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Abstract. The analytical expression of the spectrum, derived for the region of exponential
absorption of amorphous semiconductors, is investigated. The parameters in this expression that
determine the slope of the tails of the allowed bands are determined by fitting to the exponential
absorption spectrum, which are determined experimentally. For the Davis-Mott approximation, a
new formula is derived from the Kubo-Greenwood formula, which determines the densities of
electronic states at the tail of the valence band. Using these formulas and the experimentally
determined exponential absorption spectrum, it is shown that it is possible to determine the density
of electronic states at the tail of the valence band.
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3KCHOHEHHI/IAJILHI>II71 CIHEKTP NOI'JIOIEHUSA U PACIIPEAEJEHUE
MJIOTHOCTH JIEKTPOHHBIX COCTOSIHUM HA XBOCE BAJIEHTHOM 30HBI
AMOP®HBIX ITOJYITPOBOJHUKOB

AHHomauu}l. HUccneoosano ananumuveckoe 8blpAadicenue cnekmpa, noly4eHHoe onsa
obracmu IKCNOHEHYUAIbHO20 NO2TIOULEeHUA aMoquHblx nonynpoeodﬂukoe. HapaMempbl 6 OMmom
BblpAJNCEHUU, onpedeﬂﬂiomue HAKJIOH X60CMO6 pd3pPEULeHHbIX NOJ10C, onpedeﬂﬂiomc;z NOO20HKOU K
IKCNOHEHYUAJIbHOMY CNEeKmpy NO2JIOUlEHUAL, KOI’I’lOpblZZ onpedeﬂﬂemc;l IKCNEPUMEHMATIbHO. ﬂ]lﬂ
npubnusxcenusn J[peuca-Momma Hosas ¢opmyna evieooumcs u3 gopmynvt Kyoo-I puneyoa,
Komopas onpedeﬂ;zem NJAOMHROCMuU  IJ1€KMPOHHbLX COCMOSIHULL 8 XB80oCme BAJIeHMHOU 30Hbl.
Hcnonv3zyss smu opmynvt u dKCNepuMeHmaibHoO OnpeoeeHHblll IKCNOHEHYUAIbHBIN CHeKmp
nocioweHusl, noKasaHo, 4mo MOINCHO onpe()eﬂumb Nia0OmHOCNb IJ1E€KMPOHHbIX COCMOSAHUIL 8
xeocme 6ANIEeHMHOL 30Hbl.

Kniouesvte cnosa: amopguvie noaynpogoOHUKU, X60CMbL PA3PEULEHHBIX 30H, Gopmyna
Kybo-I'pungyoa, memoo npubnusicenus [reuca-Momma, 31eKmMpoHHO-OnmMuyecKue nepexoowl,
3KCI’lOH€HZ4LlaJZbeZIZ Cnekmp  nocjlouieHus, wupuHa 3al’lp€W€HH01/7 30Hbl, napawempal,
onpe()eﬂmou;ue HAKJIOH X60CMO06 pA3PEULEHHbIX 30H, pacnpedeﬂeHue niomrocmu 31€KnpoOHHbIX
COCMOSIHUIL.

INTRODUCTION

It is known that it is customary to study the spectra of the optical absorption coefficient of
amorphous semiconductors by dividing it into the regions of fundamental (interband), exponential,
and defect absorption [1].

The energy of photons absorbed in the region of exponential absorption will be less from
the energy width of the mobility gap (E, ) and more from &, — &, , i.e.
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. —¢&, =E, =hw>e&,—&,. Where g, is the energy position of the point of intersection of the

exponential tails of the allowed bands (Fig. 1), ¢, is the top of the valence band, and & is the

bottom of the conduction band. When such photons are absorbed, the following optical transitions
of electrons occur simultaneously: from the tail of the valence band to the conduction band, from
the tail of the valence band to the tail of the conduction band, and from the valence band to the tail
of the conduction band [2].
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Fig. 1. Types of optical transitions of an electron, when the absorbed photons are in the
interval ¢, —¢, <hw < ¢ —&, = E; in amorphous semiconductors. 1 - from the tail of the

valence band in the conduction band, 2 - from the tail of the valence band in the tail of the
conduction band, 3 - from the valence band in the conduction band.
MATERIALS AND METHODS
In [3], based on the results of calculations, in determining the value of the exponential
absorption coefficient, it was shown that the main role in this is played by optical electronic
transitions from the tail of the valence band to the tail of the conduction band (Fig.1) and for these
transitions the Kubo-Greenwood formula, for the approximation Davis-Motta [4] is written as
follows:

cc—ho
¢ de
a(hw)=A [ g.(2)9,(e+hw)—. (1)
by ho
L L 8z'e’h’a . .
Here the proportionality coefficient is A= W where a is the average distance between
nc(m

the semiconductor atoms, n is the refractive index of the semiconductor, cis the speed of light in
vacuum, m”are the effective masses of electrons in the conduction and valence bands of the
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semiconductor, 7 is Planck's constant, @ is the frequency of absorbed photons, g, (&) is the
distribution of the density of electronic states at the tail of the valence band, and g(¢ +7w) is the

distribution of the density of electronic states at the tail of the conduction band.
In [5], the distributions of the densities of electronic states on the exponential tails of the
allowed bands are written in the following forms: for the tail of the valence band

g,(e) =N(g,)exp(-p,(e—¢&,)), where & <E<¢g (2)
and for the tail of the conduction band
9,(¢) = N(ec)exp(B, (e —&c)),
where g, RE=&E;: 3)
In these formulas, N(g,) - and N(g.)- are the effective values of the density of
electronic states of the valence and conduction bands, respectively, and they are equal to N (g, )=
N(e.)=10% eVicm=3[6], B, - and }3, are parameters that determine the slope of the tails of the

valence and conduction bands, respectively.
By supplying (2) and (3) to (1), performing calculations, the following result is
obtained:

B
a(hw) = —————exp(f, (ho - E )L -exp((B, - f,)(hw - E,))], (4)
(B, - pheo ' ’ [ ‘ ' ’ ]
here B isequal on B = AN(g, )N(g,) [7].
In order to determine the analytical solutions of the exponential absorption spectrum using
this formula, it is necessary to find the constants B, E,, /,, and f3,. For this we will use the

results of the exponential absorption spectrum determined experimentally.
In [8], the spectral characteristics of the optical absorption coefficient of the amorphous
selenium-gray compound a—Se,S, ,. are given. To determine the above constants, we choose the

results of experiments performed for a-Seo5Soss.

RESULTS
We divide the selected spectral characteristics of the optical absorption coefficient into
interband, exponential, and defect absorption regions (Fig. 2). In [9], the values of B and E,

were determined considering them as fitting parameters, comparing the results of calculations of
the formula for the interband absorption coefficient obtained for the parabolic allowed bands with
the experimental results: B =7.5*10°cm™and E, =2, 25¢eV.

To determine the numerical values of B, and f,, we will consider them as adjustable
parameters, compare the experimental results for the exponential absorption region with the results
of calculations of formula (4). After these comparisons, values were obtained equal to 5, =16.2
eV1and B, =19.8 eV (Fig. 2, solid curve).
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Fig. 2. Spectral characteristics obtained from experiment [8] for amorphous SeosSos and
formula (4). a - region of interband absorption, b - region of exponential absorption, ¢ -
region of defect absorption.

In [10], the following expression is given for the derivative with respect to one
variable of the integral of a function of two variables:

q AW 5D 58 (x, y) 0B(Y) oY)
— | (o y)dx= | —===dx+ =21 Ly) - 22 ¢ , 5
ay | Foende [ S B e SEE 1m0 - @)y ©

Putting this formula in (7), we get the following expression:

oa(hw) _ 0 A(ng (gl(g)gz(g +ha)))d£ _
ohw ohw e how (6)
A b5, a(ho A
-2 | a@ g hods - S Pog, o~ hwyg, (o).

&c—hw

Putting (2) and (3) into this formula we get:

0(0) - AN, N (oo XD, ) XD, B, EXDUB, (- ¢ +he)da— 2012
ho ho et ho
PN N (o) exp(-, (B, ~1e) = 7)
ho
__ BB en A B B, _a(ho)
= holf, _ﬂl)exp(ﬂz (hw-E,)) hwexp( Bi(E, hw))((ﬂ2 —/31)+l) P
In expression (7) we denote:
9,(¢) =N(g, ) exp(-Bi(e —&,)) = N(&,) exp(_ﬂl(Eg - ho)) (8)
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Using (8), we calculate which energy position determines. E; — 7@
e—&, =E, -ho: E=¢6.—& —ho+sg, =¢. —hw 9
Since in this expression, E, >hw>¢g, &, , & <0 ,¢ in formula (9) determines the energy

position at the tail of the valence band. Therefore, from equality (7) we obtain the following
expression:
oa(hw) B,
ohw ho(B, — B)
From the latter, the output is:

B B o)
o) YOG Y e

exp(p, (hw—E,))

oa(hw) a(ha)))

BIB2 exp(ﬁ2 (ha)— Eg)) - 6h60 ha) (11)

hao(B, — B1)

7,
B(—————+1
G—py

We rewrite expression (11) by averaging the absorption coefficient and the energy of
absorbed photons in the following form:

hioN (g, )(

g,(e) =

2Bp, (ho,,, +ho,)

- (ha,,, + hao,)N (&, )((ha)i+1 o) B, —B) exp(B, (" _E,) )
ZB(L +1)
(132 _/31) (12)
(ho., + hay )N (& )(ai+l (hw) —a; (ho) L Gia (ho) + «; (ha)))
- i+l i \ ha}nl — ha)i ha)m + ha)i
B,
2B(——=—+1
G-py

Here «,(hw) - and hw, are the absorption coefficient and the energy of absorbed photons,

determined experimentally. Submitting the experimental results to (12), let us calculate the distribution
of the density of electronic states at the tail of the valence band. The calculation results are shown in
Fig. 3 (solid curve).
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Fig. 3. The distribution of the density of electronic states at the tail of the valence band for
amorphous SeosSos was obtained from formula (12).
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In the present work, the exponential absorption spectra are compared, the analytical expression
obtained and those determined experimentally. These comparisons show the possibility of finding the
parameters that determine the steepness of the tails of the valence and conduction bands. Using the
Kubo-Greenwood formula by the Davis-Mott approximation method, for the region of exponential
absorption, a new formula is derived that determines the distribution of the density of electronic states
at the tail of the valence band. It is shown that this formula makes it possible to determine the
distributions of the density of electronic states at the tail of the valence band from the experimental
spectra of exponential absorption.

10.
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