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Three—dimensional microstructure doped with water soluble
graphene fabricated by laser pulse two—photon polymerization
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Abstract: Graphene is doped into the photoresist which is made by mixing the 2 —benzyl -2 -
(dimethylamino)—4'—morpholino—butyroph and pentaerythritol triacrylate. A series of 2D image and 3D
microstructure were fabricated based on the technology of femtosecond laser two—photon polymerization
(TPP). The infiltration of the mixture was characterized by the hydrophilic angle test, and the
penetration of the mixture was characterized by laser penetration depth test. The experimental results
show that the mixture with graphene still has strong binding force with glass and laser penetration. At
last, 2D image and 3D microstructure were characterized by Raman mapping and scanning electron
microscope (SEM). It is confirmed that graphene can be relatively evenly mixed in microstructure by
using deionized water as dispersion liquid, and the composite microstructure is more stable and the
appearance is more uniform than the pure photoresist microstructure.
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Fig.1 (a) Schematic illustration of two—photon
polymerization, (b) schematic diagram

of objective lens gathering two photons

TS, K A SR 0 5O 2 IS
SHRA, IR T CENEOCSOE T o T 4825 (8] L%
K ff A A ) R R AR K S A AR L 22 A 3D
iy, EEEON, EH A A2 #1723 H 3D
FYRURT 2D EGATERE, i TR BE ] DLk 31 S {4k
B 1, e {3 0 s 0 45 Sk AT DGR B E
YUK DL . 75 183 R ROK IR A 2800 1 32 i
JerETR,  HKE M A B0 R A A J P RN 23 ) m] 9
P, EEH NN KA BG5S 2R A, P
I 20 BEAE Sy 235 48] 1 4 AT LA S B0 %) K 1 A 5 0 1Y)
3D %5 (AR Y 1 7 AT DA R B I X oK
A1 5500 3D T2 R A HE IR BE AN 8 Rk 2 it X PR
()75 Gty >k i [n) L, i L LA 20 AR SR A 4k A 7K
VM BRI AE A5 A W o 06 2 IS Y ) BRAVE B
e J. H. Kim 85 A BT BN 7 2000 40 S50 450
A S AT SR

KB BOLROEFn T & S R B K 2
7~ , Ph 780 nm I K CFMEOE (Coherent 24 F] , Mira—
900 f, KK 780 nm)VEN G, & SeTE 43 Fr ]
FAFE 1.5 cm BUHT7 B A 170 pom JE A T B0
T B L TR A VS VRO T s PVC B A | AR

JETEIRGW b5 Easy (G200 5 oy #ore
HILH b, FIH Newport /A "L WFAB 0 T
BEEER RIS T 3D FZ, ] : ARG
bmp A% 2 &L VR T P 58 PR P A ) i f 4 ol
3D (i B3N, KBTI P 51 OG- RO
THARZELEEI R FRE 55, BRI ok
CPEHEHLZ 10 min, B B RIAS 2R APROEAL
JEF O TR &R E 58 . S 1 VR GF By 4544 55 m
FasE, MAHT AT e B S B T 20 T Bt R g K
i 1]

Solidified
graphene/polymer

Cover glass
Substrate

2 RO T RGN TS g e

Fig.2 Experimental setup of TPP fabrication

2 BEKAERBH-KLRREE]

BT RO T TR AN GRS B, i AT 5
I TE G20 e v 8 43 F0RE 2SR v o T A 30 — Y 2 e
TR MR ME SR PIA S G B9 3 — YRR, B2
MGG IE R, ABERR, TRIRAS
AH 5 R 3 LR T RE 22 501 K IR 1 2% , B 7] R
SR B R L, Y8t 5 B K g A B
IE BT 4

T ECH HE A AT R EOE RO T T A K
WA BEOCZIBER AW, 73 WK K 1 BRI
EXZIHITIRG . B, BEKE A B
W, 5 mg MKBHABRGET 4 ml EETK
o, R TR AW T 50 T, 99% 1M T 3
72 h AbBE 5 O K A BRSO 2 IR TR

1006006-3



B & ot

% 10

www.irla.cn

% A7 k&

G o TR S E & FRATY, HIR TR S
BEAE A R R G, BRI mCR R E T
T, RJE R E B 0.25 ml REEVE AT 5806
WROMASEZE , FRANA 0.5 ml JoK L0, 1%
A AT 30 CT,99% R A 1 h AbBE B K
TR AW v ) (58 TR RTC K OB ¥ Kk 225,
YRR JE IR B W4T 50 T,99% M3 A 1 h
LUSZIAE = RrR) oo o el ISR LB o Al) 1 el e ]
R0 - C 2 IR A P AR, Ak 3 R X ek
B, KA SR 5 R R G R MR T KL O
I, B ORAE T RE A BT A BL R ) RO B
AN TOGIRRS, BOETT LS B RS W2 B R A 21T
XOEF T,

Photoresist

Composite

P 3 ()22, (b) K I A7 248 -6 2 I T & W
Fig.3 (a) Pure photoresist, (b) water—soluble graphene/

photoresist mixture
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Fig.5 (a) Raman spectra of photoresist, graphene, and
composite, (b) optical micrograph photo of sample,

(c) Raman mapping image of the sample
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Tab.1 Percent of shrinkage of the pure

photoresist microstructure

Number Top layer/pwm Bottom layer/pm Percent of shrinkage
1 26.33 30.14 12.64%
2 26.93 30.47 11.62%
3 27.34 30.68 10.89%
4 26.61 30.07 11.51%
5 26.07 30.55 14.66%
6 26.73 30.20 11.49%
7 25.60 30.01 14.70%
8 25.67 29.94 14.26%
9 26.13 30.54 14.44%
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Tab.2 Percent of shrinkage of the composite

microstructure
Number Top layer/pwm Bottom layer/pm Percent of shrinkage
1 26.67 29.60 9.90%
2 27.14 30.07 9.74%
3 26.47 29.00 8.72%
4 26.74 29.87 10.48%
5 26.53 29.27 9.36%
6 26.74 29.60 9.66%
7 27.20 29.67 8.32%
8 28.14 29.88 5.82%
9 27.47 30.40 9.64%
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Fig.6 Percent of shrinkage and mean error of microstructure
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Fig.7 SEM micrograph of the testing sample
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