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OBLIQUE INCIDENCE SPECULAR REFLECTION
OF UNPOLARIZED AND PARTIALLY POLARIZED
IR RADIATION BY UNIAXIAL SEMICONDUCTORS
AT PLASMA RESONANGCE

FOLTIN, 0.}), Bratislava

The oblique incidence specular reflectivity spectrum of the basal reflection
of unpolarized or partially polarized IR radiation is proposed for obtaining the
plasma resonance frequency of a uniaxial semiconductor, wp , which yields the
axial component of the susceptibility effective mass, m,.

I. INTRODUCTION

The susceptibility effective mass of carriers, in,, can be mmsaw—..mm. within the

scope of the Drude—Zener theory (see e.g. [1—6], by means of the measurement’

of spectral dependence of the normal incidence specular reflectivity at plasma re-

sonance. In the case of optically uniaxial semiconductors separate measurements’

(using infrared radiation polarized with the electric vector E parallel and perpen-
dicular, respectively, to the c-axis of the crystal) must be performed in order to
obtain two components of an anisotropic effective mass. When dealing with the
naturally layered crystals, the measurements with radiation polarized parallel to
the c-axis (yielding the axial component of the susceptibility effective mass, m,| )
are difficult to be performed as there are problems with:the production of a re-
flectance face that is parallel to the c-axis (i.e. perpendicular to the easy-cleavage
planes). To avoid those problems the method which uses oblique incidence specular
reflectivity measurements at the basal (easy-cleavage) plane reflection of p-polarized
(E parallel to the plane of incidence) radiation was proposed {7]. For such mea-
surements a polarized and a large angle of incidence specular reflectivity unit are
required as accessories to the IR spectrophotometer.
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II. OBLIQUE INCIDENCE REFLECTIVITY

To avoid the use of a polarizer the measurement of oblique incidence .mvon:_ww
reflectivity (at basal plane reflection) with unpolarized ?w.eﬁ.m_.v or vwzw_w:.% po-
larized IR radiation is proposed. In the case of an unpolarized incident radiation
the reflectivity R, will be

Ry = (Ry + R,)/2, (1)

where R, and R, are the reflectivities for p-polarized and ..?mo_wlsam A@ vonvaw.
dicular to the plane of incidence), respectively, incident radiation. According to [8]

the following formulae hold:
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where

2{ 3} = (0 — K —sin? o) 4 and LIV £ (0 — KL —sin®g), ()
1
ny(n .rv m:m ky(k1) are the respective nmw_.wzm ::mmmumnvu omawn“ﬂm“a” %m .M-Mon““
plex index of refraction for electromagnetic waves vo?ds.m mOm ; m.m e
vibrates parallel (perpendicular) to the c-axis. ¢ is the angle o incidence. .
According to the Drude—Zener 259.« ..ra, real, £y and er.o imaginary, €3y,
components of the complex dielectric function, £y, fulfil the relations
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and
€ 1
e = 2nyky = 21 )

2
“T (w/wpy)” + (Lfwgymy)?
The complex dielectric function €1 is given by relations analogous to (8) and (9)

with the index 1 instead of the index ||. T is the optical relaxation time, €, the

high-frequency dielectric constant, w the angular frequency and wp the angular
frequency of plasma vibrations. There holds

El Zmu H\N
= | eoeim (1)

where N is the concentration of free carriers, ¢ the permitivity of the vacuum, e the
electron charge and myy the axial component of the susceptibility effective mass.
A mOn.B:._w analogous to (10) is valid for the radial component of the susceptibility
effective mass, My 1, when indices I| are replaced by indices 1.

The mo:E:.m (10), relating the susceptibility effective mass to the plasma fre-
quency, was derived on the assumption that
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Fig. 1. Frequency dependence of the spec-
ular reflectivities R,, R. and R, computed
for the basal plane reflection of a uniaxial polarized radiation incident on the basal

mmEmnomacnog for the angle of incidence plane at the angle equal to 60°, 70° and
¢ = T70°, where Wy and wpy are the angu- 80°. .
lar ».ama:mznmnm of plasma vibrations,

Fig. 2. Frequency dependence of the spec-
ular reflectivity R, computed for an un-
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III. RESULTS

Fig. 1shows the calculated spectral dependence of Ry, R, and R, for the angle
of incidence ¢ = 70°. Fig. 2 shows the spectral dependence of R, for the angles
of incidence ¢ equal to 60°,70° and 80°. The formulae (1) to (9) were used for
the calculations of the reflectivities. The values of physical parameters have been
chosen so as to resemble the n-type BiySes single crystal with the concentration
of free carries of about 3 x 10!° cm™3 [9], namely wpy = 0.74 x 101571, W, =
1.38% 10571, e = €00y = 29 (see [9, 10]). The isotropic [6, 9] optical relaxation
time was considered to be T = 5x 10~ 145, A singularity of reflectivity R, (as well as
of R,) can be seen near wpyi- The slight shift of the singularity from the considered
value of wy| represents only a few per cent of the value of wp||- The larger the angle
of incidence, the more pronounced is the singularity. There may exist combinations
of values of physical parameters which will not show a singularity of reflectivity.

When using an arbitrarily polarized incident radiation with the polarization
factor Q defined by

Q= Qm - ~..v\Qu + 1) va.
where I, and I, are the relevant irradiances, then the reflectivity R will be {8]
R=[1+Q)R, +(1- Q)R.)/2. (13) -
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R Fig. 3. Frequency dependence of the spec-
0.0 I 1 ular reflectivity computed for an unpolar-
0.5 10 15 20 ized (R.) and for a partially p-polarized
wl10™ '] (R) radiation, incident on the basal plane

at the angle ¢ = 70°.

‘Further computations have shown, if there is a mmumﬁwl@ of Ry at wpyy, so there

is a singularity of R at Wy, provided neither the s-polarization prevails in the
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incident radiation, nor is there a sudden change of the polarization factor in the
considered spectral range (wy is assumed to differ substantially from wp1 ). This
is demonstrated in Fig. 3 which shows the spectral dependence of reflectivity for
an unpolarized or a Partially polarized IR radiation. The curve for a partially
polarized incident radiation corresponds to the case when the polarization factor
grows linearly with the angular frequency, namely Q@ = 0.2+ 0.1 x 10~4w.

REFERENCES

1] Evans, B. L., in: Optical and Electrical Properties. (Physics and Chemistry of
Materials with Layered Structures), Vol. 4, Ed. Lee, P. A, D. Reidel Publ. Co,,
Dordrecht/Boston 197,

2] Kessler, F. R., in: ﬁm«%%@n%s&?iﬂ Vol. 2, Ed. Sauter, F,, Vieweg, Braun-
schweig 1963.

{3] Fan, H. Y., in: Light and Matter 1a, Encyclopedia of Physics, vol. XXV/2a, Ed.
Genzel,L., Springer-Verlag, Berlin/Heidelberg/New York 1967.

[4] Lostsk, P, Horik, J,, Vasko, A, Nguyéii Tat Dich: phys. stat. sol. (a) 59
(1980), 311. : ‘ :

[5] Lyden, H. A.: Phys. Rev. 134 (1964), A1106.

[6] Tichy, L., Hordk, J.: Phys. Rev. B 19 (1979), 1126.

[7] Foltin, O.: phys. stat. sol. (a) 118 (1990), K43.

[8] Mosteller, L. p. Jr., Wooten, F.: J. Opt. Soc. Amer. 58 (1968), 511.

[9] Gobrecht, H., Seeck, S.: Z. Phys. 222 (1969), 93.

[10] K&hler, H., Becker, C. R.. Phys. stat. sol. (b) 61 (1974), 533.

Received Aungust 29th, 1990
Accepted for publication September 26th, 1990

3EPKAIILHOE OTPAYKEHHE HEINOJIAPH30OBAHHOIQ M YACTHYHO
HOJIAPU30OBAHHOI'O HH®PAKPACHOTO H3NIYYEHUA OPH HAKIIOHHOM
HNAOEHUHT HA OIHOOCHEIE IONIYTPOBONHUKY NPH NIIASMEHHOM
- PEBOHAHCE

HOpegnoxeno HCIIONL30BaT) JaCTOTHYIO 3aBHCHMOCT) O€PXAIBHOTO OTpaXeHHd He-
MOIAPHIOBAHHOIG H YacTHYHO NOAAPH3 OBAHHOTO BH}paxpacHoro Naaw.ﬂmzﬂh IIDH €ro Ha-
KIOHHOM NafeNHHE Ha nmockocTs CKONa OfHOOCHRIX TMONYNPOBORHEEOB nua onpenenenEs
IIa3MeHHOH JaCTOTH, wpyy, Ratowei AKCHAIBHYIO KOMIOHEHTY apdexTuBHOR Macchr g
BOCIPEEMYHBOCTH, myp.
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