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INEMI

International Electronics Manufacturing Initiative

Pb-Free BGASs In
SnPb Process Study

Chair: Robert Kinyanjui, Sanmina-SCI

Co-Chair: Quyen Chu, Jabil Circuit



iNEMl Pb-Free BGAs in SnPb Process Study

PI’OjeCt Part|C|pants: Agilent Technologies, Alcatel Corporation, Celestica,
Inc, Cisco Systems, Inc, Cookson Electronics, Henkel Technologies, IBM
Corporation, Jabil Circuit, Inc. Lucent Technologies, Sanmina-SCI| Corporation,
NIST, Plexus Corporation, Solectron

Project Justification

v" For companies choosing to take the RoHS exemption and continue to
manufacture SnPb products beyond July 1, 2006, there will be a growing
issue with the lack of availability of SnPb components. Many companies
may be compelled to use Pb-free BGAs in a SnPb process, for which the
process and reliability have not yet been characterized.

Project Objectives

v' To assess the process parameters for assembling Pb-free SnAgCu BGAs
under the temperature constraints of a conventional tin-lead (SnPb)
assembly process.

v' To understand the reliability of mixed-alloy (SnAgCu in SnPb) solder joints.
v' To develop a “generic” process guideline and risk assessment for
assembling Pb-free BGAs in a SnPb assembly process.

v Project Target completion date:-November 2006
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@
IN&EMIE Phase 1 Test Vehicle

Phase 1: Characterization of peak temperature and time above
Liquidus (TAL) for mixed (SnAgCu in SnPb) solder Joints




o
INEMI phase 2 Components Consideration
Phase 2: Reliability studies of mixed (SnAgCu in SnPb) solder joints

Component Part /0 Pitch Size Ball Quantity Total
Numbers (mm) (mm) Alignment per Parts
Board
A-SBGA600- 600 1.27 45 Perimeter 3 400

1.27mm-45mm

A-PBGA324- 324 1.00 23 Perimeter 3 400
1.0mm-23mm

A-CABGA288 288 0.8 19 Perimeter 3 400
0.8mMm-19mm

A-CTBGA132- 132 0.5 8 Perimeter 3 400
0.5mm-8mm

Note:
* 80 SnPb components of each type will be used for baseline runs.
» A range of different component sizes (in pitch) has been selected for study

Reliability Studies: Accelerated Thermal Cycling Tests ( 0 to 100C and -40 to 125C), Bend
Tests and Microstructural studies through optical and electron microscopy.
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INEMI

International Electronics Manufacturing Initiative

Evaluation of
Substrate Surface
Finishes for Pb-free
Assembly Project

Acting Chair: Keith Newman, Sun Microsystems

Co-chair: Charan Gurumurthy, Intel
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|
lNEMlSubstrate Surface Finishes for Pb-Free Assembly

Objective:

The transition to the use of Pb-free solder alloys introduces new solder joint
reliability concerns. The implementation of alternative surface finishes for
circuit boards and package substrates compounds these concerns.

Abstract:

This iNEMI project is evaluating the effects of alternative surface finishes for

circuit boards and package substrates on Pb-free solder joint reliability. They
are conducting comparative four-point bend testing, drop testing and board-

level thermal cycling of Pb-free components assembled on test boards.

The test packages include BGA, CSP and QFP devices, manufactured in a
variety of Pb-free surface finishes. OSP and immersion Ag surface finishes
are being evaluated for the circuit boards. Sn3Ag0.5Cu solder paste has been
selected for the component attachment.

Project completion is targeted for late 2006.
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o
lNEMl Lead-free Surface Finish Project

Project Participants

= Agere, ASE, Cisco, Cookson, Dage, Foxconn, Henkel, HP, IBM, Intel, Lucent,
Merix, Plexus, Solectron, Sun, Vitronics-Soltec

Lead-free Surface Finishes

=  PWB Surface Finishes
= OSP and Immersion Ag
=  BGA Substrate Surface Finishes

= Electrolytic Ni/Au, ENIG, Cu OSP, Solder on Pad, Ni/Pd/Au and Immersion
Sn

= |Lead-frame Surface Finishes
= Matte Sn, Matte Sn/Ni and Ni/Pd/Au

Test Details

Solder Ball Pull/Shear Tests
Accelerated Thermal Cycling Tests
Interconnect Stress Tests
Monotonic Bend Tests

Drop/Shock Tests

Failure Analysis

s
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o
INEMI Lead-free Surface Finish ATC Test Vehicle

J1

J2

U311 U321 MLCC 56
U751
Intel Intel
IBM FCBGA 479 FCBGA 479 IBM
FCBGA 1680 MLCC 56 FCBGA 1680
U741
U231 U221
CSP 64 CSP 84 5
U511 U611 4
Amkor
PBGA 676
Agere Agere TI
U411 QFP 176 QFP 176 TQFP 176
us41 uss1 U961 R0201 R0603 R2512
ASE ASE ASE
FCBGA 1936 FCBGA 1936 Intel FCBGA 1936
FCBGA 479
U131 U111 U331 U121

iNEMI LEAD-FREE SURFACE FINISH TEST VEHICLE [ATC COUPONS]
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INEMI

International Electronics Manufacturing Initiative

Lead Free Wave
Soldering Initiative

Chair: Denis Barbini, Ph.D., Vitronics Soltec

Co-chair: Paul Wang Ph.D., Microsoft Corp.
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iNEMl Lead Free Wave Soldering Initiative

Project Justification

The focus of the first two NEMI lead free assembly projects focussed on
assembly, reliability, and rework of lead free joints. All participants in these
two groups identified thru-hole assembly as a gap in the respective project
scopes. This project aims to fill in this gap by addressing the lead free wave
soldering issue on two levels: process and board level.

Project Objectives

Phase | will aim to understand and characterize process-related challenges
and material impact based on a low cost, representative test vehicle. The
purpose of characterizing the lead free wave process in Phase |l is to
optimize process parameters for Phase |l where solder joint performance will
be evaluated based on a specific, optimized lead free wave soldering
process.

Phase Il encompasses the development of the GTLO test vehicle which is
characterized by a complex network of components assembled upon varying
board construction complexity. The purpose of the GTLO assembly will be
to characterize joint performance.
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IN&EMI Member Companies
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iNEMl Phase |

« Cookson Test Vehicle design “Skate”.
Board Specification
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Components

— QFP’s, SOT, Passives
— PCI, Berg Stick
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o
ING&EN1l Process Optimization for Lead Free

Designed an experiment

to investigate the impact
of various materials and
process parameters on

joint formation with

specific focus on thru-

hole penetration.

Experiment was
executed in March 2005
at Vitronics Soltec.

© o~ oA wN o OtdOrder

10
11
12
13
14
15
16
17
18

N2 | 3 100 1 low |[VOC Free|lon |255]|0.062
N2 | 3 110 |2 med | Alcohol |off|265]| 0.094
N2 | 2 130 | 3 high WS on|275(0.135
N2|3.5 90 1 low | Alcohol [off|275]0.135
N2|14.5| 110 |2 med WS on [255]0.062
N2 (4.5 130 |3 high [VOC Free|on [265]| 0.094
N2| 5 100 |2 med [VOC Free|on |265]0.135
N2 | 6 110 | 3 high | Alcohol |on |275|0.062
N2 | 6 130 1 low WS off |255(0.094
Air| 3 90 3 high WS off |265| 0.062
Arr| 3 115 1 low |[VOC Free|on|275]|0.094
Airr| 2 130 |2 med | Alcohol |on|255]0.135
Air | 4.5 90 2 med WS on (275(0.094
Arr|3.5| 115 |3 high [VOC Free|off|255|0.135
Ar|4.5| 130 1 low | Alcohol [on |[265] 0.062
Ar| 6 90 3 high | Alcohol |on |255] 0.094
Air| 5 110 1 low WS on|265]0.135
Air| 6 130 |2 med [VOC Free|off |275] 0.062

CONNECT WAITH AND STRENGTHEN YOUR SUPPLY CHAIN

15



INEMI

Inspection Criteria for SMD’s

End Joint Fillet Height,  [Fillet Height,
Score Width, min min max
As wide as lesser Fillet h(.alght = | Fillet hgght =
0 = Perfect of terminal/land solder thickness | solder thickness
width +75% terminal | +75% terminal
height. Wetted. | height. Wetted.
F;
75- 100%of | Solder thickness| solder height
1=Good terminal/land | +25-50% term. +100% of
width height. Wetted. | terminal height.
50%of | solder thickness f'l'f;dof:halﬂs
2 =Fair terminalland | +25% terminal 2 oriop
width height. Wette, | {€mminal but not
grt- | oncomp body
a1 2.5 Limit sample -3

0.5 Ref. sample ->]

1.5 Ref. sample ->

25500k ;?;%g%‘o | fletberely
— . . ()
3=NGmagrd telmr.\dlland termind height extends onto
width
[~

<D5%0f . filet dearly

4= Bad temrinelfand ggjﬁg;ﬁ extends on
width ° conponent body
. . fillet far exdtends

5=Horrible mo?;:d'”g mﬁl‘{:d'”g onandabove
conponent body

4.5Ref sanple >

Criteria per IPC-A610-C chapter 6 Solder Acceptibility
Requirements (MFG Eng Solder Best Practices website).
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@
IN&EMI Inspection Criteria for Thru-Hole

Circumferential Solder Balls in
Score Fillet shape Wetting Land cover % |2cm area
Concave,
0 = Perfect <90*cont.angle, 360 * circum. 100% cover none
wetted
M
1= Good Concave, 45~ 1334 360+ cricum. | 90-100% cover [212M < -009"/1-3
75* wetted per area
barely concave diam .005<d<
2 = Fair 75 . gyo* " | 270 - 330" circum. | 75-90% cover |.010"/ 3-6 per
area
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IN&EMI Thru-Hole Penetration Criteria

Top

Slice 3 Barrel@ 25%

=

Slice 1 Barrel@ 50%

c

slice 4 Barrel@ 75™

| @

slice 2 Barrel@ 0 mil

Eottom
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o
IN&EMIE Thru-Hole Penetration Analysis

Defect Defect Defect
No defect $3-25% S3-25% S3-25%
S1-50% S1-50%
S4-75%
Defect Defect Defect Defect
All Slices S2-0% S3-25% S4-75%
S1-50% Void
S4-75%
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INEMI

Preliminary Results
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iNEMl Conclusions

 Phase | complete yielding an optimized process
for lead free soldering using three different lead
free alloys.

 Phase Il in progress.
« Collaboration with the lead free rework project

* Next Project Release will be at APEX 2006.
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