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SMO (Source Mask Optimization) with OPC and ILT
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Exposure Dose

LWR Monte Carlo simulation results for CD = 30nm
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VSB vs MB

50keV electron
Variable Shaped Beam
(VSB)
Mask Writer

# beams: 1
Shape size: variable
Current density: 800 A/cm?
Current: 80nA / 100nm square

3.2nA/ 20nm square
0.8nA/ 10nm square

.

J

# beams:

Beam size:

Current:
(all beams “on*)

50keV electron

Multi-Beam
(MB)
Mask Writer

262,144 (512 x 512)

fixed, 20nm,10nm, ...

Current density: 1 A/cm?/ 20nm beam

4 A/lcm?/ 10nm beam

1 HA / 20nm beam
1 HA / 10nm beam
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MB Mask Writer Tool Principles
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eMET POC — Proof-of-Concept electron Mask Exposure To ol

O

# of programmable beams:
262,144

. 0O Data Path: 12.8 Ghits/s

0 Beam energy. 50keV

0 Beam size: 20nm

O ColumnBlur: 5nm 1sigma

O Addressgrid: 0.1nm

O Writing: Scanning stage
O Current: O0.1pA- 1A
O TPT: up to 10cm?/h

IMS . .
@ Nanofabrication Apr 18, 2013 Panel Discussion Photomask Japan 2013



MB Column Blur: 5nm 1sigma g

Simulation Experiment
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@ 82um x 82um beam array field —0.45nm, 0.02nm, 0.045nm, 0.70nm
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0.1nm Address Grid by MESA (Multiple Exposure Shot Addressing)

[0 Overlapping Shots: Pixel = ¥4 Beam Size
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O Every 20nm shot exposed with Edge position error [nm]
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Multi-Beam Writing @ 0.1nm Address Grid 10
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Multi-Beam Writing @ 0.1nm Address Grid
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40nm Dots with at slightly modified grid
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Corner Radius Improvement 13
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Exposure of aggressive OPC Pattern 14

Design Simulation
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Exposure of aggressive OPC Pattern
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36 Design Simulation

87
nm

PCAR

IMS . .
@ Nanofabrication Apr 18, 2013 Panel Discussion

Photomask Japan 2013



Exposure of ILT test pattern 16

ILT design: DNP
PCAR

POCO1_287_pos121 — 1 pm ——

2-times shrinked

Design

POCO01_287_p0s120 b 2 pm

60nm features

- s00nm — 30nm features
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Realized MB Column: Extendibility to sub-10nm nodes 17

30nm HP in HSQ 30nm HP in PCAR 24nm HP in HSQ
negative resist positive resist negative resist
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50keV electron multi-beam exposure with 20nm beam size
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Realized MB Column: Extendibility to sub-10nm nodes 18

24nm any angle iso lines

HSQ negative resist PCAR positive resist

POC01_291 pos102 ——700 nm —— POCO01_292_pos055 ——700 nm ——

50keV electron multi-beam exposure with 20nm beam size
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Multi-Beam Mask Writer Roadmap

19

1st gen.
POC ALPHA BETA :
HVM
2012 2014 2015 2016
Technologv Node Test: 11nm HP 11nm HP 11nm HP 11nm HP
&Y (7nm Logic) (7nm Logic) (7nm Logic) (7nm Logic)
Beam Array Field 82um x 82um 82um x 82um 82um x 82um 82um x 82um
# Beams 262,144 262,144 262,144 262,144
max Current
1-1pA 1 pA 1 pA 1 pA
(all beams “on“) 0 K K K K
Throughput <10cm?h | 15h/mask | 10h/mask | 10h/mask
(= 100uC/cm?)
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Thank You for Your Attention !
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Kawai Gyukudd (1873-1957)
Shérai Zensei
“The Rustling of the Pine Tree,
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