A A ¢
INTHUHNUD

Q

ﬂTiﬂﬂ‘H1ﬂ’J13J!‘]J‘I»!ul‘lﬂ€ﬂ‘lr!ﬂ1‘§ﬁ‘§1\‘iiﬂﬁﬁﬁ‘i1\‘ii}ﬁﬂ1ﬂ 34U 'JE]
ﬂi$‘]_I'J‘Ir!ﬂ1‘iﬂ1ﬂ!!1l‘1Jﬁ1£l'clfl°il‘§sll‘i»!ﬂi’)u!ﬂ€n Iﬂﬂi%ﬂi%%ﬂﬂul!ﬂﬂ‘lﬁﬁﬂ

g’J a(d Y
mmvmwuﬂaufﬁmmzﬂu

A FEASIBILITY STUDY OF ONE-STEP LITHOGRAPHY FOR
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A Feasibility Study of One-step Lithography for Fabrication of Three-dimensional

Microstructures with Multi-Film Thickness Mask
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A Feasibility Study of One-step Lithography for Fabrication of Three-dimensional

Microstructures with Multi-Film Thickness Mask
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Nithi Atthi 2008: A Feasibility Study of One-step Lithography for Fabrication of
Three-dimensional Microstructures with Multi-Film Thickness Mask. Master of Engineering
(Engineering Management). Major Field: Engineering Management, Department of Industrial

Engineering. Thesis Advisor: Mr. Chuckaphun Aramphongphun, Ph.D. 164 pages.

This research work studies a 3-D microstructure forming technique by developing a new photomask
making technique. This new mask is called Multi-Film Thickness mask (MFT mask) which varies Chromium
thickness or other opaque films on the mask. Different film thickness possesses different light transmissibility
level. This work also includes experiments by other two techniques of 3-D microstructure forming: (1) Mulu-
Exposure dose lithography using Binary Intensity Mask and (i1} Gray Scale Lithography mask. In addition, —
this work studies the cost and time analysis of Micro Electro Mechanical System (MEMS) fabrication with
vertical sidewalls from 1 to 5 lithography steps by processing through a cycle of the lithography step and the
etching step using six different photolithography techniques, which are (1) Exposure with Single Layer
Binary Intensity Mask (BIM-SLR), (2) Exposure with Multi Laver Binary Intensity Mask (BIM-MLR), (3)
Exposure with Multi Exposure dose using Multi Layer Binary Intensity Mask (ME-BIM-MLR) , (4) Exposure
with Gray Scale Lithography Mask (GSL mask), (3) Exposure with Mult-Film Thickness Mask (MFT mask)
and (6) Exposure with Vary Dose using Multi-Film Thickness Mask (VD-MFT mask). Moreover, this work
compares the advantages and disadvantages of the MFT mask with the other techniques by using SWOT

analysis.

It was found that the MFT mask technique could create similar results to that produced by the BIM
and GSL mask techniques; however, only vertical sidewall slope profile can be produced. The advantage of
the MFT mask technique over the GSL mask is that the MFT mask technique does not need to have a higher
resolution exposure tool than the resolution of the desired pattern. In the analysis of cost and time, the VD-
MFT mask technique offers the lowest cost and shortest fabrication time for the multiple lithography steps
while the GSL mask is not suitable for one lithography step due to the highest cost. The VD-MFT mask is

then proved to be feasible and economical for the lithegraphy process of 3-D microstructure forming in the

future.
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1 50,000 5 12,500 9 562,500
2 100,000 5 25,000 2 250,000
3 110,000 5 27,500 6 825,000
4 290,000 5 72,500 1 362,500
5 22,000,000 5 5,500,000 5 137,500,000
6 2,200,000 5 550,000 1 2,750,000
7 290,000 5 72,500 1 362,500
8 290,000 5 72,500 1 362,500
9 700,000 5 175,000 1 875,000
10 800,000 5 200,000 1 1,000,000
11 1,600,000 5 400,000 1 2,000,000
12 1,800,000 5 450,000 1 2,250,000
13 600,000 5 150,000 1 750,000
14 15,600,000 5 3,900,000 5 97,500,000
15 5,000,000 5 1,250,000 2 12,500,000
16 15,600,000 5 3,900,000 1 19,500,000
17 600,000 5 150,000 1 750,000
18 600,000 5 150,000 1 750,000
19 15,600,000 5 3,900,000 5 97,500,000
20 5,000,000 5 1,250,000 1 6,250,000
21 15,600,000 5 3,900,000 1 19,500,000
22 25,000 5 6,250 1 31,250




116

Y o a 4 @ 1 2 Y
ﬂ1§1QNu'3ﬂﬁ 22 mimmmNawamiamlmm%wﬂﬂuLmazmumumiﬁinmmwa

VULAUNTZINAULY
. ) , HANAATINVDILLA
Twamves R ms3 14 i y R
A o DAIINIINEAN P - ATVUADUNITINAN
, G TG UszTowi  waama .
VUABDUNTNAR luszeznar 5
j Nj *Ti *Uj *Yj
N, T, U, Y, e .
5*331*21
B e 4 aofidud  nlefidud iy
1N309INT uru/H Tua/inseatng
1 9 0.11 90% 99% 30,873
2 2 0.50 90% 100% 31,185
3 6 0.14 90% 100% 26,730
4 1 5.88 90% 100% 183,441
5 5 0.18 90% 100% 28,350
6 1 0.91 90% 100% 28,350
7 1 5.88 90% 100% 183,441
8 1 10.00 90% 100% 311,850
9 1 2.00 90% 100% 62,370
10 1 10.00 90% 100% 311,850
11 1 2.00 90% 90% 56,133
12 1 2.00 90% 93% 58,004
13 1 2.00 90% 100% 62,370
14 5 0.17 90% 100% 25,988
15 2 0.50 90% 93% 29,002
16 1 1.00 90% 100% 31,185
17 1 4.00 90% 100% 124,740
18 1 2.00 90% 100% 62,370
19 5 0.17 90% 100% 25,988
20 1 2.00 90% 96% 59,875
21 1 4.00 90% 100% 124,740

22 1 4.00 90% 100% 124,740
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1 562,500 25,988 21.65 433
2 250,000 25,988 9.62 1.92
3 825,000 25,988 31.75 6.35
4 362,500 25,988 13.95 2.79
5 137,500,000 25,988 5,291.01 1,058.20
6 2,750,000 25,988 105.82 21.16
7 362,500 25,988 13.95 2.79
8 362,500 25,988 13.95 2.79
9 875,000 25,988 33.67 6.73
10 1,000,000 25,988 38.48 7.70
11 2,000,000 25,988 76.96 15.39
12 2,250,000 25,988 86.58 17.32
13 750,000 25,988 28.86 5.77
14 97,500,000 25,988 3,751.80 750.36
15 12,500,000 25,988 481.00 96.20
16 19,500,000 25,988 750.36 150.07
17 750,000 25,988 28.86 5.77
18 750,000 25,988 28.86 5.77
19 97,500,000 25,988 3,751.80 750.36
20 6,250,000 25,988 240.50 48.10
21 19,500,000 25,988 750.36 150.07
22 31,250 25,988 1.20 0.24
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j N, Pt, N, *Pt, *15.81
1A3098N TS oesns SAOLHY

1 9 9.00 1280.61
2 2 2.00 63.24
3 6 7.00 664.02
4 1 0.17 2.69
5 5 5.50 434.78
6 1 1.10 17.39
7 1 0.17 2.69
8 1 0.10 1.58
9 1 0.50 7.91
10 1 0.10 1.58
11 1 0.50 7.91
12 1 0.50 7.91
13 1 0.50 7.91
14 5 6.00 474.30
15 2 2.00 63.24
16 1 1.00 15.81
17 1 0.25 3.95
18 1 0.50 7.91
19 5 6.00 474.30
20 1 0.50 7.91
21 1 0.25 3.95
22 1 0.25 3.95
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2 1.92 63.24 9.62 74.78
3 6.35 664.02 31.75 702.12
4 2.79 2.69 13.95 19.43
5 1,058.20 434,78 5,291.01 6783.98
6 21.16 17.39 105.82 144.38
7 2.79 2.69 13.95 19.43
8 2.79 1.58 13.95 18.32
9 6.73 7.91 33.67 48.31
10 7.70 1.58 38.48 47.76
11 15.39 7.91 76.96 100.26
12 17.32 7.91 86.58 111.80
13 5.77 7.91 28.86 42.54
14 750.36 474.30 3,751.80 4976.46
15 96.20 63.24 481.00 640.44
16 150.07 15.81 750.36 916.24
17 5.77 3.95 28.86 38.58
18 5.77 7.91 28.86 42.54
19 750.36 474.30 3,751.80 4976.46
20 48.10 7.91 240.50 296.51
21 150.07 3.95 750.36 904.39
22 0.24 3.95 1.20 5.40
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1 290,000 5 72,500 2 720,524
2 15,000,000 5 3,750,000 2 44,516,504
3 290,000 5 72,500 4 1,337,110
4 290,000 5 72,500 2 720,524
5 1,400,000 5 350,000 4 7,022,859
6 800,000 5 200,000 2 1,965,940
7 1,600,000 5 400,000 4 7,863,762
8 1,800,000 5 450,000 4 8,827,573
9 15,600,000 5 3,900,000 4 73,936,864
10 600,000 5 150,000 2 1,480,841
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1 2 37 90% 100% 2,899,072
2 2 50 90% 62% 2,901,336
3 4 37 90% 98% 5,272,343
4 2 37 90% 100% 2,899,072
5 4 20 90% 93% 2,942,426
6 2 50 90% 93% 3,603,628
7 4 20 90% 100% 3,099,895
8 4 20 90% 95% 2,938,523
9 4 20 90% 100% 2,989,324

10 2 50 90% 100% 3,891,651
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: : "7 %x5%331%21 . .
$ HY SABLAY SADUNY
1 720,524 2,899,072 0.25 0.05
2 44,516,504 2,901,336 15.36 3.07
3 1,337,110 5,272,343 0.46 0.09
4 720,524 2,899,072 0.25 0.05
5 7,022,859 2,942,426 2.42 0.48
6 1,965,940 3,603,628 0.68 0.14
7 7,863,762 3,099,895 2.71 0.54
8 8,827,573 2,938,523 3.04 0.61
9 73,936,864 2,989,324 25.50 5.10
10 1,480,841 3,891,651 0.51 0.10
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1 2 0.027 0.85
2 2 0.020 0.75
3 4 0.027 1.58
4 2 0.027 0.85
5 4 0.050 3.17
6 2 0.020 0.62
7 4 0.050 3.11
8 4 0.050 3.10
9 4 0.050 3.00

10 2 0.020 0.62
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1 0.05 0.85 0.25 1.15
2 3.07 0.75 15.36 19.18
3 0.09 1.58 0.46 2.13
4 0.05 0.85 0.25 1.15
5 0.48 3.17 242 6.08
6 0.14 0.62 0.68 1.44
7 0.54 3.11 2.71 6.36
8 0.61 3.10 3.04 6.76
9 5.10 3.00 25.50 33.60
10 0.10 0.62 0.51 1.24
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1 1 2 3 4 5
2 1 2 3 4 5
3 1 2 3 4 5
4 1 2 3 4 5
5 1 2 3 4 5
6 0 0 0 0 0
7 1 2 3 4 5
8 1 2 3 4 5
9 1 2 3 4 5
10 1 2 3 4 5
11 1 2 3 4 5
12 1 2 3 4 5
13 1 2 3 4 5
14 1 2 3 4 5
15 1 2 3 4 5
16 1 2 3 4 5
17 1 2 3 4 5
18 1 2 3 4 5
19 1 2 3 4 5
20 1 2 3 4 5
21 1 2 3 4 5
22 1 2 3 4 5
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6 0 0 0 0 0
7 1 1 1 1 1
8 1 1 1 1 1
9 1 1 1 1 1
10 1 1 1 1 1
11 1 1 1 1 1
12 1 1 1 1 1
13 1 1 1 1 1
14 1 1 1 1 1
15 1 1 1 1 1
16 1 1 1 1 1
17 1 1 1 1 1
18 1 1 1 1 1
19 1 1 1 1 1
20 1 1 1 1 1
21 1 1 1 1 1

22 1 1 1 1 1
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uHuAsTIRdUMULlaY  7,700.00 15,400.00  23,100.00  30,800.00  38,500.00
1 1,306.58 2,613.17 391975 522634  6,532.92
2 74.78 149.57 22435 299.14 373.92
3 702.12 1,40423  2,106.35 280846  3,510.58
4 19.43 38.85 58.28 77.71 97.13
5 ] ] ] . ]
6 14438 288.75 433.13 577.50 721.88
7 19.43 38.85 58.28 77.71 97.13
8 18.32 36.64 54.96 73.28 91.60
9 4831 96.62 144.93 193.24 241.55
10 47.76 95.51 143.27 191.03 238.79
11 100.26 200.51 300.77 401.03 501.29
12 111.80 223.60 335.40 44720 559.01
13 42.54 85.07 127.61 170.15 212.69
14 4,976.46 9,952.93 1492939 19,905.86  24,882.32
15 640.44 1,280.88 192132 2,561.76  3,202.20
16 916.24 1,83249 274873  3,66497  4,581.21
17 38.58 77.17 115.75 154.34 192.92
18 42.54 85.07 127.61 170.15 212.69
19 4,976.46 9,952.93 1492939 19,905.86  24,882.32
20 296.51 593.01 889.52 1,186.02  1,482.53
21 904.39 1,808.77  2,713.16  3,617.54  4,521.93
22 5.40 10.79 16.19 21.58 26.98
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2 74.78 149.57 22435 299.14 373.92
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6 14438 288.75 433.13 577.50 721.88
7 19.43 38.85 58.28 77.71 97.13
8 18.32 36.64 54.96 73.28 91.60
9 4831 96.62 144.93 193.24 241.55
10 47.76 95.51 143.27 191.03 238.79
11 100.26 200.51 300.77 401.03 501.29
12 111.80 223.60 335.40 44720 559.01
13 42.54 85.07 127.61 170.15 212.69
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