


H- r.ooo suRvEY

ll€'re qontlriuing to dsv€lop th6 R-LOOO, and n€ed your hetp.
knou t,hat equipient you have, hot, you u6e lt, rrhat you llke
H-!.OOO, and uh!r! rre should do Lo ,.ftprqve tt. Please take a
anatler the follor,rlng que6tlon6.

HAVE XOq' PLAX TO BUY
]. . lty bae lc cor\puter l-B a :

Heath H88 or H89 t i t I
lleqth HAa-A or H89-A C I t 1

Zenlth 289 oc Z9O t I t l
Zcntt'h 289-A or Z9o-A t i t I
other(ltl

2. I havc an H-IOOO board t,l!}I:
128R rerory
256R f,errory
512I( rcrory
IO2.1K trenory

3 O 1ek contro L l,er6 :
Hcqth H17 <3-t /4- hard-B6ctor)
lleat'h ll37 (5-t/4" soft-sector )
Hcath H47 (8" floppy)
Heath }167 (9" + lrj.n(:traBLer)
CDR FOC-AAOH (floppy )
Xagnolla 7731.1 (Corvua )
Xagnolia 7?3L6 <i,Lor,tr,t,
llagnollq 77320 (SASI )
ottrer

4. lrrj.nctr(lBter dL6k dr Lv.. :
5 r€gabytca
tO regabytc.
20 regabytell or lora

5. Serl-al and ParaIIaI I/O boqrde:
Heath H-68-3 (3-port .6r lal )
Heath H-88-11 (2 ser.,! par.)
other

Graptrice boarde:
ClcveLand Codonlc6 Iiagirrator
Nort.hweet, Di-glLql Graptrl-ce-Plua
other

7 Arly ottler accorsorLee (prlnCer, rrodel,

ge'd like to
qbout the

f,erl nltlutee to
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8. Oporatlng Syatens I uee or an
HDOS
cPlx-ao (a-btL)
cP/}i-e6 ( 16- btt )
lrs- Dos ( Pc- Dos )
Concurrent DOS
UIIIX <RENIX, VENIX, etc. )

lntereEted tn:
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9. Softsare
f1
*2
*3

4
T5

I arr i.nt€r€st€d in:

10. that f€ature(6) o.ttract€d you to th€
ap.ed
i.rory capacity
cost savLngs
bulld on curr.nt
ottrer (Epocify )

l nvestf,ant

11 - {rhat are yaur raln u6e6 for th. H-looo
aagerrbly- langueg. prograrrrrLng

PLAI{ TO BUY

H-1OOO (ah.ek qII thqt .pply)?
C I H/ZAg cof,pattbl L Lty
C 7 A/2- r,OO corpatlb11lty
C t IBX-PC, llt?l5O corpatlblLity
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(check all that apply)?
buar.naa!
ac,..nt 1J lc
spr.ad.h..t.
r,ord procaaalng

hlgh- level language progr.mlng
qccounC l ng
d..tabase
eduEat lonal
oth€r

12. Ohqt fsutur€e or uccc5Eori.E do you think rc should
t lnch€st€r d16k ay.t.r
3rd-part disk controll.r aupport
addltlonal rrehory cepaclty
fBll-corpatlbl. graphlc6

( llagno I j.6,

oth€r

add or ilprov.?

COR, €tc . )

13. Your ov.rall ratl,ng of
C I .xc.llent t

thG H-1OOO trou ld bc!
lgoodClfalr

14. Do you have any sor .nt6 on th. H-IOOO' or TIISI

t 1 poor

in g.n.ral ?

Thqnk you f,or your tirra
surv€y and rcturn lt to

and corr8ld.ration. Ploaso fold and !.aL tha
TXSI . Ba aura to lnclude yorrr raturn 6ddreaa.

STREET

CITY STATE ztP

TO: Technical llicro Syrtena, Inc.

P.O. Box 7227

Ann Arbor, l{I 44107
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(dARRANTY

All Techn j,cal Micro Sy.ttens Inc. parta and products
carry a ninety (9O) day lirlted warranty. If you have
any questions or problens pith our producta, parta, or
servlce, pLease call or rrrite to us at the addreas given
below, and He'Il do our best to help. Sorry, no collect
cal ls.

For a p€r1od of nln6ty (90) daye after dellvery,
Technical l{lcro Syetena Inc. rrlll repair or replace free
of charge any part or product found defective ln elther
nateriala or worknanEhip. lre further earrant that our
productE rrlll neet the publl8hed apeclflcationE for a
perlod of ninety (9O) days aft.er purchaEe uhen a88enbled
and used according to our published lnstruction6. If a
defectiv€ part or a deBign error on our part causes a
part or product to fall during th€ uarranty period, er€,

uill ropair or replace iL fr€e of charge. Send it to ua
postpaid and ere t,il.l reirburse you for the shlpping
charges.

Our uarranty does not cover, and rre are not responaible
for danage caused by abuse, lncorrect aasenbly, defect-
ive toolE, or unauthorj,zed nodlficatlons. Our earranty
doe.S not includa relnbursenent for lnconvenience, loss
of uEe, or custo,ner labor.

Thla lrarranty Includea only parts and product8 sold by
Technical l,llcro Sy8teme Inc. and does not cover equlp-
nent to whicb our parta or producta ray b6 conn€cted.
We are not reaponaible for incldental or con6equential
danages. Son€ 6tat€E do not allo1, exclu€ion of lncl-
dental or consequential danager, ao thls nay not apply
to you.

Technical l{icro Systena, Inc.
P.O. Box 7227

Ann Arbor, }lI 44107

( 31.3 ) 994-O7A4
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IIlfTF'ODlUCTION

Th€ H-IOOO iE a 28019086 upgrade bourd for the Heath/Zenith
HA9/ZA9 and Z9O aerles conputers. Featureg of the H-1OOO
include cornpatLbl..I.ity with aIl Heath/Zenlth 89-6erles
hardware and aoftuare, up to 1 Megabyte of mernory, an 8086
with an 8 l{Hz clock, and a aoftlrare-gelectable 2 or 4 llli.z
cLock for the Z8O. Two addltional I./O slots .lso have been
added. This nanual covera operatlon, configuraLion,
installation and aervic€.

Chapter L tells you how to j-nttall th€ H-1OOO
computer. OnIy ainpLe hand tools are us€d, and
tralnlng or soldering is required.

Ln
no

yolur H/289
technicaL

Chapter 2 provides help in caae you huve trouble getting
your H-IOOO to eork. ft 1s ln "flot,chart" forn to help zero
l.n on the aource of the problen quLckly and eaally.

Chrpter 3 is a description of hov, the board works fron
soft.lrare poi.nt of view. It describeB Lhe nenory and
naps, se.l.ecting ehlch CPU 1s used, and the various ,rodes
operatton. Read thi8 chapter if you are lnter€sted
writing prograrns that nake use of the special. features
the H-1OOO.

a
I/O
of
In
of

Chapter 4 descr.ibes the H-1OOO
vierr, ft deacribes each circul.!,
chapter If you are planning to
accE aaory boards for the H-IOOO.

fron a hardrrare polnt of
and how it rrorkt. Read this
deslgn or bulld hardrrare

Chapter 5.is a complete set
the board. You should keep
nodiflcati.ons nade.

of schenatic.s and
lt up to date eiLh

parls 1lst for
any changee or

Chapter 6
optionE on
lnstalling

descrlbes the varlous lurnpers
the H-1OOO. Refer to this
apecial progran Rolts.

and user-eelectable
chapter lf you are

Appendlx A thru G provide
speclfications. See the table

lrB believB
ahould any
forr.arded to
suggest ions
you.

data sheets and
of contents for nore

technical
det6 i 1s .

thiE nanual to be up-bo-daLe and correct. but
updatea or addltions be nade lhey will be
you, If you flnd any errors or have any
on the rranual, we would be h.ppy Lo hear fron



CTIAPTEFI f-

IIYS-TAI.I.ATIOIi.

ThiE chapter describes the installation of th€} H-LOOO in a Etanddrd
Heath H89- or Zenith z89-series computer. The H-IOOO iB not hard Lo
Insta1l, but it rnuat be done carefully to avoid costly nistakes. lre
reconrnend that you Lake 15 or 20 mj.nutes Lo read co,npletely Lhrough
thls chapter BEFORE you begin. Thls will g.ive you a good idea of
HhaL is involved. If you don't feel confident about doing the Job
yourself, seek the help of sorneone you trust.

1.01 UNPACKTNG INSTRUCTIONS

Check to se€
find each
H-1OOO board
thould find:

that you have
itetn, check it
itsel.f ln its

received all the n€|cer6ary part8. As
off againet Lhe follolring 1lat. K€ep
protective bag. Besides thls nanual,

you
the
you

H-1OOO board
Dr.T Diagnostic disk (hard-sector only)
I/O board ,nounting bracket
11-pln porrer cable
"H-1OOo" narreplate

If you ordBred any nenory options, they will cotne inst{rll€d on th€
H-1OOO board. If you ordered goftware vrith your H-IOOO, tL L,III be
packaged separately with its ordn packing list. If anything appearll
to be danaged or misslng, pleaee contact uE for a repl-acenent at the
address or phone nunber below:

T SI, c/o Lee HarL
P.O. Box 134
Ktrlanazoo, llf 4A1OS

Phone (616) 345-2960

1.02 NECESSARY TOOLS AND TEST EOUTP}IENT

()
()
()
()
()

InstaJ.lation
Boldering is

of an H-IOOO requirer only sinple tools, and no
required. You wiII need the following:

Regular 1/4" blade screr.,driver
Regular 1/8" blade 6cre$rdrl\rer
Ph111ips screwdriver
1/4" nut driver, or a sna1l patr of pliers

hrhile not required, it iE u5aful to have the HBdth./Z€nith ndnuals
handy for your H/289 and lLs I/O boards. An IC extractj.on tool, and
a voltrreter wil]' algo be heJ.pful at several stages of the assenbly.

1-1



1 . 03 ASSEI.IBLY NOTES

When you are ready to b€gin, follow the atep-by-St€p inatructions.
Read e{ich step conpletely before you do lt. Then perforn the Laska
lndic.ted, and place a check nark (X) ln the space provlded.
Occaelonally, a Etep rrill refer to a draelng or dlagran to help
clarlfy a partlcu-Larr operatLon. All auch flgures are .i.n thla book,
Iocated as cloge ae possible to the step6 that r6fer to then.

r .o4 H/289 CHECKOUT

When nodifying a piecB of equipnent, it is inportant to bB Eure thdt
It ls uorking properly BEFoRE naklng changea. If you have at least
one H17 hard-eector drlve, the Dr.T Dlagnoatlcs e111 check out your
syaten before the H-1ooo ls in6t.rlled, and again after tnBtallation
to be aure overything ls working correctly.

( ) Open the Dr.T diagnoetic package and r€nove the ingLructlons.

( ) Follow the lnstructlons for testlng your H/289.

() When the t€ata have run ruccessfully, go to tection 1.O5. If a
teat falIs, there ia elther an unusual condition preaent
(non-standard configuratlon or cuaton nodificationa), or
sonething is ldrong ulth your H/2A9. You ehould:

A. check ths instructions that cane wj,th thB Dr.T diagnorticr
to aee 1f there 616 any linltatlonE that eould prevent lt
fron working Ln your ByBten (lnsuff1cl.ent hetnory, rdrong diak
fornat, etc. ) .

Ch€ck for uny non - H€ath/Z€nith occ€EEori€E in .1our H/289
(disk controLLera, Epecl.aI ROI{g, 4l{Hz nodlficationE, etc.).
ff so, try renoving then and runnlng the dlognostics 6g6in.

c ConEult the Lroubl e- rhooti ng
llanu6Ls.

Eection of your Heath,/Zenith

B

D

E

Contact your loc6.L Heath store or Zenith service center.

Finul I !r, if you thiRk
dlagnoatic says 1t'a not,
departrenL .

your H/Zgg is working and the Dr.T
contact the TUSI Custoner Service

THE H-IOOO IN A SYSTET'
(dORKING CORRECTLY !

DO NOT INSTALL
THAT IS NOT

r-2

H€oth and Zenith hav6 us6d nany d!.fferent nodel nunbers to describe
the varLoua H88/H89 and ZA9/Z9O nodels. For the purpoEe of thla
nrnual they are aI1 the arne, so l,e elII alnply refer to ther all !a
the H/289.



CAUTIOT t
Hazardous voltag6s are
proa.nt ln the corputor.
Be gure ths llne cord la
unplugged uhen6v6r the
cabinet iE open. A hlgh
voltoge charg€ ray b€
prEa€nt on the flyback
trangforeer and plcture
tube even lf unplugged.
S9!:!-IPU9E-IEEEE-ABEA9 t

I

Y,

i,t,
I if t cover

on

@
fo rvra rd or

s I ide
insert

c rer.rd r i ve r backward
( de pend s
mode I )

into I atch

1.05 OPENING THE H/289 CABIXET

( ) Turn tho rachtne off and unplug the poeer cord

aLde of cover( ) Locate the tr{o latche8 on ei"ther (fl9. 1-1).

( ) Tilt the cover back, and disconnect

( ) Sllde the cover off the iachlne and

fror the outlet.

fan'a porrer connector.

lt aside.

1-3

the

aet

@

FIG. 1-1 OPEIIING THE CABIIIET

) Ino€rt a acr€udriver blad6 into thc notch on the allding latch
plate, and rove lt elthsr fort,ard or backrard to rGlease the
cablnet cover (the dlrectlon vari.ea dapendtng on verslon of
H/ZA9). Repeat thla proc.ss erlth the Iatch on the other alde of
th€ c.binet.



1.06 HEAT SIIIK UPGRADE (OPTIOXAL)

Tro diffrrcnt h.at rink asr.rbll.r havo b..n u..d ln H/z'89.. Thc
old.r aa..rbly t. l.8r r.Ilabl. and should b. upgradad. To gco whLch
v.r.lon you trav., look at th. h.at .lnk ....rbly ln th. rear rlEht-
hand cortr.r of th. cabln.t. If lt ha. thc block flnn.d hestslnks and
q 78HO5 r.gul.tor at U1O1 (f,fg. 1-2) th.n you hav. th. nct, a...rbl,yi
rktp ahrad to ..ctlon 1.O7. Oth.rwl.., p.rforr thr folloplng .t.pa
to upgr.d. th. h.at .1nk a...rbly.

(, Contact your H..th/Z.nlth d.al.r or TftI and
fol Iorrlng p6rt.:

- 3 black f1nn.d h..t.lnk. (H.ath 2L3-685t
- TAHOS rrgulator (H.ath {{2-651)
- p6ck.t of th.rral corpound (H.ath 352-31 )

r.guGst th6

( ) Unplug tho cabl. conn.ctorr fror th. pourr ruSrply board. llote
th.lr po.ltlonr cqrofully .o th.y can b. r.plac.d lat.r-

( ) R.rov. th. four
ralova tha board

acrart
and aat

holdlnE tho
lt a.ld..

por.r .upply boord. Thrn

( ) R.rov. th. { h.:. .pacr.r3 holdlng th. r.Eulrtor rountlng bracket.
( ) Porltlon th. brack.t .o you can

pull tt ao far that you put any
sork on both
.trqln on th.

Do not
cable! .

.1d€r of lt.
connactlng

and .et thor( ) R.rov. thr tro .cr.r. holdlng r.Eulator U1O2
Th.n r.rov. U1O2 fror tt. .ock.t.

aside,

CAUTIOX: You wtll b. u.tng Dos Cornlng 34O therral corpound ln
th. folloulng .t.p.. It 1. not cau.tlc but ray cau.. t.rpor$y
dtrcor:fort tf lt Eata ln your eyor. If, thl. 8hould happ.n,
rln.. your .y.. rrlth rarr eat.r. If lt g.t. on your clothlng,
profoarl,onal cl.anlng ray b. n..d.d. Thc corpound contaln8
zr,nc oxld.., .1llcon dloxld.., .nd tr.c.. of carbon dloxlde.

( ) Coat th. ratl,ng rurfacrl
and th. rounttng brackat

of, the
ljlth a

r.gulator, 6
THII| coat of

finn.d
th.r.al

h.at8ink,
coaPound .

( ) R.-ln.t.Il UtO2 uith a flnn.d h.at.ink b.tr..n th. r.gul.tor and
brach.t a. .houa 1n flg. 1-2. U.. th. ortgln.I .ountlng acr.$a.

( ) R.pl.s. th. a.gulator rountl,ng brqck.t ln it. original poaiti.on,
.nd ..cur. tt {lth th. four h.x .p.c.!..

( ) R.pLac. th. por.E .upply board and a.cur. lt ylth lte { rcrlre.

( ) Slrll.rly, ln.tall q flnn.d h.at.lnk at U1O3 <f Lg. l-2t.

( ) R.rov. thr rrgulator at U1Ol and .at it a8td., tt won't b. u..d.
R.pl.c. lt wlth th. n.u 78HOS r.gulator. lount th. rGgulator
r,lth c flnn.d h..t.lnk .nd th.rr.l co:pound a. abovc.

( ) Plug th. ocbl. oonn.crtorr brck onto th. pou.r rupply boqrd
.xrctly .. th.y e.r.. g!B!M: B. .ur. non. of th. poo.r rupply
cronnaotora rra ravaraad or offaat b, a pln. Thlr can oauaa
aarloua duagr.

l-4
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1. 07 ACCESSORY BOARD REI{OVAL

In tho follouing Et3p8 you reill unplug th€ I/O boarde. It is not
u.ually n.cs8sary to r6rov€ the boarda coiplet.Iy fror the rachlne;
only that th.y be unplugg.d fror th. CPU board. Heath and Z6n1th
boarda pre8€nt no speclal problsra. If you hav€ any oth€r rqnu-
factur€r'B I/O boarda lnatalled, chock the ranuals that care rrlth
th€n for any apecial inEtructiona on th€ir reioval or inatqllation.

( ) Turn the rachlne "off", and unplug It.

( ) Renove the Lrro €cr€ua holdlng th€ rlght-hand I/O board rountlng
bracket (see flg. 1-3). Be careful not to drop the .crewa
lnar,de the nachlne. S€t the screu8 and bracket aBld€.

( ) U66 ftg. 1-3 to sketch the acccgeory board ln each I/O alot, and
how ltg cable conn€ctlona ar€ rade. fn parttcul"ar, nota Hhera
e6ch cabl. pluga ln and the orlentatlon of any color.d t,lrea or
strlpes ("blu. Etrlpe up" or "bronn Hlre on top", etc.). Your
aketch rrlll bo u8€ful I6t.r to help re-ln8tall th. boardg
correctly.

( ) Unplug any board i.n I/O alot "3'
to record the cable connectlona

Be aure

( ) Slnllarly, unplug any bodrd ln I/O slot 2 (c€nter).

( ) Lj.kerrlae, unpLug any board fron I/O Blot L (rightroat).

If any I/O boards have a s€parate cable connection to the CPU
board (auch a6 Lhe Heath H?7 goft-eector 5-L/4" dlak
controller), carefully unplug thc cable fror the I/O board .9nd.
Be eure to note lts porlLLon and orlentatlon on flg. 1-3.

(the loftroat slot ) -
ln flg. 1-3.

( ) If any of th€
the CPU board,
fi9. 1-3.

f/O boarde h{rve a
unplug lt or rove

cable that
It aald6.

runa over the top
Note lta poBltlon

of
1n

1-7





1

PULL UP

HOOK
PRO NGS
UND ER
tc

7

Integrated circuiLs (ICe) arG
rugged and rellablc corpon.nts,
but they can be easlly daragod by
statlc €lectrlcity or lrproper
handllng. Uae th€ follorring pro-
c€eduro6 irhan lnstalling or
rsrovlng IC.:

Rerove the IC grlth the IC
extractlon tool provided. Hook
the tool over the endg of th6
IC and pull atralght up,
rocklng Ellghtly fror end to
end.

Hold on to the IC untll it ls
elth€r replacod on a board or
atored safely. ICs can b€
aafely Btsored ln apeclal IC
tub6a, black conductl.va foar,
or r,rapp€d 1n qlurlnur fo1l.

Stratghten any bent plna on the
IC. The plna should be parallel
to each other and at right
angles to th€ case. Sona ICr
rray have thei,r pina eprcad out
alLghtly (aee lllustratlon). If
ao, allgn the pina by gently
pressing agalnat a table top
and bcndlng aa ahoen.

trlhen lnstalllng the IC, allgn
the notch and/or dot ulth the
lndGx rark on thc board (6ee
belov). Be aure aII the plna
onter the hol6a of tha aockst,
and then pres8 the IC lnto 1ts
socket.

REIIOVE THE IC

I NOT TH IS

BEND. . .

LIKE THIS

STRAIGHTE}I THE LEADS

2

3

4

0ct

PIT IPtt I7u I?tr I

I0T C ll D()I t0IcISIIIT

ffiffi
0trIrIlor

ffi

FIG. 1-5 INTEGRATED CIRCUIT HAI{DLIIIG
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u550

P514
sws01

u518

u519

u520

FIG. 1-6 H/269 BOARD ROT LOCATIOIIS

I. 09 RO}I EXCHANGE

ll/289s use nany different ROI ICa to aupport dlffer€nt disk control-
Iera and other acceeaori€a. In the follouing etepa, you nlIJ. rove
Rolls U518, U519, U52O, and U55O fror your old CPU bo6rd to the
H-IOOO. Thls lnEurra that the H-1OOO ulII be corpatlble wlth your
preaent syater. Obaervc the IC handllng lnatructions 1n flg. 1-5.

( ) Unpack Lhe H-IOOO board fron lts proLectlve packaglng.

( ) Place
fl ot,

board gide-by-side on a

( ) Rerove tha ROI ln aocket U518 of the old CPU board (f19. 1-6).

the old CPU bo.rd cnd the H-1OOO
clean gurface, corponent alde up.

( ) Re- inatall
l-7>. Be

the ROI{ in socket U518 on the H-IOOO boqrd (Eee f i.g.
1 la In the corr€ct loc.tion, and that all
ln the eocket.

su re Pln
hoI eeplna go Into the

( ) If there la an IC in gocket U519 of the ol,d
and lngtall lt on the H-IOOO at U519. (l{oBt
an IC in th18 aock€t.)

CPU board, rerove it
H/289a wlll not have

( ) Renove the ROl{
in Eocket U52O

ln
on

U52O of th€ old CPU board, and re-inatall It
Lhe H-1OOO board.

( ) Rerove the
at U55O on

in U55O of the old CPU board, and r.-inatall lt
H-1000.

ROll
the

1- 10
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sw501
H/289
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E
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4
3
2
1
o
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TI
EIEI

sw501
H.1000

ON OF ON OFF

FIG. 1-7 H-1OOO BOARD ROT LOCATIOIIS

1.10 DIP SU'ITCH SETTIIIGS

sr,ltch Strrsol on the H-1OOO Ia functlonally ldentlcql to
the old CPU boardi howGv6r, the enltch poBttlons (O-7) are
top-to-bottor on the H-1OOO due to layout reatrictlons.
DIP Ewitch poalLlonB on th€ H-1ooo to natch you old cPU

follons (a6e flg. 1-7):

the D9!t9! DIP qvitch poaition (#O) on ths H-IOOO to ratch
top DIP eultch poaltion (tlO) on your old CPU board (1.e. If
old CPU board'g seltch *O la positloned to the right, act

H-1OOO'e Berltch fO to the rlght).

The DIP
SUISO1 on
r6verged
SeL the
board as

()Set
the
the
the

( ) Sirilarly, set srrltch #1 through il7 on th€ H-1OOO to ratch the
correepondlng eLrltchea on th6 old CPU board.

1-11
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1.11 DETERITIIIIIIG YOUR H/ZA9 HODEL

H..th/Z.alth oorput.r. hrv. ur.d too dlff.r.nt tytr.. of CPU boardr.
In ord.r to tn.t.Ll th. H-1OOO lt t. EgggllIAL that )'ou knor rhl.ch
typ. of CPU board your rqchln. h..i Tho H-1OOO rt,ll not work and
r.y b. .arlou.ly da:agad Lf thr irong c.bl. rnd Jurlr.r conflgu8atlon
la urad.

( ) Locotr conn.ctos P515 ln th. upp.r laft-hand corn.r of your old
CPU bo.rd (... flE. 1-6).

tf
IF

PS15 h.. 10 pln., th.n COITIIUE to SECTIOX
PStg hr. 11 p1n., th.n GO to SECTIOI 1.1{

t.t2

1.12 JUIiPER POAITIOxS FOR OLDER H/289t

U.. th... ln.truction. for old.r N/z.89. (elth 1o-pln conn.ctor. at
P31{ .nd P515). JurPerr JJSO{-g stll bo 8.t ln th. folloulng .t.p.
(f 19. 1-A .nd 1-9). 'Jurp.r.' ar. .l.l,l connactor. th.t can b. put
ln .av.rql poaltLon. to conflgur. th. board for v.rlou. .yrt.rr.
llhrn s. tall you to ..t . Jurp.r "th. 8ara" aa your old borrd, ..t
tt to th. SAllE llUllBER OR LET?ER .v.n Lf th. pln arrang.r.nt t.
dlff.r.nt. To &t . lurp.r, pult 1t off by h.nd .nd plug tt back on
tn tha corract poaltlon. Xota th. Jurpar nurb.r. carcfully -- th.y
ar. tfOT th. ..r. for th. H89 and tho H-1OOO.

( ) On th. old CPU boqrd, th.r. ral, b. q t.rl.tor b.ts..n pinr 1 and
,.2 of PSf2 uh.n no llo board ec. ln.t.ll.d ln th. flr.t
(rtEht.o.t) I/O .lot. Tht. r..l.tor 1. not norded ulth thr
H-1OOO, and rhould not b. rovrd.

( ) Dt.E.Eard any Jurp.r rlr. on JJ5O3 of your old boqrd, thla tlr.
i..n 't n..d.d on th. lI- 1OOO .

L.L2

( ) Count th. plnr at P515, lncludlnE any thot havr btcn out or
r.rov.d (a gsp count. .. . pln). Thon ao 9!E of th. follorlng:

( ) Ignorr Jurp.r. JJ5O1 , JJ5O2, JJ5O3, and JJ5O4 on your old CPU
borrdt th.y .r. not u..d on thr H-IOOO.



( ) S.t JJSO{ on tho H-1OOO to th. .ar. nurb.r "o") r. JJSO5
on your old CPU boerd.

() JJ5O5 on thr H-IOOO har
d.tarrtn. tha corr.ct
board. Th.r. .r. thr..

thr.. porltlons: r'gr, "1" or To
po.ltlon, looh .t JJ5O5 on your old CPU

po..lbllltl..:

( ) It JJsOB on your old CPU board 1,. ..t at "Q", r.t JJ9O5 on
tho H-IOOO

( ) lf JJ5O6 on ),ourc.nt.r pln to thr
f,urp.r JJ5O5 on th.

old CPU board har q
ralory axpanalon

H - 1000

Jurp.r uira
connoctot,

fror lt.
th.n .at

( ) S.t JJ5O6 on thr H-IOOO to thr .ar. nurb.r ("1" or "O") ar JJ5O7
on your old CPU boerd.

d.t.rrtn. th. corE.ct t o.ltlon, look .t JJ5O6 .nd JJ5O8 on
old CPU bo.rd. Th.n p.rforr OllE of th. folloelng:

.To
youl

( ) If JJ5O6 on your old CPU board hqr o furp.r ei,r. fror ltr
c.nt.r pln to th. r..ory .xp.n.lon conn.ctor, than .at JJ5O7
on thr ll-1OOO

() If th.r. i. no Jurp.r ula. on JJ5O5
A!9 I urp.i JJ3O8 on your old borrd l.
..t Jurp.8 JJ!O7 on th. H-IOOO to "A-.

of your old CPU
ln po.ltlon "4",

boqEd
th.a

( ) If thrrr
!!p surprr
a.t JurpGr

lr no Jurt.r ulr. on JJ5O6 of youa old CPU board
JJ5O8 on your old borrd 1. ,,n po.ltlon "8", th.n
JJ5Q7 on th. H-IOOO to "B".

( ) 3.t JJSOO on th. H-1OOO to "C" tf JJIOT on th. H-1OOO 1. ..t to
"C-i oth.rel.., ..t JJ5O8 to "AB".

( ) S.t JJ5O9 on th. H-1OOO to tha "1" po.ltton.

1-13

( ) If JJllOt6 on )rour old CPU bocrd t. rt at "1", ot JJ5O5 on
th. H-IOOO





1 . 13 INSTALLII{G T}TE H- 1OOO III OLDER H/?,99.

9!C!r9!

( ) R.f.r to flg. l-1O, ond .11d. th. H-IOOO about halfv.lr lnto th.
card guldor. Locato conn.ctor J313 (at th. .nd of th. cabl. fror
th. T.r.lnal Logtc Board) r and pluE Lt lnto P313 on th. H-1OOO
(ln th. lot.r rlght-hand corn.r). B. .ur. th.t th. .Iott.d .1d.
of J313 fac.a touard the rtght.

( ) 111d. thr H-IOOO th. r..t of thr
a .crau at .ach .nd to fc.t.n lt

ray lnto th. rachln.. InrtqlL
1n phco.

( ) Plug thc rtrort lO-pln connaotoa fEor th. T.rrlnal Loglc Board(JSIS) lnto P31S on th. H-IOOO. Pu.h lt rll th. u.y do$n .o th.
long pln. .xt.nd throuEh th. b.ck. Br ruro not to off..t 1t by
a ptn, and that th. .Iott.d .1d. f.c.. toeard th. rlEht.

Plug tho lo-pln poe.r .uppltr conn.otor (J51{) onto P513 on th.
H-IOOO borrd, on top of th. connoctor alraady thorr (Don't ure
P51{). Tha t,lr. colora rhould ratch. Br rurr not to off.at lt
up or doun by a ;rln, and thlt th. .lott.d a1d. faca. tou.rd tho
r1ght.

()

()

( ) PluE th. {-pln conn.ctor fror th. r.gulator rountlng brack.t
lnto P516.

( ) Plug th. unlt ln lnd turn lt on.

( ) If, tha eorputar do.. not baat, onca ga trlca, turn lt off and
unplug 1t. Doubla-chack th. elrlng of tha connactor. and chack
to ... tf qll th. c.bl.. arr pluggrd ln corr.ctly. If you can
ftnd nothlng rrong, conault Chapt.r 2, "In C..r of Troubl.".

If thr corput.r "bor;rr" oncr. or trltr., uatt for lt to varr
Th. 'H:' prorpt .hould .pp.ar. ?ha ronltor functton. .hould
uork norrally (tncludtng r.rory t.at.), although of cour..
c.n't boot a dl.k ul,thout any I/O boardr ln.tall.d.

uP.
al I
,.t

If no "H:- qpp.qr., turn thc rachln. oft qnd unpluE tt. Chrck
th. connactor ulrlng and raka aura all connactora ara pluggad in
corrrctly. If nothlng 1. found, conrult Chrpt.r 2 "In Ca.. of
Trou5ta" .

Irr oc, !o crEr?tor 1- 13
1- t3

In thr follorlng .t.p. you wtll oonn.ct th. por.r and
t.rrl,nal loglc board connactor. to th. H-IOOO. Br
car.ful not to pLuE tn a cabl. backrardr, or offaat
It by onc or rora plna. Dolng ro can cauaa aarloua
dar.E. to your rachtna! Th. lt-looo'. conn.ctora hav.
b..n "k.y.d" by r.rovl,nE c.rt.In pln. to h.lp pr.vant
thla, but your r6chl,n. ray not ba k.y.d th. .ar. uay.
Brsarc 1f onr of your connoctorl haa a thlt
blockr a holo rh.r. th. H-IOOO h.. a pln. R.ch.ck
your uork carofully, and only r.lov. th. k.y or cut
a pln uh.n you ar. SURE you ar. rtght.
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Thr H-1OOO hqr thr
But th.r. .r. . fru
dlr.ctton. SIBEECIL!.

.ar. JulP.r d.algnstlon.
ch.ng.. and add1tlon.,

a. th. n.u.r H/289-4.
.o r.ad thr fol loulnE

( ) Dl.r.g.rd th. Po.ltlon.
thr old CPU bo.rd; th.Y

( ) 3.t JJ5O4 on th. H-1OOO to
on your otd CPU board.

( ) If, JJSOS on your
th. H-1OOO

of Surprrr JJ5O1,
ara not notded on

JJ5O2, 6nd JJ5O3
th. H-IOOO.

tha .ar. nurb.r ("1" or "O") ar JJSO{

on

OId CPU
( ) JJ5o5 on th. H-lOOo h.. thr.. Po.ltlon': "O", "1" or

d.t.rrl,n. th. corr.ct Po.lt!.on, look at JJ3O5 on your
bo.rd. Th.r. ar. thr.. po..lblIltlaa:

otd CPU boord ir ret to 1 s.t JJSOS on

( ) I{
the

on
to

your old CPU board 1...t to "O", r.t JJ5o5 on
-o-.JJ5O5

H- 1000

( ) S.t JJ5O5 on thr H-IOOO to th€ .ar. nurb.r ("1" oa "O") a. JJ3O6
on your old CPU bolrd.

f1g. 1-12). To d.t.rrln. th. corr.ct to.ltlon, look at JJ5O5
.nd JJ5O7 on your old CPU board. Thrn do OLE of th. folloulng:

( ) If JJ5O5 on your old CPU
c.nt.r ptn to tha r.rory
on th. H-1OOO

( ) If JJ5O5 on your old CPU boaad har r
contor p!.n to th. t.rory orpanrlon but,
th. lt- 1OOO to "C".

board ho. . Jurpar vlrr fror ltt
.xpan.lon conn.ctor, th.n aat JJSOS

J urpar utr. fror 1t8
th.n ..t JJ5O7 on

( ) .If thrrr ,..'A!p JJ5o7 on
JJ5O7 on th.

no Jurp.r rr,r. on JJSOS of your old CPU boqrd
lrour o1d CPU board t. a.t to "4", th.n ..t
H-IOOO to "A".

( ) If th.re 1. no Jurp.r r!r. on JJ5O5 of your
!!9 JJ5O7 on your old CPU bolrd 1. ..t
JJ5O7 on th. H-IOOO to "B".

old CPU board
than ..t

( ) 3.t JJ5O8 on th. H-IOOO to "C" tf
"C"; othGr1.., ..t JJSOa to "4B".

JJ3O7 on tho H-IOOO 1. r.t to

( ) S.t JJ5O9 on th. lt- 1OOO to th. "1" porltton.
( ) On ,our old CPU board, th.r. .a, b. . r.al.tor b.tuaan pln. 1

and L2 of P512 1f no llo board uar h.tall.d 1n th. ftrrt(rlghtro.t) f/O .lot. Thl. r..l.tor 1. not n..d.d on th. H-IOOO,
and .hould not b. u..d.

t-t7
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1.15 INSTALLITG THE H-IOOO Itl l{ElrrER tl/289-Ar

CAUT IOII

In th. follortng rtr;rr you t 111 oonn.ct tha por.r and
t.rrln.l loElc board conn.ctorr to tha H-IOOO. B.
caraful not to plug ln . c!bl. backrardr, or o:f,f..t
,,t by ona oa aora plna. Dolng ro can ccul. aarloua
dqraE. to your r.chln.t Th. H-1OOO'. cotln.ctorr havo
b..n "k.y.d" by r.rovlng c.rtain pln. to h.lp pr.v.nt
th18, bue your rachl,n. rqy not b. k.y.d tho rar uay.
Brearr Lf on. of your conn.ctora hra a th6t
block. a hol. utr.r. th. H-IOOO har a pln. R.ch.ck
your tork carrfully, and only rarova th. k.y or cut
c pln eh.n you ar. SURE you .r. rtght.

In th. follorlng rt.p. )rou ui.Il E.plqc. tha ahort "Jurp.r" cabl. on
J{Ol of th. T.rrlnql Loglc Bo.rd ulth a n.9 longor cablr (ruppll.cd
ulth thr H-IOOO). Th. nrw cablr 1e rxactly l1kr tho orlglnaL on.,
only longrr.
( ) Unplug th. Ehort

l.ft corn.r of
po..lb I I lt 1.. :

"Jurpar" cabl€ fror connastor
tho TGrrlnal, Logtc Board.

-If thr old cabl. tr.t1tl att.ch.d to thr corput.r by a rhl.ld.d
elr. ln pl,n 11, r.rov. thla wtra fror th. conn.ctor a. 8horn ln
flg. 1-13. Tho old cabl. 1. nou fr.. of th. rachlnei ..t lt
a.l,tl.. R.lov. thr yrllou ulrr ftor ptn 11 of both .nd. of th.
n.u cabl.. Plug the .hl.Id.d wlr. Lnto pln 11 of on. .nd of tha
ncu cabh. Th. n.u cable ahould nou bs axqctly ltko thc
orlg1nal on€, only Iongar.

- If th€ old cabl. ls frro of thc rachln. a5 .oon ar lt ir
unpluggrd fror J4O1, thr now cabl. c.n b. ua.d wlthout chang..

( ) PluE th. n.r long.r crbl. onto J4O1 of th. T.rrlnal Loglc Board.
Thc .nd utth thr rhlrldrd ulr. (i.f prG..nt) ahould b. on J4O1 a.
It ea. or1glnally.

( ) R.f.r to f 19. 1-1.1, and .11d. th. H-IOOO about halfuay lnto thr
card guld... Locat. coon.ctor J513 (rt th. .nd of th. cqbh :f,ror
th. T.rrln.l Loglc Board), cnd plug lt lnto P513 on th. H-IOOO
(ln th. louor rlght-hsnd cornar). Bc .ur. that thr alott.d .1d.
of J513 fac€s toucrd th. rlght.

( ) sltd. th. H-IOOO th. E.at of th. uay lnto th. rachln..
a rcr.t at .ach rnd to fartrn lt 1n pl.c..

Inato I I

Plug th. 1t-p1n ";unprr" cablr f,ror thr T.rrlnal Loglc Board(J515) onto P514 on th. H-1OOO (don't u.. P515). Pueh lt all th.
uqy doen ro thr long ptna axt.nd out through th. back. B. .ur.
It l. not o:fi,CL by . pln, .nd th.t th. rlott.d .1d. f.c.a
touard th. I.ft.

()
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PLUG IN
CONNECTORS FIN ISH LOWER IN6 BOARD

REPLACE SCREWS (2)
P516

a

P5 15

P5 1l+

INSERT BOARD HALFWAY;
PLUG I N iJ51]

J513
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FIG. 1-14 IXSTALLIIG THE H-1OOO IX IEI'ER H/289-A.

1.16 IIISTALLII{G ACCESSORY BOARDS

Thr H-1OOO ha. fiv. qcc.l.ory .lot. ln.t.ad of th. thra. providrd on
thr H/289. Th. thr.. rlghtro.t I/O .lot. (1 thau 3) on the H-IOOO
aaa ldantlcal. to the thr.. .lot. on th. HlZBji all H..th/Z.nlth (.nd
rort oth.r) I/O board. .r. ln.tql,l.d 1n th... rlot oxqctly thc rarr
a. for an HlZ89.

Th. tuo n.u I/O Glotr (4 end 5) ar. ld.ntical to .lot! 2 and 3,
.t3c.pt th.t th.y .r. a..lgn.d to nru I/O .ddr...... Lr. r.corr.ad
that you do not u.a th.r untll you havr ln.t.ll.d )rour orlglnal I/O
board. and hav. th.r rrorklng norrrlly. S.a Chaptar 3, "I{ou to
Progr.r th. H-IOOO" for lore dotallr.
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( ) H..th 2.a9-3? soft.S.ctor Dl.k controllar Bogrd: P.rforr th.
folloutng at.P8 OxLY lf you rlll br utlng thl' bo'rd on th'
H-1000:

( ) R.rov. ICr U557 and U558 fror th. H-1OOO bo.rd rlth th' IC
.xtractlon tool.

( ) R.rov. th.
,,n.tal1 lt

f,urp.a plug fror U556 on your old CPU board, qnd
ln .ock.t USS8 on th. H-1OOO bo.rd.

( ) R.f.r to your not.. on flg. t-3, lrnd r.-i'n.tall thr I/O board
r.lov.d froi rlot on. (rlght-lo3t). Alao ro-connact any cabLer
th.t rr.r. dl.conn.ct.d fror lt ..r11.r. Bo vory car.ful lt 1.
not ln.tall.d .1thar 1 ptn too htgh or lou, or consld.rabla
daraga can raault.

IOTE: Th. H-IOOO po.r.tlon. th. rlght-ro.t I/O board clo-.r to
th. lnt.rn.l dl.k drlv. th.n an H/289. Thorr ray b. q flat
rlbbon cabl. rrlth c bl.ck .I..v. runnlng through thl. ar.a. lf
tha .l..va rak.. th. cabl. too thlck, you r.y havo to rerov. th.
.la.v. or r.-po.ltlon th. cabl. to flt.

( ) Slrilarly,
( ) R.- tn.t.l I any bocrd

( ) ll.ath Soft-Sactor Dl.k Controll.E board <Z-A9-37r: If lrou hav€
thl. borrd, plug th. Jurp.r cabl. fror lt (th.t u..d to conn.ct
to US57 on your old CPU borrd) ,'nto IC .ock.t U557 on th. H-IOOO
board.

( ) Inrtall th. n.w I/O bo6rd rounting brrck.t, u.lng th. tro .cr.T.
fror the orlEtnal brsck.t. Bo turo to placa th. I/O bosrd8 ln
th. card Euld.. b.for. tight.nlng th. .cr.ur.

( ) R.plac. thc covar and raconn.ct th. fan.
( ) Plug thc rachlne 1n and turn lt "on".

( ) Thc rachlnc ahould b..p onca or tulc. and th. "H:" pro.pt thould
app.ar. If tht. do.. not happ.n turn th. rachtn. "off .' .nd
unplug l't. Ch.ck th. ln.tallqtlon of tbG acc..8ory boards and
thclr c.bla!. lf nothlng c.n b. found, Eo to Chapt.r 2, ..In
Ca8e of Troubl.".

()Run
for

the "DR. T"
tcstlng an

diagno.tlc tort. agoin, ond follot th. dr.r€ction8
H- 1000 .

( ) If you hav.
"In C... of

an). probl.r uith th. t..t., procacd to Choptor 2,
TroubIo".

Ttrr-- c:o-pr--t-- I8r-t-t-r-atr-orr
of ttrr II-1OOO t

re-1nata11 any

that
boaad that ray havr b..n ln .lot 2

ray hrva b.an ln alot 3.
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CHAPTEF' 2

Ilr CASE OF TR('T.,BI.E

2. O1 GEXERAL TROUBLESHOOTING

1 GEI{ERAL
Don't do too rany thlnga at onc. (1.e.
at thG Eqie tlre aa Lhe H-IOOO).
lnstall€d and eorklng correctly
accoggorlea.

lnstall neu I/O boards
lrait untll the H-looo lE
before addlng other

2

Havo 6 friend check your instalf6tion. Sorcone r,ho has not
aeen lt before ray notlce gonBthlng you have overlookad.

NON-STANDARD ACCESSORIES
If you have any non - Herth /ZeniL}t acc€asori€s in your nachin€,
they ehould be reroved before j.nstqlllng Lhc H-IOOO unlesg you
are aure they 6ra corpatibl6 eith lt. ff you aren't sure, call
ua at TIISI f iret.

3

64K of RAll rerory.
HBath/Zenith H17
control Ier .

Standard Terrlnal
Standard 2 l{Hz CPU

Logl.c Board
clock.

CBrtain non - Heath /ZeniL}) acceaaories rrlll
nore L€st6 froa runntng rucceE8fulIy.
Iagnolia d16k conlroller causle6 the 2 rSec.

hard-sector dlsk drive and

configuratlon (9600 baud, etc).

alao pr€vent on€ or
For exarple, thc

clock t6.t to fall.

5-L / 4"

4 HEAT SINX UPGRADE
Ch.ck to s€e that th€ correct r.gulators are lnatalled in U1O1,
U1O2, and U1O3. Bc gure the regulator'a plnG do not touch the
r€gulator rounting brack€t (th€ r.gulator aock.t6 have a ridge
around th6 €dg€a of thelr hol€a to h6lp prevent thta). Ch€ck
that the four connactor. to thc power supply board are plugged
in corrcctly.

HeaviJ,y loadcd H/Zg9'a tend to overheat the center pin€ of
connector P1O1 (tho r€ar-ro8t connector on th€ pol,er aupply
board). The ayrptor. of thls probl.r ar€ dlacoloratlon around
the yellop tJirea on P1O1 , and/or a dark horLzontal band on the
acreen that noves slorly uprrard. Heath's aolutlon to thle
probler !a to r€rove th€ y€llow wirea froi PlOl , and Bolder
ther directly to brldge rcctifler BR1, on the regulator
nounting bracket. Ark your Heqth or Zenith rervic€ cenLer for
detai ls .

2-L

Thla chapt.r i6 dr.vided into teo sections. The firat is on general
troubleEhootlng, rrhlch covera Problera ln the lngtallatlon. The
s€cond aection 1o a f1ou chart to helP you flnd dcfectlve Parts fror
the problera thsy cqus€.

H/ZA9 PROBLEIIS
If your H/289 doean't pa6a th€ DR.T dlagnoatj.cs, check for the
follor,lng condltiona. Thc DR.T r€v. 1.O r.qulre8:



5 H-1OOO INSTALLATIO}I
If the corputer doesn't "beep" once or
lnatalled, go back ov€r the l.nstallrtlon
your r,ork. Be ParLicularly r.ratchf uI f or

thrlce rrlth the H-1OOO
ln8tructions and check
the fol loelng:

Connectore plugged in backr,ardt, or offaet by one or rore
pina.
ROtl ICs inatalled t rong (5€e belorr).
Connectora that rrere accldenLally unplugged or knocked
loose .
Acctd€ntally chlnging the aritchea on tho Terrinal Logic
Board .

Check the R0lle you inatalled on thg H-IOOO. llake gure they are
ln the correct aockets, and have Pln 1 at the correct end (aoe
fig. 1-1O or 1-13). The folloulng R0lle are accePtable. If you
have a non - Heath/Zenlth dlsk conLroller board, sore of th€8€
Rolla nay be different.

H-1OOO aocket Acceptoble prrt nunbera

444-40, 444-62, 444-44 (ob8ol€te), 444-L42
90L 1

u519 ( erpty

Heath#

in aII Heath systera)

u520 444- t9

u550 Heath 444-43, 444-6t
CDR# CDR86

ACCESSORY BOARD INSTALLATIOT
If plugging ln the Accessory boards cauaea the "H:" to go anay,
check for an accerEory board inatalled in the urong 6ocket, or
off8et up or dorrn by a pin. Also be 6ure the cableg to the
acceaaory board are lnBtalled exactly aa you renoved ther (see
f ig. 1-3).

IT I{ORKS, BUT. . .
If you have turned on the .achlne srlth a regulator or porrer
connector lnstalled wrong, check brldge rectifl.er BRl (Iocated
on the regulator rountlng brackat). ft ls posslble for 1 or
rore of the diod€B ln it to fall, and yet the rrchine rtlll
aeers to eork. Syrptore of thia probler are randor prograr
"craahcs" and g€nerolIy unreltable operatlon. You sj-lI need 6
Volt-Ohr l{eter to nake the folloulng teata. Perforr the lests
with the nachine fully warred up.

Turn the rachine on, and nBaBur€ the AC voltage betrreen TPl
and ground (see flg. 1-2 on prge 1-5). ThIs Ie the anount
of rlpple on tha +5 VDC aupply, and should neasure fesg than
10 IVAC.

lteaaure t,he volt69€ beti,eon TP2 and ground
Ehould be betrJ€€n 8.2 and 9.5 VDC.

(f ig. L-2> . TL

u51A Heath#
CDR#

6

7

the above teata fail, then BR1 ia probablyIf both of
defectl.ve.
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2. 02 TROUBLE FLOI'CHARTS

NO

NO

TO

YES

YES

YE5

COUPUTEB DOESN'T
WORK IdITH H- 1OOO

II{STALLED

I
2
3
4

Not plugged in
Fuee bloen
On/Off Eultch
Sr,ltch or trangforner r,1ring

Noth l ng
happene when
turned on

?

1

2
3
4
5

Short circult on
board
Short circult in
Dlodes D1Ol-D112
ql , c102-c104
Wrong fuse

porrer supp I y

transforner
and BR1Fuge blows?

1
2

u 101
BR1

No
+ 5vdc

6upPly?
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NO

NO

NO

NO

YES

YES

YES

YES

u101
BR1
Accea8ory boardg drasing
too rueh pooer

1
2
3

+ 5vdc
aupply too

hlgh or lou?

u567
D101, D1O2

1
2

l{o + 12vdc,
or +12vdc 8up

too hlgh
or lo!?

plv

u565
D1O1, D1O2

1
2

llo - 12vdc,
-12vdc eu
too hlgh
or lou?

or PPIY

u566
D1O1, D102

1
2

l{o -Svdc,
or -svdc eupply

too h19h
or lou?
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IO

NO

NO

NO

YES

YES

YES

YES

Torni.ncl Logic Board bad
Vldeo Board bad

1
2

Nothlng
apPearg on
the scr6an?

1. Chock arritch aettlng of Slr,5O1
2. U55O, U551

' Starts
rrlth nenory
tGat runnlng

(test pasr€a) ?

bad nenory
probler 1n

IC
refreeh loglc

1
2

wlth nenory
test running

(tett fal la) ?

Starts

OFF-LINE kcy down
U559, U561, U5O4, U518 or U517

1
2curaor aPPeara

on acreen?

OnIy
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NO

NO

YES

YES

YES

1. Check SlrlSOl for proper sultch
aett 1ng.s

2. Check baud raLe twitch on
terrinal loglc board

Randor
charact6rg
aPP€ar on

6Cr66n ?

1. U56O, U561

"H: "
appecra,

but corput.r
lgnor€a

ke!rboe rd ?

1
2
3
4

Bad dlsk drive or ccble.
Bad dlek controller board.
Bad dlak
u550

T'TII
not boot?

Run dlagnostlc diak

2-6



2. 03 Laet Regort

It none of these stepa corr€cts t,h€ probler, TISf Technlcal
Conrultatlon can be reached at (313) 994-0784. Thlg nulber ls
good for consultation on all TISI harduare or goftnare. Should
you need to roturn your H-IOOO for uarranty or repair, csll
TIISI {rnd get a Returned llaterlalg Authorlzatlon (RIA) nurber
and Ehlpping lnatructionB. Thla nurb€r ruat be on the box or
l,e can't accept lt. Repalr parts are aleo avllllble through
T}{SI .
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CI{AP'TEFI 3

HOW TO PFtOGFtAtt THE I{-1000

3. OO INTRODUCTION

llany H-IOOO usera trill spend rost of th€ir tire running high-Ievel
Ianguagea or uaing eoftnare that r,raa purchased corplete and running.
Houever, you n{ty also be dolng aseenbly languago progranring, or
flnd aore appllcatione that requlre direct accl€aa to reaources at
the rach ine - language level . In thle chapt€r $€ $il1 discuas the
hardrrare featurea of the H-IOOO fror th€ progranrer'a polnt of view,
and hos to use ther. [rr€ eill begin r,lth a r.viee of th6 standard
H/289'El CPU board fectures, and hor. the H-IOOO dlffera fron lt.
tde'll th€n dlacuss each feature ln detall (rerory, I/O, 6tc.).

3.OI H/ZAg CPU BOARD REVIEhI

Ths orj.ginal CPU board of Ll:€ H/289 includBs a Z8O ricroproceasor
runnlng at 2 llHz; up to {8K bytee of dyn.rlc RA}l, up to 6K bytc. of
ROll/EPROll, and 1k bytce of statlc RAH. The atatic RAll can be r,r lte
protected. Thor€ ar€ Elx expansion connectorsi Lhree for additlonal
ienory boards, 6nd three for T/O boards. The rerory board
connectora provide for 8K of nenory each, but can alao be u6ed ulth
a 16K expangion board for a total raxinur of 64K of RAll . Two of the
three I/O connector8 are nornally occupled by a diak drlve
controller and a 3-port aerial I/O board, leaving one free for a
a€cond diek controller or other use. The board hae an 8-level
priority intorrupt controller, and uactll the 8O8O node of lnterrupt
handllng. A 2 nS real-tlre cl.ock lnterrupt 18 provlded. There la
rlso a slngle-atep clrcult to generate an lnterrupt after each
inatruction, uEeful for nachlne-Ievel d.bugglng and a holdover for
corpctlbll.lty rlth the earlier Heath HB corputer.

Phyri.cally, the H/Zgg board iearur€s 9-314 x 11". It r€quirea a
total of 4.6 rratta: +svdc at 1 arp (regulatGd), +18vdc at 15OrA,
and -18vdc at 5OrA. On-board regulators provlde +12, -L2, and
-svdc, and are nountod to s netal heatslnk along the top edge of the
board. The nenory and I/O expanslon boards plug lnto the CPU board
at rlght angles via connectors irith O.O25" Bquarc po6ts.

3.02 DESCRIPTION OF THE H-1OOO

Th6 H-1OOO ia a h igh -perforrance replacenent for the H/289'a
€xiating CPU board. It ig phyalclrlly and functionally
intcrchangeable in all reapecta to the prcaent board, but adda r 4
HHz clock for Lhe Z8O; addltlonal RAll (up to 1 regabyte); and a
aecond CPU, the 16-b1t 8086. The H-1OOO ls of particular lnt.reat
to uBer6 who rrould beneftt fron greater epeed and nore nenory for
th€1r H/289 applicatj,ona, or uho are seeklng better perforrance than
th€ IB}l PC or Zenith Z1OO reriee at a loser cost.
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The Z8O portlon of the H-1oOo followg th€ de6j.gn of the original
board as closely as possible, and ia full,y conpatible eith all H/289
hardware and Boftr.rare. The 2 nsec real-tine clock, 6ingLe-step
loglc, nenory page Eelect, and trite-protected 1l( RAll block are al]
retained. The Z8O's clock speed ie aoftware relectable, !o run
softrrare that depends on a 2 l{Hz clock. The exlsting I/O port
asstgnnents are unchanged, except for a neu general-purpoee port to
control CPU sel.ection (Z8O or aO86), ZAO clock speed, and the
addlLlonal address linea for the 1 negabyte address space.

The H-IOOO'S A0A6 CPU ures the sane address, data, and conlrol
bueseg ea the Z8O, so both CPUB ahare the aanc! nenory and I/O nap6.
A true 16-blt data bus is ua6d for naxlnun perforrance. Only onGr
CPU runa at a tine; the other one is halt€d ond renain6 ready to
reaurn€ exacutlon where lt left off rrhen a CPU swap occurrr. The
H-1OOO uEe€l either 64K or 256K dynantc RAlts, and can be configured
for L28K, 236K, 3L2K or 1 negabyte on-board. Duri.ng Z8O operation,
refre8h Ia perforned by the Z8O'g normal autonatic nenory refresh,
but |,lth an externa.l. refreah address counter. During aO86
operation, refreEh j.s perforned by a softlrare interrupt handler
u.slng the 2 nSec clock.

The H-1OOO is in6talled in place of the €x j,stj.ng CPU board, and
uorks Hith all atandard Heath/Zenj-th boarda, pertph6raIB, and
accesaor j.es (rdith the sole oxception of the 16K nerory expansion
board, whj-ch cannot be uged). Power conrunption j.s the sane as th€
original (8.6 tratts), but is dlatributed dlfferentiy: +svdc at 1.3
qtnps (regulated), +8vdc at 15OnA, and +-18vdc at' 25nA. Tuo
additional I/O connectors have been added on the right side of the
board, for a total of five. The three original nenory expanaion
connectors on the left side of the board have been replaced by a
single tt.o-rou eonnector. One row of this connector is identi,cal to
the H/ZA9 and works uith exi6ting Junp€r $lres, nenory-napped I/O
boarda, etc. The second row provldes additlonal nddreBa, data, and
control signals for future h I gh - perfornance expanslons (DllA
controllers, vldeo graphlcs, etc. ) .

3 . 03 THE MEI{ORY }IAP

All H-1OOO nenory li€s uithin a 1 negabyte neiory space (1,044,376
bytea). It ls a byte-orlented systellr, so every byte ln nerory haa
its oun addreas, and ls aelected by a unlque conblnatlon of the 20
addreaa llnea AO-A19. It ia no8t convenlent t,o deBcribe theae
addres.Bes 1n hexadeclnal (trylng to use doubly-split octal Hlll Just
hurt your head). So for the follouing diBcussj.on lre r,rlll use hex
exclualvel.y. Thus, we can deacribe the nerory spaca aa going fron
OOOOO to FFFFF h€x.

The naJority of H-IOOO n€rnory iE conpored of dynanie RA (call€d
"syaten RAll" by Heath). The actual arnounL of RAH available uiII
depend on your particular H-1OOO; standard neriory aizes are tzAK,
256K, 512K, and 1 negabyte. In each caEe, RAM begina at OOOOO and
extends upeard in one contlguouE bLock. The nerory lE fully
decoded, so trylng to read a non-exiatent locaLion wl1l return only
"alr", j..e. a randotr value. Thus you can deterrine the slze of
nenory by teating the read/t r1te perforrance of each of the four
posslble upper RAM boundarles (1FFFF for 128K, 3FFFF for 256K, TFFFF
for 512K, and FFFFF for 1 negabyte).



An qIl-RAM syEtem is fine, buL iL nust first be i-nitiqlized. Heath
provided a special bank of nerory called "Bank O" for this purpose,
and thia Eane nethod is uaed in the H-1OOO. Bank O 1s enqbled
folloulng porrer-up or reset, and replaces the lot,eat 8K of ayster
RAl.l wlth 6K of ROI{ (read-only nenory) and 2K of statlc RA}l. The
Rolls contain a nachine-level ronitor and the software necessary to
bring in an operating syeten fron diak. The 6tat1c RAI{ (called
"floppy RAI{" by Heath) provldes a nlnlna] anount of RAtl for this
software, and has aorne specj.al characterj.stics as described be.Lorr.

3 . 04 BAI{K O r,tEr{ORY

Bank O ia controlled by bit 5 of ceneral Purpose Port A <CJrf l ot
port addr€sa F2 (hex). Setting this bit low enablea Bank o; Eettlng
it hlgh diaablee Bank O 6nd rerovea 1t fron the nenory nap,
Following power-up or reBet GPA iE cl6ared, so Bank o ia enabled.
Th€ renalnlng blts in GPA do other interesting thlngs; they are
described under "6eneral Purpoae PorL A", eection 3.06. For now it
is sufflclent to knoe th6t clearing GPA also enables the Z8O CPU
with a 2 llHz clock.

addres,s

OFFFF

systen
( Bank

RAII
1)

o 1800
O17FF

oLooo
OOF FF

ooaoo
OOTFF

ooooo <-- Bank o

Fig. 3-1 Z8O Segnent O llenory Uap uith Bank O Enabled

Figure 3-1 shor,s the 2g0'6 rnGrrrory nap rrith Bank O enabl€d. Th€
Ioqrest 8K of syster RAll has been replaced by Bank O and is no longer
accesalble. U518 tB the sysLen ROU, and typj-cally contains Heath's
l{TR-90 or other equlvalent nachlne-level nonitor ROI{. Since the Z8O
beginE executlon at address OOOOO, the sycten ROl,l lrlll be the first
thlng executed after a pouer-on or r€set. If the nonitor prograrn
need8 nore than 2K, €ither 2 ROl,lB are u8ed (U518 and U519) or a
glngle 4K ROll is placed at U518. Th€ reraining ROtl socket (U52O)
normally containE the diak read rout'ine8 to boot. an operating ayaten
fron the H/289's Ht7 or equivalent disk drive.

2K floppy ROll ( U52O )

2K floppy RA

2K 6pare ROll ( U5l9 )

2K ayster ROl, ( U518 )

3-3
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Figure 3-2 shons the 8086 nenory tap ulth Bank O enabled. The 8086
beginB execution at addreas FFFFO folLorrlng re6et, so Bank O is
relocated to the top of ,nenory inatead of the botton. A.Iso noLice
that the floppy RA and ROl,l have been rearranged. This j.e becauae
the Rol,ls contain Z8O code lrhich canno! be executed by the 8086.
Ttrerefore the floppy RAU 1a placed at the very top of the ierory
nap. This is the s.ne Bank O RAI{ that appears at address
O1OOO-O17FF for the Z8O. Since the Z8O ie alwaye ael€cted follouj.ng
reset, 1t can load a progran for the 8086 into systen nenory, then
load an 8086 Jurnp lnBtrucLton (Jl'lP) to that progran lnto th€ floppy
RAt{. You can then srrrltch to the 80A6 and it uill execute the
derired progran. llore detqi.la are giv6n on CPU serapping in Eection
3. 14.

address

FFFFF

F FAOO
FFTFF

FEAOO
F ETFF

Bank O

systen
( Bank

ooooo

Fig. 3-2

The Bank O static RAll has onB nore unique feature. It can be erite
protected under Eoftuare control. Thia can be ugeful during debug-
glng Blnce a progran ln wrlte-protected RAll won't be danaged by a
progran crash. The H-1OOO provldee a lunPer oPtlon at JJ5O9 to
control thlE feature. If JJ5o9 j.B In the "1" poeltlon (norrnal Heath
node) and you have lnEtalled the Heath H17 hard-aector 5-114" disk
controller (atandard wlth no6t H/289'er, the floppy RAI'I will be
erite protected folloiring poter-up or reaet. The write protect is
then controlled by bl.t 7 of port 7F (on the disk controLler board).
To enable writj,ng to the floppy RAU, urlte hex 80 to port 7F ( j..e.
set bit 7ri Lo lrrite proLect the RAM, write OO to port 7F. If JJ5O9

l.,ritlng to the floppy RAU WIII alwaya be enabled. If you place
Junper JJ5O9 ln the "O" poaition, the urite protect lJill be con-
trolled by bit 3 of General. Purpose Port A. Again, the floppy RAlt
$iI1 be rrrite protected follouing pouer-on or reset. To enable
eriting to the floppy RAlt, aet bit 3 of GPA. See sect j.ons 3.06 and
3.14 for details on uaj.ng the General Purpose Ports A and B.

RAI{
1)

2K floppy RAU

spare ROU (odd)
Eyaten ROI! ( even )
ROU (total)

4K
+4K
=4X
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The Bank O ROI{g nornally contaln Z8O code, and so are not executabte
by the A0A6. Hoeever, the 8086 can read U51A (the syaten ROll) and
U519 (the spare ROI{). You can thua use apeclal EPROI,!8 contalnlng
both Z8O and 8O86 code. The A0A6 expects to read 16 bite at a tlne,
so U518 and U519 are both read at once: U518 supplies the even
bytes (byteE wlth an even addresa), and U519 euppli,ea the odd bytea
($ith an odd addrass). A conaequence of thls 1s that the 8086 can
read only L/2 L})e bytes in each ROI'I. A palr of 4K Rolls ln U51a and
U519 occupy only 4K ln the 8086 nenory n6p; th€ odd bytes of U518
and the even bytes of U519 are inaccesBible.

3. 05 SYSTEU RAU

The Z8O I'lap -- The ZaO processor has 16 address lines, and so can
only addreaE 64K dlr€ctly (OOOO to FFFF). Ther6for6 the H-1OOO has
a Begrnent. regiBter uhich aupplle6 the renalnlng four bita needed to
cover the full negabyte. Thl,s r6g1llter ls General Purpose Port B,
at port addresa F3 (hex). Ite upp6r four bita becone the Roat
signlficant hex byte of the 1-n€gabyt6 addr€ss fo! the Z8O. The
port 16 cleared by a power-up or reset, so t,he upper four bits are
all O'a. ThuB the ZaO Hill j.nitl.ally address th6 lo!,est 64K segrent
of nenory, fron OOOOO to OFFFF. The ZaO vlewa each 64K segnent the
san6, and can operate In any segnent nurber. To flnd out r.rhich
B€gnent the Z8O is currently uaing, you can read Gen€rol Purpose
Port B; the nost slgnlflcant four blts deflnea the current aegrent
nuf,rber.

READSEGI.IENT: IN OT3H read Generql PurpoEe Port B

REGISTER A = t
76543270
OOOOxxxxl

E€gn€nt
nunber
ia O:

A1s I +

A18=J
AL7
A16

To change the aegnent nunber, rrrite th6 new value to the upper 4
blta ()f GPB takl.ng care to leave the lower four bitB aa thry t,ere.
The Z8O g,il1 innedlately srrltch to t,he nel, aegnent after conpletion
of the OUT instruction. Warnlng: Thig wi-ll change the Z8O'a entire
renory nap at once. You nust have a valld prograr in the neg,
aegnent being Belected or the Z8O will craBht In effect, th6 next
Z8O lnstruction will b6 fotched fron the addresg! [progran counter +
(segnent# r lOOOOhex) I. For exonple, to Brritch fron aegment O to
segront 2:

A,O2OH i
OFSH i

€+2OOOOH) ;

load reglster A rrlth 20 hex
write to G€neral Purpose Port B
(an lnplled Junp la perforned)

K'RITESEGI.IENT : I{VI
OUT

( JI{P
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Notice that there ls a "Catch 22" here. Stnce the Z8O can only
acccraa nenory j,n its curren! B€gn€nt, it cannot initialize the
nenory ln a different aegn6nt. But it can't suitch to a aegnent
that isn't already inltlalized. Thls problen ie eolved wlth the
aoa6. ft can address the entire 1 negabyte nenory apace dlrectly,
and can lnltlclize the varlous nenory segmenta for Z8O use. Thanks
to the apeed of the 8086, €rven block noves can be done qulckly
(under o.L second for 64K). Thus elaborate nenory nanagenent
syaten,E can be Bet up for the ZaO by uslng the 8086 as a ,nenory
nanager. See the sectlon on switching CPU6 for more delqils.

Ibe-9Oa6 Ua p The ZAO and 8085 are actually quite ainilur
architectura I ly . Th€y both addres€ nerory on byt€ boundaries, and
share the 6ane 1 negabyte nehory space. Thu6 every byte haE c
unlque addrese, r,hlch 1a the aane for both procGraaors. Data can be
pasaed bet9,een CPUa in RA[, and programa that arcr tranalated fron
one CPU to the other do not require address tran6lation.

Like the ZAO, the 80g6 hcs a 16-bit progrnn counter, 6tack polnter,
data reglsterE, etc. Thua it too handlea lts Rerory in 64K
aegnenta. But In contraat to the H-1OOO's single 4-blt Eegrent
s€lector for the Z8O, the 8086 has a aophisticated aet of nerory
aegnentation regiEters. There are four 16-biL aegnent regiaters;
one each for the code, stack, data, and extra aegrenLs. These
regj,gters hold the baee addreGs u6ed to calculqte the physical
renory addresa. They provlde the 8086 $rith true ierory nanagerent
capability, eEsential in lnplenent.ing nulti-user and nulti-taaking
operating systena.

The AOa6 ccn accesa either one or tuo by!€s of nerory at a ti.n€.
Thi.a l.s acconpliBhed by Bplittlng RAlt nernory lnLo an odd half and an
even half, and glvlng each h61f 1ts orrn gelect llne. The 8086
preferentlally acce66es both odd and even halvea Blnultaneously
thua tt can fetch 1ts prograns and data up to trrlce as fast as the
Z8O (or even the 8088) even at the aane clock rat€. Actuall,y, aII
of thls ls ha4dled autonatlcal.ly by the 8086 lteelf: For a conplete
explanatlon of the 8O86'e nenory uaage, pleaae refer to the aO85
data aheet in Appendlx E, the "1APXA6 U6er'E }lanua]" by Intel
Corporatlon, or "The 8086 Book" by Ruseel Rector and George Alexy.

3.06 GENERAL PURPOSE PORT A

General Purpoee Port A (or GPA for ahort) ls an 8-bit paral.l.el I/O
port, and ls functlonally identical to the general purpoBe port on
the H/289. Readlng GPA rlll, return the aeltch eettings of DIP
Etritch Sl^r5O1 . This is uaually done by the nonitor progran (Heath's
!{TR-9O, etc.) to deternine aysten conflguratlon. Flgure 3-3 aho}rs
th€ ar.itch aettinga for MTR-gO. For other Rolls refer to your
nonitor'a docunentation for sl,itch position deflnitions.
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SWITCH #
763432 10

StTITCH DESCRIPTION
(O=on, 1=off)

oo
o1
10
11

oo
o1
10
11

aecondary
eecondaiy
secondary
no device

= soft-aector 5-7/4" <H37 )
- a" floppy (H47)
= 8" hard/floppy (H67)

boot
boot

fron
from

prlnary device
Becondary device

test rerory upon por,er-up
nornal

norna.l,
auto-boot upon power-up

set
set

console
consol e

baud
baud

rate
rate

9600
19200

to
to

o
i-

o
I.

Fig. 3-3 DIP Snitch St 5o1 Settlngs with t{TR-9O

The GPA por! addreaa is FZ hex (or 362 octal). An!, Z8O input
lnstructlon can be ueed to read port F2 and place its value in the
dealgnated CPU register. Sinilarly, the aO86 ingtruction "Ill
AL,F2H" or j.ts equivalent ulll re6d GPA and load the value j.nto the
Iow byte of register A. Note that an 8086 8-bit input inEtruction
nust be used: A 16-btt lnput lngtruction ulll read port F3 (hex)
lnstead.

As Hith thB H/249, OUTputting a byte to GPA controlr various
hardware featurEs of the H-looo aB defined j.n figure 3-4. Note that
you cannot read ehat you have uri.tten to GPA (you'1l get the status
of seitch S!r5O1 instead). It la therefore a good practice to 6ave
a copy of the output ln RAI{ so you can re6d lt later. This rrill be
necessary in caae you need to alter one blt rrhll,e leaving the re€lt
alone. Heath's HDOS and cPlll operatlng systens both have defined
location8 for such 6 byte. See your nanuals for further
i nf ornat i.on .

To write to GPA with the Z8O, sinply load the select€d register uith
the byte Lo be output. Then use the appropriate output in8truction
to send tt to port' F2 (hex). Sinilarly, use an aO86 A-bIt output
instructlon to port F2 ("OUT F2H,AL", etc.). Do not u6e a 16-b1t
output fron the 8086 to GPA, or you ',1111 rrrite to port F3 (hex)
i.natead.
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BIT #
763432LO

DESCRI PT I ON

(any write) clears 2 nsec clock lnterrupt

o
1

Z8O aingle-step
Z8O aingle-atep

disable
enable

2 msec cLock interrupt
2 nsec clock j-nterrupt

disable
enable

o
1

ttE!tL
I'IEM 1

LED
LED

d isabl. e ( lolr)
enable ( high )

on (or: floppy RAll irrite-protect)
off (or: floppy RAll wrj.te enabLed)

disable ( lor,, )
ensble ( high )

I

o
1

!t Elt o
ltElto

Bank O

Bank O

nenor y
menory

enable
disable

r /oo
r /oo

disable (or: disk Eide 1 seleet)
enabLe (or: di6k side 2 seLect)

r /ot
I/OL

o
l-

o
1

disable ( lo!, )
enable ( high )

Fig. 3-4 General Purpose Output Port A (port F2)

3.O7 ZAO SINGLE STEP

Th6 ZBO single-step circuit is a debugging aid to allou trocj.ng a
progran's execution one lnstruction ct q tine. It does not
6ctua.Lly single-step the Z8O: fnstead, it lets the zao execute
exactly one inatruction of the user'E prograrn rnd then generates a
level 2 interrupt. The interrupt causes a return to a debugging
progran euch as Heath's DBUG. This is sihilar to the ,nore coiron
{rpproach rrhtch usres a sof tuare j.nterrupt j.n nenory, but hag the
advantage that tt can trace even prograng i.n ROU.

The single-step circuit iE en.bled by setling bit O of GPA high. It
then walts for execution of the Z8O Enable Interrupt instructlon
(EI, hex FB). Ohen lt occurs, the clrcuit lets t},o nore lnstruc-
tj.ons be executed, and then generates a level 2 j.nCerrupt. This
returns controL to the debugger progran, r.hlch can exanine or change
registers, memory, etc. or return to the user's progran to
single-step the next instruction.

o
I

To beLter und€rEtand
f oI lorring exanp.le.
progratn and that the

how the Eingle-rtep
A,Ssune th.rt you

"lM A, OIH" Has the

circuit works, study the
are debugging the foI lor.ring
Iart inatruction executed:

A
A
o

LOOP:
t{v I
DCR
CPI

,o1H

3-A



Your debuggj-ng progran wiII have to perform the following steps:

Puah the address of LOOP (the instructlon
stepped) onto the Z8O's Btack.

to be singl.e-

Turn on Lh€
of GPA.

sj.ngl€-Etep circuit by writing a "1" to bit O

Execute an EI (enable lnt€rrupt) inatruction tst6rt6 the
aingle-atep clrcult inBtruction counLer at "1"1 .

Execute an RTf (r€turn fron interrupt) j.natruction. This
pops the {rddress of LooP fron the stack and. placea lt ln
the progran counter. Isingle-step circult now count.s "2"
lnEtructional .

1

2

4

5

6

The Z8o now executes the "DcR
[slngle-rtep circult counts "3
a level. 2 lnterruptl .

A" in8truction
' ingtructlona,

.t LooP.
and generates

control now raturnE to your debugging routin€ vitt the
interrupt. The Z8O progran counter (Pointlng at the
"CPI O- instructlon) wil.l have been Pushed onto the stack
by the interrupt.

Your progran can
before repeating
s lng 1e -stepped .

then exanin€
the proceedure

The Z8O s.ingte-step circuit has no effect during 8086 execution.
the z,AO single-steps a CPU srdap insLruction (OUTput a "1" to bit
of GPB), the 8086 t,lll alao a€re the level 2 lnterruPt and nust
Prepared to reapond to it.

and
for

disp.lay register contents, etc,
the next i,nstructl.on to be

If
3

be

3 . Oa 2 ,nSEC CLOCK

than €nabl€d, the 2 nSec clock gen€rate.a a Ievel 1 interruPt every 2
nilliaeconde (RST 1 on the Z8O or type 2O7 on the A0A6). The
lnt6rrupt rrill renaln untll the CPU clears Lt by eriting to General
Purpose Port A (GPA). Slnce you cannot read GPA, a coPy of its
contents should b6 naintained ln nenory (see aection 3.06). Writing
this copy Lo the port wiII thue not change any of j-ts bita. For
tlning functlons, the interrupt handler uill usuaLly incretent a
counter and then clear the interrupt before returning control to the
lnterrupted progran. Also, the first interrupt after turning lt on
rrlll vary in length fron O to 2 ns€c 6ince you nay be beginning
anyr,her€ in the cycle.
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3 . 09 r,tEr,ro , I'rEr'!1 coNTRoL L I !rES

IIEIIO and l{Elll are trro contro.l. Linea going to the nenory expunsion
connector. IEUO is eontrolled by bft 4 In GPA, and MEM1 by bit 2 ln
GPA. trrritlng a O to ther rr1ll put tben at a TTL "O" level; $riting
a 1 to then r.rill put then qt a TTL "1" leveL. l,tEtto 1B connected to
pin L6, and ltEll1 1s connected to p1n 17 of th€ nenory expanalon
connector,

3.10 ON-BOARD LED

Bit 3 of GPA rras unu.Bed in the H/289. We have added an LED to ahord
Its staLus, which can be used for teat purposea, etc. Progrannlng
this bit lou elll turn the LED on; progrannlng it hlgh uill turn it
off. This eignal ia alao routed to J urrper JJ5o9: If you ar6 not
using an H17 hard-aector dlak controller and uish to use the r.rrite
protect feature of the floppy RAlt, thla bLt nay be uEed to control
it. See sectlon 3.O4 for details.

3 . 11. BANK O I'IEIIIORY DISABLE

S€tting bit 5 of GPA ditablBs th€ 6k ROI{ und 2k static RAl{ fron
n€rnory nap, and repllrc€a it rrlth dynatnlc RAll. The operat j-on of
Bank O nenory is deacrj.bed ln nore detail in section 3.O4.

the
the

3.L2 r/OO, r/O1 CONTROL LrNES

3.13 CONSOLE PORT

The H - 1OOO
located at
octaL ) .
details on

console port is an a25O ACE aa
the sane group of I/O addres8ea
The ports are defined belos. Refer
uslng the ACE,

in the H/249, and is
(EA-ED hex, 35O - 355
to Apendix E for nore

her-
EA
E9
EA
EB
EC
ED

es!el
351
352
353
354
355

8250 Re9 lster Def initi.on
Data transnit and r€cBive
j'nterrupt enable regiEter
line control register
l,lODEl,l control regirter
Iine atatus reg lster
}1ODEI! ststus regi-rter

reg i st€r
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I/OO and I/OL are tuo control lines going to the I./O exPansion
connector. f/OO i6 controlled by blt 6 in GPA, and I/O1 by biL 7 in
cPA. lrritlng a O to ther u11.1 put ther at a TTL "O" level ; r.rrltlng
a 1to thern will put then at a TTL "1" Ievel. The I/OO llne ls
reserved for disk side ae.l.ect irhen the H17 hard eector controller Is
uaed with doub.Le-61ded drlver. I/OO is connected to pln 16, and
I/O1 Is connected to pln 17 of the f/O bus.



3.14 GENERAL PURPOSE PORT B

Figure 3-5 shorr.8 the bit aasignnents for General Purpose PorL B (or
GPB for ahort). This port is ne}, on the H-IOOO qnd controls nany of
lts features. Unlike GPA, lt Is a b1d1rectlona1 port; readlng GPB
rrill shor, you wbat the current atatus of all Lhe control bitg are.
Thus, the preferred neans of uaing GPB i6 to read lt, nask the
desired bits high or low, and wrLte it beck out. GPB is located at
address F3 hex, 363 octaL. It is cfeared to al] zero's upon
power-up or a systen reset.

RESET: Bits O and 1 conLroL the reset lines to the t$o CPUS. This
Is uaeful for putLing a CPU j.n a known atate before arriLching to it.
Leavlng these bj.ts either hlgh or Io$ has no effect, but a
high-to-Iow transition r,lI1 cause the choaen CPU to be reaeL. Reset
thus requlres tt,o output lnstructlons; Lhe flrat to set the blt
hlgh, and the second to set it low. The "Reset" and "cPU select"
blts operate lndependentLy, so the second output lnatruction can
res€t and select a CPU at the sanB tine,

If both CPUg are reset at th€ tane tine, a Systen Reset is
perforned. Thj.B reBeta the entire conputer and all I/O boarda (as
if you pressed the right "shift" and "res€t" keys alnultaneously).
only the Ternlnal Logic Board la unaffected by this re6et.

BIT *
765432LO

DESCR IPTION

L1
.oo.
oo

no action; prepar€r to reEet
Reset 8086 on 1-to-O transition
Reset Z8O on 1-to-O trqnEition
Systen Reset on slnultaneous 1-to-O transi.tion

o
1

Z8O clock at 2
Z8O clock at 4

se Iect'
se l ect

o
t

Z8O active; 8086
8086 active; Z8O

halted
h6Ited

xxxx Z8o nenory
- bit
- bit
- bit
- bit

bank select
A15
AL7
A18
A19

4=
5=
6=
7=

Fig. 3-5 General Purpose Port B Bit Assignnents (port F3)
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A quirk in the design of the 8086 causes it to "seize" the bus when
it is reaet. Therefore, you should only reEet Lhe 8086 a! the aaie
tine thst you st,itch to it. If it is absolutely necesslary for the
zao to reset th€ 8Oa6 without seLectlng it, add 3 NoPs (no-op
instructlons) foLlowing the Last ZAO output instruction so it is
doing nothing lnportant $rhen the S0A6 grabs the bus.

l{ Hz
MHz



ZaO CLOCK: On power-up or reset, this bit is low rnd the Z8O clock
ie set Lo 2 ltHz. Setting thls btt hj-gh s6t6 the Z8O clock to 4 l,tHz.
For hardware and software conpatibility reasons, the Z8O clock is
autonatically reduced Lo 2 llHz during I/O lnEtruction8 and accesaes
to Bank O nenory (ROl{ and static RAt{). The ZAO CLOCN bit ls
unaffected by this, and the Z8O returns to 4 IlHz aa 6oon aE theae
apeci6l cycles are over. The ZAO CLOCK bit has no effect on 8086
operation.

CPU SELECT: This bit controls which CPU is
the ZAO ia active and the 8Oa6 is halLed.
is active and the Z8O ls halted.

uctive, lrlhen set to O,
lrlhen set to 1, the 8086

ZAO BAI{X SELECT: TheE6 bit6 Eupply th€ upper four addrBr5 bits
(A16-A19) to deterrrine whlch of sixteen bankE of RAM the ZAO uill
operate in. Using theee linea, the Z8O can address up to 1 megabyte
of nenory. At poner-up, theee bita are all a€t to O, so the Z8O
operates in the first 64X of ,nernory. Before changlng banks, the ne!,
bank nuet initialized by the aoa6 ao there ls a program there for
the Z8O to execute- These blts have no effect on 8086 operation.

3. 15 STATIC RAI'I hIRITE PROTECT

3.16 3-PORT TYPE BOARDS ( SERTAL,/PARALLEL PORTS)

Six I/O portr arB qvailabl€ for 3-port type boards. SincB each
hae 3 ports, you can inetaLl trro 3-port boardg for a lotal
aerla1 and/or paraIlel ports. Each of the aix porte decodes a
of eight conEecutive f/O addreaaea as follor.rs:

3-port board at:

board
of slx
block

P5O4+P51O, P5O5*P511
(normal or 1at board )

hex octal

P5O2+PSOa, P5O3+P5O9
(optional 2nd board )

hex octalI/O port address:

labeL on back: "LP" EO-E7 340-347 6a-67 !40-!47

"DTE" DA-DF 330-337 6A-6F 150- 157

"DCE" DO-D7 320-327 70-77 !60-L67

3-L2

Th6 hord Eector (HL7) di5k controll€r board nornally controls the
write protect line to the diak RAI'I in Bank O, r.rhlch mu6t contain the
startup code for the aOA6. AT PO!,ER-UP THE DISK RAU IS
ITRITE-PROTECTED. To dlsabLe t.he r"rrite protect, r.rrite 80 (hex) to
port 7F (hex). If the hard sector bo6rd is not instalLed, the RAI{
wilf always be Hritable unlesa JJ5O9 is 6et to zero: In Lhis caee,
bit 3 of Genera.I Purpose Port B (GPB) i.ril} control it.

Note that Heath 8-bit EoftwarB r.on't expect a sscond 3-port board,
so n111 ignore 1t unless you write your oHn progran o nodify and
reassenble the BIOS, The 16-blt Eofterare for the H-IOOO does not
have thls problern, and can be configured to use these ports without
reaaEembty.



3,],7 T,TSX TYPE BOARDS (DIsI{ CONTROLLERS)

Three L/O ports urc] avai.l.uble for disk contro.I 16r boards. This
allor.,s up to three diEk controller boarda to be lnetslled aL once.
Each porL decodes a block of either four or eight consecutive I/O
addreaaes aa f ol lorrB:

Controller board at: P5O5+P51.2

hex octal

P5O4+P51o
P5O5+P511

hex octal

P502 + P508
PsO3 + P5O9

hex octalL/O port addreEs:

The Heath H17 hard-sector control.l€r board can only bB instulled at
P5O6+P512, becauae lt controle the Floppy RAI'I wri-te protect. The
other Heath disk controllers (H37 5-L/t4" soft-aector, H47 A" floppy,
and H67 8" Urinchester) aIl provide Jumpera to allow then to be
lnstalled in any location.

N(trtB: Heath 8-bit software cJon't €xpect
either of the two new f ./O slotB. The
control]ers at once, and restricts the
(r.rithout rnodlfying and reas8embling the

a diEk controlLar bodrd in
Heath BIOS only Bupports trro
I/O addresges they can be at
BIOS).

3.14 USING THE A0A6

Systen Etort-up for the Z8O iE quite struightforward . The ZSO is
autonat5.cally selected followlng power-up or a syrten reset, and
begins progran execution at address OOOOO. Since a reget algo
enables Bank O, there will be ROl,l nenory at thia addreas. The
progran in thi.s ROll conta j.ns Heath's I,ITR-gO nonitor or itsl
equivalent. It sets up the ZAO slde of the H-IOOO, and prints Lhe
famLliar "H:" pronpt. Fron there, you can usle the nonitor's
built-in comnanda, or "boot" addltional softr.rare frorn the disk.
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7C-7F L74-t77 7A-78 L70-L73 50-57 130-137

Thing6 on the 8086 Eid€l ar€l nore conplicated. Before enubling th€
8086, there nust be a prograrn 1n ,nernory for it to execute, and the
A0A6 nust be initial,j-zed to find it. The sinplest aoa6
lnitlalization is a reset, rdhich causrE it to begin executlon at
addreas FFFFO (hex). There is RAI'I at this address, so the 28O nust
be used to put a progran there for the A086 to find. This prograrr
is called t'he "Start Vector", because it la usually Just a "JU P"
instructi.on Lo where the real prograrn begine,

The Z8O iE initially stuck j.n the firrt 64t( of nenory, and Eo can't
reach addreaa FFFFO directly. The H-IOOO usea the 2K of write-
protectable static RAlt (c6.lled "Floppy RAX" by Heath) to get sround
this problen. The addreas of thia RAll changea dependlng on !.hich
CPU 1s running (see f19.3-6). When the 28O Is active, thls RAl{ Is
at addreas O1OOO-O17FF. then the 8086 iE actlve, the RAU noves to
address FFaOO-FFFFF. Thus, the ZAO can load an 8086 Start Vector
(or other progran) into the Floppy RAI'!, and the 8086 !.rtII flnd it
when it begins executlon. Once the Start Vector is loaded, and
aBsuming the Z8O is running in the lowest 64K with Bank O enabled:



SWITCH: I{VI
OUT

l.tv I
ouT

ltv I
ouT

ltv I
ouT

A, O€AH
OTFH

A , ooaH
OF2H

A, O3.H
OF3H

A,OAH
OF3H

((]ption!I) if H17 hord-eector controLler is
instal led, vrrite-enable Floppy RAI'I
(note: doesn't save port contenLa)

(optiondl ) if JJSO9 iE
r,rrLte-enable
doesn't save

in position
Floppy RAM
contents of

( note :
GPA )

Set Reset bit for 9096 (Eee sBction 3.14)

Select and rBsBt 80g6 (sBe section 3.L4)

xxx

3. 19 A086 SOFTWARE REFRESH

The H-IOOO uEeE dyndnj.c RAll for systen !n€,nory, The dala in this
type of menory rnust be refreshed every 2 nSec or it r.ril} be lost.
The ZAA perforrns this refresh function autonatically, but the 8086
requires special provisions to do it. In Lhe H-IOOO, Lhe 2 ,nsec
clock generates an interrupt every 2 nSec. An interrupt hand.ler
prograrn then perforns the actual lnenory refresh. This nethod takes
a ,nlnirnun of hard$rare, is quite f1exib1e, and can rnininize refresh
owerhead .

Each nenory IC requires that you do s "read" or "write" cyc1B to any
128 consecutive locaLlons (rows) every 2 nSec, or 256 locations
every 4 nSec (see data sheets Ln Appendix E). Being a 16-bit CPU,
the A0A6 can refreah 1 ror., of 16 fcs per nemory cycle. Wlth a fuLl
.set of 32 RAt{ fcs, refresh thus requlres t28 x 2 = 256 nenory cycles
every 2 msec, or 256 x 2 = 512 cycles every 4 nsec. At 5OO nSec per
nenory cycle, refresh overhead j-s thus (256 x 5OO nSec) / 2 mSec
6.52.

The actual refr€Eh progran can be quite sinple, For an H-IOOO vith
128K or 512K (16 RAl,ls), executlng any 256-byte progrsm every 2 nSec
(or 512 bytes every 4 tnsec) takee c6re of it, The prograrn can be
256 "NO-OP"8, 124 fast 2-byte instruction Llke "llOV AX,AX", or a
progran to perforrn sone apecial function every 2 nsec that only
incidentally takes 256 byLes. An H-1OOO wl.th 256K or 1O24K <32
RA s) is 6 little ,nore conplex. Here, the refresh progran must do
256 cyclee 1n each bank of 16 RAlls. This could be done by a string
conparison instruction (REP, Cl'lPS), rrhere the tlro string.s are In
different blocka.

In sorf,E case5 thB 2 mSBc clock must be disabled (during H37 disk
transfer8, for example). Such prograna nust then perforn tnenory
refresh thetnselves, For nore infornation on refresh handlers, refer
to the softtrare aource lLstings supplied wiLh your H-1OOO.

3-t4

(8086 executes nBxt inrtruction at FFFFO)

(ZAO will rBEumB here if enabled by A0S6)



3.20 H-1OOO INTERRUPTS

INTERRUPT 2AO

UEB only S-bit A0A6
rrith the low byte of

Leve J. O

Level 1
LeveL 2
Level 3
Level 4
LeveL 5
Level 6
Level 7

RST O

RST 1
RST 2
RST 3
RST 4
RST 5
RST 6
RST 7

TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE

199
207
213
223
23L
239
247
255

ao86 FUNCTION

unused
2trB clock (4086 REFRESH )
Z8O single step
I/O boards and conEole
I/O boards
I/O boards
unuEed
unuBed

3 .2L A0A6 r/O

The 8096 is a
inatructiona.

U6e only 1.6-bit A0A6 I/O inEtructions, and subtrdct one fron
deaired port addresB (naking lt an even nunber). The data lrill
exchanged wlth the loi., byte of the A register (AL).

16-bit cPU,
However, aIl

and haE both 16-bit und 8-bit

H-1OOO, for cornpat j.bi l ity ) are
T/O ports in the H./289 (and thus
only 8-blts wJ. de -

If the 8086 tri€s to input or output 16 bits to an 8-bit d€vice,
half the data !r1I1 be fost. For exarnple, you can't initialize both
bytes of the 8250'B baud rate divj.sor with a single 16-blt outPut
inatruction; the 825O's data bug ig only I bits wide, and the uPper
byLe is Lo6t.

Therefore, uEe the folloyring procedures t ith th€ 8086 to tulk to any
H/ZAg I/O devicee :

Odd L/O port address:

7/O
the

the
be

DiEregard the upp€r I bits
non-exlstent upper half of the

Even L/O porL addresa:

of thB data; it iE "qir" fro,n the
data bug.

instructions. The datu
A reg j.ster ( AL) .

wi l1 be exchanged

of the ddt6; it
the data bua.

is "air" fron Lhe

r/o
the

DisregErd the upper I bits
non-exj.Btent upper half of

3-15



OCTAL
ADDRESS

NMI (Z8O only )

GENERAL PURPOSE PORT B

GENERAL PURPOSE PORT A

NltI (Z8O only)

coNSoLE 1/O

LP SERIAL I/O

DTE SERIAL I/O

SYSTEI.I RESERVED

RIGHT DISK CONTROLLER

LEFT DISK CONTROLLER

I/O PORT 4 *

I/O PORT 5

I/O PORT 6

I/O PORT 7

HEX
ADD RESS377

373

372

364

363

362

361

360

350

340

330

320

200

7?4

L70

160

150

t40

130

o

FF

FA

F9

F4

F3

F2

F1

FO

DO

7C

E8

EO

DA

80

78

70

6a

60

5a

o

(I = ADDED FOR THE H-IOOO)

Flg. 3-5 H-IOOO I/O ll6p

3-16

DCE SERIAL I/O



F

E

D

c

B

A

9

I

7

6

5

4

?

2

1

o

Bank 1
erlth

RA (ZAO and 8086 )
bank O di.aabled

Bank 1 RAU
bank O

(8086) i{i th
enabLed

addrea e

FFFFF
addrBrE

FFFFF

FFSOO
FFTFF

FEAOO
FETFF

FOOOO
EFFFF

EOOOO
DFFFF

DOOOO
CFFFF

coooo
BFFFF

BOOOO
AFFFF

AOOOO
9FFFF

90000
SFFFF

80000
TFFFF

70000
6FFFF

ooooo

Bank 1 RAI{ (ZAO) eith louest 64K
selected and Bank O enabled

address

OF FFF

o2000

OlFFF

60000
SFFFF

50000
4FFFF

40000
3FFFF

30000
2FFFF

20000
]- FFFF

LOOOO
OFFFF

ot aoo
OLTFF

o 1000
OOFFF

ooaoo
OOTFF

ooooo ooooo

gJhen Bank O ia diaabled, the static RAltl and ROll disappear
fron the ,nenory nap, Ieaving an aIl-RAII syaten.
Urhen Bank O is enabled, the staLi.c RAl{ and ROlt replace the
systen RAl,l in the nenory nap alr ghonn above.

Fig . 3-6 H- 1OOO l{emory l{ap

3-17

2K floppy RAlr

(odd)
( even )
(totaI)

4K
+4K
=4K

ROlt
ROM
RO !t

RAM
1)

sy sten
( Bank

sy.sten RAI{
( Bank 1.,

block O)

2K floppy ROM

2K floppy RAlt

2K spare ROM

2K syaten ROI'I



CIIAPTEF' 4

CIFTCI'IT DESCFIIPTIOX

4. OO INTRODUCTIOI{

The follorring is a description of tho H-IOOO circuit operation. To
r6ke ther eaaler to underatand, the clrcult dlagrara h6re are aole-
uhat sltpllfled; see Chapter 5 for a corplete Eet of ctrcuit
dlagrare. Slnce gone of the ICe uged are qulte conpl€x, r,e've pro-
vlded addltlonal lnforratlon on ther 1n Appendlx E, "Serlconductor
IdentificatLon CharLa". The follorrlng conventlona are uBed: Bug
algnalg 6re draen 6s heavy llnea, ej,th the nurber of tllgnals ln the
bus lndlcated by the nurber next to a dlrgonal llne acroas the bua
Iine. Signal nanes are capita.Llzed, xlth a preceeding !3lash bar (/)
lf the actlve level of that slgnal la lor.. For exanple, RESET ta
actlve uhen high; rrhlle /RESET 16 activ€ lor,. Sl,gnala wl,th trro
actlve Etat€s have two naneg saparated by a al,aah; the aecond nare
ls actlve lorr. For exarple, 4lf,Hz /zlHZ re6na 4 llHz 1s aelected if
the Elgnal ia htgh, and 2 }lHz lf low. The nunbers in par€nthes€r
aft6r a slgnal nane list the other aheata of the sch€r6tlc rrhere
that nane ie uged.

FIG. 4.1 SYSTEIi CLOCK

4. 01 SYSTEI{ CLOCK

The syster c.Lock (fig. 4-1) is the rlster tiring raference for the
sy6t6n. It providEa th6 clock slgnala for the tr.ro CPU8, ierory,
I/O, and the 2 nsec interrupt. Cryetal X5O1 and invertcr U5O1A forr
a cryetql oEcillator operating at 24.576 tl4z. Capacitor8 C5O1 and
C5O2 provide the load capacitancs to set the oacillator €xactly on

RlZt

3

{./59cC
7113 00

66cac
DOD
EN^BUT
uA&rP
rEr
I6E
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I nc1.

d

DO
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4U0 a

R

u57l
7lFllz

r5y
r.522

u5 0l
lq cuo+u5 02

7tFt6t Iqtz t0 co66 a,acK

I/o cLoc(

2 t4t4z
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'r5Y
l?
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u*t
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3
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frequency. The o8cillator ouLput ie buffered by U5O1B and fed to
dtvider U5O2. U5O2 dividea ttre clock by 3 to get g. L92 llldz for th€
8086 clock, and by 12 to get 2.O4A llHz for th€ 2 rSec clock.
Flip-flop U571 and the oaaociat€d gqte8 forr a synchronouE dj,vider.
U571B generatea the ZBO'a clock: 4 llEZ j.f botli 4 HZ/zllHZ and
/hTAITRA are h19h (4 llHz ZaO operatlon and no wqit Btates are
requeated), or 2 lf,Bz lf elther 4llHZ / 2lHZ or /IIAITRO 1g lon <2 llEz
Z8O or l,alt aLaL€a requeeted). U571A alt,aya outputa a 2 llHz clock
to the I/O bua connGctora ulth ldentical tlrlng to the 2 Hz ZAO
clock. Since the H-1OOO gen€ratea a rrait r€queat (./t AITRA=O) during
6Il l/O lnatructlona, the Z8O rrill altraya perforr I/O 6t 2 IlHz Lo
aid harderare conpqLlbility rrith vari.oua I/O boarda. The rcrainlng
aections of high-apeed CIIOS inv€rter U5O1 buffer Lt:e 24 llrz, I ll,lz,
4 llBz, and 2 llHz outputa and provlde the hlgh-lev€I aignala neoded
to drive the Z8O and 8086 clocks. Finally, U5O3 divides the 2 l{Hz
clock doHn to 5OO Hz for g€neratlng the 2 nSec clock interrupt.

4. 02 SYSTEI{ RESET

Uhen power ls first appli€d, capacitor C5O6 ts disch6rg6d 6nd holda
both T2 inputB of one-shot U5O7 lot{ (ae€ flg. 4-2). Thia cauaes
ther to trigger, and Bat thelr O outputs hlgh and ,/O outputa Io$.
Th6 /O output of U5O7B reeGrts the ZaO, the Q output of U5O7A reaeta
the 8085, and the output of I{AND gate U592A generatea the ,zRESET
Blgnal to r6eet the re6t of the Bysten. The tire constant of
capacitor C5O6 and reslator R51O aet the duration of the porrer-on
r€seL algnal to approxlnately 15O ns€c.

FIG. 4-2 SYSTEI{ RESET

A hanual RESET can be p€rforred fron the keyboard by pr€asing th€
"reaet" qnd right "ahift" keya at the aane tiie. Thla setE /KBRST
low, eo the output of Schnltt trigger U5O8A goe6 hlgh. lrhan the
keys are released, /XBRST returns h19h, and the output of U5O8A go€s
Los. Thie falling edge le j,nverted by UsOAB, and triggere both both
one-shots, U5O7A and U5O7B. E6ch produceg a 50 uSec pulee via ita
RC tinlng netuorks; R511 and C515, and R5O9 and C5O5 respectlv€ly.
Thes€ puls€E reseL the Z8O and 8085 CPUs, and the reat of the syster
via NAND gat€ U592A.
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Each CPU can al.ro r€€et ittelf, each other, or the entire tytter.
7f bit 1 of General Purpoae Port B (GPB) is reset fror 1 to O, its
fallj.ng edge will be coupled vla C525 and R5o3 to trigg€r one-ahot
U5O7B. ltz /Q output th€n pulses loe for approxirately 50 uSec,
reBeLtlng the Z8O. Sinilarly, lf bit O of GPB ls reBet frorn 1 to O,
its falling edg€ triggers one-shot U5O7A. Its O oulput than pulses
htgh for approxinately 50 us€c, reB€tting the 8086. Since the 8086
s€ts ita HLDA output active during res6t, both CPUs will be held
inactive during 8086 re5€t (B€e CPU Sel€ct Loglc, belord). If bita O

and 1 of GPB are sliultaneously reaet fror 1 to O, both CPU6 wlll. be
reset; addltlonally, NAXD gate U592A reaetg the rest of the ayater
(/RESET lor,) Juat aa lf a poear-on res€t had occured.

4. 03 ZAO CPU

U5O4 is an 8-b1t 28OA, the 4 l{Hz veralon of th€ Z8O uaed ln the
H/Z-Ag (fig. 4-3). It ie fully Boftrrare coipatible ui,th aI1 AOAO
code, and all aOAS code not uslng the RIll and SIll lnatructlona.
Follosing reaet, th€ /trAIT and /BUSRO lin€. rLll be high, so the Z8O
nlll begin executlng lnatructlons. It outputa a 16-bit address on
AO-A15 and conLrol aignola /llREO, /IORO, /RD, /WR, /lll, and /RFSH.
Alf data tranafera are donc via an A-blt bug (DO-D7). Ecch
inatruction fetch (/t{1) cyclc la outonatlcall,y follou€d by a refresh
cycle (/RFSH) to ralntrln data in the dynarlc Byster r€rory. The
Z8O continuea to sxecute it8 progrqr until one of th3 folloring
occura: a) intsrrupt lln6 /ItlT or /NllI b€core8 activ€, nhich causcs
the ZAO to lunp to an lnterrupt handler prograr; b) elor, r€rory or
I/O requ€ats the z8o to rralt rorsntarlly (v1. /UAIT) i or c) the CPU
Select Logic tell€ it to halt (via /BUSRQ) so th6 A0A6 or other
device can take over the bus.

4. 04 A0A6 CPU

U57O in flg. 4-3 ia 6n 8086-2 CPU, runnlng ct I llHz ln the rinirur
iod6. It la fully softrrare colpatlblc trlth the aoaa CPU used ln the
IBlt PC and Zenith Z1OO, but haa a tru6 15-blt data bua for faster
opcratl.on. FolLorrlng RESET, tho CPU Sclect Loglc s€ts the HOLD
input high, so th€ 8086 ls ldle. Uh€n th€ CPU S€lect Logic E€t8
HOLD lorr, the 8086 begine €xacuting instructions. It generates a
2o-b1t address on AO-A19 {rnd control signal. /RD, /ttlR, ll/lO, ALE,
DTIR, and /DEN. The 8086 cqn acceBa I blta qt an evcn addreBa (AO
f orr), an odd addreas (/BHE los), or both at onc. for a full 16 bits.
Executlon contlnues untll alther a) the lnterrupt llnc IIITR goea
active, uhlch cauaea a Jurp to an interrupt handler prograr, or b)
the CPU Seloct Logtc r€gugata it to rralt (vla READY) or haIL (via
HOLD ) .

4. 05 CPU SELECT LOGIC

CPU Eelection ia controlled by th€ 8086/ZAO aignal fror General
Purpoae Port B, bi,t 3 (eee fig. 4-3). llhen A0A6/ZA0 ig lon, th€ Z8O
is ael6cted, and has control of the addr.aa, data, and control
bu66e8. The 8086 j,e halted by a high on it6 HOLD input viq gatee
U577B and U5A9A, Bo ita addresa, dat6, and control lineg are all. in
a high inpedance state. To trrltch to the 8086, th6 z8O outputa a
-1- to blt 3 of GPB (a€tting A0A6/ZA0 h19h). Thia causeB gate
U5738 to s€L th6 280'6 /BUSRQ lnput active. The Z8o then halta at
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th€ end of the curr€nt output in6tructi,on, dieqbles lts addreaa,
data, and control outputa, and aets /BUSAK actl.ve. /BUSAK ls
invorted by U5898, and via USa9A BetE the 8O86'E HOLD input J.ow.
Th€ 8086 reaponds by aetting its HLDA output Lorr, takgs control of
th6 addreaa, daLa, and control buaae8, and beglns execuLlon. To
sr.ritch back to the Z8O, the r€v€rae procedure ls folLoeed. The 8086
r,rltea a "O" to blt 3 of GPB (aOA6/ZAO lorr), and gqtea U5778 cnd
U589A set the 8O86'a HOLD input actlve. The 8085 then halts at the
end of th6 current inatruction, tri-statea it6 outputB, and ack-
nonledges th6 hold trith a high on HLDA. Gates U59OB and U5738 th6n
r€t the Z8O'r /BUSRC high, and the ZBQ resureg ox€cution. Each CPU
stops sroothly at th€ 6nd of the output inatruction, and regurea it6
prograi execution wh6re it left off rrhen r€-s€lsct€d.

The /HALT I j.ne on the rerory expan8lon conn€ctor allor,s an acceaaory
board to halt both CPUg at once. llhen /HALT Ia pulled lorr, the
currsntly running CPU halts at the end of the current instruction
(I€aving both CPUe halted). Gates U59OA and U573A acknorrledge the
halt r,ith a high on HALTA, and the addross, data, and control bue
driver8 are rll di.aabl€d. The acceBsory board then hae corplete
acceas to aII nerory and I/O for applicatlons regulring DIA control-
I6ra, etc. tlhen /HALT is returned hi-gh, the bus driv€ra ar€
re€nabled, HALTA returna lor., and the prevloualy runnlng CPU reaures
executlon $h€re lt left off. Care nugt be taken durlng DliA that the
dynaiic RAI 1s ad.quately refr€6hed.

4. 06 trAIT STATE GENERATOR

The Etatic RAtl, Rolla, 6nd rany I/O devicea are not fast enough to
run reliably at 4 llHz and above. Therefore, all I/O cycles and Bank
O rerory acceasea are perforred at the equivalent of 2 t7Bz. The
rralt requeat Ilne (/ITAITRO) iB pulled lor, durlng bue I/O lnstruc-
tions by PROll UsAa, or durlng Bank O r€rory acca6aea by PRO]I U516.
During 8086 operatlon (8O86/ZaO high) a low on /tAITRO j.s inverled
by U591A to enab.l6 shlft r.gl6ter USOS and to aat the outpu! of
U577A hlgh (Bee fig 4-3). Slnce U5O5 rdar previouaLy clear€d, ite QC
output iE ,.oH, and the output of U591B high. Thut both inputa of
IAND gate U582A qre high, and /IAIT go€a ].ot{. Th16 teta the READY
input of th€ 8Oa6 .Lorr, so lt inaerts w61t stat.8 lnto the curront
cycl.6. ll€anwhil€ U5O5 is being clocked at 2 llHz, eo the high at ite
input ls ahlftlng rlght 1 posltion 6very 5OO nsec. After 3 ahlfta
(about 15OO nsec), the OC output goes hlgh, on€ lnput of U582A goea
low, and ,/lrAIT r€turna h19h. The 8086 then corpletes the curr€nt
cycle, returnlng /UTAITRO hlgh. Durlng Z8O operatlon, the rralt atate
generator la dlsablod. Inatead, /IdAITRO roientarlly changea lhe
Z8O's clock Lo 2 llEz aa doscrlbed ln Bectlon 4.1.

During Z8O operation, th6 Z8O outputs th€ read (/RD), rrrlte (/tdR),
neiory requGat (/llREO) , l/O requ€at (/IORA), refreah requ€Et
( /RFSH ) , and inatruction fetch < /llL) signal.E. U5O9 bufferg the
first four to produce /BRD, /BU,R, /B!{REO, and /BIORQ, and /l{1 j.6
buffered by inv€rter U591C to produce Bll1.
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Latch€E UstO, U511, and U58O latch th€ addr€ae line6 so they rerain
,cteble throughout Derory and I/O cycle6. The latch enable sl.gn6l
</LA, is g€nerated by V577C. lrhen no r€iory or l/O cycl€ ia in
progrcsa both /IREO and /IORO are high, .o lLA ia hlgh and addr€ases
on the lnput8 of the addreB8 lotches are pcBBed through to thc
outputs. ldhen either /llREO or /IORQ goee Lott, /LA goes lou and th6
addre8s iB lqtched. During 8086 operation the addreaa ie auppliad
by the A086 itself on ADO-ADIS, AL6-L9, and /BHE. During Z8O
operation, oddre8a bita AO-A15 are €uppli€d by the Z8O, are A16-A19
fron bltE 4-7 of General Purpose Port B, and /BHE ls generated by
lnverter U587E fron AO.

FIG. 4-5 DATA BUS BUFFERS

4. 09 DATA BUS BUFFERS

During 8086 operation, data fror rerory oi T/O is buffered by V374
and U575 (te€ fig. 4-5). The drivers are €nabl€d by /DEN (dqta bug
€nabla) .nd the data dir€ction is controll6d by DTIR (tranaiit=high,
receive=lorr). Both signala are g€nerated directly by the 8O86, and
have puLlup reaistora to rerain inrctiv6 during Z8O operation.
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During ZAO operation, U575 bufferg data to and fror odd RAll
addre66ea and fron ROtt U519. It ia enabled by a high on both /BUSAK
(i.e., Z8O active) and ODD/EVEN (fror addreaa decoder PRoIa U516 and
U517, and I/O decoder PROI UsAA). Ths dat. dirsction iE controlled
by the /RD linei loH dBfin€s a Z8o rerory rcad, or high if a rorory
write. AII r€ods qnd rrriteB to ev6n rerory qddr6€6€t, ayatcr Rolla,
or to any I/O port are rade vio th. Gv.n data bua; lik€ Llra H89/249,
thla bus lE not buffered.
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FIG. 4.6 IXTERRUPT LOGIC

4.1O INTERRUPT LOGIC

All lnterrupte except /III are routed to prlorlty €ncoder U557 (flg.
4-6). /IXTACK 1a lnitially hlgh, ao bua dr1v6r U55A ia dlaabl€d.
tdhen an intsrrupt Iine goes lor, It pulls one input of U557 los.
Thie causee U557 to 6et /INT active to the Z8O, and IXTR active to
the 8086 vi6 invertar U591F. If lnterrupts are enabled, the
currentl,y running CPU ulll re6pond with an interrupt acknowledge
cycl€: /II{TA actlvo if th€ A0A6 16 running, or a sirultaneous /ll1
and /IORQ if the Z8O. These signals are decod€d by U573C, -D, and
U591D to produc€ /I!|TACK. Thia aignal gates th€ interrupt nurbBr
onto Lhe odd data bur through buffer U558. The Z8O interpret8 thia
data as a Restart in8truction, the 80A6 uae6 it as a vector into a
lK-byte table at the loH ond of rellory.
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The Single-sL€p cj.rcuit ia ur€d with a
Heath'e DEBUG. To executa one ingtruction
ronitor perforna the following Etep8:

nonitor prograr euch ag
of a us€r'a progrqr, the

l
l
l
l

1
2
3
4

6
7

enab.l.e single-step
execute Enable Intserrupt (EI)
execute Return Fror Interrupt (RTI)

Icountar
t
t
t

at o.
.1.
.2.
.31

The slngIe-step circult
alngl.e-at€p aa a built-1n

(execute uBer'B inatruetion)
rrr INTERRUPT 2 rrr
d j.aable single-step ( clear8
r€peat a6 deaired

interrrupt )

1r not u6€d by th6 8086; tt includes
fsatur€.

4.t2 2 iSEC CLoCK

Th€ 2 rs€c clock is enabled b,, a€tting bit 1of General Purpose Port
A high (2!{SCLKEN high). Thla rake6 the D input of U5O6 hlgh, eo the
n€xt riaing edge of the 5OO Hz aigncl fror U5O3 rrlll set U5O6A.
Thle then gener.tea a level 1 lnterrupt. Wh€n the currently runnlng
CPU responda !o thia lnterrupt, Lt ls clear€d by any urite to Port
A. Thj.s caueee the /PORTALATCH slgnaL to puls€ lon, rrhlch re8eta
U5O6. If 2llSCLKEll la agaln aet hlgh by a erlte to port A, the cycle
wiII repeat ln exactly 2 rsec.

U5/6- 256xA PR.oM JJ5O8 oDD/EVEN

8oe4z8o
/BRD
/BWR
FMWEN

Atz
Ail
AO

/Ao
/annra

/sAxra

DD VEN gK Ro
A,E

/NNr Ba

/ncsoez ( ugtt, zo)
/HcsEvEtl 4 i (u522,21).
/ncso0D45 (uszz, zsl
/ncsozz (use, ty)
/Ncsaar (uae)

/c5r 5Z
+5

rIG. \-8
4.13 I{EI.IORY I{AP DECODER

U516 end U517 are 256x8 PROIg Hhlch decode the latched address llnes
and det€rrine t,hj.ch retrory ICa are to be selected. U516 generateg
the chip aelects and xrite enables for rerorie8 in Bank O: U51a-52O
and U522-525. It alao outputs /9TAITRO uhen any Bank O n€rory is
aelected, to enable rrait atates as needed and to deaelect Eysteit
RAI{. Corrparator U579 selecLs /BankO rrhen it is enabled by /ENABLEO
(fron G6n6ral Purpo8e Port B, blt 5) qnd l,hen th€ address is in the
rlght range- When the Z8O ia actlve (4O86/ZaO le lou), Brnk O

r€rory is accessed in the Lot,est 8K of the 1 regabyte rorory rap
(OOOOO-OIFFF hex). t hen /BANKO la Ion and 8086/280 ia high (8046
cctive), Bank O rerory ia accessed at the very top of rerory (fror
FEOOO to FFFFF hex). The 2K of RAI{ in Bonk O 18 al6o re-napped to
the top 2I( to provide rerory for an 8086 restart vector follouing
reset. Llhen /BANKO iE high, Bank O nenory is disabled.

c-
)DD/E\/FN (z R\
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5
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4.16 SYSTEI{ DYNAIIIC RAII

Tho H-IOOO us€a two or four grouPa of dynaiic RAlts, with 8 ICa Per
group. Either 64Kx1 or 256Kx1 Parts tay be used, although the
follorrlng discu68ion aaaun€a the 64K Port6. A differ€nt PRo is
used for U517 depending on whether 64K or 256K RAIIE are u6€d. For
th€ Z8o, rerory la dividsd lnto aixteen banka of 64X each, nurbered
1 through 16. The aOA6 can addreta the entj.re renory EPac€
directly .

PROI U517 controlg the addr€aalng of the dynanic systen RAll, plue
any addltlonal nerory in the Reiory expaneion slot. A low on /BI{REO
atarta th€ cycle by enabling U517 and ralovlng the clear froi ahift
regieter U578 vla invert€r U591E. If eith€r AO or /AO is ]ow, U517
selocts either the even (,/RASo or /RA32) or odd (,/RASl or /RAS3)
half of rerory reapectively. If both are low, both halves ate
enabled slnultaneoualy. The Ehlft register i6 clocked at 24 llHz,
and ao lf /RFSH Ia hlgh (not a refre6h cycle), a "high" wlll
propagate through th€ ehlft reglster one ateP 6very 40 nsec.

lultiplexere U513, U514, and U583 provide the rultiplexed addreaE€s
ne€ded by the RAlle and buffer the /RFSH, /RD, and ,/cAS signala.
Inltlally, thelr Select lnputa are Io*, and addresa bita A1-Ag are
routed to the nultlpl€xed addresa lines !lAO-l{A7 (and A17 to }tA8 for
256K RA[a). The RAI{8 U526-541 latch thie address on the falllng
edge of /RAS. About 80 nsac lnto lhe cycle, the eB output of U578
go€a high, and the nultlplexere route addre68 bit6 A9-A16 to l{AO-l{A7
(and A18 to t{A8 for 256K RAI{e). 40 nSec later the QC output of U578
goes high, rrhtch ta lnverted by U5a3C to produce /CAS. The falllng
edge of /CAS latche6 the reat of the qddress and the RAI{8 can
corpl€te thelr cycle. The OG output of U578 i6 routed to U517, and
r,hen lt goes hig lt causes the selected RAS outputa (,/RASO, /RAS1,
/RAS2, and /RAS3) Lo return hlgh. Thi6 inaurea an adequate RAI
precharge tine and louera pouer consurption.

During a refresh cycle, /RFSH is los when /BI{REC ao€s loi,. U517
then selectg all four banks of RAI{ at once (/RASO-/RAS3 loe), t.hile
/RFSH=Iou dlacblee the shift regiBter ao ,/CAS 'rill not go active.
Thla perforrs a RAS-onIy refresh cycle. /RFSH is aleo inverted by
U5a3D; thla output dlacbl€s the lower 8 addrers blta fror U513 and
U514, and roplacea ther uith the current output fror refre.sh counter
U512 via buffer U521. At the €nd of the refreah cycl6, the falllng
edga of RFSH increrenta the refresh counter. The Z8O haa an
lnternal refreah counter, but it only providee 7 bj.tai the 255K
dynarlc RAlls ne€d an 8-bl.t refresh, ao an €xternal counter ig uged.

Dur1ng AOa6 operation, neriory refr€Bh ruBt be p€rforned by a
aoft$are progran that r6ada 236 consecutirre bytea every 2 nSec.,
uaing th€ 2 rSec clock lnterrupt. When all 32 RAlls are used, this
iust be perforred j.n both banke. The 256K RAlls require 256 roea to
r€fresh, to the A086 roftirare refr€Eh progran nurt read 512
conaecutive locations lnatead of 236, and refreeh overhead ls
approxi.nat6l), 3. sra .
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4.I7 I/O XAP DECODER

U55O and U588 are 256x9 PROIa that decode the I/O Port addreseeg.
U55O ls the 6t6ndard PRoll supPlied by H€lth or other v€ndort. It i6
enabled by nhen /Bt1 and /BIORO are both .l'os (an I/O cycle) - This
circult la id€ntical to the Heath HagA to i'naure hardr.are and
softsare conPatiblllty t ith other Products. USaa ie a nee llo
decoder PROtl, whlch decodes the I/O port atalgntrentB for General
Purpose Port B, /I,AITRO, and tha aelect lineg for the tl,o new I/O
slota on the H-looo.

4.1A CONSOLE SERIAL PORT

The conaole serlal I/O Port Is used to corrunlcate rrlth the lnternal
H19 terninal Ioglc board tn the HA9/?89. U561 1g the 8250
Asynchronous Corrunications Eler€nt (ACE) that converta 8-bj't
parallel data fron the bua into Eerlal data, and vice versa- U559
and U56O conv€rt the TTL l€v€ls fror the ACE into standard R5-232c
algnal levcla. Capacltors C5O9, C51O, C51a-2L, C527 and chokea
L5O1-5O4 provlde additlonal nolse lrrunlty and reduce radl6t€d
lnt€rf€rence. The clock frequency for the ACE ls se! by crystal
X5O2, capacltora C322 and C323, and realstora R515 and R516.
Invert€r U564 bufferg the clock for the I/O bua, and ProvLdes the
RESET, /BRD, and /BgrR aignals. Flip-flop U563 control6 the I/O read
cnd rrrlte lirning for the ACE.

4.19 GENERAL PURPOSE PORTS

General Purpose Input Port A consirts of buffer U551 and DIP seitch
StrrSOl . Wh€n lhe I/O decoder selecta port A (/fO362=Iow) and /BRD ia
lou, gate U553A enables U551 to pl6ce the status of the DfP sultchea
on th6 odd data bua. An open esltch repr€eenta a "1", and a cloged
awltch a "O".

G€n€ral Purpoee Output Port A consists of latch U552. It is reset
to aII O'g at porl€r-on and each tine /RESET goea lohr. llhen the I/O
,rap decoder eeLs / T0362 lor and /BWR is lou, gate U553B latchee the
odd data bu6 atatuB into U551 .

Gen€ral Purpose Output Port B conaists of latch U584 and gate U553C.
It ie r€aet to aII O'a during polrer-on and each tlre /RESET goes
low, hrhen I/O rap decoder U588 ael.ects /10363 and ,/BWR goes lol,,
the reset 18 renoved fron U5638 by lnverter U564D. The next rt8ing
edge of the 2 llHz clock rrlll then aet U563B, and the aubsequent edge
rrlll agaln reBet lt. The latter produc€s a riatng edge on U563B'e
/O output shortly b€fore th6 end of the output lnstructlon. Thie
edge Iatches the even data byte into U584 early €nough so that if a
CPU suap is requested, there 18 atill titre for th€ CPU Select Logic
to Etop the current CPU at the end of the outpuL instruction.

Gen€ral Purpose Input Port B coneista of buffer U585 and gate U553D.
It iE Eelectsd r,h€n th€ I/O iap decoder U588 enablee ,zIO363 6nd /BRD
is lon. Th6 inputs of U585 are conn€ct€d !o the outputs of U584, so
rBading Port B returns the current status of Output Port B.
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6. OO INTRODUCTION

The H-1OOO board haa a nurber of hardr,lre conflguration optj,ona to
adapt It to your environrenL. In general, they control nenory slze
(128K to 1 regabyt6), rerory addresElng, and the type of nenory ICa
ua€d. Thls ch{rpter will deacrlbe your optlons, and ho}, to rake the
nort of then.

The H-IOOO ha8 trro type5 of Junpers. The first type configures the
H-IOOO for dlfferent typea of EPROlta nt U51a-U52O. Theee EPROlls
norrally cone fror your old CPU board, so the H-1OOO can be set to
use any EPRO that uorks in an H/249. Junpera JJ5O4-5OA are uaed
for thia purpo8e, and are equivalent to tho5e on the g/2A9. Sore of
th€re Junp€rr relec! porr€r Eupply vol.tag€r, ao b€ car€ful: A
rlatake can danoge or deatroy an EPROI!

JUEEEE__JJ9A:1!
Syster ROI{ ) .

Conf i gur€a
JJ5O4 has

conn€cta pln 20
connecta pin 20

conn€cta pln
connect8 pin
connects pin

Poaitlon O
Po61tlon 1

pin 20 of U518 and U519 (apare ROll and
tuo position:

to addr€aB llne A1O.
to ground.

JUUEEB_JJ99Ii Configures pin 2r of U51e and U519 (6pare ROI{ and
Systen ROll). JJ5O5 ha,B three positions:

Position O
Po8ition 1
Position 2

21 to -5 volts.
21 to +5 volts.
21 to addrcra lin6 All.

JUTIP ER JJ5O6: Conf i gur€s
Syst€i Roll ) . JJ5O6

pin 19 of U518 and U519 (apar€ ROll and
has tro positionr:

Pogltlon O

Po8itlon 1
connecta pln 19 to +12 volta.
connectE pin 19 to addrers llne A1O.

Configurea the chip 6el€ct pl.n (pin 18) of U518 and
haa 3 poaitions:

JUI.IPER JJs07.
u519. JJ507

J U!I PER

Po8ltlon A
Poaitlon B
Position C

aalects U519 aa a 2nd 2K ROll qbove U518.
selecta U519 ae a 2nd 1K ROll b6loH U52O.
deaelect8 U519, and ael€cts a 4K ROI{ at U518.

JJsO8: Conflgures U518 for a 4K or 2K ROll or EPROI:

6-1

6. 01 H-1000 JUr,tpER OPTIONS

Position AB is for 2K Rollg.
Poritlon C i.s for 4K ROlls.



EPROM TYPE

EPROI{ Junper Table

JJ5O4 JJ5O5 JJ5O6 JJ5O7 JJSOA

Tl'3?7L6
Tr i pl €- Vo I tagt o o A AB

27L6 or 23t6
Single-Voltage 1 1 1 A AB

2732
S i ng 1e -VoI tage .t 2 1 c c

NOTE: Slngle- and triple-voltage part6 ray not be rixed.
Heath/Zenith parlrt 444-40 a d 444-62 are a 27L6 triple-
voltage part. Part$ 444-t42 La a 2732 aingl.e-voltage part.

The second type of Jurper (JJ5O9) controlg a feature noL found on
H/2892. ft controls the rrrlte protect llne of the ttatic RAt{,
Positlon -1- is the norral poaition, rrhich gives control of the
wrlte-protect Llne (Flt0rEN) to the H17 hcrd-eector dlak controller
board. Position "O" gives control of the srlte-protect llne to
General Purpose Port A, bit 3. In either position, the static RAll
nerory wlll be erite-protected hrhen the unit iE reset (eee chapter 3
for nore det,aila).

J!!EEB_JJ9gg: Conf igur€a source of Flltr,Etl (Floppy RAI{ hlrite Enable):

6. O2 I.IEI.tORY UPGRADE

One of the aignificant advantages of lhe H-1OOO ia that it
acconnodat€s up to a full rregabyte of RAlt rrithout addiLlonal boarde.
fC sockets U526-U541 can be populated erith eith€r !6 or 32 RAlls, and
erith either 64K or 256K parts. This giv6s 4 poasible nenory 6ize6:
f2AK, 256K, 512K, €nd LO24K. We strongly recorrend that ne'tory
upgrade€ be don6 only by your TIISI dealer or other qu.Iified
perronnel. Ho*ever, if you insi€it on doing j.t yoursel:f , this
Bection wiII telL you hor,.

RAI{6 used in th€ H-LOOO nust have a erorst-caae accesa tine fron
Colunn Addre66 Strobe t(CAC) = 1OO nSec or less. With nost brand8,
this neans an "advertiaed" accesa tin€ of 15O nSec. Refreah
requirenenta for 64X partE Ehould b6 L28 rovs/2 nsec, or 256 rorra/4

6-2

Posltion 1 selects control vla H17 controller board.
Posltion O selects control by bit 3 of GPA.

On a high-perfornanee product Iik€ the H-IOOO, the choic€ of RAlls is
crj.tical. Dynanic RAI{E ar€ very conplex, and exceedingly difficult
to test fulLy. Use only firat-quality parts, purchased frotf,
reputable dealers. Denand for theee parta ia at an all-tine high,
,Bo it is easy for the unacrupuloua to .eell substandard "reJect"
parts at ternpting pricer. Aleo, noet "hobby" dealere sell their
parts untested, so you iay need lore than you think Lo get a eorking
set.



nS€c, for 256K
recotriend the
others, You ' re

part6, Baaed on our testing of RAI{S at
follor.ring Parte (in ord€r of Proference) '

on you orrn !

L
2
3
4
5
6

54K RAHg
(U517 = 1O1 .517. o)

|lotorola Ucl{6665APL5
tlotorola UCt{6655AP20
oKr u3764- 1SRS
Intel D2164A- 15
l{ostek }tK4564N- 15
Hltachl H\4464-2

256K RAlta
(U517 = 1o1.517.1)

Hit{rchi H}15o255- 152
Itotorola llCll6255 - 15
Toshiba Tlltt41256- 15

contactg of the upper IC
Then carofully reiove

L
?
3

I{otorola tlCM664AP RAtg are equival,ent to the -6655- Parts, but have
a Epeclal eelf-refreghlng rode that 1s enabled r,,hen Pln 1 goea lou.
The H-1OOO haa a aeparate on-board Poeer suPPIy for the RAI{ and
controlg pln 1 properly, eo thla Part offera aone lnterestlng
posslblIltles for bulldlng non-volatlle reror1e6.

The addrerE decoder PROU at U517 nust be aelected to natch the klnd
of RAt{ uaed. 64K RAI{g require TIISI part #1O1 .517.0 at tJ3L7 i 255K
RAl,la r€qu1re part #1o1.517.1 at U517. No other changea are
n€rceSsary .

6. 03 I,IEUORY rC RE!{OVAL

CAUTIOII: THE I{EI'ORY IC SOCKETS USED OI{ THE H-1OOO ARE EASILY
DAIIAGED i{HEN REUoVING OR INSERTING ICs. IE YOU BREAK OFF A LOCKING
COIIB IN THE SOCKET, THE SOCKET IdILL HAVE TO BE REPLACED. READ THE
FOLLOWING INSTRUCTIONS COI.IPLETELY BEFORE STARTING. TUSI RECOHI{ENDs
THAT THIS PROCEDURE BE DONE ONLY BY AX AUTHORIZED DEALER OR FACTORY
SERVICE PERSONNEL.

Renove the locking conbs on each side of the siockat (see fig.
6-1). This nqy be done with the IC extraction tool by gripping
each €nd of the Iocking corbs and pulling straight up. Be
cqrefuL to pull both ends up evenly and not to twiat or bend the
locking conbs.

Uae Lhe IC extraction tool,

1

Use a snall screrrdriver to puah the gold
into the sock€t rr6ll and out of the way.
the lorrer IC rrith the extractlon tool.

6-3

TI|SI , t*€
lrith any

2. Rerove the upper IC (1f present).
and pull the IC rLraight up.
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TEGITIIICAL. SPECIFICATIOI.S

CENTRAL PROCESSING UN IT

CPU #1 Type
Cl.ock
Reaet

Slngle-step

CPU *2 Type
Clock
Re€et,

Single-rtep

CPU Select

I nterruptg

zao 8086

zao-A, 8-b1t, 4 rHz
2.o48 or 4.096 lrBz, softuare eelectable
Reaet upon pouer-on, k€yboard connand,
or optlonally upon CPU sg,ap Lo z8o.
OptlonaL lnterrupt after each lnetruc-
tlon (H89/289 corpatible).

aoa6-2, 16-btt, 8 l{Hz
4.192 XHz
ReE€t upon porrer-on, keyboard connand,
or optlonally upon CPU swap to aO86.
Optionol interrupt after each inatruc-
tion (8086 built-In feature).

Softrrare Eeloctable. One CPU runs at a
tirsi th6 other Le halted via its
BUSRO/IIOLD tnput.

8-level priority interrupt control l.€r
(8O8O-nodei HAg /ZA9 conpatible) .

Source of Interrupt

8086 dlvlde error (hlghest prlorlty)
8086 slng.L€-step
aOA6 Xtl I (not ua.d)
9086 br€akpoint
8086 overflow
8086 rsBerv€d vectora
Z8O accesg to H8 front pancl; port FO or
FA (h€x), 360 or 372 (octal)
HDOS and CPlll Sy6t.r Calla
unua€d
I/O boardg
I/O boards
I/O boards and conrole
Z8O single-etep
2 rSec. clock
Itcater ReB6t,/Clear ( lol,est pr j.orlty)

vector
vector
vector
vector
v€ctor
vector

o
1
2
3
4

1
N I

RST 7
RST 6
RST 5
RST 4
RST 3
RST 2
RST 1
RST O

vector
vector
vector
vector
vector
vector
vector
vector

255
247
239
23L
223
2L3
207
199
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!t E ORY

Organization: Tro independ6nt banks of on-board r€rory (bank
bank 1), plus one tenory €xPanBlon elot (bank 2). AII
rapped Into a 1-regabyte terory aPace by fuslble-llnk

ooooo- ooTFF
ooooo - ooFFF
ooaoo-ooFFF
olaoo-o1FFF

o and
nenor y
PRO s.

2K
4t(

2K
4K

2K

Addrasaing (Z8O active )

(8086 active)

BANK O

Size
Speed

Selection

Lower 16 bita (AO-A15) aupPli€d by ZAO,
upp€r 4 blts (A15-A19) aelect€d via I/O
port B. Reada 1 byte at a tlre.
Suppliea AO-A19 dir€ctly. Can read
elther L oi 2 bytsa at a ti.re.

Syster initialization and boot rerory. An 8K block of RAlt
and ROI/EPROI that can be enabled at addreas OOOOO-OIFFF
(hex) for the Z8O, FEOOO-FFFFF (hex) for th€ 8086, or
digabLed corpletely. t h6n enablcd, Bank O haa prscedonce
ov€r Banks 1 and 2. Bank O 1r .nab16d follorrlng Reaet.

ROl,t,/ EPROT! thr66 24-pin sockete (€npt!r), for ROls
fron original CPU board .
atandard 2K or 4K Rollg and EPROlle <27L6,
2732, or €qulvalent). Jurpere for +Svdc
or +5/-5l+12vdc parta.
6K byt€a raxlrur
45O nSec rinlnur. CPU gp€€d Ia reduced
during acceaa by addlng wqlt atqtea
(8086 ) or reduclng cLock to 2 llHz (ZAQ't .
vla General Purpoae Port A, fuslble-11nk
PROII U516, and Jurpera JJSO4-a.

TyPe

(8086 actlv€) U518:

u519:

u520 :

FEAOO-FEFFF
FESOO - FFTFF
FEAOO - FEFFF
FEAOO. FEFFF
FEOOO- FETFF

wlth 2K ROll
rrt th 4K ROU
2K or 4K ROI
2K only

even bytea) ,
even bytea),
odd bytes),
odd bytea),
even bytea) ,

(hex)
(hex)
(hex)
(hex)

(hex,
(hex,
( hex,
(hex,
(h6x,

Static RAlt
Type
Sp€€d

2K byt€s atatic RAll
CllOS, uPD444 or equivalent
45O nSec rinirur. CPU epeed ia reduc€d
during acceas by addlng r,ait .Btates
(8086) or reducing clock to 2 l{Bz <ZAO>.
softnare s,rit6-protect vi6 Genera.l. Pur-
pose Port A or H17 disk controller.
via General Purpos€ Port A and fuaible-
link PROH U516.

(Z8O active )
(8086 active)

A-2

(Z8O actlve) U518:

u519 :
u520 :

O1OOO-O17FF (hex)
FFSOO-FFFFF (hex)

lrr i. te Protect

Salection..



BANK 1. : lla i n nenory , 128K (nlnlnun) to 1 negabyte (naxiRun) of
on-board dyn6rie RAll .

Type . ( €tandard )
(optional )

Speed .
Se lect l on

Refresh (Z8O)

( 8046 )

64K-bit, llotorola ltGll6665A or equivalent
256t( -bit, tlotorola l{Ct16256 or equival'ent
15O nsoc rlnlrur. llo walt stqtes.
contlguoua RAll fror OOOOo uP to:

1FFFF with 16 64K RAl{8 (128K)
3FFFF slth 3? 64K RAI{a (256K)
TFFFF ulth 16 256K RAlta (512K)
FFFFF Ulth 32 236K RAXs (1o24K)

Autonatlc refreah cycle a:fter each
lnstructlon fetch. External counter for
coipatlblllty tdlth 256K RAl{8.
Softlrare refrash vla 2 rsec. clock
lnterrupt. ThiE interrupt ruat not be
diaabled for rore than 2lSec unlees
sp€eial provlBiona are nade for RAll
refreah.

1 on-board Eeriol goiL, 2 paral.lel
porta, and 5 expanBlon slota. I/O ports
aat by PROll5 U55O and U588.
operation i.dentical Lo H/ZA9
Even port6 acccsged Hith 8-bit l/O Ln
atructlona. Odd porta accersed rrith a
16-blt I/O lnstructlon to the next lorrer
(even) port addreBs (exanple: read port
F3 l,ith a 15-bit ItfPUT lnstruction fror
port F2). Th€ deai.r€d data lrill all.aya
be ln the loe b).te of th. AX regiater.

National A25O (ACE) for cof,rrunicating
uith T€rrinal Logic Board (H19).
port E8-EF (hex), 350-357 (octal)
RS- 232C coipatLble. Supports prirary
handEhaka llnes CTS, RTS, DTR, DSR.
Softrare prograrr.rble; includea aIl
standard rat€E to 384QO baud.
3, 6, 7, or 8 bits
Ev€n, Odd, ltark, or none
L, I-L /2, or 2

BANK 2

Organization

Selecti.on

Con60 1e

(Z8O active)
(8086 active )

Il€nory expansion connector, Iocated at th€ Leftrost scc€t-
sory board poaition. Not corpatible uith Heath 16X rerory
expan€ion board, but accepts reiory-rapped I/O boardB. Thia
connector provides acc€as to the €ntire addr€as, data, and
control busses for advanced applieati-ons.

Serial Port .

Selectlon..
Corpatibi l lty

Baud Rat€a

Character Length
Par i ty
StopBits...

INPUT/OUTPUT

A-3



G€neral Purpoae Port
Selection.
Input...

A-bit I/O port, H89/289 coiPatible
port F2 (hex), 362 (octql)
8-po6ition DIP arritch. Typical settings
(rrlth Heqth !{TR-9O ROlt ) :
dlsk configuration
r€rory tett enable
coneole baud rate
luto-boot enable
8-bit output latch
Z8O Blngle-ttep €nable
2 rSec. clock 6nabl,e
r€aerved by H/ZA9 ([Elt 1)
Etatic RAl{ urit. protect (option.I)
roaerv€d by H/ZA9
dlsabl€ Bank O r€rory (llEtl O)
disk aide select (I/O O)
reaerved by Ha9/Za9 <I/O t,

A-blt I/O port (n€u)
port F3 (hex), 363 (octal )
reada current Port B Output.
8-blt output latch
r.a.t 8086 on 1-O tranBltlon
rasat Z8O on 1-O tr6nsitlon
enable 4 l{Hz Z8O clock
ael€ct CPU (O = ZaO, 1 = aOa6)
ZAO A16-A19 addr€a8 aelect

A

Output

General Purpo€e Port
Selection.
Input.,.
Output

bit* o-

bit# o

bit#

B

4
5
6
7

1-
2-
3-
4-
5-
6-
7-

4-

L/O expanaion

SloL

5 I/O Blotsr 3 identicaL Lo H/289
plug-corpqtible alots ulth nee
addresses -
paiL 7C-7F (hex), L74-L77 (octal)
port DO-E7 (h6x), 320-347 (octaL)
port 78-78 (hex), L7O-L73 (octal)
gorL 70-77 (hex), 160-167 (octal)
port 68-5F (hex), 150-157 (octal)

pl. us 2

( NE!' )
( NEtd )

#1
2

#3
*4
#5

(right)

( Ieft )

GENERAL

Poger Requirerents

Si ze
Operating Terperature

+5vdc :5t at 1.4 arpa (rax)
.8vdc (unregulated) at 3OOIA (r6x)
+18vdc (unr€gulat€d) at sOnA (rax)
-18vdc (unragul6t6d) at SOrA (nax)
9-3/4 x 11" includlng hsatsink
Oto50C.

A-4
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The RS-232C is perhaps thB ttlost eonlonly-us€d ttandard for serial
connun i.catlons. ft it used to connect printera, nodenE, terninals,
and other devices to the conput€r. It iE a "Iooae" standard, t,hich
f,rcran8 thlt different nanufacturera choose to inplenent it in
Elightly different e6ya. It ia conron for tvlo RS -232 devices to
"almoat" work together. So.etitnea they Jutt plug togetheri other
tin€a a considerable arount of experinentation ia nesded to geL then
to talk to each other properly. The i.nfornation in this s€ction
ni11-be helpful in sorLing out such problers.

The Heath/Zenith. H/ZAg serier of conputera ua€, an H/219 Teriinal
Logic Board to handle the keyboard and diaplay functions. This
board connunicates with the nain computer board vj.a an R3-232 serial
link. Handling the conputer and keyboard/di 6p I !y func!ions
separately speedt up th€ syaten'E reaponse ti,re (the conputer is
free to conpute while th€ terrinal handles all k€yboard and display
functions).

Si.nce it is de€ign€d as a drop-in replacerent for th6 H/ZAg CPU
board, the H-IOOO hqs retqined the aane on-board r€rial port for
conrunicating with the console. Though nornally us6d rrith a
Heath/Zenit\ H/Zlg terrj.nal, this port reiIl actually work rrj,th any
standard RS-232 terrlnal or devlce. The on-board port Is 6lso
identical to each of the RS-232 port8 on the Heath H-88-3 3-port
serial I/O board, coinonly used rrith H/289s.

The conplete atandard is defined ae "EIA Standard RS-232C; fnterfaco
Beteeen Data Terninal Equipnent and Data Coinunications Equlpnent
Enployj.ng Serial Binary Data Interchang€ (1969)" and is available
fron the El€ctronic Industries Aesociation, Engineeri.ng Departneot,
2OO1 Eye St . Nlr, lrlashington DC 20006 .

B-1
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RS-232 PINOUTS AND SIGNAL DESCRIPTION

H/ZA9
PII{ NATE DESCRIPTION SOURCE TYPE

R5232
PIII

1
2
3
4

GND
TXD
RXD
RTS

1
3
5
7

ground
data
data
control

5
6
7
a

9
rL
13
15

DTE
DCE
DTE

DCE
DCE

CTS
DSR
GND
RLSD DCE

control
control
ground
control

DTE conlroI20 L4 DTR

GENERAL -- R5-232 handl,e8 Eeri,ql binqry Eignal8, O-2O,ooo baud,
aynchronoua or asynchronoue forrate, sith any charoct€r longth
or cod€. Heath/Zenith squipr€nt iB norrally asynchronous forrat,
ASCII code, rith 10 bits per character.

DTE vr. DCE -- H/219 teriinalE and print€rs ar€ d€f i,n6d a6 DTE (Data
Terrj,nal Egu.ipront), and transrit data on pin 2. The H-IOOO and
l{odens are deflnsd as DCE (Data Cornunlcqtlon Equipnent) and
tranarit data on pln 3. The Hcath 3-port board has one DTE and
tuo DCE porte. To connect llke devlc€a (both DTE or DCE), arrap 2
and 3, 4 and 5, 6 and 20.

IIAI|DSHAKIIIG -- Signals RTS, CTS, DSR, and DTR ere usually required
for trananlaaion on TXD; RLSD usually requj.red for receptlon on
RXD. Handshaklng requlrerents vary rridely betrreen devicea.

ELECTRICAL Logic l€v€Ir defined as poritive and negqtiv€
voltages; positi!,e = +5 to +15 vdc, negative = -5 to -15 vdc.
AII eignale have a coDnon ground, and are protected ag.inst
ahort clrcuj,ts and voltages up to 125 vdc.

CONNECTORS - - I{i.niature
Cinch DB-25S.

'D" connector: rale, Cinch DB-25P; ferale,

DATA SIGI{ALS -- Active
negativ€ = 1=
Positive = O =

Iou.
llark
Space

Idle
Break

B-2

COI{TROL SIGNALS -- Active high.
poritive = 1= On = True
n€gative=O=Off=Falae

prot6ctive ground ( cha3.i6 )
tranarlt data fror t€rri.nal
recelve data to terrinal
requ€at to gand (tenlnal

on- llne )
clear to B€nd (responae to RTS)
data a6t ready (phone function8)
algnaI ground
carrler detect (recelved Ilne

BignaI det€ctor )
dato terrlnat ready (terrlnal

on-Ilne)



APPEI{DI,( C

II'E'A'T,iI'ZEXITII l{AtfI'AI.S OF IIITEREST

Heath/Zenith corPuter6 are "open" systers, and cor€ r,ith PerhaPs Lhe
finest nanuals and docunentation in the nicroconPuter field' They
are available at negliglble cost fron Heath, and ara required
reading if you plan to do any ext€nsj-ve progranning with the H-1OOO.
If there is a fault, it ie that the 6heer nagnitude of infornation
nake6 it difficult to flnd the nanual that can teII you ehat you
need to knou, The folloi.ring llet should helP you find Hhat you're
Iooking for.

SUBJECT HEATH # DESCRIPTION

cPlI{-8O 595-2775 cPll{-8O rev. 2.2Q3 BIOS gource Iisting

H14 lor{-cost dot natrix prj,nter nanual

'l-L7-tH-]-7-L
395-27L6
595-2326

HL7 5-L/4" hard-sector drlve controller nanual
Sienens 5-t/4" dlsk drive servi-ce nanual

H19 terrinal operation l6nual
H19 terninal assenbly nanual
H19 conver8lon to H88 manual
H19A terrilnal operatlon nanual.
H19A terninal aseerbly nanual

H-19
H-19
H-19
H- 194
H-194

H-29
H-29

595-2992
595 - 2965

H29
H29

tern i na.l-
terr i na L

H-77
H_77A

595-2356
595 - 26A7

H-25
H-23

595-255s
395-2434

H25
H25

595 - 2508
595 - 2696

H77 duql. 3-L/4" disk drive cabinet nanual
H77A dual 5-L/4" disk drive cabin€t nanual

operation nanual,
assenbly nanual

gulde
operation nanual
asserbly nanual

disk drive operation nanual
disk drive assembly nanua.L

I i.st j,ng
listing
l isting

high-speed
high -apeed

printer
prlnter

operatlon f,lanua I
assenbly nanua.L

H-47 595-2467 H47 dual 8" disk drive nanual

H-AA
H-aa
H-48

597-257L
595- 2264
595-2267

H-a8- 1
H-S8-3
H-aa-9

397-2377
397-2375
595-2722

5-L / 4"
Serial
3-L/4"

H-894
H-A9A

HA9A
H89A

UTR - Aa
ITR - A9
ITR - 90

HAA/HA9/Ze9/Z9O conf Lgurat ion
H88 conpuLer (r{/o diak drj.ve)
H88 conputer <v/o dlsk drive)

H17 disk controller accGr6sory nanual
Interface (3-port) acccrssory nanual
drlv€ tiountLng accea8ory nonual

conputer e
conputer w

HL7
HL7

I'tTR - aa
l{TR - A9
I{TR -90

non i tor
noni.tor
tlon i tor

ROtt
ROM
ROI't

nanual
,nanua I
nan ua 1

and
and
and

WH-aA-16 595-2449 assenbled H88 conputer nanual

c-1

gource
sourc€
source

595-2244
595 - 2191
597-22L5
595-2595
595-2s94

595-2766
595-2596



SUBJECT HEATH # DESCRIPTION

z- r.9Hl,
z - 19CN

z-37
z-67
z- a7

z-a9FA
z-49-37
z-49-3?
z-49-67

595-2674
595 - 2675
595-2394

595-2412
393-2674
s95-2707
595-2697

Z€n i th
Zenith
Zen I th

Zenith ZL9 (=HL9) terninal nanual
Zenlth 219 lord-cost terrlnal ranual

z-25AA 595-2729 Zenith 225 (=H25) high-speed printer nanuaJ.

237 dual 3-L/4' di6k drive cabine! nanual
267 A" 0lncheater dlrk drtve nanual
<=HL7, 3-l/4" disk drlve c6blnet nanual

Zenith 289 ( =Hag) nanu.l
5-L/4" .aoft-sector controller operation nanual
5-l/4" aoft-aector controller ingtallatlon nanual
8" hllncheeter controller inatall6tlon nanua.L



The following parts li'6t ia for an H-IOOO eith 255I( bytes of RAtl'
(rhere poss1bte, H-IOOO parta use the €iane key nuib€r at their
equivalent on the original Heath board, and equivalent Heath part
nunbers ar6 given. l,hen ordering replac€ment Parts, please identify
then as descrlbed belot,.

APPEIiIDIX D

I{-1OOO PAFTTS I.IST

IT{TEGRATED CIRCUITS

X€y # TI{SI # Heath # OtY D6scri pt ion

u501
u502
u503
u504
u5o5, 7a
u505, 55 , 56, 63
u507
u508
u5o9, s1, a5
u51O,11,72,80
u512
u513,14
u515,73
u516
IJ5L7
u51a
u519
u520
u521,54
v522,23,24,25
u526-41(H,L)
u342-49,62,67
u550
u552, a4
u553
u554
u557
u559
u560
u561
u564,91
u565
u566
u56a
u569
u570
u571 , 41
u374,73,76
v577
u579
u5a2
u5a3
u5a6
u5a7
u5aa
usa9, 90, 92

74L5273
74L532
74LS30
74LSL4A
14AA
14a9
4250
74L304
79it2
79t{O5
Lll340T 12
Llt340T5
aoa6- 2
74SLL3
74L5243
74F LT
74F52L
74LSOL
74L515A
74FLO
74LS36A
101 .sAa
74LSOO

74HCVO4
74FL6L
40408
zaoA
74L5L64
74L374
4524B
74LSL32
74L5244
74L5373
74HC4040
74L5257
74LSO2
101 . 516
LOL.5L7

443-730

443-792
443-79L
443-437

443-779

444-L42

444-6t
443-A05
443-475
443-732
443-9L2
443-794
443-795
443-952
443-755
442-664
442-6A3
442-663
442-54

443 - A85

1
1
1
1
2
4
1
1
3
4
r
2
2
1
1

hex inverL€r (faat C OS)
4-bit divlder (faat TTL)
14-stage counter ( CI{OS )
4t{Hz 8-bit cPU
8-bit ahlft registar
dual D f L j.p-f lop
dual one-Ehot ( CIIOS )
quad lf AND Schnitt trigger
octal Trl-etata buffer
octal tri-€tqte latch
14-atage counter (fast CMOS )
quad data eel€ctor
quad 2- lnput lf OR
TBP2ALA2z Bank O PROI{
TBP2AL22 rerory PROI!
Heath syaten ROI{
He.th resGrved RoM
Heath dlek ROI
octal trl.-atate lnverter
uPD444C 1Kx4 C!,IOS static RAll
64K DRAI{, l{otorola ttClI6665A
( unu6ed )
H€ath I/O decod€r PROI!
octal latch with reset
quad 2-in OR
A-in AND
8-b1t prlorlty encoder
guad RS-232 driver
quad RS-232 receiver
ACE (Async. Con. ELenent )
hex invcrter
-12Y r€gulator
-5v regulator
.12v regulator
+5v regulrtor
SltHz L6-bit CPU
dual J-K flip-flop, Schottky
octal bus tranrc€iver
triple AND (fart TTL )
8-bit corparqtor (fart TTL )
quad 2- in I{AND, oc
quad data eelector
triple A D (faEt TTL)
hex tri-Etate inverter
TPSZAL?? I/O decoder PROI!
quad 2-in NAND

74L5240
51 14
4t54

444-L9
443-754
443-765

2
4

32

2
r
L
1
I
1

L
2
1
1
I
1
1
2
3
1
1
1
I
1
1
1
3443-728

D- 1

443-760



RES I STORS

Key # TUSI # Heath # Oty Descr iption

R501,15
R302,7
R5O3,4, s,8, 10
R506
R509, 1 1

R512,13,21-2s
R3L4,17 -20
R515
R526

6-toS-L2 2
6-471-L2 2
6-LO3-L2 5
6-332-L2 1
6-LQ4-L2 2
6-LO2-12 7

106R5 . 25
471R5.25
103R5.25
332R5 . 25
1osRs.25
102R5.25

152R5 , 25
223R5.25

6-L32-L2
6-223-L2

1 n€gohr,
47O ohr
1OK ohtls
3.3K ohfis
1OOK ohre
1K ohn8
( unused )
I .5K ohns
22K ohaa

1
L

5x L/4U carbon fil.r

RESISTOR NETWORKS

Fey # TIISI # Heath # Qty Description

RPsO1-3,5-a
RP504
RP505
RP510,12, r.3
RP509, 1 1

CAPACI TORS

Key # TI{SI # Heath # Aty

( unuaed )
3.3Kx9 sIP netrrork
33Ox9 SIP n€trrork
LKx9 SIP n€tt,ork
22Kx9 SIP net$ork

Description

9 - R332
9 - R331
9 - R102
9-R223

1
1

2

c3ol,22,73
c502
c503,5,9, 10,
ta-2L,23-27

c5o4,24,2a-74
c506
c307,4,Lt,t4,77
c512,13,16
c515
c523

3t2C220 20-77
3t2Ca20
320C391 20-LO6

3
1

L2

l{PO ceran i c
NPO ceranlc
ceraric

22 pF,
A2 pF,
39O pF,

322CtO4
362C646
36LC225
361C106
32042?L
312C100 2L-3

TIISI # Heath # ety

O.1 uF, ceranic
58 uF, 15 VDC tantalun
2.2 uF, 25 VDC tantalun
10 uF, 25 VDC tontalun
2?O pF, ceraric
1O pF, l{PO ceranlc

Description

49
1
5
3
L
1

D I ODES

l(ey #

D501
Dso2, 3, 5, 6
D504
D507

56-56
57-65

1N414A
1N4001

1

4

1r,tv5753

D-?

23-242
25-22L

signal diode, 1OOrA, 50 PIV
diode, 1 anp, 50 PIV
( unused )
LED, red, TL-3/ 4



SOCKETS

K€y #

AND CONNECTORS

Tll5I # Heath # AtY Description

H526-4L
H557
H522,23,24,25
H516 , 17, 50,

54, Aa
H51A,19,20
H504, 51. , 70
P501
P502-506
P507
P50e-s12
P513
P514
P515
P516
JJ504,6,4,9
JJ5O5
JJ5O7

609- 16- 1
rc16.3
ICla.3
rc20.3

rc24.6
rc40.6
P2X10. 1
P10. 1
P2X25.L
P25. 1
P15.1
P10. 156
P11.156
P4. 156
P3.1
P3X1.1
P4.1

atacking IC socket,T.B.AnsIeY
16-pin IC eocket
18-pin IC eocket
2O-pin fc socket

16
I
4
5

.1
x
x
x
x

3
3
1
5
1

5
1
1
1
1
4
1
L

24-pin IC sochet
4O-pin IC tocket
2x1O header , .o25" x
1o-pin header, . O25"
2x25 heqder , .Q25" x
25-pin heoder, . O25"
15-pin haader, . O25"
to-pin header, . O45"
11-pin header, . O45"
4-pl,n header, .O45" x
3-pin head€r, .O25" x
4-pln header, .O25" x
4-pln herder, .O25" x

Descriptlon

1 x .t
.1"
x .1"

.I

.1'

,1-

.1"

x

. 156"

.156"
. 156'

M T SCELLANEOUS

Key #

Lsol -4
Str5O1
x501
x502

209. LOO
20a.oo2

3s2-31

D-3

TI{SI # Heath # Oty

4 f€rrite bead
1 8-eectlon DIP Brrltch
L 24 .576 ItHz crysta I
1 1.4432 llHz cryetcl
1 prlnted clrcult board
t h€atsi.nk
2 threaded inserts, Southco Inc
3 *6-32 x 3/8 RH screw
3 #6 lockrrqsher
3 #6-32 hex nut
7 L/A" "pop" rivet
1 TO-22O tranGirtor ntg. kit

1 thernal grcraEe (U564, U569)
6 progrannlng J utrper
L l/O nounting bracket assy

57-3425
206.8 60-621
104. OO5
104.OO3 404-60a
200. 103
204. OO1
F1- 10- 106
210.600 2so-a9
2L2.600 234-L
211.600 232-3
219. OO1
4a80
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DATA SIIEETS

Z8O Data Sheet

8086 Data Sheet

a25O ACE Data Sheet

64K RAt{ De ta Sheet ( l{otoro I a I{C}t6665 )

256K RAll Data Sheet ( I{otorol a }lCl{6256 )

TTL Logic Data Sheets

16-Pln Stacklng Socket Data sheet

E-2

E- 10

E- 34

E-50

E-66

E-74

E -42

E-1







3.0 Z.8O CPU PIN DESCRIPTION

The Z-80 CPU is packaged in an industry standard rl0 pin DuaI ln-Line Package. The l/O pirs are shown
in figure 3.0-l and the function ofeach is described below.

MREO-

30

31

32

33

34

35

36

37

27

9

39

2

3

ao

A2

a3

A5
a6

a8

a9
ato

al2
at:

At5

SYSTEM
CONTBOL

CPU
CONTROL

t R FSH

mLi

wAii

iO BQ

INT

NMI

20

21

22

2A

r8

24

16

26

6

11

CPU
BUS
CONTROL

REs-Ei

B-Usa-o

BUS_AK

GNO

23

AOOFESS
8US

aus

r5

12

9

10

t3

oo

o1

o2

D3

o4

D5

o-
o7

Ao,Ar s
(Address Bus)

Do-Dr

(Data Bus)

M1

(Machine Cycle one)

MREQ
(Memory Request)

Z.8O PIN CONFIGURATION
FIGURE 3.O1

Tri-srate output, acrive high. A,\.A, 5 constitute a I Gbit address bus. The
address bus iro,.ides rhe .lddrr$ fo','*"rnory (up to 64K bytes) data
exchanges and for I/O device data exchanges. UO addressing uses the 8 lower
address bits to allow the user to directly serict up to 256 inPut or 256 outPut
ports. AO is the least significant address bit. During refresh time. the lower
7 bits contaln a valid refresh address.

Tri-state input/output, active high. DO-D7 constitute an 8-bit bidirectiona.l
data bus. The data bus is used for data exchanges with memory and l/O
devices.

Output, active low.M-l indicates that the cur.enl machine cycle is the OP
code fetch cycle of an instruction execution. Note that during execution
of 2-byte opcodes, M1 is generated as each op code byre is fetched These
two byte ogcodes always begin with CBtl, DDH, EDH or FDIL Ml also
occurs with IORQ to indicate arl inte[upt acknowledge cycle.

Tri-state output, active low. The memory request signal indicates that the
address bus holds a valid address for a memory read or memory write
operation.

Z-80 CPU

1

8

7

)



IORQ
(lnput/Output Request)

RD
(Memory Read)

WR
(Memory Write )

RFSH
(Refresh)

HALT
(Halt state)

INT
(lnterrupt Request)

NMI
(Non \laskable
lnterrupt )

Td-state output. active low. The IORQ signal indicares that the lower half ol-
the address bus holds a valid I/O address for a l/O read or write operation. An
lbRQ-signal is also generated with an I-1 signal when an interrupr. is being
ackrowledced to indicate that an interrupt respoose vecto! can be placed on
the data bus lnrerrupt Acknowledge operarrons occur during M1 rime whjle
I/O operauons never occur durrng M, trme.

Tri-state output, active low. RD indicates that the CPU wants to read data
from memory or an I/O device. The addressed l/O device or memory should
use this signal to gate data onto the CPU data bus.

Tri-stale output. active low. WR indicates that the CPU data bus holds valid
data to be stored in the addressed memory or I/O device.

Output, active low. RFSH indicates that the lower 7 bits of the addres
bus contarn a refresh address for dynamtc memones and the current IIREQ
signal should be used to do a refresn read to all dynamic memories.

Ourput, active Iow. HALT indicates that the CPU has exccured a HALT soft-
ware instruction and is awaiting either a non maskable or a maskable inter-
rupt (with thc mask enabled) before operation can resume. While halted, the
CPU execures NOP's ro mainrain memory refresh activity.

lnpur. active low. WAIT indicares to the Z-80 CPU that the address€d
memory or l/O devices are not ready for a data transfer. The CPU continues
to enter wait states for as long as this signal is active. Thjs signal allows
memory or I/O devices of any speed to be synchronized ro the CPU.

lnput, active low. The lnterrupt Request signal is generated by I/O devices. A
request will be honored at the end of the current instructiofl if the internal
software controlled interrupt enabie flip.flop (lFF) is enabled and if the
BUSRQ sigaLp not active. \vhen the CPU accepts the interrupt, an acknowl-
edge signal (IORQ during M I time) is sent out at the beginning of the next
instruction cycle. The CPU can respond to an interrupt i'I thlee different
modes that are described in detril in section 5.4 (CPU Control lnstmctions).

Input, negative edge trirgered. The non maskable interrupt request linc has a
higher priority than INT and is always recognized at the end of the current
instruction, independent of the status of the interrupt enable flip-flop.FFii
automatically forces the Z-80 CPU to restart to location 006611. The program
counter is auromatically saved in the external stack so that the user can retum
to the program that was interrupted. Note that continuous WAIT cycles can
pllygltt the curlent instruction from ending, and thal a BUSRQ will override
a NMl.

WAIT
(Wait)



BUSRQ
(Bus Request)

BUSAK
(Bus Acknowledge)

lnput, active low. RESET forces the program counter ro zero and initializes
the CPU. The CPU initialDation includes:

l) Disable the interrupt enable flip.flop

2) Set Register I = 00H

3) Set Register R = 00H

.1) Set lnrerrupt Mode 0

During reset time, the address bus and data bus go to a high impedance state
and all comrol output signals go to the inactive state.

lnput, active low. The bus request signal is used to request the CPU address
bus. data bus and tri-state output control signals to go to a high impedance
state so that other devices can control these buses. When BUSRQ rs activated,
the CPU will set these buses to a high impedance state as soon as rhe currenr
CPU machine cycle is terminated.

Outpu!, active low. Bus acknowledge is used to indicate ro the requesting
device that the CPU address bus. data bus and tri-srate control bus signals
have been set to their high impedance state and the external device can now
control these signals.

Single phase TTL level clock which requires only a 330 ohm pull-up resisror
to +5 volts to meet all clock requirements.

o

E-b

RESET



A.C. Timing Diagram
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Timlng measuremenrs are made at the followrng
voltages, unless otherwisc specifi ed:
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Inter

|APX 86/10
1&BIT HMOS MICROPROCESSOR

8086/808G2J8086-l

t Dhect Addressing Capability lo 1

MByte ot Memoiy

r Architecture De:igned ror Powerrul
Assembly Language and Eflicient High
Level Languages.

. 14 Wbrd, by 16-Blt R€glster Set wilh
Symm€trical Operatlons

! 24 Operand Addressing Modes

. Bit, Byte, Word, and Block Operations
r I and l5-Bil Signed and Unsigned

Atithmetic in Blnary or Oacimal
lncluding Multlply and Divide

r Range ol Clock Rates:
5 MHz tor 8086,
I MHz ,or 8086-2,

10 MHz lor 8086-1
r MULTIBUS"' Syslem Compatible

lnterrace

The lntel iAPX 86/10 hiqh p€rlormance 16-bit CPU is availabl6 in thr6e clock rates:5, I and 10 MHz. The CPU is
implemented in N{hann6l, d6plotion load, silicon gat6 technology (HMOS), and packaged in a 40-pin CerolP packag6.
The iAPX 06,'10 operates in bolh single proc8sor and multipl6 proce$oa conligurations to achievg hrgh pertormancs

MAX (IVIN }

i
I

GND

AO14

AD] 3

AO12

aot 1

ADlO

AD9

AD8

AO7

AD6

AO5

AD4

AO3

ao2
AOl
AO0

INT B

CLK

CND

vcc
AD]5
ar6/s3
At 7/S4

a 18,/S5

ar9/s6
6rE/s7

rvNlt\41

UD

B-/G-o (HoLot
R-/cr {HLDAI
LacK (WR)

s2 (t4i i-o)

s1 tor/F)
$ IDENI
oso {ALE)
osr IrN-At
TEST

BEADY
RESET

I

I

I

n5:i
adar;i

Flgure 1. IAPX 86/J0 CPU Block Dlagram Figu.e 2. iAPX 86/10 Pin Conllguration

I
2

3

5

6

7

8

9

10 8G6
1l

12

13

t5
t6
1l
r8

r9
20

40

39

38

37

36

35

34

33

32

3l
30

2A

21

26

25

24

23

22

21

(8085 aata supptied courtesy of Intel Corporation)
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r-- T
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intel iAPX 86/t0

T.bl. l. Pln D6gc.lptlon

fha lollowing pin lunction descrlptlons aft lo. IAPX 86 systems in eithq nlnimum or maximum mocte. Th6 "Locel
Bus" in thase desciptions is the clhect munipbxed bus inteiace connection to the 8086(wkhout rcgarcl to edclitional

READY: is the acknowledg€menr from the addressed memory or l/O davice that it will
coftplel6 th€ deta transier. Th€ REAOY signal from memory/lo is synchroni:ed by the
8284A Clock Generator to lorm REAOY. This signal is activa HIGH. The 8C86 REAOY in.
put is nol synchroni:ed. Correct oooration is not guaEnteed it lhe setup and hold
tim63 are nol met.

iEsi

Symbol Tvpo Namo anal Fonction

ADls,ADo 2.16,39 t/o Addr$a Drta 8us: Th6se lines constltut6lho tim6 rnultiplexed memory/lo addre6s ffl)
and data lT2, T3, Tw, Td bus. Ao is anarogous to 6FE Ior the lower byt€ ol th€ dara bus,
pins D?'00- lt ls LCW during ij when a byt€ is to b€ translerred on the lower portion of
the bus in m€mory or l/O operaiions. Eightbit ori6nled devic6s tied to the lower hall
woulc, normally use Ao io condition chip s6lect lunctlons- (See EH-E.) lhese lin6s are
actiy€ HlGh and lloai to 3-state OFF durlng intsryupt acknowledge and local bus "hold
acknowledge."

ArJSe,
a,/Sr,
ar7/s{,
Ar/Sc

35-38 Addrar!/Stltua: Dlring T1 ih6se are lh€ lour most signF
ficanl address lin€s lor memory operations. During l/O
op€ralions thes€ lines are LOW. During memory and l/O
opsrations, glatus informalion is avaalable on thes6
llnes during T2, T3. Tw and T4. The status of the interrupl
enabl6 FLAG bit (Ss) is updarad at th6 b€ginning of each
CLK cycl€. 41y'S. and A16/53 ar€ encoded as shown.

This inlormation indicales which reiocation reoister is
prosently being us€d fcr data accessing.

Th€so lines tloat lo 3-state OFF du ng local bus "hoid
acknowlodge."

EH-as, 34 o Bu. Hlgh En.bl./Stalu!: During Ti lho bus nigh enable
sional {68-6 should be used to enable dala onlo lhe
mosl signitlcanl half of thedala bus, pins D1rOB. Eight-
bit orienied devices tied to the upper hail ol lho bus
would nohally use BHE io condition chlp s€l6ct func.
tions. 6FIE is LOw during T1 for read, write, and lnter
rupt acknowl6dge cycles when a byt€ is to be transret.
r€d on the high portlon ot the bus. TheSTstatus info.rne
tion ls available during Ta, T3, and T.. The slgnal is activ€
LOW, and floats to 3-state oFF in "holc,." lt is Low dur-
in9 T1 lor th6 flrcl inte.rupt acknowledga cycle.

32 o qe!d: Sead strobe indicates that the proc6s3or is perloaming a memory ol l/o read cy.
cle, dspending on lhe state oi the 52 pin. This signal is used lo r€ad devices whiclr
resicle on th€ 8086 local bus. RO is active LOW cu.ing T2, T3 and Tw of any read cycle,
and is guaranteed to remain HIGH in T2 irnlil lh6 8086 local bus has floated.

This slOnal lloats to 3.state OFF In "hold acknowledge."

22

]NTR lntenupt R€quo6I is a level iriggered input which is sampled durjng the last clock cy.
cl€ of each inslruction to det-olmine il th6 processor should ent€r into an intarruoi
acknowiedg6 operalion. A sr.ibroutin€ isveclored to via an interruDt vactor lookup table
located in systen, momory. it can be intornally ftasked by soltware resetting th€ inter.
rupl enabla Dit. INTB is internally synchronized. This signal is active HIGH.

23 I lESl: inpul is exarnined by the "Wait" instruction. ll theTESi input is LOW execution
contlnues, otherwis€ the procassor wails in an 'ldle" state. This input is synchronized
internally during each clock cycle on th€ leadlng edge cf CLK.

E-11
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Symbol Ph No, Typ6 Nalna and Functlon

ll the local bus is idle when the requsl is mad6 the two possible 6v€nts will follow

1. Local bus will be roleas€d cluring the next clock.
2. A momory cycle will start within 3 clocks. Now lhe four rules ,or a currently active

momory cycl€ apply with condition nulnb€r I alrsady satislied.

lear 29 o LOCK: ouiput indicates thal other system bus masters ar6 not to gain control ol the
sygtem bus while LOCK is active LOW. The LOCK sjgnal is activated by the'LOC("
prelix instruction and r€mains aclive unlil the completion of th€ n6xt instruction. This
signal is aclive LOW. and lloats to 3-state OFF in 'hold acknowledge."

os1, Qso 24,25 o Ou€u. St.tu!: Th€ queue slalus is valid durng the CLK
cycle aller which the queue operatlon is perlormed.

OS1 and OSo provide stalus lo allow 6xlerneltracking ot
the int€rnal 8086 instruction queue-

The loltowing ptn lunctlon descnptians are t'artheEAE6 in minmum moct6(i.e., MN/Mi =Vcc). Aoly rhe pin lunctons,nhtch
ata uniqu€ to mtnimom mode ate &sctibed: all alhet oin lunclians arc as desctibe.l above.

Table 1. Pln Delcrlption (Conllnuod)

M/i6 28 o

29 o Wrlaa: lndicales that lhe processor is performing a vJrite memory or write l/O cycle,
depending on the stale ol lhe M/lO signal. WF is aclive forT2. T3 and Iw ol any ../rite cy.
cl6. ll is active LOW. and iloals lo 3.state OFF jn local bus'hold acknowledge.'

INTA 24 c iEif is used as a read sircbe lor interrupt acknowledge cycles. lt is aclive LOlv during
T2, T3 and Tw ol each inlernipt acknowledge cyclo.

25 o AddrelB Latch En5bl.: provided by the processor to latch the address inlo the 8282
8283 address latch. ll is a HIGH pr./lse active during T1 of any bus cycle. Noie lhal ALE
is never lloaled.

DT'R_ 27 o 0.t. TransmiUnecaiv.: neeoed in mrnimum system tnat desires to use an 828&8287
dala bus transceiver. it is used to control lhe direction of dala llow lhrough the
transce,ver, Logrcarly DT/R- rs equrvalont lo S ir lhe marrmum .node. end its timrnq is
the same as lor M/lO. (; = HIGH. R = LOw.) This sagnal floats lo 3.srate OFF in local bus
"hold acknowledge,"

5EN o 05ta En€ble: provided as an outpul enable lor the 8286/8287 in a minimum system
which uses the transceiver. D-EN is active LOWduring each memory and l/O access and
for INTA cycles. For a read or NTE cycle it is ective kom the middle oi T2 until lhe mid.
dle of T.. while ior a write cycle it is active kom the beginninq of T2 until tne rniddl6 oJ
T.r.6EN lloars to 3.srare OFF in local bus "hold acknowledge."

HOLD.
HLOA

r/o HOLO: inclicates that another mastor is requesting a ,ocel bus hold." To b€ acknowl-
edged, HOLD must b6 active HIGH. The processor receiving th€'hold rsquest will
issue HLOA(HIGH)as an acknowl€dgoment in th€ middle of a T. orTl clock cycle. Simul-
taneous with the issuanca of HLDA the procossor will lloel the local bus and control
lines. Afier HOLO is detected as being LOW, tho processor will Loller HLDA, and when
the processor needs to run another cycle, it will agarn drive lhe local bus and control
llnes-

The same rulss as for Haldi apply roga.ding when the local bus will be rel€ased-

HOLO is not an asynchronous inpul. Exlemal synchronization should be provided if the
system cannot otherwise guaranteo the sotup iim€.

Staila lln€: logrcaily equiyalent to 52 in the maximum mode. ll is used to drstinguish a
memory access from an l/O access. M/lO becomes valid ia lhe T. preceding a bus cycle
and rema'ns val,o unrir lh€ hnal T{ ol lhe cycle (M = HIGH. lC = LOW). M/i6 lroars io
3.slate OFF in local bus "hold acknowledg6.'

E-12
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Symbol PIn No. Typ€ Nema and Funclion

NMI 17 I Non'maakabl€ lnto.rupt an ec,ge trigg€rec, inpul which causes a lype 2 int€rrupt. A
subroutine is vectored to via an inierrupl veclor lookup tabl€ located in syslem
memory. NMI is not maskable internally by software. A transitron trom a LO\a/ to HIGH
iniliales th6 ioterrupt at tho end ot the current inslruction. This anpul is internally syn.
chronized-

RESET 21 Resat causes the procegsor lo immediateiy lerminete its present ac!ivity. The signar
must beactive HIGH forat leastfourclockcycles.lt restarts exec u t ion, as described in
th€ lnslruclion Set descriplion, when RESET rerurns LOW. RESET rs internally syn.
chronized.

CLK r9 Clock provides the basic liming lor the proc6ssor and bus conlroll€r. lt is asymmetric
with a 33% duty cycle to provide optimized internal llming.

40 Vcc: + 5V pow€r supply pin

GNO 1, 2C

MN/MX- 33 l Minlmuttrifuxlmuln: indicates what mode the processor is to operale in. The two
modes aae discussed in lhe lollowing s€ctions.

Cround

Tabl. 1. Pln O.lcription (Contlnued)

fha lollowing pin lunction descriptions erc lot the 808618288 system in maxinum mode (i.e., MNIMX = Vss). Only lhe
pin lunclions which erc unique to meximum mode ate clesc bed: all othe. pin lunclions are as desc bed above-

o Status: active during T!, Tj, and T2 and is reiurned lo th6
passive slate (1,1,1) during T3 o. during Tw when REAOY
is HIGH- This status is used by the 8288 Bus Conlroller
lo generale all memory and l/o access control Signals,
Any chango by 52, S1. or So dufing T1 is used to indicate
lhe beginning ol a bus cycle, and the return to tfie pas.
siv€ siate in T3 or Tw is usgd to indicata tie end ol a bus

The6e signals lloat to 3.stale OFF in 'hold acknowl
edge." Thes6 status lines arg encoded as shown.

nequesyc.lnt pins are used by olher local bus maslers to rorc€ the processor to
release the local bus al the end ol the processor's clrrenl bus cycle. Each pin is
oictirectional with EO/G-70 having higher priority lhan -Ro/G-r. Eo/GT has an inrernai
pull.up resislor so may be lerl unconnecled. The requesi/granl s6qu6nce is as lollows
(see Figure 9):

1. A puls6 ol 1 CLK wido kom another local bus master indicatos a locai bus request
("hold") to the 8086 (pulse 1).

2. Ouring a Tr or Tr ctock cycle. a pulse 1 CLK wide kom the 8086 to tho requesting master
(pulse2), inoicales that the8086 has 6llowed lhb localbusto lloatand that itwillsnter
the'holdacknowledgo'staleatthenexlCLK-TheCPU'sbusinterfaceunitisdiscon-
nected logically from th€ local bus du ng ' hold acknowledge.'

3. A pulse 1 CLK wide irom lhe requestinq masler indicates to the 8086 (pulse 3) that
the "hold" request is about to end and that lhe 8086 can reclaim lhe loe3l bus at ilre
next CLK.

Each master.masler exchange of the local bus is a sequenco ot 3 pulses. Thero must
be on€ dead CLK cycle alter each bus exchang€. Puise3 are aclrvs LOW.

lf ths request i3 madewhile tho CPU is peno.ming a m€mory cycle, il will release ths local
bus dunng T4 ol the cycle when all the following conclations aro met:

1, Requ€3loccurs on or boiore Tz.

2. Current cycle is not lhs low byt€ ol a word lon an odd addres).
3. Current cycle is not iho li.st acknowledge of an interrupt acknowledge s€quence
4. A locked instruction i3 not currently 6x€cuting.

trorc-Tc,
tr6r6Tr

30,31 lio

n-1?

I
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FUNCTIONAL DESCRIPTION

Th6 internal lunctions ot th6 iAPX 86/10 proco6sor aro
panitaoned loOically intotwo proc6ssin0 units. Th6 tirst is
the Bus lnt€rlace Unit (BlU) end the s€cond is the Exe-
cution unit (EU) as shown in th€ block diagram ol
Figurc 1.

UEIfORY ORGANIZATION
The proca$oaprovide3 a 2G,blt addressto memory which
locatBs th€ byts being retoi€nc6o. Th€ memory i3 orga-
nized as a linoaa aray of up to 1 million bytes, addr63sed
as 00000(H)lo FFFFF(H). The ft€mory is logically cllvidec,
into cod€. data, 6xtla da!a. and stack segments cl uo to
64K byt6s 6ach, wilh each segmenr talling on l$byt6
boundari$. (Se6 Figure 3a.)

Thes€ units can inloracl dir€ctly but lor the most parr
p€r,o.m as sepaGtg a3ynchronous opoBtional process-
ors. Th6 bus interlace unit provides thg funclion3 related
to ihslruction letching and quouing, op€rand tetch and
stor6, and acldr6ss relocaion. This unil6lso provides tho
basic bug control. The oveflapol instructlon pr}.totching
providod by thi3 unit s6rves to increas€ proc$sor perfor-
mancethrough irnprov€d bu3 bendwidth utilization. Upto
6 byte3 of tho inslructioo stream can be qu€u6d while
waiting for decoding and erecution.

All memory relerenceS ara mado relative to base
addre$os contain6d inhigh sp6ed s6gment rogisters.Th€
segment types w6le chog6n based on the addrsssing
n€€ds ol programs. The s€gment rogisrerlo beselected is
automatically choson accoadingto tho rules ot the lollow-
ing tabla. All information in on€ segm6nt type sharo th6
same logical attributes (e,9. code o. data). By str!cturing
momory into relocatabl€ areas ol similar characlerislics
and by aulomatically s6l6cling sogment registers, pro-
grams ar€ short6r, laster. and mo16 structured-

Tha inslrudlon str€am queuing mechanism allows the
BlL, to keep th€ momory utiiized very 6l,iciently. Whsh-
ever lhele is space tor al leasl 2 5ytes in th6 queue, the
8lu will altempl a word tetcn memory cycle. This greally
reduces "dead tifte" on th6 m6mory bus. The queue
acts as a First.ln.Firgl.O!t (FIFO)bu,fer, l.om which lhe
EU exiracts insiruction bytes as requir6d, It lhe queue is
emply ltoilowing a branch inslruction. for example), the
lirst byle into lh€ queue immediately becomes available
to lh6 EU.

Word (16.bit) oo€rands can be locat€d on even or odd
address boundari€s and are thus noi consliarned lo
€ven bounda(es as is lhe case in many 16-bil com-
pulers. For addrass and data ope.ands, lho least signili-
canl byte ol the worc, is stored in lhe lower valued
address location and the mosl signiiicant byle rn lhe
nexl higher address location, The BIU aulomatically per-
lorms th6 proper number ot memory accesses, one rf
the \{ord ooerand is on an even byle boundary and lwo il
il is on an odd byle boundary. Ercepl lor tle perior-
mance p6nalty, lhis doubl6 access is lranspar€nl lo lhe
sollware. This periormance penally does nol occur lor
instruction telclles, only word operanos.

Physically, lhe momory is organized as a high bank
{01s-Od and a low bank (DrDo) ol 512K 8-brt byles
address€d in parallel by lhe processor's adoress linesTh€ execulion unil receives pre.lelched inslructions

lrom lhe Blu queue and provides un-relocaled operand
addresses lo lhe BlL, Memory operands ar6 passed
tnrough tne BIU lcr processing by ihe ElJ, which passes
resulls lo lho 8lU for slorage. See lhe lnslruction Set
descrlplron tor furlher register set and archilectural
descriptions.

A19 - ,q1, Byte dala with 6ven addrosses is translgred on
ll':e D7-Oo bus lin63 whil6 odd addressed byte data (Ao

HiGH) is transt€rred on th€D15-oBbus lines. Theprocess-
or provrdes two enable sigfials, BtlE and Ao, io seleclrvely
allow reading from or wnting rnlo erthor an odd byte
location, evan byte location, or both- The inslruciion
slream is letched frorfi memcry as,ryordsand isaddressed
intgmally by the processor lo the byte lgv€las necgssary,

Segmont
S€leclion Rule

Auto atic wrth all instruction pretetch

allstack pusilesand cops. M6mory rel€renc€ relative tc BP
bas€ 169ister excepl data relerencas.

Oata refarences when: relativeto srack. destinatron oistnnq
operalicn. or sxplicitly overidden.
Oestinaton ol slnng operations: Exoiicrtly se{ected usrng a

Memory
R6ference Need

ccoE (cs)
Stack STACK ISS)

Locat Oata OATA (DS)

Ext6.nal (Global) Oata EXTRA (ES)
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FlEu.o 3a, Llomory Orgrnlzalion

consisling ol a 1&bil segment eddres3 and a 1&bit olt-
set address. The poinior elemonts are assum6d lo have
been 3lored at lhe ae3p€clivo places ia reselYed memory
prior to occurrenco ol interrupls.

Flgurg 3b. Ro!.rvod Memory Loc.tlona

MINIMUM AND MAXIMUM MODES
Th€ r€q uiram6nt3 loa su ppoding minimum and maximum
iAPX 8d10 systems are sulliciontly ditf.ront that they
cannol be don€ efticlently wllh /t0 uniquely defined
pios. Consequently, the 8088 is equipped wilh a strao
pin (MNiMX) whrch cl€linos the syslem conliguration.
The d€linition ol a cortaan subsol ol th€ pins changes
dependenr on rhe ccnoilion of lhe stra9 p,n, When
MN/lilx gin rs srrapp€d lo GN0, th6 8c86 lreals prns 24
lhrough 31 in maximum mode- An 8288,bus cont.oller
irrerprets status informar'on cooeo 

'nto 
56.E,.52 to gen-

eratg bus limrng and ccntrol signalS compalrble wilh
th6 MULtIBUS:v archlr6crur6. wh€n the MN/FiX prn is
strapp6d to vcc, lhe 8086 gen6rale3 bu! conlrol slgnals
itself on pins 24lhrough 31. es shown in patenthss69 in
Figuro 2. E$mples of minimum mod6 and maximum
mode systems are shown in Floura 4.

ln rerer€ncing word data the BIU r6quire3 one or two
memory cycles deponoing on whethea or nol the Slart-
ing byte of lhe word is on an even or odd address,
iespectively- Cons6quently. in r€f€rencing word oper-
ands perloamance can be optimized by locating clala on
even addross boundaries, This is an espocrally us6,ul
lechnique lor using the slack, since odd address raler-
enc6s to lh6 stack may adve.sely affect lhe conlext
swilchi:19 lrme ,or inlerruot proc69sing or lask multi.
plexing-

Cedain localrons in memory ar€ r€3erved lor specilic
CPu op€rations (see Figure 3b.) Localions kom adclress
FFFFoH through FFFFFH are reserued ror operations
including a jurnp to the initial program loading rouline.
Followang FIESET, rhe CPU will always begin axecution
at localion FFFF0H where the jump must be. Localions
0000OH lhrough oO3FFH are reseNed for inlerrupl
operations. Each ol lhe 256 possibl€ inteftupl types has
ils seryico routine pointed lo by a 4-byte pointer alemeol
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BUS OPERATION

Th6 86/10 has a combinod addross and datE bus com-
monly referr6d 1o as a time multiplexed bus. This tech-
niqua provides tho fiost elficienl ose ol pins on the
proces9or whil6 permitllng the use cl a standard 40.leed
package. This "local bus" can be buttered directly and
used throughoul the syslam with adOress latching pro-
vided on memory and l/O modules. ln addjtion, lh€ bus
can also be demultiplered al lhe procetsorwilh asingle
set ol address lalches ll a standard non.multiplexed bus
i3 cle3ired for lhe systom.

Each processor bus cycle consisls ol at leasl four CLK
cycles. These are relerred lo as Tl, T2. T3 and Tr (see
Figuro 5). Tho address as €milted lrom lh€ processor
du n€ T, and data lransler occurs on the bus during T3
ancl T.. T2 is useO primanly lor changing lhe direclion ol
lhe bus during rcad operations, ln the evenl thal a 'NOT
FEAOY" indication i3 Oiven by ihe addr€ssed d€vice,
"Walt" slates (Tw)aro inserted belw€en T3 and T.. Each
ingertgd 'Wail" state is ol lhe seme duration as a CLK
cycle- Periods can occur between 8086 br.rs cycl€s.
These are r6i6rred lo as ldle" states (T) or inactive CLK
cycles. The procassor us6s ih€se cycles tor inlernai
housekeeping.

ouring Tr ol any bus cycle lhe ALE (Address Lalch
Enabl€) signal is emitloO lby eilher lhe procossor or lhe
8285 bus controller, dspendi^g on the MN/M:ffi srrapr. Al
the trailing edge ol tnis pulse, a valid address and cer-
lain status inlormalion tor lhe cycle may be lalched.

Stalus bits S, $, ano $ are used, in maximum mode.
by tie bus controrler lo idenlify the rype ol bu5 transac-
tion according to lhe lollowing rable:

Status birs 53 throuoh Srlrc murtiplexeil wrlh hrgh-
ordor add.egs brts and lhe 6HE sronal, and ar€ tharolore
valid durihg T2 lhrough T.. 33 and S. indicate which
segment regasler (s€e lnsiruclion Sel descriplion) was
used lor this bus cycle in lormrng the address, accord-
ing to rhe lollowing tablei

S. s3 CTTARACTEFISTICS

0 {Low)
0
1(titGH)
1

0
1

0
1

Alt€rnat€ Oata (axtra seqrn sn0
Srack

Oata

Ss is a reilection of the PSW intorrupt enable bil. 56{and
57 is a spare status bit.

O AODNESSING

ln ths 8a10, UO operationscan address up lo a maximum
ol 64K l/O byte registers or 32K l/O wcrd reqistsrs. The
UO addr€ss app€a6 in th€ same format as the m€mory
addr63 on bus lines A1s-Ao. The addEss lines A1e-A1E

ar6 zero in l/O op€rations. The variablo l/O inslructions
which u3o register DX as a point€r hav6 fulladcir€s9 capa-
bilitywhi16lhe direct l/O inst.uctions directly ad dress on€
or rwo ot th€ 256 l/O byt€ localions in page 0 of ths l/O
addrcss soace.

l/O ports ar6 addressed in lhe same manner as memory
locatlons. Even addressed byt6s are translerred on the
D7-Do bus lines ancl odd addressed bytes on 0r5-Os.
Care musl be laken lo assure lhal each regrster wiliin
an 8.bit penpheral rocated on the lowei porlion o{ tho
bus b€ addressed as €v6n,

E 5
0(
0
0
0

LOW)

1(HrG
1

1

1

Hr

0
0
1

1

0
0
1

1

0
I
0
1

0
I
0
I

lntei.upr Acknowi6d9a

Fead Oata hon Memory
Wnto Oala to M€mory
PassiYe (no bus cycl€)
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EXTERNAL INTEBFACE

PROCESSOR RESET AND INITIALIZATION
Processor ioiliali:ation or start up is accomplished wilh
activaiion (HIGH) of rhE RESET pin. The 8086 RESET is
required 10 be HIGH lor grearer ihan 4 CLK cycles. The
8086 wrll t6rminate operaliofls on lh6 hrgn-going edge oi
RESET and will remain dormant as long as RESET is
HIGH. Th6 low-going transrtion of FESET lriggors an
internal r€s€t sequence tor approximal6ly 10 CLK cycles-
After lhis int6rvai the m86 ope.ates normally beginning
with lhe irutruclion in absolule location FFFFoH (se€

Figure3B). Thedetailsol lhjs operalion are specified in the
lnstruction Set description ot the MCS-86 Family Usors
Man ual. The R ESET ln put is internally synchronized to tho
processo. clock. Al intlialization lhe HIGH-lo-Low kans-
ilion ot RESET must occur no sooner lhan 50 /:s atler
power-up, to allow compl6!e initialization o, th€ 8085.

NMI may nol be asserled prior to the 2nd CLK cycl6 lol-
lowing the end ol RESET.

INTEBRUPT OPERATIOTIS

sequance. whrch is us€d to "veclor' lhrouoh lne ap-
propriale elerllenl lo the new rnterrupr service program
location.

NON.MAS(A8LE INTERRUPT (T{MI)

The pocessor provides a single non.maskable inlerrupt
9in (NMt) which has higher pr,ority than lho maskable in.
terrlpl requesl pin (INTR). A typi.ai use would be tc ac.
tivat6 a power lailure routine. Th€ NMI is €dgelri9gered
on a LOW.to.HlGH lransition. The activation ol this pin
causes a type 2 inlerrupt. (See lnslruction S€l descrrp.
lion.)

NMI is r€qui.ed lo have a dural,on in lhe HIGH state ol
gr€al€r than two CLK cycles, but is not required to be
synchronized to lhe clock. Any hrgh-goinq transilion ol
NMI is taiched on'chip and wrll be sefticad at th€ end o{
the cu(enl inslruclion or betw€en whole moves of a
blocklype inslruction. Worst case response lo NMI
would be lor muttiply, divida. and variable shift instruc-
lions. There is no specificalion on the occurrence ol the
low-going ed96i il may oc6ur beiore, during, or ailer th6
servicing ol NMl. Another hiqh.going edge triggers
anoth€r respons€ it it occurs alter lhe slarl ol lhe NMI
procedure. The signal must b€ hee of logical spikes in
general and be ,ree ol bounc€9 on lhe low-goin9 edge lo
avoid !rigqerinO ertraneous lesponses.

MASKAELE INTESRUP? (lNTR)

Tho 86/'10 grovid63 a sanqle inlerrupt requosl input {INTR)
which can be masked internally by sollware wilh lhe
reserting ol the interrupl enable FiLAG slalus bit. The
interrupl requesl signal is levellriggereo, ll rs rnlernally
synchronized duflng each clock cycle o. lne irgh-going
6dge o, CLK. To be responded lo. INTR fiiust be presenl
(Hl6H)during lhe clock peflod preceding the end oi the
current instructron or lhe end ol a whole move lor a

block.type inslruction. Dufinq lhe inlerrupt response
sequence further interrupls are diSabled- The enable b'l
is res€l as oa( ol the.esponse to any inlerrupl (lNTF,
NMl, software inlerrupt or single-slep), allhough lho

lnlerrupl operations lall inlo two classes: soitware or
hardware iniliated,'fhe So,tware inilialgd interlupts and
sollware aspecls ol hardware interrupls are specrl,6d in
the lnstruclion Set descriplion. Hardware rnter.upls cen
be ciassiti€d as non-maskable or mashable.

Inlerrupls rest/ll in a lranster ol coolrol lo a new pro.
gram localion. A 256.eiement tabte conlarnrng address
poinlers lo lhe inrerrupl service proqram locanon9
resides in absoiute localrons 0lhrough 3FFH (see

Figure 3b), which are r6served ior lhrs purpose. Eaci
elemenl in the table is 4 byles in size and corresponds
io an rnterrupt -lype . an inlerluplrng device supplies
an 8'bit lype number. dunng lhe inrerrupl acknowledge

FlEure 6. lnterrupt Acknowledge Sequonce
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FLAGS rogiste. which ls aulometically push€d onto lha
ltack rotlects lhe steta o, the processor pdor to lho
lnt6nupl. tlnlil lho old FLAGS 169ister is reslored the
€nable bll will b€ zerc unloas spocifically sct by an
ln!tructlon.

Du n0 the relponss soquonco (rlgure 6) th€ processot
6locul63 lwo succ6sllv6 (back.to-back) intearupt
acknowl€d€€ cycleg. Tha SOEA 6mits the LOCK slgnal
lrom T2 ol lhe lirsl bus cyc,6 unril T2 or lhe seconc,. A
local bus "hold" r€quest will not be honored until lh6
ond ol lh6 second bus cyci€. ln lh€ socond bus cycle a
byte is letched kom ths orrernal interrup! syslem (e.9.,

8259A PtC) which identrfio3 th6 source (typ6) ol rh€
lnlerrupt. This byle ls mulllplled by lour and used as a
point6. inlo th€ interrupt veclor lookup tabl6. An INTF
!ignal letl HIGH will be continually responded lo within
lhe llmilallons ol the 6nabl6 bil and sampie porlod. Tho
INTERRUPT HETUFN inslruction includes a FLAGS pop
which relurn3 the slalus of the original int€rrupl 6nablo
bi! wh6n it rostores the FLAGS.

to b9com6 activ6. ll musl aemein activ6 tor at leas! 5
CLK cycl€i. Tho WAIT inslructlon is re.exoculed
repear6dly unlil that time. Thls actlvily does not con-
sume bus cycl6s. Thg proc€ssor remaln! ln an ld16 llalo
whll6 $,Eillng. All 8086 d.lvers go to 3.9tats OFF il bus
"Hold"is ant6red. lt int€rruptg are 6nabled, lhey may
occur whi16 the processor is w6iting. When this occurr
th6 proceS3or letchos the WAIT instruciion one extra
tjma. proc639es the inleraupt, and then re-letches and
ae-erecutas lho WAIT inslruction upon retuming lrcm
the interru9r.

HALI
When a soltware 'HALT" inslruction is executod the
proc6sso. indicales lhal il ls ent6rin0 the _HALT" stat6
ln on6 o, two ways depending upon whach mod€ is
Strappad. ln minimum mo<,e. iha processor i3su63 on€
ALE wath no qualifyin€ bus conlrcl 3ignals. ln Marimum
Mod6.lho processor issueS appropraale HALT 3latu9 on
S2SrSo and lha 8288 ous conirollor issue! one ALE. The
8086 will not leave th6 'HALT" slal€ when a local bus
"hold' is onlorod while in "HAL]''. ln this caso. lhe
grocas3or reissu€s lhe HALT indicator. An inlerupt
reQir6st or FESET will force the 8086 out ol lhe "llALT'
ltete.

READ'MODIFYrwRITE (SEMAPHORE)
OPERATIONS VIA LOCX

The LOCK- status inlormalion is grovided by th€ proc.
issor whon direclly consacutlv6 bus cycles ar6 requjred
durin0 lho execution of an instruction. Thas provides th€
procosso. wilh lhe capabillly ol perlorming read/modily/
wrile op6rations on memory (via the Exchange Fegister
wllh Momory instruction, lor €xample) without lhe
po3!ibrlrty ot another sysl6m bus masl€r recerving
intoNening momory cycl€s. This is uselul in mutti-
procsa3or systom ccnliguralions to accomplish te3t
and sot lock" operations. The LOCK signal is aclivatod
(lorcad LOrrU in the clock cycle lollowing ths one in
whlch tho soltware "LOCK" preflx inslruclion is
decodod by the ElJ. lt rs deectivated at the end of th6
la3t bu3 cycle ol ths instruction lorlowing the "LOCK"
prerir inslruction. While LOCK is active a r€quesl on a
RO/GT pan will bs recarded and th6n honored at the €nd
ol th6 LOCK.

EXTENNAL SYNCHRONIZATIOI{ VIA TEST

As an altemalive to th€ inrerrupls and general l/o
capabilillo3, th€ 8086 provide3 a single soltware-
lellabl6lnpul known as lhe TEST sigial. At any lim6 the
proglam may execule a WAIT inslruction. tl al that time
the ltET signal is rnactive (HIGH). program erecuiron
b€come3 suspenoed whrt6 rhe processor warrs ra' iES?

BASIC SYSTEM TIMING
Typrcal system conligurations lor the processor
operaling rn minimum mode and in marrmum mode aro
shown in Figurcs 4a and 4b, r63p€cliv€ly. ln minimum
mode, th6 MN/MX pin is strapped to Vcc and lhe 9rcc.
essor amils bus control signals in a Danner similar lo
the 8085. ln marrmum mode. lhe MN/MX pin rs slrapped
lo Vss and lhe processor emiis coded slatus rntorma-
lion which the 8288 bus conlroller uses lo geneEle
MULTIEUS compallble bus conlrol llonala. FiOUre 5 ll-
lustratos tha signal tlming r€lEtlonship!.

Figur6 7. iAPX 8dl0 R.glslcr Mod.l

SYSTEiI TIIIIING - MINIISUTI SYSTEI,
The reed cycl. bogins in T1 wiih the assertlon ot lh€
Addr6s3 Latch Enable (ALE) sional. The lraillng (ow.
going) edge oI ihis signal is used to latch the ac,dress
inlormation. which is valid on the local bus at lhis !lme,
into lhe 42828283 lalch. ihe B-H-E and Ao signals
address th€ tow, high. or both bytes. From Tr !o i. the
M/i6 signal indicates a memory or l/O op6ration. At Tz
ihe address is removed from the local bus and the bus
go6s to a hrgh impedance stat6, Tho rcad control sigiral
is also asserted at T2. The read (RO) signal causes lhe
addressed device to enabl€ als dala bus drivgrs to lhe
local bus. Some lime lalar valid dala will be available on
the bus and rhe addressed devlce wrll drive lhe READY
line HIGH. When the grocessor relurns lh€ road srgnal

E-20
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lo a HIGH level, the addressod d€vice will again 3.state
its bus drivers. lt a l.ansceiver {8286/8287) is required lo
bult6r lh6 8086 local bus, srgnars OT;B'and OEN-are pro.
vid€d by rhe 8046.

A write cycle also begins wilh the asse(ion of ALE and
lhe omrssion ol the aOdress. The M/,O srgnal is again
ass6ned lo inc,icate a memory or I/o wrile operation. ln
the T2 immediately follcwing the address emission the
processor emits the data to be wrilten into the
addressed locetion. This data remains valid until the
middle ot Ta. Ouring T2, T3, and Tw the processor asserts
the wrile conlrol srgnal. The write (WF) signal becomes
activo al the beginning ol T2 as opposec, lo lhe read
whlch is delayed somewhat into T2 io provide lime lor
the bus to tloat

The 6m and Ao srgnals ar€ used tO selecl the proper
bytels) ol lhe memory/lo word lo be read or writlen
according to the,ollowing lable:

read (FD) signal and lhe address bus is floal6d. (See

Figure 6.1 ln the seconc, ol lwo successive INTA cycles,
a byte of inforrnalion is read lrom bus lines Droo as
supplied by lhe inlerrupl system logic (i.e.,8259A Prior.
ily lnterr!pt Controlle0. This byie idenlilies lhe source
(typ6) oi ihe interrupl. lt is mulliplied by four and used
as a poinier inlo an interrupl vector lookup labie, as
described earlier.

BUS TIMING-MEDIUM SIZE SYSTEMS

For modium siz6 systems lhe MN/MX pin is conn€cled to
vss and th€ 8288 Bus Controller is added to th6 system as
lvellas an 82828283iarch lorlatching the syst6m addross,
and a a2861a287 transcoiver to allow lor bus loading
Or€aterthan th6 8086 is capable cf handling. Signals ALE,
oEN. and oT,R ar6 generated by the 8288 insroed of lhe
processor in lhis contigu6tion although lheir trming re-
mains relative ly the same. Th6 8086 stalus outputs (S2, 51,
and So) provide typ€-of-cycle inlormation and becomo
8288 inputs. This bus cycls information speciries r6ad
(code, data, or l/O), write (data o. tO), interr!pl acknowl-
edge, or software hali. The 8288 lhus issues control
signals specilying mBmory r6ad orwrit6.l/O read orwrite,
or interrupt acknowledg€. The8288 providestwo lypes ot
writ6 slrobes. normal and advanced, to be appli6d as 16.
quired, The normal writ6 strobes hav6 data valid at the
l€ading edg€ of write. Tho advanced vvrite strobes have
the sametiming as reed strobes, and hencE data isn'tvalid
at the leading edge of wrlrs. ih6 8286/8267 transceiv6r
rec6rves the usual T and OE rnpuls lrom rhe 8288's OT/F
ahd DEN.

BH-E AO CHARACTEFISTICS
0

0

1

0

0

l/O ports are addrsssed in th6 same rnanner as memory
locataon, Ev€n addressecl bylos are lranslerred on the
OrOo bus lin6s and odd addressed bytes on Djs-Ds.
The basic dillerence between lie interrupt acknowl.
edge cycl€ and a read cycle rs lhal the interrupl
acknowledge signal iINTA) rs asserled in place ol lhe

The poinler into the tnlellupt veclor lable, which is
passed duriig lhe second INTA cycle- can denvo from
an 8259A localed on either the local bus or lhe sysiem
bus. It the masler 8259A Priority Interupt Controller is
posiliofled on lhe local bus,aTTL late is required to
drsable the 8286/8287 lransceiver when readrnq lrom the
master 8259A during lhe inlerlupl acknowjedge
sequence and sorlware poll".
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Ambient Temp€r.ture Under giag

Sloaag€ Temperature..., ., ,...
Vollage od Any Pln with

Respect to Ground. . . . . . . . . .

Power Oissrpation

'NOI/CE. Stressos ,bova those listed under "Absoluta
Mexim!fi Ratings" may cause petmanent damagd to the
d€yica, Ilris ,s e sa/oss /eting only ehc! lunctionel opera-
tion of the device et thes6 ot any othet conditions above
lhose indicatacl in tho opo@tional sectlons ol this specili
cation is not ihpllect. Exposut€ to absolute fiaximu,n
tuting conclitionslor extended peiocls may allect dovica

ABSOLUTE MAXIMUM RATINGS'

......0'Cto70'C
- 65'C to + 150'C

- 1.010 +ry
...2-5Well

D.C. CHARACTERISTICS leoas: re = oc to 7rc, Vcc = 5v r 10-qo)

(8086-2: T^ - CPC to 7(rC. V66 = 5v = 57'1

lnput Lou/ Voltag6 - 0.5 + 0.8 i I

I

lnput Hlgh Vollage 2.0 vcc + 0 5

Output Low Voltage 0.45 lol=2.5 mA

Oulput High Voltage 2.4 ] tor= - loo ul
Powe. Supply Currsnt: 8085

5086-1
808&2

340
360
3s0

l

Irr lnput Loakag€ Current :10
l,-o Oulput Leakage Current i tro I 0.45V<Vour<Vcc

Vcr lolock lnput Low voltag. - 0.5 + 0.6

Vcx Clock lnput High Vollag€ 3.9 vqe+ r.o 
I

Crn
Ceoacrtance ol lnpul Eulfer
(All ;npul except
ADo- ADl., HEi G-T)

15 I

Caoacitance ot t/O Bulf€r
:(Aoo- Aori, F-6/6t

E -22
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A.C. CHARACTERISTICS (soae: r^ = trc to ffc. vcc - sv : ro./")
(808&1: Ta = 0'C to 70'C, Vcc = 5V = 5%)
(808&2: T^ = CC to 7CC, V66 = 5Y . 595,

MINIMUM COMPLEXITY SYSTEM
TIMING REOUINEMENTS

I

8o8a 80r&2

ICLCL 200 r@ 5lo 125 l

i

tcLcx lFrrcr-cl)-l Fr TCLCL)- 15

-rcHcL
nA TCLCLI+2 C,! rc!cL)+o (%TCLCLI'2

TCHlCti2
I

ro 10 1o

lcL2cLl 10 1o 10

tDvci t-
5 lill

tcLox io 10 ll'o

0 0 0

1FYHC1! HEA)Y S.rup i

r_,-.o eOO I

(L lcLcL)- 
'5

30 b

-z _10 -a

35 20 20

INTF, NMI, TEST I 30 15 r5

20 tu

T]HIL ll ',2 .,2

I

12

-llLtH

E-23
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A.C. CHARACTERISTICS (Continued)

IIIIING RESPONSES

60t6

10 50

'C( - Allq)PF

ro 10

rcLZ r0 50

ILHLL rcLcH-20 tcrcH- 1o rcLC8-lO

55

rcHcl- 10 ic,€L- r0 lcsct-10

TCTDV io
1Ct10X

-:cLcrr-30 TCICX-25 rcLclt-30

50

tcHcTv r5 r0

lcrctx r0 llo 1o 5o r0 70

0

1o rn5 ,ol
r0 r50 t0 6o 10 30

TCICI-35 TCLCL-.0

1o r60 1o r00

FE widh 2TCLCt-75 2TCLCL-.0 2TCLC! 50 I

,cLcL 60 2'Cr-CL-35 zrcLci-.0
-, clcx-€o rcrcH-35 TCLCH-rO

IOLOH 2C 2a @

TOHOL \2 12 ',2

E-211

a5

TCLCL-.5

WF w6ln

I

r ]

I

J

tloTt!:
t. Sa9n.1n Ezar lhorn ror lll.rrnc. onlt-
2. S.lu9 6qsrr.m.nt tor.lynchro.ou3 lign.l only to gu.6nl.. r.cogniilon.t n.xt cLx
3- Apprl.r onry to T2 3n.. (8 n. into T3).
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLEH)
TIi'ING REOUIBEMENTS

a066

I r..
ICLCI CLK Cy.l. P.rod 5oo I 1zs

TCLCIT CLl< Lo* n6. lurcrcr-r-:ni i (+tcr-cr.)-'s,
rctlcL cLx Hgh r m. I (7, rcLCL)'2 (11ICLCI)-6 I r'a rcr-cu,r 

I

tcHlcH2 j cLx Ri$ rio.

TCL2CL] I

I

ro

30 ltsl 20

loii'o
35

0

53

l

l
I

20

-3 3

NMr iE_St, (s..

i-o,Gi s6lu, ri6. JO

12 12

20

15

15

30

TOIES:
,. Signal ai E28.lA 61 8284 shown lor r€t....c. otrly.
2. S6t!p r€qgiremont to. asynchronou! sign.l only ro gua.ant€. recognition ar netr cL(.
3. Appri4 only to i3 end wdt states.
4, Apph.! onty io T2 srars (E rc inro I3),

E-27
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A.C. CHARACTERISTICS (Continu6d)

TIMING RESPONSES

lola

iCLML i5 r0 35

q. .2()"to pa

-i5 35 35

65

-rcHsv rro I ro 60

-,cisH 10 r30 55 r0

9)

ro I

TCLAZ 50

TSVLN r5

r5 15

ICLIH r5 r5

T'LVCII 15 r5

15

r5 rs r5

rcl.Dv ]o.nv.Jido.r., 5o ,0

lorox i orr norim 'ol ,ol
5

r0

o 0

r0

rolo
TCLCL-.5 ictcl-35 rcLcl-{o

,a

TCIIOTH 30 3)

TCLGL a5 0 50

;CIGH &5 50

zrcr-cr-- zs I 2rcLcL-ro 2rcLcL-50

:'c 20 20

TOr10L rl 12 12

ICHLL

TCLVc:-

TCHOTL

E -28
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r65

r50
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Absolute Maximum Ratings
Temperature Unda. Bias

Storaga Temperatura
All lnput or Output Voltagss
with Respect to Vss

Povr61 0issipation

0'Cto + 70'C

-65'Cto +1sO'C

-0.5Vto +7.0V
400mw

Nolai Maximum Gtings indicate limits beyood which
permanent damage may occut. Continuous operalion at
these limits is not intended and should bc Iimited to those
conditions specilied under DC electical characteristics.

DC ElgCtfiCal ChafaCtefiStiCS T^ = o'C to +70'C, Vsg = + 5V = 5%, Vs5 = 0V, untess otherwise specrfied.

Symbol

Vox

l95(AV)

IrL

lcl Clock Leakage

capacitance 11:25rc,V6s - Vss - ov

Symbol

Cxrr.r

TYrlcAt sur?t Y cuSiEIrT
IElrftNATUNE ttoSUALIZE 0ll)

1.5

cr

0

0.5
0 +25 .50

AMSIIIIT TEIX'€NATUR€ TCI

P!r!matar Condltlon3 Mln Tvp. M!x.

0.8

CIock lnput High Voltags

lnpul Low Voltag6 0.8

lnput High Vouaga 2.O

Output Low Voltaga 0.4

Oulput High Voltaga 2.4

Avg. Power Supply Currsnl (Vcc) 65 80

lnput Loakage

MFI Schmitt VrL 0.8

MFI Schmitt VrH

MR Schmitt Hysioresis

loL - l.6mA on all
outPuts; IOH = - 10OsA

0.2

P!ramalar Condltlonr Mln. Tvp. Mrx,

CIock lnput Capacitance m
Clock Output Capacitancs 20 30

lnput CapacitancB 6 10

Outpul Capacitance

fc=1 MHz

Unm€asured pins
rctutned to Vss

10 20

E-35

+75

Unil

mA

Unlt

pF

pF

F

pF

l

Vrux iclock lnput Low Voltage -0.s I

2.ol
-0.5 I

=10

2.0

Cxow

cour



M!x.Cofldltlon3 Hln.Symbol Ptrrmatar
90

110Mdress S€tup Timst6
0Address Hold Time

'fi0Chip S€loct S€tup Timo

0Chip S€leci Hold Tima

0toro

tex

tcx

't75torw

1735Read Cycle Oelaytnc

2000Read Cycle = t^w + toto + totw + tRc

1506ISTR-/OISTP to Drivsr Oisable Delay -olmpF loadinotoo

RC

2fio€tay from EiSFlotsTR to oata -o100pF loadingtooo

-o100pF loadlng 100txz Dtstn-tstruotsrn to Floa ng oata D€tay

50I tooo mSF-/ DosTF Strobo D€r ay

66STFi/ oosrR strobe width 175tmw
Write Cycle Dalay 1785twc

wc Writa Cycle = t^vv + lsop + too$, + tlvq 2100

oata S€tup Tim! 175tos

Data Hold TIma 60

Chig S€lact Outpul O.lay from S.lect - o1@pF lo.ding 200

Addr6ss Hold Time trom diSiHlO|STR 50

Chip Select Hold nm. ,rom O-iSifuOtStn 50

EISrF/DISTR O.tay lrom Addrlss 't 1o

diSiFlotstn oetay trom clrip Solcct 110

Addr$s Hold Timc ,rorfl oOSTR/OOSTR 50

Chip S€lecl Hold Timc from
DOSTR/OOSTR 50

tox

tcsc'
tne'

tncs'

, ten'

tcsn'

twe'

twcs'

DOSTR/OOSTR D.lay lrom Addrars 160

DOSTR/DOSTR oolay from Scl€citcsw r60

Mastar Resst Pul3a wldth

II

AC Electrical Characteristics r^ = o'c to +70'c, Vg6 = +sv 
= 

5%.

tnnw

'ArprlcrDr. onty rh.6 IG inpu! l. ll- 9.finrllrtly tor.

Units

NS

ns

NS

ns

os

ns

ns

ns

ns

ns

ns

NS

ns

ns

NS

NS

ns

ns

n3

ns

ns

E- 35

Address Strob€ Width

6'ifTR/ o I srR st ro be o€ r ay

Dts-TR/otsTHsrobewldth

n3

ns

ns

ns

ns
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AC Electrical Characteristics (continued)

Symbol

Brud Gan.lltor
N

teLo

tgxo

Rccolvct

tsco

tgxr

tnrrt

frsnsmlltar

txn

trns

tra

Modcm Conlrol

tsr

tstr

Condltlon3 Mln. MaLP!r!mata. Unils

n3

ns

NS

ns

F
BAUDOUT

Cycles

Cycles

Cycles

ts

i/s

,/s

r/s

1.3

fS

t.3

,1 21r-1Baud 0ivisor

25O typ.100pF LoadBaud Outpul Negativa Edgg oelay

25O typ10OpF LoadBaud Output fusitiv€ Edge Delay

425 typ.Baud Output Down Tima 1@pF Load

330 typ.Baud Output Up Tlmo 100pF Load

Delay lrom RCLK to Sampla Time 2 t'lg.

Oelay from Stop to S€t lnterrupt 10OpF Load 2 tvp.

Deray rrom 6i5iF[/orsrn iFo RBF/RDLSF)
to Roset lnterrupt 100 9 F Load 1 tvp.

Deray from d6SFf/DosTF (wR THR)
to Fl€sel lnlerrupt 100pF Load 1typ.

Oelay trom lnitial INTR Beset to Transmit
Start 16 typ.

Oelay from lnitial Writc to lnterrupt 24 typ.

oelay trom Stop to lnterrupt (THRq 8 tvp.

oetay trom o-St-FlDlsTR (Ro [R) ro Res.t
lnt€rrupt ffHRO l00pF Load 'l typ.

tnoo oetay trom ooSTH/oESfH lwn ucny ro
Output 100pF Losd l tYP.

tsrn Oelay to S€t lnlenupl from MOoEM lnput ,@pF Lo.d 1 typ.

tntu oalay to Raset tnterrupt f rom titSFl-/OtSfR
(RO MSR) 1@pF Lo.d 1typ.
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vcE rGalla^

osc. ct0cr l0
aArr0 cli r.o6rc

Typical Clock Clrcuits

0arvti
EXTtttal

ct0cx

cl0cx
OUI'UI

xllN

I

I
ITALI

tTl(2

tr, Csr. l3a

iE l./D

x

H,,.'
l_x

rrlu

clr31lt CZ

;r

C1

!.lv

A. Ert.m.l Clock lnpul (3.1UH: mlr)

i6r

F

l_
I

w'lt. Cycl.

itl

vE! lrilllLl

0$. qL oct( T0
lllr0 GEt t0Grc

raa

itr
I atl t,lr !!.ltr,

, ra rra{a ot r xaa IB a lta t tot

Timing Waveforms

L-----

B. lyplc.l CrFrd O3clllrto, N.lwort

11..

E' ,a



Tim ing Wavelorms t"ontlnu€d)

l-*-l
rl!

Efr. ctr. cla

ctout

!EiI,/OElr

o!:tt/oBllr

oa- ot

.^-U[UIn

rrurEln

tSErdEr

r
","--{

I
0l

o0ll

t-i'oc

,ooo-l !

.raErara orr Y Eltr I8 lt tta raa

R..d Cycl.

,roi F -1 F'-
-..{ l-nro l-,t

l-c' !--i F,.ro --{ l-,r.r -ti-rtt<

i+D

l.!

5I'!'UU'
i F'.,0 _-1 F*o
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Block Diagram

I:rv6uut

tl

a9
.lB

olttl

6E

Ht{#

l'aota: A{ryilcaDla 9tiiost
nqrbaat ara lnclrrt rdtltln
9arJrliaa-"

Func-tlonal Pln D'escriptlon
Thc following dascribca thc functlon ot all |NSE250A
lnput/output pins. Som6 ol the3e dercriptlon! r.rer.ncg
lntornai circuits.
l{ob: ln $a folloing daacrt9tlqra. a lor ra9a-tna a loelc 0 ov no.trlD
d).116 . hlch rr9.aa.ila a logE r ( +atv ,Eriln.r}.

lnput slend3
chtp sd.cr (cso, c$, 

-sa, 
Pl 12-14 whcn cso and

CSI archlgh and Els low, th.chlp ls s€lectod. Chlp s+
locllon l! complolc whcn the dscod6d chlp s€l.cl signd
ls latch.d wilh an actlvo 0ow1 A66r""t Strob. G-ES)
lnput. Thls enablas communication bat\Naan th!
lNS825OA and the CPU.

O.tl lnput Strob.lDlsTR, 6'iSmI Ptm 22 .nd a: when
olSTFl is high or oISTR is low \Nhils thc chip is s€l6cted,
allo'rrs lhq CPU to r6ad slatus information or data trom a
s.lect6d reglster ot lhr lNS8250A.

lolG Only tr -tly. OISTF c ffifi lngut lr r.qulri to t..r.l, drt^
hqn iha TNSaZIOA durtng r rad 60.r.tlor Tirro.r, rla alllll tha
OISIF hBrr D..rru.rtly br d th. OlsTn l6pgt p.nlrri-rly ntn, tl lrot

D.r. OurBrt $ro!. {Dosfn, frisiE), ptns 19 .nd 1or
Wh.n OOSTH l! hlgh or D33lF ls low whilc thechip is se
loct.d, dlow3th. CPU to wrlt. dala or controlwords into
a s.l.cl!d r.glsl.r ot tha lNSa250A"

iSEdyar-th.OOsfi oEft?tnputl'rEutritot'r ral.rdatrto
llta ltaslelO^ (irtr{ r rtr o9-rt cr lll-rrq., tl. .itnr tn. OOS?F
lnpu pa.lnararlt lor o. tnr Ell tnpgt frrnfrl|y hlgh. It hot u!..t.

Addr.r StrGO.(A-ils} Pln 25: Whan low, providca l.tch.
lng tor th. R.glstcr S.lcct (A0, A1, A2) and Orip S.lcct
(cso, csr, &) signsrr.
l{* fn rnr ES tnal b nqslltd ri.r u. naat3t, S.a.cl (AO, A1,
Aa a6rda ra rcl ltrbla Ir tha (rurailon of . ra.d d rnta op..atlo.r. tt
nol rrlll -,ll. dr. AOS ln rl grlnrr.rtly lolr.

R.€l3tr S.lGt (AO, 41, AA Pln3 26-2& Th.se thre€ in-
puts ara us6d during a r€ed orwri16 operation to salect an
lNS8250A re9ist6r to read trom or wrila into as indicated
in tho tabla balow. Notgthat thc ataleol th6 Oivisor Latch
Access Bit (DLAB), which ls th€ mo3t signilicant bit ol
tha UncControl Rogistar, altocts the selection ol carlain
|NS825OA rcAlstr'3. Thr DLAB must bo srt high by thc.
syslarn softwara to acc6s thc Baud Gancrato. Oiyl3or
Utches.
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A1 Ao Ragist.rOLAB a2

0

I
0

1

0
1

0
1

0

'I

Foceiver Butlst (rsad), Trans-
mitlsr Holdlng Registor (,xrite)

lntcnupt EnablB
lnlcrrupt ldentillcation (re8d

Lina Conlrol
MODEM Control
Line Status
MODEM St8IU3

Dlvisor Latch
(least signif icant byte)
Oivisor Latch

lv)

ch

signillcant byts)

0

0
x

x
x
x
x
x
1

0

0
0

0
1

1

1

1

0

0

0

0
1

1

0
0
1

1

0

0

X..t.r Ba.t 0rRI Ph 3e Thls lnpul ls butfcrcd with a
TTLcompatlbla Schmltt Tdgeor. whcn high, it clea'3 all
tho rcglslrr3 (lxcapt th6 Flocclvu Buffor, Transmitlsr
Itoldlng, and Oivisor l3tchca), and tho control logic ol lhe
lNS825O L Also, the sitste otvarious output signals (SOUT,
INTFF/r, OUT 1, OUT 2, RTS, DTR) ara atfectrd by an actiyo
MF inout. (R.f6r to Tabla 1.)

n c.turr Clock (RCLKI Pln I This inpul is th€ 16 x b.ud
r.le clock tor th. racair,.r E cllon ol tha chlp.

Sf,ld lnpuf (SINI Pln lG S.rial dala lnput lrom the com-
munlcatlons link G€rlpheral d6yica, MOOEM, or data $l).
d..r ro Srid (e?-$, Ph 3A 'ft. eT-S srgnrt is a MOOEM
control ,unctlon lnput whose conditions can bc t.st6d by
thr cPU by rr dlng blr 4 (Gr$ o, th. MooEM sterus
Rrolsl.r. Blt 0 OCTSI ol th. MOOEM Statu! tleglst€r lndl.
cat€ r',r€thcr th. eTS lnput ha! chsngrd nalc {nca the
prsyious rcading ol th. MOOEM Ststu! Rlolstlr. CT- h.s
no otfrct on the Transrnitt.r.
ta.:lrnrr rtl.. clshatottn rcDEx g.tr,. n{lat drJ|e-rda.
tr hl. 9t la e.lrl i- l, Ur t/looElt tliu. l.i.nrd l. -.!.-.
D.rr S.r R.tdy (EEE[ Ph 3A wl|cn low, thls lndlcatE
th.t th. MOOEM or drta sat 13 ra.dy to oalebllsh th6 com.
municatlon3 lln k and trsn3lar data wlth tha INS@50A- Thc
6SFdgnal lsa MODEM€ntrol tunctlon input whosrc!n-
dltlon c.n bc t!.trd by th. cPlJ by r..(Inc bii 5 (osR) ot
thc MooEM starw Rrcisr.f. Bl|I (Dosm ol rhr MoDEM
$alus RcClstor lndlcatB whcth, th. m lnput has
chang.d statr slnco the pr.yiou! raadlng o, thc MOOEM
Status Filolnor.
llI wtrrff lna OSR ut o, th. taOOE Sut!. R{tttrch.ng-al.
r| lfirtugt la girrrtad tl ina HODA, Sfttr,. tnrrrupt tr anaotad.

D.tt clrdr D.tct (DC-D[ Pln 3& Whcn low, lndlcata3 that
the data carrier has b6rn dotlct€d by thc MOoEM or data
sol. Thr DCD signal ls a MODEM€ntrol tunction lnput
whose condltlon can b. tBt€d by the CPU by ro.dlng bit 7
(OCD) ot th. MODEM Statut ttcalsrcr. At 3 (OOCD) ot rhe
iTOOEM Status FlCl3l.r lMlcat.a wh.thcrthe OC-D lnput
ha! cfiangod stat6 slnce tha prcyious raadlng o, thc
MODEM Status H€gl3t6r. EE has no .flsc.l on thc
tlcalvat

iaort: ylfialrarr $o EICO Dtt ol iha IrcDEM Stalua ttaollt, chang.. slala.
dt lnti?lr, Ir gfirart It tlt tlooEta Salua lnlrrupl 13 .rlaDi.d.

Fntrg lndcrro. (-RlL Pln 39 whan low, lndlcat$ that a t6le'
phonc rlnglng 3ignal has b€on rocoivsd by lha MOOEM or
data s€t. Thc Eisignal ls. MOoEMcontrol funcilon lnput
whosacondition can bc t8t3d by thr cPU by rsading bit 6
(Rl) ot the MODEM Status R.gistst Bit 2 (rEFll] ot the
MOOEM Starus Register indicat* wh.lher tho Rl input
has changed trom a low to a high state sinco tho provious
re.dlng o, th6 MODEM Statua Flagists,.

iaot . tri-!.rr rlta ft lat o, $. rrcoEf S lt fagl3ta durea. troln r
hhntorlortlrt..,ll rnl9t I. grrrtt- ll rn MOoEll slrllrt i.€rliar
b.n.!t.6.

V6s, Pln,lO +5V supply.

Vss. Ph AN Ground (0V) r"frrcnce.

Outpul slgn 13

D.ll T.l ln.l n dy (l)-TnI Ph gr: whan low, intorms
the MoDEM or data 3.t thst thc |NS8250A is rcady ro
communicats. Th! Ei-R oulput 3icnal c.n b. sat to an
acllve low by, proCrammlng bit 0 (OTBI et thc MOOEM
Conlrol H.gistcr to . high lcEl. The O-Taggnel is sct
hlgh upon a Mastcr RaSEI op€railon. Thc DTR signal is
forcsd to its inacliy. statE (high) during loop mode
opclalion.

R.qu..r ro S.ld ffi[ Ph 3:t When low, lnlorm3 the
MODEM or d.ia sot th8t th. |NSE250A ls rc8dy to tran3.
mit dat - Tha 

-FlTs 
oulput slgnal can ba sat to an activa

low by prcOr&rmlng blt 1 (FTS) o, thr MODEM Conlrol
R.gi3tar. Th3 F?E slgnal ls !.t hlgh upon a Mrstsr Res6t
ogJttlon. Tha RTS slgnd ls lorcad to its inactivc state
Olgh) durln! loop modc op.ration.

OnDd I (ofi?Tt fln 3+ U$r.designated output lhat can
b. s.t to an .c{lyr low by programming Dit 2 (OUT 1) o, the
MOOEM Conrrol BrOl cr to a hlgh loycl. Th. OUT 1 sig.
nal ls s.t hlgh upon a Mastrr F6rl Oprration. Th. OUT 1

signd l! forccd to lts ln.ellw statc Olgh) during loop
modc oparatlon.

OutPut 2(OUT2L Pln 3l: Ussr.dr.ignated oulputthat can
b. tat to .n actlv. low by progtamm ing blt 3 (OUT A ot the
MOOEM @ntrol F€gi3trr to a high lev.l. Ths OUT3lig
nal lssat hlOh upon a Mastar R6s6t Oporation. Tha OUT 2
signal ls ,orcld to lt3 lnactlya stat. GiChl during loop
modo oparatlon.

Ctlp S.let Out (CSO[n. Ph 24: Wh6n hlgh, indlcatos
thal the chip has br.n sclecrcd by active, AS0, CS1, and
cs2 inputs. No data transt6r can b€ initiat€d until th.
CSOUT slgnal ls e logic 1.

Drlvr dxbl. (DDISL Pln 2rI Go€s low wh.nevar the CPU
ls r..dlng d.ta trom thc |NS8250A- A hlgh-lcv.l DOIS
output cln ba usrd to disabla an extemal transcaivor (lf
usrd b.tlrcn thr CPU and |NS825OA on thc Orq Data
Bu3).t all tlm6, .xcapt whcn thc CPiJ 13 r!.dlno data-

E-\2

1



Brud out (B-AUoot T), Pln 1* t6 x clock signal tor tha
transmittar s€ction of the INS8250A- The clock rato i3
cqual lo iha main rgrsr6acs oscillator lrequcncy dlvid€d
by tha sgscill€d divlsor in tho Baud Generator Olvi3or
utcnes.Ttre frU Do-[lf may also ba us€d ror the receiver
sectlon by tying this output to th3 RCLKinput orthe chlp.

lotcrrupt (lNTRm, Ph 3e Goo3 high whanavet any ona
ot lhe tollowing inienupt type3 has an actlve high con'
dition and is enabled via the IEH: Recsiver E rot Flag;
Received oata Available; Transmitter Holding Fogistar
Empty; and MOOEM Status. Thc INTRPT signal 13 rasat
low upon tha approprlale lnterrupt sarvlce ol a Ma3ler
Bssat opcralion.

S.rial Outgut (SOUT), Pln lt: Composlta s6rial data out.
pul to the communicatlons link (petiphotal, MODEM or
data sel). The SOUT signal is s€t to ths Marktng (loglc t)
state upon a Mastar Re3el operalion.

lnputrOulpul Slgn.ls

Ortr (Dr-Od 8u3, Pln3l-8:This bus comprlscaeight TRI-
SIATP input/outpul linea. Th6 bus providB bidircc-
tional communications betrv€on ths lNS6250A and tho
CPU. Oata, control wordg. and status inlormation aro
transferrsd via th€ Orth Oata Bus.

Ext.rnll Oocl lnputroutput (XIAL I, XTAL a Plns lt.nd
17: Th63a two pins connect tho main timing rgferenca
(crystal or signal clock) to tha INS8250A.
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R.g[ri../Slgnrl

Mast€r Re3€t

Uno Conlrol H€glster Master Rss6t

Mast€r Reset

Llns Status Regl3t.i Mastar Re3at

MOOEM Status R€gistet Mastar Rasal

Mastar Reset

Read LSR/Mn

INTFPT (RCVR Data Ready)

INTEm (RCVR Errs)

Read BBR/MR

INTRPT OHRE} Bead llRMrlta THF/MR

INTRPT (Mod.ln Stat$ Chanoa.)

Master Basat

Masiar Rosat

Master na3atOUT 1

E-),?

High

All Blts Low

MOOEM Control Rogistsr

SOUT

Read MSR/MR

Mastor Re3€t



Accessible Registers
Ths systrm programmer may acc6ssor controlaoy ol ths
|NS825OA regist.r3 summarizld in Table 2 Yia tha CPU.

Thlsaragislors are usad io conlrol INSE2sOA operations
and to trtnsmit and rcceivo data.

Un. Control B.9l3l,
The sysi.ln prooranmcrsp€cil1.3 thr tormrt of the atyn'
chronou3 data communications exchanga via the Une
Control Regist6r. ln addltlon to controlllno thc lormat,
tha ptogtammcr may rulri€vs ths contenls ol the Line

' Control Hegistor lor ln3p6cilon, This tcstur. simpliries
syslem programminC and ellminstos lh! naad lol s3par'

: et6 storage in syslam mcmory ol thc linr crratacteristica.
Tha contcnts ol the Linc Control Registar ate indicatad in
TablB 2 rnd ara dascrlbcd b€low.

Blt3 O .nd l: Thesa two bits specily th8 numb€t of bits in

6ach transmittd or racaived serial charactar. The

cncodino o, bit3 0 and 1 is as follows:

Blr r Btr 0 Vrord L.ngrh

0

0

1

1

Blt 2 This bil spacirlB tha number ot Stop bits in each
transmitlcd characler. It bit 2 is a logic 0, one Stop bit is
gafleraled in the transmitted data. It brt 2 is a logic I

whon a s.bit word langth is selected via bits 0 and 1, ona

T.bl. 2 Summrry ol lNsa250A.lc€6slbl. R.gl3l.6

Ra9i3trr Addr.s!
lOLAErl

L.lch
(MS)

OLM

Bit E

8it 9

Bir 10

Bir 11

BII 12

8tr 13

8lt 1,.

0 oLAA r0 0OLABr0 1 DLAB -O 3 a

Rac.iv!.
Butt r

B.3I{..
(tt d Only)

Traoaniittat
Holdlne
RtOl.lar

(t{.ii. Onir)

gilat.J t+3./bli..
Enablr
R.9lal-

hr.,rupr I

ld.ir- I

irglrtrr I

(F..d Onlyl

Un.
Coolrol
F.91.1..

TOOEM
Contml
R.9iatr.

Lhta
Slatua
F.gl.l..

TOOErl
Slrlu.

R.glrl,
Scr.tch
h.9l.t.t

Olrl.o,
L.tch
(LS)

RAR IER LCF CR LSR scR

0

En No.

O.!a Blt 0' o.r. Bit 0 En.btc
Raclivd

oata
AvrilaUa
lnllrru9t
(ERBFI)

'o'lf
lntarrugt
PlidinO

Word
Lmgth

S.{.sl 8it 0
(wLso)

Drtr F..dy
(OH)

[bt. Clrl,
to san6
(DCTS}

8tr 0 Bir 0

o.ts Bit 1 Em!1.
Irans,tttllr

Holdlne
R.0ln,
Anpty

lntlnupt
€TBED

lntllrupt
to

Blro.

vrrod
tRn

Sdrqr 8lt 1

(wLsl)

Rquaatto
Sa,rd

Gnq.

Orarrun
&roa
(o9

Dalla oata
S.r R..dy
(D6F,

Blt 1 Bit 1

2 o.ta Bit 2 Brablc
H!c!iY!?

Lina St{ua
lntllt!pt

(ELSD

lr tarupl
ID

Br 11)

Numb.. ol
$op Atg

(sr8)

Out 1 Trailing
Edgr Flng
lndiceto.

(IERl)

Bir 2

3 ort. glt 3 En.blc
rrcoE
St.tu.

lntr.rupt
{EDSSI)

o Parity
Enablr
(PEN)

Oul 2 o.ite 0.1.
Carraar
Oa.ct
(D0cD)

Etit 3 8ir 3

Data Bit 4 oet. Bit 4 o 0 Ev.n Parity
Sal€ct
(EPs)

Loop BrcrI
lmamJol

(80

Claar to
S.nd
(gls)

Bit 4 Bit 4

Data Bit 5 0 0 Sllck Parity 0 Tranrrnitl.l
ltoldin0
Ragisrar
rriRq

Dara s.t
B.ady
(oso

Bat 5 &t5

oara Bir 6 oata Bit 5 0 Sat Eraat 0 Trant.trittla
EmDty
rEMT}

8it 6

o.t. Bit 7 Dar. Bir 7 0 otvicor
t tch

Acc.la At
(DLAB)

0 O.ra
Carrirr
Dat*t
(DCD)

ar7 &r7

5

'El 0l! ll'ra laa6! ggnilic.n I bit. I lt tha itrst Dit grtalty iraarnllli oa rEatrlr.

E-1+l+

8ir 15

I
{

0

1

0
1

5 Bits
6 Bits
7 Bits
I Bits

reR
Data

Tc.minal
Ra.dy
(orR,

1 O.t. at 1

D.ta Bit 2 Parity
E roi
(Pg

Bit 2

O.ta Bit 3 FrarninO
E tor
(Fe

D.ta Bit 5

0 at6

0 0

5 al ,l lo oua-ri

I rHR lrB L oLL

Fllno I

lndlcator
(R0



and a halt Stop bits ara generared. It bit 2 i3 a logic t
when either a 6, 7-, or SOit word length is sal€cted,lwo
Stop bits are gansraied. Tha Rocsivsr checks thq firsl
Stoptit only, rcgardless o, the numbd ot Stop bits
sol6cted.

' Blt 3: This bit is tho Pa,ity Enable bit. Whefl bit 3is alo9ic
1, a Parity bit is g€nstated (transmit dala) or checkad
(r6c6ive data ) bstwa€n thc last dataveord bit and Stopbit
ol the sarial data. (Ihe Patity bit is used to groduca an
even or odd n umb€r ol 1s when thedata word bits and the

iParity bit are summed.)

Bll l1:This bit is thc Eyon Parity Solecl bit. Whrn bit 3ls a
logic 't and bit ,r ls a logic 0. rn odd numbet ot loqic 13 is
transmitted or chacked in the data word bits and Parily
bit. When bil 3 is a logic 1 and bit 4 is a logic t, an avcn
numbEr of logic 1s i3 transrnitted or check€d.

Blt &This bit isthsStlck Parily bit. Whcn blt 3ls a loglc 1

and bit 5 is a looic 1, tho Parity bit'ls transmiltod and
checked by ths r.celvar a3 a logic 0 ll bil 4ls a logic 1 or
as a loglc 1 l, bit 4ls a logic 0.

Blt 8: This bil ls lha Br.ak Control bit. Whon ll ls sal to a
looic 1, the sorial outgul (SOt O is torcad to th! Spacing
(logic 0) stat6. Ths brc8k is dlsablad by s.ttlng bll 6 to a
loglc 0. The BrEak Control bit act3onlyon SOUT and ha!
no effect on ths lransmitter lo€ic.
l'aota: fhta iaatura a.raDlx $a CRI to al-t a trnrtnd ln a colnDut
corrm unacatlonl ay!]!ilr. I I tna iollourng 3aqrdrca it tollorrd. ,'ro a.ron

-u3 0, allnnco.rr ciailclrs lill ba t anrrnitla(, lraairaa of $a b.a&
t. I-oad rn aI 0s paa cira&ta( ln r.apo6lr to THRe

Z Sar tr.l ln raagqrt ro th. n rl THRE

3. Watl fo. tlta lrananritt.. lo Da idla. lEL? ' l, arlal da- !,tal rnan
.onnd tTanamilco.r haa to ba raaloaao.

oudn! rna taat. lha Tranafilll- czi ba uaaat aa a dtfEtr llln- to -.c!fltaly aatadlan tIa bra* duratlcr.

Tsblc 3. 8.ud R.l.! U.lng 1.8aQ H: Crr3lrl

Btt Z This bit is the Dlvisor Latch Acc€ss Bit {OLAB). lt
must bo s€t high (logic 1)to acc63 tha Olvisor L3lchesol
tho Baud Gonarator during a Fead or write operation. lt
must b6 set low (loglc O) to accass thc Recsiver Bullet'
thaTransmitt6r Holding R€gist6r, oilhs lnletrupt Enabl€
Rogist6r.

Programmabla Esud Genarator

Tho lNS825oA contains a programmabla Baud Gsnorator
that l! capable ol taklng any clock input (0C to 3.1 MHz)
and dlvidlng it by any dlvisor lrom 1 to 2r'-1). The output
lrequancy ol th€ Baud Genetator is 16x the Eaud

ldlvi3or t=(fraquency input] * {baud rate x 16)1. Two &bit
latchG store th! divisor in a 1ftit binary format. Th€s€
olvisor Lrtches must be loaded during initialization in
ordet lo ensureds3ir€d op€tation ol the Baud Generator.
Upon loadlng either o, thn Olvisor lltche3, a 16bii Baud
counlor 19 lmm.dlat6ly load€d. thi3 prayonts long
counB on initld load.

Tabl.a 3 and 4lllustrats the use of the Baud Geflaralor
with crystal froqu.nciss ot 1.&B2MHZ and 3.072MH2
ra3p€ctlvaly. For baud ratelr ol 38'lO0 and below, tha enor
obtalnod i3 minimal. The accuracy ol the dasir€d baud
rato ls dap€nden! on tha crystal lr€quancy chosen.

,aCG Ir. m.rlrnuri orr.llne t.qual. o, lha Baud Gti..al(r la
3,1llH1 t*rrar. $1.i sahc (fiada o, 3 arn bdor. tm tnarllniln
l'.qrarat lr IUal to tlra dlviE ln Mt{2. Fo. c.rnpl., ll lh. dlylr. lr 't,

tllit llE ,'ldlnlull lirqranc, L l Il,tL ll| no caaa tmoid lha dala rrta ba
eradr iiar sCt 6a.r,

T.bb I B.rrd R!t.c UElne 3.072MHs Cry6t.l

D.slrld
Brud R.l.

Dlvi3or Ur.d
to Gamflta
16 r Clod(

Plfcant En!.
Dlflcnncr Brtwm
OGlIld rnd Actu.l

50

110
134.5

150
300
600

12@
1800
20@
2ffi
3600
4800
7m
96m

19200
38{00
56000

N4
1536
10l7
857
768
384
192
96
64
5a
4
32
21
r6

6

2

0.@6
0.058

0.69

z8

Oc.lrtd
Baud Rrla

OM3o? Ut d
to Ganarata
16 x Clod(

Pr'caot E ro?
OltlaEoca B.txaar
DaaiEd lnd Aslual

50
75

110
r345

150
300
600

1200
r800
2000
2&O
3€OO
48d)
7m
96q'

,92@
38400

3840
2560
1745
1428
1280
640
320
r60
107
96
80
53
4
zf
m
10
5

0.026
0.034

0.312

0.628

Xol.. lrail;lXltr t. ilt .tr.t ra {D{a irr{lrE dH(,..l t 10.
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This &bit r€Cister providessiatus inrormallon to theCPU
concsmino the data transrer. Tha contsnts o, thc Une
Status R.gister ar. lndlcat.d ln Tablg 2 and ar.
dascrib€d bolow.

Blt + This bit is lhr 8r.ak lnt.rrupt (Bl) lndlcalor. Blt 4 is
s.tloaloglc I whanry.rthc racrlvcd dala lnput 13 held ln
tha Spacing (loglc 0) stat6 ,or longar then a full word
tran$ni$lon tlm. (lhat is. tha total tlmc ot Start
bll +data bits + Parlly + Stog bltsl Thc Bl indlcalor ls
r6at whgnavcr thr CPU r6rd3 tha contents of thg Unc
Stalus lndlcator.

Bll 5: This bit is the Transmiitar Holding Register Empty
rHRO indlcator. Bit 5 indicat33 that the lNS8250A is
rcady to accrpt a n6w chatactst fot transmission. ln

addlllon, this bil caus$ the lNs8250A to issuc an inter'
rupl to th. CPU wh.n the Transmit Holding Regisler
Empty lntrrrupt snablo is sst hloh. Tho THRE bit is sat io
a logic I when a character is transferred lrom the Trans-
mittsr Holdlng Bagist6r inlo tho Transmiltet Shifi Regis-
ter. Tha bit is rrssl to logic 0 concurrently with ths load'
ing ol lhe Transmiti.r Holding Regisrsr by tha CPU.

Blt & This bit is the Trarcmittcr Empty (f EMf) indlcator.
Bit 6 is s€t to a loglc 1 whensvor the Transmittar Holding
R€gistar (THR) and thc Transmitler Shift Register (rSB)
ars both smpty. lt is rasot to logic 0 whonever aither the
THR or TSR contains a data character.

Blt 7: This bat is parman€ntly sst to logic 0.

Lcc Foa dlaenctlE BraDora, !il! 0lo 5 qan !a rr(lm to, rhrla bil 5 13

lnl.rrupt ldmtlllcltlon Rcgl3tct

Tha |NSE250A has an on{hip interrupt capabillty that
allows tor complete llexibilily in lnterfacing to all the
popular microprocassors pra3anlly available. ln order to
prcvidr minimum softwareoyrrhcad during data chatac-
t3'transfers,lh. lNS8250A prioritlzgs intarrupts inlo tour
l.v.ls. Thc ,our lcv6ls o, interrupt condltlons are as tol"
lows: Rrcaivd Una Statu3 (priority 1); BecEivad Data
naady (griorify 4: Transmiit.r Holdlng B€oister Empiy
(priorlty 3); and MOOEM Status (priority 4).

lnrormallon lndlcatlng lhat a prioritlzrd inlanupt is
p.ndlng and th! typ. o, that inlrrrupt arc siored in th6
lnlcnupt ldrntlllcatlon Ragl3la, (llR). Whon addrossed
during chip.!.lcct tlma, th6 llB tr8€zls the highest
priority lBt..rupt pandlng and no olhcr inlorupts ar6
acknoxlrdCod untll thr particulet lntErrupt i3 s.rvic6d by
thc CPU. Tha conlents o, thc llFl era lndlcatad in Table 2
and ara d€crib.d b.lor.
Sl G This bit can ba usd in aither a hardwired priori.
tizsd or polled environmenl to indicals whether an inter'
rupl i3 pdrdlng. When bit 0 i3 a logic 0, an interrupi is
pc{dlng and tha llRcontents may b€ used as a pointer to

l.& Ata t lhrot ah a ra tna ,ror cotldlllooa inat ,odlca a Sacaira.
ult. $aul. lr{rrgtt rtana sy of tha cdrragoaidlng coa6ltlorL ra:
datactart.

T.bL 5. lnrrrupr Colllrol FunG o.r3

lnlrn pt S.l rrd Rr.t Functlon

0

MODEM Status Cl.sr to S.nd o,
Dala S.t FL.dy or
Rlng lndic.lor or Deta

h .nupt B.s.l Control

Raadlng ths Line Status
Bagister

F€adin9 th€ Roc6iv6r
Butler Ragislar

Ft ading ths llB Rreister
(lf sourcc ot intanupt) or
Wrltlng lnto the Trans.
mlttrr Holdlng R.etster

Foadlng lh. MODEM
Status Rrglsief

ltrlanupt ldanllllc.tbn
n.!bl.t

Blr 2 Blt 1 Blr 0 Hqfry
L.t.l lnt rrugf TyF h-rrpt Sourla

0 1 Nons None

0 Hlghest Receiver Una Slatus Ovcrrun E ror or
Parity E ror or Framing
Ero, or &rrk lnterupt

,l

1 0 0 S€cond R6c6ivsd Oata AYailablr Rccrivar Data Available

0 1 0 Thlrd TraBmitter Holdlng
n€gister Empty

Transmanef Holding
R€istsr Emgly

0 0 0 Founh

Blt C This blt ls th. recaiv€r Oata R.8dy (OR) lndlcator.
Blt 0 is set to a logic 1 whenavet a complats incoming
character has b€cn racaived and transfsrr€d iDlo lhe
R.c.ivar Butlar R.Oister. Bit 0 is rrs6t to a logic 0 by
roading th6 dala in thc Rocaivrr Butlat Rogistot.

Blt t: Thls blt is lhc Ovenun E ror (OE) indlcator. Bit 1

lndlcatB that date ln thc Rrceivct Bulter Rogislar was
not rcsd by thc CPU bGrorc tho nexl character was trans'
f8rrcd into the Rec€ivrr Buller Bagistor, thereby destroy'
ing th6 prsvious characler. fha OE indicatot is resel'
whcnover tha CPU rsads the contenls ot tha Llne Status
R.Cistsr.

8lt Z Thls bit is ths Parlty E ror (PE) indicator. Blt. 2
lndlcalBlhat the rsclived data charactar does not have
tha conect €ven or odd parity, as lalactsd by th8 oyon-
p.rtty€elect bit. Th. PE bil is slt lo a logic I upon datec.
tlon ol a parily error and is r6s6t to a logic 0whenever tht
CPU raads the contrnts ot the Line Status Ragisi6r.

Bll 3 Thi3 bit is tha Framing E ror (FB indlcator. Blt 3.
lndlcatas thal ticrcceiv€d cheractrr did not havoa velld
Stop bit. Bit 3ls s€t to a logic 1 whrn.y.rthc Stog bit tol.
lowing the last dala bit or parily bil i3 drtectld as a zrro
bit (Spacing l6val).Th. FEindlcalor l3 rr3ol lyhoneverthG
CPU rcads th6 contcnts o, tho Llna Status indicator.

1
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lhE appropriale inl€rrupt servic6 routine. when bit 0 is a
logic 1, no intorrupt i3 pondlng and golllng (it us.d)
continuaS.

Bltt 1 .nd e Thesc two bits o, the llF arc usod to id.ntlty
the highsst priority intenugl p€nding as indlcatld in
Table 5.

Blt! 3 throuoh 7: Thes€ live bits o, ths lln arc always
logic 0.

lnterrupt Enabla Rrglrlcr
This 8.blt ragister snables the four typ€s o, intenuptr o,
the |NS8250A lo:.paratcly actlvalo th6 chip lntarrupi
(INTRPT) output signal. lt is possiblo to totally disaDla
the interrupt systam by resstting bits 0 through 3 o, the
lnterrupt Enable Registor. Similarly, by sstting the appro-
pnate bits of this register to a logic '1, selacted inierrupt3
can be eoabled. Olsabling lhe intcrBJpt system inhibits
the lnterrupt ldentilication Flsgislar and th. actiyc OiCh)
INTFIFT output trom the chip. All oth6r 3y3iam tunctiong
operats in thair normal manneri including the satting of
the Line Slatus and MODEM Status Registgrs. Thc con-
lents ol th6 lnterrugt Enabls Regiglar are indlcalcd in
Table 2 and are dsscrib€d below.

8ll e This bit enablcs thc Roccivad oata Availabl.
lntsrrupt whan s6t to logic 1.

Bll 1: This bit enablca the Transmltlrr Holdlng Ragist.r
Empty lnterrupt whrn sot to logrc l.

Blt 2 Thi3 bit enablos th. Rccaivd lJn. Stalus lnt.rrupl
when sat to logic 1.

Bll 3 This bil enable3 th! MODEM StatE lntorrupt when
set to logic l.

Blts /t throogh 7: Th63. lour bils ar3 always looic 0.

Mod.m Conlrol R.gist.r
This &blt r€gist€r controls the int€rtacr with tha
MODEM or dala s.t (or a periphoral d.vica emuletlng a
MOOEM). Th. contents ol th6 MOOEM Control nogistat
are indicatod in Tablr 2 and are do3crib€d bolow.

Blt e This bit controls tha Oata Termind n6ady (6fR)
output. Wh€n bit 0ls sat to a logic 1, the OTII output ls
forc.d to a logic 0. Whcn bit 0 is r.Set to a logic 0, thc
oTR oulput is lorcad to a logic 1.

roLrTi.dfAoutNtof th. tNsr&to,..y!..pr -torr €lat,rf,dic
lllrc drry.. (J,rcn .. ri. 0Sla6A to ootdn th. 9.o9., pddty lnlx,l .t th.
lucc..olnc MooEM or drtt t.L

8it 1: This bit controls thc Request to S€nd (F|TS)output.
Bil 'l artects the R-TS output in a mannsr identical to that
described above fo. bil 0-

Bit 2 This bit controls tha Output 1 (Off:i) signat, which
is an auxiliary us€rdesignated output. Bit 2 aftects ths
OUT 1 ostput in a mannaf idantlcal to that d6scribad
above tor bit 0.

8lt 3: This bit controls thc Ourput 2 (6iifa signat, whtch
is an auxiliary usor<esignaled oulput. Blt 3 aftects thc
OUT 2 output in a manncr idsnlical lo that drscrib€d
abov€ lor bil 0.

Blt /t: This bit grovides a local l@pback f€aturs lor diag'
nostic ta3 ng ol th6 lNs825oA. when bit 4 i3 sat to logic
'1, tho lollowing occur: tho transmittar Ssrial Output
(SOUD is s€t to lho Marking (logic 1) state; ths receivot
S.rial lnput (slN) i3 dlsconnacted; the output ol th.
Transmittsr Shitt Hsgister i3 "loopsd back" into tha
Bec.iver Shltt Fcgister inputi the tour MOoEM Control
lnput3 (eTS, dfR, 6C6, and iFD are disconnected; and
th6 lour MODEM controt outputs (6TE, FTS, oaFFj, ano
@T?) are internally connected to the lour MODEM Con-
trol inputs, and the MOOEM Control outpul pins are
forcld lo their inactive stata (high). ln ths diagnostlc
mods, data thel i3 transmittcd ls imm.dlatoly receivcd.
This lsatu.! allows the procr3sor to vority tha transmit-
and roceivadata paths of ths |NS8250A.

ln thc dlagnostlc mod6, the r€ceivar and transmitter
interrupts arc lully operatlonal. The MODEM Conlrol
lntsrupts aro also operatlonal, but tha interrupts'
sourc!3 arc now th6lowcr lour bits of the MOOEM Con-
trol H.Cister instaad ot tha four MOOEM Control inputs.
Thc intsnupts ara sllll controlled by tho lnterrupt Enable
Register.

Thc lNS82g)A interrupl systom can be tEsled by writing
into th.lowcr 3ix bitso, the Line Status Reigster and lh.
lowar fou, bits ot the MOOEM Status Ragister. S€tting
any ol th33a bits to a logic 'l gcnoratos the appropriale
inl.nupl (it cnablcd). Tha rGatting of the3s intorrupts is
th. sam. as in normal INS8250A operation. Io return to
normal opratlon, ths r6gist3rs must ba raprogrammod
tor nortnal ogcratlon and thcn bil 4 or the MOOEM Con-
trol Flcaistar mu3l ba rarat to logic 0. The Transmitter
should b. IDLE whon thi3 bit changs3 state.

Slta sltroqn 7: ThG. bits ara p.{manaotly sot to logic 0.

Mod.m S[.tu. B.gict.r
Thi3 &til r€gislr proyidrs thacurrant state o, thgcontrol
lln.3 lrom thc MOOEM (or pdiphsral dsvics) to th6 CPIJ-
ln addltlon lo this cunont€tatg inrormatlon, four bils ol
tho MODEM Stalu! R6glslrr proyide chango iflrormallon.
Th6c bits ara gd to a looic I wh€nelrar a control input
trom ths MOOEM chang$ stalo. They are rss6t to logic 0
whcn€vsr lh. CPU reads th. MOOEM Status R€gister.

The conlents ol lhc MOoEM Status Registar are indicat.
ed ln Table 2 and ara dascrib.d below.

Bh G This blt i3 thc Oclla Clra, to S€nd (OCTS) indicator.
Blt O lndicat8a lhat thcm input to the chip has changed
slate sinca the last tlmo it wss rGad by the cPU.

Bll 1: This bit is th€ oclta Oata Set Ready (DOSB) indica.
lor. Bit 1 indicatB that thc EFi input to tha chip has
changed stata since the last time it was read by the CPU.

Blt 2 This Dit is the Trailing Edgeol Hing tndicator ffEFt)
detector. Bit 2 indicat€s that the Rl input to the chip has
changed lrom an On 0ogic 1) to an Otl (logic 0) condttion.

8lt t This bit is the Della Oata Carrisr Oetecf (OOCD)
indlcator. &t 3 indicar8 tnat tne DeD input to the chig
has chang6d stata.

lL.l4lrrt i D{ 0, r.1 r 3la a.i to lo{1. r, . trcOEia Sl.tq.larrira[ t!
on-ai,.
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Typical ApPlications
Ficures 1 and 2 show ho\f, to us6 ths tNS825OA chip in an INSSOSOA system and in a mictocomputer syslem tYith a hagh'

capacity data bu3'
Atttitrrt

I']rt cortror

IEI

n9?12
co

l:

lvaa,

FIGUFE 1. Typic.l lNS8O8{,A/|NS825O RS232 Trrmin.l lnt.tl.c!

1!

ffar

Et /a:This bil is thocomplamont of the Clo8, to Ssnd (CT-S)

lnput. ll bit 4 (loop) ol ths MCR i3 sel to a 1, this Dlt is
equivalont to RTs in thr McR.

Bll i Thl! blt ls the complornent o, thr oata Sat Rrady
(OSR) input. ll bat 4 ot the MCR is s6t to a'1, this bit is
equivalent o, oTR in thc McB.

At e Thls blt ls lhe complemont o, th. Rlng lndlcator (Fi)
lnput. It bit 4 of tho MCFI ls srt to a 1, thls bil is aquivalrnt
to ouT t ln th. McR.

Blt 7:This bit is tho complornent of ths Data Carrisr Oetoct
1ED1 input. It bit ,l of tho MCR i3 s€t to a 1, this bit is
oquivalent to OUT 2 ot the MCR.

Scr.lchp.d R.gl3l.r: This &bit Read/Write negist8r do€s
not controlthaACEin any way. lt is intend€d as ascratch.
pad registar to b. usrd by lhc programmfi to hotd data
tam porarily.

FIGURE Z lyplcrl lntcrtrcc ,or r Hlgh.Ctp.city O.t! Bus
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LIFE SUPPOFT POUCY

NATIONAljs PROOUCTS ARE NOT AUTHORIZED FOR USE AS CFITICAL COMPONENTS IN UFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE D(PBESS WBTTTEN APPROVAL OF THE PRESIOENT OF NAI'IONAL SEMICONOUCTOB
COBPORATION. As us€d herein:

Lile supporl ddicas or syslems are deviGs or systems
which, (a) arc inlsnd6d lor surgical implant into th6
body, or (b) support or sustain life, and whosa lailura to
perrorm, whcn proporly u3d in accordancc with in.
structlons for usa p,orided ln tho labcling, can b€ re+
sonably arpct€d to ra3ull in a slgnirlcant ln,uiy to tho
usat

2 A crilical componont is any componsflt o, a life support
devica or 3ystem whoss failura to psrloam carn b€ re&
sonably €xp€ctd to caus€ the failure ot lhe life support
d€vic! or system, or to attect its satoly o. stf ctiv6n€6s.

m s,a ct t- c.r.rr gloat

nvrr trrot !*tl.o

r-tE-E
At iil-. rlr If t

r2roa creft sro 
'luloI E ltsta x

Crn it at '{(|'i.r
r... qll2}aiEt

rlla.rtt.

ifr D2.1t r, xsc J-J

Cni4 ...ia Ebrlr ,5!-

rr !-t Aa

.u-49

Physical Dimensions inch€s (millimstsrs)
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64K BIT DYNAMIC RAM

The MCM6665A is a 65,536 bit, hrgh'speed, dynamrc Random-
Access Memory. Organized as 65,536 onebit words and fabricated
using HMOS high-performance N'channel srlicon'gale lechnology, this
new breed ol s'voll only dynamic RAM combines hrgh perlormance
with low cosl and rmproved reliaoilily

By mulliplexing row and column-address rnpuls, lhe MCM6665A
requires only eighl address lines and permrts packagrng rn standard
'lGpin dual-rn-lane packages Complete address decodrng rs done on
chip with address latches rncorporaled. Data out is conlrolled by eES
allowing for greater syslem llexibrhly

All inpuls and outputs, ineludang clocks, are fully TTL compatrble.
The MCM6665A incorporates a one-transislor cell design and dynamic
slorage techniques
a Organrzed as 65,536 Words ol I Brt

a Single +5 V Operation (110%)
a Full Power Supply Range Capabilrtres

a Maximum Access Time
MCM6665A-12= '120 ns
MCM6665A'15= 150 ns
MCM6665A-20= 200 ns

a Low Power Drssrpation
302.5 mW Maximum (Active) (MCM6665A-15)
22 mW Maximum (Sbndby)

a Three-State Data Oulpul
a lnternal Latches for Address and Data lnput
a Early-Wrile Common l/O Capabrlly
a 16K Compatible 128 Cycle, 2 ms Refresh

a F-A-S-only Befresh Mode
a eES Controlled Output
a Upward Pin Comparble from the l6K RAM (MCM4l16, MCM45'17)
a Fast Page Mode Cycle Trme
a Low Soll Error Rate <O.1% 9u l0@ Hours (S€e So[t Error Testing]

BLOCK DIAGRAM + vcc
<- vss

AO

A1

A2

A3

A5

A6

A7

RAS

-AS
Wrile, W

EETTESE.

Dala ln. D

Oulgul
Dara, O

. Relresh Funcrion Available on MCM6664A

Clo€r Memory

Fow Decoder Row Decoder

9
o

:

Bow Decoder Row Decoder

_9

!

ctoct

o
E

6

a

d

o

I
E

o

MCil66654

itos
{N CHANNEL, SILICON,GATEJ

65,53GBlT
DYNAMIC RANDOM ACCESS

MEMORY

P SUFFIX
PLASTIC PAC(AGE

cast 64a

L SUFFIX
CEBAM]C PACKAGE

CASE 69C

PIN ASSIGNMENT

N/C

D

E-r s

AO

A2

Vcc

VSS

cl-s

o

A3

A5

A1

PIN NAMES

AO.A
D

o
w
RAS-

eEs
vcc
VSS

7 Address lnpul
Dara ln

Data Oul
Read/Wrlte lnpul

Row Address Slrobe
Column Address Slrobe

Power(+5V)
GroLrnd

ia
2

3

4

5

6

1

8

16

15

14

13

12

1l

10

,ffi,7

This device contains circutry to protect the
inputs against damaoe due to high static
vohag€s or electric fields; however, ir rs

advisod that normal pr€cautaons be taken to
avoid application of any voltage higher lhan
maximum raled voltages to this high'
impodance ckcuil.

E-ro oMolonoLA rNC 192 os s3
(Reolaces ADI 876)

MOTOF'OLA

SEMICONDUCTORS
3501 ED BLUESTEIN BLVD . AUSTIN. TEXAS 78721
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ABSOLUTE MAXIMUM RATINGS rSee Nore)

Rating Symbol Unit

Voltage on Any Pin Relalrve ro VSS
lexcept vCC) -2 to +7

Vokage on VCC Supply Relatrve lo VSS

Operatrng Temperature Range TA 0to+70 c

Slorage Temperalure Range Targ

Power Drssrpalron Pp 10
Data Ou1 Currenl lout

NOTE] Permanenl devrce damage may occur rf ABSOLUTE MAXIMUM RATINGS are ex

ceeded Funcrronal oDeratron should be reslflcted lo RECOMMENDED OPERATING

CONDITIONS Exposure lo hrgher lhan recommended vollages lor exlended perrods

of lime could atlecl devrce rehabilrty

FIGUREl-OUTPUTLOAD

5V

970 0

o

1m pF'

'lncludes Jrg Capacrtance

DC OPERATING CONDITIONS AND CHARACTERISTICS
lFull operating voltage and lemperaiure range unless otherwise noled )

RECOMMENDEO OPERATING CONDITIONS

Parameter Symbol Tvp Unit Notes

i\,4cM6665A 12 15 20 vcc 45 50 l

VSS 0 0

Logrc 1 Voltage, All lnpuls Vu vcc- l
Logrc 0 Vollage, Al lnpurs VtL -10' 08 1

CharadEristic Symbol Unhs Notes

VCC Power Supply Curlent (Slandbyl lcc2 4A
VCC Power Supply Currenr

6665A.12. rBC= 250 ns
6665A-15, rBC = 270 ns
66654 20. lR a = 330 ns

lccl

VCC Power Supply Currenl Durrng FES only Retresh Cycles
66664-12, tRC= 250 ns
6666A'15, tRC= 270 ns
6666A'20, t6g = 3ll 6s

VCC Power Supply Cu.rent Dunng Page Mode Cycle lor IBAS = l0 l.sec
6665A-12, tpc= lRp= l:'0 ns

6666A-15, IPC=rBP= 145 ns
6666A'20. rp6= lgp= 296 65

lcca
45
40

35

lnpul Leakage Currenl IVSS<V n < VCC) lt(Ll lui

OLrtput Leakage Currenl (eES ar logrc 1, VSS 
= 

Vout= VCC) lo(L) 10

Oulpul Logrc 1 Voltage @ loul= -4 mA Vot.l

Oulpul Logrc 0 Volrage @ legl= 4 mA voL 0n

CAPACITANCE (,= l 0 MHz, TA= 25oC, VCC= 5 V Peoodrcaliy Sampled Bather'than lOO% Tesred)

Parameter Symbol Tvp Unir Notes

lnpul Capaolance {AGA7), D ctt 3 5 pF

tnpur capacrrance EES, cAS-, WFm Co gF I
Ourpur Capacrrance (O). {efs -- VtH ro disable ourpul) C6 5 1 pF 1

1

2

3
4

6

7

All voltages reterenced lo VSS
VIH min and VIL max are relerence levels lor m€asuring trmrng of inpul sagnals. Transrtron lrmes are rneasured belween VIH and
vlt
An rnilral pause ol ]m ps rs reqored alter power-up lollowed by any 8 RAS cycles belore proper devrce operalron rs guaranleed
Currenl rs a functron ol cycle rale and oulput loac,ing; maxrmum cufient rs measured at lhe laslest cycle rare with lhe oulpul
open.
?iI-S and C[Sare bolh at a logrc 1

The lransilion time sp€cilication applies lor all inputs signals. ln additron to me€lrng lhe transitron rate specrlrcatron, all rnput
3agnals musl lransmil belween VIH and VIL (or b€tween VIL and VIH) rn a monolonrc manne
Capacitance measured with a Eoonlon Meler or elfective capacnance calculaled lrom lhe equatron C = +

fr|OTOROLA Semlconductor Products lnc.
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-1ro +7

65 to + 150

Supply Vollage

2A

'The device will wathstand undershoots lo the - 2 volt level with a maxrmum pulse width ol 20 ns al the - L5 voh level Thrs is periodrcally
sampled rather than lm% resied.

DC CHARACTERISTICS
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Fead. wrre. and Read Mod,lv wrre Cvcresr

(Full Operairng volrage and Temperalure Ranqe Unless Olherwrse Noled. S€e Noles 2, 3, 6, and Frgure 1)

Parameter Symbol
m65A.12 6665A 1s 6665A.20

Unils Noles

Random Read or Wrle Cycle Trme IRC 270

Read Wrte Cvcle Trme rRWC 255 345 8. I
Access Time lrom Row Address Strobe IRAC

Access Trme lrom Column Address Slrobe ICAC 75 lm ]], t2

Outgul Eufler and Turn-Otl Delat r(rt I 0 3l 0

Bow Address Srobe Precharge Trme r[l 124

IBAS r50 200 r 000c S

Column Address Slrobe Pulse Wrdth ICA S ,'5 r 0c00 100 100@

Ro\& lo Column Slrobe Lead Trme IRCD 25 30 75 35 r00 NS 13

Ro', Address Serup Trme IASR 0 0 !
8o\^ Address Hold Trme IBAH l! 2a 25

Column Address Selup T!m€ 0 a5

Column Address Ho ci Trrne IC AH 25 4a

Column Address Hold Trme Re,erenced 1o FAS B5 9a r20 t7
Transrlron Trme (Frse and Fa ll 3

Read Command Setup Trmr IFCS 0 0

Read Command Hold Trme IRCH U 0

Read Command Hold Trme Feierenced ro FA-S 0 0 0 tl
Wore Command Hold Trme 35 J5

Wrle Comoand Hold Trme Relefenced lo RAS gr i2a l;

Wfile Command Puise Wrdrt 35 i5
Wr,te Cornmarrd lo Row Slrobe Leacj T nre IRWL .1i .15 55

Wrle Command !o Colomn Slrobe Lead Trme ICWL 55

Data rn Serup Irme IDS 0 0 'I

IDH 2a 3l .r5 r5

Data rn Hold Trme Relerenced lo F-AS IDHR B5 120 l7
Column 10 Row Slrobe Precharge Trme 1a 10 t0
FES xotd Trme a- lr

IRFSH 20 rr5

WFTiE Commano Setup T,rne l!\/cs _ 10 t0 ra

eES ro WR-I'IE Detay ICWD A' 55

II5 ro WR-IJE Deiay rc: r:t l5:
eAS xotd T,me ICSB 124 l{
eASPrecharge Trme (Page N.4ode Cycle Only) lcP 80

IPC 121) 145

B The specitEalions for IRC (mrn), and IRWC (mrnl are used only to Indicate cycle lrme at whrch proper operalron over the lull
temperature range (0oCsTAs70oC) rs assured
AC measurernents tT = 5.0 ns
Assumes that tBCD s tFCD (max)

Assumes that rRCD > IFCD lmax)
Measured with a currcnt load equivalenl to 2 TTL { -:D0 pA, +4 mA, loads and lm pF wilh the data output tnp pornts sel al
VOH=2.0 V and VOL=0I V
O9€ralion wathin lhe IRCO (max) limrl ensures that lnAC {max) can be rner iRCO (max) is specrl€d as a relerence pornl onty. rl

iRCD rs greiter than the speol€d lRcDlmaxl hmit, then access trme rs controlled exclusvely by ICAC.
Erther IHRH or 1FCH musl be salisried lor a read cycle.
Thes€ parameters 6re relerenced to CTS leadrng edge rn random writecycles and to WFTTE badrng edge rn delayed wr|te or read-
modity-wrile cycles
fWCS, ICWD and IRWD are nol restrictive operatrng parameters. They are included rn the dala sheel as eleclncal charactenstrcs
only; if IWCS=IWCS {mrn), the cycle is an early wr|le cycle and lhe dala oul prn will remarn open crrcurl (hrgh rmpedancel
throughout the enl[e cycle; il lcwD u tcwD (mrn) and tRwo: lRwD lmrn), the cycle is read-w(le cycle and lhe dala oul wrll
contarn data read from the selecled csll; i, neither ol lhe above sets o{ condilrons rs satisfEd, the condrtron ol lhe dala ou! lal ac.
cess lame) is indetermrnate
tAR rnin < tAB = IBCD + ICAH
IDHR mrn s IDHB = IRCO + IDB

WCB mrn 5 IWCR = IRCD + IWCH
tofi lmax) defines lhe tirne al which the outpul achieves the open crrcurl condrllon and is not relerenced ro outpul vonage levels

I
10

tl
12

13

'14

15

16

17

frICrTOROLA Semlconductor Products lnc.
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0
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READ CYCLE TIMING

lR(

IRAS

ICAC

IBAC

WRITE CYCLE TIMING

IRC

IRWL

IDS lD

iDH

F!1-\

trfs

Addresses

Vtx-

vlB -

vox -
Vol -

Vrx -
VrL -

vlH -
vlL -

vtL -

vtH -

IAS

IRCH]RI S

).2

ICF

lwcS

lWCR

ICS H

ICA H

IRSH

ICA S

Column
Address

IHAH

IASC

Row
Address

IRCO
ICSH

IFSH

ICA

IC AHASC

Address
Column
Address

ICWL

lwcH

Valrd
Dala

IIII

O (Dala Oul)
vox-
voL- H,gh Z

IIOTOROLA Semlcoduclor Producb lnc.
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vtt 
-V1-

D lDala ln)



.t

C-A S

VtH-

vtH-
VIL _

IR AS

IDB

IRSH

VL-

vox-
O (Dara Oull

vor -

Vtt -
\ L-

JFt S

FiS

CAS
Vtr -
vtL -

1AS F

!\

vtH_
Addresses

VIL -
IDS

IRW i
IDS lDn_-+

lDt-lR

flIOTOROLA Semlconductot Ptoducf,s lnc.
E-5u

ICSH

IRCD

lcAH lc AH

IASC
F'ca'

L'col J

.Ad.j -
Cor
Adrl

Col

lc ac

IRAC

ICAC

la\Fr

ICAC

I

lCSH

\

IRSH

ICASICAS

ICAS

IPC

!ASC IASC

I RAH lcAH

1as c

.. aH

Col
Add

Cot
Addadd

lwcH IWCH

ICWLlCWL

IWC H

Dala Oata Da1ir
D (Dara lnl

IWCR

MCM6665A

PAGE MOOE READ CYCLE

V tt-r -
VtL -

PAGE MODE WRITE CYCLE

i

-t

\

(XX

[+-'o"J



FA5-oNLY REFRESH cYcLE
(Data-in andfiiG are oon'r care, eIS is gtexl

FAS

EIS

c 
-j, 

(-

Vtn-

rF

IRC

IRA

IFAH

READ.WRITE/BEAD MOOIFY,WRITE CYCLE

IFAS

ICSH

IRWD

ICwD

ICAC

lRAC

IDS

1AS B

Addresses
AO.46

Vtl -
VIL -

vtL-

IBtD

IASC

18CS

-'i

v tFF

V;-
V 1-

vlt

lcw L

r0F F

O lDala Our)

D (Dara ln)

vor.r -
voL -

IDH

frIOTOROLA Semlconductor Producb lnc.
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VaId
Dala

ValiO

Dala

ICAH

Row
Address

Coiumn
Adc,ress

MCt\r6665A

Vtr,-
vtL -
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TYPICAL CHARACTERISTICS
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FIGURE 5 - eES AccESS TIME versus
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FIGUnE 8 - lCCl SUPPLY CURRENT ve6us CYCLE RATE

50

TYPICAL CHARACTERISTICS (continued)
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FIGURE I - lCCl SUPPLY CURRENT
VETSUS SUPPLY VOLTAGE

IA - 25'C
'tCAS- 160 ns

I

--)-,^,
200 ns

1000 ns
l

vCC- 5.5 v

-lap- 120 n!-
I

TA-25"C

-/

L

2

lhBC. CYCtt RATI {t!H,

-510
2

330

3zo
=

El0

E()
2

B30

g

3, zo

tr

40

30

a
s40

=

;10

-E 40

330

=

a
E

E l0

50

50

E l0

44
0

+

6

lso+l- 0

-1000 n!.1

80
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TYPICAL CHARACTERISTICS {continued)
FIGURE 14 - lCC2 STANDBY CURRENT

veBus AMBIENT TEMPERATURE FIGURE 15 - lCCa SUPPLY CURRENT versus CYCLE RATE
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SOFT ERROR TESTING
The storage csll depletion regions as well as lhe sense

amplifier and its associated bit lines are susceptible to charge
colleclron of electrons from an alpha "hit." However, the
susceptibilny ot these vulnerable regions vanes Depleled
storage cells are vulnerable at all lrmes, whereas the sense
amplifrers and associated bit lrnes are susceptible only during
the small portron ol lhe memory cycle lust pnor lo sensrng
Hence, an increase in the rrequency ol dynamic RAM access
will cause a corresponding increase in the solt error rate.

To take this memory access dependency into accounl, the
toial soft error rate profile includes a cycle time componenl.
The soft error rate due to bit line hts al the svstem's memory
cycle rate !s added to the solt eror rale due to slorage cell
hits which are nol lrequency dependenl. Figure l8 illustrares
the impact that f.oquency of access has on the
MCM668[A/MCM6666A ov€rall soh error rate.

Under normal operating conditions, lhe die will be expos-
ed to radiation levels of less than O.O1 slpha/cm2lhr. Ac'
celerated soft eror testing data is generated lrom at ieast
three high-intensity sources having an Alpha FIux Density
range of 1x tos to ox tos (alpha/cm2hr) placed over un-

, coated die. Figure 19 shows the soft error rate for a gtven

alpha llux densily al a cycle rate of lm kHz The accelerated
data of Frgures 18 and 19 project thal the soh error rale for
package level radiation will be less than 0 1%/1000 hours

SYSTEM LIFE OPERATING TEST CONDITIONS

1) Cycle time: 1 microsecond for read, write and relresh

cYcles

2) Retresh Rate: 1 millisecond

3) Voltage: 5.0 V
4) Temp€raturei 30' C t 2'C (ambienl temperature inside

enclosure)

5) Elevarion: Aoproximalely 620 leel above mean sea level

6l Data Paterns: Write the entire memory space sequential-
lv wirh all "1"s and lhen perform continuous sequentaal

reads for 6 hours. Next, wnte the entire memory space
with sll "0"s sequentially and then perlorm continuous
saqusntiai reads for 6 hours. Next, go back to the all " 1"s
pattern and repeal the sequences all over again

1.5 5

vCC, SUPPI.Y Vo[IrGt M|TS)
6
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DEVICE INITIALIZATION

Since the 64K dynamrc RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamrc RAI\.4s.

On power-up an inilral pause of 1m microseconds is required
for the internal substrate generalor pump to establish the
correcl bias voltage This is to be lollowed by a minimum of
eight active cycles ol the row address strobe lclock) to
inilialize the varous dynamrc nodes rnlernal to lhe device
During an extended rnactive state ot the device (greater than
2 ms with device powered up) lhe wake up sequence (8

active cycles) will be necessary to assure proper devtce
operation. See Figures 25, 26 to. power on characieristics o,
the RAM for two conditions (clocks active, clocks inactive).

The row address strobe rs the primary "clock" that
activates lhe device and maintains the data when the RAM is

in the standby mode. Thts is the marn feature that distrn-
quishes il as a dynamic RAM as opposed lo a static RAM. A
dynamic BAI\.4 is placed in a low power standby mode when
the device receives a positrvggorng row address strobe The
varialion in the power dissrpation ol a dynamic RAM lrom
the active to the slandby slate rs an order of magnitude or
more for NMOS devrces T hrs f ealure rs used to rls f ullest ad-
vantage wrth high densrty marnlrame memory syslems,
where only a very small percentage ol the devices are in the
actrve mode al any one trme and lhe rest o, lhe devrces are in
the standby mode. Thus, large memory syslems can be
assembled that disslpate very low power per bil compared to
a system where all devices are aclrve contrnuously

AODRESSING THE RAM
The eight address pins on the devrce are time multiplexed

with two separate 8-bit address fields thal are strobed al lhe
beginning of the memory cycle by lwo clocks (aclrve

negative) called the row address strobe and the column

address slrob€. A total ot sixteen address brts wrll decode
one oI lhe 65,536 cell locations rn the devrce. The column
address strobe follows lhe row address strobe by a specified
minimum and maximum time called "IRCD." whrch rs the
row to column strobe delav. This time rnterval is also referred
lo as lhe multiplex window which gives flexibility to a syslem
designer to sel up his exlernal addresses rnto the RAN/
These condirions have to be met for normal read or wfile
cycles. This initial portion of the cycle accomplrshes the nor'
maladdressing ol lhe devrce. There are, however, two other
variations in addressing the K RAMr one rs called the page
mode cycle {described later} where an 8-brt column address
freld is presenled on the rnput prns and larched by the eAS
clock, and the other is the 

-RAS 
only refresh cycle (described

later) where a 7-bi1 row address field is presenled on lhe in-
pur pins and latched by the 

-BAS 
clock ln the lalter case, the

mosl signrircant brt on Bow Address A7 (prn 9) is nol re'
quired for relresh Se€ bit address map for the topology ol
the cells and therr address selection

NORMAL READ CYCLE

A read cvcle is referred lo as normal read cycle 10 driferen-
trale rl from a page-mode-read cycle, a read whrle wnle
cycie, and read-modrf y-wrile cycle which are covered rn a
laler seclron.

The memory read cycle begins wilh lhe row addresses
valid and the FA-S clock transrtioning lrom VtH to the VtL
level. The CIS clock must also make a lransrtron from VtH lo
the VIL level al the specified tRCD liming lrmrts when the
column addresses are latched Both the TFS and eA-S
clocks tngger a sequence of events whrch are conlrolled by
several delayed internal clocks. Also, these clocks are Inked
in such a manner that the access time of the devrce is rn-

dependent of the address multiplex window. The only
stipulalion is thal the CAS clock musl be actrve belore or at

Vcc

FIGURE 25 - SUPPLY CURBENT versus SUPPLY
VOLTAGE OURING POWER UP, FIS, EAS Vcc

0 5 pslDrv Time (r.s)

CURBENT WAVEFORMS

vcc

lcc

FIGURE 26 - SUPPLY CURFENT versus SUPPLY
VOLTAGE OURING POWER UP, FAS-, EIS V55
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the rBCD {naximum specificalion for an access ldata validl
from the RAS clock edge to be guaranteed (IBAC). lf the
IRCD maxtmum condilion is not met, the access (tcAc)
from the CAS clock aclive transrlion wrll delermine read ac-
cess time. The exrernal eES signal is ignored until an inter-
nal BAS signal is available. as noted in the lunctional block
dragram, Figure 24. Thrs gatrng teature on rhe am clock wrll
allow the exlernal CA-S srgnal to become active as soon as
the row address hold lime (IBAH) specrfrcalion has been mel
and delines lhe tBCD minimum specifrcalion. The lime drf-
lerence belween tRCD minrmum and tR CD maxrmum can be
used lo absorb skew delays rn swrlchrng the addresstus
trom row to column addresses and in generatrng the CAS
clock.

Once the clocks have become actrve, th€y must stay actrve
for the minimum (rRAS) period for the BAS clock and the
minimum (ICAS) perlod for tne eIS clock. The EIS clock
must slay rnactive for lhe mrnrmum ltRP) lrme The former is

for the complelron of the cycle rn progress, and the latler is
for the devrce internal crrcuilry to be precharged for the next
acl've cycle

Data oul rs nol latched and rs va|d as long as the CAS
clock rs aclrve, the oulpul wrll switch lo the threestate mode
when lhe aE-S clock goes rnaclrve The C-IS ctock car re

main aclrve lor a maxrmum ol 10 ns {tCBp) inlo lhe nexl
cycle To perlorm a read cycle, lhe wnle {Wl rnput musl be
held al lhe VIH level lrom lne lrme lhe eIs croct makes rls

active transition (tBCS) to the trme when rl lransitions rnto
the inaclrve (tBcHi mode

WRITE CYCLE

A wnte cycle rs srmrlar to a read cycle except that the W.rle
{Wl cloc( musl go aclrve {VlL lever) al or beiore lhe em
clock goes actrve at a minrmum 1WCS time lf the above
condition rs met, then the cycle rn progress rs referred to as a
early wfite cycle. ln an early wnte cycle, lhe wnte clock and
the data rn rs relerenced lo lhe aclrve transrtron ol the c-IS
clock edge. There are two rmportanl parameters wilh respecl
to the wnte cycle: the column slrobe to write lead time
(tCWL) and the row strobe to wnle lead time IrRWL). These
deline the mrnimum time lhat RAS and CAS clocks need to
be aclive alter the wfile operatron has started lW clock at
VtL level)

ll is also possrble to perlorm a late wnte cycle For lhrs
cycle the wrte clock is aclrvated alter the CAS goes low
which is bevond IWCS minimum time. Thus the paramelers
ICWL and IRWL must be satisited before terminating this
cycle. The dillerence between an early write cycle and a late
write cycle rs lhal rn a lale wrrte cycle lhe wr,te (W clock can
occur much later rn lrme wilh respect lo the active transition
ot rhe C-Is clock. This trme could be as loog as 1O

microseconds - It6yy1 + tRp+ 2Tll.
At the start of a write cycle, the data out is in a lhree.slate

conditron and remarns inaclive throughout lhe cycle. The
dala oul remains three-slate because the active transalion
ol the wnte {'iV} clock prever,ls lhe C-AS clock lrom enablrng
the data-out buf{ers as noted in Functional Block Diagram.
The threestale condition (high rmpedance) oI the Oata Out
Pin during a write cycle can be effecnvely utilized rn a system
that has a common input/oulpul bus. The only stipulation is

that the system use only early wrile mode operations lor all
wrile cycles lo avord bus conlention.

READ-MODIFY.WRITE AND READ,WHILE-WRITE CYLES

As the name implies, both a read and a write cycle is ac'
complished al a selectgd bit duang a srngle access. The read
modify'write cycle is srmilar to lhe late wnte cycle discussed
above.

For lhe read'modif y-wrile cycle a normal read cycle is in-
itiated wrlh lhe wrile {W) clock al the VIH level untrl the read
data occurs at the device access lime (IBAC). Al lhis trme
lhe write {W) clock rs asserted. The dala in is setup and held
wilh respecl to the aclive edge ol the wote clock The cycle
described assumes a zero modify lrme belween read and
write.

Anolher variatron of the read-modily write cycle is the
read-whrle-write cycle For this cycle, the lollowrng
paramerers (tRWD, rCWD) play an imporrant role A read-
whilswfile cycle starts as a normal read cycle wrth the wnle
(w) clocr be,ng asserled al mrnrmum lBWo or mrnrmJrn
ICWD lrme. dependrng Lrpon the applicalron. Thrs res,rlls rn

starting a write operalion to lhe seiected cell even belore
data oul occurs The minimum specirrcation on 1RWD and
ICWD asslrres that data out does occur lnthrscase,the
dara rn rs sel up wrth respecl to wr,te lw' clock aclrve edge

PAGE.MOOE CYCLES

Page mode operation allows laster successrve data opera
lrons a1 the 255 column locatrons. Page access ItCAC) rs

typically hall the regular tr-ES clock access (IRAC) on rhe
Motorola 64K dynamrc RAM. Page mode operation consrsls
of holdrng the f,'[S clock aclive whrle cyclrng lhe CASclock
lo access the column localaons determrned by lhe I brl
column address field. There are lwo controlling laclors thal
limit rhe access to all 256 column locarions in one I[A-S clock
actrve operalion. These are the relresh rnlerval ol the devrce
(2 ms/128=15.6 microseconds) and the maxrmum actrve
time specifrcatron for the F-AT clock (lO mrcroseconds)
Since 10 microseconds rs the smaller value, the maxrmum
specifrcarron ol the FIS clock on trme rs lhe Imrlrng lactor
of the number ol sequenlral page accesses possrble Ten
mrcroseconds will provide approxrmately 110 rnrcro
seconds/ page mode cycle lrme) 50 succesljygpage accesses
for every .ow address selected before the RAS clock is reset

The page cycle is always initiated wrlh a row address berng
provided and latched by lhe RAS clock, lollowed bv lhe
column address and eES clock From the timrng rllLrslrated,
lhe initial cycle is a normal read or wnte cycle, that has been
previously descrbed. lollowed bv rh€ tho,r". eES cyctes
lrpCl The eAScycle trme llpCr consrsts ol the alsctocL
active time (tCAS), and CAS clock precharge trme {lCpl and
two transrtions. ln addition to read and wnte cycles, a read
modily-write cycle can also be pertormed in a page mode
operation. For a read-modify'wnte or read whiie write lype
cycle, the condrtions normal to thal mode ol operation wrll
apply in the page mode also. The page mode cycles rl

lustrated show a seraes ol sequentral reads separated by a

series ol sequential wfites. This rs lust one mode ol opera
tion. ln practrce, any combrnalron ol read, write and_read-
modify-write cycles can be perlormed lo suil a partrcular
applicatron.

REFRESH CYCLES

The dynamic BAlvl desrgn is based on capacrlor charge
slorage lor each brt In the array Thrs charge wrll lend lo

MCITIOROLA Semlcoductor Producb lnc.
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MCM6665A

deqrade wilh lime and temperature. Therefore, lo retain the
correcl inlormation, the bits need to be relreshed at least
once every 2 ms. Thrs is accomplished by sequentially
cychng through lhe '128 row address locatrons every 2 ms, or
at least one row every 15.6 microseconds A normal read or
write operation to the RAM will serve to relresh all the bits
(256) associated with that partrcular row decoded.

RAS Only Refresh - When the memory componenl is rn

standby the H-AS only relresh scheme is employed This
retresh method perlorms a HE only cycle on all 128 row
addresses every 2 ms. The row addresses are latched rn wilh
thef;ESclock, and the associated inlernal row Iocations are
relreshed As the headrng rmplres, the eIS clocl. rs not re
quired and should be rnaclive or at a VIH level lo conserve
power.

PIN ASSIGNMENT COMPARISON

MCM45l7

VBB

D

w
FEs

AO

A2

VDD

N/C

D

w

FFS

AO

A2

vcc

VSS

c-ES

o

A6

A3

A5

vac

NiC

D

w
FES

AO

A2

vcc

vss
cas

o

A6

A3

A5

NlC

vss

cAS

o

A6

A3

A5

vss

cas

o
A6

A3

A4

A5

A7

MCM4r r6

M C M6633A M CM6664A

frEF-R Es n

D

w
FA-S

AO

A?

vcc

Ni C

D

w
FES

AO

A2

vcc

MCMM32A

M CM66654

VSS

eas

o

A6

A3

A5

FEFFESF

D

w
FA_S

AO

A2

vcc

C-AS

o

A6

A5

A7

PIN VARIATIONS

PIN NUMBER MCM4116 MCM4517 MCM6632A MCM6663A MCM5664A MCM6665A

l vB8( - 5 vl R€FRESH N/C BEFSESH N'C

8 VOD(+ 12 V) vcc vcc vcc vcc

9 VCC( + 5 v) A7 A7

flIOTOROLA Semlconduclor Producb lnc.
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PACKAGE DIMENSIONS
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B
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L SUFFIX

CERAMIC PACKAGE
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0 vl
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D

L

C
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MCiiIffiA BIT ADDRESS MAP

Fow Address 47 A6 A5 A4 43 A2 ,A1 AO

Corumn Aodress 47 46 Ab A4 ,A3 42 41 A0

P,n I

Ft

FC

FO

IB
F8

a, ll a! Aa a5 a2 A0 at
ll!ttl10
lllttttl
ttltlr00

lr1rr010

tlItl000

c0
cl

BI

83
a2
8l
&

I9I
r9

131

to
r29
r28

126 0
t21 0
r2a 0

660
670
6a0
660

000000
900001

0
0
0

!00000r1
!00000t0
1000000t
!0000000

IO

00

0000r0
000011
000000
00000r

00000r00
0000001r

0000000!
00000000

E
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7C

31 63
31 62
30 6r

033
022
0rr
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0
0

0

00000010

s
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TIE
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t..-

Dala Slored= Orn. AOx. At y
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Addria Addraaa
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0
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mos
{N.CHANNEL, SILICON-GATE)

2Q.,14 BtT
DYNAMIC RANDOM ACCESS

MEMORY

ffi
l

PIN ASSIGNMENI

A8

Frs
o
A6

A3

A5

A7

D

FAS

AO

A2

AI

vcc

PIN NAMES

AGAA
D

o
w
Frs

Address lnput
. . Data ln

. Data Out
Read/Wrile lnPUt

Fow Address Strobe
Column Addross StroL€

...Power(+5V)
Ground

15

14

13

12

11

10

I

ro

2

3

4

5

6

1

8

Spare Brts
I \

A8

AO

A1

A2

A3

A5

A6

BAS

6A5

Write,W

Dala ln, D

Data Out, O

Decoder

Decoder

ID

Decoder

A8

Nibble
Decodet

-9^oY

This device contains crrcurlry lo prolecl
the rnputs agarnsl damage due to hrgh

static vollages or elect(c trelds; however,
it is advis€d that normal precaulions be
laken to avord apptcation ol any voltage
higher lhan maxrmum rated voltages to
lhis high-imp€d€nce circurt

256K-BIT DYNAMIC RAM

The MCM6256 is a 262,144 bit, high-speed, dynamic Random Access
Memory. Organized as 262,144 one-bit words and fabricated using
Motorola's high-performance silicon-gale MOS (HMOS) technology,
this new single +5 volt supply dynamic RAM combines high perfor-

mance with lost cost and improved reliability. The MCM6256 has lhe
capability ol using laser fuse redundancy and is manufactured using ad'
vanced directstep on wafer photolithographic equipment.

By multiplexing row and column address inputs, the t\,1CM6256 re-

quires only nine address lines and permits packaging in standard lepin
3@ milwide dual in-line packages. Complete address decoding is done
on-chip with address latches incorporated. Data our (O) is controlled bY

CAS allowing greater system flexibility.
All inDuts and outputs, including clocks, are fully TTL compatible.

The MCM6256 incorporates a one transistor cell design and dynamic
storage techniques. ln addition to the FAS-only relresh mode, a CAS

belore FFS automatic refresh is available. Anolher special feature of
the MCM6256 is nibble mode, allowing the user to serially access 4 bits
ot data at a high data rale. Nibble mode address is controlled by the ad-

dresses on pin 1 (AB row and AB column).

a Organized as 2,'144 Words of I Bi1

a Single + 5 Volt Operation I t 10% I

a Maximum Access Time:
MCI\.1625&'10 = 100 ns
MCM625G12= 120 ns
MCM625G15= 150 ns

a Low Power Dissipation:
70 mA maximum (Active) MCM625EI0
4 mA maximum {Standbv)

a Three State Data Output
a Early-Wrire Common l/O Capabiliry

a 256 Cycle,4 ms Refresh

o FA-S-Only Refresh Mode
a Automatic IC-AS belore 8-AS) B€Iresh Mode

a Fasl Nibble Mode on Read and Write Cycles
20 ns Acc€ss Time
40 ns Cycle Time

Thls docunEnr contans Inlor.natron on a producr uqls d€v€lof'fiEnl Mororola le-rv€s ih€
nght to chsnge or clEconrnue thls pro.ruct wthoul mtlco E-66

oMoToRoLA rNC . 1$2 N P.352

SEM!CONDUCTORS
3501 ED BLUESTEIN BLVD AUSTIN, TEXAS 78721
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ABSOLUTE MAxIMUM RATINGS (Se€ Nole)

Rating Symbol Unit

Voltage on Any Pin Relalive lo VSS
(excepl VCC) 210 +7

Voltage on VCC Supply Relatrve to VSS vcc
Operalinq Temperalure Range 0to +70

Storage Temperature Range T.tg -66 ro + 150 C

Power DrssrDatron Pg 10
Data Oul Currenl (Short Circurt) lout 50

FIGUREI-OUTPUTLOAD

5V

970 0

o

1m pF

NOTE: Permanenl devrce damage may occur if ABSOLUTE MAXIMUM FATINGS are ex'
ceeded. Functionat operarion should be restricted to REcOtt4N4ENDED OPEBATING
CONDITIONS Exposure to higher than recommended voltages for exlended periods

ol lime could aftect devrce reliabilrty rlncludes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless olherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Tvp Unil Notes

Supply Voltage MC6256,10. -12. -15 vcc
vss

45
0

50
0

55
0

l
l

Logic 1 Voltage, All lnputs Vu 24 VCC+ 1

Logic 0 Voltage, All lnputs -t 0' 08 l

'The device wjll withstand undershoots to the -2 volt level with a maximum puls€ widlh of 20 ns at the - 1.5 volt level. Thrs rs

periodically sampled rather than lm% lested.

DC CHARACTERISTICS

12 k0

Characteristic Symbol Min Units Notes

VCC Power Supply Currenr {Outpul Nor Lo6dedl
Standby
Standby {Data Out {Ol Enable}

tcc2
lccb

4

5
5

VCC Power Supply Current
MCM625410, tRC= 200 ns
MCM625&12, tRC= 220 ns
MCM625&15, rRC= 260 ns

lcc'l
10

65
55

4

VCC Power Supply Current During R-AS only Refresh Cycles
MCM625&10, tBC= 2m ns
MCM6256-12, lBC= 220 ns
MCM625G15. tRC= 260 ns

lcc3
50
6
40

4

VCC Power Supply Current Ouring Automatic {C-AS Before F-AS} Befresh
MCM6256-10, tRC= 2m ns
MCM625&'12, tBC= 220 ns
MCM625&15, IRC= 260 ns

lcc4
m
46
40

VCC Power Supply Current During Nibble Mode
MCM625&10, INC=40 ns at tBC=340 ns

MCM625&'12, tNC=50 ns al IFC=390 ns

MCM625S15, tNC=60 ns al tRC=460 ns
lcco TBD mA 4

lnput Leakage Current (VSSsVin=VCC) {Any lnput) Ir(rt 10

outpur Leaiage Current {dAT at logic 1, O<vours5.5) lotL) 10

Output Logic 1 Voltage @ lout= -5 mA voH 24

Output Logic 0 Vollage @ lout= 4-2 mA VoL 04

CAPACITANCE (f= 1.0 MHz, TA=25oc, Vcc=5 v, Periodically Sampled Ralher Than 100% Tesred)

Parameter Symbol Tvp Max Unit Notes

lnput C€pacilanca {AGA8I, o crr TBD pF 7

lnput Capacitance FA.S, WFITE Cp TBD pF 7

lnput Capacitanc€, dAS cl3 TBD pF 7

Output Capacitanc€ {O), (e-AS= vlH to disable output) CO TBD pF 7

NOTES: 1. All voltages referenced to VSS.
2. VIH min and VIL max are reference levels for measuring timing ol inpur signals. Transition limes are measured b€tween VIH and

vtL
3. An initiSl pause of lm r.s is required after power-up lollowed by any I 8AS cycles before proper device operataon guaranleed.

MC\flOROLA Semlconduclor Prcducfs trrc.
E_61
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MCM6256

Symbol

MCt',1625& l0 MCir625& 12 MCir625& 15

Units NotesMin Max

tRC 200

Access Time kom Bow Address Strobe tRAC 1m 120 150 10, 12

Access Time from Column Address Strobe lcAc 50 m 75 ns 11,12

Bow Address Strobe Pulse Width tRAS 1m00 124 10000

Column Address Strobe Pulse Width tcAs 50 60 15 ns

TRFSH 4 4 4 ms

Row Address Strobe Precharge Time IRP 90 90 100 ns

IcBP 10 10

F6E to Column Slrob€ Leed Time TBCD 2a 50 125 m 25 75 ns t3

FES sotd time tBSH 75

CAS Hold Time lcs H 100 120 150 ns

Fow Address Setup Tirne IASB 0 0

Bow Address Hold Time TBAH 15 2A 20

Column Address Setup Time lAsc 0 0 ns

Column Address Hold Time tcAH 30 30 ns

Column Address Hold Time Beferenced lo FIS IAR 90 17

Transition Time {Rise and F6ll) lT 3 50 3 50 3 50 ns 2

Read Command Setup Time IRc S 0 0 0 ns

Read Command Hold Time TR CH T8D TBD TBO 14

Read command Hold Time Relerenced to FAS tRBH IBD T8D T8D ns 14

toF F 0 25 30 0 30 r8

4. Current is a runction of cyclo rate and output loading; maximum curront is rn€asurcd at the lastest cycle rale with the output
open.

5. FAS and EAS 8re both at a logic l.
6. Ths transition tirne specilication appligs lor input sagnals. ln addilaon to nreeting the transition rate specification, all input

signals must trsnsmit b€tw8€n VIH and VIL (or between VIL and VIH) an a monolonic manner.
7. Capacitance rn€ssured wilh a Boonlon Meter or eflective capacitance calculatod lrom th€ €qustron: C= ffi
8

9
t0

11

12

13

14

17

18

The specitications for tRC (min), IRWC (min), and nibble cycle tirne (tNC) are us€d only to indicate cycle time at which proper

opsraion over fie tull ternperatuG range (oocsTAS70'C) is assured.
AC rneasurem€nts ara rnade with tT=5.0 ns.

Assurn6 fiar TRCDsIBCD (rnarl. lf IRCD is groater than the maximum recommend€d vslue shown in lhis table, IRAC exceeds

tho valu6 shown.
Assurn6 that IRCD= IFCO lmax).
Measured with a curranl losd €quivalent lo 2 TTL { - 2001A, +4 mA) loads snd lm pF IVOH=2.0 V, VOt=0.8 Vt.

Ope.ation within the tRcD {E!ax) limit ensures that IRAC (maxl can be rllel. IRCD (maxl is specified as a relerence point only, il
IRCD is g.aater than the sp€cified IRCD (riax) limir, thsn scc6s tirla is controlled by ICAC.
Eithe. IRFH or IBCH must be satisfied lor a r€sd cycle.
These param€tors are relerenced to eAS- leading edgo in random write cycles and toWRlTE bading edge in d€layed writoor read-

modify-write cycl€s.

WCS, rCWO and IFWD arg not rcst ctive oparatang pardryrsigrs. Thsy are included in the data sheel as electncal characleristrcs
only; it WCSTWCS (min), the cycle is an early write cycle.nd the dat|t out pan will remain open circuit (high impedance)
throlghout th€ entire cycle; it ICWD=iCWD lmin) and rRWDltfiWD Imin), ths cycle is rga+wrile cycle and lhe dala oul will
contain data read from the select€d call; af n€ith€r of the above s6ts ol conditions is satisfiod, the condition of the data oul (at ac-

co.s liri6, is ind€termin€te.
IRCD + ICAH . IAR min, IRCD + IDH z IDHR min, IRCO + IWCH : WCF min
totf lriax) defin6s th€ time at which thg ourpul achi€ves th6 op€n circuil condilion and is not refer€nced lo outpul voltage levels

MCyIIOROLA Semlcorf,uctor Prcducb lnc.
E_58

AC OPERATING CONDITIONS ANO CHARACTERISTICS {Bead Cycl€s)
(Full Operating Voltsg€ and Temperature Range Unless Otherwis€ Noted. See Notes 2. 3, 6, and Figure 1)

READ CYCLE

ParEm€t6r Min Min

Randorn Read or Write Cycle Ti.ne 2n 2d) ns 8,9

1m r50 10000 ns

Befresh Period

Column lo Row Slrobe Precharge Time 10 ns

50 60 ns

0 ns

ns

0

75 1m ns

NS

Output BLrffer and Turn-Ofl Delay 0 ns



READ CYCLE TIMING

IRC

IRAS

IAR

EFS

-BAS

Vtx-
VtL -

Vtu-

VIH-

tR

tRRH

tRcH

ICR P

IASB

Address

tRCS

w
tcac

IRAC lOFF

O {Data Out)
Von

voL -
Hrgh Z

AC OPERATING CONCITIONS AND CHABACTERISTICS (Wrire and Read-Modify-Write Cycles)
{Full Op€raring Volrage and Temperature Range Unless Otherwise Noled. See Notes 2, 3, 6, and Figure 1)

WRITE CYCLE

Parameter Symbol

MCM625&10 MCM@5412 MCM@5&r5

Unhs NoteMin Min Min

WBITE Command Setup Trme tWcS 0 0 0

Wrile Command Hold Trme lwcH 20 25 30 ns

Wrate Command Hold Time Referenced ro FAs IWcR 85 100 ns 11

Write Command P0lse Wdth 20 25 30 ns

Write Command to Row Strobe Lead Time 40 45 m ns

Wrate Command to Column Strobe Lead Time IcWL 40 45 50 ns

Dala in Selup Time lDs 0 0 ns r5

Data in Hold Time loH 20 25 30 n5 l5

Data ln Hold Tame Referenced lo FAS tDHR 85 100 120 ns 11

Pammot€r Symbol

MCM625e10 MCM625&r2 MCM625& r 5

Unit NoteMin Min Max Min

Bead'Modify'Wnle Cycle Trme tBWc 245 2t0 315 ns

CAS ro WFITE Delay IcWD 50 60 75 ns 16

F-ES rowRtT-E Detay TRWD 1m 120 150 ns 16

RMW Cycb FFS Pulse Width 145 10000 170 r 0000 26 r 0000 ns

RMW cycb CAS Pube widrh tcBw 95 110 r30 ns

E_69

tc SH

r8 IBSH
ICAS

IRA H
IAS C

Row
Address

Column
Address

Valid
Data

MCM6256

REAO.MODIFY.WRITE CYCLE

Max

NS r6

120

0

8.9

@



EARLY WRITE CYCLE

FES

Address

D lDara ln)

IASF
vtH -

VtL -

tRAS
lffc

IRP

tcRP

ICAH

lDH

IWcH

IDH R

tRSH

tRCD

tcsH

I BAH

Column
Address

IASC

twcs

TWCR
1D

Vaitd
Data

Ima0xil

II
orxrx

::I!IIII

O (Data Our)

RAS

Address

D lDara lnJ

vot-
VoL- Hrgh Z

READ.MODIFY'WRITE OR L,ATE WRITE CYCLE

tFWC
IRRW

VtH -
vtL

IRP

tcRP

vlH-

IASR

Vtg -
vtL-

vtL -

Vos-
Vot-

lcAc
tR AC IOFF

Hrgh 2

fl](OTCTRO&, A Semlcoduclor Products lnc.
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tcsH

ICWD

tFSH

IcRW

IFWD
1R CD

<- rcAH ->
k-l.+ ICWL' IASC

<_IRAH-+l

lAR 
-

LOlUmn
AddressmBow

Address

IRCS

\

Valrd
DataO lDara Our)

Vtx-

vtH -

ICWL
IAR

IcAS

CAS

VaId
Dala
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REFRESH CYCLE

Pararn€ter Symbol

MCM625G10 MCM6A5612 MCM625&15

UnitMax Min

Column Address Strobe Setup Tirne for Auto Rgfresh TCSR 10 10 t0 ns

Column Address Strobe Hold Time for Auto Befresh tcHB 30 30 30 ns

Precharge io eAS Aclave Time IRPc 0 0 0 NS

FtrS oNLY REFRESH cYcLE
(Data-ln end Write are Oon't Care)

IRC
IRAS lR

Vtg -

tRPC

ICRP

Vtg

vtL

IASR IRAH

Address
Vtx

vtL -

FIS
vtH -

vtL -

AUTOMATIC IA5 BEFORE R-AS} REFSESH CYCLE
(Dat+ln gnd W;i; are Oon't C.re)

IRC
IRAS

ICSR rCHRIRPC

eEs
vtH

VtL -
Vou -
VoL

Address

E

O lData Oul) Hrgh Z

frIOTOROLA Semlcoductor Prcducb lnc.
I-- I A

AC OPERATING CONDITIONS ANO CHARACTEnISTICS (Relresh Cycles)
{Full Operaling Voltage and Temperalure Bange Unless Otherwrse Noled.)

Min



HIDOEN REFRESH CYCLE

IRC

Fead Cycle
C-A-S getore x-A-S

Retresh Cycle

ICHR
IBP

F-[S

Address

vtH-

vtH -
vtL -

IBP IcRP

tB CD
tBAH

lASR
ASC

w

lcAc tOFF

IRAC

O (Dala Oul)
Vox-
voL

Hrgh Z

AC OPERATING CONOITIONS ANO CHARACTERISTICS (Nrbble Mode Cycle)
(Full Operaring Voltage and Temperature Range Unless Otherwise Nored.l

NIBBLE MODE CYCLE

Parameler

MCir625& 10 MCM625Ar2 MCIU625& l5

Unh NotesMin Min

Nibble Mode Cycle Trme tNC 40 50 60 ns 8,9

Nibble Mode Access Trme tNAC 20 25 30 ns 12

Nibbl€ Mode Setup Time TNAS 20 25 30 ns

Nibble Mode Precharge Time tNP 10 15 2a ns

Nibbte Mode FA3 Hold Time INRsH 20 30 ns

Nibble Mode CAS ro WFIT-E Delay TNCWD n 30 ns

INCRW 45 55 65 ns

Nibble Mode WFTTE lo CES Lead Time iNCWL 20 25 30 ns

rNWBH 40 45 ns

flIGhVOROLA Semlcoductor Products lnc.
!.- t 1

IBA S
IAR

IRSH

I

lCAH

c

,lf 
tRcs llRRH f-

Valrd
Dala

MCM6256

Symbol

Nibbl€ Mode RMW eES Pulse Wrdth

Nabble Mode wrn6 FES Hold Time



NIBELE MODE FEAD CYCLE'

I8A StcsH

lNAC

1DH

iBP

lOFF

R

FIS

.Is

CAS

Address

D (Dara ln)

vtH

vrH

vtL -

vlH

vtL -

S Rtl
IRAH

Address
vtH-

IRCS

vtH -
VtL -

ICAC

o voH -
{Data Outl VOL-

*Pin I at Bow Trme and Column Trme Determrne the Slart ng Address of the Nibble Cycle

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

iF AS

RAS
vtL -

CR

lFAH
tAS C

IASF

Vtg

vtL

lwcs
I

1Ds

Vtu

IDH R

tRRH

1NP 1NP

I NAS

INC INRSH

1NA

tAR

IR CD lcAs

ICAH

lASC

Address
Column
Address

IRAC

IRCE I+
| ,ncsll

lRCHI l+
| ,ncs >l

tBCH ->

lOFF tNAC
tOFF

VaId
Dala

Valrd
Data

VaId
Dala

1NC

ICSH
ICASIR CD rN

INWFH

1N AS
INAS

INP

CAH

IWCS

INcWL

Column
AddressAddress

IWCH
IWCHCF

lWCH twcs
R

k
I

Dala
Vald
Dala

O {Dara Our)

Vos

VoL.
Hrgh 2

MC\IOROLA Semlconductor Products lnc.
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VaId
Dala

@



NIBBLE MODE READ.MOOIFY.WEITE

I RAS

FTS

CAS

D (Dara ln)

VtL -

vtH -
vtL-

IcRP

tASR,
tR AH

Vts -
vtL-

vtL -

VtL -

voH

VoL
O (Data Oul) H'gh Z

DEVICE INITIALIZATION

Since the 256K dynamic RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamic RANrs.
On power-up an initial pause of 1m microseconds is required
tor the internal substrate generator pump to establish the
correct bias voltage This is to be followed by a minimum ol
eight active cycles of the row address strobe (clock) to
initialize the various dynamic nodes internal to the device.
During an extended inactive state of the device (greater lhan
4 ms with device powered up) the wake up sequence (8

active cycles) will be necessary to assure proper device
operation.

The row address strobe is the primary "clock" that
activates the device and maintains the data when the RAN,4 is
in the standby mode. This is the main leature that distin-
quishes il as a dynamic RAM as opposed lo a sratic RAM. A
dynamic RAM is placed in a low power standby mode when
lhe device receives a positive going row address strobe. The
variation in the power dissipation of a dynamic RAN,4 Irom
the active to lhe slandby state is an order of magnitude or
more for NMOS devices. This feature is used to its fullest
advantage with high density mainlrame memory systems,
where only a very small percentage of the devices are in the
aclive mode at any one time and the rest of the devices are in
the standby mode. Thus, large memory systems can be
assembled that dissipate very low power per bit compared to
a syslem where ail devices are active continuously.

IN AC

ADDRESSING THE RAM

The nine address pins on the device are time multiplexed
with two separate gbit address fields that are strobed at the
beginning of the memory cycle by two clocks (active nega-
live) called the row address strobe and the column address
strobe. A lotal of eighteen address bits will decode one of
lhe 262,144 cell locations in the device. The column address
strobe follows lhe row address strobe by a specified mini
mum and maximum time called "rRCD," which is the row to
column strobe delay. This time interval is also referred to as
the multiplex window which gives flexibility to a system
design€r to set up his external addresses into the RAM.
These conditions have to be mel for normal read or write
cycles. Thas initial portion of the cycle accomplishes the nor-
mal addressing ol the device. There are, however, two other
variations in addressing the 256K RAM, one is called the
FES only relresh cycle (described laler) where an &bit row
address lield is presentsd on the input pins and latched by
the FAS clock. The most significant bit on Row Address A8
(pin 1) is not required for refresh. The other variation, which
is called nibble mode, allows lhe user 10 address 4 bits o,
data (s6rially) at a very high data rate.

READ CYCLE
A r68d cycle is referred to as a normal read cycle to dif-

ferentiate it from a nibble mode read cycle, a read-while

IDHR

nCyflOROLA Semlcoductor Producb lttc.
E-7l{

SH
IRcD

ICAS
IAB

IRSH

TNCRW
INCWL

IAS C

ICA H
tNcWD

Bow
Address

Column
Address

CR

lWCS

IDS r0s

Valrd
Data

Vaird
Data

Vald
Data

MCM6256

tRP

Address

IOFF

IWCH



MCM6256

WRITE CYCLE

I write cycle is similar to a read cycle excepl that the Write
(W) clock musl go aclive (VlL level) al or before the CAS
clock goes active al a minimum IWCS time. lf the above
condition is met, then the cycle in progress is relerred to as a

early write cycle. ln an early write cycle, the wrile clock and
the data in is referenced to the active transition ol lhe dA-S
clock edge. There are two important parameters with respect
to the wrile cycle: the column slrobe to write lead time
(tCWL) and the row strobe to write lead time (IRWL). These
delinJthe mrnrmum trme that FAS and eIS clocks need to
be active alrer the write operatron has slaned (W) clock at
VIL level).

It is also possible to perlorm a lale write cycle. For this
cycle the write clock is activated after the dAS goes low
which is beyond IWCS minimum lime. Thus the parameters
ICWL and lgWL must be satisfied before terminating this
cycle. The difference between an early write cycle and a late

write cycle is that in a late write cycle the write (Wi clock can
occur much later in time with respect lo lhe aclive transition
of the rtrs clock. This time could be as long as tO micr}
seconds - [IRWL + tRp + 2Tt].

At the stan of an early write cycle, the data out is in a
thr€estate condition and remains inactive throughout the cy-
cle. The data out remains threestale because of the active
transrtron of the wnre lW) clock prevenls the AT clock
from enabling the data-out buffers. The three-state condition
(high impedance) of the Data Out Pin during a write cycle
can be effectively utilized in systems that have a common in-
put/output bus. The only stipulation as that the system use
only early write mode operations for all write cycles io avoid
bus contention.

READ-MODIFY.WRITE AND
READ.WHILE.WRITE CYCLES

As the name implies, both a read and a write cycle is ac-
complished al a selected bit during a single access. The read-
modify-wrile cycle is similar to the late write cycle discussed
above.

For the read-modily-write cycle a normal read cycle is in-
itialed with the write lW) clock at the VIH level untillhe read
data occurs at the device access time {IBAC). At this time
lhe wrire (Wi clock is asserted. The data in issetup and held
wrth respect to the active edge of the write clock. The cycle
described assumes a zero modify time between read and

Another variaiion of lhe read-modify write cycle is lhe
read-while-write cycle. For this cycle, the following para-
meters (lRWD, ICWD) play an important role. A read-while
wnle cycle starls as a normal read cycle wrth the write lwl
clock being asserted at minimum IRWD or minimum ICWD
time, depending upon the application. This results in starting
a write operation to the selected cell even before data out
occurs. The minimum specification on IRWD and ICWD
assure thal data out does occur. ln this case, the data in is

set up with respect to write ivv) clock actrve edge.

REFRESH CYCLES

The dynamic RAM design is based on capaciior charge
storage for each bit in the array. This charge will tend to
degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least
once every 4 ms. This is accomplished by sequentially cycling
through the 256 row add.ess loc€tions every 4 ms (i.e., at
least one row every 15.6 microseconds like the 64K dynamic
RAM). A normal read or write operation to the RAM will
serve to retresh all lhe bits (,1024) associated with that par-
licular row decoded.

FES-Only REfrssh - One method to ensure data reten
lion is to employ the FAS-only refresh scheme. ln this
refresh method, the system must perform a FAS-only cycle
on all 256 row addresses everv 4 ms. The row addresses are
latched wirh the FES clock, and the associated internal row
locations are refreshed. As the heading implies, the eAS-
clock is not required and musl be inaclive or at a VIH level.

MG|7OROLA Semlconductor Prcducb firc.
E-'1,

cycle, and read-modity-write cycle which are co\€red in a
later seclion.

The memory read cycle begins with the row addresses
valid and rhe FIS clock lransitioning from VIH to the VIL
level. The CA-s'clock must also make a transilion from VIH to
the VIL level at the specified IRCD timing limits when the
column add.esses are latched. Both the fr-ES and EIS
clocks trigger a sequence of events which are controlled by
several delayed internal clocks. Also, these clocks are linked
in such a manner that the access time ol the device is in-
dependenl ol the address multiplex window. The only stipu-
lalion is that the CFS clock must be active before or al the
tRCD maximum specrfrcatron for an access (dala valid) lrom
the FFSclock edge to be guaranteed (tBAC). lf the rBCD
maximum condition is not met, the access (ICAC) from the
CAS clock active transition will determine read access time.
The external GS signal is ignored until an internal fiIS
signal is available. This gating feature on theGSclock will
allow the external CAS srgnal to become actrve as soon as
lhe row address hold time (tRAH) specification has been met
and defines the tRCD minimum specification. The time dit
ference belween tRCD minimum and tRCD maximum can be
used to absorb skew delays in switching the address bus
from row to column add.esses and in generating the CAS
clock.

Once the clocks have become active, they must stay active
for the minimum (IRAS) period for the F-AS clock and the
minimum (ICAS) period for the CAS clock. The BAS clock
must stay inactive for the minimum (tRp) time. The former is
for the completion ot the cycle in progress, and the latter is

for the device internal circuilry to be precharged for the next
active cycle.

Data out rs not lalched and rs valid as long as lhe C-AS

clock is active; the output will switch to the three-state mode
when the CA-S clock goes inactive. To perform a read cycle,
the write (W) input must be held at the VIH level lrom the
time the e-AS clock makes its active transilion (tRCS) to the
time when it transilions into the inactive (tBCH) mode.
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NIBBLE MODE CYCLES

Nibble Mode Operation allows laster successive dala
operation on 4 bits. The Iirst ol4 bits is accessed in the usual
manner with read dala coming out al ICAC time. By keeping
FIS tow, CE can be cycled up and lhen down. to read or

write the next three pages at a high data rate (faster than
tCAC). Row and column addresses need only be supplied for
the first access of the cycle. From lhen on, the falling edge of
CAS will activate the next bit. Atter four bits have been ac-
cessed, the next bit will be the same as the first bit accessed
(wrap-around method).

t0,01-t0,1 l*t1,01*t1.ll

Pin one (ABl determines the staning point of the circular
4-bit nibble. Bow AB and Column A8 provide the two binary
bits needed 1o select one o, tour bits. The user can start the
nibble mode at any one ot the four bits, from lhen on, suc-
cessive bits come out in a binary fashion; 00+01 -10-11
with Row A8 being the leasl signilicant address.

A nibble cycle can be a read, write, or late write cycle. Any
combinations ot reads and writes or late writes will be allow-
ed. ln addition, lhe circular wrap-around will continue lor as
long as FFS is kepr low.

PACKAGE OIMENSIONS

L SUFFIX
CERAMIC PAC(AGE

CASE 6SI3
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G

i0rts
rAAto8Aiaoaluts
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rrcHts

2007 ?0 57 0190 0 8t0
I lll ?52

0 038 0!l 00r5 0 021

075 r57 0010 0060
0 t( l Ssc

__!_
l __sr-

020 -!!-0!0
_.s-q-L

0 003
_!_s.ll

0 012

L

038 tal 00r5 0 060

a 0rI€Nsrot{ L t0 cttTEn 0t tt^os
tfiti f0ilto PAiarrrr

5 orxErasr0Nr(6  N0 t0Lti^tclrlG
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AUToMATIC (E-As BEFoRE A-AS) REFRESH

This relresh cycle is iniriated when H-AS falls, after C-AS

has been low (by ICSR). This activates the internal refresh
counter which generales the address to be rerreshed. Exter-
nally applied addresses are ignored during the automatic
refresh cycle. lf the output bufter was off before the
automatic refresh cycle, the oulput will stay in rhe high im-
pedence stare. lf rhe oulp'rl was enabled by CTS rn the
previous cycle, the dala out will be maintained during the
automatic refresh cycle as long as CAS is held aclive (hidden
relreshl.

a

-,1

r'-l

rrr T I|IT ax

-- r,-rTo-l
,528St 1

-!J!-.olE-0lm 8sc
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OUAORT'PIE 2.INPU-I
FOSITIVE.IIANO GATES

00

Y-AB

sN6a00 tw)
sN5aHOO twl

sN54m {Jl Sr{7ad) lJ, Nl
s 5/rH6lJ) SN74H@ (J, N)
sr{saLoolJ} sN74Ld,lJ.N}
stl6aLs& tJ,wl sN?aLs@ (J. )
sN6asoo {J, v\l sNras@ (J, I

sN5aol lJt
sNr4lsor (J. tl

OUAOFI'PIE 2'INPUT
FOSrrrvE.l{arlo GArEs
WITH @EN'OLLECTOA OUTPUTS

0t

sN5/rL01 (T)

02

OUAORUPLE 2.INPUT
POSITIVE NOB GATES

Y-T;E

sn5l(,2 (Jt

5N54tO2 tJl
sNralsl,2 (J, wt SNTaLSO2 (J, Nt

sNTaso2 (J, N)

sN64r02 lT)

sNsaoa (J)

sN54H04 (Jl
sN5aL04 tJt sNi.LO4 lJ, Nl

sNTaLSO4 (J, N)

Y-i

l0

sN5arolJl sitTaio tJ. Nt
sl{5ax1o lJ) sNraHto tJ, Nt
sr5alto (Jl sNTaLro {J.N,
sNSaLStO lJ, Wl St\lralsto lJ, Nl
sl6asr0 {J_ wl sN7{iro tJ. ,

SNSTILl O IT'

PO6ITIVE.NANO GATES

l1

TAIPIE 3-INPUT
POSITIVE.ANO GATES

sNSaHtl tJt

sN76tr (J.N)

E-78

Y.AE

+Pr

04

Y=AEa



POSITIVE.NANO GATES

30

Y - iEao-EFEF

sN6aH30 tJt
sN54L3) lJ)

SN74LS:O (J. {l

sN54H30 (yYt

sNs:tL30ltt

-

ouaoittl.E 2.I\tut
trGtttvE{rn GAtEs

?2

SN54LS32 (J. W)
sr54sB2 {J, W'

sNr432 tJ, Nl
sNraLs32 (J. Nt
s{r'r$21J, Nl

OUAI- O.TYPE POSITIVE.EOGE-TFIGGEREO FLIP-FLOPS WITH PRESET ANO C!EAR

74

sN5474 (J) Sr\r1ara lJ, N) sN5zr74 (Wt
SN54H74 (J) SNr4Hr4 (J, Nt SNEaHT4 (wt
sN54L7a tJl SN71|L74 (J,N) sN54!r4 {Tt
sN54tSr4A {J.Wt SN74LS7aA tJ, Nl
sN5!S74lJ,Wl SN7itS74 (J, N)

PIESEt C(EAA CLOCT( O

H

L

L
H

H

H

L

H

L

H L

L

HL
LH

HL
LH
oo ab

OUAL J.X NEGATIVE.EDCE.TRIGGEN'D FLIP.fIOPS flIH PiESET

113
FUNCTION TABLE

PRESET CIOCX J l( oo
L

!L

,HH

I
66
L

GLE

Oo

oo

TO

%
G

sNsaLSr r3A [r, Wl SXTaLSIlaA (J, N)

sNsatit't3 (J.vt, sNr(illl (J, Nl

OUADiUP!E 2.INPI,,I FO6ITIVE.I{AI{D SCHMITI TRIGGEFS

132

Y-AB

sN5rtt32 tJ,tU SN74t32 tJ, tVt
st5:rls132 (J. Wt SNTa$r32 tJ. il
sNsrrsr32 (J.lvt sN7asr32 tJ, tll

A L INE IO 3-LINE OCTAf PBIORITY ENCOOEBS

148

sN54r/l3 lJ, W) SN7.r.3 tJ, il
sN54LSr4a lJ, Wt SN74tS14a (J, Nt

E-79

lo o I



t60 oecoot,o'necrcueot

t6l arlnnv.otnecrcr-enn

t62 oa"ooa. a.',"c""oNous cLEAR

16 3 
"'unv. 

svr,rcrnoNous cLEAB

, a t1 J

sNras163 (J

sn54Lsr604 (J. Vgl

sr'r64r62lJ,wl
sN5aLSi62A tJ.Wl
sN5rrsr62 {J, wl
sN6/rr63 tJ, wl

sN7a161 lJ, Nl

si/r4ls16?a (J, nl
sN?4Sr62 lJ, Nl
sNr4t63lJ.t)
sNTa[sr63a lJ. xt

It lt r2 I r0 !

I ? a E

8 BIT PARALIEL OUTPUT SERIAL SHIfT REGISTEFS

164 ASYNCHRONOUS CLEAR

\-/J

st5aLl6a (J, tt

240 
',nrr"-eo 

gsror. our"-s

sN54LS240lJl
sNslS2aO lJl

sN74LS2aO tJ, N)

sN54LS24a lJl SNr'tLS2aa (J,Nl

OCTAL BIJFIEHS/LIN€ DNIVEAS/LINE EECEIVEiS

244 roru,rveareo ssrarE ourPurs

245

sN5afs2a5 sN7rLS245 N'

OCTAI AUS TRANCEIVERS

NONINVEATED 3STATE OUTPUTS

r[

ouaD oalA sE!€cron6/rruLTltlExEFS

258 TNVERTED 3SraTE our?urs

sN54LS25aA (J, Wt Sfl7aLS25aA (J, Nt
sN6as26A (J, W) SN7(i26a {J, Nt

E-80
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a

OI.,AO DATA SE L ECIOBS/MULTIP!CI E RS

2ll NoNrNv€RTEo ssraTE ouTplJrs

sNr4ts257A (J,N)
sN7/rs25' lJ, Nl

6 t, u I t

OC'TAI O,TYPE FLIP.FIOPS

273
SINGLE.RAIL OU'PUTS

$r742r3iJ. N'
SIl7trLS273 tJ, Nt

368 INVERTED OATA OUTPUTS
4LINE ANO 2-LINE ENABLE INPUTS
3STAIE OUTPUTS

SN766AA (J, 

'\I

OCTAI O,TYPE fAICHES

373
COMMON OUTPUT CONTROL

sNsars373lJl
sN5.S3r3lJ)

sN7aLS373 (J, Nl
sN7as373 lJ, N)

4040 5n74llci10ao.. J OE N PACXAGE
{roPvtcwt

datc.iption

Thi3 clevice a3 sn asynchronous 12-st!96 binary counter
with rh6 outpuis ol r[ stsgss avaitrbts 6n€rnaIy. a high
l€vel6t CLR a3ync hronou6ly ctea 13 lh6 count€ r rnd r€sarg
all ourputs tow. Th. count is advrncod on s hroh-to-low
l.ansrlron ar cL(.

qL

OF

OE

06
OD

Oc
Oa

GND

OX

OJ
qr
Ol

ctf,
ctK
OA

2

3

8

t6

t3
t2
1t
10

9

4538 SN748C453A... JOn rPACXAGE
{IOPVTEW)

0UAt PBEClSl0t'l
MOI{OSTABTE

xx
HX
xt
LI
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I6.POSITION STACKED DIP SOCKET

For4K,16K, and 64K Dynamic RAMS

CAM actuated LIF socket
The contacrs of the Stacked DIP Socket
are cam operated, which significanlly
lowers lC insertion forces (lCs are in-
stalled using a standard insertion/extrac-
tion tool). The oporating cam has three
distincl positions:

Position #1 is "cam up," which disen-
gages the upper and lower contacts, al-
lowing insertion or extraction of either lC.
Posilion # 2 engages the lower contacls.
ln this position the upper lC mav be in-
serted or exlracted without affecting the
electrical integrily ofthe lower lC. Position
#3 is "cam down," which engages both
the upper and lower lC packages.

The upper lC package is supported in
the Stacked DIP Socket by mounting clips
that serve several functions. They provide
a means ol supporling the leads of the
upper lC against lhe normal forces of the
upper contacts. while at the same time
providing positive clearance lor air llow
over the lower lC package.

lf maximum clearance between the
upper and lower packages is desired, the
leads ol lhe lower devrce should be trim-
med to a length ol .100"-.125" from the
seating plane ofthe package. The sockets
have the llexibility to accept packages
with leads as short as .100" and as long as
.150", on centers oi .300" 1 .010'(16, 18,
20pinsockets)or.600" 1.010"(24and28
pin sockets).
Memory isolation-16 position
ln lhe'1o-position Stacked DIP Sockets
for Dynamic RAMs, the upper lC can be
selected independently ol the lower lC
through the use ot independent contacts
for lhe upper and lower Row Address
Strobe (FIAS) and upper and lower Col
umn Address Strobe (CAS). ln standard
conrigurations, RAS is pin #4 and CAS is
pin #15. All other contacts are electrically
paralleled.

Design
. Stack t\r,o 16-position Oynamic RAMS, one

above the other
. Upper lC RAS (pin #4) and CAS (pin #15)

elsctrically isolatsd trom lower lC RAS and
cAs

. Cam operatod; low inserlion and oxtraction
forces

. Positive mechanicalstop ensures air flow
over lower lC

. Low profila, cost saving, double packaging
capacity

. lntegral decoupling capacilorcircuit lowers
power supply noise (optional)

Performance
. Contact Besistance

(Avg. ):

. Capacitance-
Pin to Pin (Avg.):

. Dielectric Strsngth:

. Op€rating
Temperature:
(without capacitor
circuit)

(with capacitor circu
. lnsertion Forc6 (Avg
. Flammability Rating

Materials
.lnsulation:

Uppsr contact-
6.0 milliohm
Lower conlact-
4.5 milliohm

1 pf.
1000 VDC (s€a level)

- 55"C to 105"C
(U.L. approved to
105" c)
+1dc to 85"c
2.4lbs. with cams up
94 V-0

Glass reinforced
thermoplastic
Boryllium coppe(
plated with '150 ll.in.
tin over 50pin. nickel
Brass

THOMAS & BETTS CORPORATION

Ansloy Electronica Dlvlslon
92O Route 202 . Rarilen , N.J. 08869
(2O1)4694000 . Tel€x 844-372
ln Canada: Electronics Divisior\
ThomasE Betts. Ltd, P.O. Box 30,
lberville, Oueb6c J2X 2Mg . {5r4) 874-9601

it)
.)

. Contacts

. Mounting Clip

This inforDation provi.ed courtesy of Ansley ErectroBics Div., T & B corp.

Principle of Oporation

POSIT|ON #1
Cam up

POSITION #2
Engages the

lower contacts.

POS|TTON #3
Cam down

f;
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Recommended Hole Pattern Dimensions are shown in MM
inches
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P50 r.

Ground - 1
DO- 2
Dl - 3
D2- 4
D3- s
D4- 6
D5- 7
D6- a
D7- 9

Ground - 10

Ground
DA
D9
D10
D11
Dt2
D13
D14
D15
Ground

+svdc -
Ground -

AO-
A1 -
A2-
A3-
A4-
A5-
A6-
A7-
AA-
A9-

A10 -
41L -
ALz -

tEio -
r{Eltl -
/RDS -
/RD6 -
/ RD7 -

+12vdc -
- tz!,dc, -
+Svdc -

+ 72vdc -
Ground -

1
2
3
4
5
6
7
a
9

10
11
L2
13
L4
15
16
L7
1a
19
20
2L
22
23
24
25

3A-
39-
40-
4L-
42-
43-
44-
45-
+6-
47-
4A-
49-
50-

P507

26-
27-
2A-
29-
30-
31 -
32-
33-
34-
35-
36-
37

t
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t

t

I
t
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I

I

t
t
a

t
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t
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a
I

a

T

a

I
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t
a

a
T
t
t
t

I
I
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t

t

F-1

11 -
L2-
13 -
L4-
15 -
16 -
L7-
18 -
19 -
20-

+5vdc
Ground
A13
414
A15
A16
419
A1A
AL7
/AO
/llEllDIS ( llerory Dlsabl€ )
/RESET
/HALT
/BllREO ( lterory Requeet )
/BIORO (I/O Raguest)
/BlrR ( lrr 1te Requeat )
/BRD (Read Requost )
HALTA (Halt AcknoPledE€)
a rHz cLocK
/RFSH (R€freah Requ€st)
+ 12vdc
-LZvdc
+5vdc
+ 7-2., dc
Ground



The fotlowing publicationt ar€ Euggested if you rrould Iike to learn
nore about progranning th€ H-looo, or hoH the H-.1OOo works. They
are avallable at ,ost good electronics or corPutar rtor6a, or can be
ord€red by nail.

thC_9qgq_8998 by Russel Rector and George Alexy, fror
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TX.
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