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A CAHN£AS PUBLICATION 

Logic in Testingland-a tale 
of measurement techniques 
Repair costs grow larger, timing margins small, 

.i:;:::::::::::::::::;~but without Ie testing there may be no profits at all. 

Mutin Marsh.U. Associate Editor 

The road to Testingland is a strange one indeed. 
One path leads in directly, while another is quite 
long, twisted and agonizing to follow. Both paths 
proceed to the same point-the entrance 10 
Testing/and-but since the second is so strewn 
with broken epoxy and the bones of Chapter XI 
companies it is naturally the path that most 
companies choose to forrow. The journey begins 
with a deSigner-George , and a concept-the 
Gaussian curve. 

George orders Ie's from both distributors and 
manu(adurers. He gelS his parts and the spec 
sheets to go along with them, as well as the good 
will of the vendors. Now only one question 
remains: Will the lC's work in his applications, 
and will they keep working when his product is in 
the field? 

Once upon a spec ... 
Spec sheet numbers represent the manufactur­

er's best efforts to characterize the Ie. However, 
those efforts are often made on prototype devices 
and on samples taken from the first few lots. 
Subsequent process changes and field reports of 
performance limitations may modify the specs on 
an IC, but several runs of'CIevices may be shipped 
before the new paperwork is generated. 

Volume testing , to the IC manufacturer, means 
performing GO/NO-GO tes ts that try to select 
"good" devices, 99% of which fall somewhere 
between the min imum and maximum published 

limits for a given spec. The " t)'pical " spec quoted 
by the manufacturer and ""idely taken as gospel 
by deSigners means typical for the manufacturer's 
engineering characterization samples, not neces­
sarily for the user. 

In his shipment George may very well receive 
Ie's from one lot clustered at the minimum spec, 
as well as another lot clustered at the maximum, 
George, like most designers, wou ld like to 
be lieve the "typical" spec published by the 
manufacturer. He often cannot afford the perfor­
mance loss of designing against top-and-botlom 
worst case specs. Therefore. he may find totally 
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A " fypiu'" v.IIlue is iln illusion. The milnufilcturer usually 
generales his "typical" speciflcilt ions by ilverilglng dilla over 
sample lOIS. On the other hand, iI user's shipment may 
conlilm units from two different production tOls with greiltly 
dIffering specs. 
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correctly labels totally acceptable. these visions dancing in his head George could 

A slacked deck? 
When George lost the probabilistic game of 

designing against the manufacturers' bell curves, 
he fell that the deck was stacked against him. He 
suspected the manufacturers of carving out the 
middle of the bell curve for their best and highest 
volume customers . He ushered in a team from 
the manufacturer's test lab and showed them the 
IC's socketed in malfunctioning boards. The 
manufacturer's test learn then proceeded 10 show 
him their test data on the IC's and suggested that 
George had found a "misapplication" of the IC's 
limits. His test method, they politely suggested, 
was just a pack of pc cards. 

They pointed to extra screening programs of 
their own and of independent lest labs, each of 
which multiplied the cosl of the lC's to George 
severalfold. They then exited in a train , with 
words of encouragement to George and congrat­
ulations to each other, leaving George with the 
choice of scrapping the pc design, modifying it, 
or paying a premium for "selected" IC's. 

" There must be a better way," thought George, 
and he began contemplating how he could take 
up a collection for an incoming inspection IC 
lesler. He could coliect up to S100 for each bad IC 
caught by the tester that would otherwise wind 
up in the finished product , and he could collect 
up to S1000 for each IC caught by the tester that 
wou ld have otherwise failed in the field. He cou ld 
also collect from the design department for 
redesign time saved, as well as from the purchas­
ing department for saving the extra cost of 
selected IC's. He might even collect from the 
marketing department for providing them with a 

just begin 10 see the entrance to Teslingland. 

"Use your head ." 
AI the entrance to Teslmgland was a cross· 

road.Nexllo it was a post with signs reading lOGIC, 
MEMORIES. MICROPROCESSORS. lINEARS. 
PCB' s and HYBRIDS. running off in all 
directions. Under the signpost was a bell-curve 
shaped mushroom and on top of it . al a spot 
marked " typical," sal an Ie. The Ie was smoking a 
pile of money white ils pins kepi bending and 
seemingly talking among themselves. 



"How can I test your" asked George, who 
looked around to make sure that none of his 
colleagues overheard him talking to an Ie. The IC 
thought for a few nanoseconds, blew out a smoke 
ring in the shape of a dollar sign, and answered, 
"That depends on which forms of me you want to 
lest." 

"I'm trying to test a UART, a calcula tor chip, a 
watch chip, some ROM's, shift registers, gates, 
CCO's, adders, parity generators, decoders, flip­
flops and small scratch pads," said George. 

" UARH" said the Ie. 
" Yes, I am," said George. 
'Well, then , you had besl follow the path 

marked LOGIe. You'll find a Cheshire cat there 
who has slept near every IC baking oven from 
Texas to New Jersey to California, and he knows 
all my fau lts as well as I know his," said the Ie. 
"One branch of each path leads to the general 
purpose tester area, but you can decide that 
when you get to the Hall of Testers. On the 
underside of this bell curve are your testing 
budget constraints. One side makes the budget 
larger, the other makes it smaller. Take what you 
need, but don't use it all. You'll need the rest for 
software. " 

" How will I know how much testing is enough 
for me?" asked George. 

" Use your head," said the Ie, and it crawled off 
into the stock room. 

"The very thing t would have said." 
Not far along the path George saw a Dormouse 

sleeping by the side of the road. " Are you here to 

lest logic loo?" asked George. 
"Hmm?" said the Dormouse, "Oh yes, the very 

thing I wou ld have said." And it went back to 
sleep. 

"Good!" said George, loudly enough to wake 
the Dormouse, "then perhaps you can tell me 
which is the best method." 

"Method?" said the Dormouse, who thought 
for a moment, "Well, that depends on what you 
want to do." 

"I want to test logic," answered George. 
" Oh, no one is allowed to test logic around 

here except mathematicians and philosophers­
and occasionally politicians," said the Dormouse. 

"No, I mean logic Ie's," said George. 
"Oh yes, just what I would have said," said the 

Dormouse, " logic Ie's. I've been testing logic Ie's 
for almost ten years. I started with a couple of 
generators, an attenuator and a scope. ow I 
have an automated system." 

"What is your system comprised on" asked 
George, who was hoping it wouldn't be too 
elaborate. 

" It's simple," said the Dormouse, "I built iI 
myself. It has a power supply, some amplifiers 
and attenuators, and some switching circuitry that 
feeds everything into a simple, commercially 
bought socket. It's quite versati le. If I want to 
change from a 14-pin socket to a 16-pin socket­
or even to a 24-pin socket, if I ever need one-alii 
have to do is unsolder the wires from all the pins 
and solder them back onto the newsockel. I have 
some more switching on the output pins that 
channels a chosen output signal to a DMM." 

" What is automatic about itl" asked George. 
" Ah , that's the part I'm proudest of," said the 

Dormouse. "I have a lillie hexadecimal keyboard 
that tells the power supply what VOltage I want on 
the input pin and on the device power pin. Then 
all I have to do is switch a lever 10 indicate which 
pin is my input pin and another lever to indicate 
which pin is my output pin . I push a button that 
says 'test', the measurement appears on the LED 's 
of the DMM, and my logic is tested. " 

" I see," said George. 
"Yes, they are," said the Dormouse. 
" Can you measure propagation delays?" asked 

George. 
"No, but I can force VOltage or current and 

measure current, voltage and resistance," said 
the Dormouse. 

" How do you know the parameters will be the 
same when your logic is operating at rated 
speed?" asked George, who was still thinking 
about his malfunction ing pc boards. 

" I was told that tests were run in the late 1960's 
which showed a correlation between dc and ac 
parameters, " said the Dormouse. 
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"Twinkle , twinkle, twinkle, twinkle .. . " 
"How do you verify the truth table?" asked 

George. 
"Oh that's easy," said the Dormouse. " I just 

multiplex the input voltage to the appropriate 
p ins and switch the DMM to successive ou tp ut 
pins. Eventually I get the output word, and then I 
switch the input pins and measure another output 
word, and so on. It is rather slow, bUI it does the 
job." 

" Can you load the output pins?" asked George. 
" Oh sure ," beamed the Dormouse, " ali i do is 

get under the socket and 
solder resistors between 
the appropriate output 
p ins and grou nd. " 
"What about capacitance?" 
asked George. 

" life is so short ," mused the Dormouse . "why 
worry about everything?" 

" You are happy with your system, then?" asked 
George. 

" Oh no, not at all ," said the Dormouse. " It' s 
very noisy, and since it is a one-of-a-kind system, 
it 's much more expens ive than it should be. I 
have other things 10 do with my time than design 
lest sys tems, so I figure a test-system vendor can 
design a similar system both better and cheaper. 
Thai's wh y I'm here, to find one." 

"Well, then, you had best come with me," said 
George. "I 'm going to see the Cheshire cat , who 
knows all about IC's and testers. It can tell you 
which system to choose." 

" I 'm nol su re that would be wise," sa id the 
Dormo use, whose whiskers were stand ing o n 
end. " M y paren ts taught me that it is dangerous 
to lake advice from ca ts- Cheshire o r otherwise. " 

" You can hide behind my pocket calculator and 
" suggested George. The Dormouse 

agreed, and to calm itself on the 
sang George a song. It went : 

" Twinkle, twinkle, microcircuit 
How I wonder if you work it 

Pulses runn ing in my system 
Do you catch or do you miss 'em? 

Twinkle, twinkle, microcircuit 
How f wonder if you work it." 

And before long the Dormouse was asleep again , 
interrupting itself on l y occasionall y with a 
" Twin kl e, twinkle, twinkle, twinkle ... " 

"Do cats eat bats?" 
Not very far along, George came upon an 

enormous and obviously complex piece of 
branching logic , and sitting o n one of the 
branches was a Cheshire cal. It grinned from ear 
to ear and kept swish ing its tai l, which had the 
color markings of a precision 50n resisto r. 



"Do dc parameters correlate wilh ac parame­
ters? " asked George, hoping to obtain a more 
recent report than those alluded to by the 
Dormouse. 

" Yes," smiled the Cheshire cat , " for 551 and for 
some bipolar M51. Beyond that , no one knows for 
certain , but suspicion is that they don' l. 

" Why is that? " asked George, who nOliced that 
the Dormouse's ears were sticking up over the 
ENTER key in his pocket calculator. 

"Because of the rabbits ," said the Cheshire cal , 
" they conlrol the clock rate and signal flow . The 
faster they go, the more power they draw. The 
more power they draw, the more current they 
carry. The more current they carry, the greater 
the crosstalk induced on neighboring pins. Also , 
the more current they carry, the hOlier they gel , 
and the greater the chance of such effects as 
aluminum migration . Be especially wary of the 
latter. The more the aluminum migrates, the 
greater the chance that your device will start 
talking backwards-and that may not always be 
what you want it to do." 

The Dormouse, who never believed anything 
thai wasn ' t second-sourced, whispered " Tell me 
about the rabbits again , George." 

" Later," whispered George, who asked the 
Cheshire cat , " What will a dctester buy me, then?" 

" It will catch about 1-2% bad devices," said the 
Cheshire cal. " The IC manufacturer expects that 
on stabilized products. One percent is his AQL 
(Acceptable Quality Level) and another 1% is 
mislabeled or mishandled during shipment. You 
must remember that alilC manufacturers claim to 
test all of their devices de before shipment. " The 
Cheshire cat winked and swished its tail. 

Searching for the truth 
" What are my alternatives?" asked George. 
" To find out if a device is terling you the truth 

you should examine ils truth table ," said the 
Cheshire cal. " That requires pulsed input pat­
terns and some form of output pattern recogni­
tion. If you have N input pins then you have 2' 
possible input patterns, or 2'1' if M is the level of 
sequential logic on the Ie. If 2'1' becomes 100 big 
a number- which is bound to happen on 24-pin 
devices and larger-then you must make compro­
mises on the length of the test pallern. 

" To detect the output patterns you can use 
AND gates and a counter, or voltage comparator 
systems. The generic term for these systems is 
that of 'ac functional tester'. The subgenus classes 
are ' real-lime' and 'computer-rate', which means 
MHz and kHz data rates , respectively. Beyond 
that , everyone invents his own terminology." 

George noticed that the Dormouse was stand­
ing on the calculator staring up into the rather 
large glowing eyes of the Cheshire cat. For irises 
the Cheshire cat had red , yellow and green LED 

arrays that flashed whenever it spoke like an 
Aurora Borealis . The Dormouse was transfixed 
and swayed slowly at the clock rate of the 
Cheshire eat 's eyes. 

" Perhaps you could direct me to some ac 
functional testers," said George, who was drop­
ping the Dormouse inlO his pocket and hoping to 
appear nonchalanl. The Dormouse fell asleep 
immediately upon impact , interrupting itself only 
occasionally to purse up its whiskers as if to say 
" twinkle." 

" They are on the other side of the door," said 
the Cheshire cat , who disappeared with a swish of 
its tail. 

George looked around for a door, but could 
nol see one until he looked down at the trunk of 
the logic Iree. There was a small door marked " ac 
testing. " The Dormouse could fit inside it easily, 
bUI George-no way. So George ate a piece of the 
Ie's mushroom marked " Budget under 520,000," 
and suddenly became so small that he could 
actually ride on the shoulders of the Dormouse, 
that is , if the Dormouse was not continually 
falling asleep. 
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Tweedle DUT and KGD 
On the other side of the door George heard a 

good deal of splattering and munching, followed 
by shouts of "One-one! Zero-zero! One again!" 
The source of the shouting seemed to be a 
c reature with IwO heads arguing with itself, but 
upon closer examination George could see that it 
was actually two creatures with one head, each of 
whom was somehow linked by an arm. One had 
KGD (Known Good Device) embroidered on its 
collar, while the other had OUT (Device Under 
Tes!), bul aside from that they seemed identical. 

" I know a ONE when I taste one," said the one 
marked KGD, "and since I taste the outputs of the 
Known Good Device that means that you must be 
wrong." 

"And J know a ZERO when r taste one," said the 
o ne marked OUT. 

"You see there, you admit tast ing a ONE and 
thinking that it is a ZERO. Ergot, your logic is 
fault!" said the KGD. 

"That's 'ergo', without the ' t',"said the OUT, 
"which proves that you r logic is faulty." 

"If I prefer tea with my ergo that is my own 
affair," said the KGD. 

"No way," said the OUT. 
"No how," said the KGD, and they both did a 

little dance. 
"Perhaps if you told me what you were arguing 

about," said George, " I could help you resolve 
the question." 

" The question has yet to be solved, let alone 
resolved ," said the OUT. "We each sample the 
output signals of different Ie's and then compare 
our results with each other. If the units are indeed 
functionally identical then our results should 
match. If not , then they assume that my Device 

Under Test is wrong and that his supposedly 
Known Good Device is right. My IC is rejected. My 
question is, how do they know that the KGD isn 't 
itself only marginally acceptable in its specs? If it 
is , then it can be used to rejecllC's that are good, 
but simply not on the same side of the bell curve 
as the KGD." 

"What is the testing mechanism?" asked 
George, who was trying to decide whether it was 
polite to mention the cherry sauce that was 
smeared on the faces of both KGO and OUT. 

A tray of tarts 

" It's quite simple," said KGD. " The Mad 
Pattern Generator throws clusters of cherry tarts 
at the input pins of the lC's being tested. If the 
tarts have cherry sauce in them, then they are 
ONE's. If they don't , then they are ZERO's. The 
cherry sauce is electrically charged and it enters 
the Ie with the waveshape of its pastry shell. It 
comes out the output pins according to the truth 
table of the Ie. That's what we taste to test." 

"Where does Pattern Generator get the cherry 
sauce for his tarts?" asked George. 

"Why, from Cherry Hill , of course," said both 
OUT and KGD simultaneously. OUT added that 
once a year everyone in the IC las ting business 
goes to Cherry Hill to hold a symposium, and 
that everyone returns with wheelbarrows full of 
new cherry patterns to throw at their IC's. 

" How do you capture the output information?" 
asked George, who noticed that the Mad Pattern 
Generator was off having tea with his tarts. 

"That depends upon our configuration," said 
the OUT. " In our simplest form we are AND gates 
that lead to a single·inpul counter. The Mad 
Pattern Generator first throws a particular pattern 



of tarts at a socket occupied by the KGD, then the 
counter records the total number of output 
transitions. Next the OUT replaces the KGD and 
the Mad Pattern Generator throws the same 
pattern of tarts at it. If the counter shows the 
same total, then we label the OUT 'accepted'." 

"We can also take other forms," said KGD. For 
example, we can be voltage comparators---one 
for each output pin-that are strobed by a signal 
from the Mad Pattern Generator. He throws an 
extra tart directly at us, and this tells us exactly 
when to compare the output cherry sauce with 
our reference cherry sauce. On the less expen­
sive system our outpu ts are compared directly by 
a parity tree. If our outputs differ, the parity tree 
pumps cherry sauce up to the red LED marked 
NO-GO." 

"On more expensive systems," added OUT. 
" KGD is replaced by a stored pattern in a 
computer. I compare the patterns I taste to those 
of the theoretical performance of the IC as 
simulated by the computer. If my taste differs 
from that of the computer's stored pattern, then I 
take a stack vector out of my pocket , write on it , 
and throw it back into the computer. That lets the 
com puler know which pattern I was on when the 
device failed. I then turn on the red NO-GO light 
and go to sleep until the next test. " 

At this point George noticed that KGD was 
gone-or rather, half-gone, since only his legs 
remained. They stuck out from under a large fur 
carpet , which was really no carpet at all but rather 
the Dormouse, who had fallen asleep again and 
rolled over on KGD. 

George and OUT pulled out KGD, who an­
nounced that it was tea time. They all danced in a 
ring around the Dormouse and KGD and OUT 
skipped off, singing: 

" We once had a tester of dc 
And found the programming quite easy 
But with dynamiC chips 
It's so easy to slip 
That now we test functional ae. " 

The hatful 01 patterns 
By now the Mad PaUern Generator had fin­

ished his tea and was busily arranging his tarts. 
George stood nearby, waiting for an appropriate 
time to speak. The Mad Pattern Generator spoke 
first. " Your hair wants cutting," he said , although 
he hadn 't looked at George. 

" It' s too late for that now," said George, " too 
many of us have graduated from college and 
assumed important positions in the industry. " 
" Besides." he added, remembering, " my hair is 
short. " 

"Well , then it needs to be grown longer," said 
the Mad Pattern Generator, conclusively. 

George thought the conversation had gotten 
off on the wrong footing. so he tried again. " Why 
do they call you Mad?" he asked. 

" I'm not, really, though I sometimes seem to be 
when I'm throwing out random patterns," said 
the Mad Pattern Generator. He pOinted to his hat 
and whispered confidentially, " Actually. very few 
of the patterns are truly random. Most of them 
are generated according to a Grey code that I 
keep in the lining of my hat. The Grey code is a 
pseudorandom formula that allows only one 
input pin in a pattern to change at a time. If it 
were truly random then any number of input pins 
could change state. " 

" Why do you use random patterns-pseudo or 
otherwise?" asked George. 

" If the test system is inexpensive or if the logic 
I 'm testing is too complex , then' must compro­
mise somewhere," said the Mad Pattern Genera· 
tor. " Psuedorandom patterns are generated from 
a formula-which means they can be as long or as 
short as you want. If you want to throw all 
possible patterns at a given IC. not only do you 
get long lest times, but also a long and complex 
software program." 

" Is there any advantage to that? " asked George. 
"There are advantages to an entirely systematic 

approach," said the Mad Pattern Generator. " For 
example, those interested in low-budget , GOI 
NO-GO testing generally put together pseudo­
random pattern generation with comparison out­
put detection using a KGD. This saves them an 
enormous amount of software preparation. Those 
interested in fault diagnosis and very accurate 
tests buy a more expensive, computer-controlled 
system with large pattern storage capability, word 
generators and stored theoretical truth tables 
rather than KGD comparisons. 

" To compare the efficacy of the two approach­
es , by the way, Continental Testing laboratories 
tested 634 marginal lC's of the 7483-type on both 
an Alma 480B and a Fairchild Sentry 610. The Alma 
system, which is a GOINO·GO type. caught 192 
lC's that failed the truth table , while the Sentry 
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610, which is in the bit tes ter class, caught 223. " 
"You seem quite sane to me," said George, 

who was busily taking notes. 
"Actually, there is one thing that makes me 

mad," said the Mad Pattern Generator, whose 
eyes turned yellow as his breath began to steam. 
"U's these tarts. Just look at them. There's hardly 
any waveshape at all on a good many of them. I've 
seen 25% overshoot and more on some of them. 
II 's one thing to make sure that your Ie's can 
withstand sloppy input signals , but it's quite 
another to obscure test results with the inaccura­
cies of the test system. You 'd be surprised at how 
many people buy test systems without even 
observing the waveforms in the different parts of 
the system . In the larger, more expensive test 
systems they have state-of-the-tart pulse genera­
tors with complete control over the shape of the 
tart shell. In some of the less expensive ones you 
get things that are supposed to be square tarts, 
but which really look more like flapjacks." 

The Mad Pattern Generator then went back to 
breaking off undesirable pieces of tart shell and 
throwing them at passing Ie's. 

Bake, burn, spin and dunk 
When George went back to look for the 

Dormouse, all he found was the fading grin of the 
Cheshire cal. Suddenly he heard cries of distress 
coming from the other side of a thicket com­
prised of Kelvin twisted.pair connections. Care­
fully he worked his way through the thicket, until 
he beheld one of the most awesome Sights in all 
of Testingland: There before him was a large lake, 
and floating in it was an armada of lSI comprised 
of 50S/CMOS. high-powered Schottky TIL , I!l . 
CMl. and even ECl. These devices were being 
bombed and strafed by a test engineer whose 
epaulets read " JAN. " Jan then scooped the Ie's 
up and dropped them from great heights onto a 
minefield, where they were run over by a tank . 
George caught up with him just as he was pulling 
pin 14 of a 1/10 CMOS decoder chip back into a 
half-nelson . 

" What kind of testing is this?" asked George. 
" I have not yet begun to test!" shouted JAN . 

" This is only the conditioning. " Next he took out 
a torch and began chasing an lSI around a table , 
whose only inscription was "TRUTH." 
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"And what is 10 be gained by this condition­
ing?" asked George, while the JAN was tying the 
pins of the lSI down to the table. 

" About 1·2% exira bad Ie's on the average, but 
there is no average. Every Ie is an individual 
case, " said JAN, and he held a box marked 
" DA GER, RADIATION" over the IC, which by 
now was squirming on the truth table. 

" When Uncle Sam pays as much as he does for 
a Rei A or Rei B grade Ie he has a right to get one 
thai works. Thai 'S why the military standard 
883-38510 program was put into effeci. We find 
conditioning a good way to drop out Ie's that 
work in the test sockel , but that have shori 
lifetimes in the field ." 

"What kind of conditioning do you do?" asked 
George. 

"We use slabilizalion bake. Ihermal shock, and 
mechanical shock ." said JAN, who began jumping 
up and down on the IC, " as well as temperalure 
cycling . centrifuge. hermeticity. and burn·in. 
These achieve an acceleraled life in Ihe Ie's 
before any electrical tests are performed. Some· 
times we use irradiation as a substitute for 
thermal heal." 

" What kind of electrical lests do you recom· 
mend?" asked George. who had begun to brace 
himself by nibbling on a piece of the Ie's 
mushroom marked. " Budget over S100.000. " 

" That depends on the reliability level we want 
"'-
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to test for," said JAN. " Grade C is for the more 
complex commercial circuits . such as those inside 
a standard minicomputer. Simpler . noncritical 
circuits, such as those with only ten Ie's on a pc 
board. can gel by with class 0 testing. Class D . 
incidentally . is the one recommended by the IC 
manufacturers. Going up. class B lC's often cost 
five limes their commercial counterparts and are 
used in importanl groundsupport equipmenl. 
Class A lC's , which often cost ten or more limes 
Iheir commercial counlerparts . are used in air· 
crafl . satellites and other critical applicalions. If 
an IC doesn't pass any of Ihese tests we label it 
'class E' and sell it to the Red Army. " 

" Off wi th its head! " 
AI thai point the pin Ihat JAN had been pulling 

on broke. " Aha! Off with its head! " he ex· 
claimed, and began puUing out the lSI 's other 
pins . " Now, on electrical tests," he continued , 
" we always perform the standard dc parametric 
tests on every Ie. Whenever possible we run all of 
Ihe 2'" input patterns 10 verify its truth table. For 
class A and B devices we will often run extended 
pseudo random pallerns as well. 

" We also have direct single·shot ac parametric 
measurement capability. We bought it because of 
our need 10 lest class A and B devices; however, 
we use It for class C devices as well. If we didn ' t 
have the single·shot equipment , we could still 
measure propagation delays on a repetitive basis 
to within ~ 2 nsec by varying the strobe delay on 
Ihe ac functional comparalors . 

" We measure critical ac parameters partly for 
the same reason that we perform accelerated life 
tests. Tests run by my colleague George Nelson of 
the Naval Research laboratory, among others , 
have indicated a direct correlation between those 
Ie's with marginal ac parametric values and those 
that have early life failures in the field. With ac 
functional testing. even if we know the given 
pallern thai failed an IC. it's often hard to guess 
the physical cause of the failure. With direct ac 
parametric measurement it is much easier. 

" One place where ac parametric measurement 
has helped greatly has been with CMOS. The 
quiescenl power consumption test-basically a 
dc test, but performed under ac conditions-has 
been shown to be a definite indicator of early life 
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The lout f, iled is leu th~n the sum of the p~r1s /lweedle·deerJ in Ihis d~l~ from George Netson of Ihe Naval Research 
labor,lIIOry. W,shinglon, DC. because some IC's failed morc Ihan one kind orles!. George produced this dala after running dc 
parametric, real· lime functional.1md ac paramelric leslS on each of 9233 TIL devices. The IC's were screened to rellabill,y class 
8 of Mll-STD·863. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 
1 
1 
I ' 
I ' 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

failu res. On fas ter Jogic, such as Ee l , Pl and 
Schottky TIL, measu rement of propagation de· 
lays-and somet imes even switch ing times-can 
be an import ant b inn ing factor fo r Ie's that have 
passed both the de and trut h table tests." 

"How much does ac parame tric equi pment add 
to the cos i of a lest system?" asked George, who 
had been holding an eCUMSI while JAN delivered 
a series of body punches to it. 

"For us it costs an ex ira $80,000 to $100,000," 
said JAN, "bul tha t was because we needed dean 
subnanosecond risetime tarts to test EeL Cherry 
sauce channeling in the one nanosecond region 
is a very sticky business." 

A question of insig ht 
"Can you give me any hints on improving my Ie 

reliabil i ty using a lower cost tes ter?" asked 
George, who was beginning 10 wonder if such a 
Ihing was possible. 

"Yes," said JAN, who took George aside and 
looked around to make sure none of the Ie's 
were listening. "Ca ll up the IC manufacturer­
or beller yet. visit his plant-and ask him which 
production lines have been certif ied by the 
government for 38510·type parts. Since reliability 
is a built·in characteristic, the chances are thai 
commercial Ie's built on the same production 
line as military JAN parts will receive more 
attention than the same part s bui l t on a different 
production line by the same manufac turer. Often 
the only difference between a commerciallCand 
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a JAN part is the paperwork involved- that, and 
the differences that my' tes ter can detec!." 

George thanked JAN, who was ceremoniously 
awarding purple medals marked " JAN part­
reliabili ty level A, B, etc." to the assembled 
survivo rs amo ng his Ie's. As George turned away, 
he caught a glimpse of the face of the Chesh ire 
cat ma terializing on the horizon. He pursued it 
through a dense fog, which became lighter as he 
reached the crest of a hill. There he cou ld begin 
to see not only the Cheshire eat's face, but the 
moon as well. When the images coincided , 
George sa id to the cat, "You have led me through 
the measurement techniques, bu t wha t I need 
now is a tes t system. Where is th is Hall of Testers 
that you mentioned?" 

"Before introducing you to the Hall otresters it 
was first necessary to give you the insight to 
understand them," said the Cheshire cat. " The 
Hall of Testers is before you." And wi th that the 
Cheshire cat dissolved into the face of the moon. 

The fog lifted and George looked down to find 
a pile of test system brochures silling on his desk. 
Under the brochures he found a chart with notes 
appended to it and signed by the Cheshire cal. 
George sipped some black coffee and started to 
read. 0 
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Through the memory cells­
further explorations .of 

IC's in Testingland 
Part 2 of our semiconductor testing series reveals 

detail the intricate mechanisms of memory testing. 

M.ulin Marshall. A!>~()(iale Editor 

George was happy with the logic tester he 
bought after his first visit to Testingland (EDN 
1/20/76). but when his company introduced a 
product line that used a large number of memory 
devices he knew it was lime for another visit. So 
he picked out a 4k RAM from the stockroom, 
brought it into his office cubicle and closed the 
door. 

He began contemplating how a colleague at 
another company had experienced a 43% failure 
rale on an early shipment of 4k RAM's. Since his 
friend had not tested the Ie's, all the failures were 
al the pc-board level, costing him over 530,00I.I to 

repair the products. Through visions of scattered 
and malfunctioning pc boards. George could 
begin to see the entrance to Testing!and forming 
quickly before his eyes. 

" M emory is o ften my business." 

Once again the crossroads met near a post with 
signs reading lOGIC, MEMORIES, MICROPROC· 
ESSORS, PCB's, lINEARS and HYBRIDS. Once 
again a beU·curve shaped mushroom stood in the 
shade of the signpost, and once again the IC, this 
time wrapped in an epoxy cocoon marked 
"Memory," sat atop the bell curve and smoked a 



pile of money. Memory sat watching George a 
long time, pausing only occasionally to puff out a 
dollar-sign shaped smoke ring. Finally, George 
spoke. 

" Do you remember me?" he asked. 
Memory thought for a few hundred nanosec­

onds, puffed on its hookah and replied, "Memory 
is often my business." 

"Do you know how to test memories?" asked 
George. 

"I am the memory," said Memory, "and testing 
is a function more associated with Intelligence. 
The Cheshire cal is the symbol of intelligence, so 
he has become the expert on testing." 

"I'm more interested in results than intelli­
gence," said George (who had never once 
mentioned to his colleagues that he had played 
Hamlet at Yale University). " but I enjoy using 
intelligence to achieve those results. Where 
might I find this Cheshire cat?" 

Memory blew a stream of smoke into the air 
that engulfed them both in dreams of the wealth 
of money to be saved by producing products that 
work , as opposed to products that don't. George 
remembered that quality control is an old Yankee 
tradition that dates back to the cotton gin, not to 
mention the invention of electricity by the Nordic 
god, Thor. 

" Remember what you .re here for." 

As George was beginning to doze off into 
memories of great moments in the history of 
electronics he saw the face of the Cheshire cat 
materializing before him. Memory gathered up its 
bag of money and floated off back into the 
stockroom, casually remarking, " Remember what 
you are here for." 

The Cheshire cat just sat, grinning from ear to 

ear, so it seemed to George that starting a 
conversation was up to him. He asked, " How can 
I test my memories?" 

" The best way to test memories," replied the 
Cheshire cat, "is by remembering things. If you 
remember them well enough, then you can 
compare them to what you expected to remem­
ber. If there is a difference, then your memory is 
faulty." 

"So real-time functional testing is the way to 
go, then?" queried George. 

" Every system that describes itself as a memory 
tester has either 5-, 10- or 2O-MHz functional 
testing," explained the Cheshire cal. "A dc-only 
test system is usually not equipped 10 handle a 
dynamic chip, but several ac functional systems 
do add a de measurement capability and thus g!J 

make de measurements. " 
" What about timing measurements?" asked 

George. 
"Some people," said the Cheshire cat, " think 

that direct measurement of access times can be 
used in conjunction with minimal functional 
patterns to solve the problems of long test times 
on large memories. The trouble is, no one is sure 
yet just which access times are the most critical. 
And unless you know that you can wind up having 
as many access time measurements as you do 
functional patterns, and that is too many. " 

"What's the big deal about test times?" de­
manded George, who liked doing things in a 
straightforward fashion. " It seems that alii need 
do is to write a ONE into each of the memory cells 
and then read the whole memory. Then I do the 
same for ZERO's and I'm finished." 

" Failure is where you find it. " 

" You would be finished," said the Cheshire 
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cal, "bul not finished testing. You witl only have 
proved thai al least one of the cells in your 
memory works, and that each cell is not shorted 
to itself. If all the cell s in you r memory were wired 
together they would also pass thaI test. " 

" I had a feeling it was a lillIe too easy," said 
George, " bul then , what is the proper pallern?" 

The Cheshire cat just grinned and said, " Failure 
is where you find il. Often a different pattern o r 
set of patterns exists for each failure mode. If you 
want to find oul what has been tried, you should 
ask th e GO/NO·CO player. He supplies the Mad 
Pattern Generator with ideas for patterns." 

With that , the image of the Cheshire cal 
disappeared , as did the smoke surrounding 
George. He found himself on a grassy ridge 
overlooking a large (ield on which there stood 
what looked like a giant maze of hedgerows and 
brooks. Upon closer examination he noticed that 
the maze was actually quite struc tured . The main 
portion of it was square and divided into 64 
sections by the rows of hedges. These sections 
were in turn divided by 64 brooks runnin g 
perpendicular to the hedgerows , and ou t of these 
mazes there stretched 22 hedgerows that led to 
the periphery of the maze. 

"Come in and get me, Chopper !" 

George thought how much the maze resem­
bled a d iagram of a 4k RAM, with the hedgerows 
resembling the X-addresses and Ihe brooks 
resembling the Y-addresses. Suddenly he heard 
an electronically amplified voice shouting, "AII 
right , Bugs, , know you' re in there! Come on out 
with you r address lines up or "II come in and gel 
you. " 

Geo rge immediately recognized the voice as 
belonging to the Mad Pallern Generator. He 
spotted him crouched behind a loudspeaker in a 
formation of squad ca rs near the peripheral 
hedgerows. Anothe r voice shouted from the 
maze, "Come in and ge t me, Chopper! You'll 
never find me in all this mess." 

George hurried down the hill to join the Mad 
Pattern Generator, who now was reading from a 
paper tape marked with ONE's and ZERO's. 
George gOI there just in time to see him pick 
through a wheelbarrow fuJI of cherry tarts. 

" It is the cause," 

" He thinks he can hide from me, does he' " 
roared the Mad Pattern Generator. " Sixteen 
mi ll ion pallern s I 've used up al ready, but this 
time I'm going to mash th is electrified cherry 
sauce right in his face!" And before George could 
stop him the Mad Pattern Generator scopped up 
an armfu l of tarts and stomped off into the input 
hedgerows, shouting " It is the cause. It is the 

cause, my soul. Oh, let me not name it to you, 
you chas te formulae. It is the cause. " 

'n the quiet left behind by the Mad Pattern 
Generator, George heard a soft clicking noise 
coming from behind one of the squad ca rs. He 
followed it to find a test engineer wearing a silk 
lab coat embroidered with the words GO/NO­
GO, as well as Maxwell's equat ions and silk 
screens of successive mask changes of the 
1103-type RAM. The clicking noise resulted f rom 
the engineer placing several liUle white 
stones marked ONE and litt le black stones 
marked ZERO on a wooden gridwork before him. 
He set a pattern of stones on the gridwork and 
copied it onto a paper tape simi lar to that used by 
the Mad Pattern Generator. 

The GO/NO-GO player 

George sat watching the GO/NO-GO player's 
process for a while . Finally , he asked, " How is it 
that you know the failure modes of a memory?" 

'" guess," said the GO/NO-GO player, " but my 
guesses usually are based on experience." He 
continued placing ZERO's and ONE's. 

"And what is your experience?" asked George. 
The GO/NO-GO player , examining the pattern 

he had just created, answered, " My experience is 
that most memory bugs duster into groups, like 
villagers at a few, easily named hamlets. A few 



others roam through the memory like outlaws, 
and are thus very hard to find. The majority of 
bugs, I have found, hide in these places: 

Memory cell opens or shorts 
Address decoder opens or shorts 
Access times 
Surrounding cell disturbances" 

"How do you determine the patterns that will 
reveal these failure modes?" asked George. 

"On a one-by-one basis," replied the GO/NO· 
GO player. "No one functional pattern can find 
all of Bugs' hideouts. The geometry of the 
memory cell also introduces an unknown factor." 

"J would think that the Ie manufacturers would 
supply a detailed description of their memory's 
internal geometry, so that you cou ld determine 
the physical effect of your patterns." 

"That wou ld be most accommodating," said 
the GO/NO-GO player, "but, unfortunately, the 
arrangement of, for example, cell '4095 adjacent 
to cell NOOOO may give one manufacturer an edge 
over his competitors. He then declares the entire 
cell geometry proprietary and his users are left 
puzzling over the true effects of their patterns." 

Stone buttons danced upon the grid 
The GO/ O-GO player motioned to the grid­

work before him, saying "These patterns assume 
a 64-cell by 64-cell array, with the first cell in one 
corner and the last cell in the opposite corner. 
The cell addresses increase in linear fashion. 
Other memories may have a 32- by 128-cell 
arangement , or even a dual-16 by 128-cell geome· 
try, and within each the rows and columns may be 
deSignated in different orders. Many patterns are 
immune to variations in cell geometry. Some, 
however, are quite susceptible and their purpose 
is thwarted." 

"Can you give me some specific patterns based 
upon this model?" asked George. 

" Certainly," said the GO/NO-GO player. He 
placed the ZERO's and ONE's on his gridwork so 
that a diagonal of ONE's stood out against a 
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Oi.lgon.ll p.lUer" deleets sense .lmplir,ers IhiU Me slow to 
recover. 

background of ZERO's. " This is a diagonal 
pattern," he explained. " II verifies that the 
address decoders are functional. If the add ress 
decoding lines malfunction by selecting multiple 
cells, then a ONE will appear in a cell off the 
diagonal. If a cell is inaccessible it will eventually 
appear as a ZERO in a diagonal of ONE's. 

He waved his hand over the gridwork and the 
columns of stones permuted themselves cyclical­
ly, so that the diagonal pattern traveled left- to· 
right across the grid and reappeared again on the 
left. After each wave of his hand, the GO/NO· GO 
player noted the contents of all cells on the grid 
on his paper tape. 

W.llking ONE's p.l llern moves .I "mgle bd through the entire 
grid, providing.l good test of the memory's cell ~ddress,"g II 
~Iso delec1S slow sense-~mp"fier recovery. 

" The diagonal pattern is a special case of the 
walking ONE's pattern ," he continued. " In the 
laller panern a single ONE is placed into one cell 
in the array and the other cells remain with their 
original ZERO's. All lhe bits are noted (read) and 
the ONE is changed to a ZERO. A ONE is then 
placed in the next cell and the process repeats ." 

George sat opposite the GO/NO-GO player 
and watched a single ONE progress through the 
gridwork with each wave of the GO/NO-CO 
player's hand. " The diagonal pallern is considera­
bly shorter," noted George. " So why use a 
walking ONE panern'" 

"Bugs is also a very resourceful player," replied 
the GO/NO·GO player . " If he hides in the 
sense-amplifier recovery portion , then the diago­
nal pattern will find him. He will cause a long 
string of 0 E's followed by a ZERO to be noted as 
all ONE's. If he hides somewhere else In the 
memory's functionality , then the walking patterns 
have a better chance to find him. If you wish to 
compromise on test pattern length then you may 
try a marching ONE's pattern." 

Marching to Bugs' hideout 

The GOINO-GO player started with a white 
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M.lrching ONE's paltern p'oYldc~ a minimal lest of functional­
ity ;nd addressing problems, but is poor at pinpointing 
difficulties in access limes, write recoveries and multiple cell 
selections. Afler any teSl, such as Ihe marching ONE's pallern, 
is performed, it's often followed by its complement-in this 
cue, a marching ZERO's paUern. 

stone in the first position and the rest black. He 
then waved his hand several l imes and each lime 
rhe slone in the next address turned from black to 
white. After each hand wave he noted only the 
stones that turned while. " This is a marching 
ONE's pauern ," he said, and he con tinued the 
process until all the stones were white. He then 
reversed the process, turning white stones black. 
"And this is a marching ZERO's pattern. A given 
pattern is o ften used with its complement, the 
same pallern with colors reversed." 

" It sounds like you have Bugs' hideouts pretty 
well covered ," sa id George. 

"Simples t wishes," said the GO/NO-GO play­
er, "are sometimes hardest 10 fulfill. Walking and 
marching pallerns are rich in discoveries of 
functionality and address hideouts, but poor in 
locating Bugs when he hides among the access 
times, write recoveries and multiple cell selec­
tions. Observe." 

The GO/NO-GO player placed a pattern on the 
grid . He noted the conten ts of the first cell and 
changed the statu s of the bit. He then observed 
the contents of a second cell a"'d retu rned 10 nole 
the conten ts of the first cell again. He continued 
noting the contents of other cells, each time 
return ing 10 verify that the bit in the first cell had 
not changed . When he had checked all cells in 
this fashion he moved 10 the second cell and 
changed its bit statu s. He then repeated the 
noting process, returning each time to the second 
cell. He continued until each cell had been used 
as a reference cell for Ihis " galloping" process. 

" This ga lloping pallern ," said the GO/NO-GO 

playe r, " tes ts all possible read/read transitions , as 
well as examining the disturbance caused jn other 
cells by writing in a given cell. It also gives a rough 
check of access limes between any two cell 
locations. " 

" Even the best trees bear some poor fruit." 

" II 's very long," sighed George, "but if it covers 
all the bases I suppose I can use it. " 

"Even the besllrees bear some poor frui t ," said 
Ihe GO/NO-GO player. " This pattern wi ll seek 
Bugs in access time, functionality, addressing and 
multiple cell se lection. But jf Bugs is hiding in a 
write recovery, then the chances of finding him 
are poor. " 

The GO/NO-GO player paused for a moment 
and considered. " If the cell geometry is known , 
then I can show you a much shorter galloping 
pattern. " He repeated the galloping pattern 
process, but this time instead of noting ~ of the 
olher cells alternately with a given cell he noted 
only the eight surrounding cells alternately with 
the subject cell. 

" This is a surround-disturb pattern," he said. 
" It has basically the same strengths and weak­
nesses of the first galloping pattern, except thai it 
checks far fewer access times." 

" Is there any way of checking write recovery 
times?" queried George. 

"Yes, but it requires a galloping pattern twice as 
long," replied the GO/NO-GO player. He noted 
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Galloping ONE's pallern leSIS all possible read/read transi· 
tlons. II also examines Ihe disturb~nce caused in other cells by 
writing in a given cell and provides a rough check of access 
limes belween any two cell locations. 



the second cell, then placed a ONE in it and 
observed the first celr. Rechecked the ONE in the 
second cell, he noted the first cell again and 
changed the 0 E in the second cell back to a 
ZERO. The test engineer repeated the process, 
each time noting both the first cell and a 
successive cell into which he had placed a ONE. 
When that process was completed, he snapped 
his fingers and the test pattern repeated itsel f 
many times , until each cell had a turn to be the 
reference cell in a series of comparisons, just as 
the first cell had been. 

Tea and porcelain 

" This is a galloping write-recovery paltern," 
said the GO/NO-GO player. "I t examines every 
write/read transition in the memory. While it is 
only a fair test of access times on some memories, 

it nevertheless is an excel lent test of functionality, 
addressing and multiple cell selection, as well as 
write recovery. " 

The GO/NO-GO player then set aside his bowls 
of ston es to offer George some tea . They 
eXChanged pleasantries about the weather and 
George expressed his admiration for the crafts­
manship of the painted porcelain leaware. The 
GO/NO-GO player informed him thai it was from 
the Chiang dynasty. 

After both had enjoyed their tea in silence, 
George spoke. "I noticed that the galloping 
write-recovery pallern required 12N: operations 
to complete, where N is the number of memory 
cells. On my 4k RAM's that would require at least 
90.6 seconds per chip. If I add a galloping 
ONE/ZERO pattern then each chip ties up my test 
system for over two minutes. " 
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The last rays of sunset 
"You are very observant," replied the GO/NO· 

CO player. " I anticipate thai, like the lasl rays of 
sunset, you would hold the beauty of a minute 
enclosed within a single second. I, too, seek this 
beauty. In pursuit of il l have developed patterns 
that vary according to N1I1 rather than N~. These 
patterns are shorter by a factor of Ni l:, which is 
about 60 for a 4k memory." 

The CO/NO-CO player then quickly showed 
George several :11: patterns. One \-\I3.S a walking 
column pattern, which was similar to a walking 
ONE pattern , except that it walked an entire 
column instead of a single cell. A variation of this 
pattern walked two columns simultaneously and 
was twice as fast. A second variation walked a 
complementary column , which is a column with 
one color stone in the top half and the opposite 
color stone on the bottom. All three tested quite 
well for Bugs' hideouts in the sense amplifiers 
and X-decoders, but Ihey were also less thorough 
than the N~ patterns in testing functionality. 

One more pattern. called the ga lloping column 
pallern . used a process similar to the galloping 
ONE/ZERO patlern, except that the galloping 
process was used only between the reference cell 
and cells in ils own row. A variant of this pallern, 
the galloping diagonal pattern , substituted the 
diagonal for the row in the galloping process. The 
galloping column, said the CO/NO-CO player, 
was designed as a worst case lest of the refresh 
cycles of the memory, just in case Bugs decided 
to hide there. The galloping diagonal explored 
the switching of the XV decoders and attempted 
to creale worst case access time transitions. but 
the COfNO-CO player explained that he was not 
yet convinced of the latter. 
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A m"'lor user 01 semIConductor memories tested hiS deVices 
both dc ~r"'metriutty oInd lunC1ionolUy .. t opeuting speeds. 
He screened his deVices roughly 10 military rehabill1y level C, 
or "good commercial" grade. In addilion to the m .. nuf~Clur­
er's suggested testS he applied a few pseudorandom and 
special-appliC,ttion patterns of hiS own. His own patterns were 
rel .. ted to computer usage and 'hey did not OOllaSI the 
suggested pallerns In lest length. The results he obt .. ined 
should not be Interpreted literally. Rather. they are a good 
indication of the magnitude of the overall problem of memory 
IC quality. 

" If a single star burns out. .... 
As the lale afternoon sun began to wane, the 

CO/NO-CO player wrote all the patterns he had 
shown George into a chart, along with his 
comments, and presented it to George for future 
use. George thanked, him and added: "By the 
way, if I were to use all o f these patterns in turn 
on a single memory chip, would I then be 100% 
sure of finding all the failure modes?" 

The GO/NO-GO player smiled with the wisdom 
of the ages and replied, "If a single star burns out 
in the heavens we may not notice until it comes 
crashing down upon us. Just recently, my col­
league George Nelson at the Naval Research 
Laboratory in Washington, DC, was testing high 
reliability CMOSISOS memories. He tried most of 
the popular patterns and collected the devices 
that passed. He then tested them with a modified 
galloping ONE's pattern in which each cell in the 
memory was read twice in a row instead of once 
on each galloping iteration. Thirty percent of 
them failed the test." 

At this point the GO/NO-GO player's eyes grew 
almost fond. "Bugs," he said, "can be a sub tle 
and complex player. He can hide so well that only 
JUSt the right combination of voltage levels, 
timing , tempera ture and stored pattern can bring 
him out. He can even hide in chains of formulae. 
Consider the changing of the number of ONE's in 
a given pattern. This corresponds to a change in 
the total charge on the memory chip, which 
causes a change in total capacitance, which in its 
turn causes a change in access times. Bugs can 
hide in any link in a chain of events. That is what 
makes him a worthy opponent. 



Thanks for the memo ries 
George and the COl O-GO player nodded in 

acknowledgement , and George rose to find his 

way back between the squad cars. He turned and 
asked, " Where might I find the Hall of Testers? " 

" A lest system is the vehicle for the exploration 
of the circuit ," said the COl O-GO player. " Step 
into the squad car, " 

George saw the Mad Pattern Generator sitting 
al the wheel of one of the squad cars and waving 
for George to jOin. George entered the back seat 
of the black-and-white and the Mad Pattern 
Generator began driving through the hedgerows 
maze at a dizzying speed, lights flashing and siren 
howling. The hedgerows and brooks began 10 
whirl by as in a dream, and the last thing that 
George remembered seeing was that the Mad 
Pattern Generator had been joined in the front 
seat by a little grey rabbi! who sat munching a 
carrot. 

When he awoke, George found himself at his 
desk before a large pile of test system brochures. 
At the bottom of the pile was another anotated 
chart signed by the Cheshire cat. Behind the 
brochures George fo und a set of porcelain 
teaware from the Chiang dynasty. George poured 
himself a cup of tea and read on. 0 
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Microprocessors 
in Testingland­

the jury receives 
its instructions 
Part III of our semiconductor testing series adjudicates 
the most embroiled issue of all-the microprocessor. 

Mulin Marshall , Associate editor 

logic and memory testing had become a familiar 
process to George after his first visits to Testing­
land (ED, • 1120176 and 2/20/76), but when his 
company decided to put "intelligence" in its 
produds he was faced with testing the most 
complex chip in the industry. the microproces­
sor. The scene is George's cubicle in the engi­
neering department. Enter George. holding a 
microprocessor and closing the door behind him. 

George: "0 thaI this 100, too complex chip 
would partition into recognizable blocks-or thai 
all its gates and wires would combine themselves 
into an introspective voltage upon a single pin. 
What a single pin thaI line would feed. that all the 
chip's logic and memory-and, yes, even the 
function of intelligence itself-would diagnose 
and reduce its decision to a simple ONE or ZERO 
on an output line. But no, a chip tests not itself 
but by incoming inspection. These dreams of 
self-testing lC's are for some better time, for 
some future generation who do not fight so 
intensely for chip area." 

To l est , or not to tes t 

(George holds the ~P up to fluorescent lights in 
contemplation.) 

' 'To lest, or not to test, that is the question. 
Whether it is cheaper in the end to pay the QC 

department outrageous fortunes, or to seek out 
functional patterns within a sea of complexity, 
and by so stimulating, lest them. To stimu late, to 
compare-to compare, perchance to overlook. 
Ah, there's the bug! For, in those instruction 
sequences, who is to say which voltage and 
timing conditions, which interrupted pattern 
sequences, will bear the name "worst case"? 
Indeed, how can I say any pattern is worst case so 
long as untested possibilities outnumber tested 
ones like the stars outnumber the trees~ 

" In thought, this is a machine of ONE's and 
ZERO's, but in reality those HIGH and LOW 
voltages depend upon such subtle physical inter­
actions as would turn the mind of Einstein awry, 
giving pause to his labors. A whisker of metal, the 
inftuence of a neighboring subcircuit, or a 
particular set of timing delays, these-and what 
far more subtle faclors I know not-can turn a 
good circuil into a malfunctioning monster." 

With that George once again begins to see the 
entrance to Testingland. Once again he finds 
himself before a crossroads neX1 to a signpost 
reading lOGIC, MEMORIES, MICROPROCES­
SORS, PCB's, lINEARS and HYBRIDS, and once 
again a bell-curve shaped mushroom stands in 
the shade of the signpost. But this time the IC is 
not to be found sitting on lOp of the mushroom 
smoking a pile of money. Instead, the Dormouse 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

"A iury of its pecf§" \\J~ (OntrlbuH.'d b\ f;lIflhild o;,y' It'm< 
T('rh r 1()loj:~ 10 {olllplcm('nr the COV('f II1('mt'. 

slumbers in the shade of the mushroom. 

Ccorge: ( loudl~ enough to wake the Dormouse) 
"Can you tell me wha t has become of the IC?" 

Dormouse: (Waking) "Oh yes, yes, the very 
question I wou ld have asked. We should have a 
management seminar about Ihal sometime." (The 
Dormouse goes back 10 sleep.) 

George: (Pinching the Dormouse awake) "No, I 
mean the Ie that sits o n this mushroom ," 

Dormouse : " There is no Ie silling on this 
mushroom. unless I'm mistaken . There used to 
be o ne, but ii 'S off al the trial. " 

George: "What tria!?" 

Dormouse: "Why, its own trial. of cou rse . II has 
become a member of the IJ.P'S and therefore must 
undergo incoming inspection. The Cheshire ca t is 
the judge, the Mad Pallern Generator is the 
prosecutor and I am the defense allorney. Oh 
dear, I'm very late!" (Dormouse falls asleep 
again.) 

The Dormouse's defense 

George puts the Dormouse in his pocket 
behind his calcula tor and walks down the path 
marked MICROPROC(SSORS into a densely for­
ested area. Suddenly he comes upon a large 
clearing in which a trial is obviously under.vay. 
Twelve assorted Ie's buzz about in the jury box. 
The Cheshire cal , wearing a black robe, sits at the 
bench. The Mad Pall ern Generator and the 
GO/NO-GO player si, at the prosecution table 
sipping tea , while the jJ.P sils at the defense table 
reading f.Q..t.I.. George deposits the Dormouse at 
the defense table and sit s in a neighboring chair 
just as the Cheshire cat finishes calling the court 
to order. The courl falls to a hush and the Mad 
Pallern Generator rises . 

Mad: "Your Honor, SS!. MSI and lSI of the jury. I 
intend to prove thai yon microprocessor is guilty 
of deviation from its manufacturer'S published 
specifications, and furthermore that said devia­
tions are not on ly academic in nature, but can, if 
this device is lefl in the SOciety of good Ie's, cause 
catastrophic failures that will bring down a whole 
system." 

Cheshire cat: " Does the defense have an opening 
statemenl?" 

Dormouse: " The defense-reSIS." (Dormouse 
falls asleep again . The jJ.P pinches its ear.) "Uh , 
which is to say, we in lend to show thaI all this fuss 
about quali ty conlrol is really much ado abou t 
nothing." (Turns to IUry) "Could my client 
pOSSibly be guilty? As fellow Ie's you need only 
look at it to appraise it. " is such a piece of work 
o f man! How limitless in faculty, with up t06Sk of 
memory! A hundred different inst ructions, each 
of which it will follow the best it can! In form and 
design how admirable! In calcula tion, how like a 
god! The paragon of l SI ! The state space of a 
minicompuler! The universal logic element and 
the true Prince of the industry!" 

(Applause from courtroom audience. The Dor­
mouse falls asleep on its feel. Cheshire cal bangs 
the gavel , waking the Dormouse.) 

Dormouse: " Oh yes, the defense resls ." (He 
sleeps. Gavel bangs.) 

The jJ.p speOiks 

jJ.P: (Rising) " As long as it is my incoming 
inspection I would like to put myfour, eight or 16 
bils into this conversation." 

Mad: (Ri sing angri ly) "Sit down, I'm prosecuting 
you and we' re controlling this lest'" 



Cheshire cat : (Bangs gavel toward Mad Pattern 
Generator) "One more pal1ern burst like that and 
I'll have your floppy disc removed from the 
Court." (To the jJ.P) "Continue." 

jJ.P: " I call Tweedle OUT and KGO (Device Under 
Test and Known Good Device) to the stand. 

Mad: (To Cheshire cat) "As prosecution I claim 
the right to call the first wilnesses. I call them as 
my witnesses." 

jJ.P: "Suil yourself, I'll cross-examine." 
(Tweedle OUT and KGD appear on the stand. 

After the appropriate protocol Ihe Mad Pattern 
Generator approache:. the stand.) 

Mad: "You both sampled and compared the 
outputs of the OUT with those of the KGO did you 
not?" 

OUT and KCO: (look at each other and wink) 
"We did. " 

Mad : "Are they in the courtroom~" 

OUT and KCO: "Yes." 

Mad: "Could you point them out for the court?" 

OUT : (Points to the I-LP) " That's the OUT." 

KCO: (Points to a jJ.P in the courtroom audience) 
"And that's the KGD." (The reference jJ.P is 
escorted 10 the prosecutor's lable. As il ap­
proaches, Ceorge notices that il has "Military 
Reliability level 'A'-tentative" stamped under its 
JAN label. Flash bulbs pop and the Cheshire cal 
bangs its gavel.) 

M ad: "And what was your finding?" 

. " It passed." 

Mad: (Taken aback, but recovering) " Perhaps you 
could tell the coun Ihe melhod you used 10 test 
the Ie's?" 

OUT and KCO : "Cenamly . We simultaneously 
sampled the outputs of both the KGO and DUT al 
intervals strobed by the system clock. We com­
pared the sampled outputs of corresponding pins 
and found no differences." 

M ad: "And what did you use 10 stimulate these 
devices?" 

The Tweedle tests 

OUT: "We used patterns Ihat you generated by 
throwing identical se ls of electrified cherry tarts 
at the Ie's. At (irSI you loaded the patterns 2k at a 
time in to your local memory, the tart tray, but 
then after every burst of 2k patterns we had to 
wait 40 msec while you reloaded you r larl Iray 
from the test system memory. This made for .15% 
duty cycle, which took us over 20 sec to sample 
the outpUIS of a multi.million byte palfern." 

KGO: " Then we went to algorilhmically gener. 
ated patterns that allowed us a 100% duty cycle, 
but required that your patterns be generated 
according to some relatively simple formula. 
Finding a relatively simple formula that would 
also test everything we wanted was not a relative­
ly simple task." 

Mad : "Aha! And I suppose thai you have records 
10 document all this activity?" 

OUT and KGO: " Heavens, no! Comparison 
testing is not intended for engineering character­
ization or any kind of sophisticated datalogging 
operation. We provide a low·cosl SOlu tion for 
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production tes ting based upon the validi ty of the 
input pallerns and the reliability of the reference 
~P. " 

M ad : " Your Honor, I request that the evidence of 
the Tweedle twins be stricken from the record 
because it was never, in facl , entered into the 
record . " 

Cheshi re cal : " It is very difficult to take some­
thing from nothing- unless, of course, you are an 
official of the government o r a large corporation. 
The jury is instructed, however, that the evidence 
presented was indicat ive, not conclusive." 

Mad : (To the f.lP) "Your wilne~ses." 

IJ.P: (To Mad Pallern Generator) "You are doing 
an excellent job of presen ting my cas~ for me. No 
quest ions. " 

The reference ",-P's version 

Cheshire ca l: " It seems to me that the credibility 
of the Tweedle tes timony depends upon the 
credibi lit y of the reference J.LP." 

M ad : "My point exactly, your Honor. I call the 
reference ""p 10 the stand." (Reference J.LP takes 
the stand.) "You are the reference ""P?" (Refer· 
ence J.LP whispers into Cheshire cat's eaL) 

Cheshire cal : " It requests that you address it 
either in the lega l operati on code~ Cop codes) 
detailed in its instruction manual or in its own 
symbolic mnemonic language." 

M ad : " I can' t go looking up op codes for 
everything I need 10 say. 11 would lake all day ! " 

J.LP: (Holding up a morlar board hat) " Here, wear 
this assembler. It conlains an embedded loo k·up 
table Ihat allows you to speak or program the test 
system direclly in the language of the J.LP." 

M ad : (To J.LP) " For this rel ief , much thanks-but 
I'm still watching you." (He dons mortar board 
and turn s to reference J.LP.) "Would you tell the 
court you r occupation? 

Ref. J.LP: "Du ring the day I contro l a po int·of·sale 
terminal at MacDonald's and at night I work 
parHime hold ing off the firing mechanism of an 
ICBM." 

M ad : " I see." 

Ref. J.LP: "Yes, I am." 

Mad: "Well, perhaps you can tel l us what 
happened Ihe afternoon of the comparison test? " 

Ref. fJ. P: "The defendant was placed in a test 
socket that was interfaced to an environmental 
test chamber. I was placed in a lest socket at 
ambient temperature and was given nominal 
voltage and timing conditions with which to 
perform. The defendant was subjected to temper· 
ature variations of 0 to +SScC and was fed 
incomple te pu lses of variable height. We were 
given the same ta sks to perform and we did so." 

A military IC 
M ad: "And how sure were you that the tasks that 
you performed were done correct ly?" 

Ref. J.LP: (To the music of Gi lbert & Sullivan's 
"Monarch of the Sea") '" am a military IC, a 
reliability 'A' Ie. I've been tested through and 
through, been through lough conditions 100. I've 
been visually inspected. I've been rattled and 
injected . An d though my supervisor, JAN , has 
done the best he can to make m e exercise my 
functions while he microscopes my junctions, still 
my answers came out righ!. " 

Cheshire cal: "Still his answers came out righl!" 

Ref. ""P: "Yes, that's right. They came oul right. " 
(Musk subsides.) 

Mad : (leaning over stand) '" notice that 'Ienla­
tive' j .. wrillen under your reliability label. Could 
you explain that 10 the court ?" 

Ref. J.LP: "Yes, definite Mil STD 883·38510 certifi ­
cation procedures have not yel been established 
for fJ.P's. Hence, the ' tenlative' label. " 



Mad : "So even !he mili!ary is not sure of )our 
performance! " 

Ref. ~P : "No sir. but the) are worl,ing on it." 

Mad: {To ~P) "Your witness." 

~P : (Rises. goes to witnes<; <;tand.) "No questions. 
but I would like to acknowledgp that the refer­
ence ~p and my~elf were born on the same 
assembly line. though not in the same lot." (The 
~p and reference ~p go through an elaborate 
handshaking procedure and both return to the 
defense table.) 

Enler Ihe GO/NO · GO player 

Mad : "I call the COl O·CO player to the stand." 
CCO/NO-CO player takes stand.) " Have you ever 
tested the defendant?" 

GO/NO·GO: " Yee;; . I have. 

Mad : " Would vou describe thoe;;e le<;t"?" 

GOI O -CO : "Yes. at Ihe time my concern was 
with the slahility of the reference device. Using 
an approach outlined by my colleague. Bob 
Huston of Faiflhild. I stored the response pat­
terns of the reference !J.P in Ihe memory of the 
test sys tem. These stored responses, rather Ihan 
the reference !J.p. were used tn subc;;equenl 
comparisons with the defendanl. Tht<; treed the 
lesls from any subsequent radures of the refer· 
ence ~P." 

Mad: "Is this data logged?" 

GO/NO·CO : A printout ha~ been supplied 10 the 
courl . and 10 the defense and prosecution." 

Mad : (Thumbing through printou1) " I see that 
there are only some 5k bytes in this lesl pattern 
(turns page) and less 'than 2k in this one. I have 
seen 4k RAM lest pallerns in excess of 16 million 
in length. Since Ihe ~P is more complex than a 4k 
RAM. why is its tesl pattern length so shorl?" 

GO/NO·GO: "In Ihese tests it was my objective 
10 find a minimal-length test pallern !hat wou ld 
also exercise the basic functionality of the !J.P. The 
second tes t you see there is Ihal recommended 
by Ihe ~p manufacturer." 

Mad : "So. if I underSland you correctly. your 
objeci was nollo find oul if the ~P always works. 
but to find out if it \vorks at all." 

GO/NO·CO : " II could be staled Ihat way. II is 

only fair to nole. however. that onc(' alilhe failure 
modes of a .... p are \...nown. then the te<; t program 
can be shorlened to lesl ani) for those failure 
modes. Such is !he case wilh mature memorieo:;. 
Iniliatl\ . N! patterns must be used. \\here N ic;; the 
number of cello:; in the memory . But when the 
failure modes are all known . the pattern .. (an be 
short('ned !o the order of N or N' :. \Vhen all the 
failures in the current generation of .... p.<; are 
known. then a like ~hortening of lest pattern 
length should be applicable." 

What is "enough" ? 

M ad: "And have J.l.P's-inciuding !Ill' def('n· 
dant-comc to that o:;tage ret? " 

CO/NO-GO: " No. although th(' c;;horter pallerns 
suggested by the vendors arc ba~ed upon ~me 
failure analysis as \\ell as some iJ pnOr! reckoning . 
One must also consider that the nature of a ~P i~ 
differenl from that of a memor) A typical8-bil J.l.P 
has -2 bits of internal memory . \\herea~ a 
memory chip might ha\ e Ihouc;;ands. A J.l.P also 
has la rge blocks of logic. such a .. th(' AlU . which 
are not as simply structured as a memory array. " 

Mad: "Is il nol .110:;0 true that these short te .. t 
pa tt erns were concoctC'd 10 overcome Ih(' limi!ed 
pattern length that nonalgorithmic pallNn gen· 
eralors could provide withou t going to a pattern­
burst process. and thus entailing a 50 /0 duty 
cycle ?" 

GO/NO· GO : "True. Palterns this .. hort Me man­
agE'able even by some very inexpensive test 
systems. It is also true that these tests examine 
the ~P's basic ability to perform conditional 
jumps. add numbers. carry bits. increment and 
decrement various registers . detect positive and 
nega tive values, rolate data left and righ t. transfer 
blocks of data between registers and exe<ute 
programmed interrupts. In shorl, the ability of a 
~P to perform each of ils individual functions with 
al least one set of dala is verified. These test 
patterns are to the .... p what a checkerboard 
paltern is to memory lesting. They are compaCI 
and very useful. but by no means comple!e." 

Mad: "Whal do you feel is lacking in these 5k 
length and less test patterns?" 

CO/NO-CO: Coverage. These patterns will re­
veal a slatic fault such as Oil stuck-at-ONE and they 
will also reveal a section's inabi l i ty to perform its 
basic function. Many field failures of lSI devices. 
however. are due to more subtle fa ilures such as 
propagation delay variation with data load. sense 
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amplifier recovery after cerlain data pallerns, and 
a collection of other failure modes that cannot <Ie; 

yel be identified in an OJ priori fashion. These 
failures, called 'inSlruClion sensili\ities' for lack of 
a beller name, are at present only revealed by a 
massive but coherent infu<;ion of input pauerns 10 

exerd'ie the f.lP." 

Mad: "Do you believtO'. then, that algorithmic 
pal1ern ~eneralion, whlc..h generates a conti nuous 
string of pallPrns in real-lime and Ciln be relative­
I)' inexpen.,i"€,, h the proper method for f.lP 
le<;ling?" 

CO/NO-GO : It i ~ eNtainly very u<;(,lul, and the 
economics 01 te<;ting can requ ire it. Bu t like a 
strong tfee in a monsoon storm, its flexibili ty is 
<;omcl imcs limited," 

learn , execute and diagnose 
Mad : "How so?" 

GO/NO-GO : 'The evolutionary procE'SS of find­
ing a new de\ ice's failure modes, isolating l he 
cau"es, and-II fonune smiles upon ~'ou­
crealing a compact functional pallern for produc­
tion tesling rl'quires man\' tools. One such 1001 is 
the random-logic patlNn generator." 

M ad : "You mean a pseudorandom Grey-tode 
pattern generator, which changes only one bit 
from one input word to the nex!?" 

GO/NO-GO : "No, Crey-c-ode generator<, also 
depend upon a fixed formula. I refer 10 those 
word generators whose local memories are load­
ed with paTTern bi ts arbitrari l), specified by the 
programmer. Such word generators are useful in 
so~called 'back-door cha raclerization' schemes. 
In these schemes someone finds a new failure 
mode in the field, and needs to develop a shorl 
program to test for that mode. If he has an 
arbitrary word generator, he can change his les t 
program fairly easily. If he has an algorithmic 
generalor, he may have to find a whole new 
formula. If he has bOlh algorithmic and arbitrary 
pattern generation, Ihen his flexibility increases. 
Such combined capability systems, however, cost 
upward of a quarler million dollars." 

Mad: "Do you find any other flaws in the 
algorithmic-pauern general ion technique?" 

GO/NO-GO: "Only Ihal, in some algori l hmic test 
sys lem configuralions, one can only sample Ihe 
IJ.-P address lines and not Ihe data bus lines." 

Mad: "Thank you." (To IJ.-P) "Your witness." 

The IJ.-P'S ordeal 
IJ.-P: (Walks over to the w itness box.) "It's good to 
see you again, GO/NO·GO player. As I reca ll , the 
last time we met was at my engineering character­
ization." (GO/NO-GO player smiles and nods.) 
"And, as 1 recall we performed some jests 
together." 

GO/NO-GO : "Yes, that is t rue." 

IJ.-P: "Would you mind telling the Court the 
'>peciiic approaches you chose to take in pro­
gramming Ihese 1Lmctional 'esls?" 

CO/NO-GO: " I wou ld be p leased. I began with 
an algorithmic pattern approach . It stimulated 
your rese t input, a !ask which took very few 
words to accompthh. I then incremented your 
program counter (PC) through its fu ll range. Your 
PC is 16 bits long, and can assume 65k differen t 
values. Earh instruction required four lest sys­
tems C)( IE''', so that the entire PC test required 
about 260k clock cycles." 

IJ.-P: "So you lested my PC completely?" 

Mad: (Rising) "Objection, Your Honor! The only 
instruction that was executed by lhe defendant in 
that test <,equence was ,1 'no operation' (No-op) 
tnSlruClion. The operat ion of the PC was not 
tested under a program load, as would be 
encour1tered in an actual application." 

Cheshire cal : "Objeclion noted. The witness will 
answer the question." 

CO/NO-CO: "As an independen t module, the 
PC was tes ted (or (unct ional i ty. It is true that 
varying loads of opera l ions would vary the total 
charge on the chip, thus changing the tolal 
capacitance and, thereby, aHcCling the various 
propagation delays within the chip. To explore 
the functioning of an entire program in each of 
the PC's 65k states would mean running 65k 
programs. Thai \\-'ould multiply Ihe lest times for 
the PC to a number beyond the scope of my 
abacus. " 

IJ.-P: "Did you lest any other functional b locks?" 

GO/NO-GO: "Yes, I used SOk clock cycles to lest 
your index register and associa ted memory. I 
loaded your Hand L memories with alternating 
ONE's and ZERO's, and then transferred the 
patterns among the various registe rs." 

IJ, P: "-UnTil the entire memory sec l ion was 
tested. Correc!?" 



M ad: "Object ion ! loading the memory registers 
with a long series of transfer instructions is an 
un likely end use for the J.lP." 

Cheshire cat: "Objection noted. The w itness will 
answer." 

The algori thmic procedure 

GO/NO -GO : "Ye~, within the limits of test time." 

J.lP: " I further recall that you went on to test my 
stack poin ter by incrementing and decrementing 
it through its full range, and that you used up 
some 260k clock cycles doing <;0. You then 
brought out the Hand l memories by tramFerring 
them to the stack pOinter." 

GO/NO-GO : "This is true." 

J.lP: "Then you spent SOk (Io<.k cycles on tes ting 
my AlU. \ou eXC'ftised its various fu nctions many 
times, using 21~ different bit patterns. You then 
spent on the order of Ik pallerns tes ting my 
accumulator. Using all 2~ of its poc;c;ible states you 
loaded, readback, rot,lIed and transferred the 
contents of nw a«umulator. Did I pass these 
teslsr" 

GO/NO-GO : "Your responses were like s\\eet 
orange blossoms carpc;sing the selling sun. 

J.lP: "In the 2k clod. qcle!:t that followed, you 
tested my timing and contr(ll logic. Since the re 
\ .. ere some 20 unte<,ted inslructionc; left, you used 
another lk clock "cles 10 exerci'Je each of 
Ihese." 

Mad : "Objection!" (Dormouse startles, then 
se tt les back to sleep.) "If so many pa tterns were 
required for each of the o ther instructions, how 
can we believe that a mere lk patterns will 
adequately tesl the remaining instructions?" 

Cheshire cat : "Noted. The witness will state the 
test results." 

GO/NO-GO : "The defendant passed." 

J.lP: "And did I not also pass several shorier 
tesls-including one recommended by my 
manufacturer-that were applied by arbilrary­
paltern word generators?" 

GO/NO-GO : "Yes." 

J.lP: "So, in essence, I have already passed the 
mos t rigorous electrical lests in the IC testing 
industry?" 

GO/NO-GO: "Yes, you have." 

.... P: (To the jury) "The conclusion is obvious. 
Since I have not been found guilty of any 
malfunction I must, therefore. be found innocenl 
and pass inspection." 

A. surpri se witness 

Mad : "Not so fast. I have one more witness locall 
beiore anyone starts drawing conclusions." 

Cheshi re ca t : "I see no new (haracters on the 
agenda." 

Mad : "This ic; a <iurprise \\dness. you r Honor." 
(Wheeling and pointing) "I call the defendant 10 

the stand!" 

liP: "Gladl\." (Takes stand) 'What can I do for 
you?" 

M ad : (Goes to prosecution table and pick!> up a 
tray full of cherry IMIS. He brings it to the witness 
stand.) "Thi .. arr,l\ 01 ell'ctrified cherry tarh 
represent,> a bindl'\' number that is 2k bils long. II 
cherry sauce is prc!:tent in the tart shell then it is a 
O'\lE; if not it is a ZERO. Faclor this number." 

.... P: "Gladl\'.· (The jJ.P sels about rapidly tasting 
and rearranging the tart<;. It continues while the 
Mad Pallern Cent'rator turn., to the IUry.) 

M ad : "Thl' que<,tioo of competence ot a compul­
er, be It on a chip or in an IBM 360. depends nOI 
only upon its ability to handle events that occur in 
the synchroniLed world of the CPU, but also in 
the highly asynchronous world outside-J.lP!" 
(The J.lP quickly ga thers up the tarts II is working 
on and Sluffs them, in order. into its stack.) 

.... P : "Yes~" 

M ad : "00 you mind being IOterrupted in your 
work?" 

J.lP: " ot at all. 

M Old : "Very \\eU, Ihen. Here, wear Ihis mask 
while you are working. <,0 that no one can 
interrupt you. ContInue." (The J.lP removes the 
stored tarts from Its stack and resumes its search 
pallern. The Mad Pallern Generator lurns back to 
the jury.) "You have Just wilnes<,ed an interrupt. 
The J.lP is now masked and should not respond to 
an interrupt requesl-IiP!" (The IJ,P continues 
sorting.) "Good, now we will see how the J.lP 
handles distraction." 
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Th e m o m ent of truth 

Mad Paltern Generator goes to the stand and 
removes,...p ma<;k. He replaces it and takes it away 
again, then turns to the iury. 

"As t was saying, the highly asynchronous 
nature of an interrupt makes it dif(icul, to 
determine exactly when one will come upon a 
worst case timing condition," He suddenly 
wheels toward the witness stand and shouts . 
"Microprocessor! " The startled p.P flings the 
entire tart Ira} into Ih(' ,lir , .,pewing tans in every 
direction over the courtroom. Realizing what It 

has done the ,...p sits in disgrace at the witness 
stand. No-ops. 

members of the IUry. 
is the paragon of the universal logic element 
and the Prince of the industry!" (To the Cheshire 
cat) " I submit. your Honor, that a prima facie case 
has been demonstrated againsl the defendant. I 
ask Ihat it be thrown on the junkpile and salvaged 
for its precious metals." (He returns to the 
prosecution table and sits with feet up.) ·'The 
prosecution rests." (The ..,..p rei urns to the de­
fense table.) 

Cheshire cat: "Does Ihe defense have any closing 
statements?" 

~p: "Yes, I would like 10 change my plea to guilty, 
with explanation." 

Cheshire ca l: ·'Continue." 

The ..,..p pleads 

..,..P: (Addressing court) " Imperfection itself need 
nol be cause for 10lal oblivion among inlelligent 

creations. Consider the design engineer. He 
performs his dulies in an inlelligent fashion , and 
yet how seldom it is thaI his first design works 
flawlessly. Indeed, how many engineers have 
examined a design long after their product is on 
the market and concluded that the product 
needed revision? Are these engineers thrown 
on to the scrap heap? Not of len, because Ihe 
c;ystems in which they work tolerate a certain 
number of errors. a<i long as the engineers 
perform the bulk of their work correct ly. 

'· 's there not , then. among all the systems in 
electronics , a socket where my one tragic flaw can 
be tolerated? J have useful funclions that are 
proven by experience-and wilh the discovery of 
my (law m)' selling price has dropped to a pitiable 
fraClion of my former cost. Therefore , put money 
in your purse! If I were a simple adder with a 
malfunctioning gate then the dictates of econom­
ics would be painfully clear, but as il is there are 
Ihousands of services that I can perform withoul a 
hint of imperfection. Therefore, put money in 
your purse! 

" lel not the \\heel of industry grind down its 
own prOll1 margin into a meaningless pile of 
ceramic dust and so many base and precious 
melals. Rather, put mane} in your purse! 

"Emplo) me III such capacity as befits my 
abilities and within such limits as to make my 
flaws irrelevant. The very universality of my 
design, which has caused me 10 be extensively 
Iried, should also be thai which saves me. If you 
are advoca tes of intelligence-and, of necessity, 
you are-then I know thai you will be loathe to 
destroy the work of a whole generation of IC 
design that I embody. Therefore, once again I ask 
of you, PUI money in your purse!" (..,..p goes back 
to the defense table, pauses and says:) 

"Use me in wh.ltever way ~'ou will 
So fonl: as I draw current stiff" 

(Courtroom applause, Cheshire (at b,mgsgavel.) 

Tomorrow and lomorrow 

George: (Rising) ·'If it please the Court, J have an 
application in which the .... p need nOI be con­
cerned with interrupts. If the appropriate dis­
count can be arranged, I would be happy to 
purchase the ..,..P." 

Cheshire cat: (Writing up a bill of sale and 
handing ilia the court Marshall) ·' It is 50 
ordered." (Cheshire ca t bangs its gavel. begins to 
rise, stops, and turns loward George.) 

"Life is but a Jacob's fadder 
Radiating new forms to the start 
f close this case 
Let us move apace 
Before they close the bars" 



(Exuenl all , except George. Courtroom dissolves 
leaving George in the spotlight created by a lamp 
overhanging his desk. Before him, once again , is 
a pile of test system brochures and a chart 
annotated by the Cheshire cal. George picks up 
the .... p left beside the brochures and examines it 
in his hand.) 
George: " Tomorrow, and tomorrow, and tomor· 
row, your price will fall and Mishap's cost will 
rise . Now is the lime for imagination and 
application to assume an equal size. " (George 
opens a copy of ~ and reads on .) 0 

A.C~~",,~n'" 
II ..... "',., /ot~ I<> ,,,.,1 ,IW 1<_,,,( PI'<'P'~ "" .. ,I><,_"~ .. <""" ..... ,..,, "", r" 
4dM, f __ ... 

...-, ar.... ' ,,"ro""" c_ ... , .... I..aIh. _Hoo-I'" 
DCA ..... c ....... ,., ........ ~'" M"",10<_ 
D •••• /O~. CJrdr 0.. .... I< 
I ·H ........ rio' ~ ~C"tdI' . .. ,...,. 
u •. """ 0",_. 'M ."', ..... -.-+ , ....... , _M .... "" 
""~dt--.. , 0utwI<I ........ ~I,."" 

-~~ '.'11_ "' .. NE ____ ""1' 
"'-1"l111'l'I'l 

Gri ...... All : J,tcl HMw<. /<'f" HI .... ,f-t(J( I ,...- lUlioAoI n.-, ... ~ ,.</100. 0 
• .. nh .fIlMC 

.... " ' tUilf '~fI . .", D.oktmpIr 

__ .... c_, .... 'oIt~H<'" 

M,."'od .... , f,.-I ' kC .. l ." 0.. ... , .. ( ........... , r, 
e"_11 

~ .. ~ o.r. .. n>hotl 
'I>I" ""'II<~ 
'~~"O"" (1Iu. II"', "..-1 0.. ,....,. ',"", Itno,,, l>Ii<oo e .......... , HMoId ~"" 

_ ....... sro, C'fN..-l '''''II 
I>IO"':I(.,o,.",~ 

NI' c-,.."-
' ... ""r .... · 1-' ""'_ 
~ __ lor'"'''' 

_ ... 00\ .......... _ .. , ."_, ...... '.' .. ..­
". _KGO_~_", .............. KGO_DUT ...... _.-.-.... -_ .. "'_-.. .. -_ .... --_ ...... _-._-
.... __ ... , ...... _ _ " .. _ .... '_ .. 0 

~GO_ .... , __ *- ............ . -, ... _"--". __ .... _._-_ .... "' ...... _ ... _ ...... _.-- ...... 
...... ......... _ .. ,o.a. "'_"'_'_"'''' 
""-- _. ,-- - . .. . .. . 

- , 
, , -. . . , 

, .. _., .. 
~,-__ .011 .1011 

"'-~"""o •• , 

"'"' 
...... f .. _f ........ ,.._ .... ,.,___ _ 

.... ..... "'-----, .. " .......... _-, .. _ ...... - ,,,--_ .... __ ... 
'03)"' ... _"' .. _,, __ "'_ .... ,_ 
_ot .... __ , ........ __ ... . 
... . ... _ .1 .. ,._.,,-. ... -... __ 

-...,.. ........ , __ .. "'_ .... "' __ un "' .. -...... _ ..... __ ..... ,,- ..... -.... 
_ ...... ,-,.,. __ '-0' __ ''''''''_' 

~--

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,,10''''_1>,'''' 
1000IS s.. .. ......-..... "" c.-,_. CA 9141. 
"'- CO'5,"",m 

-".~ ........ 
lIo01~ .. ""'1W 
' ... "100, CA .... 
_",llo!l).,tiO. 

'eGll -,-
180'''' 

_ ltoll_ SOOI),O, _ lMIIKo. I~ .. _ .. _ ......... ,. ......-. """ ... ,._ ..... _._ ......... ,--, _ ... U ___ ............ __ ....... _ 

,100_ 110'''' _ 2OMH., ,-.-. __ , .. _ 

... ,._" l .... _, .. ,1.. ... _, ........... cw.lllEAO _ ...... , .. , ............ _O<UI"' .... _ e.,_~ _ 
_ .. _' .. "n ... "j ....... _ ... _con ... 
•• -...-ol't'd ................ ...- ... ",_dlbut., _by __ ., .......... tt..". __ _ 

~;-r~hm1-

_.SI"O.'''' 
~(~IW _,. ~aoJI 

"'- ,1(12,)010 1'" 

.... l ... eo.. 
:!'<Il'AGoo_1I<I 
_ .... ,C .. 1»00 

_"OIll"'~ 

--, .... , -" ..... ... _ ......... , .......... 

-.. .......... -.~.--, .. " ........... -_ .... ' ... r._ ........... ___ , ........ 
....... _ ..... _ ... ___ ... (X-6lCT 
... __ .......... ' __ "'_00 
... l . ... .-.• ' ....... 1110-............ ""_'" ~ .......... 

1). ... __ ''' ... 0.0£_'_ :;0 .. _,' ..... _0' __ ... _,_ .. " .... _ .... _. 
......... !t ......... _ ..... _ ,_ 01 _ 



FAIRCHILO 

r.i«:1Wd Syll_ A DI~"'" 01 Fairchild Came •• &ad r...uu....1 Carpal.tooa. 
1725 T.chaoloqr Dr; .. _ 50 .. , ,,-, CA 95UO 

(4OBl 998.ct23 TWX 91O-338-OSS8 

(400) 998-0123. lWX: 910.338-0558. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



(j) >-- I-~ 
W .....J -I- aJ 
(j) <x:: >- a.. 
(j) <x:: 
0 0 
.....J W -
I a: 
0 <x:: 
a: ~ - I-<x:: 
LL LL 

0 
(j) 

0 
W 
0 
Z 

[ <x:: 
> 
0 
<x:: 



• 

. . 

FAIRCHILD SYSTEM'S 

ADVANCED SOFTWARE CAPABILITY 



THE AGE OF TECHNOLOGY 
A SOFTWARE REVOLUTION ...... . 

2 



This brochure discusses the advance software capa­
bility developed at Fairchild Systems; not only with 
respect to the current product offerings. but with 
regards to some of the history of software and how it 
has evolved into a modern device testing oriented 
software in the tester environment. 

The discussion will include the basic concepts in prior 

art and then, reflecting on the requirements of 
advanced devices, the development of new pro­
gramming techniques to meet the testing needs of the 
MSI, LSI arena. Although technical requirements 
dictate the basic thrust of software organization, 
significant implications with regard to user/ manage­
ment control will be covered and finally, some 

conclusions. 
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Basically, early testers were hardware controlled. 
Stimuli connections were hardwired and sequences if 
any, were controlled by panel switches or push­
buttons which connected a power supply to the 
device-under-test. 

Measurements were fundamentally digital volt meter 
oriented. Essentially. one single instrument was 
switched from function to function manually; the 
limits were thumb-wheel set and measurements were 
performed on a single measurement by measurement 
basis. 

Classification in most cases was quite primitive, in 
some cases - plug board type programs simply identi­

fied a good part or bad part based on the output from 

the DVM. This developed into a simple classification 
of devices on a "good" or "bad" basis and binning was 

almost a semi manual procedure. The number of bins 
available were selected by either a plug board or by 
switches. These techniques were basic to the funda· 
mental notion of automatic testing of devices and are 
still used in many cases for simple transistor testers. 

7 



EARLY TESTERS WERE BASED ON 
HARDWARE CONTROL FOR 
ALL FUNCTIONS 

• STIMULI CONNECTIONS 

SEQUENCE CONTROL BY SWITCHES n 
HARDWIRED 

• MEASUREMENTS 

THUMBWHEEL LIMITS I 
DVM ORIENTED SINGLE INSTRUMENT 

• CLASSIFICATION 
REJECT IDENTIFICATION 

SIMPLE CLASS PLANS 

BINS SEMI-MANUAL 

BASIC TECHNIQUES DEVELOPED 

(AND STILL USED) 

FOR TRANSISTOR TESTING 
5 
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It wasn't too long before the introduction of more 
complex devices (initially small scale integration Ie's) 
increased the amount of control and data require· 
menu necessary to manage the test functions. 

This increase in complexity triggered the general 
thrust of our first large step forward in automatic 
tester development. First and obviously, the issue of 
more pins had to be addressed. Since there were more 
pins associated with the larger function capability 
within the device; more stimuli, and multiple drivers 
were required to address the device with multiple 
signals simultaneously. 

This. of course, implied more measuremenu, prefer· 
ably measurements performed in parallel, although 
this was not possible on early testers. Class plans were 
now oriented towards, not only the device category 
with regards to fan·out and functional performance, 

but were also based on classing devices by grades, i.e., 
industrial, commercial , military, etc . 

Binning strategies were quite advanced as compared 
to the original transistor oriented strategies and the 
user demanded a much broader interlace, insisting 
upon the print-out of data obtained through the 
testing medium. 

These basic requirements really led to the introduc­
tion of computer control , and the necessary require­
ment to manage the computer and tester with simple 
software . One example of that simple software 
approach to the testing function was based on the 
natural evolution of transistor test philosophy . A 
sample in representative block diagram of how that 
software might be organized is shown on our next 
chart. 



THE INTRODUCTION OF MORE COMPLEX 
DEVICES SUCH AS I.C'S INCREASED 
CONTROL AND REQUIREMENTS 

• MORE PINS 

• FUNCTIONAL DRIVERS/ STIMULI 

• MORE MEASUREMENTS 

• COMPLEX CLASS PLANS 

• BINNING ADVANCED 

• USER INTERFACE EXPANDED 

REQUIRED THE INTRODUCTION OF 
COMPUTER CONTROL AND SIMPLE SOFTWARE 

7 
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----------------------------.. 
The next chart is a simplified block diagram of the 
basic software system used by Fairchild Systems to 

manage the popular Sentry product series. The 
segmented portion of the diagram, in the upper right 
corner, represents the essential functions from early 
t ransistor and simple I.e. systems presernd .00 
integrated into a more com~ete organization. As can 

be seen by the chart, this functiona' requirement is an 
essential suboset of the total software body required 
to treat the technology and part·type explosion 
created by device manufacturers. 

Additional discussions will be centered on the re­
sponse to these requirements. but in general, observe 
that control is now based in a total operating system 
rather than simply managing the multiplexing func­
tion. Strengths have been added in the user intet'"face; 
utilities and extensive 110; and in support to the 
programmer, files and storage management. 



FOCUS OF EARLY TEST SYSTEM 
SOFTWARE 

PROGRAMMING 

fFiLEI 
~ 

FACTOR 

JOB IIASSEMBLE 

SET 1/0 

OOPSY 

SUBROUTINES 
UTILITIES 

I \ 
FLOATING BINARY 

TO 
POINT DECIMAL 

I 
AI 

1 

CARD TO G TAPE 

BB 

TESTER OPERATIONS 

OATALOGGING COMMAND MANUAL 
PROCESSOR ANALYSIS 

~ERLAYS / 

II AAITHME~ V. rINTERPRETE~ 
PROCESSOR 

\ " ~l 
TOPSY [J;J 

PLAN 

1\ ./ , , 
DOPSY "'-

TESTER 

"-MONITOR 

1/0 
ROUTINES 

I \ 
c=Jc:J 

CARD 

READER 

LINE 

PRINTER 
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Fairchild, very early in the game recognized that the 
evolution of device complexity was increasing at a 
rate far beyond what had been anticipated in the late 
fifties. At that time, MSI and LSI, although a dream 
in the eyes of device designers had to be accommo­
dated in the initial design of software to allow for 
that growth. Therefore, a new software technology 
was started in that time period. This technology was 
based on the thesis that complex devices required at 

least the following major functional capabilities in the 
software; first, a high level language to improve 
programming efficiency and to allow the programmer 
to retain control via the use of a simple synta!( 
oriented language. The second major departure from 
conventional transistor systems was the introduction 
of mass storage. 

Large numbers of programs, and the low efficiency of 
current media for storing programs , led to the basic 
requirement that mass storage be available to the test 
system as required. It became very apparent that the 
manufacturer who was manufacturing SSI would 
evolve to very many special functions in the MSI 
arena, and furthermore, that it was quite likely, the 
number of different MSI gates would explode as these 
more complicated IC's gained acceptance on the part 
of users. MSI gates are complicated ; the degree of 
parallelism must be quite high to retain efficiency . 

The number of stimuli, and the number of mea5ure. 
ments that must be taken, increase the complexity of 
managing the hardware (a subject, famil iar to many 
people who are experts in software programming) . 
Therefore, the user must receive extensive assistance 
to manage the complicated hardware to achieve the 
results he desires. For example, he should be able to 
state in simple terms that a power supply should 

attain a specific value in. specific .mount of time . It 
should not be necessary for him to go m .nd det'll 
the bit positions of the OAC, for the .n.tog converter 
in that poMr supply to achieve th.t 'lilLIe . 

Classification strategies 

Although earty devices 'Were cltegOrized SImply IS 

good Of bid, or how much lukage the pan con· 
tained , the fact of the matter IS thlt IS deVice 
complexity increases, there are m.ny par.meters .nd 
combinations of parameters whICh must be considered 
in the classjfication program. Specific ex.mples Will 

be provided, of some of the newer techniques In 
clauification strategies which reqUire complex soft . 

ware to achieve. However, the ability to crelle thiS 
software is fundamental to a modern test system 
de5igned for evolution to more advanced devices . 
Further, we are convinced the user IS seldom 5Itlsfled 
With very simple printouts, frequently , he h.s very 
complicated CUstomer reqUirements for datil. Millt.ry 
requirements for data printout Ife UtenSlve, there . 
fore, he should have the choice, and the .bility to 
create in the format he chooses; m the kind of 
printout which is neceSSlry to 5Itisty his require . 
ments. 

We feel that these are baste .00 inherent to software 
required to manage a modern MSI, lSI or integr.ted 
circuit device environment. We thmk, and we would 
like to $how then, how the Sentry softw.re exceeds 
these requirements. 

Obviously, the first Uep is achieving a very common, 
easy to understand, easy to remember language and 
format for programming devices. At Fairchild the 
language is FACTOR (Fairchild Algorithmetlc Tener 
ORiented) . 



• 
FAIRCHILD PIONEERED THE DEVELOPMENT OF A 
COMPLETE NEW SOFTWARE APPROACH TO 
ELIMINATE THE PROBLEMS OF EXTENDING A 
TRANSISTOR ORIENTED SOFTWARE TECHNOLOGY 
INTO THE COMPLEX DEVICE ARENA OF MSI & LSI 

COMPLEX DEVICES REQUIRE: 

- HIGH LEVEL (ENGLISH) LANGUAGE TO IMPROVE PROGRAMMING EFFICIENCY 

_ MASS STORAGE FOR LARGE PROGRAMS, MEDIA EFFICIENCY & THE PART TYPE EXPLOSION 

_ ASSISTANCE TO THE USER TO CONTROL THE EXTENSIVE HARDWARE NECESSARY TO TEST 

_ THE ABILITY TO CREATE NEW SOFTWARE TO CLASSIFY THE UNIQUE PROPERTIES OF 

ADVANCED SEMICONDUCTOR CIRCUITS 

_ HIGHLY FLEXIBLE INTERFACE TO THE USER FOR DATA OUTPUT & DATA REDUCTION 

THESE REQUIREMENTS ARE MET AND EXCEEDED BY 

THE SENTRY SYSTEM SOFTWARE TECHNOLOGY 13 
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As always, knowledge is enhanced by learn ing the 
structure of a language. If ..ve have an act ion ver b, the 
recipient of the action, and can defi ne the degree of 
action, we can achieve then a simple degree of 
sequence which is consistent. 

For example; 

Force voltage to 5 volts - range 1. 
Defines an action , on what, and how much. 

This simple language becomes then a vehicle not only 
fo r the production of software but for communica· 
tion. Source parameters are in test te rminology, not 
the terminology of the software expert, this reduces a 
need, in fact, eliminates the need, fo r the memoriza­
tion of complicated rules, long lists or conversion 
tables to obtain an understanding of the program. 
The software programmer will make real sense to the 
product engineer who is responsi ble for getting the 
product produced, tested and delivered on t ime. 
Error detection is increased. Obviously there is a 
visual impact that retains its structural value in a form 

'htIich becomes very easy to use once one is involved 
in the program. 

We have a language which is converted to machine 
statements, wh ich does follow rules internal to the 
machine. Thus, when the statement is performed 
improperly or where elements within a statement Ire 
missing, errOrl can be flagged by the compiler to the 
user, before that error is proplglted on to the 
production floor or into the data for that device . 

One parameter which is frequen tly overlooked with I 
high level language is the power of a stltement. 
Previously many low level assembly language pro­
gramming techniques required laborious generllion of 
internal sequences to accomplish what are essentially 
very simple functions. Here , at Fairchild, with one or 
two FACTOR language statements, IS much IS 1500 
words of equivalent assembly language code is saved. 
Th is represents a phenomenal increase in efficiency 
and power of the programmer. 



A LANGUAGE PERMITS THE RAPID AND 
EFFECTIVE GENERATION OF MASSIVE 
PROGRAMS WITH LITTLE TOTAL 
PROGRAMMING EFFORT 

• LEARNING IS ENHANCED DUE TO STRUCTURE: 

• AN ACTION VERB 

• THE RECIPIENT OF THE ACTION 

• THE DEGREE OF ACTION (IF REQUIRED) 

I.E. : 

FORCE VOLTAGE 
I 

5.0, RNG 1 
I I 

SET TCH 1 DELAY 1E-6 

+ + + 
ACTION ON WHAT HOW MUCH 

• VEHICLE FOR COMMUNICATION 

TEST TERMINOLOGY USED - VOLTAGE, CURRENT, ETC. 
NO MEMORIZATION OF LISTS OR TABLES 
NO DECODING OF NUMBER STRINGS 

• ERROR DETECTION IS INCREASED 
- VISUAL - DUE TO INHERENT STRUCTURE & FORM 

_ COMPILER - INFORMS USER WHEN STATEMENT IS 
IMPROPERLY WRITTEN OR WHEN ELEMENTS 
WITHIN A .STATEMENT ARE INVALID OR MISSING 

• PROGRAMMER HAS THE POWER TO GENERATE AS MUCH AS 
1500 WORDS OF EQUIVALENT ASSEMBLY LANGUAGE CODE 
WITH ONE OR TWO FACTOR STATEMENTS 

-

15 
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Although mass storage is a requirement for the 
manipulation of complicated test plans in programs, 
there are many other reasons for the use of a mass 
storage oriented data base. 

Let's compare some of the basic media oriented 
towards data storage. The disk Fairchild uses, for 
example, is very fast and contains 18 million biu of 
storage space. Paper tape, of course, has infinite 
storage space but its density is relatively low in the 
order of ten characters per inch. Cartridges or 
cassettes achieve what are significant orders in 
improvement which is about 10,000 characters. How­
ever, - and this is the rub - it takes time to achieve 
access to a given program. The disk has an average 
seventeen milliseconds access time. whereas, in paper 
tape or cartridges, we're talking minutes and seconds 
respectively. 

There is effectively no media storage for disk, it 
comes in one piea!. However, to those of us who have 
been exposed to a programming environment in a 
production facility, there are literally cabinets and 
draINers full of various paper tapes, cartridges and 
cassettes which must be managed and controlled in 
order to achieve a reproducible test program on the 

machine. 

Editing on the disk is essentially on line, whereas, 
with paper tapes and cartridges, a new copy has to be 
created to repface the old copy. This sounds very 
simple; it's difficult to discard the old until the new 
has been tested and once tested. we now have two 
copies which can easily be interchanged. 

Back·up for the disk is a system oriented funct ion. 
Mag tape, and cards can back up a disk effectively in 
case of problems or in case of difficulties with 
storage. Paper tape. and cartridges on the other hand 
can only be backed up by having duplicates and the 
dupficltes have little real value .....tIen the peripheral 
for those dupficates has gone down_ It's Questionable 
to have paper tape back-up when the paper tape 
reader has a problem. 

For these major considerations, ptus the fact that 
there is a very high error rate in loading especially 
with many programs, we recommend disk storage 
with mag tape backup. Also, programs get lost, are 
not reptaced or are replaced with the wrong ones and 
they are relatively inflexible with regards to editing 
when using older media storage techniques. 



MASS STORAGE PROVIDES THE DATA 
BASE NECESSARY TO DEVELOP A 
TEST PLAN, SET UP A STATION AND 
MANAGE THE COMPLETE TESTER 
ENVIRONMENT 

_ CAPACITY DISK 

18,000,000 B 

_ LOAD TIMES 

17 MS AVG. 

_ MEDIA STORAGE 

NONE 

_ EDIT 

ON-LINE 

PAPER TAPE 

0 0 0 
0 0 0 
0 0 0 

10 CHIIN 

MINUTES 

CABINETS 

OLD NEW 

o ~ 0 

CARTRIDGES OR CASSETTES 

~ ~ 
B ~ 
B ~ 

10,000 CH 

SECONDS 

CABINETS 

OLD NEW 

10 OHO oj 
BACK-UP DUPLICATES DUPLICATES 

MAGTAPE ~ ~ 
_ HIGH ~A~~SOR RATE ~ ------=---- ",....---;-M~Y LOST 

LOADING MANY PROGRAMS ... PROGRAMS 
-HIGH ERROR RATE DUE TO LABEL/CONTROL -INFLEXIBILITY 17 
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One of the major requirements listed earlier in this 
discussion was the use of the software to manage the 
hardware and prQduce the desired results. Pro­
gramming of power supplies are rather trivial exam­
ples. Let's take a look at a pulse generator on 
Fairchild Systems Technology's Time Machine. The 
desired parameters are listed as pulse width of 20 ns, 
rise time of 8 ns, faU time of 13 ns and a delay of 1.1 
I1s or 1100 ns, amplitude of 2 volts and we'd like the 
pulse to be offset by 1 volt. 

The pulse generator does not respond directly to 
commands of that nature, Generally pulse generators 
like to be programmed from some low level to some 
offset value and from some maximum level down to 
the amplitude of interest. The correction for rise time 
on pulse width must be computed so that the pulse 
width and the rise time is achieved on the device to 
match the requirements. The delay to the rising 
waveform of the next pulse must be compensated for . 
Also, fall time and the delay of the pulse by the pulse 
generator must be allowed for. This is not easy to 
keep track of, especially if its not done frequently, 
therefore, Fairchild provides extensive software to do 
these computations to achieve the result desired . 
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THE USE OF FACTOR ALLOWS THE USER 
TO PROGRAM COMPLEX WAVEFORMS 
WITH SIMPLE CONTROL STATEMENTS-­
THE COMPILATION SOFTWARE MANAGES 
THE DETAILED CONTROL OF THE 
HARDWARE TO PRODUCE THE SPECIFIC 
RESULT 

• PW=20nsec, tr=8ns, If=13n5, Deloy:- 1I00ns 

Amplitude :- Zv I Offset :- -Iv. 

Softwore Provides Detailed Control 

of Hardwore to Accompll.h 

Desired Values 

f \ Vr -1\J- ~.o n . 

5.705 

---1--- 20 n. - ----..l\--- 1I0 0n. --I 

3 .205 

7.8ns 

OELAY 

SOFTWARE MANAGES HARDWARE CONTROL 
REQUIREMENTS & AUTOMATICALLY COMPUTES OFFSETS 19 
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0000 57 
000060 
'000372 
'000373 
' 000374 
' 000375 
'00 0376 
'00 037 7 
' 000"00 
' 000"0 1 
' 000"02 
' 000"0 3 
' 000"0" 
' 000 "05 
' 000"06 
' 000 "07 
' 000"10 
' 000" 11 
' 000"12 
' 000"13 
' 000" 1" 
' 000" 15 
' 000"16 

' 000 "17 
' 000"20 
' 000"21 
' 000"22 
' 000"2 3 
' 000"2" 
' 000 "25 
' 000"26 
' 000"27 
'0 00"30 
' 000"31 
'000"32 
' 000"3 3 
' 000"3" 
' 000"35 
' 000"36 
' 000"37 
'000""0 
000060 

S~T TCHI DELAY IE-6. FDELAY 100 E-9, FWIDTH 20E-9 . TR IE-9. 
TF 13E-9, AMPL 2, OFFSET -I, BURST II 

17370001 - long 4tgi~tt~ add4 txttnd to add~t~~ tillt option 
0""00001 ~tgi~te~ . 
04"67067 w"-ite dela!l 4tgi~tt"-: 1103.7114 
0"500000 WJtitt width 4tgi~tu: 16.3u 
045"05" 3 w"-itt edge t~an~it.(.on 4tgi~tt~ - ~4t: .100 VINS 
04605UO W1!.itt edgr. tun4it.(.011 ~tgi~tt"" - ,aU : .491 V!NS 
0"60675" w4itt amplitude .... tgi~tt .... : f uolt4 
0"66713 0 - w"-ite o"~et Jl.tgioitJl.: -I uolt 
OU10310 initiJLtt a tillt dtlaIJ 0' 3110 '0 .... p .... tuiou. "tgi.tt .... 
1760 1030 - WJtitu 
247"0001 - WJtitt bUJl.6t C.OUlltt~: 
17370000 - Jl.to~ txttnd .... tgi.tt" to add"t'4 4tnt .... y 'Y6ttll 
66500 00 1 - Ittgi4tt~ . 

00000000 illtupJl.tU.ut c.odt to C.IlU6t t"an6't .... 0' 'oliolO.illg 
00000000 f6 WOJl.d6 to global 'OJI. any 6ub6tqutllt illtt~p .... ttiut 
00000000 tilling gtnt .... atoJl. c.han9to . 
00000 31 0 u6tJl. ',....og .... am"'td ptlLi.od: a 
00000000 U6U PJlogJl4llllltd wid-th : fDO x . I n6 
00025370 U6tJl. pJl.og .... ulltd dtlay: 11 000 x .ln6 
00005440 - ludillg r.dgt .(Jl4ll0itioll 4eOpt : .IDO VINS 
00004754 - tJl.a.ilillg tdg t tJl.D.Jt6ition HOpt : .49 f V INS 

00027130 - allpUtudt : , uolt6 
000 103 10 - o"Ht: -, uolu 
00000022 VL I TR: " , .l n6 
00000036 VT I TF : " , . I n6 
000000"0 - -. S AMPL I TR: " , . IIl6 
0000007 1 - . S AIIPLI TF: " , .11l6 
00000000 -

width Jl.r.gi4ttlt ualut : 0000000 1 - , , 10114 
00000000 = dtla!J Jl.tgi~tu uatUt: 00000 156 'IO , lOll" 
00000 1"3 width .... tg.(.ottJI. utJl.llit .... ualut: 63x . 11l6 
0000 00 67 dtla!J .... tg.(.~ttlt ut .... n.(.tlt ualut: 37x . 11l4 

.r: .1,.. 
.r: . , 114 

11-4-1-1 
11-4-1-1 

0000000 1 - U6U pltogJl.a.lltd bult6t : I 
0000012 0 - U"t4 p~ogltallllr.d 1t.(.6t tillt: 10 
00 000 202 - U6tJl pltogJlalllltd 'all -t..illt: 130 
00000226 - gtlltAa-tOJl. c.alib .... atioll ,ac.tolt 
00000226 - gtllt .... atolt c.alibJl.at.(.oll 'aeto .... 
"0000000 tllt"-!! c.hallgt 'lag woltd 

Vl I. S 
Vi : I. S 

uolu 
UOU6 

ENOl 

BCD) 
8CD) 
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A representative list is shown here of a software 
program showing what actually went on with regards 
to producing the details of managing a pulse genera· 

tor. As can be seen, the compensation for a rise and 

fan time at various low rates are accomplished, 
amplitude registers are addressed. time delays are put 

in for previous register manipulations. and code 

generated to take care of the management of the 
storage of the various variables, etc. The point of the 

matter is, the programmer had in mind a specific 
arrangement of the pulse sequence and values, this 
translation is performed automatically in software. 

This frequently is not the case on many older test 
systems which still adapt and utilize a basic transistor 

programming strategy. 

21 



22 

The next figure illustrates the multiple techniques for 
the calibration function provided by our advanced 
software technology. Now, in many transistor ori· 
ented test system sohware bodies, this calibration 
function is constrained to the user for utilization in 
just one dimension. A system will operate at its' 
maximum throughput with no constant, no con· 
straints and no offsets to be managed or handled in 
the hardware. Vv'hatever is programmed is supplied to 
the controlling registers and the system runs essen. 
tially wide open. 

However, it is possible to add constants in many 
systems so that a program value is constantly offset 
or corrected by a constant which is then applied to 
the JOftware. This manipulation does take time and 
there is a. drop in throug,put as a result of the 
manipulations. 

Further flexibility can be gained by having the value 
itself offset the new value to the hardware so that a 

program level plus or minus a measured level is a 
resulting level, to be translated and to be delivered to 
the hardware . 

Nowobvious!y, there are at least two tests involved in 
this type of operation, so the impact of throughput is 
the greatest with this kind of calibration. Essentially 
since we are taking a value, treating it as I variable as 
a result of a prior measurement, it must be performed 
at each test. However, Fairchild provides a new 
technique called, "Global Variables" which essen · 
tially performs the same function, only once It setup 
time, or as frequently as desired so that the user 
regains control of the system's throughput throttle . 
Furthermore, we do not constrain the user in any 
way to the use of any particular technique . Fair­
child's Factor allows the use of all four methods at 
user's choice to optimize the amount of time the user 
is willing to spend on the calibration function with 
regards to the management of throu~put on the 
system. 
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AN ADVANCED SOFTWARE TECHNOLOGY 
MUST PROVIDE MULTIPLE TECHNIQUES 
FOR THE CALIBRATION FUNCTION---
TO OPTIMIZE THROUGHPUT AND TO 
MATCH REQUIREMENTS OF NEW PARTS 

RELATIVE 
THROUGHOUT SOFTWARE TECHNOLOGY EVOLUTION 

10 0% V 

+ I I n 
• NO CONSTANTS OR OFFSETS (PROGRAMMED VALUE = HARDWARE VALUE) 

t I I I 
• FIXED CONSTANTS ALLOWED 

(PROGRAMMED VALUE + CONSTANT = HARDWARE) 

FAIRCHILD'S FACTOR 
ALLOWS ALL FOUR 
METHODS 
AT USER CHOICE 

, I I 
• LOCAL VARIABLES ALLOWED 

(PROGRAMMED VALUE + MEASURED 
I I VALUE = HARDWARE) 

""7 PERFORMED AT EACH TEST 

• FAIRCHILD PIONEERED GLOBAL VARIABLE 
PROGRAMMED VALUE + MEASURED 
VALUE = HARDWARE PERFORMED ONCE AT 

SET-UP TIME 
23 
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A typical application of this technique might be for 
example, the calibration of fixed delays; delays VvtIich 
are common to all devices placed in sockets due to 
the location of loads or the location of stimuli or 
measurement probes. Also the device itself if it's a 
large device, has transmission paths on the surface of 
the chip which are significant with regards to the 
delay through the device itself. Sometimes these have 
to be calibrated OUI. 

The system sees the total delay from inputs to out. 
puts, including constants. This is the measured delay 
that the system will treat, however, there are two 
constants involved here which is the propagation time 
through Oland the propagation time through 02 
which are constants added to the value of TPO. It is 
not necessary that these be constant but for the pur­
poses of this example, we'll treat them as if they were. 

Therefore, 01 and 02 represent K and the propaga­
tion delay TPO is equal then to TM-K. Using global 
variables in Fairchild's approach, you can stan the 
system. set switch equal to O. do the test. measure the 
time and set up that time as a variable. Then setting 
switch to 1, the measurement is performed _ just 

once - (setting TPO equal to 0,) and the result is 
stored. 

Therefore, calibration has been accomplished and it is 
not necessary to repeat the entire process for every 
single test. One in fact might arrange one's produc­
tion or use of the machine such thlt the calibration 
could be performed at appropriate, and we hope 
sensible intervals. The objective, of course, is to 
reduce to a minimum the impact on throughput of 
extensive calibration routines. 



• 
A TYPICAL APPLICATION OF THIS 
APPROACH MIGHT BE FOR THE 
CALIBRATION OF FIXED DELAYS --­
A tpd MEASUREMENT 

t m = d I • t pd • d 2 = t pd + ( d I • d 2 ) 

Let (d I + d2 ) • K 

t pd = t m - K 

• USING GLOBALS 

.... 0 

START 

(SWITCH) 

TEST 
I 
I , 

CAL 

MEASURE TIME; 
Ipd = 1m - GLOBAL 

(PERFORM INTERNAL MEASUREMENT 
AS DEFINED i.e. SET Ipd = O. 
SAVE RESULT AS GLOBAL VARIABLE) 
PERFORMED ONCEI 

I RESULTS IN MINIMUM IMPACT TO THROUGHPUT I 25 



26 

Software complexity can be a problem to user 
understanding. Many devices such as RAMS require 
many thousands of tesu and it must be POSsible to 
program these devices easily. Faiu:hild's Sentry Soh. 
ware System does provide this capability. Shown here 
are some of the functional parametric requirements 
fo r a RAM. The patterns required may be all zeros', 
all ones', checkerboards, row bars, column bars, 
walking ones, zeros, ping pong, parity and diagonals, 
and I'm sure there are a few we forgot. Standard 
parametric tests should be run, and are run 00 most 
deVice programs, and in the case of at least the Time 
Machine OPtion to the Sentry family, there are time 
measurement parameters to be considered as well . 



EVEN THE MOST COMPLEX DEVICES, 
SUCH AS RAM'S, REQUIRING THOUSANDS 
OF TEST MAY BE EASILY PROGRAMMED 
WITH THE SENTRY'S SOFTWARE SYSTEM 

REQUIRED TESTS FOR A RAM -

• FUNCTIONAL 
- ALL D's 
- ALL 1's 
- CHECKERBOARD 
- ROW BARS 
- COLUMN BARS 
- WALKING 1's, D's 
- PING PONG 
- PARITY 
- DIAGONALS 

• STANDARD PARAMETRICS 

• TIME MEASUREMENT PARAMETERS 

27 
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The key to programming these many d ifferent vari ­
able patterns efficiently is in the software . Fa irch ild's 
Factor allows a very large user oriented software 
program such as "Rampat" to be invoked with very 
few command statements. This popular Rampat is 
Factor callable (it means that once you own the 
ability to program in Factor, you can call on Rampat 
with a simple command) . It not only generates these 
functional patterns but it also assists the user in 
setting up the device by requiring a few very simple 
things to be done. First, you must know the RAM 
size, the addresses, inputs and outputs, wh ich is 
common knowledge if you are going to test this part. 
You must provide a command to write any of the 
available patterns and a command to read the written 
patterns and set up the time measurements. 
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THE KEY TO THIS STEP FUNCTION 
IMPROVEMENT IN PROGRAMMING 
EFFICIENCY IS FST'S FACTOR APPROACH 
WHICH ALLOWS LARGE PROGRAMS SUCH 
AS RAMPAT TO BE INVOKED WITH 
FEW WORDS 

• THE POPULAR 'RAMPAT' IS A FACTOR CALLABLE 
PROGRAM WHICH GENERATES FUNCTIONAL 
PATTERNS AS WELL AS ASSISTING THE USER TO 

SET UP THE DEVICE-----VIA 

-A DESCRIPTION OF THE RAM SIZE, ADDRESSES, 
INPUT, OUTPUTS 

-A COMMAND TO WRITE ANY OF THE 
AVAILABLE PATTERNS 

-A COMMAND TO READ THE WRITTEN PATTERN 

-AND SETS UP THE TIME MEASUREMENTS 

29 



30 

Let's take a look at how that might be done on a 
common 95415/1024 bit RAM. You may read the 
commentary fOr the listing shown. Essentially as 
shown here, we have described that RAM with six 
statements. In the first statement, we have defined 
the size of the cell structure as one output. The 
second statement defines the X addresses followed by 

the Y addresses, we identify the data input pin, the 
data output pin and the write input pin. The RAM is 
now completely described. 

'= 



DESCRIBING A RAM SUCH AS THE 95415 
1024 BIT REQUIRES ONLY 6 STATEMENTS 

1. EXEC RAMPAT (0, 32, 32, 1) 

- THE RAM IS 32 BY 32 IN CELL STRUCTURE AND HAS ONE OUTPUT 

2. EXEC RAMPAT (1, 2, 3, 4, 5, 6) ; 

- PINS 2, 3, 4, 5, 6 ARE THE X ADDRESSES 

3. EXEC RAMPAT (2, 12, 11, 10, 9, 7) ; 

- PINS 12, 11, 10, 9, 7 ARE THE Y ADDRESSES 

4. EXEC RAMPAT (3, 15) ; 

- PIN 15 IS THE DATA INPUT PIN 

5. EXEC RAMPAT (5, 1) ; 

- PIN 1 IS THE OUTPUT PIN 

6. EXEC RAMPAT (7, 13) ; 

- PIN 13 IS THE WRITE INPUT PIN 

THE RAM IS NOW COMPLETELY DESCRIBED 

31 
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Writing and reading the RAM is accomplished with 
very little user effort. Only two statements are 
required to write and they are shown as follows; the 
patterns, of course, are given a code to represent the 
various patterns that are currently available and the 
code space is large enough to include room for future 
growth. Reading the RAM requires three statements 
and we will give a complete test and display of the 
fail matrix. Now these statements are simple, conve. 
nient and easy to invoke. However, to program a 
device such as a RAM in older software systems 
requires literally thousands of words to accomplish 
what is essentially a relatively simple funct ion . 

d 



WRITIN G AND READING THE RAM IS 
ACCOMPLI SHED WITH LITTLE 
USER EFFORT 

• WRITING PATTERNS REQUIRES ONLY TWO STATEMENTS: 

1. SET M 0 

2 . EXEC RAMPAT (N) 

WHERE: N PATTERN 

1000's 

101 CHECKERBOARD 

102 COLUMN BARS \"""--""1 ~ ___ ---,I 
V 
ETC. 

• READING THE RAM REQUIRES ONLY THREE 

STATEMENTS FOR COMPLETE TEST AND DISPLAY 

OF FAIL MATRIX 

1. SET M 1 

2. EXEC RAMPAT (42) 
(ENABLE FAIL MATRIX PRINT-OUT) 

3 . EXEC RAMPAT (N) 
(N DEFINED AS ABOVE) 

OPERATIONS REQUIRING THOUSANDS OF WORDS 
IN OLDER SYSTEMS 

33 
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Special measurements such as "time" can be accom. 
modated by the Rampat approach . This very simple 
sequence of events is illustrated here. Write the 
desired pattern, enable the Time Machine, read the 
pattern but instead of using the functional pattern 
results available to a user without the Time Machine, 
in this case we would use the Time Machine results. 
(See example). Essentially wnat we have here is the 
description of the Ram there at the bottom portion 
of the program. The calling of the Time measurement 
capability carried on the top of the next page, also, 
identifying the X addresses, Y addresses and the 
various terminals aSSociated with the device and then 
finally using the time results. So the basic technologi. 
cal thrust, of course, has been to ease the hardware , 

ease the software, to describe and test complicated 
devices. 



TIME MEASUREMENTS ON RAMS USING 
THE FACTOR & RAMPAT COMBINATION 
ARE EQUALLY SIMPLE & EFFECTIVE 

• WRITE DESIRED PATTERN 

• ENABLE TIME MACHINE 

• READ PATTERN, BUT USE THE TIME MACHINE 
RESULTS INSTEAD OF FUNCTIONAL 

PATTERN RESULTS 

SEE EXAMPLE: 

35 
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I. 

-----------------------------------. 

000067 
000067 
000067 
000067 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
000070 
00007 1 
000072 
000072 
000072 
000072 
000072 
0000 73 
000073 
000073 
000073 
000073 
000073 
000073 
00007 3 
000073 
000073 
000073 
000073 
000074 
000015 
000076 
000071 
000 1 00 
000 10 1 
000 101 
000 101 
000101 

REM ENOD SUBR MOOKAL I 

SUBR PGWR I T I 
SET TCH2 

OFFSET - . 7, 
AMP - 1. 0. 

ENO l 

DELAY 3E-6. 
WIDTH IE-6, 
fR I OE-9, 
TF I OE- 9 . 

aURST 11 

REM ENDD SUBR PGWRIT , 

SUBR WRITAL (PATRNl , 
REM WRITE PATTERN TO RAM VIA CAALLING PARAMETER, 
SET M • [61J ItO, 
EXEC RA MP AT (PATRN , O, OI , 
ENOl 
REM ENOO sueR WRITALI 

SUBR PGIRO, 
SET TeH 1 
DELAY 3E-6, 

OFFSET - , 7, 
AMPL-I,O . 

END , 

FW I OlH 150E-9. 
TR 4E-9, 
TF 4E-9, 

BURST I, 

REM EN DO SUBR PGIRO , 

SUBR 
EXEC 
EXEC 
EXEC 
EXEC 
EXEC 
EXEC 
END, 

HOOKI, 
RAMP AT 
RAMPAT 
RAMPAT 
RAMPAT 
RAMP AT 
RAMPAT 

(20,32,16,I), REM XO NOT USED BY RAMPAT, 
(21,3,4 , 5 , 6), REM ROW ADDRESS, 
(22,12,11,10,9,7), REM Y ADDRESSES, 
(23,15) , REM DATA INPUT, 
(25, 1 ) , RE M DATA OUTPUT , 
(27,13), REM CL.OCK PIN, 

REM ENOO SUBR HOOK 1 , 

ENO, REM EN 00 PROGRAM , 



00012 
000 13 
00013 
00013 
00013 
00013 
0001. 
00015 
000 16 
000 17 
00020 
0002 1 
00022 
00023 
0002to 
00025 
00026 
00027 
00030 
0003 1 
00032 
00033 
0003. 
00035 
00036 
00037 
000.0 
000. 1 
OOOU 
000.3 
OOOu 
000 •• 
000.5 
000.6 
000.7 
00050 
0005 1 
00052 
00053 
0005. 
0005. 
00055 
00056 
00060 

CALL TTIME, REM ALL TESTS DONE IN SUBR TTIME SO VEE CAN BE I TERATED , 

SU8R TTIME , 
ASSIGN AI/2 . B I /3 . CI / • • OI /5 . EI / 6 . B2/1., REM A2/13 ASSIGNED I 
ASSIGN A2/1l 1 RE M REMOVE , 
STDLY_ I OE_6 , 
SET DELAY STOLY , 
XCONF TCHI 2 , 
XCONF TCHI 3, 
XCONF TCH I . , 
XCONF TCHI 5 , 
XCONF TCHI 6, 
XCONF TCH2 I ., 
CONF TCH2 13 , 
SET D · 0 1111 11 0 11 111111 
SET TAB· 116j 11111 11 0 11 
SET M 161j 11111 111 

REM WE CLOCK I 

11 0 11, REM TRB I LOAD . REST CAPS , 

SET F 161 j I I II I III REM 0 1 SABLE ALL PGS AND TCH O, 
CALL PGWR IT, 
CALL HOOKAL I REM 
SET LOG I C POS. 

RE t~ SETuP PG2 FOR RAMPAT , 
CONFIGURE RAMPAT FOR WRITING 102 . BITS , 

SELECT GENERATOR I REM NOTIME TEST ING BUT PG CYCLES, 
CALL WRITAL (1031 , REM WR ITE ROW BARS I 
SET M 161 j tOI, REM TURN OFF PG2 TURN ON PG I, 
CALL HOOK I , REM PG I ON XO . RAMPAT ON REST OF ADDRESS P I NS. 
CALL PGIRD, REH CONF PGl TO READ PULSE SPECS, 
CONF TeHl 2 1 REM .;''' ... · :;:CT PGI TO PIN 2 XO, 
SET TAB Il6j I ( 15 , 01 ; 
SELECT T IME I 
SELECT THEAS 20 , REM PCI PULSE FOR EVERY SET F FROM RAMPAT , 
REH 00 TAA POS-POS FOR 0-1 TRANSIT I ONS . 
SELECT TPO NEG . POS.2 .1, 
SET TMRC II 
SET TMBC I, 
SET TMCC I. 
SET BTHV - 1.30 . 
SET ETHV - 1.l lS! 
ENABLE TCTI GT 55E-9 1 
ENABLE TeTO LT .I E-9 , 
LOOP69 I 
EXEC RAHPAT (.21 , RE M ENABLE FAIL MATRIX , 
EXEC RAHPAT (103,0 , 01 , RE M READ I 
IF SW IT CH EO 69 THEN GOTO LOOP69. 
END. REM ENDO SU8R TTINE. 
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Here we would like to describe new functions which 
were not required and were not available on older 
software technologies. This is the use of the test 
system and the use of the test system's results. so that 
the user orients his skill on obtaining test feedback 
into the manufacture of the device and the use of the 
device. rather than being constantly preoccupied with 
simply getting the tester to run. 

Many test systems provide bar graph or semi·curve 
plots or parametric distributions and li terally require 
the user to connect the points as when we were 
children in school in order to obtain the desired 
curve. These are of course very useful data plots 
because they describe the relative distribution of 
goodness versus parametric value for the device. 

Newer devices not only require this kind of informa. 
tion but also need to have information related to the 
safe area of operation or the accepted area of 
performance. and at the same time obtain the 
distribution of the devices. So literally we are asking 
for what sounds at face value to be an impossibility. a 
"SCHMOO" plot. and further a schmoo plot in three 
dimensions so that we have value A versus value B 
and height of the plane above value A and value B 
plane is the distribution of the devices in the 
population. There's no way to Obtain this kind of 
information with assembly base programming 
techniques. 



FAIRCHILD SYSTEMS' ADVANCED 
SOFTWARE SYSTEM ALLOWS THE USER 
TO CONCENTRATE HIS SKILL ON THE 
USE OF THE TEST SYSTEM---INSTEAD 
OF DETAILED CODE TO RUN THE SYSTEM 

FOR EXAMPLE---EARLY SYSTEMS DEVELOPED PRIMATIVE "BAR-GRAPH" 

PLOTS OF PARAMETRIC DISTRIBUTIONS & REQUIRED 

THE USER TO DRAW THE CURVE 

ADVANCED MSI & LSI DEVICES REQUIRE MUCH MORE INFORMATlON--­

PREFERABLY IN " SHMOO" PLOT FORM - AND IN 3 DIMENSIONS!! 

VALUE A 

DISTRIBUTION 
OF DEVICES 

VALUE B 

EFFECTIVELY IMPOSSIBLE FOR ASSEMBLY 

BASED PROGRAMMING APPROACHES 39 
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Illustrated here is one of these complex device 
schmoo plots. We won't go into the values and 
parameters shown, but basically we do have a 
schmoo, INe do have 1 ()()% of the population shown 
as the central portion of the schmoo. In this 
particular plot we've taken the next 70 percentile 
followed by 50 percentile, 20 percent, on down to 
less than 10 percent of the population. 

The value of a plot like this is enormous to the user 
who is looking for balanced distribution in his process 
as well as the detection of anomalies. Although th is 
particular example contains no anomalies in the 100 
percent profile, we have seen some plots with a hole 
in the center of the distribution which is not 
accountable with regards to the process, but leads to 
the conclusion that there is something fundamentally 
wrong in the way the part is being manufactured. 
This kind of a chart is read by very many people in 
very many different ways to obtain data that's 
impossible to appreciate when it is constantly con­
strained to two dimensions as it was on earlier 
systems. 



STAT I O 

SHMOO FLOT OF VOO VERSUS CH I P SELECT I NTERVAL 

OROI NA TE VALUES 
VoonAX • 19 
COMPOSITE SHMOO PLOT 

VOOM I N. II 
-- DEVICE NUMBER 

DELTA" +2 . 000E-O l 

" . ,. 
·1 . 880E·OI 
d.859E·OI 
·1 . 839E-01 
*I,819E*01 
'OJ.799E+01 
*1.779E*01 
·1 . 759E.OI 
*1 . 739£*01 
*1.719E*01 
*1 . 699E+Ol 
+1.679E+OI 
+).659E+01 
+ 1.639£+01 
+).619E+01 
+1.599E+OI 
+I.579E+OI 
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Let's stop now and take store of where we are with 
regards to the software requirements and the assem­
bly language techniques. You'll recall the chart earlier 
that showed the assembly language type of software 

and the kind of software provided by Fairchild. This 
is a simple block diagram once again of that software 
organization. 

You can see that we have achieved a high level 
language, we do have maximum program efficiency. 
we provide mass storage with its accompanying media 
flexibility. we extensively assist the user in managing 
the hardware under his control. Advanced data 
manipulation aside from simple passing of results to 
the user has been shown to be an absolute require­
ments. 

The user interface is flexible, he can invoke many 
many different ways to accomplish his specific result. 
A problem that was major on assembly language 
programs was this particular canned routine problem 
- no choice, no definition and no way to change _ 
the problem does not exist at Fairchild. We are 
convinced that our software approach essentially 
solves the complete system problem, and perhaps 
more importantly provides room for growth. 

• 

7 



FAIRCHILD SYSTEM'S ADVANCED 
SOFTWARE SYSTEM CLEARLY EVOLVES 
TECHNOLOGY BEYOND EARLY ASSEMBLY 
LEVEL TECHNIQUES INTO THE MSI/LSI 
FUTURE 
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BEl 

• HIGH LEVEL LANGUAGE 

• MAXIMUM PROGRAMMER EFFICIENCY 

• MOOERN MASS STORAGE 

• MEDIA FLEXIBILITY 

• ASSISTANCE TO THE USER FOR 
COMPLEX HARDWARE CONTROL 

• ADVANCED DATA MANIPULATION 

• FLEXIBLE USER INTERFACE 

• SOLVES THE " CANNED" 
ROUTINE PROBLEM 

SOLVES THE COMPLETE SYSTEM PROBLEM 43 
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No discussion on software can be complete without 
at least a brief mention of the management of 
software. For example, many early systems had a 
specific software module to perform either a specific 
function or to relate to a specific configuration of the 
system. What vve've done here is tabulate an earlier 
software approach. Across the top of the page you 
can see listed either a digital technique or a linear 
testing problem; various kinds of peripherals, and 
then we have the software modules that are designed 
to perform a specific system function. We've simply 
drawn there with X's, the intersection of each module 
in each of the packages required to do a job. For 
example, on P507, it's used in both linear and digital, 
magnetic tape cartridge is used as the engineering 
monitor and provides a capability for a second TTY. 
If you were to change the magnetic tape cartridge 
management software, you not only impact P507 but 

also 508, 510 and 511. In fact, a change in 
application scope could impact as many as 10 to 15 
modules. A change in hardware could, therefore, be 
in conflict with various software modules provided 
across the line. 

Sol As vve're all accustomed to change as a way of 
life, the management of change now requires a 
management of all these intersections. Fairchild 
abandoned that technique a number of years ago. Our 
software is essentially always in one body, is always 
updated and checked at the factory completely, and 
is rev leveled in its entirety, not by module, not by 
application and certainly not by constraining the user 
to find the software anomalies in his tester and his 
site. We think this represents a useful and powerful 
control technique to insure the success of a modern 
test system in the complex MSI and LSI arena. 



EARLY SOFTWARE APPROACHES 
REQUIRED SPECIAL MODULES OR 
'PACKAGES' FOR SPECIFIC OPTIONS 
OR APPLICATIONS 
~ DIGITAL LINEAR PAPER MAG-TAPE ENG. END-OF- SECOND 

TESTING TESTING TAPE CARTRIDGE MONITOR LIFE TTY 

P501 

P503 

P502 

P504 

P506 

P507 

P508 

P509 

P510 

P511 

X X X 

X X X X 

X X X X 

X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X 

• A CHANGE IN APPLICATION SCOPE COULD IMPACT 10-15 MODULES 
• A CHANGE IN HARDWARE COULD BE IN CONFLICT FROM APPLICATION 

TO APPLICATION 

X 

X 

THE SENTRY SOFTWARE CONTAINS ALL FUNCTIONS IN 
ONE REV LEVEL CONTROLLED BODY 45 
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.,,<om D~",,,o" Computer Controlled Test System Series Sentry 400 

INTRODUCTION 

It is generally recognized that computer-controlled test 
systems are needed to test large-scale integrated arrays, 
printed-circuit modules and other digital subsystems. be· 
cause the test sequences are extremely long and variable. 
The capital cost is necessarily high, obligating the designer 
to protect the investment against obsolescence as well as to 
reduce direct cests of te5ting and data processing. 

These interrelated requirements are satisfied in the 
Sentry 400 Series of LSIIMSI test systems by a powerful 
new computer, a software package developed specifically to 
make the programming and execution of binary network 
testing more efficient, and modularly expandable test 
stations. The Sentry 400 represents a t least an order of 
magnitude improvement in test capability with nothing like 
a corresponding increase in capital cost. It can test as many 
as four networks with up to 120 terminals each at rates 
some 30 times as fast as previous systems (see test capabili­
ties summary in Table 1). 

TABLE 1. SYSTEM CAPABILITIES SUMMARY 

Operating modes 

Automatic tMt rate 

Network complexity 

Test stations 

Control computer 

Sohware systems 

Automatic, Manual, Monitor 

Functional, to 286,OOO/sec 
DC parameUl'rs, 250 pins/sec 

Binary netwOrk tHt (LSI, MSI, 
MOS, bipolar, PC modules, etc.! 

To 240 terminals, 
combinatorial or sequen tial 

Maximum of 4 .ndependent 
stal.ons (multiplexed) 

FST· l, 24-bit word length 

In!erPl'etive operating systems, 
Algorithmic compiler 

974 Eesl ArQ uos Avenue. Sunnyvale, California 94086. Phone (4081 735-5011rrwX- 91 0·339·92 17 I=AIRCHILO 



SENTRY 400 FEATURES 

A minimum Sentry 400 system will perform static and 
dynamic tests on one 30-terminal combinatorial or sequen­
tial network at a time. Instrumentation expansion modules 
can be added in 3().pin increments to a total of 480 pins at 
four independently operating, 120·terminal test stations. 

Logic and memory functional test rates can range up to 
286,000 tests per second. Absolute DC parameter measure­
ments, such as input pin leakages and saturation voltages. 
are made at a rate of 250 tests per second at each station, 
on a pin·by'pin basis. Forcing and sensing ranges (Table 21 
encompass bipolar and MOS semiconductor requirements. 
Utility inputs are supplied for addition of special external 
sources. 

Word length of the new FST-l control computer is 24 bits. 
rts software is configured to permit programming of up to 
240-pin tests without modification. Also, the operating 

software enables productiOn and engil'M!ering personnel to 
modify test proced\Jres artd run desired programs with a set 
of commartds written in simple, readily Understood Ian· 
guage. The interpretive software and the selected test rou· 
tines are stored in the computer's core memory for hi{tl. 
speed processing. 

The computer IS a general-purpose machine that may be 
used fO( other elata-processing and control functions. It also 
controls auxiliary test equipment, such as wafer probes and 
packaged device or module handlers at the test stations. 

To facilitate both production and engineering test applica­
tions, all $entry 400 systems operate in three modes: auto· 
matic, for hiltl-speed testing without operator intervention; 
manual, for program debugging and other single-step func­
tions; and monitor, which allows authorized users to 
modify test conditiOns, display test responses, and insert 
special test·dall requests and analysis subroutines in the 

TABLE 2. ELECTRICAL SPECIFICATION SUMMARY 

Muimum 
Progr.,TlITlIbl, Unll N,_ M.Klmum R..-.ge Anolullon $pIe,a{ FMtures 

Funelioo.l tHl drover ,"" ±30.72 VOltS" ±4OrnA lOmVI4OrnV ,n 21'M{J1t1 Cunlnt hm.n It SOmA.snor, c.rcu,t 
ptOllCtell, """K,mum sltw rill 
3Ovotu/~. 

Functioo.l tHt comPlll'lIor ,"" i3O.72 VoIU; SMn lOmV/4()nV .... 2 ,....,.. OeIKU opeo'I C"CUIt hl'lft. monitor. m· 
pUti and outputs, 04,.1« rnpon. tom, 
lor IOmV O\O'ef"dr."." -30 to tJO \lOIn. 

Prt(:ision mllHUreml11t Unit 
" 

i40.92 VOl IS; :t 102.3mA lmV140mV on 3 'III'IIJ" Vot,. or tun.,." 10rCli and sense. pta· 
InA/ I~A.n 4 ,....,. .lmmabl. turr.,." end yolt. hm.t, 

so... AID con_,tI' 111 8.ts\ 

Progrlmmllbll power supply 3 140.92 Volts;:!: 1.023 Amp 10n'IV(40mV .... 2 '''''gn Volt", or curr .... ' 10rCIIlnd ..,..W, 
o ImAl l mA .n 2.1f'1i'1' go/no-to tfOP output lor over or under 

cur"nt or vol,., curr.ntlvoltJ9l' magn,· 
tude melHUflfT\etlt 3 rnwc: Wl1long I.me 10 
0.1% Of lulllClle_ 

Progrlmmlble reference ,. 
t3O.72 Volts It i40rnA lOmVl40mV In 2 , .... gn Fout reltl'lfICft for funcloon" lat 

drIVen. two for functlOnll' test com· 
~ltor •• lour lor low current b, • 
.... ppllft, J rnwc: wul.ng tome to 0_'% 
01 tull .::.I •. 

Time dellV 5.73405 Me 0.3~O_~.n 
2r .... gn 

Cloc:k.ou($t genMltOf 255 sync: pulses , sync: pul,. 

Sync output • TlL Drover 0 to 5 Volu 

Socket odenhfiCltion 32,767 codes L."" number ....... rH ptoper load bolfdl 
to tftt progrlm l»I'rnpondenc:e. 
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test program. Combinations of these modes may be em­
ployed in a multi·station system without interference 
among the test stations. 

Programs may be interleaved, by assigning test functions to 
specific input/output pins at the test stations, so that 
several unique networks may be tested simultaneously. 
When several stations are mu ltiplexed to the central control 
system, the computer will process the network responses 
from the previously selected station and prepare the control 
data for the next station during the interval required for 
execution of a test sequence at the selected test station. 
This interval includes response time of the instrumentation 
in the test station and propagation delay through the net· 
work being tested. 

The 241}terminallimit on tested network size is based upon 
the anticipated practical restrictions in LSI packaging tech· 
nology. It does not restrict test capabilities with respect to 
internal network complexity. which may include numerous 
feedback loops and buried states. Nor are the test applica· 
tions restricted to semiconductor memory and logic. PC 
modules and, in fact, any components resembling binary 
networks may be tested economically. For example, the 
user may employ test adapters to check out wiring·path 
continuities in multilayer circuit boards and computer 
backplanes.. 

GEN ERA L DESCRIPTION 

Overall, a Sentry 400 system resembles a general·purpose 
computer in its operation. The computer views the instru· 
mentation much like a peripheral subsystem, busing out 
control data and receiving subsystem status reports, inter· 
rupt requests and test data through its input--output inter­
faces. The basic system organization and main data flows 
are outlined in Figure 1. 

Test programs are transferred from the bulk storage, a disc 
file, to the computer's core memory and processed to 
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generate tester commands such as assignment of logic levels 
to designated test pins, comparison of device output func­
tions with programmed references, and switching of DC 
forcing voltages and currents to selected pins. This data is 
multiplexed to the test 5tali005, where the forcing and 
measuring circuits are located. After performing the mea· 
surements and comparing device outputs against reference 
values, the test stations return digital response data to the 
central system for analysis and automatic data logging. 

System Configurations 

Two typical expanded Sentry 400 systems, one representa­
tive of system production-testing subsystems or LSI arrays 
of various complexities and the other a production and 
engineering test center, are illustrated in Fi~res 2 and 3. 
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A disc file facilitates program assembly and storage. The file 
also refreshes the computer memory wtlen long prog-ams 
are run. About 350 test programs averaging 1,500 instruc· 
tions each can be stored on disc along with the computer 
operating systems software. 

A card reader to enter new programs will free the tele­
typewriter for data logging and communications between 
users and computer. Magnetic tape decks increase on·line 
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program capacity, retain data in the format needed for 
more detailed analysis, and facilitate exchanges of programs 
and test data among test and engineering groups. 

Each "pin" at the test stations involves associated sense 
force, and utility connections, drivers, sensors, forCing and 
compare register positions, and so forth. Fi~re 4 illustrates 
a few of the pin control·reponse and test conditioning loops 
at a test station (the details will be diSCUssed later). A mix 
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of pin complements may be employed at the various 
stations of an expanded system. Combinations like the one 
in Figure 2-wttich can test networks having 30, 120 and 
240 terminals (or less)-may be used to cover the full range 
of a component or system manufacturer's production and 
A & 0 requ irements. 

logic Function Tests 

Functional tests are executed by forcing programmed logic 
levels on the input terminals o f the assembly, wiring matrix 
or semiconductor logic or memory array under test. After 
an interval including the correct propagation delay through 
the network, output comparators are strobed to determine 
whether the network produces the expected responses in 
the proper time relationship. During th is delay, the central 
processor will generally be processing responses from a 
previous test and formatting the control data needed to 
execute the next test in a sequence. 

Pin output loadings can be simu lated and go/no·go reo 
sponses isolated to a single pin on displays or readouts. In 
essence, the computer compares the device to a software 
model. 

The functions tested may be combinatorial or sequential, 
defined as: 

• Combinatorial logic networks contain no internal 
storage elements (buried states) andlor have no 
feedback loops. 

• Sequential networks may contain both logic and 
storage elements (internal states) and may also 
have feedback loops generat ing buried states. An 
example is a read·only memory simu lating a binary 
counter. 

To test the sequential networks, the system can be pro, 
grammed to generate complex sequences of input pulses SO 
that the comparators can explore the output configurations 
based on a history of known events. 

The outputs of a large network may have many redundant 
and "don't care" states. Therefore, the Sentry 400 software 
has been configured such that the user can mask these 
states OUt 0 1 the logical compare operations, to increase the 
throughput of meaningful test data. Another means of 
improving system efficiency that is provided in the 
Sentry 400 is assignment of logic levels "broadside" to 
groups of pins in the test heads. Once the initial pattern of 
logical "1" and "0" conditions for a group of pins is set up, 
only the changes in states desired for a specific pin, or pins, 
need be programmed for the remainder of the tests on that 
network. 

Pairs of logical " 1" and "0" reference levels are set up on 
dual reference supplies in the central instrumentation sub­
system. The levels are bused to the selected pins as part of 
the multiplexed operation. A Sentry 400 may contain up to 
five dual reference suppl ies so that a variety of steady·state 
references are continuou sly available with in the system. 

5 

Precision DC Measurements 

The main constraint on absolute DC parameter measure­
ment rate is the desirability of using only one precision 
measuring unit per test station, to reduce system cost. The 
pins are connected to this unit selectively through a matrix 
of high·frequency switches that will not degrade test·signal 
accuracy. The rate of 250 measurements per second per 
station (4 msec per individual test) provides ample time for 
signal switching and settl ing, as well as for measurement 
functions such as output comparison and analog-to·digital 
conversion. 

As a rule, this rate will not significantly lower system 
throughput, because the number of absolute DC tests per 
program is typically very small compared with the number 
of logic function tests. If a pin is assigned solely to the 
precision measurement unit for a test, it wilt automatically 
be returned to its previous logic condition when released 
from the unit. At other times the pin is maintained in its 
assigned logic condition. 

The precision measuring unit also checks the test supply 
levels during system self· test operations. Any variation from 
the programmed levels will generate a priority interrupt to 
the computer. 

Operating Modes 

The normal operating mode of the Sentry 400 is the hi\1l­
speed automatic mode uoder full computer control. Auto· 
matic programs can be written to accommodate operator 
and handling equipment functions such as reloading test 
stations. However, programmers, engineers conducting 
development tests, and other personnel with special require· 
ments or authority may intervene in the automatic opera­
tion of any station and use the manual or monitor modes. 

As a rule, programmers use the manual mode to debug or 
verify programs. The programs are written as a sequence of 
commands which are translated by the system compiler 
into specific settings of the tester instrumentation, refer· 
ence suppl ies, switches and so forth. The manual mode 
allows the user to select displays, such as the contents of a 
specific function· forcing or compare register, so he can 
verify that the programming statements were written cor· 
rectly and in the desired sequence. The user presses the 
start button at a test sta tion to execute each step in a 
program for that station. Program steps may be edited via 
the teletypewri ter, or by placing correct instructions in the 
card reader. 

The monitor mode can only be enabled by authorized 
personnel (the mode switch is locked). It allows the user to 
modify and experiment with test conditions at a given 
station . It is intended primarily for R&D, engineering and 
system calibration operations. The special monitor control 
panel and displays are used to observe system voltage and 
current levels, modify them while observing the element 
being tested, check out power supply levels, run the strobe 
signals through an oscilloscope, etc. All programmable 
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power supply settings can be overridden by the monitor 
controls. Digital readouts allow pre-selection of manual 
settings before activation, to ensure protection for the 
device under test. 

In the monitor mode, the user can also request special 
services of the central processor, with the simplified inter· 
face programming language. As an example, he might 
instruct the computer throu{tl the teletypewriter to insert 
the following steps into the test program being run: 

• Stop on first failure 

• Stop on instruction N 

• Modify test rate (e.g., use a sohware counter to 
slow the test rate to 1 test per second) 

• Recycle subroutine X so response waveforms may 
be observed on an oscilloscope 

• Oat810g all logic and/or DC no-go results, along 
with specified go results 

• Change test program at station A. 

Since the user can command a combination of automatic, 
manual and monitor modes of operation, test rates in 
manual or monitor can approach the full automatic rate of 
up to 286,000 tests per second. For instance, should a 
programmer need only to reverify certain sequences in a 
test program after an initial debugging run, he can com­
mand the system to stop for manual operation at the start 
of those sequences. likewise, as shown by the monitor 
example list above, operation is automatic except during 
interventions requested by the user. 

The monitor control panel is centrally located on the 
Sentry 400 main frame and can be used to monitor any 
station. Manual operation is controlled and observed with 
the panel at each station. After executing a program step at 
any station, the central system will execute the steps pro­
grammed for the other stations before returning to the 
controlled station. Therefore, operation of a station in 
manual or monitor modes does not normally inhibit au tO­
matic operation at other stations. 

CENTRAL CONTROL SYSTEM 

The control system is memory oriented. That is, the central 
prOCessing unit (CPU) in the computer, the tester and all 
peripherals interface with the core memory throu!fl buses 
(FijpJres 5, 6, and 7) . 

The accumulator bus is the input/output channel for con­
trol data transfers. It is under direct control of the soft· 
ware. In addition, two other interlaces are provided: 

• Access directly into the core memory through the 
memory buses, so that data transfer operations 
such as lOading core memory from the disc file can 
be performed at high speed. 

7 

• Priority interrupt system that implements the 
necessary decision controls. Interrupt priorities are 
aSSi!J'led to C1!rtain operating conditions and various 
types of failures. 
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Test-Control Registers 

Several registers in the test system operate peripherally with 
the CPU. Three with considerable authority are: the func­
tion IF) register, which is loaded with the desired input 
functions and the anticipated output functions of the net­
work being tested; the C register. which receives the digital 
respoose patterns from the sensing circuits and makes a 
logical comparison; and the M register, wh ich masks the 
responses to prevent processing of "don't care" conditions. 

Comparison Timing 

The comparison instructions include a strobe operator that 
sets the delay between input force and output comparison. 
The strobe gates the data from the compare sensors in the 
test: head, and also actuates the logical mask and compare 
operations. 

A strobe may be delayed by a programmable counter (TO) 
or gated by the simultaneous presence of suitably located 
bits in a strobe-enable register (SE) and the F register. A 
counter delay is normally programmed for combinatorial 
testing. The more complex input histories of a sequential 
test are suppl ied by four programmed sync generators. 

A timing sequence for a typical combinational test: is shown 
in Figure 8. A nominal delay of 0.7 J.l,5eC is incremented to 
allow for input rise and fall times, network delay. and test 
system response times. 

8 

All four sync lines may be gated by the first four bits of the 
F register before being delivered to a sequential network's 
clock inputs. A clock·address register (CA) defines the lines 
used and TO the pulse period. A generalized sequential 
timing pattern is illustrated in Figure 9A; Figures 98 
and 9C are an example of a four-phase clock and the 
program statements that generate it. If the network requires 
more complex input patterns, the sync signals can be used 
to trigger external signal generators or wavesnaping circuits, 
wnich then clock the network, 

The instrumentation main frame also includes up to three 
digitally programmed power supplies that are shared by the 
test stations and can be operated independently. Each con' 
sists of a power supply and current or voltage trip,level 
detector. The program specifies voltage, sign, magnitude 
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and current. With as many as live dual reference supplies 
also available, the system can satisfy a variety of functional 
test ranges-for exampla. MOS stress testing along with 
MOS and bipolar functional testing when the device being 
tested is a hybrid subsystem. 

In addition, one register is available for control of wafer 
probes and other auxiliary equipments, and various utility 
componenu and displays. The multiplexer matrix, whose 
functions were shown in Figure 4, is also in the main frame. 

TEST STATIONS 

Each station is prO\lided with up to 120 function drivers 
and sensors. These are located next to the test terminals to 
minimize capacitance. The drivers change signals mono­
tonically at the test rate. Logic and reference levels are 
bused to the statiOns (see Table 2 and Fi9Jre 4). 
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Depending on the excitation bit transmitted by the F regis.. 
ter, a driver input is gated to produce a voltage equal to 
either the "1" or "0" levels on a pair of buses from the 
digitally programmed supplies in the main frame. The com­
parator senson are similarly gated to the reference supplies. 
Each responds with a logic level output that is gated with 
the M register bits. 

Precision Measurement Unit 

The precision measurement unit (PMU) contains a digitally 
programmed power supply with programmable current 
limit, a digitally programmed current supply with program· 
mabie voltage clamp, and an analog-to·digital converter 
programmable as a precision current or voltage detector. 
Either voltage-force/current·sense or current-force/voltage­
sense measurements may be made. A software dual limit 
comparator may be programmed for go/no-go decisions on 
the AID response. 

Pin addresses. which operate the relay switching array of 
the PMU. are derived from an input/output register (0). 
address register (PAL and clock-address register {CAl. The 
relays are placed as closely as possible to the pins to mini· 
mize stray capacitance. 

Pin Control Applications 

Output pins can be loaded in series with the driver. Then, 
when the driver is switched and the output is detected, 
COnaJrrent go/oo-go results are obtained. Alternatively, the 
pin is connected to a programmable supply via a utitity 
relay so that load current is applied when the supply is 
switched to the appropriate level. Load boards are provided 
lor these tests. 

Device power supply pins can be decoupled with a capaci· 
tor in series with the utility relay. Output pins may be 
biased through load resistors to programmable supplies. 
When making a DC measurement, the load resistor may be 
disconnected by the utility relay . 

CONTROL PANELS ANO OISPLAYS 

Controls and displays are provided for modifying and 
observing all of the principal test operations. The control 
groups are: 

• Monitor control panel. used to perform the opera­
tions mentioned in the discussion of the monitor 
operating mode. The panel includes a digital volt­
meter that cart be connected to any internal pro­
grammable supply or to an external probe. 

• Test station control panel, -which includes lamp 
displays that indicate input-output logic states, 
register contents. go/no-go indications, etc. Condi· 
tions displayed are switch·selectable. 

• FST.1 computer displays and controls, and the 
controls provided on the computer peripheral 
equipments. 

I 

: 

, 

I 



••• r ••• • " . •• ., x. x. _. x. x. x, 

ii i 'ii iii 

.(J. 
............. FST-1 

FST·l CONTROL PANEL AND DISPLAY 

In addition to all of the controls and displays needed for 
housekeeping and testing. each of the test stations has ten 
binary lamp displays that the system user can define to suit 
his requirements. 

SOFTWARE SYSTEMS 

Three levels of software, which become more interpretive as 
they rise in authority. are employed. These are: 

• FACTOR. The Fairchild Algorithmic Compiler. 
Tester·Oriented. The pr~ammer uses the 
FACTOR program guide to write and compile 
statements such as those in Figures 9C and 10. The 
actual instruction words. as translated and com· 
piled by FACTOR, follow 24·bit binary formats. 

• Assembler and various other utility programs. 

• DOPSY, the Disc Operating System, DOPSY com­
ponents include the file-operating subsystems. the 
subroutine library, and a short bootstrap program 
to enter DOPSY into core. Once DOPSY is in core. 
it can be used to assemble complete test programs 
from the various instructions and subroutines. 

• TOPSY. the Tester Operating System. This is the 
executive and the main operator/system interface. 
The example monitor·mode operations previously 
cited would be obtained by the user with TOPSY 
calls. 
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TOPSY and Its Monitor 

TOPSY e)(ecutes the test pro~ams in a highly interpretive 
mode. It requires linle more than a word or two from the 

.-

• 

• 

• 



• 

• 

authorized user to carry out a command. For example, an 
engineer might type in: 

/. PAUSE ON STATEM ENT 15. 

The /. is a TOPSY IdentIfier, and STATEMENT is a "noise" 
word that is ignored by the system. The user is permitted to 
add noise words so that the commands are easily under. 
stood by all personnel concerned. 

TOPSY's monitor, as the name implies, keeps watch over 
the programs being run. If a subroutine is missing from a 
program, lor instance, the monitor orders a search for it in 
the file and advises the user if TOPSY does not find it. The 
monitor may also be used to initialize programs, modify 
tester operaung conditions, and so forth. 

Users of the Sentry 400 will rarely be concerned with the 
internal machme language, which is FACTOR's responsi. 
bility. The use of English·language commands allows the 
system to be used more efficiently by engineers because 
they do not have to depend upon programmers to carry out 
chan~'; in test procedures. TOPSY will automatically wait 
'0( the proper instrumentation delays in any sequence of 
events in a test program but will execute non·time depen. 
dent instructions 10 a sequence to minimize total test time. 

Disc Operatmg System 

OOPSY is also easy to use. After It is loaded into cO(e, a 
user can select routmes and assemble programs from stored 
instructions and the subroutme library. Then he can file 
away the programs for future use. DOPSY. too, tolerates a 
lot of "noise" words, like the lower·case words in the 
follOWing request. 

IICREATE a DATA file named 'SAMPL 1." record size is 
15. 

The subroutines, which the operator simply references in 
his calls, include blnary·to·decimal and machine language. 
to·communications code conversions, and the various 
input·output routines for the peripherals. 

FACTOR 

FACTOR, of course, demands precise statements. But the 
programmer is gIVen liUle chance to go wrong. Actually, the 
language can be learned quickly by most technical person­
nel. FACTOR WIll mform the programmer of errors In 

syntax. entry of overlong statements, etc. 

The compiler is one of the DOPSY overlay programs. On 
recoverable errors, FACTOR will continue to compile. If 
the number is not recoverable, the programmer will be put 
back on DOPSY and notified of that. OOPSY's monitor 
operates here, and also notIfies the test system user when a 
compiled program enters the working store so that he can 
eXet\Jte the program With TOPSY 

FACTOR accommodates: numbers as integers, decimal 
fractions and exponentials; handles Boolean, scalar Inon-

II 

BOOlean) and mixed variables; arrays (ordered series of 
variables); parametered calls; and a wide variety of other 
functions. 

To avoid endless rewriting of long, but somewhat repetitive, 
p'rogra~~, and .. to conserve space in the core memory, 

blocks and global variables" may be used. Blocks are 
simply subroutines that can be nested like so: 

BLOCK (a) 
BLOCK (b) 
END (b) 
BLOCK Ic) 

BLOCK (d) 
END Id) 

END Ic) 
END (a) 

Any number of subroutines can be placed in up to eight 
nesting levels, and subroutines can be repeated as often as 
desired. The global variables are quantities accessible to all 
blocks. 

Various statements such as IF, THEN, GOTO, and so on, 
may be used to mix and match sequences of instructions 
and branches, in response to test results. For instance, IF an 
element fails a critical test, GOTO an analysis routine to 
find out why, and THEN put the element into the reject 
bin. 
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TECH TAL K FAIRCHILD SYSTEMS TECHNOLOGY EMPLOYEES NEWSPAPER 

Rec Council 
Plans Spring Dance 
SPRI NG is in the ai r and plans arc being 
made for the Annua l FST Spring Dance to 
be held al the Sunnyview Club un Apri l 
18. Dc l:lils include a sp:lghctt i din ner, 
Bingo, and dancing to George I),my's 5 
piece band. Dress will be casual. Wa lch 
for posters wilh full details! 

Rcc Council Schedule for the coming 
year includes: 
Sjlrln~ OalU:o; 
PlI:n..: 

April Iii 
Juno; 6 
Odober 14 
o..'t'l'mbcr S 
Ik.:cmbcr 12 

I all 1):111 .. ,., 
ClllkJrcn\Chmlma\ I'arly 
('hri~lmas Dan .. ' .. 

Be sure to mark your calclldars so you 
don', miss out on Ihese fun-filled even ts! 

People in New Places 

• 

Chuck Lav3mway of purchas­
ing turned Friday the I3lh 
into:l lucky day by receiving 
his promotion to the pOSi tion 

t of Buyer. Chuck has been 
with Fai rchild since September, 
1969. 

The Personnel Depa rtment 
welcomes their new Em ploy­
ment Manager, Jay Waste. 

• 

J3y will be h3ndling 311 profes-
, sion31 3nd technic31 recruit-

ing for the division. lie comes 
10 Fairchild Systems Techno­
logy with many years of ex­
perience in the recruiting 
field, most recent ly working 
with Watki ns·J ohnson as 
Senior Personnel Adm inistra-
tor. 

George W. leisz Named as a Vice President 

George W. Leisz. fonne r Executive Vice 
President of North Americ:lIl Rockwell's 
Autonetics division, W3S recently elected 
a vice president of F3irchild Camera and 
Instrument by the Boord of Directors of 
the corporation 

Alan J . Grnn t, group vice president, said 
that Mr. LeiS7 will be in charge of a newly 
formed group which will include the 

Dick Bodenschatz was pro­
m(ltcd in January to head the 
inspectiun area of PC Board 
Manufacturing. lie joined 
Fairchild in September. 1969. 

~ lcchanical Sys tcms wclcomes 
Loll Thayer to head thc Auto· 
Illat ion Prod ucts Dcpar tmcnt. 
Lou comes to PST from 
Ilughcs Aircraft in Occanside. 
California, where he was Prod­
uct line \1 :lI1ager of Displays. 
' -Ic will be in charge of the 
Proouct Dc~ign effort flIT the 
deve lopmcn t of peripheral 
hal1dler~ for Semicundtlctor 
as \\.:11 ~~ environmental ~nd 
ambient automatic tes t hand­
lers to support Ihc PST line of 
electronic test equipmen t. 

Systems Technology :md (\ulIruh di'i· 
siuns of the Clllll]lan). Mr. Grant. 10 Whlllll 

\I T. leiS! will report, announccd that the 
formation of the Systems and (ontrub 
group is being made at this time to acccl· 
crate Fairchild's corpora te ub,ective of 
exp:mding it s posit ion in the i I1du~t rial 
and c(J1I1I1lerci~1 equipmcnt m;Hkcts. lie 
further cmphasi/ed that FJirchitd'~ tedlllu­
It)gicalle~dership in sellllConductllT de­
vices will SCT\·e as ~ basis for int roducing 
adv;mced industrial control ~r1d dJta 
systems into a world-wide e:\p~nding 
market. 

At North American Rocl..well. Mr. Leis/'s 
respunsibili t ies included the diredilln uf 
its three divisions, Computer and DatJ 
Systems, Navigation Systems and Electro 
Sensur Systems. During his 18 year.'> ~t 
Autonetics. Mr. LeiSL served in various 
capacities which included the directiull 
of the design and productIOn uf ad .... Jnccd 
computcrs, automatic tcst systellls and 
precision senSing equipment. lie pre· 
viously was aflili:Jted with Sylvania lice· 
tric Products, Inc. and Huffman RJdlO 
CorporatIOn. 

.,. 

1 

Walt er Allen has movcd from 
the PC Board areJ tu Produc· 
tion EnginccTing to assume 
his new pOSition JS Assistant 
~IJnufacturil1g Lllgmeer 
Walter joined FJirclllld III 
April. 1968. 

Carl Steffens has reccllt ly 
bccn appoin ted Group Dir· 
ector uf Marketing. Carl was 
Director of Gcneral SJles and 
Acting Marketing Group Dir­
ector prior 10 his new appoint· 
ment. lie will m-crsce the 
~larketillg acti\il ies which in­
include Customer IngillecTlng, 
Product Markcting and Gen­
eral Sales DirecturJ tcs. 



Department 
Spotlight 

Systems Engineering 
Our imaginary product in idea form is ready 
10 be developed and engineered imo a 
producl. AI this point the product can 
take one of three paths, depending on 
whether it is a computer cOrllrollcd lest 
system, a mechanical system or a data 
system. Let's look firs t at the Systems 
Engineering directorate and test systems. 
The other areas, Data Systems and 
Mechanical Systems, wilt be covered in 
fUlUrc issues. 

SYSlCms Engineering is headed by Vito 
Di.Mucci. DircelOr, ilnd consists of live 
operating dep:Hlmenls and onc support 
departmen t: including, Advonced Develop­
ment, Functional Test Systems Engineer­
ing, Component Test Systems, Measure­
ment and Conlro1, Electronic Sub Systems 
and Engineering Administration and 
Services. Systems Engineering plays a 
major role in developing and specifying 
aU of the assemblies and sub·assemblies 
in the complete system. It is interesting to 
note that some of the major assemblies 
specified are products of the other en· 
gineering directorates such as computers 
from Data Systems Engineering and 
mechanical handlers from Mechanical 
Systems Engineering. 

One of the largest of the product develop· 
ment operat ing departments is Functional 
Test Systems Engineering where, among 
other products the "Sentry 400" Test 
System is under development. The "Sentry 
400" wit! make its debut to the public at 
the forthcoming IEEE Show to be held 
Ihis March 23·27 atlhe New York 
Coliseum. Bob HUSlon, Program Manager 
for the "$entry 400" and Section Man· 
ager of the Array Test Systems Section 
within FTS Engineering, along with many 
other project personnel, have literally 
been working night and day to complete 
the "Sentry 400" design and debug phase. 
Also within FTS Engineering, Brian 
Marchanl . Section Manager of FTS Soft­
ware and his crew have been working at 
breakneck speed developing the new 
5000c Executive Program so that it will 
be operational in lime for the show. 
Another of the large product develop­
ment operating departments is Com· 
ponent Test Systems Engineering where 
another new product line, the 700 Series 
Testers, developed and engineered by 
CTS, will be making its debut to the 
public al the I EEE Show. A great deal of 

the responsibili ty for the development of 
the 700 series rests with Ken Rinaldo, 
Program Manager fo r the 700T Transistor 
Test System and Systems Engineering 
Seclion Manager. The 700T is Ihe 
particular tester that will be shown at 
the IEEE Show Ihis year. Other models 
of the 700 Series will follow. Other new 
products to be at the show will be the 
6300A Op Amp analyzer, which will 
grnce the hospitality suite, and the 600C 
Tester which will be shown in the main 
display area. Both of these new products 
were developed by CTS Engineering. 

The Advanced Development Department 
within Systems Engineering, managed by 
Harold Vitale, has the prime responsibility 
for proving the theoretical and practical 
feasibility of various product ideas. To do 
so, Advance Development often must 
push the state-of·the-art forward to bring 
the product idea to the stage where it can 
be engineered. 

The Measuremen t and Con trol Engineer· 
ing Department is managed by Dick Rice. 
Dick and his crcw in M&C are involved in 
the design of "front end" boxes for 
system applications and wiU have their 
first instrument, a 15 Bit Converter, ready 
for production in the second quarter, 
1970. This is the first of many M&C pro­
ducts which will increase the percent of 
"in-house build" modules for our present 
systems. In addition, other products are 
in the preliminary stages of development. 

Included in the project personnel who 
have been giving their all to get these 
products ready, are members of another 
Systems Engineering department, En­
gineering Administrntion and Services, 
managed by Burton Hirsch . EAS consists 
of four engineering support sections: P.C. 
Board Design and Drafting, the Engineer­
ing Information center where all changes 
are recorded and controUed; the Custom 
Product Shop which has done a fantastic 
job in building the I EEE show machines; 
and Administration Services, which 
monitors and controls the project and 
departmental budgets and schedules. 

In all, Systems Engineering is the focal 
point for total tcst system design, large 
and small, computer controUed or 
otherwise, to develop, engineer and 
document the product for release to 
Manufacturing where it wiU be built and 
subsequently shipped to the customer. As 
indica ted above, the job cannot be done 
by anyone department, but is the result 
of a team of departments all working 
toward the common objective of offering 
our customers a highly re liable prod uct of 
which all of us at Systems Technology can 
be proud . 

Bob '-I uslon. (RCOnd~~~%~~; 
Manager for lhe "Senl!y 
Mlnager of the Anay Test 
his crew (lefl 10 rishl) Georp Niu, Tony Beccia, 
Ind Cark) SilYlI. 

i responsible for the 700 Jerte. is me 
Componenl Test System.$ EnaineerinllP'OuP -
(len ro rig.ht) O;i~ Crosby, Ken Rinaldo, Pro­
gnm Manlan for the 700T Transislor Test 
Syslem, Bilt Catkins, Jerry Pilbbury. Georp 
Baxley. Vin~ Schommer Ind Bill Ragin. 

Brian Marchan t, (righ t) Section Manager 
Sofl ware and the crew who4netoped !lle sOOOC 
Execulive Prognm for Ihe tEEE Show - (lefl 
10 right) Fran k Evenson, Ro n h rker, Roger 
Derin. 



Bits and Pieces 

around 
Dick Ribas' office on when 
the people in his area helped celebrate his 
Pisces birthday with an office fu ll of 
decorations. 21st Dick? 

There's something going on around 
Mickie McN3l1y's desk lately 100. Every 
time you pass her. il seems she has 
another beauliful bouquet of nowers on 
her desk. We inquired and It seems her 
secret admirer is none olher than her 
thoughtful husband. Richard . 

Celebrating their 43rd anniversary on 
January 14 were Doc and Bertha OougJas. 
Doc is a Senior Design Engineer in the 
~utomation Production group of Mechan· 
Ical Systems. He describes his 43 years of 
m~rriage as "eventful" and rightfully so 
WIth a proud 10lal of five children ranging 
fr,om vice president al Ubby, McNeill & 
Libby to a youngest son in Viel Nam. 
They have six grandchildren. 

Wed~ing bells for three FST employees -
loUise Hendrix , Distaffer in the Metal 
Shop, changed her name to Mc Brayer on 
February 14. The couple is residing ill 
San Jose. 

Bert Gmeve, Technical Staff Member in 
Systems Engineering Advanced Develop· 
ment , took the hand of the former Gudrun 
Weber on February 7 at the Los Altos 
Lutheran Church. They look their honey· 
moon trip to Napa Valley. 

Mim i Hill became the bride or Robert K. 
Bowers on January 31. The ceremony was 
held at the Calvin Presby terian Church 
with a champagne reception at the Cabana 
in Palo Alto. TIle newlyweds took a 
short trip down the coast for their honey­
moon. Mrs. Bowers works in Cabling. 

The Metal shop wishes a speedy recovery 
to fellow worker Leo Chapman (Metals 
Q.A.) who is in the Stanford Medical 
Center. 

Sports 
For you bowling fans , the Fairchild Tues­
day Night Mixed Fives League officially 
closed out the first half of play on the 
16th of December. The #1 team was 
"Two Pair and a Spa re" with a 37.5/22.5 
win/ loss record. TIle members of this line 
group are Kandy & Velvet Sa nchez, Clay 
& Earline (Sam) Bisson and Gllrry Rue. 

In the individual Irophy standings: 
J . Bernhardt (Mens Hi Series - 638) 
R. Chapman (Mens Hi Game - 226) 
B. Sazian (Mens Hdcp Series - 680) 
B. Ahrendt (Mens Hdcp Game - 256) 

Fo r the Distarrers : 
J . Hart (Women Hi Series - 553) 
K . Berendsen (W/Hi Game - 224) 
S. Fredrickson (WfHdcp Series - 280) 
N. Takemura (WJHdcp Game - 258) 

The Fairchild Summer League is now 
forming and will be mixed pairs. For more 
information on a fun summer of bowling 
fun,contact Fran Humphrey in the Metal 
Shop. He'l be happy to help you enter 
your team, or place you on one. 

For the more daring sports fan, a new 
Fairchild sky diving elub has been formW'. 
For more informat ion, contact Bob Gray 
on extension 52 15. 

FST Welcome Mat 
MANUFAcru RtNG MARKETING 
Rcza Alancih 
Garry Halte rman 
Jill Correa 
I'hillip Green 
I':llnela Klier 
Georgiann Pidcock 
Bob Richter 

SYSTEMS 
ENGINEERING 
Harold Brown 
May Moore 
Danie l Oakes 

On The 
Line 

John Houndy 
Richard Brouillard 
(A-o"e LaRoSl.' 
CiiffTl1Ivis 

DATA SYSTEMS 
Marv Ackem13n 
John Burnett 

ACCOUNTING 
Rod Trainer 

PERSONNEL 
Jay \Va ~te 

February certainly seems to have been a 
productive month fo r the line people, orr 
the line . Chalta Morrison, Chassis Wirer 
on Don Dunkles line has jus t returned to 
work after adding a bouncing 6 lb. boy, 
Todd , to her family. Todd is Chalta 's 
Ulird child . 

lou Guevara's wife presented him wilh 
their first child, louis, on February 19, 
Lou is a Production Planner on the Sandia 
Project . 

Another proud father, Frank Ambrosini, 
welcomed a baby girl to his family . Frank's 
wife gave birth to 7 Ib" 7 oz. Antionette 
Theresa, on February 2 1. Frank is a 
Material Handler for the Stockroom. 

A few more celebrations were in order 
for three Cabling girls wi th February 
birthdays - Helen Foreman , Mary Jo 
Humphrey, Barbara Fey. 

Poor "long-suffering" John Javelet, 
Production Planner, seems to be smiling 
more since another male has been added 
to the Pilot Line . The new Tech on the 
line, Floyd Kling. drives all the way from 
Richmond every day to make the odds 
more even with three men now against 
twenty girls. 

Sally O'Brien of Pilot isn't really out of 
shape nor is her color nonnally purple, 
but due to a fractured rib, she is having 
a hard time moving around lately . To 
laugh is sheer torture, and of course we 
alt try not to make her laugh. 

Having survived four mon lhs on his new 
job as Foreman of twenty women on the 
Pilol Line, Martin Johnson's favorite 
commen t seems to be, " Why me?". Of 
course the girls can't understand it be· 
cause they are most cooperative, never 
dispute his word or try to change his 
ideas - weJl, hardly ever. 



An Easter Message 
"One Solitary Life" 
He was bom ill all obscure vWage, 'he 
child ora peasant IVOlllan. He grew up ;11 
still OJlOt/lcr village, IVI,ere he worked ;1/ 
a carpemer shop until he was 30. Then 
lor 3 yNN he "'Os UII itinerate pN'Qcher. 
Ile "ca'l!r wrote Q book. He never held all 
office. He never had Q fam ily or owned a 
house. lie did" 'I go 10 college. lie lIe~'(!r 
visited a big cilY, He lIe~'er traveled 200 
miles from the ploce where lie WtlS bom. 
lie did IIOIIl! of the IIIIilgS Olle IlSl.Iully 
USSOCioll!S with gretJfl1ess. He hod 110 

credentials bill himself. lie was ollly 
33 whell the lide of public opinion filmed 
against Mm. Ilis friends rail off He WQS 

turned OI'eT to his enemies alld sent 
through the mockery 0/ a trial. /Ie WQS 
fWiled 10 Q cross between two ",wl'f'l. 
While he wasdy;ng 'he executiOllers 
gambled for his clothing, the Oll/Y property 
he had 011 earth. It'hell he was dead, he was 
/gid if! a OO" owed gralle through tile pity 
of a frielld. 

NinetecII centllries lun'e CQme and gOlle. 
and today lie is the celltra/ figure of the 
human race anti leader of mankind's 
progress. A II tile annia that e~'er marched. 
aI/ the 1101';es that t!I'er soiled. aI/the 
parfimems that ever sot, all the kings Ihot 
ever reigned, pm together, lun'e 1I0t of 
feered the life ofmen 011 this earth as 
much as that One Solitary Life. 

A IIlhor IIl/kl/oWIJ 

Medical 
Services News 
ATIENTIO N MEDICAL PATIENTS: 
CLAIMS FOR 1969 
Those of you who howe insu rance claims 
pending from 1969, and have neither 
heard nor inquired aboUi your claim. 
please do so immediately. United States 
ufe, the former insurance carrier, is ex­
erciSing its right to deny claims if all forms 
and bills have not yet been submitted. 
Contact Medical Services on 5122 10 learn 
the status of your claim. 

SPRING IS HERE 

Basebal l. picnicS, volleyball, swimming 
and just good o ld outdoor exercise arc 
aU in lhe fun of Spring. But don't let the 
sunshine and warm days make you forget 
to be careful. Spring is the time for out­
door injuries, sprained ankles and pulled 
muscles. Be certain you won't have to sit 
out Spring on the sidelines this year. 

"Moving Up" 
Yes. even our Stores Oper:llions are 1I10V­

ing up into space Ihe unused o .... erhead 
space ill their warehouse. Jim COOI)er, 
St ores Manager, has had his crew busy for 
two weeks installing a new pallet rack 
system designed to ut ili1.e the available 
height in the building. TIle improvements 
will increase storage space to three limes 
the preSCTl t capacity. In addition, a polTlS 
location and iden tification system will 
facili tate the now of material to and from 
the Stores area. 

The Stores warehouse .s located to the 
right rear of our main building. 

After reamngins. the mlterbls ,;,,,. <h,,;, 
designa ted hclshu in .1It' W3rehousc. 

RC'Ponsibkl fOf the Siores Ir.;ansformation are: 
.0\-1 to nsh!) Fnnl.: Ambrosini. Tony 
GU:II':lsdo. Doo Whea tley. Gent' Alquist and 
Jim Cooper. 

Service Awards 
Celebrating 5·year awards this month 

SlicinS into her tempI ins cek-bnhon cakt' Is 
Wanda Ross. Oassis Wirer on Pilo. Line. 
I·oremln ~brlin Johnson prl'tCnted Wanda 
... ith her service allo'ard. Wanda joined us In 

the usembly operaoon in hnWlry. 1965. 

Nat Watchman. ~"et.onk Technicbn in 
Produc t lest cdebnted hIS 5 yun; on 
I' ebruary I I . 'at iJ beins e(X1patubted by 
Supervisor Bitlllennan. 

TFOI TALK 

\lJr.h 1970 

I'ubhmed by and for the emr loycc~ of 
I Ilrdlild Sys t.:m~ T.:chnolQl:y DI~i~ion 
In Sunny~ale.(,.hrornia 

L.chtor: Carol leighton 

Photognrht'n;: 
I'.:tl' Gud:.:nhcnn.:r and T am RUM 

R.:por len;: WC~ Scll. Cern Ikntlcy. John Bold., 
Darlene Harbt'<:k, follmi l\ill . Ken Karraker. 
tarry Lav.rcnlX. Tam Russ.. John Stilut.:r and 
Ruth Zabel. 

© t ;urchild S}~kms Tt'ChnolOlty I)i~i sion 1970 
I'nntctl In U.S A 



TEST HEAD ON WAFER PROBER PROVIDES PRODUCTION VERSATI LITY AND OPERATING CONVENIENCE 

F=AIRCHILO Production versatility and line balance Is achieved when standard test head (l)mounted on wafer prober (2)ls hinged open to allow "Final" testing 

~ of pack3geci devices (3). Thus, wafer probe station doubles as a -manual" test station (4). During wafer probe operations device socket (3) is 

replaced with probe interface ring, test head Is secured over prober, and extended chuck (5) allows fast wafer change. 
P-OOb-ll/71 



HIGH SPEED TEST HEAD DESIGN ELIMINATES SPECIAL HARDWARE REQUIREMENTS 

Htfe's the 1103-1 onder test! Test head pin electronics are positional radially beneath the $ockel/load board shown here . Just one viewing 

resistor on load board is required to leslthis 1024)[ 1 Random Access Memory . Unique system design eliminates error prone, time consuming 

hardware twiddling. decision making. and cumbersome personality or pin swap boards . Connector on left controls other loads, if required. 
P-004-1l/71 
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TEST HEAD ON AUTO HANDLER INCREASES THROUGHPUT WITHOUT DEGRADING TESTING 

Compact test head mounted behind auto handler contaclor (1) provides Sil/TIe high quality electrical environment as lest head mounted in manual lest 

station (2), Both are supported from the High Speed Test Station Conlroller ()oo a time shared multiplex basis . SENTRY Mainframe (not shown) 

provides efficient system architecture to support high throughput testing of different devices at up to four lest stations. 
P·007-11/71 
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UNIFORM 5 MHz TESTING AT ALL STATIONS ASSURES CORRELATION AND LOWER COS TS 

Testing cooelation is assured when identical test heads (at each 9) provide the same eleeltical environment for complete DC and 5 M Hz function 

testing of LSI at both wafer probe and final test . Identical lest head at environmental chamber assures correlation for both producl1on and Q. A. 

Costs are reduced when complete tesling at wafer level screens out bad chips before packaging materials and labor are committed . 
-- P-OOS-ll / 71 



5 MHz TEST STATION CONTINUES SENTRY'S MODULAR DESIGN 

Basic high speed test group (shown above Jadded to SENTRY mainframe group provides up to 5 MHz funclion testing plus complete DC tesling of 

all LSI devices. High s~ lest station controller Ion right) supports test station (on leftl. Modular system design allows each controller to 

support up to four test stations - each testing different device types and technologies with up lO bO pIns - all under software control. 
P-002-11/71 
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Published for the Employees 01 the Systems Technology Divi sion 01 Fairchild 

A lesson in monster management 
How do you begin when your Qualifier. 

assignment is to tackle a The Qual-card library and 
monster? the calls it generates from 

The first order of busi- sales representatives and cus-
ness is to get organized. tomers is only one of the tasks 
Set priorities and break the that demsnd Jerry's attention 
apparently impossible task as he structures an organiza-
into manageable segments. tion tailored to the special 
Then get to work. needs of the market for under-

Organization is the over- $30.000 semiconductor test 
riding impression in the systems . He. along with the 
office of Jerry Crosby as he entire Division. is working in 
confronts his organizational an area that is relatively new 
monster. Jerry recently re- to the Division. Reaching the 
turned to the SystelDS Tech- vast market for these rela-
nolo8)' Division as marketing tively low-cost testers re-
manager for small testers, a quires a sales organization 
newly-created post that as that can economically devote 
closely resembles monster the time necessary in getting 
wrestling as any other task to knOW' and calling upon the 
in industry. numerous users of semiconduc-

To begin With, it's a job tor devices who would have 
without end . The demands application for the attributes 
for Qual-card. programs to of the Qualifier 901 and the 
respond to user's specific PATl' line of testers. 
applications arrive via 
phone and mail in ever-grav­
ing waves. Jerry lesfs 
through the newest listing of 
Qual-card offerings pub­
lished 1n a multi-page cata­
log that 1s updated monthly, 
satisfied thst the Division 
is making progress in devel­
oping its Qual- card library. 
Yet. that satisfaction is 
short-lived. He refers to 
the five-foot list of Qual­
cards in progress that cov­
ers a major section of the 
wall in his office and con­
tains reports on the status 
of each . New additions to 
that list are made weekly. 

"The library of Qual­
cards will largely control 
the sales of our Qualifier* 
901." Jerry says . "We have 
to be able to offer custom­
ers all of the standard 
progra.s they will use in 
their applications, plus 
continually add programs to 
our offerings in order to 
enhance the value of the 

*TH-FCIC 

Today, Systems Technology 
has contracts with some 15 
~ufacturers' representatives 
across the United States to 

(continued page 5) 

Jerry Crosby 

June 1975 

Jim Bowen elected 
vice president 

Jim Bowen 

The election of Jim Bowen 
and George Wells as vice pres ­
idents of Fairchild was an­
nounced on June 4 by Wilf 
Corrigan, Fairchild president. 

Hr. Bowen is general manager 
of the System Technology Divi­
sion. Hr. Wells is general 
manager of the Discrete 
Products Group. which includes 
the Diode and Transistor 
Divisions . 

Systems inventors 
receive awards 

Y.B. Chau and Brooks Cowart 
recently received patent a­
wards for inventions they de­
veloped as part of their work 
with Systems Technology. Y.B . 
received his award as co-in­
ventor of an improved testing 
circuit. Brooks I award was 
for a parametric tester for 
input levels of semiconductor 
devices. 

To be eligible for a cash 
patent award of up to $200 , 
the inventor (Dust file a de­
scription of the idea or de­
vice with the corporate patent 
office in HolUltain View. An 
evaluation of the disclosure 
will be made. and if it is 
eligible as an original idea 
or device for patent lUlder 
U. S. Patent Office rules. the 
inventor will receive an award 
at the time the application is 
made for patent . 



Notes from Jim Bowen 
This should be the year 

that Systems Technology makes 
significant inroads into test 
systems markets in Europe . Our 
efforts have been intensified 
to encourage customers in this 
part of the world to include 
Fairchild products on their 
shopping list when they are 
looking for a semiconductor 
test system. Marketing activ­
ity in Europe has been greatly 
accelerated with the result 
that we are receiving an in­
creasing number of inquiries 
from potential customers on the 
Continent . 

Even though Japan has suf­
fered an economic downturn that 
has been IlIOre severe and pro­
longed than that which we have 
realized in the United States, 
~~ have not allowed the slowing 
of orders to relax our attitude 
toward this potentially excit­
ing market for our produc~s . 
We recently hoated a large 
group of Japanese IEEE members, 
ClOst of whom represent compan­
ies "hich are prospective cus­
tomers for our systems . AI 
Perry escorted the Japanese 
visitors on a tour of manufac­
turing and engineering areas 
and provided the engineers with 
a detailed description of the 
capabilities of our products . 

I am encouraged to learn 
fro. Gordon Daggy that the num­
ber of articles and papers 
being prepared for publication 
and presentation is on the 
increase. I believe that this 
ia one of the IDOSt beneficial 
methods for bringing Systems 
Technology's capability to the 
attention of our customers . 
Articles on syatems design and 
teat programming "hich appear 
in major trade publications, 
carry more credibility than "e 
could eve r hope to gain through 
an advertisement in the same 

publications. We know that we 
are the best in the bUSiness, 
but making the rest of tbe 
world svare of this fact takes 
special effort. We recently 
doubled the author's incentive 
award to a maximum of $400 . 
If that alone doesn't give you 
encourgement to put your ideas 
down on paper to share "ith 
others , by-lined articles in 
respected journals bring 
professional prestige. Just 
ask those engineers and scien­
tists who have become recog­
nized as e::r::perts in their field 
because they have made the 
effort to document their devel­
opments and ideas for publica­
tion . Gordon's office is eager 
to lend support in preparing 
material for publication or 
presentation . 

Tbe signs of our gradual 
recovery to former activity 
levels is IDOst evident in manu­
facturing where we are seeing 
an increase in our work force 
for the first time in many 
months. We are proceeding with 
cautious optimism, believing 
that we have seen the bottom of 
the recession. 

My family and I plan to 
spend most of the day at the 
FST picnic at Blackberry Farms 
on Jlme 14. Hope to see every­
one there. 

--Jim Bowen 

Turning trash into trea­
sures--The Recreation Counci l 
Immd a fortune on the way t o 
the trssh bin. Starting a 
paper recyling program little 
over a month ago, the Rec 
Council treasury has been 
grOWing gradually as a r esult 
of the income from the sale 
of recyclable data proceSSi ng 
print-outs and punched cards . 
Regular contributors to the 
program, such as Nancy Ramirez 
(above). have been responsible 
for contributing almost a t on 
of the paper and cards each 
week. Income from the re­
cycling program will be use d 
to undervrite a major employee 
social activity. Others who 
are hoarding computer paper 
and cards that they would 
like to contribute to the 
recycling program, can bring 
them to the collection area 
near the receiving dock in 
the rear of the building. 

Priz!!s for photos 
Awaken your imagination, 

get out the camera and cap­
ture a winner in the annusl 
HORIZONS photo contest. Nine 
prizes viII be awarded to 
photographers who submit the 
winning entries in each of 
three categories: People, 
Anilllais and Scenic. 

Mark your entries, either 
slides or prints, clearly 
with your name and Fairchild 
location and send them to 
the Employee Communications 
Office, mail stop 20-2260, 
Mountain View. Deadline for 
entries is August 15. 
Winning photographs "ill be 
published in the fall issue 
of HORIZONS. 



Bob Huston: 

SYSTEMS' 
SHOWMAN 

Bob Huaton. -...a_ser of aote­
van cMYlilopM-nt. appena to 
_pend .t.o.t u aueh tiM be­
hud • podlW1 •• btl doe. lD 
hie office .nd lab. 

Bob h 111 ar.at de..,d .. 
• technlc:al apeahr. panl­
cl.1lar1y vben tbe proar_ cen­
ten af'OW1d the bl •• t COD­
cepu ill tut101 •• a1C:OGd~ 
tor cln1cu. Tub on .tero­
proeeteor [.'tiDI haWi rec~t-
11 taktll lob to Wi •• baden. 
Cer.-o,; hrt.; md ADabel_, 
C&lifomla. "hare he partl­
clpated in the HEPCXlN loter­
n.tioaa! )Ucroelactroo.lc 
CG:I.ference ...... 4 hb tal.lt.e 
haw drewn record crowd.. 

The aubject that b fu­
einetiol technical audience. 
arOlKld tbe vorld 11 tbtl pro-
1[~OI of [ .. UOI for oev 
Ilicroproc:e •• on devic •• , in 
cludill& Fa! rchlld 'e own F8. 

lob b very c.reful, be­
cala. of the nature of tbe 
coafert:o«. 10 which he parti­
cipate. .nd the expectationa 
of hb aud1_ce. to natat 
tumiDI ht.. addn .. iDto a 
.. Ie. p1tcll for the s,n •• 
r.chanloe t ... ters. "1 
carefully up lata. 10 tbe 
beahminl of ., talk tbat 
aU prolr_ 1 dotacrib. baw 
been developed for and 
chec:bd out oa. a Fairchild 
teneT, but, .. ide fro. ODe 

or two refu'eI1cea to the 
capabiUty of our t •• ten, 1 
CODceDtrate oa. the tut pro­
Ir-.1ol de:wlop-alta VIa beve 
..&a, vltb the bope of liviDl 
the __ n of the aud1_ca 

Dev infor.atioo tbat will aid 
the. in thair job .... 

Bov.ver. eYeD. vith tM 
careful avoidance of owrt. 

sellin, technique., .any In­
quirie. about Sy.te: .. Technol-
01)' product. co.e fTOll the ..... 
ben of lob'. audience.. 8i. 
role .. perfora!:r v .. arrived 
at oaturally. "I've beeo Pf'r­
foraina aioce I va in jWl.lor 
Msb .chool:' be .ay.. "I 
played u'\a.pe.t and "'aolady 
antered .tate-v1de ~lc ca.­
peti tioo.... But even vith his 
leasthy hhC'ory in haftdUns 
.udience •• de.crlbioS ~cro­
proce •• or te.tinl dr..,. upon 
all of Bob'a c~icatioa. 
abiUtie.. "A -..oufacturer or 
user of aicroproce.aon hce. 
the teat proble .. inherent In 
RAHa. ROHa, .hift resiater., 
decoders, .equential .tate., 
countera, oscillators, and 
ar1thaatic 1011c units rolled 
into a ainlle device. 

'"The audiencea are eaaer." 
Ioh atat.a, "for afty in for..­
tioa. that vill aak.e teatinl of 
the aicroproceaaors .ore IYI!.­

a~able:, '0 that account. for 
the nUMroua invitations I've 
received lately," 

However, Iob'a participatlon 
1a technical coofereoce. h .. 
lona beyond that of principal 
.peaker. He hu beco.e ao 
veIl-known in tbe tiaht. little 
co~t t,. of technical expeuu 
in the tutlnl bUlline •• that he 
v .. recently .. ked to act .. 
coordinator for a conference 
to be held in Vail, Colorado 
this aua.er. 81. experience 
oa tbe coaferenee circuit en­
abled hta to use.ble qutcldy 
a panel of top notch apeakera, 
.oat of vboa he h .. ahared a 
podt~ vitb in previous con­
ference •. 

Thou.ah Bob ia t.mchallenged 
.. chief technical apeaker {or 
Syste .. TechnololY. he views 
his pre.entation at technical 
cooference. and aeainar ... 
extra-curricular activity and 
doe. not allow ir to infringe 
011 hie pri .... stan_nt. A 
.. ratboo worker, Bob "ill enter 
the laboratory late Sunday 
eYell1nl and reaain enlro.aed 
10 projecta for 48 bour. run­
n.ing before leavinl for hc.e. 
Thi. atyle of non-atop effort 
" .. developed vhile he va. 
a atudent at Purdue and haa 
been .ua:tained throuahout his 
career. "I reliah the peace 
and aolitude in the laboratory 
throughout the niaht and find 
that tbis ia .y .oat productive 

period. Meanwhl1e, the 
developments that are takinl 
place in that laboratory in 
the .mall hours of the mom­
ins are providing the ideas 
for future papers which will 
be presented to technical 
audiences throughout the 
vorld. 

Service has a 
dual meaning 

for field personnel 
"Service" is an important 

part of the title that Sys-
te .. Field Service personnel 
.hare. And they obviously 
take that title seriously in 
.ore ways than one. The 
Field Service DepartGleRt has 
one of the loogest service 
recorda among its employees, 
"ho claim between five and 
twelve yean with the company. 



New marketing approach for Europe 
The Systems Technology 

Division is having it s pres­
ence in Europe felt more 
acutely as t he result of a 
new marketing approach. The 
Division Is developing a net­
work of nat ional representa­
tives to serve maj or European 
markets. 

Managing the 5y8 t ems Tecb­
nology marketing e fforts i n 
Europe is J i m Healy, who 1s 
located at the Inte rnational 
Division Europe headquarte rs 
office in Wiesbsden, Germany. 
Jim was forme r ly Asian Sales 
Manager for the Internation­
al Division. He brings t o 
his new assignment l engthy 
experience in marke t i ng 
through representa t ives . a 
sales approach t hat has been 
used successfull y by Sys t ems 
Technology in Asia . 

Recent addi tions to t he 
European representa tive sys­
tem are firms in Ge rmany, 
France, South Afr ica and 
Israel which join Sys tems' 
established repr esentatives 
in Scandinavia and I taly. 
Jim ia current l y ne gotiat­
ing for the es tablishment of 
a Syatelll8 Tech representative 
to serve Gr eat Britain. 

The movement toward nation­
al represen t atives i n Europe 
has been ~neficial i n broad­
ening the Division' s expos ure 
in theae countries , Al Perry, 

International marketing mana­
ger for Sys tems Technology, 
said. "This new method of 
marketing has been underwsy 
only since August, but already 
we've begun to see a great 
deal of additional activity 
from Europe." In the SystelU8 
Technology order cycle, test 
equipment usually represents a 
sizeable capital expenditure 
for the customer and, there­
fore, an order takes up to a 
year for conclusion depending 
on the purchaser's budgeting 
calendar. 

"We're obviously benefitting 
from the broader coverage we 
receive through national repre­
sentatives," Perry adds. "It 
should prove to be the most 
economical and beneficial ap­
proach to reaching potential 
customers in European countries. 
All of our representative firms 
have established reputations 
in the nations in which they do 
business and are known to .oat 
of the companies which would 
have use for our products." 

Jill Healy, European market­
ing manager of Systems Technol­
ogy reports to Don Brettner, 
general manager of Fairchild's 
European operations. Jim was 
replaced in Tokyo as East 
Asian sales manager by Dave 
Wiesen, who reports to Andy 
Procassini, general manager, 
marketing, Asia/Pacific area. 

Systems bounds 
away with 

basketball title 
The point spread in the 

Fairchild basketball league 
only once became so tight that 
Systelll8 Technology basketball 
players really had to pour on 
the heat to maintain their 
lead. The DIC marketing team, 
on Kay 7, shook SystelllS Tech's 
complacency with a game that 
ended 52-48. But no matter 
how you meaaure, Systems Tech 
ended league play unbeaten in 
the fast-paced, intra-company 
competition. 

In the nine league games, 
score spreads ranged from an 
impressive 34 points to the 
narrow four in the DIC contest. 

The Systems Tech team en­
tered the play-off on May 21 
to face winners of the firat 
elimination, one of the de­
ciding challenges. The re­
suIt: a 64-56 win. They met 
the second place team on the 
court a at Awalt High School 
on June 4. A win in that 
game •• cured the Fairchild 
basketball title for Systems 
Technology. Team members 
are: Hike Bolley, Keith 
Erick.aon, Mike Soutaa, Randy 
Boward (captain) Bob Merrill, 
Roy Van den Akker, Bob Warner, 
Ron Nelson and Zeke Valladolid. 

TAKING HOME THE TROPHIES: Systema Tech's top 
bowle r s and t eams claimed trophies at the annual 
awar ds banquet held May 21 at Michael's in 
Sunnyvale . Above, members of the first place 
t eam (left t o right) Army Armstrona, Ruth Zabel 
and Fr an LaValley accept their awards with 
Smil es. Ruth juggles trophies for Joe Cotey 

claimed a tie for the women's high scratch 
game (214). Other significant accomplishments 
over the seaaon were: Judy Lang, wOllen's hi&h 
handicap game (263). Carol Grab .. , women's 
high handicap series (679); Bernie De Loa 
Angeles, mea's high handicap series (733). 

and Nu Weaver who were unable to attend the 
banquet . Cente r, Bob Crabb clutches the trophy 
fo r the hi gh handicap perfomance (277); and 
(right ) Marian Oswald and Fran La Valley 

Ralph Colbacchini, men'a higb scratch game (254) 
high scratch series honors went to Michele 
Jorgensen (558) and Dennis Shutter (632). 
Second place team members are Carol Graham, 
Michele Jorgensen, Linda Bolthouse, Len 
Bolthouse and Tony Barela. 



FST in a word 
To some it 1s a seemingly 

endless stream of paperwork; 
to others it 1s a moving ex­
perience sprinting around the 
plant eight hours a day; to 
yet others it is components 
and parts and wius; to stUl 
others it 1s a mind-bending 
experience attempting to match 
test problell8 to hardware sol­
utions; and to some it Is an 
exercise in cOllllllUDications­
the voice at the other end of 
the phone line and the recip­
ient of the letter. 

Everyone has their own 
point of view on the Systems 
Technology experience. and 
that view 1s largely deter­
mined by the job in which the 
individual is involved. Be­
yond that, every Systems Tech­
nology employee also has an 
overview of the division--a 
succinct impression that 1s 
the cod>lnatlon of all the 
activity within the walls of 
1725 Technology Drive. 

Ruth Zabel Steve Small 

• This is what Tech Talk 
sought in a brief trip 
around the plant recently-­
a one-word description of 
life at the division. Froll 
Ruth Zabel came the word 
"interesting." from Steve 
Small, "provocative." and 
Jerry Carson added "well­
seasoned." (If you resd 
these three sdjectives in 
order. you arrive at a well­
known product commercial. 
We can only assume that Jerry 
believes working at Systems 
Tech is somehow like eating 
potato chips. Absurd. It's 
more like nibbling pretzels.) 
And the final word or words 
came from Roxie Reddick, 
"1 take the fifth amendment." 
What does the combination of 
this quartet's comments on the 
Systems Technology exper­
ience tell? Our experts in 
communication, after lengthy 
analYSis, decided it sounds 
like flm. 

Jerry Carson Roxie Reddick 

Women bowlers 
take honors 

A Fairchild woman's team 
entered in the city tourn­
ament on March 1-2 and 8-9 
represented the company ad­
mirably by taking cash awards 
in all events. The Positive 
Thinkers--Barbara Butler, 
Marian Oswald, Vickie Risso 
and Peg Wood--took tenth place 
in the overall tourney. Harian 
and Peg claimed 15th in the 
B doubles event; and Peg took 
a ninth in the B singles and 
first place in B Division, All 
Eventa. The tournament, held 
over two weekends, took place 
at the Cherry and tamino BowIs. 

Harian reports that s 
woman's bowling team will 
enter the State Tournament in 
San Diego in July. A women's 
team of 10 members is also 
entered in the Fairchild East­
West intra-company tourney. 
In this competition, the top 
players of the West Coast pit 
their skills against Fair­
childers working in East Coast 
plants. Weekly individual 
and team standings are reported 
in the l118il and top teams and 
individual players are judged 
on the basis of performance 
during April. 

The West Coast women's team 
claimed the trophy in the 1975 
competition, and the semi­
conductor-west men's team took 
top honors for its performance 
in the long-distance contest. 

Monster management (cont1n~d) 
handle the sales of the 8ma1l- tomers who have a need for these test system with a $100 , 000 
er test systems throughout the products. price tag, it is highly unlike-
country. Though Jerry and new- Jerry has a well-developed ly that the customer will de-
ly appointed sales manager for knowledge of the capabilities mand that it be manufactured 
s1ll&11 syste_, Earl Jones, are and market potential of the and delivered in a month . A 
anxious to expand the organi- Qualifier 901 and its related buyer of a high cost systell has 
zation of representatives to products because he was a mer- the right to expect, even de-
cover still open territory, ber of the team that initially mand, the illlllediate and undivid-
the current salea force has developed the concepts for the ed attention of a member of the 
developed to the point of con- Qualifier. "With the s .. aller Division's field service force 
tinuing a training program for test systems," he explains, when something goes amiss." 
the manufacturers' representa- "we are dealing with a custom- Maintaining this high level 
tives. Beginning' this month er who expects demonstration of of product performance and ser-
and throughout the 8U1l111er, the product at his site, 3O-day vice that customers have grOlom 
detailed training in the appl1- delivery, and rapid spare parts to expect in large test systems 
cations and attributes of and repair responses. It is a while delivering a low-cost pro-
Systems Technology's small vastly different relationship duct is the monster that Jerry 
testers will be conducted for than that which occurs with wrestles each work day. 
the 110 salesperaons working our large systems purchasers . Determination and organization 
for the 15 manufacturers' No one expects an in-house will be the weapons that will 
representatives who will be demonstration of a room-sized conquer this marketing 
responsible for getting the system. If it takes two years challenge. 
SystetDS Technology name to cus- to decide on the purc.hase of a 



----IRec council plans active calendar'-----
The Rec Council party plan­

ners recently unveiled a daz­
zling calendar of events for 
the next several months. 
Leading the schedule was the 
Moonlight Cruise on the Bay, 
\o1tic.h drew more than 17(} em­
ployees and their guests on 
Hay 16 . Nature performed 
beautifully for the Systems 
Tech party. Clear skies. 
c.alm waters and a refreshing, 
rather than chilling. breeze 
added pleasure to the round 
trip from Fisherman's Wharf 
to Jack London Square. 

Employees and their guests 
arrived in Oakland at approx­
imately 8 p.m., visited the 
restaurant of their choice 
for dinner and regrouped 
aboard the cruise ship at 
10:30 for the return trip. 
"San Francisco was magnifi­
cent--a jewel gleaming in the 
dark. making the return trip 
particularly aemorable, "Kay 

Grunts, groans and gil~les 
elll8tlate from the prep area 
of manufacturing every after­
noon around 2 p.m. Those are 
the sounds of women in search 
of improved physical fitness. 
Led 6y Alice White. physical 
fitness hobbyist, several mem­
bers of the manufacturing 
department meet each day dur­
ing the afternoon break to 
bend, twist and stretch their 
way toward smaller waistlines 
and improved lIIuscle tone. 
Alice. who has been pursuing 
a strenuous exercise regimen 
for more than three years, 
has lost almost 50 pounds and 
now heads for the trim size 
lOs when she goes clothes 
shopping. 

Though the coffee break 

Fields, Rec Council president, 
reports. 

Saturday, June 14 is the 
date the Rec Council has set 
for the annual picnic. The 
site will be Blackberry Fsrms 
where Systems Tech employees 
and members of their families 
will have exclusive use of 
Sycamore Grove from 9:30 a .1\1. 
until the park closes. Divi­
sion directors are being re­
cruited to man the barbeques 
and w111 prepare steak and 
hamburgers to order fr01ll 
11:30 a.m. to 2 p.m. on that 
day. Tickets are priced at 
$1.50 per person for a steak 
luncheon, 50 cents for hambur­
gers, and are available from 
Recreation Council represent­
atives. 

Entertainment will include 
bingo and a softball game in 
the morning and volleyball and 
horseshoe competitions through­
out the day. The hc COl.mcll 

exercise group has been meeting 
for less than a month , Roxie 
Reddick claims she can see 
vis able results in her waist­
line; Annie Eaker can, for the 
first time in years, bend over 
to tie her shoes without bend­
ing her knees; and Yoyo McCullan 
proudly shows how loosely her 
waistband fits. Deborah 
Washington, when asked the 
changes the exercise program. 
has made in her physical well­
being, said "I hurt all of the 
time." Annie Mitchell, Chris 
calloway and Eloise Reyes have 
each given up two inches of 
waistline in the coffee break 
exercises. 

will equip a games and crafts 
area for small children . Tick­
ets will be on sale through 
June 9 . 

--August Buses loaded with 
Systems Technology employees 
and their guests will head for 
a weekend in Lake Tahoe or Reno. 

--October Plans are taking 
shape for a Halloween Party. 

--November will bring a spa­
getti and bingo party for em­
ployees , their spouses and 
Quests . 

And in December the Rec 
Council will reach the peak 
of their party planning with 
a holiday dinner-dance for em­
ployees, their spouses and 
guests. 

This party-a-blonth program 
is designed to offe r events 
and excursions to entertain 
everyone. 

Heir raising 
Harilyn (former Fairchild 
employe",) and Larry Bell (He 
works in the Phoenix Field 
Service Office) became the 
proud parents of a daughter, 
Candice Lee, on April 16. 
Betty and Ed McLaughlin wel­
comed a daughter on January 24 
Her name is Andrea. Kirsten 
and Ray Badger became parents 
of a son, Eric. Torvald, on 
Hay 5. 

the sports scene 
The patio area adjacent to 

the cafeteria will be the 
scene of sports life beginning 
in mid June. Once the work 
day is over, employees will 
turn their thoughts to volley­
ball, shufflebosrd, ping pong 
and putting contests organ­
ized by fellow employees . 

TOIII Cox is the brains be­
hind the volleyball tournament 
which will be conducted ove r 
the summer months. Ten six­
person teams are expected to 
play Tuesdays and Thursdays 
after work in a double elimin­
ation tournament. 

Plans are also taking 
shape for ping pong, shuffle­
board and putting contests 
for employees whose sports 
prowess lies in these areas. 
Watch the bulletin boards for 
registration instructions for 
these tournaments. 
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INTEGRATOR AND SENTRY VII INTRODUCED AT WESCON '76 SHOW 

Wescon '76, which was held in Los Angeles 
during September, was another success­
ful trade show effort for Fairchitd. We 
introduced two innovative products -
INTEGRATOR and Sentry VII-which 
created a great deal of excitement. Also 
displayed at the show were Xincom III, 
the F.a Formulator. and a new digital 
panel meter featuring .8" lEO display. 
With show attendance exceeding 38,000, 
Fairchild's products were exposed to one 
of the largest show audiences in recent 
times. 

The INTEGRATOR takes test data from 
multiple and remote test systems and 
performs data reduction and analysis on 
the data generated by the individual test 
systems without slowing the throughput 
of any tester. The INTEGRATOR thus 
provides management teu data for im­
ponant decision-making applications. 

Sentry VII is our newest test system with 
up to lOOK of memory storage. This 
eliminates the need for pulling individual 
programs or routines from disc storage. 
The entire software program can now be 
stored in memory and used as needed, 
significantly increasing throughput. 

For details on any of the products dis­
played at Wescon, please contact your 
local Fairchild sales office, or Marketing 
Services, FST, 1725 Technology Dr., San 
Jose, CA 95110 at (408) 998-0123. 

LOOKING FORWARD TO 
ELECTRONICA '76 
Electronica 76, Munich, Germany (Nov. 
25-Dec. 1) will be a significant show for 
Fairchild Systems Technogy. We'll exhibit 
our new semiconductor test systems -
Sentry VII, INTEGRATOR, and Xincom 
III. All three systems will be demon· 
strated '1ive" to underscore the impor­
tance of the distributed test system con· 
cept and its impact on cost-effective 
management decision making. 

Invitations to the demonstrations and 
briefings have been sent to prospects who 
plan to attend. The Sentry VII brochure 
will be translated into German for distri· 
bution at the show. 

Technology, presents 
Sentry VII and INTEGRATOR at Wescon '76. Invited customers and prospects also 
viewed a film on the new products along with a slide presentation given by Bill Howe. 
A question and answer session was followed by cocktails. 

Bob Huston (I) observes as Bob Hickling (r) types in commands on the CK T co.""",,,,,, 
to Senrry VII during Wescon. 



MORE WESCON 

Ken Rinaldo. MgT. of Adv.tnCtld Engineen"ng (I) and Art Winter, (r) lit 

work in til. Instrumentation Division section of the Fairchild Wescon booth. A popular 
attraction in this portion of the display was the digita' scale where attendees could 
see their weight in digital reBriout. 

XINCOM OOCUMENTATION 
ANO MAINTENANCE TIPS 
Updates to Xincom 5551 DMT documen­
tation will soon be ' .... lIable from the 
FST Training Center. Included are: 
table of contents for the schematic note­
book, deletions from this notebook of 
items no longer in use, and up-to-date 
schematics for refresh, pins down, and Fa 
when 8 Nova 3 computer system is added 
to the 5551. This documentation is 
available to all former Xincom students 
on a request basis to the FST Training 
Center. Diane Lynch, 1725 Technology 
Dr., SanJose. CA 95110; (4081 998.()123. 

If you are having trouble with the brass 
stancl-offs in the test head, contact your 
local Fairchild field service office and 
arrange to have new steel stand-offs 
installed. 

Power-up reset is available on request and 
can be installed by your local Fairchild 
field service office. 

Probe ring adapters to aid in easy align' 
ment of the Xincom scrambler cards to 
the test head are also available as a field 
service·installed retrofit. 

NEW FROM SOFTWARE SYSTEMS 

Sentry Revision 10.4E is now released 
and available from SeeD. Major features 
include memory management to handle 
both the FST·1 and FST-2, improvement 
of ALLINK handling, removal of the 
/I and /. requirements in OOPSY and 
TOPSY, and much more. Some specific 
examples are: 

• With OOPSY, a user can choose to run 
only part of a OIF file using an Itdded 
NOTE capabilitY. 

• TOPSY now has capability for NOTE, 
as well as SET. for I/ O devices. 

- A new command, VAR, in TOPSY 
allows for displaying and/or writing 
variables at run time. This includes an 
array display option. 

• Up to six ALLINK programs can be 
co .... esident. 

- DATA LOG device can be changed 
without altering the options. Datalog 
of every n'th device has been added. 

ALSO AT WESCON . . . 
AN ANI FORM CHARACTER 
NAMED " TINY" 

"TinY,"an Aniform cartoon charlCter, 
provided comic relief in the Fairchild 
booth during Wescon. Tiny entertained 
attendees and expressed salient opinions 
on the technical presentations given in 
the booth. Aniform characters are created 
by a technique employing closed-circtJit 
TV, audio equipment, and a live performer 
situated in a booth. Good-natured Fair­
child personnel acted as straight-men 
during Tiny's entertaining performances. 
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NEW LITERATURE 

Panel Instruments 

Instrumentation Application Note 2, Rev. 
'. "ExternllllHcimsl Point Selection . ... 
Provides instructions on how to incorpor' 
ate the External Decimal Point Selection 
option 0f1 meters. Decimal point positions 
and board assignments are given. 

"Model 80 3·" Digit Pant!/ Meter. 115 
VAC Line Pawsr Input, 0.8" LED 
Display. " This four-page brochure pro­
vides descriptions of features, deta iled 
specificatioos and dimensional drawings, 
along with prices and ordering infor­
mation . Delivery is December 1 ; accepting 
orders now. 

"Model 55 Variable Time 8 8S11 Counter" 
data sheet. Delivery is November 1; 
accepting orders now. Contact your local 
rep or the factory for further information. 

Sentry Test Systems 
Technical BUll8tin 9, '7est Strategy 
Trends for LSI/GSI Technology." This 
paper discusses the evolution of a high 
speed general-purpose lSI/ GSI test sys­
tem. The system approach provides ad· 
vanced capabilities to test the new 
generation of semiconductor parts that 
include microprocessors, large memories 
and telecommunication devices. Various 
approaches to the strategy of test are 
discussed in the context of obtaining a 
''worst case" test environment. 

Application Note 57, '7esting a TV 
Character Generator with the Sentry II 
Sequence Processor. H A test program for 
a MOS-integrated circuit intended for 
displaying a TV channel number on the 
screen of a TV receiver was recently 
completed. This program uses a number 
of sequence processor features and 
this note should easily relate to Sentry 
II capabilities. 

Small Systems Make e Good Showing at NEPCON/Central 

PATT AND QUALIFIER FEATURED 
AT NEPCON/CENTRAL 

SmaU systems from Fairchild were high­
lifi'lted in our booth at NEPCON/Central 
which took place SePt. 28·30 in Chicago. 
Featured were PATT (Programmable 
Automatic Transistor Tested and the 
Oualifier"" 901 IC Tester. 

Earl Jones, Marketing Manager for SmaU 
Systems. has asked us to print this message 
from h im : "I would like to thank aU of 
those persons who returned their Semi· 
conductor Test Equipment Ouestionnaire. 
As stated in the ~tter you received with 
the questionnaire. a drawing was to be 
held at the NEPCON/Central show on the 
28th of September. However. because of 

Testing: " 2, 3 folder with brochures 
on Sentry VII, Integrator, and Xincom 
III; Management testing information; 
IC Testing; and Dedicated Memory 
Testing information. 

Application Notesnechnical Bulletins _ 
Sentry and Xincom Test Systems. An 
updated listing of application notes and 
technical bulletins on Sentry and Xincom 
test systems is now available. 

To request any of the above documents, 
contact the local Fairchild System sales 
office or Patti Greig, Marketing Services, 
Fairchild Instrumentation and Systems 
Group, 1725 Technology Drive, San Jose, 
CA 95110; (4081 998-0123. 

the late mailing, you could not return them 
in time for the drawing. Therefore, be 
assured that the drawing for the watches 
will be held and the winners will be pub­
lished in the next interface pUblication." 
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FINANCIAL HIGHLIGHTS 

For the year: 
Net sales 
Income before cumulative effect of 

change in accounting method 
Cumulative eHect on prior years 

(to December 29. 1974) of change in 
accounting method 

Net income 
Average number of common and common 

equivalent shares outstanding 

En year: 
Working capital 
Shareholders' equity 
Number of employees 
Number of shareholders 
Shares issued 

Pel 1re starlstics: 
Income before cumulative effect 01 

change In accounting method 
Cumulative effect of change in 

accounting method 
Net Income 
Shareholders' equity al year end 
Cash dividends 

1976 

$443,221,000 

$ 12,456,000 

$ 12,456,000 

5,476,865 

$113,865,000 
$177 ,609,000 

21,293 
10,429 

5,359,552 

$ 2.27 

2.27 
33,1 4 

,80 

1 
1975 % Change 

$291 ,542,000 +52.0 

$ 10,424,000 +19.5 

$ 2,649,000 
$ 13,073,000 -4,7 

5,372,901 +1.9 

$100,506,000' +13.3 
$166,329,000' +6.8 

17,405 +22.3 
11 ,179 -6.7 

5,278,563 +1.5 

$ 1.94 + 17.0 

.51 
2.45 -7.3 

31,51' +5.2 
,80 

Annual Report on Form 10· K 
Fairchild's Annual Report on Form lO-K for the year ended January 2, 1977, as filed wilh the Securities 
and Exchange Commission, contains additional information about the company and is available to Fairchi ld 

shareholders on request. without cha rge. Please write: Corporate Communications Department, Fairchild 

Camera and Instrument Corporation, 464 Ell is Street, Mountain View, California 94042. 
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TO OUR SHAREHOLDERS : 

While on many counts 1976 was a difficult business year, it was 

a milestone for Fairchild Camera, particularly as we begin our 

fiftieth anniversary as a company. 

Worldwide sales grew 52 percent, to the all lime high of 

$443,221.000. from $291.542,000 the year before. All portions of 

the company contributed to this record. which constitutes an 

important benchmark in our long-term corporate growth. 

Earnings rose 20 percent to $12.456,000, or $2.27 per share. 

This compares with $10,424,000. or $1.94 per share in 1975. The 

company reported an additional $2.649,000. or 51 cents per 

share, in 1975 as the result of an accounting change. 

Although sales gained momentum early in the year, profit mar­

gins came under pressure from excessively low pricing on 

commodity components, related 10 the t975 recession. Earn­

Ingswere further depressed by Ihe financial impact of a semi­

conductor production problem which surfaced in late 1975. 

Both of these SItuations improved in subsequent quarters. 

The overall business climate changed at mid-year from one of 

vigorous recovery to a general slackening of demand. Despite 

this economic pause. our earnings rose In the second half, 

enabling us to report $2.27 per share for the full year. 

We are stiU feeling the eNects of the slowdown in components 

and consumer products The components market. sensitive to 

economiC trends, has been flat for some months. The consumer 

products buSiness currenlly reflects the seasonal, post-holiday 

lull 10 bUYing actiVity, We expect 1977 as a whole to be a good 

year, however. as we believe demand will resume its uptrend in 

Ihe spring 

The company Introduced a broad spectrum of advanced, elec­

trOniC products last year These included new logic and memory 

devices, semiconductor test systems, audio/visual equipment 

and solld·state televiSion cameras. Our position in the LSI 

(large scale integration) and microprocessor markets continued 

to grow stronger and represents by far the highest potential 

portion of our semiconductor business. 

Consumer eleclronics-a held In which the company was not 

engaged two years ago-has become a new growth area for 

Fa irchild In addition to digital watches and clocks, we devel­

oped and brought to market the Fairchild Video Entertainment 

System. a programmable home TV game based on our FS'" 

microcomputer. The system won approval of the Federal 

CommunicatIOns Commission 10 the fourth quarter and limited 

Shipments took place dUring the holiday season, with excellent 

customer response. 

3 



II 
The company is in a strong financial position. Working capital 

althe end of the year was $114 million and shareholders' equity 

$178 million. Cash and short-term securities approximated $27 

million. Inventories during 1976 rose by only 4 percent, despite 

our 52 percent increase in sales. 

Fairchild has moved aggressively to obtain the necessary funds 

lor anticipated future growth. In December, our wholly-owned sut>. 

sidiary, F.C.I . International Finance N.V., generated additional cap­

itallhrough the sale of $20 million of 5¥4 percent convertible 

subordinated debentures in the Eurobond markel. Last month. 

Fairchild was listed for trad ing on the London Stock Exchange. 

These activities reflect both the strong interest in our company 

in Europe and the rapid growth of our international business 

during the past five years. Foreign sales in 1976 exceeded 30 
percent of the total. 

Despite the lag in the economic growth rate, we have continued 

to invest significantly in new product development and 

expanded production facilities around the world. Spending for 

research, development and engineering in 1976 was 

approximately $47 million. Capita l expenditures amounted to 

$36 million. 

The result of these investments is to give Fairchild a technical 

and manufacturing capability matching the opportun ities we 

see ahead in our various markets. As a company, our strategic 

thrust will be in those technologies which have the greatest 

growth potential. Our target is to penetrate new markets­

including those for semiconductor·based end products-and to 

grow profitably on the frontiers of the LSI revolution . 

Since 1927, our people have been designing, building and selling 

products that have made contributions to progress ... from the 

first aerial camera to the Planar transistor and the modern 

integrated circuit. The skill and commitment of Fairchild em­

ployees have made us a strong, expanding company and an 
industry leader. 

As we move into our second half-century, we will continue to 
build on that tradition. 

Roswell l. Gilpatric 

Chairman of the Board 

March 14, 1977 

W~j£,~ 
Wilfr~d /J . Corrigan U 
President and Chief Executive Officer 
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MANAGEMENT OVERVIEW 

Fairchild Camera and Instrument Corporation is organized into six 

manufacturing/marketing operations in addition to a corporate 

staff. Collectively the groups produce semiconductor comp~ 
nenls, systems and end products for the consumer, commercial, 

industrial and government markets. The company has some 30 

manufacturing plants in four states and eight foreign countries. 

Semiconductors, a basic product tine of the company, are manu· 

factured and marketed by the LSI Group, headed by David J. 
Marriott, and the Components Group, headed by George O. 

Wells. Both groups are headquartered in Mounta in View, Cali­

fornia. John A. Duffy, Jr. is in charge of the International Divi­

sion, with responsibility for all foreign marketing. 

The Instrumentation and Systems Group, based in San Jose, Cal i. 

fornia, manufactures and markets semiconductor test systems. 

microprocessors and relaled products, digital panel meiers, 

data acquisition and analysis instruments, and memory sys­

tems. James D. Bowen is general manager. 

In addition to d igital electronic watches. the Consumer Prod· 

ucts Group is responsible for digital clocks, video entertain· 

ment systems, and a line of optoelectronic products and watch 

components. Managed by Greg Reyes, this group is presently 

based in Palo Alto, California, but will be relocat ing to a new 

facility in Santa Clara, California, before the end of 1977. 

Louis H. Pighi manages the Federal Systems Group based in 

Syosset, New York. Primary product lines include electronic data 

systems, radio-frequency monitoring systems, aerial reconnais· 

sance and surveillance systems, and a range of imaging 

systems based on the CCD (charge·coupled·device) miniature 

television camera. 

The Industrial Products Division is located in Commack. New 

York, and produces a line of audio·visual equipment for the 

commercial and industrial markets in addition to a variety of 

systems and products for ai rcraft use. Raymond G. Hennessey 
is division manager. 

At corporate level, Warren J. Bowles heads industrial relations, 

including personnel management and employee training and 

development programs. Frederick M. Hoar is responsible for 

internal and external communications, including financial rela. 
tions. public affairs and advertising. 

Fairchild 's corporate finance operation is headed by R. Doug las 

Norby. A. J. Hazle is controller and James A. Unruh is in charge 

of treasury and corporate planning. Dr. Thomas A. Longo. chief 

technical off icer. has responsibility for overall research and 

development. Nelson Stone is corporate secretary and general 

counsel, managing the company's legal and patent affairs. 
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LSI GROUP 

Formation of the Large-Scale Integration Group in 1976 spot­

lights the growing importance of LSI products 10. our, total _ 
business. LSI is the term applied to integrated Circuits of high 

complexity and denSity. frequently in the thousands of compo­

nents per silicon chip. Our new 265,OOO-square-f~t wafe,' fabri­

cation plant in San Jose, California, is one of the Industry 5 
largest and most modern production facitities dedicated to LSI. 

Bipolar Memory and EeL Products This division maintained 

its dominance of the bipolar memory and high-performance 
Eel (emiMer-coupled logic) markets. New, programmable read­

only memories (PROMs) were added to the product line, finding 

widespread use in microprocessor systems. 

The introduction of products combining our proprietary Iso­

planar process with injection logic technology (ilL), made pos­

sible the first 4,096-bit bipolar dynamic random access memory 
(RAM). The 4K dynamic RAM offers the speed of bipolar 

circuitry at costs comparable with high performance MOS 

memories, and is the forerunner of a 16,384-bit b ipolar memory, 

scheduled for later this year. A 4K bipolar static RAM utilizing 
conventional circuit technology also is scheduled for 1977. 

Development of a 16-bit bipolar microprocessor, utilizing PL 
technology, was also announced. This product will lind many 

high-end applications during the next five years. Fa irchild's 

sub-nanosecond (trillionths-ol-a-second) ECL logic family 

found significant use in the mainframe computer industry, and 
total ECl sales quadrupled during the year. 

MOS/ CCO Products Shipments of components for the 
Fairchild Fe'" microprocessor increased during the year. The 

Fe is aimed at volume applications in the consumer and indus­
trial areas, including TV tuning , video recorders and games, 

appliance controllers and "smart" terminals.This division also 
lilled volume orders for MOS (metal-oxide semiconductor) mem­

ory devices, including the 4K N-channel RAM produced in our 

Wappinger Falls, N.Y., plant, and introduced a 16K N-channel 
RAM in the first quarter of 1977. 

In CCD (charge-coupled device) technology, additional imag­
ing arrays were introduced and an improved CCO analog delay 
line, available in component form or module assembly, de­
signed for European television systems. 

Fairchild increased its share of the CCO memory market with ItS 
g,OOO-element serial memory and its 16,OOO-bit line-address­

able RAM. These products are forerunners to the 65,OOO-blt 

C~O memory scheduled for pilot production later this year. 
Primary applications for the 65K part will be in bulk serial back­
up memories for computers. 
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COMPONENTS GROUP 

New capital investments, coupled with the application of cost 

reduction measures, helped increase efficiency in our various 

components divisions. Materials costs, as an example, were 

reduced through smaller die sizes and new metallization tech· 

niques. High-speed, automated handling and test systems were 
installed in the Far East. The global logistics program, initiated 

in late 1975, enabled the group to reduce inventories while at 
the same lime improving customer service in the United States. 

the Far East and Europe. 

Digital Products Heavy pricing pressures on commodity-type 

semiconductors continued to depress the digital products mar­
kel in 1976. Fairchild expanded its digital product line. includ­

ing new CMOS (complementary MOS) integrated circuits and 
low-power Schottky TIL (transistor-transistor logic) devices. 

Because of their inherent low power drain and high noise rejec­

tion characteristics, CMOS circuits are finding widespread use 
in both consumer and industrial products, particularly in battery­

powered instruments. Low-power Schottky is rapidly becoming 

the standard logic family in most bipolar systems. 

Linear Integrated Circuits Fairchild expanded its long-estab­

lished market position in consumer electronic components with 
new circuits for television sets and audio equipment. The 

company saw major growth in Europe where Fairchi ld is the 
largest U. S. supplier of PAL (phase-alternating line) TV circuits, 

the primary broadcast circuits used outside the United Stales. 
The division also brought to market a range of new industrial 

ci rcuits, including high-speed dual operational ampl ifiers and 

fixed or adjustable voltage regulators. 

The Automotive/Hybrid Unit increased production of solid-state 
ignition systems tor the automotive market, and late in the year 

introduced a family of high-current regulators that have gained 
rapid acceptance in power supply design. 

Discrete Products The Diode Division's production of silicon 
diodes, zener diodes and diode arrays increased substantially 

during 1976. In particular, gains were made in the market for 
zener diodes, used to provide a stable voltage source in many 
types of consumer and industrial end products. 

The Trans istor Division continued to serve the discrete market 
with a broad line of high-performance transistors. both small­
signal and power. More than 50 devices were added to the 

power transistor line, including a new package type called 
Dynawatt'" which provides a high degree of power handling 
capability at very low cost. 
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INSTRUMENTATION AND SYSTEMS GROUP 

The company's position and scope in the instrumentation field 

gained steadily throughout 1976. The group now encompasses 

a diversified product line, including distributed test systems, 

microprocessors, memory systems, digital panel meters and 

data acquisition systems. This portion of our business will con­

tinue to grow in strategic importance 10 the company. 

Systems Technology The Sentry"" IV and Sentry"" VII 

computer-controlled semiconductor test systems and the 

Integrator"" data communications systems were the key 

introductions of the group's largest division. The Sentry systems 

provide last, flexible testing capabilities for LSI devices. Sentry 

VII is designed to interface directly with the Integrator in a test 

network that integrates raw data from on-line testers to provide 

status reports at various stages of semiconductor processing. 

The Xincom III, introduced in May, is the first commercial tester 

to make use of distributed system architecture-a concept thai 

permits numerous remote test heads to communicate with a 

central host computer. The Xincom III is designed primarily for 

memory testing. 

Mlcrosystems This division was formed in 1975 to handle 

company efforts in the area of microprocessor systems and 

microcomputers. The two-chip FB"" microprocessor has been 

the catalyst of this division's growth, gaining a dominant posi­

tion in the low-cost, high-volume segment of the controller field. 

Early in 1977 the division announced a one-chip FB that is ex­

pected to further penetrate this market. 

During the first quarter of 1977, production began in a 50,000-

square-foot addition to the Instrumentation and Systems plant 

in San Jose, California, housing a fully-automated printed circuit 

assembly line for microprocessor systems. As part of a technology 

exchange agreement with Motoro la, Inc., Fairchild announced 

in October that it will also manufacture the Motoro la 6800, a 

leading microprocessor for the data processing industry. 

Instruments In December, Fairchild acquired Data Works 

Instrumentation of Chatsworth, California, a manufacturer of 

microprocessor-based data acquisition and analysis instru­

ments used primarily in the solar, environmental and process 

industries. Data Works became part of the Instrumentation Unit. 

formed in 1975 to produce and sell digital panel meters to 
electronic instrument manufacturers. 

Memory Systems Several large, high-speed bipolar memory 

systems were shipped during the first quarter of 1977, and 

design activity is being carried out on other products ranging 

from complete systems to board-level subsystems. This effort 

utilizes all of Fairchild's advanced LSI technology, including 4K 

and 16K MOS and bipolar memories. CGD memories. and Iso­
planar integrated injection logic devices. 
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CONSUMER PROOUCTS GROUP 

Fairchild 's successful entry into the digital watch market in 

1975 proved to be a base from which the company was able to 

launch new consumer electronic products last year. In addition 

to expanding its watch and clock lines the group announced 

the first computer-based home television game, which drew 

nationwide attention. Ground was broken late in the year for a 

new 150,OOO-square-foot headquarters bui lding. 

Time Products During 1976, Fairchi ld offered the broadest 

range of digital watches available in the market, both domestic 

and international. The Timeband'" line of men's and ladies LED 

(light emitting diode) watches - priced from $19.95 to $54.95-

contributed to digital watch demand early in the year, 

through mass merchandising outlets. The Fairchild'" series, 

now retailing from $50 to $195, provided the company with 

additional timepieces in the more expensive jewelry category. 

Fairchild also marketed a full line of LED solid-state dig ital 

c locks, rang ing from table models to a Clock / high-intensity lamp. 

At mid-year, the company introduced a family of LCD (liqu id 

crysta l display) watches, with Sh ipments starting in September. 

By the end of 1977 it is expected that the LCD, or continuous 

display, technology may account for as much as ha lf of our 

watch sales. Throughout the year, the Time Products Serv ice 

Center steadi ly improved its performance and turnaround time, 

and the company embarked on a tra ining program to a id 

dealers in handling simple service requirements. 

Exetron This d ivis ion continued to be a major producer of 

CMOS circuits and modules for both LED and LCD watches, 

and started the industry's first four-inch wafer fabrication fac il­

ity. Exetron also manufactures the Fairchild Video Entertainment 

System, a programmable TV game with color and sound. The 

system incorporates Fairchild's F8 microprocessor and 

MOS RAMs, and can accept an expand ing library of unique 

Videocart'"' plug-in memory cartridges. Games ranging from 

Hockey to Blackjack to Math Quiz are now on the market. and 

the company will add new program cartridges during the year. 

Optoelectronics Demand for optoe lectronics products grew in 

1976, despite a slowing of orders for watch displays. Appl ica­

tions for li ght-emitting d iodes expanded into such areas as 

app liances, TV channel ind icators, hi-Ii equ ipment and taxi 

meters. Fairch ild was the only supplier of d isplays to the two 

major c itizens band radio manufacturers, and the company was 

selected to produce c lOCk/rad io frequency d isplays for Ford 's 

1978 car model s. The division produced 132 new opt ical 

coupler products and announced the stackable d igit concept­

digits mounted on a printed circuit board. The first Fairchi ld 

SOlid-State Technology Kits'" for educators and hobbyists were 

marketed toward the end of 1976. 
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FEDERAL SYSTEMS GROUP 

During the past year, the Federa l Systems Group continued to 

perform most of its work under government contracts from the 

military services. A highlight of 1976 was Industrial Research 

magazine's award for Fairchild's development of the sol id-state 

MV-201 miniature television camera. 

Space and Defense Systems In 1976, this division received a 

sizable contract to continue work on analog/digital converter 

synchronizer equipment for U.S. Navy electronic counter­

measures aircraft. The division also received a major contract 

to develop self-contained surveillance and tactical communica­

tions equipment for the U.S. Army. 

Imaging Systems Three new cameras embodying charge­

coupled device (CCD) technology were developed in 1976. The 

first, an electronic gunsight camera, was produced for the Air 

Force and replaces existing 16 mm film cameras. It will be 

tested by the Tactical Air Command in 1977. The second, 

developed for NASA, is compatible with standard 525- line tele­

vision screen displays and oHers the potential for use in com­

mercial broadcasting. A special-purpose TV camera was 

developed for the U.S. Army to interface with a helicopter­

carried tracking sight, permitting an instructor to monitor a 

gunner's aimpoinl during live or simulated missile firings. 

A project still in the developmental stage involved mounting a 

CCD TV camera in an artillery shell which can be fired over a 

selected area and deployed on a parachute, transmitting terrain 

and target information to a remote command post. 

The KA-99 panoramic aerial camera was developed in 1976 

under a U.S. Navy contract. DeSigned to operate at altitudes rang­
ing from 500 to 12,000 feet. it has been chosen as the prime 

sensor in a new Navy reconnaissance system. Two contracts for 

electronic timer systems were received: one, from the U.S. Air 

Force, for a safety device to be used in a guided weapon pro­

gram; the second, from the U.S. Army, for an electro-mechanical 

safety and arming device for the improved Hawk missile. 

Industrial Products Division 

Fa irchild audio-visual products introduced in early 1977 in­

c lude a new generation of Super 8 mm film projection equip­

ment and new 35 mm rear and front screen slide projectors . 

Sales of the Synchromatic 110 filmstrip projectors advanced 

during 1976. find ing growing customer acceptance both here 

and abroad. Airline use of our STAN'" integra l weight and 

balance systems increased, particularly in overseas markets. 

Fairchild voice and fl ight data recorders maintained their 

leadership in the field of aircraft recording equipment. 
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Fairchild Camera and Instrument Corporation and Subsid iaries 

18 FIVE YEAR SUMMARY OF OPERATIONS ANO FINANCIAL REVIEW 

1976 1975 1974 1973' 1972' 

Progress in Operations (in thousands, except per share data) 
Net sa les $443,221 $291 ,542 $384,933 $351 ,171 $223,896 
Royalties and other income 7,157 8,188 10,619 10,397 6,329 

450,378 299,730 395,552 361 ,568 230,225 

Cost of sales 327,381 208,712 264,194 245.450 165,794 
Administrative and selling expenses 94,427 69,732 75,882 61 ,975 47,888 
Interest expense 5,504 4,154 3,868 4,176 4,252 

427,312 282,598 343,944 311 ,601 217,934 

Income before income taxes, extraordinary 
credit and cumulative effect of change in 
accounting method 23,066 17,132 51 ,608 49,967 12,291 

Provision for income taxes 10,610 6,708 24,576 23,649 4,956 

Income before extraordinary cred it 
and cumulative effect of change in 
accounting method 12,456 10,424 27,032 26,318 7,335 

Extraord inary credit (2) 14,506 3,176 
Cumulative effect on prior years (to 

December 29, 1974) of change in 
accounting method (1) 2,649 

Net income $ 12,456 $ 13,073 $ 27,032 $ 40,824 $ 10,511 

Per share of common stock: 
Income before extraord inary cred it and 

change in accounting method $ 2.27 $ 1.94 $ 5.17 $ 5.04 $ 1.51 
Extraord inary cred it (2) 2.77 .65 
Cumulative effect of change in 

account ing method (1 ) .51 
Net income $ 2.27 $ 2.45 $ 5.17 $ 7.81 $ 2.16 

Per share of common stock assuming fu ll dilution: 
Income before extraordinary credit and 

change in accounting method $ 2.27 $ 1.94 $ 5.00 $ 4.86 
Extraordinary credit (2) 2.59 
Cumulative effect of change in 

account ing method (1) .47 
Net income $ 2.27 $ 2.41 $ 5.00 $ 7.45 

Shares of common stock used to compute 
primary income per share 5,476,865 5,372.901 5.228,523 5,224,826 4,877,184 

Cash dividends per share $ .80 $ .80 $ .75 $ .30 

' Restated _ see Note 3 oIlhe NOI6S 10 Coosolidared flOllnc /~ Statement3 

(I) In 1914 ancJ 1975, rhe Company adopted rtnptOVemenrs '" I/s uwentoty eo5hng mefflOd The eIIecr 01 rhese c~ngM In UlVI!IMlI)' coS/mg w,s not marenal fO 

Income belare exYaO«Jlnary cred/I and cvrnul.tlVB eHect 01 accountl/lO' Changa Io#'ny peuoa presented 

(2) ReprflS&nl$ lfICOIT/e tax reduct/OilS resulting from ca/tyfotwatd 01 prlOl yUfS' operat'no 10_ 

NOTE -See "Management!!: Otscussion ancJ Analysis 01 the SummaI)' 01 OpeIiUIOllS.~ Of! ~Qn 20 to 22 



Fairchild Camera and Instrument Corporation and Subsidiaries 

19 FIVE YEAR SUMMARY OF OPERATIONS AND FINANCIAL REVIEW (Continued) 

1976 1975 1974 1973 1972 

Selected Operating Data (in thousands) 
Net sales by line of business: 

Electronic components and systems $400,765 $256,378 $344.790 $301 ,091 S178,890 

I Other products- principally government 42,456 35,164 40,143 50,080 45,006 
Income before income taxes. extraordinary 

credit and change in accounting method 
by lines 01 business: 

Electronic components and systems 17,306 13.041 46,909 45,406' 10,738' 
Other products-principally government 5,760 4,091 4,699 4,561" 1,553' 

Net sales of solid state devices 298,187 226,036 321,548 281,370 161,714 
International sales 138,466 82,732 113,574 87,730 42,919 
Royalty income 6,373 4,766 7,312 7,467 6,037 
Research, development and engineering (1) 46,939 37,550 40,288 38,251 29,287 
Depreciation and amortization 16,663 15.890 14,092 12,039 10,368 
Capital expenditures 36,076 20,693 41 ,342 34,558 11,218 

Financial Position at Year End (in thousands) 
Cash and temporary cash investments $ 26,898 $ 25,194 $ 33,392 $ 34,272 $ 25,535 
Short-term borrowings 13,618 9,455 6,819 7,265 9,525 
Working capita l 113,865 100,506' 93,892' go,809' 68,692' 
Property, plant and equipment. net 130,404 112,256 108,847 88,040 66,044 
Long-term debt. including current portion 68,088 46,825 49,592 51 ,674 57,199 

Shareholders' equity 177,609 166,329' 153,875' , 28.692' 81 ,511' 

Statistics and Key Ratios 
Shares issued at year end 5,359,552 5,278,563 5,161,592 5,106,187 4,979,476 

Number of shareholders at year end 10,429 11 ,179 12,325 10,464 11 ,836 

Shareholders' equity per common share at 
year end $ 33.14 $ 31.51" $ 29,81' $ 25.20' $ , 6.37' 

Employees at year end 21,293 17,405 18,092 25,525 18,866 

Net sales per employee (based on average 
number 01 employees) $ 22,100 $ 17,660 $ 17,650 $ 15,800 $ 13,200 

Backlog of orders at year end (ODD's) $147,000 $128,000 $161 ,000 $265,000 $129,000 

Income before extraordinary credit 
and change In accounling method as 
a percent of. 

Net sa les 2,8% 3,6% 7,0% 7,5%' 3,3%' 

Shareholders' equity al year end 7,0% 6,3%' 17,6%' 20,5%' 9,0%' 

Current rat io at year end 2,1 2,2' 2,0' 2.1" 2.2' 

Long-term debIto total capital ization at 
year end (2) 28% 22%' 24%' 29%' 41 %" 

• .~-_ NoM 3 olIN NcR-. fO ComotK1,ted F_nc,,1 Sr.remems 
I /IJ St.1~ '" ~ ... >tIt INdftI.nt/JOfI pPff!l1lMi1 ttl Summ.tJY 01 AcCOuflfmg PolICies In the consdid"ftd (inanc,,' S$IBmetlts. Amotlnts shown include 

I CUSfOmet ''''''~ 
(2J ix.I C&O,ra/jUbQn de/,ned,,1N 111m 01 lOng-111m! debt (mclucimQ current pOif,onJ ' fICI s"'rehokJe(~ equity 



FINANCIAL REVIEW 

MANAGEMENT'S DISCUSSION AND ANALYSIS 
OF THE SUMMARY OF OPERATIONS 

Comparison of 1976 with 1975 

Net Sales Net sales increased $1 51.679,000 (52%) 
to $443,221,000 as compared to 1975 net sales of 
$291,542,000. Of th is increase, approximately half 
resulted from continued expansion of the digital 
watch and watch module product lines which were 
introduced in 1975. The balance of the increase 
resulted primarily from increased semiconductor 
product shipments. Oemand for semiconductors 
increased sharply in the first part of the year, 
slackened at mid·year and expanded slightly during 
the last quarter. 

Royalties and Other Income Royalties and other 
income combined decreased $1 ,031 ,000 (12.6%) to 
$7,157,000 as compared to 1975 income of $8,188,000. 
Royalty income from patents related to the process 
of manufacturing semiconductor devices genera lly 
fluctuates in proportion to semiconductor sales. In 
1976, royalty income increased $1 ,607.000 (34%) to 
$6,373,000. However, this increase was offset by a 
$2.638,000 reduction in interest and other income. 

Cost of Sales Cost of sales increased $118,669.000 
(56.9%) to $327.381 .000 as compared to 1975 cost of 
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sales of $208,712,000. Most of th is increase is attrib­
utable to the higher sales discussed above. As a 
percent of net sales, cost of sa les increased slighlly 
(2.3%). This slight increase reflects the residual 
effects of the 1975 recess ion which continued to 
depress prices for commodity·type semiconductor 
components during the first half of 1976. 

Administrative and Seiling Expenses Administra· 
tive and selling expenses increased $24.695,000 
(35.4%) to $94,427.000 compared to 1975 expenses 
of $69.732,000. The increase is primarily attributab le 
to the higher volume of activity in the sale of semi· 
conductor components. d ig ital watches and watch 
modules. Selling expenses rose in proportion to the 
increased sa les volume, where admin istrative ex· 
penses, as a percent of net sa les, dec lined relleCllng 
the fixed nature of certain of these expenses. Admin' 
istrative and selling expenses in tolal, as a percent 
of net sales, dropped from 23.9% to 21 .3% in 1976 

Interest Expense Interest expense increased 
$1 ,350.000 (32.5%) to $5.504,000 as compared to 
1975 interest expense of $4,154,000. due to a sub­
stant ial increase In average borrowings partially 
offset by a reduction in the average interest rate 

Provision lor Income Taxes The provision for Income 
taxes increased $3.902.000 (58.2%) to $10.610.000 

INTERNATIONAL SALES RESEARCH, OEVELOPMENT 
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from the 1975 provision of $6.708,000. This increase 
is attributable to: (1) the Increase in pretax Income In 
1976; (2) the favorable impact of 1975 net gains of 
approKimalely $400.000 from the sale of land and 
buildings occupied by a foreign SubsIdiary which 
were taxed at nominal rates; and (3) the forgiveness 

in 1975 01 taxes of approxImately $890,000 on in­
come earned by a foreign subSIdIary in a pr ior year. 

Net Income Income before the cumulative effect 01 a 
change in accounttng Increased 52,032,000 (S.33 per 
share) to $12.456.000 ($2.27 per share) from compa­
rable 1975 income of $10.424.000 ($1 .94 per share). 
Income was depressed durIng the fIrst half o f the year 
as a result of losses relatIve to digItal medium-scale 
and small-scate integrated clrcuilS, which came under 
adverse pricing pressure In mid-1975 and continued 
into 1976 This unfavorable sItuatIon improved during 
the lalter part of the year Net Income for 1975 bene· 
fited fromlhe cumulative effect of a change in account­
ing method amounllng to $2,649,000 ($ 51 per share). 

Comparison of 1975 with 1974 

Net sales Net sales declined 593,391,000 (243%) 
to 5291.542,000 as compared to 1974 net sales of 
$384.933.000. ThIs dechne in sales reflected a con­
tinuation of the worldwide recession in the semi­
conductor Industry which began in the second 
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quarter of 1974 and was aggravated by customer 
liquidation of inventories. For 1975, the largest sales 
decline related to digital medium-scale and small­
scale integrated circuits, the Company's largest 
single line of semiconductor devices, for which unit 
demand fell and prices declined sharply. For 1975, 
net sales inc luded approximately $12.5 mi l lion 
attributable to digital watches and watch modules, 
which were first sold in the third quarter 01 1975. 

Cost of Sales Cost of sales declined $55.482,000 
(21 .0%) to $208,712,000 as compared to 1974 cost of 
safes of $264,194,000. During 1975 cost of sales de­
clined along with the sales decline. Even though the 
Company reacted promptly to the sales decline, pro­
d uction capacity could not be fu lly utilized, resulting 
in a smaller percentage decline in cost of sales as 
compared to sales. Desp ite the improved sales level 
in the latter part of 1975, the cost of sales remained 
proportionately higher because of continued pricing 
pressure on commodity type components and yield 
problems in the manufacture of certain semiconductor 
devices. As a result of the foregoing factors. cost of 
sales, as a percental net sales. increased 3.0% in 1975. 

Administrative and Seiling Expenses 
Administrative and selling expenses declined 
$6.1SO,000 (6.1%) to $69,732,000 as compared to 



1974 expenses of $75,882,000, As a percent of net 
sales, however, administrative and selling expenses 
increased from 19.7% to 23.9%. Th is percentage 
increase was substantially aMributable to the non­
variable elements of such expenses. In addition, 
1975 marked the Company's entry into the consumer 
market with the Fai rchild line of dig ital watches, 
wh ich required introductory promotional expendi­
tures. The Company also temporarily increased mar­
keting costs by adding independent sales represen­
tatives to its field organization in an effort to increase 
market penetration. 

Provision for Income Taxes The provision for income 
taxes decreased $17,868,000 (72.7%) to $6,708,000 
as compared to the 1974 provision for taxes of 
$24,576,000. This decrease resulted from the decline 
in sales and net income as well as a reduction in the 
effective tax rate to 39.2% from the 1974 effective tax 
rate of 47.6%. The decrease in the effective tax rate 
reflected the inclusion of credits in the 1975 tax 
provision related to the lax benefit of a foreign sub­
sidiary's operating loss and forgiveness of taxes on 
income earned by a foreign subsidiary in a prior year. 

Nellncome During 1975, the decline in net income 
was attributable almost entirely to a sharp industry­
wide drop in sales, coupled with price reductions, in 
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the Electronic Components and Systems line of busi­
ness. In particular, sales of digital medium-scale and 
small-scale integrated circuits (the most profitable 
products in 1974) resulted in a loss in 1975. In addi­
tion, problems encountered in the manufacture of 
certain memory components in the fourth quarter of 
1975 resulted in increased units costs (as a conse­
quence of reduced yields) which almost eliminated 
any profit contribution for the year for such compo­
nents. The decline in semiconductor components' 
profitability did not affect all types of devices and 
was partially offset by the profitable results of digital 
watch operations. Income before the cumulative 
effect of a change in accounting method decreased 
$1 6.608.000 ($3.23 per share) 10 $10.424.000 ($1.94 
per share) as compared with comparable income in 
1974 of $27,032,000·($5.17 per share) as a result of 
factors set forth above. In addition, 1975 net income 
was increased by the cumulative effect of a change 
in accounting method amounting to $2,649,000 ($.51 
per share). 

FINANCIAL POSITION 

Throughout 1976 and 1975, the Company maintained a 
strong financia l position . Cash and temporary Invest­
ments at year end 1976 were $26.9 million compared 

CASH A ND TEMPORAR Y 
CASH INVESTMENTS 
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with $25.2 million in 1975. Short-term bank borrow-
. gs the Company's only short-term debt, increased '" , $4.2 million to $1 3.6 million. At year end 1976, work-
ing capital remained slrong al $114 million and the 
current ratio was 2.'.1 compared to $101 million and 

2.2:1 in 1975. 

Inventories at year end 1976 of S96.5 million in­
creased $3.5 million (4%) over year end 1975, desp ite 
a 52 percent increase in sales. Accounts and notes 
receivable increased $256 million at year end 1976 
to $82.2 million as a resuU 01 the increase in sales. 

Net investment in property. plant and equipmenlln­

creased $181 million to $130.4 million in 1976 Capital 
expenditures were 536 1 million In 1976 as the Com­
pany expanded production facilities In antiCipation 

of future sales Increases 

Long-Ierm debt Increased $21.3 million as a fo reign 

finance subsidiary of the Company Issued deben­

tures of $20 million to generate additional capital for 

future growth. long-term deb!, including the current 
portion, was 28 percent of total capitalization at year 

end 1976, an Increase of 6 percent over the prior yea r 
Shareholders' eqUity Increased to $t78 million, or 

$33,14 per share, from $166 million, or 531 .51 per 

share, in 1975 Olvldends of 580 per share were paid 
in both 1976 and 1975 
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Despite the lag in the economic recovery, the Com­

pany continues to invest significantly in advanced 

technology and product development programs. Tota l 
spending for research, development and engineer­

ing was $47 million in 1976 compared to $38 million 
in 1975. Reimbursements from customers totaled $4.0 
million in 1976 compared to $3.3 million in 1975. 

COMMON STOCK PRICE AND DIVIDENDS 

The Company's common stock is traded on the 

New York, Pacific and M id-West Stock Exchanges; 
Symbol-FCI. The price range of its common stock 

and dividends per share during 1975 and 1976 were 
as follows: 

1975 

First quaner S38V. 
Second quaner 62V. 
Third quaner '''' Founh quaner .,V. 

1976 

FlrSI quarter .,¥. 
Second quaner ,,,. 
Third quener 55V. 
Founh quaner 5W. 

$17 
36 
42Y. 
31~ 

,,, . 
36~ 

44 
36 

Oividends 
p" 

Share 

$.20 
.20 
.20 
.20 

.20 

.20 

.20 

.20 



Fairchild Camera and Instrument Corporation and Subsidiaries 
CONSOLIDATED BALANCE SHEET 

Assets 

Current assets: 
Cash 
Temporary cash investments (interest-bearing) at cost. wh ich 

approximates market 
Accounts and notes receivable, less allowance for doubtful 

accounts of $2,766,000 and $2,657,000 
Inventories (Note 2): 

Raw materials and parts 
Work-in-process, less progress payments of 

$5,130,000 and $3,069,000 
Fin ished goods 

Accumulated income tax prepayments (Notes 3 and 4) 
Prepaid expenses and other current assets 

Total current assets 
Investment in joint ventures (Note 9) 
Property, plant and equipment, at cost (Note 5) : 

Land 
Buildings and improvements 
Machinery and equipment 

Less accumulated depreciation and amortization 

Net property, p lant and equipment 
Other assets 

"Rest8Ied_see Note 3. 

January 2, 
1977 

$ 14,606,000 

12,292,000 

82,230,000 

21 ,857,000 

46,773,000 
27,901 ,000 
6,906,000 
3,669,000 

216,234,000 
2,881 ,000 

4,159,000 
78,764,000 

104,864,000 

187,787,000 
57,383,000 

130,404,000 
2,567,000 

$352,086,000 

Tile 8CComP8nyiflg summaI)' oIaccounflng policies Ind notes 10 consotscJal&d financ,~ SlalerMrllS Ire In ,ntegr.1 Pin oIl11M. slirements 

a 
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December 28, 

1975' 

$ 12,526,000 

12,668,000 

56,645,000 

17,022,000 

45,736,000 
30,268,000 
10,893,000 
1,806,000 

187,564,000 
2,534,000 

4,199,000 
66,597,000 
94,505,000 

165,301,000 
53,045,000 

112,256,000 
1,366,000 

$303,720,000 

= 
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Liabilities and Shareholders' Equity 

Current liabilities: 
Notes payable to banks (Nole 5) 
Current installments of long-term debt (Note 5) 
Accounts payable 
Accrued compensation and employee benefjts (Note 6) 
Other accrued liabilities 
Estimated income taxes payable (Noles 3 and 4) 

Total current liabilities 

Long-term employee benefits 
Deferred income taxes (Noles 3 and 4) 
Long-term debt, less current installments (Nole 5): 

Other secured loans 
Note payable to insurance company 
Convertible subordinated debentures 

Total long-term debt 

Shareholders' equity (Noles 3, 4. 5, and 7) : 
Common stock, $1 par value, authorized 10,000,000 shares; 

issued 5,359,552 and 5.278,563 shares 
Additional paid·in capital 
Retained earnings 

Total shareholders' eq uity 
Cootingencies and commitments (Notes 3, 9, 10, and 11 ) 

$ 

January 2, 
1977 

13,618,000 
3,030,000 

23,905,000 
13,559,000 
27,215,000 
21 ,042,000 

102,369,000 

2,914,000 
4,136,000 

8,233,000 
11 ,250,000 
45,575,000 

65,058,000 

5,360,000 
81 ,316,000 
90,933,000 

177,609,000 

$352,086,000 

25 
December 28, 

$ 

1975' 

9,455,000 
2,318,000 

18,742,000 
11 ,017,000 
26,721 ,000 
18,805,000 

87,058,000 

2,607,000 
3,219,000 

5,932,000 
13,000,000 
25,575,000 

44,507,000 

5,279,000 
78,308,000 
82,742,000 

166,329,000 

$303,720,000 



Fairchild Camera and Instrument Corporation and Subsidiaries 
CONSOLIDATED STATEMENT OF INCOME 

Revenues: 
Net sales 
Royalties and other income 

Costs and expenses: 
Cost of sales 
Admin istrative and selling 
Interest 

Income before income taxes and cumulative effect of change in 
accounting method 

Provision for income taxes (Note 4) 

Income before cumulative effect of change in accounting method 
Cumulative effect on prior years (to December 29, 1974) of change in 

accounting method (Note 2) 

Net income 

Per share of common stock (Notes 2 and 8) : 
Income before cumulative effect of change in 

accounting method 
Cumulative effect of change in accounting method 

Net income 

Per share of common stock assuming full dilution (Notes 2 and 8) : 
Income before cumulative effect of change in 

accounting method 
Cumulative effect of change in accounting method 

Net income 

26 
Year Ended 

January 2, 
1977 

$443,221,000 
7.157.000 

450.378.000 

327.381.000 
94,427.000 

5,504,000 

427.312,000 

23.066.000 
10,610,000 

12,456,000 

$ 12,456.000 

$2.27 

$2.27 

$2.27 

$2.27 

December 28, 
1975 

$291.542,000 
8.168,000 

299,730.000 

208.712.000 
69,732.000 
4.154,000 

282.598.000 

17,132,000 
6.708,000 

10.424.000 

2.649.000 

$ 13.073.000 

$1.94 
.51 

$2.45 

$1 .94 
.47 

$2.41 

The accompanymQ summa'" of account" ~n'·· d 
'f mg _leles an notes 10 cO(JSOIl(1arffd ImallC"/I"'~S a/,.n UllfIQra/ panol l/lese stalements 
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. h"ld Camera and Instrument Corporation and Subsid iaries Falrc I 
CONSOLIDATED STATEMENT OF SHAREHOLDERS' EQUITY 27 

Common Slock 
Add itiona l 
Pa id~ ln Retained 

Shares Amount Capital Earnings 

&lanCe, December 29, 1974 as previously reported 5,161 ,592 $5,162,000 $74,868,000 $79,360,000 
Restatement (Nole 3) (5,515,000) 

Balance, December 29, 1974 as restated 5,161 ,592 5,162,000 74,868,000 73,845,000 
Net income-1975 13,073,000 
Sales of common stock under emp loyee 

stock option plan 110,302 110,000 2,531 ,000 
Conversion of convertible subordinated 

debentures (Note 5) 6,669 7,000 519,000 
Tax benefit related to employees' 

premature dispOSition 01 option shares 
and exercise of nonqualilied stock 
options (Note 4) 390,000 

Cash dividends-$ 80 per share (4,176,000) 

Balance, December 28, 1975 5,278,563 5,279,000 78,308,000 82,742,000 
Net income-1976 12.456,000 
Sales of common stock under employee 

stock opllOn plan 80,989 81 ,000 2,013,000 
Tax benefit related to employees' 

premature dispOSItion of option shares 
and exercise 01 nonqualifled stock 
options (Note 4) 995,000 

Cash dividends-$ 80 per share (4,265,000) 

Balance. January 2. 1977 5,359,552 $5,360,000 $81 ,316,000 $90,933,000 

1JJlAlry 2. lin 1446.283 shira 01 U/l'twe<I' common IlOCk '1' ',served /of conversIOn of convemble wootdinaled debentures and exercise of employee 

$/I')(j; CIPOON s.. Nola S alld 1 

TheaccomfMII)'mollll'WPlllty 01 lCCOUn/JIIg poIlC,.,.nd notes 10 cr;JtlSOl,d.red Im.lIClal Slarements are an InllIflrel part of these s raremenls. 



Fairchild Camera and Instrument Corporation and Subsidiaries 
CONSOLIDATED STATEMENT OF CHANGES IN FINANCIAL POSITION 

Financial resources were provided by: 
Operations: 

Income before cumulative effect of change in 
accounting method 

Charges (cred its) to income not affecting 
working capital: 
Depreciation and amortization 
Deferred income taxes 
Provision for employee benefits 
Gain on disposition of property, plant 

and equipment, net of income tax 

Cumulative effect on prior years (to December 29, 1974) 
of change in accounting method 

Financial resources provided by operations 
Increase in common stock and additional paid·in capital: 

Exercise of stock options 
Tax benefits relating to stock options 
Conversion of subordinated debentures 

Proceeds from disposition of property, plant and 
equipment, net of income tax 

Proceeds from long·term borrowings 

Total financial resources provided 

Financial resources were applied to: 
Expenditures for property, plant, and equipment 
Cash dividends 
Reduction of long·term debt, including 

$526,000 on conversion of subordinated 
debentures into common stock in 1975 

Investment in joint ventures 
Other 

Total financial resources applied 

Increase in working capital 

28 
Year Ended 

January 2, 
1977 

$1 2,456,000 

16,663,000 
917,000 
307,000 

(134,000) 

30,209,000 

30,209,000 

2,094,000 
995,000 

1,399,000 
22,699,000 

57,396,000 

36,076,000 
4,265,000 

3,193,000 
347,000 
156,000 

44,037,000 

$ 13,359,000 

December 28, 
1975 

$10,424,000 

15,890,000 
2,211 ,000 

(1,034,000) 

(441 ,000) 

27,050,000 

2,649,000 

29,699,000 

2,641 ,000 
390,000 
526,000 

1,835,000 
553,000 

35,644,000 

20,693,000 
4,176,000 

3,106,000 
641 ,000 
414,000 

29,030,000 

$ 6,614,000 

The accompany/no summs'" of "ccoon"~ ""' .. 
' T J"g .,..Icle, 'nd notes 10 cOt1solidated fifl6nc~ s t"ternents lre.n "'t&f/rel Pitt of these $~Iemenrs 



, 'Id Camera and Instrument Corporation and Subsidiaries 
FalrChlGES IN ELEMENTS OF WORKING CAPITAL 
CHAN 

Changes in elements of wo~king capital: 
Current assets-Increase (decrease): 

Cash and temporary cash investments 
Accounts and notes receivable 
Inventories 
Accumulated income lax prepayments 
Prepaid expenses and other current assets 

Currentliabilities-(increase) decrease: 
Notes payable to banks 
Current installments of long-term debt 
Accounts payable 
Accruals-compensatIOn, employee benefits and other 
Estimated income taxes payable 

Increase in working capita l 
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Year Ended 

January 2, 
1977 

$ 1,704,000 
25,585,000 

3,505,000 
(3,987,000) 
1,863,000 

28,670,000 

(4,163,000) 
(712,000) 

(5,163,000) 
(3,036,000) 
(2,237,000) 

(15,311 ,000) 

$13,359,000 

December 2B. 
1975 

$ (8, 198,000) 
(12,312,000) 
19,642,000 

151,000 
(62,000) 

(779,000) 

(2,636,000) 
214,000 

(2,083,000) 
1,587,000 

10,3 11 ,000 

7,393,000 

$ 6,614,000 



Fairchild Camera and Instrument Corporation and Subsidiaries 
SUMMARY OF ACCOUNTING POLICIES 30 
Accounting policies of the Company and its subsid­
iaries conform with generally accepted accounting 
principles and reflect practices appropriate to the 
industries in which they operate. The significant 
policies are summarized below. 

Fiscal Year The Company's fiscal year ends on the 
Sunday nearest to December 31. Fiscal year 1976 
ended January 2. 1977 and comprised 53 weeks; 
fiscal year 1975 ended December 28, 1975 and com­
prised 52 weeks. 

Principles 01 Consolidation The consolidated 
'inancial statements include the accounts of the 
Company and all of its domestic and foreign sub­
sidiaries. The investment in joint ventures is carried 
in the consolidated financial statements at the 
Company's equity in the ventures' net assets. 

Translation 01 Foreign Currencies The asset and 
liability accounts of foreign subsidiaries are trans­
lated into United States dollar equivalents at year­
end rates of exchange, except for inventories and 
property, plant and equipment which are translated 
at historical rates. The income statement accounts of 
foreign subsidiaries are translated into United States 
dollar equivalents using average rates of exchange 
in eHect during the year, except that cost of sales 
and depreCiation are translated at historical rates. 
Exchange adjustments, including those resulting 
from performed and unperformed forward exchange 
contracts, are included in the results of operations. 

Inventories Inventories are stated at the lower of 
cost or markel. The major portion of the Company's 
inventories is based on standard costs, adjusted as 
required to reflect approximate actual costs; other 
inventories are based on average costs. Quantities in 
excess of estimated requirements are not valued. 
Progress payments received on contracts as to 
which title to the related inventories vests in the 
United States government are deducted from the 
applicable inventories. During 1975, the Company 
changed its method of accumulating manufacturing 
overhead in inventory. See Note 2. 

Property, Plant and Equipment Expenditures for 
property, plant and equipment and for renewals and 
betterments which extend the originally estimated 
economic lile of assets or convert the assets to a 
new use are capitalized. Expenditures for mainte­
nance, repairs and other renewals of assets are 

charged to operations. When assets become fully 
depreciated or are disposed of, the cost and accu­
mulated depreciation are removed from the accounts 
and any gain or loss is included in the results 
of operations. 

Provisions for depreCiation and amortization are 
made using the straight-line method for the major 
portion of assets acquired after 1968 and for all 
assets acquired prior to 1954; the sum-of-the-years'­
digits method is used for the remaining assets. 
DepreCiation is computed using various estimated 
economic lives ranging from 20 to 60 years (princ i­
pally 40 years) for buildings and from 3 to 15 years 
(principally 6 and 7 years) for machinery and equ ip­
ment. Leasehold improvements are amortized over 
the remaining terms of the leases or the estimated 
economic lives of the improvements. whichever 
is shorter. 

Contracts Revenue on fixed price contracts IS 
recorded at the time deliveries or acceptances are 
made and the Company has the contractual right to 
bill. Revenue under cost reimbursement contracts is 
recorded as cost is incurred in accordance with con­
tractua l terms. Provisions afe made on a current basis 
to fully recognize any estimated losses on contracts 

Royally Income The Company owns certain patents 
relating to the process of manufacturing semi­
conductor devices. Licenses to use these patented 
processes and other technical knowledge of the 
Company have been granted to a number 01 com­
panies. Royalty income is based upon either a 
percentage of sales of licensed products or a fixed 
schedule of payments. Royalties are included in 
income in the period that payments are scheduled to 
be received. 

Research and Development The Company IS 
actively engaged in basic technology and applied 
research and development programs wh ich are 
designed to develop new or improved products. 
processes and applications. In 1976 and 1975. the 
costs of the research and development programs 
were approximately $22.000,000 and 521.000,000. 
respectively. In addition, substantial ongoing supper! 
programs relating to existing products and pro­
cesses are conducted within production engineering 
departments. The combined costs of research, de­
velopment and engineering programs were approxI­
mately $47,000.000 and $38,000,000 (before re-
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- bursements of approximately $4,000,000 and 
;000,000) in 1976 and 1975, respectively. Research, 
de~elopmenl and engineering expenditures are 
charged to operations as incurred and are included 
in cost 01 sales in the consolidated statement of 

income. 

Pension Plans The Company maintains pension 
plans lordomeslic employees. Costs and funding 
requirements of such plans are determined in 
accordance with actuarial methods and the costs 
applicable to past service althe lime of adoption or 
modification of the plans are amortized generally 
overtwenty-'ive years. The plans are funded and 
deposits are maintained by trustees 

Income Tues Investment tax credits afe applied to 

reduce Federal Income tax expense by the amount 
allowable each year 

No provislOO IS made for Income taxes relating to 

potential Mure dlstnbutlons of accumulated earn­

ings from foreign Subsidiaries, the JOint ventures or 
the Domestic International Sates Corporations. since 

it is theCompany's present mtentlon to utilize 

subSlanllally all of the undistributed earnings In Its 

foreign operallOns and Qualified export acllvilies. 

NOTES TO CONSOLIOATED FINANCIAL 
STATEMENTS 

1. Foreign Operations: The fol lowing IS a summary 

01 certain combined IlnanCla l lnformatlon lor the 
Company'S foreign operations 

December 28. 
1975 

$47.617.000 
68.816.000 
45.118.000 

Operations of the foreign jOlnl venture were not ma­
terial in relation to the consolidated financial stale­

ments. Net exchange adjustments, Included in the 
determ ination of net Income for 1976 and 1975. were 

nOI malerial to the consolidated statement 01 Income. 

2. Accounting Change : During 1975. the Company 

~ade Improvements In liS method of Inventory cost­

ing. As a resull the overhead content of inventory was 
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increased to include ce rtain elements of manufac­
turing overhead (primarily depreciation) which had 

been excluded from inventory. In the opinion of 

Management. this accounting change represents 
adoption of a preferable accounting method and 

also complies with the Internal Revenue Service 
inventory costing regulations, 

The cumulative effect of the accounting change, as 

of the beginning of 1975, in the amount of $2,649.000 
($.51 per share) after related income taxes of 

$2.117.000, is included in income for the year. The 
effect of the accounting change on 1975 income 

before cumu lative effect of change in accounting 
method was not material. 

3. Federal Income Tax Assessment: In July 1976, 

Ihe Company reached agreement with an Appellate 
Conferee of the Internal Revenue Service regarding 

adjustments which resulted from their examination of 

the Company's Federal income lax returns lor the 

years 1964 through 1971. Accordingly, retained earn­
ings as of December 29, 1974 have been reduced by 

$5.515,000. The restatement of retained earnings 
includes nonrecoverable Federal taxes and interest 

(net of tax effect) for the years 1964 through 1971, 

related provisions lor additional state taxes (net of 
Federal tax effect) and additional Federal taxes 

arising from repatriation of funds from a foreign 
subsidiary as a result of the agreement. Also, accu­

mulated income tax prepayments, other accrued 

liabitities, estimated income taxes payable and 
deferred income taxes have been reslated as of 

December 28.1975 in the consolidated balance 

sheet. 

The Company's Federal income tax returns for years 

after 1971 were prepared on bases substantially 

consistent with those 01 prior years, and the returns 
for 1972 and 1973 are currently being examined. In 

the opinion of Management, any additional provi­

sions that might be required as a result of the exam­
inallon of tax returns for years subsequent to 1971 

will not be material to the Company's consolidated 

statement of income. 

On February 18. 1977, the Company was notified that 

the agreement with the Appellate Conferee, referred 

to above, received approval by the Joint Committee 
on Internal Revenue Taxation. The settlement negoti­

ated with the Conferee has therefore become final. 



4. Provision For Income Taxes: The provision for 
income taxes is comprised of the following : 

1976 1975 

Current -Federal $ 1.985,OOJ $ 3.930.00J 
-$Iate 1.103,00J 472,OOJ 
-Foreign 4.434.000 1.318.00J 

Deferred - Federal 2.604.000 2.31'.00J 
-Slate 512,000 549.000 

Foreign (28.000) (1.872.000) 

$10,610,000 $ 6.708.000 

The 1975 deferred provision for income taxes in· 
cludes the tax benefit of a foreign subsidiary's operat· 
ing loss of approximately $2,100,000 which was in­
cluded in accumulated income tax prepayments in the 
consolidated balance sheet. In 1976, the foreign sub­
sidiary's operating loss was utilized and the related 
tax benefit was credited to accumulated income tax 
prepayments, The 1975 current provision for income 
taxes includes a credi t of approximately $890,000 
related to forgiveness of taxes on income earned by 
a foreign subsidiary in a prior year. In addit ion, the 
provision for income taxes for 1976 and 1975 reflects 
utilization of investment tax credits of approximately 
$1 ,300,000 and $950,000. respectively. 

Differences between financial and taxable income 
result primarily from exercise of nonqualified stock 
opt ions, use of accelerated depreciation and finan­
cial statement provisions which are not currently tax 
deductible. In addition, portions of the taxes related 
to the inventory accounting change. referred to in 
Note 2 above, are payable in future periods. The tax 
effect of deductions applicable to employee exer­
cises of nonqualified stock options and premature 
dispositions by employees of option shares resulted 
in tax benefits of approximately $995,000 in 1976 
and $390,000 in 1975. which was credited to addi­
tional paid-in capital. 

5. Long-Term Debt and Notes Payable to Banks: 
In September 1976. the Company replaced the $50 
million international and domestic revolving credit 
agreement in eHect at December 28. 1975 with the 
following bank credit agreements: 

(a) a two-year, $50 million domestic revolving credit 
agreement which provides for advances at the agent 
bank's prime rate. The Company is required to pay 
an annual commitment fee of V2 of 1% of the unused 
commitment. The Company may, at its option, con-
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vert to five-year term debt any advances outstanding 
at the termination of the revolving credit agreement 
in September 1978. 

(b) Fairchild Consumer Products, Inc., a wholly­
owned finance subsidiary of the Company, entered 
into an agreement with several banks for a one-year 
credit line in an amount up to the lesser of $20 mil­
lion or 80% of the accounts receivable generated by 
the Company's consumer products group and sold to 
the finance subsidiary. This Agreement provides for 
short-term advances at the agent bank's prime rate, 
secured by such accounts receivable. 

(c) The Company also has arrangements With several 
banks under which short-term, mulh-currency borrow­
ings may be available to the Company and its for­
eign subsidiaries. These borrowings are limited to an 
aggregate of $30 million by the agreement described 
in (a) above. 

At January 2, 1977, no borrowmgs were outstanding 
under the agreements described in (a) and (b) above. 

AI January 2, 1977, notes payable to banks of 
$13,618,000 were outstanding at a weighted average 
interest rate of 19.5%, prinCipally related to foreign 
borrowings. The maximum amount of short-term bor­
rowings outstanding at any month end during 1976 
was $27,116,000. The approximate monthly average 
short-term borrowings during 1976 were $20,469,000 
at a weighted average Interest rate of 12.1%. 

Other secured loans bear interest at a weighted 
average rate of 7W" and are repayable in varymg 
installments of prinCipal and interest. These loans 
are secured by liens and mortgages on property, 
plant and equipment With an approximate net book 
value of $8.016.000. 

The note payable to an insurance company bears 
interest at 5Y::!% per annum and requires annual 
principal payments of $1,750.000 from 1977 to 1979 
and a final payment of $7,750,000 m 1980 

The Company's 5~% convertible subordinated 
debentures of $25,575.000 are convenlbfe into 
common stock at the rate of $76.11 per share at any 
time until their maturity in 1989. No conversions were 
executed in 1976. During 1975. the Company ISSUed 

6,669 shares of previously unissued common stock 
in connection with conversion of debentures having 



$526,000 principal amount. The Company has re­
served 336,027 shares for fuMe conversion of these 
debentures. Commencing in 1979, the Company will 
be required to redeem 6% of the outstanding princi­
pal balance annually. At its option, the Company may 
redeem all or any part of the debentures at premiums 
decreasing from 2~% in 1977 to zero in 1986. 

In December 1976, Fairchild Camera and Instrument 
International Finance N.V. (Fairchild N.v.), a newly 
formed, wholly-owned foreign finance subsidiary of 
the Company, sold to foreign investors $20,000,000 
of 5:}'.% convertible subordinated guaranteed deben­
tures due 1991. The debentures are guaranteed by 
the Company on a subordinated basis and are con­
vertible on or after August 1, 1977 into common stock 
of the Company at a conversion price of $45.50 per 
share. The Company has reserved 439,560 shares for 
future conversion of these debentures. At Its option 
subject to certain conditions, Fairchild N.V. may 
redeem all or any part olthe debentures at premiums 
decreasmg from 4Y.l% In 1978 to zero in 1987. 

Under the most restrictive provisions 01 the loan and 
bank credit agreements, the Company is required to 
maintain specified workmg capital and net worth 
levels, is reslrlcted as to borrowing under any new 
debt agreements and purchasing Its stock, and is 
limited as to the maximum amounts of cash divi­
dends which may be paid At January 2, 1977. the 
Company was In compliance with all restrictive 
covenants 01 the loan and bank credit agreements 
and approximately $22,500.000 of retained earnings 
was unrestricted for payment of cash dividends. 

Aggregate prinCipal payments on long-term debt in 
each of the next five years are approximately as 
lollow", 1977-53,030,000; 1978-$3,017,000; 1979-
$4,353,000, 1980-$10,364,000; 1981-$2,511 ,000. 

6, Pension and Profit Sharing Plans: Pension 
expense charged agamst operations was $1 .768.000 
in 1976 and $1,321 ,000 In 1975 As a result of the 
Pension Reform Act of 1974, the Company amended 
the benelitformula. vesting and eligibility provisions 
of its pension plans as 01 the begmnmg of 1976. The 
effect of these amendments was 10 increase pension 
expense by approximately $400,000 in 1976. The 
pension fund assets and balance sheet accruals 
exceed the actuanally computed value of vested 
benefits under the plans 
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The Company has a qualified, noncontributory profit 
sharing plan for eligible employees of the Company 
and partiCipating subsidiaries. The Company's con­
tribution to the plan, as determined by the Board of 
Directors, is discretionary but may not exceed 15% of 
the annual aggregate compensation (as defined) 
paid to all participating employees. In addition, the 
maximum contribution may not exceed 15% of the 
amount by wh ich Income Before Income Taxes for 
the year (as defined) exceeds 10% of Shareholders' 
Equity (as defined). 

The Company also has an incentive compensat ion 
plan for awarding bonuses to certain officers and 
other key employees. The aggregate awards. which 
may be in cash or common stock, shall not exceed 
6% of the amount by which Income Before Incgme 
Taxes for the year (as defined) exceeds 10% of 
Shareholders' Equity (as defined). 

Contributions to these plans during 1976 and 1975 
were not material 10 the consolidated statement of 
income. 

7. Stock Options: At January 2, 1977 and December 
28, 1975. there were 670,696 and 776,839 shares, 
respectively, of common stock reserved for issuance 
under stock option plans (1965 Plan, which termi­
nated as of March 17,1975, and 1974 Plan) for officers 
and key employees. Issuance of the following types 
of options is permitted: 

(a) A "qua lif ied" option (as defined in the Internal 
Revenue Code) exercisable until the fifth anniversary 

of the grant date: 

(b) A "nonqualified" option exercisable until the 
tenth anniversary of the grant date. 

Options may nol be granted at prices lower than the 
market price at the date of issuance and exercisable 
options expire 90 days after termination of employ­
ment. Under the 1974 Plan, options become exercis­
able in four annual installments commencing one year 
after the dates of grant. Under the 1965 Plan, through 
May 1974, options become exercisable in three 
annual installments commencing two years after the 
dates of grant; options granted subsequent to May 
1974 become exercisable in four annual installments 
commencing one year alter the dates of grant. 



During 1975, the shareholders approved a reduction 
of the option price for all options outstanding under 
the 1965 Plan. Such approval covered 448,390 
shares of common stock purchasable at an average 
per share price of $34.09. The new opt ion price was 
$25.38 per share (equal to 100% of fair market price 
on February 26, 1975) and each option has a new 
five or ten year term depending upon the type of new 
option granted. During 1975, 86,070 options were 
issued in exchange for 114,836 options previously 
outstanding. 

A summary of transactions relating to outstanding 
options during 1976 and 1975 is shown below: 

Balance, beginning 01 year 
Add (Oeducl)-Granled 

-Exercised ($18.38 to 
$46.13 per share) 

-Cancelled 

Balance. end 01 year 

1976 1975 

568,089 
92,805 

(80.989) 
(56.461) 

523.444 

559.632 
296,261 

(110,302) 
(177.502) 

568.089 

At January 2, 1977, options were outstanding at 
prices of $18.31 to $60.88 (an average of $34.24) per 
share, of which options as to 164,634 shares were 
exercisable. 

8. Income Per Share of Common Stock: Income 
per share of common stock for 1976 and 1975 has 
been calculated using the weighted average number 
of shares of common stock (5,331,127 and 5,222,255, 
respectively) and common stock equivalents (stock 
options-1 45,738 and 150,646, respectively) out­
standing during the year. 

Fu lly diluted income per share of common stock for 
1976 and 1975 has been computed based upon the 
weighted average number of common and common 
equivalent shares outstanding, and the assumed 
conversion of the 5~% convertible subordinated 
debentures into shares of common stock, after elimi­
nation of related interest expense net of taxes. 

9. Investment In Joint Ventures : The Company 
participates with TOK Electronics, Co., Ltd. in a 50-SO 
corporate joint venture. The venture. TOK-Fairchild 
Corporation, sells semiconductor products and 
electronic equipment. parts and components thereof 
in Japan. 

In 1975, the Company invested in a newly-formed 
corporate joint venture, Great Western Silicon Cor­
poration (Great Western). The ventu re is 45% 
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owned by the Company and 55% owned by Applied 
Materials, Inc. (Applied). The venture, whose plant 
is scheduled for completion in 1978, will manufac­
ture and sell polycrystalline silicon. The Company 
and Applied have entered into a noncancellable 
materials purchase agreement with Great Western 
providing generally that the Company and Applied 
will purchase 75% and 25%, respectively. of a speci· 
fied level of production for a period of seven years 
after production commences. Such purchases are to 
be at the best price available to such parties from an 
independent United States source, but in no event at 
a price less than that which is necessary to provide 
Great Western with the funds required to pay its 
manufacturing costs and the cost of debt service and 
retirement. 

In the event Great Western is unable to commence 
operations or fails to maintaIn for ninety days deliv­
ery of acceptable quantities or quality of silicon. the 
Company and Applied are obligated to tend to Greal 
Western, in the ratio of their respective eqully owner­
ship, amounts sufficient to cover liS operatmg costs 
and the cost of debt service and rellrement. In the 
event Great Western ceases to deliver specified 
minimum quantities after commencing operations 
and maintaining acceptable delivery levels for ninety 
days, the Company and Applied may be requited to 
provide the funds to cover Great Western's operating 
costs and the cost of debt service and retirement. 
Any such payment constitutes an advance payment 
in the nature of a deposit against future delivery of 
silicon. 

At January 2. 1977, Great Western has a line of cred it 
with a bank for 52,500,000. There are no borrowings 
outstanding under this line of credll. In addition, 
arrangements have been made with an insurance 
company for a long-term construction loan of 
$7,500.000. BorrOWings under this loan agreement 
amounted to 52,500.000 at January 2, 1977 

10. Customs Matters: As previously reported. the 
Company is reviewing ils practices With respect to 
compliance with the United States customs laws ap­
plicable to products imported into the Unlled States 

The Company has undertaken a review to assure 
compliance with the highty complex customs laws 
concerning classification and valuation of Imported 
artictes. as well as to determine the proprJety and 



adequacy of its past practices. Such review includes 
the classification and valualion, for duty purposes, 
of a wide variety of items, including semiconductor 
components partially fabricated in Ihe Company's 
United Stales plants and shipped to its Far Eastern 
plants for labor intensive manufacturing or assembly 
operations, and then imported into the United States 

for completion or sale. 

In 1973, representatives of Ihe Company initialed con­
tact with Ihe Customs Service and advised it of the 
Company's voluntary program, and the Company is 
in Ihe process of submitting to Ihe Service proposals 
regarding future handling of customs activities and in­
formation concerning any past inadequacies discov­
ered in the review It has also notified the Customs 
Service that it intends to repon to and deposit with 
the Customs Service amounts found to be owing, if 
any. In response to requests made, the Company has 
received several rulings from the Customs Service 
and is currently engaged in concluding its internal 
review and preparing the submission of its proposals 
10 the Service 

The Customs Service has statutory authority to collect 
underpayments of duty and, m some instances, to as­
sess civil penalties based upon the value of the im­
ports involved. Currently, no determination can be 
made as to whether any penalty assessment will be 
proposed. Petitions for remission or mitigation are per­
mitted under Customs statutes and regulations, and 
have been granted to varymg degrees in other situa­
tions involving electronics companies. After the Com­
pany had IMiated contact With the Customs Service, 
in 1974 the Customs Service published its position 
with respect to voluntary disclosure which provides, 
in effect. that if the Customs Service determines that 
a disclosure is made voluntarily any penalty will be 
mitigated to the amount of any applicable duty under­
payment plus a maximum of one times that amount. 

It is the Company's pos,hOn Ihal II volunlarily initialed 
its pending proceedings wllh the Customs Service 
and that, to Ihe extent It may be relevant, il should be 
considered as having made a voluntary disclosure. 
There is, however, no assurance Ihat the Company's 
pOSition will be sustamed The Company intends to 
pursue this mailer diligently so as to mmimize the ulti­
mate consequences to the Company The Company 
has made provisions 10 lis fmancial statements for es-
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limated underpayments and pena lties, if any, which 
may result, as well as provisions for other costs being 
incurred in resolving this matter. In the opinion of 
Management, any ultimate liability which may result 
will not have a material effect on the consolidated 
balance sheet or statement of income of the 
Company. 

11, Contingencies and Commitments: A portion of 
the Company's sales is subject to renegotiation. 
Clearances have been received through the year 1974 
and no refunds for 1975 and 1976 are anticipated. 

The Company leases data processing equipment 
and various facilities under long-term, noncancel­
lable leases which expire at various dates prior to 
1992. Facility leases generally require the Company 
to maintain the facilities, pay incremental property 
taxes and provide insurance and utilities. Rent ex­
pense under all rental agreements, including the 
above leases, was $9,520,000 and $7,938,000 in 
1976 and 1975, respectively. Minimum annual rentals 
under long-term, noncancellable leases will be ap­
proximately as follows: 
Year Facililles Equipment 

1977 $2.842.000 $1.869,000 

1978 2.606,000 1,646,000 

1979 2,019.000 1,415,000 

19SO 1,668,000 1,220,000 

1981 1.575.000 905.000 

1982-1986 5,759.000 1,297,000 

1987-1991 2.805.000 

Noncapitalized financing leases, as defined by the Se­
curities and Exchange Commission, are not material. 

An action against the Company seeking an injunc­
tion and damages in an unspecified amount was 
commenced in December 1975. The plaintiff in its 
complaint alleges, among other things, that its trade 
secrets relating to the design of a semiconductor 
device were improperly obtained and used by the 
Company. The Company's request for an order dis­
missing the complainl or alternatively granting sum­
mary judgment has been denied.TheCompany intends 
to defend this action diligenlly and, in the opinion of 
Management. if the Company is ultimately adjudi­
cated to be liable, it will not have a material effect on 
the consolidated balance sheet of the Company. 

12. Selected Quarterly Data (Unaudited) : The 1975 
interim financial information was not subjected to a 
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limited review by the Company's independent 
accountants. 

No< 
Soln 

Gross 
PrQli!s' 

Net Income 
Net Per Share 01 

Income Common Stock 

1915 (amoon!s in thousands except pel share data) 

First quarter S 69.757 S21.070 53.255" $.62" 

Second qU8r1(1f sa,.. 20 .... 3.287 .s. 
Third quaner 71.453 20.836 2.117 .50 

Fourth quartEt' 81.368 20.058 1.165 21 

1976 

First qual'le. 94,624 20.762 '" 1>1 
Second quarter 111.753 29.356 2.858 52 
Third quarter 118,157 33.152 4.243 77 

Fourth quar1(1r 118,687 32.570 "" ... 
'N9I sales less cost 01 sales 

"&fIo" cumulatIVe effect o/change in Iccounting method 01 S2.649.ooo 

($.51 pel sh8re)-see Nole 2 

13. General Description of the Impact of Inflation 
(Unaudited): Although the cumulative impact of in­
flation over a number of years has resulted in higher 
costs for replacement of existing plant and equip­
ment. such inflationary increases have partially been 
offset by technological improvements and design 
changes which often result in substantial increases 
in productivity of the newer asset additions. Gener· 
ally, the Company's rapid rate of technological ad· 
vance and the resulting production efficiencies have 
mitigated unfavorable inflationary pressures. 

The Company's annual report on Form 10·K contains 
specific information with respect to year end 1976 
replacement cost of inventories and productive 
capacity, and the approximate effect which replace· 
ment cost would have had on the computation of 
cost of sales and depreciation expense for the year. 
To obtain a copy of the Company's Form 10--K. please 
write to the Corporate Communications Department, 
Fairchild Camera and Instrument Corporation, 464 
Ellis Street. Mountain View, California 94042. 
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REPORT OF INDEPENDENT ACCOUNTANTS 

:l. nce V vaternouse &(['0, 

To the Shareholders and Board of Directors of 
Fairchild Camera and tnstrument Corporation 

We have examined the consolidated balance sheets 
of Fairchild Camera and Instrument Corporation and 
its subsidiaries as of January 2, 1977 and December 
28.1975, and the relaled consolidated statements of 
income, shareholders' equity and of changes in 
financial pOSition for the years then ended. Our 
examinations were made in accordance with gener· 
ally accepted auditing standards and accordingly 
included such tests of the accounting records and 
such other auditing procedures as we considered 
necessary in the circumstances. 

The method of inventory costing was changed In 

1975 as described in Note 2 to the consolidated 
financial statements. 

In our opinion. the consolidated financial statements 
examined by us present fairly the financial pOSition 
of Fairchild Camera and Instrument Corporation and 
its subsidiaries at January 2. 1977 and December 28, 
1975, and the results of their operations and the 
changes in their financial position for the years then 
ended in conformity with generally accepted 
accounting prinCiples consistenlly applied during 
the period subsequent 10 the change, with which we 
concur. made as of December 30. 1974, referred to In 
the preceding paragaraph. 

121 Park Center Plaza 
San Jose, California 

January 26, 1977 (except as 
to the last paragraph of Note 3 
which is as of February 18, 1977) 

1 
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Wilfred J COrrigan 

Albert Bowers 

Wilham C. Franklin 

Lt. General James B. Lampert 

(u.s. Army-Aetlred) 

Louis F Polk. Jr. 

William A Stenson 
J. Bradford Wharton. Jr 

OFFICERS 
W1lfred J. COrrigan 

Corpor.te Staff 

Warren J. Bowles 

A, J, Hazle 

Frederick M Hoar 

Thomas A Longo 
R. Douglas Norby 

Nelson Slone 
Jam ~s A Unruh 

Oper.tJons 

James 0 Bowen 

John A, Duffy. Jr, 

Raymond G Hennessey 

David J, Marriol! 

Louis H, Pighi 

Gregorio Reyes 

George 0 Wells 

Joseph H Akerman. Jr 
Richard Franklin 

John J. Giblin 

Philip Haas 
Stanley Winston 

Independent Accountants 

Transfer Agent 

Reg istrar 

Chairman of the Board of the Corporation: Presiding Partner, 

law firm of Cravath. Swaine & Moore 

Vice Chairman of the Board of the Corporation 

President and Chief Executive Officer 

President. Syntex Corporation. Vice Chairman of the Board. Syntex Corporation 

(pharmaceuticals and chemicals) 

Consultant 

Vice President, Massachusetts Inslltute of Technology 

Chairman, President and Chief Executive Officer, Leisure Dynamics, Inc. 

(hobby and game products) 
President. Alliance Capital Management Corporation 
Management Consultant, President of the Wealdon Company 

(a family corporation- investments and larming) 

President and Chief Execuhve OHlcer 

Vice President-Industrial Relations 

Vice President-Controller 
Vice President-Communications 

Vice President-Chief Technical Officer 

Vice Presldent- Finance 
Vice President - General Counsel and Secretary 
Vice Presldenl-Treasury and Corporate Planning 

Vice President and General Manager-Instrumentation and Systems Group 

Vice President and Generat Manager-International Division 
Vice President and General Manager-tndustrlal Products Division 
Vice President and General Manager-large-Scate Integration Group 

Vice President and General Manager-Federat Systems Group 

Vice President and Generat Manager-Consumer Products Group 

Vice President and General Manager-Components Group 

Assistant Treasurer 
Assi.itant Secretary 

ASSistant Controller 

ASSistant Treasurer 
ASSistant Secretary (Attesting) 

Price Waterhouse & Co 

The Bank of New York 

Cltibank, N A 

Rosweill. Gilpatric has announced that he will retire as Chairman of the Board after the Shareholder's Meeting 
to be held on May 6, 1977. Mr. Gilpatric IS a nominee for re-election as director and will continue as a director of 

the corporation. The nominees for election to the Board 01 Directors listed in the Proxy Statement for such 

Annual Meeting have announced their IntentIOn to elect Wilfred J Corrigan as Chairman 01 the Board 

of the Corporation after the meeting 
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