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ABSTRACT

Optimization of Optical and Electrical Characteristics

of Heterojunctioned CdTe/CdS Thin Films

Yang, Jung Tae
Advisor : Prof. Lee, Woo—Sun, Ph. D.
Department of Electrical Engineering,

Graduate School of Chosun University

Thin—film cadmium telluride (CdTe) solar cell technology can
theoretically improve the conversion efficiency and production costs of
conventional silicon solar cell technology. Due to the optimal band gap
energy (about 1.4 eV) for solar energy absorption, high light
absorption capability and lower cost requirements for solar cell
production, CdTe have been widely researched as being suitable for
commercial cell production.

The effects of the processing conditions on the
thickness—uniformity and surface—morphology of the CdTe thin—films
were investigated wusing atomic force microscope (AFM) and
ellipsometry for large—area solar cells. The photovoltaic properties of
CdTe thin films were analyzed in relation to the different
thickness—uniformity and surface morphology caused by the wvarious
process conditions. The thickness—uniformity, which was controlled by

the process conditions in the sputtering process, affected the

_IX_



photovoltaic properties of the sputtering deposited CdTe thin films.
Higher carrier concentration and better optical absorbance were
obtained in CdTe thin films with a good thickness—uniformity.

As the effects of thickness—uniformity on the photovoltaic
characteristics for the large—area CdTe thin film solar cell, chemical
mechanical polishing (CMP) process was investigated for an
enhancement of thickness—uniformity. Removal rate of CdTe thin film
was more affected by the down force than the table speed. RMS
roughness and peak—to—valley roughness of CdTe thin film after CMP
process were improved to 96.68% and 85.55%, respectively. The
optimum process condition was estimated by 100 gf/ci’ of down force
and 60 rpm of table speed with the consideration of good removal
uniformity about 5.0% as well as excellent surface roughness for the
large—area CdTe solar cell.

Cadmium sulfide (CdS) is widely used material as a window layer
with either CdTe or copper indium selenide (CulnSes) in the
heterojunction thin film solar cells. The phase structure and grain size
of CdS thin films were changed as changing the annealing temperature,
and then the electrical properties including resistivity and the optical
properties were influenced by them. The improved optical
transmittance of 72.25% (at average thickness of 843.93 nm and the
optical band gap energy of 2.43 eV) was obtained compared to the
as—deposited CdS thin films at the annealing temperature of 400T
because of the decrease in the defect density caused by the annealing
process. This temperature was selected for the optimized condition
considering to both the electrical properties (resistivity not exceeding

10%-order Qcm) and optical characteristics including transmittance.



In this thesis, the thickness uniformity of CdTe thin films was the
main point for the energy conversion efficiency and the optimum
annealing temperature of CdS thin films was 400C for the excellent
thin film characteristics. For the application to the large—area thin film
solar cells, the improvement of the thickness uniformity in the
preparation of CdTe thin films was strongly necessary; therefore, CMP
process was firstly employed and the enhanced characteristics were
successfully obtained. The optimized optical and electrical
characteristics of CdTe/CdS heterostructured thin film solar cells could
be achieved considering the optical and electrical properties through

these results.
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Table 1 Efficiency of CdTe Solar Cell in a Small—area.
Method (CdS/CdTe) | Area(cm®) | Eff(%) Organization Year
CBD/CSS 1.131 16.4 NREL 2001
MOCVD/CSS 1.0 16.0 Matsushita Battery | 1997
CBD/CSS 1.08 15.8 Univ. of S. Florida | 1993
MOCVD/CSS 1.0 15.3 Tokyo Inst. Tech. | 1999
CSS/CSS 0.8 15.0 Univ. of S. Florida | 1997
CBD/Evap 0.02 14.2 BP Solar 1991
ALE/ALE 0.12 14.0 Micro—chemistry | 1999
Table 2 Efficiency of CdTe Solar Cell in a Large—area.

Method (CdS/CdTe) | Area(cm?® | Eff(%) Organization Year
CBD/E. Depo 8670 10.6 BP Solar 2000
MOCVD/CSS 5413 11.0 Matsushita Battery | 2000

1E. Depo/E. Depo 706 10.1 BP Solar 1991

V. Trans/V. Trans 6278 9.1 First Solar 1996

CSS 86 10.5 ANTEC 2000
Screen Printing 1200 8.7 Matsushita 1995
Chemical Spraying 3528 9.2 Golden Photon 1999
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Ae ZolH (n)CdS/(p)CdTe? A% AE,& A, g 2o oy Avfo]
T Gtk AelA BSFHARZ 7dE s el

o=

CdTe HUAAE= T3 1794 Ko dwtz oz 2714 & 33dE vt
A5 (CdS, CdTe)# 1709 FHASATO =& SnOx:F) 2 A4

Aoz FAHY Qla, ZF 74 459 74, Fskx 5EA 9 7+ Sk A
HAre o] whEbd B Ao &8 W kg Ado] AAELE CdTe BIUHAE 4

3k wofl= drRtA o7 "o] QAlE = S5 HA FH S &9 ‘Superstrate' T

2% ATk CdS7H 24eVE AUA WERE A3 Q7] Wil Y o
o] We F%FQ CdSE Eete] CdTeol 98] F4Hm, Aas A4eA 2

th. CdTeel ]3] CdSe =Zs=v v =i, 74 E=3 gty 385
(Depletion Layer)< A2l CdTe ¥eel FAdE el o&] AAE Hste= &
Aol FAE A7l ol &FolA drh. olwf AA= CdS FHoz, Fu
CdTe o2 w&#oliL, o]Z Q& oA &9 A7F EAsk=H], °] ovA &
S Zpol 7} F71d =) gt

olg]8t HlFARZA Y H5S ARJAL Qo

" xol CdTes AF7t w9 AX CASE FHe W2 CdTe 19 =,
A% 2ANN mF el Ashh AYHY, olel@ dakEe W13 Jgo
2 ol%al Wek Wb W HAol S5 ehd dakE @ A olw

I A O BAANAE BET FE CdTer ¥S AFS

=
(Ohmic Contact)& @AsH7] oJfdth. AHE SA4o] oot $1 d=5049 A
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Fig. 17 Structure of CdTe Thin Film Solar Cell.
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III. CdTe/CdS Wt =3

ol
=
CdTe 7IWF ¥ &b dubdow
(surface morphology) el 711%t & A4l
ATk kA nEgE Bdd ke AlRE 9
A& Z=10] thds] F a8t

71Fe]  CdTe gtete]  AZS 98 253 (close  spaced
sublimation, CSS), &#]7]’d% 2 (physical vapor deposition, PVD), &%
2 713552 (vapor  transport  deposition, VTD), 87145459
(closed space vapor transport), 2 (electrodeposition), I |3

(screen printing), 23X # o] A3 (spray pyrolysis), =5 4713818H7]7d5 24

o
e
=
o]

(metalorganic chemical vapor deposition, MOCVD), and RFZ2 ¥ ¥

FAYFUE CdS vreto] Pt /B MEd] oY FFI FAFS =
S gelA B o8t FF £Eg 2stt Aol HFelth oA
Al v A 9 EE A8 sAstel AvEY wWpHoR CdS wuhe 3
s wpel o 977} Be st

A. =¥HY ¥4

AHHYNE ANEY 7hAE AR olFojd AW U T st



Zetzuls AR & et s Bl (target) A3 TEAFA o]E 7]
I (substrate) ol T&A|7]= Wolth, URbA 0% AMSH = AFEE JtAE B
G4 7k (inert gas)Ql Ars ARESITE ABEE AL AARE B &
o= sty 7| FHS FFE sk HYS sk ¥ AHEE 7R (Ar)

T S5 BEE ARl FESte] ofrlEe] Ar'R Hal o] of7]E shais

ftlo

KoX
=]

0 EE AMUAE FHA AL glom FEA O

AFFE FHL 5 Y& W BPAoRRE AAs A7} "olA e drk ¥
AA v B dAkel dAbs AR ARtE Bodsta e T)aate] A

27 A A olstd o Aduteh
weld AHEE A 71wy Az A T a7 A Ak 714 4l
7he Aol AFd A5 AFAHEYY(DC sputtering methode) 2t 34w
R o7 AA ] AFEge] ARgEh dAA ) FE REAE nfF A4S A
gato] wubs Az} olw wHAPLS 13.56 Mke] 3945 7HAv °]& RF
gk drh olEe i AYS VPR AREshe AMEHYYE wRAHEHY
(RF sputterig) fo]eh stty. RF 2 H P b2 HAE 2] woj=e] 2
2 AAEHoR wol= U AAA ol g A ek FA 7}

0%,

I EE A9 E® (magnetron sputtering) o] &t A H Zet=utE o 74}
AoflA sk AbEol ofsl Hxlste] Z]dol] e A7l oIt o2 d A
do] o] Fojd A-e AAZE LA Eefzvle ddstA Hol Ao w o
S Az ok GFAA2 NbFeBAZE T2 AFEEH A= J3FH
= ofell FAA AxSAAT dAe FRHIFHEZ AL afauEES B
A7t Aol wel RF - DC magnetron sputtering®]h sttt
olggt AHE YW S W WA st weEARE S o] Jhe
8kl Buh gk o
HE P e 425 vkl

£z
L

N

md
°1¥F
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Fig. 18 Structure of RF—Magnetron Sputtering.
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B. 353 71A% Qv (CMP) &7

1. CMP A9 94

CMP #747]%2 #Av], 2% A4 (Consumable), Metrology Tool 52 7|<

o|g}stz wkg 7|AA whgo] AFEo]l dojdr) FshA nbgL &eE ol
grEo] Sl ChemicalE¥ Antstazt shi= oo EWEe] WSS om|sH,
71AA Wb Anp gule A 7hafxl o] &elEule] YA} (abrasives) ol A

L, ol BehA ke e gl muo] IR oa A eE AAR
J sejele] oJalA dAntHolAn, H=o} -zt
Holzl vl HlolBe ed HALEL o1 ATHE HAEEY 25LES
Ao Wahe AR Q) i}, dlolsis mw g mE Age] oaA
suo] gawol Atk Aol A sy A7kEE erel o) slol¥ ®w
3 AEsh AEeA Ha, o AEW Abeld] WAl H @] B Ao] 2
Az 27t fEate] Lol URel 9t AnilAY Aol ww BS
of o3 71AHSl AAZEo] ool L, Zeje) el HetgRel daNE Fet
Hal AAZgo] o] Fol AT},
CMP A olA e} glolszke] 71gke o] oja] Tlubols EZ4o] el

ABE %] olFolAaL, of ¥

o
o
%
i)

fllo

N

==
off

-

M
=
jincs
miv)
o
_~
ofN
il
2
o
=2
o~
lo
Fu
i
rlo
=4
rg
2

a
CMP 49 7V T3 A2 vs 7% U 942 =4 Multi-level
n)

< Wo=d F5A 9l FY F e (Global Planarization) & A

r_g{dr
iz
ki
2
24
kN
o
1o
n‘_,
=
o|\
o
91_,
=2
=
™
XL
of\
—
kN
J;

dd =4

o F% EH 252 Zrksa JE FACl Ak F MR 247 2%



i nEskE dew A Hel wet siEe] g mAlst Ha Uiy dd 249
o = AE S7rE Aol

a8y, gsEkE ekl HATA HE TR 2 des @A A
A AAA Hol wAl e GAdo] o] HAIE Ax7t oA YA = s
Zteth BEst HA 2 dxbe2 W A2 (Etching) o & I € " 9
o, Rtad AFS T Ay DA

A Az BANA B BYS} FHA wE G

A
:
= oAAH FAE SRl sl AAlel gel Yeka g CMP Aol &

CMP= PECVDS} A7b34 2 A vie 2AILS] 3 Azl lojA Ri=

Al "ot FAo|tk ILD(Inter Layet Dielectric ; =%F Ad9h) CMP9 &%

CMP+ tnpo]l A Fo] B oA AlGEHor A go] wHojxof st, 3x¢ 9]
S A]

Fd= GV S Ase G BERsE 45k 2ol CMPY FE AH

2 w3 93 ek @A 2% a%8E AQsk] 8l o el e
1999 £AAAE BES Hoigel uhet
AR 488 ahu i AT B CMPEAL 24 A48 24,

ofell AREH AL AL L ARE

i
&
oft
B~
_>|~l_‘
2
>
52
K
2
ofo
_O|L
l
30
o
N

dz o
i)
ot
rr
AU
tot
fi
ol
)
i)
re
o
U
oty
ol
§2
flo
oo
ofo
N

= 7 Aol

) 38l a4

CMP9] 7]2del= ofgdelld & 5 3%l spehadl a9 7|AAQ a4
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x
(2

7F vk spebAl 4w gt SAA sj=eke] xgte] ofs fold
o =do] YIAA WA " dejdrt = wdelM @ Edel wet
%9 selg] dAabksol dlolH g =Tt A5 2ol doly mwel el
= 7oA Anprt fnt ole}k o] CMP= F2 &2l iAbsol o 3ok
A o4t =0 AR T VIAAL i o8 Avisit

2 12
_l>4 1% ox

o
ol

Avpsles st WY AT FAES Seld ol 29 Ao wel =, pH
kel weEl 2 ¥ wev 28y Bl 7] fvilE diAlEE O dFe F
et 1" 199 #Zo] sl ofd dAviEe Fob 3eh4 A8 AE S vEhd
Zoltt. Sefdl W] gvliel dloly EHae sAadd, Sefd Aok ol %
o s A, 98 dAkEe] sl dEEHA" Aoy Ewo] AAdE

sdglel o Avke] HF speha e 21(9) o YERAITh

Si—0-51 = + H; < 2 = Si—-0OH 9)

Avbz WheEE7F NS B g o o] Fojx| = wuz Absture] A
= ] FH Abo] o] AdE e dvksts wA9 &
A vk AeE AR mEbd g9el g deddd ddS AA S5 ek
ot A M =2 AASE &
gy BEEteM s AAEECd Vx2S £ S8 A ofyt &2 o
T Fosith B8 Abslute) ofg A Ao J&&S vAA
st A g4 Fato] AA HH o= stol=EA A Aol FEFE Fo
Ao ow AN dA AV]edx 9F&FS FA Ak

g 7pAe
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: |
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Slurry O
particle \H 0
R R H H H
/ 0 ‘ . ‘
2HO+O ‘ o 9
. SR
R R
() (b) (a)

Fig. 19 Sequence of Chemical Reaction during Polishing Process.
L gE y7lgEo] Yolye THoRRE B FHOR dAnpglxte)l 38t
=4S dAdste wuiAolth el ALY A Eeleld A9 Antsteal st
go] Fiel wet thEA deEn. &£ei8f] pH A =el whet 2o Fehnkg
AE7F g2es 4k pHe| &HYE Ag st Ao

o] 3}E] = (Particle) @ A7)0 wpepa] odnfe= %

ol

g
to
ol
k)
tH
ot
>
[yt
AL
b

o
N
-
o
I
N0

=, A AeE8 sdddde dAE A oF deAola, Absterg &9
gl IAZE AaL, o HEEld whelke] SE5 8 el AT A &9 E

W AR 9 bR AEg vEE AR e Ao JAR AA 48
A

Al s 1 RS 2essd ol A o

(1) ILD CMP : &3k A=l Si0, & gz = A8 (Fumed
Silica)oll &2 & H7F & Zlo] dwbaoln, pHE <FFA717] flsto] &FAl=

A7RAG ARA e A% S Boha
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(2) Metal CMP @ 542 CMPel AH&-5= &g 7230z o5& A
3t & ANAFAIE HIHAS 71AA 7HEE e AlOsed ArkAE A H
o 7} FAvit dxAe) EejEE ARE ST
(3) Poly—=Si CMP : Poly=Si CMP°]| &5+ &8jgls F5 A7k &=
Bare flo|#E CMP3t= doll= FZo|=(Colloid)d AE]7tel &7 F&4E
H7bsk Zo] AubAo|t) Anp £r = FE A7 $9oltt dAupde] w2
&4 Woll QlojM s F2ol= A Agsrl ¥ Foh

(4) STI CMP : €A STI #4oA= CeO, ADS &7t T2 AL
Ha Stk ol STI #7el A== vl (Dishing) % Abstet 32 (Oxide
Errosion) &2 A% FHulst o]z} sk Q7 od =2 Ad9n| & 7HA &=
seg 7t gl wet A Ayoltt. F, dAuty} HsE, Poly-Sigke] A
gule] digt 2F AEE FHAIE AHE Y a8y oA E w2 o]
dldwojol sl 53] CMP & Zwe] A= #ix| (Scratch) A7kel o3t afjdxel
o] & Q3st},

Fumed Silica(SiO2) &= CMP dwpAlo] 7F ArbAQl Zlojar, vl 2] #7}e]
AEroln, thE dAwpAle] vlmete] Awtdart AAHA b= T olfel ot
o] A&5E ILD CMPel AHE¥ 1 vt = A27H(Fumed Silica)= 7174
Agzteta EEEd, AFGsTAE B AddelA AaAA deth Az
7} 5\_

TS vyl FEeta, 1000Ce)Ae] 1

2
32

IX

F71 A8 ES FA0Z sty weA Alxza el SlolAe CVD
Abslule] FEole 99 2us%E ZEo|ld Ay 7 (Colloidal Silica) 7F oIt}
A

|27k 7bsetAl 3] 9% ol

©
o
2
N
o

AREA QL Alumina(Al:O3) AvkAle &l LFrus 248 ZolARE 7]
AM AMadhe AvkdA EFrivs Ry FAstE S A4Sk dojAl= o]

o, wARE 1Ak QAZE B ggete] 22k IS dAdskal vk &4 I el
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AdFuv= A4FY] AYFEE MHNER T - 6 — 0% Wtste] HFHow
2 od &, AR5 gsto] 12k A AR % wstst
i, xRS Aoles Ao gato] dAvkg AntgAEA L] Ante s 24 sk
Aol 7hsatth Al% Cu & dAT5HY Artels 6474 =& 0449 4Fv
U7t o]l gEojx i, HAFE st= tjaAe] Avtel= 09 ¢ ¥F AAHY &
FulUrt AR Eo It A E dFuve F, Ba dE XL HEHoE
Hast H7HAE EFete] AEFstEth CMPAA &Fu| o] AnpdAtE AFE-8H=
35 TAcEAM = AT AvpAlel] vlueto] AR (Scratch) 7F Dot
= A, AntdArt Ads] wimel 7RI AL Hrrh E Qs
Cerium Oxide(CeO2) {2l (Glass) el thslo] =2 7MsES UEU+=
AL olu] Ay AbAolar, CMPel QlojA = Atslubs s E
1 Agol AEH o FEAvkE Aks AlES £k 50~90%% 70
AzxH = Zola, CMP 524 = olzle &l FEWel o thal i Axy
o] =% E 5N(99.9999%) 0] o2 =oF= Fo] HEHI v}, &H = dA
Aol A xz77F 4 Ag7HE 7P Wol ARgsta o SuelM ik A
% 7Vestth AT £ el 25 A 23 Yo} (Zirconia) 9 AFHEZE( MnO, )2 ©]
elg] o] FHuks Zlojth
el gFEo e A EES A e 2 JHAE oIt
Al Eeld] R AvpsiAte] Sl Foiedh A= s e 3

_

(¢

i
N
N
ok
Ol
ol
~
=)
Sl
=2

-

stlo] w9 pE2A E3E F YT ToFErh AXALE VA AEHE V)X
= AdAANA #DF AAS FEE Buffer Solution:s €EAZ 7t %9 pH
shock WAgto] F AH 3 pHIt= FAA17F . Bulk solutione ¥REZ Q1 3}
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i) 71414 <
CMPY 71AI8 a4z Avt ¥4 Al ol =9t &4 %
I fHegs EAS S 5 ded, CMPY 71AIAQ S olsfst=d 24 (10)

2
o] Preston?] el dist Av} WAg2aSs ARG},
dr / dt = K P ds / dt (10)

ds / dt @ #8 Iy A=t A& s
dr / dt: 71418 AA %
T : fF215e 57

K : Preston %<

oW ARE AAVGIL S 2 AR 2gold AAY A
qoe] 45 2go] k. Preston® WAL Leld AR AP mE AA %
% ehlAs gtk A6l g5k ofd A ol Lol WA 47

2 b Fes slo)

A9l e mEt thEd Preston WA A &

flo

&

a9 20904 A= AAHA BHE & F Aok AHgEE A 9ol
ERS uebd oA 94 gn o8 EAse 299 94, A= A: A,
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Fig. 20 Mechanical Characteristic of Pad.
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IC AlzolA, 7] dols] FH|e] mp g o2 A A dAvkes 4 |
Ha ok ey BEskE 8 AR EE CMP do]H ] #H] @A
AL A Avpt A= Ax FIE ohE otk 2, o] Al 7 BF EE
TUAE7F @FH a2 gk 28y CMPlAE 84 A2 ko B2
FE Ao G Ee ok Sk S B AAC g g HAE A vt
ot F4 o HAsE 34 x7ol eyt uwehd FAwksle] dia AlgEHE=
CMP+= 24 o Adst &4 Zxdo] +¥t.[9,10]

O% 218 71221 CMP Anf gnle] JhEReE JER ST flol¥ o] $%
28] shee] wAEE dlo)F s wwAAAe] Anpl=sde] s ket
ol el A= AT rpmE TR s vAE AnpdAlet FEAoR A
AEE AvkEdels A=) F4oE dnte] FRAEAA A &Y T

S ojAH, = ARl e = 9o FAHH
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¢ Slurry supply

| .
h Polishing pad ‘

Fig. 21 Schematic Diagram of CMP Equipment.
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3. CMP &34 Wi
A 7IAA AnH(CMP) 37 5 HAste 34 MFsRs dvks, Jes)
&, HEFH oA, 2W9] &, 29 &4, £¢9 g8 A, i ol FE
(pH), AFstAl, 33} 5
7], 44 9, £9y 5% Ak, &
=] =, = A = AYMY, dnt
=, npEEa &89, glolw £x, oy F, doly whed, wuke] A, 9
ol#l A7), AW 7% Fol AUtk
CMP# 3std oz dwntslaxl st EAo] BdE AFA7n Ashd
& AR Fo=z AAs ok st 1 ¥ A Ao o] Ayoz o
= 3 olE 1A Avk ZaelA Aol o3t Awkd el LefErb Rl A,
o] ¢ dvhsd bl ZIAIA QL Awnprh o] Foixint. 12 Avke 212 23 Avt
ZoflA] mAl AutatAl Ha mA AnkE glolH = 2ol Al sHAl H
CMPE & AAZEE 7MW 8 #dEE 4] gt d= g
Zejgle] Ae Por} AlEo] ot dnp @] & Awpdo] 25, Awpshs
b

kel ore 1efar, siE= AYAMdsks WY S 22 34 s<t 9EE (Particle)

2
2

_—

e B4 WRES) A4S WA olsshs Aol sl Fash
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iii) 944 7%, 94 =271, pH
G2 ol Fkebd kel Folshe YA SRR, dwtgo]l &
7hetet. Si028] CMP7FgellA Ank d=ke] A717F S7hebd =2 OH-¢9F Sie] 4
g WEEZF (Si—OH) o] F7hste] Si0.9] ®hete] Hrg dHojmg|mg Adwnpgo] F
Zheteh. 2o olefst WS s HUSAA Antge FEAL e HFe

pH #ko] =4ttt

1o

iv) v} 3= (Polishing Pad)

At o w  Avtd = (Polishing Pad) = 1E2AALE] A Zof--dwtolut
(Polyurethane)©] 33 52 I H-2 Zgo|rHE HEV F/HE
AA 2 A 7leE stk WA = dEdel oF 1.445mm A7)

029 s dgstA T 7+ AR pore walle flo]H
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CMP9] A$-eli= 7y & 23 A (Scratch) 52 ®d A8S @74 ®o <
2 A = (Soft pad) 9] A+ dlold AW hr& HAE Ao s MR Evt
S 54wl Festerr v oebs HZols fleh 22 BAlE Has)
al7] fIsliA A4 (Soft) & SUBAAIY 3= $lell 4 (Hard) ¢ Polyurethane 7

deof H=E AT 2 T H=E Wol ARt itk

A ArelAzt gl dste] £4o% iete

ar
VIS doY|EE st g dvprgo] dojd = JEF k. o] 7]
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52 7= &8 -W ¥ (Stress—strain) EAA == mEA 1459 Al
AR A &8 AsS sA HolA = Anprt dojib= &3 o] HS
o} HAEZAA N osto] =9 AFEAo] ol AvnpdAye] J3AFS v XA #H
o

coju slEREY] VFES olgA ¥EE Avids witH o R A A sk o]

el elvtel %e) sjet o] Fel A ALY A MFES = Hof 2
Fel AvkASr e ArtlS Pol T 4TS QA HE HTEAY v
29 (Glazing) ®4e] Yol itk 2uz =0 dojid 715 A

sl w FAwit HE ATIMPS dFozA e A vAl el Tk %

v) €9¢
<98 (Slurry) = 97FeEQ ol BHOoRHE Ex HWo=w Anty
2ol gteEdS ddsts WAty &
st o] TRl wel gE2A AeEsEed, &9
kS Awrt gErg odure pHo ZelyE A
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s
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L)
AC)

%9 Q4 27)) wet Arkele JEo} o =
S A4t A3 o GReyoln At SedE YA A o 27
W] 24 el g zele B AR

AR Aeag el 4 Pt 2RolE Fuw Edsks W, A
ubg Zelel: HE(Fumed) FHQl LelelE AgUTh Aunow &
Ho EFHE ArkdAE 10 ~ 100049 2715 AW BrE 912E

Lo} Bl ARE VM= Ao ® VA AA #ES e "k [11-13]
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flell RFAHEE WHoz FReqa, W ZA7] 2nm olst, WA (sheet
resistance, Rs) 89 2/sq. ¥ F3& 86%° 5SS 7FA Qlth. CdS vhehs
RFAHE Y #Hos HA2ox 50% w2 50watte] AHEHTY AE (power) %
7.5%107° Torr?] AF%(vacuum leveD oAl ¢F 180nm ZF# 38ttt CdTe ¥l
S-S 9t 7Y FE71R/1TO/CAS 71 9ol 13 233 #2 Vacuum
Science Co.(Korea)? AHEH FH|E AFESFSaL, 8% &2 of=(Ar) 7t~
G (flux) S 20scemlZ 3lo] Ao A =231

ol Sz FA FAS RFAHEH AHE 20wattoll A 50watt7FA] Swatt

L

=

=

SR F7AA JHEA, B AFEE 1.0x1077 7.5x1077, 1.0x1077 2
8.0<107% Torr® W3lAA 7biM F4& S8t AdEHE AL 49§
o2 ¥ LTS Chemical Inc.AFY) 4% 99.999%, 2" A& CdTe AL
ARSI CdTe  ¥te] 25 F3sb7] Aol 7S 25344
(ultasonication) ¥ AALF 7|42 Ax #AAS At o] Ay =1

& & 3 o8t YERgliY.

1o

Table 3 Process Parameters of CdTe Sputtering.

Substrate 2X2 cm CdS/ITO/Glass

Pre—sputtering Time 10 minutes

Ar Gas Flow Rate 20 sccm

Sputtering Time 8 minutes

RF Power 20, 25, 30, 35, 40, 45, 50 watts

Vacuum Level 1.0x107% 7.5%107° 1.0x107%, 8.0%10°% Torr
Substrate Temperature | 20T
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Fig. 22 Structure of CdTe/CdS Heterojunctioned Thin Film Solar Cells.
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Fig. 23 Sputtering Equipment
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2. CdS utut

180nm F71¢ AdFF44Hste (indium tin oxide, ITO) ¥EhS 2X2cm 3
9 el 9ol REAHEY oz FA6iar, 39 713 7] 2nm ©] 8}, WA
% (sheet resistance, Ry) 8-9 Q2/sq. ¥ F3}& 86%° SAS 7FA1 Ut
CdS ¥u& RFAHH Y WS o] &sto] ITO/2Y 871 9o S2ekaint.

CdS "tuhe] F2 34 oldef 7192 =344 (ultrasonication) ¥ A4
7MY Az FAPFS APt AHEHHE AWl 1" 239 Vacuum
Science Co.(Korea) 9] ZHlE AREato] AF2oA F&etqlil, RFAHEE Y
& 50watt, o2& (Ar) 7~ F2F(flux) & 20scem, E ¢8-S 7.5x10 *Torr
o7 sfo] 6% FRtF A=olA TSk

qdA oz Fufsk= LTS Chemical Inc. Al 55 99.99%2 2912 CdS
EAle ARESte] ST S A $-¢] CdS |t PV . A
Woollam Co., M—2000 W)E e°]&sty 64d= =4 Hd 7=
843.93nme]qith. T A$9] CdS ke FHe w3hS =9
Hojup BiAZ] ATt =7 AAg FANA A2 T A A
g Al Ag-g A7]RelAM 1027 ALskqlar, o]F 200C, 300TC, 400T,
500TC, 600C 2% 9 tf7] xxelA 30% &< dAeE A8t A8 +
of AREE2 AWM MA3] 27k YA Z T

Table 4 Process Parameters of CdS Sputtering and Annealing.

o

_1E1
L
—n
N
rr

Substrate 2%X2 cm 1TO/Glass
Ar Gas Flow Rate 20 sccm
Sputtering Time 6 minutes

RF Power 50 watts

Vacuum Level 7.5%x107 Torr

Substrate Temperature | 20T

Annealing Temperature | 200, 300, 400, 500, 600C

Annealing Time 30 minutes
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B. 34 71A % AvH(CMP) &4
2 mwellMe A5 & S8 ¢ CdTe w99 g4 7|44 4
ok 3 SRS S48 A% dddMs wwo] FEd Al 2X2 an A7
o AuE oW E Vwow gttt @A sty AAA At 2P 5P F
ol CdTe wete] 548 ¥4ty 913 Aol 180nm F79) AFFA A3}

9 (indium tin oxide, ITO) Y-S 2x2cm FY F87]F 9o RFEAHEH W

_l

=

How ZZaa, W AAY] 2nm ©)3, WA E(sheet resistance, Ry) 8-9
Q/sq. ¥ FoE 86%° 545 7HAal otk ITO vt 9ol CdS u¥hehg RFA~
HEY wWhHoZ Ao 50% FoF 50wattd AHEHH AH(power)
7.5%x107° Torre FF% (vacuum level) oA °F 180nm Z2at¢ltl. RF wh14]
EE 29HY A|A¥ (Vacuum Science Co.) & ©]83te] CdTe vte-& S35t

.

o

5 EHEE 290% =A7]9 CdTe EFA(LTS Chemical Inc.,, USA,

99,999%) & AFg3tdth 28 Y3t ~AHEHYH AL source power 50 Watt,

AF 7.5x1077 Torr, 7| L= Ao 2083 F&adn). ehd 7| A4

ik 3 FAs 9kl A S AR Hat FAE 6.833 mell EFE
S5 341.67 nm/min®] ¢}

BE dnl 34 G&P TechnologyAFe] POLI-450 #An|Z A3 F T}, +

o
Flo
)
O
o
)
(@)
v
o
]
@)
—
(@]
A
o
(@]
=
=)
(@]
)
=3
&
o
%
fllo
S~
>,
o
(e}
ol
2,
&
b
N
n
o
2
(i
(e}
ol
32

d

st7] flsko] HlolE £%+& 20, 40, 60 rpm, = €2 100, 200, 300 gf/cr
o2 WAz APS Ayttt dvk == Rohm and Haas Electronic
MaterialsAF¢] IC-1400< AF&-3Fitt.

= AYAY S 2 kef/aro® 1SR, Avk W= wA §lo] Ab
Fach &8es AElgh £82 (Si0z2—based slurry) & AHEsIGITE &8 9
olx S WAL $Jste] vl Hel Sonic TechAle] &3 wHb/|2 F
A F3H CMP &7 5 g0l A2 3% §<9 NH,0H:H202:H20

ofo
ol

a
oft
)

| o

N

¢
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= 1:2:79 vE&E AFxH SC—1 £Ndoa] 3E7F 1:102] DHF £NoA 28,

Ao R 283t MRS ol gatol 43 Feb A

Table 5 Process Parameters of CdTe CMP.

Polisher G&P Technology POLI—-450
Polishing Pad Rohm and Haas IC-1400
Polishing Slurry SiOs—based slurry

Table Speed 20, 40, 60 rpm

Head Speed 50 rpm

Down Force 100, 200, 300 gf/cnt
Slurry Flow Rate 90 ml/min

Polishing Time 30 seconds

Fig. 24 CMP Equipment.
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Fig. 25 Range Measured by Ellipsometry.
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MASE Technology

Beam bending optics

Beam path with no optics (607

Fig. 26 Photograph and Principle of Ellipsometry Measurement.
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CdTe H"teto] stsbz] 7]A14 <Anp &4 A3 59 57 Wste= A=A e

FA £4E gste] A A9 94N ZHHA. BFATE RR S B
A A Avk 3 AL FANA geH AR Aok B9 F FAS W Y

ftlo

ThA] dwp AjZEe 2 Uie gho® whAIZH(ming) AAF IR CdTe uhete)
ATREAE vEhdh MFdEE v Foe fet BF A8 FEow U
gol disl Mgz AxE ghom doly e uhute] AmdLE bt
4ol [ %12 Vb 2 (11 BadvkES Uebd 2 ojtt

tﬁre— CMP tﬁost— CMP
RR .= T [ A/ min] (11)

71, g M sk 11 AFslupe)
tﬁosz‘7CMP . Odu]' :[5: /ﬂ‘ﬂ‘;’-}'ﬂ 17_;7]“

T : vk Azt

_64_



ulebol iy EAS =A3)7] 9&l4= AFM (atomic force microscopy)< A}
g3lo] vk W] RMS Roughness® Peak—to—Valley #& S43ch 2 =&
|4 PSIAAMS] XE-100 AFM A& o]&3dte] #4512 (non—contact
mode) 2 4331t 99714 RMS Roughness®@ ¥t} ¥ o] AR AEES FI =2

et o w2 A&as 3 AFV|7F 58S Yebdt 3 Peak—to—Valley+
vhek o]l Hu Py HAFY AE YERd gho 2 A ZS4E dhuke] g A
1

=1 47 =
B7F F3 s ovidth ¥ 272 & =2olAM ARSE AFM AgH] 9 ARolt

B T

AL Ha
S

Fig. 27 AFM Equipment.
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3. CdS utulo] AAstA E A

CdS utete] dAeg] 2o wE A4 2 9 WY 5S4 WHsE dotr
71 $18te] XRD(X—ray Diffractometer) 41 A A3t XRDE ¢
gap FAEZN] o8 1895el] dAEglom, ghgoe] o5 A% o] &
UE X=A9] gddde] B o= AlEste] Baja FAbel| &5 X—-Ao]
AA7E R A oz wdE o] e FaWEA wAbETHE AZbe] 7]Qlsh
HAHQ Bz MA (2dsing=n1)& FOE g AKH BHg AFste] eEvd
of o]=A 3t}

B =FoAe 19 2837 o] PhilipsAtY] X' pert—PRO-MRD XRD #
H|E o] &3}, X—ray 3% Cu Ka = 0.15405 nmo]™, 209 HYE= 10° ~
65° ©]31, Scan Speed+ ¢F 3° /minC® 3FgoH, 7I&EHALT AFE= 40kV,
30mACS R A3t

Fig. 28 XRD Equipment.
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4. CdTe/CdS wtete] 3 54

CdTe®t CdS ®tute] 3535 (optical transmittance) 9 FEFFE
(absorbance)s& 4371 $l8l4  Varian TechtronAte] Cary500scan
UV—Visible spectrophotometer 8] E o]&3sto] St 574 342 H9

£ CdTe Hlete] F8 FF4 dolol 7bA3(400~800nm W) Aoz =3

3l th. UV—Visible spectrophotometer ZH]& Al&2e] WAIE 9 FieE 5
goke AulEA 54 9] Agdxs A 9ol £0.05nmE s A
bt AS Aulel H@dd. B 54 2Es Aeoln AR FYEe

tungsten—halogen, deuterium lamp 5= A3+ AH]o]t}

olgdA Fa|X FFIHULE o]FA oA HrEE Lambert's lawel

Agste] SFEE oAl JHAE d9elM e Hi FEEE AESY 19" 29
= B =Foi Ag3 UV-Visible spectrophotometer #H] Apxlo]t}, =3t

CdS Htuko]l s3Fu| v A A (photoluminescence, PL) AFEZH L He—Cd do]A
(6.6mW) ¢ 325nm #kls AbE-ste] S4ek3lth 345nm A Y5 THE AHE
MNE

%11, CCD(charged coupled detector) AlAHElS o] 8-3}o] ©-%| 3} T},

Fig. 29 UV—Visible Spectrophotometer Equipment.
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5. CdTe/CdS uvtete] A7l 54

CdTe%t CdS Hvture] 7fg]o] o]% & (carrier mobility), ¥ A & (resistivity)
2 Jlgle]  FX(carrier density)= Accent Optical TechnologiesA}te]
HL5500PC Hall effect S7gA28E o838kl £4e3itt. Hall effect 5744
28 wreke] vAg, W A, A &, Ao FH, dk ok &
SA4T 7 de PEN 5 2Ee Ao, 54 W42 Van de Pauw,
Hall bar® & 4 otk 2% 302 ¥ =&elAE CdTe ¥ CdS #hehe] w9 A

5

= 52 =43 do] A3 Hall effect YA A Alxlo]

Fig. 30 Hall Effect Measurement System.
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JEEAME A BFFe 99% ©]d

+ m
& 5 glE e FFFEol aZolth([15,16] HZ CdTe uhgt

= =7 F 3 d}uk o
CdTe/CdS olFRE ®d aAelA g #Holoz AMgHs 7t=dg3st=s
(cadmium sulfide, CdS) 3 ¥ FFFTo® AREHAL Ut [14,15] H)
B8 A7d FEeA 16.5%F 715831, 20%¢] 2 aegs Add2

i
(surface morphology) el 7]1¢18F B A o] Adsl ¢oJ3Fs W= Aoz ol# ]
QTh[18-20] webd] mas vy Adtel A4S sHE CdTe wete) &
Wb A2 7o) gigs] =935kt [16,21] 7)o CdTe #Hake] AzHS 9 8)

A 28539 (close spaced sublimation, CSS), =271 (physical

;'_(il-

vapor deposition, PVD), X¥F=H, 7145552 (vapor  transport
deposition, VTD), Z87144%4 (closed space vapor transport), A&

(electrodeposition), AT Y UEH (screen printing), A3~ o] 438 (spray
pyrolysis), =%-7713887]7% 2 (metalorganic chemical vapor deposition,
MOCVD), and RFAYEIWRE sputtering) 0] AMEEAFo] =
t}.[14-16]

AW T P AANE dEE Hgol sbsd F3 wpHel Wastt
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rlo

webA CdTe vtehg A&bge] QlojA RFAHEE W & 3 2EoA o
A2 F2po] Thseto]l e AAtel fEld FAe AL dvk[22] ol i
871 % (galss) /74 (transparent conductive oxide, TCO)/CdS 7] ¢
of CdTe ®¥tehs sl Faehs 22 sdsfofd edid A Foll sholtt.

SR CdTe where] @#Umrb 4718 9 P38 S4o) wxE I 9@ 2

rl

o[}lr

¥ Je e 54 +Y9%E+ AFM(atomic force microscopy) % <

= =R
H (ellipsometry) 2 7433t 54 A¥4E vfgoz wd e 77 4%

7F CdTe ®tere] 17)14 gl sgeba] 54l vjx= &l sl =AY &

WS4 B 549w BAL Bl dWA CdTe w3 A% 3
4 ~uEY 34 248 guatg

180nm FA1¢ AFF44Hs (indium tin oxide, ITO) ¥EFS 2X2cm 7
3 #e71d floll RFAHE R Yoz S238k3al, £ 71327] 2nm ©o]3sf, WA
% (sheet resistance, Rs) 8-9 Q2/sq. ¥ F3& 86%2 S5A4= 7M1 Ut
CdS utehs REAHEY WOz A2oA 50% &< 50watte] AHEE A
(power) % 7.5x107% Torre FFE (vacuum level) oA ¢F 180nm Z==38+%)
.

CdTe ®% 2+

o
Ho

Astel #2171 W/ITO/CAS 71 9o Vacuum
Science Co.(Korea)? A¥EHH Au|E AFE3H 1, 8% FoF ofZ3(Ar) 7~
FE(flux) & 20sceml® aho] AFoA F& ettt olw T2 34 =1& RF
A2HH Y A9E 20wattellA 50watt7hA] Swatt @2 S7HAIA ZFEA, E X
FTEE 1.0x107°% 7.5x107% 1.0x107% @ 8.0x107% TorrZ W3AA 7}dA
TAE T AHEY BAS 8o #ujd LTS Chemical Inc. AR

e
371 Aol 73S Z5 34174 (ultasonication) ¥ A2 7] Ax S

)
)
1o
ol\
Y
i,
O
o
=
)
s
T
o
1}
)
ﬂllH
tlo
e

1 2~uE](J. A. Woollam Co.,



M—-2000 V)& AHgstel 63el dieix FAE SAsto] Hds T8kt CdTe
vtobe]  gWl FEl: AFM (PSIA, XE-100)&  ARgske]  nlEFA
(non—contact mode) &2 A3tk CdTe B2 FF 3= (optical
transmittance) ¥ FFFE(absorbance)  400~800nm  H ] ellA

UV—Visible spectrophotometer (Varian Techtron, Cary500scan)< ©]-&3&}o]

CdTe dtute] 7fg]o] o]% % (carrier mobility), B]A & (resistivity) % 7
o] s (carrier density)¥ Hall effect ZS%8A~®I(Accent Optical

Technologies, HL5500PC) & ©]g-3to] A skqict. wiste 3o mE of

=

\i
o

1300nm= L3 FAE 7FA|i= CdTe vfute]l AdA7]|4d 4 #ghx &
Aok whak T

s Azke 245

o

< 43tk
o] 34 A M9 F2E (deposition rate) & EHH 540
=
[e)

& B9 wukg SR,

J

N,

rlr
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off
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Fig. 31 (a) Film Thickness of the CdTe Thin Films as a Function of

Vacuum Pressure in the Preparation of CdTe Thin Films using Sputtering

Method.
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100 16

i —A— As-Measured Standard Deviation
0 F | —a— Normalized Standard Deviation 114 g
= 80 | 412 93_>
c [ N’
— 70} @
c /\ 410 &
I ®
@« 60} Q
S 48 >
[0 i Q.
O 50} 2
© | 46 <
S 40 A 1 ¢
2 A l, =
8 - Q
@ 30} \ { ¥
i 42 =
20 &\c’

[ l [ [ [ [ 1 1 11 l [ [ [ [ 1 1 11 0
10° 10” 10
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(b)

Fig. 31 (b) Thickness Uniformities with the Normalized Standard

Deviation of the CdTe Thin Films as a Function of Vacuum Pressure in

the Preparation of CdTe Thin Films using Sputtering Method.
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Fig. 32 (a) Film Thickness of the CdTe Thin Films as a Function of
Sputtering Power in the Preparation of CdTe Thin Films using Sputtering
Method.
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Fig. 32 (b) Thickness Uniformities with the Normalized Standard
Deviation of the CdTe Thin Films as a Function of Sputtering Power in

the Preparation of CdTe Thin Films using Sputtering Method.
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Fig. 33 (a) RMS Roughness of the CdTe Thin Films with a Change of

Vacuum Pressure in the Preparation of CdTe Thin Films using Sputtering

Method.
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Fig. 33 (b) Peak—to—Valley Roughness of the CdTe Thin Films with a

Change of Vacuum Pressure in the Preparation of CdTe Thin Films using

Sputtering Method.
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Fig. 34 (a) RMS Roughness of the CdTe Thin Films with a Change of

Sputtering Power in the Preparation of CdTe Thin Films using Sputtering
Method.
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Fig. 34 (b) Peak—to—Valley Roughness of the CdTe Thin Films with a

Change of Sputtering Power in the Preparation of CdTe Thin Films using

Sputtering Method.
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Fig. 35 Grain Sizes of the CdTe Thin Films at Various Conditions of (a)

Vacuum Pressure in the Preparation of CdTe Thin Films using Sputtering

Method.
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Fig. 35 Grain Sizes of the CdTe Thin Films at Various Conditions of (b)
Sputtering Power in the Preparation of CdTe Thin Films using Sputtering
Method.
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Fig. 36 Optical Transmittance of the CdTe Thin Films at the Specific

Conditions of (a) Vacuum Pressure.
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Fig. 36 Optical Transmittance of the CdTe Thin Films at the Specific

Conditions of (b) Sputtering Power.
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Fig. 37 Absorption Coefficient of the CdTe Thin Films with a Change of

(a) Vacuum Pressure in the Preparation of CdTe Thin Films using

Sputtering Method.
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Fig. 37 Absorption Coefficient of the CdTe Thin Films with a Change of

(b) Sputtering Power in the Preparation of CdTe Thin Films using

Sputtering Method.
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Fig. 38 Average Absorbance in the Range of 400 - 800 nm with a
Change of (a) Vacuum Pressure in the Preparation of CdTe Thin Films

using Sputtering Method.
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Fig. 38 Average Absorbance in the Range of 400 - 800 nm with a

Change of (b) Sputtering Power in the Preparation of CdTe Thin Films

using Sputtering Method.
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Fig. 39 Talc Plot of (@hvo)? versus the Photon Energy (ho) for the Cite
Thin Films at the Specific Conditions of (a) Vacuum Pressure in the
Preparation of Cite Thin Films using Sputtering Method. The Optical Band
Gap Energies of the Cite Thin Films were Estimated through the Linear

Extrapolation of Each Curve Back to the Energy Axis.
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Fig. 40 (b) Carrier Concentration of the Cite Thin Films at the Specific

Conditions of Vacuum Pressure in the Preparation of Cite Thin Films

Using the Sputtering Method.
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Fig. 41 (a) Mobility of the Cite Thin Films at the Specific Conditions of
Sputtering Power in the Preparation of Cite Thin Films Using the

Sputtering Method.
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Fig. 41 (b) Carrier Concentration of the Cite Thin Films at the Specific
Conditions of Sputtering Power in the Preparation of Cite Thin Films

Using the Sputtering Method.
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30 mA)E olgste] LA CdS vtete] FFatEset FE UV-Visible
spectrophotometer (Varian Techtron, Cary500scan) & ©]&3t%] 400~800nm

g5 Hoel A SAsEE T ZF CdS #Hbe] vyl A A (photoluminescence,

T

i)
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PL) ~¥EYL He—-Cd #lo]A (6.6mW) <] 325nm k1S ARg3te] S7a3itt.
345nm A9F ¥ FEHE AFE-3F8laL, CCD(charged coupled detector) AlAEIES
o] gato] FA 5ttt CdS wtere] A olw -k, HAF 9 Aol X+ Hall
Effect measurement system(Accent Optical Technologies, HL5500PC) & ©]

SAsklth. CdS whete] dAe] &% Wt wE d7]4 9 Pty 54
B s FACA S8k

x9d AR7IE S48 S8 g sd A2 (silicon) 71 flel S

¥ CdS Bhero] 29 (adhesion) o] F# FStd Aol mlsiA, 2 FH x4
ITO 7% 9o REAHE Y Bow Axgk CdS w2 733} H2go] ¢
A T2 A5 CdS HEre] Fd 7= 843.93nmelglar, Awe}
T xFPAE 95.65nm(11.33%) 24 Hulgk> 992.83nmo°]
766.83nmo] 3t}

S

oL

=
i
B>
oM
flo

GET, REAHEH S AFESE 52 259 AlgoA RMS(root mean square)
AA7] W HuP-HAH (peak—to—valley) AA7I= 27 5.672nm ¥
39.077nme| %y, 3 2 AHY] SAS vEdy I3 432 dA-Y 2%
7} CdS uture] 32w AR mAl&= P& HojF=rh RMS AH7] 9@ Hug -
HAHN A7+ BEF -9 2% S7kel daid AR S A3 dEd
T AN, A EX7F 300TCeAAM = o AAadhs As & ¢ Atk

Ay 257} F7iste] webd 2 J-dw CdS AAH (grain)o] A

Jm

FEolAdToll® 27 4364 GAY &7 S7ESE 2 AT A4 5H

F7kshs 2e B 5 otk 19 44 9Ae o) % kst AHY Lo et
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A dAE] Ay o] 5] CdS HEF AlRelA 3x3pm FelAe] AFM 2D ©]
25 HolFEth o] AMH omAE FIA FAHY = TUrel wEbd AHY
719 F7be WEekA #EE 5 Qv AAHES dAE 27t 200TelA
300C &<tell= 10~50nm ®H] 22> AT A7]|elA med ] &2 (edge)
S 7HA L ok A RE A7 £E7F 400T oo F7FE "o 600T oA
°F 500nme] Hujgtell =2 w7« AAYES A7 w44 Skt &%
o] FRAUTH(well—defined). ol# s A= 17 439 xW A7) A & o
%] St

N
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Fig. 42 Thickness Uniformities with the Normalized Standard Deviation of
the CdS Thin Films Before and After the Annealing Process at Various

Annealing Temperatures.
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o before Annealing: 420 =
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Fig. 43 RMS Roughness and Peak—to—Valley Roughness of the CdS Thin

Films After the Annealing Process at Various Annealing Temperatures.
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(e) ()

Fig. 44 3xX3 gm AFM 2D-Images of the CdS Thin Films (a) Before and
After the Annealing Process at Different Annealing Temperatures: (b)

200C, (c) 3007C, (d) 4007C, (e) 500C, and (f) 6007C.
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% 455 4AHE old 9 200TCAA 600C7HA 100TC HH o2 2%&
WAl 7w A gE T3 o]F9 CdS ¥ XRD #Hd-g verdnh 318 A
HL 10°~80° W9lelA 205 A9 skl Fragit dwkEor 300T
Jol oAl A&E CdS vruhe S1d A% (hexagonal structure) & 7}
i, 100TC o]ske] Ao A AA= CdS B2 g A3 (cubic
structure) & 7}zIt}.

SHA R A2l SRS A5 Cds wre] 3 A EYES 79 45(a) 9
| F&243F (random orientation) S A 2 WA A Fxo =3 b4
th[46] 26 = 26.63°¢4 C(111)/H(002) 3|HdIA= AATxE
TS oA HAT dAE o] P kst oMo A o]Fo B AlEE
oA 7Hd AHst(intense) FAo|th 3188434 (CBD) W F= EAHH o)
Bl A] (molecular beam epitaxy, MBE) W o2 A zFst A% 259 CdS &hub
300ColA dA-2] Fo G4 FHAAA Z(phase) &= W . [58,70]

S Al sidshe H(102), H(004), H(104), H(203), H(105) I3E
2 300C oJAtelM dxe] 34 Fol 20 = 47.96%) aIst AAHg 257}
S7Fghell wetA A0 A7]% AXE HA03)Z FAFHA B szl [46]
RFAHE Y W or oA A#st CdS Bteel 4% 9A] CBD ol
MBE o2 Az5h AlgeM el mixt7bx 2 S3g A9k g A e %ol
A 300C oldom dAxelE XA o]Fof A
(tansition) At 7F ZFHst(intense) 260 = 26.63°¢] 34+ 400TC ©]
AHe ¥4 FB Fel 20 = 26.50°2 o)% (shift) s-ch. ATAA L LA
o &3t FxE vF ALY C(111) A=At A H002) H=A7E A
2 bl i) JEA ] o WAL, o] L= (4000) oA SHAA T2
Z APty ddd

kA CdS whehe AR 3ol gsiA A T2t Wda AR A
7= AXA HQ=d,[46] ol 19 43 W 449 dA = AFoltr 400Te
A dAgs N BoA S AQ H(112) T gudAe C(B11D)E #3817
el 20 = 53.65"14 M= A v=7 et AEHUNT AWEA 7=
7b AdE7] wio] dxe o]Fe A AV|7} AP Ikhmayiesd AW

14,
i

0>~

S om
3 ©

o
011
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e W R AE 2= (00T A 8 A T2 FEoR ¥ Rt

Relative Intensity [a.u.]

20 [degree]

Fig. 45 XRD Patterns of the CdS Thin Films (a) before and after the
Annealing Process at Various Annealing Temperatures: (b) 200TC, (c)

300C, (d) 400C, (e) 500C, and (f) 600TC.
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Fig. 46 Resistivity of the CdS Thin Films before and after the Annealing

Process as a Function of the Annealing Temperature.
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A --O-- Carrier Concentration - 28

N —A— Mobility J26
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% . -4 24

E 1017 \\ 422
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Fig. 47 Carrier Concentration and Mobility of the CdS Thin Films Before
and After the Annealing Process as a Function of the Annealing

Temperature.
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I8 462 CdS ¥l ulAES yehdth &2 23 CdS whero] wjA g
4.039x10°Qcmel gt dxg ¥ CdS ¥k v AL 300CoA dxg 4§
= =
- [e)

9
Batd& woll HA 2.757x107 ' QemolRaL, o1F AHE LEIt SRS

ol 1% 4504 HEo] EF FxolM SFHAEAR A
Aak= AL el = dk 500C % 600TCoA dA]gld CdS ekl B A
o] Z}7} 2.771x10°Q2cm 2 1.387x10°2cmeI & uwl, 400T o]3tellr Az
T o]Fo] HAFgE 23le T AF9 CdS ¥ B ATRT Skttt dA
g 257F F7hgkel whet vlA o] Frleke Al vlEtekekE 4] shembgolA 7
Ak Aoz Addr. =, 300Te] dAZ 2olA Ho A= =AU A (disorder)
of nlgte] ZF=H JAE AH A (interstitial) —7F=w A A (vacancy) (Iea—Vea)
53 A3ts (defects) o] W& gt AHAo=z AdHo] vt [42] CdS dhute
A o] FHE Bk Axe] dx Fow AMEEY] Y8 E 10°Q2em FE
S dolME o Ak 42]

ek @A e 257F 500 ol Al ol 9k oA 2
A& wFekA ek Aleo] R ol ks FAste] 19 470 YEhdSl
A% CdS Bt Aol sre  olekye A7
1.507 x 10" carriers/cm® @ 10.3cm®/Viol et &3
400C®2  F7rE wol  sHe]l wEE  zZtz 7.515x10"carriers/cm?,
9,213 x 10" carriers/cm®, 4.701x 10" carriers/cm’ % FZ3A Z71ad ou,
500C  odelld  dAst Az Yol  FEe Wl HobA
2.5x10"carriers/cm’® ©]83ith ¥ FF=H(Cd) FFS EAE= IR
Y (donor) &5 ok 7h=d JEAEA (Ieo) B () 34A (V) o] Bhet
of EAshz A& ovgth 300T o] de dAe] koA el s=7t Ha

st AsE R uAge] Fshe A W ASE Furel o] RrelA gadt

e
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oleldt ARE 1Y 469 uAF A% Avkel whlese Ao &
Atk SW olFRE AdWHow AAY Avlel waF B ohdet Aele] Fx
=]

S HQITh[50,51] &%= AteH(impurities—scattering) %

fre)
ot
ol
rlr
o
o

A3t Atk (defects—scattering) GA] o]F o] FFEFS vt B Ao o]%
TE %8 473 o] 400C EA 7 oA HUgke vebd wizbA E71eted
, 0]% 500CeIA F48A4 HAaste] 600TCoAAE tha Z7tsls A9E e

AA g &% 400C7HA = AElel %7t F7kekal, A2 =% 500T A

kg AA Fx ol Ica—Vea 53 A Alek(defects—scattering) ©] 7FA3s}

3, dAE 2% 600TCHA 245 A717F B4 Folx B35k, olgd Ay
S AR AV 7 S AEY AA AR ko 71¢lEE Fow Almdnh

O9 482 oA AFER F2FE CdS uEre] 1.5~2.7eV HY A #F
Fujy] A 2 (photoluminescence, PL) A E#HS vebdl Aot} CdS &hule]l =+
(main) PL Y3+ RE ZANA 1.7~1.8eVel F4o] g} F2 2359
CdS "toboll A A wi== oF 1.67eV U 1.84eVe JAER o]FoA it}
200CHE] 400C7HA dA 23k CdS wohe] ZH9ol= 1.84eVe PL 9=
7F 4% we] 1.67eVe] PL 3aE F7kebqith wheba zbzbe] PL AHEH 9
A F3E g% 93 duyA gEE olwsiith. dAE &%7F 500TelA 60
0CE F7Febax= 1.84eVe PL 97t 1.67eVe] PL 3ol BlaA] Aoz o
2 oAl FrFsksinh 1.67eVe At Skeke A 400CT7HAE dAE 2%
7 S7bekel WA Iea—Ve B A sR7F STkeke Aol 7Ij1sdTh
1.84eVel dA7F F7kske 212 dAg 2%7F 500C 9 600CE F7hgke] w
b 199 (isolated) Vs7b S7Feb7] wZolth.[42] 600TCelA A d CdS
uheko oksh Al W=7 2.35eVelx #EET o] W= 7R (valence
band) oAl &(S) JAEAEHE (Is) AAEISE AZHE (recombination) sF7] ¢34
S7H Vs EyEo] Wk (transition) ¥ Zloll 7]Q1gth[42,46] 219 49+ A
2 02 938 252 938 ¥4 FHF CdS =Y 400~800nm 3 W
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=8
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12 &5y ¢ 54 ~2FdEHS Jehgith

T2 A% CdS ¥re] 550~850nm g WLl elA B FAREE 64.81%
olATE[46] dAT &b SIS wetA T g WlelA Bt FHEE
400CoNAM 72.25%2] gkl

= =
LB TR dAE 8 A& A wR7F Ayl Wil
1

T BT

2 A58 CdS wrete] T vlefA Hol 11.48% S7bstdlth a4
gl =%=7F 400C7HA 5718 s<tell= 'Burstein-Moss (B-M) ©]-& (shift)'=
qeA Qo] e W How o]Fsith[562,53] o2 o]F CdS W
o]FHY WG LAY AT ARl oA I T3} RSIE BT BE A
AEHS] HufjAz FA717] wZeol FEetA mi¢ Fed Folth Fae o
2 4 M= A AUA(E & Tk Aol itk AR Hold whEAlolA
ME 2 ouAE #AZF odA hodl thdt (eho)?S YeERd 23 509 Tauc

Ploto. 5B Z}z}e] 718 ofix] Fol thd A& 24 (extrapolation) & &
Al FAFeRITE o 7)ol A @ = &FFAI5 (absorption coefficient), his %%
4 (Plank’ s constant), o AR FAFe] 3ol Be FAME F W= 7] of
YA (E)E 2.40~2.43eV M9 ko QQlm, 71Eo] Hi® #(E, = 2.40~
2.50 eV) ¥ dA &t Stk # AN F Cds Hrehel & W= 4 oy
A= 2.41eVolA Tt

AA g 2% 200Cel = 2.40eVelglal o]F 400To)/delr = 2.43eV7t
A F7FekdTh SHAIRE AA Y o] Ee olF AlReA] F W= A oA &

Aol & 4 UATH

z+ ]
- -

Yo
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Fig. 48 Photoluminescence Spectra of the CdS Thin Films As—Deposited

and After the Annealing Process at Various Annealing Temperatures.
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Fig. 49 Optical Transmittance of the CdS Thin Films As—Deposited and

After the Annealing Process as a Function of the Annealing Temperature.
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As-Dep. Eg: 2.41eV
o| ——200°C E=240ev
8.0x107F ... 300°C E=242eV
- ——400°C E=243eV
N 6.0x10" | 500 °C Eg= 243 eV
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Fig. 50 Tauc Plot of (2¢hv)? versus the Photon Energy (ho) for the
CdS Thin Films As—Deposited and After the Annealing Process as a
Function of the Annealing Temperature. The Optical Band Gap Energies
of the CdS Thin Films were Estimated through the Linear Extrapolation

of Each Curve Back to the Energy Axis.
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F. g3 CdTe "ol vl 34 54

40 Aws, S48 & PG ko] FANIA /1% ATt @
ws) AgEol A3 gk 53] B UiA L FEd, TEal @ Aue oA oy

E
1
24 4FH 728 wa ok B A4 PAY GRE o)kl e

_4

F U A7 qUAZ WMBANATE, AGEHE deN s B9 wAY A
E8e IS BAG w9 WAY Ax @2 2aAE F K AAA
2AZ Addort 84 154 duxaos B8 A ol

A e AR AAe Bitd Az FAY B AAdE Brehy dew
2 olgdt Bk AXZE AAl A 999%F A s v,

WA o] Had Aot HE A7Fe nad e HA )
F AR tigt A7 AFH o, Hgd deFE(a-Sh, Ad AEE

(p—Si), I-II-VLZ 3= CIGS(CulnGaSes), 1I-VIZF 33HEl CdTe %

o] ARE & 8 dA ] dist A7 FEA DA QU

] CdTe ¥ Bk AAE= AF Hold ovx] W= 2 (1.45 eV)& 7}

A3 QA FEE AL 1x10°cm 2 e A FoA 7 EolA £ om o] sf

Jlm
ol

289 B A4 Az ek, A7) A el v
$5% 54S AUx gtk AT CdTe vohe g8 iy B 44 A2
A% Ay 27) WA WREEn glov, duy whuh S s Sy

Kol
=
ot we RAe FARA g w g gA 5

o,
=2
=
ﬁ‘
rlr
o
o%
kY
)
i

w2 AT A= 3k 7] Al A vl (chemical mechanical polishing,
CMP) &74d= #&sto] CdTe viepe] tied S & wiep 574 w1 28 ¢4
AZ1 A A3 AT=A CdTe wure spehd 7| A A Ant &4 545 AT
A7NAA A 34 Anp HE=(pad) 9ol & (slurry) YAHE 353
Z (down force)<& 7tstv 7ha&Ee] WS Anlsts WO, 7y
=

Sol FEEA YU £E5AA FEE ABYe] $5d pAdow
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geta AAS T Al 2uHAR JAA AAE sk Aol AellA
A 7IAA At 34 W Fol 7P 2 9T VA= WFE G EHel
= HX(table speed)$t 7NEo} st 4ol gk CdTe wete] o vwhd

o]
(removal rate, RR), v} H] #Y% (non—uniformity, WIWNU%) % %4 =

rr

) (surface morphology) &% 5AS At EEH stz s},

AR ¥ 54 e SWe e feAsARdAn SHne

A

NI\

A7) W] RE Age mdo] He 3} AEd 2X2 enm A7]9 AEE go]
HE 7)gow AMEstgth dnkaRlo® CdTe ®rubo] Az wpHogml= A3y

vy

# "9 H (screen printing), 2~ # o] (spraying), 3|4 EH (electrodeposition),
el " (sputtering), 4% 3H (close—spaced sublimation) s°] Itk &
8] AHERHE wEk Azl Sloj AR Alelrb golstal ¥k Ao St
w2 7] wjtol fakste] Aetetr, T 2EE WE e Aol Aok

RF w2 EE A E® A28 (Vacuum Science Co.) = ©|&3to] F2Fst
gt 95 EAEE 294 7719 CdTe EMA(LTS Chemical Inc, USA,
99,999%) & AF&3tdTh 28 Y3 ~AHEHYH FAL source power 50 Watt,
AF 7.5x1077 Torr, 7|#2%t A2olA 2083 THsAT. 847144 A
ik 3 FAs fdetel FAA ST AR Ht FAE 6.833 melal EFE
ZFi= 13.756%°]1H, Hi SHES 341.67 nm/min®| ATt & dAvt 3
G&P TechnologyAte] POLI-450 AHl=2 H3sch.[64] 4 7S
DOE (design of experiments) Wi Ab&sto] 4 s AbEs3 o, [55]

A= £%+= 50 rpm, €989 52 90 ml/minZ A7 st

&
w
(@)
B
off
¢ [}
2
k]

T W A mkE, Avp v #dE 9 2W SAS AR flEke]
Hol& &% 20, 40, 60 rpm, 3= 4#2 100, 200, 300 gf/aro = W5tA]7]
 A¥S R8PEtt. ddnl 3=+ Rohm and Haas Electronic MaterialsAF2]
IC-1400& ARSIt [54] = AYMY 42 2 kef/are2 148311, A
b HEE wAl flo] ARESkSth[54] &¥ElE A7t &89 (SiOz2—based
slurry) & AH&3IiTh £812]9 ool A& WAstr7] 918kl Ant el Sonic
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TechAbe] 53 wyk7]2 &3] wrkAlA Felth CMP 3% 5 ol A%
= &< NH4OH:H202:H:0F 1:2:7¢] H|&=Z Axd SC-1 &
1:109] DHF gdlefA] 2%, v et o2 &0 A7 5 o] &3to] 432 &3t AlH
sttt Anp A$9] CdTe ®to 571 9 Avp vl d=E At 9lste]
FESEM (field emission scanning electron microscope, Hitachi S—4700) &
ARgetel 7THe SAEx, 34 3 S4S fletel AFM(atomic force
microscopy, PSIA XE—100)S AFg-3}%i o).
ststA 7| Al A Avp F el olst CdTe Btere] A mh& Ao sts 4o 9

Hol& &HXol we} S4ste] 11 51 Yepigith CdTe vrete] Hu A mh&

2 300 gf/em % 60 rpmeolA 2k 3160 nm/minl. & YeEl T} 3}8HA 7] A & A af
7ol QoA dAmpEIt d-Eete] REAOoR AfEHo|AE ZAE WA
(Preston's Equation)< ¢ wpgo] =3} £ko XA Al FrE vy oy
ATk [56] AR AAl AE A APAQ) AHE HERAA &gk T
Hernandez &< ZElAE WA2AS Azl FEiQl 2 (D3} o] Agtstad

. [57]

2 (Dol RrRE 4 v pe H8S ve 55 dvlstal, ZeAE Alg
k= bt o] 53 HlAgeEA e, S, vk i Aw Sl
3l AHY & Aol nAENY. et A a B b dEI S0

hEe] mAE FEF ARE dUEhiAl "gd. Ad AdE RkY
a=0.789£0.162 ¥ b=0.336£0.1465 7+ Aoz FAEHZ oW, CdTed

A TS HERG gl 08 2 %L wE AL ¢ 5 Aok g B3

o
o
>
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Fig. 51 Removal Rate of CdTe Thin Film Polished with Changes of

Pressure and Velocity.
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Fig. 52 Non—Uniformity of CdTe Thin Film Polished with Changes of

Pressure and Velocity.
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Fig. 53 RMS Surface Roughness (Rums) of CdTe Thin Film Polished with

Changes of Pressure and Velocity.
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Fig. 54 1-V Peak—to—valley Surface Roughness (R,—y) of CdTe Thin Film

Polished with Changes of Pressure and Velocity.
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(c)
Fig. 55 AFM 3x3 um 3D Images of (a) Non—DPolished (As—Deposited)

Sample and Polished Samples with 100 gf/cm® of Down Force and (b) 40

and (c) 60 rpm, respectively.
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