RV IR ooE % Ok Vol. 44, No. 1
2017 4 1 H CHINESE JOURNAL OF LASERS January, 2017

SRR HIOR B A N itk Rl B RE R AR 1
Je M P 1 B s 1R B 5 3

BT, EMR, Twa®, A g9%Y ZER, EER, 8 7',
LEL', LEE, HxH?
N Tl R 2 WOk TR B, dbat 1001245
PTG R HUARAL 2 S AW ETY TR, TMAVEM 54 /R 37996 2 ;
SPUI KA TS B A BE O TRBFFE R, W AL#R 610064 ;
DA ARG E A SR, dbat 100854

FE  CRMHOL R A K TR (R R E T N TR AN LS A s R, AT MOt EE HOR A
TR AR Z BRI R . 258 THOLE SR AR M AP T7 . DB ES BB S T M iR 2)
WO A 9K 5 /30 R A A SRR U S0 E A % 5 3) SRIBE U Mg R A 1 22 2 B 2 L A i B R 45 O L A A IR IR Y
WO % . RIS 20 T A URAE AR T R (9 AR SC BT E A, Al SR 0 LS 45 10 A 45 140 4% 1R B BT 5 45 g JH B ok ok K Jé

I et S
KR BOGHIE: BOLES; WRENEOE: MBS MAHRAES; AR
hE KRS TN249 XEkFRIRAD A

doi: 10.3788/CJL201744.0102002

Research Progress in Fabrication of Embedded Microball Lenses,

Energy Devices and Biosensors by Femtosecond Laser Direct Writing

Zhou Weiping', Wang Shutong”?, Yu Yongchao®, Zheng Chong'*"', Li Ruozhou?®,
Hou Tingxiu', Bai Shi', Ma Delong', Feng Guoying®, Hu Anming"’
"Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China;

?Department of Mechanical, Aerospace and Biomedical Engineering, University of
Tennessee, Knoxville, TN 37996, USA;
$Institute of Laser & Micro/Nano Engineering, College of Electronics and Information Engineering,

Sichuan University, Chengdu, Sichuan 610064, China;

" Science and Technology on Optical Radiation Laboratory, Beijing, 100854, China

Abstract Femtosecond laser has been widely used in elaborate processing and micro/nano manufacturing field due
to its ultrashort pulse width and extremely high peak intensity. At present, the fabrication of flexible devices by
laser direct writing has attracted much attention. The following four research directions based on laser direct writing
technology are reviewed: 1) laser direct writing microball lens for wide angle imaging; 2) laser fabrication of Au/

reduced graphene oxide micro supercapacitor; 3) preparation of multilayer supercapacitor on polyimide substrate;
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4) laser fabrication of capacitive biosensor. Relevant research work of our group is introduced at the same time.
This paper provides a reference for the research, application and future direction of the micro/nano device fabrication
by laser direct writing.

Key words laser manufacturing; laser direct writing; femtosecond laser; microball lenses; supercapacitors; flexible
sensors
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Fig. 1 Schematic of the femtosecond laser direct writing system
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Fig. 2 Schematic of the fabrication of different types of embedded micro lenses. (a) VMBL obtained under a lower

power intensity; (b) CMBL obtained under a higher power intensity
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Fig. 3 (a) CMBL diameter versus theaverage laser power. Inserts are the CMBLs under different laser power;

(b) VMBL and its image size versus the cooling time. Inserts are the images when the cooling time is 0 min and 80 min
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Fig. 4 (a) Micro-telescope system composed of micro lens and microscopic objective; (b) mask image taken as VMBL is

the front lens; (c¢) mask image taken as CMBL is the front lens; (d) super-wide-angle imaging experiment
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Fig. 5 (a)-(d) Schematic of the fabrication process of the rGO/Au super capacitor by femtosecond

laser direct writing; (e)-(f) digital photo and scanning electron microscope (SEM) photo of the capacitor
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Fig. 6 Property comparison of the rGO/Au and rGO capacitors fabricated by femtosecond laser and continuous laser.
(a)(b) Constant voltage test curves when the scan rate is 1 V « s7' and 100 V + s7', respectively; (c) solid line is
the galvanostatic test curve of the rGO/Au FS super capacitor when the discharge current is from 50 pA to 500 uA, and

dashed line is the charge-discharge curve of the rGO FS capacitor under 500 pA; (d) relationship between the scan rate and
the charge current of the rGO/Au FS super capacitor; (e) relationship between the scan rate and surface capacitance of the

super capacitor (inset shows the magnified low-scan-rate region); (f)(g) Nyquist curve of the micro-super

capacitor impedance (insert is the magnified high frequency region ) and Bode plot, respectively
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Fig. 7 (a) Schematic of 3D laser direct writing multilayer capacitor; (b) cross section of the PI substrate

after laser direct writing
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Fig. 8 (a) Charge and discharge performance test results and (b) specific capacitance of the multilayer 3D super capacitor
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(d) photo of the assembled sensor
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