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INTFH)DUCTION 

T1·:,1s rnanua! vvd! give you, rhe ,orv1ce rndrnH:.i,m, 1h1, tr,ch 
n,que nece5sary to tr1../Ubleshoot anci rnpair the TRS 80 
Micrncomputtir System. I l 1s d1:1$i9ned to you the basic 
Sec1icm isolation know1edu1, nec:Hsswy to fJfft you into the 
proper Section of the sch;c:111at1c and to I oor out the faired 

components. What thi~ manual c.annot do is 9r.,b you by 
thri ear and apply your nose to the bad pan! Some manuals 
try to do just that by suppiying p<ige ,1fte1 pa!Jf, of symptom/ 

causeletfoct tables. That type of t:roub!;)shomintJ will work 

tine on products that a,e St,rial in nature; in other word,. 
''the inr;ut s1\111al 11: here,; goe, tt1rough th1,; and thJt ,0,nd 

comes ou1 over there." In a microproct!f,,or·ba;;ed cc,rr1put(,r 
a parallel bus <.Uucturn is u,ed. /1n input 10 one Sec·tion 

coulcl bt, workil1g fine, but me outpul i•.; q;;rb!e,d. This out· 
ptit can scrnw up anotl·HH Section and rnake you believ0 the 

second Sectwn is bad. To rn,1ke rnattt'rS wor;e, you c,mnot 

really be sure what effect the bad Section has on the ottrnr 
St,ct1ons. In a parallel systern, caus.uetfoct tables are us€dess 
b<1cause any Section CiJuld caw,e problem, that have the 
same symptoms. 

In a parallel structured system, Sectwn 1,olation is the rnosr 

difficult. Only one l1ru~ may tJe defective, but finding that 
one signal co1..1ld bi:? time consuming if nm 1mposi1bie unles5 
you know where to look. In some cases, the problem will 
be so obvious that it screams at you; and you 'I I see it as 
soon as the plastic co11er is off. In others, thf.l bad cmnpo-

nent or $ll,)l1,,! rnay bti so <fo®ply buried ttH.1t. only~ mip-t,y• 
',t1;,p el11ni11a1ion ptii11;1esi; techn1qul!l c;m 

the problern. 

One of the best r.ooh, for tro,1bteshooting is 
ledpe. i,;now the Tf¾S-80, H,;M, you raad 
ermion &,ietion? Oo yQu uni:iotr.t.mli it'? O.c 
read it again? lf you'rtt r1ot svrn hQW a ~ect1.01l,w~1 kiok 
it up in this theory :;!)ction. l\llayt.;e t.hat si.~nal ~u~MCl 

should look like a ,nmt most ot the time. Th~m.J1nu,4l will 
give you th;n k1H1wied9B, 

Another time-sawir is rhe cw;wrrwr If possibll! .. tJet the 

whoh• Hory from him about the problerr1a Of cour,e, t1e 

or si,e •.vm;ld not be able to suppiy such info as ''l'vt1 gnt a 

bad RAM"; but, you mlght find the Pf<>t!l.,im up 
du11ng one or two syste1n comin-ands. l.n i,,u,1rm:\ii!~•1;1, a short 
talk with thl;l custom.ilr can correct a 

openinq ttw case. M.ayoo he or »he 11.a~ 
~:,ftware error. A1>hnrt i;te,m-i:1nstra1tu:w1 
puwt or another -i:t'1,hov~ sys.tem 
lem entirely. Tha mq1,t.basic step 
licati,m of tlrn prQ,f;,j-em;lf p1:.lS$il:,Je, 
present to show y~1,.1> tlle c.ondition of 
be ablf.l to l'i:Ol'l1ir~)!,f1J"t~t i) pr£Jt,!$em 

. . ~~ 

DISASSEMBLY 

To disassemble the THS80, perform the foilowing step, 
(see Figure I): 

Position the computer with the kev caps dovm. Use a 
padded surface; th1: key caps. am easiiy scratched. 

2. Remove the ,ix screws from th,; bottom of the case. 4. 
Notice the three diHerent screw l,H1g1.hs and sol them 
aside in pairs. 

3. Set the computer on ilS -feet in optH"atinf! position and 
c,¼refuily sepatate the top of ttw ca,e frorn the bonurn. 

NOTE 
LEO mounting diffotences: ·r11erc are two types of 6. 
LED mounting prn,itions. A dout.Jlf,-sided, plated hole 

keybi:,ard PCB use, an LED mounted into the top hali 
O'! the case through the use of a rnckel and a retainer 
ring. Lorig wire, interconnect the keyboard PCB and 
the LED. Slip tl1e rint1 off thf.l sock0l body using needlo 
noSf: pli,irs. /.1.itow the ring to slide down to the key-

board PCB. Use an eraser-tipped pencil to push tht: 
LED down through 1.he pla~tic case from tho top. '{ ou 
can then rerm::we the LED from undernemh the case 
Bend the LED leads slightly to prevent the retainer ring 
from getting lost. 
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7. 

The second 

directly to · .. <· .. •. _e sided Ke1v:t:1(1a11C1 
ring is u~d ~~~ the i.;;0 jfi ·flat held .t'il/'tflle 
the C.,lt.e, The il?il! ri~f of the 
keyboard 





POWER SUPPLY CHECl<S AND AOJUSTMf;NTS 

Once the unit has been removed frmn the plastic Clllif1 and 
the Board\ are rnmng on the tt'!:,t l:l!mcti, connect the power 

and video DIN plugs. 

CAUTION 
Th!! CPU Board is now "upsii;le down" m n:fon:mco to 
its normal position in the case~. ffo sure you msert the 
power DIN plug in tho powor jack, J l and not in th,,; 
Cass11tte jack, J:3. The power jac.k is thr:, one clostist to 

the power switch. 

Turn on power to the CPU Board and the Display. Data 
may or may not he present on the Display depending on 
the type of pn,blem. Dm1:1,FHd the D1Splay for the tirne 
oolng. Test power supply vof1ages first (s.ee Figure 21. 

1. Amich a digital voltmeter, or equivalent, with the com
mon (-) lead to the right sido ot capacitor, C9 -- that's 
the largest capacitor on the Board. 

2, 12 VOLT SUPPLY. Siilec:t the +20 volt DC !,(;ale on 
the meter and touch the red (+) lead lo the top side of 
the power resistor, R l'fl (The "top side" would be the 
imd clowst to the edge of the PCB). Voltaga should 

read 12 0 votts :t;5% £ 12.6 to l 1,4 voltsJ, If 
does nut fall wit1'In tf.}1,tse lifl'IIU, A'fiiµ11; .fl 
rect readiqg .. 

3. +5 VOl.'T SUPP:,~V.~~ct lhfl +la volt OC 
meter and tou~>~~,11/Q l+t lead to the feft 
{This 1 watt r~i~r, Js l~&d btltweet'l 
electrol.ytlc ~~t,1,11.ri, C8 and CSi. 
read 5,0 volts t~~·J~,215 to 4. 75 1rolts). 
does not fall ~{r1fl these limits, i:lmuiu: ~;;it~eW' 

rect reading. .., .. 

NOTE 
Do not ,,lttempt l'i S volt supply adJ_µstn1tint~r1~:.s the 
12 volt 1HJpply his ~o checked and is wlthit,J~leranciL 

4. Select the •·· lO volt DC scale on the meter 

SECTION ISOLATION 

U,ualiy, customer complamts are directed to a certain tune· 
tion, For example: "It CLOAD's fine, but when I list the 
program, half of the listing gives me a screen full of junk." 
Since part of the lirting is correct, we can ai;surne tho audio 
processing circuitry works. You would suspect ·· 1, a prob• 
lam wi.th tape data or •- 2, a HAM error is screwing up the 
data input. You might listen to the tape's audio for voids, 
or o\lltempt to load in SCOATS and exercise tht, RAM's. In 
either c,se. the customer's teiidback has giv,;n yot1 clues as 
to where to locik for a problem. It would then be up to you 
to eliminate the suspected areas down to a bad component. 

One oi the hardest complaints to Section Isolate is this: 
"Everytlme I tum it on, I get a screen fol! of junk ··- ". A 
screeo fvll of junk is defined as a display with all charactor list 
poi};tions filled with either alphanµmorics or graphics. The 
fac.tPf:¥'~ name for this condition is, "a screen of garbage". 
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SECTION ISOLATIOI\I F LOVVCHAHT 

/;,,. flo~v ch~:nl ot- '.3t~ction l:~Giation L1v p~ir't I i.:nTit)v;:.l 1s <;J;ovvr; 

,r, hqure 'I ou start !.hE, p1c,c,,ss ;11 th,, r:-d,aileloq1arn, 

block 1 !'hi~ block 1, when) you duplicatt, rne c.usiurrHn 
problem. flloek 2 inst1ucts vou l'o dt:>i,,:,t:rnble The unit and 

reconnect thb vidi;o and power :nputs. Block:.:\ 1;;. "dc,c1sion 

IJ!ock .. Do you h,ive 9arbag0 011 the ,crt~n nowr If ~o, vou 

continue to block Ei. it ,1')1., nlock ••1 tells ·,1ou 10 suspe,;t a 

,.1·wrting interconnect cabie betw1.mn the k"ivt,o;Jrd anrJ thci 

CPU Boarcl. You could also have loosened a ·,older ball' 

dunn9 disass1m·1bly, and a .',nort is now none. E,:2.r111ne the 

inwrconnect C<ible r..:arniully fnr :t,cntinq conductor, Diel 

any1h1nn fall oul of the cornpuh•r rJUt 1nq di\assemtJ1v1 You 

rr,ir31\l have fix,,d tne compu1e1 ju:,1 by t:.ikinq ii. d~H11t' Tesl 
It il(1ill IL 

/:¾!. block ~,. vou will turn oif pow,,1 10 the un,t, wait ;;b,.>ut 

ten ,acon<h, t.hen rear"rilv power. The deiay 9111e;, trie initial· 

1Lat1on lo(Jic tnne to m:,,et. It them is now a "F{,)adv" on the 

screen at. block 6, rnaybe you have a probl«rn around S2 or 

C42, as biock 7 instructs. 

In block 8, you are instructed to rnmove the DIP shunt 
(X71) at Zll. With X71 n~rnoved,the FiAM'sarnnotelect
ronica!ly in thf; system. When povv,;r i, applied, th,1 HOM 

and ttH.1 CPU arn in commwuc,mon, but. there is no data 

tlow to or from HAM. Tl·1f, screen should show a pattern of 
16 charact,H lines nf 32 co!om,. If the CPU shows larg;, 

cc:>10;1;,, you could have R!~M pioblerns or kevtx1a1d type 

problems f:Hockr, 11 throqgh ·15 will help in 1•;olating Hrnt 
type of problen1. As block, ·12 and 14 irnpi·v. them ;;re two 

colon cl1:,plays. One rfo;play is stable. The other is blinking 

;,nd flickerinq 6$ the CPU CCH1Hantly intern.1p!s 1mfoo ad 

drn:;sinq. Deptmd1r,~J on tiv, statu:; o1 the k.:,yboa1d, ',/CH.I 

couid l'lav11 data line or kevbuard probierns. 

The next r,tep at block 16 is lo removt the ROM\. Ttv, 
CPU is !'\OW locked up wilhoui: imtr,Jclion frorn HOM. The 
pattern H> looi-. lor is a screen full of @9':;, The 1fo:plav 

,;houid be in 64 d1aracuir torrnai ai 1:hi, time. The displ,1y 
will ilickr.•r ilS VID .. contirwally acces,e:, tile v1d,,o flOi\/1'$ 

Ii vou qet ({~9', on thH semen, you probably have a noM 
error. If no (019's or partial @8'& are visinle, y,>u r;oulrl have 

video chain or video BAM problems. It you still get ;1ai·bafle, 

maybe tht; CPU is ,.lead or somethinti is rmikirHJ the CPU not 

as function. 

As you can see, the p,,rt rernoval isolation teehniqu,i U$i!S a 

iot oi mayl)e's, question rnarks and could be'i,. The "what 

ifs" are trying to tell you that, "I don't work ail the time''. 

You could have ROM problems and yet get huge colons. 

You coul!j get @9's and still have CPU errnr. Hur it's boner 
than nothing, and the .. process doe~ give a startin(~ place, 

ACTIVITY, STEADY STAT£::, FLOATING 

Nonna! troubleshoming lechrnques c,il! fol' an output to in
put sw,wp of tho trnd sil)nal line .. In other worch, once a bad 

signal 1s founci, the circuit 1s tracecl nackwar£Js untd the sig

nal is con ect. The failed <fo\/1Ge will b,, located between the 
q,iod input and the bad output. We will use this backward 
approach to isolate rtw defoctive cornponents in the 

TRS-80. But, w,: will not atwrnpt lo analyze inputs alld 

outputs unle:;s we ate be,ween that rnag1ca! goocl in/bad-out 

point. What we'll do most of the tirne 1s check for activity 

or st,m1,, ot ~ignal leveb. If it hai; no activity or srnnis, it 

must be f!oatinn 

Act1,11ty is ;:iefincid a, any loqical tn.1n:;istion from hi[Jh to 

low or vice versa. For exampie, the output ol c,:;cillator buf• 
fer Z42, pin l\, always hijS activity, Ti,ert, 1, ,, con,tant out 

put pulse train at this pin, The siwial ,winiis from almost 

nround to over 3 volts continuouslv. 

Steadv :,tate i~ detined as a logic,,I 1 rn logic,il 0. For tix 

ampl,i. 240, pin 16, has a stnady stat;; lo91cal 1. It is helo 

high bv resistor R f.iO. Anotner ex,nnple is the lo9ical O at 

pins 6 and 7 of ZS6, the CPU dock divi,jer. Z4?., pin 8, i-, 
alvvuvs low unless resi;;tor fHi7 is 9rnunded. 

6 

Floating is defined as a signal lev,d betwt-:en the steady 

state of a logical 0 and a logical 1, The CPU, tbe HOM·s, 
the RAM's and the data and address butter, are an tri-:;tabie 

dHvices. When tri-state type parts am disabled or unselected, 

the output may show a floanng condition. In a floating 
condition, the ou1put will show systnrn noi:,e flickering 

through 1t. The avorage level of the noise will ,ittain a volt· 

ane of 15 volts or so. TTL deviC\iJS dofirw a logical Oto b,: 
equal to, or lebs than, (U3 volt~, A !oqical 1 i~ defiru~d as a 
voitage level equal to, or w·eater tr,,m, 2.4 volts. Any volt· 

agH t>fitween these two l,ivels will he considered floa1mg. 

A floating signal tni!Y be "finHertested", It a finger is plac"d 
on a floating signal, the arnphtude of the signal will incrna;;e 
radically. The noise floor is taid t» increase. An example of 
noise floor is readily seen: If a F10M is disabled, Hw data 

output p1m 111ilf be fimiting. Trw noise floor will show an 

average o1 1.6 volts or more. If t1 data output pin is ,fo. 

connected frorr1 the socknl thnn checked, it rnav have no 
noise floor and may look like a logical low. A quick fing,n 

test of the pin will cause the noise floor to incr,rnse nipidly 

In both cases,. thtl pin 1,vas 'floating. But, when the pins wern 

disconnected from the socket, the HOM lost it's noise sol1rce 
and look£,d low. The fin9er supplied a new noise sour.;e. 
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Prnbltfms with th,o CPU does not rrw,in u,at :i:'.40 1, ir11.1per;; 

tivtL It could mean that. vou h,we diff1cu!1y witi", 1.ht1 ;iddr,,Vi 

and data bu ffors, ihe control 9roup, CASif'l AS wnmu, or 
with one of the CPU't; support dHvices Smrn vou t111nk that 
you havP. a problem with (,ne o! Uiw,e ,Ji!vi<.:(1s, you rrnght 

substitute a known go,'id CPU for Z40 t,H a q,.iick check. 
But, chances are that lhe prnb!ern e;:i$t, in another place. 

Do not tiei111Ve 'tiwt 240 is trouble pj'()f'IH just because it's in 
,, rncKet and 1:; ea~ily mp laced. 

'ltie flowchart, ~hown in F1qure 4, will hdp in CPU truublr::· 
stwmm9. Th,, pnnrnry objer;r ive nf thi•, cirn, 1 c, allow 

ynu to quickly find a signal that. should Ou active but itn't. 

fhe main flow of ltlH chart i, cm the leh ;;ide ot the F iourn. 
Here, ymi arn checking for actnnty on urJdn,,s and da1a 

lines. With01.1t act.ivity on the address lines, you are 1mnrndi· 

atfdy branched off to the CPU's support group to find our 

why Pay particular attention to the appearance ot addrns, 
line riutputs .. Any tri·stato lcmkm!l signal could mean a po· 

CPU 

li:.,n,ial shmt bm:we.,n ,ldiJn:~~ lm1,r.. TIH; oppo;,te is true of 

darn lint,,. The,,n ~1gnals rnay tHl active anrJ htw,1 tio,rtmH 

cornporrnnts bHtwerm active starn,;. Hence, diila ilne shorts 

arn ex.nrnnely clih1cuh ,o find, u,,inu an ni,ci!loscopt. 

it you nerd to disaolo Urn CPU for r.hon cl",etkt, ground 
pm 25 of 240 (or the side of flfi8, whichi,11tH H, !c:2isi,nl. Ttw 
address Imes will float on th 1, CPU mfo, and the address bu f .. 

fo< will be tri·stated. On the d,ita lim,s. thtc outp1Jt darn 
buHers will be: 1.foat,led, bu! the input butters 10 the CPU 
wiii be enal:\led. Since the inputs to thc<;e buffr,r$ shoulri b1~ 
floatinrJ, the Gutpur~ will all app,,ar h,qh. You can check fo1 

il high ,,teach output. It vou want tu :;(,e i! the buifor opc;r .. 

ilteS, inject a TTL ,19nal ;nto the floatin;;, 1npu1 and look on 
th,! output for that signal. Y nu have a lot of sional sour ,;es 
111 the video divider i:;ha.in to choose from. You should see 
the activitv of your in11:ctf1d signal without any tloating 

cc,mponents. If an output appears to have a floatin9 concli .. 
tion, look for CPU-side short5 with other data bus outputs. 

ROM 

Problc,ms associatc,d with the HOM 's can be broken down 

into three arnas, You can have addressing, darn or chip 

select prnblems, Addrnssmq problems can th:' assoc1.,ded 
wah open or shorted adrJre:;s lines going to thP F!OM socket;:. 

Earlier Board IH111Jls may have jurnper n-,odif,cation,; on the 
,oldm side of the Board that have broken ioos,•. Them is 
alw the chance t.hat a Fl0!\11 was partiilliy k11,icked out c;1 

its socker dwin[J shipping. fhe address line:; should be 

checked at tlw chip, Norma!lv,. them wdl t;e ::icti1n1v un all 

lines. Y rn, can also use lht· TEST"" i,ignal in 1he CPU ,:,,,ction 
to di~able th,, addrnss lines and look for ;;horts on the add· 
ress bus. 

nir~re are two types of datR prob!mns. The first i,; the non·· 

repairable bit enm internal to the HOM. The check,um 
contained in the SCOATS prograrn can re,H.liiy verity this. 

Ii the ROM problem is too severe for SCOATS loadin{J, a 
rep! acemenl test may bci necessary. The second type of data 

problem is the: short or op,m on tile data output. If vou rn
rnove DIP shunt the HOM's w,ll tn•statii and you c<1n 
cht;,ck for a floating state on the data pins. 

Chip sel,:ct problems arn usw.1!iy associated with ROM' or 

MEM". ROM' is the chip select for on.:; or both ROM's 
while MEM~ control~ Hrn data butfo,s for a ROM/flAM 

Rf,ad. You get both signals from DIP shunt Z71, Yeh, rn,ght 

check the DIP ,;hunt for correct prograrnmir,9 jurnptH s. The 

type of DIP shunt used by the TRS-80 has been known to 

develop er acks 111 the shorting bars during prograimning. 

l'v1etal cracks are very likely to be pres(mt if the plastic pan 

of thll shunt is d::.maged. 
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RAM 

RAM problems are slightly more difficult to troubleshoot 
because of multiplexing of the address inputs. Aside from 
addressing differences, the RAM 's are checked like the 
ROM's. Use SCQATS to dig out memory errors if possible. 
Also, be sure you check the three power supply voltages 
going to RAM; they are: -5, +5 and + 12 volts. Insure that 
~ voltages are present on <ill.. RAM 's. Also check tor bad 
RAM insertion - pins not in sockets or loose RAM's clue to 

shipping vibration. Check for activity on RAS, CAS and 
MUX going to RAM and multiplexer. Insure that all specified 
addresses do indeed go to the multiplexer RAM problems 
are most likely suspect after a 4K to 16K conversion. Be 
sure DIP shunt 23 is programmed correctly for the amount 
of RAM in the system. 

It you have a RAM problem and the system will not load 
SCQATS, you can replace the eight RAM's with a known 
good set. It this fixes the unit, start replacing your standard 
RAM's with the parts you took out, one by one. Power up 

after each exchange to see ·if you still have a "Ready". Con· 
tinue this process until you have isolated the bad RAM(s). 

CAUTION 
When handling RAM's, be careful that you do 
not damage the parts because of static discharge. 
Before touching a RAM, ground yourself using 
a grounding strap designed for handling MOS 
devices - or momentarily touch the right side 
of capacitor C9. If you must transport MOS de
vices from one part of a room to another, be 
sure you have the parts in a conductive tube or 
in conductive foam. DO NOT USE STYRO
FOAM! Unless specially treated, styrofoam eats 
MOS devices like candy. It can generate tremen
dous static charges. Do not use cellophane tape 
to hold RAM's in sets of eight. The process of 
removing tape from the roll will act as a hand
held static generator. 

ADDRESS DECODER 

A problem in the address decoder section will probably 
point you in the memory direction. For example, if the 
ROM is never addressed with ROM*, you'd think you have 
ROM difficulties. Therefore, if you suspect one of the 
"memory" locations, keep in mind that the address decoder 
sources the memory selects. The select inputs to the differ
ent memories should be the very first thing you check. 

Failure of address decoding will usually be associated with 
one of the higher order address lines. You should check 
Z21 's inputs for activity, paying particular attention to pins 
14 and 2 of 221. 221 's outputs also depend on the status 
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of the shorting straps on DIP shunt 23. Remember: You 
cannot test an open collector output unless there is a pull 
up resistor attached to it. 

If Z21 and the DIP shunt appear OK, look for activity on 
the other inputs. For example, A 12 and RD*. Maybe the 
CPU is constantly addressing one memory all the time, but 
is not getting any data in return. This is especially true of 
the keyboard "memory", If the CPU thinks there's a key 
depressed, it may lock itself into a loop, trying to isolate 
a phantom key. 



\., ... ,~., 

t<EYBOAHD 

Dilticufty v,tth the 1, usu,,lly mudianical i1, 

niilurc. Stick, nu k1,:vcaps, tx;uncv kev,·, ;;nd a broken inwr 

connect cable are comrnon. Shorts in thf, kuvboar<J matrix 

are usually easily detected. If vou find an alphanunH,11c 

ehM1>Grnr display,;d 1iqln aher IJ1e "Prornpt'', Hrnr pan11:uiar 

key, or PCH run, n1av be ;norted. /\ co111plet1·,ly "dl',ild" 

kHyboa1d could bi, c;0u:,erJ by l.1<:k ot power, a brnk,,n intH· 

connect cable or the address dccodH 1', not ~upplyinn 

KYBD•. 

If you !·,,we i'l ,v11ak space b,;r ',p1mn, 1epl:JC(.' it witl1 a 3 oz 

sprinn. 11,t s1ill sticks, and there; 1·,, nu pla:,t,c f!iJ1,h that could 

CiJU·se s.lit:k\nfj 
n a little 

If vou lift a ,.ticking kevcap and find manqled '',Witch con· 

t,;cts, don'\ scrap the wnole keyi:ioard, replace trtt, conrncts. 

The following j,; d step·by-step procedure for conracr. re
placement: 

'I. Disassembh, 1.th, unit. 

2. Remove the kevcap and keycap plunqer. 

3. Rfmi,we thti :;pr1nn. 

4. UnsGlder the contacts from 'the PCB, Be i.un, that 
the contact ends (protruding through th,J Board) am 
actually free. Th;, is important when you am work
ing on doubl,! ,,icied Boards, 

5. f·•,Jc,1?. tfH, posnim1 of both type:, of conwcts. 'i he 
fin~}Bred contact is usuali•/ on the riqht side, with 

the keyooard ori.1mted in a 11orrnal position. 

G. Ui;ing a pair of ~ti.rn:rn., needle-nosed plic,r,, pull both 
contacts out ot the plastic iJase. F tne pomtecl rH•,,dle• 
nose plier, tfoually cdnrwt nrip the thin contacts well 
enough tor extraction. 

7. Insert il new contact si::t in loo! ~1773. WOOO or 
:~773-10023, rn0ikino ,lH,1 th;,it 11",e u;mact fou1tr,, 

face each other. 

B. lns<:'rt the tool with the nt)W cN1tacb into t.he lu:/ 
trn,E. Pre.,;, tile tool firmly until it seiit:i ag,,inst the 
stops. Insure thi.lt the PCB is not restino on ;i hard 
surface beci.lu~e the tool will try to force lhe contact 

end thnw11h the PCB. 

9 Exuac1 th,, tool. Now that the tk'N conncb ,nl·· in 
proper pc,,,i tion und the solder ends e,. WnL1 throuql1 

tlHl PCB i)l'i ltw OJ..lP':icd.r.; s,dc. 

l 0. ~;older the contact;;. H,:piace the spring, plunger and 

keycap, Check the kev for proper op,~1<11ion. 

KEYBOARD REPAIR PARTS 

Description 

Standard Plunger 

Solid Contact 

Split Contact 

2 02. Sp1in9 

3 oz. '.ipring 

Metal ln:;ertion Tool 

Plastic insert.ion Tool 

Manufacturer's 

Part Numbers 

17140103 

173-300fi2·2 

1733005:>,.2 

113100124 

173,100'12 2 

773.10000 

rn10023 

INTERCONNECT CABLE 

V'Jlrnn repl-icinq the 1111.c:rconrrnct cable, t:Je ,uH, that v'OU in• 

siali the cat)!,:, cor rectJ1·, The cot: tacts ,.ire in,,e rted fr orn the 
top side of me BCJarcL T11e contacts am b,0:nl 9(/l tc fit 1.he 
holes in the two Board:,, Be sure 1ha1. th,~ ccntact c,1rr,ps ,m:1 
facmq the Boards. 

CAUTION 
With the contact crirnps facing up, stre,s i, applied to th,,: 

plastic interconnect cable and rhe contacts when tho Br:mrd 
i, instill led in the plastic case. 
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VIDEO DIVIDEH CHAIN 

Probl,,rni, ,n the 11ideo div,dar ch,un c.:in w;uail,, be a:,:,ociarnd 
with the Habilirv ol the ,fr;plav Lm;; 0t vt>rtic,il or lwriz,Jn 

lal refonmce frequHnci,,:i can somet11ne:., t.>e tr acmi hack 10 
defocfrvf, cr,w1HH$ or bad fh:~e1 gah,s. Smee 1.he :;v!aen1 

mast.er clockio.c:illator 1, induded in this si,cnon, inac:1.iv,1 
(dead) ;;ysten1 uo1.ibl1~,hooring Cun ,.end up h1,rc: 

!'fpO un11s th,H tend to nm stovv by · .03':'" Tfh' d1v,tw11 
1<1110 coiurnn show$ the f;;c1e,1 the rna~ter o:,clii,:itor n,wd, to 

tx, dividr,d by-, HJ i:alculM,, the s,9nal fn.-qwmcv For ,1:,,;. 

arnple. A,;srnne tha1 you measuie 1CJ.G4 l00 MHz at p,n 6 of 

l42 T!1t1r1 the frtHJu<mcy oi I l is 10 64100 MHz <:liv1ded 

by 1,344082 X 10 3 which equd!, '/fn0.93 Hz. Ii'$ iust <!!H: 

Since rnost of thii n;h,rcnce ;.,nd t1minq ic, r the} V IOl::O 

Hw·u away from the ln:quency l1,.1ed tor the ,.:hart's refor· 
ence frequoncy, Expect ,;rnillf de11i,Him1s, but !ar,ie en ors 

us,HJliv indicate a part f,iilure. t.Hocessor are yenerated 1n tJHi divider ch,,in, most (nc,t all) 
display qnpes may be i,olated to this secuon Thi, 1s ,,sf:Je· 
ci,,lly true ot vertical roll or hori2:ontal 11,ar of 1.he di:,play. 
If the hori,ontal or 1;ert1cal reterence 1rnqu,,:nc-v 1,; not gel 

tin;J 10 1111') sync processors, then tlH, prot:.km, detini tely i, 

a divi,ier dia,n ,;crnw up. 

If vou do find ;; lar9,, ,.,nor 1n fre(wency, rnove down lh,;• 

c:harl urrtd you fmd a corr,icl ,;itJJidl Do not autumatic,,lly 
assume th,tt you have found th;, had part at this point. Let\ 
say t.hat you am ;,II ,,,\Ji'lal:; pa':;t HDH\/, bllt C32 is 
\JOOd True, 2'f:i0 coulcl be bad, hul ~o could Z66, ?48 and 

Z6. Thl! be$! way to truly 1soiatc th1, bad part wirhm.n 

blmdiy rnplacinn chips is to cut run,. F ir:;t, operi lh1:1 run 

from Z50, pin l 1. Fi..;wst pin ·11. l, 1t active nowr if not, re· 

place Z50. If pm 11 i:; acti,,e, repan 1our etch cut carefully 
and cut the etch at r,111 5 of 206. Rf:le$t pin 11. If it', 1H.w,, 

act111e, rnplace Z66; d not, rep:m your cut and continue the 
cut/test proc1J~s until you have isolat(ld the shortl,d run. 

Thn rrHl)ot test point lo check in the cham ,,; the 60 Hz out· 
put at Z32, pin 11, usin9 a frf;quency counter. I! 60 Hz i" 
found at this pin, then the chain is probably workin(J cor 

rcctly. Ii not, move up the chain, rnw,;1rcl H1e o,;cillator, 

untii a co1rect 5ignal is found. Figure !3 st,mv•; a cJ1,Hl of 

fr,,quenc11:s that can be, expected at each cha111 ou'i.put. 
Slight deviations from thi: frequrmcies shown should bee);• 
pected. The chart was drawn up using standard production• 

SIGNAL !\!AME SIGNAL SOlHlCE 
SIGl\iAL 

FREGUHJCY DIVISION flA 110 _, ___________________________ _ 
uonv 

HB 
H4 
F{ 2 
fl 1 

Z32 Pin 11 

Z:32 Pu1 13 

lT2 Pin 9 

ZJ:, P111 I 
Zfi~) Pin ·12 

60.00 H, 

GO.DOH, 
·1aO.O Hz 

3UHI Hz 
660.0 Hi 

1'!7:J5!7X10:l 

177.3517 X 103 

b9. 11722 X rn:1 

29.51,861 X 10:l 

16.122H8 .X 103 

COMME:t\lTS 

Venical fleterencf 

Ct.arctcter ''How" 

Character "Row" 
Chara, rnr "Rovv" 
Ch<1ractd1 'Ftow" 

--,-·-------------· ·-----------------·------~ 
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Ul 
l.4 
L2 
L1 

HDHV 

C32 
cm 
CB 

C:4 

C1 

z1;J PH, 'ii 

Z 12 f',n 8 

Z 12 Pin fl 
Zl2 Pill U 

ZliO F>,n 11 

Z:iO P111 il 
Z50 P,n 0 
ZliO p;n 1 ;1 
Z6f, f',n 8 
Z65 P,r: 9 

743 Pin/ 

1.31fl kHz 

2.639 kHz 
3.959 kHz 
7.917 kHz 

·11.lD5 kH, 

31 G70 kH, 
6:J.340 k~il 

110.840 kH, 

22l.fi9kHl 
44:l.38 kHz 

B8fi 756 kHz. 

8.067£i!i0 X 1()3 

4.032247 X 103 

2.687825 X '/03 
I ]44082 X 10:i 

Gll.9987 

335.9fJ93 

Hi7.9907 
915()0414 

47.9999 l 
23.99905 

120003 

Charactur /Scan Line 
Ct1111ac1er/Scan Lrne 

Character /Scan Line 
Ct1;;1ac1er/S;;an Lme 

HrH ,zontal R,1fornnce 

Ci1Jract,n Colunrn 
Ct,aracr.,r Column 

Characrnr Column 

Cllillilctm Column 

Character Colwnn 
NOTE 2 

---------·-------------------·.,---~-· --------··. ~ '"' --· -~ ... 
Chain Z4J Pin 9 8Bb./56 kHz 12 0003 Div1de1 Chain inpur 

---·--··---------------· -------""----·-·--~-·--"-r-i-•-~---.... -••I 
NOTES 

03':;, ,mor] ,. 

FIGU!Ui Ei. TABLE OF SIGNAL FHEOUENCIES, 
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VIDEO RAM 

If you suspect video RAM problems, you should try a 
SCQATS loading. SCOATS will be most helpful in rooting 
out bit error in the RAM s. If the test generates large 
amounts of bit errors, you should suspect either the divider 
chain or the video RAM addressing multiplexer. Multiple 
"Ready", "Prompt" and characters all point to RAM ad
dressing errors. 

Normally, addressing errors occur when there is a short or 
open between the multiplexer and the RAMs. Signal activ
ity on the address inputs of the RAM s may be checked 
easily using an oscilloscope. All address lines (VO through 
V9) should be active in 64 character format. There will not 
normally be any floating conditions on these inputs. The 
VWR* input to video RAM will only be active during a 
CPU data transfer. Normally, it should be high. 

Addressing errors may also be rooted out by inspection of 
the display. Pull the BASIC ROM and turn on power. The 
screen should show @9's. If you get some @9's, examine the 
display carefully. If there. are @9's missing in horizontal 
rows, then check the address inputs associated with row 
data (V6 through V9). If there are @9's missing in vertical 
columns, examine the status of the address associated with 

column data (VO through \1.5). With a little experience, you 
will soon be able to recognize the pattern of @9's so that 
you can go directly to the bad address line. 

When the display is flickering as it does in @9 mode, the 
CPU is constantly interrupting the divider chain's control 
over video ROM addressing. If you are looking at RAM 
addresses during this time, you will see the CPU's address 
flickering inside the divider chain's address. This is normal; 
as a matter of fact, it is abnormal if there does D.Q.! appear 
to be two signals on the display. The lack of the address 
flicker could mean the multiplexer is not working correctly, 
or the CPU address is not getting to the multiplexer . 

If you suspect a multiplexer is not switching properly, test 
it. First make sure the address line going to the multiplexer 

• is OK. Then monitor the suspected.output pin of the multi
plexer and ground pin 1. The output should switch from 
the divider chain signal to the CPU address signal. If it 
doesn't, you've got a bad multiplexer - replace it. (This 
assumes, of course, that VID* is not held low all the time 
because of some other problem. It is not recommended 
that a logical high be forced on VID* in cases like this. You 
could damage 236 in the address decoder section). 
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VIDEO PHOCESSiNG 

P1 ot>lmn, in thf video pr ucr:;,:;u-,q ,c,e,.:1:1011 c:Jn r ,m11c: ,:,r,vwne1 e 

from a bl,mk ,Ctef:n to rn dot,,. U:,ually, the fault ,s 
easily l'ound because tni•; :,,,ction 1'., ,erial 1c: n,.;rure F(11 ex 

ample, if you h:wu qraph1e:; problem,,, \l(i,,r k11ov,, th,:rc: ,,;re 

ordy two chip~ rhat am usi,d :,1, r1r,1p1i;cs l,and1,11q df':11:ce, .. 
You would imrne,.·1i~n,JIV look ,;,,ounci 1;h1ft 1eq1:;1c; il 1 .;nd 

91aphic5 9e1H:rat-:ic :'.8. l"he parts tnd1 an.- :;tnctly ;;1ph,.1 

numeric i11e cn,iract•:'r [1,merator Z29 ;,nd ,t:; 1,1,itt 1eg1st1,r 

Z H}. Deiect,ve (fovices ni::n can affocr lKdh 
atH":1 ql"i.ipi'11C() are: Z21, ZJO and lhi...i 1/UJ 1~10 rni'Kti;;, cii 

cu1t, con,;11;t,,;11 ut 01 ;,r,d 0:7:. 

rhe ,vorst v1dNJ prnblc1n you c,~,; ,-..o:,:s,,biv :J,,: :,, rhi:' hi:,i-,~ 

screen. VVhere dc.1 you s-r.arf:' F ir::1 o"ft h:·~t titi:: pO\\.'t::r ~;,_,;pplie~/ 

for pruprr operation. Then chE:O: 11H' IT'id':1e1 Oc,cill,'ltor T()r 
operal.iGn, If They are OK, muve Ciown tu the emitter oi O 1 
and look tor v,(foo. Work your WJV backvva.-ds until you 

find sifJ11Jl activity. Bdore 9oi11q too L,r, \IOU m,9ht c:i',eck 

to ~ee ,i' the character ~JE,nerator is rnceiv1119 d,it::,, If ~o, vou 

lici\11, tht prot:ilern tnlpp0d bet.ween IWO po,r·,ts. w dt:ter

rnine what the system wanH to do. Is rt trying to output ai

plianurrnmcs? Look tor ac:tiv1ty at pin B. If this point 
is ac1ive and pin G is alwc1ys lllSJh, vou've JW,T elirn1na1ed 

;;onl!'i lo(l1c Wtw isn't Z"!i} ourpuninq? Ii' it 1,; outputrinq, 
mavbe Z30, pin 2 is bein,J held hHjh for ,orne rea::on, i\'ldvbe 

Z26. pms 8 and fi are both ll1yh. What could cau~,; this? L; 
227 work,ng:' Is il;p.tloµ Z l always reset? Mavbe Lt,.TCH 
is not active. 11 so, both 27 and z;n will not opHate. 

SomPlirne, it helps in vich,o troubleshooting to forct, J semen 

(:ornµletc•iy full ot (Jdt.a. Puli El/,SIC HOM( The Cf'U will 

uv to go ,nto an (i.i19 Slilte. It nothing ,die, you will now 
r1ave an ea;;ily rucuqn1zable 'scop,• p,Jtt.::rn you can trace. 

Since tl-'li\ secliori i~·. serial 1n natu,e 1 ht]u~ are a fevv aids vou 
can use in your troubh,shootino 

Dim Display -· Z41 (Jo111g bad If Z4 ·i is runn hot, 
repl,,cc it. It's gettin9 hot bernu,;1~ il'is: output t1ans1:,· 

tor has :nc:re;;sed i1,, sa,ur,n.ion voltage. The h,[]h•:1 volt 

aqe do,Js not allow tiw ,,qncJI dl tne t>a~f: 1A o ·1 t-.:, '·,V,llfi\.J 

low ,,,nounh io1 prup1:·r v,cko-to,s\n•i:: rat,o. 

Missing Alphanurrwric Dots l't •,'Ou n; ciot 

1·ows on all characten:, dwck rhe lini: count data 9c11,:J 

10 thci cha1act11r qeneratu, It the,,e iine,; iHe ()K, re· 

place rJie char.:,ctcr f],me1ator. If vou ,;re rni~~;nq don in 
11ert1cal columm, drnck rJor inputs tr, 2'. 10. 11 OK, 

rt:!place z·10. 

Unstabit,/F h1shin;1 Dots 

data on 111, input d1 .. ,1111q ;., lo,:,d cycle Thi'., 1s us: . .ially 

r·ieat a:-;socla1ed, !f the probi:.;r-r1 i~1 cuteo ur i·nJde vi.·01::.e 

by oivin9 Z'iO a :;t'\Ot of circuit cool,,nt. Z10 mu:;t b\! 
1epla1:ed. 

Missing Grapt11c Parts Ch::ck input to ZB. If Cit<, 
check outputs. More ,han 11keiy, vou'II have a broken 

etch around Z8. Try to d1:,•tetn11nc if you are mi$;;,1nn 
"n9ht" or "left" gr-iph1cs Mi:;sing vertical c1• II j)a1ts are 

usually associated with vvhili~ a g1·aphic cell with 
venicai Hreaks ind1cate5 a pmblem with Z l L 

Unstable/Flashing Graphics · · Usually harder to d€tect 

and 1101 as cmnnwn as unstable dots. But, sa,ne type of 
f,x · rnplace Z 11. 

No lnte1-Charnct0r Line BlankirllJ ... Problem with LS, 
the frequency divic!er chain or l,,tch Z27. 

S1111ern Display !nterfornn,.;e -.. UsL,ai!y nor,., video pp:, 

ce,so1 pcoblem. Look ill +5 volt supply bus. If you Lnd 

o:;cillatimi'.,,, zee why C 12 or C "I] ( 111 12 V suppl 10 i, 

nut vvorkinfl. 

Spelling Errors - A system tnat rnis-spr;lls words usu
,dly ha:; data scrnw-ups in v1diic, FU.i,M, or the data fJOin;J 
to character g,:nernwr ?29 is b1"int1 grabbed by a $h,m 
or clerecl around latch Z2B. 

SYNC GENEBATOR 

The SynG Gt-~neunur section is one c,t t.hc e2(_;lr::.;1 circuirs to 

uoubleshoot. Ii the Liming r,:,fr:rem~;)s ilrn gettinr,1 to Z6 ar:d 

Zfi7, it is a sirriple proces. to find th;; where vou lose 

the 5ignal. /'.. problem c,m occur ·N1th ttie ad;ust pul',, H?U 
or R21 Severe he;n 'Niil caus,:; th,;se J.,,Hh to la:i. C20 and 

C26 are usual!,, depend;ible tmle,s rtwv ;;rn phy1»cc1lly 

.:rushed. You ma\' find C:'tl or C2t' sr,o:HHL Th;_ise capac1 

rnrs are myl;;;r and Me 11erv ,u,cept,hle to short,nq out 

und,H impact ,Hes,. 
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,-\n important point ,ibout thi,, circuit: Z6 and zr;;,7 are 

CMOS p:;rts. U1,i1ke TTL, thev ,ire nigh impedance dcw,c£is 

that consume little r:urrnnt. A floating condition on;; CMOS 

input will not necessarily give a tio;;i:ing "di£piay" on an 
osc1 A tlc.atin(l c0nditio11 may look htgh or iov\/ de• 

penclinn ,in the char9e of rhe broken l1n1i tied to lhe input. 

E vt.m the Meqohm o; ,o, of tinner pressure gi11u a piith "" 
cross a broke,, run <11,d t::aw,e a CMOS pan to npt)r.ne When 
you 1t,move your finger from the run or pin, circuit opera 

t;on n1av fade a•,iv,;y verv •;lowly :is th;; PCB run clischarge·,. 



ADDRESS DECODER - EXPANDED DISCUSSION 

Since the address decoder is made up of gates, it is extreme
ly easy to fix once you find the problem. The hard part is 
knowing when to suspect a fault with the decoder section. 
Section Isolation demands that the address decoder be func
tional, at least partially. Unfortunately, there is no "cut and 
try" method to determine if this section is working correct
ly. Of course, you can monitor each output to see if it's res· 
ponding, but you really can't be sure the signal is supposed 
to be there when it is. For example, you see ROM* and 
M EM* operate, but you are not really sure if the address 
specified ROM*. There are only two ways to be sure ROM* 
is supposed to be outputted, and they are: 1, look at all ad
dress lines going into the decoder and decode them your· 
self; or 2, force the CPU into a known ROM* loop using 
machine language or static address switching. However, 
neither of these two suggestions looks promising. 

Usually, an address decoder defect will disable one of the 
other sections. If you get a "Ready" upon power up and no 
keyboard activity, K YBD * is easily checked for activity. 
Here we assume the decoder is bad at KYBD *; but there is 
no major problem with other sections because we do get 
the "Ready". 

The same assumption is also used whenever we power up a 
computer that does not give a "Ready"; but gives us, in
stead, a recognizable pattern to use during Section Isolation. 
For example, the large colon display. You know how to 
generate the large colon display - pull DIP shunt Z71. 
Since you have large colons, with Z71 installed, what's 
wrong with the DIP shunt? If it appears OK, find out why 
RAM* is not active. Maybe DIP shunt Z3 is not working. 

One important gate to consider when working with the ad
dress decoder is 273, pin 6. If you do not get activity at pin 
6, the whole decoder is going to be ~rewed up. 273, pin 6 

enables Z21, the device monitoring A 12 through A 14. If 
Z21 is never turned on, the address decoder will be abso
lutely dead. Z73, pin 6 should be the first signal you check 
in this section. Usually a lack of RAS* at pin 1 will kill Z73 
(take that with a teaspoon of salt. If the CPU is completely 
lost, there's no telling what A 15 will be doing. As the sym
bols on 273 show, both A 15 and RAS* must be low for a 
low output). 

While you're bouncing around in the input section of the 
decoder, you should check address line activity. If you're 
fighting a lost CPU, you might find some signals that appear 
to be one state or the other. The steady state of an address 
line may try to lead you away from the address decoder, so 
you head toward the CPU, chasing a problem that exists 
only in the CPU's confusion. Try depressing the reset 
switch while monitoring the steady state address line signal. 
You should see a few pulses flow past the probe. At least 
you know something is coming out and you're not side· 
tracked. 

The reset switch is a good test source to use when looking 
at decoder outputs too. During reset, the CPU is supposed 
to become quite busy. It must check ROM; stuff data in 
RAM; clear video and monitor the keyboard. Press the reset 
switch. Something should be outputted at all decoder out
puts - at least momentarily. If you are still faced with a 
steady state high at a decoder output, maybe the ROM is 
never gettiny sourced for the reset routine. 

Watch out when checking 221's outputs without DIP shunt 
Z3 installed! Remember, 221 is an open collector decoder 
device. Without Z3, the pull up voltage is not available. You 
might not see anything on one of these pins unless you puU 
the pin up to V cc· 

CASSETTE PROBLEMS 

Most of the difficulties you'll find in this section will be 
caused by no recorder motor control. Usually, K 1, a reed 
relay, will have gone bad because of over work. 

Relay damage is particularly susceptible to BASIC II units. 
That buzz you hear every time you power up a BASIC II 
unit is the relay going bananas during the CPU's lengthy 
initialization routine. The power up routine and the added 
recorder usage, because of more efficient file storage 
routines, make K 1 earn its living. 

The contacts could remain closed due to contamination, or 
the relay coil could open or short. The relay is easily re
placed, but watch out for Murphy's law. It is very easy to 

install K 1 on the Board backwards. Be sure you match the 
index mark on the relay with the silk screen mark on the 
PCB (when backwards, 241, pin 3 sees a short to Vee. It 
tends to make 241 get hot - fast). Damage to Z41 's relay 
side will probably kill the video side. Suspect a shorted re
lay (or shorted diode, CR3) if the display slowly dims .and 
fades away. 

If you suspect K 1 is stuck, thump the relay body with your 
finger. That should free the contacts, and the recorder will 
stop. Don't pat yourself on the back for a job well done, 
however, until you replace that relay. It may stick again on 
the next CLOAD instruction. Replace K 1 and save someone 
some grief later on. 
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Cf,SSETTE AUDIO PBOCESSING 

If you think you are t1<iving a cas:;ette audio proce,•;mg pro

blem, you can check fur activity at Z4, pin 10 Try loaclinH 

11 lon;J program inrn the cornputer while mm;1wrinn pin 10. 
It should l),1 norm.:illy high anct go low on th,; audio pulc,e\. 

So long ai. the pin is active and IJHm-: ,iru ,,t ie,ist two pulse,, 

eacn tfr! time, you should b,, OK. in qi,1inq 74 a clr:,H, bill of 

l"lealtt,. 

But, beware of 11 normaliy iovv .\;1gr,,1I at pin 10 of Z4! It 
you have aci.ive rectifier or lovel d1;tector probh:nb, pin 10 

o-t 2.4 can op;;,rat,a backwari:h. The outpur ,viii be norri",al!y 
low and go higl, cm tone pulws from the tape. The probl,::rn 

is usually aswciated with a 5horted diode at CF!4 or CH:\ 
or the level detec1rn rn;;y not have capac iro1 C3~) charned 
up due w a failurn at CR6, CH7 or C:l8. Con:,ult the rneorv 

secti<Jn for waveforms ilnd operation uf thi:; c1rcii: .. 

If you are qettin9 900d data to set-reset tlip-fiop Z24 dur· 

ing ,.1 CLOAD fault, you. rnay have a cli9i tal prot;lnni. Try 
to CLOAD a lon9 r,rogrnrn, like bl,ickjack and S'::e ii' Z24, 
pln 8 is active. Also check activity ,it 244, p,n H'i. You'd 

better hopi, one of these ~1gnals is not. ri9ht, or you've not 

a lonn day ahead of you. 

During a CLOAD, OUT' resets flip-flop Z24. If Z:?.4 srnys 
set, ~uspect Z2fi, pin 8',: \Jaw •·- or tollow Otrr* back to its 

soun::e. If INSlG' i, messed up, examine pin 6 and fol 

lov,· lf\l'· back to its source. If both of the s19nals look 
strnnr.1e, check OL,l port decoder Zfi4, Z:i2 and Z:313, which 

combirn, to fonn FF•. If all si9nals and 244 look 01<, sus, 
pect a fiAM, CPU or ROM problem m that order. It would 
pay ii you are familiar with the tim:n~J of lf'\jSiC,' and 

OUTSIG' in a CLOAO condition using a krwvvn 900,j 

THS-80. It would definitely help you in Section Isolation 

1f you tmci vouna,lf c:on&idering a HOM F\1\IVI, en CPU 

defect. 

t, H/1.M bit error usually shows up in CLOAD when you 
f;;H.i purt of nm loaded proqram correct and ti1e other pan 

9arbafJ(,. Use SCOATS to dig OL1t thi, tvpe of error M, p.ldy 

ti1d HAM ~wap name until 1ou find the defective part. 

A. CPU problem is u,uallv more comrnon than a ROM pro 
bh,m in a CSAVE conditio:-·,. Thi:, i, rrue i,imply be,:;aus,t 

vou will be rnore contmnPd in uertin9 ,:, "Rei:id{' 011 tJ,e 

$Crr:en than you am in ,eerng if !he unit will CLOAD. If the 

CPU clwck, out 900d, vou rn1qht tf:-t'Xi.llT1ine the IN' and 

OUT' ,,1gnab before considering fiOi\11 failure. 

CS1~,\!E ;Hobll;ms tmrnlly poIm to sohw:ire {FlOM/FIAM) or 
latch (Zb!.:l} diff1culttes. If your unit CLOAD\ OK, try to· 

CSl'li VE a program without u,inq a tape in the Rlilcori:for. 
You can monitor the status of pin 5 of J3 for th,, output 
ilWiio waveform. Ii you l.,ck this w;Nf:torm, dwd: the 
status of Flb3 throunh f'lfi6 and OUTSIG' at pin B of Z59. 
Since DO and D 1 are the d,ita lines uc.i::d by Z59 during 
CSAVE, you might look at thf:se two line~, Aiso check for 
a hint1 at pin 1, You could have,, soldm short pulling pin 'I 

toward 9round. 

Did you e11,:r come up to" 32 character display format that 
wouldn't go aw,rv? Zf;9 is handlinn ttii~ ftmction in con
jundion with the status of D3. OUTSJG' docks the~ latch, 
It OUTSIG ~ works fine durin9 CSl,VE and CLOAD, sut· 
pect a detective latch, Also, Z5B, pin "14 could he ,honed 
to urnund. Try to dear latch Zf,9 by shorting pin 1 to 

mound for a ~iicond or t\No. If the display change~ frnrn 32 

chm acter to fi4 character and siavs thut way, suspect a ROM 
or CPU software glitch. If the display [lOes from 32 d1arac· 

ter to 64 charnn.er, then back to 32 duirncter format each 
time you short and rele,,se, you should suspect a defective 

OUTSIG* line. Fm some reason, OUTSIG* must be,K·tive 
all the tirne, m noise is trigq,,rin;,1 Zf,9 due roan open <,tch. 



POWER SUPPLY 

Mor,t ot the, problem:; 1ti:it re\:uit in loss :if power r,1.1pply 

operntion will bt a;;soc1ated with soloer ,hon:,, cornponent 

shorts or bad adapter,. f\lonnally. th,: powm ;;upply will not 

be dam,1ged dun to ;; short tlecause r1·1e n:!Jtilators ust, cur 
rent limiting with fold b,ick A solder i;hort or shoned 
cornponent does not have 1.0 be locar.ed in tlw 1wwer sec
tion to caus1:1 n supply probl,un The !;hr.nt could rm any• 
where. 

If you are missinq + 12 volts and +5 volt·:,, rneasurn 1he vol1 

age across Fl 18. Thi, resistor rnoniloi'o th,, cu11en1 flow ut 

the +12 volt suppiv If the vo!ta(;e read~ .G volts or ~o. the 

112 volt bus is in told back and ha, :;hut itself off. Since the 

+ 12 volt bus is shutoit, vou will not h,rve +Ei voltt because 
the +-5 volt regulator 1, rnternnceel to H\e +'12 volt: output. 
You will have to find and remove ttie shGrt on the + 12 volt 

bus beforn any1hi11q will work. 

If you find that you are 1-r1iss1n9 the - 5 volt supply, first 

confirm that 1:here is arr.pie rH:\JEllive voltaqe on the adapter 

side of R 19. Stw if H HJ is dropping ail ot the voltage. If so, 

y()u have a .... 5 volt bus short (1:l'iis assumes that CH2 ha~ 

not bt.."l.ln put in the Board backwards). 

The +12 volt and the -·f:i volt supplie:, arc used by system 

BAM. lf you have problems wirh e11lwr of these two, sus
pect a HAM short. See if vou can find a 11AM that gene,. 
ates rnor<1 111:Jat than the others, 

DANGER 

D<, not !~Hin the habit of i;hecldng BAM tm11pe1aturns 
by placing your finger on each part! :l. supply short in 

a BAM d1ip can heat them up to soldering tern1>era• 

tures. It is quite painful to discovur the RAM manu
facturer's Logo burned into your finf)ertips! 

Pull all RAMs and retest. If all of the power ;;upplie:; are 
now OK, ti.Im off the pow"r and te•install a HAM. Turn on 

the po1;ver and retest. Install each HAM until you find one 

that ems.hes the power supply fforno\/a 11,e bad RAIVl and 
continun to check the rest of them, T hE,rc m ,iy be rnorn 

than om1 shorted device. 

A short on the ·i 5 volt bus Cdn be a real he;;dache. Unles,:. 
you can see the short, you will have to cul run:; to Sect.ion 

lsolate. Once you isniate the shorted section, you will pro 

bably still have to make 01:h1n cuts to g,J t. duwn lo the ,hort. 
Do not forget to rer,air vour cuts, And n:rnernb,n, th;;ise 

runs must carry 1:onsider~;bl,, Ct.HH:nt. Use stnmded or solid 
\/Vire, so•• 22 gauqe o.r lilrqer, to r<~pair cut,. I Never H)ldtH 

bridge an etch cut; sirnph, Bot1rd strns1; mav optm tlH; solder· 

bridge or tear srnall runs IO<.J$£: from the Board.) 

It you tinr.J a d1rnd +1:>. volt bui;, t0 xarr1111e Ol's heat ,1r,k 

The hardware holdinq the tn:ins;':,10r/sink sandwich toqc1her 
may have lom,merL l he iwat ,im; mav have turn,,d arou1:d 

and shorted auain,t Cl'! 's ba,,H or ,irnitrnr li,.:1d. DcperHfol(l on 

1.he force, it rniijtlt have sheari,d one or more leads frorn the 

PCB. lf you find .i loost, hf.Hll ,ink, shorted or not, reti~ihrnn 

11. 

Problerm with the AC adapter are usually terminal. Either 

th,~ tu~e link in the pri1m11 y winding ha, ()pened, or Hte 

wirns were ctestrnyed at the male DIN piug. If you find the 

fuse link blown, check rectifa:r packafJe CH8 for ,;horted 
diodes, Replac., the adapter in any CMe since field rnainte· 

nance is not r~cornn1tw-.ded 

Figure 6 lisrs the voltage, found arnur.d Z l and 2'.2 with a 

nNmal operatino unit, The -112 voit supply has been adju,· 

ted for 12.00 volts and the •·· 5 vo!1 r,upply h<Js been adJus

tf.:d for 5.00 volts. 

21 
Pin Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Z2 
Volnig1J Pin f\Jurnt.xH Voltage 

0.00 0.00 
lUO 2 10.60 
5 .. 00 3 11.99 
5.00 4 6.92 
5,00 t· 

:J 6.92 
7.40 6 f.W2 
rrno 7 0.00 
0.,00 8 0.00 
0.3:3 5.72 
b.89 lO 12.3'1 

11.99 n 21.16 
11.99 p "· 21.69 

7.05 13 13.48 
0,00 14 0,00 

Ali voltages are measured with a di11i tal voltrneter. 
Voltages are reforenced to ground at the right side 
of c11pacitor Ch). 

FIGUBE 6. TABLE OF POWER SUPPLY VOLTAGES 
FOB Z'LAND 22. 
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HOfilZOf\JlAL ,\ND VEBTICAL AD,JUSTM£:N1 

i\ht,r cornporwnts in !he ,ri1nc qerHnator 2,re u;p!acco 01 

ahcr other repa11 work, ,r1e r·11.inz,.,n1::ii ilnd v,-nnc;I cr:n 

tennq ,houlcl be 1.:onfirmed. A u,nterin9 c,ipe ,houlci be 
loaded into the repa11tid unit ,ind adp,1,tment'; rr,acl,, ;1ccord· 

1nfJI\I It you want 1.0 make vour own tc,pc rwre rs a ,:,ample 
p1oqran1: 

10 CLS 

2U FOH .X ·'· 0 10 127 

SET (X (}) Sl:T (X/17) 

40 NEXT X 

FOE y,0 to47 

GO SET(0,Y). SET(27,YI 

70 NEXT Y 

BO ron x ·-" 62 10 m) 

90 SET (X, 2;}) . SET {X, 24) 

100 NFXT X 

·11 0 GO TO 110 

The ni:>ove proqrnm shr.,uid b,, nDr•:d on a ,ar:..<", ,eve,z,i t1m11, 

tor ,.:a;;v ltH,d1riq. With 11H1it,pl;; pronr,inh ,·c,u t.1<m't !1,,vc, tu 

r0vvinct the tcrp,' each tirne vuu riecu 1.hu 1c.t proqr arn. I l 
1·vdi run or. boih Lr.:vel l and Level 11 rrwcn,r,e'., 

The rc-c,,ntPrinri program draws a !ar1J1: yrapl11cs rnctariqle 
on the outside liound,1r1es o1 the cell anay. ir also dn,w;; a 

center rectangle. Adjust Fl 20 and fl 21 ·.,o that ttHJ1 e 31": 

equal boundmies on all side, 01 the 

non-rnerntlic screwririver i,o !Jody capacitance does not mter-, 

forn wittl your acJju.strnents. 

IT DOESN'T WOBK .... SOMETIMES 

There ;:; a well known rule of f,;lurptiv's Lavv thai :',tate:; · '·A 

rfovice wili func1ion properly wlknever t.he operator is in a 

position to correct a rnaltunction". 

There will come a time when vou will f,nd a THS BO rhat 
operate,; JU,t qrnat when it co1ne,, near a lest b1:nch. But 

when the moon i:; just. ritiht and the computer ;s ;,way frorn 

tiHJ sd'1ematic!., and rnst equipment, the rnemory liinnq 

look$ I ike sorrie unknown lar,9uage and the relay keeps time 

wilh the [jarbage on the displav. 

Thf: onlv lo(11cal choice you have lo burn 11 1n. Set up the 

eomp1Her 1n sorr,,:. unused corner ,md run the nwmorv part 

of SCOAfS. Hop,1folly, aher a few lim,rs, SCClATS wil1 

root out a spa:,1ic memory lccat10n. Trv to keep the unit in 

the case for maxirnurn heat. retention. If all ,• l,e fail,. re 

piace the HAM s as a set. fvlaytxi rnplacinq an entir,1 ,et of 

HAM,, will be less coAly in rime .ind labor tr·.an f1qhtino a 
losinu war wit.hone bit. 

It th,} problem app,:,c1rs tu be in some other sec,ion wi,ere 

SCC1ATS 1$ not effecriv&, i:rv to 9eneri.l te ,, prow ;;rn that 
will cause a constant fwh;ie. The onlv chanc;; you ha,,' ro 

fo( an erratic prc,blem is a fatthtul dupl1cauon of tlH: mal, 

function. It the q;ipe ::;tat,is that, "For/loop ,Iillernen1S 

crash part o1 the video s,ict1on" .. th,:rn use Fnr 

mand'.i in your program, 

C(Jffl · 

Mavt.ie th.,rc i, 1.1 cold solder joint that goe, op1:n ,)VEHY once 

m a wlldt1. Expect one of the,e when you find a problem 
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thilt exii;ts oniy if you flex the Board a c1:,rt.:,in wily. See if 
vou can localize thfi bad joint bv tappm:.i lhe Board with a 

ncm-conductwe rod. Maybe you have a solder ball roli1119 
around. Somerimes you can jar it nut from under a ,;ock.n 

by tapping the Board. If you're lucky, the b;,li may k1dw1 
somewhere and stay .. Once you've got tlw problem to stay 

still, you've <1lrnost g:.,t It fixed. 

Look on the etct1 ~ide of the Board under the BA1✓1s. You 

rnight find an msrnllation error. f.\ 5ocket lead is 

bent. Maybfi the lead was foided under the socket body and 

not soldered in a hole. Them may tlfl just enough pressurn 

or, the road and the pad to allmlV spastic operation. LQok 
-for ,l smooth coating c)f solder instead of the pointed cone 

you would e>;pect if a wire: or l,iad wa~ protruding throu9h 

the Board. Don't limit your visual inspection to socketeci 

part; ontv. It is possible to find a bent lead on a standard 
rrnckaue, altJ1ough it 1s not as common as a bent socket 

lead. 

Another lype of defoct that can c3use 111t<rrmittern failun: 

is the open foedthrough See 1f you can find any solder

filled ho!es when, the solder did not come all the w;;v 

throuuh thf< Boa1 d (the platmq may be cracked in~ide trw 
hole and the soidfr did not tlow past thl;J crack). Solder a 

small piece of lead win: thrcugh the suspBct hole durm9 

rqrn,1. Dcfoct1ve foedthroughs usually occw in nroup& 11 
vou fix one holtl, look carefully at surroundinu holes tor 

other defects. 



HINTS, IDEl\S, SUGGESTIONS Jl.ND ·-· WHAT 11.JOW? 

One of tne advanta(JlcS of digital cornpute,s is tht:s rnpe1itio11 

of basic circuns. Once you know how a b:;1,.ic lo{i!C: cell 

work,. it will operaH~ in the sanw way all through tt)e mach

ine, no matter how 1T1any tirnes 1t ii; rfipr•ated. The 9a1e n1.iy 
not generate the same typ,i of si9nal that another one dicl 
two incht% away, hut me output doe!, respond in the swmi 
way under the same input conditions. One of the disadvan

taoe5 of tmubh:shootinn di9itill computers is the machine 
laniiuaoe sohw.:irn. Trwrn 1s sorrw kind ot pro9111111 im,ide 
there, pusllin9 th,J button, ,md pullinn the lewn,. t.Jr.tx,dy 
has botlH,red \n tell you exactly hl)W ll pertorrn,,:. a ta:.k. 

You kno\,v it dc,es ex in ,r1ou9h. like m1!Jr,lin po1:ential .. 

ready 10 Hive you a headache dnd i.l hall. Tno theory manuai 

nives !l brid clescription of how the kevboard scan ,;oftwarn 

oper.:;tes, but the di~cu,sion never does g,n down to thr, 
nuts alHi bolls. So what do vou do if you think the problen1 

e:.dsts m sottw,Jre and the onlv way you can confmn vow 
s1Vip1c1ons is to know exactly what ~ohware is domfi1 Be 

fore you could exarnme exactly what software Wil$ doinq in 

t!ie keyboard, you would havr. to 9et yoursolf an expensive 
loyir; ,jnalyzer, a ream ot cornpurnr print outs, ,md r;pend a 

lotta time figuring out how the pronram operates. UnltiS:> 

you're willin(J to spend the time and money, software li;t

ings are not going T.O help in troub!fishooiing. 

This section of the n1anu,il will 01ve you hint;; m,d id.:as to 
tl'y when you'rn faced with software tvpe problems th2,t 
,;crew Lip th11 tla1dware. The hmts will plav the advantil(Jei; 
aijaim;1 the dist1dvantagtis of clin1tal trouble,hoo1in9 cmd 
help you confirm or d,my uisp1c10ns about where thH pron· 

lem really resides. 

The Gate with tlrn Static Output 

Hovv many times hav,, you come across a logic element that 

has data screarnin9 into it ,,mchm uitput that just sits there? 
Probably too many tirnes, especially in a rnajor area like 

the address. decoder vv!wre you really don't need lhat kind 

of "hassle". Nonnally, you attach a 1.0 the 9ate in-

puts and see if output conait1ons am ever rnet.. It you helve 

two gate inpcits and two 'scope channeh, you'll do OK. 
But, you can get grily hair trying to analvze an 8-input 

NAND gate that wav 

One useful technique you might try is the input short. 

Whl'n confronted with an unre$ponsive OH 9ate or NOR 
gate, shon an input w ground. Normally, a ground short 

wH! not harm a TTL output. If you have a 2-input NO fl 
gate, for example, you could short Oi'le input to riround 
and, if th;; gate is workin9 prnperly, you should see the un

£horted activ,, s,gnal pa:;s tr1rou9h the nate. Move the short 
ro the other input tl1 se,, if that pin make£ th,: ouTput res

pond. If so, chances an, that vou've uut a ~1ood \Ji.ite .... try 

troubleshooting backwards. 

When you need to check the ou1pllt:. of a NAND or an 

,!\ND gate, shortmfJ inputs to ground is nut 90111!-J ro help 

(unlHss the outputs are hi9h for an AND 9ate and low for a 

NAND qate &II tl1e t1nH:l. Do not attempt a short to 5 volts. 

A thort to 5 volts c,m tfama!ie a TTL output 1 If pos&ible, 

find a 9at,:; furtht,r t;p the lnw that •;viii resp,:md 10 a 91\.1und 

short and will Gause one of Hw ,.1a1e input, to ~Jo high. A.n 

exarnpie of this condition can b,.: found on the sctiematic 
In the video proctt~.;~:·cJr 5.t.~c-Tion. Z9, pln 4 supµllt:s an inver 

ted Larch slqnaf lo Z?G. It you want pins 1~3 or 5 of Z26 to 

go high, short Z9, pin 3 to qrmmd. You can also short the 
inputs to Latch Z27 and caur.e some hiqhs on pins 12 or 4 
oi Z26. 

If you tried the uround short technique and still did not g,,i 

output activity, what then? Weil, a::summg that you met all 

input requirements, you have two choices: 1, the gate is 

truly bad, or 2, there is a ground or V cc short to that oul· 
put.To check for both quickly, cut the etch run ( if possinte) 
and free the outpur pin, thon rntest the gate. If you get out· 

put activity now, you have a run short. It not, repiace th21t 

package it's had. (Don't forget to repair yow etch cut 1) 

11 you suspect a !;hort, analvzn the i(;v1ll of the !Pk 

output A short to VcG will show 5 11o!ts. A nonnal 

TTL output 911,es a level of about 3.7 vo1ts (this applies 

to TTL only. Ct-JlOS nutpurn swin9 rniil ivolts from the 

supply voltage). If you suspect a b volt bu, short, follow 

the run to its terminal point. Carefu!iy examine places 

where the run gets dose t.o a 5 volt bus. 

A 9round short or a logier.! low short may be isolate(! th,i 
same way. Follow the run. A ground short may al.so be ana· 

!yzec1 using an oscilloscope, Hook up a 'scope to the node 
that you think is shorted. Turn off the system power while 

watch inq the 'scope trace. It ll'rn trace docs not move in the 

vertical position, the &hort is to ground. It thH trace move;; 

up, then down, when power 1s removed, 1.hu run m,w l.iti 

shorted to another TTL oinpuL The 'scope method i., al,.:, 

useful m dHtermining if tlrn mnput transi5tor, m a ~Jate arr, 

active. 
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Types of Shorts 

There are five common shorts. They are as follows: 

1. the solder splash short 

2. the solder ball short 

3. the solder hair short 

4. the etch short 

5. the defective component short. 

The solder splash short is probably the most common in the 
field. This short develops due to excess solder and/or care
less repair techniques. A solder bridge can develop between 
two pins on an integrated circuit during installation because 
of excess solder or too large a soldering iron tip. The true 
solder splash results when a soldering iron loses a bubble of 
solder, and the TRS-80 is on the receiving end. Usually, a 
splash is easily detected. They are big and cold soldered to 
several runs. 

The solder ball short usually develops between the time the 
factory builds the computer and the time the customer 
picks it up. The birth of a solder ball is at the factory's 
wave solder machine. During soldering, hot gasses will ex
pand and blow liquid solder into the air over the Board. 
The air partially cools the solder and it sprinkles down on 
the computer already formed into little spheres of varying 
sizes. The balls stick to the Board because of the moist 
flux. The cleaning process cannot break all balls loose, so a 
few stay on the Board. If the balls are small enough or hid
den, they may not be detected unless they cause a problem 

during factory testing. During packing and shipping, the sol
der ball may break loose and roll around until it becomes 
lodged under a socket or wedged between runs. The cus
tomer ends up with a dead machine and you end up cursing 
the factory. 

The solder hair is an extremely fine sliver of solder that can 
short unprotected runs. Solder hairs usually develop when a 
solder coated etch is rubbed with a sharp tool or an abrasive 
material. Impact stress causes the coating of solder to sur
face splinter. The splinters are then dragged across runs by 
hand or by vibration. If you cut runs when trouble shooting, 
take care that you do not over cut. If you do, re-flow sol
der cut marks you accidently made in the runs with the 
iron to melt the splinters. Never, NEVER, NEVER try to 
clean solder pads on the TRS-80 with steel wool or a sharp 
tool! A rubber eraser, used with light pressure, is all that is 
necessary if any cleaning is needed at all. 

An etch short, to the factory, means "incomplete copper 
removal between circuit runs during Board manufacturing". 
The etch short in the field would show up as damage to a 
Board run. Heat was used to force the copper and base 
material to join, and heat can take the copper right off 
again. Excess heat during soldering or letting the soldering 
iron rest against a run can cause the pad, or run, to slide. 
The pad doesn't have to slide too far to short nearby circuit 
runs. 

The component short is the defective gate or bad diode. 
There is not too much to mention here. Component shorts 
between a power bus and ground will usually fold back the 
power supply. 

Logic Shorts 

Two or more TTL gate outputs may become shorted to
gether and create strange problems. Some functions may 
work, while others may not. Multiple shorted gate outputs 
may be recognized by finding a tri-state looking signal 
where there isn't a tri-state device driving it. A tri-state sig
nal will have true logical high and low voltage levels. There 
may be places along the waveform where the voltage level is 
between a high and a low. Look on a data bus line to see a 
typical tri-state wave shape. A TTL output belonging to a 
gate that is not tri•stateable should never have three logic 
levels. If you find a screwed up wave shape, follow that run, 
checking nearby runs as you go for another messed up sig
nal. When you find the two bad signals, inspect the run 
closely for shorts. If you don't find any shorts, keep tracing 
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until one of the runs terminates. The two runs may come 
together somewhere else on the Board. 

The counters used in the divider chain are 74LS93's. This 
family of TTL ripple counters sometimes shows a multi
level high on the data outputs. The wave shape appears to 
have one or more steps while the main pulse is high. This 
type of output is satisfactory if the steps do not fall below 
the 2.4 volt minimum logical high level. Usually, .vou will 
have a counter step of about half a volt or so, and the 
lowest step will never fall below 3.0 volts. This is just a 
littl.e tidbit that could side track a technician who is not 
familiar with the '93 counter. 



Address and Data Line Short:L cf· 

A short in the arJdru~s or dat.a Jinns is about thi:: won;t prob

l0m a comput1H c<1n havf:. ·n,e two bm$tlS 90 o::verywhtre; 

and it only takos .'l srnall fl;ike of ,oldn1 to kill a system a~ 
dead as shootiny it.would .. If the two bus,es w,!1e rawd a, 
to which i, wnr.e to hmH, ,1 short, tlH, data bu., would win. 

Since the data bus is a two way ~inwt, evi:ry1h1ni:i at 
1&dH1d to it i, tri-,tatealJl~i. You cannot rnally ::eparate two 
shoned hnes from ttrn rn,,t, becau;,,, they t!II look ,tran9e 

On the addn-15~ bus. Hw1<' am no tri<;tarn d1!V1cei, (th.m:,i are 
butfe,$ used, but they arc ncv,n tri-stat,;d d1..11 ing normal 

operation). 

Al.ldress firnr sl'iort~ are rnttwr :,traighdorwaid. rry finding 

two sign:ils with u-i-srnr.e lool<tn!J voltagu levds. (The CPU 
addrns!. buffor is not 1ri-stated unh~,s th,, 'Tr::st" input is 
,grounded at the expansion connector.) Aflor findrnn the 
:two bad Imes, you can follow 0/Ho around the Hoanll until 

find an arna where the tw.o rtffH, corrw dow to each 

still can't find tlw rJ10rt, try cutting orrn UHi /vt 

isolatrJd ttrn area whi:re ;i short cis:h;ts. Be simi· 
cut after' each check, 

it i£ ,;asy tcHeplaGe dr:vlCi.!S fot•iti<mble·: 
careful that you do no.t,cause 1ni:m1 prf>fa, 

TAf;frl~·,·11,v (jil'tting in ii hurry. On HAMt;; it's ex;trem11ly 1iasy' to 

an IC pin bet:we,m the socket and the pan. Susi,ect a 
pin if the part is hard le) insert; and, lll)Oll more prei;
it suddenly i;naps in .. Make it pan of yo11r i,nlation 

to peek under tho c:PtJ, chip and !po~. for folrfof 

';, ) "\ 

lt'sheen :,aid before, but it nneds to he said ilqam, 80 cam• 
. fui, when progrnmrning DIP shunt',. If undun ,:;tress is ap

DlP .shunt while proq1.i1nmin9, ,tlmplasticnJ~:Y· 
cn:,-t:k usi.rnlly develops in the contt:r of the pzirt 

• \>Jith the shortin11 bar's narrow,:st point. 'The 

s.ep;i, atc1 enou;,h to cau$e an open Wlrnn you 1-1rograrn 

:.bunt, fo st install trie Ri1rt> in the ;;ockr;t. Use a scribw~. 
tn,1ak the ban: you need to open. Use only enm,qrJ prHs·· 

•,;;1,1:1:f!'>To•n1·ea1< the bars (rlon't try to drive: the ~crit)e through 

~l-,'::(, 

Data !me sht'.lrtsrieed,>tb ®.isolatP.d in the sanl, way, once 
vi,u lintl the two b'iahJinfltFinding the bad Hnes is anothu 
mattei altogethor'. Tf}e be;tway to search out shorted data 
linei. is to .disable th~:Data;8us. Sr,ott:to ground the signftl, 
TEtrf ... All data arnl address linH !Jufforz will tri•st.1te. If 
you sw;pect a gatfJ short h:1.,data line, lnok at all data !itrns. 
You an, looking :for i1ne that ls not tlo;.n inn. With a short 
tJotw111m data llrnis, you wtll rn,ud lo pull up,, limi to b vo!Hi 
with a 4.7K rer.istor and r;heck on tile other Imes for ;i hii;h, 

instead of a . .:floatiQ9 e01:uJition. 
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Schematics 
BASICIROMs 

Since the TAS-80 went into production, there 
have been three major PCB changes. These 
changas re-fleet different vendor's responses to 
system requirements as it pertains to the ROM 
(Read Only Memory). In the manufacturing 
process, certain vendors wtire able to supply 
ROMs to the factory at different times. Thus 
there are three major types of ROMs. There have 
been slight PCB Modifications as each ROM was 
used. 

Intel EPROMs 

The first mass-produced ROM type was the Intel 
2816 EPROM {Erasable, Programmable, Read 
Only Memory). An Intel ROM may be identified 
by part number, the Intel trndfimark and the 
white painted crystal window. There are two 
Board versions that use the Intel ROM. 

The first Board version may be identified by the 
"A" right after the part number on the etched 
side. For example, a Board marked "TRS-80 
170006-9A" is a version "A" Board. It may also 
be identified by major wire modifications in two 
areas. With the PCB upside down and the DIN 
plugs facing away from you, an "A" Board has 
several wires on the right side between you and 
the DIN plugs. It also has wiring to the left of 
the ROMs, closest to the CPU (Central Process· 
ing Unit, the ;l-80). The modifications on the 
right side are connections in the Video, Hori
zontal and Vertical Sync generation areas. The 
wire modifications to the left are changes in 
the Board to use the Intel EPROMs. Whenever a 
Board uses the Intel EPAOM set, there will 
always be som(t added circuitry associated with 
the CS (read "not chip select") pins for each 
device. This added circuitry uses spare gates on 
the CPU Soard. Figure 23 shows the circuitry 
differences. 

100 

The second Board level that used Intel EPROMs 
was the "D" version (which may be ideritifl~.d 
by the letter "DH after the part number). for 
example, a Board marked "TRS,,80 17000890" 
is a version 'fD" Board. It may also be identified 
by major wire modifications in one area. The.
wire modifications also utiliie the spare gates; cm 
the Board for proper cS' action. The wiring 
changes for this Board version are the same as for 
an "A" version Board (except some of the 
wiring needed on the "A." ao~rd is riol u~ Qn 
the "D" versiQn beeau~ of ett!h ~t(~n 
changes). 

Since both the "A" and "D" version 8oard$use 
the Intel EPROM, you should note t~at $1ch 
EPROM contains lettedn9that id~tifi~••r;JqM. 
A" or "ROM B". . 

ROM A mwit be irt Zi3'i socket; ROM £t ~ 
be in Z34's $0Cket. No exceptions! · · , 

Also, you should note that both Bmird. Vf.!rsions 
have etch cuts, The 0 A" Board has many M.iJ!bl~ 
etch cuts while the "0'' has only a fe.-w. O.~nqt 
try to "corrftet" the1e r;ut.s. The Board wiHnot 
operate without th~. 



9 
A11 -------Qo-------.....,. 

Vee 

4.7K R11 

ROM•---0------1,-------c 
PIN 90F Z21 
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Note 1: Version "A" Board: 
- ROM* sourced at i!-21, pin 9 
- RAM* aouraed at i!-21, pin 7 
- X3 not used. 

Venion "D" Board: 

10 

12 

13 

- ROM* and RAM* sourced at X3 
• shown on the Master Schematic. 

- X3 is u.e,t. 

Note 2: A 14 pin Jumper Header is used at i!-71 
for X71 on Version "A" Boards only. 

To Pini 
o1n1:; 

21 

18 



National MM2316 ROMs 

The National ROMs were the second type of 
ROM the factory received during production. 
These ROMs were used in a large number of 
"D" version Boards and in a few "A" version 
Boards. These devices are true Raad Only 
Memories since they are not programmable (ex
cept by the vendor), nor are they eraseable. 
They may be identified by the colored ceramic 
package (only a few) or in 24 pin dual-in-line 
plastic packages. The ceramic packages have the 
part number MM2316 followed. by either an 
"R/0" or an "S/0". The "R/0" is ROM A and 
the 14S/D" is ROM B. The plastic packaged ROM 
has the part number "M2316E" and below it 
"MMS258ET" followed by an "R/N" or an 
"SIN". Once again, the "R/N" is ROM A, 
wh.ile the "S/N" is ROM B. 

These ROMs may be in either 233 or 234 socket 
and still operate correctly. In other words, ROM 
A does not have to be in socket 233. It could be 
in socket 234, and vice versa for ROM B. The 
reason you need to know the differences 
between ROM A and ROM B is in trouble
shooting. Certain· software troubleshooting aids 
m,y f1i1 ROM A and pass ROM 8. You need to 
identify ROM A to replace it or for further 
troubleshooting. 

*NOTE: The only differences between the 
Schematic on this page and the Master 
Schematic are that A 11 is on Pin 20 
and ROM* is on Pin 18. 

The "D" version Board with National ROMt wm 
usually h~e only two wire modif~•~ or 
jumpers, directly under the ROM aookltl, ,.._. 
jumpers 11Yill also have two etch cuts ~· 
with them. Version '' A" Board$ u~ng N.-" 
ROMs may have more jumpers. This . · · · · · 
an "A" version Board may have~•· 
to use Intel EPROMI and then la:ter 
to accept the Natio~ ROMs. Be 
identifying the diffa,ent Solrd V8"'iOJM. 
wire modifications associated wilh 
ROMs are shown in Figure fl4. N,()lice t 
two wires are switched around. Th@(I 
spare gat8' used in f:his mQdi;f~o,n, .. ' · · 

FIGURE24. National ROM, In \1~ -:w• ~ 



Motorola 7800 Series ROMs 
(Two Chip Set) 

Motorola was the next vendor to supply ROMs 
for the TRS-80. These ROMs may be identified 
by the part number 78"7 for ROM A and 
78"4 for ROM B. These devices are used only on 
"0" version Boards and there are no PCB modi
fications. As with National ROMs, Motorola 
ROMs may be placed in either 233's or Z34's 
socket. 

Motorola 7800 Series ROMs 
(Single Chip Set) 

The last ROM supplied to the factory was a 
single Motorola ROM. It may be packaged in 
either ceramic (like a few of the National's) 
or in plastic. The device's number is "7809" 
and also says "BASIC I". This chip may be 
inserted in either 233 or 234, but it's usually 
put in 233. Once again, there are no PCB modi
fications. Notice the part number on the single 
chip ROM and the 7809 ROM B mentioned 
_., ~• very careful wb«m replacing ROMs. 



BASIC II ROMs 
The TRS-80 having BASIC II ROMs are easily 
identified. There are no ROMs plugged into 233 
or 234. Instead, there is a flat ribbon cable inter
connecting the CPU Board to a small 4-chip 
ROM Board. This ROM Board is attached with 
doublHided tape to the etched side of the CPU 
Board. The three ROMs on this Board contain 
BASIC II. These ROMs may be supplied by 
various vendors. Figure 26 ls the Schematic for 
LM! II BASJC. 
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