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Figure 1 Schematic of laser ablation.
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Figure 2 Schematic of laser ablation and its applications.
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Figure 3. Temperature increases at the laser-irradiated target surface.
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Figure 6. Schematic of solid solution alloy and intermetallic alloy.
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(a) (b)

Figure 7. Schematic of (a) Janus nanoparticle and (b) nanodumbbell particle.
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(reprinted from ref [8])
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Figure 12. (Left) surface and (Right) cross-sectional SEM image of synthesized

SiNWs by chemical etching process (catalyst thickness: 40 nm).
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(b) R b &7 v 7 ¥ : Chemical Vapor Deposition (CVD) i
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Figure 13. SEM images of the synthesized SINW by CVD method.

(a) and (b) using FTO as substrate, (c¢) and (d) using glass as substrate.
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VR PLT v 7E V=Y =T T L — 3
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Figure 14. Schematic of the nanowire growth apparatus by laser ablation method.

Moreles & 1%, Figure 14 [ -3+ L 5 2B L —HF —7 7L —2 3 D
ERIEBLEZHNTSIiFT /7 VA4 Y E2 G L [28], MBI ()THRT L—H—J&
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Figure 15. TEM image of the nanowires produced by laser ablation method (scale

bar of 100 nm).
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o, BEBNEWY SIiF I IAYOIBEVT UL Y ERKT HICIEA
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Figure 16. Dependence of the diameter and length of SINWs on the laser power.
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H2EMLSIT VA YO®RLAEZE L TLIHEL HDH [30] [31], Au D

RRBEEL LT, FEXR NI, Pd, Al X o4& EBMERNEHINLTWD,
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ED X oham Gzl LTH, V=¥ =TT b—varitdd
Si 7/ VA ¥ oOiE L Vapor-Liquid-Solid (VLS)A B = X A LMD A H
ZALICE S THMAT LI ENTED, SIiT /UL FITHTDH VLS A =
X Lk Wagner 52 X o Tl T|REI N [32][33], #lx L. SiF /2 UA
YOARKGFELELTELS EbRLD CVDRZy F U7 OA, SiT /4%

DR FILEAEER LTl Z %, Figure 17 [T BV 3T &EME L [H
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Growth mechanism of silicon nanowires

Vapor-Liguid-Solid (VLS) mechanism Growth

Si Vapor ® @ .. Direction
o /’
L o

'a:'ea?a > . > .I

L|qU|d alloy droplets  Si Vapors diffuse  SiNWs grow from
form on top of solid in liquid alloy supersaturated
substrate droplet alloy

Figure 17. Schematic Diagram of the VLS growth mechanism of silicon

nanowires.
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BIEERXKFNTRET D, BEEREERKA 2V, WIEKEREMB OFK. Si
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Vapor-Liquid-Solid (VLS) mechanism
for Aerosol SiNW formation
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Figure 18. Schematic Diagram of the VLS growth mechanism of silicon nanowires

in the aerosol process without solid substrate
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Al 371 HBRL F & L7e X Z — G R, Si & E~o Au F 7 K+ [38]
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Figure 19. Schematic of transfer method using PDMS stamp.
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Figure 20. Schematic of transfer method using filter.
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2 &EZx#MmAE L TWwWb, Nasibulin 51X, CVD EIC L » TRMEHIZAERKL
SWCNT # A7 Lo 7 4 V2 THEL, MAT L AL TR ZF L
T AN E~NIRESTHZ LTI 4 A E~D SWCNT O 8 5 D 1E ik &2 i &
TW2 [46], 7 4 & BICHEE S 72 SWCNT Bt L OV 7 4 L A bk ~HR
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NanoMaterials Group

Figure 21. SWCNT thin film made by transfer method using air filter. (reprinted

from ref. [46])
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X

R FE@MEICZ, MAEZAE L TEBY K TENPNREFOALTH DT
DM EICEZHFAEL TS, —F, BAEFHEERO LI ITO (B A
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Figure 22. Mother of all graphitic forms. Graphene is a 2D building material for
carbon materials of all other dimensionalities. It can be wrapped up into 0D
buckyballs, rolledinto 1D nanotubes or stacked into 3D graphite. (reprinted from

ref [47])
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Van der Waals force

Figure 23. Schematic of HOPG (layered graphene)
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(a) (b)

graphene
—

Figure 24. (a)TEM image of graphene layers of SiC annealed at 1350, 1400,
1450°C for 60 minutes and 1500, 1600°C for 30 minutes in 6 atm. (b)Proposed

formation mechanism of graphene layers on the SiC surface. (reprinted from [51])
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7T 7 2 VT e A E R ERR AR o TV B (Figure 25), R’ % &R O
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Figure 25. Schematic of chemical vapor deposition
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Figure 26. Schematic of pulse laser deposition method.
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Figure 27. (a) Schematic diagram of the experimental setup. (b) Illustration of
the formation of few-layer graphene through laser exfoliation of HOPG.

(reprinted from [58])
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D, L2l ZHEEBREE L TCHATLIECE., BWHEKR E~DOBRE R L HE

bl KEENTE 7 772 DIEHERBRESNLTLE I,

(a)

(b)

Figure 28. (a)SEM image of laser-processed SiC with a shadow mask placed in

the beam path. (b)HRTEM image of graphene layers on SiC. (reprinted from [59])
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(Figure 29 (b)), LCVD (X ® CVD ® B L % 1000 fF 0 R TRy 7 7
T EERTDZIENTELRD KA 7 7 U r—3va »r~ois 58 i
ShTWa, L2rL, LCVDIZBWTbaRMEE LIZ7 T 7= RNEHKIS N
H72% ., CVD LRARICT XA R ET HHERMT 24T 5B G IC1L. B

WME~NDEE 7o ANRMLEICRDLZEVWIBEND D,
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Laser beam

Substrate
movement

Figure 29. (a) Schematic diagram of laser direct writing of grapheme patterns on
a nickel foil (b)Optical micrograph of grapheme pattern on a nickel foil

(reprinted from [60]).
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T, FHEKRE~OT ATy THEREITH)> ZENTE ol
Wei H 1%, 7 AFERFmICZ + b LY Ak S-1805(Shipley Comp.)% % &
I—TFT 4V ITEICEL o TEIIOMTERAL, LT NV RANENT

KT L THIR-TH PV Y AN BT AREER L, 2, 2
D%IZ 0.1 Torr ® N, ZPFH % F T Nd:YAG L — % — (Cw, A=532 nm, [1=2.8 W)
EFRHTLZETC A TAERA~ODT T 720 DU AT vy TRIEZAT - 72
(Figure 30(a)) [61]. Figure30(b)IZ "+ K 22, L —HF —OWKFFREMIZ XL - T
T AN PABEAALTEY BEKMEELIZT T 7=V BEPITD
NTWLZERDONL, ZCOFEFT. MOEDOFIEELERY, VAT v
TTCHTAERE (BHENRE) 77 72 ZEHERKEL TWD I &N K
ROKETHD BT T 72 ERE~DODRERT VAT AN —ITRD
LIRS LON A Yya—T 4 TIEICXD 7+ LY AN OBEAmEEN
HDHZ LR, MBESND 7 7720004 AR/PENEVSTEREND D

(Figure 30 (c)),

(a)
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Figure 30. (a)Schematic diagram of laser-induced growth of graphene on quartz
wafer, (b)The Corresponding Raman spectra recorded from the center of the
laser-irradiation area, (c)A magnified optical micrograph of a grapheme dot.

(reprinted from [61])
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HWT, B2 772774 M2 —=0 >y bW HTT7AEKRE~D, &7 nin
DU VAT S TOT T 72l ER A, LrL, B2 L —HF—7
T —va ETEH. T T T A NE =Ty b AERKLE —AR T R
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FNTFAAD—RUERBRESND, 2T AR TIEESETRAND X
IV, AT AEKBEoO Vv —F—FwE (EWHME) ZFH L. Figure 31 (278
FTEORLV—HP =TTV a VEEERLL, 2OXRFRTEH V-V —%
HITAEBOEGmIPOLBH L, I 7 AEKRKEZFRIE NS T T 774 M
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ZAAN—HR DR ERKFIZ, AR LET R BECLr—V—%2 FRH L.
L= — DX VX = LB TENLNT 7 AT =R OMEBDOFH R % H -
7o LT, &I, L= —0BKF -V TIZL—F —DRITHD R0,
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Figure 31 Comparison of schematic between traditional laser ablation method and

modified laser ablation method in our study.
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Figure 32. Schematic of modified target rod.
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Figure 33. Schematic of experimental set-up.
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Table 1 Experimental parameters

| | | Si/Ag | Si/zn

Frequency of laser [Hz] 20 50

Pressure [Torr] 3.5 2.6

Pore diameter of Ag or Zn target [mm] 1.2 1.2

Taper angle of Ag or Zn target [ °] 60 60

Pore depth of Ag or Zn target [mm] 2 3
(a) (b)

Figure 34. Plume image of (a) Si/Zn and (b) Si/Ag target taken with optical filter.
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Figure 35. TEM image of Si/Ag composite nanoparticles.

Ag

Figure 36. Schematic of dumbbell particle composed of Ag and Si particles.
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Figure 37. Size distribution of Si and Ag nanoparticles.
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TERWVWTF )X R AVRFEHBEIN, 2RO TELT 7 RO IEE R
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Figure 38. HRTEM image of Si/Ag nanodumbbell particles.

(¢) STEM-HAADF (2 X 2 & AT 9 72 #H1 5k 43 #7
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B F &2 Bl Loty & TEM IS EET 2% nm O 4 fif 88 % £F > EDX TR ® 7z
ERRREL ORI iRz~ vy ¥ 7B % Figure 39 12783, STEM & X 8
EAEELTCBET 2720, Bfrar P 7 A MogEBEEPCTCE, k= b
FAPZBMS LTHEEREZEDIOCHE LIS ETH D, HAADF 4135
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FFEMWMasr< (AL) A2 5D, Figure39(a)® TEM &%, £& TEMEIZ LD
¥ L7 HAADF#B 2K L CTEBYH ., DA WA F 2 Ag. €O WK+ 28 Si
FRLTWD, ZO0X21C, EKOoMETEALNARL > ZERE nm O I
/AN AQREF R ) 2 DEDLVICEBEL TWVWDLI I NS, TOM
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RN ODHnAMERLTWD, TOXIIT, #kDSiT /HFORBEIZITER
Bl L VBRI SALTWDLZ DR bnrd, —FH, AgT /R FEBHED
DTS EFVMHBENEN D, AgiIZIFEAEBILSINL TV AR W E T
T&5, UEED, Aga v =V MELE LESGIE., AEROHFMM TIX., &
ST B LR LGN, 2O LSk +b, flZIXRME

FIRELEBEIEA LA AL ALOHRTER SR TWVS [67].

20 nm EF(framel)

| e— .0 111

C———20 nm Si K 120 nm 120 nm

Figure 39. (a) STEM-HAADF image and corresponding EDS elemental maps for
(b) over all, (c) silicon K Line, (d) silver K line and (e) oxygen K line for

composite nanoparticles.
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Figure 40. TEM image of Si/Zn composite nanoparticles.

ZnO (Shell)

Si (Core)

Figure 41. Schematic of coreshell particle composed of ZnO and Si particles.
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Figure 42. Size distribution of Si cores and Zn shells.
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Figure 43. HRTEM image of Si/Zn coreshell nanoparticles.
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Figure 44. (a) STEM-HAADF image and corresponding EDS elemental maps for
(b) over all, (c) silicon K Line, (d) zinc K line and (e) oxygen K line for

composite nanoparticles.
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TN — L DOERNEZRODLZLEBDADNTHD, HZEF T TV — L DM
KA ZIEREZZTRVWEDFERTRIT LB T D026 LT, A A2H TIHEAR
EZTDHTD TN — L0 mOERIIFH L & HICES QY HRENITE L
T5, T LT, UBEITNV—LHFIHBRICEIDIEDR > TWS, ZDOXH727 v —

DRATREE DO fEANT 21X, @) 77 A MEETVE, (b)) 1 (KT v )

EFETAN RICEDRL D,

(a) 7 7 A b £ 7 /L (Blast wave model) [68]
Bk Z =7y NRENHDO T TNV — L EEETOD LIEL tIZB T 5 HEBE%

R(t): T2 &,

(3-1)

SIZTLp: FHKAAOHILREOEE, ¢ MEOLBILITIKRET D E
M. Eo :L—HF—D 1RV ZABFTVDODZRXILEX—Th 5,

COEFETNAUNRETDEM4T. OB SN FHEOBEEN TV — 50
LOTOENTEREKOBEEICHURTEHLTEL, Q7 Vv —2HNOENBFEHAK
DMMENDLY +o0E0nEETohs, CUHIEFETANRKNLT D R (1) O
WHEzHET 2, —KIC, TOFEFT/AIE, 500ns 2L F ThHITERME L BA4F 72
—HWAERTH, KEORBELBIZTV—LNOEDN TR, BAHEOT A
EERARDIIEICEDIEERRBRINRLS 2D E, LEWIZERIE L £
TNLOHBEER TN T 2EMITH D [69], T THRESNTZONRHAE

FNLTH D,

(b)Yt H(KZ » 7)E 7 /v (Drag force model) [70]

TN —LroEREEFEIELSED ARV EROK TIZINT v 7 ET LV TH
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R(t) = Ro[1 — exp(—Bt)] (3-2)

CIZTLRFINV—LDORREGEREH., pRHEREBEORERTH 5,
AR TIZ, 7 — A BAEPPBELZ T CiER< . 7 /RO EERR 4
FRBICRD EEZONDIHEEM R TNV — L DB FENMBE D TNV — 5D ERK
HWELAHET 20, FI7 v 7ET AL EHWTT NV — OB & RER O 8%

R DT,

3-4-1-1 SilAg %

Figure 45 (X, Fo v 7= 2 HWTHEHAT R 1TrAKkEzRATEZEEZD
Sit AgO 7 Vv —Lbmax N ETNRFHICHLT ey NLEME, FFH O
BB LTIV -2 @B ENEL TV EFE2HEAMCELEZLDODTH S,
HMEtrDLED TV —L@mEDET, =7y POLES (2 mmEiE £ L
TBY,. BMoR\ELIILICAgESIiOT V=TT NENREL LI ND, &
7 — LA OB EMEIFTIZIERLC, §72bb, Si & Ag Ok 1 O 4 K IX
AWZEBETIThbLTWEZERDLND, TORD, a7 ¥ =/)Vhf TIER

<, ZHA BB LIE T 2 X XAV R EICERLIZEZEZILND,
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Figure 45. Change in the plume edge distance of Si and Ag for time.

3-4-1-2 Si/Zn %

Figure 46 (. Fo7 v 7T a2 HWTHEHAT R T+AKRERATZLEEZD
SitzZno Vv —LrEms T ETRRICG LT Ty PLEMKE ., RO
L I TNV — L FmINEL L TSR TFAERANICRLZLDTH D,
MHEeobtxorXv—AaEmEDET, =7y POILBES 3 mmuEERL
TWb, SiIAg ZRDEGHEEITRLRY WA DTV — b\ SO EITRERNFED
FEREL AR, ERBESITESIiOZTV—41F Zn L0 H 10 mm & E
INE o Z N bhol, Thbb, SiF R FREICERL, 20T
KL F-728 Zn O TNV — LA O EICEAFT D Zn OKK[KELRE SN LT, Si
a7 L, TORMEN Zn THEEBEB SN a2 T o vk FRAERKR L EE X
bhvd, =T, Zn DTNV —LPRREWVWED, BEAESINDMEIZ L - T,

MrxDOWELZRATLORFABERINADIERICH RS,
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Figure 46. Change in the plume edge distance of Si and Zn for time.

3-4-2 F i o & E M

b FAEROZ A I 7N T, a7y ViBEERDL ) —DDO&KM L
LT, a7 ¢vaVOREBORERDEENREZZ N D,

a7 vt PR TRAERTDICEaT ERDIRTOREBIZY = LDRK
[N T H & Tar vy VENEK S LD, Figure 47 23 XK 95 72
A7 V2 VEERE AT RO 2 VBB 2 ICEKT DA OR A KT xR
IME—IZOWNWTEZR D,

K.+ BN a7 vz VOREELE > TWVWDHEETDODRDODERT XL F —

Ecore-shell [ /kitf?»% é j’/b ) [11]0

Ecs_np = —(VcAGe + VgAGs) + AcYcs + AscsV s (3-3)

—H. AT VOMER TN ENGBELTE T VR FTHDL EET DR

NFEF—FRA TSN D,
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Egeparatea = —(VcAGe + VsAG) + AcYc + Asno-csYs (3-4)

Thbb, B3)XNEBAXDOEN AERF KRN TEIN., 2D AENETH
NIEZENZENNDBEELICRL R AR LT <, #iZ, AE A ThAIIE 2T
v ViEERECEKR CTCEDEZE LMD, 2T, IRFD CS,CSIFE
nEn, a7, Y2 ABIV0ar v rEsEERERAEKRL TS, £,
Asno-csiE Figure 47@ICEB VW Ty = VAN 2T v = VIEEZ K L2 -
T oREHEEERL TWVD,

AE = Ecs-np — E

separated

=Ac(Yes — Vo) — }’S(As,cs - AS,NO—CS) (3-5)

T WmEoRE = VX — 1 Turnbull ® X ((3-6)X) THHE L 7= [71].

11 Melti -
Yes = 23 (apMelting) (3-6)
CIZTCAH: BRlT AL~ A THRBETH D,

Flo. R BEAEZ, KANTREIND,

2

1= (o, o

ZLT. Nao 7THRTRFEE, Vasorig : M FDOELEETH D,
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(a) Gas

(b) Gas

Figure 47. Schematic for the configuration of idealized NPs (a) composed of

either core or shell and (b) core shell structure.

a7y VORNEMELES LT, ENENSIiE Agb LIESIi & Zn D%k
I LT ART AL —DES LY 2 VEORBEOMKEE 7 v b L
L O, Figure 48 ThH, ZOKEDY , ER10nm D SiNna T & L THALE
THEXIITEZn TN 2 nm, AgixK 5 nmBl EDOK FiZ7 D & AEDBRAITH
L. T bbb, ALV b ZnDHEN DR WEBEOEIADEM LI ELTH v
TVICRDIVRTWVWEEF LD, T, V2 VOYEOEKENPIRELS 5L AE
DIEN/NESL o TWVWDHIEF, a7 vl T JRTOBERBELSICHRD
EERT, INIEF, v OWEO 2T R ETOHBRERIEMT H LD
ZELREIFTHY, BB LA TEMBOFRE K LTI VWD, T4
bbb, a7k +OoERHET (Agdb LT Zn) ORKPNERT D & & DX
KBENEFICEETH DL, LENR-T, a7 oV 2 ERT 5100,
bAoA Iy T afl#ET sk RumoZEEIZOVWTHEERET D

VBN H D NNl
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Si-Ag Core : 10 nm Gas
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Figure 48. Change in difference of formation energy for particle diameter of shell

material in case that diameter of core particle is 10 nm.

3-5 ¥ & ¥
LbE, KECTEHELONTZMAZL FICE & D 5,

1. Wy BEEY—F vy b2 HWEL—HF —T T L — g IEIIBW T, R
FAEREBAEDIA IV 7 2HET 22T EESMMITEDY Y a2

ayrtLli-#5T /2 kF (SigFFy b)) ZHEKTET,

2. SIIAg R TIiX, Siki & Aghi F 3 RKFICAERKR L Z &M, RimHH
TANXE =R RKREPoTD, a7 v F AR EINT, ¥

NJVIR DR F DN FEIWTER L 72,
3. SI/Zn 2 TIX. Sikhi 2 lcAmRL ZnXK[EBEBES N2 Tz, #
MEHEBHZT AL =N/ holmT2d, AP+ —Elca Tzt )

B+ & MRS T & 1o,
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11X C®IZ

T IOAXITERERN T A RMVA—F =D 1R AEMETHY . VT R
N7 HERTAHAIENORES AT LI REDIERN BB ME A
T, LRI T /MEERHVWD Z & THEBERIEREMRLL, 0 RITHE O EME
FLFAC BT 2P OB A B CTE B2, KEE B8R~ AR R
AenTng, bz, REEMOESHEMELRLENL, XA T B RRED
fbtEME LB T 58P LTOISHBHFSATWD, =, ¥ av
X ITO ORETHLIA P LD LI ICHEBRIBEEIND LT A X LTI
B HRRICEBICHEET I ETHD , BiE, EXR L AR D
KR ENTWAIMETHD, 2O VaritsF )AL vibdse, BN
BB AR SN I N ETCORBERMSLER RS, FEAKE &Y EL,
BIE MR TEDL LOMPBERNLZ O RFICLI o TR S TE
[72]1 [73]. AWFZETlE., 7u AR T Iho27 )= ThHYH ., BEENIC
AN ARETHIL—HF—T T —va v EESHAL, O BEAF—F
F~DO LV —H —WRF MBI LD BEEREOREL MRS DY ZERSR
ZHAWT, LR MBI TCHL SiT /94 FvoakasA A, 72, [P T
TR ALELTCTF 94 Y 2B EERIHAL. =27 7 0 V2 ICHE
L7l T /M2 ERICEE T L52 & T, 2R /MBI TH D EKE
BT 22 ¢aRkAl, ERMmFHEHBELTIE,SIiT/ UAYERSKMEDRKR
AL AR L Si T UAYOREBE R X OERG M & RO RN T &

2
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4-1SiF /7 U A ¥ DA R
4-1-1 EFREK B L Ok

fimoay =Vl JRFAERTIE, ZRnESY =7y P2 L TW
B, TNENORSIEMY L THMILAEL LTHYZL->TEY, T bl
FOFERS =7y bR L= —=HENIIADLZLICERELKRKT LT,
AR Ry DARR[RERESEL, —FH. AED Si T/ U A ¥ AEKTIX
Sit FeO _fmDa Ry y b 2=y e+ T, L—F—%
BE SEE HRKDBEAERADBETET DI IIICLE, 72, VL—F -
DEMEEFHLEHFANEFY VT HAZEATLHIET . X —F vy FPRENND
FAELLREAGAKXITERXFANZBH LA EED 52 LN TE, =%
I SiF /I UVAFVAERTED EEZE X T,

Figure 49 (C EBR MK & <9, 800 E &b 5 1T 1000 FEIC B L 7= F & H F
A& (¢ 25 mmx 700 mm; ANELES 395 mm) ML K HERFENIZ, Si & Fed
HEXN—tYy MRELNII0DOaHRY Yy ¥ —4% > b (¢ 6 mmx30mm,
Toshima Company) # @& &EL., AFXT I AEGmFICEHE LT 2 B AL AL
— % —Nd:YAG L — % — (1= 355 nm, 10 Hz, pulse width about 5 ns ; INDI-40,
Spectra-Physics Inc.)Z 'y L > X (L > X O£ 5.6 mm, £ S EH 900 mm) %
MLTHEELE, "B, L—¥— X7 —[206, 0.8 LW IOW®D3%KMHT
Elostl, Ar A (FHMHAER) FTXxx V7 HRAELTHEN 300 &5
I 600 Torr, M® 0.1 H A WX 1.0Lmin' THELT T ZAEKR T E AL,
T AN EENLAICEE LT SEMBEHO T EF e — 28X T L
7 4 v % (Figure50; ¢ 25 mm, fL%£% 0.45 um, Advantec MFS, Inc.) TZ4Ek®
EHE LN AR I THRALE, ToMIC, V=¥ =77 b —3Ta Tk
STHEALESI L FeORABEARITIMAIN LN RGERET S5, A 7
L7 4 )V X ICHIE S T A R 1% Scanning Electron Microscopy (SEM) % H

U\Tﬁ/'{kéﬁ AT o 72,
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Figure 49. Schematic diagram of the laser ablation method.

Figure 50. (a) Picture and (b) SEM image of Cellulose Acetate membrane filter.
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4-1-2 EBRER
(1) IR o 52 %8

£, L—¥—,U—0.5W, JEH 300 Torr, Ar F A i & 1.0 L min™ T [#
EFL, BRFIEEZEE2S 1000 CETELIERE, GONTH FOERE
Z SEM THLZ L 7= % Figure 51 (2783, Figure 51(a)lZ /R ¢ =i © #5 . T
. Si TR T EBEZONDDEBERPRBD N, — ., MELL 7= Figure
51(b)C()ICATHRETIE, BEROLGALITERRY —HBERL LI VVITTF =
—VROKF LB TEDL2HOD, SIiFT /R FOBEERBIEMAL TN, L
W o T, Si T/ UA4YDOAEKICIE 800~1000°C D MR MBA N KLEE L F %

Do

Figure 51. SEM images of generated products at different temperature. ((a) room

temperature (b) 800 °C, (c) and 1000 °C).

2)v—H =T —D g
WAz . IR JE 1000°C ., J£/ 300 Torr, Ar H 2 & 0.1l L min*THEEL. L
—HPF— U —% 06,08 1LOWICLILESEL-. BoNT-KFDOFEL SEM T

BELEMREEZ Figure 52 123”77, L—HF—RU =N RELRDITHONT,

-74-



Si T /KA OBEEENPOBMERICHEELZLL TN RS,

Figure 52. SEM images of generated products with different laser power: (a) 0.6

W, (b) 0.8 W, and (c) 1.0 W.

Figure 53 I -+ EZH VT, 7/ VA YOHEEIC L —F — /7 =
52 5B HONWTERT SH, Figures53 12, L—H — XU =N 1.0WDEE
EO0BWRMOLEEDELXINFANIZBITSLSIFT /74 YD VLS KE A D =X
LERKXWIZRLELDOTHL, WINLbL—HF =77 b =3Itk
BARR[EIELLL. RICrRT o hikkaezBk T2, oL, +aoL
— =N =PRI E, BRI TRICBWDTHORED Si KK DK
fFL, 2OSIEZEINSIiT/IVA4AFYOREILHEESET L, L, L—HF =2
T—NAR+ahiGsE, BRAFFHRICBWTT /UL YOREICHER Si &
KRN RICHFEET BEKEZER T H2ICEED, LER->T, Sit /74

YEZRTHICIFELOWLU EOL—HF = N"TU —=RNUETHDLELEZILND,
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Figure 53. Schematic diagram explain the effect of laser power for the growth of

silicon nanowires.

(3) i & o ¥ %

I 1000°C. J£ 7 300 Torr, L —H — T —1.0W THEE L. Ar ¥ R i &
0.1, 1.0 LminticEfbswz, ok +OEEL SEM TH 2 L 724
B & Figure 54 127734, SEMEBNLFT VUL YOREICHEZHEBEORE
W2 0T NEEZ A, 0.1 Lmint® A 1.0Lmin™ X0 & MR KL T2 fF

HELIZBEARRDRVWEIITR X 5,
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Figure 54. SEM images of generated products with different flow rate: (a) 0.1

standard L min™*, and (b) 1.0 standard L min™*.

(4) JE 71 O 3 %

#%IC, B 10000C, Ar H A& % 0.1 L min?', L—H%— XU —10 W
THEE L. EJ% 300, 600 TorricEfba®7, BoNTH FOFEEL SEM
THEE LS % Figure 55 12789, 300 Torr @ J5 2% 600 Torr £ 0 & #lf #E IR
KA E LT BERPDRNVESICAR XD, Ar T RAEITVWT UL 0.1L
min M IZEE LTV Do, BRI N R X 300 Torr @ 84 600 Torr @
BAEOLORMTH D, L2 -> T, 300 Torr A O E fHE 72 K[ 1%
600 Torr DA LV b, AP ETD2ENICERY HETWD AJRENH

AR
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Figure 55 SEM images of generated products with different pressure:

(a) pressure of 300 Torr, and (b) 600 Torr.

Figure 56 IC " T VLS i E A A =X 20K N6, 7/ VA4 ¥YORREIC
HZDENORBIZONWTERST L, ENEFIHT A FOFHABITE, 2F
DR FRENERT LI ERBETEL2EHHERE, CHELTWVWD Z LR
MO TWD, ENBREWSEE, Eae L AMOR I3 V8E miTRIE
CHRERLRLT WK THY  HHEAEEITEABEOR FOEEIZLYELT DT
D, T I IVATY~ORENEEFTRHREKRINSELLLEZEZOND, — 5., E
NBENEE, FPHEHBHITERAEWEZD SiAKITSIiAKE L TE VBT
ETH2ILENRTE HVWVHERE THLL2 L bODT VU A POREICITH# LT
WwWahEEXLND,
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Figure 56 Schematic diagram explain the effect of pressure for the growth of

silicon nanowires.

4-1-3 B

FEBRANT A -2 L LT, ER]FRE, V—F—R"U—_ Ar T A &E. £
Nz B S8 A D SEM 4 % Figure57 (2% & ® %, A IR E 1L 1000°C
PLECi#ERICKRELE, V=¥ — T =X 1.0WLL LI b &, B MHERK
FlopER SiRGN HEARKR L. E2 40-50 nm 2 O #k M08 R+ 28 4 ik
L7ce £, MEE/DS W BBAMERK FICME L Si -/ FogER
W inode, IENIE BRI REHABRITENELS, SiAKQE L TRV
MEETDLIILENTEDZZLENLF /) UATOREICIEHEL TWD EH X
bNb, WFRIZLTH, KEAT=XLICEBWTEERZ LT, &8 i
MEEPGEEREICELLL., Si AADVAEKBEANTILER T2 & TH 5,

ZOH, AR ITEMAFREBICEL, BIZ SIi RRAPELEIZESETRN
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WL L TWS Z&ET Si T /7 UAYRAERT L, LEnos T, AHFZE O
W TIE, A L7 Si T/ VA VYEKRFRZBELTFT UL Y LELTO
FrE I TCERVRN ABRBEE AT A - FOREIEZIT) 2 L THE O

W—8R SiFT /U4 TYOERNPNBETE S,
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Ar flow rate of 0.1 L/min

0.6 W 0.8W 1.0W

300
Torr

300
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\LP 0.6 W 0.8W 1.0 W

300
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300
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Figure 57 SEM images of all the experimental conditions.
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4-2 F )94 YOER

KHEFTEKRLIZIKR LT HMEBTODLIT /) UVAYE, 7 4 VE B EAT
YL T T4 NE LICHBEIE,MEICLY ER EICESET 5L 2KTTH /
MEBTHOLERERINELOND EE XA, BIED Si 7/ U A YITK F2HIEEL
TEBVERYEER: LTCOMELZGELZZ EFHELLYZ 26, O Ag T
JUAYEHWTESERELIToTL, Ag T/ U A Vid, KEEL T/ 4 —
— MR SN~ A /e A - —DOHBMRRLFTH D, T/ F— % — Dk
ML AgRFEomWEEMRIZLY, L EHEMEPEAERTE2EILEDOMMED
E T+ RB8EERXYy NV =2 ZBRTHIENTETLIREEZLL K
MHROZEHEERE L THEASINANTWDLIHMETH S,

4-2-1 EBRREBIOAFE (AT /Y AY)

() i FFE L AL K 2 HE KO IE ik

Figure 58 [ R T EBRBK DO L B0, B F5REERLE L CEELEREEL W
72, Figure59 IZ/x3 Ag 7+ / 7 4 ¥ (SLV-NW-35, Blue Nano) % 0.6w% ® &
ETREBIE, 7T h~vA P —ICEMER % 0.07 MPa @O JE J) THEARS L TR
WEEBZELLEL, SO EEIXF YV T HAThHLERTHEL, VI YT
NEEHALET 4 72a—Vary R4 YHNEBBIED 2L THE L AR
SH AT/ UVAFEZT e VRETCHE, BRESELER X, 74004
RV ERNICE Yy M LT Figure 60 IR T #k#Efg 7 « v % (PTFED F /2 7 7 A
NAT Ly 7 4 (CELBHMER 170 nm, FIEFE 0.32: TOL0A025A,
Advantec fL8)) ZHH W T AL, i 21T -7, 74 VX O AWK EIL 1.5
L mint Z#RFT 2L VT7 TR Lic, £, FEBRHP Ok H R RE
DEREZIT OO, ZA4NVEHBDOENE~ ) A=K o TEFHAIL K, KL

FHIAERFM X 300 & LT,
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Exhaust

Compressed air | Deposition time 30 min
0.07 MPa Flow meter Filter holder

—O 1

Diffusion dryer
£y
7
Collison
Atomizer manometer

Ag nanowire 0.6 wt% 1.5 L/min

Figure 58 Experimental set up for deposition on air filter of Ag nanowire particle

produced by spray drying.

Figure 59 Typical SEM image of Ag nanowire printed in technical data sheet

provided from supplier.

(average d¢ = 35 nm, reprinted from Blue Nano Inc.)
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Figure 60 SEM image of this filter.

(b) 7/ KL+ B @ I D 5 5

AEBRTIE, BEEKRE LTREEZHORY Fu b7 4 04h (PP 7
ANVh; BaT T2 b ZHEFEREe KAL) 2, £, 740
EmHICHESNTZ T VR FOETICIE, 7L 2# (IMC-1819-A, H ot #
EATAES) Z2M Wi, A LEZ7 4%, PP 7 4L L, FLRAEDA A —
¥ % Figure6l (7" ¥, B, THFERNLLZ7 VAL % 3.0MPa, 7 L A

Wz 30 & L7,

A JH PP74JLL\ ﬁﬁmmp}e
(H&ER) (3z571) " {7 L2 : 30 sec

Figure 61 Example of prepared sample and machine.
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(c) iz 5 M o FF fh
AREBRTIE, T /2R FOBEEEFMT 27-DICEHEERO 7 4 V& BT
HMELEERFEREICHT D, BBEHKD 7 4 VLD EE S 2B R ((4-1)

XL) LEELL,

BEROIAILEDEERED (g]

EEE =
EERIOI I LOBERNFEE (g (4-1)

TANE EROC T 4V AICHEBE LR FOBERITE T RBEICE > T3
L, £/, MEREOMEZFMT o720, EEWE 7FBHME (Scanning
Electron Microscope, SEM) # HW THEBHREEXm OB E 217172, EX6E
PEIE. BHLRF (Loresta-AX, =& T7 T VT v 7)) zHWT, BEOXRME
BEREPEZFHW L2, & WX, ¥ 55 (USB2000+, Ocean Optics)

EMOTHEZ Lo FE@mMEZF L 72,

4-2-2 FEBHERX (AgT /U A %)

T4 NZIZ30 MR T EBEBEIE B O T 4V E EZT O SEM B iKE
#%BDOPPT 4 V& ZDSEMBEAE Z I Z I Figure 62 % L OF Figure 63 (27~ 77,
0 DA AMEATO /MR, AgT /U A Yh FHBEE1X 0.09 mgTh -7,
AMBEDOT 4NV EREIZIE, 9o T HbEHMAAMICR S TWND I ERDMND
(Figure 62 (a)), E-HM%Z DO SEMBAMHAE T DL, 74V FREIZELHK
D AT T A YR OHEFE NG T & 7= (Figure 62(b)), 24+ % PP 7 ¢ /b
AEICEET L E, TOEERET 0.06 mg, HEFET 7% THY ., LHENE
WG RTT A NI PLERICEETE L, BE5%O7 4 VLADFEIZEHR

T5L . EBOXERNB T TCRZALAZENS, KB BEEL AT H 2 &2 H4F
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T% % (Figure63(a)), £¥7-. 7 4V L ~EEH% OGO SEM 5 E 2% H
THE, T4 A EICEERRICAGT 2 IAPREFDRHEREL TND I &N

MRTE, &SI, Ag T/ IAFRFEERBELEN, Xy U =7 2

L TCWwWabZ ENnba Db (Figure 63 (b)),

Figure 62 (a) Picture of nanofiber filter after filtrating of Ag nanowire particles

and (b) SEM image of this filter.

shotolumin
en discuss.
‘and mechan

Figure 63 (a) Picture of PP film after transferring of Ag nanowire particle

deposition film and (b) SEM image of this film.
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4-2-3 AgFT/ VANV HFEEREEREOESGEMRELULEZANY

T T ANRT AN B EHWTHERLEZ AT/ VA4 YHEBIEIZOW T,
B ERFLEZHWTEXRE SN EFZH W T ZEMNEEZ Z N ZE EF
MLz, TOME, Ag T/ 94 7 4 VX ERBIKO L EEREKH R
2.7x10° Q/O0THH ., T/ UAYRERVEIZELETERIMT Y NI —7 %
EmRL, EEENEONRTEEZOND, £, XOEEICXT 5 Ag T/
UAYHFE 7 4V A DOHERVEE IR FEE Figure 64 127 T, 2B, PP 7 4L
LN FERBE~OEBIIR W2, EE 500 nm I W THFEEFIL 82.2% T
HYH,. mWFEREEAL VDI ERNDbNDL, T2 T, BIfERETHEI
NTWs, BAETHERLE AT/ VA YEHEER (KL 7 LT
A AE) [T4]loMRRE T 5 L. 2O FE I EEMKO R E K EIE 150
~250 Q/00, 2B BEBEITX 90U ETHDH, Zh I b, K% TIE
# L7 Ag T/ UA YR FREBEIX, BAILECERIALTNDS Ag T/ U A
YHEHEERLID S, EXBMA TR I2ABREEIIEAAEL ., XBHET
T I0NREERNZ LR Do, TORKE LT, RMBOENL R —7
HERENEZE2ZDOND, HEROKEMEZM LI 27201101, AHMMBIEA
LT 5 EBRAOHEE L, Ag T /U ATYDT 4 VEZE TORFE S B &
OCHF T 2L EORFREROME - XBFBPNLETHLN, LIRTMHME TH
FT IO UVATYEHWSHZ TRy Y= ZEKRL, EXEEELT AL K
MR () 285k E2HWTHELRD Z LN Do, 5% OB
D, vV arF /A4 YEKMPTHERTERE, BEHFEZRBE L. LK
LicERE2zELI L TEDHLEELLND,
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Figure 64 Transmittance to wave length of Ag nanowire particle deposition thin

film.

4-2-4 EBREK B LOHE (ITO F /K +)

Ag 7/ U4l g e LT, R EHEERO R CTH 5
fbA VTR NTO ZEBERGRIEICL Y S 2R+ & L TRAEIET,
FERFE B 1T Figure 65 2R T & B0 MEMSMIELZH VWL, 2 Y WY
Fh~AVFOoRICHRAER O I —H & L THBAX 0.1 wobiiga v
7 A (In(NO3)s. SIGMA-ALDRICH) %% fif L7- KEKR % Niv, WFE & 1T -
e TOH%RT 4 72—V a vy RIA4AYTHEZRER. 1000CICINE L 727
KPEIWZELTY) D —H BRI POBBICLDLCFERISL S, ITO O AR &2 1T
S, FDOH%., 74NV EFRALINICEBELEZPTIFE T ) 77 A RN AT L
T4 NAIC Lo TABR L ITOR F 2L Lz, W&E&IF 1.5 Lmint, 4k
Mix 300 Lz, 74V X ICHERIT, AgT /U4 P ERBEOERE - L8

T, PP7 4 NVL~DEEFEZTol, R LU ITO BB O A A EIX. Ag

-88-



T UA YHREBROAM E RIS, BEROFHEL LT SEM (2 X 2 X @

e o AEAE . ITO RSB ME D BEREME & U C . ME o> 6 GG M L O i B b o 3T 4 %

Sn(CH,CO0), + In(NOs); + Air — ITO

FRIAINE: F/IT7AIN—T1ILE
Depotision time 30 min
Filter holder

_ Exhaust
Compressed air

0.07 MPa

— T —{llI—
Diffusion dryer

Electrical furnace L-&)

Collison (1000 °C)
Atomizer manometer

Sn(CH;COO), 0.1 wt% 1.5 L/min
IN(NO3); 1.0 wt%

Figure 65 Experimental set up for deposition on air filter of ITO particle made by

spray pyrolysis.
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T T ANRT 4N FICRFERBER RO a2 KT PP T 4V ADE
B L Z O SEM % % £ Figure 66 3 X O Figure 67 (27~ 9, HEFE B[ A
30 b DG ENTOF i +2 A bEFT /) 77437 4% EIZ 0.6 mg
ODRLFDEINT, . ITOF 2R FITHEWEADOR - ThDH 2 & A
b THY, HE®RO 7 A VX HEEE LD L v E A O R 25 — kR I HE B
SN TWVWDLZLEDRERTELZENLINITOR FR+HICHERLTWSD Z &
N 7nD (Figure66 (a)), £72. 7 4 VX HER % O SEMBEEICERT 5 &
ZORTORNMNRLDHD DT ) A —F —OR 0 —FRICHBEL WD Z L&

2D (Figure 66 (b)),
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MEEESZERNbNS, BEEH%O 7 450D SEMEEH%Z R % L. Sn0O ki +
TOERERFERICIZE KRR FEERERAER SN TND 2 EPHERTE
7= (Figure67 (b)), 72, BEHZO 7T A VLEBERLDL L, 740V LD% A

CHDLIHXFRETTRIATWHWDLZIENG BEROK FREIZHDIBREONE
WHENH D LN Db (Figure 67(a)),

ERL L 72 1TO F 7 ki 1 F5 Jg B o 6 25 38 3 o 5+ 1 &5 B % Figure 68 128§,
COMEITEBRE THDLPP 74NN LDNFBRE~DEE TRV, HE 500 nm
ZEBWTHK2T%TH Y AT /AT IV M BEEL R L, £70.
BAXBEREZWELZ LA BONLEHBEBRICITEEEDNE N Z & NHER T
X/, ZTORKWELT, BEHDO 7 4 LD SEMBIZERTHE, 7 4L
A FICEEE S ITO B O R ZITIZIE 100 nm L FTH 0, kL 7 [ 0 £ fil
R, T hbbhiFRICEBT2EIBEMPAEVWED THL EEZXZOLND, LR
5T, Xy N —JBROBANSIEF /R T TlERLS. Ag T/ U A Y0
9% 1Lk /  MEZHAVWS L CEREEEZ 7 4 VX Al LEETIC

IV RRISBEOND I ENRFRBRINT,
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Figure 66 (a) Nanofiber filter after filtrating of ITO particles and (b) SEM image

of this filter.

Figure 67 (a) PP film after transferring of ITO particle deposition film and (b)

SEM image of this film.
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Figure 68 Transmittance to wave length of ITO particle deposition thin film.
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BHSE SI7 7V EBEOAR
= N e
2 WaMBt T 277 7%, EFPFHICALCLAD LN TWND IO,
YHESL I T 774 Mol RNV NEEZAL TS, BN E
FMEFH L REFOMICEFPFET LI LD TERVWELEE (N X
Yo ) DNFEELTEBY . MNP0 XX —MICKYMEFH»L AV
RE¥Yy 702X N X -2 B CHEEHR~BHIT L2 L TEINWINLD, L
ML, VT 723 AN Ry PRGFAEEST, MEFH L ERENT 4
Ty REMIEIND 1 KT oTeRRL NV FHEELZ A L TV 5 (Figure
69) [49]. EH O L ERIIME T8O Ld s W I EEH O K TN Y R
B BRRICESDICEAT IV, 77 72 OHA T Z0FENERNTH
VAN

ODYEEKOMEBE FTHO LMD D WVIEEEHEOK TONY R OSyEE
BRI FORRPEHBR LI DB EBHEpD 2KRANTHEZ LI,

WUEARAEHEE m*E H WD &

2m (5-1)

ThbbHEHEETFOXNTHEZOND [75], 202 b, ZOfITDOE
FIXTEEN mYCEXHBDoTZHHETDOILIICRDIES Db D, F

G- z2zEHETHMOLEDLD(F 7 7 O X)X

*

3

TRIN, EFOHERETOHLIEFBIELZRT, L2HN, 777 =22DN
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PRHEEZ AR LR )ICERNICR S TEBY OB RO N FHEED

SEEBRERTG-DAPEHN TSRV, Ko T, EEHIC,

THZbHD [75][76], 2 2 CTxidfnEw. .  MEFHOZTRENITKINT D,
7772 DEFBEELZRIZELFARKRICKRD D L HBBEERENS pD 1 KK
Thoribll, Hc I hbbEFBHEIRBICILST vT—ELERD, O
FO. 77720 0BBFFRLTCEELT oL S>THICAHLES TH L,
vOEIRHEEOR 1/300 TELZ 10 ms'TOoRE S22 Lo, BEBTBHELIK
MBFRIKEFHOEBETH L2720, 77 7 OWPBFIIIEFITNHSL 2D,

Br*x10*QcmTh B,

(a) (b)
Energy

rreCh

Figure 69 Band structure of (a) semiconductor (b) Graphene.
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ThHhO,.2B. 3BEBEIHTICON TAIHETINEL 4.6%, 6.9%& L5
LT, 20X NFR_HEIPLEDRKIZEIY 7T 7 2 0% ¥ 5

T 52 &N A HE T H D (Figure 70) [77].

white light

monolayer

)

/

bilayer

Figure 70 Graphene image of Optical Microscopy (reprinted from Graphene

Industries Inc.).

COXDICERCHEME, ZRHMLE L BICENTLZ 7720 TEHDIN, &M
HERELTHWLIHBAICEERBEETH D > — MEHL [Q o] BHME
DEHEIWZR > T b, L2rLAans, P = MIREIEERN N T 51> T
MELTWS R EHEIRENEMT 2o TIETFLTWLS b — A

7 OBERICH D

t W (5-3)
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MATEEE LT, SR/ EB O ERE D20 O FRZOBE . B L7
WM DRGSR, IR A D = XL DERE LT o T,

5-2 EBRBEK L Fik
Figure 31 IZ " d L oic, =R —F =T 7L —vaEoLs,. &

WREWCTEAL T A —R L OHRBENTE T LES, —FH. K% THW

a@

L= =77 Vb—variEF . vV —2 7 2K koETEm»bRET 2

LT A TAEROEHAMEERAL T, ERICHBLETELT 7 A0 —

RAZHGHIC L —YF—2 R L, Rz RETETDILIICTRLE, £
ey V=Y —BERIL - - RICEKFT OO, MAEHBKTOZ 77 =2

WA DM TED EE T,

Figure 71 ICEBRKRK 2" T, 267 PaD~NU U ATIiZmEN7ZAT LA
HMERF ¥ NOFRIZ, FT7 774 4 —45 v b (650mmx2mm, =7
aftfl) LT AR (20 mmx 20 mm x 1 mm, 7Ly FALEAERD) &
HWIZFATIZRAA WA S KO ICRBEBL.E - RGHKEO ST 7B rv 2L —%
—Nd:YAG L — % — (4= 532 nm, 50 Hz, pulse width about 7-9 ns ; InliteIl -50,
Continiuum Inc.)%z ., ML > XEB LN N L v X(D50 mm ; ¥ 7 ~ 8% H
WTHERLT2bRELE, 22T, — KWKV —F—0HEMEBEHZY O

WmELszRST 7L—x2 v X FiX, G4 THZXZLND,
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2T, Migser lF v —F—=R"U— ATRFEHHE., viEEAEEEZERT,

EREOBEARy hEIZV—Y—D 7L —x2 2 2% 23)Jcm?225 0.35
Jem?2ICZEfb s 52 LT, ¢1.3mm 205 ¢3.3mm £ TEAL &8 T T ER
ATV, 77 72 ICBRTA T AR A= F T — A1)
ecemt TR bELSBREEREED, DBEOERSF T L—2 2 1] ecm™

<17 7= [78].

MFC

(72-78 sccm) j

Convex lens 267 Pa (He)

l—l— — Graphite target
f/J
Nd:YAG
50 Hz
Concave lens XY stage
Glass substrate
X—Q
Vacuum
pump

Figure 71 Experimental setup for surface modification of the quartz glass

substrate.

L— =R E R 1 % (3,000 2 v k) 25 204 (60,000 = v )
FTCEMSET, ¥— MEHUIMWEERTE (Loresta-AX MCP-T370, Mitsubishi
Chemical Analytech th8) THE L., X FZW@MMEITEKRKRZL 7 AT nm
VTR & W72 4 6 6 (Ocean Optics #H8) THIE L7z, HEFRE L 720 —

B O R4y B2 13 . XPS (AXIS-ULTRA DLD, Shimadzu #: %) & 532 nm (0.15

-97-



mW)» 7 )b — 7 L — % — % ] \» 7= micro-Raman spectroscopy (Nanofinder,
Tokyo Instruments tE#)AEH L7, 72, EHEEREOMSMMBE L ER

TEM (H-800, Hitachi #L )% H W T L7z, TEMBIEZOBRIZIX, ¥ A ¥ E
YRFATEMWT/AFERI VTR TEM 7Y v FicffE s g TH 7

L7,

5-3 EBR&E R
5-3-1 HmiMFE L LY — M

EFT. 77774 NEROR S EBERER TH D, Z UM L EEMEZ M
THID, X—F vy hEHEKERGRIE CEBEY A X2 ERH 8mm 2 E I
IR L., AR HBRE Y — FEHLEZNE L, Figure 72 IR EH 25
OB L B EME 20005 850 nmIc BT ABRERB LY — MEH &
T, FROBHLH YT ERENICL—F—HBF SN TBY, /7720 PN4E
RENTWDLHEERDDL, —FH, TOFEVO RF—FYROBVEH ST L —
P—rPRHEINLTEBLT =7y by KL EBLETENLNT 7 AT —
RUNHEBL T LIS, BES THE, F@EE 30 U F &K
VY — FMEFITEBOMERRATCLL MQOF —F¥ — % x TV HEM
TR TCE ol L2rL, V-V —BE LEZEHRE S TIL., 80 %L E
ODEmWEREEZAL, SHIC, Y- MMREFIZIF7 7200 bm0bOD
10°~10' /O D EBEBMERHER CE /e, BT, LV —%2RHET L2 LI &
D, ZOXIBREUPBEONTEERNEZERZT 50T, Hx OB R ZH
HI 5,
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Figure 72 Optical transmittance of the surface-modified quartz substrate at the

laser-irradiated spot and black component.

5-3-2 7w AN pk v — NP
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Wic, 7972081377774 MEEIZERKRT 5 G-band, 77 7 7 A
FOXRMGICEINT D D-band, HED 7 7 7 = VIZBWVWTHMMIZA LN D
2D-band D =H5>D I~ —27 THMT 5, 1 pEOLV—F—RETIETTE
NI 7 AAD—HR L OHREICLDIIEFICT e — e —nREbonz, L2L.,
S5oU b=V —WREF LY T VIZBNTIE, 77774 MEEICER T
LGNV IEREN, Y- MO ENNGEEENER TSI LML,
77774 MRy NYU—IREHRELTWDL EEZONRD, £, T & FK

2DV R B L TWE 22, W 7774 e BEbD, —
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ReNZ<< GEND N bhd, o, v — MR ZA DL L, 10 MO
R E Ty — M ERB TR 2 T0EN, TR EREL TN &, v
—FERITER s TS HmARBOLND, LEER->T, V77 7=y b
U= BROEDICITHLIBEORMNEHRALETH D —F T, K 2 BT

R AFEMET DA REDRNH D Z &b bhho T,
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Figure 73 Raman spectra of the laser-irradiated area at the center at different

irradiation durations from 1 to 20 min.
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5-3-3 TEM i %%

R, V=P —RHARy hOoF /VBELZSLICHHTT 270, 777
7A PEBERAERL TV DL ERb2ERKRE XA T EL KT A7 THI
WIEY ., TEM 7V v RICfHES® T, TEM Bl82 & E 7 ET 8% — U Bl %
To7, TEM O HBHBIIZFBE L CEFREEBRICHC T D 2D, KB
o BEZEEE N RS D, Figure 74 [T EDOK TIZ, 7 L— 274k
ODHeFEH AR CE B rRIF AN - D NfAREEEEF T 77 774
FChHdZEDRDLNoTE, DED, L—HF —BE TRDOONTZEN 2 BIT
WorZ7 774 ThHLZZEREMTONL, —F T, EORTIXHEFAZ =
VEFIANEARTOMEPERETCE . EFEFTTETEALT s AR DB
— VU I MBEBELE, TOWEXTZ PANLTEALT 7 AKD Si0O, Th 5
TR bholt, KRN, FI7 774 POAERITER OO DD T

ZHRHE KD SICHT T 774 FERICHFELTWDNE ST TEM 8l

BN O FTHB TE RV, RET XPSIZ X2 HERLHMEIT -7,

i TR (amsin®)/A=5.5 Al

o331 A . w@ﬁFl-‘" Al
-

(4nsin@)/A=2.1 Al

d =210

Figure 74 TEM images and electron diffractions of the fractions of a sample

irradiated at 1 J cm2 for 15 minutes.
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F—NEHTE, COBATXAXF - I 0 HZPNUBEOREBEICL > THATH
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=R ERIET A ETSICECORAERLEEEZLND, AR
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(a) 1 min
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Binding Energy [eV]
Figure 75 XPS Cls region of a transparent conductive film generated on a quartz

glass substrate by laser irradiation (duration (a) 1 min, (b) 5 min and (c) 15 min).
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Figure 76 Schematic of graphene growth process in our system.
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Figure 77 Irradiation time dependence of graphene growth process.
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Figure 78 Schematic of summary
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