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Forbidden Pitches by Scattering Bar for 32 nm Linewidth

Student: Huang Chih-chuan Advisor: Dr. Loong Wen-an

Institute of Applied Chemistry, National Chiao Tung University

Abstract

The lithographic simulation software of Prolith v. 9.0 from USA KLA-Tencor was used
in this thesis, the positive bias, chromium whole scattering bar (CSB) and attenuated whole
scattering bar (ASB) were used to study the relative issues of eliminating the forbidden
pitches for 32 nm linewidth.

Some important findings of this thesis are reported as following:

1. For 32 nm linewidth, by the'modulation of transmittance (T) and phase change (¢) of
ASB, the width of ASB can be nearly doubled if-compared to CSB. At the ASB width 32
nm, transmittance (T)=0.4, and phase change (¢)<30-degree, the forbidden pitches can be
improved, and also, image of ASB will'not-be formed.

2. At the smaller pitches, the adding of scattering bars will easily affect the aerial images
of main lines, resulted the decreasing of NILS, contrast and depth of focus (DOF), and
decreasing of both maximum exposure latitude (ELmax) and maximum DOF (DOFax). As
the pitches increased, before and after the adding of scattering bars, crossing point from 2
curves showed up in the EL vs. DOF plots, rising of position of crossing point followed the
increasing of pitches. If the setting of EL is lower than the crossing point, DOF can be
increased. So, when crossing points are higher than EL=6%, meet the requirement of this
thesis, DOF can be increased, under these conditions, ELmax decreased, and DOF . increased.
As the pitches increased further, the aerial images of main lines will not be affected, however,
NILS increased, under these conditions, both ELmnax and DOFnay increased.

3. For 32 nm linewidth, the adding of ASB at the smaller pitches, if the main maximum
of interference formed by edge effect overlapped, the relative intensity of aerial image from
space is relatively high, image of ASB itself will not be easily formed. At the larger pitches,
if the main maximum of interference formed by edge effect separated, the relative intensity of
aerial image from space is relatively low, image of ASB itself will be easily formed.
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2007

2010

Year of Production 2008 | 2000 000 ) 002 N3 X4 | M
DRAM ¥z pitch () (contacted) 1] i i 4 40 k] 32 2B ]
DFAM and Flash

DRAM % pitch fm) 65

Flash % pitch (nm) fun-contacted poly) 5

Contact in resist (nm) 12

Contact after etch frm) ]

Overly [4] (3 sigma) (rm) 1

CD contral (3 sizmal frm) [B] 5.6

MPU

MPUASIC Metal 1 (M1) % pitch fim) 6d

MPU gatg in resict frm) 42

MPU physical gate length fnm) * i)

Contact in resist (nm) B4

Contact after etch frm) m

Gare CD conrol (3 sigma) fum) [B] #* 26 15 13 12

Chip size (mnr)

Maximnm expocure field height fmm) 26 26 26 26 26 26 26 26 26
Maximnm expocure field length fiam) kX] 3 4 3 3 3 3 kX] 33
Maximun field area printed by exposure tocl (omr’)| 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | @58
Wafer zite flamess at exposire step fam) [C] 63 54 50 45 40 32 | fri 11
Number of mask levels MPL kX] 3% 3% 3% 3 3% 3% 0 I
Numtber of mask levels DRAM X o L 26 P} 26 Pl 26 2
Wafer size diameter, wm) 300 | 300 | 300 | 300

NA required for Flash (single expasure) 101 | 120 | 135 | 152

NA required for logic (single exposure) 091 | 104 | 120 | 1.38

NA required for double expasire (Flash) 072 | 086 | 096 | 106 | 122 2 193
N requived for double exposne (logic 062 | 072 | 082 | 095 | 106 18

Momyfacturable solutions exist, and ave being optimized
Mamgfncrurable sohutions are known

% 1.1 2007 & ITRS #7 € & b s 0 7 R~

Interim solutions ave known @

Mamyfacturable solutions are NOT knavn -
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45 nm Linewidth

Wavelength

193 nm

Polarized Illumination

Y- Polarized

Aperture

X_DipOIG, Ocenter:O. 65, Oradiuszo. 20

[mmersion Liquid Water n=1.44
NA 1.15
Mask Type T=6% Att-PSM, Y-Orientation
Photoresist ArE Clariant AX1050=140 nm
Barc Shipley AR2=50 nm

Process Windows

CD£10%, EL=6%
Resist 1loss<10%

sidewall angle>80

4031 45 B A SURHMCR OB & T Sk
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32

nm linewidth

Wavelength

193 nm

Polarized Illumination

Y- Polarized

Aperture X-Dipole, O center=0. 65, O radius=0. 20
[mmersion Liquid Water n=1.44
NA 1. 3248
Mask Type T=6% Att-PSM, Y-Orientation
Photoresist ArF JSR AR165J=100 nm
Barc Shipley AR19=20 nm

Shipley AR5=30 nm

Process Windows

CD+10%, EL=6%
Resist 1oss<10%

sidewall angle>80

% 3.2 325 K REACEIEE LT Sk
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% f piZ & pimi
= {§ e #e(nm) = #E(nm)
10 180-260 10 190-230
20 180-260 20 190-230
0.1 30 180-270 0.2 30 190-230
40 180-270 40 190-240
50 180-280 50 190-250
10 200-210 10 24
20 200-210 20 24
0.3 30 190-220 0.4 30 24
m 190-220 40 200-210
50 190230 50 900-210
2 4. 1322 KRG Se 2300518 > FIZATERTR 224 0 22 S
SR AR - £ HCIE R E/,:,\;,'g,\ﬁqgﬂ'&g
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Resist Reflectivity
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Resist Profile
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DOF (nm)
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DOF (nm)
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