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Abstract  With the continuous development of medicine, optics, chemistry, communication and other fields, various
micro total analysis system, lab-on-a-chip, micro electro mechanical systems and high—precision micro-nano devices began
to appear and are gradually used. Most of these systems or structures are realized by preparing three-dimensional micro—
nano connected structures in transparent materials by femtosecond laser. Therefore, the main technologies of femtosecond
laser preparation of three-dimensional micro—nano structures are introduced, the main applications of micro—nano
connectedstructures are summarized, the existing problems of current femtosecond laser preparation of three-dimensional
micro—nano connected structures are put forward, and the technology is prospected.
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Fig. 2 Microfluidic device diagram. (a) Fabricated microfluidic device at 500 um below the surface of silica glass; (b) microfluidic

device after heat treatment; (c¢) (d) micro-pools before heat treatment; (e) (f) micro-pools after heat treatment™”
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Fig. 3 Schematic diagram of processing flow. (a) Femtosecond laser direct writing creates 3D patterns in Foturan glass; (b) in the post-

annealing step, the sample is heated in a programmable furnace; (c) diluted HF acid etches the sample"™"!
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Fig.4 Examples of etched cones (top-view microscope pictures), obtained from tracks irradiated with orthogonal polarization at two

different inscription pulse-energies (E, = 2.2 pJ and E, = 8.6 pJ), v, = 1 mm/s, and 25 kHz repetition-rate. Etching was

performed in HF solution for 10 min or in KOH for 6 h (scale: 50 pm)™”
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Fig. 5

Etching rate of conventional pulses and double pulses as a function of the laser scanning speed at energy of (a) 0. 5 uJ,

(b) 1.5, and (c) 2 pJ; (d) relation curve between optimal laser scanning speed and irradiation energy"™”

2014 4%, Yan %5758 1 [ A7 #5 HE 0B HROG k0
7 KRR O K vl e R BB A, AT DL R B R
BT Sh J B A R, AR 7 AR A A R AR
SV I i BE ) R . KA B RO AT AL
b 3E IR CRD IO bk R )R TR S bk e A R A
JECRMEOL I TAH EL , 345 T 3k 56 £ 10 M R LB %
A3 AT R B R AT FLERBE o B[] 48 19 £s 380 Wik b 2 371
TR L 38 3 4 i A T ) 21 o 9 B 0 o R
FEOCRIRHS . B T IR WO RE R AR )
A LA 38 0T LLAE S 9 5 RRD SO Rk A s a) B Y 43
ok S Pl R i = 4R i 254 . DL ZEOR B B A Bt
T 9 B R A2 R IR B B iAo T B pE 8. 4R,
158 1 DU ZE RS o A T ik R BT AT 469 B 1 mT 8
B 9s . VR AZE $ T kB fs BOG K w2 (A RO o &
V%m%m%mﬁﬁwwaPMMA¢ﬁﬂTﬁﬁ
I (300: D) /N EH AR (2. 0~2.5 pm) fL , HAE S5
Ewm%ﬁﬁﬁimmﬂ@@ﬁ%zo
mwmlm%mﬁﬁ%W%%fﬁEmm%w
o FFTU /N 118 ik v P o A Ay T X R 2 o
%?%@Zﬁﬁ%@ﬁﬁ%%?w%o
2.3 TRFD B U B B A AN B 2 T iR
A LR A YR AT G i TR, — ok

o] (B 22 bE A B B 3 IR AR 22, i LA ] AR v B 42 0
ORE O R HEAT N T, B AR AR X A Y ik b BB
AR DU T A 5 36 5, H R 9% Ak 3% 0 (Incubation
effects) W AATE , L2 DU /AL i) SR BH ok in T4t 4k
HOLRAW o T EEa DLk BON T R &Y R
ol 5 (A R A AR O BR B OB N Ok B R
FE B2 Fb i g 25 F8T Ml B I A HLRE B S (B IB 40 b b, 15
S 1) ik o BB 2 U0 AR 2 5 TR DK S0 3R RE T e O T O
JINZ X SR AR R 9 Lk R I R R R R AR e 2
B YR SRS X R A Wk R R AT S B
FHARACIRBE ) , AR AS [) %5 3 i) X3k 78 A4k B A = A
A Te) 0 g 2t L 72 A RE N R 2308 B Hh A 1 f0E 8 2544
AT DABE BUR F R A Wb ke il B 1 3ot 38 i X
B 76 2R 5 0 N AR O 1 £ A S P L L S
JE B B b ) 52 B 5% e 9 BE AR K, 3K AL T A e B B oh
25 I R AL BN R] T A e g5, TR A UM
A B AR T HL AR ik 5 R 25 5, AT DL IR Y
AT L% S 0 5 A5 B T R A TG T8 S5
27 VR AT B AE T Y IR B IR R AT LIEHﬂﬂ:
oY v AR o T B ) A IO A e R A (H R
Fﬁiﬁﬁ?ﬁ?ﬁ'ﬂﬁﬂﬁf]ﬁﬁﬁ,Eﬁﬁiﬁﬁﬁ*?ﬁiﬁﬁ@ﬁﬁﬁ
PLIE 35 45 D BOLFP A LR S WA R . WGE I8 1) B

2100001-5



HEXE- -4ZR

%60 5% 21 H1/2023 £ 11 B/ EXBFEHRE

F6 TRARMBOLRUNK th ot e m st B Ca) 5k o DL 28 2R S RO 1 TRORD RO Bl e T A 52 62 5 (b)) Bk o DL 28 2R O 7R Ok b i A
k20 pd 19 PMMA HhT L 09 000 T8 04 5 3 G s (o) Pl it A B SR 9 SEMLIBE 15 (D I (b) h K 7 K5 (e) ~(g) m il
X 45 5 (h) Az = 30 pn AN ) R AR TR B 1 4 0 G 3 . ol PRl 4%

Fig.6 Schematic diagram of femtosecond laser dual pulse optical processing. (a) Experimental setup of the femtosecond laser

microchannels drilling using single-pulse Bessel beams; (b) microscopic images of microchannels drilled in PMMA at pulse

energy of 20 pJ by single-pulse Bessel beams; (¢) SEM images of the microchannel entrance morphology; (d) enlargement of the

region in Fig. (b); (e)—(g) corresponding results by Gaussian beams; (h) microscopic image of microchannels fabricated at

different focusing depths with steps of Az = 30 pm™"
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Fig.7 Schematic diagram of microchannel. (a) Femtosecond laser generation schematics of three-dimensional microchannels inside

bulk polymers; (b) oblique views on four non-discontinuous horizontal curved channel structures demonstrate the complete three-

dimensional capabilities of the studied process
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Fig. 8 Device diagram. (a) Measurement setup;

(b) fabrication setupHﬂ
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Fig. 9 Schematic illustration of the setup for femtosecond laser

generation of 3D microchannels inside bulk polymer”
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Fig. 10 TImages of several sections of the FLMP fabricated 3D multi-depth reservoir micromodel. (a) Red line illustrates the line profile

scan path which goes through three pore spaces and two hexagonal pore bodies for each reservoir; (b) a zoom-in section of

reservoir 3 where the image was focused at the etched surface; (c)—(e) inlet portions of reservoirs 1, 2, and 3, respectively
(scale: 250 pm)™
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Fig. 11 STR of template generated by direct laser writing. (a) Polymer DNA double helix (scale: 500 pm); (b) reverse structure in fused

silica glass (scale: 400 um) with a minimum channel size of 20 pm; (¢) spiral wound (scale: 900 um); (d) staggered microfluidic

spiral channels produced in fused silica glass, with a channel width of 74 pm and full of dyes (see illustration, scale: 140 pm);

(e) polymer microstructure of out of plane mixer structure (scale: 600 pm); (f) fused silica glass microfluidic mixer structure with

channel width of 74 pm (scale: 280 pm
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Fig. 12 3D microfluidic network production process. (a) 3D
hand model; (b) schematic diagram of embedded
microchannel pattern for ultrashort-pulse laser-assisted
chemical etching; (c) before and (d) after CO, laser

sealing; (e) based on a combination of 3D glass
subtractive printing and hybrid laser microfabrication

3D microfluidics demonstration of the hand; (f) close-up

image of a part of the hand [as indicated by the white

arrow in Fig. (e)]"”
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Fig. 13 Schematic of FLAE-TPP for “ship-in-a-bottle”
polymer integration. (a) Laser irradiation of Foturan;

(b) microchannel developed after etching; (¢) TPP of

SU-8 photoresist inside microchannel; (d) 3D polymeric

patterns (as indicated by the black arrow) developed

inside microchannel™
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Fig. 14 Scanning electron microscopy images of

As,S, woodpiles™
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Fig. 15 (a) Assembled electro-fluidic microdevice including both top
and bottom electrodes with square outlines for z-directional

control of the electric field in a microfluidic channel (inset is

a 3D schematic view of the device); (b) (¢) tilted-view
photographs of the region I and II in Fig. (a), showing

the ability of 3D metal micro-wiring from the inside to

the outside of a glass channel™
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Additive manufacturing of 3D metallic microstructures in glass. (a) Schematic of the fabrication procedure for 3D metallic
microstructures embedded in fused silica [consists of three main steps: (i) fs laser direct writing of fused silica glass; (ii) wet
chemical etching for fabrication of a 3D glass microchannel; (iii) microfluidic electroless plating for thin metal film deposition

inside the channel]; (b) schematic of the microfluidic electroless plating of a microchannel using a peristaltic pump (solutions

include the metal ion solution and reducing agents for microfluidic electroless plating)"™
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Fig. 18 Microfluidic platform for core coalescence of double-emulsion drops. (a) Schematic of the glass capillary device (device No. 1) for

generating double-emulsion drops (emulsion drops are collected in a syringe filled with a suspending medium with low salt

concentration); (b) schematic of the microfluidic chip (device No. 2) for core coalescence; (c)-(e) optical microscopy snapshots for

generation, suspending, and core coalescence of the double-emulsion drops in the chips, respectively (scale: 200 pm)™
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