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THIS REVISION CONTAINS ONLY EDITORIAL CHANGES.
1. SCOPE:
1.1 Purpose:

This specification defines the equipment, procedures, and requirements for joining leads by parallel
gap resistance welding.

1.2 Application:

For attaching
thin film subs

2. APPLICABLE L
The following p
issue of Aerosp
be as specified

2.1 SAE Publicat

Available fron

2.1.1 Aerospace
AMS 2350

2.2 U.S. Governn

Available fron
Philadelphia,

2.2.1 Military Sta

leads by parallel gap resistance welding in the assembly of micro-€leq
rates.

DOCUMENTS:

Liblications form a part of this specification to the extent'specified herg
ace Material Specifications shall apply. The appliCable issue of other
in AMS 2350.

ons:

N SAE, 400 Commonwealth Drive, Warrendale, PA 15096.

Material Specifications:

Standards and Test Methads
nent Publications:

n Commanding Officer, Naval Publications and Forms Center, 5801 T
PA 19120.

ndards:

tronic circuitry to

in. The latest
documents shall

abor Avenue,

MIL-STD-7T4 Parts and Equipment, Procedures for Packaging and Packing of

2.3 AWS Publications:

Available from American Welding Society, P.O. Box 351040, Miami, FL 33135.

23.1 AWSA3.0

Welding Terms and Definitions
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3. TECHNICAL REQUIREMENTS:

3.1 Welding Machine:

3.2

3.2.1 Electrodes

3.3

3.4

3.5

3.6

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.

Electrodes:

Electrodes shall be so designed as to provide a constant cross-section which shall extend not less

than 0.010 ing
to ensure pro
fixed or adjus

contaminati
fine grit eme
equivalent i

redressed in a direction parallel to the gap to prevent bridging or shorting of the g

Alignment Eq

Suitable micr@-positioning equipment shall be used:ito accurately align and position

welding. Jigs
lead relative t

Tensile Test |
The machine
less than 5in
accuracy of =

Equipment M

All equipment
machine is re

h (0.25 mm) above the tip after dressing. Newly installed electrodes
per alignment with the welding platen or stage. The gap betweep.eleq
able.

showing evidence of pitting, excessive wear, warpage, or egxcessive d
pn of insulating gaps shall not be used. Electrodes may:be cleaned or

ry paper or polishing stones. Redressed electrodessurfaces shall be
N roughness to that obtained with a 3/0 or finer pgalishing paper. Elect

Lipment:

fixtures, or vacuum holding devices shall be used to minimize lateral
D the substrate during the weldifng process.

lachine:

and related equipment used to determine weld strengths shall operatg
Ches (127 mm) per minute and be capable of measuring a load of O -
P 0% of full scalerating. Scale graduations shall be 5 grams or small

hintenance;

shallireéceive maintenance as necessary to ensure that welding on ar]

shall be dressed
trodes may be

bgradation or
redressed using
flat and

rodes shall be

ap.

leads for
movement of the

e at a pull rate of
b00 grams to an
Y.

y setting of the

brgducible within the requirements of this specification.

Procedure:

Welds shall be made in accordance with the following; terms used are defined in AWS A3.0:

3.6.1 Qualification and Certification: Before any welding is performed in accordance with this
specification, welding machines and operators shall be qualified and certified in accordance with
the following:
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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.

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, selected to verify all operator-controlled parameters of the equipment 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 pound
determimned for each welding head or settings may be made using an external

Repeats
3.6.1.1.3 Proof T¢
3.6.1.1.3.1 Prepa

10 spe
substr

10 spd
3.6.1.1.3.2 Theth
Actua

made

3.6.1.1.3.3 Allwe

bility of force setting shall be maintained within £0.1 pound (0.5-1\).

e specimens of the following combinations:

ate.

using the applicable welding.schedule.

s (N), shall be

force gage.

sting: Weld-test specimens shall be prepared in accordance with the [following:

bcimens of 0.003 x 0.010 inch (0.08 x 0.25 mm) pure gold ribbon weldgd to a thin-film

rcimens of 0.004 inch (0.10 mm) diameter pure gold wire welded to thjn-film substrate.
in film selected shall show prior evidence of being suitable for microwglding (3.6.6.1).

thin film materials or specially.designed test patterns may be used. \\Velds shall be

d strengths shall exceed-the minimum value specified in the welding gchedule in order
to qua|ify the machine.

3.6.1.1.4 Certificgtion: Weldingmachines that have been qualified shall be certified by the cognizant

quality &

3.6.1.1.5 Mainten
repeate

ssurance ofganization.

| atiiftérvals of not more than six months, whenever evidence indicat

producti

phwelding, or when major maintenance on the equipment is perform

s out-of-control
d.

ance of-€ertification: Qualification and certification of a welding machine shall be

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 s

atisfactory welds by completing requirements in 3.6.1.1.3.
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3.6.1.2.1 Records and Requalification: In order to ensure the use in production of qualified personnel
only, records shall be maintained to indicate successful completion of a training program. As
found necessary because of absence, new equipment, components, and design, or to upgrade

3.6.2

3.6.2.1

3.6.2.2

3.6.3

3.6.4

the level of operators, retraining and requalification shall be provided.

Welding Schedules: A welding schedule shall be established using not less than 50 weld pull tests
for each combination of material and size to be joined. Once a satisfactory schedule is
established, that schedule shall be used for making all welds except that minor adjustments of
+10% of the weld energy, approved in accordance with 3.6.2.2, are permitted to compensate for

minor variations in the materials being welded.

Weld Schiedules: Welding schedules shall be recorded on forms acceptablég.to
Recorded information shall include not less than the following:

Welding gquipment - make and model

Electrode|tip - size and material

Electrode|force setting

Lead matgrial identification and mechanical strength

Thin-film {dentification (See 3.6.6.1)

Substratel material

Weld schedule power supply settings

Visual characteristics and minimum weld strengthrequirements

Weld Schiedule Modification: Slight variations‘inh power supply settings for estah
schedule$ are permissible within limits tocaccommodate slight variations in thin;
character|stics. Setting deviation limits-shall be established on the applicable w
and shall jn no instance exceed +10%-0f the prescribed setting for any single pa
five tensilp tests in accordance with’3.7.1 shall be required for approving the m
given setfing. Such modifications require the approval of authorized personnel
schedule [modifications canstitutes approval for substrates of a given lot only.
n 10% are required, new weld schedules shall be developed.

Routing of Leads: InTouting component leads and interconnecting leads, service
used to mirlimize stresses.

burchaser.

lished weld

film

elding schedule

rameter. At least

pdification of a
Approval of

Vhere variations

loops shall be

all be made of

Handling Methods: Part movement during welding shall be minimized and use sh

alignment equipment (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
networks and lead materials.

of thin film

3.6.4.1 Holding of Add-On Components: Components to be connected directly to a thin film 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 specifi
drawing.

ed on the
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3.6.5 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. All
surfaces of thin film substrates to be welded shall be maintained parallel to the electrode faces.

3.6.5.1 External Leads: External FEB leads shall provide a minimum ribbon length of 0.035 inch (0.89
mm) internal to the package for the connection of interconnecting leads or component leads
within the package. This length of ribbon lead shall be clean and free of sealing glass, frit, and
other contaminants which would impair the welding of specified leads.

3.6.6 Process Co
following co
3.6.6.1 Thin Film
identified
include fil
measurer
used:

3.6.6.1.1 Atleast
film sub
control §
S0 as to

maintaimed to ensure proper identification:

3.6.6.1.2 The con
requirer
welding
3.6.6.1.3 Welding
specifie
network
3.6.6.1.4 Weldsn

addition|

Ntrols: Tn order to ensure that the welding process will remain under
nditions shall be complied with:

fo permit proper assignment of applicable welding schedules: Identifi
m and substrate material, substrate size, and film thickness (determin
nent, electrical resistance, or other suitable method):, The following pr

one thin film substrate to serve as a control sample shall accompany
Strates submitted for welding of componentJeads or interconnecting le
sfample shall have been deposited and processed identically with all s
be representative of the lot. Lot numbering or other means of identifi

trol sample shall be an actual film network. Film networks which do n
nents of the circuit may be:used as control samples provided conduct
target areas are in all respects representative of the thin film lot.

characteristics of a thin film deposit ot shall be determined by makin
 material combination on each of the prescribed conductor pads or t4
on the controlsample using the applicable welding schedules.

hade ta-the control sample shall fulfill all acceptance requirements spe4
. welds’shall be pulled to failure, manually or mechanically, at approxi

bntrol, the

Identification: Thin film deposits, to which lead materials are to, be weldled, shall be fully

cation shall
bd by actual
ocedure shall be

each lot of thin
ad material. The
Ibstrates of a lot
cation shall be

bt meet electrical
br pads and

j welds of the
rget areas of the

cified herein. In

mately 45

degrees

as)specified in 3.7.1. Tested welds shall meet one or both of the foll

bwing

requirements:

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

accep

3.6.6.1.4.2

table.

necking or deformation at the point of failure.

Failure of the lead near or away from the weld impression. The lead shall show evidence of
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3.6.6.1.5 Each lot of thin film substrates may be used for welding only after control sample welds are
completed and accepted.

3.6.6.1.6 When the assigned control sample substrate fails to meet the requirements, a second
substrate from the same lot shall be subjected to qualifying welding procedures. The second
test shall be performed on a duplicate weld station by a different operator, or on the initially
used station only after authorized personnel have checked weld schedule settings and
condition of the weld station. Failure of the second substrate to meet welding requirements
shall be cause for rejection of the entire thin film lot for purposes of welding component leads or
interconnection leads for assembling micro-electronic devices in accordance with this
specification.

3.6.7 Examinatior]

this specification shall be accomplished at the latest assembly stage possibje? Ud
of a binocul@ar microscope, at 30X magnification, to determine acceptance of weld
accordance|with the following:

3.6.7.1 Weld: The
electrode

film surfades are acceptable.

3.6.7.1.1 Deformg
as follow

3.6.7.1.1.1 Ribbon: Ribbon width plus deformation ofthe ribbon lead at the electrode i
not exgeed 1.5 times the undisturbed ribbon width.

3.6.7.1.1.2 Wire: Wire diameter plus deformation of the wire lead at the electrode impre
exceefl 2.0 times the undisturbed wire diameter.

: A 100% examination of the electronic circuit for conformance to the'requirements of

interconnection shall show evidence of welding. Opén weld joints or

e shall be made
ed leads in

absence of

mpressions on the lead material are not acceptable™ Slight discolorations of the thin

tion: Deformation of lead material caused by the electrode impressior
s (See Fig. 1):

We }
! $
WB 7} DS
4 é H /r
1 T S
Wg £ 1.5 Wy Dg< 20Dy

FIGURE 1 - Ribbon and Wire Deformation

shall be limited

pression shall

ssion shall not

3.6.7.1.2 Electrode Impression: Electrode impression on the lead shall extend over at least 80% of the

width of

a ribbon lead and over 50% of the circumference of a round lead.
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3.7 Properties:

Welds shall conform to the following requirements:

3.7.1 Tensile Tests: Test specimens shall be fixtured in a suitable tensile machine (See 3.4) to permit
axial loading of the lead wire at an angle of 45 degrees * 5 to the thin film surface or other surface
to which leads are welded (See Fig. 2). Breaking loads shall be measured to the nearest 5 grams.

3.7.1.1 Where lead size or general configuration of the weld does not permit use of a te

manual te
lead caref
evaluation

3.7.2 Process Co
procedure o
follows:

3.7.2.1 Frequency
Thin film t

Electrode
Substrate Compression

\l_ilf'_'[l
5

FIGURE 2 - Specimen Test Position

5t methods may be used. The thin film substrate shall be adequately
Llly grasped with tweezers,@nd manually pulled to failure. Qualitative
s shall be made as specified in 3.6.6.1.4.

ntrol Tests: Five test'Specimens shall be prepared and tested in accor

: Process-control tests shall be conducted at least once every 4 hours
pst welds specified in 3.6.6.1 may serve as process control tests.

nsile machine,
anchored, the
and visual

Hance with the

f 3.7.1 using the applicable welding schedule for the material combination specified, as

of operation.

3.7.2.2 Test Mate

- I - H 1 | - s £ 4+l n | e - i) L
Idl. rV‘id.LUIIClI CUMINIaturis 101 t1e pruttss LUNMUTUNTESLS Shidll UE TEPUITS

used during the operation period being monitored.

entative of those

3.7.2.3 Test Results: The tensile strength of the welds, determined by procedures of 3.7.1, shall be equal
to or greater than the minimum value specified in the applicable welding schedule.
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