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'.;'( This project originated as the result >f three major concerns by the DARCOM >

Packaging, Storage, and Containerization Center (DARCOMPSCC). These were:
1 (1) recognized deficiencies in current test methods and material specifications
- regarding static charge propensity of packaging materials, (2) responsibility of
DARCOMPSCC in connection with lead service testing where static sensitive
‘ components are being packaged, and (3) actual experience by the Naval Sea
i Systems Command involving failures of low-woltage printed circuit boards
(PCB).
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Accomplishment of the project required the initial development of an "in-package
performance"” test procedure gso that realistic simulations of trangit, storage,

and handling conditions could be achieved as a determinant of the reasons for ]
the Navy-experienced failures., The failures had been occurring despite the use !
of intimate wraps of static~free cushioning material within desiccated sealed wed
bags. o

Successful establishment of the new procedure showed that static charge buildup
was possible within the Navy's packs. It further showed that compliance with =
current specifications involved with electrostatic materials does not guarantee .

safety from electrostatic hazards always present in the distribution cycle. ?:
Where packaging materials do not benefit from the availability of direct ground~ B

ing paths, some of the current common materials produced results equivalent tks
or better than some of those claimed to be static free.
A packaging procedure is recommended for Navy's immediate use involving the "

use of opaque black conductive polyolefin in an intimate bag configuration \
enclosing low-voltage PCBs and cushioning protection utilizing transparent pink i
hexagonal shaped material, and negating the use of desiccant unless absolutely ;Z
necessary.

This project was the initial phase of a two-part project; the second phase to
address additional static-free materials, singly and in combination; and, the
achievement of further refinements in the "in-package performance" procedure
encompassing conditioning and more precise static voltage measurement using
pack resonance concepts and variable humidity levels,
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1. Introduction,

‘*. or the past several years, DARCOMPSCC has been concemed with
the appropriateness of test methods for determining the in-package performance
of static-sensitive components and the required associated packaging materials.
These fears were prompted by two developments which have occurred simulta-
neously over a previous minimum 10-year period. The first has been the greatly
accelerated usage of plastics in all forms for packaging; the second being the
steadily increasing complexity and miniaturization of solid state electronic
components. Regarding the latter, generally, the smaller the part, the less
power it can dissipate, the thinner the insulating layers, and the more suscep-
tible it is to static degradation. This sensitivity can produce immediate
destruction of the component (whether alone or assembled into circuits) or it
can allow damage which is not detectable until a later time when failure
eventually occurs. Static-sensitive components include MOS, CMOS, FET,
junctions, bi-polar and microwave diodes, and thick film precision resistors.
The static charge itself may be produced by in-transit vibration which causes
movement of both the item and intimately applied packaging materials both
within unit packs and from outside sources. Static sources include the full
range of the newer plastic packaging materials as well as packaging, handling,
and user personnel associated with the life cycle of military components. Even
the older, more common packaging materials (i.e., barriers, wraps, cushioning,
and tapes) cannot be 2xcluded as a potential static source. -

b. Over this corresponding period of time, a number of specifications
were either newly developed or modified in an attempt to offer static-free
packaging materials which would serve as barriers against both the creation
and the passage of static discharge to sensitive packaged components. In
support of these documents, requirements and tests were developed geared
primar.., to the evaluation of flat samples of the questionable material.
Unfortunately, such testing, although well-meaning, offered the user a false
sense of security. This testing was intended to measure the speed with which
an applied static charge on a material dissipates through an excellent ground
path. In other words, the test charge was either perfectly held or perfectly
freed. Between the two conditions, the time is measured as decay time and is
oconsidered the final indicator of static~-free performance. Such a perfect set of
oconditions obviously does not exist within a package. Instead, various leakage
paths are in evidence based on the combinations of materials inherent in the
packaging method, In-package test methods therefore should be considered as
a seoond and important supplemental step in determining th~ true effects of
static charge on packaged components.

c. Aside from the previous realization of a need for static charge test
methods improvement, this project was prompted essentially in response to the
Naval Sea Systems Command regarding observed failures in shipments of low-
voltage printed circuit boards. This damage was occurring despite the prescribed
use of static-free packaging materials. Complete background in connection with
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this problem is referenced in this report as appendix A. The major objectives
of this project were therefore established to:

(1) Evaluate specific Navy packaging methods currently prescribed for
the problem PCBs.

(2) In accomplishing (1) above, develop a new test procedure which
would improve reliability in simulating in-package performance.

(3) Determine the effect of desiccant in packaging methods dealing with
static-sensitive components.

(4) Recommend appropriate changes to documents containing requirements
for various static-free materials. ‘

d. To accomplish the above, new concepts in test apparatus and systems
had to be established to simulate transit and storage conditions. This project
does not address the potential corrosive hazards which may exist with certain
of the specially treated or constructed static-free materials.

e. There is certainly a wealth of information available identifying the
hazards of static discharge. Such static awareness is fine where it culminates
in remedial action against these effects. This has been accomplished effectively
in areas of manufacturing of sensitive components. This project, however,
based on its in-package emphasis, had to address essentially untried principles,
since remedial actions were not available for the critical path from ,.ackager to

\ user where components are electrically "floating" with varying degrees of
isolation. Discussion within this project report will therefore intentionaliy
refrain from unnecessary repetition of very tec...ucal data available from many
differc. sources. Analysis of component damage through the use of electron
microscopes does not assist this project in the quest for causes of in-transit
and storage deficiencies.

2. Discussion, ‘.

a. Preliminary. It is only necessary to realize that the generation of .
static charges can be attributed to contact (rubbing) between a variety of . ;'7-;:4
dissimilar surfaces. This has resulted in observations in the form of the o
triboelectric series. This series lists various materials which exhibit
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— different degrees or tendencies in retaining positive or negative static charges, + b
- Those materials which are furthest zpart in the series generate the greater "'1
o static charge. Most of the newer plastics, to include laminates, have a high R
propensity to negative charge; whereas human hair tends to be highly positive, :._"
% Thus, as most of us have observed, rubbing of most plastics on the body will 1]
3 cause the hair to stand up on the skin. In actuality, a person walking across !__1

a carpet can generate from 10,000 to 40,000 volts. Walking across vinyl tile
can generate 4,000 to 15,000 volts. The variables in these cases, of course,
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are the degree of rubbing or scuffing during walking, the relative humidity,
composition of the shoes, and the kind of clothes worn. A relationship can be
directly established in considering such buildup in packaging through transit
vibration, materials in intimate contact, humidity levels within sealed barriers,
and the kind of container utilized. Corona disc:harge1 is another important
factor in static charge propensity discussion. This effect results when a charge
is dissipated through the air to a receptor. Relating this to our example of
walking across a carpet, it can be recalled by most of us as the zap which
occurs when aour hand nears a doorknob., Without actually touching the knob,

we felt the discharge and, in fact, could actually see it under darkened conditions.
Again, a relationship exists where a package is exposed to a static discharge
occurring in close proximity to the outer portion of the container, pouch, or bag.
Essentially, these relationships established the testing methods which were
adopted for this project. During the course of these tests, it is necessary to
understand that 30-50 volts are sufficient to damage certain components. As
stated previously, much data are available in this area and this voltage level is
accepted for purposes of this project based on consensus opinions of manufac-
turers. However, voltages actually obtained through application of the two test
methods in this report should only be considered in a comparative manner for
determination of static charge propensity.

b. Test preparation., The instrumentation, environmental conditions, and
simulated package configurations were based entirely on the considerations in
a.above as well as the specific concems cited by the Navy. Four variables were
chosen as those which would be closely controlled. These were temperature,
humidity, vibration, and standard outer pack materials. In the case of the latter,
some materials changes were made to detect the overall effect of such changes.
Figure 1 identifies the total setup to include the environmental chamber. Figures
2 and ? provide more detailed views of the recording means used in the tests to
follow. It should be noted that appendix B identifies the total listing of instru-
mentation and assoclated materials with specific references to individual
components,

(1) Environmental. Within the standard temperature/vibration facility
(ref 13, app B), steps were taken to also control humidity at low levels to
insure an atmosphere conducive to testing for static charge propensity. This
was effectively achieved with both static and dynamic dehumidification,
Statically, 560 units of desiccant were placed in a "bed" isolated from the
vibration table surface (see ref 14, app B, and fig 4). Dynamically, inlet and
outlet portions of a dehumidifier (ref 11, app B) were channeled through an
access port of the chamber. Using this technique, and following an approximate

lf’or purposes of this report, corona discharge does not involve methods of
air ionization; but only the presence of a static charge voltage detected in the
vicinity of a high voltage plate.
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Figure 1. Complete environmental
and instrumentation setyp.

-

Figure 2. Chart recorder for f.l'{
static charge buildup during T
vibration.

Figure 3. Console for all types Ll
of static charge testing. . R
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and as high voltage switch
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2 days of chamber operation, a relative humidity (RH) was achieved ranging
from 15 to 20 percent. With this humidity level and a constant vibration/
temperature parameter of 28 Hz/100° F., excellent conditioning means were
available. Figure 5 shows a typical RH reading (ref 9, app B). More accurate
readings were maintained using an electronic hygrometer (ref 10, app B).
Vibration was remotely controlled at the chart recorder and was imposed at
designated times during the total test procedure. Figure 6 provides a general
view of the relationship and placement of the tested packs within the
environmental facility.

(2) Static charge sources. Aside from the anticipated buildup of stati
charge caused by vibration conditioning (triboelectric), means were availat
for simulating corona discharge. Figure 7 shows a standard electrostatic t:
chamber identical to the requirements referenced in Method 4046 of FTMS 1.
For purposes of this project, the facility was used as a high woltage switch in
connection with a dielectric tester (ref 5, app B, and fig 8). A hand-held static
gun was used to neutralize package static charge conditions prior to vibration
imposition (ref 5, app B, and fig 9).

(3) Static charge sensor., The most effective means for sensing the
presence of static charge within packs was determined after many trials using
specially constructed capacitive sensors, i,e., conductive plates separated
by teflon insulators. The problem was that such a configuration does not
simulate, in this case, a printed circuit board with its inherent variety of com-
ponent shapes and characteristics. For these reasons, actual printed circuit
boards were used and wired such that the boards themselves detect=d ~tatic
charge wltages. The PCB sensor selected for use is shown in figure 10. The
output was connected through shielded cable to the input of the electrometer
(ref 2 »op B) which in turn provided the output to the chart recorder (ref 1, app B).
Outpu. ..as also provided to a storage oscilloscope; this presentation was used
primarily for corona discharge observations (ref 3, app B). Also, for this latter
discherge test, a 4~inch by 6-inch plate was isolated from the tested packs
(fig 11). This plate was made from standard 1/16-inch thick circuit board
material with copper facing. A high voltage lead was soldered to the center of
the outside plate face and attached to the static switching chamber (fig 12).

c. Tested materials, To insure initially that only one variable exists
during subsequent materials testing, a standard fast pack was chosen as the
outer pack. This pack, identified as NSN 8115-00-101-7647, was of appropriate
dimension for containing the PCB sensor. Also, the convoluted polyurethane
offered opportunity for reduced effects which might be anticipated due to
different tested material thicknesses causing tightness of the total pack. The
standard fiberboard used was W5c, Later testing, however, addressed the use
of conductive corrugated fiberboard as a replacement sleeve for the standard
(fig 13). Where feasible, all tested materials were sealed as bags enclosing
the sensor., Figures 14 through 17 show representative preparations for testing
a variety of these materials. Also tested were polystyrene and polyethylene
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foams as substitutes for the convoluted polyurethane., Figure 18 shows the
requircd configuration for thesc tests. For ease of materials referencing,
appendix C provides complete descriptions of the tested materials. Direct
mentioning o { manufacturer's trade names serves no useful purpose for this
project since the primary intent is ro be able to differentiate between material
structures which have been developed to provide antistatic properties. Where
materials have exhibited prior coruliance to specifications, this reference is
further indicated.

d. Test method. The adopred method for actual testing includes a
number of precautions whicr we re tiken so that final results for the various
materials could be used for valio womparisons, The Navy's concern for the
effects of desiccated PCB packs was accounted for through the controlled
humidity chamber. This simulated the humidity condition which could be
anticipated within sealed bags. Other checks included the consistent place-
ment oi the bagged sensor for each test sequence, and the use of several runs
to verify the "footprint" of cach material combination. The method itself has
already een identified through discussion in b ard ¢ above, However, the
compliter sequanae of steps for vibration conditioning and data recording are
identiticd as follows:

1

(1Y vsern ) satk using selected materials for test,

(2% Jooranon cor o alion the pack for 5 minutes, with sensor ungrounded
to <locuometer,

3V eourl aennoer e 2eter; selert scale for test sequence to
follow .

' s ane e 0y mogtrality of pack using the
€l B e ot o gf e o ec - - nnsing the static gun, Once
AN EATES o Sovhotina reivoter oo oo grounded to electrometer,
Ty oy o abratwon, reove o from sensor and operate chart
Gty e Gy cenvearent plot length of 240 mm was selected).,
JAE T R AR RV et IVA LI ) 11.

(i o o i oaarge bleedotf, if any, for an
gy e [

ST | Py et

R SRR ST S pohopoon ester at g setting of 10,000 volts;
GO Il Y I L 0 Ly 1y el e Sensor,

Lo N S e 1 crating on thie correct scales or using
the “hacs 1o : : foa s tested), switeh the 10,000 volt
borge to th fricthe e
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Figure 10, Actual circuit
board used as electrometer
sensor,

Figure 11. A detail view of the
high~voltage charge plate,
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I S i Figure 12, View showing the
: ) relationship of charge plate to
the tested packs (plate

maintained 3/8 of an inch from
sleeve outer surface.
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Figure 13, Two different

materials used as fast pack

sleeves during testing; the
first, conductive fiberboard;
the second, a standard WS5c

fiberboard.
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Figure 14. Sensor sealed in
conductive b and pliced in
coavoluted polyvurethane {foam
insert as port of a fasr pock
container,
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Figure 15, Sensor sealed in
tested antistatic cushioned
bag.
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Figure 16. Sensor sealed in
common barrier bag material,

Figure 17. Sensor sealed in
experimental metallized
material.

Figure 18. Sensor sealed in
common cushioning material '

and placed in polystyrene foam
cushion inserts as part of a

fast pack. Polyethylene foam
also used as substitute.
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(10) Record the voltage magnitude and shape seen by the sensor within
the pack.

It should be noted that steps 8, 9, and 10 were conducted in all cases where

g significant changes were anticipated in the shape of the bleed-off path; i.e.,
use of conductive outer materials or different cushioning. Figure 19 identifies
voltage reference checks using two different methods; one a direct technique

- using a direct current input voltage and the other an indirect technique using
the detector head supplied with the electrometer. It is seen that good correlation
exists between the two methods. This proven calibration was used in determi-
nation of voitage magnitudes in all of the recorded tests.

e. Testresults, Test data were gathered using the method identified in
d above. As discussed earlier, various material combinations were tested
starting with a single bag material tested in conjunction with a standard fast
pack container. Recordings for this sequence are presented as figures 20
through 32. Figure 33 identifies the use of a conductive plastic ribbon ground-~
ing strap secured to both surfaces of a special metallized material classified
as material F. Figures 34 through 38 represent results obtained from the
substitution of polystyrene foam for the standard fast pack polyurethane,
Figure 39 uses a polyethylene foam substitute, For figures 40 through 42, con-
wvoluted polyurethane is again used while the standard sleeve has been replaced
with a conductive fiberboard. Figures 43 through 45 provide static charge
buildup effects where various materials are used in intimate contact and
surrounding the simulated item. For these readings, selection of material com-
binations were dependent upon their performance to that time on an irdividual
basis. Thus, conductive fiberboard was again selected as a substitute for the
standard. For purposes of this analysis, comparisons are first made within
the grorns just mentioned. Finally, identical materials within each group are
compal. .. [t should be noted that voltage magnitudes are relatively low
particularly during static buildup testing. Howeve- these values are useful
when used for comparison purposes between materials within each group., Of
particular significance is the status of the static charge buildup once the
vibration is removed (bleed-off). Since the packs are not perfectly isolated, »-
the assumption would be that a truly static-free material would release an o
assumed low level of static charge through this imperfect path. In the case of
high voltage discharge, this path is quite readily defined due to the higher
voltage seen by the sensor,
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(1) Single material static-free standard fast pack. Of the claimed or
proven static-free materials, materials A and D proved to have the most

desirable antistatic properties. In the case of material A, a very low level of
static charge buildup was evidenced. Application of vibration actually neutral-

ized a very small negative charge within the pack. Once the vibration was

removed, the pack retumed to this small charge. In some of the recordings, at

this point, it is significant to note that within 5 to 10 seconds of vibration
removal, static charge buildup occurred prior to release. This effect was

caused by the vibration table frequency reaching pack resonance as it came to a
complete stop. This resonance caused an increase in the rubbing action between
materials for a short time. Material D evidenced negligible charge buildup.
Materials C and E exhibited similar performance during buildup to a fairly low
voltage level. However, material C released this charge completely whereas
material E did not. Material F showed the next highest level of voltage buildup

with only a slight tendency to release this charge during the test interval.

Material G produced the highest voltage level also with a slight tendency to

release the charge.

(2) Single material, "common," standard fast pack. Of the common

packaging materiais tested, material p showed the least tendency for static
buildup, Materials n and q were next most desirable with materials s, o, t,
and m following in that order. Insofar as release of the charge, materials p

and q showed a slight tendency toward this effect. Material t exhibited no
change while materials m, n, o, and s showed an actual increase in static

charge buildup following removal of vibration.

(3) Triboelectric effect tab! for (1) and (2) above. As a summary of the

results for both common an¢ .:imed or proven static-free materials, the

following table is provided for comparison in the order of desirability for use

with static-charge sensitive components,

Material designation

D - Conductive black polyolefin

A - Hexagonal pink polyethylene

C - Transparent pink polyethylene
p - Single face corrugated

E - Opaque coated barri: »

n - MIL-B-121 barrier

q - Cohesive corrugated

s - Polyethylene foam pouch

o - MIL-B-131 barrier

t - Packaging machine film laminate
m - Bubble plain polyethylene

F - Transparent metallized laminate
G - Opaque foil laminate

40

Buildup

Excellent
Very good
Very good

-Very good

Good
Good
Good
Fair
Poor
Poor
Poor
Poor
Poor

Release

Excellent
Very good
Very good
Good

Fair

Fair

Fair

Poor

Poor

Poor

Poor

Poor

Poor
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(4) Corona discharge effect ((1) and (2) above). All of the tested packs
for (1) and (2) above exhibited similar characteristics regarding their shielding

ability against an external 10 Kv charge with some exceptions. In general,
the slope and time duration of the static charge release path can be analyzed
to provide the following ranking:

~ B L

Material description Time duration

120 microsec
34 sec
35 sec
38 sec
39 sec
44 sec
45 sec
48 sec
48 sec
52 sec
62 sec R
64 sec ,;’-‘?4

72 sec T

All of the packs experienced a static charge in the range of 12 to 17 wolts,
However, in the case of material D, most of this charge was given up in 120
microseconds versus a time range for the other materials from 34 to 72 seconds.

RORE - AAAAASA
. .

Q3 oOMusaTQOmMPTY

(5) Ground ribbon fast pack. With a conductive polyolefin ribbon attached § ]
to the outside surface of ma..:rial F (presumably with a conductive metal additive), S
the material showed some improvement in resistance to static buildup over that o
indicated in (1) above. However, ability to release the charge showed no improve- T
ment. With an identical ribbon attached to the inside surface, charge polarity was P
reversed and the magnitude of buildup reduced to a good level similar to that of R
materials E and n in (1) above. Regarding high voltage discharge effect, voltage L
evidenced by the sensor was greatly reduced where a conductive strap is attached - 1
to the material F inside surface. -

" (6) Single material, modified fast pack (polystyrene). Of the common and - e
3 static-free materials selected for this test, the following table is developed for o
5 triboelectric effect:

3 Al
_.. -

4]
..




Material designation Buildup Release
D Excellent Excellent
C Very good Good
B Very good Fair
A Very good Fair
S Good Fair
o Good Fair
m Fair Poor
F Poor Poor -

It can be seen that this table compares well with that for the standard fast pack,
particularly as regards the ranking. However, materials A and C demonstrated
significantly less ability to release the static charge buildup. Conversely,
materials s, o, and m showed improved ability in this area. Testing for high
voltage effect was limited to materials C, D, and F. Times for charge dissipation
were greatly reduced from that of the standard fast pack for Materials C and F,
while material D permitted a somewhat lower value, i.e., 9 volts versus 12 volts.
The significant point in these tests was the observed change in slope and there-
fore the release path produced by the substitution of polystyrene cushions for

h the convoluted polyurethane. e
- (7) Single material, modified fast pack (polyethylene). Only two materials
.. were tested for triboelectric effect. Materials F and G had demonstrated the P
poorest antistatic characteristics to this point. However, material G improved
h significantly in the area of static buildup. Material F, on the cther hand, showed »-
i further poor characteristics in all areas, - 1
o

(8) Single material, stan.ard fast pack, conductive sleeve., Of the selected 5

materials for testing of triboelectric effects with the altered fast pack, the

following rankings apply:
Material designation Buildup Release
D Excellent Excellent N
F Very good Very good - l
B Very good Fair _.;%
g n Fair Fair ]
m Poor Poor

N
s

The only significant change noted in this table is the greatly improved per-

f-i formance of material F in both buildup and release characteristics, For purposes
r of the high voltage checks, the material B test was recorded on the storage
oscilloscope since it had not been performed in (4) above. Time duration for the
release would have ranked it just below material C at 43 seconds. Voltage levels
were actually higher for materials F and m at 28 and 43 wlts respectively.
However, the release time for material F was significantly faster than material m,
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(9) Combination materials, standard fast pack, conductive sleeve. As a
summary of the results for various material combinations of both claimed and

proven static-free materials, the following table is provided (material closest
to the sensor is indicated first):

Material designation Buildup Release
F/D Very good Excellent
A/D Very good Very good
r/D Very good Fair
A/D/o Good Fair
m/D Poor Poor
o/D Poor Poor

This test showed the effect of placing another material within a proven static-
free bag; i,e., conductive black polyolefin. The results indicated that the
individual performance of material D was only slightly sacrificed, whereas the
ocombination with material F improved the release characteristics of that
material. Where a MIL-B-131 was used over a combination of materials A and
D, some degradation in their performance was noted. Very high levels of voltage
were noted in most combinations when corona discharge tests were condu.cted;
the range being from 48 to 54 volts. Combination F/D exhibited a level of only
26 volts, Of the remaining, most rapid release was obtained from A/D/o and
A/D in that order,

(10) Combination i terals, standard fast pack. As a potential packaging
procedure for the Navy's low vo'' ige PCBs, a pack was tested using material D
inclosed first in material A . = second in material m, No desiccant was used.
Results were identical to that obtained in (3) above in either combination D/A
or D/m. Characteristics were the same for either triboelectric effect or corona
discharge. However, in handling the pack (while being monitored by the electro-
meter) and opening of the material D bag within the outer material wrapping,
charge buildup was significantly higher from personal contact where material m
was used, This was assumed to be a good simulation of the actions which could
be expected when the item is taken out for usage.

3. Conclusions,

a, The test procedurc adopted for these project tests proved to be quite
reliable, and allowed for excellent comparisons between both common and
static~free materials, These comparisons were significant in that they more
closely duplicat=d the anticipated effects associated with real-world package
handling conditions, i.e., floating packs without benefit of grounding straps.
Improvement is certainly possible in areas of controlled isolation of tested
materials as well as in the testing of a greater number of material combinations,
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b. The use of a desiccated and dehumidified chamber provided an excellent
conditioning atmosphere which both simulated sealed desiccated bag conditions
and offered a conducive environment for the buildup and release of static charge
within and without the tested packs. Such an approach was prompted by the
Navy's concem for the packaging of PCBs.

c. Method 4046, FTMS 101, requires extensive improvement to encompass .

an "“ir.-package performance test" similar to that used in this project; or it should
be supplemented by such an approach., Certainly, Method 4046 can be considered

an indicator of anticipated performance but final acceptance of claimed antistatic -

properties must be further verified as with the testing accomplished herein.

d. Difficulties with Method 4046 and the primary specification for
materials, MIL-B-81705, includc test instrumentation problems, decay time
limits, and the method by which flat samples are "perfectly” charged and then
"perfectly” discharged. The latter does not provide complete data for static
charge propensity determinations and obviously does not consider triboelectric
effects of material combinations,

e. The use of the adopted test procedure has confirmed that damage may
occur to low voltage PCBs both through triboelectric effects and corona dis-
charge. This may occur despite the use of static-free materials qualifying with
existing Governmcnt specifications. The use of certain of these static-free
materials therefore provides a false sense of security.

f. Specifically, the Navy's packaging procedure, wherein the PCB is
intimately wrapped with a layer of transparent pink hexagonal shape cushioning
material, may permit sufficier* .at.c charge levels to reach the item during
either transit or storage. Suc.. ‘:vels would be dependent upon vibratory con-
ditions which may exist in transit or upon proximity of PCB packs to high static
charge scurces in these handling modes. The use of desiccant may certainly
amplify po . ible static buildup due to the conducive dry condition within the
sealed bay.

g. Opaque electrically conductive polyolefin was shown to have
excellent properties in both resistance to static charge buildup and the time
duration in which applied charges are held. However, comparable levels of
static vwoltages were evidencr 1 in the test results when corona discharge tests
were conducted.

h, Common packaging materials exhibited similar or better performance
than certain claimed static'free materials, Paper materials performed as well
or better than some of the metallized or foil-type laminate materials.

i. The transparent pink film and hexagonal shape cushioning materials
were fairly consistent in their performance where one outer material is changed:
polystyrene, polyethylene, or conductive fiberboard. Where the transparent
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gray nickel-coated laminate is used in conjunction with another static-free
material, its properties are greatly enhanced. Individually, however, it
exhibits poor performance.

j. The use of conductive fiberboard appears to be inconclusive at this
time except as a method for obtaining improved properties from the material
cited in 1 above.

k. Insofar as an acceptable substitute for the Navy's low-voltage PCBs,
the use of a conductive black polyolefin bag intimately protecting the item
showed excellent protection. Where cushioning protection is necessary, the
use of a surrounding wrap of transparent hexagonal shape material provides some
prevention against static discharge during handling by the user. The use of
desiccant, in a pack of this type, of course, increases the danger of damage at
the time of opening.

4. Recommendations.

a. The adopted "in-package performance" test procedure should be
investigated for improvement in controlled isolation of packs and the generation
of greater voltage magnitudes. The latter may be achieved through a search
in vibratory frequency until pack resonances are obtained, this capability not
being availabhle with the chamber utilized.

b. With the improvement in a.above, further testing should be conducted
using various material c~mbinations, DARCOMPSCC should also monitor results
of the many newer static-free ma‘*erials which can be anticipated in the future to
include the complete variety .+ conductive container materials which are coming
into accelerated usage.

c. Action should be taken to request improvement in the type of instrumen-
tation utilized for Method 4046, FTMS 101. In connection with this, an
evaluation should be requested of MIL-B~£1705 with a major objective being the R
incorporation of an "in-package performance" test procedure similar to that used .
in this project. '-‘-iﬁ

d. For purposes of the Navy's packaging of low-voltage PCBs, packaging 5:4_
prescriptions should be chan'.»d to identify the use of intimate protection
achieved by a conductive black polyolefin bag with the addition of a transparent R
hexagonal shape cushioning wrap. Desiccant, unless proven to be necessary 7
by the item manager, is not recommended. “

e. Phase II of this project should address a, b, and c above with the
addition of variable humidity control for determining overall effects on static
voltage buildup.
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APPENDIX A

DEPARTMENT OF THE NAVY
NAVAL SEA SYSTEMS COMMAND
Washington, DC 20362
IN REPLY REFER TO
05D231/AVA
4030
Ser 114

From: Commander, Naval Sea Systems Command 21 Dec 1979
To: Director, Defense Army Readiness Command

Subj: Test & Evaluation (T&E) of Packaging (Barrier and Desiccant) Materials

Ref: (@) DoD Joint Regulation, Packaging and Materials Handling,
Lead Activities for Testing Packaging Materials and
Processes, NAVMATINST 4030.8, DARCOM Regulation 700-17
of 27 April 1978

(b) Proposed MIL-STD-XXX, Electrostatic Discharge Control
Program for Electrical and Electronic Parts, Assemblies
and Equipment (Excluding Electrically Initiated Explosive
Devices) of 15 October 1979

1. By refercnce (a), the U,S. Army Development and Readiness Command
Packaging, Storage and Containerization Center (DARCOMPSCC) is assigned
the lead activity for subject matter.

2. Electronic sensitive devices ~uch as printed circuit (PC) cards, that may

be damaged from electrostati- _.harges are packaged in antistatic free barrier
materials or bags conforming to the requirements of specification MIL-B-81705
or MIL-B-117, Type 1, Class A, Style E. In some applications additional
protection is provided by the use of desiccant, MIL-D-3464, Type II. The
packaging concepts comply with the requirements of Military Standard MS 90363,
Sheet 4 of 10 and 9 of 10.

3. Appendix I, Table I-1 to reference (b) provides a listing of electrostatic
discharge sensitive (ESDS) parts catagorized by part type and their sensitivity
range. Recent information on low voltage PC boards which are electrostatic
sensitive are found to be unsatisfacory for use. One of the reasons given for
the possible device failures is the use of desiccant in the packaging concept.

LA ey .
N A

4, It is requested that tests be performed on the paragraph 2 packaging

oconcepts to determine (a) the minimum and maximum voltages that may generate
within the package, (b) the relative humidity within the package, and (c) the -~
need for desiccant for protection of electrostatic sensitive items.

Mt Ao &
. &
.
-

/s/ J. B. Alfers
J. B. ALFERS
¢ By Direction
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Appendix A--Continued
T — S—— s RSN —————- T
"i;?g CLASS
1. ltems shall be cleaned in accordance with process C-1 of MIL-P-116, and shali be pachaged in
accordance with the applicable narrative instructions of this standard and the speciti instructions
identified by a Dash Number. ,
». For items under 10-pounds, inside dimensions of the completed package shall not exceed the
corresponding dimensions of the base item by more than 1/2-inch. Addition of I 2-inch t0 length
or width of —2 packages for desiccant is permitted.
b. For items over 10-pounds. pads, cells or dic cuts fabricated from domestic fiberbosrd com-
plying with PPP.F.320 shall be added as required to provide an even distribution of weizht and a
compact non-shifting load.
2. ltems coated with a preservative shall be wrapped with barrier material conforming to MIL-B- .
22191, Type H and secured with pressure sensitive tape.
3. Unless otherwise specified by the applicable dash numbes. the items shall be cushior.ed with o
cushioning materials complying with onc of the following specifications: PPPL-"93, Class B, -
PPP.C-1842, PPP-C-1752, Types I, I, 11}, IV and V or PPP-C-1797. Apply sufficient number of
wraps 10 obtain stated cushioning thickness. 3
ITEM WEIGHT RANGE CUSHIONING THICKN\ESS v 4
(POUNDS) (INCHES) J
1 or less 1/4 %
Over 1 but less than § 12 .3
Over $ but less than 10 34 Dy
Over 10 bu:los, than 1§ ! . 9
Over 15 but less than 23 1.12 )
Over 25 but ess than 40 2 v |
Over 40 but less than 55 22 -9
Over 5S but less than 70 3 g
Over 70 through 100 312 N
4. Bon, Fiberboard <hul! conform to PPP-B-636. Type CF or SF. Style OPF shall =2 _sad for ]
lectronic aircuit busids and other flat items. Box for itemns weighing 40 pounds or r= . 2 shall be -]
ciass weather-resistant -‘:1
Paception: fteme wizn bare dimensions of less than 37 x 2.1727 8 1.1 27 may a-2-nately be D
pachaged in metal edeed or + ip paperboard boxes (full telescope typel con” oThing (o
PPP.B.665 or PPP-B-6 "o
S Tape shall confor= < PPP.Y 45 Tape 11 Class 1 (Stuppable) for fiverhoard boves 1PPE-B-636) .
and PPP.T 60 for vt o deed and setup paperboard voxes (PPP-B-663. PPP-B-6761. :
vl contents tah Coare required one on the bae and the other on the firerboa-d ® v Marking , ‘...
G cecendanes b MILSTD 129 and murbang format shall be o tollows !
Narrenal Stock N Focal Contiol No. 6A 1220-00-02%-"ev6 | @ .
Ve Dwgor Part No o\Wien apphoable) 2443101 V2 -
N\ »menclature Amplifier i - .
SPAT T or Modets 0 N and Das tWhonapphs ) SPALT 1024 7= 1 x 1
Contract or Order No AN010; U SN =] O
Manutacturer’s Nom» ABC Compar: = Vo
Sena! No (When o007 i Senal No. 23k b -
Leve! of Preservatio: ¢ 3 AR [ .
Shelt Life Markings iW:c o, able see M STDAE29) i = :
= |
T In addition to the 2 w0 parkaes, the Nationad Stock Nanber (NSN o Local Coe o Noambe: ‘:
(NVON PICN, ete ) 2 be marbed anone end ot the bov and statement "Reusst @ O mtamer s .
Retam for NRFY Tue 0 1Not Ready 1o Tssao) shalt be marked on apper nght hand oo 2e a :
| » . |
5 Material unit packarsd or accondance with tos ciandid shall alway < be packed 1o seinment as 4 o0
spectiied an associated s el us o procutenient documents , & '
;|
! O equuements 0 thes Stamdaad te e precsder oo over documents eeterenced oo Retey '
Cwaced Teamentssle o b e preddogten dodealagutation tes ol
AR ‘::Y;'!‘ Ta T Ry ,'l |I.u'!‘h().'lh?, 1\'11" . wi. “2R> STANDARD
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- MIL-STD-726 Code MIL-P-116
m Dash No. Table lic Method of Preservation
-1 GQ IA-8
- 3 .
§
E 1. Pins, knobs, and other sharp protrusions shall be protected with caps, plugs, connector covers,
< rigid foam plastic (MIL-P-26514) or fiberboard (PPP-F-320).
g 2. Use heat sealed aluminum foil lamina bags conforming to Type | or Il. Class E, Style 1 or
Type I, Class F, Style 1 of MIL-B-117. : .
3. Marking of electromagnetic sensitive items only, such as solid state devices (diodes, transistors,
integrated circuits and microcircuits) and/or electronic modules, circuit boards and equipment
compoaents in which solid state devices are incorporated. Use two sensitive electronic items
labels of MIL-STD-129 (2" x 2" or icss) as specified Tur intermediate pachages - onc i the bag
and one on the fiberboard box.
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b FID. SUP CLASS

+

E] MIL-STD-726 Code MIL-P-118

B Dash No. Table llc Method of Preservation

E -2 GR Ie

1. Pins, knobs and other sharp protrusions shall be protected with caps, plugs, connector covers,
rigid foam plastic (MIL-P-26514) or fiberboard (PPP-F-320).

USER ACTIVITIES:

2. Desiccant shall conform to MIL-D-3464, Type II.

3. Heat sealed aluminum foil lamina barrier bags shail conform to Type I or II, Class E. Style }
of MIL.B-117.

4. Marking of electromagnetic sensitive items only, such as solid state devices (diodes. transistors,
k‘. integrated circuits and mi rocircuits) and/or electronic modules, circuit boards and equipment
- components in which solid state devices are incorporated. Use two sensitive electronic items
lubels of MIL-STD-129 (2" x 2™ or less) as specificd fur intermediate packages - one on the bag
and one on the fiberboard box.
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rigid foam plastic (MIL-P-26514) or fiberboard (PPP-F-320).

for field force sensitive electronic items).

1. Pins, knobs and other sharp protrusions shall be protected with caps, pivgs, connector covers,

2. Use transparent barrier bag conforming to Type I, Class C, Style 2 of MIL-B-117 (Dc not use
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MIL-STD-726 Code MIL-P-118
Dash No. Table lic Method of Preservation
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5
E 1. Protect sharp edges and protrusions with barrier material conforming to MIL-B-22191. Type 1L
<
x 2. ltems coated with a preservative shall be wrapped with barrier material conforming to
3 MIL-B-22191, Type Il and secured with pressure sensitive tape. R
3. No bag required. :,:,:T'
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1. Pins, knobs and other sharp protrusions shall be protected with caps. pi:gs, connector covers,
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] Appendix A~-Continued i:
- ?? WP CLASS -
13 . o
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]
MIL-STD-726 Code MIL-P-118 =
Desh No. Table lic Method of Preservation [1
-8 GA 1n-8 I8
Electrostatic Y
Free iy
. 4 1. Pins, knobs, leads, terminals and cther sharp protrusions shall be protected with noncorrosive ) [::
- & and electrostatic free caps, plugs, connector covers, protective carriers or rigid foam plastic meeting o
3 s the static test requirements of MIL-B-81705. Lead and terminal configuration shall be maintained e
= g as manufactured. 3
g g 2. Cushion (complete coverage) with electrostatic free cushioning material conforming 1o PPP- :';:.'4
- 1842, Type Il or other electrostatic free cushioning material certified as conforming to the !_k
= static electricity test requirements of PPP-C-1842, Type lil. The cushioning shall be noncorrosive 1
F: and shall not flake, powder or shed. Loose fill types are prohibited. R
L 5. All items, apply sufficient number of wraps to ohtain stated cushioning thickness. S
> 4. Use heat sealed sluminum foil lamina and electrostatic free barrier bag conforming to Tvpe 1. "W
. Class F, Style 1 of MIL.B-117. !'11
- ‘ .‘_!
" 5 Two sensitive electronic items labels of MIL.STD-129 (2™ x 2" or less) as specitied “or inter- =
N mediate packages and two special caution markings are required — one of each on the bz; and on i
- the liberboard box. Tne special caution markings shall be as follows: I
“CAUTION - L. CTROSTATIC SENSITIVE DEVICE: Remove electrostatic proszction & ! b
3 use or in protected area. Rev-  puckaging materials for the unserviceable item. See N AVSE A ' —
P 046363 for protecty aeling or testing measures for this item™. [ c
8 o I
o g NOHE Use for items which are both clectrostatic .nd electiomagnetic sensitive such as sciid stz !
- > deveces (diudes, transistors, integrated circuits and nucrocircuits) and: or electronic modules. circus { 1
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~ Appendix A--Continued _
. A CL.
g 8115
i MIL-STD-726 Code MIL-P-116
. Dash No. Table ¢ Method of Preservation
R =7 GB e
B Electrostatic
Free

). Pins, knobs, leads. terminals and other sharp protrusions shall be protected with noncorrosive
and electrostatic free caps, plugs, connector covers, protective carriets or rigid foam plastic meeting
the static test requirements of MIL-B-81705. Lead and terminal configuration shall be maintained
a8 manufactured.

USER ACTIVITIES:

2. Cushion (complete coverage) with electrostatic free cushioning material conforming to PPP-C-
342, Type I or other electrostatic free cushioning material certified as conforming to the
. static electricity test requirements of PPP-C.1842, Type liL. The cushioning shall be noncorrosive
and shall not flake, powder or shed. Loose fifl types are prohibited.

. 3. All items, apply sufficient number of wraps to obtain stated cushioning thickness.
E 4. Desiccant shall conform to MIL-D-3464, Type 11

5. Use heat sealed aluminum foil lamina and elcctrostatic free barrier bag conforming to Type 1.
Class F, Style ! of MIL-B-117.

€. Two seusitive electronic items labels of MIL.STD-129 (27 x 2" or less) as specified 7 inter.
mediate packiges and two special caution markings u1e required - one of each on the bag and on
the fiberbuaid box. ihe special caution markings shall be as follows-
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Appendix A~-Continued

MIL-STD-726 Code MIL-P-116
Dash No. __ Table lic Method of Preservation

-8 GC IC-1
Electrostatic
Free

1. Pins, knobs, leads, terminals and other sharp protrusions shall be protected with noncorrosive
and electrostatic free caps, plugs, connector covers, protective carriers or rigid foam plastic meeting
the static test requirements of MIL-B-81705. Lead and terminal configuration shall be maintained
as manufactured. '

2. Cushion (complete coverage) with electiostatic free cushioning material conforming to PPP-C-
1842, Type I or other electrostatic free cushioning material certified as conforming to the
static electricity test requirements of PPP-C-1842, Typec lIl. The cushioning shall be noncorrosive
and shall not flake, powder or shed. Loose fill types are prohibited.

USER ACTIVITIES:

3. All iteras, apply sufficient number of wraps to obtain stated cushioning thickness,

4. Use transparent electrostatic free barrier bag conforming to Type I. Class A, Style 2 of
MIL-B-117.

5. Two sensitive electronic items labels of MIL-STD-129 (2" x 2™ or less) as specified for inter-
mediate packages and two special caution markings are required — one of each on the bag and on
the tiberboard box. The special caution markings shall be as follows:

“CAUTION - ELECTROSTATIC SENSITIVY DEVICE: Remove elecirostatic protection at
use orin profecteu area. Reuse packaging mate: s tor the unserviceable item. See NAVSEA
0D46363 ior protective handlug or testing measares for this item™

N
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aldadc

MOITE . Use for items which are electrostatic sensitiy - and are not electromagnetic sensitive items
such as selid state devices (diodes. transistors. inicgzrated circuits and micrucircuits) and/or
eleorons modules, circuit boards and equipment components in which solid state devices arc
incorporated.
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APPENDIX B

Equipment and Material Listing

Brush Pen Type Chart Recorder, Model 440

Keithley Solid State Electrometer, Model 610C w/2501
Static Detecting Head

Tektronix Storage Oscilloscope, Type R564B w/2A63
Differential Amplifier and 2B67 Time Base

Hewlett-Packard Oscilloscope Camera, Model 196A
(Wollensak 3, £f1.,9 lense) w/Polaroid 3000 speed film

Industrial Instruments Insulation Breakdown Test Set,
Model TS928 A/G w/5, 10, 25, 50 KV, output ranges

3M Company Static Meter, Model 701 w/5, 10, 20 KV,
ranges (+) or (-)

Zerostat Static Eliminator
Precision Scientific Co. Interval Timer
Airguide !'umidity Indicator

Beckman Humi-Chek Precision Electronic Hygrometer
w/direct reading RH scaled 10 to 95%

Atlantic Research Corp. Desomatic, Model CB-8

Vertrod Impulse Heat Sealer, w/15-inch bar seal cap.

Thermatmn Corporation Environmental/Vibration Chamber,
Mod¢, F62-CHV-25-25-00, Chamber Volume - 4 1/2 ft. x
41/2 {t. x 3 ft, (60 cu, ft,)

Desiccant (Grade A silica gel) 560 units, consisting of:
68 - 4-unit bags (272 units)

17 - 16-unit bags (272 units)
2 - 8-unit bags (16 units)
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APPENDIX C

Tested Materials Listing

Reference Letter*

A, Transparent, Open-Cell Cushioning Material, Hexagonal Shape,
Pink Color, Electrostatic Free; IAW PPP~C-1842. Antistatic property added
in the form of a conductive surface layer over an extruded polyethylene resin.

B. Transparent Polyethylene Film, Pink Color, Electrostatic Free; IAW
MIL-B-81705. A nonlaminated plastic sheet formed from a homogeneous
antistatic resin mix.

C. Transparent Polyethylene Film, Pink Color, Electrostatic Free.
Antistatic property added in the form of a conductive surface layer over an
extruded polyethylene resin.

D. Opaque Electrically Conductive Polyolefin, Black Color. Volume
conductivity achieved from carbon loading of the plastic resin,

E. Opaque Foil Laminate Barrier, Coated, Green Color, Electrostatic
Free. Unknown antistatic property additive.

F. Transparent Laminated Film, Gray Color, Electrostatic Free,
Laminate of polyethylene a:.. polyester with the antistatic property achieved
with an outer coating of conductive nickel.

G. Opaque Thin Film Laminate, Silver Color, Electrostatic Free.
Laminate of polyethylene and polyester with the antistatic property achieved
with a sandwiched layer of metal foil.

H. Conductive Corrugated Fiberboard., Conductivity achieved from
carbon loading of the surfaces of the fiberboard. Used in sleeve portion of
fast pack.

i. Standard Corrugated Fiberboard, WS5c fiberboard used in sleeve

portion of reusable fast pack container; NSN 8115-00-101-7647, 9 inches x
6 inches x 2 1/2 inches.

*Capital letters indicate either claimed or previously proven antistatic
properties inherent with the material,
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Appendix C--Continued

jo Convoluted Polyurethane. Used as standard cushioning media for

!‘\:ZE tested fast pack container,
k. Polyethylene Foam. Used as replacement cushioning media for tested
. fast pack container.
L 1. Polystyrene Foam. Used as replacement cushioning media for tested
w fast pack container.
E. m. Transparent Flexible Cellular Cushioning Material; IAW PPP-C-795.
= n. Barmrier Material, Greaseproofed; IAW MIL-B-121.
= o. Barrier Material, Water-vaporproof; IAW MIL-B-131.
& p. Single-Faced Corrugated Wrapping; IAW PPP-P-291,
q. Single-Faced Corrugated Wrapping, w/Cohesive Properties,
B r. Kraft Paper Wrapping; IAW UU-P-268,
h s. Unicellular Polyethylene Foam, 1/16-inch thick sheet for pouches;
- . IAW PPP-C-1752.
2
t. Laminated Skin Packaging Film, Ionomer Resin/Nylon; for use in :t':
automatic packaging machines.
1
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