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1.0 INTRODUCTION

1.1 STUDY BACKGROUND

An investigation to determine the suitability of using adhasive packuge
sealing as an alternate to metallurgical package sealing for hybrid micro-
gircuits for NASA/MSFC applications was started in June 1975. The initial
affort directed Yo a preliminary evaluation of selected adhesivas to assess
their feasibility for this application was performed during the period from
Juna 1975 to April 1976 under Contract NASB-31517. The major effort performed
under that contract consisted of (1) surveying representative hybrid manufac-
tyrers to assess the current use of adhesives for package sealing, (2) making
a cost comparison of metallurgical versus adhesive packana sealing, and (3)
determining the seal integrity of gold-plated Kovar butterfiy-type packages
sealed with selected adhesives after they had been subjected to MIL-STD-883A,
Class A, test environments.

This study is documented in detail in a NASA Contractor Report, NASA
CR 144339 issued in April 1976. Recuits showad that adhesive~sealed packages
retained their seal integrity (as determined by the seal test specified in
MIL-STD-8834, Method 10714.7, Test Conditions Az and C}) atter they had heen
sequertially subjected to MIL-STD-883A, Class A Thermal Shock, Temperature
Cyc1ing, Mechanical Shock, and Constant Acceleration test environments. Spe-
cifically, 1.27 cm (1/2 inch) square gold-plated Kovar butterfly-type packages
sealad with the film adhesives Ablefilm 507, 529, and 550 and the paste adhesive
Epo-Tek H77 retained their sea’ integrity after all tests, and similar 2.54 cm
(1 inch) square packages retained their seal integrity after 211 tests except
the 10,000g's constant acceleration test. While these resvits were by no means
considered to be sufficient to establish adhesives as suitable for sealing high
refiability hybrid microcircuit packages, they were considered encouraging and
indicative that adhesive package sealing warranted further evaluation.
As a result, a follow-on study was authorized.

1.2 SCOPE OF THE PRESENT STUBY

The general objective of the overall study is to investigate 1ow cost,
high reliability sealing techniques for hybrid microcircuit packages. The

-1-
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spacific objective of this portion of the study (Phase IT) 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
threa tasks:

Task i: 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‘go1d~p1ated Kovar and ceramic packages with the four best
adhesives identified in Task 1 and determine their seal integrity a:ster they
have been subjected to MIL-STD-883A test enviromments.

Task 3: Subject the best adhesive-package combination identified in Task 2
to a 60°C/98% RH environment and determine its susceptibility to moisture
permeation.
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2.0 TECHNICAL DISCUSSION

2.1 EFFECT OF TEMPERATURE-HUMIDITY EXPOSURES ON SEAL INTEGRITY

The objective of this effort was to determine if adhesive-sealed qgold-
plated Kovar packages can pass the seal test requirements of MIL-3TD-883A,
Method 1014.71 after they have been exposed to selected temperature-humidity
environments. Ten adhz2sives, as listed in Table 1, and the following four
temperature-humidity environments were selected for this evaluation.

Level T - 350°C/60% RH for ten days

Level 2 - 60°C/98% RH for ten days )

Level 3 - Moisture resistance tast environment per Method 1004.1
of MIL-STD-883A

Leval 4 - 85°C/85% RH for ten days

Seal integrity wes determined before and aftzr exposing the packages to these
environments by performing fine and gross-leak tests in accordance with MIL-
STD-883A, Method 1074.7, Tast Conditions Az and C; and G,, respectively. For
the fine-leak test, the packages were bombed at 30 psig helium for three hours.
For the cz gross-leak test, the packages were pressurized at 30 psig for two
ilours., Packages sealed with all ten adhesives were exposed to the Level 1 and
Level 2 environments. Level 3 and Lavel 4 testing was conducted only on pack-
ages sealed with the adhesives which passed exposure to the Levels 1 and 2
environments. In all cases, three packages sealed with each of the adhesives
and thres seam-sealed packages (to serve as contrels) were tasted. A different
set of packages was exposed to each environment.

2.1.1 Package Assembly Method

Since a large number of packages had to be assembled, a special fixture was
designed and fabricated for this purpose. A photograph of the fixture contain-
ing an assembled package is shown in Figure 1, and a close~up shawing the package
assembly region and assembled package in greater detail is given in Figure 2.

The fixture has eight precisaly positioned pins'to ensure proper alignment.
Terion~coated, stainiess-steel pliates, 0.152 cm {60 mils) thick, are placed
on each side of the package to ensure that it is not distorted when the
clamping pressure required during cure is applied.

-3-
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Adhesives Selected for Evaluation

Adnesive

Type

Manufacturer

Ablefiim 507
Ablefilm 550
Ablebond 36-2

Ablebond 58-1

Epo~-Tek H20E

Epo-Tek H31

Epo-Tek H77

Ablebond 788-1

Ablebond 873-7
AF-30

Nonconductive Film
Nenconductive Film

One Cemponent Siiver-
filled Pasie

Cne Component Gold-
filled Paste

Two Component Silver-
filled Paste

Two Component Gh]d-
filled Paste

Two Component Non-
conductive Paste

One Component Non-
ductive Paste

Epoxy Nowolak Paste

Nitrile Phenolic Fiim

Ablestik Lahoratgries
Ablestik Laboratories

Abtestik Laboratories
Ablestik Laboratories
Epoxy Technology, Inc.
Epoxy Technelogy, Inc.
Epoxy Technology, Inc.
Ablectik Laboratories

Ablestik Laboratories

3M Company
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Figure 1. Package Assembly Fixture
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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 1id) was assembled by placing the parts between the
alignment pins with a teflon-coated plate on each side {bottom and top). A
metal yoke was then placed on top of this assewbly and the toggle clamp closed,
forcing the 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 paciage
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 plates). 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 wasfperpendicuiar to its top surfuce and could not
cause any misaligmment of the parts of the package assembly. A spring c]amb_
of proper force was then plaéed on the package assembly, the toggle clamp was
opened, and the clamped packége assembly was remaved from the fixture. A photo-
graph of a package assembly. ready for cure is shown in Figure 3. The package
was leveled by adjusting tﬁe bolt on the opposite end of the clamp.

2.1.2 Packages and Package Processing

The packages selected for testing were 2.54 cm (1 inch) square, gold-plated
Kovar, butterfly-type pahkages of solid ring frame construction with gold-plated
Kovar 1ids. Their rim 'width was 0.102 cm (40 mils) and their sealing area
1.03 cm2 {0.16 inchz);Q These packages were selected because of their wide use
in NASA/MSFC equipment. Package blanks (or sealing boxes) were used rather than
completed packages. These were identical to the completed packages except that
the holes for the feadthroughs had not been drilled and the feedthroughs jnstalled.
Package blanks a2re less expensive than completed packages and their use for the
evaluation of sealing is preferable. Since there were no feedtiroughs as pos-
sible sources of leaks, the leak rates measured were entirely due to the nackage
seals.

The packages (and 1ids) were cleanad by brushing tham successively in
deionized water, acetane, and isopropyl alcehol and then spray iinsing with
Fraon TF. The cleaned packages were stored in a chamber containing a nitrogen
ambiert and used within a few hours after they were cleaned. The adhesive
praforms were removed from the freeszer, placed in the nitrogen chamber with
the packages, and allowed to stand at vroom tempevature for approximately

-7
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Figure 3. Package Assemhly Ready for Cure
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one hour befure they were used. Tae packages were assembled in room

ambient using the assembly fixture and method described in the previous
section [2.1.1). 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 apnlied using a sharpened (-tip stick while the procedure was monitored
under a microscope to assure complete coverage and the absence of bubbles.

The packages had a small hole G.033 c¢m (13 mils) in diameter in their 1ids
which aligned with a 0.318 cm {1/8 inch) diameter hole in the top taflon-coated
plate to allow the packages to vent during cure. The packages were cured in a
nitrogen environment and the holes wera subsequently solder sealed in room
environment. Clamping pressures applied during cure were 7.0 x 104 N."m2
(10.1 psi) for the paste adhesives, 1.7 x 105 N/m2 (16.3 psi) for the film
adhesives Ablefilm 507 and 550, and 2.0 x 10° N/m> (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 pressura was applied to assure that the
parts remained in alignment during cure. The cue 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 Level 1 Environment Exposure

Results obtained for packages subjected to the Level 1 environment {50°C/
60% RH for ten days) are given in Takle 3. The nitrile phenolic film adhesive,
AF-30, was eliminated from consideration because 11 of 12 packages sealed with
it failed the initial C2 gross leak test. Since this problem was not encoun-
tered with any of the other adhesives, it was felt that this adhesive was not
worth further effort. The only adhesive affected by exposure to this enviren-
ment was Epo-Tek H20E. A1l three packages sealed with this adhesive were found
to be gross leakers when tested according to Test Condition Cy.  However, it s
interesting to note that these packages were not found to be gross lsakers
when previcusly tested according to Test Condition C1, and their fine-leak
rates measured prior to C1 and C, gross-leak testing weve as “oilows:

Package 1: 3.6 x 10*7 atm cc/sec {air equivalent)
Package 2: 4.2 x 1077 atm ce/sec {air equivalent)
Package 3: 4.0 x 1077 atm cc/sec {air equivalent)

-9-
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Adhesive Curz Schedules

Adhesi' -

Cure Schedule

Ablefilm 507
Ablefilm 550
Ablebond 35-2
Ablebond 58«1
Epo-Tek H&NE
Epo-Tek H81
Epo-Tek H77
Ablebond 739-1
Ablebond 873~1
AF-30

70 minutes at 175°C
2-1/2 hours at 150°C
40 minutes at 150°C
40 minutes at 150°C

15 minutes at 150°C

15 minutes at 150°C
30 minutes at 150°C
2 hours at 170°C
2 hours at 170°C
70 minutes at 175°C

Note: These cure schedules meet or exceed those
recommended by the adhesive manufacturers.
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Effe_. of Level 1 Environment Exposure

(Ten Days at 50°C/60% RH)

Table 3.
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2.1.4 Results for Level 2 Envirpnment Exposure

Results for packages subjected to the Level 2 environment (60°C/98% RH
for ten days) are givan in Table 4. Packages were first tested for fine leaks,
then grass Teaks per Test Condition E], and finally gross leaks per Test Condi-
tion CZ' Packages found to be gross leakers when tested per Test Condition C1
were not testud per Test Condition CZ‘ A1l packages for which fine leaks could
not be measured were found to be gross leakers when tested per Test Condition C,
and vice versa. Seven additional packages (three sealed with Ablefilm 550, .
three with Ablebond 58-1 and one with Ablebond 789-1} weva found to be gross
leakers when tested per Test Condition Cz. The fina-leak rates measured for
these packages prior to Gy and C2 gross-leak testing were as follows:

Leak Rate
Adhasive & Package No. atm ce/sec (air equivalent)
Ablefilm 550 :

Package 4 6.8 x 107

Package 5 1.0 x 1078

Package 6 1.8 x 107
Ablefily 56-1

Package 4 2.2 x 1078

Package 5 >3.0 % j0°8

Package 6 5.2 x 1078
Ablebond 789-~1

Package 4 3.0 x 107°

The gross leak in the package sealed with Ablebond 789-1 (Packuge 4) was not at
the adhesive seal but was due to an imperfection in the factory weld (hottom

to rim). For all of the othar leaky packages, failures occurrad 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 i5 the expected failure mede. Also, faflure uf the adhesives in this case
does not necessarily mean that they would not be adequate for other applications
such as sealing ceramic to caramic.

Review of the results given in Table 4 shows that several adhesives were
severely degraded by exposure to this environment and should be eliminated from
further consideration. These were Ablebond 58-1, Epo~Tek H20E, Epo-Tek HE1,

=12«
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Table 4. Effect of Level 2 Envirorment Exposure
(Ten Days at 60°C/98% RH)
Adhasive Initial lLeak Rate
Leak Rate After Exposure
Package Number Air Equivalent Air Equivalent
{atm cc/sec) {atm cc/sec)
Ablefilm 507 -7
4 1.0 x 10 3.2 x 100g
5 6.4 x 107 -8 4.6 x 10 g
6 8.6 x 10 5.4 x 10
Ablefilm 850
4 1.4 x 10 Gross {C2)
8 4.6 x 10_8 Gross (ng
6 5.3x10 Gross_(C2
Ableband 36-2 -8
4 2.4 x 10 2.7 x 107 .3
5 2.7 % ]0 9.6 x 107° -
8 1.8 % 10 Gross (Cy)
AbTebond 58-1
S 1.8 x 10 Gross (Cp)
5 1.4 x 10_8 Gross (C2)
) 3.9 x 10 Gross (Cp)
Epo-Tek HZ0E -7
4 2.1 x 10 -7 Gross (Cq g
5 2.4 x 10_7 Gruss {CY
& 1.6 x 1 Gross (C1)
Epo-Tak H81 8
A 8.4 x -8 Gross {61)
5 2.5 x 10_8 gross | g
6 4.0 x 10 1.8 x 10‘
Epo~Tek H77 -8 -9
3 2.0 x 107 6.0 x 1073
5 1.6 x 10 8 1.5 x 10
8 1.0 x Gross {Cy)
Ablebond 7839-1 Gross (Co at
4 5.8 x 10_8 factory we]d
5 1.5 x 10 3 1.2 x]D‘
6 1.8 x 10 1.9 x 107
Abteband 873-1
4 5.9 x 10_8 Gross {Cyg
5 2.0 x 10 -8 4.4 x 107
f 2.7 % Gross {Cy)*
Seam Sealed -9
4 6.8 x 107 -9 1.2 % 10
5 0.7 x 1074 1.0 x 10
6 1.6 x 1077 1.4 x TO
* id came off during fine-leak testing
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and Ablebend 873~1. Even though all three packages sealed with Abiefilm 550
were found to be C2 gross leakers, 1t 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 01

gress-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 environment (al] packages retained their seal integrity).
Also, for two other adhesives, Ablebond 36-2 and Epo-Tek H77, only one package
lost seal integrity. Iihase adhesives are worthy of further testing at the more
severe temperature~humidity conditions.

In summary, as a result of exposuyre to the Level ¢ temperatura-humidity
enviranment (60°C/98% RM for ten days), four zdhesives (Ablebond %81,
Epo-Tek H20E, Epo-Tek H81, and Ablebond 873-1) were elimirated from further
consideration for package sealing; and five adhesives {fblefilm 507, Ablebond
789-1, Ablebond 36-2, Epo-Tek H77 and Ablefilm 550) were selected for further
testing,

2.1.5 Results for Level 3 Environment Exposure

Result: for packages exposed to the Level 3 environment (moisture resis-
tance test environment per Method 1004.1 of MIL-STD-883A) are given in Table 5.
A comparison of these results with those given in Table 4 for similar packages
expased to the Leval 2 envivonment (60°C/98% RH for ten days) indicates that
*he Level 2 environment is possibly more severe than the Level 3 environment.
This conclusion suggests that continuous exposure at 50°C for ten dﬁys is
more degrading than the effects due to cycling the temperature between 25°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°7/85% 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 were seam
sealed, two of the three that were sealed with Ablefilm 507, and the threas that
were sealed with Ablebond 789-1. A1l others (one of the three sealed with Able-
fiim 507, and all three sealed with Ablefilm 550, Ablebond 36-2 and Epo-Tek H77)

-14-
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Effect of Level 3 Environment Exposure
(Moisture Resstance Test Environment
per Metrod 1004.1 of MIL-STD-883A)

Adhesive

Package Number

in1tial
Leak Rate
Air Equivaient

Leak Rate
After Exposure
Air Equivalent

(atm cc/sec) _ 4 (atm cc/sec) !

AbTefilm 507 !

7 1.1 x 1077 § 5.4 x 1078

8 1.4 x 1077 i 5.8x10°8

9 1.1 x 1077 2.0 x 1078
Ablefilm 550 |

7 7.3 x 1078 [ 5.0 x 1078

8 9.4 x 1078 : Gross (Cp)

g 3.3x 1078 2.6 x 1078
Ablebond 35-2

7 1.3 x 1077 9.4 x 1078

8 1.3 x 1077 1.6 x 1077

9 3.2 x 1077 1.1 x 1077
Epo-Tek H77

7 1.1 x 1078 1.2 x 1078

8 7.8 x 1072 8.2 x 1079

9 1.6 x 1578 Gross (C7)
Ablebond 789-1 : §

7 f 1.8 x 1078 i 7.0 x 1072

8 3 1.0 x 1078 ; 1.1 x 1078

9 : 1.9 x 1078 ; 2.0 x 1978
Seam Sealed :

7 <1.0 x 1677 2.0 x 1077

8 2.4 x 1077 2.0 x 107°

3 <1.0 x 1077 1.4 x 1072
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Effect of Levzi 4 Environment Exposure
(Ten Days at 85°C/85% RH)

Adhesive

Package Number

Initial
Leak Rate
Air Equivalent
(atm cc/sec)

Leak Rate
After Exposure
Air Equivalent

(atm cec/sec)

Ablefilm 507

10 1.1 x 1077 6.4 x 1078

1 1.1 x 1077 6.3x 1078

12 1.3 x 1077 gross (C;)
Ablefiim 550

10 2.9 x 1077 aross (C;)

11 3.3 x 1077 Gross (C])

12 6.5 x 1072 gross (C;)
Ablebnnd 36-2

10 1.7 x 1077 Gross {C1)

1 1.4 x 1077 gross ()

12 1.6 x 1077 Gross (C;)
Epo~Tek H77

10 1.3 x 10'8 Gross (Cy)

1 1.1 x 1078 gross (C,)

12 6.4 x 1078 gross (C,)
Ablebond 789-1

10 4.0 x 1078 1.3 x 1078

1 2.1 x 1077 9.6 x 1072

12 6.4 x 1073 1.5 x 1078
Seam Sealed ‘

10 <1.0 x 1072 1.3 x 107%

n <1.0 x 1072 1.0 x 1077

12 <1.0 x 1072 1.4 x 107° J
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were found to be (:.I gross leakers. A comparison of these results with those given
‘in Tables 4 and 5 for simiiarly sealed packages exposed to the Level Z2 and Level 3
environments (60°C/98% RK for ten days and the moisture resistance test environ-
ment specified in Methcd 1004.1 of 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 Level 1 Environment Exposure

The packages which previousiy were exposed to the Level 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 te 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 columas of this table, only one additional
package failed (the only remaining package sealed with Epo-Tek H77) as a rasult
of the fourth ten-day exposure.

The important result is 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 Tdng-term exposure {approximately 1000 hours)
to a temperature-humidity environment of 50°C/60% RH. Since S0°C/60% RH is a
relatively mild temperature-humidity environment, this result alone is not partic-
ularly significant. However, it complemeiits the results obtained for the adhesives
tested for a shorter time under more severe conditions.

2.1.8 Adhesives for Further Evaluation

A summary of the results obtained from this evaluation s given in Table 8.
The data are simplified by using an "X" io indicate the packages that retained
their seal integrity after exposure to each temperature-humidity environment,
and a dash (-) to indicate those that did not. The asterisks (*} in the Ten-
day 60°C/98% RH Column indicate that these adhesives were eliminated from further
consideration because of their failure during exposure tc this environment. On
the basis of these data, the four best adhesives were Ableband 789-1, Ablefiim
507, Ablebond 36-2 and Epo-Tek H77.

2.1.9 Results of Infrared Analysis of Selected Adhesives

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

-17-
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asnvironments and for two adhesives (Abiefilm 550 and Epo-Tek H77) that failed.
In each case, spectra were run on uncured samples and on cured samples before
and atter they were exposed to £5°C/85% RH for ten days. For each adhesive,
the spectrum obtained for the uncured sample was compared with that obtained
for the curad sampie before iemperature-humidity exposure to ascertain the
degree uf cure. Then the spectrum for the cyred sampie before temperature-
humidity exposure was compared with the spectrum for the cured sample after
exposura to note any chemical changes rasulting from the ten-day 85°C/85% RH
exnosure.

Spectra of uncured and cured samples are shown in Figures 4 and 5 for
Ablefilm 507 and Ablefiim 550, respectively. The spectrum for the uncured
sample is 2t the top. Since both of these adhesives are supplied in film form
on a fiberglass matte, the adhesives were extracted by dissalving in acetone
and evaporating. Ablefilm 507 consists of a DGEBA {diglycidal ether of bis
phenol A) resin and a dicyandiamide (Dicy) curing agert. The presence of Dicy
is 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 disappeared 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 um. Ablefilm 550 is a nitrile modified DGEBA resin with a dicyan-
diamide curing agent and an accelerator. Comparison of the spectra for the
cured and uncured samples for this adhesive (Figure %) shows that the doublet
characteristic of Dicy has degraded, but that a strong absorption peak still
remains at 4.58 ym. This may be due to the nitrile portion of the modified
epoxy or to excess unreacted Dicy. The Tact that complete curing has occurred
is substantiated by the disappearance of the epoxide peak at 10.8 um.

Spectra of cured samples before and after exposure to 85°C/B85% RH fur ten
days for the four adnesives {Ablefilm 507, Ablefilm 550, Epo-Tek H77, and
Ablebond 789-1) are shown in Figuras 6 through 9, respectively. 1In 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 H77, and Able-
bornd 729-1 indicates that they are essentially the same. Therefore, the
conclusion is that the chemical structures of these adhesives have not been
affected by the temperature-humidity exposure. Comparison of the spectra for

-2C-
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IR Spectra for Ablerilm 507

{

- Cured (70 Min. at 175°C)

Top - Uncured
Bottum

Figure 4

"WAVELENGTH .

1300

1400

1500

1600

1700

1800

1?00

2000

200

2400

2600

2800

3200

3200

e S e
il = ooy i el ey
"3 2 2 < 2 2 2 P
- NOISSIWSMYSL AN3J¥d NSNS AL INTok3d
!

WAVENUMBER Cm™!

4



g %

POLDOTY.

1

£76-597/20

Tm 507

IR Sprctra for Ablefi

Top - Uncured .

Figure 4.

Bottom - Cured (70 Min. at 175°C)

1000

ngo

$00

1200

100

1400

1500

1600
WAVENUMBER CM!

1780

1800

A

200

.200

4
o

200

2800 2600

100 3000

i

AT

2 340

1900



C76-597/201
IR Spectri for Ablefilm 550
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IR Spectra for Ablefilm 507

Figure 6.
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IR Spectra for Ablefilm 507
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Ablefilm 550
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£76
IR Spectra for Ablebord 789-1
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IR Spectra for Ablebond 789
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-Ablefilm 550 (Figure 7), however, shows a substantial reduction in the absorp-
tion band at 4.58 um, indicating that the nitrile group has been hydrolyzed to
a carboxyl group during the temperature-humidity exposure. This conclusion is
supported by the growth (in¢reased absorption) of the carbonyl peak (5.7 to
5.2 wn). Since the purpose of adding the nitrile was to increase the ability
f the adhesive to adhere to gold, its hydrolysis during temperature-humidity
exposure could explain why the performance of this adhesive (Ablefilm 55Q) was
deqraded.

I -conclusian then, comparison of the IR spectra before and after tempera-
ture-humidity exposura suggests z possible reason for the failure of Ablefilm
£50 but not for the failure of Epo-Tek H77.
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2.2 EFFECT OF MIL-STD-883A VEST ENVIRONMENTS OM SEAL INTEGRITY

The objective of this effort was to determine if gald-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 io
the following Class A test environments specified in Method 5004.2 of MIL-STD-
883A:

{1) Thermal Shock - Method 1011.1, Test Condition C (i.e., 15 cycles,
~G5°C to +150°C) '
(2} Temperature Cycling - Method 1010.1, Test Condition C
(i.e., 1% cycles, -65°C to +150°C)
(3) Mechanical Shock - Method 2002.1, Test Condition B
(i.a., & shock pulses at 1500 ¢'s in the Y n}ane)
(4) Constant Acczleration - Method 2001.1, Test Conditior A
{i.e., 5000 g's in the YT plane)
{5) Temperature Aging (240 hours at 125°C)

7o accomplish this objective, six gold-plated Kovar packages and six ceramic
packages sealed with each of the four adhesives (Ablefilm 507, Ablebond 36-2,
Epo-Tek H77, and Abiebond 789-1} were subjected to the test environments
both individualiy and sequentially in the order listed. The integrity
of the package seais was determined before and after exposure to each test
environment by testing the packages in accordance with MIL-STD-883A, Method
1014.1, Test Cenditions Aa» and C1 and C,. 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 selected for testing were the same as those
used previously (described in Section 2.1.2). The ceramic packages (or boxes
since they did not have electrical feadthroughs) selected were 2.29 cms {0.9
inches) square. These packages have a 0.727 cm (50 mils) wide rim and a seal-
ing area of 1.16 e’ (0.18 inchz). Ceramic 1ids 0.064 cm (25 mils) thick were
lager cut to fit these hoxes and a hole approximately C.04 cm {16 wils) in
diameter was sandblasiad in them so that the packages could vent during cure.

The same package assembly method described in Section 2.1.1 was
used. An assembly fixture sinfiiar to the one used to assembie the
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gold-plated Kovar packages was fabricated to accommodate the smaller ceramic
packages, and smaller teflon coated steel backing plates were made. The same
cleaning procedure as that described in Section 2.1.2 was used for the gold-
plated Kovar packages. The ceramic packages were cleaned by brushing them in
toluene and isopropyl alcohol and then spray rinsing them with Freon TF. This
rieaning procedure was selected hecause of the necessity of pretesting the
ceramic boxes to be sure that they did nct contain cracks or holes. Testing was
performed using a helium~leak detector and required the use of Apiezon M grease
on the rims of the packages to form a temporary seal. Since any residual Apiezon
N would degrade the adhesive seals, it had to be completely removed. Toluene
proved to be a very effective solvent far this purpose.

The remainder of the package processing and sealing procedures were the
same as those described in Section 2.1.2, except that the vent holes in the
ceramic packages vere sealed with Epo-Tek H77. The cure schedules and clamping
pressures used in preparing these packages also were the same as those used pre-
viously in preparing packages for the temperature-humidity evaluation effort.
Clamping pressures applied during cure were apgroximately 7.0 x 104 N/m2
(10 psi) for the paste adhesives, and 1.7 x 105 N[m2 (16 psi) for the film
adhesive, Curing schedules were:

Ablefilm 507 70 Minutes at 175°C
Ablepond 36-2 40 Minytes at 150°C
Epo-Tek H77 30 Minutes at 150°C
Ablebond 789-1 2 Hours at 170°C

2.2.2 Comments on Ceramic Packages and Cleaning Methads

Initial seal testing of the first group of adhesive-sealed ceramic packages
revealed that 16 of 48 were Cy gross leakers with the Teaks occurving not at
the seal area, but through the center partion of the bottom ¥ the ceramic
pactages. This was unexpected since the packages were bought from 3M (American
Lava Division) in accordance with an existing company specification. As a
result of this experience, it was decided to pretest the ceramic packages for
hermeticity. Testing of 200 packages showed that approximetely 50% failed.
Apparently small holes or cracks existed due either to inadequate compaction
of the alumina or a pooriy controlled firing schedule. The significance of
this unexpected situation is that it flags a problem area associated with the
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use of ceramic packages. The situation experienced may not be typical but it

does indicate that a large portinn of & batch of ceramic packages can be leakers,
and that pretesting should be considered by manufacturers using ceramic packages
in order to minimize their circuit rework or rejection vateg {and associated costs).

Since the present method for cleaning the gold-plated Ravar packages and
Tids {1ightly scrubbing them successively in deionized watsr, acztone, and
isoprcpanol and spray rinsing wita Freon TF} was arbitrarily selected and is
time consuming, it was decided to clein tham using the simple, standard, auto-
mated procedure of succassivaly ifmmersing them in four ultrasonically-agitated
Freon TF baths follawed by a Freon TF vepor rinse. Packages were cleaned by
this method and 12 each were sealed with Ablebond 36-2 and Epo-Tek H77. Imitial
sea]l testing of the packages showed that all 24 were C1 gross leakers., At this
point, packages were cleaned by the original method and 12 each sealed with
fblebond 36-2 and Epo-Tek H77. Of this group, 23 passed the seal test (one
package sealed with Ablebond 36-2 wis 2 c2 gross leaker). On this basis, it
wias decided to retain fhe original cleaning method. It is felt that the demon-
strated supericrity of the method used is =2ssentially due to the effectiveness
of aretone and isopropancl in removing fingerprint contamination accumulated
during handling (particularly when the smail holes arz drilled in the lids).

2.2.3 Results for Thermal Shock Testing

Results for the packages subjeciad to 15 cycles of thermal shock between
-65°C and +150°C (MIL-STD-883A, Method 1G11.1, Test Condition C) are given in
Tables 9 and 10. As shown, all ceramic packages retained their seal integrity
after exposure to this environment, but 211 the gold-plated Kovar packages
faiied axcept those that were seam sealed and five of the six that were sealed
with AbleFfilm 507. The other Ablefilm 507 sealed package had a fine leak rate
of 1.6 x 10'7 atm cc/sec (air equivalent) similar to the fine Teak rates of those
that retained their seal integrity, and alsc passed the C1 gross leak test, but
wis found te fe a gross Jeaker when tested in accordance with Test Condition C,.
A1 the Auletona 36-2 and Epo-Tek H77 sealed gnld-~plated Kavar packages were C1
aru3s leaksrs,vhile ona of thosa seaied with Ablebond 789-1 was a C] gross leaker
and tne other five were €, gross Teakers.
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Table 9. Effect of Thermal Shock on Seal Integrity
of Gold~Plated Kovar Packages

. Leak Rate
Adhes tve ' Lok Tate . 18 Gyctes (-BEC, o56°c)
Package Number Air Equivalent ’ Air Equivalent
{atm cc/sec) ) (atm cc/sec)

Ablefilm 507 _

1 C ssx® 1.7 x 107

2 : 1.2 x 1077 1.9 x 1077

3 9.2 x 1078 1.9 x 1077

a 9.6 x 1078 1.4 x 10”7

5 8:4 x 1078 1.8 x 1077

6 7.4 x 1078 1.5 2 107, Gross ()
Ableband 36-2 : ,

1 : 2.1 x 1077 2.6 x 1077, arass (c;)

2 ' 1.5 x 167 >3.0 x 1078, Gross (2;)

3 1.9 :!"I'D‘T ’ »3.0 x 10'5, Gross (C])

. 1.5 x 107 . >3.0 x 10°%, Gross (¢;)

5 .7x107 4.2 x 1077, Gross ()

6 1.2 x 107 2.3 1 107, Grass (€))
Epo-Tek H77

1 5.0 x 1078 » »3.0 x 10°%, eross ()

2 5.8 x 10°¢ Lid came off during fine leak test

3 2.2 x 1078 6.8 x 1073, Gross (c;)

a 3.6 x 10°¢ >3.0 x 10°, gross (c))

5 5.6 x 1078 >3.0 x 1075, Gross (c;)

6 1.4 x 107 1.5 x 1078, Grass (c;)

-1 Ablebond 789-1

1 : e xte7 3.0 x 1078, Gross (c,)

2 1.8 x 1077 3.0 x 10°%, Gross (C,)

3 1.0 x 1077 »3.0 x 10°°, Sross ()

2 8.0 x 1078 >3.0 x 107, aross (c,)

5 4.9 x 107 >3.0 x 10'6, Grass (Cz)

6 4.2 x 108 - >3.0 x 10°5, eross (c,)
Sean Sealer

1 <i.0 x 1079 3.4 x 1079

2 <1.0 x 167 2.6 x 1072

3 <1.0 x 1073 3.4 x 1078

4 <1.0 x 107 3.6 x 1077

5 <1.0x 1079 5.0 x 107

6 <1.0 x 107 2.0 x10°%
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Table 10. Effect of Thermal Shock on Seal Integrity
of Ceramic Packages
Leak Rate
Adhesive Initial After Thermal Shock
Leak Rate 15 Cycles {-65°C, +150C)

Package Number

Air Equivalent
{atm cc/sec)

Air Equivalent
(atm ce/sec)

Ablefiim 507
1

[SL IR S 7Y N\ ]

Ablebond 36-2
1

tn & W M

Epo-Tek H77
1

oL N

(=]

Ablebond 789-1
1

G U AW

1.3 x 1077
2.8 x 1078
2.4 x 1078
4.0 x 1078
1.6 x 1077
2.0 x 1077

1077
1077
16’
108
1078
1078

1.0
1.2
1.0
7.6
5.8
8.0

X X X X X X

-8

1678
1w’
1078
1078
1078

5.0
5.0
1.3
3.4
6.8
9.2

10

K OxX X X X X

-7
-7

1.8
1.7
6.5
1.5
1.2
7.4

10
10
1078
1077
1077
1078

H OX X X X X

1.5 x 1077
9.2 x 1078
1.4 x 1077
1.6 x 1077
1.0 x 107!
1.6 x 1077

2.2 x 1077
1.6 x 1077
1.4 x 1077
1.8 x 1077
6.5 x 1078
1.0 x 1077

2.2 x 1078

3.4 x 1078
6.8 x 1078
2.6 x 1078
6.0 x 10°8
9.0 x 1078

1.7 x 1077
1.6 x 1077
1.5 x 1077
1.1 x 1077
1.2 x 1077
1.7 x 1077
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It is felt that the explanation of the contrasting results obtained for
the ceramic and the gold-plated Kovar packages lies simply in the weli-known
fact that adhesives form a stronger bond with alumina than they do with gold.
The result not so ewsily explained is that the gold-plated Kovar packages sealad
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 adhesives due to excessive clamping
pressure, whereas this could not be tha case for the film adhesive since it has a
0.005 c¢m (2 mil) glass carrier.

The measurad fine-lzak rates are given for all gola-plated Xcvar packages
including those which were subsequently found to be gross leakers. This has
been done te emphasize two points. First, some packages which pass the fine-
leak test are subsequently found to be gross leakers when subjected to the con-
ditions of the gross-leak tests. As shown in Table 9, this is the case for
Package 6 sealed with Ablefilm 507, Packages 1, 5 and 6 sealed with Ablebond 36-2,
and Packages 3 and 6 sealed with Cpo-Tek H77. Second, the C2 gross-Jeak test
is a more sensitiva2 test than the CI gross-leak test and consequently. gross
Jeakers that may escape detection by the Cl test are often caught by the C2
test. (this is the case for Package 6 sealed with Ablefilm 507). These results
substantiate the well known fact that both fine and gross leax tests are neces-
sary to assure that seals of adequate strength and integrity are obtained.

2.2.4 Results for Temperature Cycling Testing

Results for the packages temperature cycled in accordance with MIL-STD-883A,
Method 1010.1, Test Conditian £ (15 cycles beiween -65°C and +150°C) are given
in Takles 11 and 12. AIl the adhesive sealed ceramic packages retained their
seal integrity. However, 211 the adhesive sealed gold-plated Kovar packages
- failed except those sealed using Ahlefiim 307.

In review, both the results of the effect of thermal shock on seal irtegrity
and the effect of temperature cycling on seal integrity show that ceramic packages
sealed with all four selected adhesives {Ablefilm 507, Ablebond 36-2, Epo-Tek H77

and Ablebond 789-1) ratain their seal integrity after exposure to these environ-
ments, but the only gold-plated Kovar packages that retain their seal integrity
after these exposures are those that woere seam sealed and those sealed with Able~
film 507. It was felt that perhaps the failure of the paste adhesives on the
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Table 11. Effect of temperature Cycling on Seal Integrity of
Gold-Plated Kovar Packages '
Adhasfve Leak Rate
inttial After Temperature Cyclin
Leak Rate 15 Cycles (=-65°C, +150°%;
Pachage &ia. Air Equivalent Afr Equivalent
{atm cc/sac) {atm cc/sec
Ablefilm 507
7 1.2 1077 3.0 x 1677
B 7.2 x 1078 1.8 x 1077
9 8.2 x 103 2.0 x 107
10 6.4 x 1078 1.4 x 1077
n 5.6 %1078 1.3 x 1077
12 6.4 x 1078 1.5 x 1077
Ablebond 36-2
? 1.8 x 10”7 Gross {€))
8 7.0 x 1078 Gross (€;)
3 raxw’ Gruss (Cy)
10 2.2 x 10‘1 Srass (C;,
n 2.8 x 10" Gross (C;)
12 1.4 x 1077 Gross (c;)
Epo-Tek H77
7 1.1 51077 Gross (C,)
8 1.6x10°8 Grass (C,)
g 2.7 31078 Sross (¢;)
10 3.7 x 1072 Gross (C;)
n 4.8 x 1078 Grass (C;)
12 1.0x 1”7 Gross (¢,)
Ablebond 788-1
7 6.3 x 1078 Gross (C,)
8 1.0 x 1078 Gross (Cz)
9 1.5 x 078 Gross {C;)
10 2.2 % 1678 Gross (CZ)
n 2.1 x 1078 Gross (C,)
12 1.5 x 1078 Grass (CZ)
Seam Sealed
7 <1.0 % 10°° 2.0 x 1077
g <1.0 x107? <1.0 x 1072
9 <1.0 x 107% 1.0 x 1073
10 <t.ax 1078 <1.0 x 107°
n <1.0 x 10°? 1.0 x 19
12 «1.0 x 1¢°? <1.0 x 107%
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Table 12. Effect of Temperature Cycling on
Seal Integrity of Ceramic Packages

Adhesive ngltégle After Tekggﬁaggﬁg Cyclin
Air Equivalent 15 Cycles (-65°C, +150°C
Package Number (am cc/sec) Azgtgqglyzlggt
Ablefilm 507
7 1.6 x 1078 2.8 x 1077
8 9.0 x 1078 2.8 x 1077
9 2.1 x 1078 1.3 21077
10 1.4 x 1078 1.2 x 1077
1 1.7 x 1077 2.5 x 1077
12 2.8 x 1078 2.0 x 1077
Ablebond 36-2
7 8.2 x 1078 2.3 x 1077
8 8.4 x 1073 2.3 x 1077
g 3.4 x 107 3.0 x 1077
10 9.4 x 108 2.4 x 1077
1 3.8 x 1078 1.1 x 1077
12 7.2 x 1078 2.0 x 1077
Epo-Tek H77
7 1.0 x 1977 1.8 x 1077
8 1.5 x 1078 8.4 x 1078
9 2.5 x 1078 1.0 x 1077
19 1.6 x 1078 8.7 x 1078
no 1.0 x 1078 4.9 x 1078
12 1.2 x 1078 5.6 x 1078
Ablebond 789-1
7 1.1 x 1077 1.5 x 10”7
g 2.0 x 1077 7.7 x 1078
9 1.0 x 1077 1.0 x 1077
10 7.6 x 1078 8.3 x 1078
1 1.6 x 1077 9.6 x 1678
12 1.0x 1077 7.6 x 107
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gold-plated Kovar 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 adhasive
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 oniy 3.5 x 104 N/m2 (5 psi) applied during cure. Initial seal test results
for these packages are given in Table 13. As shewn, all the packages except

sng which had a arnes Teak at the breather hole in the 1id had low fine-Teak
rates. However, immersion in the 125°C fluorocarbon indicator fluid, as requirad
in the C1 gross-leak test, caused sufficient pressure buildup in the packages to
cause the seals to rupture after approximately 30 seconds, ~esulting in gross
leakers. Apparently, seals formed with such a Tow clamping pressure used during
cure have an even lawer bond strength than those formed with the higher clamping
pressurs,

2.2.5 Resulis for Mechanical Shock Testing

Rasults for the packages that were mechanically shosked per MIL-STD~883A,
Method 2002.1, Test Condition B (i.e., five 1800g shock pulses in the Y] plane},
are given in Tables 14 and 15 fur the gold-plated Kovar and ceramic packages,
respectively. As noted in Table 14, attempts to seal gold-plated Kovar packages
with Epo-Tek H77 were unsuccessful. Two attempts were made: one with the
adhesive usad to s2al previous packages and one with fresh adhesive. Fine-ieak
testing indicated that all packages had leak rates in the Tow 10° -8 atm cc/sec
{(air equivalent) range. However, during the C1 gross leak test, all but four
developed gross leaks after 15 to 60 seconds {mmersion in the 125°C test fluid.
Apparently, the seals are geod initially but the bond strength is so weak at
125°C that the internal pressure built up at this temperature is sufficient to
rupture them.

Since the purpose of this test was to aetermine the effect of mechanical
shock on the 1id 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 5/32 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 essantial for proper execution of the test; however,
it does have an undasirable 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 Test Results for Goid-Plated Keiavy Packages
Sealed With Reduced (3.5 x 104 N/mé ar § psi)
Clamping Pressure Applied Buring Cure

Adhesive

Paclkage Number

Initial
Leak Rate

Air Equivalent

(atm cc/sec)

Epo-Tak H77

—

G W W N

5.6 x 1077,

5.2 % 107,
1.4 x 1078,
7.9 x 1072,
4.6 x 1072,
8.7 x 107,
7.4 x 1079,
6.1 x 1079,
6.3 x 1079,
9.4 x 1079,

5.0 x 1079,

Gross
Gross
Gross
Gross
Gross
Gross
Gross
Gross
Gross
Gross

Gross

Gross Leak at
Breather Hole

()
(c;)

(c,)
(c;)
(c;)
(c;)
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Yable 74, Effect of Mechanical Shock on Seal Integrity
of Gold-Plated Kaovar Packages
—Initial Ceak Rate ATter Ceak Rate After
Adhesive Leak Rate Mounting Packiges Mechanical Shock

Package Number

Ajir Equivalent
{atm cc/sec)

On Aluminum Tabs

Air Equivalent

5 Shocks at 1500 g'
Air Equivalent

(atm cc/sec) (atm cc/sec)
Abiefilm 507
i3 1.4 x 1077 1.3 x 10”7 1.8 x 1077
14 1.6 x 1077 1.4 x 1077 1.6 x 1077
15 1.8 x 1077 1.8 x 1077 2.0 x 10”7
16 2.8 x 1077 1.8 x 1077 2.0 x 1077
17 2.0 x 1077 1.6 x 1077 2.0 x 1077
18 1.4 x 1077 1.5 x 1077 1.8 x 1077
Ablebond 36-2
13 2.8 x 1077 2.1 x 1077 Gross (C,)
14 2.7 x 1077 2.5 x 1077 Gross ()
15 2.2 x 1077 2.4 x 1077 1.9 x 1077
16 2.0 x 1077 1.7 x 1077 1.4 x 1077
17 1.7 x 1077 7.9 x 1077 1.6 x 7
18 2.2 x 1077 2.4 x 1077 2.6 x 1077
Epo-Tek H77 Attempts to saal packages with Epo-Tek H77 were unsuccessful

Ablebond 7339-1

13 4.0 x 1078 2.5 x 16”7 1.8 x 107/
14 1.6 x 1078 1.1 x 1077 1.4 x 1077
15 1.8 x 1078 1.3 x 1077 3.8 x 1678
16 1.3 x 1078 1.3 x 1077 9.4 x 1078
17 8.2 x 1079 8.9 x 10°° 7.3 x 1078
18 5.2 x 1079 3.4 x 1078 3.3 x 1078
Seam Sealed
13 1.1 x 1079 4.0 x 1078 7.6 x 1078
14 <1.0 x 10°° 2.6 x 1073 4.0 x 1078
15 1.3 x 1079 2.3 x 1078 3.6 x 1078
16 <1.0 x 1079 3.0 x 1078 4.7 x 10°°
17 <1.0 x 1072 1.4 x 1078 2.4 x 1078
18 1.5 x 1079 3.4 x 1078 4.5 x 1073

(i.e., packages sealed with this adhesi

ve failed gross G testing).
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Table 15. Effect of Mechanical Shock on Seal Integrity
of Ceramic Packages
Initial Leak ?ate'ﬂfter Leak R;te After
Adhesive Leak Rate Muunt1ng Packages Mechanical Shock
Air Equivalent On Aluminum Tabs 5 Shocks at 1500 g's
Package Number {atm cc/sec) %;:mEggj::;ET? ?;;mEgz};glﬁnt
Ablefilm 507
13 1.3 x 1077 1.6 x 1077 1.8 x 1077
14 1.8 x 1077 1.3 x 1077 1.6 x 1077
15 6.4 x 1078 1.2 x 107 1.2 x 1077
16 1.2 x 107 1.5 x 1077 1.3 x 1077
17 8.4 x 1078 1.4 % 1077 1.8 x 1077
18 1.7 x 10”7 1.9 x 1077 1.9 x 1077
Ablebond 36-2
13 1.5 x 1077 2.1 x 1077 2.9 x 1077
14 3.2 x 1077 2.9 x 1077 2.8 x 1077
15 1.1 x 1077 2.1 x 1077 2.0 x 1077
16 1.1 % 1077 2.2 x 1077 2.5 x 1077
17 2.3 x 1077 3.5 x 1077 2.9 x 1077
15 1.0 x 1077 3.0 x 107/ 3.0 x 1077
Epo-~Tek H77
12 1.2 x 1077 1.9 x 1077 2.1 x 1077
14 1.3 x 1077 1.9 x 1077 2.0 x 1677
1s 1.1 x 1677 1.4 x 1077 2.0 x 1077
16 6.0 x 107 1.9 x 1077 2.0 x 1077
17 3.8 x 1078 1.4 x 1077 1.6 x 1077
18 2.3 x 1078 1.6 x 1077 1.6 x 1077
Ablebond 789-1
13 5.4 x 107 1.6 x 1077 1.9 x 1077
14 3.2 x 1077 2.0 x 1077 1.9 x 1077
15 1.3 x 1077 1.3 x 1077 1.5 x 1077
16 9.5 x 1078 1.5 x 1077 1.6 x 1077
17 1.0 x 1077 1.4 x 1077 1.5 x 1877
18 9.5 x 1078 1.6 x 1077 1.4 x 1077
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it, increasing the apparent fine leak rate. To allaw for this, the packages
were Tine-leak tested after they were mounted on the aluminum tabs. These
results are given in Column-3 of Tables 14 and 15, and are the laak

rates that should be compared to those obtained after the packages were
mechanically shocked in order to determine the effects of this test environment
on retention of seal inteority. The increase in apparent leak rate, due to the
release of adsorbed or absorbed helium from the adhesive used to mount the
packages {1n this case four-miV thick Ablefiim 529) can be determined by com-
paring the results given in Columas 2 and 3 of Table 14 for the seam-sealed
gold-plated Kovar packages. This comparisan indicates that the helium released
from the mounting adhesive during fine-leak testing is equivalent to a lsak rate
in the low (1.5 to 4)10'8 atm cc/sec (air equivalent) range. In general, this
is negligible compared tc the measured leak rates {low 10‘7 atm ce/sec air ‘
equivalent range) of the adhesive-sealed packages and to the variation in the
repeatability of fine-leak rate measurements.

Comparing the last two columns of Tabies 14 and 15 shows 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 thasa packages
failed as a result of mechanical shock. These packages showed fine-leak ratas
after shock of 1.7 x 1077 and 1.9 x 1077 atm cc/sec (air equivalont}, respec-
tively (similar to tha leak ratas of the other four packages sealed with this
adhesive), and passed the £y gross leak test but showed as C2 gross leakers.

A Jater 01 gross leak test showed that Package 13 was now a C1 gross legker

but that Package 14 was not. Previous experience with gold-plated Kovar pack-
ages syggests that the failure of these packages may have been due to the stress
of the 51 and 82 gross~leak tests rather than as a result of exposure to the ]
mechanical shock environment. In any case, the fact that the adhesive failed,
indicates that it is inadequate for sealing gold-plated Kovar packages.

2.2.6 Results for Constant Acceleration Testing

Results for the packages that were subjected to constant acceleration per
MIL-STD-883A, Method 2001.1, Test Condition A (i.e., 5,000g'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 Gold-Plated Kova: Packages

Leak Rate After Leak Rate
Adhesive Initial Mounting Packages After Constant Accel.
Leak ?ate Or Aluminum Tabs at 5000 g's
] Air Equivalent Air Equivalent Air Equivalent
Package Number {atm cc/sec) {atm cc/sec) {atm cc/sec)
Ablefilm 507 -7 -8 -7
19 1.9 » 15_7 9.4 x 10~8 2.4 x 10_7
20 2.0 x 10_7 9.5 x 10, 2.4 x 1075
21 2.3 x 10_7 1.0 x 10_g 3.2 x 10_7
22 2.0;{‘!0_7 9.6 x 10 g 2.3 x 104
23 1.6 x 10_7 7.8 x 10_8 2.2 x 10_7
24 1.9 x 10 9.6 x 10 4.0 x 10
Ablebond 36-2 -7 .7
19 1.2 x 10 g 1.0 % 107g Gross (Cy)
20 9.0 x 10_7 7.8 x 10_7 *
21 1.2 x 10_8 1.2 x 102 *
22 8.1 x 10 5 8.0 x 10 , *
23 1.2 x 10_g 7.6 x 1075 Gross (C7)
24 9.8 x 10 1.3 x 107 3.2 x 1077
Epo-Tek H77 Attempts to seal packages with Epo-Tek H77 were
unsuccessful (i.e., packages sealed with this
adhesive failed gross C, testing)
Ab‘l ebond 789'] _9 _7 _8
19 6.7 x 10_9 1.6 x 10_7 9.4 x 10_7
20 4.8 x 10_g 2.0 x 10_8 1.8 x 10_g
21 6.0 x 10_9 5.8 x 10 4.4 x 10_8
22 5.6)(10_g &1x10k 7.2)(10__E
723 5.7 x 10_9 6.8 x 10_8 6.4 x 105
24 3.6x10 7.4 x 10 9.5 x 10
Seam Sealed -9 -8 -8
19 "<1,9 X 10 4 2.0 x 10_8 7.0 x 10_8
20 1.2 x 10_ 2.8 x IO_8 5.6 x 10_8
21 <1.0 x 10_g 2.9 x 10_8 6.2 x 10 4
22 <1.0 x 1(:0»9 5.8 x 10_8 1.0 x 10_8
23 1.7 x 10_9 1.6 x 10_g 4.2 x 10_7
24 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. Effact of Constant Acceleration on
Seal Integrity of Ceramic Packages
Leak Rate After Leak Rate ..
Adhesive Initial Mounting Fackages Aftar Constant Accel
Leak Rate on Aluminum Tabs at 5000 g's
Air Equivalent Air Equivalent Air Equivalent
Package Number (atm cc/sec) (atm cc/sec) {atm cc/sec)
Ablefilm 507 s I e
19 2.2 x 10 4.0 x 10 3.0 x 10
20 1.2 x 1077 8.4 x 1077 3.6 x 107/
21 9.5 x 1078 3.3 x 1077 3.0 x 107/
22 7.5 x 107 3.2 x 1077 2.8 x 107/
23 1.1 x 1077 3.2 x 1077 3.0 x 1077
24 8.8 x 1078 4.4 x 1077 4.7 x 1077
Ablzbond 35-2 -7 -7 -7
13 1.2 x 10 5.8 x 10 3.7 x 10
20 1.6 x 1077 6.0 x 107/ 5.6 x 1077
21 1.9 x 1077 6.6 x 10~/ 5.0 x 107/
22 .1 x 1077 4.4 x 7077 3.8 x 107/
23 9.8 x 1078 3.8 x 1077 4.4 x 1077
24 1.0 x 1077 5.8 x 107/ 5.6 x 1077
Epo-Tek H77 -8 -5 .
9 5.3 x 10 1.3x 10 3.6 x 10”
20 1.9 x 1077 1.4 x 1076 4.0 x 107
21 3.7 x 1078 5.6 x 1077 2.3x 1077
22 6.2 x 1078 5.3 x 1077 2.2 x 1077 i
23 4.2 x 1078 6.0 x 1077 2.2 x 1077 :
24 1.7 x 1078 5.4 x 1077 2.5 x 1077 §
{
Ablebond 789-1 -7 -7 -7 ;
19 1.2 x 10 3.2 x 10 2.0 x 10 !
20 3.3x 1078 3.2 x 1077 2.7 x 1077 ;
21 2.8 x 1078 3.2 x 1077 2.6 x 1077 §
22 1.4 x 1078 3.0 x 1077 2.1 x 1077 i
23 i.6 x 1078 8.2 x 1077 3.4 x 1077 |
24 2.1 x 1078 3.0 x 1077 2.6 x 1077 i

-42-



£76-597/201

the packages had to be held so that the 1ids 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-platec 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 cc/sec (air equivalent) vange. This
agrees witli the corresponding range of 1.5 to 4 x 10'8 atm cc/sec (air equiva-
lent) fours' for tha packages that were mechanically shocked. As previously
stated, this jeak rate is negligible in comparison with the measured ieak rates
[low 1077 atm ce/sec (air equivalent) range] of the adhesive-sealed packages
and the variation in the repeatability of fine-leak rate measurements.

The only packages that failed the 5,000g's constant acceleration test were
the gold-plated Kovar packages sealed with Ablebond 36-2. Five of the six
packages failed. The 1ids came off three of the packages during test, and of
the others subsequent Teak testing showed one to be a fine leakar 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 Testing

Results for the packages exposed to a 125°C dry nitrogen envirenment for
240 hours are given in Tables 18 and 19. This test was selected to correspond
to the temperature/time requirement associated with the burn-in test per BIL-
STD-8383A, tlethod 1015.1. A1l of the ceramic packages sealed with 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 gold-plated Kovar packages sealed with Able-
£ilm 507 and Ablebond 36-2 did not. Epo-Tek H77 again was not tested on the
gald-plated Kovar packages because attempts to seal these packages with this
adhesive were unsuccessful. As noted in Table 18, this also was the case for
three of the six gold-pilated Kovar packages sealed with Ablebond 36-2.
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Table 18. Effect of Temperature Aging on Seal
Integrity of told-Piated Kovar Packages

Adhesive initial Leak Rate After
Leak Rate Temperature Aging |
] ‘ Air Equivaisnt for 240 Hrs. at 125°C i
) ?ackage Number {atm cci/sec) (atm cc/sec) i
o
Ablefiim 307 -7
25 1.3 x 1075 Gross (C1)
26 1.4 % 10"7 Gross (C1)
27 1.6 x 1075 2.0 x 10°7
28 1.5 x 10:7 Gross (Cl)
2% 1.8 x 1077 Gross (Cq)
30 1.6 x 1¢ Gross (Cy)
Ablebond 36-2 _7 i
25 4.0 x 10 7 Gross (Cl}. :
26 1.2 x 107 Gross (C1) :
27 * -- :
28 3.0 x 1077 Gross (Cy) |
29 * , -- ‘
30 * .-
H
Epo-Tek H77 Atterpts to seal packages with Epo-Tek

K77 were unsuccessful {i.e., packages ;
sealed with this adhesive failed i

gross C, testing)

Ablebond 789-1 -8 7 ,
25 1.7 x 1075 1.4 x 1074 i
26 1.7 x 1077 8.4 x 1072 ;
27 1.0 x 1072 2.8 x 1072 :

28 7.8 % 10_8 3.0 x 10"8

28 1.2 x 10 9 4.0 x 1-0'8

30 3.6 x 107 6.2 x 107
Seam Sealed 9 -9 i
<1.0 x 107, 1.0 x 10_¢ ,

- 26 <1.0 x 10 g <1.0 x 10 3
27 <1.0 x 1073 <1.0 x 1072 ;
28 <1.0 x 10 g <1.0 x 107¢ ;
29 <1.0 x 10 9 <1.0 x 10“9 i
30 <1.0 x 107 <1.0 x 10 l

*These packages failed gross Cz testing

-44-



€76-597/201

Table 19. Effect of Temperature Aging on Seal
Integrity of Ceramic Fackages

Adhesive Initial Leak Rata Afigy

Leak Rate Temperature Aging ;
Package Number Azgtﬁqﬁéfglg?t for %ﬁghyiiﬁégéfzsuc :
Ablefilm 507 e _,,
25 2.5 % 10 1.5 210 .
26 1.8 x 1077 1.2 x 1077
27 2.5 x 107/ 1.6 x 1077 |
28 7.6 x 107 1.0 x 107
j 29 1.9 x 1077 1.3 x 1077 E
30 1.9 x 1077 Lixwt
Ablebond 36-2 8 7
25 9.8 x 107 1.9 x 10 !
26 8.8 x 1075 1.6 x 1077
27 . 9.1 x 1078 1.9 x 1077
28 7.6 x 1078 1.5 x 1677 :
29 3.1 x 1077 3.0 x 1077 !
{30 3.5 x 1077 3.5 x 1077
Epo-Tek H77 8 " |
25 3.4 x 10 1.6 x 10 ;
26 3.4 x 1078 1.9 x 1078 f
27 3.0 x 1078 1.5 x 1078 ?
28 3.3 x 1078 1.5 x 1078 5,
29 1.5 x 1078 9.4 x 107 ‘
| 30 4.3 x 1078 1.1 x 1078 :
AtTebond 789-1 " " |
2 1.9 x 10 1.8 x 10 :
26 1.0 x 1077 2.3 x 1078 :
27 1.0 x 1077 3.0 x 1078 |
28 7.4 x 1078 2.2 x 1078 ‘

29 3.0 x 1077 2.2 x 1077
30 7.3 x 1078 2.4 x 1078 (
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2.2.8 Results of Sequential Testing

The results obtained for the packages subjected sequentially to the
specified test environments are given in Tables 20 and 21 for the goid-plated
Kovar and ceramic packages, respectively. As shown in Table 20, none of the
adhesive sealed gold-pTated Kovar packages survived the sequential exposure.
Only those sealed with Ablefilm 507 passed thermal shock (5 of 6 packages),
but even thase (4 of the remaining 5 packages), subsequently failed temperature
cycling. ContrariTy, a review of Table 21 indicates that all ceramic packages
seajed with all four adhesives passed the sequential exposure. In reviewing
the data, it is important to recall that the packages had to be mounted hottom
down on aluminum tabs to perform the mechanical shock and constant acceieration
tests. In this case, five-mil thick Ablefilm 529 was used rather than four-mil
thick Ablefilm 529 as was used previously (Sections 2.2.5 and 2.2.6). This was
somewhat unfortunate because comparison of the measured leak ratec of the seam-
sealed gold-plated Kovar packages before and after ihe packages were mounted
on the aluminum tabs, indicates that with the thicker mounting adhesive,
the adsorbed and absorbed helium released during fine-leak testing is
equivalent to a leak rate of about 2 or 3 x 107’ atm cc/sec (air equivalent).
In contrast to the connclusion of the discussion of this subject in Sections
2.2.5 and 2.2.6, this value is not negligible in comparison with the measured
Teak rates of the adhesive sealed packages. A3 a result, the apparent leak rates
for 211 of the packages are increased. However, comparison of the indicated
Teak rates after the packages were mounted on the aluminum tabs with those
obtained after the packages were subsequently subjected to mechanical shock,
constant accelera*ion, and temperature aging shows that the seal integrity of
the packages was not degraded.

2.2.9 Summary of MIL-STD-883A Testing

A summary of the results obtained from this evaluation is given in Tables
2Z and 23 for the individual and sequential exposures, respectively. The data
are simplified by using an "X" to indicate the packages that retained their seal
integrity and a dash (-) te indicate those that did not. The asterisks (*) indi-
cate that packages were not tested since attempts to seal them were unsuccess-
ful. The two important results evident from these tables are the following:
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(1) A1l ceramic packages sealed with all four adhesives retained their
seal integrity after exposure to all tast environments, both
individualiy and sequentially.

(2) None of the adhesive sealed gold-plated Kovar packages survived
sequential eqposure to the test environments. Only those sealed
with Ablefiim 507 survived thermal shock but subsequerntly failed
temperature cycling.

On the basis of these results, 1t is 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 given in the last section
(2.2.9), it is obvious that the ceramic package is the proper package chzice
for the moisture permeation study. Howevei~, since all four of the adnesives
performed equally well with the ceramic packages, there is no reason to select
one over the others. Also, since the previous svaluaticn of the effect of temp-
erature-humidity exposures on the seal integrity of adhesive sealed packages
discusced in Section 2.1 was performed using gold-piated 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 resuit, ceramic packages sealed with these adhesives were sub-
jectaed to the two most severe temperature-humidity expcsures previously used
(ter: days at 60°C/98% RH and ten days at 85°C/85% RH) and seal tested.

Results for the packages subjected to ten days at 60°C/98% RH are
given in Table 24. A'7 packages passed {i.e., retained their seal integrity).
The packages used for this tost had previously been temperature cycled for 15
cycles between -55°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 previocusiy been temp-
erature cycled for 15 cycles between -65°C and +150°C. A1l of these packages
passed the fine and C1 gross leak tests. However, all three of the packages
sealed with Ablefilm 507 and one each sealed with Ablebond 36-2 and Epo-Tek H77

a8l-



Table 24.
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Effect of Ten'Days Exposure at
60°C/98% RH on Adhesive Sealed

Cearamic Packages

Adhesive

Package No.

Leak Rate
Before Exposure
Air Equivalent

{atm cc/sec)

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

Ablefilm 507
10
1
12

Ablebond 36-2
10
n
12

Epo-Tek H77
10
1
12

Ablebond 788-1
10
11
12

-7
-7

1.2
2.5
2.0

10
10
1077

x

>t

2.4 x 10
1.1 x 10
2.0 x 1077

8.7 x 1078
4.3 x 107
5.5 x 1078

3.3 x 1078
9.6 x 1078
7.6 x 1078

8.3 x 1077

1.9 x 1077
.1 x 1077

3.2 x 167/
1.9 x 10”7
2.4 x 1077

1077
1077
x 1077

— P | N

. -

_ R o
S 4

3.3 x 1077
3.2 x 10'7
2.6 x 1077

»
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Table 25.
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Effect of Ten Days Exposure at 85°C/85% RH
on Adhzsive Sealed Ceramic Packages

Adhesive

Package Number

Leak Rate
Before Exposure
Air Equivalent

{atm cec/sec)

Leak Rate
After Exposure
Air Equivalent

{atm cc/sec)

Ablefiim 507
7
8
9

Ablebond 36-2
7
8
9

Epo-Tek H77
7
8
9

Ablebond 789-1
7
8
9

2.0 x 1077

2.8
1.3 x 10

140

1077
7

®x =

-7
-7
-7

2.3 x 10
2.3 x 1)
3,010

=

1077
-8

-7

1.8
8.4 x 10
1.0 x 10

- 4

1.5 x 1077
7.7 x 1078
1.0 x 1077

1.2 x 1077 Gross (Cz)*

1.9 x 1077 Gross (C,)
1.0 x 1077 Gross (c,)

-7
-7

1.0 x 13
1.0 x 10
1.4 x 1077 Gross (Cy¥*

5.5 x 1078
X 10'8
1.3 x 10”7 Gross (62)

(3N}

8.6 x 1078
3.9 x 1078
5.1 x 1078

* |eak Occurred at Yent Hole
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Table 26. Effect of Ten Days Exposure at 85°C/85% RH
or: Adhesive-Sealed Ceramic Packages
Adhesive ] Leak Rate Leak Rate

Packag: Mumber

Before Exposure
Air Equivalent
{atm cc/sec)

Aftar Exposure
Air Equivalent
{atm cc/sec)

Abtafilm 507
25
26
27
28
29
30

Ablebond 36-2
25
26
27
28
29
30

Epo-Tek H77
25
26
27
28
29
30

Ablebond 789-1
25
26
27
28
29
30
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x 1077
x 1077
x 1077
1078
1077
1077

1077
107 .
1977
1077
107
1077

b S S T T

Gross (Cy)
Gross (C])
Gross (C1)
Gross (C1)
Gross (C])
1.4 x 1077, Griss (C,)

2.2 x 1077, Gross (C,)
Sross (C])
2.2 x 10°7
Gross (Cy)
3.2 x 10-7, Gross (c,)
3.6 x 1077

Gross (Cy)
6.8 x 1078, Gross (C,)
7.1 x 1078
6.3 x 1078
3.8 x 10'8, Gross (Cz)
4.0 x 10'8, Gross (CZ)

Gross (C7)
1.6 x 107
Gross (C] )
1.3 x 1077
Gross (CT)
1.2 x 10-7, Gross (C,)
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failed the C2 gross ieak test. For two of the packages (one sealed with Able-
bond 36-2 and one sealed with Ablefilm 507), the gross leak occurred at the
vent hole which also was sealed with adhesie. For the other three packagas,
the gross leak occurred in the seal area. The packages in Table 26 had previ-
ously been temperature aged at 125°C for 240 hours. Thirteen out of 24 packages
passed the fine and c1 gross leak tests (one sealed with Ablefilm 507, Tour
sealed with Ablebond 36-2, five sealed with Epo-Tek H77, and ‘nree sealed with
Abletond 789-1). However, seven of these subsequently failed the Cz gross~leak
test. Only six packages retained their seal integrity (two ezch sealed with
Ablebond 36-2, Epo-Tek H77, and Ablebond 783-1). A1l six packages sealed with
Ablefilm 507 failed.

The results shown in Tables 25 and 26 indicate that of the four adhesives
evaluated, Ablefiim 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, Ablebond 36-2 and Epo-Tek H77, about equally and somewhere in
between. Based on these results, Sblebond 789-1 was salected as the adhesive
to be used in the moisture permeaticn study.
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2.3 SYSCEPTIBIL:TY OF ADHESIVE -SEALED PACKAGES TO MOISTURE PERMEATI N

The objective of this effort was to subject the best adhesive-package
combination identified in the praevious effort to a 60°C/9B% RH envivonment
snd determine its susceptibility to moisture permeation. To accomplish this,
tkree ceramic packages woere sealed with Ablebond 789-1 with Panamatirics
Aquamax~type moisture sensors inside them. These packages were then 2xposed
to a 60°C/98% RH environment and their moisture content monitored. A seam-
sealed gald-plated Kovar package also containing an Aquamax-type moisture
sensor was used as & control.

2.3.1 The Panametrics Aquamax-Type Moisture Sensor

A phaotograph of a Panametrics Aquamax-type moisture sensor is shown in
Figura 10. The overall dimensions of the sensor chip are 0.368 cm (145 mils)
square and the active region of the sensor is 0.19 by 0.23 ecm (75 by 90 mils).’
The physical structure and a representative cross-section of the moisture sensor
are shown in Figure 11, along with the equivalent circuit of a single pore.
Essentiaily, the sensor is 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 which form the two eiectrodes of the capacitor.

According to the vendor's brochure, the gold electrode is so 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 atmosphere surrounding the sensor. The conductivity of
the oxide structure is determined by the number of water molecules adsorted
and provides a distinct value of electrical impedance which is a direct measure

“of the water vapor pressure. The senser can be calibrated to measure dew points
ranging from +20°C to -110°C (i.2., moisture content ranging from approximately
23,000 ppm,, to 1 ppbv).

2.3.2 Sensor Mounting for Present Application

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

-86-



€76-597/201

Figure 10. Photograph of a Panametrics
Rquamax-Type Moisture Sensor
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Kovar tabs as shownr in Figure 12. Also, since the bonding pads on the sensors
are smaii 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 Fiqure 13. These suhstrates are ceramic with three large
thin-fiim gold metallized areas approxiwately 2 pum (20,000A) thick, one U-shaped
for attachment of the gold-plated Kovar tabs containing the moisture sensors,

and twe L-shaped to serve as device terminals., The gold-plated Kovar tabs are
attached to the U-shaped thin film gold metallized regions by micro-gap bonding
0.0025 cm {1 mil1) thick gold ribbon between them. Electrical connection between
the thin film gold pads on the moisture sensors and those on the substrates are
made by ultrasonically bonded 0.0025 cm (1 mil) diameter gold wirz. A photo-
graph of a carrier substrate with = moisture sensor attached is shown in Figure
14. These substrates with the moisture sensors attached are then the units that
are removed and rebonded. Due to their large terminal areas, they can be used
repeatedly. It turned out to be extremely fortunate that carrier substrates were
used because difficulty was encountered in bondirig to the smalier pads on the
moisture sensors {the ones on the left in Figure 10) due to poor pad adhesion. For
some sensors, several attempts had to be made before a bond was obtained; and in
all cases, the final bond had marginal strength (around one gram).

2.3.3 Ceramic Package Bases

Bases for the ceramic packages were designed and fabricated. A photograph
of or2 is shaown in Figure 15. These bases are approximately 2.31 cms (0.910
inches) wide and 2.95 cms (1.160 inchei) Tong with three thin-film acold metal-
lized areas approximately 2 um (20,00CA) thick, one U-shaped to accommodate the
carrier substrates with the moisture sensaors, and two L-shaped to serve as
package terminals. The carrier substrates with the moisture sensors attached
are placed in the U-shaped regions and attached tc them by micro-gap bonding
0.0025 em (1 mil) thick goid ribbon. Electrical connection between the terminals
of the carrier substrates and those of the package bases are made by ultrasonic-
ally bonded 0.0038 cm (1.5 mils) diameter gold wire. A photograph of a package
base with a carrier substrate (and moisture sensor) attzched is shown in
Figure 15.
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Figure 12. Moisture Sensor Mounted on Gold-Plated Kovar
Tab 'as Supplied by Panametrics

Figure 12. 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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Figur2 16. Ceramic Package Base With
Carrier Substrate (and
Moisture Sensor) Attached
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2.3.4 Necessity for In-House Calibration of the Mpisture Sensors

Conversations with Panametrics personnel revealed that the present pro-
posed use of the Aquamax-type moisture sensors differed from normal application
in twe respects. First, the sensors normally are used at room temperature
(25 + 2°C), and second, the maximum recommended Storage temperature is +70°C.
In the present application where the sensors are to be sealed in adhesive-
sealed packages, the sensors must be exposed to the cure temperature of the
adhesive which 1s 170°C for Ablebond 789-1. Also, in the present applicatian,
it is desirable to monitor the moisture content of the packages at the exposure
temperature of 60°C rather than at room temperature.

Further conversations witn Panametrics perscnnel indicated that operating
the sensors at 60°C would not 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 stabilfze at new values after a few hours
{4 to 6) exposure. rcwever, since no data exist confirming this speculation,
it was recommended that the sensors still be recalibrated after testing is com-
plztad. As a result of these conversations, it was decided to proceed as follows:

(a) Calibrate the sensors as received 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 temperature and at 63°C.

(c) Seal the sensors in the packages, subject the packages to the 83°C/
98% RH environment, and monitor the sensor cutputs versus time.

{d) Remove the sensors from the packages, recalibrate them at 60°C to
see if they have changed, and interpret the output readings
obtained in (c¢).

2.3.5 Chamber for Calibrating Moisture Sensors

Since the above procedure reguires repeated calibration, the only practical
approach was to develop an in-house capability. Consequently, a chamber for
use in calibrating the moisture sensors was designed and fabricated. An exterior
view of the chamber is shown in Figure 17 and a view of the interior of the two
parts is shown in Figura 18. The chamber was fabricated from stainless steel,
and the plate was electroplated with gold so that the ceramic carrier substrates
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 {hamber

5 I
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ribbon. This attachment can be seen in Figure 8 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-throug: and an eleven-pin
electrical feedthrough for attaching five moisture sensors and a thermococupie
{iron-constantan). The capakiiity of calibrating more than one moisture sensor
at a time i3 desirable 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 feedthrough pins was made by
ultrascnically bonded 0.0038 cm (1-1/2 mil) diameter gold wire,

A stainless 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
directly on the moisture sensors. This disc is of proper size to provide a
0.32 em (1/8 inch} gap between it and the chamber wall and was mounted 1.27 cms
{1/2 inch} ¥rom the gas ports on a 0.64 cm (1/4 inch) wide stainless steel bav.
The bar was cut to slip«fit into the chamber and was positioned between 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 O-ring as shown in Figure 13.

2.3.6 Calibration of As-Received Sensors

Calibration runs were mele 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 normal and expanded scale modes. The five
sensors were calibrated simultaneously using the calibration chamber just
described. Calibration was made at five points covering a dew point range
from approximately -356°C to +8°C, corresponding to moisture concentrations
ranging from 200 to 10,000 ppm, . The setup depicted in Figure 19 was usad to
generate the nitrogen of various moisture contents required for the calibration.
The precise value of the dew point at each calibration point was measured with
an optical dew point hygrometer.

Calibration curves cbtained for one of the sensors (Sensor No. 1) are
given in Figure 20. These curves are typical of those obtained for all five
sensors. The calibration curves are extremely temparature dependent. The cali-
bration curve obtained at 60°C differed considerably from that obtained at rocm
temparature (27°C). Also, tha calibration curves cross at a dew point of about
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-15°C. These results pofnt out a serious limitation in the use of these sensors.
For accurate rasults, 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 plotied in Figure 21. These curves are shown to empha-
size the fact that if accurate dew point measurements zre desirad, the sensors
must be calibrated over the entive dew point range, especially i they are to

be used at the higher temperatures. Single peint calibration would not be suf-
ficient since the curves for the different sensors are not parzllei. The reia-
tion of the curves of Sensor No. § to the others merits comment. The curves for
this sensor fall quite a bit Tower than the others, indicating that it had gener-
ally lower sensitivity. The surface ov this sensor had been scratched in handiing,
which could explain the observed reduced sersitivity since such damage probably
reduces the active area or volume of the sansor.

Additional calibration runs were made on the same sensors to check their
rapeatability. Typical results are shown in Figure 22 (Sensor No. 2). 1In
general, the results ara reasonably good 7or the Sensors cperated 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 represent a possible value of moisture
cantent ranging from 2150 to 3050 ppm, s or at a dew point of 0°C, a possible
value ranging from 5100 to 6950 Ppm,, . This represents an error in ppmv of
approximately 15 to 17%.

2.3.7 Recalibraticn 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 nitregen are summarized in Figures 23 through 26.
The calibration curves for both the ncrmal and the .expanded scale modes obtained
for Sersor 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 censors. It i: evident from this comparison that
the calibration curves have changed considerably because of the high temperatura
exposure., The sensitivity of the sensors is substantially reduced; howsver,
they certainly are still usable.
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The new calihration curves for all five sensors {with the control unit
operated in the expanded scale mode; at room temperature and at 50°C are
shown in Figure 25. Typical results showing repeatability are given in
Figure 26 {Sensor No. 2). In general, the repeatability is reasonably good
(not worse than 2 or 3°C). At a dew point of -10°C this would represent a
nossible value of moisture content ranging from 2300 to 2900 ppm. 3 or at a
dew point of 0°C, a possible value ranging from 5350 to 6700 ppm, This
reprasents an error in ppm,, of approximately 17 or 12%.

2.3.8 Packages fer 60°C/38% RH Exposure

2.3.8.1 Package Preparation

Thres ceramic packages and one gold-plated Kovar package were prepared
for exposure to the 60°C/98% 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 thair terminals to the chamber 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
Sectiun 2.3.3 and shown in Fiqure 16. During this operation, precautions were
taken to assure that the sensars 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, %o accommodate the larger ceramic
package bases, the two alignment pins un the right side of the assembly fixture
were removed. Also in this case, the small hnle {approximataly 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 1ids.
These 1ids were cleaned using the same procedurs as described in Section 2.2.1
(i.e., brushed in toluene and isopropyl alcohel and spray rinsed with Freon TF).
The paste adhesive (iblebond 789-1) was manually applied on the rims of the
Tids as described in Section 2.1.2. The packages were assewbled in room ambient
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and curad in a dry nitrogen environment for two hours at 170°C with a clamping
pressure of approximately 7.0 x 104 N/m2 {10 psi) app1ied o them. The pack-
ages were then removed from the oven directly into the attached diy nitrogen
glove box (maintained at a dew point of approximately -60°C), the clamps and
tefion~coated plates removed, the vent holes filled with Epo-Tek W77, and the
packages replaced in the dry nitrogen oven and cured for 30 minutes at 150°C.
After this, the packages were stored in the dry nitrogen glove box. A photo-
graph of a completed package is shown in Figure 27.

Gold-Plated Kovar Package - The carrier substrate containing moisture sensor
Number 1 was removed from the calibraticn chamber as described above and strapped
directly to the bottom of the gold-plated Kovar pacl.age using gold ribbon. The
substrate terminals were connected to two of the package leads by ultrasenically
bonded 9.0038 cm (1.5 mi1} 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 after the ceramic packages were sealed, they were removed from
the dry nitrogen glove box and readings were taken for them and the seam-sealed
gold-plated Kovar package using the Papametrics Model 2000 Control Unit. The
packages {including the s2am-sealed gold-plated Kovar package) were then stored
in the entry lock to the dry box (which also is purged with dry nitrogen) until
they could be seal tested approximately four days /88 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) befuire they were removed and placed in the temperature-humidity chamber
for testing. These readings and the measurcd leak rates are given in Tabla 27.

In all cases, for all four packages, che readings were made with the
control unit operating in the normal scale mode because they were too low fo
de detected with the unit operating in the a2xpanded scale mode. The adhesiva-
sealed ceramic package containing moisture Sensor No. 2 was found to be a gross
leaker because of a hole in the ceramic 1id. This problem was discussed pre-
viously in Section 2.2.2. The 1ids were pretested, but either this on2 was
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Figure 27. Adhesive-Sealed Ceramic Package
for Moisture Permeation Testing
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missed or the defect developed when the small vent holes weve sandblasted.

2.3.9 Exposure of Packages to §2°C/98% RM Environment and Discussfon of Results

As previously discussed in Sectien 2.3.4, since it was not known to what
extent the calibration of the sensors was affected by the additional high
temperature expusure during package sealing, this effort also involved recali-
brating the sensors. The procedure for this effort was then as follows:

(7} The packages were exposed to the 60°C/98% RH environment and the
sensor autputs monitored.

(2) Vhe sensors were removed from the packages and recalibrated at 60°C.

{3) The sensor output readirgs were interpreted as dew points using the
calibration curves, converted to ppmv, and plotted versub axposure
time.

A detafiled presentation of the data.and discussion of the results follows.

2.3.9.1 Exposure Data

Prior to installing the packages, the temperature-humidity chamber (Blue M
Model FR-156PB) was stabilized at 60°C/98% RH., An empty card-type connector
used with the ceramic pazkages was then installed in the chamber ard tested
for electrical leakage using both the Panametrics Model 2000 Control Unit oper-
ated in the Normal Scale Mode and a Delta FET V0. For no leakage, the Control
Unit gives a zero reading and the VOM shows infinity. Both instruments indi-
cated that leakage was occurring (the Control Unit gave a reading of 0.042
and the VOM indicated 6 megctms). The wet bulb control setting was lowered
sTightly and the lezkage,as indicated by the Control Unit reading, slowly
decreased. No further adjustments were made. By the next morning the leakage
{as indicatad by the Control Unit reading) was essentially zero. The
solder lug side of the connector was then sprayed with Permatex DLF, and the
Contral Unit reading dropped to zero. Also, the Delta FET VOM indicatad
infinity. An empty ceramic package base was then inss-ted in the connector.
The leakage, as indicated by the Control Unit reading, initially increased ,
{apparently due to the fact that woisture condensed cn the ceramic package base
since it was initially at RT) and then decreased to zero (as the ceramic package
base warmed up to 60°C). As a vesult of the small adjustment in the wet bulb
temperature, the relative humidity is slightly less than 98%.
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A1l packages, including the one that was a gross leaker, were then installed
in the temperature-humidity chamber and sensor outputs monitored with the Pana-
metrics Model 2000 Contrcl Unit. The exposura was continued for 15 days. While
data was taker much move frequently, an adequate summary of the data for the
seam-sealed gold-p:ated Kovar package and tne two good adhesive-sealed ceramic
packages is given in Table 28. As this data shows, the output of the moisture
sensor in the seam-sealed gold-plated Kovar package remained at a low constant
value throughout the entire 15-day exposure, while the outputs of the sensors
in the adhesive-sealed ceramic packages slowly but steadily increased. The
bahavior of the output of the moisture sensor in the adhesive-sealed ceramic
package that was a gross leaker was completeiy different. It increased very
rapidly to a value of 2.59 on the Nommal Mode Scale after 7-1/2 hours (the even-
ing of the first day) and was found to be high off scale (i.e., greator than 30)
the next morning. It remained high off scale until about one ¢'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 0.032) at this value for the duration of the 15-day exposure.

2.3.9.2 Condition of Sensors After Expasure

At the end of the 15-day exposura, tha packages were opened and visually
examined. All sensors except the one from the ceramic package that was a grass
leaker appeared the same as tney did originally. A photograph of this sensor is
shown in Figure 28. As the photoyraph shows, this sensor was extensively cor-
roded everywhere (even the alignment cross was corroded) except under the gold
tarminal attached to the gold electrode. It was speculated and Tater verified
by Panametrics personnal that there was no aluminum under this terminal. A
close-up view of the termina) to the aluminum electrode {Figure 29) shows that
the aluminum neck between the gold-plated terminal and the aluminum e’ectrode
was completaly corraded.

This result is considered seriocus. It raises a guestion concerning
the long-term and perhaps even the ralatively short-term reliapility of these
sensors. While it is admitted that this sensnr was ~xposed to a rather severe
environment, approximately 19% moisture (190,000 ppmv) at 60°C, it failed in
approximately 24 hours. The question js then to what extent and how quickly
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Table 28. Sensor Outputs as Read by the Panametrics Model 2000
Control Unit During 15-Day 60°C/98% RH Exposure*
Sezm-Sealed
Elapsed Time Gold-Plated Adhesive-Sealed Ceramic Packages
Days of Kovar Package
Y Day Sensor No. 1 Sensor No. 3 Sensor No. 4
Normal | Expanded { Novmal | Expanded | Mormal | Expanded
Scaie Scale Scale Scale Scale Scale
g 0900 0.215 | O0ff-Scale | 0.215 ! OfF-Scale | 0.218 | Off-Scale
Low Law fow
1 0300 | 0.203 0.210 | 0.214
2 0900 0.215 0.228 1 0.230
3 0900 0,215 0.231 0.002 0.238 0.027
4 0900 0.214 0.238 0.031 0.242 0.959
5 a900 0.215 0.242 0.080 0.250 0.09%
3] 0930 0.213 0.250 0.091 0.258 0.129
7 0800 0.213 0.255 0.119 0.263 0.162
8 0900 0.214 0.261 0.148 0.277 0.195
9 0906 0.214 0.268 0.178 0.279 0.229
10 0900 0.215 0.272 0.207 0.284 0.261
n 0800 0.214 0.279 0.235 0.291 0,292
12 1219 0.215 0.286 0.270 0.299. 0.37
13 i
14 09z0 0.217 | 0.298 0.328 0.312 0.398
15 0900 0.217 | 3 0.305 0.361 0.320 0.432

* Relative 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 degraded at lower temperatures and/or lower moisture concen-
trations. It was learned in a telecon with "anametrics personnel that a drift

in sensor characteristics has been observed during prolonged exposure under

much less severe conditions. This could be due to the very slow occur-rence of
corrosion. Also, Panametrics does not recommend the sensors (eijther the
Aquamax-type or the new Mini-Mod A-type)} for long-term applications. Based on

the observed savere corrscsion 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 can 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-gold bimetallic couple. A
patent ¢isclosure for this improved sensor has been made to the Reckwell Patent
Department,

2.3.9.3 Recalibration of Sensors After Exposure

The three sensors were removed from the seam-sealed gold-plated Kovar pack-
aga and the two good adhesive-sealed packages, mounted in the calibration 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 two 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 packages) are alse shown for comparison. It is evident that
this exposura (6 hours at 170°C) did not stabilize the calibration curves of the
sensors at new values. Contrary to the speculation made in Section 2.3.4, the
calibration curves were changad substantially by the additional high-temperature
axposures of the sensors during package sealing. Alsc, it is szen that the
calibration curves for Sensor Numbers 3 and 4, which were subjected to the same
high temperature exposures {2 hours at 170°C and one hour at 1350°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 Senssr
No. 1 which was exposed to a lower temperature for 2 longer period of time
(4 hours at 135°C).

-83-



-
[

iy Benen 1Y

e

T

i

[r ot g raa A ST

=~

it Sapmpn

‘._‘.,1
iy g foi a

gl mmsiiodrat o
]
o

H
rr

Y
T
]
s L
N ! [
T

g
T
™
+o——

Frens p st

=
- i vy
Eamn ey i g s

i
t
5

.
N

b e &
T
.
T
oy

ERAsal fhin by

F---v-

S S % : AV.WHTL
i B s -

S

b
.
"

T

~t
t

-+
ot

UL
"
L
1y

o Sy Y dps

C76-597/201

o
<
g
— 3>
38
[T
a
S a
3 43
4 Y-
Q <L
o0
©
[
mv o
D w
o
& m
: a;ﬂ
i TEE , — g
oF EESREN HHE a
i Saatyal 3 o= 1
Sl N s g =2
Y TREER Bk =
|- o I »i = A‘. 4 - o J
.x_m..:x/ iy 1 1 (="
o it poe ol o 4 L4 e,
- -
-3 10 W et Dl B 3 HTHE % .m..w X
i bk % T e
Ritatn i T FHHH 5o
i Vg R, 0 e e K H e ;
I e EEE R PG TS = 7100012 S
s 1 Mmoo 4] 4343 Ju O 5 N L Ho oo R
VU 1 - H T e (T R T N - > 5
i fEc-aEdfnanal el oy 1185 S TR 58 nw Yo .
1 - wRu : T N B gy o ot A y S Gt i ar
i bEb T L ot o o L o Ry pndudn g o p o e e L1 et )
L1t L 38 b LT 85 ] = .
abi by ' W — JF £ 3 {14 - oo N
M” ; i 1 gt alod| | P ot sl Rl b thiir bt ~ — S
bropeles it Afll.m Bogzs: et Pl
; =f Bt 1 5 PR G @ E 4]
it elilaszzbices ot i T ESw |
= B3 FEe T w it e il P
i P R ER Mn._ J.lrfh» EAEREEN — m.
I AT - I FrE H - A...W.mPOU!
M\Trr\r i R 7 . T Hu”f.. .
T AN ., - § L RS 1143 .
-4

AN
r
e
TT
g
IR
ISR

Had o
=T
i
T
1
T

-
1
T

]
+
I
ni
T

L
P}
PERN
ISEN
[

RN
RS
—
H

B
!

1

-t

—
IRy v)
1

21

1

—
AN

n

L

1

1o

St Wit i
T &

[E4TE Rostsaa ol
de
Ghoy oo
: 1
|
ki gines
Lare
I
A A
id
:
T

Figure 30.

i
T

L:
{H:
: Lo
+

: A #
{. 1 - »*r 4 -
! '} xrnﬁan; g 5 POt gt Mgy g g 7y ! r A -
o e Ty = ate F I Tg— § 4 | Ay pan -
= whm-.wmm Fo : bR / _:f% | il pd LT

ol BHA- 1 ¥ LA H T 44 e o o B I R w7 0 o T 8
S fi w_,yqlr = mm-; TR et ,_ it i el z ST MwL ES
: HiHH -t : T B i {1} T i e R o i e
i 5 L“w +H £1 S poeE i E AL i m_g 1 T

]
-
4
3
2
1
o
L]
7
L4
s
4
a
z

. v KON B3g ENDISIAIG D2 X 5310459 £
v r e orew v ' DU LIV 1 38
oo . NAREEITUN

e

IRl

R S A S R W R B VA

-84-




rr

i e v -

; i g ST Sty
T

— -
N SN

JANDED SCALE MODE

Wt“ +1 }114 - - \ma
s T HijH
HHHE g M | : 1 .... ;
3 fr‘m N M AA.‘ ﬁ1 - -lu. T m+
L 1 : JIHE

LN aie

il

y¥yr

e

=T

PR ) " m 5 By FaREt
: wm xrmm 28 : Hulni ﬁ.h i & r 117 _L u.HL
b e e il U T HE
|_|1_..w_... 1 Hil L SN iy : xR
AR - IR il __ﬁ
108 ST y it iy SSRCESCEN T
x.»ﬂm ..r.L.r.y,[ g Ll.m r“ 1 w\ | L wT.AH, {4 - J“m:
tmrjmr ,n I 1. ..‘A | iy H .L.,,..,#.. Jlm whily 1888 “
g utiec : A U R L
hwﬂl_. TEniEE A IR Ea e & ar
I
H

£76-527/201

b b
¥
]

A

. w 17 ] e
- HE £ Y

- M) T

. HE » - o
3.4 y o
o - = =1
g gy HHEEE e il L,._H_._ T
i L i) = M.WA 4

i
t

i WY

T

I T R i
R U e R e ER s ISP EFE
i ‘ﬁx_.f. I 3 Hu.ﬂr.n

1] 1 4.1; s

ar

S pEr rE——

=

e

ing in

J DO EANNE SRt
0% ppist smoms

"

I3

PRS- A S

— e
Lo

fewrd e ,--r_'---

1;}..1‘..-'
paee

[ '
[ASTR TR

.,
T

-

o
W
B

IR S T
iy
D s el L

i

fhdr:

T

Calibration Curves for Sensor No. 3 at 62°C Before Seal
Adhesive-Sealed Ceramic Package and After Test Completion

i
1.0
1.
aud

L
-4

gure 31,

-85~

itz saeema ey e I
i Ak dalik Nt 5

5 e u@ﬁ. Sl ElEE T e
ot T R P S
mr” ln.ﬁ_r HH I : lm, l.m..,.v_, e

HaONI 334 BNOIGIAIQ OZ X 53710A0 Z
DOWHLIRIVONDT- T
e L1 APRTA T DS B} [ BB




€76-597/201

$

Tirt

3

i 3

T

]
A ——

jas

e Ty saen)

ALE, MODE -

e s o]

L

japal

HeEr e

F

by

iy

r.

[ERENEL

L.

fia

1
T

I
I
b

1
g
1.

i } | H ; : : P l.. £

i 411 . - HH - - 1%

ih RS i -i-)- b 01 . Lh_ ) LTHT 11 3 HAY - :
sl o e g IR ey oS a8 22 B i - R B
S : it ERA{EE AR ST
{orligin ] 3 : S HH E i it
Q] | 1. - - ] 14 4144
.EWLM s Ealy ghs - - i fRi| 1% . i At
=l 11 g 7t , H 1 I ‘.MHM.
ittt 18k S R g HH T ] i1
i i - T - e

e HR i FER 14 e R £ 3 B = WEeba
B K i o o - 4 11 ] - 5 Lig:e
it ik B : ; : ]
b | 3= | - EERE

!

=

[l j[:'””Ti_ ﬂ:gr

e ST

Package and After Test Com

il

32,

.I
©
@
)
2
2
[
@
Iz
o
o
e
32
- P
: 1 <
ke oy it ] Red S g AN A L4} R
‘i“ o AH - ) II?EH h 3 SR
' l/.ﬂ, ¥ - Im. - 3 ¥ m
. T | ! Hir - Lad g 11h-
.. 3 F = - wr o, S
T : EHHETH o
ApSuELE H ikl o
THEHD EEES S
HitesiRDaR N ds =y i w» o
fisma i3 % “%LHL.F - et 1% 4} m S i
Heachs - Hitt! Hittil 1 FUETEE o B
—A¢A‘. 3 T f a
111 | =5 & Ral R | HITHIH 11 ISR R 't
FE ma g Y _ t 147 1 3 _alw e » @
. e o O
n " 13 Hin s FIRSRES iy - F L1 - W
£ o il 3
o HEE S AR o5
T 1111 - [ B o - - I -
1t c o
it EREBE rf_p.uT K - T HdEE ow -i-
T.u 1] - .,...t.. - . Ae Al sl | ot
T3 1 " <] 3 il =T < I B
=1 H e 114 HEHEE 2.2 E
il Ha o = W 29 3
Efes - & i EL m 2 keE
it & TR S8
111145 Ry m -4 SPEETEITEY =0 o
i ' & ] AN iy
reany = = A 1
!
ik

igure

N
t

F

-
1T

R}

T
LIy
oo 1313 ]
en "
v
R -
y R I
nt HH FoEH
" it~ g I _r

e TR A=,

Y
il

HON! ¥3d ENOISIAIG 08 X 371340 2
DINHLIIYOST-028

P L 41




(76-597/201

2.3.9.4 Results of 60°C/98% RH Exposure

Interpratation of the sensor output readings recorded during the 15-day
exposure af the packages to the 60°C/98% RH environment (Table 28) using the
new caiibration curves is given in Table 29 for the two good adhesiva~sealed
ceramic packages. The readings for the seam-s2aled gold-plated Kovar package
were too low to be accurately interpretsd, but the dew point remained essen-
tially constant throughout the 15-day exposure and certainly was less than ~40°C
and probably arcund -55°C. Therefore, the moisture conteni of this parkage was
Tess than 130 ppm,, and probably only about 20 ppm,, . As shown in Table 29, the
dew puints for the adhesive-sealed ceramic packages were initially the 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 point of the
package that contained Sersor 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 exposure time) are plotied in Figure
33, After the first few days (four days for the package that containad 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 time, moisture per-
meated into the package that containad Sensor No. 3 at the rate of 1,230 ppm,
per day and into the package thiat cantairved Sensor No. 4 at the rate of 1400
ppm, per day. Further discussion of the results obtained for the adhesive-
sealed ceramic packages from several viewpoints follows.

2.3.9.4.1 Measured Fine-Leak Rates

The fine-leak rates measured for these packages (per MIL-STD-883A, Method
1014.1, Test Condition Aj) prior to the 60°C/98% RH exposure were 3.6 x 10'7
and 2.4 x 10'7 atm cc/sec (air equivalent) for the packages that contained
Sensor Numbers 3 and 4, respectively (see Table 27). On this basis, it would
be expected that moisture would permeate more readily into the package that con-
tained Sensor No. 3. However, the above results showed the opposits. There are
four possible explanations for these conflicting results: (1) the leak rate
measurements were in error, (2} the leak rates changed priar to exposure, (3)
there was more adhesive an 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 packagas were exposed to identical conditions after
the leak rates were measured, there s no reason why one should have changed

in comparison to the other. The absolute valuss of the leak rates may nave
been in error, but their relative values should have been accurate since

they were leak tested at the same time. Explanatfon 3 canhot be completely
discourried, however, it is implausible because the leak rate for the package
tuat 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 dus entirely
to adsorbed and/or absorbed heliL:, this difference would require that the pack-
age that contained Sensor No. 3 had 50% more adhesive on it than the package
that contained Sensor No. 4. Explanation 4 is the most likely. As evidenced
by the curves shown in Figure 33, diffusion requires hours or even days to
stabilize, and the fine-leak test is peﬁformed in minutes.

2.3.9.4.2 Difference in Moisture Permeation Rates

The observed difference in the rates at which moisture permeated into the
two packages is simply explained as due to a small difference in the thickness
of their bond 1ines (or seals). The only variable parameter for the two packagas
that affects the permeation rate is the seal area. The seal perimeter is the
same for bolh packages, but the seal thickness is not controlled.

2.3.9.4.3 Time to Reach 6000 ppmv

The maximuni moisture content allowed in a hybrid package has heen set at
6060 prEMm,, (MIL-5TD-883A, Method 5008}. As seen from the curves in Figure 33,
this level wis reached at the end of eight days exposure at 60°C/398% RH for the
package that contained Senscr No. 3 and after 5-1/2 days for the package that
contained Sensor No. 4.

2.3.9.4.4 Perngability

Seal permeabilities for the two adhesive-sealed ceramic packages can be
calculated from the 15-day exposure data using a simple rearrangement. of the
fcllowing equation reported by R. K. Traeger of Sandia Laboratories.
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P, -P
voo ot {2t
FART Po “P2

t is the time to reach p, (sec)

V is the internal free volume of the package (cm
L is the diffusion path length or seal width (cm)

P is the permeability of the sealant {gw/cm sec Torr)
A is the total cross-sectional area of the seal (cmz)
R is the gas constant (34€5 Torr cm3/°K gm)

T is the temperature {°K)

p_ is the exiernal water vapor pressure (Torr)

3y

s}
P] is the initial, internal water vapor pressure {Torr)

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

Rearranging this equation to solve for the permeability g¢ives:

P=v. tnf{P P

w5 P,

In the present case, all terms are known, or can be calculated, except the bond
1ine thickness which is required to calculate A. However, it is known that the
bond 1ine thickness is not greater than 3 mils, 50 calculations were made for
bond T1ine thicknesses of 1, 2 and 3 miis. The values of the various terms used
iri the present calculations are given in Table 30, and the calculated permea-
bilities are given in Table 31. As shown, the values ranged from 1.29 to

4.42 x 10‘13 gnfem sec Torr. These values for 63°C are in excellent agreement
with the value of 4.2 x 10'13 gmicm sec Torr reported by Traeger as measured by
Kass at 51°C.” However, Traager states that the epoxy for which Kass measured
this value was 2 very highly filled material that was not usable as a 1id seal-
ant. This was not sc 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

-91-



€76-597/201

i 62°1 (stiw €) wd> 29/00°0

122 €6l (stiu 2) w> gosE0° 0

ey _ 98°¢ (Liw 1) W 5200°0

b "ON J0SU3S € ‘ON Josuag SSBUNILYL UL puog
buiuivjuoy abeyary bururequoy abeysey paunssy

(4401 235 wa/wb e1-0U)

saljL|lqeawad paje(no(e) -ig 9[qe]
(HY %86) 401 6£°9pL = d
NoEEE = 1
wh xo\mEu JA01 GOPE = ¥
(oui} puog jiw g) 29 1590°0 =
(surl puog |ru 2) A0 §910°0 =
(ouiy puog 1w ) 7U2 2€20°0 = ¥
985 0L X €21°L = sAep g| = 3 |93s 0L X ¥98°0 = sAep 0 = 13
9 2 Pt z Wy £21°0 = 1
(“wdd O£06L) A40L 9ppL = “d ("wdd 0zopl) 440f 1L°(t = ¢d v
A>Ean 0bg) 440f $9°Q = _n A>sna 0622) Aa0f p1°| = g msu G0't = A
¥ "ON J40S5UdS £ °"ON J0Su3s sabesjoed yjog
Bututeiuoy abeyosed Buruiejuo) sbeyoey
saljt|lqeamad buijepnaje) =*_umm= sanjep °0f 9[qeL

-92-



€76-597/201

the external environment. This calculation was made using the previous equation:

t= VL n /?o ~P;
PART kf;‘?ﬁ;

For this calculation, Py was assumed to be zero and Py was assumed to be 1/2 Pq
giving:

'y = In
Bz =k Tn (2)
or
- V0
Y2 = 0593 Ry

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 days and 90 days, respectively.

Simpie mathematical extrapoiation of the curves of Figure 33 gives times
to haif ambiert of 83 days and 71 days for the packages that contained Sensors
Numbers 3 and 4, respertively. These values are expected to be Tow because no
provisiox has been made for the fact that the rate at which moisture permeates
into the packages will decrease as the moisture vapor pressure in the packages
increasss. '

In any case, these calculaticns show that at 60°C, 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 performed to evaluate the suitability of adhesives
for sealing hybrid packages for NASA/MSFC applications. This study consisted
of three parts.

(1)

(2)

(3)

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

Screening the four best adhesives, as determined from the temperature-
numidity screen, on the basis of their ability to seal gold-plated
Kovar butterfiy-type packages and ceramic packages that retain

their seal inlegrity after both tndividual and sequential exposure

to the following Class A test environments specified in Method 5004.2
of MIL-STD-883A:

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

{b) Temperatuire Cycling - Method 1010.1, Test Condition C
(i.2., 15 cycles, -65°C to +150°C)

{c) Mechanical Shock - Method 2002.7, Test Condition B
(i.e., 5 shock pulses at 1500 g's in the Y plane)

(d) Constant Acceleration - Method 2001.7, Test Condition A
(i.e., 5,000 g's in the YT plane)

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

Subjecting tha best adhesive-package combination, as identified by

the MIL-STD-B33A screen, to a §0°C/98% RH environment and continuously
monitoring the moistura content using Panametrics Aquamax-type moisture
sansors to determine susceptibility Lo moisture parmeation.
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In all cases, seam-sealed gold-plated Kovar packages were used as controls,
The ten adhssives selectad for temperature-humidity screening were AbTefilm 507,
Ablefiim 550, Ablebond 36-2, Ablebond 58-1, Epo-Tek H20E, Epo-Tek H81, Epc-Tek
H77, Ablebond 789-1, Ablebond 873-1, and AF-30. The four best adhesives selec-
ted for MIL-STD-883A screening were Ablefilm 507, Ablebond 36-2, Epo-Tek H77,
and Ablehond 788-1. Packages sealed with two of these, Ablefilm 507 and Able-
bond 789-1, retained their seal integrity after exposure to all tempurature-
humidity envivonments. Packages sealed with the other two, Abiebond 36-2 and
Epo-Tek H77, failed exposure to the 85°(/85% RH envirconment. The beit adhesive-
package combination selected for moisture permeation testing was the ceramic
package sealed with Ablebond 789-1. A1l of the gold-plated Kovar packages
sealed with the four adhesives failed sequential exposure to the MIL-STD-883A
test environments, and all of the ceramic packagss passed.

Results for two ceramic packages sealed with Ablebond 783-1 exposed to
the 60°C/98% RH environment {moisture concentration of 193,000 ppmv) “For 15
days showed that the moisture contant {which initially was only about 20 ppmv)
slowly increased to 1000 ppm, after the first few days {3-3/4 days fot one
package and two days for the other), and thereafter steadily increased at
constant rates to 14,500 pem,, in one package and 14,000 ppm,, in the other by
the end of the 15-day test. The moisture content was 6,000 ppm,, after eight
days for one package, and after only a little over 5-1/2 days for the other,
Pameabilities and times to half ambient were calculated to be of the vrder
of 1.3 to 4.2 x 10'13 gm/cm sec Tarr and 90 %o 100 days, respectively.

The seam-sealed gold-plated Kovar packages used as confrols passed all
tests. In the case of the 15-day exposure to 60°C/98% RH, the moisture con-
tent of the seam-sealed gold-plated Kovar package remained unchanged at about
20 Bpmv .
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