Surface Mount Technology Association

SMTA International Conference
2008

August 17-21, 2008
Orlando, Florida, USA

Volume 1 of 2

Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571
www.proceedings.com

ISBN: 978-1-60560-543-2

Some format issues inherent in the e-media version may also appear in this print version.


http://www.proceedings.com/

Copyright© (2008)

Reproduction rights for any of the technical papers included in these Proceedings are retained by
the authors and/or their employers. Permission to reprint must be obtained from them and credit
must be given to the “SMTA International’ conference and these proceedings as the source. The
opinions expressed in these papers are those of the authors and are not necessarily those of
SMTA. All papers are printed as submitted by the authors.

Surface Mount Technology Association
5200 Willson Road

Suite 215

Edina, MN 55424-1343



TABLE OF CONTENTS

Volume 1
Applicability of Inkjet Technology for Electronics Manufacturing .......cccccceevvvvcviiieeree e iciiieeeeenn, 1
K. Kaija, V. Pekkanen, M. Mantysalo, P. Mansikkamaki

Process Optimization of Nano Particle INK SINtering ... 8
J. Pekkanen, P. Mansikkamaki

Thermal-Analysis of a Silicon-Platform-Based Optoelectronic Multi-Chip Module................... 14
J. Tian, T. Zoumpoulidis, M. Bartek

Electrostatic Discharge (ESD) and the Technology Roadmap to 2020 and

Packaging Performance for Today and the FULUIE ........cccccooiiiiiiiiii e 21
H. Berndt

The Future of Cameras for Mobile EIECIIONICS ...oovuiiiiiiiie e 30
Y. Dagan

Transfer Printing: An Emerging Technology for Massively Parallel Assembly of
Y ITe] fo Yo 1AV A Tod =T SRR SRRPRRRRPPPIRt 37
C. Bower, E. Menard, P. Garrou

Embedded Chip Packages — Technology and ApplicationsS...........ccevaiiiiiiiiiiiiin e 43
L. Boettcher, A. Ostmann, D. Manessis, S. Karaszkiewicz, H. Reichl

Advanced Packaging Technologies: Imbedding Components for Increased
REITAIDTIITY ..eeeeeeie ettt h et b et s s e e e s bb e e sab e e s be e e snbeeerneesnneeaas 49
C. Cooper

Use of Buried Capacitance Layers: Performance and Lessons from A Real World
0 10 o = SRR 57
J. Andresakis, N. Smith, J. Knighten, J. Fan, M. Harvey, Y. Fukawa

Reliability Testing of Advanced Semiconductors Using Embedded Chip Build-Up

(ECBU) Packaging TECHNOIOQY ....cuuuiiiiiiiiiiiie ettt e e e e e e e e e e e e e e 66
S. Lewis, T. Zhang, R. Saia, P. McConnelee, K. Desai, C. Woychik, K. Srihari, D.
Cunningham

Mass Imaging for AIltErNative ENEIQIES......ccuuuiiiiieai ittt e e eabaae e e e e e e e 72
C. Ashmore

Solar Material Science at INndium COrpOration ........cooiciiiiiiiiie e e e e e e e aans 76
D. Preische

Application of High Volume Manufacturing Practices to Fuel Cell Manufacturing ................... 79

A. Proracki, M. Fowler, T. Mali

An Alternative Dispense Process for Application of Catalyst Film on MEA'S.........ccoceevvieeee 85
H. Quinones, B. Sawatzky

Emerging Technologies in RF Design and Implications on Design for

Manufacturability and Testability in Outsourced Production ..........cccccoiiiiiiiiiiiiniiiieeee e 89
R. Allcorn

Teaming for Increased Process ViSibDility . ... 92
J. Roberts

Avoiding and Resolving Disputes over Unsatisfactory Components.......ccccccoevvvveeeeeeeeevccnnnnn, 95

K. Snider, D. DiMase



Teaming for Optimized Supply Chain EffiCIENCY .....uuviiiiiei i 106
D. Sivilotti

iINEMI Pb-Free Alloy Alternatives Project Report: State of the INduStry ........cccccoviiiiiiiennnn 109
G. Henshall, R. Healey, R. Pandher, K. Sweatman, K. Howell, R. Coyle, T. Sack, P.
Snugovsky, S. Tisdale, F. Hua

Improving Hole-Fill in Lead-Free Soldering of Thick Printed Circuit Boards with

OSP FINISH e, 123
J. Li, P. Tsai, K. Srihari, L. Abarquez, J. Yong, C. Chew, M. Abtew, R. Kinyanjui

The Path of Taking High Reliability Products to Lead-Free ..........ccoooiiiiiiiiiieee 130
A. Chan

Pb Free Feasibility Program: Assembly and Testing of a Functional Military
AVIONICS UNTT oottt e et e e r et s et e s e e e sn e e s ne e e nne e e s re e e nnneennneans 141
D. Hillman, M. Hamand

Test Data Requirements for Assessment of Alternative Pb-Free Solder Alloys..........cccoueee. 150
H. Holder, G. Henshall, A. Maloney, E. Benedetto, K. Troxel, G. Oviedo, J. Miremadi, M.
Roesch

A Case Study for Transitioning Class A Server Motherboards to Lead-Free..............ccou... 162

R. Schueller, W. Ables, J. Fitch

Lead-Free Card Assembly Advances and Challenges for Server PCBAS .........cooccciiieeieiennnne 172
M. Kelly, M. Cole, J. Wilcox, S. Bagheri, C. Hamilton, H. McCormick, I. Sterian

Study on Dynamic Shock Performance of SAC305 Solder Joint After Different
Yo [ g Yo T @Zo] o Yo 114 o o =3 PRSP 182
D.H. Kim, T.K. Lee, K.C. Liu, S.H. Kim, H. Park

Reliability Testing of Ni-Modified SnCu and SAC305 — Accelerated Thermal

@317 o 11 o SRR 187
J. Arnold, N. Blattau, C. Hillman, K. Sweatman
Reliability Testing of Ni-Modified SnCu and SAC305 — Vibration ..........cccccevveeeeiiiiiiiiieeeeee e 191

J. Arnold, K. Sweatman

A Comprehensive Solder Joint Reliability Study of SnPb and Pb Free Plastic Ball

Grid Arrays (PBGA) Using Backward and Forward Compatible Assembly

e oo T ST T T TPRPTPTIN 195
R. Coyle, P. Read, R. Popowich, D. Fleming, S. Kummerl, I. Chatterji

Squeegee Blade Designs for Step StENCIIS ... 211
B. Coleman

Effect of Solder Paste Printing Defect On End of Line Defects .....cccccco v 217
V. Shah

Understanding the Requirements of a Mass-imaging Platform with Reference to
the Impact of Interconnect MiniatUriSAtiON ........ooiiiiiiiiii e 226
C. Ashmore

A Comparative Analysis of PTH Holefill Performance Between SnPb and Pb-Free
Using Design of Experiments on ComMPlexX PCBAS ...ttt e sntnnen e e 233
K. Hubbard

The Influence of the PWB Fabrication Electrodisposition Process on Copper
Erosion During Wave Soldering Second Report, 4 Lead-Free AllOYS .....ccccvvveeeiiiicciiieeneeeeeens 255
C. Shea, J. Kenny, J. Rasmussen, G. Wable, Q. Chu, S. Teng, K. Sweatman, K. Nogita



Selective Wave Soldering DOE to Develop DFM Guidelines for Lead and Lead-
[ eI AN Y Y =T 0 0] o] LN 276
M. Boulos, C. Hamilton, M. Moreno, R. Mendez, G. Soto, J. Herrera

Optimizing the Organic Solderability Preservative Process (OSP) for Lead-Free

F ST ST = 111 o] TP E PSPPI 284
M. Carano

Degradation of Cu OSP Surface FiNiSN .........uiiiiii e 290
U. Marquez de Tino, D. Barbini

High Temperature OSP Process ReCent AAVANCES ........cecveeiiiiiiiiiiieie et sirvnnne e e 296
J. Kenny, J. Fudula, Z. Bo, B. Farrell, S. Sun, X. Wang, K. Wengenroth, J. Abys

Rework Practices in a Mixed Aoy ENVIFONMENT.......c..vviiiiiii i 301
K. Roberson

Impact of Backwards Compatible Assembly on BGA Thermomechanical
Reliability and Mechanical Shock, Pre- and POSt-AgQiNg.......ccccoeiiiiiiiiiiiie e 306
M. Ahmad, K.C. Liu, G. Ramakrishna, J. Xue

Methodology for Evaluating Data for “Reverse Compatibility” of Solder Joints Il.................. 322
B. Russell, D. Fritz, J. Tucker

Process Development and Reliability Study with Anisotropic Conductive Film
Bonding as a Replacement for Surface Mount Connectors and Hotbar Soldering ................. 333
J. Sjoberg, J. Lee, D. Shangguan

Area Array Connectors: Transition t0 Lead-free ........uvvveiiiiiciiiiiiie e 340
H. McCormick, A. Chan, R. Coyle, D. Harper

Case Study — BGA Connector Assembly Process Characterization............cccceeevvciieiiniieeenn 350
A. Ho, H. Ly

Today's Vapor Phase Soldering: An Optimized Reflow Technology for Lead Free
STe] [ 1=T 81 o FR PP PPRT TP 356
H. Leicht, A. Thumm

Vapor Phase Technology and ItS APPliCAtiON........c.uuiiiiii e 361
A. Duck

The Advantages of Vapor Phase Processing in ROHS-Compliant Assembly .....cccccccoevinnne. 364
C. Munroe

Lead-Free Rework — Challenges for Materials and ProCessSing .......cccovcveeeiiiieeiiniiee e 368
M. Nowottnick, A. Novikov

Lasers — A Flexible Tool for PCB and DeVvice REWOIK .........oooiiiiiiiiiiiiiiiiiiee e 375
B. Wetterman

Lead Free to SnPb BGA Reballing Process and Reliability........cccccccciiiiiiiii e 379

W. Beair, W. Vuono

Challenges and Solutions of Cleaning No-Clean Flux Residues from Surface

Yo U T e ¢ ¥ o Xo T o =] 1 PN 384
E. Camden
Fluid Flow Mechanics: New Advances in Low Standoff Cleaning........ccccccoovieiiniieiincienennen, 391

S. Aleksic, U. Tosun, H. Wack, J. Becht

Optimizing Batch Cleaning Process Parameters for Removing Lead-Free Flux
Residues on Populated Circuit ASSEMDBIIES .....cooi e 402
S. Stach, M. Bixenman



Lead Free Discrete Test Vehicle Reliability ... 411
T. Kanjanupathum, S. Piriyapanyaporn, P. Leeluckarenon, D. Chanwiboon, T. Ng

Impact of Component Out-gassing Toward Solder Joint Defects ........cccccvvieeiiiiic e 417
C. Ooi, L. Ng
Implementation Of 01005 CaSE SEUAY ..cciiiiiuiiiiiiieae et e e e e e e e enbeeeeeaaaaeeas 423

D. Baldwin, P. Houston, G. Turpin

Low-Silver BGA Assembly Phase | — Reflow Considerations and Joint

Homogeneity Second Report: SAC105 Spheres with Tin-Lead Paste .......ccccccccoevviiiiieeneeennnnn, 424
C. Shea, R. Pandher, K. Hubbard, G. Ramakrishna, A. Syed, G. Henshall, Q. Chu, N.
Tokatch, L. Escuro, M. Lapitan, G. Ta, A. Babasa, G. Wable

Volume 2

Implementation of Increased Cu Levels (1%) in SAC Alloys for PBGA
F N o] o] T Tor= 4T o] o K= TP PRPTTRRO 435
I. de Sousa, L. Patry, R. Martel, D. Henderson

Research About New Lead-free Alloy Application Character .........cccccccccivieeiee e 444
A. Zhu, Y. Liu
Production Process Qualification for 01005 Size Passive COMPONENtS ......cceeevviiciviieeieeenninns 449

F. Mattson, D. Shangguan

The Effect of Stencil Design and an Enclosed Pump-Head Printing Process on
01005 Paste TranS el oo 455
A. Ramasubramanian, D. Santos, R. Mohanty

Assembly Process Challenges for 01005 COMPONENTS......c.uuiiiiiiiaiiiiiiiiiieeee e 468
R. Mohanty, V. Shah

Surface Mount Assembly and Board Level Reliability for High Density PoP
(Package-on-Package) Utilizing Through Mold Via Interconnect Technology ..........ccccvveee... 476
C. Zwenger, L. Smith, J. Newbrough

Flux Materials for Increased Yield of Package on Package DeviCes........ccccccceeeiviiiiiiiinneeenninns 486
B. Toleno, M. Currie, T. Lawrence, G. Jackson

Investigating Defects in 3D Packages Using 2D and 3D X-Ray InSpection ..........cccccevvvveeennen 487
D. Bernard, E. Krastev

Reliability Testing of Doped Lead Free Solder AlOYS ... 492
M. Aguanno, M. Collins, C. Burke, M. Reid, C. Ryan, J. Punch

Creeping Corrosion of PWB Surfaces in Harsh Sulfur Containing Environments .................. 499
L. Toscano, E. Long

Halogen Free Solder Pastes and Fluxes: Implementation Challenges .......cccccccovvvcivieeneeennnns 508
T. Jensen, A. Hartnett

Reliability Impact of Simulated Board Reflow Ramp Rate on Various Surface
MOUNT IC PACKAUES ....eeiieiitiie ettt ettt e e st e e e st e e e st bt e e e s bbe e e e e nbeeeeennnes 512
Y. Cruz, K. Thompson

Survivability Assessment of SAC Leadfree Packaging Under Shock and Vibration
Using Optical High-Speed IMaging ........ooui ittt e e e e e eeae e e e e e e 519
P. Lall, D. lyengar, S. Shantaram, D. Panchagade, J. Suhling

Physical Understanding About Failure Fracture of Solder Joints After Thermal
3177 o 1= SR 532
L. Sang, T. Yunhua, L. Song, Z. Cui



Analysis of Failure Mechanisms of Lead Free Alloys Under Continuous
1Y/ 10 Y 11 o 1 1 o T PSR 538
M. Collins, M. Aguanno, M. Reid, C. Ryan, J. Punch

Microvoid Formation at Electrodeposited Copper-Solder Interfaces During

Annealing: A Systematic Study Of the ROOt CAUSE.......ccoiiiiiiiiiiiii e 544
S. Kumar, C. Handwerker, X. Nie, J. Smetana, D. Love, J. Watkowski, R. Martinez, R.
Parker

In-Situ Creep Observation of Joint-Scale SAC Solder Samples Under Shear Load................ 554

D. Herkommer, M. Reid, J. Punch

Board Design, Surface Mount Assembly and Board Level Reliability Aspects of
Y0 Y 1@ U F= (o R o= Tod €= o [T RSP 563
A. Syed, W. Kang, G. Hamming, Y. Choi, S. Sethuraman

Increasing IC Leadframe Package Reliability .........cccccuiiiiiiieiiiii e 572
D. Hart, B. Lee, J. Ganjei

Board Assembly Reliability of Redistributed Chip Packages ..........cccoociiiiiiiiiiiiiiieee e 577
A. Mawer, T. Koschmieder, J. Guajardo, T. Burnette, G. Leal

Process and Reliability Research of 0.4mm Pitch CSP ... 578

J. Tsin, Z. Song, B. Xi, S. Zhang, F. Sun, M. Meilunas

Solder Joint Reliability of Different BGAs Reworked Using Low Melting Point
=T Vol =T AN | o ) V£ SRR 584
S. Bagheri, P. Snugovsky, Z. Bagheri, C. Hamilton, H. McCormick

Effects of Thermal and Mechanical Fatigue on Organic SAC305 FC-PBGA
=T Q= Vo =SOSR 595
A. Sinha

Using Strain Gauge Analysis to Optimize the PCB Design and Minimize the Risk
of Component Damage During Assembly De-Panelization ..........cccocceeeiiiieiiiiiieciiniiee e 599
M. Logterman, A. Burton, M. Ahmad, L. Gopalakrishnan

Methodical Approach in Selecting Reworkable Corner Glue for Ball Grid Array
(BGA) Component Mechanical Stress ProteCtion .......ccuveiieeeiiiiiiiiiiice e e e 610
C. Chong, C. Tay, R. Ooi

Interconnect Reliability of Large Lidded Flip Chip BGA Organic Assembly Under
L = UL = | 0 = To |1 o Yo SRR 618
H. Lu, X. Gu, J. Bragg, H. McCormick, I. de Sousa

The Superior Drop Test Performance of SAC-Ti Solders and Its’ Mechanism......................... 625
W. Liu, P. Bachorik, N.C. Lee

Investigation of Solder Joint Reliability Through Impact Fatigue Loading ..........ccccccceveeeennne 634
B. Roggeman, M. Anselm, P. Guruprasad, J. Pitarresi

Properties of Mixed FOrmulation SOIAErS........uuiiiiiiiiiiiiiiece e e 642
Y. Zhang, C. Mitchell, J. Suhling, J. Evans, P. Lall, M. Bozack

A Cost-Effective Method to Fabricate Through-Silicon Vias Using Anisotropic Wet
Etching of (100) SiliCON WAFEIS .....uuviiiiieeiii e e e e e s s e e e e e e e naaneeeeeeeas 650
R.Trichur, X. Shao

Elastic Stability of, and Thermal Stresses in, Through Silicon Vias ........ccccccceiiiiiiiiiieenneennins 657
E. Suhir, S. Savastiouk

Processing and Reliability of New 3D-WLCSP Package Technology ......ccccccceiiiiiiiiiiennaannnns 662
P. Houstonm, D. Baldwin, Z. Li, G. Stout, T. Tessier



Assembly Yield Characterization and Void Formation Study on High 1/O Density

and Fine Pitch Flip Chip in Package Using No-Flow Underfill .........cccccveeiiiiiiiiiienee e, 671
S. Lee, M. Yim, C. Wong, D. Baldwin, R. Master
Fine Pitch Flip Chip Attach to a Flexible Carrier ... 678

C. Woychik, R. Fisher, R. Wodnicki, S. Cogan, K. Thomenius, T. Fritzsch, C. Kallmayer, R.
Jordan, H. Oppermann, B. Pahl

Molded Underfill ProCess fOr the SiP ...t eeaaaa 685
T.H. Kim, K.C. Kim, S. Yi, D.K. Kim, T. Jung, J.S. Kim, J. Lee

Investigation of IMC Growth in Tin Surface Finish and Its Effect on Solderability
LT S O O8C Y a =F-Ted 2= Vo 11 o SRR 691
H.J. Lee, Y.S. Yu, H.J. Kim, H.S. Kim, B.K. Kim, M.H. Seo

The Effect of the Immersion Gold Reaction on Oxidation of the Electroless Nickel
DEPOSIt iN ENIG PlAtiNg ...uveiiiieeiiiiiiiiiiii e s sttt e e e e s s st e e e e e s st e e e e e e e e s snnntaneeeeeeesannnnnnneeeeeeas 697
D. Gudeczauskas, G. Milad, A. Gruenwald, M. Kiso

Electroless Ni-P/Pd/Au Plating for High Density Semiconductor Package
YU ST 4= L= RROPPPPPIRE 702
Y. Ejiri, T. Sakurai, S. Hatakeyama, S. Arike, K. Hasegawa

GEIA-STD-0005-3: Performance Testing for Aerospace and High Performance

Electronic Interconnects Containing Pb-free Solder and Finishes .........cccocccceoiiiiiiiiiieneeens 708
A. Rafanelli

PWB Surface FiNish ReHability .......uuuiiiiiiiiiiiecc e e e 713
B. Vuono

Reliability of Tin-Silver-Copper Lead-Free Solder Interconnects Under Mechanical
Loading With Different PWB Surface FINISNeS ..o 722
M. Hossain, F. Zahedi, N. Lakhakar, P. Viswanadham, D. Agonafer, S. Dunford

An Investigation into the Tin Pest Phenomena: 3 Years and Counting .......ccccocvveveviiieeennnnnen. 731
D. Hillman

Anti-Corrosion Solution for Reduction and Prevention of Corrosion Whiskers...................... 737
O. Kurtz, J. Barthelmes, K. Martin

iINEMI BFR-Free PCB Materials Evaluation Project Report ........cccccvvveieei i 743

S. Tisdale, G. Long, R. Krabbenhoft, K. Papathomas, T. Fischer

A Suggested Process for Detecting Counterfeit Components ........cccccvvveveeeeeieviiieinee e 754
D. Bernard, B. Willis

MAXI — High Precision Automatic X-Ray Soldered Joint Inspection Technology to
Meet Zero Defect Quality STANTArdS ......ccveviiiiiiiiiie e 760
Z. Hem, K. Brockdorf

X-Ray Inspection Exploring 3D Technologies for Today’s Applications ........cccccceeeiiiiiiiiieennn. 766
F. Cosentino, R. Meller

Zer0 TOIerancCe fOr DEFECES .....uiiiiiiiii ittt e et e e st e e s enbt e e e snaaees 773
R. Gray

Non-Destructive Techniques for Identifying Defect in BGA Joints: TDR, 2DX, and
Cross-SeCtiON/SEM COMPAIISON ....uuviiiiiieeeieiiiiieeee e e e s e sstreeee e e e e s s s sseereeaeeesssantaerreeeeesaasnnanreeeeees 782
Z. Feng, J. Gonzalez, S. Tang, M. Kurwa, E. Krastev

Solder Paste Inspection Using 2D and 3D TeChNIQUE ........cooiiiiiiiiiiiiiiniee e 792
P. Haugen, R. Mohanty



“...Like Holding the Wolf by the Ears...” The Key to Regaining Electronic
Production Market Share: Breaking Free of the Division of Labor Manufacturing

Model in High Labor Cost Global REJIONS ........ccoiiiiiiiiiiiiee e 798
T. Borkes
Applying Project Management Methodologies in Electronics Manufacturing ............ccoccuueeee. 810

L. Whiteman Jr.

Process Capability Index: A Better Way to Assess Equipment Capability...........cccooeieeennnnes 820
R. Mohanty, D. Santos

Study of Thick Film Resistors Sulfur Corrosion in a Sulfur Rich Environment....................... 824
W. Cooper, D. Maher, Q. Gu, D. Janssen, J. Springer

Impact of Component Termination on Conductive Adhesive Reliability for Harsh

| AT o Tl A L= o A =L L= d 0 ] L o= 830
J. Evans, F. Xie, H. Pai, N. Vijayakumar, J. Cobb, D. Skamser, A. Hill, S. Harry

Thermally Conductive Liquid Materials for Electronics Packaging ........ccccccevvvieienniienenninenn. 837
S. Misra
PWB Creeping Corrosion Mechanism and Mitigation Strategy .........ccoecouiieeiieiiiiiiiiiieeeeeeeeee 844

J. Kenny, K. Wengenroth, T. Antonellis, S. Sun, C. Wang, E. Kudrak, J. Abys

Another Look at Lead-Free Solder Joint Reliability Under Random Vibration......................... 849
S. Bracht, A. Ball, L. Salerno

Interrogation of System State of Aerospace Electronic Systems Subjected to

Thermo-MeChaniCal LOAAS ..........oooiiiiiiiiiieeee ettt vesasasasssabessbaresererares 855
P. Lall, C. Bhat, M. Hande, V. More, R. Vaidya, J. Suhling, K. Goebel, R. Pandher

Author Index





