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A RETARDATION MODULATION ELLIPSOMETER FOR STUDYING FAST SURFACE
TRANSIENTS

A. Moritani, Y. Okuda and J. Nakai

Department of Electronic Engineering, Osaka University, Suita,
Osaka 565, Japan

Résumé - Un ellipsométre pouvant fonctiomner avec des temps de réponse de
1'ordre de 40 us a 8té réalisé. Son utilisation est illustrée dans le cas
de la croissance rapide de films anodiques sur GaAs.

Abstract ~ A high-speed ellipsometer has been constructed which can operate
in microsecond orders. An example of the application to rapid growth of
anodic films on GaAs is given.

1. Introduction

The ellipsometer with special advantages for high speed will be useful for studying
rapid film growth and fast surface dynamics. We have tried to construct a high-
speed ellipsometer having microsecond resolution. The use of an ADP four-crystal
electrooptic modulator (EOM) for retardation modulation and a high-speed digitizer
for data acquisition has made the high-speed operation possible/l1,2/. This paper
describes the ellipsometer system, the measurement method and the application to
anodic film growth on GaAs.

2. Ellipsometer system

Two optical arrangements cean be set up; P(polarizer)-@(EOM)-S(sample)-4(analyzer)
and PSQA. Here, P, @ and A also represent the azimuth angles of the optical com-
ponents. The optical system is illustrated in Fig.l for in situ measurements of
anodic film growth. Since the PS@A has been reported elsewhere /2,3/ and the PQSA
has the advantage that the light beam propagates in the same optical path in the
EOM independently of reflection from the sample surface, the PQSA is described in
this paper.

The optical components used in Fig.l are as. follows: a light source (L) of 1 mW He-
Ne laser, pinholes (Ir), a quarter-wave plate (Qu) getting a circularly polarized
light, a polarizer (P), the EOM having a bandwidth from dc to 25 MHz and the half-
wavelength voltage of 115 V at 6328 K, an analyzer (A) and a photomultiplier(PM)
with high-speed response and wide range linearity.

The electronic system is about the same as previously reported /2/. It consists of
a function generator to generate modulation voltages of triangular waveform and
timing triggers, a power amplifier to drive the EOM, the two channel digitizer with
high-speed A-D converters, a sampling controller to control the timing of data acqui
sition and a minicomputer. The sampling controller determines the data-acquisition
time T in which N data points of both the transmitted light intensity I and the mod-
ulation voltage V are acquired with the digitizer to obtain a data point (¥, A) of
the sample. Next series of data acquisition of ¥ data points is repeated after
intervals Ty. The memory capacity of the digitizer is 2 kwords/chamnnel so that
2000/N data points (¥, A) can be obtained in an experimental run. The intervals Tj
is programsble such that one value of Ti is switched to the other in an experimental
run according to the reaction speed of surface phenomena.
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Fig.l - The optical system and the electrolytic cell used in the in situ ellipso-
metric measurements of anodic film growth. L, He-Ne laser; Ir, pinhole; Qu, quart-
er-wave plate; P, polarizer; Q, EOM; S, sample; Pt, platinum cathode; A, analyzer;
PM, photomultiplier; CC3, constant current source; SW, Hg-relay. Q replaces Q'
when the PSQA arrangement is set up.

It has been shown that the highest speed of T = 4 us is achieved with precision of
0.05° in ¥ and 0.15° in A (root-mean square values) when a BaKl optical glass is
used as a sample, and Ty can be selected from L4 ps to 160 ms /2/.

3. Measurement method

The light intensity I at the photomultiplier in the PQSA arrangement with P = 0° and
@ = 45° is expressed by

I =1I5( 1+ acosd + a,sind + a3cosg + a“sin% ) (1)
in which
§ = EV + G,
a, = -(cos2¥ - cosd - 2x,psin2¥coshsin2d + x,sin2¥sindsin2d)/a,,

a, = {sin2¥sinAsin24 + 2x,;sin2Y¥cosbsin24 - z,(cos2¥ - cos24)}/a,,

as 2x,8in2¥cosAsin24cosb,y/a, ,

a, = 2r,sin2YcosAsin24siné /aq,

ay = 1 - cos2¥cos24 - 2x3psine¥cosAsin2d,

to first order in x. Io is the average light intensity. E is the proportinality
constant in the electrooptic modulation and is determined by a best-fitting procedure
to an I-V curve measured with 4 = Q°. G is a phase factor which varies slowly with
temperature. The imperfection parameters x's associated with the EOM arise from
the window birefringence and axial misalignment of the ADP crystals in the EOM /3/.
8§, is a phase factor resulting from the crystal birefringence and is sensitive to
change in ambient temperature.

Consequently, the ellipsometric parameters ¥ and A of the sample are derived from
the coefficients @, and a, and G measured in calibration with A = 0° if x's are
predetermined. In other words, two experimental runs are necessary whenever we
want to get the ellipsometric parameters free from temperature fluctuation; one is
the calibration with A = 0° and the other is high-speed measurement with appropriate
azimuth angle 4. immediately after or before the calibration.

It is understood from the similar calculation to that in the case of rotating-analy-
zer ellipsometers/L/ that the highest precision is achieved at 4 = Y. We should
be careful in setting A since ¥ of the sample changes with lapse of reaction time
and deviates from the set azimuth angle in the transient measurements.
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The coefficients x's can be determined in the straight-through optical arrangement
in which the following equations

cos24 + 2r,p5in24 + xzpsinba,

a;
(2)

a, = x,co824 + 2x,{5in24

are valid from Eq.(1). Figure 2 illustrates analyzer azimuth dependence of the
coefficients a; and a, measured in this arrangement and the best-~ fitting curves
calculated with the regression technique using Eq.(2). The best-fitting procedure
yielded &1y = 0,009, 2,7 = 0.005, ZX3p = 0.005 and x, = -0.003, These values are
found small as compared with those in the previous PSQA arrangement/3/. X, and
x,7{ have been included to calculate (¥, A) in the present case.
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Fig.2 - Analyzer azimuth dependence of the coefficients a; and a, measured in the
straight-through optical arrangement and the best-fitting curves for calibration of
the inmperfection parameters x's.

4. Application

As an example, the high-speed ellipsometry was applied to anodic film growth on GaAs.
In most cases, anodization of GaAs has been performed with constant current densi-
ties below 1 mA/cm2 to grow homogeneous films. With much higher current densities
the ellipsometers hitherto in use would not be able to follow the fast surface re-
actions,

P type GaAs with a carrier concentration of 3 x 10°%/cm® was used as a sample.

The anodization was carried out under constant current condition in mixed solution
of propylenc glycol and agueous solution of tartaric acid at pl 3/5/. The in situ
ellipsometric measurement was madc with use of the optical system as illustrated in
¥ig.l. The cell windows made of an annealed fuzed quartz nave been found to have
negligitle birefringence. Figure 3 shows a typical response of (¥, A) with lapse
of snodization time where the CaAs (100) surface was anodized with 40.8 mA/em® for
3.92 s and the ellipsometric measurcment was made under the condition T = 4O us,
;i = 80 ms, # = 40, ¢ (incident angle) = 607 and A = 26°, The curves(A),(B),(C)
and (D) indicate the film growth up to 880 A calculated with the film refractive
indices ne = 1.76, 1.78,1.80 and 1.82, respectively. Here, the substrate optical
constant and the refractive index of the clectrolyte are assumed to be 3.98 - 0.291
and l.hC, respectively. The experimental data suggest that npe tends to increase
to the value of 1.8 Found in the literature/6/ according as the film grows.
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Fig.3 - Response of {Y¥, 8) when the GaAs surface was anodized with tihe current
density of 40.8 mA/cm® tor 3.92 . The ellipsometric measurement was made with
T =40 pus, N = 40, 731 = 80 ms, ¢ = 60° and A = 26°. The solid curves (A),(B),(C)
and (D) show the computed ellipsometry curves for grown films up to 880 A thick
with the refractive indices of 1.76, 1.78, 1.80 and 1.82, respectively.

5. Summ

L;

A high~spced retardation modulation ellipsometecr for studying rapid film growth and
surface dynamics has beoen described; the optical and electronic system, the measure-
ment method and the calibration of the imperfection parameters of the EOM has been
shown in the POSA optical arrangement with P = 0° and § = L45°, An example was
given of the application fo anodic film growth on GaAs anodized with high current
density of 40.8 mA/em? for 3.92 s in which incrcasing tendency of the film re-
fractive index was observed.
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