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Polysilicon layers with thicknesses between 8 and 600 nm deposited by low-pressure chemical
vapor deposition at temperatures ranging from 560 to 640 °C were characterized by spectroscopic
ellipsometry 共SE兲 to determine the layer thicknesses and compositions using multilayer optical
models and the Bruggeman effective-medium approximation. The dependence of the structural
parameters on the layer thickness and deposition temperature have been investigated. A better
characterization of the polysilicon layer is achieved by using the reference data of fine-grained
polysilicon in the optical model. The amount of voids in the polysilicon layer was independently
measured by Rutherford backscattering spectrometry 共RBS兲. The SE and RBS results show a good
correlation. The comparison of the surface roughness measured by SE and atomic force microscopy
共AFM兲 shows that independently of the AFM window sizes, a good correlation of the roughness
determined by SE and AFM was obtained. © 2000 American Institute of Physics.
关S0021-8979共00兲01604-2兴

I. INTRODUCTION

line shapes and fine structures in the vicinity of the critical
points of interband transitions. Changes in the dielectric
function can be attributed to heavy doping,13 to surface
roughness or grain boundaries,14,15 to name the most important effects.
To measure the layer thickness, surface roughness, or
microstructure of polysilicon using ellipsometry, a priori
knowledge of the thin-film optical functions or a technique to
calculate these values are needed. Optical properties of pc-Si
influence considerably with its microstructure. To circumvent the influence of microstructure, the Bruggeman
effective-medium approximation 共B-EMA兲 is used to calculate the dielectric function of the layer assuming a mixture of
materials with different dielectric functions determined
independently.16 This method allows to characterize a material by multilayer structures,17–19 and to obtain all layer
thicknesses and compositions.20,21 Layer inhomogeneity can
be properly taken into account.22–24
LPCVD deposited polysilicon layers were modelled using the B-EMA by assuming them as a mixture of singlecrystalline silicon 共c-Si兲, LPCVD deposited amorphous silicon 共a-Si兲 and voids.25–27 Jellison et al. have, however,
shown that this standard technique for simulating the optical
functions of fine-grained polycrystalline silicon does not fit
the ellipsometry data.28 This statement has been justified earlier. It was shown that using fine-grained pc-Si reference data
in the optical model give better results and additional information on the layer structure.29,30

Polycrystalline silicon 共pc-Si兲 films deposited by lowpressure chemical vapor deposition 共LPCVD兲 have been intensively studied because of their application to microelectronics as gate material for field-effect transistors, as emitter
in bipolar transistors, and as parts of interconnects. Thin-film
transistors fabricated in polysilicon have attracted considerable interest for large-area electronics and for the application
to three-dimensional integrated circuits.1,2
Studies on polysilicon have been performed by several
authors. The temperature and pressure dependence of the
mode of growth,3 texture and stability,4 crystal structure,
electrical resistance, segregation at grain boundaries, oxidation rate, index of refraction, POCL3 doping, oxidation, etch
rate, and reflectivity as a function of the deposition
temperature5 are some of the most important parameters.
Polysilicon has been studied intensively also by spectroscopic ellipsometry 共SE兲. SE has proven to be very effective
for the characterization of thin surface layers because it is
fast, sensitive, precise, nondestructive, and it can be used for
in situ measurements.6–9 A new approach to obtain more
detailed information on the surface roughness is to do comparison of the ellipsometric results with data obtained from
atomic force microscopy 共AFM兲.10–12
One approach of determining the physical properties of
polysilicon is to analyze its dielectric function in terms of
a兲
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The aim of this work is to characterize the structure of
polysilicon layers prepared at different deposition temperatures. The microstructural information obtained from the
B-EMA was correlated with the layer thickness and the
deposition temperature.
II. EXPERIMENT

Single-crystal, 共111兲-oriented, 15–20 ⍀ cm, p-type Czochralsky-silicon wafers with ⬇100 nm thermal oxide were
used as substrates for polysilicon deposition. Polysilicon layers were prepared using LPCVD at a pressure of 0.27 mbar
and a gas flow of 100 sccm. The deposition temperatures
were 600, 620, and 640 °C. Samples were also prepared under a pressure of 0.33 mbar and 50 sccm gas flow at temperatures of 560 and 580 °C.
SE measurements were carried out over the spectral
range of 250–840 nm in 5 nm steps using a SOPRA ES4G
spectroscopic ellipsometer choosing an angle of incidence
of 75°.
SE provides tan ⌿ and cos ⌬ spectra, where ⌿ and ⌬ are
the ellipsometric angles which describe the reflection of the
polarized light. Evaluation of the SE data was carried out
using appropriate optical models. Calculated spectra are fitted to measured ones by varying the wavelength-independent
model parameters using a linear regression analysis 共LRA兲.
The best fit model parameters are obtained in terms of their
95% confidence limits by minimizing the following unbiased
estimator  of the mean square deviation:
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where N is the number of independently measured values
corresponding to different wavelengths and P is the number
of unknown model parameters. 共Here ‘‘meas’’ and ‘‘calc’’
refer to measured and calculated values, respectively.兲
The density deficit measured by SE was crosschecked by
Rutherford backscattering spectrometry 共RBS兲 measurements. The analyzing beam was a 1.5 MeV 4 He⫹ . The detector was placed to detect ions scattered through ⌰⫽165°.
The RBX code written by Kótai31 was used to evaluate the
RBS spectra.
The AFM measurements were made by a Digital Instruments NanoScope Scanning Probe Microscope in tapping
mode with scan window sizes of 1⫻1, 10⫻10, and 50⫻50
 m2 . Si tips with a resonant frequency of the cantilever of
300 kHz were used. Because the roughness values are influenced by tip, scan size, and scan conditions, the measurement parameters were kept identical from sample to sample.
Images of 256⫻256 pixels were acquired at a scan rate
of 3 Hz.
III. OPTICAL MODELS

The optical model for the sample deposited at T s
⫽560 °C consists of a buried oxide layer, an amorphous silicon layer, and a silicon dioxide layer 共Model A in Fig. 1兲.

FIG. 1. Optical models for polysilicon-on-oxide structures. Model A can be
used for samples deposited at 560 °C. Model B and Model C are used for
deposition temperatures of 600–640 °C. Model B is the conventional
method for describing polysilicon-on-oxide samples. In our case better results were obtained using Model C.

The surface roughness measured by AFM was 0.09 nm, and
therefore, it was considered to be negligible. The measured
and fitted ellipsometry spectra for T s ⫽560 °C are plotted at
the top of Fig. 2. The agreement between the measured and
fitted spectra is excellent in the whole spectral range 共
⫽0.02兲. The LRA resulted in a surface oxide thickness of
1.2⫾0.1 nm, an almost totally amorphous silicon layer 共2.6%
c-Si and 97.4⫾1.6% a-Si兲 of 480.3⫾1.7 nm, and in a buried
oxide thickness of 112.7⫾4.7 nm 共see the insert in Fig. 2兲.
The uncertainties of the model parameters are very low.
The layers in the optical model for the samples deposited
at 600 °C and above represent the microscopic surface
roughness, the polysilicon layer, and the buried oxide layer
共Model B and C in Fig. 1兲. The dielectric function of the
polysilicon layer can be obtained from EMA if the polysilicon layer can be assumed as a microscopically heterogeneous but macroscopically homogeneous material which
consists of a random mixture of separate phases. Furthermore, the phases have to be large enough to preserve their
individual dielectric functions but smaller than the wavelength of the measurement light. The relative compositions
共volume fractions兲 of the separate regions are the obvious
parameters describing such a material. Then, in the case of
two components, the dielectric function ¯⑀ of the polysilicon
layer can be expressed as
¯⑀ ⫺¯⑀ h
¯⑀ a ⫺¯⑀ h
¯⑀ b ⫺¯⑀ h
⫽fa
⫹fb
,
¯⑀ ⫹y¯⑀ h
¯⑀ a ⫹y¯⑀ h
¯⑀ b ⫹y¯⑀ h

共2.1兲

where ¯⑀ h is the dielectric function of the host material, f a
and f b are the volume fractions of the constituents ( f a ⫹ f b
⫽1, if two components are present兲, ¯⑀ a and ¯⑀ b are the di-
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FIG. 2. Measured and fitted ellipsometry spectra on samples deposited at different temperatures. The optical models with the model parameters are shown in
the inserts.
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FIG. 3. Comparison of the  values as a function of the deposition temperature using Model B and Model C of Fig. 1. The fitted curves for Model C
are shown in Fig. 2.

electric functions of components ‘‘a’’ and ‘‘b,’’ and y is the
screening parameter. The B-EMA is obtained with y⫽2 and
¯⑀ h ⫽¯⑀ . The B-EMA has been proved to be the best model for
the calculation of the dielectric function of polycrystalline
silicon.32,33
The dielectric function of LPCVD deposited polysilicon
was previously modeled using a mixture of c-Si,34 LPCVD
a-Si,28 and voids 共Model B in Fig. 1兲. In the visible-near-UV
range, the dominant contribution to the dielectric function
(¯⑀ ) comes from the electronic polarizability, which is determined by the kinds of atoms present, their bonding configurations, their density, and the presence or absence of longrange order. The amorphous silicon does not have a longrange order and shows only a single broad peak near 3.5 eV
in the imaginary part of the dielectric function ( ⑀ 2 ).
In contrast, the crystalline silicon has a long-range order
and shows two main sharp peaks near 3.4 eV (E 1 transition兲
and 4.2 eV (E 2 transition兲 in the ⑀ 2 spectrum. The longrange order has a significant influence on both the line shape
and magnitude of ⑀ 2 . The c-Si and a-Si materials have no
microstructure on the scale of 1 nm–1 m, that is, they are
homogeneous on this scale. The pc-Si possesses inhomogeneity in this scale. When comparing the line shape of the
fine-grained pc-Si 共Ref. 28兲 to that of c-Si, the following
features can be observed: there is a significant decrease in the
amplitude of E 1 and E 2 peaks, and there is a shift of E 2 peak
to lower energies. When the pc-Si reference spectra, regarded as a bulk sample, were fitted using the mixture of
c-Si, a-Si, and voids, the LRA resulted in a mixture of 61.1%
c-Si, 35.4% a-Si, and 3.5% voids. The low energy tail 共below E 1 ) of pc-Si and the simulation agree well but there is a
significant difference at the E 1 and E 2 regions. This result
shows that the fine grained polycrystalline silicon cannot be
described well with the mixture of c-Si, a-Si, and voids. A
possible explanation is that the a-Si component may arise not
from true amorphous inclusions but as a result of the model
attempting to simulate the effect of grain boundaries in reducing the electron mean free path and broadening the peak
structures. Size effects may also play an important role, i.e.,
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FIG. 4. c-Si and pc-Si fractions in polysilicon layers as functions of the
deposition temperature. The question mark means that there was no reasonable fit obtained for the deposition temperature of 580 °C.

the crystalline inclusions are not large enough to preserve
their own dielectric functions, or there is an increased number of grain boundaries, which cannot be described with the
model ‘‘c-Si⫹a-Si⫹voids.’’ A comparison of the different
models for the characterization of polysilicon structures has
been published previously.30
In this study, the dielectric function of pc-Si was described by the mixture of fine-grained pc-Si, c-Si, and voids
共Model C in Fig. 1兲. Figure 2 shows the measured and fitted
spectra together with the model parameters for samples deposited at different temperatures. The fit was also tried using
the mixture of c-Si, a-Si, and voids 共Model B in Fig. 1兲
again. Figure 3 shows that  obtained using Model B is
twice as large as in the case of Model C for the deposition
temperatures of 600–640 °C.
The variation of the pc-Si and c-Si fractions in the polysilicon layers 共see the inserts in Fig. 2兲 as a function of the
deposition temperature is plotted in Fig. 4. At 560 °C, the
layer is almost totally amorphous having 97% a-Si. The
question marks mean that 580 °C is a transition temperature,
at which our model cannot be used. There was no reasonable
fit result obtained for the sample deposited at 580 °C 共 was
0.313 using Model C兲. A possible explanation is that its
structure does not fulfill the above mentioned requirements
for the effective medium approximation. This means that it
cannot be considered as a microscopically heterogeneous but
macroscopically homogeneous material which consists of a
random mixture of separate phases with sizes between 1 nm
and 1 m.
There is a linear increase in the c-Si fraction from 600 to
640 °C with a simultaneous decrease of the pc-Si fraction
over the same range. It shows that the structure of the polysilicon layer deposited at lower temperature is closer to the
fine-grained structure of the pc-Si reference data. The sharp
decrease of the pc-Si fraction with increasing deposition
temperature can be attributed to the change of the structure.
It was shown earlier that the pc-Si reference data can be well
applied for the modeling of different porous silicon
structures.35–37 The similarity of porous silicon and polysili-
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con is that both have small regions of c-Si embedded in
voids 共porous silicon兲 or in an amorphous matrix 共polysilicon兲. pc-Si can be used in the optical models for both porous
silicon and polysilicon, because it describes well the effect of
the phase boundaries of small inclusions of single-crystalline
regions on the dielectric function. The monotonic increase of
the c-Si fraction in the polysilicon layer above 600 °C can be
attributed to an increase of its grain sizes.
IV. MICROSCOPIC SURFACE ROUGHNESS

The microscopic surface roughness can be modelled
with a density deficient overlayer.32 Our approach to study
the effect of surface roughness is to replace the roughened
‘‘surface layer’’ by an equivalent homogeneous film, whose
optical properties are determined from those of the substrate
and ambient according to the EMA. This assumption can be
used if the dimensions of the protrusions is less than the
wavelength of the light. Then the light ‘‘sees’’ an average
effective refractive index for the rough surface.
The directly obtained quantity from the optical model
describing the surface roughness is its thickness. Whether
this thickness is equal to the root-mean-square 共rms兲 roughness, it can be determined by a comparison with AFM measurements. There are several comparative studies in the literature, where surface roughness was measured by SE and
AFM. There is disagreement in the interpretation of the results. Liu et al.38 wrote that ‘‘the rms values from AFM and
the spectroscopic immersion ellipsometry 共SIE兲 values are
different with the SIE values yielding the larger R. The rms
value should be about 1/2 the peak to valley height of protrusions. The after oxidation AFM and SIE measurements
give this order and considering that the measurements are
fundamentally different, with AFM being a local measurement, and ellipsometry averages the optical response of a
relatively huge area, the agreement is gratifying.’’ This ratio
shows significant discrepancies depending on the etching and
oxidation times. Fang et al.10 emphasized that roughness
measured by SE is not always equal to the RMS roughness
measured by AFM. The ratio of the roughness measured by
SE and AFM depends on the fast Fourier transformation
共FFT兲 spectra of the surface. In contrast to Liu et al., Suzuki
and Adachi39 measured the same roughness by AFM and SE
with the comment that they are in ‘‘reasonable agreement’’
with each other.
To investigate this problem, surface roughness of polysilicon samples deposited at 620, 660, and 700 °C were measured by SE and AFM. Figure 5 shows the mean roughness
(R a ) and rms roughness measured by AFM with scan window sizes of 1⫻1, 10⫻10, and 50⫻50  m2 correlated with
the thickness of the top layer of SE representing the surface
roughness. A virgin silicon reference sample covered with 2
nm native oxide layer was also measured by SE, and their
data were evaluated with the same model as for the surface
roughness layer 共Model C兲 of the polysilicon samples. A
layer thickness of 1.8 nm was obtained using this model.
This point is also plotted in Fig. 5. The AFM roughness for
the virgin silicon sample is 0.09 nm. If this point is considered to be the reference for zero roughness with a native

FIG. 5. Mean roughness 共R a ) and root-mean-square 共rms兲 roughness measured by AFM correlated with roughness determined by SE. d r 共SE兲 is the
thickness of the top layer in the optical model representing the surface
roughness.

oxide layer, then the origin of the plot in Fig. 5 has to be
shifted to this reference point.
It is obvious from Fig. 5 that for both R a and rms roughness a good correlation of the roughness determined by SE
and AFM was obtained. We obtained average
d r 共SE兲/rms共AFM兲 ratios of 0.89, 1.05, and 1.46, and average
d r 共SE兲/R a 共AFM兲 ratios of 1.11, 1.31, and 1.85 using windows sizes of 1⫻1, 10⫻10, and 50⫻50  m2 , respectively,
where d r is the thickness of the modeled microscopic surface
roughness. The results suggest that the interpretation of the
d r 共SE兲/rms共AFM兲 or d r 共SE兲/R a 共AFM兲 ratio is not simple.
This is because in addition to the window size effect, the tip
geometry and/or the curvature or slope of the surface structures may influence the AFM results. SE is also affected by
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FIG. 6. Measured and fitted ellipsometry spectra for polysilicon samples deposited at 640 °C. The fitted model parameters are shown in Table I.

numerous factors such as the optical model used, the inhomogeneity or the FFT spectra of the surface profile 共i.e., the
surface geometry兲.10 The surface roughness can be characterized by the height of the protrusions, shape or density of
surface features. These AFM and SE results characterize the
surface roughness with only two values 共roughness layer
thickness and void fraction兲, which is not enough for the
complete surface description. The rms roughness values were
completed by the aid of fractal analysis40 and FFT spectra
were considered by several authors to obtain more information on the surface.10,41

V. MODEL PARAMETERS VERSUS LAYER
THICKNESS

Figure 6 shows the measured and the fitted spectra 共with
Model C兲 for polysilicon samples deposited at 640 °C with
different layer thicknesses. The layer thickness of the
samples ranges from 12 to 494 nm. The  value is lower than
0.036 for all samples, which means a very good fit quality
for all layers. The interference oscillations increasing with
increasing layer thickness are clearly seen in the cos ⌬ plot.
The best fit model parameters for these samples are listed in
Table I. The microscopic roughness changes from 3 to 8 nm,
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TABLE I. Model parameters 共Model C兲 obtained by the LRA for samples deposited at 640 °C.  denotes the quality of the fit. The fitted curves are shown
in Fig. 6

Polysilicon
thickness 共nm兲



Buried oxide
thickness
共nm兲

12
34
54
106
271
494

0.034
0.009
0.014
0.027
0.024
0.036

115⫾1
113⫾1
116⫾2
114⫾9
114⫾3
114⫾3

Polysilicon layer
thickness
共nm兲

c-Si
共%兲

12⫾0.3
34⫾0.3
54⫾0.6
106⫾1.0
271⫾2.0
494⫾4.0

53⫾2
61⫾2
64⫾3
50⫾2
41⫾3

the thickness of the polysilicon layer changes from 12 to 494
nm, and the thickness of the buried oxide layer is about 115
nm. It has to be emphasized that the precision of the measurement of the buried oxide thickness is typically ⫾3 nm or
better even below a 494 nm polysilicon layer. The reasonably small confidence intervals, i.e., the low uncertainties, on
Table I show that the precision of the determination of the
model parameters is good.
Figure 7 shows the surface roughness and the volume
fractions of voids in the roughness layer and in the polysilicon layer as a function of the thickness of the polysilicon
layers deposited at 600, 620, and 640 °C. The thinnest polysilicon layers were modeled with only the roughness layer
itself 共pc-Si⫹c-Si⫹voids兲. The error bars on the figure represent the 95% confidence limits.
The curves describing the thickness and the void fraction
of the surface roughness layer can be divided into two different regions. The region between the layer thicknesses of
⬃8 and 40 nm is characterized by a high surface roughness
and a high void fraction. Both of them decrease rapidly with
increasing layer thickness up to a layer thickness of 40 nm.
The increase of the thickness of the roughness layer with
increasing thickness of the polysilicon layer above a thickness of 40 nm can be explained by the grains having larger
dimensions on the surfaces of thicker layers.
The void fraction in the polysilicon layer has a thickness
dependence similar to that of the roughness layer. It has a
minimum close to 100 nm. For layers thicker than 100 nm, it
increases and reaches 10% at a layer thickness of 600 nm.
In order to crosscheck the SE results, the void fraction of
polysilicon layers 共i.e., the density deficit兲 was independently
determined by RBS 共see Fig. 8 for selected samples兲. In each
spectrum the region between the Si surface edge 共channel
No. 271兲 and the upper edge of the valley 共channel Nos. 240,
236, and 228 in Fig. 8 for samples Nos. 4, 1, and 8, respectively兲 corresponds to the top polysilicon layer. The valley
corresponds to silicon in the buried oxide, where the density
of silicon decreases due to the presence of oxygen atoms.
共The peaks below channel No. 140 correspond to the oxygen
atoms.兲 The energy difference between helium ions scattered
from the surface of the polysilicon layer and those scattered
from the polysilicon-buried silicon dioxide interface is proportional to the number of silicon atoms in the polysilicon
layer per square centimeter. The atomic density 共atoms/cm3 )
of the layer is easy to determine by combination of RBS and

Roughness layer

a-Si
共%兲

voids
共%兲

pc-Si
共%兲

thickness
共nm兲

c-Si
共%兲

voids
共%兲

pc-Si
共%兲

9⫾2

51⫾0.5
4⫾0.3
2⫾0.7
0⫾1.0
4⫾1.0
8⫾1.0

40
43
37
36
46
51

3⫾0.3
4⫾0.5
5.6⫾0.8
6.4⫾0.6
8⫾0.9

38⫾7
36⫾9
40⫾10
26⫾8
22⫾9

37⫾3
29⫾3
25⫾3
29⫾2
29⫾2

25
35
35
45
49

ellipsometry as shown in the case of buried, ion synthesized
nitride,42 since RBS gives the areal density 共atoms/cm2 ) and
ellipsometry provides the layer thickness.
Having calculated the density of the top polysilicon layer
(  poly in atoms/cm3 ), the void fraction was determined as
(  Si⫺  poly)/  Si , where  Si is the density of the singlecrystalline silicon.  poly was calculated using the layer thickness obtained by SE. Void fraction values measured by SE
and RBS are shown in Table II and are also plotted in Fig. 9
showing a good correlation between the SE and RBS results.
The  values in Fig. 7 have a minimum at ⬃40 nm,
which reveals that our model fits best to the structure of the
initial phase of the deposition. Above 40 nm,  slightly increases. The highest  value is 0.056 for the thickest polysilicon layer deposited at 600 °C.
The dependence of the model parameters on the deposition temperature has the following feature: the void fraction
in the roughness layer is higher for the lower deposition temperatures in the case of the thickest samples; similarly, there
is a larger roughness layer thickness for the lower deposition
temperatures above a layer thickness of ⬇250 nm. It is also
clear that in order to be able to compare the effect of the
deposition temperature on the surface properties, layers with
the same thickness have to be used to separate the influence
of the layer thickness from that of the deposition temperature.
VI. CONCLUSIONS

The multilayer optical model based on using the B-EMA
was used to describe properties of polysilicon layers having
thicknesses ranging from 8 to 600 nm and deposited at temperatures between 560 and 640 °C. A better characterization
of the polysilicon layer is achieved by using the reference
data of a fine-grained pc-Si silicon in the optical model.
The dependence of the optical model parameters on the
layer thickness and deposition temperature have been investigated. The linear increase of the c-Si fraction and the simultaneous decrease of the pc-Si fraction in the polysilicon
layer with increasing deposition temperature are observed.
At lower deposition temperatures 共near 600 °C兲, the deposited layer is closer to the fine-grained structure. At higher deposition temperatures 共at 640 °C and above兲, the increased c-Si fraction may correspond to the increasing c-Si
grain size.
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FIG. 8. RBS spectrum of three different polysilicon samples. Details of the
deposition conditions are given in Table II.

d r 共SE兲/R a 共AFM兲 ratio is not simple. In addition to the window size effect, the tip geometry or the curvature or slope of
the surface structures may influence the AFM results.
The dependence of the optical model parameters on the
layer thickness distinguishes the stages of the layer growth.
The region below a polysilicon layer thickness of 40 nm is
characterized by a large roughness layer thickness and high
void fraction in the roughness layer representing the first
stage of the layer growth. There is a considerable increase in
roughness layer thickness and void fraction in the polysilicon
layer with increasing layer thickness. The amount of voids in
the polysilicon layer was determined independently by RBS,
and a good correlation between RBS and SE results was
obtained.
The optical models used here provide a better understanding of the structural change of the polysilicon layers as
a function of deposition time and temperature. Because the
structure of the pc-Si changes with changing deposition condition, the adopted layer-structure models and reference
dielectric-function data have to be paid attention.

TABLE II. Comparison of the void fraction of polysilicon samples deposited varying the deposition temperature and the deposition time, measured
by SE and RBS.

FIG. 7. Model parameters and  values as functions of the layer thickness
for polysilicon samples deposited at different temperatures.

It has been shown that independently of the AFM window sizes, good correlation of the surface roughness determined by SE and AFM was obtained. Average
d r 共SE兲/rms共AFM兲 ratios of 0.89, 1.05, and 1.46, and average
d r 共SE兲/R a 共AFM兲 ratios of 1.11, 1.31, and 1.85 for AFM
window sizes of 1⫻1, 10⫻10, and 50⫻50  m2 , respectively
are obtained. The interpretation of the d r 共SE兲/rms共AFM兲 or

Void fraction
Deposition Deposition
Sample
time
temperature spectroscopic ellipsometry
No.
共min兲
共°C兲
共%兲
1
2
3
4
5
6
7
8
9

42
75
100
25
45
60
10
25
45

600
600
600
620
620
620
640
640
640

2⫾0.8
8.6⫾1.3
10⫾1.5
0.9⫾0.6
7.3⫾1.1
10⫾1.1
0⫾1.0
4⫾1.0
8⫾1.0

RBS
共%兲
5.8⫾2.5
10.4⫾1.9
11.4⫾1.8
3.2⫾3.1
8.6⫾1.9
11.0⫾1.7
1.8⫾2.9
5.6⫾2.2
9.4⫾1.6
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FIG. 9. Correlation of the void fraction values measured by SE and RBS for
polysilicon samples shown in Table II.
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