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PARALLEL GAP WELDING

Microelectronic Interconnections To Thin Film Substrates

l. SCOPE:

l.1 Purpose:

1.2 Applicat
assembly

2. APPLICABLE DOCUMENTS: The following publications form a part of

This specification defines the equipment, procedures;

and

requirements for joining leads by parallel gap resistance welding.

ion: For attaching leads by parallel gap resistance wellding in the

of microelectronic circuitry to thin film substrates.

Material

Specifications (AMS) shall apply. The applicable issue

2.1 SAE Pub

documentj[shall be as specified in aMS 2350.

this

specification to the extent specified herein. The ‘latest issue df Aerospace

of other

ications: Available from SAE, 400’/Commonwealth Drive, Warrendale,

PA 150

2.1.1 2Aeros

6.

ce Material Specifications:

2.2 U.S. Go

AMS 2350 - Standards and Test -Methods

rnment Publications: Available from Commanding Officer|, Naval

Publicat

2.2.1 Military Standards:

ions and Forms Center, 5801 Tabor Avenue, Philadelphia, [PA 19120.

MIL-ST

2.3 AWS Publ

D-794 - _Parts and Equipment, Procedures for Packaging and Packing of

ications: Available from American Welding Society, 2501

Street,

Miami, FL. 33125.

N.W. 7th

2.3.1 AWS A3

«0 - Welding Terms and Definitions

SAE Technical Board rules provide that: ‘'All technical reports, including standards approved and practices recom-
mended, are advisory oniy. Their use by anyone engaged in industry or trade or their use by governmental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. in formulating and approving technical reports, the
Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospec-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.”

Copyright 1982 Society of Automotive Engineers, Inc.

All rights reserved

Printed in U.S.A.
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3. TECHNICAL REQUIREMENTS:

3.1 Welding Machine: The parallel gap welding machine shall have a controlled "
source of electrical power and a means of reliably controlling the power and

the welding force.

3.2 Electrodes: Electrodes shall be so designed as to provide a constant cross-
section which shall extend not less than 0.010 in. (0.25 mm) above the tip

after dressing. Newly installed electrodes shall be dressed to ensure
propex]
electrjodes may be fixed or adjustable.

3.2.1 Eledtrodes showing evidence of pitting, excessive wear,’ wdarpage, or

excegssive degradation or contamination of insulating ,gaps shalfl not be
used. ‘Electrodes may be cleaned or redressed using/fine grit lemery paper

or pgolishing stones. Redressed electrode surfaces shall be fllat and

equilvalent in roughness to that obtained with &/3/0 or finer polishing
papdr. Electrodes shall be redressed in a direction parallel fto the gap

to pgrevent bridging or shorting of the gap-.

3.3 Alignnent Equipment: - Suitable micro-posjtioning equipment shalll be used to
accurately -align and position leads for'welding. Jigs, fixtures, or vacuum

holding devices shall be used to minimize lateral movement of the lead
relatilve to the substrate during the&’welding process.

3.4 Tensille Test Machine: The machine and related equipment used td determine
weld jtrengths shall operate(at a pull rate of less than 5 in. (125 mm) per

min.
of fulll scale rating. Scale graduations shall be 5 g or smaller.

nd be capable of medsuring a load of 0 - 500 g to an accurfacy of +2.0%

3.5 Equipment Maintenanee:’ All equipment shall receive maintenance [as necessary
to ensure that welding on any setting of the machine is reproducdible within

the reguirements ‘of this specification.

3.6 Procedure: . Welds shall be made in accordance with the following
'] are dgfined in AWS A3.0:

3.6.1 OQualifieationr—anmd—Certificatiom—Before—any weldingtsperformed in

terms used

accordance with this specification, welding machines and operators shall

be qualified and certified in accordance with the following:

3.6.1.1 Welding Machine: The welding equipment shall be qualified as a system
including power supply, welding head, and electrodes. Each system shall
be qualified for certification by satisfying specified calibration and

proof-testing requirements.
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3.6.1.1.1 calibration: Pulse amplitude, pulse duration, number of pulses, and
pulse rise and fall times shall be measured. Measurements shall be
made at not less than six predetermined power settings, so selected as
to verify all operator-controlled parameters of the equiment at three
levels of operation (low, medium, and high power). Measurements shall
be taken using a standard load shunt in place of the electrodes or
against the electrodes using a specified pressure.

3.6.1.1.2 Electrode Force: A calibration curve (setting vs actual electrode
force in pounds) shall be determined for each welding head or settings
1 : force

etting shall be maintained within ip.l 1b (0.5 N).

3.6.1.1.3 oof Testing: Weld-test specimens shall be prepared‘'in adcordance

with the following:

3.6.1.1.3.1| Prepare specimens of the following combinations:

10 specimens of 0.003 x 0.010 in. (0.08<x)0.25 mm) pure gold ribbon
welded to a thin-film substrate.

10 specimens of 0.004 in. (0.10 mm) ‘diameter pure gold wire welded
to thin-film substrate.

-

3.6.1.1.3.2| The thin film selected shallCshow prior evidence of being suitable
for microwelding (3.6.6.1)% Actual thin film materials qr specially
designed test patterns may be used. Welds shall be made |using the
applicable welding schedule:

3.6.1.1.3.3| All weld strengths shall exceed the minimum value specifijed in the
welding schedule’in order to gualify the machine.

3.6.1.1.4 (ertification: ) Welding machines that have been qualified ghall be
rertified by\the cognizant quality assurance organization.

3.6.1.1.5 Maintenance of Certification: Qualification and certificaion of a
elding machine shall be repeated at intervals of not more [than six
onths and whenever evidence indicates out-of-control prodyction
i j i i i rmed.

3.6.1.2 Operator Qualification: Welding operators shall satisfactorily complete
a training program to ensure adequate familiarization with handling
procedures for microminiature components, circuits, and modules, the
operation of the welding equipment, and weld requirements as specified
herein. Operators, in addition to the training program, shall
demonstrate ability to produce satisfactory welds by completing
requirements in 3.6.1.1.3.
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3.6.1.2.1

3.6.2

Welding Schedules:

Records and Requalification: In order to ensure the use in
of qualified personnel only, records shall be maintained to
successful completion of a training program. As found nece

production
indicate
ssary

because of absence, new equipment, components, and design, or to

upgrade the level of operators, retraining and requalificat
be provided.

A welding schedule shall be established usi

ion shall

ng a

minimum of 50 weld pull tests for each combination of. . material and size to

be joined.
shally
of tHe weld energy, approved in accordance with 3.6.2.2 are per
compensate for minor variations in the materials being welded.

3.6.2.1 Welld Schedules:

Once a satisfactory schedule is established, that s

chedule

beused for making all welds except that minor adjustment]

Welding schedules shall be recordedcon forms

by
folllowing:

Wellding equipment - make and model

Electrode tip - size and material

Electrode force setting

Lead material identification and mechanical strength
Thipn-film identification (See 3.5.6.1)

Substrate material

Weld schedule power supply settings

Vispal characteristics and minimum weld strength requirements

3.6.2.2

Welld Schedule Modification:

purchaser. Recorded information shall include rot less th

Slight variations in power suppl

for
accpmmodate slight variations in thin-film characteristics.

deviation limits shall be established on the applicable weldi
and
single parameter’
shall be required for approving the modification of a given s
Such modificdtions require the approval of authorized personn
Approval .of “schedule modifications constitutes approval for s

established weld schedules are permissible within limits

shall in no instance exceed +10% of the prescribed settin
At least five tensile tests in accordance

s of i}O%
mitted to

approved
an the

y settings
Lo

Betting

g schedule
y for any
vith 3.7.1
btting.

I
hbstrates
bquired,

of & givén lot only. Where variations greater than 10% are r
new|weld schedules shall be developed. =
3.6.3 Routing of leads: In routing component leads and interconnecting leads,
service loops shall be used to minimize stresses, unless otherwise
specified.
3.6.4 Handling Methods:

Part movement during welding shall be minimized and use

shall be made of holding equipment provided (See 3.3). Protective

covering, such as finger cots shall be worn by the operator to prevent

surface contamination of thin films and delicate lead materials.

Hand

tools, tweezers, vacuum pick-up, etc used to handle interconnect leads,
component leads, and thin films shall be so designed, used, and maintained
as to minimize scratching or marring of thin film networks and lead
materials.
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Holding of Add-On Components:
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2690A

Components to be connected directly to a

thin £ilm may be located and held in place in preparation for welding of
the leads to the thin-film deposit by bonding the component body to the
thin-film substrate with adhesive, as specified on the drawing.

Assembling Functional Electronic Block (FEB) Packages:

Thin film

substrates, integrated circuit flatpacks, and other micro-electronic
components which are included in FEB circuits shall be fixed to minimize
movement during the subsequent welding of leads and interconnecting

materials.

main

3.6.5.1

EX{

211 surfaces of thin film substrates to be welded shall be

tainedparallel to the electyode faces,

rernal leads:

le
of
le
an

3.6.6 Proc

hgth of 0.035 in. (0.90 mm) internal to the package for th
interconnecting leads or component leads within the 'packa
hgth of ribbon lead shall be clean and free of sealing gla
i other contaminants which would impair the welding of sped

hbss Controls: In order to ensure that the~welding process

unde

3.6.6.1 Th

- control, the following conditions shall’ be complied with

in Film Identification: Thin film deéposits to which lead 7

arx

of
s
ac

Th

3.6.6.1.1

3.6¢6.1.2

=] -

to be welded shall be fully identified to permit proper

applicable welding schedules.
bstrate material, substrate size, and film thickness (dete:
ual measurement, electrical-resistance, or other suitable
following procedure shall)be used:

B

Et least one thin film\substrate to serve as a control samj

component leads o\ interconnecting lead material. The con
khall have been deposited and processed identically with a
substrates ofl @ lot so as to be representative of the lot.
humbering oriother means of identification shall be mainta
ensure proper identification.

External FEB leads shall provide a minimum

!

ibbon
connection

e, This

s, frit,

ified leads.

will remain

haterials
lssignment

Identification shall incdude f£ilm and

mined by
method).

ble shall

ccompany each lot of-“thin film substrates submitted for welding of

rrol sample
1

Lot

ned to

The dontrol sample shall be an actual film network. Film
which”do not meet electrical requirements of the circuit

BS control samples provided conductor pads and welding tar

etworks

may be used

Eet areas

are in all respects representative of the thin film lot.

3.6.6.1.3 Welding characteristics of a thin film deposit lot shall be determined
by making welds of the specified material combination on each of the
prescribed conductor pads or target areas of the network on the

control sample using the applicable welding schedules.

3.6.6.1.4 Welds made to the control sample shall fulfill all acceptance

requirements specified herein.
failure, manually or mechanically, at approximately 45 deg
specified in 3.7.1.
following requirements:

In addition, welds shall be pulled to

as

Tested welds shall meet one or both of the
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3.6.6.1.5

3.6.6.1.6

3.6.7 Exan
to t

micy
in 4

3.6.7.1 Wg

Jd
ad

3.6.7.1.1

acg

3.6.6.1.4.1 Where weld separation occurs, positive evidence of welding shall he

found in the thin film. Evidence of welding is indicated by peeling
of the film under the weld or traces of lead material on the thin
film after removal of the lead. Gross crazing and pull out of the
substrate under the weld or weld separation with little or no load
applied to the lead material is not acceptable.

3.6.6.1.4.2 Failure of the lead near or away from the weld impression. The lead

shall show evidence of necking or deformation at the point of
failure. -

Facih—tot—of tihimfiim substratesmay be—used—for—weltdimg—nly after

control sample welds are completed and accepted.

When the assigned control sample substrate fails tomeet the
requirements, a second substrate from the same lot“shall He subjected
to qualifying welding procedures. The second test shall He performed
on a duplicate weld station by a different operator, or on the
initially used station only after authorized personnel haye checked
weld schedule settings and condition of the'weld station. | Failure of
the second substrate to meet welding requirements shall beg cause for
rejection of the entire thin film lot\for purposes of welding
component leads or interconnection,leads for assembling
microelectronic devices in accordance with this specificafjion.

tination: A 100% examination.of the electronic circuit fon conformance
the requirements of this specification shall be accomplishgd at the

latg¢st assembly stage possible:y Use shall be made of a binocylar

oscope, at 30X magnification, to determine acceptance of ywelded leads
ccordance with the following:

1d:  The intercennection shall show evidence of Welding. Open weld
ints or absence Jof electrode impressions on the lead matefial are not
ceptable. Slight discolorations of the thin film surfaceg are
ceptable.

Deformation: Deformation of lead material caused hy the electrode
impression shall be limited as follows (See Fig. 1):

3.6.7.1.1.

1 -Ribhon: Ribhon width plus deformation of the ribkhon ledd at the

electrode impression shall not exceed 1.5 times the undisturbed
ribbon width.
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Wire: Wire diameter plus deformation of the wire lead at
electrode impression shall not exceed 2.0 times the undis
diameter.

We l
l
€ i De
T
!
Wg < 15 Wq Dg <20 Dy

3.6.7.1.2 Electrode Impression: Electrode 'impression on the lead sha

RIBBON AND WIRE DEFORMATION
Figure 1

P

3.7 Propert

3.7.1 Tensil

[

fies: Welds shall conform to the following requirements:

ircumference of a round lead.

le Tests: Test specimens shall be fixtured in a suitable

mach

45 deg + 5 to the(thin film surface or other surface to which 1

weldd

5 grams.

ne (See 3.4) to-permit axial loading of the lead wire at 4

the
turbed wire

11 extend

¢ver at least 80% of the width of a ribbon lead and over 50% of the

tensile
n angle of
eads are

d (See Fig.\\2). Breaking loads shall be measured to the nearest

Load

. : pE!ectrode //
Substrate lvv-"w Wa-w-l ://</
N e
[ ~ 1

SPECIMEN TEST POSITION
Figure 2
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3.7.1.1

Where lead size or general configuration of the weld does not permit use
of a tensile machine, manual test methods may be used. The thin film
substrate shall be adequately anchored, the lead carefully grasped with
tweezers and manually pulled to failure. Qualitative and visual
evaluations shall be made as specified in 3.6.6.1.4.

Process Control Tests: Five test specimens shall be prepared and tested

3.7.2.1

3.7.2.2

3.7.2.3

3.7.2.4

4.

QUALITY

in accordance with the procedure of 3.7.1 using the applicable welding
schedule for the material combination specified, as follows:

Fr
4 Y
as

quency:  Pracess contrnl tests shall be conducted at least once every
r of operation. Thin film test welds specified in 3.7.6#) may serve
process control tests.

tests
riod being

Tegt Material: Material combinations for the processccontrol
shill be representative of those used during the opération psg

monitored.

Tegt Results: The tensile strength of the<we1ds, determined
procedures of 3.7.1, shall be equal to or gréater than the mi
sp¢cified in the applicable welding schedule.

by
nimum value

Prd mens fails
to
sh
co
maj

" ma
re

bcess Control Test Failures: When~the first set of 5 speci
meet the weld schedule requirements, a second set of 5 spgcimens

11 be prepared after authorized personnel have checked settings and
dition of electrodes. Failure of the second set shall regult in a
Intenance check and/or re<calibration of the weld station.| All welds
e since the previous satisfactory process control test shdll be
Inspected. :

ASSURANCE PROVISIONS:

- Re

spongibility for Inspection: The welding fabricator shall supply all

sa
re
re

confi

co

Cl

mples for fabricator's tests and shall be responsible for perfgrming all
quired tests.(/Results of such tests shall be reported to the purchaser as
quired by 4.5. Purchaser reserves the right to sample and to perform any
atory \testing deemed necessary to ensure that welded assemblies

nform tor~the requirements of this specification.

assification of Tests:

Acceptance Tests: Tests to determine conformance to requirements for

examination (3.6.7) are classified as acceptance tests and shall be
performed on each weld.

Periodic Tests: Tests to determine conformance to requirements for

qualification of welding machines and welding operators (3.6.1) and
process control (3.7.2) are classified as periodic tests and shall be
performed at a frequency selected by the welding fabricator unless

frequency of testing is specified by purchaser.
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