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Defining a lithographic problem —_ A1

hd

Selecting a simulation model | A2

Selecting a grid of source points | A3

h

Calculating separate responses Ad
for individual source points [

Adjusting an illumination arrangement
based on analysis of accumulated [~-AS
results of separate calculations
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65nm. CPL isolated lines, 193nm
0.85NA, scalar aerial image simulations
0.2pm defocus
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l

Selecting a grid of source points

h 4

Calculating separate responses

the resist model

Defining a lithographic problem |—_B1
Selecting a resist model —__B2

—__B3

for individual source points using —B4

Adjusting an illumination arrangement
based on analysis of accumulated
results of separate calculations

___B5

FIG. 16
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65nm CPL isolated lines, 193rnm
0.85NA, TOK63 vector resist simulations
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Rn0.2:03
®3.1-0.2
»0-0.1
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Defining a lithographic problem

—~-_B1

L4

—_B2

Selecting a resist model

l

Selecting a grid of source points

—_ B3

r

Calculating separate responses
for individual source points using

—__ B4

the resLI_Lmodel

Adjusting an illumination arrangement

based on analysis of accumulated [—~-B5

results of separate calculations

Applying a first order correction to

average response

FIG. 18
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map
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0.15, 0.2, 0.3,
0.6 conv

« 0.9/04 Q20

- 0.2,0.3, 0.40 + 0.9/0.4 Q20

- 0.3c+0.9/04 Q15

FIG. 20
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trial illuminator

prediction based on

Prolith simulation with

weighted and this illuminator
interpolated source
measurements
0.85_0.55Q30 0.293u 0.23u
0.75_0.65Q20 0.416 0.41
0.80_0.60Q20 0.383 0.355
0.80_0.60annular 0.110 0.10
0.75_0.55annular 0.118 0.105

FIG. 21
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h 4

Calculating separate responses
for individual source points

Calculating a metric representing

with defocus

h, 4

Defining a lithographic problem —__ C1

Selecting a simulation model . C2

| Selecting a grid of source points | ¢3

variation of separate responses [~-C5

Adjusting an illumination arrangement
based on analysis of the metric

—_C6

FIG. 24
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FIG. 26a

FIG. 26b

Isofocal curvowre
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FIG. 27a

FIG. 27b

lsofocal curvature

mask edge intensity change with defocus
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FIG. 30b
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FIG. 31

FIG. 32

FIG. 33
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FIG. 34
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FIG. 36b

DOF @ 6% EL

PReh

—g—1.0NAimm arsion
DR 0.9710.4084
VIR —— |.05NA immeszlon
S 097/0A0s4
= 1.ONAImm ersion
0.800.4054

RN - 1.05NA Immereion
; 0.50/0.4064

80D 1000 1200

.90/040+0.40'

0.97/0.40+0.4¢c

FIG. 36¢c



26/ 44

A A
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Selecting a grid of source points

Y

set for the projection system

Calculating separate responses

for the at least one aberration set

A J

Adjusting an illumination arrangement
based on analysis of the calculated
responses_

Defining a lithographic problem —__D1
Selecting a simulation model | D2

—_D3

Defining at least one aberration D4
[ —

for individual source pointsand ~ —~—D5

D6

FIG. 37



Under these conditions, the structure
is very aberration sensitive
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Illuminator comparison for double line
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CD variaticn due to abermations
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Illum. Optimization with 0.75NA

DOF@B8%EL

0 01 02 03 04 05 06 07 08 09

tight Quasar looks best
= 0.80/0.55Q30°

FIG. 43
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Source visualization of aberration sensitivity :

R R
4 i

2

CD variation due to aberrations

810.00-12.0¢

Also consider

larger poles

= 0.85/0.50Q45°

in addition to tight
ar

= 0.80/0.55Q30°

FIG. 44
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Illuminator comparison for double line
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CPL with reduced aberration sensitivity
increased pole size still gives favorable process window

posyre Latkude (%) Groupi2
Doc: TI_1560081400.pd2 : Group 12

FIG. 46




Defining a lithographic problem —~—~—F1
Defining mask assist features —__E2
Selecting a simulation model —E3
- h 4
Selecting a grid of source points —~__E4
X
Calculating separate responses for individual
source points with and without mask assist  |—~_ ED
features
Adjusting an illumination arrangement
based on analysis of the calculated responses T —E6

FIG. 47
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Effect of bias

» Lower bias increases DOF. This is an
advantage for the “simple mask, complex
luminator” case because there are no assist
features to print when using low biases / high

exposurcs.
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Definmg 2 lithographic problem ———F1
Selecting a simulation model —__F2
Selecting a grid of source points —_F3
Defining a plurality of parameters and their
* prang:);f vfriation —— F4
A4
Calculating separate responses for individual
source points and for each of the plurality of [——_ F5

parameters

3

r

Calculating a metric representing CD variations for the

plurality of separate responses and for individual source[ ™ F6
points

h

Adjusting an illamination arrangement

based on analys

1s of the metric

T F7

FIG
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CPL for double line

Print SOnm lines
FIG. 56
Source visualization map
based on resist simulations for a grid of
source points
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