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It is established, that transition of charge (holes) carriers transfer in Al-SeqsAss-Te structure is carried out by the current mechanism of
monopolar injection, limited by the space charges at the participation of two groups of shallow traps (shallow E,;), corresponding to charged
intrinsic defects C;, caused by selenium broken bonds and deep (£,,), corresponding also to charged intrinsic defects P, created by arsenic
atoms with the broken coordination. It is shown that samarium impurities strongly influence on the mechanism of current-going and on the
parameters of shallow traps (energy state and concentration); in which connection mainly influence on the deep traps.

Such  peculiarities of  chalcogenide  vitreous
semiconductors (CVS), as structure change and electric
properties under the light action, in particular, the change of
index of light refraction, optical absorption edge, and also the
appearance of unpaired spins, which are registered by the
electron spin resonance, photoluminescence with Stokes
shift, fatigue and etc. make the given materials perspective
for the use in the different electric switches, storage devices,
infrared technique, and also in the different acousto-optic
devices [1-3]. CVS of SegsAss system differs by the
crystallization stability [4] and has the improved parameters
of the electric charge transition at the introduction of halogen
impurity (Cl, Br), and also high photosensitivity [5-6], that
makes given CVS more attractive material.

The states, caused by the 4f states of rare earth element
ions, form at the use of rare earth elements (REE) in the
capacity of the impurities in the forbidden band CVS and in
this case the optic width of the forbidden band CVS will be
covered on the energy at most possible transition number,
allowed for REE ion (Sm), that leads to the essential change
of its optic, photoelectric and electric properties [7-10]. For
the understanding of electron process mechanisms, which are
responsible for above mentioned peculiarities it is necessary
to define the energy spectrums of localized states in the
forbidden band, for which the current investigation, limited
by space charges (CLSC) is the one from the certain methods,
to which the given work is dedicated.

The experiment and sampling techniques

The CVS synthesis of SegsAss with samarium impurity is
carried out by the melting of the corresponding quantities of
chemical elements of high purity in evacuated quartz
ampoules up to 10 millimeter of mercury at temperatures,
higher 900°C into rotating stove with the further cooling in
the mode of out stove. The impurity introduces in the
synthesis process, its concentration is in the limits
0,001+1at%.

The volt-ampere characteristics (VAC) are measured in
the stationary mode on the standard technique. The samples
present themselves structure “sandwich” with aluminic and
telluric electrodes. The samples for the measurements are
produced by the method of thermal vacuum evaporation
~10"° millimeter of mercury. The film width is measured by
interferometer method and varied in the range 0,2+8mcm.

VAC of Al-SegsAss-Te structure with samarium impurity
are investigated at the applying of electric field of both
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polarities. CLSC mode is observed at the application of
positive potential to Te, and at the reversal polarity VAC of
N-type is observed.

The results and their discussion

VAC of Al-SeysAss-Te structure with samarium impurity
at the application of the positive (fig.1a) and negative (fig.1b)
potentials to Te at room temperature is shown on the fig.1.
VAC of VAC of Al-amorphous selenium-Te structure is also
presented on the fig.1a. It is seen, that VAC of the given
structures at the application of positive potential to Te
consists in several regions.

The dependence I~V" where n<l is observed in the most
samples at small voltages. Further, the dependence I~V",
where n in the different regions of VAC has the different
values, evidences, that transition of charge carriers (holes) in
the given structure is carried out by the current mechanism of
monopolar injection, limited by space charges at the
participation of shallow traps of charge carriers, is observed.
The investigation shows, that the voltage, at which the
nonlinear dependence of current intensity on the voltage
begins, quadratically depends on the sample width that
proves the CLSC mechanism embodiment once again. As it
is shown from the fig.1,a, VAC of amorphous selenium at
small values of applied voltages with voltage increase is
obeyed to ohmic law, which transfers to quadratic law, after
which the current begins to strongly increase with the
increase of applied voltage, the region, called by “total trap
filling” is observed [11]. Further this region is replaced by
another one, in which the current quadratic dependence on
voltage, I~V is observed. Such VAC behavior corresponds to
CLSC mechanism, controlled by small traps [11]. VAC of
Al-SegsAss-Te structure differs from VAC of amorphous
selenium by the fact, that region, corresponding to power
law, i.e. I~V", where n exceeds 2 goes after the region, which
is obeyed to ohmic law. Further, the region, where I~J? is
observed. Finally, the quadratic region is changed by the
other one, in which VAC slope increases again. The VAC
peculiarities of Al-SeqsAss-Te structures, investigated by us
prove about the fact, that transition of electric charge in the
given material is controlled by the two groups of trap centers
with the depths of occurrence E,; and E,,, situated in the
different sides of Fermi level. Simultaneously, voltage
values, at which the region, corresponding to strong current
increase, i.e. to the mode, corresponding to limit trap filling is
observed, shifts to high voltages, that proves about the
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increase of the concentration of local states, being the
shallow traps of the main charge carriers. The samarium
impurities quite complicated influence on VAC forms and on
the values of voltage transient between different regions. The
concentration growth of samarium atoms up to 0,005 at%

leads to gradually reconstruction of VAC form,
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corresponding to CLSC in the amorphous selenium. Further
the concentration growth of samarium atoms, lead to the fact,
that VAC becomes the same, as in CVS of SegsAss system.
Analogically, the halogen impurities influence on the drift
mobility of charge carriers that is successfully explained in
the limits of the model of charged intrinsic defects [5-6].
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Fig.1. Volt-ampere characteristics (VAC) of Al-SegsAss-Te structure with samarium impurity at applied positive (fig.1,a) and negative

(fig.1,b) potentials to Te at room temperature.

The influence of chemical composition and samarium
impurities on the VAC behaviors allows us to say the some
thoughts about the nature of local states and their energy
position in the forbidden band relatively to equilibrium
position of Fermi level, controlling current going in the
investigated materials. The shallow traps of the charge main
carriers (holes) in amorphous selenium are small (£,;), i.e. are
situated below, than value of equilibrium Fermi level. It is
supposed, that local states, which control VAC in amorphous
selenium are connected with charged intrinsic defects C,
caused by broken selenium bonds. It is supposed, that the
charged intrinsic defects P’,, created by arsenic atoms with
violated coordination exist parallel with defects of C;” type in
CVS of SegsAss system. The existence possibility of such
defects in CVS, containing arsenic is also informed in the ref
[12]. According to forms of VAC, the energy state of local
states, corresponding to given defects should be higher Fermi
level, i.e. are deep ones.

At low voltages the holes, injected in SegsAss system from
tellurium contact are captured by deep traps (E,;), but the
conductivity stays ohmic one because of the presence of
equilibrium holes. The filling of E, centers takes place with
voltage increase and simultaneously the concentration of free
hole concentration increases and the moment when
concentration of injected free holes exceeds the concentration
of equilibrium holes, the current strongly increases with
voltage increase, i.e. the so-called region of “limit trap
filling” is observed. After it the current is controlled by the
E,; traps, moreover the trap square-law is observed still Fermi
quazi-level stays higher, than E,; level. The slope increase of
VAC on the last region probably is connected with thermo-
field hole emission from trap levels. In the proof of the last
said the fact evidences, that strong current increase takes
place at the same values resistance of applied field at the
inverse polarity of applied field, when CLSC mode isn’t
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observed, that also is connected with field trap emptying
(fig.1,b). The influence of rare earth element impurities on
VAC can be explained, if the submissions, developed in the
model limits of charged intrinsic defects [12] could be
involved.

According to this model, the transition of charge carriers
in CVS is controlled by U -centers, presenting themselves the
charged defects D" and D", which form from initial neutral
defects D” on the reaction:

2D’ D"+ D, (1)

Where D" and D' -centers are traps for electrons and holes.
It is supposed, that role of C'; and P, centers, connected by
broken centers of selenium and arsenic atoms with violated
coordination play in our case the role of D -centers,
correspondingly.

The electric neutrality law should be carried out at the
introduction of positive charged impurity 4" into CVS (it is
supposed, that samarium mainly reveals in the form of
positive charged ion Sm™):

+ + -
[A']+[D ]1=[D] ©)

According to the law of mass action, the quantitative
relation between concentrations of charged centers is
expressed by the expression:

[D'1[D]= [D") = const 3)

According (2) and (3), at the introduction of positive
charged 4" impurity the concentration of D" -centers should

decrease, and concentrations of D’-centers should increase,
that should influence on the current-going mechanisms. If we
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take into consideration that hole transition in CVS of SegsAss
system is controlled by the local states, connected by D-
centers, then it is possible to explain the changes, taking
place in VAC at the concentration change of samarium
atoms. Indeed, the voltages, at which the region,
corresponding to limit trap filling is observed, shifts to high
value of applied voltage, that evidences about growth of trap
concentration of hole shallow at relatively big concentrations
(0,6 1at%). The influence of samarium impurities on VAC at
small concentrations doesn’t take place in the limits of the
model of intrinsic charged defects, i.e. the region,
corresponding to the filling of deep centers disappears; in the
result of participation of samarium impurity in VAC, i.e. the
concentration of deep states decreases. The halogen
impurities take an effect the same influence on D* and D'-
centers, i.e. halogen impurities in the small concentrations
decrease the concentrations of intrinsic defects of both signs
[5-6]. The analogous influence is observed in the present
paper and probably, is caused by chemical activity of REE
atoms, which are able to form the chemical compounds with
selenium and arsenic, in the result of which the concentration
of initial intrinsic defects decreases, too.

The some parameters, characterizing the transition of
electric charge in CVS of SegpsAss system, and also
parameters of hole shallow traps are defined, using the
known CLSC theory [11].

The film specific resistance is calculated from the ohmic
region of VAC and using these values, the concentration of
equilibrium free holes (table) from the formula p=(epy)”’,
where e is elementary charge and u is mobility of free
carriers in the allowed band z=10cm? (V.s.) is estimated.
Using this formula

Po = @

Fermi level in the forbidden band (F-E,) (table Nel), where
N, is effective state density in the valency band, kT is thermal
energy, is defined. At calculations N, was equal to 10"°cm™
[12].

The concentration (p,y;) of traps, initially disengaged by
the holes with E;, energy is calculated from the equation:

2
Vo= ep,p, L
FCT =
&

)

and is presented in the table Nel, where Vicr is voltage, at
which the region of total filling of E,, traps begins. As it is
seen from the table p,,>>p,. As it was mentioned above, the
deep levels in the investigated materials are connected with
D(P,). Taking into consideration the concentration of P ,-
centers (N) in 10" em™ order [18], on the formula

N,, N

~ 12 exp(

A4

Fo _Ezz

Pz = ) (©)

E,-F
]+gAexp(%) &

The energy position of E,; level (table Nel) is calculated.
G, is the coefficient of spin degeneration of E,, level in the
formula (6). It is considered, that g,=2.
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Taking into consideration, that Fermi quazi-level for the
holes (F) coincides with E;; with accuracy up to k7 on the
region, where trap quadratic law (TQL) begins, the energy
position of E; level, where Prcr is concentration of free
holes, injected into the sample at the voltage, corresponding
to beginning of TQL (Vgcr) regions, is estimated.

N,
Ey—Fy~F—-E, =kTln—~ (7)
Prer
The p,, values are calculated from the formula:
ep rerl’
Vicer= E ®)
&

The estimation results of E;; also are presented in the
table Nel.

Table Nel
Fo-Ev.eV | Ptgp, Sm™ Ewn,eV | EgeV

Se 0,7 - - 0,26
SegsAss 0,79 4256x10™ | 0,856 | 0,23
SegsAssSmg o1 0,8 5,9><1014 0,847 0,23
SegsAssSmg o5 0,75 - 0,875
SegsAssSmy g 0,78 - 0,887
SeosAssSmy | 0,79 1,22x10" | 0,89

SeosAssSmy 6 0,8 333x10% | 0,859 | 0,24
SegsAss Sm, 0,8 4,34><1014 0,86 0,21

As it is seen from the table the energy state of £, level

corresponds to the activation energy of the hole drift mobility
in the amorphous selenium, that also evidences about the
connection of the given states with the charged intrinsic
defects C;, caused by the broken selenium bonds. This fact
allows to accept the value 10" cm™ [12], which corresponds
to the density of localized states, controlling the hole drift

mobility for center concentrations with energy £/, (N i ) .

Conclusion

In the result of the carried investigations it is established,
that transition of charge carriers (holes) in Al-SeysAss-Te
structure is carried out by the mechanism of currents of
monopolar injection, limited by space charges at the

participation of two group of shallow traps (small £,,),

corresponding to charged eigen defects C, , caused by the

broken selenium bonds and deep (E,), corresponding to
charged eigen defects P,, formed by arsenic atoms with
violated coordination. It is shown that samarium impurities
strongly influence on the mechanism of current going and on
the parameters of shallow traps (energy state and
concentration); moreover, mainly influence on deep traps,
connected by charged intrinsic defects P,’, formed by arsenic
atoms with violated coordination. The small content of Sm
impurity (till 0,01 at%) increases their energy deep,
decreasing the concentration of deep traps, and big
concentrations of the given impurities (more than 0,01 at%)
decrease their energy deep, increasing the concentrations of
these traps. The behavior of Sm impurity in small
concentrations is explained by chemical activity of REE,
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which are able to form the chemical compounds with
selenium and arsenic, in the result of which the concentration
of initial intrinsic defects decreases. The behavior of
samarium impurity in big concentrations takes place
according to the model of charged intrinsic defects [12], i.e. if

it is taken into consideration, that samarium impurities
mainly reveal in the form of positively charged ions, then in
the result of their presence the concentration of U'-centers
should change: concentration of D"-centers decreases, and D’
-centers increases, that indeed is observed in experiments.
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A.L Isayev, S.I. Mehdiyeva, N.Z. Calilov, R.I. ®lakbarov, V.Z. Zeynalov

TORKIBINDO SAMARIUM ASQARI OLAN SessAss- SUSOVARI HALKOGENID YARIMKECIRICI
SISTEMLORINDO FOZA YUKLORI iLO MOHDUDLANMIS COROYANLAR

Miioyyan olunmusdur ki, Al-SegsAss-Te strukturunda yiikdagimast iki qrup zeptetms tolasinin istiraki olduqda (qirilmis selen rabitolari
ilo bagli olan C;” moxsusi yiiklii defektlora uygun gslon dayaz (£;;) ve arsen atomlar1 tarafinden yaradilan -P,” moxsusi yiikli defektlora
uygun golon dorin (£,,)) foza yiiklori ilo mohdudlanmis monopolyar injeksiya coroyanlari ils bag verir. Gostorilmisdir ki, samarium asqarlari
caorayanin kegmo mexanizming vo zoptetma tolosinin parametrlorine (energetik voziyyoti vo konsentrasiyasi) nozors ¢arpan soviyyads tosir
gostorir. Lakin qeyd olunmusdur ki, samarium asqarlar1 osasen arsen atomlari ilo yaradilan -P,” moexsusi yiiklii defektlorlo bagli olan derin
zoptetma tololorine tosir edir.

A.N. UcaeB, C.U. MexTueBa, H.3. I:xaaunos, P.U. Anexnepos, B.3. 3eiinajion

TOKHU, OTPAHUYEHHBIE ITIPOCTPAHCTBEHHBIMMU 3APAJAMHAU
B XAJIBKOI'EHUJIHBIX CTEKJIOOBPA3HBIX ITOJIYITPOBOJHUKAX CHUCTEMBI SeysAss ,
COJAEPXAIIUE TIPUMECHU CAMAPHUA

YCTaHOBIEHO, YTO NEpPeHOC HOCHTENeH 3apsma (IbIpokK) B cTpykType Al-SegsAss—Te ocymiecTBIseTCS MO MEXaHHU3MY TOKOB
MOHOTOJISIPHOW MHXEKLIUH, OrPaHUYCHHBIX MPOCTPAHCTBEHHBIMHU 3apsiaMH, NMPU YYacTHH IBYX IpyII JIOBYLIEK 3axBara (Menkue E,;,
COOTBETCTBYIOIINE 3apsDKCHHBIM COOCTBEHHBIM nedekram C;’, 0OyCIOBIEHHBIC OOOpPBAaHHBIMH CBSI3IMH celeHa U Tirybokue E,,
COOTBETCTBYIOIINE TAaKXKe 3apsDKCHHBIM COOCTBEHHBIM nedexram P,’, cO3aBaeMBIMH aTOMaMH MBIIIbSIKA ¢ HapyIIEHHOW KOOpAWHAIHEH).
IToka3aHo, 4TO IPHMECH CaMapHsi CHIBHO BIIMSIOT Ha MEXaHHM3M TOKOIIPOXOJXKICHHUS M Ha MapaMeTphl JIOBYIIEK 3axBaTa (JHEPreTHYecKoe
TIOJIOKEHUE U KOHIICHTpALHsl); B OCHOBHOM, Ha IIyOOKHE JIOBYIIKH.
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