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EXTERNAL BIAS INFLUENCE ON TRANSMISSION PROCESSES IN

NONIDEAL HETEROJUNCTION

Optimum conditions for nonequilibrium positive charge accumulation and storages are determined.
The maximal charge accumulation speed for a sample, which basic cadmium sulfide layer is obtained
by liquid electrohydrodynamical spraying (LEHDS) method in the air, is achieved at small negative
biases (-0.3 V), and for a sample obtained by vacuum deposition method - at any negative or zero
bias. The speed reduction of nonequilibrium charge ejection (optimum storage conditions) located on
capture centers in RSC for a case when sensor obtained by LEHDS method in the air realizes at any
negative bias, and for a sample obtained by vacuum deposition — at V'=—0,4V.

For a long time the attention of the researchers was
given to studying CdS-Cu,S nonideal heterojunction
which can be applied for original effective converters
of the optical and X-ray image into an electric sig-
nal creation, as it was convincingly shown [1]. At the
same time, processes of emission and accumulation
of nonequilibrium charge which determine the basic
characteristics of converter in such structure are in-
vestigated insufficiently.

A lot of the phenomena in CdS-Cu,S heterojunc-
tion are anyhow determined by the form of potential
barrier on heteroboundary. In this connection it is ex-
pedient to investigate processes in accumulation and
emission of nonequilibrium charge under the influ-
ence of external bias applied to heterojunction.

Let’s consider the influence of external bias on the
character of the photoconverter signal (j,,) increase.
The signal increase processes were investigated at
continuous sensor excitation by light source with
A=520 nm. At the investigation in character of the
signal recession, the sample was initially illuminat-
ed by powerful flash of white light (without external
bias). The signal registration was made on the pulse
values at the oscillograph screen under illumination
of converter by light-emitting diode IR-pulses. Pulses
registration was made without external bias.

Simultaneously with investigation of the samples
obtained by liquid electrohydrodynamical spraying
(LEHDS) method in the air (samples of group No 1),
the samples obtained by vacuum evaporation method
(samples of group No 2) were investigated too.

The measurements experimental results are sub-
mitted in fig. 1 and 2.

Figures show the curves for signal increase under
samples excitation by light with A = 520 nm at dif-
ferent applied bias for typical samples of groups No
1 and No 2 , accordingly. It is seen, that various sta-
tionary values of short circuit current, and, hence, the
different accumulated stationary hole charge on traps
in RSC (fig. 1-2) correspond to different applied bi-
ases.

On the basis of fig. 1 and 2 we constructed the de-
pendence of charge accumulation speed on value of
external bias (fig. 3). The analysis of the curves ob-
tained show, that charge accumulation speed decreas-
es sharply in the region of positive biases and on the
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abscissa cuts off the voltage about 1 V, that approxi-
mately corresponds to barrier height ¢, in CdS-Cu,S
heterojunction. For the samples obtained by LEHDS
method the cutoff voltage is some less that can be
caused by the greater degree of structure imperfection
in comparison with the samples obtained by vacuum
evaporation method.
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Fig. 1. The curves of (j,,) signal dependence on time of samples

excitation by light with A=520 nm at different values of applied

external bias. The sample was obtained by LEHDS method in the

air (group No 1): 1 (+1V), 2 (+0,6 V), 3(+0,3V),4(-0,3V), 5
(-0,5V),6(-0,9V)
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Fig. 2. The curves of (j,) signal dependence on time of samples
excitation by light with A=520 nm at different values of applied
external bias. The sample was obtained by vacuum evaporation
method (group No 2): 1 (+0,9V), 2 (+0,6 V), 3(+0,3V), 4 (+0,1
V)a 5 (_05 IV)$ 6 (_034V)) 7 (_059 V)
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Let’s pay attention to the fact that with reduc-
tion of positive bias the value of signal increase speed
raises, reaches the maximal values at small negative
biases, and decreases again at high values of negative
bias (fig. 3).
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Fig. 3. Dependence of the charge accumulation speed (a derivative
jc on time) on voltage of external bias for samples of groups No 1
-(a)and No 2 - (b)

Let’s observe the influence of external bias value
on accumulation, and, hence, on current transfer of
charge in RSC of CdS-Cu,S heterojunction.

Conditions of current transfer and recombination
on CdS-Cu,S heterojunction heteroboundary are de-
termined by a kind of ¢(x) function which describes
the behavior of potential barrier in heterojunction
RSC. As it was already noted, this is connected with,
the fact that the short circuit current (j,,) generated by
IR-light in Cu,S is determined not only by the inten-
sity of illumination, the quantum yield and the col-
lecting factor in Cu,S but also by the ratio between
speed of surface recombination for free electron be-
ing generated by light in Cu,S, and their drift speed in
heteroboundary (formula 1).
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For unlighted heterojunction, the potential @(x)
depends only on bias V and is expressed by the for-
mula

o (x)= (o, —qV)(l‘%V)z TV T Ak, ?)

where @,— heterojunction barrier height, W — RSC
width,

AF, — depth of occurrence for Fermi level in cad-
mium sulfide quasi-neutral region.

When heterojunction is illuminated, minor carri-
ers (holes) generated in wideband cadmium sulfide
are captured in RSC on the traps there which con-
centration is equal N,. Because of zones curvature in
RSC, distribution of the localized charge along axis x
is determined by expression (3).
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Ap(x)=Ap, exp{i—%(%ﬂ.

3)
The solving of Poisson equation (4)
4o _p(x)
dx’>  eg, )
where
p(x)=¢q| N ,+Ap(x)—n(x)
(x¥)=a| N+ 4p(x)-n(x) | -

at external bias in view of expression (3) and (5) allows
to receive dependence of potential barrier for illumi-
nated heterojunction on coordinate:
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where

Expressions (2) and (6) show that external bias gV

influences essentially on the form of potential barri-

d
er and, hence on the value £
short circuit current.

It is obvious, that current transfer in investigated
structure is determined by concentration of nonequi-
librium charge located in RSC. We shall consider
the current dynamics at different external biases. As
at heterojunction illumination simultaneously with
charge accumulation emission takes place, for the
simplicity let’s observe the case of decay relaxation
(when stimulating light is cut off).

Experimental curves for current value dependence
on time, passed after end of sensor excitation by flash
of white light and the speed of current decrease (a de-

which determines
x=0
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r ) are given in fig. 4 and 5, accordingly,

t=10s

at different values of external bias.

Thermal ejection (fig. 6, transition 1) does not de-
pend on bias V. Direct tunneling (transition 2) weakly
depends on V, but two-level tunneling process with the
subsequent recombination (transition 3) and tunnel-
jumping recombination process (transition 4) depend
on the applied external bias. At V'— ¢,/g the recombi-
nation in the way 3 becomes considerable, that results
in high jsc drop speed for a typical sample of group No
1 (fig. 4, and fig. 5, a). In this sample cadmium sulfide
was obtained by LEHDS method with the subsequent
pyrolysis in the air that results in strongly developed
surface and the crystallite sizes being smaller than 0,5
microns.

Cadmium sulfide for samples of group No 2 was
obtained by vacuum dispersion method. Its crystallite
size is the order more, but the density defects is much
lower. This causes low speed of signal drop (fig. 4, b),



and can be connected with the fact that process (4)
does not contribute essentially the recombination.

jser rel. un.

0,75

0,5

®

0,25

10 150

jser rel. un.

NN
%, N
0,75 | . XN

.
LI

S

0,25

L L L
10 150 300 t,s
Fig. 4. Dependence of signal j,, value on time after sample excita-
tion by white light pulse at different bias values. For typical sample
of group No 1 — a and for sample of group No2 —b: 1 (+0,9V),
2(+0,5V),3(+0,2V),4(-0,2V),5(-0,5V),6(-0,9V)
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Fig. 5. Dependence for relaxation speed of charge decrease
(current j,, derivative in time) for various bias values on bias value
for samples of group No1 —aand No2 —b

Let’s observe the influence of external bias on hole
emission mechanisms (fig. 6).
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Fig. 6. Mechanisms to remove holes captured on traps out of CdS-
Cu,S heterojunction RSC. 1 — thermal emission into the valence
band; 2 — direct hole tunneling from trap centers into Cu,S
valence band; 3 — free electron two-level tunneling from CdS
quasi-neutral region into RSC and the subsequent recombination
with nonequilibrium hole; 4 — tunnel-jumping recombination

Inhomogeneous materials tunnel-jumping mecha-
nism on the located states is usually observed at rather
low temperatures [2]. At the same time, for barrier
structures, concentration of free carriers which de-
termines thermal activation current, at small biases
(V<< @,/q) is too small, that makes jumping con-
ductivity mechanism the basic one even at rather high
temperatures. Cadmium sulfide obtaining by LEHDS
method and formation of CdS-Cu,S heterojunction
by vacuum deposition method, results in formation of
significant amount of defects in transient region. At
defects concentration 10'¥-10%' sm= quasi-continu-
ous density of states N(E) appears in RSC by which
current transfer can be carried out.

With the increase of positive bias, the energy posi-
tion of Fermi level E, (x) in all points x is increased,
hence, the states density, near the Fermi level N (E,)
increases, and tunnel-jumping recombination speed
in a way 4 raises. However, as it was earlier mentioned,
for a sample obtained by vacuum deposition method,
the absolute values N(E,) are lower, that’s why this
process cleared weakly. At high negative biases, be-
cause of barrier form changing for the sample of group
No 2 hole tunneling into Cu,S V-zone increase, but
for sample of group No 1 this effect is less noticeable,
this can be connected with high barrier width, or the
presence of deep centers (fig. 5, a, b).

Let’s turn back now to the process of current sig-
nal increase in heterojunction at photoexcitation. The
rate of nonequilibrium charge increase in heterojunc-
tion RSC will be determined by expression (7):

dp,
dt

- ~
—-pvS,nD,(x)-p,vS,N(E,),

— E —
:f—p,vSpth exp{—ﬁ}—p,vSp,Ple (x)—

(7)

where f — the generation function that has constant
value; ' — average thermal speed of carriers; S, and
S, — holes and electrons capture cross section; P, —
effective state density in CdS valence band; n, — free
electrons concentration in quasineutral CdS region,;
S, — capture cross section of electron by recombina-
tion center on interface boundary; N(E,) state density
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in vicinity of Fermi level; D,(x), D,(x) — transpar-
ency factors of barriers corresponded to direct hole
tunneling from traps centers into Cu,S valence band
and two-level free electron tunneling from CdS quasi-
neutral region into RSC with subsequent recombina-
tion with nonequilibrium hole; " — effective thermal
speed of carriers at jumping conductivity (y' = R'w,
where w — probability of a jump for the most prob-
able length R").

Generation function fand thermal ejection do not
depend on voltage bias. At the high positive biases, as
in the case of excitation absence, charge accumula-
tion speed decreases essentially because of two-level
recombination intensity growth (transition 3) and tun-
nel-jumping recombination (transition 4). Therefore,
according to the formula (3.1), dp,/dt thus decreases,

djS(‘

that results in experimentally observed g5 re-
duction (fig. 3). At V — ¢,/e recombination barrier
for process (2) disappears and recombination in this
way becomes so high, that charge accumulation on
centers N, practically does not occur, i. e. Ap = 0 and
the profile ¢(x) does not change, and hence j, current
value does not change too. However, at V' — ¢,/e the
part of voltage decays on series resistance of cadmium
sulfide layer.

From above-stated follows, that for the optimiza-
tion of accumulation information process (the maxi-
mal charge accumulation speed) for sample of group
No 1 (cadmium sulfide obtained in the air) it is possi-
ble to apply low negative bias, and for sample of group
No 2 (cadmium sulfide obtained in vacuum) — any
negative or zero biases (fig. 3). The optimum condi-
tions for information storage (located nonequilibrium
charge ejection minimal speed) realize at any negative
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biases for sample of group No 1, and for sample of
group No 2 at V= —0,4V (fig. 5). Process of the ac-
celerated informative charge ejection from RSC (for
both variants to produce heterojunction), can be car-
ried out by applying positive bias at value of about 1
V.

CONCLUSION

Optimum conditions for nonequilibrium positive
charge accumulation and storages are determined.
The maximal charge accumulation speed for a sample,
which basic cadmium sulfide layer is obtained by lig-
uid electrohydrodynamical spraying (LEHDS) meth-
od in the air, is achieved at small negative biases (-0.3
V), and for a sample obtained by vacuum deposition
method - at any negative or zero bias. The speed re-
duction of nonequilibrium charge ejection (optimum
storage conditions) located on capture centers in RSC
for a case when sensor obtained by LEHDS method in
the air realizes at any negative bias, and for a sample
obtained by vacuum deposition — at V'=—0,4V.
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accumulation speed for a sample, which basic cadmium sulfide layer is obtained by liquid electrohydrodynamical spraying (LEHDS)
method in the air, is achieved at small negative biases (—0.3 V), and for a sample obtained by vacuum deposition method — at any
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in RSC for a case when sensor obtained by LEHDS method in the air realizes at any negative bias, and for a sample obtained by vacuum
deposition — at V'=—0,4V.

VIK 621.315.592
B. A. CmuntuHa, B. A. Bopmak, M. 1. Kyranosa, H. I1. 3aroscekas, A. 1. banaban
BIIIMB 30BHIIIHBOT'O 3MIIINEHHA HA ITIEPEXIJIHI ITPOLIECH B HEITIEAJIbHOMY I'ETEPOITEPEXO/1

BusHayeHo onTUMalibHi YMOBU TSl HATPOMAJIXKEHHSI i 30€peXXeHHsI HEPiBHOBAaXKHOTO MO3UTUBHOTO 3apsiy. MakcuMasbHa IUBUI -
KiCTh HarpoMa/KeHHS 3apsimy UTs 3pa3Kka, 0a30BUii map cyabdinmy KaaMiro SKOro OTpUMaHU METOIOM eJIEKTPOTiAPOIUHAMIYHOTO
posmwienHs pinuau (ETIPP) y moBiTpi, mocsraeTbest Ipy HEBEJIMKUX HeraTuBHUX 3cyBax (—0.3 B), a g 3pa3ka, oTpMMaHOro Ba-
KYYMHUM OCa/)KEHHSIM — MpU OyIb-sIKMX HETAaTUBHUX 3CyBaxabo HYJIbOBOMY 3CYBi. 3MEHIIEHHSI LUBUAKOCTI BUKUY JIOKATi30BaHOTO
Ha LeHTpax 3axorieHHs1 B OI13 HepiBHOBaroro 3apsiay (ONTUMaIbHi YMOBU 30€peXXeHHSI) U1l BUTIAIKY OAep>KaHHS CeHCOpa METOAOM
ETIPP y noBitpi 3milicHIOETbCSI TIpU Oy/Ib-SIKMX HETATUBHUX 3CyBax, a ISl 3pa3ka, OTPUMAHOTO BaKyyMHUM OCAIKEHHSIM — TIPU
V=-0,4V.

26



VIK 621.315.592
B. A. CmuinTEIHA, B. A. Bopimak, M. U. Kyranosa, H. I1. 3atoBckas, A. I1. bana6an
BJIMAHUE BHEIHNTHEI'O CMEIINEHUA HA ITEPEXOJHBIE ITPOLIECCHI B HEUJEAJIBHOM I'ETEPOITEPEXOJE.

OnpezesieHbl ONTUMATbHBIE YCIOBUS JUIS HAKOTUIEHUSI U XpaHEHUSI HEPABHOBECHOTO MOJIOXKUTENBHOTO 3apsiaa. MakcuMmabHast
CKOPOCTh HAKOTUIEHUS 3apsina It o0pasiia, 6a30BbIi CI0i Cynbdhuaa KaaMus KOTOPOTO TTOyYeH METOIOM 3JIeKTPOTUIAPOIMHAMM -
yeckoro pacnbiieHust xun koctu (BIJIPXK) Ha Bo3nyxe, mocTuraeTcst mpu HeOOIbIIMX OTpULIaTeIbHbIX cMeleHusix (—0.3 B), a mis
o0pas3iia, ToJIy4eHHOTO BaKyyMHBIM OCaXKII€HMEM — TIPU JIFOOBIX OTPUIIATEIbHBIX WJIA HYJIEBOM CMEIIEeHUN. YMEHbIIIEHNUE CKOPOCTH
BBIOpOCA JIOKAJIM30BaHHOTO Ha IieHTpax 3axBaTta B OII3 HepaBHOBECHOro 3apsiia (ONTUMAJbHBIC YCIOBUSI XpaHEHUS) ST CIIydast
nosrydeHust ceHcopa merogoM DIJIPXK Ha Bo3myxe ocyluecTBisieTcs Mpu JIIOOBIX OTPULIATEbHBIX CMEILEHUSIX, a Uit 00pa3ua, nojiy-
YEeHHOI0 BaKyyMHBIM ocaxaeHueMm — ipu V= —0,4V.



