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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
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Fig.2 Experimental setup of TPP fabrication
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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%

xR 2 BRAMBMEHRKRER

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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