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Fig. 2-1 Scheme of (Left) Hierarchical structure & (Right)

Hyperbranch Hierarchical Structure

Hierarchical nanostructure

Homostructure Heterostructure
Si [2], GaN [2], ZnSe/CdSel[9],
ZnO[4] [5], WO [61, ZnS/Cds[14] [15],
Material
PbS[7]1, PbSel[8], Si/Ge, Si/GaAs,
ZnSe, CdSI[9], Si/InP
TiO,[10]1, InAs[11] Si/CdS [16],
[12], CdTel[13] Si/TiO»[17]

Table 2-1 Species of Homostructure and Heterostructure of

Hierarchical Nanowires
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A, 71F9 el IAHE T 4AL 270 wEt Yi=gto]olg]
7ol 2A=EW, 22 A% Sxet ATl weby Zolyt AA L.

A, A2 FE F 2EE FA&ARC wE Aus ALY S
7% Alloy Droplete] 233}sle] Tipe TR Ee Y= Aol VLS
AU FE 4ot}

A B
Ny "
E Alloy(l)
o
w i/ g . Alloy(1}+5C(s)
§ |
l -
~ v/ Auls)+5C(s)
0 SC o 100 SC
I I 1l A Atom % J0SC

Figure 3.1(A) The stages of (I) alloying, {ll) nucleation and (lll) growth of nanowire synthesis
according to the VLS growth mechanism.(B) Pseudobinary phase diagram of a
semiconductor-gold system. The arrows indicate the subsequent phases when a gold droplet
absorbes semiconductor material at a constant temperature. (1) At first, the gold particle is in
the solid or liquid state. By absorbing semiconductor material, a liguid alloy is formed . (I}
Subsequent absorption of more semiconductor material alfows the liquid alloy to be in
equilibrium with the solid semiconductor. Reproduced from reference (16).

Fig. 2-2 VLS Mechanism
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Al (Epitaxial Relationship)
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Fig. 2-3 (Left) WO;_s Hierarchical Structure SEM, TEM
Image and Diffraction Pattern of B-D, (Right) InAs SEM

Image and Scheme of Growth Mechanism.



2.1.4 Hierarchical Nanostructured %%
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Fig. 2-4 Hierarchical Structure Application (A and B) LED,
3D EL Intensity, SEM Image, EL Spectrum of p-Si/n-GaAs.
(C and D) Logic Circuit, NOR Logic Gate based on two
sequential Si/SiO»/Ge, (E and F) Biosensor, Si/Au FET
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2.2 CdTe, CdSe] €4 ¢ A3

2.2.1 CdTe9 =4

CdTe(Cadmium Telluride)= 0% FI=EFHF(CHF ViFed €
FE (Tellurium)7} 2= 01-VI 3FE UBEAZA 22 2 &
2 9dE AL Zincblend Cubic 2% 7IAY I ZAHqAE
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gap= 7HAW Aol 1.44eVelrh. o] e FFel 2% o= o
o]2E oz WF aE AA A w2t Ad EES 25 F U
T olvx M=A 3} 1.5ever AR, =3 FFFAIS (Light
Absorption Coefficient, « )7} 8x10*cm™! 2.2 7] uw &
1950 diFe ddAdz o] Ar2A A=l g [1] =3, @2

=l @& X-ray FFAIZE Ad7HIL ek CdTed = o
Ees2E 4¥4(Work Funcition)7} 5.9eVEA o
Schottky Contacts 37 =] AY7Astrt RASA =&, ol
g APt w2 2& AEE AHZH] AT A7 =3 JAHL

Aduld 0o £43F CdTex= p-type HFEA AAE ey =) utk
57} w$ Yotk (Resistivity : 102 2cm) webA] o] S |23}

tejo] Astn A Wt 74 wel 3714
Aol7k QA e 54 WEel CdTed: ARAZ L6 Akl

) LY
AolA thkd WS olgel F24d & Aok PP SHL 53



B ¥ (Sputtering), Evaporation, Electrodeposition, CSS
(Close-Spaced Sublimation)7} x|t A efFdz] <Fate] gl
oJ4  First SolarAlel4 /%8 VTD(Vapor Transport
Deposition) W& 0] &3] BF AXAe 71 & 585 R
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35

30

Black-body limit

Efficiency (%)

'."4,

Ly

° Best confirmed efficiency under
standard conditions (T =25°C)

1
2.0 25
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Fig. 2-5 Theoretical Efficiency for given Bandgap using

AM 0 and 1.5 Illumination
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2.2.2 CdSe] ¥4 2 vxglo]o] A3

CdS(Cadmium Sulfide) =38 01%<¢ Cde} Vi<l Sulfurrt Z
stel [1-VI 3}3E vteA 24 F+Z+= Wurtzite Hexagonal, Zinc
blende Cubic 7Z%¥F 7}AY Wurtzite Hexagonal F+&7} ©] <
Astc}. CdTest vpa71x] & Direct Energy Bandgaps 7}Alw] =}
o] 2.42eVEA] o] FHAZA dgdle] spFewA o 0.55,4mo]
B9 gl Re Fhe] WEe e 22 @k CdSe
4= 4.6evVeln] In, Ga, Al 55 EFFo 2N I AgS 7t
% et
Mow CASE ANRAT Aold ddolx] Po] Fol wa
Conductivity7} $7}st+= Photoresistor 2% A&5 3, &
o W =TS W] WEo YEEE Ago] E E ohe, wety
gk z]el CdTeolA n-type HFEA], CIGS(Cu(In,Ga;-,) Sey) el
A= n-type B3 3F(Buffer Layer) 22 A8t} o]FA CdS7}
B FAR N A F2 AHEEE olfE n-type A2 FEE olFIS
W 7P £ 5AES HolX 7] WiEelH, 11 olf+ md AZ¥
Al (SRC, Surface Recombination Center)7} 32 o2 H 355
7] Mo ® <42 S}, [19]

CdSE A7 WL 29E ¥ (Sputtering), 3371353

—

O~
= T

-
2t

(Chemical Vapor Deposition), €388 (Spray Pyrolysis),
CBD(Chemical Bath Depotion) S°] &A%},

CdTe/CdS °lFHE wldAxe A¢ =TT 875+ 54
< JHABA FdelA =& FFAES XL AVIF R bR 7o)
stofol git}, o]= FHARFY TR FyTolAe F F4¥el S
3, el w2 oux] &S £4 F 7] wWEeld.

CAst AAF 4% AN Fe MAYH ANFE FIel



2 BFHES /Y. 53] CdTesks olvz] WEZ zlo]7t 23,
T 22 AAdee A ARAIFE] Ayt A 7] Wzl o=
3l CdTe, CIGS Az 59 YEFTo2 @o| AHEH).

CdSell =gk Yx=glojo]e] VLS wWAYZFS o] &3 A2 2006
Jd Nanotechnologyel RIEgon, AR A= F2E Y
gloloj ¥ ofyg} Y E (Nanobelt)d A& 7Ixx A3 W3
37k & [0002],[0110],[2110] W32 AATE £ glgo] veh} 3}
t}.(Fig. 2-8, Table 2-2) [20]

[T120] [1010] [2110]

(0001)

[0T10]

[1210]=

[1T00] [01T0]

¥

[1010]

[1130]

Fig. 2-6 (Left) [0002] CdS Nanowire Morphology (Right)

Cross-section View

Growth direction _[ooo1] __[o110] [2110]
Top surface £(0110)  &(2110)  £(2110)  4(0001)  £(0001)  £(0110)
Side suface +(2110)  £(0110)  £(0001)  £(2110)  £(0110)  £(0001)

Table 2-2 CdS Nanobelt Growth Direction and Their

Suface Planes

- 15 -
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CdS

CdTe
Structure Hexagonal .
. Cubic
(lattice (a:0.414, (a: 6.481)
parameter,nm) c:0.6719) o
Space group P6;Mc(186) F43m(216)
Energy band gap 2.42eV 1.44eV
(at 300K, bulk) (Direct) (Direct)
Work function 4.6eV 5.9ev
Effective mass
0.153~0.171 0.3
(electron)
Effective mass 0.7~5 0.3
(hole) ’ ’
Electron mobility 400Cm?/V e cm 600Cm?/V e cm
Hole mobility 15Cm?/V e cm 60Cm?/V e cm
Thermal
o 0.2 W/Kecm 0.2 W/Kecm
conductivity
Melting point 2023K 1365K

Table 2-3 Basic parameter data of CdS and CdTe

. Cadmium

|/ Cadmium
. Sulfur or Tellurium

. Sulfur or Tellurium

Fig. 2-7 Wurzite Hexagonal Structure and Zincblend Cubic
Structure

- 16 -



2.2.3 CdTe / CdS A 2 g FAx L9

rol

Al

CdTe WA AH&E= F - dallA Table 1& FZ3}
o] H|&3dte] Ky s ZA g F EHY FFAY CdTex
Cubic #+%=, CdSE Hexagonal 722 F&d1}, o] wf, + &2
7+e] Lattice Mismatche= ¢ 10% °]tt. &+ £& EF Direct
Energy Bandgaps 7}A|2 9o, zlo]= leV AHEXo|t},

HFARN = 7|RH 2R p-n FFel o|FolHof F=t CdTest
CdS Z+Z+¢e] ¢34 (Work Function), HA Z3}lE(Electron
Affinity), olvx] =] &3 CdS= n-type, CdTe= p-type
< I8FeE HZF EAol deEhd. olEd olF FHIF(Hetero
junction)®] 5A4& % A3 (Homojunction) = k=24 F 2
7Zkel A F3txel oyz] wWHES] Aole] wE Conduction
Band Energy =}°|(AE.), Valence Band Energy X}°](AE,)7} &
A g}, (Fig. 2-8)

|
.f_}" [ N

T
~ g, E,
{ -1 r 2
| ;u:
E,_] L 4 /: ——

Fig. 2-8 Energy Band Diagram after Junction Formation

g1

i)
L)
1
m
I = = o o o !
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wlo] HAstE o] SA3 CdSsh
CdTe?d &4 2 AHE o] &3 7 2o i3 &2 dfAx &
ofel 4] FEZ A} YA EES FZEA Si W FHA = wHA] X
zek CdTert £3E 0-VIF E3-0] Si 229 IAE Qo =
53 3FE EAY =2 FF
B2 A7t o)l FolAL ek, AA First SolarAte] 24 383}
¥ CdTe ®Fdx7r F3H 3
polycrystal ®lA=]e] FHd E&ES A3
AA BEAAE oF 13%2] E&& 715329t [21]

CdTe "Wl}AA9] o]&8d a8 oF 27%°|c}. X9k o5&
2 Feo e FAA A o] BF a&F AAREIHS Ao|FZ PR
ZN1Z2A o F HFAR e F2H Aolol 7Y%, LdnbE wiul g g
FZ& p-type Region?l CdTe 5504 2] F5¢ e &
A (Carrier collection)o] Z& Wgox WASHy| wife] o] F
4=¢} Minority Carrier Diffusion Lengthe}e] A5 A7} LA 31
t}.

olele] A& Core-shell F2& XEYFE Drift/Diffusion

-

Equation, Current Continuity Equation, Poisson’ s Equation
< 1839 S o], Current Density$} VoltageZre] A4S el
Ao 2 Darkg Light Generate Current® Thickness Lel 2¢]3}
of dtut g FA=] 2 IAE AYE & U} [22]

J =g+ VKT — 1) — 7 =
Jo o< (1 —e%t)
JixL

Jo * Quasineutral Part Dark Current Density

- 18 -



J; * Quasineutral Part Light Generate Current Density

A : Absorption Coefficient

L : Thin Film Thickness

9) =, Dark Current Density>= 77}
2AEE AT Aom pasAw, Lol o8 AdRE
o7 RS ¢ 4 . oA vt

&, g &S 91359

Current Density= A3
o] FAZt FAEFS A
gtel FAE A3 AA ok 3.

o2 58§ A3t 992 2= Crystal Qualitye]l w2 Electron
Mobilitye] #3s % WEFZxolAe] ERFES A, JAsts L9
Reflection® Light Trappingd =E&A, Junction& °] & we]
Strainel] w2 Surface Charge Trap & t©hokst 895o] #&3
c}.

Minority Carrier Diffusion Lengthg} Electron Mobility S
Y7 HAAE AR HEA B4l ALFHR S A5 Defectel
g a& A3} RS Y & Aok Fx|w I 2 g AAA
Az olggr dZFA Aol o wWyyt AL diel o HE
B ol v]fo] Wo] 2REE= o] A7),

2 A
+
2
e
o
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a) GaAs PIanar_Cell

a) Si Planar Cell

30
£
£ 5™
E- 5
©
10 .
s 5
&

-

1DD||rl1’ = - S —
] g region trap density
o 3 i i 10 pm
= 1 pm “""M—._.__'_.—-""_---- 1 e
1pm Cell Thickness, L L,

Cell Thickness, L 1n 100 pn
b) GaAs Nancrod Cell

b) Si Nanered Cell
i 30
20
o 3
£ 77
o
Fo s
&
S g
= ([ 1T]
[T} 4
o o dertel”
prtin, 100 pm =< e ) region trapdensity . a0
oun P e 00 pm it E e
Wpm i .1.4|m 1pm --.,____'__-,--""' 1
Cell Thickness, L 1pm 160 Am =R Gell Thickness, L L =R

Fig. 2-9 Simulation Data of Efficiency versus Solar Cell
Thickness L. and Minority Carrier Diffusion Length L, for a
Planar Cell and Radial Cell (Left) Si, (Right) GaAs
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2.2.4 CdS / CdTe J=7%9 3%

dudeow Az} 91 o|&A, AFA, AAA IS S5}
| U= 7271 FE5RI gl [23] o] Deviced] A3 9
F3le] =d & olyg} High Quality Single Crystal® T3
att= A4 Minority Carrier A-Zo], AT oA of7]=

& A3}, Electron Transportell 43S & 4 9

=2
o %L
>

+ b
4
&

ya
AL
g™
k,g

Zo]e] Aol 715, wlde] w2 Reflection &
o) w2 Light Trapping %7} WYXz Fo] wE

©

Quantum Confinement Effecte] w2 Band gap Tuning,
Strainell ¥ A3} F7ke}t Defectell 23 && A3t H3 wZts
Zhae] Aile]l EAg.

CdS / CdTeolA e YxFZ 5o dd di=
39]o] CdS Nanopilla-arrays AAOE o] &3 1
el A LF e CdTes: FF3to] p-n 5SS WS HEA
ATZE B 72X 4 6%2 &5 Role 5AS s &
ARA ) AE b= FAstsich. [24] £33 95 1. Forbes 47
Ao Mo foilzt #32 71FS]el4 CdS / CdTe Core-shellS A
XA AR HE el dafA Eisgic. [25]
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nCds[] pCdTe [  Electon®  Hole O

— 100 MW crmrd
—7E MW em-?

—55 mW em™

— 35 mW em-2
Au . | —_—D4 W em?
—17 W em?
—— Dark

0.2 0.4 0.6 08
Voltage (V)

Fig. 2-10 CdS / CdTe Band Diagram, Schematic Diagram

Fabrication Flow, SEM Image, J-V Measurement Data
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3.43

o
A

3.149¢] 4%

Aol Ags" ERAHRE CdS Powder(Cadmium Sulfide,
Alfa Aesar, #038342), CdTe Powder(Cadmium Telluride,
Sigma-Aldrich, #256544), Bi Powder(Bismuth, Sigma-
Aldrich, #264008), Au Pellete]t}. CdS AZA] VLS wAY Fell
A= S FellA £ A@ddAE Aug AHEEslew, CdTe A
A= Augt Bis AH&319 ).

7122 AlF " Si0,/Si 71F& Thermal Evaporatore] ¥ ¥
Aug & nm 22 FF3s1gen, o] ¥ Sourced| =TFLel 23
A nm 291¢] Au Island7} F4= ] Yi=ge]o] J3 SeedZ 2§
g,

A W& Tubular Furnaceol#] CSS(Close-spaced
sublimation) A& o] &3to] st on, A} o et R},

$+4 Au® 9% 7|#E Furnaceol ¥2 ¥ CdSE Alumina
Boatell ®olx AukH oz 7|gk3} Alumina Boat’} Tubular
Furnaceell A Z}el $9x1A71 ¥ Rotary Pump® ©] &35} 7] &
Base Pressure®l4] #E 600~650 C7HA] &8 & 4087+ FxA
711 VLS Mechanismell ¢34 CdS7} AAsk}. A3 3 Ar
Purge$} 37 2525 YEdh o] W ME2 Fig. 3-1°14 CdS9
Bandgapell wehA =38 E w= S 392 5 drh

CdTe?] °]aAAE R WA CdS9 ARz 22 Aoz FFA
71 o] w9 Aux nm H9E ZHYANAA HFLE 450~500 Tol
2] 9087 & A7) CdS / CdTe Heterostructurez} A=},
o] Wl M2 CdTe® Bandgapel webx 7HX3AH dqde] F5=
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2,
)
oY,
flo
=
e
8
I

<CdS Fir;t Growth>

et

<CdTe Second Growth>

Fig. 3-1 Color of CdS / CdTe Heterostructure Sample after
First and Second Growth
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3.2 SEM, XRD, PL, CL¢ A

A& MacroscaleollA] Microscale® o]Fo]&of 3}7] ujEel
TEMZ ©]-&% £4 oA yiglelo] ARA 7|&Hor FAH}E
SEM, XRD, PL &9 £4c] Ay oo} g} SEME 58 HE
Morphologys #93}7] $]8l4 Hierarchical FZol|A2] 7}x] 3
A& sty $ske] awflge] " sly] wliel FE-SEM(Model
% : SUPRA 55VP, Carl Zeiss)< o] %39 2n, Sample uei
Charge build-up 3= WiAlst7] $13ke] As 2kVelA SH st
sk

XRD+ Rigaku co. D/MAX-2500/PC AH]& o] &3 40kV,
100mAS] 34 SA3glen, 552 CdSe CdTeel d 3t
Ztzve] AR FZ st A AAEY. S ZEE AA £8x
A4S F3e] 0 —20 AL Step size 0.02%, ¥3 1059 &=
2 CdS¢t CdTed] ZATEE YT & U= HA 205~90%
Aol o] ZrEof didiA 573t
532 MREE A7) $3ke] CdSg CdS / CdTeel
< AR Evlste] SAsS Y CdSet ARAD AEel o
o 24 23} A A <3k
315 &3] 3teldh. PLE E3lle2 3
Aok 1um 24 7149 A3E AES AS e, rEFes
bulk CdS, CdTe®] °lvx] 7§°] ¢k 512nm, 812nmel| 3| F3}7]el
dlo]A &= 325nm IFE 7FF He-Cd laseE AHE39S o
Excitono] &3] °o]Fo|& & ictx FI35ct. He-Cd Laser
9= 40mW, #HeolAd WAL 100 pm?e] 2% An|E AEstge
], Thermal Excitation 3% ®]A|5l3, Peak? Intensity &
7Fe fstd AL PL ZAA1K) A A olgs AL
- 25 -
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CdS / CdTe °|F2% 7% W49 Energy State® &3}7] 9
g Zew 7} 4o g FZ FAAY Qualitye] dH3 FAE 9
A SH= A

CL& SEM-CL¥ TEM-CLE& Ah&3te] vicslele]e] 3}
el W& Optical Property®] #3lel disjx stz shsic.
o] & 9J3ste] SEM-CLZ Gatan Co.2] Mono CL 3+% A}&3l9l o
o olwe] s&EAYL 15kVE Spectrum wH3bF  o]u]z|
(Monochromatic Image) & FA3%tt. TEM-CLE Rt} JIul&
oA #asty] gl ALEPer, JEOL-2010 Zujo] A&l 7
wed AFAe AA AFE TEM-CL 3ulE o] §3te] A3

&
et
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3.3 TEM A
3.3.1 TEM sample A%

Ui glolo] MEe= X Fo| A&EHE Bladed o] &, EAHAS
Butanol$ AH$3sle] &3S sl9tl. TEM Grid: Tedpella Inc.
o] AIF #280711 Mesh Grids AH&stgor], 2 BFe] ot
2 F 7HA A Eel A A3 Y5 #3sr] Sl TEM Grid
S Ante g Ze Agsigich. & AEelA yiglolo]d] LEs} vl

@ &o] 2~33 Blade B ¥¥& olgsto] 3 F Zel 29
19 5 FeelA Azselch

3.3.2 TEM 7]¥# &3

TEM<2 Technaizte] F20& 7F5ARE 200V 78 283
sev, EDAXAE] EDS(Energy Dispersive Spectroscopy)$
AHg3ste] AR £S5 AAE

TEM Wel4 @502 Sampleol WalA Aulgel A alsto] 2
ez A& WrE 712 MesholA yixglo]o]E =elsgict. @
Z2E x= 2R Grid E5-E9 e E RISt o2 H FH o]
A5HES Stk AE) AL Meshvlol EAE WireE o
g NE SAFeEA AAAD AFE AAF 5 Johar Bl

zzrel 7R A AE EHE 984 EDS(Energy
Dispersive Spectroscopy) ¥4 §3l9 Cd, S, Te, Bi, Aus
AEs. U FxoAA 9 AE9 Profilex Q37| 3t A
] FRolA wxE W32 Line Profiles 43}, Ha3t
Profile &9& ¢]89] Cd-L,, & Te-L,;, Au-M,; & Bi-M; &
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S-K,; Peak® Window® #|A 3o FWHM (Full With at Half
Maxium)< 3L2j3sle] 2+ A& £ 5 <33t (Fig. 3-2)
7R gt 715 QS & F ole gk ZAASIAE FAs)
93ste] 3 A IH™ (Diffraction Pattern), HRTEM<®] FFT (Fast
Fourier Transform)E °]$3le 24 WP E sl 71#] 9
2733 ZAol7t Wi A7)l ZtzHe] siA] o] ¥ Zones BHFEH ©f
Hohe Fdstel $AF SR 7)Fel Zones 23 HR oln|A & <l
g F 7Ixlel A HRE Fo] ZAIAE U39t DPE TEM
9] Selective Area Aperture Z7|7} 200nm HAEZE 7|53 71%

7 AAES 3o dS 43

Fig. 3-2 EDS signal of Hierarchical CdS / CdTe Hetero
structure Select the Element EDS Window for Accuracy
Analysis
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3.3.3 EELS ##

EDSE &3 7Hx8t 716< olF+ 74 AEe] o A U3
gt ol A AES Aol we} 71F3 kA9 AojHE &Y
7] f13te] AR 3ol o HMEel diste] EELS(Electron
Energy Loss Spectroscopy)® Low Loss EELS Spectrum<
Line ProfileZ < Act. Fol &3 &S wjA37] $ste] 7152
Z7dol ¢ 50nm, 7FAl= ¢ 20nme] F-Eelx #5313 en, 71A]
o)A Surface Plasmon &7} H3sA A== Aud JFS )
Ask7] iskel EDSelA Awl EAISHA %= HEE 2455 7]
s E3 BFs] CdSst CdTert Es = oA SAse] 4 A4
ol 93 EELS AolE &Ussict. 2 EH g
EES Ag3e] AA 2 dolest mw FH ks [26]

o
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44343
4.1 CdS / CdTe 7| #+Z 9 AE FEA
4.1.1 Mophology ¥4 (SEM, TEM)
o] AFAAE Feldl7] $)3te) FE-SEMS o] &3lo] =alstgich. Al
oA g S W, AubE Yiglojojo gt HE JAHL EE
d

Ho] 9= AL a3y}, SourcedlA 7H7tE Z3 &
o] s}o]AL Fig. 4-12¢] wj&o] 8ubu = 1A 3ke] =43 SEM o]

4

)
o
—d
(r
o
X
el
2
o
)
flo
N
of
2
me
2
¥o
el
)
N
(2
=)
e
>
b
[»

st 7MAE Fel ] WEIF EolRol: dl ubste] ®W FojA
Branch®] ZdAq WErst LS AT & sl 7153 71A] 9
2ol 5A42L SourcedlA 7pEF2 7159 FA7 ¢F 200nm, 7}
22 Zolx o 200nmelw, AF2 759 FA= < 100nm, 7}
Z]¢] Zeolx ¢ 100nmeE #3554 o]+ Source?] Transport
7t 91zl wet z}o)7} ok LubEed SAoE oldd & gt =
g IbE B3 W £ Mo xpol= W F4et BREH]

i

I =1,Exp(—ax)

I ¢ Transmitted intensity of light
I, : Incident intensity of light
a : Absorption Coefficient
x * Thickness
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o] FA XA x, &, Yigolo] F47} Sourceol 7MHEFE 57}

7] wgel FAol wE Lo FHFol Zobdel 23] Contraste
Aol Zoz #IdF & 9ot

TEME 538 Aul& #22 SEMelA 323 23 {43 235

ugdh gl AES W= el cgidel Eeldel Y& s u

] 2 Aspect RatioZ} 2 Ji=¢g}o]o]r}

PA 249 A% AT F Aok GAA vTel EAGFE WF)

2
M
2
o
=
)
o

it
w3t Fig. 4-19] SEM o]u]z]8} Fig. 4-2 TEM o]u]x] Atoj A
AR BAZANN 24 ke el B4 HFoR A% 75l o
1 27

2 % 9.

U

o

Aoz AL A Yol B4 BT AT YRR 4

-Il
e
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Fig. 4-1 CdS / CdTe Hierarchical Sturucture Morphology
Image. (Top) Close to the Source (Down) Far from the

Source
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Fig. 4-2 Various Hierarchical Nanowire Low Mag TEM

Image with Directionality Branchs (Top) Growth Direction :

[1120] (Middle) Growth Direction : [0002]
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4.1.2 XRD ZAAF=x &A

TEM® #4sj€lst HRTEME $& FFT 24 24 XRD 2
Aol W A= Fig. 4-3% 2. XRD 3AZAE 44 H-
CdS(JCPDS : 41-1049), H-CdTe(JCPDS : 19-0193)& °|&
3te] 747} Indexing S SAGE kel H7FA Aust Biel dg Peak
< qEsA g gkt

1] H-CdS, CdTeel W¥ 2= 7]E& CdS¢ CdTe= o] F
o] o]FF oA LIAANE FEIb ok wiEhA, F EA9
Hexagonal 7% ¥4 CdTe et dAz e EAFAE oS
EA4E 7IdE § 9 Aol Bdsid.

XRD dl°o]gle] Yol H-CASE  chekdt wx|gell  disA
Indexing ¥4 Hhsle] H-CdTex (1012)d3 (1120)4qk 29l
= 9o}

Siuss T B ooy wmon a

= N o™ - ™ ™~ =] ™M [» R -
- S - = = - ~ - e r
oS - D - - B o S
-0 - . ™ — ™ i ™ ~
muw E W E wow wan w
pEE W Ea W W hw o
kg SoNY W S WS Y
I X I £ X - - b o= I

200 {2 ™

]
WA W ettt

Position [*2Theta] {Copper {Cu))

100

Fig. 4-3 XRD Data of Hierarchical CdS / CdTe Hetero

structure (H-CdS JCPDS : 41-1049, H-CdTe JCPDS : 19-
0193)
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e

3 AN S o] &% 7= 4

UL it 9 AAUE 949 & A4S 3
Zone AxisT [2110], [1100]% 233 < dl, Fig. 4-22] §] F s}o]
ot [1120]22, okl F bl oo0z] e ARRE 3
I Ak AZre] Al A9 Yigtoloje] AL wE
shy spdER mXglen, stiE Fes Ztzte] H-CdS%
H-CdTe®9 Epitaxial Relationshipe] =<l =i}, o]
7] $)8te) JEMS Simulation Program< %$3}o] A&3l3
o] A} v w3 23 FIsA L= A FAESio. (Fig.
4-3)

TEM E92l F209]49 7} 22 Aperture 2717} 200nm=
A ol gleolojo] FAelA 7eF JHAE wE w2 RedA A
T 71 "ol ARAND L 71 TR NA FAlel Yehd
gdatglon o] delHgter: zHzte] A ZHATFZY
AT & dev six|e} 71E7e] 2AAAREZ dA=
Aokl ZEstel o= ¢ AAIS] HRTEM< #<lste] FFT9
A Jhesicka gt

ok

X

—4

>

f

o

3
g

"
.xlm
rlo

et
J&‘i

‘b‘
ol nl°“

o
tlo
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. e e
"t NLL 2SS
f e AR B R PP e
ce s s @ @ @ + ws ws
e PLPEPUNY sy
PR P BT L
« o o

- . .

CdS (242 pellactions] b
AVAN-Z0000, CLNwew 9000, TA[L 0,00:(2 -1 -1 0] AL o o)z -1 -1 0]

€S (136 ruflectiom)
AR 200,00, CLAmer 000, TAL -0, -1 0.0] AL -1 0)<[L -1 0.0]

Fig. 4-4 Diffraction Pattern & JEMS Simulation Data
Zone Axis : [2110] (Down) [1100]
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4.1.4 EDS A& A

HRTEM Ao o] Z+zre] Y94 A Eo] Hierarchical T3
A ogA FEEHI JAE=AE Felste] AN fE WSI AR
E BA43A shgic. o] & &3] lste] AubE el MappingXch
£ Line Profiles ©o]-&3to] &3gict. 9] A= A5
E TIA Z2I%YeA Auto Mappings o] &3lo] Ztzte] JE& &
lslg o}, Yo &A= Au, Bi, S9 egder} HH7EE(Full
Width at Half Maximum)ell 23] |42 2 F7} FAstE= AL &
o5t} o] HAsr] Y EA BE9 Energy Windows
3to] ZtZte]l A Eo] sl Profiles Z33to] Auto Mappingd=
o 235 €39e9 o] ZIt v A3} A Fd3gic.

Fig. 4-5¢4 X Zl3} o] sAAFEH 71§74 Line
Profiles #3sl< W A= 42 7= VLS dAUSzl
Q4 Z+ste] Catalystell 98] CdTerl & AU S-S AT &
o1} 7% &S CdTert CdSE 92 v 237t Ui, =38
ojAge e Bigl EAEA Awl 7HA ¢ EFES A3 dE
oA Noise Level® Signale] v&ttx #cisichd Bis
EAEH 53] 7159 & el =AU

sl
A

o2 Jm X2

s €S
CdTe

Au
or Bi

<STEM image + EDS line scan> —_—

Fig. 4-5 EDS Analysis and Scheme of CdS / CdTe
Hierarchical Structure
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4.1.5 HRTEM & o] 83 7|5 24

712 ¢} 71E7 e BAAARAEYF FAE A dA BAV} He
7159 H-CdS, CdTe®d IS &34 s ofsitt. HRTEM
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Fig. 4-9 Backbone / Branch HRTEM Image & FFT Analysis
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=3.7504
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Abstract

Commercial CdTe solar cells, comprised of CdS and CdTe, have
a theoretical efficiency of 30%. However, the actual efficiency is
limited to 17%. Structural limitation of thin film solar cell is one
of the main reason for the efficiency difference.

When hierarchical structure is made of two materials as a
heterojuction, it makes a perpendicular relationship between the
direction of light and the direction of the collected minority
carrier. Hierarchical structure has attracted great attention
because its structural interests and potential applications in 3-D
building block for improving efficiency and functionality.

Characterization is essential for this structure because
Hierarchical structure has various morphology (shape or crystal
structure) and properties according to the growth system.

We have synthesized a hierarchical CdS / CdTe nanowire
heterojuction by CSS(Close Space Sublimation) method, where
the Au nanoparticle works as a catalysts in a VLS(Vapor Liquid
Solid) process for CdS growth, and Au and Bi was used for CdTe
growth by a tulbular furnace at 107 torr.

SEM images of this structure show the branch growth from
backbones with directional relationship. The X-ray diffraction
pattern reveals the hexagonal structure of CdS and CdTe.
HRTEM images show the two types of growth direction which are
[0002], [1120]. When the stem growth directions are [0002], [1120],
the branches are [1120], [1213].
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In the line profile EDS spectum & Moire fringe, while [0002]
stem has correct core-shell structure, [1120] stem has off-center
CdS Core in CdS / CdTe Heterostructure.

In the EELS spectrum of stem and branch, the stem has more
interband transition intensity at 12eV than bulk plasmon peak at
16eV occasionally. But branch does not show this phenomenon,
where only 16eV peak is dominant.

By result of low temperature PL, we found the dominant peak
2.05eV, 2.42eV, 1.44eV, 2.36eV. Dominant peak correspond to
donor state induced by Cd interstitial, 2.05eV and 2.42eV are
energy band gap for each material CdS, CdTe. An unknown peak
at 2.36eV was observed.

In conclusion, we have confirmed the new structure growth and
properties about hierarchical CdS / CdTe nanowire heterojuction

by various measurements.

Key word : Hierarchical Structure, CdS / CdTe, TEM
Student I. D. : 2010-23178
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