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Optimization of Laser Photolithography Micromachining

Technique based on

Taguchi Method
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Abstract

Laser photolithography technique is useful for fabricating micro-patterns of silicon wafers. In this
work, the laser photolithography micromachining technique is optimized based on Taguchi method.

Sensitivity analysis was performed using laser scanning

speed and laser power level as the parameters.

The results show that for the photoresist used in this work, a laser scan speed of 70um/s at 50mW laser

power gives the best result.
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Ultra Precision

z Actuator Rotical Stage |

Fig. 1 Experimental setup of laser
photolithography
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Fig. 2 Schematic diagram of the ultra
precision linear Xyz-actuator

setup
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Level
Factors & symboly ! } 2131405
Scanning speed (um/s)
A
Light intensity (%) \ 1
B 10 | 30| 50 | 70 | 100

i in

10 [30 50 | 70 1100

Table 1. Levels of selected factors

Table 2. Assignment of factors and

results
Exo. up?per Iower depth
A B | width | width
No. ()
(gm) | (m)
1 1 1 *
2 1 2 | 44 | 1 (ﬁ
3 1 [ 3 [ 35 | 4 109
1 1 | 4 *
5 1 15 *
6 2 11 *
7 2 2 *
| 8 [ 2 [ 3 | 37| 3 [o4
9 2 4 42 25 1.2
10 2 5 *
11 3 1 *
12 3 2 *
13 3 3 36 16 1.1
14 | 3 4 | 31 2 1075
15 3 5 41 20 1.1
16 4 1 *
17 4 2 *
18 4 3 32 13 1.2
19 4 4 37 10
20 | 4 5 | 36 | 1 1
21 5 1 *
22 5 2 *
23 5 3 *
24 1 5 | 4 |35 ] 3 ]035
25 5 5 33 5 0.6

* 1 no pattern
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i

S

A= AFM(atomic force microscope)® ©] &3t
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Upper width
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Lower width

Fig3. AFM image of micro-pattern
obtained at scan speed of 70um
and 100% laser power
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Exp. upper lower

No. | width | widen | O
2 -32.87 -21.58 -0.92
3 -30.88 -12.04 -0.92
8 -31.36 -954 -7.96
9 -32.46 -21.96 158
13 -31.13 -24.08 0.83
14 ~29.83 ~-6.02 -2.50
15 -32.26 ~-26.02 0.83
18 -30.10 -22.28 1.58
19 -31.36 -20.00 -796
20 -31.13 -16.90 0
24 -30.88 -954 -9.12
25 -30.37 -13.98 -4.44

Table 3. SN ratio of the results

7AEEA gL A9 ANy stFd 48T
& 23l SNB]E Table 3.9 F3lgc. €
FAol AFL ulAE AUdAY £Fi9 Ade
Table 2.9lA A&WE 2 39 335t Table 3.
o] A Z(uypper width)e] NulE Cjg & HEF
< HPd. F,

A L= (‘_32.87)“‘(_30.88) =_31880‘|

Ho 2o woz £ 23458 F3F o
A FFEE AR fr&% a3 Hdlgn
Az kel Aozt HY gL A FEAY

of digk WEEF epdch, o9} o] AL
Adx 2 FFo &AME Table 4., Table 5.,
Table 60 Ve
effect PC
factor deviation
1 2 3 4 5 (%)
A ]-31.83]|-31.91{-31.07]-30.86]-30.63] 128 |24.45
B - 1-32.87{-2891|-31.13|-31.25| 396 |75.55
total 524 100

- PC : percentage contribution

Table 4. Factors affecting the upper width
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factor effect deviation pe
1 2 3 4 5 (%)

A |-16.81|-1875|-1871{-19.73|-11.76| 797 |[58.30
B - |-2158|-16.99{-15.88(-1897| 570 |41.70
total 13.67 100

- PC : percentage contribution

Table 5. Factors affecting the lower width

factor effect deviation re
1 2 3 4 5 (%)
A ]-09271-319)-028|-213}-678}] 650 6443
B : -092 | -162|-450]-1.20] 358 (3552
total 10.08 | 100

- PC : percentage contribution

Table 6. Factors affecting the depth
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Scanning
. upper lower
velocity ] . depth
| Gavs) width width
65 40 27 09
63 37 14 0.9
69 40 22 0.9
70 42 26 0.95
71 40 18 0.9
72 40 24 0.9
73 41 17 0.9
74 43 15 0.9
75 44 21 | 09
80 41 17 0.9
85 38 17 0.9
90 36 10 0.9

Table 7. Scanning velocity and results of

micropattern machining
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