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In recent years the hybrid
microelectronics industry has been
plagued with an apparent
phenomenon or condition called
"one-way-leaker" on various styles
of hermetic glassto-metal  sed
packages. The  application  of
monoalithic integrated circuit

requirements for hermeticity testing
of large area hybrid devices, Mil-
Std-883, Test Method 1014,
Condition C further highlights the
problem.

The condition appears to be most
prevalent under the 60 psig gross
leak bomb pressure and least
prevalent under 30 psig bomb
pressure. Table Il of Test Method
1014 recognizes potential package
limitations and provides for the
range of test conditions found in
table 1.

Normal hybrid packages are
shown in figures la, 1b, and 1c.
Figures 2a, 2b, and 2c are
exaggerated views of the packages
shown while being subjected to 60
psig bomb pressure.

The Phenomenon

The fine and gross leak testing of
Mil-Std-883, Test Method 1014,
subject the sealed hybrid packages to
various  combinations of  time-
pressure-temperature stresses.
Packages produced by various
manufacturers either push their state
of the an in glassto-meta sed
package manufacturing quality or are
incapable of passing thistest.

Under various bomb pressures,
the intergranular oxide of the glass-
to-metal seal appears to be
temporarily stressed, thereby,

developing minute cracks. This
indicates the limits of package
manufacturing technology may have
been exceeded.

TABLE 1—- TEST CONDITIONS

Bomb Pressure Bomb Duration

psig Min. (Hr.) Min.
30 10
45 6
60 2

During the bombing process, the
leak test fluids, along with other
gases and potential contaminants,
can be injected into the sealed
packages. After removal of the
various pressures, the developed
microcracks apparently reseal,
become hermetic again, and test
good. With the possible exception of
the Radioisotope Test Method, Test
Method 1014, Test Condition B,
current standard detection methods,

including the weight-gain
measurement, are incapable of
detecting these one way leak
conditions.

Indicators

Group C, Subgroup 3 of Mil-
Std883, Test Method 5008, Quality
Conformance Inspection (QC),
requires an internal water vapor
content test in accordance with Test
Method 1018. As a result of this test,
the one-way leaker isidentified.

During an 18 month period, one
company' subjected various glass-to-
metal seal packages from various
manufacturers to over 425 interna
water vapor content tests. The

packages ranged in volume from
12cc to 17.82cc and were
represented by flatpack, step, and
bathtub configurations. The number
of package leads ranged from 16 to
136. All packages were weld sealed;
four different types of sealing
machines were used to eliminate the
possibility that the phenomenon was
unique to a particular package
sealing machine.

Table 2 shows the test results
where greater than 5000 ppm of
water were detected. The results are
listed by ascending water content
and package manufacture. The
package manufacturers are shown as
manufacturer A, B, or C.

Analysisof Data

Ninety-eight packages had
moisture content in excess of 5000
ppm. The variables relating to

package size, number of leads (pins),
package configuration, and sealing
machine were eliminated as being
significant factors in the test results.
During the evaluation period, some
of the vacuum bake-out procedures
were modified dightly to eliminate
this factor. In many of the tests,
identical packages were supplied by

multiple  manufacturers, eliminating
the single supplier or uniqueness
variable.

The test program utilized

packages from three manufacturers
with initial acceptable leak rate
criteria established by Test Method
1014. All test results of Test Method
1018 were entered into a computer
data base, and every form of data
reduction and evaluation was
considered. One data sort revealed
startling results: all moisture levels
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above 5000 ppm, and other elements
such as fluorocarbons, were traced to
two of the  three  package
manufacturers evaluated. The two
manufacturers had a "mixed bag" of
results, that is, moisture levels above
and below 5000 ppm.

Summary of Findings

More oneway leakers were
identified when sealed packages
were subjected to 60 psig bomb
pressure. One-way leakers also were
identified under 30 psig.

As many variables as possible
were eliminated in order to properly
evaluate the test results. The
variables eliminated were package
styles, number of leads, package
area, package and lead finishes,
sealing machines, and vacuum bake-
out procedures.

All packages were subjected to
the element evaluation requirements
of Table V of Test Method 5008. In
the case of a high usage 36 pin
bathtub package, supplied by several
manufacturers, subsequent 100

percent hermeticity testing was used
prior to evaluations in an attempt to
provide a suitable incoming screen.
Incoming test results had no bearing
in final test results, therefore, it was
not evident that any incoming
evaluation test could detect potential
one-way-leakers.

All  detected one-way
were verified by die
testing. All leaks occurred around
the lead (pin) aea No leaks
occurred as a result of improper
sealing techniques. Packages having
improper teals were initially rejected
because of improper leak rates.

Visual criteria of Test Method
2009 is incapable of identifying
potential problems. Currently,
proposed emulation tests as an
aternative to Test Method 2009 are
not capable of properly detecting
potential problems.

leakers
penetrant

Conclusions

Prior to the test program
described here, it was commonly
believed that the phenomenon of the

one-way leaker was a large area
hybrid circuit fact of life. It was
readily accepted that al packages,
regardless of their manufacturing
origin, could be the victim of the
one-way leaker phenomenon.

However, computer manipulation
of the derived data clearly shows
that not al hybrid packages are
created equal. The test results cldarly
show that identical packages
supplied by different manufacturers
have sufficiently different
manufacturing technologies,
materials, and quality to provide
vastly differing performance results.

Lastly, the only immediate
remedy to this apparent problem is
"Caveat Emptor,” let the buyer
beware, and carefully select suitable
suppliers  capable of  providing
consistently acceptable results.

Contact author at ILC Data
Device Corp.,, 105 Wilbus PI.,
Bohemia. N.Y. 11716; telephone.

516/567-5600.
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Figure 1a, 1b, 1c left, normal hybrid package. Figures 2a, 2b, 2c, right,
exaggerated views of the package while being subjected to 60 psig bomb pressure.
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TABLE 2 - RGA SUMMARY OF PARTS TESTED IN 1986 AND 1987

SIN Moisture Nitrogen Oxygen Argon CO2 Hydrogen Helium Fluoro- Ammonia Date Seal Package Manufac-
ppm % ppm ppm ppm ppm ppm  carbons % ppm tested date type turer
prad sel 54,9 1348 83 L1} 1] 1.4 )23 S48 §/11788 2/09/2% §3 PIN FLATPACK [
=3 S08t 88.% 1227 3% 4843 1330 1.82 2319 20100 3/05/88 312178 40 PIX TUS 8
s sue £8.7 35500 i {160 1679 485 L1019 N0 7102/8% £704/88 $0 PIN TUR C
28952 310 93.2 ND s 11300 ND wn 0952 12300 b728787 3r08/87 38 PIN BATHTUB C
(1)) un 89.4 X0 993 $3500 90 3.92 L] 3 1129784 1708/88 24 PIN Q1P ]
1810 3574 98.4 X0 200 stre 432 .42 N0 NO §/21/87 4713187 4 PIN PLATFORX o
MiT 5364 .8 Seed 968 435 K0 .58 1.53 3482 5/18/8% 4/29/88 70 PIN FLATPACK B
4227 MY 9.2 L) 818 g9 12 .1 L] an o6/ 1715/86 3% PIN BATATUB 4
b2kl S781 9.4 X0 199 7943 L] 1,04 LU} m 821781 3/08/87 40 PIN BATHIUS A
n s803 83.4 504 1347 12100 333 5.6 .72 45100 11720/88 7/15/88 32 PIN FLATPACX [
3984 97 92.9 Lig 2 Jags 137 (N1} Li] 12700 maerer T/01/87 40 P1X¥ BATHTUS A
208 399 98.3 1289 1212 910 it A0 N 83 2/05/88 {715/86 78 PIX TUB 8
7438 8184 B5.1 L1 XD 8901 o 3.47 .19 32700 8/21/81 £/06/87 34 PIN BATHTUB C
137 §548 gs.t 9100 3823 739 L1 1.93 .27 1338 1730788 1707188 10 PIN TUS C
7254 6368 §3.0 N0 95 BL4S A L1 A0 34000 8/21/87 $703/87 4 PIN BATHTUR 3
1118 5843 72.% 92900 4392 4558 18% Ln 8.8t 42900 8/04/8% 8719784 24 PIN FLATPACK c
1 o1 f2.¢ 79400 391 9% L] 2.45 1.00 §170 8/%9/8% 9/12/88 4 PIN DIP ]
1732 $809 89.3 $4500 1103 n2 L] .22 1,32 X0 812187 3nusn 15 PIN BATHIUS C
3 4619 68.5 18500 12¢0 700 L] .28 1.79 N0 /15/85 r01/8%8 24 PIN DIP [+
ny a4t 94.% X0 XD U (100 3.48 N0 9797 121487 8706787  3b PIN BATHAIUB c
s (1113 93.5 Lid 4§33 11700 {100 1.00 N0 4573 821187 §/08/87 10 PIN BATHIUR A
170 4253 §8.9 {1100 1457 14680 33 L9013 L1 913 2/03/3% t116/86 18 PIN TUB 8
"N 4989 88.0 4100 23 9722 140 5.3¢ 1.80 53U 1729181 1/02/87 34 PIN BATHTUY o
Lri) mu 98.0 0] 189 1984 83 2,13 bi] 357 1708787 1/15/8% 34 PIN BATHIU3 £
320 1313 £5.0 50600 4913 1573 %0 3.3 L1874 9273 5/1873% 4/28/86 30 PIN FLATPALK ]
3931 1383 §3.4 K 187 5218 L1 419 KO (181} aALYED 7/01/87 10 PIN BATHIU3 A
998 7552 85.3 N 824 19100 s1o 9.03 . 0289 28700 9/13/88 4/12/88 78 PIN TUB B
=43 818 94.0 L 403 15000 999 3.43 _n 1241 2/15/8% 1124188 24 PIN OIP C
L1 {3 ) 84.2 83200 4583 40ce KD 2.1 1.38 Lyl 8/22/84 12/10/83 10 PIN FLATPACK c
8317 7877 Bs.0 atio00 3221 4220 N) 315 1.0 1736 03728187 03/12/87 34 PIN BATHIUS [
1933 1864 £S.4 12109 998 14300 L1 5.925 5,00 1364 9117188 4/18/8% 40 PIN TUB C
131 789% 2s.8 4050 1917 11196 By 5.87 J187 48700 11/20/88 T715/86 32 RIX FLATRPACK c
474 D] §56.2 L1 457 9107 30 8.83 . 4085 21700 9713788 4/1978% 78 PIN TUB 3
n 798 89.3 253 1044 10900 198 1.95 ,0272 43900 M8 4/19/88 78 PIN TUB 8
2513 8025 3.9 L 44 14300 s 3.45 ND 21 215/8% 1/24/86 74 PIN DIP C
an 8119 92.2 N0 a4 15200 290 5.3% N 468 5/05/88 4/08/8% 24 PIX TUB 3
8037 9325 81,1t 77600 3364 S48t N 237 ) 17000 8704/8% 8/20/88 54 PIN TUB ¢
7839 337 .9 NO L) 053 <100 1.48 L 1) bral) A48T 3/06/87 34 PIN BATHTHY 3
29% 8473 - 84.3 $8300 2787 11200 LU} 3.4 {.99 ND o OS/tuE7 03/22/87 33 PIN BATHTUR c
018 8745 92.3 21500 1772 13200 o .75 3087 949 21381 1/07/87 J2 PIN TUB [
1373 s 92.3 4352 1303 9134 L 3.8 .8 3395 0ssive? 05/07/87 15 PIN BATHIW c
4814 8379 .4 97409 an 4258 1] 2.1 1.3 ND 8/221/8% 12/19/85 30 PIN FLATPACK <
5462 9244 90,4 XD 2% 11900 3t .38 NO 28300 s 5/05/87 10 PIN BATHTL2 A
17318 9508 84.3 107000 1372 1Y) N 5589 .9 N0 1102788 5/C4/8S 4 PIN 0IP 3
8387 1860 1.2 X0 1244 42300 350 1.92 N0 1] /11188 1708/86 24 PIN DIF 3
14293 10000 87.4 86200 383t 8511 L1 L4805 Li59t 8884 7/02/8% 3/17/86 38 PIN TUB c
333 10100 84.% 75800 It03 1233 13 PR YA 275 B/04/85 8/20/88 26 PIX DIP 3
17%0 10100 92.0 14400 1640 3443 m .09 1.87 L} 8012/87 5/08/87 16 PIN BATHIUS <
359953 10800 82.1 47000 3823 M9 L] .12 1.98 L4 4712187 5707787 38 PIN BATHTYS C
so42 11200 92.5 N 1883 8785 L1 [ ND 11900 1114/87 7/01/87 40 PIR BATHTU3 A
"3 11200 78.0 32700 U3 ma 897 3.8% 10.4 3358 6/25/86 4730788 88 PIN TUB ]
438t 11300 9.0 L] 523 13300 M .32 X0 1045 1/28/88 12724785 34 PIX TUB c
ot 11400 8.1 83800 %8 1379 Li) 0108 10.7 No 3/05/8% 4/08/88 4 PIN TUS 8
nst 11800 78.9 X0 850 81400 m R L)) 81700 8/04/85 2/04785 40 PIX TUB [
1238 11900 48.6 318000 5333 %o ND 3.5% 13.2 73 8/11/84 S/11/88 48 PIN FLATFACK c
7048 12100 9.8 LU] " 1379 <100 4,30 2818 8/20/87 8/02/87 & PIN BATHIUS C
nn 12400 80.7 34700 4213 12700 X0 2.78 7.90 N 05/12/87 03722787 I4 PIN BATHIUR o
1930 12500 88.9 13400 2% ues L1 .30 L9001 1343 2115788 1715788 48 PIX FLATRACK o
mmn 12600 85.3 12100 2949 phhed L1 2.05 5.48 L] 812/87 5/08/87  3& PIN BATRTUZ [
1974 13400 83.1 X0 993 51000 147 5.87 L1] 24200 8/04/88 2/04/88 40 PIN TUB <
18t 14300 n. 193000 4894 ns3 N0 1.25 2.80 12800 11/20/88 §/21/8% 38 PIN TU3 [
4500 14300 8.1 58300 1784 133 L1 2,35 .13 1549 2015/84 1/15/88 48 PIN FLATPACK 4
%71 14800 83.? s4700 pA] 14800 L1 2.91 .8 1378 &/19/82 5/05/87 16 PIX BATRIU3 4
184 13200 .7 X0 388 1829 Ll .33 ND 0 1/02/8% 5/28/88 4 PIX O1P 4
2 13300 84.9 83400 un 299 L1 .34 .92 L] 8725788 2/03/9% 8 PIN FLATPACX 4
24811 13300 89+ 5000 {100 5100 X0 1.08  ,2700 L] 8121187 4714/87 35 PIN BATHIIZ 4
383t 18100 75.2 219000 13 82 K0 3155 X0 L1} 1702/8% 4764788 40 PIN TUS 4
11304 14100 83, 217000 y701 138 no 1.27 10.2 1303 11/20/88 8721788 & PIN TUB C
1012 18700 90.1 L 7 33700 L1 3.94 L1 813 el 1/07/87 12 PIX TUR 4
8258 17200 82.1 141000 194 1338 183 1,313 0 (3] 1/02/8% 12/05/85 28 PIN FLATPCK <
o7 18300 s 122000 1802 2702 ¥ X0 45.4 ND 4/13/88 3718/88 2% PIN TUB H
mn 18900 89.3 Py s 12300 LI 2.12 .80 5 s 05/07/87 38 PIN BATHIL2 4
an 19300 68.3  JoJooo 8522 1933 N0 1933 o L] /1718 4718/8%6 40 ?IX TUB c
19180 19800 83.8 32000 1 5879 e 3.98 1.42 2188 129/87 1702/87 14 PIN BATHIL3 o
1880 20100 0.4 27000 1201 1233 n X0 pRRYS %0 S/11/88 4721788 24 PIX TUB ]
1261 20800 1724 N bl 4333 204 1.8 LU 17300 9/27/88 T/25/88 40 PIX TUB ¢
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TABLE 2 - CONTINUED

SIN Moisture Nitrogen Oxygen Argon CO2 Hydrogen Helium Fluoro- Ammonia Date Seal Package Manufac-
ppm % ppm ppm ppm ppm ppm  carbons % ppm tested date type turer
5478 21200 1.9 126600 7038 [284} 181 L2148 1.2 bl 1728788 t16l/5¢ TE PN TUE 4
kyasl 2:200 74.2 {57900 834% 8143 \2 L1892 .9 N0 8/07/37 jfie? 33 PIK 3ATSTU3 <
I9es 219¢0 1.5 25900 3884 13129 NG 2.!8 5.48 X0 05/07/27 03/¢5/57 36 FIX BATHTUE 4
9 20 80.4 32500 {¥1) [Tt} HY) T I WY, nmo M 163725 R PIN ALATRACL :
w9 22200 £2.7 162009 sa47 64 G (URTR b N L/8/87 £/02/87 14 PIY JATHIUZ ¢
27508 13400 87.2 J20¢o 22 8579 o] P .9 NO 8107/87 M revi T OPIN AINTR N
17098 o144 57.9 1920¢0 9298 L1341 113 3.2% L ica 7729/%4 S/38e FIR 21 £
1922 e 5.8 11430 819 1422 L] 4232 pMN ] M) 12730038 H7LS/34 72 PIN TUS 3
[$44 28400 §3.9 4400 123 kLMY 519 "o e (M1 05184 1720/8% 78 21x TR ?
Hn 910 81.3 220090 7390 M 173 7.02 1.:2 QN 1129788 [RYARYEH 22 PIX 2P 3
8290 28400 83.7 38400 6272 13400 i ] .3059 X0 2700 032U87 05/¢3/87 4 FIX FATHTUR 3
179 It 9s.3 (211} 1201 2883 449 .0809 40 4832 1/05/8¢ 1720738 1 eINTYS ]
24981 priic) ] n.o 108c00 5538 AL L) L9386 1.2 ND 8719787 el I8 PIN ATRILE [
[H) 33900 %.9 1231 2ss 7ot 7 [ wmn 45200 e 10.2/87 S5 PIN BATHTUS Z
37349 340ce 93.7 L1 744 EN 344 F htH by 4106787 1712725 3¢ PIN BATHTLY c
a2 35100 8.4 22509 3378 8I3¢9 29 2.897 2378 p:rid 8/04:38 /04734 40 PIN TUR °
9098 100 ge.2 XD Mt 123%0 33 3.3 LA 22500 /3097 YN I3 FIN SATHTOD <
5003 41400 70.8 135000 6857 19390 hu] .27 5.9 A1) 4775/8¢ 1192/34 ¢RIk 1P 3
el 47300 §7.0 219000 9243 5189 107 2.88 1.2 7153 7178088 YR TN LRI DIF 4
2998 36700 7.5 94300 1928 1200 X0 0547 8.95 Lb] §/12/37 m9lre7 Ta IIN 3ATHTU9 :
973 70700 89.3 X0 822 {438 19% 3.(8 %0 N0 8/371%¢ 7/2518% ¢ 71N TC2 c
el 73200 41.3 £70000 i3 10009 Ll X0 324 417S LAMEE 12728 78 FIN DD 3
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