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Effect of current density on growth behavior of Au bumps during
non-cyanide electroplating

MI Qing-xia, HUANG Ming-liang, WANG Lai

(State Key Laboratory of Materials Modification by Laser, lon and Electron Beams, School of Materials Science and

Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The effect of current density (J) on the growth behavior of Au bumps in a stable non-cyanide gold
electrolyte containing NaAuCl;2H,0O was investigated under 80 ‘C, pH 8.0. While J was in the range of 0.5~2.5
A/dm?, the higher the J was, the faster the Au bumps growth rate was. The results show that when J=0.5~1.0 A/dm?,
the Au bumps have fine grains, high density and smooth surface. While J =1.5~2.5 A/dm?, the surface of the Au bumps
becomes coarsing with increasing J value, whereas the density of the bumps keeps decreasing. Dendrites are clearly
observed when J=2.0 A/dm’, and they become pronounced when J=2.5 A/dm’. Through the experiments, J=1.0 A/dm?”is
chosen to electroplate Au bumps, under which a linear relationship exists between the average thickness of Au bumps
and the electroplating time. Au bumps with regular shape and high adhesive strength with the Si substrate are obtained.
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Fig.1 Scheme of electroplating equipment
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Table 1 Chemical compositions of non-cyanide Au

electroplating solution

Ingredient Consistency/(g'L™")
NaAuCl,2H,0 10-20
Na,S0; 50—-100
Complexing agent B 10-50
Buffering agent 5-30
Grain refiner 1-5
Conducting salt 50-100
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Fig.2 Scheme of electroplating current

1.3.2 IR MEER

P <8 ISF (1K) Y T — R 40~60 °C o T HA B
WL, PO B IR S R T, TR
WA It A RIEEE. Rk, ASCiE 4
e TR IR . B2 YRR, 1T B IR
80 °C, LI I G S A R AR E
1.3.3 9% pH {E 3% EL

S R AR RO & B T I R4 AR,
T O A AR R B+ ¥t pH>9 BipH<<6.5 Y,
WARRIR 7 5 RAEDFE RN, FEEHRATRE
DRI, A AR AR 25 (1 9% i p HAE B 45 U AE 8~9
B 1O, ARG i B VipHAE A 8.0, SR FHDELTA
320 pH U6 L 5 - 4

1.4 BIERWIRIERIE

1) FFECHIR G S 80 °C, /3 0.5 ho

2) AU L TTRE AR RN B B e T A0 SR AR 1k
SR — R K U R — R 2 KT
Ui IRKESIGRE LK | s RELr.

3) WA RS BEJMKIKY 0.5. 0.754 1,04 1.5,
201 2.5 A/dm®, FRURHRBE, MEAJE R EE 3 MR,
XPIRFEEAT 255 4 Tt Hh -G 3 (A

4) 75 3) HEEM JE T, % AR KR 15,
30 45, 60 190 min, FEANI A BLHLAE 3 M lFE.



1854 T EA G R AR

2008 4% 10 A

A TR HLE 5 F i FH TR S 6 PR T e 4
SRJEH ISM—=5600LV 434 H1Bi(SEM) ML 4< 73 B R 111 JE
B, ARG R IR EIRE, B BRI TS L PO,
PRI SEM MRAR I A1 BEUL 5% 1™ m 20T RS2k iy
MNFBIECE RE, IR AR

2 FERG5SH

2.1 PAMERZEEX Au s REHAZ LRS00

RIS FL A IR 0.504 0.75+ 1.0+ 1.5
2.0, 2.5 A/dm?®, SCtEHEAE. BTy A5 S T AOU I 3
K 3 fime MBI LIE H, J=0.5~1.0 A/dm’i, T
P R SEAT 28, ORI R FLRR, 2 1i Atk
PLJ=0.75 A/dm* B gl /N . 2HJ=1.5 Aldm’ i, B
JHIBER, T AR AR AR A Ok RS , I LA
S AR, ST =15 A/dm? i 4 2 pmif ok
FJ=2.5 A/dm® I 2 8 wm, 1 ELEA#% 2 170 ff) 1) B335
IR/

22 MARERZEEN Au Dm NEBEE R RE T

ER=pbA

51 3 AR SR AR S A 4 PR W)
W, MJ=0.5~1.0 A/dm’i, (" RECE . RIEST
#, MJ=1.5~2.5 AdmCI, BB, AR
UG NI, SRLIAAE ) FLBR ARG ok %, [R] BRAR T
MR, LR VG MO EE BRI AL &, W 407
XTI 3 5 4 nTLUVEH, SR TSR, N
B UG . DRI, ZEAF R P R . R T
FURBIE I A, TR BT A .
ARSI A R, 1% NJ=0.5~1.0 A/dm’.

2.3 FARERZEEI Au DS A KR E BRI

Kl 5 Bz oA RIS TR) /=30 min B, BT Au ™
SRR IERE J ARSI, B J K, Au
M PR RGO, (RIS R T (EIf . J fH
B, ™ AT R BE RS B K. (2 RS 3 1

Fig.3 Surface micrographs of Au bumps electroplated under different current densities (6 = 80 C, pH = 8.0, ¢ = 30 min): (a) 0.5
A/dm?; (b) 0.75 A/dm?; (c) 1.0 A/dm?; (d) 1.5 A/dm?; (e) 2.0 A/dm?; (f) 2.5 A/dm>
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Fig.4 Cross section micrographs of Au bumps electroplated under different current densities (8 = 80 C, pH=8.0, ¢ =30 min): (a)
0.5 A/dm?; (b) 0.75 A/dm?; (c) 1.0 A/dm?; (d) 1.5 A/dm?; (e) 2.0 A/dm?; (f) 2.5 A/dm>
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