IOP RUBLISHING JOURNAL OF MICROMECHANICS AND MICROENGINEERING

J. Micromech. Microengl9 (2009) 115023 (7pp) doi:10.1088/0960-1317/19/11/115023

proposed methods for crez

Micro-fluidic channel fabrication \f@ratsand thinf

by means of direct ablatior

tWO' p hOtO N abSO rptl on (T PA) It also compromises the fea

- - . relatively a high amount
polymerization assisted abkaprgmretore. it was not until 161 v
proved experlmentally using a continuous-w

[21] In TPA, as the light passes through

S Jariwalal, B Tan? and K Venkatakrishnan virtual energy state is formed by absorption
of these systems is fluidic channels. Applications of fluidic
channels include: B segencing [  7-9] protein separation
[10-12] drug delivery [13, 14]and single molecule detection
[15-17] So far, many versions of lithography techniges have
been developed to fabricate fluidic channels. bhetheless, to
a great extent these lithography techniges rely on a mask or
mold fabrication, which is very expensive, time consuming
and not feasible for mass production. In addition, they have
complicated fabrication stages and regire special egipment.
Finally, these techniges have limitations in spatial resolution
because of the diffraction limit. All these obstacles can be
overcome withadirectwriting method. Many researchers have
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This is illustrated in Pgur@(c). Only at the focal plane, the

3 FxGried tate laser Buence exceeds the photoinitiation threshold and hence
hv results in polymerization. Since the energy distribution of
,H‘ Virtual State machining spot follows a Gaussian proble, the photoinitiation
1 threshold can be precisely determined and controlled by
hv manipulating the laser pulse energy, the number of applied
’LLL Ground State pulses and the exposure time. Ever since the prst realization

of TPA polymerization, many researchers have exploited its
potential in producing subdiffraction feature23] with an

. incredible spatial resolution and, its capability of generating
According to HeisenbergOs uncertainty principle, it persistge and complex 3D features?). In our previous

for a very short duration (for several femtoseconds). TPA ca&jork, we successfully demonstrated the capability of TPA
result, if the second photon arrives before the decay of thelymerization to generate Ruidic channe®§][ However,
momentary virtual state. Consecutively, an electron of the this paper we expand its scope to uncharted phenomena of
molecule is transferred from the virtual state to the excitefbA assisted ablation complementary to a well-known thin

state as shown in bgufie PIm ablation phenomenon.
The photoresist that is capable of TPA at a particular

wavelength behaves as a transparent medium. As a result,

the laser can be tightly focused in the volume of the resigExperimental set-up and fabrication process

as depicted in bgur@(b). In the case of TPA, the rate

of absorption in a transverse cross section of a laser befff this study, a diode-pumped Yb-doped Pber
is proportional to the intensity squared times the numbegcillatovampliber system with a repetition rate of 13 MHz
of molecules in the cross sectio®. Therefore, both and 26 MHz, a pulse duration of 214 fs and a wavelength of
the photon Bux and the photon Bux density are critical {030 nm was used. However, as an exposing light source, we
TPA polymerization. Essentially, the highest absorptio#sed second harmonic (515 nm) central wavelength. Shorter
rate at the focal point, as can be seen in bggfe), Wwavelength proportionally reduces the diffraction limit of a
results in the greatest Ruence to exceed the polymerizatf@gal spot and results in a smaller feature. It has been shown
threshold. The minimum RBuence required for the initiatiofhat the second harmonic increases the efpciency and the
of the irreversible photochemical reaction, whether it is by @ase with which the micromachining can be carried out due
single pulse or multiple pulses in short timeframe, is calle@ the reduction in the order of the multi-photon absorption
photoinitiation threshold Ruence. The femtosecond lasdR$]. Finally, it has been experimentally shown that the
are favorable for TPA polymerization because of its verphotoinitiation threshold of a commercially available resin at
high-peak intensities yet controllable moderate average |a§8&0 nmis 5 times lower than that at 800 nr7].

power. Also, the ultra-short pulses in femtosecond time The experimental set-up was explained in detail in the
scale greatly reduce heat diffusion in the resist; therefofgrevious paperds]. A laser beam with a 214 fs pulse

it provides greater controllability over feature size. Onlyidth is scanned onto the substrate surface with ORMOCER
the exposed area of the laser beam, where the laser Ruegrling using a piezo tiftilt mirror. A telecentric lens with a
exceeds the photoinitiation threshold Ruence, polymerizd€.478 mm focal length was utilized to focus the laser beam.

Figure 1. lllustration of simultaneous TPA.

@) (b) ©

Figure 2. TPA polymerization by focused laser beara) Energy absorption relative to the depth-of-focu,léser focused inside volume
of resist andg) photoinitiation threshold presentation to the Gaussian beam.
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repetition rate of 26 MHz, a scanning speed o{50 sland
an average power of 390 mW. In addition, high precision nano
positioning stages or laser beam steering mechanisms can be
used to precisely position the focal point on the rib to achieve
the desired rib thickness, channel width and channel depth.
Therefore, the accuracy and the resolution of the spacing are
solely determined by the mechanisms in the nano-scale range.
Since the proposed method is a direct write method,
microchannels with any two-dimensional (2D) geometry can
be fabricated in a single step. In addition, particular channel
width and depth in an array of channels can easily be controlled
by manipulating laser power and scan speed. Fi§sleows
the SEM images of Buidic channels fabricated using different
CAD drawings. Figur&(a) shows the result of polymerization
of a rib with ablation at the end point to create the reservoir for
buffer Buid. This is achieved by single pass laser irradiation,
but only the end of the rib was exposed for the second time to
Figure 4. Fluidic channel with the high aspect ratio. create the well. If the entire rib is scanned for the second time,
the reservoir in connection with a channel can be fabricated,
expression relates the accumulated Buence of multiple pulagsshown in Pgurg(b). A channel with a bend and a junction
with a Gaussian intensity proble for subsequent spots separase@uidic channels, shown in Pgurg) and (), respectively,
by /f . We created arrays of Ruidic channels with variougre also fabricated in a single step.
laser parameters to achieve the smallest channel width with
highest controllability. The sample was exposed for averag@sorption after polymerization
laser powers ranging from 80 mW to 700 mW and four scan
speeds of 1gm °1, 50pm 1, 100um s>t and 50qum s>, We saw that the resist reacted differently during the prst laser
However, the speed and power for the second pass were Ke@ss than the second pass. If the pulse energy is sufpcient
the same as for the brst pass. Figushows the SEM image of €nough to induce the photoinitiation process during the Prst
amicro-Ruidic channel created by the proposed method witpass, the resist undergoes polymerization and then during

@ (b)
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Figure 5. Features fabricated via TPA polymerization-assisted ablat@rRéservoir well, ) reservoir connected with the uidic channel,
(¢) Buidic channel with a bendd) T-junction of Buidic channels.
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