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Abstract

In this study, the two types of the composites consisting of metal sulfides and
carbon were synthesized using the hydrothermal method and the as-synthesized
composites were used as the electrode materials for supercapacitors. In the first work,
the thin flakes of molybdenum disulfide were inserted on the surface of carbon hollow
spheres which were formed by the hydrothermal carbonization of D-glucose and
sodium dodecyl sulfate (SDS). This composite with the structure of hollow sphere can
be used as a cathode material for supercapacitors. The electrode can be operated in the
range from 0 to 0.45 V, and shows the specific capacitance of 483 F/g at 0.5 A/g
current density. Furthermore, the composite electrode shows a good cycling stability
at a high current density. At a current density of 8 A/g, the device retains 83% of its
initial capacitance after a consecutive 1000 cycles of galvanostatic charge—discharge.
To examine the capacitive performance of the composite electrode in a full-cell
configuration, an asymmetric supercapacitor device is fabricated by using the MoS;
composite as the cathode and reduced graphene oxide as the anode. The asymmetric
supercapacitor device can be operated reversibly from 0 to 1.5 V, and obtain a high
specific capacitance of 43.35 F/g at 1 A/g, which delivers a maximum energy density
of 13.84 Wh/kg at a power density of 630 W/kg. Furthermore, the asymmetric
supercapacitor retains 66.3% of its initial capacitance after a consecutive 5000 cycles
of galvanostatic charge-discharge at a current density of 4 A/g.

The second work involves the synthesis of the thin film consisting of the layered
vanadium disulfide (VS2) using the glucose-asssisted hydrothermal method. The use
of glucose in the hydrothermal synthesis may change the VS, structure from
flower-shape to layered structure. The VS, composite can be used as a cathode

material for supercapacitors. The electrode can be operated in the range from 0 ~ 0.45



V, and shows the specific capacitance of 427 F/g at 0.5 A/g current density.
Furthermore, the composite electrode shows a good cycling stability at a high current
density. At a current density of 4 A/g, the device retains 110 % of its initial

capacitance after a consecutive 1000 cycles of galvanostatic charge—discharge.

Key word: Supercapacitors, Molybdenum disulfide, Vanadium disulfide, Glucose,

Sodium dodecyl sulfate
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00 02 04 06 08 10 12 14 -200 150 -100 S0 © SO 100 150 200 T Separator
Voltage (V) Time (s) g
c C:nent c:ensify‘(A 9")z d>«'°° = AC on Ni foam
2 ” 3 3
—~ 10000 ~ 2% Spacer
> 100 & =
= e & e
= o .
E "8 o Spring
B 1000 5 - 4
§ T £ P
S g2 S Negative Case
g —t— Specic capacitance va Current consity 250 6 3
° o
o —-—E—..,m-y 'n-d-lly QO o
108 : ST 900 2000 4000 6000 8000 10000
Energy density (Wh kg") Cycle number

W 2-250-= § “4pllE R AR RT 5 BT LR B - () AHfenT
FEAFERARLE (D) 2 AHARETEI BN FTARAT A RTR () 2%
HPRETF BT ARAETHELNTZEE L ERAS# SR AR (d)

AHFARETFER 2AQ TIRAT HERARE LR -
2-6-3 = Frit 4p/§ 1 2 BT T &F

RARHEA T R Fh> N R Fi TR EF B
W RERAM L o AR BATRAF S N T g o I * - gt dp/y
PEGHF I REFFLIRETFBLIEE [ H e RS AN RET
EoW 2260 LAHFEARLETIE L 0~16VHT 2R F I FHE T D
TR W RE o HAFE Y 25mV/s PR R F 5 184F/g o Bl 2-26 (b) At
HERETF RO R TIRRAT A RTH P AHF LT F BT LT 16
V eh1 it B & 17kW/kg P24 23Wh/kg it & % & - B 2-26 (c) &t 2t

AR 5T 3 BV - 3 LED2 | Alp e s o %0
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—2 MOS:IGOIGO device
@ |

g 1.6

< 1-

é S 12

2 %

c £ os

i o

£ 2

g 04

524

(8] ——150 mVs" 0.0

0.0 0.5 1.0 1.5 e 500 1000 1500
Voltage (V) Time (sec)

W 2-26 = fri-4p/F T EGINF R EGZAHERETFRT CEEH @)
AHFAIRET FEORRARLIE > () AHFARETEF BT R TIGAT

R R (C) HARFRETF BT SR -3 LEDZ ] Ak LR P -

35



PR RRBENHNZ
31 R WA

AL F - REF AR EY TR BEFTLE R
R st THREPTL A BHI F- HFJIF RRZFEIRTHRHTF
W2 o mA R R ) TRk Sk it de p w0 Tk
%ﬁ%$:EN%W%iyﬁﬁ€ﬂiﬁ°ﬁﬁtﬂﬁﬁiﬁi—ﬁ%%g$ﬂ;
FEigp A RIIRAT £ ¢ 5 AL *ﬁﬁ%ﬁ%iﬁ%:ib%(mmF)
22 N-7 fetet ik i3 A NMP )R p% i B STE RS I S RCE I

TERE e W 315 A B S R AT

- K
<>

Na,MoO, )
Cyseine K&¥9 180 A 1 45
SDS

Glucose ‘ = -

NH,OH BN K BHR, R.J& 24 hr
DI V‘{fater —
EE R AOE
LEY S
A =
605 H 2 4 &P #1582 PVDF CELE
=8:1:1 60 5 A 2 45
— PR S ‘
#a ANMP % # [::J
B LIS br HHER BIISHE  gMos,
LR

B 3-1 - piitgp/ A TARAF &7 2R THE A T ALH -
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AFPT R oML SRR g THREFT

A 5 I?“}*'g? I ﬂ}%;ﬂfa kAR ABERRT T EBRAEE A
B ELi g BRI A A B

ERgst T A

SO BRES - BT b A D Rk B g

i Ren e 2 B2 2 RS & o % (PVDF )22 N-9 ket 2 i3 4 NMP )R

& & jf(/%’i e R > B

AT L R AR A e R Y
Py -2 & &

BN p s o W] 32 5 A S HIE S k] A R ALE AT

EZ AR
NH,VO, .
C,HNS = 180}:‘{)&5‘5
Glucose
NH,0H
DI Water £ 3 }i}@ 20 hr
HABREUTE
B &
TR
G0E A ZH®A 7% # #4152 2. :PVDF LglEly
=8:1:1 60 % R %= B 48
—> ReH Y ) [:]
Ha ANMP 7 #%
RILLS hr MR #3515 hr Vs,
g1

W 3-2 k- mrit 4T WG AR
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3-1-1 RREAML EH A

BN AL G L §ERETFEDTELLARLLPM R AT EY
gieRpivs A - 7R g HAHS 2 lomxlom (8 0 Bgdje ke 3
MEAL L 2B F P BER? w8 10%HJAr R & F 5 s Bp
BoumREF I Eee= g 2E 1 1000 & pFiads 30 ~ 450 1o %—i 45 A+
FH g b RgEAREREFHED o FEGRpROT- 2T THEY
TH SRRV RERA LG RIS AR ALY LG A BTG M
TARAOER ~ ge ke O AR & TRl LY Y £ SR £ )
ORI i d AR d A kA AER W) TR AT A 2B

BT o

3-1-2 -k#2 &3 - mivdp/ AR RRBAEY 3

BHERE Lo AR pea > dABE4N 2 L sevRpi(Cysteine ) E 42 B~ 44 A
BRE o hoRFEART AN E K R IER A s A G AN it 4/ A
TAIRAEE Y 73k ﬂﬁm%fﬂﬁﬁﬁéﬁﬁﬁ%i’W@?ﬁﬁﬁ°€*ﬂ

> — 2z N S
FoAnivdpz FR EO0

F 3-1%77 0 LU BFORITLR & o de » dppagh ~ L BORpE L -
ARG FEBURTARTIEIRE B REBIRE > 20 22 03
BEissherg R BFEKEAFELIB0 R 24 B/ PF o F R foH#d 7 - fritdp
FI* FF Eipeh™ ek o 2 Sk s o RS SR o Bt~ ds 60

B12 [ B SI T AT @I AR A/ & R AAT & ¢ STk o
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1244 Li-Heng Kao * % & & ¢+ VAR kS SO R U
FRABERRABREY KX Rk AT L AT A G S AL - %
ARELFLAN T S RPHH R ARIR A ¢ T RIR R AT B2 KB F BT AR R
Ao T EHBAE Lo AREBAMTLY SRR E SR - miteps ol E Y p

BAmIRL G P a AP 2o At 4R R o

231 k2 ES-mitdp/ AWMLY ZHREY ER2* F £ o
&5 = i gplh T AR
R
4P fL 4p 0.4660 mmole
& me iRy 2.150 mmole
L - =R pe g 0.160 mmole
P58 0.528 mmole
3 33K 16 mL
£k (33%) 1mL

313 it dp/ A TIMAFE Y TRERF LR

A

]
)
o

BRI AL S A A RARAT & Y SR R AR
ser B2 2 PVDF £ 800 811 2 NMP i3 B8 & 5 k153 o Rov g ie b e
PR IEURESES L 83MPaR Y o~ B % g 60 & 12 ) pE

B meitapl AT ARAE G Y TRRIF e B ETER
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3-1-4 k#ik & 3 AR D R b

ro

~‘.

B RRC R g BEY B4 32 o A A g kZ FokiED

=

A 0 b~ ARG S B O RYRE TR AR A RF IR E My

™

-

"lW

P

~

ARE R 0T A MFREG 0 RKRF 180 B 20 Bl PFe F kS
PN I Tt I R D CratEiE S SV SR NN ST STV

R~ gl 60 B 12 ) PRSI T B R TR R K - FR T Ao

%‘321\§%/2";—-‘:¢\‘}%}P’ %NLf‘L‘]%%%W%’*ﬁ%\

e Rk = g 1
T i 4% 2 mmole
BT g b 10 mmole
B 0.556 mmole
4 3ok 15 mL
% 'k (33%) 3mL

3-1-5 Rk - mritsoif Brogie s e i

Hewn it B R O e e e S 1 %]J{‘,F'@m" ;oo 4e a2 2 PVDF
g gt 8:1:1 &2 NMP 3 &R & & frlﬁ,q»u'as; BB/ e 5 B UERRBR
4 2 83MPa/B K 2% r E 745608 12 2 %;‘%éﬁl%& RS R I gy

E o SLE - N il
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32 RAEHHEA

3-2-1 HHFE

Wien S P F A HRHE S L RS BT 0 R A

X & git 4 7 ( Glancing Angle X Ray Diffraction » XRD ) k 21 %7 4& & ek = *ﬁ

|

Boae T REF A rE R h Xoray B HRTA 2SI G A AT g A
AR BB NT H I E S Mk > LR S DR REOIHG
PHILIPS X‘PERT Pro MPD> 3k i* 7. /& 40 kV - 7.7 30 mA» X-Ray /& £ 0.154 nm >
45 & & 10-90 deg > 4% i& 2 deg/min » #-#7ip| 172 ¥Es4iE &2 JCPDS Card 7l
o @d TR EAGH GHE S A B e oo 7y ;ggi Scherrer formula %
(RN F e K Vil (R

Scherrer formula : D=0.94\/B cos 0 (3-1)

D: Tz~ | (A)
B : des4i% 2. L 3 % (radian)
0 : # £ %5t & (Bragg angle)

A @ X-ray ok £ (1.54056)

X KSR AT T LR Y g K EEAEN At L) BE k)
% ¥ ( Raman Spectroscopy ) ¥ ©4 % RFT G A+ enfrde i B F a2 M8
SR E AR R&EOLS T §F HFUNREEG > BEF SR A2 TR
B FIL T R R T od AT TR Y HRE L LR ESE k¥
% v (Horiba Jobin Yvon iHR550) » %4 5 600 gr/mm > iz 532 nm =15 &4 i 5

FoF KR U E @ 50X i FE o
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3-2-2 2% ARE GHA

TR ARE- AL FF TR T+ B ks ( Field Emission Scanning
Electron Microscope » @ # SEM ) ¥ - f& 5 % f3247 5 5 3% T + K ks ( High

Resolution Tranmission Electron Microscope » # # HR-TEM )

¥ - A HF R T S ks (3150 1 JEOLJISM-7000F ) » #x & 4vig T &
530KV - B1TRBITFESERNFRIFFHAEALF AT F o
BLRAE e  FUERTFIARELIFETL 1 FRRERITT F L &3P
PR Rz R o R AEEREY P gAY LT FanlEl
e KRG AT R T F  mATS B X kLS o A R
PTG R ERY A BIHPI S XRFEF AT T A o TEEL
EE A BRI TT X G ELR ) T b X KR T ed ] Bhe ot ar B ACH
3% % ( Energy Dispersive Spectroscopy » EDS) & st» Bl ¥ w (R4l 2. ~ & & &

AN {:ﬁﬂ SEM TP 3t a7 3 £ ¥ 2 R1RB (7 25 ) RAPLE L 4 45 o ¥

44

177 E N R 3 Biest ()50 1 JEOL JEM-2100F ) » H 1 i¥ 12 §_

oy
Y
(¥4

&
<l

FI*FTETFIREFLMY ST RITE P PG 0 20 E BB S

(Submaring ) ~ £ %8 ~ BH ~ S LMY LR B NH T FY S E S TR
Bt oM Gans 5 g fl™ 33498 T F BACD T 3 8 HR P 386075 i
3 5 AR ;H# Fohyd "R GG LS R BEAICRFRT Y ABER
&7 % e s 2 4 5 (Line scanning & Mapping ) e 2# 3 ¥ 1% HRTEM £ ij

HES 2 FEREAPNAYLTRE - BHBEAE LS G2 447 B
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33 TR TR

3-3-1 SR EER

AFEG# T2 F F R R KRE S CH Instruments 635A T i & & 47k 0 T 1
BEEPE =T 4% 2 2% T4 (Reference electrode » RE) i * 4% i 42
T 1 # 2> T #&( Counterelectrode CE ) = v &£ T #&> 1 ¥ #& (Working electrode >
WE )z 23 32 2 mitdp/ AT AlAF 6 ¢ 22 AR - mitéitm e

W32 528 8%E% 5= 71,5 %73 BlacT

B AR
(WE) \ ‘.1 (Ag/AgCI/KCI)
\ = J__‘Q /
-
| =
—/
I
= Bk
//
——— L

W3-2TFKED

’;F:*&—/:‘ ./u_\"]' :E, gj

I
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3-3-2 HFZ KR AE P

# 2 R & ;% ( Cyclic Voltammetry » CV) & %ﬁ dfpdla iz THRR CEF R

TR MR TANT R P R AR T ERMER ARSI R - K TE

=

R F R R AR NIRRT R B TR F B RE B4 T

é;“?fj‘_ﬁ‘ll‘"ﬁfﬁa‘}u ‘~V§/§_iﬁg§<?mi‘g‘\ s K 2 E‘f ?iﬁﬁ'},%'ﬁ_,lﬂm]ﬁ EE;F:

=

g A PR eV Ry P RRT
NECRRHEERHFREF DT IRNER FIRELTAREL G DT
FBAL & 5 AT o 7 GRS g % ik TR (Ip )T g

Randles—Sevcik = #73% 34248 4 HamEr G fic > e 5V
3/2 12, 12
|, = Kn¥?A(D)"*v**C (3-2)

Y AZ TR ff (cm?)> D Zgpdciisic (em¥s)  C Zk& (M) n 2243

FHOVLIFRER (V) @ K 5> #2554 #269%x10° -

L UL EEER Y T & Lo R L8 T Y IER Y
1 Fg4EA BB 2 3M 135 L 4m J\(Q/]@t‘ ug‘*i’ﬁlk—iz,zﬁiﬁmxhﬁr}?ﬁ‘m’lp
HthenT M5 00~0.60V (vs.Ag/AGCl) > T 4 E F Pld 5mV/s &

3 50mV/s -
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3-3-3 g i AE R

—\_L FB

3

% (Chronopotentiometry ) & * v B T T on ek 277 > ¥ 4 H s

L‘.l

R

RN BRI TR AR TP R T B R A

e

ZAERBEIRP AT RITT 2R FEFHY 1 05A 1 8A 2 g
T 0~045V 3 =% B (vs. Ag/AQCH) » T HRit 7 - + = F R ehha g pl
IR DA AR AR & Y S TARR AR A TR L0

FA4RFLFRFLRFEFE

T EEBEALRE A T i7a ( Plate ) &

6‘34

|lo
rO =k
-

Q3w €7 AV > TF3RBDTF Co R F BHNLDRIT
QERZAV A1 T > BNk 8 30 3 5%

Q=CxV (3-3)

LESIET 2B 3enE =28 (F) T /#E =5 2% (Coulomb) > §in ¥ =

7

[E

PEB(A) TRICZRE(V) RFEL-RZTET

{4
T

Y

i

3Rt g

A

o bRETE BAELY F R S AR TR OT  H 6 b

X

Btk R o AR RS S A
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3-4-1 3T i

—\_L

%% (=% ( Chronopotentiometry ) ¥ & &% 4c — H 27 in(1) > F T

TERFEFARRTC(V)ERF()Z %1 « AT @R T dugm? o d 20

R REE B P RFE( Q)T AL R INEHPEF R o ot T 2N
(3-4) BFHzaz (1) E EHEHELHEE (M) F > T3 274(35)Tv @

AHEERERH2Z T EE (Cm)o

Q=Ixt (3-4)

I xt
AV xm

(3-5)

m =

3-4-2 faBk R% 2

7o %2 ( Cyclic Voltammetry ) & fiE £ end S ERFIP - 2 F 2 id F

HLEEF kvl DFFREFLHITCARF I DTRE 2P o

E=H

FR(Q): ok k% ¥ MBI & Berd 2 Tif( 1)HET (V)FEA » 407 7|2
F(36)5 T B RES(BE)TT AW AR F AP A R E

2.2 E5N(3T)
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3-6 T infEFLA T

TR AL 4T E . fE s T4 § 14 2 ( Electrochemical Impedance
» B O

Spectroscopy f§ #i- EIS)> WL dRgZ AT RS ERH LTRSS
RIT g FFd Tidp e 3 o fa g F BRI SR Lot fFHTE

R E MR TRAR R Y LRSS LA AR R U

>

FoRIEEREETI O TFRERRIN(RE) §REET SIS R E
7f?‘~ﬂ&¢f®’¢“"]’f~mm§# AR R L mALE B R
FRFF RESA R LR A AR Tt B DL o AR

IERT UE R MR AT RE B RS e AT B T G d 4

Fad o v UFF IR FRBOIP BRI - ZRTLE-HPETERAG T E

lﬂ

48



37 2HFIRETFRES

JI* B A R nT RS FLD B R EL fRAD DT A BT
BALFIr22 5B LA EELA FAAMNZ o tx 55 RF Bfrg
ROV FRIDZET F B AR ET T B A RET F BE
FRONERR ARI[BEFEARAIREDLITFTRIAL XN EFTRT A

SRS TEE

3-7-1 A BRI g 5

- BARARRT T o R F EPH S A
1 1 1
= + (3-10)
C total C cathode C anode
BA L RS AT H R AR T QEQ N T TG

PEARNAROTERFERTIFHFTELN - RORFEES THEL B

TREEAS AT FTHEFE T TS

‘7'T *

m, C._xAV.
m. C, xAV,

(3-11)
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38 F 5T

% 33 FReTiR Y hE R RRE RR

Br 3 ] S
TR J.T.Baker 99%
( CsH1206 )
ES SIGMA-ALDRICH 33%
(NH3OH)
49 ik 4 SIGMA-ALDRICH 98%
( NazMoO3)
Lo R AR SIGMA-ALDRICH 98.5%
( NaC12H25S03 )
LBk Biehg Alfa Aeser 98%
( CsH7NO:S)
Tk 4 4% Alfa Aeser 99%
( NH4VO3)
B R T g e Alfa Aeser 98%
(C2HsNS)
FRE L SIGMA-ALDRICH 85%
(KOH)
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Yr® BRoH
4-1 = miv4p/ A T ARFEY 2T

4-1-1 #F g

W 4-1(@) - i 4p/A TABEAF LY FIRT BN XRD LB o - ALt 4
S RAL T F TG (002) ~ (100) ~ (110) 8 6 SbfsE » H 7 & & a2 =8
#2 JCPDS card No. 37-1492 4p # > Bl ¥ ¥ M- fFrit 42 & o B § F iR
% thX 3§ ¥ 4345 Scherrerequation B %8 ¥ 14 8 50t 9 & O ) chs g it 4p
fp T HE IR o @] 4-1(b) = ARivdp/ X T A MAE & ¢ T AR g EER] o 4
BB s - Frit 400 R & kP chE o o 218 2w A 371emT 2 400 cm!
shin g oo o ER i s/ A R ARAE & 7 FEk A Radg & 40 Tt & 1300 cm™!
¢ 7 #eD band 2 1600 cm™ 11 G band # A o M iEa A EF 2V RS

B Rt 4pEAR B M o

| (a) 1ay(b)

oo2

Intens ity (sam)
Intemwity (a.u)

T T T T T T d T T T T T T T T T T 1
10 20 30 40 50 €0 70 a0 400 600 800 1000 1200 1400 1600 1800 2000
28 (Dezree) Raman shift (em*)

W 4-1 - i gp/ R T ABAF &P Fok e T B o () - Al 4n /A T ABLAE &
¢ ke XRD kB3 0 (D) = Frit4p/A RARAE & ¢ S Ikend & KR o
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412 BHEL

W 4-2 5o mitdpl R R AMAE S P SR RE SRR - B 42 (a)
SEM %2 MRl » ¥ 10 TS gt dp B R 0T B - 312 K SOk g W 4-2
(b) M 2% 2 & @ % en TEM B0l > Gl v B s B 8- it 40/ 4 208

FIRE PR F AR IR A B Y 2 BH R Y ) Bl 2 KA

i“m
T

TR T A G 0SB B Y Tk e T 30Tk e 5 1.07 um o B 4-2 (C) = A

4 P IR IR A G A BT 0 SEM BB £ 5 AR 3F
Z it 4piE s > B 4-2 (d) HRTEM & 6Bl » 7 5| - srit dpenf B R S
0.63NM > 4p £ *+ = gt 4a (002 )&% & o ¥ B 4-2(h) TEM it £ ¢ % X-544
KL T KBP T M FRRY ZR Ik 5 MoS2 B 4-2 (6)(g) & & B
FAGER R R AE AN IR Y Lo dpferiie R B AT AR F AR
AEATNHMOL G TPV RETS A AE Y AR Ak A e b A s

R IL&E/#\ @lﬁ*@ # ki

Bl 4-2 = Fritdn/ A RARE & 7 ST RE SHEOR LR - () SEM iR

(b) ~ (c) M2 F &3 H TEM # 4R > (d) HRTEM ¥ & > (6) ~ (9) » &I =

B A4 a0 B 0 () EDS 23 -
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4-1-3 25 = Friv 4p/ R AR F IR B FIFE

TR A4 A R ABAT £ P 2R A ] > AP S S SR ¢ %
B~ 2 A A A RARAT £ Y ZIRE R A B A R e )
FokBe 2 g S L ARG BT EMR O FRENIB0 AT EFREF B 12
JopE s F P sk o H A5 5de W] 4-3 (@) 0 1995 L ”%*mw}%%:} 4ok

B AT FEEE 160 AR 180 APFEFR-RIE B FRLSFER

XIS T RS R AR BT ) EEF R A A % o g S
¢ ?;iff‘éi#ﬁ?ﬂ;’%“ P E R G PR EPS TR RS S BE R A L
2R Bt o Bt 7 % d(micelles) ~ f 0@ s A B H - F CPACR LS

HERE AR 2P F d ez IR G g R IITR P HE 7

3
T

FOTRE T E AL 4 TR A PR ARG SRR e 6

>
*E’x

ok R

M- AR e R iF kB E S 1% SDS B HHE A F§
LA e

F R PR (7 A 1 972 2 dp R AR S Bt b i & 5 b B &

b

Bk > HA50AcW] 4-3 () M ERE S BRIt 4p/A LA &7 T3k 0 4
Phgh ~ Lwkvieph s L SR ABRBAZ FEROBIFEIREY kAL L Lo
VR FLA A G BRI R Y @A) e B TORME P Fl R AR A g
B B AL S L AT F AT BRI R R LT A
TARBS IR L o R A e AR G S P b LD B e
= E o B A Bk s mﬂ@@?’\tﬁ{ﬁ:mz\m s 2554 F) 4-4- @) 4-4(a)
iRk gt gprriedand wE Fenski o HE S0 5 1.6 um e W 4-4 (b)
(C) #RB I AT AR E G B FF 5 A A A P A Apd o W 44
(d) () ¢ SEM FHB R FF N H0ipHl L UgRFHGE? 7 1
FRrler i mitgp a2l ¥ 2 K sk ot o & TEM chifap 5 £ o

PORERY A - LR B B C R AR AR FE S K4
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BAR A Fl AP L oRpi 2 L o AR R e KRS S BB
o] 45§ 4-5(a) TEM R GBI ™ 11 f g R E FRRengie s 2 F fdet S
ARG LT RBF BREL AT A TRk LA d 2 it PR e
Tty S At Tk enE £9 5 0.6 um o B 4-5 (b)H #pchs mi it gpf
TEM # G B™ 5 N8 3 3% 5 - fritgps o ¥ o0, sk dd o B 4-5(c) SEM ¥
GRT pNAG R G oMK e TEM R fp £ o ¥ b Rk bt
o~ T ROREEE FEBEE KB LS > AR ucW 46K 46@) T g
ERRY TR RTE R AP sz ARy A4 VR -tk
F ik 0 TR E SRCL 95 300 nmo F AR B T E B AR RS
BTSRRI K T AR Stk TR A Ak T A
S W 4-6(D) Fv e EEFEE o A a Ak B Tk - i
4o b TSI EH kRZ Y TRIRP, AL FRE G FEBE L DA
R FleisBr Lo 2Afdpar iy F i fELehdd oLinMa £5

S - Ak S F G R T AR R R P g

ke

ER Rk SRR S 2T SR R L R £ R

BB E G flgp & R end & 5 8K E 4100 nme ¥ E & A58 = Bl 4p/
AR & S TR F IS S AR B B S L

FRIFA X DR ER LI FP - AT o

W 4-3 ks ¢ 2 RORRE o (@) G4 F F s S Dok TEM B (b) &

N FHEE L mAREA E S D en? 2 TEM B -
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= 100 nm

Bl 4-4 = Fiiedn/ kR AAT £ ¢ 2R BRR] o (8) = Al dnfA RAIRAE S ¢ %

Rk TEM B 480 (D) ~(C) # &% TEM R4 > (d)~ (€) MR F 2§’

SEM % 4] -

(a)

g 0 nny
02 m k7 o

W 45 - Fi ATk BB o (@) - Ai4nzk TEM 505 > (D) B 3= £nie dprg
TEM 2 4Bl » (C) = & i 493% SEM 2’ 5] -
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100 nm

B 4-6 15 = FE i 40 B Bl o (8) TSRS A 49 TEM R (B) TR S A 4

SEM %’ 4] -
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TG EER e i g2 RS AT LR AcW) 4-7 #1om o B 4-7 (3)
S AR A AN Lo AR A SR A 2 i A R R E R Rk B
R - Er i dpzk o W 4T (D) TR AT eI REBREF FHERKE
2RABIER A @ AR 4 Y R ARG AR A G L A AR ik R4 e
W 4-7 () = Friv4a/ R ZABAF & ¢ 2R A1 L 2 R AR A L sk kg
R TEMAF BB R4 SR A S pE > - B A B 4 s A en

Bt Ko BB A Lo mitep/ AT AMAF LY ko

(ﬂ) &%ggg%
(o D o S
<8000 s L® o880y
oh a0 T — = eoimtige, T
OS5 R [ fl
£ q: 28
.r\J’“'“r .r'f'rJ
—ERdbdaEE R
(b) g 5
f:; Rt
. P AR ik —mhiuda
HawrT ¥ H L mha
HO
%V {(’&3 N

fmﬁ;ﬁ
S %35
Gy 7

LT ER

W 4-7 - Frivgnzk ~ TR ARTb 4R Z Z FRit4n A RAIRAF & P 3 IR a2 8 )
FARB @ Z Fitdzk o (D) TR ER4p 0 (C) S ATt/ ARAIMAE LY %
Tk
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4-1-4 = Frie 49/ K RABA & ¢ TIRBHL VR

S pi AR R RAIRAR & ¢ Z IR AR 0 2 GV F R R

by

RRIR A4 2 B R T R B A R P R LT Y TRk R
BT E LR G W Mg 2 ORIy B R B R Rt B
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2800 35.03 69.9
3000 33.48 67.7
3200 31.95 65.5
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