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Abstract: This paper presents a novel fabrication process for a tapered hollow metallic microneedle
array using backside exposure of SU-8, and analytic solutions of critical buckling of a tapered hollow
microneedle. An SU-8 mesa was formed on a Pyrex glass substrate and another SU-8 layer, which was
spun on top of the SU-8 mesa, was exposed through the backside of the glass substrate. An array of SU-
8 tapered pillar structures, with angles in the range of 3.1°~5° was formed on top of the SU-8 mesa.
Conformal electrodeposition of metal was carried out followed by a mechanical polishing using a
planarizing polymeric layer. All organic layers were then removed to create a metallic hollow microneedle
array with a fluidic reservoir on the backside. Both 200 pm and 400 pm tall, 10 by 10 arrays of metallic
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microneedles with inner diameters of the tip in the range of 33.6~101 pm and wall thickness of 10 um
- 20 um were fabricated. Analytic solutions of the critical buckling of arbitrary-angled truncated cone-
shaped columns are also presented. It was found that a single 400 pum tall hollow cylindrical microneedle
made of electroplated nickel with a wall thickness of 20 um, a tapered angle of 3.08° and a tip inner
diameter of 33.6 lim has a critical buckling force of 1.8 N. This analytic solution can be used for square

or rectangular cross-sectioned column structures with proper modifications.

Keywords: A tapered hollow metallic microneedle, SV-8, Electroplate
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Fig. 1. A schematic of the process flow to fabricate tapered
SU-8 pillar structures: (a) first 200 pm thick SU-8
exposure through a glass substrate, (b) second 200
pm thick SU-8 layer preparation, (¢) the second
SU-8 layer exposure through the glass substrate and
the exposed first SU-8 layer to create an array of
tapered SU-8 structures and (d) a general view of
the fabricated double-layered SU-8 on a glass
substrate.

Table 1. Measured dimensions of the 200 pim and 400 um SU-8 pillar structures.

Diameters on the mask

Diameters on

SU-8 pillars 200 um tall SU-8 pillar

400 pm tatl SU-8 pillar

Bottom Top Angle Bottom Top Angle

. 40 um 72.6 um 38.0 um 4.94° 76.7 um 33.6 um 3.08°
60 um 95.8 um 65.2 um 4.37° 115 um 582 um 4.06°
80 um 114 pm 81.3 um 4.67° 137 um 74.3 um 4.48°
100 um 136 um 101 pm 5.0° 150 um 91.4 um 4.19°
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Fig. 2. SEM photomicrographs of 200 um SU-8 pillar arrays processed at the different UV doses: (a) 1000 mJ/cm? and

(b) 1500 mJ/cm?,
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Fig. 3. A schematic of the process flow to fabricate a
tapered metallic hollow microneedle array: (a) 100
A Crand 1000 A Cu seed layer deposition by sputter-
ing, (b) nickel electroplating, (c) planarizing SU-8,
(d) polishing to open the microneedle tip, (e)
removal of SU-8 planarization layer and separation
of the microneedle array from the glass substrate
and ( f ) removal of SU-8.

ule]l a2 AR 2 A F1ATE A A 1d A2E (2004)

0] 2] SU-8 7] 5l A& 3.08~4.48° 1) W¢] Ho)
¥ Z}& BoF 2 U} 400um F°]2) SU-8 7%
2 200 um 3¥%°] SU-8 71553 B A H 3ol
A Y 22 B8 Al il o W
3 & AT} o] A2 572 SU-8A A&

& Y Gt
DRy 8g

&

Ak iy e g
mwn» o A

n K

Fig. 4. SEM photomicrographs of a microneedle array
under fabrication: (a) 400 um tall tapered SU-8
pillar, (b) electroplated nickel covered SU-8 pillar,
(c) an opened microneedle tip after SU-8 planariza-
tion and polishing, (d) 200 pm tall metallic hollow
microneedle array and (e) 400 um tall metallic
hollow microneedle array.
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Fig. 5. SEM photomicrographs of a microneedle array: (a) a 400 um tall tapered hollow metallic microneedle array in
comparison with a conventional stainless steel needle and (b) backside of the microneedle array which shows the

fluidic reservoir and hollow holes.
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Fig. 6. A schematic diagram of a hollow truncated cone
column.
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