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EDIL-M473
Addendum 1
11 July 1962

ELECTRONIC DEFENSE LABORATORIES
P. O. Box 205

Mountain View, California

Add.nlwum No. 1 to Technical Memorandum EDIL-M473
REL! +BILITY OF WELDED ELECTRONIC CONNECTIONS
Additional information for Figure 6: There were 348 clean welds
and 348 salted welds per curve.
Modification for Figure 8: In the lower schmoo diagrara, the Kovar
was welded with Molly electrodes. The nickel was welded with

RWMA #2 electrodes.

Modification for Figures 7, 10 and 14: The scale markings in the
lower right hand corners are meant to denote 1/400 of an inch.

Modification for Figure 13: The marking drawn as [J—.—
denotes 112 clean welds rather than 224.

Test results subsequent to the above report: As of 1 July 1962,
no failures have occurred; 10 million weld hours have accumulated.
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ELECTRONIC DEFENSE LABORATORIES
P. O, Box 205

Mountain View, California

TECHNICAL MEMORANDUM
No. EDL-M473
23 May 1962

RELIABILITY OF WELDED ELECTRONIC CONNECTIONS

Mark Hurowitz

Approved for publication . . . . . . ... . C. E. Sibley
Manager
Product Engineering

A. H. Brolly
Manager
Equipment Fabrication Facility

Prepared for the U.S, Army Signal Research and
Development Laboratory under Signal Corps Contract
DA 36-039 SC-87499

SYLVANIA ELECTRIC PRODUCTS INC.
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RELIABILITY OF WELDED ELECTRONIC CONNECTIONS

Mark Hurowitz

Among the many reports on the reliability
of welded electronic equipment, there are few
investigations of the welded connections them-
selves. Instead, the available data is primarily
on encapsuiated modules and assemblies, and
presents only scant description of the variables
invelved. But as carly as 1951, experience
with welded connections revealed potential prob-
lems and implied a need for investigation., It is
i view of this need that the tests discussed here
are Lewng conducted,

This paper 1s essentially concerned with the
most fundamental of three potential processing
areas capable of introducing unreliability in any
module. Rather than premature failure of com-
ponents due to thermal and mechanical stress
during assembly, or mechanical and thermal
damage from encapsulation, the basic consider-
ation here 1s reliability in joints themselves.
More specifically, it 1s rehability 1in welded
joints utilized for electrical connections be-
tween components for space technology and high
Un-
til we know how good such a joint 1s, how much
strength 15 i1n 1ts basic assembly, it 15 imposs1-
ble to specify fundamental finishing treatments
and appreciate potential applications.

strength clectronic assemblies {Figure 1 ),

With the problem thus narrowed, 1ts analy-
s1s takes the form of scvveral questions, The
EDL tests were designed to answer the follow-
ing: (1) What 1s the effect of current flow on a
joint? Does 1t 1nduce galvanic action or corro-
sion in the capillaries left by welding® (Faig-
ure 2 shows typical microphotographs of sol-
dered and welded joints, Note the capillary
space 1n the weld, left for accumulating mois-
ture that pos=ibly could bring about eventual de-

struction. ) {2) What 1s the effect of salt con-
taminat.on on the material being welded? How
clean mast the leads be betore welding?  (3)

When different metals are joined, 1s there any
(4) Are there any
adverse effects when operating in a hngh rela-

t1ve humidity ?
be answered if we are to detine a good weld and
control the welding process for high electrical

reliabihity.

tendency toward currosion?

Cllearly, these guestions must

The tmportance of such aims 1s evident,
Welds have heen used for a long tume, and are
with us whenever we build a prece of electrome
equipment. But when they are used in vacmm
tubes, transistors, diodes,
and s0 on, 1t s under protected condifions,

relays, capacitors

Since the present series of tests 1s {for the pure
pose of deterrmiming how welds hold up under the
worst case conditions, the joints being tested

are in the open, unprotected by films, encapsu-
lants or surface coats, and have continuous cur-
rent running through them. Excepting those run-
ning in high humidity, their environment has not
been controlled. Figure 3 shows the weld life
test bench.

In the testing itself, measurements for joint
resistivity and joint strength are made on each
of several sets of samples. The sets are ar-
ranged in "ladders' (Figure 4) composed of 58
joint: 1in series prepared by welding a nickel
strap across on each side of a Mylar support and
then cutting out alternate sides with special cut-
ters. The number of joints 1s maximized, with
as little metal between welds as possible.

Pull test samples are run in series with re-
sistance samples. Joint resistance 18 measured
with a General Radio Impedance Model 650-A
bridge, with allowance made for the test lead
resistance. FPull strength 18 measured on a
Hunter spring gauge. In this latter test, a com-
bination shear, peel and tensile strength is
measured. The pull tests are performed so as
to exaggerate the joint failure mechanisms rath-
er than to allow a failure in simple shear tension
or torsion. The sample 15 constrained in only
one degree of freedom, which yields the worst
case encountered in module failure. As the
schmoo diagram in Figure 5 indicates, joint
strength inside the acceptable area remains
fairly nmform.

At prescent, there are four tests in progress,
with the longest running over 6000 hours. The
first series was made with nickel ribbon welded
to #24 buss wire, Approximately 696 joints were
involved in the experiment, half of them welded
after cleamng in1sopropal alcohol and the other
half after immersion in a sodium chloride solu-
tion (5.5 gr. salt to 500 ML H,0). Prior to
welding, the leads (and interconnecting buss)
were air-dried. Then, assuming that any polar-
ization eftects would show up 1n polarity reversal
of the alternate joints, DC current was passed
through the test samples.

Since the pull test samples have not been iso-

lated to reflect the direction of current flow, po-
larization effect must be inferred from the
change 1n spread of the pull test data. Figure 5,

a sthmoo diagram for this weld combination, 1l-
lustrates the selected welding point. The 1mitial
current of . 2 amps through the specimen was in-
creased to 3 amps after 1, 650 hours to further

accelerate thie tests. As Fipure 6 indicates, the
results of the tests are that joint resistance de-

creased winle a shight drop in joint strength also



occured. Since no gross increase 1n scatter
with time 1s evident, there are few, if any po-
larization effects. No joint degradation 1s ap-
parent in the before and after microphotographs
in Figure 7 .

Test 2 involves nickel strap to Kovar tran-
sistor welds, The effect of heat balance on the
welds was in question. Two sets of samples
were welded at identical settings, with the ex-
ception that the electrodes were reversed. The
heat balance 1s reflected 1n the schmoo diagram
in Figure 8 , where the relative difference 1n al-
lowable welding area is 1llustrated. Figure 9
shows the results of the tests. Although the to-
tal joint resistance for both sets of data 1s indis-
tinguishable, there has been a drop in strength
in the samples welded with the Molly 1n contact
with the Kovar. For {urther clarification, mi-
crophotographs taken befure and after the tests
are presented 1n Figure 10.

Tests 3 and 4 involve nickel ribbon to 1/4
watt resistor lrads (RCOTGF 220K). Test 31s
esuentially the control for Test 4, and 15 used
to evaluate the effects of hurmidity. In Test 4,
two sets of leads are running under 95% relative
humidity, with one set salted and the other
clean. Figurell shows a comparison between
the sets of leads after 3, 700 hours. An 1so-
strength diagram for the weld 15 shown in Fig-
ure 12. Figure 13 represents the life test data
of resistance and pull strenpgth, Notice that
there 1s little difference with regard to the salt-
ed leads. Sce Figureldq for the before and after
microphotographs,

A total of 2,080 jounts are now being tested
in the resistance series, with additional ones
available for pull test samples.  Inall tests,
6.9 x 107 weld hours are represented under
conditions "condncive' to juint farlure.  To date,
however, these conditions have not produced
joint failure. All resistance samples have not
only behaved reasonably, but have actually
shown a shght tendency to improve.  In the
meantime, joint strengths have sutfered only a
slhight deterioration.

The condlusions to be drawn trom this se-
ries of tests are the foullowing: (1) Salt contanu-
nation and/or lngh humidity have no appreciable
eftect on the joint strength or ~esistance of
welded joints. However, microphotopraphs of
the high-hamidity «alted samples have revealed
extensive d('{('l’\!)l’a‘lUn nn(l Corrosion in the pase
material. Component lead cieamng in solvent
prior to ure s sufticient, and subsequent han-
dlnigr with reasonacle (leanliness will not effect
weld Iife rehatnlity. (2) P roperly welded joints
are reliable without protection from moistuare,
they whould not .uffer appreaan.: deterioration

EDI.-M473

in the time scale and under the conditions en-
countered in these tests, provided they have
been cleaned, Regarding subsequent fimishing
operations, these cannot yet be justified on the
basis of joint deterioration. They may, howev-
er, be required for protection against people,
the hardest environment of all to design against.

As indicated 1in published data, subsequent
treatments can maintain rehability levels. But
the designer may exarcise a high degree of
freedom. He may, for example, provide sup-
port with methods similar to those used 1n the
tube industry {(i. e. , methods which do not em-
ploy hermetic sealing or encapsulation, thereby
affordin¢, both the joints and the components
protection from the shrinkage forces inherent in
the encapsulating materials). At EDL we are
conducting vibration and shock tests on ''nude"
modules 1n an effort to determ:ne their failure
points.  As of now, however, and with the tests
continuing, 1t 18 too early to offer a report.

Lately. the question 1s often asked: Why
bother to weld? There are many reasons, of
course: the low thermal shock to components,
the high degree of control possible, the high
mechamcal strenpgth and so on. But the most
basic reason 1s the plain fact that some joints
cannot be made with solder. For example, con-
sider the extremely small binary counter stage
shown in Figure 15. Its overall dimension 1s
2" x . 4" x 1", ancluding some 19 components
and a replaceable lLight bulb. When attempts
were made to solder such bulbs i1n place, the
solder bridged across the bulbs and shorted
thens out. Hence, 1t was appropriate to weld
them. The typical spacing between weld centers
here 1s 0. 040 1nches.

As components become smaller and space
requirements inCrease, 1t i1$ obvious that some
torm of welding must be used to preserve and
complement the advances in the component
state~of-the-art.

This work has been performed under the
ausplces ol the U. 8. Army Signal Corps Con-
tract DA 36-039 SC-87499,
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Figure 1

Miniature Receiver with Typical Welded Module



TYPICAL WELDED JOINT

TYPICAL SOLDERED JOINT

Figure 2

Comparison between Welded and Soldered Joints
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Figure 3

Life Test Bench
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1/4 wt Resistor Lead

TYPiCAL to Ni Ribbon
SUPPORT 0,007"
COMLP::DENT . 007 x ., 030" NYLAR
. . /. 007"
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Figure 4

Typical Test Specimens
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TEST ONE
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Figure 6

Test No. 1 -- Joint Resistivity and Joint Strength

of Tinned Copper to Nickel Welds Life Test

Current 0.3 amperes to 1950 hours, 3.0 amperes thereafter.
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BEFORE

Lo R S R

AFTER

P w

CLEANED SAMPLES

SALTED SAMPLES e 1" —]

Figure 7

Test No., 1 -- Microphotographs of Tin Plated
Copper to Nickel Welds Life Tested at 1650
hours at . 3 amps and 4440 hours at 3 amps



ELECTRODE PRESSURE -- POUNDS

ELECTRODE PRESSURE -- POUNDS

TEST TWO
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A NICKEL (0.007 X 0.030)
0.018 KOVAR

NICKEL - MOLLY ELECTRODE
KOVAR - RWMA #2 ELECTRODE

O NO WELD
A EXCESS ENERGY

(OJreuL strenaty

2 4 6 8

WELD ENERGY -- WATT SECONDS

A NICKEL (0,007 X 0.030)
T0 0.018 KOVAR
NiCKEL - MOLLY ELECTRODE
KOVAR - RWMA #2 ELECTRODE

O NO WELD
A EXCESS ENERGY

(JruL strencth

6 8

WELD ENERGY -~ WATT SECONDS

Figure 8

Test No. 2 -- Schmoo Diagram

Kovar to Nickel Welds

- 10 -
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TEST TWO
0.4
}-
0.3@s
—-——
|
0.2 .
NICKEL (0.007 X 0.03)
5 TO 0.018 KOVAR
DyemaefN 224 WELDS ~ N, TO MOLLY
0.1
O====() 224 WELDS KOVAR TO MOLLY
o L
10 100 1,000 10,000
TIME UNDER TEST -- HOURS
16
12 1l 11 1 44]
||
. { 1
L
8 /|
1
i NICKEL (0.007 X 0.03) TO 0.018 KOVAR
, RANGE OF KOVAR TO MOLLY
. 1 ELECTRODES
l RANGE OF N, TO MOLLY
ELECTRODES
0
10 100 1,000

TIME UNDER TEST -~ HOURS

Figure 9

10,000

Test No, 2 -- Joint Resistivity and Joint Strength

of Kovar to Nickel Welds
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BEFORE AFTER (3,700 HRS)

MOLLY ELECTRODE TO NICKEL

l"

X400

MOLLY ELECTRODE TO KOVAR

Figure 10
Test No, 2 -- Microphotographs of Kovar to

Nickel Welds with REMA 2 and Molly Electrodes
Life Tested at 3700 hours at 1 amp

-~ 12 -



R —————— YT ]

EDL-M473

CLEAN LEAD

SALTED LEAD

Figurell

Test No, 4 -- Comparison Between Clean
and Salted 1/4 watt Resistor Leads After
3700 hours at 95% Relative Humidity and Test Current of 1 amp.
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TOTAL JOINT RESISTANCE -- OHMS

JOINT STRENGTH -~ POUNDS

R

EDL-M473
TESTS THREE AND FOUR
0.3
INETIAL —— 95% RH
?j._.. - AT | AMP
0.2
B . AMBIENT AIR
. AT 3 AMPS
0 |ﬂﬁ‘_"02"""'—'—0b"0"~0—-—-— =0
| 0.007 X 0.031" N, TO 1/4 W Omee 336 CLEAN WELDS
RESISTOR LEADS 9 LBS Op== 33 SALTED WELDS
AT 22 W/SEC Q=+ 224 CLEAN WELDS
0 } L
10 100 1,000 10, 000
TIME UNDER TEST -- HOURS
18 -
J T0 26.8 LBS
16 ri
i4 '
12 I 1 I
r 1 | I [
1 } &
8
L NI TO 1/4 W RESISTORS
6 i
1 i CLEAN WELDS 95% RH
4 I SALTED WELDS 95% RH
2 | l CLEAN WELDS AIR
0 i
10 100 1,000 10,000

TIME UNDER TEST -- HOURS

Figure 13

Tests 3 and 4 -~ Joint Resistivity and Joint

Strength of 1/4 watt Resistor to Nickel Welds

~ 15 -
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BEFORE

IN »IR AFTER
CLEANED LEADS 3700 HRS 3 AMPS

95% RELATIVE B
HUMIDITY CLEANED @

LEADS AFTER
3700 HR 1 AMP

95% RELATIVE

HUMIDITY SALTED
LEADS AFTER 3700
HRS | AMP

SALTED LEADS

v
. c-e
by -

.~ ’ .t -
Y4 12‘\ ) | A
" . s Ty

Figure 14

Tests 3 and 4 -- Microphotographs of 1/4 watt
Resistor to Nickel Welds
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Figure 15

Example of Miniaturization (Binary Counter)
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