


The nl-ccl For and desirability af automatic testiny have 
hrcn well established and ruquirc little justification. The 
testing f~inction itself, which uscd to be considered 
sorncwhat of n poor relation, a nrczs5asy ev~l,  has 
gradually crnesgcd a$ a well-recoenizcd and essential 
part of any rnnnu~actusing operation- -particularly in 
clcctromc manufacturing. This testing function appears 
in many areas and in many different forms. l t  may be 
called incoming inrpection, line tncpection, final test, or 
quality control, and it may involve ?ampling trsts or 
I nil percent inspection. From the standpoint af product 
quality, 100 percent inspection at every recognizable 
stcp in production would be ideal. This ideal was 
scldom possible because of thc high costs involved, 
both In time and rnunc'y. As thc inspection process 
brcornes autarnazcd, however, 100 percent inspection 
becomes economically rcasiblc and an attainable goal, 
especially when onc rcalizes how rapidly the cost of re- 
pair rlses as a Faulty item gets buried in the final product. 

Experience with transistors offers an example. It has 
been calculated' that the cost of  nnr subjecting transistors 
in 100 percent teqting as rcceivcd from the manufactt~rer, 
but rather sample terting them  to nn acceptable quality 
lcvel (AQL) oT0.65 percent. can amount to 8% cents per 
transistor puachascd. For a uwr OF a million tranristors 
prr year, this amounts to an annual I ~ s s  of387 50O? 

Integrated circuits provide another example. Back in  
1969 when the price of integrated circuits vasicd from 
85 cents to 33.50 each, dcpcnding an complexity, the 
typical failure rate, as received from the 1C rnanufacturcr, 
was around l . 5  percent. New that the price is down to 
20-85 cents each For the same units. thc fnilure rate is up  
to 2-3 percent.* With an average ITC count of 20 to 313 
per hoard and an average time to diagnose and repair 
of 20 to 30 rninum. we can see the importance of culling 
out bad units as early in the manufacturing proccss as 
possible. 

Since electronic equipment is used more and more in 
products involving safety considerations-space?hips, 
aircraft, automobiles, medical instru~nentation-and the 
cost of failures may be measured not only in dollars but 
in human Eives, the need for thorough testing (as well a? 
sound desig.n) becomes even more important. 

Levels of testing 
In general. five distinc~ levels of testing can hc rcc- 

ognizrd, one in the engineering-dcsign phase of a product, 
three in the manufi~cturing phase, and one in  the post- 
shiprncnt phase. In the decign phasc, testing i q  reqi~ired 
not only to prove out or modify !he design, but also to 
evaluntc and select the materials components, or tech- 
niques used in thc product. In t he  rnanufactur~ng phase, 
terting is required at the  input to the production proceqs 
te qualify the rnatcrial~ used in thr product (incoming 
inspection). It is also required during the proccss to 
assure that all the stcps have been successful (line in- 
spection) and at the end of the process to  qualify thc final 
product (final in~pction). In the postshipment phasc, 
(service) ~estinr IS required, to cstahlish that operation 
is proper or lo diagnosc failures and aid In repair. 

' Typical uxer euperlence. Horvcver, $or n premium of $-.I0 
rent+ r3ch  he custo~ncr ~ 3 n  buy unrts bilh d gu;rr~nlced Failure 
rate of  lrss fhnn 0.1 pcrctnt;  r,r., thc IC r n a n ~ ~ f n c t u r r r  r v ~ i l  test 
them niarc tl>orot~glili 

Direrent test Ififormation is reqired at these dif- 
ferent levels and different types OF test equipment are 
often used. Enginrering and incoming-inspection tests 
may require thc acquisition and analysis of detailed 
measurement dats, whereas line-inspection and final- 
inspection tests are more concerned with "go*" or "no- 
go'" decisions to maximize throughput.' Testing and 
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test equipment used during the production process is 
sometimes separated into two typs--equipment and 
techniq~~es for the rapid snrling of itcms into "good" 
and "'bad" categories and equipment and technique5 for 
the slower diagnoqis and repair of the bad items. Diagnosis 
and repair equipment is also used in the servicing of 
delivered products. 

Distinctions between laboratory. production, and ser- 
vlcing equipment are disappearing, however, as design 
engineem are required to design and specify not only 
the product but also the test equipment and techniques. 

Measuring systems 
The bbck diagram of Fig. 1 shows the variety of 

items at function? to be found in any measuring syctem, 
manual or automatic. The major functions arc within the 
hlocks, and the words around the blocks show examples 
of hardware itcms that accomplish the func~ions, Al- 
though not pcrfect, the dragram provides a usefuF basis 
For discussion. The tinted blocks show Ihe essential 
items: a device to be tested, a stimulus source to providc a 
signal for the device, a measurement inslrument In 
quantify the reqponse, and an operator to make the  
whole thing go. 

The othcr hlocks show the functions that can be 
added to case the operator's task and nutomare the 
process. As equipment for these functions i~ added, the 
operator acts l r s s  as a mechanical part of the m- 
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ment process and cart devote his attention to the restilts 
rather than the details of the rneawrement. If the reyutts 
are uwd for automatic control of orher equipment 
operatma on thc dcvicc under test, a procec9-conrro! 
system can be achicvcd. 

Device under test. It i s  useful to cateporjze the device 
under test according to the hierarchy shown in Fir. I .  
Tlrus, a component is made out of materials, a network is 
madc out of components, a circuit is madc out of net- 
work?, eFc. The categories ran be Further subdivided: 
components and networks can he linear or nonlinrar, 
H C ~ ~ V C  or passive; circuits can be analog or digital, 
discrete or integmtcd. ']The hierarchy can be shown to he 
imperfect (for cxarnplc, is a transrorrnefi a component, a 
network, or a circuit?) hut in general any electronic de- 
vice can hr fitted into one of the categorirs. 

Adaptor. The adaptor block is used to define items 
thst mterface the device under teqt into the mcasure- 
ment system. This category includes test boards, fixtures, 
or sockeIs that contact the leads or terminals of a cem- 
poncnt or network, or a multipoint prober that contacts 
the nodes of a microcircuit. 

Input. Input equipment facilitates the insert ion of the 
device under lest into the adaptor. Examples are vibratory- 
howl component fceders, rotary and tinear transpons, 
and other mechanical devices. Such items are usually 
associated with a sorting or binning device to deposit the 
tcstwl unit into a useful location. =-_ - 

Condition. Conditioning equipment applies to the 
device under test a secondary strmulus, such as power, 
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FIGURE 1. FunetFonal block diagram of a manual or automatic measuring system. 
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bias, heat, cold. or shock, or sets up terminal load condi- '3 tions. - Switching. Switching equipment i s  used to connect !he 
device or device adaptor to the test system and to vary 
the connections of the device terminals. Examples are 
solid-state scanners (muStiplcxers), relay trees, crossbar 
scanners, and reed-relay scanners. 

Stimulus. Stimulus sources Tor measurement systems 
arc Scgion. and incIudc dc supplies, oscilIa2orr. synthe- 
sizers, function generators, ramp, pulse, burst, and word 
generators, and D / A  converters, among others. For use in 
automatic test systems such sources are often rcq itired to 
be programmable; that is, all their functions should he 
controllable by electric signals instead of (or in addition 
to) manual controls. 

Measure. Measuring instruments are Jikcwise legion ; 
they include vo!trne!ers, current meters, phase meters, 
impedance bridges, frequency countess, AID converters, 
etc. These instruments chould also be programmable. 
Data output in digital form is a useful, but not always 
necessary. characteristic of such instruments. The signal 
and measure functions arc often combined in a s~nglr 
instrument, as for example In an automatic capacitance 
bridge or a digital ohmmeter. 

Control. The control function can be accomplished by 
a variety of  equipment in a variety of ways. Card readers 
and tape readers are often used to prapsm and sequence 
automatic equipment with the actual program deter- 
mined hy the holes in the cards or tape. Patchboards, 

"- plug boards, and switches can be used as "rnern~rirs" .?.. 
to set up test conditions and sequences. Cam-operatrd 
motor-driven switches are used as well as relay networks. 
Speciatized digital-bgic circuits are often applicd to this 
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function. The most versatile progamrner/controIler of 
all, the computer, will be d~scussed in a later section. 

Prwcss. Data from lhe measurement instruments must 
often be "'massaged" or processed in some way. One 
example of processing is limit compnrison. The com- 
parator may be an :inale!: or digital circuit. It compares 
thc measured data with preset or programmed limits 
and dctcrmincs whether the data are above, berow, or 
within the limits and provides rtppropriate output 
signals (lamp illumination, contact closures, digital- 
logic signals, etc.). Another form of processing is coupling. 
The cqupler may store and convert parallel measure- 
ment data lnll digits at once) to serial data Cone digit 
ar a time) to opcratc card punches or tape punches or 
strip printers, or it may perform the opposite function 
(serial-to-parallel conversion) to operate gang punches or 
linc printers or dispIays. Yet another form of processing 
is computation or dala processing. The processor may 
perform arithmetic computations on the data to provide 
corrections or conversions or to somehow convert the 
data to more useful form. 

Output. The output function of an automatic test 
system i s  also performed by a variety of equipment and 
appears in a variety of ways. One typical output function 
is that of display, Measurement resulrs or test conditions 
may be displayed by means of oscilloscopes, panel 
meters, indicator lamps, digital indicators {visual dis- 
play), or hy ringing a 5ell (auditory dispiay). Hard-copy 
output can he provided in the form of graphs, printed 
lists, or typed reports by means of recorders, printers, 
or typewriters. Output can consist of condensed data in 
the fbrm o f  punched sards, punched tape, or magnetic 
tape for off-lint processing by other equipment. Output 
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Interface system. Figure 2 is a simplified hlock disgram 
OF a typical computer-rontrolled test 5ystern dmwn 
purposely t o  emphasize the role of the inferface sptrm 
The test system inciudrs several progrurnmahlu elements 
t o  perform the functions of Fig. 1. The interface system 
i s  required t o  wed fhcrc elements t o  the computer, sinre 
at (his stage of the art neither cornpulers nor test instru- 
rnentr are directly compatible. ' Coqt con~iderationr; in 
the design of general-purpose test lnstrumenls d o  not 
allow the inclusion of expensive interface cirnlitq. 
As we grope our way toward standardization, however, 
teqt instrument> are becoming available that make thc 
interfacing task, I!' not unnecessary. at lea5t easier, 
Srrnilarly, thc $?sign of  computcrs cannot anticipate all 
the possitltc interface requirements, In  general, the 
interrace circuit? pcrform the functions of FJO [input! 
output) bus expansion, lcvcl conversion, decoding, 
storage, transfer, and control. By storing data signals. 
both from and t o  the computer, the untrrface system 
allows the (Fast) computer to keep busy while thc (slow) 
test instrument? are doing their ,iob.% Whcn the test 
instruments are ready, either to receive instructions o r  
give up their data. thcir ~nterface control circuits can 
provide an "~nterrupt" signal and an identifying dgnal 
(flag) to thc computer 10 request i t s  attention. 

Some minicomputers make provision for plug-in 
interfact-circuit cards within their packages; others 
rcquire an external unit. General Radio uses i t s  IS61 
Interface System in computer-contro1lc.d test systems. 
Hewlett-hckard prov~des plug-in interf~ce cards for 
its computers and offers its 6936A Multiprogramrncr 
System, a main-frame unit and a series ob plug-in inter- 
face ~ r d s  for i t s  test instruments. Digital Equipment 

r m2 
offers card-cage hardware and digital-circuit modules 
that can be uscd to construct interface systems, and other 
rnanuf~cturrrs aFfcr similar items. 

Expanding rote of the computer. AS the art progmses, 
it is kcoming  incrcesinply difficult EO separate the 
elements of computcr. interface, stimulus source, and 
response measurement, as wcll as to decide where one 
function lczrvcs OR and the other I ~ p i n s ,  Many :turomafic 
tesr sets of the future (and some of the present) will con- 
s i s t  of card cages or mnin frames lo  housc plug-in lunc- 
tionnl modules-memories, arithmetic elements, stor- 
age registers, stimulus sources, rnca5urcmcnt modules. 
and periphtral-control circuits for input, control, and 
output devices. 

Software. T o  make most efficient use of the limited 
core memory of the typical rninicornputcr. opcrating 
programs are orten written in assembly language. (Such 
progarnming rforts arc not trivial; it can take 4 to 6 
man-months to produce 41100 words worth of debugged 
software and can cost 910 000 to %20 000, dcpending on 
how you value a man-month.) This approach workq 
fine if the test set will be used with o few infrequently 
changed programs. I f  not, more memory, :md perhaps 
the use of a high-Ievcl test-set language, may he needed. 

Cornpr~ter l a n ~ u a g ~ , ~ .  Much has been wsi tten anrl said 
about computer  language^,^, the lerminology of corn- 
munication between ihe programmer and the computer, 
and the level of such languages. There art: no strict 
definitions af lsng~ragi level. In general. high-level - 
languages allow t he  programmer t o  write program stale- 
rnents in trsrns that are  Familiar to him, such as  Eriglkh 
words or mathematical equations. and with Tew ruEes of 

order or format, so that he can Ignore the pncticular 
characteristics of the computer i i ~ d  to run the program. 
Low-level languages, on the other hand, force thy pro- 
grammer to adapt his protrlein tn the characteristics of 
the  machinv to be used. They may ilse mncrnonics or  
octal numbers and arc  related to the operation of the 
computcr and its subsecrions. The use of higher-level 
langu:i~cs may ruquirc several intermediate stcps before a 
final operating program is prepared or  run-that is, 
editing. dcbugginq, punching tapes, loading tapes, etc. 
Given sullicient computer capability, howrvrr, the steps 
can be handlcd antnmatimflv (with 11 t t  lc proprammer 
action) by thc usc of H sophisticated operating-system 
propam, and proprams can be prepared and run at 
essentlnIly zhc same time. 

Table I shows some common types OF programming 
Innpuagcs. For Further details, see Appendix A. 

T~st-set langua~es.  Onc also can speak of program- 
ming and operating languages for automatic test systems. 
Test-set Ianguagcs can be h~gh level o r  low Scvel, depend- 
Ing on thelr relatienship t o  the application [probfern) or 
to the trct set (eyiripment). When you sct the function 
knob or n digital counter to FREQWFNCY. you are using a 
high-level language, related strongyy to the application 
but or Eittle flexihtlity. Similarly, setting the power switch 
to OFF use? a lower-level Innguape. This concept has given 
rrse to a host or test-set languages, Pol (Problem-Oriented 
Language). Tool (Test-Oriented Operator Language), 
Atlas (Abbreviated Test Language for Avionics Systems). 
and many others that have no names but do their jobs 
just as well. IT the test set i s  dedicated t o  a specific ap- 
pl ication (capacitor testing, lransforrncr tcsting. logic- 
circuit testing), the language can hc made high level and 
use terms rcloting to the device under t e ~ t  (nominal 
value. transformer terminals. logic-drive pfitternl. If the 
test ser i s  for more universal use, its tanguage should be 
lower level and w e  terms relating t o  the instruments 
within the set ffi~notion, sangc, connection). 

The program of a dedicated test set can provide two 
levels of langtrage for the usen of the set. a low-level 
language for the programmer, which will enahle h im to 
rhange certain operating constants o r  test sequences, and 
a higher-level language Tor the operator, which wilt 
rnablk- him lo  controt the set For a specific best. A partic- 

S. Common programming languages 
. . 

Typical 
Type Example Statement Comment 

Machine RDP-8 lM1011101101 Machine cade, object code, 
run code 

Assembler Pa? l l l  HLT Can make optimum use of 
memory and minimize run 
tima. Error prone. Expensjve. 
Great variation between pro. 
Rrarnmers. O~f f~cu l t  to dacu- 
ment 

Compller Fortran q = A .F B OH- lmecompi l in~  Object pro- 
AlnoI + C gram reqirires more memory 

and runs slower, Less vart. 
ation between programmers. 
Easier to document. Corn - 
prler proeram may be erpen-  
SLVB 

Interpreter Basic IF  E > 2 lnteractive Tor easy changes. 
PRINT GO On-line run. Aeq~Ircs even 

more memory and  runs even 
slower 

Mu Alter-A lnr~k fi t  ;~utoinotic resting 



ularly ~ ~ s r f u l  moclc. of opuration with cuch 1rlngungt.s is an 
intrrrtctivc o r  converholionnl rnorlc, whcrrin programming 
qucstionq are automnticatly d~splayctl. printrd, or typed 
Iiy thc cet and rcplics arcn typed 1-y thc npcrator. The 
main rcsident progr:lm- thc optrating <ten1 -inter- 
prctr thc operator's in.;tr~~clron> and suns ~ h c  test. 

Typical test systems 
To illuftratc the concept.; ilc\crihcd carlicr, thc l-ollow- 

ing parngrnphs  discus^ ;I fcw rxamplcc of con-~mcrciall y 
nvnilahle automatic tcst sy\tcrn.;. Exccllcnt surucys 
arc. :rvailalde in ~r :~dt '  p~~tdicfif ions and cornn~crcial rc- 
ports.* lo Thr extlmplcs w ~ l l  he di5cuwed In ordcr or  
thu dcvice under tcst in thc h~crorchy previn~rsIy deccrihed. 

Component tcsts. Althoirph thrca~cncd I y  film tcch- 
nolegy, cl;rssicsl discrctr curnl~oncnt? (scqictoi-5. c;t- 
griicilors. inductors, trlinsistors, ciiodcs, ctc.) rttnnin with 
us. Thcir form is chi~nging, but ~ h t i r  function rcrnains 
the riarnc. Many i~utonlatic systcms arc wed in the 
mi~niifncture of  thus? con~ponentq-come for mcasure- 
mcnt only and somc for proccss control. 

D i d  resr. Figiirc 3 qhows a hardware-controlled sys- 
tern for thc a~~torna t ic  wrting of semiconductor diodes. 
The systcm includes a handler/sorter, which inclutFcs a 
vibratory-bowl feeder, a rotary test table with thrce test 
positions, and a five-bin sorting mechanism. Thr instru- 
mentation includes three test ~ n s t r ~ ~ r n e n t s ;  a capacitance 
cornparatw, which compares the junction capacitance 
of the diode to n preset limit; a storccl-charge (<witching- 
time) detector; and a diode classifier, which t c s t ~  Tor short 
and opcn circuitq, reversed polarity, peak inverse voltage. 
reverse currcnt, rind forward voltage drop. The rcsulls 
from thc three instruments ;are co~nhined in the cliodc 
classifrrr 50 provide bin-sort signals to the handler. Thcsr 
systems can leril and sort up to 10 000 tIiodrs per hour. 

Cap~zrbirnr r ~ s r $ .  Figurc 4 shows an nuroniaric y K 1 t . m  

for the testing and sorting of capncltors. Thc input. 
adaptw, and switching Functions are porrornied by a 
manually loadcd tramport unit that grips thr capaclbor 

terminals and connectr them to various soaking, mcasure- 
nient. ant1 rlisch;~rgv h~russcs. Thc tramport 1s stepped by 
s r~nnls  rroni a conlroE unit, which also houscs other 
intcrfacc circuits. Signal< from the conrrol unit also 
cnohlc thc rranspurl lo perform an outpul function: 
dropping the lcstcd capacitors into sort b~ns. Program- . 

mahlc. power sul7plit.s provrdc. .itimi~lus signals for the - 
tncasurc-ment aT d~electric srrcngth and Itakapt. current, 
ant1 also provide ;I conditioning hias vnttagc. Iur capaci- 
tancc rncnsilrcment. An nutorn:itiv brirlsc providcs both 
s t ~ n ? ~ ~ l u <  and rnmsurc. runttiom for lhr. Inca~iir'ment of 
cnpacirance and loss. nnrl a digi~al  uoltrnctc.r illcasurus 
lcntayc curreni. Thc digital nirrput data of  thc ~ ~ ~ t o m ~ t i r .  
l~ridgc and digital vottmctcr arc proccs\ed hy cIigltal 
limil comparsrnr5 lo providc hort decisions. Thc instru- 
mcnts are con!rollecl Ily n program  nit. which includes 
a card rradcr zo interpret hoirs in a prcpunchrd card to 
program voltagrs, so;ik ~inlc.  instri~mrnt ranges, and sort 
limits. and an overriding seric.: oF thumhwhecl switches 
tn allow manual programming. A rurther ou tp i~ t  function 
is provided by EI serie5 of c-Tectrornechanical counters, 
which diqplay a running tally of the sort decisionc. This 
system provide5 a good cxamplc of a hardware-controllrd 
sysirln Cora specific ~nAcxiblc. pLlrposc. 

Annthcr capacitor-tcsting >ystcrn, shown in Fig. 5. Is 
itsed For evaluation and lire htudicr rnther than physical 
sorting. Components RTC loaded on  test hoards, which 
arc inqcrled into a test sockct. A scccl-relay scanner i s  used 
to connrct the components to  he stimulus and measure- 
ment instruments. A minicompi~trr anrl interrace systcm 
control the st I n~iilus and rcsponsc instrumer!ts. procerq 
thc measurement data. and provide a typewritten oulpiit 
report on a teletypcwritcr. The system software prov~des 
an initial tesi sequcncc that pro t i i~ce~  n printout of 

'. \ h 
pclrarneter values and inlrlicatus aut-or-limit unils, and a 7d 

final teat wqurncc that providcs pnrarnctcr value\ dcvia- 
tions r r o ~ r ~  initial value\, and a stntislical sLlrnmary. 

Nctwnrk test% One ~ R S S ~ V C  nrtwork of cxtrcmr im- 
portance iq thc connection nctwork, which has  the 

FIGURE 3. Automatic diode-sorting system. (Courtesy Teradyne) 
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mundane task of connecting some circuit nodes together 
and isolating others. This type of network appears in 
many forms-a cable, a wiring harness, a aired back- 
plane or motherboard, a bare printed-circuit board, or a 
hybrid-circuit substrate before the components arc 

' 3 attached. These networks are perhaps the most crit~cal - elcments in ekctronlc hardware and thc ones most 
prone to error in manufacture, and thercforc: considerable 
effort has gone into the design of automatic tcst cquip- 
ment to check them out. The stimulus and measurenwnt 
units are relatively simple, since the measurements re- 
quired are usually dc continuity, dc or ac dicFcckcic 
strength (hipot), and dc leakage resistance; however, the 
control and switching units can get quitc complicated. 
The less expensive systems (520 000) use papcr-tape 
readers and bar relays and can handle networks with up 
to  500 nodes. The more expensive systems (%I00 000) use 
computers and random-access mercury-teed scanners and 
can handle networks with up to 100 OQO nodes. 

Another important passive network is the rnultipair 
communications cable. Figure 6 shows two versions of a 
computer-controlled test set for thc measurement and  
evaluation of the capacitance parameters of such cab1cs.l 
(Most of the important transmission characteristics are 
determined by these parameters.) A fimctional block 
diagram is shown in Fig. 7. The input function is provided 
by a large "fanning fixture" and the switching function i s  
performed by a special-purpose reed-relzy scanner. 
Stimulus and measurement functions are performed by 
an automatic capacitance bridge and the control and 
process functions are provided hy an interface system 
and a minicomputer. A ~clctypcwriter provides the output 
report. The set uses a high-level language to enable an 
interactive dialoguc with the operator to determine teit 
limits and desired oucput data. Although individual 
measurements can be printed, in the usual mode of opera- 
tion all the data are condensed into a compact staris!ical 
summary. A typical output report is shown in Fig. 8. 

I 
1 Manua l  0 x;- - ' 

I / Prepunched t) 4 
I card 

FIGURE 4. Autornat~c capac~tor -sor t~ng system, which measures and sorts capacitors to pre- 
programmed specifications. (Courtesy General Radio) 

FIGURE 5. Computer-controlled system for life evaluation of capacitors. (Courtesy General Radio) 
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Circuit tests. Circuit testers ~!sua!ly fall into three 
categories, depending on the type of circuit to bc tested- 
that is, digitaI, analog, or hybrid (combination). 

Di~i to l  c i rcui~.~ ,  The explosion in the use of digital 
circuits, both discrete and integrated, has created an 
entire industry in test equipment with its own evolving 
terminology and jargon.12 Digital-logic engineers speak 
of three basic types of testing1": 

I.  Functional testing, to check truth-table or "Boo- 
lean" operation of digital circuits by applying and 
sensing paiterns of 1's and 0's on the pins of the 
circuit. 

2. Parametric testing, to check dc or static parameters, 
such as forward and reverse currents, saturation and 
offset voltages, etc. 

3. Dynamic testing, to check time-domain parameters, 
such as rise and fall times, propagation delay, etc. 

Inexpensive ($10 000) functional testers now available 
apply a sequence of bit patterns to the input pins af 
both a known good circuit and the circuit under test 
and comparc thc output patterns. Only one input signal 
is altered between consecutive tests ta avoid indeterminate 
states. As one author points out, however,Ia since it takes 
at Ieast 2" tests to provide a cornpletc input scqucncc for 
a unit with n interdependent inputs, it might take 40 000 
years to rest a 60-input device, even at a 2.5-MHz test 
rate! The answer, oTcourse, is to bring out internal logic 
nodes as test points to reducc the number of intcrdc- 
pendent points to ten or so and the test timc to milli- 
seconds. Such testers arc uscful in the rapid sorting of bad 
from good units but are of little help in diagno~tic repair. 

The more expensive ($20 000 to $100 000) testers use 
tape readers or computers to exercise a predetermined test 
program for both sorting and diagnostic information. 

Figure 9(A) is a photograph of the General Radio 1390 
Logic-Circuit Analyzer, a high-speed functional tester for 
digital circuits.I4 This system, shown in block-diagram 

FIGURE 5. Automatic systems for the measurement of 
capacitance parameters of muftipair communication 
cable. (Courtesy General Radio) 

Automattc F-7 
under Interface Digrtal 
test capacitor unlt computer 

Punched tape 

F l t U R E 7 .  Block diagram of cable capacitance-measuring 
system shown in Fig. 6. 

FIGURE 8. Statistical summary of results fmm cable 
capacitance-measuring system of Fig. 6. 
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form in Fig. 9/B), is an example of a test set developed by 
a manufacturer out of neccssity for in-house use and then 
offered for sale after prove-in. The set includcs a mini- 
computer for control and processing, a control panel, 
tape readcr, display ascilloscope, and teletypewriter Sor 
epcrator cornrnunicntion and printout, a device adaptor 
for connecting the circuit under tcst. and an interkcc 
system that providcs logic-level drive and scnse circuitry 
for digital circuits with tip to 240 pins. 

The system communicates with thc operator in Tcur 
ways. The operator control panel contains control but- 
tons and swilches to control the system operatian, and 
lamps to indicatc the go!no-go results of a test. A display 
oscilloscope serves as alphanumeric out put of trst condi- 
tions and results, and is alzo used to display instructions 
to the system operator. A teletypewriter and paper-tape 
readcr provide keyboard input. paper-lapc inp~rt and out- 
put, and printed output where a permanent record OF test 
resufts is desired. 

A key feature of the system is the use oF a high-lcvcl 
testset language that allows test programs to he prcpared 
by technicians farnilia~ with the Ferms of digitaf-logic 
circuits. The language contains English-like commands, 

which perform func~ions such as the following: 
1. Set specific inputs or outputs high or low. 
2. Check specif cd outputs aga~nrt output patterns 

specified in  the program. 
3. Generate propram "loops*"to allow selective repeti- 

tion of part of a program. 
4, Branch to another place in the program if specified 

output pattcrns exist. 
5. Print instructions or error comments to the operator, 
6. Insert specified delays in the program. 
A typical program is given in Fig. 9(C). Two types of 

programs may be prepared: a simple truth-table program 
to allow quick sorting of good and bad circuits or a more 
complicated diagnostic program to facilitate trouble- 
shooting and repair. Programs can he prepared either on 
line or off tine on paper tape. An interactive interpretive 
mode provided ("combined inzeractivc system") allows 
generation, translation, and execution of a test program 
an line. An "autoprogramming translator" permits the 
use oTa known good c~rcuit to ease program preparation 
by automatically recording output states. 

LSI circ~rirs. Continuous evolirtion in the technology 
of integrated circuits, particularly in the manuracturc of 
large-scale integrated arrays, has sparked much interest 
in automatic test systenrs, as well as some s o n t r ~ v e r s y . ~ ~ - ~ ~  
The development of the deviceq to he tested is  sunning 
somewhat ahead of the development of the test equip- 
ment. 

The title illustration shows a typical test system used in 
this area, the Teradyne J283 Circuit Test System, called 
the "slot machine" because of Its application in the test- 
ing of sequential logic. T h e  system consists of three free- 

- standing r~lcks or "kiosks," a teletypewritct, and one or 
more test decks. One rack contains a minicomputer and 
magnetic-tape transport. Another contains a control 

4 

Subassembly 

!esled 

Adaptor h 
1-1 I compder Drivers 1 1 

I ( user I 

FIGURE 9. Automatic system for functional 
testing of digital logic circuits. &-System. 
B-Block diagram. C-Typical program. 
(Caurtesy General Radio) 

J B O A R D  NUMBER 1790-4140 
/USE ADAPTOR 4 
/PROGRAM REVISION 1 
*I El, 2 ,  19, 15, 17) 
*O (20, 21, 2 2 ,  2 3 ,  3 0 1  
1; IH(#) OH (23. 2 3 )  
2 ;  IL (14, 2 )  
PRINT MOVE S1 TO POSITION 5 
AND PRESS CONTINUE 
PAUSE 1 
DO 5 ,  30 
3; IH 1 2 )  IL 117, $ 
4; I L  (1) OH (3Q1 
5 ;  IH (1) IL ( 2 )  OL (30) 
DELAY 100 
IGNORE (21, 2 2 )  
6; OL I201 
IF ( 2 3 )  7 
PRINT PROBE TEST POINT 1 AND I F  HIGH. 
THEN 1 C B  IS BAD 
OTHERWISE CHECK 1C6 ! 
PAUSE 2 ..................................... ..................................... 
END 
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unit, a CRO display unit. and a dc parametric measurc- 
ment unit. The third rack contains rnultiplrx relays, 
buffer amplifiers, and the drive and sense circuits for 
functional testing. 

The syacrn can perform functional and pnramctric 
tests on digital circuits with up to 120 inputloutput tcrmi- 
nalq over a range or +.lo volts. The functional test rate 
is 50 kl4.z. A clock-rate testcr is available in a separate 
kiosk 10 ptrmit funclionaI testing of dynamic MOS cir- 
cuits with clock rates of 10 Hz to 8 MHz. An lndependcnt 
dynamic trst  5ystem can also be incorporated to provide 
rneasurerncnts of propagation delay and rise and fall 
times on 48-pin devices. Programs are prepared on mag- 
netic tape, using the teletypewriter and display unit and 
a high-level test-set language. 

Analog circtrits. Figurc 10 shows an example of the 
Newlett-Packard 9500 Series Automatic Test Systcm,lr 
used lo test analog circuits. A system is configured from a 
selection or building-block rnodulcs, including com- 
puters, stirnu!us sources, measurement units, processing 
units (called converting and canditioning units), switch- 
ing units. and output units-most of which are corn- 
mcrcial test instruments. Also shown is n block diagram 
of one of the simpler configurations. Figure I I gives a 
program used to test the gain versus Frcqucncy or an 
audio amplifier. Thc program language is  HP Basic, ct 

modified version of the "Beginner? All-Purpose Symbolic 
Instruction Cods" dsveloped at Dartmouth College in 
the mid-sixties. Thc software includes a 5500-word in- 
terpretive compiler and "software-driver" routines for 
the hardware elcmenls. 

Figurc 1 2  shows the instrumentation Engineering 
System 390, a computer-controlled systcrn far the testing 
of printed-circuit hoards-blank, digital, analog, or 
hybrid-or other forms of circuits. The system is another 

example of a modular building-block approach that 
allows a system t o  be configured from a selection of 
rtirnulus, rncasurement, switching, control, and outrut 
units. The system software uTes Atlas language and can 
be used in a compile-before-run mode or in an interpretive 
direct-run mode. t 

hJilEtary systems. As is true of almost all our tech- - 
nolngy, many significant advances in automatic test 
systems have been spurred by Ihc requirements (and the 
money) ~f the military services. Many military contrac- 
tors (Northtop, LTV, General Dynamics, etc.) have 
furthered the art of automatic testing. Although this 
article is not directed specificfitly t o  such equipment or 
such applications, ;l brief description of onc program 
may he useful. 

The VAST (Versatile Avionics Shop Test) systernt"l¶ 
has been develomd by PRD Electronics over the past ten 
years o r  so under several Navy contracts. About $100 
milEion has been spent to date, 

The system is intended for mnintenance tests, both 
aboard ship and a t  supporting shore sites, an the avionic 
equipmcnt i n  Navy aircraft, particularly the new Lack- 
heed S-3A, the Grumman E-2C and F-14A, and Ihe LTV 
A-7E. This project influences not only the testing of 
the avionic equipment but also the hasic design and 
packaging of the equipment itfelf, since the sl~pplicrs of 
the aircraft and avionics equipment will be required t o  
providc interrace devices {device adaptors) and compati- 
blc test programs, and demonstrate that the equipment 
can indced hc t t~tpr l  2nd diagnosed on the VAST system. 

Figurc 13 showr a typicaI VAST test station, The hard- 
ware contains three basic sections: 

1 .  The computer subsystem, which includes a general- 
purpose digital computer and two magnetic-tape trans- t! ports. 

FIGURE 10. Automatic test system far analog 
circuits. {Courtesy Hewlett-Packard) 
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collection of stimulus, measurcmcnt. conditioning. 
swrtching, adaptor units, ctc. (usually cornmcrcisl items) 
plus spcial ly  designed interface circuits for control and 
communication with a "line computer'" on a rnultiplexcd 
basis. Srvtrztl Tine computers in turn communicate with a 
central ''collec~ion computer'" for data collec~ion on mag- 
netic tape. Programs are prepared and data are aanlyzed 
on an isolatetl " ulili ty compu6erV and associatd pcriph- 
cml, units. The system uses n special compiler language, 
TCOMP, bascd on Fortran IV, which allows program 
preparation by test engineers rather than progamrnebs. 

Cost. The prices of cornrnerciai at~tomatic test 
systems seem to cluster about decade and half-decade 
vaEues (1 :3: 10). with, of coune, a continuum in hctween. 
Table I1 shows what lo expect. 

How to automate successfully 
There are  two basic approaches to achieving autonla- 

tion : the do-it-yourself approach and the buy-11-outside 
approach, with several gadat ions in between. In the do- 
it-yourself approach you attcmpt to do as much of thc 
job in house as your time, talent, and budget allow. (Of 
course you have to buy something-from wire and soldcr 
ro ICs or complete instruments or subsystems-but the 
basic responsibilities for design, procurement, fabrica- 
tion, assembly, test, documentation, ins-tallati~n, train- 
ing, and maintenance art: yours.) In the buy-it-outside 
approach you attcmpt t o  contract Tor as many of these 
services as pasqible. Either approach can suzceetl or 
either approach can  fziE, depending on how you go about 
it. The foliowing paragraphs discuss techniques that can 
make the second approach successlul. 

Getting started. First. study your task. Try the "mnn- 
From-Mars" technique and mentally stcp back as far as 
you can t o  visuahze your operation as part of an overall 
system, Then gradualIy narrow your view to specific 
operations. Where does the device to be test;.d come 
from :' Where does i t  go? What paper work goes with i t ?  
W h y ?  What happens 20 i t?  What tests are to be per- 
rorrned? Why? What accuracies are required? Why? 
What reports are required? Why? This exercise can some- 
times disclose unnecessary or redundant steps or opera- 
tions no longer required because of changes in other parts 
of the organization. Or it may disclose new or  impending 
requirements. 

?'he chickens in the other yard. Find out what other 
people with similar problems have done. Rtad, study, 
telephone, visit. Present your problem informally t o  a 
fcw potential suppEiers to get their ideas. Don't tell lhem 
how t a  do it; Sell them the basic task. You can suggest 
ways hut don't, at this stage, demand them. Others may 
have different ideas bascd on previous experience; 
you're not committed to follow them. 

Put it in writing. Prei~arc a written specification for 
your automatic system. This exercise will cfarify your 
thinking and provide an essential tool for yon and the 
supplier. Again, specify what the system must d o  rather 
than how to do it. Separate your specifications into 
''must have" and *'would Iikc." Tn other words, don't 
demand 0.1 [rercent accuracy if 1 percent will do; don't 
demand four-week delivery if 12 weeks will do. Yau can 
gct almost anything you want, but cost and time will 
increase cxponen t ially as specifications get tougher. 

Get competitive hids. Send yaur ~pecificatian to as 
rnany vendors as you  ihink are quslified to do thc job. 

Give them timc to absorb the request and invite them in to 
discuss it  to make sure thcy undersranrl the require- 
ments. Krep prospective vendors separate unless you can 
handte a bidders' conference in a firm. unbiased manner. 

In some Ideal utopian world a prospective buyer would 
pct a group O K  three or bur  prospective vendors together 
and ray, "'Look, rellows, I've got $37 500 and this 1s the 4 

job I'd like done. What  can you civr me'" The vendors 
would leave and come hack lakr with thew best pro- 
posals-all priced at about $35 000 (w~th optional extras 
to S.15 000). 

Or, better yet, he might say. '"If I can get a machine to 
do ihesc things in four second? it's worih 337 50tI to me. 
I f  you can get it down to two seconds it's worth S75 flOO!" 

In the real world this does not happen often. A buycr 
isafraid that the vendors will combine their efiorts to milk 
him of his money for a machine of lesser value. This, of 
course, is a small danger, since most vendors are  engaged 
in a competitive life-or-dcath struggle and have na inten- 
tion of coopr'ratinp with each other. 

Get it ia writing. Request a writtcn proposal from your 
prospective suppliers in addition ro :t quotation. Thc 
proposal should lfrt and descr ik  the equipment to b% 
provided, both clectricslEy and physically. It chould 
dcfinc h e  specifications of the system as a whole. I t  
should de~crihe the operation of rl~e qyslern from the 
operator's point of view {rather lhnn the deagner's). 
It should describc the other services provided. such ss 
installation, training, warranty, and repair, It should in- 
clude a list of recommended spare part%. Gcl as many 
competitive bids as possible. 

Evaluatc the hids. When you open the bids you'll be 
rurprised. The prices will be hipher than you expected. 
the accuracies will bc poorer, the speed will be slower, 
you'll get tess equipment, thr equipment will be harder .1 

.to use, and you'll get fewer services. DonVt be dismayed; 
the approach can still succeed. 

There arc Four basic considerations in evaluatins the 
hids: the eyuipmcnt. the supplier, the economics, and 
yourself. 

Tile equipm~nr. Lean toward standard om-the-shelf 
itcms whenever possible. Such itcms are usually well de- 
bugged and conservatively specified, and will havc a good 
backup af instruction and maintenance manuals, avail- 
able spare parts, and trained service technicians. You 
may rcquire some modified or specially designed items, 
but i t  is important to appreciate the dilTerences lwtween 
these items and standard items. In this area you are h~ghly 
dependent on lhr zntegnty of the supplier. 

T h p  srrppIier. You shourd thoroughly evaluate the 

II. ComrnerciaE automatic test systems 
- - -. 

Prlce Range. 
dollars Description 

IDOW-30000 Hardware systems of dedicated capability. 
Sometimes with tape readers, patch hoards. or  
other farms ol semiautomatic control. Pr~nted or  
mach~ne.readablr? output 

30 000-100 000 Computer-controlled systems. O n f  or more test 
stations and processed output 

100 000-300 000 Computer-controlled with several test stattons. 
Flexible capahlllty and completely processed 

f 
4 

output 

300 -300-1 000 !XlO Mult~cornputer ~nsfatfalionr. Cenrral control with 
r~rnotc test centers end satellite test stat~ons 

- . - - - 



supplier. Where is he? What are his local sales and service 
facilities? What's his reputation? What else has Ile done 
like this? Wow did it work out? If you are contemplating 
a major expenditure, visit the suppliers' facililies. Talk 
to the people who will be doing your job. 

Tlre ~conomics. Arthough you have probahly made 
some form of economic anfilysii to  ertahlish your budget, 
do  it again based on the actual bids and thc actual through- 
put promised. Appendix & describes some methods used 
to compare investments. All melhods require an estimate 
of the initial investment and the first-year savings. 

The cost of thc initial investment includes not only 
the billed price of the equipment hut also the additional 
casts of installation, training, program preparation, spare 
parts, etc. As a rule of thumb, these costs can add 1 0  to 
15 percent to the cost of the equipment. 

The computation of operational savings rcquires an 
cstimate of thc cost of  doing a Joh with the new equip- 
ment versus doing ii the old way. The following fa'actors 
arc involved: 

1. Nt~rnbcr of units to bc tested. 
2. Number of typrs to be tcqtcd. 
3. Average fai lurc rate. 
4. Old labor costs, including ovrrhead. 
5. New la hor costs, ~ncluding overhead. 
6. Preparation time for tcst pmccdures. 
7. Sorting good units from bad. 
8. TrouhEeshaoting and repair of bad units. 
9. Tooling and maintenance. 
Table 111 shows a savings calculation for thc tcsling d 

logic-ctrcuit boards. The comparison i q  hetwecn thc use 
of manual test equipment and an automatic system. The 
rtsults ~llustratc two thinps.  firs^, the automatic equip- 

r ment saves $20 742 in doing a year's work; second, it  uses 
-. only 398 hours in  doing it. This ccduction in time i s ,  of 

course, the  reason for the  cost savings, hut  i t  also shows 
that the machine will bc sitting idle most of thc time. It 
will he underutilized and has thc capacity to pravidc 
greater savings during the year if the work volume in- 
creases. 

Armed with such an eslimate, you can find an ac- 
counting expert who can calculate the payback period 
or discounted rate of return or net present vafuc. You wit1 
usualIy find that you: arc tosinq money every day you are 
without the system-cven a h~gh-bid one. Amazingly 
enough, this is generally true (at least in the type of In- 
vestment discussed here). 

Yorirsel/. You s h o ~ ~ l d   valuate yourself along with the 
bids. Can you assign a system "'father" who will learn 
and maqter the system and nurture it as his own? (If 
i t ' s  foisted upon him by the 'Tront ofice," it will never 
work.) Do you have, or can you develop, the capability to 
get the most out of the system and keep it running? Will 
you rrain new people as the present people get promoted 
or leave? 

Follow-through. Once you've made up your mind and 
placed the order, get behind i t  sotidly. Keep in touch 
with the suppIier and work with him. Agree on an 
acceptance-test procedure-the simpler the h t te r .  If 
possible. visit his plant to  look at and try the equipment 
beforc it i s  shipped; last-minute modifications are 

f- accomplished much easier sr his plant than at yours. 
CC Pilot operation, When your new fystcm is installed, 

don't put it into rilll critical ~tsc at oncc; drive it slowIy 
for thc first " t O W  milts." You'll find bugs, either in 

your operation of the system (cockpit errors), or in 
the .set itself--early-life failures or some combination of 
switch positions that the designer never thought of. 
work these problems out patiently and smoothly and 
get your operators used to  the system. Then you can put 
it into ~ise with full confidence. 

Service and maintenance. Tf the system is really to do n 
joh for you, keeping it running i s  of prime importance. 
Most vendors provide free service at  your plant for 90 
days. T h i s  usually works well since most of your problems 
will occur early and, if the system IS in trial use, the few 
day5 (or weeks) it tnkes them won't hurt you much. 
Beyond the PO days, service at your plant will take time 
and will cost you-unless you've signed up for a service 
contract (For about Y: ppcrcent of the system price per 
month) or unless you're willing to diagnose the difficulty 
and send the derective item back to  the vendor. If the 
system is in critical usc and down time is disaqtrous, the 
best apprnarh is to tix i t  yot~rself. Thif requires people 
who know thc systum insidc out and a good stock of spare 
parts. The spare parts can range all the way from a k w  
reIays to spare circuit boards to spare instruments. 

Conclusion 
This article has attempted lo survey the state of auto- 

malion in electronic testing and to discuss some of the 
characteristics RF current approaches. The message is 
simple: automation is desirable and everyone should have 
It. Get i t  any way you can. Rent it, Eeasc ~ t ,  buy it, make 
it. It's not as easy to  achieve as it may seem (nothing 
worthwhile is) ,  but neither i s  it as hard. The rewards can 
be startl~ng and wi l l  bc in direct proportion to  the effort 
put in. 

111. Operating savings analysis, 
logic-circuit boards, annuat cost 

-- 

Manual Automatic 

Preparation: 
Number of types 
X hours per type 

Total hours 
x cost per hour 
-. 

cost 

Sortlng: 
Number a7 boards 
X rnrnutes per board 
Y, hours. per mrnute 
Total hours 
SC cost per hour - - 

Cort 

Troubleskootlng and repalr: 
Number of failures 
X minutes per failure 
x hours per minute 
Total hours 
X ~ o s t  per hour - - - -. . - - . 

Cost 

Tbbling and maintenance: 
Total hours 
X cost per hour - - - - - - - - 
Labor cost 
-I- material cost 

Cost 

Total cost 
T olal hours 
Cost savlngs 

10 
X 40 - 

400 
X 15 - 

$6 MID 

5 aoa 
X 10 

x 0.u; 
-. 

833 
X 15 -- 

$12 500 

l om 
X 3(1 

X 0.017 -- - 
500 

X 15 -- 
57 50D 

100 
x 10 - 

$1 003 
500 - - 

$1 500 

$27 500 
1 8 3 3  
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Appendix A. 
Software languages; some definitions" 

Figure 14 i5 a generic l~lnck diagram applicable to all 
computer systems. Any system can be considered as a 
subsystem consisting of some OF the elements in the 
diagram. Let us consider the function of cach dement, 
beginning with the lowesl. 

Raw machine. The base machinc consists OF registers 
and decision-making circuits that perform the basic 
data-procesging operations. This machinc is controll~d 
by signals for opening or  closing pates to allow the 
data t o  flow between the machin? registers. R i e w  signals 
are sometimes calfed the ~nicroprogmt~t of the machine, 
and the language that describes thir microprogram is 
called the re&:islrr-fmnsfer lon~uuyt.. Programs for basic 
machines are very complex and are usually dctermined 
only by the computer manufacturer; recently, however. 
machines that can he microprogrammed by the user have 
hccn introduced. 

Emolator. The emulator block usiiol!y consists of 
hardware decoding circuits or ;a rrad-only memory, 
which decodes certain bit patterns, calped the machine 
 rod^, t o  operate the basc machine. These circuits dcter- 
rnine what i s  usually called the insirriction SP! 01" !he 
machinc. Instructinns consist of a pattern of bits in an 
instruction word. Some special machines use a string or  
ASCII characters as the instruction set, so they may be 
progran~med diredly from an 1 1 0  device, wch :is a 
teletypewriter. A few rnachincs have been built whosc 
machine language is a high-level language. The emulator 
and base machine together make up what can be called 
:he real nracltine. This ir what we generatly buy From a 
computer manufacturer. 

Interpreter. The interpreter hlock defines a program, 
sometimes caIled an np~rutirr,q slgsrptt! .  or sitnulntor, 
which can he thought of as a means For converting the 
rcal machine into n new machine, calrrd a psc~r~ck~-nlerlrinr, 
whosc effective machine code is ditrcrcnt from that 
provided by the rcaf machinc. The machine codc for ~ h c  
pseudo-machinc, callcd inr~rprrrirc m&, is urually 
chosen to make the pseudo-machine perform morc 
directly those functions desired by the application. 
As a consequence, the  program in interpretive code 
requires fewer bits of memory than  the same program 
would require in machine code directly. 

This eficiency in memory space is obtained a t  the 
expense of both speed and fle~ibility. The pseudo-machine 
usuaIly executes the prograin at a sIawrr rate t h a n  would 
occur with the =me program coded in machine code. 
Also, the pseudo-machine will lend to be less general 
than the real machine. The interpreter is designed for the 
efeect~ve performance of certain functions needed hy thc 
class of programs for which i t  was intended. Conse- 
quently, it performs certain other functions poorly and, 
in fact, it may not allow the programmer to perform still 
other functions at alt. 

Program store. The proRrut?t sfare block consists of 
!he medium in which the program is stored. It may be 
either care rncrnory or paper tape. 

Tranolatnr. Thc ~rnnslrrtor aakcz thc source codr 
generated by the progrrtmmer. often pcrforrns somc 

' The thoughts in this Appelltlkr were prnviderf by IN G. F ~ ~ l k s  of  
Gencr:ri R;~dro Company: the words wtrc compiltd bv rhs ~~utl ior .  

rudimentary chccking for errors. and translates the 
programmer's statements into interpretive code. Note 
rhnt  translation is not part of the real-time operating 
environment. It is performed once when the program is 
written, either on thc machine in question or some other 
tnachine of A difirent type, or even rnanual!y by the 
programmer. If thc tran5lntion is performed mostly by - 
machine, the solrrce languaye that the propramrncr 
uses can use terms very close to the terms in which he 
thinks about the problem. If this i s  the case, he is using 
h i ~ I ~ - l e u ~ l  latz:~~('a~e. 

Proprnrncr. If the machine translation prncess as 
relatively simple (such ns a hasic assembler), then the 
progminmer must first translate his programs into the 
languagc needed by the tmnslator program. Thc closer 
the terms of the source language are  t o  the terms In 
which the pro_prarnmer considers the problem, the higher 
the Icvel of the language. The further the programmer 
has to translxtc his thauphrs into the terms of the machine, 
the lower the level of the ktnpuaec.. 

Degenerate cases. Therc arc many pracrjcaF systems 
where various parts of this hierarchy sccm to be missing. 
In these casrs the Functions are ;tctually absorbed by 
some other block. Some cxnrnples may illustrate this. 

Missing inr~rprrrer. In many systems the interpreter or 
operating system block is missing. This occurs with most 
of the software providcd hy minicomputer manufacturers 
wilh their systems, including Ihe following: 

t .  The assembler program requires the programmer Lo 
translate his problem Into a language very close to ma- 
chine code. It further translates his aqsembty-language 
code to machine codu. Whcn writing in assembly lan- 
guage the programmer has access to all the machine 
Functions provided by the machine designers. For this 
reason, good assembly-language programmers can write .- 

eflicient progranls that use the machine resourcc~ vffi- 
crrntly. TR small-computer systcms most OF the programs 
are usually written in assern bly language. since efficient 
LISP of the limited machine resources iq very important. 

2. A Fortran compiler t rans l~ tcs  a higher-lcvel lan- 
guage, Fortran, into machinc code. T h ~ s  enabSes the 
programmer of algebra~c problems to think morc in 
tcrms of the probIem and leave most of the transfation 
to the Fortran translator or compiler. Good compilers 
generally use machine rcsourct's more etfiiciently than a 
poor assembIy-language programmer aod less efficiently 
khan a good one. 

Missirj~ rransiafr,r. Therc ace several important soft- 
ware systrms in which the translator appears to bc miss- 
ing. Sn these syrterns the program 1s stored directly in the 
source language of the  programmer. Examples are most 
uses of Basic and Focal. In thcsc systems the program 
will tskr much more memory space than a translated 
program, since the source Ianguage cantainv much 
rcdundant information. In addition, the system wit1 
usrlally run slower since each program statement must 
be processed each time It is executed. These systems 
have the advantage of being easy to change on line and 
iiTe often morc interactive than those in which translation 
is needed. There are several programming languages 
rhat are used in this wny during program preparadon .- 
and debugging. Aftcr prove-in, the program is translated 
into machine codc for rzpetitivc use. * 

Between these examples is n continuum of possihlities. 
Thc skill of the system deripner determines which is the 
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FlGURE 14. Block diagram of a computer system. 

most appropriate for a given system problem. The right 
decision can result in the optimum use of program space 
and machine time. 

2 Appendix B. Economic justification 
for automatic test equipment 

Justifying an automatic test system from an economic 
standpoint i s  relatively easy. In fact, it can be said that 
automation, at almosl any price, i s  worth it-or soon will 
be. Looking backward or Forward ten years from any 
point of our lifetime we sec a smooth increase (with time) 
of the cost per unit aT produckion using skiIled Iabr 
only, and a decrease of the cast per unit using a cornhina- 
tion of semiskilled labor and automatic equipment. 
This seems a paradox, since the cost of automatic equip- 

ment itself might seem to be related ta the increasing cost 
of the labor that goes into the equipment. That it is not 
is due to the insatiable demand for the products of tech- 
nology, which causes, in turn, an increasing demand for 
automatic equipment and brings to bear the forces of 
"the economics of scale''; that is, the more items you 
make, the less their unit cost. Although the cost of the 
equipment goes up (after the initial decline from the first 
few developmental models), the efficiency of the equip- 
ment goes up even faster. This is further illustrated by  
the paradox of the equipment costlproduct cost ratio. 
When diodes soId for 51 -50 each you could buy a diode 
tester for $300. Now that diodes sell for a few pennies 
apiece, the test equipment costs %100000? Morewr, 
the $100000 testers have helped achieve the price reduc- 

-- tion of the diodes. 
The real problem in automatic testing is not in justify- 

I-. ing automatic equipment, but in selecting which auto- 
matic equipment io buy. Even so, we art! stiIl called upon 
to justify such expenditures to our supervisors. The 

fololFowingparagraphs may help. 
The steps in justifying the purchase or construction of 

an automatic test system are identical to those in justify- 
ing any capital investment. Basically you have to compare 
the money saved by the new machine with the cost ol  
the machine, and esrablish that the use of the money 
required to buy the machine is better than any other use 
you can think of. 'The preceding sentence makes it sound 
easy, but a rigorous analysis can get quite complicated, 
for here we leave the comfottal>Ie world of volts and ohms 
and enter the strange world or our professional colleagues 
in the accounting department, with its tax shields and 
discaunted cash flows. We quickly find that what we 
thought was a doilar isn't a dollar at all. It may be a half 
dollar, or 75 cents, or even 51.25! This is the result of two 
aspects of  our economic system: the corporate income tax 
and the time value of money. you're a profit-making 
corporation, you can view any additional dollar of operat- 
ing expense or saving in its incremental efect on the  
profit of the corporation. If you "save" a do7lar you mud 
give half of it to the Federal Government as tax and you 
wind up with only half a doltar. Similatly, if you spend a 
d o b r  for operating expense, yoti reduce your tax by half 
of it and you're only out half a dollar. Thus some of 
the operating savings and expenses in the use of capital 
equipment arc viewed at half their value (tax shield]. 

The time value of money. on the other hand. shows 
us that a dollar to be saved during the next year is not 
worth a dollar today. In fact, i f  we can inved money and 
earn 10 percent o n  it, that dollar return spread over next 
year is worth only 95 cents today. Therefore, the time 
distribution of savings and expenses must be considered. 

Three basic methods are currently used to estimate the 
relative profitability of capital investments: return on 
investment, payback period, and discounted cash 
flow, ez.rB 

Return on investment. Several methods are used to 
estimate the percentage rate of return for a capital 
invcstrneni {in order to compare i t  with other possible 
Investments). A simplified versian is the MAPI far- 
mula,?' wherein you U I ; ~  the estimated savings in the 
firsl year of operation ta deterntine an "ureency rating," 
the percentage return in the first year. The folIowing cal- 
culation shows the urgeficy rating for a $30 ODD test sy+ 
tern that will provide savings of $1 5 000 a yeRr @ased on 
ten-year s~raightht-line depreciation). 

Operating savings: 915 000 
Less depreciation: 3 000 

Net operating advantage: 12 000 
Less added tax: 6 000 - 
After-tax return: 1 6 000 

6000 
Urgency rating = - - = 20 percent 

30 000 

Payback period. The payback period is the time 
necessary for the saving? (after taxes) to pay back or  
make up for the initial investment. The shorter the 
period, the better the investment. Rather than savings, 
total cash f l ~ w  is used; that is, depreciation charges are 
added to the actual savings, since these charges are an 
additional source of cash. (Depreciation dolhrs never 
leave the company; you've already paid for the machine.) 
Table IV compares two investments on this basis, a 
$30 000 system that will srrve the company $1 5 000 a year 

McA1eer-k look at nutomatic testing 



IV. Payback-period investment approach controlled test sy~icm,'' 
- - Aren, Cherry Hill, N.J., h 

Net Payback 5 .  RobroR; n. A,. '"void pitFalls in cornputcrlzed te5tinp," 
Invest- Opemtlng Deprecl- Return Cash Period, EIectron. Desi~n.  Aug. 16, 1469. 
ment Savhngs atlon After Tax Flow years 6. Wegncr. F.. Propamrnin~  Lannirages, InJonnation S r t r t c ~ r ~ ~ s .  

$ 3 0 0 ~ 1  $15 000 1 3 ~ a  56 Q O ~  $ 3000 3 ar~d Muclrirt~ 0r~u.uni:ntion. New York: McGraw-Hill. 1965. 
501100. M 000 5 O O ~  7 500 12 so0 4 7. Rosy, D. T.. "Fourth+peneration software-a building-block 

scicncc replaces hand-crafted art," Comprttrr D~cislons, Apr. 
1 Y 70. 
8. "IC test equipment buyer's gllidt,'' Salld Starc Technot., M a r .  

V. Discounted cash flow technique 1970, 
- 9. A.T.E. Re~orts .  Box 746. Camden. N.J. . . 

Depreci- ation Net Cash value at I O .  "Electronic industry rnnnuktcturing market< report." Theta 

(sum af Flow After *Percent Return Tcchnolofiv Corp.. Wethersfidd. Conn. 

Year Savings years) Taxes factor Amount t f .  Fulks, R. G.,  and Lamont, J., "An automatic computer. 
controlled system 6or the mcasurrment ol' cable canncitancu." 

I 515 000 $10 000 512 500 0.909 $11 363 IEEE ~ r o n ; .  Inslrrtmrnlotion ortd t f ~ a s r r r ~ n ~ e n t ,  vol. I M - t ? ,  
2 15ODO 8 000 11 500 0.751 8 637 pp. 299-303, Dec. 1968. 
3 15500 6 000 10 500 0.621 6 520 12. GIossut~, of Infegrared Circuit and Relar~d  T e r r n i n o [ o ~ v .  
4 1500D 4 000 9 500 0.513 4 873 Motorola ScrnEconductor Products Inc., Phoenix, Ariz. 
5 1500D 2000 8 500 Q.424 3 604 

Total: $75 000 $30 OD0 j5.2 500 134997 
13. Johnson, W. R . ,  Jr., "Proving out Earge PC boards," Elrc- 
~mnics, Mar, 15, 1971. 
14. F~chtenhaum, M. L., "A computer-controlled systcm for 
tealing dlJtal logfc circuils," NEREM RPC., pp. 38-39, 1969. 
15. Robinton, M, A,, "A critique of MOSILSI testing," EIcc- 
rronics, pp.  6 2 4 4 ,  Fcb. 1,  1971. 

and a $50 000 system that will save 820 000 a year, 16. Curran, L., "Rcaders reply on MOSILSI testing," ES~rtronics, 
Mar. t *  I'l71. 

Discounted cash Row. The discounted cash flow tech- HcM.rc.r,-Pockrrrd J+I., Aug, 
nique takes into account the smaller present value of 18, I,of~rhlin. R. G.. and McCoy. F.. "The introduction of 
future returns. The usual method is to tabulate all the VAST," prescnred at WESCON, LOS ~ n ~ e i e c ,  Calif., Aug. 1970. 
future savings, select a desired interest ratt ( o p p o r t i ~ ~ i t y  19. Fuller, E. J., and Proctor, J.  A., "The evolution and develop- 

mcnt or a digital tcst capability For vhsr," presented at  the Auto- 
cost), and the '' the returns '' ,,,tic Support Systems Symposium for Advanced Maintainability, 
present values by factors read from a discount table, st. Loujs, MO..  nct .  1971). 
You then add up all the discounted (reduced) returns, 20. EFlk. M. T., "Vitot : A gencrnl-purpose mulfipIe-dialect 
If the sum is than investment, do better automnt~c tcrt Yanguagc," presented at thc Automatic Support 

Systems Syln~osium for Adral~ced Main~ainnhiT!ty. St. Louis. 
than the selected interest rate; if it's less, you won't. MO., act. 197~. 
Table V shows this calculation for a $30 000 system that 21. Gundat. R.  K . ,  and King, J F , "4 ccntmt time-shnring 

will save $15 Q Q ~  a year for five years and a desired in- mini-compulw-providcs data collrction and automatic control 
o w r  TI varlc'ty or remotc lust system<," NEREAf 10 Terh. A p p l .  

terest rate of W percent {returns beyond five years and p,,,,s 
salvage value arc ignored). 12. Arnmer, D. S., Mnrrrrlacrrtring Md~rafcrnenf and Control. 1 

Since the total discounted value (net ~rescnt value) of NCW YorR: Applclon, 1968+ 

$34 997 is greater [ban the investment $30 n00, 9. HclTc& E ,  A,, T~rhr i i~ors  o f  Fiflarlcial A t~of , v~ i s .  Hornewood. 
I l l . :  Richard I). Ixwiri, Inc., 1967. 

actual rate of return is greater than the 20 percent selected. 24, rcrhargh, F, ,  ~ ~ , ~ i ~ ~ ~ , ~ ~  I ~ , ~ ~ C S ~ , , , P , , ~  pO(jC)s, ~ a ~ h i ~ ~ . ~ ~  nnd 
This technique can be refined by choosing d~fferent in- Alllea Products In<tfurte, Washir~glon. D.C.. 1958. 
terest rates and interpolnting until the net present value 
equals the investment, thus determining thc actual in- 
terest rate. 

The preceding methods are F'airly straightforward and 
relatively simpre. The procedure can be madc a good 
deal more complicated, however, if  all the fine point5 
are accounted for, such as the growth of operating savings 
from year to year as the equipment is utilized more (more 
volume, more shirts) or as the cost of labor #or paid for 
increases, the salvage value of the erluipment if and when 
you sell it, the interest-compounding period to be used 
(continuous, monthly, annually), nondepreciated start-up 
casts, varying fax rates, etC. If your company requircs 
such refined analysis you'd best consult a friend in the 
accounting department. Some equipment manufacturers 
provide foms, tables, chads, and even computer pro- 
grams to simplify the analysis, but. if you use them, 
make sure you apply the same techniques to  aH choices. 

I .  Lucey, R., and Ncwrh. D., "When to inspect all incom~ng: 
sernicanductors," Electron. Eqrripm~trt Er~g.,  Mor. 3968. 
2.  Holt, A,, and Stoupfiton. A,, "Guldclines for the purchare 
of memory tcsling equipmcnt," Ec:mlualion Ehr.. July/Aug. 1970. 
3.  Bartik, J .  J., "Common computer interfaces," IEEE Computcr 
Society, Mideastern Arm, Cherry Hill. N.J., Mar. 1971. 
4. Litzinger. 3., "HardwarelsoTtwarc characteristics oTn cornouter- 
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