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1.0 I NTROOUCn ON

1.1 STUDY BACKGROUND

An investigatioll to determinE: the sUitabi1it:1 of us1ng adhesive package

seal ing as an al ternate to metallt!rgical package sealing t'c,r hybrid micro
circuits for NASJ\lMSFC applicatioCis lllas started in June 1975. The initial

effort directed to a preliminary evaluation of selected adhesiv~s to assess
their feasibility for this application was perfor~nled during the period from
June 1975 to April 1976 under Contract NAS8-31S17. The major effort performed
under that contrac:t consisted of (1) surw!ying representative hybrid manufac
ttiJ'ers to assess the current use of adhesives for packagp. sealing, "(2) making
a cost comparison of metallurgical versus adhesive packn~~ sealing, and (3)
determining the seal integrity of gold-plated Kovar butterfly-type packages
sealed with selected adhesives after they· had been subjected to MIL-STD-BB3A,
Class A, test environments.

This study is documented in detail in a NASA Contractor Report, NASA
CR 144339 issued in April 1976. Results showed that adhesive-sealed packages
retained their seal integrity (as determined by the seal test specified in
MIL-STO-883A, Method l014.1~ Test Conditions A2 and C,) after they had been
s~quentially subjected to MIL-STD-883A, Class A Thermal Shock, Temperature
Cyc11n9, Mechanical Shock, and Constant Acceleration test environments. S?e
cifically, 1.27 em (1/2 inch) square gold-plated Kovar butterfly-typ~ packages
sealed ~;th the film adhesives Ab1efilm 507, 529, and 550 and the pdste adhesive
Epo-Tek H77 retained their sea"t integrity after all tests, and ~iml1ar 2.54 em
(1 inch) square packages retained their seal integrity after all tests except
the 10,OOOgls constant acceleration test. While these resuits were by no means
considered to be sufficient to est~blish adhesives as suf'~ble for sealing high
reliability hybrid microcircuit packages. they were con~idered encouraging and
indicative that adhesive package sealing warranted fuyther evaluation.
As a result, a follow-on study was authorized.

1.2 SCOPE OF THI PRESENT STUDY

The gene~al objective of the o.erall study is to investigate lQW cost,
high reliability sealing techniques for hybrid Riicracircuit packages. The

-1-
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specific objective of this portion of the study (Phase II) was to continue
the evaluation of adhesives (begun in Phase I) to determine whether or not
they qualify for this application. This effort consisted of the following
thre2 tasks:

Task 1: Seal gold-plated Kovar packages with selected adhesives and determine
their seal integrity after they have been exposed to temperature-humidity
environments.

Task 2: Seal both gold-plated Kovar and ceramic packages with the four best
adhesives identified in Task 1 and determine their seal integrity a;'ter they
have been subjected to MrL-STD-883A test environments.

Task 3: Subject the best adhesive-package combination identified in Task 2
to a 60°C/9B% RH environment and determine its susceptibility to moisture
permeat·: on.

-2-
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'.0 TECHNICAL DISCUSSION

2.1 EFFECT OF TEMPERATURE-HUMIDITY EXPOSURES ON SEAL INTEGRITY

The objective of this effort was to determine if adhesive-sealed gold
plated Kovar packages can pass the seal test requirements of MIL-STD-883A,
Method 1014.1 after they have been exposed to selected temperature-humidity
environments. Ten·adh~s1ves, as listed in Table 1. and the following four
temperature-humidity environments were selected for this evaluation.

Level 1 - 50°C/60% RH for ten days
Level 2 - 60°C/98~ RH for ten days
Level 3 - MoistUre resistance test environment per Method 1004.1

of MIL-STD-883A
Level 4 - 85°C/85% ~H for ten days

Seal integrity was determined before and aftar exposing the packages to these
environments by performing fine anc! gross-leak tests in accordance "i'ltll MIL
STD-883A, Method 1014.1, Test Conditions A2 and Cl and e2, respectively. For
the fine-leak test. the packages were bombed at 30 psig helium for three hours.
For the C2 gross-leak test. the packages were pressurized at 30 psig for two
hours. Packages sealed with all ten adhesives were exposed to the Levelland
Level 2 environments. Level 3 and level 4 testing was conducted only on pack
ages sealed with the adhesives which passed exposure to th~ Levels 1 and 2
environments. In a11 cases. thl'ee packages sealed with each of the adhesives
and threa seam-sealed packages (to serve as controls) ~ere tested. A different
set of packages was exposed to each environment.

2.1.1 Package Assembly M~.

Since a large number of packages had to be assembled. a special fixture was
designed and fabricated for this purpt:lse. A photograph of the fixture contain
ing an assembled package is shown In Figure 1. and a close-up showing the package
assembly region and assemblecl package in greater' detail is given in Figure 2.
The ffxture has eight preciselY positioned pins to ensure proper alignment..
Teflon-coated, stainless-steel plates, 0.152 cm (60 mils) thick. are placed
on each sid~ of the package to ensure that it is not distorted when the
clamping pressure required during cure is applied.

-3-
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Table 1. Adhesives Selected for Evaluation

Adhesive Type Manufacturer

Ablefilm 507 Nonconductive Film Ablestik Laboratories

Ab1efilm550 Nonconductive Film Ablestik Laboratories

Ablebond 36-2 One Ccmponent Silver- Ablestik Laboratories
filled Paste

Ablebond 58-1 One Component Gold- Ablestik Laboratories
fill ed Paste

I Epo-Tek H20E Two Component Silver- Epoxy Technology, Inc.
I fi 11 ed Paste

Epo-Tek H81 I Two Component Gold- Epoxy Technology, Inc.
filled Paste

Epo-Tek H77 Two Component Non- F.poxy Technology, Inc.
conductive Paste

I\blebond 789-1 One Component Non- Able~tik Laboratories
ductive Paste

Ablebond 873-1 Epoxy Ncvolak Paste Ablestik Laboratories

AF-30 Nitrile Phenolic Film 3M Company

-4-
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Figure 1. Package Assembly Fixture

~~diAJU.l·,l~U.j)"y l)lJ" i,.,tr:
Sf(lHatAt Pt\:GE·16~

-5-



C75-597/201

Figure 2. Close-up View of Package Assembly
Region and Assembled Package
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The procedure for preparing a package was as follows: The package (package
case, .adhesive, package lid) was assembled by placing the parts bebween the
alignment pins with a teflon-coated plate on each side (bottom and top). A
metal yoke was then placed on top of thls assembly and the toggle clamp closed.
forcingi:he attached bolt down on the metal yoke and the me,,:al yoke down on the
package. This is shown in Figures 1 and 2. The force exerted on the pac~~ge

was controlled by a spring on the bolt and was just sufficient to keep the package
parts from shifting with respect to each other while a spring clamp was applied
to the package assembly (package and teflon-coated ?lates). Also, the end of the
bolt which contacts the metal yoke was free to swivel to ensure that the force
exerted on the metal yoke was ,perpendicular to its top surface and could not

, .
cause any misalignment af the' ~arts of the package assembly. A spring clamp,
of proper force was then placed on the package assembly, the toggle' clamp was
opened, and the clamped pac~'age assembly was removed from the fixture. /\ photo
graph of a package assembly: ready for cure is shown in Figure 3. The package
was leveled by adjusting the bolt on the opposite end of the clamp.

2.1.2 £~ckages and Package Processing

T~e paCkages selected for testing were 2.54 em (1 inch) square. gOld-plated
Kovar~ b~tterfly-type packages of solid ring frame construction with gold-plated
Kovar lids. Their rim,width was 0.102 cm (40 mils) and their sealing area
1.03 cm2 (0.16 inch2),' These packages were selected because of their wide use
in NASA/MSFC equi~ment. Package blanks (or sea1ing boxes) were used rather than
completed packages. These were identical to the completed packages except that
the holes for the feedthroughs had not been drilled and the feedthroughs installed.
Package blanks are less expensive than completed packages and their use for the
evaluation of sealing is preferable. Since there were no feedtnroughs as pos
sible sources of leaks, the leak rates measured were entirely due to the package
~als.

The pa~~ages (and lids) were cleaned by brushing tt~m successively in
deionized water, acetone, and isopropyl ~lcohol and tt;~n spray dnsing with
Fr~on TF. The cleaned packages were stored in a chamber containing a nitrogen
ambier.t and used within a few hours after they were cleaned. The adhesive
preforms were removed from the freezer, placed in the nitrogen chamber with
the packages. anti allowed to stand at room temperat~lre for apprOXimately
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Figure 3. Package Assembly Rea~ for Cure
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one hour bef~re they were used. T~e packages were assembled in room
ambient using the assembly fixture and method described in the previous
section (?.1.1). The fiim adhesives were placed on the package case in
the fixture. The paste adhesives were manually applied to the rim of the
package case before the package case was placed in the fixture. The adhesive
was applied ~sing a sharpened Q-tip stick while the procedure was monitored
under a microscope to assure complete covl:1rage and the absence: I)f bubbles.

The packages had a small hole 0.033 cm (13 mils) in diameter in their lids
which aligned with a 0.318 em (1/8 inch) diameter hole in the top t2f1on-coat~d

plate to al101~ the packages to vent during cure. The packages were cured in a
nitrogen environment and the holes were subsequently solder sealed in room
environment. Clamping pressures applied during cure were 7.0 x 104 N/m2

(lO.l psi) for the paste-adhesives, 1.1 x 105 N/m2 (16.3 psi) for the film
adh2sives Ab1efi1m 507 and 550, and 2.0 x 105 N/m2 (29.0 psi) for the film
adhesive AF-30. In the case of the paste"adhesives, since their viscosities
are initially very low, only sufficient pressurp. was applied to assure that the
parts remained in alignment during cure. The Cl"!'e schedules used for the adhe
sives are given in Table 2. These cure schedules meet or exceed those recom
mended by the manufacturers.

2.1.3 Results for Levell Environment Exposure

R~sults obtained for packages subjected to the Level 1 environment (SO°C/
60% RH for ten days) are given in Table 3. The nitrile phenolic film adhesive,
AF-30, was eliminated from consideration because 11 of 12 pacr.ages sealed with
it failed the initial C2 gross leak test. Since this problem was not encoun
tered with any of the other adhesive~, it was felt that this adhesive was not
worth further effort. The only adhesive affected by exposure to this environ
ment was EpQ-Tek H20E. All three packages sealed with this adhesive were found
to be gross 1eakers when tested according to Test Condition C2' However, i~ i~

interesting to note that these packages were not found to be gross l~akers

when previously tested according to Test Condition Cl ' and their fine-leak
rates measured ~rior to Cl and C2 gross-leak testing were as ~o~lows:

Package 1: 3.6 x 10-7 atm ec/sec (air equivalent)
Package 2: 4.2 x 10-7 atm ce/sec (air equivalent)
Package 3: 4.0 x 10-7 atm ec/sec (air equivalent)

-9-
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Table 2. Adhesive Cure Schedules

;lAdhesi'. ~ Cure Schedule

Ablefilm 507 70 mi nutes at 175°C

Ab1 efilm 550 2-1/2 hours at 150°C

Ab1ebond 35-2 40 m;nutes at 150°C
, Ab1ebond 58-1 40 m;nutes at 150°C

Epo-Tek H20E 15 minute~ at 150°C

Epo-Tek H81 15 minutes at 150°C

Epo-Tek H77 30 minutes at 150°C

Ablebond 789-1 2 hours at 170°C

Ablebond 873-1 2 hours at 170°C

AF-30 70 minutes at 175°C

Note: These cure schedules meet or exceed those
recommended by the adhesive manufacturers.

-10-
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Table 3. Eff~~~ of Levell Environment Exposure
(Ten Days at 50°C/60% RH)

Adhesive Initial Leak Rate
l.eak Rate After Exposure

Pa<:kage Number Att Equivalent Air Equivalent
atm cc/sec) . (atm cc/sec)

Ablefllm 507 -8 -B1 8.0 x 10_8 9.0 x 10_82 6.2 x 10_8 8.8 x 10_83 8.0 x 10 8.8 x 10
Ab1efilm 550 -8 -81 3.6 x 10_8 4.0 x 10_B2 1.5 x 10_8 1.4 x 10_8

3 1.4 x 1D 3.0 x 10
Ab1ebond 36-2 -7 -71 1.2 x 10_7 1,7xl0_72 1.6 x 10_7 ).2 x 10 7

3 1.0 x 10 2.0 x 10-
Ablebond 58-1 -8 -31 1.0 x 10 9 2.8 x 10'_8

2 9.5 x 10:8 . 7.0 >: 10 8
3 4.2 x 10 5.2 x 10-

i
Epo-Tek H20E -71 1.6 x 10_7 Gross (C2)

2 1.4 x 10_7 Gross ~c~~
3 1.4 x 10 Gross C?

Epo-Tek Hal
2.4 x 1O:~ 1.4 x 10-~1

2 2.1 x 10_8 1.8 x 10:83 4.6 x 10 3.8 x 10
Epo-Tek H77 -8 -81 1.1 x 10_8 1.2 x 10 8

2 1.8 x 10_9 2.0 x 10:93 8.4 x 10 8.7 x 10
Ab1 ebond 789-1

4.4 x1O:~ -91 4.8 x 10_92 4.4 x 10_8 5.0 x 10 8
3 6.3 x 10 1.5 x 10-

Ablebond 873-1
5.4 ;( 1O-~ ··81 2.1 x 10 8 .

2 3.0 x 10:8 1.6 x 10:8
;

3 .' .- 1.3 x 10 1.3 x 10
.-.

Seam Sealed -9 -9

I
1 1. 2 x 10_9 1.2 x 10_9
2 J 4.4 x 10_9 2.0 x 10 9
3 0.9 x 10 1.8 x 10-

-11-
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2.1.4 Results for Level 2 Environment E~osure

Result$ for packages subjected to the Level 2 environment (60oC/98% RH
for ten days) are given in Table 4. Packages were first tested for fine leaks,
then gross leaks per Test Condition C

"

and finally gross leaks -per Test Condi
tion CZ' Packages found to be gross leakers when tested per Test Condition C,
were not test~d per Test Condition C2• All packages for which fine leaks could
not be measu~'ed were found to be gross leakers when tested per Test Condition C1
and vice versa. 5even additional packages (three sealed with Ablefilm 550,
three with Ablebond 58-1 and one with Ablebond 7B9-1) wer~ found to be gross
leakers when tested per Test Condition C2. The fine-leak rates measured for
these packages p~ior to C, and C2 gross-leak testing were as follows:

Leak Rate
atm cc/sec (air equivalent)

Ablef1lm 550

Package 4
Package 5

Package 6
Ablefilm 58-1

Package 4

Package 5
Package 6

Ab1ebond 789-1
Package 4

6.8 x 10-9

1.0 x 10-8

3.8 x 10-9

2.2 )( 10-6

>3.0 x iO·6

5.2 x 10-8

3.0 x 10-9

The gross leak in the package sealed with Ab1ebond 789-1 (PacKuge 4) was not at
the adhesive seal but was due to an imperfection in the factory weld (~ottom

to rim). For all of the other leaky packages, failures occurred due to separ
ation of the adhesive from the gold metal, indicating that the failure mode
was adhesive rather than cohesive. Since gold is a difficult metal tn bond to.
this is the expected failure mcde. Also, failure uf the adhesives in this case
does not necessarily mean that they would not be adequate for other applications
!uch as sealing ceramic to ceramic.

Review of the results given in Table 4 shows that several adhesives were
severely degraded by exposure to this environment and should b~ eliminated from
further consideratio~. These were Ablebond 58-1, Epo-Tek H20S. Epo-Tek Hal,

-12-
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Table 4. Effect of Level 2 Environment Exposure
(Ten Days at 60°C/98% RH)

I Adh~sive 1m tial ~-ceak Rate
I

Leak Rate After Exposure
PacKage Number Air Equivalent Air Equi ....alent

(atm cc/sec) (atm cc/sec)
Ab1efil m 507

1 -7 -74- 1.0;< 0 8 3.2 x 10_8
5 6.4 x 1(8 4.6 x 10_8

lAblef,1m 550

8.6 x 10 5.4 x 10

-8 Gr')ss (C2)1.4 x 10.85 4.6 x 10_8 Gross (C~~
6 5.3 x 10 Gross (C2'- .

Ableband 36-2 -7 -B4 2.4 x 10 7 2.7 x 10 a
5 2.7 x 10:7 9.6 x 10·
6 1.8 x 10 Gl:OSS (Cl)

Ab1ebond 58-1 -84 1.8 x 10_8 Gross (C2)
5 1.4 x 10_8 Gross (C2)
I) 3.0 x 10 Gross (C2)

Epo-T~I< H20E -74 2.1 x 10_7 Gross (C1~
5 2.4 x 10_7 GrLiSS (C1
6 1.6 x 10 Gross (e1)

Epa-Tek H81
;

-8 Gross (el)4 8.4 x 10_8
5 2.5 x 10_8 Gross (Clt
6 4.0 x 10 1.8 x 10-

Epa-Tel< H77 -8 -94 2.0 x 10_8 6.0 x 10_8
5 1.6 x 10 8 1-

1.5 x 10
6 LO x 10· Gross (el)

Ab1ebond 789-1 -8 Gross (C2 at
4 5.8 x 10.8 factory weld
5 1.5 x 10_8 1.2 x 10-8
6 1.6 x 10 1.9xl0·8

Ablebond 873-1 -84 5.9 x 10_8 Gross (Cl~
5 2.0 x 10_8 4.4 x 10'"
0 2.1 x 10 Gross (C1)*

Seam Sealed -9 ·94 0.8 x 10.9 1.2 x 10_9
5 0.7 x 10_Q I 1.0 x 10_9
6 1.6xl0· - 1.4 x 10

*Lid came Qff during fine-leak te~ting

-13-



Ci6-597/20l

and Ablebond 873-1. Even though all three packages sealed with Ablefilm 550
were found to ba C2 gross leakers, it was felt that this adhesive should be
evaluated further because low fine-leak rates were measured for all three
packages sealed with it, and all of these packages passed the Cl
gross-leak test. Review of the results given in Table 4 also indicates that
two of the adhesives, Ablefilm 507 and Ablebond 789-1, were unaffected by
exposure to this envi~onment (all packages retained the~r seal integrity).
Also, for two other adh~sives, Ablebond 36-2 and Epo-Tek H77, only one package
lost seal integrity. lh~se adhesives are worthy tif further testing at: the more
severe temperatur'e-humi di ty condi ti ons.

In su~ry, as a result of exposure to tha Level ~ temperatur~-humidity

environment (60°C/98% RH for ten days), four adhesives (Ablebond 58-1,
Epo-Tek H20E, Epo-Tek Hal, and Ablebond 873-1) were elimir.ated from further
consideration for package sealin~; and five adhesives (P.b1efilm 507, Ablebond
789-1, Able~ond 36-2. Epo-Tek H77 and Ablefilm 550) were selected for further
testing.

2.1.5 Results for leve"' 3 Environment Exposure

Result~ for packages exposed to the level 3 environment (moisture resis
tance te~t environment per Method 1004.1 of MIL-STO-883A) are given in Table 5.
A comparison of these results with those given in Table 4 for similar packages
exposed to the Lew.!l 2 env'lronment (60°C/98% RH for ten days) indic.at!~s that
~he Level 2 environment is possibly more severe than the Level 3 environment.
This conclusion suggests that continuous exposure at sooe for ten d~ys is
more degrading than the effects due to cycling the temperature bet~een 25 Q C
?nd 65°C at· six-hour intervals for ten days.

2.1.6 Results for Level 4 Environment Exposure

Results for packages exposed to the Level 4 environment (85°~/B5% RH
for ten days) are given in Table 6. The only packages that retained their
seal integrity after exposure to this environment were the three that ",~re seam
sealed, two of the three that were sealed with Ablefilm 507, and the three that
were sealed with Ablebond 789-1. Al) othel's (one of the three sealed with Able
film 507, and all three sealed with Ablefilm 550, Ablebond 36-2 and Epo-Tei( H77)

-14-
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Table 5. Effect of Level 3 Environment Exposure
(Mo1stuie Res~stance Test Environment
per Met~',od 100~·.1 of MIL-STD-883A)

Adhesive J Tintial Leak Rat.e ILeak Rate After Exposure
Packag,e Number Air Equivalent Air Equivalent I

(atm cc/sec) __ (atm cc/sec) i. -T-----'·· .
Ab'lefilm 507

7 1. 1 x 10-7 1 5.4 x '10-8I

8 1.4 x to-7 ! 5.8 x 10-8.
I

1.1 x 10-7
1

.~.O x "10-89 ~
Ablefilm 550 I I

7 7.3 x 10-8 -8

I
I 5.0 )( 10

9.4 x 10-8
l

8 1 Gross (C2)

j 3.3 x 10-8 I
2.6 x )0-89

IAblebond 36-2 I .7
9.4 x 10-87 i 1.3 x 10 I

1.3 x 10-7
I

i.O x 10.78
or

1.1 x 10-79 3.2 x 10·'

Epo-Tek H77 I

\7 1.1 x 10.8 1.2 x 10-8
I 7.8 x 10-9

~
8.2 x 10-98

I
I

1.6 x 'In-8 I
Gross (Cl)9 I

!

Ablebond 789-1 i : rt», : iI
1.8 x 10-8 7.0 x 10-97 ~ t,
1.0 x 10-8

I
1.1 x 10-

8~8 i I

1.9 x 10-8 ! -8
9 , '2.0x10 ..

Seam Sealed I

f
7 <1.0 x 10-9 2.0 x 10-9 i

2.4 x 10-9 2.0 x 10-9
I

8 ;

-9 1.4 x 10.9
I

9 <:1.0 x 10 I
I
!

··15-
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Table 6. Effect of Lev~i 4 Environment Exposure
{Ten'Days at 85°C/85% RH}

r--' ,- Init;a1
_._-

Adhesive L€!ak Rata
After ExposureLeak Rate

Air Equivalent Air Equ:va1ent
Package NumbE:r (atm cc/sec) (atm cclsec)

Ab1efilrn 507
10 1.1 x 10-7 6.4 x 10-8

11 1.1 x 10-7 6.3 x 10-8

12 1.3 x 10-7 Gross (c, )
1--- !

Ab1efilm 550
10 2.9 x 10-7 Gross (C,)
11 3.3 x '0-7 Gross (c, )
12 5.S x 10-8 Gross (e1)

Ab1ebond 36~2

10 1.7 x 10-7 Gross (C,)
11 '.4 x 10-7 Gross (C1)
12 1.6 x 10-7 Gross (e l )

Epo-Tek H77 I
10 1.3 x 10-8 Gi"OSS (el ) I
11 1.1 x 10-8 Gross (Cl )
12 6.4 x 10-8 Gross (C,)

Ab1ebond 789-1
10 4.0 x 10-8 • 3 v '10-8I. A._

11 2.1 x 10-7 9.5 x 10-9

12
~

6.4 x 10-8 1.5 x 10-8-,Seam Sealed I10 <1.0 x 10-9 1.3 x 1G-9 I

I 'j

11 <1.0 x 10-9 1.0 x 10-9

I12 I <1.0 x 10-9 I 1.4 x 10-9

-

-16-
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were found to bl! C1 gross 1eakers. A ccmpci,1son of these results with these given
'in Tables 4 and 5 for similarly sealed packages exposed to the Level 2 and Level 3

environments (60°C/98% RH for ten d~ys and the moisture re$i~t~nce test environ
ment specified in Method 1004.1 07 MIL-STD-883A) substantiates that this envi
ronment (85°C/85% RH for ten days) is without doubt the most severe,

2.1.7 Results for Extended Levell Environment Exposure

The packages which previously were exposed to the Lev~l 1 environment
(50°C/60% RH for ten days), and retained their seal integrity, were exposed to
this same environment an additional three times. These packages therefore were
exposed to 50°C/60% RH for a total of 40 days or approximately 1000 hours. Seal
test results after each ten day exposure are given in Table 7. As can be seen
from a comparison of the last two columns of this table. only one additional
package failed (the only remaining package sealed with Epo-Tek H71) as a r~sult

of the fourth ten-day exposure.

The important result ;s that at least three and perhaps five of the nine
adhesives tested provide package seals that retain their integrity (i.e .• pass
the MIL-STD-883A seal test) after long-term exposure (approximately 1000 hours)
to a temperature-humidity enV;l'onment of SO°Cj60% RH. Since 50°C/60% RH is a
relatively mild temperature-humidity environment, this result alone is not partic
ularly sign;·fica~t. However, it compleme,its the results obtained for the adhesives
tested for a ~horter time under more severe conditions.

2.1.8 Adhesives for Further Evaluation

A summary of the results obtained from this evaluation is given in Table 8.
The data are simplified by using an "Xli to indicate the packages that retail'led
their seal integrity after exposure to each temperatw'e-humidity environment.
and a dash (-) to indicate those that did not. Tne asterisks (*) 1n the Ten-
day 60°C/93% RH Column indicate that t~ese adhesives were eliminated from further
consideration because of their failure during exposure to this environment. On
the basis of these data, the four best adhesives were Ablebond 789-1. Ab1efiim
507. Ablebond 36-2 and Epo-Tek H77.

2.1.9 Results of Infrared Analysis of Sal ected Adhesi ves

Infrared spectrographic analyses wer~ made for two adhesives (Ablefilm 507
and Ablebond 789-1) that passed exposure to all of the temperature-humidity

-17-
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environments and for two adhesives (Ablefilm 550 and Epo-Tek H77) that failed.
In each case, spectra were run on uncured samples and on cured samples before
and atter they ~ere exposed to 85°C/85% RH for ten days. For each adhesive,
the sp~ctrum obtained for the uncured sample was compared with that obtained
for the cured sample before temperature-humidity exposure to ascertain the
degree uf cure. Then the spectrum f~r the cured sample before ter.,per~ture

humidity exposure was compared wi~h the spectrum for the cured sample after
exposure to note any chemical changes res~lting from the ten-day 85°C/85% RH
exposure.

Spectra of uncured and cured samples are shown in Figures 4 and 5 for
Ablefilm 507 and Ablefilm 550, respectively. The spectrum for the uncured
sample is at the top. Since both of these adhesives are supplied in film form
on a fiberglass matte, the adhesives were extracted by dissolving in acetone
and evaporating. Abl~film 507 consists of a DGEBA (diglycidal ether of bis
phenol A) resin and a dicyandiamicle (01cy) curing agert. The presence of Dicy
;s indicated by the nitrile group doublet at 4.56 and 4.65 vm. Comparison of
the spectra in Figure 4 shows that this doublet has d~sappeared in the spectrum
of the cured sample indicating that cure was completed. Also, this fact is sub
stantiated by the retreat (decrease in absorption) of the epoxide group absorption
band at 10.8 ~m. Ablefilm 550 is a nitrile modified DGEBA resin with a dicyan
diamide curing agent and an accelerator. Comparison of the spectra for the
cured a~d uncured samples for this adhesive (Figure 5) shows that the doublet
characteristic of Dicy has degraded, but that a strong absorption ?eak sti11
remains at 4.58 ~m. This may be due to the nitrile portion of the modified
epoxy or to excess unreacted Oicy. The fact that complete curing has occurred
is substantiated by the disappearance of the epoxide peak at 10.8 vm.

Spectra of cured samples before and after exposu~e to 85°C/85% RH ior ten
days for the four adhesives (Ablefilm 507, Ablefilm 550, Epo-Tek H77, and
Ablebond 789-1) are shown in Figures 6 through 9, respect';vely. In all cases,
the spectrum for the cured adhesive before exposure is at the top. Comparison
of the spectra in Figures 6, 8 and 9 for Ablefilm 507, Epo-Tek H7i, and Able
bond 789-1 indicates that they are essentially the saree. Therefore, the
conclusion is that the chemical structures of these adhesives have not been
affected by the temperature-humidity expos~r~. Comparison of the spectra for

-2C-
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Figure 4. IR Spectra for Ablefilm 507
Top - Uncured
Bottom - Cured (70 Min. at 175°C)
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Figure 4. IR Sp~ctra for Ablefilm 507
Top - Uncured >

Bottom - Cured (70 Min. at 175°C)
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Figure 5. IR Spectre. fnr Ablefilm b50
Top - Uncured
Bottom - Cured (~-1/2 Hrs. at ~50°C)
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Figure 5. IR Spectra for Ablefilm 550
Top - Uncured
BOttl11T1 - Cured (2-1/2 Hrs. at 150°C)
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Figure 6. IR Spectra for Ablefilm 507
Top - Before Ten Days Exposure at 85°C/85% RH
Bottom - After Ex~osure
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IR Spectr~ for Ablefilm 507
Top - Before Ten Days exposure at 85°C/85% RH
8ottom - After Exposure
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Figure 7.
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IR Specti'a for Ablefilm 550
Top - Before Ten Days Exposure at 85°C/85% RH
Bottom - After Exposure
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IR Spectra for' Ablefilm 550
Top - Before Ten Days Exposure at 85°C/85% RH
Bottom - After Exposure
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Figure 8. IR Spectra for Epo-Tek H77
Top - Before Ten Days Exposure at 85°C/85% RH
Bottom - After Exposure
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Figl1re 9. IR Spectra for Ab1ebond 789-1
Top - Before Ten Days Exposure at B5°C/85% RH
Bottom - After Exposure -
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IR Spectr~ for Ab1ebon~ 789-1
T~p - Before Ten Days Exposure at 85°C/B5% RH
Bottom - After Exposure _..~-
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Ablefi1m 550 (Figure 7), however, shows a sut!st~."tial reduction in the absorp
tion bane at 4.58 ~m, indicating that the nitrile group has been hydrolyzed to
a car'boxyl group during the tempe"ature-humidity exposure. This conclusion is
supported by the growth (increased absorption) of the carbonyl peak (5.7 to
5.8 ~~). Since the purpose of adding the nitrile was to increase the ability
of the adhesive to adhere to gold, its hydrolysis during temperature-humidity
exposure could explain why the perfonmance of this adhesive (Ablefilm 550) was
degraded.

Ir. conclusion then, ~omparison of the IR spectra befo~e and after tempera
ture-humidity exposura suggests t possible reason for the failure of Ablefilm
550 but not for the failw'e of Epo-Tek H77.
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2.2 EFFECT OF MIL-STD-883A I~ST E~VIRONMENTS ON SEAL INTEGRITY

The objective of this effort was to determine if gold-plated Kovar packages
and/or ceramic packages sealed with the four best adhesives identified in the
previous effort, retain their seal integrity after they have been subjected to
the following Class A test environments specified in Method 5004"2 of MIL-STO
B83A:

(1) Thennal Shock - Method 1011.1, Test Condition C (i.e., 15 cycles,
-usoe to +150°C)

(2) TemperatUl"e Cyclin9 - Method 1010.1, Test Condition C

(i.e., 15 cycles, -65°C to +150°C)
(3) Mechanical Shock - Method 2002.1, Test Condition B

(i.e., 5 shock pulses at 1500 gls in the Yl plane)
(4) Constant Accsleration - Method 2001.1, Test Condition A

(i.e., 5000 g's in the Yl plane)
(5) Temperature Aging (240 hours at 125°C)

T~ accomplish this objective, six gold-plated Kovar packages and six ceramic.
packages sealed with each of the four adhesives (Ablefilm 507, Ablebond 36-2,
E~o-Tek H77, and Ablebond 789-1) were subjected to the test environments
both individually and sequentially in the order listed. The integrity
of the package seals was determined before ~nd after exposure to each test
environment by testing the packages in accordance with MIL-STD-883A, Method
1014.1, Test Conditions A2, and Cl and CZ' In each case, six seam-sealed gold
plated Kovar packages were used as controls.

2.2.1 Packages and Package Processing and Assembly

The gold-plated Kovar packages select~d far testing were the same ~s those
used previously (described in Section 2.1.2). The ceramic packages (or boxes
since they did not have electrical feedthroughs) selected were 2.29 cms (0.9
inches) square. These packages have a 0.127 crn (50 mils) wide rim a~d a seal
ing area of 1.16 cm2 (0.18 inch2). Ceramic lids 0.064 cm (25 mils) thick were
laser cut to fit these boxes and a hole approximately O.C4 cm (16 mils) in
diameter was sandblast~d in them so that the packages could vent during cure.

The same packagPi assembly method described in Section 2.1.1 was
used. An assembly fixture sim'1iar to the one used to assemble the
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guld-plated Kova~ packages was fabricated to accommodate the smaller ceramic
packages, and smaller teflon coated steel backing plates were made. The same
cleaning procedur~ as that described in Section 2.1.2 was used for the gold
plated Kovar packages. The :eramic packages were cleaned by brushing them in
toluene and isopropyl alcohol and then spray rinsing them with Freon TF. This
cleaning procedure was selected because of the ~ecessity of pretesting the
ceramic boxes to be sure that they did net contain cracks or holes. Testing was
performed using a helium-leak detector and required the use of Apiezon N grease
on the rims of the packages to form a temporary seal. Si~ce any residual Apiezon
Nwould degrade th~ adhesive seals, it had to be completely removed. Toluene
proved to be a very effective solvent for this purpose.

The rema i nder of the package process i n9 and sea1i ng procedures were the
same as those described in Section 2.1.2, except that the vent holes in the
ceramic packages ~ere sealed with Epo-Tek H7i. The cure schedules and c1ampin3
~ressures used in preparing these packages also were the same as those used pre
viously in preparing packages for the tempe,"ature-humidity evaluation effort.
Clamping pressures applied during cure were approximately 7.0 x 104 N/m2

(10 psi) for the paste adhesives, and 1.1 x 105 N/m2 (15 psi) for the f'ilm
adhesive. Curing schedules were:

Ab1efi1m 507

Ab1eoond 36-2
Epo-Tek Ifl7

Ablebond 789-1

70 Minutes at 175°C

40 Minutes at 150°C
30 Minutes at 150°C
2 Hours at 170~C

2.2.2 Comments on Ceramic Packages and Cleaning Methods

Initial seal testing of the first group of adhesive-sealed ceramic packages
revealed that 16 of 48 were C1 gross leakers with the leaks occurring not at
the seal area, but through the center portion of th~ bottom ~f the cerami\.
packages. This was unexpected since the pack~ges were bought from 3M (American
Lava Division) in accordance with an existing conlpany specificatio~. As a
result of t~.is experience, it was decided to pretest the cef'amic packages for
hermeticity. Testing of 200 packages showec that appl'oxim"tely 50% failed.
Apparently small holes or cracks existed due t:.ither to inadE!quate compaction
of the aluminil or a poorly controlled firing schedule. ThE! significance of

this unexpected situation is that it flags a problem area cl'isociated with the
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use of ceramic p~ckages. Th~ situation experienced may not be tYPical but it

does indicate that a large portinn of a b~tch of ceramic packages can be leakers,

and that pretesting should bl.! cons'idered I)y manufacturers using ceramic packages

in order to minimize their circuit rework or reject~on roates (;~nd associated costs).

Since the present method for \..'Ieaning the gold-J:dated K~var packa~es and
lids (lightly scrubbing them successively in deionized wat~;r, al.;."tone, and

isopropanol and spray rinsing witrl Freon TFJ was arbitrarily sele.'ctE:d and is

time consuming, it ~as decided to c1e)n th1al\1 using the simple, stMdard, ~uto·

mated procedure of succas~iv~ly immc,sifi~ them in four ultrasonically-agitated

Freon TF baths followed by a Freon TF v~,por \'·inse. Packages were cleaned by

this method and 12 each were sealed with Abh::bond 36-2 and Epo-Tek 1-177. Initial

seall testing of the packages showed that all 24 were C, gross leaker~L At this

point" packages were clea~ed by the original method and 12 each sealed with
Ablebond 36~2 and Epo-Tek H77. Of ti~is group, 2J passed the seal test (one

pack.age sealed with Abh':bond 35-2 W;.iS a Cz gross leaker). On this basis. it

WitS de'cided to retain the original cleaning method. It is felt that the demon

strated supericrity of the methoo. used is ~5sentially due to the effectiveness

of ar:etone and isopropanol in r(~moving fingerprint contamination accumulated

dur~ng handling (particularly ~,...hen the small holes are drilled 10 the lids).

2.7..3 Resu'ts for 1bf~a' ~hock Testing

Results for the J>ackages subjectad to 15 cycles of thermal shock between

·65°C ,~nd +150°C (MIL··STD~883A, Method 1011.1, Test Condition C) are given in

Tables 9 and 10. As shown, all ceramic packa~es retained their seal integrity

ufter exposure to this environment. but all the gold-plated Kovar package$

failed except those that were seam sealed and five GT the six that were sealed

witt! Able'l'ilm 507. Th~ other Ablefilm 501 sealed package had a fine le3.k rate

of 1.6 x '\0-7 atm cc/sec (air equivalent) similc.r to the firle leak rates of those

that retained their spal integrity, and also passe:d the Cl gross leak test, but

1\~ ',~ found to r;,?, a gross 1eaker when tested in accclrdance wi th Test Conditi on c2•

All 'th~ AlJlet;mcl 36-2 and Epo-Tek H77 sealed gr,ld,"plated Kovar packages were C,

{)\"u:is leak~\~" .. ,·hi"le one of those seaied with Ablebond 789-1 was a C, gross leaker

,:i'f~,J toe other fi ve were C2 gross 1eat<ers.
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Table 9. E~fect of Thenmal Shock on Seal Integrity
of Gold-Plated Ko~ar Packages..

leak Rate
Adhesive Inajal After Thermal Shock

l~,k Rate 15 Cycles (-65°C. +lSO·C)
Pacl:age Number At'" EqUival~lt Air Equivalent

atrn cc/sec: Catll'l cclsecl
..

Ablefilm 507
1 9.8 x 10.8 1./ ~, 10.7

2 1.2 x 10-7 1.9 x 10.7

3 9.2 x 10.8 '1.9 x 10.7

4 9.6 x 10.8 1.4 x i0.7

5 8:4 x. 10.8 1.8 x 10.7

6 7.4 x 10.8 1.6 x 10.7., Gross (C
Z

)

~blebond 36-2
1 2.1 x 10.1 . 7

Z.6 x 10· • Gross (C1)
Z 1.5xlu·7 >3.0 x 10.6• Gross (e1)
3 1.9x'10·1 ·6>3.0 x 10 • Gross (Cll
4 1.5 x 10.7 >3.0 x 10.6, Gross (C, )
5 1.7xl0·7 4.2 x 10.7, Gross (C , )
6 1.2 x 10.7 Z.3 x 10.7, Gross (C, )

Epo-Telc H77
1 5.0 x 10.8 . ·6>3.0 x 10 , Gross (Cl )
Z 6.8 x 10.8 L.ld came off during fine leak test
3 Z.2 x 10-8 6.8 x 10·a, Gross (Cll
4 3.6 x 10-6

I
>3.0 x 10.6, Gross (C,l

5 5.6 x 10.8 I >3.0 x 10.6• Gross (Cl )
6 1.4 x 10.8 ·8 11.5 X 10 • Gross (C,

Ablebond 789·1 t
1 1.9 x 10.7 I >3.0 x 10.6, Gross (eZl
2 1.8 x 10-7 I >3.0 X 10.6• Gross (C Z)

3 1.0 x 10-:-; I >3.0 x 10.6, Gross (C1)
4 8.0 x 10.8 >3.0 x 10.6, Gross (CZ)
5 4.9 x 10.8 I >3.0 x 10.6• Gross (eZ)
6 4.Z x 10.8 >3.0 X 10.6• Gross (C. )

I.

Seam Seale~

I1 <1.0 x 10.9 JA x 10.9

2 <1.0 x 10.9 Z.6 x 10.9

3 <1.0 x 10.9 3.4 x 10.9

4 <1.0 x 10.9 3.6 x 10.9

5 <1.0 x 10.9 4.0 x 10.9

6 <1.0 x 10.9 2.0 x 10.9

~
i
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Table 10. Effect of Thermal Shock on Seal Integrity
of Ceramic Pa~ka~es

Leak Rate
Adhesive Initial After Thermal Shock

Leak Rate 15 Cycles (-65°C, +150~C)

Package Number Air Eql,!ivalEnt At Equivalent
(atm cc/sec) atm cc/sec)

Ablefilm 507

1 1.3 x 10-7 1.5 x 10-7

2 2.8 x 10-8 9.2 x 10-8

3 2.4 x 10.8 1.4 x 10-7

4 4.0 x 10-8 1.6 x 10-7

5 1.6 x 10-7 1.0 x 10-7

6 2.0 x 1O~7 1.6 x 10-7

Ab1ebond 36-2
1 1.0 x 10-7 2.2 x 10-7

2 1.2 x 10-7 1.6 x 10.7

3 1.0 x 10-7 1.4x10·7

4 7.6 x 10-8 1.8 x 10-7

5 5.8 x 10-8 6.5 x 10-8

6 8.0 x 10-8 1.0 x 10-7

Epo-Tek H77
1 5.0 x 10-8 2.2 x 10-8

2 5.0 x 10-8 3.4 x 10-8

3 1.3 x 10.7 6.8 x 10-8

4 3.4 ;( 10-8 2.6 x 10.8

5 6.8 x 10.8 6.0 x 10-8

6 9.2 x 10-8 9.0 x 10.8

Ablebond 789-1
1 1.8 x 10-7 1.7 x 10-7

2 1.7x10-7 1.6xlO-7

3 6.5 x 10-8 1.5 x 10-7

4 1.5 x 10-7 1.1 x 10-7

5 1.2 x 10-7 1.2 x 10.7

6 7.4 x 10-8 1.7 x 10.7
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It is felt that the explanation of the contrasting results obtained for
the ceramic and the gold-plated Kovar p~ckages lies simply in the well-known
fact that adhesives form a stronger bond with alumina than they do with gold.
The result not so easily explained is that the gold-plated Kovar p~ckages sealed
with the film adhesive retained their seal integrity while those sealed with the
three paste adhesives did not. A possible explanation is that the bond lines
were adhesive starved in the case of the paste adllesh'es due to excessive clamping
pressure, whereas this could not be th~ case for the film adhesive since it has a
0.005 em (2 mil) glass carrier.

The measured fine-leak rates are given for all gold-plated Kcvar packages
including those which were subsequently found to be gross leakers. This has
been done to emphasize two points. First, some packages which pass the flne-
leak test are subsequently found to be gross leakers when subjected to the con
dit10ns of the gross-leak tests. As shown in Table 9, this is the case for
Package 6 sealed with Ablefi'm 507, Packages " 5 and 6 sealed with Ablebond 36-2,
and Packages 3 and 6 sealed with Cpo-Tek H77. Second, the C2 gross-leak test
is a more sensitiv~ test than the C, gross-leak test and consequently, gross
leakers that may escape detection by the Cl test are often caught by the C2
test_ (this is the case for Package 6 sealed with Ablefi'm 507). j'hese results
substantiate the well known fact that both fine and gross le~k tests are neces
sary to assure that seals of adequate strength and integrity are obtained.

2.2.4 Results for Temperature Cycli~Testing

R\~sults for the packages temperature cycled in accordllnce with MIL-STD-883A,
Method 1010.1, Test Condition C (15 cycles between -65°C and +150°C) are given
ill Tables 11 and 12. All the adhesive seaied ceramic I=ackages retained their
!ieal integrity. However, all the adhesive sealed gold·-plated KO'lar packages
failed except those sealed using Ab1efilm 507.

In review. both the results of the effect of thermal shock on seal integrity
and the effect of temperature cycling on seal integrity show that ce~amic packages
sealed with all four selected adhesives (Ablefilm 507. Ablebond 30-2, Epo-Tek H77

and Ab1ebond 789-1) retain their seal integrity after exposure to these environ
ments, but the only gold-plated Kovar packages that retain their seal integrity
after these exoosures are those that ware seam sealed and those sealed with Able
film 507. It ;.,as felt that perhaps the failure of the paste adhesives on the
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Table 11. Effect of temperature Cycl ing on Seal Integrity of
Gold-Plat~d Kovar Packages

Adhesive I Leilk Rste
Initial After Temperature cyeliny

Leak Rate 15 Cycles (·65°C, +lSO·CPac!r.ige 11;:" At Equivalent A]r Equivaltnt
atm cc/se<;~ atm eclsee'

Ablefllm 507
7 1.2 't 10-7 3.0 x 10·"1
8 7.2 )( la-B 1.5 x 10-1

8.2 x 10-8
.

9 2.0 x 10·'
10 6.4 x 10-8 1.4 :It 10.7

11 5.6 x 10.8 1.3 )( 10.7

12 6.4 x 10.8 Ui x 10.7

Ablebond 36-2
7 1.8 x 10.7 Gross (e1)
8 ~"O x 10.8 Gross (el )
9 1.3 l( 10-7 Gross (el )

10 2.2 l( 10-7 Gross (Cl )
11 Z.8 l( 10.7 Gross (el )
12 1.4 x 10.7 Gross eC"l)

Epo-Tek H77

7 1.1 x 10.7 Gross (Cl )
8 3.6 x 10.8 Gross (C1)
9 2.7 :It 10.8 Gross (e1)

10 3.7 x 10.8 Gross (el )
11 4.4 x 10-8 G~$$ (ell
12 1.0 l( HI-7 Gross (eZ)

Ablebond 789-1
7 6.3 x 10.8 Gross (C2)
a 3.0 x 10-8 Gross (C2)
9 1.5 x iO·8 Gross (el )

to Z.2 x 10-8 Gross (ez)
11 2.1 x 10.8 Gross (ez)
12 1.iS x 10.8 Gross (Cz)

Seam Sealed
7 <1.0 x 10·g Z.O l\ 10-9

8 <1,0 x 10.9 <1.0 x 10.9

9 <1.0 l( 10-9 1.0 x 10-9

10 <1.0 x 10·S' <1.0 x 10-9

11 <1,0 x 10-9 :::'.Ii ~ lC-9

12 <1.0 x 10.9 <1.0 x 10·g
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Table 12. Effect of Temperllture eyel ing on
Seal Integrity o'f Ceramic Packages

Adhesive Initial Leak Rate ;;-l
Leak Rate After Temperature CYClinj

Air Equivalent 15 Cycles (-65°C. +150~C I

Package Number (a+m cc/sec) A~,r EqUiVal~)t

- atm cc/see _

Ablefilm 507
7 1.6 x 10-8 2.Cx10-7

8 9.0 x 10-8 2.8 x 10-7

9 2.1 x. 10-8 1.3 )( 10.7

10 1.4 x 10-8 1.2 x 10-7
I

1.7 x 10.7 -711 2.5 x 10
12 2.8 x 10-8 2.0 x 10-7

Ab1ebond 36-2
7 8.2 x 10-8 2.3 x 10.7

8 8.4 x 10-8 2.3 x 10-7

9 3.4 x 10-7 3.0 x 10-7

10 9.4 x 10-8 2.4 x 10-7

11 3.8 x 10.8 1.1 x 10-7

12 7.2 x 10-8 2.0 x 10-7

Epo-Tel< H77
7 1.0 x 10-7 1.8 x 10.7

8 1.5 x 10-8 ~ II ~ 1n-8
~ ... " .~

2.5 x 10.8 1.0 x 10-7
.

9
1.6 x 10-8

0

10 8.7 x 10·u

11 1.0 x ~0-8 4.9 x 10.8
r

1.2 x 10-8 5.6 x 10-812

Ab1ebond 789-1
7 1.1 x 10-7 1.5 x 10-7

8 2.0 x 10-7 7.7 x 10-8

9 1.0 x 10-7 1.0 x 10-7

10 7.6 x 10-8 8.3 x 10-8

11 1.6xl0-7 9.6 x 10-8

12 1.0 x 10.7 7.6 x 10-8
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gold-plated Koyar packages was due to the fact that the clamping pressure of

7.0 x 104 N/M2 (10 psi) applied during cure was too great resulting in adhesive
starvation of the bond lines. To investigate this possibility. twelve gold
plated Kovar packages were sealed using Epo-Tek H77 with a clamping pressure
of onlY 3.5 x 104 N/m2 (5 p~i) applied during cure. Initial seal test results
for these packages are given in Table 13. As shown, all the packages except
un~ which had a gross leak at the breather hole in the lid had low fine-leak
rates. However. immersion in the 125°C fluorocarbon indicator fluid, as required
in the Cl gross-leak test, caused sufficient pressure buildup in the packages to
cause the seals to rupture after approximately 30 seconds, :esu1ting in gross
leakers. Apparently. seals formed with such a low clamping pressure used during
cure have an even lower bond strength than those formed with the higher clamping
pressur~.

2.2.5 Results for Mechanical Shock Testing

Results for the packages that were mechanically shocked per :-iIL-STO-883ll.,

Method 2002.i. Test Condi~ion B (i.e., five 1500g shock pulses in the Y1 p1ane)~

are given in Tables 14 and 15 fur the gold-plated Kovar and ceramic packages.
respectively. As noted in Table 14, attempts to stal gold-plated Kovar packages
with Epo-Tek H77 were unsuccessful. Two attempts were made: one with the
adhesive usc~ to 5~al previous packages and on~ with fresh adhesive. Fine-leak

t\

testing indicated that all packag~s had leak rates in the low 10-0 atm cc/sec
(air e~uivalent) range. Howeve~. during the Cl gross leak test, all but four
deveioped groSS leak;; afta:- 15 to 60 seconds imnersion in the 125°C test fluid.
Apparently, the seals are good initially but the bond strength is so weak at
125°C that the i~terna1 pressure built up at this tempe~ature is sufficient to
rupture them.

Since the purpose of this test was to aetermi~e the effect of mechanical
shock on the lid to package seal, the packages had to be held in such a way
that the lids were unrestrained. This was accomplished by bonding the packages
(bottom down) to 5i32 Inch thick aluminum tabs using Ablefilm 529. These

aluminum tabs were then clamped in a fixture so that the packages were free.
This mounting method is essential for proper execution of the test; however,
it does have an undesirable effect in that the adhesive used to mount the
packages adsorbs or absorbs helium during bombing and subsequently reieases
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Table 13. Seal Te~t Results for Gold-Plated KO'i.:l\' Packages
Sealed With Reduced (3.5 x 104 N/m2 or 5 psi)
Clamping Pressure Applied Curing Cure

Initial
Leak. Rate

Air r~quivalent

(atm cc/sec)

9

8

5.6 X 10-9• Gross (el )

5.2 x 10-9• Gross (el )

1.4 x 10-8, Gross (el )

7.9 x 10-9• Gross (e1)

4.6 x 10-9• Gross (e1)

8.7 x 10-9, Gross (C1)

7.4 x 10-9, Gross (Cl )

6.1 x 10-9• Gross (el )

6.3 x 10-9, Gross (Cl )

'0 9.4 x 10-9• Gross (e l )

L
~l 5.0 x 10-9, Gross (Cl )

1_2 -L. G_r_OS_S_Le_a_k_a_t ---LBreather Hole

I Adhesive

~Package Number

Epv-T~k H77

1

2

3

4

5

6

7
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Leal< Rate Mter
Mechanical Shock
5 Shocks at 1500 9 I c

A(ir Equiva~~nt
atm cc/sec!

Table 14.

Package Number

C76-597/201

Effect of Mechanical Shock on Seal Integrity
of Gold-Plated Kovar Packages

Inlt1a: =-r Leak Rate Aftf~-:tl
Leak Rate I Mounting Packuges
Air Equivalent On Aluminum Ti!bs .

(atm cc/sec) ~ir Equival ~nt
\atm cc/seci

.~b i efilm 507

13

14

15

16

17

18

Ab1ebonrd 36-2
13

14

15
16

17

18

1.4xlO-7

1.6 x 10-7

1.8 x 10-7

2.8 x 10-7

2.0 x 10-7

1.4 x 10-7

2.8 x 10-7

2.7 x 10-7

2.2 x 10-7

2.0 x 10-7

1.7 x 10-7

2.2 x 10-7

1.3 x 10-7

1.4 x 10-7

1.8 x 10-7

1.8 x 10-7

1.6 x 10-7

1.5 x 10-7

2.1 x 10-7

2.5 x 10-7

2.4 x 10-7

1.7xlO~?

"1.9 x 10-7

2.4 x 10-7

1.8 x 10-7

1.6 )( 10.7

2.0 x 10.7

2.0 x 10-7

2.0 x 10-7

1.8 x 10-7

Gross (e2)
Gross (e2)
1.9 x 10-7

1.4 x 10-7

1.6 x 1(.-1

~.U x 10•.7

Epo-Tek H77

Ablebond 789-1

13

14
15

16

17

18

Attempts to seal packages with Epo-Tek H7i ~en~ 'J!)'-I.!!:cessfu1
(i .e., packages sealed with this adhesive faih'd gross C1 tes' ;ng).

I
4.0 x 10.8 2.5 x 10-7 1.8 x 10-7

-8 -7 -71.5xIO 1.1 x 1.0 1.4xl0
1.8 x 10-8 1.3 x 10.7 8.8 x 10.8

1.3 x 10-8 1.3 x 10.1 9.4 x 10.8

8.2 x 10-9 8.9 x 10-3 7.3 x 10-8

5.2 x 10-9 3.4 x 10-8 3.3 x 10-8

Seam Sealed

13

14
15

16

17

18

1.1 x 10.9

<1.0 X 10.9

1.3 x 10-9

<1.0 x 10.9
-9<1.0 x 10

1.5 x 10-9
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4.0 x 10-8

2.6 x 10-8

2.3 x 10-3

3.0 x 10.8

1.4 x 10-8

3.4 x 10.8

7.6 x 10-8

4.0 x 10-8

3.6 x 10-8
-~4.7 x 10 -

2.4 x 10-8

4.5 x 10-8
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Table 15. Effect of Mechanical Shock on Seal Integrity
of Ceramic Packages

Initial -eak Rate After Leak Rate After
Adhesive Leak Rate MClunti ng Packages Mechanical Shock

Air Equivalent On Aluminum Tabs 5 Shocks at 1500 g's
Air Equivalent Air EQuivah)ntPackage Number (atm eelsec) (a..!:!!L..£fl 5ec ) (atm ee/sec

Ablefilm 507
13 1.3 x 10-7 1.6 x 10.7 1.8 x 10-7

14 i.B x 10-7 -7 1.6xlO-71..3 x 10
15 6.4 x 10.8 1.2 x 10.7 1.2 x 10-7

16 1.2 x 10-7 1.5 x 10-7 1.3 x 10-7

11 8.4 x 10.8 1.4xlO-7 1.4 x 10-7

18 1.7 x 10-7 '1.9 x 10.7 1.9 x 10.7

Ablebond 36-2
13 1.5 x 10.7 2.1 x 10.7 2.9 x 10-7

14

I
3.2 x 10.7 2.9 x 10.7 2.8 x 10.7

15 1.1 x 10.7 2.1 x 10.7 2.0 x 10.7

16 1.1 x 10-7 2.2 x 10-7 2.5 )( 10.7

17 2.3 )( 10.7 3.5 x 10-7 2.9 x 10.7

18 1.0x10·7 3.0 x 10-7 3.0 x 10.7

Epo-Tek H77 .
13 1.2 x 10.7 .7

2.1 x 10.71.9 x 10 .

H 1.3x10·7 1.9 x 10.7 2.0 x 10.7

15 1.1 x 10.7 1.4 x 10.7 2.0 x 10-7

16 6 '(1-8 1.9 x 10.7 2.0 x 10-7.0 x I~

17 3.8 x 10.6 1.4 x 10.7 1.6 x 10.7

18 2.3 x 10-8 1.6 x 10.7 1.6 x 10.7

Abl ebond 789·1

13 5.4 x 10.8 1.6 x 10.7 1.9 x 10- 7

14 3.2 x 10.7 ·7 1.9 x 10.72.0 x 10

15 1.3xlO·7 1.3 x 10.7 1.5 x 10.7

15 9.5 x 10.8 ·7 1.5 x 10.71.}j x 10

17 1.0 x 10.7 1.4 x 10.7 1.5 x 10.7

18 9.5 x 10.8 1.6xl0-7 1.4 x 10.7 I
I
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it, increasing the apparent fine leak rate. To allow for this, the packages
were fine-leak tested after they were mounted on the aluminum tabs. These
results are given in C01UIllii3 of Tables l~ and 15, and are the laak
rates that should be compared to those obta~ned after the packages were
mechanically shocked in order to determine the effects of this test environment
on retention of seal integrity. The increase in apparent 1eak rate, due to the
release of adsorbed or absorbed helium from the adhesive used to mount the
packages (1n this case four-mil thick Ablefilm 529) can be determined by com
paring the results given in Colum~s 2 and 3 of Table 14 for the seam-sealed
gold-plated Kovar packages. This comparison indicates that the helium released
from the mounting adhesive during fine-1e~k testing is equivalent to a leak rat2
in the low {1.5 to 4)10.8 atm cc/sec (air equivalent) range. In geneNl. this
is negligible compared to the measured leak rates (low 10-7 atm cc/sec air
equivalent range) of the adhesive-sealed packages and to the variation in the
repeatability of fine-leak rate m~asurements.

Comparing the last two columns of Tab~es 14 and lS shews that only two
packages failed after mechanical shock, gold-plated Kovar Packages 13 and 14
sealed with Ablebond 36-2. However, it is not conclusive that these packages
failed as a r~sult of mechanical shock. These packages sh~wed fine-leak rates
~fter shock cf 1. 7 x 10-7 and 1.9 x 10-7 atm cc/sec (air equivalant;, respec
tively (similar to the leak rates of the other fou~ ~ackages se~l~d with this
adhesive), and passed the '1 gross leak test but showed as C2 gross leakers.
A 1ater C1 gross 1eak test showed that Package 13 was nO~1I a Cl gross 1eaket'

but that Package 14 II/as not" Prsvious experience with gold-plated Kovar pack
ages suggests that the failure of these packages may have br.en due to the stress
of the C, and Cz g,"oss-leak tests rather than as a result of exposure to the
mechanical shock environment. In any case, the fact that th~ adhesive failed,
indicates that it is inadequate for sealing gold-plated Kovar package~.

2.2.6 Results for Constant Acceleration Testing

Results for the packages that were subjected to constant acceleration per
MIL-STO-883A, Method 2001.1, Test Condition A (i .e., 5,0009 1 S in the Y1 plane)
are given in Tables 16 and 17. As in the case of the mechanical shock test,
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Table 16. Effect of Constant Acceleration on Seal Integrity
of Go1 d-P1 ated Kova .. Packages

Leak Rate After L.eak Rate
Adhesive Ini ti a1 Mounting Packages After Constant Acce1 .

Leak Rate On Aluminum Tabs 3t 5000 g's
Package Nu,'l\ber Air Equivalent Air Equivalent Air Equivalent

(atm cc/sec) (atm cc/sec) (atm cc/sec)

Ab1efilm 507
1 9 v ,,,,-7 -8 -719 ...." ,v_7 9.4 x 10_8 2.4 x 10_720 2.0 ;: 10_7 9.5 x 10_7 2.4 x 10_7

21 2.3 x 10_7 1.0 x 10_8 3.2 x 10_722 2.0 x 10_7 9.6 x 10_8 2.3 x 10_7
23 1.6 x 10 7 7.8 x 10_8 2.2 x 10_724 1.9 x 10- 9.6 x 10 4.0 x 10

I
Ablebond 36-2 -7 -719 1.2 x 10_8 1.0xlOp' Gross (C1)

20 9.0 x 10_7 7.8 x 10:7 *21 1.2 x 10_8 1.2 x 10_8 *22 8.1 x 10_7 8.0 x ,10_8 *23 1.2 x 10_8 7.6 x 10_7 Gross (el)7
24 9.8 x 10 1.3'x 10 3.2 J( 10-

0

Epo-Tek H77 Attempts tel seal packages \'#i th Epo-Tek H77 were
unsuccessful (i.e., packages sealed with this
adhesive failed gross C1 testing)

Ab1ebond 789-1
6.7 x lO:~ -7 -819 1.6 x 10_7 9.4 x 10_720 4.8 x 10_9 2.0 x 10_8 1.8 x 10 8

21 6.0 x 10_9 5.8 x 10_8 4.4 x 10:822 ., 5.6 x 10_9 9.1 x 10_8 7.2 x 10_823 5.1 x 10_9 6.8 x 10_8 6.4 x ~9-8
24 3.6 x 10 7.4 x 10 9.5 x IU

Seam Sealed
- <1.0 x 10-~ -8 I -8'19 2.0 x 10_8 7.0 x 10_8

20 1.2 x 10:9 2.8 x 10_8 5,,6 x 10_8
21 <1.0 x 10_9 2.9 x 10_8 6.2 x 10_7

L!
.;1.0 x 10_9 5.8 x 10_8 1.0 x 10 8
1.1 x 10_9 1.6 x 10_8 4.2 x 10:724 1.2 x 10 5.1 x 10 1.8 x 10

*Lid Came Off During Constant Acceleration Test
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Table 17. F.ff~ct of Constant Acceleration on
Seal Integrity of Ceramic Packa~es

-Leak Rate After Leak Rate.
Adhesive Initial Mounting rackages Aftar Constant Accel

Leak Rate on Aluminum Tabs at 5000 gls
Air Equivalent Air Equivalent Air' EqtJi va1ent

Package Number (atm cc/sec) (a tm cc/sec) (atm cc/sec)

Ablefilm 507
2.2 x 10-7 4.0 x 10-7 3.0 x 10-719

20 1.2x10-7 4.4 x 10-7 3.6 x 10-7

21 9.5 x 10-8 3.3 x 10-7 3.0 x 10-7

22 7.5 x 10-8 3.2 x 10-7 2.8 x 10-7

23 1.1 x 10-7 3.2 x 10-7 3.0 x lO-i

24 8.8 x 10-8 4.4 x 10-7 4.7 x 10-7

Ab1ebond 36-2
1.2 x 10-7 5.8 x 10-7 3.7 x 10-71~

20 1.6 x 10-7 6'.0 x 10-7 5.6 :( 10-7

21 1.9 x 10-7 5.6 x 10-7 5.0 x 10-7

22 1.1 x 10-7 4.4 x 10-7 3.8 x iO- 7

23 9.8 x 10-8 3.8 x 10-7 4.4 x 10-7

24 1.0 x 10-7 5.8 x 10-7 5.6 x 10-7

Epo-Tek H77
5.3 x 10-8 1.3 x 10-6 3.6 x 10-719

20 1.9xlO-7 1.4 x 10-6 4.0 x 10-7

21 3.7 x 10-8 5.6 x 10-7 2.3 x 10-7

22 6.2 x 10-8 5.3 x 10-7 2.2 x 10..7

23 4.2 x 10-8 6.0 x 10-7 2.2 x 10-7

24 1.7 x 10-8 5.4 x 10-7 2.5 x 10-7

Ablebond 789-1
1.2 x 10-7 3.2 x 10-7 2.0 x 10-719

20 1 -8 3.2 x 10-7 2.7 x 10-73.3 x 0
21 2.8 x 10-8 3.2 x 10-7 2.6 x 11J-7

22 1.4 x 10-8 3.0 x lO- i 2.1 x 10-7

23 i.6 )( 10-8 4.2 x 10-7 3.4 x 10-7

24 2.1 x 10-8 3.0 x 10-7 2.6 x 10-7
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the packages had to be held so that the lids were free, so again the packages
were bonded bottom down on 5/32 inch thick aluminum tabs using four-mil thick
Ablefilm 529.

Comparison of the initial leak rates and the leak rates after mounting
for the seam-sealed gold-plateG Xovar packages, indicates that the helium
released from the mounting adhesive during fine-leak testing is equivalent to
a leak rate in the low (1.5 to 5)10-8 atm cclsec (air equivalent~ ,ar.ge. This
agrees with the corresponding range of 1.5 to 4 x 10-8 atm cc/sec (air equiva
lent) fom<' for th~ packages that wer'e mechanical1y shocked. As previously
stated, t~is leak rate is negligible in comparison with the measured ieak rates
[low 10-7 atm cc:/sec (air equivalent) range] of the adhesive-seaied packages
and the variation in the repeatability of fine-leak rate measurements.

The only packages that failed the 5,00091S constant acceleration test were
the gold-plated Kovar packages sealed with Ablebond 36-2. Five of the six
p~ckages faile~. The lids came off three of the packages during test, and of
the others subsequent leak testing showed one to be a fine leaker and one to
be a C1 gross leaker. Gold-plated Kovar packages sealed with Epo-Tek H77 were
not tested because,as previously noted, attempts to seal these packages were
unsuccessful.

2.2.7 Results for Temperature Aging Testi~

Results for the packages exposed to a 125°C dry nitrogen environment for
240 hours are given in Tables 18 and 19. This test was selected to correspond
to the temperature/t;mp. requi rement associated wi th the burn-i n test per MIl.

STD-S83A, Method 1015.1. All of the ceramic pdckag~s sealed ~ith the four
different adhesives, the gold-plated Kovar packages sealed with Ablebond 789-1,
and the seam-sealed gold-plated Kovar packages retained their seal integrity
after this exposure. However, the golJ-plated Kovar packages sealed with Ab1e
film 507 and Ablebond 36-2 did not. Epo-Tek H77 again was not tested on the
gold-plated Kovar packages because attempts to sea1 these packages with this
adhesive were unsuccessful. As noted in Table 18. this also was the case for
th~ee of the six gold-plated Kovar packages sealed with Ablebond 36-2.
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Table 18. Effect of Tem~erature Aging on Seal
Integrity of 001d-Plated Kovar Packages

Gress (Cl)
Gross (Cl)
2.0 x 10-7
Gross (C, )
Gross (Cl )
Gross (C, )

-7
1.3 x '0_7
1.4 x 10_71.6 x 10 7
1.5 x 1°:71.8 x 10 7
1.6 x 10-

r
l

Adhes1ve--r~~- Initial 1 Leak Rate After
I .Leak ~at~ ,Temperature Agi n~

I Pa kag~ Nurnbe . A,r Equlviilsn"t I for 240 Hrs. at 125 C
~_~,' r 'atln cc!~ec) _~_ (am cc/sec)

Abhfii::'l :;07
25
26
27
28
29
30

Ablebond 36-2
£5
26
27
28
29
30

-7 Gross {el } .4.0 x 10 7
1.2 x 10- Gross (Cl )

*
3.0 x 10-7 Gross (Cl )
*
*

Epo-Tek H77 Attempts to seal pa~kages with Epo-Tek
H77 were unsuccessful {i .e., packages
sealed with this adhesive faHed
gross C2 testing}

Ab1ebond 789··1
25
26
27
?O....
29
30

-81.7x10 8
1.7xl0~a
1.0 x 10 9
7.8 x 10-

81.2 x 10:99.fi x 10

1 -71.4 x 0 8
8.4 x 10··

S2.8 x 10-
83.0 x 10:84.0 x '0_8

6.2 x 10

Seam Sealed -9

I
25 <1.0xlO_9 1.OX11):~
26 <1.0 x 10 9 <1.0 x 10 9

J ~_i --:..__j_l~_~._~_l_~_~i L. <;~_'.:_~_~_I~_~_i__..J

~'i'hese packages failed gross C2 testing

-44-



C76-597/201

Table 19. Effect of Temperuture Aging on Seal
Integrity of Ceramic Packages

Adhesive Initial Leak R.:::.t~ Af'::~i"

Leak Rate Temperature Aging
Package Number Air Equiva1~)t for 2(40 Hrs. at:)125 Q C

(atm cc/sec atm cc/sec

Ablefilm 507
2.5 x 10-7 -'25 1.5 ;;. 10'

26 1.B x 10-7 1.2 x 10-7

27 2.5 x 10-7 l.6 x 10-7

2/3 7.6 x 10-7 1.0 x lO-f;

29 -7 1.3 x 10-11.9 x 10
30 1.9 x 10.7 1.1 x 10-7

Ablebolid 36-2
9.8 x 10-8 1.9 x 10.725

26 8.B x 10-8 1.6 x 10.7

27 9.1 x 10.8 1.9 x 10.7

28 7.5 x 10-8 1.5xlO·7

29 3.1 x 10.7 3.0 x 10.7

30 3.5 x 10-7 3.5 x 10-7

Epo.Tek H77
3.4 x 10.8 1.6 x 10-825

26 3.4 x 10-8 1.9 x 10-8

27 3.0 x 10-8 1.5 x 10-8

28 3.3 x 10-8 1.5 x 10.8

29 -1.5 x 10-8 9.4 x 10-9

30 4.3 x 10.8 1.1 x 10-8

Ab~ebond 789-1
1.9 x 10-8 1.8 x 10-825

26 1.0 x 10.7 2.3 x l()-8
27 1.0 x 10.7 3.0 x 10.8

28 7.4 x 10.8 2.2 x I t)-8

29 3.0 x 10.7 2.2 x 1'0.7

30 7.3 x 10-8 --L 2.4- x 10.8
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2.2.8 Results of Segu~t~ Testing

The results obtained for the packages subjected sequentially to the
specified test environments are given in Tables 2U and 21 for the gold-plated
Kovar and ceramic packages, respectively. As shown in Table 20, none of the
adhesive sealed gold-p1ated Kovar packages survived the sequential exposure.
Only those sealed with Abl~film 507 passed thermal shock (5 of 6 packages).
but even these (4 of the remaining 5 pack.ages), subsequently failed temperature
cycling. Contrarily. a review of T~ble 21 indicates that all ceramic packages
sealed with all fOJr adhesives passed the sequential exposure. In r~viewing

the data. it is important to re~al1 that the packages had to be mounted bottom
down on aluminum tabs to perform the mechanical shock and constant accele~ation

tests. In this case, five-mil thick Ablefi1m 529 was used rather than four-mil
thick Ablefilm 529 as was used previously (Sections 2.2.5 and 2.2.5). This was
somewhat unfortunate because comparison of the measured leak rate~ of the seam
sealed gold-plated Kovar packages before and aft~r the packages were mounted
on the aluminum tabs, indicates that with the thicker mounting adhesive.
the adsorbed and absorbed helium released duri~1 fine-leak testing ;s
equivalen~ to a leak rate of about 2 or 3 x 10 atm cc/sec (air equ;v~lent).

In contrast to the conclusion of the discussion of this subject in Sections
2.2.5 and 2.2.6. this value ;s not negligible in comparison with the measured
leak rates of the adhesive sealed pac~ages. A~ a result, the apparent 1eak rates
for all of the packages are increased. However. comparison of the indicated
leak rates after the packages were mounted on the aluminum tabs with those
obtained after the packages were subsequently subjected to mechanical sho~k.

constant acceleration. and temperature ag1ng shows that the seal integrity of
the packages was not d~raded.

2.2.9 Summar~ of MIL-STD-883A Testing

A summary of the results obtained from this evaluation is given in Tables
22 and 23 for the individual and sequential exposures. respectively. The data
are simpl Hied by using an "X" to indicate the packages tha'~ retained thei r seal
ifitegrity and a dash (-) to indicate those that did not. The asterisks (*) indi
cate that packages were not tested since attempts to seal them were unsuccess
ful. The two impor~ant results evident from these tables are the follo~ing:
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(l) All ceramic packages sealed with all four aclhesives reta'ined their
seal integrity after exposure to all test environments, both
individually and sequentially.

(2) None of the adhesive sealed gQld-plated Kovar packages survived
sequential exposure to the test environments. Only th~se sealed
with Ablefilnl 507 survived thermal shock but subs~quently failed
temperature cycling.

On the basis of these results, it 1s recommended that no further consider
ation be given to adhesive sealing gold-plated Kovar packages.

2.2.10 Selection of Best Adhesive - Package Combination for the Moisture
Permeation Study ----

From the summary of the results of this effort giv~~ in the last se,tion
(2.2.9), it is obvious that the ceramic p~ckage is the proper package ch~~ce

for the moisture permeation study. Howevei', since all four of the ar.nesives
performed equally well with tha ceramic packages. there is no reason to select
one over the others. Also, since the previous evaluation of the effect of temp
erature-humidity exposures on the seal integrity of adhesive sealed packages
discus~ed in Section 2.1 was perfonmed using gold-p:ated Kovar packages, it is
felt that the results might not be completely valid for ceramic packages, and
should not be used as the basis for' further selection among the four candidate
adhesives. As a result, ce~amic packages sealed with t.hese adhesive5 were sub
jected to the two most severe temperature-humidity exposures previously used
(ten days at 60°C/98~ RH and ten days at 85°C/8S% RH) and seal tested.

Results for the packages subject~d to ten days at 60°C/98% RH are
given in Table 24. A~l packages passed (i.e •• retained tn~ir seal integ,"ity).
The packages used for this t~st had previously been temperature cycled for 15

cycles between -05°C and +150°C.

Results for the packages subjected to ten days at 85°C/85% RH are
given in Tables 25 and 26. The packages in Table 25 had previously been temp
erature cycled for 15 cycles between -65°C and +150°C. All of these packages
passed the fine and C1 gross leak tests. Howeve~, all three of the packases
sealed with Ablefilm 507 and one each sealed with Ablebond 36-2 and Epo-Tek H77
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Table 24. Effect of Ten Days Exposure at
60°C/98% RH on Adhesive Sealed
Ceramic Packages

J- Adhesive

~aCkage No.

Ablefi1m 507

10
11

12

Ab1ebond 36-2
10

11

12

Epa-Telc H17
10

11
12

Ab1ebond 789-1
10
11
12

Leak Rate
Before Exoosure
Air Equivalent
(atm cc/see)

1.2 x 10-7

2.5 x 10-7
- -72.0 x 10

2.4 x 10-7

1.1 x 10-7

2.0 x 10-7

8.7 x 10-8

4.9 x 10-8

5.6 x 10-8

3.3 x 10-8

9.6 x 10-8

7.6 x 10-8

·52~

I

Leak Rate
After Exposure
Air Equivalent
(atm ee/sec)

8.3 x 10·R

1.9 x 10-7

1.1 x 10-7

3.2 x 10-7

1.9 x 10.7

2.4 x 10-7

2.3 x 10-7

1"2 x 10-7

1•i x 10-'7

3.3 x 10-7

3.2 x 10.7

2.6 x 10-7
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Table 25. Effect of Ten Days Exposure at 85°C/85% RH
on Adhesive Sealed Ceramic Packages

Adhesive Leak Rate Leak Rate
Before Exposure After Exposure

Package Numcer Air Equival~)t Air Equivalent
(atm cc/sec (atm cc/sec)

Ablefilm 507
7 2.0 x 10-7 1.2 x 10-7 Gro$~ (C )*

2.8 x 10.7 1.9 x 10.7 Gross
2

8 (e2)
-7 1.0 x 10.7 Gross9 1.3 x 10 (e2)

Ablebond 36-2
7 2.3 x 10-7 1.0 x 10.7

8 2.3 'I. 10-7 1.0 x 10-7

9 -7 1.4 x 10-7 Gross (c }*3.0 x 10 2

Epo-Tek H77 I
7 1.8 x 10-7 5.5 x 10.8

1
8 8.4 x 10-8 4.2 x 10.8

9 1.0 x 10-7 1.3 x 10-7 Gross (C2) I
Ablebond 789-1 I

7 1.5 x 10-7 8.6 x 10-8 I
8 -8 3.9 x 10.87.7;: 10
9 1.OxlO-? 5.1xlO-B

* Leak Occurred at Vent Hole

-53-



C76-597/201

Table 26. Effect of Ten Days Exposure at 85°C/85% RH
or. Adhesive-Sealed Ceramic Packages

Adhesive L.eak R'1te Leal< Rate
Before Exposure After Exposure

Packag1e Humber Air EqUival~)t At Equlva1ent
atm cc/sec atm cc/secl

Ablefilm 507

25 1.5 x 10-7 Gross (C1)
26 1.2 x 10.7 Gross (e1)
27 1.6 x 10-7 Gross (e1,
28 1.0 x 10-6 Gross (e1)
29 1.3 x 10.7 Gross (C1)
30 1.1 x 10.7 1.4 x 10-7 , GrJss (C2)

Ablebond 36-2
25 1.9 x 10.7 2.2 x 10-7, Gross (C2)

-726 1.6 r. 10 '3ross (C1)
27 1.9x1~-7 2.2 x 10-7

28 1.5 x 10-7 Gross (e1)
29 3.0 x 10-7 3.2 x 10-7 , Gross (C2)
30 3.5 x 10-7 3.6 x 10-7

Epo-Tek H77
25 1.6 x 10.8 Gross (C1)
26 1.9 x 10-8 6.8 x 10-8, Gross (eZ)
27 1.5 x 10-8 7.1 x 10-8

28 1.5 x 10.8 6.3 x 10-8

29 "'.. 10-9 3.8 x 10.8, Gross (C2)::r ..... x
1.1 x 10-8 -830 4.0 x 10 ,~ross (C2)

Ab1ebond 789-1
25 1.8 x 10-8 Gross (Cl)
26 2.3 x 10-8 1.6 x 10-7
27 3.0 x ,0-8 Gross (C1)

28 2.2 x 10-8 1.3 x 10-7

29 2.2 x 10-7 Gross (C1)

I
30 I 2.4 x 10.8 1.2 x 10-7, Gross . (C

2
)

..
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failed the C2 gross ieak test. For two of the packages (one sealed Nith P;ble
bond 36-2 and one sealed with Ab1efilm 507), the gross leak occurr~d at the
vent hole which also was sealed with adhesi~e. For the other three packag~s.

the gross leak occurred in the seal area. The packages in Table 26 had previ
ous1y been temperature aged at 125°C for 240 hours. Thirteen out of 24 packages
passed the fine and C1 gross leak testr (one sealed with Ablefilm 507, four
sealed with Ab1ebond 36-2, five sealed with Epo-Tek H77, and '..nree sealed \tIith
Ab1ebond 789-1). However, seven of these subsequently failed the C2 gross-leak
test. Only six packages retained their seal integrity (two each sealed with
Ablebond 36-2, Epo-Tek ~77, and Ablebond 789-1). All six packages sealed with
Ab1efi1m 507 failed.

The results shown i~ Tables 25 and 26 indicate that of the four adhe~ives

evaluated,. Ab1efilm 507 was degraded the most when exposed to the 85°C/85% RH
environment. Also, it appears that Ablebond 789-1 was degraded the leas~ and
the other two, Ab1ebond 36-2 and Epo-Tek H77, about equally and somewhere in
between. Based on these results, Ablebond 789-1 was selected as the adhesive
to be used in the moisture permeaticn study.
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2.3 SUSCEPTIBILiTY OF ADHESIVE·SEALED PACKAGES TO MOISTURE PERMEATI III

The objective of this effort was to subject the best adhesive-package
combination identified i~ the previous effort to a 600 C/98% RH environment
~nd dete~mine its 5ysceptibi1ity to moisture permeation. To accomplish this,
tr.re~ ceramic packages were sealed with Ablebond 789-1 with Panametrics
Aquamax-type moisture sensors inside th~. These packages were then ~xposed

to a 60°C/90% RH environment and their moisture content monitored. A seam
sealed gold-plated Kovar package also containing an Aquamax-type moisture
sensor was used as ~ control.

2.3.1 The Panametrics Aguamax-Type Moisture Sensor

A photograph of a Panametrics Aquamax-type moisture sensor is shown in
Figure 10. The overall dimensions of the sensor chip are 0.368 em (145 mils)
square and the active region of the sensor is 0.19 by 0.23 em (75 by 90 mi1s).
The physical structure. and a representati lIe cross-sectlon of the moi sture sensor
are shown in Figure 11. along with the equivalent circuit of a single pore.
Essentially, the sensor i~ an aluminum-oxide capacitor. The sensor is made by
evaporating aluminum on silicon, anodizing it. and then evaporating a thin layer
of gold over the porous oxide layer formed. Gold bonding pads are attached to
the aluminum and gold layers \oJhich fom the two electrodes of the capacitor.

Acc~rding to the vendor1s brochure, the gold electrode is 50 thin that
water vapor rapidly permeates it and is adsorbed by the porous oxide. The
amount of water adsorbed is functionally related to the vapor pressure of the
water present in the ~tmosphere surrounding the sensor. The conductivity of
the oxide structure is determined by the number of water molecules adsorbed
and provides a distinct value of electrical impedance which is a direct measure
of the water vapor pressure. The sensor ca~ be calibrated to measure dew points
ranging from +20°C to -110°C (i.~., moisture content ranging from approximately
23,000 ppmv to 1 ppbv)·

2.3.2 Sensor Mounting for Present Appli~atio~

The moisture sensors normally are supplied mounted on TO headers, a form
unusable in the present application where they are to be directly mounted in
yold-plated Kovar and ceramic packages. At spacial request, Panametric~ sup
plied the sensors eutectically mounted on 0.635 em (1/4 inch) square gold-plated

-56-



C76-597/201

Figure 10. Photograph of a Panametrics
Aquamax-Type Moisture Sensor

~.~)rJUGij;\-niM (Jt' 1WE
'.:~..ll(~:'::AL PA"tlE'-16 P8*
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GOLD ELECTRODE
EVAPORATED
OVER ANODIZE

ELECTRICAL
CONNECTIONS

(a) Representativ~ Physic~l ~tructure

(b) Representativ~ Cross
section

Co. CAPACITANCE OF ENTIRE
OXIDE LAYER;

~11 PORE-BASE CAPACITANCE.
Ro· RESISTANCC OF SOl.IC

ALUMINUM OXIDE;
Ri • PORC::-SIOE RESISTANCE.

R2· PORE-BASE RESISTANCEi

(c) Equivalent Circu;t of a
Single Pore

Figure 11. Physical Structure, R~~resentative Cross-section,
and Single Pore Equivalent Circuit of a Panametrics
AGuanax-Type r.oisture Sensor
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Kovar tabs as shown in Figure 12. Also, since the bonding pads on the sensors
are small and bonds must be made and broken several times during the courSE: of
this investigation. special carrier substrates on which the sensors are perma
nently mounted were designd and fabricated. A photograph of one of these sub
strates is shown in Figure 13. These substrates are ceramic with three large

o
thin-film gold metallized areas apDroxi'r.ate1y 2 JAm (20,OOOA) thick, one U-shaped
for attachment of the gold-plated Kovar tabs containing the moisture sensors.
and two L-shaped to serve as device terminals. The gold-plated Kovar tabs are
attached to the U-shaped thin film gold meta1·lized regions by micro-gap bonding
0.0025 em (1 mil) thick gold ribbon between them. ~lectrical connection between
the thin film gold pads on the moisture sensors and those on the sub~trates are
made by ultrasonically bonded 0.0025 em (1 mil) diameter gold wirao A photo-
graph of a carrier substrate with ~ m~isture sensor attached is shown in Figure
14. These substrates with the moist~re sensors attached are then the units that
are removed and rebonded. DUE to their 1arge terminal areas; they can be u$ed
repeatedly. It turned out to b~ extremely fortunate that carrier substrates were
used because difficulty was encountered 1n bonding to the smaller pads on the
moisture sensors (the ones on the left in Figure 10) due to poor pad adhesion. For
some :ensors, several attempts had to be m~de before a bond was obtained; and in
all cases. the final bond h~d marginal strength (around one gram).

2.3.3 Ceramic Package Bases

Bases for the ceramic packages were designed and fabricated. A photogra~~

of or-a is shown in Figure 15. These bases al'e approximately 2.31 cms (0.910
inches) wide and 2.95 ems (1.160 inche~) long with three thin-film !]old metal
lized areas approximately 2 pm (20,OOOA) thick, one U-shaped to accolTll1odate the
carrier substrates with the moisture sensors, and two L-shaped to serve as
package terminals. The carrier substrates with the moistu~e sensors attached
are placed in the U-shaped regions and attached tc, tti~m by micro-gap bonding
0.0025 cm (1 mil) thick goid ribbon. ElectY'ical connect~on between the terminals
of the carrier substrates and t~ose of the package bases are made by ultrasonic
ally bonded 0.0038 cm (l.5 mils) diameter gold wire. A photogr'aph of a package
base with a carrier substrate (and moisture s,ensor) attz;ched is shown in
Figure 16.
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Figure 12. Moisture Sensor Mounted on Gold-Plated Kovar
Tab 'as Supplied by Panametrics

Figure 13. Carrier Substrate for Panametrics Moisture Sensor
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Figure 14. Carrier Substrate with Moisture Sensor Attached

Figure 15. Base for Ceramic Package
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F1gu~ 16. Ceramic Package Base With
'Carrier Substrate (and
Moisture Sensor) Attached

-62-



Ci6-597/201

2.3.4 Necessity for In-House Calibration of tha Moisture Ser.sors

Conversations w'fth Panametrics personnel revealec; that the present pro
posed use of the Aquamax-type moisture sensors differed from normal application
in twc ~spects. First, t~e sensors normally are used at room temperature
(2S ! ZOC). and second~ th~ maximum recommended storage t~"perature is +70°C.
In the present application where the sensors are to be se~led in adhesive
sealed packages, the sensors must be exposed to the cure temperature of the
adhesive which is l700 e for Ablebond 789-1. Also, in the present applicati~n,

it is desirable to monitor the moisture cont~nt of the packages at the exposure
temperatu~e of 60°C rather than at room temperature.

Further conversations witn Panametrics personnel indicated that operating
the sensors at 600 e would nut present a serious problem. but would only require
that the sensors be calibrated at that temperature. Also, it was felt that while
exposing the sensors to 170°C (as required to cure the adhesive) would permanently
change their calibrations, they would stabiHze at new values after a few hours
(4 to 6) exposure. However, since no data exist confirming this speculation,
it was re()mmended that the sensors still be recalibrated after testing is com
pleted. As a result of these conversations, it was decided to proceed as follows:

(a) Calibrate the sensors as ~eceived at room temperature and at 60°C.
(b) Expose the sensors at 170°C for six hours in dry nitrogen and

recalibrate them at room temperJture and at 60°C.
(c) Seal the sensors in the packages, subject the packages to the 60°C/

98% RH environment, and monitor the senSGr outputs versus time.
(d) Remove the sensors from the packages, recalibrate them at 60 0 e to

see if they have changed, and interpret the output readings
obtained in (c).

2.3.5 Chamber for Calibrating Moisture Sensors

Sfnce the above ~rocedure requires repeated calibration, the only practical
approach was to develop an in-house capability. Consequently, a chamber for
use in calib:o''}ting the moisture sensors was designed and fabricated. An exterior
view of the chamber is shown in Figure 17 and a view of the int~rior of the two
parts is shown in Figure 18. The chamber was fabricated from stainless steel,
and the plate was electroplated with gold so that the ceramic carrier substrltes
on which the moisture sensors are mounted could be strapped to it with gold
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Figure 17. Chamber for Use in Calibrating Moisture Sensors

Figure 18. Interior of Calibration Cha~ber
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,ibbon. This attachment can be seen in Figure 18 and in greater detail in
Figure 14. As can be seen in Figures 17 and 18. the chamber is equipped with
two ports with swage-type fittings for gas flow-through and an eleven-pin
electrical feedthrough for attaching five moisture sensors and a thermocouple
(iron-constantan), The capal:."iHty of calibrating more than one moisture sensor
at a time is desir&ble not only to reduce the time required. but also to deter
mine the uniformity of response between the moisture sensors. Electrical con
nection between the moisture sensors and the feedthroijgh pins was made by
ultrascnically bonded 0.0038 cm (1-1/2 mil) diameter gold wire.

Astainless steel disc was mounted in the cylindrical part of the chamber
(visible in Figure 18) to provide a baffle so that the gas would not impinge
dirp.et1.y on the moisture sensors. This disc is of proper size to provide a
0.32 oml (1/8 in~h) gap between it and the chamber wall and was ~Dunted 1.27 cms
(1/2 hlch) from the gas ports an a 0,64 cm (1/4 inch) wide stainl@ss steel bar.

The bar' was cut to slip-fit into t~e chamber and was positioned b~tween the
two ports to assure that the gas would not be short-circuited between the inlet
and outlet ports. The chamber was sealed using an a-ring as shown in Figure 18.

2.3.6 Calibration of As-Received Sensors

Calibl'ation runs were miLle for five Panametrics moisture sensors at room
temperature and at 60°C. Readings were taken with the Panametrics Model 2000
Control Unit operated in both the nonnal and expanded scale modes. The five
sensors were calibrated simultaneously using tha calibration chamber just
described. Calibration was made at five points covering a dew point range
from approximately -36°C to +8°C, corresponding to moisture concen~rations

ranging from ZOO to 10.000 ppmv' The setup depicted in Figure 19 was usad to
generate the nitrogen of various moisture contents required fOI" the calibration.
The precise value of the dew point at each calibration point was measured with
an optical dew point hygrometer,

Calibration curves obtained for one of the se~sors (Sensor No.1) are
given in Figure 20. ~hese curves are typical of those obtained for all five
sensors. The calibration curves are extremely temparature depende~t. The cali
bration curve obtained at 60°C d'iffered considerably from that obtained at room
temperature (27°C). Also. th~ calibration curves cross at a de~ point of about
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-iSOC. These results point out a serious limitation in the use of these sensors.
For accurate res~lts, they must be used at very nearly the same temperature at
which they are calibrated. Also, their sensitivity is degraded at 60°C. The
calibration curves for all five sensors (with the Control Unit operated in the
expanded scale mode) are plotted in Figure 21. These curves are shown to empha
size the fact that if accurate dew point measurements ~re desired~ the sensors
must be calibrated over the entire dew point range, especially if they are to
be used at the higher temperatures. Single point calibration would not be suf
ficient since the curves for the different sensors are not parallel. The re~a

ticn 01 the curves of Sensor No. 5 to the otr.ers merits comment. The curves for
this sensor fell quite a bit lower than the others, indicating that it had gener
ally lower sensitivity. The surface of this sensor had been scratched in handling.
which could explain the observed reduced sensitivity since such damage probably
reduces the active area or volume of the sensor.

Additional calibration runs were ma1e on the same sensors to check their
repeatability. Typical results are shown 1n Figure 22 (Sensor No.2). In
general, the results ar~ reasonably gOO(1 ~~or the sensors operated in the expanded
scale mode (difference in dew points range from 1 to 4°C). In the worst case
(4°C). at a dew point of -10°C, this would rep~e5ent a possible value of moisture
content ranging from 2150 to 3050 pprnv; or at a dew point of aoe, a possible
value ranging from 5100 to 6950 ppmv' This represents an error in ppmv of
approximately 15 to 17%.

2.3.7 Recalibration of Sensors After Six Hours at 170°C

Results of the recalibration of the sensors after they were exposed at
170°C for six hours in dry nitrogen are summarized in Figures 23 through 26.
The calibration curves for both the l'loTrl'!d1 and the .expanded scale modes obtained
for Sensor No. 1 at room temperature and at 60°C are given in Figures 23 and 24.
respectively. Corresponding calibration curves obtained previously (before the
six-hour bake at 170°C) are also shown for comparisor.. These curves are typical
of those obtained for all five ~ensors. It is evident from this comparison that
the calibration curves have changed ~on3iderably because of the high temperature
exposure. The sensitivity of the sensors is substantially reduced; however.
they certainly are still usable.
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The new calih~ation curves for all five sensors (with the control unit
operated in the expanded scale mode) at room temperature and at 60°C are
shown in Figure 25. Typica1 results showing repeatability are given in
Figure 26 (Sensor No.2). In general, the repeatability is reasonab1y good
(not worse than 2 or 3°C). At a dew point of -10°C this would represent a
possible value of moisture content ranging from 2300 to 2900 ppmy; or at a
dew point of ooe, a possible value ranging from 5350 to 6700 ppmy. This
represents an error in ppmv of approximately 11 or 12%.

2.3.8 Pa,:kages fer 60°C/98% RH Exposure

2.3.8.1 ~ackage Preparation

Thre\:! ceramic packages and one gold-plated Kayar package were prepared
for exposure to the 60oC/9B% RH environment. Preparation procedures were as
follows:

Ceramic Packages - The carrier substrates containing the moisture sensors
Numbers 2, 3 and 4, were removed from the calibration chamber by breaking the
leads connecting their terminals to the chomher pins and the gold ribbon strap
ing them to the chamber plate. They were then strapped to the ceramic package
bases and electrical connecticns made to the package terminals as described in
Section 2.3.3 and shown in Figure 16. During this operation, precautions were
taken to assure that the sensors were protected from exposure to static charges;
and to assure such protection in subsequent operations, the package terminals
were shorted together by bonding a wire between them.

The packages were assembled using the assembly fixture designed for
the ceramic packages discussed in Section 2.2.1, and the assembly method
described in Section 2.1.1. In this case, to accommodate the larger cE'ramic
package base~, th~ two alignment pins on the right side of the assembly fixture
were removea. Also in this case, the small hole (approximat~ly 0.04 cm or 16
mils in diameter) required to allow the packages to vent during curing of the
adhesive, WaS sandblasted in the ceramic boxes which served as the package lids.
These lids were cleaned using the same procedure as described in Section 2.2.1
(i.e., brushed in toluene and isopro~yl alcohol and spray rinsed with Freon TF).
The paste adhesive (Ablebond 789-1) was manually applied on the rims of the
lids as described in Section 2.1.2. The packages were asselnbled in room ambient
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and cured in a dry nitrogen environment for two hours at 170°C with a clamping
pressure of appr()ximately 7.0 x 104 N/m2 (10 psi) appl ied to them, The pack
ages were then removed from the oven directly into the attached dry nitrogen
glove box (mai~tained at a dew point of approximately -60°C), the clamps and
teflon-coated plates removed, the vent holes filled with Epo-Tek 1-177, and the
packages replaced in the dry nitrogen oven and cured for 30 minutEls at 150°C.

After this, the packages were stored in the dry nitrogen glove bo)<. A photo
graph of a completed package is shown in Figure 27.

Gold-Plate.d Kovar Package - The carrier substrate containing moisture sensor
Number 1 was r~moved from the calibration chamber as described above and strapped
dh'ect1y to the bottom of the gold-plated Kovar DacLage using gold. ribbon. The
substrate terminals were connected to two of the package leads by ultrasonically
bonded 0.0038 cm (';1.5 mil) diameter gold wire. The package leads were then
shorted together to protect the sensor from static charges. and the package was
vacuum baked for four hours at 135°C and seam-sealed in a dry nitrogen environ
ment.

2.3.8.2 Package Conditions Prior to Exposure

Immediately ufter the ceramic packages were sealed. they were removed from
the dry nitrogen ~love box and readings were taken for t~em and the seam-sp.aled
gold-plated Kovar package using the Panametrics r-tldel 2000 Control Unit. The
packages (including the s~am-sealed gOld-plated Kovar package) wer'e then st!Jred
in the entry lock to the jry box (which also is purged with dry nitrogeni until
they could be seal tested approximately four days ~B8 hours) later. Readings
were repeated at that time and six hours later after seal testing was completed.
The packages were returned to the entry lock for an additional six days (138
hours) before they were removed and placed in the temperature-humidity chamber
for testing. These readings and the measur~d leak rates are given in Table 27.

In all cases, for all four packages. ~he readings were made with the
control unit operaCing in the normal scale mode because they were too low to
Je detected with the unit operating in the ~xpanded scale mode. The adhesi·/;;:..
sealed cerar.:ic package containing moi sture Sensoi' No. 2 was found to be a gross
leaker because of a hole in the ceramic lid. This problem was discussed pre
viously itl Section 2.2.2. The lids were pretested, but either this on2 was
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Figure 27. Adhesive-Sealed Ceramic Package
for Moisture Permeation Testing

-77-



I .....
.. co I

T
ab

le
27

.
Pa

ck
ag

e
C

on
di

tio
ns

P
ri

or
to

60
°C

/9
8%

RH
Ex

po
su

re

~
-

-
Pa

na
m

et
ri

cs
M

od
el

20
00

M
et

er
R

ea
di

ng
s

Pa
ck

ag
e

Ty
pe

1
-
-
-

(N
or

m
a1

Se
aI

e)
Il'

lIl
1e

di
at

eI
y

I
A

t
S

ta
rt

of
Le

al<
R

at
e

A
ft

er
Se

al
in

g
B
e
f
~
r
e

Se
al

T
es

t
A

ft
er

Se
al

T
es

t
60

°C
/9

8%
A

ir
E

qu
iv

al
en

t
M

o;
st

ur
e

Se
ns

or
(Z

er
o

H
ou

rs
)

(8
8

H
ou

rs
)

(9
4

~'
"J
ur
s)

RH
T

es
t

(2
32

hr
s)

(a
tm

cc
/s

ec
)

Se
am

-S
ea

le
d

G
ol

d-
Pl

at
ed

K
ov

ar

2.
0

x
1

0
\
I

Se
ns

or
N

o.
1

0.
20

5
0.

20
5

0.
20

8
0.

21
5

A
dh

es
iv

e-
Se

al
ed

Ce
ra

m
-!c

Se
ns

or
No

.
~

0.
23

0
0.

22
0

.0
.2

82
0.

27
::

G
re

ss
C 1

(H
ol

e
in

C
ov

er
)

Se
ns

or
N

o
.3

0.
21

0
0.

20
2

0.
20

2
0.

21
5

3.
6

x
10

-7

Se
ns

or
No

.
4

0.
20

3
0.

19
9

0.
20

0
0.

21
8

2.
4

x
10

-7

("
)

'I 0
\ I u-
<

to ~ N o ....



C76-597/201

missed or the defect developed when the slnall vent holes we}"e sandblasted.

2.3.9 Expos.!!fe of Packages to 60°C/98% RH Environment and Discussion of Results

As preyiQusly discussed in Section 2.3.4, since it was not known to what
extent the calibration of the sensors was affected by the additional high
temperature expvsure during package sealing, this effort also involved recali
brating the sensors. The procedure for this effo~t was then as follows:

{i} The packages were exposed to the 60°C/98% RH environment and the
sensor outputs moni tared.

{2} The S~~SDrs were removed from the packages and recalibrated at 60°C.
(3) The sensor output readings W9re interpreted as dew points using the

calibration curves, converted to ppmv' and plotted versus exposure
time.

A detailed presentation of the dat1.and discussion of the ~sults follows.

2.3.9.1 Exposure Data

Prior to installing the packages, the temperature-humidity chamber (Blue M
Mod~l FR-~56PB) was stabilized at 60o C/98% RH. An empty card-type connecter
used with the ceramic packages was then insta11ed in the chamber and tested
for electrical leakage using both the Panametrics Model 2000 Control Unit oper
ated in ~e Normal Scala Mode and a Delta FET VOM. For no leakage, the Control
Unit gives a zero reading and the VOM sho~s infinity. Both instruments indi
cated that leakage was occurring (the Control Unit gave a reading ~f 0.042
and the VOM indicated 6 megohms). The wet bulb control setting was lowered
slightly and the leakage,as indicated by the Control Unit reading, slowly
decreased. No further adjustments were made. By the next morning tile leakage
(as indicated by the Control Unit reading) was essentially zero. The
solder lug side of the connector was then sprayed with Permatex OLF, and the
Control Unit reading dropped to zero. Also, the Delta FET VOM indicat~d

infinity. An empty ceramic package base was then ins~~ted in the connector.
T~e leakage, as indicated by the Control Unit reading, initi~11y ~ncreased

(apparently due to the fact that inoisture condenseCi on the ce:"'ami c package base
since it was initially at RT) and then decreased ta zero (as the ceramic package
base warmed up to 60 0 e). As a result of tile small adjustment in the wet bulb
temperature, the relative humidity is slightly less than 9B%.

-79-



C76-597/201

All packages. including the one that was a gross leaker, were then installed
in the temperature-humidity chamber and sensor outputs monitored with the Pana
metries Model 2000 Contrel Unit. The exposure was continued for 15 days. While
data was taken much more frequently. an adequate summary of th~ data for the
seam-sealed gold-pated Kovar package and tne two good adhesive-sea"led ceramic
packages is given in Table 28. As this data shows. the output of the moisture
sensor in the seam-sealed gold-pli\ted Kovar package remained at a low constant
value throughout the entire 15-day exposure. while the outputs oT the sensors
in the adhesive-sealed ceramic packages slowly but steadily increased, The
behavior of the output of the moisture ~ensor in the adhesive-sealed ceramic
package that was a gross leaker was complete~y different. It increased '/ery
rapidly to a value of 2.59 on the Nannal Mode Scale after 7-1/2 hours (the ever-
ing of the first day) and was found to be high off scale (i.e., great~r than 30)
the next morning. It remained high off scale until about one o'clock of the
second day (a total of 28 hours exposure)~ then decreased rather steadily to
a value of 0.028 by the end of 96 hours, and remained essentially constant
(0.025 to O.032) at this value for the duration of the l5-day exposure.

2.3.9.2 Condition of Sensors After Exposure

At the end of the l5-day exposure, the packages were opened and Visually
examined. All sensors except the one from the ceramic package that was a gross
leaker appeared the same as tney did originally. A photog~aph of this sensor is
shown in Figure 28. As the photograph shows. this sensor was extensively cor
roded everywhftre (even the alignment cross was corroded) except under the gold
terminal attached to the gold electrode. It was speculated and later verified
by Panametric~ personnp.l that there was no aluminum under this terminal. A
closE'-up viE'Jw of the terminal to the aluminur.J electrode (Figure 29) shows that
the aluminum neck bet~teen the gold-plated terminal and the a1uminum e:ectrode
was completely corraded.

This result is considered serious. It raises a question concerning
the long-term and perhaps even the relatively short-term reliability of these
sensors. While it is admitted that this sensl1r was f3xposed to a rather severe
environment. approximately 19% moisture (i90.000 ppmv) at 60a C, it failed in
approximately ,~4 hour's. The question is then to what extent and how quickly
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Table 28. Sensor Outputs as Read by the Pan~netr1cs Model 2000
Control Unit During l5-Day 60°C/98% RH Exposure*

~seum-sealedElapsed Time !Sold-Plated Adhesive-Sealed Ceramic Packages
Days of Kovar Package

Day Sensor No. 1 Sensor Nil. 3 Sensor No.4
tlorf,lai Expanded Nonna1 Expal1ded Normal Expanded
Scale Scale Scale Scalle Scale Scale...

0 0900 0.215 Off-Scale 0.215 Off-Scale 0.218 Off-Scale
Low L~~ Low

1 0900 0.203 0.210 t 0.214

12 0900 0.215 0.228 ! 0.230

3 0900 0.215 0.231 0.002 0.238 0.027

4 0900 0.214 0.238 0.031 0.242 0.IJ59

5 0900 0.215 0.242 0.060 0.250 0.095

6 0930 0.213 0.250 0.091 0.258 0.129

7 0900 0.213 0.255 0.119 0.263 0.162

9 0900 0.214 0.261 0.148 0.271 0.195

9 0900 0.214 0.268 0.178 0.279 I 0.229
I I

10 0900 0.215 0.272 0.207 0.284 I 0.261,

n 0900 0.214 0.279 0.235 0.291 I 0.292

12 1210 0.215 0.286 0.270 0.299 0.331
I

13 I ! I

l
I

10.29814 0920 0.217 \ 0.328 0.312 0.398I15 0900 C.217 ~305 I 0.361 0.320 0.432I
!

* Re1ative Humidity was slightly less than 98%.
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Figure 28. Moisture Sensor Removed From·
Package That Was a Gross Leaker

Figure 29. Close-up View of Terminal to
Aluminum Electrode
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are these sensors de~r~ded at lower temperatures and/or lower moisture concen
trations. It was learned in a telecon with :c~l.nametrics personnel that a drift
in sensor characteristics ~as been observed during prolonged exposure under
much less severe conditions. This could be due to the very slow occu~rence of
corrosion. Also, Panametrics does not recommend the sensors (either the
Aquamax-type or thp. new Mini-Mod A-type) for long-term applications. Based on
the observed ~~vere corrosion of the Aquamax-type moisture sensor, it is our
opinion that a fundamental redesign eliminating the aluminum electrode is required.
It is proposed that an improved sensor :an be fabricated by sputtering, screening,
anodizing, or otherwise applying a porous aluminum oxide or other dielectric on
a gold base-electrode, thus eliminating the aluminum-geld b"lmetallic couple. A
patent cisclosure for this improved sensor has been made to the R~ckwell Patent
Department.

2.3.9.3 Recalibration of Sensors After Expo~~re

The three sensors were removed from the seam-sealed gold-plated Kovar pack
age and the two good adhesive-sealed packages, mounted in the calibrat10n chamber,
and recalibrated at 60°C. Results are given in Figures 30 through 32 for Sensor
Numbers 1. 3 and 4, respectively. As shown, the sensors were calibrated twice
(on different days) for both the normal and expanded scale modes. The results
of the twa calibrations are nearly identical. Ccrresponding calibration curves
obtained after the six-hour bake at 170°C in nitrogen (i.e., before the sensors
were sealed in the p~ckages) are also shown for comparison. It is evident that
this exposure (6 hours at 170°C) did not stabiliz~ the calibration curves of the
sensors at new values. Contrary to the speculation made in Section 2.3.4, the
calibration curves were changed substanti~l1y by the additional high-temperature
exposures of the sensors during package sea'ting. Also. it is seen that the
calibrat~on curves fur Sensor Numbers 3 and 4, which were subj~cted to the same
high temperature exposures (2 hours at 170°C and one hour at 150°C). changed by
nearly identical amounts. and that the change in the calibration curves for
these sensors was greater than the change in the calibration curves for Sens~r

No. 1 which was exposed to a lower temperattre for a lon!;er period of time
(4 hours at 135°C).
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2.3.9.4 Results of 60°C/98% RH Exposure

Interpretation of the sensor output readings recorded during the 15-day
exposllr-e of the packages to the 60°C/98% RH en",i ronment (Tabl e 28) us; ng the
new calibration curves is given in Table 29 for the two good adhesive-sealed
ceramic packages. The readings for the seam-saaled gold-plated Ko','ar package
were too low to be accurately interpreted. but the dew pO'jnt remained essen
tially constant throughout the 15-day exposure and certainly was l~ss than -40°C
and probably around -55°C. Therefore, the moisture content of this patkage was
1ess than 130 ppmv and probably only about 20 ppmv. As shown ir. Tabre 29, the
dew pu;n~s for the adhesive-sealed ceramic packages were initially th~ same as
that for the seam-sealed gold-plated Kovar package but steadily increased with
elapsed exposure time. At the end of the 15-day exposure, the dew ~oint of the
package that contained Sensor No. 3 was +12.8°C and that of the package that
contained Sensor No.4 was +16.9°C. indicating that the moisture contents of
the packages were 14,620 and 19,030 ppmv' "respectively.

These data (moisture content versus expo~ure time) are plotted in Figure
33. After the first felA days (four days for the package that contained Sensor
No. 3 and two days for the package that contained Sensor No.4), the curves are
linear for the remainder of the test (15 days). During this t~me, moisture per
meated into the package that conta"ined Sensor No.3 at the rate of 1.230 ppmv
per day and into the package thlt contained Sensor' No.4 at the rate of 1400
ppmv per day. Further discussion of the results obtained for the adhesive
sealed ceramic packages from sev~ral viewpoints follows.

2.3.9.4.1 Measured Fine-Leak Rates

The fine-leak rates measured for these packag2s (per MIL~STD-883A, Method
1014.1, Test Condition A2) prior to the 600 C/98% RH exposure were 3.6 x 10-7

and 2.4 x 10-7 atm cclsec (air equivalent) for the packages that contained
Sensor Numbers 3 and 4, respectively (see T~ole 27). On this basis, it would
be expected that moisture would permeate n:ore readily into the package that con
tained Sensor No.3. However, the abovp. results showed the opposite. There are
four possible explanations for these conflicting results: (l) the lEak rate
measurements were in error, (2) the leak rates changed prior to exposure. (3)
there was more adhesive on the package that contained Sensor Number 3, and
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(4) the helium leak test is inappropriate for measuring leak rates when the
dominant mechanism is diffusion rather than convection. Explanations 1 and 2

are unlikely. Since the packages were exposed to identical conditions after
the leak rates were measured, there is no reason why one should have chen~ed

in comparison to the other. The absolute values of the leak rates may have
been in error, but their relative values should have been accurate since
they were leak tested at the same time. Explanation 3 can~ot be completely
discounted, however, it is implausible because the leak rate for the package
that contained Sensor No. 3 is 50% greater than the leak rate for the package
that contained Sensor No.4. Even if the observed leak rates were du~ entirely
to adsorbad and/or absorbed heliL 1, this difference would require that the pack.·
age that co~tained Sensor No. 3 had 50% more adhesive on it than th~ pockage
that co~tained Sensor No.4. Explanation 4 is the most likely. As evidenced
by the curves sho\'m in Figure 33. diffusion requires hours or even days to
stabilize, and the fine-leak test is performed in minutes.

2.3.9.4.2 Difference in Moisture Permeation Rates

The observed difference in th~ rt'tes at which moisture permeated into the

two packages is simply explained as due to a small difference in the thickness
of their bond lines (or seals). The only variable parameter for the two packages
that affects the permeation rate is the seal area. The seal perim~ter is the
same for both packages~ but the seal thickness is not controlled.

2.3.9.4~3 Time to Reach 6000 ppm.- v

The maximuni moisture content allowed in a hybrid package has been set at
6000 prmv (MIL··STD-883A, Method 5008). As seen from the curves in Figure 33,
this ~evel was reached at the end of eight days exposure at 60°C/98% RH for the
package that contained Sensor No .. 3 and after 5-1/2 days for the package that
contained Sensor No.4.

2.3.9.4.4 Permeabi 11 ty

Seal permeabilities for the two adhesive-sealed ceramic packages can be
calculated from the l5-day exposure data using a simple rearrangement of the
fcllowing equation reported by R. K. Traeger of Sandia Laboratories.
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t = PX~T 1n (:: =:~)
where.

t is the time to reach Pz (sec)
V is the internal free volume of the package (cm3)
L is the diffusion path length or seal width (c~)

P ;s the permeability of the sealant (gm/cm sec Torr)
A is the total· cross-sectional area of the seal (cm2)

R is the gas constant (3465 Torr cm3/ o K gm)
T is the temperature (OK)
Po is the external water vapor pressure (Torr)

Pl is the initial, internal water vapor pressure (Torr)

P2 is the final, internal water vapor pressure (Torr)

Rearranging this equation to solve for the permeability gives:

P = .Yh.- ln fpo -P1)
ARTt ~o -P2

In the present case, all terms are known, or can be calculated, except the bond
li~e thickness which is required to calculate A. However, it is known that the
oond line thickness is not greater than 3 mils, so calculations were made for
bond line thicknesses of 1,2 and 3 mils. The values of the various terms used
in the pres~nt calculations are given in Table 30, and the calculated permea
bilit;es are given in Table 31. As shown, the values ranged from 1.29 to
4.4t:~ x 10-13 gm/em sec Torr. These values for 60°C are in excellent agreement
wi th the value of 4.2 x 10.13 gm/cm sec Torr reported by Traeger as measured by

Kass at Sloe. However, Traeger states that the epoxy for which Kass measured
this value wa$ a very highly filled material that was not usable as a lid seal·
ant. This was not so in the present case. It is important to note that (except
for the value measured by Kass) our calculated permeability is approximately
two orders of magnitude smaller than those previously reported in the literature.

2.3.9.4.5 Time to Half Ambient

The calculated permeabilities were used to calculate the time required for
the moisture content of the packages to reach a value equal to half that of
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the exte~nal environment. This calculation was made using the previous equation:

t = VL ln /PO -Pi)
PART ~o -P2

For this calculation. Pl was assumed to be zero and Pz was assumed to be 1/2 po.
giving:

t l '2 = VL In (2)
J "i5ARf

or
VL

t l/ 2 =0.593 PART

For the two extreme values calculated for the permeability (i.e., 1.29 and 4.42
x 10-13 gm/cm sec Torr). the times to half ambient were calculated to be approxi
mately 103 cays and 90 days. respectively:

Simple mathematical extrapolation of the curves of Figure 33 gives times
to half ambie~t of 83 days and 71 days for the packages that contained Sensors
Numbers 3 and 4, respe~tive1y. These values are expected to be low because no
provisio"i has been made for." the fact that the rate at which moisture permeates
into the packages will decrease as the moisture vapor press~re in the packages
increas~s.

In any case. these calculations show that at 60oe, the moisture content of
the packages wii~ reach a value equal to half that of the external environment
in approximateiy three months,,'
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3.0 SUMMARY

A systematic study was p~rformed to evaluate the suitability of adhesives
for sealing hybrid packages for NASA/MSFC applications. This study consisted
of three parts.

(1) SCloeening ten selected adhesives on the basis of their ability to
seal gold-plated Kovar butterfly-type packages that retain their
seal integrity after individual exposures to the following four
increasingly severe temperature-humidity environments:

(a) Ten days at 50°C/50% RH
(b) Ten days at 60°C/98% RH
(e) The ten-day moisture test per Method 1004.1 of MIL-STD-883A
(d) Ten days at 85°C/85% RH

(2) Screening the four best adhesives, as determined from the temperature
humidity screen, on the basis of their ability to seal gold-plated
Kovar' butterfly-type packages and ceramic packages that retain
their seal integrity after both individual and sequential exposure
to the fol1owi;ng Class A test environments specified in Method 5004.2
of MIL-STD-88;]A:

(a) Thermal Shock - Method 1011.1, Test Condition C (i.e.• 15 cycles.
-65°C to +150°C)

(b) Temperatlm~ Cycling - Method 1010.1. Test Condition C
(i.~ •• 15 cycles, -65°C to +150°C)

(c) Mechanical Shock - Method 2002.1, Test Cond"ition B
(i.e., 5 shock pulses at 1500 g's in the Y1 plane~

(d) Constant Acceleration - Method 2001.1. Test Condition A
(i.e •• 5,000 g's in the Yl plane)

(e) TemperatlJre Aging corresponding to the temperature/time require
ment associated with the burn-in test of Method 1015.1
(i .e., 240 hours at 125°C)

(3) Subjecting th~ best adhesive-package combination, as identified by

the MIL-STD-8:33A screen, to a 60°C/98% RH envi ronment and conti nuous1y
monitoring th~ moisture content using Panamet~ics Aquamax-type moisture
sensors to detel'1lline susceptibility to moisture permeation.
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In all cases, seam-sealed gold-plated Kovar packages were used as controls.
The ten adhesives selected for temperature-h~midity screening were Ablefi1m 507,
Ablefilm 550. Ablebond 36-2, Ab1ebond 58-1, Epo-Tek H20E, Epo-Tek H8l, Epa-Tek
HTl. Ablebond 789-1. Ablebond 873-1. and AF-30. The four best adhes'lves selec
ted for MIL-STD-883A screening were Ablefilm 507, Ablebond 35-2, Epo,·Tek H77.
and Ab1ebond 789-1. Packages sealed with two of these, Ablefi1m 507 and Able
bOl1d 789-1, retained their seal integrity after exposure to all templnrature

humidity environments. Packages sealed with the other two. Ablebond 36-2 and
Epo-Tek H77. failed exposure to the 85°C/85% RH environment. The best adhesive
package combination selected for moisture permeation testing was the ceramic
package sealed with Ablebond 789-1. All of the gold-plated Kovar packages
sealed with the four adhesives failed sequential exposure to the MIL~STO-883A

test environments. and all of the ce~amic packages passed.

Results for two ceramic packages sea)ed with Ablebond 789-1 expo:,ed to
the 60°C/98% RH environment (moisture concentration of 193,000 ppm) '.:or 15
days showed that the moisture content (which init'ially was only about 20 ppmv)
slowly increased to 1000 PPffiv after the first few days (3-3/4 days fa\' one
package and two days for the other), and thereafter steadily increased at
constant rates to 14,600 ppmv in one package and 19.000 ppmv in the other by
the end of the l5-day test. The moisture content was 6,000 ppmv after' eight
days for one package, and after only a little over 5-1/2 days for the \)ther.
Penneabilities and times to half ambient were calculated to be of the order
of 1.3 to 4.2 x 10-13 gm/cm sec Torr and 90 to 100 days, respectively.

The seam-sealed gold-plated Kovar packages used as controls passec! all
tests. In the case of the l5-day exposure to 60°C/98% RH, the moisture con
tent of the seam-sealed gold-plated Kovar package remained unchanged at about
20 plpmv'
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