21

e
-
i
Ao

2 &u7t A48 454 AFFE FURY
ERREEREEE V!

}gk}’*‘* ;%}%g;%?* . iﬁééézq** . %EJ%i:éi*** . :g;EH:?}%*** . 4%¥%%€4***** . _T—;€§§Ef***** ;ﬁii%i%if
AaaiEa AiA) st
"H - 7)o} AFAL BB AR d7E
TRFRg e vlo)lA=AA A Ald
azgetn Al g
A7) WSEEARIE AZ71€ Group
ARy ddEEY AR 7)A B

seokokkok

Thermo-Mechanical Reliability of Lead-Free Surface Mount Assemblies for
Auto-Mobile Application

Sang-Su Ha*, Jong-Woong Kim*, Jong-Hyuck Chae**, Won-Chul Moon***, Tae-Hwan Hong****,
Choong-Sik Yoo*****  Jeong-Hoon Moon****** and Seung-Boo Jung*

*School of Advanced Materials Science and Engineering, Sungkyunkwan University, Suwon 440-746, Korea
**Research & Development Division for Hyundai Motor Company & Kia Motors Corporation
***Sungkyunkwan University, Micro Electro Packaging Consortium, Suwon 440-746, Korea
****School of Advanced Materials Science and Engineering, Chungju National University, Chungju
380-702, Korea
*****Manufacturing Technology Group, WS Module Business Team, Samsung Electro-Mechanics,
Suwon 443-743, Korea
xx#dxxDepartment of Electronics Packaging, Suwon Science College, Hwasung 445-742. Korea

Abstract

This study was focused on the evaluation of the thermo-mechanical board-level reliability of Pb-bearing
and Pb-free surface mount assemblies. The composition of Pb-bearing solder was a typical Sn-37Pb and
that of Pb-free solder used in this study was a representative Sn-3.0Ag-0.5Cu in mass %. Thermal shock
test was chosen for the reliability evaluation of the solder joints. Typical Cu¢Sns intermetallic compound
(MC) layer was formed between both solders and Cu lead frame at the as-reflowed state, while a layer of
CusSn was additionally formed between the CueSns and Cu lead frame during the thermal shock testing.
Thickness of the IMC layers increased with increasing thermal shock cycles, and this is very similar result
with that of isothermal aging study of solder joints. Shear test of the multi layer ceramic capacitor
(MLCC) joints was also performed to investigate the degradation of mechanical bonding strength of solder
joints during the thermal shock testing. Failure mode of the joints after shear testing revealed that the
degradation was mainly due to the excessive growth of the IMC layers during the thermal shock testing.
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Fig. 2 Experiment condition of thermal shock
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Fig. 4 SEM micrographs of Sn-37Pb solder/Cu
interface after thermal shock: (a) as-reflow,
{b) 1000 cycles, (c) 1500 cycles, (d) 2000
cycles
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Fig. 5 High-magnification micrographs of Sn-37Pb
solder/Cu interface: (a) as-reflow, (b) 1000
cycles, (¢) 1500 cycles, (d) 2000 cycles

Fig. 6 SEM micrographs of the Sn-3.0Ag-0.5Cu
solder/Cu interface after thermal shock
test; (a) asreflow, (b) 1000 cycles, (c)
1500 cycles, (d) 2000 cycles
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Fig. 7 High—rnagniﬁcation micrographs of Sn-3.0Ag-

0.5Cu solder/Cu interface: (a) as-reflow,
(b} 1000 cycles, (c) 1500 cycles, (d) 2000
cycles

460

Fig. 6~7< €37 MolZe] 7K W& Sn-3.0Ag-
0.5Cu €499} Cu #H=9e] A¥E Jehlz ik 2
HollAl EE Hiel Zo] Sn-37Pb €U wBRR
z27] B EEA Addde 57 s CUGSn5‘ﬂ' g
Aee A @f F Q3 1000 AelF Foe
CusSns3a 2ol g2 &9 CU3SI‘1 47t §}§J€°] 3
e A& %} & Al?\i‘:}' d34 A5t SUH
et Aol A48 547 33E (CusSns, CusSn)
I ok €9

L BT O Er?fﬂﬂ 7kl RS

ZA & EE Sprich o o]Folzl AL 3l &
T 9\,121_9.@, AgsSn 47 3FEo] AHY e
AL A=At

Sn-37Pb % €t ¥ Sn-rich phase®t Pb-
rich phased &4 #Z& zi=9 W8] Sn-3.0Ag-
0.5Cu €499 A% 5T d¥E AgsSne Sn
phases}t ¥l wj-¢- 27] wj&o| ¢£43F Sn 714
o rod-like type ¢ AgsSneZ FAHY 4 +%
£ 724 geth €Y WdAME CusSnsE FEHR
ERIF & e, o2 &6 U9 53 3¥E
CusSnse —"\‘C']a"] Cu 7|#o2 F¥ UL CuzHH
FAHAY e AW 49 35T IFEERH
“break off"EM P49 Aoz Algggf 10,

32 S52s!

ok

= FHHE}

Fig. 82 Sn-37Pb 2 Sn-3.0Ag-0.5Cu €tH¢
Cu H=s9}te] oM Add AAE F57T 342
34 3T @—* T HskE Jerd Aot Fig.
8 (a)2ELE W & F UX| asreflowr] &3t
3HEe] AA A 2.1~2.3m F= He o=

A HA:, 9%F Holgo| FU/Igl met Sn-
37Pb%} Sn-3. OAg 0.5Cu €9 &5 FA7 Avta e
2 FI7ke Ag g9 & 40t ddoh 283 Sn-
37Pb &4} Cuﬂ‘ﬂr Ao 848 257 3=
< X7l 74 £do HlE] W2 FAxY FAE B
AR dFZHo| Sl whel Sn-3.0Ag-0. 5Cu =5
Heop T4 4] v AL B & £ 3t &=
71 24% #skE ¥4 Aole Sn-37Pb &TL
Sn-3.0Ag-0.5Cu £ vl&] wk3o] FAjdh= Sno
%ol g B ofle, 3457 IAYE A =9 A
ol AdA BEZS HY] dEY Aoz A
Fig. 8 (b)& €%4 AolZo] MdH+= X 54
ERHE CusSne® 774 ¥W3E uvehd Aot As-
reflow 33 AR F57 IFELS EF CusSns
2 2 HeH, 243 3RE CusSne #E HA
. SFX|EE 1000 AolE7tA] 4F52S

Journal of KWS, Vol. 24, No. 6, December, 2006



24 £o7t 488 ASA APRE AP 94 7144 A4 37} 25

2.50
a

2.451 (@)
‘g 240f —m—Sn-37Pb
> —e— Sn—3.0Ag~0. 5C
§ 2.35F —* € u *
g 230} /
< ¥
2 205f /’7
ot n
g 220p '/
S ool ™
3 2
S 210f

2.05F

2.00 1 1 L 1 " 1

0 500 1000 1500 2000
Number of thermal cycles
22 |
b)

8 T —a—sn-ammp
‘; 1.8 F —e— 5n—3.0Ag—0.5Cu
§ 16 F
S 14
= L
= 1.2 .—_—_‘_.
(S) 10}
=
= 08T
D oo6f
=
G o4l

02|

0'0 3 i 1 1 -

0 500 1000 1500 2000

Number of thermal cycles

Fig. 8 Thickness of IMCs formed at interface bet
ween Sn-37Pb, Sn-3.0Ag-0.5Cu solder and
Cu substrate: (a) Total IMC, (b) CusSn

NG F, AW BFT A BYe S5 AE
CusSn°] & 1 w3 = A48 s HA & + AUt
ol2g 4L Aot FA o AAslel A9 &
AR A%E Hole As & T dslen, I53t
B CusSnk CusSnsot PRIZIXE €34 347}
27htel w2t vlAsAl ke A &1 T 3l
it 2719 APE S5 sgEe] e 25 2
o)7F AT HAH 2 Sn-37Pbet Sn-3.0Ag-0.5Cu
€Y E5F 434 Hol2o] U1l wet Aol A4
2 #5857 e i ke g T ¢
ATt olAF AHE T3l AWl WY F&L
e % FHAEA, AR reflowd] 5l A
Aol AgE FEL AR 2L EHj9 24, B
A P Foll FHA 2F CueSns (. EAZ
1000 Aol 2744 AFF AolZo] APl wet g4
¢ BFE CusSnol F7H 22 AYEAR, o189 ¥
e @34 Aol gl S71] wet B8 ZB5lM S
Thetgith. AR 2716 ARE 350 AdE o9
e 74 $d9 47 749 &0 B 2 Zle=
Uetgeh. ol 74 &6 Wl Wl Foishs Sne

REHEBLE $24% H6%. 20064 12R

Fol ddiH ez fd €0 Ho 81, #9 €7t F
(o]
o

@ ol va) Aoz Ay HERS 92 o
29 oz AR W9 4% &EE #9269
A%l ¥ 2 Ao vehked, ok #9 &0
o

e 4o 7198 Ao wgray?

Fig. 92 Sn-37Pb €TI¢} Sn-3.0Ag-0.5Cu €1
o] @FFdl AP mE £ "R 7IAAY §4
MBS dotiy] feid 2434 Mg 3o Ads W
3= del Aot 7189 dE +F wHEel wlA
Z24E #AY UG A ¥ Hrke skA Rsla, 2
< 718 % a2xed A A=E WriteEH 3t
A W7} o] FAR=E STt

Fig. 99 2= B & 4 A%°] MLCC 0603
(0.6mm x 0.3mm) ¥ MLCC 0805(0.8mm x 0.5mm)
E5F Sn-37Pb €6Et Sn-3.0Ag-0.5Cu €T9] A
@ B= #o] 10~15N A= A vepd RAe &
g F I dukgeg Sn-AgAl £ulY Afdle
S0l AgsSn¥ B-Snel F8AE F4I. EHU9

40

(a)
v

3Bl e—— '/
Z
< 30} V.
3 v
= a—a \V/'
8 By / ™~
@ . »-—p
g 2}
7 —m—Sn—37Pb

—v—Sn~3.0Ag—0.5Cu
15}
10 ; . . L .
0 500 1000 1500 2000
Number of thermal cycles
70
(b)
65 i /v
60 M \
[ \ A

2 sl NN :
© - ~—v.
£ osof " \¢
& _
S 45}
2 —a— Sn—37Pb
P 40} _y—Sn-3.0Ag-0.5Cu

351

30 L 1 1 1 1

0 500 1000 1500 2000
Number of thermal cycles

Fig. 9 Variations of the shear force of the Sn-37Pb,
Sn-3.0Ag-0.5Cu solder/Cu joint with thermal
shock cycles: (a) MLCC 0603. (b)MLCC
0805

461



26 g5 AES - AEY - 2OH - FUD - 534 BAE - Aoy

AgsSn YAkl FAVE a2 Sn-PhbEY & AE oy (e)9 Sn-3.0Ag-0.5Cu £09] A$E dAT
& vehdt, 283 MLCC 06039) 2% Sn-37Pb o} AT FAld Lot RS 22l & 57} 3
£t Sn-3.0Ag-0.5Cu £t &5 27lde A= & v
o] Z7lEtirt 1000 Mol F o|3RE e ZAxE Fol 7 ol& Fig. 99 Ag A= ko] W3l agzo &

Adle AL 89 & 4 g MLCC 08059 A% 4 U=l MLCC 08059 Sn-3.0Ag-0.5Cu &4
T oH3 A JEe RS 3 4+ dx, 9 AY A= #ke]l 1000 Aol EdlA FHE A AT
Sn-3.0Ag-0.5Cu®] Z$olE MLCC 06033= & = °olf7t €34 35y Ty wE 353 IjE

700 HolF o] FHH 7‘5 gol FAsH FAashs A (CuSnADY BFo=2 dF HAHHrE dojdozy

< 1 5 3t ole E€FF MolFo| FlEel
E}E} Aol AWl brittled AR 7R 57
SFE(CuSnA ol BT EZN A 2= Fholl A
£ F 7oz Algdr.

Fig. 10~11& 3&Fe] AR "g”‘éﬂ w53t 3
Bo] Ad AE ol odH JgE FEAE LolEy]
8y MLCC 08059 Sn-37Pb 'é“ﬂ-q Sn-3.0Ag-
0.5Cu €499 Ad Alg 9 S A SEMAR
ot} AL BH & 4 ko] Sn-37Pb &TI%
Sn-3.0Ag-0.5Cu €4 =25 reflow 3¥(a, d)°lIA
T €4 A7t dojd AL B & AT, E
Mol go] F71gel waEtd Cust Snd 43 it
&7 33 (CueSns) ol AAzre =4 10008

]-?—-r 1= =99 Fei7t AA0te Rz ¥E)
skl & 4 UATh

Fig. 11€ Sn-37Pb €t¢} Sn-3.0Ag-0.5Cu &
o AR HHS &z FET SEMARIOlT
dEF Algol AAER Z& A" (a, DE
Sn-37Pb¢ Sn-3.0Ag-0.5Cu €06 EF <9 oA

Fig. 10 Typical fracture surface after shear test

szt dod ATt dofjuke AL # & 5 of Sn-37Pb(a~c) and Sn-3.0Ag-0.5Cu
UA 2, 1000 Aoj&dME= (b)Y Sn-37Pbe] A$+= (d~f): (@) and (d) asreflow, (b) and
uuiﬂzq_; & FolA FErt dojd AXTiE B (c) 1000 cycles, (c) and (f) 2000 cycles

Fig. 11 Enlarged view of fracture surface after shear test of Sn-37Pb (a~c) and Sn-3.0Ag-0.5Cu
(d~1): (a) and (d) as—reflow, (b) and (e) 1000 cycles, (c¢) and (f) 2000cycles

462 Journal of KWS, Vol. 24, No. 6, December, 2006



wd 2071 A48 ASA APE 29N 94 748 V=4 97 21

A A= gl 9T T A2 Asdy. n2bq 3
Aoty @3-E ddAeg £rdl BlE brittledt 42
R B&3 SRt FA 4Rl A Aoz w
fan
=
Aol S vtk AL & € & I

4.2 E

B aAFdME 7129 Sn-37Pb &Hiet B &7t
2 2

489 B A REZE o] A4 ABE 59
@ % 89 &6 ATV AP A vm, BH
of Theu} Te 2L IS + Uuh

Sn-37Pb ¥ Sn-3.0Ag-0.5Cu €4 % Cu H=
o] WhgolA AR AYE 553 HES BT

&9 244 3Hglo] CusSnsE 1= UTH

2) @%7 247t 1000cycle7tr] F7Vee] et
Sn-37Pb €99} Sn-3.0Ag-0.5Cu €4 E5F Cu’l
wte] whgoz AAE AWY FET IFFPEL
CueSns9t CusSne| FFo2 ERIEUR, EFZH #o]
Zo] F7Ig wet & 353 33E BF AU F
ke AL 8 & 4 dSdth

3) 27l APE &L IEY FAE Sn-
3.0Ag-0.5Cu €49l %A%, Sn-37Pb &£U AFE
o & Ae=® Jelt. ¢l Sn-3.0Ag-0.5Cu €Y
7} w8 Fdh= Snl Fe] Sn-37PbET}H FthiA
o2 @] gE ReZ AlsdEY. v 53 3%
Bl AA 4£5E Sn-37PbEH7F Sn-3.0Ag- 0.5Cu
&t ¥u o W 2o Jeigedl, °l€ Sn-37Pb
&tle] e §Ho BE] AR ddhEr

4) Sn-37Pb €99} Sn-3.0Ag-0.5Cu €9 EF
2 MolZo] g we} 7|AAHQ] o] dst
AL A T = AU 7AFQ] A9 dsle
A Ade Fge 357 SRME 3 FAY
Q) Ao 7 Wt}

=

:1_/_“\_71!1,

REEHRBETE F24% #6065, 20064 127

SN A TS HRR

7|

o

£ d7e AT AR (RTI04-03-04)
B FYHAFY

ita]
Ho
o

1

1. M. Abtew, G. Selvaduray ' Materials Science and
Engineering, 27 (2000), 95-108

2. D. Suraski and K. Seeling :
EPM, 24 (2001), 244-248

3. J. K. Lin, A. D. Silva, D. Frear, Y. Guo, S. Hayes,
J. W. Jang, L. Li, D. Mitchell, B. Yeung, and C.

IEEE Transactions

Zhang IEEE Transactions EPM, 25 (2002),
300-307
4. J. H. Lau Low Cost Flip Chip Technologies.

McGraw- Hill, NY (2000), 1-17, 183, 184

5. J. H. Lau '@ Solder Joint Reliability of BGA, CSP,
Flip Chip. and Fine Pitch SMT Assemblies, McGraw—
Hill, NY (1997), 1-9

6. C. H. Zhon and S. Yi : Soldering & Surface Mount
Technology 11/1 (1999), 44-48

7. W. B. Hampshire @ Soldering & Surface Mounting .
14 June (1993), 49-52

8. 8. Y. Jang, J. Wolf, Oswin Ehrmann, Heinz Gloor,
Thomas Schreiber, Herbert Reichl. and Kyung-Wook
Paik, Member : IEEE Transactios CPT, 26 (2003),
245-253

9. P. T. Vianco, K. L. Erickson, and P,L. Hopkins :
Journal of Electronic Materials, 23 (1994), 721-727

10 J. W. Yoon, Y. H. Lee, D. G. Kim, H. B. Kang, S.
J. Suh, .C. W. Yang, C. B. Lee, J. M. Jung, C. S.
Yoo and S. B. Jung Journal of Alloy and
Compounds, 381 (2004), 151-157

11.D. G. Kim, S. B. Jung @ Materials Transactions, 11
(2005), 2366-2371

463



