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Fabrication of Nano Graphene Wire Employing Nanofocused Ultrafast Surface Plasmon Pulses
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Abstract

Graphene has attracted much attention due to its various applicabilities in electronics and optical devices.
Photoreduction of graphene oxide (GO) by femtosecond laser pulse direct writing (FSLDW) exhibits less thermal
influence on the substrate compared with GO reduced by chemical substance, and thus, higher resolution patterning
with arbitrary shapes can be attained. However, in the conventional GO reduction with FSLDW, the minimum
patterning width of reduced graphene oxide (rGO) is determined by the diffraction limit of the laser pulses. We applied
ultrafast SPP pulses which are focused into several tens nm at the apex of a tapered metal tip to form rGO stripes and
successfully demonstrated fabrication of nano graphene wires. We also conducted evaluation of GO reduction with
selective in situ CARS (Coherent anti-Stokes Raman Scattering) measurements using SPP pulses. Nano graphene wires

of which minimum width of ~200 nm was fabricated by about 10'° shots irradiation.
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Fig. 1 Structure of graphene oxide and reduced graphene oxide.

AR T DT T 7 = o U T VOERGEEZRAT 5. £7, mBERERILS 7 7 = 50
KR %, Au 22— 4 > Z(EE 100 nm)LEL STV 5 Si0p 4 E(E S 2 mm)iZ2K ml i F L, 3000 rpm
TSHAEa— kUi, S2b RIFRFE &2 6 R RRIES 30 B CTh o7z, 20, Rl—oRRITx L
TZOMPRE 5 [EHRD IR LTz, HZIZ80CHFR Yy N7 L— MIEEEZEX, 10 0 A 7 B 2177/ > 7.
B LB T 7 = O BIRIRIE, IREEAS 6.2mg/ml, 7 L— 27 HA X 0.5~5 um, JE S 1 JEFJE(80%LL 1)
T o7 Fig. 2 12V Z O K AR, ALy a— MLERC K> TEB#Eomt s 7 =7
HMERE S 7z,

Graphene oxide
r SiO, (t =2 mm)
Au film
(t=100 nm)

Fig. 2 Schematic view of graphene oxide used as the sample.
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Fig. 3 Raman shift of graphene oxide (GO) films at different points.
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Fig. 4 Experimental setup of photoreduction of a graphene oxide thin layer employing tip direct illumination and
selective in situ CARS measurements. G, gratings; SLM, spatial light modulator; HWP, half wave plate; OAP, off-axis
parabolic mirror; BS, beam splitter; PMT, photomultiplier tube.
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Fig. 5 Reduction method and CARS procedure for measuring the width of nano graphene.

3.2 EBRER
Fig. 5 OFEBRt v F7 v FICHSWT, Bk 7 7 = vimmfbitifll 211 - 72, k7 7 7 = v ivE b
SIH72BE, 2D-band B — 27 28 2700 e L FUTIZHND. £ DIEF%E CARS FHilllic k- T, #EofbOFHfi%



4%, CARS FHHITIX, £/ 7 1 A —Z@{EHPH 520-620 nm (A 1=4.2nm) & L7, Fig.6 (Z CARS #H
fERERT. AR, F v TEEREZRERIT, 0 B L 60 F(=9x102 L R)D 2 3% — 2 THMPIL 7. Fig. 6 &
v, BT ay ML, Ty eV TR d % 5 pm DLERE L 72EFOFHRE R CH D, F2, Fo Tl
T TN B SE(d = ~10 nm), T v TEERILIZE > T 60 B(= 9x10° SV RS S 7T
1%, 590 nm 1¥0(2725 cm )IZ 2D-band B — 7 BRHIN T\ 5. —FH T, Fv T HEBERIL 0 o7
JLTTIE, 2725 em1iZ 2D-band B — 7 (ZHAL TRV, U, HE 800 nm @ 3 Y& INIZ L - T, GO
Bk &N, 77 72 A O 2D-band NWRILLTZT-OTHDH EEZLILD.

1.25

:l TTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTT |:

E —— Excitation time 60 s §

E - — Excitation time 0 s =

1 E-........ Distance between tip and —

- E GO (d >5um) 3

g =

=] = =

o 075 —

s -

2 E

2 05F —

9 E =

= = =

0.25F 3

é RN \ g

E NS\ ] - 3

OMTA’T\N‘ [EXuENTd FTT

520 540 560 580 600 620

Wavelength (nm)
Fig. 6 CARS spectrum of graphene oxide after tip direct illumination with selective excitation at 2700 cm™' atd > 5

um (black) and at d < 10 nm (red and blue).
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Fig. 7 (a) CARS measurement for measuring nano graphen wire width. (b) Topography measurement.
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Fig. 8 Experimental setup of photoreduction of a graphene oxide thin layer employing SPP nanofocused pulses and
selective in situ CARS measurements. G, gratings; SLM, spatial light modulator; S, Shutter; HWP, half wave plate;
OAP, off-axis parabolic mirror; BS, beam splitter; PMT, photomultiplier tube.
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Fig. 9 (a) CARS spectrum of graphene oxide after reduction. (b) CARS signal intensity for reduction excitation time.
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Fig. 10 (a) CARS measurement at 2D-band (2700 cm™') for measuring nano graphen wire width. (b) Topography

measurement. Scale bar was 200 nm.
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Fig. 11 (a) CARS measurement for measuring nano graphen wire width. (b) Topography measurement.
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Fig. 12 (a) Graphene temperature profile of the flake heated with the disk source. (b) Local temperature as a function

of the coordinate along the large symmetry axis.Disk heat source with a diameter of 0.05 pm [11].
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