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Effect of a finite oxide layer on the Faraday rotation and ellipticity
in a metal-oxide-semiconductor system
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We study the effect of a finite oxide layer on the Faraday rotation and ellipticity in a metal-
oxide-semiconductor system. We find that the multiple internal reflections within the oxide layer
can give an enhancement on the order of 21 jo over the case where the oxide layer is considered
semi-infinite. At high magnetic fields, there is serious disagreement between theory and experiment.

Recently we calculated the Faraday rotation 0 and el-
lipticity 5 due to a two-dimensional electron gas (2DEG),
in the case where the directions of both the incident radia-
tion of frequency co and the external dc magnetic field
8 ~ 0 are oriented normal to the oxide-semiconductor in-
terface containing the 2DEG in a metal-oxide-
semiconductor (MOS) system and where the oxide and
semiconductor were assumed semi-infinite, the latter be-
ing appropriate when a wedge is used to eliminate multi-
ple internal reflections within the semiconductor. The ef-
fect of a finite semiconductor substrate has been shown to
have a strong effect on both cyclotron resonance ' and on
the Faraday rotation and ellipticity.

The effect of the metal gate has also been analyzed.
Because it is very thin (20—50 A), it was pointed out that
it could be treated as a two-dimensional charge layer at
the interface of the vacuum and the oxide (analogous to
the treatment of the inversion layer as a two-dimensional
charge layer at the oxide-semiconductor interface). ' In
essence, the metal is ignored except that (4~/c) times its
two-dimensional conductivity is added to the refractive
index of the oxide in considering the transmission of the
radiation into the oxide. With this modification the usual
Fresnel relations hold, ' as displayed, for example, in
Eqs. (5a) and (Sb) where we explicitly write down the
Fresnel transmission and refiection coefficients for a sur-
face containing a charge layer. While Eqs. (5a) and (Sb)
are general expressions, for the purposes of this paper the
o. appearing therein refers to the inversion layer (and is
the source of the free-carrier contribution of the inversion
layer to the Faraday rotation). However, we have already
shown that —in contrast to the case of the inversion
layer —the two-dimensional conductivity (admittance) of
the metal is negligibly small. This implies that the me-
tallic gate essentially does not contribute any free-carrier
Faraday rotation of its own. Thus, in essence, we may ig-
nore the metal altogether except for its contribution as a
reflecting surface, which is incorporated simply by taking
into account the multiple reflections at the vacuum-oxide
boundary. In other words, the reflection properties of the
thin metal film do not measurably change the transmis-
sion of light from the vacuum into the oxide.

By the same token, the oxide-inversion layer boundary

can also be replaced by an oxide-silicon boundary, since
the contribution of the inversion layer at the oxide-silicon
interface has been taken into account separately. What we
obtain is a decomposition of the "multiple-pass" rotation
0 and "multiple-pass" ellipticity 6 into the 0 and 6 of
Ref. 1 (8 and 6 include multiple reflections within the in-
version layer) and a correction term due purely to multiple
reflections at the oxide boundaries.

We consider the propagation of right- and left-
circularly polarized light through the vacuum-SiOz-Si sys-
tem. The electric fields in the three regions are

i (koz —a)t)~ —i (koz+cot)E„+=E„+e ' e+, E„+=E„+e

(0&z &d), (lb)

i [k (z —d) —cot]E+=E+e ' e+ (z)d) (lc)

so that E;=E;++E;, E,=E„++E„,etc. , k is the
wave number in the corresponding medium and is given
by

COk;= —n;, i =vos or 1,2, 3,
C

(Id)

where v, o,s refers to the vacuum, oxide, or semiconductor,
respectively, n; is the index of refraction, d is the oxide
thickness, and

e+=(x+iy)/v 2 . (le)

The boundary conditions at z =0 and z =d are (a) con-
tinuity of the tangential component of the ac electric
fields and (b) equality of the discontinuity of the ac mag-
netic fields and (4m/c)j+ (4m/c)o~E+, where j an——d o
are the surface current and conductivity of the 2DECx lo-

'i (k„z—cot ) —i (k„z +cot )~E+——E+e " e+, E+——E+e " e+

(z & 0), (la)
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cated at the interface. These conditions imply, respective-
ly, the following results (suppressing the "+" sign): for
z=0,

(2c)

(2d)
E.+E
k„(E; E„)——ko(E„—E, ) =0,

and for z =d,

(2a)

(2b)

C

After some algebra, we find that the solution of Eq. (2)
for the transmission coefficient t+=E,+/E~+ is, using
Eq. (ld),

4' Otgp
~ ~

od lkpd(n„+no)[no+n, +(4n/c)o+]e —(no —n, )[no —n, —(4m/c)o+]e
(3)

where4'

Zikpd
1 —rz] rz3+e

n; +nI+ (4m/c)cr+

n; nj —(4—m/c) o +

n; ~nj+(4~/c)o+

Equation (3) may be written as

ikpd

(4)

(5a)

(5b)

I ~f23 4/3+] ~~ I I+]e e

Thus, 0 may be decomposed as

0=0+OMR

where

1 ~ I

(12)

are the Fresnel transmission and reflection coefficients for
a surface containing a 2DEG and t;~+ —r,j.+ ——1. In Eqs.
(4) and (5), the pair of indices (ij) denotes propagation
from medium i in the direction of medium j. At the
vacuum-oxide interface o+ is zero.

Ii is convenient to write Eqs. (5) as

(6b)

It has been shown ' that the multiple-pass Faraday ro-
tation 8 and the multiple-pass ellipticity b, are related to
the transmission coefficients by

I

C)
I-

Q
C)
Q

0-
C5

%'e now define q+ by

Zlkpd Zlkpd ] I 'g+
r2& "23+e ) =

I

1 —r21r23+e

Using Eq. (6b), we may write

Zikpd i(2kpd+ f23+ )

r21r23+e 1 r21
I
r23+ I

e
20

l I

60
B (IO G)

i I

IOO 140

so that

q+ =tan —'

From Eqs. (6a) and (8) we have

r2~
I
r 23+

I
sin(2kod +f23+ )

(10)
1 —r2~ I r23+ I cos(2kod+lg23+)

FIG. 1. Plot of the Faraday rotation 0 vs the magnetic field
8. The parameters used are N =2.3X10' cm, m*=0. 19m„
where m, is the electron rest mass, ny ——1, np ——1.95, n, =3.44,
co=6.455X10' s ', d =2000 A, and for the v. values indicated
on the curves. The corresponding plots of 0 are included for
comparison. The vertical line corresponds to the value co=co, or
8 =6.97X10 G.
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g —'(f 23+ —g 23—

in R.ef. 1 andis the rotation studied in

~MR= z(n+ (14)

and

—1——tan23+
(n + 1)co»(~+~s

(17)
n(~+~e )2+(nv —~ s) V+»

—1= —tan523+—
~»(~+~, )

(co+co, ) +V(V+A»
(16)
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