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The reflection and transmission of light waves by low- absorbing dielectric layer
on senii-infinite dielectric substrate is considered. Shown that in this system under cer-
tain conditions may be realised the effect of antireflection of light. Expressions for se-
lective layer thickness and frequencies in which occur reflectionless absorption of light
have been obtained.

1. Introduction

Thin films optics deals with the propagation of light waves through single
films and multilayers. The film is characterised by its refraction index, its ab-
soption coefficient and its thickness.

Propagation of light inside the material is strongly affected by the perio-
dicity. Study of light propagation in layered structures becomes actual recently
also in connection with analysis of operation of lasers with distributed feedback
and nanostructures. By playing with light interferences, it is possible to fabri-
cate a Bragg mirror, using stacks of dielectric layers.

The theory of optical design of multilayers is quite complex and tedious,
and has been presented for some simple cases [1-3]. For microwave region of
spectrum the effect of reflectionless absorption in layered medium both theo-
retically and experimentally was investigated in [4,5]. This method of investiga-
tion was extended to include optical wavelengths in [6].

In this paper we consider reflection and transmission of optical waves by
low-absorbing dielectric layer on semi-infinite non-absorbing dielectric sub-
strate.

2.Basic equations
We start by considering the reflection and transmission of light in a ab-
sorbing dielectric layer on semi-infinite non-absorbing dielectric substrate. Inci-
dent light is considered normally and plane polarised. In order to find an expres-
sions for the reflectance and transmittance of a dielectric film illuminated by a
parallel beam of light at wavelength A, we must consider the multiple reflec-
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tions of light at each surface of the film and perform a multiple beam summa-
tion. Thus reflected and transmitted complex amplitudes are given by [2]

N~ -k S ik
n+re” s tte”
T= Ae—zﬂd (1)

. f

_ 1
R= Tk 1+7
1

l1+rnre

3¢}

i n i

where 7, =re’ ; 7, =re'®; 1,7,.¢01, P, are complex amplitudes, modules
and phases of reflection coefficients, respectively, & is complex wave number.
In these equations the subscripts l1and 2 refer to the first and second surface of
the layer. The layer is assumed to be plane and parallel sided of thickness / and
complex refractive index 7 and is bounded by semi-infinite layers of indices 1
The Fresnel coefficients of reflection and transmission are
. 1-hA . _A-m . 2 . 24
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In formula (1), propagation constant & of the wave traveling in the
covering material is
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where A; = /’l/ n,y=% / n, nis the refractive index of the layer material,
7 1s the extinction coefficient of the material. The relation between extinction
7 and absorption 05(/1) coefficients in given wavelength A is
A
a(A)= 7" (4)

For the concidered layered structures modules and phases of reflection
coefficients are given by the well-known relations
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Let introduce x = / / ﬂ'd . The expressions for energy reflectance and
transmittance may be obtained from equation (1)
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Fig.1 Absolute values of reflection R(x) and transmission T (x) coeffi-
cients .vs. thickness of the covering material in the two-layer dielectric-

dielectric structure: , =0.2;7, =0.4; n=1.5;y=0.02.
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Fig.1 represents dependence of reflection coefficient amplitude R and

transmission coefficient amplitude 7" on absorbing layer thickness when the
coating is low-absorbing. One can see that reflection coefficient has damping

oscillations. Thus a standing of extremes of curves R(l ) are realized at thick-
ness of a absorbing layer of distinct from quantities of multiple 4, / 4 There are

two regions in the R(l ) dependence which differ by character of changing of

extrema in increasing of thickness of the layer. The lower absorption coefficient
the higher the number of minimum which takes place no reflection.

From equation (1) one can see that the condition of reflectionless absorp-
tion of incident light is

7, exp(z'go2 —2ikl)= -, exp(iqol) (8)

It is well — known that in its simplest form (when y =0 ) anti- reflecting

layer is homogeneous, its thickness is a quarter wavelength and its refractive
index equals the geometric mean of the indices of the two adjoining media :

n=qn ©)

In this connection we shall introduce the suggestion that the specified
zero minimum of functionR(l) is realized at thickness of a layer of the sub-

stance a little differing from quantities of multiple A, /4
_2N-1
4

where NN is ordinal number of the zeroth minimum of function R(l ); A is

X

+A (10)

the quantity to be determined by optical parameters of coating material.
Substituting equations (3) and (10) into equation (8), we find

r,
lnT =y[7eN-1)+ @, -] (11)
1
A n 4 47
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A

Equations (10)- (12) allow functional relation between incident light
wavelength A, layer thicknees [ and its optical parameters 7 and y, for to
arise reflectionless absorption in the coating.
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It is clear that to calculate the selective quantities of wavelength ﬁ.o and

thickness ZO which reflectionless absorption occurs we have to take into ac-
count spectral characteristics of the coating.

3.Dispersion relations for dielectric layer
According to dispersion theory of light the real &' and imaginary parts

&' of dielectric constant may be expressed as [2]
W d-o  amg e
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where 71, is refractive index far from the resonance; q, m are charge and mass
of electron, NV, is concentration, ¥ is damping coefficient, @ is frequency.
Resonance frequency @; according to Lorentzs field in condenced matter
may be expressed by frequency @, and concentration

) 47N . q*
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It is easy in the first approximation from (14) to have relation between &'

and &'
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Solution of equations (11) and (16) allows us to find optical parameters of
absorbing dielectric layer

s'znz—;f:nz(l—yz), g'=2ny=2n"y (18)
To determine the frequency which the effect of reflectionless absorption
takes place may be used next equation

-_ 7 (19)
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For to find thickness of layer may be used the equation (12).
We have been presented basic expressions to solve the problem of reflec-
tion and transmission in absorbing coating. But in learn this problem by practice

often we deal with low — absorbing layers ( << n) When ( 7y << n) from
equations (5) and (18) may be obtained
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From equations (11) and (20) in the first approximation one can see the
next relation
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Combined solution of equations (16) and (21) allows to determine selec-
tive quantities of 7 and y for low — absorbing dielectric layer. Then from

equations (12) and (19) we can find frequency and thickness of layer to be ob-
tain reflectionless absorption.
When y =0, A =0 we have from equations (9) and (10)

n = n, [ :i(ZN—l) (22)
4n
which are well — known conditions in transparency optics [2].

The energy transmitted from low — absorbing layer in the reflectionless
absorption may be expressed by

221’1 (l—n2)2+2}[2(l+n2)
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Optical parameters 72,7 and y in (23) are quantities which satisfied

T

T=n, (23)

condition of reflectionless absorption and related in equation (11).

4.Conclusion

The reflection and transmission of light by absorbing two-layer dielec-
tric- dielectric structure is theoretically considered. Expressions for selective
layer thickness and frequencies in which occur reflectionless absorption of light
in this system have been obtained. The conditions for to realize anti-reflecting
coatings in optical medium with resonance type dispersion have been found.

Propagation of light in low-absorbing layered system have been ana-
lysed. The energy transmitted from low-absorbing layer when reflectionless
absorption takes place was calculated. The lower absorption coefficient of layer
the higher the number of minimum for no reflection of light in the dependence
of reflection coefficient on layer thickness.
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ZOIF UDAN DIELEKTRIiK T9B9Q9D9 iSIGIN YAYILMASI
M.M.PONAHOV, R.O.KOROMOLIYEV
XULASO

Sonsuz qalinliga malix dielextrik iizerine ¢exilmis udan dielektrik
tobagaden isigin axs olunmasi ve Kegmasine baxilmisdir. Gosterilmisdir
Ki, mioyyen sortlor daxilinde bu sistemds isigin sxs olunmadan udulmasi
mimxiindiir. Is1gm oxs olunmadan udulmasma uygun 16vhe qalinlig1 ve
tezlirlor iigiin ifadslor alinmisdir.

PACIIPOCTPAHEHHE CBETA B CJIAGOIIOI' JIOINAIOIITEM
JHUDJIEKTHYECKOM CJIOE

M.M.ITAHAXOB, P.A. KAPAMAJIUEB
PE3IOME
PaccMoTpeHo oTpakeHHe H TPOITy CKaHHE CBETOBBIX BOJH CJIaGOMOITIOMAIOIIHM
TH3JIEKTPHYECKOM CJI0EM Ha IOJTy 0eCKOHEYHOH [HI/IeKTPHYECKOH rozsoxke. [Tokasa-
HO, 4TO IPH OIpeJIeIeHHBIX YCIOBHAX B 3TOH CHCTEME BO3MOXKHO Oe30TpaxkaTellbHOe

TIOIVIOLIE€EHHE CBETa. HOJTY'-ICHBI BbIPA@XXEHHs U1 CEJIEKTHBHBIX 3HaYeHHH TOJIIHHbI
CJIOSA H YaCTOThI CBETaA INPH KOTOPLIX ITP OHCXOAHT 6C30’Tpa)KaTeJ'IbHOC TIOIJIOUIEHHE.
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