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Response

Forbidden or Problematic
Nothing is forbidden 3 | /2NA
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- Response may be CD,
placement error, modulation,
NILS, profile, etc.

- “Forbidden” is a message
for designers.

- Lithographers don'’t like to
be told what to do.

- Sensitivities should not
provide excuses.

- Nothing forbidden > 1 /2NA.



Imaging Situations

. Binary masking effects

. Off-axis illumination effects

1
2
3. Assist feature effects
4. Contact side-lobes
5

. Aberration effects




CD Variation with Pitch
Conventional Binary Masking
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CD variation is a
consequence of order
capture and diffraction
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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lllumination and Problematic Pitch
OAl for one pitch can be worst case for another
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llHlumination and Problematic Pitch
The second order effect

Increasing pitch Increasing pitch
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lllumination and Problematic Pitch
Annular and Quadrupole lllumination
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Assist Feature OPC

- Assist features are subjected to the
same illumination considerations as
main feature.

- Assist features will print at
problematic pitch harmonics

- Orientation of bars can help, especially

with OAL.

No problematic
pitch with dipole.



One pair of bars

Consideration of main feature and bar pitch
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The (bar + space) effect only

Is there a “hidden freqléency”?
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Printability of (bar + space) combinations
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Contacts and Sidelobes
The Contact Misconception

Drawn Diffraction

contact
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Contacts and Sidelobes
The Contact Misconception
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Contacts and Sidelobes
The Contact Misconception

Drawn Diffraction . Lens Pupil
contact >
The Contact Reality l
_— ~ Isolated
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only for Fourier Series with
orders > 1.
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Contact Frequency and Sidelobes

Contacts have a density Diffraction energy in Pupil
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Coherent 1:2 Contact Image

Capture of O, +/- 1
orders — biased cosine

Contact Image =
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Images with decreasing pitch

1:3 contacts 1:2 contacts 1:1 contacts 2:1 contacts
Amplitude
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Contacts on 2D
X/Y Sum of Biased Cosines
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Contacts on 2D
X/Y Sum of Biased Cosines
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Contacts on 2D
X/Y Sum of Biased Cosines
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2.4
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0.8
0.4
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Contacts on 2D
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XY Sum of Biased Cosines
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Contacts on 2D
X/Y Sum of Biased Cosines

Wiy
> QO
RS
IO
OO
NN
4 i '\ AN 7
N0 9//,"0,’90.0“.“0‘0‘6‘\\\'“ Soige /i
N NI g
N \)
OO yr/I/llu,“'"""-‘vv‘\“\‘\\ WY, e
W, }-15"1‘&:0:0:.:.:.}\{\\‘ } ‘/IZ':"”Q’QN“‘““‘“‘:‘“ K
A 0"""’0::,\\\'\ -ffi"f,"’”"”ﬂ”i&:':,x WIsss
SO ‘:\"‘0“"’“,,:;;3;‘\0],"',',",/‘,'/[/II" "0
AN A AR 1108
T RSN
\\\\3

OMIZKXN
DO RN
Wy ,;"',;:.:'« (3

R
R
SIS

AN
DRCKRKXX
eSS
%‘q’.’;‘»‘a‘fh}'
X%
N NX K
K

Amplitude Intensity



Contacts on 2D
X/Y Sum of Biased Cosines
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Orders for APSM

APSMpPSatT>0

Diffraction energy for APSM
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Contacts on 2D — 6% APSM

XY Sum of Biased Cosines
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Contacts on 2D — 6% APSM

XY Sum of Biased Cosines
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Contacts on 2D — 6% APSM

XY Sum of Biased Cosines

$
I l.ﬂ
i N
{ P il
i N i

O W NG i
A R AN
7NN o)
RRARAON i

AN
0

XYL
\‘-\‘\‘?"4‘)’:&' A\ (VW /!"i Q.v )
TR0
/ lll X)) 'A’

IXKKARXX)

Amplitude Intensity




Contacts on 2D — 6% APSM

XY Sum of Biased Cosines
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Contacts on 2D — 6% APSM

XY Sum of Biased Cosines
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Contacts on 2D — 6% APSM

XY Sum of Biased Cosines
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Worst Case Pitch for Sidelobes

Problems when:

(2 x [IMag|s,< - IMag|,e, ) > Resist amplitude threshold

1:1.4 duty ratio
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1:1.4 Contacts with 10% and 20% APSM
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Anti-sidelobe OPC

1:1.4 contacts, 10% APSM

Clear anti-
sidelobe




Pitch Sensitivities to Aberration
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Coma hot spots
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Coma hot spots
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Coma hot spots
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Coma hot spots
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Image Placement Error with Coma

Dominant Effect

A - 1st order to coma max
B - 1st order at coma max
C - 1st order to center

D - 2"d order to coma max

E — 2nd order at coma max

Image Placement Error
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062 1.01 1.40 179 218 256 2.95
Pitch (x| /NA)
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Spherical hot spots
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Summary

mi
- Binary pitch follows
yP (s +1)NA
- OAI pitch follows mi

R(s.+s, +1)NA

Assist features have pitch and (bar + space) sensitivity

Contact side-lobes are a primary order effect

Aberration sensitivity follows derivative of aberration




Phase Shift I\/Iask and Spherical
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