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An investigation is presented of the photoconductivity in layered GaSe crystals in the
exciton resonance region under high intensity optical excitation. The disappearance of the ex-
citon peak in the photoconductivity and transmission spectra is ascribed to a process involving
exciton-exciton interaction. The electron-hole pair density is about 3 x 10”cni”® which exceeds
the exciton density necessary for the Mott transition in GaSe.

In this note we present the preliminary experimental results of photoconduc-
tivity in GaSe crystals in the exciton resonance region at high optical excitation.

As an excitation source, a Rhodamine 6G dye laser pumped by the output of a
Ny-laser, tuned through the region 594-643 nm with a spectral width of 0.04 nm, a
pulse power of 120 kW at a repetition frequency of 10 Hz and a pulse width of 1ns
was used.

The layered GaSe samples investigated were grown by the Bridgman method.
The cleaved samples had thicknesses about 10-30 pum with high quality surfaces. Oh-
mic contacts to the samples were made using In. The mobility and concentration of the
charge carriers, measured by conventional methods at room temperature, were about
20 cm*/Vs and 1 x 10"*cm™, respectively. The incident light being perpendicular to the
layer surfaces (parallel to c-axis) was focused into a spot of 0.1mm diameter. The ap-
plied field direction was perpendicular to the c-axis of the crystal. The output signals
were detected by a recorder through a storage oscilloscope.

The results for the excitation spectra of photoconductivity are given in Fig. 1.
At the lowest excitation the well-known exciton peak is observed at 2.00 eV (curve 1)
[1-5]. By increasing the laser intensity, the exction peak is raised first (curve 2), then
begins to diminish (curve 3) and disappears completely at higher intensities (curve 4).
The transmission spectrum of GaSe measured under the same experimental conditions
is also indicative of a bleaching of exciton absorption at higher excitations. This is
illustrated in the inset of Fig. 1.

Dependence of the photoconductivity on the excitation power in the case of
resonant excitation of excitons is shown in Fig. 2. It is clear from the figure that,
photoconductivity is changed from a linear to a sublinear dependency over a rather
extended region of intensities. By increasing the laser intensity further, the photocur-
rent starts to decrease.
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Figl. Photoconductivity spectra of GaSe (300 K) at various excitation powers (in MW/cm?):
1-0.3; 2-1; 3-5; 4-12; The inset shows transmission spectra for two levels of excitation
(in MW/cm?): 1-0.1; 2-12;
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Fig.2. Dependence of the photoconductivity on the excitation power in the case of resonant
excitation of excitons (hv =2.00 eV).
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Fig.3. Relaxation curves of photoconductivity at various excitation powers (in MW/cm’): a-
0.3; b-3.9 (time per division 0.5us), c-6 (curve 1), 12 (curve 2) (time per division
0.2us).

The relaxation curves of photoconductivity as a function of the excitation
show certain peculiarities (Fig.3.). At low excitation (~1.5 MW/cm?), the decay time
consists of fast and slow components (Fig.3, a). The fast component is of the order of
~ 3 x 10”’s which does not change upto 3 MW/cm’, while the slow component is of the
order of a few microseconds. By increasing the intensity, the density of charge carriers
contributing to the slow component decreases with respect to that of the fast compo-
nent (Fig.3, b). When the excitation power exceeds ~3 MW/cm’, the time duration of
the fast component becomes small ~10ns (Fig.3,c).

The above characteristics exhibited by GaSe samples may be explained by the
process of exciton - exciton interaction leading to a complete breakdown of excitons
[6-10]. In fact, at low excitation levels, in the case of resonant excitation of excitons,
only a small number of excitons having mutually weak interactions is created in GaSe.
By increasing the laser intensity, the exciton density is raised leading in turn to a rise
in photoconductivity. When the concentration of excitons reaches a critical value,
strong interactions take place between them. This process limits the concentration of
excitons and therefore caus the photocurrent not to rise. The density of the absorbed
photons at 4 MW/cm’ averaged over the sample thickness in our experiment reached
~3 x 10" ¢cm” which exceeds the exciton density necessary for the Mott transition in
GaSe [2].
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Analysis of the kinetics of the equations of photoconductivity for CdS show
that, at low excitations photoconductivity changes linearly with the excitation inten-
sity, but at high excitations when exciton-exciton interaction becomes dominant, the
linear dependency is changed into a sublinear one [11, 12]. Our experimental results
concerning the photoconductivity in GaSe are in good agreement with the results of
V.D.Egorov et al. [12] for excitations upto 3 MW/cm’, but for higher excitations the
photoconductivity starts to decrease (see Fig.2). The decrease in photoconductivity at
higher excitation levels (> 4 MW/cm®) may be due not only to the diminishing of the
exciton absorption (due to an exciton-exciton interaction process), but also to the di-
minishing of the recombinaton life time of electron-hole pairs (due to the other proc-
esses such as two-photon absorption or free-carrier absorption [13]).
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YUKSOK OPTIK HOYOCANLASMADA
GaSe KRISTALLARININ FOTOKECIRICILIYi

A .H.KAZIM-ZADO, A.9.AGAYEVA, V.M.SALMANOV
XULASO

Layvari GaSe Kristallarinin fotoxegiriciliyi yliksok optix hoyescanlasmada
eKsiton rezonansi oblastinda tecriibi olaraq tedqiq edilmisdir. Fotokeciriciliyin
vo buraxma amsalinin spektrlorinde exsiton udulmasinin aradan getmoesi exsi-
ton-eksiton qarsiligli tesiri ile izah olunur. Elektron-desik ciitiinin xonsen-
trasiyasi (3x10sm™®) GaSe kristallarinda Mott xecidi ii¢iin telob olunan exsi-

tonlarm konsentrasiyasmdan (~10'7 sm*? ) iki tertib coxdur.
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POTOITPOBOJNMOCTD GaSe
ITPH BbICOKHX YPOBHAX OITTHYECKOI'O BO3BY>KJIEHI A

AT KA3bIM-3AJIE, A A.ATAEBA, BM.CAJIMAHOB
PE3IOME

B cnoucThIx KpHcTauiax GaSe 5KCIIEPHMEHTANIBHO HCCJieioBaHa (GOTOrpoBOHMOCTS B
00JIaCTH 5KCHTOHHOT'O PE€30HAHCA IPH BbICOKHX YPOBHAX ONTHYECKOro BO30YykAeHHs. Mcues-
HOBEHHE SKCHTOHHOI'O [THKa B CITEKTPax [TOIION[eHHA H (HOTOIP OBOAHMOCTH KpHcTa/LioB GaSe
OOBACHAETCA TIPOLIECCOM HKCHTOH-3KCHTOHHOI'O B3aHMOJEHCTBHA. ILTOTHOCTH 3JIEKTPOHHO-
IbIPOUHBIX ITap, FeHEPHPOBAHHBIX B GaSe oA JeHCTBHEM JasepHoro HiydeHHa (3x10' cv?)
Ha /1Ba IOpsi/IKa TP EBbINIAeT IUVIOTHOCTb SKCHTOHOB, HEOOXOHMY 0 IJIs1 MOTTOBCKOTO I1epeXo0-
7a B 3THX KpHcTamax (~10" cm?).
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