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EFFECT OF PHOTOCURRENT SHORTWAVE STIMULATION AND
DETERMINATION OF DIFFUSION LENGTH FOR MINORITY

CARRIERS IN Cu,S

The most important parameter that defines efficiency in carrier collection and, respec-
tively, efficiency of photoconverter, is diffusion length of minority carriers in material
where basic light absorption takes place. For non-ideal heterojunction CdS-Cu,S, the value
of diffusion length for electrons L, in Cu,S is the most essential. In the given work non-
destructive method diffusion lengths definition in this material is proposed.

The direct methods to determine diffusion
length of current minority carriers exist, for ex-
ample, the scanning of p-n junction face by elec-
tronic, light or mechanic probe. But for semi-
conductor photocells the most useful is to
determine diffusion length by methods based on
measurements of current or EMF, generated by
photocells at different illumination. Such meas-
urements do not require the special treatment of
sample applying for the direct procedures. One
of the most extent methods to determine diffu-
sion length by steady-state photoelectric charac-
teristics is the procedure based on analysis of
photoresponse spectral dependence. But applica-
tion of such methods (developed for photocells
with homojunctions) for non-ideal heterostruc-
tures often does not lead to reliable results. This
is connected with the fact that the shape for
spectral dependence of short-circuit current
[..(A) in non-ideal heterojunction is defined not
only by parameters of basic layers (absorption
spectrum a(A), diffusion length L, thickness of
absorbing layers h), but barrier parameter de-
pending on photoexcitation conditions [1-2].
There are more complete formulas to define the
dependence of collection coefficient @ (that de-
fines short-circuit current without taking into
account the phenomena connected with change
in barrier parameters) on wavelength A. Though,
the approximation of element infinitely long
base is often used in calculation of diffusion
length. Such idealization for front-barrier photo-
cells with rather thin, strongly absorbing basic
layers (i.e. based on Cu,S) can not be always
justified.

In certain conditions formulas obtained for
homojunction photoconverters may be applied
for heterojunctions, moreover, in this case the
calculations become even simpler. Thus, for ex-
ample, under illumination of heterojunction on
the base of CdS-Cu,S from the side of wide-gap
CdS, the latter at wavelength of exciting light
A > 600 nm plays the role of window, which ab-
sorption can be neglected. Short-wave spectrum
region with A <600 nm is practically in full de-
fined by light absorption in front layer (CdS)
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and therefore is not observed by us. Besides, all
these barriers of CdS-Cu,S heterojunction con-
centrates in wade-gap semiconductor, and in
basic layer the fields are practically absent. This
leads to essential simplification in expression for
collection coefficient, which takes the form:
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where 0,=S,L,/D,. Here S, — velocity of elec-
tron recombination on external surface of basic
layer, L, — diffusion length of minority carriers
in Cu,S, D, — diffusion coefficient for electrons
in Cu,S.

At measurement of spectral dependence,
photocell was illuminated from the side of wide-
gap CdS, so at thickness of cooper sulphide
being greater than diffusion length of holes in
this material (the requirement for effective oper-
ation of photoconverter), the boundary condition
on external side of Cu,S film do not practically
influence on the shape of photocurrent spectral
dependence. In such conditions under calcula-
tions, surface recombination on external surface
of basic layer can be neglected. Therefore, sup-
posing S,=0 and, respectively, 0,=0, expres-
sion (1) can be rewritten as follows:
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The numerical simulation of photoresponse
spectral characteristics applying formula (2), for
each wavelength (600 nm <A <1025 nm) it is
necessary to set a value of absorption coefficient
a(A) in CdS-Cu,S. The calculations of spectral
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characteristics made on the base of two magni-
tudes for A (1 pm, 0.2 um) at different values of
L,. (Figure 1) show that at values of Cu,S film
thickness being characteristic for thin-film ele-
ments CdS-Cu,S the obtained spectral character-
istics essentially depend on value h, so the ap-
proximation for infinitely long base are applied
incorrectly at definition of L,.
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Fig. 1. Curves for spectral distribution of short-circuit
current in CdS-Cu,S heterophotocels, calculated for differ-
ent values of L, in Cu,S at Cu,S layer thickness — 0.2 um
(a) u 1.0pum (b)

Spectral dependence for short-circuit current
of photocell based on CdS-Cu,S heterojunction
with good photoelectric properties is shown in
Figure 2 by curve 1. Thickness of Cu,S layer
numbered 0.6 um. From Figure 2 it is well seen
that simulation 5 (corresponded to L,=0.05 um)
being the nearest to research curve 1, does not
though give good agreement. Moreover, such
low value of diffusion does not agree with high
(~7%) EMF for the given photocell.

Such contradictions, as it was mentioned
above, could be caused by influence of exciting
light on barrier parameters and, hence, on I
values. To determine diffusion length of electron
in cooper sulphide by I (A) curves one should
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provide the steady-state conditions for their col-
lection independently on wavelength of photoex-
citation. Such conditions should be provided by
additional illumination from the range of absorp-
tion by CdS local centres (550—700 nm). But
illumination within the range of intrinsic absorp-
tion is preferable, because this light is absorbed
effectively and leads to generation of greater
number of non-equilibrium holes that captured
by local centres in space-charge region. In this
case, electric intensity in space-charge region
increases to the extent that monochromatic
light applied to measure curve for spectral sen-
sitivity is unable to change barrier parameters.
Intensity of short-wave illumination was chose
and its further increase does not lead to changes
in shape of spectral dependence. Curve 2 (Fig-
ure 2) measured in such conditions indicates the
considerable contribution of cooper sulphide to
photocurrent generation and differs sharply on
curve 1. Simulation curve approximates well
experimental dependence at L,=0.35 pum.
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Fig. 2. Spectral dependence of short-circuit current of
CdS-Cu,S heterophotocell. Curves 1 and 2 are experimen-
tal ones obtained at absence and presence of intensive il-
lumination A <520 nm. Curves 3, 4, 5 calculated for val-
ues L 1.0; 0.35; 0.05 pm, respectively.

Such value of diffusion length agrees well
with high EMF of research photocells and re-
sults of direct electronic microprobe measure-
ments. So, the investigations carried out indi-
cate that application of curves I, and o(A)
allows to determine for sure the length of minor-
ity carriers in non-ideal heterojunctions. But for
this case one should provide the constancy in
enrichment factor of carriers in heterojunction.

Measurements by the described procedure
were made for obtained photocells moreover the
value L, in Cu,S for most of them did not fluc-
tuate very sharply (0.2—0.4 pum). It follows that
thickness of cooper sulphide film more than



0.5 um does not lead to the essential increase of
carrier collection there, but strongly hinders its
formation by substitution reaction. So, at photo-
cell production one should follow the obtained
optimal thickness of CdS-Cu,S layer (0.6 pm—
0.8 pm).

So, to define diffusion length of minority
carriers in cooper sulphide by spectral depend-
ence of photocurrent one should provide the
steady-state conditions for their collection inde-
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pendently on photoexcitation wavelength. Such
conditions could be provided by strong addition-
al illumination within the range of intrinsic ab-
sorption for cadmium sulphide. The obtained
values of Ln for different samples were 0.2—
0.4 pm.
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3PPEKT KOPOTKOBOJIHOBOW CTUMYJISILUU POTOTOKA U OMPENEJEHUE OUPPY3UOHHOWU IJIMHBI
HEOCHOBHbIX HOCHUTEJIEW B Cu,S

Baknefilium napameTpoM, onpenessiioliuM 3(h(peKTHBHOCTb COOMPAHHUU HOCHUTeJeH, a, c/Aef0BaTeNbHO U 3P (HEeKTUBHOCTD
pabotbl (oTornpeobpasoBaTess, siBaseTcss AUQGy3UOHHAS IJMHA HEOCHOBHBIX HOCHTeJeHd B MaTepuaje, e TMPOUCXOIUT
OCHOBHOe TorJjouleHne cBeta. [ns HempeasbHoro reteponepexoga CdS-Cu,S Hambosiee cyliecTBEHHOH SIBJSETCS BeJHYMHA
IUu(pGhy3MOHHOH AMUHBL 051 3jaeKkTpoHoB L, B Cu,S. B naHHO#i paGoTe mnpensioxeH HepaspylIAIOIIUWE METON ONpeneseHust
IU(p(Gy3MOHHOH NJIMHBI B 3TOM MaTepuale.
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E®EKT KOPOTKOXBMJIbOBOT CTUMYJIALLIT ®OTOCTPYMY | BMU3HAYEHHS JU®Y3iMHOT JOBXXUHH
HEOCHOBHMX HOCIIB B Cu,S

HafiBaxk/nuBilluM napamMeTpoM, L0 BH3Hauae e(eKTUBHICTb 30UpaHHs HOCIiiB, a, oTxKe i e(eKTHBHiCTb poOOTH
(oTonepeTBOpIOBaua, € AU(Y3iliHA NOBXKMHA HEOCHOBHHUX HOCIiB y MaTepiasi, ne BinOyBaeTbCs OCHOBHe IOTVIMHAHHS CBiTJa.
Jnst HeimeanmpHOTO reTepomnepexony CdS-Cu,S Hailbinbi icTOTHOIO € BeqWuWHa DU(Y3idHOI NOBXKHMHM A/ eJNeKTPOHiB L, B
Cu,S. ¥ nanifi po60Ti 3anponoOHOBAHO HepYHHIBHHUI MeTO] BH3HaueHHs AU(y3iliHOI NOBXKMHU B LIbOMY MaTepiadi.
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