


- default/split recipe 2’3510 OPC £ Mask layout 2=
- Contour simulation A1} H|id

- Recipe Parameter #3}0]| (}E OPC EH &M

min feature

Dissection.out vert len

Dissection.in vert len

Dissection.nominal segment len

Dissection.min seq len

Dissection.num run sedqs

Retargeting.vert control

} Feature Classification

Dissection

Retarget

glo



= Layout 20f| = Z EdgeZl ™ T /2| Feature®lX| 2/ 5t= THA|

2 OPCE FeatureZ & (Line/Space/Inside/Jog... )0l 2} 2 wAlo] Ct27|0| 2560 &

Design Rule:

<{min_feature) &5

{jog_height> 10

i

short EBdges:

bbb s bl £0,5%<nin_feature>}

Line Ends:

TR ERR H2%<{min_feature)3

<min_end_extension> “min_correction_length>

X Short Edge : OPC 282 &g X4 ZO0| / Line Edge : Lien End2 &&

x

T — « Min_feature : layout2| Z[2~ CD(Critical Dimension)

« Jog_height : Jog=E L
> 10nmECH 22 ™ Jog

|CH Edge Z0|




» OPC HH™ 2 2|8l EdgeS n7l2| SegmentE £&dt= 1pd

2 OPCE SegmentTHP2 EHES

Dissection

General Corner and Run Dissection:

{dissection.out_vert_len> %0

ddissection,in_vert_len> 0

<dissection.nominal_segment_len> B0

{dissection.min_seg_len> 10

{dissect ion,.num_run_segs> 5

AAFSIE 2 DissectionZ 1} 7} sl ap™

Dissection.out_vert_len
: 2|8 A4 (Outside Corner) 0| M dE|= Segment 20|

Dissection.in_vert_len
. LI Z L (Inside Corner) =H0f| M/ d &= Segment Z0|

Dissection.normal_segment_len
: A F Y (Run segment)2| 7|F Segment Z0|

Dissection.min_seg_len
: =2 & Segment2| XA 5{& O

Dissection.num_run_segs

: A Y (Run segment)Of| A Mg Segment 7=+
SHE|

> 0| 245 Edge”I 4 M ESHA =& & 4




» OPC =% ™ Edge?| Target HXIE =HSt= THA|
|

Tdst= TIiE == 0|2] 125l B S HHS Retargetot= 2

Retargeting

General Corner Segment. Retargetingt

{retargeting .enable_tangential> “ On

+ OfFf

<retargeting,vert_control> 1.0

e H{(<{dissection,in_vert_len>*<re

<retargeting.out_vert_targ>

f(<{dissection,out_vert_len>=<{r

+ Retarget_vert_control : Vertex(Z 1) £29| Target K| =2H Z =




[1itho42@ssudisud ~/WK13]$ hierman default.pjx
h1ierman
Version (-2020.06-4 for linux64 - Jun 06, 2022 (-7639937

Copyright (c) 1995 - 2022 Synopsys, Inc.

This software and the assoclated documentation are proprietary to Synopsys,
Inc. This software may only be used in accordance with the terms and conditions
of a written license agreement with Synopsys, Inc. All other use, reproduction,

or distribution of this software 1s strictly prohibited. Licensed Products

communicate with Synopsys servers for the purpose of providing software
updates, detecting software piracy and verifying that customers are using
Licensed Products in conformity with the applicable License Key for such
Licensed Products. Synopsys will use information gathered in connection with
this process to deliver software updates and pursue software pirates and
infringers.

Incluswvity & Diversity - Visit SolvNetPlus to read the "Synopsys Statement on
Inclusivity and Diversity" (Refer to article 000036315 at
https://solvnetplus.synopsys.com

/user/tools/synopsys/proteus 1x/Q-2020.06-4/11nux64/bin/h1ierman
host: ssudisud

« Hierman : OPCo}7| M €3 Layout= =450
Template 4

[1itho42@ssudisud ~/WK13]¢ corexec default.pjx
corexec
Version (-2020.06-4 for linux64 - Jun 06, 2022 (-7639937

Copyright (c) 1995 - 2022 Synopsys, Inc.

This software and the associated documentation are proprietary to Synopsys,
Inc. This software may only be used in accordance with the terms and conditions
of a written license agreement with Synopsys, Inc. All other use, reproduction,

or distribution of this software 1s strictly prohibited. Licensed Products

communicate with Synopsys servers for the purpose of providing software
updates, detecting software piracy and verifying that customers are using
Licensed Products in conformity with the applicable License Key for such
Licensed Products. Synopsys will use information gathered in connection with
this process to deliver software updates and pursue software pirates and
infringers.

Inclusiwity & Duwversity - Visit SolvNetPlus to read the "Synopsys Statement on
Incluswity and Diversity" (Refer to article 000036315 at
https://solvnetplus.synopsys.com)

/user/tools/synopsys/proteus 1x/0-2020.06-4/11nux64/bin/corexec
host: ssudisu4

« Corexec : = TemplateE A0 A 20N HE

Recipe Parameter M-&3510{ OPC =¥

)




| Litho42@ssudisud ~/WK13]$ cd output layout
| Litho42@ssudisud4 output lavoutl$ 1s

metal out.oas metal out.oas.TINF




B TTEEEEEE——SS. T
default: OPC & ‘4’4l layout

[ Synopsys Proteus WorkBench Base - [(Readonly) Layout: /user/student/litho42/WK13/outp!
& File Edit View Layout Simulate Tools Window Help

DB dH | &A E || mask oul v ||| A (m]

Model Setup & X
Model Files | |
Tree View & X
Object | Description
=-‘ Layout Files All layout files loaded in this session
-} £ metal.oas [1] fuser/student/litho42/WK13/sample/basic_test/4...
## psu 5e-10m
-} Layout Layers Layers in this layout
[#] Cell Outline
] (1:0) |
[#] sram_cove...
not_layer(1...
(140:0)
+-_] Cells All cells in this layout
-l ‘4 Open Cells All cells opened in this layout
+ [&] vert cell Open Cell
+-_1 Root Cells Root cells found in this layout
-l {2 Layout Model ... Layout Layers
Model Files All Loaded Model Files
% DP Resources DP Resources Definition
1 Proteus EA Files Results database loaded in this session




- Model Set up / simulation £ CD &3

B

i File Edit View Layout Simulate Tools Window Help

_ i —— - ol RALQC A G

|Model Setup

g Q8 k O¥ Hw

ER

S

o »

Model Files

M1XMDL [1] Juserjstuden

[ dissection_site_aux_features(84:0)
outrig_out(140:0)
- [ Cells
= ‘3 Open Cells
+- [88] vert_cell
[ 1 Root Cells
= ‘3 Layout Model Type
a

chrome

Recipe Files

Model Files

@ M1xMDL [1]

= [ Contour Parameters
Field Sample Spacing

- FBS Matrix Size

-~ Model Function

- Madel Threshold Function
Simulator Version

- Simulator Path

-~ Choose Method

i1 Model Type

-] Parameters

(] Translate

[ Validation

DP Resources

Proteus EA Files

]

Tree View & x
Object Description
Layout Files All layout files loaded in thi...
g default_out.oas [1] Juser/student/litho19/WK13...
## DBU 5e-10m
= {4 Layout Layers Layers in this layout
O cell Qutline
[¥] mask_out(0:0)
[¥] target layer(1:0)
[] target_point_aux_features(81:0)

All cells in this layout

All cells opened in this layout
Open Cell

Root cells found in this layout
Layout Layers

140:0

0:0

Loaded Recipe Files

All Loaded Model Files
Juser/student/litho19/WK13...
Settings for Contour Gener...
27 nm

512x512

signal_intensity

threshold
Proteus_Q-2020.06-4-2022...
Juser/tools/synopsys/proteu...
path

Layout Layers

Model Variables

Model Translate Settings
Model Validations

DP Resources Definition
Results database loaded in ...

4

Command Pane

solid -layout 1

Simulate Setup Tree View

Contour command completed.

4| |1dbu = 5e-10m

162885.1619, 200564.1305 nm | Contour

5.5000nm

onm




Target layout 7|&
spacing : 65 nm

OPC MASK 7|&
spacing = 28.5nm

OPC Mask patterdt
Contour 7} CDX}O|
:5nm

Contour
c AX flolmo QlffE Ao|2t o FE= i H -
- T- = A =/ — —




Corner Rounding
:24.39nm

11



Split: recipe HZ

e —

} Feature Classification

S ET

Dissection.out_vert len 60
Dissection.in_vert_len 60
Dissection.nominal_segment len | 50 | Dissection
Dissection.min_seg_len 40
Dissection.num_run_segs 5
default
Retargeting.vert control m } Retarget

12



. TS
Feature Classification

o « Min_feature : layout2| Z|2 CD(Critical Dimension)
Design Rule: 7| & default : 65nm > split : 50nmZE HZA
Short Edges: O:IIQ 7E:|J-I-I'
. XFO = O|AlG X
{min_correct ion_length> 160, 5#<min_feature>} . EI _II-: Feature= |_| _lol-OZI A'” |' OPC E™ ]
Lire Ends:
Rl 2% <{min_feature>}
{min_end_extension> %ni . 9 Corner ES lell 'U'H EI_-I %:'Q:'IO'”A‘l I-% 'I_J'H E|_'|77|'X| —Tl—E:i-éél-
“min_correction_length?
= 7| =0 2782 etr7t ekef 2 AO|2f off

13



U
Dissection

Dissect ion

General Corner and Run Dissection:

<dissect ion,out_vert_len> | _ -  Dissection
<dissection,in_vert_len> 0ut_vert_|en 60 — 50
(lizsoction montral_ssgrmt,_lard [ in_vert_len 60 — 50
R nominal_seg_len 50 — 40
et o o aoge min_seg_len 40 — 35
. num_run_segs 5 — 6

General Projection Dissection

{dissection.enable_projection> 4 On  OFF

<dissection.search_ambit>

HO.5*<anbit>} OZIIAOI' 7E:|J_l|'
. EdgeS O MYUstH £t MUS OpC B 43

b

{dissection.shadow_ambit>

{dissection.shadow_max_count>

General 1-D Region Dissection:

{dissection.enable_1d_region> 4 On + OFF

<dissection.ld_region_nominal_len> 200

14



B TEEEE——S.. T
Retargeting

Retargeting

General Corner Segment Retargeting:

{retarget.ing .enable_tangential> 4 On  OFf

<{retargeting,vert_control> 0.d

R f(<dissection,in_vert_len>=<{re

{retargeting ,out_vert_targ>

¥ (<dissection,out_vert_len>#*<{r

- Retargeting.vert_control
7|& default 1.0 > split 0.82 Z4

of & d1}

: Corner 22| EH AL E 2421510 Ot=ot HH
tiF)[l
o

- Corner Rounding 278 Al UtE=%t Edge Ol &4 Of|&

15



[litho42@ssudisud4 ~/WK13 split]$ hierman split.pjx
h1ierman
Version Q-2020.06-4 for 1wnux64 - Jun 06, 2022 Q-7639937

Copyright (c) 1995 - 2022 Synopsys, Inc.

This software and the associlated documentation are proprietary to Synopsys,
Inc. This software may only be used in accordance with the terms and conditions
of a written license agreement with Synopsys, Inc. All other use, reproduction,

or distribution of this software 1s strictly prohibited. L1icensed Products

communicate with Synopsys servers for the purpose of providing software
updates, detecting software piracy and verifying that customers are using
Licensed Products in conformity with the applicable License Key for such
Licensed Products. Synopsys will use information gathered wn connection with
this process to deliver software updates and pursue software pirates and
infringers.

Inclusivity & Diversity - Visit SolvNetPlus to read the "Synopsys Statement on

Inclusivity and Diversity" (Refer to article 000036315 at

e Hierman : OPCS}7| %
Template 44

r
i8S
18
—
Q
<
O
S
jo
HI
1%
el
=

1itho42@ssudisud4 ~/WK13 split|$ corexec split.pjx
corexec
Version (Q-2020.06-4 for linux64 - Jun 06, 2022 (-7639937
Copyright (c) 1995 - 2022 Synopsys, Inc.
This software and the assoclated documentation are proprietary to Synopsys,

Inc. This software may only be used in accordance with the terms and conditions
of a written license agreement with Synopsys, Inc. All other use, reproduction,

or distribution of this software 1s strictly prohibited. Licensed Products
communicate with Synopsys servers for the purpose of providing software
updates, detecting software piracy and verifying that customers are using
Licensed Products in conformity with the applicable License Key for such
Licensed Products. Synopsys will use information gathered in connection with
this process to deliver software updates and pursue software pirates and
infringers.

« Corexec : M= TemplateE A0 A 20X HESt
Recipe Parameter H-&5t0 OPC +=H



P Synopsys Proteus WorkBench Base - [(Readonly) Layou
File Edit view Layout Simulate Tools Window He

EEE|» A E || mask oul -

10 e

Layout Layers 8 X
Group ~ |Flat\-’iew &j ~achHrB
£ Layout Layers
(4 Cell Qutline
[/] mask out(0:0)

[ target_layer(1:0)

target_point_aux_features(81:0)
dissection_site_aux_features(84:0)
outrig_out{140:0)

T O [ P e
B W [ ] [ [ &
| [ ] R
NA [
HEE NN

— I f///%l SEaEanad
— 7 esananas

Tree View g x
| Object | Description

Juser/student/litho35/WK13.

- Layout Layers
Cell Outline
] mask out...
target_laye...
target_poi...
dissection_...
outrig_out(...

Layers in this layout

+-_1 Cells All cells in this layout
=ty Open Cells All cells opened in this layot
+- ] vert_cell Open Cell
+-|_1 Root Cells Root cells found in this layo
1 Layout Model ... Layout Layers.
1 Recipe Files Loaded Recipe Files
_1 Model Files All Loaded Model Files
DP Resources DP Resources Definition
1 Proteus EA Files Results database loaded in

17




- simulation & CD &4

donly) Layout: fuser/student/litho35/WK13_splitjoutput layout/split out.oas [1], Cell: vert cell

18



OPC Mask patterdt
Contour 7t CDX}O|
: 3.5nm

(default : 5nm)

Target layout 7|&
spacing : 65 nm
- defaultt 5| Z&=

OPC MASK 7|&
spacing = 37.5nm
(default : 28.5nm)

19



OPC MASK 7|&
spacing = 37.5nm
(default : 28.5nm)

Corner rounding
:19.7nm

(default : 24.39nm)

20



B TTEEEEEE——SS. T
Default vs Split

1. Dissection segment point 57}

Dissection.nominal_segment_len: 50 — 40
Dissection.num_run_segs: 5 — 6
Dissection.min_seg_len: 40 — 35
Dissection.out/in_vert_len: 65 — 50

Contour segment M| 227} ZIZE| ALt

21



B TTEEEEEE——SS. T
Default vs Split

2. Contour narrowing &2

Dissection.nominal_segment_len: 50 — 40
Dissection.num_run_segs: 5 — 6
Retargeting.vert_control: 1.0 — 0.8

1, 5000nm

Default : MASK layout — Contour 42| : 1.5nm
Split : MASK layout — Contour 42[: 1Tnm

= Contour narrowing Z4

22



B TTEEEEEE——SS. T
Default vs Split

3. Corner rounding 7H 4

Dissection.out/in_vert_len: 65 — 50
Dissection.nominal_segment_len: 50 — 40
Dissection.num_run_segs: 5 — 6

Corner B9 segmentation

Default Corner Rounding E X : 24.4nm
Split Corner Rounding X : 19.1nm

= Corner rounding 7§

23



B TTEEEEEE——SS. T
Default vs Split

4. Line edge roughness &4

Dissection.nominal_segment_len: 50 — 40
Dissection.num_run_segs: 5 — 6
Retargeting.vert_control: 1.0 — 0.8

FQ0IO 2 HOEL Line Edge Roughness(LER) ZH24:

24




. Split = M 22 E5|| contour segmentation M&3}
Smaller feature correction 7}

Dissection segment point 57}

Edge contour fitting Y = k4

. Pattern quality 7H/ §.°
Contour narrowing &4
Contour rounding 7H4
Line Edge Roughness &4

25



U
Conclusion

Split parameter optimization® S8l pattern quality 24

0| M| patternOf| M 2HH X QI contour control 71578 2l

26
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