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Effects of pH of Reaction Solution on the Structural and Optical
Properties of CdS Thin Films for Solar Cell Applications
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Abstract: In this paper, CdS thin films, which were widely used window layer of the CdTe and the
Cu(In,Ga)Se; thin film solar cell, were grown by chemical bath deposition, and effects of pH of reaction
solution on the structural and optical properties were investigated. For pH<10.5, as the pH of reaction
solution was higher, the deposition rate of CdS films was increased by improving ion-by-ion reaction in
the substrate surface and the crystallinity of the films was improved. However, when the pH was higher

than 10.5, the deposition rate was decreased because of smaller cd”

ion concentration in the reaction

solution. Also, the crystallinity of the films were deteriorated. The CdS films deposited at lower pH
showed poor optical transmittance due to adsorbed colloidal particles, while the transmittance was

improved for higher pH.
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1.ME

o]FHE HFAA MM FFEINFSE JHF de A
£5E E2E 7HMAF d9oAMe L BFEHREF
G A71AQ A Mok g, CdSY A E 9
YA W= 740] 242 eV AEEZN FFFFTAAN EF
sojAlE Yo Y ddS TN, AAHT A
Z7 slollA wmA & H|AFgS Hol7] ujid
CdTe [1] & Cu(In,Ga)Se; [2] BIFAA <] JF3}
202 dg AHEH 3 gtk

olzg]dt CdS utute] Az dyoerye AFFEHY
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(vacuum evaporation) [3], =¥ E ¥ (sputtering) [4],
A2 (electrodeposition) [5], == do] &1 (spray
pyrolysis) [6], CBD (chemical bath deposition)® [7-11]
5o] e, °]F CBDYE A7t=A HalAde] Hoju
3, drute] A3 E o|E 4 glen, F EAd ud
A7} &ol3int.

gk, CBDHl 938 CdS utte Az 34, @
&g YdA e F7}€ homogeneousd ¥Hg-& 7|3
o £2/49 CdSE F3AA dLFRAYo] Yuy, JF
#e7t FA B3 4g APZAAG. geA FEASF
o2 5% A4S ZE Ue A=z AdAME
£ YolAe] #UF HH3 (homogeneous reaction)
& HaFAN7 |BEHNAMY BFYF urg
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(heterogeneous reaction)o] Hdj7} ¥ =% dfof &=
g, 27498 vge F2 ¢ ugoi FIHER
CdSe] A& xE gA st =UW¥s, F 7l=F
4 (cadmium salt)$} thiouread ¥E& 2FAY, &
Byel (ammonia)?t ¢EFE (ammonium salt)9l
5EE EolAY, EE WE2EE ¥F Ty g
& dAANAok Fo. 53], wrgLAe pHe vree
EAQL 3A H9de 2do2 578 FH9 CdS
ghubg A 2317] i AL Aojrt oo

B AP CBDHA o vlddze 353
Zog AgHE CdS #ehe AlZsha, g
o pH W3lo] & +23 E4& A

2. g8 wH

CBD®l <% CdS u9e FHAZ 7|He2E
corning 7,059 glass®t ITO (indium tin oxide)?} £
HeHYPoZ 200 nm FAZ FFE 2 71HE o}
AE 9 veE, Pol25E o] g3t AHT F 2
2 7tA2 AZRdY AHEEAY. 7F=F (cadmuim) B
3 (sulfur) o2 TFYez: 7tz Jl=F olAHE
(cadmium acetate, Cd(CH:C0Q)2)¢} thiourea((NHz):CS)
£ AME319 1, complexing agent @ pH ZHAZE ¢
Buo} (ammonia, NHy)& AHg3dtlon, &9 e F
Agk dkgo) o3 B FAHE BG4 E JAEY] A& ¥
¥ fdoz U4REF olMHo|E (ammonium acetate,
NHAC)E ARS8t oln Fl=F olAHoE %
thiourea®l ¥%& 0025 M, 45 & oA HES F
EE 01 M2 AN, GEYolE o] &3t iE
9] pHE 9594 1142 WH3A A7 A|8E A
39tk CdS o S35 f8) AA HFEe =2Hol
25771 B0l g8 7)0 AF¥E 7)1#HE AAA
¥ impeller2 ¥HslAA FL=F oAHHOIE, dEY
o}, R olAEHE F£oz uggog YolFr}
dk3-2 7|9 2EE water bath Ulo] dA € 3EHE
o] 83l9 75CE =8¢ ¥ thiourea((NH2:.CS)E ¥+
th oY REHE wreAToR AH3Yn FAH qo
FAE FAsd CdS e FHEEE ANsA

Az utole]l F= surface profiler (a-step,
Tencor 500)& ©°|&3t9 FA3Hovn, ARTxE
zAbe7] 918 X-A 3874 (Rigaku Co., Rotaflex
Ru-200, Japan)& 35t #tehe] mjAtx9 ZAY
A7) SEM (scanning electron microscope, Stereoscan

o] Al & 617

440, Leica Cambridge Ltd., England)o.2 ##3c}.

o] W #Fi8-e UV-Visible spectrophotometer
(UNICAM, Philips, US.A)E o]&ste 7|3te] 4=2|gh gt
o2 F& JAA SAsAT. ol THE 300~
00 nm=Z 3k ch

3. &% ¥ 1@

CBD®¥ A cadmium complex (ammonia, cyanide, or
triethanolamine)® organic sulfidizing agent (thiourea
or thioacetamide)= &9 ol uj$¢ @& Fxe| Cd¥g}
S* o]2g AFHL £ W Cdg S9 oL FE
Fol CdSe EHEF(A LA 14x10 )R} 2 o
384 uwkgo| dojr} CAS7F ALY F23 ##
" A8 wg A9 FFLH 5= 45
Zig=3

NH,+ H,0 = NH+OH K=18x10"° (1)
Cd**+20H = Cd(OH),(S) K=188x10" (2)
Cd** +4NH= Cd(NH,)}" K=3.6x10° (3)
(NH,),CS+20H = §*” +2H,0+ H,CN, (4)
Cd*' +87 = CdS(S) K=T71x10% (5)

a2y 18 g 2% 75T, 7l=F olAMEHE %
thiourea, NH;Ac®] F=& 7zt 0.025 M, 005 M,
01 M2 2AA7|R, ¥& &4 pHE 95~1142
WA S e CdS utute] AALEEE Jgd A
o}, o ¥kE-Lfo] pHE R ote] F& =Hsd}
o WHAIZ 4 Aoy pH 11 o]de] A, 4=
Uote] ¥& A EdE £99 pHE ¥=2 F7h8)
2 ekttt o] v E AlSE NHAcE 24 &
olx pH 11 oj4olAE &9 ol 4A4¥ cadmium
hydroxide(Cd(OH);) 7} ¢tEujotol] oj& | 3=l
thiourea® ¥7] A §d9 Mzo] T3t 17
o 23e pH7F 105 74X & we-&9e pH7F 718
o we} CdS utute] 4ol F7hstd, 105 ©]4ke]
A% 23|28 pHel wet FFEc] #28e & F 3
o}, pH7} 9591 A% pHE z4s7] S8 #7218 ¢
Tyolo] giREEE y3-4 (Dol & 7h5 3
ammonium radical(NH; )@} hydroxyl radical(OH )<
FA%. AHE OH ol

| T

cadmium complex
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(CA(NH3);”) Ao #Fojéix| gonz oj59 i
2 g4 (2 <& &Y oA FY BkE
(homogeneous reaction)® FZA7]E  cadmium
hydroxide(Cd(OH),)& A A7tk wekA pH 95%]
AL CdSe 2 thioureael #H7bol| whal &of
Well Mol FA% wrgog <g) HHEon, o Az}
713 HHA AL CdS utet A Eo] Yozt 1¥
Y pHE F7HA717] f8) A7t R Yet & &

@ Cd(OH):$t §7 w34 ()] 23] Cd(NHs)™ ©]
29 @& F7hE w4 (DI QA ¢ 5+ UF
o] ¥kg (DET (3)o] HE $AHH R Yojuir, pH
Z71E 98 #H7kE dRdol:s wreA (1) (2)9
o8 Cd(OH).E& FAAI7]17] Bt} §bg4 (3)o] o3
CA(NHy);* o] &g t %ol 44AZt CdNH) &
ghg (3)e] ols] & o] Cd” ol2g MM FF
stogx g oo #d WM& AAA 7|1, 7]
Ho| A 2] 23 uhg (heterogeneous reaction)2 %
7EA 71tk wrebA] 7)ol A 9] jon-by-ion Ad%el %
AEo] we] HF FAE F2HA7 2, AFES £
o}, 3, pHZF 105 o)1 dFdAE pHE F7HA17]
7] 18iM = 105 olste] Fdgolnet AN B dEy
o}7} H7bEch 1 Aa B} B€ tetraaminecadmium
complex ©]&(Cd(NHz). el A=, o2 A3 &
o] Cd* o] &9 vEE AA Zasdte] 7]@oA
2] CdSe] F#&o| WolXth Dhere 5 [12]& #H
gle] 43" CdS %9 2%, pH 117kA pH7} 7}
gholl we} F2E F7HskAIRE, pH 11o]del A= A
gkobA o, buffer’t AF&E A%, pH F7tol we} &
Zgo| zZAasdn Bwudd. E£F buffer7t AHE-E R
< of ojFEe] CANHy)™ o€ ¢H¥H% (ammonium
salt)oll o3 A|Fs9, pHE =H3t7] A8 H7kd
ammonium hydroxide(NH,OH)oll 2§ ZH-& HF A5
o] gole] pH Z7bdl we} CA(NHy)* o] ¥&
aA F74eHA gEtha Basdo) olg 3 pHel F
e F2 29 oM vd HEE EFAT=
Cd(OH):9] %& F7HA171a, o2 s vhg&f W
9] Cd* ol F%7t Faso 7@ FWoA<
CdS 4&Eo| Yolxidn A9sigict. a2 44
A@A3, pH ZF71o] wel £ o] #Y wgol 9
3 WAEE CdS v EAe] Fe 23 #AAES B
zZtst 4= glsld, 2 dAqtel A& pH ZH A2 NH/OH
4l NH3E AR&8t3la, gehA] pH 7o e 53
%50 7hak g Yool CdOH), Bth= CA(NHa)*
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Fig. 1. Deposition rate of CdS films as a function of pH
of reaction solution.

o] oko| wolH el wat Cd' o]2e Fo| it
WE&E7 A7 fEoE Azt

a9 29 32 wrg£9e] pH Wl ©¥E 3 7]
@ 9 ITO 7|1l FF&AIZ] CdS =te] XRD Z 3
£ Yepd ot WA pH 959 2, CdSel o
st ojw e Fax FFEHA FRed, o AL UA
AFHUKo] £ ol 43 wgoz A A
e E2olE ngago] 7Bl FREH ZAA]
whuha] 7] wjFolctk, ¥r-&&oe] pH7} F7hetel we}
CdSe] S A4 (hexagonal phase)?] (002)¥ HE5+=
A A A4 (cubic phase)d] (111)Hl &3k 3=
7} #aten) ol AL 7|HelA 9 ion-by-ion A%l
o3 wiute] AR Aol d4EE ousct. 2y pH
1ol A (002)9 = (11DRES a2 A7|7t #as
I, E3 S A A (110), (112) =5 WA AS
o] (220), 31)Hell fg3dte= A7t #EAEHAG o]
23 22 5E 899 pH7} F7Hel ot 44
Al (002)9 =& AEAAGe (11DEe] 4%
A7F #2se], o2 | Wao g ARG o F
oFL ¢ 4 o §H, pH 114°] 7§, pH 950
Aot fFALEAl CdSell #AE oud Wik #AH
7 ok, o] AL W& e Cd” o] &o] A
Aaste 7|9 EAAA L 3@ WA oHYA X,
Az 74 o] FAHA Ry YFEoz AZd
o}, ITO 7|1% $lo F3€ CdS=He] XRD dEe 1
g 304 B & Q%o f 7|#d FAE CdS %
% v=3 23S Yehgich geby CdS 2ol AR
ZE 7189 F70l 2 ¢S 3K 43S ¢ F Utk
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Fig. 2. XRD patterns of CdS films deposited on glass
substrate deposited at different pH of reaction solution.
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Fig. 3. XRD patterns of CdS films deposited on
ITO/glass substrate deposited at different pH of reaction
solution.

19 49 5 W89 e] pH ¥t & 2 7|
% % ITO 71 1ol 3¢ CdS oo SEM &4
Adoltt. 1Yo 2RE whgEq9 pHell wet CdS
grate] oAFEE & A7t d&E #2E + 9
tt. pH7F 952 B¢, dAES] Fu7l FEAAE 22
oo nAlTFEE detisd, &4 oMo F4%

Fig. 4. SEM micrographs of CdS films deposited on
glass substrate at different pH of reaction solution: (a)
pH: 95, (b) pH: 10, (¢) pH: 11, (d) pH: 114

Rhgoz Q3 7]ddARg & WAy CdS &
o] 433t ool E2olE vy FHZ YFs}
of 7]gd Fid Aoz AZEY. 1y pHE F
7HA7171 S8 Bk B8 dRYelE: A el wet
CdS =& ¥ 4b)ollM et o] ddstdA wl¢ =
Ak v AFEE 2 "ok
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Fig. 5. SEM micrographs of CdS films deposited on
ITO/glass substrate at different pH of reaction solution:
(a) pH: 9.5, (b) pH: 10, (c) pH: 11, (d) pH: 114.

a2 olfre R Yo}l Fo] wolHd wet &l e
Cd(NH3)* ol BT Wol A4Hm, o
Cd(NH3)/* o]2L 7|dolHe] EFIE weg 2
A7|E2 7|3 FAE CdS #ESo| 7|HeA Cd*
o]&3} §* o]2g A2 FFato] A7 Yoo
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Fig. 6. Optical transmittance of CdS films deposited at
different pH: (a) glass substrate, (b) ITO/glass substrate.

4o pHE F7HA717] 98l ¢2Yols o % 3
74gtol wel CA(NHs) ol &2e2 RE CdS #Ael
Pag Cd” o9 FFol = HAm:, AYA A9
7t sl oy Ac)ol et Zo]l Aol =77t
Z7bstn, "t YRole FF (voido] FAHEG.
am, e gmUol Frh Al &4 A Cd*
o] &9 F7} AA #4stm 7Bl e A o] of
HYA 29 4d)ANAg 2ol dA 7= A
FYstx 2% uAF2E YA €49 ITO7F 2
g9 fg 719 AT AF, a¥ 509} 2ol
T8 Z1Fel e FAFEE ul AT ¥t YA
gk pH 1190 2% f& 71#olAetes 28 ¢dd 7l
AFz7F Y 2 71%E AHES A, F=9
& 718 BEA folA AT £4 oA AL
CdS #e] &F&o] oj@A Y FUFez A FHS
7= ITO/glass 718l M e 78 7|grd B YA
A Azt EAsleg #Y3A o] AFdd

a3 62 F2 2 ITO ZHE 7% 9o SFs3t
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CdS utute] wg-gojo] pH ¥ste] @ FFH(ES
Uepd zlojth. CBD HollA 8L &4 oA
TFASHA, 7@ BFLA dojg 5 A &9
ol Ao Bggo] wel dojuE =A(RL pH)IA
£ &9 ddA CdS #Se] 4Astn oo &l
= A ez st 7l FFste 2ddA
g o] e FFH4ES yehdn. wg-&eie] pHIL
Z7tgtel wet F5FH4&2 FAESd @AY ¥
Aol we] dojus =A(¥L pHAAME 7184
g49 CdS #ol 71 HAolAM Cd* oleH §* o]
& A2 FFat A7 dEol FLdEA &
£3A Fejo] g d& & Jdev gy FFRIA4E
& F718HA €4,

4.8 &

o FAY HFHAY FFAFoE ARHE CdS
gtebS chemical bath deposition® 2 A|Z3& i, Hbg-
$oo] pHol W& 724 #sx B4 QZE A}
3o oo 2 4ES I

CdS ¥ute]l AR 3z nAFz2E 718 F57
2 ¥3 glo] pH 105 7AA = wg8de] pH7F F71
3ol wal 7);el A2 ion-by-ion A Feo] ZFHZEo
CdS wrute] AAEo] F7isty, A2AA o] FdsH
TYstEN o § 22 vAF2E 7MY 294y
pH 105 °o]4e 4% CdS #4d Bad Cd o
o] Fgol =2A pHel wet S o] #AA3Arh
T3 YA AX 7 Ao dF 277 Fo)
s dhul Y Bol= FFo] AL FH,
o] gtEuol HIF Al & oA e Cd* o] F
7V 3A s 7|geAe] Aol o YA Y
A A7\ % ZAsn fddeA] 23 vAFEE e
Wyich =3 @2 pHolAM = et Fdo| F3E v
HAE2 d8) ¥ FFEAEE Yoy &8
49| pH7} EolRol we} FFE&L FA4HAU

ZAte] =2

o] EEE WNIYE AR(TKALY|EH)]
oz IAFATAG] AYg o}
(No. 2011-0003018).
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