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Introduction
to the
1985 International Microelectronics Symposium

This International Microelectronics Symosium reflects the scope of technologies an«!
international interest in microelectronics at the mid-point of the 1980’s. At this time,
microelectronics has developed a technology based on materials sciences, computer
sciences, reliability engineering, and electronics. The papers published in these pro-
.ceedings address this technology and its applications from semiconductor manufac-
ture, hybrid assembly, and packaging up through multihybrid module assemblies. The
broad international interest in microelectronics is shown by the inclusion of papers from
nine countries, more than one-fourth of which are from outside the United States.

The 1985 Symposium Committee has designed this symposium to address a broad
range of technologies with twelve technical sessions, seven courses on specific techno-
logical areas, two tutorials, and two open forums. In addition the exhibits add the
dimension of materials and manufacturing to the symposium.

This symposium was developed for you by the 1985 Symposium Committee to
stimulate the overall advancement of microelectronics through technological inter-
change. We hope that this symposium and its record in these proceedings meets this
goal.

Raymond L. Browr
TeclMMical Program Chairman

1985 SYMPOSIUM COMMITTEE

General Chairman I. Paul Nakamura, Teledyne Microelectronics, Los Angeles,

: CA -

Vice Chairman James E. Byrum, Spec Industries, San Marcos, CA

Technical Program Chairman Raymond L. Brown, Hughes Aircraft Company, Newport
Beach, CA

Technical Program Vice Chairman Paul W. Polinski, Hughes Aircraft Company, Newport Beach,
CA

Arrangements Chairman Joseph P. Bolich, Engelhard, Mission Viejo, CA

Arrangements Vice Chairman Larry G. Yglesia, Circuits Processing Technology, San
Marcos, CA

Arrangements Vice Chairman Clark M. Steddom, Hughes Aircraft Company, Newport
Beach, CA

Exhibits Chairman Thomas J. Berdner, Lindberg, Irvine, CA

Exhibits Vice Chairman E. Michael Swan, Secana Corp., Glendale, CA

Registration Chairperson Joyce D. Kjarsgaard, General Dynamics, Giendale, CA

Registration Vice Chairman Gopal Vadrevu, Litton G&C, Woodiand Hills, CA

Budget Chairman Dennis P. Martin, Halcyon Microelectronics, Azusa, CA

Publicity Chairpersn Janice |. Brown, Huntington Beach, CA

Special Sessions Chairman Dennis L. Bryant, Wadsworth/Bryant, Hacienda Heights, CA

Spouse Program Co-Chairman Kenneth J. Brion, Northirop Electronics, Hawthorne, CA

Spous “rogram Co-Chairperson Jackie Brion, Fullerton, CA



INTERNATIONAL SOCIETY FOR HYBRID MICROELECTRONICS

THE INTERNATIONAL SOCIETY FOR HYBRID MICROELECTRONICS (ISHM) is a non-profit
technical society dedicated to the advancement of microelectronics. The Society’s prime objectives
areto provide a forum for the dissemination of knowledge within the field of microelectronics, and to
serve as a common denominator for the diverse engineering disciplines on which microelectronics
is based.

ISHM encourages the exchange of information among the complementary technologies of
ceramics, thin-.and thick-films, semiconductor packaging, discrete semiconductor devices, and
monolithic circuits. Microelectronics has developed into a distinct field of activities embracing
materials, design, processing techniques and equipment, and fabrication and applications engi-
neering. ISHM's technical meetings and publications reflect the full range of these engineering
specialties.

The Society now has more than 70 chapters located throughout the United States, Western
Europe, and the Far East. lts annual international symposia have been highly successful, due
primarily to the excellence of their technical programs. ISHM has more than 7000 members in 24
countries throughout the world, an international headquarters to coordinate and manage its many
comprehensive and diverse activities, a dynamic educational program for colleges and universities,
and an active publications program.

Today, ISHM stands as a thriving and vigorous technical society, immensely proud of its distin-
guished reputation and totally committed to the service of its dedicated membership and the
fiourishing microelectronics industry.

1985 ISHM EXECUTIVE COUNCIL

President Alan M. Hirschberg, Teledyne Microelectronics, Los Angeles, CA
President Elect Dr. James R. Keski, Ceramics Process Systems Corp., Lexington, MA
Vice President Robert E. Hicks, AAl Corporation, Baltimore, MD
Technical Vice President Manford H. Williamson, Boeing Aerospace, Seattle, WA
Secretary Judith L. Resutek, DuPont, Irvine, CA
Treasurer James C. Lawson, San Fernando Electric, San Fernando, CA
First Past President John R. Thome, Motorola, Fort Worth, TX
Second Past President Rene E. Cote, DuPont, Research Triangle Park, NC
Regional Directors
Northeast M. Don Levine, Micro Technology Corp., Framingham, MA
Mid-Atlantic Allen B. Timberlake, Westinghouse, Baltimore, MD
Southeast Joseph A. Scordato, Laserage Technology, Altamonte Springs, FL
North Central John H. Wood, Heraeus Cermalloy, Northfield, IL
South Central Arden D. Jones, Teledyne Microelectronics, Los Angeles, CA
Southern California Glen R. Heidler, Hughes Aircraft Co., El Segundo, CA
Southwest James P. Bradiey, Hughes Aircraft, Tucson, AZ
Pacific Northwest Carolyn F. Jones, Hewlett Packard, Palo Alto, CA
Executive Director Walter H. Biddle, ISHM, Reston, VA
I/SMT Division Chairman Dr. Robert W, Burns, John Fiuke Mfg. Co., Everett, WA

Materials Division Chairman  Robert Jung, EMCA, Mamaroneck, NY



Daniel C. Hughes, Jr., Memorial Award

Presented to
David T. Somerville

For his total dedication to ISHM and his leadership in initiating and guiding the
Society inits most innovative programs in education, publications and administra-
tion, as well as his continuing leadership in thick and thin film hybrid and material
technology.

Corporate Recognition Award

Presented to
Heraeus Cermalloy, Incorporated

In recognition of its achievements in the areas of high voltage and copper thick
film materials and its continuing active support of the Society directly and through
its employees by their participation in local and national offices and their many
technical presentations.

Technical Achievement Award

Presented to
John P. Farrell

~or his work in hybrid microcircuit reliability improvement and the development of
jualification procedures for VLSI and VHSIC devices.

Technical Achievement Award

Presented to
Dr. Jerry E. Sergent

n recognition of his many contributions in understanding thick filr technology
«nd his untiring efforts to disseminate the technology through his valuable teach-
1g efforts.

Fellows of the Society

James P. Bradley
Alan M. Hirschberg
Vernon B. Powers
Joseph A. Scordato

John A. Wagnon
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APPLICATION GF LASER MICRDSOLDERING TO SMDS

Earl F. Lish
Martin Marietta Aerospace
Orlando, Florida

ABSTRACT

This paper will discuss the process development of laser microsoldering for the attachment of surface
mounted devices (SMD) to printed wiring assemblies (PWA).

" Topics to be discussed include: absorption and reflection of Yttrium-Aluminum-Garnet (YAB) and carbon

dioxide (CO2) laser energy by printed wiring board (PWB) surfaces; effect of laser energy on PWB
insulationy configuration, finish and solderability of component device leads and pads; and shear and

pull test strength of laser secldered joints.

Graphics includer laser reflectance curves for PWB materials; scanning electron microscope (S8EM) photo-
qraphs of laser soldered joints on hermetic chip carrier (HCC) and on connector leadsj craoss section
photographs of laser soldered joints; energy-dispersive X-ray (EDX} analyses on solder joint areas after

peel and pull strength test data.
1.0 INTRODUCTION

8¥Ds are being used in ever increasing applica-
tions throughout industry and the military, both
here and abroad.

Typical SMDs include flat packs, chip capacitors,
chip resistors, HCCs, connectors, switches, solid
state relays and potentiometers. Although they aay
have strain-relief leads, these leads are not in-
erted in PWB holes as is done with more conven-
tioanal devices such as discrete transistors, axial
leaded resistors, and dual inline packages (DIP).

All of these devices have one thing in common -
they all must have excellent electrical contact
with their support substrate, generally a PNWB.
This electrical contact is obtained by means of
solder. However, since SMDs are soldered to - not
into - PWBs, this seans that solder sust now also
function as a structural materisl in addition to
providing the necessary eiectrical connection,

Many different scldering methods are in use today
for soldering conventional leaded devices to PWBs;
however, not all of these methods are entirely
suitable for SMD soldering. Manual saldering
underneath a microscope is possible, but very
tedious and labor intensive. Of machine soldering
aethods available, five will be addressed: 1) hot
belty 2) infraradj 3) wavej 4) vapor phasej and §)
laser soldering.

1.1 Hot Belt (HB) Soldering

HB scldering was developed by the hybrid micro-
electronice industry for soldering SMDs to ceramic
substrates. Although this method is still popular,
it has liemitations of maximum substrate size,
throughput, adequate heat distribution to devices
with widely differing heat requirements, heat
tolerance, and belt vibration.

1.2 Intrared (IR} Soldering

Focused and unfocused IR soldering of PWAs by
meins of high intensity quartz lamps, although
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popular for fusing tin-lead plate on PWBs® has not
enjoyed wide usage for soldering PWAs because of
difficulty with obtaining adequate heat distribu-
tion to devices without causing heat damage.

1.3 Wave Soldering (WS)

WS of PWAs has bean the primary soldering sethod
for leaded devices since the early '60s. Today, it
has limited use with SMDs because of their need
for adhesive or other sechanical attachment to the
PWB prior to soldering and because of thermal
shock to large ceramic packages,

1.4 Vapor Phase Boldering (VPS)

VPS has become quite popular mince its introduc-
tion in 1975, Basically, this method involves ax-
posure of a PHA to hot vapor over a fluid whose
boiling point is slightly higher than that requir-
ed to melt solder. Absorption of heat by the PNA
causes the solder to fuse and fora all solder
joints simultaneously, The vapor candenses on the
PHA, and the condensate then drains back into the
boiling liquid for reusage. The most commonly used
fluid is perfluorotrizaylasine, better known as
Fluorinert FC-70 (3N Company) (Ref. 1). This mate-
rial boils at 215 degrees C/419 degrees F, which
exceeds the melting point of tin-lead eutectic
alloy by 32 degrees C/5B8 degreas F, Two types of
vapaor phase soldering systeas are cosmercially

- available ~ the batch type and the inline. The

batch type lowers the the PWA vertically into the
hot vapor zone, pauses until solder fusion has
accurred, then slowly raises the PWA ocut of the
hot vapor to alloew the molten solder to solidify.
The inline type carries the PWA horizontally in
one direction on a continuous open-weave, coated
metal belt through the hot vapor zone and then

‘through a cool down zone to allaw the molten

solder to solidify.

VPE of SMDs has & number of significant technical
advantagess
1. Soldering is accomplished at a constant

process teaperatura,

8850117




2, Because the sblder on sach PWA connection is
molten at the same time, this method allows
simul taneous solde joint formation.

3. Because of this simultaneous solder fusian,
surface tension of the molten solider allows
self-aligning orientation of 64~pad devices .
and smaller.

VFS also has a nuaber of technical disadvantages:
1. VPS8 cannot be used with heat sensitive SMDs
or PWB materials because the PWA is exposed

to soldering heat for 30 to 90 seconds.

2. VPS, betause of long heat cycles, foras dull,
more brittle solder jointe as a result of
intermetallic compound (IMC) formation by tin
in the solder with copper on the PWB pad.

3. VP8, because of heating PWAs to soldering
temperature, initiates joint stress beginning
with initial solder solidification. As PWAs
coal ta raooe temperature, joint stress con-
tinues to increase because of differing co-
efficients of thermal expansion (CTE) between
8MDs such as HCCs and the PWB material (5.4
PPMN/degree L for ceramic as compared with 18
PPM for polyimide (Reé. 2). This stress is
additive to that contributed by PWB warpage
during the heat/cool cycle.

4. UPS is generally not applicable to heat sink
asseablies because the heat sink prevents
attaineent of proper PWA soldering tempera-
ture. Furthermore, if the heat sink is a heat
pipe, the long exposure to elevated tempera-
ture will destroy the heat pipe.

1.3 Laser Soldering (LS)

Before discussing L5, perhaps some background
information is in order. The word "LASER" is an
acronym of "Light Amplification by Stimulated
Emission of Radiation." Lasers can convert ordi-
nary light of varying wavelengths into a aonochro-
matic (single wavelength), coherent, collimated
bsas sany times more intenses than an atosic flash,
Although focused laser beams can vaporize all
known saterials (Ref, 3), industrial lasers have
proved to be safe when properly enclosed, operated
and saintained,

Although pulsed YAS lasers have been available
since about 1971, their use has been directed at
cutting, drilling and welding, not soldering. The
first laser soldering system with computer numeri-
cal control (CNC) entered the comsercial market
about 1974 as a S50 watt continuous wave (CK} CO2
flowing gas laser (Ref. &), followed in 1982 by
the CW YAB laser CNC soldering systea.

There are a nusber of technical differences be-
tween laser types for soldering. As will be dis-
cussed later, CW lasers (CO2 or YAB) are preferred
to pulsed lasers because soldering is a tiae-
depandent process that is better served by means
of a single lower power, steady pulse of laser
energy than by a much higher peak pawer series of
shorter duration pulses.

Laser soldering has a number of significant advan-
tages not possessed by any other soldering method:
1. L6 provides highly localized heating that
will sglder heat sensitive devices without
damaging them because it does not heat the

entire assembly, but only the immediate area
teing soldered.

2, LS foras shiny, ductile solder joints because
the solder aelts and solidifies so rapidly
that appreciable IMC cannot fara.

3. LS forms low~stress solder joints because
the entire PNA is at room temperature, except
for the momentary (! secand or less) solder
fusion that forms each successive joint.

4. LS is applicable to heat sink assemblies,
including those with heat pipes.

Figure ! shows 5MDs on & PWB bonded to a heat
pipe, with another SND/PNP assembly bonded to the
back side of the heat pipe. A 304 pin connector is
soldered along the bottom edge on both sides of
the overall asseably, and a 94 pin connector is
soldered along the top edge of both sides. There
are 77 HCCs, 135 capacitors and resistors, 2 con-
nectors and 23B2 solder joints on the visible side
of the b-layer PWB shown, This engineering devel-
opment model (white wires) was VPS prior to heat
pipe bonding, after which connectors were hand
solderedy howaver, 5MDs could have besn laser sol-
dered after PWBs were bonded to the heat pipe,

In addition, LS eliminates foraation of solder
bridges and balls, thereby eliminating need for
solder mask, LS can provide increased standof+
distance between SMDs and PWB insulation because
SMDs are not floated on molten solder. This in-
treased-standoff distance also allows for easier
penetration of cleaning sclvents beneath SMDs.

LS is essentially a non-contacting process that
can reach whatever can be seen through the laser
lens. Because of its focusad nature and its abili-
ty to be precisely controlled by a computer, the
4-mil to 20-mil diameter (1 mil =0.001 inch) laser
beam in conjunction with a CNC work positioner
system, has demonstrated foraation of acceptable
solder joints on state~of-the-art PWA hardware.

LS does have sose disadvantages: it fores solder
joints individually, and requires accurate device
orientation. In addition, LS is more capital in-
tengive than W5 or VPB; however, use of aultiple
beams is a means of increasing throughput to
conpete with other methods.

2.0 OBJECTIVES

Objectives of this laser soldering task were to
deteraine laser characteristics and soldering
feasibility of HCCs, connectors, and other SMDs.

2.1 Laser Characteristics
2.1 Safety

The YAG lasar emits invisible light at a wave-
length of 1.04 microns (1 micron = 0,001 ailli-
meter = 39 millionths of an inch), which is read-
ily transmitted by glass and most plastics yet ab-
sorbed by most metals., This wavelength will also
damage the human eye retina.

The C02 laser emits invisible light at a wave-
length of 10.46 aicrons, which is readily reflected
by most metals, yet will cut glass and plastics,
and damage the human eye cornea., However, when




properly enclosed, operated and maintained, lasers
have proved to be safe to operate in a manufactur-
ing asseably environaent.

2.1.2. Reflaction of Laser Beas Energy

Throughout the laser literature it was mentioned
that the 1.06 micron wavelength energy fros a YA8
laser was better absorbed by metals than by other
materials such as glass and plastics, Similarly,
it was also aentioned that the 10.6 micron wave-
length energy from a CO0Z laser was better absorb-
ed by glass and plastics than by metals. Because
comparative data to support these observations was
lacking, reflectance versus wavelength scans were
sade on unfused tin-laad plate and polyimide PWE
insulation (after etch remaval of copper cladding)
at the Air Force Wright Aeronautical Labaratories
(AFWAL), Dayton, Dhia.

The reflactance scans definitely substantiatad
prior otservations, Figure 2 shows the scans
obtained for YAG laser wavelengths. The tin-lead
plate (SOLDER) shaowed a 21 percent reflectance,
and the polyimide PNB insulation showed a 27
percent reflactance, This means that the insu-
lation was a better reflector than the tin-lead,
and would be less likely burned by YAG laser ener-
gy. Miller of U, 8. Laser (Ref. &) observed that
discernible burning of polyimide insulation by a
20-ail diameter, 10-watt YAG laser beam moving at
a rate of one inch per second (ips) could be pre-
vented by a fila of dried rosin flux.

Figure 3 shows scans obtainad for CO2 laser
wavelengths. Tin-lead plate showed a 74 percent
reflectance, and polyimide PUB insulation showed
about two (2) pesrcent reflection. This means that
insulation was a much better absorber than tin-
lead, and would be more easily burned by CD2 laser
energy than by YAS.

2.2 Laser Soldering - C02 Laser
2.2.1 Solder Pastes and Fluxes

8clder paste was used during initial soldering
attempts with pulsed YAE and CW CO02 lasers. Be-
cause no way was found to prevent formation of
solder balls or tec reliably remove thes, use of
solder paste was abandoned in favar of thick tin-
lead PWB plate in conjunction with solder dipped
EMD pads and extarnally applied type RMA flux. A
CH C02 systep was used during process development
because a YAB systea was not then available.

It was observed that the CO2 laser would not melt
solder once the injitial film of rosin ¢lux had
been vaporized. According to Burns of Apollo Laser
(Ref, 5), rosin absorbs 10.4 micron radiation and
effectively couples this energy into solder.

2.2.2 HCC Soldering

Early in this task, it becase apparent that as-
dipped, lsadless HCCs could not be readily sol-
dered to PWD pads by eeans of a vertical laser
bean because only three HCC pads would be in con-
tact with PWD pads, similar to a tripod. Figure 4
illustrates a solder-dipped HCC pad that is not in
contact with a PWB pad. In "A" of Figure 4, solder

in the castellation remains unchanged by the laser
beas because surface tension of molten solder pre-
vents flow, Tipping the laser beam, as shown in
‘B", does not help because there is insufficient
unfused tin-lead plate on the PWB pad to fors the
convex-shaped puddle of molten solder necessary to
touch the hanging drop of molten solder on the
HCC. In *C", however, two additional modifications

“have bsen sade that wii' result in formation of

acceptable solder joints: 1) flattening solder on
HCC pads, and 2) using thick (1,2 - 1.8 ail®),
unfused tin-lead plate on PHB pads.

2.2.3 Flattening HCC Solder-dippad Pads

Adequate solder flattening was attained by apply-
ing flux to pads, placing the HCC on a black anod-
ized aluminua plate, and reflowing the solder on &
hat belt. Figure S is a SEM photograph of a HCC
after solder dipping, and Figure & is a SEM photo-
graph of the same HCC at a different angle after
reflow flattening.

2.2.4 HCC Boldering

Fiqure 7 is a 30X SEM photograph of solder joints
formed on an 18-pad HCC by aeans of a C02 lasery
@ach joint received eight watts power for 0.3
second (= 2,4 Joules), Figure 8 is a 200X SEM
photagraph of the second solder joint froa the
left in Figure 7. After shearing the HCC from the
PWB with an applied load of iB pounds for an
dverage shear strength of one pound par pad, the
pad of Figure B was rephotographed at 200} as
shown in Figure 9. The direction of applied shear
load was from left to right and parallel to PWB
pads. Subsequent solder joints were auch larger
when laser soldered at 12 watts for 0.3 second (&
Joules), and required thres pounds average per pad
to shear.

Figure 9 also illustrates four features of laser

scldering that ware mentioned earlier:

1. LS provides highly lccalized heating. Nata
that solder on the 25-ail wide pad has fused
about 5-milé onto the 10-mil wide conductor,
Note also a raised, curved line of demarca-
tion between fused and unfused tin-lead plate
on the PWB pad to the left of the solder fil-
let. Formation of a raised surface during fu-
sion is essential to HCC fillet formation.

2. L8 foras ductile solder joints. Note the con-
siderable displacesent of solder; this illus-
trates the ductility of the solder #illet
{compare with Figure 8) that rasults because
the solder fuses and solidifies so rapidly
that appreciable IMC cannot fora.

3. LS is applicable to PWAs with heat pipes.

’ Note that the highly localized heating demon-
strated in 1| above also demanstrates solder
fusion so rapid that solder joints are foramed
before heat -pangtrates to the heat pipe.

4. LS provides increased device standof dig-
tance. The 4.4-ail standoff provided by this
solder fillet allowed easier penetration of
cleaning solvents, ;Nore important is the in-
creased thermal cycling lifa that Fennimore
of Martin Marietta Orlandc Aerospace (Ref. 7)
attributes to increased standoff distance.




2.2.83 Intere~tallic Compound Formation

As mentioned earlier, less IMC is formed by LS
than by other soicering methods because of rapid
tusion and solidification of LS joints, Figure 10
shows a 1000X microsection of a laser soldered
joint along with a microsection of a wave soldered
joint by way of comparison. Capper-tin IMC is naot
discernible on the laser soldered joint, as com-
pared with that secn on the wave soldered joint,
Because IMC is forsed by heat and time, the laser
soldered section was obtained only by the use of
extreaely light grinding and palishing prassures
while the specimen was kept immersed in coolant.

2.2,4 Connector Soldering - Solderabiiity ¥ Finish

Initial work was performed on curved MIL-C-%5302/
XXX contacts (Ref. 8), During this work it was de-
termined that the laser beam did not weaken the
copper-to-polyimide PWB adhesive bond. Fiqure 11
shows the CNC 20 wztt CW flowing CO2 gas laser
inside its eye-safc acrylic plastic enclosure.

Figure 12 is a SEM photo of a pad solder fillet
whose contact had low pesl test strength. Although
the fillet is large, there are numerous vaoids, and
very little evidence of torn solder. Figure 13 is
a SEM photo of the contact. Circled areas were
examined by EDX for tin-lead, nickel (underplate),
and zinc (brass substrate). Analyses of Areas 2
and 3 are shown in Figures 14 and 15. The flat
area shows a strong nickel peak, indicative of
exposed nickel underplate. The rough area shows
strong tin and lead peaks, indicative of tin~lead
plate. The initial conclusion drawn from this data
was that porosity in the 100 microinch thick tin-
lead plate was allowing nickel oxidation, with
subsequent dewettirg of tin-lead during fusion.

Contacts with improved, thicker, unfused, bright
acid tin-lead plate were obtained and successfully.
soldered with original laser parameters of 10
watts for 0.5 second. Figure 1& is a SEM/dot scan
EDX for nickel on an improved contact after peel
test. The white dots indjcate exposed nickelj coa-
pared with Figure 15, there is much less exposed
nickel on the improved contact. Porosity of the
fusad and torn tin-lead plate (now solder) was
initially attributed to inadequate flux drying.
Figure 17 shows the nickel dot scan alone.

Additional unfused, bright acid tin-lead plated
contacts were laser soldered to & PWB} some of
these contacts were laser soldered at 18 watts for

1 second (18 Joules) and the rest at 24 watts for
! second (24 Joules;. The inspection data was re-
vealing: although the solder fillets were visually
acceptable, 90 percent (35 out of 39) of the 18
watt joints fractused wWith less than 3 grams of
lifting force applxed at the toe of the contact..
In contrast, only 3Z percent (12 out of 38) of the
24 watt joints fractured when tested as betore, an
indication that grezter energy input was somehow
effective in increa:.ng joint strength.

At about tkis point :n time, a literature search
revealed & number o’ articles that attributed low
jairt strength to tra use of bright acid tin plate
oft i=ads, According "o DeVere of GE (Ref. 9), co-

I

deposited organic brighteners in ths 2late are de-
composed at soldering temperatures, forping gases
that oxidize the nickel underplate, causing dewet-
ting, and also creating porous solder joints. Be-
cause hand tinned contacts and/or higher anergy
{24 Joules) laser soldering produced higher peel
strength test joints, it would appear that impraov-
ed adhasion iy related to the increased time and
heat available for these gases to escape.

2.2.7 Connector Soldering - Ispartance of Defining
Contact Configuration

Figure 18 shows a 183X cross section of a proto-
type 3-mil by 1é-mil copper contact after laser
soldering at 12 watts for 0.4 second (4.8 Jaules).
Figure 19 is a 185X cross sectian of a 10-mil by
20 mil cantact that required 22 watts for | second
{22 Joules), nearly five times more power than for
the smaller contact. More seriogus, however, was
insulation burns hetween PWB pads by reflected
energy off of angled contact edges.

2.3 Laser Soldering - YAB Laser

Although initial laser soldering evaluation was
performed on YAG and CO2 lasers, sost work up to
this point had been perforaed an an inhouse C02
laser. Ta evaluate a CW YAE laser and further test
DeVore’'s theory concerning unfused, bright acid
tin plate, another cannector was roplatedly +luxed
with acid flux and fused until all outqassan had
ceased and each contact had been solder wetted.

After being coated with RMA flux, end contacts
were CO2 laser soldered to the PWB to naintain
contact alignsent, and then sant to ba solderad at
various poNer levels and time durations by a CW
YAG laser soldering systes manufacturer,

All solder joints were then inspected at Martin
Marietta Orlando Aerospace and individually logged
for visual defects, SEM photagraphed, and then
pull strength tested at 4-ips on a Unitek Model
6-092-03 pull tester. The test data obtained was
statiasticaily analyzed and susmarized as shown in
Table [ in decreasing order aof pull test strength.

According to Table I, there is good correlation
between the "QA Visual"® and "Avg. Pull Strangth"
data, Comparison af "Power X Dwell® and "Joules"
with "Avg. Pull Strength" for the five groups
tlearly shows that Group A, although visually and
statistically the best group, did not receive the
sost power, longest dwell, or sost energy.

Data of Table I supports prior laser soldering
data showing that stronger and better looking
solder joints are cbtained an fusmd, well tinned
surfaces than on unfused, bright acid tin plate.

Table I data also shows that optimum power/dwell
parameters must be developed for each tercination
configquration, :

Figures 20 and 21 are SEM photagraphs of Broup A
terminations No. 1-2-27 and 1-2-28 which had the
the strongest sclder joints in the group (2870
grams/b.3 pounds and 3100 gramse/6.8 pounds
respectively). Figure 22 "A" js a SEM photograph
of termination 1-2-27 after pull tesi. The rough
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