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Abstract: in this paper the temperature dependence of photoconductivity in ferroelectric-semiconductor crystals

of ssa-Sb28e3 systems has been investigated. In crystals close to ssa composition except for the intrinsic

maximum of photoconductivity appropriate to fundamental absorption. the additional maximum has been

observed at low temperatures related to ferroelectric activity of crystals, which disappear at more high

temperatures (T>300K). It is established that the forbidden zone width shows anomalous behavior in the
temperature range of phase transitions. The ranging of coefficient of temperature dependence of the forbidden

zone width has been determined.
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SbZS3-Sb28e3 Sisteminin Ferro-elektrik Yarl lletkenlerinde Fotoiletkenligin Sicakllga

Bagli ozeuikleri

ézet: Bu makalede ferro—elektrik yarl iletken kristalle slstemler ssg-SbZSea'de Slcakilga bagll foto iletkenlik
incelendi. Kristallerde yaklaslk temel sogurma foto iletkenliginin maksimumu haric‘ sss yakln bilesiklere
sahiptirler. Kristalin term-elektrik aktivitesine bagll olarak. dilsiik srcakllklarda ortaya clkan. yiiksek srcakllklarda (T

> 300 K) ise kaybolan ilave maksimum gozlenmistir. Olusturulan yasak bant genisligi gtisteriyor ki, faz gecisi
slcakhg: arallglnda anormal davranls gdri‘ilmektedir. Yasak baht genisliginin elcakllga baglmllllk sabitihin degisim
arallgi belirlenmistir.
Anahtar Kelimeler: Foto iletkenlik, ferro elektrik yarJ iletken, sogurma. yasak bfilge

Introduction
The definition of a ferroelectric is a crystal in

which a reversible polarization is observed. A member of
the group of AV-Bw-CV" compounds has been widely
studied since 1960 due to its semiconducting and
ferroelectric properties [Surthi et al., 2003]. The single
crystal of the sSs-sSea is in the same group and has
the similar properties. The anisotropy of the electric [Aliyev
et al. 1967] and dielectric [Aliyev et al., 1968] properties
which have been found out in single crystals of the system
sSa-ssea has determined an opportunity of the
existence of anisotropy of photoelectric and optical
properties in the investigated system of crystals.
Therefore, for measurement of photoelectric properties of
the single crystals of the system sSs-sSea , samples
were prepared in the form of rectangular parallelepipeds of
two types, allowing to make measurements of
photoelectric properties both along an "c" axis and
perpendicular to it.

The investigation of photocurrent generation is
useful not only for a better understanding of space-charge
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waves. but also for practical applications, for instance,
for the detection of weakly phase modulated laser
beams for remote laser testing including laser ultrasonic
diagnostics. The effective and actual mobilities of photo-
carriers can be estimated from the characteristic
resonant frequencies. In this wom, experimental setup
for measurement of the photocurrent system [Bryushinin
and Sokolov, 2001} was used.

Since layered semiconductors, like GaTe, have
always been of interests due to their anisotropic
properties photoconductivity, low temperature
conductivity and magnetoresistivity measurements have
been carried out [Bose and Pal. 2001].

In another work. Bratkovsky and Levanyuk
[Bratkovsky and Levanyuk, 1999] have investigated
ferroelectric phase transitions in ferroelectric-
semiconductor film with a space charge which leads
some unusual behavior and ferroelectric perovskite
materials used in memory applications usually behave
as semiconductors (Bryushinin and Sokolov, 2001 ).
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Fig. 1. The flow diagram ofthe measurement system for SbZS3-Sb28e3 single crystal's fotoconductivity
depended on the temperature. 1. Light source, 2. Heater monocromator, 3. Sample handler, 4. Sample, 5.
Sample heater, 6. Thermocouple, 7. Load resistance, 8. Constant current regulator, 9. Oscilloscope, 10.
Plotter, 11., 12., 13. Currentsources, 14. Power supply.

Experimental Results
For the realization of experiment we used single

crystals of sSa—SbZSea system prepared by the method of
zone alignment.

As the initial components at synthesis were used
antimony (Sb), selenium (Se) and suffer (S) from special
cleanliness. The synthesis were made at temperature of
925 K for 45 hour and further cooling with rate of 30 K/h. To
grow the single crystals and to clean them an installation
was constructed, which has allowed to prepare perfect
single crystals of Sb283—Sb28e3 by the method of zone
alignment. The sizes of investigated samples were
5x4x0.6 mm3 and 1.9x4x6 mma. The diagram of the
photoconductivity measurement setup is seen in Fig.
1.Temperature dependence of photoconductivity of the
single crystals of the system Sb283-SbZSeJ was
investigated in the 100 —450Ktemperature range.
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Fig. 2. Temperature dependence ofspectra] distribution of
the photo—conductivity in single crystal ofcomposition of
50%51935, at illumination on the plane (001). Where the
numbers represent 1- 300 K, 2 - 250 K, 3 - 220 K. 4 195 K,
5 150 K temperatures data.
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Fig. 3. Temperature dependence of spectral
distribution of the photoconductivity in single crystal of
composition 90%Sb2S3 - 10%SbZSe3 at illumination on the
plane (001). Where the numbers represent 1— 300 K, 2 - 260
K, 3 - 200 K, 4 125 Ktemperatures data.

The measurements have shown that at illumination on non-
ferroelectric faces (100) or (010), over all investigated
temperatures one maximum of photoconductivity
corresponding to fundamental absorption edge is found out.
At illumination on ferroelectric faces (001) of the non~
polarized crystals in short-wave region at a wide range of
temperatures additional maximum of the photocurrent is
found out (seen in Fig. 2, 3), whose position does not
depend on the temperature. For composition 50% sSg-
5O "/oSDZSea it is revealed two additional maxima at 700 - 775
nanometers (Fig. 3). Temperature dependence of
photoconductivity for the faces (001) and (100) is also
different. With the increase of the temperature the height of
this additional maximum decreases and disappears at T 2
300 K for all compositions, except for composition 50%
sSa—50% Sb28e3 in which second additional maximum
disappears at temperature T 2 350K. It is necessary to
assume that in both SbSl [Aliyev et al., 1987] and sS3
[Fridkin, 1979] these additional maxima, found out in crystals



of the system sSa-ssea, are caused by ferroelectric
activity of the crystals. A short-wave maximum of
"intrinsic" photoconductivity on the ferroelectric face
(001) of the single crystals of the system sSg—sSea
is caused by a space-charge layer, shielding
spontaneous polarization (P5) and creating a strong
electric field on a surface of a crystal which is similar to
Schottky barrier- influences on the non-equilibrium
charge carriers lifetime (T). a quantum yield (BK), and
causes dielectric saturation as well as "intrinsic"
photosensitivity in the strong absorption region. in
crystals of relatives on structure to ssa-sse,
additional maximum is not found out that is connected
with weak ferroelectric activity of the crystals [Aghaised
et ai, 1999].

In the sSa-SbZSea crystal systems, the second
maximum appears on (001) planes by illumination at
lower temperatures and there are two main reasons for
that appearing The first reason is that the crystal has
the ferroelectric structure, and the second reason is that
spontaneous polarisation occurs by the illumination of
the (001) plane. The spontaneous polarization. Ps(T),
causes screening volume charges which form higher
electric field. According to this investigation Ps(T) has
constant value at the interval of 200-220 K
temperatures. in this interval the magnitudes of the
Ps(T) are 13 and 10 iiC/s between 200 and 275 K
respectively. After 275 K degrees the Ps(T) decays
gradually and at T > 300 K degrees disappears. in these
crystal systems, conductivity measurements were
performed in the [001] direction. With the increase of the
temperature. the spontaneous polarisation (P5)
decreases and level structure takes place in the ssa-
Sb23e3 crystal systems and that structure form causes
of the disappearing of the second maximum at T > 300
K temperatures.

it can be said that there are some reasons for the
temperature dependent of the photo-current conductivity
spectrum curves in (001), (100) and (010) planes. At
lower temperatures with the illumination of the (010) or
(100) planes any physical anomalies cannot take place
because Sb283-8b28e3 crystals are one dimensional
ferrc-electric semiconductors and in these systems
phase transformation occurs in [001] direction. Thus with
the illumination of the (001) plane only, physical
anomalies can be observed at the temperature interval
of 300 — 450 K. ~ ‘ "

investigation has shown that in single crystals of
the system sSs-sses the maximum of the
temperature dependence of spectral distribution and
photoelectric threshold with the decrease of the
temperature shifted to short waves region that specifies
growth of the width of the forbidden zone of this system
crystals, as seen in Fig. 4, for (100) and (001) planes.
Thus a photocurrent of the studied crystals system
increases with the increase of the temperature: slowly at
low temperatures and sharply from room temperature to
450 K.

At illumination on the non-ferroelectric faces (100)
or (010), maximum of photoconductivity displaced to the
region of low temperatures that specifies growth of width
of the forbidden zone in a direction perpendicular-tote
axes. These data are in a good accordance with the
results obtained by other authors [6] and testifyl’the
presence of the anisotropy of photoconductivity in single
crystals of the system Sb28'328b‘28e3,
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The structure of the crystal and its purity were
determined by X-ray diffraction (XRD). The crystal structure
was orthorhombic with the lattice constants as a : 8.50 A; b :
10.20 A and c : 4.15 A. From XRD patterns the preferred
orientation of the crystal was observed as (311). The
elemental composition of SbS-SbSe crystal crystals was
determined by performing EDS analysis at several points on
the sample and the average composition was: Sb-33.4%, S-
32.8%, and Se-33.8% (accuracy 13%). it can be said that
the crystal grown by the PLD technique is close to
stoichiometric.

At studying of the temperature dependence it is
established that the width of the forbidden zone determined
at illumination on the non-ferroelectric face (100) varies
linearly with temperature (Fig. 4, curves 1 and 2), and the
temperature factor depending on the composition of the
system sSs-sses matters [3 s—T.5><10“ eV/K. However,
at illumination on the ferroelectric face (001) in the
temperature region corresponding to phase transitions [5],
anomalies of the width of the forbidden zone (Egg) are found
out (Fig. 4. curves 1’ and 2’ ). it is necessary to note that
temperature dependence of the width of the forbidden zone
E9 of the single crystals of the system Sb283-8b28e3 is
caused by electron-phonon interaction and expansion of the
crystal:

£ _£ __fl_‘ Mg
AT p" AT V a‘ AUVT

[an we]
The contribution of temperature expansion is

determined as:
it

(1)

where:

(2)

,6" = 7g — CV, where: yg — Grunayzen's constant.
V

For Sb283 [Grigas, 1980: Penahov et ai., 2000] [3 =
1.5x10'5 K, hence, electron-phonon interaction is strong.

. . . dEgmg to the Keys relationship — CV; and hence
dT p

both ferroelectric and non-ferroelectric phase transitions are
accompanied by change of the E9. Phase transitions of the
first kind are accompanied by a jump in the width of the
forbidden zone (AE9), and at phase transition of the 2nd
kind changes stepwise the temperature factor of width of the

f dd 5(5 = ___g)o b' .r I en zone A
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Fig.4. Temperature dependence ofthe width of
the forbidden zone of composition 50%Sb283-
50°/:.Sb28ea and 9C)"/oSb283-10%Si328e3 :1, 2 ~ at
illumination on the plane (100); 1’, 2’- at illumination on
theplane(001).

In Table 1 temperature dependence of width of
forbidden zone Eg of the single crystals of two compositions
of the system sSezSe, is presentedAs it is seen in the
tabletemperature dependence ofthe width oftheforbidden .
zone for single crystals of the system SbZSE-sSeal at
illumination on the plane (001) is having sudden changes in
values at some temperature intervals. In fact, the cause of
the occurring extra maxima at lower temperatures, are
related to the ferroelectric peculiarity of the crystals.
Because of spontaneous polarization screening surface
current come into existence and that forms a high electric
field. With increase of the temperature the spontaneous
polarization decrease and the SbSeS crystal constitutes
layered structures. in figs 2 and 3 all shown occurred
between 770 and 820 nm are connected with Eg and the
values are between 1.5 2eV.

Table 1. Temperature dependence of the width of the forbidden zone for single crystals of the systemSbZSS-SbZSe3 at illumination on the plane (001)

Composition, %
Temperature 50%Sb283-50%SbZSe3

Composition, %
Temperature 90%Sb2S3-10%Sb2Seg

dE .
(eV/K) —~‘i‘ -

dT

dEg,T (K) dEg _
dTdT

dE
g (eV/K) fl _fm_gfT (K)

dT dT dT

150-320 -7><10"1 0 100-310 6.8x101 , 0
320—375 -18x10‘4 11x10‘4 310—420 .19x10‘4 12.2x10'4

375-450 .4x10'4 -14><10'4 420 — 450 -3x10'4 -16><10'4

T> 450 ~20x10'4 16x10'4 T> 450 .3.5><1of4 0.'5><10‘1

Conclusion
Temperature dependence of the width of forbidden zone
EQ(T) for the crystals close on composition Sb28e3 it is
possible to interpret as sequence of phase transition or
change of interactions in various coordination
polyhedrons of the anisodecmic crystal, occurring in wide
intervals oftemperatures.
Hence, even insignificant structural changes result in
essential changes in an electronic spectrum.
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YUZUNCU YIL UNiVERSiTESi FEN BiLiMLERi ensrirflsij DERGiSi YAZIM iLKELERi
Dergide Fen Bilimleri alanlnda yapllmls ozgiin arastlrrnalar yaylnlamr.

Dergide yaylnlanacak eserler. Tfirkge ve ingilizoe olarak yazrlabilir.

Dergiye yaylnlanmak iizere g'onderilen eserin. daha o‘nce hicbir yaym orgamnda yayinlanmamls veya yayln hakklmn verilmemls OImaSI
gerekir. Eser sahibinden makale ile birlikte buna iliskin yazrlt beige (dilekge) alInIr.

Dergiye gfinderilen eser. baSIimadan once konunun uzmam olan 2 hakeme génderilir. Gonderilen eserin dergide yaymlanabilmesi iein
hakemler tarafrndan olumlu rapor gelmesi gerekir. Eserin yaymlanmasr konusunda. hakemlerden biri olumlu. digeri olumsuz goriis
bildirirse bu durumda eser Ugfincfl hakeme gb‘nderilir. Yaymlanmasr uygun bulunmayan eser. yazara (yazarlanna) iade edilir.

Eser. Microsoft Word ' da Arial (Arial Tur) yazr karakteri ile yazrlarak. 3 nijsha halinde Disketiyle (veya CD ile) birlikte g'onderilmelidir.

Eser. A4 boyutunda ve birinoi hamur kagida. 170 x 250 mm lik alana 8.25 cm llk iki siltun halinde ve sfltunlar arasnnda 0.5 cm bosluk
olacak sekilde hazzrlanmall ve toplam sayfa sayISI 8'i geomemelidir.

Eserin baslrgl. kelimeierin has harfieri bilytik (“ve". "ile". “veya" vb baglaolar haric) 13 punto. koyu ve sayfayl ortalayacak sekilde
olmalldlr.

Eser. bir kurum veya kurulus tarafindan desteklenmis veya ytiksek lisans Idoktora tezinden ozetlenmis ise bu durum. ba§|I§In son harfi
iizerine ylldrz konularak. ilk sayfanln altinda clip not olarak belirtilmelidir.

Abstract basllgl. eser basligl ile aynl sekilde ancak 11 punto bilyijkliigtinde Olmalldlr.

azarlarln adlarl, unvan kullanrlmakstzm. bas harfleri bfiyiik diger harfleri kflgijk, soyadiarl ise bflyflk harflerle yaZIlmail. yazar adresleri,
yazarlarm soyadlannln son harfi iJzerine numara verilerek. ilk sayfada dip not seklinde belirtilmelidir.

Eser: ézet. Abstract. Giris. Materyal ve Yfintem. Bulgular ve Tartlsma. Sonug. Kaynaklar seklinde dtizenlenmeli. Basllklar. koyu
ve basllktan bir once we bir sonra birer bosluk olacak sekilde yazrlmali. Eger alt basllklar kullanllacaksa. (alt basllgin sadece ilk harfi
biiyiik) basllktan sonra iki nokta iist iiste (:) konulup devam edilmelidir.

Eserde; Tiirkge ve Ingilizce ozet (Abstract). 8 punto biiyiikliigiinde. 200‘ or kelimeyi geomeyecek sekilde. 15 cm genisliginde. tek sijtun
halinde ve bir arahk (satlr aralugu 1) ile yaZIlmaiIdIr. En fazia 6 adet anahtar kelime (kendi icerisinde alfabetik Slrada Ve makale
basllgindaki kelimeleri icermeyeoek sekilde) verilmelidir.

Mefin. paragraflar arasr bir bosluk ve paragraf best 0.5 cm + da gizelgenin [istijne numaralandrrllarak 8 punto biiyiikliigiinde
yaZIlmalidIr. Qizelgelerde dikey gizgi kullanlimamaldrr.

Eserde kullanilan kaynaklar metin icerisinde "yazar ve yrl" olarak verilmeli. Eserde yer alan kaynaklann hepsi "Kayneklar" listesinde
bulunmalidir. Doktora ve Ytiksek Lisans tezlerl disinda yayinlanmamls eserler ve 56l gérflsmeler kaynak oiarak belirtilmemelidir.

Kaynak metin ioerisinde; tek yazarll. iki yazarlr. fig ve daha fazla yazarll olmasma gore paragrafveya satlr basmda belirtiliyor ise snrasr
ile: "Kor (2000). Kor ve Ertugrul (2000). Kor ve ark. (2000) " seklinde paragraf sonu veya satlr sonunda belirtiliyor ise "(Kor 2000) . (Kor
ve Ertugrul 2000). (Kor ve ark. 2000) seklinde belirtilmelidir. Yabancr kaynaklar da “ve” ve “ark." olarak belirtilmelidir. Anonim kaynak:
TiJrkce ise "(Anonim 2000)” . Yabancr dilde ise "(Anonymous 2000)" seklinde belirtilmelidir. Aynl konu igin birden fazla kaynak ard ada
veriiirken araya noktall virgiil (:) konulmalldrr. Ornek: (Kor 2000; Ertugrul ve ark. 2004). Kaynaklar listesinde yararlanllan eser Kitap ise:

Diizgtines. 0., A. Eligin. N. Akman. 1991. Hayvan Islahl. Ankara Universitesi Ziraat Faktiltesi Yaymlan. No: 1212, 298 5.. Ankara

Hosmer. D. W.. S. Lemeshow. 2000. Aplied Logistic Regression. John Willey and Sons Inc. 375 p. New York. USA.
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Akin, G.. N. Dostbil. 2003. Tfirkiye’ de kan grubu arastlrmalarr. Y.Y.U. Fen Bil. Ens. Dergisi. 8(1): 28-36.

Benjamin. H., S. Gang. 1982. Interrelationships of morphological and economic characters of sunflower. Crop Sci. 22: 817-822.

Anonim

Anonim. 1997. Term [statistikleri (")zeti. T.C. Basbakanllk Devlet lstatislik Enstitiisii. Yayln No: 2137, Ankara

Anonymous. 1994. Mutation Breeding Newsletter. IAEA. Nos. 1—41. Wenna
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"Kaynaklar" [lk yazann soyadma gore alfabetik olarak 8 punto btiyiikliigiinde bir arailk (satir aralrgl 1) olarak dfizenlenmelidlr.



BaSImma karar verilen eserde. her hangi bir ekleme ve gikarma yapllamaz.

Bir yazarm aynl saylda ilk isim olarak bir (1) , ilk isim olmadan da bir (1) eseri olmak fizere en fazla iki eseri basnlabilir.

Yayrnlanan eserin tam sorumlulugu yazarma veya yazarlarlna aitlir.


