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We have previously calculated the Faraday rotation due to the inversion layer in a metal-
oxide-semiconductor system, using both a three-dimensional model and a two-dimensional
model for the inversion layer. However, in the limit of the inversion-layer thickness going
to zero, the results for both models should be the same, but they are not. Here we show that
if the three-dimensional model is extended to include multiple reflectio-n effects within the
inversion layer, we do get agreement. We conclude that the two-dimensional model au-
tomatically takes multiple-reflection effects within the inversion layer into account and that
this also explains the source of the dependence of the Faraday rotation on the oxide layer
which we previously obtained in the case of the two-dimensional model.

Recently we calculated the ellipticity and Faraday
rotation caused by the electron gas of the inversion
layer in a metal-oxide-semiconductor (MOS) system,
in the case where the directions of both the incident
radiation of frequency to and the external magnetic
field 8&0 are oriented normal to the insulator-
semiconductor interface. ' Our basic starting point
was the two-dimensional (2D) gas model of Chiu
et al. This model has also been used to interpret
cyclotron resonance data. It was shown that there
are striking differences between this model and the
single-pass three-dimensional (3D) Drude model in-
vestigated in Ref. 4. One difference between these
two models is that the rotation angle for the 2D
model depends on the oxide layer through the index
of refraction n„whereas the single-pass 3D model is
independent of the oxide. To bring in the effect of
the oxide in the 3D model, we extend the single-pass
result to include boundary effects at the inversion-
layer interfaces as well as multiple-reflection effects
within the inversion layer, i.e., the multiple-pass
Faraday rotation. With this result we show below
that as the inversion-layer thickness goes to zero

Nz+ =—nl++ial+, j=1,2, 3 (2)

and propagation from medium i to medium j by the
pair of indices (ij), eT and OMR may be written in
the form
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(compared to the wavelength of the incident radia-
tion), we reproduce the 2D model results.

It has been shown that the multiple-pass Faraday
rotation e, in the case of three distinct media, has a
decomposition of the form

e=+T+MR
where 8 is the single-pass Faraday rotation, HT is
due purely to boundary effects and is independent of
the sample thickness d, and OMR is due purely to
multiple-reflection effects. Denoting the complex
refractive indices as
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and
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are the Fresnel transmission and reflection coeffi-
cients, respectively, and where the complex phase
shift due to medium 2, of thickness d, is written as

I

may rewrite Eq. (15) in terms of the conductivity o+
as

cn, ~n, + ' (16)

=(P~+ia~/2)d . (10)

which in terms of the single-pass rotation

8= (n n)—COd
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becomes
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From Eq. (1), we obtain (recalling that 8r ——0 here)

n++n .
8

no+ns
(15)

for the multiple@ass Faraday rotation.
Using e~ ——n~ e+i4mo+——lc0, where e=n, , we

For the special case of the MOS system, since ab-
sorption is negligible in the oxide and semiconduct-
or, we take N i~ n, (o——xide), Nz~ n~ ~i——a ~ (inver-
sion layer}, and Ni+ =n, (semiconductor}. Making
the further assumptions (a) st~ &&n~ (weak absorp-
tion) and (b) rod/c «1 (thin sample), Eqs. (8) and
(9) become real so that 8r does not contribute to 8
and Eqs. (6) and (7) reduce to

2rzs~r2i~P~dg+-
&
—~23+~2'+

where by condition (b}, we have used the small-angle
approximations for the trigonometric functions.

Thus, from Eq. (4), the contribution to 8 due to
multiple reflections is

cod (n+ n)—
8MR= [(n++n ) —(n, pn, )],

2c no+ns
(12)

where the double prime denotes imaginary part.
Comparing Eq. (16) with Eq. (16) of Ref. 1, we

conclude that we find agreement between the two-
dimensional model of the inversion layer of Ref. 1

and the three-dimensional multiple-pass model if
o ~d is identified as the two-dimensional conductivi-
ty. Further, taking n+ ——ns and using no =1.95 and

n, =3.44, Eq. (15) predicts an enhancement of 28%
of the single-pass result.

Perhaps our most impoitant conclusion is that the
two-dimensional model of Chiu et al. automatical-
ly takes into account multiple reflections within the
inversion layer (resulting in a significant enhance-
ment in the Faraday rotation, and similarly in the
ellipticity). Whether such multiple reflections occur
in practice is open to debate since the inversion layer
is actually highly nonhomogeneous. This nonhomo-

geneity is essentially averaged out by assuming a
surface current, which is the essence of the Chiu
et al. model. A definitive answer can only be ob-
tained by carrying out the calculations using a
nonhomogeneous three-dimensional model. Possible
starting points are the models of Dahl and Sham
and of Equiluz and Maradudin. These models con-
sider a thin but finite layer and their possible appli-
cation to Faraday rotation and ellipticity calcula-
tions is presently under study.

Note added in proof. Recently, we have discussed
the optimum method for the determination of the
parameters of the inversion layer (effective mass,
collision frequency, and electron surface concentra-
tion) from the experimental data. ' In addition, we
have studied the effect of a finite semiconductor
substrate (which is relevant when the semiconductor
does not have a wedge to prevent multiple reflec-
tions from the semiconductor-vacuum interface) on
the Faraday rotation and ellipticity in a MOS sys-
tem. " Finally, we have presented a brief survey of
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magneto-optical experiments in the general area of
two-dimensional systems in solid-state and surface
physics. '
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