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Ahbstract
The optical energy gap (E,™') and eneray band tailing (AE;) for Ge33Ses7 XBix (x=0. 5.
F0. L5, 200 vacuum deposited amerphous thin Tlmes of abouwt {30025 nm thickness are studied in
the photen energy range (hv =110 5.4) eV.

The optical study showed that the optical energy gap decreases rapidly with increasing Bi
copcentraticn from (0-10)%, then it decreased slowly with increasing x. The width of tails of
localized states at the band edges showed an increase with increasing Bi concentration.
Depending on these optical and related thermocleetric properties for these Films, o lentative
energy band diagram is being suggested,
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Introduction

[l has been observed that vitreous germaniwm chalcogenides can be doped n-type with the
addition of Bi in a large concentration (=7 at %) [[11, [3]. This insensitivity is ascribed to the
presence of charged dangling bonds. An cqual number of positively and negatively charged
dangling bonds pin the Fermi level around the mid band pap slightly closer to the valence hand.
If the added impurity can alter the value of the cherged dangling boads considerably, the
conductivity may be increazed by many erders of magnitudes and conduction type reversal may
even ocour |5, 4], Further, EXAFS study has recently been conducted [12] on Ge 5Bi glass with
6. 8. and 16 Bi (at %)

The optieal absorption coelTicient (o) for many amorphows and glassy materials in the high
absorption region is found Lo obey the relation [7]

ahv = Blhv—E% b {10

Where B is a constant, 1 is 2 number between | and 3 < and (E,™) is the optical encrgy gap
aof the material.

The width of the tails of localized states at the band edpes (AL Jean be estimated. using the
Lithach relation [9):

a(w) = &, eapl(hv IAE). .. (2)

Where a, ig a constant, and AFE is a measure of extent of the band tailing in the band gap of
the material and detcrmined from the reciprocal of the slope of Ine against photon energy hy.

This paper will give resulls of a systematic study of the optical ahsorption edge of the
GeyaSeyr, By, (o=0,5,10,15, 20} amorphous thin films,

Experimental ;
The purity of the material are (99.999% pure). They were weighted in proportion 1o their
atomic percentages, then sealed in an evacuated quarts tube to ~ 102 torr and kept in a fumace
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whose temperature was raised 10 950°C. The ampoules were rocked frequently for (B in order
to ensure a homogeneous melt, then the mell is quenched in water.

Thin filims of the alloys were prepared at room temperature by vacuum cvaparation in a
hase pressure ~ 10 torr. ThR thicknesses of films were measured using crystal monitor and
Tolansky method.

The glassy nature of the samples were investigared using X-ray diffraction {XRD.
Absorbance measurement {A) in the wavelength range (7=200-1 100)nm was measured using
UV/VIS recording spectrophotometer (U'V-160 Schmatizu).

The optical band gap is calculsted using equation (1) in the form (ahy)1/2 plotted versus the
ploten ensrgy.

Results and discussions

The film samples were amorphous as revealed by X-ray diffraction technigque. Figure( 1)
shirws the plats of absorplion coefficient (u) versus photon enerzy (hv) for GeoSee., Bi, thin
Filme wdsh (00,310 15,200, Az evident from figure (1], (o) varies exponentially with (hvh =
the measied runge of (o), and increased with increasing the valuzof x, This resull 45 i
agreement with results on Ge208280-x Bix(x=0-131]101

Figure (2} shows plots of (eh v) 1/2) against photon enerey of GessSer. Bi, films deposited
at room temperature in accordance with eqn(1) and r=2. The extrapolated values of the non-
direct enerzy gap were (193,155, 1 21,1.03,1. eV al x=0.5.10,15, 20 respectively, as shown in
figure (3). The incorporation of 5% Bi inte Ge,.Se,: rosults in a decrease of (Eg opth by ahout
(0.38) eV, and the addition of ancther Bi into GoasSeqBis results in a decrease of (E."™) to ahout
.34 €V. Further addrtion of Bi. howevere causes very small very change in (E. . Thus, the
effect of adding Bi in the composition range (10203 has low effeot on the electronic struciurs
that becomes nearly constant. Our interpretation [or this is the effect of Bi, when the localized
slates approach saturation or when its effect on the electronic structure becomes very low. The
vzlue of energy gap at x=0 is in a good agreement with Kumar ctal {6] who found that the

addition of 11 at% Bi to amorphous Ges,Sey, films results in a decrease of the optical gap from
18510 115 eV,

Figure (4) shows the plot of In o against photon energy of GesSe g Bl films deposited at
ronm temperature in aceordance with eqni2). The reciprocal of the slopes of the linear parts of
the curves give the values of corresponding AE, (00858, 0.105, 0.11%. 0,121, 0.125)cV at the
value of x=(0.5,10,15.20) respectively as shown in fgurc.(5). The optical data suggest that the
addition of bismuth produces localized states near the valance band edge for p-type and near the
conduction band edge for n-type so that the electrical transport is due to hopping of electrons
after being excited into localized states [1].

Table I shows the values of (E;™"), AF, and the constant B {in equation {13) which is found
from the slope of figure (2) for all values of x_ [2]

Table 1: Values of (Eg ™)AL, and the constant 13 a1 different percemtage of x.

W (E.) V) WE, (e V) Blem-TeV-1) |
| 0 1.53 00858 0.94X103
' 5 155 0.105 1.11X105
10 121 0.119 1322X105 |
s 113 0121 1LEX105
= 20 110 0125 2.02X105
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The cbserved decrease in the optical map can he explained by the increased tailing of the
conduction band edge Into the gap. due W the addition of bismuth. The constant B in cguaticn
(1} has been calowlated and also listed in Tabic 1, These values zre within the range of” reported
data for non-crystalline materials [7].

A mode] has been sugoested for Ges:Se g Bi, thin films (fip 060 with x=(0.5.10.15 20% 1o
fit our opleelecironic data. The Hall effeet and thermoslectric measurements showed that the
electrical conductivity at room temperatuse was p-tvpe for x=(0,5%), while it becomes n-lype
for x= (E0,15,20%) [1]-

The optical pap showed a reduction from 1.93eV to 1.55eV for Ge335¢67 and doped with 5
% Bi, while it becomes (1.21,1.13,1.1eV at x=(10.15.209u). respectively. The shift of Fermi
level towards valance band was about (W278eV and 0.0745eV at x=0.3% {p-lvpe), while for n-
type the shift of Fermi level toward conduction band was about 02346V, 02762V and
(241 5eV at x=(10,15,20%9%), respectively. The width of tail is the same near B and B e, B-
La=Ei-E, which increases with increasing %, as shown in Table (T).

Conclusions

The optical transmizsion and absorption of GenBe .o Bi. (=0.5.30.1520) films of
thickness (300+3)nm have been measured in order Lo derive data on the absorplion edge and
band tailing. The (£, for Gegy See- xBi, films showed = decrease from a value of {1.93)cV at
=0t (1.55%V and (1.210eV 2t x=5 and 10 respectively, while AE, showed an increzse with
increasing the value of x. The optical data suggest thar the addition of bismuth produces
lacalized states near the valance band edge or pear the conduction band edge.
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