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Preparation and microstructure evolution of AuSn20 solder
ball based on pulsated orifice ejection method

DONG Wei',GE Fengyue,XU Fumin

(School of Materials Science and Engineering , Dalian University of Technology, Dalian 116024, Liaoning , China)

Abstract: In the field of electronic packaging, Au-Sn eutectic alloy (AuSn20) serves as key solder
materials, and its preparation process directly affects the packaging performance and reliability. However,
due to the brittleness of AuSn20, there is currently no efficient method for the preparation of AuSn20
solder balls. This study uses pulsated orifice ejection method to achieve the high precision and consistency
of the on-demand preparation of AuSnZ0 solder balls. The results show that various specifications of
AuSn20 solder balls are prepared under optimal process conditions, with the smallest specification being
50 pm, and the maximum standard deviation of the target particle size being 1.58 pm, significantly
improving the preparation accuracy. Microstructural analysis reveals that the solder balls are mainly
composed of §-AuSn and ¢'-Au;Sn eutectic phases, with no abnormal new phases observed. After reflow
treatment, the composition distribution inside the solder ball tends to be uniform. Interface reaction
studies show that due to the synergistic diffusion of Ni atoms in the diffusion barrier layer, a complex
intermetallic compounds (Au, Ni) Sn and (Au, Ni);Sn, are formed at the interface joint. The AuSn20
solder balls prepared in this study not only achieve precise control of particle size and consistent thermal
history, but also show excellent interface stability and structural integrity under simulated service
conditions, opening up new application avenues for Au-Sn alloy brazing materials in advanced electronic
packaging.
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Fig.1 Schematic diagram of pulsated orifice ejection equipment
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Table 1 Key process parameters of AuSn20 solder ball preparation
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Fig.3 Effect of key waveform parameters on particle size

(a)particle size change with driving voltage (#,,:100 ps) ; (b)particle size change with #,, (driving voltage:50 V')
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Table 2 Physical properties used in temperature calculation

(T"—=1714) (D

during solidification"'*’

A/ / / C,/
Atmoshphere ~ * o Fe » Hs £
(W-m 5K™) (kg:m ) (Pa-s) (Jog K™
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He 1.527x107"  0.163 19.93x10°° 5.193
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He solidification atmosphere
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Table 3  Physical property parameters of AuSn20

o/(kg-m®) T,/K Q/(kJ-kg )
14520 551 20.10

2.3 AuSn20 /EBRKA RS

8 T 7 Ar U T A il 2k 4% 8 203.0 pm
(1) AuSn20 #7BR S B A 2L, i 8 (a) i, 44
BRIGIEKEE 2 H ARG o B EI8(D) AT LUA Y, BRI
T 5 BT fR 30 k1) v ) AR R L O Horp
oAb A B A A AE . ARAE Au-Sn Zon B 4P
AR AT R, 768 [ 25 2F T AuSn20 4 4x 1 e[
ZH A it 7S 7 d A% O~ AuSn AHFI ¢ - AusSn AR ZH LAY
2R LA S, AEEE R I AR T AuSn20 Wi FR 1 A2 2
T 1 45 T T, A 8 1 V2 40 S 3R fef A5 BRSSPl 2% 1T o)
oK . BT AR A EEE R P, 5-AuSn AH 1
¢’ -AuSn AL AEMERE, LA ARG -AusSn AHE W)
A ARMT L O-AuSnAHBEAM G, RUAR B Se B 54K
24T A A B Ak SRR R I R A S RN B K
d-AuSn I ¢’ -AusSn A 28 S (1) 2 i 41 21, (H )4 4
¢/ -AusSn (A SRERIRFR /3B D W B )
SrEEMAR/N . X 8 (c) thpRic b 4T EDS &5, ¥
AR -AusSn B 79.91 % Au(JR T8, FI])
F120.09%Sn, Horr Sn (1) & ks THUSME . M Aziz %
JoT O B AR TR A AR K R AR A SR A -0
AT D P o AR A B L o - R BT 4
At R & AR A TP, 20 T A AR R B P Rk i



96 BT R

2026 4F 9 H

(4 L Bz g i 9 Rt 2 W el Ak . FEARF
5 1 3 AR P, T AuSn20 A5 ER VA H R W
o347 HO B i) A A

KL R, Sn 5T K fiE

¢’ -AusSn, B R A U B B4 . 4K 6 1) XRD
P IE S AuSn20 FEBR 1 8- AuSn A AT -AusSn A4
B, I TCH AT AL L

FE8 hifdhy 203.0 pm A5HER 2 7 R T 2 gl 4
(a) AuSn20 BEER 9 F2 L5 ; (b) AuSn20 B ER IR T 4125 (o) B (b) At ab ik Bl

Fig.8 Surface and cross section microstructures of solder ball with diameter of 203.0 pm

(a)microstructure of AuSn20 solder ball; (b)cross section structure of AuSn20 solder ball; (c)enlarged image of the mark in Fig.(b)
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Fig.9 Cross-sectional SEM images of AuSn20/ENIG interfaces

(a)bumping morphology after 60 s at 330 “C reflow; (b)locally enlarged image of solder ball edge structure ;

(¢)AuSn20-ENIG interface structure ; (d)locally enlarged image of Fig.(c)
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Fig.11 SEM images and EDS analysis of the AuSn20/ENIG interfaces

(a)cross-sectional SEM image of the interface ; (b) Au elemental mapping; (¢)Sn elemental mapping; (d)Cu elemental mapping;

(e)Ni elemental mapping; (f)enlarged view of the interface ; (g)EDS line-scan analysis across the region indicated by the arrows in Fig.(f)
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