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LONG-TIME RELAXATION OF A PHOTOCURRENT IN TIGaSe;<Li*> SINGLE CRYSTALS

S.N. MUSTAFAEVA, N.Z. GASANOV, E.M. KERIMOVA, P.M. ISKENDEROVA
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H.Javid av., 33 :

It is established, that intercalation of TIGaSe; single crystals by lithium ions leads to the essential increase of a photo and roentgen sensi-
tivity of these crystals, promotes slowing down of a kinetics of a photocurrent in them, and also leads to the derivation in samples internal
electromotive force (EMF). It was possible to control the value of EMF by various wavelengths of visible range.

The photoelectric properties of TlGaSe;, single crystals
are investigated in a lot of papers [1-3]. Particularly, the re-
laxation of an intrinsic photo current at 77 K is investigated
and the availability of two recombination levels with lie
depth 1,2 and 0,95 eV [3] is revealed. In [4] the relaxation of
a dark current in TlGaSe, single crystals is investigated.

In the present work the results of study of long-time re-
laxation of photocurrent in both intercalated with lithium ions
and nonintercalated T1GaSe, single crystals are indicated.
Intercalation of layered T1GaSe, single crystals realized by a
method of drift electric field explicitly described in [5]. The
intercalation degree of crystals with lithium ions was
15+20 Coulomb-sm™.

Samples for researches had thickness L=65+400 microns.

" For electrodes to TIGaSe, crystals was eutectic alloy In-Ga,

put on side end faces of a sample of TIGaSe; so, that the
electric field was applied along natural layers of crystals, and
light dropped perpendicularly to layers. In a number of sam-
ples contacts were put on a surface of layers, i.e. samples had
a planar structure.Distance between electrodes was 0,2+0,4 sm.
Specific dark resistance of the TlGaSe; single crystals along
layers was ~ 2-107 Ohm-sm for room temperature and after
intercalation with lithium ijons was not changed almost.
However, after intercalation the spectral photosensitivity of
TlGaSe, was essentially increased: so, if (Ru\R:) nonint™2
before the intercalation, after intercalation (Ry\R;) :n:=8,
where R, - dark resistance, R; - resistance of a sample illu-
minated by intrinsic light (hv~2,0 eV) with intensity 200 lux.
Even more photosensitivity was changing lighting the sam-
ples by the white light: so at T=300 K (R4\R;) nonint=2,3
and after intercalation this one reached the value of 1,4-10°
(L = 400 lux).

After intercalation with lithium ions the value of the coef-
ficient of integrated sensitivity of photoresistors grew in app-
ropriate way and reached value 1,2+1,5-10° mcA/LmV
against the 100 mcA/LmV value for photoresistors from
nonintercalated TIGaSe, single crystals [3]. The ratio of coef-
ficients of roentgen sensitivity after and before the intercala-
tion was 2,8+5,7. Intercalation of TlGaSe, single crystals
with lithium ions also essentially influenced region of their
spectral sensitivity.

In a fig.] the spectral dependence (indicated to unit) of
photoconductivity of a TIGaSe;, single crystals before (dashed
curve 1) and after intercalation with lithium ions (curve 2) are
represented. As follows from their matching, intercalation
with lithium ions essentially increased spectral photosensi-
tivity of TIGaSe, single crystals in the range of short lengths
of waves.
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Fig.1. The spectral distributions (indicated to unit) of a photo
current in TIGaSe, single crystals before (dashed curve 1)
and after intercalation (curve 2) with lithium ions.
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Fig.2. Kinetics of a photocurrent in TiGaSe; single crystals in a
weak electrical field (=1 V/sm) before (continuous
curve) and after (dashed line) intercalation with lithium
ions (=300 K).
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Intercalation with lithium ions essentially influenced re-
laxation curves of a photocurrent in TlGaSe, single crystals.
The characteristic relaxation curves of a photocurrent before
and after intercalation are indicated in fig.2. As it is visible
from fig.2, in the result of giving of monochromatic light
with energy of quantum appropriate to a maximum of intrin-
sic photoconductivity of the crystal TIGaSe, (hv~2,0 V) a
long (about several minute) process of growing of a photo-
current happened. For both sample - nonintercalated (con-
tinuous curve) and intercalated (dashed curve) constant of
time of increase of a photocurrent =12 sec and approxima-
tely in 4 minutes the stationary level of a photo current was
established. After switching off the light the photocurrent in
nonintercalated crystals T1GaSe, damped faster, than in inter-
calated. The falling branch of a photocurrent in both cases
had fast (t;) and slow (t,) component. For nonintercalated
sample TIGaSe, t;=3 s,t,~150 s and for TIGaSe,<Li"™> t,=15 s,
t-=400 s, i.e. the time constants of decreasing of a photocur-
rent in intercalated crystals in some times exceeded ¢, and ¢,
in nonintercalated T1GaSe,. The same ratio between them
was observed both during lighting of crystals of quantum
with energy hv<E,, and at low temperatures ( 7=130 K).

It is possible to explain slower recession of a photo cur-
rent in TIGaSe,<Li*> by presence of lithium ions, which cre-
ate discontinuities in a crystal, thereby slowing recombina-
tion process [6], i.e. result in increasing of a life time of the
charge carriers, excited by light, in absence of photocarriers
generation.
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Fig.3. Spectral dependence of internal EMF for TIGaSe,<Li">
sample (width £=0,04 sm and distance between electro-
des 0,2 sm) at 7=300 K.

As was noted in [7], at applying constant electric field to
samples T1GaSe,<Li™> there was the relaxation of a current,
in result of which there was an internal electric field in a
sample with opposite polarity in relation to external. Dark
EMF about 500 mV also was detected in InSe single crystals

intercalated with iodine [8], and also in GaSe<Li™ [9]. In
TIGaSe,<Li"> single crystals the value of internal EMF
without illumination was 270mV and was sensitive to light.
Under illumination of TlGaSe,<Li"> samples with various
lengths of waves the value of this EMF changed (fig.3),
reaching maximum value 2,1 V under the illumination of a
sample by intrinsic light.

The derivation of an internal electric field in a sample in-
fluenced spectra of a photocurrent in these samples at various
electric fields. The dependence of an intrinsic photocurrent of
the value of the enclosed electric power in TIGaSe, samples
intercalated with lithjum ions had interesting features. If in
nonintercalated TIGaSe, this dependence carried a linear
character, in TlGaSe,<Li™> in the same range of electrical
powers and at other equal conditions dependence of intrinsic
photocurrent on electrical power was characterized by a short
linear site (I,,~V), rather continuous quadratic site (I, ph~V?)
and very steep site I,,~V'? (fig.4). The range of investigated
powers was 0,4+2,2 V, i.e. was commensurable with the va-
lue of an internal photo - EMF (2,1 V).
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Fig.4. Peak dependence of an intrinsic photocurrent in
TiGaSe,<Li"> single crystals (=300 K).

As is known [6], on relaxation of photoconductivity the
capture of carrier of a charge by levels of an adhesion influ-
ences. Under strong filling of levels of an adhesion the "non-
linear processes” of relaxation take place. The phenomena
connected to "nonlinear” filling of local levels in process of
recombination and an adhesion of non-equilibrium carrier
plays a noticeable role in the mechanism of photoconductiv-
ity of semiconductors and, particularly, can present a basis
for interpretation of superlinearity of a photocurrent observed
in TIGaSe,<Li*>.

In summary it is possible to tell, that the introduction of
lithium ions in interlayer space of TlGaSe, single crystals
resulted in essential increase of photosensitivity of these

62

S g



LONG-TIME RELAXATION OF A PHOTOCURRENT IN TIGaSe;<Li™> SINGLE CRYSTALS

crystals, promoted slowing down of a kinetic of a photocur-  in samples, controlled by various wave lengths of visible
rent in them, and also resulted in formation of internal EMF  range.
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TIGaSe,<Li*> MONOKRISTALINDA FOTOCORIYANIN UZUNMUDDOTLI RELAKSASIYASI

Miieyyen edilmisdir ki, TIGaSe2 monokristalim Li ionlan ile interkalyasiya edende, onun foto, rentgen hoesassh nazere ¢arpa-
caq deracede artir, onlarda fotocerayanin kinetikasinn zoiflomasine sebeb olur, hemginin niimunelerde daxili e¢.h.q.-i amele
gelmasina sebab olur. E.H.Q.-nin giymetini gérinan oblastda miixtalif dalga uzunluglan ile idare etmak olar.

C.H. Mycradaesa, H.3. 'acanos, 3.M. Kepumosa, ILM. Hckenaepora

JIOJTOBPEMEHHAS PEJIAKCALIASAA ®OTOTOKA B MOHOKPHCTAJIIAX TIGaSe,<Li">

VCTAHOBEHO, YTO MHTEPKANMPOBAHHE MOHOKPUCTAILIOB TIGaSe, HOHAMM NUTHSA NPUBOIUT K CYIUECTBCHHOMY yBenuyeHnio ¢poto-
PEHTTeHOUYBCTBHTEILHOCTH STHX KPUCTa//IOB, CIOCOGCTBYET 3aMEICHUIO KHHETHKM (POTOTOKA B HUX, & TAKKE IPUBOAUT K 06pa3oBaHmio B
ofpasuax BHYTPEHHEH 3.1.C.. BenyuuHOMN 3.1.C. MOXHO G5O YIPaBAATH PasIM{HbLIMU LTHHAMH BOSIH BHAMMOTO JUANasoHa.
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