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INTRODUCTION 

This manual will give you, the service technician, the tech 
nique necess3ry to troubleshoot and repair the TRS-80 

Microcomputer System. It is designed to give you the basic 
Section isolation knowledge necessary to get you into the 

proper Section of the schematic a11d to root out the failed 

components. What this manual cannot do is grab you by 

the ear and apply your nose to the bad part! Some manuals 
try to do just that by supplying page after page of symptom/ 

cause/effect tables. That type of troubleshooting wil I work 

fine on products that are serial in nature; in other words, 
"the input signal is here; goes through this anu that and 

comes out over there." In a microprocessor-based computer 
a parallel bus structure is used. An input to one Section 

could be working fine, but the output is garbled. This out­
put can screw up another Section and make you believe the 
second Section is bad. To make matters worse, you cJnnot 

really be sure what effect the bad Section has on the other 

Sections. In a parallel system, cause/effect tables are useless 
because any Section could cause problems that have the 
same symptoms. 

In a parallel structured system, Section Isolation is the most 

difficult. Only one line may be defective, but fi11di11g that 
one signJI could be time consuming if not impossible unless 
you know where to look. In some cases, the problem will 
be so obvious that it screams at you; a11d you'll see it as 

soon as the plastic cover is off. I 11 others, the bau compo-

nent or signal 1my be so deeply buried that only a step-by­

step elimination process technique can be used to root out 
the prnblem. 

One of the best tools for troubleshooting is system know­

ledge. Know the TRS-80. Have you read the theory of op­

eration section? Do you understand it? De you need to 
read it again? If you're not sure how a Section works, look 

it up in the theory section. Maybe that signal you suspect 

should look like a short most of the time. The manual will 
give you that knowledge. 

Another time-saver is the customer. If possible, get the 

whole story from him about the problem. Of course, he 
or she would not be able to supply such info as "I've got a 
bad RAM"; but, you might find the problem only shows up 

during one or two system commands. In some cases, a short 
talk with the customer can correct a problem without even 
opening the c;ise. Maybe he or she has made some kind of 
software error. A short demonstration on the suspect com­
puter or another in-house system can eliminate that prob­
lem entirely. The most basic step in troubleshooting is dup­
lication of the problem. If possible, the customer should be 
present to show you the condition of failure. You may not 
be able to confirm that a problem exists unless you have 
communication with the customer. You are a Service 
Center - give expert service! 

DISASSEMBLY 

To disassemble the TRS-80, perform the following steps 
(see Figure 1): 

1. Position the computer with the key caps down. Use a 
padded surface; the key caps are easily scratched. 

2. Remove the six screws frorn the bottom of the case. 
Notice the three different screw lengths and set them 
aside in pairs. 

3. Set the computer on its feet in operating position and 

carefully separate the top of the case from the bottom. 

NOTE 
LED mounting differences: There are two types of 
LED mounting positions. A double-sided, plated hole 
keyboard PCB "Uses an LED mounted into the top half 
of the case through the use of a socket and a retainer 
rin•g. Long wi 1·~s interconnect the keyboaru PCB and 

the LED. Slip the ring off the socket body using needle­
nose pliers. Allow the ring to slide down to the key­
board PCB_ Use an eraser-tipped pencil to push the 

LED down through the plastic case from the top. You 

can then remove the LED from underneath the case. 
Bend the LED leads slightly to prevent the retainer ring 
from getting lost. 
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The second mounting technique has the LED soldered 
directly to a single sided keyboard PCB. No retainer 
ring is used because the LED is not held by the top of 
the case. The top half of the case simply fits over the 
keyboard and the LED. 

4. Set the top of the case .aside. Lift the keyboard off of 

the plastic bosses. Avoid putting undue strain on the 

interconnect cable at the lower left corner of the case. 

5. Notice the five rubber spacers between the keyboard 

PCB and the CPU Board. Make a note of which plastic 
bosses the spacers are on, then remove the spacers. 

6. Carefully lift the CPU Board out of the main case while 
holding both Boards. Do not put undue strain on the 
interconnect cable! 

7. Set the bottom case aside and lay the two Boards on 

the working surface, solder side down. Orient the 
Boards such that the keyboard is closest to you. The 
keyboard will appear to be upside down, but the CPU 
Board will be properly oriented for troubleshooting. 
Most problems will be associated with the CPU Board. 



CASE, BOTTOM 

LED. SOCKET AND 
~:::,_7 ~ 1 - RETAINER RING 

~ SCREW 6-32 x 1¾"(4.5cm) 

~ SCREW.THREAD 
--------'- FORMING 1"(2.5cm) 

FIGURE 1. EXPLODED VIEW. 
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POWER SUPPLY CHECKS AND ADJUSTMENTS 

Once the unit hils been removed from tlie plilStic case ,rncl 
tlw Boards are rt!Sting 011 tlw test IJc11cli, connect tlw powe, 

iJIH.J video DIN plU\JS. 

CAUTION 
The CPU Board is now "upside down" in reference to 

its normal position in the case. Be surr! you insert tlw 

powr,r DIN plutJ rn tlH! power jack, JI a11cl not i11 tlw 

Cassette jack, J3. Tlie power jack is the one closest to 

the power switch. 

Turn on power to the CPU Board and the Display. DJta 

may or may not be present on the Display depending 011 

the type of prnblem. Dis1·egard the Display for the tirne 

being. Test power supply voltages first (see Figure 2). 

1. Attach a digital voltmeter, 01· equivalent, with the com­

mon (-) lead to the right side of capacitor, C9 -- that's 

the largest capacitor on the Board. 

2. 12 VOLT SUPPLY. Select the +20 volt DC scale on 

the meter and touch the red (+) lead to thu top side of 

the power resistor, R 18. (The "top side'' would be the 

end closest to the edge of the PCB). Voltaqe should 

read 12.0 volts 1 5% (12.6 to 11.4 volts). If the voltage 

does not fall within these limits, adjust R10 for a cor­

ll:Ct readilllJ. 

3. +5 VOLT SUPPLY. Select the +10 volt Dr.:; scale on the 

meter and touch the red(+) lead to the left side of R4. 

(This 1 watt resistor is located between the two large 

electrqlytic capacito1s, CS ,md C9). Voltage should 

read 5.0 volts 15'!:., (5.25 to 4.75 volts). lf the voltage 

does not fall within these limits, adjust R5 for a cor­

rect readirHJ. 

NOTE 
Do not attempt J 5 volt supply° adjustment unless the 

12 volt supply has been checked and is with in tolerance. 

4. Select the 10 volt DC scale on the meter and touch 

the reel (+) lead to the anode side of CR2 (CR2 is loc­

ated to the left of the power switch). Voltage should 

read -5 volts 15%. There is no adjustment for the -5 
volt power supply. If this supply fails to fall within the 

voltaqe range, you must isolate the problem to a defec­

tive component( s). 

SECTION ISOLATION 

Usually, customer complaints are directed to a certain func­

tion. F--o1· 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 listing is correct, we can assume the audio 

processing circuitry works. You would suspect - 1, a prob­

lem with tape data or - 2, a RAM error is screwing up the 

data input. You might listen to the tape's audio for voids, 

or attempt to load in SCOATS and exercise the RAM's. In 

either case, the customer-'s feedback has \Jivcn you clues JS 

to where to look fell" a problem. It would thrn be up to you 

to eliminate the suspected areas down to a bad component. 

One of the ·hardest complaints to Section Isolate is this: 

"Every time I turn it on, I get a screen fu 11 of junk - ". A 

scree11 full of junk is defined c1s a display with all chur<.1c1C1 

positions filled witll either ,llphanunw1 ics .or \Jraphics. The 

fJctory's name for this condition is, ",1 screen of qarbu\Je". 
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As you read in the theory of operation section, at power-on 

the CPU exei-cises an initiation procedure. A garbage condi­

tion results from the CPU bypassing this routine as it goes 

crashing through any other routine it finds. Unfortunately, 

a riarbage condition does not c1lways indicate that the power 

up logic is defective. A problem could exist in RAM, ROM, 

the video divider chain and, of course, the CPU itself. There­

fore, a problem could exist in 75% of the computer. Where 

do you start? You could start replacing everything that's 

easy to get out: RAM, ROM and the CPU. But, you are 

really wasting time. If the problem is a simple solder short, 

replacing JII socketed dc;vices is not going to help. There is a 

method you can 11se for Section Isolation, it is based on a 

rernoval tedrniqul) that eliminates sections from the suspect 

Ii st. 
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SECTION ISOLATION FLOWCHART 

1--\ flow chdlt of Sectior, lsol:1tio11 l)y pJrt rl:111uval is shuwll 

1ll Figu1e 3. You st.:fft the proc0ss ill the pa1·allelog1arn, 

block 1. This block is where you duplicate the customer's 

p1 oblern. Block 2 instructs you to clis:issemlil,• the Lll\it and 

1econnect the video dllci power illputs. Block 3 is J decisio11 
block. Do you have garbage Oil the screen now? 11 so, you 

colltinue to block 5. If not, block 4 tells you to suspect a 

shorting inte1-co1rnect cable between the keyl.Joard and the, 

CPU 1:3oard. You coulcl also have looserwcl a "solder ball" 
clu1 ing disassemlJly, ,md J short is 110w go1H,. Exarni11r: the 

interconnect cable carefully fm shorting conJuctors. Diel 
anything fall out of tlw computer· clurin<:J disasseml)ly? You 

rni(Jht have fixed the computer just by takinq it apart! Test 
rt afjain. 

At block 5, you will turn off pow1,r to the unit, wait ahout 

ten seconds, then redpply powc1. The del;:iy gives the initial­
ization logic time to reset. If there is now a ''Ready" on the 

screen at block G, maybe you have a problern around S2 or 

C42, as block 7 instructs. 

111 block 8, you are instructed to remove the DIP shunt 

(X71) at Z71. With X71 removed, the RAM'sare not elect­
ronically in the system. When power is applied, the ROM 
,llld the CPU are i11 comm1.J11icaticm, l.Jut tlw1e is 110 duta 
flow to or from RAM. Tile screen should show ;i p,.rttem of 
1G ct,aracter lines of 32 colons. If the CPU shows large 

colo11s, you could havu HAM problems 01· keyboa,·d type 

problems. Blocks 11 through 15 will help in isolating that 
type of problem. As blocks 12 and 14 imply, there are two 

colon displays. One display is stalJle. The other is blinkintJ 

,incl flickering as the CPU constantly interrupts video ad­
dressing. Depending on the status of the keyboard, you 

could have data line or keyboard problems. 

Tlw next step at block 1G is to remove the ROM's. The 

CPU is 110w locked up without instruction from ROM. The 

pattell) to look for is a screen full of @9's. The display 
should be in 64 character format at this time. The display 

will flicker as VID' continually accesses the video ROM's. 

If you get @9's on the screen, you probably have a ROM 
error. If no @9's or partial @9's are visible, you could have 

video chain or video RAM problems. If you still get garbage, 

maybe the CPU is dead or something is making the CPU not 
function. 

As you Ciln see, the part removal isolation technique uses a 
lot of rnaybe's, question marks and could be's. The "what 
if's" are trying to tell you that, "I don't work all the time". 
You could have ROM problems and yet get large colons. 
You could get (ulCJ's ,.llld still h;:ive CPU error. But it's better 

th,m 110 th in\J, all(I the· p1 ocess does give a startin<:J place. 

ACTIVITY, STEADY STATE, FLOATING 

l\lorrnal troubleshooting tech11iqut,s call fo1 a11 output to in 

put sweep of the bad sicinal line. In other worJs, once a bad 
signal is found, the circuit is traced backwards until the si\J· 

11al is correct. The failed device will be located betwee11 the 
good input ;_me! the bad output. We will use this backward 
apprmich to isolate tlw defective, cornpommts in Llw 
TRS 80. 13ut, we will not attempt to analyL1; inputs iltHI 
outputs unless we are between thc1t ma<:Jical good-in/l.Jad-out 
point. What we'll do most of the time is chuck for Jctivity 
01 status of signal levels. If it ha, no activity or status, it 
must be floating. 

Activity 1s ·defined as any lo~JicJI ll Jnsistio11 11 om hi<:Jh to 
low 01 vice versa. For example, the output of oscillator llllf­
fe1 Z42, pi11 G, always has c1ctivity There is a co11sta11t out­

put pulsu train Jt this pin. The si\Jt1al swings from allllost 
ground to over 3 volts continuously. 

Steady stc1te is defined as J logical I or lol)icJI 0. For ex 

ample, Z40, pin 1 G, has a steady stalt, lo(Jical I. It is lh,lcl 

l1iqh by 1esisto1· t-1~>0. A110tlw1 e;,,1n1pll, is tlH: loqiGrl () d1 

pi11s 6 and 7 of Z5G, the CPU cluck divider. Z42, pi11 8, is 

iJlways low unless resistor R67 is qroumled. 
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Floating is detined i.lS a signal level between the steady 

state of a logical O and a logical 1. The CPU, the ROM's, 
the RAM's and tire data and address buffers are all tri-stable 
d<~vices. When tri-stcite type parts are disabled or unselected, 
tlw output may show a floating condition. In a floating 
conditio11, the output will show system noise flickerincJ 
throu~Jh it. The Jver,HJe level of the noise will attain a volt­
a()e of 1.S- volts or so. TTL devices define a logical Oto be 
equal to, or less than, 0.8 volts. A logical 1 is defined as a 
volta<:Je level equJI to, 01 greater· than, 2.4 volts. Any volt­
age between these two levels will be considered floating. 

A floc1ti11q siq11JI rnay IJe "finger tested". If a finger is placed 
on a floati11c1 signal, the amplitude of lhe signal will increase 

radically. The 110ise flour is said to increase. An example of 
noise floor is readily seen: If a ROM is disabled, the data 

output pins will be floating. The noise floor will show an 

averi.llJl.: of 1.5 volts or more. If a data output pin is dis· 

con11ected from the socket then ct,eckecl, it may have no 
noise flout a11cl may look like a logical low. A quick finger 

test of the pi11 will CJL1se the noise: floor to increase rapidly. 

In l>utl1 cases, the pin vvJs floating. But, when the pins were 

disconnected from the socket, the ROM lost it's noise source 

and looked low. The fi11ger supplied a new noise source. 
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Problems with the CPU does 1101 111cc111 that Z40 is inopc1·a 

t1ve. It could 1ncJ11 that you have difficulty with the c1dd1css 

and data buffers, the control group, CAS/RAS timing, or 

with one of the CPU's support devices. Since you think that 

you have a problem with one of these devices, you might 

substitute a _ls_i,iowJ_J good CPU fur Z40 for a quick check. 

13ut, chances are that the problem c,xists in Jnother pl,1ce. 

Du not helieVL! that Z40 is trou1Jl1· p101w just !Jeca11se i1's in 

a socket :rnd is easily replJcud. 

The flowchart, shown in Figure 4, will help in CPU trouble­

shooting. The primary objective of this chart is to a·llow 

you to quickly find a signal that should be Jctive but isn't. 

The main flow of tht! chart is rn1 1111: left side of the r i11ure. 

H e1 e, you Jre clieckinq for activity on addni,s JtHI dc11i1 

lines. Without activity 011 the address li,ws, you ,.trc immedi­

ately branched off to the CPU's support group to find out 

why. Pay particular attention to the appcJrance of acldruss 

li11c outputs. Any tri-state looki1111 siq11nl could mean J po 

CPU 

ROM 

Problems associated with the ROM 's can !Jc broken clown 

into three areas. You can have adclressin~J, data or chip 

select problems. Addressing problems can be associJted 

with open or'shorted address lines going to the ROM sockets. 

Earlie1 Board levels may have jumper modifications on the 

solder side of the Board thilt have broken loose. There is 

also the chance that a ROM was partially knocked out of 

its socket durinrJ shipping. The address lines should be 

checked at the chip. Normally, the1e will be activity on all 

lines. You can also use the TEST' signal in the CPU section 

to disable the address lines and look for shorts on the add­

ress ilus. 

There are two types of data prnl1le1ns. The first is the 11on­

repairable bit error internal to the ROM. The checksum 

contained in the SCQATS pro91·,m1 ca11 readily verify this. 
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tt!11tial short betwee:1 acldress lines. The opposite is true of 

datJ lines. These siq11,1ls may be active and have floJting 

components between active states. Hence, data line shorts 

are extremely difficult to find, using an oscillQscope. 

If you need to disable the CPU for short c11ecks, ground 

pin 25 of Z40 (or the side of R58, whichever ;s easier). The 

adilrcss lines will float 011 the CPU side, and the address buf­

fer will lie t1·i stated. 011 the data lines, tht, output data 

buffers will be disabled, but the input buffers to the CPU 

will be enabled. Since the inputs to these buffers should be 

floating, the outputs will all appear high. You can check for 

a high at each output. If you want to see if the buffer oper­

ates, inject a TTL :;iu11c1I into the floating input and look 011 

tlw ou lpu l fOI' that signal. You hnve a lot of signal sources 

in the video divider chain to choose from. You should see 

the activity of your injected signal without any floating 

components. If an output appears to have a floating condi­

tion, look for CPU side shorts with other data bus outputs. 

If the ROM problem is too severe for SCQATS loading, a 

replc1cement test may be necessary. The second type of data 

problem is the short or open on the data output. If you re­

move DIP shunt Z3, the ROM's will tri-state and you can 

check for J floating state on the data pins. 

Chip select problems are usually associated with ROM' or 

M EM'. ROM• is the chip select for one or both ROM 's 

while MEM' controls the data buffers for a ROM/RAM 

Read. You get both si911als from DIP shunt Z71. You might 

check the DIP shunt for correct programming jumpers. The 

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

develop cracks in the shorting bars during programming. 

Metal cracks are ve1y likely to be present if the plastic part 

of the shunt is damaqed. 
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RAM problems are slightly more difficult to troubleshoot 

because of multiplexing of the address inputs. Aside ftom 

addressing differences, the RAM 's are checked like tlw 

ROM's. Use SCOATS to Jig out memory errors if possible. 

Also, he sure you check the three powl!r supply volt,1qes 

goinrJ to RAM; they are: -5, +5 and +12 volts. lnsun} that 

aJ_I_ voltages are present on i!lL RAM 's. Also check for bad 

RAM insertion - pins not in sockets or loose RAM's due 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 41< to l6K co11ve1·sion. Be 

sure DIP shunt Z3 is programmed coi-rectly for the amount 

ot RAM in the system. 

RAM 

If you have a RAM problem and the system will not load 

SCOATS, you can replace the eight RAM's with a ls.D__Q_wn 

good set. If this fixes the unit, start replacing your st,rndJrd 

RAM 's with the, pans you took out, one lly one. Power up 

after each exchange to see if you still have a ;,Ready". Con­

tinue this proct,ss until you have isolated the bad RAM(s). 

CAUTION 
When h,indlintJ RAM's, be careful that you do 

not darnaqe the pans because of static discharge. 

Before touchinq a RAM, ground yourself using 

a gi-ounding 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 

i11 conductive fo3m. 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 

removi11q tape from the roll will act as a hand­

helc;l static generator. 

ADDRESS DECODER 

A problem in the ,Hldress decoder sectio11 will prolJi.ilJly 

point you in the memmy 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 mincl that the i.iddress liL:coder 

sources the memory selects. The select inputs to the diffe1·­

ent memories should be the very first thing you check. 

Failure of address clecodinq will usually be associated with 

one of the higher order uddress lines. You should check 

Z21 's inpu,s for activity, payinq particular attention to pins 

14 and 2 of Z21. Z21 's outputs also depeml on the status 
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of LIH; shorti11y str,1ps 011 DIP shunt Z3. 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 othe1: inputs. For example, A 12 and RD,-. May be the 

CPU is constantly ,1ddressing one memory all the time, but 

is not qettir1c1 i.111y data i11 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. 



KEYBOARD 

D:fficulty with the keyboard 1, u:;ually nwcli,111wc1I in 

nJLu1·c. S1.icki11!:J keycaps, llou11cy keys a11cl ;i lnoke11 i11te1 
conrwct calJle <1re commo11 Sl1orts in tl1t: kl:yl1uard rnc1li ix 
are usuully e.1sily detected. It. you foid a11 c1lplianume1ic 
charJcter Jisplayed right afte1· the "Prompt", that pilrticulc11 
kt:y, or· PCB ru11, may be sho1tecl. A completE1ly "de;1d" 

kc:ylJoard could IJe caused by lack of power, a brokt:n i1·1ter­
connect cable 01 the address lit:coJ,~r is not supµlyi11q 
KYBD'. 

11 you h,,ve a weak space I.Jar sprinq, reµlacl: it with 11 3 ut 

';JJr i11y. It it still sticks, ,md there is 110 plastic flush 1hc1l could 
caus,; stickinfJ 

it J I ittle. 

(Jive the sprinu more rnusclc: IJy sll 1:1cl1illlJ 

If you lrft a sticking keycap c111d find rna11qlt,d switch con 
tacts, uon't scrap the whole keyboard, replace the contucts. 

The followinr; is c1 step-by-step pr ocetlure for cu11tact r·e­
plJcement: 

1. Disassemble the ur1it. 

2. Remove the keycJµ J11d kcycap µlu11t;e1. 

3. RernovC; the spring. 

4. Unsolder the contacts from the PCB. Be sure that 
the contact ends (protruding throuqh the Board) an, 
i.lctually free. Tl,is is important when you are work­
ing on cloulil,1-sided Boar els. 

· 5.'Note ·the position of both types of contacts. The 
fi nqered contact is usually on the right side, with 
the keyboard oriented in a normal position. 

6. Using a pair of ~.lJ:.9...!J!J. 1wetll1,-11osL,d pliers, pull l,uth 
contacts out of the plastic lic1se. Fine puinted 111,,,dlc­
nose pliers usually cannot q1ip the thin co11tc1Cls well 
enough for extraction. 

7. lriscrt a 11ev,, co,11act set in tool :;;773-10000 01 
.;.;./73 10023, ll1Jki11CJ sure that the ccntact finyers 
foce each o thcr. 

8. lns1:1 t the tool with the new contacts into the key 

llc1se. Press the tool firmly until it seats against the 

stops. lnsur·e that the PCB is not resting on a hard 
surface because the tool will try to force the contact 
encl throuqli the PCB. 

9. Fxuuct tile tool. Note that the new contacts are in 
prnper· posili(/11 c111cl the solder· ends extend throul]h 

tire PCB on tlw upposite side. 

10. Solder the contacts. Fleplace the sprinu, plunger and 
keycJp. Check the k,;y for proper operation. 

KEYBOARD REPAIR PARTS 

Description 

Standard Plunger 

Sol icl Contact 

Split Contact 

2 oz. Spring 

3 oz. SprinfJ 

Metal lnse1·1io11 r,JUI 

Plastic Insertion Tool 

Manufacturer's 

Part Numbers 

171-40103 

173-30052-2 

173-30053-2 

173-10012-4 

173-10012-2 

773-10000 

773-10023 

INTERCONI\IECT CABLE 

Wher, ruplacing the tnte1connect cable, be sure th,1t you i11 

quli the cable correctly. The contc1cts c1re inse,terl fru11, lhe 
1,,11 side of th,, f:luard. The co111,,c1:, cJlt: IH,11l DO'> lo lit tlw 

l1CJ!c:s in the two f30J1cls. 8() SUic tl1dl tli1, COllti!Cl t:tirnp:; dlt' 

facir11J the BoJrds. 

CAUTION 
With the contact c1i1np,; facing up, stress is applied to the 
pl :i" tic ir I ltirconrwct c:1111,, ;,nd the con tacts when the Boc11 d 

is i1i,;tc1llul i11 tlw piJst1c case. 
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VIDEO DIVIDER CHAIN 

Prnhlems in the video divider chJi11 can usually he Jssociated 

with the stability of the display. Los;, of vertical or horizon 

tal 11,fercnce freq1iencies caII c,orrr:ti,rws i,r, tr;iccd .li:1ck 10 

deft:Clive counteI:, or i)ad I·1t:\1:t lJJlcs. Si11c1: the sy,,t1:111 

n,ast"r cluck/oscillJtor is includt:d in this oel:lion, inJclive 

(dead) system troubleshooting can end up here. 

type units that tend to run slow by -.03%. The division 

ratio column shows the factor the master osci!!ator needs to 

hr: divided !Jy, to c,.1lculate the signal frequucy. For ex­

:J111pl1!: Assu,m, that you mI:asure 10.G4100 MHz at pin 6 of 

Z42. Th1,n the frequency of L 1 is 10.64100 MHz divided 

by 1.344082 X 10 3 which equals 7916.93 H •. It's just one 

Hertz awuy from the frequency listed for the chart's refer­

enc,, frcque11cy. Expect small deviations, bu large errors 

u:;it;illy indicalt: a part Ltilmr,. 
Since n11,>st of tlw refo,·ence a11d timing siq11,il:; for the vidt:o 

proccssot Jre qene1c1ted in tlw clividcr chdi11, most (1101 ,ill) 

di,,play \Jripi;s rnay be isulatt:d to this st:ctio11. rlii,, is espe 

cic1lly true of vertical roll rn horizontal tear of the display. 

If thr: horizontal 01· vt:rtical 11:fo1t,11cc frequency is nut qel· 

ting to the sync processms, then the pruillt:111 clcfinitc:ly is 

a divider chain screw up. 

The rnc1jur test poi11t to check i11 till! chain i:; tlw GO Hi 1HII 

pti t at Z32, pin 11, usinq ;_i f 1 ,:qtu'ncy cou I1 t,:i. It GO HI is 

found at this pin, then the chJin is probably working cor 

rectly. If not, move up the chain, toward tht! oscillJtor, 

until a ClHrect si(J11JI is found. f" igure 5 shows a chart uf 

frequr:11ci•!S that can Ile expectucl at each chain output. 

Sii(Jht deviations from the frequencit:s sl10wn sl10uld be tix­

!H-•cted. The chart was draw11 up usi,HJ standard ptoduction 

If you do find a lartJe error in frequency, mc,ve down the 

chJ1t until you find a correct signal. Do not automatically 

assume that you have found the bad part at this point. Let's 

say that you are missing all signals past HDRV, but C32 is 

qood. True, Z50 could be bad, but so could Z66, Z49 and 

ZG. The !Jest way to truly isolate the bad part without 

l1li11dly replc1ci111J chips is to cut runs. First, open the run 

from Z50, pin 11. f~etest pin 11. Is it active now? If not, re­

place Z50. If pin 11 is active, repair your etch cut carefully 

mHI cut the etch at pin 5 of Z66. Retest pin 11. If it's now 

.Jctive, replace ZG6; if not, repair you,· cut and continue the 

cut/test process until you have isolated the shorted run. 

SIGNAL 

SIGNAL NAME SIGNAL SOURCE FREQUENCY DIVISlON RATIO COMMENTS 

UDRV 232 Pin 11 G0.00 Hz 177.3517 X 10'.l Vertical Reference 

RS 232 Pin 8 GO.OOHL 177.3517 X 103 Character "Row" 

R4 Z32 Pin 9 180.0Hz 59.11722X103 Character "Row' 

R2 Z32 Pin 12 3GO.O Hz 29.55861 X 103 Character "Row " 

R1 ZG5 Pin 12 G60.0 Hz 16.12288 X 10:i Character "Row " 

LS Z12 Pin 11 1.319kHL 8.067550 X 103 Character/Scan Line 

L4 Z12Pin8 2.G39kH1 4 03224 7 X 103 Character/Scan Line 
L2 Z12Pin9 3.959kHz 2.687825 X 103 Character/Scan Line 
L1 Z12Pin 12 7.917 kHz 1. 344082 X 103 Character/Scan Line 

HDRV Z50Pin 11 11 835 kHz 671.9987 Horizontal Reference 

C32 Z50 Pin 8 31.670 kHz 335.9993 Character Column 
Cl6 Z50 Pin 9 63.340 kHz 167.9997 Character Column 

cs 250 Pin 17 110.840 kHL 96 00414 Char act er Column 
C4 265 Pin 8 221.69kHL 47.99991 Character Column 
C2 Z65 Pin 9 443.38 kHz 23.99995 Character Column 
Cl • 743 P,n 7 886.756 kHz 12 0003 NOTE 2 

Ch;ii11 ' 743 P111 9 B8t3.75G kHz 12 0003 Divider Chain Input 

NOTES 

All Frequencies a1HI Oivi':1u11 Ratio c:ilculatt•d usi11q 'I0.641099 MHz (Master CLK Freqw'ncy [---.03°~ error]). 

2 Signal Fll'quency sl11,w11 ,s 111 64 cl1,11a,:te1 /01111,1I. Will lw h,,ld low in 32 chJracte1 to1111:1t. 

FIGURE 5. TABLE OF SIGNAL FREQUENCIES. 
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VIDEO RAM 

If you suspect video RAM problems, you should Uy ,1 
SCOATS loading. SCOATS will be most helpful in rooti11u 

out bit error in the RAMs. If the test qenerates larqe 

amounts of bit errors, you should suspect either the divider 

chain or the video RAM addr·essing multiplexer. Multiple 

"Ready", "Prompt" and characters all point to RAM ad­

dressing errors. 

Normally, addressing error·s occur when thew is a short or 

open between the multiplexer and the RAM s. 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. Nonnally, it should be high. 

Addressing errors may also be rooted out by inspection of 

the display. Pull the BASIC ROM Jnd turn on power. The 

screen should show @9's. If you get some @9's, examine the 

display carefully. It 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 datu (VO tiirough V5). With a little tixperience, you 

will soon be able to recoi1nize the pattern Jf @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 not 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 Z36 in the address decoder section). 
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VIDEO PROCESSING 

Problems in the video processi11g SL·1.:tio11 can lilll\Jl! a11yvvherc 

from a blank sc1ee11 to missing cJots. Usually, the fault is 
easily found because this section is serial in nJture. For ex­
ample, if you have graphics pmblems, you know there c111, 
only tvvo ct1ips that are used as graphics hurnlling .devici,s. 
You would immediately look arnund shift register· 211 ;i11d 
,11 c1phics genet ato1 ZS. The pc11 ts thc1t are stt·ictly c1lphc1-
nurneric are character genei-ator Z29 and its shift rC\Jister 

Z 10. Detective devices that can dffect both c1lpl1anumeric 
and graphics are: Z2G, Z27, Z30 and tlie video mixing ci1-
cuit, consisting of Q 1 and 02. 

l lie vvorst vidr:u problem you Cd11 pussi/Jly LJl:t rs tl1,, IJl.rnk 
c;r;reen. Whe1t: do you sta1 t? Fir q , ,t I, t1,st the puw,:r ,;uppl ir:s 

for p1oper oµeralio11. Then check tl1e rnaste1· oscillawr for 
operatio11. If they are 01<, move clovvn to tlw 1,mitter of 01 
and look for video. Wurk your vvay l>c1ckwards until you 
find signal activity. Before goinrJ too fat, you mitJht check 
to see if the ch,ll"Jcter generJtu1 1:, 11"ceivi11g data 11 •;o, yuu 
h,,ve the problern tl"apped betwee11 two points. Try to dt:te1 
mine wtiat tlie system vvants to Jo. Is it tryi1HJ to output al­
phanumerics? Look for activity at Z2G, pi11 8. If this point 
is activ,1 a11d pin G is always hiuh, you've just elimi11c1tlid 
some logic. Why isn't Z10 output1ing7 If it is outputti11u, 
maybe Z:30, pin 2 ic; being helcl h1cj11 lor some rec1su11. Mdyile 
Z2G, pins 8 a11d G are both 111(Jh. VVliat could causu thi,7 Is 
Z27 working7 Is flip-flop Z7 alwc1ys reset? IVlciyiJe LATCH 
is not active. If so, both Z7 and Z27 will not operate. 

Sometimes it helps in video troubleshooting to force a scri:e11 
curnpletely full of data. Pull l3/\SIC FlOIVl(s). Tlw CPU will 
uy to go into :111 019 state. If 1wth111g els1:, you vvill 110w 
h,,ve ai1 easity recou11izable 'scop1: pc1tl1!rn you can t1 ;1c1: 

Since this section is serial in nature, here ,ire J few aids you 
can use in your troubleshooting: 

Dim Display Z41 goim1 IJ,,il If Z41 is 111111111J1J llot, 
replilce it. It's \Jettinsi hut l)(:c.iuse the output 11 amis­
tor has increased its saturation vollii\Je. l lw higher volt-

age uoes not al lnw th() signal at the base of Q 1 to swing 
low enough for µroper video-to-sync ratio. 

Missing Alphanumeric Dots - If you're missing dot 
rows on i.JII cha1 acters, check the line count data going 

to the chat act1!r generator. If these lines are OK, re­
place the charact,~1· qenerator. It you a1·e missing dots in 
vertical colu11111s, check dot inputs to Z10. If OK, 

1eµlace Z10. 

Unstable/Flashing Dots - Sometimes Z10 will "miss" 
dzitc1 on its input during a load cycle. This is usu:illy 
11,,at associc1ted. If tlw problem is cured or made worse 
lly ,Jiving Z1U ,1 shot of circuit coolant, Z10 must be 

1eµlaced. 

Missing Graphic Parts - Check input to ZS. If OK, 
check outputs. More than likely, you'll have a broken 
1,tcli around ZS. Try to determine if you are missing 
"riqht" or "left" 91aphics. Missing vertical cell parts are 
usu,dly associated with ZS, while a graphic cell with 
vertical stieaks indicates a problem with Z 11. 

Unstable/Flashing Graphics -- Usually harder to detect 
Jlld 11ot as corn111011 ,is unstable dots. But, same tyµl) of 
fix - replilce 7'.11. 

No lnter-.Character Line Blanking - Problem with LS, 
the frequency divider chain or latch 227. 

Severe Display Interference -- Usually not a video pro­
cessor proble111. L.ouk at +5 volt supply bus. If you find 
uscillJtio11s, se1, wily C12 or C13 (in 12 V supply) is 
not working. 

Spelling Errors - A system that mis-spells words usu­
Jlly has dma scr1,vv-ups in video RAM, or the data going 
to character ue11,:1 ;itor Z29 is beinq grJbbed by a short 
or defect Jrou11d i;itch Z28. 

SYNC GENERATOR 

The Sync Ge11erJto1 sectio11 is 011,.; of the easil:SL circuits to 
troubleshoot. If th~ timi11g 1·1,forences ell() ~J1:tti11g to Z6.,111d 
Z57, it is a simple process to find the point where you los,: 
the si~tliJI. A probl;nn cJ11 occur vvith the adJust pots, R20 
ur R21. SewtL: lwc1t will cause th,;st, parts to LJil. C20 ,111d 
C2G are w:uJlly dL:pendable u1Jl,•s'.; they are physicJlly 
c, ushed. You may find C21 01 C27 sliortecl. Th1cse CJ!)JCi 
tors 31·e mylar and are ve1 y suscuµti/Jle to shorti11g out 
under· impact stress. 
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An important point about this circuit: Z6 and Z57 are 
CMOS parts. U11like TTL, they ate high impedance devices 
that consume little current. A floating condition on a CMOS 
input will nut necessarily give a floating "display" on an 
oscilloscope. A floati11q condition may look high or low de­
p1,rnli1H1 on the cha1,11, of the broken line tied to the input. 
Eve11 tlw Megohm or su, of finger pressure can give a path a­
cross a b1oken run and cause a CMOS part to operate. When 
you remove your -finger from the run or pin, circuit opera­
tion may fade Jway very slowly as the PCB run discharges. 



ADDRESS DECODER - EXPANDED DISCUSSION 

Since the address decode1· is made up ot gates, it is extr!cme­

ly easy to fix once you find the problem. The hard part is 

knowing when to suspect a fau It with the decoder section. 

SL:ction Isolation demands that the address decoder be func­

tional, at least partially. Unfortunately, there is 110 "cut and 

try" method to determine if this section is wo1·king cori-ect 

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' nnd 

MEM' operate, but you ,He not really sure if the address 

specified ROM'. There are only two wJys 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 usin~J 

machine language or stntic address switching. However, 

1wither of these two suggestions looks prornising. 

Usually, an address decoder defect will disnhle one of the 

other sections. If you get a "Ready" upon power· up arid no 

keyboard activity, KYBD' is ensily checked for activity. 

Here we iissume the decoder is bad at KYBD'; but there is 

no major problem with other sections bec&1se we do qet 

the "Ready". 

The same assumption is ,tlso used wheneve1· vve power up c1 

computer that does not give a "Ready"; but \Jives us, in­

stead, a recognizable pattern to use during Section Isolation. 

For example, the large colon dis1,lay. Yuu know how to 

generate the large colon display - pull DIP shunt Z71. 

Since you have large colons, with Z71 installed, what's 

wrnng with the DIP shu11t7 If it c1ppcars OK, find out why 

RAM' is not active. Maybe DIP shunt Z3 is not workinq. 

One important gate to consider when workin\J with tht! ad­

dress decoder is Z73, pin 6. If you do not get activity at pi11 

6, the whole decoder is goin9 to be screwed up. Z73, pin G 

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 CPL' is completely 

lost, there's no telling what A 15 will be doing. As the sym· 

bols on Z73 show, both A 15 and RAS* must be low for a 

low output). 

While you're !Jouncing .Jround 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 tow:ird the CPU, chasing a problem that exists 

only i11 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 ~omt,thinq is coming out and you're not side­

tracked. 

The n:sr1t switch is a good test source to use when looking 

at decoder outputs too. During reset, the CPU is supposed 
to rwr.omc quite busy. It must check ROM; stuff data in 

RAM; clear video and monitor the keyboard. Press the reset 

switch. Sorneth ing should Ile 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 getting sourced for the reset routine. 

Wc1tch out whtm checkinq Z21's outputs without DIP shunt 

Z3 installed! Remember, Z21 is an open collector decoder 

device. Without Z3, the pull up voltage is not available. You 

might not see anythinr1 on one of these pins unless you pull 

the pin up to V cc· 

CASSETTE PROBLEMS 

Most of the difficulties you'll find in this section will be 

cc1used by no recorder motor control. Usually, I( 1, a teed 

relay, will 1-iave gone bad liecause uf over wo1k. 

Relay damage is particularly susceptible to BASIC 11 units. 

That buzz you hear every time you power up 3 BASIC 11 

unit is the relay going bananas during the CPU's lengthy 

initializ,nion routin'e. The powe1· up routine nnd the c1clded 

1·L·corder usage, because of mon; efficie11t tile stura(Je 

routines, make K 1 earn its living. 

The co11t;,cts could remai11 closed duu to crn1tc1rni11dtiu11, or 

the relay coil could open or shmt. Thu relay is easily rt, 

placed, but Weltch out for Mur·phy's law. It is very easy to 

install K 1 011 the Board backwards. Be sure you match the 

index mark on the rr.lay with the silk screen mark on the 

PCB ( when IJ,1ckwarcls, Z41, pi 11 3 sees a short to V cc . It 

tends to m<.1ke Z41 riet hot - fast). Damage to Z41 's relay 

sicle will probahly kill the video side. Suspect a shorted re­

lny (or shoi-ted diode, CR3) if the display slowly dims and 

fades away. 

If you suspect I< 1 is stuck, thump the relay body with your 

finuer. That should free the contacts, and the recorder will 

stop. Don't riat yourself 011 the back for a job well done, 

howt!VN, u111il you replJce that relay. It may stick again on 

tlw next C LOAD instruction. Replace K 1 and save someone 

sorne C)rief later on. 
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CASSETTE AUDIO PROCESSING 

I I y1,u 1hi11k ycH1 :,1,, hc1vi11q" 1:c1·, .,·! 11' ,1udio p1 ,,u,·,,i1HJ pI·r> 

1,I,,m, yo_1 c,111 ctwck fur activity .11 / 11, pin HJ. I 1y l1Jc11ii11q 

a lon(J p1o(J1·am into the; computer whil1~ mo11itoring pin 10. 

It should be normally high and go low on till~ ;,udio puls,!~. 

So loncJ as the pin is active ,ind ther·e aI·r, ,1l lea,t two pulst::, 

i:,n:il hit tim,.,, y,iu ::lwulcl he OJ': 111 uivi11rJ ZLI a cl1•c111 hill of 

I 11::iltl1. 

But., l)ewJre of a normJlly low sig11al c1t pin 10 of z41 Ii 

you have i.lctive rectifier 01 luvel detcctur p1 olilems, pin 10 

of Z4 can operate bc1ckwar1b. The output will be norrnally 

iuN and yo hicili rn1 tone pulsP:, f1c.1111 rlw tap,,. 7111, p1,ililr:111 

1·: usually J:,s1wic111:d with d sl1111 l1·d diodi: :11 Cli 11 I)! ens, 
•II till: level d1:l1:c:lt11 lllZIY l1lJI l1.1c1 ('dlJdCilll! c:,<J c:IL.11\ji:d 

up due tu a failure at CRG, CR 7 01 C3\J. Co11:,1ilt the thuo1 y 

section for waveforms ,md 01,cration oi tili,, r:ircuit. 

II you arc: w1ti11q qood dat:1 111 ·,,·I 1tc:,i:t flip fl,,p 72,1 du1 

II1q c1 CLOAD l.1ult, you lllil'/ 11:,v,· ,.1 diljital /Jllll,li,111 I Iy 

1" CLOAD c1 lu11q pro(Jl'Jlll, l1k1· 11I,,ckjack ;11HI ,;,•1: ii ?;.>11, 

pin 8 is c1ctive. Also check c1ctivity ill 744, p111 15. You'd 

bet1er hope one of th1}:;e si\11ials is !lot riyht, or you've \JOI 

d lo11(J day ahead of you 

Uuri!lrJ a CLOAD, OUT' ICS('lS tlif)flop Z24. If z2,1 '>lJys 

sn, suspect Z~>5, pi11 S's CJate c,r full ow OUT' l1Jck tu its 

source. If INSIG' is messed up, exami1w Z2:j, f)in 6 and lol 

low IN' back to its soutce. If both ol tlw signals luok 

strange, check out port decoder Z54, Z52 and Z36, which 

co1'flbii1e to form FF'. If all siqn:ils ;,llCI Z44 look 01<, sus­

lJi:Ct a RAM, CPU or ROM prnlll1!m 111 that orclr,r. It would 

/Jd'/ if you c11r, familiar with till: timinq of INSIC' and 

OUTSIG' in il CLOAD cnllclition usi11r1 a known yood 

TRS 80. It would definitf,ly help you in S,,ction lsolatiu11 

if you fincl yourseli co11sidr,ring a ROM, RAM, or CPU 

du feet. 
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/\ H/\IVI liit t!r1 rn u 1:1lly shows up in CU),t,D when you 

fi11d pc11 t of tlw luc1d,,d 1noyrnm correct and ,he othe1· pa11 

garbaye. Use SCQATS to clig out this type of !rror or, play 

the RAM swap gamr, until you find the ddective part. 

A f:l'lJ problem is 11-,11Jlty more common tha,1 a ROM riro­

l,li·111 i11 a CS/\VF u11Hli1ion. This is twe simply because 

ym1 will Im rno1e cu11c1:1ned in getti11q a "Ready" on the 

screen than you arc in seeinq if the unit will CLOAD. If the 

CPU checks out good, you might re-examine the IN'· and 

OUT' sir1nals hetore considerinq ROM failure. 

c;/\ Vi p10IJl,:1ns 11:11,;1lly poi11t to software ( ROM/RAM) 01 

IJtr:11 1/5D) clif1ic:t1l1 If yom unit CL.OAD's OK, try to 

CSA VE :, fl' oy1 arn without usin~J a tape in the Recorder. 

You call rno11ito1· the status of pin 5 of J3 for the output 

audio wc1vefrn 111. If you lc1ck this waveforrn, check the 

,;tJl11' ol R53 thrnuqli H5G and OUTSIG' at pin 9 of Z!59. 

S111r (, DO aml DI .iI1' tlw d;ita lines used by 259 du1·i11lJ 

CSAVF, you migl1t look .it these two lines. Also check fo1 

a hiqh c1t 1Ji11 1. You could have a solder short pulling pin 1 

toward wound. 

Did yD11 l,vcr conw up to J 32 cha1·acter display format that 

vvoultl11't. \JO awJy7 Z59 is handling this function in co11-

jt111ction with 'the s1,itm of D3. OUTSIG* clocks the li1tch. 

If OUTSIG' works fine during CSAVE and CLOAD, sus­

pect il dt:fective latch. Also, Z59, pin 14 could be shorted 

to ground. T1y to clear· latch Z59 by shorting pin 1 to 

qround to1· a second 01 two. If the display changes from 32 

chc11 actlcr to 64 charc1cte1 and stays that way, suspect a ROM 

or CPU sottwa1c qlitr:11. If the display cioes from 32 charac­

ter to 64 character, then back to 32 character format each 

time you sho1t and release, you should suspect a defective 

OUTSIG" line. For some reason, OUTSIG' must be active 

:ill thl, time, or noise is t1iggering Z59 due to Jn open etch. 



POWER SUPPLY 

Most of the problems thal result 111 loss of powc1 supply 

operation will be associated with solde1 shorts, cornpo1w111 

'.,liorts rn lic1d adapters. No1mally, tile power supply will 1101 

be damaged due to a short because the reyulators use cur­

rent limiting with fold back. A solder short or shorted 

component does not have to be located in the powi;r sec­

tion to cause a supply problem. The short could be Jny­

where. 

If you are missing +12 volts and +5 volts, measure the volt­

age across R 18. This resistor monitors the current flow of 

the +12 volt supply. If the voltage reads .G volts or so, the 

+ 12 volt bus is in fold back and has shut itself off. Since the 

+12 volt bus is shutoff, you will not have +5 volts because 

the +5 volt regulator is referenced to the + 12 volt output. 

You will have to find and remove the short on the +12 volt 

bus before anything will work. 

If you find that you arc missing the -5 volt supply, first 

confirm that there is ample negative voltage on the adapter 

side of R19. See if R19 isdrnppinuall of the voltage. If so, 

you have a -5 volt bus short (this assumes that CR2 has 

not been put in the Board backwards). 

The + 12 volt and the -5 volt supplies are used by system 

RAM. If you have problems with either of these two, sus­

pect a RAM short. See if you can find a RAM that (Jener­

a tes more heat than the others. 

DANGER 

_Do.not ge_t in the habit of checking RAM temperatures 
by placing your finger on each p;irt ! A supply short in 

a RAM chip can heat them up to soldering tempera­

tures. It is quite painful to discover the RAIVI manu­
facturer's Logo burned into your fingertips! 

Pull all RAMs and retest. If all of the power supplies arc 

now OK, turn off the power and 1c install il RAM. Turn rn1 

the power and rett,st. lnstcill each RAM until you fi11d one 

th,ll crashes the power supply. Remove the bad F{AM a11d 

continue to check the rest of tlH'rn. Then! may l)ri mo1e 

than one slro1·ted device. 

A short on the +5 volt bus can ill' a 1cal lwadc1clie. Unles:, 

you CJ11 s1:c the shprt, you will h;1v,, to cut 11111s to S,,ctio11 

Isolate. Once you isolate the shorted '.;ectio11, you will prn-

• 

bably still have to make other cuts to get down to the short. 

Do not forget to repair your cuts. And remember, these 

runs must ca1Ty considt,rable current. Use stranded or solid 

wire, 22 gauge .9_r la1(1er, to repair cuts. (Never solder­

bridge an etch cut; simple Board stress may open the solder­

bridcie or tear small runs loose from the Board.) 

If you find a dead + 12 volt bus, examine O 1 's heat sink. 

The hc1rdware holding the transistor/sink sandwich together 

may have loosened. The heat sink may have turned around 

and shorted against Q 1 's base or emitter lead. Depending on 

the force, it might have sheared one or more leads from the 

PCB. If you find a loose heat sink, shorted or not, retighten 

it. 

Problems with the AC ..idapter are usually terminal. Either 

the fuse link in the primary winding has opened, or the 

wires were destroyed ilt the mille DIN plug. If you find the 

fuse link blown, check rectifier package CR8 for shorted 

diodes. Replace the adapter in any case since field mainte· 

nance is not recorrnnended. 

Figure 6 lists the voltages found around Z1 and Z2 with a 

normal operating unit. The +12 volt supply has been adjus­

ted fo1 12.00 volts and the -5 volt supply has been adjus­

ted for 5.00 volts. 

. Z1 

Pin Number 

2 

3 
4 

5 

G 
7 

8 
9 

10 

11 

12 

13 

14 

Z2 

Voltage Pin Number Voltage 

0.00 0.00 

5.30 2 10.60 

5.00 3 11.99 

5.00 4 6.92 

5.00 5 6.92 

7.46 6 6.92 

0.00 7 0.00 

0.00 8 0.00 

0 33 9 5.72 
'.)_89 10 12.31 

11.99 11 21.16 

11.99 12 21.69 

7.05 13 13.48 

0.00 14 0.00 

All volta,1t:s arri 111,:c1surerl with a digital voltmeter. 

Voltc1qt:s are referenced to ground at the right side 

of capacitor C9. 

FIGURE G. TABLE OF POWER SUPPLY VOLTAGES 

FOR Zl AND Z2. 
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HORIZONTAL AND VERTICAL ADJUSTMENT 

!'dte1· compo1w11ts in the sy11,: u,·1ll:1ator ,ll'e 1,:plc1c1,d 01 

,s11c:1· other repair vvork, the hor11r111tal and vertical cen­
tering should be confirmed. A centering tape should l,e 
loaded into the repaired Lrnit and adjustments rnade accord 
ingly. If you want to make your uwn tape, l1e1e is a samplr: 
program: 

10 CLS 

20 FOR X -~ 0 to 127 

30 SET (X,(il) : SET (X:17) 

40 NEXT X 

50 FOR Y 0 to 47 

I J.'7 
60 SET (0, Y) SET JJ1', Y) 

70 NCXT Y 

80 FOR X G2to65 

90 SET (X, 23) : SET (X, 24) 

100 NCXT X 

110 GO TO 110 

The above prnqram should be stored on a tape several times 
for easy loading. With multiple programs you don't have to 
rewind the tape each time you need the test program. It 
will 11111 011 both L.ev,d I c111d Level II machines. 

Tlw re centering proqram cfraws a larue graphics rectangle 

on the outside boundaries of the cell array. It also draws a 
center n:ctanr1le. Adjust R 20 ,md R 21 so that there are 
equc1I bou111ia1ies on all sidr,s of the large rect,mgle. Use a 
11,J11 1111:tallic screwdrivr:1 so body capacitance does not inter­
lr·r,: vvith your Jclj11:,t111ents. 

IT DOESN'T WORK - SOMETIMES 

There is a w,;II known rule of Mu1phy's Lc1w that states: "A 
cJevice will function properly whenever the ope1c1lur is in a 
position to correct a mJlfunction". 

There will come a time when you will find J.TRS-80 that 
operates just g1·ec1t when it comes near a test IJench. But 
when the moon is just right aml tlw computer is Jway from 
thd sthematics and test equipment, the memory listin(J 
looks like some unknown language and the relc1y keeps tinw 
with the garbage on the display. 

The only logical choice you have is to burn it in. Set up the 
computer in some unused corner :111cl run the nwmory pan 

of SCOATS. Hopefully, after a few hours, SCOATS will 
root out a spastic memory location. Try to keep the. unit in 
the case tor maximum heat retention. If all else fails, 1·e­
place the RAMs as a set. MJyhe replaci11g iln entire set of 
RAMs will -be lr:ss costly in tinw ,lllcl labor thc111 ficJhti11q a 
l(,•,ing war with one bit. 

If till' pl nllleni ap~zear·s lo lie in snrne otlw1 ',(!Ction whc:r (! 

SCOATS is not effectivti, try to r1e111:rc1te a pro;iram that 
will Cdl)SL: c1 constil11t failure. The only chJ11ce you havr-: to 
t,-: an rm·atic prolJlem is c1 fJithlul rl,1plication uf the rnal­
function. If the gripe states thc11. "For/loop statements 

c1cish part of the video section", then use Fo1/luup com­
rnawls in your prngram. 

MaylJe there is a cold solde1 joint that cJOL'S open every 011ce 
111 d while. Exp,:ct one of thesr' v•Jhr:11 you find a prnlilem 
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that exi,,ts only if you flex the Boa1·d a certain way. See if 
you can localize the !Jad joint by tapping the Board with a 
non-concluctiv{; rnd. Maybe you have a solder ball rolling 
around. Sometimes you can jar it out from under a socket 
by t3pping the Board. If you're lucky, the ball may lodge 
s0111ewhere and stily. Once you've got the problem to stay 
still, you've almost got it fixed. 

Look on the etch side of the Board under the RAMs. You 
might find an installation error. A socket lead is easily 
bent. Maybe the lead was folded under the socket body and 
not soldered in a hole. There may be just enough pressure 
011 till! lead and the pad to allow spastic operation. Look 

fur J smooth coatin(J of solder instead of the pointed cone 
you woulcl expect if a wire 01· lead was protruding through 
the Board. Don't limit you1· visual inspection to socketed 
parts only. It is possible to find a bent lead on a standard 
packdrJr:, althouqh it is not as common as a bent socket 
11•,HI. 

Another type of defoct that can cause intermittent failure 
is the op,:11 feedthrough. See if you can find any solder­

filled holes where the solder did not come all the way 
thruu()ll the Boa,d (tile plating may be cracked inside the 
hol,, and the solclc1 did not flow past the crack). Solder· a 
s111all piece of lead wi1~ through the suspect hole during 
repair. Dd,,ctive feedthroucihs usually occur in groups. If 
you fix ,Hw liol(:, look carefully at surrounding holes for 

othL:r de fccts. 



HINTS, IDEAS, SUGGESTIONS AND -WHAT NOW? 

One of the advantages of digital computers i~ tile repetition 

of basic circuits. Once you know how a basic logic eel I 

works, it will operate in the same way all throu,Jh the mach­

ine, no matter how rnany times it is repeated. I he gute may 

not generate the same type of signal that another one did 

two inches away, but the output does respond in the same 

way under the same input conditions. One of the disauvan­

tages of troubleshooting digital computers is the machine 

lar\guage software. There is some kind of program inside 

there, pushing tl,e buttons c1nd pulling the levers. Nobouy 

has bothered to tell you exactly how it performs a task. 

You know it does exist though, like miqrain potentiill, 

ready to give you a headache and a half. The theory mamial 

gives a brief description of how the keyboard scan softwan! 

op,1rates, but the discussion never does get down to the 

nuts and bolts. So what do yuu do if you thir\k the prohlem 

exists in software and the only way you can confirm your 

suspicions is to know exactly what software is doing? Be­

fore you could examine exactly what software was doing in 

the key board, you would have to get yourself an expensive 

loqic analyzer, a ream of computer print outs, and spend a 

lotta time figming out how the program operates. Unless 

you're willing to spend the time and money, software list­

inrJs are not going to help in troubleshooting. 

This section o1 the manuzil will give you hints and ideas to 

try when you're faced with software type problems that 

screw up the hardware. The hints will play the advantages 

against the disadvanti1ges of digital troubleshooting and 

help you confirm or deny suspicions about where the prob­

lem n~iilly resides. 

The Gate with the Static Output 

How many times have you come across a logic element that 

has data screaming into it and ·an output that just sits there? 

Probably too many times, especially in a rnc1jor area like 

the addre,s decoder where you really don't ,iced that kine! 

of "hassle". Normally, you attc1ch a 'scope to the gate in­

puts and see if output conditions are ever met. If you have 

two gate inputs and two 'scope ch,mnels, you'll do 01<. 
But, you can get gray hair trying to analyze :in 8-input 

I\J/>.ND gc1te that way. 

One useful technique you might try is the input sho1t. 

Wilen confronted with an u11respor\sive Of1 qate or NOR 

gate, shon an input to ground. Nor-rnally, a urour\(_I short 

will not harm a TTL output. If you have a 2-input NOR 

gate, for example, you could short one input to wound 

and, if the gate is working properly, you should see the un­

shoned active signal pass through the gate. Move the short 

to the other input to see if that pir, makes th1: output r·es­

pund. If so: chances are that you'vr, l)Ot a qood g,1t1, -~ try 

troubleshooting backwards. 

When you need to, check the outputs of ,1 NANO or :111 

AND gate, shortii,g inputs to sJround is not goin(J to help 

(unless tl,e outputs !ire hi,1h for" an AND (]ilte ~nd low for c1 

11.JAND (Jate all the time). Do not attempt a short to 5 volts. 

A short to 5 volts can damage a TTL output! If possible, 

find <.1 gJte further up the lir1e that svill respond toil wo,Jtld 

sl1ort and will caus,, one ot the \Jc1t,: i11put:; tu tJ0 hi,Jll. Ar\ 

example ot this condition can lJe fou11Li on the schematic: 

in the video proc,,ssor sectio11. Z9, pin 4 supplies an invC:r 

ll:d l_atch :;ignal to Z26. It you wa11t pins 13 ur 5 of Z'.J(i to 

go hiyh, short Z9, pin 3 to ground. You can also short the 

inputs to Latch Z27 and cause some highs on pins 12 or 4 
of Z26. 

If you tried the ground short technique and still did not get 

output activity, what then? Well, assuming that you met all 

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

truly bnd, or 2, there is a ground or Vee short to that out­

µut. To check for IJoth quickly, cut the etch run ( if possible) 

and 1ree the output pi11, then retest the gate. If you get out· 

put activity now, you h<.1ve a r·un short. If not, replace that 

pacb\JC -· it's bc1d. (Don't forget to repair your etch cut!) 

If you suspect a short, analyze the voltage level of the gate 

output. A short to V cc will show about 5 volts. A normal 

TTL output gives a level of about 3.7 volts (this applies 

to TTL only. CMOS outputs swing millivolts from the 

supply volt;:ig,,). If you suspect a 5 volt bus short, follow 

the n111 to its termir1<il point. Carefully examine places 

wlwr·e tlw 1u11 gets close to J 5 volt bus. 

A (]round short or a lociical low short may be isolated the 

sanw way. Follow the .run. A (Jrollnd short may also be ana­

lyzer! using an oscilloscc,pe. Hook up a 'scope to the node 

that you think is shorted. Turn off the system power while 

w"tching the 'scope u-ace. If the trace does not move in the 

ver·tic:;I positio11, the shor·t is to grnuncl. If the trace moves 

up, tller1 dowrl, whe11 power is removed, the run may be 

shorted to c111other TTL output. The 'scope method is also 

useful i11 determi11inD if the output tr-ansistors in a gate are 

activ,i. 
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Types of Shorts 

The1e are five common sho1ts. Tlwy are as follows: 

1. the solder splash shcllt 

2. the solde1· 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 

fi1,ld. This short develops due to excess solder ~md/or care­

less repair techniques. A solder b1idge cJ11 develop between 
tvvo pins on an integrated circuit du1·i11g installa1ion because 
of excess solder or too large a soldering iron tip. The true 
solder splash rnsults when a solcierincJ iron loses a bubble of 
solder, and the TRS-80 is on the receiving end. Usually, J 

splash is easily detected. They are big and cold soldered to 

several runs. 

The solder ball short usually develops bctweer1 the time the 

factory builds the comµuter and the time th(1 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 ;:ind it sprinkles down on 

the computer already formed into little spheres of varyinf.J 
srzes. The balls stick to the Board because of the moist 
flux. The cleaning process cannot break all balls loose, so a 

foVI( st~y on _the Board. If the balls are small enough or hid­
den, they may not be detected unless they cause a problc~m 

durinri factory testing. During packing and shipping, the sol­

clt,r ball may break loose, and roll around until it becomes 

lodqcd under a socket or wedged between runs. The cus-

1omcr ends 11p 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
din 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 c1ny cleaning is needed at all. 

An etch shmt, 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 

Boar·d 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 ancl 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 ther·e.isn't a tri-state device uriviny it. A tri-state sicJ­

nal will have true logical high and low voltage levels. There 

rnJy be places along the waveform where the voltJge level is 

hc"tw,:en J high and a low. Look on a data ilus line to sec a 
typicJI tri-s1c1te wc1:e shape. J-\ TTL output belOJ1ging to a 

gate 1hat is not tri-jtateablt: should never have three logic 
l,,vels. If you find a screwed up wave shape, follovv thul 1un, 

checking 11earby runs as you go for· another messed up sig-
11al. When you find the t:wo iJJcl siunals, insp1}ct the run 
closely for shorts. If you don't find any shorts, keep tracin11 
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u11til one of the runs terminates. The two runs may come 

tooether somewhere else on the Board. 

The counters used in the divider chain are 74LS93's. This 

family of TTL ripµle counters sometimes shows a multi­

level high on the data outputs. The wave shape appears to 

hove 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, you will 
have a counte1 step of about half a volt or so, and the 
lowest step vvill never ti.ill below 3.0 volts. This is just a 

little tidbit that could side track a technician who is not 
farniliar with the '93 counter. 



Address and Data Line Shorts 

A short in the address or data lines is about the worst prob­

lem a computer can have. The two busses go everywhe1·e; 

and it only takes a small flake of solder to kill a system as 
dead as shooting it would. If the two busses were rated as 
to which is worse to have a short, the data bus would win. 
Since the data bus is a two way street, everything at­

tached to it is tri-stateable. You cannot really separate two 

shorted lines from the rest, because they all look strange. 
On the address bus, there are no tri-state devices (there are 

buffers used, but they are n~ver tri-stated during normal 
operation). 

Address line shorts are rather straightforward. Try finding 
two signals with tri-state looking voltage levels. (The CPU 

address buffer is not tri-stated unless the "Test" input is 
grounded at the expansion connector.) After finding the 
two bad lines, you can follow one around the Board until 
you find an area where the two runs come close to each 
other. If you still can't find the short, try cutting one run 
until you've isolated the area where a short exists. Be sure 
you repair each cut after each check. Don't leave them for 
later, you might forget where you made the cuts and create 
even more problems. 

Data line shorts need to be isolated in the same way, once 

you find the two bad lines. Finding the bad lines is another 

matter altogether. The best way to search out shorted data 

lines is to disable the Data Bus. Short to ground the signal, 
TEST*. All data and address line buffers will tri-state. If 
you suspect a gate short to data line, look at all data lines. 

You are looking for one that is not floating. With a short 
between data lines, you will need to pull up a line to 5 volts 
with a 4. 7K resistor and check on the other lines for a high, 
instead of a floating condition. 

If you spend a lot of time hunting bus shorts, you might 

want to build yourself a little test board. The board could 
contain pull up resistors, LEDs and switches. You can con­

nect th is type of fixture to the expansion connector and 

rapidly determine if you have a bus short or not by switch­
ing ground to each line and see if any other lights go on. It's 
better than trying to grow a third arm so you can handle 

the pull up resistor, the 'scope probe and the shorting lead 
all at the same time! 

Bent Pins 

On socketed parts, it is easy to replace devices for trouble­
shooting. But, be cc1reful that you do not cause more prob­
lems by getting in a hurry. On RAMs, it's extremely easy to 

bend an IC pin between the socket and the part. Suspect a 
bent pin if the part is hard to insert; and, upon more pres­
sure: it.•sudde.nly snaps in. Make it part of your isolation 

routine to peek under the CPU chip and look for folded-

under leads. THe decoupling capacitors near the RAM may 
prevent you from looking at these sockets. However, you 

can usually inspect the RAM leads from the top of the 

Board. You can also check that the RAMs are level and of 
uniform height. Maybe a RAM has been loosened and only 
one side is attached. A quick push on the loose part may be 

all that's necessary to fix a malfunctioning unit. 

DIP Shunts 

It's been said before, but it needs to be said again. Be care­
ful when programming DIP shunts. If undue stress is ap­
plied to a DIP shunt while programming, the plastic may 
crack. The crack usually develops in the center of the part 
in line with the shorting bar's narrowest point. The bars 
may separate •enough to cause an open. When you program 

a DIP shunt, first install the part in the socket. Use a scribe 
to break the bars you need to open. Use only enough pres­

sure to break the bari (don't try to drive the scribe through 

the Board). -Be careful when you break bars near pins 1 and 
8 as this is the weakest part of the shunt. 

If you suspect a cracked shunt, OHM out the unbroken bars. 
Do not press hard on the meter leads. You might temporar­
ily close a cracked bar and it'll read OK. If you find a de­

fective bar, replace the shunt. Solder a broken shunt only if 
a replacement is not available. 
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ASSEMBLY STEPS 

1. Turn the CPU Board upside clown and install it in the 

plastic base. Make sure that the Board rests on the boss 

shoulders. Insure that the DIN plug Bezel has been in­
stalled. 

2. Install the five rubber spacers on the keyboard bosses. 

3. Position the keyboard over the bosses. Make sure that 
all the bosses pass through the keyboard holes on the 

PCB. Check the interconnect cable to see that it does 

not extend past the base lip. If so, gently push it back 

inside the base. 

4. Install the LED in the socket and slide the collar over 

the socket (this step is only necessa1·y with keyboards 

that have LEDs on long leads). Insure that the leads 

will not be pinched between the bosses. 

5. Place the top of the case over the keyboard. 

6. Turn the unit, keyboard side down, and install the six 

screws. Be sure that you install the three lengths of 

screws in their proper locations. Also, be careful not to 
scratch the keys. 

7. Paint one screw head with warranty lacquer (you might 
as well use the same screw hole as befor-e). 

8. Install and tape down the Expansion port access door. 

9. Burn in the unit using the SCOATS test program. This 

program is a convenient test source regardless of what 

was repaired. Examine the CSAVE function if you 

made repairs in this area. 
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