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Electro-Optical Performanges and Morphology
Analysis of Photo-Aligned VA Cell for
Reactive LC Monomers
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Abstract

Photopolymerization-induced phase separation (photo-PIPS) is a
phenomenon in which the liquid crystal (LC)/polymer composites are
separated by a reactive monomer containing acrylate groups on both sides
under ultraviolet (UV) irradiation. In order to reach better results, we
changed substituent group on rigid core. For -electro-optical
characteristics, such as V-T curves, response time and contrast ratio, we
were trying to make more exact dates. For surface morphologies, we
used SEM surface analytical instrument as test cell was realized. Among
these results, we suggested that the monomer structure play a important
role between E-O performances and morphology.

Monomer STDO02 shows, fastest response time, and monomer M3
exhibits slowest one. As-a result for roughness, it’s the same with
response time. From SEM photograph, the beadlike morphology was
obtained from monomers without spacers. On the other hand, the
filberlike morphology was obtained from monomers with spacers. It’s
suggested that the more harder structure will lead to the former, and the

more softer structure will lead to the latter.
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FHAT — H2 R AE
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EEMAR S DA RERIMELE S F LT RETS

DA AL AR g P AR T R WuS T £ B gk
AR T A e e FRII A MR LY curing B A HH
HW2 e Ry F- T a B+~ 47 572 ki curing i

B4 H50°CH s B hog v ol

Rg

BTHAH SRS

3 2000:1°" o
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2000 1 . =
16004

1200 .

Contrast Ratio

800

.
=
=]
I
[ ]

F—

=]
L

30 40 50 60 TO 80
Cure Temperature, C

P
=]

]+ ~ ~ Curing & %+ Contrast Ratio # ]

F_k

@%ﬂjﬁﬂcmMgﬁﬁ&ﬁ%@ﬂ%@?@%@4i’%
FEA AR T F LG i (Black State) mEH TR § G AT
G0 R FILEE AR A domain Size ¢ %+ BX collection
angle + ¢ #%< > 4 8 B 50 “’CV:% éﬁ‘-’—‘% ¥ > collection angle ¢ 57

SRR SRR BT RART S -

1.0
o]
=
E (1.5 4
E
£ 0.5
[ ]
=
T 0.4
—
=
£ 0.2
=
=
Fa 5
0.0 LY A= ..
6 2 4 6 B8 10 12

YVal Lage, Yoims

B4 ~d&smd 23+ A4 % 5:70°C,50°C,32°C,23°C
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goob o $HA P EHER R E TR S L D E AR R

1.0

0.8

0.6

0.4

0.2

Mormalized Transmittance

0.0

o 2z 4 & & 10
Yaoltage, Vg,
Bl=+ ~d 23 kR A5 5:2%, 3%, 4%, 5%, 6%
Chen™ % 4 3+ 2006 & "Japeir'lre'se.‘rJournal of Applied Physics
LRI S R R A ﬁTo > J&E,ﬁi?ﬁ_' rPoiymer-Aligned Liquid-Crystal
Pi Cell ¥ ’Splay-to-Bend'TransitivonVi feht & /& (Critical Voltage) €

¥ A ocring RBD %> TR - 77 0 #4r curing voltage

¥ q & critical voltage "% {5 o

Monomer-A-doped cells

Cntical Voltage (V)

Curing Voltages (\/)

Bl= + - ~:x% curing voltage ¥ iah T B2 ¥ H
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1.7T =3 &

2T )% Z_jE 72 ﬁorav;}i,ﬁtrﬂ\’f i (rubblng) P ‘i
Ry el a0 PFE G A RN A A P2 B KA SR

ZRL R - RS e HNEN ERew 353 0 MG 2 &

Frax e o@d tERFBIRBG ST FE2LEH e B
(Non-Contacting Alignment Technology) 7 % & o P & fren S fazt

Ffd 3\ pe P> ¢ 4%k fe w (Photo-Alignment) ~ 3+ § fe» (lon-Beam
Alignement) ~ Langmuir-Blodgett (LB) 2%, ¥ 4L 7 48 (Oblique Evaporation)
o 29 x ke 2 ROVl AR S Mkt £ oo gtz 21 UV
RPN RM G WA REL GG Ao R o 2a A
B O R LERT V- FY Ny SOPETE e o
2o fa o I F RAR S EWES LR HR S % bk RS T T
» W F|EE flew 2 P oo

PEET R R K BRSSP EERL 0 E
R ® AR M A EFRAS R E LR B LI F R
m-m  interaction b " MZLE X B hd RS Z KFTPEFE LG A
FRFALZESHE G M2 0 BRI 2 few il koo ~ 24k

ekt AL 45 1R FI 2 o
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2.1

ot 2

e

1. E % %% (Vacuum Line & Schlenk Line)
2. i % &g pcdk (Polarized Optical Microscope)
3|5 : LEICA DMLP

U R BE AL L A B Rk B 4 b Mettler FP900 22 FP82HT i &

2 BEE O BRBZRE ARSI KRR Fi oo T 4
HEHRSETEFRHETE LR SAPEFERARFR - 7T iRk

* F & polarizer » } sk ¥ HL 5 analyzer > Tk F & 5 90°
3. W kR RE
A5 ¢ CL-1000L
B S5 2 8 AR ig?l AR R w115 K360
#0/07 %0 A REE S 365 nm o § kiR F 12.7x30.5x25.4
cm e
4, k # ZF % B2+ (Optical Power Meter)
4] 55 © Newport 1830-c
5. ZR A4 2 B (Function Generation)
A 5 ¢ GW GFG-813
6. #cimm A B (Digital Oscilloscope)

A g, Tektronix TDS 301213
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3

% % T % (He-Ne Laser)

3] 5. ¢ HPA20H10M
9. SEM (Scanning Electron Microscope)
Al 5. : JEOL JSM6700F
FhLITRKEATNREEZTRPE > U1 e FS (4
32 frEsrdi k2. £+ & (Electron Beam) “ug kiR S EEF T R
Bz 03584 10 pum~50spm < -z gLk R 0 AR 4eiE TR
(02KV~40KV) enit* T o g 293 3B TREE /TS g 5
KE FASRERSTFIRABOREAF LA T Y QP AE 7D
BV LR R B
10. AFM (Atomic Force Microscope)
4] 85 : Nanoscope 111 D3100A
1% FR e 8 RBRFEESERETAG Foni AT 0T
FoRBRF - BEFZIMEHPORTLEIFS T BHFSERER
Gokw gy (R T S B0 P R4 2 v e R RE
PEf RS T Ak BT R - R (9 100 m) . B

Lo P F- gL AR IV EFER S LA HER D
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T Bl Ea el N EEA G Foa T * ahhdEs N (Tapping
Mode) > #E# ;Y AFM 72 £ (304 N e i 2 oo 4R
B h oz > b EHIRERAZAN) > n - rdFH P
A Gdm f Aot A G B - S RS g d e
FRAERSL > FEFAEES S 5 1 10 nm;® g0 v oo

B 2R 1

¥

il

$y

g o LRSS A S RS R X AR
Ao d MBMIRFDRE JHRA NSO S 0 FEELT
ve X 3F 0 M RO & PR &E T A € 8 T ALK d Y AFM B
3 R BT R 2R 8 RN RO (Roughness) B2 L% &
BHFLHERLE L Fgs STEM #fe 2 /4 mm = A <+
kg A RE S B K HAESHPEEL 2 5 ST Fa i

E* AR F RRCRERE K B X2 KRR LHIND

F_&

PR

VRS S S Tk

2.2 FF EIAR

F% § AR d (ne= 1560, n, = 1.4775, Ae<0) #-H 3 %
vertical alignment test cell (4 domains) ¥ /3 » £ 3Fchkx ALK & H
W ERLA ALY 03% M3 E T > NEE test cell %’%‘é L

Mo ¥ testcell HAp o BFTRE UV REHT 51 o
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SREx et E RIL R

!

FHFURIEE T ~ FEER—ER

1

LASEm St Ee- 31 L-#ah cell-E 5L gk
5l ~ EETEIR 1~ 2R ERE

1

St SRl - AR chl B AlE 4R
Output ; SR — MR a2 Dl s
T TRIEES ch2 BEE SH{EEIEE

.

HREIEEEE » e T — G R {

FERFEIESE Vpp ALREERE |
BRI .25V FRhE S
RADEEE

L > BRI SRR
B R

N /

E%ﬁﬁrﬁ%%ﬁﬁ%=]
EEBE

[

gt

{%ﬂ%u@i’%—ﬁ?AF MEJ

SEMAgEREES H

Blot=- ~ kB RBEXZ E PR
LRBITRERE D LREFEHAY L3 T H TSV ¥ REITE

BA G 2030°C 2 - B Afs s TEARELE LT > B

-29._




KB REBEREAT U AR REFREP eB - L Hw0oa UV
Bk 3 BlAcE - L = rT o

UV saource

:D

ﬂﬁﬂﬁﬂﬁ

—
= \§ubstrate
////’/ ~ ITO
e — Vertical alignment

Monomer

/%— — Vertical alignment
Liquid crystal * EE———— 1

Substrate

BRI S B A fad o testeell 1A B 5 - H =
Pend B0 BREREFEIFINDEELTAF AH YA iR
ZF?’FF"EEE‘*:F'& 100 7f/}~ 300 f/mJO F*%‘rﬂdfiw Kﬁr NN P?'Ff‘

KEERFT ISR LT AR o  RRREERXIR - L2 o
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Palarier test cell Folarier

He-Me Laser photadiods

Dhgatael Oscilloscop

Arhitrary Wiveform

Power Amplifier
Lreneralor

SE— —> o)
000 O Qe s

= man S T RE T L B

M e testcell b ¢hdrap b BAR IR AL B &3 testcell & #
kB Za4pdd 90° § S RREEH L R B 25~30 cm > B F
TRk £ %k ER V-T curve ~ contrast ratio % response time °
i testcell ¥ BB B YTk A RS Taok T F g o fFk
THFZRSEAE 2 WHIA testcell » i e Pl e
FERAZFARTORH REFURTARTIBZRTN A4 4
ARNEZEBPET S I N ERD TR AFM
2 SEM 43 ¥ 975 & g do B P nhdp B AT 404 HEE 7 H 50 4 6

2z L=

AR e kR SR E ) SR AR P2 R EAFRPRT L

TR 2 AR & R K5 B2 Pl % o
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2.3 F RIEMAH

AR ST hF RAEMY S AUO 27 RiE SR ET
PR E Y o HM SR oA F AT E Y RS A
(Aacrylate Group) ° * #& *F ¥ *= 48 £ (Spacer) » ® R A £ 3% i»

(Mesogenic Group) ™ ¥k A & A A4 > ol L1 > ¥ {32

reactive group reactive group

w
(R B

spacer mesogenic group spacer

DEEEENS ST

Bl- Lt 5 A9 %orie* cnHE g T AUOEK) s T f
HAD R peemf o AE " RS A i ERLY a3
it LRHRAL pRECER (T MR- 2> A xR

EARA BLEEALY o € F RSB o PRI AS > ML
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M2~ M3~STDO3 5]% ¥R g gt sty as e

STDO2 & ¥ s & Apwhei» “r0t ERE S AL T 5 o

F
o o
Yo Hete M
2-Methyl-acrylic acid 2-fluoro-4'-(2-methyl-acryloyloxy)-
biphenyl-4-yl ester

S ol HL)ol4 w2

2-Methyl-acrylic acid 2-methyl-4'-(2-methyl-acryloyloxy)-
biphenyl-4-yl ester

rTofmaaio < |

2-Methyl-acrylic acid 2,2'-dimethyl-4'-(2-methyl-
acryloyloxy)-biphenyl-4-yl ester

” STDO2

b

2-Methyl-acrylic acid 6-(2-methyl-acryloyloxy)-naphthalen-2-yl ester

STDO3

o) rals

2-Methyl-acrylic acid 4'-(2-methyl-acryloyloxy)-biphenyl-4-yl ester

Bl- L2 s FRE Wt F N ]
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bR R ROE RS Ao - - o B 4o NL 2 N2 E
PORACRA T RS FREMET A g A+ LT R ]

AR PR AR T BH M O NL 2 N2 chx s $RE s

/ \
(@)
\—L(Hzc)eo O S O O(CHz)ej—// N2

9-(4-{5-[4-(7-Oxo0-non-8-enyloxy)-phenyl]-thiophen-2-yl}-phenoxy)-non-1-en-3-one

-
\OL(HZC)GO O O O ocHys |~ N1

9-[2-Fluoro-2'-methyl-4"-(7-oxo-non:8-enyloxy)-[1,14',1"|terphenyl-4-yloxy]-non-1-en-3-one

DR - - [ TR

=
=1
3

N1 BRI en s & fcan$d £ & > N2 BIRIRE 87 o ji
M1~M2~M3-STD02~STD03 %% > B~ &d 7 & (CH;) % & &
F+ (F) #3+8 »> ? Hepps @ M3 AT FA- 2 hAE > A
BRGETERB LT SR RBE LA 0" ARG HRRERE
% o e ? HBavAfEREEG R+ { 233N % 64 8 NL 2
N2 %g o = FoRDZEENL A o FREDBIA L > fe d 208 f ik
fvo B WS AR AR R B RRS M A0 L EBENRLBAY

Ferihfgit o BTHFHLME F oA § Kdeie?
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Pt N1 2 N2 2 gskiE 2 ~cell 2gA1(F2ApHEE)Z R Hagd] > 40T

05T UV %R % 365nm A& ~ S0 mW o

£ N1 2 N2 BAifmz o g ige

N1 or N2
LC type E7
Cell type Anti-parallel
Cell gap 9 um
Exposure time 100 s or 300 s
Concentration 1% or 3%
2.4 AIHES
| R T
Acetone Aldrich
Dichloromethane Fisher
Ethyl Acetate Janssen
n-Hexane Lancaster
Tetrahydrofuran TEDIA
¥ & % i
M1 Lab Hsu
M2 Lab Hsu
M3 Lab Hsu
STDO02 AUO
STDO03 AUO
N1 Lab Lin
N2 Lab Lin
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3.1 £ T E (Electro-Optical) 3
RTHHTAFEA R HE AL TR B FiE5 - B AT
iz 45 > voltage-transmittance ~ contrast ratio ~ response time o @ }* =t 3¥

v

BE R A B R - B SRR BT LA o

ot

BA R V-Teurve = 60 & 7 testcell chip| & % 2355 f B
B AMF f=1KHz> &3 4755 3 3k > #4352 RER
9 02503 Ve e M=+~ 5 ML 2 V-Tcurve B4 0 7 25 L4
7% B 10% PF o driving voltage %) 2.76 Vins» @ % T 5 B 90 % P >

driving voltage ) 6.28 Vs ©

1] —=—1st test cell
1.04| —e— 2nd test cell ".“l"“" sERDanBe
8 o
5
c
S 08 d
= i
(%]
]
xl_— 0.6 4 /
/
]
£ 0.4+ .
5 |
z ]
J
0.2 1
!
[
0.0 - lllllll./
T T T T T T T T T
2 0 2 4 6 8 10 12 14

Voltage V

S

Bt~ HH ML 3B RHHEFTRTH
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B -

voltage ¥ 2.84 Vs>

Vims ©

Bl= -+

- L

Y
1 &

Normalize Transmittance

g 7% AR 90 % PF oo driving voltage

J | —m—1st test cell '
P e 2nd test cell gupseamaRenBEOORaES
] ,'l'
J' '
0.8 .;o/
w®
/s
Y
0.6 .o
o
"
0.4 4.’
0.2 /.J
0.0 4 lllllll./
T T T T T T T T T
-2 0 2 4 6 8 10 12 14
Voltage V,___

B L4 EHM2JE R (TR E

= M3 2 V-Tcurye Bl& %4 2.4

7HE R 10% PF

voltage ) 2.70 Vs > @ § 73H B 90% P* > driving voltage

Vims ©

Normalize Transmittance

104 ::: ;Std test CEIIII ...-l--ln ssate EaEe

] nd test ce ':..g
0.8 'Il

’1
0.6 4 }/
0.4 l/
0.2+
0.0 - ssensus?®
T T T T T T T T T T T T T T T 1
-2 0 2 4 6 8 10 12 14
Voltage V
ms

Bl =

S ER M3 TSR ET R M

-38 -

M2 2. V-T curve Bl# > 2 55 & 10% PF > driving

% 6.46

» driving
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B=-+- 3% STD02 z V-Tcurve B4 > 25 % R 10% P > driving

voltage %) 2.69 Vs> @ % 7% & 90% PBF > driving voltage ¥ 6.40

Vv o
rms
1091 —m—1st test cell o20?
{| —e—2nd test cell o®
o 08 ,'/’
2 #’
8
€ 06+
g f
c
g f
E 0.4 /=
g J
o 0.24 /
z
0.0 sennnnn®
T T T T T T T T T T T
2 0 2 4 6 8 10 12 14
Voltage V -
IS

B=-- - 4 STD02 % &7 $t4k (v T B (T H]

B=-+= % STDO3 :» V-T curve Bl ¥ 5 L5 %5 R 10% PF

driving voltage % 2.82 Vi’ @ % 7% & 90% PF > driving voltage 4

6.36 Vins ©
. rms
104 | —m—1st testcell  aausussTIREIBEEE R
{| —®—2ndtestcell "
3 o
0.8
5 ' 4
|5
E 0.6 1
-
(&)
N
= 04
£
2
0.2
0.0 cussana®
T T T T T T T T T T
2 0 2 4 6 8 10 12 14
Voltage V
rms

&l =

L=~ H4f STDO3 ¥ & & iF T R ITH
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ot
e

72+ STDO02 ~ STDO3 ~ M1~ M2~ M3 thkil % % 4
PEoFLR N PEMEA ST S PERL R DT F AP

g~ =+ > d ¥ VA-mode cell A 7 PR s+ b2 48 344

—\\

h
"

(=

S+ T TR A BT SR S TR B
% B (Rubbing) 1= & » 7| B & chip § & 5 § @ % ji (Dark
State) { P A - B AR LA FAFT LIk - RhAF 8
Fhow 3 o - A SR F] > d 3 RAF % * i test cell

non-rubbing » #714 & fi & 65 fi kil B 8 s i 4R 4 B

|

_— _—

Monomers
UV exposure

POlyMErs «— —— —

VR (5 e K 7 L

L

i

Ju
I
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St b o V-Teurve snficdy » B2 T £ 0 2L H 2 3 iv g R

TER 10% %2 90% ¥ Ap v > EREARE T ¥ o

22 HMTERRENHREIR

sample STD02 | STDO3 M1 M2 M3

Tioo P > driving 2.69 2.82 2.76 2.34 2.70

voltage (Vims)

Tooy, F¥ » driving 6.40 6.36 6.28 6.46 6.84

voltage (Vims)

R A ThAaFs (e L mEs , (2¢) LFAR

kS e P AR P KRR BT £ % ePd DR S el

~ ’o

GaRRAEEAR R 22 (T 2% (Tg) = $06E » &7

P

Bl £ #7i¢ * e He-Ne laser beam A & 5 633 nm iz d ki > P
o S A U - B AP F oA L I fﬁfjﬁiﬁﬁ?ﬁ%“ AR Y B £

I8 4T A s testeell B OF A - H oo srpl i eniZ R AR 0L o ¥ B F

-F‘ser

ez Mg Rt 50 STD03>STD02>M3>M2>M1 -
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2w FEHWZPHHEAR

sample STDO02 | STDO03 M1 M2 M3
Bright State | 0.969 | 0.935 0.949 0.911 0.894
Dark State | 0.001 | 0.001 | 0.0014 0.0013 0.001
Ist C.R. 960:1 | 940:1 680:1 700:1 890:1
Bright State | 0.912 | 0.965 0.885 0.929 0.883
Dark State | 0.001 | 0.001 | 0.0013 0.0013 0.001
2nd C.R.A 910:1 | 960:1 680:1 710:1 880:1

“ Contrast Rratio f§ #f C.R.

RIZF R (tn) T AR TSR ALK
T BT o RIEEA BT A BES - 60 Hz eh Al > T
Al g eficst (2 Hz) % @Apdem = 0 5 Spd 35 0 low level A
Vpp = off FF > @ high level J-Vo, 5 on Kk > 5§% V,, EH 4
high level ¢ % % - low level P #R4FA R -

AM Modulation

/ High Level
|_|_|_|_ Low Level (H)

(L\) /’

=

60Hz square waveform

Bl= - w - 26470 LR
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BRE L A53K E 2 18 o rise time 2 decay time ¥ 3 BIE 0 £
J& 3| testcell 7 cellgap &_ 3.8 um > %15 cell gap #-] b % > %
fo A BT R Wty LT HRE REFER L & Ry ATt
FEREBSS TP B ERY L t, 5 P RRGRIE o

Bl=-17 5% ML cnk B i t,, Bl& > @ & 4V PP 5 test

cell HTI2EF B P t,, 9 8.17ms o

70 -
—a— 1st test cell

1| —®— 2nd test cell
60

50

ms

40 4

on’

30

20

10

' , ' , ' , '
3 4 Voltage Vrms 6 7

B2 -3~ A ML 2393 LR Vi # t ©H

?],:_'LI f% M2 E‘ﬁ};)%ﬂ?*ﬁ& ton g]%\ » M l’li_4VrmS B‘:‘*:r?’ 174 test

cell HTIEF B P ty, 9 829 ms o
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—a— 1st test cell
50 | —@— 2nd test cell

40

, ms

on

30

20

10

Volta?gevrms
@347 A E%-Q MZ Li:::,—% %Qr‘z@ Vrms }H' ton T/E‘EI

Bl=-t- 3% M3 ik B ton W% /A 4V, a5 test

cell T 3D1E F B P tyy ] 98.82'ms o

70 4

|| —®— 1st test cell
o0 —@— 2nd test cell /I

//

30

, Ms

on
(

20+

1 .
10 \n\. _—

Voltage V, __

Bl=+- ~HH M3 2353 RETE Voo i ty (FH
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DEEEN

test cell L =2

30

25

ms

20

on’

154

104

STDO02 E JuPEf t, B4 » @

—=— 1st test cell

1|—®— 2nd test cell

B4 Vs FFR 3

4 Bt ty, 9 643 ms e

Voltage V,__

Bl= - ~ > H4 STD02 2353498 B V. ¥ t,, (FH

Bl=-14 5 STDO3 =hr RERF t, B+ > o

test cell 7L 32iE 3

50 —
45
40
35

30

ms

25+

on’

20
15

10

B4 Vs FFR 5

Bt X653 ms °

|| —®— 1st test cell

—&— 2nd test cell

T T T T T
5 6 7

Voltage V__

S

Flz+4 > 4 STDO3 2352 {TR & Vo # t FH
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4
4

RN

B 5:STD02>STD03>M1>M2>M3> % i F # 4 Vi BF ty, "

FHegt o B ¥ voltage 3 4c >

BEL Lt SIS RUT TR L F PR

L1t 2

- v

70 -
65 -
60
55
50
45 ]
20
35

, ms
n

25 ]
20 ]
15
10 4
5]

p

Ble -~ 3 HR2 393 IR Vi # ton (]

Violtage, V =

Bofh g A g R 8

%7 > %E?ﬁ"‘?#”@é"" ’}g'ﬂa’.@ \/rmsﬁzf""'i tonfgﬁ’&

ton E‘-ﬁg]%\ %}’IEJ“: v}(\?ﬁ% L 5wy ,;? Ip ton E’-jq,fi‘_»lﬁul

>

12

>
\

2

sample ton (MS)

Vims STD02 | STD03 | M1 M2 M3
3.0 12.6 12.9 13.9 15.1 15.2
3.5 8.99 9.21 11.1 10.2 10.6
4.0 6.43 6.53 8.17 8.29 8.82
4.5 6.6 6.8 12.0 11.3 12.4
5.0 8.6 10.5 17.1 18.4 19.1
5.5 12.8 17.6 27.7 25.9 32.8
6.0 17.1 273 42.7 34.8 46.0
6.5 25.5 34.7 48.2 43.8 56.9
7.0 36.7 42.3 62.3 50.2 63.6
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Wohh B STDO2 2t odef @ M3 5 dlh > 7 il
Wk Bt EA STD02 4~ + S 715 ¥ ip g £
naphthalene 784> 2 #Z B k5 vk T 5 > pfa M3 & F B4 7
5?31@??#9@&‘[)1[)11611}’1 A ZHWIF kg2t T R

-

r - 3D ARG P P EFR I ECLRT AT AR

M AF|EH > e BEFRES LR > RO A TR D

(\L

n-m  interaction > *¥ M ALK& % 3 8- @ biphenyl {1t B FH I b

I naphthalene ’F#J A $ i%;mu f#hifi. biphenyl L & - *

~,
I I
J

Z [+ biphenyl #& naphthalenle 7 rn 5 %r'l il 5K P

naphthalene 5 FE#FEHET
Ble + - - biphenyl 2 naphthalene 4 3 4% ]
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=

FHMSW UV REg LB fen fpF - € FIEHMAL
SRR R PF AT L £ F RS R Y TS o
B ocell AT PF o R AFTETBRAFE LD MBER LS €8
BF RPFERF > FREV % STDO3-M2 2 M1 H A F RPFFRF 0

Fodbod 207 ARz PRESEL T & A M2 2 M3 I n®

e
e
A
4
3
pe
T,
-
;

ABpEIEE ML i 3 = b F PR
FEML B M2y d - BT ABS M2 P EA BT AE S
M3 jp¥t*t @iz mB X A STDO2 2 STDO3 #f& 9 2ms> @
RPN A BEDA) 2 3 A IS TR T 2ok PR Rl A
% : STD02>STD03 > M 13 ivi2> M3

P GEERIE L R T AR IBELRT R }fﬁﬁi*"ﬁ K FEE A ton __P"’f

F R R & T R R R ik AL EFERATIAT O ok > iE- &

5

Bkl BRI E a0 s T koa RMBLE o Lk - 3 sk
HERL > ERFIBABE o, ERFlHER D DR LT 2
FRBEFEH A R AT g g ARP- o (e d STAR R R TR
RHE TN - R AERNERT U A E RFERL - bk

B S0F fopERH TR I Bl L 1
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3.2 B A3 #i‘] 22 ke kB (roughness)4x 3
J* 30> & 4734 H 8 morphology % roughness FEd & ¥ 4 47
kAo T FHE WS RES A, A R ek R o AFM Rl £
i % data scale: 200 nm ; scan size: 5.00 um ; scan rate: 0.4 Hz - SEM
B £ vE i+ Ext. voltage: 15 kV ; emission current: 10 pA-Roughness ¢
AFM @€ # 3] » £.5 7 22 SEM a8 1) % 2. morphology #iisfie -
PHMMEERE LS, N2 5 &~ F 2 morphology ¥ & * /]?%J U4 p
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