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Abstract

The lithographic simulation software of Prolith v. 9.0 from USA KLA-Tencor
was used in this thesis. The main_studies are fabrication for 45 nm contact hole by
using attenuated-rim-outrigger:phase shifting mask and increasing depth of focus
(DOF) for 28 nm line by using scattering-bar.

Some important findings are reported as following:

1. The fabrication studies for2-dimension 45 nm contact hole, using firstly
reported attenuated-rim-outrigger phase shifting mask by this thesis, and combined
with annular off-axis illumination,"DOF was-found to be‘the best, mask error
enhancement factor can also be:maintained nearly-in . The shortcoming of this
combination was very high exposure dose, easyto cause excessively strong sidelobe
intensity, and therefore developed.

2. The fabrication for 1-dimension 28 nm line, the positive bias method
combined with rim attenuated scattering bar (R-ASB) and center attenuated scattering
bar (C-ASB), DOF increasing effect was found the be the best, forbidden pitches can
be improved. The two methods which are positive bias and the adding of side
attenuated scattering bar (S-ASB) have shown to have approximate effect to the DOF
increase. By observation of aerial image from space, C-ASB can be added only
when the interference waves formed by edge effect began to separate. If the
interference waves have not yet separated, the adding of C-ASB will affect the aerial
images of main lines instead, and DOF will be decreased.

3. The fabrication of isolated lines will not be hampered by the general formula

of half pitch resolution (R = K; Sii—ﬁ). When NA was set as 1.35, 22 nm and 16 nm

isolated lines can be fabricated by positive bias. If the Dupont second generation



immersion liquid (refractive index n=1.64) is used, transmittance of main lines of
attenuated phase shift mask raised, and NA enlarged to 1.50, 12 nm and 8 nm isolated
lines can be fabricated.
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2 g — 2%
# L1ITRS % & 2007~2015 # 2 fc@’ L ivie Bl AL 4~

Year af Production 2007 2008 2009 2010 2011 2012 2013 2014 2013
[DRAM 3 pitch (nm) (contacted) 63 37 30 43 40 36 32 28 23
DRAM and Flash
[DRAM % pitch fnm) 65
Flash ¥ pitch (nm) (un-contacied poly) 54

Contact in resist {nm) 72

Contact after eich (nm) 65

Overlay [4] (3 sigmal (nm) 13

CD control (3 sigma) (nm) [B] 5.6
MPU
MPLVASIC Metal 1 (M) ¥: pitch (nm) 68
MPU gate in resist (nm) 42
MPU physical gate length (nm) * 25

Contact in resist {nm) a4

Contact after etch (nm) 7

Gate CD control (3 sigma) (nm) [B] ** 2.6

Chip size (mm’)
Muaximum exposure field height (mm) 26 26 26 26 26 26 26 26 26
Maximum exposure field length (mm) 33 33 33 33 33 33 33 33 33
| Maximum field area printed by exposure tool (mm’)| 858 858 858 858 858 858 858 858 858
Wafer site flamess at exposure step (nm) [C] 63 54 50 45 40 32
Number of mask levels MPU 33 35 35 35 35 35
Number of mask levels DRAM 24 24 24 26 26 26

Wafer size (diameter, mm) 300 300 300 300
NA required for Flash (single exposure) 1.01 1.20 1.35 1.52
NA required for logic (single exposure) 0.91 1.04 1.20 1.38
NA required for double exposure (Flash) 0.72 0.86 0.96 1.08 1.72 193
NA required for double exposure (lagic) 0.62 0.72 0.82 0.95 1.06 1.19 1.34 1.68

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are inown
Interim solutions are imown (4

Manufacturable solutions are NOT imown
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% 121TRS % 2016~2022 & 2 e i 4L

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM ¥ pitch (nm) (contacted) 22 20 18 16 14 13 11
DRAM and Flash
DRAM ¥ pitch (nm)

Flash ¥ pitch {nm) (un-contacted poly)

Contact in resist (nm)

Contact after etch (nm)

Owerlay [A] (3 sigmal (nm)

CD contrel (3 sigma) (nm) [B]

MPLT

MPUASIC Metal 1 (MI) ¥ pitch (nm)
MPU gate in resist (nm)

MPU physical gate length (nm) *

Contact in resist (nm)

Contact after etch (nm)

Gate CD control (3 sigma) (nm) [B] **
Chip size (mm’)

Maximunt exposure field height (mm) 26 26 26 26 26 26 26
Maximunt exposure field length (mm) 33 33 33 33 33 33 33
Meaximum field area printed by exposure tool (mm’)| 858 858 858 858 858 858 858
Wafer site flamess at exposure step (nm) [C]

Number of mask levels MPU 39 39 39 39 39 39 39
Number of mask levels DRAM 26 26 26 26 26 26 26
Wafer size (diameter, mm) 450 450 450 450 450 450 450

NA required for Flash (single exposurs)

NA required for logic (single exposure)
NA required for double exposure (Flash)
NA required for double exposure (logic)

Manufacturabls solutions exist, and are being optimized
Manufacturable solutions are kmown

Interim solutions are known [
Manufacturable solutions are NOT kmown
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731 552 FEFPIEER LI 2k

55 nm Contact Hole

Wavelength 193 nm
Polarized Illumination S-Polarized
Aperture Annular 0.93/0.73
Immersion Liquid Water n=1.44
NA 1.2
Mask Type Att-Outrigger (Mask Enhancer, ME)
Photoresist ArF JSR'AR165J, t=110 nm
Barc Shipley AR19, t=45 nm
CDx10%7EL=4%
Process Window Resist Loss<10%
Sidewall’ Angle>80°
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732 452 FEPIER LT 2k

45 nm Contact Hole

Wavelength 193 nm

Polarized Illumination S-Polarized

(1) Annular 0.88/0.73
Aperture (2) Normal Quasar 0.88/0.73/20°
(3) Cross Quasar 0.88/0.73/20°

Immersion Liquid Water n=1.44

NA 1.23

(1) Att-Rim-Outrigger
(2) Att-Outrigger (Mask Enhancer, ME)

(3) Att-Rim
Mask Type
(4) Att-PSM
(5)RIM
(6) Outrigger
Photoresist ArF JSR AR165J, t=90 nm
Barc Shipley AR19, t=38 nm
CD+10%, EL=4%
Process Window Resist Loss<10%

Sidewall Angle>80°
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# 33 28 7 K MEF L A Sk

28 nm Line Width

Wavelength 193 nm
Polarized Illumination Y-Polarized
Aperture X-Dipole 0.7/0.2
Immersion Liquid Water n=1.44
NA 1.35
Mask Type T%=6 Att-PSM, Y-Orientation
Photoresist ArFJISR AR165J, t=85 nm
Barc Shipley AR19, t=40 nm
CD£10%; EL=6%
Process Window Resist Loss<10%
Sidewall’ Angle>80°
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Aerial Image Intensity
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2. Etched 32nm
lines at 1:3 pitch

4. Etch back spacers

1. Iitho 32nm lines
at 1:3 pitch

3. Deposit
spacer material

6. Use spacers as
etch HM

7. Remove remainin
spacer material

B 210 RIEEFHAE AF 32 2 F B & 50428 [36]

(b)
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