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Fabrication of Tungsten Micro Needle Arrays Using Laser Beam Machining
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Micro needle arrays have been widely used within medical contexts, such as for drug delivery and nervous electrodes, and
its fabrication methods have attracted attention recently. This paper describes a novel fabrication method for micro needle
arrays on a tungsten metal plate using only laser beam machining. Tungsten material was ablated as combining laser
beam scanning path to control needle structure. Overlapping laser beams from the combined scanning path causes thermal
accumulation phenomena which removes the material. In this paper, controlling laser scanning path (Line Interval, Line
Space, Number of Lines) and machining conditions (Power, Number of Scan), and the changing length and pitch of the
micro needles were measured through SEM. Moreover, the piercing force for application in drug delivery and nervous

electrodes was measured with a load cell system.
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Fig. 1 Schematic of the laser beam machining for micro needle
array and beam path control parameter

Galvanometer
scan head

Controller !.l

objective
lens

Fiber laser

X - Y stage

Fig. 2 Experimental set up for fabricating micro needle arrays
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Fig. 3 (a), (b), (c), (d) Fabricated micro needle arrays according to
laser beam power, and (¢) Measured specific value of needle
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Fig. 4 (a), (b), (c), (d) Fabricated micro needle arrays according to
number of laser scan, and (e) Measured specific value of
needle
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Fig. 6 (a), (b), (c) Fabricated micro needle arrays according to line
interval, and (d) Measured specific value of needle
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Fig. 7 (a), (b), (c) Fabricated micro needle arrays according to

number of lines, and (d) Measured specific value of needle

----- Tip radius: 2.3 pm
Length: 507 um
Diameter: 230 pm
Pitch: 310 pm

Fig. 8 Fabricated micro needle arrays and its specific values for
piercing application
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Table 1 Laser beam machining and scanning condition for micro
needle arrays

Wavelength [nm] 1,064
Scan speed [mm/s] 256.8
Power [W] 10
Repetition rate of pulsed laser [kHz] 20
Number of scan 320
Line space [mm] 50
Line interval [mm)] 10
Number of lines 21

Micro—needle array

Meat /
Gelatin

Tilting stage

X —Y stage

Fig. 9 Measuring system for piercing force between micro needle
arrays and meat/gelatin
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Fig. 10 (a) Measured piercing force between micro needle arrays

and gelatin mixture, and (b) Comparison of piercing force
between pork meat skin and gelatin mixture case
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