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General requirements
of Pb-free in mobile phone applications

 WEEE requires mobile phones be lead-free in 01, 2006
« Solder paste must be lead-free

« PWB board finish must be lead-free

« Component termination finishes & balls must be Pb-free
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Purposes

To investigate reliability of totally lead-free solder joints

To study effects of gold coating thickness on Sn-Ag-Cu-
Sb solder joint performance

To discern failure mechanisms & microstructural evolution
differences in Sn-Ag-Cu-Sb and Sn-Pb-Ag solder joints
after thermal cycling
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Experimental

Materials/Hardware
14 leadless component packages, Ni/Au
termination finish
FR4 high density micro-via test boards, Ni/Au
surface finish
Sn-Ag-Cu-Sb and Sn-Pb-Ag solder pastes

Test
After reflow, after 200 cycles, after 500
cycles between —40 and 85°C

Analysis
SEM, EDX for microstructural analysis
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Sample Matrix

14 component packages
After reflow

200 cycles (-40 ~ 85°C)

500 cycles (-40 ~ 85°C)

Flash Au Intermediate Au Thick Au
0.02-0.05um 0.15-0.5um 0.5-1.2um
Organic Ceramic Ceramic
substrate substrate substrate
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Aspects of Analysis

Voiding

Phase identification

Microstructure & interface

Effect of gold content

Effect of substrate

Effect of package size

Crack generation and development

What is the maximum Au content that can
be tolerated 777?
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Results

Voiding vs. Au thickness

O O

Flash gold, round voids Thick gold, irreqular voids
Sn-Ag-Cu-Sb solder Sn-Ag-Cu-Sb solder
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Voiding vs. solder paste

Voids

Sn-Ag-Cu-Sb, irreqular shape. Sn-Pb-Ag, round shape.
Thick gold Thick gold
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Effect of gold content on voiding

3 Solubility of gold in Sn-Ag-Cu-Sb is greater than
in Sn-Pb due to high Sn and high reflow temperature
J Fraction of AuSn, in the molten Sn-Ag-Cu-Sb
joint is greater than in the Sn-Pb-Ag joint

J AuSn, crystals in molten solder will increase solder
viscosity and degrade its spreadability

. Increased viscosity restricts the release of gasses,
resulting in higher void content

 Fast cooling rate and large fraction of AuSn,
results in irreqular voids in thick gold joint
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Phase identification
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20pm Mag= 500X N LA Cefeclor = SBSD  Dale B Aug 2002 10pm Mag= 250KX NOK LA Gefector = GBSD  Dale 8 Aug 2002
— EMT = 2500 KV Dallas Anahical Lab | | | | EHT = 2500 kW Dallas Anahyical Lab

Sn-Ag-Cu-Sb solder joint with thick gold terminal finish
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Au contents in Sn-Ag-Cu-Sb joint by EDX

20pm Mag= 1D0KX NOK LA Cetector = GBSD  Dale 6 Aug 2002

uin Wrz= 1 IOKA o Dt 3 Dac 20041
NDK'A -eteetor = SBSD i EWT = 25 00KV Dallas Analytical Lab

ek SH - 25.CC KV Dalas Ananprlcal Lab

Flash gold, ~1. 5wt % I\/Iedlum gold 3 wt. %

20pm Mag = 1.00 KX NOKIA Detector = QBSD  Date :10 Dec 2001
| I ot EHT = 25.00 KV Dallas Analytical Lab

NOK LA Detoctor = QBSD  Date -7 Aug 2002
EHT = 25 0D KV Dallas Anahtical Lab

Thick gold, 5~7wt.% Special case, 12~17wt.%
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» Flash gold, SOcy

Dallas Analyticsl Lab

Old, SOOcy 150 Date #.Aug 2602 |

Dallas Analytical Lab

No noticeable change in microstructure after thermal cycling
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Interface of Sn-Ag-Cu-Sb joint after 500 cycles

al
s »' ¥
4 (Cu,Ni)¢Sn, N
el Mept SCOKX  INDKIA ;Df'ﬁi'.ii’h.f%';mﬁ:ﬁﬂﬂz. el thas S0KX NOKIA _ Detecor =350 Dae g 20
Flash gold joint o Thick gold joint |
® (Cu,Ni);Sn; between Ni & e Au, Ag, Cu & Ni mixed
solder IMCs

e Micro-cracks at interface
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Mag= 250KX NDOKILA Detecior = GBSD  Date -8 Aug 2002
ol EHT = 25,00 k¥  Dallas Analytical Lab

Flash gold joint

® Ni,;Sn, at interface ® Pb-rich layer at interface
®* No Pb-rich phase at ® AuSn, layer at interface
interface ® AuSn, needles throughout
joint
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Good joints: Flash gold finish & organic substrate

------ =

organic

reflowed

Sn-Ag—CU—Sb or= GBSE  Date -7 Aug 2002 or= GBSO Date -8 Aug 2002

00 kY Dallas Analytical Lab 00 KV Dallas Analytical Lab

organic

reflowed

plector = QBSD  Dabe .7 Aug 2002
26 0D KV Dallas Anahtical Lab

Package size: 5.6x5.6x1.6mm
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Bad joints: Thick gold finish & ceramic substrate

£ ceramic

0 Oate & Aug 2002
Dallas Analylical Lab

ceramic

reflowed

pcior = GBSD  Oabe 8 Aug 2002 CBSD  Date & Aug 2002
25 00 KV Dallas Analytical Lab Dallas Analylical Lab

Package size, 3 1x3.1x1.2mm
Medium Au joints are similar to thick Au joints NOKIA

20pm
|_|
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Effect of package size
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ceramic

|:HI|.|11 | Map= 500X NOK LA Befecior = SBSE  Date 20 Mow 2001 gn Mag= 500X NOK LA Defector = GBS0 Dabe o6 Aug 2002

| EHT = 25 00 KV Dallas Analytical Lab J EHT = 2500 KV Dallas Analytical Lab |
9.5x7.5x2mm, 200 cycles 3.1x3.1x1.2mm, 200 cycles
Sn-Ag-Cu-5b Sn-Ag-Cu-Sb

* The joint stress is higher in larger pacakges.

® Sn-Pb-Ag presents the same situation as Sn-Ag-Cu-5Sb.
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Crack generatlon

20pm

V0|d in solder gap .uox =  Component corner i

i T Maz= 10K Zotoptor = SESD Datw 22 Dec 2001

Rough fillet surface ;.2 [— T Joint tip TR e s

20 W. Peng Pb-free, 2002 N DI(IA



Crack development

reflowed

Mag= 500X NOKILA Delactor = GBSO Date 6 Aug 2002 |
EWT = 25 00 kY Dallas Analytical Lab

20um Mag= 500X NOK LA Detector = OBSD  Dale 8 Aug 2002
|_| , EWT = 25 00 kY Dallas Analytical Lab

1§

e Sn-Ag-Cu-Sb solder
joints

® Package size:
9.5x7.5x2mm

20um Mag= 500X NOK LA Cetector = OBSD  Dale 8 Aug 2002
|_| EWT = 25 00 kY Dallas Analytical Lab

KIA
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10 Magms Z50KX stastar B QRS0 Cate 0 Aug 2002 Zﬁm Mag= SO0X NOK LA Cetector = QBSD  Dabe 8 Aug 2002
— EYT= 2500/ Dallas Analytical Lab | EWT = 2500 KV Dallas Analytical Lab

® Sn-Ag-Cu-Sb solder joint

® (Cracks originate at void
In gap area

e Easier crack propagation
along IMC boundary

By Mag= S00KX Detector = QBSD  Dale 8 Aug 2002
I EWT = 2500 KV Dallas Analytical Lab |
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Crack development

Crack start from tip

Hhairt WMmz= 1 IIKA NDOK LA Totootor= SESD Date 2 Dec 2004 10um Mag= 8.00KX NOIKIA Detector = QBSD Date :7 Dec 2001
CommRIERINS W - JSCC WY Dallas Ahabilsal Lab I wXeCTING EHT = 25.00kV Dallas Analytical Lab

® Sn-Pb-Ag solder joint
® (Cracks start from tip

* Propagated along Pb/Sn
interface or in Pb-rich phase

® (Cracked joint smoother than
Sn-Ag-Cu-Sb joint

* Role of Pb-rich phase

Mag= 500X NOK LA Cetector = GBS0 Date o0 Aug 2002
EHWT = 26 0D KV Dallas Analytical Lab

1§

KIA
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High Au content may be tolerated

"t ,
.

SMALL
— PACKAGE
m 3.0x3.0x1.2mm

12~17wt.% Au

Detector = OBSOD  Date 6 Aug 2002
EMT = 2500 KV Dallas Analytical Lab

Mag= SDOKX NOK LA Cetector = GBSO Dale 18 Aug 2002 in
EMT = 25 00 kY Dallas Analytical Lab _|

Sn—Ag—Cu—Sb solder joint after 500 cyéles

MNOK LA Catootor= GESD Daba 6 Aoy 2002
Comn s iRt = -
SH™ - I5.0C WU Damas Ananmisal Lab Cotestor = GBED Dale 6 Aug 2002
T2 2500 Dallas Analytical Lab

NOKIA
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High Au content may be tolerated
No solder joint cracks

SMALL
PACKAGE
3.0x3.0x1.2mm

12~17wt.% Au

e e

Detector = QBSD Date :3 Dec 2001 0 -
= 2000 KV Dallas Analytical Lab 10.m Mag= 250 KX NOKIA Detector = QBSD  Date :21 Nov 2001
b ¥ EHT = 25.00 kv Dallas Analytical Lab

100pm Mag= 175X NOKI1A

o

n ’ ak
Mag= 1.00KX Detector = QBSD  Date 3 Dec 2001 Mag= 3.00 KX

EHT = 25.00 kY Dallas Analytical Lab

SRy 2 Sn-Pb-Ag solder joint after 500 cycles

EHT = 25.00 kv Dallas Analytical Lab

NOKIA
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QBSD Date :23 Apr 2002
EHT = 25.00 kv Dallas Analytical Lab

NOKIA Detector

1.00 KX

Mag =

NOKIA
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High Au can be prevented

Confined well

Ee
NOKIA Detector = QBSD  Date :3 Dec 2001
e EHT = 20.00kV Dallas Analytical Lab

No big AuSn,
Sn-Au solder is confined in Sn-Pb-Ag
In component joint as
iIndicated by the white

dlrow.

NOKIA Detector = @BSD Date :3 Dec 2001

EHT = 20.00 kV Dallas Analytical Lab

Sn-Pb-Ag solder joint after 500 cycles
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Conclusions

Microstructure of Sn-Ag-Cu-Sb solder joint is more stable than
that Sn-Pb-Ag joint in the temperature range studied. @is-16)

Presence of Au affects voiding because of Au-Sn IMC formation.
Thick gold finish results in irreqular voids ¢
Flash gold finish results in spherical voids ¢
Sn-Ag-Cu solder joint has more, bigger & irregular voids s

High Au content may be tolerated both in Sn-Ag-Cu-Sb and Sn-
Pb-Ag solder joints in specific instances, but further study is
needed. (2426

Combination of gold content and CTE is the main reason for the
failures observed, package size plays an important role. 1720

Flash gold is recommended for all applications. 1720

Failure mechanism of Sn-Ag-Cu-Sb solder joint is different from
that of Sn-Pb-Ag solder joint. (212

Sn-Ag-Cu-Sb solder provides better performance than Sn-Pb-Ag
solder
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