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Spectroscopic Studies on Electroless Deposition of Copper
on a Hydrogen-Terminated S{111) Surface
in Fluoride Solutions

Shen Ye* 2 Taro Ichihara, and Kohei Uosaki*'*

Physical Chemistry Laboratory, Division of Chemistry, Graduate School of Science, Hokkaido University,
Sapporo 060, Japan

The cementation or electroless deposition of copper on a hydrogen-termira&i(111) surface in concentrated ammonium
fluoride (NH,F) and dilute hydrofluoric aci@HF) solutions containing copper ion (&€1) was investigated using attenuated total
reflectance-Fourier transform infraredTR-FTIR) spectroscopy and X-ray photoelectron spectroscOfRS). When the
H-Si(111) sample was immersed in a 40% NHsolution containing 1uM Cu®", the ATR-FTIR showed a decrease in the
monohydride(SiH), and XPS revealed the copper deposition and Si oxide formation as well as the existence of a small amount of
fluorinated Si species on the H¢$11) surface. After the surface was rinsed with ultrapure water, the amounts of SiH and Si oxide
decreased and increased, respectively, while the fluorinated Si species disappeared. Copper and Si oxide were observed on the Si
surface even after being etched in &Giree NH,F solution, indicating that the Si oxide grew underneath the copper layer. When
the H-S{111) sample was immersed in a 0.5% HF solution containingulCu?*, the amounts of SiH decreased while those

of the dihydride and trihydride significantly increased, reflecting the increase in the densities of the steps and kinkg bhlihe Si
surface. The amount of copper deposited on the (13) surface in the dilute HF solution containing £uvas much less than

that in the NHF solution containing the same amount of?CuThe oxide was not observed on the Higi1) surface after being
immersed in the dilute HF solution containing W Cu?".

© 2001 The Electrochemical Society{DOI: 10.1149/1.1370964All rights reserved.

Manuscript submitted September 22, 2000; revised manuscript received February 12, 2001.

It is well known that a trace amount of metallic impurities on an p-type H-S{111) surface during the electrochemical deposition of
Si wafer surface can drastically degrade the electronic performanceopper in a sulfuric acid solution kg situ atomic force microscopy
of semiconductor devicéds® Many studies on Cu impurity have (AFM) and reported that 50 nm wide Cu wires were preferentially
been carried out because Cu is easily deposited on an Si surface flormed at the intersections of the step edges at a potentiaDofO
hydrofluoric acid(HF)-based etching solutiofs'? Furthermore, Cu  V vs normal hydrogen electrodeNHE).}” Hommaet al. investi-
is now attracting much attention because of its possible applicatiorgated the morphology of an n-type HtBl1) surface during the
as a conduction material in the fabrication of the wiring structure oninitial nucleation process of Cu deposition in an Molution con-
ultralarge-scale integrated circuitgL Sls).** taining C#* by ex situscanning tunneling microscogsTM) and
Ohmi et al. investigated Cu deposition on an(B)0 surface in  found that Cu selectively nucleated along the step efyemw-
various electrolyte solutions in det4if. They found that the Cu  ever, the AFM and STM measurements provide only morphological
deposition was significantly affected by the solution pH and open-information about the Si surface. Information on the chemical spe-
circuit potential and proposed a metal-induced pitting mechanism tacies on the Si surface during the copper deposition, which is essen-
explain the Cu deposition in dilute HF solution. Gedfal. observed  tial to a quantitative understanding of the mechanism of copper
that an additional water rinse could significantly enhance the surfaceleposition on the Si surface, is not now available.
oxidation of the Si wafer after immersion in 5% HF solution con- In this study, attenuated total reflectance-Fourier transform infra-
taining copper in the parts per million rang®arkset al. showed red (ATR-FTIR) spectroscopy and X-ray photoelectron spectros-
that the amount of Cu deposited on ar{18D) surface from HF-  copy (XPS) were employed to investigate the electroless Cu depo-
based etching solutions increased as the Cu concentration in thsition processes on a well-defined H3i1) surface in two typical
solution increased based on total reflection X-ray fluorescenceetching solutions, 40% NiF solution and 0.5% HF solution con-
measurements’® Kimerling et al. demonstrated that the nucleation taining C#*, to obtain detailed information about the chemical na-
rate of Cu on a Si surface depended on the reduction rate ¥f Cu ture of the Si surface.
while the growth rate of Cu nuclei was determined by the rate of the

Si anodic dissqlutioﬁ.l Recently, Lietal. reported that a trace Experimental

amount of C&" in a buffered HF solution caused not only metallic _ .
contamination but also an increase in the roughness of 1HO®i The parallelogram ATR prisms (28 20 X 0.38 mm, 45° bevel
surface? angle were prepared from n-type @iL1) wafers(Shin-Etsu Semi-

Most of these studies were carried out orfi18D) surfaces be- conductor, 50-500) cm), which were polished on both sides for the

cause of its importance in the semiconductor industry. QuantitativeA;]rR'_FTIR rT|1eafs|ure.ments ina ml{ltki]ple ihnternal reflection geometry.
investigation on an $L00) surface is difficult since there is no es- 1ne internal reflection number within the ATR prism wea 70.
tablished technique to prepare a well-definetL@0) surface in air The sample_s for th_e XPS_ measurement were obtained from the same
or in electrolyte solutions. However, a method to expose an atomi->l Wafer with a dimension ota. 10 x 10 mm. The 40% NgF

cally flat (1 X 1) surface terminated by hydrogen is well estab- solutlon(EL_grade) was purchased from Morita Chemicals. All the _
lished on Si111) both in air and in electrolyte solutions by etching ©ther chemicals were Suprapure reagents from Wako Pure Chemi-
in a concentrated NjF solution®1® But deposition studies of me- SaIS and were used without further purification. The solutions and
tallic impurities on the hydrogen-terminatéd-)Si(111) surface are Milli-Q water used for rinsing treatment were purged by purified

o P . nitrogen for at least 60 min before each experiment.
very limited. Hara and Ohdomari investigated the morphology of a An H-Si(111) surface was obtained by etching the Si sample in

40% NH,F solution for 5 min® The electroless deposition of cop-
per was carried out by immersing the H-Bi1) sample in a 40%

* Electrochemical Society Active Member. : 0 . .

@Present address: Catalysis Research Center, Hokkaido University, Sapporo 066\,|H.4F so!utlon or a 0.5% HF solution C.Ontalnlng mM CUS.Q‘ for.
Japan. various times. After the sample was dried by blowing purified nitro-

% E-mail: uosaki@PCL.sci.hokudai.ac.jp gen, theex situATR-FTIR and XPS measurements were performed.
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A detailed description of the ATR-FTIR system has been given
elsewheré® Immediately after the preparation process, the sample
was mounted on an ATR accessory, and the ATR-FTIR spectra
were recorded in a dried air environment in p-polarization with re-
spect to the spectrum of an oxidized(Hil) surface. All spectra A (a)
were obtained by integrating 128 interferograms with a resolution of
0.5 cm™,

The XPS measurements were performed with a Rigaku XPS-
7000 spectrometer using an Alktarget(1486.6 eV with an X-ray
excitation of 300 W. The binding energies shown in this study were
corrected by the Cls peak at 284.8 eV. The electrical contact be-
tween the Si sample and XPS sample stage was secured using &
In-Ga alloy.

0.02

Absorbance

Results and Discussion

Electroless deposition of copper in 40% NHsolution—Figure
1 shows theex situATR-FTIR spectra in the region of 2300-1900 (v,
cm ! of the H-S{111) surface measured immediately after immer- w
sion in a 40% NHF solution(a) without and(b) with 10 uM Cu?* (iii)
for (i) O min, (i) 5 min, (iii) 20 min, and(iv) rinsed by Milli-Q
water to investigate the surface adsorbed species after tregiient (il

A very sharp peak was observed at 2084 ¢ron the freshly .
prepared H-3i111) surface(i of Fig. 1a). This peak can be assigned )
to the stretching vibration of the monohydri@giH). The very nar- " ) W
row bandwidth[full width at half-maximum(fwhm) ca 1 cm™}] 2300 2200 2100 2000 1900
reflects the fact that an atomically flat($11) surface terminated by
hydrogen with an extremely homogeneous state was obtatriéd. Wavenumber /em’!

Almost no change was observed in the spectra even after a 20 mir
immersion in the C¥"-free 40% NHF solution(iii of Fig. 1a). The
intensity of the SiH peak of the H-8i11) sample immersed in the A (b)
CW'-free NH,F solution was not significantly affected by the
Milli-Q water rinse (iv of Fig. 1a).

However, the immersion in the N solution containing Cu
caused a significant change in the spectra, as shown in Fig. 1b. Th
immersion time dependence of the intensities of the SiH band in the §
NH,F solutions without and with Cii are summarized in Fig. 2. In g
the NH,F solution containing Cii, the intensity of the SiH stretch- 2
ing vibration band decreased with immersion time and became 63% 2
of its original value after the 20 min immersion, although no change '2 0.02
was observed in the peak position and peak width of the SiH band.
The intensity of the SiH peak of the H{$lL1) sample immersed in
the NH,F solution containing Cii decreased t@a 70% of its @iv)
original intensity after the Milli-Q water rinsév of Fig. 1b).

No peaks attributed to the dihydride (SiH~2100 cm'l) and (iii)
trihydride (SiH;, ~2130 cm'!) were observed on the @il1) sur- .
face (Fig. 1a and b suggesting no increase in the step and kink (i)
densitiesj.e., no roughening, after a 20 min immersion in the J{H .
solution even with Ct. This is in contrast to the results reported )
for the S{100 surface where a significant roughness increase was ’ h A
observed after the immersion in a buffered HF solution containing 5390 2200 2100 2000 1900
CW?*. 22 The different behaviors observed on thé13il) and S{100)
surfaces should be caused by the difference in the etching rate be Wavenumber (cm‘l)
tween the Sil11) and S{100) surfaces in the NKF solution, in
which the etching rate for thil11) orientation was much lower than  Figure 1. ATR-FTIR spectra of Si.11) surface in the region of 2300-1900
that for the(100) orientation®® cm™ ! immediately after the H-8§111) sample was immersed ifa) 40%

At the same time, two new small broad peaks appeared at 2260IH,F solution and(b) 40% NH,F solution containing 1QuM Cu?* for (i)
and 2000 cm? after the immersion in the NMF solution containing 0 min, (i) 5 min, and(iii) 20 min without any rinsing treatment arftV)
CW?". The intensities of these two bands slightly increased with insed by Milli-Q water after treatmerti ).
immersion time(ii and iii of Fig. 1b). These two peaks completely
disappeared after the ($iL1) surface was rinsed with Milli-Q water
(iv of Fig. 1b). . o cies should remain on the surface after the rinsing treatment. Ni-

The peak at 2000 cnt can be assigned to the combination mode \yano et al. observed a broad band around 2230 &ran both the
(v4 + ve) Of the NH; deformation ¢,, 1484 cm?) and NH; Si(100) and S{111) surfaces after immersion in a dilute HF solution
torsional oscillation ¢4, 523 cn?) of NH,4F,%° which remained on by in situ ATR-FTIR measuremert They found that this peak
the Si surface after the etching in WF solution containing Cii'. disappeared after immersion in flowing ultrapure water. Following
The band at 2260 cnt cannot be assigned to the surface Si-O their arguments, we assign the peak at 2260 tobserved in the
species such asySiH, O,SiH,, or SiHOH);,2-??since these spe- present study to the fluorinated Si hydride species such aSE
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measurement because IR is strongly absorbed by Si bulk in the
frequency region lower than 1250 ¢t Further discussions on for-
mation of the fluorinated Si species and surface oxide are given late
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Figure 2. The intensity of the SiH peak as a function of immersion time in E E
40% NH,F solutions withoutO) and with (@) CL?". 2000 ! :
and SiH(SiF).?3?*NH,F and the fluorinated Si hydride species ad- of :
sorbed on the $111) surface after etching in the NH solution N - .
containing Cé&" were not observed after immersion in the’Cidree 110 105 100 95
NH,4F solution. Thus, the existence of these species should be re Binding Energy / eV
lated to the changes in the surface properties of the (HiSi
sample after immersion in the NA solution containing Cti. The 3000 B A A T
Si surface became slightly hydrophilic after the immersion in the (b) .
NH,F solution containing Cii. The NH,F species seems to be I
easier to adsorb on the hydrophilic surface sites. However, it is X 1
difficult to observe Si-O stretching of Si oxide by an ATR-FTIR 2500 (i) (i) X 7

in conjunction with the XPS measurement results.

Figure 3 shows the XPS spectra in the regioriafSi 2p and(b)
Cu ?pg, for the sample that wa@) freshly prepared(ii) immersed
for 5 min in the NHF solution containing Cii', and(iii) rinsed by
Milli-Q water after treatmentii). The XPS spectra of the freshly
prepared sample showed only one peak at 99.4 eV, which is attrib-
uted to the elemental 3i?%in the Si?p region(i of Fig. 38 and no
peak in the Cipg, region(i of Fig. 3b) as expected, confirming that
the H-S{111) surface was free from oxide and the contamination of
copper after the etching process.

The chemical composition of the Si surface drastically changed
after the H-Si111) sample was immersed in the MFsolution con-
taining C#* (i of Fig. 3a). In addition to the elemental Si peak at
99.4 eV, a small broad peak was observed at 103.7 eV in tRp Si
region (ii of Fig. 3a), suggesting that the H-il1l) surface was
partly oxidized. The chemical shift of this peak relative to the el-
emental Si was approximately 4.3 eV, which is higher than that
corresponding to Si dioxide~3.8 eW?>?6because fluorine, which
has the highest electronegativity, can induce a larger chemical shif
in Si. This peak may be related to the partly fluorinated Si species on

the S{111) surface. The oxidized Si species corresponds to the peak

at 2260 cm* in the ATR-FTIR spectra after immersion in the )H
solution containing Cti', which was attributed to the fluorinated Si
hydride (hydroxide species abovéi and iii of Fig. 1b).

A strong peak was observed in the &y, region at 932.8 e\ii

2000

1500

Counts /a.u.

1000 |

500

940

of Fig. 30, which can be attributed to Cu species formed on the Sigen Jing.

surface after immersion in the NA solution containing Cif.?°
After the ionization cross section correction, the ratio of oxidized Si
species and deposited Cu on th¢13i) surface after the treatment
was estimated to be approximately 18:1.

Oxide formation and copper deposition seemed to simulta-
neously take place on the H{$1L1) surface during immersion in the

935

930
Binding Energy / eV

Figure 3. XPS spectra of H-$111) surface in the region af) Si%p and(b)
Cu ?py,, for the sampldi) that was freshly preparedotted ling, (i) after
5 min immersion treatment in the NA solution containing 1M Cu?*
_(solid line), and(iii) after rinsing treatment by Milli-Q water aftéii) (bro-
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NH,F solution containing Cti. The oxide formation and copper (a)
deposition on the H-$111) surface should correspond to the de- A
crease in the SiH band in the ATR-FTIR spectra after immersion in
the NH,F solution containing Cti as described abov@ig. 1b.
Rinsing the sample with Milli-Q water resulted in a shift of the
Si ?p peak from 103.7 to 103.2 eV and an increase in the peak
intensity byca. 60% (iii of Fig. 3a). The peak at 103.2 eV can be
attributed to SiQ on the Si surfacé>?® These results imply that
rinsing with Milli-Q water accelerates the surface oxide formation
on the Cu-deposited Si wafer surface, as reported previGdsit.
the same time, the partially fluorinated Si species formed during the
immersion in the NHF solution containing Cii are converted to
SiO, by a Milli-Q water rinse. (iii)
No change was observed in the @u, peak after the rinsing
treatment(iii of Fig. 3b). (ii)
In summary, when the H-8i11) sample was immersed in an
NH,F solution containing Cii, a decrease in the Si-H species and (1)
the formation of copper and Si oxide with a small amount of fluori- i — ’ :
nated Si species and NHwere observed on the Si surface. The two 2300 2200 2100 2000 1900
adsorbed species can be removed from the Si surface by a Milli-Q
water rinse.

0.02

Absorbance

-1
Wavenumber / cm

Electroless deposition of copper in 0.5% HF solutiefFigure 4
shows theex situ ATR-FTIR spectra in the region of 2300-1900
cm ! after the H-Si111) sample was immersed in the 0.5% HF A (b)
solution (a) without and(b) with 10 wM Cu?" for (i) O min, (i) 5
min, and(iii) 20 min.

After the 5 min immersion in the dilute HF solution without
CW*, the intensity of the monohydrideSiH) band at 2084 cmt
became weaker, while a number of small broad components attrib- &
uted to the dihydride (Sif) and trihydride (SiH) species were _§
observed in the region between 2100 and 2150%fii of Fig. 4a). §
The intensity of the SiH band decreased, while the intensities of the;fé>
SiH, and SiH bands increased with immersion time. The total in-
tensity of the bands corresponding to these Si hydride species in-
creased after immersion in dilute HF solution for 20 nfifig. 4a
and 5. The increases in the bands corresponding to, &iftl SiH;
reflect the fact that the densities of the step and kink increased aftel
immersion in the dilute HF solution. Such changes are not observed
after immersion in the NEF solution(Fig. 1) and should be caused
by the isotropic etching of the Si surface in dilute HF solution.

When the H-Si111) sample was immersed in the dilute HF so-
lution containing Cé", the broad peaks due to Sjldnd SiH; were
clearly observed after the 5 min immersi¢in of Fig. 4b). These
’Pheeaskes ;\Il ehr)? d\rli?:ilg pr:ggide ‘sal;]edc;r;?et(;tg(l)tljr’:tgnSSItti)r/nz]; Theatp(e)l?lt(l?edgieht)zigure 4. ATR-FTIR spectra in the region of 2300-1900 ’c?’n’mmeqiately

: fter the H-S(111) sample was immersed in 0.5% HF soluti@ without
dride on the H-SiL11) sample immersed in dilute HF without €u  and(b) with 10 wM Cu?* for (i) O min, (ii) 5 min, and(iii) 20 min without
for 20 min (iii of Fig. 4b and Fig. 5. This result demonstrates that any rinsing treatment.
the etching in the dilute HF containing Eugenerates more surface
defects on the $111) surface than that in dilute HF without €u
and NH,F solution with or without C&". The increases of surface No effect by the rinsing treatment using Milli-Q water was ob-
roughness of the 8i00) surface after immersion in HF solutions served on the Si hydrides after immersing in dilute HF solution with
Containing (:aJr have been reported by other gro&ﬁs_ or without Cl}+, by both ATR-FTIR and XPS measurements.

Figure 6 shows the XPS spectra of the Hi3il) surface in the Compared to the electroless copper deposition observed on the
region of (@) Si 2p and Cupy, for (i) the freshly prepared sample, H-Si(100 surface5,_ the copper seemed to be more difficult to de-
(ii) after 5 min immersion in the 0.5% HF solution containing 10 p05|+t on the H-S1) surface in dilute HF solution containing
M Cu?*, and(iii) rinsed with Milli-Q water afte(ii). The oxidized Cu’. This may be related to the stable surface structure of the
Si species with a higher chemical shift than that observed ipANH H-Si(11)) SUbStrati' MOLe deta!led Investigations are necgs_sar%/.
solution containing Ct was not observed, and only one peak at dil In s:'r:nme}ry_, when t .e.H'Sélﬁl) shurface was m;mst_erse_d In t g
99.4 eV, which is attributed to the elemental Si, was observed for all llute solution containing » the amounts of Si oxide an
the caseqFig. 6a. Only a very small peak was observed in the copper formed on the_ Si Z%rface were much less than those in the
Cu ?pg, region (Fig. 6b after the immersion in dilute HF solution NH,F solution containing ’
containing C@". The intensity of the Cip,, peak wasca. one- Discussion on the different behaviors of electroless copper
tenth of that observed in NJf solution with C@*, indicating that  deposition in 40% NEF and 0.5% HF solutions containing
much less copper was deposited on the Si surface in dilute HFCL/?*.—Two oxidation reactions on the Si surface can be considered
containing C&" than that in NHF solution containing Cii . under the present conditions

0.02

2300 2200 2100 2000 1900
Wavenumber / cm’
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Figure 5. The intensity of the Si hydride peak as a function of immersion :
time in CU/*-free (O) and Ci#*-containing(®) dilute HF solutions. :
Si + 2H,0 — SI0, + 4H* + 4e” [1] 0 ,
Si+ 6F — SiF3 + 4e [2] 110 105 100 95
Binding Energy / eV
The equilibrium potentials of Reaction 1 in 40% NH(pH 8)
and 0.5% HF(pH 2) are —1.38 and—1.03 V (vs NHE),? respec- 3000 " T o '
tively, while that of Reaction 2 is independent of the pH and was (b) !
reported as-1.20 V (vs NHE).?” These potentials are much more '
negative than those of hydrogen evolution0.48 V in 40% NHF i :
and —0.12 V in 0.5% HF and copper depositiof0.19 V in both 2500 :
solutions when the concentration of €us 10 uM) X
2H" + 26 = H 3 :
2 3] 2000 [ !
CW#" + 26 =Cu (4] :
3 !
Thus, thermodynamically it is expected that Si is oxidized arid H & 1500 F '
and Cd" are reduced when the H{$L1) surface is immersed in fg s '
these solutions. Since the equilibrium potential of thgHH, couple 3 ] Z
in 40% NH,F is more negative than that in 0.5% HF by 0.35 vV, © L :
while the equilibrium potential of Gii/Cu couple is the same in 1000 F
both solutiong0.19 V), the current efficiency of the copper deposi- [ !
tion on the Si surface is expected to be higher in the 40%MNH ren e :
solution than that in the 0.5% HF solution for the same open-circuit (i) (iid) ;
potential. This should be one of the reasons why more copper depo 500 :
sition was observed in 40% NH than in 0.5% HF containing the '
same amount of Gii.
The dissolution rate of Si at the open-circuit potential seemed to
significantly affect the behaviors of the copper deposition in both 0
solutions. Allongueet al. reported that the etching rate of the
H-Si(111) surface increased with the pH of the hHsolution, and . \ o,
th§8 etching rate at pH 8 was. four times greater than that at pH 940 935 930 925
2.°° The etching rate of Si at the open-circuit potential increases Binding Energy / eV

with the increase in the pH, a higher deposition rate of copper is
expected with the increasing pH, and therefore, more copper is ex-
pected to be deposited on the Si surface in 40%Mthan in 0.5%

Figure 6. XPS spectra of H-$111) surface in region ofa) Si ?p and(b)

Cu ?p,, for the (i) freshly prepared sampléi) after 5 min immersion in the

HF containing C&". . ) ' i gl "
However, this explanation is based only on a thermodynamicgfef’tlitﬁéugéﬁ? containing 1AM Cu™, and(iii) rinsed by Milli-Q water

consideration. Many reactions on the Si surface should be kineti-
cally controlled. As described above, the ratio between the amounts

of oxidized Si species and deposited Cu on thH@ Bi) surface in the

NH,F solution containing Cli was approximately 18:1. This ratio one Si atom is oxidized (4ereaction. Furthermore, the ratio

is very large if one assumes that two“Cuons are reduced when should be even larger if one considers that the Si species are dis-
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solved during the etching procesich as Si?, Reaction 2 Thus, copper deposition on the Si surface_ is attrib_uted to the catalytic
the fact that much less copper was deposited on the Si surface th#thancement of the hydrogen evolution reaction on copper depos-
the amount of oxidized/dissolved Si indicates that the hydrogen evoited on the Si surface.
lution reaction is the dominant cathodic reaction at open-circuit po-

tential in the NHF solution. Liet al. reported that the current effi-

ciency for the copper deposition on thé¢%10) surface in a buffered ) ) o o
HF solution containing 100 ppb &tiwas less than 1% This is in This work was partially supported by Prants-ln Aid for Scientific
qualitative agreement with the present results. The origin of the highResearctino. 1169404y, Priority Area of “Electrochemistry of Or-
current efficiency of the hydrogen evolution reaction is considereddered Interfaces”(no. 0923710}, and Encouragement of Young

to be the catalytic enhancement of the hydrogen evolution reactiorpcientists(no. 10740314from the Ministry of Education, Science,

on the copper deposited on the Si surface, due to the lower overpooPOrts, and Culture, Japan. S.Y. acknowledges a grant from the
tential of hydrogen evolution on copper than ont%}2 Even when Japan Securities Scho_larshlp Foundation. The authors are g_rateful to
a small amount of copper is deposited on the Si surface, the reactiolf: Shimazu for help with the XPS measurements and Mr. Kitazawa
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rate of the hydrogen evolution is significantly accelerated. of Shin-Etsu Semiconductor for donation of the Si wafers.

SiO, can be dissolved by HF and NH solutions. Figures 3 and
5 show that oxide remained on the(Bli1) surface after immersion
in the NH,F solution containing Ci, while no oxide was formed
after immersion in the dilute HF solution containing®CuAfter an
additional 5 min etching in a Cli-free NH,F solution for the Cu- 1
deposited SiL11) sample after the rinsing treatme(it of Fig. 1b), 5
and ATR-FTIR measurement showed that the intensity of the SiH 3’
increased to 80% of its original intensity, but no effect was observed 4.
with further immersion. This result demonstrates that part of the 5
Si0, is stable on the Cu-deposited BL1) surface and suggests that 4
SiO, grows underneath the copper nuclei, which protects the oxide
from etching by NHF. A much lower etching rate of the Sj@Im 7.
and higher etching rate of the ($11) surface in the concentrated
NH,F solution than those in the dilute HF solutfii° should con- g
tribute to the higher stability of the SiJilm in the NH,F solution
containing Ca".

Conclusion
When the H-Si111) sample was immersed in the MHsolution

containing 10.M Cu?", a decrease in the SiH and deposition of the ;3

copper and the Si oxide with a small amount of fluorinated Si spe-
cies were observed on the H¢EL1) surface. After the sample was

etching the sample in Gi-free NH,F solution, indicating that part
of the Si oxide grew underneath the Cu layer and was stable again

NH,F etching. A wide atomically flat §111) domain still existed on  21.
the Si surface after the copper deposition. 22.

When the H-Si111) sample was immersed in the 0.5% HF so- 23
lution containing 10pM Cu?", the amount of SiH species de- '
creased, while those of the Sildnd SiH species largely increased, gg

reflecting that more steps and kinks were formed on th@13)

surface. The amount of copper deposited was much less than in thg,

NH,F solution containing the same amount of?Cuand no oxide
was observed on the H+3il1) surface. The origin for the difference
is discussed by considering the competition between the coppe

11.

12.

14.

rinsed with Milli-Q water, the amount of SiH and Si oxide decreased 1> &: S Higashi, Y. J. Chabal, G. W. Trucks, and K. Raghavachagl. Phys. Lett,

and increased, respectively, while the fluorinated Si species disapsg.

peared. Cu and Si oxide still existed on the Si surface even aften.

18.
. P. Allongue, V. Kieling, and H. Gerischek, Electrochem. Soc140, 1018(1993.
. T. C. WaddingtonJ. Chem. Soc1958 4340.

27.

deposition and hydrogen evolution, and the pH-dependent anodiég:

etching rate of Si and Si oxide. The lower current efficiency of the 3o0.

Hokkaido University assisted in meeting the publication costs of this

article.
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