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Abdtract : Depodtion and structural characterigtics of cadmium sulfide (CdS) thin films by chemical bath deposdtion
(CBD) technique from a bath containing thiourea ,cadmium acetate ,ammonium acetate and ammonia in an ajueous ol -

tion are reported. Researches are made on the influence of the fundamenta parametersincluding pH ,temperature ,and con-

centrations of the olution involved in the chemica bath dgpostion of CdSand titration or dunping of the thiourea lution
on the structure characteristic of CdSthin films. ThepH of the lution plays a vitd role on the characterigtic of the CdS
thin films. The XRD patterns show that the change in the pH of the slution resultsin the change in crystd phase from

predominant hexagonal phase to predominant cubic phase. The CdS thin films with the two different crystd phases have
different influenceson CIGSthin film lar cdls. The crystad mismatch and the interface sate densty of the ¢ CdS(cubic
phase CdS) and CIGS are about 1. 419 % and 8. 507 x 102cm” 2 regectively ,and those of the hrCdS(hexagona phase
Cd9) and CIGS are about 32. 297 % and 2. 792 x 10'2cm” 2 respectively. It is necessary for high efficiency CIGSthin film

Plar cdlsto dgpost the cubic phase CdS thin films.
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1 Introduction

Extendve research has been made on the depos-
tion and characteristics of cadmium sulfide (CdS)
thin filmsfor photovoltaic application because of ther
intermediate band gap , good optical transmittance,
high absrption coefficient and eectron afinity ,low
restivity ,and easy ohmic contact!*!. CdS is consc
ered to be the best-suited window materia for CdTe
and Cu(In,Ga) Se, olar celld?!. There are many de-
postion methods for CdS thin films®!. CdS thin
films the buffer layersof CIGSthinfilm wlar cells by
chemica bath depostion (CBD) technicque,are very
important for fabricating highrefficiency CIGS thin
film lar cels. At present ,the maxima converson &f-
ficiency of the kind of olar cellsis 19.2 %4
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CdSthinfilmisa -
conductor with a direct band gap of 2. 42eV at room

group compound semi-

temperature. CdS thin films are of two kinds of crys
tal phases: cubic phase (with zinc blende sructure)
and hexagond phase (with wurtzte structure) ,and it
ispossble to grow CdSfilmsin both different phases.
The two kinds of crystad phases of CdS buffer layers
have different influences on CIGS thin film slar
cells.

The formation of the two crystal phases depends
on many factors, such as pH ,temperature ,and con-
centrations of the lution and titration or dumping of
the thiourea olution ,and the pH of the solutionisthe
most important factor in al.

There leads to the crystd lattice mismatch and
produces interface state densty when the heterojunc-
tion in CdY CIGS 2lar cdls is formed. The crysal
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mismatch and the interface state dendty of the ¢ CdS
(cubic phase CdS)/CIGS and those of the h-CdS
(hexagona phase CdS)/ CIGS are quite different.

In this paper ,we discuss the influence of differ-
ent depodtion conditions on the characterizations of
CdsS thinfilms deposited by CBD and the difference of
two kindsof crystal mismatch and the interface state
densty.

2 Experiment

The CdS thin films were depodted on glass sub-
sratesof dimenson 4. 4cm x 4. 2cm from a chemica
bath containing thiourea,cadmium acetate ,ammoni-
um acetate ,and ammonia uing CBD technique. The
lution pH ranged from 11. 26 to 11. 62 ,the temper-
aturefrom 80 to 90 ,the cadmium ion concentration
from 0.005 to 0.01M , the thiourea concentration
from 0.12 to 0. 2M ,the ammonium acetate concenr
tration from 0.2 to 0. 5M ,and the ammonia concen-
tration from 0.33 to 0.82M. The additions of the
thiouea solution to the bath were done in two differ-
ent manners:one was the titration of the lution,
namely ,adding it to the bath drop by drop ;the other
was its dumping ,namely ,adding al the solutions to
the bath at a draught.

The depogtion time was 30min. The bath was
covered and continuoudy stirred during the depostion
for a homogeneous distribution of the chemicas. The
deposted thin films were washed with deionized wa
ter and dried in N».

The film thickness was measured with XP2.
The XRD patterns of the thin films were obtained
with X-ray diff ractometer.

3 Resultsand discussion

In CBD technique,the CdS thin films are de-
posted by decomposition of thioureain an akaline so-
lution of cadmium salts according to the following re-
actiond ! :

(NH)2SC + 20H <~ S + CHyN; + 2H,0
(1)

Cd®* + 4ANH; - Cd(NHz) /** 2
NHs; + H,O <« NH; + OH’ (3
The overdl reaction is
Cd(NHz) 42" + (NHy)2SC + 20H™
CdS! + CH;N; + 4NHs3 t + 2H,0 (4)

3.1 Influence of ammonia concentration

Figure 1 shows the XRD patterns of the CdS
thin films at various ammonia concentrations from
0.33 to 0.82M ,and other conditions are constant.
The pH of the lutionincreasesfrom 11. 26 to 11. 59
with the increase of ammonia concentration. The
crystd phaseof thefilm depodted with 0. 33M ispre-
dominant hexagonal phase. As ammonia concentration
increases ,the crysta phase gradualy trandormsfrom
predominant hexagona phase into predominant cubic
phas. The crysd phase of the film is predominant
cubic phase when the ammonia concentration is up to
and above 0. 82M. Howerer ,when the concentration
exceeds 0. 66M ,the CdSfilmsis powdery and nonad-
herent.

Fg.1 XRD patternsof CdS thin films with various amr
monia concentrations (from top to down: 0.33,0.49,
0.66 ,and 0.82M ,and the pH is 11.26,11. 37 ,11. 48,
and 11. 59 ,regectively)

The thickness of the films first increases from
47 ,54 to 78nm with the decreae of the ammonia
concentration (0. 82 ,0. 66 ,and 0.49M) ,and then it
decreases when the concentration continues decreas ng
(the thickness of the film deposted with 0.33M is
55nm) . Excesss ammonia increases the pH of the -
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lution which in turn promotes the formation of &
and decreases Cd”* concentration. Therefore ,the pH
of the lution(that is,the ammonia concentration )
can be used to control the growth rate and the thick-
nessof the CdSfilms.

3.2 Influence of ammonium acetate concentration

The XRD patternsof CdSfilms at different am-
monium acetate concentrationsfrom 0. 2 to 0. 5M are
shown in Fig. 2. The pH of the slution decreases
from 11. 61 to 11. 53 with the increase of the ammo-
nium acetate. Therefore ,the influence of the ammoni-
um acetate can be attributed to the pH of the lu-
tion. The crysta phase of the film depodted with
0.5M is predominant hexagona phase, gradualy
trandorms into predominant cubic phase with the de-
creaxe of the ammonium acetate ,and is predominant
cubic phase when the ammonium acetate concentra
tionis0.2M.

Fig.2 XRD patternsof CdSfilms with various ammoni-
um acetate concentrations (from top to down:0.2,0. 3,
0.5M ,and the pH is 11. 61 ,11. 57 ,11. 53 regectivdy)

Smilarly , the thickness of the films increases from
60,71 ,to 105nm with the increase of the pH of the
olution(that is,the decrease of the ammonium ac
etate) .

3.3 Influence of cadmium acetate concentration

Figure 3 shows the XRD patterns of the thin

films deposited with various cadmium acetate concen-
trationsfrom 0. 005 to 0. 01M. . The pH of al of the
olution isdmost 11.52 ,9 al films are of the same
crystd phase. However ,the thicknessof thefour films
increases(it is 40 ,41 ,47 ,77nm reectively) with the
increase of the concentration.
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Fg.3 XRD patternsof CdSfilms with various cadmium
acetate concentrations (from top to down: 0.005,
0. 00625 ,0. 0075 ,0. 01M ,and thepH isdmogt 11. 52)

3.4 Influence of thiourea concentration

Figure 4 shows the XRD patterns of CdS films
deposited with different thioureafrom 0. 12 to 0. 2M.
The pH of the lution increasesfrom 11. 37 to 11. 62
with the increase of the thiourea concentration.
Therefore ,the crystal phase of thefilm depodted with
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Fg.4 XRD patternsof CdS films with various thiourea
concentration (from top to down:0.12,0.16,0. 2M ,and
the pHis 11. 37 ,11. 48 ,and 11. 62 regectively)
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0.2M is more predominant cubic phase. However ,
these films are a most of the same thickness.

3.5 Influence of deposition temperature

Figure 5 shows the XRD patterns of CdS films
deposited with different temperatures from 80 to
90 . The three films are amost of the same crysta
phase, but the crysadlization of the films deposted
with 90
thicknessof the films increases from 49,59 to 70nm
with the increase of the depodtion temperature.
Therefore ,the depostion temperature can be used to
oontrol the growth rate and the thickness of the CdS

is better than other films. Furthermore ,the

films.

Fig.5 XRD patterns of various depostion temperatures
(from top to down:80,85,90 )
3.6 Influence of titration or dumping of the
thiourea solution

Figure 6 showsthat XRD patternsof titration or
dumping of the thiourea solution is different. The
crystd phase of the film deposted with dumping of
the thiourea slution is more predominant cubic
phase ,and the film is thicker (the thicknessis 70nm,
and that of the film of dumping of the thiourea solu
tion is 69nm) .

Acoording to above results and discusion ,we ob-
tain the following optimized conditionsfor the filmsof
predominant cubic phase (depodtion timeis30min) :

ammonia concentration :0. 66M

cadmium concentration :0. 01M

ammonium acetate concentration :0. 2M

thiourea concentration :0. 2M

depostion temperature:90

Fg. 6 XRD patterns of titration or dunping of the
thiourea solution (from top to down:titration and dunmp-
ing)

4 Influences of two crystal phases on
Cu(In,@&) S&(CIGY thin film so
lar cells

There leads to the crysta lattice mismatch and
produces the interface state dendty when the hetero-
junction in CdY CIGS slar cdlsisformed. the crystal
lattice mismatch is defined ad®!

2(ap - &) Aga (5)
a+a | a

where a; and a, are the crysta lattice congtants of
the two kindsof semiconductor materials(a, > a;) , a
=(a; + az)/ 2. The interface state densty is defined
as

a5 - af
s

(az - &) (ap + aj)
aj a

Ng = (6)

Even if the heterojunction isperfect ,the number of its
interface state dendty is still up to 10%cm™ 2.

Table 1 givesthe crystal mismatch and the inter-
face state dendty of the ¢ CdS CIGS and those of the
h-CdY CIGS. The crysta mismatch and the interface
state dendty of the ¢ CdS CIGS are about 1.419 %
and 8.507 x 10*cm” 2 respectively ,and those of the
h-CdS CIGS are about 32.297 % and 2. 792 x 10"
cm” ? regectively. The crystal mismatch of theformer
isamost neglectable ,and the interface state dendty is
perfect (the interface state dendty of the best hetero-
junction isabout 10%%cm” ?) . Therefore ,it is necessary
for high eficiency CIGS thin film wlar cdls to de-
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posit the cubic phase CdS thin films.

Tablel Crystd mismatch and interface state densty of
¢ CdY CIGS and those of hrCdY CIGS

. Crystd mismatch Interface state

Heterogeneous pair . 2
| % densty/cm’”

cCdg CIGS 1.419 8.507 x 10%

hCds CIGS 32.297 2.792 x10*

5 Conclusion

Two kinds of CdS films with different crysta
phases have been success ully deposited by CBD tech-
nigue. We obtain the following optimized conditions
(including pH ,temperature and concentrations of the
lution involved in the chemica bath depostion of
CdS and titration or dumping of the thiourea olu-
tion) for the films of predominant cubic phase. The
crysta phase of the film is predominant cubic phase
when the ammonia concentration is higher ,the am-
monium acetate and thiourea concentration are lower ,
and the addition of the thourea solution is dumping.
The cadmium concentration does not amost influence
on the crystal phase of the films. A higher depostion
temperature enhances the crystdlization degree of the

films The crystal mismatch and the interface state
dendty of ¢ CdY CIGS are about 1. 419 % and 8. 507
x 10 cm” 2 repectively ,and those of h-CdS CIGS
are about 32. 297 % and 2. 792 x 10"*cm” ? respectiv-
dy. It is necessary for high eficiency CIGS thin film
Plar cdlsto depost cubic phase CdS thin films.

Ref erences

[1] Sadkda G, Thilakan P, Subramanian C. Madification in the
chemicd bath depostion apparatus,growth and characterization
of CdS ssmiconducting thin films for photovoltaic gpplications.
Solar Energy Materids & Solar Cdls,2000,62:275

[2] EnrflquezJ P, Mathew X. Influence of the thickness on struc-
turd ,iptica and eectrica properties of chemica both deposted
CdS thin films. Solar Energy Materids & Solar Cdls,2003,76:
313

[ 3] Li Bing,Feng Lianghuan, Zheng Jiagui ,et d. Preparation and
propertiesof CdS films for slar cels. Chinese Journd of Semi-
oonductors,2003 ,24(8) :837 (in Chinese) [

, .Cds . ,2003 ,24(8) :
837]

[4] http: www. nrel. gov/ ncpv/ hotline

[5] Xue Yuming. Research on the heterojunction of the CIGS thin
film olar cels. Magter Thesd's,2003(in Chinese) [ .CIGS

) ,2003]

[ 6] Yu Lisheng. Physcs of ssmiconductor heterojunction. Beijing:

Science Press,1990(in Chiness) [

,1990]
CdS Cu( In, Ga) Sex(CIGY
( , 300071)
cds CBD ,
pH cds
, pH cds . XRD pH ,
.CdS CIGS . cCds( cds)
CIGS 1.419% 8.507 x10%2cm %, h-CdS( cdS) CIGS
32.297% 2.792 x 10%2cm” 2. CIGS CdSs
: CdS; Cu(ln, &) S ; ;
PACC: 6800; 7280E; 7340L
: TN304.2%5 DA : 0253-4177(2005) 02-0225-05
, 1971 , . Email :orwdlx @mail. nankai . edu. cn
2004-07-16 ,2004-09-24 c 2005



