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AHHOTALUA

PEJIAKCALIUS CUTHAJIA B CEHCOPE NU30BPAKEHUA HA OCHOBE
HEWJIEAJIBHOI'O I'ETEPOIIEPEXO/IA

B. A. CmbiaTBIHA, B. A. Bopmiak, A. I1. bamaban

I/ICCJ'ICILOBEIHBI IPOUCCChI PCIIAKCALIMM HCPABHOBCCHOI'O 3apsaa B 6apbepH0171 o0OJracTu He-
HNACAJIbHOT'O I'€TCPOoIICpEXoaa. CeHcop Ha OCHOBC TAKOI'O I'€TCPOICpexoaad AaxXe IIpu KOMHAT-
HOM TEMIICPATYPE MOXKET JOCTATOYHO JOJII'O XPAHHUTL CKPBITOC 1/1306pa>1<eH1/Ie, TaK KaK OHO
C(bOpMI/IpOBaHO HCPABHOBCCHBLIM 3a4piA10M, 3aXBAUCHHBIM Ha FJ'Iy6OKI/I€ JIOBYIIKHU B obJactn
IPOCTPAHCTBCHHOI'O 3apsaa, I'I€ UMCCTCA 3HAYUTEIbHBIN peKOM6HHaHI/IOHHBII>'I 6apbep.

I/ICCJ'IG‘I[OBELHI/IG pei1aKkCalli CUIrdaja IocCJji€ BbIKJIIIOUYCHU A Bo36y>1<na101uer0 cBeTa OBLIO BHI-
ITOJIHCHO B YCTBIPEX TOUKaAX CCHCOpPA. yCTaHOBJ'IGHO, YTO B PA3HBIX TOYKAX CHUI'HAJI y6BIBaeT C
OJHHUM U TCM K€ XapPaKTECPHBIM BPCMCHEM PCIIAKCAlIUM, OAHAKO CUJIBHO OTIMYACTCS 110 abco-
JIFOTHOU BEIUYHHE. DTO CBUICTCIILCTBYCT O TOM, YTO HCOAHOPOAHOCTH CEHCOPA I10 @OTOHYB-
CTBUTCJIBHOCTH BbI3BaHa CYIICCTBCHHBIM U3MCHCHHUEM BJOJIb IOBCPXHOCTHU KOHLUCHTPALIUHA JIO-
BYHICYHBIX LICHTPOB C OAHUMHU U TCMU KC IMMapaMeTpaMu, OIIPCACTIAIOINMU BEPOATHOCTDb TCP-
MHYCCKOI'O BBI6p008..

AHoTauis

PEJTAKCALISA CUT'HAJIY B CEHCOPI 30bPAKEHHSA
HA BA3I HEIAEAJBHOI'O I'ETEPOIIEPEXOY

B. A. CmunaTHHA, B. A. Bopmak, A. I1. banaban

JlocipkeHo poLiecH peltakcallii HepiBHOBaXKHOTO 3apsy B Oap’€pHilt 001acTi HelIeaTbHOTO
rereponiepexona. CeHcop Ha 6a3i TAKOTO reTepoOIepexoay HaBITh TPU KIMHATHIN TeMIepaTypi
MO’€ JJOCUTH TOBI'O 30€piraT CXOBaHe 300pakeHHsI, TOMY 1110 BOHO ¢(hOPMOBAHO HEPIBHOBATUM
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3apsiIoM, 3aXOIJICHUM Ha TJIMOOKI MACTKHU B 00JIACTI TPOCTOPOBOTO 3aPSITy, 1€ MAETHCS 3HAUHUIN
pekoMOiHaIiHul 6ap’ep. JocmipkeHHs penakcallii CUrHally Icisi BAMUKaHHS 30yIMBOTO
CBiTJIa OyJIO BAKOHAHO B YOTUPBOX TOUYKAX CEHCOPA. Y CTAHOBIICHO, [0 B PI3HUX TOUKAX CUTHAIT
yOyBae 3 TUM CaMUM XapaKTepPHUM 4YacCOM pejiakcallii, OJHaK CUIIbHO BIAPIZHIETHCS 1O
abcomnmroTHIN BenmuuuHi. 1le cBITUUTH Mpo Te, 1110 HEOAHOPIIHICTh CEHcopa Mo (POTOUYTIMBOCTI
BUKJIMKaHA ICTOTHOIO 3MIHOIO y3/IOBX MTOBEPXHI KOHIIEHTPAIIii TACTKOBUX IIEHTPIB 3 TAMH CAMUMU
rapaMeTpaMu, 110 BU3HAYAIOTH IMOBIPHICTh TEPMIUHOTO BUKHU/TY.

Nonequilibrium charge relaxation processes in the barrier zone of nonideal heterojunction have
been studied. Sensor based on nonideal heterojunctions is capable of a rather long-term storage of a
latent image even at room temperature, since the image is formed by the nonequilibrium charge stored
at deep traps in the space-charge region where a considerable recombination barrier is present. The
signal relaxation after the exciting light switching-off was studied in four points of the sensor. The
signal has been found to decrease at the same characteristic relaxation time but to differ considerably
in absolute value at different points. This fact evidences that the sensor photosensitivity unhomogene-
ity is caused by substantial variation of the trapping center concentration over the surface, the param-
eters defining the thermal emission probability being the same.

A nonideal heterojunction is known to be in equilibrium and nonequilibrium states [1, 2]. In the
first-mentioned one, it has a low sensitivity to IR light and, respectively, a low short-circuit current
value (I ) while the nonequilibrium state is high-sensitive to IR light and is characterized by a high I_.
The transition from the equilibrium state to the nonequilibrium one occurs under short-wavelength
light due to trapping and accumulation of the nonequilibrium photogenerated charge at deep trapping
centers in the space-charge region (SCR) of the nonideal heterojunction. After the exciting irradiation
is over, the system returns of course to the equilibrium state sooner or later. The relaxation time
defines obviously the data storage duration in an optical sensor based on a nonideal heterojunction as
well as the possibility to accumulate the signal under prolonged exposures by weak light, thus, it
defines actually the maximum sensitivity of the sensor under study. Thus, a detailed study of the
emission processes of the charge trapped in the SCR as well as of effects of external factors (temper-
ature, bias, etc.) on those processes is of importance.

It has been found in experiment that a sensor based on a nonideal heterojunction is capable of a
rather long-term storage of a latent image even at room temperature, since the image is formed by the
nonequilibrium charge stored at deep traps in the space-charge region where a considerable recombi-
nation barrier is present that hinders the recombination of the trapped charge with free carriers. Never-
theless, the relaxation of the nonequilibrium charge occurs in the SCR and may be defined by various
mechanisms (Fig. 1). Those include: thermal emission (Fig. 1, 1), the direct hole tunneling to the
interface states (Fig. 1, 2), the two-step tunneling followed by recombination (Fig. 1, 3).

The short-circuit current of a nonideal heterojunction is defined by an expression depending heav-
ily on the electric field strength at the heterojunction interface [2] that, in turn, is defined by the
trapped charge kinetics. It is impossible to solve analytically the kinetic equation encompassing all the
above-mentioned mechanisms of the nonequilibrium charge relaxation. Therefore, the consideration
of the charge removal mechanisms out of SCR is restricted here by thermal emission only to obtain the
preliminary estimation results.

Let the concentration of trapped holes be constant at the zero time moment. This situation may be
realized, e.g., at high intensity illumination by short-wavelength light when all the traps are filled and
pl(x)|l:0 =N, . The absence of the heterojunction photocapacity increase at increasing exciting light
intensity is an experimental evidence of the mentioned situation. A typical nonideal heterojunction
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CdS-Cu,S was considered as a model. The short-circuit current relaxation was calculated under the
above assumptions for different values of the trapping center parameters (concentration, depth, cap-
ture cross-section).
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Fig. 1. CdS-Cu,S heterojunction band diagram showing the possible ways of nonequili-brium charge removal from SCR.

The sensitivity of a sensor based on the nonideal thin-film CdS-Cu,S heterojunction is known to
exhibit a considerable non-uniformity over the surface. This non-uniformity may be due to the pres-
ence of different trapping centers with different parameters defining the characteristic relaxation time
at different sample sites. This may result in different signal values even under excitation due to differ-
ent concentration levels of the trapped charge occurring under dynamic equilibrium. If the signal is
recorded somewhat after the excitation is over, the distinctions will be of course even larger due to
different relaxation rates. The non-equilibrium charge in the CdS-Cu,S heterojunction SCR can be
captured at several trap types differing in the depth and capture cross-section. Therefore, such a mech-
anism may result in a non-uniform photosensitivity in the sensor under consideration. At the same
time, such a non-uniformity may be caused by differences in concentration N along the surface of one
and the same trapping center at a constant T . Thus, comparing the experimental data on the signal
relaxation for different points of the sensor (Fig. 2) with the above estimating calculations, the charac-
ter of non-uniformity resulting in the photosensitivity variation over the surface can be determined.

Such signal relaxation after the exciting light switching-off has been studied for four sensor sites. It
is seen that the signal decreases at one and the same characteristic relaxation time to but with consid-
erable differences in the absolute value. This may be an evidence of the fact that the non-uniform
sensor sensitivity is due to substantial variations of the trapping center concentration over the surface,
the parameters defining the thermal emission probability (E_and Spl) being the same and the nonequi-
librium charge being captured in the SCR at a single trap type. At the early stage, the relaxation curve
run cannot be described by the model supposing the thermal emission of the trapped charge only;
moreover, the signal decrease process cannot be characterized by any certain value of the relaxation
time . This may be associated with other relaxation ways of the nonequilibrium charge captured in
the SCR, for example, the tunneling emission.
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Fig. 2. Short-circuit current relaxation in different sample sites.
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