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Absor ption spectra and extrinsic photoconductivity of
Cu and Cd doped GaSe single—crystal films
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GaSe single crystal films were doped during growth process with Cu or Cd atoms with concentration ranged between 0.05
and 0.50 at. %. Single crystal films (with thickness about 0.5 um) were obtained by mechanical splitting of bulk single
crystals. Impurity concentration was determined using atomic emission spectroscopy. Spectral dependences of absorption
coefficient and photoconductivity were studied in the range 1.50 eV — 3.70 eV. It was experimentally established that the
absorption spectra have an additional absorption band and its corresponding energy depends on the nature (Cu or Cd) and
concentration of the doping atoms. Also, independently on the presence of the dopant, other two absorption bands in the IR

region are present.
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1. Introduction

Stratified crystas (GaSe, GaS etc.) are strongly
anisotropic semiconductors [1-5]. These compounds are
characterized by a hexagonal symmetry within each layer
and extremely weak bonding between layers [2]. These
specific bonding structures (consisting in
chalcogen/meta /metal/chal cogen packages) cause the easy
cleavage perpendicular to c-axis for these compounds and
is a convenient characteristics from the point of view of
sample preparations (particularly for reflectivity and
absorption measurements) and also for various modern
technologies (optoelectronic devices, tandem solar cells
structures, interferometric devices, etc.) [2-4].

Galium selenide (GaSe) has been regarded as
material with many atractive properties such large
absorption coefficient, remarkable photoconductivity in
vicinity of fundamenta absorption edge, large band-gap,
etc. Consequently, this compound offers an important
number of gpplicationsin above mentioned domains|[2, 6, 7].

In this paper, some optical and photoelectrical
properties of Cu and Cd doped GaSe single-crystal films
(d = 0.5 pm) are investigated. The obtained results are
correlated with structural characteristics of the samples.

2. Experimental

Cu and Cd doped GaSe single-crystd s were grown by
Bridgmann method. Dopant concentration (ranged
between 0.01 at. % and 0.50 at.%) has been determined
using spectral emission anadysis [6, 7]. The following
spectral lines were used as analytical lines: A, = 3247.5 A
and A, = 3273.9 A for Cu atoms, and A; = 3261.06 A and
A2 = 3467.6 A for Cd atoms.

The absorption and photoconductivity spectra were
recorded using a spectrophotometric arrangement based on
a monochromator equipped with diffraction gratings

(1200 mm™ and 600 mm™) in the spectral range from
1.50 eV to 3.70 eV, the energy resolution of respective
arrangement being about 2 meV [6 -8].

The pardlelepiped samples of (0.05 x 3 x 6 mm°)
were used for photoconductivity measurements. Indium
films (d = 1.20 — 1.80 pm), deposited by thermad
evaporation under vacuum, were used as el ectrodes (ohmic
contacts).

The absorption coefficient, a, was caculated from the
following expression [8]:
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where d represents the film thickness and Ry and T, are the
reflection and transmissi on coefficient at wavelength A.
The experimental procedure has been described in
detailsin our previous papers [6-8].

3. Results and discussion

The study on the spectral dependence of the reflection
coefficient (for photons with energy 7iaw= E, where Eyis

the band-gap energy) may provide useful information on
the optical transitions between extremities of the valence
and conduction bans in the different points [9-11].

It is known that the metallic atoms impurity of I, 11
and IV groups introduced in GaSe crystals determine a
decresse of metalic vacancies and the excess of the
respective atoms are localized between chalcogen layers of
the stratified crystalline structure [5]. Because the d eavage
planes contain the chalcogen atoms, the doping elements
little influence the shape of the reflection spectra for

photon energy 7wz E, .
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Fig. 1 illustrates typical reflection spectra for three
studied sample: non-doped GaSe (curve 1) and doped with
0.50 at.% Cu (curve 2) and 0.50 at.% Cd (curve 3). It can
be observed that Cu and Cd atoms do not modify the
energy values in characteristic (critical) points (located at
3.35 eV and 4.90 eV, respectively), but the small details
(E, F and especialy B) are strongly reduced. The decrease
of C and D bands in refl ection spectra of Cu and Cd doped
GaSe single-crystals films is probably due to the presence
of the new chemical bonding of impurity atoms in the
reorganized lattice structure,
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Fig. 1. Reflection spectra for GaSe single crystals:
(1) — non-doped; (2) —at. 0.50 % Cu-doped; (3)—0.50
at. % Cd-doped.

Fig. 2 shows the absorption spectra of Cu doped GaSe
single crystd films (dopant concentration, C, ranged
between 0.01 a. % and 0.50 at. %). It can be easily
observed that the fundamental absorption edge for pure
GaSe films and for the films doped with 0.01 at. % in
practice coincide (Fig. 2a). For doping element
concentration greater than 0.01 at. %, the sope of Ig
a= f(ha)) curves decreases (Fig. 2b).

The spectra dependence of the absorption spectra for
photon energy fico>2eV, is influenced by formation of
impurity acceptor levels (in forbidden band) situated near
the top of valence band [6, 7, 12].

It is known that binding energy of excitons in GaSe
crystals is about 25 meV [7, 12] (this value weakly differs
from the thermal energy corresponding to room
temperature) therefore, it can be supposed that
fundamental absorption edge determined by photon
absorption is associated with emission and absorption of
the phonons (Fig. 2¢).
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Fig. 2. @), b) Absorption spectra of Cu-doped GaSe
crystals 1—-0.00 at. %; 2 —0.01 at. %; 3—0.05 at. %,
4-010at. % 5-0.20at. % 6-050at % c)
Soectral dependence of the absorption coefficient in the
intrins c domain for 0.50 at. % Cu-doped GaSe crystals.

It was experimentaly established that spectrd
dependencies a = f(7w), for non-doped GaSe and Cu

doped (with C J0.01 at. %) and Cd doped (with C < 0.10
at. %) may be described by an exponentia law (Fig. 2.b
and Fig. 3.b, respectivdy). At greater dopant
concentrations, this behavior is not observed. The B
shoulder located at 1.95 eV for GaSe crystals doped with
0.05 at. % Cd, permits to determine the position of the
acceptor levels. They are positioned a 0.09 eV in respect
of the top of vaence band.

Fig. 2c illustrates the spectra dependence for Cu
doped (0.50 at. %) GaSe crystalsin the spectral range from
1.80 eV to 1.95 eV. By extrapolating the linear portion of

the a = f(fhw) toa - 0, the energy corresponding to

optical transitions between impurity levels and the bottom
of the conduction band can be estimated. This energy
valueis equal with 1.89 eV. By taking into account that at
room temperature (T = 293 K) the energy band-gap of
GaSe crystals is 2.035 eV, the Cu impurity leves will be
located at 0.14 eV above the top of the val ence band.

The energy levelsintroduced in the forbidden band by
Cu aoms determine an increase of the film photo-

sensibility. In the range 7iw=E , the absorption

coefficient slowly depends on the concentration of Cu
aoms (Fig. 2). But in this spectra range, the photo-
sensibility of the films strongly decreases with increasing
photon energy [12]. Consequently, the doping process
weakly influences the generation-recombination processes
of the excess carriers.
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Fig. 3. @) Absorption spectra for Cd-doped GaSe
samples; b) Absorption spectra in the extrinsic domain:
1-0.05at. %; 2—0.10at. %; 3—0.20 at. %; 4—0.50at. %.

Fig. 4 shows the dependence of the photoconductivity,
>/%,, of the GaSe films (Z is the photoconductivity of the
doped films and %, represents the photo-conductivity of
the non-doped films) as a function of Cu dopant
concentrations. The dependence was plotted for photon
energy icw=2.5 eV (for this vaue of the photon energy,
the spectral distribution of solar radistion has a
maximum). It can be observed from Fig. 4 that an increase
with 0.10 a. % of Cu concentration determines an
increasing of 100 times of the photosensibility.
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Fig. 4. Dependence of the rel ative photosensitivity of GaSe
crystals as function of Cu concentration.

According to [1,12,13], the Cu aoms (with
C < 0.20 at. %) introduced in GaSe crystds lead to a
decrease of the dtructurd defects concentration.
Consequently, the concentration of levels with small
recombination time also decreases. For grater val ues of Cu
concentration (over 0.20 a. %), the excess aoms
introduce in forbidden band new localized leves with
small recombination time.
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Fig. 5. Spectral distribution of the photosensitivity of Cu-
doped GaSe crystal: 1 —0.00 at. %; 2 —0.01 at. %; 3 —
0.05 at. %; 4—0.10 at. %; 5—0.20 at. %; 6—0.50 at. %.

The gpectra distributions of  photo-sensibility
(photocurrent divided by number of incident photons) for
Cu and Cd doped GaSe films are illustrated in Figs. 5 and
6. As it can be seen from these dependences, Cu doped
GaSe films have larger domain of photo-sensibility (from
1.90 eV to 4.00 V), but in the case of Cd doping this
domainismorelimited (from 1.70 eV to 3.20 V).
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Fig. 6. @) Spectral distribution of the photosensitivity of
Cd-doped GaSe crystals: 1—0.05 at. %; 2 —0.10 at. %;
3 — 050 a. % b) Dependence of the relative
photosensitivity for 0.50 at. % Cd-doped GaSe crystals.

The peak locdized a 2.06 eV, for Cu doped crystads
(C <0.05 at. %), is attributed to excitonic effects (Fig. 5).
For Cd doped GaSe crystds the excitonic peaks in
photoconductivity spectra are not observed.

4. Conclusions

Absorption and photoconductivity (in the spectral
range from 1.50 eV to 3.70 eV) for Cu and Cd doped GaSe
single crystals films have been investigated. It was
established that the doping improve photosensitivity
efficiency of studied films. This behavior is important for
applications of respective films in semiconductor device
technology (hetero-junction solar cells, photo-detectors,
etc.).



122 E. Cuculescuy, Ig. Evtodiev, M. Caraman, G.G Rusu

Acknowledgements

Part of this work was made in the frame of the
Scientific Cooperation Project AUF (Agence Universitaire
de la Francophonie) No. 6301PS 429/2004.

References

[1] M. Caraman, V. Mushinski, Fiz. Tech. Poluprovod.,
9(7), 1415 (1975).

[2] Z. S. Medveeva, Chalcogenides with 1l1b subgroup
elements of Periodic System, 1zd. Nauka,
Moskva, 1968, p. 216 (in Russian).

[3] N. Okamoto, H. Tanaka, H. Naoki, J. Appl. Phys.
40, L 104, (2001).

[4] N. Okamoto, H. Naoki, H. Tanaka, IEEE
Transactions on Electron Devices 47(12), 2284 (2000).

[5] V. V. Sobolev, Bands and excitons in galium, indium
and thallium chal cogenides, Science, Kishinev, 1982,
p. 272 (in Russian).

[6] M. Caraman, V. Mushinski, Fz. Tech. Poluprovod.
4,424 (1970).

[7] M. Caraman, V. Mushinski, V. I. Salaev, Fiz. Tech.
Poluprovod. 3, 1876 (1969).

[8] G. I. Rusu, M. E. Popa, G. G. Rusu, I. Salaoru, Appl.
Surf. Sci. 218, 222 (2003).

[9] L. L. Kazmesky, Pdlicrystdline and Amorphous Thin
Filmsand Devices, Academic Press New Y ork, 1980.

[10] T. S. Moss, G. J. Burrdl, B. Ellis, Semiconductor
Opto-Electronics, Butterworth & Co. Publishers Ltd,
1973.

[11] S. M. Rivkin, Photod ectronic phenomenain
semiconductors, Izd. Nauka, Moskva, 1963, p. 490
(inRus3an).

[12] E. Cuculescy, Ig. Evtodiev, M. Caraman, L. Leontie,
J. Optoelectron. Adv. Mater. 7, 805 (2005).

[13] M. Schliter, J. Camassel, S. Kohn, J. P. Voitchovsky,
Y. R. Shen, L. Cohen Marvin, Phys. Rev.

B, 13(8), 3534 (1976).

"Corresponding author: elmira@usm.md



