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ZVALUATION

The purpose of inis effort was to evaluaie hermeticity testing,
primarily the determinaticn of the sensitiviiy ranges for ihe helium,
radioisotope, fluorocarbon bubble and weight gain test technigues

of MIL-SID-883. & main objeciive was to esiablish a singie teszt
thai would ensurs coverage of ihe complete hermeiiciiy range required
for microelectronics devices used in Air Force equirmenti. The
evaiuvation showed that no single test is effective over ine entire
fine and gross leak rate ranges for all packages. However, it did

-

indicate for certiain packages, a weight gain test wilil suffice.

W

D

This stiudy utilized packages and fabricated leaks of various
shapes, volumes and maierials categorized by leak range to determine
test conditions and sensifivities. The same test sample was uled
10 evaluate zll1 test procedures. The program resulis, detailed in
this repori, are considered highly successful in defining leak testing
as it is knovin tcday, thereby, providing a sound technical basis for
revising existing hermetic seal itesting procedures. The findings and
recomnendations of this evaluation are usefuvl as a whole, but in the
following areas are considered significant:

a. Tightened helium and radioisotope test reject limits.

b. Verification of the Howl and Mann equation, using molecular
flow, to define gas behavior within specified limits of leak range
and package volume.

c. Radioisotope and helium leak detection techniques are
comparable if proper test conditions and equipment operation are
utilized.

d. WVeight gain testing, the most effective of the gross leak
test methods, is the only hermetic seal test required for packages
whose internal volume is greater than O.4ce.

In the area of leak testing at high temperature, the report
results are unfavorable. However, in-nouse testing at RADC/RBRM
indicates that a problem may exisi in certain tyve packages. Also
the data indicates that the proper geiltering material could enhance
test resulis. Therefore evaluations in these two areas will continue.

RADC, the prevaring activity of LIIL-STD-883, is responsible for
studying and updating the microcircuii quality and reliability assurance
procedures 1o provide reliavle, accurate and cost effective test meihods.
Results of this effort will be factored into Methods 1014, 50C4 and 5005
of MIL-STD-883. :

-

, J
L. AFarell

JOHN P. FARRELL
8olid State Appiications Section
Reliabilivy Branch
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SECTION I

INTRODUCTICON

This investigation was conducted under Rome Air Development Center Contract No.
F30602-73-C-0150 to determine the sensitivity ranges of Conditions A, B, and C of Method 1014
and proposed Condition E to determine if the ranges could be extended by changes in test
parameters or preconditioning of the test devices.

Seven microcircuit package types were screened to secure devices having leak rates ranging

from >10~3 <10~8 atmospheric cm> per second. The leak rates were confirmed by Test
Conditions A and B and by a weight gain technique.

All the test samples were subjected to a matrix of test times and pressures in helium and
measured with mass spectrometers, Veecco Model MS-12 and MS-90 UFT machines were used to
determine if pump-down rates had significant effects on the resultant data. Test times ranged from
2 to 8 hours and pressures from 30 to 90 psig. Curves were constructed for each package at each
test condition utilizing the formula in Method 1014 of MIL-STD-883. This permitted the formula
to be tested for validity and if valid, provided a base for testing the effects of the various conditions.

All the test samples were then subjected to a matrix of test conditions utilizing radioisotope
techniques. Tests were conducted with zero, one, and three wash cycles and with three levels of
specific activity: 277, 600, and 1397 microcuries per cmS. IsoVac Mark IV and CEC 24-510
machines were used for this part of the investigation. Tests were conducted at three different
storage pressurc levels to determine possible effects on the results.

Helium tests were then conducted utilizing a controlled orifice to determine if such a method
would extend Test Condition A to cover the gross leak range. Special fixtures were fabricated to
permit cach device to be tested for gross leak, then immediately for fine leak.

Temperature preconditioning was also evaluated using both helium and radioisotope
conditions. Two packages, onc metal and one ceramic, were pressurized while maintaining

temperatures of 50°C, 75°C, 100°C, and 125°C. The devices were read immediately upon removal
from pressurization in each case.

Pre-encapsulated polyimide as well as bombed-in fluorocarbons (FC-48 and PP-9) and vacuum
pump oil were tested as possible gettering materials. This was to determine if either the helium or
radioisotope range could be extended to cover the entire gross leak range.
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Casc and scaling materials were also evaluated to determine their gettering characteristics for
cither helium or krypton-85. This portion of the study was perfornmed to learn whether or not
acceptable devices were being rejected in some cases because of the absorption ability of these

materials.

C, bubble test was conducted on all test samples using FC-40 and PP-9 to evaluate the fluids,

repeatability of the test, and sensitivity of the test.

C, bubble test was performed on all test samples using FC-78/FC-40 and PP-1/PP-9 fluid
combinations. This was to determin. the best fluid combination, sensitivity, and repeatability of the

condition.

All the test samples were subjected to a series of weight gain tests. Tests were conducted on
cach package type using FC-77, FC-78, PP-1, and PP-2 as the indicator fluid. This was to dctermine
if all the fluids were acceptable and if not, which was the best. Each package type was subjected to
a test at 30, 60, and 90 psig to deternine possible effect upon the results. The condition was also

evaluaied to determine if tlie vacuum step is necessary.




» SECTION I

SCKEENING AND FABRICATING LESKERS

& ) Phase I of the preject was devoted to selection of samples from productioa line henmetic seal
rejects and fabrication of slass “standard Icakers.” The test devices were first categosized into
f { leak-range decades wiifizing the radioisotope techaique of Condition B, Method 1014 of

z ' MIL-STE-883. This techniquz provided device categories of 10'8, 10-7, 10_6, aad
s ' >i0 -6 atin c¢,s and “nonlcaken.” Condition B resulted in some gross leakers being detected as fine
' leakers and therefore being groupad in the fing-leak ranges. The “>10~6" and “nonicaker”
categories were then subjected to an FC-73 weight eain test ulilizing the fluid fill mie data
- ‘ published by Rayiheon in “Raytheon Weight Test Mcethod for Detecting Gross Leaks in Spiali
] Internal Volume Sziniconductor Packages.” The Raythecon data has been vesiied by Texas
Instruments (Figure 1). This mcihod provided leak-rance classifications of lO"S, 10"4, apd
>10~3 aum ccfs. Each test device was then assigned a serial number and grouped as shown in
Table 1.

* - k2] = - - - - - -
Glass “standard leakers™ swere fabricated by drawing glass tubing down into orifice sizes. The
“standard icaken™ were fabricated from thin-wall and thick-wall glass tubing of 14 inch O.D. The
procedure for fabricating the thin-wall tubing was as follows:

The tubing was cut into G-inch lengths and heated with a torch, a distance 2 inches from
one end uniil the tubing was soft.

The tubing was then pulled so as to cause the tubing to “reck down™ and separate. The

pull rate was controlled so as to produce a neck 1/2- to 3/4-inch long with an orifice of

varying size. There is no control on the size of orifice produced in thi, manner; therciors,
; several units were required to produce one acceptable unii.

The units were then concected to a drv nitrogen supply with a controlled giessure that
Pi r

»

PO XA Y

Y &1 could be varied from 0 to 100 psig. The orifice end was submerged in isopropanol and the
: , - pressure inside the unit increased until the pressure required to initiate bubbling was
f,j & obtained. This pressure was recorded and used to determine the leak rate.

f?;?{ The open ends of the units were then heated with a torch and sealed approximately one
F,z” , inch from the neck. The open end which extended beyond the seal was cut off and
@ : discarded.
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Table I. RADC Microcircuit Leak Rate Values

;
1
!
H
A
. Toes Ceraric Dzl In-Line (C-DIP) 70-100
, | No. No. Ne.
S ! Leak Raze Uniézs s Lesk Sats Unizs SN Leak Rate Units SN
E Nonleaiers 10 4013 Norfeaters 10 110 Nonteakers 1 111
3 l 10-8 s 19 108 13 1124 1078 12 1224
i 1077 12 102 107 20 2544 107 20 2544
2d —6 -6 ~6
k., 19 18 2239 10 12 4557 10 15 4559
; : 1073 15 5063 105 12 5379 1075 15 60-74
: 4 ; 107 7 6571 10~ 14 7184 1074 18 7593
] ; >10~3 29 7299 >1073 19 25108 >1073 9 93102
E Total 100 Total 103 Total 102
- i
E | .
£ !
¥ % by % All Ceramic
{ with Gettezing (C-PAK) MOS Dual In-Line (MOS DIP) Cesamic 1 inch by 1 Inch
No. No. No.
Leak Rate Units SN Leak Rate Units SN Leak Rate Units SN
1
| Nonleakers 12 1-12 Nonleakers 10 1-10 Nonleakers
10-8 12 1324 10~8 15 11.25 10~8
i 1077 21 2545 10~7 18 2643 1077
106 15 46-60 106 7 44.50 10~6 7 171
k-
1077 61-66 1075 23 5373 10”3
w04 94.101 07 6 74.79 1074
i >1073 27 67:93 »1073 22 80-101 »>1073 Units did not fit
; Total 101 Total 101 distributic.,
E]
)
)
10-3 Glass Standards % by % All Ceramic (C-PAK)
t
s No. No. Units No. Units No.
) Leak Rate Units SN Leak Rate {Small Vol.} {Large Vol.} SN Leak Rate Units SN
! Non Leakers 15 2649 Nonleakers 10 98-107
108 15 | 115 10~7 4 14 1078 g 90.97
' 1077 20 | so.e9 10-6 5 8 5.17 10~/ 19 7189
4
10~ 15 | 7084 10”5 4 9 18.30 1078 | 16 5575
;;' 107° 11 | 8595 10~4 4 6 31.40 1073 6 | 53-54;110-113
' 1074 19 ! os1s| >1573 1 40.51 10~4 20 3352
% - —_
a >10"3 6 | 2025 >1073 32 1-32
; Total 101 Total 17 34 Total 113
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The thick wall units were produced as follows:

The tubing was cut into G6-inch lengths and the heat applied with a torch to the end of the
tubing. The uniis were slowly rotated while being heated, causing the tubing to shrink
until the inside diameter was of the desired size.

The units were then checked for bubbling in the same manner as the thin-wall units. If
the unit did not produce the desired value, it was reheated and checked again.

After obtaining the desired value, the units werce sealed by heating the tubing and twisting
so as to scal the unit 1 inch from the orifice end. The open end which extended beyond
the seal was cut off.

The thin-wall leakers produced by this method were classed as large-volume units and the
thick-wall units were classed as small-volume units.

The leak sizes were then verified by helium mass sp.ctromete: (cchniques. Arter sealing, the
fine leakers were further verified by Test Condition %, Mewr ~ *914, MIL-STD-883 and the gross
icakers by the weight gain techniques. The cawegories f2brica.  are included in Table I.

Effort was also devoted to the ecvaluation of laser drilling as a means of creating
microelectronic package leakers of specific leak rates. The laser is controlled by a Texas Instruments
960A computer which controls the beam diameter as well as the number of pulses. The application
of this lascr does not require as close a tolerance on the beam diameter as wouid be required to drill
deep holes with very small diameters. Two types of material and package types were used during
this investigation: the TO-100 which is metal, and the 1 X 1 ceramic.

The laser would penetrate the TO-100 packages; however, the beam could not be focused to
produce a hole smaller than 0.015 inch in diameter. It was felt that since the energy of the LASER
beam was not uniform over the entire beam spot, that if the conect number of pulses were applicd,
would burn through, producing a much smaller hole. Due to the tolerance of the

k]

the “hot spots’
material thickness and the lack of precise control of the laser Leam, this could not be achieved. The
large | inch by 1 inch ceramic packages obtained from the production lines were nonleakers. An
attempt was 1azde to create leakers by using the laser drill. The ceramic was so thick that after
drilling half way through the material, the beam was adjusted so as to penetrate the material. This
produced a nole 0.015 inch in diameter which was considered too large for use in this study. It can
be concluded that for Jaser drilling to be effective in producing standard leakers, that the laser
should be designed to drill deep holes and maintain control on the diameter of the beam to within
0.5 micrometers. Since the fabricaticn of leakers from glass tubing had proved to be a successful
and controlleble process, further attempts at laser drilling were not made.




The internal volume of the devices was calculated by opening each package and measuring the
internal dimensions. The measu, .ments were made using a microscope with a scale scribed on the
) lens. The calculations were ver.1,.d by driiling a small hole in the package and filling the unit with

, FC-78. The volume of FC-78 was determined by measuring the weight gained by the device. This
information is included in Table II.

Table II. Calculated Internal Volume of Typical Devices

. Package Volume
TO-84 0.0060 cc

1/4 by 1/4 All Ceramic (C-PAK) 0.0120 cc

: Ceramic Dual In-Line (C-DIP) 0.0145 cc
‘;' *MOS Dual In-Line 0.0412 ¢cc
' TO-100 0.0858 cc
- Ceramic 1 Inch by 1 Inch 0.4475 cc
TO-3 1.0712 cc

: *Large Volume Class Standard 1.3100 cc
; *Small Volume Glass Standard 0.0320 cc

é *See Figure 2

: Figure 2. Fvamples of MOS Dual In-Line Device, Large Volume Glass Standard Sample,
& and Small Volume Glass Standard Sample
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Prior to initiation of evaiuation of the test methods, each device’s leak rate was measured by
radioisotope and helium techniques. The leak rate in terms of Qg for the radioisotope technique and
R for the helium technique was recorded. The R value was converted to L value using the graphs
(Figures 3 through 47) and the gross leak data. The gross leak data was used to indicate that the
device was on the portion of the curve that indicated a leak rate greater than the spectrometer way
able to detect due to gas escape rate. Pressurization values and bomb times were determined oy the
equations below. The reject criteria for comparison purposes were based upon calculated leak rates
(L,Q)of5 X 1077 10 provide a common data baseline.

Helium equation:

Lpg (M4 12 (Lt /w12 Lt, (MA 12
Ry = — |— | —e~ —_— - — | — [
! M © Ve, \M R Y W

where
Ry = the measured leak rate of tracer gas (He) through the leak in atm cefs
L = the equivalent standard leak rate in atm cc/s
Pg = the pressure of exposure it atmospheres absolute
P, = the atmospheric pressure in atmospheres absolute (1)
M A = the molecular weight of air in grams (28.7)
M = the molecular weight of the tracer gas (He) in grams (4)
t| = the time ot exposure to PE’ in seconds
ty = the dwell time between release of pressure and leak detection, in seconds

V = the internal volume of the device paciiage cavity in cubic centii seters

Radioisotope equation:

Q= — @)

SKTPt
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The parameters of Equation (2) are defined as follows:
Qs = The maximum leak rate allowable, in atm cc/fs, for the devices to be tested.

R = Counts per minute above the ambient background after activation if the device
leak rate were exactly equa! to Q.

s = The specific activity, in microcuries per atmosphere cm3, of the Krypton-85 tracer
gas in the activation system.

k = The overall counting efficiency of the scintiliation crystal in counts per minute per

microcurie of Krypton-85 in the internzai void of the specific component being
evaluated.

This factor depends upon component configuration and dimensions of the
scintillation crystal.

T = Soak time, in hours, that the devices are to be activated.

P= Pez-Piz, where P, is the activation pressure in atmospheres absolute and P is the
original internal pressure of the devices in atmospheres absolute. The activation
pressure (P,) may be established by specification or if a convenient soak time (T)

has been established, the activation prsssure (P,) can be adjusted to satisfy
Equation (2).

t = Conversion of hours to seconds and is equal to 3600 seconds ver hour.

Applying the parameters defined by solution of Equation (2), the actuai leak rate of the device can
be calculated as follows:

(Actuai Readout in Net Counts Per Minute) X Qg
Q= R (3)

where Q = actual leak rate of the device, Qg and R are as defined above.
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SECTION III
EVALUATION OF HELIUM METHOD
Phase 11 of the project was devoted to the evaluation of Test Condition A, Method 1014 of
MIL-STD-883, the equipment used for this method, and the effect of test parameter variables on
the sensitivity of the method.
This phase consisted of subjecting each test device and each glass st2ndard to each of the
pressurization onditions shown in Table III. The following format wus used as a guideline for this

phase:

Table I1I. Helium Time Pressure Matrix

Time Pressure {psig)

(Hours) 30 45 60 75 90
1 X X X
2
3 X
4 X X X X
5 X
8 X

Graphs were plotted using Equation (1) for all units for each time and pressure sequences
(Figures 3-47). The urats were subjected to each of the test conditions and leak values recorded.
Using the graphs {or each type of unit, the calculated leak rate values weic determined and
tabulated. The units were subjected to a minimum of 16 hours vacuum bake between each test
condition tu ensure no residual gas. The evaluation was performed using MS-12 and MS-90 UFT
Veeco niass spectrometers. The calibration of the spectrometers was checked each hour to ensure
no diift in calibration.

It appears from a rearrangement of Equation (1), that the graph could be plotied for 30 psia
and the calculated leak rate determined for any pressure by dividing the indicated value by the
bomb pressure in atmospheres to reduce the indicated reading to 1 atmosphere. This is shown by
the following:
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When Pg increases to 2, 3—N the value of R increases by a factor of 2, 3—N. Therefore, by using a
giaph plotted at one atmosphere and bombing at four atmospheres, for example, the R value would
be four times larger than the value on the graph. The true L value could be determined by dividing
the R value by four to reduce it to the one atmosphere graph value. It was verified from the test
results that the above statement is true. However, to eliminate any possibiiity of error, graphs were
plotted for ali test pressures. The values on the down side of the curve, 10_6, 10—5 , and 10_4,
were determined by using the initial weight gain data, which indicated the leak range. If the
evaluation had been perforined as a production test, a horizontal line would have been drawn on the
curve ty screen for the smallest value spedified and all readings above the line would have been
rejected (Figures 48-51). The graphs were plotted assuming that all units would be read-out one
hour after removal from the bomb. The units were, in fact, read within one hour, which resulted in
the gross leakers reading different values for different conditions due to the readout time
(Figure 52).

The test results on the packages with internal volumes <0.086 cc verified that the equation
defines the gas behavior from 1 X 10-8 L to approximately 5§ X 10~ L as shown in Figure 53. The
resvlts also show that the devices with L values greater than the value under the curve read less than
1X107%ina very shert time span. It can be concluded that the equation is true for devices with
internal volumes <0.086 ¢c. The data verified that the equation defines the gas behavior from
1X10~8L to approximately 5 X 1075 L for devices with internal volumes >0.45 cc. The data
shows that for the large volume packages (=0.45 cc), the escape rate which is defined by the

¢ VR, \ M (A

expression

is not valid beyond approximately 5 X 10~ L. Based upon the results of the 1 X 1 ceramic and the
TO-3. the magnitude of the escape rate is greater than that defined by the equation. The data show
that for the lurge package, as with the smaller packuge, the devices with leak rates greater than the
values under the curve read R values significantly less than the reject limit in a very short time span.
The escape rate of devices with leak rates in the 102 range was verified by monitoring the decay
rate over a 2-hour period on the gluss standurd leaks (Figure 54). It can be concluded that the
equation is true for all evaluated packages cver the range of 1 X 108 L to X 10~ L. The
equati.a was found to be invalid for L values greater than 5 X 10~ L. It should be noted that the
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1x10-5

R VALUES

1x10-8

1x10-8 1X10-7 1X10-6 1X10-5 1x10-4

L VALUES

Figure 53. R Values veisus Calculated L Values

test condition will detect leakers greater than 5 X 1073 L, however, the escape rate is high under
normal production test procedures and will be discussed under test results.

When tesiing some of the units, the mass spectrometer amplifier was reduced by a factor of 10
to enable readings to be made in the 107> range. The machine was calibrated using a diffusion-type
calibrator with a helium output rate of 5.2 X 108, All scales from 10~8 to 1070 could e
checked for one point linearly; however, the 10~2 and 10~ 19 could be questionable but the reject
criteria in all cases required the unit to have an indicated value of 108 or greater. All units were
tested a total of four times using the same pressure and exposure time to verify the repeatability of

the method.

Several significant points resulted from this evaluation.

1) The sensitivity of this technique proved to be more dependent on pressurization
time, time out of bomb, and package volume, than on the pressure used for exposure
to the tracer gas (Figure 55). Examination of Equation (1) shows that as t; in the

expression
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approaches « the value of ¢~ approaches 0, resuiting in this term approaching |
and thus producing 2 larger R reading. From the expression

— / )
VP, \ M

When t, is O this expression Lecomes equal to 1. As ty approaches e the value of

o

e~ X approaches 0, resulting in the value of R appioaching 0. Examining
expressions (B) and (A} with respect to V as V geis larger, and if i and t, are
constant, then the value of L must get larger to make expression (B) equal to
expression (A), as this is the point where the curve starts down. As L gets larger the

LPg <MA 12
P, \ M ©

expression

gets larger, resulting in a larger R reading. The exposure pressure appears in
expression (C) only, and since the teim is in atmospheres the effect on R is not as
great as the terms in the exponential function. Therefore, the sensitivity of the
method is affected very little by increasing the pressure 2bove 60 psig.

Table 1V depicts the data resulting from the matrix (Table III) in terms of the
number of leakers, assuming reject values of R> 5 X 10_8 and L> 5 X 10—7 for
volumes <0.1cc, and R>5X 10 7 and L>5X 10_6 for voluimes > C.1 cc,
detected at each pressure. The table shows that in most cases, if an R value is used as
a reject criteria, the number of rejects increases as the bomb time increases at each
pressure. As R increases, the actual leak rate L decreases. As an example, the L value
for the TO-100 is equal to 3 X 10~ 7 when bombed at 30 psig for 1 hour, with R
equal toS X 10~8 but the L value is equal to 8 X 10~8 when bombed at 90 psig for
four hours using the same 5 X 10~8 R value (Figures 23 and 27). If the units are to
be submitted to a helium test and rejected when R is equal to or greater than

5X 10“8, the bomb pressure and dwell time must be specified and observed;
otherwise the actual leak rate L will vary greatly [Figure 55(b) and (d)].




Table IV. Helium Evaluation - Number of Rejects at Test Conditions

R>5X 10—8, L>5X 10~/ for volume <0.1 cc
R>5X10~7,L >5 X 1970 for volume >0.1 cc

Bomb Conditions Package
Press Time T0-84 CPAK c-DIP MOS TO-100
psig Hours R L R L R L R L R L
30 1 18 16 75 61 39 33 23 20 68 64
30 4 15 13 69 64 50 36 27 24 69 62
30 8 19 15 75 52 58 38 25 20 67 61
45 1 16 12 67 63 48 40 19 19 67 62
45 3 18 12 71 60 54 36 27 20 68 63
45 6 16 13 59 a4 57 38 23 19 7 61
60 1 16 14 62 51 54 40 21 19 67 60
60 2 17 14 7 57 56 40 27 20 67 56
60 4 24 21 78 52 56 35 52 39 79 69
75 1 17 15 68 54 53 33 25 19 54 46
75 2 17 12 60 36 48 31 28 22 55 40
75 4 18 14 70 46 52 31 25 19 61 50
90 1 18 13 68 62 49 35 49 30 52 44
90 2 19 15 66 40 53 35 41 26 53 45
90 4 20 16 67 54 53 36 46 31 55 44
Bomb Conditions Package
Press Time 1 X 1 Ceramic TO-3 Large Glass Sinall Glass

psig Hours R L R L R L R L

30 1 14 4 58 43 19 17 17 7

30 4 18 6 52 40 27 18 17 6

30 8 28 6 64 33 30 19 17 4

a5 1 22 7 45 33 32 22 17 9

45 3 21 7 49 29 33 20 17 4

45 6 44 6 51 30 20 19 16 4

60 1 26 7 41 32 31 21 17 9

69 2 35 4 51 33 .34 21 17 7

60 4 37 |.5 | 85 | 3¢ | sy | 19 17 6

75 1 42 1 a2 35 % (™ “w |1 3

75 2 50 13 48 32 28 16 Sy 17 3

75 4 53 1 44 32 33 16 \‘.,’“, -3

90 1 47 12 52 40 28 14 17 7

80 2 57 6 §3 44 34 13 17 6

90 4 60 13 55 43 32 12 17 3

\.%5
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3)

4)

Table 1V shows that if an L value was used as the reject criteria, the number of
rejects was essentially the same for all bomb pressures and times up to 60 psi. One
advantage of specifying the L value as the reject criteria is that if the bomb pressure
or dwell time is inadvertently different than what is specified, all units will still be
tested at the proper value since L is a calculated value. Also, all units will be tested
to the same actual leak rate. In this case the R value will vary but will not affect the
results of the test.

The repeatability of the procedure is very dependent on the leak rates and time to
read of the devices being tested. Repeatability as discussed here is the machine’s
ability to read within the same decade on four data runs, not necessarily the ability
to detect the same rzjects four times. In the so-called fine-leak range, repeatable
readings occurred on from 70 to 87 percent of the devices on each of four test runs
at the same conditions. Lack of repeatability was caused primarily by devices with
leak rates in the 100 range and higher rates on small volume ceramic packages than
on metal can packages. Table V shows the percentage of fine leakers of each casc
type which exhibited repeatable readings throughout the four test runs and also the
percentage of the total sample, fine and gross leakers. which had repeatable readings.

Table V. Test Condition A Repeatability

Percent Percent Including
Package Fine-Leak Rango Only Gross Leakers
T0O-84 83 94
C-PAK 70 26
C-DIP 2l 64
MOSs 87 89
TO-100 77 93
1 X 1 Ceramic 80 56
TO-3 86 85

The object of the MS-90 UFT evaluation was to determine the capability of this mass
spectrometer in detecting gross leakers and number of units that can be tested per hour. This
machine is designed to have a very rapid pump-down ume, thus testing the devices before the
helium has a chance to escape. This rapid pump-down time frame occurs in the first 1-1/2 seconds
after the unit has been placed in the test chamber and pumping has begun. During the next one
second, a Pirani gauge is exposed to the pressure in the test chamber and if the pressure is low
eriough, the test valve is allowed to open. If the pressure is too high, the “gross leak”™ lamp will light
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and the test porticn of the cycle will be bypassed. In order for this machine to be consistent in

detecting gross leakers, the magnitude of expression

[—le

| veo \ bt

must be small enough to make the value of R larger than the reject point.

Test conditions were chosen to relate to a specific condition utilized in the MS-12 AB variable
data runs (Table VI). The devices were subjacted to a minimum of 16 hours vacuum bake and tested

for residual helium prior to this test sequence.

Table VI. MS-90 UFT - Device Preconditioning

Package

Bomb Pressure (psig)

Time (tq — hours)

TO-84

C-PAK

C-DIP

MOS

TO-100

1 X 1 Ceramic
TO-3

Glass Standards

30
30
30
60
60
60
60
45

- AN =S NN S e

The MS-90 UFT was calibrated as follows prior to the start of this sequence:

1) Checked and set the filament current.

2) “‘Peaked out” the machine to read the leakage of helium, which was marked on the

side of the calibrator.

3) Verified the zero and calibrator reading fo ensure no residual helium in the system.

A sensitivity check was made at the beginning and at the conclusion of the test sequence on each
package type. The leak indicator gauge was adjusted to indicate the leak rate limit and the devices

were categorized as good or reject.

An attempt was made to read variable data with the mass spectrometer operating in the
automatic mode. Unless the approximate leak rate is known, it is impossible to obtain reliable
variable readings because the 1-second sample time inherent in the equipment is inadequate to seek
out the proper indicator range. Therefore only fail/pass data was recorded. The data results indicate
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no significant differences in the number of gross rejects detected by this machinz. A few were
detected due to the faster read time and therefore gas still being in the units. This is a function of
read time and therefore a percentage cannot be placed on the number. The number of rejects
detected at each condition is shown in Table VII.

Table VII. MS-90 UFT Helium Evaluation — Number of Rejects
R>5X10"8and5 X 10~7

Pressure/Time (t1)

Package 30/1 45/1 60/1 60/2
TO-84 18
C-PAK 56
C-DIP 38
MOS 23
TO-100 69
1 X 1 Ceramic 40
TO-3 61
Glass Standards a7

The time required to classify as good or reject on an MS-90 UFT was approximately three
times as fast as the MS-12 AB system. The test sequence time on this particular machine varied from
8 to 9 seconds depending upon the volume of the empty fixture used. The spectrometer is more
efficient when the internal cavity of the fixture and the overall volume of the package is
approximately the same. There was no evidence of rapid pump-down being significantly more
effective in detecting gross leakers. The residual helium was a problem when testing devices which
had large leaks.

The results of this study indicate that the mass spectrometer, when set up as described above,
can be used to detect microcircuit seal leaks with a high degree of accuracy in the leak range defined

by the equation for each package type. The leak range limits of each package are discussed under
test results.
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SECTION IV

EVALUATION OF RADIO:SOTOPE

Phase III of the project was devoted to evaluation of radioactive tracer gas methods described
in Condition B, Method 1014 of MIL-STD-883.

Equation (2) in Section III was solved for each package type for Q=1X 10~8. The equation
indicates that the gas does not escape from the units, this did not prove to be true. All the gross
leakers detected by weight gain were not detected. The equation appears to be valid for the fine
leakers as both Test Conditions A and B produced the same results for the fine leakers. In order for
the equation to be completely valid, there should be a function to describe the escape rate of the
gas. The equation was solved using different (600 and 1200) internal count reject parameters, and
three (277, 600, and 1397) specific activity vaiues. The results are discussed below.

The units were subjected to a varying number of wash cycles (Table VIII) to determine the
effect on each package type (Table IX). The units were vacuum baked for a minimum of 16 hours
between each test sequence to ensure no residual gas. The testing was performed on two different
systems, a CEC 24-510 and an [soVac Mark IV to verify correlation between systems. The test
results indicate that the number of wash cycles, up to three, made no significant difference in the
readings. The repeatubility testing was performed a total of four times on each unit, using one wash
cycle.

Two of the repeatability runs were made with a specific activity of 600 and two with a specific
activity of 1397. The specific activity, when testing with the Mark IV, was 277. The data showed
that there was no significant difference in the results as long 2s the other parameters are chosen to
satisfy the equation. The units were tested using an internal count of 1200 and 600 counts per
minute as the R parameter of the equation. Varying the specific activity and the R parameters
allowed a varying bomb time wich no significant difference in the results. The tracer gas was stored

Table VIII. Krypton-85 Matrix

Wash Microcuries per cm3

Cycles 277 600 1397
0 X X
1 X X
3 X
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g Table IX. Radioisotope Test Results —

i

EA Number of Units Detected as Rejects

i CEC 1soVac

¢ Devices 24.510 MARK IV

12 ow w 3w ow w 3w
£

e TO-84 19 20 22 22 23 23
CPAK 56 51 52 49 50 47
g c-DIP 29 32 29 22 37 33
MOS 22 21 20 17 31 19
2 TG-100 42 44 48 44 a7 42
. 1 X 1 Ceramic 1 5 4 6 6 3
k TO-3 29 26 31 36 52 51
g_ Glass Standard 12 17 16 13 15 15

ACTIVATION PRESSURE AND TIME FOR Qs =1x10-8
VCLUME OF 0.1 cc ~ND LESS REJECTQ =5X 10~
'JOLUME GREATER THAN O.1cc  REJECTQ =5x 166

T A

at 0.3, 0.4, and 0.5 torr with no effect on the results. The data is shown in Table VIII and will be
discussed for cach package type under test resulis.

KRR AN

The following describes the procedure used for Phase II1. The equation

(2)

LR P.ewamw,«?.a‘

R
Q= =
SKTPt

was solved for each package type assuming Qg equal to 1 X 10~8 and R equal to 1200 and 600
counts per minute. The time T was selected in tenths of an hour as this is controlied by the design

. of the equipment. P was calculated so that the pressure applied to the units would not exceed
1 100 psia. The specific activity S of the gas was determined by comparing a sealed sample gas source
3 supplied by the Atomic Energy Commission with an activity of 24.5 ucurics/cc aad corrected for its
‘} : decay rate by using the following formula.
3’
3 0.693 t
i A=a o 280 )
4

where

A = activity now

A, = the original activity on the given date
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¢ = the natumal loz of 2
t = the elapsed time between the originzl measuremesnt 2nd now
T2 = (ke halfHife of the isotops
This value was calculated to be 10.54 pcuriesfoc and read 22,000 cts/min. A sample of g2s was then

taken from the system. This sampie volume was 0.05 cc and measured with 2 pipette mencury
assembly. The specific activity was then calculated by he equation

Ry ctsfmia System Sample

Vcc Patm

S preuriss/atm cc =
# R2 cts/min Std ©

A peuries

This equation will give a ratic of the cis/min to gcuries/cc of ihe system sample compared to ihe
standard as shown.

R, cts/mia R, cts/min
(7)

S pcurissfce A peuriesfce

Knowing Ry. A and measuring Ry, S can be calculated for a true valee althosugh the counting
efficiency of the system is much less than one. The specific activity of the system was caiculated as
¢ 30 pcuriesfcec with a 6.2X 1t cts/min for a 0.05 cc volume. Calculating the cts/min for this
volume with a concentration of 600 ucuries/cc, the reading should be 6.5 X 107 cts/min. This
reazing is off by a factor of 1.06 X 103 due to the counting efficiency of the system. This is
compensated for bty determining a K fa-:tor for each package tyoe as the material and geometrical
configuration will affect the counting efficiency. The K factor was determined by drilling a small
hole in six devices of each package type and attaching a sinall coppar tube so that a known amount
of gas could be placed inside the dzvice. The device was connected to the pipette mercury assemibly
and 0.02 cc of gas placed inside the device. The copper tube was then pinched closed at the device
and tre ctsjmin read. Six devices of each package type were read and an average reading calculated.
The K factor for the device was then calculated by the equation

. ] R cts/min
K cts/min gcuries = - 8)
S ucuries/atin cc P atm Vcc
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This can be redeoad o the following

; R R cts,min
K cts/mmin peugies = -—i— (9)
Cpounes

where € pouiies is wgral to the a2ctivity of the gas instde the unit. This &s 2 produc: of the volume of
s timas the spocific 20wty of the exe. Now if (e cts/min for 2 given volume of 2as contzined
inside a even packaee (ype was calculated. it would produse

=1

R=V sk {i¢)
with V. oquzi to the volume of zas. This approach allows for a system-iype calibration on cach
packase iyvp> being tested. Based upon the (st resulis of this stedy. the radioaciive-trecer-gas test
method will detect lzakers within the Ieak range limiis of each package with a high deasee of
accuracy. The leak range limits of each packase will be discussad in the 1251 section of this repori.

As with Condition A, the repeatability of the procedure is dependent on the leak rates being
within the sensitivity range for the devices being tesied volume. Tabie X shows ihe parcentage of
finz leakers of each case tvpe which exhibited repeaiable readings throughout the four test runs and
also the pareentage of the rotal samplz, finz 2and gross, which had repeatable readings.

Table X. Test Condition B Repeatability

Percent Pezcent Inciuding
Packags Fine-Leak Range Only Gross Leakers
7084 a8 a7
CPAK 50 €5
c-DI? 92 92
AOS 95 a3
T0-100 97 97
1 X 7 Ceramic g7 93
TO-3 97 53
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SECTION V

TEST RESULTS OF CONDITIONS A AND B

Pazses 1 2a6 IV test resuiis show that each package size must be handled individeaily, as any
eeneral statement would not hold true for 2ii pzckazes. Results are based on the reject himits of
5 X 10~ 7 for volumes ereater than 0.1 cc. For both mzithods to have a common baseline. the results
are based vpon L, a calculzied icak rate for Condition A and upon Q. a calculzied valus for
Coandition B. The R walus was detenmined by drawing a hodzontal line on the graph starting at
L=5Xi0"70r5X 106 as applicable 2aé rejecting ali values abeve the fine (Figures £8-51). The
resulis show that for the units with a volume less than 0.02 cc there was not an overap bziween
Test Coaditions A and B and Test Condition C. The gap between ihe iest conditions could be closed
in most cases by lewering the reject valie for the device. Test Condition A has z slightly broader
cetection range than Condition B. Tne total test time for Condition B is much less than
Congition A duz to the bomb times requircé. The accuracy of both Condition A ané Condition B
depznd vpon the sirict adherence 19 exact bomb pressures. dwell time, and time to readoui. The
seasitivity of the test conditicns and the number of rejects detected using current MIL-STD-883
conuditions are based upon single test runs with the resuits displaved in Tablz XI. The zesult of
performing the tests using the three reject criteria of MIL-STD-883 is dispiayed in Table XIl.

Tabiz Xi shows that the resuits of the tesl a5z dependeni apon the test condition: uszd and the
reject criteria of that condition. If the same Condition A, L value and Condition B. Q value are

Table XI. Comparison of Rejects Detected by Test Condition A
and Test Condition B, using 2 Common Baseline
QandL>5X 107 for volume < 0.] cc
Qand L> 5 X 109 for volume > 0.1 cc

Rejecrs Detected
Device Type Condition A Condition 8
60/1 Table i1
T0-64 14 20
CPAK 51 53
C-Dif 40 30
MOS 19 21
TO-100 60 44
1 X 1 Ceramic 7 6
TO-3 32 29
Large Giass 21 15
Smal! Glass [¢] S
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Table XII. Rejects per Failure Criteria of MIL-STD-883,
Condition A and Condition B

Cavice Type ] L Q
1083 16 14 34
CPAK 62 51 75
cow 53 ) &5
0S5 21 19 33
70-100 &7 a2 64
1X 1 Cerzmiz 2% 7 g
703 a1 n 75
Large Glass 31 21 32
Sm2il Glass 17 9 14

used, the results will be similar on those devices within the detection range as shown in Table X1
Test Condiiion A has a slightly broader detection range for scme package types than does
Condition B. This is peinted out by the excape rate percentage for each package (Table XIII).

The overkill and escape percentagss are based on {our iest runs performed on each device. The
overkill percentage is based on the number of times the test condition called a device in the 107 or
smaller ranse o 3ross leaker, with a gross leaker being defined as a device having a leak rate of
1X10 6 or greater. The escape puicentage is based upon the condition not detecting a leakerin a
specific range. The leak ratc of the escaping devices was known from the gross lesk data. This data is
displayed in Table XIII.

1. SENSITIVITY Or TEST CONDITIONS A AND B
A. TO-84 Package (0.006 cc Internal Volume)

The TO-84 was the smallest voluiic package tested. It can be seen from the graphs
(Figures 3-7) that if the 5 X 10~ 7 L value is used as a reject point, the sensitive range of the test is
from 5 X 1077 to 2 X 1076, If the R value of 5 X 10~ is used with 1-hour bomb time at 60 psig,
the sensitive range is extended to include from 6 X 10-8 to approximately 3 X 10~6. These ranges
are verified by the fact that 92% of the devices known to have leak rates larger than 1 X 10~ were
not detected by Condition A. Test Condition B data indicate that it has slightly less range than
Condition A towards the gross end. Eight-nine percent of the devices known to have leak rates
larger than 1 X 10~3 were not detecied, which is not significantly different from Condition A.
However, 33% of the devices having leak rates of 10-6 escaped; whereas 47 of this group escaped
on the Condition A test. The 106 group escape rate is reduced to 17% if a reject point of
5X 10_8 (current limit) is used and to zeroifa 1l X 10~8 timit is used.
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The overkill on Condition A was 1% and on Condition B 2.5% with an overkill being defined as

a fine leaker which is classified as a gross leaker by the test condition.

AL b
USRIy ST

There is not an effective overlap of either Condition A or Condition B with gross leak test
conditioas for packages of this volume.

K DA Lok

B. C-PAK (0.012 cc internal Volume)

The graphs (Figures 8-12) which result from the soiution of the Test Condition A formula
indicate that if 2 5X 10~ 7 L vawe is used, the sensitive range extends to 5 X 10~6. If the
5 X 10~8 R value is used with a 1-hour bomb at 60 psig, the range is 9 X 1078109 X 106, The
daia tend to support these ranges with the 42% escape rate of devices known to be in the 16—6
range. However. the escape rates in the 103 (42%) and 10—4 (55%) points out that Condition A
does have some sensitivity bevond the point indicated by the graphs on packages of this volume.
Time from release of pressure to read this sensitivity into the gross range is a function of (t,) and in
a practical sense cannot be utilized to replace a gross leak test. The Test Condition B data indicate
that the sensitivity range is essentially the same as that of Condition A. The escape rates in the
1070 and 103 ranges were slightly higher, 61 and 53% respectively, but the escape rate in the
10-% group was lower, 43%. The escape rate in the 106 group is reduced to 37%, comparable with
Condition A.if a 5 X 10™S limit is used.

The overkill rates were higher (5% on Condition A and 7.3% on Condition B) than on the
metal can TO-84 devices. Because of the makeup of the population being tested, that is the majority
of tiie devices being leakers of some magnitude. these overkill rates may be higher than would be
encountered in a population having a normal distribution.

As indicated by the escape rates in the gross ranges (l()'5 and 10"4'), there is an overlap but it
must be defined as helpful but not dependable in terms of removing these gross leakers.

C. C-DIP (0.014 cc Internal Volume)

Figures 13-17 show that at an L value of 5 X 107 the sensitivity range extends to 6 X 10—6
and at an R value of 5 X 107 -8 using standard bomb conditions, the range is from 9 X 10“8 fo
I X 1075, An analysis of the data indicates that the range is slightly less than indicated since 15%
of the devices having leak rates in the 10-% range escaped using the 5 X 10~7 L value and 6% of
this group escaped using the 5 X 10~8 R value. However, some of the leakers in the 10—4 group
were detected by the method which, as witih the C-PAK, indicates that t, is a critizal factor in
detecting gross leakers by Condition A. The sensitivity range of Condition B is apparently slightly
less than that of Condition A since 46% of the devices in the 106 group escaped detection using
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the 5X 10~/ limit. However, if the current 5 X 10-8 Q limit is used, the escape rate in the 10~6
group is reduced to 3%.

The overkill rates were 3.3 and 2.4% respectively for Conditions A and B using the 5 X 10—7
limit in both cases. Some siight increase is noted if the limits are lowered, but as pointed out eariier,
these are not nonmal distributions.

Based on the fact that some escapes do occur in the 10'6 range with the conditions, an
overlap with the bubble gross methods does not exist but the fine and gross methods do meet if the
proper limits are chosen for the fine leak tests.

D. MOS DIP (0.041 cc Internal Volume)

Figures 18-22 show that at an L value of 5X 10"7, the sensitivily range extends to
2.5X 107 and that if an R value of 5 X 10~ is used at standard bomb conditions (1 hour at
60 psig), this range is extended from 1.7 X 10~7 t0 3.7 X 10™>. The data verifies this because all of
the devices in the 100 group were detected as leakers and the escape rate in the 103 group was
46%. 1f the 5 X 10~ 7 limit is used for Condition B, the sensitivity is reduced significantly because
with this iimit the 106 group had an escape rate of 43%, although the escape rate in the 107 was
50%, about the same as Condition A. If the current Condition B limit of 5 X 10-8 is used, the
escape rate in the 106 group is | 1%, again indicating that Condition B is slightly less sensitive than
Condition A on a package of this volume.

The overkili rates on this package were 1% on Condition A and zero on Condition B.

There is an overlap with gross lcak methods with this volume as indicated by approximately
50% of the devices in the 1072 range being detected on both of the test conditions.

E. TO-100 (0.086 cc Internal Volume)

Figures 23-27 show that with the 5 X 10'7 L limit, the sensitivity extends to 7 X 10“5 and
with the 5 X 10~S limit at standard conditions the range is from 2 X 10~7 t0 9 X 107>, The data
indicates that this range is covered since the escape rates were 2% in the 10—6 group and 3% in the
10— group when the 5§ X 10=7 L limit was used. Only 2% of the devices in the 10—4 group
escaped which indicates that with a short t, time many gross leakers will pe detected when
Condition A is used. With the 5 X 10~/ baseline limit, the sensitivity of Co. dition B was
significantly less than that of Condition A since 24% of the 106 group and 22% of the 10 group
escaped. However if the 5 X 10~8 MIL-STD-883 limit is used these escape rates are reduced to zero
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and 3% re<pectively. The escape rate in the 10-4 group was 3.2% with either of the limits which
indicates good extension into this range.

The overkili factors were 1.4% for Condition A and 2.3% for Condition B which are about the
same as experienced with other packages.

There is a good overlap with the gross leak conditions provided the prcoer fine leak reject
limits are used. This is pointed out by the low escape rates in the 10~ and 10~4 groups.

F. Ceramic Package (0.45 cc Internal Volume)

Figures 28-32 show that if the 5 X 10"6 L value is used, the sensitivity extends to 4 X 10'4,
and that if the 5 X 10~/ R value is used, the sensitivity range is from 2 X 1076 to 5X10~% at
standard bomb conditions. The data failed to verify these sensitivity ranges. Escape rates ranged
from 86% in the 10~6 group to 25% in the 1074 group with 10_5, 10"3, and 102 groups falling
between these extremes when the 5 X 10'6 L reject vaine was used. However if an L value of
1X106 s used, the escape rate drops to 1.4% in the 10~ group to zero in all other groups
including 10~2, If the L value is further reduced to 7 X 10"7, no escapes Occur.

The sensitivity of Condition B was poor on this package because of the high surface count rate.
Table XIV shows that the surface absorption causes indications of leaks in the 10~7 range through
the first hour after removal from the bomb. This sorption on the actual devices varied over a wide
range and by the time desorption occurred, the internal tracer gas level was reduced to a point

Table XIV. Surface Absorption on 1 X 1 Ceramic
Lids with Epoxy Sealant
(All DataX 10~ 8 atm cc/sec)

Time to Read After Coaditioning (Minutes)

Epoxy 15 30-35 60-65 90-95 120-125
A 40.0 20.0 10.0 4.0 20
A 40.0 19.0 9.0 3.0 1.0
A 39.0 9.0 9.0 3.0 1.0
D 38.0 18.0 9.0 3.0 1.4
D 40.0 20.0 9.0 25 1.0
D 41.0 I 20.0 9.0 3.0 1.2

A = Ablestick

D = Duraseal
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which allowed the escapes. The situation is further complicated by some percentage of the beta
particles apparently having sufficient energy to penetrate the ceramic. This part of the count cannot
be differentiated from surface count.

There were no devices in this group in the fine-leak range so an overkill factor could not be
established.

Test Condition A overlaps through the 10~2 range but the escape rates on Condition B require
that the gross range be fully tested by other methods if Conditicn B is used.

G. TO-3 (1.07 cc Internal Volume)

Figures 33-37 show that if the L value of 5X 10_6 is used, the sensitivity extends to
9 X 10~4 and that if the 5 X 10~/ R value is used, the range is from 2 X 1076 to 1 X 1073, As
with the large ceramic packauge, the data did not verify this range. The escape rate was 32% in the
1077 group using the limits stated above. Escape rates in the 10"4, 103 , and 10—2 groups were S,
0, and 14% respectively. The escape rate is reduced to zero in the 10— group and 10% in the 10~4

group if the L limit is reduced to 5 X 10~7.

The sensitivity range of Condition B was essentially the same as that of Condition A if the
same baseline limit of 5 X 100 was used. The escape rate was 33% in the 106 group, 5% at 10"4,
zero at 10™3 and 28% in the 10~2 group. These escape rates are reduced to 11% in the 10~ group
and to zero in the 10~% and 103 groups if the current specification limit of 5 X 10~8is used.

Overkill rates were unacceptably high on this package, 11% on Condition A and 17% on
Condition B. Further analysis of this test group indicated that the problem was caused by voiding in
the weld flange area on the devices and not by the test conditions themselves.

The overlap with gross leak test conditions is good ¢xtending through the 103 range and well
into the 10_‘2 range provided the proper fine-leak limits are used.

Maximum sensitivity in terms of extending Corditions A and B ianto thc gross leak ranges is

shown in Table XV. It requires that all Condition A limits be lowered and that Condition B limits
for packages having internal volumes of less than 0.01 cc be lowered.
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2. CONDITION A REPEATABILITY (TABLE V)

A. TO-84

Ninety-four nercent of these devices read in the same leak rate decade on 2ll four of the data
runs. One of these failing to repeat was in the 10~ range, four were in the 106 range, and only
one in the <10~ range. Even though these readings failed to repeat, the device in the 10— range
and three of those in the 106 range would have been rejected on all four of the test runs.

B. C-PAK

Overall repeatability on this ceramic package was very poor, only 26% of the devices had
consistent readings on all four data runs. On the devices which had leak rates of < 10‘6, however,
the readings did repeat on 70% of the devices. The devices in this <10~ group which failed to
repeat were called gross leakers on one of the tests and in the case of one device, two of the tests.

C. C-DiP

Overall repeatability on this package was 64% with a 71% repeatability on those devices having
leak rates of <10"6. As with the C-PAK, the cause of nonrepeatability in the fine-leak range was
due to the devices being called gross leakers on one or more of the test runs.

D. MOSDIP

Eighty-nine percent of the devices in this group had readings which repeated on all four of the
test runs. Eighty-seven percent of the devices in the <10~ range had readings which would have
consistently rejected or accepted themtoa 5 X 10~8 R criteria.

E. TO-100

Ninety-three percent of these devices had repeating readings in each of the test runs. All of the
devices which failed to repeat were called rejects on one or more of the test runs.

F. 1X 1 Ceramic

Fiftv-six percent of the devices in this group had readings which could be termed repeatable.
This seems low, but it must be pointed out that all the devices in this group had leak rates of 10~ 6
or greater. If one considers only those devices with leak rates of <10_3, then 70% of the readings
were repeatable and if the population is further reduced to include only those devices with leak
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rates of <10*4, 72% of the readings are repcatable. Eighty percent of devices in the 10— range
had consistent readings in all four of the test runs.

G. TO3

Eighty-five percent of this group had repeatable readings on all four of the test runs.
Twenty-seven percent of those failing to repeat had leaks of 10~4 or larger and the rest were in the
10— range.

3. CONDITION B REPEATABILITY (TABLE X)
A. TO-84

Ninety-seven percent of the devices had readings which repeated on all four of the test runs.
Those which failed to repeat with one exception were in the 10— range. More than 98% of the
devices with leak rates of <100 had repeatable readings on all runs.

B. C-PAK

Sixty-five percent of these devices had readings which repeated in all four test runs. Sixty
percent of the devices having leak rates < 10~6 repeated each time; however, only 10% of those not
repeating were in the < 106 range.

C. C-DIP

Ninety-two percent had repeated readings in the four test runs. Those which failed to repeat

3 and 106 ranges with some of the test runs classifying them as rejects and others

as good devices to the present 5 X 108 specification limit.

were in the 107

D. MOSDIP
Ninety-six percent of the devices in this group had repeatable readings through the four test

runs. Those which were nonrepeating were devices which shifted between the 10~8 and 10~
ranges. If only the devices in the € 106 range are considered, 95% had repeatable readings
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E. TO-100

Ninety-seven percent of these devices had readings which repeated on all four test runs. Those
not repeating were in the 106 range and were not detected as leakers on one or more of the test
runs. The 97% is also true if only the devices in the <106 range are considered.

F. 1X 1 Ceramic

Ninety-three percent of these devices had repeatable readings and with the exception of one
device, the nonrepeaters were in the 10"2, 10—3, and 104 ranges. If only the 106 range is
considered, 97% of the devices had repeatable readings.

G. TO-3

Ninety-eight percent of the devices had readings which repeated on all four test runs. Both of
those not repeating were in the 10~6 range and were read in the 10~° range on two of the four test
runs. In the <106 range, the readings were 97% repeatable.
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SECTION VI

SURFACE ABSORPTION

This phase of the study was conducted with 25 C-DIP lids, 30 | X | ceramic lids, CV98 sealing

glass, and Ableseal and Duraseal sealing compounds. The C-DIT and 1 X 1 packages will be discussed
separately.

The 25 C-DIP lids were subjccted to a 60 psig, 4-hour bomb in helium. Five each of the lids
were read at intervals of 1, 30, 60, 90, and 120 minutes. Readings in each case were completed
within 5 minutes. This procedure was used to negate the effect of pre.ious vacuum cycles on the
lids. The readings progressed downward from a maximum of 2.8 X 10~3 at 1 minute to 3 X 1079
at 30 minutes to 3 X 10~ at 60 minutes to 5 X 10719 at 90 minutes to zero at 120 minutes. This
indicates that surface sorption would be a problem only on marginal devices read immediately after
removal from bomb if a limit of <5 X 10~8 was being used.

This procedure was repeated with krypton-85 using a bomb time and pressure equivalent to a
test with a 1 X 10~8 limit on a package of this volume. All 25 of the lids read zero at >1 minute so
no further readings were taken. The vacuum cycle inherent in the Radiflo systems for storage of the
krypton-85 evidently removes zii gas which has been absorbed by the ceramic.

The C-DIP lids were then cured with the sealing glass by processing through a furnace at
normal sealing temperatures. The lids were then rebombed at the same conditions used previously.
There was not a significant change in the values. The maximum readings were: 3 X 1078 at
1 minute, 4 X 10~2 at 30 minutes, 2 X 10~ 2 at 60 minutes, 5 X 19~10 4t 90 minutes, and zero at
120 minntes.

The lids were then resubjected to the radioisotope test with significantly different results. The
maximum readings were: 7 8 X 1078 at 1 minute, 7 X 10~8 at 30 minutes, 5.8 X 10~8 at
60 minutes, 5.5 X 10-8 at 90 minutes, and 5.1 X 10—8 at 120 minutes. There were also lids that
read zero and 1X 10~8 at one minute, this Jed to an examination of the lids which showed seal
glass voiding to be more pronounced in some than in others.

For the C-DIP package, it can be concluded that surface sorption is not a problem during
Lizlivin testiag if the test limit being used is in the 10~7 range but that it could result in overkill if
the limit were less than 5 X 10™%, The sorption resulting from voids in the sealing glass can result in
overkill of this package at the normal 5 X 107 8 radioisotope limit.
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Tweaty-five of the 1 X 1 ceramic Iids were subjocted o the sumes initiz] prooadures as were the
G-DIP lids. Tie maximum readings afier helivm bomd were: § X 10‘3 2t | minute, 2.7 X 10"3 at
30 minutes, 2.2 X 10~° 2t 60 minutes, 1.5 X 10~5 2t 90 minutes, 2nd 8 X 1072 21 120 minutes.
This indicetes that the surfzce sorpiion woul be 2 fector 2t Jimits of 1 X 10~7 or less. The Bids 2l
read ze70 after subjection to ike radioisotope test. As with the C-DIP, ihis cxn be 2unbuted to the
vacuwm poriion of the Radiflo store cyclz.

The lids were thza divided into two groups with Ableseal strips being cured onto one group
and Duraseal onto the olier zroup. Aficr subjoction to the same helinm bomb conditions, the
maximum readings in the Ablescal group were: 2.1 X 1076211 minuie, 1.2 X 10~6 2130 minutes,
62X 1077 at 60 minutes, 4.5X 10~7 21 90 minutes, 2nd 2.5 X 10~7 2t 120 minutes. In the
Duraszal group the maximums were: 3.3 X 10-7 a2 1 minsie, 6.2X 10-8 a 30 minuics,
3.5X 107 at 60 minutes, 2.5X 10~S at 90 minutes, and 1.5 X 2075 a1 120 minutes. Similar
results were obtained on the redioisoiope test. The maximum readings in ihe Ableszal group wene:
4X107 at I minute, 2X 107 a1 30 minutes, 1 X 107 21 60 minates, 4 X 19-8 2190 minulcs,
and 2 X i0~% at 120 minutes. In the Duraseal eroup the maximums were: 4.1 X i0~7 a1 minuie,
2X10~7 at 30 minutes, 9 X 10™5 2t 60 minutes, 3 X 10~S at 50 minutes, 2nd 1.4 X 1078 at
129 minutes. Voids in the scaiant coniribuied io these valizs.

These results point out that each ceramic and sealing system must be ezaluated to determine
what the absorption problems are. Approprate wait times must bz established frem out-of-komb o
read but must be kept within limits which will allow detection of ihe actual hermeti. 5:al failures. It
is apparent from this data that high owverkill andfor escapz rates can occur with large ceramic
packages unless these absorption factors are considered.

The total data, C-DIP and large ceramic, also point out that no general rule can be applied and

that each package having a different type of ceramic and/or different sealing material must be
evaluated prior to starting a test program on the packagz.
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SECTION VI

TEMPERATURE PRECONDITIONING

This phase of thz study was conducted using ihe TO-100 and C-DIP units. The test was
conductzd by installing a heater inside 2 helium pressure bomb and maiataining temperatures of
50°C, 75°C, 100°C, and 125°C whilz bombing the units at 60 psig for 1 hour. Upon completion of
the hour bembing, the units were ested while maintaining the specified temperature until time of
reading. The units were then placed into a large brass fixture and heated to 75°C, 100°C, and
125°C. The units still in the fixture and at tempersiure were then subjected to a radioisotope test.

The test results are shown in Figure 56. The ceramic devices exhibited the same charactcristics
in both helium and krypton. That is, the devices characterized towards the gross end of the range at
25°C moved towards the finer end of the lesk range at increased temperature. Devices which
indicated leaks in the 1076 and 10~7 atm ccfs range moved toward or into the o8 range. The
metal can device 122k rates tended to spread in helium as the temperature was increased, moving
from the 16=6 and 16~7 range toward the 10~8 and 10-3 ranges. At 1Z5°C the population
showed a strong tendency io move back toward the fine end of the range. The same spreading
occurred in Krypton at 75°C as with the helium but further increases in temperature shifted the
population toward the gross end of the range, resulting in signiﬁcantly different disiributions at
125°C.

The resulting conclusion is that temperature preconditioning does not improve the sensitivity
of eithier of the fine leak test conditions. In fact, it adds a variable whici, would allow unacceptable
ceramic devices to be accepted and causes some metal devices which are acceptable at room
temperature to be rejected and others which should be rejected to be accepted. Because of these
factors, temperature conditioning and/or testing is not recommended for microcircuit seal testing.
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SECTION VI

GETTERING EVALUATION

This phase of the study was conductzd to deiermine the feasibility of using encapsulated in or
bombed in gettering materials to detect gross leakers by either the helium or radioisotope fine-leak
conditions. Polyimide, FC-48 fuorogcarben, PP-¢ fluorocasbon, and vacuum pump oil were
evaluated as gettering agents. The pac.age types used were the TO-84, the C-PAK, and the MOS
DIP. The evaluation of the fluorocari,uns utilized 10G devices of each package type. The polvimide
evaluation was conducted on 100 C-PAK devices and the vacuum oil evaluation was conducted with
ten MOS DIP packages. Small volume packages were used because normal Condition A and B escape
raies in the gross range are much higher than with relatively lurae volunc packages.

The C-PAK devices containing polyimide were rejects from a special process line. They were
screened and categorized by the procedures described in the discussion of Screening and Febricating
Leakers. The leak rate categories of the devices are shown in Table L. The devices were tested at the
standard conditions of Conditions A (helium) and B (radioisotope).

The helium results are shown in Table XVI. There was 2 noted improvement in terms of escape
rate in the 10~0 and 1079 ranges over those devices which did not contain polyimide. The escape
rate in the 10~ group was 6% where it was 41% in the ungettered group. In the 10— group, the
devices containing the polyimide had an escape rate of 33% and the ungettered group had an escape
rate of 42%. There was also a marked change in overkill rates however. The nongettered group had a
5% overkill rate, this increased to 18% with the use of the polyimide.

Table XVI. Overkill and Escape Rates
with Getters Using Helium

Polyimide £C-48 PP.9

Overkill %/Range

<10-6 18 0 0
Escape %/Range

16~6 6 91 100

10-5 33 8e 100

10~4 100 100 85

10~3 100 - -
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The radioisotope results are shown in Table XVII. The imiprovement in escape rate in the 106
range was very significani. The escape rate in the 106 range was zero as compared to 37% in the
ungettered devices. In the 105 group, the escape rates were 17% for the gettered devices and 20%
for the ungeitered ones. The overkill rate in the gettered group was 2%.

Table XVIi. Overkill and Escape Rates
with Getters Using Krypton-85

Polyimide FC-48 PP-9
Ove.kill %/Range
<10-6 2 10 2
Escape %/Range
10~6 0 43 36
10~5 17 54 67
10-4 1006 22 30
10-3 S6 - -

The TO-84, C-PAK and MOS DIP devices which were used to evaluate the fluorocarbons are
the same ones used in other phases of the investigation. Their leak rate values are shown in Table 1.
They were processed in the following manner.

The devices were placed in a pressure vessel and the pressure reduced to 1 torr, this condition
was maintained for | hour. The fluorocarbon which had been preconditioned by bubbling helium
through it was then introduced into the vessel without breaking the vacuum. It was pressured to
60 psig with helium and this condition was maintained for a period of 2 hours. Each unit was
allowed to air dry for a period of 2 minutes prior to testing to allow the fluorocarbon on the
external surfaces to evaporate.

Results were negative in that the escape rates were much higher in the gross ranges than when
no gettering was used. In the 106 range, the escape rates were 91% with FC-48, 100% with PP-2,
and 41% ‘with no getter. This was caused by fluorocarbon vaporization during the initial
pump-down of the mass spectrometer which resulted in excessively long pump-down times being
required for the machine to reach test vacuum levels. With the MS-90 UFT system, this results in all
devices being classified as gross leakers,

After a 16-hour vacuum bake which was also used between each FC-48 and PP-9 test run, the
devices were subjected to the radioisotope test. The devices were baked at 100°C for 1 hour and
immediately immersed in the fluorocarbon when removed. After 30 minutes in the fluorocarbon,
they were removed, allowed to air dry for 2 minutes, then bombed in krypton-85 at the 1 X 10-8
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conditions for each package. The escape rates were not improved over the no gettering process; in
the 106 group, the escape rate was 48% with FC-48, 36% with PP-9, and 37% with no gettering.

The MOS DIP devices, which had been specially prepared by drilling a hole in each lid, were
used to evaluate the vacuum pump oil. This was done to prevent the test samples used for the other
phases from possibly being contaminated rendering them unusable for further testing. The devices
were baked at 100°C for a period of ! hour and immersed in the vacuum pump oil. Afier
30 minutes they were removed and the external oil removed with freon. The devices were then
bombed with krypton-85 at conditions equivalent to 1 X 10~8 Condition B test. All of the devices
were detected as leakers when they were read after removal from the bomb.

It was noted that oil had Jeaked out of some of the devices contaminating the suriace of other
devices. In a normal distribution of devices this might result in overkill but could be prevanted by
proper holding fixtures for use ir: the pressure vessel.

None of the gettering agents proved to be feasible from a production standpoint. The
fluorocarbons were ineffective, the polyimide allowed all or most leakers in the 10~% and 10~3
ranges to escape, and the vacuum pump oil process is not cost-effective because of the clean-up
procedures required to assure that all oil is removed from the external surfaces prior to exposure to
the tracer gas.

The data indicate however that an agent which could be encapsulated into the device and
which had better gettering characteristics than the polyimide would work. The pclyimide
significantly 1educed the escape rates in the 106 range; therefore it is reasonable to assume that a
material which would absorb better would improve the escape rates in larger leak rate ranges. The
data also indicate that a material which had the gettering characteristics of the vacuum pump oil
and which could be removed from the external surfaces by an inexpensive process could be
successfully used to detect gross ieakers with the fine leak test conditions.
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SECTION iX

CONTROLLED ORIFICE EVALUATION

This phase of ihe study was devoted to an evaluation of using a mass spectrome-er to detect
gross leaks by using an orifice at the input to limit the flow of tracer gas into the marhine. [t was
assumed that if a constant pressure, having a magnitude that would allow the spectrometer to
reraain in the “Test” mode, could be maintained, that gross leakers couid be detected This would
be accomplished by constantly monitoring the gas flowing ouf of the device through the orifice
from the tune the device was ins.rted in the fixture rather than having to wait until the fixture
cavity was pumped down after insertion. This delay to pump down the fixture is believed to
contribute to gross leaker escapes by allowing the helium concentration in the device to reach a
nondetectable level before the machine reaches test pressures.

A special test fixture having two ports was fabricated for this evaluation. One of the ports was
connected to the intake manifold of the mass spectrometer through a Veeco type VV-59 adjustable
leak valve which was used as the orifice The other port was connected to the manifold of the mass
spectrometer through a Hoke valve. This arrangement is shown in block form in Figure 57.

CONTAOLLED
ORIFICE

MASH
SPECTAOIAETER
FIXTURE

0.
Loy

Figure 57. Block Diagram of Controlled Orifice Test Setup
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The test sequence used was to bomb the device in helium, insert it in the fixture immediately
upon removal from the bomb, read the device through the orifice (Hoke valve closed), and if no
indication of a gross leak occuvrred, then read through the no-orifice line. The devices were left
connected through the orifice for a pe.iod of 1 minute and were classified as gross leakers if the
reading increased one major scale division within the period. For exzmple, if the reading was
5X10~8 at time zero, the device was rejected if the reading increased to 6 X 10—8 during the

I-minute period.

Three metal can package types were used for this evaluation, the TQ-84, the TO-100, and the
TO-3, in order to cover a large internal volume range. The TO-84s were subjected to three test runs
and the other packages to one test each, making a totai of 500 test samples. All devices were
bombed at 60 psig in helium, the TO-84s for 2 hours, and the larger packages for 1 hour.

The results are shown in Table XVIII. The method did detect some of the TO-84 gross leakers
which had been missed when the orifice was not used, however the escape rate v, as still 38%. The
test was less effective on the other packages yielding larger escape rates than had occurred without
the orifice being used. The overkill rates were very high, 9% on the TO-84, 51% on the TO-100 and
35% on the TO-3.

Table XVIH. Overkill and Escape Rates Using
Controlled Orifice Helium Testing

T0-84 TO-100 TO-3
Overkill %/Range
<10-6 9 51 35
Escape %/Range
»10-6 38 26 67

These facts, high escape rates, and aigh overkill rates coupled with the longer time required to
test each unit led to the conclusion that controlled orifice testing would not provide any effectivity
improvement for microcircuit seal testing.
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SECTION X

INTRODUCTION TO GROSS LEAK TEST CONDITIONS C AND E

The object of this part of the study was to evaluate Test Condition C of MIL-STD-883,
Method 1014, and the proposed weight gain test, Condition E. The units which were used in the
valuation of Test Conditions A and B were used for this study also. Prior to starting the study, ail
ledk rate values were verified to ensure that the units had not plugged or opened-up in such a way as
to give erroneous indications. The units were grouped and retained the original SN, although the L
value may not have remained the same. The number of devices in each leak rate decade is shown in
Table XIX. This study was conducted using the following fluorocarbons:

M Flutec
FC-40 PP-9
FC-78 PP-1
FC-77 PP-2

The purpose of using six fluorocaroons was to determine if there was an optimum fluid or
combination of fluids for Condition C or Condition E. In order to perform the testing with a
minimum probability of damage to the units, the following test sequence was followed:

1. C; bubble
2. Weight gain

3. Cybubble
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! Table XIX. RADC Microcircuit Leak Pate Values
; (Condition C and E)
i ~
i B =
{ Yaby % Ceramic MOS
; TO-84 All Ceramic Dual In-Line Dual-In-Line
‘5 (C-PAK)} (C-DIP} (MOS DIP)
No. No. No. No.
: Leak Rate Units Leak Rate Units Leak Rate Units Leak Rate Units
]
1
<10-6 57 <106 10 <106 45 <106 60
10-6 6 10-5 47 10-6 18 10-6 14
>10-5 36 10-5 16 10-5 0 10-5 6
;‘ 10~4 27 >104 14 »10—4 20
} Total 96 Total 100 Total 77 Total 100
H
i
f Ceramic
; TO-100 1 Inch by 1 lnch TO-3. Glass Standards
; No. No. No. No.
i Leak Rate Units Leak Rate Units Leak Rate Units Lea!z Rate Units
i <10-6 56 10~-6 35 <196 45 <10-6 5
! 10-6 16 10-5 1 10-6 25 10-6 9
{ 10-5 6 1094 4 10~5 9 10-5 16
{ >10-4 1 10-3 15 10-4 10 >10-3 20
| 10—2 16 19-3 3
i 10-2 8
i Total 79 Total 71 Total 100 Total 50
i
i
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SECTION X1

EVALUATION OF TEST CONDITION C

This phase was performed in two parts, part one was the evaluation of Condition Cy and part
two the evaluation of Condition C5. This phase was conducted using four diiferent fluorocarbons.

M Flutec
FC-40 PpP-9
FC-78 PP-1

Cy evaluation was performed by subjecting each package to two-test sequences using FC-40
and two test sequences using Flutec PP-9. The test was performed by immersing the uppermost
portion of the unit to a minimum of two inches below the surface of the fluid. The fluid was
maintained at a temperature of 1252 5°C during this test. The units were observed at a
magnification of 3X and any unit which produced a stream of bubbles or a growing bubble was
considered a reject. Surface bubbles or trapped nongrowing bubbles were not considered cause for
rejection The devices were observed against a dull, nonreflective black background for a period of

30 seconds in the center of a collimated light beam. Each unit was recorded as good or reject by
serial number.

Each group of devices was tested two times in the FC-40 fluid and two times in the PP-9 fluid
at the conditions described above. The results by package type are shown .n Table XX. The CI test
has been assumed to be sensitive from 1073 through 10~! leak sizes. Only two of the sample

groups contained devices known to be in the 16=3 and 102 ranges. One other group, the glass

standards, contained devices in the 10-3 range but none in the 102 decade. The data indicate that
under ideal conditions (i.e., the glass standards with no weld flanges or seal interfaces) the method is
sensitive in the 10~ decade. No escapes occurred in this range on these devices. However, escapes
did occur in both the 10™3 and 102 groups on the TO-3 and 1 X 1 ceramic packages. In the TO-3
package group, 33% of the devices in each decade escaped in either of the test fluids. The ceramic
escape rates were significantly less, 3.3% and 6.5% with FC-40 and 6.6% and 0% with the PP-9.

The data also indicate that the test condition sensitivity extends into the 10=4 and 107
decades. For example, on the TO-84 packuge, the escape rates were 8.4% with FC-40 and 9.7% with
PP-9 in the 10~ decade. Similar observations can be made on each of the other package types
(Table XX). The overkill rates (devices in the iess than 1 X 10~ leak size group which were
rejected for bubbles) varied with the package type. These rates are higher on ceramic packages than
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on metal packages wiih zhe exception of the TO-3 which had a large weld flange area from which
bubbles emanated. For example, the overkill rates on the C-DIP were 11% in FC40 and 14% in PP-9
versus 2% in FC-4G and 10% in PP-9 on the TG-100 package.

To determine whether or not there was a significant difference in the two fluids used, the data
on all of the devices were compiled to determine overall escapz and overkili rates. This is shown in
Table XXL.

Table XXI. Comparison of FC-40 and PP-9
on Total Sample Population

M Flutec
FC40 P9

Overkill %/Rangz

<10-5 18 2
Escap> %/Range

10-9% 21 21

103 16 15

10-3 84 11

19—2 3 24

The overkill rate was 18% in the FC40 and 22% in the PP-9. The escape rates are 215 in each
fluid in the 10~ range and 16% in each fluid in the 10~ # mnge. In the 10~3 group the escape
rates were 8.4% in FC-40 and 11% 1n PP-9. In the 10~2 group the rates were 32% in FC-40 and 24%
in PP-9 but the data base in this decade (24 devices) is too limited to draw a firm conclusion as t¢
whether one fluid is befter than the other in this range.

Repeatability, the ability to detect or accept specific devices ia a leak range, was very poor.
This is pointed oat by the large overkill and escape percentage shown in Zable XX. The ability of
‘he test condition to detect a “bubble” or “no bubble” condition consistently when subjected to
four test runs was poor. Table XXII skows the repeatability of the condition for the devices with
leak rates >10~> and the overall resuits even though the efectivity is very poor in the 10~ and
163 ranges. The table shows that for the TO-84 and the C-DIP package the ability to produce
consistent bubble or no bubble re.nits is much better than the ability to-detect a]l"tile urits in a
rangz. For example the overkill and escapes on the TO-84 in FC40 was 11% an;_i 8.4%, but the
bubble, no bubble results were 96%. The C-DIP results showed 11% and 14% overkill and escape
with a bubble no bubble result of 100% and 94%.
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Table XXilL Cy Gross Leak Repeatability
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The daia resulting from these tests indicate there is not 2 significant diffesence in the test
fluids. Either 3M FC-$0 or Fluiec PP-9 can be usou 12 conduct the test. It also shows that although
the sensitivity 2xiznds into the i9—3 renge, the test cannot be tenmed relizble because of {he escape
rates which occur in the larger leak rate decades and because of the overkill rates which oczur with

some package ivpas.

The oveskill preblem discussed above was also reported by Raytheon in the paper “Raytheon
Weight Test Method for Dztzcting Gross Leaks in Small Interna! Volume Semiconductor Packages.™
The overkill rates reported in the paper were higher than those experienced dusing this
investigation. The overkill rate could ve reduced by using only a “steady strcam of bubbles™ as the
reject criteria but there is an associated risk of increasing the escape rate.

it must be conciuded that Test Cendition C; wil{ have some escape rate and some overliil rate

even undei carefully controlled conditicns.

C, evaluation was performed by subjecting each unit to two test sequences using 3M
FC-78/FC-49 combination and two sequences using Flutec PP-1/PP-9 combination. The procedure
was as follows: The units were placed inside a vacuum/pressure bomb and the pressure reduced to
1 torr and maintained for 1 hour. Without breaking thic vacuum, the fluid (FC-78 or PP-1) was
admitted to th_e, bomb. Devices with internal cavity volume equal to or less than 0.1 cc were then
pressurized to 90 psig with dry nitrogen. Devices with an intemal cavity volume greater than 0.1 cc
were pressurized to 39 psig. The pressure was maintained for a period of 3 hours. The units were
then removed from the bomb and retained in a baih containing the bomb fluid (FC-78 or PP-1).
The units were removed from the bath and allowed to dry 3 I minute in the air prior to
‘immersion in the indicator fluid. The units were immersed a depth of 2 inches below the surface of
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the indicator B (FC<$0 or Pr-9;. The indicetor {luid w2s mainizined 2t a temperature of
125 & 3°C during the testisz. The units were cbseaved at 2 magnification of 3X and any unit which
produced a stream of dubbles or 2 growing bubblz was considered 2 rejoctl. During this test
procedase. as with e C) rrocedure. 3 surfece or trapped bubble was not considered a reject. The
devices were obsenved aginst a dull. noareflective black backercund for a period of 30 scconds in
the center of a collimaied Iizhit beam. Ezxch unit was recorded as good or reject by szrial number.

The results show that Condition Cy detects most of the leaking devices in the 18~ and larger
ran2es (Table XXHI). The exceptions are the TO-84, 1 X 1 ceramic, and TO-3 packazes. The escapes
on the TG-84 packaee are probably due to the small volume of linuid inside the package vaporizing
and Slowing out of the g:ackage before the devive is completely submerzed in the fluid. Failure to
moenitor the davice from the time of entry into the fluid allows a greater number of devices to
gscape. The results show that approximately 4077 of the devices in the 107 -6 range were detected as
rejects, which indicates the mathed dozs extend into the 10“6 range. However. it cannot be tenmed
a reliable method in this range becavse of the 607 which escaped. The overkill was much higher on
the T0-3 than anv of the other packages. This is probably due to a wide seal flange area containing
wzld voids. The resulis also show 2 high escape rate in the 103 ana 1072 ranges on the 1 X |
ceramic and TO-3 devices. It could not be determined if these same escape rates would apply to the
smaller volume packages as none of the small volume devices leaked in the 10~ or 102 range.

Rupaatablhlv the ability to detect specific devices in a leak range, was good for leak rates
=102, The devices in the <1070 did not produce results as good as the results of the gross leakers
(Table XXI1il). The ability of the condition to produce consistent “bubble,” “no bubble results
over four test runs was good. Table XXIV shows that the condition hes a high percentage of
repeatability with respect to consistently detecting bubble, no bubble conditions for units with feak
rates >10"5 with the exception of the TO-3 package. The overall results are not as good, which
indicate that the condition produces most of the erroneous results in the < 1070 Jeak ranges. This is
also shown in Table XXIIL

The overall test results indicate there is no significant difference in the fluids (Table XXV).
Either combination can be used for Condition C, testing.

One test run in each of the fluid combinations was conducted without the vacuum cycle but
with the bomb pressure increased one atmosphere above specification values. The resutts indicate
that escape rates are higher on packages having an internal volume of <0.10 cc if he vacuum cycle
is omitted. There is no significant difference on packages having volumes larger than 0.10 cc.

It can be concluded that Condition C, js more effective and repeatable than Condition Cy. If
Test Condition C, is used, it is not necessary to run Condition Cy.
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Table XXIV. C, Gross Leak Repeatability

Package >10-5 Overall

(%) (%)
TO-84 88 70
C-PAK 93 73
c-DIP 93 79
MOS DIP 85 69
TO-100 94 78
1 X 1 Ceramic 92 70
TO-3 78 65
Glass 26 94

Table XXV. Comparison of Test Fluids
FC-78/FC-40 and PP-1/PP-9

Fiuid FC-78/FC-40 - FP-1/PP-9

Overkill %/Range

<10-6 26 21
Escape %/Range

10-6 4 30

10-5 5 34

10~-4 2.3 2

103 4.2 2.8

102 10 20
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SECTION XII

EVALUATION OF CONDITION E

N Y b i e . Mo Bt 4 Py

In preparation for evaluating the weight gain test, the fluid :low rate through leak sizes in the
¢ gross range versus pressure was determined. The leak size at which fluid flow ceases was also
determined. A control valve (Veeco type VV-50) was used to provide verifiabie leak sizes which
were measured with the MS-12 mass spectrometer. The cquation

! o L (MA)”?— Lty (M, | V2]
; " \M e, \ v

0 /

is obtained from Equation (1) and defines the indicated leak rate of the device at the end of the
; bomb period. The system used allowed the volume of gas inside the control valve to become . This
' makes e~ * approach zero and makes the portion of the equation inside the braces equal to one. A
pressure bottle with a regulator was used to supply the helium to the inlet side of the orifice with
the outlet side under vacuum. A vacuum had been pulled on the inlet side of the orifice to remove
the normal air prior to introduction of the helium. Therefore, the atmosphere was approximately
100% helium at 1 atmosphere. The expression

: EPE (Ma "
‘ P, kM (A)

defines the escape rate of the gas through the orifice. The regulator and pressure bottle kept the

-

:* amount of helium to the orifice ccastant. Therefore, time t 3 was always eff=ctivcly 0, making the
expression equal to 1. Now the equation can be written as:

; LPg [Mu)1/2
| R=——<—) (1 1 12)

P, \ M

This allowed the valve to be set to exact L values by adjusting the valve to produce the proper K
value at each test pressure (30, 60, 90 psig).

e 4 %
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The valve was plumbed in such a way as to allow helium, liquid, vacuum or a drain to be
applied at the inlet of the valve. The outlet of the valve fed directly to a glass vial which was fitted
tightly to the valve. By removing the glass vial, the outlet could be cornected to the Veeco machine,
The valve was mouiiitted in such a way that it could be rotated to drain the fluid at the end % each

The procedure for setting and checking an R value was as follows:

With the control valve outlet corinected to the mass spectrometcr, the inlet was
subjected to a vacuum.

With the inlet under the vacuum, helivn: was supplied to the inlet at a pressure-set to
approximately 1/4 psig. This ensured a 100% helium atmosphere supplied 10 the
orifice.

The orifice was adjusted to L values ranging from 3 X 104 to 1 X 10™,

The pressure was removed and the inlet side of the valve pressure was reduced to the

vacuum condition.

The line from the valve outlet to the mass spectrometer was removed and a glass vial

was attached.

With the inlet still under vacuum, the fluid FC-78 was admitted to the inlet side and
pressurized to the value of interest (30, 60, or 90 psig). The maintenance of vacuum
until the fluid was introduced ensured that trapped air did not produce erroneous

readings.

. The time of pressurization was measured with a stopwatch and varied from

40 minutes to 6 hours. The times were varied to provide several data points for each
leak size at each pressure. Accuracy of the data was assured if the flow rate in
mg/min did not vary with totai time.

Upon completion of the dwell time, the vial was removed and the amount of fluid
the vial had gained was determined by using balance scales which would neasure to
0.1 milligram. From this data the gain in milligrams per minute was determined.

. To ensure that the leak rate had remained constant, the pressure was removed from

the inlet and the fluid drained from the valve. Then the inlet was subiected to a
vacuum in order to evaporate all of the FC-78.
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10. The valve was then connected to-the mass spectrometer and while under a vacuum,
helium was supplied to the inlet at approximately 1/4 psig. If the reading did not
repeat, the data point was considered to be in error. The valve setting was not
adjusted in any way after the initial setting until completion of verifying the L value
after the flow rate was determined.

The above procedure was performed for each data point at each pressure and plotted on the curves
(Figure 1).

The testing was performed in the following manner: Each device was weighed and this initial
weight recorded. The units were then placed inside a vacuum/pressure bomb and the pressure
reduced to 1 torr. This pressure was maintained for 1 hour. The indicator fluid (FC-78, FC 77, PP-1,
or PP-2) was then admitted to the pressure bomb without breaking the vacuum and the pressure
increased to the desired value (30, 60 or 20), which was maintained for 2 hours. Upon completion
of the 2-hour period, the devices were removed irom the bomb and maintained in a bath of the
indicator fluid. They were then removed from the bath and allowed to air dry for 3 + 1 minute
prior to being reweighed. The delta weight was determined for each device and recorded along with
the weight gained per minute value for devices that did not fill. The fluid flow rate fora 2 X 10_6
leaker was then taken from the graphs (Figure 1) and the weight calculated that a device would gain
in 2 hours with this leak rate. All devices that gained at least this amount were classified as leakers.
The devices that gained less than the calculated amount were considered to be acceptable. It was
assumed that any weight less than the calculated value was a combination of scale repeatability,
surface retention of fluid, and fluid inside the seal area.

The weight gain test was performed to provide answers to the following questions:
I.  What is the best fluid?
2. What is the best test pressure?

3.  What is the sensitivity of this test?

To determine the best fluid, all devices were subjected to a test sequence using FC-78, FC-77, PP-1,
and PP-2. The bomb pressure in all cases was 60 psig, with 2 bomb time of 2 hours. The data
showed that FC-78 provided lower overkill and escape rates than did any of the other fluids
(Table XXVI). The remaining tests were performed using FC-78 because of better escape and
overkill rates shown in Table XXVI.

The devices were then subjected to a test sequence at pressures of 30, 60, and 90 psig. The test

result. snow that the weight gain test is effective for all package types in the 103 and larger range.
Tables XXVII through XXXIV list the results for individual package types. The preceding statement
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Table XXVI. Comparison of Fluids at 60 psig with a Reject Limit

Equal to L of 2 X 10—6 which is 4.8 Mg Gain

Fluid FC-78 FC-77 PP-1 PP-2
Overkill %/Range
<10-6 5 10 8.4 5.3
Escape %/Range
1c-6 69 70 62 70
10~5 1.1 5 1.1 1.7
104 1 35 1 15
10-3 0 2.7 2.7 2.7
10-2 0 0 4 8
Table XXVIL. Escape and Overkill Rates at
Varying Pressures and Limits, TO-84
Pressure 30 60 a0 60 90
Reject Limit Milligrams 0.78 4.8 8.3 0.7 0.9
Overkill %/Range
<10-6 35 0 1.8 7.0 12
Escape %/Range
10-6 83 67 £3 33 33
10-5 0 28 85 0 0
Table XXVIil. Escape and Overkill Rates at
Varying Pressures and Limits, C-PAK
Pressure 30 60 20 60 90
Reject Limit Milligrams 0.78 48 8.3 1.0 1.0
Overkill %/Range
<106 40 0 30 20 50
Escape %/Range
10-6 55 62 47 50 36
10-5 5 0 12 0 12
10~-4 7.5 0 0 0 0
i10
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Table XXIX. Escape and Overkill Rates at
Varying Pressures and Limits, C-DIP

Pressure 30 60 90 60 a0
Reject Limit Milligrams G.78 4.8 8.3 1 1
Overkill %/Range
i <10-6 11 2.2 2.2 13 18
i Escape %/Range
) 10-6 70 89 84 39 33
f 10-5 - - - - -
10-4 vi 7 7 0 () .
;
Table XXX. Escape and Overkill Rates at :
: Varying Pressures and Limits, MOS DIP
v
Pressure 30 60 90 60 90 :
Reject Limit Milligrams 0.78 4.8 8.3 0.9 2
Overkill %/Range
<10-6 21 1.5 1.5 8.4 1 ;
%
Escape %/Pange lé
10-6 20 63 50 35 14 ;
10-5 17. 0 0 0 (] :
104 0 5 0 0 0 !
H
{
z ;
{ Table XXXI. Escape and Overkill Rates at !
4 Varying Pressures and Limits, TO-106 ;
3 ;
4 Pressure 30 60 90 60 90 ;
4 3
- Reject Limit Milligrams 0.78 4.8 8.3 1 1
: Overkill %/Range e
' <10-6 8 36 0 12 7 :
Escape %/Range

106 50 76 76 37 50
10-5 0 ] 0 0 0
104 0 0 ] 0 0
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Table XXXII. Escape Rates at Varying Pressures
and Limits, 1 X.1 Ceramic

Pressure
Reject {.imit Milligrams

Overkilf %/Range
<10-6

Escape %/Range
10-6
10-5
104
10-3
102

30 60 90 60 90
0.78 4.8 8.3 1 1
95 92 80 92 56
0 0 0 0 0
25 0 25 0 25
6.6 0 13 0 13
12 0 12 0 12

Table XXXIII. Escape and Overkill Rates at
Varying Pressures and Limits, TO-3

Pressure
Reject Limit Milligrams

Overkill %/Range
<10~6

Escape %/Range
10-6
10-5
10-4
10-3
10—2

30 60 90 60 90
0.78 4.8 8.3 1 1
16 22 438 20 28
15 23 30 38 38
0 10 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

Table XXXIV. Escape and Overkill Rates at
Varying Pressures and Limits, Glass

Pressure 30 60 90 60 90
Reject Limit Milligrams 0.78 4.8 8.3 1 1
Overkils %/Gange
<10-6 0 0 0 20 0
Escape %/:fange
10—-6 100 100 100 87 100
10-5 63 0 0 0 0
10-4 - - - - -
10-3 0 0 0 0 0
112
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is based on the 60 psig data using the so-called optimum limits’f It should be noted that no escapes
(Table XXXV) occurred in the 10-5 or larger ranges under these conditions. Overkill rates were
slightly higher at these conditions but it must be remembered that these are not normal
distributions of devices and therefore many of the “fine leakers™ had values larger than fine-leak
test limits. Under normal conditions, the overkill rates should be lower because these devices would
have been rejected at the fine-leak test.

Table XXXV. Weight Gain; Escape and Overkill Rates
at Fill Rate and Optimum Limits

Pressure 30 60 90 60 90
Reject Limit Miligrams 0.78 4.8 8.3 1.0 1.0
Overkill %/Range
<10—5 13 5 2.9 12 16
Escape %/Range
10-6 58 69 62 48 48
10-5 3.8 1.1 1.1 0 1.1
104 2 1 1 0 0.5
10-3 2.8 0 5.5 0 5.5
10—-2 8 0 8 0 8

This method is not effective for the entire 10~0 range, as escape rates are 69% and 62% at 60
and 90 psig respectively. The results can be greatly improved by lowering the reject limits to the
optimum conditions as shows in Table XXXV. If these limits are used, the escape rates will be
lowered to 48% and 38% at the 60 and 90 psig test pressures. This points out that 90 psig is more
effective in the 106 range, however the 90 psig condition allows escapes in the 10~3 and larger
range which are detected when 60 psig is used. The additional devices detected in the 106 range
are believed to be those with leak rates near the fluid flow cut-off point. These devices weuld
normally be detected by fine-leak conditions since the flow rate data indicates that their leak rates
are 2X 1076 or smaller. Based on the above, 60 psig appears to be the optimum pressure for the
weight gain test.

The resuits of the no-vacuum cycle indicated that for the TO-84 package with a volume of
0.006 cc, the number of escapes increased by 20. The C-PAK overall results were essentially the
same as five additional units that were detected and six units that were detected before cscaped.
The C-DIP results allowed six additional escapes with no additional detections. The MOS DIP
resulted in six additional escapes and one additional detected. The TO-100, 1 X 1 ceramic, TO-3,
and glass packages had no significant difference in the results. It can be concluded that the vacuum
cycle is necessary for packages with a volume smaller than 0.10 cc (Table XXXVI).

*1.0 Milligram
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Table XXXVI. Comparison of Resuits at 90 psig With Vacuum
and 105 psig Without Vacuum

No. of Escapes at No. of Rejects at

No. of Rejects 105 psig Which Were 105 psig Which Were

Device Type Detected at 90 psig Detected at 90 psig Accepted at 90 psig
TO-84 34 20 1
C-PAK 64 6 5
c-olwp 20 6 0
MOS DIP 33 6 1
TO-100 12 1 0
1 X 1 Ceramic 37 2 2
TO-3 49 0 3
Glass Standard 36 2 0

It can be concluded that the weight gain test (Condition E) is the most effective of the Gross
Leak Methods when conducted at the specified limits, Figure 1 shows that five times more fluid is
forced into the device when bombed at 60 psig than when bombed at 30 psig. This indicates that if

30 psig is used as the bomb pressure, the bomb time must be five times greater than the 60 psig time

in order to obtain the same amount of fluid in the device. There were some escapes at 30 psig and

90 psig that did not occur at the 60 psig level, therefore, if possible, the test should be conducted at

40 psig. FC-78 was the most effective fluid used. The higher evapoiation rate results in less error

from surface retention than resulted from the other fluids.

The vacuum cycle is required for packages having internal volumes of less than 0.1 cc but

provides no improvement on packages with larger internal volumes.
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SECTION XIII

SUMMARY

The investigation was not successful in isolating a single test condition which would be
effective over the entire fine-and gross-leak rate ranges for all packages. Isolation of such a
condition for all package sizes would have provided the most cost-effective testing solution for
determining whether or nof microcircuit packages were hermetic.

The investigation was successfui in determining that a maximum of two test conditions are
required to cover the entire leak rate range. It also pointed out that if the 1 X 10=0 L limit being
proposed for packages having an internal volume of greater than 0.4 cc, is an acceptable limit, then
the weight gain test (proposed Conditicn E) can be used as a single test for hermetic seal on
microcircuit packages of that size.

[t was also determined that no particujar piece of equipment provides more valid results than
the others used if conditions are properly chosen and the equipment properly set up and operated
in accordance with the manufacturers instructions.

The MS-90 UFT machine is more efficient than the MS-12 in terms of time per unit tested but
the results are not improved because of this faster speed.

It is important that nonabsorptive filler blocks be used with large radioisotope systems to
occupy the space in the pressure vessel which is not taken up by the parts being tested. If this is not
done, the longer pump-down times required will result in more escapes in the mid-range than will
occur with the small system or Condition A.

The helium data (Condition A) was analyzed to determine the validity of the formula in
MIL-STD-883. It was determined that for all pressurization conditions, the devices did fit the curve.
This confirms that the molecular flow assumed in the formula is correct in the fine-leak range It
should be pointed out that in actual practice, however, many of the gross leakers would have been
accepted as good product instead of being categorized as rejects, Their values could be located on
the down slope of the curve (see Figures 3-47) only by reference to the initial data. All other data
analyses were conducted under the assumption that the leak-rate value of each device was unknown.
The fact that the formula could be verified, however, made it possible to establish the sensitivity of
the helium test under any given set of conditions. The sensitivity of the helium test as presently
specified in Test Condition A does not provide adequate range. This is shown by the escape rates
shown in Table X111 for the 100 and 10— ranges. This can be corrected by changing the limits to
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taose suggested in Table XV which minimize escape rates in the mid-ranges. The use of the
controiled onifice technique will alsv provide increased rangs on Volumes of Iess then 0.01 cm?, but
it was toc time consuming for production-type operations. The controlled orifice provided no

improvement in sensitivity or range on packages having volumes greater than 0.01 om3.

Evaluation of tie radioisoiops data indicated that the number of wash cycles (<3) was nat
significant; therzfore, all additiona! testing wos performed with one swash cycle. It was also
determined that specific activity within the range (277 to 1397 microcusies per cm3) used did not
affect the results as long as bomb times and pressures satisfied the equation in Condition B of
Method 1014. Although curves were not constructed for this condition, the data indicate that the
fine-leak range covered is essentially the same as that of Condition A. In most cases, however, the
escape raies were higher in the gross-leak range (Table XV). This is belizved to be the result of the
vacuum cycle required to sture the krvpton-85 and does not make Condition B less effective than
Condition A for fine-leak testing of microcircuits.

Evaluatisn of package materials indicated that the major sorption area 1s the seal-package
interface or the seal material, and in most cases, not the ceramic itself. Each materialfpackagz
configuration must be tested and appropriate delay times installed if necessary.

Temperature preconditioning of the devices provided interesting results which negated the idea
of improving the methed by this means. Leak rates on metal can devices increased; whereas, leak
rates on ceramic devices decreased. The degree of shift in the leak-rate range was dependent on the
temperature and was inconsistent. Tzmperature preconditioning proved to be deleterious to
securing valid resulis.

The evaluation of gettering materials established that fluorccarbons provided no increase in
test sensitivity for Test Condition A or B. The polyimide improved the escape rates in the 105 and
10-3 ranges on both Conditions A and B but did not entirely eliminate escapes (Tables XVI
and XVII). It also caused an unacceptably high {18%) overkill rate on Condition A. The vacuum
pump oil does work using Condition B but tends to be drawn out of gross leakers during
pump-down, contaminating good dcwices. It is concluded that gettering is a possible means of
testing the entire leak-rate ranze with a singie test; but extensive work is still required to determine
the proper material(s) to be used.

Condition C; bubble testing evaluation data indicuied that either 3M FC40 cr Flutec PP-9
fluid could be used to conduct the test. It could be assumed from this that fluids cited by each
manufacturer as being equivalent could also be used. These would include 3M FC-43 and FC-48 and
the Flutec PP-7.
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The test resulis indicated that overkill {eood devioss rejectad) znd escape (nonhenmetic davioss
accepted) rates will ocour even under carefully controlled conditions. These rates zre packoge
dependent, being hisker on ceramic and langs seol area metal devioes than oa smazll all metzlfelass
ones.

The results also indicate ihat some gress lezkers in the 10~ and 1073 range are detected by
Condition Cj but the escape mies are 5o large that the condition could not be ustd zs a singlz test
for thest rangss.

Coadition Cy bubble test resulis show it to be 2 more relizble technique for detecting gross
Ieaks than Cordition Cj. This is trus even in the 10~ 2nd 10™2 ranges which Cj is intended to
covzr.

As with the C; test, similar results were obtzined with 3M and Flutec fiuids. The 3M
FC-78/FC-40 combination was not significantly different from the Flutee PP-1/PP-9 combination.
Both yizlded good repeatabiiity. ang rlative io Cy, low escape rates.

The vacugm cycls presently spzcified is necessary on fackages having intemal volumes of less
than 0.10 cc tc minimize escape rates. It could be omittzd on largzr packages with no significant
differenca in escape or overkill rates.

Condiiion C, is recommended as a more effective and repeatable precedure than Cj over the
entire gross-leak range.

The weight gain test (proposed Condition E) proved to be the most effective of the gross-leak
methods. Sixty psig was determined o0 be the pressure at which thie escape rate could be reduced to
zero for all devices having leak rates of 1072 or larger.

The fluids cvaluated did not prove to be equivalent as had occurred with the bubble tests. The
3M FC-78 provided better results in terms of overkill and escape rates than did the FC-77, PP-1, or
PP-2

The vacuum cycle is required on the weight gain test for devices having internal volumes of
<0.10 cc but does not improve results on larger packages.

The data was also analyzed to determine the effectiveness of subjecting the units to a series of
fine-leak and grossleak testing. The results of the fine-leak repeatabiiity and the result of the
gross-leak testing was considered to be a combination test. The sequences were matched by pairing
the fine-leak runs 1, 2, 3, and 4 with the corresponding gross-leak runs. The results show that with

117

T ettt il it g e M ——— A 7 et e e ——

PSSR U



Coaa il
PO

i ANy

TR ¥
o

ol r'ﬂ P
.gwp"ﬂ? "A . .
B

(Gt

PEAY .
FE vt e Mo S, D R

e ———— o ———— ———p———e

W

b B U T
N velp e !
Bt ek Hme S —— .

L

b, i A o T i S

Conditions A or B followed by Condision E there will be no escapes.in any range which are greater
than 1 X 10"5. The greatest escape rate occurred on the C-PAK, a ceramic package. One problem
with the ceramic packages is that occusionally the seal area ‘will form voids in the sealing glass and
trap the tracer gas when fine-Jeak iesting is performed, and the device will be rejected. When these
units are then subjected to gross-leak Conditions C or E, they will hold enough fluid in the void to
bubble but not enough to weigh 1.0 milligram. This is indicated by the test results shows: in
Table XXXVIil. This anomaly would also result in Condition A detecting more leakers than
Condition B as more of the tracer gas would be removed by the store cycle of Condition B than the
natural diffusion which occurs with Condition A. Table KXXVIL shows that fine-leak testing
followed by Condition Cy allows some escapes in the 10> range that do not occur when
Condition E is used. It can be concluded that Condition E is more sensitive than Condition Cy, and

even under ideal conditions, there will be some escape in the 10“6 range for some package types as

the present fine and gross methods do not detect all leakers.

Recommendations for apglication of these results ar> discussed in Section Xiv.
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SECTION XIV

RECOMMENDATIONS

The following recommendations are made to provide the highest levels of confidence that
nonhermetic microcircuits will be detected by the test or sequence of tests conducted. That in the
: case of sequential tests maximum overlap of the conditions will be provided and that overkill rates
' be minimized to the extent possible commensura¢z with detection of the nonhermetic devices.

; For helium testing, Condition A, three limits must be established to ccver the broad range of
i microcircuit package volumes. The limits recommended are L (actual leak rate) <alues.

Inteal
Volume L Limit
cc atm ccfs
<0.01 5x10-8
>0.01<V<0.4 1x10~7
>0.4 1x10-6

These limits are lower in value, one decade, one-half decade, and one-half decade, respectively,
i than presently specified but are necessary to minimize escape rates in the 10-6 and upper end of
the gross leak range.

Helium tests may be performed at bomb pressures from 30 to 60 psig but the limit value and
time chosen must provide an R (indicated Ieak rate) value which can be accurately read on the mass
spectrometer being used. A maximum t5 (time from remova; o1 bomtb pressure to read) of one hour
is recommended with a 30-minute maximum being preferred.

For radioisotope testing, Condition B, two limits must be used to minimize escape rates in the
10~6 and upper gross leak ranges. The limits recommended are Q values.

Internal
% Volume Q Linsit
cc atm ccfs
!
; <0.01 1X10-8
>0.01 5% 10~8

121 !

e b 1.\t Ml b T s e - o e i n e et o

AR o ¢ s

e e
ey

s % R o e
;. FRECEDIN: PAGE BLANK.NOT FILMED [




o Ll AN B b b o
ey ¥
B T AR PEND N N Py

bk

. Radioisotope tests may 5e conducted at any pressure of at least 30 psig.
It is recommended that a minimem bomb tize of C.2 hour be used. Conditions
c}}osen oust satisiy the equation Qg=R/SKIP stated in ¥I1-STD-883 with the above
tize and pressure limitations. Microcircuits must be read within 1 hour after
rezoval of bomb pressure with a2 30-ninute caxirun being preferred.

It is recor=ended that the present Method 1014 Conditi

It fetl ndition Cy followed by
Condition fE?_ be ?ﬁlef_:ed and that Cp only be used as the bubble %est condition.
Based on the fluid fill rate data, a bomb condition of 2 hours at 60 psig is
recoz.:enéed: ..A.l o for packages having an iaternal volume greater thzan 0.1cc
a bozb c;md:.;;ton of 10 hours az 30 psig may be permitted. These conditions
insure that fluid in a sefficient guantity, to cause observabl i i
be forced into the package. ’ Fvable bubbling, will

The failure criteria should be changed to read: Devices are considered rejects if during tne
30-second test period, a definite stream of bubbles or two or more large bubbles onginating from

the same point are observed.

The weight gain test is recommended for inclusicn in MIL-STD-883. Sixty psig for a period of
2 hours is recommended for bombing. If the package wiil not witiistand 60 psiz the pressure may be
lowered to 30 psig and the bomb time increased to 10 hours. The pressurization should be preceded
ty a 1-hour vacuum cycle on devices having internal volumes of less than 0.1 cc.

The limits to be specified are 1.0 milligram for packages of <0.01 cc and 2 milligrams for
packages larger than 0.01 cc. Batch categorization may be used if the devices are separated into cells
of 0.5 or 1 miiligram depending on volume. They may then be accepted if taey shift no more than
one cell in value after bombing. Weight loss should not be considersd as cause for rejection.

It is recommended that the foliowing tests be performed for detection of nonhermeiic devices.

Volume
cc Test Condition followed by Test Condition
<0.4 AorB C,DorE
>04 AorB CorD
*>0.4 E Nonz

*If reliability requirements can be satisfied by a leak rate of
<1X 1076 atm ccle.

It is recommended that the changes made to Method 1014 of MIL-STD-883 as a result of this
study be incorpcrated into Method 107! of MIL-STD-750. This will provide consistent test
procedures for microelectronic and discrete devices used in military systems.
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MISSION
of ,

Rome A Developiiient Center

RADC is the principal AFSC organlzatlon .charged with
Q) planning and executlng the USAF exploratory- and advancedy
‘ 50 udevelopment programs: for information ‘Sciences, lntelll-
gence, comnand, control and communications technology,
products and servicdes oriented. to the needs of ‘the: USAF.
Pripary RADC mission areas are «communjcations, electro-
.magnetlc gu1dance and-control, .survelllance of ground
and. aerospace objects, inteliigence data collection- and
handling, 1nformat10n .system technology, and electronic
reliability, malntalnablllty ana compatlblllty. RADC
has mission responsibility as.assigned by AFSC for de=
monstration ‘and’ acqulsltlon of selected subsystems and
systems in -the 1ntelllgence, mapping, charting; command;
gontrol and communications areas.
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