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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 (SE) 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 spectrom{@&BS). The SE and RBS results show a good
correlation. The comparison of the surface roughness measured by SE and atomic force microscopy
(AFM) shows that independently of the AFM window sizes, a good correlation of the roughness
determined by SE and AFM was obtained. ZB00 American Institute of Physics.
[S0021-897€00)01604-2

I. INTRODUCTION line shapes and fine structures in the vicinity of the critical

points of interband transitions. Changes in the dielectric

Polycrystall_ine siIicon(pc—Si)_fiIms deposited by IO.W' function can be attributed to heavy dopitigto surface
pressure chemical vapor depositidrPCVD) have been in- roughness or grain boundari¥'s;>to name the most impor-

tensively studied because of their application to microelec-
. . . ) . “tant effects.

tronics as gate material for field-effect transistors, as emitter To measure the laver thickness. surface rouahness. or

in bipolar transistors, and as parts of interconnects. Thin-film Y ’ 9 ’

transistors fabricated in polysilicon have attracted consider™icrostructure of polysilicon using ellipsometry, priori

able interest for large-area electronics and for the applicatioff"0W!edge of the thin-film optical functions or a technique to
to three-dimensional integrated circuit3. palculate these' values are ne'ededl. Optical propernpe'-Sf
Studies on polysilicon have been performed by severainfluence considerably with its microstructure. To circum-
authors. The temperature and pressure dependence of thent the influence of microstructure, the Bruggeman
mode of growth texture and stability, crystal structure, €ffective-medium approximatio(8-EMA) is used to calcu-
electrical resistance, segregation at grain boundaries, oxidéate the dielectric function of the layer assuming a mixture of
tion rate, index of refraction, POGldoping, oxidation, etch materials with different dielectric functions determined
rate, and reflectivity as a function of the 0|epositionindependentl;}.6 This method allows to characterize a mate-
temperaturéare some of the most important parameters. rial by multilayer structure$’*° and to obtain all layer
Polysilicon has been studied intensively also by spectrothicknesses and compositioffs! Layer inhomogeneity can
scopic ellipsometrySE). SE has proven to be very effective be properly taken into accoufft.2*
for the characterization of thin surface layers because it is LPCVD deposited polysilicon layers were modelled us-
fast, sensitive, precise, nondestructive, and it can be used faig the B-EMA by assuming them as a mixture of single-
in situ measurements® A new approach to obtain more crystalline silicon(c-Si), LPCVD deposited amorphous sili-
detailed information on the surface roughness is to do comeon (a-Si) and voids®>~?” Jellison et al. have, however,
parison of the ellipsometric results with data obtained fromshown that this standard technique for simulating the optical
atomic force microscopyAFM).*0~1? functions of fine-grained polycrystalline silicon does not fit
One approach of determining the physical properties othe ellipsometry dat& This statement has been justified ear-
polysilicon is to analyze its dielectric function in terms of |ier. |t was shown that using fine-grainpd-Si reference data
in the optical model give better results and additional infor-
3Electronic mail:petrik@mfa.kfki.hu mation on the layer structuré:*
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The aim of this work is to characterize the structure of Model "A"
polysilicon layers prepared at different deposition tempera- § Surface Oxide ? § Sio, é
tures. The microstructural information obtained from the ? Amorohous Sili } ? S S ?
B-EMA was correlated with the layer thickness and the o e eorFast
deposition temperature. E Buried Oxide é ? Si0, ?

? Substrate é ? c-Si ?
Il. EXPERIMENT
) ) Model "B"

Slngle.-c.:rystal,(11])—or|_ented, 15-2@) cm, p-type Czo- ? Surface Roughness> ? 2.Si + 0.S1 + voids ?
chralsky-silicon wafers with=100 nm thermal oxide were
used as substrates for polysilicon deposition. Polysilicon lay- ? Polysilicon } é a-Si + ¢-Si + voids é
ers were prepared using LPCVD at a pressure of 0.27 mbar ? Buried Oxide } = é Sio, é
and a gas flow of 100 sccm. The deposition temperatures :
were 600, 620, and 640 °C. Samples were also prepared un- ? Substrate é ? c-Si ?
der a pressure of 0.33 mbar and 50 sccm gas flow at tem- Model "C"
peratures of 560 and 580 °C. } Surface Roughness} épc-Si +c-Si+ Voidsé

SE measurements were carried out over the spectral — - - -
range of 250—840 nm in 5 nm steps using a SOPRA ES4G ? Polysilicon ? ~ ?pc'S”C'SI +V°1ds§
spectroscopic ellipsometer choosing an angle of incidence é Buried Oxide } ? Si0, ?
of 75°. . é Substrate é é c-Si é

SE provides tafW and cosA spectra, wherd andA are

the ellipsometric angles which describe the reflection of the-F . . .

. . . . IG. 1. Optical models for polysilicon-on-oxide structures. Model A can be
polarized light. Evaluation of the SE data was carried OUfysed for samples deposited at 560 °C. Model B and Model C are used for
using appropriate optical models. Calculated spectra are fitleposition temperatures of 600-640°C. Model B is the conventional
ted to measured ones by varying the Wavelength-independeﬁ‘?thOd for describing polysilicon-on-oxide samples. In our case better re-

. . . sults were obtained using Model C.
model parameters using a linear regression analy§ta\).
The best fit model parameters are obtained in terms of their
95% confidence limits by minimizing the following unbiased

estimatoro of the mean square deviation: The surface roughness measured by AFM was 0.09 nm, and
N therefore, it was considered to be negligible. The measured

o= 2 {(cosA s Ccogh 63192 and fitted ellipsometry spectra fdi,=560 °C are plotted at
(N-P-1) =1 ) ! the top of Fig. 2. The agreement between the measured and

fitted spectra is excellent in the whole spectral rarige
=0.02. The LRA resulted in a surface oxide thickness of
1.2+0.1 nm, an almost totally amorphous silicon lay216%
SC-Si and 97.4:1.6%a-Si) of 480.3=1.7 nm, and in a buried
oxide thickness of 112:74.7 nm(see the insert in Fig.)2
The uncertainties of the model parameters are very low.

1/2
+ (tarw % taanfa'ﬁ)z} , 1)

where N is the number of independently measured value
corresponding to different wavelengths adds the number

of unknown model parameteré-iere “meas” and “calc The layers in the optical model for the samples deposited

refer to measured and calculated values, respectjvely. R . :
. - at 600°C and above represent the microscopic surface
The density deficit measured by SE was crosschecked b o : :
ughness, the polysilicon layer, and the buried oxide layer

Rutherford backsgattermg spectromet(RBS)+ measure (Model B and C in Fig. 1 The dielectric function of the
ments. The analyzing beam was a 1.5 M&Ne™ . The de- - : ) o
. N polysilicon layer can be obtained from EMA if the polysili-
tector was placed to detect ions scattered thro@ghl65°. . .
. Y con layer can be assumed as a microscopically heteroge-
The RBX code written by K@i** was used to evaluate the ! . .
neous but macroscopically homogeneous material which

RBS spectra. consists of a random mixture of separate phases. Further-
The AFM measurements were made by a Digital Instru- P P X

ments NanoScope Seanning Probe Microscope in tappinmore, the phases have to be large enough to preserve their

mode with scan window sizes ob<l, 10x10. and 5(<50 fhdividual dielectric functlons_ but smaller fchan the wave-
2 oy . : length of the measurement light. The relative compositions
um=. Si tips with a resonant frequency of the cantilever of

. _(volume fractiong of the separate regions are the obvious
300 kHz were used. Because the roughness values are influ- o . .
; : o arameters describing such a material. Then, in the case of
enced by tip, scan size, and scan conditions, the measure-

ment parameters were kept identical from sample to samplé?/© components, the dielectric functianof the polysilicon
Images of 256256 pixels were acquired at a scan rate @Y€l can be expressed as
of 3 Hz. - - __ -

€ € €, € €L €

PR L N L (2.1

Ill. OPTICAL MODELS €tyen €atYen EpTYen

The optical model for the sample deposited B¢ where e, is the dielectric function of the host materidl,
=560 °C consists of a buried oxide layer, an amorphous siliand f,, are the volume fractions of the constituentg ¢ f;,
con layer, and a silicon dioxide layéModel A in Fig. 1. =1, if two components are presg¢nt, and e, 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 parameteirs are sho
the inserts.
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FIG. 3. Comparison of the values as a function of the deposition tempera- ) ) ) ) B )
ture using Model B and Model C of Fig. 1. The fitted curves for Model C FIG. 4. ¢-Si and pc-Si fractions in polysilicon layers as functions of the
are shown in Fig. 2. deposition temperature. The question mark means that there was no reason-

able fit obtained for the deposition temperature of 580 °C.

electrlg functions of componentsa .and b a”‘?' yis the the crystalline inclusions are not large enough to preserve
screening parameter. The B-EMA is obtained With2 and  heir own dielectric functions, or there is an increased num-
€,= €. The B-EMA has been proved to be the best model folher of grain boundaries, which cannot be described with the

the calculation of the dielectric function of polycrystalline model “c-Si+a-Si+voids.” A comparison of the different
32,33

silicon: models for the characterization of polysilicon structures has
The dielectric function of LPCVD deposited polysilicon heen published previousf.
was previously modeled using a mixture ®8i** LPCVD In this study, the dielectric function gfc-Si was de-

a-Si”® and voids(Model B in Fig. 1. In the visible-near-UV  scribed by the mixture of fine-graingt-Si, ¢-Si, and voids
range, the dominant contribution to the dielectric function(Model C in Fig. 2. Figure 2 shows the measured and fitted
(€) comes from the electronic polarizability, which is deter- spectra together with the model parameters for samples de-
mined by the kinds of atoms present, their bonding configuposited at different temperatures. The fit was also tried using
rations, their density, and the presence or absence of longhe mixture ofc-Si, a-Si, and voids(Model B in Fig. )
range order. The amorphous silicon does not have a longegain. Figure 3 shows that obtained using Model B is
range order and shows only a single broad peak near 3.5 elice as large as in the case of Model C for the deposition
in the imaginary part of the dielectric functior,). temperatures of 600-640 °C.

In contrast, the crystalline silicon has a long-range order  The variation of thgc-Si andc-Si fractions in the poly-
and shows two main sharp peaks near 3.4 EY tfansition silicon layers(see the inserts in Fig.)Aas a function of the
and 4.2 eV E, transition in the e, spectrum. The long- deposition temperature is plotted in Fig. 4. At 560 °C, the
range order has a significant influence on both the line shapgayer is almost totally amorphous having 978&Si. The
and magnitude ok, . The c-Si anda-Si materials have no question marks mean that 580 °C is a transition temperature,
microstructure on the scale of 1 nm—n, that is, they are at which our model cannot be used. There was no reasonable
homogeneous on this scale. TheSi possesses inhomoge- fit result obtained for the sample deposited at 58@5@vas
neity in this scale. When comparing the line shape of thed.313 using Model € A possible explanation is that its
fine-grainedpc-Si (Ref. 28 to that of c-Si, the following  structure does not fulfill the above mentioned requirements
features can be observed: there is a significant decrease in tfar the effective medium approximation. This means that it
amplitude ofE; andE, peaks, and there is a shift Bf, peak  cannot be considered as a microscopically heterogeneous but
to lower energies. When thpc-Si reference spectra, re- macroscopically homogeneous material which consists of a
garded as a bulk sample, were fitted using the mixture ofandom mixture of separate phases with sizes between 1 nm
c-Si, a-Si, and voids, the LRA resulted in a mixture of 61.1% and 1um.
c-Si, 35.4%a-Si, and 3.5% voids. The low energy tébe- There is a linear increase in tleeSi fraction from 600 to
low E;) of pc-Si and the simulation agree well but there is a640 °C with a simultaneous decrease of f®eSi fraction
significant difference at th&,; and E, regions. This result over the same range. It shows that the structure of the poly-
shows that the fine grained polycrystalline silicon cannot besilicon layer deposited at lower temperature is closer to the
described well with the mixture of-Si, a-Si, and voids. A  fine-grained structure of thec-Si reference data. The sharp
possible explanation is that tlaeSi component may arise not decrease of thgc-Si fraction with increasing deposition
from true amorphous inclusions but as a result of the modelemperature can be attributed to the change of the structure.
attempting to simulate the effect of grain boundaries in redt was shown earlier that thec-Si reference data can be well
ducing the electron mean free path and broadening the peapplied for the modeling of different porous silicon
structures. Size effects may also play an important role, i.estructures®—3’ The similarity of porous silicon and polysili-
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con is that both have small regions ofSi embedded in L e L B e e e e p e e e e e T
voids (porous silicon or in an amorphous matrigoolysili-
con). pc-Si can be used in the optical models for both porous
silicon and polysilicon, because it describes well the effect of [ A ---- 10x10 um® window ¢ .
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.

- B — 1x1 umzwindow .

—_

IV. MICROSCOPIC SURFACE ROUGHNESS

RMS(AFM) (nm

The microscopic surface roughness can be modellec
with a density deficient overlay&f.Our approach to study
the effect of surface roughness is to replace the roughene
“surface layer” by an equivalent homogeneous film, whose
optical properties are determined from those of the substratt
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. Whethe
this thickness is equal to the root-mean-squanes) rough-
ness, it can be determined by a comparison with AFM mea-
surements. There are several comparative studies in the IibE\
erature, where surface roughness was measured by SE arg
AFM. There is disagreement in the interpretation of the re- <
sults. Liuet al¥ wrote that “the rms values from AFM and &
the spectroscopic immersion ellipsometi§IE) values are  £°
different with the SIE values yielding the largBr The rms
value should be about 1/2 the peak to valley height of pro-
trusions. The after oxidation AFM and SIE measurements
give this order and considering that the measurements ar
fundamentally different, with AFM being a local measure-
ment, and ellipsometry averages the optical response of i
relatively huge area, the agreement is gratifying.” This ratio
shows significant discrepancies depending on the etching an
oxidation times. Fanget al!® emphasized that roughness d(SE) (nm)
measured by SE is not always equal to the RMS roughness
measured by AFM. The ratio of the roughness measured b§/G. 5. Mean roughnes®,) and root-mean-squarems) roughness mea-

SE and AFM depends on the fast Fourier transformatiorf“.red by AFM correlated with roughness determined by GESE is the
. . hickness of the top layer in the optical model representing the surface
(FFT) spectra of the surface. In contrast to lstial, Suzuki  oyghness.
and Adachi® 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 poly-oxide layer, then the origin of the plot in Fig. 5 has to be
silicon samples deposited at 620, 660, and 700 °C were meahifted to this reference point.
sured by SE and AFM. Figure 5 shows the mean roughness It is obvious from Fig. 5 that for botR, and rms rough-
(R,) and rms roughness measured by AFM with scan winness a good correlation of the roughness determined by SE
dow sizes of X1, 10x10, and 550 um? correlated with and AFM was obtained. We obtained average
the thickness of the top layer of SE representing the surfacd, (SE)/rmsAFM) ratios of 0.89, 1.05, and 1.46, and average
roughness. A virgin silicon reference sample covered with 2, (SE)/R,(AFM) ratios of 1.11, 1.31, and 1.85 using win-
nm native oxide layer was also measured by SE, and thedlows sizes of X1, 10x10, and 5x50 um?, respectively,
data were evaluated with the same model as for the surfacghered, is the thickness of the modeled microscopic surface
roughness layefModel C) of the polysilicon samples. A roughness. The results suggest that the interpretation of the
layer thickness of 1.8 nm was obtained using this modeld,(SE)/rmsAFM) or d,(SE)/R,(AFM) ratio is not simple.
This point is also plotted in Fig. 5. The AFM roughness for This is because in addition to the window size effect, the tip
the virgin silicon sample is 0.09 nm. If this point is consid- geometry and/or the curvature or slope of the surface struc-
ered to be the reference for zero roughness with a nativeures may influence the AFM results. SE is also affected by

M
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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 inhd.. MODEL PARAMETERS VERSUS LAYER

mogeneity or the FFT spectra of the surface prdfie., the =~ THICKNESS

surface geometiy*® The surface roughness can be character- Figure 6 shows the measured and the fitted spéwfith

ized by the height of the protrusions, shape or density oModel C) for polysilicon samples deposited at 640 °C with
surface features. These AFM and SE results characterize thffferent layer thicknesses. The layer thickness of the
surface roughness with only two valuésughness layer samples ranges from 12 to 494 nm. Thealue is lower than
thickness and void fraction which is not enough for the 0.036 for all samples, which means a very good fit quality
complete surface description. The rms roughness values wefer all layers. The interference oscillations increasing with
completed by the aid of fractal analy¥isand FFT spectra increasing layer thickness are clearly seen in theAcpkot.
were considered by several authors to obtain more informafhe best fit model parameters for these samples are listed in
tion on the surfacé®*! Table I. The microscopic roughness changes from 3 to 8 nm,
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TABLE |. Model parametersModel C) obtained by the LRA for samples deposited at 6405Cenotes the quality of the fit. The fitted curves are shown
in Fig. 6

. . Polysilicon layer Roughness layer
Buried oxide
Polysilicon thickness thickness c-Si a-Si voids pc-Si thickness c-Si voids pc-Si
thickness(nm) o (nm) (nm) (%) (%) (%) (%) (nm) (%) (%) (%)
12 0.034 1151 12+0.3 9+2 51+0.5 40
34 0.009 1131 34+0.3 53+2 4+0.3 43 3t0.3 387 37+3 25
54 0.014 1162 54+0.6 61+2 2+0.7 37 4-0.5 369 29+3 35
106 0.027 1149 106+1.0 64+3 0+1.0 36 5.6-0.8 40t10 25+3 35
271 0.024 1143 271+x2.0 502 4+1.0 46 6.4:0.6 26+8 29+2 45
494 0.036 1143 494+4.0 41+3 8+1.0 51 8t0.9 22+9 29+2 49

the thickness of the polysilicon layer changes from 12 to 494llipsometry as shown in the case of buried, ion synthesized
nm, and the thickness of the buried oxide layer is about 11%itride*? since RBS gives the areal densigtoms/cr) and

nm. It has to be emphasized that the precision of the meallipsometry provides the layer thickness.

surement of the buried oxide thickness is typicatl$ nm or Having calculated the density of the top polysilicon layer
better even below a 494 nm polysilicon layer. The reason{pq, in atoms/cm), the void fraction was determined as
ably small confidence intervals, i.e., the low uncertainties, of{psi— pyoi)/psi,» Where pg; is the density of the single-
Table | show that the precision of the determination of thecrystalline silicon,p,,, was calculated using the layer thick-
model parameters is good. ness obtained by SE. Void fraction values measured by SE

Figure 7 shows the surface roughness and the volumand RBS are shown in Table Il and are also plotted in Fig. 9
fractions of voids in the roughness layer and in the polysili-showing a good correlation between the SE and RBS results.
con layer as a function of the thickness of the polysilicon  The ¢ values in Fig. 7 have a minimum at40 nm,
layers deposited at 600, 620, and 640 °C. The thinnest polywhich reveals that our model fits best to the structure of the
silicon layers were modeled with only the roughness layeinitial phase of the deposition. Above 40 nm,slightly in-
itself (pc-Si+c-Si+voids). The error bars on the figure rep- creases. The highest value is 0.056 for the thickest poly-
resent the 95% confidence limits. silicon layer deposited at 600 °C.

The curves describing the thickness and the void fraction ~ The dependence of the model parameters on the deposi-
of the surface roughness layer can be divided into two diftion temperature has the following feature: the void fraction
ferent regions. The region between the layer thicknesses afi the roughness layer is higher for the lower deposition tem-
~8 and 40 nm is characterized by a high surface roughnegseratures in the case of the thickest samples; similarly, there
and a high void fraction. Both of them decrease rapidly withis a larger roughness layer thickness for the lower deposition
increasing layer thickness up to a layer thickness of 40 nmtemperatures above a layer thickness=@50 nm. It is also

The increase of the thickness of the roughness layer witlkelear that in order to be able to compare the effect of the
increasing thickness of the polysilicon layer above a thick-deposition temperature on the surface properties, layers with
ness of 40 nm can be explained by the grains having largahe same thickness have to be used to separate the influence
dimensions on the surfaces of thicker layers. of the layer thickness from that of the deposition tem-

The void fraction in the polysilicon layer has a thicknessperature.
dependence similar to that of the roughness layer. It has a
minimum close to 100 nm. For layers thicker than 100 nm, i
increases and reaches 10% at a layer thickness of 600 nmtyl' CONCLUSIONS

In order to crosscheck the SE results, the void fraction of ~ The multilayer optical model based on using the B-EMA
polysilicon layerd(i.e., the density deficitwas independently was used to describe properties of polysilicon layers having
determined by RB%see Fig. 8 for selected sampleln each  thicknesses ranging from 8 to 600 nm and deposited at tem-
spectrum the region between the Si surface e@i@nnel peratures between 560 and 640 °C. A better characterization
No. 271 and the upper edge of the valleghannel Nos. 240, of the polysilicon layer is achieved by using the reference
236, and 228 in Fig. 8 for samples Nos. 4, 1, and 8, respeddata of a fine-graine@c-Si silicon in the optical model.
tively) corresponds to the top polysilicon layer. The valley = The dependence of the optical model parameters on the
corresponds to silicon in the buried oxide, where the densityayer thickness and deposition temperature have been inves-
of silicon decreases due to the presence of oxygen atomsgated. The linear increase of theSi fraction and the si-
(The peaks below channel No. 140 correspond to the oxygemultaneous decrease of the-Si fraction in the polysilicon
atoms) The energy difference between helium ions scatteredayer with increasing deposition temperature are observed.
from the surface of the polysilicon layer and those scatteredt lower deposition temperaturdaear 600 °C, the depos-
from the polysilicon-buried silicon dioxide interface is pro- ited layer is closer to the fine-grained structure. At high-
portional to the number of silicon atoms in the polysilicon er deposition temperaturgst 640°C and aboyge the in-
layer per square centimeter. The atomic dengitpms/crm) creasedc-Si fraction may correspond to the increasii
of the layer is easy to determine by combination of RBS andyrain size.
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d,(SBE/R,(AFM) ratio is not simple. In addition to the win-
dow 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 under-
standing of the structural change of the polysilicon layers as
a function of deposition time and temperature. Because the
structure of thgc-Si changes with changing deposition con-
dition, 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 depos-
ited varying the deposition temperature and the deposition time, measured
by SE and RBS.

. - Void fraction
Deposition Deposition

Sample time temperature spectroscopic ellipsometry RBS

It has been shown that independently of the AFM win-
dow sizes, good correlation of the surface roughness dete
mined by SE and AFM was obtained. Average
d,(SBE/rmsAFM) ratios of 0.89, 1.05, and 1.46, and average
d;(SB/R,(AFM) ratios of 1.11, 1.31, and 1.85 for AFM
window sizes of X1, 10x10, and 5x50 um?, respectively
are obtained. The interpretation of tdg(SE)/rmgAFM) or

No. (min) O (%) (%)
1 42 600 2:0.8 5.8:2.5
2 75 600 8.61.3 10.4:1.9
3 100 600 115 11.4-1.8
r-4 25 620 0.9:0.6 3.2:3.1
5 45 620 7311 8.6:1.9
6 60 620 16-1.1 11.0:1.7
7 10 640 ®1.0 1.8:2.9
8 25 640 410 5.6:2.2
9 45 640 81.0 9.4:1.6
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