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DEPENDENCE OF SPACE-CHARGE REGION CONDUCTIVITY
OF NONIDEAL HETEROJUNCTION FROM PHOTOEXCITATION

CONDITIONS

It is shown that nonideal CdS-Cu,S heterojunction illumination results in essential space-charge
region width reduction and change of a potential barrier form. It is established that this change is the
most expressed near the heteroboundary and occurs even at very small intensity of stimulating light.
It is connected with the capture of nonequilibrium charge on local centers, presented in space-charge
region. Such change of the form of a potential barrier results in essential change of tunnel hopping
conductivity of a spatial charge nonideal heterojunction.

Investigation of the current transport mechanism
in heterojunction, used as optical and x-ray images
sensors inevitably takes in the account the light influ-
ence on their tunnel-jumping conductivity. Impact of
light on nonideal heterojunction essentially influences
the parameters of its space charge region (SCR) [1],
and hence on tunnel-jumping conductivity of SCR,
and heterojunction as a whole. As the sensor generated
signal strongly depends on heterojunction conductiv-
ity, the question about light influence on SCR and so
on conductivity is represented as rather significant.

Experimental investigations of light influence on
conductivity CdS-Cu,S heterojunction are described
in [2]. It is established, that with the increase of ex-
citation intensity with white or only short-wave (A ~
520nm) light heterojunction conductivity is essentially
increased both on direct and alternating current even
in a short-circuited condition, i.e. at constant barrier
height. At the same time, photocapacity growth is ob-
served even at light illumination essentially smallerthan
the solar. Ratio C_ /C, for some elements achieved 10
and more units that testifies the barrier width reduc-
tion. Such phenomenon can result in essential growth
tunnel-jumping conductivity in SCR .

In [3] the current transport in heterojunction
without illumination was considered, but it was not
taken into account the SCR parameters change under
light influence. Therefore, the offered model cannot
be applied directly to the sensor work description. We
shall consider how it is possible quantitatively to take
into account the influence of light on jumping current
transport in nonideal heterojunction.

For definition SCR heterojunction conductivity it
is necessary to set the function Fermi £, (x) level posi-
tion in each point x [3]. Conductivity G_ (x) of SCR
part is calculated from 0 up to x as the solution of the
integral equation. However, the solution of this equa-
tion is also determined by the form of a potential bar-
rier ¢ (x). For dark heterojunction ¢ (x) depends only
on submitted bias U and shows the known square-law
formula. At heterojunction illumination generated
in wide band CdS nonbasic carriers (holes) are cap-
tured in SCR on the traps, presented there. We shall
assume, that holes are captured by the centers with a

single energy level, which concentration is equal N..
Then, apparently from fig. 1, because of band bend-
ing in SCR, the energy distance from level Fermi up
to a level of holes traps E_ (determining their filling
degree) essentially depends on coordinate x. It results
in non-uniform filling, and concentration of the cap-
tured charge (changeable along an x axis) will be de-
termined by expression:
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here Ap, — the concentration of photoexcited
holes in CdS quasineutral region. We shall note, that
in formula (1) capture holes centers concentration is
absent, because limits of considered here models the
capture centers number essentially exceed the number
of nonequilibrium holes, i.e. N, > >p (x) or E, > > kT.
Thus, the dependence of a potential barrier ¢ (x) can
be defined from Poisson equation:
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where N — concentration of ionized sallow donors,
not compensated completely in CdS, determining
barrier width in darkness, when p (x) = 0. Captured
charge dependence from coordinate x results in a sig-
nificant deviation of a potential shape of a barrier ¢ (x)
from the square-law form, characteristic for constant
distribution of the charge creating a built-in field. The
potential barrier of illuminated heterojunction will be
described by expression:
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where o = (¢,~EU)/kT. The parameter Ap, ,ncluded in
(3), can be determined knowing the character of dis-
tribution of the captured nonequilibrium charge set by
the formula (3), and average value of a nonequilibrium

o(x) =
1+

(3)
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charge p’, captured on traps in SCR region, which can
be determined from photocapacity value (C ). Having
measured heterojunction dark capacity and its photo-
capacity at various stimulating light intensities under
the formula of the flat condenser

C=ee S/o 4)

it is possible easily to determine appropriate to each
of these capacities barrier region width o (C ” Cph), SO
also values N, (C,) and p ,(C, Cp;.)' It is obvious, that
the size of average captured in SCR nonequilibrium
charge is connected with p (x) by the ratio:

)
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Fig. 1. The zone diagram CdS-Cu,S heterojunction with hole
traps in CdS

It is possible to determine the appropriate value of
parameter Ap, included in (3), for each value of stimu-
lating light intensity by means of calculating p, (C, Cph)
from (5) with the account (1) for each value of photo-
capacity Cph.
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From the equation (3) it is seen, that at absence
of photoexcitation of wide band material, i.e. at Ap =
0, the expression (3) transforms into the square-law
form. However, already at small values Ap there is an
essential deviation ¢ (x) from a square-law depen-
dence especially near heterojunction where the cap-
tured nonequilibrium charge is maximal and ¢ (x) gets
the character close to exponential. At values Ap ap-
propriate to large capacities, change ¢ (x) form also is
the most essential in frontier area where E, (x) has the
maximal value and which, hence, has minimal tun-
nel-jumping conductivity. Thus, function ¢ (x), and
also E, (x) essentially depend on intensity of illumi-
nation and consequently from photocapacity which is
easily measured experimentally. As . (x) determines
the values of parameters ®'(£), N(E,), W(E,), which
determines tunnel-jumping conductivity mechanism
in SCR, the SCR conductivity G_ essentially depends
on a type of function ¢ (x) and the stimulating light in-
tensity. It means, that illumination influences not only
barrier width reduction on current-transport, but also
the change of its form.
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Abstract

It is shown that nonideal CdS-Cu,S heterojunction illumination results in essential space-charge region width reduction and
change of a potential barrier form. It is established that this change is the most expressed near the heteroboundary and occurs even at
very small intensity of stimulating light. It is connected with the capture of nonequilibrium charge on local centers, presented in space-
charge region. Such change of the form of a potential barrier results in essential change of tunnel hopping conductivity of a spatial charge

nonideal heterojunction.

Key word: space — nonideal heterojunction, photoexcitation conditions.

34



VK 621.315.592
B. A. bopwax, M. U. Kymanosa, H. Il. 3amosckas, A. I1. banaban, B. A. Cmoinmoina

SABUCUMOCTD ITPOBOJIMMOCTH OBJIACTU TPOCTPAHCTBEHHOI'O 3APAJA HEMJEAJIBHOT'O
TETEPOITEPEXOJA OT YCJIOBUU ®OTOBO3BYKIEHUA

Pedepar

IMokazaHo, uTO OCBelleHUe HeuaeanbHoro rereponepexona CdS-Cu,S npuBOAMT K CYIIECTBEHHOMY COKPAILEHWIO LIMPHHBI
06JIaCTH TTPOCTPAHCTBEHHOTO 3apsiia U U3MEHEHHUIO (hOPMBI TTOTEHIIMAIBHOTO Gaphepa. YCTaAHOBIEHO, YTO BOJIM3H TeTEPOrPaHULIBI
3TO M3MEHEHUE MAaKCUMAaJIbHO BBIPAXEHO M TIPOMCXOIMT JakKe MPU OYeHb HeOOIbIINX MHTEHCUBHOCTSIX BO30YKIAIOIIETo CBeTa. DTO
CBSI3aHO C 3aXBaTOM HEPABHOBECHOTO 3apsiia Ha TIPUCYTCTBYIOIINE B 00JACTH IIPOCTPAHCTBEHHOTO 3apsiia JJOKaJIbHbIE LIEHTPHI. Takoe
n3MeHeHe GOPMBI TOTEHIIMATBLHOTO Gaphepa MPUBOIUT K CYIIECTBEHHOMY U3MEHEHHIO TYHHEIBHO-TTPHIKKOBOI TPOBOAMMOCTH 00-
JIACTHU ITPOCTPAHCTBEHHOTO 3apsiia HEUIEATbHOTO reTepoIepexoa.

KimioueBble clioBa: MpOCTPaHCTBEHHBIN 3apsil, HEUIEATbHBIN TeTePOITEPEXOI, YCIOBUST (DOTOBO3OYKIEHHS.
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SAJIEXKHICTD ITPOBITHOCTI OBJIACTI ITIPOCTOPOBOTI'O 3APANY HEIAEAJIBHOI'O TETEPOIIEPEXOY
BIJI YMOB ®OTO3BY/I2KEHHSI

Pesiome

HoBeseHo, 110 3acBiTIeHHs HeineanbHoro rereponepexoay CdS-Cu,S BUKIMKAE BaXJIMBE CKOPOUEHHS LIMPUHU 00J1acTi IIpo-
CTOPOBOTO 3apsiaa Ta 3MiHU (DOpMU MOTEHIIiiTHOTO 6ap’epy.

BcraHoBieHo, 1110 MOOIU3Y TeTepoMeXi LSl 3MiHA — MaKCUMaJslbHa i BiOYBa€ThCs MPU Ay>XE HEBEJTUKUX IHTEHCUBHOCTSIX 30Y/I-
Xytouoro cBitia. Lle moB’s13aHO 3 3aXOIUICHHSIM HEPiBHOBAXKHOTO 3apsimy Ha MPUCYTHI JJOKaIbHI LeHTpHU. Taki 3MiHM (popMu Imo-
TEHIIiiiHOro 6ap’epy BUKJIMKAIOTh CYTTEBI 3MiHU TYHEJbHO —CTPMOKOBOI IMPOBIAHOCTI 00J1aCTi IPOCTOPOBOTO 3apsiay HeinealbHOro
reTeporiepexomy.

KiiouoBi ci10Ba: mpocTopoBuii 3apsill, HeinaJIbHUI TeTponepexin, yMOBU (POTO30YyIKEHHSI.
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