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&7 U5 Optimizer enhancements

LAB has received some new optimizer modes to allow a more
efficient and less time-consuming optimization.

* Multi-Level Single-Linkage (MLSL) + Subplex

* NLopt

In addition to the new models also some enhancements have been
made to improve the user experience of the Calibration module.

* Update Optimizer Start Parameters
e Safety Measures for Calibration Crashes
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New Optimization Method MLSL + Subplex

* Until now optimization used only the "Differential Evolution" optimizer algorithm,
the superior "MLSL + Subplex " optimization method has been implemented into
the Calibration and Optimizer Modules and is now the default setting

* MLSL + Subplex Optimizer is a Multi-Start optimization strategy that combines:

o MLSL: Multi-Level Single-Linkage — a
global optimization algorithm

o Subplex: a derivative-free local
optimization algorithm
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Global Optimization - find good candidates e Exploration (MLSL)

e Exploitation (Subplex)

Local Optimization - refine
candidates
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& T, New Optimization Method MLSL + Subplex
e Multi-Start MLSL algorithm performs global optimization by sampling start points in
the search space, clustering nearby points, merging close clusters — then runs a
local optimizer (Subplex) from a promising point in each cluster.

* Key Features:
o Global optimizer
o Once a good start point is found ("semi-random process"), local optimization runs fast

Optimizer x

Parameter Label/Comment

Variable Start Lower Upper Population Size 10000 @ auto population size

Number of Generations 500
Tolerance [nm)] 10
O

Verbose Logging Mode [

Update Start Params From Fit [_J

© Average Error (O Root Mean Square () Maximum Error

Delete Row Import... Export...

0K Cancel Help

The optimizer uses MLSL + Subplex by default
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e Other NLopt (nonlinear optimization library) optimization methods are also added
to the Calibration and Optimizer Modules.

e Based on testing, MLSL + Subplex was chosen as the default due to its speed and
performance, though other methods can still be enabled

* Optimizer selection can be enabled in Properties under Flow/Module
* A drop-down of available methods is shown in the optimizer model

File Edit View Help Optimizer

New Ctrl+N Parameter Label/Comment

Properties -
Open/Import Ctrl+0 Variable Start Lower e imi Mutti-Level Single-Linkage + Subplex

Flow/Module § Di i i i i i

Close Ctrl+F4 Directories File Defaults Population Size g:irizriim:l Evolution

— g Rectangles
Save/Export Ctrl+S [_) Use fixed Module display size ) locally-biased Dividing Rectangles

Number of Generations Bound Optimization by Quadratic Approximation

Save As Ctrl+Alt+5 @ Use Filename as Label for Import and Export Modules Nelder-Mead Simplex

- Tolerance [nm] SubPlex

|_) Disable Auto-Connect and Auto-Positioning of Modules EVEl oingle Bge
Export as p)'thon"' : 9 Verbose Logging Mode Controlled Random Search

|_) Disable Auto-Opening of Parameters for undefined Modules FSCH 4 Siochastic Ranking Evolafion Sisal
Library SaVE Ctl‘|+A|t+|. - ) ) ) ) i Mprove ochastic . ankin volution Strates

. |_J Use Dill A and B instead of n & k for resist optlcal data © Average Error () Root Mean Square () Maximum Error

Merge Material Database Ctrl+Alt+M . ) ) Please make sure that the range for the slope does not

|_ ) Work without archive include 0 or 1, the mTh range is between 0 and 1 and all

- parameters are positive when using the Mack4 resist model!

[_J Measure corner area and corner shortening for corner roundin

("] Disable confirmation dialog to save flow in new format Delete Row Import.. Export...
Properties Ctrl+P

Interval of Recovery File saving [min] 15 oK Cancel Help

@ Enable optimizer choice in calibration and optimizer module / -

I
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Update Optimizer Start Parameters

Calibration Result — 0 ®
. . . .
1. Inthe Calibration module the optimized |suwerss wmmmee
. 17:30:06 2025
Calibration
Current best Fit: — T T T T T T T T T T T T T T
M . Number of Calculated Generations = 0 ] --- Target 20.000000
Number of Calculated Simulations = 48 —  Sim 20.000000
Average Deviation of all measurement lines [nm] = 13.0632 E -- T.argtl 21.000000
Maximum Deviation of all measurement lines [nm] = 30.8686 | — Sim 22.000000
Root_Mean Square of all measurement lines [nm] = 14.0915 T_“S" 24.000000
. . . [Optimized Parameter: 1 Sim 24.000000
Seaciddif% = 14.7301 0zl i Target 26.000000
Wi e u N the values INn the | & T S0
%ql% = 0.25791 + b T.ﬂgﬂ 28.000000
Fthreshold% = 0.2392 E - i Sim 28.000000
° ° = et ‘M——*——V‘*’*’A " Target 30.000000
Optimizer: Differential Evolution 3 $o Ty . E 2= e 1 Sim 30000000
I I I l I Ze r Name %aciddif%, Start Value: 24, Lower Boundary: 10, Upper ; = e o i
Boundary: 100 o o1k a
Name %amp%, Start Value: 0.29, Lower Boundary: 0.05, Upper
Boundary: 0.4 1
Name %ql%, Start Value: 0.18, Lower Boundary: 0, Upper Boundary: i
0.3
Name %threshold%, Start Value: 0.0366, Lower Boundary: 0, Upper )
Resist Calibration 1
. 00 =1
Settings  Label/Comment |
1 1 1 1 1 1
Settings FEM1  <add> Table View  Layout View 08 04 02 0.0 02 0.4 06
- Y%def %
— Measurement Height [um]  0.038 elocus
Erojection: Data Target and Simulation ~ Horizontal Axis  %defocus% -  Vertical Axis  CD v
-
——
Resist.... i
v Defocus v / | Close Help
Optimizer... [um] [um] [um] [um] [um] [um] L
[um] 5
B Ensure Clearing 82~
0.11888 0.096803 (| 0.081425 L
05 Optimizer
Calibration 1 1 1 r
L Parameter Label/Comment
0.115865 || 0.095936 || 0.084656 || 0.06799 "
Run 045 3 I
. 3 r 3 1 2 Optimizer Method Differential Evolution
AR | WE— | e— 01 Variable Start | Lower Upper Pobiltion'Ss —— i .
Result View... / 0.115046 || 0.097156 || 0.086876 - %aciddif% 24.000000 10.000000 100.000000 i 1o B st populstion e
o 1 1 1 i Xamp . 0.050000 0.400000 Number of Generations 100
Save Material... ] e 3 L & = g;m 2000000 ?’300000
013282 |[ 0.11334 || 0.00833 || 0.08815 r et e 0000 2000 posscce bl <
Update StartVals 035 : - 1 1 ook Verbose Logging Mode ®
Venification 03 0.12535 0.109473 || 0.092656 || 0.090176 e _;4 (O Average Error © Root Mean Square () Maximum Error
1 1 1 1
Verification Please make sure that the range for the slope does not
Create Empty Import Data ... Export Data ... Reset Delete FEM Horizontal Axis  %defo fnclude 0 or 1, the mTh range is between 0 and 1 and all
parameters are positive when using the Mack4 resist model!
Delete Row Import... Export...
0K Cancel Help

"Update StarVals"
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2. In Optimizer module :
* "Update Start Params From Fit": to automatically update start values in the

optimizer

Optimizer

Parameter |abel/Comment

Optimizer Method Differential Evolution
Variable Start Lower Upper ) . —
%dose% 1.279219 0.000000 2.000000 e b 10000 auto population size
Yedefocus% -0.159927 -0.200000 0.200000 T 500
Tolerance [nm] 2
Verbose Logging Mode J
Update Start Params From Fit
O Average Error © Root Mean Square () Maximum Error

OK Cancel Help
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If LAB crashes while the calibration is running:
1- Open LAB again

—

B o P M B N ¢ H EOE e

ave Variables Run RunTo Cancel Pause Resume Reset Material Flow Results Detach

new flow X

t ® o » M BE I 22 ¢ HF O

Save Variables Material Flow.

S
es
“ les ) recover flow X

Recover Flow File Calibration Threshold model

Etching
Rule-OPC
0 A Recover flow file has been found. Etching
If you want to load this file press 'yes’,
m if you want to delete the recover file and associated temporary result files press 'no’, Rule-OPC
if you just want to delete the recover flow file and ignore temporary files press 'Cancel'.

{ Yes No Cancel

2- Load the recover flow
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3- Right-click on the calibration model

4- Choose "Optimizer Results"

— Calibratic O
t & oc > M E I 9 C 5
DRV e = fsternl fon Started at Fri Apr 11 15:24:13 2025 Current Time: Fri Apr 11
les caros Bca X 15:25:08 2025 pr——
Current best Fit: T T
Number of Calculated Simulations = 59 1 T.argel 20.000000
m Average Deviation of all measurement lines [nm] = 1.63705 ] Sim 20.000000
Maximum Deviation of all measurement lines [nm] = 5.9797 T.Ilgﬁ 22.000000
easurement lines [nm] = 2.09266 1 Sim 22.000000
Optimized Parameter: _ Target 24.000000
%threshold% = 0.034053 o2 7 Sim 24.000000
- Faciddif% = 24.3341 ] Target 26.000000
Parameters... %amp% = 0.2949 Sim 26.000000
e Rt Pasamitess.. %ql% = 0.18168 ] Target 25.000000
Edit Label/Comment... 3 *‘1-\ 4 J Sim 28.000000
Optimizer: MLSL + Subp 2 iy “+__:‘._ *,,,_»tr 4 Target 30.000000
Cotlect Loop Results Name %threshold%, S&rt Value: 0.036618, Lower Boundary: 0, E e VBB ] Sim 30.000000
Store Flow with Result after Execution Upper Boundary: 1 g ;
Name %aciddif%, Start Yelue: 23.58, Lower Boundary: 10, Upper o 01 .
Cut Boundary: 100 |
m Copy Name %amp%, Start Valul: 0.2949, Lower Boundary: 0.08, Upper
Paste Boundary: 0.4 ]
m Name %ql%, Start Value: 0.\8168, Lower Boundary: 0, Upper
Delete Boundary: 0.3 1
m Disconnect Tole.raliice [nm]: 2 4
) Optimize Root Mean Square
m L2 Logging Verbose false 00 —~
m Save Selection to Library...
I Optimizer Results I L - - - L 1
086 D4 0.2 0.0 0.2 04 0.6
Reset \ %defocus®
m Data Target and Simulation Horizontal Axis  %defocus%
Close Help

5- The window shows you the last

optimized parameters before crashing
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* When exporting a plot as a PNG file, the export dialog now offers check boxes

where the visibility of the plot title, legend, axes, and cut-line can be adjusted for
the export without affecting the plot window

Projection 193 with resist (2) - Intensity Image - Reg

il

Regions | Rl Intensity
Export data tool X z = 0.1505 [um] [mJiem*2]
B A File C:\Users\semaan\Nextcloud\Work\Desktop\ex; Browse...
Data format <
o
UMaskla g ong OTxr Ocsv S
2D View N . -
ize modifier Original
O Discret .
Width 583
Color Ran ickh [pa] ~ 06
O Autom Height [px] 733 =] )
o
E
= o
>
04

-0.002

[um] -0.1950 tart m] 0.0000 rientation [deg] 0.0000

3 J 02
=)
[ 00! o
0

-0.1 01

X [um]
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Intensity subtraction between two simulations
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waensnesme /- INtENSIity subtraction between two simulations

* In the result tree, there is a new button "Show Delta Image" to compare two image
results, it supports:

o Cut views — XY, XZ, YZ and CZ
o 1D, 2D and 1D-2D views

N B 4 1.~ /newflow/Image View/Projection 193 low /R1 i | a .
= Threshold_model ExampleOptir =AW 1 [ EE ML T i 8 (oensiy
E .Layout View - new flow & A Lg — 4 2 =0.1505 [um] A Z =0.1505 [um], Subtraction: Projection 193 low /R1 - Projection 193 high/R1
PI’OjECtiOFI 193 low &) Layout View Show Delta Image (subtraction: current selection - selection for | Show Delta Image (subtraction: current selection - selection for
o Projection 193 low comparison)
. . . 2 Mask/L: *
-.Projection 193 high O Mask/Layer Projection 193 high Libeactaye , s -
Aerial | —_— - Aerial Image T = =
[=]-Aenal Image . =} Projection 193 low 3
E Projection 193 low 2D View Mode R1 O Discrete © Continuous N H'T C SN H'T :-
R2
-R1 (O Discrete = Projection 193 high Color Range Determination Min 0.0546043 g 4266 g
“R2 2; © Automatic () Manual Max 061779 o 266 e
- Projection 193 high Color Range D) & Image View Miadsrament Mo
~R1 o Automatic &P 198 0w O Line (O Reference Circle E‘ E .
- image View M N =- Projection 193 high Top-Down View
; 9 - easuremen 3 OX-Y Z[um] 0.1505 | - [ ] ~
=)-Projection 193 low oL ) R2 — 8 3
ne d d
R1 Cross Section ? N
. LLR2 — Ooxz 0.0000
L . - < =
=J-Projection 193 high Top-Down Viey ovz 0.0000 § §
EI Pin Result View n OCZ User Cutiine (X-Y)
I Select For Comparison I -0.1950  Start 0.0000 ntat 0.0000 01 0 01 feg] 0.0000 -0.1 0 0.1
Store Result 01950  EndY[um] 0.0000 engt 0.3900 X [um] t 0.3900 X fum]
| MY 7 I-X-Y-Z- \ 1-X-Y-Z-

1- Select the subtracted  2- Select the second result and press the “Delta” 3- The Intensity subtraction results
image will be displayed
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Model OPC Improvement
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&~ Genlsys User-defined Intensity Threshold

* User can specify the target intensity threshold [mJ/cm?] in the resist for the

model OPC correction. The intensity threshold was previously assumed to be
0.5 mJ/cm?.

Model based Optical Proximity Correction O X

Mask  Stack  Tool Correction  Label/Comment

Accuracy Settings

Fast Computation ' High Accuracy Minimum Segment Length [um]  0.05

Resist target height [%]  50.000000 Dose Target [m)/cm*2]  0.500000]

Mask Rule Compliance

Shift Step Size [um] 0.001

Maximum Shift [um] 0.05

Minimum Feature Size [um] 0.05

Bias Type
Region Definition

* Min [um] Y Min [um] * Max [um] Y Max [um] MName
O

Delete Row

OK Cancel Help
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== GenISys LAB object method: LAB.e beam()

* LAB.e_beam() is a method for performing E-Beam simulations
* |t contains all the E-Beam parameters as a Python dictionary (not all shown here)

EBeamResults = LAB.e beam(InputLayout,
{'StackEntries’' : [[ 'pesist’, 'PMMA3506k

'ResistStack’ : [],
'‘BaseDose’' : 260,

The InputLayout is the result of the
previous LAB.import_gds() function
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- GenISys LAB object method: LAB.get measure value()

* The LAB.get _measure value() method returns lithography line-based measurements,
such as CD, NILS, Intensity Contras, etc.

Example: returning the line CD at the center of the stack

# CD Measurements: can be perforumed for ("Top", 'Center', 'Bottom', "Aerial")
LinelCenterCD = LAB.get measure_value(EBeamResults, “CD", “Center",|"Linel"))

print(LinelCentercCD)

The EBeamResults is the output of the Metrology line name
previous LAB.e_beam() method
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* The LAB.get _measure value() method returns lithography corner-based measurements,
such as Corner Radius and Mean Radius of All Corners.

Example: returning the corner radius at the center of the stack

'"Center', 'Bottom')

# Corner measurements can be perforumed_for ("Top",
llcenter”, ”CI H)

ClCenterRadius = LAB.get measure value(EBeamResults, "Corner Radius"”,
print(ClCenterRadius)

The EBeamResults is the output of the Metrology corner name

previous LAB.e _beam() method

Example: returning the Mean Radius of All Corners at the bottom of the stack
‘Center', 'Bottom')

# Additional corner measurement if more than ope _corner is to be measured, for ("Top",
CornerMeanBottomRadius = LAB.get measure_value(EBeamResults, "Corner Radius", "Bottom", "Mean Radius of ALL Corners™)

print(CornerMeanBottomRadius)

What's New LAB 5.13
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Thank You!

BEAMER TRACER

support@genisys-gmbh.com

VIEWER

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (Munich)
GERMANY

+49-(0)89-3309197-60

+49-(0)89-3309197-61
P< info@genisys-gmbh.com

USA Office
GenlSys Inc.

P.O. Box 410956
San Francisco, CA
94141-0956

USA

+1 (408) 353-3951
D4 usa@genisys-gmbh.com

Japan / Asia Pacific Office
GenlSys K.K.

German Industry Park

1-18-2 Hakusan Midori-ku
Yokohama 226-0006

JAPAN

+81 (0)45-530-3306

+81 (0)45-532-6933
P4 apsales@genisys-gmbh.com
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