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INFLUENCE OF 1-GROUP IMPURITIES ON THE PROPERTIES OF CdS FILMS
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photoconductivity band with maumum at 1 =550 am and green smusuon band st 1=3510-540 nm in CdS are connected with the
same center-negalively charged cadmmum vacances The merease of Lhe miensities of these bands under diffusion dopmg by ly-
thsum and sodhum ons and decrease of them under miroduction of copper and siiver ons, are duc to donor-acceptor imtersction

of Gilfused | : Sies with o s cadmi :
1. latrodaction

As it is known, cadmium sulphide thin films arc onc of
ihe mosl mferesting materials used i optocectromic
techmques On these basis, the dectroluminescent devices
of visible spectrum and thin films Cu,S5-CdS. CdTe-CdS,
CulnSeCdS heterojunctions are presently made which
are quite useful for the creation of effective and uncxpen-
sive solar cells [1-7] Therefore, study of the nature of
eifect of different factors (doping, thermal treatment, il-
humination, etc.) on these centers aftract a large interest.
Lo this work, the results oa the investigations of the influ-
ence of 1 group impuntics, ntroduced by both diffusion
iresimenis on the clectrical,

bang subsequently mtuated in vacances, where they cx-
sccepior propertics [8]. Since the vacancies in

scoeplor micraction betwoen diffused |-group mmpurnitics
and vacancies can mutually unfluence on the diffusion
snd concentration of mnpurutics and vacances [10], and

on the propertics of the cadmium sulphide
3.11-15}

It should be noted that, besides the donor-acceptor m-
ieraction, the pressure of sulphur vapour can also influ-
e (undar diffusion anncaling process) on the diffusion
snd solubility of 1-group impuritics in CdS (which con-
tans casy volatie component-sulphur) and permit the
control of the vacancics concentration in cach sublattice
of CdS [10}. Thercfore, the investigation of interaction
characier of |-group mmpunitics, miroduced by diffusion
mto CdS st difforent sulphur vapour pressure with va-
canccs and the influence of such interaction (Empurity-
vacancy iype) om the photodecincal and luminescent
properties of CdS thin films excites some interest.

2. Experimental methods

The cadmium sulphide thin films were prepared by

spraymng of an aqueous mixture of CdCl, (0.025 M)
thiourea (NHy),CS (0.025 M) into heated

quartz ampoules. For the areation of equilibrium pressure
of sulphur vapour, certain of sulphur was placed in the
amoun! ampoul. In this case, the pressure of sulphur va-

were prepared. In this case, the were intro-
duced by the addition of a small amounts of No(J and
CuCl salts mto the sprayed solution.



3. Experimental results and discussion

At first, we consider the coffect of |-group impuritics
introduced by diffusion method on the properties of CdS
Diffeson doping of n-type CdS by the impurities (Li
Na, Cu, Ag). results in an essential increase of resistivities
of the sampies (table 1). After diffusion, conductivity of

(T=600°C, =3 hr, at fixed pressure of sulphur vapour
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Fig 1. The photoconductivity spectra of chemacally sprayed
CdS films, &ffunon doped (T=600"C.r=3 hr Py=| at.)
by lythuum(|). sodium(2). copper(3), siver(4) and as-
Fown (5) samples (T=300 K)

In Fig. 2 the photoconductivity spectra of control
samples annealed st T=500°C, r=2 br at different sulphur
vapour pressures Fr=0.5 at (1), 1.0 at.(2) and 1.5 ar(3)
arc given. It is seen that, the intensity of Aee:=350 nm linc
i rised by increasing the sulphur vapour pressure. The

ntensity dependence of this line on sulphur vapour
m{ﬁp!uﬂ].iﬁdhlﬁ;ﬂqrﬂm =

Ia=Bp"" m

where, Bis & conslant.

ocaled in sulphur vapour and reanncaled sample 3 in
cadouum vapour (4) at T7=500°C, =3 hr arc given. As it
is clear from Fig 3, the diffusion doping by sodium(1) and
anncaling m sulpbur vapour (3) keads to appearance of
an micnsive green band of luminescence (so called “edge
cmission” [17]) i the range 2=510-540 nm [17,18], while
m ihe samples doped by copper (2), the green cmission is
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Fig 2 The photoconductivity spectra of chemically sprayed
CdS films, snnesled (T=500"C, r=2 hr) at different
pressure of suplhar vapour Pr=0.5 st (1), Pr=1.0
8t (2), Py=1.5 pt.(3) (T=300 K). Inset shows the
photoconductivity peak (81 Amss=550 nm) ntensity
“h*“m

abseni. Reanncaling the sample (3) in cadminm vapour
results m disappearance of green amission (curve 4).
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by sodium(1), copper(2) , annealed in suiphur vapour
(3) and the spectrum of the film 3, resnnealed in

cadmium vapour(4) (T=T7K)

Now we consider the effect of |-group mpunitics mi-

roduced during the deposition process on the propertics
of CdS films.



m<ulal absorption Iine (at  i<520nm) conimns & shght
band m the region 4=560-800 nm which is increased by
mcreasing the sodium (and copper) concentration. Such a
band 15 observed and mcressed by ncreasing Na (and Cu)
conceniration al cathodcluminescence spectra, which s
the suparposition of orange and red bands of lumines-
cence i CdS (19, 201 As it is scen from Fig. 4 and 5, in
contrast o the diffusion doping, the sodinm mmpunty
miroduced during the deposition process does not stimu-
iste the sppearsnce of photoconductivity maximum st
4=550 nm and also green luminescence in C4S films.
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Fig. 4 The photoconductivity specira of chemacally sprayed
CS fiims, as-grown (1) and sodium doped during
the deposition process by the addition of 100 mgh
NaCl (2) and 200 mgA Na(l (3) to the solution
(=30 K)
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5 The cathodeluminescence spectra of chemically
sprayed CdS films, as-grown (1) and sodium doped
during the deposition process by the addstson of
100 mgA NaCl (2) and 200 mgA NaCl (3) to the
solution (T=77 K)
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The thermal trestment in sulphur vepour (Pe=1 at,
T=500C, rlhjnfﬂﬂﬁ-hpdhnﬁnnd

mmmﬂuhmnm
mpunity the maximum at =550 nm and green cmission

are observed respectively, while in the films doped by
copper the maxmum s =550 nm and green cmission
are not observed (as shown in Fig.1 and 3).

- the photoconductivity linc with maximum at i=550
m and grocn cmission st 4=510-540 nm are observed in

pressure.

- in C4S films, diffusion doped by copper and silver
impuritics, the photoconductivity linc st =550 nm and
green cmission arc not observed.

- reanncaling the CdS films (which were previously
annesled in sulphur vapour) n cadmium vapour, results
in disappcarance of photoconductivity st Aew=550 am
and green cmission.

- doping of CdS films by sodium impurity during
deposition process (by the addition of NaCT to the solu-
tion) docs not lead to appearance of photoconductivity



Table I.

Duark (59 and bght (o) (under illumination power densily W=300 =¥/cx’) resistivities of as-grown, control, and lythium, so-
dium, copper, slver doped CdS films, prepared by chemical spray pyrolyss method.

Mo Sampies Annealmg - - Pl Py
Conditions O cm .o

1 CdS ss-grownm - T-100 3 23

2 CdS: Li 600°C, 3br, Py=1 st 3 &1 510+

3 CdS : Na " 2100 p oL 410

4 CdS:Cn u® p L 2100

5 CdS : Ag G- 5= 3 3

6 CdS - Control .= S nonphotosensitive -

7 CdS - Control S00°C, Ir, Py=15m 4100 slee gl

8 CdS - Control 300°C, I, Py=10m 3 3l g 30

§ C4dS - Control S00°C, Ihr, Py=05a 2 2100 L
Cd5S - 100 mgA

o Na(J addstson 1.5100 e 15108
to the solutson

1] CdS : 200 mgA - 21 10 Pl
NeCl

12 CdS : 200 mgA - 3= pa i 1>
el

MMMWﬂM
conductiity maximum st i=550 am on
pressure in exactly described by relation (3), l-ljr
I =8P, which shows thal, in our cxperiments ihe
sulphur molecules dunng the diffusion have (wo atoms
preferentially in the gascous state (==1).

Now let us discuss the results on the offect of 1-group
unpuritics &iffusion on the photoconductivity and humi-
ncscence spectra of CdS films, namely the appearance of
photoconductivity at 4=550 om and green emission band
under diffusion dopmng by lythium, sodium, and the ab-
sence of these bands under the diffusion dopmg by copper
and silver. Al first we consider the influence of dectron-
bole equiibnum on concentration of charged vacancies of
cadouum and sulphur in CdS. It is known that because of
defects, the presence of donors must increase the solubil-
ity of scceptors and vice versa [10]. The cadmium and
sulphur vacances in CdS can be iomized by quam-
chenucal reactions

Vote & V4 @)
V, =" +¢ (5)
where, ¢ is dleciron.

Applying the mass action law to the reactions (4) and
{5). ooe can show

NV J=KN(VJn
NV J=KN(V, )ph

(6)
Q)

where, K; and K; are the constants of reactions (4) and
{3), ms and p are the dectron and hole concentrations, n; is
lstions (6) and (7) it follows that, the concentration of
pegatively charged cadmium vacancies N(F ) lincarly

n

tration of positively vacancies N(V",)
also hncarly mcreasss the holes concentra-
tion. [n other words, the by donor impuritics must

muum vacanccs, but doping by scoeptor impuritics must
mcrease the concentration of positively charged
vacancies, leading consequently, (sccording 1o
crease of N(V ).

Aﬂ_ that lythium and sodium impuritics

n nlarstitials a5 1omuzed
-dlitmppu-dinr n cadmium
muuﬁmﬁuﬁ:m
results are well explained on the
model above. The diffusion
donors (tythium, sodium) increases
cadmium vacancies N(V ), resulting in
photoconductivity at 4=3550 nm and green cmission. The
diffusion of scceptor impuritics (copper and silver) de-
creases the cadmium vacancies concentration N( V) and
therefore, leads to the disappearance of the photocon-
ductivity at 3.=550 nm and green cmission.

The absence of photoconductivity st 4=550 nom and
green emission in C4S films doped by sodium during the
deposition process (by addition of NeCT to the solution)
uyhhhﬁ:nﬁmimm{-
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sssumpuon of preapatation of Na and Cu impurities in
inlergrain spaces.

The appearance of ivity line 4=550 nm
and green amussion bands in films doped by sodium and
e absence of these ines in copper doped films (during
depoalion process) sfier annealing i sulphur vapour are
duc 1o diffusion of these impunities from mtergrain spaces
ato the arystalites. In this case, the process is analogous
tv diffusion doping of CdS films by sodium and copper
4. Concladoas

The photoconductivity line with maximum at =550
o and green band of luminescence i CdS Gims are con-
oected with negatively charged vacancies of cadmium
sublatice. The mtensitics of these bands can be controlled

by changing the partial pressure of sulphur vapour during
thermal anncaling.

The obscrved increasing of intensities of photocon-
ductivity line at i=550 nm and green emission band at
4=510-550 om under lythium, sodium diffusion, and de-
creasing of these bands under copper, silver diffusion are
duc 1o donor-acceplor intcraction of introduced 1-group

The absence of photoconductivity at =550 nm and
green cmission in CdS films, doped by sodium during
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1-QRUP ASQARLARININ CdSTOBOQOLIRININ XASSOLORING TO'SIR]
|“mmﬂn”mm—n-_m-ﬁmm
ik, foweiekink ve Emmesscnl 1assolorme o siri ledqiq olusmugdur Litium ve aatrum agqarknmm diffuriyas zamam (i=550
am) fotockkink ve yapl cmmsiya (4=510-540 am) zobaqhnam micasiviymm artmas:. bem do calarn mis ve gimily diffariyas
canan azakmi |-qrup chemontbrmmn meefi ylkbemn badmmm vakassryalhnmm garpboh 'sini s zab obmur
AM. Balipasscs
BAHAHHE MPHMECEH 1-TPYIILI HA CBOACTEA ILIEHOK CdS

Hm_“ﬂlmmm“aqﬂﬂ—mmtn—
sastClSHTMe (BURCTES IaeHok (dS. DOTYSEHNLI WMCTOSOM (MMHSCCKO TYIRSCPICALNN Y BEINICHNC ENTENCMBNOCTH DOIOC

OTUAPOBODNGOCTH P A=510-340 me mpu Depdymonnon eTuposamsm CAS IMTMEM B NSTPHCM, YMCHLDeNNe X DpM Ierw-
ofruacHacTCH
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