; di..,Oiing C1C·gcner>ted interrupu. lh< ZC!TO •nd !" T outputs ~<>lo their tn<ctil< 0\JIC>, 

!EO roncea lE J. •nJ the ClC'1 data bu• output dri .. riJ<> to tho hi~h impo>d'""' ita te. 

Cl.K/1 RG3-Cl.K/TRGO 

hterr"l Cioá.'Timet T rig~cr (irtpul, mer-dect'h le oot i~e lu~h "' lo~·) 

Th<r< "'' fout C l. KIT I!.C pm•. curre~pnnd10~ to th< 1 our indt?tndent C TC 'h>o roel;. In th< e •ountcr 
.\1od~. <~<r) 3cti>e cdg< o~ thi• pin Mcr<m<llli the Oo"'n Count". [n the Ttnter \lude, >n :tctc.o edgc "" thi< 
pin initi>l<> the nming iuno:\lon, The "'"' m•;' <;<le" th< ><li•e e~g~ ro be <L!h<r rilln~ or falhng. 

ZC/1 O' ··.-\C,'l 00 

l.om CnUiltil lfrLóOJrL t (otut p•n. "ti" high) 

1 here >~< three ZC/1 O pin•. cor,e<?und '"t \" Cl C ch;Hneh 2 th r<>u~h O. 1 LJue '" p• ;k >g•." ¡t~ll 1!11\L\.Lt ''"" 
ch•nnd 3 h>< r.u ZC/10 p1n.) In <ither Co•1ol<r .\lode "or Timer \Jode. wl-en lhe !Joown (o""''' J,;.:.'<'II:C:ti> .'u 
ter u •n >OtiVe !!i;¡h" gning pilliC 1ppeJr< 1111'." ;>in." ' 
1 .. - . 
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4.0 CfC Of'c"J;f.liNG ~-10'>FS 

.\1 ~- '"" ,. •' o "! <0-<~1!' ,, JI' i< u o kr.,•o.:!. ·' • ·: ::e¡. !{ t -'U p~:, :1;~ C 1 C ;., ' kn"'"'" '' • ,;, . l'_,;" .. o~ . 
"•:· .!• ,, •el , "' ~'in _.out. :.;o~ '" :i."\oicJ. J Ch'"'"-1 (, •nt¡,[ ll'·•rJ ""J , til!•e ·""·'""' J. :J "''" J '""" ;,-
A': ir l,··¡ '•" Ib.· : ;•;•. Jpr".t! fe~l ot ." r> ,; thJI .:l,.•lf·<~ fuo <i,:;, ;f >0;" chJMd lo,, ¡.,_,., r<~g'"·""''Ji~ ""' r~ 
:n:"'"l''•·l" 11 «"""'Ve.'"'~"~"'""~<"'"'"" :u :he ClC'• lnt<rr:Jetr.w:ol L••$<<.!1 '" furr~.-, ' 

· j''"h. "'" ,,, '"'¡¡.,,, <e O · CTL" p,,g· ''"'"''~.-·¡\\'he~ oh, O'U bo. wntt<r. Jll uf lh<"' worJ< '",¡,,ere 
•11 ,_.,;,, .:h .. l·:;l, ~.11 b< i"''~· .-"""l lc>r """'~d;,,¡,• "f"';Jiinu 1•1 cilio.::,¡.,. r,.,,,,.,, \h•d< ,,, ''" l1o1•·1 
M<k~o 

4.1 CTC COUNl Ef1/,\0DE 

In tl>o• "' .~, ti•.· ClC C•>'lnll cJ~o, ,¡ the CLK,'TKG "'PUl. Th< C"oun\,, M~Jo" prugl.lllln!Od lor > 
cbJ·¡·"l "\"" it< Clur_,,,! Con•¡, ,¡ ll'oo J " "'<ilt<~ with bit 6 >el. The Cloar,.,d's ht<noa 1 Cl<>.·~ (CLK 11 KG \ 
•n¡•··t" """""":>-! l•ll J '"'",,-tri~~"""~ edg<•. ,,-,,., OJ<'h, in s¡·nchroniTJti,m "ith th< """ ri•ing cd~c, f 
•1• 1 t!te ~' •"t" Cln, l,), tlt< 1 > -~" C"unt<r (" hkh "" ini<i.ohld with th< time .:<>n«.Int J.ota wurJ ll ti« ""' t 
ot Jll~ '''i"""'' .. ¡·J'""''"""'''~il:g) ¡, •l<,"mcnl<d ,\ltlu>.,glt th<r< is '"' ..:t.op tim< tequirenl<r\! b<!"<•"" th,· 
tri~~' iu¡ d; • , •f th< E \Wn.ol C lu.c'- mJ lh< ri<ing <<iS' of <P, (Cio><q, th< IJ.,., 1\ Cuunt<• ",llnut h< J,,_.,. 
""'"t<'l '""': ''" : "tl"" in~ 1• P"'"'. IS<' t~< ?•• .om<l« "(Ch} '" •ectiun S.J: .. ,\ C. Clw""'"''"'"·""l .\ 
.:I<L•,nd¡'¡ 1 "·"a.ol CloLk ir! poLI "pr< p:<>~<Jm!H' 1 b¡ bil -l of th< Ch,nu<l C.~rttrul WorJ '" '"~"' lite J.:.;ro· 

"'"'''""~ "·i ''"" W1ll• .:i' '"" J htg'• m " low g"in~ <d~< 

In '"i ~· Cl•a•c~lcl< O. t, or : \\'h<n 1l1< Oo,..n Cou~l<r ;, su.;oe"""<l;- d<cr<n"nled lmm"th< ,,¡~in.ol 
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llr•« '""''d": un\11 tin_. 11) rt r<d~h" '""· th< 7<1<> (ucll\l ( ZC/10) ""' rut pin r,, thJ 1 c'IHn«••l will ~- pui,~J 
octi~< 01i~h) (H·•~o•<r. du' <o pack~s< pin hmillttons, cl:,nnd) do<l MI \u,e this pin an~ •~ mJy vnl;- l>< 
u<,•d h dpplic;tio~to; ·' '·" ,. 1h i< ''" • p•lt P' 1l« L< ""' "quireJ .) fu¡lh", ¡f lh< <hJ>uld h.o, be eJ. •~ prc P""' '""""' 
b;- ~lo 7 of\ñ< Clun·•<l C"utrol "'"d '" i~:,·cru¡>t !<<]""' "'qu<n« "'U b< ~en<r>"J (Foo ''!~« d<:ool~. «e 
''"''"' 7 O: "CTC lntc;l'\o;J: So, t.:in~_") 

,\> th· ·,;,.,,. 1-.·q '"":e i> P"'-«d "'~· lh< «ru .:ooJ;l! .;ond;¡;,,, '''" r«llh; in the autu1nat1.: 1<ic• J ! ,¡ 
the D->w~ Couo::<r ,. ith :h< -.Jiigildl <in:< c-on;l, "' ·lll > "urd in th< Ton>< Con,t.mt R<-oi>ter. Thet< " "" int<r· 
rup'L•"I •n tho '"q'"'"'- ,¡' ""''1""'.1 du\\ll·"oul.;illJ· tr tho 1im< C"orl<IJilt l(e~i;t<rr 1> wlitt<ll lu wlll' d "'" 
tin:c c•rr,.uoa j" o ""'! "hol< :1:< Du"-'< Counw is d<c:<n«nt iort. •il< ¡>««lll ,ount "ill be cúmrle:<J ~"'·'" 
:h< ~<"'tino< NrhiJ'I( w1ll b, l<>od<tl in\o the D<>~>nC•J"nt•'· 

"~· <0'<1\'f 
"ff;\ST)K 

,. """ 

fiG<IOl[ 4.1-0 
CHA~r<<t C<Jl<Nil '1 ~\Q .. > 

"~'"' t 

J 
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·' rr ·, .,,. ,,;, .. :,.g¡,,:,_,,,,J; :· .: •·~ ,,...fi,_,., -~~,. "n .•. _.,.,.,~ ---,: ;··='·"'- rh• 
¡,, , - ., ;, ., : .; < ·· ·' '· .; •.. r.:: ,·.l,o•.:u Cl.d .: .. ·c.,,.,-,¡ 1'." • .,¿ ;, "'--'·'• ~::1. ~::~ .. ,o;, n" .hn 
,, •'·CI. ·.¡. •'' .• .• ;·.,·: ''·'"'"¡,"~"'"' b>"~"" t).o 5)<'etnCTn'\ J'<li"d- rhr <:'""" rl •o·\. "fd 

o'--,·,~'- 1 ·" . •- -,_,c •. ·u~"- lhc f'• _.., .. ;<; "'G :1" :J.~n f"ouotu. I'J:ptnrliHJ' "' ,¡,.! ¡"l'f'-"·•'"'d bn ; 
"' '' ,. Cl. • • n,•1 C, •lol;, . 1\ '"d. 1 1 t 1'; "•'¡_, ' oht-b 1l.o 'i) <le m Cio d ¡,, J f•co "' ,¡ _ <1 l.er l ~ m C' ~, n,, ~-o¡ • 
•·· t . '· • '· :, .••• ,,,, • --~ " : ,: ._,, ¡, -::ihi:..::: .~, [},"~ '"""'"'"•'~ ;.;,-¡, ·-·•;· "' ;···-•" ~ ::.:-::"0~ 

.•' •·')' ··::. ·. '''""" ... :c,:cr ¡,.,,,._,! oaJ C~~--'·' m ¡1·,, r •.J>'I<r \lt•Je, tl.r to.n<<'• """': ¡, o;.·c:~•t!,·,llv. 
• el .. .,, .i · :•.· ,,,. ~-, ~~·r. •.:Uu,," r ¡¡ <>di '~""",",unt cu;odlti:.,,; .~~ c.,..,~:•c-~ ,., • !'"""·'A·~, "' : ~~·,.._.. \. tht -, 
.h.· .. :.-:'. 1 . ,,, O.·. J.C; I C) ""'>'" 1 1 ,.¡ ,;,:, 1> • l,e ..... ,t;•uo , ., ,.,, n.,.. ni'"""'" ¡ i> ,:.u',,._d, ,«:',; •, .. , .r, • '"'~· ~ 
'' • · .. : ... ;,, .. r ,,r. •1·" )"";~~ ,; .,n by,!ho >''.Rduct, 

¡/,'"''.·¡.-. TC .. : 

··-'·· ' .. 1 
•·' , ,,: ,, •. ''·' S• wcn ''"'~ ~r;;~d, i·.!' ~~:~ .r~;:'~~~:r.".'"' ot l5 ;;;·i:-6 ,,,¡ w ,;: :hO ?, •. ¡~,;~,."~·'" ,; .,, 

¡"·~<:,'!'. 

. . .• 

~·: ::: ·•! • !" (']'"'·'"' l\mt"'i w,,r: " rr'o : ., ~~'' ~~"<! 1 ,; •elú.t ,, ]"¡¡,,' :::.:ir.t "ill b' "'· : ..... • ;,.,;;,._,, 
, . .,,,..,,J. "' wl1c• l·er n w;l! ~~ iinli•t<~ "t<l~~ "· i~g•li"~ ,d;:' "' tlw d.•'U!•i'> íunor T ·i~« ¡u .. i.r 1 ~(:\ "~:Jf. 
lf "•: _:' " ''"' J" ihll<r outurn.tJcall, k.,¡m ~;:·o~''"";, :.!>ÚI.:úi ~!.!!te Cl'i.J <"l .. :e full~"i"t ¡i,o .¡;e 111,, 
'"" l""""l clt· thot ln.<d' !he Hlll< .~x~:.nl_ d"• word 10 !he chan_n<l. Jf ~tt .l ;, "'' the timtr ~<gie< opero: ion 
''" !he •ctond '"''"'cdi"~ ri<nt~ <dg< of ~•1ft" rho Ti mor Tri.Fci rtlge f.S!iGwin¡ !he ¡,.,jing of ti.,• lime 
"'''"·"'' .~.t1J \•t>td. lf no tinte '"mtJnl d<lo word a 10 follow ¡],en th< tim<r ~<g<n> •'re:oti"n on :he """'d 
,;,, ,.,.,'"'!' rhing <~ ?<' uf 1• J ''"' lh< Timor Trigger tdgr follo" ing tht eunlrul \1 <•t J wrioe c.< de.' ¡,,. ~ o,. :t,, ·! 

,r_·; .1.1..:1 (,..,,,.,¡ 1\',,rd i'J'''''l""~'""""cd to,.loct \\'hcl/¡"' ""·l·unet Trig~,; ~m~" '""ili.e '' a :•,,no <>r 

'";:,,., •"iJ.:o .. \l:h,,.tgl: ti>er< "'"' <?l·up r<~uile'rnc.it ~;¡,;,~•r. Íhe •tli;·Oed;;• ~~ the Time: Tri~~"' cood ;,,, ~,·,¡ 
'''"" <d"· uf 1•. 11 Lho Ttll10! T:i!l!or c•dge '"""' du"'r lh•n o <pcur.cct minilll L11\ set·up lllll< ¡,, th< !:'"'~ ed¡< 
of ~;: 1 h,~ Down (\omnor "ill nm b•gin de<rorr.enting until ,¡,. follo" ing oi;ins edge e.! .P. (See ,~,· ¡-..rantol<r 
IS{l R l in '"";"" 8.3: •· .~.C. Ch•raotenst ics" .} 

l! ''" 7 tr. :~,, n>n:"l C"ot:~l '"·~~ i> >el, t]J. ><rv-<oum c·nnJLtion tn tlo< D,·~n '"~"'"'· o.·,ide• 
'·' "';"~ ·' l'"l•r J1 liLe .:J,.,, ,;·, fit•oe Oot pin, ,.,¡: be u«J '" ;,,¡;,o~c ., iutc!J u pi ''''!""' <<qt,.e;;< , 1 Fur 
,.,,.,,. JorJll•. "'' >en'"" 7 .u · CTC' lni<nupt Se" i<mi ".) 

• 
~---~-------

-· • L'.-

''"'"''"" --·- --~· . 

~,-;-.~,.;fl 

"'"""' ""·'"" < '" LOC,I(' 
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l' . '~·: _,. 7''' Cl ( .:! .. ' "r.o: ~ ! " 'o:~';: =~"'· :.,, ni !!minl or<ra• ;.,,.,, , r .. •' r •'""· : ""·•d ,-.,¡ • -, ,~,.. -, 
e.;.- .•.. ,~,,, -•vi•; ,, .. ,.;he w''""' '" i: ':)" ~~-- Ci [;_11t<;o ""'J' .'lll h.- ,,.,.,j in ¡1 e Ch.IPJie] (c>fltr<>l 
f{'•· ·:r "'.J ·~'" Tom.· C'""' '"' Reo••:<r ,¡ ¡J>_¡;.;Io;n,-<1. In 1<!iili<>n, ii .,, .._.; ¡¡, .• ;_.,, ,;lo•nnd> ¡,_,_< b··~ '" 
;>• .. ,;. J: .. n : ~ _,-,,~. ~¡ 1 ' ,,,- :!"'' Cu'" .• : c.,,,.,,¡ '"'"":' 1" <"•bl~ 'n""''~" '" lrne··• 1 ~· Vr. ·~r ~,-,,. be • 

;, ~~~;:~~',",>;~,e·~·¡;:;:~;,\~~', '~~·:,;; ;:\~'::.;L~ ',~;~,~',':,~;;~~~~;k f•atur<> in 1b; !,,;wupo Cuni!OJI Lo·~i.:. ""< 

5.1 ~ LOADING THE CHANNEL CONTROL REGISTE A • 

]_, [,uJ" ("hoJI ,,] (n.,¡¡,¡]\\'ord, lh< \:r!J f<lf•.l!nl<' n~rrc,jJ 1!0 \\¡¡1• '«qU<IlCOI<>th< pnro ,~Jfe., •)' 
..-.r.e.1• .. 1:..; '~ :h· .!<<::e.! C7r; d=u.oL 1 wo crr i<~pul pim, n•n.el; eso ;nd CST. ,. u"d '" f"'"' a 2-bit 
bL<lJ:) J iJ<O>• 1•' ><"~''' """uf tour chJn,.el< w"il!1ir1 lhe de•ic<. (For a trulh uhl<. ooe $<el ion :!.2.1: "1 he ~ 
ChJ"""'I Contrul Regi;~tt ~nJ Lo~!('.) ln m•ny S)"S'<nl "'hileclure1, lh<'-" '"'" inrut p¡,;;-'" oonn;,ctcd 1"' ' 
.-\Jd• <>; O u, lir><o .-'10 •nd > 1 , re ,p,;C:il<l'r, '" tlw lh< fuur o~•nnef< 1~ -, Cl t' de'l<t wm r.C:ue;- 'c .. r.::guous'" 

. !!O p~tl JdJ!~'"''· .-\ :--wr'. '-'llll•n '" 'CTC cbo~d w~l b< inl<tV«ted a< 3 Ch>rmd c,.,,¡,_,l ll'ctrJ, ,,J ludJed 
'rnt" lhe Ch''""l Ccmtr"l R:oi>let, it<bit Q is a logk l. The .;roher KV<n bits of 1l1li worJ stloot ope:.!tir~ 
nwJ<• "'" e<>nJitovns " in.'k.lte t in rhe ~;;rgr dnl below. Fo\ln" irJg th< •!iag"m lh< meJning of ... -h b ¡ 1 "',¡¡ 
b' Ji<ou<><.t in JetJi' 
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--- 3" ---~- ------------lr>IHR~UPT ~ 3 IO>O --,,'O"', M< >DE RfoNGE SLOPE TRIGGER -¡¡r,~[ 
' "" _ é_::srt.~r 

-..:._~ ,~-_/--

I..'SED IN u::;ED IN 
liMER MODlOIIILY TH.~ER MODE ONLY 

------· 

fhc , ''"""' ;, , • .,, th·d 1< • gonor J 10 '" in>erwpl ~t·q<J<SI ><q uencc <«r) ti m< the fJo" n Coom"' reach., • 
'""~-"""' ""'JH'""- To ••• thi! bit lo 1 in •ny ofthe fo>ur Cboornel Con !rol Ro~;,,.,. "''~"ilales <bit •n 
¡,,¡,. n "l'' \'o,·our ,:,, h< ""' l<n lo lhe CTC bofure "P"'>1i<>n begtns, ('ll< n~rel illletrl•pl• ""l be 1'"'1''- mned 
'" c1lhn (',,,,,., ~¡,,.¡" <>' Trm<r ~l<·<lr. H "" upd>tod ("!"""'' C'un<rol ll"<>rd ;, ~ nuon 1<> J cl10nnel alre,d•- in 
"f" '" i .. n. , . .,¡, bn -; «'- 11>< inlmupt <n>ble uleelion ,.-,u not be r<IJ<»CI;<C '" • P«><<liu~ ""'-' nunl ,-,.,u,,;,n . 

llu6~1 

C"tonr.-r \hit "'kcl<d. noe !),IV. 0 C'tmOI<r i< do-01 OH)Cl((<J b\ eo.J> "i.Of" ÍH~ oJgO of 1 he h lo'l CJ! C'it>Ck 
¡o·¡¡.,:,-¡ R(;l,npuL_ Tlic P••'"-·•b ".><•1 "'"d · 

TiP-•.·• '1,•,1• ,_.;,., "d. il•< !'.,·•.· •l<• ;, d•><'-•·~ b) ¡¡,,. S)'l<m Cl<•<l.. 1•. ,,d •h• out rut of ti>< r'"'''" in 
'"'" ,j.,_L,, ,¡,,. 1),.,-,, (',.,,,,,.,_ rl,· '""1'"' ol lhe ll•'"" (,,,,,., ltbo diJLU<Ol"> LC¡l() o•olpol1) is a O.nll.,rm ,. . . -

"''"" 1.: i> ,¡., ro•ri.>d ,,, ~l '''""' 1"1 ••• 1.. •l•. 1'" 11« 1' •• ,..,¡,., r .• couo of 16 '" :.<6. ,,.d TC i> ;[,,• ;;,,"'"'lo ni 
.!_,,, "··•d-

r::, 5•r ; 

' . .... _,- ü 

• 
''""' ¡, lf., 

( 



5.1 LOI\fli,';G THE Cfi.:._.'Wi::L C(JI;1ROL REGISTER (CúNrD~ 

D; 

Tl~t~R ~.IODC ONL V 
USED IN 

TIMER MODE ONLY 

Tl,lll· f{ ~101>1·_ .. po<ith' ,J~C tri u" <l"to li~••• op<r>lio~. 

CUli('.'TJ: R ~101 J~ - P""¡¡, • eJ~o Je..:to.ncnh th< J.,"' n coont". 

TI~H-.R \IQDE ·- r.<,:>Uic <~5< !ri!l¡!<r ot.m tlm<t O~Tali•>n. 

COl't<ll R ~lúDr n< ,u ti>< ed~o d<..:r<m<nts the Jo.,n <OunT<e. 

Bil .1 • 1 

l:J(; 

o, Do 

' 
' ( 

T '"'"' Mc"le 0"\', - E 'torr>a! trigg<r i> "li.J mr .>"<1 in~ 1 im" <>p<roti<>n afler mi01~ eJ~e ->! T • .:d tl1e 
m."lune q·de iullu" in o :he ur.< th!l lwJithe lin:e e~ O ;tan t. Th< P":.:alo: i> doC!<I11<ntoJ =do'' ofde, 
il«r 1fth< o<lop runo¡, n>et, "'h"'"''" 3 .;loe' qd". 

Tim<r .IIJd' Only Timer ~egtr.; ~,.,r.tio" "" the ri.irr¡ <~;< ofT' uf :\le "·'"~"-ir.< .:).:k fo:t,• .. \.>¡ the 
one :hatlo•J; cho time ooml:~nt. ·- ' - - · · 

TJ-.< e:"" """'" ",t j,:> ~~~~ for ti"' Tim< C~nilor_t R<g"W ,.~¡ b< <~< ""' ••u <el "'ri<I<U <u thi• 
,+, '~'"'· [t 111 1Lp<l'"~ U,,,;,;: Contr<.ÍI 11-urd 3nd timo Cün<lant •I.LIJ >'md JI< "-litkro to .1 chJIIn<l "'l.'l' Ll ¡, 
JlreJ-if- in "P<'.I;:u,·., r:~: 0.>" n Counw "'ill ounrinuo Jecr<m<ntin,; t~ ''w bdor o rl '' "'" 1 im< '' "' '" '" ir 
I0JúoJ:or•i<. 

Bot:~o 

;\J ti•••: ~un¡;,;tt .[,¡, ~"rJ f"' ti' Timo C~n•t "" R:~isl" ¡[,o<JI•I be c<po,·:' '" fnl'uw. T" p:<>g''"' 
bi; C t,> :!U,·! ··e :r .;·1' '' thoc •hi· Ch.1r.nd CUI'l! -1 I'."JrJ !> Utten!d lo upJJI< th< <;,tui of l c1l.,•tc.e1 JhJ·'l
ln ''i'"' _.· .. -- ,;,,·.• L ''""'''-' .• :·" "•P" '" ~'·Jr,.:: '"'"' •ly ~'"~"'"r>d ~ .. , ·•or-J m 111" ftr.•-: C~"''•"" 
Ro¡¡:,;.,,;; ! 1 "' ho. : ,- th1> Chonn<l C:·.wo: \\ or-~ P•"llJ•, th•: ~"!} '"-' ,,r 11dri:.s tu'''" T '"" (",,,.,,,., · 
R'g'""-

11.:1~r ; 

,R_ '"'".'·::. '•"" ,.,: ,·~p' .; -"' ·¡,, •· ;,-,,,.,¡ '''" is '"'' J •'''"" '""•'Hinu_ llpon v,¡jli~.; "''" liL" 
Uot " ''-. • ; '• •· J;,,,,.,.,,, · · .·u"'"' :'t•"·- : · '1~" .( ·'", ~,u..., o ver, nun< ,,: oh-- •.-' • "' :ho ch.trtncl ··'"" ·' ·1 re.;· 

_i>turr.·cfr.r.,¡ 11:', -,·:FIO'·;O·[•J•"<.:~•-•••<:•di:o- .. ll,,,p-.:;, ..• ~~:~!·wlo~>:•,·: 

Jldi~O 



:. e"'''·"'!"'\" "'' h·•it: ,.·- · · -r· ·., eitl"r r·· <' •; ,•, 1 (".,-,_1:.1 •,·.,~, 0,1:, •• .-,, :· _- ·- : ~-:·· 
·., · d l> ·.~:": ;e : w· •' ' Ti.:.; r · .. : .J :< !'~: :; o-, ,·¡;~ ~- pl:: l:h, ~.,_ ,, ; ... ;;¡ b,:'"i""•'-'" ., , ., .. •'" 1. O 
1\",-j;o '" lloi> ,¡,,,., ,,.; f,.;;, ·' i:o~ '"' 1 L ·,,:u e ~f :ht C:ror.o•l C<>~\rul \\".,, .:!, 1 '• o·;"l•d r1r,: hir :: "~ ¡1 ,, r• •r.nol 
C"o:.ollrorJ 15 ,,.,;·~:re !'~:•.'"''''"''' J•l• -.vr~ ;,,,;~---...O) L~:o¡:-r ·•lut In :l.e ·•' ;: i-:· ~.:1: ,11 ,¡~rn bia 
.. r rL" ·••·rd ·r.e '•'"· n """"P•••rcd '' ::;~. lí' li.M ccn<;.rr.: d••.:. \•Urd "l<'rd<~ ·o• :!l.r:nol•::eady in 
• ., :: ,, : :. '"· tloo G.••• n C ••unlc: ,, tll (\lcli :-J~ ~<.:¡:~·,r>i in! lo uro ~<fm e 1)¡~ ~·" ti•, < <•"'<lan: js lo•~' ~ iwrn 
r ¡,, T , . .,, C\>n"•"' Regi•w u• ri·t [)(." n C<uml<>. 

-~---------

TI',~ E CONST ANT REGISTER 

o, Do o, o, oo 

~] "' "' "' J 
~IS8 t.SB 

·----·~----------·-

• .,.,., .. ,_ r: .. :·:·1.. . 
l ~~ J. 1 

''""'''''"'''"" ""···· ·- .• ~--··»···· ...•. ~ ... _. •.. 

''"' '"'': , ... , 
""·''"" 

''""' """',' r· ' ""-y 
""'''"" ''"''''' ••* 

137 



5.3 l0-\D!~!:::O TH.-; i:\ITERRUPTVECTOR REC:ISlf.k 

lh< 7.<n L 1 C h.•< b"" J,,;~nd .,, "!'<."' ._.¡,•, tOe FO·CI'IJ pru¡:r•n.rLI"l (,, "'"J' ~ in:<; ·u,ot ""'F""''' 
llnJe; ¡¡,, ro., ,frc """" r , "' tlu. r·:. oJc. "!''"" J CTC '''~"·'<! re~t··>':O >n b•.<rrupt .o!lU i• "'•n•'" !o~,;,J. 1 1 6-~il 
P<!inte: nou<t b: 'onnd ,, oJb: ,¡., .o •""". i'' •nJing IM•:" u1n ,.., "" :otl[m,• .tJ: ""~ '~.!'«• f ro m J :.oblc in : 
¡p<:nur~·. Tlo' cp -'"' S bi'< uf th" ~~ir•t ·:." '" C"'''~'d by th< CPL'"; 1 re~i""', and :he,:""''·' S :! 1, vr" '·'" 1 · 
'r· '"'" ·"' <''"''!,.! ty :h C1C: m ti >e:-.,,., of'" Jntc:"t~t y,,,~, uni<;u< lo th~ P"'w"br<h>nr :: r: ... ~ · 

' re.¡::''" : , •. ' ,~.:.:·~·~'. (F.,, r~:•:!1or J··• ,¡,, "·" ,, .. '''•'" ., .Ü: "CTC ln.te¡:t.;-: Se"i<·i"{' .) .~ 

--·-· -------------------

INTERfilJPT 

SF.RVIO:E 
ROUTINE 
STARTit,G 
•ADUkfSS 

Tt>.SU' 

MOOE 2 INTEARUPT OPERATION 

.. 
1 REG 
CONTENTS 

7 BITS FROM o 
PERIPHERAL 

·---------- ·----

T.l< ~; ;': '-''~e! 5 b!l> ~:· :i:ii l:'.:,:upL. V<<!Or mm! b< v.·ritl'n to ih" (T(; rn •J'111CO o< P"rl 
10i tia] ;:c~¡¡: '"""'" > ''~ ·- '"· • .". ¡,, ¿~ 1~. tho CPU "'"'' witte ti. th~ 1/C :'-'" >d:lre;.;. "coÚ<>i>'mJ,c;¡ :o·'·''-''" 
"cn~nntiO.JUSi » il "ilul~ ir J ChJnnel Control Word ,..,. boing wtitt<IL to th>l chann<l.e"::;t 111><_~,, . 
• ti,~ ·;;·,,.,J :.:.1:¡ •.::::_, "'''" ""'''" 1 O. iA• e';obtned obuoo in se::ion 5. l. ii bit O or" .1 \<5rd "'"""" a 
.;~,,.,n,rlw:·: ,., ''' 1, dte ··''"'" Wüuid O• inl<f?'"ed .o;' Ch1nn.l Cor.tr<>l ~\"ord, "''O i~ b•t O <1gnú th< 1· 
CTC to loJJ th '""'""'"" w,¡¡J int" the lnt<rrupt Vectvr R"~'''"'-) Si" 1 '"'d :.h~"''•"·"' nut a>eJ "h<n"..., f 
lo.oJ:ng thi, ''•''''. Al the time "'h<n the intwupt mJ ch.onnd n1 "" pi J.:< the In terr u pi \'<e IUI <>n th' 7 .. \0 "'-1 
Dat; Bu., ti" lnt<rr~pl C"n11ol Lo;•• ..,¡ the CTC >utom . .:ically '"~rli" • bir.") ooJe on bt" 1 >nd ~ 1d<nti· 
fying whkll ,,¡ti" fuur CTC d.,.,,,¡," tu b< i<ll'to•J. 

-----
INTERRUPTVECTOR REGISTER 

INTERR"...JPT VECTOR RLGISTER 

., ~ ,, ~ ., .. ., ., 
[:]_~-lzT~~l~~I,-'--x ~J 

SUPP~IEO 8'> 0 0 CHA~t:EL O (Hi:.;~~,; Pri 0 ·;:-¡~ 
USE'; 0 1 CHAfo<.\;!::l 1 

··-----

1 O CHAr-.:Ntl 2 
1 1 CHANNEL 3 (LOV>t"O\ p,¡G,;:¡I 

~--
___ '-../ ______ , 

AUT(J'.•A TICr,LL Y INSERHO 
BY Z8C-CTC 



' 

• 

' 

6.0 C'rC TI~\ING 

1 l•i< ><'< ¡,, .. , 'i""'·""lll•t 111~ing o el •lic•>:fl1ip. "' :h,• rol,•, 0¡.t CTC pin< '• r ''" foil;," ing 1} ~··• of 
•·r•<r.IH<'n' wn:iro!. wurd "';he rrc. re•ding. ""'d ¡,.,,._ tho ( i(. "'""''"'!-o. -j lir.>ini- El«wl.<J< m thi• 
"'""'"lln>) bo ;.-•.nd limilog<!I'~IJrT1> .ehoing ''' mtc¡ • pi ,,.,linng("-'''m 7 [\J '"d •n A C. f•,;,:!,! f)i,g,.rn 
,>hkh 'i"""""ti;<h •r<cJfl<> lh< '""'''g r<l.,ío-~>hi~ l«c;i~n ~.4). ' 

6.1 CTC \'.'RilE CYCLE 

rig"" b.O- 1 illu>t>O:r< IIO< li.>ling a;•n• i•"d w01h ¡J;o CTC \\'file (} el•. n." "~'""'e i> •l'r lira!>ie 1 o 
h>oJl'l~ ¡·o< b" a (i.>nnoJ ( <'I\11Cl] \\'<lid, an j 01 <irll?l \'<ricO[, m ó ll!T1e .;un>tan\ do'> WoOTd. 

In 1ho >eqll<'nc< <hDI'n. ~""! clnck {Id< T¡. th< l.RO-Cl'l' P"P""' lur LILe \\r01e Cyde "ith' fui« 
(l,igh) >lsn>l n CTC in pul pin RÚ (R<Jd) Smce o he CTC h., no "'P"•'e ll'¡j¡e •i~r.•l il•PUI, il E'""'"' il< 
•'""" iou,·,,>li) fJ<•m 1i~e (,¡.., Rii i"f"'· 1."", d'""'& el"'' ryd, T '· th< ZO.O-rPl' Ínlliot« tho \l'ritr C)de 
""h tr<r~ (l,>wl <i~noh a! ('f(' ÍI•~Ul ~in' ffiRQ (1;0 R•4ue<t) and ("E (Chr? f ""Ole l. (:'-:ol•- ~!l m u.: Oe ¡,¡.., 
'" .!1<1 i11~,,¡,¡, ihe C) <lo f '""' an Jn;ell u¡--t .ck~"wledso -) .~l'n .11 1 hi1 1in10 > C-h•l Hiw} ende •l'P'·'" a 1 CTC 
i"P"" fS 1 -r•d C'SO IChonpel S,• leo< 1 and 0). 1pecif)·ing "lri;:h of the f our C'lC oh•nnel• ;, being "''"'" 10, 
•nd tho '"''J l•eing "lit Ion •¡opc.m nn the ZSü lJJta Bu,.J'ow r>rr¡lhm~ "rt·Jd) f"r oho \\<!Id to be btched 
in lo 1 he •rr"' rriate CTC mwn•l rogi"er in 'Yncl:r<>ninoion ~>ioh the ri•inE ed¡¡e be¡¡ir.ning clod, ryde T 3· :->o 
oddi"'''"l ~>~it '"'" aoc all""ed. 

--·--------~--------------

CTC WRITE CYCLE 

., '• ~ ., ., 
__ rl __ rl __ ___rl'-----11_ .JL / 

CH.'.t<.,[LAOD~ISS, ___ ~---~-

iO~O ------~"'\____, __ __;~-~---
------ ------··---

··----- , ___ - ··-----·-- -- -
M> 

--·- ·- ----· ·x----· 
·- -·- --

DAlA 

-·---
'.>Vl O•.·-'- TI CM H Y o'<$tR H r> 8Y >SO CPU 

--------·-------- ·-·---··-· '-- ---··--



11u 
6.;> ClC R! AfJ CYCLE 

f 1~''" 6 O·: ,¡¡,_. '"'''' :he th :ng "'"ci••cJ ~ • tl1 the CTC R<;d C; .;!e. Thi< ,, ·l"''""' is "''' ,! J n; lo;ll< 
the CI'U ,,.,,~. th< ""''''" '''"'"'" .,t th< o. m o C~u·<ter. Oudn~ do.:~,,,¡, ¡ ,, th< lOO CPl' ínidJto> thc 
R•d C; el, . .,,¡, "~' "d- ,o, J< "'?"' ?¡,, RO IR,·,~). IORQ (1 O Rc4'"::¡, :~nd-CL (CIIIf> ¡:,,!>k t. Al<•> Jt 

th» tiw' J C·bll birur; ,.,.¡., 'f'?'"' "CTC ínp":' fSI lnJ CSO tChJn"d S< k.:< 1 .110J 0¡, •?<"1) inl "hi.;l¡ 
ui ti,.; t'<Ju; Cll- ,,.,,,.,,·:,,, bc,ng ,,_,d :·:om. (~JI<- <11 "'"'' bo· IJI><: '" d••''"~'"'h the e¡ el< lrum JO'"''''' 
ru¡;: ,.;~·¡,.,.[,· !:: \ Ot• the ri•i•o~ dg' "' the .¡d< T:; th< >:o!JJ 'o"'"'" uf th< Do"" Countor ''M the rí•in~ 
eJ~- ,,¡ ,,,¡, T: 11:!1 b< ,,,1bblc "" th< no Da" Bu •. C>:o JddLti""'l "Ji',¡,,,,,,, •li•"''J. 

' 

CTC READ CYCLE 

•• 

1 a ·-X c .. ,.:->~n Aooruss X . ---·-- ~-"-c.:c==-~'--

tORa .-. 

___ ___/"' 

M\ 

' 
DATA 

"AUTOMATIPCl Y I~S> <"O BY Z"O G.'U 

----------'---------__) 

• 



63 CiCf:Ol!NTING/-NOTI:.'ING 141 

1 11 lh< l• '"'"' · \·\.,Jo. ¡¡.,.'' d¡ < 1' ''"'~ ulg< i• o~<l "' ; J d'" ·: • ,, :.o¡>l-. 1 1 '""' 11,' """"' ¡,., ~" "" 'on · 
,,., ><·d ''' P"' Cl.l.: ! fil; .k<"""'""'',¡,,]),,~ r- r.·unt<t ;, •. -. ,.,:,.,,;,,r;vn ··hh tk S"i>m rl,•d- •1•. A• 
,,._ ... ¡,.-J ir, 1hr -~C.{"].,;_,_,,,,,;.-,¡&,""" Q, 1 plm e U:·' 1<\. r-~'•• """ h»<' ,. ;-,;,,,,_.,,¡J.¡, •nd o he 
11111 "'llLIIll ¡·,·n"J '""" ''" L h· :_ " 1 h "'' '" ;, ,. :1 ,,. " •h·:~o < hd, ;••·• iud. ,\1 tl1ougll :1 ,, •e ;, "" •<: "P limo ••~t•lf<· 
,.,,.,,, ;.,, .. ;,·r. rhr .. ni•< cJt< ,¡oh e Cl !-:oTN\. .r.d tl•• ri>il•F edgo ol1• if the CLJ-;_ TRG edge ""'""e;, . ., 
'"""" 'i'•·-·ifioJ rnmimum :.m<. 11<< J<cr<>nenl <1f il.r De" 11 Co•Jntor ~ tll b< U'b;·t•d ''""e;- :r of ·~- Tmmed· 
loh·l) ,,¡, cr liLe ,le.·• enwn 1 of oh e n,,,,, r o>LJrll<r. l lo O, <he /.C!TO C.Lli?UI ;, <'"'"'J UU<. 

lll tilo Tilll<r .\J<1dC. o pu!>c· lrl!;l!<r (Cl'l"<-<<leeiob\o" <ILiler"ocii·C l11~l, ~~ oc·till ¡,,~ 1 Ol the lJ.I.: fR\. 
ri 11 ,,,,¡,¡,., 1 im01<g ¡, nc li"n "" 1 f•< '""""d '"':<r<diug ming <dgo uf q,_ A• In lh< ("ounl<r •,¡,jr. th< ui,:¡;nng 
p,,¡,. '' Jo>o, ¡,•d "'}'!oclu "'"'"'') and """! hl'·o a nli•••mu.n ~>o¡d! h. Tloe 1 inti!lg f Ul •CI ic>n i> iuLI i ',.,; i11 >~ "" vni· 
,,.;,, "<th '1'. ,.,J ,, minim<Lm >CI·UP Iom< "rcquired b<to,een the aLlÍ>< <dg< of lh< CU.:"I RG .r;J ,¡,, '"" 
,;,;,,~ cd~o ,.,- ~'- ff tho \L);{I RG <dg< '"''"" do"'r o han thi•. lh< inihation of tbe timet fuuniun will be 
~''"! ,•(l <>!le "!de uf 4. 

.. 
CTC COUNTING AND TIMING 

,,, 

!NHRNAL 
COUNfER ____ ) 2ER0COUNT ~ \__ ______ . ·--

lC!lO 

,,, 

ll<lCil~AL 

fiME R 

-\___ 

~--- ------- ... 
_/ ~IAHTl!;.',t'JG 

----·-------- ------- -------- ·--
,. ~ 



' 
14~ 

7_0 CTC INH:flRUPT SERVICING 

F "h CTL eh"'"' •! ""~ ~.· indiliJ ''"11; 1"'''' .11 ''""',i '" re~'"'" J 11 ¡,, ,. "" ¡•t ,., "' drH< ir, D<'"" C""" re 
reJcl;,·; .r ct•urr qf '""· fh< ~urp.•>< ,.¡ J CH .,<I<IJirJ int<rrul''., for J<l) ,,,¡,,, pcriph"JI ,¡.,,¡,,_ ¡, ,,, 
to<e< lit< CPC 1 u ""cLJt< J u r•r "" wpt 1<11 ¡,, "'"'"'' l n urrht< 1111> [<J!LI H' rhc ZSO (PI l '""" b< pru~""'"'''l 
for ""'~-: : "''"'"'P' '"'•"""''. L'nJrr th< <tq.,ir<Hrem; uf rloi> modr. "he" .1 CT C chJrlu<l re que>! s "" ¡, r ,. 1. 
rupt Jn<l ;, ,,_kllo"bl~rl a 16 bu P'""'-' toull b< I<Um<lilu obt•i<IJ ''"""''"'"<.lmgmt.·rru¡rr <etiK< '"'"'"" 
>Urlio~.oJ~'''' ''""' 1 IJl;-k in'"''"""}. Th< '""Cf O bns uf th< pr>inl<r '"' pn•>~dcrl hr rlrr· (' IC '"ti ~e·'""" 
ul Jll '"'''""t''· V,·:<•>< ""'-!"" '" rhe pmkubr dOJrrud thJI r<'lue.,ecl tire inr<rrllp!. (For tunhcr Jor"rl1_ re'<• 
ru c~rp;<r;; O rrl11re7,0(l'l Teclrrri··.rl ll.ow,rl.1 

Th< CTC s 1 nO<:. LJPI C r>LJ<rrrl l '>gi.: '"""''' !Ir JO L1 octs in JCu>r r).r "'" "llh /~0 ;y"""' iut,·rr rr¡rr P'"'"""l 
''" n"leJ prior1ty rnt<r 191 "nd pw¡><r r<l urn lrour inrerrupt. Tite pr ;,., n¡ ol- orr) >) rl<rl1 J,¡,,. " Jo 1, 1 01 1jr1,·J 
by 1 ti ph¡ <icJI lnc.r ""'' in J ,¡_, i>;' "'"'" """ligu IJ!ir•rr T "" "inJIIino< ( 1 F 1 l"<i 1 EOl "" prul icled irr rh< CT( 
JIIJ all Z~O p<rir'•••-'1 d··•-k••> ro fomr tire 'l"""' dJ i<;- dOJirr, TI" de1 ;.;, d.O><>I ru rhe Cl'U ¡,_, tire tr rglr,•<t 
P""' it; : 11 illrtl1 rl•e r 1!.': LHIC; rupl prirortl; rs pr,•Je t.:rnuneJ b¡ diJI\nd 11un\ber. whh d .. r~nd O ha• ing hi~J,.-,¡ 
priont¡-. ,\cor,Jo:r~ lt• 1:~0 >; ll<rn inrerrupr pr ,r,,-nl, hr· pr ¡,, rl) dor rcer nr dr.rrrLJr•l• "'"Y nLI L 1 ,,,., r "1' 1 lri~lrcr 
pr ivtil l J.:•·i•'<l ur du<rHc!. tlr>: ¡,,., Jlr<.1Jy ""'""~reJ ;nJ ""' hod lh~n iuteuupt «rrrr< r .,,.,¡,,., Ln!l1plcteJ. 
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S.ctj~n> 7 .1 JOJ 1 .] b.-\ur. Jc<crib< th< Jlllrnin.rJ lillrtng roi>tÍUil>lrip> ,.(111<' rdLY.Irr 1 (l (' ¡>Ir 1, 1 <'e lhr• 
1 n!<'r Llf" ,\,·~-'"'" krl~r· L¡ de JnJ tire R<ILrr " i "'"' 1 IJl<f!UI'l C~·¡;l<. S-<ction 7 _3 b.:Jo,. Ji;,._ u>><> J 1)' ('te JI 

.,, ;npl• .,( d'i ,, d" ;, """""!'! '""'"¡"~ 

7.1 INTERP,UF'T ACKNOWLEDGE CYCLE 
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AdúiiJnn.!l AJil >:.JI" m.ry be aJdeJ. 
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7.2 R~.TUF.N rhO~•·IJ\"IEPRUPTCVCLE 

l'r¡:urc 1 (J ~ rli""""' tho IOIÚ•¡: :·S><>,h<<d ,,¡,¡,!loo IUTiln"ructbn. nm ''""""''"' ;, ~>td >1 ¡¡-,, 
, mi <>f :r 11 illl cr rur• •<r • i•< ""'' inc '" iH:li:.:itc \he ~"') cbir. c!:•blt linC> foo ro <•j'<l oun:. ul ,,¡ r•t<l<d prL
'"") ]1oi<'IIU;>I Jwodhag. Tilt t 1 [ do C.,Je> lile "''0 b) 1< K t. fl r< •de inl '"" lly "' Ü dcl<lnJiOn o\lh 1 her 11 J5 

¡,.,,.,,ded for a 1 holll>el ¡,, ¡,.~ <, f\ ¡,-,·d 

" . . 
11],,-n "'''"' l.'O pe!Íj'~"'"¡ ,¡,,~, •" in lhe.da"Y <!"in 1El ",¡¡~,,;;,,,:.:o;, • M tl,e :hi? t\nr>e:ly ; 

"''"' '"'. ¡~, ";, on on Lllll "i'"'1' '' ~r-enO el 11 ,¡;'¡-f~'l"'''''; opi-O~ e " ~ DH. 1h' ;>O"rt~r>l bcio; "''""'-~ 
· .. ;;: 1 e ,..¡n, .,;¡,-0<1 .-,~ ¡, lEO ~<ill t <Come a'livr .. ~rid,li<•O>l "ait >1>1<• aro >ll~" e<!. '· 
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7.3 DAISY CHAl."\: INTEflflU•'f SC:H'JICING 

/ 
fíp;.o '.0- :1 tll"' '"'"' • !; ?i ;o! •:o,¡d iue" u;>t ;t~·t<.,,< whkh "''' clC• ,,. ¡, ll1c ("[C. 1" ti"' ,. "'"1''". 

~hJ ·•<~<1 C tn •.e«•JC'> ,,. l •s ,. •'.': d <cr•l ,,_ 1\ \ .. '., thi< e~ Jfin<'- i> bitng « ~>O.;d. h't¡'..-:r p1 ;,,,.¡) eh,,.,,.¡ 1 
in1crru~" a o~:, g·t·>'d ;,•r·-i,;< He'""''' """in<,-,., !he hi;;h<r poiw. Íl) ,·h """'' "cvtllj>l<td .. mJ • Rl·ll 
L!l>llu,;"''" (;.:' ""'O ,. 7.2 t'or 1 "'lhc· J<l3il;) ¡, '"<utoJ '" •'gnJI !loo dOJo noi t lu t i ls '"" rir1e is '"""J•Ict.,, 
A1 ,¡ i1 tirn<. th< ""''" I•>LJ!! "uf t'te '""'" prhity d>JoLo<! C i< '"''""''! ''' J.:.•ulplct<d. 

DAISY CHAl C.; INTERRUPT SERVICING 

Ch~.'-'!l ~ CII~/;',EL 1 . CH~N'.~l 1 CHA~~[ll i
iG'j[SI P~IOIII:< CHA~~El 

L ~ ~---~-~:¡~}-~~--~~~ Hl ~~-~ ~0_1~-E·;,~] Hl 

l. P~IJP.IIV I.:I!_R~U"T O~ISY (~;1.\ U:<OR~ ~~' I~I[~RUH OCCU~S 
U.,U[A SERVICt 

~-E·.=~~~~~-~'-E.~aaJ "'.1~ 11 • 1 w~ 10 E• 
1 CH~\~oEI l Rl:JU<IIS ~.~ tHt~HUFI A~O IS ACKNO\\'LtOGtU. 

U~OER SERVICE S<RVIC[ SUSPt.\'Of O 

L~~-~~=-~-~~t~~3 LO (1!1 ·~ LO 11<1 
J CH~~·;i.t 1 INTE~RUPTS, SUWONOS Sf~~ICING OF CH~N~tl l. 

SEil'óiCE CO••PlHE S!RVICE R!SU~IóO 

L H·'· E;~--~:.-~~~·-~w:·--;;~E~ -~~~~}~~-·-. 
4 CH~~~~·El \ SERVIC! ROUTI~E COM?l!T E. ""RHI""ISSUE O, CHANNtl l StAVICE REWM[O 

Si:RVIC! CO\Wt!IE 

L~E=-~oP-E ,~ Hl • lfl 1¡ 0 Hl E 11~ 
S SHO'•J ""RETI""I.~SIRUCIION ISSUEO ~."1 CO.",'II EllO,, 01 CHA.,Nfl 1 HR•"In AOUIIM 

-- .. ----- --- -------- , ____________ _J 
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GENERAL TERMS and DEFINTIONS 

TMe lime in,.rval betwoen lhe insoano dala is rmefled rnoo or <eQue<Oed from memorv and oh• in>O.nl 
oh" data lfan•f« ;, conlplcled !m ay be lht lun~o" palh.) 

A ocrnporory storage regiHetls) tha<lstores) sums and ooher amhrnetic and logical operations of ~n _ 
d!l\hmellc logre unl\ !ALU.) 

A character or group of bilS that identifies a paiticular loc.oion rn memory, or other loca<iom el da:o 

source• and destinatiom 

The methOd> of <pecrfy rng ohe locat,on lsl 'of data or prograrn segmen ts in memory or other loca<•ons. 

That part of a CPU that performs orithmetic, logical and related operatiom A long with memor·¡ and 

control, an ""emial microproce"or element. 

The o<gon" ati anal structure of • computing system. Refer s rnain lv to phy«col makeup of the mrcro 
computer (Section 21 or microp<oce55or (Section 101 pano in thio volume_ 

A computer program u sed to translate a •v ~'boti c-fanguog< "atemen 1 to a mach;ne· 1 anguage '"temEn t 
. ' on a one·for-one b""· 

A programm rng longuage u tilrzrng o y mbolrc repre>entation_ The symOol ic repre,.ntation. sometime< 
calfed mnemonrc>, >uggest< the instructron f;mctron and is tranofatable by lhe assembler irno rnac~riM 
language_ 

A switching network operatron with no common trming >Ource. Crrcuit operation ;, <uch that the oum

pletron ol one event initiato. the ne~o. 

A me0$ure of •erial data t<anomi.,ion flow in commun ication< appl icatr o no. Bautl r ate 90n<·<a~ly <!ef.ne> 
Srgnal brt> per "wnd tr•nsmit\od, l!ut may also include character framing bits, 

A frequently u<ed (somplel problem employed to comP.,re and evalua~e cornputer> lmiuocornoute" l 
Permr" comparison of the number of rn s<ruction•. memory words, and operation cycfe< reou" ed to 
sofve the same problem_ 

A~umbe<codrng sy<tem in whroh each decrmol drgit is represented by a 4-bit binarv word. Thed<6rml 
number 13 bocomos the coded-number 0001 0011 in BCD "'in9 an 8-4-2·1 binary todo. 

... 
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GENERAL TERMS and DEFINITIDNS 

A deci,on·ma<ing capabili<Y that permi" a proco<•or to ;eleq one Jtom a number el ~ltematioe 
"""el inwuct>oM doper.ding en the dall t><ing poro<eSie.d-

One or more conducwrs u sed ter tranomit(ing sign•l< or power from ene or more sources te ene or 
more destin•toons. 

• 
A p!O determined binory element otring (numbe< ol con.-cutioe bi"l operat•d on •• an entlty, A byte 
"u<ually bul not nece"a"IV 8-bia. 

it Th~ u ni~ of a comp<Hing o y 1 tom tha< includes c~rcui" con trolling tho in terpc01allon ond e><e<u rion of 
inWu<tlons. 

Ageríer>Tor of per~odrc oiynals uoed to oynchroni>e cúuit oporations. 

A oomput<r program u,.d te translote a h igh·le"l I&OlQU!I)< pr ogro m (e g . .) FOR T RAN 1 into a contpute< 
o<iented loo.embly or machine)lang.Jage poogrom. 

,, 
A group ol p<ogr am condotion< such ao carry, borrow, ov.rflow, ele. tha1 oro paniculady rolevont to 
i~otruction e.ecution 

A >eQuence of imtruclion> th11 011~C\I the cen1ral p<oce.,ing unot (CPU) in \he va<ipo..• Op«otio~• i1 
pedorm>. 

A computer prog• am u>ed to """""'" wm~olic language Jl'O.., om> .,~mbled On one computer onto 
machine-longuage programo 1hat opetale on ancther compu10r. 

A method of interrupl priority in which the interrup1 bu< i< , .. rcheO >Orially. 

A bu< u sed to <ommunioa<e da u internally and e•wnally to and Ir o m the CPU. memory. and poriphe·,l 
d., ice~ 

A «gi>ter hold•ng thO memory adóreH ol the Operand u,.d by •n inmuction The dala poon;or "'points"' 
to 1he momorv looation of the(d>ta) operand. 



D<mrnent 

Dio~"''"' Pro¡ram 

DirtO! Memo. y Accm 
(DMA! 

Fw n 

Flow Chart 

ATRAN 

GENERAL TERMS and DEFINITIDNS 

A computer pro~ram d"igned to oid in detectrng, trocing and eli minallng erro" in M icrocomputer lo• e th"' 
computer) progrom< wh 'ole they are runn1ng Alluw< repl•cing, addrng, or reviSinQ instruwons '""' tM 

rnam operating prograrn. 

A computer program des'1gned w check rhe op<ration of v•riou> hardware and <o!twore port< ol '"e 

microcomputer wt<rn. Typically wrimn for eoch fuf'CllonoiO!ed, e,g. CPU d~agnQSllcs for CPL: c•reck<, 
Mernory d1agnostics for Memury check>, etc .. 

An •ddre<>ing mude rn which the address of the in>lftrction or operand r>completely ;pecihed in th' ,,-,. 

<Huotion wrthout reterence toa base register or ináex regrs\~r. 

A method of inwrting in~u tlout~u t ~>lo ¡oto "oroge or obtarnin~ in put/outpu t o ato l•om sto" 9- ¿,, e~t ',,, 
wrthout 1nvolv1ng •be us~al flow ol da~athrough the proce"or regi''"''-

A computef program aesigned to allow man<pulotion of •ouroe program te>< materral_ 

To im rtdte one system wl!h anoth«, rhe iatler being rn ioroJ!fO 11• mmable •nd eqc 'rpped wrth :> s~oc''l rnr, 1 o 

program, <o that the imirating <y<tem execute• the same prograrn• and achieves the ""'''"'"'""¡he 
im¡totod >ystem ISee S1muiJte 1 

Thc read1ng out o f on inmuction Ir o m morn memqry aroU rhe in<ertr on of the rn<truction in lo w0rl-.wg 

ntemory, 

Progr a mm 1ng i n>tructron> stored •n a read-onl v memory 1 ROM,) 

A high level programm~ng lan¡;uoge u'<d to facrlitate tite expre»ion of corr.puter progrdm> in arrtlltn>l<e 
to•ms and formulae_ Short for "Formula Tran>lator." 

A colloquialtorm that de<eriiJes the method used by a modom lor oth« .,yndoro"ous rfovor·e~) ¡(, 
e>tdbli<h a communicatlon link for e·,emuol dota Hon<mi,,.on. 



\JCI\ICtH·\L 1 Cf11'JI;) diiU Ul:I-11\IIIIUI'II..); 

A po ct>\em-orienoed prcgr.mming \ong...age w~eoe a •ingle ! unctionol ""temen\ may tfan•late in te 
a ~•i•• of inwvc•ions in machinelan¡¡uage (o low·l._etl•nguage.l ~OATAAN. COBOL. ~nd BASIC 
are ccmmcn hi!lh·levellangua!JOS. 

A pro9'am insuucticn that in crease> the con ten u ol o i10fa9" l<>cotion. 

An ¡dd<e.,ing mode in which the ope,.nd is lccoted in lhe inot ouclion itsolf. O< the memory lcc•tootl 
1mmed•ately lcllowing the instruction .. 

A register that proMdEs a progromming flnibohty in thil the infoomahon ot contain• can b• us~d to 
modofy memory addoe" by dddi;ion o• su bl<Óe<ior>. 

An addre51ing mode in which the addre" portien of an imtruction is modifoed by an 1ndex r<gi<:er 

dur~ng imtructton eHcutton A mean> ol changong on onwuetion oddoe!! on lhe b.,¡, of "'"'""' 

command<. 

An addoe!!in~ modo 1hat specili" a mcmory loc•tion con";ningth• adóoe11 el data and not the ódta 

itsell. 

In a poogoammong language, on e>p<e!!ion that defines a cumiHMI OPOIOlion ond idenlifies iiS or<ralld! .. 

" 

ThP total '"' of inwucooons tt>al oan be e>f<:uled by a goven microplccenor. 

A pr09ram 1hal fetch es and immedoately necutes imuuouon• woinen in a highor l"'ellangua¡¡e. 
(See Comp•l« and A!sembler.) 

An exwnal sigo al that tempooaoily •usponds the no•m•l poog••m opoootion in orde• lo po1mit p•o

ce,.ing el a high-prior~ty opeoation .. Multiple inttuupt tapot>hty oequioes e>toblishm"O"" of an '""''UPl 
p1ioony >y$1em .. 

GeMoal wm applied to equipm<nl and/oo Oato involoed in connecllng !he cOn tul r•ote.,ing unn 

fCPUI wi1h the ou '"de world.. The con u el electoonics nece>Si<V 10 t•e lhe compu1er to ••J•Oo> u

ternal applocation """-

A connectlan lo a oentr al pooc.,;in9 unit [CPUI wioed o• progr ammed lO ccnnoot dao• between the 

CPU and e>10rnal device•. 1 e • hyboaod. d"play, cood ,..deo, ele. M ay be an input. output. or 
bid11ectional port. 

• ., 



Jum~ 

look A~ .. ~ 

loop 

M"'o '""'""ion 

Memorv Addrm 
Ae¡imr 

Mimprogum 

M"'"P''I""' moble 
~omputer 

(jtNtHAL ltHMS and DEFINTIDNS 

An uncondi!lonal deporture lrom tlw norrn,l in<twctiQn "qu,nco 10 o <J,flerent plato in the 

progrom. 

A computer prog<am dnignoa' lo read (en ter) • pregram hom an inpul devic. in lo werking "erago. 
(Rondom Acceu or RoodM'rito Memory- RAM,) 

A centro! proceuing unil (CPU) leiture tl'"t allowl the compu1er to m"~ lignor<) on in 1<• '"P' 

request until the lollow'rng innruuion ha1 !>ten e.ecuted. 

A ,equence el in>tructions in whicn the f1oal inmucti on "'"''' 10p011 tion el the ><Quonc. a """' ;., 
ol timo, un tila terminotion con~ition "detecto~ by • bcanch insoructiun "'"ched, 

The numoric lorm el 1pecilying e ver y bit ol e.ory'in..,union in a prt)j¡tam The linol binor i P'OS' .. , 

codo lhlt a cemputer mes directly. 

Theb.,iccentral proce,.'tng un·,, {CPU) cyclo in wlllch: on addron rnoy toe >ontto metnc•v •r.J ""'' 
word (doto or imtructi onl moy be read or w<Ílttn; or in which a fetched ir.•truction tr'IY be ., •='<"d 
0<1e machine eycle i,-made up el '"""''dock cycles. 

A svmbolic !eurc' assemhly language $lOiement that com~'"" any gwup ol 11 eqc·en tlv u•eo.l CoO'l.-,or.~' 
(inst,uotions). The macro imtnJction w1ll be ••P•nded by !he ""embler .oto """"1 rr~acn,n<'l>n~u•e·•· 

The register in the cmtral preceuing uni1 (CPU) that contains the «tdreu ol the ste<ago (mo.•mCJ'r \ 

loca tion be in g '"""''" 

' A computer 'Y"'m who>e cenu al proce"i ng unit (CPU) is a m'cmptoceuor. A bo~ic mic,ocom;-ut '1 
inclu<J.e> 1 micrep<O«»Or. memory. ond input/eutput !oc.lity_ 

A single integcated circuit chip, or .et el chip•, capoblo el pe<!orming !he lunctio~• of • comp•n•c 
cen1ral p<oco .. or. 

The CC'!'oputer instructlens ttoted in • <ead·cnly-memery 1 ROM l that impi"'"•ot the b.,¡c in'"""'' ~ 
set ol the compute<. 

A wmputtr in which the mictoptogrom (m¡c,ei"ltruction•l m the oud-only-memory (HOMI c..n 

be changed, tOu• changiug tho compute<• """""'o" •••· 

XH 
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GENERAL ltHIVI~ and Ut~ll~ IIUN~ 

Svmbolot "'"'"O< •ll~revi•tions !or 1mtru01ions, regi"'"· memO< V loc.,iom, eto., >uggel!•ng tho 
dolini ti en '" luncHon thOreoL 

S•mui,.MOU< ••ecution lby use of mul tople CPU'> up«ating w1 th a common memory 1 of muhiplo 
programsl>y ene computer. 

Collin~ a subooutine hom. or enclming a progrom loop within, o largor rcutiM or loop. Feo 1 
<ubroutino tfle ne<ungle~<l ;, the numb<r ol timo, the sut:.out•n~., n"'ted. 

Ti•e outpul 1oom a compiler or '"embler which i1 il><lf uecutoble moehino cede or is 1uitoble lor 
pr<>Ct.,ong lO P•oduco O>ecuuble machine <O<It. 

A computer p<ogoam lhOI control> the ove11ll opOution ol a computer syl\em, including sutto :nings 

01 momo¡ y allocatoon, i npo..t/outpu\ dist11 butio", in""" pt p!pteuing, job scheduil ng, etc 
··' 

A bit in the oond11ion co~e regi.,er that rndrc>te• if the previou< operotion in the program cau"d on 

orithm.,rc o•<r llow, ü .. cou<ed a quantity lobo 9""""ted th" exc .. d•d the copacity o! tht '""''" 
rogiotor. 

A notwrol grou~ing a 1 me mary loc.,ions, o g , [8•256 cM"Cullve by too in ;n B-b11 micoocomput<r 
rnoy typrcally con;lltute o "pago" of rnemory. 

Tht p•oce!Sing of all the brll of o word fbyte) >imullOneou>ly ~Y tronsmitting on <eparate channrl 
or bu<linn. 

AuxBiory equipntent Ion üte ou"'d' wurld) u>Od lo en ter doto on and receivo d"a lrocn • lmicrnl
computer. 

Tempo,.ry >u>oOn<ion of 1 microcomputer progrom te'"'""''' •••cution o! o program or port ol 

• pu>g< om el higher pr icrity. 

Ctntr•l prcc"wr unrt ICPUI regr<Jorsthat cunt•in merno•v •ddro»••· ~ometirne< colled Dot• 
Puinte" or Prog••m Counte". 

A mothod u,.(! to id<ntifv tho •ou«< ct an in10rrupt oequ•" !n polling_ "'" intel' <"P' '"'""" 
,..,e~;, don• >e•ially. ... 

ltlll 



Por! 11/0 Portl 

Pro~rommobl< 

lo¡ic A"'~ (PlA) 

Pro¡rommoblo Rud
Onlv Momory (PROM) 

RondomAc"'s 
Momory (RAMI 

Rud 

Rood Only-M•mory 
(AOMI 

S"""'"' 

UCI\IcnHL 1 t:HIVI:l anO Ut.t'INIIIUN~ 

A regiilor in !he central procrssing unil (CPU( who•~ jet> is 10 mp lh• ftmtrol~ompultr through 
tho (mocro)progr.,n. Thir regilter hold• ha•es) !he addtess ol the ins1ruc1ion under t"tcuuon in 

tilo"''"' ol program inteW>Pl or br.,ching acti•itv. 

An m ov of logic elemenl> who>e interoon neotion• can b< pr o~ramm•d (usually m"k pro~'""'"'"~ .. 
•ome!,.ld programmable) 10 pedorm a >pecilic logocallunCI>On. 

A momory '"'V manulactu>td woth a con'""' log•c•l panorn (oll 00.1 or >ero•) ond lhll ~¡n b< 

wr inon in lo (programmed) by the u•er. EA ROM'> (el~trkollv alterable ROM'< J con bo ei"C<ri 

uUy ••••ed and reprogrammod. EPROMS can be "''''d ond ropr<>gummed using ulu .. ooiO< ligt't 
and ele<:Uical signals. 

Soe "Stock." 

A memory de• ice tha1 ha• reod and write cap.bility and lhot pro.ide> direct acce" lO trooed 
information, regardleso ol loCa !ron. Rud or ;wite tomo ¡, indepond<rll ol data loc:otoon 

To acquite and/or \o interp<et do!! from a memo.-y device, 

Small scale mem~ry capable of h~lding aloxed amount ol d"'· <uCh •• o word U>ed •~aonl~ as 
lemp_orary """~e, and occe.,iblt 10 ¡he cen ,,,¡ prciceuing unit (CPU, 1 The nu,-,ber o! >rgiUe" 
in a microproce,.or i> dorec¡ly related lo the program olf>ciern:y, 

An oddreuing modo in which tho oddren is determi~d by odding •n off,.¡ addrcn 10 • base 
addren >tored in >O me regi•tcr. Permiu the computer to relocatt block o ol data by chan9in~ or1ly 

o no number. 

A memory dovice generally u"d !o >IO•e • computor'• cl>'l\lol programo (fffmwarel. anJ "'" 
alterabl• by normal opeliHing mothods. E •ception> ••• PROM'>. EPROM·, ond ~AROM '>, 
whoch ''' ROM'> whooe conten.ts moy be o\tered in the l•eld by opocial meon•. 

Aead/WoitelAAMI memory devices o• '"9""" that "" ultd ta nore tem~oronly into•m•d••:O 
,.,ulu ldata), or memory addre»os (pointer'-) 

lo;,,;,,., one >y>lem woth MOther u>ing a pros<am writt•n in .,,embly or high lovd l•"fi"''~' 

m llw tho imital>ng •v•tom accep" tht tame d>la, eo<ecutes 1ho ,m• ;>•o~ram>. ¡nd .ccumpli>~< 

tht samo reoullS o• tho 'Y'"m beong imitated. (S.,e Emulate.) 

A patti1ion ola microproc•""' that enablo> '"""a: idenHc•luniu lO be p.ao•lleled or < .. c•d·-~ 

and au~men!eO Oy control tog•< 10 >OOIJ1e the CPU . 

• 
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GENERAL TERMS and DHINIIIUN::i 

A compuler program in a high-level or '"embly la~g..<a~e. 

A comput<r oy>tem lhot ;, carnplete within ltselt and doe> not 1eq""' connec1ion 10 onother computer 

oyS1em to opera1e. 

A group ol in<truc1iono (subprog,.m) that moy be '"ched !rom more lhan one plato in a m2in 
program with • b<..,Ch back to \he oource point when the oubprog<.,,; ,.,~ i; compleoed. 

S.e "Branch ln>truc\ion" 

A devico u 1ed in communicotion> appliootronl lo interface (connoctl a word parollel da \O "' mrnol 
lcontroll" l>o 1 bi 1 oerial communic"ion notwOrl<, 

An in1e<rup1 >yi1em in which each interrupt can be immedo"ately ''"iced wi1hciut hovin~ 10 
detmnine wll<ch iruerrupl ha> oe<ur red bv polhng. 

To r<CC<d dato, 

XV 
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The ZSOOO family is a new set of microproce.oor 
components (CPU, CPU support chips, pedpheral•. 
ao<l memodes] which supporU thc ZSOOO archiW<> 
ture. The account ol how architecturo.l g6als wero 
sele<ted and achieved lor two key mernbcro ol this 
lamily-the ZSOOO CPU and thc memory manage
ment unit-ollustrotcs how much of a challengo 
microproceosor architectme rcpresents (.a the semi
conductor industry. MOS technology shows enor· 
mous potential, but it is still difficult to use beca use 
ollimit.alion• on pin count, power dissip•tion, opet>d, 
and <Olnplexity. 1 

Sínce this discussion is restricted to t.echnical 
issues, "'e will not a Ilude to the many additional fac
tors (Jnaikoting consideratiot\s, human considcra
tions, >clr·impo><-d restrictions, el<:.] whioh mako ar
chiteclure ;u eh a fascinating and di!flcult discipli<!o. 
Furthermore, no oltcmpl has bcen made to ex
haustively dc;cribc !he 7..8000 architccture and com
ponen h. Intercsted readero ohould consult tho 
•¡wdfic manuals lor a more compl•~ deocription.'·' 

The goals o! the 7.8000 archftecture: 
- increased capabili1ies, archtlectural 
c~mpalibility, lncreased clarity 

'fhe primary roa•on for inlroducing a n..w systrm 
arcilile<ture is to si¡¡nihcantly improve tile conllol 
and processing capab,Ulieo of micropr"'-"ssur> whilc 
moinlaining their priceiporforma.J\CO •dvantogeo. 
Technical advonct'' ha ve permitWd the implcmt·nla
tion of ouL>tantlally increased processor power, but 
lhc most significan! molivation lora ncw compon.nt 
f11mlly is gcnerafity, Only lhrough such o lamily 
could we provide for arch!WCturolly compatible 
growth over a wide rnngc of proce,.ing power '"' 
quir<·m~nts. 

lncreased capabilities, 
architectural compatibility, and 

. clearly defined interfaces were 
the chief architectural goals o( 
Zilog's new ZBOOO microprocessur 
(amily. Here is an account 
o( how those goals were met 
for two members o( that (amily
the ZBOOO CPU and the MMU. 

Our approach was a staged oystem architecturo 
which atlempts to provide new <:omponents, enhonc· 
ed lcatures, and now function•. while pro\~ctlng tho 
user's in,·estment in hardware and ooftwMa. The 
ZSOOO family supp<>rt• a >ingle unifi,,¿ arrhite<tur' 
for allsmall, medí u m, and hígh-end u ser applicotion! 
which are impJ.monted using a JIÚi ol cnmponent• 
within the same family. 

'!'he goals olthe Z8000 architecturo <on be groupM 
into thrco <.>togories: inorcaocd capa bilitieo, archit~c
tura.l rompalibility overo widc ron¡;e o/ proceS>ing 
pawers, and incredoed darity. In all the•e caS<'S the 
reoulting archltectural /eatmes apply either to the 
basic ar<hi!octure lthat seen by an applications pro
grammcr) or \o system archite-cll:re lthot seen by a 
sy•tem designer or nn operating s;·stem pro¡¡r~m
mer). 

lnuo•oed cap~bi~lieo. All exi•ting 8·bit mkro
Jl'""""'ors and mony lS-blt minicomputera suffer 
from hoving a omaff addro•• space. S<l, one o! nur 
go.,ls wos to provide ateo•• toa lor¡;e addn••s •pace 
(BM hylc':'l). A oemnd goal wao to pravidc mor~,,._ 
•ources in termo of regislt'r! (16 generol-purpo-.e 
!6-bit registo.,), in termo o! dato typOilfrnm biu la 
32 bitol. ond in tormo of odditianol in'<ructiuno C!lm
pMed to e>lsting microproccssoro {wultiply anJ 
divide, multiple regioter sovÍllt; inotru<tions, 
specialhed in•tn>ctiono for compiler >UJ>¡>orl el c.l 

'fo fodlit.oto complu applic.tiono it wos important 
to support mllltiprogramming wilh good hnrdwnre 
"uppor~ of ta•k switdling, int<Hupt•. trap,, ~nd t" o 
e>e<Ution mo.Ues. Operaling sy•lems o] so requir"d o 
ga~ hOl'd ware protc<-tian •Y•tem. 

f;n•lly, we wanted to incrca <e ovcrall ;;·•km por
Ion"'"'"· Thio resulwcl in the choice of an imph•m<•n• 
tat!on using o l6·hit·widc d•ta pnth to '"""''"Y· 

. <Mil ' "" " "'""""' """' 11 '· 1 "' !< f'O 
r:or.wuHA 



A" ~ll<·ol ""'] comp•!ibility. Onc ol th" impOrl.nnt 
]csson• lcrrmcd lro.n provlouo computor oysl.em 
d~si¡¡ns is thut Lhedc>i~n ola now lamily llrChil.fl:ture 
i• a raro <><Cum·llce. O no ""Y to opply lhislo~son ¡, to 
rl"•ign • 11nilicd an:hiteclure compn Lible over o wido 
rnn~e ol l"'""<•s>lng ¡><>W~ro. lf we nnlidpoto usor 
¡:rowth lrom ~m:dll.<> lor~e •y•tom• within a lamily 
archi t..•otuJ e, tlwn ouch nn oppro~ch con >lgnifirar~tly 
incrc .. e it• hfo. 

'l'ho two ""'"'""" of tho 7.8000 (a ~O·pin 
¡¡ll.,q;:n>cnl•d •nd a 48·pin ocgmentod vcroion) are 
dcsigncd tn oc~ievo thio goal, but m•nY othcr 
!enture! contribllte lndiroctly LO tho lumily com• 
patibilhy. For smnll •rlications an un.•cgmcnkd 
t8000 with '"'" u< "'"'" 64K byto oddr<>•• s¡•flceo con 
bo "'ed, Fur n><•dinm opplicotiono, n S«gmonted 
~~000 •nd one mo<noty mono¡:emcnt unit nllowa 
dirco( acceso to 1M hytco of •ddr""' •v~oo. For larga 
• pp llc a t ion • o ••t:m"" Wd Z8400 o nd m u 1 tiple r• in of 
MMUs oll<>w the ''"" of ••vera] 8M·byto •ddress 
apacca. 

Sinco !he segm<ntcd 7.8000 can run in an llnoeg· 
mente<! mo.de, both sy.,tem• are com¡i•tible, f"iuolly, 
tn .ochicve evcn larg"r pr(ICo.•ainlj' power through 
hnrdwnro rcplk.a t io11, thOil(thiL<-cture ptovidos ],uio 
mochonismo IDr both multiproc"aoing and dia
tdbutod pr<><oUillj'. 

Ciarily. Clarhy in an •rchlt.Bctu,... i• a mea,ur~ of 
how w~U key int•rlac•• are d•finud and opccified. 
'fhis la on •lu•ive but importan! goill in a family 
whcr• now and unforcoecn rompon"nt• wiU beacldod 
d"ring tho lifo ol ito archit!<'ture. 

\Ve felt bus pmloculs wcrc so imporlnnt 
thnt we devdop~d on indep~ndent 

~pecific .. tiori for Jhe Z·bue 11long wilh the 
individual device manuela, 

Clarity in t.erm• of the b&sic archite<:IU1'tl moano 
""ff'll•rity and utendaLiULy of the inttrucL.lon oe~. ao 
weU aa the general and simple handling el tho 
opetating syst..em !nt..erfa<"-". Clarity in terms of the 
S}' •Lem aHh!Let:ture mean o a weU-<I~Hned m~thod oi 
~ommuniCHtion Let,...,n the •·•riout ccmponent.s. 
The key link btt"'""" th""" componcnta is tho Z.buo, 
whkh isa ohar!'d •Y•Ie<O buo.ln !he >e<:t.ion oncom· 
municallon 10ith olher do•ieeo, ,.~ d05criba 110mo ol 
Ll.e ''""""" types of bu• p.rotocolo. At·Zílog we felt 
:1lL wu so ilnpcrtant lhat we developed an indepen
dcnl •pedfication lor tht Z.buo along witb t.},e in· 
di vid u al do• ke monuals' 

Comparlscn wilh olher syslem archllechi/U 

We are coovincod th•l thl diflerenuo bet"'""" 
microproce .. or oyot..m &rchitecture and large coto
pu«:r 0)"51.<111 ar<hl!..-ture &re no! oufficieot 1.<> r<~o 

<.jllirc a d<fioront desi¡;n spproach, olthough they cer· 
t•inly innuonce thc clrL.oib of do,ign compromi>eo. 
'fho lu•t sc·rt i nn of th i• poperd cals wiLJ. irnplcments· 
tion tradc•utl• and illus\raleo sorne particulHr com· 
¡Jromi•eo. Un o few ploco• we mix lmplcmcntstion 
con,idetolion$ with descripLions of archit.edura] 
\1 o.leofls. Dcspile thc importsncc of separ•ling nn or· 
chitecturo lrorn ito irnplementation, we found that 
this sepnrntion is o! ton o~sent during the actUal orea· 
tion of o new orc~itect.ura.) 

Two diflorenco• between convcntional computor 
•y•temo and micropro<essor systemo hove tho 
gr~ateot. impoot.: ptice structure ond componen! 
houndary differcnccs For hlgh·cnd LSI systems, it 
makcs """"~ !<> hava onc unlfied architonure, but 
unllka t.hcir comput.er f•mily count.erpnrto {!BM 
JG0/370, PDP·ll) differmll implemontslion• c•nnot 
be justlfied on a pricc.'performance basio Speod ond 
perfurmanco are mainly dependen! on U1o stote of 
technology. and lh cr cl ore, f or o given applkotiun, a 
u>er will wost.e the >p.,.d willin¡;ly since onothe.r 
olowor implemcotation would co"t t1le .ame. Thls 
doet not ex elude diflercnt versimla ol one implemen· 
totion, which refled unly di!ler~nt test and produc· 
tion criteriO such ae paekngo typc, tuncLional l<m· 
porature ran~o. and oven spood rnr<ge. 

M oot computer •Y•tems ha ve bol!\ e~temol 8lld in· 
t.o·rnal int..erlaoeo. Ext"rnal interfaces whieh define 
O}'Slem hcundlU"i ... are olten ot.andardiMd [a.g. the 
1 BM ehanncl interfoce or tho DECunibus). 'the inter
na] int.crfacos el mostmini or lorge Mmput.er systems 
oro •ssentially hiddon. In conLrast. the component 
boundarles of o microprocessor·bosed syslem repr<>
sent oc tu al int..erl.1ce•, ond most users must be fa mil· 
lar "ith them ao weU •• with e:<te.rnal intcrfoc ... 
Becauoe the component interfaces ara more visible 
"nd nften muot be more general, th e mi<roprocessor· 
or!cnted system bu• em"'""" ao a key stsndnrdiza· 
tion Unk 1.<> allow a wider mi:J: of oompon•nts ond 
do;i~na. 

Tho basic archileclure 

At!dreoa o poco ooo•ider•tioco. lt is advant.ageous 
1.<> have more U..n one oddseos spo<e, with each od· 
drc55 opace ao lorge ao po .. ible. In U\e Z8()(){), 
momory rcferences and 110 ref<rences are viewed ao 
referenreo lo different addreJS ;paces. Th~ 1!0 spoce 
io di""ussed io t.he section bclow on comrnunication 
with ot.},er deviceo. Memory'refcrenccs ""'Y be in· 
st.ructiocs or dota acclotaok occesses, "itb ••eh type 
el •=•• possible in eit.},er S)'SI<!m or normal m<Kleo. 
The ?..1!000 dist.ingulsheo between each d theoe 
reference possibiUtics by using dillerent combina· 
tWna o! its status lineo. Separoting the varions ad· 
dreu opaceo c.an be usod to incroaoe \he total oumber 
of oddsenoble bytes and to ochieve prote<:tion. The 
•iw ol ncb addse" spau deperub on the vuoicns of 
tho Z8000 used. The 40·pin parlrage ver•ion aUow$ 
oa<.b add.re" •P""" to be al mo•t MK hyt.es, tb~ 
4S·pin packa~e •~nioo allow• ea<.b address •pace to 
be •l mo>t SOOOK byte&. 
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The 40 pin '"'"ion is intendcd f<>r syo~mo, olt.en 
u><..l os d...di~ot.ed syol~ml, wh<>re tho p:r<>¡;N.m and 
data •p~ccs are .moJI. In this """"· rel<-<ation lo Mt 
usual!y imJK>rl.,nt. Uoin¡¡: tho dilfcront addrc31 
spaceo, '"'"hu o simple way l.oaddt"" in pracUcc up 
lo 4 a 64K b) te• (with a muii:mm ol6 X 6H{ byt.c!). 
Sorne simple prot..ction io achi~,-ed by aoparating 
the"" >p8<CS in hard"are. 

The 48-pin .-craion with one or mote M MUo is in· 
tended lor tho mcdium !<>largo appUcatlono whore 
re!oca.tion and betl.er mcmory pto!<>Ciion are lmpor· 
tan t.' In !he..,""""· otaWo in/ormtltlon con o loo bit 
uscd 1-0 scparat.e belwecn oddtco• spa= by using 
multiple MM U o. Bu litio oho esocntialt.o ocbicve the 
dctai!<-d mcmory prot..:tlon l"''.uired. litio possiblo 
lo uselhe 48·pln ""'sion without an MM U.) l'or thc•• 
hi¡;h·end applicotiono, the oddteso opoccs are 1>0 1...-ge 
that one is Ul>likcly 1-0 oahous! them. Experionco wlth 
large comput.ero ohowo that 8M byt<>o la probably 
adcquate. Thc curr•nl ltnplemontalion of tho ZSOOO 
usos 8)',!-byl.e oddrcso opaceo, but the llchllecture 
providco /or 3l·bit oddten (21 nM byl.<lo), 

ln both versiono, the Z8000 allowo dlrcct occ·eu 
lo cach oddtess spooe. Direct accen m01no that \be 
addtesoos Used in instroctiono or regiol.ero have •• 
many bits Ó.o the address space o iza requireo. In other 
schcrneo tho effc'<tive •ddress io a cornblnotiun of a 
shortor fldd in tho inotruction nnd olh<r e>l.ension 
bits often found in an irnplied rcgiot.t:r. Dcsplto the 
>hortcr •ddrcss lields, we bcllcvo this "indltoct oC· 
cess'' doos no! ••ve byks, b•cnuso oxtrn ln•tructions 
must be u sed to load ll<ld oavo tho implied rcgist!>rs, 
"'1> ich are lypicnlly in short oupply, 

!\c¡¡istcrs. '/'he /'.!JOOO is primuily o rnotnory·t<>
regioler architeclure. This chnracteristic dws not en· 
tiroly e.ciudc other organi<ationo, and mechonioms 
exist in tho Z8000 lo oupport them. For OXOt!lple, 
memorrlo·tncmory operalions are supp~r~ed lor 
strings, whccca• stack operalions aro su¡¡potlod for" 
procedure and proceso chon~cs. This d10i<eo pruvide• 
upward cutnpattbJ!ity with tho ZBO. A ro~i't"r ar• 
chitecture a\so rcsults in good pcrlormon<·c, sinco 
registcr ac<eoses aro madc ot a Krca(.er •pccd than 
memory occesses In the curten! implcmcnt..Lion. 

Experionce with register·orlentcd ma<hln .. oecrno 
\o con firm t ha\ loor general· pur ¡>(]"" 1egistero aro n ot 
onougb and thot a "propru-" numh<:r is bol"'""" oight 
and 32.' The ZBOOO supporls bytes, words\16-bil), 
and long words (32-bitl. anda f"w lnsuuctlons evon 
use quadruple-"ord IG~·bit) doto elemento. 11 we 
choose 16. 16-blt '"b~s~eu aUow eight 32·bit regioten 
as well a• lour 64-bit <Cb~>!ero ll'igure 1). Since od· 
dteoses ~re J2 bits, the O'-"'CSSity of a! l<asl ci¡:ht 
32-blt rc~l,ters wu obviouo. The impact ol the •·bit 
rcgistN ¡;,·]don tho instnJction Ion na! dcpcnds also 
on the nutnber o! addreos modes an<l oporands. Six· 
leen re¡:ist.ers allowcd a reasonablc lrad.oll, whereas 
32 re¡¡i>tcrs "'ould have rcsuh.ed in too few one-"·ord 
in>1.ructions. 

1\'ith on~ mh,or restriction ony rcgistor <:110 be u sed 
by ~ny instruction as an accumulotor, ><>urca 
"P'""'nd, index. or memoiJ' p<>int.,-. Thlsr<·~'lll8.fity of 

thc stnJct1.1!e lo so imp<'rtant thot it ls worthwhile 1-0 

•acti J[ce any pouible encoding impro,·omtnt.s in il>' 
suuctiun for~n•t• which could result lrom dcdicaling 
a•gistcto Lo sp«ial function!. Enc<>ding improve
tnont..o ba•...d on instructlon lre-quency, 50 that lre
q U<·nt 1 n•truction• u se one w ord. are more el 1 ..:ti ve in 
...,,·ing >p;:rc~ wlll>out having a nogati,·e olfect on the 
~r<hitacture, 

\Vhy not hnve specia\i~cd registers? The 
difficully lies in the fact thnt the 

resirictious causl"d by dcdication are 
incousistent with one another. 

M os! applications dediC!t\.<l tbe aoailoble re¡::otoro 
lo opeoilic lunction•. For enmple, mo•t high·lanl 
languageo requiro a stack pointer ond o st.ack t.-•m• 
poinkr. Then why not, one mlghl arguo, hH\'0 
opc-el~lizod regis).ero1 The dlfflculty lies in the fact 
thot the restriction• ca u sed by dedicolion aro ir.cM· 
sistclll With o no anothet. lf the architecture •upplies 
only gtneral-purpo5e ret,-istero, tbe user 1• fcee lo 
dcdlcal<l them lo spedfic usoge! for his •pplicotlon 
wlthoul ro.-riclions. This l• lmpnnant in !he conlext 
~r rnicropro<eS>uro w~cre uscr "pp!icatlons •n noO 
wull known and wlwrc ~igh·lcvcllon¡,'lla~cs ore otill 
u"•d infft'ljUO"\Iy. 

For e&amvl•. the ZBOOO nllowo snftware s\atks In 
h• implomcnted with nny regio~or. Thore are al so two 
ltordware >WPitG<l<'d stncko, but tho re¡¡istcrs u;cJ 
are s\111 gcncralpm¡wse and can participoto In ony 
opcr" \ion. There is no alloc.-,¡,-<;1 stock fram" pointer, 
si neo ony regís ter can be U••d by rneans of 1 he proper 
cumbinotioJt of •ddrcs;ing m <><les. Thc savings rooliz· 
cd hy rcb-ister speciall<ation ace unotlracti,•e when 
(he ¡;iven lunction con stlll be perlormcd simply. Tl:e 
loso thbl would result lrom rcstrictin¡¡ the applka· 
tiono "ould be too ¡:reo\. 1 n con tea •t. significan\ sav· 
ings result from exduding RO frorn ''""as en inde:t< or 
memory pointer. Thio cn\usion allows one to distin· 
gui;h bctwoen the inducd and dircct addrossing 
m<><lu which use the snme <ombinotion o/ the b· 
s\roctfon oddrc.s m<><! e fiold. The price is StM!!. sine o 
RO otill c"n be an ocumulator or source reglst.or and 
15 othcro accumulator, index, ond'or rn•mory 
poin~ero are av~llable. In this case tbe rest-ricl.ion 
tnado >en se. 

Anotherd..:ision to be made ob<rutregist.ers is thelr 
sito. Since the archl\<.'(\ure ~andles mulllple dal.lt. 
types """ muo! hove mu!tlple do\.ll r~gi,¡er >i,es, 
"hlcb can lrold uch data typc. The soluticn of the 
ptoblem io irnplcmented In the archltecture hy poiz-. 
ing regiStero, two !-byte registero make a worii 
rcginer, \W(> word regist.u• mokc o long l'Otd 
r•gis~r, et.e. 

Do!• typ ... U;ers would llke l.<l have os ma:ty 
dir.,ctly lmplernent..ed dota typ<s ~• posslble. A data 
!)"pe is supportcd "'~~n it has a hardware rfpre•enU· 
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tion and instruction• which directly opply Loit. Kew 
dato. types can always ho sl!nulat«< In terrno of buic 
da!11 typeo, but hardWIU"Uuppor1 provides fas ter a"d 
mote convenient operation!. Al tho sorne timo. • pr<l' 
Ltfer•Lion ol futly supported dot.a cype• complicatcs 
the architect.ure nnd the itn pi emenl.8tion!. 

The Z8000 supporU severo! primitivo type; in tho 
Mthitocture and ¡orovidcs oxpnnslon mechoni•ms. 
Tho bosic dota typcs ore ohinu•ly tbo nnes expected 
le ~"" so.d mo>l lrcquontly. Tho "' tend"d oh lo ty pes 
.ce buill U>ing cxisling data typc• ond monipul•ted 
"si•1¡¡ exiotin¡: ir.strucUono. , 

fl.e ba,k dMa typc i! the byto, whido i1 al•o \~e 
1- iÍC •clckcs;•ble elt-m<nt. Al! othor datO typn oro 
,..¡, ,, n~ed usin¡; their first by~ oddrus and t~eir 
len¡;th in bytes. 'The archil..cture els.o oupporlo thc 
lollowing data !y pes: bytes 18 bits), wordo (16 bits), 
Ion¡¡ lO.ards (32 bits!, bywo, and word str!ng•. In addi· 
tion, bil.S "'" lully supporl-ed and addressed by 
mlmber ,.;thin a byte or wurd. BCD digits are sul" 
poi-ted and r~pre..,nted a o two 4·bit dig:iu in 1 byte. 
One ronscquence of this d•ta type orgJ.niution i• 
th>t byte, won:!. and long·won:! r~ghters are'"'' d-'<1 
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GENERAL 
PtJRI'OSé 
REGISWIS 

P~OGRAM 
STATUS 

1 
PAOGIU,M 
STATUS A~tA 
PO!>ITER 

to support thm_ The ZBOOO oven provldes quadruple 
regist.r-another utenslon-uoed In long·word 
manipulation. 

Oth"' data types ...-e support.ed by U5Íng ene of tho 
preceding dal.8 lype•; for eumple, oddre01es &ro 
manipulot,ed os long words, and each element (seg
ment numbor or offset) can be rnonipulated u o byte 
ora word. Jnstructions ll1C ''"" to five·word string•, 
the progr•m status is fo<1r word•, <te. 

A• tho fornily grows, .•up¡oort f~r ~•w dato typeo 
wiU be odded. Thc archil col u re will nood Lo support 
ti>em in 1ts regi•ters or in memo!)' if th~y dO nol lit lo 
rrgisterS las string• are implcmont«< t<>day)_ But" 
most importan!, thc orchitecture will ha veto support 
the add1t.ian of new instructfono to its repert.olro. 

lostructioo1. In designing on in•tructfon formal 
U,e archited must deoide how to aUocate • limite<! 
numherol bitstothe opo<>defield, add.-eu mode fiold. 
ond otber operond subfield!. ln$(nlotlon usa¡:e 
statistics are the best s.ource of dat.a to innut·OCe de<i· 
•ions about instruction set lorm .. t.1·1·' B•hind their 
usage líes a strong te<:hnical positlon: we do not 
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l><'~e>c 1-hat any one of the ~atiOils instructiun oeJ. 
slru~lUrcs-·regísler <>ri~nted, memory oriented, 
slack orienled, symmetrical. or U)'mmelrical, 
etc.- are al"' ays betler "hen ~...,.¡ e.llclusively. Thus 
thc task of the architect is t.ode<idewhat bis most irn
porUint g<>~ds are, and for eaeh cf themadepl tho best 
foatures of the ,-arious structures so that on the 
anuge, and fru- bis set of goals, an optirnutn oolutiun 
can be found. Wedo not believc that theopLimum vnU 
be ;·ery shacp; it wiU be more like o range of applica· 
tions for which the resulting composit.e struoture 
.,..,,k; well. We decided t.o use a rcgister structurelor 
compatibilily, multiple word inst.ruci..ions for >pee<i, 
mcmury-t<>meonory instructiotJs lar string>, ;u.ok 
SlfUCture ¡,., pracess conlnll and p:ocedure sop!">rt. 
"shoct'' instruaion for byte density imprmemcnl, 

'" 
ln>lr~crian formal COn<Ük,..,tioll. Tho 1..8000 h"" 

"''"' 110 distinct instruction LYP'•: severa! instruc· 
ti un lorma\s are illuslra!.ed in Fit"re 2. Thc opcoJe 
fiold >p<><ifi<'S the typc of ins:ruction lfor t'>Hmple, 
AUD and LDI. 'fhe modeliold ind.,~l.cs Lhc address· 
in¡; modos lfor ~umple, R.egist,r lRI. Dir<CL Acldrcss 
IDAI- The da\.a. element Lype 111'/BI and r<•¡:ister 
designaLor lield• complete the basic instrudion 
fields. Long word inslrue! ions """ • difieren\ op"'.de 
,-alu~ lrom Lhdr byt..e or wor<l countcrporL. Frc<¡wnt 
inst mctiun; ace cnc<Jded in a sin¡:leword, ond l~ss fre
qucnL ins•.ructior.s which use more !.han two 
opcrancls u;e two words. There are o/t,n additional 
ficlds for spedal eloments such as immediate volucs 
or condition codo descrlptors ¡CCj. 1 nOI.-ructions can 
do•si~nate one, two, or Lhr~e opcrand> ~•plicit ly. The 
iot>lructitm ·rx~~S\.A n: AJ<DTICST is the only one with 
four operdnds ond is aho the only onc with an implied 
n·¡;Ísler opor•nd. 1 

Severo! restraints can gÜide the proper choi< e ol an 
instruction forma t. A large ri.uonbor ol opc<Jdo> lu><•d 
or resorved) is very irnporl.!tnl: hoving a ¡,~ven in· 
struct ion implomcnted in hudware save• byte o • nd 
irnprove< ~peed. But one usnally nceds Lo conct•n
lrote n1ore on the cornpletencss of Lhe opcr~tions 
avaJlable on a particular data type ralhec thon on ad· 
din¡; more •nd more esoteric insLrucLions which, il us· 
~d frcqucntly, will not si¡;niflcanll¡• affect'.rerfor
mance_ Grcat caro must be gíven to 1 hc·prob]e'm of e~· 
ponding Lhe ins\o-ucti~n sec so, fur '''"'"['ic, ncw cl•!.a 
t¡ pes can be odded. 

A<ldn»in¡: modos. Th~ 1..0000 hu cicht addt~so
in¡¡ mt>dt"!: r•¡,ÚI<F IRt indire<l "i'Íoler 11 R1 diru/ 
,),¡,., u IDA), indu~d lXI. imm «li<ll~ (1 MI. ba•~ ad· 
dr<·uiRA), ba•• indcud (UXJ. Dnd rrla<iuo ad<ITCU 
(RA). Scv~ral other addt~soing onoo.!cs BI~ ionplic<l by 
.>p<-cifjc insLrucLions $UCh os nutoin<:r<m~nL or auto
d..,,.mcnt. 

Althou¡;h IÍ ,-~ry largo nurnLerof oddrc,..in¡: rnoo.loo 
is btne r.cial, u sa¡..., " !.-Oti otics dcmon•t ro t e L lw 1 not all 
co•nbinotiono of op~rando, addrcos modcs, a'ld 
o ¡>era ton are rneaninglul' 'fhe live b""ic aol.L~,..;n¡¡ 
modes of R. 1 R. DA, X, and !M arall•e n\<>5l lrK¡u< · ••. 
ly nsed and orply to moo\ instruttiQn• with moro 
Lhan one addre&S rnode. For two--operand instruo> 
tions, atalistics show thot mcn of tho tima th 
destinaLion is a re¡::istcr. Other case. of aJdr.:sing 
mode comhinollons and le .. ba.ic addressin11 mod.,. 
llre asso.iated with >J><"'i&l inotructiono. Thus, tbe 
lrequent combinat..ion ol antodecrement for the · 
de<tination operand with tbe fh·o basic add1eu 
mode• for the aourcooperand is pro•·idod by Lh@ PUSII 
instrucLion. The combination el aut.olnor<rnent ad 
clresoing modes for both .!0\lrte ond de>(inotlon 
operands is otle of the block mon instruclions. ln 
csscnce, thuddtess modo fi•ld apoca hao b-eoJl tro¿ed 
fcr opcode Jield opace. Tlois ollcwo m~re instrucli~n-• 
ond ccmbinaLions "'hila sta)'ing within o uno wo.-.i 
format. 

The price lor thio lradeolf io the ir.lrequcnL accur· 
renre ol pairs or lriples of insLructi<ms sir.mlaLing • 
mi•>ing oddrc55ing mode. This silloation ""'""'"in 
mc;t inslruction se\.3 in any ""'e. 

Codt d~nsily. Uecouse curren\ n\ÍClOprocesStll o aoe 
re•tricted to primitive pipdim> •Lruotureo, tlwtr 
•P'-''-'d is lar¡,-.ly dopendm L on \be number of •~ecuted, 
instrucLion" or<l&. Therelor•, <<><le donsiLy io n<>l only 
importan\ b<"C-Ou.., of prcgraon niz.e reduct.ion but also 
L«ause ol sp.W improv~menL. Ono would li~e 1.0 en· 
code in Lhe smallest nurnber of bits the mn•t lroquont 
instructions. '!11e basic instru<Lion siu incremont. 
was chosen Lo be a word lor reao<ms do.olin¡; with 
alignmo·nt, speed poultics, and hardwnre C<ot!lpk:xi
ty. Thuo tbe most frequent one and lwo-opornnd in· 
slruction> \.ah one word in 1 loe ir re¡¡-is¡ er N rer,i>t<•r· 
to-re¡;ister lorms. Less frequent imlructioro~ or in· 
sti-uctions whkh use more thon \"o operand• '"~ at 
leas\ t wn wotd!. 

The Z3000 g!ll'o even furthor by >Cl,•dint: ""''mal 
•P<'oial instructiono as ">hort" ln>lructiono whlch 
\ah only one word, "hen norm~ll¡ they t.culd to~~ 
two words. These instrudiono, sueh as LOA" n' 1,; 
ll~<;JS'I'IOR IMM f;OJA T~ ond l.OAD WUlill H~m¡¡TEn lhl 
.\tL!}IArE (lor •mal! immedio\o ,-ah•~•l. G-'LL J,n, 
TI VE. ancl J U~lP 1\ELATI\'~. •I'C "' fr<•¡Ucnl o !.al Í sLit•l· 
ly LhaL th~y dosarve >u<h s¡><-cial t o t•olmenl. 

A onc word JUMP l\EI.ATIVE Ond lO~(fll-:>lf:NT ,\~D 
J U" I'OX NO~-nno ol>o ha ve a •·cr¡· si¡,'Tiificant ÍOli!'&Cl 
on spced. '/'he shurt offsel "'"cl>anism uscJ b¡· od· 
d'"""' lond d.scrib~d Lduw) is ol•o olc,i¡;nccl L~ 
•l'ow onc"ord addrcsscs. Co10tparod to previcu• 
mico oproc-cssors, !loo larg,•s\ n-du<tion in •k• """ Jn· 
,;,••• in >p•ed resulto fr.,on Lite Z8000'o '''"'hit·nL 
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t•nd ro·¡:uJ¡,r sl• 1'< lun• olt1o •rch<teoture and from it.s 
nwrc puwcrflll imlru"tion set-which allows /ewor: (•1 
inotrncliona !o "''''"'"J!lish a ¡¡iven task. 

lli¡;h-h:,,c/ k'"¡:ua¡;e s"pport. f:or micropro.;essor 
u'"'', l he tronsiti un 1 ro m aS><mbly lang~iage lo hlgh· 
Tcwllon¡;uagc• W<tlallow greateffrecdorn /roro ar· 
chitcetural d"pendcncy and ,..;u improve ea se of pr<>
¡¡ornming.' lt is rasy ond tcmpling lo odapt o corn
J>Uicr archit<'Clure to c<ocut.c a parücular high·]e,·el 
lan¡,'l.lago eflicicntly.' Most programming Jan¡:uitge. 
•ct u • filler and can be oupported by a subset of 
n·oiJable hard"·are wilh gtcoler Eificicncy. 10 But elfi· 
dcney lor one particUlar high-lcvellanguage ii!ikoly 
1-0 lcad to incflidenO)< lor unrelal.<-d lanfi'.\ag.,._ The 
ZSOOO wiU be u sed in a wido ''ariety of opjjlieationo, 
and we know that a larga numbeJ- of u><rs wiU still be 
u~i~;g a.,_cmbl)· la~guoges. Sinee !he Z8000 is a 
gentral·purpose microproceosor, lanfi'.'age support 
hu been provided only through the indusion o! 
r~~tures designe<! lO minimiu typieal comPilAtion 
ond CO<lo--g<nerotion ¡:Íroblemo. Among the.e is the 
rcgul..,ity o/ the Z8000 addresoing modos and data 
types. The add.., .. ing strueture provided hy segrnen· 
tatlon ohould •upport p.-«Mmes that result frOm 
alructuréd programming. Acceso to parameters and 
lo.;ol vuiableo on theprocedure stock is supported by 
indo a with ,hort offoet address m<>de as wcll os base 
nddrcs• and b.,e indeaed addresa modes. ln addi· 
tinn, odd">' erithmetic is aided by the tNCHEMENT 
"Y ¡ lll J! and D~CR~M ENT ¡¡y ¡ •ro '" iJ>>t.ructions. 

TMUug uf data, logical evoluation, init.ioli>:ation, 
Hn<l com~ori.%n of doto ar~ marle posS!ble by the in· 
>!lUCtinna TEST, 'JTH CONDJTION CODES, !.OAD JM
Mt:lJJAT~ JNrtl MEMORY,andC()MJ'ARE !MMt;OtA'JE 
Wl'rll MEMOI<Y. Compilers and assembleu 
Bl~lúpulol.c tharaet.er strings frequcntly, and the in
•tructions TRANS!.AT~, TRANSLA TE AND TEST, IIWCK 
{'()MI'AR>;. and ffiMPA ~E srR<Na all reoult in dramatic 
apoed improY<ments o'"' software simulations of 
1 hcsr• important tuh, espedally for certain types of 
la<tgu~gc•. In oddition, any register can be used as o 
•t.ocl!. pointer by lho PUS« ond POP instructions. 

S.¡;meotatioo, l n order lo provide for convenient 
code r,<•nero tion and da ta o ccc os, oddr elises mu st al so 
be """Y tn monipulol~. A,.hit..,tur"" with direct ac
<"""lo momnry t¡•pically u>e o linear addrcss spaoe. 
'" lhot oddreso ori<bmetic may be u sed on the en tire 
•Jdrcu. In lhis c .. e. oddresses are manipulated u 
'"'e ~lthe data l}'pe. ofthe same s4e. n.is removes 
the noed todistinguish an oddreu •• a new dat.o type. 
1 n tontrut., the UOOO ~so non-linear addr••• •poee. 
.'\<ldrosoc• ore made o/ two parto: a O-bit segrnent 
numh<r .\nd ~ 16·hit ol/seL Only tbe offset par
ticipatos in eddressatithrnelic, TI¡ e ""¡;ment number 
i• <ssentiolly o pointer lO'• pan o/ the total oddreso 
>poce, whlch can >'ary in siu from O lo 64 K bJI.e•. '!'he 
hrdwaro repre>ent..alion o/ a segmcnted addreso is a 
long word oro •~b<ister poir !Figure 3), which allow• 
tl.o •~•Y tn•nipulotion of each ¡>Olrl of the oddress. 

'fho !<•gmontod oddresses ote one ol the key 
mnchanl""' "'"d lo supi.ort both large and smoll 

• " " D~~\~~~·._1 ' .::J / RlG<SHR PAIR 

" " ,., (___.__._. OFfSET 1 
OR LONG WORD 

• " " 111 SfGr.<(NI NO. 1 _._/ ' ' ' ' ' 

" " '"' L OfFSET 1 ' 

• " " ,. 1 ol SEGlAENI NO. 1 SI!ORI OFFSH 1 ' ' 

Flguftl3_ H•tdworo "'"'"'"ntotlon ol '"gmen<od a<ld<n•••- Any non
u-grnentod &ddftlll lo one word, whe!her 1t lo In o <e¡¡iotot, momory, 
or on ln•truc!lotllflguto 31~ Sto;tmonted odd.-nu O<e alwoy• 1wo 
words In o roglotor Of momory (Figuro ll>r, hown•r, lnstructlon• can 
Ita .. one ol two lormo. Tito uouo1 ca« ~ong oU .. I] requl< .. two 
wordo ]FI¡¡uro le~ l>owovt<, !lloro lo aloe o sho<"l otloot htrn th•t •••• 
cinly ono wotd ¡Figuie 3d), 

memory oysterns elf1dently. The two versions ol the 
Z8000 implement.B.Won, the 40-pin unscgrncnted and 
the 48-pin oegment<d, ollow the maint.enance o! the 
or<hi!.«:!mal compotibiUty ondease the growth be
tw'-"" theM two opplicotion groupo. Tho oegmOnt.M 
ocldre•s •pooo guarantr,eo that uoh 64Kbyte od· 
dress spoco of tho 40·pi" voroion b<-comeo on• o! the 
·~~menls of the 48-pin veroion- Eoch ~0-pin vcroion'o 
1 G-bil ••hlre"' bocomo• on o/J.ct within tha oegment, 
•nd a moclo o~iota in tho 48-pin p8ckoge version in 
which 40 pin vc<sion codo con be cxocuted. ~'utther· 
mota, eompalibility with anY curreM S·bit rniorl>
proccsoot •<>eh u the ZSO ls caoy, onda new rnior<>
computer •uoh aa th'e Z8 can addroso axtornal data in 
a sbared scgment wil.h the '1.8000. 

The hardware performance of tho Z8000 io olso im· 
~roved by ad<if-cso oegmentation, Since o .egment 
number dooo not participa te in uithmotic, it can bP 
put on the bu, bdore the re•ult 01 an addreoo ~om
putotion io ov..U..ble. Thio fe•ture aUowo thB use <>1 
M MUs with eo.sentially no impoct on memory oooe>1 
time by aUowing it t.O function in "paraDo! with the 
CPU. 1 ndc•ing opcraticno aro aloo faotar l>eeauH on· 
!y • 16·bit addition mull bo Pl'rformed. Decou.., o/ 
the di•tincüon b~lw""n tho oe¡ment number and it.o 
ofhet, ane can use ohorter addreueo without soft· 
" ore constro.in t-. Short oddreases con use a ohort off. 
set lfower thon 256 bytul and lheroby reduce pro
gum •ize (Fig<!fO 3) . 

Finolly, it i• very uoy loauodot.e with eacll oftho 
1 28 •~ ¡;men to Gl the od<.ir .. o space the protection and 
dynomic relocatio~ fo.oturoo deoitob!e lor larger oy&
temo. Rolocation al!oWo a uoer to write hiupplicotioo 
using lo~~cal .,Jdrene• independont o/ ony phyoical 
acldre.,oo. Relocation io uuntio], for eumple, in o 
disk ba•od general doto proceoo:og aynem witb 
•overol u•ora. Rolncuion 1• not .,.entiol for 
dt"dicbl> ,~ oppli<aliono "ith e <><ID typk~lly rc5iding in 
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O u "''"i"td ,¡, '~' A >re<:i"l ,],,. uf '"¡" i•·ilo~ed ·· in· 
Hln•ctiun> is Jofin,·J, "·hich Jo,ls with \iO, int~r· 
rn¡1l ;, 11 ·'P'· •ncl mode eh• ~>g<;. l '~<•grum> in ""'mal 
<ltV<I< w!: l<'h all.<mpt lo C~l <Ult' a ]'IÍ ,¡ lc·geJ iml1 UO· 
lion w11l c.nJse a lr ~p •nJ a ch'"'L" tu ;y>l•·m rr.u.Jo. 
'!'!te >wÍtch lrom '""'lo 'Y"'"'" '""'le'"" •l•o ~• 
causod b)' tho syst,'m col! ilt;W>dwn. 'fheo~ 

wcd-..nl ÍStm e:~lurcc prolection ar,d ¡,, lp in de"i~"i'•i( 
ro~.tLle ami dlident nperating '·Y>loms wnh "'""" 

-' ' 1 
1 
1 
1 

' 1 
1 
1 
1 
1 
1 
1 
1 

"J 
1 
1 

' 1 

' ' / 

Uóc-r in(orfae<'S. Scvccol nthcr trap• are "~'r:rod l.(l 

'"hi,ve • con,jstent >Yótom: s•¡;ll.entou,,n <r•P, 
privilcgcd instcuolion lr•p, and un<ldined in'"""' 
tlon trap. 

A d"•irsblo "'"mO>')'!'lO\ection :·chcme "o~~ ~M 
which prolcotion info,.nation lrcarl un!}, reO!I 1\'rlt,, 
"He-u te unly, sy;tem only, sizo of Jo( a ~r w<lo, '''" 1 i> 
r.'!ily ""ocbtc<l with (he d•t• ond cOOo strwtu' < p[ 

a ¡;iHn applicotion. Jt is abo""" lor wl.ich n \Jr~a 
numloer of drfferenl !¡·pe• o! p:ol rction in fnr moll.m 
con bu vcnfiod. 

Tho relncotion and memury prot,cliu~ 
mochanism• descrihed • Lovc •re provii),,J bv "' e~· 
Wrnol ,¡,,., ke: the Jnemory rnan.1¡;emC<tl ll rd\.' 'l 'o r.<o
vido relocntion and prot<elion le•lures ditrni)' "·' 
thl1 ZSüOO would hve J.,mand<•J too"''" h >i<ll[Jiit;co· 
liun. Tho •• Oor<Lal M~! U ha> lhe [U< lh.-r ILJv•M•ó·' Qf 

proviJing lor ""'ior ~oowth by lhe otlclitiun ol r.C•í!'· 
puuenl•. 'fhe ZBOOO ~0-~in p>cb¡;o J~ol n:,t h~v· 
carry th" bmden of 1 he u"uood advun<ed < elocolion 
onolprotection footurc;, altlwugh '""'" l'crm uf pr'>· 
tection can ~eaohie\'Cd by ha;d '""'" ""l"tral ion ol t 1 o 
dilferent odJreos >P"C"'· With n>ultiplu M MUo, tho 
48-pin packfige u•er o•n wntrolt),~ role>ca\i..n U<>•< 
prut•<tion complnity JesiJ ed ir1 hi; "l'l'lico(Í,ll .. 

Figuro 4. lo9i~al to physieal add• ••• translallon. 

The onen•ory onRna¡¡emenl unil. 1'f,e MMU pcr· 
formo tlu'ee function•- (11 "ddre.,. trnn•lnliv.l u< 
logioul addrc•• Lo physical aJJrc'> \lsing d¡natni<. 
mlocation, (2) mernocy rrotertion, "nd 131 •~gm< L>t 

monagement. 'fhc Hddros•eo noanipulated by dw 1"'" 
gramm•r. u>e•J Ly the in•tru<tiono, ~no! oltl pll t bv ; ho 
Z8000 ar~ <•ll,•d lo¡¡"icol addrc••••- 'fh• MM ll """J 
these lo~icol u¡ldr<·O>eo, coonpusc<l <>! o ?·Lit sq¡<nenl 
nunober and 16-bJt off ••l. anJ tra<lliform• thtm in tu" 
H·hit phpical adJreos Wi¡,'l.:LTe 4i A ~4-bit ori~in ur 
booo i• logically a,;oOÍ•teJ <1Ílh ""'h .,.¡;mn1l. Tu 
lorln a 24·bit ph¡.-olcal o¡iJO<'OO, 1 ho 16 Lit ull ,..¡ f• ,.¡. 
Jed lo the ha•o for the giwn oeg<J!<nt. l n elfo<"!, "ith 
the hetp of one mumot)' mon,g<·ment dovi••o, tho 
~000 can Oiidreoo 8M lo¡•teo dioeetly v.ochin • 
lCM-b¡to ph¡>lcal m~mory 'l'~"" The lt.·oo"" f,,, 
the "huice ola !w-~e ph~>ic•l oJd•~., •¡.oce in eludo 11n 
expettation thall&r~e sr'•t<·m> will want (.o liS e< • • '" 
bil" for cu<npln •~•omoe m~n•gem<·nt pur !'"''"'· 

" 

HOM. lJ;cro whose Wtol me mor l' neods aro small are 
al•o wnlihly lo need relocation, 

In oummary, t~e choice of a segmente<! oddress 
space ha• pw,•ided-ot low cost and wilh few prac
titollimitation•-a po .. orful solution to the pruL\em 
of """' b'!owth, relocation, Md protection "' wdl o o 
virtual m<mory implementa\ion. Wo bcticv• thot o 
linear addre" space coold have ochieved the•e 
re>oll• Lut al a considtrably highcr prict, 

The syslem archileclur& 

Prol.otioo ladlilie•. 'fhe ZBDOO protoction 
focilitieo cao be di•id~d into ~y;tem prulection 
fealure• and memocy prote<lion fcutureo. E~· 

perienoe wilh !..,.~e <u<npukr. h•s Jemon>lretetl lhe 
ad•••nt.age• of having atlea>l t"o necution modeo 
Y.·ith difieren[ ocr<·" dghts lo horJY.fU"C /ac<litieo. 
The Z8000 pwvid~s lhe spU:m and normal modos lor 
this purpose. A simple prolHlion sy;tem rc•ulto 
lrom the f>re>""'" o! thooe tv.o modo.• •nd thoir 

r:och ;o¡;rnenl hui yen·' numb<•r <•f • tt r ibutco wf,.-r. 
it i• ini\i~lly cnt"rod in leo tho ~'M U. \\1wn ~ "'"'n"JY 
rdc1 ene• is m•d<·. the pruled ion mccho11iO'll check" 
tbc->e attl ibmeo agoinot the sl-3t~• inlormotion f1wn 
the CPlJ. !f n oniSinotch O<-CllfO, n trup ;, ¡;on,,-,¡,.j 
"·hich interrupt" the CPU. The CPU uw th<Ll d"•,k 
the M M U •tatuo regi•toro (.o 'del.tnnine tbo oaus~ "' 
thc trap. Segm<·nt ottriLut<oo incluclc •o~m,•nL oit.e 
•nd !ypo lr""-d only, •yotom unlv. e"•cu1o only, in· 

GOMH;H!'< 



""IJd 0~1A, in\ a lid CPU, el<:.) Other scgrnent protec• 
tion ft·~turcs iJ.c]udc a "rile \óatning wne uoeful for 
st.~tk "P"' ations. 

Whcn a mcmory prokction violation io det..cl..o'd, • 
write inhibit ~ne g~JarAni..t'es tbat mcmocy wiU not be 
incon...;tly chan¡;ed. The invalid DMA and CPU bits 
indiral< thol the entry canoot beu....t by the DMA or 
CPU r•sp<cthely, because either the segment 
r.u:nb.,¡. io H!ogal Ol !.he segment entry i• not loaded. 
This !ut feature, in conjunctioa with the segment 
hi;Wty inlorm&tion (segment "changed" and seg· 
ment "rcfercnced" bits) and the ugmeOt.otion trap 
mcchoism. aUows the irnplement.otion of • virtual 
ugmcnWd mcmof)' sysWm. 

The MMU comes in a 48-pin package (Figure 51. 
The chip inputs ore the sogrnent numbe.-, the upper 8 
bit• olthe offset. and status informatinn from the 
CPU. Thc oulpLlU lrom tho so¡¡rnent dtip are the up
por 16 bits <>1 the 24-bit physical address ond the 
segmcnt.o!ion trap line. Sinco the rnemory monage
mont de vice processes only !he upper 8 bito ofthe off. 
""!. tho lo,.er S hito go diroctly to memory. 'fhis is 
oquiv~lent to ha>-illg •eros in the 8lower bils of the 
Z~-bit nrigin. 'Thus, \he memory monagemcnt de vice 
only needs \o •tare the upper 16 bits of each base ad· 
dri!OO. Segonent limit protection is dono in tho 
rncmory managomcnt device, and thuo oe¡¡-ment• can 
~o prot eoted in incremcnts of 256 b)¡tca. 

Eacb li!M ll otores 64 scgment ~ntrico thot conoiot. 
al !~o oe¡;ntent base oddreso, its attributco, oi.e, ond 
st.otus. A J'<lir of MMUs support the 128 segmenu 
&vailahle in an address space. Additional M M ll• um 
be u;ed t.n occcmmodate rnultipleltanslalion toble•. 
Using !he st;ltos infotmation provided with each ref· 
erence, poirs ol M MUs can be enobled dynomically. 

Tite momory mar.agement devico functions con· 
•t.ontl.v while memory references are made. Lut its 
tro.nolotioo and protection tables are looded o.nd un· 
loadod u Jlil 110 peripbe.-al_ 'l"o achie~e this. the 
mernory management de~ice hu chip select, addreos 
st:ob.tt, data strobe, and readl,.'l"it.e Ilnes. The ZBOOO 
spcciol Lyt.e 110 instruc!ions that uae tbc uppu byt:o 
of tho dat.o bus can load or unload the memcry 
manogr.menl de;·ice. 

Mo-de •witchin¡¡-. iutern.Jpt ancl trop h&r~dling. 
Fro>n sm&!l usero in dedi<ated proceso control op
p~cal ions <<> large uscrs in gene.-al-purpose dal-11 P"'" 
~ ·~ • ~~gappUcations, asynchrunous eYCnts su chao in· 
· rrup~• and o;·ncluonous eveot.s !iketrap~ muot be 

o. •. ,dl<J. When these e>cnts <>CX'Uf, the s\.&1:! o! any 
<uJTe~lly executi~g f•r<>¡¡ram must be saved during 

\ at is ¡¡onorolly c31lod a task switch or proce!io 
~:~h. TI,~ users benefit from the ovaHobWty ol 

;¡._r • '"' <.ermp!s o.nd tropo. They also benelit frcm • 
los!, en> y, and uoiForm handling of proces• switch· 
ing. 

Pedphenh using int.crrupU hn·e widely varying 
conslrainta on in!errupt pnx:esoiog time. 'l"o solvo 
this ptoblem, peripherals with the some charac
teristios are often assodote<l ~-ith one of sevoul int.er
rupls, A priodty enforced omong !he severol inte.-
rnpt• ..nows the re~ulred pr<>t<fl:dng time to be 

]81DI~!CII0Nlt) 

o.,-o, o,-o. 
/' "" 

AD,-AD0 

' ·¡o .. :l~l 
' "" ' ""' ~N0·SN0 ' ,. 
' SEGMENT NUM81:R MEMORY 
' ' 1.\ANAGfM!NT 

<AA• UNIT 

! 
·~--e-

sr rST0 

' STATUS ' ' ' ' • 
' • " " ' ' ' " ~.~ ..... ---- ... 

¡runrant<ood. EnabliJJg or dioobling tho various in ter• 
rupto b !he mcchanlsm uso<lto onlorco thio proc•••· 
ing ¡>riorlty. 

1 n tha zaooo, .... folt that (bree Jevela of l~tccupts 
wcr< •uflkiont. A JJon-mad.i~¡, inttrr"pl represen ti 
~ cotu¡rophic event whlch requlres opeci1l handUng 
to preserve ey•Wm Jntcgrlty. In adclition thore are 
two moskoblo Interrupto' nan-oo<lartd inlcrrup<o 
ond o•«orod in lfrr•pU, whkh correspond toa flxed 
maprinB of interrupt procenlng routhJCo and to a 
\"IUi•blo mopplng ol lnt.crrupt proces•lng rouUneo 
depending on the '"-ctor presu.t.ed by th~ pedpherol 
to t~• zsooo. 

Both interruptJ ond tapo NOsult In oimilar procuo 
switches. lnlormation reloted to the cid proceso lito 
pro¡:ram atatue!la uvod on o spocialoyste.m •!acl< 
witha codedeocrib!ng tho reoson for the owiteb .. This 
allowt r&eu:oivo ta&k owltchu to occur while l~vlng 
th normal ot.ock 11ndlo~urbed by opWm Informa· 
tion. Tho •t.ou ol the new proceu(its new program 
ot.otuol isloaded f<em alpedaliUe& in montory-tbo 
program ot.otuo area-desi¡¡nated by • peinl.er ro••¡. 
dtnt in the CPU ]seo Figure &J. · 

Tho use of the ot.ock ud ola pointer!O the program 
olatus ar"" aro specllic chalcu made to &!low ar· 
chitoctural compat.ibillty if ncw inl<rrupl.o Or ~apo 
.o.re a.Jdod to the archltectuNO. The oholte of the hvo 
moJ•• ~~ uecullon hu a 5lron¡ impatt on !he d~slgn 
of dean u sor !nterlae ... E•puloncehu ahown that In 
largo syotemo tha normal modt inoUUction MI and 
the """' interfoeos I.Qgother <Cnatituto the mo.ot im
porunt element In ochJo,·ing ""'hltsetural rom· 
patibiüty. 

Commun!eotlor1 wltb otber devic .. : lb e Z-buo. The 
Z-bu$ ia the shor«< bua whkh ~nks &11 tho oom· 
ponen! o of tho Z.SO()O f~mlly.' Tho varíe! y ~nd f'"rfor-
ma" .. rcqulrcmen!S of tho componento .o.re •o dif· 
1 ti ent th otln loct !he Z-buo ;, ccmposed of five bu sos; 
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o memory bu•, an 110 bus. ao i~-lerrup"t Lus. andlwo 
resource requeot buses ¡Figure 7). 

The Z-bus is called a '"•hared"" bus Leca use sovcral 
componen!• can use it A bu> user is o CPU ora pe
ripherol which can usually ¡;enero te 'one or more hu a 
tronsactiono such as memory dat• request or on liO 
requcoL !den ti cal bu• lransaüionscannot toke place 
ot Lhe •ame time, but s.d•litation mechoni;rns allow 
><•qu.,nLial uu of the Z-hu•. Arrhitecturol!y. tbe 
buooo can be grouped into two structme•. The 1/0 
otructurc uses the !lO bus and the int.errupt bus. The 
<ncmory structure uses the memory bus with or with
out addreso ut.ensions. Both structures con use the 
r""'llrce rO'<¡uest bus and themast.ership request l>lla. 

Each bus consísts of a set of sigrrals and the pro
tocols .. hirh prMide over the various types of tran• 
sactions. Part of each prot.ocol i• the timing relaUon· 
ohip bctween relovant >ignals. The ZSOOO Cl'U vro
vidcs mosto! these timing relations. The advonl~ge 
of ouch o thOi<e is the significant reduction in tloo 
number of cotnponenLS reqoirfrd lo build """ a 
oyotem. One CMsequence i• thot hu• t.r•n•actions 
cannot Le aborted or deleyed frooly sinro oorne 
dovkc•. c>peciRIIy memory, ha ve ;p,-dfir thning con• 
otruillto. 'J"he most lrnport!UTI c<moirler.,tion for thc 
Z hu• io the ne<><l to int.edace to mllltipl<•x"d ,,.)dn>SS 
ond data line• of the ZSOOO Cl' lJ which wus\ lit ill 40-
and 4B-pin p~cko¡:oo. The Z.hus rnointoil\s the•o 
multiple>ed addross and data Unes. Very litUe 5po<'<l 
could be goined by dernultipltling the>e line5 for 
n•crnory rof<•a·nces since memOri,. are thernselveo 
muhiplc>KI. The most lrnportant •~-' uniHge . ' a 
muiLipl"""d ·~-hu5 is tb• din<l _.,Jru>ahilil,- ••f 
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peripherallntemal registero. This fe~ture allo-..·o t he 
con5Lruction ol compler poripher~l• -. hkh mkintnin 
a l.irnple pro¡¡ ro m interface. 

The Z.buo is known is a lransp"''·"' or o•yn· 
chronous bu;. 7..&000 co,;,pooents do n~t rcqllito thot 
theit cloch be oynchronized with the C/'U dock The 
signa!O u•ed by each lrijn-saction pro~ide all the 
neccOsary lim1ng. Tbis cOocept is imrottat>t: it 
attów•. for "'dmple, 110 referencos lo ba 1mlcp~nJ.nt 
of the sfl<"'d and cloclr freq~encies t<'<jUired b)· c:la·¡-
Z.bus transa<tions. . _ 

110 bu• ~"'"' m•mory bu•. The 1."0 an•lluo·nlotv 
bu••• are the most important. The noiio ¡_,.,;¡y llr· 

chi!A'clure Jisling"\Ji;hes botween memcir;· ._,,J !¡O 
"1'"'""" •nd thus roquires spod!ic liO in>(,uctio.>""· 
Thi• ••chitoclural soporation alluw• hcCict !""''"' 
liu" nml hns a nicer polenlial lur '"'--"'""'"· Tho l.• ti 
ond mornury buses use a 16-bil Jtd~r •. ,~'dl!U>. bt1n, 
whi<h alluws 1 G bit 110 oddrc>Se• ond 6· or 16 hit 
dota olem•nt '· M etnory add,osses nro 1 G bits fur ti'" 
40-pin p•d<"g" or oxtcnded to 23 l•i\$ u>Ífl¡_; tl,o "'~ 

"rncnt.ed \erSion. "fhus. the memory \Jus Ío ir. fact n 
logical ~ddro"' bus. The incrr_¡,>ed >poed t"'lUÍt(>
rn•nt.oof futuro microproceS>Or> i•likdy toLo achi"v• 
.d by t.oiloring m~omory end l/0 lf·fer~"~'"' U. ll••ir 
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'''P"Ctivc cluu"clc•ti9tic releron"" p•ttcrna nn<llly 
u•ing oiuwllunPouo 110 ond rnomory <cfcrencing. 
Thcso luture ¡w;,.htlitioo rc•¡uirc on nrdoitccturo.l 
soparation todo y. M<"on~ry-moppcd l/0 i• alill pu;,l· 
blc, Lut wü lccl tho lo•• of proto-ction anclpot t•ntial u· 
pandobility "'" t<><J •c~cre lo j <>stify mcmoty m~ppc-d 
110 by it;elf. 

Hoth thc 110 onJ m<omory Lu•cs ""'d •ddrc••· dat.o, 
and control si¡:nol•. One importan! implcmc!ltoti<>n 
d•cioion was to ovtrlap tho •isnnls ll>Cd by thc 
mcmory and 110 hu>ca on thc som@Z6000 CPU pi""· 
with the obvio<>• nception el thc at11tu• oi¡¡-nal• usod 
lo distingui;h bct """" tho twc typeo of bu o roqucOlo. 
Por the curren! ZI!OOO implemcnt.olion the rc•~ltinií 
rOOu~tion in number ni pina io si¡¡nilicant. 1 n <<lntrut 
\he. impos .. bility of doing concurnmt mcmoty and 
110 r.lor.,ncing io not v~ty signiflcoont oince their 

, •peeds arecs..,ntially the ""me. 
In additinn. memo.-ies and peripherals both beneflt 

from \he availability of urly status lnlormotion 
ddining the hus transution type 1110 versus 
n>ernory, ,.,.d versu• write) altead of thc octual tran· 
""ctlon •o that bidire<;tional driv'!fo and other h.ord· 
wa¡e elemenl> can be enabled belon the rulcrwce, 
The st.otuo lineo of the Z80ÍIO CPti pmvido thio type 
o/ early o tatuo. 

TM J/0 ur~u~.-.-. Since a>any peripherals are con· 
noc:u.d "'ith nne CPU. the 110 bus lo •h4red and 
seriali.<-•llion must be provided. Onc oolution Jm·ulveo 
using o on.ost...rlslave protocol. Th~ CPU¡, • rn .. ter 
which <:an initiate un 110 transatiun ot ony time. The 
peripherals are ola ves ,.,·hich pattkipate in a tranoac· 
\ion on!y when rt'(juestcd by the master. In order to 
find out if a pedpheral needo to be ocn•i<-c•d the master 
can poli each in turn. The z. bu o alw ¡>ruvidos • !aster 
way of getting 1 he att<>ntio10 uf a maowr: an interrupt 
bus. In contraol, with lhe 110 tran ... aion data bu•, 
uch (l<'ripher~lsharin~ the interr~pt bu o may "'t.-y" 
touse it •imultoneousl~. "/'he intcrrupt bus uoeo an in· 
\<!rrtlpt fine. int<:rrupt aclmowlcdge linc, and two 
mu1~ lines u sed to fotm e dais y eh• in. Tho dai!y choin 
is an implomcntotion ol u di¡tributod orbitrotion 
polii:y hetv- con tbe r~queot•. Priority o/ proccssing io 
determine<! by the position in the d1•i•y ohain. and 
t•criphorals <•n lw J"''etnpwd. Jnt-<.rmpt we\.<>ro are 
Uóed lo dctennin~ the identity of tho pnriph"1ob ro
queslin¡: •crvice vía an inlcrrupt. 

Othor h"ses. The lwo rcsoutrc '"~uc•t bnso• ar~ 
>.sed tn rcqucst t be control ol thc Z-L~• frorn thu CPU 

nd ~" '"q<n•>t cünl< ol ni ony GCnernliwd rc•ouroe. 
TI"' ZHOUO Cl'\ J or ""Y 7..-huo <·nmpatible CPU ,Juno 

100t ., .. ,,d tu requc•l tbe bue to acco _ _. it u o >nestur, 
,,,d ic, u,,,tfore. thc de!a<J]t iniSter. Otbor d~oicu 

r•.•qucst bus mast<>robip, b01t th"Y mult go 
<'. , :, n non·¡•reetnplive distrih~led orbitrotion u s
in,; .. nothor d•i<y chain. Tho CPU alwoy• relin· 
<¡<Jishos tbc bus 't ti• e end of it> curr<nl bus traH>oC· 
tion. 

The rcsource request ohoin i• & gencroHntion of 
that ooncepl in "hioh ••eh tesourco requcSlor ~ .. 
equal itnport.once and can use the rewurce In a non· 
pr<en•pti~e manner. This rnedoani•m in the Z~OOO 
:;ru r><·rmít• onc to i".pl.ment in ooltware thc kiud 

of ex el u <ion """ •erio li<a ti<m mechanisms n<"'ded for 
mulliplo distrit.uted systcmo with critkol te>OUrce 
<ilnring. 

Mu\tiproco.<l,g. In tbe oonlext o/ today'• lar~e 
m11infrome oy•t•rno chroderized by multip\e pro
"'"'"' •harinlí one proeesoor, une io temptod 1.<> 
,¡,.,i¡;n cli>lributOO prOCc.sing sy•tems with many 
lo~<N<J>I microproceo•ors running dedicated pro
«>>teS. Such an appmach "distribute• intelligence 
lov.·orrlo the peripheralo, resulto in modularization. 
•nd permito easier development and growth. Unlor· 
tonatdy. in tho past, the problem with such ~n ap
P''-"'<h has bc.!n •oftwareand not hard,.,·aro. Thu• one 
cannat be UJ>"<ted to provlde det.oilod oolutions in 
hordware toa ooftwaro problern that ha• not been 
salvod yet. llowever. sorne basic m""hanisms have 
b<en providod \o allow the shadng ol address •paces: 
luge oegmented addreoo opa<es and tite uten.ai 
MMU make t.hlo possible, anda reoource tcquest buo 
io provided whioh io conjunc-tion with software pro
\'id et t he nclusion ond serial iz.o tion control of shared 
critica] ruourceo. These m""hani~mo and new 
poripherab like the Z.FIO hve b..,n designed to 
aUow e .. y asynchronouo communication betweeo 
differt'nt CPU o. 

lmplemontaUon tradaotls 

11•• koy (..,iJy d..,J~Iuo: prodocibility. Confrcntcd 
with tho problcm of de•ib..Ung a new LSl-bosed 
sy&tom architectuie. wc coold ha ve ignored package 
she considcrotiuno by arcepting package• with 64 cr 
moro pino. or wc oould ha ve ignoted mas• produc(ion 
tt<hnology canttraints by us.inlí die size• lllrger than 
260 milo •quare. SÚch solutions are cft<>n juseified in 
the implcmenlotion cf an ex.isting cvmpukr sy•tem. 
The componen! boundoric•. packoge lirnitations, and 
t ochnolo¡,~cal Umitations ate soeondary to achlevÍ!lg 
the son] of exact mernbership in the cornputer frumly. 
But lf ene were (<) design • new sy•tem archlteclure 
with the same l~tck o! oonstraint•, tho individual com
ponen! would no( bo price-coonpetieive-only tho 
tulal oyst"m v.·ould be. A now oys\em archltecture 
l"'"d on thi• opproarh could only be use<! to d"'i¡¡y¡ 
yet unothui tcnditiollal comp11ter. 

'!'he ZHOOO fruni!y proviñes busic, gcuerol
flllrpnoc blocks out of whlch 11 system 

M)lution to most problems con be 
implcmented. 

1'h• 1,.;,000 fomily marht is intendcd lo he much 
hru .. dcr .• .,d oach componen! ol the lamily rnust ba 
<·c·oncl!nk.dly viable. The st.o¡:ed intr<><l uctiun of com
po,ent! whiob areeconomi<:ally viable by themselves 
o\Jow• us to servo the market frcm ver-y SlnaU con· 
liJ!I'tolion! to v•ry large oonfiJ,'Ufations by u•ing 
'""'" Wlnponont•, in any ccmbination. Not only do 
"e h<lit·v~ t~al thi$ appt<uch dlH'! not restri<t 
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sy•lt·m occhitecturol possibitities, but we abo Lelio>O 
thot the lamily wil! bu more cffective boca use it will 
grow with its customeJ", 

The Z8000 farnlly does no! alwayo o\U.mpt 1.0 pro-
vide opccific orchit.,.,tural solutiono, oh.en im
plemcnted in hardware, to a!! system a:rchitecture 
problt·ms. 1 nste•d, it provides ba!ic, general purpose 
block• out of which a system oolution to mo•t pr<>
ble"" coon be implemcnted. The rnulti·rnlc•oproccs· 
sor and diotribuled system capabílitieo of the Z8000 
family illuSlrate the u.., of open-endod meoharUomo 
\O ooh·e a variety of architedural problem•, while the 
memory management of addces• •pace Ulustra!.eo 1 
sp~cific problem supporLc<l by o •pedfic oolu
tinn-tbc MMU. lfowcver, olher solu\ion> more ap· 
propriaLe toa particulo.r problern """he u;ed ~nd"" 
ad,·ance in the stat.o ofthe o.rtmí¡;ht be mopped int.o~ 
""'" device for tbe !ami! y. 

Thit vision of tho farnily oflen r<Sull.S io com· 
pun~nts more powerhllünd comple• thon an applico· 
tion may require. Thc "'"' sho"IJ oot t.akc Lhis a o o 
''""'"[o; "l"nn, bllL ralher as the "'"'"n his •pplka· 
tions ~ruv.th wiU Le ¡·osicr. 

11~-ic CPU im¡>ltm<nt~tioo deci,;;ono. The ZBOOO 
c~rn-r>tly "'"' ~ 16· hiL doto bus(Figure81. ~n inl.<lrnal 
«~i-1' r """Y of 16-bit w¡;isttrs, ancl a 1 6-bit para !le! 

ALU. The.., implcrn~ntation ded•l~n•. v.hich "'"'" 
¡;uidc-d b~· the t"'hMIObric.J and practica! ton>idera· 
tions, ho.e a stron¡; impoct on pctl,,rmanoe. 

To achieve ~ood performance with the imtnJCtion 
fNmot anJ do t • Lype envi;iunerllur ll10 7..8000, nr.ly o 
16-hit bus •ocns sJ<.-quole; a 32·hit bu• would hove 
TI<"CC .. it.awd using an unaccept.ablc i>G pin or lM¡;er 
¡.arh¡;e. Optímol perlo:--nuoe io <•hUoincd "'itb !hi• 
chooen buo widtb Jf the ob.e of the frL><juor,tly uo.J 
ro¡;istcHo·ro¡¡istur opcration• brrmnc• <m~ W~rd. 
TI. e choi~e of ALU and intornol t<!lJ>t<r w.~_;_, :, ~ 
tr"Jcoff hotween opec.J of t.ho most f¡eq~ont r~c ~ 
(¡'ono and the chip ,.,..._ noleded t.o implomont n "Jder 
ALU ordat..o path lnside the CPU. 

None of thcse implcment.otlon deciolons sh,...1~ 
llmit the o.rchit.eo:lure. ln.>tructions are frorr. on~ to 
five words Ion~, ~nd data l) pes on•l addrc•ses "'~ h~l 
lim.itcd to 16 hito. For eurnple, j?.·hit word• aJe'"''' 
of tho main dBlo typeoof thc machine!, nnd cddrc•:r • 
occupy two "-'Ordt. The adduu moch•ni.:>, .! 
lu•trates the •t•ong distloction latw""" a o :.<.:.'-.. ., c
turo and its implem.,.tation. The udutect~r~l ;l 
dreas n!pre..,n~.ation """'a n-bit ~ord o! ,.¡,,;t," 
biU are reservtd and 1 is a shorl forma\.11<m:; ;.,,,,. ,¡ 
dcseriptor. Thu•, tho ZBOOO ardUt.-c\uJe provid~s n~J 
1.0 3l·bit oddrosoo•. but only 23 &Je currently ll~ . 
plemented and 23 pins of the current pa<kag• aro 
ollocated toaddrcues. 

MMU trodO<lffo. The MMU and ¡'to rdativn to thc' 
7,8000 CPU illustrate trodeolht ~.nt a mir.ropro<e~..,, 
architect anJ <leslb"'"' toam "'""L muke Lo ensme 
componen! m~nuf•cturabiliLy. 

To ~chieve the goah ol good uehit.e<:tur&1 C<Jin· 
p.tibility for high·end system!,lt y, as necessry to in• 
clud~ the protectiun and relocation me<h~lli•m~ 
describe<! above. !Jut if all desirod f""turos ,. ere im 
plcwentcd "' a onu-düp CP\JIM M U wmUnali-m, il 
would havo bocn (oo lar!l'o and, •hetcfuoe, 
~neconomical. And if a reduoc-d oeL of fealuroo wcn• 
hnplem.enwd, lt would ha\' e t-n ao-chitecturo!ly too · 
prlmi\.ive. Thus, the choice "'"' made te mainla;, all 
fcotures and use two chips. Thlo now organiuUon 
ha• severa! ol~nifitanl odvanLa¡; ... Sll<h "" o 
<"UI-'Obili\y fur mulli¡¡lo M~l Us, ond alTuws tlH' ""'''"' 
uf a DMA d~dce t.o the MMU. 

Olvcn tho chok~of anHtemol MMU, the llr-llt "''t 
~f d""isions concern• package slzo ond círcuit opo.-•<1 
H oving each relocoL.d segment start on a y,urd boun
dary wuuld hovo r~~uirrd o 64-pin po<kage:md o v~ry 
f••L 24-bit add"' {in fact, a 16 hitoddtr sn<l R bits o( 
t~try prupagotionl. In contr•aL, \ lw <led<ion 1'' o\1<> 1 
s~gments 011 21>6-~yte bounJarics olTuws li>e "''' •¡f B 
48-pin package, a fut S bit odd<r, olld S bita ~! <.ao 'Y 
ptupagation. The l•tt.or ..,)ution is tl!Cbnir~lh 
•uperior and platoo practically no te~tricliuo <>n ll•u 
architectuJe. Segm•nt gr•n\lladLy e;, o Uc de"M eJ 
•n imt>lcment.olion restrictio" a¡¡.l Jl<ll '" en "','biu·~· 
tural r•sLriction. 

Makir.g th• 8 Jow-<>id.r bit' of thc off•~' ¡;~ rlil • ~el y 
to 1ncmory o!.., •ignificAntly l educoo mcmcry a« e., 
limo. Since drnamic m•mo.rie• uoe ¡hose bits r..,,, 
muS! o! tbe MMU r•IOC>Ition 1i1ne is hidJer. rlurit,~ ~ 



nom1al mernory aocco~. 'l'~e nvallability of sewneM 
numbers e•rlier ~han the ~•sc>dotod offset hito rein· 
forc"" this •dvant.age and aiJow• tho MM U lo result 
in essentially no mernory acceu >peed reduction. 
Eoch MMU cntry atoo requlreo 8 bi!.! leso for base 
~nd segment oi:e ~alue. Thio io irnportant: it io 
do;irable lo park "' man)' ~ntrios U possible per 
MMU. With 84 Mlrica o 2K·bit memory is noo<k'll. 
whwb ;, l<"<hnologicaiJy Jifflcult in view of tho 
ornuunt ullo¡:ic surrounding thio memory and the 
complexity of it• orgonization. 

The f•ct than an MMU io only connocted to the up
per byú! of the data bu"• requires the uoeof sp..,iall/0 
instructiuno for itoloading and obliges U3 to replac~ 
the po.,iblo u.~ of an automotlo dcmand loading of 
entries by r•plicit in>trudion l~adlrl!>· To compon· 
M le for the limo ponolty as.ociatod with thclooding 
ol pot.enti~lly tLnu>ed enttiM, moltiplo M MUo o.re 
u><-<1. Thcy not only a.llow tho implement.at.ion of 128 
entrm•. but pllirO of MMUa can be automa!.ic.olly 
enab!ed by th• oystem and normal m<>de pina effec· 
ting o hlll envlr<>nment swi¡,b at dectlonie ·~· 

Wo fe•l thio enmple !lluotralf,o une importan! 
de•ign appr<>11ch' U> oomprom.ise ••littlo os possiblo 
on advanced aJChito<tural feolOto• but to accept 
o.;~rnprom.i"'"" whkh re•olt in implement.ation ease in 
ordor to achi~ve <"COflO"tical componento. 

Concluslon 

Tl.e •rcltilo•ctural sophistitHt.ion uf [he ncw JG·bit 
mic·ropr<.ee">Or> is rapidly apprcoehlng the leve! of 
the minicompuler aod large computer. Problcmo 
ouch u componen! farnille•, larga addrc3.'1 >pa<eo. 
bus stando.rds. !10 slnlctur ... software in~estmcnt.a. 
and •n:hi\<lc tural compatibiúty are be\ng dir..,tly ad· 
dressed. S<rme of the solutillilo to lho•• problemo are 
known. and thereforo the tran•ition frorn S-bit mict<>
P"ocessor; wu rclotively ca•y. Bul the challen¡,:eo 
ahe"d-networks. di•tributed pruceosing. new ap
plications-are mttch hord.,.. Th~ impaot of micro
processo" io olreody ononnouo. but we 1,.,1 tbey wiU 
nc b ie • e !loe often ·predicted com putu revolu tion only 
of<.er these new prohlems are oolviOd. • 
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L..,nard"s in•truction set meuurements ,.·ere 
especially valuable. Oonnis AIHson, Steve Meyer. 
llruco Hunt, and ma!Jy o>thero mun be thanked for 
thetr commenl' nn < ~rl drafts o( this p•per. 
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'fbe lntel MCS-48 lamily o! si.ngloxhip mkl<>COJn· 
pwt~r• contains ot lo••t lline difrerent rnicrocompu\er 
chips ha ving a cornmon in•lrtlction sot but dilleront 
omounls o! on·chip rcad·only memory, r~adl 
write rnemory, and inpwLioutput (see Table 1). Ac-

T•blo 1. 
MCS-46 mlcrocompu¡oro. 

-----
ON CHIP ON CHIP 

fftCkAGE P~OGRAM DATA 
PART ~ Slll r.<lMDR~ t,~EM~RY '" IP'OS) {b)1<S) (D)1es) (000$) 

80~5 ., I~ROr.l" ... " 1108 ., 1• EPROM' .... 
" ~' 

., -· .... " ••• ., 2K ROM' 126 •• " 803~ ., nono' 126" " "" " IK ROM .. " 601! ., 2K ROM .. 13 plu5 2 6-~11 Al O conv. 
6001 " IK ROt,i .. 11 plus m'"" •r> 1011, 
61•1 ., 1• EPROM .. 18 ~los m~SIOI S)S inll . 

' E>pall<1olblt 10 •• wrlh '"""'' <h1>s 
" Plo• ?'>6 """ 01 """' ol "'W"'I 0>11 mtnoory ""h <>lorn•l eluP$ 

' 

f~OI 1 

am 
6151 
615';1~6 

8143 

' . 
hble 2. 

MCS-46 ••p•ndor thip•. 

ON CHIP 
PAC""GE Pl<OGI\AM 
Sllf , 1.((),(01JY 

(PI"S) (b)10$) ., 2K ROM ., 2K EfRO>.I ,, nono 

" none -···----

O~ CHIP 

M" 
loi(J.Oili!V 1/0 
!bJIC$) (ón«) 

"""' li 
"'"' 16 ;:,o n P'" ,,,._.,l,ounlo< 

"'"' 16 

A system designer and teacher, 
who has made liberal use of 
microcomputers in his own w~·rk 
and whose students haue designed 
8048 processors, reUI'ews the 
capabilities and limitations of tht! 
MCS-48 {amily ofmicrocomputers. 

cru-ding lO ln~l. t~e MCS 4S family wa' cri¡;ln•11Y 
aimed prlmuily .,¡ the "4·bit markot "-ns"" of 1"
tel's 4040 and other low-co•t minocontrolbs. p..,. 
cent en tri,:• lnw the fomily (tOe 8021, son. so.; l. •~d 
8741) are !ncreo.síngly spe-ci&li"-d for low·cr.d rnkr<r 
controllet app~calions. The M\':S--18 family he• mPt 
thls mar~et nry we!L 

The MC$-48 family wasaboailned ata ... -..:ond"o.r
ket-oppllcations that reqwile an upandabb, sin¡;l<• · 
chip, ¡:eneal purpose microcompu~r. As <ho\\n ir. 
Tabla 2, scvcrnl npansion chips 1uo availaLle lo f"O 
vida an MCS-48 compu(.,r wlth l\¡> W 41( byte< nf P'" 
gralll ROM, 256 ormoro byteoof oxU•mal RWM, anr1 
as rnany 110 bil.8 a• a designer .. -auld ever m> o~. In ~rl· 
dition. the od.em&l 110 buo of the MO.::S.48 famih 
aUo.,·s e .. y int.ufacing of ol.8ndatd 805018085-<..mn
p.atible petlpheral chip,. Nov<rtholoO!, U'to ..-chii-t<'
ture af lhe MCS·4 B family makeo it rlifficult to '"" in 
many ge"ornl-pnrp~se appUcatinno, whore • more 
capable 8-bi l architccture is re<¡ u ir ed . 

Basic archl1ec1ure 

Figure 1 ohow• the hosio Slr\ltlwre ol ~n ~1C.o.;.4• 
microcompul.n chip. ('roble 1 L~V"$ the iud!iLi••" 
availoble lor eath of the n1icrucc<"PUlers in 1~' 
MCS-48 fomily thot kod b<•t•n ~l'notlPtcd !,y lol• 
1918.) 'J"he flr<t membu af 1 ¡,,. f!llllily WH3 in1 mducr rl 
in l.ri.e 1976- the f048 "ith 1 K b)'t•• o! a~ t~ip ROM, 
64 bytes o[ R\\'M, timerlcoun:.er, and 27 110 hitr. A 
dctailed de..:riptiOD of tbe enth• farmlr <~n ~ f~und 
in tho user'o manual publ:shed l>y l nlel.' 

Tho MCS.(B ;, a singlc-a«u•nul•tot ard-Jt.-ctm~. 
Pro¡:mm lncmory ~nd dot.1 n"•onory >re lo~~call¡- • .,,¡ 
ph¡·;i<oll¡• ;eporoled j11,u<, thc ~ICf; -18 i" not • von 

n ,.,..,., ..... ,, .. ,. . .,,.,""'Lit-



:-:•·um~nn machine!). The muimurn pto¡;ram od· 
dro,; •P'""" )induding externa! BOMI SUflf>Otled by 
tho >nlút...-cluro ¡, 4K ~yl.c•· There ore 8 msxirnum of 
2>D ),yte• of on·chip (internolJ tloto "wm<>ry, of which 
128 !tytos o.te impl~om·ntt<d in lhe CUirent family 
lowh·r. t lw ~04~ In .. ~dition W inl.cmnl dato rnernory, 
lf,u MGS··1 B <Jire<. U y supp"rl• 2~5 ~yl.cs of ext.ernal 
dolo momory. 

M o.U MCS -lB fs mil}" meml><"ts Ion ve 21 110 pin•. ar· 
rongod os thr~~ 3 bit J>Otl.5, twu l.cst inputs. andan in· 
l•·fluvt input. Addition.ol pino are providod for such 
lunctionl a. !><>"'"'""" re:.el, oing)e-atepping. and 
momOt)" ond 110 exponsion &trobea. One 8·bit port 
a nd pru-t of • second ore us.d LO furm • multi plext<l 
•>id u,~• o .. d ~ala bus fot 110 ond n¡omory expan>ion. 

Tho; MCS.48 has o sin¡¡l.,.lovol interrupt system 
(-"mi y nnc in l orrupt in servico • t o time) and •cceplS in· 
t•rr\J~(" from two source•-ito interna] tlmerl 
countcr aml an ext.ernal inte!rupt input pin. lnter· 
ru¡¡t calb ~nd return• aut.omatically push and pop 
()¡e PtOJ.'l"lln eounl.cr andcertain lnt.<omalst.atus flaga 
~•in¡; a ata e :O i:" the int.ernal data memory. 

Pwuram slore an.:l program control 

Th~ MCS 18 arohi~cturc ouppo•t• a macimurn of 
4K bytoo <>iprogr•m ,toro. eottfi¡:"IJJ~d ns sbown in 
Fig<lfD 2. However. a olose look at pmg<om·5lore 
or¡;v.lu!lon shows tbat the ~!CS.48 was originally 
<.l.,i¡p~td u a 2K·byt.<o mochlne. with the se<:ond 
~K·byto capability added u • clum•y afterthuughL 
l"biacr .. tto two problcm• with the oddressing m""h· 
~ni•m. 

Firn.t bo pro¡;ram oounl.cr it ,.,..ijy only 11 bits and 
tbua addresses instruotiono only"wlthin a 2Kbyte 
honk r¡f program store. Jump and •ubroutine call in· 
structiMIIikewlse spodfy an 11-hit arldress. The 
1" ohlon>, thut, is how to provide a 12th addre"s bit. 

lntcl"o II<Jiution jo •• followo. Provido on interna! 
fl•¡¡. Mil, !batean be..,¡ and deared by two ins!.ruc· 
l ion• (StL ~111 and S.H •tilO, respe<tively). Whenever 
o jurnpur aubroutineca.Jl is executed. t•ke the 11 low· 
mder I'C bit.. fr~m lbe inSU"Uction. and lood the hlgh· 
ordH bit frm~ MB. On subro~t.inecoUo and returns. 
pu&h ~nd pop the enÚre 12·bll oddres•· 

Thor••llle oorne problems witl, lhi• solution. Fir.t, 
in n gcnerul •rq\lenceof jumps ond cbllO in a 4K sys· 
tom. we d••U "t alwa)'8 k:now wh•·ro wo '""me /ro m. •nd 
tlo>·H.f,,e ''" dun"t knoW thecurront val u o ol Mil. So 
i" ~~··tor;l. ,, SE!. MD• instruct.ion must pret<>de every 
j,..,. por r.11ll. N'oturally the proirarumer can sorn ... 
'""' ·. ~void t!Jo ins!rutti<m on o cu.,.by·cose ha5is . 
.. ut !h., il ~nother thing LO worry obouL 

llavín~ 'Glvtd tho firsl problem, ,.., think we un· 
J•rst.ond tho oddr.ossio¡¡ me<honisrn until "'" write 
••<Jt fitst Intorrupt •outíne. Then "~ wnke up in the 
11 ,;,¡,¡¡~o/ t he tti~ht lhinking. ""1\'boop•l M ll can "t bo 
n·•rl •• P"'t o[ the pmco;sor >tole J'SW. llut Mil 
mus! ho >CI toa now valuo in urJer lO do j u rnps w1thin 
the inl<•rt1>pl rouline. llow c•n the old vnlue be r& 
''"''-.,¡un JC\Urn1" "1\'e líe awah o íew h<ours dr"•ming 
UJ< po.,ihl• i!ólulions-Jon"l ~-o ca!Ts or_iurnps in in· 
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How lo choose a mierocomputer 
Tnere are &1 le>ol si• laclotslo consl~or In cnoos

rng • microcom~urer 1or mlcrocompurer l~mlly) lor 
a productappllcallon 

Copabollty. Tho "e muol ha> O enough ROM. RWM. 
110 ~•P•~Ihl y. and speed lO ••tloly the requlremenrs 
ol lhe applrcation. plus & design margln. ROM, 
FIW~. and l!O capatilily can be deler.nioed hom tM 
rr.anolacruror"o lrloraluro. wMo spoed ls beOI deler
mined lrom benchmark pro~rams tallorod lor lhe 
gi,en appllcal ion. 

Will> somo eCo. lhe omc<inl ol ROM, RWM. and 
~O can tri lnC<e .. eO by uslng o>tra chips. Thls o•· 
pan<labi!lly holpo lllho job lo lnllially underos11mat
ed or 11 lho markellng dopartment changos lhe ro
quirOmento. 11 the appllcallon puohe; tho •Dsolulo 
rnemory lrmr10 ol the "e, 11 oecomes more dllllcul\ 
(aod e•pensl,e) lo de,elop the pro~rarno. 

E.tenolblllry. Tho deslgnor musr conslder "'helner 
improve-d verslons oll~e ,.C Wlll be el tered. A •C-t>ase<l 
producl deol~ne~ In 1919, lO< e•omplo. mlght be rede

'•lgned In 1&81 lo reduce cosr orlo add leatures. 11 
would IMn be dooirable lO ollffilnole e>lro ROM, RWM. 

· and 110 chips (or a•oid ltavlng lo odd lhemor piel< a di!· 
!eren 1 ¡oC) by u olng a n ew ' ero krn olt he original ,.C willt 
lite e>Ua c•poblllty bulll in. 01 cO<rrse. mony produciS 
do.nol uMetgo lhls .. oMkrn; bul rl ¡>roducl ovolulion 
ls e<po~lod. tho orchrle~lura! llmrls ol lho ••loclod ,.C 
should bo o•amrned In ll9hl ol polentlal applicallon re· 
qulrernonrs. One can e• pecl lower Mrd,are ond •oll
""re d"'olopmenl costs and. probably, lower manu· 
lacluring cc>ls 11 the enhance-d product uus on up
grode-d •orslon el IM origl""l "C rothor lhan a 
~ompletely new ono_ 

Con In mo.r aroas ollhe prlvate socror, mrniml:
lng co>l ls a goal. and mlnrmlling"•e coOI usually 
meons minlmllrng lhe num~•r elle paol<agu C<rsl 
ls "'""1 P'''""'"tho deolgner !rC><ñ plcl<lng o e1ay-1 
In response to lhe hrSIIaclor &l><rve. '" anlllM 370 tn 
re•ponoeto lhe secood lacror. 

11 th,; job ls woll delined •nd no ptoduel enhonoe· 
mont ls antlclpale<l. it ro <ol•ll,ely easy lo llnd a 
mlnimum·ccor ,.C thal wlll do the job. Othor .. i>O, 
!here ore many mo<o Uadtotl• lo be cenol<loted. 
A simpler ~e a<cMeclure uoually lmpli .. a tmaller 
1e ~te aM '""'"' ~hip cost." bu! 11 rr.ay aiSO requlre 
more chips to !uppo<l 11 la1or. ¡For e•omple, a "e 
withoul a WAITIAlADV lono may be more drlflcull lo 
lnlerfaco lo >ome typeo el ~oriphoralo or momory) 
An e.pandabll ~e wlll locoiOiola roler product evolu
tion jolthe produells !uccessluO. bol rnay lnc<o••• 
inllial prOduco cosl beoaus.t OIIMituetron etliciency, 
memory '''"· 110 plns. or spud ••crilrcod by lhe ~hip 
-designers lo make e•pan•lon or enhancornent 
"possrblo_ 

A,.ilabilit1- Many manulocluring mganiuttons re
qulre • seoond souroe lor all com¡ronenrs. bolh lo en· 
ouro tMI parrs "111 be •••rlobll. e•en 11 :somo dlsaster 
belall• ooe souroe. and lo enjoy lhe notmal benellls ol 
comperrtoon Ir•" free markor. 

The d<SiQoer ot a new produello oftcn lompled lo 
>elecl bet ~••n o ~e Wtln ono o< !wo sour< .. aM one 
"''1" na >Ourceo fyei-"We'll hO•o sarr¡>les In rhreo 
montho"") lt ls risky lo ~ommrlto any ¡;;orl unl• .. your 

pu,cttasing depaormenl can ordor (ond rocei1~) tOO 
precu 110m • diWTbulon .~el!. Ma~ulocturero l!a.e 
t>l><n kno"n lo slrp scned~les an~ <>On ...,no el parts. 

On !he olher hand. morketlng and coor facto;o can 
molivaro the selettlon ot a nct-yel·.,•.l•bi~ or 'ery 
"~""C. The new ee con gi>o !he producl a compot111"•• 
edgo In leawros or poliormance Although the ne.o ,e 
m ay bo In sl"lc<l suppty and coslly lnil ~lly. lt mayl>e 
or.eater in lhe Ion~ run beca u! e il•llcwso moro ell~ 
ciono doslgn wltn lewor IC pacl<ag .. _ 

E• poeled produolltl.r lrne should al$0 be comparO<! 
wilh lhe expecte6 ltletllne el lho ~C. E•on il 11 is In 
e.ponsl'e tuHently, a ,e lhat has beer1 oroun:l foro 
le" yeor• may 1>0 a baO c~oiceo prMucllon quao:itleo 
may lofl and prlceo rln In • few moro y~ors as newor 
chips 110 pha••d lnto no" designo. 01 course, thls 
doe•n"t opply 11 your company olono lo orderrn;; 
!OO.OOU ploces p~ryeor. 

Support lool>.liardH<e •nd son"'"'" ourrort tcols 
are OSSOf'llial loi tlmoly de•elcpmot.l GT a ,C-ta.ed 
pr<r<luct. llle suppor1 !ools oto ne'"l11r11tO<Iuce<l..C 
corrnot be expected lo triO$ e~leralv• or rollablo oc 
lho .. ol on eslabll~hed ~e lamlly. Thlo encourages th• 
u•o ol "'' oorabllsllod ~e 11 qulck dovaloprnentls ne~o
ed, oran exletisible ,e llmlly wllh rouubl• to~l• lf 
produot e<'Oiutlon lo t•peele-d. 

Mcsl sinQie-chlp ,.Cs are progtamn•ed In a,;en.biy 
lan¡¡tr~Qf. onda gOod mocroo,..emblar lo o mu•t. Mcol 
manuloclurers supply ooltw&re to~ls lhol run on 1heir 
own Oovelopment sysrom9. Howevor. 11 lhero oro m~1e • 
1 han ono or two programmors en the prolacr. !he ne&d 
fot good le>l editora. olmulaloro. and documen:O!Ion 
lo.ctlllios mak•s 11 des)l&ble lo run allscll .. are •uPP<Ifl 
IOOIS en Olar~e cenlral compuling loclllly_ The ap
proprr&le ""eroS' "'""m~lero"" and oimulaiOI! moy 01 
may nol b~ .~llered by thé chip manulaOiurer. 

Duolng producl developrncnl 11 lo ghiouoly 
neceoury lo leo! and chongo programs running on tho 
prodvCI hardware. Slnco mDsl slnglo·c~lp ~es 

ullirn&lely uoe mask.ptogrom'""bl< ROI<.O lo stO<etholr 
programo, anolhe< means ls needod"to $!orean~ 
chango programo dutlng do.olopmenl wl!houl makong 
new rnasks. Somo ~eo have pon compollbl~ versiono 
\<oilh on-chop EPROM ln.roM of ROM ll•al allows teuse 
ol the,C Clllp wlih dollu<lnl ptog<ams ld•ny nave pro
'i•ions lct uSing "'lernal EPROM chipslns(oad oiiM 
on-chlp ~OM_ 11 prOductlon quanlrliu are low. or 11 
sollw~•• c~anges ••oe•pocted afte< prOduct inlrOOuC· 
1 ion, EPROM •eroions ma) to e>SentlaL 

Besldes EPROM lacltlti ... !he mol11 ""PPOrl to~l 
provlded ~Y the chip manufactuter ls the 1~-clrcult 
emutalor, which si ores, l~e sohwllfe PIOQ'""" in tl:e 
AWM el o developmGftl syotem ando mulares lhc ,.e 
lhrough o ca~le at\d pluQ lnsert•d In pl.ce oltM "e it
lho p1cduCI. An omulator lo a uselol roollor debu~glnq 
bom ha1d·~are ond sofl""'"· Howcvcr. wllh new ~es, 11 
may nol bo a ni labio os soon •• IM "C Chips ar@. ~nd 
e•en 1111 ls. il may stlll ha•e bcQ•. 

Spocl!ic 1ochnlcol lacio ro. Man~ specllle l@chnl~ol 
loctors can be O<omrned In determlnlng wl•eiMr a ~C 
will do lho job al nand-power con•um~1i0o1. speed, 
TTL cornpolll>rllly. poo~oge •lze.lnsltocilcn's•l- Kuw· 
e'cr, oncell is dete~mlnod lhal the,.C <-.>n ~o mejob. 
tho olhal laclo's •bO••tond to ~~ual or ou!,.~l~h lhe 
l~cnnlcal ""nioeneu·· o! l~e ,e ~t.lp aochl!eelw~. 

_ __J 



tcrrupl "'"Unes, do'lt·rrnine the \'aluo of MB e<peri
"'''" 1 olly Ly doing a jump toa fixod looation and ••e
;,.!: .,.¡,,.¡her it "'inds up in M 80 ot M 8l •, k.,..p a solt
,..,e oop~ ol MB. updating itlwith inLerrupU ru .. 
ablcd ,ol course] every time wc do a SEL>!Di; mah a!l 
the codo lit in 2K, os wo Hpocted lo do at the start ol 
th o projrct; and so on. 'rho next mornin¡¡- we road 'he 
lino print to dJ>cower th•t the MCS-48 foroe•the most 
signifocant Lit of tho progrnm counter to O durlng all 
interrupt rouliMs- We should put all of our in~<orrupt 
codein the lxonom 2K of memoty ond not t<ouch MB; 
in fact. we >hould for gclthat MB eústsl 

The tequirement 1<o pul lnterrupt code in the hot· 
tom 2K m•kos the MCS-48 vory dillicu!t to uso liS a 
4 K mochi no in a real-time aJ)plicolion. Not only must 
the b""ic intorrupt sorvico tuutine be in the b"ttom 
2K bu~ al >O ony utility routine th•t might be calleJ by 
it-thot )!, any cc.de exoo;uted before an Jntertupt ,.,. 
turn Jnstruction is e•oo;uted. This could be well over 
holf the code in an in~<ottupt·ddven environment. 

But the moin problem we lind with MCS-48 pro-
gram stote, afl er writi"g hall uf out applicatio"s pro
grom•. io tloat tho adrlr"•• space is just lo<> sm~IL 
With only two chipsland soon with just ono, 1 'm 5Utei 
we can foil the entire 4K-byte oddress spoce ol the 
MCS·(8 with code for our cdginaJ opplication. new 
fea tu res, diognostics, and-of course-patdoeo. •• 
Conditlonnl jumps spcdfy an S-bit target 
nddress in the currcnt pnge; it would b~ 
f:.r more useful to hnve a signcd offset 

hom the curren! address. ' 

The annual holving of the cust of JC mcmory im
plies tloot ev<•ry yrar we wi!l need another add¡ es• bit 
lur the moximum-süe application program (since 
mos~ evolving product". tend to ose the decreased 
memoiy con lo in<:rease featuros, not 1<o reduce pro
duct cootl. Clearly, then, a ~K limit (s too low for any 
new orchitecture, even a sin&lo-chip microcompul<or. 

Besides the 2K memory banks, pwgram storo io 
abo dividcd into 256-bylc Jl" &e•. Con~\tional j Lllnpo 
>pecify an S· bit tar;:et addr••• in the currcllt page. lt 
"ould be r..,. more useful to havo • s\gned off3et lrom 
the curren! add.-ess; this "'ould increase the lik.,. 
Hhood of being able t.o use the 5hcrt jump addreso. 
>im:e most branch targels Are within 1 28 bytes of the 
~ranch instruction-' More lmpurtantly, it would 
olitninate the parlitioning problenl credtod 1<hcn 
many proco•duro• ID\lól be packcd üllo the memory 
;pace and split across page lxoun d orles. 

The only lndirect jump imtrurtion also u•es on 
8·bit targ<>t address in the curren! page. Very 
>trangely, this instruction uses on 8-bit valuo in tho 
arcumulat.or not as the tar¡;<t oddress, but as a polnt· 
er toa piogram-slure byt" in tho curront pa~e thHt 
c~nlsins !l>o larg<'l address. So thc page contoillin¡¡
t be indirect j Ll rnp in>LnJClion must o !so conlain oll nf 
t he ro u tino! to be jumped lo, u we!l as a siUy ~U le 
~ ,bJe thot cont.oi~s their st.orHng ~ddr.,.ses in tho 
r'¡;e. This not ~n!y ~a,¡es sp~ce and time, but, 

"''"""· mnhs it ""PO>>ihle lo o!) namJColly <'O<npute a 
tor~c1 oddre!S a flor uscmb!y time, si neo tho jump 
t.ob)e ;, in HOM. In mY "'c:ent npedence, three •~· 
pcrioncN programmers havo coded MCS-(8 lndirll<t 
jumps impropuly, b-elieving "Tho manuaJ muot ha ve 
a typo-the contento of the aocumulol-oi must l<· t~e 
largo\ •d•lross itsell." 1 n ony en se, instrucl ions '''!" 
pmt i"g indirect jump; ond colls anywherc in tbo pt<" 
¡¡ro m stoto 112-bit addrcs•l would be far mor u useful 

Arithmetlc and JogJcal operaticns 

'J'ho MCS-48 oonudns ~ singlo atoum.,l•tur in 
which arithrnotlc and Jo¡¡-icol operations t.ok• place. 
Unary opcrations on the oc<·umlllato.- "'" •• folloW!: 

increment, 
decrement. 
cleu, 
on•·• complement, 
decimal adjust, 
'""P nibbles, 
ro tate J.lt, 
rot.otoloft with Cllrry, 

relate right, ond 
rol-ale right ><·i~h carry. 

Binary operations combine tloe nccumd~<or oo>ol •n 
operand •pocili•d by one of th" •drlteS5ing mndes J .. 
scrlbed 'on tilo next section_ 'rhe binary operatioo'" "'"' 

add, 
add with carry, 
A~O. 

oR. and 
exclu,ive OR. 

'J'hcro aro al so "dota·movo" OP•'' ation s that IMd vr 
st.o,e the accumulator. 

Tho main doff,culty Wllh MCS-48 o¡><ratinns i• not 
the Ofl<ratian> themseh·es but the ]ack of conclition 
codes 1....- tc.•t ing Lheir rcsults. Only the oo-rumulal<•r 
can be teSt<-d for LOro or no~ative, ond an ovcofl ow hit 
i> n<•l p«•Vioh•d, making cou1porisons ol si¡¡n~d t wu'•· 
complement n umloers vcry lr~<sl ratln¡;. 

Operands 

~los( dat-o mo,·es and binory operations us~ on <>n• 
chip read'wr<te interna! dota momoty (see Fi¡;uoP :11 
atu'S>iblo by t wn addrossing modes; HfG 1~ 1 f:H !Lnd 
1~ H- H~~L I!~C lb 1 ~R INOI H ~CT. The three oth<·r nd· 
dro.-in¡¡- tnC>CJPI are J;\TEHNAL flWib·t~H ll<DI~U:Cf, 
l\l\1 EDIA'fE, Ond ACCU.\1ULA TOR 1~111 HECT. 

Jo XWib"TI-fl mode an <>r><tand is cor.t.Dined in • 
ro~'ÍSl<r >po-cifiod by a 3-bitlietd in the instrucl ion, A 
fl•g Lit liS, oot by a Hl- nB, in•tru« ion, spedfieo o no 
of ,wo 8· b)'h• r.·giscer bank•, wrro·•pooding tn int "'' 
""t d "'o onenlO•r y tocotion; 0-7 if US is O •nd 2 4-3 l i f 
HS is L 'fhc -'P"" r.~d r~gisler no ay be lo~ded with on 
imn>bl<oto nlwe. moved to or lrom the accumulator, 
combine<! "ith the accumulotor by a,ithmetic "' 
lo!:ioal o[l<rations. inccern~ntod, deucment<-d. ot 
u><..J ""a!'"'!""'" <~r. 
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Figure 3. MCS-48 hllernal da lo ITIOmory. 

REGISTl~ 

""""' 

JN n. "" '~ k>;!ll STEH I~!JIRECT ollows eitlter RO or 
Rl in the current regist.er bank to be u>ed asan 8-bit 
pointer to in tema] date momory. 'fho addressed Lyt.. 
may be loadod wil-h an immediate,·a]ue, mo,ed toor 
from the accumulalor, combined with the accumu
latoc, or incroment.ed tbot for <;<Jme obscuro reason 
not decremented, eVen though tlle netessary ""hole"' 
exisl-8 in the in>truttion set]. 

Locations S·Z3 of tlle interna] data memory are re
scrved for a rt•turn addrt•>S slack lll en tries. 2 bytes 
per enlry). Thcse locations ure rniWm by interrupts 
and >obroutine calls and read Ly inte1rUpt and suh
routine retorn inStructions. The st.ark is l<lo small. 
ma!Jn¡¡- ít hHrd I.<J writ.e procedur al codo, which is im
portan[ in lar¡;er programs ( 2K-4K bytes)_ The pro
¡;rammcr must eon<tandy worry ahout calling se
lJLlOnccs and gene;ally enable intorcupts only ot Uoe 
lop lo\"cl ol the poob.,-am to ""''id overnowin¡: the 
stack 

There are no inslruclions to dhccUy push or pupa 
byte. Howc\"er. lhe stack can he rothor incon
''OJtic-nll¡· ""CÍll<·n or n·od by extrorting thc >la,·k· 
¡ooinl<·J f•t-ld f rnm tilo l'SW. bui\Jin~ tho appro¡•riote 
>ddrc>S. ""~'"in~ l~f~H~'l. HGISTU l~l>IHcGT 
"""'le. 

'Thc orchit.eclme alw supporls op lo 256 bytes of 
oxl.,rnal data "wmory (which roddOs on • ecparata 
dipl, oecesst'<i by EXT>:I\NA~ KWJSTER tNmnCT 
nwdc. Eilher RO or Rl in the ru'"ent rn:istcr bank 
may be Ufod as an B·bit poinl~r l.<l rxlornal dota 
momury. lhe addressed byt.e may be topicd i~l<> the 
arrumuhtor ur wriltcn from 1-hc arcunlu]ator. 

Since pointers are cont.aincd in 8-bit reGislers, the 
maximmn 8 rnount of directly acces;ible data m'rn· 
ory ;upporled by the MCS·48 archil~cture is 256 
h}"t.es hltCrnal pl~s 256 byt.es externa! l!owcH-r. 
b•nk SIO."ikh.ing via 110 bits can be used to orldros• 
any desircd amount of addilional ••lcrnal da"' 
mcmory. 

The modes for reading <>perands from pro¡;ram 
slore are ralher limit.ed. ln ""lfDIAn; mnde a:\ 

opcrand is conteined in 1-he byte follo"in¡: the in
struction, immediat.e oper;mds can e11h..- Lclcocl..:l 
inl<l or «>mbined with tho acoumula!.<>! orbe loJMd 
into int.emal data memory with RWisn;R or I~T~~
NAL HEG!STER !J<DJRECT modes. 

In ACCUMUW.TOR lNDIR~<:r modo che acc~mulal.or 
is u sed asan 8-bit pointer 1<> on oporam(in eitller the 
curront pa¡¡-e or pa¡¡-e 3 of pro;:r am slore; only ooe lYJ"' 
of operation uses this mode. and itloads the act.lmU· 
lal<lr with the spedfied operand. ' 

A numbec of instructions spe<ify •ome '"sp•ciol"" 
operands implicitly, ;och as the program Statu~ 
word, 110 ports. timerlcount.er, r .. rry hit.. ond '"'" 
1-lJil-fla>."s. FOandFI. 

The MCS-~ B addressing modos aro sim~le, but (hey 
provide most of the facilities a pru¡;ram noods. Still. 
there are >Ome deficiendes. The most. serious prob
lcm is the wav in wh1ch opcronds in program store 
ore adclressed. Si me program s~ore on]y in the cur· 
rt•nt pago and in page 3 can Le read through a poínlor. 
<·ither lookup.tables rnn>t oH be )O<.Jl.tcd in pa~e 3 or 
the code that rcads Mch table rnust be in thc same 
p•ge as the tehle. This is incon,-o,ionl if more than 
one 2~6-byte tronslation taLle is ne~ded. ll abo 
mdkcs it difricult I.<J do- a RQ!,l cht•cksum seH·test 
rouWne-a checksmn subroutinc v.•ould h•v~ to L~ 
pb<·ed in every page of progrorn store lan~ sin ce tht'ré 
is no indirect , 0 L,outine call. tho nrain c)wá ;um p,-c,. 
pam would have to conlain a 'oparate cal! instruc· 
t.ion to ea eh pag~·· checltsum routine]. 

For most prn¡¡-rams, the mcthoJ of indLrectly ad· 
drt•S>itig rlat.a memory throuGh RO and Rl is oe<cpl· 
able. Lut. lor smne dala·slructmc ma~ipul>t i<•ns, ~P~ " 

wishes for one or lwo more registe" thal tould L,
uoed as pointcrs. 
· The 250-Lyte Hmit on dir<>Ctly addrí'ssoi)]o ir. [ ernn; 

data memory is too low. 'rhe B049 alreody C<'~l.ainB 
128 hyles of RWM. and lntol giJould soon be ~ble U. 
provide the full 256 bytes o! H W M on one chip. The 
architecturo cannot makc Slrai¡¡htf""""'d n>e o! 
t<-chnolOKY improvemonla for more RWM once lhi• 
limit is rE.<ohed. 

lnpul/oulpul and lnlerrupls 

M,,¡ ~lCS·~ 8 microc~"'pul~t o ha' e three B·bit 110 
1'"' !o, as ;hown in Fi&u•e l. Two t>f t he purls (l aml Z) 

COIUUILn 



:cr~ "quasi·hidiroetionai," an intorfadng arrange
ment shn"'n in l'i~'llre 4. Thi• type of 110 por! wu 
f~rst introduc~d in the Fairchild FS.'ln thi• an-ang,.. 
menl, eoch J/0 pin is both an opon-drain output and 
an input pin h'ith a high-impedance pullup to the logíc 
l lc,·el. When a pi!l is uwd for outpul, the wrrespond· 
i ng input buffer is unused exccpt, po.,ibly, for checlt:· 
ing the nutput valuc. When a pin is u sed for input, the 
correspondint output hlt must be set to logic l so 
that tho 110 devicc drives only the high-imped•nca 
pullup, This can be conlrasted with 8 lristatc 110 
port. which provides l>oth active pullup ond activo 
pulldown in output m <><le •nd high impt•dance in in· 
pul mode. !<:lectsirally, trisla le 110 is more desirable, 
but it requires extra control bits to ••t the 110 diree
li"n for ead1 porl or bil. !ni el has improved the quosi· 
hidirectional desi~n by bticfly providing Hdive 
rather t)¡an poS>in pullup ~>hcllever o l is writlen to 
the port, which spoeds up 0-Lo-l transitions. 

What quasi-bidirectional 110 means to the pro
gTommer is that input data on the p<>rt is logica!ly 
ANDed with the curten! ontput. Porls 1 and 2 ara set 
to aU 1 's at 5ysl<!m reset:, and the programmer mu•t 
loa va bits int..nd~d for inputs set at out pul valuo l at 
al! times. 'rhe third port (bus) ho• conventiona.l 
!l-ista te out p!lls ond can be u sed for eight strobed in
pu ts. f or eig h t strob ed ou tputs. orf or adding ex terna! 
program ordata memory. 

l'<rut operations on the ports a.-e ovailable: 

read input value into accumulator (IN), 
load output latch fmm ac=mulotor ro un.), 
)ogical AND output lat<oh with immediol<! mosk 

jANL), and 
logícal o~ out put laUh "ith immediate mask (ORLj. 

The logícal openlions allow a program U> se& or 
<loar any bit or gyoup of bit.s in one instruction. 
flowever. since the mask is an immediote va.lue in 
progran. store. !he bit.s lO be set or cle:rred must be 
kno,.·n al assembly time. Otherwise. a copy of tJ¡e 
output value must be k~pt in data mc.mory, eombined 
"ith the mas k by lob~cal operations on the accumu· 
lator, ~nd loo d.,.¡ in lO the porl. !In general. !he qua si· 
bidireetiona] interface prennt.s simpl}· reading the 
po_,rt to gel the old ,-alue of the ootput lauhJ 

A novel .. expander-port .. a,-rangement allows four 
extema.l 4·bit 110 port.s to be added toan MCS-48 
using a five-wire interface. Again, fow- oporations on 
the ports are a vailabie: 

rcad input ,-alue into acrumulator. 
1 oad output latch from acrumulator. 
]ogical A.~D output lat<oh with occumulator, and 
Jogica.l o~ output latch with accumulator. 

Only the lo,. -ordct four bit.; of the accumulator are 
usc-d in the'e operations. For these p<>rts, dynsmic 
•*'<tion of mask bits is possible beca use the mas k js 
in the accumulator. On the other hand, dynamic selee· 
tion l.akcs more overhe•d bccause the accumu),¡tor 
must be 1 oacl ed \lo i th the mssk (and then possibly re
oto red to ils old valuoJ, 

Both the on chip and cxpandcr ]10 pllrt instruc· 
i ions cont•in 1 l. e por! nn J:oLer asan imr¡w,li•te valuo 
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in the instruction;itla not pouibl• to •pecifl' th& pott 
number dynamically in 1 regi•ter. Thi• mahs it im· 
possible to write rcus.able 1/0 handlero for ido ntical 
devi<e• on djff..-ent porto of tha MCS 48 or of the 
same e<pander chip. Tho s.ame prohlem ui•t.a In tho 
MCS-48'onld.r brother, the 8080. How~ver, il iolen 
serious in the MCS-48 for two roaoono. l'irat. thf 
MCS-48 ·,. intendod for •maller applications ¡, .. Hk,. 
ly to •mplay many copie• ohhe s.ame 110 de,·iee. Sec
ond. the a-.úlable l/0 expansion modos do aUow 
dynamic d~vi<e oeleetion when each devic:oo uoes a 
seperate 110 chip 

The proceosot orthitect.ure directly ouppotU only 
256 bytes of extem-ll dal-a memory and fOIU e•tcrnal 
4-bii!IO ports. Hov.-ever. the amount of u tema! dota 
memory ~nd 110 can be incre.oaod 1-<> ony pro~tieal 
arnounl uoing on-chip 1/0·¡>0J"I bits U> lmplement 
program'(:ontsoJled bonk owiUhing. 

In addition to the J/0 port$. an MCS48 hu thrtto 
additional Input pino that oan be Usted by rondi· 
tional jump inotru<tiono AU oro multipurpooe 
pins-"1'0, which con he set up 01 a dock oulput under 
program cont•oi; 'rl, whirh can be u sed u lhe input 
to the on..,hip ti,;erl<ounter; and thc extorna! inlu· 
rupt input. 

The MCS48 accepto inlerrupts from tWo•ou•ceo-
o levoJ·sensitive input pin and ., on·chip Hrnerl 
connter. When an interrupt i• ouvicod, thn l2·bit PC 
and four status bit o (carry, hall carry. flag O, registor 
bank .. leotl are pusiJed onto t.ht lnt.!rnal otock. 
Oopending on the oou reo, A jump to ei ther loca ti un 3 
or lt><otion 1 is takcn. 'f'he intort1lpt syot•rn ÍO Singlo
leve!; intt•trupt scrvico routin~• o.~nnot ~e inter· 
rupf.<od. An inl-<.rrupt return inotruction r"stnrco tho 
PC and status bits ond allow• furthor int.errupl> lo¡,. 
seniced. 

At the time ni this writ i ng, tho Tl inlc!rnl¡>( input lt 
¡;onorally ,;•ele;a for counting or tlming ••yn· 
eh"'"""' <·>l«n•l ewnt•, boCHuoe lho '""'""l di~ 
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A tale of two buses 
(or, difieren! s trabes for dHferenl 'phobes) 

A mlcroproc~"'or memory ano ~O !rol hao man~ 
ideolil~lng choractonories-dala and adoro,. .. oro 
lenglh, mulllple>ed or nonmulllplo>o-tl addrr·ss and 
sial us, ;oparale or mem<>f)'-mappo-tl 110, and others-' rr 
i5 inrereolln~ ro lookal lwo popular road_lwrlle cloc~
lng •rrangemon,., 

lol us oalllhe li,.llechniquo a Typol (or l)lnterloco, 
"'"d 1>~ tho lnrel aoas, 8086, ano MC5·481amllies_ As 
"~""'" In Ftgure 5, lhere ore two mutuolly hclu.,v& 
conttor p~lses, Ro and ;;;;:;;, thal ir'l<lica!l o road or l'orite 
oporatlon. · 

wa·u can rne seeond techniq''" r1 ~eZ(0<2), used t>y 
¡tho Zilog l8,lOO.la.:lúO, ano also t>rttro rAolorolo &i>OO 
'lamoly. IPe!haps rl shourd LB Type M lleca use o no 
M(;800 <•mo llrsl, Out Z loo>s more llko 2.)11 15 also 
u sed rn prlncrplo oy MCS·<S •• pander Í>orto. A, sM..-n 
In Figuro S, lhere" a s<ngle conlrol pulso,lffO. aod a 
lo.er si9 oal ¡¡;y, IMI ;nd.caoos whlch lype ol orcrahon • 
¡, 1 o La~ o pl.1co. 1 he lirning ol i<Miis simll.<r lo ll,ol ola n 
advrc-. 01goar. 

Foguro 7 •ho~ o ho-. lo uso a Type z proce<>or w'lh a 
Type r Perlpherol 'chip. The aocoo,ng oho"n in lhe 
hgvro can be oaslly )mplemenled ,.,,h ono-0..11 or a Tfl 
14LS 1 39 Ouar 2 ro 4 decM<r jlh" oven reo• es bO •• Ira 
control input tor diotingu_ishin¡; ~l.><tn momor) and 

leatmcs a P'""l¡· clcsign,•d synehtoni<er tloot 
""~Olltnc• mio,co input "l~e.; ""d hcnce skipo 
counls. ThiS i•llw WWild time in six monthsthotl 
h•ve ><"en •n LSl chip whose u,.,igncrs "'""" ap
p.u<·n lly """ ~ "''' t>f J>"·hl<-ms in ")'nrhruniwr dc;i¡;n 
[\loe olher "'"" 1 he í'-I'O·SlO, ""hkh Zilog hn, si neo fi•· 
ed). ! ""'-'"Id -.1¡:¡;cst lh•t chip dcsi¡¡ncrs read •ume of 
1 he papers un thc subj•'<t' ' ond t ha\. acad~omc• w•rn 
thcir stud<·nto o/ the inueaoing likclih.,OO ol •rn· 
chroni<ation prohlc!ns in modcrn s¡•&Lcm dc•i1"'· 

Ease ol programming 

Cornparcd lo somo of thc older 4-bit and 8-bit mino
prO< c'>orB, thc M CS-48 is o ni oc machín e to pr<•~l ""'· 
hut it loaves much \.0 be dc,ired compare~ wilh oro 
MUSO l, a Z8, ur "'"" on 8085. Tho ;in¡:lc-"C<U"'"l•lor 
architec(ure, tOo lack o! lndex r•¡:ióLers, ond the 
absence of even 1 dlre<l data memor)' addrc••in¡¡ 
mode mean o that the programmer must con.t..ontly 
be movjng Lh.in¡¡o b.lck and forth between Lhe •e· 
cumulator, the two "pointer" re¡;;st.ers Ro and Rl, 
and Lhe .--esto! ~.M daLa memory (and k""ping trock of 
them!]. One ""'Y Mit.e macros t<> eose Lhe burd.n 
oomewhat, ot the Upense of more ineffici•nt codo in 
the cromped addrcos Opace. For c>Omple, one can 
write a macro LO simulHte a dired data·mcmor)" 
addrMsing mode: 

~DA' ~lAtFrO MUIA!JUH 
MOV RD, ·~lHIAIIDR 
WIV A,Qil<l 
>.N!JM 

UO or'desio<d)_ A .. uming lhol processor •"a 1 cropt •. 
erol sp.,.,Os are comp~••ble, thero shourd l>e no prot;r. 
re m in solisrying rha uming <eq~iremenl or "'"''" tte 
proces.o.- or lhe pcrip~ror chip. 

FigU•o a sM"I an ollomptlo u•e a Typol p<<><-oUOf 
worn a Typo ~ porlpnerol Chip, n.e logical Ah O al RO and 
WR lroni lhe procusor nlcely produces ~>O lor lM 

Type ~ porlph0111. RO hao !ha coftecl log1c .aloe lo 
'""" aslilw, hui 11• llming ls a problem_ Tne T¡·~e l 
perlpheral ~•peo" ~IW tlmin~ lo b~ simolor '" 
characler lo on Oddrou !lgnal, lhal is, 11 should b• 
val1d long beforothol\!ll Pulse oppears. Tilo onry w"' 
we cOurd oMu<o thls "ourd De ro arhrictall~ dolay i'i{Q 
ron~ tnou~h lO< 1{6 l<> 111rory the selup lime otliiw Un· 
lo.-lunater~. such • <le~ (unreu hi~hly .. ymmotrrC) 
would a!so oetar tht' ~.nrng edge or REO unur :onQ 
alter Rw ¡Al)) h•d go-ne ~"·ay-ag ,;n a proorem 

T~e clea<.ost "'"Y lo use a T¡~e 1 p!ooe>sor wilh 
Type Z perip~erol chlpl io lo use an ¿,;ldre'> hne OS 
R:w. Fo< c'"mplo, 1~1 too.r ~ignilicanl brl ot IM 110 
porl adorno c<>uld be '""""" as AMI. Hordworo 
doeod1ng of actual porl nurt •b•rs would use llre hig~or· 
Ortier bli<, thon oollwore "'~uld <we to ""'"'" lhor 
wriles al••r• userJ ndd port adUres;es, an,t read• 
us<d e• en . 

The cooctusion ls th•l itlo srmplo to cOMeol Typol 
PO'iphorats lO Type Z prOCOSSOIS. l>ul lnot the re•eroo 
can OeOrl li<ull. rsthisjust lhe v.·ay itlurnea out 01 .. as 
l"ere rnelhOO to thio ma~ness? 

------' 
COMPUr~F 



lYPf l 
':_R0CfS~~ 

AUDR 

DATA --,. 

'itw 

"" 
~ 

ADOR X X 

Rrw~ e 
"~ ""' ' " 

"" . \ 1 

iffl ____} \_ 

WRIIf 

""' '"' 
"" \ - 1 

Figuro fi Type l bu$ conllol sign•l•. 

T'o u.., such mocrns. however. the programrner must 
gh·e up somo r~glsters for use by the macroo. In the 
abo•·• exomple. mocroo would u;e RO. loavlng only 
Rl availahlo lo lho ¡lfogram as a pointor variable. 
!Buffer ro '" ond olher routino• r<• ulrin py 8 q g twoor 
mure pointcrb 11"1 lobo • problem.l 

The lark of >y•nmotry in the Ín•lrocllon •et al•o 
croates progromminll" headachos. For eumple. why 
aro there l~C flO. D>:C RO. and J"CIIflW instructlon•. but 
not DEC C HO? Or, "h)" can we condítionally jump on 
C.Z. "1'0. and T'l eonditions truO or false. hut on FO. Fl. 
TF. and aocutnuluor bits only tn1e? Excopt fot a<· 
<urnulalor bits !aloe. the propor ""holeO" exist in the 
instrocl ion 5ot; in fact. it proba bly t"ok moro lo¡¡i< lo 
lurn 1 he insl '"<1 ions uff !han to IH lh<"rn work. J hove 
boon l"ld thal llw>e ""unlmporlant"" in.,truction• 
loa'"" """" ¡,,, 1 ot """ c·nhoncem<•n ls. lo!l ""Y worlh· 
whi)e .,,.¡,¡,,.,.¡'""1 onhancements ""uld require 
chon~<·s ""'re ""'~·ping than a few •pe<iol·purpose 
oprnd<-s. 

\\"hile ni<e pro~r•ms can he "rit<<n for the 
\ICS-~~. tl,oy t•k<·~r~''' df"rl !han tl.ü•O wrilloPI for 
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a ""gen<,rol·purposo" architecture. Pr~gmmonin¡¡ dif· 
fi<ulty ond expon•• abo increase ao we bump a¡;ainSt 
the memory Uonits of the 5048. If we "'" "'Titing ene 
short (< 1 K·hyi.tl ptOgram and ;hipping 50,000 units 
"ith it, the ptogrommiDg ex!'<'O!'e is quil.< justífiable. 
11 we are writing 10 d!lforent 2K· lo <Kbyte pro
grams. OdCh of which will hc shi¡lped with 5000 Un1ts, 
w e might be het l.t•r off selecting • cleoner h•lbeil more 
e~poo;i\"el mnrhino. 

Sorne electrlcal characteris1ics 

T'ho MCS·~S U >eS lnw!"s fi']iobl~ n·channel •ili~rm· 
ga<.e .\10$ proc•"· Se•wol se<ond SO<Ir<cs ror lhe 
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family ha,·e l>l'l.'n Rnn"~ncod-AMD. NEC, Sign,_ 
tic•. Si<·rncn•. 1 nt•uil, JI CA. Doth lnt.ersil •nd RCA 
hov~ onnoun< L'il plan• lor CMOS '""ions o! MCS-46 
LhÍp>. 

The ~1CS·48 e hipo U>C a sin¡;le +5 volt oupply and 
ha ve lut,-ic input ond 01Hp~t lo•e!o that are !ully T'fL 
t·umpallble. A• with all MOS mior~prooessors, the 
output drive is li"'ited-t¡·pka!ly four or live low· 
¡.ower Schottky !ISl'fLI unit luods, 

MCS 48 chip• cont•in on osdllot.or t.o ~enerate the 
l"""""""r cl<><k lnorninolly 6 M lltl lrom an c•t.ernal 
cryst.al or H.C dre~it. 1 t i• aloo possible to connect an 
extcrn"l clock dhctly to the o>dllator input. The 
output of the uS<illotor f"ocls fl divid<>by-three 
coon!er who><' output lnominally 2M H •1 cunlrols tho 
inten,al st•lc" uf 1 ho procossor. Since thc dividL"by
Uuec countur cannut \..o syntbroni<cd exlcrnally, pt <>
oesoor \10 canrwt bo rofc•rcnc·~d very weU l-o the 
S-M lh dock for ~riel< y inlerf11coo, nor can proceooor; 
be nm in loc.·k·stcp from o common dock in a tri· 
plicat_cd micrucornput.cr (author'o p•t proja<tl. 

The MCS .. 18 fami!y satisfied the usual 
Intel slrategy uf heing tbe first in tbe 

marketploce with an lmperfect but useful 
product. 

The MCS·•B chipo have an oclive-low reset input 
pin c<>nn..:ted \o an interna! hi¡¡b~mp<olance pull~p 
rcsist.oT ond Schmitt t-ri¡¡¡¡er. Th~a. power-<>n ceset 
can be accornpli,hcd by an externa! 1 mFc.apacitor. lt 
is o little more di/fo<-'11 lt to odda logic-cont.roUcd res.et 
lfor cumple, \..y a watchdo¡¡ timer), sinco open-col· 
lector or diocrctc tronoist.or drive is f'-"l.Uircd. And 
unleo, the drkcr circ~it io sophlst.icaled, a logic
commanded rose\ will dioable tho pr<>eessur lor o long 
time, dueto !he time constan\ of !he power-on '"sot 
circuit-about 200 moec. In any ca .. , res el dcstroys 

· the sl•te of thc proccs•or, 1 t would be nice lo hove a 
nonmu;k;, blc In ler<-unt In o in 1 ho SOBO) thal co<Jld be 
usod lor ap¡Jiir·"(ion• •noh o o w•t<·hdog ti mero. 

Oe~elopmenllools 

1 ntd support.s two mojor dovelopment 1 ools for !he 
MCS-48 family-• <roso •ooombler andan in-circuít 
emulator. ICE, 4oth or which run on an 1 nt.el MOS 
microCompu let de\'olopment sy Ole m Unfortunately, 
lntel does not support any ~\C&48 .. semblers or 
simulatoro that run on o lar¡,~ eomputing syslem, a 
neceosity for any lar¡¡o de••clop•nen! projecl. 
HQl\ever, they oan be obi.Binod lroTil ind•pendent 
wft Y. are houoes and consu!tants ~noh as Microtec. 

lntc! MD$soft,.are fur tha MCS-48loá• the <on· 
síst~ncy one e>p<"<to rrom o goud sot el software 
tools_ F,•r eúrnple, thcr'e ~,,. at lcast three \cry di!· 
ferc~t >J-'ni.UC! thot an ~n!Pnecr or pro~ramrnor 
mi¡:l,t u"' \o thun~c- t he' oluo ola "'""""y In< ation in 
t ¡, .. \t !lS, rl• ~<·ndinu un "¡,,.¡¡," th,. "'""lt"r, 1 e~:, or 

PROM pro¡;ramrn•t is bcing u•c-d. Tho monit.o! h•• a 
nice srnt.u that a!lowo u o to open a loc.alion, chan¡;e 
it., ond umtinue t.o lloe noxt localion wltl'o a smaU 
number of hystrol<u. In ICE. lo Jead and change 
four l<><ations, we rnuot type !mnchine l¡pe under. 
lincd): 

• CBYTE '"ro 141 
OluH~out MI' m-u •9H 
~jjyT¡¡ -¡ ... ----¡u-;}'F.I ~ 

Todothesamo thingin !he PitO M l'rO~rommcz, t.ho 
pro¡;rnmmer typea: 

• DlSPt.A Y FROM l H ro 1<1 
0000 Ol 'A IW >9 
~Ct\AN6E i<T•l1,7UF O~ 

l n c•thor syntax, ono ""~•t.es kcyolruk~s. and il' B "·''Y 
to loso track of lho oddrcss in a long 'lring, This bn 't 
too t"rrit.le untll wa discovcr thot ICE l1as inU!,-. 
preted and prinled uddrossc• ond doto in he:<, wh•;., 
the PROM pro¡;rammcr has IBIUilted in puto in oJ..-j. 
mal and printed outputs in hn loxcopt for input n', 
which tho PROM programmcr rejoots Le<'I!U.e it 
lookslike an assemblcr laball). 

Another constan\ annoy•nce ls lhat the MDS "c
cepts only the RUH charocl.<'r /or d•leting charoctero 
(echoing the deleled characterl: bac~!poce b not OU¡>

ported. lt would ha ve been """Y enough to •upport 
both erase charoct.ero, rnakin& both t.eleprinter and 
CRT us.ers happy. 

Conclusion 

ThO MCS-48 miaocornputct /omily "'U o"'""""' 
able cont.ribution to the •t.at..eol theart whcn it wus in
troduce<! in 1976, in spite of ito Jl.wo. lt achio> cod il• 
design goal> and satislicd the ~•usl\nt.el ot!Otet:Y nl 
l>eing the first in the matkotpl•co with an imperfoet 
but uso! u] product. 

Tho MCS·48 io an ac~pr..abla choice for applico.
tions with initial cstimaled roqulremcnto of lcss th&o 
1 K byt-es olpro~r.m st<Jre, 64 byt• • ol ,¡,,¡. noe>n<>•Y. 
and only one or tv-·~ diffcrenl pro¡;r••n• lo \..o Jcvc]
ope<l. Desigm•<' wboso •ppli.-otiono rco¡ulre "'v'& 
onemory or difforcnt pr~grom• In difl<-rcn\ doipo 
shonld •eck a moro goncral·putpo•e tor<hil•·''\llre, 
;uchostheZ8ottiBOl, • 

1 hoive spent much o! thl• ortlcl~ ooJtnplaining t ll•~ 
the MCS--48 is no~ a general-purpo.•e S-bit microco::>· 
puler. This may oeem un! a ir, olnce sorne p...,pl< aL In· ·• 
!el claim the ~!CS.48 wao never lnt•.,d•:d lo HU "'"eh 
bcyund tho old 4·bit m•rkeL S~ why nitkil<• i~ on 
that basis? l'irst, lo help desl¡:ners who rni¡¡M <>i.h•r
wise be t.cmpted to uoe it in a lar¡¡er op.Wc~tion Unt~] 
sales en~in""rs frankly recom1nend their thren-<h!;¡ 
B085 system in su e~ caoesl. Sceond, to hclp d.,¡¡¡n..-. 
who ha>·e olready oelected the MCS.48 for a brgcr "~"' 
plicatlon. 'lñird, l>cca~se di•cunion ot g~neral 
~ystem <'-"l.Uircment.s •hould ben~flt futut~ >yslem 
deoigners and chip de$i¡¡nero ali~e. finoU~. bt--cou_.., 
lnlel does nol now offer o d•"'n archih-cture suit.ot.le 
for the muro ~Cncral-pu1po .. , singk·rhip, exp~n· 
d•hlo micr<>eomputcr morket, and l think th"y 
sho,ld. Cl 
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The first implementation of a new microprocessor architecture 
promises to narrow the gap betwcen the power 

of ucry small and u~ry large con1puters. · 

A Microproce.s.sor Architecture 
for a Changing World: The Moior0ia 68000 

:. : . ·<·"·.~·:. . 

F:duud Stritt~r 
Tnm Gunter 

M ul uro la Sc<nknnductnr 
' 

i\1itroproces'Or l..echnology is ent.ering a ncw ond 
esP<'<ially chollenging era. Whi!e technoloo «>D· 
straints hav~ not compl<to!y disappco"•d. "" ore 
n<•orl~ lo t he ¡>oint whcre !he !itni ling fa<tot in micro
Jl"X"<'S><lf Msign is nol ho"· tnuch funnion ''"\.e in· 
clu<lt•d, hut how imo¡:inativa ond croalivc !he 
dcsi¡;t><•r can be.' As a result, oc•veral comp"nios ho'e 
int.rodu,ed ne"-·¡;<n<'ration rnicroproces.on We 
dO!o<'ribe ho" OM ol them, the Mntoro!a 6800, "' 
•ponds t.o tht•>e u nique conditions. 

Molivations lora new microprocessor 
architoclure 

Pre,•inus genoralion• ol microproceoson "'ere 
lirnlt••d by the a<'o<lable t<.'ChnQ]ol:)". Brooh, in an 
ovcn·icw art ide.' di..:u'""' how the technology ron· 
&trainu and the perceived mkropr..,essor market 
motivotod early microprocuoor architecture. 
M icr«proros.ors were lin,t<•oi in o t¡mbor of re¡;illoro, 
data-pat b widlh. nnd in '~'"''tion sol power prima• ily 
ht•cnu ><' 1 <·t•bnol"gJ' CO>lll<l hot sup¡wrt more foolure• 
on 4 •ingle chip. Ot!J<·r limitolions of micro· 
proresoor>. ,uch as ha,•ing too small an oddreso 
<pore' and owh·ardness of oddress computation,• 
may b~ oltrihut..d as much Lo pre\'ailing percepl.ions 
uf the poten! ial <narket n• to l"<hnology coo.<traint•.' 
1\'hatcvcr lhe for~nu "'""'"" of restcaint, howover, 
"" ""' now i, o JWriud ollo<hnkal inM\'JlCiún •nd 
'l'irit<•d """1" l<lion. 

T~chn<•lu~irnl "d 1 onno. The basic micropr..,essor 
tedmolu¡;y, .\1 OS, has h""n noadily ad<•anced in the 
laot ¡~,. . .' <'ar<. The rnost notk~able improt·ement has 
Ja,~n circuit dt·n,i<y lf'i¡,•llte 11, ,.f,i•h tran~lates 

directly into the unount of capability thot can be pul 
on a single-chip microproce•><>r. Whete., cadier 
microproco""''" cont •inc-d from 5000 t-o l 0,000 tran· 
sisto" per chip, curront pro,·e»ors hnv• fro<n 25,000 
to 70.000 trnnsisl<"'· which is lcss than "" orJor o/ 
n>•gmtude awoy from !.he number in many o/ the 
lar¡:est maxi·computers. Circuit donsity is not the 
only l.<."ehno]ogy advan<e that hu b'"'n rn~de: cm· 
re•ponding improt·cmenls ha ve bc!en achic• ed in cir
ruit speed and powcr dissipation. 

Advonces in t«rhn<>l<>¡,'}' hllvc boen more t\olu· 
tionary than "'v"lutionary. The mojor od\'at>ce. in· 
crc"'ed cirtuit dcusity, is the resol! ol gradual in>· 
provemcots ill pr<~esoing tcchniqucs that pcnnil 
smaller drcuit dimcnsiolls. Dcnslty improt•emen!S 
ar~ npocl<.<l lo continue, sinre tl<cy depend not on 
m·ercoming lund~mental limitatians but only on f ur· 
ther evolutionary impr<l\'emcnt ol e>isting p..r 
ces""". New microprocessor archit"<turcs must be 
devise<! to tako odvanl.age of t.hi• luture orlvanc¡¡.. 
m en t. 

M •rkel d«,llnrls. 'l'h~ dctnand for mJt '"1" oe<:ssors 
in upp]ioation< 11nl fmcwcn justa lcw >""" ~go is 
¡ttO\ iding new oppQrlunilies for <ni<'tOpt..,essor 
manuf•Clllr<r&. Just u !he original mictoprO('essoo 
designers ~ould nOl. predkt !he rnany u..,•thalwou!d 
[a, found lot thoir rlevices, today's deaigners can no! 
hope to~nl'i.<ion more lhan o l~w olthe o<t•ntual op· 
pli<<>li<Jns 11f nt•w mi<·roproro'""'" Tho i<nplication 
f"r t h>' d<·sicner i• !IJ.ll now de,i¡¡<'> mu<t he ~<·xii>lo 
.<mi ~t·n<rol ,¡ t lwy ",e to bo !lóel ul in o In• ~· no•aher 
<•f poh•nlb] npp\i~ationo. 

' 1 !igb soft" are oo~ts.'rheproblem of >Ofl ~ ar~costs 
iM"t en "·orse in microproces..,r applkat i~n• t han it is 
w<lh wm /'"""' ~encratly. Docr~asin¡; nll•mor¡ to,ts. 

""'"""'""''"''"" ,.,.,,u 
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Figu•o 1. Cornporl•ons o! ~MQS and NMOS rochnologle•. Tho HMOS le<:hnology u••d lo< tho MCG&OOO resull• ;,, 
>ignilicont impro,omen,. lo '"cuit densltioo ond •Po•d-power produclo. 

increa>ing !Jrocc.,<.tr functionaliLy, ancl moto com
plox applicati""" are combining l.<l increaso \he si.e 
and complexity ol microprocessor programo. Soft· 
wúe ro;t• ol $[ 00,000 or more are cf.,.rly incomrati
blc wiLh hardwure <"<>Sto of hundreds ol dollar~. 'l'llis 
cost disp•rity may be unimponant in hr¡:c·volume 
appliLatiun>, "boro software cost-s c•n Le a mur\ iLcd 
over Lhuo;ands r¡{ hordworc ~nils, Lut it "'"'" 
predudrs tho u;o ol rnicroproco»ors in "l'l'licaLiun> 
charncl< ritcd by eurnpl"x programs Lut low 'ülume. 
To hdp rcduc" tho high cost of software, miero
prr><:cs>or cl~signcro must mako a strong t'Ointnil· 
ment to SU!Jpurting high·level langu•¡:"" and 
di>tiplin.-d ¡>royrornming ptactices. 

Hi¡:b de~i¡:n ro~••· Thc cost ol designinG ond im
plemenliny a new dovioe wiLh lens olthou .. nd, of 
transÍ>lor> io hi~h. Cornputer de.ign oids "'" in· 
clispen;i\ole, l.rnt th~y "'" •lso oxpcnsivc. n,.,;~"''" 
rnust oLl.lt'k Lhi• <lr•SÍ!In·coSC problcm in >C'<·ral 
woys_ Fir.L, >lr~ighll~rward dosigns, u5ing r~¡:ulor 
ol<uc\u reo, di" ''" Hier Lo irnplernent, LosL. •nd <Ofr<"<l, 
ancl are therdor~ lcss e.pensive than exOLÍ< dcsigns. 
Setond, eath ncw archiletture must be plann...::lr.o 
lost for as long as possible and must be eaoy to ex· 
pand in the future Monufacturers can no longcr al· 
ford 1.0 ¡orodU<.-. ncw ~rchitettures "nr}' ft•w ~<lito. 
E>pt·th-nco ""h tr¡-in¡: l.<l ex!.<nd and impW\'t' the 
ori¡;in•l 8-l.ril tnirt<>jlfOCeS>Or architeoturc·o demon
slt"tes thc nr·pd lur pl•nnr·d <>pansirm ll•••igtll't& 
mu>t \, eat t-I u]¡ o intludc "" few limiLations tn 1 uture 
expan>ion •• po;;ihlc. The mo51 comrrr<>n nri!lakcs in 
lho r•'l h• ,., b•·•n limi ling oddre.s •i•e ~"d not j>ro
,-idin¡: Ll """·dope u tino codes lar 1<~\U«' ,._.,.,. inslruc· 
tiuns_ 

Oe'i~n ~o•l• for lhe 63000. Mol.<ltola'l G~OOO 
microproct•>'Or uchite.cture has l.r..,n dc•i!ln.d to 
meeL !he r<•quircmenLs outlined al.rove, (J'he 
\1 Ct\,';O(JO'o t h¡, ,,,·¡cri;tics aro SOHHilOI i11·d i" Túble 

" 

Archir.crurul [ami/~- The 60000 desig11 sp•dii<o s 
«>mputer archilocturc of which a number ol difieren\ 
verSions or "implcnten\.ations" will be prU<.lucOO.• 
Thc ¡¡,.¡ vcrSion, thc MC68il00, itnplemtnL3 <>nly the 
subset o! the compl.re 6b000 archile<turc nllo" od by 
currenl t.echnolr.¡,:y constraints. 

Fl•xiúdify a11d us~f,/ne>S_ The 6rl000 cl~si¡:l\ ,-n· 
;uros lhat tire proecssor is cosy LO ¡Jtogt" 111. Aornuch 
"' possiblo, there ura no Ul\naLur•llilr.il~Liuns, a,.. 
Lifacts, >IJ<"<iol '"""• ur other awkward fo•lc~r<•s in 
the Hrchit<cturo. 
Marketabilil~- The 68000 is a geJ¡•rol pttrf>O>C or· 

chite<otur~. roflocting the incre;,.in¡: morht occep· 
tance olgeneral·purpose microprocesoo<> for di\'t·rse 
applicalions. 
E~pamlabi/i¡y. The 68000 desig-n 5/'C< ifi•• ,.., eral 

lea!ures, >U<h u flo•Ling-point and string "Jl<tl
tinns, lhoL ~'" nol impl•rm·nt<·cl in Lhe li"t '""ion 
hul ha•~ l><en >P•~-iii"d now \o h"'"'"nh•c lulurc '""' 
sb[,oncy. J n "drlitir"', unu>ed >Jl•"'" ha• !.roen 1<•1< in 
thc •rohitectoro lo Hccurnrttod•tc ncw lc•"hll'••• tha! 
futuro od •o neo• in tedmulo¡;y ,.,11 ma~o pos>ible. 

Suppon o( high-l~v.t /anguQg~•- Tho 68000 ~r-
chite<tute contorlns lc.atures for implementing hi~h· 
levellanguo¡:ot. and ~1orot<rla is commited tosupply· 
ing software support lar pro¡;ram de~eloprn...,l in 
well-known hi~h le••ollanb-u~ges. 

Table 1. 
Molmol• MCSSOOO cha•aclorl•ll<o. 

a. 16, ''"' 31 ~~. 
ló.lll.!16btl" 
""'"""l'u~p:<fll 
HMOS 
1!>0 ,,., 

;oo "'"" 
10 lo 15 "'"" OiOD .. 
"' 

C0MPUT<f1 



-. 
68000 intcrnnl archilactt.ue 

llo"'" rn·~- Th~ G>OOO design provides an ~ddrcso 
>raceof 2" loyto.< llimiled l.<> Z" bytes inthe initiol im
plornonlotionl. Mcmory io byte •ddressable, with 
individ~•l-l>iL addrcssing l''<JVidcd lot bit-manip• 
ul"tion j,,¡ruclion,, Mt•rnury may be acccssod in 
u nil• o/] , B. 1 O, or 3 2 hils. CPU resoorocs indudo six· 
leen 32-bit registt•co. a 32-bit pro~ram counl.er (24 
bits in th<• initi.1l implcmenlolion), anda 16-bit sl.alus 
rcgisl..er. 

'fhe ro¡¡istcrs Wigurc 2) ore dividcd into \wo 
rlaM.o,s. Thc cight dola rc¡:istcro are used pdmarily 
for dato monipul~t ion; thcy m.1y be operand snurcco 
yt deotinntions foral! opcrotic>ns but are u sed in od· 
drossini;: ot1IY ns indcx regiMcrs. 'J'ho eight rornoi ning 
jRdclr<•ss) rcgist.ers are u sed pdmorily lor odd re•síng. 
The s~ck point.er is o"c of Lhc Addrc,. re¡¡i;t.cr>. 'fbo 
progr~m rount.er ond sutus wurd ue ,ep.rote 
r~gisters. 

Addrc••lng. Memory is logically oddresscd in 8-~it 
bytes, 10-hit wnrrls, or 32-hit Ion~ words. The cur rent 
irnplomenlotion require• that word and Jong·word 

" 16 ~~ " o 
• 
" " [ICHT 
" DAlA 
" " RfGTSIEAS 
• " 

EIGHT 
AOORfSS 
REGI~TERS 

o 
PIIOOI\I>.M 
COUNHR o 
STATUS 

--------
' ·-----·· 

" " ,., R!GISHR 

1 ~ , 3 ' o 
[í]]sl ¡qNIIIV@ 

TRACE MOO! 1 
SUPf.IIV1so.<tY 

'JNJERAUPT 
MA~~ 

EXIENO =~~~~~~~~~~~~Jj NfGAliV! 
1! RO 

OVIRflOW 
C-<F!IIY-

t iguro 2. MUóUOD P''-'""""ning noodol (o) •nd lnlorn•l 
-.11u<luro el''''"'""'''" (bJ_ 

Tabl• 2. 
MC~SDOtloddreulng modu. 

~!GISH:G OIRlCJ AOOR!SSING. 

C.l• '<\1"'" ~""' 
•do"" '<'ll''"' d.rocl 
<loto< regrsl~r d110<1 

RIGLSllR UU 1 RRfO AODRESSING: 

'""'~" d~'"'d 
reg''"' doltororl IIC>II rhl:rem•m 
oeg~;., dol<ortll P<<-owemont .... ,.,." .. 
'""""' 

PROGRAI,I COUNl[R RHATIV!: 

"'""' ~·lh oJI"I 
""''" ~nd .. oa 
'""' f't ""'"' brancn 
long PC "'''"'brin'" 

~~SOLUl t ADD.'I(SSING 
obsoj..,. ,..., 

obs.-." long 

Jiolt.!H:ijAJI: OATA ADDR{SSING 

' 
• <IIOCII" .Odr"~ 

An • .OdrU1 oego>101 
V. • oat.a reo¡i~I01 

EA • [An) 
EA • IAAI.An<- An + H 
An <- AA-": t,o • (/.ni 
EA IAAI + 016 
EA • [Ao] + [Jnl t ~! 

!:A • iPCI + ~16 
EA JPtJ + (In] + di 
EA • IPCJ t d3 
EA - ¡P() + ~16 

(A • f..,_l ""''"'"'""' wonl) 
EA • rno•l ••• in•uut~oor~ .... :.l 

- '. ' 

xn - Oddr<ss or oUt.a reo¡ósl01 o•<'<l " intlt• "9'""' 
S~ = st.at"' 'tll"llr 
P( • ¡ot.-..;¡rom '"""'" 03 • S-011 d<!plocamool 
016 - 16-tHI d"~~"monl 
~ - 1 lo< bJI•, 1101 ~ord, aM ~ lor long wora o¡-c.,nd> 
1 1 conlonts 01 
<- - r<pla'IS 

daL.a l>e word aligned. Bit.:; are individuslly ~d· 
rlreosablo in tho l.>it·rnanipulation lnotruoli~ns, 

The archile<turo specifies an optlmol rnemory. 
mono~ement schc•me that irnplenrcntoand cnlc.,-ces 
voriable-length ot·gmcntation of tho oddrus spa~e 
with acce'" right• speciliable fot individual 
se¡;men<s. The pr<>c~""'>r can he 4oed witb Of ..-ithoul 
memory monagemora. 

Address calcul•tions[Table 21 are sp..:il1ed J.,y 6-blt 
lields of 1 he instruction. The addressin~ •pecifrcation 
lo nrtho¡;onollo L h~ uperation sp~<'•flcat ;,,, uf the in· 
•tn•rtion; thar i•. nny oddreosing m<.Je ron J>o u sed in 
any instruction tha\ u•cs addrcsslng. 
Addr~sses are 32-bil quantit ics 124 bi~ in Lhe cut· 

ront implcm~nlalion). The architecturo •lf.,¡ently 
$upports small S)'slemslthose with I<'Wer th•n 210 ad· 
dresoable byteo) by allowing J6·hit addross quan· 
Lities lO be specifled, moved, or calculoted in ~Jmnst 
cvcry addressin¡¡ situotion. For e• omple, on •hsolute 
odd ross r• 1 ried in on instruction c;r 1\ u se 16 '" 32 bit.s, 
oran indcx c•kulotion can use 16 bits lsign <·>l,endc>d 
t o 21 hils) or 32 bits of a ••&~ster as input. This f•ature 
ollo.ws the architecture lo •upp<>tt 'CIY l.or¡;e ad· 
d •• »es w\th O<l t J>" nollún¡; t hHifidonc y o 1 pto¡;r a ms 
thot roquire only •mall addresses. Tho oddress ,;U! 
(16 ur 32 bio ,¡ i• indh-idually specifi<•d fur <•,,rh u ,e, >o 
ti out l•r¡;e und '"'"U arldro.ses t'oTI be inl o·roni>< d ar· 
hite ,,r~Jy in " pru¡;r a m. 



A ,-ariely ol oddres•in¡: modos are avail&ble: 

Rq:ister .Jire<!. 'rhe dal-a or address ro~~st.er ron· 
Lains the opt ... nd. 

A ddre« reg•'> '''' d•ferred The operand oddrc•s is 
in th~ >p<•cili<•d •ddres5 re¡:is\.er. 

Address rq;i>IOr drfe,-ed poSI·in<rMIOII!. The 
~pcrand arlcl1 ess is In \he spe-cilied addrc"" '"&i>lor. 
Afl-<lr the opcr•nd ls acoessed, the addre55 in tOe 
r.-¡:istcr is incrcmonted.by the operand oi.e 11, 2.or 41. 

Addre>5 ro¡¡i>Ur def<rred pr<'drcrem<nl. The 
operand addreS> is In !.he spcc;ified addro•• r~¡:ioler. 
Rdote th•opcrbnd io occessed. the addreoo re¡:i•l.er i• 
dc-cremcnled by !he opetond •i~e. 

Base relariue. Tho operand oddress is \he contenls 
ol thc ']!Ccificd o<ldross ret,ristcr plus a !S-bit ,;g,ed 
di>pl"cc•mt•nl in 1 ho inotruotion. 

Pro¡¡ram cou!l tor r.•lalioo. Thc llprrar>rl addre., is 
lhe curren\ program counter valuc pluo a \6-Lit sign· 
ed dioplacement in \he in•truction. 

lndeud. '11re op<!rand address is thecont<tntool the 
•P"dlied addreso regist-er plus \he contenl• of on ad· 
ditional!dala or addreul regisl.er spedlied pl~s an 
S·bit signed displocement in the instruclion_ 

AOI! Rl GIS ll R Dll !RRED 

• ' ' ' 1 OPl!\MO OPERATION ADORlSS ADORE SS 
AOO RfGISTtR 

'"" MOOE Al GISTE~ 

L. OIRECTlON ANO 
Ol'iRAHO St1E 

ADDINOlXED 

• ' OP!RAND OPlRATION 
RlGISTER MODE 

MOVE 

• ' ' ' ' ADORE SS ADORE SS 

"'" REGISHR 

( i"IP/1101/AI 8RANCH 

• • • 
'" ICONOiliON ¡ OISPLAt:E"'l111 

"' ,, 1 CGfiDITION 1 ZERO 

DISPLAClMENI 

.. 

Pr~¡:rom COUI!ltr i11dn;ed The opcrand addrcss is 
the cucrcnt v~lue of thc progrom counter. plus the 
con\<>nls of thc Sp<.-cified d~t.a <lF •ddrcss regi•ter, 
plu• an 8-Lit signed displ•ccrno~t in \),o ln•truction. 

Ab>oltH<. ·rhc operond addrc•s is Ítl \he instruo
lion. 

h""""diu r.. Tho opcrand is in tb• in;truction. 
B< t urldr~"''ng. A complete se! of bi l·Jntlltipulo tion 

i ns\rueliono (S~T. Cl.EAR, CllANC~.ond Tt;>TJ isprovid· 
od. For Uteoo instruclions. an individuo\ mem<:Jy 
word is oddres~d using <me olthe abe"· e oddressing 
modes. Th& individual bit lll be rnanipuiH~l"d is ad
dressed by ita bit numl:>er in that W<trd. Tho bit 
specificaLion is containod in th<> lnstruction or 
proviously caloulaLed in a dala H•gi>tOL 'fhis 
moohonism ollows bits lo bo oddrc>sed simply, 
without roqulring the use of logicol ;,;tntd ions ~nd 
tnasks. For '"¡¡iotero. all 32 bil• or~ individually ad. 
drcssable. 

In all <ons. \he addresses spccili<-d Ly th• pto¡;r~m 
can •pan tha en tire oddress space. No orbitrary seg· 
rncnt ;iua are imposed. and no soparato segment 
numbers ne<-d be manipulated_ 

Addresa, like inl~ger. is a lully •upported data 
type. A compJ,•to set of oddross manipulotion opera· 
l ioo >1M () \' ;;. CO M p A 1! ~. t N CIU:>n:,;T, ll ~C ~ !!M ;; .~T. A Dn 
TO, SUD'I"HA~'T Fl((lMI is implornt·nlcd on the addre,. 
re¡,ristero. 1 n a<ldition, thc Ul~D EFFECTl \'lO Ar>llRESS 
inslruction performs on arbitrary cakulalio~ anJ 
pu!s tbe rcsult into a !;pe<:ified addr~•• rq:ister. 'fl,;.. 
providcs !.he pro~rammer. in a singlo instruclion. 
with tbe ab¡lity to pr'-"<:alculate addtoS>~& u•ing any 
of !be P•<><•••or'o addressin¡; modco. 

Bo<:ouse tberc are eight address r<·~i"""· lower 
rnemory accessc•" <C '<•<¡JJÍted lor )oadin¡:•"J >1 urin¡: 
tc•npornry oddrc•s voluos, ond u<ldrr"'"" rarcl]' lot·e<l 
to be rccalculated in dilferenl ~orts ol u, e protl'ram. 
Thcse featur<'l rninimize tho p1o¡¡ram tinw •pon¡ · 
manipulating uddro~ses. a eommon bottlcncck in ex
istin¡: mi<ropr<><:eosora. They alao e•t.abli>h" de¡,:-ree 
of addreu-•iu independenre:' the addreu. 
spedflcaticn ficlds in instrucl.iono ore mos\ often 
only S bits. r~g11rdless ol the lacl.tbat a lur¡¡o !32-hit) 
addre., is acUtally boing- sp~cilied. -

DatH <nnnipulnlion. Tbe 68000 supporl•" 1\t,nher 
ol dala typco ond supplies g complete >Ct of opera. 
tions for each typo ('rabie 3 and Figure 31. l n general. 
the addrpssing •node is indepeodeo\ ~r thc data type. 
Al>10, in cases whereit mahs Slln>< (inlegeTS, logicals. 
and addreaoo•l, Lhe site ol the operond !!lay be 
"pecilied iml~pendently of the opetalion Op~rar.d 
oources may be cither re¡,rislers or a~dresS<-d mcmuty 
loc"'ions. The rcs~lt may be stmcd oitber in the 
register or in the opedfiod memory lurntion. Tbi• 
class of ""Iegiller· t<>-mcmory" operntion• ro•duces the 
nu:nber of t~•gister stores •cquir<d to oave resulto. 
~lo" oper&tion• con be opecir,od lo wcrk m~rnory·t<>
rcgioter, regitl~r·l<>registcr, regi$\er·to·rncmory. 
i mmed ia te-!<> te~ i oler, <>r im rnc>d iatc- !<> memory . Th e 
mo'e '!notruction i• more flexible. b,inK a full lW<> 
oddrcso ill•truction. lt can spccily mcmory-to· 
memo')' m ove opor al i""" ,<5 wt•\1 us 1ltt• "1'1 iuns li"led 
a Lo H . 

COMPU 1 L~ 



The 6~000 ~"la l¡pe• and the opcr;•tinn• thal sup· 
porlthem ar~: 

/ntegu. 'fhe operolions are ADD. SUUTHACT. 
MULTII'LY. lliV!IlE. "EGATE. COMPARE. and 
A IIITII METIC Hll 1 >T. 1 ni f·~CrS may be l. 2. or 4 hyt.es. 
Shifts aro mulliple ¡,¡ t .<hifts, o·ilhcr Ioft or riHht. w ith 
oh ifl counl spo< "tfio.J m ~,. in>lruotion or Jlrcviously 
calculat.ed in a d~l.o• n·¡jster. ond indkat.oovcrflow ao 
appropriat.e. · · 

/11~/tipr~dSiQn inte¡;~r. AUO W!TH UTI:I<O. SUB· 
fMACT W ITII ~X"I t:.,D. Nf:G.\T~ WI"TII ~XTENP. UN~J UN· 
l:ll MUL1"lrLY. nnd U.,SiüN~O OJVIOE ue the 
primiUvos "tpp!Jed for eas;ly implementing 
multiptecision inLcgcr •tithmelic. Operand5 may be 
l. 2. or ~ byl..es, except fot mulllply and divide. whidt 
opero te only on 2-Lyte quantil.ie•. 

l.ogicaL The ~perB 1 ion• ore AND. OR. E~~LUSI V F. DR. 
COMJ'!.E>H:Nr. {"OMrAHJ-:. SHWT. and !tOTAl"~ lwhidt 
allow multiple·position shilt.. and rotaleo, lclt or 
right. tdth or withoul exLcnd hitl !.ogicals may be l. 
2,or4byl..es. · 

Boo/""n. ANn. OR. ~XCLUSIV[ OR. C0MPJ.>:•n:NT. !M· 
PI.ICATIÓN. and HT ACCOKlliNG "TU CO~"DJTIIIN ("()!J~S 
OtO proVideoi. (S,;·r ~~CORlllNG "1\)CO!<DITLUN (~lilE S is 
u.<cd to retdcvo thologi<ol value ni any al lho <undi· 
tional tests Lhot ore avoilable lo the CONI>!"r!ONA~ 
!IR •NCH instruction.l Roolean data are on~>byte 
quantiti•s. 

Ri!. The opcr•tions are S~""l". CI.EAR. CIIANr.f •. ond 
·r 1.51". D its m u individually addieosablo. 

[)Fci¡no>/. AI>D SUSTRACT. ~F.r.I\1"E. and CI>MF'ARE 
ore dt"<"imal opernlion!. The decimaliDCDI instruc· 
tiun! ,.ork on Opcrand5 in n•cmory lmemory·to
memory) two digitslone byto) nl a lime. Combined 
wit h o lonpin¡¡ Ítl<lruction. tho decimal instnJ<tions 
implen>e" l V.! ri o b le·len¡¡-th m omory·to·m •mor y 
dodmal operotinn•. 

CAaractn Charaoter instruetions. MO\"E and 
CO~!PARE. work on operands in memorylmemory·to-
momoryl. · · 

Addr•.«. AdrltMs operation• indude INCHf:MF.NT 
lb y 1, 2. Or 4]. DI:Ct< I:MENT(by ] , 2, Or 41. ADD lNTI.nER. 
SUilTRACf 1 ~"I">:Gf:R. COMPAHf;. ond l.OAO E>H:Cn H 
AllDit~SS. 

Ro-a/ J-""J .... tin¡¡- poinl AIJD. SU>ITRACT.MULTIP!.Y .aJ>d 
ll!VI D~ are 'fM"ilied bu~ no\ !mplcmenled in !he lirot 

S¡r/,¡g. SfHINU "OVE. ~·rHIN(l &EAHCI<. and 
TRANSLhTE tlrn •redfied but nul implemenWd in the 
finl wrsion. 

l'ro~ram «>nlrul. l'rogram·control ins\ructions in· 
elude CONillTI<JNAL BRANCII {program Connter 
tolati\•e]. J UMP. J UMP 1"0 SUilltOUTINE. HETUHN f"ROM 
SUBROUTI~E. and R>OlVRN FHOM j>;TF;RRUI'T. alJ of 
"ltkh are tradilional instruction•. S1xteo:n .. para~.<! 
o¡o<rating·Sj stem calls are Spcd fi•ble with the TRAI' 
instruction. Conditional traps, looping, and 
·'" hrnutine con\ rol oo e dbtU»crl helow. Th" STOP in· 
s\ruelion hall$ lb o procossor. the R~S~T lnstruetion 
rdaitiali>es the system endronment, and the M()\"~ 
inUruction can monipul1ile :~e !""""'""' su.tu• 
"'·"l. 

l'rh·ilo~< '' Ol •·•· The b~OOO jJrOfo""" oan opctlll.o! 
In"'"' or •u¡w.,•io.or •l•tc. In >U[><'rvisor stote. \he 
en tiro in•truction >et is available.. 1 ndic.olion of th• 
curront •l<ll.eis ¡;ivt·n to th~ exl.t<rnal world"" that, fpr 
insl•ncc. addrcss tron>lotion con be inhibiled whon 
tho prooes.or is in ""l>Crvioor slute. J n u ser stato, oor• 
t~in insl ruclions, >u<h os STOP. ur.s~;r. •nd thoso thll 
modily t he st..tu& word. ore notol1uwed; they eau>o • 

"" .. , 
""' ·~ "" "" eTST 
CHK 

"' "' ... 
'" DIVU 

'"' "' "' "' "' '" '" '" liNK 

"' ·~ 
·~· MUtS 
MUIU 
Naco 

"" NEGX 

·~ 
~· .. 
"' Rl Sll 
RDTl 
ROTA 
ROln 
ROUR 

"' m 
SDCD 

"' "" .. ~ 
'"' su e~ 
S1•AP 

'" l RAP 
"m 
"' U~LX 

Toblo 3. 
MC6a00 lnslmctlon u1. 

' ' 
A<!~ ~O<>m.!' WJ!h txlo"<l 
~ 

.liJa Wllh "'""" looocat and 
~rllhmolt<: ohJit 1011 
Arlthm<l•< sMI oi~JU 
a""'" con~\tlonaily 
8<1 IOST •nd <1\on~o 
llo1 '"' and ctur 
a''"'" '"''ts 
llol 1001 and ul 
B""'" lo suDrout<no 
e,¡ "" 
e""' ·•~i•tor ·~olnot ~oun~• C>,., ope"nd 

Aonhmeli< """""'" ow .. ., .. ,,"" tw...u. ...,.,.,, 
Sogn<d ~~<lo 
un,gn<>d ~"'~' 
f>elu51><" 
f><Mn¡o regl"'" 
S~~ <>leno ,_, 
Jump 1.0 ,otx..,lioo 
l"'d mulliJ)IO r~lotors 
lood "i""' qul<k 
toad elle<l~>o >da"" 
l'"' >liCk 
logic¡l SM\ Ioft 
lo¡¡N:itl shill u~hl 

·~ 5ognec! muiJ>pl¡ 
uo.,gned mctn¡l¡ 
Nr¡•re deo;m•l wlth O>l<nd 
1 wo"s compltmonl 
r .. ,., complemont w~h e<~ooa 
Ho DP<"""" 
Ono"s <om¡>ltmonl 
1 o¡¡ocol or 
Pu.h erto<lr" •d~"" 

R"" ""'"'' d"~" Rouro lelt ~lthoul ••tond 
Rototo o.ghl ~lli>o<JI ,,,.ocr 
llo!OIO ltl¡ wlth <<lond 
llol>l• ri<JI<l ,.;¡~ oo1ono 

RetUin •no! """" 
ReJuro lrom suDr<k>Uno 
s .. o'"" do<lm;t trom •~•nd 
SOl oond<loon.oll' 
Stooo rot~llipjo rtglotoro 

"• S•bl"'' 
Sob<roO! "''~ ''''"" 
Swo~ ~"'ro¡ rotor ""'" 
To" on<i .. t '~"'"" 
Trop 
ltop oo ""~.,... 

"' Uo~ok "''k 

" 
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PRUC"A'' (U;I/PlE; 
\'Mí PAAAM 1 , f AF.AI.<1 1~11 (;!A, 
fROCEDU~! PROC IX: INHG(R, VAR Y INaGER); 

VARA. B INH~ER: 
BfGIN 
<plot.Oor< t.>.:lr~ 
<NO. 

B!GIN 
PROC (PAHAMl rARM'21 

rNO · 

PRQCRAM 80Dr. 

MOVE 

'" "' "' 

f:.AAM110 -SPO 
f¡;fi,M2 

"~ 16 TO SP 

PROC!OUR[ BODY. 

li~K FP, ~ 

"OVE" <~<g"""'"~ 10 - SPO 
<plocOdUIO llo<lf> 

··p .. ~ r.m !",....., .... 
"P"'h oddre>s ot 2"0 l)o<ifll<l<rl" 
"'COIII~o pro::odoiO"' 
'·pop P""'"'., frOJn lht ''"'"" 

"'lln'• ano alloc:m 1nroo loul 

'""'~" ""p¡Jlll""""' "~"" , •• ,. ..... 

MOV!M. <IOg"I•"·SI> /ROM SP~ 
¡·UNLK.FP .. 

+ ·-,.,,,. reg.slm" ..,,,,,, ''"'" 
""rolu<n 10 <-alling procoduro"' , REJURN , ___ -:.:,_,,_ ----·------------

Figure~- SOmplo Pucal proQrom ood equl•oleol 63000 code. 

"~ t 
lDW II<LMORY 

SAVEO 
REGISJlf!S 

lOCAl 
VARIABlES 

" PREVIOOS 

" RHURN 1\ AODRlSS 

PAAAMHlRS 

" 

" 
_) 

• [\ • 1'-
~lfOR! C~ll AHlR PUSHING H:GH MEMOR~ 

' 
PAF.,<.M[l[RS. CAll. ¡ WIK. A~D 

' S.<.lll!iG REGISlE~S 

lrop lo •ul"'"'i<Or •la le lb y >laclun¡: t. he cur r~nl prG
¡;ran. on<l Slatus word and lwding a n~"- cnntt•H f rom 
a pro ,..,;~n••d lrap vector). llle¡:al lnstrunions. 
urdmplotnenl<·d instruclions, Ílll<'Pil¡>lo, antl lrBp• 
lopcralin¡; "" system ,·,,11;) all come lh" pr<,·cs•or to 
trop "'"' swilch !.o SU!J«Vism 5Cate. 'fo on•uro pmpcr 
opcrotion when reLurnio¡: lo sup<rvisor state, 
rcgardlcss of user-si.Dte act.ivily, them ore 1 ~-o stack· 
poin"'r re¡;:isterS-one 11ctive in u>cr stot.e, ono in 
sul-'crvisor na te. '/'he u;cr stock-poinL•r con l.<' o l; are 
• ''"il•blo, by op<!dal instructions, to tloc ""~''"visor· 
slulo prn¡¡ram. 

The ~~OOO's usml•yttem state dlstinction will 
allow a omall operatin¡;:·s¡••tem kemelto pro••:de fui· 
ly prolec~d virtual •ddres• spaces to any rmmbet of 
inde¡><!ndent tasks or uocrs. 

Tropping on illo¡¡al and unimplem<•nied in.•tr-uc· 
lions ullows the opclatin~ syslcm Lo provldt ~mor~ 
luoctlonal virtual milchiHo lo u""r·stato t.a•ks. For in· 
stance, the opecating syst.em con transparontly pro
•·ide Mftware implemeniMion of any currently unim· 
plcment.ed inst.rucL-ions f•uch os noating-point or 
slring manipulationl .. o:cuted by a user-si.Dle la• k. 

Hlgh·le~ol-langu•go support. A '"'""' popcr by 
Allisun' suggests woyo in whkh microprpcessor ar· 
chilocture should be duigned to support hi¡;h-le;e( 
languages. This method, followe<! by the 6~000 
designers, is t.o "examine ... the runtimo repre;ont<>· 
tion rcquired for the class o! languogcs t.o be im
plcmcnted" ond lo ''prnvidc adcqLl•t• in>lr'IC· 
tions ... lo suppml thc required runlimc re]"'C>enta
Lion'" and transformntions on that ro~r.sentalion 
'"witho\lt extensive in·line computation." 

The 68000 de>i gn su pports hich -leve llnn ¡,'ll o ges, u 
both eompllation time and execulion time, with a 
dean, consi>lenl in•truction set; with hardware im· 
plemcnllll ion o! tommunly u•ed funcl iuns(multiply." 
divido, ond addreso calculation]. and with a •el of 
special-purpose instructions designed lo manipulata 
the runtirne environment of a high·lcvel-lan¡r~a~e 
pro¡:ram. The langua¡¡e construcls aided by lhese 
special-pur pose i n str uctions includ e arto ) · ~ce.· ., i n g, 
limited·ptücision arithmetic, luopin¡¡-, Boolean· 
expression cvolualion, ""d 1-'rucedur" culle, 

Arruy occ<"ÍD/1- 'fho ~OUN05 C~O:CK in,[ruction 
comparu a pre,·ious)y cakulotecl anoy indox (in a 
dita re¡¡-ioterlagainst >.ero onda limit value address· 
ecl by \he instrucL.ion. A trap O>OCUts j/ t~O jndu i; Out 
of bounds for that .. nay. This r~placos a common oo
quco'" <>f ÍI\Hruclions (al leas! lllorl with • •ingle in
otruction. 

UmiUd·prui•íon arithmelic. The TRAP ON 
0\'E~fi.OW instruction causes a ltap H thc ptocedin¡¡ 
opcrolioo r~sult..:l in o~ernov;. This allows dfiden~ 
o,·ornow tcsting !.o encourage ptoper checking ol 
arit hmc~ic rcsults. 

[,oo¡>ill!f A restric~ed !orm of tho FO!L·I"op con
slru<l is ¡,nplornonl•ll in a single instruclion that 
de"r<·rnents a counl ami branches backw~rd i! the 
result is nonzero. 

Bocl,n-npreuion ~vaiuoiÍM. The CO~DlTI0'<-~1. 
5H instructions assign a true or false value toa 
Boolt·an v•riabla on tho •ame condiLiuns that..,-e us· 



od by 1 he ,., "''JI 'riO~ <l. HHA 'rll inslru<tions. Those 
in•tructiot\S loolp impl<•menl Jloolean·exprossion 
~,·alua¡ion by ~,oidin¡¡ extra conditional br~nche•. 
csr••·ially in !he r"o 1•• "ith Pasc"IJ whcro '"•hort· 
< in·uil<•J"" 01'10 lualwn mu~ be undosiro ble boca use of 

· posoible ;ido df..cts. 

Pror~o/ure r~ll• The 68000 use~ a st.ark-pointed 
tn by nne nf ihe uddro>~ ro¡¡iSiero, talled ¡_ho slark 
poinler-lo build the ne;led onvirnmnents of calted 
prc..<..-lures. Three instructions lplu• an additíonal 
one lor e<><h poramet<rl implcmcnt a hi¡¡h·level· 
J•,.rruo¡¡e prc..·erlure ,.,1) ¡Fi¡;uro ü Tloe entirc cal! 
methanism "'"' only the ;tack and is tompletely 
,..,n!rant (F"I¡,'Ure 5). These inslructi<ms are dcstrihed 
in more de!Ail bclow. 

Pu <h poro m ,:rer ua/u rt oradd"· ·""' on ro r/1<• ""ck. 
Tilo MO,-E instmc!ion ¡•u•hes • voluo on'o tho otack, 
and Lhe !'USII lfi"EcriVE ADO~t:SS (see WAO HfEC. 
TI VE AOOHf.S$ explain.d carlier) pus bes the re!ult of 
an arlilrary •<l<iress oal<ulntion Onlo the slack for cal! 
by referente_ 

Cal/ proced~r~. The JUMP T0 !.UhHOUTIN>; inslru<· 
tion pushes the return addreso on the stock and 
jumps lo the proc.•duro cntry poinl, 

E.rab/ish no"' local•"~''roam<r<l. The UNX inslruc· 
tion does al! of the lollowing: saves theold conl.ents of 
tho lrame poinler (an arbiLrary addnss registor) on 
the st•ck, point• !he lr•me pointer to tho now 1op of 
st.a<k, and suhtrotts th~ number of bytes of local 
storage required by the procedura from thc st<~ck 
pointec. Thi• est.ablishes local storage for tho called 
procedure and a Ira me poim.er (add re•s ro¡;l•tcrl for 
indox addres•ing of local variables nnd porarnet..ro. 

Saoo an arbi<rary sub••t altAr "lfist•r• on the 
>la~k. The "OV& _\IULTIPLE REGISTEIIS Ínstruotion 
saves an arbitrar)' suhset of the rc¡:i,ters on tho stock 
(or a nywb"re ¡., 1 "emor¡•l in a singlo instruction. Tho 
regisl.ers (O be •aV<•d arolndicaled by octting tho cor· 
responding bits in a 1 6·blt lield of !.he instructlon. 

A Set of al m~sl fuur instructions roverses !he pr<>
coss f or pr oco>dure re1 urn: 

Rr/Qod >oto.,/ "IIÍ<I~r•. The MOVE MULTlPLE 
MLGI~trRS instruotion i• u•.d hera a]so. 

Reo• rabli.<h preoiuus """ironmelt/, The UNLINK in· 
st-ruction unJuo•lhe work of thel.INK ill>lructlon. 
R~turn fru"' pru«<iu'"- The III:TURN inotruction 

pope t.he r~torn address lrom the statk and returns t.o 
tho ralling prot<•dure. 

J'op para"'"'"'' from rhe slock. The Al>!> tM
_,¡:m A n: inst.ruclion u >•·d on the st.a e k poinlet pops 
ony numlocr uf v•loe> olf the ,t.ack. 

The 68000 syslem a1Chiteclure 

A compuler an·hit<-<:t>lfe .;pedfh-s intcractions be-
1 wc<•n !he P'"""""' ond its < nvironm•nt by dofining 
'~<h things •• inl<·• rupt otrurlure, m•mo;y segmen· 
cation, bus Ínt<rfaoes, and inpuUoutput structu..,. 
The C8U00 Splem archil ,. '1 u re \s designod lo he •• 
flexiblo "' po<>ihlo, ror ¡,,,""'e, 110 do vice rogbt c·rs 
oóO ;oddrP<"..d •• rnomary l<o<a1ÍO!<Slm<•m<lr)'"ln0J>p<<l 

1 101. as on' >1 her M,.turnla microprocMso,., ,\lemory· 
mopP<"diiO t,~'·•• lht· pro¡;rammt!r the fle~ibility llnd 
po~·or al tho mi iro instructian oet 1 or ¡nanipuloting 
dcl"icc runlrol ""d ~"''' rr•¡;isl "'"· Sin ce r>n "dditinnal 
ins\ruclion• ur~ ro-qui•cd for 110, 1-he procrssor io 
<implcr, dnd thcin.tructian set is easicr t.orcmember. 
'['he J¡Q Sp.><e is prolect..<l by the s~me memOry· 
mono¡¡c·m<•nt facJiilit•S that ore used lo prnl<"<t 
cril leal ""'·" of memury. 

The 66000 bus >tructure Í5 olso dcsigned fn• 
oimplicity, s~. ond lloxibilty. The addfess ond 
dala titlCS are seporo>te; no molliplexing i• r.eeded. 
This avojds thc ncr•d for any ""parato ,Jo,·kcs for 
demul¡ipl~xing. ensuring ma>imum perform•r.ce for 
oysterno in whioh sp<ll'd is important. 'fhc hus is o•yn· 
rhronous: lransfets on the bus aro controUoU by 0<· 
(¡ornp,1nyill¡r handshako •i¡;nal;, so lhot no a«~inp· 
tions ne<>d be made oboul tilníng or sy&t.em syn· 
chrony. The U>e of h andshake oignols al!owo devica 
and mernorios wíth largo variatio"s in re•ponse timo 
10 be u sed on the sorne pruceo>ot bus. 1'ho proc~.oor 
woits on arbitrary amounL of time un ti! the l<ees<rd 
device cr rncmory si~nab thot the transfor f• OC<'<lt' 

ring. 
¡\ <implo bus ro•C]Ueotlgrant prot .. col is 1m· 

plern•nled on.,hip so that proccs•orl 1nd dir<"<L· 
memor~·oocus de•icu can coo~rathely abare t.lur 
ay•lem bus wilh no e.tra acbitretion logic. Also, tbo 
chip has a bus·faull input pin Lhat e o uses in>l rudion 
c>.ocution to belerminat,ed al ony point and ~trap !.o 
be to ken i 1 1 n illegal <>r la u 1 t y mem ory acceo S is mado. 
This focilil<ltas memory prol.ection. 

'fho 68000 intru-rupL Uruoturo isliko thot ol must 
minicomputerS. Eight priorit-y leve!• are im· 
plcmenled. f nterrrupta are vect.ofed so thot ooft ware 
has fui] control over tha placemont and e•ecutron of 
inkrrupl-hrondUr.g roulinos. The currcot ¡oriurity 
le,·el of ¡he pre><essor is kopt in ita ol<llus wurd. 1 ni cr· 
rYpL> at ot betow the current prlority are inhiloit..ed. 
Ent...rrupU at hlgher levels may ocour, so int.,..r~pt 
h•ndlíng rnoy be nest<•d. Wben a10 en.•bkrl lnl<J r~p~ 
occms, 1he processor oonds an •cknowle.l¡;e >ipal. 
The intettYpting devke responds with a "'cl.Ol" 
number. The vector ,numbef is osed by the prO< e' SOl' 

H!X AOC~lSS O o 
PR!DlFlr~ED VfCTORS 
!I!ESET. BUS ERRO~. 

"" o 
RtSERVEO 

DlFAUlT VECTOR$ FOR 
PRIORITY 11/HRRUP iS 

' o 
¡ /lloP 11/STRIIC l !I)N 

VECIO~S 

o 

uSER VFC1lo"$ 

/,OUMr>iR oF 
VfCIORS 

' • 

' 
' 

" 

'" 
•• 



'"S "' "' 

'~~~ '" 
"'' "" "" 

!ltó~o:JO 

AOOAISS (Al-A2ll 

OAIA !00·0111 

" P./W 

""' '"' O<--- ü;Ac~ 

~-~ 

f~·« 
0<--iruí 
b.-1PL1 

-------- )'-'"' 
" A13 

oo-011 

"' 
"'" 
"" 

,. 
OIAC< 

" 
• 
iOAC< 

'"" IPl 1. 
IPll 

'" f' '. 

'" 
"' "" 
"" 
"" 
' "" 
'"' 
"· "' 

"'"" '"" --....... '""" 
.... lw<.te 

'"'"'"""' 
"'" '""'" "'"'"""" e.. ......... 

e"''"'' 
6.1 i""' ... _lo<!!¡• -........... •• 
'""·"' '"'' 

~· .. , 
"" 
""' ,.,. 
¡,.,, 
VIl~ ~~'P""" 

~·· ,.,..,..._, 
"'"" 
,, """ 11 ~"" 
'"'"" ¡¡ , .. ,, 

""'' '"'"'" '"· "P."•"' """"'"i ló 111.110 Or~> m'""'""'""'"'" UDS 
'""lOS 

'" "' ........ ""'*''' .. ·~ ..... ·
'"'""'""' 
'''~"" '"'"' ""'"" '"' '""""."" """ ·~ '"""'"'"' '"'"""" Oel ................. " .... 01 .... .... , ............... ""' ....... . 
"'""' ... ,.. O(lel>l "' .. ,.,. ........ " 
<OIOmg 10 HIW '"" •S. 

'"'"' '"' '"' '"~ 10 ""''""'"" """ .............. -~· 
- ID ... Ol«f!S"' .... o"''~' ,.. 
'""'''<'V'"' ... ~ 
O.lpo~ '"'" "'' ~"'"""' D""'·"l ''" "
"'""""' eo.,,...,.,, .. '~"'' ''""' 'G """-'"«11 ' 
'"" wlo<- """'U. .,..,,,_ '"""" ... .. .,.,,.. ..... , ~-~ .......... ,opl,~ 
''""'" 10 "' ''"''""' 

''"'"" '''""' , .. ~ .. ~'" ~·~""'"" '""'' "'"'"""' ..... ,,do ..., """''"' .. ~. 
"""" 11l onpo.O '~"""" ~'"""'" 
~, •. , .. "'" ('"""'"''") ·~"' 10 "" 
P'""',.' ., .. P'"P""" "''~" 
s~,, ,,. "'"'"" •col ¡Oow1 ,...,. '"~ 
~ 
... .. ~ .. '""""'""" ~ .... ,,,~ ... 
"'""'"' .. '" '"'''~ '"'''"'" '"~ ... 
F """ "'" '"' •~oo ''""" '"'""'"' '""""' .... .. . '"" 
tom;..iOblt '"' 

-·-., .. •>OD .. llily """''""' ..... 

"'"" " " "' '""-

-------------------------
~ 

1<> indox int-r;> a !Ah)e of Ínt . .crrup~ \·er10IS in )ow 
memory !" find lhto opprupriate cnlry jl<>inllo !he• in· 
ter mpl haL ,d(er; ther" ntc 256 •u•h q·ctnr• ¡1-'iL'lltO Bl. 
Individual d~vioes on the ""'n" priori1y lo•·el can be 
di>tin~ished by dilferent vc-ct<lr nunolwro. S<> no 
de \"le·• po(ling is r< qui red. Solt.worc tr•ps omd c•cop· 
linn <OJildit ions in llw (""'-"""'" olso lransf<·r thwu~h 
Lhe v<..:tor 1.-ab(e; in thcse ""'u the "'"'~' "urnl>cra 
are ani¡¡ned by the proccs,.,r. The >CC(ot Utbl~ i• i~ 
main memory n~d the~efore con l.o mnnipul•ted by 
Lhe oprmtin¡; s¡--stem •• neo~ssary. The pr<>«>><'L im
plemclll• a scL of dcfou(L veotors lone lor "'""h pri,ori.y 
leve!) 110 thaL existing periphcrol dev i<.eo, not equi~· 
pc<l t<l reo¡.cnd wil.h •·.-cLor numb..,., can be used.. 

68000 oyslcms con be confi¡¡ur~d with • P""'""",.-
dil"edly connected lo mcmory; tloo oOdr~,.~~ 
~cncr•ted Ly thc program aro then for thc pf.,-si"-"1 
momory. 'fhis will suffice for rnany appliClllion! 
More complu appli<ations, oopeoiaUy th""" ""h 
mu(Liple tosk• or even mullip(c usero, wH! '""~;,_, 
more •ophisticotcd mcmury mrina~crnont. j, 
separa U •ingle--chip device -.. J!l be availobl• tu pr<• 
vide memory se¡;ment.otion. a<ldrMs tranoiDLion, or.,i 
memory prot.e<;tion. 

68000 deslgn and implemenlatlon 

The •in~(<>chip M C68WO rni<:roj>nx~swr W'!:'~'• 
71 is • portia] impl<·m~ntation Qf lhe G8QOO •rthitoo;• 
tute. J 1 implo"'onU os (o<¡¡O a •ul>;eL uf Llo• < u01:plet~ 
architoctore as curr~nt technulngios will allo". "!h.> 
rdevant technolo¡:ical consl.raints aro Jimlt•tina~ "-~ 
tt.• nurnhc•r uf pi"' •nd on cirouit donsily. Addr< ,.,., 
•re ¡¡,,;¡ ,•d to 24 bits by prcsont-day ¡o.ock"¡¡in~ ,_,_., h
nologf .... hich rostrict; tha nomber o! pin; P<'r 
pack,.¡¡e t<>64. Similarly the d•ta path to ""''no') ;, • 
un! y 16 bits wide. Thi• is no~ on architedu•allo~¡i>..~
lion, Lot il do.s ro<¡oire thattwo onomury "'""'""'' l:.u 
on"d" for <••eh 32-bit <1ntum. 

Cit<·uil d~nsity limits !.he numlrcr of Íll>l!UC!.IOJ).\ 

that can be implemcnted. Onc-e:~:hth o! tloo 
oporaUon·t·ode map is currcntly unionpi"""'""'J. 
Somo <>f LhLs sp•ce is allooat•d in llLL< .. rcbi[,o;_ 
lure-fm exampi@, lar float]ng-pcin¡, nnd •trh•:t 
o¡>orotioM. Sorne of lhe ¡,.,., opac~ i~ <:u«o.--nl.l;< 
unspecifi.,d and will Le allocnlxd for luture orchi(,-<· 
Lurol enh.noement. Al! unimplomented inotrwoti<·'•-'• 
oau>o lrnps, so lhot •oftwaro omul.>tian i• poo ,¡[¡¡,_ 

fulure implementatior.s o! tho archit<..:Lu•e ma_. 
expond upwards ur >lu-ink dov.·nwardt in perf._,
lnari<e and !unctional oapabilil¡-. T<-<hn(J(<>¡::ca( o•! 
'anccs v.·ill won allow lhe f ull "'chi l~ctLLtn 1 ~ L-o i •~ 
plemctll•d. As drcuit den sities impr ove furl h~r. ~-"• 
>ersions .,.,.,((b-e fo>t-tr and smoller lond thus (e,.'~ 
pcnsiv<l ond will consumelcss 1"'"'""'· lncr""..OO <il· 
mil don>ily will also ,1llow tho i11dusion <>f ond '" 
'""'"'"·'· onol suphi>lÍI "led sp.••·d up led' niqnos. 

Toclay'• stalc <Jf the ort in ~lOS LSI l<·dnwl<Jg:.
l><''mia approximat~() one 1 r~noiHCr PI'' •·1""'" mil 

Figu<e r. MC800D pln ldenlllica t;<>n< an~ dol•"i ¡;.,,,_ n,. 
micrupruco""' i> ~QIO>Cd ;na 6~ p;n po<k>go thol >ITM > 
lOe u .. ol ••P"'"" (non mullópl .. odl o~d•n• ""~ ~a1J 
b"'•••-
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of d:oui~ orea and ¡><r<nits logic ¡:ates 1<> be designod 
with o speed-L<>pc>wer prOOuot ol one picojoule. An 
odvonced hi¡¡h-dcn>ity n-channel silicun-gol.<l MOS 
L•chnology wns selected for the desi¡¡n ofthe 68000. 
Thi• tochnulo¡¡y supports three·nlitron device 
¡:outnetrics ""d pmvides the dosiBner with ml11Upla 
MOS lrnnsisl or threshold vultoges. Tho Lech nology 
allows the circuit de•ignor Lo develop high· 
¡>erformoncc lo¡:ic goles ~sing mínimum si<e dcvioeo 
and to denlop ;,,[emal buffer tircuils '"GUiring litlle 
power, 

The exc-cutiM unit is a d~al bus stru<tur~ lhat pt•r· 
fOrm• both oddress and data pr<><e-.ing IF'i¡¡ure B). 
Tho two bu>es are 16 bit.s wide, end <.1ch can be 
dynamica!ly reconfib•ured ini..O three ind~P<ndent """" 
!ion• as t<'quired b}' the mictocode. Three ind~pen· 
den! orithmetic unil..s ore available to porfo:m the .. 
calculation•; ai>o, specia) lo¡:ic lunctions ore pro vid· 
ed to ~~ec~te Ion¡: ,bifts, priori! y encod,ng. and bit 
manipula¡ ion. ~~•eh o! th""" ~ni t.:.;, connKL<·d to two 
interno! huso• and receives both input oper•ndo 
simulranruusly frnm lhe re¡:isteu. E~ch bus en ntoin• 
bolh tho tnte and the complement logic volues so th•t 
dif!crenliol circuit design can he u>ed for highet· 
•J>ocd "P<rotion. The execution unit din-<Uy Ínter· 
fa<·cs to !he l'>lc1nol b~s lügic oncl L,¡ffets, but ito 
Op~taiÍo11 is imlt•pt'nd .. nt o! the oxt<•rn•ltiming rc
quiroments o! 1 loe Lus. 

The control of lile 680{1(} is implomentod \¡~ micro
code1 The actual structme of !he microp.-ogratntnod 
control structure is dis;;ussed in detall In an<>l.her 
poper.' The rnkrocontrol is impletnented as a two
le~d >tructure. The first leve] conl.oitos ..,quen~ of 
micminsttuclions with short "nnkal" for~n .. t ond 
complex branchin¡; eapabilities. ~licroinstructions 
contain the adJresses of nonoinstructions, wido 
"horl<onlal" control words, st.ored In the socond 
le\·ol. The nanoinstructions dir..,tly control thc ex· 
ecu(iQn llnit. '/'he use o/ microcOOe i5 m"thoted by 
tho hi~h delign <'OS! o/ ncw Vl.Sl chip•. The 
lllÍCI <>CO.J¡• '; f• ¡;u (,lrÍ[)' Of Stru(\ Br<• ('(Btl)'.1«•<( (U!'UU1· 
bin •• t,rinl ¡,¡;¡e >Í¡;nJficonlly ,¡,., "'""'" n,, <1<->i~n 
coot1pl ,,;¡y, ~ 1 '¡cr<>eode o],(, !"''"'; t o '"'"" ''"C iuccr• 
in~ <i<•doions--fur in,tanci,, dt•!"ils o! ·'l"''·i!io in· 
Mru< 1 IOJ>S 1 u 1 •e dc-la)'cd. 1 n othc·r w,.ul,, "'"'" ! ho 
micrum." hio•• •rdllh'Cture is del' "" i ncd, borcl"''"" 

implement..tion (Circuit desi~n] and firmware im
plcment.ation (miaoprogramrning) can be don~ ill 
p4t,.Uel. 

Cooclusion 

Tho Motorola 68000 IU'ohit""t~re combinct~ nd· 
vanced teohnology impr<>vemonU wilh a bHt.er 
understanding of the architectur•l n<'Cds of miao
processor users and mkropra<""""" appUe~~tiuna. 
'fhe 6SOOO ;, a step in !.o an ar .. pr "''inusly occupied 
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uilly by high-cnd mirdonmpulcrs. lt is a 32-bil at· 8. 
chile<;turr• thnt "'JlP"n" mnny rl•to types and data 
si< es_ The ud ,.,,rol"~"" of the 68000 i ndude a flnible 
oddrcssing n .. ·dronisrn, e simple ond effecth·e m- 9 
slrucUon ••t l hat cHn be U!ed to oasily build complex 
up<raliuns, a m<lllilc>cl veclored int-crrupl stmrture. 
ond a lo•t. o•¡.· nchronouo, nummoltiplexed bus archi
W.:turo. The Gl\000 lllthilr"<ture de:.cribcs a f.mlily of 
microproccS>uu de•igned for the exponding hi~h-
t•nd mkrot·ompulcr murht. 11 
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DI H ECCJONAMI ENTO 

l.· ESQl1EMAS DE DIRECCION Al\11 ENTO. 

L;:¡ L!nidnd cenu-al de rru~e~u (CFLI) en la!O cú:J;p.:t<odün!ó. dt-bc 

realizar las siguientes funciones: 

Obtener y traer de memoria primaria al CPU la siguienw 
instnJCCiOn a ejecutar. 

Entender los operandos, esto es, definir la localización de 
Jos operandos nece¡;arios para ejecutar la instrocción v 
traerlos al CPU. · 

Ejecutar la instrucción. 

!'ara lltovar a cabo las funciones anteriores el CPU debe cun· 

tar con la siguiente información: 

El código de operación 
,. 

de la instrucción a ejecurar. 

!.as direcciones de los operandos y ]a del resultado. 

La dirección de la siguiente instrucción a ejecutar. 

Existen diferentes soluciones que satisfacen los requerimientos 

anteriores, los cuales determinan la arquilecrura de los proce 

:>adore,; que las utilizan. 

Se supondrán operaciones aritmé1icas en las que se tienen dos 

operandos y un resultado ya que son las que proporcionan el 

caso más general. 

a) Máquinas de "3+1'' direcciones 

El formato de instrucciün en este esquema de direccion~l--

miento con.tiene todos los elementos necesilados por el CPU 

i 
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para r~:¡¡Jizar sus funcwnes. 

Un posible formato de instnJCciún se muestra en la fir,ura 

IV. 1 

1 ' 
n ct 

mtmc :·ia 

En este caso se tienen cinco campos en el formato de instrucciCm: t•no 

para el código de operación que sirve para indicar el tif'O de upera·--

ciún a rc:~lizar (suma, resta," multiplicación, etc.). tres campos para 

],¡~ din:cciones de los openmdos y resultado de las operaciones, un 

campo pnra indicar la dirección de la siguiente instrucción a ejecutar. 

,, 
Las instruci':'ioncs para ésta máquina podrían ser escrita;; en forrn(l 

simbólicn en la siguiente forma: ADD A, B, C, D donde _ADD representa 

el código de operuci6n su111a y A, El, C y O son nombres simb6H.::os 

asignados a localidades de memoria. 

Suponiendo que existen las instrucciuncs suma (ADD), substracci6n---

(SUB) y multiplicación (MUL), entonces una posible traducción de la 

e':prcsibn A=(B*C}-(D*E) en FORTRAN a lenguaje simh(>lico en la má-

quina de 3+1 direcciones sería: 

Ll: MUL B,C,Tl,L3 

L3: MUL D, E, T2, L7 

L7: SUB T2, Tl, A, L8 

LS: Siguiente instrucción 
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donde Tl y T2 representan localidades temporales usadas par·a guardar • 

rc!Oultados Ul"iUnéticos intermedios. 

-'" cont:lusio1ws más imponantes t>n este esqucm<J ~on: 

Los programas no necesiutn estar almacenados en mcmorin en forma 

secuencial ya que el campo de direccibn de la siguiemc instJLICCión pe_E 

mite conocer donde fueron almacenfldos. 

Debido a que cada instrucción contiene en- forma explicita tres direc·.· 

cienes, no es []ecesario tener en el CPU hardware para h'll<'ndar los re 

sultados de las operaciones. 

b) Máquinas de "3'' direcciones 

Considerando que los programas se escriben secuencialmente v que 

por consiguiente es muy lógic~ almacenarlos en este mismo orden, 

se llega a un nuevo esquema de direccionamiento en el cual ~e ~us 

' ' tiruyen todos Jos campos de dil-ección de la siguit:nte instrucciGn 

por un solo registro dentro del procesador que lleva en forn11 s.c-

cuencial y autom¿ticamente la dirección de la siguiente insu-ucción 

a ejecutar. Un posible formato de instnJcci(m se rnur.::stra en la 

fig. IV. 2 . 

)irección 
de la 

;ig. insr. 

Ke¡pstro 
en el 

procesador 

t..;óaigo Dírecci6n 
de primer 

operac. (:.perando 
FJG. 1 V. 2 

Dirccci(m Dirccci6n 
SCb'Undo rcsultadc, 
loDCrando J 

PalubJ a 
TJ rl;, 

mcm(>ria 
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Utilizar~do este esquema de. direccionamicmo 1.1 e:-:presi6n A=(R°C)-(l) .. E) 

en FOHTHAN1 qucdaría expres<Jda como: 

h1LIL R, C, Tl 

MLJL O, E, T2 

SUB T2, Tl, A 

Siguiente instn.Jcción 

IX>nde se ha suprimido la dirección de la sigtJicnw instnJcci6n \'a (~el~ 

és:a es. llevada en forma secuencial y automática por un registro del 

procesador conocido como com¡¡dor del programa (PC). 

Con el esquema de 3 direcciones se logr<l aprovechar la memoria en 

forma más eficiente y reducir Ja longirud de palabra lo que re~nda 

directamente en los costos-de la misma. 

e) f,J.'iquinas de "2" direcciones. 

En las oper<lciones aritméticas no siempre es neccsnrio guardar 

el resultado en una Joq¡Jidad de memoria y preservar los oper¡¡n-

dos, por lo que se puede pensar en uriliznr uno de ellos para----

[;llardar el resultlldo una vez que la operaciOn HC ha efectumlo. J..¡¡s 

conJOideraciones llntc:riores llcvlln a ¡ncs,~nta,· 11!1 posihlc fr.JJ'Ina!O de 

ÍIISltucci{JrJ en esta máquina, mostrado en la figura IV.::\ 

)IR. DE LA 
'JG. lNST. A 
_:JECUTAR 

REG. 
EN EL 
PROC. niR. c¡)~o'< .-es EG. 

P. OP. 
OP. __ _J 

F!G. IV.3 

Palabra 
n de 

melllorin 
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En este <:squerna se usará la dirección del segundo operando como le 

dircccj{)n del résultarlo una vez que la operación se hava efectuado, 

/,o=(Jl'C)-(D'E) é::n FOJ-\Tl\AJ\', qu¡:d:nía: 

MUL B, C 

MUL D, E 

SUB E, C 

ADD C,'A 

La eliminación del campo de dirección del resultado permih! reducir la 

longilud de la p::.labra de memoria y los costos de la mismo. lo que 

permite usar este esquema en m~quinas medianas y chicas. 

d} M1iquinas de "l" dirección 

Este ~squema de direccionamiento !JCrmite eliminar de todas las ms 

trucciones el campo de dirección de uno de los operando y sustiru--

irlo por un registro dentro del procesador, el cual contendr<'i a uno 

de los operandos. A este registro se le conoce como acumulador.-

El formato de instrucción para la m:iql.l!ina de 1 dirección se mues-

tra en la figura IV 4 

L.Jir. de Ja 
ig. inst. a 

ci . 

egundo 
perando 

Reg. en el 
procesador 

Heg. en el 
procesador 

FIG. IV.4 

L.UfJ. 

OP. 

DlR. 
P. 
OPEHANDO 
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Lt' anterior implica la creación de instniCCiones que pr;,nnitan C<Jr:.;ar' 

(') ~cumulador con el segundo operando (LAC) y dcposiwr el cont<'liido 

del ac•mulador <.m me:noria (Q_.,C). 

Es impürtame hacer noun que wdr;s las operaciUIICS ~e J]c:\'an a c?.:oo 

implícitamente contra el acumulador y que é~te contendr.~ el ¡·esult.:.do 

de la operación efectuada. La e:qm.:sión A=(G•C)~(D'E) en 1-'01\TRA.'>.:, 
' 

podría traducirse a: 

LAC D 

MUL E 

DAC Tl 

LAC •B 

•' MUL e 

SUB T1 

DAC A 

Este esquema de direccionamiento ha sido amplilltnente irllplemcnrado <::n 

una gran mayoría de las rninicomputadoras, como por ejemplo: PDP-8, --

PDP-15, IBM-1130, \BM-7090 y CDC 3600. 

e) /\1iiquinas de "O" direcciones 

Este esquema de direccionamiento solo uliliza el campo de c6digo 

de operación, por lo que es necesario contar con algún mecanismo 

que irnplícit<'lmente permita conocer los operandos. 

El mecanismo anterio1· se implementa usando una pil11 6 stack, el 

cual !ie puede pensar como un conjunw de localidades contiguus de 



- 7 -

JTJl'IJI\>na :.~cc:c;:sHd.ls Uf .. 1ndo lliiJ di>;ciplina UEPS (últimas entrndas, pri-

nwras s¡¡lidas). De lo anterior se concluye que en c..:~da m01ncnto se 

tendr!'i disponible el elemento qu!2 <ce <·ncuc:·mre en :::1 •ope dt1 s:acl:. 

El furm<Jiú de instrucción para e'ste esquema de direccionamiento se 

1 encuentra en la fi¡,'llra IV•S 

¡o¡r. de la 
~~~. inst. 

\puntador al 
opc del stncl 

Reg. en el 
CPU 

Reg. en el 
CPU 

Palabra de 
memoria 

Es neces;:¡rio contar con instrucciones que permitan meter elementos 
·> 

de memoria al stack (PUSH} y sacar elementos del srack :;.·memoria-

(POP). 

Lu expresión A=(B"'C)-(0°E) 

PL1SH O 

PUSJ-l E 

MUL 

PUSH B 

PUSH C 

MUL 

SUB 

POP A 

en FORTRAN,podria 
Y_LG -- rv-b.-

bi]T 

)o.JT 

T 

expresarse como: 

(ApuntaJor al Wpe 
del swck). 
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En la fig. IV·(l se ilustra el estlldo del stack rl~spués de cad~ una de 

]¡¡s inst. anteriores. 

S·:· ¡o.:._;:30:: ct':,ciuir que el conjunto dt ~;~: nJ:::;::il·r.~:·,; de la t·~::q~:i<J:! V 

"':~ :·;.~·;-;-;3riu l':C'>lar:·,ente por instruccie1nts tie ct:rc> riir.occií•ne." """' l:.:e 

t;;~nihién se n:quieren instrucciones de una cJin:cciün pura lll<lH~r y s:.~

car elementos al stack. 

Se requiere un registro en el procesador que apunte al tope del StHc'

~- se c:limine el acumulador ya que el resultado de las operaciontos -

tnmhii"~n (jlledar·ti en <:::1 sr<:~ck. 

·.• 

• 
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2.- METODOS DE DIRECCIONAMIENTO 

En l?.s mt;qt,in?.S de una sola din•ccirm el f<•r~a!P de la~ in<::tnJccio-

de cüdi¡:o de coperación y el cam?o d(." diretcil•n dd operando. Si m 

ponemos que el Cilmpo de dirección consta de n bits, emonce~ la 

mh:ima capacidad de memoria direccionable sed. 2n loCDlidades. Lo 

anterior puede resultar bastante drástico en el caso de las mínicom-

puwdoras ya que, por lo general titmen palabras de 12 6 16 bits Y si 

se a.<:Í1,'1lan cuatro de ellos al campo de c-ódigo de üperaci(m solo se 

pueden direccionar 28 = 256 localidades de memoria en el caso de P!l 

laloras de 12 hits ó 2
12 = 4096 localidades de memoria en el caso de 

p..1laln·as de 16 bits, lo cual ~:~sulta insuficiente para la gran ma\'O--,. 

ría de las aplicaciones. 

Lo «merior ha ocasionado diferentes modos de direccionamiento, en 

los cuales el campo de dirección sirve para calcular la dirección 
• 

efecti\•a del operando, logrando una mayor capacidad de memoria di-

reccionable. 

a) Inmediato 

En este caso el operando puede estar contenido directamente en 

el campo de dirección 6 en la Joc:~lidad de memoria siguiente a 

la instrucción. 

Sera necesario dedicar un bit de la palabra para saber como se 

debe interpretar la instnJcci6n. 
• 
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h) Di re etc 

Existe direcciunorniento directo Citat,do el campo de din;cci(m dó: •• 
' 

1·an la dirección del upo:.TaMlo. 

b.l) Usando piigina cero 

Uno de los esquemas más comunes de organiznción de tne 

moría, divide l:sta en n páginas de longiiUd fija, donde n 

depender.~ del tamaño de In 111': moría y del tamaño de las 

r"ginas. 

Las máquinas que usan estos esquemas generalmente usan 

la página cero con propósitos especiales, como son: mane-

JO de interrupciones, traps, localidades :tutoincrcrncntables, 

etc. 

La forma de indicar si el contenirlo del campo <le dirección 

se refiere a la página cero, es usando un bit para este pr_9 

p6sito, p. ej. si este bil es cero el campo de dirccci(m 

apunta a una localidad en la página cero. 

b. 2} Usando página actual 

SI el bit de p.1gina csr.1 e o uno, " asume gtle el can1po de 

dirección <~puma ' un<t localidad "" b pCi~'Ína 
' '" le (j\le ~;(• 

encuentra ¡, instrucción. A esta página '' k conoce como 
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• pngina actual. 

La dirección dd operando se rletermin~ sum<1mlo Jos bll5 

dr: o1·dt·n ~upcrior dt-l l'C a~ C:\ITopro de· :;:n·cciL>n {;,:- 1<: i:1~ 

truc;ción. 

b.3) Relativo al PC 

En este modo de din•r:cionamicmo el comenido del campo 

de dirección de la instrucción, interp1·erado como un ente

ro con signo, se suma al PC para obtener la direcciórJ del 

operando. 

b.·q Relativo a un regí stro ind ice 

El contenido del campo de dirección de la instrucción, m-··· 

lerpretado como un entero con ~igno, se suma al comeni-

do de un registro índice para obtener la dirección del o~ 

randa. En .ca su de existir mfls de un regi~tro indicc es 

preciso asignar Jos bits necesarios para S".J identificación. 

e) Indirecto 

Er1 el direccionamiento indirecto el campo de dirección de la ins-

tTl..lcción contiene un apuntador a la dirección del operando 6 este 

compo combinado con algún registro ó palHbra de 1ncmoria genera 

un apuntador a la dirección del operando. 

Mf'diame un bit en la i~slrucción se puede .o;aher si el direcciona-

-miento u.o;ado es di reciO 6 indirecw. 
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c.l) Usando pli¡;ina cero 

El can1po de direcciGn de la insrrucciún apunta a una ](>ca-

b éire<c·cilln 1.k:l operando. 

c.2) Usando pá¡;ina actual 

El Glrnpo de dit·ecci6n de la instrucciUn apunra a una loca--

lldad en la p<'igina acrual. Esta localidad contiene la dire-::--

ción del operando. 

c.3) Relativo al PC 

El contenido del campo d~.; dírc;cción de la instrucción, ínter 

pretado como un entero con signo, se suma al !'C para ob-

tener la dirección del aiJlmtador al operando. 

c.4) ~elativo a un registro índice 

El contenido del campo de direcci(>n de la instrucción, ínter-

pretado como un eme ro con signo, se suma al comen ido de 

un registro índice para obtener la dirección del apuntador al 

operando. 

La combinación de todos Jos métodos de direccionamiento anteriores 

con registros de propósito general, permilen lograr modos de direccio-

na miento bastante poderosos. Cuando 5C usan los J egistrus de pro11Úsll<> 

gencr<Jl, el campo de dirección de la instrucción específica_ que n:rJstro 

se usa y como se interpreta la información que c;omiene. 

' 
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I R 'E e e IOf<A~lENTO EJI Z-80 

El ~icroproceoador Z-80 Circcci6n 

en la ;_ue lo::: difr.,:o:-r:-:.oos ;uoUo::: d~,; iiirt'ccic.nam:i&nta <:-en u::.z.

C::os ,-.?r i:::'Uj·CS de ir.¡¡";rucciCJ:-H:s y n~ s<. ac;'J.icnn ó~ una 

fc;>r;::¡; E;t:r.!!ral a 'todo el con~!.lnto Ge i:~Et::-uc\;iC:!<oS, 

a) lmplici to 

En este modo de direCcionamiento el oper:~ndo no so:- C.efi

n~:< ~n forma expl:Íci ta ya q1Je el for;nato de instrucci6J: 

es ~ijo y en los códigos de operación se especifica i~

pli~ite.;nente sobre que registros del rrocesador actúan 

las instr1.1cciones, por lo ·1ue el usu:..rio no puede alte

rarlo de ninguna manera, 

Los erupcs de instrucciones, que utilizan este modo de 

óirecciona:niento son: carga de 8 bits; carga de 16 

bit~; ir,tercaonbio, transferencia de bloques y btlaque

d~; arit~'ticas de propósito general y control del CPU. ,. 

EjemplO!! 1. 

b) Inmediato 

El ~j'Drando se encuentra en la loc:Jlid3d de me!:loria si

gui7nte a la instrucción y se considera que fOr'llll parte 
' de 111. misma, Los valoi:'es de los operandos inmediatos 

er:;; ningun caso podrán exceder la capacidad de re,::·:resen

taci6n de un byte, Este tnodo de direccionamiento se uti

liza cuando se desean realizar operaciones con vnlores 

conataotes, 

Los grupos de instrucCiones q,;e utilizan eSte modo de 

direccionamiento son: caJ·ga de 8 bits; aritméticas y 

lógic~s de 8 bite y entrada/salida. 

Ejemp1 os 2, 

' ' 

! ' • 

" ... 
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e) Inmediato ex:endido 

El opera:1do ce encuen'.,ra en los dos bytes (16 bits) ci

¡r.>ient~s al eódi.co de c-pe:-;;.ci6n ñe la instr:.~ccHn. n 
¡.ri;n~r byte contiguo .'<1 c6C!.i[,O Ue o:·~:·"'cic\n es el .:.::;.c.:s 

si¿:i.ificativo y el si;:::uicnte es e! ru·_llJ si:;::;ific;l-;;i·.-o. 

Este modo de direccionamiento ea ll2ario por a"!_¡:;¡.;n;;.s ir.s

trucciones de C3.rga de 16 bits. 

Ejemplos 3. 

d) Registro 

El formato de i¡;.strucci6n contiene un ca:npo de dirección 

de operando donde se especifica cual de los registros 

del CPU será utili~:oado como operando. 

Los grupos de instrucciones 

direccionamiento son: carga '"' ,, utili~:.an este modo de 

8 bits; c11r¿-a de 16 

~i"ts; 11ritméticas y lógicas de 8;,~its; aritr:;éticas y 

lógicas de 16 bits~ rotaciones y desplazamientos; encen

dido y apa~ado de ~its; entrada/salida. 

Eje:nplos 4. 

e) ReEistro indirecto 

En este modo de direccionamiento un par de registros 

(16 bits) contiene la dirección <le r;,e-710rill en la que se 

encuentra el operando. 

Es utilizado por los ETUpos de instrucciones de carga 

de 8 bits; intercambio, transferenc:la de bloque¡¡ ·y búa

'J.Ueda; rotaciones y desplaz¡;unlentos; prendido y apaga

do de bita; saltos, lla¡,J;das y re[reso de subrutinas; 

entrada/salí da. 

Ejemp1 os 5. 

.. . 
• 
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1') Extf:nd:ldo 

1 
, . _, 

l.a dirección del orerando está contel"ii<la den"!;:ro del 

c:;,mpo de O]:e:rando de la in!JtJ·ucc:!ln, El C<:<F..lJO. d~ '~ir·e'-'

ci6n tirnü ur.:• lcncitud de 16 bits ;,vr lo quc lo. ;-.;;:-:i-

Fste modo de direccir,nr.•;,fento es t'"!;:'.lizado _por le(:! [l'U

pca de inetruccior.es de carga de e b::.ts; carea de 16 

bits; saltos, lla~adaa y regreso de subrutinas, 

Ejemplos 6, 

g) Kodificado de p~gina cero 

En este modo de dil·eccionamjento el cumpo de dilección 

del operkndo se refiere a una localidad de memoria de~

tro de la página cero, Este ca~po de dirección cor.l:lta 

de 3 bits y para su correcta interpretación se mul ti

plica por 08H, obteniéndose de esta forma la referen

cia a las localidades deseadas, 

Eate modo de diJ·eccionlimiento ¡;e utiliz:. exclusivamen

te por la instrucción RST. 

Ejemplos 7. 

b) Relativo 

La dirección del oper~ndo se determina suaando ;o.l cor,

tador üel programa el contenido üel byte ei.gtliente al 

código de oper;o.ción de la instrucción. 

El desplazamiento anterior se :intt:rpret;¡,rá cotno ur; nú

~ero en complemento a dos, con lo que se loera un ran

go de direccionamiento de -126 a +129 localiCades rela

tivas al contador del r•ro¡;rama. 

Este modo de direcciomuniento f:s usado ·por el [r11p0 de 

instrucciones de salto, llamada y reereso de suOrutin;¡,s. 

Eje•nplos 8. 

' 
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Indexado 

LB dirección del o:;;erando se deteM!ina suoando al ree!.s

~ro de ft,dice e::~pecificado el co:r:t~nido del byte Ce Ce~-
• 

El despla;;&..-eiento ss int~rpreta co:::o una cantiG.ad en 

co:np1 e::-.ento a dos, con lo que se lO(;r[, Un rnn,so de O.i

recciona~iento de -128 a +127 localidades relativas al 

rCEistro de Índice, 

Loa erupos de instruccior..es que utiliZan •~ate r:.odc de 

direccicna:dento son: carga de 8 bita;· aritméticas y 

16gicae de 8 bits; rotaciones y desplazamientos; cm;en-
' di do y •J'agado de bite; sal toa, llilmcH!a y re¡::reso C. e 

subrutinas. 

Eje01ploa 9, 

j) . Bit 

f.ste modo de direccic.naaiento pe;i'mit'! prender o apagar 

Un bit dentro de un operando seleccionado, usando loa 

modos antes descritos. 

Eje;:¡:r] os 10, 

ING. LUIS G. CORDERO EORBO.! 
AGOST0-79 

• 
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EJEMPLOS 

Se aau~irá que todos loa ejemplos siguientes utilizan el SiEte

ma de numeración hexadecimal. 

Ej~mplos l. 

• 

Ejeru}1los 2, 

oc•os e ,::;4 

MOI>DS {>E !•WECCI Olli1M 1 EtilO !•EL M l Cf"O!'POC ESff.•(•P ~- !?C• 
P<>•:,.~F''1Mfl (fii>GAf>O EN CASSETE CQfj EL ti0M8F·E I•E 
"r-EC" 

t• 1 PEIT wuAn¡ e:rno mPL 1 e no 

CAPGA EU EL PEGISTPO A EL CO!HEIIW~< r>EL PEGISTPO 
!>E F"EFPESCAMJENTO p_ 

CPL 

PEALIZA EL C011PLEMEtHO 
AC!JMIJI..JitoOR Y LO C>EJH 

JIIC 

LClG!CO 
EN EL 

DEL COIHErlWO 
M!Str.J PEGISTP.O 

EL CQJITEIIIM [IEL PEGJSTRO r'f: HU•JCE IX SE 11!--
CPEMEIHA EN lqiO 

DIPECTIOIIRMIEtiHl IIIMEDlfHQ 

SliMA AL COIHEIIWO 
[lATO :?4H y l>EJA 
GISTPO 

"" 

r>EL PEGISTPO 
El PESULTROO 

RCU~IIJLfl[>C<P fl, EL 
Ell EL 1115110 PE--

~'Efll!ZA LA OF'EF'ACIIJU LOGICA Atu• EIHPE EL I.."OUTE--
11100 !•EL PEGISTPO A Y EL !>ATO 10H· !>EJA!l[•O El -
F·ESUL TAf'O Hl EL 1115110 f<'EGlSTPQ 



• 

0001> 211F12 

Ejemplos 4. 

0010 4F 

0':•11 80 

(Jf'o12 El>52 

- ltl -
,g 

·. ' 

t•l PECTI0HJRIHEIH(1 Jllt1Efl!RTO E;éTEU(> !fll) 

U• ¡y. 2000H 

CRPGA '" " F"EGISTRO CE !lll>ICE h' " C>ATO ~<:·~nH 

co HL-123FH 

CA¡;·GA El REGISTRO PAR "' CO!l " flATO 1?.1FH 

l'IPECCIOIIRMlENIO [l[ PEGISTPO 

CAF-GA EL PEGISTPO C COU El COIHEUJ[lO l•EL PEG!S
TRO A 

SliMA 
OEC 

"" 

'·' 
AL CONTEIH('O 

FEOISTFO B V 
e. 

HL-C>E 

OEL 
[>EJA 

F'Efi!STPO A EL 
EL F·ESUI. THC'O 

COIHEtJlt•O 
ElJ EL PEI.IIS· 

SUBSTRAE ('I[L 
IHOO DE LOS 
EL PESVL TAl>O 

COtiTEUIPO l>EL REG/S.TPO HL- EL CC•IITE
F'EGISTP.OS !'( '{ ACAPPEO CY, l•EJRII!'O 
[U EL PEGISTPü Hl 

' 



• 

' 
Ejemplos 5, 

0014 C<A 

' 

Ejemplos 6, 

001A F['2204()(t 

- J.';l -

"' 
CAPGA EL PEGJS1PO A 1:"011 EL COUTEIIH>C' PE LA LO
CALIN1f' ['E MEMOPIA fiPUIHAt>A f'OP El F'EGlSTF•O F·flp 

"' 
(fil_) 

l!KF'EMEIHA Ell UIIO EL COIHE!llt>(l r>E LA LOCRI.Jroflf' 
DE ME110RIA RPliNTA[>A POR EL F'EGISTPO PfrR HL 

DEPOSITA EL COUTENWO r>EL RCUMIJLR(>OP: EN LA LOCA
LIC>AC> !>E MEMORIA APUIITHNi POP EL PEGJSTRO pfl¡;• [>(_ 

[)J PECC WllfrM lENTO EXTEIIC> l DO 

C'ARGA EL RCI_IMIJLA!>OP. CON EL COIITE!HOO [>E LR LOCA-
L! l>AD OE I'IE110R 1 A 1 ll2f:IH 

!•EPDSJTA EL CONTEIIH>O DEL PEGISTF:O DE W['!CE Ell 
U1S LOi:ALJflRDES [l[ 11EMC•P.IA ('C<04H (BYTE BAJO~ \' 
ii'Ll(.l5H ([!YTE RLTOl. 

' 



Ejer..plOI!I 7. 

(>C<1E: CF 

'. Eje'llplos 8. 

M2l :!OF4 

; 

20 -

?.o 

PST 

EFECTtJA UN SAL TQ 11/CI)!ll'l C 1 QrlAL A LA LOCAL WAfl l•E 
MEMORIA 08H l'E5PUE5 DE HABER GliARC>ACIQ Ell EL 
STACK EL COilTEIHl>O C>EL t':IIHtWOP l>EL PPOGRAMA 

l>lPECClQiiAMlENTO PELATJVü 

JR 

SI CA BAil()EPA z,L eL CQIITAPOP "' PPOGPAMA ~E LE 
SUMA " VALOR "" "'" LO ll\.IE SE EFECTliHRA "' SRL-
ro ' " LOCALIOOD OE MEMOPJA 25H. 

" CA 8Ritl>EPA z~0 " COitT!ItiJARA EJECUTAitDO " 51-
GUIENTE Jt<STPliCCIOtl "' PP~rGPfi11A 

ttC, 17H 

·51 LA BAilr>EPA C=Q, AL COIIHU,OP l•EL F"PO>::;PAt1A SE LE 
SI.I11A EL '.IRLOP F4H COil L(' (''.'[ SE EFECTUAF"A Urt SAL
TO A LA LOCALHOF<l' l•E 11EI10P:IA 17H 
51 L!1 BANf>ERA C=i SE (("IIHI!IIJAPA EJECliTAIIl>O LR 
SIG•JIEIHE ltiSTPliCCIOil !>EL F'F"C'(;F:AI1A 

,, 

• 



·' • 
• 

Ejemplos g, 

' 

0<:<27 ['('8621 

Ej.-,mplos 10. 

0~2l• CBC7 

0~2F C8AE 

- 21 -

t>l PECC 1 011HN 1 ETilO lllf'E:,'At>O 

EL l>ESPLAZAMIE!lTO 4:!H SE 5'1!1A AL COIHETllflO r>EL PE
GISTPO !Y PAPA l•ETEP11111AF:. LA l•IP'IOCCIO!l HEC'Tl'.'fl A 
DOIIl'E SE ['lfPOSITAPA EL l'ATO HH 

A, '1X~21H' 

El. l>ESPLAZAHlEt!TO Z1H SE SIJMA AL COIHEUH>O l•EL 
PEGISTPO IX h1PA f•ETEF:rlltiAP LA l>IPECCJml l'EL 0-
FH:AUI:'O OUE SE¡;·A SUMADO f1L F'EGI~Tf;'O A EL F·ESUL-
lAl>O G1UF.OA Ell EL PEGISTPO A 

me fJX+07H) 

EL DESPLAZAMIE!HO ('17H SE SU11A AL CONTEtut•O t>EL 
F:EG15TPO IX PAPA ['ETERMlt1AP LA ['JI<ECCIOU ['E LA 
LOCALWAD r>E MEMORIA CUYO COIITEUWO SE l!ICPEMEN
TA Ell IJNQ. 

l•JPEITlOtiAMIEUTO l>E BIT. 

sn 

EllCIEtl[lE EL BIT ~ ['EL PEGJSTPO A 

PES 

' APAGA EL 
PECCIDNAGA 

BIT 5 DE LA l(I(ALWAI• 
POP EL PEGISlPO KL 

ING. WlS G. CORDERO BORBOA 
AGOST0-'79 

l 
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• 
LDLE MODE 

'vlC ''·'~L [S 

WRL • ~XT E HNAL ·''l[~·U~l ENAB<E ~ T >TUS ~fF! CTS VEClOR 
lRA''S"IT LNTEM~PT EN,3LE CR "'''' REAOY 

""' 

""" 

MODE ~~'"<E 

l~A~S>o"T ~RC !. "~LE. REOUEST lO SENO, SOCC-COC, 
TR~NSM T <'•""' E, l RANS"IT WORO LLN<>T~ OAT A 
TE"MINAL Rt,AOY 

"NfN '~"R~OP! ¡L'•"I ~[-~Y: 0CGU'1S 'Hf C~U OOfS 
1H!IOLWW!NG 

• CHA~G!'S TAA,'SMII WORD LENGTH (IF NECL SSARV) 
• TRANSFERS OArA SYTE FRQ"' CPU ¡MEMORY¡ TO SIO 
• REstTS '' UN<>ERRUN E0" LAlCH ¡wRo¡ 

IF t•ST C"~~ACtE" Of lotE HLfW IS Sf~l. lH! SlO OCIES 
IH! IO(WM.'<G 

• &!,oscqc 
• SENOS CLOSLN~ 'LAG 
• LNHR,UPT S CPU l'l'lH BU,ER EMPTY STA tUS 

C~V OOfS IHE 'OlWMNG 

COMMENTS 

l ,:¡.,., S>O 

Toan"'""@' sor.C< G ·'< '-'"'!¡- ,,~,e ;'S •S 
d"l"«ed 

T~e E•lemallr.lcoc.;o: 'n~O :'•0'-L'v'S LOe 
01a1vs o11re e~ .o~ ~~!. ·• ~'" ., ·'"" 
~· l~e ""'"" ol r, U'""'""'· <0'·' ~LCI1 
T•aos""l ln~o,.u;r. ~·'·"~" ~non '"" 
Trv.,..l t--"~~~ t..-:<re• O"'J'IV- "'" 
wao Fleoóy mod.,.;.an ~ ~- lC. , .• ..,.,~, 

dl1a on a CLAA "" S·oe< Toanof~r '"''
TOo 1"$1 .nlenupt oc""'' .,~en ~ 
be<omes aCI.,e, aL \\nooh rc•nL ~·"il' e'< 
ll•nsm¡"O(l by IM lOI) <LO TM I•L>I :'"a 
byle laddLe" l'eld¡ can~ •o•d~d '":o e 
ZOO-SL() a"er 10" 1'-:e•fl>pL. Fl•;• ,oo-.nol 
be oenl to tOe ~SC·S•O •• ~·:0 S:oL•JO 
Affocts Voctor """' ·~ e~"'"''" S on>y 

50L-COOC moc<• "'"" ""del.noo ""'o•e 
oniL,aiL~ong Hacsm>l e OC ~OOh'&lor. 

WM,ng lor lnte<r ·>"" ·_·:,: i'IL.d',- .-.,.L;v. 
10 LLanole< ~ala 

Fl>~> a•• 1•a• >•~ :·"~ b, I"P S•.:l 0' "•:.0 
os Trao'"'•1 E- •~e •< ><·1 ~od e;~ :>e-
001'1~5 oche. !he C':S •IOius '"·"-,'~ '' 
lhO I">L '"'•rrupt 1'-al ocou•s and '' 1ol
"'""'" by 1'""'"''1 bu'lo• "'"~'Y loo 
ou:>seq....,nlloa;sler•-

DATA lFIANSfER ANO 
STA TUS I,,C"JITO!IING 

• ISSUES RESU 1, INTE R~UPl F'ENOLNG COMMANO lO THE ZM-SLO 

WO<d ~" cae. be 'ct-.. ng..~ 'O<><"·~ •,y· 
lor ••""Ole 1-l.el:l '"'7"'· Tt.e do'O "•'" 
ca~ """"'"' """'""· CO<Itrol. or 1-1 "<l 
rn<o•mo1•on loever o l.._g), ~ '' a go-JO 
p••<L•Ce 10 <eMI h Undorrun >CM I;L:h 
'" 11'" ~'nn1ng oiLOo ""'""9" Lo """'da 
lolse ond~l-loame deloct>On al 1'·• 
'~'"'"9 e<>d_ ThLS en•u•es lhal ~e en 
undO~U" O'CU'S CPC '' :OaOSm•'lüO d'-' ~ 

""""""" """""Pt IT • Un<lo.""" '~" 
;aLCh aCI"") """'' ,_¡010 1'41 °~ocl 

r.I>Otl" """ be "'""" 10 tf'>o S40 "' ··
'""""" lo ""Y "''"""P'"'9 CO<lliO"''"' 10 
ob<;N; LhO ¡,ansm,;oron 

• uPO~TES'<SCOU"' 
o REPEATS THE PROCES.S FOR NE> t MESSAGE. ETC 

" •~• >E ero" •~OJCA1f$"" <AAO,._ '~' c~u 001 s IHf 'ouo~·'"' 
• S! ~ns ~"""' 
• E>fC<JHS EqqaR <!OUT>NE 
• U"DATESPARAMET!RS '.IODES ETC 

---------·------·~ Htl~R% FRO~ LNILR"UPT 

TUI!.IINAIION 

.--------------~':·:·~·:·~·~·····-·····:·:-~·~~·: ______ _ -------
Toblo a. SDlC ''""'"'''Modo 

----'---·---



1 :>111.\U/.,\ 110"' 

rh~ ~1>1 <' R,·,~i' o m"Jc i< ioioi.,li,cJ b) 1h~ 'l"<m "ith 
th< f<,IJO,.ing parameoers: ~mcr,.,>de, > 1 dod •node. 
'IH ,. ¡"'l)nomial, rrc,•i•e ""'d ]o,gLh, otO. fhe flag 
, 1 "' r :o el"'' m"" o],n he ln.,dcd in " R: a"d 1 he '"''"'dar)' 
adJl<">' fidd ],>oded in 1\ ~·. The re.:ei1or 1' ,.n,.hleci only 
afw :.lllh< recmc p•ramcler> ha• o hccn ICL, Af1cr all 
lhi; ~.l, l:>ecn done, !he rrc~iHr ;, in lhe Hunl pha,. and 
<cm3in< in 1hi' rb'e unlil ohe fir<l flas is recei•ed. 
\\'l•ik in 1he ~DI e mode. 1 he nxei><r ne> cr I<·<mers 1 he 
Jlum rha-e. ¡mle" .p¿cificall) in<Uu<l<d 10 do so br 
the pr,~ram. The <>R< J'3f.lmetcr< mml be issued pnor 
1 o 1 he " R 1. " RJ, 1\ Rl, w~~ and \\ R 1 P• ramele". 

l.'ml<r rr<'~ram c~n1f~l. !he recei>er ,·an enlcr the 
,UJrc" Search rr·c'<ie. lf \he ,\ddre<> Srarch bil (\\RI, 
o~t i< •el. a char•,-ler follo"ing 1he fla~ (fil'l non-flag 
ch."""'"') i• co:nr~red ~sains¡ !he ~rograrnmed addn:ss 
in "~· and lhe hard,.ir«l stol>al addre<1 (llllllll). lf 
1ho 'DI e f'"rn• add'"'' field n;atche< either address. 
data 1ra111ftr l>egim. 

Sinco 1he Z$0-SlO i$ capahle of malchin¡ only one 
addrc" chatacl~r. e\lendod addr.-;s f•dd ro<ognilion 
rn11'1 N <Juno b;>· lhC CPU. In thi' ""• lhc ZSO-SIO 
<imrl~ 1ramfe11 1he addlli~nal •ddr"'' b¡teltO the CPU 
._, if lh<)' """dala characlets. lf lhe rru delermines 
lhOI Lho frome do•e• nm h.-e lhecorrect addre'l fidd, h 
can •<1 lhr Hum b11, ;nl!lllie nO-SI O 'u>r<·nd• recep· 
1ion ;wd <earchc' fur a OC\\ mc,<age h<adod by i flag. 
Sinrothe <<'nii<'I fiold of 1he fram• i< u~nspa•cn• 10 lhe 
ZSO-SIO, it is ""n'ferr«ltuthe CPl" a• a dala character. 
E'''" zeros in«rted in the dala 1tream are amom3lically 
dcle<eJ; flag' are n~>l tramforred 10 tho CPU. 

f) \ L\ TRA:>S~ (R A .... D !;T A n;s \JO ..... IIIIRI~G 

Afl<r rrceipl of a <·alid flag, lhe a><embled characte11 
aro 1ramfem·d lo 1he recei'• ~ata FIFO. The follo,.ing 
four inlcrrupt modos are "'allablo to lran•for lhis dala 
•nd ils a"odated llatu•. 

:-.·o lnlnrupl< Enobh•d. Thi• mode ts mcd for rurel}' 
r<•llcd oprrJiions or ro, off-1ine conditions. 

" ' lnt<rrupt On -..:~,¡ Roni>e 
i lli. 

'" 
Rccri'" cundilion• 

I'Íth ¡he Enable 

fhe fir<l chor<~Cl•or IOoeiccd oftcr this <Ommand is 
huoJ cou•es an interiupt. 11 hiema]/Statul ÍnlerruplS 
""' oo.d•l<d. lh<·J •no¡ inl<llUJll any timo lhe ¡:;¡:--¡; Jnput 
,¡,_.,,~"' <la LO_ Spechl Rcc·ci>e conJitions W'h a< End 

Of from< and Recci•tr Ourrun al<o cau-. imcrrupu. 
fhr End-Of Fr•m• inlcrrupt "con N u1cd lo e_,¡¡ thc" 
Blnd fransfcr mode. 

lnl<'ffupl On F:"·r~ Chr.cler. An inl<mJrl '' gcnera
ltd \\hcn·"er the recdco m-o Ct>ntain< a '~"'"'"'"'
Error and S!"'<:ial Ro.:ri-. condition< r•ncralC a 'f'<"ci~l 
•«"lor if S1a1m Affocu Vector is ,.lecled. 

Sp<·<io1 RtceiH Ü>ndili"n lnt.·rrupl<. lhe Spe.:ial 
Rt·cci-. C!'ndilie>ll inlorrupl i< nm. a1 <Hch. a <cp•rale 
inwrupl modo. Rcfore 1ho Spe01al R~cohe conduion 
.:an <ea u <e an inler rup1, eithor lntcr rup1 On Fir,¡ R~cei< e 
Chara<:~er Onl¡ m lnlerrupl On E>er)' Character '""" 
N <elu10d. The Sr~dal Recti'e Condilion imerrupl i• 
cau>ed b) a Rrceh e O' errun or F.nd Of ~r~me dote<
¡ ion. S1nce lh< Rcc·cí<e Ü•orrun <I31LJ< ~it ;, 1.11<hcd, 1he 
"''"' 1tatu1 read renec" on errru in the ,-ulr<'nl ""'d in 
1ht rocei<'O buffer in "ddiiiOO 'lo ""~ '""'' rcr<i'Cd 
SÍII<< 1hr laSl Erwr Ro•el conur.ónd fhr Recei'e O•cr
run >tatus bit can <'nly b.- '"'"' b;-the f:tl<H Re,~t -o<>m
mand. The End Of F1ame ;tatus bi¡ indkate• !hat $ 
valid ending flag has b.-~n receil'ed and that the c~c 
Err<" and Residut Cl"lde• are ai>O ulid. 

Character lcn~lh rnay be changed <>n 1he fly. lf :he 
addre" and control b)'le> are prO<<!<od a< S·bil charac-
1<,., !.he recei•·er may be '"ilched lo a sholler chara<:l<r 
long¡ h during the :ime 1 har lht fin¡ in formation charac-
ler ;, bein~ a"embled. 'This chan~e mu11 he mado ¡,, 
enough '" it ;, effC<:Ii•e b.-foro the numb<r of bit> >pe< 
fied for lh< character knglh ha« hcon ""embled. For. 
nample, ¡f lh< change i1 lo be from lhc S-bit comrol 
field toa 7-bit inforn1a1iOn fie1d, 1he chango mu<1 he 
madr tn-jore !h~ fir11 '"'en hit> of lhe l-foeld ore 
""embl«l. 

SIJI.C R«ti•o CNC Cheo~ing. Control pf the rece'• e 
<"~C ched,er" otJh>lloalic. 11" re>el hy the l<aJing n.og 
,,nJ nc i< calcublt·d ur lo tho final llag. Thc h)le •h~t 
has oheEndOfFrame bil '" is 1he b)l< 1h•1 cc,ntoim tho 
resull of lhe lKC check. lf 1hc CRC/f,aming Error t>it is 
nol sol, the <:O<" indica1es a •alid m<~<a~•- A 'r••ial 
chec;. •equence ;, u•«l for the SDLC chrc:~ h«:ame lhe 
1rammi11ed (RC che.:~ i> in,ened. The final ched must 
be OOOlllOIOOJOllll. The 2·b¡~< nc cl,ed chara<ttr< 
mull be read by 1he CPU and di>~-ordrJ bccou<e 1ho 
7.~0-SIO, v.hile Uling lhem for CRC cheding, !roa" 
1hem a> ordinar¡ data, 

SIJI.C Rerei~e Termination. lf enabled. a 'l'<"<ial 'OC· 
tor ¡, !<nerated "hcn the dosing flag Í< 1ecehed. fhi< 
•i¡;n~l• lh~l lh< b)!C \\ilh lhe F.nd Of Fr~me hil«l ha< 
boen re<ei>ed. ln oddilion lo 1he '"'ul" of lh< c•c 
chcd, RRl has TiliCO bi" of Reoidll< wJe •a lid al 1hi< 
limo. Fm ¡h,,.e "'"'in ~>hich ti\~ num~or of ~"'m 1ho 
l·fiold ¡,notan In!<~ rol multirl< of ¡¡,,. cl>,or[•Cld kn~'" 
u•<d, lhe-. l>i!S inJicate lhc bound~r) ~<111ron 1he < 
ched. bi" ~n~ 1he 1· fi~ld bits. F or a dolai:t"d J'"" ipt i<-.. 
of tho meaning of 1h0>e bi~<. see tho do•cription of the 
re1idue code< in RRl und~r ''7W-Sl0 Pl<'~lamming." 

An¡- fmrne r.1n ~. rrernallH<I)' obc>rlcd h; an Ab<>rt 
;o~""'"''. -'1 ~""' ""' <1 ,, ecled i f '"'en '" 111ore 1 '< O<«H 



and '" ''" .m E''"' nall~tat U> tn<erru pt (lf ~na ~led¡ wit~ 
¡),o Hr<·oUAhort hit in ROO"'- ,\[W rhe R~«l E\l~r
n•IJ~r.,us inr~rru¡>t< commond toa, h"n i><"rd a <<<· 
oud inr~rrupt "''"" "hon rho wminu<Ou> ¡'; wnditinn 
ha\ ~rin d<·,;rd. Tloi> <>n ~< •J>ed 1(• dillin~ui<h be· 
'""'" tho Abort and lr!lolinc· ''''>dl1i~m. 

'"" ar~ included in CRC calculation. \\'hon th< <ocond 
CMC charut~r ;, loadrd into the r~c•i•c buffer. CRc
calcul~rion is complete. 

u,¡;,, rhc s)nchron"m n>nJe, CRC cal<:tJI.nion '" 
sntc dnr< nor ha• e an S-hit dola) •inrr all tho cl>arac-

fablc 9 'ho"' thc t) pie"! llt'D' requi"·J tu llnrldnt·nt 
" h"lf-dr•rle> SElll" roc<ÍH mode. The <r>mpl«o •« of 
'"mmand and status bit dofinitions i< found in tho nex1 
><<tion. 

FUNCTION 

INITIUI~E 

tOLE MOOE 

TYP>CAL PROCRAM STEPS 

WRO POINTER 2 

wAO POINTEA' 

WA• P.<.Ar¡y "'<(!A''ATlON smc •.OOOE SDI.C OOODE, •1 CL<JCO< 

~· 
"'AO POINTER O, R!S€1 E.<TEA"-'-l·S"lVS I~TERRUPTS 

WRI SDLC-CAC. DATA TERMINAL READY 

WAO POtNTEA 1 

WRI RECEovE CAC (N<BI.E. ENTER ~UNT "OOf:, AUm ENA9:.ES_ 
AEC>ofn CM ...... CTEA lENC.~M. AOO<IESS SE""CI-< "OIJE 

WRO POrNTEII7 

WR> SOLCFLAG011l1110 

_,~o POtNTER t, RfSET EXTER""l'ST At!JS INTERRUPTS 

WR1 STATUSA'F,CTSveC7011 E>TE~NAl<,ffMUP1ENABLE, 
RECEtVE INHAAUPT ON ftRST CHAIIAC 1ER ONl y_ 

wAO PQ;~t[q 3 EN"'I<.t LNTERRUPT CN N!X! R!iC>o"" 
Ct-!AAACl tR 

WR) MCHOE f"'BLE. ">CEOOE CAC t:NABLE. 'NlER ~UNT t.IO!JlO. 
AUTO E'AAL 1 S. ~!CEIVE" CH,RAC!LA l' NúlH, ADOACSS 
S"RCH "OOE 

Tobfo g, SOlC Roc•i>< Modo 

• - - 3 

Chann<>l B ontv 

'AutO Enables e""blts 1~• '"""''@' ro 
Kcept ""'" """" , • ..,, m ~:e-,-"' 
...,.., Aci<!•ess S....~ ..._ tcot'" 
SIO to or.al<h lile me•»¡¡~ """''""' ... .., 
,,. ~l<>grarTmed w.ld•••• O< tho ;>'<>Cal 
Od~ro .. _ 

T~•Sir)d•eS> ",.,..,~.., •••'"" i'• ··~s
wgo ocl<:•ess •n an SOlt poli o....- a· .en 

Tt>s !iog d<!:ec:rs t!'oe stl~ ..-.:1 ene ot 
Trame on an sDLC or-e••-

In rn.o onte<nJpt rnOOe. only rho M~re5S 
roold (1 oha•acteo on>y)" <ran>1a""' lo 
the CPU. A11 <u~;eq<Jant !¡•Ido (Ccoc.toot, 

ln!o•malron. elG 1 a•e ''""''""od on • 
0"" l>aO<S- Statws A!fo<,tt Ve<10t on 
e""'""" a on~o¡. 
UHd lO p<ov<lo S<mple k>o~-!>0'"- •otr,
poont lo• ne•t ''anr.acr.,., 

SOl.C Re<"'"" 1.100< " lully "''a'''"" 
al'<! SIO" ~"'""9 loo '"" c;>frRo">g ',;¡ 
folle».., b~. ""''-'•"S ....,., ... ~ ... , ·~ 
on1~r<..p! tn. CPU 



• 

DATA TRAN5fER /.NO 
STATUS MONITORING 

,•, ~o~ "lll'qVPI GN F1~<f C~HAC/E~ OCCURS TMf Cf>l,/ 

'""s ""' •ouow.'<G 
o li'ANS•E~S DATA B>IE ,•OOR~SS SYl<"llO CPU 
o m 1 OC! S A'<O SEIS ppR?P••A1 l FcAG FCR EXTóNO~O 

ADDR,$5 FIHO 
• ~P~Al'$ PC"lERS ~N~ PHA'I>T[R$ 
• E'"SCESC..,ACONTROtLER 
o E"~" S V, ~11 R[ •Ov fU'JCOI(l<. IN $10 
o ~OTUR~S fRO" N:ERRUPT 

"~E~' IHE POA;!Y OOTPUT MCVV!S AC"VE. '"'DMA CC"""OtlHI 
DOES T~E >0[l0>'•~G 

, lR"S'I.RS THE DAlA BYTE TO~I.MORY 
o UPCATr$ lH( PQINT(R$ 

"'"'~ E 'lO o• ,,.. "' ·~"""""' occu•s '"' c>u oors 
TI-E FOL! ()NL""' 

o [OITS C"'A M~ oOLSABli.SWAIT PEAOY) 
• TA'''SFE~S ~AlTO THE CPU 
o CHEC>~S lHi' CPC ER-'10R 811 SU TUS '"0 R<S•OIJE COCES 
o UPDAlt$ NP COUNT 
o •SSLJES EloROR RESET CDMMANQ 10 S•O 

• 
WHE!ó ABORI SEOU,NCE DETfC!EO l~f!RRUPT OCCuRS, 
IHE CPV OOES Ji<( '0«CNII<G 

o lR..\~S<EFIS ~ROTO THE C>'U 
o EXITS ~ .... "00E 
o tSSUfS l~E '"SET E>TE~~·l S .. TUS INT<OR~UPT COVM.~O 

10 THE SIO 
o EhTERS T~E IOI_fi_ MODE 

WHOI THf SfCO,'O AOORT stDVfNCf mt1MRUFT OCC!JRS. 

T><! CPU 00\S TI<C '0UON<I<G • 
o ISSUii.S" >E R(SET ExTERN>!. SI•TUS "flERRUPT C(ll,l ....... [l 

T0 THE SOO 

REDE:FI~E I~H:A~UPT t.OOOES. SYNC M00E <NO SOLC MODE S 
OISASLE RECENf MOOE 

Tablo g_ ~OlC A"•i•• Modo (Conllnuod) 

" 

COMMENTS 

D.J""9 ,..., H""' pl12"'. '~• soo "''"'""''' 
"'""" 1l'l<o P'OV•"""'".e-o •:ld•e .. m;¡· 
11>e mc•.,ge ad:l'e.S. Tl>o CPU ( 
lost>e• lhe DMA mode d'>d all su~e<;·, .• ,, 
~ata c~ooa<lers a•e "•"''"""e by IM 
DM• conHolle< 10 memory. 

0..""1,1 '"" o._.. ~··••·on. '"" '''" monoo•s lhe occ oopU: .t"<< 1ho ;:..,n 
sequenoe on too 0>'> >l•oom 10 '"""'C~I 
Ohe CPU wllh hloma! S101''' •"0'. 7"< 
Spe<ial Rece¡;e cond•t"'n '"'*""P' .s 
coL·sod by Rec""" Oo·eoron e oro<, 

Ce<e<IOO ol E~ ol F••..-·• {-"•>'• <:>. '"' 
;,-.:enuOI aO<I ~_,.;:,,o 'e> 1"< l'."a 1 ~eeo~ 
luoaoo. Flo-<Cue coces oodoo."e ,,_. ~
.,ructu•e 01 ~'>e lost t..-o b,,~• of ''• 
mes.·~·· v.l\<:h MIO ···~··~toe<) 10 
memory und<' "'-'' El'o• Re;oL '' 
'"'""~ to cloa' lhe 'Pee>ol 'ooo-toon 

Alx>r. <equonce '' ~""""d "'""" '""'" 
oo "''"~ 1 s a•e lo"nd •n lhe dolo •:" am 

CPU •• ~"'''"'i lo< AbM Seqo•nce 1o 
:eommatn. Teor•¡,nat,on clea•• the S'eak' 
AbM ""IV> b'l aod cause• onle,·upt. 

Al 111oo poont, \he p•ogoam pooe<-._.. , . .,. .......... ,.,,.__ 



Z80--SIO Programming 5 
------

ro pro~ram !h~ /'ll-~10. 1hc ')'""" ~-"~-·•m fir11 
i•"'"' a ,,.,;,, of """or.dnds lh>l ini1i.J!i1e ;t,c t-a•ic 
"''~k,,¡ •'P"dlion and il1<n o1he1 <Om'"""'J, ;b.H <Jnal
if; """li1i"n' .,¡¡j-,in lhc •olc-:1ed ""'~"- FC>r ,-\O~lple, 
lhe .\'.'"""''""'" ;n,,]c, rh.tt.o<l<"l b1g1h, <l<'<k r•1<, 
1111>111•" <>f 'IOJ> bil<, t'l<'ll O! O<JJ ¡><HII) are fiN «1, 
llh·n tilo Ílll<rr .. p1 ,.,,,Jc .ond, finolly, rrc"<l\0! or 
,.,.,,,n::l<r ,·nobl•. The \1 ~.J p~•~mele" ll1U51 be i<•ued 
bef<•IC ""l nlllcr f"'"m""' or< i«ued in the inlllal•la
li,,n touline. 

n,•lh .:bnnch '""'2in wmmood r•·fi<lers tha1 mu11 
l<e ~ro~:.10n;ned •ia ;he <)'lcon pw¡;:;,m prior 10 opera
,;,,,_ rho ("h:.nnd '<dc•,:t in¡ml di\, and !he Conlrolf 
ll.J\3 i11r"1 ¡(" • [i, ore ¡h,• <l'mmonJ "r ''" '"' addrc.1>ing 
c"<•l111<ll•. ond "" nooJnall¡ '""'"'lleJ h; ihe UL" "d· 
Jf<'» ~U>. l"igu11· 14 illu<ir"'"' tho timin~ rd,11101l,hips 
rur ¡>t«~r:01111111ng the ~rile ~~-~i<l<", and lr"n•fcrríng 
dOlo ~llJ <ldiUS. 

eró" 

• • 
,,. 
• 
' • 

Funollon 

Ct•~<r-•1 A ::ata 
cr.·.n•l a cau 
Co•ooel A Commohco'Slal"' 
C"•""" 6 CommoMoiS1at"' 

----
Wrice Regi~cers 

Tho Lm-SIO n>nlaim oi~hl rr~Í<lcllt\\RO ""'' io rach 
chlnnd thaL arr prü~:~mmod ''rara! el)' b) the s;·<1em 
rrn~r;<m tll '""figure the functional pro-unalil)' ~f the 
dlaiOII<'Is. \l"llh lho O\ce¡>liün Gf II'RO, pro>gran1ming lhe 
\\rito ro~i<lrr' oc•quiro> 1 ,, o byle\. Tho fir>t b)te contalnS 
11lroe bitlti>(I-D¡IIh>l ;>oinl 10 the selteled regi>~er; lhe 
,,·.-ond b;1e ¡, the acrual conlrol "ord that ;, ,.,iurn 
i111o thc r<&ÍIIer 10 configure ~he 7.80-SIO. 

:"'Ole ¡ha¡ ¡he prngr:.mmer has complete fr .. d<'m. 
aflcr rninlin8 lo the 'olocted rrgis~<r. of ci1h" 10ading 
10 te\1 1hr rrad r<·gi<ler or 1\rÍlin& 10 inhiali>ethe "file 
ll"fi<l<'l. A)' de>ifning ><'h" or~ lo init iali7e 1 he ZSO-SI O 
in a 11Wd11lar ""d '"ucturcJ r~•hi""· •he programmer 
c•n 11\0 rLmcrful bloc).. 110 lll\ln1Cii005. 

· """ i'" 'redol '""in 1h.H alllhe b.t>ic com:nand; 
<DH>o·<"1D:I ca11 be ae<e«ed ,.¡¡ha >ingle b)le- Rc.e1 
linlcrual '" n«rn~l) inilialilcstho pninld bi" o,¡. o, lo 
r"''" to "~o. 

fbc bJ•ic cumm:.nd; oc~~ Do·C\1 o:: :ond 1he e •e con
""" ,nc-0. nc1¡ óre u•n~ained in <hr fío" b¡·te .,¡ any 
'"¡". ~~-~;,,, ·"'""- n,;, moin10i011 """'"'"m nn•bil
ÍI\ ""'' •)>'<"m ,·,>n;rQ]. Each cbnnd conlaim the foi
l"" i 1 ·~ ,·, •nlt <>1 I<'~Í<I<"- Ti> e'' r<'g i•l<'" ore addrt"l_,,•d a\ 
"''"""""h (lh\1 <!ota). 

"R~ i; tl.e comrr.ond occi>Oor: ho""'"· it ;, o!w ""d for 
CkC re>et codo' and '" roinl lo o he olh<r rcsi>W\. 

., '• . , •• ., ., ., •o 
------·- ·-----· 

''' ''' CMD CMD C'-'D '" "' '" Pe<et Ro<el ' • ' • 
Code CM e 

• ---- - ---- ··--··------
Poinler Bil• (00 -n,J. Bit; Do-O: are poin1<r ¡.¡,. that 
dr~trmine "hich othrr ~<rito rofi51er lhe ne<l b;te ¡, oo 
hr ~<rinen ÍniO \lr "hi,·h 1.ad regi\ler :h~ 11<'1 <-¡t< i; lo 
\oc read f"'m- rhc l"irst b)'l< IIIÍ!I<n inlo ra,h chooll~l 
oll<r o r<'e! (eilh" h;-" Ro<el <Pmrrond c-r 0;- ,¡-,r •'\ter· 
nol '"'" inrul) P'" i11tn" ~~- re<::a·,<iP.g a reo U or •·rilo 
'" on; r<gi,er (n<epl 11 ~o). lh< r"'"''' "ill roin\ 10 
Ll NO. 

Com1nand llit11 O .,.n,¡. rh,.•e bit •. D¡· Dl• aro ,.,,,,;le<! 
10 issue the '<Hn ba<ic Z.>ll·SIO c'(•m;~and\. 

---------• • • • 11ull Cc<ecr.•nd 1'0 ei!"Clt 

' • • ' S•nd Abo<l tSflLC ''""'"' 

' o • Ro·••' E>•e·c-•1-S• ,, "' . 
ln\•ttu~LO 

' • ' ' Channel Reset 

• ' • • En•ble ln\erru~l on ne•l 

~. C"-•·••••• 
' ' • ' Rt;et Tr•-·•""'"~' '"'"' 

'"~' P<nd•-'Q 

' ' ' • Error R~sel !'.,"'"" 
' R•:crn I!O;T, lot•••uPI 

oCo.c,,el Al -------

Command O (,-\'u/1¡, Thc Null "'"""'''~d h,, no offt·cl. 
lts normal u<e i> tn cau>e lh< lOO-SI O ·~ J,, n~n,;n¡ 
~<hileth< poi~1crs ore •<1 for 1he f~ll,>'lin~ ~<le. 

Command /¡Send Abort). This <ummand i; u<od ,-~1<
"ilh 1hc SDLC mode 10 l!<n<rato a _«qucn<e of eisht ¡{, 
lhineen l's. 

Cm1111~nd} !Re<el "'"'nlfd!Si~IW /r.t<•rrup") ,\ftcr 
nn E\lornal."51.ltU> intcrrupi {.1 ,honge on a mudcm lino 
ora break ü•ndnion, fot """'Piti, lilc>ldtuo bit5 of ""o 
ore lal<hed_ Thi• tc•mmand •<·enable; lhem ond allo"' 
inltrrupl5 to n<<ur o~ain. l.atching the <IOiu,, ¡,¡., ,· .. p
IUre> 1hort rul,., until 1he <"Pli ha' time 10 re•d th< 
chonge. 

c,,,,,and ·' ¡Cham>el ,.,.,,.,¡. Thi' C<·•mnand rerfonnl 
lh<· ••me full<1inn "' an E<lc-¡n:,l Re<el, hlll ••nly un a 
,¡,~¡,. charmd Ch.> 1md A R ,.,., ;,1 •o t "''''' 1 hr in Loo ti! pi 
]'IÍ"ri1i,o:i0n lngic .\11 onal!<ll ,.-~i"'"' for 1ho channrl 
'"'"' he ''"rill<n .tfler a L"h"nnel R,·,et wrnm'ltlll. 



• 

\'.'RIJ[ i'~GI!.II.R O 

010 oi 
"' -]oi ] 01 ]·-,;) 

1- r 1 

; 1 

o 
o 
o ' 
o ' ' . ' . 
' ' 

o • "'"' """' 

! 
o 
' o 
' • ' • ' 

• • • • ' ' ' ' 

• • 
' ' • • 

""" "" 

1 ''('>TAO ' , . ._, "' 
• ''"'' '> 
' '-""" • 1 o .... ., • ' 
' '""" ' . o '"'1' •• 

\ "'''''"' 

"" ""'' '""' "'" ,,, """' '''"'""'" HWt Rtm 

''"" '" r• "" •· '"""'" """ '"" '''~"' ""'" .. .., 
'!lo•• 1'0' "' "" < O<L Y) 

. , ""'''"''""'" 
> O ;>\U'''''""""" 
\ ' "'" l• """'"' "" """ 

WRIJE REGISHR 1 

j .. 1 ,, 

1 \ 
1 

-"']. oi r ~;:[ii:O] 
Ll t:._ "' '" """ .•=ce=- ~> '" '""' 

"""' """' VICTOO ''" • ""1 
o o .. '" """' ' ' ' ' , ... , ,, "' "' ""'' '""""" 1 "'" '" ,, '""'"'"' '"""' "'"" "'"'1 ,. '" 00 "' Ro OH>H"ll"' ¡Mil> 00" •OT """ 

'·"'"' 
..... , "''" •• 01 

.. ~--;";' ''" '""'""" ... --- ---- ~"' "''" ...•. 
WRIIE REGISH~ 2 ¡CHANNfl 8 O~LYI 

. "' "' '''"" '""moo 

-, J:••J.:o'1···T·m-·•:ne:DIJ 
1 ll[ L. .. .,) 

---W! 
---·V! 

' " )""'""' -" ¡ """" L- --- . . . .. 
-=- -- ----·-·---:: 

WRilfR ~EGISHR J 

h;rr:o..r .. ; -.. l=·•r.:!i•J~"!T~--: 11 1, lll r l..2::-:c::;.~!';.'r.m., ........ n 
0 -~-- - -- li)OAm ""'" MOI)J >10"1 
' 1 ----- .. --·· '" '""' 

1 1 
------- """""'""''"" ----- ·------.. - ·-· ---·""'"'"" .. "'''"''""'"'' . \ .. ; '''""'""" 

~; .. l :.:~:: :::w;:¡~;;: .. 

1\'RIH RfOISIER 4 
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-\11<1 a lhanncl Rr-,er. r..,~, c\lrd <;<:nn d<>el. e< de• 
<h<•uld ~o olle>•Hd f<'l h0-~10 '"'~' rimo bel<>rc .rn)' 
~.l.hrionol ,-,,"Hn~nJ• '" cnntH•I• .ro'"'"'" into rht 

"' ck•·.t~ol. f':li< ''"' ,.,, .. m,ll; ~o rho •imc ••·ed b; ;h,-' ~L' 
i iw fdrh rh,- M" or ,,d •. 

C ""'"'""d 4 !Dr,•.'>lr• liii•'""P' On ,\',•_,; R ,., ,,e, ,. C'hur~r-
1<'1- 1f rllc 1111cfiUJll On F1r11 Rtcei>e C!l<n.r,·rcr '""de 
i1 <c·lc·c'h"ri, rhi' ''"""'·"'d r<.1<1i<arc; lhat Hwdc afrcr 
,·,"h ,.,,,l'r,.,,. ,,. .. ,,ge ;, recehed ro rrqaro rhc 
/,<oi-SICJ for <iH' nc\L me«•ge. 

G;'"''"'"d 5(R,•<,'I rrnn<n:ii/N lm<rrlipl P.:~Jin81- The 
: '" n ,mirrn Íli 1 ,., nrpl < " hcn the 1 r .J n<m i1 buffer be come> 
''"i'l!' rf rlrc Tr~n"nir in<ornrp1 En>ble modc ;, , •. 
iecr eJ. 1 n 1~<''" ,., <<> " he re thtrc •a• n<' rn<>r< chorO< '"" 
ro ~o ,,-m (di the ond of me"~~·. for '"dmplc), i"uing 
<ht• ,·nmm,.,..l ~"'"'•"" funher ""~'mi"" i~:crrupts 
until afl<r the 11<\l ,-h~rdtler has ~ren loadcd into the 
"~'"mil buffer 01 until {"RC has ~<en compl<1el¡- •ont. 

Co"'"'""d o rError R<·•NJ. fhi> command """ the 
~1101 lal<he•. l'ari<;- and Ü•crrun erro" are lat<h.-d in 
Hl <llllilthcy ar< <<><1 .,.,¡¡h thi• command. With thi• 
•choone. p;otit) """'' occurring in bloc). Ir dnsf "" can be 
nomincd at tbo or~d of <he blod._ 

c~n.owml 7 (R,·nan From !n.wruptl. Thi> cornmand 
rnu<t be Íl'l"'d in C11annel A .Jnd i• intc•protcd by th< 
l.~n-SIO in ,.,,,ctl; th< •-<me ""\ it "ould Ílllcrprct "" 

• "l-11 .:nmm.,nJ nn t)l< <l,¡ta hm JI '-'"" the interrupt· 

•

•un,i<t·>cr.,,·e l~och of the higheS!·prioril¡ intetnal 
deli.:e undcr •en ic-e ¿nJ thm allo"' IO\Hf priorit)' 
Je> ;,·e• 10 into1 rupt 'ia the dai,}· chain. This command 
;,1]'"'"' u•r of thr interna! d'i') chain o• en in sy"ems 
"ith no t'tcrn~l dais)" chain or RtTI command. 

CI:!C ll<·~t (\.,!t·• (l and 1 iO• •nd n,). To~d~tr, rhese 
bit• •d•·~t unr of the thr~• follo.<ing «•el mmmand.: 

CRC ~ ... , CHC ~out 

_5~d! .. ' __ ...5.?.!"..2 ---------·--- ------
0 o N u" Code {no •lf@"l 

o ' o 
~"'"' ~eoe"e CRC COeOker 
Rr 50L T'Oosmot CRC Cene'OOOr 
R•;et T• Unde,.un.éod 01 Mo5>a~o 

'"''" -·-·-······- --··-- .. -... 

Tho Resol TranwtiL <"HC GenerJ](>f COJnmand nor
moll\" i ttit i~li1e• r be < · "(' gener ·"'-'' 1 o a 11 O's. 1 f 1 he ~lll C 
moJe Í< •cle.·tod, this C¡}mmand tnt!ialile' the OC gen· 
c:.llor to all !'<. Tho Ro<ehe OC' chcd..cr ;, alw in
itiaht<d lo all 1"• for lhe 'IJLC mndo. 

\\~1 <untaim the (OOifO) hi" fOI the •ari""' inotrrupl 
dnd \\'ait/Rcad) modos. 

o, 
w.,,.Ptad, 

fno~le 

o, O; 
--· -----
l'.'iii Or \'."' 1"R<•"' 

On '!ec•""' r.,.,,,, 

o, 

""'""" Lnler•opt 
MoOe 1 

" 

PKe"e 
lno~""Pt 
Mo~e O 

s· ""' 
AIO.CI> 

"""'"' 

o, 
lrar,••M 
rnrerruOl 
Eo•~'• 

7 

~-:··-·· '"'•"•"'' 
[ < • ' •• 

F:"''""l!~l" 1 u> 1 .,,,.,"pi F nA hl• Hlu l, ll•< E' • ,., " L1 
St.tus hllcrrupl rn,,~l< .JIIO"' intotnr)l!• lo •'C<Uf :1\ d 
•«,lt of tronsi•ion• on tilO tiCD, mor ~Y'-l' inp•H•. "' 
,¡ ,.,,]¡ nf o RteaL,.\bort dercc1ion and tcttl1Íil,JIÍ•"l. or 
,., th• l•oginn;ng of ,-Re or ""' 'h""""' '''"""'."'."'" 
l'hcn the Ttan'lnit L'PdWun/L0\1 lao<h ~cú•lt\0\ '"'-

rr>n•mill<r ln«rrupl [n,hlo tll 1), lf ,n>Oh•d, int<l· 
ru¡¡t< '"'"' "h<n«er the tr>n>mitter ~uflrr br,ome. 
•·m¡¡ty. 

~Ioim Aflo-ra \"e<!or ¡[).). rhi, ~ÍI i• a<IÍ'< in Chnnel 
D only. lf tlri> bit ¡, not-,~1. the fhed ''""'"' rrr•~ram
m<d in""; i• ff\Urncd from an interrupt arlno•ded~e 
•equrnr<. lf rhi> brr i• •et. :he""'"'' rcturntd from •n 
in ter rupt ac).no" led~< ¡, ' otiablr acr,, din!! to 1 he fol· 
lo,. in~ into11upt conditions: 

·----';3 __ " _ _2_~- --.~~~~~ 
O O O Ch B Tr•'·'"''' 6uP1o• rm;rty 

"' " 
• 
' " o 

• • 
' " 

Ch B hl•rna!IStatu• Chango 
en B Aece"e Ch><•c'•' A•·•''"~'• 
en B Special ""'""" CoM.Iooo' 
Ch A Tr•osm.t Bu1fe< Cmpty 
en A F•tern•OISr.t"' Cn•n~e 

"·' en A Aeceo.e o.,.,,., A'"'""'" 
Ch A Spec•al Rece"• Ccn~''•on' ---·--------·-------· .. -· ·----

R<rtl•• lntorrupt ~l<>dr. O and 1 ([)_, ~nd fl,). To~t!hcr 
the•e NO ~m 'f'<"'tf) •h~ 1,11ious c~~rJ<1<t·~•ail~ble 
c(">ndition•. In R~c<ÍIO ]n!errupt mod<> 1, ~ "nd ), a 
Spedal Rcccile Ccondition <-ln ~""'" ln :nt<'lfU¡>t •nd 
m(•dif y 1 he imerrupt ' octnr. 

o, 
RoOOI>o 
ln10IIupl 
Modo 1 

• • 

o, 
Roool•• 
ln1errupt 
Modo O 

• 
• 

• 
' 
' 
, 

Reooi•e lnrorrup<o Q,sobled 
Roe•T•o tnrerrupr On Fuor Cna•aete• 
O ni' 
ln!e"up1 On All RO< a" O Cn•roorors-
''"'"' e"or •• o So<Cidl ~oooove 
oon~'''On 
lnterruo• OrA" gocol•• Cn-•••««S-
;ooroty e!loo "not • Spoc••• 
A.ce.-e cono,¡,on 

Wailf R.->d) fuuoi<>n ~~l<r•iun 111_. -U 1). fho \1 'oit ~nd 
Rc~d) fun<IÍt•n• are •ci.-cted by ccon~;o!ling "!· r>b, ~nd 
D:. 1\'~it/Re"dl· ~•mr1ion i• er.ahlcd ~) •olling 1\"an/ 
R,•,,Jy f:nablo (""'· D¡) 10 l. Tho Rc•d;- fun<tinn Í> 
'de, t<d b) <c'IIÍ rlg "' ¡ ll'oill Road l fcncti<•n) 1 o 1 . 1 f thi> 
~ÍI i< \, lh< Í\"ATT:liE~tJ\ O~lpu! "<il<'h" fl\'ln flish lO 
l.o" "l.:n :l.e LSO SIO is read¡- to tr•wf,., ~"'"· fho 
\\'"it ¡,,,, IÍ.'Il i; <ci<Cl•:d by Wlin~ Dt 10 Ü. ]J ih[, ),j¡ il 



'n, oJ,.• ""; 11'" 1 ""- ~"1 p·JI is in 1 ~- op·o d: u· n . <a re and 
r"~' 1 "" ~~•n a<li•e. 

l\prh 1hc 11·,;, :.nd Rrad•- fun.;lion< '·'" ~e u-~d in 
ei1h,1 1hr fr~n·mit or Roni•c rn<>ok<. t>ul nol ~olh 

•imllll:.nor>¡¡<l;-. lf n~ t11->it.'~c"d)' ''" Rt,ci•c/ fr~n<· 
mil)¡, •<"1 1<1 1, lhe \\',li:/Rc.t~)' f<ll<<linn "''•"'"<!' lo 1he 
,-(""li¡i,n ,.¡ tl.c ro·cci\e l>11lf<r (•·mpt)' nr fulll. lf r"" 
'<'1 lol 0, 111,· \\ ·LÍI/Ro ·"1} funclÍ<'IL fC'j'<<Pd< LO lh,• o;ondi
IÍ<•IL ,,¡ tht· ""·'''"" Ouffc, (•·•nrl} '" full¡, 

11 .. - In¡; ir''"'"',,¡ 1he ¡,----.--¡·,-¡¡1:\¡-;i <'Uipul \\h<·n ac
IÍI<' or i,;Jcll\e dcp,·od on 1he ,·ombiMtion of modes 
•d••(lcd, f c>llo>" Ínf ¡, a >Urnma[\ of 1 he•• c-omt-1 nal ion\. 

An~O,=D ~ndo,~• 

.. -----· -·----- . . -- ------
~c.-o; 1; H<gh --.~en l•ac.;mol ~EAOY '' H<~h wnon rece<'e 

buflor " rull. buflor" emply. 
i'."Aii' '' Low >'~en Honsmot WAii 1• 1 ow """" reoe<ve 

buflot os roll anC •n bufl•r ls emply •nd 
SIO ~•1• ~otl os an SIO d•<• potl is 
•e•eel•d ••leOI•d 

~:•o' "Low •hen """m<t ~l'O' '' Low v.Oen rocoivo 
bullot "err.pty. boH•• '''""-

'"" lo Ho•'•"Q "'""" v.~n lo l>oat<ng whon 
''~"'"'" ~ufle· " '"'~"" ouflor os futr_ 
omply. -- ------- ··---------

fh< \1--.--;r outrul Hish-lo-Lo<> 1ran•i1inn ~"u" wilh 
lh< del~) time •orc·ov.R¡ af1er lh• 1.0 r<qu•"· The Low-
10-Hi¡;h lr"I"Íii~n OCCUT> "Íih lil< dob} L[)H .. \\R) from 
1h< folling odge of ~- The RTii'i\ <>LJI¡>UI 1-!i~h-w-Low 
lran<ili~n '"""' "i1h 1he d,•lay '"1~'' Ro from <h< risong 
t·J~o of ~- The n\U\ nctpul I.O"·IO-Hi~h 1<3r11Íiion 
'''""" "ith lho doll) •oU.:i\\ R¡ af1er IORQ falls. 

The Rc•d)' funr<ion ean a<cur an}' linoe lhe Z80-SJO 
;, nm .olreted. Whon the i<Tiii'i'i' ou<pur ~e•om"' ar<i<e 
(lo"), the o"~ •onuoller '"""' KikQ and the corre
'rondin~ o,¡ and c.-D inputs lo the z.~O-SIO lo lramfer 
J"'~· Thc R~Ao\ omput b<'oome< ina~¡¡,.;, •• •oon a• 
il'li<Q aml CS ~r<·¡-,me ""'i•e. Since the Rcady funelion 
c:,n occur inlcmally in the l.BO-SIO <>he;her Íl Í.< ad
drn;od or nol, 1he ¡¡-¡;;;:¡;-;: ""'PUl o,-,·nn1c, inactive 
~hctl üll}' CI'LI data or cümn>and tramf.r !<fes place. 
Thi1 <loe> nol cau<e poohlcn" )r,.,·,ni\C lho [)\iA con
ltc•llcr" not cr.abled "hcn 1he C>'lJ tr"n>fcr '·''"' pld~<-

fhe Wait func1ion-on lh< olhC! hand-is actlle 
on)) if lhe CPU •trempt> 10 r<ad /.00-SIO d"'a rhal has 
nol )CI boen IO<"ei•ed, "hith <><"tUfl frequcnily "hen 
bk•cl. lra:l'fcr in<truotions are u10d. Thc 1\'ail function 
can 31><> bccomc atiÍ<e (11r.der pwgram control) if lhe 
('~U 1,¡,., ro "nie dala "hii• 1he rran>rnll bulfer is 'lill 
full. Thc fMr tha1 1ho ;¡-;;;-¡j' OLJI¡><ll hrr úhcr •hannd 
can ~ccnrne acri« "h'n the <'rro,il< ~h.nnel ¡, od
diC''''d (Pccau,e the 7-iO-SIO Í< oJdrc"nl) d0es not 
.Lrrce~ "f'cra:i<>n of •ofr"are l"or< '" hl<•cl. ""'" in,,,.,,,;,.m. 

\1 Rll 1: Rf(;l<,! 1-:U 2 - . . 
"": ;, rh• inlcrrLrt '""ior regi<tor; i1 e,;,,,;,.,., ., .. d 
B only. v,.\'; lnd \'0 ~re al'-< a}< rrturotd c""''l "' 
"r illen; V¡-V¡ _,,~ r~tur Md as " ri:ren i f 1 ~.; ~;~1 '" .. 1 
f<er\ \'tttor (""1. O;) .:o~lrol bil i> O lf rhi< hit i1 l. 
rhe) are ml'dificd ~,c,pl,rintd in the rr,·.i,,u, ,r,·tion. 

"' 

\\'RITF. 11!'(;1~1 I:R 3 

"' "• 

"• 
•• 

"• 
F>•col•et ~~"~""' ~uto Eo:•r 

M•l B<Lsl Eno~les >'>"' 

--'''"''''-''---''"''·''''""--- ·------· ...:~.'':. .. 

"' Roo•""' ,,, 
fnablo 

"' 
A~dross 

Soarch 
M Me 

"• 
R•co'••• 
[,·ab:o 

·lb<~her E~obl• •ll~•--A·I ¡u•·~:~:nmd :~ro 1hi> t>i: .-¡ 
:all_o., • "" ,; • e vpcr~rio~< <<> ¡,.~in. Th¡, bit ,~rul~ ~' '' 
,Only ~frer.all o;h"r ~el<e.par~merer> ~•• ,,., ,,,a 
r<crher is .ompl.,ely initialized. 

S) nc ChrO<'Ier 1 ""d lnhlbll (DI)· S) nc áara<:ttrs rre
crJing 1he mo!<~ge (leading s;no <hara""") '"" nm 
loaJ•d 1n1o1he recoi•·e buffers if 1hi' op1ion ;, !<k~rcd. 
fleco"'" CH' cakulations are nol "~Pr•J by <)n< drar
aotcr <trirring, 1hi' fcature 'hould he enabl,·~ ,,ni} •t 
lhe b<¡;inning of lhe "'"''age. 

,J,ddrt·>• ~<-lr<h .~f<rdo <0:). lf SDI e;, •cle<led, >•'lling 
lhis mode<":OU'<S me«a¡;es "ith adJrei><S nor m~l,hing 
the rrogr ammod address in ""~" or :he global ( 111111 ll ) 
addre,. U>~< rej<,;ted. Jp oth<r «<>rds, no rreci'c in«r
rupl< can oc.:<rr in 1hc Addre>s Seal<"h modc unl<>l lh<·re 
;, an aJ<Ir.-s mal<"h. 

Utwi•<r CUt: [nabl~ ([)1). lf lhis bit is 1<1, <"•C caku
lation slall; (or I<Siarts) at lhe ~oginnin¡¡ M the la\1 
char>Cl<-r (ran,f,;rrcJ from the re,·ch< \hifl r,;gi•lcr 10 
1he buffer <l,•d,, rcg.Hdle" of thc nurl\~ér of characw• 
'" rilo .,,.,·~. $,;e "SDLC Recei>e CkC Ch<·,~in~" 

(S DI C kc"-i'" •~nion) ""d "CRC Errt<r Chec~ing" 
(S;ndnonoc• Rt·o~Í\0 'eclinn) for Jet~ils re~arJing 

"'"'n rhis bit ;hould be set. 

[ni« llunl l'h•,• 10,1. Tho ZS0-$10 41<1<>111alkall· 

~ni,;r< rhe Hunl rha>r afler o r«et; """~'"'· it '·'" ~' 
r<·enl<!<'d if th~ra<l<r S}n<hronil>lion is )o<l fur an} 
"""'"('>)'"'''""""'modo) or if rh< oon,.nro oran in
,-01 ning m<"·'tC are n,11 n<<'Jtd (SDLC rnodc), rhe Hnnt 
rh"'c i1 rc.,.,,,.,.J 1:-) \<f¡ling a 1 into bn "•· Thi' '"" 
tl.c· 'i.•llclllllnl biltD,, in ~~O. 

• 



t 

-\flor a rhannd Rt•~•. '·'·" ~·lrd '>"""" dr>ü C>'cl~s 
•ho•Bid t>c .lll<'''<'d f<'l 1.>0-~10 '""" limo ~rfo~r .m)' 
•·l.lili<>n.ll <•·:nn•~nJ' '" com:<'l• ore "ri:1<n inlo 1hat 
,-¡,,,.,,.!. r~i· , .• n \lo)\m.111) l>r lho:imr lh..l b; lhc• ~~¡ 
"' frl<h tbc nr" op .;o•dc. 

("1urJ.'I1<.'11r/ 4 {/;¡¡"•h."c Jmcr rupt On .\'e• 1 R, ·¡ l'h ,. ('J,~rac
/er), lf lhe loBcrrurt On Firsl Rcn·i•r e,,,,,,,,., Jn<'dc 
;, "'''''lcd, lhi• ,.,.,,,..,,,nJ reacli•alc> lhal rnodt af1cr 
,·,och '""'l''•'h' """·'S' ¡, rccci<rJ 10 l'l<rH< 1he 
/'0-~10 fo>r ih<' nnl "'"""gc, 

c,,,,,.·nrl _< (1•' ~•et rr~.-~smill<r lntem•pt P,·r.r/ing)_ Thc 
: ;~n, 111 i 1 t<r inlcrrupt• "hen lh< 1 rammi1 I>B fftr h,·omos 
,,:,~1' if lh< Tran•mit lntorrup1 F.nabk m<>do is SO· 
;,,-, ,•J_ 1 n 1 ~'"'' ,·,.es " hu e 1hcrc are n<' onorc (h:.r ~'' ors 
1<' he •<ni (•1 lhc ~nd cf mc"JSe, for C\dmpk), i«uing 
1hi< <<'mmaud rrc-rniS funher ua~•miH~r intc;rupiS 
un1il oflet lh<' no\1 chMo<ler ha; l>ccn loadrd in1o lhe 
1J'""mi1 huffcr or unlll c•c ho' l>oon coJnrlrtd]' ;onl. 

Com,llanrl ~ (Úrur Re>et)_ Th" COillmanJ ''"" lho 
""'" l.ll<hc<. l'anl\· and O•crrun """"aro la"hod in 
""' lllll'illhcy ore rc'<l \\ilh thi< r~tllln•nd. \\'i¡h lhlS 
'd;oono. r.,,; 1) """" e<ccumng Jn bloc' u amfor< con be 
,,,,mi,o<1 al lhe end <>f lhe block. 

C<JI.'.mcnd l (R<•:urn From fnl,'rrupt). Thi' oommond 
rnu<l !>e i1<uod in Channd A ond i; inlcr¡>lrtOd b)' lhe 
b0-~10 in e\a(ll) the <.ame""' il ~tould in•erprcl an 
ktf! ,·<>mmand <>n lh< dala bn•. 11 oo•<IS the itliCttupt· 
un.1or·•cllic< l•t<h of lhe hi~hes•·rri<>rit) inlornal 
d•,ic< und<r ;or•ioe and thu$ allow< ]O\\Of priori!)' 
Jo• ;1-e. 1 o inl<lt u pi 1 ia thc dai>y chairL Thi' cnmmand 
,,1¡,"" '"" of lile in10rnal dai>) chain c>en in sy<tcms 
.,¡¡h "" O\l<'tn"l dais; el"' in or ~CTI c<>uHn,,nd, 

CI<C Rt"'' e'"'"' o ""d 1m, and o 1¡. r~~~lhrr, •he<< 
bli< ".¡,._, 1•1\C of lhc lhr<•e foll~.,;ng re,ol <ommand.: 

C~C A.,ol CAC ~•••• 
Codo 1 Codo o 

• • • 
' • 

Non CoM 1no alle<ll 
R~•el Rece"~ CRC C~oc•o• 
Ro>el T'"'·>mol C~C Coneoo!Or 
ñe>el T. Uod 0,. 0o.End 01 Mouogo 

laion ' 

Thc Rc·<ot frott>mi1 CRC Gc11crawr cOJnm.lnd nor-
11>0111' iniliol¡,,., lhc cRC generat<lr lo ,11 O's. lf lhe 1>[)1 (" 
modo i< '<k,·l,•d, lhi• commond 1ni1ial11<' lhc Ckl' g~n· 
"'"'"' 10 a]] 1'<. Thc <:ccoi'e O<C chccl.<r il olso iw 
lliali¡cd '" all 1 's for lhe <i>LC m<>Jc_ 

\\"' conlain> lhc ~<>ni rol NIS fnr 1he •ari''"' in:crrupl 
md \l'aitiRc:.Jy m"'l"-

., 
~"''' ~«dy 

fooOio 

•• ---- ---·-· 11.,.,; Or 1'-'•"'P•ad)' 
Oo Pece,.el 

T•O'>n"l 

•• 
"•"'"" '"'""""' .,.,~. ' 

" 

7 
" ., ., ---- -· ----- ·-----··--

Pece•·• S'>ros 
lnlbu.rP1 Atl<-<:10 
MM@ O \'~olor 

Tloc_,.,,l 
ln:o .. opl 
E"'~'• 

~-······ ,,,.,_,., 
[· ,, .. 

f:\l!·rnall~l.olu• 11LI<"CHopl rndt>le ([)"). floo ¡;,,..,,_,¡, 
S:JIU' ln~errurl 1:11at>le "11""' intorrup:< '" •'•'•'111 ,,, a 
r,·,ull of llan,ili<>ll' o">n lhe ijQj, CTS' or -¡y;;;{ iop•ll•, ,,. 
a 1 "'ult of .1 fl¡,•o k/.\ 1><1fl deiection Hlld let mill.!l i<>n, nr 
a1 1hc t>cgi nni 11g of ,. "C or ') nc char .Jeler 1 "'" •mi<•io>n 
~<h•n lhC rr.tnllllil Underrunii-Q\1 lat.:h "'"'''"•"> '''· 

Tran>mdler lnle.,upr l:n"bl~ (111). lf ,-na;.:~d. inl<t· 
rupl> "'cut "htn~Hr lh< uan1millet ~urrer h~om~• 
~mply. 

Sl31u' ,\H,-.r, \'t·clur 10!1. Thi> t>it ¡, >Cii\C in r:'h•nnd 
B <>niJ. lrthio bll ¡, n~• '"· 1he fi<•d ,o.:•or rr<'glam
mcd in 1\ ~' ;, rtluoned l"'m •n ir.lcrr<Jpl ad..MIIlcd~c 
'<<!11<nrc. lf •hi> \>il ¡, •ti, 1hc 'tCWt wurr.cd r,.,m an 
1mcrrupt •d.no~<lect~< i< '""·'hle acc.>rJing lo lh< ¡.,¡. 
lo<llng imcrr11p1 cno1<i'II1Gl1S: 

., ., ., ------• • • Cn 8 T<a~<rM 6utro< Emply 

• • ' Cn 8 ht•roalfS'>IU' Chao~o 

'"' • ' • en 5 Roe.''" o .• racle• ~·•·:O<>'o 

• ' ' en 8 S¡--•cial 'IO<ei.o Cond<toDn' 

• • en A T'""'"'"' ~"""' Empoy • en A E"ernoiiSI•tu• Chango 

'"' ' '·' en A ~ece"e COarocle• ~"·'•o•o 

' en A S¡ eo'al ~"'""" Cvod•:•On' 

R<rehe lnlerrupt.\11ode' O and 1 (03 ~nd 11,). T"M<Ihcr 
1hc-e I~>O bm •r•df)' ¡he '"''""' .:har"""'a,ail;¡h]o 
c<>ndi:i<>n•. In R<"<'~¡,~ Jmcrrupt m,>des 1, 2 and ~.o 
Special Rrc<"i>< C'ondi1ion can cau<e on :nt<·rrupl ond 
m<>dofy th• interrup¡ •e,¡or. 

•• 
~oool•o 
lnleuupl 
MoOo 1 

., 
Rotoi•o 

lnlonupl 
MoOo g ..... -------~-- _____ ,_,,_,- .. 

' • 
O O Rocoi•e lnler<upl$ (J.,ab;ed 

l, Reeoloe lnlerrupl On FHS1 Cno•oc1<•• 
OniY 

O 2. lntorrupl On All ReceovO Choroelors-
oan1Y eoror i< o Soeoo•l ~•<•<ve 
C~nOoloOII 

3 lntollu~l Oc. All Oeco;,e Ct>o"o<Oet>
~·"'Y •r101., nol a Spee••l 
~0«"• eonMoQn 

\\'oill R<·•d) ruurli<on -~ti<-< 'iun ( n, -D7J. H< \1 'ail and 
Rcod) fun<li<•ll> 3ro •doch·d b; c'<'ll"o!ling !l¡, n,., ond 
n;. \\'ai¡/Rc·ad,l' fnnclion i< '"~~:,·~ h; 'e<1111g 1\',ill/ 
R,•oJ)' Enalo\t (\\~1. n,) 10 L Tile Road; flln<lion ¡, 
-chied b) >rllin~ D;(\\''11/Rtod;· funclic•n) lo 1. Jflhis 
bit i< 1. 1ho i\'Mi':i<lt\Tl\ ~~lr<n '"'''·hes fo<'ln Hish lo 
LO~>"~·'" ,l,r 1:80-SIO Í> ro.1dy 10 llan,fe: ~ola. The 
\\'.,il :1,,,,¡,'" ;, <dr,::,•<f b)' 'elling n, 10 o lf thi• ioil ;, 
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lOo <>op IP·'"~'PP• '! OT'>·O;z >41 >'00J>~J P·""'P 
·pr " \>UU~4J >l!>o.!.!U ~~~ UJ41\ ~111>• JUtOJO<j UOj 

puu~4' JJ4m JO) ¡o<lua> ~ >~1 '"4' 1>~J >~J ·unJ 
ll!h 1! I>JJn<¡ I[W>U~ll 041 01!4" "'"!' >l!J\\ 01 >·>!ll .lrl,l 
>41 JI (10l1U0~ WPJ$OJd I>P'Ill) 0\l)j. JlUOJ3~ OiiO li"J 

uoo)lun¡ '!".11 >~.l ·po•n ••~ <UmtoOJI>ut "1"'~'1 p,>¡q 
UOII\\ \pu;nb>Jj >JO~.'<> 4'!4" 'p>>!>.>Ol UJJ<] 1•\ IOU 

'"4 '"'l' "'"P ors·o~z P"·" "' "'il"""" nd:> >41 J! i¡u" 
0>!\H "-pue4 J>410 JO¡t ll<l-UO!IJLIOJ 1m,\\ •4J 

·;;;eld '·'1"' "J'""'' n~:>>41 "'11" po¡ge<J> 1010" 1>(1<'11 
·U0~ Vt\0 <'41 dlllOJ~~ <lu.>¡<¡oHl J\t\"0 IOU <><lp '!~1 
·;;;~¡.! <~101 '·'J'~"" pu•I!IUI(lJ JO o¡op nrl.l .\u~ uo~" 
H!U~Ll! »UJOJ>Ij lnL]In<> ~O·J~ >41 'IOU JO p.>»Olp 

·P• '! '! ~~~,,~" OIS·OSZ >~1 O! ·'ll""J""'! In>.'LI ""~ 
UO!)JUOJ .{p•J¡¡ >41 >JU!$ ""'!l.>P ~WUJJ<j :¡;> p!I~ !l~!lj 
'" UOO' <• >>!ll•UJ <~UIOJ.•<¡ lnÚIOO l9..Y'lM 04.1 ·~tep 

IOJ.U~Jl 01 0(~·01i2 ·~L OJ llndUJ <11.) P"" Vl9 3U!Pil~J' 
·>JJao •111 pue tl~Q! '~""! J>I\OJi"uo; ""Ü >41 '(I,O'j) 
;>.,pn >OWOOJq ln~Lt\0 Hl~;l" ;141 UJ4,\\ ·p~1>.11JS 1011 >L 

Q(S·OH2 >41 >tu¡¡ .lua Jt\J.>O """ U~!J.>UnJ .\pe>¡¡ "4.1 

''li"J CI~OI 1011• 1~ "l.)¡ O, \e¡;p >41 41!" IJt>.'"'' 
UO!l!~""" 4~!fl·<>l""a·¡ 1n<11n~· l.<1.!:.ll' >4.1 ·e;. JO >~r·• 
JU!<!J >41 UJOJ J ¡ ~ """<11 ·'":Jp J4l 41! \\ >JnJJO UO! I!>U.JI 
·""'1·01·4~!H ~~~lnO lQ.lli >4.1 "0 JO ;Op; SU!\!CJ ~41 
WOI J (~ 1\,;>HG; .\•pp >41 41!" ~JnJJU UO!l!>ue l1 4~! H ·01 
-""1 >4.l ·¡..,nbJJ 0•1 >41 '"1" ·~ 1\l.lla' ;w!l ·'"I·'P >41 
41!·" <Jt\J><I UO!l!>UeJ¡ \\Ol·OI·4~LH Lt\.!Lt\0 ~~ >41 
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Ouq.o¡¡ •! !~ . .':1 uG•H <> \07)~ 

o~•o ~"~ •~'oou~ 

o•'oH 
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~"'" l:, .• ~r,., ¡f)~). lf lhi• mnde ;, •e:n:h·J, iii"ii and 
t'T' ~,-, '""" 1 br h'.Cri• <:1 "nd Ir .w•mil '"' , '"'~Ir•. rc•rr<· 
:i•dy. H rhi• hil i• n.~, '"'· iX-!> and i"'i' .ur ,;;nrl~ in

""'''" rh<ir "'"'"'i'•'"'~in~ '""" ~ir• in""~-

.:teerbrr ¡;¡;,·(1•:"'";,,. 1 01•d O(!); ~.,-J l'.t, f<•· ¡ 
~<lhor, rho•< bil' dc•lnlt-inc ;h, tiUntlocr gf ,., i.1l 1 ,., rilr 
hil\ ""'n1hkd le• f('rm a <h .. lil<IOL ll<'lh ~-,,, Jr.O) br 
ch"rl~«l tluring lh< IÍrne lhal • ob;<raclrr ;, ~1i11~ ,,. 
•<nl~lcd. ~"' tilc.• lr\u" l>o chóllgcd hdo,.•lhr numbcr 
of hi" dtrtc·rtll~ r••'•"·mmcd" toachrd. 

"' 
" " 
' 

" ' ' ' " ' ' . 
""' ,-,,;,,;,, rhe ,,mu,-,¡ l<:, :hor aflocl bNh rhe 
1 <e ci1 " ;,nJ rcan • mill<:f. 1 n 1 he ; """"''' ",d ráoi• e in- , 

' Íl :.;;'"' ¡,,, 1 .. u: in<:' !l•c•e ¡,;¡, ;hc>uld he ;.,- u.r,,c issu-
ing,\•RI,\\"·'·''")·"R~;aoJ .. "·-~ J • 

' 
"' "• "' "• "' "' "' "" ------------

c•~e• CIO<k !:¡ ,,, SjnC Slop Stop Po"IY Pa.,ly 
R"o P..ote •.<cdos Mode• a.,. a;,. E.~nl 

' " ' " ' " "" -· ---- -- -- -

P.:il) !!10>. lf ¡hi• ~i; i< ·~r. ~n addi:!~nal bit ~•iti'!n· _) 
(Í~ ,¡,JJJtiPn !o tho•~ <J'<'cified in 1he hit<icharact<r con
aoll ii ;·,1·;~d 10 tron•r.~illed d~:a and ¡, <>rffl•d"inl 
r~:,:·~ ;';:'1. In th< Rr.:ei•< mode, 1ho rarit¡ bit rrcohed 
¡, ~ran•fcrr.-d rotho CPL' "'pan of 1ho charocter, unlc" 
R bir.,'<h"'·'""' ¡, •elttted. r: •:.·. -'; 
P.rill EHn:iJ;TJ (/l 1). lf r>nty is 'recifi<d, rhi; hti 
deiCrllllll<> 11hc1her Íl i; \COl and thcd ed '"' '''" or OOd 
(1~0\cn). 

~il'p Hil< O •nd l (ll, and DJ). Thc<e b11' det.,minr 1h1 
nu<nbor of "CP bil> added 10 rach a')nchronouo char· 
ac1rr •enr. The rrcrilrr ah••l• rhoch for one Slop bil. 
A •rccial n>ode ¡00) >isnifie' !ha1 a synchronous rnodr i> 
10 be ••lcctcd. 

"' Slop Bito 1 "' S1op 8111 e 

" " " 1 1 otop b•: por<'"'"""' 

o 1>,;- ""~ b"' ""' '"""""' 
2 "op blls per ChM.cl•r ·--·····-""- ----·~------

S)nc .\ludo' O ,nd'l (1)• and [)5). fhe<o b1TS >docllhr 
'"'¡''"' opliom fN d'"'"'"' ''"'hwnilalion. 

s,n~ s,nc 
"'od• 1 Mod• O 

" " " ' " 
' -- ' 

8 b•l PI0~!~0'\17-e~ >,oc 
'~ ~·1 ~·o; .• ., .•>e~ '>"' 
SOt C ·~--~< <01 1 t 1-. :~ "•~ ~a:<ornt 
(•~••;>< S,oo roode 

" 

Cinc~ Ralo O ond 1 lr10 >nd II,J. The<e bil< •pocif• •l.c 
mulriplior h<1"cen lh<: clod. rtOC and ii>C'J and rlo:. 
rale>. For ')n<hrnM>u' 1n<'<l~l, :he "1 d!>él. r>l~ """1 
bt- <rccif«d. \nr ~~~~ a:a) k •j'<'.'~i,-.t ~'" ~'''"~;;.' 
'"'"' 1nM··•: l,.,~c•cr, lh< •an.c '"''' .,.,.1 h U•t-d '"' 
~.,,:h ilrc r<"o,·i•" =<~•·1 ti~ll>:i>Í\1<''- : ' .. · ._. :_.,,, clx~ :a 
di . .-wJc> "'"" ~' .:~ :.~,, -'--' ,¡,,,, ,¡,,-' ,.,.,,_Ir :he 
> 1 dock rall' ¡, •ri••(l(•d, ~it >)'n.lHOilJ:a-;ion tnu<l he 
o<enmpli<hcd <>lctnoll;-, 

" o 
o 
' " 

DOlo RalO x 1o CloO' _q•le 
O"• RalO x 1óo Clcc" ~o·e 
O>! a lla,. x J2. croo, ~ore 

~---'"e•o•e• ~~·_,--~•__: ero:" ~ole 

\\ Rll E Rl:GISH:Il S 

• ~ko'cc~:ain' •_·o~~;cl hi•s :1-.a¡ afr.,: :J., C·~''";;,;, •• ~ 
l!diHlliHer, "i1h 1he n.·cpiÍ<>n ol ll•- ~ l-.i~!'l a:fc;:l< :'J_e 
i "'m lliiu<r a .id iOé:cZ> or .• ·- • • /, ·::.:..-··w ',_,,-

' O¡ 0 5 D5 04 D3 02 O¡ Do --------·-------· ---- -----·- --- -
Tx h Sono h CRC 10/ ms h 

B•IOI 6•1•1 Sroo• Enablo SDLC CRC 

---'~"'"~1. Gh~_O ·--·--~--- ______ E~"?~ 

Tr>n>mil CRC En•bl• (110). Thi> bi1 dclermine' il < l<(' 

is calculatrd on a panicular rran>mil charao1er. lf il " 
<<:1 al 1hc limelhecharacl<< is lo.1dcd from lh~ rr•n•mu 
bufrcr inlolhc lfan<mil >hifl rcgi"er. nc ;, o~lco::,''cd 
on the characlcr. nc i> _nol aUIO!MIÍtall) '""1 ""'•'' 
1his bi1 is ><1 "hrn lhc Tran,mil Undcrrun cor,diiiHn 
c'im. 

_Rt·Q,.t'<l To St•nd ([) 11, fhi< i> rhr oon,ol hil for thc 
ffi i'in, \\'hcn ".Í!C i<i'S bil Í< '<1, iho ¡¡¡,: rin ~O~> [ 0\\: 
"hen te< N, i<i'S ~OO> Hi¡h. In· tJ-.e A<:•nd," n~-'' m,.de. 
ID ~oei High onl¡ after all1hc ~,¡,, ,•i:hechor";let "'"· 
,¡.._~>miu~~ and thc l_r~n>millrr buff,•r i• rmp:) _ ¡,,S¡ n-" 
chronou• modc•, lht piñ diitctl¡- foil<'" s :he,,.,. ol rhc 
biL 

CRC-161-~rii.C (ll~l- This bit '-Ciom lhe (~C' r,¡J¡· 
nomia) u'<:d b}' bOih thc ltan;miller and rocri•er. \\'hrn 
><1, lhc ('RC'-IO pol}nomial (XI"+ X''+ X!+ 1) is U'rd, 
v.hen re\<1 th< SDLC polynomial (XIó+X"+X~+ 1) is 
u•ed. lf lhe SDLC mode i; •rlrc10d, the OC' gencraHJr 
and checler are rr~<el 10 all 1'; anda >pc<.tal 'hec> ••
quen.e " u<ed. The '>111 e ('"C pn:nomial mu\1 be 
"lecred "hcn lhe >L>I e mnde " ,,.¡~cltd. 1 f lh< 'lll e 
rnoJe ;, nO! 'el<e!~d. lhe C~C genera¡or ~nd chocler are 
prc•ct 10 all o·, (for horh rol¡nnmial,). 

-':T ron-:n;r Ln~bl! (11 .tl- \).lta i< nm 1ra"""'"od u mili hi' 
bit i' '~1, and lhc Tr,>n<mil Oara ou1pu1 ¡, h<ld ma.~in~. 
Dala or ')"~ c~ar~<:l~" in thc prn<~'' ol heing trans· 
millcd are ~->mplcld) <enl iflhi< bil i> >ócl afrer tran'
mi>•i"n ha' <~ancd. lf 1 he 11 an.,niuer Í< di ·abled du1 ing 
lht uammi"inn of a, ~e char"CI<r, •¡no or :lag ch.r
"•'let• .lrc «ni in\ledd nf 1 RC. 



~,.,,¡¡¡,..,., 11J4J. '.\'he o •el, ;¡.¡, b1: Ílnll\td:ald)' force' 

1he I'"H""'" IJ na ""'P"' '" lh<" 'i'·"ing cMdilinn. 
l•T'•"'''"" nf ''"' dJIJ h,·io>g Jr-m•mill<d. 1\'hcn ""'· 
l<rl t>I•Hm LO "'·>rl.ing. 

Ir.;:,,_-;¡;;¡;, r··:·r.·LI<r< (1 ~"~ 1 '"-' , .. __, Jl 01. To
~~lhcr, n0 ,~d ;>! ,,,,,a~llho r.urr.~•« of (>i" in o• oh b) le 
tr.,H•krrcd ro rhc lrommit buffer. 

o, 
T•ooon••t Bi101 
o ... ecror 1 

o 
o 
,, 

,, 
r''"""" ait•l 

Che<>oL&t 0 

o 

' o 

Boi;<Ch""''" 
F"¡, Ot le" 

; 

• 
~'-'------B ~-'-

Bm to be •en! mu" be right j<l<tified, l•~•t

,¡~,ifi<ant "'" fi"l. The Fi<e Ot '-"" modo allo,.·s 
trommi«ion of ,.,,. to fi•el>i" per <haracter; ho""'"', 
thc c"PU <hould fo1m-11 thc dala choraclcr "' •hO\\n in 
lhc ll'llo"ing lohlo 

o, o, o, o, o, o, o, 'o 
~--- ------------ --- -·--------

' o o o o S•M• one da:a Dll 
o o o o o ~·"~'""o da:a ~·•• 

o o o o o o s.n~· :o·ee dala boiS 

' o o o o o o o S•nC> lour ~•'- bolo 
o o o o o o o o S•nCs "'e C-':0 Mo 

-----~----- . --~~- -~-- ~--

fl-"' I'<Trni,al Rt·.•d• l[h). fhi1 ;, 1bc <:nnlrol bi¡ for 
lh,• ¡;¡-¡¡ pin. 1\'hcn ,,:1, i>J-'-¡¡ i• acti<o (l.ow); wllcn ro,el. '' 
i)f~ ;, ino<cti<< ¡High). 
• 

\\ IU 11: RFf:l~ fER 6 

fhi• "fi<Lor ¡, r• ogr .<m med ll' '''"'o in '~" 1 '" n'mil s; nc 
"""'"''''' '" the .\tono•¡ rlC m<'~<. 1ho firsl eiglu bi" of a 
l~-b11 <)nc ch.liOc'l<'r in tho Ri1)hC mnUc, M a """'mil 
')'"' character in lhe E\1en1~1 S• lll" mode. In the ~111 e 
nH•do, i1 ;, progrommed ro c.-nt.lin 1he •econdary o•d
,¡,,.,, fir·ld LJ'Cd lo compare .J~"i'l'l lhe addre<s field of 
lhC 5DLC frJrno. 

o, o, o, 
- ·----- -- --~-- --------

fhi• l<~i<ler is¡•rOgJdrllnlctllo "'"'"in lhc rcrci<c \)<\C 

dlJI.te"'' in lhc \lunu<;nc· ""'de. o 'e<ond b;l< (la" 
ri~hl bi") of a l 6-bil s; nt· chat ·"'"" in 1 he Bis) nc ml'de, 
"' a nog clr.,a.-ler (011111 IOJ in 1hc <,m e modc. "~7 i1 
n01 U<ed in lho E~lern;l S; no ml'de. · 

o, o, o, 

S,,,,'' s, .. ," '·"' ·.¡ S,oo ') "'"' '1 "'"' 10 S roe O '''"' 

lh·:ul Rl'gisll'rs 10 
--

_.The z~o_ SJO m~:oiru tlu~• r<gCster<, R"l' u: IF•su. 
lo1j, :h·a, L~n bo-•~•.ltn ob·~¡_, the s:~t~< :nt ....... :" ';·n · 
fN '"f;~ chann:: ''''''"In; ~o-:.;:"""('h,nnol !l n~l)"l. fhe' 
\l~lu• ritfo{mation include• err{ir-cL>nji;io~•. in:~.-r~PI 
>c<IOr and \tdn.\;;rd «>monunkaliom-im,·rfo<r •i~r\31\. 

T o' r--::ed lh< ·-o~.l~i,l.< of a •dtcred read rt¡;i>tcr oL ¡.,. 1 
lh.>n HHU, lho 1\0!c"Jn rrn~ram mu<l fi111 -'"ile :!>o 
po1.1<er.ty1e !o 1áu :, O\~Olly tl•• <am·o·;,,.,.-a, a'" 
le¡;; ... , •'f'"~:il'n. Th~~. ~l "-~~"!Jiin~ an in.rul.)~<:ruc
tir•n. lh< ro:Hcnw. nf lh< oddr"'s<-<1 "'"d <<fi>l:r .-an b• 
rc20 t-; :he cru'. · ..• 

The<1a1u1 bi1< ofkHOand PRI arec~refull) ~roup«< 
lo •implif; <:~lm ln<'nilorin~. ror example. "toen the 
inle!IU~I '~'"" inJioale. lhal a Src·oiol Re.-~i>e C"undi
tinn in:errupl h•• o,·,·ronrJ, ;]] lhr o~pr,•rr:ale error 
hits can be read from a <in~le r<gi<•cr ~~~11. 

UEAD HEr.l~ 1 EH O 

Thi• rcgi"~' con1ain1the <I~IU> of 1h< Icc<ilt ond lfon•
mil buffers; the RO. crs and Sl'-C" inrn¡,; the rran•· 
mit UndcrruniF0\1 l:.l,;h; and lho Bt<3~iAhorl !a10h. 

¡>'~ ., .. , 
O¡ Os 05 D4 D3;0z~D1 fo0 -- -~-iic-i;;;;-;;i;,it --- ,_ _,- --

B'"""' T•ans CTS S y oc/ OCO (-T!OO$· '"'"'' ,~•ce"• 
Al>on r<><l Hunt m'l .~•vrt C~.l·•c· 

UMot· ·Bulle< P•'1~· , lO' '¡ 

~~% '(\_ ... ·>"' ~~~o A '-:~~~-
&olrl •· 

'- ·-·--··- --- --------- '7 

R;«i<e c;,,,.·:er .".>oil•hl,·lflol- T:ú' ~it :, ~~~ ~:., . ., 
otle">l "'">'~"rae~cr ¡, a<ml•~le ;, ¡),o ;,-,d•c tul:o;; i¡ 
i1 ·, "'"; " hcn :be "'''"'' e r 1 '" i• ,:"'"~··1<1 el) ,., "P'~. 

lnl<lfi>PI ]',·ndln~ ([l¡). ,\n)'int<m•pling condilion 1n 
11" i'.OO·SIOe"u'<' 1hi1 ~i11o h• •ot; ho''"'"'· i1 " 11-"d· 
ablconly in Channel A. Tbi• hil ¡, moi,•l; '"'''i in "rrli
calil'nl 1ha1 do nol h3't \O<Io<•d inlcrr"P'' 0\rl;:,,~l<. 
During lho in10rrup1 >cll·icc rOLlline in 1hc•o •P;>Ii<a- _ 
1i<1n5, lhi> bil indkales if any inl<rrupl «•ndttion• ~re 
rrc,<nl in lh< 1.80-SIO. Thi, diminate• 1l1e necJ for 
anal¡ling alllhe bi" nf RRO in both Channol> A nnd B. 
Bil D¡ ;, «•ot \<hcn alllh< inlcrruplmg <<'ndilinn• .,~ 
<Jti,ficd Th1< hil ".rh1a~' O in Chonncl H. 

T '""""'' lluflt•r l:"'l' 1~ .( 11 1¡. Th" ~~~ " <c·l " hcrl<'\l't . 
Lhc ;ra,>.lli: ~u llc1 ¡,,.,,>n1c< cm-p.";·, \•\ú'pl "loen a t'i«" .. • 

cllar":ter ;, tdn~ "m i11 a >.'~<~.ro~N> -m~:>: e ;;-~J<"'.J 
The hui;'<>"' "h~n 3 <har,1Cié! ]SJo.JtkJ in·,,¡;,,.,,,,,;, 
mtt buffer. Thi• bi1 i• inllre '"l·c.,nd,ion af.-r 3 10" 

fl>la ("~rrier ]).rrct (I)J). The DCD bi1 'h""' ll,c "~lo 
of lhe IKDiror<H allho time <lf 1hc la<l chon,-< of ~n) of 
lhe fi<e E"'"'"IISI.HU> hil< (DCD, <"1>, S1nc/Hunt, 
R1nl. .-'-.bort "' fr"'""'it \jnd,·nJn/F0\1), .\m ¡ 1 ~,,¡. 
lion nf the ¡;, ñ ill]'lll ,._,tJ'"' the neo bit '"he l.olch,·d 



-""1 ''""-'' "" 1'"""·'1'~:,.,," \nrorr.rrr. ro rcod the 
,,,,,,, ·~·"'' of the '"" hi1. thi' l>ir rn"'' l>c ro •• d im
•r,·.:; .• :el) f·•!l,•·.cin~ J Rc,cl l'llrJII'JiiS: LIU< inrccru;tl 

'"""'"-llld. 

~~ a e. 11 u ni 1 [) ,!. Si oc< <hi' Nt i• coi111 ~¡:,>J dcff ncnll)" 
in¡¡,_- .1•.• "'""'"""'·S! nch1onou< ond '~'e modo,, ;" 
<•rc·r.t<i<•n ¡, •orr>c\\h,>l "'"'• «•mrle> rhon tha1 af lh< 
Nhcr h<• ;·ud thc·rcf."~ requir.- """e c•pl.morion. 

l11 ·"·'"'),"'"''"' IIH•ck<, lho nr•<·t;rli<>n of lhi< hrt i< 
,¡,,il;" le> lhc L•n> ""'"' brr, c>Cq>l ri.JO S)nCIHunt 
•!>e''" th,· •lal< of Lhc ~ inrul. ,\n¡ High-to-Lo" 
"""'irion ''" 1h< ;-,~ rin ,.,, ¡¡,;, bir and ''"'"' an h
r ,·rrr.>l '·''a"" r nrer "'~' (if •~o bled). Thc R,•-.: E 11ernal! 
S•~:.r• lrMrrur< wmm"nd i< i«U<d lü dear <he intcr
rurl .. \ Lo"·!ll-liigh rc~n;uion ckar< lhi< bit and '"" 
lh< E\l,·rnat•Sta:~, in~trrupt. \\'htn th< F."ernal/ 
S1a1u< in>oHup< is ''' b;-the chan¡:< in,,,,. oran<·'"""' 
input"' wndilion, lhi' hll ;b""' lh~ in•,·rled <la> e of 
1~c 'l'-7 rin al lh< ;imeoflh,·chall,¡o. rh>' hit muq be 
rc·,,J i.llrr>rdiol'l) follo~ing a RC'Ot E<ic•rnaii~IOIU< ln
,,-,rurl '"""'"'nd lo rcad lhCcllrronl "·"< r•f thc~ 
ll.plJL. 

111 rhc l:<lernal S;nc modo, 1he S¡u•lllunL bit opcr
alo< ·,na;,,.¡,·"'" <imildr lo the As;mhronou< m~d•. •~
.-.·pt<ht Em,·r Hum ~lodo control ~it tn.,blcs lh< n«r
ool "n<· dtiO<"I ion logi;;. \\'hon th< E \torna! S; nc .\lode 
~ud f.rll« llunl .\lodc bi" ar< <tt (for ••~mple, "hen 
thc ""''i<er i< onat-1.-d rollo«ing a ••••1). th<llir input 
mu<l ht hdd High b; thc ntcrnal kr~k un!il <<lernal 
~dr,,~lcr l)ll<hroniiation ;, achi•-.d. A_ l~igh al th• 
<;1 'C" "•f'UI hc>ld' lho S<nt•Hunl ''"'"' hll In the r<«l 
.:ond1ti<>n. 

1\'lrcn ¡·,rcrnal <;n,hrMintion ¡, Jchie>ed, ~ 
nmq h< dr',.cn L~V< í>n lhe sccond ri>•n~ cd¡e of iR" 
a fter 1 hl¡ r i' i ns edge of if>< on "h i<h 1 he la" l>i¡ of the 
•!n< .;h,m<CICr ""' ,._.ci,rd. In <•:h<r «ord<. •flor <he 
'l nc l"'''•·tn i> dckCic'il, ¡he c"cr:rallo~i,• ¡r,u" "'ait for 
!»o full Re,· che (:lo..· l. e< de< lo ac<i<~IC rhe ~inpm. 
Q,,-c ~ ;, f,>rc<d l<',;. it ;, a fOOd pracric.1o l.ttp lt 
L<'« Llntil llr< n•u inr,,.,, •h• e>lornal >;nc lo~ic that 
_,; '"'h ro ni"" ion Ira< hen lmt or a """ mc«a ge is ah<>ul 
1<' 'tal\. R<f<r 1<> Figure 18 for riming Jrrail>. fheHigh-
10-l.c<\\' '"""iliM M 'he~ inrul '"' rh• S) nclllunt 
hir ... hich -in <urn-«ts !he ""'' noi/Sr .• ru• inwrupL 
rl1e ( l'll "''"' dear <he inrC<rlJpl by Í><u'rn~ lh• Re,<et 
E<lcrr>.<IISIOIU< lnlcrrupl ,~mmand. 

1\"h<n lhc SI ~e inpm ~occ Hi~h ·~ain, anorhcr Ex
tcrr.ai-'SIOIIU< in<crrup1 is gen«><N lh~t rnu<t al-o b< 
dc.H«l. fhc f:nlor Hum \lodo conlrol ~il ;, ><1 l>hen
'"'"' c!>a<"CI<r •lMhronilalion ¡,lo" or rhe end of m«· 
-a~e ¡, dci<.:~td. In 1hi< ''"'"• rhc ZSO-SIO •goin looks 
for a Jl¡~h·<O·I-0" ¡r;,p;ition on ¡loe rrM"inpul and 1he 
Op<'"''"" ,.-r•~" "' "'rlo1ned ~rc•ir>t"l)·. Thi< ionpl•es 
<he,.,.,: ll,>tdd •l<o inrNm o he '''"'"all"~" lhdL ,har-
1Cicr "'"ln<>toit;oion lra' ~ccn 1~<1 .1nd lhaL Lhe 
~80-SIO ¡, «ai<ing for ~ '" heWill< ,,,,; ... 

In tho .\i<>no•)no and Bi<}n< ~«<>« m,..to,, lh< 
'>;ncrl!unl <r,tlll< bio ;, ini,iall¡ •<1 10 1 b;- lh~ En«r 
H•mt .\Indo bit. The s,~c'Hunt hit ¡, """ «hon lh< 
[,;0-'>10 <•;;,t-.li•h•• ,i.~r.,«cr <)l•<hwni•~•ion. The 
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lli~~.-lo-l.t•" 11:.n<i1ion of 1ho S; n< 'llunt bil '""'"' an 
F.~r,·m'<l.'~'""" inlrrr\lp: :11~1 ""'" he doar~d b) the 
l 1'1' j,<uinf •hr Re"'" E\le:r.,ltSIOtu< hForrupt com
""'nrl. T'1i< ,.,.,,¡,:e, <he Z'0-510 to dc<,·cl <ho nc\llran

"1'"" n r "' '"', :e""'"·'¡, ~"" "' hi". 

1\'l"·n :h•: 1 p¡: dc'I<'Cl< illC ,•nd ,¡ """'·•~< <H Lhao 
,-h"'""'''' '·""l"'"';,.,;on ;, lo<l, 11 "''' lhe I;ru,·r Hunl 
.\I,>Jc wn11ol hil. "hich -in wrn ·<<1< 111< S•nul!um 
hn 10 l. fhe I.CI'-Io-lli;h (ran<iliOil oflh<iS)nc/llun¡ 
bio '<1< lh< l:\1onali$t~lu< inwrupo, "hi<h muq al<o 
k dt'df<d b¡ tho Re>et E•wr..oiiS:atm i:Mrrupt rom· 
<r\and. ·"''''o ha< lh< "~(' p;n ""' >l an outpul in thi• 
m<'dean~ ~"" l.o11 e><ry 11mea <;nc palo<rn i< de:ecled 
i11 :he dolo <lre;rm. 

In <he '-lll <" n1L>LÍe, the Sync/llunl bio ¡, ini1ially '<1 
h; the fon1or llunl m(lde bi1, or "hcn tho •~··•""' i; d1s
ohled. In an; "-''<, io i< r~sel IOÜIIh<n :heol"'ning flag 
af oho fi"l fran1t ;, Jeoeo«d by the ZW-SJO. The E'oer
nai:Stam• inl<Hupo i> al•o gonoraled, and shot>ld b<c 
1H.ndled "' di•.-u<><d pro,iou<ly. 

Unli\,e lhc ~lOnO<;nc a11d Bi•;nc mode<, once the 
S'n<iliHnl ~j¡ ¡, re<el in the SDIC t1HIIi<, it dCies not 
,,.,-d '''he'" "heno he end of me>!>ge ;, de1oc1ed. The 
:''0-SIO """""'"icall" ma<ntain> >ynrhr<>ni>aoion. The 
••ni; ""l' lh< S;nc/Hunl bit can be -.1 •gain is by lhe 
Enoer Huno ,\lodc hit, or by di<abling lhe recei>er. 

Ue.r ro ~rnd 111,1. Thi< bit¡, •irnilar 10 ohe oco bit, 
ncepl <hal Íl >h.:>\\1 1he1mort•d "ale o! lih"CTS pin. 

Tr·tn.mll L'"d"r"nl[nd 01 .\!<·"•~• tll~). Thi• bll ;, 
in,, <el e<>lldili<>n follo"ing a r<'<l (inlornal or e\l<rMI). 
Thc on],· c<'nuuand 1hat can re;el thi• bil ;, the Re1et 
T• an>mio IJndcr runi>0\1 Latch '""'n;and (\\ RO, o0 and 
n,J. \\'hen lht Transmil l!ndrm;n eondilion ocou.,, 
1hi' bn ;, <el; ;, becoming set eom« lh< E\lérnal/ 
~'""' inl<ffupo, "hich mu<O be rcse1 by i"uing ohe 
R,·,er F.\lernai/Siaius lnlernJpt onmmand bil• ¡WRO). 

rhi< """' bil pi")'' an irnponano r~lc in conjunclion 
,.;,o o1hcr ¡·onlwl bil> in conlrolling a 1rammit orcn
IIOn. Rder lo "Bis)no Tran<mil Undcrrun" and 
"SlJLC T r an<mit ünderrun "- for additiona 1 deoails. 

Brrü/ A burl ( () 7]. 1 n lhe A 5}'nch ronom ReceÍ\ e mode, 
1!1i< l<io ;, "' "hen a Br<ak >eq~>cnce (null oha1acter plm 
~ '"mi"g '""') i> del or<ed in thc J.lla "r com _ The f."er· 
nai!Sialm Ílllcrrupl, if cnahkd, i< 'el \\hen Break;, 
dCI<rttd. fhc i111<rrupt <en ice r<>lJiine "'"" issue thc 
Rc<CL h1c·1 naliSialus ln1errup1 <ommand 1" ""· n1D¡¡ 
w lhe brea\, de1<<1ion l<:>g1c •o o he Breal. <equence oer
mina•ion can he recognized. 

The Breai./Abor1 bio i• re-el" heno he lermination of 
1he Brea\; .cquen•e ;, detc<Oed in ohe incoming dala 
'"e.lm. fhe terminalion of thc Breal. sequence also 
'""'"' i11< 1:\lcrtJall~tatu< in<crrupll<> ho <el. The Re•el 
F.\lm,.JII~I:IIIJ' Jnlcrrupt mmmand mu>l be i~>ucd lo 
'"·'blc lht· ~reok dclcction logic tn l~>ok lor 1!-.c ncxl 
Brea\, ,,•qurnco .. \<ingle c•l,droc·ou• null char;cter i> 
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pto5er>l in the '«Ci\CI afitr o he terminal ion ul a ~'<-•1.; 
it ohC'Iuld he rcad and di<carded. 

In Thc <oLe Ruci>e nwde, ohi1 <lalll' Oi1 ;, '<'1 ~~ lh• 
rlc'IO(Iion of on ,\b~rl "'tju~nce ('"'"" or m<•r<" 1 ·,,_-TI 
f:\letnai/S¡o¡"' inl<rl u pi i' h.tnJkd lhc "'me"") '" ir, 
ll10 '''" of a BJcak. 1(.,· llroal./,\bori bil ;, ne>: u<eJ In 
oho S}nchronoul Re.ei•c nwde. 

lif:.\U !i[GJSTER 1 

fhi' rcgi<~er comains 1he Sree~al Re,·ei,e cnndioion 
"•tm bns and Re<iduo cf'de• foro he 1 fieiJ in <he \!ll e 
Rr-:ei10 ).JC'Ide. 

,, '• ,, ,, 
End 01 CqC' P.c~i-•• P•r.ly R@••duo Pe!iOue !!~,i~ue -"11 
~·•~-• ~ramiog (),~""" Erto• Code 2 Co~e 1 f'--o~• o S•nt 
¡SOLC) E"o' Enor --·-- ·~ 

,\11 Sen! (OG)- In a<;nchronom mC'de<, 1hi< hit is -.: 
11hen all thc cha,cters ha•e compl<l<i)' clcared the 
ltan•miller_ Tron•ilion; of ohi• bn do nol cauoe inler
rupl>. lt is al""l' ;el in s)nchranou< modes. 

Ro.ido~ CodesO, 1 •nd 2 (IJ¡-OJ). In !hose .:a<« uf th• 
SDLC recei>e mode where lh< 1-field i< nm an inoetr< 
muhiple of !he chara<ler lengoh, th«c three Oi¡, indkole 
<he leng<h of 1 he 1-fidd. The>e codes a re nw:o:1i11~ r u 1 ,.,. 

ly lar 1hc lran<fer in which !he F.nd Of Fr"mo bil i> '<1 

ISDI co. For a r.ccivo character leng1h o! d~hl l<i" ~cr 
charaeler, the code< 'i~nify lhe following: 

A<><duo !!e,:oue 
Codo 2 Codo 1 

Aulduo 
Codo O 

'"~, .. ;, .. In ~.cono p,,.,,., e,,, Syte ----------------------- ---
' • 
' • 
' • 
' ' 

• 
' • • 
' ' • 

' • • 

' ' 

' ' ,o 
• • • 
' 

' • • • 
' • • • 

lf" re<ci,e charaoter long1h differenl f"'m "'¡;ht ¡,¡,. 
i; u;ed for lho 1-field, ~ lable simil'tr ¡u,¡., I"<'ÍC'IIi\One 
m a) be c0n'"""'"d for eoc·h di ff t'f<'nl , h.n "'''''' lc-1 ·~1 h. 
Fnr nu rt'"due (111"' i,, ohola•t th•r-'<1« b~•IIHbr¡ ,·nin
<"Íde' wioh thc hnundMy of o he 1-field .tnd t k(" fidd], oh o 
R.-idue cod., are: 

A0>id~~ Aesidu< R .. ; duo 
S•" por Ch•'"'"' Codo 2 Codo 1 Codo O ------

8 S•:s o« Cho••c1o< • ' ' 1 B"s pe< Ct·o•oc lo< o o o 
o s.os ""' cr.o••"•' o ' o ,, 
~ g,,, ;oet C"o'oCW o o ,, 



• 

• 
Potit_l F:t"'' 111,1. \\'~< r. pdnl)' i• on•hl<d, this bit i.1 >el 
for th<>•• d""·"''" ,eh~-. P••'"l rl.-.c• not m,¡ch the 
J'H•<'""''m·J •,·n•c (,·.cn.'ndJ¡. fh<· 1\lt Íl I.Hd>ed, ;o 
"'"~ "'' ctt<tl ,,_.,.,,,,, it tc·main• ''" 'Jntilthc• l:trOt Rc>et 
.~JnononJ ¡\\ ""' ;, ¡•i<,·n. 

R. ni•<· Ül<'ltun Etwr 111,1. l~i1 bit inJÍ<',liC> thal 
"'""'than tha·c ,·h:,r;oc·ter< h.1<e ~<m ""'"''•d "ithout a 
tc .• J ftnm thc < Pl'. 0nl¡ the ,·!'~'"'''' tbt h~> b~<n 
<•rinen '""' ;, nJH•·J "ilh thi> error. hut \\hcn this 
cL:.•<~cr i, rcad. th< error <'Ondition Í> latchrd until 
'"''' b) th< Enor R<<<l comm>nd. Jf S»tu> Affeots 
\'<el<" Í< cnat>lod, th< characler thot h"' l>rcn o•ermn 
irMrrupt' "11 h a Special R ccci• e C ~ndit ion • c.:wr. 

( HC· rr"miag f:rr<>r 1[)01. lf a Frami11g Errm o,·curs 
(">rn.:h''''""" mc,do<), lhis bit is -rt (and not lal<hed) 
for thc roceiH .:h""'<ltr in 'lh1ch th< Ftaming F.rror 
otcurr~d. Delcc·lion of a Framing Error adds an addi· 
li('r.al <"n<-half of a hÍI 1 imc 10 1hc eh,; a<ler 1 imr so th< 
Frotni~s (rror ;, n<>l inlcrrtcted a, a""" """bit. In 
>~nchron""' and SOIC r.lo:l.-;, lhis bil indicales lh< 
ro•ull of com)ldrins ¡he { RC e heder 10 the appropria~e 
cheo~ ,aJue. Th'" ~il ·" ''"' b; ;,.u;ng an Error Reset 
<c'mmand. Tbo bit¡, nntl"tchcd, •o it i< alwa¡·s upda1o:d 
"hcn thc nr>l ,hornrler is «roi>ed. \l'hen "'"d ror nc 
error OllÚ ''"""in" nchr,'rlúLJI nwdc•s, it is u<uall¡ ><1 
.lince wc><l ~il cornbinaliom rc<ult in o non.,.ro CkC 
o~ecpt fur a ,-,,ro<lly Lúmpl<~ed melSa~•· 
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[nd or J'r~m• (11¡1. Thisbit" u<rd nnl¡ "ith th< soL e 
mod. and indir.tcs ~hal a ,,¡¡d ond;n~ na~ has hcen 
rrccÍ10d al\d lhat the Ck<; Ertor and Rt•,itli~e <·•des ore 
:!110 <.<lid. Thi< hit c·an bt ro<eT b) '"cuin~ lhe Errur 
Re,ot cmnm•nd. lt ic ,¡,o upda~ed b) the fi1<t d>are,Hr 
of lile f<1llo"ing (r;,ne_ 

HL\Il Hf.l.l:o-II.R l¡Ch. 'l Onl_l) 

Thi1 regi"cr c~ntains lile in•crrupl •e<tor \lfillcn inro 
, " "; i f th< Si at us .-\ ff <<1S \' ecl or cnn1rol bit " n~t '<1. 1 f 

lhe ronrrnl hit i1 set, it con'"'"' lhe modificd >eotor 
<ho"n in lhc $'"'"' ,\ffects \'e<1o1 p;,ragr.1ph ,,¡ the 
\\'rile Reg'¡,¡er 1 -'CCiion_ W!-,en this rc~i<l<r ·,, re•d. 1h< 
>ector reH>tllCd is modtficd by •he highe" rriodty in«r
ruptin¡ condilion a1 1~e lime of the r>ad. lf no inler
rupts are ponding, lhe >eCtor i< :nodifird "ilh \'¡~O. 
\'¡ ~ 1 and V 1m l. This rcgi•ter '""' be 1e-1d onlc 
lhrough Channtl B_ 

o, o, o, 
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va,;•bto 11 S"'"" 
Alfeols Voc10' 10 
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Applkations 14 

llw 11,\0~'IiLI,\ ,,nd ''"·nili1¡ of 1ho /.'!J.-.10 1>1a\.o il 
.,,,-1<11 fo1 ,,,,,.,,m, "i'i•lic.<li:•'"· ,, fe" ~r 11hi,h '""in· 
,¡,.,~,·U l\\10. fhc•e "'""'1'1<' <!.•"' •e•,·r.JI Ojlplic.Jii(lns 
lh.;¡ •<1lnbino the /~0-SIO "ilh <'ihor nlonll<<" o( ¡he 
ZfO ¡,,mil)-

fi~ure 11 <h<'"' <impk rr<><•••Or·!L>-proce .. or com· 
m""''·"¡,,n "'«o dirr;l lino. Both rernole prC'O<I'O" in 
1hi• ')<Iom ,-,,~ c.•mm~nicote 10 1he 7.80-CPU ~>ith dof
¡,."'"1 ~""''C<'h "~U ol.11a rJI«. [lcpcndi"g M ih<" .:0m· 
rlc\il; ,,¡ 1hc .<prli,·:,li~n. o1h<r ISO rcripheral ,;,,-";" 
(1.~0-CT\. f0r oum:•le) ma¡ bo rcquired. Thc ¡¡nu-.d 
.:hannrl of lho 1.>0-SIO c•n !>o u<ed 10 ,·anlro\ mher 
¡•.:rirh.-r2l• or ¡he) can be ronn~c,ed lo o1hor remole 
p1(>('0."0". 

)"i¡·uro 1~ illuma:e• he<\\ both chon~el> of a single 
J>0-~10 Jr< u<ed 1111h modem> that ""'" rrin'On· ~nd 
''""'ndar), ur ,·"'""" chantJOI opli(<n<. ,\llt'fnOI-i>ely, 
1 "<1 llh •J1'1lló ~ i illOLJI ¡1, \"10 Op\ ion.\ C0 n ~0 C(HIIIC<ied lO 
il1< !.>\1-~10. \ •IIÍL<~k haud-tale gcnoraiOr (Z.~O-CTC) 
mu<1 l>c '"'d for a;;nchronou• modem;. 

Figu1e L' _,!Jo"' lho ZSO-SIO in a da~a c.•n«ntrator. 
a rcki'd) comrl<' applicali~n thal u<<>l"O ZSO-SIOs 
10 r..-rform a '"'i<l)" o( fllnctio"'. The dala cone<n· 
lr.llm Cal\ l>o u,od 1\:.«>lkct úola from man;- terminal! 

""' 1<\\l·<rr,·J linc• .ond lr3n>mi¡ it '""' :r ,¡,.~lo hi~h· 
'r··•··l ¡¡,,. "¡¡,, ,·ctitll1~ ~nJ •<for"'·"'ing . 

rilo ~~0-D\1-\ c,,llr"ller circuil i1 "'t'd "ilh 
/..i!.l-~10 ·~ 1<' :r•n·mil lhe rcf.,maur<! d.>tc al high 
<f""<d "ilh 1hc r<quir..-d p101ocoL T~e l1i$). •r•·•d 
modom Ph,l\id" 'he trammil d"c\. for thi< ,h.nnol. 
rhe 7.80-CfC wumer-:imcr cir•uil <urrl~e; 1he '"'"'· 
mil and ,.,,;,. dod.' for Ihelo"-•reed line~ and ;, •ho 
11•ed a1 a lime·ouL C<'unler for ·~ri~u> func:,on!. 

Z~O S lO •1 c~ntrL>l< ¡.,,·al nr remN< ¡,•rmin•l•. ·" 
•ingle 11\lelligent ;<rminal i< 'h''"" \\Íihi~ the 1!.ilhrd 
lin~'- Th< terminal cmplo1' a Z~O-SI O w romnn.nicat • 
10 1 h< Jala <<'n<-on: :al or on <•~< ,·l·onn<l '' ~ilc ¡>101 iJi ng 
tho ÍOI<•rface w a linr prinl<r "'"' it• •<.'<'Od ,!.~1111d. 
rho inldligenl wminal >ho"n ,·ould k de•isned to 
opero te i <ller>cl i'"IY ~<"ith lile "r«a~ or. 

Dq>rnding ori th< <ofl\\ are a 11<1 h.,· d ~ a re "' pl 1· ;; it ¡., 
built in• o thi< 'l'lem, the dala ,·o,,;on1f,1l<'< c:,n ''"ri··~ 
,\wrr-and.f"'""'d or hold-and·f'""atd md,;•d> ¡,,, 
regulating infmtl'J\;on uaffio 1-o:"<<n <]0\1 :orminal> 
and lhr hi!h-<;x-od remoto pr(>('<>•Or. lf lho hi~h-•rced 
,·hann<l i; pro1ided "ilh a dial·ou1 option. :he.:hannol 
can he conn<cted toa nurn~er of ro mole rwce;,or< ,,.., 
a '"itchod 11ne. 
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····-----
' Timing 

ll1-:.\o n e u: 

flrc IÍn>in~ ,¡~nalc ¡cncr¡¡icd h; ,, /~O-CPU inruL in· 
"''"liun to rc;,d a l);,¡a or SI~IU> t>;lc f1um 1he 
hO·SIO "'" illi:\lr.,:,-J in FÍfmo 14a. 

,, 
,. 

~== _ _/~-

c•t• -------------C~·~·e•:>----

¡..; 1 [H Hl'I'T .\C h,:-;()11 LE!lGE C\'CI.E 

-\ft<r rcceilino an lnlorrurt Roque" ~isnal (N pulled 
l.o"). 1he 7.>Ü-CPU •<nd< ~n ln«rrnpt ,.,c,no .. ted¡¡e 
,;!llll (\ii anJ rm<Q hoTh l.o"l- The Jai<;-chained in· 
i<'IH.pl citcui" MIC>nrÍJJO !he hi~he>< pric•rit)' in1<rrup1 
h"<IH<"''"'· The lfl of the bigheq priori1; periph<ral Í> 

'""'"'"l<d l!i~h- F<>r •nr poríphoral1ha¡ ha• no mler
' "1'' pcnding nr u ndor <el\·ice, lEO- 1 El. Any "" i phoral 
1ha1 doe< haH ~n in1errup1 ~ending or under •cni<e 
fNCO' Íl< lEO 1 ''"· 

To imure >tahlc ú•n.liliom in 1hc dai,;· chain, all ín
IOtrllpl """" "gnall.<ro rrc-onL<d f¡pm changing 1>hilo 
;:¡¡"Lo". ll'b<n ro"''¡, Lo"', rhe high<•>l priori!)' inlcr· 
rupl rcqLJo,¡or (the one "ith tFI Hrgh) piares;,. Ínter· 
rupt <ector on rhr d.,a bu< and <ets its imomal 
Í!Ucrmpt·rrnder -1tn ke larch_ 

. , 
tORO 

"" ,,, ----:~----~--.._.._~y-~-----------------~ 

" 

1\II.ITEC\CI.f: 

Figure 14b rllu«r"'"' lho rimirlg arrd Jaoa ,¡~na!> ¡ene!· 
or,·d b< a 1.80 l'PL" ow~ur irrmrr-:rion lo"''"'" Da:a "' 
Conuol b<lt inro rho ZSO-SIQ_ 

"" 

RETIJRc-. HI0\1 I~TEHRI'l'l C\CI.E 

~ormalh, rhe Z~O-CPU i"""' a ~lrr (o~rurn ft1<n 1r 
retrupr) ·in<lru<tion 31 rhe end of an inrerrrrrr ~.-r•i.:e, 
routine. RUI is a ~-byte opcode rFD-•DI rhat ,,.,,,, r~e 
in<rmrpHtndcr-'tr<ia larch ro l<rnrin"'' rlro ;,.r,·rrupr 
rhat ha1 j"<l hom P"'"~"rd. This ¡, ~,,-,.,,r¡:,¡,od b) 
manipuloring rhe daisy dr"in in rhe follo"·• in~ "a)". 

The nNmal d•i•l ehain or-erarion ean be rr•ed ro 
~erecr a pendins inro.-rupr: h""''"'· ir o~nnot dillin
~ui>h bcll><en 3n int,-rrupr 1md.-r •eni<·e anda p~nding 
unad.no<~i<'d~c·d inle<rupr nf a 11i~h<r ~rioriry. 1\"hon
<><r ""CD" i< dn:oded, the d"i') charn i< m~difi1·d b) 
fordng High rho lEO of an) inrorrupt rhdL ha• not )et 

hetn 3Ün0" hl¡:cd_ Thm rhe d~isy ch.>in idenrifios !he 
dc,ic' pre<On!l) ""Jer sen·i•• "' rl1t only '"" "Íih an lfl 
High andan IFO Lo"-- lfthe no\1 O[X"Ode byro i1 ">D,'" 
rho inrerrup1-undor -<en ice lar>h is reset . 

--@)}----@)---: --·-
-----~----r-·~

IU --------- .J 

"" 

-----:-~-- --
' ' ' 



fh1• ri;>;>k :irnt nf iho ;.,:,¡nopi•!.ri•! ,¡, ,•11 (~»th :ho 
ll;['lr·IO·I "" ;¡nd <ho 1 ''"-:,>·Jii¡•h lr.H"t:Í•':") iirnil~ 
,¡.,. ,.,,.,¡,,., ,,r <!•••ic~· :b•• '·'"!>o.· r: .... -<! in o he ~ai•y 
,h~in. Ri,•pk :in>o ,·,,n he lu;,•:o•cd "ith ,:olr_•-lnol.
,,.,, .. ,¡, "' 1•: "''' r,.Jin~ lhe intmll,>i :•. \.,,,., k•lt< e: de. 
Fm fun Iocr in f ,., """i '"" -'bout 1 « h n i:¡t1c• for incr-•.: • ing 
lho IIIHnl>cr of c!"i')'·cloointd dr•i,.,.,, odcr r~ l.ilog 
-\ r pi'"" ·"'" :--,·, •« (Jl -('1(111 .() 1 ( f ''" / bO f',;n¡¡¡_,· Propr~m 
f ni, re "1'1 S!r¡,c/1/IC). 

fi~u« 1 ~ illu•l r "' e• ! h< ói<y <ha in .:.•nfituration of in
o.:r:u,•o cir :uit • and 1 !oeir ~'~·•• iur "Íl h n¡·;trd inotrrup!• 
(~n ;,,¡,·;o o1]>l lhal i< inoom,p>rd \-1 .;nl'lhcr "ilh a high<r 
;>rÍ<•tll)'). 

C"<'.~Et A 

-. 
Each ho• in the ¡JJu<ttation c~uld ~r" '·-~·""'-' "••· 

n~l /.SO prrir~•f'l .:ir.:uil "ilh 3 u,..,.,¡,.r¡,,.d <•oJn ,,¡ 
inlcrmpt pti<>ri:ir•. Ho""'"'· a ,¡,ibr d:oi,~ do.oin 
<lrUCIUrc oi<O C\Í>I• Ín<ido the Z~Q-q0, "hi,h !,;" ,¡, 
ir::ortupt le• e!' ",hh a r;,.d <>rdor of ¡lri<>riric<. 

The c•<e illu,lroled ''''"" v.hc11 thc lrar.•l<<<llct .,¡ 
Cl""'"d B 'onlcrrur" """' ¡, ~r;onred <tni<r. ll'h!lc 1!<\1 
int<'fiUDI ¡, beinf •cf\iced, it i> intcrrllrlrd b) o hi~her 
jlfÍciiÍL)' iniOffUj11 fr,>rn C"liatlnrl A. rhc '""'nd inWr11¡>1 
;, "" iced and-~1'''" ''''n~l,•t inn -o "< fl i '"' ro1, ¡j,•n ;, 
<'ICCUtod or a '"" rornmand ;, "rittm into tho 
/.S0-510. re,~tting tho ir.trrru¡n·u~>dcHon i« la«h of 
the ("h.mnol "r. interrupt . .-\1 thi< ;ime. 1ho •rr~i.;e rou· 
lino for Chann<l B ¡, "'umrd. ll"hen ir ¡, comrlrtrd, 
31\0ihot RHI in<lruetion is e-.cured to com;>iroe 1ho in· 

lorrupt '"''"· 

Ch.~~;c A C.'I'-'•'El A E"E~~Al C""-'"'' B ~-'"''" "'-•.;·.· ,,,~ F'C""'" '"'''!.'·"'"" S"TUS f•OC~"'(~ 
---------~-----

.. ~ ~IGh ,_ 
'" "' - "' " 

~·:; ~-·•·¡:-~]·-~ 
-~--L_j---

1. NIIORITY INTERRUPT OAISY CHAIN BEFORé ANY INl~RRUPT OCCURS_ 

lJNOE~ SE~VICE 

['·c---:~··~r-:T'"I R .. ,. ¡··· 
~·~--l,'_'_' __ ._'J. ,"_' ___ .. _,j~ ••• "' " --

2. CHANNEL B TRM>S'.IITTER INTEARUPTS ANO IS ~Co(J;OWLEOGED. 

" ' 
~I(";H 

' - '" "' - "' '" '" "' -
''" lC'·' ' 

3_ EXHil,!.>.LSlATUS OF CHANNEL A INTEARUPT$ St.'SPE .. ~tNG SERVICE OF CHL,;NEL e 
TA,<.f>S•.'.Il TEA. 

~VICE CO'"Plf 11 O ;:"VJC[ R[S<J"f0 

~·G~ HrC~ 

'" '" '" '" ¡-'- '" "' ¡--
"" 

4, CHANNEL A EXTER~AL STATUS ROUliNE COMPLETE. AHtiSSUED. CHA';NEL e 
lRANSMilTER SEAVICE AESUMED. 

5, CHANNEL B lRANSMITHH SE~VICE AOU11N~ COI.'~I f.lE. 5FCOIJD RETII5SUCO. 

--- --- -------

" 
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S1and:ud 5V ±5'1o, Q•to 70'-c 
E,lrndrd 5V :::5"io, -40"10 S5"C 
\1ilil•ry 5V ::!::IO'Io, -S5"1<>125"C 
T)'l'<' O flor1d1ng 
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' ' ¡:::.c··.J. 
' : 1 - 1 
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40-Pin Ceramir 

Ordering lnformation 

E>ample: 

ZW-SJ0/1 CS (('cwnic-S>and.Hd R•n~e- Torr 1 
Bonding) 

ZSO-SJO;O !'S ¡PJ,,;IIC- Si.wJ.,.d R"n2e -- f)l'•" O 
!lonJing) 

12 T¡pe ~ ll<>nding 
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READER'S COMMENTS 

Your leedbock about ¡his document ;, importom to us; unly in this way can V>e ascertain ·,our 
n~eds Jnd fulfill thcm in the luture. Ple~se ta~e the time to fill out this qu...stio.mn~ire and r~tw;:-o 
it 10 ~~- This informal ion will be helpftJito m. and, in time, to the ft¡¡ure '-"1!"01 Zilog sys;.,ncs 
Tl,onk ynu. 

Yourilame: ___________________________________ ...................................................... _ 

Com;>ólly Nome: ......................................................... -.............................. .-...... --... 

Address: ............... 

Title of this dO(.uonent ' ·------- ------ __ ...... 
What sohware produots do you ltave?• ............................................................ ... 

Wl1d! is ~our h."d"ore config'"~tion lincluding memory size)? __ .................. ·-·----

---·---------
--------··-

Does this publication meet your needs? O No 
11 not, why not? ............... ... 

How do you use this publication? lCheck all that apply) 
O Asan inumiuction to the subject? 
O As a reference r.1anual? 
O Asan instructor or studeot? 

How do you Jind the material? 

Technicality 
Org~niration 

Completeness 

EHellent 

o 
o 
o 

Good 

o 
o 
o 

Poor 

o o 
o 

What would have 1mproved the materi•l?_ ............................................................ -

----~-------------------------

-------------------
Other comments, suggc,¡óons or conections; ............ ---

----·-

-------------- - ---
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Zilog 
Software Department librarian 
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.\RIW<"'O AGOIR!lE GI\RCIA 
('..amen No. 52-A 
Col. N3tivitas 
Mé.x.ico 13, D.F. ,l. 
m:>. VICI'O!l !wruEL ALVARE:Z A. 
B. Da Sahagun No. 27-0 
Col. G.1errero 
t~co 3, D.F. 
Tel. 535-27-69 

VICIOR GAB1UEL BAJIEQSA GliK:IA 
Mrrt!n Cast:rej6n No. 72 
COl. f'elicitas del Río 
lbrelia, Mich. 
Tel. 

m::. JAVIER C'AB!lERA VAZ00EZ 
Gil.dllrdo Aviles No. 119 
Col. Rafael lucio 
Xalapa, Ver, 
Tel. 7 66 33 

HECIOR CALVARIO MARrlNE!Z 
Riveril No. 63 
Col. }\quilas 
~co 20, D.F. 
Tel. 593-03-58 

1\DRIAN CARV1IJAL VIZCARPA 
1-B1e1Un No. 385-4 
0:.1. Del Valle 
México 7, D.F. 
Tel. 543-23-02 584-77-60 

S.A.R. H. 
Sierra Gorda No. 23 
Col. I..ana.s Tecamachalco 
~ico 10, D.F. 
Tel.54ü-OQ-52 

S. C. T. 
Av. Xola y Universidad 
Ed, "W So. Piso 
Col. Narvarte 
Máxico 12, D.F. 
Tel. 53<Hí4-58 

F.SCOELA DE naNlERIA EW:::TR!CA 
U,M.S.N.I!; 
Ciudad !kliversitaria 

FACULTAD lE ~llERIA 
tNIWR;IDAD VEAACH1ZANA 
Calle de la Pergola S¡N 
Col. I.t:;maS del Estadio 
Xalapa, ver. 
Tol. 7 66 33 

crni'RJ DE CAl.CUl.O FJ\C, nr,, 
Ciudad Universitaria 

S.A.H.O.P. 
Ref= N:>. 77-10 Piso 



7. 

•• 

9. 

10. 

11. 

12. 

m:;. J0SE MAN!JEL CA.S'IU.Illtn:; ALWJlEZ 
Di"Jisi6n del Norte Andador 6-3 
Col. Villa Coap:i 
tlfuico 22, D.F. 
Tel. 671-01-27 

JAIME AAAU CJlAWIRRIA 
•rantcyuca No. 38 
xalapa, Ver. 
~~- 7 69 40 ext. 101 

nr;. ER:-IES'TO ClSNEKS PAEZ 
Av. Veracruz No. 184 
Col. Cuaj.:iJnalpa 
~co lfl, D.F. 
Tel. 2-04-83 

MAMI\Nl.X) COlil:tUI. VAZQUEZ 
Herrera Tejada No, ~7 

Col. Ferleral 
Jalapa, Ver. 
Tel. 7 68 91 

JESUS DI\VID CPVZ CERVANTES 
Guadalcanal No. 12 
C..ol. Ellzkadi 
~léxioo 15, D,F. 
1'el. 355-28-37 

SERGIO M. ESPI~ DE LOS IDm'l'FDS G. 
ExtrmOOura No. 158-1 
COl. Mixcoac 
~léxico 19, D.F. 
Tel. 563-56-61 

• 

CCMISICN FEDEAAL 00 ElECI'RICID11D 
San Rafael sta. Cecilia No. 211 
Col.· Tlalnepantla 
Edo. de ~co 
Tel. 

.:nn.SICN fUlERAL DE EIECI'RICUWl 
Xalapa, Ver. 

nsHER~ 
Hacien:la de la Guaracha No. 127 
Col. Bosques de Ecla:Jaray 
f:do. de Mlb:. 
Tel. 3-73-06-33 

CCMISict-1 f"E::::eAAL DE ElliCI'RICID'ID 
Allende No. 155 
Col. Jalapa 
Jalapa, Ver. 
Tel. 7 22 39 

S. A. R. !!. 
Gclrez Parias No. 2-ler. Piso 
Col. San Rafael 
~ico, D,F. 
Tel. 535-41-20 

S, A, R. H. 
Gt'nnz Far!as No. 2-Jo. Piso 
COL Tabacalera 
Mo'br.ico 4, D.F. 
Tel. SJs-67-28 Y 29 



D. 

14. 

15. 

16. 

1'1. 

lB. 

JNG, RICARDO FSPRIELIA o:DINEZ 
O..ll.e MZH ~b. 26-12 
COL Fovissste 
~co 21, D.F. 
Tel. 617-96-61 

ll1IS H. FP11lrn CARlEWIS 
-Av. Dnivei:-sidadNo. 465-4 

O:ll. fi!liVlllle 
Mhioo 16, D.F. 
Tel. 523-49-36 

uaM.OO C'.ALIEXS SANOCVAL 
An.axggoras No, 17-304 
COl. Narv=te 
México 12, D.F. 
~l. 

m:;. AIFREJJO Gl\MEZ LCPEZ 
Betancoort N:l. 67 
xalapa, Ver. 
Tel. 7-72-34 

rn::;, JAIME: A. ~IA'<:AS'rN'ml\ 
cerro Gordo No. 150 
COl. Carnpestra dmrubusco 
México 21, D.F. 
Tel. 549-15-70 

EMPRESA Y DIRElXICN 

FACULTAD DE nG:NIERIA lN'\M. 
Ciudad Universitaria 
Tel. 559-52-1.5 Ext. 3748 

' BANRURAL 
cartpecOO No. 290-7o. Pi= 
COl. lbna 
Méxioo 11, O.F. 
"'l. 

S. A.· R. !l. 
G&-ez Parias No. 2-2o. Piso 
Col. Tabacalera 
~ico 4, D.F. 
Tel. 546-67-86 

FACULTAD DE :rn:iENIElUA 
t.NlVERSIOAD VE!Vo....'"RJZA1-t\ 
Calle de la Per>;¡ela S,M 
I.o¡¡¡¡w; Del Estadio 
Xalaf"', ver. 

S.A.R. H. 
Sierra Gorda No. 23 
Col. Ll:m>.s de Tecamachalco 
México 10, D.F. 
Tel. 540-00-52 



"· 

,,, 

21. 

.... •. ~. 

24. 

ING. W!S GAlCIA RE.:lES 
Martln Castrej6n No, 35 
COl. Felicitas del Río 
Mordia, tüch. 
Tel. 2-69-25 

l'NG. Affi'URO GUILIEIM) G:M::Z PEREZ 
cerro de Macuiltepec ~b. 196 
Col. ~stre O'.llf."'.ll:Als 
~co 21, D.F. 
Tel. 544-62-58 

JOOE 1\NIQUO CCtiZAIEZ C1UCANEO 
Gótez Farias No. 2-4o. Piso 
COl. san Rafael 
~co 4, D.F. 
Tal. 546-67-78 

Al.PF.EOO GRANAD:6 SA1AZAR 
llb.u-..dio Martinez No. 249 
Col. Vallejo 
~co 14, D.F. 
fu l. 

m:;. LUIS GllE'.rulA AVII.A 
Allende No. 217 
COL Claveria 
~co 16, D.F. 

"". 
• 

LUIS HEff1AN ARIZCOilRE'.CI\. 
R1o Ueva NO. 32 
Col. Cu.":~uht6ncx: 
Má!tico 5, O.P. 
Tel. 535-06-07 

EMPRESA Y OIF!ECCICN 

Ciudad Universitaria 
~Drelia, Mich. 
Tel. 2-77-76 

l!lXiiN DE MEXICO, S.A. 
BahíÍI. de 'lbdos Santos 149 
COl. Ver6nica AnZures 
~co17, D.F. 
Tel. 545-66-15 Ext. 26 

S.A.R,H. 
G6rez; lirias No2-4o. Piso 

INSTrruro MEXI~ !EL PET!OfiD 
Av. De los Cien 113tros No. 152 
Col. lnd. Vallejo 
~co 14, D,F. 
Tel. 567-54-76 

P E M E X 
Marina Nal. Ea. 329 
Col. Verónica Am>ures 
México 17, D.F. 
Tel. 545-74-60 Ext. 3365 

E S I 11 E a..IIliU11CAN 
Av. Santa Ana No. 1000 
Col. Sn. Feo. CUlhuacan 
~co 13, D.F. 
Tel. 581-85-90 



. . 

N(l>leRE Y DIRECCICN 

zs. nn. FELll'E Lm.A N. 
M;ates No. 7 J. Sn. Hateo 
D:ll. Colina Na~.Calpan 
Edo. ñe Maxioo 
Tel. 373-53-14 

26 • IAI.IRA MARl'lll IUGITA 
CCdorn!z No, 25 
Col. Las Alanedas 
Edo. de~-
Tel. 2 17-63 

27. ING. JCGE ~~. ME:NOOZA GUI'IEHRI';Z 

28. UlG, CARIOO ~ PEREZ 
Zaragoza No. 234 Lflto. 31 
Col. Guen'ero 
~co 3, D.F. 
Tel. 526-26-91 

29, AU'CNSO KlbZ ~~ 
Isabel la Catolica No. 457 
Col. Algarin 
Méx::i.co B, D.F. 
Tel. SJo-77-41 

30, RIJlli!N EL"GENIO Mli90't IJAl'Gl\S 
AV. Palo:rna,g No. 58 
Col. Mayorazgos del Bosque 
Atizapan 
Filo. de M&t. 
Tel. 

EMPRESA Y DIRI:O::lCN 

PE MEX 
Marina Nacional No. 329 

FISHER G:1IEIN)R DE MFXI:CO,S.A. 
Hacienda de la OJarncha No. 127 
COl. Bosques de IXhegaray 
Naucalpan 
Tel. 3 73-06-33 

Fl\ClJLTAD DE llm.IERJA llWl 

INSTI'!Ulú NAC:JCNAL lE l1NESTI 
GI'CICNES ~ ININ 
Benjamfn Franklin N::l. Hil 
Col. Tacubaya 
México 18, D.F. 
Tel. 271-Jl-46 271-31-65 

S.A.R. H. 
G6rez Partas No. 2-lo. PiSO 
Col. Tabac.:llcrn 
México 4, D.F. 
Tel. 535-41-20 

CIA. DE WZ Y PUEP.7 .. ~ tJF.L ClNl'ro 
Av. Playa Pie de la CUesta 273 
Col. Sn. 1\ndt'és ~tepilco 
México 13, D.F. 
Tel. 539-96-10 



31. l!i\K'1) A. MJRAAI( lASSO 
Rar.brarót No. 53 
Col. MiJccoac 
~~ico 19, D.F. 
Tel. 563-37-40 

32. DG. JOOE GA.STCtJ tiJl'O!A DEL RIO 
'nllipán ll:l. 137 
Cbl. o:l. Jardín 
'!rel. 544-03-32 

33. m:;. JESUS Nllfl::Z VA!l\DE'l 
Centra) de talaOOrte:ros No. 112 
Col. .Emilio carran:~:a 
México 2, D.F. 
'1\'!l. 529-36-68 

34. RAill.. E. OCIUll. F:SCCBAA 
Bdfalo No. 8~ 
Col. Del Valle 
~co 12, D.F. 
Te-. 524-12-99 

35. TIJG. Gh"l:ZWO G. ORlrnL Cctn'!OO 
Ge!relos No. 119 
Col. Prado Olur. 
l~co 13, O.F. 
Tel. 582-32-71 

36. IlJIS auzco Rl\MIREZ 
Tlaxcaltecas No. 70 
Col. la Ra:!:a 
!~ 15, D.F. 
'l'el. 597-54-31 

EMPRESA Y D!REXXICN 

DEPFI, utl\M 
Ciudad lhiversitaria 
Tel. 548-65-{)0 

S.A.H.O.P. 
Clliad!n No. 132 
Col. Rema SUr 
México 7, D.F. 
Tel. 564-94-39 

- """""' Av. Central y calle S/N 
sn • .Juan de Aragfu 
Net?.ahual<XlYOtl 
"'l. 

FN:liLTAD PE INGWlBlUA tNi>.M 
Ciudad Universitaria 
Tel. 550-00-40 

FACULTAD DE lNGENIERlA tH".\1 
Ciudad Univa·sitaria 

"'l. 

DlSTnuro wroCAOO M. pe~mm 
Av. de los 100 M:!tros No. 152 
Col. Lindavista 
México 14, D.F. 
Tel. 567-54-76 



. . . . 

37. n~. CMl. JCGE Wis PEAAilrA sor.cruo 
Cali No. 323-A 
Col. valle !:orado 
'l'la.l.nepantla 
Edo. de Mb:. 
Tel. 379-34-16 

38. llK;, J. CRUZ ROBlES GALVEZ 
lida. Sn. Diego de los P.:rlres No. 55 
Col. Frac. Sta. Elena 
Sn, Mateo Ateneo 
Tel. 57D-21-22 Ext. 136 

39. tl& ELVIA SA1AZAR PEREZ 
I...om:b No. 304 Edif. r. Zaragoza A-104 
Col. Qlerrero 
!Mi= 3, D.F. 
'1'<:1. 583-92-36 

10. n,;;. ErM.NOO SALINAS BCll(»QJEZ 
Carlos Pereira No. 1o-a 
COl. Viaducto Piedad 
~ca 13, D.F. 
Tel. 538-.07-28 

41. ~. EIXlAROO SAN":!IlliZ w.R'l'I!n..;z 
Cerrada Casa 'Ho;err No.14 
Col. remas Hidalgo 
M:lrelia, Mich. 
Tel. 289-63 

42. ING. HCMEm SANaiEZ ZOORILLA 
Acacias No. 9 qñ;o. "F" 
Col. Sta. Ma. La. Rivera 
~ 4, D.F. 
Te!. 54'1-39-51 

CCMISICN FEDERAL DE EUCI'RJ.Cll:lt-.D 
Av. Toluca y Don Marruelito 
Col. Olivar de los Padres 
~oo20, D.F. 
Tel. 595-54-oO 

INS•riTUIO WICICNAL DE INVES!'l 
GACICNES Nlx:rEAR&S -
Benjamtn Franklin No. 161 
COl. Tacubaya 
~00 18, D.F. 
Tel. 271-31-85 

CIA. !E WZ Y ruE:RZA [EL CENlThJ 
M2lchor OCa!Jp::¡ No. 171 
col. Anáhuac 
M!Kioo 17, D.F. 
Tel. 535-75-25 

lNS'ITIUro NI'CICNAL DE INVEST.!. 
G/ICIOOES NlX.'IE1IRES 
Benjmnfn Franklin No. 161 
Col. Tacubaya 
~co 18, D.F. 
'1"1!1. 271-31-46 271-31-85 

UNIVERSIDAD MIOlat\CIINA 
ESCUELA DE INCanERIA .Ett:Cl'RICA 
Cit:rlad Universitaria 
1-brelia, Mich. 
Tel. 2 76-77 

S.A.R. H. 
Ignacio Ramirez 1«;1. 2D-4o. Plso 
COl. San Rafael 
~ioo 4, D.F. 
"Inl. 566-36-25 

--



~ l, ING. AlEJANDRO SERRANO 1-'ELIX 
TOribia Mrllna Na. 108 
Q)l. Algarin 
Ml!xioo 8, D.F." 
Tel. 530--53-03 

~ ~. PEDro oc .m>us 'IDlEOO D:'liEG".AA'i 
Insurgentes Sur N::!. 4411 Edif. 21-401 
C.ol. Tlal=ligia 
~léxioo 22, D.F. 
'l'el. 573-51-81 

4<:.. IN3. FRAOCISOJ 'TORRES 
Presa No. 85 
Col. San Jerfuin'o 
~20, D.F. 
Tel. 595-39-15 

4·:i. IN:::. roBERIO VAI.:ElmJEI.l\. CEPEDA 
Av. del Convento Na. 13 
Col. amrubusco 
~ca 21, D.F. 
Tel. 549-29-36 

H. m:J, ALFCNSO VAZCPEZ 1-lJIDZ 
~lchor Ocanpo No. 386 
Col. CUI'Iuhtlrux: 
Méxioo 5, D.F. 
Tel. 514-08-33 

48. ING. ANGEL YAf.lEZ !IERNAN!EZ 
Valle del Mexquital No. 168 
Col. Valle de Arag&l 
Edo. de Méx. 
Tel. 566-38-48 

- ' . . 

FJ\CULTAD DE lNGEN!E.IUA l.JNAM. 
Ciu¡:lad Universitaria 

S. A. H. O. P. 
Pefarma Na. 77-10 Piso 
Méxioo, D.F •. 
Tel. 591-18-69 

CCMISICN rnDEAAL IE EUCI'RICIDW 
Av. Sn Rafael Sta. Cecilia No. 211 
Col. San Rafael 
Tlalnepantla 
Edo. de K'§x. 
Tel. 565-36-18 

S.A.R. H. 
Ignacio Ramii-ez Na. 20 
Col. Tabacalera 
México4, D.F. 
Tel. 566-38-48 

a:MISICN FElERAL DE Et.frl'RICIDI\D 
ROdana 14 l'eZnninne 
Col. cuauhtém--e 
México 5, D.F. 
Tel. 553-71-33 Ext. 2257 

S.A.R. H. 
Ignacio Raro!rez No. 20-4o. Piso 
COl. San Rafael 
~co 4, D.F. 
Tel. 566-38-48 



. . ' . 

' 

NIY.BRE Y Dimx:ICN 

~9. ENRICUB ZAAAl'E lEi'V1\ 
~fonra No. 69-9o. Piso 
col. centro 
M!Jd= 1, D.F. 
Tol. 

50. roBE:Rro zn.IDEJAS M.?PJ\l.E.S· 
calz. de la Viga No. 1416 o=pto. B-108 
COl. Sif6n 
~ 8, D.F. 
Tol. 

51, m::;, Jm.IS IBliRRA VEIAZQOEZ 
Gral. Gpe. Victoria No. 150 
Col, G. A. ~o 
~co 14, D.F. 

Tel. 577-26-27 

EM'Rf.:sA Y DIRECCICN 

S.A.R. H. 
PefoDila No. 69-9o. Piso · 
coL centro 
~~co 1, D.F. 
Tel. 591-09-84 

S.A.R. H. 

• 

Pla7.a de la ~lica No. 31-6o. 
Col. Centro 
~ 1, D.F. 
Tel. 592-41-82 

S.A.R. H. 
Pla7.a de la Peptlblica esq. 
Ponciano Arriaga 6o. Piso 
~co 1, D.F. 
'Ibl. 546-50..96 



- . . . 


