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Optimization of Laser Lithography Micropatterning
Technique based on Taguchi Method

Nam-Kook Baek*, Dae-Eun Kim™

ABSTRACT

Laser lithography technique is useful for fabricating micro-patterns of silicon wafers. In this work, the laser
lithography micromachining technique is optimized based on Taguchi method. Sensitivity analysis was performed
using laser scanning speed, laser power level, developing time and mixture ratio between developer and Di-water
as the parameters. The results show that for the photoresist used in this work, 70m/s scan speed, SOmW laser
power, 60sec. developing time and 6:1 mixture ratio gives the best result. This work shows the effectiveness of
laser lithography technique in fabricating patterns with a few micrometer in width.
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2. AEER & AU

golA FAR, FA, 44 AH
o|FF o]HA MR ERE R o] B 4 Qoh
dolA FA¥= HFo] 532mol 50mWe) EHE
7}2]‘_ HEER] 2 o] A (DPSS green laser)9} o] A

AAdEHF7 don FEAl= CD-ROMY FH Y
%-E—a &3t en 2HAR A} D (lting)
o] &ol|gtA AFAHUL AL AHA|FRE xyzF
o2 60me AHHEE THAE dFdolHRE T4
H Aok Fig. 12 AAAQA AEAXNE BoQFa 9]
I Fig. 2& AHEo|% dolEje AAJEES B
ofFa Yoy

AL golAFo] tl7] FollA collimating lens
9} objective lens& A A AlHel] ZALE I Hol|f
AFololE= zEoZ = AW Wzote] A
ZAs}a x, yHgo 8=

AP =

Aol

=

=2

DPSS Green Laser §

Ultra Precision
Xyz Actuator

Optical Stage

@ Laser, Power: 50nW, Wavelength: 532nm
@ Micro-actuator, Resolution: 60nm

(@ Applied photo detecting parts of CD-ROM

Fig. 1 Experimental setup of laser lithography

Fig. 2 Schematic diagram of the ultra precision linear
xyz-actuator control
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Table 1 Levels of selected factors-

Z(lower is better), tH(higher is better)S4 2.2 1} Level \ 2 3
Holdith E QAT Hed gy Aque 2 |Factor & symbol
£22 2o i Eolnz Pa BEA BN 2 Scanning speed (pm/s) 30 50 70
ste] Aeatgion Hglzleld A= AETE A
ouz U B4 EAd Fdto] APtk Light intensity (%) s0 | 75 | 100
Fa5de A sNHlE = DevelopingB time (sec)
c 60 65 70
SN= —10 log(—L z”: yiz) a Mixture ratio
7=l (Developer : Di-water) 5:1 6:1 7:1
) D
otk 4 )M ne ZAzke) 42 dET y,
= 279 EAZS eI RS E( y?)7) 25 71ae] Haske sNHl9] Histet dATL
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PolEAY A9 sNHE iAol g v F e A 2 FES
A7gslRaL o] & Table 1o YRR AP A
[ & 1 o 9G%& nAE UxE AWo)FE E(scanning
SN=*10108'(7 2 VI ) @) speed), FolAFe A7)(light intensity), TIHEA]
7H(developing time), T 2 n e} FHG2 7]
(mixture ratio of developer to di-water)”} 4T}, 7]
ol WS4 Brd= AFEEA A kd F2% QAR Ho|IANUNH LEE 5 F
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Table 2 Table of orthogonal arrays and experimental results
upper width lower width depth
Exp. No. A B C D
() (tm) ()
1 1 1 1 1 33.52 11.05 0.45
2 1 2 2 2 42.51 22.02 0.93
3 1 3 3 3 45.50 32.54 0.95
4 2 1 2 3 37.01 5.09 0.53
5 2 2 3 1 3947 4.88 0.59
6 2 3 1 2 46.25 15.11 0.98
7 3 1 3 2 41.95 5.65 0.44
8 3 2 1 3 42.82 8.37 0.71
9 3 3 2 1 42.75 7.55 0.53
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Fig. 3 AFM image of micro-pattern obtained at
scanning speed of 50um/s, 75% laser power,
70sec. developing time and 5:1 mixture ratio
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Table 3 SN ratio of the results

Exp. | Upper width | Lower width Depth
No. () (zm) (1m)
1 -30.51 -22.53 -8.42
2 -32.57 -26.93 -0.92
3 -33.17 -30.25 -0.48
4 -31.36 -14.28 -6.31
5 -31.93 -13.81 -4.52
6 -33.30 -23.60 -0.18
7 -32.47 -15.40 -7.14
8 -32.67 -18.59 -2.99
9 -32.62 -17.68 -6.02

A= (“30.51)+(-3{?.57)*—(—33.17) ——132.08
o] HFuj T wHoR RE QA9 F£Fd I &
#F& A4 F Y. A, FF3(deviation)E <l
ko] Ed ane A HAL3 2ol 2 =

sl ]ﬂ%(percentage contribution)& M FFx}9
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Table 4 Factors affecting the upper width

Effect o PC

Factor . > 3 Deviation %)
A -32.08 | -32.20 | -32.59 0.51 14.41
B -31.45 | -32.39 | -33.03 1.58 44.63
C -32.16 | -32.18 | -32.52 0.36 10.17
D -31.69 | -32.78 | -32.40 1.09 30.79
Total 3.54 100

- PC : percentage contribution
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Table 5 Factors affecting the lower width

Factor Effect Deviation pe
1 2 3 (%)
A -26.57 | -17.23 | -17.22 9.35 43.09
B -17.40 | -19.78 | -23.84 6.44 [29.68
C -21.57 | -19.63 | -19.82 1.94 8.94
D -18.01 | -21.98 | -21.04 3.97 18.29
Total 21.70 100
- PC : percentage contribution
Table 6 Factors affecting the depth
Factor Effect Deviation FC
1 2 3 (%)
A -3.27 -3.67 -5.38 2.1 18.67
B -7.29 -2.81 -2.23 5.06 44.78
C -3.86 -442 | -4.05 0.56 4.96
D -6.32 275 | -3.26 357 (3159
Total 11.30 100

- PC : percentage contribution
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