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ACCELERATE
Interconnect Reliability Tests

lectronies packaging
technology is changing
rapidly, In the past 10 years,

we've gone from through-hole
technolopy to surface-monnt, and
ball-grid arrays and multichip mod-
ules will soon be in widespread use.
Before these packaging techniques
can become widely used, companies
have to verify the reliability of hoth
the design and of the manufacturing

aceclerated environmental tests,
Accelerated environmental tesis
« let you validate new interconnect
designs and manufacturing process-
es more quickly than traditional test
methods. The stress levels used in
accelerated envirenmental tests are
higher than those nzed in tradition-
al test methods, and they also may
he many times greater than the
operating speeification.

By uzing these high ztresa levels,
you can shorten test times and ean
bring reliahle products to market
gsooner. Furthermore, you don't
need to rely on production testing
and inspection to assess product
guality. If you perform accelerated
tests on prolotypes during the
design phase, you can verily the reli-
ability of vour designs before you
begin production.

The tvpes of tests von perform
can inelude temperature cycling,
temperature shock, vibration, and
mechanieal gtrezs, The conditions
vou use will depend on the opera-
tional environment for your produact.
For example, a test for an automo-
tive-clectronies device might inelude
temperature eycling, vibration,
and mechanical shock, but for a
conzumer-glecironics device you
might run only a temperature
eycling test.

While performing acecelerated
environmental Lesls, you must mon-
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Accelerated environmenlal
fests help you verify the
reliability of your designs
before you begin
production.

itor the connections for intermittent
operation to verify the long-term
reliability of your dezign. The ITC
standard IPC-SM-TE5! specifies eri-
teria for failures. The standard
gtates that an intereonnect is a fail-
ure if it 18 intermittent 10

the number of interconnectz under
test and keep the eost of test low is
to duisy-chain connections. By doing
this, you will lose the ability to pin-
point failures, but you'll reduce test
costs.

Onee you degide how many inter-
eonnects to test, you can choose the
Lype of monitoring equipment you
will use: an ozseilloscope, a eustom
gliteh-detection cireuit, or a sophis-
ticated event-detection system.
MIL-STD-202F Method 310¢ con-
taina a eirewit diagram lor a simple
glitch-detection cireuit, To automate
the test, however, you should use a
multiple-channel, eveni-detection
ayetem.

times within a 10% peri-
ad of the total test dura- i
tion. A eonnection is |
defined as being inter-
mittent when the resis-
tance of the connection
exceads lhe speecified
resistance threshold for a
period longer than the
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specilied time,

Kouipment exisla that
can monitor up to 1,024
individual connections
for intermiltent opera-
tion. This cquipment can
detect resistance
changes as low as 10 {1 for periods as
short ag 10 nz. Onee the test iz com-
plete, you can analyze the data to
project the life and reliability of the
design under teat.

The number of intereonnects you
select to test will determine the «ip-
nificance of the result. The larper
vour sample size, the more statisti-
eally significant your test results
will be,

The number of interconnects vou
choose will also affect the cost of
testing. One way Lo inerease
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good starting point for vibration tests.

This prafile fram NAVMAT P-2492 provides a

Selecling an Eveni-Detection System
When selecting an event-detection
gystem, look for these three features:
#® The event-deteclion gystem must
b able to trigger when the resis-
tance of an interconnect exceeds the
registanee threshold for a given
time, called the time domain. Both
the resistance threshold and the
time domain need to be programma-
ble hecanse they will vary from test
to test,

® The system must be able to record
at least two test conditions when a
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failure ocecurs. For interconnect
teats, these two variables are time of
day and chamber temperature.
® The harness that connects test
samples to the event-detection sys-
tem must have the proper electrical
shielding and be cusy to connect,
Pay close attention to the trigger-
ing apecification when selecting an
evenl-detection ayetem. Ideally, the
triggering system will be pro-
grammable over a wide range
and be able to trigger on very
short time domains. For exam-
ple, if you are testing the elec-
tronie intereconnects of a high-
speed, dala-communications
system, the event-detestion
system may have to trigger
when the intereennect is inter-
mittent for only 10 ns. On the
other hand, interconnects in
leas-demanding applications,
such asz avtomolive zwilch
applications, may be interrupt-
ed for up to 1 ps without being
considered intermittent.

Pay Attention to Wiring
and Grounding
In addition to selecting the right
event-deleclion gyvatem, you musl
payv attention to wiring and ground-
ing. Poor grounding and shielding
can malke test zignale noisy and
cause false indications of intermit-
tent connections, This is especially
important if you are trying to detect
intermittent connections with very
short duration, say 10 ns, hecause
noise spikes are often very short.
Poor wiring and grounding are less
of a problem when the resiztance
thresholds are hiph or intermittent
times are long, but there’s still no
need to be careless.

During the Lest, the test ayatem
will pather data continuously and

FOR MORE INFORMATION

1. Accelerated Testing: Statistical Modeals,
Test Plans, and Data Aralysis, by Wayne
Malson, 1990, ISBN 0-471-522-775, Jahn
Wiley and Sons, Mew York, NY, 800-255-
5945,

2. How fo Plam an Acosferalad Life Test, by
William 01, Meeker and Gerald Hahn, 15885
ISBH 0-57380-007-8. American Society for
Quality Control (ASQC), Milwaukee, WI.
BO0-052-6587.
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display the status of the intercon-
nections under test as they begin to
develop intermittent behavior.
When the test is complete, vou can
use available software to plot the
failures wversus the test cycles. (The
eveles could be temperature eyeles,
mechanical cyeles, vibration cyeles,
or any other environmental cyeles.)
TFrom the plotted information, you

test procedure calls for vibration
levels that are three times the pub-
lizhed lewvels, or about 18 g's rma.
The test runs at room tempera-
ture. The shaker applies vibration in
a direction perpendicular to the
plane of the board, and the teat fix-
ture supports the board only along
the perimeter, simulating mounting.
The test time iz between four and
eipht hours, which iz assumed

-

165

(G

to be cquivalent to one yvear of
field operation, and an event-
detection system constantly
monitors the connectiong.

The resistance threshold for
this test iz 100 {} and the time
domain is 1 ps. Onee the test is
complete, o technieian plots the
failures versus the test cvele.
Boards pass the test if none of

G

can caleulate statistical life distribu-
tions (such as exponential, Weibull,
and log normal} and life-stress rela-
Lionships to determine the long-
term reliability of the interconnecls.

A Combined Test Example

When designing a test to evaluate
the relinbility of electronic inter-
connects, make sure the test envi-
ronment matehes the application
envirogment ol the produet. In
some oases, this means using a
temperature-cyeling test, in other
cases a-vibration test, and in still
other cases you may want a com-
bined test.

At Trace Laboratories, one of our
eustomers wanted a combined test
to assess Lhe reliability of different
methods of attaching ball-grid array
(BixAs) to PCBs. The BGAs come in
two different packages—a 169-pin
package and a 285-pin package—and
the procedure calls for cach packapre
to be tested with a tinflead solder
and a lead-lree solder.

We ran an accelerated vibration
tost, becanse the BGAs are part of
handheld, portahle device and can
experience a fair amount of vibra-
tion in the field. To tezt the attach-
ment reliability, we used the NAV-
MAT P-24892% profile (Fig. 1), Th

of 0°C and +165°C is used for testing electronics assem-
blies that go onto the head of an oil drill rig.

the interconnects fail during
the test,

While this test procedure
ealls for only random wibration,
vou conld develop a similar test
that combines vibration with
temperature cyeling. A com-

bined test would precipitate defects

more rapidly and further accelerate
life tests,

Another way to improve the effee-
tiveness of this test would he Lo nse
vibration data collected from an
actual application environment. The
MAVHIAT profile is a good starting
poink and ig useful when aetual field
data is not available, Vibration data
aequired from the actual operating
environment, however, gives you the
ozt useful information.

A Temperature Cycling Example
A zecond customer azked us to
develop a test for a PCBE azzembly
used in oil exploration, The board
goes into the head of a drill rig that
bores deep into the earth. The
board assembly contains both
surface-mount components and
through-hole components.

The test procedure calls for a tem-
perature-cyeling test. The tempera-

ture cyeles between 0°C and +165°C

(Fig. 2), The temperature ramps up
and down at a rate of 20°CHmin, and
the dwell time (s 20 min at each tem-
perature extreme. This environment
simulates the temperatures experi-
enced by the electronices as the drill
head drillz an o] well.

(cowdined)
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The test runs until the unit under
test fails; this often tales more than
1,000 cyeles. While the test is in
progress, an event-tletection svslem
monitors the interconnects continu-
ously. The resistance threshold for the
test iz 250 1 and the time domain 1 ps.

RATE THIS ARTICLE

Please let us know whether
this article was:

Very Useful...oininnn. Circle 224
Somewhat Useful.............Circle 225
Mot Useful ........... oo oirele 226

Circle the corragponding number on the
reader aervice card In this issue.

An alternative Lo Lhe temperature
eveling test is a mechanical atress
test. Some companies, ineluding
IBM, are now experimenting with
mechanieal tests and may use them
to replace temperature-cycling
tests. Instead of using a temperature
chamber, IBM uses a device that
mechanieally delorms the hoard
under tesl. This test works az well as
temperature eyeling, vel it only
takes a fraction of the time to com-
plete testing.
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Jetfry Schutt iy general niaroger of
Tioee Leehovatories-Central, an frde-
pendent testing lobovalory sevving
the electronics, wilitary, cerospace,
aitd aufomolive industries. Schutl iz
olso the Genergl Chatvmon for the
Tastitute of Envivowmental Sciences®
(TES) 415t Anaenal Technical Meeting,
wiich will be held o Anahein, CA,
ﬂfﬂy 1a9a.
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