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Microprinting of High-Viscosity Ink by Optical Vortex Laser Induced Forward Transfer
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ABSTRACT

We propose a nozzle-free laser printing technique that uses an optical vortex, herein referred to as

optical vortex laser induced forward transfer (OV-LIFT). The optical vortex forces high viscosity donor
material to axially spin, thereby creating a ‘spin-jet.” The OV-LIFT, which utilizes the spin-jet
phenomenon, facilitates the accurate transfer of high viscosity donor material to the desired position.
We have developed a two-dimensional printing system for high viscosity ink using the OV-LIFT. The
printing system makes it possible to directly print microdots (diameter: 77+0.5 pum, positional error:
7.4 um) with high viscosity ink (about 4 Pa-s). We anticipate that our proposed system will pave the

way for further advancements in printed electronics and photonics.
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Fig. 1 Schematic illustration of a laser induced forward
transfer (LIFT) apparatus. The laser is focused
onto the donor on the substrate and vaporizes a
thin layer of the donor near the substrate.
Vaporized donor propels the remaining donor
forward. Ejected donor is collected on the receiver.
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Table 1 Materials and GAP used in recent LIFT study

cases!'19),
Author Donor Viscosity GAP
X. Wang et al. Graphene oxide 1 mPa-s 150 um

suspension)

S. M. Pozovetal. Agnanoparticle 630 mPa's 50 um

Y. Shan et al. Ag paste 10-25Pas 80 um
M. Komlenok et al. Graphene Solid 0 pm
G. Luo et al. Cu Solid 50 pm
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Fig. 2 Schematic illustration of a Laguerre-Gauss beam.
The Laguerre-Gauss beam has an annular shaped
spatial form and an orbital angular momentum that
stems from its helical wavefront with a phase
singularity characterized by a topological charge £.
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Fig. 3 Time-lapse of the formation of ‘spin-jet’ by OV-
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Fig.4 Time-lapse of the scattered ink droplets by
irradiation of a circularly polarized Gaussian beam.
(Pulse energy: 26.5 uJ) 27
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Fig. 5 Experimental setup for image formation by OV-
LIFT. (a) An optical vortex laser system and a
galvanometer scanner system to move the laser
over a donor substrate. (b) A scanning optical
system and a donor substrate. By using a f0 lens,
a focused spot of the laser beam is scanned at a
constant velocity on the donor substrate.
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Fig. 7 Fabrication of ink film using wire bar coater.
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Fig. 8 Snapshot of inkjet papers that the UV ink dots are
printed by an OV-LIFT. The distance of the GAP
is set as (a) 0.2 mm, (b) 0.5 mm, and (c) 1.0 mm
with the laser pulse energy of 19.2 pJ.
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an OV-LIFT at different distance of the GAP.
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Fig. 11 Time-lapse of the formation of ‘spin-jet’ by an
OV-LIFT within a line. (Pulse energy: 19.2 wJ)
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Fig. 12 Deflected jet and satellite droplet by an OV-LIFT.
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Fig. 13 Snapshot of inkjet papers that the UV ink dots are
printed by a LIFT. The distance of the GAP is set
as (a) 0.2 mm and (b) 0.5 mm, and (c) with the
laser pulse energy of 19.3 uJ 27,
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Fig. 14 Snapshot of inkjet papers that the UV ink dots are

printed by an OV-LIFT at different dot spacing, Ax.

(Pulse energy: 19.2 ulJ)
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Fig. 15 Dependence of average dot size that is formed by
an OV-LIFT on dot spacing, Ax.
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Fig. 16 Dependence of dot displacement that is formed by
an OV-LIFT on dot spacing, Ax.
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Fig. 17 Time-lapse of the formation of the machined mark
by an OV-LIFT.
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Fig. 18 Snapshot of ink dots by OV-LIFT at laser repetition
rate of 10 kHz. (Pulse energy: 19.2 uJ)
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Fig. 19 Time-lapse of the jet formation by an OV-LIFT at
laser repetition rate of 10 kHz.
(Pulse energy:19.2 uJ)
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Fig. 20 Schematic illustration of capillary waves.
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Table 2 Physical properties of ink and velocity of
capillary waves.
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