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I $°~~ E 	MATERIAL 
Society of Automotive Engineers, Inc. S P E C I F I C AT I O N ' SS~ed 5-1-68 
486 LEXINGTON AVENUE. NEW VORK, N. V. 1001~ 	 Revised 

. 	 PARALLEL GAP WELDING OF MICROELECTRONIC INTERCONNECTIONS 
TO THIN FILM SUBSTRATES 

l. ACKNOWLEDGMENT: A vendor shall mention this specification number in all quotations and when 
acknowledging purchase orderso 

2. APPLICATION: For attaching leads by parallel gap resistance welding,in the assembly of micro- 
electronic circuitry to thin film substrates. 

3. EQUIPMENT REQUIREMENTS: 

3.1 Welding Machine: The parallel gap welding machine sha.11 ha.ve  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 ex- 
tend not less than 0. O10 in. above the tip after dressing. Newly installed electrodes shall be 
dressed to assure proper alignment with the welding platen or stage. The gap between electrodes 
may be fixed or adjustable. 

3.2.1 Electrodes showing evidence of pitting, excessive wear, warpage, or excessive degradation or 
contamina.tion of insulating gaps shall not be used, Electrodes may be cleaned or redressed 
using fine grit emery paper or polishing stonesa Redressed electrode surfaces shall be flat and 
equivalent in roughness to that obtained with a 3/0 or finer polishing paper, Electrodes shall be 
redressed in a direction parallel to the gap to prevent bridging or shorting of the gapo 	' 

3. 3 Ali~nment Equipment: Suitable micro-positioning equipment shall 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 relative to the substrate durinb the welding process, 

3. 4 Tensile Test Machine: The machine and related equipment used to determine weld strengths shall 
operate at a puli rate of less than 5 in. per min. and be capable of ineasuring a load of 0- 500 g to 
an accuracy of ± 2. 0% of full scale rating. Scale graduations shall be 5 g or smaller. 

3. 5 Equipment Maintenance: All equipment shall receive maintenance as necessary to insure that weld- 
ing on any setting of the machine is reproducible within the requirements of this specification. 

4. PftOCESS REQUIREMENTS: 

4.1 R,outin~ of Leads; In routing component leads and interconnecting leada, service loops shall be used 
to minimize stresses, unless otherwise specified. 

4.2 Handlin~ 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 net- 
works and lead materialso 

4.2.1 Holdin~ 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 specified on the drawing. 

Copyripht 1968 6y Society of Automotive Engineers, Inc. 	 Printed in U.S.A. 
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4. 3 Weldin~ Schedules: A welding schedule shall be determined using a minimum of 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 5. 5.1, are permitted to compensate for minor variations in the materials 
being welded. 	 , 

40 4 Assemblix~ Functional Electronic Block (FEB) Packages: Thin film substrates, integrated circuit flat- 
packs, and other micro-electronic components which are included in FEB circuits shall be fiYed to min- 
imize 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, 	- 

4. 4.1 External Leads: External FEB leads shall provide a minimum ribbon length of 0. 035 ino internal to the 
package for the conriection 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 leadso 

5. QUALITY ASSURANCE PROVLSIONS: 

5.1 Qualification and Certification: Before any welding is done in accordance with this specification, weld- 
• ing machines and operators shall be qualified and certified in accordance with the following: 

50 l01 Weldin~ Machine: The welding equipment shall be qualified as a system including power supply, weld- 
ing head, and electrodes. Each system shall be qualified for certification by satisfying specified cali- 
bration and proof-testing requirementse 

5.1.1,1 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 sui predetermined power settings, so 
selected as to verify.all operator-controlled parameters of the equipment at three levels of opera- 
tion (low; medium, .and high power). Measurements shall be taken using a standard load shunt in 
pla.ce of the electrodes or against the electrodes using a specified pressure; 

5. 1.1. 2 Electrode Force: A .calibration curve (setting vs actual electrode force in pounds) shall be deter- 
mined for each welding head or settings may be made using an external force gageo Repeatability 
of force setting shall be maintained within ±Oo 1 pounda 

5.1.1. 3 Proof Testing: Weld-test specunens shall be prepared in accordance with the following: 

5.1.1.3.1 Prepare specimens of the following combinations: 

10 specimens of Oo 003 by 0. O10 in< pure gold ribbon welded to a thin-film substrate. 

10 specimens of Oe 004 ino diameter pure gold wire welded to a thin-film substrate. 

5.1.1. 3.2 The thin film selected shall show prior evidence of being suitable for microwelding (See 50 3.1). 
Actual thin film materials or specially designed test patterns may be usedo Welds shall be made 
using the applicable welding schedule. 	 . 

5.1.1. 3. 3 All weld strengths shall exceed the minimum value specified in the welding schedule in order to 
qualify the machine. 

5.1.1, 4 Certification: Welding machines that have been qualified shall be certified by the cognizant quality 
assurance organization. 

5.1. 1. 5 Maintenance of Certification: Qualification and certification of a welding machine shall be repeated 
at intervals of no more than six months and whenever evidence indicates out-of-control production 
welding or when major maintenance to the equipment is performede 
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5e le 2 Operator Qualification: Welding operators shall satisfactorily complete a training program to assure 
adequate familiarization with handling procedures for microminiature components, circuits, and 
modules, the operation of the welding equipment, and weld requirements as specified herein. Opera- 
tors, in addition to the training program, shall demonstrate ability to produce satisfactory weids by 
completing requirements in 5.1.1. 3. 

5.1, 2.1 Records and Requalification: In order to insure the use in production of qualified personnel only, 
~ 	records shall be mainta.ined to indicate successful compietion of a training program. As found 

necessary because of absence, new equipment, components, and design, or to upgrade the level of 
operators, retraining and requalification shall be provided. 

5.2 Examination: A 100% examination of the electronic circuit for conformance to the requirements of this 
specification shall be accomplished at the latest assembly stage possible. Use shall be made of a binoc- 
ular microscope, at 30X magnification, to determine acceptance of welded leads in accordance with the 
following: 

5. 2. 1 Weld: The interconnection shall show evidence of welding. An open weld joint or absence of electrode 
impressions on the lead material shall be cause for rejection. Slight discolorations of the thin film 
surfaces shall not be cause for rejection. 

5. 2.1.1 Deformation: Deformation of lead material caused by the electrode impression shall be limited 
as follows (See Fig. 1): 	 , 

5. 2. l, l, l Ribbon: Ribbon width plus deformation of the ribbon lead at the electrode impression shail not ex- 
ceed 1. 5 times the undisturbed ribbon widtho 

5. 2.1.1.2 Wire: Wire diameter plus deformation of the wire lead at the electrode impression shall not ex- 
ceed 2. 0 times the undisturbed wire diametero 

W 	 . 	 DW 
R 

	

W 	 ~ 	 D 

	

B 	 e 

Wg ~ 1.5 WR 	 DB ~ 2.0 Dw 

RIBBON AND WIRE DEFORMATION 

Figure 1 

5. 2,1. 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 leade 

5. 3 Process Controls: In order to ensure that the welding process will remain under control, the following 
conditions shall be complied with: 

~~ 5. 3. 1 Thin Film Identification: Thin film deposits to which lead materials are to be welded shall be fully 
identified to permit proper assignment of applicable welding schedules. Identification shall include 
film and substrate material, substra.te size, and film thickness (determined by actual measurement, 
electrical resistance, or other suitable method). The following procedure shall be used: 
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5. 3.1.1 At least one thin film substrate to serve as a control sample shall accompany each lot of thin film 
substrates submitted for welding of compon'ent leads or interconnecting lead material. The con- 
trol sample shall have been deposited and processed identically with all substrates of a lot so as to 
be representative of the lot. Lot numbering or other mear.s of identification shall be maintained to 
ensure proper identification. 

5. 3. 1.2 The control sample shall be an actual film network. Film networks which do not meet electrical 
requirements of the circuit may be used as control samples provided conductor pads and welding 
target areas are in all respects representative of the thin film lot. 	, 

5. 3. 1. 3 Welding characteristics of a thin film deposit lot shall be determined by making welds of the speci- 
fied material combination on each of the prescribed conductor pads or target areas of the network on 
the control sample using the applicable welding schedules< 

5. 3.1.4 Welds made to the control sample shall fulfill all acceptance requirements specified herein. In 
addition, welds shall be pulled to failure, manually or mechanically, at approximately 45 deg as 
specified in 5. 4. Tested welds shall meet one or both of the following requirements: 

5. 3. 1. 4.1 	Where weld separation occurs, positive evidence of welding shall be found in the thin film. Evid- 
ence 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 shall be cause for re-, 
jection. 

5. 3. 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. 

5. 3. 1. 5 Each lot of thin film substrates may be used for welding only after control sample welds are com- 
pieted and acceptedo 

5. 3. 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 perform- 
ed on a duplicate weld station by a different operator, or on the initially used station only after 
authorized supervisory or inspection 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 microelectronic devices in accordance with this specification. 

5. 3. 2 Process Control Tests: Five test specimens shall be prepared and tested in accordance with the pro- 
cedure of 5.4, using the applicable welding schedule for the material combination specified, as follows: 

5. 3. 2.1 Frequency: Process control tests shall be conducted at least once every 4 hr of operation, Thin 
film test welds as specified in 5. 3.1 may serve as process control tests. 

5. 3. 2.2 Test Material: Material combinations for the process control tests shall be representative of those 
used during the operation period being monitoredo 

5. 3.2. 3 Test Results: The ultimate tensile strength of the welds, as determined by procedures of 5. 4, shall 
be equal to or greater than the minimum value specified in the applicable welding schedule. 

5. 3.2.4 Process Control Test Failures: When the first set of 5 specimens fails to meet the weld schedule 
requirements, a second set of 5 specimens shali be prepared after authorized supervisory or in- 
spection personnel have checked~settings and condition of electrodeso Failure of the second set shalll 
result in a maintenance check and/or re-calibration of the weld station. All welds made since the ' 	a ~,.~ 

previous process control test shall be reinspected. 

5. 4 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 deg ± 5 to the thin film surface or other surface to which leads 
are welded (See Fig. 2). Breaking loads sha,ll be measured to the nearest 5 grams. 
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