


be used to operate the suspected section of logic repetitively. When the machine 

is. running inf a closed exercise or diagnostic loop, the desired operating pulse or 

level is generated at intervals that are always multiples of the 5-microsecond 

memory cycle. The oscilloscope sweep may be synchronized to any of the timing 

pulses {each generated once per memory cycle}. The duration of the sweep may 

be set either to 1/2 microsecond per centimeter (so that the entire sweep displays 

one memory cycle), or to a value which displays one complete performance of the 

exercise or diagnostic loop. 

Every pulse or level generated in a given section of machine logic is available 

at some plug-in module output pin. The output pin locations are shown on the 

print corresponding to that section of machine logic. In the case of a catastrophic 

malfunction, the signal tracing method determines with absolute certainty whether 

a pulse of good quality (amplitude, duration, and rise time) is being generated at 

the right time. In the case of an intermittent malfunction this signal tracing 

technique must be combined with some appropriate form of aggravation (discussed 

below) . 

Substitution is the technique which first occurs to most technicians. Usually, a 

spare plug-in module is substituh:!d for a suspected module, to see whether the 

malfunction is thereby cured. When troubleshooting registers and counters, 

however, it is often more useful to exchange bits of the register or counter 

rather than substituting a spare module. After the exchange, if the malfunction 

has moved to the new location, the trouble is probably in the exchanged module. 

'However, if the malfunction still affects the original location, the malfunction 

is more likely to be in some logic network supplying pulses or levels to that 

location. 

Aggravation, as an electronics maintenance technique, sounds as though it should 

be scrupulously avoided; it is actually quite useful. In the troubleshooting of 

intermittent malfunctions, aggravation is often the only technique which gives 

any indication of malfunction location. The two main types of aggravation 

are vibration and the application of marginal check voltage. Marginal check 

voltage application as a method of finding weak components or malfunctions due 
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to program-linked differences in circuit loading is discussed in.:. above. Vibration, 

as a malfunction locating technique, is primarily used to locate intermittent con-

nections 0 

As long as reasonable care is used to avoid infl icting permanent damage, the 

technician, in his search for a malfunction, should not hesitate to twist, probe, 

worry, or poke at connections, cables, plugs or plug-in units. All connections 

in PDP-l are designed for excellent rei iabil ity. Connections through plugs and 

sockets and through cables should be impervious to any reasonable amount of 

pull ing, twisting, or flexing. If such aggravation produces a computer error, 

an intermittent logic connection is probably causing the malfunction. Procedures 

for finding intermittent connections in individual plug-in units are described 
\ 

in paragraph 11-9, 

Intermittent failures caused by poor connections cannot be located merely by 

using marginal check with the MAl NDEC. However, an intermittent connection 

can often be revealed by vibrating the modules while running an appropriate 

MAINDEC program. Wipe the handle of a plastic screwdriver across the back 

of the suspected row of modules. The resulting vibration generally interrupts 

an intermittent connection. 

By repeatedl y restarting the MAl NDEC program and narrowing the area of vibration 

(tapping fewer and fewer modules) the malfunction can be localized within one 

or two modules, After localizing the malfunction in this way, try wiggling the 

suspected module up and down within the mounting panel. If wiggl ing the module 

cause a computer halt, before removing the module closely inspect the associated 

moul1ting panel wiring. 

Although each PDP-1 system is thoroughly tested before it leaves the factory, 

nevertheless, one or two poorly soldered connections occasionally show up later. 

This type of malfunction appears as an intermittent failure, and is sometimes 

very difficult to locate. Poorly soldered connections, if any, are more likely 

to appear in mounting panel or plug and cable connections than within the modules 

themselves, 
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e TESTING AFTER REPAIR - After a malfunction has been located and the defective 

plug-in unit or connection replaced or repaired, a complete test should be made of the 

entire system. 

The procedures described above (console troubleshooting and logic troubleshooting) 

are usually followed under the tacit assumption that only one malfunction is present 

in the machine. As a matter of fact, even after faulty parts related to one malfunction 

are located and repaired or replaced, the system may still contain other faults. In order 

to ensure that the PDP-l is definitely in perfect operating condition, the entire MAl NDEC 

should be run with the application of marginal check voltage after the completion of 

corrective maintenance procedures. Particular emphasis should of course be placed on 

those portions of MAINDEC which check the originally malfunctioning section of the 

computer logic. 

A record of the computer malfunction and the way in which it was repaired is entered 

in the maintenance log. The record of the final test, however, should form part of the 

marginal check log. It should include a notation showing that this unscheduled test 

was performed because of computer malfunction and give a page reference to the 

malfunction writeup in the maintenance log . 

..f MAINTENANCE LOGS - The first step of any troubleshooting procedure is an 

initial investigation of the malfunction (:!. above). This entails gathering all available 

information which might apply to the problem. The maintenance log forms a vital 

part of that information. It must therefore contain a clear, detailed, accurate des­

cription of every computer malfunction, giving the cause of the malfunction, the 

steps taken to isolate the malfunction, and the way in which the malfunction was 

finally repaired. 

A maintenance log should not be constrained into a standardized and rigid format; 

rather, it should look much like a diary. Computer malfunctions are much too diverse 

to categorize into any standard-form questionnaire. The date and time of each entry 

should be followed by comments describing everything that the technician does to the 

computer for whatever reason. 

In addition to malfunction writeups, the maintenance log should also contain the 
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technician's observations of other pertinent maintenance information, For example, 

if the technician notices excessive vibration in the punch, even if such vibration is 

not accompanied by mal function, it should be noted in the log. 

The operator may mention that some piece of in-out equipment seemed sluggish for a 

minute or two; this fact should also be noted in the maintenance log, If the operation 

log should indicate that some particular I ight or fuse has been replaced too many times 

over a short period, this should be noted in the maintenance log as well. Maintenance 

log entries of this type may seem insignificant or even silly at the time they are entered; 

but later if a malfunction turns out to be related to these symptoms the entries do not 

appear silly in the least. 

Accurate logs reveal at a glance the previous history of failures throughout the 

entire system. No one can be aware of every possible failure pattern of a large 

system such as PDP-1. Properly kept maintenance logs can often reveal patterns 

of consistency among failures that seem totally unrelated. In troubleshooting, com­

pletely new lines of attack can often be suggested by such patterns of consistency. 

To toke best advantage of this information, the maintenance log must be kept accurately 

and faithfully. The more information that is available on a trouble, the less computer 

down-time before it is isolated and repaired. 

11-9 MODULE REPAIR 

When the location of a malfunction has been narrowed to within a specific module, it may 

be worthwhile to continue troubleshooting within the module. In many cases, a minute or 

two of additional oscilloscope signal tracing can isolate a malfunction to a particular 

transistor, diode, or connection. Considerable bench testing time can often be saved in 

th is way, even if the module must be replaced. The following portions of this paragraph 

describe removal and replacement of modules, troubleshooting within modules, and circuit­

component replacement. 

a REMOVAL AND REPLACEMENT - It is advisable to turn off system power before 

extracting or inserting modules. 
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Modules are extracted by means of the DEC Type 1960 Module Puller furnished with 

the PDP-1. Carefully hook the small flange of the puller over the center of the module 

rim, and gently pull the unit out of the mounting panel. Use a straight, even pull to 

avoid damaging the plug connections or twisting the etched circuit. Since the puller 

does not fasten to the module, prevent the unit from falling by grasping the rim of the 

unit in your other hand before the unit comes all the way out of the mounting panel. 

When replacing a module, always position it so that the component side of the board 

is to the right, and the printed wiring side of the board is to the left. The aluminum 

rim of a module extends along the bottom edge beyond the plug. When a module is 

properly installed, this aluminum extension fits into a matching slot in the mounting 

panel. Should a module be installed with the bottom edge up, this aluminum extension 

prevents the module from making contact with the socket in the mounting panel. 

Carefully slide the module in between the guide ridges embossed on the mounting pane! 

surfaces until the plug just begins to make contact with the socket. If the plug and 

socket are properly aligned, a gentle pressure is sufficient to fully insert the module. 

If the plug and socket are not aligned, do not force the connections. Occasionally, 

sl ight movements of the module within the guide ridges may be necessary to match 

the pi ug with its connector. After a I ittle practice, rapid removal and replacement 

of modules is very easy. 

The tape reader printed circuit cards {mounted on top of the reader chassis} are removed 

by grasping the top of the card with the thumb and index finger of one hand, and the 

edges of the card with the thumb and fingers of the other hand. A gentle pull disengages 

the card from its socket. The card then sl ides straight up and out of the mounting panel. 

These cards are inserted by guiding the card into the two mounting panel slots and letting 

it slide downward until it just makes contact with the socket. A slight push downward 

fully engages the connections. When installing reader cards, note that the component 

5i de of the card is on the right, when looking from the front of the reader. 

Connections to the power supply and power controls are made both by connections at 

barrier terminal strips, and by cables terminating in plugs. AI though the wiring to 

borrier terminal strip connections is color-coded, color-code markings denoting the 

proper connections may be absent from the chassis of the power unit. Before removing 
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or replacing a power unit, clearly mark all unlabeled connectionsboth on the unit 

to be removed and on the spare to be installed, After disconnecting the unit, release 

it by removing the Phillips-head mounting screws on both sides. (The power units 

are fairly heavy, so get a good hold to avoid dropping them when they are removed.) 

b MODULE TROUBLESHOOTING - Locating a malfunction within a single module 

can be done in two ways. The first (active circuit troubleshooting) involves use of the 

module extender (DEC Type 1954), the pig-tail plug-in extender, the oscilloscope, 

and small two- or three-instruction exercise loops of the type described in paragraph 

11-8c above. 

The second method is bench troubleshooting. This involves use of a suitable multimeter 

(paragraph 11-1) and other appl icable bench test equipment such as an in-circuit 

transistor and diode checker, a regulated bench power suppl y, etc. 

In complex installations, or in multiple installations, an independent bench module 

tester may be desirable. A bench tester for DEC plug-in modules can be made up from 

a Type 722 power supply, standard DEC signal-generating modules (clocks, pulse 

generators), and suitable switching circuits. 

Such a bench tester, when used with an oscilloscope, can provide active-circuit 

troubleshooting (signal tracing) independently of the computer. A desirable addition 

to the bench module tester is a type 734 power supply. This supply permits marginal 

checking of plug-in units at the bench. 

Information on system design with DEC modules, helpful in assembly of a bench tester, 

is contained in the Digital Modules Catalog (A-705) and the Digital Logic Handbook 

(A-400B), both avai lable from DEC without charge. 

(1) Module Extender - The DEC Type 1954 module extender permits troubleshooting 

a plug-in unit while the system is operating. First, turn off the system power. 

Next, remove the plug-in unit to be tested and insert the extender in its place. 

Then plug the unit into the exposed end of the extender. Finally, turn the power 

back on. The unit is then accessible for troubleshooting. 
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If it is desired, during troubleshooting, to apply marginal voltages to an individual 

plug-in unit, the pig-tail plug-in extender (paragraph 11-1:!. above) may be used 

instead < Pins A, B, and C of the exposed plug-in unit can then be furnished 

appropriate marginal check vol tages through the three all igator cl ip leads, 

CAUTION 

Although DEC circuits are designed with internal safeguards which 
prevent damage from opening or shorting the output terminals on a 
single unit, they are not proof against all the accidental shorts which 
might be produced while testing the unit on an extender card. Care 
must 61so be exercised when testing terminals on the wiring side of the 
racks. 

(2) Bench Troubleshooting - If simple inspection fails to reveal the cause of 

trouble, the use of multimeter resistance readings can usually isolate the trouble 

to a specific defective component, 

Resistance readings may be taken to check the emitter-base and the collector-base 

diodes of transistors in both the forward and reverse directions, It is essential to 

determine the internal battery polarity of the multimeter, Often this polarity 

is opposite to the normal polarity of the leads used for vol tage and current 

measurements. 

Resistance readings for both the emitter-base and collector-base diodes of a 

transistor should be relatively low in the forward direction, and relatively 

high in the reverse direction. Note that al though incorrect resistance readings 

are a sure indication that the transistor is defective, correct readings give no 

guarantee that the transistor is good, It may have other troubles. 

Severo I types of inexpensive in-circuit transistor and diode checkers are on the 

market. These can generally provide a more reliable indication of diode or 

transistor malfunction, 

Damaged or cold-soldered connections can also be located wi th the mul timeter, 

Set the multimeter to the lowest resistance range, and connect it across the sus­

pected connection, Poke at wires and components around the suspected connection 

with a probe or with the fingers. Alternatively, rap the module sharply (but not 

too. sharp I y) on a wooden surface. Often the response time of a mul timeter is too 
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slow to detect the rapid transients produced by intermittent connections, 

Current interruptions of very short duration, caused by intermittent connections, 

can be detected by placing a 1 .5-volt flashlight battery in series with a 1500-

ohm resistor across the suspected connection, and observing the vol tage across 

the 1500-ohm resistor with an oscilloscope while probing the connection, 

c COMPONENT REPLACEMENT - Use a six-volt soldering iron with an isolating 

transformer for removal and replacement of defective components. Avoid excessive 

heat which can cause damage to components and may even cause delamination of 

the etched wiring. Transistors and diodes require special care 0 Whenever possible, 

attach a copper alligator clip, or other heat sink, to the lead being soldered, thus 

reducing the amount of heat transferred to the component. 
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