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Fig. 1. (color online) Schematic dimensions of a final

solder joint.
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Fig. 2. (color online) Simulated temperature distri-
bution in the solder layer during reflow on hotplate:
(a) 250 °C; (b) 280 °C.

166601-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 64, No. 16 (2015) 166601

FRIEh 5 s. R FH 4 f 7 S5 s AN RE 1% o0 kT
FH1H IMC RS Ao 347 &L 4 A, A8 B AL
PRI & S IMC 1R JE.

BT TRDEE A /DS, YO R PRl B A e DL B
ML, R 5] NAT PR G 75 i AT I B A AL, HX
TR S R R 15 W/(m? K) 5] J B 455
BT 25 °C, B BIRUE SRR G NI EF
KL o IR R o A o B 2 TR, WO G T N 250
F1280 ©C B EFALZ H T B 1A P 6 5 43 35.33
F140.0 °C/cm.

3.1 FERNYAEIMCHEK

BAR G, WIUR I S i S 2 AR O 2R
CugSns IMC, E A 0.32 pm.  AHF TR H
(R ISP VR AR 31 B0 i ST IMLC, 8 B, 1 X S
SESIG RN, P 3 08 Cu/Sn/Cu fE sAE 250 °C Al
280 °C FZEIE I 2% 120 min J& 19 5 IMC 2 571 K.
22250 °C R IN RAUT , 5 AU S S I 24 A R R 1)
Jii JUIR CugSns IMC, JEJE 4 8.45 um; 7F CugSns Al
Cu A4 2 [8] A] W 42 B8 w11 2R CugSn IMC, J&

\

CusSn
CugSns P

20 pm

CugSns

/

20 pm

FEA1.53 um. £ 280 °CAFRI 25, F41 CueSns
A CugSn 15 BE 3 75035 3 10.17 F1 2.34 pum. 55
26T, I8 55 i FE T CugSns A CusSn ¥ 2
XIFRPEAE A, BIP- 2 B AN S A — 2

3.2 MIBTHEBIMCHEEK

Kl 44 Cu/Sn/Cutft mAE 250 °C# & B A
[ B 8] J B 5 T TMLC S v AR . S o
WG Sy, T A A . R AR A iy S
T IMC A4 K 230 B8 0 JExd Bt 78 B
B3, P S B R T2 T CueSns, (H ¥ b 511
CugSns A K 5 8 2 KT A, S84 o
FHTH CugSny (1) J5 5 22 b S i) [R] AN W K. 78 #4
£ [EAL 120 min Ji5, 3 51 CugSns & FE ik F
15.12 pm, 1A 2.49 pm; HAh, 78 F 5 7
CugSns Fl Cu 244 2 [8] 32 W 22 21 4 3 1) CuzSn, %
Uity A JEIR T o AL A B 58 Cu/Sn/Cu
2 RE 280 °C NG [HIAS [F] I 8] 5 510 IMC 1Y
TS A &, R IR IMC 2R K AT A
250 °C TG LA DL L, (H¥ | o 57 1 IMC
Z AV X R P AR AR 15 5 B

i

\
CugSns CuzSn

20 pm

K3 Cu/Sn/Culf i 250 F1280 °C KT 44 120 min 5 ¥ 541 IMC JE51 K
Fig. 3. Morphology of the interfacial IMC in Cu/Sn/Cu solder joints after aged at 250 and 280 °C

for 120 min.
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Fig. 4. Microstructural evolution of the interfacial IMC at the cold and hot ends in Cu/Sn/Cu solder joints

after reflowed at 250 °C for different duration.
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Fig. 5. Microstructural evolution of the interfacial IMC at the cold and hot ends in Cu/Sn/Cu solder joints

after reflowed at 280 °C for different duration.
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e 250 °C aging
0.4 F ® 280 °C aging
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log t/min

(MFIFEE) Cu/Sn/Cu f7 R AN R CugSny J5 -5 I AR ] 5% 5

(a) h-t; (b) logh-logt

Fig. 6. (color online) Thickness of the interfacial CugSns in Cu/Sn/Cu solder joints as a function of aging

time: (a) h-t; (b) logh-logt.
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(a) h-t; (b) logh-logt

Fig. 7. (color online) Thickness of the interfacial CugSns in Cu/Sn/Cu solder joints as a function of reflow

time at 250 °C: (a) h-t; (b) log h-logt.
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Fig. 8. (color online) Thickness of the interfacial CugSns in Cu/Sn/Cu solder joints as a function of reflow

time at 280 °C: (a) h-t; (b) log h-logt.
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Table 1. K and n values under different reaction conditions.

Aging Hot end Cold end
Temperature/°C
K/pm-min—" n K /pm-min—" n K /pm-min—" n
250 0.76 0.49 0.56 0.31 0.40 0.74
280 1.09 0.46 1.27 0.20 0.27 0.94
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HAFREER, RAEFEC S — e, T3 B o
By 710 -3 B E A2 A E ke O

J—C<u>—CMF—CIf;<—gZ>, (4)

X, JoNE TS, CHEFIRE, (V) RETIE
B E, M = D/(kT) NEFTBER, F AR,
D AT HRE, kABURZEEHE, T RHIEE, v -
Bk, p At LR BERR AR RIRE) J7, I e X
Q* AL I, W 2 T AN Q* (1 R L, MR8 A
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T J T RRN
D Q* oT
J:CQ(_M). (5)
B (4) 1 (5) XA sn, Q* BAE pMHIE R EHN,
RERFAN R T REREGARE. AL, Q* MFF 5T
PLHT (5) 3 X, 5 J5 7 o #v A A w88, QN
iE, Rz, Q* R HWR4E (4) F (5) X, MILHUKZ)
71 Frv ATRRA
FTM:%<_(;:>~ (6)
BT MR R i A ok Y Cu R+ E 2 T
A 51 CugSns 4K, AR # G [ 60 min f5 4
Uit FLTH CugSny TR, H174 U Cu A IE RS AL 7
[ CugSns A2 K (138 & ) n] DL 2w A Th. Bk, wf
IR [E37 60—120 min HA17] ¥4 3% 7 CugSns
HE Ad Tl CuJf Tl E AR E T Cu i T
EREE Jrv, WA
6(AdA)pNy

atoms

T VP TH (7)
A, ANESABBmR, t AR, p N

CueSns %L, Na AFTRAMNEER H 4, M~ CugSns

1AL R E R 250 ©C 1280 °C i, Ad A 6.86 Fll
11.35 um, X CugSns 1% p=8.28 g/cm® 22| H
(7) XA AR Ty 739908 5.85x 1015 F19.67x 1015
atoms/(cm?-s). 250 °CHF, £FRLJZ W 1 i FE B
%9 35.33 °C/em, CufEA Sn H 1 Bk 24
3.16 x 107° em? /s 3, VMR N 1.25 wt. % 24, 4R
i (5) A3 Cu 5l T 7E WA Sn H 1 JBE IR AL 33 #h Q
N +14.44 kJ /mol. [FFE, 280 °C i, 4FRHE W IR
FERAE N 40.0 °C/em, Cu 7EHAS Sn H HIH BlUE
93.93 x 107° em? /s P31 VMR N 1.67 wt.% 4,
THE AR Cu J& T 7E A Sn I BE R AL 6 3 Q*
+14.11 kJ/mol, 5250 °C W A#H#IL, BiMH 7 it
& F

A% (6) 2, ITHE AT 250 °C T Cu i F1E
WA Sn H I RITFEIKEN ) Fr, 91.62 x 10719 N,
17280 °C K Fr, N 1.70 x 10~ N. %} bb ikl iE
1 4 8 72 [ 3 BF R 0 O B K B ) Fs
N4.14 x 10718 NBI 1.66 x 107 N (Cu) "2 1
1.0 x 10717 N(Pb) B, a W, 1, B0 L Fy /h— A4
B &R TIERASEPR R Y Bk 20 KT 18
] A BT RE T Blos e, DR R R I AR v 6 e T T
RATITRE BT T R R B A MS 2.

5 & W

1)Cu/Sn/Cu 2 sAE R G [ S A HH I
FERRFEIRAN I Cu Ji FHIT IS, Cu iAW
PR R S PO A%, T BUE R R - [ SR I S N
AR AR, AR, ISR INE T 5 CueSns
FIAEK, T T Cu He A i, 75 Ham, oL
P T S CueSng A, TANE T Cu FEAR
fifg. ek, Culi 7 KT R A H Al T CusSn 1E
Cuﬁsn5/cu ﬁﬁiﬁ/‘]ﬁﬁﬁk‘*uéﬁ‘&

2) BT U TR UM - 51T CugSns B4R
Kzl Iy, SR R CueSns A2 K BT [A] 48 20
n FET 1/2, RIS, % Cu i+ 1£ 71
IMC H R BoE R 8] IR KT, ¥ im 5t
[l CugSns A K HIB [H a2 n HEGE T 1, IR E L
U, 52 Cu-Sn M H 32 i FL1H CueSns 2E
KB 4R 5 n (HEGE T 1/3, IR HE, 52
Cu J5 772 FL 1 IMC H (1) L9 Bl e 5] Tt
Pof EE AR, AT o VK - ] 3 T e 7 ) 52 i 7 B

3) MR H 5 £UVA B ST CueSnp 19 A2 4 A2 41 3R
73 Cu il FH T &, 115 H 250 °C 1280 °C
N Cu i 7 E WA Sn H 1) BE IR A% 3 # Q™ 3 il H
14.11 A1 14.44 kJ/mol, #IE# WK sh 71 F, 50 5N
1.62 x 1072 f11.70 x 10719 N, bk Cu Ji F7E[H &
R ) RGE RS IR BN ) Fs 20—
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Abstract

With the continuous miniaturization of electronic packaging, micro bumps for chip interconnects are smaller in size,
and thus the reliability of interconnects becomes more and more sensitive to the formation and growth of intermetallic
compounds (IMCs) at liquid-solid interface during soldering. Thermomigration (TM) is one of the simultaneous heat
and mass transfer phenomena, and occurs in a mixture under certain external temperature gradient. In the process of
interconnection, micro bumps usually undergo multiple reflows during which nonuniform temperature distribution may
occur, resulting in TM of metal atoms. Since the interdiffusion of atoms between solders and under bump metallization
(UBM) dominates the formation of interfacial IMCs, TM which enhances the directional diffusion of metal atoms and
induces the redistribution of elements, will markedly influence the growth behaviors of interfacial IMCs and consequently
the reliability of solder joints. The diffusivity of atoms in liquid solder is significantly larger than that in solid solder
and in consequence a small temperature gradient may induce the mass migration of atoms. As a result, the growth
of interfacial IMCs becomes more sensitive to temperature difference between solder joints in soldering process. So
far, however, few studies have focused on liquid state TM in solder joints, and the growth kinetics of interfacial IMCs
under TM during soldering is still unknown to us. In this study, Cu/Sn/Cu solder joints are used to investigate the
migration behavior of Cu atoms and its effect on the growth kinetics of interfacial CusSns under temperature gradients
of 35.33 °C/cm at 250 °C and 40.0 °C/cm at 280 °C, respectively. TM experiments are carried out by reflowing the
Cu/Sn/Cu interconnects on a hot plate at 250 °C and 280 °C for different durations. For comparison, isothermal aging
experiments are conducted in a high temperature chamber under the same temperatures and reaction durations. During
isothermal aging, the growth of interfacial CusSns follows a parabolic law and is controlled by bulk diffusion. Under the
temperature gradient, asymmetrical growth of interfacial CueSns is observed between cold and hot ends. At the cold end,
the growth of the interfacial CugSns is significantly enhanced and follows a linear law, indicating a reaction-controlled
growth mechanism; while at the hot end, the growth of the interfacial CugSns is inhibited and follows a parabolic law,
indicating a diffusion-controlled growth mechanism. The dissolved Cu atoms from the Cu substrate at the hot end are
driven to migration toward the cold end by temperature gradient, providing the Cu atomic flux for the fast growth of
the interfacial CugSns at the cold end. With the variation of the measured thickness of CugSns IMC at the cold end
and the simulated temperature gradients, the molar heat of transport Q* of Cu atoms in molten Sn is calculated to
+14.11 kJ/mol at 250 °C and +14.44 kJ/mol at 280 °C. Accordingly, the driving forces of thermomigration in molten
solder Fi, are estimated to be 1.62 x 107!° N and 1.70 x 107!° N, respectively.

Keywords: solder, thermomigration, interfacial reaction, intermetallic compound

PACS: 66.10.—x, 68.08.-p, 68.35.bd, 81.20.Vj DOTI: 10.7498/aps.64.166601

* Project supported by the National Natural Science Foundation of China (Grant No. 51301030) and the Fundamental
Research Funds for the Central Universities, China (Grant No. DUT14QY45).

1 Corresponding author. E-mail: zhaoning@dlut.edu.cn

166601-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.166601

	1引 言
	2实验方法
	Fig 1
	Fig 2


	3实验结果
	3.1 等温时效界面IMC的生长
	3.2 热迁移下界面IMC的生长
	Fig 3
	Fig 4
	Fig 5


	4讨 论
	4.1 界面Cu6Sn5的生长动力学
	Fig 6
	Fig 7
	Fig 8
	Table 1

	4.2 Cu原子在液态Sn中的传递热Q*和 热迁移驱动力

	5结 论
	References
	Abstract

