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Abstract: Dome-shaped gold nanoparticles (with an average diameter of 10.5 nm) are grown on
H-terminated Si(100) substrates by simple techniques involving electro- and electroless deposition from a
0.05 mM AuCl; and 0.1 M NaClO, solution. XPS depth profiling data (involving Au 4f core-level and valence
band spectra) reveal for the first time the formation of gold silicide at the interface between the Au
nanoparticles and Si substrate. UV—visible diffuse reflectance spectra indicate that both samples have
surface plasmon resonance maxima at 558 nm, characteristic of an uniform distribution of Au nanoscale
particles of sufficiently small size. Glancing-incidence XRD patterns clearly show that the deposited Au

nanoparticles belong to the fcc phase, with the relative

intensity of the (220) plane for Au nanoparticles

obtained by electroless deposition found to be notably larger than that by electrodeposition.

1. Introduction

Gold nanoparticles (NPs) have attracted intense research

interest because of their interesting catalytic propettiasd
potential applications for biosensors and functionalized drug
delivery vehicles:® Although there has been a tremendous
amount of recent work on Au NP deposition on g€ by using

a variety of synthetic methods, including thermal evaporation
with postannealing,electron beam evaporation with different
posttreatment,” X-ray-induced reduction of Al ionf inverse
micellar encapsulatiohand nanosphere lithography technid@e,
only a small number of studies on Au NPs on-Hi (i.e.,
H-terminated) substrates have been reported. All of the earlier
work on Au NPs on H-Si substrates involved electro- and
electroless deposition. In particular, Oskam et al. reported that
the Au NPs could be electrodeposited mi&i(100) from 50

mM KAU(CN), and 1 M KCN at a pulsed potential 6f1.26

V (vs Ag/AgCl).1! The as-deposited Au NPs exhibited a large
size distribution (106320 nm), and the electrodeposition
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followed the progressive nucleation growth mode. Nagahara et
al. prepared Au NPs on HSi(100) from a NaAuCl, H,SO,,

and HF solution by electroless deposition and found by using
atomic force microscopy (AFM) the average diameter of the
Au NPs to be 50 nm? Suni and co-workers studied Au NPs
obtained by electroless deposition onto Si(111) from a KAu-
(CN), and HF solution by using Rutherford backscattering,
surface second harmonic generation, and AEMS The result-

ing Au NPs resembled oblate hemispheroids, with a particle
diameter of 96-110 nm and an average height of BO nm.
They further proposed that the Au deposition was a two-step
process, involving initial diffusion-limited deposition of an
intermediate species (AUCN) subsequently followed by its
surface-limited reduction. Despite these earlier studies, the nature
of the interface between the Au NPs and the Si substrate itself
remains unknown, in contrast to that between a Au film and
Si, where silicide formation is believed to ocddr?? Such
interfacial bonding information is fundamentally important to
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understanding the catalytic activity of Au NPs and their growth
evolution to Au film. In the present work, Au NPs on—+&i-
(100) have been prepared by two simple methods involving
electro- and electroless deposition, and the interfacial regions
between the resulting Au NPs and the Si substrate are
investigated by X-ray photoelectron spectroscopy (XPS) depth
profiling. We show that Au NPs with a typical diameter as small
as 10.5 nm can be easily obtained and that silicide formation is
found for the first time at the interface of Au NPs and the Si
substrate.
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2. Experimental Details

Details of our three-electrode cell setup and the electrodeposition
experiments have been given elsewtérBriefly, Si(100) substrates
(p-type, 30x 15 mn?, 0.4 mm thick, 1.6-1.5 mQ-cm) were cleaned
by using the RCA method, etched in aqueous HF (2%) solution to
remove the native oxide layer and rinsed with Millipore wé&tethe
resulting H-Si(100) substrates were atomically flat and terminated with
hydrides (SiH, n = 1, 2, or 3), and found to be suitable for uniform
deposition of nanoparticles. Au NPs were deposited enSH100) Figure 1. (a, d) SEM images and (c, f) tapping-mode AFM images of Au
substrates by amperometry potentiostatically-at2 V (relative to the nanoparticles on HSi(100) prepared by electrodeposition (left column)
Ag/AgCl reference electrode) for 600 s. Unlike the earlier work, the ﬁgﬂzilﬁglrﬁfsssfgre&?gg& (i:]iqgahte‘;o('gr::&-f;rgfe Zﬁgv}?/; ?r:Of!iselglg’;%éh:
presgnt electrolyte solut|on.of 0.05 mM AuGind 0.1 M NaCIQWQTQ' respectively. The insets in paneglas a and d show the relati\?e abundance 'of
considerably safer and easier to handle. For electroless deposition, thgne Ay nanoparticles as a function of particle size.

H—Si(100) substrate was simply dipped in the above solution for the
same amount of time. During electroless deposition (i.e., without any to 22.3 and 28.7 nm, respectively, without any notable change
external potential applied), the oxidation of Si (§i2H,0 — SiO; + in the number density, suggesting an instantaneous growth
4H" + 4e’) provides the electrons for the reduction of *Auon to mechanism. It should be noted that the present result is different
metallic Au (A" + 3e” — Au). After the deposition in each case,  from the work by Oskam et al., who reported that electrodepo-
:\;‘ﬁ”‘c"ofsbvsvgi? V;izrzwggeiifgrq_:‘ze 2S:$;§g,;?;ro#3i(1)|y nr(;?etigvnth sition of Au onn-type Si follows the progressive nucleation

P ’ phology and diffusion-limited growth modéf-2" The observed difference

resulting Au NPs was characterized by using scanning electron be d he diff fSi b d of
microscopy (SEM) and AFM. The uniformity of the NPs was also may be due to the different types of Si substrate and o

checked by UV-visible diffuse reflectance spectroscopy conducted with €lectrolyte solutions. Similarly, increasing the deposition time

a spectrophotometer equipped with an integrating sphere. The corre-t0 1200 and 1800 s for electroless deposition produces an
sponding chemical composition was analyzed as a function of depth average particle diameter of 24.2 and 30.5 nm, respectively.
(depth-profiling) by interleaving XPS analysis and Argon ion sputtering Furthermore, both the particle size and the number density could

at 3 keV. The XPS spectra were obtained with a monochromatic Al
Ko X-ray source (1486.6 eV) at a typical energy resolution of-0.4
0.5 eV full-width at half-maximum and background-corrected with the
Shirley method. The binding energy scale was calibrated to that of the
Si 22 photopeak of the bulk Si (99.3 e¥).The structure character-
ization of the nanodeposits was determined by glancing incidence X-ray
diffraction (GIXRD) at an incidence angke = 0.2° with a Cu Ko
anode operating at 45 kV and 40 mA.

3. Results and Discussion

Figure 1 compares the SEM and tapping-mode AFM images
of the Au NPs on H-Si(100) obtained by electro- and electroless
deposition for 600 s. The Au NPs shown in the SEM images
(Figure la,d) appear to be spherical, with a similar average
diameter of 10.5 nm and a similar number density (3.60°
cm~?). The corresponding tapping-mode AFM images (Figure
1c,f) clearly show that the NPs are near-monosized, and the
particles are of dome-shaped, with heights of 2.8 and
11.6 + 3.5 nm for electro- and electroless deposition, respec-
tively. Upon increasing the deposition time to 1200 and 1800 s
for electrodeposition, the average particle diameter increase

(23) Zhao, L. Y.; Eldridge, K. R.; Sukhija, K.; Jalili, H.; Heinig, N. F.; Leung,
K. T. Appl. Phys. Lett2006 88, 033111.

(24) Kern, W., Ed.Handbook of Semiconductor Wafer Cleaning Technglogy
Noyes: Park Ridge, NJ, 1993.

(25) Sacher, E.; Mcintyre, N. $hys. Re. B: Condens. Matter Mater. Phys.
1986 33, 2845.

S

also be controlled by the Au€koncentration. In particular,
increasing the AuGl concentration from 0.05 to 0.1 mM
produces a Au film in electrodeposition, and increases the
particle size to 20.5 nm and number density to %.10'° cm™2

in electroless deposition, both for 600 s deposition time.
Reducing the AuGlconcentration (from 0.05 mM) to 0.01 mM
also reduces the particle size (from 10.5 nm) to 5.5 and 9.1 nm
and number density (from 3.6 10*°cm2) to 1.9 x 10 and

25 x 10 cm™2 for electro- and electroless deposition,
respectively. By reducing the Augtoncentration further to
0.002 mM, we were also able to deposit, or-&i(100), Au
NPs with an average diameter as small as 3.6 nm (not shown)
using these simple methods. The uniformities of the Au NPs
over a large area (10 nf)ndeposited by the two methods shown
in Figure 1 are further confirmed by their respective-tWsible
diffuse reflectance spectra shown in Figure 2. Compared to the
blank H-Si(100) substrate, both samples exhibit a sharp first-
derivative feature at 558 nm, which is characteristic of the
surface plasmon resonance of individual Au NPs with a
sufficiently uniform distribution of particles smaller than a
critical dimension (25 nm3829This feature has also been shown
to shift to a lower wavelength with decreasing particle $#ze.

(26) Oskam, G.; Searson, P. Surf. Sci.200Q 446, 103.

(27) Oskam, G.; Searson, P. &.Electrochem. So2000Q 147, 2199.

(28) Kalsin, A. M.; Fialkowski, M.; Paszewski, M.; Smoukov, S. K.; Bishop,
K. J. M.; Grzybowski, B. A.Science2006 312, 420.
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Figure 2. UV —visible diffuse reflectance spectra of Au nanoparticles on
H—Si(100) obtained by (a) electrodeposition and (b) electroless deposition
and (c) that of the blank HSi(100) substrate.
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Figure 3. Au 4f spectra of Au nanoparticles on+8i(100) prepared by
(a) electrodeposition and (c) electroless deposition, and upon successive For Au films vapor-deposited on a Si substrate, it is
ion sputtering (for an indicated total time period). The dotted lines mark commonly believed that Si atoms diffuse through the Au
the corresponding peak positions of the AgAfAu 4fs),) feature at 83.9

eV (87.6 eV) for a Au foil. The XPS peak intensities of the Au 4f features
of metallic Au (o) and AuySi (v), C 1s @), and O 1s @) relative to the

Si 2p intensity of the bulk Si as functions of the sputtering time for the silicide on both SiG/Au and Au/Si interface3? Such a model

respective samples in panels a and ¢ are shown in panels b and d. Models

of the Au NPs on H-Si(100) deposited by the respective methods are shown

as insets.

Figure 3 compares the corresponding Au 4f XPS spectra as

3c) appear to be very similar to each other. The Ayp44fs,)

peak located at 84.1 eV (87.8 eV) for these NPs is therefore
found to be 0.2 eV higher than that for the Au foil. This small
shift in the core-level binding energy can be attributed to the
guantum size effed® Before sputtering, the prominent Auz4f
feature with maximum at 84.1 eV for the NPs is discernibly
broader than that obtained for the Au foil, suggesting the
presence of an additional component contributing to metallic
Au. Upon sputtering, a new peak at 85.0 eV emerges and
becomes the prominent feature after 35 s of sputtering. Further
sputtering appears to reduce the intensity of this feature and
shift its binding energy to 85.3 eV with increasing sputtering
time (>125 s). This new feature is ascribed to gold silicide £Au
Si), in good accord with the XPS feature at 85.0 eV reported
by Sundaravel et al., who prepared,Suby annealing a thin
gold film on Br-passivated Si(111) at 368 in high vacuun¥1.32
Khalfaoui et a3 and Sarkar et & also reported the formation

of Au,Si in ion-beam mixed layers by using 350 keV Xiens

and 120 keV AF ions, respectively, with the Au 4% binding
energy found to be at 85.0 eV. While the bonding nature of Au
in Au,Si is not clear, the Au 4f, binding energy value (85.0
eV) is consistent with that found for Au(l) complex&sThe
small shift to higher binding energy in the £8i feature with
sputtering could be attributed to minor compositional changes
in the interface. The intensity variations of the Ay/4features

for metallic Au and AySi, along with those for C 1s and O 1s,
relative to that of the bulk Si 2p feature as a function of the
sputtering time are also shown in Figure 3. The intensity ratio
of the Au 4f features for AiBi and metallic Au is notably
different between electro- and electroless deposition. In par-
ticular, the percentage of A8i intensity to the total Au
intensities (i.e., metallic Au plus ASi) is found to be 30.4%
(6.8%), 42.4% (26.1%), and 63.6% (39.1%) for the samples
as-deposited, and with 5 and 15 s sputtering, respectively, in
the case of electrodeposition (electroless deposition). The larger
Au,Si spectral percentage of the as-deposited NPs found for
the electrodeposition suggests that the metallic Au component
is smaller (thinner Au cap case), relative to that found for the
electroless deposition (thicker Au cap case). This observation
is consistent with the notion that there are more interactions
between Au and Si in the NP formation, producing morg-Au
Si, in the case of electrodeposition.

overlayer and form Si@on the surface of the Au film. For
instance, Pasa, Paes, and Losch reported the formation of gold

(30) Boyen, H.-G.; Ethirajan, A.; Kdle, G.; Weigl, F.; Ziemann, P.; Schmid,
G.; Garnier, M. G.; Bttner, M.; Oelhafen, PPhys. Re. Lett. 2005 94,
016804.

(31) Sundaravel, B.; Sekar, K.; Kuri, G.; Satyam, P. V.; Dev, B. N.; Bera, S.;
Narasimhan, S. V.; Chakraborty, P.; CaccavaleAppl. Surf. Sci1999
137, 103.

a function of the total sputtering time for Au NPs obtained by (32) Sundaravel et al. (ref. 31) also attributed a fitted feature in the Si 2p envelope

600-s electro- and electroless deposition. The characteristic Au

4f7, and 4§, features found at 83.9 and 87.6 eV, respectively,
for a Au foil (after sputtered for 480 s to remove the surface
contamination) are shown as reference. Evidently, the XPS (33) Khalfaoui, R.; Benazzouz, C.; Guittoum, A.; Tabet, N.; Tobbeche, S.

spectra for electro- (Figure 3a) and electroless deposition (Figure

(29) Garcia, M. A.; de la Venta, J.; Crespo, P.; Llopis, J.; Pénigle Ferhadez,
A.; Hernando, APhys. Re. B: Condens Matter Mater. Phy2005 72,

241403.
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(located at 100.6 eV) to AG&i. However, given that the atomic sensitivity
factor for Si 2p (0.339) is considerably smaller than that of Au 4f (6.250),
the lack of a corresponding Si feature in the present work therefore suggests
that the amount of ABi obtained in the present work was considerably
smaller than that obtained by the thermal annealing method (ref. 31).

Vacuum 2006 81, 45.

(34) Sarkar, D. K.; Bera, S.; Dhara, S.; Narasimhan, S. V.; Chaudhury, S.; Nair,
K. G. M. Solid State Commuri998 105, 351.

(35) Moulder, J. F.; Stickle, W. F.; Sobol, P. E.; Bomben, K.Handbook of
X-ray Photoelectron Spectroscqind ed.; Chastain, J., Ed.; Perkin-Elmer
Corp.: Eden-Prairie, MN, 1992.
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Figure 4. Valence band spectra of Au nanoparticles on$i(100) prepared by (a) electro- and (b) electroless deposition and upon successive ion sputtering
(for an indicated total time period). The dotted lines mark the corresponding peak positions of the AAG&ds,) feature at 3.6 eV (6.2 eV) from a Au

foil. These spectra are compared with the corresponding spectra of a reference sample prepared by electrodepessii®6j ki a blank 0.1 M NaCl©
solution shown in panel c.

has not been investigated in the case of Au NP growth on Si. at 25 eV of the Si substrate. Upon sputtering for 35 s, the
In the present work, we observe only a single peak in the depth metallic Au and the O 2s features are essentially removed, while
profiles of AuSi (Figure 3b,d) and not two ABi peaks as  the new features emerged at 5.2 and 6.6 eV can be attributed to
expected from the aforementioned model for Au filfAghis Au,Si. These Au 5d features are very similar to the synchrotron
suggests that Si out-diffusion and the formation of S@ the data obtained at 30 eV photon energy reported by Braicovich
top of the Au NP can be ruled out. The lack of Si@h the Au et al., who deposited Au at different coverages on Si(111) by
NP is also confirmed by the immediate decrease of the metallic thermal evaporation and concluded from their data the presence
Au feature upon initial sputtering as observed in Figure 3. In of intermixing of Au and Si atoms at the interfat®Like the
our model, Ad" ions reach the nucleation sites on the Si(100) reference sample shown in Figure 4c, further sputtering of the
substrate for both electro- and electroless deposition and beginAu NPs samples reveals the Si s-p band at 2.7 eV and the Ar
to form AuSi, and this growth process continues until a critical 3p and Ar 3s features at 9.3 and 22.8 eV, respectively. Evidently,
Au,Si thickness is reached, thus preventing the interdiffusion the valance band spectra for NPs obtained by electro- and
of the Au and Si atoms. electroless deposition on Si are found to be very similar, and
To further verify the presence of chemical bonding between both confirm the formation of ABi. It should be noted that
Au and Si atoms, we show in Figure 4 the valence band spectraMagagnin et af! reported Au on Si(111) obtained by electroless
of Au NPs obtained by electro- and electroless deposition as adeposition in a KAuCG} and HF solution but concluded no
function of sputtering time, along with the corresponding spectra bonding at the AuSi interface from their XPS core-level and
of a reference sample prepared by electrodeposition-e8iH valence band spectra. Unfortunately, all their XPS data were
(100) in a blank 0.1 M NaCl@solution. In particular, the feature  obtained from the as-deposited samples without any subsequent
at ~2.7 eV characteristic of the s-p bands of3Figure 4c) sputtering, for which the metallic Au feature at the surface would
appears to be unaffected by sputtering. The peak at 7.5 eV andoverwhelm any AySi feature at the interface, and they were
the two peaks at 10.7 and 13.8 eV can be assigned, respectivelytherefore unsuitable for inferring the interfacial region.
to nonbonding O 2p states and to the bonding states between \ye have also performed similar experiments on Si(100)
the O 2p and the Si 3s/3p orbitdfswhile the feature at 25.0  gypstrates covered with native oxide and with thermal oxide.
eV corresponds to the O 2s states (Figure 4c). Upon sputtering,on the native-oxide covered substrate, electrodeposition was
all the O related features are found to reduce and eventuallyfond to produce aggregations of Au NPs, while electroless
disappear at 75 s, indicating the complete removal ok 10 geposition gave rise to generally larger distorted nanospheres
the surface. The prominent features emerging at 9.3 and 22.8yih roughened texture. The corresponding XPS depth-profiling
eV upon sputtering can be assigned to the Ar 3p and Ar 3s of experiments also revealed the formation of@iwith similar
implanted Ar ions in the Si substratéThe valence band spectra 5\ 4f and valence band features shown in Figures 3 and 4).
of the as-deposited Au NPs (0-s spectra in Figure 4a,b), with

the characteristic Au 5 (5ds2) band at 3.8 eV (6.4 eV), (39) Takahiro, K.; Oizumi, S.; Terai, A.; Kawatsura, K.; Tsuchiya, B.; Nagata,

resemble that of the gold f8f together with the O 2s feature g&o\éaﬂ\)%r%cggézsé; Naramoto, H.; Narumi, K.; Sasase JMAppl. Phys.
(40) Braicovich, L.; Gan'wer, C. M.; Skeath, P. R.; Su, C. Y.; Chye, P. W.; Lindau,

(36) Puthenkovilakam, R.; Chang, J. &ppl. Phys. Lett2004 84, 1353. I.; Spicer, W. E.Phys. Re. B: Condens Matter Mater. Phyd979 20,
(37) Bell, F. G.; Ley, L.Phys. Re. B: Condens. Matter Mater. Phy4988 5131.

37, 8383. (41) Magagnin, L.; Maboudian, R.; Carraro, &.Phys. Chem. R002 106,
(38) Seo, S.-C.; Ingram, D. Q. Vac. Sci. Technol., A997, 15, 2579. 401.
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by electroless deposition is found to be 2.55, which is markedly
different from the corresponding value (0.93) of NPs obtained
(a) Electrodeposition by electrodeposition. Since the surface energies of the three
] planes follow the ordering of Au(11H¥ Au(100) < Au(110)46
g 3 g7 the Au(111) is therefore the most stable growth plane in both
X 1 cases. If the adhesion (i.e., the formation of,8i) between
(6) Electroless deposition 7] Au(110)_ anc_zl Siis strc_)nger tha_n that between Au(100) and S_i
T and their difference in adhesion energy is larger than their
corresponding difference in surface energy, then the (110) plane
| | (°3|JCPDS 65-2870 1 would require less energy and therefore be favored in the
—— electroless deposition over the (100) plane. However, in the case
0 pheta (deggﬁae, 100 120 of electrodeposition, the external electric field would provide
Figure 5. Glancing incidence XRD patterns of Au nanoparticles on-eSi the energy required to overcome this difference in the adhesion
(100) substrate obtained by (a) electro- and (b) electroless deposition, alland the Au(100) would be favored instead. Finally, it has been
(?O”ected with an incidence angl@: 0.2, The crystallographic identifica- reported that the surface-enhanced Raman Spectra (SERS) of
tA'?J”(SJ‘g;"[')g‘%é_gg?g;(zﬁgsvﬁ‘?ﬁlgghillog_g with the bar chart of the reference polypyrrole deposited on Au with a predominant (111) orienta-
tion exhibit more than 4-fold higher in intensity and better
Because of the insulating nature of the thermal-oxide covered resolution than that obtained on Au with a predominant (220)
substraté? no electro- and electroless deposition of NPs were orientation?’ The present result therefore suggests that the NPs
observed. obtained by electroless deposition with a larger relative (220)
Figure 5 compares the GIXRD patterns for the Au NPs on contribution are less attractive for this type of SERS studies.
the H-Si(100) substrate prepared by electro- and electroless 4 Concluding Remarks
deposition. The features at 560° and the weak peak at 109.8
correspond to the (319and (531) planes of Si(100) (JCPDS
27-1402), respectively. All the other diffraction peaks can be
assigned to the fcc phase of metallic Au, in good accord with
the reference JCPDS 65-2870. Using the Scherrer equation (wit
the Scherrer constant of 0.8)ywe estimate the average size of
the Au nanocrystallites obtained by electro- and electroless
deposition to be 6.7 and 7.5 nm, respectively, from the full-
width at half-maxima of the corresponding Au peaks. No
evidence of AySi is found in both GIXRD patterns (Figure
5a,b), which indicates that either the &il is amorphous or
the amount of AySi is insufficient to produce the XRD signal.
The apparent underestimated size {6/ nm) of the Au
nanocrystallites compared to that obtained from SEM@.5
nm) is consistent with the presence of ,&u The smaller
average size for Au NPs obtained by electrodeposition than that
by electroless deposition is also in accord with the corresponding

depth profiles shown in Figure 2, which show that a larger plane direction. The formation of A8i at the interface between

amount of AySi is found in the case of electrodeposition . L . .
compared to electroless deposition. In both cases, the Au np<AU NPs and H-Si substrate will likely influence the electronic

are mostly (111)-oriented with respect to the (100) plane of Si. structurg of Au NPS which may have |_mportant implications
Unlike the Au NPs obtained by electrodeposition, which gives to practical applications of these deposited Au NPs.
essentially the same GIXRD intensity pattern (Figure 5a) as Acknowledgment. This work is supported by the Natural
the reference JCPDS 65-2870 (Figure 5c), the relative intensity Sciences and Engineering Research Council of Canada.

of the (220) plane for Au NPs obtained by electroless deposition JA070441]

(Figure 5b) is found to be notably larger. In particular, the
crystallographic orientation indéxM(220) for NPs obtained ~ (45) The crystallographic orientation index is given by
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Counts

Electro- and electroless deposition in a 0.05 mM Ay&id
0.1 M NaClQ solution are found to be simple methods for
synthesizing near-monosized, uniformly distributed, dome-
hshaped Au NPs on HSi(100) substrates. The narrow size
distribution (with an average diameter of 10.5 nm) has been
confirmed by SEM, AFM, and UV visible diffuse reflectance
measurements. XPS depth-profiling analysis reveals the forma-
tion of gold silicides at the interface between the Au NPs and
Si substrate, with the A&i interfacial region found to be thicker
in the electrodeposited NPs than that in NPs obtained by
electroless deposition. Unlike the earlier work on Au fitn,
the diffusion of Si through the Au NPs and the formation of a
top SiG layer were not observed. GIXRD patterns clearly show
that the M(220) for Au NPs obtained by electroless deposition
is enhanced with respect to that for Au NPs obtained by
electrodeposition and the reference pattern, suggesting that
silicide formation naturally favors Au NP growth in the (220)

M) I(hk) / Io(hkI)
(42) Sugimura, H.; Nakagiri, NAppl. Phys. Lett1995 66, 1430. ZI(hk) | Z (kD)
(43) Cho, B. O.; Chang, J. P.; Min, J. H.; Moon, S. H.; Kim, Y. W.; Levin, I. wherel (hkl) andlo(hkl) are the XRD peak intensities from the experimental
J. Appl. Phys2003 93, 745. pattern and from the reference pattern, respectively.
(44) Cullity, B. D. Elements of X-ray DiffractionAddison-Wesley: Reading, (46) Wu, P.; Jin, H. M,; Liu, H. LJ. Mater. Sci.2003 38, 1727.
MA, 1978. (47) Liu, Y. C.; Jang, L. Y.J. Phys. Chem. B002 106, 6748.
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