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Dissolution Behavior of Metal Impurities and Improvement of Reclaimed Semiconductor
Wafer Cleaning by Addition of Chelating Agent

As a wafer cleaning process, RCA (Radio Corporation of America) cleaning is mainly used. However, RCA cleaning has
problems such as instability of bath life, re-adsorption of impurities and high-temperature cleaning. Herein, we tried to improve
the purity of silicon wafers by using a chelating agent (oxalic acid) to solve these problems. Compounds produced by the reaction
between the cleaning solution and each metal powder were identified by referring to the pourbaix diagram. All metals exhibited
a particle size distribution of 10 μm or more before reaction, but a particle size distribution of 500 nm or less after reaction. In addition, it was confirmed that the metals before and after the reaction showed different absorbances. As a result of elemental analysis
on the surface of the reclaimed silicon wafer cleaned through such a cleaning solution, it was confirmed that no secondary phase
was detected other than Si.
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1. Introduction
Silicon wafers are basic material widely used in semiconductor device manufacturing due to their unique electronic and
mechanical properties [1]. Silicon wafer uses include reclaimed
wafers used for process monitoring, which can be manufactured
by reprocessing waste wafers [2]. However, impurities remaining in the waste wafer and impurities generated in the process
of manufacturing the reclaimed wafer negatively affect the
silicon wafer properties [3-5]. Therefore, cleaning technology
to remove contaminants from the silicon wafer surface is essential [6].
RCA cleaning is mainly used as a wafer cleaning process [7,8]. However, RCA cleaning has problems such as readsorption of metal impurities, etching of wafer surface due
to strong acid, shortening of bath life and high temperature
required [9].
This problem of conventional RCA cleaning can be solved
by adding chelating agents to the cleaning solution. By adding
chelating agents, H2O2 decomposition can be prevented, improving bath life stability and preventing wafer surface roughness
improvement. In addition, re-adsorption of metal impurities may
be prevented through stable bonding between chelating agent
and metal impurities. Therefore, in this study, we tried to solve
1

problems of RCA cleaning and improve the purity of the silicon
wafer through chelating agent.

2. Experimental
2.1. Metal dissolution and wafer cleaning
by chelating agent
Fe (99%, Aldrich), Zn (99%, DAEJUNG), Al (99.5%, DAEJUNG) and Cu (99.85%, KANTO CHEMICAL CO., INC.), Cr
(99%, DAEJUNG), Ni (99%, DAEJUNG) which are common
metal impurities present on wafer surface, were charged into
a 70 mL vial containing 50 mL cleaning solution each of 0.018 g
and reacted in the ultrasonicator for 12 hours. The coolant of the
ultrasonicator was continuously circulated, and experiment was
conducted by maintaining about 25°C. The experiment was conducted by measuring ionic conductivity at 3 hour intervals. The
cleaning solution composition was prepared by loading 0.33 mol
of oxalic acid (98.5%, DAEJUNG), 400 mL of H2O2 (30%,
DAEJUNG) and 50 mL of NH4OH (25.0~28.0%, DAEJUNG)
with reference to the pourbaix diagram. The waste wafer was
sampled at 1 × 1 cm2, and cleaned for 10 minutes by immersing in
a cleaning solution newly prepared with the same composition.
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2.2. Characterization
The dissolution behavior of each metal over time was
analyzed through a conductivity meter (SevenExcellence, METTLER TOLEDO). Particle size change and absorbance were
analyzed before and after reaction by dynamic light scattering
(DLS, Otsuka Electronics, NanoPlus-3) and ultraviolet-visible
spectroscopy (UV-1800, SHIMADZU). All analysis of particle
size change before and after the reaction was performed using
D.I water as a solvent. The pourbaix diagram was calculated by
entering the cleaning solution composition in software (Hydra/
Medusa). Before and after cleaning, the wafer surface shape
analysis was performed through field emission scanning electron
microscope (FE-SEM, ZEISS, Gimini). The waste wafer surface elemental analysis was performed before cleaning through
energy dispersive X-ray microanalysis (EDS, EDAX Pegasus
4040, EDAX), and the same sample was cleaned and elemental
analysis was again performed to confirm the cleaning rate of
the cleaning solution.

3. Results and discussion
Fig. 1 shows pourbaix diagram for the reaction of each
metal element by the cleaning solution. All metals react with the

cleaning solution from about pH 1 to pH 7 to form compounds.
The reactivity between the chelating agent and metal impurities is higher under the high pH condition than under the low
pH condition. This is related to competition between metal and
hydronium ions for the same active site. As the pH increases, the
hydronium ion decreases, so the reaction between the metal ion
and the chelating agent increases [10]. In addition, since there is
no surface charge under low pH conditions, there is a problem
that metal impurities are re-adsorbed [9]. Therefore, the pH of
the cleaning solution was set to pH 7, which is the highest pH
condition among the pH ranges in which the cleaning solution
and metal react to form a coordination compound. According
to pourbaix diagram, Fe, Zn, Al, Cu, Cr and Ni react with the
cleaning solution to form coordination compounds such as
Fe(ox)33–, Zn(NH3)42+, Al(ox)33–, Cu(NH3)2+, Cr(NH3)5OH2+
and Ni(NH3)62+ respectively.
Fig. 2 shows particle size and UV data before and after the
reaction of metal powders. As shown in Fig. 2(a), the particle
sizes of Fe, Zn and Al before the reaction were 12 μm, 16 μm
and 10 μm, respectively, but after the reaction, the particle size
distribution was about 270 nm. In addition, as shown in Fig. 2(b),
since the metal before the reaction, the metal after the reaction,
and the cleaning solution all showed different absorbances, it is
expected that metal dissolution occurred by the following reaction equations [11-13].

Fig. 1. Pourbaix diagram of metal in cleaning solution containing oxalic acid (a) Fe, (b) Zn, (c) Al, (d) Cu, (e) Cr, (f) Ni

979
Fe3+ + 3ox2- → Fe(ox)33–

(3.1)

Zn2+ + 4NH3 → Zn(NH3)42+

(3.2)

Al3+ + 3ox2– → Al(ox)33–

(3.3)

As shown in Fig. 2(c), the particle sizes of Cu, Cr and Ni
before the reaction were 16 μm, 18 μm and 29 μm, respectively,
but after the reaction, the particle size distribution was about
475 nm. In addition, as shown in Fig. 2(d), since the metal before
reaction, the metal after reaction, and the cleaning solution all
showed different absorbances, it is expected that metal dissolution occurred by the following reaction equations [14-17].
Cu+ + NH3 → [Cu(NH3)]+

(3.4)

Cr3+ + 3H2O = Cr(OH)3 + 3H+

(3.5)

In addition, since the ionic conductivity of FeZnAl showed a
tendency to increase after 3 hours of reaction than before reaction, it is expected that H2O2 decomposition was prevented by
the chelating agent having strong corrosion resistance against
oxidative decomposition. Fig. 3(b) shows the change in ionic
conductivity of CuCrNi over time. Ionic conductivity of CuCrNi
showed a relatively irregular tendency rather than increasing by
the time. This is expected to be influenced by the additional dissolution of Cr and Ni, which has slow reaction rate. In addition,
since the ionic conductivity slightly decreased by about 3.82%
after the reaction for 3 hours compared to before the reaction,
it is expected that H2O2 decomposition was prevented by the
chelating agent. As shown in Table 1, the metal impurities detected as a result of elemental analysis on the waste wafer surface
before cleaning were identified as Al, Fe and Zn etc.
TABLE 1

Cr(OH)3 + 2H+ = CrOH2+ + 2H2O	(3.6)
CrOH2+ + 5NH4+ = Cr(NH3)5OH2+ + 5H+

(3.7)

Ni2+ + NH3 = Ni(NH3)62+

(3.8)

Fig. 3 shows the dissolution behavior of metal powder
over time. Fig. 3(a) shows the change in ionic conductivity of
FeZnAl over time. Ionic conductivity of FeZnAl showed a rapid
increase after 3 hours of reaction and showed a tendency to rise
gently over time. This is expected to be the effect of saturation.

Type and content of impurities detected on the waste wafer
surface before cleaning
C

O

F

Na

Atom %
Mg Al

Si

S

Ca

Fe

Zn

2.93 19.48 27.26 10.60 0.93 0.03 36.77 0.65 0.53 0.13 0.71

Fig. 4 shows the surface shape and elemental analysis
results of the wafer cleaned for 10 minutes in the cleaning solution. As can be seen in Fig. 4(a), it was confirmed that a large

Fig. 2. UV-visible absorption spectra and particle size distribution (a, b) FeZnAl, (c, d) CuCrNi in cleaning solution containing oxalic acid
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Fig. 3. Ionic conductivity change behavior of (a) FeZnAl and (b) CuCrNi with time

Fig. 4. Analysis of wafer surface shape and elements before and after cleaning (a) waste wafer surface shape, (b) analysis of cleaned wafer surface
elements, (c) wafer surface shape after cleaning (d) the cleaned wafer surface particle element analysis
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amount of impurities existed on the surface of the waste wafer.
As shown in Fig. 4(b), it was confirmed that particles remaining
on the cleaned wafer surface were not detected, and secondary
phases other than Si were not detected. Therefore, it is expected
that the cleaning with oxalic acid was smoothly performed.
Fig. 4(c) shows the enlarged wafer surface. As shown in Fig. 4(c),
a small amount of residual particles were detected, and as a result
of elemental analysis as shown in Fig. 4(d), it was confirmed
as Si. Thus, the particles on the surface of the wafer are expected
to be Si particles that generated during the sampling process.
Therefore, since metal impurities such as Table 1 detected on the
wafer surface before cleaning were not detected after cleaning,
it is expected that cleaning proceeded smoothly. In addition,
since defects such as vacancy did not appear in the shape of the
cleaned wafer surface, the effect of the cleaning solution on the
wafer is expected to be insignificant.

4. Conclusions
This study attempted to prepare an ideal cleaning solution
for cleaning waste wafers. Before the reaction, it was confirmed
that all metal powders showed a particle size distribution of
10 μm or more, but a particle size distribution of 500 nm or
less after the reaction. In addition, as the result of UV analysis,
since the metals before and after the reaction showed different
absorbances, it is expected that the metals reacted with the cleaning solution to form coordination compounds. As a result of the
ionic conductivity analysis, the ionic conductivity before and
after the reaction for 3 hours showed a slight difference, so it is
expected that the chelating agent prevented the decomposition
of H2O2. In order to confirm the wafer cleaning characteristics
of the cleaning solution, the wafer surface shape and elemental analysis were performed before and after cleaning. Unlike
waste wafer before cleaning, the wafer after cleaning did not
show any additional phases other than Si, and defects such as
vacancy were not detected. Through this, the applicability of
the cleaning solution to which the chelating agent was added
was confirmed.
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