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Spectroscopic ellipsometry (SE) is used to characterize a complex multilayer
structures of oxide/nitride/oxide layers on bonded silicon-on-insulator (SOI) wafers. Re-
sults are discussed upon three main points of view including the effects of the beam size
on evaluating the SOI substrate, the beam divergence and the effect of applying different
data fitting parameters to get reliable structure. Optimum results for a wavelength range
of 250 to 850 nm have been obtained by using a combination of a lens and nearly 1 mm
slit width. One interesting result is that because of the observed slight vertical error, and
the measured tan W parameter greater than one, we have to avoid making fitting on tan ¥
and cos A to obtain best calculated data close to the nominal values.

1. INTRODUCTION

Bonded SOI wafers have been paid much
attention for ULSI devices!): Recently, These
SOI wafers had been successfully evaluated us-
ing sgectroscopic ellipsometry (SE) by the au-
thors?). In this paper, multilayer structures of
bonded SOI wafers with oxide/nitride/oxide
layers prepared by wet oxidation and chemical
vapor deposition process were investigated by
SE. Nominal values for the ONO-films were 1,
6, and 13.5 nm, respectively. Results are dis-
cussed upon three main points of view includ-
ing first the effect of the beam size, the beam
divergence and finally, the effect of applying
different data fitting parameters to get reliable
structure of thickness data very close to the
nominal values.

2. EXPERIMENTAL DETAILS

The ellipsometric measurements were car-
ried out using MOSS ES-4G model developed
by SOPRA at an angle of incidence ¢ = 75.22°
using a microspot lens of 3mm diameter and
150mm focal length that allows to focus the
beam on a very small area. Further measure-
ments were done by attaching slits of different
widths to the microspot lens to get rid of the
light beam divergence. A measurement wave-
length range from 250 to 850 nm for a total of
241 different wavelengths was used.

In fact, in any spectroscopic
ellipsometry experiment, the object is to mea-
sure the complex ratio of Fresne{ reflection co-
efficients?), which is given by

I ;
p=-L=tanyeid,
Ts

where rp and rg are the complex Fresnel reflec-
tion coefficients for light polarized parallel and
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perpendicular to the plane of incidence respec-
tively. In the data analysis, Bru geman effec-
tive medium approximation (g EMA) was
used®) . The best fit was determined using
Marquardt regression analysis by the least
value for the estimator o given by

N 2 m c 2
o= L5 [(of-o) +®; -B:)1,
)\/Z*N-Pizl i "y Bi -Bi

where N is the number of measured wave-
lengths, P is the number of the fitting param-
eters, and c, m are referred to calculated and
measured data respectively. And the the two
quantities a and P are the second-order Fourier
coefficients of the signal measured by the photo
multiplier tube (PMT). These two quantities o
and are related to the ellipsometric param-
eters of tan ¢ and cos A through the following
expressions

o tan® - tan? A

tan?  + tan® A
tanyp tan A
tan?  + tan® A

B=2cos A

where A is the analyzer azimuth angle. And the
values of a and B are confined between -1 and
+1, however the values of tan ¥ could reach
large values greater than one. It is the reason
why we always must fit on o and 8 parameters
when, the values of tan W spectrum reaches val-
ues greater than 1.

Jellison's complex dielectric constants
for crystalline silicon were the most appropriate
to simulate reliable ONO multilayer structure
on bonded SOI wafers?).
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3. RESULTS AND DISCUSSION
3.1 The effect of the beam size on evaluating
the SOI substrate of the structure

Measurements were performed usin
only a conventional setup of beam diameter
mm at normal incidence. IIJI: was reported by the
authors®that good regression results were not
obtained because of the non-uniform, silicon
layer of the SOI substrate.

In this case, we obtained a measured
curve with low-peak-amplitude oscillations that
didn't coincide in peak-amplitudes with that of
the regression curve. The measured curve
started to oscillate nearly from 450nm, because
the incident beam can penetrate into non-uni-
form silicon layers. So, starting from this limit
many interference patterns occurred and ap-

ared in the form of low-peak-amplitude oscil-
ations. As a matter of fact, to get good fitting
between conventional measurements and corre-
sponding regression curve a lens should be used
to minimize the beam size.

3.2 The effect of the beam divergence and the
measured intensity limitations for evaluating
the ONO film

Using an experimental setup with a Icns
the measured peak-amplitude oscillations be-
came higher but, as shown in Fig.1 another
Froblem hatp ened beyond 450 nm coming
rom ONO films. This effect happened due to
light beam divergence. In order to minimize this
divergence problem, a slit with suitable width
should be used. The used slit width was around
1.5 mm. As we expected, the part of the mea-
sured curve including the infgrmation of the
ONO film shifts down and becomes closer to
that one measured with only the conventional
setup as shown in Fig. 1. Using 1mm slit width
nearly best coincidence beyond 450 nm oc-
curred as shown in Fig. 2.

—o— Measured by conventional SE.
~~ - Measured by a lens

«---o---- Measured by a lens and 1.5mm slit |
-——-a—- Measured by a lens and 1mm slit

cos A

e

L
0.25 0.30 0.35 0.40
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Fig. 1 Spectroscoplc ellpsometry data for four kinds of measurement.
() using a lens of magnification 30x.
(Il using a lens of magnification 30x attached to about 1.5 mm
slit width.
(I1ly using a lens of magnification 30x attached to about 1 mm
slit width.
(vl) using a conventional setup with a normal spot size of 3 mm.

Table I shows a comparison between
lager thicknesses of the ONO films on bonded
SOI in case of using wide and narrow slits both
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for weighted data on o and 8 1pa.r.ameters. From
which many interesting conclusions can easily
be noticed as following _

Using the wide slit width, it was obvious
that the thickness of each layer and the total
Jayer thickness of the ONO films were greatly
déviated from their nominal thickness values of
1, 6, 13.5, and 20.5 nm respectively, while by
the use of the narrow slit width they were very
close to them except the uppermost very thin
thermal SiO; layer which still shows a big dis-
crepancy with its corresponding nominal ones
due to tﬁe SE limitations. Also, the least value
of o was obtained by the using of the narrower
slit.

Table I Comparison between layer thicknesses of
the ONO films on bonded SOI in case of using wide
and narrow slits both for weighted data on a and B
parameters.

Thickness ( nm )
Layer Wide Narrow  Nominal
: Slit Slit Values_
Si02 7.0 2.7 1
Si3Ng 7.1 6.1 6
Si02 9.4 13.8 13.5
S1 716.7 739.9 e
5i02 523.0 524.9 520
Ohy icknggs 6 20.5
o* 0.02302 0.02116 .
* weighted on o and B.
1.0
0.5
<
g 0.0r
(3]
- 0.51
Measured by a lens and 1mm siit
P
0:3 Ol.d D‘.5 0.6 01.'." 0.8

Wavelength (pm)

Fig. 2 Best fitting between calculated and measured
spectroscopic ellipsometry data for an
investigated ONO film on SOI substrate.

The detailed analysis of the beam diver-
gence effect in both cases of using only
microspot lens and using microspot lens at-
tached by 1 mm slit could be illustrated as fol-
lowing. ftrl both cases, one can easily notice that
the obtained information was not represented
only by a 75° incident Brewster angle ®] but



also by all the informations coming across in-
clination angles of 81 and 07 respectively for
beam divergence along the 75° beam angle. In
the first case the divergence angle 0] can easily
be calculated to be 1.72°. Therefore, actual in-
formation didn't come through the incident
Brewster angle @1, but through the range of the
beam divergence around that angle. This means
that the real incident angle in this case can be
iuantitatively given by @1 Real =75° = 1.72°.

nd the average information at any time will be
always observed at the 75° beam. Similarly for
the second case, the divergence angle 62 could
be easily given by 0.57°. Again, this means that
the real incident angle in this case is now mini-
mized by ®2 Real =75° + 0.57°.

3.3 The effect of applying different data fit-
ting parameters
, The effect of applying different data fit-
ting parameters was also investigated. An inter-
esting result was that, by applying the latter
measurement setup still slight vertical error ex-
isted. So, it is not recommended to use tan ¥
and cos A parameters as a fitting technique on
the calculated data in order to obtain thickness
accuracy. Beyond 450 nm of the measured
curve which includes the information of the
ONO films, a big error occurred vertically be-
tween the lens and narrow slit measurement
data and that of the conventional ones. This
means that we have to avoid regression analysis
by fitting on tan ¥ and cos A parameters. Be-
cause they mainly affect the fitting upside-
down, instead, we used a curve fitting of a, B
parameters by the use of o eq. to get accurate
thicknesses of the ONO films. On the other
hand, since the values of a and p parameters are
always confined between -1 and +1 however
the values of tan W could reach large values
greater than one as in our case. So, this is the
other reason that why one always must fit on o
and B parameters when, the values of tan W
spectrum reaches values greater than one.
Many interesting conclusions were in-
dicated in Table II which shows a comparison
between layer thicknesses of the ONO films on
bonded SOI in case of app?ing different data
fitting parameters, at two different measured
i)ositlons using a narrow slit attached to the
ens. From the comparison one can notice the
following.

Always at any position on the investi-
gated sample, data fitting on a and f§ was much
more better than that on tan W and cos A i.e.,the
obtained thickness values were very close to
their corresponding nominal values except the
uppermost oxide layer that may be attributed 1o
the limitation of the S.E. for such thin oxide
layer (1 nm). Besides, at any position on the in-
vestigated sample the confidence limits for ei-
ther the thickness of each layer or the total layer
thicknesses of the ONO films were of the least
values in case of applying data fitting on o and
P parameters excluded from this shown table
for simplicity. Also, at any position on the in-
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vestigated sample the value of o is smaller in
case of data fitting on a and § parameters than
that of fitting on tan W and cos A parameters.
Finally at best fitting, the thicknesses at a mini-
mum o value of 0.02116 were obtained with
the least values of thickness errors in buried
SiO; layer, the silicon and SiO layers of the
SOI substrate, not shown also here for table
simplicity.

Table II Comparison between layer thicknesses of
the ONO films on bonded SOI in case of applying
different data fitting parameters, at two different
measured positions using narrow slit attached to the
lens.

Thickness ( nm )

Layer Position A Position B

o,f tanW, a,pB tan W,

cos A cos A _

Si02 2.7 3.2 2.9 3.9
Si3N4 6.1 57 6.0 4.7
Si02 13.8  14.2 13.8 14.9
Si 7399 7398 9637 963.5
Si02 5249 523.0 329.1  529.0
ONO Thickpes,
oy S 21 228 236
o 0.021 0.037 0.027 0.038

4. CONCLUSION

Bonded SOI structures with ONO lay-
ers were investigated using SE. By the essential
use of a lens and narrow slit in order to mini-
mize the light beam divergence, optimum
thicknesses nearly close to the nominal values
were obtained. Due to the observed vertical er-
ror, and the large values (greater than 1) in tan
¥ spectrum, data fitting on o and P param-
eters was recommended to obtain best calcu-
lated data close to the nominal thickness values.
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