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Abstract: Laser welding has garnered significant attention in the field of microbump interconnections due to its advantages such as
localized heating, rapid processing, flux-free operation, and ease of automation. A comparative study was conducted on the effects
of laser welding and reflow welding processes, as well as the number of reflows, on the microstructure and shear properties of
microbumps. The results indicate that the interfacial (Cu,Ni)sSns intermetallic compound (IMC) layer in laser-soldered microbumps
is relatively thin and exhibits a loose particulate morphology. With increasing laser energy, the IMC layer slightly thickens, and
after multiple reflows, it transforms into dense short rod-shaped structures. Reflow-soldered microbumps initially feature a thicker
and needle-like IMC layer, which evolves into irregular blocky or elongated rod-shaped structures following multiple reflows. The
morphology of the IMC is closely related to its solid-solution Ni content, with a critical range of 7. 02 at. %—10. 13 at. % Ni content

marking the transition from particulate to rod-like formations. Shear performance tests demonstrate that, both in the initial state and
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after multiple reflows, laser-soldered microbumps (particularly those fabricated at 7.5 mlJ energy) consistently exhibit higher

average shear forces compared to reflow-soldered microbumps, highlighting their superior interfacial reliability

Highlights: (1) The interfacial reactions and shear resistance properties of Sn3.0Ag0. 5Cu/Ni-P microbumps in laser welding and

reflow welding were compared.

(2) The interfacial reactions and shear resistance properties of Sn3. 0Ag0. 5Cu/Ni-P microbumps obtained by different

welding methods after multiple reflow welding were compared.

(3) Based on the Jackson parameter o estimation, the critical value range of Ni when (Cu,Ni)¢Sns IMC changes from

particulate to rod-shaped formation was estimated to be 7. 02%—10. 13%.

Key words: Sn3. 0Ag0. 5Cu; laser welding; reflow welding; interfacial reaction; shear force

0 F&

H 1, seKL (Chipsets) 548 4 il d R 124
AR T ST RE G /NS 2 =4k (3D) J7 T b SE3R
RGBS S RGN ER, AR5
P JRIEAR g S A UL MR, AT S s T
P B H R B DA% 0 ), 2 R R [R]
FICaH T PR A AR 22 5, S IS [R] s a  TR
P AT RHE A el s BV TS [T K2 H i E
T, (HEE 5K R A s S 80U SR
T MEtE IMC 2T AR K, SRR i ) 22T S
HA T REAS B PR M TR S G [
SR 2, WO T2 B R e e o in#amn
HIAERE AL, A A0k e e R P R AR R A R 1Y
PRAB RV g 25 PR, gl 32 B LR
SRR BRSSO TR
[, WOGKR T2 AR A B Py bR A8 540 i P
S5 A 23 5 L T IMC R | FE S0 LA AT
RO AL LY, 8 175 i A5 A5 A AR A3 ] bk,
PR TIR AT,

Sn3. 0Ag0. 5Cu SFRLEAT B AFRYTE IR 5 10 5+

g Al AR, 2 BOE AR R B AT RS YANG,

RAHIM. LEE 1 NISHIKAWA 25 A" 55t 48
FNE R HE Sn-Ag-Cu/Cu ™y A5 19 AL T 2 i AT 84
PEREGEAT T HO B SY, & BRI G T i i~ 2H
IMC )2, 1 PR B RS IMC JZAE X R A2,
It HAE R 8 WO S BCT OB IERL™ 55 0P 55 58
R BRSSP Ny L NS S ov S (e P =N OE I L]
5 T [ B 5 R R R S A UK O s AN 45
NVBESE T OGRS 500 Sn-Ag-Cu/Cu F T [
LS, e IR BE 2 OE RE R A BN, CugSns fikL
BT 358 Vi A 3 A A % T Y6 T 118 g DL R — 3R T A /)
ST B B DLROIR — B AR S HOIR ; TIAN 48 A1

WF5E T #0062 %06 Sn3.5Ag0. 5Cu il Sn3. 5Ag 17
SRR, R BE IMC J2 55 B bl 25 OL R
ARG TR N, IF B AZ ot TSR sk Az
B2 [R] A 52 L H e T D, ORKE T2 S 81E
Sk ST SR R USRS R ™ A AT
HEE.

H {5 T Sn3.0Ag0. 5Cu ## ™ SOt K £
PL Cu M1 5 T 4 J& 2 (under bump metallization,
UBM). fb 2% 8% Ni-P ZHA M5 9 B, 2
)R A R T B AR e T, SR,
LA Ni-P 2y UBM WY EOGAER 0N s i BF 5D 15
L0 Ll O AR S, TR —
R Re e, BB Z R MR, R
TN A OB KRS FE 2 U IR 0 E 5T A4 A 4
. A, SCH e A Sn3. 0Ag0. 5Cu £F KL EK, DL Ni-
P {2 UBM, X LA G O AR RN IR 0™ A5
1) ST S B BT VERE, RS X 2 R 5 13RS
PR B0 P22 I 2 R IR, X HL AT IMC TR 30
U HEREHEA TR ST, BN 2 PG T 2 A 8 ™
SN RIS 0™ S ST IMC A5G S AL,

1 KRBT E

e TCAYETRHEER Sn3. 0Ag0. 5Cu 1E I KRkt
B, HAE SR 217 °C, HAR A 100 um, BT FHRE SR
M (10.54 mm x 10.54 mm) b E A EHE N 90
um [R4E25% Ni-P UBM, UBM I Ni-P §¥ 2 ()2
21k 5 um, H FIRSIA 25 0.1 um /4 Au 2 H T1&
P11 Ni ez Ak, IR R B, 1 RTs. R
fifi F§ Nd: YAG & {& 3 J& #% (m-nano-20-100-mj-
PR13) AT HOGRR L, WOLRE & 73 X B 6.5,
7.5 F1 8.5 ml, HOEHEE: T2 W 1(b). [R] s
DRI G AL A [l i K™ o, HEA T X EEF 5.



86 B

%46 %

10.54 mm
(a) Si FEHBEARIY R T F1 UBM 11434

[ERS

100 150 200 250 300 350
BFIH] #/s
(c) [MIiAAR <k

0 50

N .
o
LA
—_—>
I

N
® ® ®
(b) BT 2R EK

BYY)J5 1 100 /s

I H

EEnkay

Au

(d) S A3 BT IR B

1 Si BEHEFMHR T UBM A% LRI ZREE. AREH LR MO AEIREE

Fig. 1

Size of Si based interposer and distribution of pad. (a) size of Si based interposer and distribution of pad; (b)

schematic of laser assisted bonding process; (c) reflow profile; (d) profile schematics of shear testing.
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Fig. 2 Cross-sectional and top-view SEM images of the interfacial IMCs in Ni-P/SAC 305 joints. (a) laser soldering with
6.5 mJ; (b) laser soldering with 7.5 mJ; (c) laser soldering with 8.5 mJ; (d) reflow soldering.
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Fig. 3 Cross-sectional SEM images of the interfacial IMCs during multiple reflow (1 time,3 times and 5 times). (a) laser
soldering with 6.5 mJ; (b) laser soldering with 7.5 mJ; (c) laser soldering with 8.5 mJ; (d) reflow soldering.
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Fig. 4 Top-view SEM images of the interfacial IMCs during multiple reflow. (a) laser soldering with 6.5 mJ; (b) laser
soldering with 7.5 mJ; (c) laser soldering with 8.5 mJ; (d) reflow soldering
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soldered joints after multiple reflow
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