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Abstract: In recent years, the demand for fabrication of 3D metal micro/nanostructures has been rapidly
increased in the fields of science and engineering due to their unique physical/chemical properties and flexible
configurations. Therefore, various innovative techniques for 3D metal printing at the microscale have been
developed, which have attracted intensive attentions. Among those techniques, laser-based assisted 3D metal
microprinting exhibits superior performance in terms of its advantages of non-contact processing, flexible
patterning capability, and so on. Some of current representative techniques for laser assisted 3D metal microprin-
ting were firstly reviewed from basic principles, technical characteristics, to typical applications. To meet the
challenges on fabrication of 3D metal microstructures with high smooth surfaces, high melting points and high
conductivities, a glass-microchannel molding technique for assisting 3D metal microprinting was demonstrated.
Finally, possible directions and potential applications of laser-assisted 3D metal printing were discussed.
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Fig.1 Laser-Induced Forward Transfer (LIFT). (a)Schematic of LIFT setup””; (b) Solidified copper droplets for low (top) and high (bottom) ejection

speeds, showing a different impact and solidification behavior®'; (c) Schematic and SEM image of the donor film after the formation of a

thermally induced nozzle!™; (d) SEM image of a Au structure fabricated via LIFT- the logo of the authors’ institution (UT)"”; (¢) Schematic and

process of LIFT-printing a complex structure®™; (f) SEM image of structures deposited via LIFT showing a Au helix""; (g) FIB cross-section of a

copper structure fabricated with LIFT™*); (h) Schematic of laser decal transfer (LDT) setup; the shape of the laser beam determines the shape of the

transferred voxels"'’; (i) A stack of square voxels of silver paste fabricated by LDT™*; (j) Surface structure of the transferred silver paste after

various annealing steps'**"!
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Fig.2 Femtosecond Laser-Induced Photoreduction (FLIP). (a) Principle of the FLIP*); (b) The dimension of silver-deposits is a function of the laser-
power and the exposure time”; (c) SEM images of silver dots reduced from a AgNO; solution without (top) and with (bottom) a photosensitizing

dye™; (d) SEM image of 3D silver structures on glass substrates synthesized from a pure AgNO; solution (without photosensitizing dye)*”;

(e) Surfactants were adopted as growth inhibitors of the metal particles to fabrication of 3D freestanding nanostructures™”; (f) SEM image of

supported 20 um tetrakaidekahedron unit cell on a Si chip after pyrolysis®; (g) SEM image of a representative supporting structure used to

decouple the part from the substrate during pyrolysis™®
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Fig.3 Laser Micro-Sintering (LMS). (a) A typical layout of the LMS system"®"); (b) Schematic of the single scraper™; (c), (d) Photographs of the nickel

micromachines fabricated by LMS?”!
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Fig.4 3D metallization of two-photon polymerized (TPP) microstructures. (a) Schematic of the TPP fabrication system™; (b) Schematic for the

fabrication of helical swimming micromachines”"™; (¢) Photo of the helical swimming micromachines””™; (d) A porous microniches as a

transporter in 3D cell culture and targeted transportation!”**"!
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Fig.5 Laser-Assisted Electrophoretic Deposition (LAED)®". (a) Schematic of LAED principle: A nanoparticle solution is confined between a conductive

substrate and a trans- parent flat cover electrode. Optical trapping of particles in the focal spot of a laser beam accumulates particles locally. The

additional application of an electric potential across the solution results in electrophoretic deposition of the trapped nanoparticles; (b) SEM image

of a gold coil fabricated by laser-assisted electrophoretic deposition; (¢) The obtained feature size is a function of the laser intensity; (d) The focal

spot is positioned on the of nanowires 500 nm in diameter; (¢) FIB cross-section showing a porous microstructure
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Fig.6 Glass-channel molding assisted 3D metal microprinting with femtosecond laser microfabrication'*”). (a) Schematic of the fabrication procedure for

3D metallic microstructures embedded in fused silica; (b) Schematic of the microfluidic electroless plating of a microchannel using a peristaltic

pump; (c) Optical images of metallized 3D helical microchannels inside glass
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Fig.7 Fabrication of a 3D freestanding metal scaffold microstructure, which size is ~5 mm x 5 mm x 2 mm!".. (a) Schematic of the fabrication

procedure; (b) Photos of the metal scaffold microstructure self-supported in air; (c), (d) SEM images of the partial regions of the metallic

microstructure
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Tab.1 Representative techniques for laser-assisted 3D metal microprinting

Processing technique Feature size Speed

Applicable metals Characteristics

. It f
Laser-induced forward severalens o

transfer (LTFT)2 0 Several pm micrometers per second
Laser decal transfer Depended on Depended on the
(LDT)#! the voxel size voxel size

. several tens of
Femtosecond laser-induced

. ~ 100 nm-3 pum  micrometers per second
photoreduction (FLIP)“¢"! K icromelers per secon
Laser micro-sintering several tens of
[58-69] >10 pm ;
(LMS) centimeters per second
3D metalization of two- several tens of
h . 170-80] >120 nm .
photon polymerization centimeters per second

Laser-assisted
electrophoretic deposition 500 nm-several um
(LAED)®"®)
Glass-channel molding B
assisted 3D printing!®! 10-200 pm

several hundreds of
nanometers per second

Ag, Au,Al, Cu,Cr,Ge,Ni,Pd,

Ag, Au,Al, Cu,Cr,Ge,Ni,Pd,Pt,

Rapid manufacture of microstructures
PL.SN.TL.V.W.Zn, ctc. with a prec.ision down to submicron scale;
High surface roughness.
Rapid manufacture of voxels

Sn, Ti,V,W,Zn, etc. with specific shapes.

Direct fabrication of sub-micron metal

Ag,Au,CuNi structures; High surface roughness.
ALAg,Cu,Ni,T, High density of metal microstructures;
W.,Mo,Cr High surface roughness.
Ag, Au, Cu, etc. Surface metallization for 3D structures.
Direct fabrication of metal microstructures;
Au .
High surface roughness.
Ag,Cu,Au, Low surface roughness;
Ni,Pd, etc. Widely tunable feature size.
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