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Abstract

An efficient antireflection (AR) layer can reduce the light reflection and
enhance the solar cell performance. This thesis aims at the fabrication and
research of two different kinds of AR layers.

In the first part, we investigated solution-grown ZnO nanorod arrays as the
AR layer for Si solar cells. The nanorod morphology, controlled through
synthetic chemistry, has a great effect on the AR layer performance. We
demonstrate that the light harvest efficiency of the solar cells can be greatly
improved from 10.4% to 12.8% by using the ZnO nanorod arrays as the AR
layer on Si solar cells.

In the second part, we fabricated nanostructured Si molds by e-beam
lithography and chemical wet etching. The reflectance of the nanostructured
mold was lower than 5% throughout the visible light range. The nanostructures
on the molds were imprinted on a PMMA layer. The PMMA Layer, which used
as the AR layer, was then lift-off and transferred onto a Si solar cell. It provides
a simple and low cost mean in a large scale to produce AR layers for improving

solar cell performance.
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21l S HHE S B R AR

Classification® Effic” Area‘ Ve T FF*
Si (crystalline) 24.7+0.5 4.00 (da) 0.706 42.2 82.8
Si (multicrystalline) 20.3+0.5 1.002 (ap) 0.664 377 80.9
Si (thin film transfer) 16.6x0.4 4.017 (ap) 0.645 328 78.2
Si (thin film submodule) 9.4£0.3 94.9 (ap) 0.493f 26.0° 73.1
GaAs (crystalline) 25.1+0.8 3.91 (1) 1.022 28.2 87.1
GaAs (thin film) 24.540.5 1.002 (t) 1.029 28.8 82.5
GaAs (multicrystalline) 18.2+0.5 4.011 (1) 0.994 23.0 79.7
InP (crystalline) 21.94+0.7 4.02 (t) 0.878 293 854
Thin Film Chalcogenide
CIGS (cell) 18.440.55 1.04 (ap) 0.669 35.7 77.0
CIGS (submodule) 16.6+0.4 16.0 (ap) 0.661° 334 75.1
CdTe (cell) 16.5£0.55  1.032(ap)  0.845 25.9 75.5
Amorphous/Nanocrystalline Si
Si (amorphous)® 9.5+0.3 1.070 (ap) 0.859 17.5 63.0
Si (nanocrystalline) 10.1+0.2 1.199 (ap) 0.539 244 76.6
Photochemical
Dye sensitised 10.4+0.3 1.004 (ap) 0.729 21.8 65.2
Dye sensitised (submodule) 6.3£0.2 26.5 (ap) 6.145 1.70 60.4
Organic
Organic polymer’ 3.0+0.1 1.001 (ap) 0.538 9.68 524
Multijunction Devices
GalnP/GaAs/Ge 32.0£1.5 3.989 2.622 14.37 85.0
GalnP/GaAs 30.3 4.0 (1) 2.488 14.22 85.6
GaAs/CIS (thin film) 25.8+1.3 4.00 (t) — — —
a-Si/me-Si (thin submodule)! 11.7 0.4 14.23 (ap) 5.462 2.99 71.3

a. CIGS=CulnGaSe2 ; a-Si = morphous silicon’hydrogen alloy. b. Effic = efficiency. c. (ap) = aperture area ;

(t)=total area ; (da) = designated illumination area. d. FF = fill factor. e, FuG-ISE = Fraunhofer Institut fur Solare

Energiesysteme : JQA = japan Quality Assurance ; AIST = Japanese National Institute of Advanced Industrial

Science and Technology. f. Reported on a “per cell” basis. g. Not measured at an external laboratory.

h. Stabilized by 800 hours » 1 sun AM1.5 illumination at a cell temperature of 50°C. i. Stability not investigated.

J. Stabilized by 174 hours, 1 sun illumination after 20 hours, 5 sun illumination at a sample temperature of 50°C.
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FIG. 3. (Color online) Experimental {solid) and RCWA-simulated {(dotted)
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gsilicon substrate (black lines), a commercial single-crystalline silicon solar
cell with SiN, ARC (blue line). and a 15 min etched silicon nipple array (red
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B oI REF AP N AT AR R K K A KSR
T s BpF o i B L arkizz 49 > ot e+ 54 3 RER VR
B ~pH &% %1% 4p B [27][28]
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i

A 2RI RS T 6 ¢ 3E(1120)0(1010) > HRIEE & 6§ R SFE R -
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1 H fhe IR % o
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FEY AN MR T [30]0 A2 T kAR SR M BE F T
I o 3 - 44 d Ostwald growth fr Aggregation & 8323 7 = & -

4B 2-23 #75¢ > Ostwald growth & 25 = 8 f 3 1 42 K3k & 54
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Bl 2-31 E_& FAmcR > 3% e B 2t 1 [46] -

2 oF B B Fpi kT 7 4537 Princeton University 7 Stephen Y. Chou ®] 3

351995 £ 3 £ [47] o 1% ErRpFREFPES o A% @AM S N A fhir
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-~

BAr b g - A RE S BRI HRE B AR 0.1

ek 70T 2 e &2 % 1997 & B T4 10nm n[Fl42 02 %2 & j& 6nm 04

221 -



BE[48] -

2oL REEGET & BB F 87 2> 4e ultra-violet curing nanoimprint
lithography[49] ~ soft lithography[50] ~ laser-assisted nanoimprint lithography
(LAN)[51] ~ electrostatic force-assisted nanoimprint lithography (EFAN)[52] »
AEF I T = R

BRAZFRE JHd g R F A FHRER R R ARESE AR (T
B b oo @ H g s ROMRR O TR R BB R LA L
2l B o BREBTER WAL RS EE s M RACR] 2-32 fror o MR
AR LSBT AR RRET o 2 AR 25 B
TR ARTEF A FHNE G AR R EFRIFE
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G R E R enia g et KB R
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AEFE o AERBRARET > HE O PDMS KL G TR L At
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7 &t laser-assisted nanoimprint lithography[53] » /i #24c B] 2-35 #751 » FI
R AR T ERRE T LE DAy 4 g B ] (R] 2-36) 0 rT L p ¥ Ch
KL i A 3 KRR B oendh 18 B° Sk R B B k(Step and Flash Imprint
Lithography)[54] » i 28] 2-37 #f75 » 7 M LR & 3 5 & & R edd B o
A F R E R N R e 2 kR e CNP B[55][56] 0 Bl 2-38 #7177 - HiT— B
REULFHD > TG R FRE T A LR ] A
LA K RE DR e & < SR R A

AR R WA E A AN BT AN BORER TN
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% 2-1% &2 7 [26]

Properties of wurtzite ZnO

Property Value
Lattice parameters at 300 K
G 0.32495 nm
Co 0.52069 nm
an fco 1.602 (ideal hexagonal structure shows 1.633)
u 0.345
Density 5.606 glem®
Stable phase at 300 K Wurtzte
Melting point 1975 °C
Thermal conductivity 0.6, 1-1.2
Linear expansion coeflicient(/°C) ag: 6.5% 1076
Co: 3.0x10°¢
Static dielectric constant 8.656
Refractive index 2.008, 2.029
Energy gap 34 eV, direct
Intrinsic carrier concentration <10% em ™ (max n-type doping > 10® ¢m* electrons;
max p-type doping < 107 am? holes
Exciton binding energy 60 meV
Electron effective muass 0.24
Electron Hall mobility at 300 K 200 cm?/V s
for low n-type conductivity
Hole effective mass 0.59
Hole Hall mobility at 300 K 5-50 em*/Vs
for low p-type conductivity
2060
— Sokar specinam Solar cell matarnal
Dye-mijechon ol

= CuGabey a-5

1500
CulnS;
— CdTe, GaAs
Si
CulnSes

Power chensaty (W m? pm

0s 075 1.0 1.25
Warsslength [urm|

Bl2-1 *HBELFLR LR IFETE L TAT B4]
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Drift of photogenerated electrons
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'-'*-----------------------........... il EFN

Photan Pheton Vp N

J’ ........ .. Photon Photon
0088808 — 1~
00000 \ i
Drift of photegenerated holes

Bl 2-2p-niae ST i d m

Andi-reflecires (+ ant-static and anti-contamnabon) layer

Hard coatl layer (AG of cear)

Base fim (PET, TAC. special urethane, ele.)

Adhesase layer

B 2-3 § K ik ﬁq&f@é—ﬁ&w]
Incident

light Height

Optical
index

Bl 2-4 2323 K 2 = ibrie 4754 5 (1]
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(a) EB resist and water-soluble
electroconductive polymer
coating

(b) EB writing with scattering

{c) Development to form
tapered resist

(d) Pattern transfer by
SF e FAB etching

(e) Removal of EB resist

(b)

L 7]
&

4

;‘\“I'Q ““
Dt
e

i<

Water-soluble electro-

conductive polymer
<— Resist
Glass substrate

B 2-8 1% T3 d M2 85254 % 412 (a)in A2 B(b)% & SEM BI[15]

0.06 T T oo SWS (RCWA) -
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Ly g Ty -——- Glass (Measured)
0.05 - S ]
TR L T
0.04 p
2
=
© 0.03
=
Q
& 0021
0.01
0.00 = T T
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Wavelength (nm)

(b)
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2034 Glass (Calculated)(p) ]
= —-—--Glass (Calculated)(s)
B —+— Glass (Measured)(p) z
- —— Glass (Measured)(s) s
@ 0.2 N
o

0.14

0.0 1
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Angle of Incident (deg)

B12-9 2k 4oF 5% k()7 b~ 54k £ (b)k £ 632nm # b » 5f & B [15]
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B12-10 FI* & % X+ 17 5@ jri 748573 3 58 B4g[16]

c) IOW B N )

Bl 2-11 % f 4 %] chsb 525 & chi 6 SEM RI[16]

sol 1 —— Rofbulk Si le
: —— R of Si nano-Pillar on Si
- nofbulk Si

40 i3 - -« nof Si nano-pillars on Si 7| S %
== | B
3 =
g 2
g T
= =
e &

10 2
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B 2-12 # % A 45 55 % 3E R[16]
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(a) (b)

Spin-coated monolayer silica
colloidal erystal-polymer nanocompuosite

(c)
BD_ I L | L T T T i T ]
* Experiment Simulation |
50_ — —— SC Siwafer B
— —&—  Sinipple array
SC Sisolar cell |
= 40
ksl
5
20
o
10

(= 1 a0e®
T T T L T T T T T
400 500 600 700 800
Wavelength (nm)

Bl 2-13 1% & A Sl £ 5 3 4 LB Q)R ER(b)F k&3

SEM Bl(c) & &% -k 3% B [6]
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Silica in monomer EB-evaporate Cr

Spm coat; UV-cure Remove silica

RIE Wet etch; Cr etch

60 .
_i’ .\_ Simulation Experiment
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504 —— —— 360 nm pyramids | |
"3 0 |
— 404 - -1
g | ...-.."ll.- = ]
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3 304 7
]
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20 _P\ 7
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400 500 600 700 800
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H 4G A A ()i AZR(D) T b A A 5

‘|- SEM Bl(c) & #F 3 & # BI[18]

231-



A Bl Ly
hiafS TRAMY
[

= 35t
bl
iq‘ ‘!w—w&u‘uﬁ A’r A .E .
W . & 25 ¢
£ g bare PMMA
151 —+— PMMA with nanostructures (11077
—— PMMA with nanostructures (1357)
't PMMA with nanostructures (160°C)
05
|; L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I|
400 500 600 700 800

wavelength (nm)

Bl 2-16(a) # e BRREPE & T B2 S 4E 110 ~ 145 ~ 160°C

(D) H 3 § 4 5 002 £ ok k3 FI[20]

-32 -



a Polymer coating

« Polymer (PMMA)
T—

(Fluorinated polymer)

Quartz master (anti-reflective structure) b UV resin coating

m «— UV resin (PAK-01)
B hermal nanoimprint RS

¢  Adhere to film

Replicated mold (fluorinated polymer)

| m—
l Nano casting method - (PC thick In 0.5mm)

d Releasing

Reproduce the master structure

(polymer : PMMA) w } Reproduced structure
m Dikbhiddddd } Replicated mold

B 2-17 #-pfpd 2o AFRET 74 34 FL4FANZ »F AHinae[l]]

(a) (b)

10,000x T.002m ¥O-10.Omm 10KV 2008/01/%

B 2-18 % & S SEM Bl(a) 7 & fictr (b)) er 3 3 4 3 [11]

Reproduced structure |
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8 8
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[24]
o
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il 2-20

1221 Bipl§ C 8% F s F o n g e 1[23]

kg £

40

w
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Reflectance (%)
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Fr
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Wavelength (nm)

Figure 3. Front reflectance spectra of flat top NRA (red), tapered
NRA (orange), sol—gel film (green), optimized SiN SLARC on Si
PV cell with metallic contact (blue), and highly tapered NRA
(black). The bump at 900 nm is due to a detector change during
data collection.
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Wurlzile Crystals

B 2-23 % “ 454 £ 4B [30]

Growth Mechanism of ZnO Rods: (a) NEs zrow as a bundle but are independent, (b} NEs begin to coalesce, and (c)
a single NR results.
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Zn metal deposition Convert into ZnO seed layer PR spin coating
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Bl 2-26 1% fed > NE RS L 2K aunage & e SEM[39]
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as-grown 1=t 2nd 3

T 1 B e S L S e e e B B
[ L -
N — e e
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3 ] Pl i
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5 10 ST e H i
> 151 ¢'\-!" E }
LR T PRI o | |
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N e
Average diameter (hm)

3 wtep n* step

B 2-27 1% S+ L LE PR R T F N2 B3]

100 |

—

g 4 o Sample with PVA
40 - g o Sample without PV.A

350 400 450 500 550 600 650 700
Wavclength (nm)

® 2-28 :,ufas?fb&%;%ﬂwrﬁijVA*@m % 5 K #[40]

C—> o T

F:SnO, seed layer ZnO nanorod
conductive deposition growth
glass

L
dye cover with filling with
sensitized Pt electrode liquid electrolyte

B 220 #-F L A2 K H k¥ S 4par it T2 AR m[41]
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7.dev

TS
Schematic representation and energy diagram of P3HT:
PCBM bulk heterojunction photoveltaic device with ZnO nanorod array.

Figure 1.

+ 2B

B 2-30 #-% &2 KRt A E A

f. e
PCBM

Zne

4 7 & FI43)

oo

Min. CD T ’)/'

Tool Price

$50M

$20M

$10M

$1IM

S0nm

Manufacturing | Testing Expected
2000 2002 2006

Testing 2001

Year

Nanoimprint

A
Technology DUV X-ray Immersion Nanoimprint
Pattern generation Mask Mask Mask ESeriaI Stamp/Mold
xposure
Exposure area Wafer Wafer Wafer 1-10mm Wafer
Min. dimension 100 nm 30-70 nm ~45 nm 3nm 8 nm
B <l 60-300 s >120's 60-300 s 10-180 s
T
Master Mass
production production
L 2 [46]

Bl 2-31 fc@e > vt B

-38 -



l embossing

el e i g

heating
z L% illu ity
prossing A R,
L 4 ¥ vy * l L ¢ pressing
YT YT YYYTYYEYYY
| S
S —— |
- - - de-embossing| F I le'--.-mm-w:-in-,e
N R
conling
o Kasist i Raosist
A ooistick Gl [ Substrate B onti-stick film Il Substrate
+High temperature *Room temperature

*Low pressure
*High pressure

*Multi-laver

B 2-32 #JRA| 2 F i A2 B)[44] 2-33 % eh kA 1L A A SF 4 e in AR 1) [44]

pressing

T".l.t - iriboss ing

I il Resist

B rroicin Bl Subsirate
*FElastic Mold
«SAM

*Top down and bottom up

W] 2-34 $ AR i A2 I [44]
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a Contact mould and ¢ Silicon embossing
substrate (t = 0) (0<t=<250ns)

d Silicon solidification
b Excimer laser (t = 250 ns)
irradiation (f = 0)

- - - e Mould and substrate
Molten Si separation

=2
™
g

o
I
2

0.20]

Reflectivity (a.u.) ==

0 ; . : : ; : ; |
0 50 100 150 200 250 300 350 400
Time (ns)

i8] 2-35 Laser-assisted nanoimprint lithography 7= #% ][ 53]

200 nm

Silicon

i8] 2-36 Laser-assisted nanoimprint lithography = & # % SEM][53]
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Transparent template

(mold)
nnnnnr
44— Planarization layer
I 5hsiate

Step 1: Orient template and substrate

’4— Resist dispenser

...... ¢ g |mprint resist
I
Step 2: Dispense drops of liquid imprint resist

hd Y
E ) i|4_lmprintﬂuid fills
S template pattemn
Step 3: Lower template and fill pattern

Step 4: Polymerize imprint fluid with UV exposure

Exact replica of
template pattern

Trrrnnr
AL L L B 1 _J«
-«

I
Step 5: Separate template from substrate

B 2-37 H i P SRR Br B AR 8T S B[54
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a)

UY Exposure

:

—

B}

r
=

lﬁ

—

c)

After Developing

B 2-38 R & A\ pcE w42 A2 B][55]
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Y% FHkEAR
AT oL A A (DI FRREEI LD NAF D
FOUOEA A BEA G B RRERF Sk o TR B F AH B
R AR SR (DI T AR IS8 aR B
SRR SR AN R EO RERY S LS S ]

S R E R S 1S 2 B AR Btk o 10 3R F B A it S5

WAL K S PR KA A AG o W E eE
3-1.1 § & 5

1. Zinc Nitrate Hexahydrate

F 7% 1 Zn(NOs)2- 6H:0 L
%8 36C R 98%
i@ ¢ J.T. Baker

2. Zinc acetate dihydrate

+ 74 1 Zn(CHCO00)2-2H0 4~ + &
R 99, 0% ®:EH 1 J.T. Baker
3. Methenamine Granular (Hexamethylenetetramine - HMT)

&3 % T CeHieNe & F & :140.19
ek 250°C R 0 99%
@i : Riedel-de-Haén
4. Monoethanolamine
& 3 3% T HOCH:CH.NH: %~ + & - 61.08

L 85°C 099, 9%
#ig ¢ J.T. Baker
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5. 2-Methoxyethanol

& F 740 CHOCH: CH-OH # =+ & :76.1
el 46°C B 099, 9%
# 7 © TEDIA

6. ZEP-520A , ZEONREX Electronic Chemicals

[/L CH, | CHQ—}n
b

(1)Thinner , ZEP-A , anisole

(2)Developer , ZED-N50 , n-amyl acetate
(3)Remover , ZDMAC , dimethylacetamide

7. PMMA 495k A4 , MicroChem

CH,

(1)Developer , MIBK : IPA
(2)Remover , Acetone

8. 1H, 1H, 2H, 2H-Perfluorooctyltrichlorosilane(FOTS)
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&+ kP« s (Electron Beam System , ELS-7500EX ELS, Elionix
Corp. ) R~ F 2 4 F4¢ v BEMPEUEYZ T F BERERE
FEHF L2 T+ K&k s *u(focused ion beam & electron beam ,
FEI Nova200)> =i~ 24¢ <« fkFgzd e ni 3+ BikER
=

F+ 4 B iest(AFM , Dimension 3100 , Digital Instrument ) % if
CEINPHY v REEREL G BHEIFR

% (347 & X k¥R (High Resolution X-ray Diffractometer,
Bede,D1) » 23 <~ B2 K # 57 v » HEE R KR

=~ Bk H# (Solar simulator AM 1.5, 2440 5A Source Meter, Xenon
Lamp) » 23 ~ E it r> {HEERIRBET TRT I

Pl B &k (n&k analyzer 1200) » W2 F ~ 29 5% % » & EFp)k
£ 5 ot

Jasco V-570 UV/Vis/NIR Spectrophotometer » 2 il < 41 » 3k i
BREE R S

e w48 (Spin coater) » kR P BT A G § W

‘e 445 (Hot plate)
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10. p @R ¥ (Nanoimprint lithography System)
(1) Mechanical pump , Alcatel , 2015SD
(2) Air compressor , Silent-AIR , 30TC
(3) Heating system , Arico , TCHE
(4) Xe Lamp , Eurosep , BLCO001
(5) Water bath , Yihdern
(6) Pneumatic system , Ashun
(7) Chamber , # #E 7 #13

(8) Gauge , mini-convectron 275
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325 it HEF A A

dAREE S FEI AL FARAF AR NF FHEDOR KRS
B BARAF R B RY CRASES AL N F BRI E
TR T S 48 R
= i -

e fo {17 Al 15*20mm < ) o £ o4 BDER G AR~ R AR 2 AT
kP AR A RT T ARG Fk o #-32.8mg A 4RIE Y 30ml e

» e Bl 0.005M chfis e 775 % o & * F B R EIR R F TR 1S

Afp s R B304 £ 1 Ay oie BRia BsH P 2

PEFRIC I A O RFRT BEBTF RS AT FRE R

#-4.9g chpp pherfe 1.37g o7 Monoethanolamine % ** 30ml =
2-methoxyethanol @ » 4 %] 12 1000~5000rpm # ¥ ¢ K& 2 % & fij i@
itk dr b0 02200 R 10 A gz kB A B F 1T R E 4 300~600°C
O sE AR X

G AR ”"‘%%’d BEEREFAF CHEDZ NPT RS AR R K
Fenda 8 o 4% F B~ 1.487g crpl fhdi ¥ 0.7g e HMT v 4 %73 %t 50ml 94 2

ok Fef 2 0.0M gl fa s 0.1IM s HMT K3 7% o £ & B fie =
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0.01M~0.04M &gl s 45 22 HMT 8 & 7]\/%1730;1{3_757;;;%};*5_;5—,;#%;’;;(_;
FoErBRY o R AIRA 90°C i F 5 20~300 A o F R S
o L BRI KRBT A G PRI S B F R o

A iEE T Ay V47 s B BB SEMBEZ LG o L EREF
BRI CRGH o VA g B RS K S eDRE T o L ORUR B A LT P K OE
A AL ApAMABN TR c SHAPHTS P RREE A RK

PFRAT AP Z A ARG B BT R o R R PSP
AZipA S R RFGERA LA £ oa ek I BRATRE T n AP
2 pn G I pERFAT G TR TR P AYFETE R
LA T A BB 3D A R - SR EAESSBR TR (R 3-2)m

a0 Z B PR FAR R A R )R - B F VR dR SR D

ju

BlAe > ¥ g AR KR £ A G R U SR NI R R R
HoBTr PRI EF A REI R P EOEEL BEFT LR
% AML.5 global it~ B mpREt™ » ERIE T R-T M G ¥ o478

F g% @igocd .
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G LR A A RIS - LRSI AT fIT S AR
Fop/pAF Y EFRAlG e T B RN D A

-2 iEm 2 fRE > BBIAHET T 3

T RAR kB R R B AR et 1965 £ 0 R.K. Matta &

;B

A R 2R RS f1F SEM hE T B AR
B B2 e 17 EREES I TS LR SR A o ®F Ak b
iﬁ;grwfj.%{a‘i—”r L FA o B 337X F R FHP IR - dpd AR
kbR F o RET I P FTRAALBE RELTF LT &3 2R >

?ESnm."l’f "N 'R,'s"‘?‘\lw’»ﬁ':;l"':‘/}i?’ l%':il’lc\?v m”’?‘?‘]ﬁﬁ‘ﬁé’-’ﬁsf@@

WRRAIE 2 % % AR B AZ(F] 3-4) -

R AT EE S S LRV TE R O SN I N

ELIONIX Inc.#7 %% » % 2~ A15L 5 ELS-7500EX » % &% ZrO/W #35-%3 5+ 3
FH 0 53 N5 A (Schottky Emission) » B #7& T F h > ¥ friE 7§
BR¥ i S0kVoe i * cnFg SR~ RR A L "$ 7 & W] 5 ZEON Corp.
w14 A e ZEP-520A ~ ZEP-N50 2 2 ZDMAC » ¥ 4] * ELS-7500EX %
5 & 4% ik i Wecas & {7 58 B o
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F oA H] 3-5 9 o g AL B R Y A BAEE 2 BT kAR
RS AR BT R F I S g A g A ) 3-6 g
1L | ZEP-520A & 22005 B TR SRS BTN T 0 R A e T - At

FRE I REFMEFENRERG R e TR

TR % T R RE PfEH AR o
S E TR RS LR SIE £ S I P
¥Ry o ¥ EEY BOE R R& % - §F V8 WA BB~ 4 4 R LR

G F A S E 0 PG IR I AR AL 0 A SRR ORI B EE] T 1AL o

SR o) e T N

S

H

IR LS 3 e Rl

%] STIERY B E AR A %] 07 SR T o Ao ] 37 H0F o RFiRiB { dhe
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FRAEIY LBt e & - & S0nm 0 Si0 F M K o B F e
FTFdE o BERYE % BOERREma i C &  mesy 78
F 1B 1 pe i 30%KOH/20%IPA -k % ik it T dg 4 %] & § 1 49855 oh

F 4o [59]

4KOH + Si — K4Si05 + 2H,
2KOH + S1 + H,O — K4Si105 + 2H,

fI*EF " PEIF oG 2 FOBNERCEE AL HE L
L3 A% G E R (R 3-8) 0 4o~ IPA enp N A F]G K iR g A4 &
FogFault augfeo dfd dor IPAE M8 bp A4 6 B F R
ML AL G S 2 BFR > TRIBEF SR 2 St e
3-3341% 5 2 KA RESETRE

FAARd AR HRFELTEEDE L E K REH[60] o Bl 34 LRER

Wenhp 2 B4R 0 - Bif L 30cm chl S E e R E 2§

rTa

—=be

%fizfﬁ'ﬁﬁ‘}ﬁi;"—‘“%iﬁ wREEIE UV"O/El"E'_?;H”?P\

ﬁ

LT T TR STy vory

Bl 2 A REBIAIL O THE A ST RES o 5 B
WD R A ENL AR R APE Y F S LR

>3 PMMA > PMMA & # B3] % K RE 1+ 4 fdd dck o # PMMA 08

B AR Y ARG B AR BT R o b
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# et r A O R~ § % F BXF ~ 10um e FOTS 2 » e #p # 250°C
Thegh- o] PE o 8 FOTS Z# S/ i £ & G5 WMECY > "E M F A~ 30k

e o B F A R OTREH Lo = PMMA # 4= } o 7

dik

TANTABF RS MBI YEPME T B4 o 4B 3 120~150°C(3

-

% PMMA 2 Ty 8 » #5415 § BRaEH @ 2 £ 2 T RIS RS BB

BE a0 RRAM - NI - 1% R+ 4 BHEREL G

-
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GUN
GUN Alignment -

Blanking - )
|lst (ondenser Lens —I_E

2nd Condenser Lens }—r K
|'DL Alignment |— B
Stigmator ﬂ
Mjectiveles H | /
Deflector ffiff :

— L
Stage Driver ‘ Vacuun Control ler]

*|1591atiun Valve ]

Aperture Driver |

Height Sensor

iElectron Detector|

|Fi{:n Amneter

B3-3 T+ dpel ki T3k F 4 p R [57]

] H

1. Spin Coating & Baking

L |
4(—(;]-{2-—-—12—502‘); - ‘(’CHQ_T '302‘); -Elutmrlﬁeai:t

1 Substrate

CHy o
| | !
y

C
H; 2. Exposuring
lnissl high malecuar Mlﬂhl Lewset malacylar wenpht 3Rer rradiation l i E-beam
| T
lyerialion *
‘(mb_'(:' 'SUE} !‘EM.. %I*CH:=C}
[ ¥ | 3. Develaping
CHy TH:

Electron Resist
Substrate

Bl3-4 2 F AP RE - FREREHMEL B35 TF AMpine

F
£
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Angstrom, A°

8000
2000 | ZEP-520
6000 —— D.R:1 .O
5000 +g'§=i'i
4000 T
—-D.R=1.7
3000
—*—D.R=2.0
2000 —e—DR=2.4

1000 f
0

1000 2000 3000 4000 rpm

B 3-6 [e&| ZEP-520A & i & %5 B (%

-"-"“"l.l

E-beam

@3 7 ﬁ&iﬁ"%ﬁ /n E-

—&fkny (111) (100) — adkry (1 11) (100}

WA e R
ind

(a) <100>F7gh (b) <110>FF&LF

B 3-8 <100>& 5 £2<110>8% % 2. 225 w & %] 77 % B[59]
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high runner temperature

a
Bnnl

controller system

\ \—gariridge heatey/

N e |

®
=

( 1B
®

pneurnatic system

W39 p L3 H R ELE B [60]
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\‘vd\‘_
B %
pitid
B3

lw v BAREAAF Y E DT AL - BT B R002)

BRANTINO E Wk B G b Wi gk i F e H B R L HF

AP AR E S ARG R e B G S B Ak s R 3 e

WA o 11T AL BF I%E-H']'%Lﬂ-rji_r:& % Wk B hE (AR o
o RIEEER T Y TR AR R A G RSN £4
ZEKF ARG EIDY A o 3k o I S RLAR

2-methoxyethanol ~ monoethanolamin ;% /% » #-f&:# K T = + & o & F 8
Bl

BIEF YR TAS0°C R ) o B 4-1 A N TS R ACE R B
A T UFRS FE - R R 3 > REAF G R L0 B

MF S RB AR 52 hB R0 BB 0 MRRA T F ol
Fgd g R dIEE o B —‘kbbik v 3R S R RGE £ R J‘%[ﬁ

[ 2

SE
S

ST E

ey

42 kBREEE - BF P HLFER AR

KARFELREJIT BF AP R ST N B FRY T

o

HMT ¢ rokfaeh= N & 4 amine » #8715 & 1% amine -k ¥ 74 4 5h OH
BERSF R 8 Ak Y HMT ¢ 2843 2,34 &

(Complex) > B ¢y bz N LMY FAL S 9}5 ?J-El"‘ wE
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a2 F 7 H b £ st i o MK edo™ 97 o pH B4 &7 o

(CH,)¢N4 +6H,0-6HCHO+4NH;
NH;+H,0«>NH, +OH

Zn*" + 4NH; — Zn(NH3),*
Zn(NH;),”" + 20H < Zn(OH), + 4NH;
Zn(OH), <> ZnO + H,0

421 2 PR EET X EF V422 F b ik
B B E CEE AR SRR F R A R o B RERR T

0.01M E & 90°C T i {7 % £ 30~300 4 4% o 4-[f] 4-2 #7F > £ 2 - chig
A ulE 306090 120 ~ 240 4 48 SEM B - B 4-3 241 * B L33 4
BRI AEEAABER AT BRI A AL - Be o F T F d 53
07w RELE O Bt RR KR R R Rg A o d 22 - SR

SIEE I A L e s O IS %%#%511’1%14-4 SHF BF AP
Hfppm ot FIREF X ARG F ek sfal o P FL 32 -

Ao

§4

A% & g;}gg;{méﬁ B 4-5 8@ % > k- wlE 2040
90 ~ 120 ~ 180 A 48l % » f = K 40 A 48P 4 § P AR B4 2 & =
B /T 40~50nm 92 S 4o B B K PE R 40 4 45 60nm I FFFF 180 4 48.:0170nm

RS SeS R o L ST R R 2 FRI BHER 2 Kok

R4 B A S TE H A T RR G M o Bl 4-6 5 S ik 2 i
S E RN E WS SRR AARE I AEEET L EERPN G R
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Ve R MR e AL 5 R SR A A ng (V43 H RS G R

‘J—%.LIEJ ’ "/\T!—V-E-’T j\i”%ﬁ‘? = /2{‘: K@-f’?.jﬁi ? %:iﬁi:ﬁ’]b"ﬁ:ﬁo

4223 PRARFERET ALF &2 Kt R

RNV FEGA R E R A B 0.02M 122 0.04M iR T S R A 2
BRI AR 2k S 2 A4 450°C - P P A 2 Ak e
Bl 4-7 506 A 0.02M ™ & £ 2 2 5K+ SEM Bl > 2 5f +¢03E /25 50~60nm >
£ B BN 30 & 45 35nm ~ 180 4 451 180nm( ] 4-8a)F] 300 4 4& .
300nm([F] 4-8b) > SERERFFE T e o B 49 SR BEF SHF > A LR
180~240 A 4B ch% Skt ™ L% RPN fdd chdnk stA TR - § 4-10 2.4
Bp R ERB AT 0.04M F £ 5 A4 B /2 70~80nm > o B¢ FHF R A
FAEPFTa e 20 §F WAL  FRTER > R EF LA AR
FE IR EF T AL AHRA DM 2 6 S (R
44&%ﬁﬁﬁ@ﬂ@?%wWhMMAﬁﬁUMmﬂzm@ﬁﬁmmm
Bl 4-12 2 BiplE F 845 > d 20 4 6 Wizen® 3 - 2L 180 11 2 240 A 48ih
AR AFEREDF I ApFRF D Fa L 90 ~4807 K™
85k g [ eh T 3R b R

WREZ I RRRERT SR ZNET MR DEF S L F R O

beo AN HBRAETH A BN G PR A 0 FARERT &

J

VR

oRRSEHW R AR RDFIEEFL

¥
g
=g
3
A
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—
&
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BAER G EFRAFA AR e o TUT D S ERREHE AR R B

R BRITAIZ K HE AT e

423 F MR GEFIEE T AL L4 F bR

SRR A S ¢ R AR R 0 iR A B35 1000 ~ 1500 -
2000 ~ 4000 ~ 5000 #& > 252 F | ehE A B 0 $2% 450°C e - ] pEAS S
AT o 2 ER 0.0IM T 2K 2 K4 180 A48 o hol 4-13 #1702 E &

® /€ 40~50nm B & 180~240nm 12 4> ¥ U &«g—g A1 3 K R

4

T AR E AR E > K gd %}fﬁ_ﬁn?ﬁq@, » 233 PR —‘F'ngll% NN
gm; L) Kﬁ‘_ﬁgﬁ m;},—ftrﬁ ’ :_’rk 7} 7} ,ﬁr&? IQA\ B3 ’}Q*ggé}/ﬁ_ sm Kz\zf%‘g%/ﬁ_
PFEAEH v 0 B AL € F L FOHA > B PR e H F S50 e ) 4-14

%ﬁ’iﬂ@%%ﬁﬁﬁﬁﬁﬁ@%ﬁﬁ$,%§%&’ﬁifﬁﬁﬁ%

4247 P HEGERFETILF FHZ R

#-fr fi 4% > 2-methoxyethanol > monoethanolamine 7% & j3 % 2 % i
&P+ o 2-methoxyethanol # 125°C ¢ 4% > % monoethanolamine :H
B 175°C #7000 F 2200°C 111 A & % 2 i 0 O BRER
€ 78 B K 5 240°C o iR AL HEA B 14 300 ~ 400 ~ 500 ~ 600°C & 7

Ris»ER 0.02M & & £ 2 K41 180 4 45 o -] 4-15 #7517 » Aif & 300 12
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24000C T S £ enz ffadi i - 2 < LR+ a g R DE 500

2 600°C PFjil & £ L E L2 305 Sl o RF SERBIER §

g Sl 3 AN F V2 A fh £ o H R 5% o] 4-16 #r o o

4-2.5 % it 47 ¥ 4 XRD 4 {7
Bt & X s F e T X KR KR(XRD)R B o » 5t E L3R B
Bl B S G o Bl 4-17 4 W R RIF £ 90180240 A 43 F feh

XRD B » H @ &3 a5 5 (002)&htem @ & 2 K end fh £ #4] o

4-3H%-F P EF A LEFREN S LF IBRATS 25 T5FLF A
AFEAEF CEE N ERIRF LSBT P oA
LT ARV ROARE-FRAFPARETOTIN-TRE EEHE T
LR RP T RS R G D iy eI R 0 1 450°C
TF 60 A4 mikR 0.02M AR S £ 2 N4 120 A 48 o ] 4-18 &
SEF SR AR T R W Y SR F PSR KT R

~ 2

T IF»LLL

o
&

THa RS VR BRFREARET TR

\m

T E

oo B 4-10 7 0 HEEF BT P RAEd

AR
— \

—]— :
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_th
3
ﬁf

Tifo WEATSF 6 L K el LR A EET B A RS g
BHAEEEGE 0 R A TRRL 0 0P FE 0 RT IOTRE R

BEMIBR LA PN - F R G GRS R & 300°C
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TR 60 A4 kA 0.02M AR AR 2 K4 180 A4 A ET e A
FcRe2 4 B 420 B H F S endu o S T A R F i
F bt ok AR EdE - ForX Ehs R ARLERA P TS P AL E
FOUOER AP RORAET TI-T R (R 421 ~22) 0 A F ¥ o HT P
TG TR o BT k- iR SRR T R IR 0 -
# 1.300°C TR 60 A48 Ak A 0.02M A R & £ 2 5F 4 180 A 4# 0 8] 4-23
R EFHEF MBI 4242508 ERET RI-TRM GRS e

FE I ST S STEN LA TEN

2412 EF I B3 F BT ABATA TR

Voc(V)  Isc(mA) FF n(%)
without ZnO 0.50 40.9 0.61 12.5

1000rpm
With ZnO 0.51 42.9 0.60 13.1
without ZnO 0.50 40.6 0.57 11.6

2000rpm
With ZnO 0.51 43.6 0.60 13.3
without ZnO 0.51 34.7 0.63 11.1

4000rpm
With ZnO 0.51 38.5 0.64 12.6
without ZnO 0.50 36.2 0.57 10.4

5000rpm
With ZnO 0.51 43.3 0.58 12.8
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4-4 T+ AF 2 BB ARY SR N BHELES
BRI T R A EA L R IR g T AP R
4o B 4-27 P71 0 oA K 3 m;ﬁﬁ; AR E 80nm> ¥ Fg 4 % % 500~700~1000nm
ek B 0 252 E A B S 420 ~ 620 ~ 920nm o & 417 o
BFRDEORHEEFRENEY % - BH AL Z» HF & NHF 7
#i3 iR (BOE)& 2 § & > iedn > LY T3 R AR A # BOE 12454
WARA o o AR F M ERRFRORERFRENY O J5d F
VB B SR A R B AER o d T2 R F I d > BOE AR &
sy AT §RRTH 0 B AP EEH A FE R
49 2L 8 5 BB YR G ok T BYH SRR o F A REY 7
e ks %) pE B 3] A B SR A i % 0 ] 4-28 % ik 8P 700nm A A ) i
EF a1 1304 d B TPESEFRY BT R4 Rl
SRG f RGP R P N EF M F LR SRR gk R
Bl 4-29 41% AFM £ iRl » B4 %] — w4800 2 = S dBcnipdy 0 F &4 144nm
# 3 328nm o
FoAA BB EW 2 B7 0 B 4-30 53 1500nm 2 4% 2
3 A4S S 1000nm shw & 43 o B 4-31 £iF#E 1000nm 4 %] 2~ 3
A R Tﬁw £ 5 500nme ] 4-32 33 5 500nm 4 %] 1.5-3 ~ 4 %

SR BT e A 8 500nm e R AT TR 0 ) A AT 0 & en

-64 -



B RIEAF S 8% 5% - 1% BOE B #-50nm eh= § L8 K T3
e e % T Bz §F P R ) BRIBEHE S A F kel
fed S B IF S FIR e ] S BE A 4 pr o i 500nm 0] A e
Tthea 22 ARG o A TFRE o
B AE AL RS R FRDEHE - FHE RS S DE
Bl o B 433 T ERAFREHABLEFERFIPRE L2 0408 55 > d £p%
S R HEIEN F Akt MOF S5 0 & B F S+F & 300-1000nm 0
,}9‘\1\%?:]]1\ F’ fe M 15% 0 A J{AIT A R Ry F A etk o fgp
fredd 2R AT 0 X H 700nm S B iR Sk o A H R At K
600-850nm 2 ¥ o #Ris A e Y| R hF S5 LR o B 4-34-37 Lk
1500 ~ 1000 ~ 700 ~ 500nm snEH 5.7 @3 FE T F 5L B o - i
ToANGER AL ERF gtk g RIPE B OE
500nm ek S5 RE F A L PF R s 4e 0 Ap e cndB R MR B > 7 T H
R H et R S R LB F AT S R R F R iR
EF 2 B JERHETRE LERS > 3 SRR ET PBF S5
BRpEGM G ¥ - 236 > FREFT I LG RH PR S L 0 Bk
gL N B LR R TR R S P 500nm shig R 2 B o4
Sifik Bk o Jhd LR L 6 IR 0 3 500nm chig 4T i A %] PR 5]

3480 BFR T €424 200nm > At H @ S P g RIS HEORAR

- 65 -



ERBIF Moy E % > A L E R B ER > 45 BB

Makla A1 8R4 > @2 R A HFER V- BRF AEY RE
* R R F R W 500nm nBHEF kRl R H B E kg o A
T o cha ] 2 SN RS ) F - ] 0 3 2 500nm i

ok SRR dodp P Rl o

R

RS - Epey

I

SRR R Ry % S A R
R Bk g o VOB BER R BPTE DO 5% B RS
T 2303 FALF S Y g BEFOF HREE RS 272K

RE K dipih R A ki

A5 RE GRS R N B B

Mo A lE Y p Wb 2 RESREEr B G AP A
e PMMA 3 A 5 #9055 500nm > 4 T 150°C i@ H fic it > & B
TR ZRPOES 01/ T 04MPa s AT EE C REC e dEd H
WEGEFRE > WG L PRI A R > P LG )

4 S A KA F e o WAETBARS i X B end] i o b 2 SRR

v

£
o4
H\

g

FT i G ;\ T TR R 4B T R4 R R
BReNB L £ 2 R v RR61] 0 R SR 3L RN P o F R AT ] 4-38
“rn o fe l kB IRGE  PMMA 73 5% (20%) 4] * gk en 5N o 0 Mg
(500rpm)#% 1 b © w3 FoR|(FOTS)eticds b o 41 # f ik ehig g @ PMMA

- 66 -



R RE B2 P BRFREFRE GEERL > 4vf D 120C TRES 03
MPa -5 248158 » T F R B & A A8 o SRE0H ke 0 F
F oAl SO PMMA EC g SO R I A RS e
TR EHYRA X R B BB R P& 5 - PMMA R
SFAFERATT T B 8 (Fehs # Smm*Smm A8 (7 % A i
Er o [F] 4-39 5 ¥ 1500nm sz fdr 2 2 ez % A5 2R R 293nm
i 5 B (] 4-40) 0 @ FFd AFM LB E & & 0 4o ] 4-41 0on 0 g RH
F0% F AE A0 F R o ] 4-42-44 4 ] 5 @3 1000 ~ 700 ~ 500nm £
SHHHCE e il en i % B0 A5 R A 2535259~ 155nm v A g )
e IR R R § 5 40nm hL B Jap] R TR F PMMA
ERE T AR 2 fEE Y o BERA G F R - LN EET %2

WMEER AL I G o 54 B3 K RE B it B I IEARY & 2
Phat 5o Vb ATl chak iy R RS 230 AR A

FEE O BRFLREF M RRCHE DR E S P Btk o ] 4-45
SR BRlE B H R b F g A2 5 PMMA & 5ot

fo B s e o bk BB TRIDEE 0 A F B Bl M RipF

T BAF OFUE Brck 5 P 1500nm hib o F oSS 5 h 10% 2T o d i
AL e i AR > ) 1500nm B HIRR RS~ BRSSO

Foh o SR B R RLE ok o

-67 -



AR F SR IR AL BFEFENL AP S
P v oo AfBehiAr B Y RE L Iris T A4 I FL
AR # EREFC(Q200um) > w4 ABERRT P B $ 8T
o ARG REHEr RS > fraz T TP ER o L E R
PR T o F w3 ki (7o 4 2 p[61]F R H-4 T HER  ePMMA
R RT3 ‘ﬁ AR B AR T o B Hae B # T 5 Rl (anisole) A ki IR
{8 BJEACRE 5 90°C T A A2 (i B T SR RLED S B
fem s dm oo fLs €I LIIF e R PLFFE R T A P o HF B
HREM I TR PREFR DR R EAAET EP FUE Btk B in
YEHP 1500nm & FHEPE 0 B 4-46 E B PIE BT hT oN-7 R 2B 0 Hi

Fd 104%#% 2 3 13.5% > HApM 7 Hldps| & 407 o

% 4-2 @& B4 PMMA B G LR SR 2 ST TR R

Voc(V)  Isc(mA) FF n(%)
Without antireflection 0.50 36.2 0.57 10.4
With PMMA film 0.51 44.5 0.59 13.5

- 68 -



e —_—
.
B 4A2115  S0KY 05 um  BUDDIN _A+B  2009/03730 X Alggs _SUKV. OS5 um  40000N  AE _2009/G3,14

B 4-1 § 823 45

AAZIOH SOKW 0.5 pm__ 600DOX _ A+E __2009708/30 54 = AAZIOD 50KV 0.5 um__60000X  A-B _ 2000j0%/30

Bl 4-2 52— 2.3 Y42 X3 Enira L2 2 A EFF 45 SEM

1(2)30(b)60(c)90(d)120(e)240min

-69 -



AT A

tilt | dwell |

Bl4-3 32— 2.3 Y43 K3 Ewra K23 K= £ PFRF 240 4 48 53°

£ SEM 8]
0.8
{ —_—Si
0.7 4 ——— 30min
| —— 60min
0.6 —— 90min
_ —— 120min
— 240min
Ll —— 300min
R 044
0.3
0}:£§:::% —
0.1
0.0 T T I T T T T 1
200 400 600 800 1000
nm

Bld4-4 22— 25 PHEZHPFEFTTIL2ZZHNRTFFSEERFF S5

-70 -



B4-5 32223 B2 FEN TR L2 2 g EPEFR2 53°4

SEM (2)20 (b)40 ()60 (d)90 (€)120 (£)180min

-71 -



0.8 5

—Si
0.7 + — 20min
T — 40min
0.6 1 —— 60min
T m—— Q0min
0.5 —— 120min
] — 180min

¥ Y ¥ ’ 1
200 400 600 800 1000

Bl 4-7 kR 0.02M & &£ £ 2 % F L4+ & FFRF 4 6 SEM ()30

(b)60min(c)90 (d)120 (¢)180 (f)240min

-7 -



@4-8 % N N RS N
R 0.02M T & E 2 % k4 & EEF(a)180 % (b)300 4 42 53° 4

SEM [

-73 -



0.8 5
| —Si
0.7 p— 30m!n
] —— 60min
0.6 e QO
| = 120min
0.5 —— 180min
i — 240min
R 0.4 4 e 300m|n

.‘:l;:‘
A

- ] f; c'.g&";:‘h

90l
!‘i‘;\ﬁtfr‘."

e e
_aAMZIZE SN Sy SOOKN_ A+ 203D

|
[ 4

B 4-10 JE A 0.04M T £ £ 2 2 1'%+ £ P 4 5 SEM Hl
(2)90 (b)180 (c)240min

_74 -



V| mag WD || eurr | tiit | dwell
00 kv | 200000 x| TL0| 5.0 mm| 98 pA| 52°| 30

il [ dwell | —
pA 52730 ps |

Bl 4-11 SER 0.04M T % £ 2 2 4% = £ pPFF¥ 53° & SEM H]
(2)90 (b)180 (c)240min

-75 -



0.8

0.7 - S
| —— 90min
oH- — 180min
| —— 240min
0.5
R 044
0.3
0.2
) M
0.0
T v T T T T T - 1
200 400 600 800 1000
nm

Bl 4-12 ERE 0.04AM T X E2 2 K53 b X L2 K 8t

Rl 4-13 7 P g i 3T L § 43 K41 90° 4 & 53°4 SEM

(2)1000(b)1500(c)2000(d)4000()5000 &

-76 -



0.8+

i —Si
0.7 ——— 1000rpm
. — 1500rpm
0.6 —— 2000rpm
: ——4000rpm
0.5 — 5000rpm
R 0.4 4
0.3
0.2 4
0.1+
0.0
T X T T T ¥ 1
200 400 600 800 1000
nm

Bl 4-14 7 g g g F g™ %

/ ‘mag | det| WD
KV 100147 x| TLD | 4.9 mm

S

D8 pA| 527

-77 -



Bl4-15 % PUE2 B R ERT A E 2 445534 SEM B
(2)300(b)400(c)500(d)600°C

|=——si

Bl 4-16 7 P rELERIEE T X EF L4 2 f b2 F ot



Intensity
®
o
o
|

(002)

(100)

— 90min

180min
240min

400 —- \‘/ JA
/
- 7 wM-WW hmﬂnﬂw@mwmmmwpﬁ‘v\ﬂmwi\wﬁm\ﬂwmw
B

30 35 40 a5 50
2-Theta(degree)
B 4-17 % i 43 ¥ 4L XRD Bl
100 —
] —— without ZnO
e s
80 |
70—-
60—-
R% 50—-
40
a0 |
20 -\,\f\
10—-
0 -, ; : . .
200 400 600 800 1000
nm
B 4-18 *£F &2 e T2 SBiaasFits
2027 before |
120min
T B~ T i
-0.2 olo 0.2 0.4 0.6y
-0.02 -
—_ d _/
1(A/em™)
-0.04 -
B 419 $£F C8E A B T2 ABRTH TR-TIAH




R%

B 420 2 iFiz T £ 3 (V452 X B E2 XE5

0.04

0.02

100 4

1000rpm
2000rpm
poly-Si solar cell

T T T T 1
200 400 600 800 1000

[Ty

CRE R

—_—with ZNO
without antireflection
= 1
o6V

¥ T
(0] 0.2 0.4

Bl 4-21 S EF V42 e FE2 T T &R-7 i B(1000rpm)

0.04 4

0.02 —+

— with Zn0O
— without antireflection

-0.02

004

0.6 V

I(Afem?) |

Bl 4-22 £ F 42 K2 F2 SHi T T/R-7/mH(2000rpm)



100

4000rpm
5000rpm
i poly-Si sclar cell
60 -
R%
40

P—

0

T ¥ T T T T T T 1
200 400 600 800 1000

M423 AR EE TS EF B FREFLIBA DA F T

0.04

— with ZNnO
without antireflection

06 V

-0.02 4

Bl 4-24 S EF V42 ke E2 a7 # T R-7 i EBI(4000rpm)

0.04

with ZnO
without antireflection
0.02 —
0-80 T o T 1
olo 0.2 0.4 0.6V
-0.02
-0.04 -
I(A/em?) |

Bl 4-25 S EF V42 ke E2 a7 # T &R-7 i BI(5000rpm)

- 81 -



50 kV 10 pm  3000X  A+B

B AA256]

=1
o
=
Mmf
(2]

12000

2 pim

AAZSE? SO KV

SEM R]

+ -
=~ T

7
~

o

»
N

7

> A
T

26 #-F i

i 4

-82 -



Imn snay, o Aan o

515 E 8P A W) % 500 ~ 700 ~ 1000nm =FE ] B2

e
ANTT SOEY AN Seeemaen s iy AAITS ARV DS SN ain  owine - —

[ — 2 [ ]
05 SO0 AvE 20000504 sok ) ¢ AN2BSORY  BSwm SO0 AGD_ 2008/0

B 4-28 F#p 700nm @355 4 KOH 4% %] Imin ~ 2min ~ 3min 2. SEM B]

Digital Instruments NanoScope

scan size 5.000 pm
Scan rate 0.7016 Hz
Number of samples 256
Image Data Height
Data scale 300.0 nm
Engage X Pos -19783.4 um

Engage Y Pos -42151.3 um

@ view angle
-;f:- Tight angle

* 1.000 pm/div
z 300.000 nm/div

20090407. 000

- 83 -



nm

200

-200
I

|
0 2.00 4.00

DC
20090413b.002

nm

Lo

b

it

=

=4 |

(] 2.50
um

D
20090407 . 000

Section Analysis

Spectrum

Center Line

Section Analysis

Spectrum

la 718.75 rm

RMS 52.024 nm

1c DC

Rallcy 41.908 nm

Rmax 149.99 nm

Rz 149.99 nm

Rz Cnt 2

Radius 466,97 nm

Sigma 11.741 nm
Surface distance 427.16 nm
Horiz distance(L) 375.00 nm
Vert distance 144.32 nm

Angle

Surface distance
Horiz distance
vert distance
Angle

Spectral period
Spectral freqg
Spectral RMS amp

£ 1 ot

823.03 nm

T1B.75 nm
7.767 nm
0.619 °
DE

0 fum
77.404 nm

L f03.13 nm

RMS 106.47 nm

e DC

rRaClcy 70,950 nm

Rmax 408.29 nm

Rz 397.25 nm

Rz Cnt 2

rRadius  344.14 nm

S9gma 21.211 nm
surface distance 555.90 nm
Horiz distance(L) 312.50 nm
Vert distance 328.24 nm
Angle 46.408 ©
Surface distance 1.132 um
Horiz distance 703.13 nm
Vert distance 8.106 nm
Angle 0.660 ©
Spectral period DC
Spectral freq 0 Spm
Spectral RMS amp 96265 nm

B 4-29 it 700nm B2 54 KOH 4 %] Imin ~ 3min 2. AFM ]




F# 1500nm Lé:—ﬁ’;% %] 2min ~ 3min 7 SEM ]

B/ 4-30 5

W.GDGOGUCGG$
cEisiaislalsisisisinle.

2min ~ 3min =7 SEM ]

JCS R

7
~

Bl 4-31 % & ¥ 1000nm

-85 -



_ ) —
U7 AA2531 SOKV _ lpm  20000X  A+B 20090604 & i AAZI9Z SOKV 05 um  SO000K  A4R  2009/04/14

Bl 4-32 5 & 500nm 2. %44 %] 1.5min ~ 3min 7 SEM §]

0.20 +

1500nm
1000nm
700nm
500Nnm
0.15 -
R o104
0.05 -
0.00 |
T T T T T T 1
300 400 500 600 700 800 900 1000

nm

Bl 4-33 7 & g4 %] 2min 2 & S5

Zmin
3min
R 005
0.00 T T T T T T J
300 400 500 600 700 800 900 1000

nm

Bl 4-34 iF P 1500nm 7 fe 4 %) pr F 2. F &5

- 86 -



0.10 §

—_—2min
— 3min

R 0.054

0.00 -

T T T T T 1
300 400 500 600 700 800 900 1000

Bl 4-35 FE 1000nm 7 [ 48 %) FF R 2. B g

0.10 e
—d4min
——5min
- M/
0.00 . r . T » T " ; . : . Y . .
300 400 500 600 700 800 200 1000

Bl 4-36 i3 700nm # Fe 4 3| PR 2 F Bk

0.30 -
—_—1min
—2min
0.25 3mn
0.20 A

R 0154

0.10 o

%

0.05

0.00

T T T T T T T T T T T T 1
300 400 500 600 700 800 200 1000

Bl 4-37 3P 500nm 7 fe 4 3| PERF 2. F Bk

_87-



l)ressnring

imprinting cooling

PMMA
spin coating

mald separating

thealing

—
| AAZSER 50KV 2um_ 10000X__A+E 2009/06/11

Bl 4-39 ¥ 1500nm 14 () (b)) e 2 PMMA %2 SEM ]

nm Section Analysis
2
S
4 | 1.5
‘ RMS 106
a(le) 9 mm
-
m
m
=] Tu m
= igma 1 nm
i | [ [ [
0 2.5 5.0 T 10.0
pm T ™ 368 T
sSurface distance BEE.75 nm
' Spectrum Horiz distance{l) 781.25 nm
vert distance 293,94 nm

Angle

20.619 °

distance 1

m

Surface distance
Horiz distance
vart distance

Angle
Spectral peried oc

oc Min Spectral freg 0 /pm
Spectral RMS amp 150.11 nm

Bl 4-40 ¥4 1500nm # £ 42 AFM Ml

- 88 -



¥ 2,000 pm/div
2 400.000 nm/div

#l 4-41 ¥ 1500nm # & sz 42 AFM = 48 B

nm Section Analysis
8- (c)

—
20
- m 24. m
= |
D 3 2B 5.0 Foa 10.0
T Surface distance 627.97 nm
Spectrum Horiz distance{l) 546.88 nm
Vert distance 253.50 nm
‘ Angle 24.870 ©
surface dizstance 1.143 pm
Har 1.016 4
stance 9.61
Angle 0.542 °©
Surface distance
Horiz distance
vert distance
Angle
Spectral period pC
oC Min Spectral fregqg O fum
Spectral RMS amp 71.894 nm

B 4-42 ¥ 1000nm(a)t-45 (b)i & 2. SEM B4 % (c)# & 2. AFM ]

-89 -



X:0.27um g - 2
¥:0,260m o . [0 il
D-0.3 7um| . : (0.5 1umi S

P i i
AA2143 SO KV 0.5 um __ 50000X  A+B 2009/04/06

CUrsor Spectrum
nim Section Analysis
()
;| (©)
L 703.13 nm
RMS 80.587 nm
1= DC
RaClc) 67.440 nm
2 Rmax 265.51 nm
Rz 265.51 nm
Rz €nt 2
Radius  314.10 nm
o S9gma 37.136 nm
o
Vo 2.5 5.0 7.5 10.0
pm :
surface distance 455,32 nm
Spectrum Horiz distance(lL) 351.56 nm
v vert distance 259.16 nm
Angle U |
Surface distance B70.18 nm
Horiz distance F03.13 rm
vert distance 10.667 rm
Angle Q.869 °
surface distance
Horiz distance
vert distance
Angle
i g Spectral period DC
oe . a Min Spectral freg O /um
200nm. 007 Spectral RMS amp 62.471 nm

B 4-43 @ 700nm(a)fix (b)#E & 2. SEM B2 2 ()i & 2. AFM

-90 -



AA2192 50KV O.5um  50000%

nm

100

-100

2009/04/14

2.50
pm

500nm. 008

B 4-44

Section Analysis

Spectrum

D

-91 -

L 507.81 nm
RMS 54.509 nm
-] ilal
RaClc) 48.073 nm
Rmax 155.86 nm
Rz 155.86 nm
Rz €nt 2
Radius  247.54 nm
S9gma 13.687 nm
surface distance 320.33 nm
Horiz distancell) 253.91 nm
vert distance 184.42 rm
Angle R
Surface distance 614.99 nm
Horiz distance 507.81 rm
vert distance 1.168 nm
Angle [ 5
surface distance
Horiz distance
vert distance
Angle
Spectral period DC
Spectral freg O /um
Spectral RMS amp 45,728 nm

500nm(a)tiix (b)#E &7 2. SEM ] /4 % (¢)#& B 2

AFM ]




0.65

0.60 -
0.65- 500nm
0.50 — 700nm
0.45 1000nm
E 1500nm
0.40
R 0351
0.30 -
0.25
0.20
0.15 ] /¥ Sty
0.10 - /
0.05
i
0.00 ¥ T ¥ T T v T x T T J 1
300 400 500 600 700 800 200 1000

Bl 4-45 7 o T enff br B2 Koo

B 4-46

0.04 — : ; >
— Without antireflection
—— with PMMA film
0.02
[aWalal , ' . :
olo 0.2 0.4 06V
0,02 -
-0.04
-0.06 - I(A/cmz)
PEAHEH 1500nm B H 59 PMMA #3402 By £ T R-%

-92 -



$1% B

A A LA B — A %‘f,g,&,ﬁé&{iib%éﬁﬁ_’;ﬁgﬁ
FEEEST BRI 2R PE G A e T - 25 0 Fd T
R 2 RN ey b e P WA £ E K B £ FL 4

FORE R S FRE A A R e 1T AR E A g f B
D hE BT i g1t BRSO S MA

P AT -

5-1 F it 4e% o bt 7

P d Hd R L BN R SRR ¥ LR kR L2
’;%—E} Eﬁlkﬁj%‘i‘ﬂ]ﬁﬁﬁﬁ7’3—‘5”"%?'&_};&2‘/{%0@]5_15%7} , =

R

PR ATE Sy AR ORI A 0 B P R SR REFE T K

F]'/—

Bl B0 40 A P8 LPE A F b § B RT

~

AEOB00MM)+ § 48 ok - 3 S

o
ey
-
oy

5 4L F 00 IT L FuR B
éslm%j"fl’ p%%—%d\;—g\%"gaﬁazjkr%«e?‘

&
¥
g

T I ety

Fok SR s A R TR IR By b ahL oo %ﬁd FRTY ST

R S LT B T R AP 9123.1%(104>12.8%) Ak ¥ ¢

-93 .-



B gz K23 e e EDIERTE R o f o

@ EFLE bk A AoTE R i o BANA 0 L T o TN F 43

i,

FHPLE R~ A6 A B PREF S S F B L LT

CEECAS gﬁ;;r;fgfqﬁ,ﬁi °

—Si3N4
Zn0O-120min

Zn0O-180min
Zn0O-240min

BlS-1 2E5 B2 AHYFAFEE S AP ABALTH Lo i F O F

F SR 2 F R

-94 -



Foer fI* T+ AR 2] W QAR AR R N B Fd ot
SR S BABRPER  2 2 T Ar Bk £ 300~1000nm K F 5 A
e o BREPEARY > d 0 WAOREE G RS A 353 DAL - BOR
Er 587 AL ok I R B F e F SRR B e o JEd R
B N gue s S H OB HEEr T PMMA § A3 50 0 £0 § fdi i
FoF prcdk > 287 B 3K RSO PMMA ok S e A o il Ak
FOERES S KB SRR R A G 0 FE R F S5 kg T
A £ 130%(10.4>13.5%) o d 3P B P FR* phrfen 3L TR R AL o
G FE G AN FAC IR BREELY DE TR AR AT AT
(HFemcd o Tobo BER A Gt N3 &% MH e B2 A

TRk AP SR LAOFTHR S o

-95.



[1]
2]
[3]
[4]
[5]
[6]
[7]
[&]
[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

7

L &

L.L. Kazmerski,“Solar photovoltaics R&D at the tipping point: A 2005
technology overview”, Journal of Electron Spectroscopy and Related
Phenomena 150 (2006) 105—135.

W.Hoagland et al., “Solar energy”, Sci.Amer, Vol.273, pp.170-173, 1995.

M. A. Green, K. Emery, D. L. King, Y. Ishikawa, and W. Warta, Prog.
Photovoltaics 14, 455 (2006).

S.M.Sze et al., “Semiconductor Device Physics and tehnology”, 2"
edition,John Wiley & Sons. Inc., New York,1981.

FARF AR ek S BT S PR ik TR ALY, B
Pl (&= 57 #) (2005),701-719.

Chih-Hung Sun et al., “Broadband moth-eye antireflection coatings on
silicon”, Appl. Phys. Lett. 92, 061112 (2008).

Frank L. Pedrotti, INTRODUCTION TO OPTICS, Second Edition, 1993.
TP FER R B B RS 1 RA(1999) pp.37-41
TECFRAR SR SR R I R F 8 282 )
(2009) pp.71.

A ¥, 0+ e i LI R B E SRR B PR
¥ 323k (2007) pp.27.

Kenji Sogo et al., “Reproduction of fine structures by nanocasting
lithography” Microelectron. Eng. 84 (2007) 909-911.

Brian G. Prevo et al., “Convective Assembly of Antireflective Silica
Coatings with controlled Thickness and Refractive Index”. Chem. Mater.
2005, 17, 3642-3651.

K Hadob as et al., “Reflection properties of nanostructure-arrayed silicon
surfaces”, Nanotechnology 11 (2000) 161-164.

Y C Chang et al., “Design and fabrication of a nanostructured surface
combining antireflective and enhanced-hydrophobic effects”,
Nanotechnology 18 (2007) 285303.

Yoshiaski KANAMORI et al., “Broadband Antireflection Gratings for
Glass Substrates Fabricated by Fast Atom Beam Etching”, Jpn. J. Appl.
Phys. Vol.39 (2000) pp.735-737.

Gong-Ru Lin et al., “ Low refractive index Si nanopillars on Si substrate”,
Appl. Phys. Lett. 90, 181923 (2007).

Sen Wang et al., “Simple lithographic approach for subwavelength
structure antireflection”, Appl. Phys. Lett. 91, 061105 (2007).

Karen Forberich et al. “Performance improvement of organic solar cells

-96 -



[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

with moth eye anti-reflection coating”, Thin Solid Films 516 (2008)
7167-7170.

Chih-Hung Sun et al., “Templated fabrication of large area subwavelength
antireflection gratings on silicon”, Appl. Phys. Lett. 91, 231105 (2007).
Chia-Jen Ting et al., “Low cost fabrication of the large-area anti-reflection
films from polymer by nanoimprint/hot-embossing technology”,
Nanotechnology 19 (2008) 205301.

Chia-Tien Wu et al., “Self-organized tantalum oxide nanopyramidal arrays
for antireflective structure”, Appl. Phys. Lett. 90, 171911 (2007).

Peng Jiang et al., “Two-dimensional nonclose-packed colloidal crystals
formed by spincoating”, Appl. Phys. Lett. 89, 011908 (2006).

Yun-Ju Lee et al., “ZnO Nanostructures as Efficient Antireflection Layers
in Solar Cells”, Nano Lett. Vol. 8 No.5 1501-1505 (2008).

M. Krunks et al., “Nanostructured solar cell based on spray pyrolysis
deposited ZnO nanorod array”, Solar Energy Materials & Solar Cells 92
(2008) 1016-1019.

Hong-Yang Chen Thesis, “Hybrid ZnO nanorods array /polymer
nanojunction photovoltaic solar cells”, National Chiao Tung University.
T. J. Boyle et al., “Precursor structural influences on the final ZnO
nanoparticle morphology from a novel family of structurally characterized
zinc alkoxy alkyl precursors”, Chem. Mater., 2004, 16, 3279-3288.

L. E. Greene et al., “General route to vertical ZnO nanowire arrays using
textured ZnO seeds”, Nano Lett., 2005, 5, 1231.

K. Govender et al., “Understanding the factors that govern the deposition
and morphology of thin films of ZnO from aqueous solution”, Mater.
Chem., 2004, 14, 2575.

R. W. Nosker et al., “Madelung Constants Near Principal Nonpolar Faces
of Wurtzite and Zincblende Crystals”, Surf. Sci., 1970, 19, 291.

L. Spanhel, M. et al., “Semiconductor clusters in the sol-gel process:
quantized aggregation, gelation, and crystal growth in concentrated zinc
oxide colloids”, J. Am. Chem. Soc., 1991, 113, 2826.

C. Pacholski et al., “Self-assembly of ZnO: From nanodots, to nanorods”,
Angew. Chem. Int. Ed., 2002, 41, 1188.

B. Liu, H. C. Zeng, “Room temperature solution synthesis of
monodispersed single-crystalline ZnO nanorods and derived hierarchical
nanostructures”, Langmuir, 2004, 20, 4196.

L. Vayssieres et al., “Purpose-built anisotropic metal oxide material: 3D
highly oriented microrod array of ZnO”, J. Phys. Chem. B., 2001, 105,

-97 -



[34]
[35]
[36]
[37]
[38]
[39]

[40]

3350.

L. Vayssieres et al., “Three-dimensional array of highly oriented
crystalline ZnO microtubes”, Chem. Mater., 2001, 13, 4395.

S. Yamabi, H Imai, “Growth conditions for wurtzite zinc oxide films in
aqueous solutions”, J. Mater. Chem., 2002, 12, 3773-3778.

L. E. Greene, M. Law, J. Goldberger, F. Kim, J. C. Johnson, Y. Zhang, R.
J. Saykally, P. Yang, Angew. Chem. Int. Ed., 2003, 42, 3031.

L. E. Greene et al., “General route to vertical ZnO nanowire arrays using
textured ZnO seeds”, Nano Lett., 2005, 5, 1231.

Q. Li, V. Kumar, Y. Li, H. Zhang, T. J. Marks, R. P. H. Chang, Chem.
Mater., 2005, 17, 1001.

Y. Tak, K. Yong, “Controlled growth of well-aligned ZnO nanorod array
using a novel solution method”, J. Phys. Chem. B., 2005, 109, 19263.
Zeyan Wang et al., “Growth of high transmittance vertical aligned ZnO
nanorod arrays with polyvinyl alcohol by hydrothermal method”, Mat.
Lett. 63 (2009) 130-132.

Huimin Gao et al., “The effect of growth conditions on the properties of
Zn0O nanorod dye-sensitized solar cells”, Materials Research Bulletin 43
(2008) 3345-3351.

Min Guo et al., Journal of Solid State Chemistry 178 (2005) 3210-3215.

Kazuko Takanezawa et al., J. Phys. Chem. C 2007, 111, 7218-7223.

Mo i & F % K E e eE B IR, 81 E 22 35(2005)pp.36.

Chuan-Yi Chan Thesis, “Application for Large-Scaled Flexible Organic
Lignt Emitting Displays”, National Cheng Kung University.

http://www.itrs.net/, International Technology Roadmap for

Semiconductors website.

Stephen Y. Chou et al., “Imprint of sub-25 nm vias and trenches in
polymers”, Appl. Phys. Lett. Vol.67(21),pp3114-3116,1995.

Stephen Y. Chou et al., “Sub-10 nm imprint lithography and applications”,
J.Vac.Technol.B15,2897(1997).

M. Colburn et al., “Step and flash imprint lithography: A new approach to
high-resolution patterning”, Proc. of SPIE, Vol.3676, pp.379, 1999.

Y. Xia, G. M. Whitesides, Angew. Chem. Int. Vol.37, pp.550-575, 1998.

Stephen Y. Chou Chris Keimel & Jian Gu,, “Ultrafast and direct imprint
of nanostructures in silicon”, Nature Vol.417, pp835 - 837, 2002.

Xiaogan Liang , Wei Zhang, Mingtao Li, Qiangfe1 Xia, Wei Wu,
Haixiong Ge, Xinyu Huang, Stephen Y. Chou, Nano Lett. Vol.5, No.3,
pp527-530, 2005.

-98 -



[53] Stephen Y. Chou Chris Keimel & Jian Gu., “Ultrafast and direct imprint of
nanostructures in silicon”, Nature Vol.417, pp835 - 837, 2002.

[54] M. Colburn, et al., “Step and flash imprint lithography: A new approach
to high-resolution patterning” , Proc. of SPIE, Vol.3676, pp.379, 1999.

[55] X Cheng et al., “A combined-nanoimprint-and-photolithography
patterning technique”, Microelectron.Eng.71.277 (2004).

[56] X Cheng et al., “One-step lithography for various size patterns with a
hybrid mask-mold”, Microelectron.Eng.71.288 (2004).

[57] ELS-7500EX TFE Electron Beam Lithography System
InstrumentManual, ELIONIX Inc.

[58] Peter Van Zant, Microchip Fabrication : a practical guide to
semiconductor processing, 4™ ed.

[59] C.M. Yang et al.“ Textured Structure Optimization of Crystalline Silicon
Solar Cells Using Ray-Tracing Simulation and Anisotropic Etching
Techniques”, Journal of Materials Science and Engineering, Vol. 38, No. 4,
PP. 201-205 (2006).

[60] Zih Han Liou Thesis, Development of nanoimprint techniques and their
applications with a home-made nanoimprintor, National Chiao Tung
University.

[61] Y.Kanamori, E.Roy, Y.Chen, “Antireflection sub-wavelength gratings
fabricated by spin-coating replication”, Microelectron. Eng. 78-79 (2005)
287-293.

-99 -



