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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 bas³ñ 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-Cu2S 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-Cu2S 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 (jsc) increase. 
The signal increase processes were investigated at 
continuous sensor excitation by light source with 
λ = 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 λ = 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 

abscissa cuts off the voltage about 1 V, that approxi-
mately corresponds to barrier height ϕ0 in CdS-Cu2S 
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.

Fig. 1. The curves of (jsc) signal dependence on time of samples 
excitation by light with λ = 520 nm at different values of applied 
external bias. The sample was obtained by LEHDS method in the 
air (group No 1): 1 (+1 V), 2 (+0,6 V), 3 (+0,3 V), 4 (-0,3 V), 5 

(-0,5 V), 6 (-0,9 V)

Fig. 2. The curves of (jsc) signal dependence on time of samples 
excitation by light with λ = 520 nm at different values of applied 
external bias. The sample was obtained by vacuum evaporation 
method (group No 2): 1 (+0,9 V), 2 (+0,6 V), 3 (+0,3 V), 4 (+0,1 

V), 5 (-0, I V), 6 (-0,4 V), 7 (-0,9 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).

Fig. 3. Dependence of the charge accumulation speed (a derivative 
jsc 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-Cu2S heterojunction.

Conditions of current transfer and recombination 
on CdS-Cu2S heterojunction heteroboundary are de-
termined by a kind of ϕ(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 (jsc) generated by 
IR-light in Cu2S is determined not only by the inten-
sity of illumination, the quantum yield and the col-
lecting factor in Cu2S but also by the ratio between 
speed of surface recombination for free electron  be-
ing generated by light in Cu2S, and their drift speed in 
heteroboundary (formula 1).
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For unlighted heterojunction, the potential φ(x) 
depends only on bias V and is expressed by the for-
mula

( ) ( )( )2

0 01 ,xx qV qV FWϕ = ϕ − − + + Δ
 (2)

where φ0 – heterojunction barrier height, W – RSC 
width,
ΔF0 — 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 Nt. Because of zones curvature in 
RSC, distribution of the localized charge along axis x 
is determined by expression (3).
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The solving of Poisson equation (4)
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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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Expressions (2) and (6) show that external bias qV 
influences essentially on the form of potential barri-

er and, hence on the value 
0x

d

dx =

ϕ
 which determines 

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-

rivative 
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) are given in fig. 4 and 5, accordingly, 

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 → ϕ0/q 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), 
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and can be connected with the fact that process (4) 
does not contribute essentially the recombination.

Fig. 4. Dependence of signal jsc 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 No 2 — b: 1 (+0,9 V), 

2 (+0,5 V), 3 (+0,2 V), 4 (-0,2 V), 5 (-0,5 V), 6 (-0,9 V)

Fig. 5. Dependence for relaxation speed of charge decrease 
(current jsc derivative in time) for various bias values on bias value 

for samples of group No 1 — a and No 2 — b

Let’s observe the influence of external bias on hole 
emission mechanisms (fig. 6). 

Fig. 6. Mechanisms to remove holes captured on traps out of CdS-
Cu2S heterojunction RSC. 1 — thermal emission into the valence 
band; 2 — direct hole tunneling from trap centers into Cu2S 
valenñe 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

In homogeneous 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 << ϕ0/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-Cu2S heterojunction 
by vacuum deposition method, results in formation of 
significant amount of defects in transient region. At 
defects concentration 1018-1021 sm-3  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 EF (x) in all points х is increased, 
hence, the states density, near the Fermi level N (EF) 
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(EF) 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 Cu2S 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, à, 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):
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where f — the generation function that has constant 
value; v′  — average thermal speed of carriers; Spt and 
Snt — holes and electrons capture cross section; Pν — 
effective state density in CdS valence band; n0 — free 
electrons concentration in quasineutral CdS region; 
Snr — capture cross section of electron by recombina-
tion center on interface boundary; N(EF) state density 
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in vicinity of Fermi level; D1(x), D2(x) – transpar-
ency factors of barriers corresponded to direct hole 
tunneling from traps centers into Cu2S valence band 
and two-level free electron tunneling from CdS quasi-
neutral region into RSC with subsequent recombina-
tion with nonequilibrium hole; v′  — effective thermal 
speed of carriers at jumping conductivity ( v R w′ ′= , 
where w — probability of a jump for the most prob-
able length R′ ).

Generation function f and 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), dpt/dt thus decreases, 

that results in experimentally observed 
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duction (fig. 3). At V → ϕ0/e recombination barrier 
for process (2) disappears and recombination in this 
way becomes so high, that charge accumulation on 
centers Nt practically does not occur, i. e. Δp = 0 and 
the profile ϕ(x) does not change, and hence js current 
value does not change too. However, at V → ϕ0/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 

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 bas³ñ cadmium sulfide layer is obtained by liq-
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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ÂÏËÈÂ ÇÎÂÍ²ØÍÜÎÃÎ ÇÌ²ÙÅÍÍß ÍÀ ÏÅÐÅÕ²ÄÍ² ÏÐÎÖÅÑÈ Â ÍÅ²ÄÅÀËÜÍÎÌÓ ÃÅÒÅÐÎÏÅÐÅÕÎÄ²

Âèçíà÷åíî îïòèìàëüí³ óìîâè äëÿ íàãðîìàäæåííÿ ³ çáåðåæåííÿ íåð³âíîâàæíîãî ïîçèòèâíîãî çàðÿäó. Ìàêñèìàëüíà øâèä-
ê³ñòü íàãðîìàäæåííÿ çàðÿäó äëÿ çðàçêà, áàçîâèé øàð ñóëüô³äó êàäì³þ ÿêîãî îòðèìàíèé ìåòîäîì åëåêòðîã³äðîäèíàì³÷íîãî 
ðîçïèëåííÿ ð³äèíè (ÅÃÄÐÐ) ó ïîâ³òð³, äîñÿãàºòüñÿ ïðè íåâåëèêèõ íåãàòèâíèõ çñóâàõ (–0.3 Â), à äëÿ çðàçêà, îòðèìàíîãî âà-
êóóìíèì îñàäæåííÿì — ïðè áóäü-ÿêèõ íåãàòèâíèõ çñóâàõàáî íóëüîâîìó çñóâ³. Çìåíøåííÿ øâèäêîñò³ âèêèäó ëîêàë³çîâàíîãî 
íà öåíòðàõ çàõîïëåííÿ â ÎÏÇ íåð³âíîâàãîãî çàðÿäó (îïòèìàëüí³ óìîâè çáåðåæåííÿ) äëÿ âèïàäêó îäåðæàííÿ ñåíñîðà ìåòîäîì 
ÅÃÄÐÐ ó ïîâ³òð³ çä³éñíþºòüñÿ ïðè áóäü-ÿêèõ íåãàòèâíèõ çñóâàõ, à äëÿ çðàçêà, îòðèìàíîãî âàêóóìíèì îñàäæåííÿì — ïðè 
V = –0,4V.
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ÂËÈßÍÈÅ ÂÍÅØÍÅÃÎ ÑÌÅÙÅÍÈß ÍÀ ÏÅÐÅÕÎÄÍÛÅ ÏÐÎÖÅÑÑÛ Â ÍÅÈÄÅÀËÜÍÎÌ ÃÅÒÅÐÎÏÅÐÅÕÎÄÅ.

Îïðåäåëåíû îïòèìàëüíûå óñëîâèÿ äëÿ íàêîïëåíèÿ è õðàíåíèÿ íåðàâíîâåñíîãî ïîëîæèòåëüíîãî çàðÿäà. Ìàêñèìàëüíàÿ 
ñêîðîñòü íàêîïëåíèÿ çàðÿäà äëÿ îáðàçöà, áàçîâûé ñëîé ñóëüôèäà êàäìèÿ êîòîðîãî ïîëó÷åí ìåòîäîì ýëåêòðîãèäðîäèíàìè-
÷åñêîãî ðàñïûëåíèÿ æèä êîñòè (ÝÃÄÐÆ) íà âîçäóõå, äîñòèãàåòñÿ ïðè íåáîëüøèõ îòðèöàòåëüíûõ ñìåùåíèÿõ (–0.3 Â), à äëÿ 
îáðàçöà, ïîëó÷åííîãî âàêóóìíûì îñàæäåíèåì – ïðè ëþáûõ îòðèöàòåëüíûõ èëè íóëåâîì ñìåùåíèè. Óìåíüøåíèå ñêîðîñòè 
âûáðîñà ëîêàëèçîâàííîãî íà öåíòðàõ çàõâàòà â ÎÏÇ íåðàâíîâåñíîãî çàðÿäà (îïòèìàëüíûå óñëîâèÿ õðàíåíèÿ) äëÿ ñëó÷àÿ 
ïîëó÷åíèÿ ñåíñîðà ìåòîäîì ÝÃÄÐÆ íà âîçäóõå îñóùåñòâëÿåòñÿ ïðè ëþáûõ îòðèöàòåëüíûõ ñìåùåíèÿõ, à äëÿ îáðàçöà, ïîëó-
÷åííîãî âàêóóìíûì îñàæäåíèåì – ïðè V = –0,4V.


