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Abstract: The size reduction of Cu pad during micro-soldering leads to an increase on the proportion of
interfacial intermetallic compounds (IMC) in micro-solder joints, so the influence of Cu grain orientation
on the IMC performance turns more and more unnoticeable. In order to investigate the effect of Cu grain
orientation on IMC growth behavior, single-crystal Cu with grain orientations of (111), (110) and (100),
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respectively, was used as the metal substrate, and SAC305 solder was used as the brazing alloy. The
interfacial changes and growth Kkinetics under solid-solid isothermal aging as well as the grain orientation
features of IMC growth generated on different single-crystal Cu surfaces were investigated by scanning
electron microscopy (SEM), energy dispersive X-ray spectrometry (EDS), and electron backscattering
diffraction (EBSD) characterization methods. The results showed that the diffusion coefficient of (110)
Cu/SAC305 was the largest, sequentially followed by (100) Cu /SAC305 and finally (111) Cu/SAC305,
and a negative correlation was found between the diffusion coefficient and the densities of the crystal
surfaces. In the single-crystal Cu parallel to the (-12-10), crystal faces of CusSns, the (111) Cu and (100)
Cu crystal faces showed a competing trend due to the influence from the crystal orientation of Cu, whereas
the (0001),/(110) Cu always remained relatively coherent with no obvious influence from the crystal
orientation of Cu.

Keywords: monocrystalline copper; solder; growth kinetics; intermetallic compound; interface reactions

Vol.47 No.10 Serial No.391

FE A=, B SRR A 2 2
I IREE . AL R RIER, (R DL =My
STE R E — BN 2 iR R, XI5 IR R N (1)
AR W 22, T S A A 22 5 Rk 1 7 T e S 7
FEXTECDUSL, SR, B “JEEER” BRHRIIEIKR,
PR SR A R A FE S, 3 SR RS RS Wk
JIN, S I BRI B AR R B AR D, B A —
AMEBHATRE R A — SR, R 2 R AR
BB B A A R PR ER 17 %o S T S B FTIMC 1)
TE R A A E PR AR L), B RN TS &
LR S R BRI R AR TN T H
I B # RO 5 J5 [r 110-12

bt 5 X Cu-Sn FHTHI BT 78 B BRI FH S50
B 2550 52 56 >R Uk B AR o TR T AR K X B oy T — A
H F B . Zhao % SVl i 25 3R B 2 BF 58 T
Sn2.5Ag0.7Cu0.1RE/Cuff &5 i AE, DAL A2
LW 4 J& [ b & %) (Interfacial intermetallic
compounds, IMC)5E /I EREZ MR R, K
I JEL 46 1Y 5 B UL Y CueSns & W 8 46 A B CueSns Al
CusSnZH T TH SUZIMC. ZouwZUIHF7T T £ dibdi
JE RS AVIE 7 B o o 25 UL IR 280 R P 5 v e 1
IRZTATE IS o TianZE ST T 76 AS [F] UgAf ]
b1 TS - TV N A O I
Sn3.0Ag0.5Cutit4% H CueSns 4 & [AI4L & P TS AN
HUIal, #1807 CueSnstmALHLA 5 IR S 2 MR R
ZouZEUOI R G55 7 SnAl(001). (011). (111)F1(123)
T i 7] - ] 4 S5 0 SRR 2% A T TR J P CugSs R 1)
FEASFEL R 5% &« QiaoZE!' IR 5L 1 (001)Cu/Sn/Cu
HI(011)Cu/Sn/Cu sl 17 ¥} 42 Sk Hh CueSns i KL 1 T 3
B RE, R TERERAT, 7E(001)Cutt)ik
IR B AN BRI T CueSnsdi B, TFE(011)Cu

FEJE BT BT B A AR B DL CueSns iR 1) VR
a¥.

IR AR T CuZE I R R AE 5 Cu-Sn it
T SNAT BTG o % T CuE S A% B ) i 422 72
THIMCTE SR 72 C W AH SCHRE , 17 B [ A1 A K 3y
JIE A RFRNF G200 AR S T[] - [ B 2k, ade
91 4% ¥ 7 &5 7 8% (Scanning electron microscopy
SEM). REE XS £k 151X (Energy dispersive X-ray
spectrometry , EDS) UL N H 1~ 1 #5475 (Electron
backscattering diffraction, EBSD)#ff 7T T = #. 5 Cu
FLJR(100)~ (111)« (110)E R AL ST A2 4k DL Je A=
K755, BRI T ASER G A B IMC ) & 7] B )
FHIE

1 #R5EE

1.1 BN55EHE

SIS H ) T IE BRI FH S BAR 600 pmis ER
HISAC305(4 4 E B K5 /& Sn 96.5% Ag 3.0%F1Cu
0.5%) . HH& JE S AR R 20 51 1 B 1 B0 S 4 R R
B, SRS IN(100). (111). (110). JEBERTIIME
TR OB S Ve FhCusR T, JBR AT RIS
1.2 ERIE
121 1BE&E

KRR B> IR, BT =R Cudd i
b, FHECHEKE TINACF &, HE % E 250 °C,
SIS (E) R EOR20 s, IRIETR. RRARIEIER)S,
Vg 1] £ L PR R SUBCEL T T R VA BB AR R, DARR
X2 RIIIREA

HE R AR T s AR A AT SRR A
T FE R E 150 °C, A1 E N0, 104 304 70, 195
1310 h, 4S5 I 28058 S PRI it B %5 4 DR A



2025 4 10 H

BES %I

EATEE 10 (B30 WD 3.

122 BoEgmmiiteEsE

H B S DA B AR I R A 1 7 M D
VI Ja R E M IR AT A8, e S ECHE RS,
360"FH AP AT BEAE S AR p i 2, AR IR 8007
1200%. 2000%. 4000*F17000*Fb4RHT B, 44 H X7
P& B ) AN I 2 min, HARR R B $ D AR R SO
FE TR min DA EBREORIGRE , B 1K H 4
WhRLRZ I =y H B ARAT B, ) ELAR0.5 pm) 4
NI T I . T I8 30 58 4 W0l 25
el 24 A S vol.% HCL. 3 vol.% HNO3;F195 vol.%
HOMI IR, P R 2 B i 3 21 ik 3 2

Y 56 B ASURE SR T, PSR 9 10~15s, 2
Ja FHEB TR, FRANTOK CRERISYE, &5
W HH A R 46
1.3 TSR

43 A P 4 A S 4 e AN SEMOG 4 A U 2 T
F #& 1Cu-Sn & & IMCJZ BT TE ST EE 53 #7 o
FI H EBSD 23 M7 £ it dfob B[] o 76 347 EBSD R AiE
BT, FE SO AEST B 4% J5 18 F &0 7 e A (PECSIT
685 )W i R 1 HEAT IR BE Y - EBSDRAE 25 S an
1F7R: RERAMEFTIE X 3N Cu, &R 17143 51 9(100)
(110)~ (111), FFA Fr0le S B0 5 & [ R AT o

. y.

(a) (100)I 71

(c) (11)HLF
B 1 CuSAC305 18R y AEA R4 EBSD
Fig.1 EBSD orientation map in y direction for Cu/SAC305 solder

2 #RE5ite
2.1 FREEKITAHASHRUKIVEE
2.1.1 SAC305/(100)Cu = IMC WA EHSUET
BEE54

K2 9SAC305/(100)Cufi 55 [\ 20 sJ5 7E150 °C
SR RL0L 104 304 70 19571310 hft A &% i o
SER . ARSI 20 1] 250 hAT 10 hisf 28 H B
TEEMIMC)Z, > NCueSns, i S iR I Rt

¥ N S AN ]

(a)0h

(b)10h

(b) (110)H 71

001 010 001

N
110 a1
0001 -12-10

Cu6Sn5

(d) Wit

() FRIREKe, ST 7 386 JE (1) [R] B R0 T AR 45 P4

55 R [ FE R A SAC305/Cufe ri 78 7] - [ I &k
R R HIMCAERKAHEL, SAC305/(100)Culf: £
F I IMCAE K RS BR T 98, X IR T 5 An
T[] -0 o 3095 A P ol P 5 22 R, 1T SAC305/
(100)Cuff fSAIMC B F (1)t N BFH P B, i R
FONAEX T2 MR R, HmmAasE D, Ry bt
B f 0T B o AR T U [ - [ A 2 ) e
AR RERY,

(©)30h



* 4+ Oct. 2025

Plating and Finishing

Vol.47 No.10 Serial No.391

10 pm

(d)70h

different ageing times

K3 (a) &7 12 (100)Cu/SACHE S5 #E 150 °C R 2%
310 h/G HIHOREE R, Ktk ST/ AEBSD I ML %2
[, BCFATF(100)Cu/SACHE Jx 7 A, [8—Fi
I H T (100)Cu/SACH - Ay /7 ), B|H TN
ZJ7 1. BEI3(b) R f 2 S kb = A AR AR I, 406
NSnjZ, W NCueSns)Z, SRENEMCUZE. K3(c)
IR T ZRIAH S B . B3(d)~3(D N
fEx. yv ZJ7FIIEBSD A B 6, EI3(2)~3()A
CueSnsTEx yv zJ7 AR . RN 50 7 ) oA

s

(a) #1f SEM K%

() 195h

(b) M

(H)310h
2 AFEIEETE SAC305/(100)Cu &R R BT CusSns HEE,EIFHERE

Fig.2 Scanning electron micrographs of CusSns cross sections formed by the reaction of SAC305/(100) Cu solder joints with

W&y 77 191 2 (100) & 6T, BT LA EE S0 iy 77 191 1)
B 1] o

455 B3 (c)~3(e) T &, WY I, CueSnsH %
o Z0 2K KR AR, R A O (-12-10) , B (-12-

10),/(001)Cue MEI3(H)~3()H 5 T2 77 [f i) = b I
ATLAVE Y, AR5 A K (0001) 4 7] F 2K ¢
fiE, 77 1~FATF Cu/CueSns ST, 158 8H Cu/CueSns i fi
1 1 T WS e A2 F (00 1) Cu Bk JiE E, Tk V47 Tz
Jital.

001 010 001
Cu
Sn
110 101 111
0001 -12-10

C‘u6Sn_<
01-10
(c) WrZit

(d) x 77 1) EBSD Hy [ &
0001 X -12-10 0001

01-10

(g) x J5 Tl S A I

(e) y J71H EBSD Ht [ &

(h) y 77 17 S

() z 7711 EBSD Hji) [
-12-10 0001 z -12-10

01-10 01-10
(i) z 77 1) S A

3 (100)Cu/SAC305 fUEHLE 150 °CFiR 310 h FIRIV L5
Fig.3 Microstructure of (100) Cu/SAC305 micro solder isothermal at 150 °C for 310 h

WE4FT7R, N(100) 5 i 4 5 CusSnsE S5 3 10
hE IR o BATT R 3 (R~ 1 23 o F 7N 3400 F [ bR
e R, M CusSnsAHAICHH 2 [ Ak B o mT 15 3]
PLR 5 SBR[ 2 (0001),/(110)Cu,  (-12-10),y/

(100)Cu. HHFFLUER, FEab AR R, S50E DA
T V]t B ] (14 50738 SHe AN 5 T 9 ot Rz 22 (] (9 B 1)
KRBT PLCusSnsHHHF(0001) 77 ] 1 A KAT A
AR FFARZ . (-12-10),/(100)Cu [ B 7] % % W



2025 4F 10 A BiES

¥5 i HATHEEI0M AE39I D -5

CueSnsfIJE T A(-12-10). [FINARYEHLE, 7T LA N
ESZ(0001), L(100)Cuffi =< & , 1t B Cu/CueSns i Fi A5

y

(0001} {01-10}

A T AL T (00 ) Cudt R I, el AT F27 1.

{-12-10}

(a) CueSns

{110}

(b) (100)Cu
4 EZEMY 310 h /§ CueSns FRLF(100) Cu AIHRE
Fig.4 Polar plots of CusSns particles and (100) Cu after isothermal ageing for 310 h

2.1.2  SAC305/(110)Cu 185 IMC A EFITVRE
KB @534

KI5ASAC305/(110)Culft & [F13i20 sf57E150 °C
SR RL0L 104 304 70 19571310 hft A &% i o
ML, wES@ TR, BB GRS T
L) CueSns /2, BRI AN — I DUR . &
5(b)~5(d)FTR, HEFEEFE]10~70 hi, CueSnsii

KB, HSAC305/(100)CufeSimitt, thif kK
B3 CueSns RIS J5E 2 ARBUIRAS, A SCHRIF F0RR

ZNEAARES, I Se)~5(OFR, 4R
X 3195 h, BN P ST 1) CueSns J2 B S 3
JE, M CusSns b K KA BIA], 2[R EIMC
S ARG EL T

(@a)0h (b) 10 h

(¢)30h

(d)70h
5 A FEIEHETE SAC305/(110)Cu P R 2 RRBY CueSns HEE;E I BB E

Fig.5 Scanning electron micrographs of CusSns cross sections formed by the reaction of SAC305/(110) Cu solder joints with

different ageing times

F 6.2 78 I 2 (110)Cu/SACHE S 7E150 °C 255
310 h)a MM EEF o 5 (100)Cu—FFE B K300
M, 2 SRy 277180 AR [R)RH A A € A
] (R EE AR AT o

(¢) 195 h

(H310h

HE6(e)T LLAE H, (110)Cu/SACHE S IMCH %
BRI —GRIRRE, B AR TR,
MEl6(g) X7 A [ R E /T LA, WX
A 7E 1% X33 SR ZL SRR, AT T Cu-Sn St .



* 6+ Oct. 2025 Plating and Finishing Vol.47 No.10 Serial No.391

. [ 8 e 001 010 001
7 @ Ak '
g 3 %, Cu
/ v N Sn

y i : x|
B & N T S 110 joi, M
G S 0001 -12-10
y - 5 um CugSns

01-10

(c) W Etn,

| X z

ORI, PR Y
£ T
w @ eANTERYEy, B
5pm

(d) x 77 i) EBSD B [i1] & (e) y J7 1 EBSD HuJa) & (f) z J7 ) EBSD H ji)

0001 X -12-10 0001 ) -12-10 0001 zZ -12-10

01-10 01-10
(g) x 77 1] J A% (h) y 77 ) e A PR (i) z 77 1A AR

6 (110)Cu/SAC305 FIEHFE 150 °CFIR 310 h TN LEHa
Fig.6 Microstructure of (110) Cu/SAC305 micro solder isothermal at 150 °C for 310 h

N 7R 9 (110) 5 547 5 CusSnsTEZEIR310 h - (100) B2 b A 2 AL A B 1t 43 A7 K R o A SCHRAIE ]
SRR . BTSRRI NI . 22T (-12-10)/(111)cy R BR 5] 56 28 7E 92 B (110)Cu K 1 _E
=M. ElRRid. Bk, CusSnstHMCuMHMARE S & AN FE A2 (1 0 1 47 25 18] 56 R U8, (A (-12-10)/
ATLAS B LR =AU R (0001)y/(110)cus (-12- (100)cuiZ bl 6 R E AR B -G — E AR, HE
10)/(100)cus (-12-10)y/(111)cue KIL(I10) A BT H4(100)HJC B B UG RHE .

(0001} Y {01-10} J {-12-10} )

(a) CueSns

(110} Y (111} &
x ‘x ‘\
(b) (100)Cu

7 FEZFRRIS 310 h /§ CueSns FRIFN(110) Cu BIHRE
Fig.7 Polar plots of CusSns particles and (110) Cu after isothermal ageing for 310 h

{100}

2.1.3 SAC305/(111)Cu 2L IMC FIFERFVEE S0, 104 30, 70, 195F1310 hirA A i
KBB4 A,
K8 NSAC305/(111)Cutf i Bl 20 s/57E150 °C 5 SAC305/(100)Cuff s IMC AE K A7 M 18 I 2K



2025 4 10 H B 58I EATEEI0W (BB 8D 7.

BL,  7E LA SR I R 8] 0 hAT10 hisf E B T

MIAELR,  F AR 5 A R I R B AR 451 1

(d)70 h (e)195h (H310h
B8 AERTHAETIE SAC305/(111)Cu R AR R AR CusSns &L E I B EE

Fig.8 Scanning electron micrographs of CusSns cross sections formed by the reaction of SAC305/(111) Cu solder joints with

different ageing times

B9 7R IR (111)Cu/SACKE S TE150 °C R
310 hJE IO . 5 (100)Cu—FEBUFBL I8 I
T, 2 SCHIFIIxs yy 27 18] AR [R)RH € A
EOTRER Ty

MEI9(C)~9(e)FT A1, Wy yTT 1], CusSnsH 4 i
W SREAE, & TN (-12-10),  BP(-12-10)/

(111)cus M) HVEE Y 5 1) (1) IR AR B B BE SR AE
PR R. NEIG) BRI LLEH, 7Rz
) VBT — T2 [19(0001) & 1) R SRR, T B X T
BRI (V1) B (R A 85 L TR, 1AL ) CugSnis
R — € UL T- (111 Cudt i b, i il 747

T
001 010 001
cu
Sn
110 101 1

0001 -12-10

CugSns
01-10

(a) i SEM El% (b) HHF (c) Mgt

(d) x 75 [/ EBSD Ht [ /& (e) y 717 EBSD H [ & () z 7 17 EBSD B[ &

0001 X -12-10 0001

01-10
(g) x J7 1l e A &l (h) y 77 1A AR P (i) z 77 1 e A% ]
9 (111)Cu/SAC305 fIIERILE 150 °CHFIR 310 h HIHMLEHa
Fig.9 Microstructure of (111) Cu/SAC305 micro solder isothermal at 150 °C for 310 h

V

-12-10 0001 z -12-10

01-10 01-10



* 8+ Oct. 2025

Plating and Finishing

Vol.47 No.10 Serial No.391

W E 107 A (111) H 5 4 5 CueSns 7E 551 310
hE IR EATRSERSET 2 A NI . 35T
=M. FEbrid. B, CusSnsHHAICuH MK K H
AT RAAF 2 PAR YA B R 2 A (0001),/(110)cus (01-
10)/(110)cu. (-12-10)y/(111)cus (-12-10)y/(100)cuo [F]
BE B4 (-12-10)y/(111)cu % B CueSns K F JE5 TH 9 (-12-
10), (0001),/(110)cyibt B Cu/CugSns i 4 i) -5 i
7 F(001)Cut J& L, TWickhFAT Fxlim. Mmi(01-

{0001} {01-10}

10)n/(110)ca FIH R 58 R ELTS , 1E AR Hx, 277 1At
HEA B R 01-10) [ LR REAE, BT A AIETE
(01-10)y/(110)cu R SR ZU SR RFAE , XA L1 7™ A2
A g A2 FH T EBSD /7 v 7E 2% 18] L 1) & Ak 1T A AL 5
A FEERR o XF T (-12-10),/(100)cu 1 & H1 B 7] 1)
KA, E&W!EE%&%E%%UM%ﬁ%%,
BT LAIX S — NP S AT 8 R I A BRAEE T SE b
(111)Cuﬁfﬁ€%io

{-12-10}

(a) CueSns

v y y
{100} {110} {111}
‘\ “ ‘\

(b) (100) Cu
10 EFRMI 310 h /7 CueSns FRIA(111) Cu HIRE
Fig.10 Polar plots of CueSns particles and (111) Cu after isothermal ageing for 310 h

zx PR, 7T LU ILSAC30544 £ 5 B4 S A ik %
T BT IMC A A5 58 Z0 00 o T B A0 ) SRR AR, o
(1D 5(100)cufbTH R FEGHET, ZE|FJRKCudh
RSB SR, T (0001),/(110), 4 284545 AH X i) — 3%
M, ANZEJECudh F5m.
2.2 RE IMC KB H%E¥
TEWE I 2 di Cufds 2R [E- [ S ORI, K nfd
AR 12. MR SERE T & SARRD, T
EBSD & B AT A= B HIIMC & 171 4 35 I S5 i B 010 B )
FRIE, 3B CufE B df i & 19 O Wi iy
B AT S L MR TSR] 1) B R Cud ) A K Bl
JIEEL, BTSN [ 1 R T SR BORIR T
f ) T RE A, ARAEFick S — @, A=) AR #
7 PR IR IMC ) A K47 261,
d =do+ Dt°® 1)
s SN ZIIMCEREE, um;s doyELR Y]
GHINIMCIZ R, um; DAY ELREL, mYs.
M ERATLLE R, ST A IMCZ 8 R4k
B 8] FR~F 5 AR B B

11°5250 °CHill % FJ(111)Cu/SAC305. (110)Cu/
SAC305- (100)Cu/SAC305TUIE S AE150 °C R &% 7
[HIMCJZFE 5 2 AR A0 Rt 4. 7] DU H I A%
T RS PO R A B AL TETIMC B 55 I 200t 1) ) 5% 2R
RECEIIE KR

40
—=—100
5L —e—111
—a—110

IMCJZ B / pm
= n N w
u o [$21 o
T T T

[y
o
T

0.5

160 1&0 260 2&0 360 3;0
LRI /h
B 11 150 CT=f¥aRESFRABENRES IMC E
EBRIXAR
Fig.11

L
0 50

Relationship between isothermal aging time
and IMC thickness of three single-crystal
solder joints at 150 °C



2025 4F 10 A BiES

i

BATHEEI0H (RE3918]) 9.

R A B 1240 & 25 R 43 £ (100)Cu/SAC305 I 9™
BLRBDN1.61x107"8 m¥/s, (111)Cu/SAC305[IF H
ZHDN1.38x107¥ m?/s, (110) Cu/SAC305\H L &
DF91.92x107"8 m¥/s . B (111) & TH B R Cud B
FECRAK, T (100) &7 T 5 f Cud B R B iy, 31X
AT LA i T 508 R AARE S (111 T ) o 1T 26 2O
0.58/a, (110)7H ) v 11 25 5 90.18/a, (111)1H Y &h 1A
B EON0.25/a, W] LAE HI(111)H KBS R, (110)
THI B0 B IS, o b KR o AR SE e e i
AL, PR BRI

D=I?pvz exp[—%j (2

X DAY ELREL m¥s; DNEIAEE, nm; p A
JRFEREILR, LEN; vARTIRSIINE, Hz;
AP BUR FEALE, TCEMN; AGHY BURIERE,
kJ/mol; THEE, °C.

CIRYRCE IS €081 Wi/ &% @i ]
s T IMCIJRE, 13 o B @ 25 BosuE Re
B, I BUR BRI 50 s T 7 2
JIR P i 22080 K 5 BT 75 U0 RO

40

= 100
e 111 A
4 110
35}
L]
€ 30}
~ A
X
M 251 =
%)
p=
20f
15 =
. . . . .

0 200 400 600 800
LA ) / s12

12 150 CT=MERESFRAYENES IMC E
EHXE

1000 1200

Fig.12 Isothermal aging time versus square root of IMC
thickness for three single crystal solder joints at
150 °C

3 & i

T Ik SEMOMLIN = Fofr 57 A2 st ) ML C R 28 T 7
P, (EZEIE 00 hAI10 hist, SRR FFRBUIRES,
SRR YRS EIA 30 hAI70 hiF, IMCMR
BiRAR AP 2R F AL IR ) 195 hivf,
IMC R AEH P, RBUEFREAT K. Eid
EBSDI% Kl 5 S AR B 734, 15 B IMC i B R] R4
45 Hl HE 2 (100)Cu/SAC305 M (-12-10),/(001)cy

(0001),/(110)cys  (110)Cu/SAC3054(0001),/(110)cy
(-12-10)/(100)cy; (111)Cu/SAC3055(0001)y/(110)cy-
(-12-10)/(111)cyo [FIEF, RINAE 5 (-12-10), & T F4T
AT, (115 (100)cuffr T R I F S, 2
B SR Cu b TH 527 B 2, 117(0001)y/(110)cu i & LR 7
A — 0, RAZ B Cudi T R o 6 = FiAR
IMCE EE#H TS, K IL(100)Cu/SAC305 1Y B £
BDH1.61x10" m?/s, (111)Cu/SAC305M1# Hi 2 %L
DA1.38x107'% m?%/s, (110)Cu/SAC305MI3 Bt R %D
N1.92x10718 m%/s.
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