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I.  INTRODUCTION

PIND testing - Particle Impact Noise Detection Test - is a technique for
detecting the presence of loose particles in a cavity. It has been used for
many years, one of the earlier applications being detection of particles in
electromechanical relay packages. More recently it has been applied to
integrated circuit packages and a military standard written to describe the
test. The PIND test, in the format which we now know it, had its beginning
with the catastrophic failure of a Delta launch vehicle which was traced to a
component failure resulting from a bit of loose wire. NASA then contracted
with a number of companies to develop nondestructive techniques to detect this
failure mechanism. PIND grew out of this effort. The contributors to this
effort are many and are referenced in the bibliography.

MIL-STD-883, Method 2020 describes the purpose of the PIND test: "The
purpose of this test is to detect loose particles inside a device cavity. The
test provides a nondestructive means of identifying those devices containing
particles of sufficient mass that, upon impact with the case, excite the trans-
ducer. Because of the limited efficiency of this test method, it may be
desirable to subject devices to several sequences of this test in order to
achieve desired confidence.

The PIND test, although well intended, remains controversal in the
"industry in regard to its wvalue and the level of confidence that one can place
in this test. This report will summarize the key studies that have ‘been done
on PIND as well as describe the practical experience of users of the PIND
test. These results will be summarized, with the goal of providing insight
into the present status of PIND in the industry, its value in detecting par-
ticle contamination in microcircuits, and the projected future use of PIND
testing.

In this report direct quotations are taken from some of the referenced
literature in describing the relevant experiments. The origin of such quota-
tions should be clear from the reference or the context.



II. PKINCIPLES OF PINI' TESTING

The basic mechanism by which 1 IND tecting operates is the detection of
acoustic enargy which is produced when loose particles striks the interior of
a package being shaken. A cavity within a microelectronic component can con-
tain srall conductive particles as a result of inccmplete cleaning or general
processing. These particles can cause a mailfunction or catastrophic failure
of the circuit if an unwanted electrical path is produced; thus detection of
such particles is desirable.

The detention of the particles is ancomplished by the use of a test sel-
up as shown in Figure 1. The major elements of the testing equipment are as
indicated., Tne devise under test (DUT) is fixtured so as to be held firmly i
place on the shaker. The DUT is coupled to a transducer which detects the
acoustical energy generated. The vibration or noise generated due t2 Joose
interconnections or fixturing will produce signais in addition to that produc
by loose particles withir the package. The energy spectrum can extend to fre
quencies well above the audio frequency range. The signal generated at the
transducer is amplified by the ulirasonic amplifier as indicated in %the
figure. A filter is also used to remove the 100 to 30 kilohertz shaker fre-
quency and background noises from the transducer output. The signal from the
amplifier is interfaced to visral and audio monitors to provide data to the
operator, A threshold Zctector is used to provide a postive signal when the
output from the amplifier exceeds a preset threshold. A sine generator is
used to set the amplitude and frequency of the shake> motion,
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Figure i, Typical particle impact noise uetection system.



The test method 2020.1 i3 included as an appendix to this report. The
purpose of the test methou is:

"1. PUFPOSE. The purpose of this test is to detect loose par=-
ticles inside a device cavity. This test provides a nondestruc-
tive means of identifving those devices containing particles of
sufficient mase that, upun impact with the case, excite the
transducer, Because ol the limited efficiency of the test
method, it may be desirable to subject devices *to several sequen-
ces of this test in order to achieve desired confidence."

The test method requires a test sequence of:

"3,3 Test Sequence

a. Pre-test shock

b. Vibration 3-5 secouds
c¢. Co-test shock

d. Vibration 3-5 seconds
e. Co-test shock

f. Vibration 3-5 seconds
g. Co~test shock

h. Vibratior 3-5 seconds
i. Test for acceptance"

The main feature of this test sequence is the application of a co-test
shock to produce sufficient energy to dislodge particles within the cavity.
This shock is produced by a copper rod brought to momentary contact with the
vibrating DUT,

The rejection of devices is determined by the detection of noise bursts
above the background noise either by audio indication, visual indication on a

scope or exceeding a threshold detector 1limit, The details of the method are
contained in Appendix I. ’



I1TI. RESULTS OF INDUSTRY EXPERIENCE AND STUDIES
A. National Bureau of Standards (NBS) Study

In an exhaustive study performed in 1978 by the National Bureau of
Standards (NBS) for NASA, an attempt was made to work exclusively with
controlled samples. Using deliberately "seeded" packages and totally
particle-free vackages as controls, several hundrad packages were examined.
Variables included: a) Particle size and shape b) Presence/absence/magnitude
of co-shock ¢) Acceleration of shaking d) Package ‘ype and e) Four different
PIND machine manufacturers or configurations. NBS has an excellent reputation
for implementing controlled experiments and this 62-page detailed report is no
exception. Yet, analyzing known conditons, they detect particles in delibera-
tely contaminated packages with only 40 to 60% success and, conversely,
detected “particles" in the known clean samples in 10-20% of the packages.

Some direct quotes from the Executive Summary of this report:

"The work described constitutes an evaluation of the test proce-
dures and apparatus specified in MIL-STD-883, Test Method 2020,
Particle Impact Noise Detection Test."

"The intent of the work was not to provide in any sense a defini-~
tive study of PIND procedures, nor was it to devise an excép—
tionally ingenious method that would solve the "th=" PIND problem.
As an ind=x to the state ¢f knowledge in the PIND area, consider
the following: It has been estimated that a thorough examination
of one aspect of PIND--the role of electrostatic mechanisms in the
immobilization and release of particles~-would require over five
man years to achieve basic¢ understanding with no guarantee of any
informatiorn heing developed that could be used directly in PIND
testing (although it is likely that information that could be used
by microelectronic device designers would be gererated)."

It would appear that NBS is suggesting there is a fundamental measurement
problem with this technique. Continuing to quote from this NES report:

"These second-stage tests were carried out on 252 specimen devi-
ces, representing sir nackage types and a number of dirferent seed
partizle sizes in several materials (see Table I for detailed
list); these devices wvere characterized by the commercial supplier
as either intentionally seeded with a single particle or free from
any particle that could result in detection in a PIND run. (It
shouid be noted that particles such as aluminum sphere 0,025 mm in
diameter have a low enough mass -- nominally 0.02 pg -~ that the
supplier, in common with other test operators, did not regard Test
Method 2020 procedures as adequate for their detection, even if
free.) These seeded and unseeded specimens were th2 subject of
seven trials in the NBS laboratory and, later, of three additional
trials in the supplier's facility (Appendix I constitutes detailed
information on the results from eacn trail; summaries are pre-
sented in Table II for NBS and Table III for the supplier.)"




"After several of the NBS trials were completed, it became obvious
that according to the supplier's characterization (seeded or
unseeded) the NBS results were showing low detection scores for
seeded specimens and, even less understandably, detections in
unseeded ones. There were a number of possible explanations;
these are examined in detail in 2.1.4. Although it was not
possible to arrive at a definitive axplanation of the anomalies,
it is likely that some event affected the specimens between the
time they were tested prior to shipment to NBS by the supplier and
the time of the first NBS trial. It is noteworthy that the three
post-NBS trials conducted by the supplier (at his suggestion, in
an attempt to resolve uncertainties) are i~ better agreement with
the NBS results that with is initial characterization."

This further illustrates that PIND test reproducibility is poor. NBS
also said.

"The chief recommendation arplying to the development of the Test
Method, given in 4.1, is that semi-automatic apparatus be used to
avold difficulties with operator fatigue, judged to be severe in a
production line testing operation. It should be pointed out,
however, that the NBS results, even when corrected as suggested in
3.1, do not show high detecability scores even for the special
particles used as seeds, which may not be (indeed probably are
not) typical of the free particles enclosed in sealed
microelectronic devices on the production line. As device
geometries grow smaller, the size of an "acceptable" conducting
particle will drop, yet there is no guarantee that the mechanisms
producing particles will compensate by generating small particles,
although if this were the case, present-day PIND procedures would
not be likely to detect them. The point is simply that the PIND
art is an uncertain one; the relatively limited NBS trials
(compared to operators who have tested tens of thousands of
devices) can perhaps best serve to provide a caution reluated to
overreliance on PIND as a method of qualification."

The fact that the National Bureau ot Standards has to refer to PIND
testing to the MIL-SPEC method as an "uncertain" "art" based on their own
detailed analysis is one of the most significant of the numerous indictments
of the technique.

Following are the data tables referenced in the above NBS comments,
illustrating the inconsistencies in the method,

o



TABLE I.
GROUP 1 SPECIMENS

" NUMBER | PACKAGE PARTICLE CHARACTERIZATION
OF TYPE NOMINAL CALCULATED
SPECIMENS MATERIAL SHAPE|  DIAMETER NOMINAL
MASS
~ (mm) (in) Wwg)
2 T0-5 Gold Sphere| 0.102 { 0,004 10.6
2 T0-5 Gold Sphere} 0.051 |} 0,002 1.3
2 T0-5 Lead Sphere| 0.152 | 0.006 21.1
2 T0-5 Lead Sphere| 0.076 | 0.003 2.6
2 T70-5 Lead Sphere{ 0.025 | 0.001 .1
1 T0-5 Unseeded
2 70-18 Gold Sphere| 0.102 | 0.004 10,6
2 70-18 Gold Sphere| 0.051 | 0.002 1.3
2 T0-18 Lead Sphere| 0.152 | 0.006 21.1
2 T0-18 Lead Sphere| 0,076 | 0.003 2.6
2 T0-18 Lead Sphere| 0.025 | 0,001 .1
1 T0-18 Unseeded
1 AF1atpack Gold Sphere| 0.051 | 0.002 1.3
1 Flatpack Gold Sphere| 0.102 | 0.004 10.6
1 Flatpack Lead Sphere| 0.076 | 0.003 2.6

With metal 1id, 6.4 x 3.3 mm (0.25 x 0,13 in), 14 lead
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B. Adolphsen/NASA Goddard Space Flight Center Study

A most recent and complete study of the validity of PIND testing was per-
formed by John Adolphsen of NASA Goddard. He performed a large round-robin
experiment to determine the sensitivity of detection of particles not per-
manently attached and to see how they depend upon a number of variables such
as particles size, shape and composition, package style, test method, attach-
ment method, or test equipment. To assure positive knowledge of the true
detection capability of testers, particles of different materials and sizes
were seeded into a variety of package styles, while other packages were left
unseeded, About one hundred aerospace companies, including users, test labs,
and semiconductor manufacturers, then agreed to participate in a round-robin
program to PIND test these devices and demonstrate the effectivity of this
means of particle detection at the operational level, The goals for the
program were: (1) to test the effectiveness of PIND on a broad base of
testers, users, test labs and semiconductor manfacturers to determine what
variability exists in the industry as a whole; (2) test the MIL-STD test
method itself, by determining if operational problems or deficiencies exist in
the requirements, apparatus, or procedures and to determine if one of the two
variations of the test is superior to the other; (3) suggest modifications to
the test method, if so included, based on round-robin results; (4) provide
inforaation on the effects of several variables, such as: package style, par-
ticle size, size and shape, operator experience, test equipment, acceleration
levels, and shaker operating frequency: (5) provide information to testing
groups on their ability to detect particles, both absolutely and relative to
the capability of others, (6) decrease the subjectivity of statements made
regarding PIND effectiveness; (7) provide information to potential buyers of
PIND testing and their advisors regarding the effectiveness and cost effec-
tiveness of PIND testing.

It was decided to split 297 pieces into three equal groups for concurrent
testing. Each testing company was asked to test their sample group of 99
pieces in at least two ways, i.e., strictly in accordance with conditions "A"
and with condition "B" of test method 2020,

In addition, if they normally did not test in accordance with method
2020, they were asked to do it in their third way, also. If a company wanted
to test in any single way more then once, they were invited to do so, but were
asked to retest the whole group, not just those survivors to the previous
tests. The rarj. ¢ package styles included six mcnoli*hic and five hybrid
strles. The - yziton of the seeding material included gold, aluminum, lead
or silicon=-al m. The seeded material varied in size and shape and also
with tne size of che package. Ani«)er variant employed was the method which
was used to attach the device under test to the equipment. Water soluble
jelly, aleoshol jelly, or double sided sticky tape.

Several workers have suggested thct there may be a '"memory" effect which
a device acquires with repeated testing. This memory effect acts to decrease
the detectability of a particle in a package. If this effect exists, it might
adversely influence the scoring of those companies at the end of the round-
robin. If the effect 1s sufficiently large, is should be obvious by plotting
company results in chronological order of testing.
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Although the round-rcbin is not yet complete, and some data are sparse,
or not yet computer formaf.ted and analyzed, some conclusions can be arawn at
this time. Adjustment of scores, after accurately determining if particles

are present in packages, many modify some scores, but changes are not expected
to be major.

1) The most obvious conclusion is that PIND testing may be better or worse
than some expected to be demonstrated, but it ic not as gocd a screen test o=
most other MIL type screens. Average detection scores in the low or mid 40's
for PIND testing compare poorly with scores in the 90's for many MIL screens.

2) The range in detection scores from coupany to company is disturbingly
wide. The implications of blind selecticn of a company to perform PIND
testing may assume an unacceptably high risk. Alternatively, extensive
training and qualification of tzsting companies may be necessary.

3) Detection sensitivity is highly package style dependent, and is the
lowest for ceramic body packages.

k) As intuitively expected, detection capahility increases with particle
size,

5) For the ditferer™ material seeded here, detection sensitivity does not
appear to vary significantly.

6) Testing using condition "A" of test method 2020 appears to be superior
to other method:, but further data and in-depth analyses are necessary before
recommending its use in all cases.

7) Although no data were presented to support this conclusion, the dif-
ferences in detection sensitivity between couplants is minor.

Aldophsen then recommended that comp.. _es which exhibit poor detection
scores should emphasize training and motivation with their personnel who per-
form these tests. He also recommended that potential testers should be testad
and qualified to perform PIND testing prior to imposition of PIND testing and
award of contracts. He also recommended the use of seeded packages to be used
as calibration standards. And fina(ly he concluded with a recommendation that
PIND testing should be used in programs where criticality of missions was
high.

In further discussions with Mr., Adolphsen he *“as mentioned that his study
showed there is ahout 3 to U superiority for conditions "A" testing over con-
dition "B" testing. Another interesting aspect from a later discussion with
Mr. Adolphsen was that of the companies who scored high on detection, which
means that for packages which were seeded, they found many of them to show
positive presence of particles, those same companies also scored high on the
seeded. In other words, from the manufacturer's standpoint, he would be
throwing away good devices.
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Further tests by John Adolphsen have observed and substantiated the
memory effect which was first mentioned by John Slocum at McDonnell-Douglas.
As a result of corrections due to the memory effect mentioned, John Adolphsen
feels that the score or the detectibility for PIND testing should be corrected
to the vicinity of LA4% rather than the previously mentioned 30%; however, this
is 3till a disturbingly low detectibility figure.

C. Teledyne Study

The Teledyne Study was much more critical of the entire test method. In
this study 60 hybrids were fabricated. Thirty were in smaller flat packs and
the other 30 were in larger flat packs. The packages were seeded with three
sizes of silicon particles and three sizes of lead-tin solder particles. The
silicon particles and the solder particles ranged from 0.001 inch to 0.020
inch. Each part was tested three times and the results are tabulated in Table
I.. as shown belcw. The conclusions that Dr. David comes to are summarized in
the following tabulations:

1. The escape rate for conductive particles was 40%;
2. The escape rate for non-conductive particles was 2%;
3. The false alarm rate ranged from 5 to 10%;

4. The correlation coefficient was 0.6,

A further problem arose as a result of the testing in terms of induced
damage at a rate of 10%., Dr, David questions the value of the entire test and
claims it to be marginal at best, He further states that the test 1o most
successful in detecting non-conducting particles which are typically not of
interest in the hybrid circuit field. He further insists that with the high
false slarm rate, sample testing with lot Jeopardy is merely a form of Russian
roulette. Testing until less than 1% of units fail is Russian roulette played
an infinite number of times; it is very difficult to win that game. He also
points out the added problems of increased ccst and extended schedule along
with the concomitant frustration.

David then concluded witih the recommendations that:

1. The use of co-shock devices built into the shaker assembl; rather than
a copper rod or dental tool, would reduce the amount of induced damage.

2. The use 0¢ a threshold detector set at a high level far above the
system noise level would serve to reduce the excess number of false alarms.

3. Repeated PIND testing would reduce the escape rate.

4§, He recommends the use of coating the internal surfaces of hybrid
circuits with a dielectriz material to give positive protection against shorts
caused by conductive particles,

12



TABLE IV. PIND Test Results

Escape Rate Correlation Goefficient
Package/Particle
Type/Cateqory |Test 1 |Test 2 {Test 3 1 to? 2 to 3

SFP .001"SA 60% 100% 100% 0.2 1.0
SFP ,005Si 40% 40% 60% 1.0 0.6
SFP  .020"Si 0% 20% 40% 0.6 0.6
SFP  .001"PbSn 100% 100% 100% 1.0 1.0
SFP  .005"PbSn 100% 75% 0% 0.5 -0.5
SFP  .020"PbSn 20% 40% | 40% -0.2 1.0
LFP .001"Si 60% 40% 60% -0.2 0.6
LFP .005"Si 0% 0% 0% 1.9 1.0
LFP .020"Si 25% 25% 0% 1.0 0.5
LFP  .001"PdSn 60% 60% 40% 0.2 ~0.2
LPF .005"PbSn n% 20% 20% . 0.6 1.0
LPF .020"PbSn 0% 0% 0% 1.0 1.0
Combined 3% 44% 40% 0.54 0.65
SFP = Small Flat Pack

LFP = Large Flat Pack

13



IV. SUMMARY AND RECOMMENDATIONS

It is clear, statistically, practically, and demonstrably, that the pre-
sent PIND technique is ineffective and even potentially detrimental in applica-
tion to the particle problem., Unfortunately, in the rush to provide
particle-free packages into high-rel applications, it is now obvicus by many
unbiased studies, that the PIND method might confirm the presence of particles
no better than about 50% of the time and will cause rejection of particle free
components up to 25%; in addition, it may be inducing some damage in the cir-
cuit. With the probability of successful event-prediction in the range of 50%,
the test should not be utilized.

Elimination of the test has more advantages than its application: we would
a) not falsely detect and reject 10-25% of the good devices b) not create devi-
ces with particles where there were praviously none and ¢) not have gone
through the cost, expense, and time lost for a PIND test.

It has been shown that in its present format the PIND test is a largely
subjective test, with wide variations in results from one test system to
another, and with unacceptable escape rates and false alarm rates for a
MIL-SPEC, These rates were confirmed in several independent investigations in
a rigorous manner by well-respected technical organizations., The test equipment
and procedures need further improvements and refinement= to obtain reproduc-

ible results. The following steps are recommended to alleviate the present
serious problem:

1) Stop using PIND testing, except possib®ly for extremely high reliability
requirements such as satellites, Recognize it is ineffective, as a general

MIL-~SPEC, potentially even contributing to the problem. Suspend the MIL-STD
method 2020.1 indefinitely.

2) Enforce cleanliness in the pre-seal areas of assembly operations. The
source of most conductive particles is known, as is the processes and process
controls to eliminate tnem.

3) Apply a rigorous cleaning step just prior to the sealing operation.
Such cleaning processes are well known and practical.

4) Require that all solid state devices with closely spaced conductor runs
be covered with an insulated layer.

5) Require that no shallow angle bonding be allowed.
6) Continue to iuvestigate improved methods of particle detection.
If these items are implemented, the ultimate reliability of all electronic

components as regards particulate contamination will) be considerably improved,
and the utilization of the proven unacceptable PIND test will be unnecessary.

14
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METHOD 2020.1
PARTICLE IMPACT NOISEC DETECYION TEST

1. PURPOSE. The purpose of this test {s to detect Voose partic? s inside a

device cavity. The test provides 4 noncestructive mean: of ident? these devicas
containing particles of sufficient mass tnat, upon impact with the . excite the
transducer. Because of the limited efficiency of this test method, “ay be

desirable %o subject devices to several sequences of this test in o« ., to achieve
desired ccnfidence.

. APPARATUS. The equipment required for the particle impact noise detection
(PTND) test shall consist of the following (or eguivalent):

a.

A dual beam oscilloscope capable of 70 kHz response minimum, ana a
sensitivity of 20 mv/cm for visual display of the particle nofse and
of the threshold detector. Aiteruatively, a single beam oscilloscope
may be used in conjunction with a lamp indgicator for the threshold
detection circuit.

A threshold detector to detect particle noise voltage exceeding a preset
threshold of § £1 millivolt peak above system peak noise. See figure
2020-4 for an acceptable circuit to perform the threshold detection
function,

An audio system with speaker to monitor-the audio signal from the PIND
electronics. 1f headphones are used, the system shall provide
safeguards against loud noise bursts,

A vibration shaker and driver assembly with a payload consisting of the
DUT, (PIND) transducer, the transducer isolator, preamplifier (when
included), co-test shock mechanism (when included), 2 portion of the
transducer cable and its restraints, capable of provicing essentially
sinusoidal motion at:

1. Condition A - 20g peak at 40 to 250 Hz.

2. Condition B - 109 peak at 60 Kz.

PIND transdvcer, calibrated to a peak sensftivity of -7,.5 &3 dB re one
volt per miurobar at a point within the frequency of 150 to 160 kMHz.

A sensftivity test unit (S5Tv) (see figure 2220-3) for periodic
assessment of the PIND system performance. The STU shall consist of a
transducer with the same tolerances as the PIND transducer and a
circuit to e¢xcite the transducer with a 250 microvolt 20 percent
puite. The STU shall produce a pulse of about 20 my peak on the
oscilloscope when the transducer is coupled to the PINU transduger
with attachment medfum,

PIND electronics, consisting of an amplifier with a gain of +60 :2 d8
centered at the frequency of peak sensitivity of the PIND transducer
to amplify the transducer signal to a usable level for threshold
detection, audfo detection and oscilloscope display. The noise a*t the
output of the amplifier shall not exceed 13 mV peak.

Attachment medium. Tne attachment medium used to attach the DUT to the
PIND transducer shall be either a viscous acoustic couplant such as
Automation Industries No. 50A4084 (or equivalent) or double-faced tape
such as Permacel P50 {(or equivalent).

Co-test shock mechanism or tool, consisting of the integral co-test
shock mechanism of 2.d. above (when included), or a six-inch solid AWG
No. 10 copper rod with rounded end, or other mechanism capable of
imparting shock pulses between 200 and 15009 to the DUT. The duration
of the main shock shall not .exceed 100 microseconds.

Special mounting adapters for devices which have {rregular curfaces (see
3.3.2).

Isulator material between the PIAD transducer and the vibratfon shaker
and Jdriver when required to reduce background noise, The isolator
shall have no resonance within the i{est frequenty range,

METHOD 2020.1
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1\, A pre-test shock fixture capable of imparting shock pulses between 500
and 18009 to the DUT, The duration of the main shock shall not exceed
100 microseconds. A co-test shock mechanism integral to the shaker
and driver may be vsed for this purpose,.

3. PROCEDURES.

3.1 Test equipment set-up. The test aquipment shall be connected as indicated in
figure 20Z20-1 and set-up In a Yow background notse area, Critical settings to
provide proper detection sensitivity, unless otherwise specified, are as follows:

a. Audio output volume shall be adjusted to a comfortable noise level
output.

b. Shaker drive frequency shall be adjusted in accordance with figure
2020-2 for condition A, or at 60 Hz for conditicn B.

c. Shaker drive amplitude shall be 20g (condition A) or 109 (condition B)
with DUT and mounting adapter (if any) in place,

d. Oscilloscope vertical deflection primary beam sensitivity (displaying
PIND electronics output) shall be 20 millivolts/centimeter, Secondary
beam sensitivity (if displaying threshold detector output) shall
prciuce approximately a 2 centimeter deflection difference oetween the
two states of the threshold detector., The secondary beam display
(without horfzontal deflection) shall be centered vertically and
apprgximately 1 centimeter to the left or right of the primary beam
display, -

e. Oscilloscope hortzontal deflection shall be adjusted t¢ 4 cm and shaltl
obtain drive from the sine generator/amplifiar, amplified
accelerometer, or a time base (2 ms/cm) triggered from the
accelerometer output.

3.2 Test equipment checkout, The test equipment checkout shall be performed to
assure proper system operation, when any of the following occurs:

a. After a change of vibration frequency.

b. System shut-down for any reason,

c¢. Change of nperators,

d. MWork shift change.

e. Prior to and after testing group(s) of devices or every 4 hours during
the test operating period, whichever comes first. System deficiencies
shall be corrected prior to test. Failure of the system to meet
checkout requirements shall require retest of L11 devices tested
subsequent tc the last successful system checkout.

3.2.1 Shaker drive system checkout. The drive system shall achieve the shaker
frequency sfec e n 3.1 b, and the shaker amplitude specified in 3.1 c. If a
visual displacement monitor s affixed to the transducer, it may be used for
amplitudes between 0.04 anc 0.12 inch (1.02 and 3.05 mm). An accelerometer may be
used over the entire range of amplitudes and shall be used below amplitudes of
0.040 fnch (1.02 mm).

3.2.2 Detection system checkout. With the shaker deenergized, the STU transducer
shall be mournted face-to-face and coaxfal with the PIND transducer using the
~ecommended attachment medium. The STU shall be activated several times to varify
Tow level signal pulse visual and threshold detection on the oscilloscope
(approximately 20 mi114ivolt peak or 10 millivolt peak above system noise).

NOTE: Not every application of the STU will produce the required ampiitude but
the majority of applications will do so.

3.2.3 System nofise verification. For proper system operation, no extraneous
ncis: car be permitted to erist In the system. During proper operation, the normal
system nuise, as observed on the oscilloscope, will appear as a fairly constant band
and must not excord 10 millivolts zero to peak. Extraneous nofse is defined as noise
in the system other than the permissible background noise that is present with no
device on the transducer., Such ncise can be due to a number of sources which wmust be
eliminated or their effects guardec against, since those non-siygnal nois& spikas ¢an
trigger the threshold detector and appear as signals on the other indicators. Common
sources of external noise are fluorscent 1{ghting, high voltage discharge and
espexfally, less than optimum installation and support of the “ransducer cabling.
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16 May 1979



MIL.STD-8838
31 August 1977

The latter source normally may be eliminated by redressing the cabie, tightening or
cleaning the connector at the transducer, or even replacing the trznsducer or
transducer cable. 7o verify that no extraneous noise exists ip the system, observe
the oscilloscope while turning on the shater and increasing the drive amplitude from
zero to the Jesired acceleration level (see 3,1 c.) while applying the co-shock

(see 3.3.4). This noise 1s usually present as pulses which remain in a fixed
position on the oscilloscope trace. If exirareous noise is observed, correct the

problem by shielding or other precautions, such as those -suggested above and re- ~run
the entire noise check,

3.3 Test sequence.

Pre-test shock,
Viorstion 3-5 saeconds,
Co-test shock.
Vibration 3-5 seconds.
Co-test shock.
Vibration 3-5 seconds.
Co-test shock.
Vibration 3-5 seconds.
Accept or reject.

s e o e »

- h D OO TN

.« o« s

3.3.1 Pre-test shock. Prior to vibrating the device, it shall receive a pre-test

shock of 500 to 1500g (see 2.1).

3.3.2 Mounting requirements Special precautions (e.g., in mounting, grounding
of DUT leads, or grounding of test operator) shall be taken as necessary to prevent
electrostatic damage to the DUT., All devices shall be mounted in an inverted
position without adapters except for the following:

2., Stud-mounted devices shall be mounted in suitable adapters.

b, Axial diodes shall be mounted without adapters and with the leads in a
horizontal plane.

¢, Double-ended restistance walded packages (i. e., optical {solator) shall
be mounted using a suitable adapter and with the leads horizontal.
Most part types will mount directly to the trausducer via the
attachment medium. Parts shall be mountad with the largest flat
surface against the transducer at the center or axis of the trinsducer
for maximum sensitivity. When so mounted, the leads of the part will
point up (e.g., TO-3] or hovizontal (e.g., flat packs). Where more
than one large surface exists, tne one that is the thinnest in section
or has the most uniform thickness shall be mounted tuward the
transducer, e.g., flat packs are mounted top down against the
transducer, Small axial-lead, right circular cylindrical parts are
mounted with their axis horizontal and the side of the cylinder
against the transducer. Parts with unusual shapes may require special
fixtures, Jueh fixtures shail have the following properiies:

. Low mass.

. High acoustic transmission (a'uminum alloy 7075 works well).
Full transducer surface contact, especially at the center,

. Maximum practical surface contact with test part.

. Ko moving parts.

. Suitable for attachment medium mounting.

Leads on the parts shall be dressed, as necessary, so they will not strike each other
or the transducer during vibration. Long or thin section leads shall be observed for
signs of resonance, indicated by motion exceeding 3 or 4 diameters. Such resconance
may give extraneous noise during test even though the leads do not strike each other,
In these cases, the 1eads may have to be shortened ({f permitted by the application)
or special fixturing or frequency changes may be required.

NOTE: Some especially long-leaded TO-5 packages have been observed to be close to
resonance ut the test frequency.

3.3.3 Test monitoring. To avoid false indicationy, tne DUT shal! be {ncnected
for any attached forelan matter or leads which are touching each nther. The "out
shall be mounted on the center of the transducer using attachment medium and if
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necessary, a mounting adapter. To provide maximum signal transmissibility with a
viscous couplant, a sufficient amount of couplant shall be used and the DUT shall be
firmly mounted so that any excess couplant can be squeezed out. When double-faced
tape is used, it shall be changed at the start of a test group and after each 26
units or less thereafier, Devices shall be put on and removed from the attachment
medium with a slight twisting motion. Device orientation for each package type shall
be as specified in 3.3.2. The shaker input frequency shall be set in accovdance with
3.1 b, and the shaker drive amplitude shail he increased to the level specified in
3.1 ¢ All detection systems shall be monitored for evidence of 100se particles.

Any devicze which gives a particle indication shall be considerad a reject. Particle
1nd;cat10ns can occur in any one or combinations of the three detection systems as
follows:

a4, Visual indica”ion of high frequency spikes which exceed the normal
constant background white nnise level,

b. Audio indication of clicks, pops, or rattlinyg which is different from
the constant background noise present with no DUT on the transducer.

¢. Threshold detection shall be indicated by the lighting of a lamp or by
defiection of the seconda“y oscilloscope trace.

d. 1f no particles are observed in 3 to G seconds, a co-test shock
(see 3,3.4) shall be applied to the DYT while the shaker is operating.
It is permissible to interrupt or perturb the vibration for a period
not to exceed 250 milliseconds to provide for the application of an
integral ¢o-test shock. The audio, oscilloscope, and threshold
detection systems are to be closely monitored during the time period
immediatély after each shock application as well as for an additjonal
3 - 5 seconds to detect particles which may lock up quickly. 1If no
particles are detected with the first co-test shock application, the
test shall be repeated two times. If there is no indication of
particles within 5 seconds after the third co-test shack {see 3.3.4),
the device 1s acceptabdle.

3.3.4 Co-test shock application. #hen using the copper rod shock tool
(see 2.1.), the shock shall be applied to the OUT by bringing at leas* 1/4 to 1/2
inch of the free end of the shock tool into momentary contact with the vibrating DUT.
The tool shall be held l1ightly and freely between the thumb and forefinger opposite
the free end. Striking or hammering motions shall not be used. The shock shall be
only the result of the mass inertia of the freely supported shock tool being struck
by the vibrating DUT. The tool shall b2 held approximately horizontal and shall
contact the DUT on a portion of the upper surface of its case, The duration of this
contact is on the order of one-half second and results in several impacts of random
shock to the DUT. The tool shall not contact the leads, other than minor accidental
brushing of the leads along and parallel to their axis and shall not contact any
glass portfon of the case, except for all glass envelope diodes. If any other
co-test shock device is used, its mode of operation shall be in accordance with
procedures supplied by the equipment manufacturer. 1In systems that disable the
thresho{d detector during the co-test shock, the perfod of time from shock pulse to
reinftifatfon of threshold detection shall not exceed 100 miiliseconds.

3.4 Faflure criteria. Any nofse bursts as detected by any of the three detection
systems exclusive of background noise, except those caused by the shock diows, during
the monftoring periods shall be cause for rejection of the device, Rejects shall not
be retested {(see 3,2.3) except for retest of all devices in the event of test system
faflure as grovided in 3, If ‘additional cycles of testing on 2 lot are specified,
the entire test procedure (equipment set-up and checkout mounting, vibration, and
co-shocking) shall be repeated for each retest cycle. Reject devices from each test
cycle shall be removed from the 1ot and shall not be retested in subsequent lot

testing.
4 SUMMARY. The following detafls shall be specified in the applicable detatl

specifi ation:

w

a. Test condition letter A or B8 (see 2.d. and 3.1 c.).
p. Lot acceptance/rejection criteria ({f applicable).
c. The number ¢f test cycles, 1f other than one.
d. Attachmeni medium, 1€ cthar than that specified (see 2.h.).
e. Pre-test shock level and co-test shock level, 1f other than specified in
2.1, and 2.i., respectively.
METROD 2020.1
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FIGURE 2020-1.

Typical particle impact noise detection system.
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FIGURE 2020-2. Package height vs test frequency for
206 accleration {condition A).

METAL BOX OR ENCLOSED

——————— A METAL CHASSIS

SHIELDED TRANSDUCER
CABLE = |9 INCHES LONG

I
K | STU TRANSDUCER
| /
SI408M /TTACHMENT MEDIUM
50
a | PIND TRANSDUCER

NOTES:

1

RETHOD 2020, 3

16 May 1979

U | SI40BM () TO PIND

ELECTRQONICS

Pushbutton switch: Mechanically quiet, fast make,
gold contacts. E.G. T2 SM4 microswitch.

Resistance tolerance 5% non-inductive.

Voltage source can be a standard dry cell.

The coupled transducers must be coaxial during test,
Voltage output to STU transducer 250 microvolts, +20%.

FIGURE 2020-3. Typical sensitivity test unit.
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