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Conditions for the formation of light wave reflection amplitude spectra minima
by the three-layer system of interfaces of the type: vacuum - oxide plane-parallel layer
(resonator) — bulk crystal in the phonon region are investigated.
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Analytic expressions connecting the frequency that corresponds to the minimum
of reflection contour with the parameters of dielectric films and resonant excitation of
bulk TO-phonon are obtained.

1. INTRODUCTION

There is a great deal of interest in the investigation of semiconductor surface oxidation, and
following development of testing methods for the layer parameters of intrinsic oxides such as for
Zn0O-ZnSe, SO,-S and so on. Reflection spectroscopy in the region of optical phonon excita tion
is conveniently to use to these effects’. Comparing to other collective excitations of crystal, as
excitons, for example, optical phonons are less critical to the damping factor value? and are
realized by the transverse nature of light as well as by simultaneous performance of both - the laws
of conservation of energy and momentum during the lattice absorption of phonon. Therefore,
during that it is possible to convert the photon only to transverse optical TO — phonon. Hence, the
complex permittivity in the region of TO — phonon excitation spectrum is®

2
~ £, —E_ Y, : 1
E(w)=¢€_+ go =10 =¢ +ig, (1)
(a)m—a) - joy

where ¢, — static and e, — dynamic permittivities of the crystal, wy, — resonance phonon
frequency, y— damping factor.

This paper proposes a way of solving the problem. As it is known* if there is a non-
dispersive layer on the crystal surface then the spectral position of out-line minimum is determined
as by the parameters of collective excitation as by phase thickness of the surface layer. The phase
shift together with the shift on a boundary of substrate — layer is 2 what opens the possibility to
establish the dependence of w,, upon the layer parameters.

2. RESULTS AND DISCUSSION

The reflection complex amplitude 7; from the plane parallel layer on the crystal surface for
any arbitrary angle of incidence taking into account multi-beam interference is
- o B(1-R3 Jexp(=id,)
N3 =ha+ ~ = ; :
=7 7p3 exp(—id )
Here, 12 and 23 indices correspond to interfaces of vacuum — layer and layer — substrate,
_4mnd

N

)

0 £ —is the wave phase shift in the layer with thickness d¢ and refractive index n, .

In (2) first term is conditioned by the wave reflection from external interface (reference
beam), and second term is due to multireflection of the beam inside the layer (informative beam).
These beams are coherent, they interfere and resulted interference pattern is determined by
physical parameters of resonator reflection system. For the wave-lengths A,, which correspond to

reflection minimum the following condition should be valid

iy
—2=0, 3
- 3)

and according to (2) at the wave-lengths A,, the condition of phase compensation is
(Py3+65 =mm, 4)
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where m — is arbitrary whole number, ¢,; — is wave phase shift at the reflection from the internal

interface of substrate — layer.
It is easy to see that condition (4) is correct only in the region of out-line refection minimum
by the following. According to (2) energetic reflection coefficient Rj3(w) is

.2 A
(P12 = Pa3 )* +4P12po3 sin’ 5

Rz =H3n3 = A=y +0, (%)

1+ ph P33 = 21203 cos A
where 7 = p; exp(i¢; ). The expression (5) as a light frequency function has a unique extremum

— minimum in the point of ® = w,, where the following conditions are satisfied
R 2R

dRy; _ and TR
dA d

The condition (5) allows to establish the correlation between the parameters of

n, x — hat are optical refractive and absorption indices in the substrate bulk.

In fact, according to the definition of tangent of wave phase shift at reflection from the
interface of layer — substrate

0. (6)

dg and

m?

Im 723 _ 2)(ns (7)
Re¥ —n2_ 42
23 Eg—nT—)

tan @p3 =

where permittivity €, = nsz( X, =0). Taking into account (4) the equation (7) become

2eep 2
2

(el +e3)12 (8)

N

e2rel vei+ =
2 :
tan“ 8,  sin

Its solution gives the answer on our issue>°. Having found real and imagine parts in (1) and put
them in (8) we have the following 4rd order equation relatively w?:

2
2
(2e5e., +(ed +e2 Jtan® 8 P —| Z55= | +
cos” 8¢

2
N 2(e2 +ege. Jtan® Sg A (07 — 0% )+ €2 (€k + €2 )AT  tan® 8¢
2 22, .22

(070 —07)" + 07y

+2(2ege., + (€% +€2 )tan* 8¢ ) *

2 22 2.2
(070 —0° )" +07y

) 2 2
| 2858w | (A +2(070 =07 )ALy
cos? Og

2(e2 tan® S +2ege., )AL 1 (07 — > )+ €20 1 tan® 8 ¢ _
2 22,272
(070 —07)" + 07y

0. 9)

For the sake of simplicity let us suppose that &, = €., then Eq. 9 is summarized as following

2 . 2 2 2 .2
Qz +Q(A8(DTO N ,}/2 )+(SZH6S A (1)12«0)2 _ 4e’ cos 5Sw7“0/y _
£

0 (10)
€ tan® 8, 2e, sint §

and has a solution



74

wz U)%O +%(Q+\/(Q2—Sln26sA%T +a)]2~0)/260tan255))

min —

(11)
Q :ALT_)/Z COtan26s, ALT :U)io—w%O’ AS :80—800
If the condition y{{wy, is satisfied, then Eq. 11 is reduced to
2 . 2
2
€ 4e’
with solution
w? =0}, {1 + ﬁcos2 STS} . (13)
€0

It follows from (13) that energetic minimum position of phonon reflection out-line oscillates
periodically between the limit spectral positions of phonon resonance frequencies w;, and ;.

In limiting case whendg — 0 solution (13) coincides with well-known Saachs-Teller-Lyddane
expression

2 2 € 2
Opin = OF0 —>== 070, (14)
that confirms the correctness of the proposed approach.
Let us see the dynamics of phase spectra variation. As it follows from
—=2=2R +1 =0, 15
JA ens( JA an@3 JA ) (15)

if the godograph 75 locus crosses the coordinate origin at the frequency of w,,;,, then the phase

out-line changes its spectral shape as it peculiar to excitonic part of the spectrum®. If it envelopes
the origin of coordinates then ¢,5(w ) out-line has a “S” shape otherwise it has “N” shape.

CONCLUSIONS

The out-line minimum of phonon reflection wave from interfaces of vacuum — nondispersive
layer — bulk with resonance dispersion of permittivity locates at the frequency of phase compen-
sation. Spectral position of out-line minimum is determined by the layer phase thickness and
parameters of resonant excitation in crystal. The frequency of out-line reflection minimum
oscillates at the variation of layer phase thickness in limits of longitudinal-transverse splitting.

Phase ¢;;(w ) of reflection wave is multiple to 7 at the frequency of reflection curve mini-

mum. The proposed approach is correct for arbitrary case of reflection for Hertzian waves by three
layer structures.
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