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Interfacial reaction and its kinetics of electroplated Ag/Sn couples
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Abstract: The microstructures and phases of reaction regions of the electroplated Ag/Sn couples were studied by using
SEM, EDS and XRD, after the couples were aged at room temperature and annealed at 125-225 °C for various times.
The interfacial reaction kinetics of the Ag/Sn couples was also investigated. The results show that in the as-deposited
Ag/Sn couple, the reaction between Ag and Sn occurs to form a thin Ag;Sn layer distributed at the Ag/Sn interface. The
growth of the Ag;Sn layer is much slow when the couple is aged at room temperature, however, dramatically increases
with the annealing temperature (125-200 ‘C). The interfacial reaction of the Ag/Sn couples follows a diffusion-controlled
kinetics with activation energy of 70.0 kJ/mol.
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Fig.2 XRD patterns of Ag/Sn couple after ageing for different
time: (a) As-deposited; (b) 1d; (c) 10d
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Fig.3 Cross sectional backscattering SEM photograph(a) and

EDX linear scanning pattern cross interface(b) of Ag/Sn couple

after ageing for 10 d

Sn BN Ag JAEHE, HRECEFAME TS Ag. Sn
JCEFB A B (Ag N 47 505, Sn 50 50 K),
DAL B G 55 1 22 AN K WH SR o #E Ag/Sn Fihin ] LU 3]
JE270.1~0.2 pm T FIEL 50 A (1) AgsSn . 7EE 3(a)
a5 o'Wy s SRR B AR 40 A, BT A 1 1] 3(b)
PiRe RN P)ZRE, 7EE 3(b)hEA Hk
— AR AgsSn 2RSS FHXS N6

— e, JCE AR B &S 4R R
Cu. Ag Al Au) BMEAE =W FHEEAE A K
IVA 5480 Iny Sn A1 Pb) A8 Bl 1] B 5 77 =X
PO, IR A EAE R S 8 R A P AL I
AT R A A RS S 2 A RL, TR
WAPHHEEM . Ag 4E Sn FIE . WA B Sn
£ Ag AT HOS MR E 2R FIEBE R, =
NS HR@BREOM Y, B4k 1077 mst.
ZHUEH Cu(Au)/Sn R ZHh Cu(Au) 5 17 B34 1L R 5L
ANJUIA SRS, Rk, #F Ag/Sn SR Ag 55 Sn
JECF (AR L HOW B AgsSn 1) 5 W 808 L BARA £ .
[, MR T OE L AgsSn 25, PHAT Ag.
Sn JiiF il it AgsSn 2 IR T, F 3 AgsSn AEK
MG He T — o sl s N B I A
XP=kt (1)
X X WRNZEE, m; b NRNEKKERR
H, m¥s; ¢ NNV, so ATRAESA HEE AgsSn
KRR FE R T 1X107°°~4X 107 m'/s, 5=
I N AgsSn HIR T HY KR EGB.4X 107 m/s) A
M, WNTERESM T Ag 4E Sn HEk Sn 7E Ag
MR 79 H R (107 mY/s).

SIMIC TR Zi A 57 T Al Ag Sn ik L (Ag.
Sn JZJEEELL) T ASAHDIR Ag/Sn A s Jit 1 [ 4 S
FEERE, RIS G TR AT 5 = 40 R 2 B

S, RN X A UH AgsSn MiJE AgSn. FYHLJE

K, SEN Z:UM5) %, 75 Ag/Sn FfIAL AgiSn HiAHIH
TERZ TR HX ] R 2 R 6, il
Ag;Sn MBS EELE AgaSn [ K(AH)s k. Agysi™
—4.2 kJ/mol, AHagk agsi= —2.8 kI/mol)l'”), Ag;Sn
R AT RETE B K. 64k, A4l BANDYOPADHYAY 4%
NI e 0 R, A0S T I S NP ) (RN S AE 0t
RG] s 5 AR it s A T A )
Ao HHIE 1T AT, AgsSn 1E2h Ag/Sn RGALSEIE AN,
IR XN o

22 PARBEHTHRERLE
Kl 4 Fizs b HE Ag/Sn 1) XRD 1%, Kl 5 fr
I A AN R AR R FE I TR 45 PF 1 s 2 (R AR T TE 5



F19GEE 5 W

I, S DU Ag/Sn 85I N R 3L5)) g2 933

PALFREAT NI Ag/Sn FHH N AIR B K AgsSn,
BAHIL AgSn(El 4). HE 5 WL, 7ERRIVI Ag
M Sn JZZAJER T — & JBREESEP) AgsSn J2, i H.
B A RO RE ) T v I N R RE W R (]
5(a)~(c))o £:(200 'C, 1.5 h)HALEL )G, 4 KZH1) Ag
Bz H RN, NA—EZFR, X5 4 &
AgsSn fTHFIE SR AN N . A4, R A 3 FEE
5 WTLUEH, Ag/Sn FHEIRINVIEHUT AgsSn AT
ZHAFLET Ag/Sn JRAG A Ag B9—M, XU
R T 2 B4 B T Sn i id AgsSn 217 Ag Y
HCRIEATI . W2, 75 AgsSn ' Sn HAA L Ag B
K i e R WA 2] Ag F1 Sn 7E AgsSn
M wOscH, Hi%4i S CHEN S5VR 3L 78
Sn-Ag-Au ZZHIEK AgsSn M, Ag Jil LA AR,
1 Sn J5UF & PRI HUR 1 S50 45 RAR AT

Y, ¥, -|1l v

*— Sn
. v— Ag;Sn

ronlpihd V)

(b) »

(a)

30 40 50

26/(°)
4 AR SRS Ag/Sn i) XRD i
Fig.4 XRD patterns of annealed Ag/Sn couples at different
temperatures for various times: (a) 150 ‘C, 1 h; (b) 200 C,
0.5h;(c)200 C,2h

VAL PRI BT R 225 CAME T Sn (R A
(231 C)If, Ag/Sn fHIAFECHIN T W] Wik 1) %
(K 6)0 J5U5E S N A9 B S 7 7700 SR 5 ) PR ARFALE 3 2
RZ DURLIR . R AN E L 34 o XRD 20 HT3R
], 26225 °C, 0.5 hy#UbHE 51 Ag/Sn HiRFE R
BN Sn M pEY) AgsSn Ab, BAT Si FK 4Rk
Pt X305 Sn [ T T B N =4 PtSng AH, (H AT
HIL Ag MFTSHIEE 7). g5 A RERE b T LA e E 6
W ER IR A AgsSn A11(67.2% Ag, 32.8% Sn, JE/R
S%50), TTHEUT Si i A I (A2 B4 PtSny (20.0% P,
80.0% Sn, JE/R/ED) MIFR A Sn(0.7% Ag, 99.3%
Sn, FEIRIIEMAGAE AgsSn K PtSny TURL( i) & Fl -
WAR, FEHHAKEERAAE R, Ag/Sn i, Ag S Sn &k
NI RZIRIT AgsSn, HE Ag &iBHFEE. HT
(Snt+Ag;Sn)FLFEIEIE Ky 221 °C, AT 225 CRFALLHT
W, SRS, F, & Sn MAHS Pt
From 2 OV TERE PtSng KR Y. 78S BE S 11745
AR, AIBRH 4 i ERIR 1Y) AgsSn AT S (1)L
MR,

23 RMNEhhE

2% 125~200 CHULFH, Ag/Sn Fiifi [ 52 N 1k
Ag;Sn JZAERSN I A 8 Fin. OV JZ g
05 BALFER )7 AR D LR RE W], Ag/Sn
FT [ AH B N S BRI AR AL S N B ) SR AE, S — A
P RN R, B N B2 R V) R T (Ag
Sn)TE AgsSn SN IX H 4 HOSE RE A o AN RIS T (1)
PN B ] 8 T .

PR THD [ A 52 7 38 5 6 K00 (Je) RN AR Ak B 82 (T) PR 5K
Zu] ] Arrhenius T FER 7N :

5 LA [RINELE R o) AL P S Ag/Sn A5 14K 17 15 B 115

Fig.5 Cross-sectional backscattering SEM photographs of Ag/Sn couples annealed at different temperatures for various times:

(a) 125 °C, 8 h; (b) 150 °C, 6 h; (¢) 200 ‘C, 1.5 h



934 PR R AR

2009 ¢ 5 A

6 £(225C, 0.5 hy# b B 5 Ag/Sn MK T U T4
Fig.6 Cross-sectional backscattering SEM photograph of
Ag/Sn couple annealed at 225 °C for 0.5 h

v *— Sn .
=— Pt
v— Ag;Sn
v — PtSn,

260/(°)
B 7 £(225°C, 0.5 hHAubH 5 Ag/Sn ) XRD i

Fig.7 XRD pattern of Ag/Sn couple annealed at 225 °C for
0.5h
6.5
= — 398K
55k e — 423K
4 — 448K
*— 473K
g 457 ki =1.0X 1075 m?/s
2 Kass x=5.8X107¢ m¥/s
35| 448K
-
2
=
E 25¢
k393K:3‘9X ID_]?mzl'lls
0.5t

0.6 1.0 1.4 1.8 2.2 2.6 3.0
t«1."21|r'hh’2
8  AgsSn J2 V-4 )5 L FAAb BN ] ) 9K 2R
Fig.8 Relationship between average thickness of Ag;Sn layer

and square root of time for annealed Ag/Sn couples

k = koexp[~O/(RT)] 2
Xk WERETIR T, m/s; O N RNVIEERE, J/mol;
R N— AR % %, 8.31 J/(K-mol). Ag/Sn Fifi [ A [
NV T A T A P P RO R R A 9 o AE
Bl 9 st R MR b, SRR VLRI A4S
FITZ S SN 0 BE AR 1T PR 143 10 24 70.0 kJ/mol
H5.0X10° m*/s. RAEEEA Ag/Sn — e RSt il
AN 3 ) 22 B E R0, {2 TAKENAKA Z5PHR
Agos7Aug 13/Sn = JCFRGE S B AH RN IE R AgsSn ]
BOE R AR AT 2k 74.0 kI/mol AT 3.6X 107
m?/s. SU S5PHLUEH A Ag 5SS Sn 1) S K M)
PG HEA 70.3 kI/mol. XKLL #1055 A SC I sz &5 1
RRE: IR

-15.0
0=170.0kJ/mol
ky=5.0X10"%m?s
= -154r
E
T -158¢f
=
-16.2}
-16.6 : : : : :
2.1 22 2.3 2.4 2.5
T-Y103K™

9 AgsSn R AT K MAC PG E I 5C R
Fig.9 Relationship between k values and annealing temperature

for Ag;Sn layer in annealed Ag/Sn couples

3 4

1) EHYT Ag/Sn MRk & 4E Ag 5 Sn [A](1)
FHIH RN, TERUZIREE M AgsSne [N ARFE ZE LI
Bk R, AgsSn JZ KNS .

2) 1E 125~200 ‘CHALFEIEFE A, W R
Ag:Sn JZ1E Ag J Sn JZZ (R34S S50 A, BAG vk
HELE 8, AgsSn EMAEKHE AR B4 E . U
225 CHALBERS, S W) AgsSn 55430 Sn 22 [A]
RAILRRN, A . [FE, Sn 5 Pt Z [V
JE I PtSny, FIRAHZUNERIR AgsSn L H2HR PtSn, FUki
(AAR0) 73 A T 221 Sn A

3) 125~200 “C Nt Ag/Sn F T [ AH S N A6 I
LM RN B )%, RN TFAE AgsSn JZH1 (1)
AR HOE R . RN B) 1 2E TR k= 5.0X
107 exp[70.0 X 10*/(RT)]»



GO, A5 rPTRR Ag/Sn 8 SR BN J B 7 2F

935

REFERENCES

(1

(2]

(31

(4]

(3]

(6]

(7]

(8]

(9]

[10]

KIM J S, LEE C C. Fluxless Sn-Ag bonding in vacuum using
electroplated layers[J]. Mater Sci Eng A, 2007, 448: 345-350.
CHAO B, CHAE S H, ZHANG X F, LU K H, IM J, HO P S.
Investigation of diffusion and electromigration parameters for
Cu-Sn in Pb-free
simulated annealing[J]. Acta Mater, 2007, 55: 2805-2814.
TANG W M, HE A Q, LIU Q, IVEY D G. Fabrication and

intermetallic compounds solders using

microstructures of sequentially electroplated Sn-rich Au-Sn alloy
solders[J]. J Electron Mater, 2008, 27: 837—844.

CHEN C M, CHEN S W. Electromigration effect upon the
Sn/Ag and Sn/Ni interfacial reactions at various temperatures[J].
Acta Mater, 2002, 50: 2461-2469.

LIAO C N, WEI C T. Effect of intermetallic compound
formation on electrical properties of Cu/Sn interface during
thermal treatment[J]. J Electron Mater, 2004, 33: 1137-1143.
PUHA, KB, T, BT, WMEE. SRS
Ag:Sn Xt SnssAgo,Cu RS G IERERIE AT, )24k,
2007, 43(1): 41-46.

ZHU Qing-sheng, ZHANG Li, WANG Zhong-guang, WU
Shi-ding, SHANG lJian-ku. Effect of intermetallic Ag;Sn on the
property of Sn;sAgysCu alloy[J].
Metallurgica Sinica, 2007, 43(1): 41—46.

tensile solder Acta
LI Guo-yuan, SHI Xun-qing. Effects of bismuth on growth of
intermetallic compounds in Sn-Ag-Cu Pb-free solder joints[J].
Trans Nonferrous Metals Soc China, 2006, 16(s1): 739—743.
LAURILA T, VUORINEN V, KIVILAHTI J K. Interfacial
reactions between lead-free solders and common base
materials[J]. Mater Sci Eng R, 2005, 49: 1-60.

B, SRR, 1RED, FRHEA, B, Sn-Ag-Cu THIE
R ATEEMERERI]. 533, 2007, 7(3): 4-6, 33.

HAN Yong-dian, JING Hong-yang, XU Lian-yong, GUO
Wei-jie, WANG Zhong-xing. Study on the reliability of
Sn-Ag-Cu lead-free solders[J]. Electronics & Packaging, 2007,
7(3): 4-6, 33.

GALE W F, TOTEMEIER T C. Smithells metal reference

book[M]. 8th ed. MA, USA: Elseiver Butterworth-Heinemann,

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

2004: 11-25.

SEN S K, GHORAI A, BANDYOPADHYAY A K. Interfacial
reactions in bimetallic Ag-Sn couples[J]. Thin Solid Films, 1987,
155:243-253.

ARAI S, AKATSUKA H, KANEKO N. Sn-Ag solder bump
formation for flip-chip bonding by electroplating[J]. J
Electrochem Soc, 2003, 150: C730—C734.

SUZUKI K, KANO S, KAJIHARA M, KUROKAWA N,
SAKAMOTO K. Reactive diffusion between Ag and Sn at solid
state temperatures[J]. Mater Trans JIM, 2005, 46: 969—973.

HE A, LIU Q, IVEY D G. Development of stable, non-cyanide
solutions for electroplating Au-Sn alloy films[J]. J Mater Sci:
Mater Electron, 2006, 17: 63—70.

TANG W M, HE A Q, LIU Q, IVEY D G. Room temperature
interfacial reactions in electrodeposited Au/Sn couples[J]. Acta
Mater, 2008, 56: 5818—5827.

SIMIC V, MARINKOVIC Z. Review: Room-temperature
reactions in thin metal couples[J]. J Mater Sci, 1998, 33:
561-624.

FLANDORFER H, SAEED H, LUEF C, SABBAR A, IPSER H.
Interfaces in lead-free solder alloys: Enthalpy of formation of
binary Ag-Sn, Cu-Sn and Ni-Sn intermetallic compounds[J].
Thermochimica Acta, 2007, 459: 34-39.

BANDYOPADHYAY A K, SEN S K. A sudy of intermetallic
compound formation in a copper-tin bimetallic couple[J]. J Appl
Phys, 1990, 67(8): 3681-3688.

CHEN S W, YEN Y W. Interfacial reactions in the Sn-Ag/Au
couples[J]. J Electron Mater, 2001, 30: 1133—-1137.

WANG S J, LIU C Y. Coupling effect in Pt/Sn/Cu sandwich
solder joint structures[J]. Acta Mater, 2007, 55: 3327-3335.
TAKENAKA T, KAJIHARA M, KUROKAWA N,
SAKAMOTO K. Reactive diffusion between Ag-Au alloys and
Sn at solid-state temperatures[J]. Mater Sci Eng A, 2006, 427:
210-222.

SUTL, TSAO L C, CHANG S 'Y, CHUANG T H. Morphology
and growth kinetics of Ag;Sn during soldering reaction between
liquid Sn and an Ag substrate[J]. J Mater Eng Performance, 2002,
11: 365-368.

(WE FEE



