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Fabrication of Medical Titanium Alloy Microhole Array Substrates
Based on High-Speed Polygon Mirror

Liu Shipeng’, Li Fengxi, Xing Zhenhong, Cui Bingjun, Dai Shuyi
Jinan Senfeng Laser Technology Co., Ltd., Jinan 250011, Shandong, China

Abstract The traditional laser drilling method is inefficient and slow. Preparation of medical titanium alloy microhole
substrate by laser high-speed polygon mirror can prepare tens of thousands of microhole structures within 100 s. We
primarily focused on the preparation of medical titanium alloy microhole substrates using a high-speed polygon mirror. The
effects of laser parameters and the polygon mirror’s scanning speed on the drilling aperture, depth, taper, and hole
morphology were investigated. The high-repetition-rate laser with a power of 500 W yields a hole diameter of 100 pm,
depth of 156 pm, and zero taper. The maximum scanning speed of the high-speed polygon mirror reaches 1000 m/s.
Before processing, hole spacing, row spacing, and other related parameters were determined. A processing efficiency of
10000 holes per second is achieved. In addition, to increase the machining aperture, an optimized machining technology
was proposed to correct the scanning position deviation of the polygon mirror during the scanning process. A final hole
diameter of 150 pm can be achieved using this method. In addition, this method is beneficial to biomaterial coatings and
deposit drugs on the titanium alloy microhole substrates.
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Fig. 1 Test setup diagram. (a) Experimental processing system;

(b) high-speed polygon mirror scanning device
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Table 1 Specific parameters of laser

Maximum input Laser pulse Laser pulse  Single pulse

power /W frequency /MHz  width /ns  energy /mJ
500 0. 500 120 1.00
500 0. 500 240 1.00
500 1. 000 60 0. 50
500 2. 000 30 0.25

#2 AEEAKZH

Table 2 Specific parameters of scanning device

Maximum scanning speed /(m-+s~ ')  f@ lens focal length /mm  Scanning range /(mm>Xmm) Repeatability /pm Focus spot /pm
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Fig. 2 Relationship between burning aperture and

logarithm of power
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Fig. 3 Variation of burning aperture with increasing laser power
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Fig. 4 Variation curves of hole inlet diameter, outlet diameter,

and hole taper of 0.1 mm titanium alloy with laser

incident power
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Fig. 5 Variation of laser drilling depth and morphology with

increasing laser power
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Fig. 7 Variation of hole morphology with scanning speed.
(a) Scanning speed is 160 m/s; (b) scanning speed
is 500 m/s
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Table 3  Efficiency of micro group holes processed by the
high-speed polygon mirror

Scanning Scanning .
Hole spacing / Number of Punch
speed / range / .
. mm scans  time /s
(m:s™")  (mmXmm)
100 100X 100 0.2 40 51
160 100X 100 0.32 40 4
250 100X 100 0.5 40 20
500 100X 100 1.0 40 10
800 100X 100 1.6 40 5
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Fig. 8 Medical titanium alloy microhole substrate covered and

filled with povidone
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Fig. 10 Aperture comparison before and after process optimization.

(a) Before optimization; (b) after optimization
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