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SUMMARY

Continuous advancements in microelectronics increase the demand for
various portable, user—friendly, and multifunctional electronic devices. This
leads product manufacturers to keep changing their products’ features and
designs and to adopt a small-quantity batch production system to be able to
meet their customers’ various demands. However, continuous modification of
production lines and technologies, such as of PCB, is not time- and
cost—effective. Therefore, there is a need for low—cost technology. Employing
a new PCB mask replacement technology may vyield a low—cost
manufacturing process. In practical terms, this means spending less. As a
result, price cutting and small-quantity batch production are made possible.

One of the new and relatively effective patterning methods i1s OML, a
low—-cost and highly productive micropatterning method.

OML uses SLM to print the pattern. It has the advantage of being able to
easily output a variety of patterns. However, it cannot use all the diffracted
light to print the image, because of the inevitable image distortion.

Therefore, the OPC method is being actively studied for the correction of
the diffraction effects or the reduction of process errors.

In this study, a gray-level OPC was used for pattern design to correct the
image. The optical system was configured to print the pattern using SLM as
a way of using OML to form a micropattern. The results showed the

possibility of using the gray-level OPC instead of the conventional OPC.

Vi
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[Fig. 4] Diffraction pattern
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<Table 1> The international technology road map for semiconductors(ITRS)

Technology Node 2009 2010 2011 2012 2013 2014
DRAM
1/2 pitch (nm) 50 45 40 36 32 28
MPU
1/2 pitch (nm) 52 45 40 36 32 28
Gate in resist (nm) 34 30 27 24 21 19
Physical gate length (nm) 20 18 16 14 13 11

Mask minimum features
Norminal image size (nm) 135 120 107 95 85 76
Minimum primary feature size (nm) 94 84 75 67 59 53
Subresolution feature size (nm), opaque 67 60 54 48 42 38
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[Fig. 8] Conceptual diagram of the pattern correction by OPC



5. Rule-Based OPC
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5.1 Catastrophic OPC
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4) Two-Dimensional OPC
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pattern correction method

[Fig. 14] Two-dimensional OPC used to correct the corner rounding
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<Table 2> Characteristics of experimental setup

unit: pixel(um)

light Source wavelength 0.65 pm
focal length of system 66.7 mm
F-number 1.33
optical system . . .
critical dimension 0.86 um
magnification 0.5
coherent factor(o) 0.01

<Table 3> Condition of '7i'pattern and space pattern

unit: pixel(um)

20 10
M2 CisbE =T (146.4844)

40 20

‘7' pattern

(625) (292.9688)

60 30
(937.5) (439.4532)

5 20
(78.125) (292.9688)

Space pattern 20 5
(312.5) (73.2422)

2 20
(31.25) (292.9688)

space pattern 20 5
312.50 (29.29688)
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<Table 4> Condition of line and space pattern unit: pixel(ym)

. 40 20 400
Horizontal (585.9376) (312.5) (5600)
line pattern . 20 200 20
Vertical
(560) (5859.376) (292.9688)
) 40 15 400
. Horizontal
line and space (585.9376) (234.375) (5600)
40 400 15
pattern Vertical
(560) (5859.376) (219.7266)
] 40 10 400
. Horizontal
line and space (585.9376) (156.25) (5600)
pattern . 40 400 10
Vertical
(560) (5859.376) (146.4844)
) 20 15 400
. Horizontal
line and space (280) (234.375) (5600)
pattern . 20 400 15
Vertical
(292.9688) (5859.376) (219.7266)
400
. Horizontal 20(280) 10(156.25)
line and space (5600)
pattern . 20 400 10
Vertical
(292.9688) (5859.376) (146.4844)
: 20 5 400
. Horizontal
line and space (280) (78.125) (5600)
pattern . 20 400 5
Vertical
(292.9688) (5859.376) (73.2422)
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1. Resolution =9l Zn}

1) Line(20, 400, 40)

Line—(20, 400, 40) ol" A= 7hw|gte] w=FAZHE 31 ms, 7HH2te] Gaino] 1¢¥

W Ak 29 17904 (a)= AAIRE UARIS =5 dA ofn Aot 1]
i (b)gt (o= A4 38 oA & &5 WEkdH, (D (e)= 37 oln ] ¢

Ab-Etet olm)xjoltt, 18 1794 (f): intensity color baro]th. ¥ 1704 &%
d¥ vke} Zo] intensity7t EA FEEOJTE o= FH o|H| A ¢ intensity
X5 Yeld 29 187 FZolu X9 intensity ¥+¥E YEIH 18 19904 %
SGAsHA veEtu AAH oz AREtA oln A7t S5 HAT. ¥ E oA 9
Zol= % olu|A oA Z 582 pixelZ 30265 pm, % 156 ym= 2tz 048 Hj,

053 vl F4Fo E8HQAT FHolu X} A * 32 pixel2 1664 yum, =°]
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[Fig. 17] Line(20, 400, 40) intensity distribution
power: 53 V, 0.27 A, Exposure time: 31 msec, Gain: 1,
(a) printed an entire image, (b) RHS of horizontal image, (c) LHS of horizontal

image, (d) Top of vertical image, (e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 18] Dimension measurement of horizontal part in Line(20, 400, 40)
width: 3026.4 um(0.48 x), height: 156 pm(0.53 x)
(a) Analysis of width of the horizontal image,
(b) Analysis of height of the horizontal image

[Fig. 19] Dimension measurement of vertical part in Line(20, 400, 40),
width: 166.4 pm(0.53 x), height: 2865.2 ym(0.49 x)
(a) Analysis of width of the vertical image,

(b) Analysis of height of the vertical image
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2) Line—(15, 400, 40)
Line—(15, 400, 40) °]v] A= %=3FAIZHE 31 ms, 7l 2te] Gaing 1€ o &4
= Atk
a9 20004 ZAEHE vk} o] intensity’} E A EEFHQJUTE o= 19 21
I a9 220 e FAE A YER dA AR AWl oln A7 FHE AT
au 28 21(b)oll A distortiono] Btk AlZ=® Q] o] mASHA AA|sHA] ¥
dtteE AR Ao 22 (o), (d), (e)olx] WelA olmx]7} F-A g3}
eyttt o] BHggow Hol ojmx] HAGo] Fosttta At HHE o
njxle] Zol= =3 olu Ao A Z 596 pixelZ 3099.2 um, Z& 23 pixelE
0.5 Hi, 0.54 wi FA4Eo] S=HHAT. s oA e FF, F 25
pixel2 130 pum, #=°] 551 pixelZ 28652 ym= 7zt7 0.55 #, 049 W2 =25
At

119.6 ym= 7}7}

Ial AR 15280 4 Inl e}
i b= ]
W Tl "= O !
i | 7< Ok Pty
= o/ B A= S
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> 4 . ] BEXEEN
ann
N V—r
]
o #
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[Fig. 20] Line(15, 400, 40) intensity distribution
power: 53 V, 0.27 A, Exposure time: 31 msec, Gain: 1,
(a) printed an entire image, (b) RHS of horizontal image,
(¢) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 21] Dimension measurement of horizontal part in Line(15, 400, 40)
width: 3099.2 ym(0.5 x), height: 119.6 ym(0.54 x)
(a) Analysis of width of the horizontal image,
(b) Analysis of height of the horizontal image

[Fig. 22] Dimension measurement of vertical part in Line(15, 400, 40),
width: 130 uym(0.55 x), height: 2865.2 pm(0.49 x)
(a) Analysis of width of the vertical image,

(b) Analysis of height of the vertical image
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3) Line(10,400,40)

Line(10, 400, 40) °l" A= =3A7Hs 31 ms, 7Hiet Gaine 19 o #49
ot A =A1E line15, 400,40)3} v 7EAl = RA g e olu]x] A g
o] BT, FHE o|nx o] Holi= 9 o|n A & 593 pixel®= 3083.6
m, & 16 pixel® 832 ym= Z+Z} 049 v, 057 ¥} FAFHo] ZHH A} 37
oluj x| o] AH-g- % 18 pixelZ 93.6 um, ¥°] 551 pixelZ 28,652 ym= Z+ZF 0.59
ul, 049 w2 EHFATH

ox o

=

-

[Fig. 23] Line(10, 400, 40) intensity distribution
Power: 5.3 V 0.27 A, Exposure time: 31 ms, Gain: 1,
(a) printed an entire image, (b) RHS of horizontal image,
(¢) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 24] Dimension measurement of horizontal part in Line(10, 400, 40)
width: 3073.2 um(0.49 x), height: 83.2 ym(0.57 x)
(a) Analysis of width of the horizontal image,

(b) Analysis of height of the horizontal image

[Fig. 25] Dimension measurement of vertical part in Line(10, 400, 40)
width: 93.6 pm(0.6 x), height: 2865.2 pm(0.49 x)
(a) Analysis of width of the vertical image,

(b) Analysis of height of the vertical image
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4) Line(15,400,20)
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[Fig. 26] Line(15, 400, 20) intensity distribution
Power: 5.3 V .027 A, Exposure time: 31 ms, Gain: 1,

(a) printed an entire image, (b) RHS of horizontal image,

(c) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 27] Dimension measurement of horizontal part in Line(15, 400, 20)
width: 3114.8 ym(0.5 x), height: 114.4 ym(0.52 x)

(a) Analysis of width of the horizontal image,

(b) Analysis of height of the horizontal image

= JoF
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[Fig. 28] Dimension measurement of vertical part in Line(15, 400, 20)
width: 140.4 ym(0.6 x), height: 2891.2 pm(0.49 x),
(a) Analysis of width of the vertical image,
(b) Analysis of height of the vertical image
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5) Line(10,400,20)

2% 299 (bt (o vhebskEel #3 oA RRo|A] o]uA| 7k AT}
Z9EAY oln A= AV|= FHo A A F 31148 ym= 05 v 4, =9
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[Fig. 29] Line(5, 400, 20) intensity distribution
Power: 5.3 V 0.32 A, Exposure time: 31 ms, Gain: 1,

(a) printed an entire image, (b) RHS of horizontal image,
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(c) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 30] Dimension measurement of horizontal part in Line(10, 400, 20)
width: 3078.4 um(0.5 x), height: 83.2 pm(0.57 x)
(a) Analysis of width of the horizontal image,

(b) Analysis of height of the horizontal image
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[Fig. 31] Dimension measurement of vertical part in Line(10, 400, 20)
width: 88.4 ym(0.56 x), height: 2860 um(0.49 x)
(a) Analysis of width of the vertical image,

(b) Analysis of height of the vertical image
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6) Line(5, 400, 20)

1% 3290014 (a),(b)ell A A Elel A f=rdito]l A o= 1§ 339 1¥
oA A FAT F UAAT o] oH A= FHAA
= 049 W, 41.6 ym®E 0.28 ¥} FHAHATE W] FHolu Ao A= Z 52 pm
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[Fig. 32] Line(5, 400, 20) intensity distribution
Power: 5.3 V 0.27 A, Exposure time: 31 ms, Gain: 1,
(a) printed an entire image, (b) RHS of horizontal image,

(¢) LHS of horizontal image, (d) Top of vertical image,
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(e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 33] Dimension measurement of horizontal part in Line(5, 400, 20)
width: 3078.4 um(0.49 x), height: 41.6 um(0.28 x),
(a) Analysis of width of the horizontal image,

(b) Analysis of height of the horizontal image

[Fig. 34] Dimension measurement of vertical part in Line(5, 400, 20)
width: 52 um(0.67 x), height: 2865.2 um(0.49 x),
(a) Analysis of width of the vertical image,

(b) Analysis of height of the vertical image

37



7) Line(10, 400, 20) and space(2 20, 20 2) pattern

139 362 Line(10, 400, 20)S ®lI® S 2 line and spaces A7
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[Fig. 35] Line(10, 400, 20) and space(2 20, 20 2) pattern intensity distribution
Power: 5.3 V, 0.27 A, Exposure time: 14 msec, Gain: 1.75,
(a) printed an entire image, (b) RHS of horizontal image,
(c) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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8) Line(10, 400, 40) and space(5 20, 20 5) pattern

line and space pattern(5 20, 20 5)+= Line(10, 400, 40)< 7|92 & line and

space®] A7|E Z}7Z} &% 5 20 pixel, ¥0] 20, 5 pixels F7}sto] AAg o]n]X]

2 a9 3604 Hol X om A AWt How FHZo| fdito] BT o=
2l

F Nadel F& AAGA gof AR Ao AR

0

d ol A BAFFAG S olulA] =3 on A (a)eh (b)F-Eol A HA AT

[Fig. 361 Line(10, 400,40) and space(5 20, 20 5) pattern intensity distribution,
Power: 5.3 V, 0.27 A, Exposure time: 14 msec, Gain: 1.75,
(a) printed an entire image, (b) RHS of horizontal image,

(¢) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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9) Line(15, 400, 20) and space(2 20, 20 2) pattern
o] ¥¥l& Line(15, 400, 20)& 71%2 2 &t AAZY. 19 379 AAde
2 FZo| A ol xe] ¢f=to] LAE] 2™ line and space pattern®] XAl

A olm AWM 47 el

[Fig. 37] Line(15, 400, 20) and space(2 20, 20 2) pattern intensity distribution,
Power: 5.3 V, 0.27 A, Exposure time: 14 msec, Gain: 1.75,

(a) printed an entire image, (b) RHS of horizontal image,

(¢) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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10) Line(15, 400, 40) and space(5 20, 20 5) pattern

a9 389 9¥ o|n A+ Line(15, 400, 40)s 7IRte = AA UG, HA A o=
A3 intensity wEE Kol fdo] olm A9 HFo|A vENWTH 1™
399 (e)ell A FAetA BAFTHAH o] YEFRL T

[Fig. 38] Line(15, 400, 40) and space(5 20, 20 5) pattern intensity distribution,
Power: 53 V 0.27 A, Exposure time: 31 ms, Gain: 1.75,
(a) printed an entire image, (b) RHS of horizontal image,

(¢) LHS of horizontal image, (d) Top of vertical image,

(e) Bottom of vertical image, (f) Intensity color bar
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[Fig. 39] Resolution measurement in configured system
(a) Resolution graph of vertical image

(b) Resolution graph of horizontal image
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2. YOl OPCE o|8¢t o|njx] £ ZHut

1) Line and space(5 20, 20 5) pattern
O9 402 A= ) AP A BAE g o]m| ] Foll A ShA UERA 1F
3604 YERA o m A RG] S BAS7] fste] AAlE "ol (a)et (bh)+=
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[Fig. 40] Comparison of Line(10, 400, 40) and space (5 20, 20 5) pattern

design between uncorrected and corrected by noraml OPC

(a) Uncorrected vertical design, (b) Corrected design by normal OPC
(¢c) Uncorrected horizontal design, (d) Corrected design by normal OPC
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[Fig. 41] Comparison of uncorrected and the corrected image
Power: 53 V, .0.27 A, Exposure time: 13 msec, Gain 1.75

(a) Uncorrected vertical image

(b) Corrected vertical image by normal OPC
(c) Uncorrected horizontal image

(d) Corrected horizontal image by normal OPC
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[Fig. 42] Comparison of uncorrected and the corrected image
Power: 53 V, .0.27 A, Exposure time: 13 msec, Gain 1.75
(a) Uncorrected horizontal image
(b) Uncorrected vertical image
(c) Corrected horizontal image by normal OPC

(d) Corrected vertical image by normal OPC
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2) '’ pattern A ¥} A

19 42 (a), (b), (c), (d) WA= "7 patterne YERH 7] 93F Y& o]n| X o]
ok 2y olm ] A FAdo] 1743 (a), (b), (o), (A Yednte} 2o
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[Fig. 43] Comparison of uncorrected and the corrected ‘71’ design

(a) Uncorrected an entire design (b) Uncorrected small 71’ pattern design
(c) Uncorrected medium ' 71’ pattern design (d) Uncorrected large ' 1’ pattern design
(e) Corrected entire design by normal OPC
(f) Corrected small ' 1’ pattern design by normal OPC
(g) Corrected medium ' 71’ pattern design by normal OPC

(h) Corrected large ' 71’ pattern design by normal OPC
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Printed image by original design Printed image by normal OPC
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[Fig. 44] Comparison of uncorrected and the corrected ‘71’ image

Original: Power: 5.1 V, .0.28 A, Exposure time: 31 msec, Gain 1
Correction: Power: 5.1 V, 0.28 A, Exposure time: 36 msec, Gain 1.29
(a) Printed an entire image
(b) Uncorrected small ' 71’ pattern image
(¢) Uncorrected medium '’ pattern image
(d) Uncorrected large 71" pattern image
(e) Printed an the corrected entire image by normal OPC
(f) Corrected small 71’ pattern image by normal OPC
(g) Corrected medium ' 7' pattern image by normal OPC

(h) Corrected large ' 71’ pattern image by normal OPC
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(a)

[Fig. 45] Corrected ' 71’'pattern image by normal OPC
(a) Printed an the corrected entire image by normal OPC
(b) Corrected small ' 71’ pattern image by normal OPC
(c) Corrected medium '’ pattern image by normal OPC

(d) Corrected large ' 71’ pattern image by normal OPC
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[Fig. 46] Comparison of ‘71’ pattern design between normal OPC and gray-level OPC
(a) Corrected an entire design by normal OPC

(b) Corrected small 71’ pattern design by normal OPC
(c) Uncorrected medium ' 7' pattern design
(d) Uncorrected large ' 7' pattern design
(e) Corrected entire design by gray-level OPC
(f) Corrected small ‘71’ pattern design by gray-level OPC
(g) Corrected medium ' 7' pattern design by gray-level OPC
(h) Corrected large ' 1’ pattern design by gray-level OPC
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[Fig. 47] Comparison of ‘717 image between normal OPC and gray-level OPC
Power: 5.3 V, .027 A, Exposure time: 14 msec, Gain 1.75.

(a) Printed an entire image

(b) Corrected small ' 1’ pattern image by normal OPC
(c) Corrected medium '’ pattern image by normal OPC
(d) Corrected large ' 71’ pattern image by normal OPC
(e) Printed an the corrected entire image by gray-level OPC
(f) Corrected small "1’ pattern image by gray-level OPC
(g) Corrected medium ' 1’ pattern image by gray-level OPC
(h) Corrected large ' 1’ pattern image by gray-level OPC
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(b)
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[Fig. 48] Comparison of uncorrected and the corrected ‘71’ image

(a) Corrected design by normal OPC, (b) Printed image using (a)
(c) Corrected design by gray-level OPC, (d) Printed image using (c)
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[Fig. 49] Comparison of uncorrected and the corrected ‘71’ image

(a) Result of corrected design by normal OPC,
(b) Result of corrected design by gray-level OPC
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[Fig. 50] Comparison of uncorrected and the corrected
Line(15, 400, 40) and space(5 20, 20 5) pattern design.
(a) Uncorrected design (b) Corrected design by gray-level OPC
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[Fig. 511 Comparison of uncorrected and the corrected image by gray-level OPC.
Power: 52 V, 0.27 A, Exposure time: 103 msec, Gain: 1,
(a) Result of uncorrected design, (b) Result of corrected design by gray-level OPC
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Design
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(c)
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[Fig. 52] Line (10, 400, 40) and space (5 20, 20 5) pattern compared to the
uncorrected and corrected design
(a) Uncorrected design (b) Corrected design by normal OPC
(c) Corrected design by gray-level OPC
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[Fig. 53] Comparison of uncorrected and the corrected image
(a) Uncorrected image, (b) Corrected image by normal OPC

(c) Corrected image by gray-level OPC
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[Fig. 54] Comparison of the results of the corrected image using the
magnification
(a) Magnification graph of vertical image

(b) Magnification graph of horizontal image

a9 b AR &, dA ojmAe] Ao wiEs Hlagk Aoty RAL
om Ao A A= Al=F HjEQl 053] A EA BAEJT. ey ARkl

OPCollA  ®Ad Ab&HE &2 Al&do] 4T 5 gl A7|oAW
r]

%

=
o
)

@,
=
<

rlr
ro
1
_O‘L
~
=)
M
=2
4
o
£
i
rlr
M
s
Id
I
V)
I

=
a9 Ha Baol Axdel AN £ g B A asjnnk oA n

ol AHgso] R ojuA A FATE A

56



@)
=
ot
>
o

i)
o
o
fr
.27
I
ek
o
o
HI
0_1_4

4at7] 9atel 05 ML A= 4F A

o Wge AuAow olEgt 05uel TAS FAHUL. AAE 24 A
N &H 8 53 oolu X BE 747h 15 pixelH v &o] AFHo]x gho} ofy]

ol
=
2 BAol Fasttta kgt 1gal o]u A intensityiEFEo| A L FA 5HA o]

et dola9®E SHASHH F 234.375 pm, o] 219.726 umol A F-H o] n] |

A= gl Ao AnE ywro R Lineo| " A ¢} line and space ©|W A S A
ARl OPCE Esto] WASIh 22y TEAF TR HA g
Aol £ 15625 um, %°| 14.6844 ym= o] & 2J&lo] AAkE F53 Al
OPC &% 913 AW F7] &< 1716 ym=2.} 108) A% Zo] oln|x B A43s}
=l A7F AA

o] W eksly] flstel OMLe A4l Mz 943 OPCAl #-&st3vt. o W

We SLMel A =717k Asge] Ak A Ang 2 W 488 & Qo

2
ol
£
e

T

A9 pE AR A ou.

57



[1] Xu Ma, Gonzalo R. Aree, “Computational Lithography”, wiley, p.1-44
(2010).

=

[2] Avl=, A=, A, deE, ddzd, A&, ols=, 43, dar, Hx

’ ’

i)

R, H8d, AEE, e, 23E, ol9S, o3, “maskless =37E N,

A AR F-(2007).

[3] Alfred Kwok-Kit Wong, “Resolution enhancement techniques in Optical
Lithography”, SPIE, p.94-115 (2001).

[4] Marshal Miller, “Mask Edge Effects in Optical Lithography and Chip
Level Modeling Methods”, Universitiy of California Berkeley, p.13-20 (2010).

[6] Xu Ma, Gonzalo R. Aree, “Pixel-based simultaneous source and mask
optimization for resolution enhancement in optical lithography”, Optics

Express, Vol. 19, Iss. 3, p.2165-2180 (2011).

’

(6] vh&7d, &3

| 3l S871EME”, ety (1989).

[8] &=, “PCB Ax71& Ui, &5 =3AL A2% (2002).

’ ’

[9] Xu Ma, Gonzalo R. Aree, “Pixel-based simultaneous source and mask

58



optimization for resolution enhancement in optical lithography”, Optics

Express, Vol. 17, Iss. 7, p.5783-5793 (2009)

[10] XIAOFEI WU, Shiyuan LIU, Wei LIU, Tingting ZHOU, Lijuan Wang,
“Comparison of three TCC calculation algorithms for partially coherent

imaging simulation”, SPIE, Vol. 7544 (2010).

[11] 7738, “Maskless lithography system< ©o]&3 ~Eg <l Aolx sj& x|

27 Qs gl (2010)

[12] T.Brunner, “Impact of lens aberrations on optical lithography”, IBM
J.Res.Develop., Vol. 41, no.1/2, (1997).

[13] Michael S.Yeung, “Measurement of Wave-Front Aberations in
High-Resolution Optics Lithographic. Systems.  from Printed Photoresist
Pattern, IEEE, Vol.13, No.1 (2000).

[14] Sang-Kon Kim, “Polarized Effects in Optical Lithography with High NA
Technology”, JKPS, Vol. 50, No. 6, pp. 195371958 (2007).

[15] G. V. Belokopytov, Yu. V. Ryzhkova, “ Optical Maskless Lithography”,
RUSSIAN MICROELECTRONICS, Vol. 40 No.6, pp. 4537467 (2011)

[16] Peng Yu, Weifeng Qiu, David Z. Pan, “Fast Lithography Image
Simulation By Exploiting Symmetries in Lithography Systems”, IEEE, Vol. 21

Iss. 4, (2008)

[17] Xu Ma, Gonzalo R. Arce, “PSM design for inverse lithography with
parially coherent illumination”, OPTICS EXPRESS, Vol. 16, No.24 (2008).

59



[18] John Allgair, Michelle Ivy, Kevin Lucas, John Sturtevant,
“Characterization of Optical Proximity Correction Features”, SPIE, Vol. 4344
(2001).

[19] Nicolas B. Cobb, Avideh Zakhor, Mehran Reihani, Farvardin Jahansooz,
Vijaya N. Raghavan, “Experimental results on optical proximity correction

with variable-threshold resist model”, SPIE, Vol. 3051(1997).

[20] J. Fung Chen, Tom Laidig, Kurt E. Wampler, Roger Caldwell, “Optical
proximity correction for intermediate-pitch features using subresolution

scattering bars”, JVSTB (1997).

[21] Peng Yu, David Z. Pan, “TIP-OPC: A New Topological Invariant
Paradigm for Pixel Based Optical Proximity Correction”, IEEE, pp. 847-853
(2007).

[22] Konstantinos Adam, Robert J.Socha, Mircea V. Dusa, Andrew R.
Neureuther, “Effect of reticle CD uniformity on wafer CD uniformity in the
presence of scattering—bar optical proximity correction”, SPIE, Vol. 3546

(1998).

[23] Peng Yu, Sean X. Shi, David Z. Pan, “True process variation aware
optical proximity correction with variational lithography modeling and model

calibration”, SPIE, Vol6, Iss. 3 (2007).
[24] Puneet Gupta, Andrew B. Kahng, Dennis Sylvester, Jie Yang,

“Performance—driven optical proximity correction for mask cost reduction” Vol

6, Iss. 3 (2007).

60



[25] Stephen Y. Chou,a) Peter R. Krauss, Wei Zhang, Lingjie Guo, and Lei
Zhuang, “Sub-10 nm imprint lithography and applications”, AVS, Vol. 15, No.
6 (1997)

[26] Yi Xiong, Zhaowei Liu, Xiang Zhangie, “Projecting deep-subwavelength
patterns from diffraction-limited masks using metal-dielectric multilayers”,

AIP, (2008)

[27] Zongsong Gan, Yaoyu Cao, Richard A. Evans, Min Gu,
“Three-dimensional deep sub-diffraction optical beam lithography with 9 nm

feature size”, Macmillan, (2013)

[28] “True Process Variation Aware Optical Proximity Correction with

Variational Lithography Modeling and Model Calibration®,

[29] R. Jonckheere, A. Wong, A. Yen, K. Ronse, L. Van den hove, “Optical
proximity correction: Mask pattern-generation challenges”, Microelectronic

Engineering 30, Vol. 30, Iss. 1-4, pp. 115-118 (1995).

[30] Anthony Yena, P. Tzviatkovb, A. Wong, C. Juffermanse, R. Jonckheere,
P. Jaenen, J. Garofalod, O. Ottoe, K. Ronse, and L. Van den hove, “Optical
proximity correction for 0.3 pm i-line lithography”, Microelectronic engineering

30, pp. 141-144 (1996)
[31] H. Zhang, ]J. Morrow, F.M. Schellenberg, “Optical proximity correction: A

detail comparison of techniques and their effectiveness”, Microelectronic

Engineering, Vol. 41-42, pp. 79-82 (1998)

61



[32] Puneet Gupta, Andrew B. Kahng, Dennis Sylvester, “Performance-driven

optical proximity corrrection for mask cost reduction”, J. Micro/Nanolith, Vol.

6 (2007).

[33] Pei—Shan Wui, Yu—Cheng Lin, Jui—Hung Hungs, Tsai—Ming Hsieh, “Optical
Proximity Correction Using a New Hyper Error Estimation Method”, ICCSEE,
France (2013)

[34] TEH SIEW HONG, “PERFORMANCE-BASED OPTICAL PROXIMITY
CORRECTION”, SINGAPORE Univ, (2011).

[35] Michael Fritze, Brian M. Tyrrell, David K. Astolfi, Renee D. Lambert,
Donna-Ruth W. Yost, Anthony R. Forte, Susan G. Cann, and Bruce D.
Wheeler, “Subwavelength Optical Lithography with Phase-Shift Photomasks”,
LINCOLN LABORATORY JOURNAL, Vol. 14, No. 2 (2003)

[36] CAI YiCi, ZHOU Qiange, HONG, XianLong, SHI Rui, WANG Yang,
“Application of optical proximity correction technology”, China Ser F-Inf Sci,

Vol. 51 No.2, pp. 213-224 (2008)

[37] SHEN Xuan, SHI Zheng, “Segmentation Optimization Method for Optical

Proximity Correction Based on Lithography Model”,

[38] Lieve Van Look, Joost, Bekaert, Bart Laenens, Geert Vandenberghe, Jan
Richter, Karsten Bubke, Jan Hendrk Peters, Koen Schreel, Mircea Dusa,
“Experimental Study of Effect of Pellicle on Optical Proximity Fingerprint for
1.35 NA immersion ArF Lithography”, SPIE, Vol. 7640 (2010)

62



ap
o)

N

o

o7
Ho

givl

6

+

Y A

bt

fi%e)

24

Aol |oF

¢
g
i+

Y

—_—

N

=3
o

o

_r
ey
5
N

o
3

N

T
il

—

<A
e

ay!

N
of

N

=
)

el

N

, A A ZHA

(¢}

A o] 3

wrol

g4 5
i, S@ols ‘Yo ojFol, whj

7ho =

]

A

o)
Y

A7F FajEhs o= obgglel

ki3

<
4o

p—

0

Ho
G
Tor

[
1o

“oH

~
;.OO

nl.

84

A

=
=

AUz el A

g ofAFm, A}

P A

<
H

Y 7hE wE guagsta g

63



	Ⅰ. 서 론
	Ⅱ. 이론적 배경
	1. Optical lithography
	2. 회절 효과
	3. 레일리 해상도
	4. 이미지 보정
	5. Rule-Based OPC

	Ⅲ. 실험 장치 및 방법
	1. 실험 장치
	2. 실험 방법

	Ⅳ. 실험결과 및 고찰
	1. Resolution 확인 결과
	2. 일반적인 OPC를 이용한 이미지 보정 결과
	3. 회색조 OPC를 이용한 이미지 보정 결과

	Ⅴ. 결 론
	참 고 문 헌
	감사의 글


