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Chemically deporited CdS thin films have boen prepared with and
without sodium dopant.  The films have heen anncaled m air at 150°C
for various poriods up to 40 hovrs  Effect of annealing time on dark
and photo-currents of the films has boen investigated. The role of
adsorption of oxygon and the formation of sulfur vacancies smc dis-
cussod The effect of light intensity on photocurrent has also heon
reportod

1 [INTRODUOTION

As a part of coutinung program (Pawar el al 1977, Shikalgar e ol 1977) the
offect of sodium dopant as woll as anncaling tims on photocurrent and dark
current in chenucally deposited CdS tlun films is being investigated  Until
now very hittle work has heon done on the photoconducting propertios of sodum
dopod CAS A few workers (Henry of al 1970, Yoshizava 1976 and Tell 1971)
Lave rocently reportod that the sodmum and lithwm are the good shallow accoptors
rosponsible for photuconductance and photoliminesconce  Howovor, thon main
intorest was towebtain p type matenial, but so far that wag unsuccossful — Those
stuios were made on single crystald and the doping of sodmum in chonucally
depoetted CdS thm films w fow to date as far as the suthors are aware of

In the presont mvestigation sodium doped CdS thm films have heen pre-
pared by chomical bath deposition tedique  Tho oflect of sodmm dopant
and annealing period on the datk sud photo-currents of these films has hoon

mvestigatod  Tho variation in photocurreni with hight intensity has also boen
studied.

2 EXPERIMENTAL

CdS . Na thin films havoe hoon propared by chomisal bath dopokition techni-
que followmg closoly the method reported carlier (Pawer et al 1977)  Bricfly,
for each deposition 20 ¢.c of 1 mol. CdS0, rolution and 100 c.¢. of 2 mol. smmonia
solution were mixed in u boaker to form a complex compound. To this complex
20 c¢.c. of 1 mol. tluourea and 0-01 wi percent of No woero added. The reaction
vossol was hoatod to 90°C for 30 minutos Four glass slides were mounted s
the substrates on & samplo holder which was kopt rotating in the roaction mixture
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at & constant speed of 125 vovolutions per minute. Thig served the purpose
of stirring the chemical mixture, as well as exposing the substratos to fresh
reactants which s important for uniform doposition of the films. The films
were washed soveral times with distilled water, dried and proserved 1 a dark
dessicator

Thoe films were annealed at 150°C mn air for various periods with an interval
of four hours and upto forty hours TFor photoconductivity studies, a special
holder wad designed for giving the pressuro contacts to the films which was
mounted m a hight tight box The photocurront was measurcd with Aplab
TIFM 13 FET nanoammeter A 500 watt tungsten filament lamp operatod al
2800"K was usod as tho source of hight. A water filter was used in betwoon film
and lamp to avoud the heating of the film.

3. RESULTS AND DISCUSSION ,

Tigure 1 gives the nature of varation of dark current g with the anncal-
ing time hoth for doped and undoped films  The increase in Jg with annoaling
time 15 attribuled to the better crystalinity as woll as to the formation of sulpbhw
vacancies giving rise 1o the additional donor levels (Pavaskar 1976).

The other leature noted from figure 1 is that the J for doped films is
smaller than that for undoped films  Thus 1s attributed to thoe following reasons :

1) Tn the prosent chemical bath deposition technique thore 18 an excess of
sulphur (Pavaskar & Monzos 1968) which maximize:s the density of eadmium
vacancios  As the sodium ions are rapidly diffusmg and highly sohible these can
entre oasily at the substitutional sites giving rise to acceptor levels » This will
decrease thoe donwuty of olectrons

2) The doping of sodium may reduce the clectron mobility aither through
mtroducing additional scattering contres or through altermg the barrier heyghts
al the mbergrain baricrs. (Wu & Bube 1974)

3) The sulphur atmosphere munimizes the dengity of simple intrinsic donor
defects (sulphur vacancies o1 cadmium intorstitials) which could compensate
the sodium

4) As observed from X-ray studies, the films are found to be loss erystalline
after sodium doping

From the slopos of the plots in figure 1, it is seen that tho rato of increase
of Ig with annealing time for doped films is smaller than that for undoped films
This can be understood as follows : As described above (reason 1) thero is a
small number of cadmium vacancies in doped films than that of undoped films.
A{ the anncaling temperature of 150°C, there starts the procoss of formation of
sulphur vacancics Due to the comparatively less number of cadmium vacan-
oios in doped films the rate of formation of sulphur vacancies is smaller than
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that of undoped films This reflects in tho rate of increase of I3 with annealing
time.

The variation of photocurrent AI, with annealing timo s shown in figuro 2—
for both doped and undoped filma. The genoral behaviour of the plots is that
AI increases with anncaling {ime, attams a maximum value at the annecaling
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tig 1. Dark current I; at room temporaturo with the annealing time 1n hours for doped and
undoped films,

poriod of 28 hours and then decreases. The nerease of AT is attributed to tho
crystallization of the film during the first fow hours of annealing and to tho
formation of sulphur vacancies The crystallization helps in incroaging tho
mobility while the sulphur vacancies help in increasing the recombination centres.
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The decroase 1n photocurrent after the 28 hours of annealing, can Do understood

ay follows
Tor the longer annealed films, an oxygen plays an important role in docreas-

g the photocurrent  Oxygen molocules are known to De first physically adsorbed
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Fig. 2 Variation of photocurrent AZ at room tomperaturo with tho annealing time in hours
for doped and undoped films.
on the CdS surface, and a transition from physical to chemical absorption then
takes place by capture of conduction band electrons At longer anncaling period,
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this procoss oxpands inside the film and oxygen moleenles me adsorbed at the
grain boundarios, which alters the barmer height and batier width  Undoer
photo-excitation the adsorbed oxygen at the film snrface and at the gram boun-
datios act as additional recombmation centres and reduces the photoexeited
oloctron life time (Wu & Bube 1974)  The adsorbed oxygen also deercases the
tunneling probabibty for electron transport. through the mtergrain barriers.
This gives rise to docrease in photocwirent of CdS films anncaled for more than
28 hours.

From figure 2, it is soen that sodium doped films are more photosensitive
1t 15 likely that sodimm 10ng act ax accoptors entering at the substitutional sites
This is similur to that of copper doping in CGdS
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Fig. 3 Plot of photocurrent AI vorsus neident light mionsity m lux for doped and undoped
films at room temperaturo.
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The offect of light intensity on undoped and sodrum dopoed CdS thin films
annealed for 28 hours has boen studiod  The variation of Al with light intensity
1 shown in figure 3 The linear nature of the plots mdicates that the density
ol conduction cloctrons is diveotly proportional to the intensity of illumination
and in turn reveals that the concentration of available recombination centres is
higher than the congentration of free electrons
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