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Abstract: Graphene, with its exceptional mechanical and electrical properties, has gained significant attention
from researchers due to its superior characteristics compared to conventional materials. However, the
application of graphene in electronic devices requires a crucial transcription and patterning process, which
often introduces numerous defects, substantially impairing its properties. To overcome this limitation and
unlock the full potential of graphene for commercial use, there have been various efforts to develop integrated
processes for transcription and patterning. In this study, we present a novel growth method that simultaneously
achieves precise patterning using polymer nanowires as masks, allowing for the direct growth of graphene.
This innovative approach holds promise for realizing advanced electronic components based on nanomaterials
in the future.
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2. M3

19 % AFA|Z tetraphenyl naphthalene (TPN)-S
chloroform©]| =9 10 mg/mle] Z=&E A|d LS A =3t
T} 71 o] 300 nm9] SiO, FAE Ad 7] fof 2,000
rpm 271 5ko] 60% 59t AW I FHZ S5 TPNS
Si0,/Si 7|3 9ol S2etth(Fig. 1). 71 0], polyvinyl-
pyrrolidone (PVP) 3 g2 3 ml9] DI watero] Q1 89 9
E-jet ZTEE &-L3}0] PVP L-9lo]o]E Si0y/Si 7|
o Z=Eo|ql= TPN 9o EAlste] Hje s PVP Lo}t
0]0]/TPN &g FAISt}. 1 o]|F0] reactive ion etching
(RIE)S 59 =% TPN S 2A|ZtA|7]1, DI water2
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Figure 2. (2) PVP 8912 883} Ejet Zelg] MAE. (b) A

7 ZEE TPN, (¢) TPN $jo] A PVP the ofool, (d)
17kl TPNO| %3} v o]u] .

TPNS HAFIL PVP HlcetojojghZ A dHT FAR
TPN-2 UV/Ozone©] 2F 2087t =& A|A crosslinkingS A
AT} FAlol 71w AW 2 FHAXIE AdH cross-
linked TPN (cTPN)2 AA-2% Q1 900°C7IA] Z1& My U
oA 2=F 10°C/min?] 5 H== S#FE Fol 10 mTorr
e A 4083 THHE ZFAAFIA A Al
7to] Bt Fofle 28 A271A FZ5H RHE FHol
J#H9 MES 3ottt

P4 2fle) W14 BAE oks] ggtel o %
Z+7](thermal evaporator)E ©]-&5t0] & A=+E 2F 50 nm
Aro] FAZ oF 107 Torrd] 143 AW YollA S25H]
o}, AZE o|dA 1 W X AE (two-terminal graphene
resistory= T2 HAH|0o| AT} Keithley 4200 AL AA &
4718 Agsto] 2at0] H719) A4S 24 9 B}

Ak
3. Z) ¥ EE
WA o] AFAQl TPNS ¥4 7|32 SiOy/Si 7]

% 9lo] 28 TP o]gstel W FASHIA SHr.
71 01 Fig. 200141 Holt A3} o] Eiet TUYS B
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Stol PVP Lite Sjolo]2 meld g Wgake] 1A oA
28 Yesich AUA 02 SHE TPNS Fig. 200]A
Holi Hhe} Zo] RUsHA 38 Holgle AL Pokd]
7 olo] A% £ SRl & Uch Eder ZelRS T8}
o] PVP Yz 2}o]ojE TPN jofl &ARRE A} Fig. 2¢0fA]
Holt vjo} 7o QAT AAL T M RO ol
2 =ofUATt. PVP U 2}o]o]o] - DI water 7|¥F &
Hol7]of /7] &Hfjo] &= TPN Bfete] REZX|of JF
2 2] QIth 1 o]50] PVP Lhix 2tolol nhAz b}
Zro g L-&5]o] Ql&= TPNE reactive ion etching (RIE)S
-&sto] A5k (Fig. 2d). 71 A3 Si0, 7]%o] =2
U3 PVP Ut Sojo] @ 1 S0l TPNO| JoliS
S % 9.

PVP Ul 9}o]ojQ] ufAT &2 A|9] RIE A YotE 7]
A5 Y8l du]7(atomic force microscopy, AFM)S &
AohckFig. 30). PVP Uhiz Sfojojo] 277k % ghe
79 RIEY]| 93} SJAT]= Z(sacrificial layer) 2. 249 &
3k 3t S Ql7)of AT R A0l T AYE T 4 IS
Zolct. ¥iHof| PVP U ffojojo] FA7} oj H= £
9 RIEZF == 5o SYFoEA 9 TS T
UL, o= 2= 59 TPN 3= FTZe= A & &
Holeh. PVP e Sfolo] 3 slete] ErkE Zgop a,
Ul g}ojofo] Z2 oF 400nm, 1&]1. FA= 700 nm &
wo] T AYT U3L BT 4 ANTHFig 3b)

FE3 FAE XYL Q= PVP Ui flo]o]E DI wa-
ters ©]-&5te] PVP/TPN 3of|A4] PVP Ul efojojuhZ A
@402 AANY T 23} Fig 4aclA] Hol vls 2
o] PVP Ul 2fojojgt AepX| 1l e ¥ TPNO| {-A]5kaL
NS AT % AT, TPNG ATAZ Tehue 42
Al 3¢ 204 gA SLL 5 Y=F UV/Ozone A7
2 %5 crosslinking 9 AW SH12TL ol WthFig.
4b)[10]. 11 & o]Fo] 900°Ce] Zkof4] CVDE &
sto] TS A7 AL skelt 1 A A3E e
W2 oflA TPNY| sigld R 4ok & & AN
CHFig. 4¢). E3, A4H 1w 4 &Rlstr] sk
Raman spectrag 532 nm@| T} o]-85t0] S| E YT}
(Fig. 4d). % T=92 115 25 peak?l D-peak (1,350
em™), G-peak (1,587 ecm™), 2D-peak (2,750 cm™)S L ERY
2 o 5 A%t Y TEe) RDIG I8o] & 0.62
2 o TeEYe O & i Eek TEe) At
B D-peako] e A0 2 uo] Hol o] i
T el ©HEolA de= & & AUTH

e 2] W14 S4E Loh] s oA}
121 G A AE(two-terminal graphene resistor)S 0]
HOIthFig. 5a). A=3F A= 7k9] Al d 9] dol&
100 am 2 HSH9LT, @ 2718 59 2 AIL F 50
nm FEo] FAE ST F A= Atelol= Iid Ui
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Figure 3. (a) PVP Uhe 9fojojo] 912151 @u]74 o]u] . (b)
PVP Lhi Sfolojo] £/ B E& b g
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Figure 4. (a) SJ€1¥ TPN, (b) UV/O°] =% crosslinked
TPN, (¢) CVD 345 &df A4d 2efjao g3t dnlA o]
o)A, (d) %% 1@ e] Raman spectra.
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Figure 5. (a) o|5kat 129 gl x| 28] aabe] 3t wv)F of
a|x]. (b) S L] AR-AY 1=

etojo] gt 7ietto] M7o] Ad= A-5tA stof LA
Ul 9fojojo] M7] AL g otk 1A} SFATHFig. 5b).
AU -10 mVoA 10 mV7HA] HYAZ A5, 574
= el A7) AL % (conductivity)= 7.3x10° S/mo]c}.
ol YHHHQl Az o=R Aoy Il A7] HrkH
o 953t & 7HAH, §35] AAF 2 glo] dojxl 1
W9} &2 A7) Aol sjgEeh12-14]. ol & A
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