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Nonideal heterojunction basic photo-electric 
characteristics impossible to explain without the as-
sumption of a determining role differing from ther-
moemission mechanisms current through space 
charge region (SCR) carry [1, 2]. Such mechanisms 
usually have tunnel character. In this connection, 
detailed studying SCR parameters influence on het-
erojunction conductivity is very important, as allows 
to specify the losses mechanism in heterophotoele-
ments. Especially interesting seems the investigation 
of barrier region conductivity dependence on its width 
in connection with the assumption currenttransport 
tunnel character. We shall consider, for example rather 
popular in one’s time typical nonideal heterojunction 
CdS-Cu

2
S. 

It is established, that the barrier width concentrat-
ed in more wideband CdS effectively can be changed 
by light from cadmium sulfide intrinsic absorption 
region [3, 4], where in a short circuit current mode 
(no voltage bias) Fermi level position in quasineutral 
region is a constant value, not dependent on illumi-
nation intensity. In these conditions the barrier height 
does not change and it is possible to determine con-
ductivity dependence solely on SCR width. 

With this purpose the heterojunction current-volt-
age characteristics (CVC) were received at illumina-
tion it by various intensity light with   < 620 nm (FIG. 
1). A curve measured at various illumination levels has 
various heterojunction photocapacity values (C

ph
). It 

is visible, that with photocapacity growth and, hence, 
SCR extent reduction, at constant barrier height in 
point U=0 junction differential resistance decreases 
considerably. 

Investigation conductivity active component on 
an alternating current (f=20kHz) were carried out by 
a compensation method with the use of the alternating 
current bridge by which the junction capacity also has 
been measured, at that the signal measuring amplitude 
did not exceed 5 mV. If for each photocapacity value 
to calculate the barrier width it is possible to construct 
its conductivity or resistance dependence on extent 
for alternating or a continuous current (FIG. 2). In 
the latter case the heterojunction resistance analysis 
for zero bias determined from CVC shows (fig. 1) that 
with SCR width increase its resistance as on continu-
ous (curve 2), and on alternating (curve 1) currents 

grows, remaining, however, on an alternating current 
essential smaller then stationary value, what is rather 
typical for tunnel-jumping transport mechanism [5]. 

  

FIG. 1. CVC of CdS-Cu
2
S heterojunction at various photo-

capacity values appropriate to various light levels exposure by light 
from CdS intrinsic absorption region. 

The given curves are not exponential, and find out 
much weaker dependence which is coming most likely 
to linear, that also testifies most likely the multistage 
transport mechanism, but not direct tunneling. 

Dependences CdS-Cu
2
S heterojunction conduc-

tivity on continuous and alternating current on the ap-
plied bias value at various light levels exposure are giv-
en in FIG. 3. Though at illumination intensity growth 
conductivity always increase, however this growth for 
the big and small biases can be caused by the differ-
ent reasons. From FIG. 3 it is visible, that at enough 
big biases conductivity on continuous and an alternat-
ing current differs much less, than at small biases. It 
can testify that with increase of an external continu-
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ous voltage in the current restriction series resistance 
begins to play an essential role in CdS base layer which 
conductivity is determined by free carriers, is not con-
nected with the transport on the located states and does 
not depend therefore on a measuring signal frequency. 
Saturation of characteristics G=G(U) also testifies to 
it at biases close to barrier amount value. 

  

FIG. 2. Dependence of heterojunction resistance on contin-
uous (curve 1) and alternating (f = 20 kHz, curve 2) current. 

  

FIG. 3. Dependence of conductivity on continuous (solid 
curves) and alternating (dotted curves) current on positive bias 
value at various levels of illumination (1 and 1a- 100 rel. un.; 2 and 
2a — 20 rel. un.; 3 and 3a — 2 rel. un.). 

At stimulating light large intensities change to 
ohmic current on voltage dependence occurs at lower 
biases. Conductivity growth at illumination for large 
voltage, apparently, is caused by CdS base layer con-
ductivity increase, and for small — barrier region 
conductivity growth due to SCR width reduction. As 
it was marked above, the measuring signal amplitude 
made units of millivolt, that is much less then the 
external bias voltage and a measuring signal did not 
influence on a barrier parameters. At the absence of 
external bias the difference between conductivity on 
continuous and alternating current is maximal, as in 
this case the running current is determined almost 
exclusively by a barrier height and width which con-
ductivity can be caused by the frequency-dependent 
mechanism of transport on the located states [5]. Such 
G=G (U) dependence character can results in anom-
alies CdS-Cu

2
S volt-farad characteristics for positive 

biases because of measuring alternating signal voltage 
drop redistribution inter photo cell various layers at re-
duction junction resistance with the applied continu-
ous voltage growth. 

Thus, conductivity at rather small biases depends 
not only on height, but also on barrier width and can be 
determined by tunnel-recombination transport mech-
anism. Nonideal heterojunction conductivity both on 
continuous, and on an alternating current strongly de-
pends on the barrier parameters, which can vary under 
illumination. Such dependence testifies to prevalence 
tunnel-recombination transport mechanism. 
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Ðåçþìå 
Ïðîâ³äí³ñòü ãåòåðîñòðóêòóðè CdS-Cu

2
S ÿê íà ïîñò³éíîìó, òàê ³ íà çì³ííîìó ñòðóì³ ñèëüíî çàëåæèòü â³ä ïàðàìåòð³â 

áàð'ºðà, ÿê³ ìîæóòü ì³íÿòèñÿ ï³ä âïëèâîì îñâ³òëåííÿ. Âñòàíîâëåíî, ùî îï³ð îáëàñò³ ïðîñòîðîâîãî çàðÿäó ³ñòîòíî çàëåæèòü 
â³ä ¿¿ øèðèíè (öÿ çàëåæí³ñòü áëèçüêà äî ë³í³éíî¿) ïðè íåçì³íí³é âèñîò³ áàð'ºðà. Öå ìîæå ñâ³ä÷èòè ïðî ïåðåâàãó òóíåëüíèõ 
áàãàòîñòóï³í÷àòèõ ìåõàí³çì³â ïåðåíîñó â ñòðóêòóð³, ùî äîñë³äæóºòüñÿ, íàïðèêëàä, òóíåëüíî-ñòðèáêîâî¿ ïðîâ³äíîñò³. 
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Ðåçþìå 
Ïðîâîäèìîñòü ãåòåðîñòðóêòóðû CdS-Cu

2
S êàê íà ïîñòîÿííîì, òàê è íà ïåðåìåííîì òîêå ñèëüíî çàâèñèò îò ïàðàìåòðîâ 

áàðüåðà, êîòîðûå ìîãóò ìåíÿòüñÿ ïîä äåéñòâèåì îñâåùåíèÿ. Óñòàíîâëåíî, ÷òî ñîïðîòèâëåíèå îáëàñòè ïðîñòðàíñòâåííîãî 
çàðÿäà ñóùåñòâåííî çàâèñèò îò åå øèðèíû (ýòà çàâèñèìîñòü áëèçêà ê ëèíåéíîé) ïðè íåèçìåííîé âûñîòå áàðüåðà. Ýòî ìîæåò 
ñâèäåòåëüñòâîâàòü î ïðåîáëàäàíèè òóííåëüíûõ ìíîãîñòóïåí÷àòûõ ìåõàíèçìîâ ïåðåíîñà â èññëåäóåìîé ñòðóêòóðå, íàïðèìåð, 
òóííåëüíî-ïðûæêîâîé ïðîâîäèìîñòè. 

Êëþ÷åâûå ñëîâà: ãåòåðîïåðåõîä, áàðúåð, òóíåëüíî — ïðûæêîâàÿ ïðîâîäèìîñòü. 


