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Fig.1 Morphology of rooftop-type CueSns formed on single
crystal (001) Cut'?

ff:-.-]f.fhjm

#vz"ﬂ r? IW

77 A A A DA ST e 8, AR P T e e 1 4
ViTEE ARG i o TS 71 G

Zhang 5 NIIBF U4 R W], BE Cu 1EA
UBM 1] {5 5502 I HH B AR 8 1) 77 2 1 R o (R AE T RLR
AT R 56 F, Hh Cu UBM 5 HYET RS IHT
SN R 7 B A T R . Zou ZE NIRRT
(001)~ (111)« (O11)FI(123) ¥4 Cu 54l Sn 4T RIE
260 C RIS R, 25K, (001)5 4 Cu FI(111)
B Cu AR IR CugSns, 20 SIVEE 2 ANHE B2
BT A 3 ANESY 600 7 A, TAE011) 3 &
Cu F(123) 5 & Cu EAT T IR (¥ 5 UUIR CugSns, 4n
E 2[14 lslﬁﬁﬂ'\‘o

2 ANFEIHLE S Cu 244K ¥ CueSns 42 )& 4L & ¥ 5
Fig.2 Morphologies of CusSns intermetallic compounds on different single crystal copper substrates: (a) single crystal (001) Cu,
(b) single crystal (111) Cu, (c) single crystal (011) Cu, and (d) single crystal (123) Cut**'*
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Fig.4 Morphologies of CusSns with different Cu concentrations: (a) Sn/(001) Cu, (b) Sn-0.7Cu/(001) Cu, (c) Sn-1.5Cu/(001) Cu, and
(d) Sn-3.0Cu/(001) Cu
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Fig.5 Microstructures of (001) Cu/Sn/Cu solder joint (a); EBSD orientation distribution chart of CusSns along RD at (001) Cu

interface (b); top view of CuSns on (001) Cu side (c) and its EBSD orientation distribution after polishing (d)
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Fig.6 TEM image of (001) Cu interface for the solder joint (a); SAED patterns of single crystal Cu (b) and CueSns (c)
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corresponding inverse pole figures of CueSns in RD (¢, 1); EBSD images of Fig.7a (d-f) and Fig.7g (j-1
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ZouPM AN FE T (001)s (011)FI(358)Hdh Ag 5
afi Sn £ 260 C PRSI L. 5K, FE011)F
(358) Lk Ag S AR ) AgsSn i34 g TG A T
WA, 528 Ag 280U TH001)H 5 Ag &
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AR GERY, LT B2 SR CueSns, I H §hki 2 )i %

B9 NiZEKK EBSD 20#7. #2325 HI(Cu,Ni)eSns IMC [ TE S A2 £ 89 TEM 45 ¥ F1 20 230 47

Fig.9 EBSD image of the annealed Ni surface before the soldering reaction (a); lattice orientation of the Ni grain marked by the

notation (001) in Fig.9a (b); morphology of the (Cu,Ni)¢Sns formed on the Ni surface in Fig.9a (c); HRTEM interference lattice

image of the interface between (Cu,Ni)¢Sns and the (001) Ni grain (d); SAED pattern of the region shown in Fig.9a (e);
bright-ficld image of the interface (f); dark-field images using the (002) Ni (g) and (110) (Cu,Ni)sSns (h) spots”®™
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g% TR, HEAAR AR E A R U LT IMC B
FIEAZ B Cu AL NI FTHUC (1, 508 Ag B )
MO AR AR AL AgaSn IIFES. 24 Ag B EURN
(001). (OI)FACIIL)S, HHHE AgsSn IMC Fll Ag Hjh
UBM [H] [F] FF A7 2 R 5 R ) OC 58170 HL 2 90 1 — 2 i 47
¥y, LIRS AgsSn 5Bl Ag FEAA () 47 7E e /M T
FEJ7 . ART H TS T 88 Ag UBM BIBF />, B
i Ag 1E29 UBM HIE i SEEROR B =, N T
A B LA T B Ag UBM T 25 6 VAl

WJE, 6 SCEREE X Cu. Bl Ni B g
Ag UBM 5 FLif] IMCs LA 9 5 W 1.

10 ASFEIELA ) Ag F4k B AL AgsSn &K SEM FES

Fig.10 SEM morphologies of Ags;Sn grains formed on Ag substrates with different orientations: (a) AgsSn grains formed on

polycrystalline Ag; (b, ¢) (001) Ag single crystal reflowed at 260 ‘C for 30 and 60 s, respectively; (d) (011) Ag single crystal
reflowed at 260 ‘C for 30 s; () (358) Ag single crystal reflowed at 260 °C for 30 s
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Table 1 Various interfacial orientation relationships for single crystal UBM and interfacial IMCs
Substrate orientation (100) (110) (111) Random

Cu/CusSns'>" Regular prism-type
{100}, //{010}, ..

{100}, /{102 ¢, 50,

Scallop-type
{110}, //{132} ¢, s,
{110}, {132}, 5,

Regular prism-type
11T, /{0103, 5,
UL, /112, 5,

Scallop-type

{110} ¢, /{1123 ¢, 50, e, {112} 0, 0,
110}, /1201, 5, 111, /1220,
110}, //{102}, |
Ag/AgsSn”” Regular faceted Faceted Faceted Faceted
(001),,, //(001) ., s, {1,1,0},, //{0,16,25} ., s, {1113, //{100} g,
{1,1,03,, //{0,8,25} s, {111}, /{010, 5,
{110}, /{010} .,
{1103, 774001}, 5,
Ni/(Cu,Ni)eSns>® No regular Regular prism-type Regular prism-type No regular
arrangement [110]y; /(001) ¢, iy n [ 11, /(0 50)(&%)65‘“s arrangement

4 ZFRERE

1) T Cu UBM FERVE TR CueSns
IMC @ RL T AR I3 DA B BT 0 75 PRI R ) [l i
FE B IS (R FNER R R A3 45 2 A, AR AT A — AN 2R )
MR EE AT RE R & R AL AT S . B NI
T, TE GO A 0 SR B AR 5 T R IR
CueSns ffL, JRZ H 255 T U DUR CueSns dfbi;
Bt SN TRT R RE K, A% AR CugSns i IZR T 1) F5
DUIREEAS s BEEEF R Cu IRFEE T, ERUE MR
T L 525 5 T b DR CugSns dihi . B3R R & AT LA
] S AR S Sy 3 IR 3R (P B 2R B L S A B ) ) R A0
Rl (BIAREE . [FIRR R Kk, Ay DL g AR ix 1k
ZH VAR 5 T2 30 00 ST & R A &9 HL iR B 3l
1 #RH B2 BT LA CugSns g AARH ] s FE1H CusSn IMC
R R A ARG S CueSns A KB 1B 2
i Cu UBM 18 A 00| 7 SR 15 1A 7K 250 T AE

2) X F B Ni UBM B 563 7 8 &R
(Cu,Ni)sSns IMC #h KL BOA R SR i Ni 5
JCERET B LT OB [ R B A Rk M, Bl T SR T AR
TE 2 A 45 (00 1) B8 i Ni UBM | b5 4R (Cu,Ni)sSns ¢
R HES o (E 2B SR (Cu,Ni)eSns i ) 25 i 75 2
EFRMARRE S 1) Cu WK FE

3) XS Ag UBM FZ0E TR, 7
WGTAT 2 TR AgsSn fibL i T AR J57 e e «
2 Ag BLEEECA A 001). (O1DFI(11)I, % AgiSn
IMC 1 Ag ¥4 UBM [8] [F FEA7 75 K & 1 B 55 & 0T
HEIH—2rgk, HREFETZ AgSn 58 Ag
B A R A77E Foe /N TGP 7 1) o

H Al & T 5. UBM A RHE o135 25 B S 1)
RS HR, T 85 UBM 58 TR 2 7] 5 [# /)

FETH OS] /[ ST ON  FE RS DA R B R TR A
[ A S PR A SR AR} 2 () AT R RN AT . EEXT IR
] 8 45 B A VR R 2 B TR SRS UBM 7 T 1) — SR AJF
TR, R AKRWH AR AT T R

1) £ Cu UBM FL1f b3 % 42 BB DR CugSns,
TEEI GBS M BAFAT T, G5 THE R VUK S kL
HH A T SRR AL, B UBM B HE# 8% A
MR CueSns dRL I TEAZ . Az KL S I B #0057
PAFIR L B AT SR B 5200 ik 7 ST A

2) B Sn ™ mL B TR RS S IMC FRAE AN %
T A YIA I [FIRE, BT 4-Sn IR db A 5 B 25 44
e (RO DY 454, a=b=0.583 nm; ¢=0.318 nm),
HypE g (R, MK RE CTE. #aPERIE .
PEORE. WUERES D) IR KR Y EOT B S
ISR FU & ) R . BT S UBM b Sn ZR4T KT
B AT A MR IERR AL BE T2 PP Hi%
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Research Progress of Single Crystal UBM in Electronic Packaging Micro-interconnects

Gao Xing, Zhang Zhijie, Shi Quan, Zhou Xu, Wei Hong, Geng Yaoxiang
(School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: With the development of electronic packaging and manufacturing technology to high performance and miniaturization, 3D
(three dimensional) packaging has become an important development direction in the field of electronic packaging and manufacturing
technology in the future. 3D packaging with high-density and high-reliability is the key technology for the transformation and
upgrading of the IC (integrated circuit) industry. 3D packaging will reduce the size of chip bump interconnection interface to the
sub-micron or nano level, making the size of the UBM (under-bump metallization) pad rapidly decrease and may contain only a few or
even a single grain. The roof-type CusSns grain formed by the interfacial reactions on single crystals (001) Cu and (111) Cu shows
preferred orientation, resulting in different electrical properties, strength and hardness. Therefore, the crystal orientation of the UBM
will have a significant effect on the nucleation and growth process of interfacial intermetallic compounds (IMCs), and the properties of
interfacial IMCs will directly affect the reliability of bumps in the micro/nano-scale interconnects. Therefore, using single crystal as
UBM to study the transport of interfacial materials and the growth pattern of IMCs has important theoretical and application values. In
this paper, the interfacial reaction of solder joints with single crystal Cu, Ni and Ag in recent years is comprehensively analyzed, and the
formation conditions of IMC grains with special morphology on single crystal UBM, the orientation relationship between IMC and
single crystal substrate, the growth kinetic process of IMC, the formation law of Kirkendall voids, the crystal orientation control method
of IMC on single crystal UBM, and the influence of crystal orientation on the mechanical properties and reliability of lead-free solder
joints were summarized. It provides guidance for evaluating the mechanical properties and reliability of single crystal UBM.

Key words: 3D packaging; single crystal Cu; single crystal Ni; single crystal Ag; interfacial reaction
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