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A Novel Wafer Reclaim Method for Amorphous
SiC and Carbon Doped Oxide Films
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Abstract—Amorphous SiC (a-SiC) films are the most promising
dielectric diffusion barriers to replace silicon nitride in Cu-in-
terconnect technology. However, reclaim of wafers with a-SiC
films is a challenge issue for mass production. In this paper, a
novel wafer reclaim method is proposed. It is observed that a-SiC
can be oxidized to SiO2 in both dry O2 and steam ambients at
temperatures as low as 550 C. The oxidation mechanism can be
described by the Deal–Grove model that is traditionally used to
describe oxidation of Si. Experiments prove that the oxidation
process is clean and uniform. It is also observed that carbon doped
oxide (CDO) films can be oxidized easily, too. Therefore, oxidation
followed by HF etching could be a universal process to reclaim
wafers deposited with a-SiC or CDO films. Since the oxidation
rate of Si substrates at medium temperatures is much lower than
that of a-SiC and CDO films, the oxidation process is virtually
self-limiting. Compared with a traditional reclaim method based
on wafer polishing, this universal oxidation-etching method ex-
hibits great benefits in terms of low cost, high throughput, and the
ability to perform nearly unlimited numbers of reclaim cycles.

Index Terms—Amorphous silicon carbide, low dielectric con-
stant, wafer reclaim.

I. INTRODUCTION

AS FEATURE sizes of integrated circuits continue to be
scaled down, new interconnect materials such as Cu and

low-dielectric constant (low-K) films have been used to min-
imize crosstalk and signal resistance-capacitance (RC) delay
[1]–[3]. It is expected that amorphous SiC (a-SiC) films de-
posited by chemical vapor deposition will replace in the
Cu dual-damascene structure as a Cu diffusion barrier and/or
etch-stop layer in order to further reduce circuit delay and thus
improve circuit performance [4], [5]. The a-SiC films are chem-
ically inert and hard to etch in wet processing environments.
These properties are benefits from the process point of view.
However, they are liabilities from the wafer reclaim point of
view. On the other hand, large numbers of low-K materials are
developed every year. Carbon doped oxide (CDO) and porous
carbon doped oxide are very promising low-K materials for fu-
ture Cu interconnect applications [6]–[11].
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In the back-end-of-line (BEOL) process, fabrication pa-
rameters, such as film thickness, thickness uniformity, film
composition, and particle counts must be carefully and pre-
cisely controlled. Therefore, large numbers of monitor wafers
are required to optimize the film deposition conditions during
process development and to monitor the process stability during
manufacturing. Wafers deposited with a-SiC or low-K films
must be reclaimed to reduce wafer cost. Unfortunately, there is
no universal chemical solution that can etch a-SiC or various
low-K films. Polishing becomes the only method to reclaim
these wafers, but the cost of wafer polishing is high. Further-
more, the over polish of the Si substrate limits the numbers of
reclaim cycles.

In this work, we report the phenomenon and kinetics of
thermal oxidation of a-SiC and CDO thin films at moderate
temperatures. We also propose a universal wafer recycling
method consisting of thermal oxidation followed by HF
etching, for stripping a-SiC and CDO films.

II. EXPERIMENTAL PROCEDURE

Blanket wafers deposited with thin dielectric films were used
in this study. The substrates were (100)-oriented, 8-in-diam-
eter Si wafers. The a-SiC films of thickness between 50 nm
and 100 nm were deposited on Si wafers in a plasma-enhanced
chemical vapor deposition system from organosilicon precur-
sors. Two kinds of a-SiC:N films with various nitrogen contents
were prepared to check the effect of nitrogen on the oxidation
rate. The SiC:N (9.3%) samples were deposited in the presence
of carrier gas flowing at 5000 sccm. SiC:N (5%) samples
were deposited with flow rates of 2500 sccm and He flow
rates of 2500 sccm. Both dry oxidation and steam oxidation
were performed in a simple furnace system at medium tempera-
tures ranging from 550 C to 950 C. To examine the efficiency
of the oxidation method to reclaim wafers with a-SiC films,
some wafers were oxidized in a vertical furnace with flow
rate of 4 SLM and flow rate of 4 SLM. The particles in this
furnace are well controlled to mass-production levels. Plasma
oxidation of a-SiC films was also evaluated at the conditions of

flow rate 900 sccm, radio frequency (RF) power 300 W, and
substrate temperature 250 C. Finally, two kinds of CDO films
with K-values of 2.6 and 2.2 were prepared to evaluate if the
oxidation method can be adapted to general CDO films.

The thickness of dielectric layer was measured with an N&K
1200 spectrophotometer. Thermal desorption spectroscopy
(TDS) was use to analyze the thermal stability of a-SiC films.
Auger electron spectroscopy (AES) and Fourier-transformed
infra-red (FTIR) spectroscopy were used to analyze the chem-
ical composition and chemical bonding of the oxidized a-SiC
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Fig. 1. Thermal desorption spectroscopy of a-SiC film in N ambient.

film. Surface roughness after stripping the oxidized layer
was monitored with an atomic force microscope (AFM). The
particle counts of post etched and cleaned wafer surfaces were
measured with a KLA-Tencor SP1.

III. RESULTS AND DISCUSSION

A. Oxidation Phenomenon of SiC

SiC shows thermal stability in ambient that is as good
as that of . Fig. 1 shows that the TDS analysis on a-SiC
films in ambient up to 800 C does not produce any desorbed
species. Even though the films have been annealed at 950 C in

ambient for 1 h, the thickness shrinkage is only 1 nm, i.e.,
less than 2%. However, unlike , a-SiC films do not dis-
solve in HF solution or boiling . Adding oxidants such
as , , or does not cause dissolution. As a re-
sult, no chemical solutions have been demonstrated for removal
of a-SiC films from monitor wafers in a production environ-
ment. Therefore, physical polishing is the only solution to strip-
ping a-SiC films, but consumption of Si due to the unavoidable
over-polishing limits the number of times a monitor wafer can
be reclaimed. Fortunately, it is observed that although it is hard
to oxidize crystalline SiC at temperatures lower than 1100 C
[12]–[14], a-SiC films can be oxidized at much lower tempera-
ture in oxygen containing ambients.

Fig. 2 shows the AES depth profile of a partially oxidized
a-SiC film. The original SiC film thickness was 94 nm. The oxi-
dation was performed in dry ambient at 850 C for 60 min. A
high purity layer is formed and a clear /SiC interface
is observed. These observations indicate that the a-SiC film is
oxidized to from the top surface uniformly. Fig. 3 exhibits
the FTIR spectrum of a fully oxidized a-SiC film. Before oxida-
tion, only Si-C peaks can be detected. After steam oxidation at
950 C for 1 h, Si-C peaks disappear and Si-O peaks are evident.
The small C-O peak indicates that some carbon atoms remain
in the oxide [15]. The a-SiC has a density of about 1.5 cm ,
which is less than that of crystalline SiC [16]. Knowing that the
density of the film is 2.2 cm , the volume transforma-
tion ratio from a-SiC to can be calculated to be around

Fig. 2. Atomic depth profile of a partially oxidized a-SiC film analyzed by
AES.

Fig. 3. FTIR spectrum of a fully oxidized a-SiC film. Small C-O peak indicates
that some carbon atoms exist in the oxide layer.

1 to 1. This ratio is very close to the experimental observation in
Fig. 2 that the total dielectric thickness of the partially oxidized
SiC/ stack is close to the original SiC thickness determined
by N&K analyzer measurement.

B. Oxidation Kinetics

Both dry oxidation and steam oxidation can convert a-SiC to
. Equations (1) and (2) express the stoichiometries for reac-

tion of a-SiC with and . Most of the carbon in SiC film
reacts with oxygen to form and diffuses into the ambient.
The oxidation model for a-SiC follows the Deal–Grove anal-
ysis of the oxidation of Si [17]–[19]. The Deal–Grove model
assumes that oxidation proceeds in following three steps: 1) the
oxidants are adsorbed to the outer surface where they may react;
2) oxidants are transported through grown oxide film toward the

/SiC interface; and 3) oxidant reacts at the SiC surface to
form .

(1)

(2)
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Fig. 4. Oxide thickness versus oxidation time of a-SiC film oxidized in (a) dry
O ambient and (b) steam ambient.

Fig. 4(a) and (b) show the grown oxide thickness on an a-SiC
film in dry and steam ambients at various temperatures. Sim-
ilar to Si, the oxidation rate of a-SiC film in a steam ambient is
much faster than that in a dry ambient. According to the
Deal–Grove model, the correlation between grown oxide thick-
ness and oxidation time can be expressed as ,
where and represent grown oxide thickness and oxidation
time.

By plotting versus , The coefficients of and can
be extracted, as shown in Fig. 5(a) and (b), respectively. Tables I
and II summarize the rate constants in dry and steam. The
temperature dependence of is plotted in Fig. 6. The activation
energy of is 0.72 eV in dry and 0.53 eV in steam.
The value of for Si oxidation is about 1.1 eV in dry
and 0.7 eV in steam [16]. By comparison with Si oxidation,
the values for a-SiC oxidation are smaller than those of Si
oxidation but the trend that in dry ambient is higher than that
in steam ambient is consistent. It is known that is related to
the diffusion of oxidants in grown . The low of a-SiC
oxidation might result from the fact that the grown on
a-SiC at the temperatures studied here is not as dense as that
grown on Si because of residual carbon in the oxide. It should

Fig. 5. Extraction of oxidation rate constants of a-SiC in (a) dry O ambient
and (b) steam ambient according to the Deal–Grove model.

TABLE I
OXIDATION RATE CONSTANTS OF SIC IN DRY O AMBIENT

TABLE II
OXIDATION RATE CONSTANTS OF SIC IN STEAM AMBIENT

be noted that the refractive index of the grown on SiC is
about 1.45, which is slightly smaller than that grown on Si.

The properties of a-SiC films such as adhesion, thermal
stress, barrier ability, and etch rate change with the addition
of nitrogen atoms to the films [5], [20], [21]. Two kinds of
a-SiC:N films with various nitrogen contents were oxidized in
steam at 950 C for 1 h. For the SiC:N(5%) sample, 80.3 nm
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Fig. 6. Arrhenius plot of parabolic rate constant of a-SiC oxidation in (a) dry
O ambient and (b) steam ambient. Activation energy is 0.72 eV and 0.55 eV
in (a) and (b), respectively.

of SiC was consumed while for the SiC:N(9.3%) sample, only
43.6 nm of SiC:N was consumed. This result shows that higher
nitrogen content results in higher oxidation resistance. It is
postulated that a Si-N bonds would be formed in a-SiC:N films,
and the oxidation rate is reduced due to the stronger Si-N bond
(470 KJ/mole) in comparison with the Si-C bond (450 KJ/mole)
[22]. Although a-SiC and a-SiC:N could be oxidized easily
at moderate or high temperature, for the purpose of wafer
reclaim it is not preferred to over-oxidize the silicon substrate.
Fortunately, Si oxidizes very slowly at temperatures lower than
800 C. Thus, it is expected that the oxidation process will
almost self-stop when the a-SiC or a-SiC:N film is consumed.
Fig. 7 shows the grown oxide thickness of a 54-nm-thick a-SiC
on Si substrate at 600 C. As the a-SiC film was oxidized
completely, the oxide thickness increased very slightly because
of the low the oxidation rate of Si at 600 C, independent of
whether the ambient was dry or steam.

Fig. 8(a)–(c) show the surface image of (a) as-deposited
a-SiC; (b) partially oxidized a-SiC; and (c) fully oxidized
a-SiC after removal of the layer. The oxidation was
performed in dry at 800 C. For the partially oxidized
wafer [Fig. 8(b)], the post-etched surface is relatively rough

Fig. 7. Grown oxide thickness of wafer capped with 54 nm thick a-SiC film
and oxidized at 600 C.

Fig. 8. Atomic force microscope surface images of (a) as-deposited SiC
surface, (b) partially oxidized, and (c) fully oxidized a-SiC deposited wafer
after oxidation and etching of the oxidized layer.

with root-mean-square (rms) roughness of 1.27 nm. The
column-like morphology comes from the nonuniformity of the
as-deposited a-SiC surface, as shown in Fig. 8(a). Meanwhile,
the fully oxidized wafer [Fig. 8(c)] shows a very smooth Si
surface with rms roughness of 0.23 nm, which is similar to the
background noise level. This result also implies that Si does
not oxidize as easily as SiC at lower temperatures. All of these
results indicate the SiC oxidation is clean and self-stopped.
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TABLE III
RESULTS OF RECLAIMED WAFERS

TABLE IV
PARTICLE COUNTS AFTER CLEANING

C. Examples of Oxidation Application

The most direct application of a-SiC oxidation is wafer re-
claim. To demonstrate the efficiency of wafer reclaim with this
process, four 200-mm wafers capped with a 70-nm-thick a-SiC
film were oxidized in an ASM advance 400 vertical furnace with
a flow rate of 4 SLM and an flow rate of 4 SLM at 950 C
for 2 h. Bare Si wafers were processed simultaneously as ref-
erences. Table III lists the grown oxide thickness. Because of
the high temperature and long oxidation period, the a-SiC films
were consumed very quickly and then the Si substrate was also
oxidized. The thicker layers on the a-SiC deposited wafers
compared to the layers on the Si reference wafer confirm
that the oxidation rate of a-SiC is faster than that of Si. The small
thickness deviation (1%–2%) indicates that the a-SiC was oxi-
dized uniformly. In this experiment, only the five wafers were
processed in the oxidation furnace and the other slots were not
filled with dummy wafers. The Si control wafer is the first wafer
so that the uniformity is the poorest among the five wafers. Par-
ticle counts after removing the layer in diluted HF fol-
lowed by standard RCA-clean processing are summarized in
Table IV. The particle counts of all four a-SiC deposited wafers
are close to or lower than that of the Si reference wafer. These
results show that the oxidation followed by HF etching is a vi-
able technique to reclaim a-SiC deposited wafers.

On the basis of the a-SiC oxidation results, it is supposed that
CDO films could be oxidized in the same manner. Wafers with
360-nm-thick CDO or 180-nm-thick porous-CDO

were oxidized in dry at 950 C for 1 h fol-
lowed by dilute HF etching and standard clean. No CDO or
porous-CDO films were left on the Si wafer. It should be
mentioned that CDO films not only oxidized but also suffered
thickness shrinkage due to thermal decomposition under such
a thermal process [11], [15]. It is hard to describe the oxidation
processes for these films with the Deal–Grove model. However,
since the thermal stability of CDO films is worse than that of
a-SiC films, CDO films can be oxidized and removed easily.

We also observed that a-SiC films could be oxidized in gen-
eral plasma systems. For example, an approximately 10-nm-

thick a-SiC layer is converted to after 2 h plasma treat-
ment at room temperature in a parallel plate plasma chamber
with an RF power of 300 W. The oxidation of a-SiC and CDO
films provides an answer to prior observations reported in the lit-
erature [23]: why is there a new layer formed at outer CDO sur-
face after plasma treatment. This new layer should be
and it should be carefully controlled in Cu damascene process
because a photoresist removal process is commonly incorpo-
rated with plasma ashing. During the plasma process,
the dielectric properties and surface layer of a-SiC and CDO
films would change [24].

IV. CONCLUSION

This work documents that a-SiC films can be oxidized to
at medium temperatures. The oxidation process can be

described with the Deal–Grove model. Experiments prove that
the oxidation process is clean and uniform. This may provide a
simple method to reclaim a-SiC film deposited wafers. It is also
observed that CDO films can be oxidized. Therefore, oxidation
followed by HF etching could be a universal process to reclaim
wafers with a-SiC or CDO films. Since the oxidation rate of Si
substrates at medium temperature is much lower than that of
the a-SiC and CDO films, the oxidation process is almost a self-
stopped process. Comparing with traditional wafer polishing re-
claim methods, this universal oxidation-etching method exhibits
great benefits of low cost, high throughput, and almost unlim-
ited reclaim lifetimes.

Finally, because a-SiC and CDO films are easily oxidized in
plasma, photoresist stripping processes must be carefully

controlled to minimize the dielectric degradation or surface
change of a-SiC and CDO films. These changes may affect the
integration of Cu/Low-K integration and the designed circuit
performance.
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