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.VALUATION

The purpose of this effort Ywas to evaluaie hermeticity testig,
primarily the determinaticn of the sensitivity ranges for the helium,
radioisotope, fluorocarbon bubble and weight gain test teclniques
of MIL-SID-883. A main objective ,as to establish a sinLe test

that w':ould ensure coverage of the complete herm-e-ticity range required
for microelectronics devices used in Air Force equipment. The
evaluation showed that no single test is effective over the entire
fine a rd gross leak rate ranges for all packages. However, it did
indicate for certain packages, a weight gain test ,ill suffice.L- This study utilized packages and fabricated leaks of various
shapes, volumes and materials categorized by leak range to determine
test conditions and sensitivities. The same test sample was used
to evaluate all test procedures. The program results, detailed in
this report, are considered highly successful in defining leak testing
as it is knoun. today, thereby, providing a sound technical basis for
revising existing hermetic seal testing procedures. The findings and

recommendations of this evaluation are useful 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 Mlann equation, using molecular
4 flow, to define gas behavior within specified limits of leak range

and package volume.

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

utilized.

d. Weight 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 0.4cc.

In the area of leak testing at high temperature, the report
results are unfavorable. However, in-house testing at RADC/RBR M
indicates that a problem may exist in certain type packages. Also
the data indicates that the proper gettering material could enhance
test results. Therefore evaluations in these two areas will continue.

RADC, the preparing activity of MIL-STD-883, is responsible for
studying and updating the microcircuit quality and reliability assurance
procedures to provide reliable, accurate and cost effective test methods.
Results of this effort will be factored into Methods 1014, 5004 and 5005
of MIL-STD-8_3./q// -,

0/JOHN P. FARRELL
Solid State Applications Section
Reliability Branch
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SECTION I

INTRODUCTION

jI

This investigation was conducted under Rome Air Development Center Contract No.
F30602-73-C-0l50 to determine the sensitivity ranges of Conditions A, B, and C of Method 1014

and proposed Condition E to determine if the ranges couid be extended by changes in test

parameters or preconditioning of tile 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 confirned 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. Veeco Model MS-12 and MS-90 UFT machines were used toI 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.

j 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 cm 3 . IsoVac Mark IV and CEC 24-5 10

machines were used for this part of tile investigation. Tests were conducted at three different
storage pressure 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 'rest Condition A to cover the gross leak range. Special fixtures were fabricated to
permit each 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, one metal and one ceramic, were pressurized while maintaining
temperatures of 50'C, 75°C, 100°C, and 125°C. The devices were read innediately upon removal

from pressturization 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.

t 1
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Case and sealing materials were also evaluated to determine their gettering characteristics for

either helium or krypton-85. This portion of the study was performed to learn whether or not

acceptable devices were being rejected in some cases because of the absorption ability of these

materials.

C1 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-l/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

each package type using FC-77, FC-78. PP-i, and PP-2 as the indicator fluid. This was to determine

if all the fluids were acceptab!e and if not, which was the best. Each package type was subjected to

a test at 30, 60, and 90 psig to deter.nine possible effect upon the results. The condition was also

evaluated to determine if the vacuum step is necessary.

A
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SECTION H

SCREE ING AND FABRIC.ATING LEAKERS

Phase I of the project was devoted to selection of samples from production line hermetic sCa

rejects and fabrication of glass "standard ikers.' The test devices were first categorized into

leak-range decades utilizing :he radioisotope technique of Condition B, Method 1014 of
MIL-STD-883. Tl.'his techniquz provided device categories of 10- 8, 10- 7, 10 6,

> 10 -6 atla cc,'s and "nonlake'" Condition B rcsulted in some gross leakers being detected as fine

leakt%:- and th.efore being grouped in the fine-leak ranges. T e 1'>!0- 6 .and "nonice-er"
categories were then subjected to an FC-75 weight gain test utilizing the fluid fill rate data

published by Ra% theon in "Ratheon Weit Test Method for Detecting Gr3ss Leaks in Sna

Internal Volume Semiconductor Packages.' The Raytheon data has been verified by Texas

Instruments (Figure 1). This method provided leak-ranee classifications of 10-', 10 - ,a0

, 10- 3 atm cc/s. Each test device was then assigned a serial number and grouped as shown in

Table I.

Glass "standard leakers' were fabricated by drawing glass tubing down into orifice size.& The

"standard leaiker!s" Yere fabricated from thin-wall and Ihic'K-Wall glass tubing of 114 inch O.D- The
procedure for fabricating the thin-wall tubing was as follows:

The tubing was cut into 6-inch lengths and heated with a torch, a distance 2 inches from

one end until the tubing was soft.

I The tubing was then pulled so as to cause the tubing to "neck 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

4 varying size. There is no control on the size of orifice produced in thi manner; tl,-cfor-,

several units were required to produce one acceptable unit.

iThe units were then con,:ected to a dry nitrogen supply with a controlled pessure that

A. could be varied from 0 to 100 psig. The orifice end was submerged in iopropanol and the

pressure inside the unit increased until the pressure required to initiate bubb!ing was
obtained. This pressure was recorded and used to determine the leak rate.

The open ends of the units were then heated with a torch and sealed approximately one

inch from the neck. The open end which extended beyond the seal was cut off and

discarded.

*Pyrex glass

3
:, I
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Table I. RADC Microcircuit Leak Rate Values

TO-C Ceramic Du.al In-Uin (C-DIP) TO-100

no.NoMe
Leak RacI Units SM Leak Rats uni:s SN Leak Rate Units ,N

Uonleaers 10 40.49 Noteas 10 1-10 Nonleakers 11 1-11

10-8 S7 1-9 10
- 8  

14 .1-24 10-8 12 12-24

.6 - 7 12 10-21 ' 2-44 e10 20 2544

10-6 18 22-39 10
- 6  

12 45-57 16
-
6 15 45-59

1075 15 50-G4 10
-  

12 58-7"3 10
-  

15 60-74

16-4 7 65-71 10- 14 71-84 10-4 18 75-93

10 3  29 72-99 >10-3  19 85-103 ;10-3 9 93-102

Total 100 Total 103 Total 102

U by !- All Ceramic
with Gett:;i:g (C-PAK) MOS Dual In-Line (MOS DIP) Ceramic 1 Inch by 1 Inch

No. No. No.

Leak Rate I Units SN Leak Rate Units SN Leak Rate Units SN

Nonleakers 12 1-12 Nonleakers 10 1-10 Nonleakers

10
- 8  12 13-24 10-8 15 11-25 10 . 8

S10 - 7  21 2545 10
- 7  18 26-43 10

- 7

S10
-6  

45 46-60 10
-
6 7 44-50 !0

-
6 71 1-71

10__ 6 61.66 10-5 23 Si-73 10-
.I0 - 4  8 94-101 10

-  6 74-79 10
- 4

,10
- 3  

27 67-93 10
- 3  

22 80-101 >10
- 3  

Units did not fit

Total 101 Total 101 distributi¢,.

TO-3 Glass Standards by 4 All Ceramic (C-PAK)

No. No. Units No. Units No.

Leak Rate Units SN Leak Rate (Small Vol.) (Large Vol.) SN Leak Rate Units SN

Non Leake,-; 15 26-49 Nonleakers 10 98-107

10
-8  15 1-15 10

-  4 1-4 108 8 90-97

10
-  20 50.69 10- 6 5 8 5-17 10

- 7  19 71.89

i1
-
6 15 70-84 10

- 5  4 9 18-30 10-6 , IG 65-7C

3 -

>16- 6 20.25 >10- 32 1-32

Total 101 Total 17 34 Total 113 *1

5



The thick wall units were produced as follows:

The tubing was cut into 6-inch lengths and the heat applied with a torch to the end of the
tubing. The units 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 were sealed by hcztting the tubing and twisting

so as to seal 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-ct-omete :cchniques. Aiter sealing, the

fine leakers were further verified by Test Condition A, Me . " '914, MIL-STD-883 and the gross
leakers by the weight gain techniques. The categories fiabrica, are included in Table I.

Effort was also devoted to the evaluation 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 laser does not require as close a tolerance on the beam diameter as would 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 I ceramic.

The laser would penetrate the TO-100 packages; however, the beam could not be focused to
produce a hole smaller than 0.015 in.h 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 applied,
the "hot spots" would burn through, producing a much smaller hole. Due to the tolerance of the

material thickness and the lack of precise control of the laser beam, this could not be achieved. The

large 1 inch by 1 inch ceramic packages obtained from the production lines were nonleakers. An

attempt was ma-de to create leakers by using the lasei 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 hole 0.015 inch in diameter which was considered too large for use in this study. It can

be concluded that for laser 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 fabrication of leakers from glass tubing had proved to be a successful

and controllable process, further attempts at laser drilling were not made.

6



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..d by drilling a small hole in the package and filling the unit with
FC-78. The volume of FC-78 was deterrmined 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 Glass Standard 1.3100 cc

*Small Volume Glass Standard 0.0320 cc

*See Figure 2

Figure 2. F'.amples of MOS Dual In-Line Device, Large Volume Glass Standard Sample,

and Small Volume Glass Standard Sample

4 7
A
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Prior to initiation of evaiuation of the test miethods, each device's leak rate was measured by

radioisotope and helium techniques. The leak rate in terms of QS 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 -ipectrometer wa

able to detect due to gas escape rate. Pressurization values and bomb times were determined by the

equations below. The reject criteria for comparison purposes were based upon calculated leak rates

if (L, Q) of 5 X 10-7 to provide a common data baseline.

Helium equation:

L-o x 1/2 ( - FLtl ,,1)l/2]l

where

= the measured leak rate of tracer gas (He) through the leak in atm cc/s

L = the equivalent standard leak rate in atm cc/s

PE = the pressure of exposure in atmospheres absolute

Po = the at mospheric pressure in atmospheres absolute (I1

-lA = the molecular weight of air in grams (28.7)
NI = the molecular weight of the tracer gas (He) in grams (4)
tI = the time oi exposure to Pl, in seconds

t? = the dwell time between release of pressure and leak detection, in seconds

V = the internal volume of the device pack~age cavity in cubic centih ,eters

Radioisotope equation:

:! Qs-(2

SKTPt



The parameters of Equation (2) are defined as follows:

Qs = The maximum leak rate allowable, in atm cc/s, for the devices to be tested.

R = Counts per minute above the ambient background after activation if the device
leak rate were exactly equal to Qs.

s = The specific activity, in microcuries per atmosphere cm 3, of the Krypton-85 tracergas in the activation system.

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

microcurie of Krypton-85 in the internal 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.

F = Pe 2-Pi2, where Pe is the activation pressure in atmospheres absolute and Pi is the
original internal pressure of the devices in atmospheres absolute. The activation

pressure (Pe) may be established by specification or if a convenient soak time (T)
has been established, the activation pre ssure (Pe) can be adjusted to satisfy

Equation (2).

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

Applying tle 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 Qs
Q= (3)1 R

where Q = actual leak rate of the device, Qs and R are as defined above.

9
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SECTION III

EVALUATION OFIHELIUM METHOD

ZI
Phase II 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 effezt of tesi parameter variables on

the sensitivity of the method.

This phase con-isted of subjecting each test device and each glass standard to each of the

pressurization ,onditions shown in Table III. The following format was used as a guideline for this

phase:

Table Ill. Helium Time Pressure Matrix

Time Pressure (psig)

(Hours) 30 45 60 75 90

1 X X X X X

2 X X X

3 X

4 X X A x

6 X

8 X

Graphs were plotted using Equation (1) for all units for each time and pressure sequences

(Figures 3-47). The urts were subjected to each of the test conditions and leak values recorded.

Using the graphs for each type of unit, the calculated leak rate values welt determined and

tabulated. The units were subjected to a minimum of 16 hours vacuum bake between each test

condition tj ensure no residual gas. The evaluation was performed using MS-12 and MS-90 UFT

Veeco mass spectrometers. The calibration of the spectrometers was checked each hour to ensure

no drift in calibration.

It appears from a rearrangement of Equation (1), that the graph could be ploued for 30 psia

and the calculated leak rate determined for any pressure by dividing the indicated value b the

bomb pressure in atmospheres to reduce the indicated reading to I atmosphere. This is shown by

the following:
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e- VP M (4)

When PE increases to 2, 3-N the value of R increases by a factor of 2, 3-N. Therefore, by using a

graph plotted at one atmosphere and bombing at four atmospheres, for example, the R value woL.ld
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 r-xduce it to the one atmosphere graph value. It was verified from the test
results that the above statement is true. HoweVer, to eliminate any possibility of error, graphs were
plotted for alh test pressures. The values on the down side of the curve, I106, 10- 5, and Io- 4 ,
wer.e determined by using the initial weight gain data, which indicated the leak range. If the

e~aluition had been performed as a produc.tion test, a horizontal line would have been drawn on the
curve t) screen for the smallest value specified and all readings above the line would have been

rejea.ted (Figuires 48-5 1). 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 conditionE due to the readout time
(Figure 52).

The test rcsulit on the packages with internal volumes <0.086 cc verified that the equation
defines the gas behavior fron; I X 10-8 L to approximately 5 X 10- 5 L as shown in Figure 53. The
res,,lts also show that the Jevices with L values greater than the value under the curve read less than
I X 10- 8 in a very short time span. It can be concluded that the equation is true for devices with
internal volumes <0.086 cc. The data verified that the equation defines the gas behavior from

R1 X 10- - L to approximately 5 X 10- 5 L for devices with internal volumes >0.45 cc. Tile data
shows that for the large volume packages (>0.45 cc), the escape rate which is defined by the

expression

e- [;t (MA)1/2](A

is not valid beyond approximately 5 X 10-5 L. Based upon the results of the I X I ceramic and tile
TO-3. the magnitude of the es,,ape rate is greater than that defined by the equation. The data show
that for the large package, as with the smaller package, the devices with leak rates gieater than tile
values tinder the curve read R values significantly less than the r'ject limit in a very short time span.
The escape rate of devices with leak rates in the 10- 5 range was verified by monitoring the decay
rate over a 2-hour period onl the glass standard leaks (Figure 54). It can be concluded that the

equation is true for all evaluated packages over tile range of 1 X 10- 8 L to 5 X 10- 5 L. The
equati _n was found to be invalid for L values greater than 5 X 10- 5 L. It should be noted that the
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1 x 10- 5

R VALUES

1 X 10-8

1 X 10-
8  

1 X 10-
7  

1 x 1o-6 1 x 10-
5  

1 X 10-
4

L VALUES

Figure 53. R Values versus Calculated L Values

test condition will detect leakers greater than 5 X 10 -5 L, however, the escape rate is high under

normal production test procedures and will be discussed under test results.

When testing some of the units, the mass spectrometer amplifier was reduced by a factor of 10

to enable readings to be made in the 10- 5 range. The machine was cahbrated using a diffusion-type

calibrator with a helium output rate of 5.2 X 10-8. All scales from 10-8 to 10-6 could bc
checked for one point linearly; however, the 10- 9 and 10-10 could be questionable but the reject

criteria in all cases required the unit to have an indicated value of 10-8 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 exposureK]1 to the tracer gas (Figure 55). Examination of Equation (1) shows that as t I in the
expression
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t- e- (B)

approaches c the value of e-x approaches O, resuiting in this term approaching I

and thus producing a larger R reading. From the expression

WVhen t2 is 0 this expression becomes equal to I. As t-, approaches c the value of

e- x approaches0, resulting in the value of R appioaching0. Examining

expressions (B) and (A) with respect to V as V gets larger, and if ti and t2 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

expression

LPE ( , 1/2 (C)

gets larger, resulting in a larger R reading. The exposure pressure appears in

expression (C) only, and since the tnm 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 lttle by increasing the pressure above 60 psig.

2) Table IV 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 1 - 7 for

volumes <0.1 cc, and R> 5 X 10 7 and L> 5 X 10-6 for volumes >0.1 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

:1i equal to 5 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

5 X 10- 8, the bomb pressure and dwell time must be specified and observed;"I
otherwise the actual leak rate L will vary greatly [Figure 55(b) and (d)].
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Table IV. Helium Evaluation - Number of Rejects at Test Conditions

R> 5 X 10- 8, L >5 X 10- 7 for volume <0.1 cc

P>5 X 10 7,L >5 X 10-for volume >0.1 cc

Bomb Conditions Package

Press Time TO-84 C-PAK 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 44 57 38 23 19 71 61

60 1 16 14 62 51 54 40 21 19 67 60

60 2 17 14 71 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

45 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
60 2 35 4 51 33 34 21 17 7
60 4 37 5 55 34 "1.z, 19 17 6
75 1 42 11 4?, 35 26 1-.F 17 3
75 2 50 13 46 32 28 16' 17 3

75 4 53 11 44 32 33 16 3
90 1 47 12 52 40 28 14 17 7
90 2 57 6 53 44 34 13 17 6
90 4 60 13 55 43 32 12 17 3
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3) Table IV 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.

4) The repeatability of the procedure is very dependent on t,: 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 rejects 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 10-6 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 Perc6nt Including
Package Fine-Leak Rango Only Gross Leakers

TO-84 83 94

C-PAK 70 26

C-DIP 71 64

MOS 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 time, 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 beg in. During the next one

second, a Pirani gauge is exposed to the pressure in the test chamber and if the pressure is low

enough, 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

FLt2 (NIA]

'vP J ( (A)

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 subjected 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 Eomb Pressure (psig) Time (t I - hours)

TO-84 30 1

C-PAK 30 1

C-DIP 30 1

MOS 60 2
TO-100 60 2

1 X 1 Ceramic 60 1

TO-3 60 2

GlassStandards 45 1

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 to 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 tMe appruxui,,at, !eak rate is known, it is impossible to obtain reliable

variable readings because the I-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 machina. 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> 5 X 10-8 and 5 X 10- 7

Pressure/Time I 1)

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 47

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.

6
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SECTION IV

EVALUATION OF RADIOISOTOPE

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 Qs = 1 X 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 Condit-ois 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 values. The results are discussed below.

The units were subjected to a varying number of wash cycles (Table VIII) to detennine 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 IsoVac Mark IV to verify correlation between systems. The test

results indicate that the number of wash cycles, up to three, made no significant difference ini the

readings. The repeatability 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 as 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 with no significant diffeience in the results. The tracer gas was stored

Table VIII. Krypton-85 Matrix

Wash Microcuries per cm 3

Cycles 277 600 1397

0 X X

1 x x x3 X X X
3 X X
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Table IX. Radioisotope Test Results -
Number of Units Detected as Rejects

CEC IsoVac
Devices 24-510 MARK IV

oW 1W 3W OW 1W 3W

TO.84 19 20 22 22 23 23

C-PAK 56 51 52 49 50 47

C-DIP 29 32 29 22 37 33
MOS 22 21 20 17 31 19
TO-100 42 44 48 44 47 42

I X I Ceramic 1 5 4 6 6 8

TO-3 29 26 31 36 52 E1
GlassStandard 12 17 16 13 15 15

ACTIVATION PRESSURE AND TIME FOR s = 1 x 10- 8

VOLUME OF 0.1 cc D LESS REJECT Q = 5 X 10- 7

VOLUME GREATER THAN 0.1 cc REJECT Q = 5 X 10 -6

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 each package type under test results.

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

R
Qs (2)

SKfPt

was solved for each package type assuming Qs equal to I 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 controlled by the design
of the equipment. P5 was calculated so that the pressure applied to the units would not exceed

100 psia. The specific activity S of the gas was determined by comparing a sealed sample gas source
supplied by the Atomic Energy Commission with an activity of 24.5 pcuric;/c, ando for its

decay rate by using the following formula.

A= c 0.693 tA =A oe Te- (5)
~TI/2

where

SA = activity now

Ao = the original activity on the given date
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e = the natural log of 2

t the elapsed time between the orieinal measuremint and now

T 1 2  the half-life of the isotope

This value was calculated to be 10.54 pcuriesfcc and read 22,01) cis'min. A sample ofEps was then

taken from the system. This sample volume was 0.05 cc and ne sured with a pipette ercury

assembly. The specific actiity was then c.lcula3td by the equation

saarasR ctsmin System Sample
Vcc P aim

S Pcurics,atm cc = 2 csmnSd(6)

!i A PJcufle

This equation will ge a ratio of the cismin to pcuriescc of the system sample compared to !he
standard as shown.

jR ctsmin - (7)
S ucurips/cc A Pcuries/cc

Knowing R2, A and measuring RI, S can be calculated for a true value although the counting

efficiency of the systcm is much less than one. The specific activity of the system was calculated as

JO licuries/cc with a 6.2 X 104 cts/min for a 0.05 cc volume. Calculating the cts/min for this

volume with a concentration of 600 pcuries/cc, the reading should be 6-5 X 107 cts/min. This
reueng is off by a factor of 1.06 X 103 due to the counting efficiency of the system. This is

compensated for b determining a K f-:tor for each package type 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 packige t pe and attaching a small copper tube so that a known amount

of gas could be placed inside the dcvice. The device was connected to the pipette mercury assembly

and 0.02 cc of gas placed inside the device. The copper tube was then pinched cloled at the device

and ti:e ctsimin 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 pcuries = (8)

S pcuries/atn cc P atm Vcc
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Tii can be reduced to te 1o1owim

K R cmin (9)cpcursts

where C p iicrcs is cqvil to the 2aiity of the =s inside the unit This is a pwduc-2 of the volume of

as times the specific atct Mtyf !he .- N ow if th ctsmin for 3 i n w'olumc of p .o -ined

inside 3 dvcI1 iackaeec tyfot r.as calcubtecd. it woulid ps-dLce

R s (10)

with Vc, equal to the volume of gas- This 3pproch allo1 s for 3 system-type ca-iration on each

pa k Va t y being tested. Based upon the test results of his study, the r-dioactiv-traccr-g s test

accuracy. The leak rngc limits of each p-ckage will be discussed in the test section of this report.
a c Ir% AeC limit of each pcc-e wih b h -

As with Condition A. the repeatability of the procedure is dependcnt on the leak rates being

within the sensitiwiih range for the devices being tested volume. Table X shows the percentage of

fine leakers of each case type which exhibited repeatable readings throughout the four test runs and

also the percentage of the total sarap!e, fine and gross, which had repeatable readings.

Table X. Test Condition B Repeatability

I Permnt Percent Induding

P--cace Fine-Leak Range Only Gross Leakers

TO-84 9 97

C-PAK so 65

C-DIP 92 92

OS 95

*1 TO-100 97 97

1 X i Ceramic 97 93

TO-3 97 58
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SECTION V

ITEST RESULTS OF CONDITIONS A AND B

Phtases III :nd IV test resuii =how that each package size must be handled individually. as any
geeneral slater.cnt would not hold true for all pa-Lkages. Results are based on the reject limits of
5 X 10- 7 for volum s greater than 0. I cc. For both methods to have a common baseline, the r.sults
are based upon L, a calculated leak rate for Condition A and upon Q. a calculated value for

Condition B. The R value was determined by drawing a horizontal line on the graph starting at
L = 5 X i o- 7 o 5 X 10-6 as applicable and rejecting azlvalues abocv the line (Figures 48-51. The

- results show that for the unis with a volume lez than 0.04 cc there was not an ovlcdap between

Test Conditions A and B and Test Condition C. The gap between the test conditions could be closed

in most cases by lowvering the reject valte for the deice. Test Condition A has a slightly broader

detection range than Condition B. The total test time for Condition B is much less than
i Condition A due to the bomb times required. The accuaCy, of both Condition A and Condition B

depend upon the strict adherence to exact bomb premures. dwell time, and time to readout. The
I sentstimt, of the test conditions and the number of rejects detected using current MIL-STD-883

conj-tio.s .are based upon sin-le test runs with the results displayed in Table Xl. The result of

performing the tests using the three reject criteria of MIL-STD-883 is displayed in Table X11.

Table Xl shows that the results of the test a;e depndent upon the test condition used 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 a Common Baseline

SQ and L> 5 X 10- 7 for volume < 0.1 cc

Qand L > 5 X 10- 6 for volume > 0.1 cc

f_,Rejects Detected
Device Type Condition A Condition 8

_ _ _60/1 Table III

TO-84 14 20

C-PAK 51 53
C-DIF 40 30

MOS 19 21
TO-100 60 44

I X I Ceramic 7 6ITO-3 32 29
Large Giass 21 15

Small Glass 9 5
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Table Xll. Rejects per Failure Criteria of MIL-STD-883.
Condition A and Condition B

Cwce Type I R L 0

TO-84 16 14 3
C-PAK 62 51 75
C-01P 5,; 40 46

M, os 21 19 33

TO-100 67 42 64

1X ICenc 26 7 -

TO-3 41 32 75

LwGbz 31 21 3
SSmallGlas 17 9 14

used, the results will be similar on those devices within the detection range as shown in Table XI.

Test Condition A has a slightly broader detecti3n range for some package types than does
Condition B. This is pointed out by the escape rate percentage for each package (Table XIIi).

The overkill and escape percentages are based on four test runs performed on each device. The

overkill percentage is based on the number of times the test condition called a device in the i0- 7 or
smaller ran!;c grgsleaker, with a gross leaker being defined as a device having a leak rate of
I X 10- 6 or greater. The escape p,,az.rt-ge is based upon the condition not detecting a leaker in a

specific range. The leak rate of the escaping device- ;:a, known from the gross leak data. This data is

displayed in Table XIII.

1. SENSITIVITY OF TEST CONDITIONS A AND B

A. TO-84 Package (0.006 cc Internal Volume)

The TO-84 was the smallest volume 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 10- 7 to 2 X 10- 6. If the R value of 5 X 10-8 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 I 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 I X 10- 5 were not detected, which is not significantly different from Condition A.

However, 33% of the devices having leak rates of 10- 6 escaped; whereas 4% of this group escaped

on the Condition A test. The 10--6 group escape rate is reduced to 17% if a reject point of

5 X 1 0-8 (current limit) is used and to zero if a I X i 0- 8 limit 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.

[2 There is not an effective overlap of either Condition A or Condition B with gross leak test

L conditions for packages of this volume.

B. C-PAK (0.012 cc internal V-lu.e)

The graphs (Figures 8-12) which result from the solution of the Test Condition A formula
indicate that if a 5 X i0 - 7 L vaiue is used, the sensitive range extends to 5 X 10-6. If the

X 0 R value is used with a I-hour bomb at 60 psig, the rane is 9 X 10-8 to9 X 10-6. The

data tend to support these ranges with the 42% escape rate of devices known to be in the 10-6

range. However, the escape rates in tile 10 - (42%) and 10- 4 (55%) points out that Condition A
does have some sensitivity beyond 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 2) and in-
a practical sense cannot be utilized to replace a gross leak test. The Test Condition B data indicate*1 that the .ensitivity range is essentially the same as that of Condition A. The escape rates in the

10-6 and 10- 5 ranges were slightly higher, 61 and 53% respectively, but the escape rate in the
10 -4 group was lower, 43%. The escape rate in tile 10-6 group is reduced to 37%, comparable with

Condition A. if a 5 X 10- 8 limit is used.

The overkill rates were higher (5% on Condition A and 7.5% on Condition B) than on theEl metal can TO-84 devices. Because of tile makeup of the population being tested, that is the majority
of tile devices being leakers of some magnitude, these overkill rates may be higher than would be

encountered in a population having a normal distribution.

7: ,As indicated by the escape rates in the gross ranges (10- 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 10- 7. the sensitivity range extends to 6 X 10-6

and at an R value of 5 X 10- 8 using standard bomb conditions, the range is from 9 X 10- 8 to
I X 10- 5. An analysis of tile data indicates that tile range is slightly less than indicated since 15%

of the devices having leak rates in the 10- 6 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 with the C-PAK, indicates that t2 is a criti:al 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 10-6 group escaped detection using
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the 5 X 10- 7 limit. However, if the current 5 X 10-  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 'n both cases. Some siight increase is noted if the limits arc lowered, but as pointed out earlier,

these are not normal 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 iests.

D. MOS DIP (0.041 cc Internal Volume)

Figures 18-22 show that at an L value of 5 X 10- 7 . the sensitivity range extends to

2.5 X 10- ) and that if an R value of 5 X 10- 8 is used at standard bomb conditions (I hour at
60 psig), this range is extended from 1.7 X 10- 7 to 3.7 X 10- 5 . The data verifies this because a!l of

the devices in the 10 group were detected as leakers and the escape rate in the 10- group was
46%. If the 5 X 10- 7 limit is used for Condition B, the sensitivity is reduced significantly because
with this limit the 10- 6group had an escape rate of 43%, although the escape rate in the 10- 5 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 10-6 group is 11%, again indicating that Condition B is slightly less sensitive than

Condition A on a package of this volume.

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

There is an overlap with gross leak methods with this volume as indicated by approximately

50% of the devices in the 0- 5 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 10-8 limit at standard conditions the range is from 2 X 10- 7 to 9 X 10- 5. The data
indicates that this range is covered since the escape rates were 2% in the 10-6 group and 3% in the

10- 5 group when the 5 X 10- 7 L limit was used. Only 2% of the devices in tne 10- 4 group

escaped which indicates that with a short t, time many gross leakers will 1e detected when

Condition A is used. With the 5 X 10 baseline limit, the sensitiviiy of Co, dition B was

significantly less than that of Condition A since 24% of the 10- 6 group and 22% of the 10- 5 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 Io- 4 group was 3.5% with either of the limits which
indicates good extension into this range.

The overkill 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 proper fine leak reject

limits are used. This is pointed out by the low escape rates in the 10- 5 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- 7 R value is used, the sensitivity range is from 2 X 10-6 to 5 X 10- 4 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 10- 4 group with 10- 5 , 10- 3 , and 10- 2 groups falling

between these extremes when the 5 X 10-6 L reject vahe was used. However if an L value of
1 X 10-6 is used, the escape rate drops to 1.4% in the 10-6 group to zero in all other groups

including 10-. If the L value is further reduced to 7 X 10 -, 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 I X I Ceramic
Lids with Epoxy Sealant

(All Data X 10- 8 atm cc/sec)

Time to Read After Conditioning (Minutes)

Epoxy 1-5 30-35 60-65 90-95 120-125

A 40.0 20.0 10.0 4.0 2.0

A 40.0 19.0 9.0 3.0 1.0

A 39.0 19.0 9.0 3.0 1.0

D 38.'0 18.'0 9.0 3.0 1.4

D 40.0 20.0 9.0 2.5 1.0

D 41.0 j 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
partitles 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 Condition B is used.

G. TO-3 (1.07 cc Internal Volume)

Figures 33-37 show that if the L value of 5 X 10- 6 is used, the sensitivity extends to
9 X 10- 4 and that if the 5 X 10- 7 R value is used, the range is from 2 X 10-6 to I X 10- 3 . As
with the large ceramic package, the data did not verify this range. The escape rate was 32% in the
!0- 5 group using the limits stated above. Escape rates in the 10- 4 , 10- 3 , and 10-2 groups were 5,
0, and 14% respectively. The escape rate is reduced to zero in the 10- 5 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 10- 6 was used. The escape rate was 33% in the 10- 6 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- 5 group1and to zero in the 10-4 and I groups if the current specification limit of 5 X 108 is 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 extendin, through the 10- 3 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 into 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 percent of these devices read in the same leak rate decade on l four of the data

runs. One of these failing to repeat was in the 10- 5 range, four were in the 10-6 range, and only

one in the <10-6 range. Even though these readings failed to repeat, the device in the 10- 5 range

and three of those in the 10-6 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 <10-6 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. MOS DIP

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 < 10-6 range had readings which would have

consistently rejected or accepted them to a 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. 1 X 1 Ceramic

Fifty-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 repeatable. Eighty percent of devices in the 10-6 range

had consistent readings in all four of the test runs.

G. TO-3

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- 6 range.

Ii

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- 5 range. More than 98% of the

devices with leak rates of < 10-6 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 < 10- 6 range.

i C. C-DIP

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

were in the 10- 5 and 10-6 ranges with some of the test runs classifying them as rejects and others
tas good devices to the present 5 X 10-8 specification limit.

D. MOS DIP

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- 7

ranges. If only the devices in the < 10- 6 range are considered, 95% had repeatable readings

84
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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 10-6 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 < 10- 6 range are considered.

F. I X I Ceramic

I1 Ninety-three percent of these devices had repeatable readings and with the exception of onedevice, the nonrepeaters were in the 10- 2 , 10- 3 , and 10 - 4 ranges. If only the 10- 6 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- 8 range on two of the four test
runs. In the < 10-6 range, the readings were 97% repeatable.
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TL: SECTION VI

SURFACE ABSORPTION

This phase of the study was conducted with 25 C-DIP lids, 30 1 X I ceramic lids, CV98 sealing
glass, and Ableseal and Duraseal sealing Lompounds. The C-DIP and I X 1 packages will be discussed

separately.

The 25 C-DIP lids were subjected 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 ;acuum cycles on the
lids. The readings progressed downward from a maximum of 2.8 X 10 - 3 at 1 minute to 3 X 10- 9

at 30 minutes to 3 X 10- 9 at 60 minutes to 5 X 10-10 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 read:ngs were taken. The vacuum cycle inherent in the Radiflo systems for storage of the
krypton-85 evidently removes 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 temperatuies. The lids were then rebombed at the same conditions used previouisly.

There was not a significant change in the va!ues. The maximum readings were: 3 X 10-8 at

1 minute, 4 X 10- 9 at 30 minutes, 2 X 10- 9 at 60 minutes, 5 X 10-10 at 90 minutes, and zero at

120 minutes.

The lids were then resubjected to the radioisotope test with significantly different results. The

maximum readings were: 7 8 X 10-8 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 I X 10-8 at one minute, this led 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
L.litumi testing 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- 9. The sorption resulting from voids in the sealing gldss can result in

overkill of this package at the normal 5 X 10- 8 radioisotope limit.
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Tweaty-five of tbe I X I ce rni, Iids weresubj eted to .I..sare initiAlp ure as were the

C-DIP lids. The maximum readiqes after helium bomb were 8 X 10- 8 at I minute, 237 X 10- 8 at
30 m.inutes, 22 X 10-8at 60 minutes, 1.5 X I O at 90 minutes, and S X 10-9 at 120 minutes.

This indicates that the surfc-- sorption wou-d be a fitor at limits of I X 10- 7 or Is. Te ids All
read zero after subL ction to the rmdioisotope test. As -ith the C-DIP. this can be attributed to the
vrac 'um portion of the P--Adiflo store cyde.

The lids were then div-wId into two groups with AblesrA! strips being rued onto one group
and Duraseal onto the o" zcr group. After subjection to the same helium bomb conditions, the
maximum rea-ings in the Abetsal rxaup were: 21 X 10- 6 at I minute, 12 X 10- 6 at 30 minutes,

6.2 X 10 -  at 60 minutes, 4.5 X 10-  at 90 minutcs, and 2.5 X 10- " -t 120 minutes. In the
Duraseal group the maximums were: 3.5 X 10- 7 a; I min tc, 6.2 X 10- S at 30 minutes,
35 X 10 -  at 60 minutes, 2.5 X 10- S at 90 minutes, and i5 X !0 - " at 120 minutes. Similar

I resuls were obtained on the radioisotope test. The maximum radines in the Abeseal group we-:

-1 4X 10' at I .iinut1, 2X 1 -7 at 30 minutes, I X 10- 7 at 60 minute,4 X 10-8 at90 minutes,

and 2 X i0 8 at 120 minutes. In the Duraseal group the maximums were: 4.1 X 10- " at I minute,
2 X 10-  at 30 minutes, 9 X 10

- S at 60 minutes, 3 X I0 -  at 90 minutes, and 1.4 X I0-S at

120 minutes. Voids in the sralant contributed to these val.es.

These results point out that each ceramic and sealirg system must b e -'aluated to determine
what the absorption problems are. Appropriate wait times must be establis .ed from out-of-braorb to

read but must be kept within limits which will allow detection of the actual henneti-. s.al failures. It
is appmrent from this data that high overkill and/or escape 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 package.
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SECHION VII

BTEIPERATURE PRECONDITIONING

This phase of tht study was conducted using the TO-100 and C-DIP units. The test was

conducted b) inst Aling a heater ;nside a heliuim ptessure bomb and maintaining temperatures of

50 C, -5CC, JO'C. and 125C while bombing the units at 60 psig for I hour. Upon completion of
the hour bombing, the units were ,estcd %hile maintaining the specified temperature until time of

reading. The units were then placed into a large brass fixture and heated to 75°C, 1O0 C, and

! 25CC. The units still in the fixture and at temperature were then subjected to a radioisotope test.

The test results are shown in Figure 56. The ceramic devices exhibited the same charactZristics

in both helium and krypton. That is, the devices characterized towards the gross end of the range at

25CC moved towards the finer end of the leak range at increased temperature. Devices which

indicated leaks in the 10-6 and 10- 7 atm cc/s rapge moved. toward or into the i0- 8 range. The

metal can device leak rates tended to spread in helium as the temperature was increased, moving
from the 10-6 and 10- 7 range toward the 10-8 and 10- 5 ranges. At 125"C the population

populatione toward the gros en fterne eutigi infcnl ifeetdsrbtosashowed a strong tendency to 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 distributions at

1250C.

The resulting conclusion is that temperature preconditioning does not improve the sensitivity

-1 of either of the fine leak test conditions. In fact, it adds a variable wvhic. 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 Lunditioning and/or testing is not recommended for microcircuit seal testing.
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SECTION VIIl

GETTER. ING EVALUATION

I This phase of the study was conducted to determine the feasibility of using encapsulated in or

bombed in gettering, materias to detect gross leakers bv either the helium or radioisotope fine-leak
conditions. Polyimide, FC-48 fluorocarben, PP-9 fluorocarbon, and vacuum pump oil were

evaluated as gettering agents. The paci.age types used were the TO-84, the C-PAK, and the MOS
j i DIP. The evaluation of the fluorocar,oas utilized 100 devices of each package type. The polvimide

2 evaluation was conducted on 100 C-PAK devices and the vacuum oil evaluation was conducted with

I ten MOS DIP packages. Small volume packages were used because normal Condition A and B escape

rates in the gross range are much higher than with relatively lavge volunic 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 Fabricating

Leakers. The leak rate categories of the devices are shown in Table I. 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 a noted improvement in terms of escape
rate in the 10 and 10-5 ranges over those devices which did not contain polyimide. The escape
rate in the 10- 6 group was 6% where it was 41% in the ungettered group, In the 10- 5 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

r5% overkill rate, this increased to 18% with the use of the polyimide.

Table XVI. Overkill and Escape Rates
with Getters Using Helium

Polyimide FC-48 PP-9

Overkill %/Range
<10-6 18 0 0

Escape %/Range
10-6 6 91 100

10-5 33 88 100
104100 100 85

0-3 10 - -
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The radioisotope results are shown in Table XVII. The improvement in escape rate in the 10- 6

range was ver, significant. Tie escape rate in range was zero as compared to 37% in the
ungettered devices. In the 10- 5 group, the escape rates were 17% for the gettered devices and 20%

* for the ungettered 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

Ovc.kill %/Range

<10-6 2 10 2

Escape %/Range
10-6  0 43 36
10- 5  17 54 67
10- 4  100 22 30
10- 3  96 - -

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 I.

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 I 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 10-6 range, the escape rates were 91% with FC-48, 100% with PP-9,
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 1 6-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 fo3 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 bonibed in krypton-85 at the I X 10- 8
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conditions for each package. The escape rates were not improved over the no gettering process; in

the 10-6 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 1 hour and immersed in the vacuum pump oil. After

30 minutes they were removed and the external oil removed with freon. The devices were then

bombed with krypton-85 at conditions equivalent to I 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 leaked out of some of the devices contaminuting the surlace of other

devices. In a normal distribution of devices this might result in overkill but could be prevented by

proper holding fixtures for use in 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- 4 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 polyimide

significantly reduced the escape rates in the 10- 6 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 leakers with the fine leak test conditions.
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SECTION IX

CONTROLLED ORIFICE EVALUATION

This phase of the study was devoted to an evaluation of using a mass spectromeer to detect
gross leaks by using an orifice at the input to limit the flow of tracer gas into the maihine. It was
assumed that if a constant pressure, having a magnitude that would allow the spectrometer to
rerain in the "Test" rode, could be maintained, that gross leakers couid be detected This would

be accomplished by constantly monitoring the gas flowing out of the device through the orifice
from the time the device was ins,,rted in the fixture rather than having to wait until the fixture

i 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 devic' 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-5') 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.

CON FOI.LED I

ORIFICE

MASS
SPECTROMETER

FIXTURE

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 remov.al from the bomb, read the device through the orifice (Hoke valve closed), and if no

indication of a gross leak occurred, then read through the no-orifice line. Th6 devices were left

connected through the orifice for a pe,lod of 1 minute and were classified as gross leakers if the

reading increased one major scale division within the period. For example, if the reading was
5 X 10-8 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 TO-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 total of 500 test samples. Al! 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 Nts 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 XVIII. Overkill and Escape Rates Using

Controlled Orifice Helium Testing

TO-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 high 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

..qaluation of Test Conditions A and B were used for this study also. Prior to starting the study, all

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:

3M Flutec

FC-40 PP-9

FC-78 PP-1
FC-77 PP-2

The purpose of using six fluorocarbons 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. C1 bubble

2. Weight gain

3. C2 bubble
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Table XIX. RADC Microcircuit Leak Rate Values
(Condition C and E)

by Y4 Ceramic MOS

TO.84 All Ceramic Dual In-Line Dual-In-Line

(C-PAK) (C-DIP) (MOS DIP)

No. No. No. No.

Leak Rate Units Leak Rate Units Leak Rate Units Leak Rate Units

<10-6 57 <10-6 10 <10-6 45 <10-6 60
10-6 6 10-6 47 10-6 18 10-6 14

;10- 5  36 10- 5  16 10- 5 0 10 - 5  6

>10
- 4  

27 )10- 4  
14 -I0

- 4  
20

Total 96 Total 100 Total 77 Total 100

Ceramic

TO-100 1 Inch by 1 Inch TO-3. Glass Standards

No. No. No. No.

Leik Rate Units Leak Rate Units Leak Rate Units Lea!, Rate Units

<10-6 56 10 - -6  
35 <10-6 45 <10-6 5

10-6 16 10- 5  1 10-6 25 10-6 9

10-5 6 10 -  4 10 - 5  9 10 - 5  16
10 - 4  

1 10- 3  
15 10-4 10 10 - 3  

20
10-2 16 10-3 3

10-2 8

Total 79 Total 71 Total 100 Total 50

98

if,_



SECTION XI

EVALUATION OF TEST CONDITION C

9This phase was performed in two parts, part one was tile evaluation of Condition C ! and part

two the evaluation of Condition C). This phase was conducted using four different fluorocarbons.

3M Flutec

FC-40 PP-9

FC-78 PP-I

C1 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 125 ± 50 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 tines in the PP-9 fluid

- at the conditiors described above. The results by package type are shown ,n Table XX. Tile C1 test
- has been assumed to be sensitive from 10- 3 through 10-1 leak sizes. Only two of the sample

groups contained devices known to be in tile 10- 3 and 10-2 ranges. One other group, the glass

standards, contained devices in the 10- 3 range but none in the 10-2 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- 3 decade. No escapes occurred in this range on these devices. However, escapes

- did occur ifi both the 10- 3 and 10-2 groups on tile TO-3 and 1 X I ceramic packages. In the TO-3
package group, 33% of the derices 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 tile test condition sensitivity extends into the 10 and 10 -

decades. For example, on the TO-84 package, 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 tle less than I X 10- 5 leak size group which wereI rejected for bubbles) varied with the package type. These rates are higher on ceramic packages than
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f-
on metal packages with the 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 I I% in FC-40 and 14% in PP-9
versus 2% in FC-40 and 10% in PP-9 on the TO-1 00 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 escape and overkill rates. This is shown in

Table XXI.

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

13M Ftnac 1
FC-40 PP-9

Overkill %/IRange
<10 - 5  18 22

I- Escape %/Range

10-5 21 21

10-4  16 16
10 - 3  

8.4 ;11

10-2 32 24

1 The overkill rate was 18% in the FC-40 and 22% in the PP-9. The escape rates are 21% in each

fluid in the 10- 5 range and 16% in each fluid in the 10-4 range. In the 10' group the escape

rates were 8.4% in FC-40 and 11% in PP-9. In the 10-2 group the rates were 32% in FC40 and 24%

in PP-9 but the data base in this decade (24 devices) is too limited to draw 3 firm conclusion as tc

whether one fluidi is better than the other in this range.

Repeatability, the ability to detect or accept specific devices in a leak range, was very poo.

This is pointed oat by the large overkill and escape percentage shown in 7able 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 shows the repeatability of the condition for the devices with

leak rates > 10-5 and the overall results even though the effectivity is very poor in the 10- and
10-3 ranges. The table shows that for the TO-84 and the C-DIP package the ability to produce

consistent bubble or no bubble results is much better than the ability to-detect all the units in a

rang-. For example the overkill and escapes on the TO-84 in FC-40 was 11% and 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.XXIL C1 Gwzs Leak Repeatibility

L=0DIP 83 e

70403 94 78

TO-3 35 4

0a 
n _ __4_

- The data resulting from these tests indicate there is not a sienifirani difference in the test

fluids. Either 321 FC-40 or Rlulec PP-9 car. be us- v) conduct the test- It 2ls shouws that although
the sensitivity etends into the Ir~ anoe, the test cannot be tenned re1L-ble because of the, escape
rates which occur in the larger leak rate decades and bcause of the ovetrkill rates which occur with

some packaee types.

The overkill problemn discussed a-bovev.was also reported by Raytheon in the paper "Raytheon
Weiehit Test Mlethod for Detecting Gross Leaks in Small Internal VTolume Semiconductor Packwe&"
The overkill rates reported in the paper were higher than those experienced duringt this

investigation. T he overkill rate could be reduced by using only a "steady stream of bubbles" as the
reject criteria but there is an associa:ed risk of increasing teecp ae

it must be concleded that Test Condition C1 wi1 -have some escape rate and some overk~ill r. te

even under carefully controlled conditif"'ns.

- C7 evaluation was performned by subjecting each unit to two tesi sequences using 3MN
f FC-78/FC-40 combination and toequences using Flutec: PP-II'PP-9 combination. The procedure

was as~follows: The units were placed inside a vacuum/pressure bomb and the presure reduced to
torr and maintained for 1 hour. Without break ingtecumth ui(F-8oP-)wa

admitted to the bomb. Devices with internal cavity volume equal to or less than 0.1 cc %vere then
pressurized to 90 psig with dry nitrogen. Devices with an internal cavity volume greater than 0. 1 cc
were pressurized to 50 psig. The pressure was maintained for a period of 3a hours. The units were
then removed from the bomb and retained in a bath containing the bomb fluid (FC-7S or PP-I).
The units wvere removed from the bath and allowed to dry 3 ± I niinute in the air prior to

-immersion in the indicator fluid. The units were immersed a d.zpfl of 2 inches below the surface of
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the indizator Pid (F17C- 0 or Pt?-9 Thz indi"-tor fluid was mainained at a temperature of

125 ! :50C during the testing. T'e units werc obstnvil at a magnification of .3X and any unit which

n.WLccd -a str"a=m of bubbles or a groav-ng bubble was considered a rcjcct- During this test
procdarc. as with ;he C, ,occdurc. a surf-cc or irapped bubble was not considered a reject. The

de-ices wert obs cnvd aeai.%t a dI!l. nonreflecti-w black background for a period of 30 seconds in

the ceznter of a collimated lich b-.-n. &ch unit was recorded as good or reject by serial number.

Mt- res.lts show tl at Condition C, detects most of the leaking devices in the I0-rSand laner

rmnes (Table XXIIf). Th ,xceptions arc the TO-S4, I X I ceramic, and TO-3 packages. The escapes

on the TO-h 4 p-kaec are probably due to the small volume of liquid inside the package vaporizing

4q and bslowing out of the .-acka-ge belcre the device is completely submerged in the fluid. Failure to

monitor tI device from the time of entry into the fluid allows a greater number of devices to

escape. The results show that approxim'tely 40 of the devices in the 10-6 range were detected as

rejects, which indicates the method does extend into the 10-6 range. However, it cannot be termed

a reliable me-thod in this range because of the 60" which cscapcd. The overkill was much higher on

the TO-3 than apy of the other packages. This is probably due to a wide seal flange area containing

weld voids. The resunlts also show a high escape rate in the l0-3 and 10-2 ranges on the I X I
ctramic 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 10-2 range.

I Repeatability, the ability to detect specific devices in a leak range, was good for leak rates

i10- .The devices in the<10 - 6 did not produce results as good as the results of the gross leakers

(Table XXHIi). The ability of the condition to produce consistent "bubble," "no bubble" results

over four test rnns was good. Table XXIV shows that the condition has a high percentage of

repeatability with respect to consistently detecting bubble, no bubble conditions for units with leak,

rates 1 0- 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 < 10-6 leak ranges. This is

also shown in Table XXIII.

The overall test results indicate there is no significant difference in the fluids (Table XXV).

Either conbination 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 valueq. The results indicate

that escape rates are higher or. packages having an internal volume of <0.10 cc if Lhe vaIcuum cycle

is omitted. There is no significant difference on packages having volumes larger than 0. 10 cc.

It can be concluded that Condition C? is more effective and repeatable than Condition C1. If

Test Condition C-2 is used, it is not necessary to run Condition C !.
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Table XXIV. C2 Gross Leak Repeatability

Package >10 - 5  Overall

W_ _ (%

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 96 94

Tabl,; XXV. Comparison of Test Fhuids

FC-78/FC-40 and PP-1/PP-9

Fluid FC-78/FC.40 PP-1/PP-9

Overkill %/Raitge
<10 - 6 26 21

Escape %/Range
10- 6  41 30
10- 5  5 3.4
10- 4  2.3 2
10- 3  4.2 2.8
10-2 10 20
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gi SECTION XII

EVALUATION OF CONDITION E

, In preparation for evaluating the % eight gain test, the fluid flow rate through leak sizes in the
gross range versus pressure was determined. The leak size at whi,:h fluid flow ceases was also
determined. A control valve ('/eeco type VV-50) was ubed to provide verifiabie leak sizes which
were measured with the MS-12 mass spectrometer. The equation

I1
R= - ( -e- M 1/2

is obtained from Equation (1) and defines the indicated leak rate of the device at the end of the
bomb period. The system used allo\ved the volumnt of Ps inside the control valve to become -. This
makes eX approach zero and makes the portion of the equation inside the bracts 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 tile orifice to remove
the normal air prior to introduction of the helium. Therefore, the atmosphere was approximately

100% heIium at 1 atmosphere. The expression

[-LP. A\

e o MlF~.i~ (A)

defines the escape rate of the gas through the orifice. The regulator and pressure bottle kept the
amount of helium to the orifice coastant. Therefore, time t2 was always effzctivt-ly 0, making the

expression equal to 1. Now the equation can be written as:

I LPE MA\ 1/2P [ 12)R= -1-::_ m I 1 2)

This allowed the valve to be set to exact L values by adjusting the valve to produce the proper R

I value at each test pressure (30, 60, 90 psig).

:
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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 connected to the Veeco machine.

The valve was mownted in such a way that it could be rotated to drain the fluid at the end n"each

test point.

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

I. With the control valve outlet connected to the mass spectrometer, the inlet was

subjected to a vacuum.

2. With the inlet under the vacuum, helium was supplied to the inlet at a pressure-set to

4approximately 1/4 psig. This ensured a 100% helium atmosphere supplied to the

orifice.

3. The orifice was adjusted to L values ranging from 3 X 10- 4 to 1 X 10- 6.

4. The pressure was removed and the inlet side of the valv pressure was reduced to the

vacuum condition.

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

6. With the inlet still under vacuum, the fluid FC-78 was admitted to the inlet side and

Spressurized 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.

If 7. 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
:1 mg/min did not vary with total time.

8. 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 -measure to

0.1 milligram. From this data the gain in milligrams per minute was determined.

", 9. 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 subjected to a
vacuum in order to evaporate all of the FC-78.
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10. The valve was then connected tosthe 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 reorded. The units were then placed inside a vacuum/pressure bomb and the pressure

reduced to 1 torr. This piessure was maintained for 1 hour. The indicator fluid (FC-78, FC 77, PP-I,
or PP-2) was then admitted to the pressure bomb wi.hout breaking the vacuum and the pressure
increased to the desired value (30, 60 or 90), which was maintained for 2 hours. Upon completion

of the 2-hour period, the devices were removed from 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 for a 2 X !0- 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:

1. 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 a bomb time of 2 hours. The data
showed that FG-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. sow that the weight gain test is effective for all package types in the 10- 5 and larger range.

Tablt.k 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 5.8

Escape %/Range

10-6 69 70 62 70
10

- 5  
1.1 5 1.1 1.7

10-
4  

1 3.5 1 1.5
10

- 3  
0 2.7 2.7 2.7

10-2 0 0 4 8

Table XXVII. Escape and Overkill Rates at
Varying Pressures and Limits, TO-84

Pressure 30 60 90 60 90

Reject Limit Milligrams 0.78 4.8 8.3 0.7 0.9

Overkill %IRange

<10-6 3.5 0 1.8 7.0 12

Escape %/Range
10 - 6 83 67 63 33 33
10-

5  
0 2.8 8.5 0 0

Table XXVIII. Escape and Overkill Rates at
Varying Pressures and Limits, C-PAK

Pressure 30 60 90 60 90

Reject Limit Milligrams 0.78 4.8 8.3 1.0 1.0

Overkill %/Range

<10 ' 6 40 0 30 20 50

Escape %/Range

10-
6  

55 62 47 50 36

10
- 5  

32 0 12 0 12
10

- 4  
7.5 0 0 0 0
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Table XXIX. Escape and Overkill Rates at
Varying Pressures and Limits, C-DIP

Pressure 30 60 90 60 90

Reject Limit Milligrams 0.78 4.8 8.3 1 1

Overkill %/Range

<10 - 6  
11 2.2 2.2 13 18

Escape %/Range

10-
6  

70 89 84 39 33
10-5 .. . ..__ _

10 - 4  
7 7 7 0 0

Table XXX. Escape and Overkill Rates at
Varying Pressures and Limits, MOS DIP

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 11

Escape %/Pange
10-6 20 63 50 35 14

10 - 5  
17. 0 0 0 0

10 - 4  
0 5 0 0 0

Table XXXI. Escape and Overkill Rates at
Varying Pressures and Limits, TO-1O0

Pressure 30 60 90 60 90

Reject Limit Milligrams 0.78 4.8 8.3 1 1

Overkill %/Range
<10-6 8 3.6 0 12 7

Escape %/Range
10 - 6 50 76 76 37 50

1O- 5  0 0 0 0 0
10- 4  

0 0 0 0 0
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If
Table XXXII. Escape Rates at Varying Pressures

and Limits, I X 1 Ceramic

Pressure 30 60 90 60 90

Reject Limit Milligrans 0.78 4.8 8.3 1 1

Overkill %/Range4 <106 - - - - -

Escape %/Range

10-6 95 92 80 92 56
10 - 5  0 0 0 0 0

10-4  25 0 25 0 25
10 - 3  6.6 0 13 0 13
10-2 12 0 12 0 12

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

Pressure 30 60 90 60 90

Reject Limit Milligrams 0.78 4.8 8.3 1 1

Overkill %/Range
<10 - 6  16 2.2 4.8 20 28

Escape %IRange
10-6 15 23 30 3.8 3.8
10-5 0 10 0 0 0
10 - 4  0 0 0 0 0
10-3 0 0 0 0 0
10-2 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

Overkil! %liting
<10-6 0 0 0 20 0

Escape %Ihiange

10 - 6 100 100 100 67 100
10- 5  63 0 0 0 0
10-4 .. . ..-

10- 3  0 0 0 0 0
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i s based on the 60 psig data using the so-called optimum limits. 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 MilB'grams 0.78 4.8 8.3 1 .0 1.0

Overkill %/Range
<10-6 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
10--4  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 10-6 range, as escape rates are 69% and 62% at 60
and 90 psig respectively. 7Ihe results can be greatly improved by lowering the reject limits to the

optimum conditions as shown 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 teat 90 psig is more

effective in the 10-6 range, however the 90 psig condition allows escapes in th, 10- 5 and larger

range which are detected when 60 psig is used. The additional devices detected in the 10- 6 range

are believed to be those with leak rates near the fluid flow cut-off point. These devices wcufld

normally be detected by fine-leak conditions since the flow rate data indicates that their leak rates

are 2 X 10- 6 or smaller. Based on the above, 60 psig appears to be the optimum pressure for the
weight gain test.

The results of the no-vacuum cycle indicated that for the TO-84 package with a volume of
i[ : 0.006 cc, the number of escapes increased by 20. The C-PAK o~erall results were essentially tihe

same as five additional units that were detected and six units that were detected before escaped.

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,

A: i and glass pa ,;kages 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).

*i. 0 Milligram
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Table XXXVI. Comparison of Results 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-DIP 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

60 psig. FC-78 was the most effective fluid used. The higher evapolation 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 ii.:estigation 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 not microcircuit packages were hermetic.

The investigation was successful in detennining that a maximun of two test conditions are

required to cover the entire leak rate range. It also pointed out that if the 1 X 10-6 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 Condition E) can be used as a single test for hermetic seal on

microcircuit packages of that size.

It was also determined that no particular 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.

Thp 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 vest;el 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.

tIThe helium data (Condition A) was analyzed to determ-ine the validity of the formula in

MlIL-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 fable XIII for the 10- 6 and 10- 5 ranges. This can be corrected by changing the limits to
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Iitlse suggested in Table XV which minimize escape rates in the mid-ranges. The use of the
controlled orifice technique wi!l also provide increased range on volumes of less than 0.01 cm3, but
it was too time consuming for production-type operations. The controlled orifice provided no

improvement in sensitivity or range on packages having volumes greater than 0.01 cm3 .

Evaluation of the radioisotope data indicated that the number of wash cycles (43) was nat
significant; therefore, all additional testing was performed with one wash cycle. It was also
dete.mined that specific activity within the range (277 to 1397 microcuies 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 raZe- were higher in the gross-leak range (Table XV). This is believed to be the result of the
vacuum cycle required to store the krypton-85 and does not make Condition B less effective than

Condition A for fine-leak testing of micro-,circuits.

Evaluati. n of package materials indicated that the major sorption area is the stal-package

interface or the seal material, and in most cases, not the ceramic itWelf. Each materiallpackage
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 methcd 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. Temperature preconditioning proved to be deleterious to
securing valid results.]

The evaluation of gettering materials established that fluorocarbons provided no incre.,e in

test sensitivity for Test Condition A or B. The polyimide improved the escape rates in the 10- 6 and
i j10- 5 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 O.cvices. It is concluded that gettering is a possible means of
testing the entire leak-rate range with a single test; but extensive work is still required to determine
the proper material(s) to be used.

Condition C1 bubble testing evaluation data indicaied that either 3M FC-40 or 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 FC43 and FC-48 and
the Flutec PP-7.
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The test .,tsulLs indicated that overkill (good dei.ces. rjected) nd escape (nonherm-tic deviots

accepted) rates will occur e%,e' under carefully conirolled conditions. e rates =e package

, dependent, being higher on cenmu and lare seal area rtal devices than on smAll Al metallass

Ones.

The results also indicate !hnt soi.e gross kakers in the 10-4 ad10- 5 r cane are detected by
Condition C1 but the escpe rates are so lam that thr condition could not be uud as a sinele test
for these mnem.

Condition C2 bubble test results show it to be a more reliable technique for detecting gross

lAs than Condition C1. This is true evcn in the 10- 3 and 10-2 ranecs which C1 is intended to

cover.

As with the C1 test, similar results were ob-Aned with 3M and Flutec fluids. The 3M
FC-78FC-40 combination was not significantly differ-nt from the Flutec PP-IIPP-9 combination.

Both yielded good nepeatabiity. and- relative to C , low escape rates.

The vacuum cycl- presently specified is necessary on packags having internal volumes of less

than 0.10 cc tc minimize escape rates. It could be omitted on lagier packages with no significant

difference in escape or overk-ill ra!es.

Condition C- is recommended as a more effective and repeatable procedure than C1 over the
- "I _.entire grosi-leak range.

The weight gain test (proposed Condition E) proved to be the most effective of the gross-leak
methods. SLxty psig was determined So be the pressure at which the escape rate could be reduced to
zero for all devices having leak rates of 10- or larger.

The fluids evaluated 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-I, 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 gross-leak 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



Conditions A or B followed by Condition 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 occasionally the seal area \vill form voids in the sealing glass and

trap the tracer gas when fine-leak testing 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 shown in

Table XXXVII. 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 XXXVII shows that fine-leak testing

-followed 
by Condition C2 allows some escapes in the 10- 5 range that do not occur when

-Condition 
E is used. It can be concluded that Condition E is more sensitive than Condition C2 , and

i 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 application 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 commensurao- with detection of the nonhermetic devices.

For helium testing, Condition A, three limits must be established to cover the broad range of

microcircuit package volumcs. The limits recommended are L (actual leak rate) ralues.

Internal
Volume L Limit

cc atm cc/s

<0.01 5 X 10- 8

>0.01 I< V< 0.4 1 X 10- 7

>0.4 1 X 10- 6

These limits are lower in value, one decade, one-half decade, and one-half decade, respectively,
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 leak rate) value which can be accurately read on the mass
spectrometer being used. A maximum t2 (time from removal of bomb pressure to read) of one hour
is recommended with a 30-rninute maximum being preferred.

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

Internal

Volume Q Lintit

cc atm cc/s

<0.01 IX 108
.>0.01 5 X 10- 8
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Radioisotope tests may be conducted at anypressureof at least 30 psigIt is recoeended that a r;,nimum bomb time of 0.2 -hour be used. Conditionis
chosen must satisfy the equation Qs=R/S~i stated in ?OL-STD-883 with the above
tim-e and pressure limnitations. .icrocircuits must be roAd within I hour after
removal of bomb pressure with a 30-minute =a-imum being preferred.

It is reco==ended that the present ethod 1014 Condition C] followed by
Condition 07 be deleted and that C7 only be used as the bubble test condition.
Based on the fluid fill rate data, a bomb condition of 2 hours at 60 psig is
reco-ended. Also for packages having an internal volume greater than 0.1cc
a bob condition of 10 hours a 30 psig ay be permitted. These conditions
insure that fluid in a sufficient quantity, to cause observable bubbling, will
be forced into the package.

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 originating from
the same point are observed.

t

The weight gain test is recommended for inclusien in MIL-STD-883. Sixty psig for a period of
2 hours is recommended for bombing. If the package wil! not withstand 60 psig the pressure may be
lowered to 30 psig and the bomb time increased to 10 hours. The pressurization should be preceded
by a I-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 inilligram depending on volume. They may then be accepted if they shift no more than

one cell in value after bombing. Weight loss should not be considered as cause for rqiecti:n.

It is recommended that the following tests be performed for detection of nonhermetit¢ devices.

Volume

cc Test Condition followed by Test Condition

<0.4 A or B C, D or E
>0.4 A or B CorD

*>0.4 E None

*If reliability requirements can be satisfied by a leak rate of

<I X 10 6 atm cc/.

It is recommended that the changes made to Method 1014 of MIL-STD-883 as a result of this
study be incorporated into Method 1071 of MIL-STD-750. This will provide consistent test
procedures for microelectronic and discrete devices used in military systems.
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JMISS ON

RomeAi -' Development Center

-. RADC is the principal AFSC. organiztationi charged ivith
planning and exec-ing. the USAF exploratory and advanced -
development prbrams- for information "sciences, ihtelli-
gence, comn and, control and communicatio&§ technology,
products and services oriented..tO the needs of the-USAF..
Primary RADC mission areas are communzications, electr6-
.magneti& guidance. and'-contrl , survei Zlance of gr6und
and. aerospace objects, intellig&nc? data collection, and
handling, informa'tion systeth,'technology,, and, electronic
reliability, maintainability ana compatibility. RADC
has -mission resnsibi-lity as-assigned by AFSC fo'r de-
zionstiation -and' ad4di:;ition of selected subsystems and
systems in .the intelligence, mapping, chartingi - c6mmand,
pcontrl' and communications areas.


