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®Flare treatment
® Definition and notation
® Conventional method
®New method
® Multilayer extinct effect
®Obscuration of scatter
® Combine PSFs not via system-PSD
®Two PSFs, for flare and TIS
®Results of flare evaluation
® PO #1 — Kirk flare test, flare correction (OPC)
®PO #2 — Kirk flare test
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Definition and notatiomn oo e

®Image Intensity g PSJ'iFIare
- N

|(X) = {1-TIS)5(X) + PSF 5 (%) [® 1 (X) T
— (L=TIS) I (X) + PSF 5 (%) ® 1 (%) Al

= (1-TIS) o (X) + ” PSF 5C (X — %) 1 (X)dX’ (=@-TIS)lg(%) + F -PD
\ J e DC-flare model
J F.: DC flare
PD: pattern density

Y :
Uniform intensity ‘* ~
decrease Image blur
I(x):  Flared image intensity
l,(X):  Original intensity
TIS:  Total integrated scatter

PSFSC: PSF contributing flare; component reaching wafer+
)
N = derived from PSDs
TIS = j j PSF SC0(%)dx = j 271 - PSFSCO(r)dr
o0 o0
PSFSCO;: PSF contributing flare; component as scattered, = PSFS¢
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Definition and notation i

Nikon
®Flare
F(X,) = ”PSFSC(X’—X' 14—
0)= 0
bright field |
oKirk flare (KF)
[ o M ;
Sy SC /= = -
5 (Xp) = PSF >~ (X — Xp )dX
KF — JDmin bright field
lemax [ 15(Xg)= (@A-TIS)+ PSF 5C (X — Xg )dX
\ bright field
I,(Xp): Intensity at dark pad xg
I;(Xg): Intensity at bright area xg 1 . .
Flare effect on image can be expressed using TIS & PSFSC, § JrID lg
“Kirk flare”, which can be experimentally observed as an a ha r
intensity ratio (= dimensionless), does not equal to “flare.”
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®Flare calculation from power spectral density (PSD)

PSD,(f,),PSD,(f,),---,PSDg( f¢) Mirror PSDs 4. ~ ¢ szn
. Not adequate at a larger scatter angle
SystemPSD( f) = ZaiZPSDi (¢; f;) equivalent system PSD on pupil
=1 Not adequate at a
( ( larger scatter angle
A i r
F(r)=PSF>¢(r) = —— | SystemPSD| — | PSF by scattering
A2 AZ
Problems:
Flare = jzﬂr -F (r)dr "Flare” component - No scatter extinction effect
K in briaht should be calculated - No obscuration effect
1N bright area from another PSF, - Linear conversion twice
not as-scattered. (small angle approximation)
_ P . - PSF domain limited at a
TIS = J- 2t - F (r)dr Iggsngﬁfgngtﬁgfrﬁiﬂriﬂf ; finite distance (not infinity)
00 < under linear domain - Same PSF for flare & TIS

conversion.
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®TIS calculation from power spectral density (PSD)

PSDl(fl)’ PSDz(fz),”', PSD6(f6) Mirror PSDs
(Af; =siné6,)
PSD{( fi) _ PSDi ( fi)° EX'[i (ei) Scatter extinction by ML
Non-linear conversion,
A 2 r not via the SystemPSD.
FO(r)=B(r)| —— | PSD; |
1, l\/ziz 2 Mirror PSFs

6
PSF>¢° (r)= Z Fio (r) PSF by scattering, component as scattered

=1 Consideration:
SCO - Scatter extinction effect included
TIS = IZM’ -PSF>~"(r)dr - Approximation released partially
% (esp. between finite and infinite)
- Not via system PSD
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®Flare calculation from power spectral density (PSD)

PSD, (f;), PSD,(f,),---,PSDg( fs)

Mirror PSDs

;

PSD/(f,) = PSD; (f;)- Ext; (&) Ob@ ()

2
T I

Scatter extinction by ML
(Af;, =siné,)

Obscuration

Non-linear conversion

F.(r) = A(r) jz— PSD

Mirror PSF
Zi ﬂ\/zi2+r2 or PSFs

6
PSF>¢(r) = Z F.(r) PSF by scattering, component reaching wafer

i1
Flare = jZﬂr-PSFSC(r)dr

rinbrightarea) Fjare component
on wafer

Consideration:
- Obscuration effect included
- Separate PSF for flare and TIS
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® Scatter extinction by interference in multilayers (MLS) E.M.Gullikson, SPIE 3331

phase matched, phase matched,
peak reflectivity phase peak reflectivity
& RN mismatched, S
Q. > . Q.
Qo Q) R e
© | e, P ®
\\\Q@ ,,/lc)g/’ //', ,/',
N7 PO
OG /'/69/ ,,/ /,,/
77 e .
\7/ ~ <« multilayers—
4 ‘A’
EUV reflection on ML < substrate - gy scatter on ML
log (scatter), no ML log (extinct * scatter) ML extinct coeff.

incident specular incident specular incident ' __specular

isotropic fractal rough surface

fractal surface of multilayer interference by multilayer

log log, same scale as log(scatter) linear scale, 0~1
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®Obscuration ratio (of component reaching wafer to as-scattered component)

scattered light,
not reaching wafer

T
/’\\
A7 TS
’ I \ N
4 ,I‘\ Ay
7’ Hip N,
P /1y vV ~
4 ’ \ A
’ > 1 \ < N
7’ / \
/ ! \ \
scatter loss S
‘ ]
7 1
1 1
J 1
1 1
/ !
I 1
/ 1

scattered light,
reaching wafer
(outside static
field)
internal
obscuration

Miror § scatter ray tracing

©5,000,000 rays were thrown away
from the light source per condition.
®Internal obscuration was modeled.
® About 1,500,000 rays reached the
exposure field on the reticle plane.
®Each ray created scatter light on
each PO mirror in random direction
wafer | at each scatter angle (including
specular lights, of course 100% of
them can reach wafer).

N

static field

Internal obscuration: apertures, mechanics, mirror coating areas and a flare stop.

Total ~1 billion rays were thrown away. “Obscuration ratios”
(how many scatter rays, out of rays leaving reticle, reach wafer)
for each scatter angle for each PO mirror were obtained.
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Combine PSF not ViaiSy/SIE =Y, Stoemar P4

® Conventional conversion

M1 PSD| )
M2 PSD
linear linear
M3 PSD SystemPSD Image Calc.,
) Flare PSF -
M4 PSD >~ on pup” Kirk Flare,
M5 PSD
M6 PSD|
®New conversion
ML extinct non-linear

—5 M1 eq.PSD’ — M1 PSF’
M e N : : : pSFsco mh [TIS
M2 PSD| ™ - -

M6 eq.PSD’ —# M6 PSF’ .
MBPSD| | NG e eeeeeeeeeeeeeeeeeeeameeeeeaneneas different PSF
M4 PSD M1 eq.PSD’’ —» M1 PSF” s Cale
V5 PSD| . pSFsC|mmmm | Kirk flare, ...
=

M6 PSD P M6 eq.PSD” —» M6 PSF”

5 equivalent PSD Mirror PSF Flare PSF
Obscuration .

not via systemPSD
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Two PSFs, for flare anduigs O

®TIS and PSF>¢ are derived from PSFS0

scattered light, Mirror

not reaching wafer

a7 TR
[OEEY || RN
| | N
P L ‘\
L’ N Vo
,
’ /I f
—>scatter loss | A
’ '
’ 1 \
’ 1
l 1
1 1 1
1 1 \
/ 1
/ 1
1 \

PSF as scattered:
created from mirror PSDs

scattered light, v
reaching wafer 3 . . . .
(Outsidfstaﬂc @ || 2TIS is obtained by integration
field) 2 of this to infinity.
internal ;5

obscuration N
scattered light, Wafer §' total integration
reaching wafer _|<-J_ oy (constant)

static field™,

(within static field)

v
SCO/3\ AT
PSF as reaching wafer: j PSF (X)dX
applied all obscurations’
o0

effect to PSFSC0
—>convolution with 1,(x). characteristic of PO
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By courtesy of Selete

EUV1 PO #1 fl

(13

(15

O Kirk-flare measurement

: @® Calculation (outer 26x2mm)
Kirk flare | @ Experiment (outer 26x2mm)
A Calculation (outer 200um dia.)
A Experiment (outer 200um dia.)

20%
18% | o
16% e :
14% 4
12%
10% | A S
8% A

6% |
4% For the smallest pad, the
apparent flare seems to

be affected also by
wavefront error. (~1%)

Kirk Flare [%0]

2%
0%

0.1 1 10
dark pad's radius [um]

Kirk flare measurement and calculation agree well
with each other by ~1% error.
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®Printed CD variation By courtesy of Selete
H. Aoyama et al., Jpn. J. Appl. Phys., 48 (2009) 056510.

on dark area

pattern area:
S0 pm

£

N

S
E

s

32-nmm L&S

E . :i" . . .

s ¥ CD variation with flare can
; NP ] be precisely predicted using
. | | flare PSF and TIS.

0.1 N 10 100 calculation also including mask CD and resist blur effect

Pattern area (um)
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By courtesy of Selete/Toshiba
H. Aoyama et al., Proc. SPIE 7271 (2009) 72712D.

®F\/C evaluation on PL test site
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c full chip
+rTm”‘ (am_|5r<am) -

Raw PSF and multi-fractal function Mask target size with FVC
“ flare mapping 40
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FVC evaluation

Top view of SEM images
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corner

center

(y : 6% 0 20 10 60 80

Distance from edge (pum)

Pattern density: 22% 36%

Flare variation compensation (FVC) based on flare PSF and TIS
has +/— 2nm CD error in the range of 22%~65% pattern density.
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By courtesy of Intel

O Kirk-flare measurement

Static slit Kirk-flare measurement results 2" Padin bright field

. |,
Center slit flare: 7.5 ~ 9.4% B
4
5 < €0
5 3 Fr
@ O T
ool 4.0
ER- S Fr
3z @
(] 2.0
| _ 0o 3 e
||
0 13 26 -EE

Horizontal position in slit (mm)

This variation includes mask contrast variation of ~1%
and the illumination non-uniformity.

Calculated Kirk-flare value is 7.4% at the center of field.

*Additional details are on Intel's poster presented by Yashesh Shroff on EUV1 static imaging.
(“Static Test Evaluation of EUV1 Full-Field Exposure Tools”)
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®New calculation method of flare PSF and TIS is developed.
®Using flare PSF and TIS obtained by our new method,
actual flare behavior can be well predicted.

® Parameters characteristic of PO are flare PSF and TIS,
which should be separately provided.

(T1S should not be obtained by integrating provided PSF.)
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