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Chuleeporn Suwattanaphiboon 2009: Study of CdS Thin Film Coated on CdTe
polycrystalline Substrate by Chemical Bath Deposition Method for Solar Cell
Application. Master of Science (Physics), Major Field: Physics, Department of

Physics. Thesis Advisor: Assistant Professor Cherdsak Kunsombat, Ph.D. 62 pages.

Cadmium Sulphide (CdS) thin films have been deposited by chemical bath deposition
method (CBD) on CdTe substrates. The temperature of the deposition was varied from 40 °C to
80°C under stirring, pH of complexing agent about 10-11.5 and doping by CdCl,.The doping
sample was sensitive with visible light and sensitivity increases when compared with undoping
sample. The morphology was composed of small columnar crystals, characterized by TEM. The
crystallographic structure contains a mixture of hexagonal and cubic structures, the grain size
between 15-33 nm observed study by XRD. The energy gap of 2.21 eV for undoping sample
were calculated by reflectance spectra using UV-VIS spectrometer. This study showed the
correlation of deposition temperature, grain size and sensitivity which indicated that some

properties of high efficiency CdS/CdTe Solar Cells
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Study of CdS Thin Film Coated on CdTe polycrystalline Substrate by Chemical

Bath Deposition Method for Solar Cell Application
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uantu 2 mvesyuaziou awaaslu niwin 1



r:i dgl [ = 4 =2 A g J
MAUN 1 uammiLammummiqmaﬂqﬁumzmmmwaﬂmﬂu"lﬂmuﬂmammﬂﬂ

Man: 1y (2544)

Cubic SiC

A =0.6975 A

Intensity (counts/sec.)

]
1
&
]

26 ()

c; v o J ' 9 dy A = .
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Man: 1y (2544)
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N1T2NINA 3 TAMTOMUIUHIVHIAVOUNTH (grain size) TAINANMT

kA
D=—"— 4)
[, cosO
A A
1o D A9 YUIAVDIUNTU (nm)
= v d' d! dg‘ [ 1
k A9 ANANIN cﬁwuﬂmmmuazgﬂiwmmmiu

A P4 A A Y As 1 & B 2
ﬁza D IS ﬂ’J'liJﬂ’J'N61]?N‘Wﬂ'i/]ﬂ’J'IiJ!fUiJ‘V]iJﬂ'llﬂuﬂiﬁﬁu\iﬂJ@Q

fhﬂ’ﬂll!ﬁi’l}nq 39A (full width at half maximum of diffraction peak; FWHM) (Culity, 1956)
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C
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h
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)
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A=— (7)

v o

{a g ' 1w - 4 4 ! <
yazhoanaseudianlszy Tvih ¢ iy 1.602 x 10 gaswl gnilsruldndeuialrenusa
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2
h
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A= h — (12)
szoqy 207
e
N30 A~ 12.3 DIAATOU (13)
N

[~ T A o [ A dg/ A adg os.z} ] o’j 9
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=2 wva A o = Y a s Aq ¥ A <
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Wavelength X\ {um)

Reflectance R

1
15
Photon energy El(eV)

mni 4 uaasmilnasumsaziou R fe dulsza@nsmsazioun ldninmsia, R fo

4 4 9
duilszanimsaztounnu uag R Ao dulszanimsazioudinin

131: Elkorashy (1990)
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v 1 4
NN 4 idualnasumsaznouniala azair lidnnamdulszansmaziou
~ Y @ A A @ a & 1 1 :;l A ] a A
n1dnnmsia e 7 e dullsz@nimsdeiuaenin, o Ao duilszaninisganau wag 4
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A

a| d
9 ANNYUIvDINaY

R :RS{H (l—R;)exp(—Zad)} i
| 1-R; exp(—2ad)

R=R, {1 + (- Ri Jexp(zad) } exp(—ocd)}
| 1-R; exp(—ad)

,_ (1=R)exp(-ad)

fipann - (15)
1-R; exp(—2ad)
R=R[1+T exp(-od)]
X (16)

14 Texp(—ad)

= ) 9 [ a Q( 9 3 =
ATTFU AL 19910 dulszaninisazNnoudanin (R) no

1+\/R_n
=k, "

n=

9

1 aAav A Yo U qgj [ anl
ualumsiveil adaa R Tunuadanin (R=R ) aariu
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Refractive index n

04 06 ’ 08 _ i0 2 1.4
Photon energy EleV)

MWD 5 HAAIANUFURUTTZHINAIFOI LD UNEINUTLAIAT TN
131: Elkorashy (1990)
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9 9
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o = (22)

RS
RA

iuay o = nqu (23)



19
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wen'lailu

o =q(mu,tpu) (24)

Y
waznnanudunusserIan i Idduanmdumuldi o = @1y anIn

1
P
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1 1
p=—e—— 5)
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nomeufUauMg (22) a2 14
R = %l (26)
/
V
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A

4 ad
fﬂ‘Wﬁ 6 LaAIUUIATEINaNE / ﬂ?)}N wHUuUd

A A ad Y ~ d Y
WeNITANHANYD /1319 w WU d NN 6 910NYUd Torutaz lsaunis (26)
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p
R=R=E (28)
s d
R @0 AUAWMIULRY (sheet resistance)
pan  amwdwmulilih
uat 7 = wagld
w
rR=L-gY (29)
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gUnsainazisms

gilnsai

1. gunsaln1Flumsimsouildu cds/cdTe Taatmseruaisazanoall
1.1 919@51al) (chemical bath)
1.2 Tnnesvuia 600 ml
1.3 dlianuieuuazinTeaniuasazand (hot plate and magnetic stirrer)
1.4 m?mmm}uqmwgﬁ (temperature controller)
1.5 wandanmaaud sy sguAuseesy
Y
1.6 mos ludila ( thermocouple )
o a 4
1.7 mo3 luilnoes
Y = ] [
1.8 MUAUNUTOITY
9 =2 o a 4
1.9 Mudamos luilnos
1.10 ensazarwway CdSO,+ SC(NH,), + NH,0H
2 '
1.11 ¥nau
=
1.12 g ubaa
4
113 1enfamudauruseesy

1.14 u,u'mﬁﬂmumiazam

MNA 8 WandAnMWas UM VDT TYHUT05D
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2. SaquazgUnsalilFunseseuimiwemdnuaadioumag 154
2.1 uriuAARaN
22 dnvaa
23 N3N

2.4 WIUANYS (Diamond Powder)

2.5 nyalUsHULMYea

d' [ Iaq Y ~ a 9 =2 ~ 4
M 10 naasmstnginsain g lumamssurhnanunaiioumag l5a
3. Yequazginsainlglumside cdcl,

3.1 vienend
3.2 @1503A8CdCI,

3.3 19 NegmHgil 30-3000°C Wan TABUTEN Nabertherm

MW 11 9 unidogurgl 30-3000°C wan Ins1THN Nabertherm
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S YR [ 9 = a a o
. gunsainlsAnyanyas 1nTaas HANFIUHAIAYEINAN CdS
] 1 v a a o
4.1 NADIYANITAUDIANATOULVUADINTIA 31 ISM-5600LV Han IaguTHNIEOL

4.2 ndesganssmisianasouuLUdDIHIY U TEM-2010 Wan 1aouSHNIEOL

S YR [ 9 = a a1 d
. ginsainlsAnmdnyus Inseas unanyIganinvedilan Cds

) E4
nFouRYUUSIFONS JU PW 3710 Han TagSTHN Philips

saq Y= va A ad
. gunsainldfnynuauiairuavesilay Cds/CdTe

mﬂﬂimﬁma{ :g'u Lamda 650 IR GIIER ) Pekin Elmer UK

. aunsal i 1gfn e autifmE fhvesildu cas/cdre
7.1 DidnTasimes 31 610 C wanlaowTiiv Keithley
7.2 unasnie 1 30 Taad

7.3 Wadlmes

7.4 viaeaa1 Tanu 300 Snd

7.5 712U ¥ (conduction silver paint )
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IBMAI

Aav dyd = = ad ast ~
luandvetinlunsanyinsmssuian Ccds/CdTe Tagasoruaisazananll Iag

a 1 [ 3 o A o {
gUUNVDIBNOIVETAZA10 AD 40, 50, 60, 70 1Az 80 °C asNiuthauh 1dldede

]
a

o J EZ 1 ' @
msazae Cdcl, uaz Wauh 18 lUfnuguanialuduaien 1dun fnudnyuzues

Q
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HOUWEINY (Bp) tazdnwauiiania luihusadldy Taeis ot aFudy (linear two point

probe)
1. MSANFUNAININVDINAN CdTe

v Aa 9 = o =3 A A " A = Y o v Y
1.1 Yarvithueanan Taensiiwan CdTe Tuaanunuaanan udnirlivadiems
o 2 Y o AR = v a o 3w
VAUNFTaLAON VUM TNHAIANVIAIUUNTLIN IUATLNINUT OV LA 1D ULUIN
o a 9 == o 2 Ao Y v A . 9
1.2 Manuase1anIvtnvenan lagnsiiiwannvauaiuinan (Etching) 7Y

= <3| a = Y 9 9 :I

arsazate Tusiummueai]una 5 319 uarawesndlninlasailivy
d

2. M3 3gnilan Cds/CdTe

a qaj o = ad o A
2.1 AndeginsallunsmIsuiauaanIng 9

a oy =1 4 9 o 1
2.2 wwninlasaiszy 200 m Tudinnes vuia 600 ml a2t ldneluseaugu

]
[
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9 9 v l
nniuasgungivesenldneif 40 °c
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= a Y ~ J
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o = s A 9 1 [ o [
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UTTYPHUIOITU

[ [ < 4
2.6 lamimanniuasazareasluinnosvssansazalgnay
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2.7 NaINgUUNNUBIBNAILANgUHLIAIN 1 40 °C TiAnasazatonay CdSO,
[ =~ J A = ng o v o A
1y NH,0H av 'l luiinines nauansazaneliisos ) Uszunm 5 uidi 91nidu shudusess i
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M39T 1 HaAesUIURANIAZYY 20 YIllan CdS Nhimsouasaza1eNgungia g o

U

gavgieNeIImsazals ('C) FEUIL AL YN 20
C (111), C (200), H (100), H (002), H (101)
0 26.70°,29.52°, 25.01°, 26.77°, 28.66
C (111), C (200), H (002), H (101)
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6. AINANIUTIINNIANEAUAUTAR LA 9 YoITEN CdS/CdTe

M31N 7 UaAIANIFURUTIZHIaNTAG A 9 Yo ldu CdS/CdTe

E, R, R, Doped
Sensitivity
T, D (eV) (kQ/sq) MQ/sq)
(C) (nm) Non Non Non Non
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Abstract. Cadmium sulphide (CdS) thin films have been deposited by chemical bath deposition
method (CBDY) on CdTe substrates. The temperature of the deposition was vared from 40 °C to
70°C under stimng, pH of complexing agent about 10-11.5 and doping by CdCl;. The morphology
was composed of small columnar crystals, charactenzed by SEM. The crystallographic structure
contains a mixture of hexagonal and cubic structures were study by TEM. The energy gap values
2.395 eV were found calculated by reflectance spectra using UV-VIS spectrometer. This study
showed the correlation of deposition temperature, grain size, energy gap and observed some
properties of CdS nanocrystal in the films.

Introduction

Preparation of CdS films with low resistance is ome of the important task in photovoltaic
cells. Suitable CdS films can be produced by annealing a mixture of CdS and CdCl:
micron/submicron sized powders at high temperatures in the range of 550-690°C or post deposition
annealing treatment at 250-450°C of CdS thin films deposited by sputtering [3], spray pyrolysis and
chemical bath deposition (CBD) method [2,4]. This process leads to recrystallization of the CdS
layer, decrease of crystallite boundarnies, sintering of CdS particles and doping of CdS material by
chlonde anions. CdCls acts here as dopant, which creates shallow domer levels in the band gap of
the bulk Cd5(2 42 eV) and increases its conductivity.

In this work, CAS/CdTe films were deposited by CBD and doped by C4Cl: [3]. The effects of
doping on optical properties and energy gap which CdCl: using for Cd source im CdS films,

Experimental

CdS thin films have been deposited on CdTe substrates using the CBD method. The concentration
of aqueous solution having 0.025 M cadmium sulphate (CAS0,), 0.033 M thiourea (SC{NH,)) and
3 M ammonim hydroxide(NH,OH). CdTe sbstrates, were cleaned in acetome and methanol
ultrasomically, then etched in BrOH sohmion and finally, agam washed wath deionized water. The
temperature of deposition process was varied from 40 1o 70°C. All of the solution that were used
clear solutions without precipitation. The bath solition was held stll with stiming. And doping by
drop CdCl, agueous solution on the films followed by anmealing at 500°C in nitrogen atmosphere
for 20 min [3].

Resnliz and Discossion

Structural analysis.

The XRD pattern of the films deposited at 80°C showed the present peak at 26 = 26.74°, 20.56°,
35.267, 37.20°, 49.14° This could be indexed as cubic phase at (111), (200) and (102) and hexagonal
phase at (101, (002). (102) and (103) respecuvely, according to JCPDS file no.80-0019 and 80-
0006. The XRID} pattern of the films deposited at 50°C showed the cubic phase at (111} and (200}

All rigitss. resense. Mo part of conkents of This paper oy be reproduced o nesmilied in amy o or by any means wifoul the srifen pemsission of the
pubiisher; Trans Tech Publications Lid, S, s Sponet. (0 1565908230 2581 0A/ 008, DESE=S)
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