Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

CuAls|Z&REERAERBENEDE KT ENRMUIBMAR

Wk HREM XF LEM LA

In-situ investigation on the growth of Cu-Al intermetallic compounds in Cu wire bonding
Yang Qing-Ling Tan Yik-Yee Wu Xing Sim Kok Swee Sun Li-Tao

5| 18 & Citation: Acta Physica Sinica, 64, 216804 (2015) DOI: 10.7498/aps.64.216804

7 £ )13 View online:  http://dx.doi.org/10.7498/aps.64.216804
2114 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/121

AT RERH B BB S &
Articles you may be interested in

BCC B b L K5 7 HEG AR 1Y A AR I F 7

Investigation of atom-attaching process of three-dimensional body-center-cubic dendritic growth by phase-
field crystal model

PP 22 H%.2015, 64(2): 028102  http://dx.doi.org/10.7498/aps.64.028102

fn PR AH VAR 78 SR 4 /N LA o B AL R K i i #

Phase-field crystal method investigated the dislocation annihilation and grain boundary migration in grain
shrink process

PP 2E4%.2014, 63(12): 128101 http://dx.doi.org/10.7498/aps.63.128101

10 S PR T 7 00 7 [ [ o VR B s A A 52
Effect of anisotropic surface tension on deep cellular crystal growth in directional solidification
YrE=4.2014, 63(3): 038101 http://dx.doi.org/10.7498/aps.63.038101

Z TS AR R 5
Effects of helium and deuterium on irradiation damage in pure iron
Y= 4.2013, 62(16): 166801  http://dx.doi.org/10.7498/aps.62.166801

32 58 B e FEAR AR AL T8 R B A S R S Ak T T i L B 24 70 M
The type identification of dislocation loops by TEM and the loop formation in pure Fe implanted with H™
PP 27 4%.2011, 60(3): 036802  http://dx.doi.org/10.7498/aps.60.036802


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.216804
http://dx.doi.org/10.7498/aps.64.216804
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I21
http://wulixb.iphy.ac.cn/CN/abstract/abstract62649.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62649.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62649.shtml
http://dx.doi.org/10.7498/aps.64.028102
http://wulixb.iphy.ac.cn/CN/abstract/abstract59601.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59601.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59601.shtml
http://dx.doi.org/10.7498/aps.63.128101
http://wulixb.iphy.ac.cn/CN/abstract/abstract57814.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57814.shtml
http://dx.doi.org/10.7498/aps.63.038101
http://wulixb.iphy.ac.cn/CN/abstract/abstract55719.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55719.shtml
http://dx.doi.org/10.7498/aps.62.166801
http://wulixb.iphy.ac.cn/CN/abstract/abstract18146.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract18146.shtml
http://dx.doi.org/10.7498/aps.60.036802

¥ 3 % R  Acta Phys. Sin. Vol. 64, No. 21 (2015) 216804

Cu/Al3|4#ARELEAYE KT
B ST s

MY BRZEND REY AER? IrED
1) (RE R -FEL R R0, R RS MEMS 0 HE MR, fat 210096)
2) (BUAR R, BRIGIESRH 75450)

(20154 3 A 30 HUR®; 20154 6 H 24 HiaEEH )

5] 2B T EM RS L L R A B T R AR U TR AR 3 BB G 5 B, SR Cu /AL ST 4R
b5 LTI (¥ 42 J8 1A Ak 5 (intermetallic compounds, TMC) [ 3et Az Kok 189 2 fioh i PR B AR B &9 B, AN
SO SR PE R AT SEPE. BEX DA b i f, AR SCIR T A v 4 O S AR BOR, B IT T LE 50—220
CCIBKIREET, Cu/Al 51 Z8t & FHH IMC B 1), S 3] T Cu/Al IMC )3 A R 45 R IR i
P, segbah AR, B KHTBURCIR 1 Cu/Al IMC 4 A 7E8E& FLH], F 2R N CugAly, D E M4 CuAls.
1Bk JE Cu/Al IMC BI85 /& 523 Cu—¥fi N CugAly, 55 Cu B — i A CuAls. [F]FJEFJE A7 WM Cu/Al
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5% (high resolution scanning electron microscopy,
HRSEM) ll & ££ & 1 W R 4 (focused ion beam,
FIB) %} Cu/Al IMC 7£ 18 K AL B~ B & )5 19 L
AR AR E TUROK 02101 ) e 4 AR HEAT T B 5.
AR, R 2 B0 T IT 4a R s 20 HEE S
F 2 (high resolution transmission electron mi-
croscopy, HRTEM) £{R, X 28 T4 B L A At 3K
37— Cu/Al IMC @ 45 K 5 5 16181 4
Xu % DTSN 175 °C, 200 °C F1250 °CIRk
%A F Cu-Al IMC H CuAl, #16H CugAly. 4R1,
H A 9% T Cu/Al IMC A K AL B A 98 AN B 7,
B DIRNWE AT, RN, 25 B RTIR 0 BT 0T 5%
T8 R AR EATRIE 78, RIS —HURE 24T A [RGB
it AR K (A AL B, 28 )5 3t 4T SEM AT TEM
RAE. SRR SEIG TSR LG, JRALE ST T B
A (In-situ TEM) 2 T35 7 B, &a2 0
BEAE AT R RE i EAT 22 b3 3k 0 re AR RETN
A, AT DO A RS2 IS AL Ak 2R [R] 25 30
1M, JRAEE S BT BB TT Cu/Al 5 2e8E &
FHTHAE 25 T b BRI v G54 U5 AL R R AL PR A S
BETT .

A HEF In-situ TEMBF 5 T Cu/Al 5] £k 5
& FHHAE 50—220 °CIRK T Cu/Al IMC (45475
A, AL JFEALIAI, FAT2HT T Cu/Al IMC
ZERTEAS, IFTHEAR S T Cu/AL IMC ) FSOHE %,
SA2] T EALINAT Cu/Al IMC KA.

2 I

WE L (a) fioR, BAAN22 pm 26 Cu £k #
HERAH 1L, um EAl &R 6, BEEITN
2535 gf, #EFIHE N 120—150 mW, BEIRE N
180 °C, & Ja b7 ¥ 3. Wyee & Bkl A%
AT A, SR 5 SR R T XUR (FIB dual
beam) Jik #, il % JF B /N T 100 nm ) TEM #F .
Kl 1 (b) AT 7 1 22 FIB fill # By 43 TEM F & (1) 45 1)
B, 1 B 1 () =& AR KR AR IR Cu/AL 5] 2k &
G BORLR IMC FITESR.

SN E H S 300 KV S R ZE 4% 1F 135 5
F B8 (FEI Titan 80-300) % FIB £ i it 47 IR A7
RAE. K Gatan 628 S IAFFBEAT FRALIN £, Tn
IERFE M 50220 °C W T, BEANELE T TE IR
A 1 b, MAtRRsE 24 b, BARINPGERERLE 1.

#1 Cu-Al 51 Z44E TEM BEG B R AR R A A

Table 1. In-situ annealing temperature and annealing

time.

Bk bEP bEP FEPS
g /°C i} 18] /min HE/eC BF 1] /min
50 60 70 80
90 130 110 150
130 120 150 150
175 500 220 240

1 (a) Cu/Al Sl &5 EE; (b) FIB HIlFE 5 EAL TEM st 254 B (bR = 2 pm); (c) Cu/Al51%k
A SR K ATRRCR IMC JESE TEM B (AR = 100 nm)

Fig. 1. (a) Schematic illustration of the Cu-Al wire bonding; (b) overview of the FIB lamella for in-situ
TEM (Bar = 2 um); (c) the morphology of Cu-Al wire bonding before heating, isolated IMC crystals (10-30
nm thick) located in Cu-Al bonding interface (Bar = 100 nm).

3 &R E51®
3.1 Cu/Al IMC 4K RN

B 2 9 JEA I FA S W82 21 () Cu /AL IMC 1)
AR FEE, B2 (a)—(i) T E R L E

(35573 B /& Cu/Al IMC. BRI Cu/Al IMC M H]
16 20—40 nm Z 5 A K % 340 nm, HE AJLTF4
AEFERL. B JOR TR E S, A MIE] Cu/Al
IMC (AR RO LA, P LLIR K IR AR 8 J5
K=/ ORI s 2 96 Sk Cu /Al IMC 7
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ZARE R AR JEALW RS0 R, iR E
KT 175 °C B, IMC A= KT8 B AT 281085 i % &
F 175 °C I, IMC A=K FE PR,

P 3 BT B 38 K CRT Cu /Al 5] 26 8 A 5 TH 1)
IMC A 2 #r. 3B KR IMC 2 A1 & 50 IR 23 A 78
Cu/Al#gE A 7, W3 (a) i, B3 (b), (c) %

0 min

, 90 <C
(d) 113 min

(508G
150 min

300 min

Al A2 (a) Bt IMC [ 1 0 9 4 O 4 A5 R PR s
8 Bt (FFT), B4 IMC 23 2 i il oA
CugAly. Z» M3 8], IMCIB KR i 3 %2 =2
CugAly, /b & & CuAly. 1 78 HoAth SCHRAF 5E
) IR KR IMC 1) = B R 3 J2& CuAly, X AT g A2
NAFEMBES 2 JG 40 T ¥E B S R 2

R

70 °C
80 min

IS 0MC "
120 min

200 °C NS

240 min

2 JEALSERT M EE Cu/Al 51 &S S Cu/Al IMC #VEKZIRERE  (a)—(>) 20 FTARE IR SR L FTIR K [
# TEM B ((a)—(f) F45 R = 20 nm; (g)—(h) FHRR = 50 nm; (i) FFR = 0.2 pm)

Fig. 2. In-situ TEM observation of the Cu/Al IMC growth behavior under annealing. (a)—(i) show the TEM pictures
of the Cu/Al IMC under annealing. (Bar = 20 nm in (a)—(f); Bar = 50 nm in (g)—(h); Bar = 0.2 ym in (i)).

(321)

(021)

(300)

K3  (a) Cu/Al 5|28 & IR KHTHRLR IMC 2SI TEM & (53R = 20 nm); (b) 4 (a) Fizs Xk A
IMC ) HRTEM % (}4# R = 10 nm); (c) A (b) fizn IMC [ FET K, Zhr &S 1N CugAly

Fig. 3. (a) Isolated IMC crystals located in Cu-Al bonding interface before heating (Bar = 20 nm); (b)
HRTEM image of IMC shown in region A (Bar = 10 nm); (c¢) FFT image of IMC in Fig. 3b and is

corresponding with CugAly.
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B4 (a) Cu/Al 51454 FHERIER 1Bk 24 h 5 STEM K (\# R = 0.2 pm); (b) A (a) i X B-1 #1 IMC
K HRTEM % (Ff R = 5 nm), #EAB-1 M FFT B, S5 E B H A CuAls; (c) M (a) s Xk B-2 1 IMC K
HRTEM & (5 R = 5 nm), #E N B-2 (i FFT [, ZF55E 15318 CugAly

Fig. 4. (a) STEM image of Cu-Al wire bonding after 24 hours annealing (Bar = 0.2 pm); (b) HRTEM
image of IMC shown in region B-1 (Bar = 5 nm) and the inset shown the FFT image of B-1 which was
corresponding with CuAly; (¢) HRTEM image of IMC shown in region B-2 (Bar = 5 nm) and the inset
shown the FFT image of B-2 which was corresponding with CugAly.

B ZRKRETHAANHRLE E4(a)
J9Cu/Al G| 26 4 & 51 24 3L 24 hiR K A S
STEM JE 8t W, & it 4 #7 13 21 IMC £ Z f
2, 5 CutHi —inh CugAly (K 4 (), H—E N
CuAly (4 (b)). 4R, 365 °C K Cu/Al IMC I H
R g Ml CuAl, CugAls, CusAly, 75 R AL INHE
AW E. R R AT R R X ) 1) SRR E T
H CuAly Al CugAly iy, A AT REIX L8 45 7 43 A7 HI
ELEHE, A2 LT s 2 PR AE.

3.2 Cu/Al IMC R EKREITE

2003 4F, Kim £ [ 3T A n# SEM FAE
Cu/Al IMC J& £ Rt i B2 A B o) A8 Ak 1 5, 4 T
Cu/Al IMC A KA

X? = Kt, (1)

H A X NIMC R (cm), t AIE KA (s), KN
IMC X BL# % (em? /s), Ko NTEHETE T (cm?/s), Q
FEERE (keal/mol) (1 cal = 4.184 J), R&SAMH
# (kcal mol 1K1, TH2iB K (K), (2) 2Nk
e i A Kim %@ i 515 %) Cu/Al IMC
ERAR N

—13046.179
X? =14.658 x 102 exp () (3)

T
MR (1) 2, A8 Mathematic 2468 AL
7331 Cu/Al IMC J5 B Bl I 8] R A2 4 56 28 B30 ik
ITILA B, B RIWE 5 (a) B ih £, 75 150 °C,
175 °C, 220 °C K Cu/Al IMC J& Ji [ifi i} [a] 3 Aol &

I FR. A (1) 2k — DX IMC B 538k
I 18] )7 J5 AR B AR AL ok AR B BEAT HUh5, AT BAAS 21
Wl 5 (b) i & B, ik, Al LAy AR
KZFAET Cu/AlL IMC JE FERF I3 BIE TR K
I 8]

280
4 150 «C (a)
240 e 175°C
s 220 °C
200 e —
g — WAL -
~ 160
N e
T %0 el
=
80 —
e
—-/*_—‘
40 —
:/__’__’___A_—A—A—'
0
1.5 3.0 4.5 6.0 7.5 9.0
SR JCITH) ¢/h
280
A 150 C ]
240 s 175°C (b)
n 220 °C
g 2 S —
=] z
< 160 /
ﬁ( /
i
O 120 /'/
=
80 ]
’_/_.__4,__’-0-"‘
_’__A__A_JL_A———_—
S
0
80 100 120 140 160 180

RIS E) 1/2/51/2

5 (a) Cu/AlIMC EREHIR KB K R; (b) Cu/Al
IMC 5B Xof 38 KR ) fR5~F D7 AR I 6

Fig. 5. (a) Cu-AlIMC thickness versus annealing time;
(b) Cu-Al IMC thickness versus the square root of an-

nealing time.
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XTI 5 (b) LA B LR, HAFREE K1/2
(OE, 7T DAAS 3 = RO R R KY/2 (FE, A AT
PATS 2 AS [FHE KRB N IMC ) S B R 02 2 fip
R TR, 32 g T Kim 25 U R J5UA7 S50 it
FLHTF Cu/Al IMC R B 3E 2 04 5 5 A7 S50 7t
Fr#53 Cu/Al IMC Jx W Ig 22 5085 )t . k2
AT DLE B, A SR AL 70T 43 1) S B T 2 s v T
Kim & 3R R AL 5045 2000 e S 2, H B #GR
FETHn, PO BRI G A 22 (4ax M 22 /7 S 4H) 1%
W AR 2 EE, RE (2) 6 Cu/Al IMC
S TH (1 AR S0 I R KR R A3 A A %
REHRHATIE, BB WE 6 FrRmmlas EL. R
I 8 6 th A B 2R R S AR T LA B TR AL
SCIGHE T Cu/Al IMC K AR N

—11954.3
X% =16.45 x 10~ * exp <T> (4)

%2 JEACAEEIERALAT ST AR BN Cu/Al IMC J B
R
Table 2. The comparison of the Cu-Al IMC reaction

rate of in-situ study with the post annealing study.

K, RFEEE /(cm? /5)
Kim 53R ALRIF S S R A S5 AL B TE T A v o

E/°C

150 1.89856 x 1016 3.75962 x 10~16
175 1.06016 x 1015 1.65528 x 10~1°
220 1.51019 x 10—14 1.91327 x 10~ 14

easemr %, (3) 30R1 (4) s — 2, (12 RE
AE. T k0 B R 5 T AR A U
S, MR (2) HE T Cu/Al IMC FIBIR RE Q. 4
R 3 PR, JEALSEERAT T AT Cu/Al IMC BUF REA
23.8 keal/mol, 1M Kim %5 5T~ SEM dF J5 A7 52 30 #ff
FAH A2 Cu/Al IMC 3% A& N 26 keal /mol.

72010 4, Xu 2% U7 3 F TEM HE J& A7 5256 #F 52
53 A H A5 3 CuAly Al CugAly WIS A8 N 14.49
kcal/mol, 18.06 kcal/mol. M 3 H L& AT 1, JiR
RIS HL T AR 5T T A Cu/AL IMC (30 R
ArF SEM 1 TEM HE J& 47 s2 36 0 7 al. a0 b
®, BT EA T2 M W2 Cu/Al IMC AR EB AL
AR AES S, R AR R AL 5T 7, A —
FERE S AL PR S FE 20 AT WA TR AR
Y 122 5, X PR JE AT 1) 7 VR A LT SR AT S8 AT AT
WA KRR 2. FR, JERASZi i 7T, —
LR it 2 TR KT (1 TR) B AT LN B 21 LA /N B
AN K TR i = MR A R KR i AR K R
WA B 1. T AL I S T A A, ANMESR
HE T SERF LI Cu/Al IMC #AEK AT RS, I8 7] BL
FEAIAS B H B Cu /AL IMC ZE K. A58 11 Cu/Al
IMC A AT, X AERfH T Cu/Al 5| 268 & 1 n]
SR EAT KR L, K Cu/AL G| L4477 5 1) IE
PRI ME T8 S, HEXHE A Wi o s v
RHTHRS.

—31

—32

—33

InK

—34

N

0.0020 0.0021 0.0022 0.0023 0.0024
7K1
K6 Cu/Al IMC R R3] E X In K 538 KR E
T HEIHE R
Fig. 6. Logarithm of the reaction rate in Cu/Al IMC

formation as a function of inverse temperature.

#3 AFEBITEAREI Cu/Al IMC i BELLE

Table 3. The comparison of the Cu-Al IMC activation energy of in-situ annealing study and post annealing

study.

TEM JEJ5EA7 I &
CuAls ¥use

SEM HEJ5 AL &
Cu/Al IMC ¥

TEM HE 5 A7 &

TEM JFU Azl &

CugAly B RE Cu/Al IMC % g

26 kcal/mol 14.49 kcal/mol

18.06 kcal/mol 23.8 kcal/mol

4 % P

AR ST IR g 73 I S T R S
M7 Cu/Al 5| 24 5 F7 1 & & 8] A6 5 P0IR KA AT

NSRRI R, SR B, 1B K JE CuAl IMC
[ £ E =98 Cully fl CugAly. [FIES, L& HE
2] T AFENR KR E T Cu/Al & & LSV R
I TH 2R A BE (23.8 keal /mol), 45 H T 2T AL
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S 25 R SRS 1) Cu/AL IMC AE KA, Ky
Cu/AL 5| L8 (R 8 R SR TE AT 58 14 TR
MR T 6.

S

(1]

2]

Khoury S L, Burkhard D J, Galloway D P, Scharr T
A 1990 IEEE Electronic Components and Technology
Conference Las Vegas, USA, May 20—23, 1990 p768
Mori S, Yoshida H, Uchiyama N 1988 Proceedings of
the 38th IEEE Electronics Components Conference Los
Angeles, USA, May 9-11, 1988 p539

Liu Y-L, Gui L-J, Jin S 2012 Chin. Phys. B21 096102
Hang C J 2008 Ph. D. Dissertation (Harbin: Harbin In-
stitute of Technology) (in Chinese) [Fi## 2008 (&t
BB S (WRIEE: MR Tl he2)]

Nguyen L T, McDonald D, Danker A R, Ng P 1995 IEEE
Trans. Compon. Packag. Manuf. Technol. A 18 423
Funamizu Y, Watanabe K 1971 Trans. Jpn. Inst. Met.
12 147

Kim H J, Lee J Y, Paik K W, Koh K W, Won J, Choe S,
Lee J, Moon J T, Park Y J 2003 IEEE Trans. Compon.
Packag. Technol. 26 367

Murali S, Srikanth N, Vath C J 2003 Mater. Res. Bull.
38 637

Murali S, Srikanth N, Charles J V III 2004 Mater. Lett.
58 3096

(10]

[11]

(12]

(13]

(17]

18]

216804-6

Ellis T W, Levine L, Wicen R, Ainouz L 2000 Proceed-
ings of Semicon Conference Singapore, Singapore, May
8-11 p44

LuY H, Wang Y W, Appelt B K, Lai Y S, Kao C R
2011 IEEE 61 st Electronic Components and Technol-
ogy Conference (ECTC) Lake Buena Vista, USA, May
31-June 3, 2011 p1481

Drozdov M, Gur G, Atzmon Z, Kaplan W D 2008 J.
Mater. Sci. 243 6029

Tan Y'Y, Yong F K 2010 IEEFE 17th International Sym-
posium on the Physical and Failure Analysis of Inte-
grated Circuits (IPFA), Singapore, Singapore, July 5-9,
2010 pl

Lee C C, Higgins L M 2010 Proceedings of IEEE
60th Electronic Components and Technology Conference
(ECTC) Las Vegas, USA, June 1-4, 2010 p342

Chen J, Lai Y S, Wang Y W, Kao C R 2011 Microelec-
tron. Reliab. 51 125

Zhang B, Wang T, Cong Y, Zhao M, Fan X, Wang J 2010
11th International Conference on Electronic Packaging
Technology & High Density Packaging (ICEPT-HDP)
Xi’an, China, August 16-19, 2010 p213

Xu H, Liu C, Vadim V, Silberschmidt V V, Chen Z 2010
J. Electron. Mater 39 124

Boettcher T, Rother M, Liedtke S, Ullrich M, Bollmann
M, Pinkernelle A, Gruber D, Funke H J, Kaiser M, Kan
L, Li M, Leung K, Li T, Farrugia M L, O’Halloran O,
Petzold M, Ma Z B, Klengel R 2011 12th Electronics
Packaging Technology Conference (EPTC) Singapore,
Singapore, December 8-10, 2011 p585


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/95.390327
http://dx.doi.org/10.1109/95.390327
http://dx.doi.org/10.2320/matertrans1960.12.147
http://dx.doi.org/10.2320/matertrans1960.12.147
http://dx.doi.org/10.1109/TCAPT.2003.815121
http://dx.doi.org/10.1109/TCAPT.2003.815121
http://dx.doi.org/10.1016/S0025-5408(03)00004-7
http://dx.doi.org/10.1016/S0025-5408(03)00004-7
http://dx.doi.org/10.1016/j.matlet.2004.05.070
http://dx.doi.org/10.1016/j.matlet.2004.05.070
http://dx.doi.org/10.1016/j.microrel.2010.09.034
http://dx.doi.org/10.1016/j.microrel.2010.09.034

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 21 (2015) 216804

In-situ investigation on the growth of Cu-Al
intermetallic compounds in Cu wire bonding”

Yang Qing-Ling? Tan Yik-Yee? Wu Xing" Sim Kok Swee? Sun Li-Taob!

1) (SEU-FEI Nano-Pico Center, Key laboratory of MEMS of Ministry of Education, Southeast University, Nanjing 210096, China)
2) (Multimedia University, Melaka 75450, Malaysia)

( Received 30 March 2015; revised manuscript received 24 June 2015 )

Abstract

According to Moore’s Law, as the feature size of semiconductor devices becoming smaller and smaller, the chip
integration degree keeps increasing. In particular, accompanying with the development of high chip integration and unit
size reduction, the metal interconnects, i. e. the wire bonding, are becoming a challenging problem. Copper wire is
believed to be an excellent metal for wire bonding, instead of gold wire, due to its attractive advantages such as low
cost, favorable electrical and thermal conductivities etc. However, the excess Cu/Al intermetallic compounds (IMC) at
the interface of copper wire and aluminum pad will increase the contact resistance and reduce bonding strength. This
can affect the properties and reliability of devices. Currently, the evolutions of the interfacial microstructures as well as
the growth mechanism of Cu/Al IMC at the bonding interface under thermal condition are still unclear.

In-situ transmission electron microscope (TEM) has high spatial resolution and strong analysis ability. With fast
CCD cameras, TEM can also record the dynamic structure evolution of the sample in real time. Combined with multi-
function holders, TEM can also exert diverse fields and loads on the sample and synchronously monitor their structures
and component evolutions. Hence, in situ TEM provides an advanced technique to explore the structural evolution and
growth mechanism of Cu/Al IMC.

In this paper, the growth mechanism of Cu/Al IMC is investigated during the annealing temperature from 50-220
°C based on the in-situ high resolution transmission electron microscopy (in-situ HRTEM). Specifically, the dynamic
growth and structural evolution of Cu/Al IMC during annealing are recorded in real time. Results show that the isolated
Cu/Al IMC is distributed in the bonding interface before annealing. The main component of IMC is CugAlys, whereas
the minor one of IMC is CuAly. After annealing at 50-220 °C for 24 h, Cu/Al IMC near the Cu layer is CugAly, while
Cu-Al IMC apart from the Cu layer is CuAl,. Meanwhile, the reaction rates and the activation energy of Cu/Al IMC at
different temperatures are calculated. Furthermore, the more accurate growth equation of Cu/Al IMC is also proposed
based on the in-situ experimental results, which will benefit the optimization of bonding process and the reliability of
Cu/Al wire bonding.

Keywords: intermetallic compounds, Cu/Al wire bonding, growth process, in-situ transmission electron

microscopy
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