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In this study, after measuring polarization characteristics of 97.3 wt% Ag, Au-Coated 97.3 wt% Ag (ACA)
and 100 wt% Au wires in 1 wt% H,SO, and 1 wt% HCI electrolytes at 25 °C, corrosion rate and corrosion
characteristics were comparatively analyzed. Comparing corrosion potential (E ) values in sulfuric acid
solution, ACA wire had more than six times higher E,,; value than Au wire. Thus, it seems possible to
use a broad applied voltage range of bonding wire for semiconductor packaging which ACA wire could be
substituted for the Au wire. However, since the E.,, value of ACA wire was three times lower than that of
the Au wire in a hydrochloric acid solution, it was judged that the use range of the applied voltage and current of the
bonding wire should be considered. In hydrochloric acid solution, 97.3 wt% Ag wire showed the highest corrosion
rate, while ACA and Au showed similar corrosion rates. Additionally, in the case of sulfuric acid solution, all three
types showed lower corrosion rates than those under the hydrochloric acid solution environment. The corrosion rate
was higher in the order of 97.3 wt% Ag > ACA > 100 wt% Au wires.
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olojo] A greto] A 3 9t} [1-5]. WHEAl 3713
§ 29 solo] Az AL Sl Cu Al A=
7} U =31, Ag 2AE aFAlEdo] FHokst EAE
A3l Wiz wkeAl, 7hdEtEE, LED 59 &4k 44
of A7} otk Cu ¥ Ag glojo} Ag Al Y TH
T APIAE Q% FUF o] MERE ek
wEbx] Ag A9 Y 5SS FAEH 1% AlF
el di-g 7hsstar, 34 & ti7] E97104 250
Aol 7hset w4 I1® 55 golo] sl a7t
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-8 100wt% Au SololE thAlsl] 213 973 wit% Ag
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Working Electrode§ 78] 545 Adsto] 755 A
(Fig. 1la) 3+ 3 474 Zolz Aty 9lo]o] AlH(Fig.
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s A4(Fig 1dle) & 5, AFAIH 2o T-gAlo]
R P Uik o A (Epoxy : 8265S model,
J-B Weld Co. Ltd., USA)E ARg-3sto] Al X (Fig. 1f)
skt

Table 1. Chemical composition and diameter of bonding
wires

Bonding . .. Wire
Wires Chemical Composition Diameter
Ag Wire 97.3 wt% Ag
Au-Coated Ag N o
Wire (ACA) 100 wt% Au-Coated 97.3 wt% Ag| 20 pm
Au Wire 100 wt% Au

Fig. 1. Photographs of working electrode preparation
procedures for polarization test

Working

Capillary
Probe

Test Wire
%

Fig. 2. Photographs of (a) polarization test cell and (b) magnified view of test wire and reference electrode
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2224 2lojofe| 235 &F

3&8] B glolojol tigh FAEE W BS54 v
s 93l v 2ol +=AE (Polarization Testys 7
ket B2t 542 25°C, pH=0.08, 1 wt% 3
2HH,SO,) &7 1 wt% FAHHCI) &HellA S5k
T} Fig. 2av =34 548 gk &= A 74 ARl
ol™, Fig. 2b= AE8& <koloj gl e Z2n
(Capillary Probe) S} Abzlolth. Aldel AFg-¥ &8
(Electrolyte)> A A(N,)7F~E AFE-3Fe] 200 mL/min,
30min b B718ke] ARSI ESAIH = A9l
Al (Potentiostat, Interface 1000, Germany)E AH3-5Fo] 1/
mV/s £E2 Al S 7FSIIT ojw| 71+
= (Reference Electrode)> >/A3->(Ag/AgCl) A=5 A}
£3199 21, A A =H(Counter Electrode)y> 1HE =1 &
(Graphite Rod)= AME3FIT} [10-12].

3.UTANH nFE

3.1 24 210|0f cHHEM Z}

BIEA SH) AR 359 Y 9lojo] 479
GAEA 9l FIB o] U (Jon Milling) ¥4 3= t}
w AR(Fig. 3)ell YERASITE. efolojo] FEHS Fig.
3a, Fig. 3d 12]3 Fig. 3goll YeRll o, b2
Fig. 3b, Fig. 3¢ % Fig. 3hell YERAATE glojoie] 2]
AL BE AJHEA 20+0.1 pmE 7Y ATES F
28 S Pkl e AS gl 5= QoI &

le]

Atk

Au-Coated Ag Wire
(ACA)

Au Wire

KETI 15.0kV 10.7mm x4.00k SE(M,LA100)

KETI 15.0kV 10.6mm x:

Fig. 3. Cross-sectional SEM and FIB micrographs of various bonding wires: (a-c) Ag wire, (d-f) ACA wire and (g-i) Au wire
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< H(Focused Ion Beam, FIB) AH|E ©]&3}o] o]
U= (lon Milling) & ©¥ AR AFE 7] 7 (Scanning
Electron Microscopy, SEM) AFxlo|t}h, @A REEA] 7]
A 29 sloloj® AREEH I 3l Au gofojo] whid
< $12K(Grain) 27|17} 718 Ao, 11 thE 0% Ag 9
ole], ACA glelo] o= 4zt A7t Frketa Qe
A& ¢ ¢ Stk Gran ¥4 3% AT 554
(Equiaxied) grains B33k 1™, Au £}o]oji= ACA
Qlolofof Bla|| )A(Grainboundary) W7} 2 A& &
T ATk =3 ZATE 973 wi% Ag FololE A}
U AgSt ACA glolofo] A9, =73k Ag 9lolo]
of B3] Au =5 ACA 2Folo] BAIQ] grain size’} &
7He As & g Ut olZlE glolo] Ty wAo] F
7ol met gkolo] A2 graine] 7R AORE AF
¥

3.2 28 2lojofe] 25N SH A

Fig. 4= 25°C, pH=10.082] 1wt% H,S0, &0 =
dEl Ag, ACA 181 Au £}olofe] ¥4 54 2
dolrt, o] AHRFE 3F gofofo] FAA(E )2
FAF D S (ipore) #he Bl Y= Fig. 60l YEk
ol 97.3 wt% Ag, ACA 2 100 wt% Au £}o]o] 2]
Ecope A2 247+ 37, 132 2 27mV (SCE) %01, o]uj
O o WS A 1.55x107°, 1.83x 10" 18]l
110 x 1070 A/em? .2 S QIth SAEE-9 oA
Agdt Au®l Eoone® icopess TAFSE SO YERES.
1, ACAE & Eppe #HS WERATE B8 i #
o7 Hlwahd, 973 wi% Ag ET} ACA SHetor,
100 wt% Au RHTh= tha =] YepTh ojZl0% |
o}, Fakgal H97|oA= ACA $folole] FAEAL
Au HUR= tha WO} Ag 9fojo] HU} 931 Zlo
2 BAE 3 B = Hlashd Au HU ACATE
F2 FA90E vER, vEEA] 917148 B glo]o
2 AT A, d71A] FE dielA] AREE Q7F
A H9E WS HLlelA ARE 7 Zlo® Bl

Fig. 5t 352 $U3 Ag, ACA 183l Au £}o]o]
of thall 25°C, pH=0.082] 1 wt% HCl €A Z4%
ESEA S Aot ok SAEg YlelA A4
b= vha o AgS JERSITh 973 wi% Ag,
ACA 3! 100 wt% Au £}0]01] E oy B 747} -258.8,
-50.1 % 1843 mV (SCE) ©1311, olwl] e A= 212}
2.11 x 10°, 1.16 x 10° 18]l 1.37 x 10° Alem® 02 =
AR B &% 23 Au > ACA > Ag =02 100
wi% Au gojol7b 7HE 3% B Bhe HS1OH, 11

5O % ACA o)7b A etk B3 g, LS
2 KW, 973 wi% Ag 2elol7t 7HE A YR em,
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—1) 97.3 wt% Ag Wire
2.2 1 | ——2) Au-Coated 97.3 wt% Ag Wire
19 1 [=——3) 100 wt% Au Wire

Electrolyte :1wt% H,SO,
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Fig. 4. Polarization curves of 97.3 wt% Ag, Au-coated 97.3
wt% Ag and 100 wt% Au wires in 1 wt% H,SO, electrolyte
at 25 °C, pH = 0.08
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Fig. 5. Polarization curves of 97.3 wt% Ag, Au-coated 97.3
wt% Ag and 100 wt% Au wires in 1wt% HCI electrolyte at
25°C, pH=0.08

ACA2} 100 wt% Au gfolols FARSE AFdEg et
W ZoR Hol, AR FASAE e Zo=E AR
Aot wEb Aakgd oA = ACA £F]o)7) Au
glo]olE tiA] 7hs st A0® FAEAT B #°
Au HoH= B A9 ghs JERAL Qlo, RE=A)] #)7]
AL 29 sfoloj® AR A9, REEA] F71A] -
of Q=AY M| AHEHSIE aEste] A8
ok g o7 sAkE)

3284 2jojofe] BAZT H|m
AnbA o7 FAEE = th3-9] equation (1) HFERA
23} o] AeFA o7 Aikd 4=t} [10-12].
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Corrosion Potential of Bonding Wires
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Fig. 6. Corrosion potential (E_zz) comparison of 97.3 wt% Ag, Au-coated Ag and 100 wt% Au wires in 1 wt% H,SO, and

1wt% HCI electrolytes at 25 °C, pH = 0.08
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©
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Fig. 7. Corrosion rate comparison of 97.3 wt%, Au-coated Ag and 100

electrolytes at 25 °C, pH = 0.08
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CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.5, 2021

wt% Au wires in 1wt% H,SO, and 1wt% HCI

4. 4E

B ATOAE 25°C, 1 wi% H,S0,8F 1 wi% HCl &
ol 973 wi% Ag, Au-Coated 973 Wi Ag (ACA)
2100 wt% Au $foloo] E5544E ST & 44
o] sjojojof gt Préw]'f?t el PFNE—@% H] 3324 &
A o5 2 AT

1. 97.3 wt% Ag, ACA 2 100 wt% Au
Aﬂle H}H@ﬂ_ ;<17:1 20Hmv/] ;q:rL T= ook
AR 5T equiaxied graine 34
™, Au 9}017} 71 fine grain 74| Z2S
At

2. FAREN Ylela= ool ] FA5A HlwA
jq—’ Agﬂ' Au‘c‘l] ECORqu— iCORR% %}\]—6‘]—91-?—11]9 ACA]TZ-:
E’—ig CORR %)\.E L]—E]-LH 1:1/\1 xﬂﬁwﬂo] o 74 o=z v
etk AFUEE 1HE A9, ACA glolole] 74
ST Au BUbe U SO, Ag ofolo] H 9
g Zlom ddEm, ACA gojo] AR st 9]

gL

Z

293



WON SIK HONG, MI-SONG KIM, SANG YEOP KIM, SUNG MIN JEON, JEONG TAK MOON, AND YOUNGSIK KIM

=
=

Hir

A AL 7Fed FloF KT

3. QARG MM Epopg # Au > ACA > Ag 0%
100 wt% Au £}ojo] T30 2 ACA gol7} @A el
WOh ESE e O B ACAS 100 wit% Au 9}
oloji= frAket AFEEE YERH Zlo 2 Hof, AR
FAEAS 7= Zlog Alggn) webr] Jakgol 3
oAM= ACA glolol7) Au Skl E diAl 7 A
°F gokEch

4. BS54 SAAHAE Ao R 3% glojojo] H4
545 vwstieh O A3, QARg el FASEE
973 wt% Ag 2olol7F 717 W= 31, ACASH Aus FAF
3 FASTE Vet w3k gakgele] A 3% 1
T AARg Y B W uhe RASEE YEhGlal,
973 wt% Ag > ACA > 100 wt% Au £}oJo] =07 1
21 &7 w2 A et

Al 2
A A7IESE (ADAHATE R s el A
S AAH-EakY A S AT A AR (AR S
AICT-010-T2)2] A& Jho} 3¢ AF-A 7 Yt}

Acknowledgements

This
Research Support Program for Materials, Components

work was supported by the Independence
and Equipment Industry funded by Gyeonggi Province
and Advanced Institute of Convergence Technology
(AICT) in the Republic of Korea.

References

1. M. S. Kim, W. S. Hong, S. Y. Kim, S. M. Jeon, J. T.
Moon, Y. Kim, Ultrasonic Bonding Interface Degrada-
tion Characteristics of Gold-Coated Silver Wire for Semi-
conductor Packaging, Journal of Welding and Joining,
39, 343 (2021). Doi: https://doi.org/10.5781/TWJ.2021.39.4.1

2. 1. ]. P. Jung, Ultrasonic Bonding of Electronic Parts, p. 7,
Proc. 2008 Autumn Meeting of KWJS, Incheon (2008).

3. J. Y. Park, C. M. Oh, D. H. Won, and W. S. Hong, Ultra-
sonic Bonding Property of Aluminium Wire for Power
Conversion Module of Automotive, Journal of Welding

294

11.

and Joining, 36, 57 (2018). Doi: https://doi.org/10.5781/
JWIJ.2018.36.3.9

. M. Schneider-Ramelow, C. Ehrhardt, The reliability of wire

bonding using Ag and Al, Microelectronics Reliability, 63,
336 (2016). Doi: https://dx.doi.org/10.1016/j.microrel.2016.
05.009

. P. Lall, S. Deshpande, and L. Nguyen, Reliability of Cop-

per, Gold, Silver, and PCC Wirebonds Subjected to
Harsh Environment, p. 724, Proc. Electronic Compo-
nents and Technology Conference (ECTC), IEEE 68th
(2018). Doi: https://doi.org/10.1109/ECTC.2018.00113

. N. B. Jaafar and E. W. L. Ching, Comparison of Au/Al,

Cu/Al and Ag/Al in Wirebonding Assembly and IMC
Growth Behavior, p. 10, Proc. Electronics Packaging
Technology Conference (EPTC), IEEE 18th (2016). Doi:
https://doi.org/10.1109/EPTC.2016.7861432

. J. M. Kim, J. P. Jung, S. H. Kim, and J. H. Pack, Pack-

aging Technology in Electronics and 3-dimensional
Stacking Packaging, Journal of Korean Welding and
Joining, 23, 23 (2005).

. 7.Y. W. Tseng, F. Y. Hung, and T. S. Lui, Wire bonding

of Au-coated Ag wire, bondwire properties, bondability
and IMCs formation, p. 1, Proc. European Micro- elec-
tronics Packaging Conference (2015).

. H. Yang, K. Cao, X. T. Zhao, W. Liu, J. Lu, and Y. Lu,

Brittle-to-ductile transition of Au2Al and AuAl2 interme-
tallic compounds in wire bonding, Journal of Materials
Science: Materials in Electronics, 30, 862 (2019). Doi:
https://doi.org/10.1007/s10854-018-0357-6

. A. Sil and V. N. Kuman, Comprehensive Empirical

Equation for Assessing Atmospheric Corrosion Progres-
sion of Steel Considering Environmental Parameters,
Corrosion Science and Technology, 19, 174 (2020). DOI:
https://doi.org/10.14773/cst.2020.19.4.174

K.-H. Jung and S.-J. Kim, An Experimental Investiga-
tion of the Application of Artificial Neural Network
Techniques to Predict the Cyclic Polarization Curves of
AL-6XN Alloy with Sensitization, Corrosion Science and
Technology, 20, 62 (2021). DOI: https://doi.org/10.14773/
¢st.2021.20.2.62

. Denny A. Jones, Principles and Prevention of Corrosion,

2" ed., p. 120, Pearson, London (2020).

CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.5, 2021


https://doi.org/10.5781/JWJ.2018.36.3.9
https://dx.doi.org/10.1016/j.microrel.2016.05.009
https://doi.org/10.14773/cst.2021.20.2.62

