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Testing the 8086 microprocessor

The world of testing has become one step
more complex with the invention of the micro-
processor. Microprocessors may contain up to
70,000 transistors connected together to form a
very complex device. The microprocessor differs
from other logic devices because the function
ofthe device is much more important than the DC
characteristics. This means that a test must exer-
cise a large portion of the internal logic to make
sure that the device really works as it should. To
do this fully is not possible in a reasonable length
of time because this would entail trying all instruc-
tions in all combinations. Unlike other logic devices,
the pattern needed to run even a simple test is
not easily created.

Intel's 8086 microprocessor adds another level
of complexity because it is actually two micro-
processors in one — the ALU (arithmetic logic
unit) and the bus execution unit. The bus execution
unittriestoload upa queue sothatwhenthe ALU
needs some more information it can get it from
the queue rather than having to request it from
the bus. The interaction of these two processors
is not readily available because the user rarely
cares how they do the job, aslong asit gets done.

The tester, however, must know this relation-
ship if a strict logic-to-pattern type test is to be
performed. Intel has said that this relationship
cannot be disclosed, as it would mean releasing
the microcode for the 8086 (which they will not do).
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The test method chosen was to write an
assembler that would create an input code, and
then learn what the device put out on its outputs.
This requires one good or “gold” device which
worked in the final product and could be used to
create the patterns to which all other devices
would be compared.

There are several problems associated with
this method. First, what happens if the gold
device is slightly faster or slower than the device
under test? This may cause the test to reject
devices that would work in the final product, due
to some small timing difference.

Second, can an assembler be written to allow
all possible instructions to be called out and
executed? The 8086 is somewhat unique in this
respect. Intel chose to write a very intelligent
assembler for the 8086 and not give each opcode
a unique name. An example might be the MOV
instruction. There are 14 possible opcodes which
the Intel assembler can assign for this mnemonic.
The assembler chooses the most efficient type
for the specific application.

The timing problem was solved by creating a
program which acts as a logic analyzer and can
plot any part of the pattern on the screen. It
shows a cycle-by-cycle plot of the bus action and
all of the other control lines. This allows a part
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which does not pass to be examined on a cycle-
by-cycle basis. It then can be compared to a plot
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Figure 1 — Logic analyzer output

The assembler problem was somewhat harder
to solve. In the past the assemblers created for
other processors used the assembly code given
by the manufacturer. This could not be done for
the 8086, so a new set of mnemonics had to be
created. This was done by trying to make the new
mnemonics as close to the original as possible.
However, a designer who has a problem with the
8086 may find the new instruction set a disadvan-
tage when trying to create a pattern, because a
new set of mnemonics will have to be learned.
This situation will probably become more prevalent
on the newer, larger microprocessors (see Figure 2).

This test has some other options which need
to be explained. It was written as a characteriza-
tion program, which allows the test results of one
parameter to be plotted against another. For
example, one of the more interesting comparisons
that can be made is power supply voltage versus
cycle time. An example of this plot is shown in
Figure 3. As can be seen, the 8086 has a safe
margin on the lower edge of its power supply
spec. A common question that comes up is,
“What happens with temperature?”

the assembler
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The test system has a thermal stream which
allows the parts to be tested from-60to +160°C.
This allows any of the test parameters to be
measured over temperature, or allows comparison

continued on page 3 O
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of two parameters over temperature. The possible
parameters that can be measured or compared are:

Cycle time

Clock high time
Clock low time
Address and datavalid time
Output compare time
Temperature

Input high voltage
Input low voltage
Output high voltage
Output low voltage
Clock high voltage
Clock low voltage
Power supply voltage

Two examples of these parameters are shown
in Figures 4 and 5.
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The 8086 differs from other microprocessors
intheway itdoesitsinitialization. Hardware reset
does not initialize all of its resistors and it is
necessary to clear the registers before using
them so that a known result will occur. In a user
application this would happen automatically, but
in the test system the input program does not
have to do anything special except exercise a
large portion of the internal parts of the micro-
processor. The first part of Figure 2 shows XOR
instructions clearing the internal registers of
the 8086. The last mnemonics in this list are all
NOPs. This is done to flush the queue of instruc-
tions so that all previous instructions are executed.

At this time there are no known bugs in the
80886. Its instruction set seems to work as specified.
This seems rather remarkable after the problems
encountered with the 8085. It may well be that
the engineering effort that was missing on the
early 8085 program has been used to make this
product bug-free.

The 8086 is one of the hardest microprocessors
to hand code. Intel realizes this fact. They plan
for the user to purchase support from Intel in the
form of development systems. This type of program
makes small users suffer because, unlike Tek,
they cannot afford to purchase a development
system for each new microprocessor they pur-
chase or evaluate.

If you'd like more information about our evalua-
tion of the 8086 microprocessor, please contact
me at 78-573, ext. DR-2572.

Wilton Hart
Digital Component Engineering

New Documentation Coordinator

Betty Carter has joined the Documentation
Coordination group as a Documentation Coordina-
tor. Betty has 25 years experience at Tek, much
of this time spent in pilot, prototype support and
cataloging. Please call Betty or Sue Krause with
questions concerning your PPIFs. They can be
reached on ext. DR-2586.
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Accelerated life testing a Tek-made IC

The ICM Reliability Group has just completed
an accelerated life test of a recent production
sample of the 155-0078-10 (P84E). The demon-
strated failure rate was well below the goal of
0.02%/1000 hours at a reference junction temp-
erature of 75°C, thus providing assurance that
ICM’s highest volume part is also a very reliable
one.

The P84E is a differential amplifier designed
for the 485 vertical. The cascade outputs can
provide gain adjust or invert functions by using
the proper control voltage. All transistors have
been designed to carry a maximum of 90mA
while maintaining theirf 1. Therise time is 355pS
or less.

The dynamic high-temperature life test was
run at a junction temperature of 151°C. Input
signals were from a driver board designed to
activate all junctions to simulate typical instru-
ment conditions (except for the 151°C junction
temperature).

Running a life test at higher than typical
operating temperature in order to accelerate the
testis valid as long as the failure mechanism that
causes the failures is identical to that which
would cause the failure at normal operating junc-
tion temperature.

An integrated circuit has three operating life
time windows, as shown on the classic “bath tub”
curve — (1) early or infant failures, (2) random/
chance failures, and (3) wearout failures. Anideal
burn-in program would remove all early failures
from the population. The reliability prediction for

the IC would therefore concern itself only with
the chance/random failures and with wearout.

For this life test there were no early or infant
failures. The test was run into the wearout mode
untilmore than 50% of the parts had failed for the
wearout mechanism. This wearout failure mech-
anism was intermetallics at the gold wire-aluminum
bond pad interface. This condition is commonly
referred to as “purple plague.” It causes high
resistance contact between the aluminum bond-
ing pad and the gold wire, see Figure 1. For this
part number, the contact resistance wasin series
with the IC gain setting resistor, sothat the failure
mode was low gain.

Random failures

Although no random/chance failures occurred
during this test, a failure rate can be calculated
statistically based on the number of parts on test
and the times-to-failure, using the Exponential
Reliability Distribution for chance failures. A lower
confidence limit on the failure rate was cal-
culated usingthe Chi-Square (X2) Distribution for
2r + 2 degrees of freedom, where “r’ is the
number of failures.

Again because there were no random failures,
no activation energy for a failure mechanism
could be determined. The activation energy for
most early failure mechanisms is 1.0ev/°K or
greater. The activation energy used in the Arrhenius
equation to calculate acceleration factors for
75°C and 100°C referenced to 151°C was 1.0ev/°K.
This provides the most pessimistic estimate of the
predicted failure rate.

continued on page 5

Figure 1

Gold wire bond on aluminum bonding pad

Intermetallic formation on pad causing bond
failure (“‘purple plague’)
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The maximum failure rate at the 90% confidence
level for random/chance failures was calculated
to be:

Junction temperature Failure rate (\)
75°C* A<0.0096%/1000 hrs.

100°C A<0.09%/1000 hrs.

151°C A<3.70%/1000 hrs.

*|CM reference temperature established so all ICM reliability
predictions can be compared at the same junction temperature.

The probability of random/chance failures exists
throughout the life of the part — from the begin-
ning infant failures to eventual wearout failures.
Therefore the failure rate calculated for random/
chance failures must be added to the failure rate
determined for any other reliability distribution
for that life test.

Wearout mode

For the wearout mode, the Log-Normal Reli-
ability Distribution applies. Log-normal distribution
can be recognized in all sufficiently large and
sufficiently accelerated tests of semiconductors.
Log-normal behavior occurs as a result of rate-
dependent processes. Rate-dependency can be
caused by processes such as chemical reactions,
thermosetting, etching and/or diffusion.

Failure data for this life test were plotted as a
log-normal distribution, and is shown in Figure 2.
From Figure 2 the standard deviation and the
cumulative percent failures at various operating
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Figure 2 — 155-0078-10 failure data
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times can be determined. The standard deviation
and 50% cumulative percent failure (median-
time-to-failure) are used to plot the failure rate
curves.

Only one curve was plotted in Figure 2 — the
data from the life test at 151°C (dashed lines are
the confidence limits). Curves for 75°C and 100°C
can be plotted by multiplying each data point by
the acceleration factor for each temperature (as
referenced to 151°C). The Arrhenius equation is
used to calculate the acceleration factors. Because
the activation energy for intermetallics is 1.00 to
1.05, acceleration factors were calculated using
1.0ev/°K.

The failure rate curves for the wearout mode
(at 151°C, 100°C, and 75°C) are shown in Figure
3. The curves for 100°C and 75°C were plotted
using median-time-to-failure for 151°C multiplied
by the appropriate acceleration factors. As before,
dashed lines represent confidence limits.

The failure rate of the 155-0078-10 at an
operating time is therefore determined by adding
the random failure rate (a constant) at the specified
temperature, to the wearout failure rate (from
Figure 3) at the specified time and the same
temperature.

104

99.98% have failed

102

Failure Rate (Percent/1000 Hours)
1

s c

D 4
/
/

102 i N i A
T T l'l"ll T rrmmm LR ARALY T T TIrTr T rrnr T TIrr
102 103 104 108 108 107 108
Operating Hours

Figure 3 — 155-0078-10 failure rate curves
‘ for wearout mode
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Life test results

Figure 3 shows the failure rate to be an
increasing function during most of the life of the
part. From Figures 2 and 3 it can be determined
that, at the maximum failure rate, 95% of the parts
have failed. Figure 3 shows that at 151°C the
maximum failure rate is at 5500 hours, and at

5500 hours on Figure 2, 95% of the parts have -

failed.

At 100°C (a typical operating junction tem-
perature) — (1) the median life is 113,800 hours,
(2)the maximum failure rate is 3.09%/1000 hours,
and (3) the maximum failure rate occurs at 280,000
hours.

At 10,000 hours (the estimated useful life of
an instrument) and 100°C — the maximum failure
rate is the random failure rate of 0.09%/1000
hours. The wearout failure rate is so small that it
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doesn’t contribute to the total failure rate. Also, at
10,000 hours at the ICM reference temperature
of 75°C, the maximum failure rate is 0.0096%/
1000 hours.

What does this all tell us? Simply that, for this
device and innumerable other similar parts, sig-
nificant increases in reliability can be attained by
running the IC as cool as possible. Also, this
report shows that at typical operating tempera-
tures, the 155-0078-10 is a high reliability device.

If you have questions about the 155-0078-10 life
test procedures and results, please contact me
at 48-162, ext. B-7966.

Ken Davenport
Integrated Circuits Manufacturing
Reliability manager

Material change for mini-harmonica connectors

Due to a shortage in the supply of good, fire-
retardant polypropylene, the material used to
produce mini-harmonica connectors will be changed
to Lexan 940 ® polycarbonate. A mod is now in
progress.

The new polycarbonate material has a UL94V-0
rating in all colors, even when molded in the
finished part. The mini-harmonica housing also
passes UL1244 requirements, and it is a UL
Recognized component. The material is non-
corrosive to the connectors and restores the
bright, uniform, easily distinguished colors that
were characteristic of the harmonicas of yester-
year. The material will provide better yields during
molding operations and, because the compound
has pre-mixed colors, will reduce material scrap
during color changes in the molding machine.
The material is stiffer and stronger and will reduce
the incidence of terminals falling out of the
housings.

Also, a difference in solvent resistance exists
between the two materials — chlorinated hydro-
carbons vigorously attack the polycarbonate.
Cleaning solvents containing methylene chlorides,
“So-Cal”, or “Green River’ should not be used on
polycarbonate. Most new instruments make exten-
sive use of polycarbonate in instrument cabinets
and composite front panels, therefore these solvents
should be used with care.

The stiffer polycarbonate housings are also
less tolerant of past misapplications. Large wire
diameters and large coaxes are difficult to install
even in the old polyproylene housings, and we've
had constant problems with inadequate reten-
tion. For all new designs, the mini-harmonicas
should be used with insulation diameters less
than 0.060". For larger wires and heavy coaxes,
the “maxi” series of harmonicas and terminals
should be used.

Recommended hand installation and
removal procedure

The entire row of connectors should be inserted
with the receptacle box facing the hinge of the
housing. The hinge can then be folded over and
the contacts pressed one by onein place. Ablunt,
flat, plastic-tipped tool (such as a tuning adjust-
ment tool) may be used to assist in latching the
contact in place. Note: Do not use sharp metal
pointed tools such as scribes or screwdrivers for
this purpose. Minimal flexing of the hinge is
recommended because the polycarbonate will
crack along the hinge with mulitiple flexing.

Removing contacts from the new housing
without damaging the contacts or the housing is
difficult. The recommended procedure is to destroy

continued on page 7
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the old housing and use a new one. Cut the hinge
with an Exacto or utility knife, taking care not to
damage the contacts. The box section of the
housing can then be removed. The remaining
“clasping” section of the holder will easily release
the contacts if bent in a backward radius.

New test adapter

Because individual contacts are difficult to
remove, this has posed a problem where contacts
were removed from housings to break a circuit for
testing. A new Test Adapter Ket (P/N 006-3621-
00) has been set up to solve this problem. The

page 7

contact is crimped to a square post which may be
installed into any housing to suit the particular
demand or application. The contact required to
be broken is simply left out of the housing. The
adapter can then be inserted between the board
and the cable, and the circuit tested as required.

If you'd like more information about this material
change contact Bert Hippe, ext. V-7296. If you
have questions about environmental/UL testing
contact Jim Smiley, ext. B-7886, or Wally House,
ext. B-7374. Direct questions about new applica-
tions to Peter Butler, ext. DR-2474.
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Telephone grade cap prevents electrolyte leakage

Many applications at Tek require an aluminum
electrolytic capacitor with a large CV product
(capacitance times working voltage), high ripple
current and the ability to be conveniently mounted
on aprinted circuit board. This ecological niche is
usually filled by the Sprague 68D, Mepco Electra
3187, or Mallory PFP caps that are called out in
our green RC catalog as “type D” capacitors (see
Figure 1). The 68D capacitor is very popular at
Tek, with most instruments using several of these
parts. Our annual usage is in the vicinity of
700,000 units.

Figure 1 —

“Type D” PC mount
Aluminum electrolytic -

capacitor

The advantages of the 68D are high CV product,
good ripple current capability, wide range of
voltages and can sizes (%”, 1” and 13” diameters),
the ability to be soldered directly onto the PC
board, and a low price. Its disadvantages are a
short life and an unreliable header or end seal
that occasionally leaks highly conductive elec-
trolyte all over the printed circuit board. The 68D
header is a three layer laminated rubber design
that unfortunately is very sensitive to variations
in its material or in its assembly process.

If the electrolyte leak is a major one, in about
50% of these cases the board is damaged beyond
repair by the arcing and fire that results. Repair
costs range from $125 to more than $600 per
failure. For estimation purposes, many people
assume $125 for an in-plant failure and $350 for
a field failure.

Stress test weeds out some ‘““leakers”

We have developed a seal stress test, called
out in Tek Standard 062-4032-00, that will catch
some of the leaking capacitors. The capis heated
at 85°C for 24 to 48 hours in a base down config-
uration, and then is inspected closely for any
physical signs of electrolyte leakage. This test
will catch the capacitors with no seal or with a
very poor seal, but it does not develop enough
internal pressure to reveal all of the poor seals.

Plans are proceding totestall 68D type capsona
sample basis, but they are not yet in effect.

From March 1978, to December 1978, this
test was used to screen lots of caps that had
known problems. From January 1979, the process
has been used to sample test some incoming
lots. By late spring of 1981, we should be able to
sample test (to 1% LTPD) all incoming 68D type
capacitors. Table 1 is a list of the parts tested (dif-
ferent part numbers) between March 1978 and
September 1979, and the percent of leakers in
each lot. The average lot size was 2000 parts. It
can be seen that this is a persistent problem. The
parts from GE were so bad that we removed GE’s
parts from all 140 part numbers in the middle of
1978. Currently we are investigating a problem
where several batches of the 290-0521-00 caps
with suspected bad seals went into some of our

large screen TV monitors.
continued on page 9

Table 1
Aluminum Electrolytic Failure History*

Date Manufacturer Date Code % Defective
Mar 1978 GE 7729 15.0
Mar 1978 GE 7742 5.9
Mar 1978 GE 7720 5.7
Mar 1978 GE 7726 20.0
Mar 1978 GE 7738 10.0
Mar 1978 GE 7738 10.0
May 1978 GE 7739 8.7
Nov 1978 Mallory 7839 46.0
Nov 1978 Mallory 7842 5.6
Nov 1978 Mallory 7835 7.4
Nov 1978 Mallory 7828 2.5
Nov 1978 Mallory 7839 47.5
Nov 1978 Mallory 7842 5.6
Jan 1979 Sprague 7840 66.7
Jan 1979 Sprague 7841 44.6
Mar 1979 Mallory 7906 5.6
Mar 1979 Sprague 7913 0
Mar 1979 Sprague 7834 8
Mar 1979 Sprague 7848 1.7
Mar 1979 Sprague 7847 0
Apr 1979 Sprague 7905 5.7
Apr 1979 Sprague 7902 0
Apr 1979 Sprague 7905 13.5
Apr 1979 Sprague 7913 ?
June 1979 Mallory 7847/7848 0
July 1979 Sprague 7926 1.9
Aug 1979 Sprague 7920 0
Aug 1979 Mallory 7839 11.2
Aug 1979 Mallory 7920 0
Sep 1979 Sprague 7939 ?

*Data obtained from Reliability Engineering studies
and Incoming Inspection shelf stock inspection results.

®
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This header design is very sensitive to process
or material variations, and history shows that the
manufacturers’ quality control is not adequate to
detect and correct all these variations. The sample
lot testing that will be initiated should detect lots
with 1% or greater leakers, but it will not catch all
the bad parts, orthe parts that will leak at a higher
internal pressure than this test generates.

It should be noted that Sprague and Mallory
parts have safety vents in the middle of the
header. If the cap is overstressed by the circuit,
or it develops an internal problem that creates
overpressure, the vent will blow open and elec-
trolyte vapor (and perhaps liquid electrolyte) will
impinge on the PC board. The end result is the
same as leakage, but thisis usually the result of a
circuit failure orcomponent misapplication, nota
capacitor failure.

Why do these caps leak?

Capacitors can be classified as having eithera
“standard” or a “premium quality” section (the
capacitor element itself), and either a “com-
mercial” or a “premium quality” package (can,
header and leads). The 68D has a standard
quality section and a commercial package (at
best).

The 68D type capacitor header is composed
of two layers of bakelite for strength and support
of the leads, with a soft, partially-cured rubber
sandwiched between them. When the aluminum
can is crimped over the outer bakelite layer, it
compresses the soft rubber between the two
bakelite pieces and then the rubberflows outand
seals against the can and the leads going through
the header (see Figure 2). If the crimping of the
can does not provide the right pressure, or if the
composition of the rubber is not correct, the seal
will leak at a lower pressure than it should.
Internal pressures can exceed 100psi, and are
due to two sources: (1) hydrogen gas formed by
electrolyte disassociation, and (2) electrolyte va-
por pressure caused by ambient and ripple cur-
rent heating. Very bad seals will fail initially,
poor seals will fail later in life. A good seal
should remain leak-tight up to the pressure at
which the capacitor vent blows.

The life of an aluminum electrolytic cap is
determined by the loss of electrolyte. When 50%
of the electrolyte is lost, the change in capacitor
electrical parameters is so great that the cap is
declared dead. Electrolyte is lost by disasso-
ciation due to DC leakage through the capacitor

page 9
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Figure 2 — Exploded view of 68D capacitor

and by electrolyte vapor permeation through the
capacitor enclosure. The seal of the 68D type
capacitor has a high rate of vapor permeation
compared to the computer grade seal, and this is
one of the major factors contributing to the short
life of this capacitor.

Computer grade cap reduces leakage

One of the two alternatives to the 68D type
capacitor is to use a computer grade cap. This
cap uses a molded phenolic header, an external
rubber O-ring seal (premium quality package), a
premium quality section that provides moderate
CV product (due to more built-in derating), good
ripple current, low ESR, low DCL and a very long
life. This header is a very reliable, proven design
that is at least one to two orders of magnitude
less likely to leak electrolyte. It also provides a
large part of the long operating life of the cap.

The computer grade header has either two
electrical terminals (Type A) or two electrical
terminals and two mountinginserts (Type B), see
Figure 3. It comes in diameters of 13", 13", 2",
2%2” and 3”, and lengths from 13&” to 8”. It is not a
direct replacement for the 68D because it is
larger and has a different mounting arrangement,
butitis highlyrecommended for new designs and
instrument modifications.

Figure 3 — Computer grade capacitors

continued on page 10
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Telephone grade cap direct retrofit

The second alternative to the 68D capacitoris
a slight modification to the “telephone grade”
cap designed for and used by Western Electric.
This modification uses the same capacitor section,
can and mounting ring as the 68D. It uses the
telephone grade header, which isa molded head-
er with wire leads and an internal rubber O-ring
seal that is very similar to the computer grade
seal (see Figure 4). It differs from the 68D mount-
ing arrangement in that it has both anodes and
cathode leads brought out as wires from the
header, whereas the 68D has the cathode lead
connected to the mounting ring. So, if one addi-
tional hole in the PC board and a short run can be
provided, you have a part that is exactly the same
electrically as the 68D, is the same size, mounts
almost the same, but will not leak electrolyte and
will have a slightly increased life expectancy. The
additional cost of the high quality molded header
is about $0.50 at the present time. The 68D cap
ranges between $0.60 and $2.00 each, depend-
ing on voltage and can size.
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Figure 4 — Exploded view of telephone grade
capacitor

The telephone grade header part with two
leads can be supplied by two manufacturers. We
are currently negotiating with the manufacturers
to make a part that has the cathode lead con-
nected to the mounting ring, which would make a
part that is a direct replacement for the 68D type.
We have received samples of this part from two
manufacturers, but only one has the capability to
make them in production quantities at this time.

The 68D type header was developed over 30
years ago for radios and TV sets where any
electrolyte drippage would fall out the open
bottom of the set and onto its wood cabinet. We
no longer have this design freedom. So, to avoid
the bad press that results from having smoke
pour out of your instrument, | recommend that
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you switch to computer grade capacitors if you
have the design freedom, orto a telephone grade
header if you need an almost direct (or perhaps
direct) replacement part.

If you have any further questions about these
capacitors, please contact me at 78-552, ext.
DR-2545.

Don Anderson
Optoelectronic & Passive Comp. Eng.

Cable ties replace vinyl
plastic Tye Kord

For a long time, vinyl plastic Tye Kord has
served us well as a lacing for cable harness. But,
it has limitations — it burns and melts easily,it
is not UL Listed, and untrained people have a
hard time retying it.

We have begun replacing the Tye Kord with
cable ties. Cable ties provide many advantages
— they don’t melt or burn easily, several sources
of supply are available, they are UL Listed, and
anybody can fasten a cable tie.

Another benefit is labor savings. We have
already realized a one-week labor savings of
$2000 (potentially $104,000/year) on one har-
ness assembly. The change to cable ties has also
helped department efficiency achieve a new high
of 110%.

These savings are significant enough to warrant
a broad investigation on the use of cable ties in
other areas. Mods will follow and all mods will be
entered from the Cable Harness Department.

For additional information contact: Larry Berry,
ext. B-5177; Georgia Brune, ext. V-7268; or
Betty Randolf, ext. V-7320.
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Valox connector housing found to warp

Recently, during temperature cycling, instru-
ment failures were traced to intermittent contacts
at the edgecard connectors. We discovered that
the connector housings were so severely warped
that very slight movements could cause a loss of
continuity at the center contacts (see Figure 1).
In addition, polarization keys would not be suf-
ficiently retained if the warpage exceeded 0.010".
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Figure 1

Component Engineering performed tests on
samples molded from Phenolic, DAP, poly-
phenylene sulfide and polyester (GE Valox) repre-
senting about seven different manufacturers.
Connectors were held at elevated temperatures
for predetermined amounts of time. After cooling
toroom temperature, their warpage at the center
of the housing was determined.

Test results

We found that warpage occurred only in the
Valox housing of the AMP, Inc. “low profile”
connector, and then only when mated to a PC
board. All other samples, including the AMP
“standard edge” connector and polyester
connectors from other manufacturers, showed
acceptable levels of warpage (less than 0.010”).
Further, it seemed that the older the manufactur-
ing date code of the “low profile” connector, the
more severe the warpage (see Figure 2.)

Time-temperature studies gave the results
shown in Figures 3 and 4. Note that the onset of
warpage is rather sharp at 50 - 60°C and that
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Figure 2 — Housing warpage vs. vendor date
code

housings manufactured in 1978 are almost fully
warped after only five minutes at 80°C. Other
results indicated that heat treatinga connectorin
the unmated configuration prevented any sub-
sequent warpage from occurring regardless of
the test conditions. .

continued on page 12
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Figure 3 — Housing warpage as a function of
temperature. Exposure time was held con-
stant at 35 minutes






