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Wire bonding is still prevalent in conventional semiconductor packaging. However, degradation can occur

during use or storage due to factors such as humidity, acidity, and ionic contamination. This study inves-

tigates the corrosion behavior of packaging structures with Al and Au bond pads combined with Au and

Cu wires in sulfate-based environments. Electrochemical evaluations, including individual polarization and

galvanic tests, were performed in de-aerated 1% Na
2
SO

4
 solutions with varying H

2
SO

4
 concentrations.

Tafel analysis provided data on corrosion potential (E
corr

), corrosion current density (i
corr

), galvanic poten-

tial/current density, and total charge. Additionally, a Temperature-Humidity Test (85 oC/85% RH) was con-

ducted under 1% Na
2
SO

4
 with either 0% or 1% H

2
SO

4
 conditions, using PCB unit specimens that featured

a 1st ball bond on an Al pad and a 2nd stitch bond on an Au pad, bonded with either Au or Cu wires. The

surface morphology and elemental distribution were qualitatively analyzed before and after exposure using

a 3D optical microscope and FE-SEM/EDS.

Keywords: Packaging, Au or Cu wire bonding, Al or Au pad, Corrosion, Temperature-Humidity Test

1. Introduction

The semiconductor manufacturing process typically

proceeds in the following order: wafer fabrication, oxide

film formation, photolithography and etching, thin-film

deposition, ion implantation, metallization, electrical

testing, and packaging. In the final packaging stage, the

chip is electrically connected to a substrate or lead frame

and protected from the external environment. Electrical

interconnection methods include wire bonding, flip-chip,

solder bonding, through-silicon vias, controlled collapse

chip connection, tape-automated bonding, and hybrid

bonding. However, wire bonding is still widely used in

general-purpose applications because of its process

simplicity, cost competitiveness, and compatibility with

existing assembly lines [1-4].

The metal wires widely used in wire bonding primarily

consist of pure metals such as Au, Cu, and Ag [3]. In

addition, alloy systems (e.g., Cu-Pd, Au-Pd, Ag-Pd, Ag-

Au) and coated wire systems (e.g., Pd-coated Cu, ultra-

thin barrier layers) are employed to improve

processability, corrosion resistance, and mechanical

properties [2,5,6]. Au wire is widely used because it

provides stable bondability and a wide process window

[7,8]. Interfacial evolution after bonding (including phase

formation and voiding) may affect long-term reliability

depending on thermal history and storage conditions [9-

11]. Although Cu wire is widely adopted because of its

low electrical resistance, high mechanical strength, and

cost advantages [12,13], For Cu wire, the interfacial phase

distribution and its sensitivity to environmental

contaminants (e.g., halides and sulfur species) should be

considered in reliability design [14]. These bonding wires

are widely used, ranging from round wires for fine-pitch

†Corresponding author: kimyc@gknu.ac.kr 

S. S. Lee: Master’s degree student, J. H. Choi: Master’s degree

student, S. H. Choi: Ph.D. candidate, Y. R. Yoo: Professor, H.

S. Jang: Professor, Y. C. Kim: Professor, Y. S. Kim: Emeritus
453



SANG-SHIN LEE, YOUNG-RAN YOO, SEUNG-HEON CHOI, JAE-HYEOK CHOI, HYEUN-SIK JANG, YOUNG-CHEON KIM, AND

YOUNG-SIK KIM
applications (15-30 μm) to aluminum flat wires used for

power and automotive wedge bonding. Material selection

is determined by a combination of electrical requirements

(resistance, high-frequency loss), bonding process

tolerances (pressure, time, temperature, etc.), oxidation

sensitivity, susceptibility to galvanic corrosion, and cost

[3]. Therefore, to ensure reliable package performance,

wires with superior corrosion resistance and bonding

reliability must be used. In the automotive sector, increasing

vehicle electrification has made corrosion resistance and

reliability design that account for wide operating

temperatures, long service lifetimes, and exposure to

chemical contaminants even more important [15-18].

Electrical connections in packages can be exposed to

moisture, increased acidity, and ionic contamination

during use and storage, resulting in various forms of

degradation, including galvanic corrosion, creep

corrosion, oxidation and sulfation reactions, halogen-

induced pitting, and stress corrosion cracking (SCC) [19-

23]. These reactions are influenced by several factors,

including the bond pad-bonding wire interface structure,

surface film properties, electrolyte composition, and

position-dependent current distribution. In particular, the

type and distribution of interfacial IMCs (e.g., Au-Al, Cu-

Al IMCs) and potential difference are key factors that

determine the galvanic current path and the location of

local damage (ball neck, heel, and stitch) [24]. Among

these, chloride (Cl⁻)-containing environments have been

the most extensively studied. It has been repeatedly

reported that Al pad dissolution and pitting are accelerated

with increasing HCl concentration, and that in Cu-Al

systems the extent of degradation increases as the level

of halogen contamination rises [25-29].

Meanwhile, the ingress pathways of sulfur (S) can be

divided into intrinsic and extrinsic. In the intrinsic

pathway, internal ingress of S-containing species has been

observed in encapsulated leadframe systems [33,34], and

ion migration within the epoxy molding compound

(EMC) as well as access through crevices (micro-gaps)

at the package edge have been reported [12,31,32]. In

addition, sulfur species in molding compounds have been

discussed as an important factor affecting the high-

temperature reliability of Cu–Al wirebond interconnects

[30]. Additionally, the application of sulfonate (e.g.,

MSA)-based electrolyte baths in some plating processes

has been reported, raising the possibility of process-origin

S residue and contamination [31]. Externally, it has been

quantitatively reported that atmospheric SO2/H2S

significantly increases the atmospheric corrosion rate of

Cu by acidifying the wet film, and a synergistic effect is

also observed in mixed contamination (e.g., simultaneous

presence of SO2+ H2S and O3) [21,22]. In particular,

degradation of Cu interconnect properties has been

reported upon exposure to H2S, and deterioration of

electrical, thermal, and mechanical properties has also

been confirmed in H2S aging studies of sintered nano-Cu

systems, although the systems and environments differ

from those considered here [23]. 

Thus, it is important to establish an experimental

concentration range that encompasses the acidity that

sulfate-based contamination can actually form when sulfur

(S) infiltrates. Cases where significant levels of sulfate

(S ) remain have been reported in field failure and

contamination analyses of actual electronic and

semiconductor systems, for example, an IC/MS-based case

study identified S  residuals in the affected area in the

range of 51.93 µg/in2~ 559.85 µg/in2 (i.e., 8.05 µg/cm2 to

86.78 µg/cm2) [50]. However, direct conversion of these

residuals to H2SO4 concentration (wt%) requires

assumptions about the amount (thickness) of the water film

involved in dissolution, making it difficult to accurately

convert them considering actual environmental variability.

Therefore, in this study, we cover the range of mild to strong

acidity, where in the literature Al alloys are evaluated at

approximately 0.98 wt% to 9.81 wt% H2SO4 [51] and Cu

is evaluated at approximately 4.9 wt% H2SO4 [52].

As summarized above, field contamination and sulfur-

containing environments generated during the

manufacturing process act as important variables for the

packaging reliability of semiconductor packages. To

systematically evaluate these environmental influences,

this study set a range of sulfuric acid concentrations

(0 wt%, 0.1 wt%, 1 wt%, and 10 wt%) and stepwise

constructed a low-acid reference condition (1 wt%

Na2SO4), actual acidity candidate conditions (1 wt%

Na2SO4 + 0.1 wt% and 1 wt% H2SO4), and a strong acid

condition (1 wt% Na2SO4 + 10 wt% H2SO4). Based on

these conditions, this study evaluated the galvanic

corrosion behavior of pads (aluminum or gold) bonded

with gold or copper wires in a sulfuric acid (H2SO4)

O4

2–

O4

2–
454 CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025



EFFECT OF SULFURIC ACID CONCENTRATION ON CORROSION BETWEEN Au OR Cu BONDING WIRE AND PADS FOR

SEMICONDUCTOR PACKAGING
environment and analyzed the electrochemical factors

affecting the behavior. Furthermore, to verify reliability

behavior in environments similar to actual use conditions,

a device similar to the product was fabricated and

temperature-humidity testing (THT) was performed.

Through this, the corrosion behavior observed at the first

ball joint and the second stitch joint was compared with

the electrochemical evaluation results to interpret the

results and elucidate the joint vulnerability mechanism in

a sulfuric acid environment.

2. Experimental methods

2.1 Materials

2.1.1 Specimens for electrochemical test

High-purity Al (99.999%) was deposited on a 4-inch

Si wafer using a DC magnetron sputtering system (KVS-

2002L, Korea Vacuum Tech, Kimpo, Korea) to form a

bond-pad thin film, at a power of 50 W with an Ar flow

rate of 20 sccm and a pressure of 1 mTorr. The thickness

of the Al thin film was approximately 605 nm. The

bonding wires used were Au and Cu wires with a diameter

of 25 µm. The wires were manufactured by MK Electron

Co., Ltd. (Yongin, Korea) using a continuous casting-

sintering process, followed by heat treatment and winding

to obtain a final diameter of 25 µm. The wires were

attached to copper leads using carbon tape to define the

electrical connection and the exposed working area for

electrochemical testing. All regions except the exposed

area (0.04 cm²) were insulated with epoxy.

2.1.2 Specimens for temperature and humidity test 

A PCB unit for reliability evaluation was fabricated by

wire bonding on the bond pads of an FR-4 PCB using a

K&S RAPID PRO bonder (Kulicke & Soffa, Singapore)

[34]. The first ball bond was formed on a pure Al pad using

either Au or Cu wire with a diameter of 25 µm. The

thickness of the Al pad was 10,000 Å - 12,000 Å (≈1.0 µm

- 1.2 µm). The second stitch bond was then formed on a

pure Au pad using wire of the same diameter. The thickness

of the Au pad was 0.3 µm. The detailed bonding conditions

are presented in Table 1. The fabrication was performed

by MK Electron Co., Ltd. (Yongin, Korea).

2.2 Polarization test

A three-electrode cell experiment was conducted using

Au wire, Cu wire, and sputtered Al as working electrodes,

a Pt wire as the counter electrode, and a saturated calomel

electrode (SCE) as the reference electrode. The electrolyte

consisted of 1% Na2SO4 with H2SO4 concentrations of

0%, 0.1%, 1%, and 10%. All tests were performed at

25 oC, and the solutions were degassed with N₂ at a flow
rate of 200 mL/min for 30 min prior to testing. A

potentiostat (Interface 1000, Gamry, Warminster, PA,

USA) was used. Prior to polarization, potentiostatic

conditioning was performed at –0.2 V(SCE) for 60 s with

respect to the corrosion potential. After an additional

stabilization period of 150 s, polarization tests were

carried out at a scan rate of 0.33 mV/s [35]. The

polarization starting potential was adjusted for each

condition, and the corrosion rate was calculated according

to ASTM G102 after the test [36]. Based on the

electromotive force (EMF) series, sputtered Al was treated

as the anodic material and Au and Cu wires as cathodic

materials. Accordingly, the anodic Tafel slope was

obtained from the polarization curves of sputtered Al,

while the cathodic Tafel slopes were obtained from those

of the Au and Cu wires [37].

2.3 Electrochemical galvanic test 

When the bonding wire is joined to the Al pad,

dissimilar metals are brought into contact. Therefore,

galvanic corrosion behavior was evaluated by

electrochemical galvanic testing [38]. The reference

Table 1. Wire bonding conditions

Au wire Cu wire

1st Ball bond 2nd Stitch bond *EFO 1st Ball bond 2nd Stitch bond *EFO

Current (mA) 80 100 30 55 ~ 85 75 ~ 120 40

Time (μs) 15 15 700 5 ~ 10 10 730

Force (grams) 30 60 - 25 ~ 70 45 ~ 75 -

*EFO: Electronic Flame-Off
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electrode was a saturated calomel electrode (SCE). The

test electrode (anode) was the Al pad, and the counter

electrode (cathode) was the bonding wire. The effective

anode-to-cathode area ratio was set to 1:1. The electrolyte

was 1% Na2SO4 containing 0, 0.1, 1, or 10% H2SO4.

Galvanic tests were performed using a potentiostat

(Interface 1000, Gamry, Warminster, PA, USA), and the

galvanic potential and current density were continuously

monitored during the test. The average corrosion current

density (icorr) was calculated from the accumulated charge

using Equation (1), and the corrosion rate was calculated

in accordance with ASTM G102 [36]. 

(1)

2.4 Temperature-Humidity Test 

For the unit specimen, a THT was performed at 85 oC

and 85% RH using a PR-2J chamber (ESPEC, Osaka,

Japan) [18]. A 1% Na2SO4 solution and a 1% Na2SO4 +

1% H2SO4 solution were used as test electrolytes in a 1 L

beaker fixed inside the test chamber. During the test, the

unit specimen was fixed vertically in epoxy to avoid direct

contact with the solution [19]. PCB specimens underwent

experiments at 10 h, 100 h, and 1000 h, respectively, and

changes in surface morphology and element distribution

were analyzed. A 3D microscope (VK-X3000, Keyence,

Itasca, IL, USA) was used to observe the surfaces of the

1st ball bond, 2nd stitch bond, and wire. FE-SEM (MIRA3,

TESCAN, Brno, Czech Republic) and EDS (energy-

dispersive X-ray spectrometer, Mmax 50, Oxford, UK)

were used to characterize the surface morphology and

elemental distribution of the specimens before the test, as

well as changes in the morphology of corrosion products

and local damage after THT.

3. Results and Discussion

3.1 Electrochemical corrosion of Au, Cu bonding wire,

and Al pad

Fig. 1 shows the effect of sulfuric acid concentration

on the polarization behavior of sputtered Al, Au wire, and

Cu wire in 1% Na2SO4 solution. Fig. 1a shows the

polarization curve of sputtered Al. As the sulfuric acid

concentration increases, the corrosion potential (Ecorr)

increases. This result is consistent with previous reports

that, in acidic environments, a stable oxide layer thickens

to form a passive state and the corrosion potential of Al

increases [39]. The corrosion current density (icorr) and the

i
corr

A

cm
2

--------- 
 

Q
C

cm
2

--------- 
 

t s 
-------------------=

Fig. 1. Effect of sulfuric acid concentration on the
polarization curve in deaerated 1% Na

2
SO

4
 + x% H

2
SO

4
 at

25 oC: (a) Sputtered Al, (b) Au wire, (c) Cu wire
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passivation current (ip) both increase. The anodic Tafel

slope (βa) increases slightly, but the effect is not

significant. Fig. 1b shows the polarization curve of the

Au wire. As the sulfuric acid concentration increases, the

corrosion potential increases, while the change in

corrosion current density is very small. This behavior is

consistent with (1) the findings of G. Zahed et al. that the

hydrogen evolution reaction promoted by acidification

mainly increases the cathodic current at that potential and

does not directly increase the overall current [48], and (2)

the results of B. Saeid et al. that increasing the sulfuric

acid concentration during cyclic polarization mainly

affects surface roughness and adsorption, without

significantly enhancing anodic dissolution [49]. Fig. 1c

shows the polarization curves of the Cu wire. With

increasing H2SO4 concentration, the corrosion potential

(Ecorr) shifts slightly in the noble direction, but the change

is not significant. This behavior can be rationalized by

established electrochemical principles: (1) according to

the E-pH diagram proposed by M. Pourbaix, a decrease

in pH thermodynamically favors the dissolution of Cu

[42], and (2) as described in Uhlig’s Corrosion Handbook,

in acidic solutions the increase in the exchange current

density of the hydrogen evolution reaction reduces

cathodic polarization, thereby allowing larger cathodic

currents to flow at a given potential [41]. The polarization

parameters obtained from the curves in Fig. 1 are

summarized in Table 2.

Fig. 2 shows the corrosion rates calculated from the

corrosion current densities obtained from the polarization

curves in Fig. 1 using Faraday’s law. First, the corrosion

rates of sputtered Al are 0.037 μm/y, 1.096 μm/y,

1.59 μm/y, and 2.77 μm/y, increasing gradually with

increasing sulfuric acid concentration. This trend can be

explained as follows: (1) W. C. Moshier reported that Al

forms a wide passive region in Na2SO4 solution and that

the passive current remains low even as the potential

increases [39], and (2) A. Kolics reported that, even when

the sulfate concentration in the solution increases, S

does not directly break down the film, thereby suppressing

any increase in corrosion current and limiting the increase

in corrosion rate [40]. Third, although the study by Y. R.

Yoo et al. was conducted in a chloride-containing

environment, XRD analysis showed that sputtered Al

contained partially amorphous regions and exhibited a

lower corrosion rate than bulk Al [27]. The corrosion rates

of the Au wire were 0.066 μm/y, 0.11 μm/y, 0.11 μm/y,

O4

2–

Table 2. Parameters obtained from polarization test (1% Na
2
SO

4
 + x% H

2
SO

4
) at 25 oC 

Parameters H
2
SO

4
0% 0.1% 1% 10%

E
corr

(SCE), mV

Sputtered Al 1386 1182 –1017 –758

Au wire +31 +180 + 252 + 323

Cu wire –124 –109 –105 –81

i
corr

, μA/cm2

Sputtered Al + 0.0034 + 0.1007 + 0.1468 + 0.2550

Au wire + 0.0009 + 0.0028 + 0.0118 + 0.0234

Cu wire + 0.0179 + 0.2292 + 0.4450 + 1.0760

β
a
, mV/decade Sputtered Al + 41 + 43 + 47 + 49

β
c
, mV/decade

Au wire –34 –33 –27 –24

Cu wire –342 –303 –176 –178

Fig. 2. Effect of sulfuric acid concentration on the corrosion
rate of sputtered Al, Au wire, and Cu wire in deaerated 1%
Na

2
SO

4
 + x% H

2
SO

4
 obtained from Fig. 1 
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and 0.12 μm/y, indicating that they were not greatly

affected by the increase in sulfuric acid concentration.

Among the three materials, Au wire exhibited the lowest

corrosion rates. By contrast, the corrosion rates of the Cu

wire were 1.59 μm/y, 4.08 μm/y, 11.89 μm/y, and

35.25 μm/y. Under 1% Na2SO4 conditions, the corrosion

rate of Cu wire was about 43 times that of sputtered Al

and about 24 times that of Au wire. Under 1% Na2SO4

+ 10% H2SO4 conditions, it was approximately 13 times

higher than that of sputtered Al and about 300 times higher

than that of Au wire.

Fig. 3 shows the effect of sulfuric acid concentration

on the galvanic corrosion behavior measured in 1%

Na2SO4 + x% H2SO4 at 25 oC, using Au wire as the counter

electrode and sputtered Al as the working electrode. Fig.

3a shows the change in galvanic current density with time.

The current density increases significantly as the sulfuric

acid concentration increases. Fig. 3b shows the change in

galvanic potential with time. In general, as the sulfuric

acid concentration increases, the galvanic potential of Al

shifts to more negative values, and with increasing test

time it shifts further in the negative direction.

Fig. 4 shows the effect of sulfuric acid concentration

on the galvanic corrosion behavior measured in 1%

Na2SO4 + x% H2SO4 at 25 oC, with Cu wire as the counter

electrode and sputtered Al as the working electrode. Error

data caused by surface damage was corrected and fitted

to calculate the corrosion rate. Fig. 4a shows the change

in galvanic current density with time, and it can be seen

that the increase in current is smaller than in Fig. 3a,

where Al was connected to Au wire. Fig. 4b shows the

change in galvanic potential with time. In general, as the

sulfuric acid concentration increases, the galvanic

potential of Al shifts to more negative values, and it

becomes increasingly negative with test time. When 10%

sulfuric acid is added, both the galvanic potential and the

galvanic current density change markedly. 

Fig. 5 summarizes the single and galvanic corrosion

Fig. 3. Effect of sulfuric acid concentration on (a) galvanic
current density and (b) galvanic potential of Au wire and
sputtered Al couple in deaerated 1% Na

2
SO

4
 + x% H

2
SO

4
 at

25 oC (Working electrode: sputtered Al) 

Fig. 4. Effect of sulfuric acid concentration on (a) galvanic
current density and (b) galvanic potential of Cu wire and
sputtered Al couple in deaerated 1% Na

2
SO

4 
+ x% H

2
SO

4
 at

25 oC (Working electrode: sputtered Al) 
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rates of sputtered Al obtained from Fig. 3 and Fig. 4. Fig.

5a shows the results for the Au-Al galvanic pair. The

corrosion rate of the Au-Al couple increases significantly

with increasing sulfuric acid concentration compared with

the single corrosion rate of sputtered Al. Fig. 5b shows

the results for the Cu-Al galvanic pair. Although the

corrosion rate of Al increases with increasing sulfuric acid

concentration, the increase is smaller than that of the Au-

Al galvanic pair. This difference can be explained as

follows: (1) Using the individual Ecorr values in Table 2,

the electromotive force (EMF) series referenced to the

standard hydrogen electrode (SHE) indicates that ΔE for

the Au-Al couple is larger than that for the Cu-Al couple

[37]. (2) From the perspective of mixed potential theory,

the polarization results in this study show that the cathodic

Tafel slope of the Au wire is gentler, resulting in a larger

current at the intersection point with the anodic branch of

sputtered Al [41]. (3) The hydrogen evolution reaction on

Au in sulfuric acid solution is enhanced, leading to a larger

cathodic current at a given potential and thus a higher

current in the Au-Al galvanic couple [48]. 

 3.2 Corrosion appearance of wire-bonded PCB unit

specimen by Temperature-Humidity Test

Fig. 6 and Fig. 7 show the changes in external appearance

of the unit in which the Au wire is 1st ball bonded on the

Al pad and 2nd stitch bonded on the Au pad, after exposure

to 1% Na2SO4 and 1% Na2SO4 + 1% H2SO4 solutions for

0 h, 10 h, 100 h, and 1000 h. Fig. 6 presents the surface

appearance as a function of exposure time in 1% Na2SO4

solution. Up to 10 h, no noticeable change is observed on

the surface; however, at 100 h, slight discoloration appears

on the Al pad around the ball bond. At 1000 h, this

discoloration at the edge of the ball bond remains, but no

significant change in the overall morphology is observed.

Fig. 7 shows the surface appearance as a function of

exposure time in 1% Na2SO4 + 1% H2SO4 solution. Up to

10 h, there is no pronounced change on the surface, but at

100 h, a slight darkening around the ball bond can be seen.

After 1000 h, the discolored region on the Al pad

surrounding the ball bond further expands. After the

macroscopic observation using a 3D microscope, the

surface morphology and elemental distribution in the

regions of the 1st ball bond and 2nd stitch bond of each unit

were examined by FE-SEM and EDS. Quantitative EDS

analyses were performed at specified points. In the initial

(0 h) condition, slight local shape changes associated with

heating and deformation during bonding are observed at

the edge of the 1st ball bond, whereas the cutting mark left

by severing the wire is clearly visible in the 2nd stitch bond.

Fig. 8 shows the SEM-EDS elemental mapping and point

analysis results for the 1st ball bond of the Au-wired unit.

Compared with the initial state (0 h), where the shapes of

the Au ball bond and Al pad are clearly defined, no distinct

change is observed at 10 h in either 1% Na2SO4 or 1%

Na2SO4 + 1% H2SO4. In contrast, clear differences appear

after 1000 h. In 1% Na2SO4, the Al signal becomes slightly

weaker and an O signal begins to appear. In 1% Na2SO4 +

1% H2SO4, the signals from both Au and Al decrease in

intensity, while the O signal becomes pronounced.

Consistently, the point analysis results indicate little change

up to 10 h under both conditions, whereas after 1000 h the

wt% of Au and Al decreases and the wt% of O increases.

Fig. 5. Effect of galvanic coupling on the corrosion rate
obtained from Fig. 4 in deaerated 1% Na

2
SO

4
 + x% H

2
SO

4
:

(a) Au-Al couple, (b) Cu-Al couple
CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025 459
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Fig. 6. Effect of test duration on
corrosion appearance of Au wire-
bonded PCB unit by THT (Test
chamber: 85 oC/85% RH, Test solution
in corrosion cell: 1% Na

2
SO

4
)

Fig. 7. Effect of test duration on
corrosion appearance of Au wire-
bonded PCB unit by THT (Test
chamber: 85 oC/85% RH, Test solution
in corrosion cell: 1% Na

2
SO

4
 + 1%

H
2
SO

4
)
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Fig. 9 presents the FE-SEM images and EDS results for

the 2nd stitch bond of the Au-wired unit. At 0 h, the stitch

bond geometry is clearly defined. For both 1% Na2SO4 and

1% Na2SO4 + 1% H2SO4, no noticeable change in

appearance is observed, and the morphology is retained up

to 10 h. After 1000 h, however, both conditions exhibit a

Fig. 8. Elemental distribution of 1st ball bond area of Au wire-bonded PCB unit by THT (Test chamber: 85 oC/85% RH, Test
solution in corrosion cell: 1% Na

2
SO

4
 + x% H

2
SO

4
): (a) SEM image and EDS mapping, (b) Point analysis for 1% Na

2
SO

4
, (c)

Point analysis for 1% Na
2
SO

4
 + 1% H

2
SO

4
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decrease in the signals from the Au wire and Au pad,

accompanied by a pronounced increase in the O and Ni

signals. The point analysis likewise shows little change up

to 10 h, but after 1000 h the Au wt% markedly decreases,

while the O and Ni wt% increase significantly. This

behavior is consistent with previously reported observations

Fig. 9. Elemental distribution of 2nd stitch bond area of Au wire-bonded PCB unit by THT (Test chamber: 85 oC/85% RH, Test
solution in corrosion cell: 1% Na

2
SO

4
 + x% H

2
SO

4
): (a) SEM image and EDS mapping, (b) Point analysis for 1% Na

2
SO

4
, (c)

Point analysis for 1% Na
2
SO

4
 +1% H

2
SO

4
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Fig. 10. Effect of test duration on
corrosion appearance of Cu wire-
bonded PCB unit by THT (Test
chamber: 85 oC/85% RH, Test solution
in corrosion cell: 1% Na

2
SO

4
)

Fig. 11. Effect of test duration on
corrosion appearance of Cu wire-
bonded PCB unit by THT (85 oC/
85% RH): (a) 1% Na

2
SO

4
, (b) 1%

Na
2
SO

4
 + 1% H

2
SO

4



SANG-SHIN LEE, YOUNG-RAN YOO, SEUNG-HEON CHOI, JAE-HYEOK CHOI, HYEUN-SIK JANG, YOUNG-CHEON KIM, AND

YOUNG-SIK KIM
of localized Ni exposure at ENIG interfaces and the

associated formation of Ni oxide [43-45].

Fig. 10 and Fig. 11 show the 3D microscopic observations

of the Cu-wired unit. In 1% Na2SO4, small initial corrosion

traces are observed at the edge of the ball bond after 10 h,

and after 1000 h the entire ball bond region becomes darkened.

In 1% Na2SO4 + 1% H2SO4, corrosion around the Al pad

becomes evident from 10 h and propagates along the pad-

Fig. 12. Elemental distribution of 1st ball bond area of Cu wire-bonded PCB unit by THT (Test chamber: 85 oC/85% RH, Test
solution in corrosion cell: 1% Na

2
SO

4
 + x% H

2
SO

4
): (a) SEM image and EDS mapping, (b) Point analysis for 1% Na

2
SO

4
, (c)

Point analysis for 1% Na
2
SO

4
 + 1% H

2
SO

4 
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ball interface. By 1000 h, both the ball bond and the Al pad

are extensively covered with corrosion products. Meanwhile,

the evolution of the external appearance of the 2nd stitch bond

is similar to that observed for the Au-wired unit. 

Fig. 12 shows the SEM-EDS elemental mapping and

quantitative point-analysis results for the 1st ball bond of

the Cu-wired unit. Compared with the initial (0 h) state,

where the elemental distributions at the boundary between

Fig. 13. Elemental distribution of 2nd stitch bond area of Cu wire-bonded PCB unit by THT (Test chamber: 85 oC/85% RH,
Test solution in corrosion cell: 1% Na

2
SO

4
 + x% H

2
SO

4
): (a) SEM image and EDS mapping, (b) Point analysis for 1% Na

2
SO

4
,

(c) Point analysis for 1% Na
2
SO

4
 + 1% H

2
SO

4

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025 465



SANG-SHIN LEE, YOUNG-RAN YOO, SEUNG-HEON CHOI, JAE-HYEOK CHOI, HYEUN-SIK JANG, YOUNG-CHEON KIM, AND

YOUNG-SIK KIM
the ball bond and Al pad are clearly defined, only minor

changes in appearance are observed after 10 h in 1%

Na2SO4, and the distributions of Al and Cu remain nearly

unchanged. In contrast, in 1% Na2SO4 + 1% H2SO4, an

increase in the O signal is detected in the Al region around

the ball bond after 10 h. After 1000 h, both conditions

exhibit a decrease in the Cu and Al signals, accompanied

by a pronounced increase in the O signal. In addition,

under the 1% Na2SO4 + 1% H2SO4 condition, the extent

of corrosion is larger, and needle-like corrosion products

are observed near the bonding interface. According to the

point-analysis results, in 1% Na2SO4 a decrease in Al wt%

and an increase in Cu and O wt% are only evident after

1000 h, whereas in 1% Na2SO4 + 1% H2SO4 a decrease

in Al wt% and an increase in O wt% are already observed

after 10 h. After 1000 h in the acidic solution, the Cu

wt% is markedly higher and the Al wt% is markedly

lower compared with the non-acidic condition. This time-

and acidity-dependent behavior is consistent with

previous reports that Cu-Al joints are particularly

susceptible to corrosion in acidic environments [23]. 

Fig. 13 shows the surface morphology and EDS results

for the 2nd stitch bond of the Cu-wired Unit. At 0 h, the

stitch bond geometry is clearly defined, and the cutting

mark left by severing the wire is distinct. Up to 10 h, no

significant change in appearance is observed in either 1%

Na2SO4 or 1% Na2SO4 + 1% H2SO4, although a slight

increase in the O signal is detected around the stitch bond

in the H2SO4-containing solution. After 1000 h, both

conditions exhibit a decrease in the Cu signal and a

pronounced increase in the O signal, with these changes

being more evident in the acidic solution. At this stage,

a Ni signal that had not been observed at earlier times

also becomes evident. The point-analysis results likewise

show little change up to 10 h in both solutions. After 1000

h, the Au wt% decreases markedly, while the Cu and Ni

wt% increase under both conditions. In the acidic solution,

a slight increase in O wt% is also observed. This behavior

can be interpreted as concurrent local exposure of the

underlying Ni layer at the ENIG interface and the

associated formation of Ni oxide, consistent with previous

reports [43-45].

Fig. 14 schematically illustrates the electrochemical

corrosion mechanisms at the bond pad-wire interface

based on the above results. In the 1st ball bond of the Au-

wired unit, the potential difference between Au and Al

drives galvanic dissolution of the Al pad, and the resulting

Al-based oxygen-enriched corrosion products (e.g., CuO,

Fig. 14. Comparison of corrosion model between Au wire and Cu wire bonded PCB unit by THT in 1% Na
2
SO

4
 + 1% H

2
SO

4
:

(a) 1st ball bond area, (b) 2nd stitch bond area
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Cu2O, Al2O3, Cu2S, CuS, Al2S3) subsequently form a layer

that covers the pad surface. In contrast, in the Cu-wired

unit, pad-side Al dissolution is accompanied by independent

corrosion of Cu. As a result, dark Cu-containing oxygen-

enriched corrosion products (e.g., CuO, Cu2O, Al2O3,

Cu2S, CuS, Al2S3) form around the wire, while mixed Al-

Cu oxygen-enriched corrosion products (e.g., CuO, Cu2O,

Al2O3, Cu2S, CuS, Al2S3) grow in a needle-like morphology

along the bonding interface [46,47].

For the 2nd stitch bond in the Au-wired unit, even though

the wire and pad are both Au, microscopic defects in the

Au plating allow the underlying Ni layer to become locally

exposed, accompanied by the formation of Ni oxide [43-

45]. In the Cu-wired unit, corrosion of the Cu wire leads

to the formation of oxygen-enriched corrosion products

(e.g., CuO, Cu2O, Al2O3, Cu2S, CuS, Al2S3) on the wire

surface [29]. In parallel, localized exposure of the Ni layer

can occur with Ni oxide, such that both Cu and Ni oxide

[43-45].

4. Conclusions

This study investigated the influence of sulfuric acid

concentration on the corrosion behavior at packaging-

relevant Al and Au pad-Au and Cu wire interfaces by

means of electrochemical tests and a Temperature-

Humidity Test (THT). The main conclusions are as

follows.

Polarization tests revealed that the corrosion rate

increased in the order Au wire < sputtered Al < Cu wire.

The galvanic corrosion rate of Al in the Au-Al couple

was higher than that in the Cu-Al couple. This is attributed

to the larger potential difference (ΔE) of the Au-Al pair

and the cathodic Tafel behavior of Au.

After the THT (85 oC/85% RH), macroscopic observations

showed that the Cu-wired unit exhibited more severe

corrosion than the Au-wired unit, with extensive attack

of the 1st ball bond and the wire. This indicates that the

intrinsic corrosion tendency of Cu in the sulfate-based

environment dominated over the galvanic effect, so that

the actual corrosion of the Cu wire was more severe than

would be predicted from galvanic considerations alone.

In the Au pad of the 2nd stitch bond, corrosion products

enriched in Ni and O were detected, which is interpreted

as a result of deterioration due to local exposure of the

lower Ni layer through micro-defects in the ENIG

structure [43-45]. In addition, in the 2nd stitch bond of the

Cu-wired unit, the O signal increased along with a

decrease in the Cu signal, suggesting that oxygen-enriched

corrosion products (e.g., CuO, Cu2O, Al2O3, Cu2S, CuS,

Al2S3) were also formed on the Cu surface.
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