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AHHOTANHSA

PEJJAKCAIIMSA CUT'HAJIA B CEHCOPE N30BPAKEHUS HA OCHOBE
HEMJAEAJIBHOI'O 'ETEPOIIEPEXO/JIA

B. A. CmpinTeiHa, B. A. bopmak, A. I1. banaban

HccenenoBanel mpoliecchl  pellakCalli  HepaBHOBECHOTO 3apsaa B OapbepHOW 00JacTH  HEeHWaealbHOro
rereponiepexofqa. CeHCOp Ha OCHOBE TaKOro reTteporepexoja Aaxke MPU KOMHATHOW TeMImeparype MOXKeT
JIOCTAaTOYHO AOJNIO XPaHWUTb CKPBITOE H300pakeHHe, TaK Kak OHO c(OPMHPOBAHO HEPABHOBECHBIM 3apsiioM,
3axBau€HHbIM Ha TJIyOOKHE JIOBYIIKM B 00JacTH MPOCTPAHCTBEHHOrO 3apsaia, TAe MMEeTCsl 3HAYMTENIbHBII
PEeKOMOMHALIMOHHBIH O6apbep.

HccnenoBanue peiakcaly CUTHANA MOCJIE BBIKIIOYEHHUS! BO30Y>KAAIOLIEro cBeTa OblJIO BBIMOIHEHO B YETHIPEX
TOYKaX CeHCOpa. YCTaHOBJIEHO, YTO B pa3HbIX TOYKAX CUrHajl YOBIBACT ¢ OOHUM MU TeM XK€ XapaKTepHbIM
BpEMEHEM peJlakcallii, OJJHAKO CHIILHO OTIMYaeTCcsl Mo abCOMOTHOM BelIMUKHe. DTO CBUAETEIbCTBYET O TOM, YTO
HEOJHOPOIHOCThL CeHcopa Mo (POTOUYBCTBUTEIBHOCTH BbI3BaHA CYLLECTBEHHBIM U3MEHEHHEM BIOJb MOBEPXHOCTH
KOHLIEHTPALMH JIO-BYLIEUHBIX LEHTPOB C OOJHUMHU U TEMH K€ MapaMeTpamu, ONpeaessIIoIUMHA BEPOSITHOCT Tep-
MHYeCKOro BEIOpoca.

AHoTanis

PEJIAKCAIIA CUTHAJIY B CEHCOPI 30BPA’KEHHSA HA
BA3I HEIIEAJIBHOI'O I'ETEPOIIEPEXOY

B. A. CmunTtuHa, B. A. bopmiak, A. I1. bana6an

JlocnipkeHo TpoliecH penakcailii HepiBHOBaKHOTO 3apsy B Oap'epHiii 00J1acTi HeilealbHOTO TeTeponepexoia.
CeHcop Ha 0a3i Takoro reTeporepexojay HaBiTh MPH KIMHATHIH TeMIiepaTypi Moe JIOCUTh JOBro 30epiratu
cxoBaHe 300pakeHHsI, TOMY 1110 BOHO C(hOpPMOBAHO HEPiBHOBAruM
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3aps/ioM, 3aXOMJIeHMM Ha TJMOOKi MacTku B 0O0JAcTi MPOCTOPOBOrO 3apsiay, A€ MAeTbCs 3HAYHHN
pekoMOiHaliitHuii Oap'ep. JlocnmipkeHHs penakcailii CUTHATY mMicis BUMHKaHHS 30yIUTMBOTO CBiTjia OYiI0
BUKOHAHO B YOTHPHOX TOYKAX CEHCOpA. YCTAHOBIJIEHO, IO B Pi3HMX TOYKAX CHrHan yOyBae 3 TMM caMuM
XapaKTepHUM 4YacoM peJjlakcallil, OJHaK CHUJIBHO BiIpi3HAETHCS MO abcomoTHil BenuuuHi. Lle cBiqunTh mipo
T, 110 HEOJHOPIMHICTL ceHcopa Mo (OTOUYYTIMBOCTI BUKJIMKAHA ICTOTHOK 3MIHOIO Y3JIOBX TOBEpPXHI
KOHIEHTpallil MacTKOBUX LEHTPIB 3 THMH CAMUMH TapaMeTpaMH, 1[0 BU3HAYAIOTh IMOBIpHICTh TEPMIYHOTO
BUKHIY.

Nonequilibrium charge relaxation processes in theiér zone of nonideal heterojunction have been
studied. Sensor based on nonideal heterojunctionagable of a rather long-term storage of a lateage
even at room temperature, since the image is fotmetie nonequilibrium charge stored at deep tiapise
space-charge region where a considerable recoritninbarrier is present. The signal relaxation after
exciting light switching-off was studied in four ipts of the sensor. The signal has been found d¢cedse at
the same characteristic relaxation time but toediffonsiderably in absolute value at different i his
fact evidences that the sensor photosensitivityomugene-ity is caused by substantial variationhaf t
trapping center concentration over the surface,pdw@meters defining the thermal emission prolgbili
being the same.

A nonideal heterojunction is known to be in equili;n and nonequilibrium states [1, 2]. In the first
mentioned one, it has a low sensitivity to IR ligiitd, respectively, a low short-circuit currentueal(l )
while the nonequilibrium state is high-sensitivelRolight and is characterized by a high | . Thangition
from the equilibrium state to the nonequilibriumearccurs under short-wavelength light due to trag@ind
accumulation of the nonequilibrium photogeneratadrge at deep trapping centers in the space-charge
region (SCR) of the nonideal heterojunction. Aftee exciting irradiation is over, the system retuof
course to the equilibrium state sooner or latere Thlaxation time defines obviously the data sterag
duration in an optical sensor based on a nonidetgrdjunction as well as the possibility to accuatrithe
signal under prolonged exposures by weak lights,tlitudefines actually the maximum sensitivity bét
sensor under study. Thus, a detailed study oftieston processes of the charge trapped in the &Gkl
as of effects of external factors (temperatures,l@&c.) on those processes is of importance.

It has been found in experiment that a sensor based nonideal heterojunction is capable of a rathe
long-term storage of a latent image even at roompégature, since the image is formed by the
nonequilibrium charge stored at deep traps in gaeea-charge region where a considerable recombimati
barrier is present that hinders the recombinatiothe trapped charge with free carriers. Nevergwl¢he
relaxation of the nonequilibrium charge occursha SCR and may be defined by various mechanisrgs (Fi
1). Those include: thermal emission (Fig. 1, 1¢, direct hole tunneling to the interface stateg.(Ej 2), the
two-step tunneling followed by recombination (Fig.3).

The short-circuit current of a nonideal heterojiorctis defined by an expression depending heavily o
the electric field strength at the heterojunctioteiface [2] that, in turn, is defined by the tragpcharge
kinetics. It is impossible to solve analyticallyethkinetic equation encompassing all the above-roeat
mechanisms of the nonequilibrium charge relaxatiimerefore, the consideration of the charge removal
mechanisms out of SCR is restricted here by theendksion only to obtain the preliminary estimation
results.

Let the concentration of trapped holes be constarthe zero time moment. This situation may be
realized, e.g., at high intensity illumination byost-wavelength light when all the traps are filkade: (=0 -

N; . The absence of the heterojunction photocapacitease at increasing exciting light intensityais
experimental evidence of the mentioned situatiotypical nonideal heterojunction
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CdS-C u,S was considered as a model. The short-circuientimelaxation was calculated under the above
assumptions for different values of the trappingtee parameters (concentration, depth, capturescros
section).

Cu,y

Fig. 1. CdS-Cu5 heterojunction band diagram showing the possildgs of nonequili-brium charge removal from
SCR.

The sensitivity of a sensor based on the nonidealfim CdS-C u,S heterojunction is known to exhibit a
considerable non-uniformity over the surface. Tiig-uniformity may be due to the presence of déffier
trapping centers with different parameters defirthng characteristic relaxation time at differenthpée sites.
This may result in different signal values evenamexcitation due to different concentration levefighe
trapped charge occurring under dynamic equilibritfrthe signal is recorded somewhat after the axioih
is over, the distinctions will be of course evergé& due to different relaxation rates. The nonHdaium
charge in the Cd§-u,S heterojunction SCR can be captured at sevematypes differing in the depth and
capture cross-section. Therefore, such a mechamagn result in a non-uniform photosensitivity in the
sensor under consideration. At the same time, sucion-uniformity may be caused by differences in
concentration Nalong the surface of one and the same trappingicaha constant. Thus, comparing the
experimental data on the signal relaxation foredéht points of the sensor (Fig. 2) with the abestimating
calculations, the character of non-uniformity réisgl in the photosensitivity variation over the faige can
be determined.

Such signal relaxation after the exciting light ling-off has been studied for four sensor sites
seen that the signal decreases at one and the dwracteristic relaxation time to but with consalde
differences in the absolute value. This may bevéaleace of the fact that the non-uniform sensosgigity
is due to substantial variations of the trappingteeconcentration over the surface, the paramegiging
the thermal emission probability(&hd S ) being the same and the nonequi-libriumgehbeing captured
in the SCR at a single trap type. At the early estdige relaxation curve run cannot be describetthéynodel
supposing the thermal emission of the trapped ehandy; moreover, the signal decrease process t&eno
characterized by any certain value of the relaxatime t. This may be associated with other relaxation
ways of the nonequilibrium charge captured in t&Sfor example, the tunneling emission.
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Fig. 2. Short-circuit current relaxation in diffetesample sites.
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