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The Effect of Boron Doped CdS Film on CdS/CdTe Solar Cell
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Abstract — Boron doped CdS films were prepa-
red by CBD(Chemical Bath Deposition) method
using boric acid(BsHO3) as donor dopant
source, and their properties were investigated.
As-grown CdS films were highly adherent and
specularly reflective. Boron doped CdS film
which was fabricated under the condition of
0.01 B3HO3/Cd(Ac)2 mole ratio, exhibited the
lowest resistivity of 2£cm and the highest
optical bandgap of 2.4leV. Also, CdS/CdTe
solar cells were fabricated with various doping
concentration of CdS films. Using optimized
CdS film as the window layer of CdS/CdTe
solar cell, the characteristics of the cell were
improved.( V,.=610mV, J.,=37.5mA/cn, FF=0.4,
7=9.1% )
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CdS ute Mix=o) 2.42eV AEEX e Az}
Z7 FHolA L FEIALE Koyl W I &
PEHRZFLE CdTe T3 o|FHGS Asd 7174 4
g AHEEE gtk CdS gt A WPege RS
24 (vacuum evaporation)', AW E Y (sputter-
ing)®. A2 (electrodeposition)™ CBDW (Chem-
ical Bath Deposition)$¢] g1e9), o F CBD®
o Atole AZE2A gtete gy} S FH LS
zZtm g,

CBDY o2 AZE CdS gure Az zde Asg
o2 RE(EIF £ g AMzre tesA, o
Aoz vgAd 2 HAYRE EAG o #FEREHY
29 £& AL HopAx e AR (short circuit
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€5 AAZG. CcdsHige] wAEge Fojx, H©YFR
2o B SUE AT Y F shie 54 BeERA
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B dpdMe 2E =3E CdSHetd CBDYoE
A z33 BE Fxo] e ot BEAL mAEIgY. &
#, B8 =33 CdS ¥ Sl CdTe dehg AFS
HAAH, Cd8/CdTe HFAANE Az#sln, CdS wpube
HE =90o] gdAAd viAe 4L zF3AT
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CdS WEhe FAAY Jlwezt due 7R

EA #H7E 91§ Corning glassst S Faxe] A% :‘%:
A& ITO(Indium Tin Oxide)?} 200088 = g&A
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ERAEA fAE AMINS . F F5Y Ve A4
4, #e &, DI waters) ©42 253 A3 £ 3
& gunl 2 Azt AL CdS drEd 9] 4
& g9 &% 75CAA Cd(Ac)z 0.025M, NH,OH
(pH11), NHiAc 0.1M, Thiourea 0.05M& #&4|
Ao, o] W BLHEe 9822 A8F boric acidE
Cd(Ac)29He] ¥I&L 0~1Xx107"2 WA, 4§
S gel w9z Ad AolFEen, thiourea
YE SOYHE 18 Aoz Aty 508 AL e
A BE =99 40004459 CdS 9E Fasig
. =g 0dS uEhe 400TE 20830 $4¥4716d
A gA=Eqd. =29, AFE ITO/CAS 71% 9
CdTe 9ote AFE5AY L 014319 2mAER T8
¥, 24849 443 guhje 2YES AAG A
 CAdCLE "Wl &L(CH;0H)¢ XA &9 14]
T FE dipping® H AZAA HALEHIAA 45
0C2 30¥7 furnaceddd <EHNelsigdcr. A
CdS/CdTe HYAA ARAZoze ITOHTE
ArgEyn, FARTLS Cu(l100A)/Au(400A)E 7
2AF ¥, CdTe Yot A Ay F&& A8 200C
2 ¥ dAE ¥ AH8IY

AR CdS¥e] AR FEE ZAR) A XA
32 AAE 3. SEME E3skd wu ujypxe)
e BFIIT. VAP glass/CdS 71 Hd In
€ ZHAANA Ohmic contact® ©}E F, three
terminal method® #3393, Wigd WmE BFIH
% spectrophotometer® °l83le] 233 =
T, AZRE HFARY B4 ADE HURAY FA
F-HAEAH L solar simulator® AM8-8d £33
doh. HIBA RE 2AEE FPo2E Xenon
lampE AM&3l 2w, AM(air mass) 1.0 ¥HE
3 1000/ cie] NE& HFRA ] AT
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3.1 BZ sHof ofE CdS #ulo] x¥ £4
BE =3¢ mE CdS 994 AAFRE Yol
g3t X-A FAREANE F AR, =3 Fxd AR
°] & (CdS W& hexagonal®d (002) ¥£¥ cubic
o] (1119 Wgoz $ALNAE 1Az AAPSE ¢
# gtk a8, B =34 @& CdS @ife) BFF
Ze $Aurglel W #AY 4 gUdd. XRD
pattern22RE A" ¥E =3E CdS #99
AARSF e BES =HIA 22 AS a=4.255A,
c=6.971AA boric acid® 0.1mol% H}T 3
£ a=4.012A, ¢=86.5068A7tA H3;BO3/CdAce®
8o} e E 4t EE 234 @& 4%
Mapel ZHa 192 Cdet B ¥R iAol ) 1.48
A3} 0.88A2A cadmium AFE =FJHE BE
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atom® #A717} cadmium BT F7] wgolc}

Y 18 SEM 23 #39 28 =9 %To wE
CdS ¥gt 899 ulhFz2E Yeld Aol =3 o}
g wtet Wel lxaz) sl g4a gasigen, oRe u
9 e FvbE KHEo] AAYA B (segregati-
FoE Hzido,

on)H o} JAYFE AN A

Fig.1 Surface micrograph of B-doped CdS
films © @undoped, ®1moi%
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Fig.2 Electrical resistivity of CdS films as a
function of H3BO3/CdAc2 mole ratio
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Fig.3 Carrier concentration and Hall mobility
of CdS films as a function of H3:BO3/
Cd(Ac)2 mole ratio

3.2 H2 ™o M2 CdS Hate] ®MyH £4
a9 2 HszBOs/Cd(Ac)2:2 £¥le] o8& Cds
oo} viN g W E veld Aol BE =3EHRA g
& €45 dutel wiAge & 10°~10°Qepol R oV},
boric acid®) Frtee] 7t wat vAgLe A

Fasled H3BOs/Cd{(Ac):8l E4l7F 0.01¢ =, oF
20Qem2 A H4ZE 7HAT. a2 Y boric acidd] A
7H2E tL F7MAF1E A Yol 238 AX =3H
2} e CdS HFH FAE #$E& weEU. o uiA
o] Wiz ol ¢vl A% Hall effect 23 HBHE
23 39 el Ao xS oEre £¥8H
2 e A¢ 5x10%mFH 1.2aiV sec ol I,
H3;BO3/Cd(Ac):9 E¥7F 0.0104 Hugl 8.3x
107 5wV 'sece] & ZEew. HE T
ot Aol FE7t Friele A& BE) CdS gy
WolAd cadmium A E FA st 2WRA A3H
7] WRolH, olHH Aol ¥ ¥ Fxe FrE
Qated 1YW 29 FZol HAF L FAaPrt.

T8, H3aBO3:/Cd(Ac)e® E¥7} 0.01 o148 A
+ Ao Fxg olgmr 288 Aidted, 29
3ol e viAEgd FAT Frte olFxY FiHEHGD
e Age ¥E9 w48 #4 dEYE & 5 o
olgl g ol xS} el FTE FA AL AURA
boric acid® ¢ A%, CdS o oA A7z
ABtE BESER 48 HEo] X3pHo i@y B
2 4450 F7MHI, ol 9AEH Agelsny 4
B(scattering) W& Ao A€ =3, dFAA
gt A 3gel] whE sfEle] wxo °3—?E93 e
grain boundary trapping model®"2% A%o)
7} 8et. ©] modeld] 2l3lA Ao ¥ R ojFx
o} i Avixez vPgE BE 9xs) Aelo]
Atgre] Z7h, Ak A9 Zad wE YA S U}
2 & trapping state? 7} Bolxlz Aol
Foldd 7 g}.
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Fig.4 Optical band gap of boron doped CdS
films as a function of H3BOs/CdAc:
mole ratio
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REE =3AA AZY CdS 99 FEHEL
H3iBO3/Cd(Ac), &l #AIgle]l 23E ZE AH
2 500m ¥-ZoX 79 F4aE Holw, F49T o
el AFgAdG e 60% o149 FHEE e
o 8 B 8o Hyhgel Fobgrol whel At o
Ao gL Frletd F4uo aRF ZoF olFg
& #53g F Jed c2T Fr9e olFe FuAE W
o] WIE oudr} ey H3BOs/Cd(Ac): &
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9] M=y e 238eVelUeYyY, HE =g o =
7}ete] H3BO3/Cd(Ac): €Y7} 0.0190 7%, W=
7ol 2.41eVolArt. 23U, EHl7} 0.01014 A
£ =L o382 #AA4UE ¢ F Y. HE =3
o m& M=e F7l+ band filling 294 24
& Burstein-Moss®] o]&8%% 02 ¥ goan

3.4 CdS 4ete] 25 Hof mE CdS/CdTe =l
AFx|o EY

CdS Wete] B& =30 BE CdS/CdTe HIFA
A 5L E 14 JeElAT BN B & 9%
ol CdS Yo &2 Imole% =3 & A% At
I GFARLErE Ftetd AR Z o] FHHS
¢ &+ Utk HE =3 o efdA= 9 Aol
Z7helE olfre =%o] o]FolA Z2| Fermi level
I Az Aol Rolrl FojSol AYPAd Y
WHEA 9 (built-in potential)’} Z7}8l7] WEo =2
AR, =3, HIFAAGA SFAFLE(J)E
AFAY(R,)FH v slez A3d ggAx g
Zjii 4z Zrte FABAY B2 dEYL ¢ 5

Table 1. Cell parameters of CdS/CdTe
solar cells doped with boron

Boron Ve Jse FF. EFF. To R«
[mole%] [w] [mA/cu) [%6] [A/cnl [R]
0 510 238 043 52 5%107 g8

1 610 375 040 91 18x10° 63
10 570 369 037 77 16x10° 733

TH, HEL 10mole%2 =3 AL RASA o
Asslo] Fgo] FadeH, AUNA HLEd =3
2 B+ 288 CdSHe] v AYPo] AAm W=
F&3E 59 CdS 99 EAol v AR 54 o
At e Aoz Add.

4.4 &

CBDYdl &) A&’ CdS Hahe N 23
(002)9Ae] HgHE WFoz $MYHE 7129 hex-
agonal 722 ARAAULE AIL F YY1, EE &
P wet Yate] AVrL HA Fr e AL SEME
B3t B 4 vt B8 =%0" CcdS wube w)A g
2 Ao 5 2 olFxe FrlE Qs M P4
Aot DS ZHd oa g Yol HEge Hrld
me} Fegho]l g} Fo 2 o) Fslal M=o Hr13
€ B3FE 5 I =P, CdS/CdTe HIAANE A
Zstn, 1 E3< 238 A7, CdS 9% U9 HE
Hote] & g A& FAS 2 £ A 2
gy, BEo 7 A ANde 238l CdS/CdTe
A2 @ CdS ¥uke 54o] AstH A}

A9 A7EE EU2 HYAAY FEHPE0 2 A9
CdS ¥=2 HiBOs/Cd(Ac): WIS 0.012 3td
Az E o, bF AP Aoz AEANYG.
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