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ABSTRACT
Specirel distribution of the absorprion coeficiers & and the speciral
deperdnece af photoconduclivity werg sindied al lemperatare ranpe 5i0-
FFOK for IGaSSe and TlinS3e simgle crysials in the phatan energy range
J35.2.75 2V, The direct and indicrect transition ook place @ thir range
Jor both temples.  Two phoieconductivity mavima were observed of
emperaiure ghove 150 K for TIGaSke, while for TiinS5e there war a sharp

pgumum at v = 220 £V which skt Jowards lower energy with

Meressing lemperarare.

INTRODUCTION

Comples semiconductor compounds 'ﬂf«”’hﬁl"'[m_:.| are anracting and of
increasing attznfion in the presenl time.  Single crystals of thess compounds are
anisotropic, opdeally active, baving a high pholesensitivity over a wide speciral ringe
and may find application in optozlecteonics.[1,2]

A contonious series of solid soluton 'TlGnS?:E&E”_“ and Tl[nS:IS-:_-_;”_”
compounds erystzllizes in a monoclinic  structure with Qsxsl[3-6] The crystal

lattics changes from monoclinic o eragonal structure in the compounds of
TIll:uS_,l.‘f-b,,l ,, 3olid solution as the sulfur contant at x < 0,3 decreases. [7,8]
I - =

Ciptical properties and structure of the absorplion adge of TIGal, Se, = wilh

x = ) anel | have shown that the band gap varies feoan 2.03 o 2,46 ¢V as x changed (from

0o 1 a 300 K. The long waveleng edese was dug 0 indirect wransitions, and as by
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ncreases, direct transition began to predominate({5,6,9,13). The fundamental
absorption edge of TIInS_(14-18] and mnszns.w) is due 10 allowed indirect and

direct transitions. The encrgy gap of TlnS, equals to 1.4 eV, and 238¢V for TlnS,
at 300K. As the temperature decreases the thrashold energy of indirect transition
grows[20).

It wias observed, from the photocondectivity measurments of TlInBz“ (where

B =35, Se, Tel(16] that, in passing from Te to § (at 300 K) the forbidden gap width
increases in the following sequence : TinS,-2.2eV, TinSe,- 112 ¢V and TinTe, -

0.62V[16).

Since the physical properties of the single crvstals TIGaSSe and TilnSSe still
very linle sudied[21). The present paper reports the results of measurements of
optical absorption coefficient and spectral distribution of photconductivity of these
crystals in the energy interval 155 10 2,75 ¢V at tempernture range from 30 to 350 K.

EXPRIMENTAL

TIGaSSe and TWIaSSe single cryswals were grown from the melt by Bridgman -
Stockbaver mettiod.  Pure semiconductor elements of parity 99.999% wese introduced,
in stoichiometnic ratio, into silica glass crucible (12 mun diameser and 120 mm leagth)
with a tip at the bottom. The two crucible were evaceatad to 107 Torr and sealed, then
keated in a temnperature gradient fumance, so that the sulpher condensed at the cold end
and slowly reacted with the heated metals at the hot ead.

After complete reaction the crucible were kept at 1000 K for 10 hours 1o
mentain bomogenity of compounds.

The growth was achieved by iowered cach crucible, in 2 two zone turance; (rom
the hot side, at 1203 K for TiGaSSe and a1 1153 K for TIGaSSe , 1o the cold side at 973
K ata speed of 0,10 mm/M. In the cold zoag, the crystals were cooled down slowly
within a couple of days.
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The samples have a layered structure and were easily split along the cleavege

planes.

The sample used in the absorption measurements were prepared by splitting
crystal along the cleavage planes. The resultant surface wese mirror-like and there was
no need for any mechanical polishing. The thickness of samples varied between 100 and
30Cum. Light was incident perpendicularly 10 e cleavage planes, The sample used in
measprements of the photoconductivity and electrical conductivity were prepared in a

similar manner.

Conucts were made by a silver paste for photoconductivity measurement. The
r00m temperature resistivity of TIGaSSe and TIGaSSe were of arder 10° and 10° Qem

respectivily,

Optical measurements were performed with specurophotometer (spectronic
601. Milton Roy), with wavelength range 195-999nm and accuracy + 1.0 nm. The
[emperature investigation were carried out with a cryostal type DNI704 (Oxford
instrument « England). The temperatare was controlled by the digital temperature -
England). The temperature was controlled by the digital temperature controller
DTC2 (Oxford instrument - England) with an accuracy of 0.1 K in the temperature
range 77-500 K. Measure ments were carried out under vacuum of about 1.5x10™ Torr.
The current was measwred by a 610C Keithley electrometer with the accuracy + 2.

RESULTS AND DISCUSSIONS
The absorption coefficient [ o (em™)] were determined from both absorbance
and transmittance measurements by the following realason[22,23).

1, (-RY
Q.Bd |} T

where R is the reflectance, T the transmittance, & the absorption coefficient and

d the sample thickness,
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The absorbtion coefficient of TIGa%5¢ and TInS8e crvstals in the photwon
epergy ranges 135 - 237 and 1,35 - 2.22 ¢V respecdvily were studied al emperatiune
range B350 K.

The general feature of the spectral distribution of optical absorbbon coefficicnt
shows that the absorption coefficient increases slowly with increasing hv and then
increases rapidly delenmining the fundamental absorption edge. Fig. (1) shows the
spectral distribution of optical absorption cocfficient for TIGa35e and Tlin5Se

crysial,

Fig. (2} represent the dependence of the absorption coefflicient fatv)'™ on the
photon encrgy by at 30 K (curve 1.3) and 300 K (curve 2.4) for TIGaSSe (ourve 1.2)
and Tln55e {curve 3.4} single cryvstals. It can be noticed (he weak-absorption range
indicated that indirect allowed transitions ook place. At long wavelenath side, we
ohserve that two stmight lines intrsect the hv axis, The intersect at bv = AE;" + Ep,
gives the emission of phonon.  The second intersects hv axis at hv = AE;' + Fp, |

indicales absorptica of phonon,

The minimum encegy of the indirects transiton was found w be 2,25 &V for
TIGaS5e and 2.12 eV for Tln55e at 80 K. The average iemperature coeficent of encrgy
of these transitions in the B0 - 350 K range was - 38210 ¢V/K and 4.8x 107 eV/K
respectively. The average phonon energy was 45 and 34 meV for TIGaS Se and TilnS5e
{curve 3.4) respectively, We alio observed (hat the absorpeon edge shifts towards
low photon energy with increasing temperature. The eneegy pap width was caloulued

and found to be 2.34 2nd 2.2 eV at 80 K for TIGaS35e and TInSSe respectively,

With increasing hv, the TIGaSSe and TlnSSe  exhibited dircct allowed
transidons with the dependence (abv) on by, The dependence of (o) on by at 80 K
{curve 1,3) and 20 K {curve 2,40 are plotted in Fig, (3) for TIGa%3e (corve 1.2) and
TUnSSe (curve 3,8) respectively, From e Ngures we observed thal the absorption
edge shifts towards low pholon energy with increasing temperature, The energy gap
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Fig. 1. :  The dependence of absorption coefficeint (ahv) on the hoton en
TIGaSSe (1) and TNASSE (2) Crystals, P ergy for
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Fig. 2. The dependence of absorption coclficient (ahv)'? on e pboton encegy
gg‘loci‘?s& (1.2) and TlInSSe (3.4) crystals at temperatures : 2,4-300 K,
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width was calculated and found o be 2,34 and 2.2 eV at B0 K f-:EarTIGaSSe ared TlnS S5e
E

respectively, The temperature coefficient of forbidden gap -E-_TE was found 1o be -
21x 004 and -4x10-10 eV/K for TIGaS5e and TlInSSe respectivelyin the remperatire
range 50-350 K.

Fig. (d) shows the band gap width for indirect optical tansition smaller than
thaat for direct ones for both samples as expected. The bigh phowsensitivity of the
crystals made it possible to study phowconductvity specira in the impurity and

mtrinsic regions. The photorespons in samples appearcd at by = 135 eV,

The spectral distribution of the phatoconductivily has a sharp maximem a by
= 2.35 ¢V lor TIGaSSe and 2.29 ¢V for TlnSSe. The fairly sicep fall of the
pholworesponas on the short wavelength side indicated a considerable importance of the

surface recombinalion procasses.

Fig. (3} shows the speciral distribution of photoconductivity for TIGaSSe at
different emperatuees. 1t is shown that, the pheweurrent decreses in the range from
80 10 130 K with increasing emperature.  This behavioer may be because of the
sensitization levels are converted back o trapping lévels causing a reduction of
photnsensitviry, A further increase in emperanare, above 150 K, causes liberation of
carriess from the rapping levels and therefore the photocurrent increases, Two
photoconductvity maxima cleary appeared at iempernture more than 150 K. The above
explanation for the first one at by = 2.35 eV, which was clearly associated with direct
band wansition. The second peak which appeansd approsimatly at by = 2.05 &V could
be related 10 tonization of deep imparites which may considered a8 an evidence of the
o = [ {T) dependence [Fig. (6],

Fig. {7y shows that the phiotecurrent of TleSSe decreases with increasing
temperature Gl 200 K and above 200 K the photocument increases with ingreasing
temperature. This bebaviour could be due to ingreasing camries concentration by the

liberation of cariers Mmon Lhe trapping levels, A slight shift m the pastion of penk
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Fig. 4. :  Temperature dependence of energy gap width for TIGaSSe (1,2) and
TinSSe (3,4).

1.3 - energy gap for direct transition,
2.2 - energy gap for indirect transition.
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Fig. 6, : Temperature dependence of the electrical conductivity of TIGaSSe (1) and
TlnSSe (2) single crystals,
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Fig. 7. :  Spectral distribution of photoconductivity for TInSSe. e
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towards low photon energy was observed s;:vith increasing temperature, The thermal
coefficient of the maximum position was -8—.;."- =« 1.7x10™ eV/K. This shift is due 1o

the temperature dependents of the forbidden energy gap width and it is not observed in
TIGaSSe samples,

Finally, the fundamental absorption edge of these tao compounds were formed
by allowed indirect and direct transitions which agree with the previous study[1,3,20].

Growth and decay of the photoconductivity was slow (long time) specially in
TIGaS Se crystal, and it may be associated with the trapping of caumiers by deep levels
which was found to be located at 0.2 - 0.44 eV from the conduction band.

The energy gap of TIGaSSe is greater than the energy gap of TUnSSe. Gallium
atoms are replaced by Indivm atoms, baoth are from the same group, but with a greater
mass and bigger atomic radius. This results in any matenal wilth weaker binding force

0 that the energy required (o excite a valence electron into conduction band is smaller,
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