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enlISys
&7 TSN Welcome to Southampton

* City of Cruise
* Home of Titanic
* Wonder of technology & industrial revolution

e Luxury and status Symbol, Pride of UK
* “Unsinkable”

e - Still home cruises to all over the world
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7 Gen Sys / Welcome to Southampton

* City of Cruise
* Home of Titanic
* Wonder of technology & industrial revolution

e Luxury and status Symbol, Pride of UK
* “Unsinkable”

e - Still home cruises to all over the world

* Home of Technology
e Southampton University with >150a history
 Spitfire airplane impact on 2nd world ware

* Innovation of glass-fiber in 70th enabled optical
communication

* One of major photonic research hubs and
nanofabrication center

/ BEAMeeting 2025 MNE 3
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GenlSys founding years

GenlSys GmbH (3)
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Advancing the Standard

Date: March 9™ (Tuesday), 20010, Time: 10:00h-16:00h

Southampton

School of Electronics
and Computer Science

Location:  University Southampton, School of Electronics and Computer Science
Contact person: Martin Charlton (mdbc@ecs.soton.ac.uk)

Directions: hitp://www.ecs soton.ac uk/aboutigetto php

<&

GenISys:

Invitation &Program

Date: Thursday March31*', 2011

Start: 10:00 am
End: 17:00 pm
Location: CNRS/LPN Laboratoire de Photonique

route de Nozay
91460 MARCOUSSIS
France

,Local”“ BEAMeetings

Jai#% s s d 3856

Institute of Microslectronics of Chinese Acadienny of Scienices

Mips: JERUH SRR 3 S hEAE RN AN _EslE
FE: B4 9:00-1130: F4 1:00-5:00 (215 &£WE)

BHEA: BEH cherbqameaccn: FHi% loonmo@imesccn The BEAMeeting will be hosted by :

Program California Institute of Technology (CalTech)
Pasadena, CA 91125
Tuesday October 26,2010 Start

Prof. Chen  (IMECAS) Welcome ~Introduction  F(i &2 9:00
John Sachen  (GeniSys) GenlSys Introduction  GenlSys 2T MA* 9:30 Contact Person: Guy A. DeRose - e-mail: derose@caltech.edu

Nezih Unal E-Beam Lithography: From Layout to Wafer 945

(GeniSys ) Techniques for layout processing and fracturing

BTFRAFNA: NEEGRBENAS

Peixiong Shi MM %
({DTU / DANCHIP)
HTR

Nezih Unal Date: March 17'" (Wed), 20010, Time: 10:00h-16:00h
(GeniSys) Electre
Location:  Fraunhofer IAF, Tullastr. 72, D-79108 Freiburg, Germany
T www.iaf fraunhofer.de
: s [ o
Z Fraunhofer 7
1AF

-
- 5
4 - ) e
4 # industridgeblet
P sttt -d*” Mo ;
. a0

From the South:

Autobahn A5 Basel-Karlsruhe, exit 62
Freiburg-Mitte®, towards Freiburg, 3rd exit
Offenburg / Industriegebiet Freiburg-Nord /
Landwasser”, tum right at the 4th exit into
Tullastrasse.

/ BEAMeeting 2025 MNE
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Advancing the Standard

2005 /2006 2015

GenlSys GmbH (3) GenlSys GmbH (20)
g‘—i‘ ‘ i, GenlSys KK (3)
’%‘@ g GenlSys, Inc. (4)
10 licenses total 282 licenses total
15t BEAMER license 142 BEAMER
69 TRACER
40 LAB
9 Engine 31 Engine

a  BEAMR

/ BEAMeeting 2025 MNE 7
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GenlSys GmbH (3) ‘_ GenlSys GmbH (20) GenlSys GmbH (54)
ﬁ; ‘ 1 - GenlSys KK (3) GenlSys KK (4)
7 ’é@ g GenlSys, Inc. (4) GenlSys, Inc. (3)

GenlSys AS (19)

10 licenses total 282 licenses total 1100+ licenses total
15t BEAMER license 142 BEAMER 460 BEAMER
69 TRACER 320 TRACER
40 LAB 110 LAB
9 Engine 31 Engine 135 ProSEM

s BEAMR - 0 IEN

o

File Edt View Help
m B t ®8 O » M B Q |C©
Gt Copy Pame Swve Run Reset | Viewer| Detach

Base Modules  Flow Libraries new flow % Nl F4EERU RO B L X | wodsdgee v 188 ®
L Tree 4| *
~m=- Bl Merge
" @1 o

b L In GDSIT W)
= T
eal  Fal Bas Wl

T
N T N
T

R 7/.X
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&~ enldys About GenlSys

GenlSys offers software solutions for the optimization
of micro- and nano-fabrication processes

* Founded in 2005 in Munich, Germany [ =
* Joined RSBG Group LAB14 in 2018 w o S

* Headquarter in Unterhaching, Munich
e Global organization with >70 employees
e Subsidiaries in USA, Japan, and Turkey
* Development locations in Jena, Erlangen, Urla

* Worldwide leader on proximity and process
correction for electron and laser lithography

L

GenlSys continues to grow while maintaining customer centric spirit! g

/ BEAMeeting 2025 MINE 9
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~ GenSys / Selected Installed Base: 1100+

BEAMER Installed Base TRACER Installed Base

* Major nanofabrication centers worldwide 460 5390
* Universities, Research Centers IIIIII||||||| _ ””||||H|

* Industrial R&D and special production
nstalled Base ProSEM Installed Base
e Advanced FPD manufacturers o ;H(B) _— >1t35

100

e Mask manufacturer fi ”””””l ,
. . M |
* Leading IDMs 225288

TRACER
00

2005

2007

200
1
1
1
1
1
2

2005
2007
2005
2007
2009
1
1
1
1
1

20
20
20
20
20
2021
2023

<0 HARVARD ° ) : :
museor O —mteer— pfcP =) NTT FUTsU (v Argonne Caltech Licences per region
2 / DELAREOHERCHE o ® L e gy O yanional tasoratory 1
/i — CNFCoMNamSmIe T=== LINCOLN LABORATORY
T d II UM- N, Science and Technology Facility H 1 @ 'MASSACHUSETTS INSTITUTE OF TECHNOLOGY
yn ; & UNIVERSITY OF DTU Danchi a5 rf ?! ¥ Pimsueg ﬁlf sewnxe  (CERR ===
2 anc ‘-,: B . Z City University < - . M chusetts
roemmeee SOUCIENEEN | o S i, wiR oo\ Suomenremn 7 B2 &EPenn
P =T [ — Georgia s
Gouch O [EE] RS gz HOYA popean Tech OEMPIREE  PURDUE
% Fraunhofer -i-‘U Delft & PR ey § é‘ ‘ lntE' RIDGE Stanford Ul‘llVEI'Slty Central
IAF @ Rutherford Appleton Laboratory =2 FraBAY P anas oni c HUAWEI Raton Laborsory Florida
HEDENHAN )re2:! DNP Panasoni ORTHAEOE CRUMMAN. S NNTGTIGYY BROOKHAVEN
ke - s %’ 0 UNIVERSITY OF o N iVERSITY OF
m lOiNSUUN& MOTION & CONTROL® V4 7 4 @ PeanSiate NOTRE DAME g WATERLOO
IIIIII STO NSK FUJ EFILM TORAY ?
Innovation by Chemistry JMI UNIVERSITY OF MICHIGAN &2 COLUMBIA UNIVERSITY N H
IN THE CITY OF NEW YORK

Europe — Middle East Asia North America

e BEAMeeting 2025 MNE 10
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" GenSys / Strategic Partnerships

GenlISys is an independent software supplier working with all major
lithography and inspection system manufacturers.

RAITH (LN HEIDELBERG

NANOFABRICATION W|NSTRUMENTS

The power of direct writing

JEo Lo SUSS, MicroOptics

eLIONIX
ADVANTEST €V ©

CRESTED

/ BEAMeeting 2025 MNE 11
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& TN Welcome to our Equipment Partner

Thanks to our equipment partner for the good cooperation which is
essential for good results. Please use the opportunity interacting
with them for exchange ....

RAITH JeEoOL D ELIONIX U HEIDELBERG

NANOFABRICATION The power of direct writing

/ BEAMeeting 2025 MNE 12
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Advancing the Standard

/

/ Product Portfolio

BEAMER

Direct Write
— Data Prep -
INSPEC LAB

Metrology
& Inspection

Lithography
Simulation

Process
Calibration

Image Analysis
& Metrology

Mask
Data Prep

TRACER

d

BEAMeeting 2025 MNE
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49 Gen Sys / Product Portfolio

Electron and Laser Beam Direct Write Software

Installed at most major nano-fabrication
centers worldwide, has become a MUST for

Direct Write BE AM-ElR advanced e-beam lithography

Data Prep —
LAB

BEAMER

INSPEC

Metrology
& Inspection

Lithography
Simulation

Process
Calibration MC-Simulation of electron distribution for

ek e-beam lithography modeling and correction
Data Prep _ — Process Calibration, PSF visualization, extraction
TRACER and management

TRACER

e BEAMeeting 2025 MNE 14
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" GenISys / Electron Beam Lithography

Electron gun

E-Beam lithography (EBL) is the most utilized technology for
patterning nano-scale (Quantum) devices

* Beam size down to few nano-meter

* Most flexible pattern and substrate

* Direct Write from CAD data to sample

Scattering aperture

Electron beam

Condenser lens 1

Beam blanker

Condenser lens 2

Aperture for limiting
beam size

Beam deflectors

Condenser lens 3

Target
’# Wafer

Source: AMO GmbH - Germany  Source: NIST CNST - USA Source: Weizmann Institute — Israel
Stanford University, USA

- _ ,

BEAMeeting 2025 MNE 15
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Advancing the Standard

Easy, Fast and Accurate Direct Write Litho

e o
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o 100 200
Gray Value
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& GenlSys / TRACER — PSF & Process Calinration

TRACER calculates PSF by MC simulation

TRACER enables to identify the optimal process point in a simple experiment

e proven for multiple substrates (Si, SiO2, GaAs, InP, ...)
e proven for typical direct write resists (PMMA, ZEP, HSQ, CARs ...)
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Integrated layout-based SEM metrology
and inspection upgrade kit

Versatile software suite with modular
flows for expert measurements

Image analysis and metrology software for
lithography and nanostructures

Layout-based metrology and image
acquisition with SEM tool external control

Product Portfolio

BEAMER

Direct Write
= Data Prep =
InNSPEC LAB

Lithography
Simulation

Metrology
& Inspection

Image Analysis Process
& Metrology Calibration

Mask
Data Prep -
TRACER

4 BEAMeeting 2025 MNE 18
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&~ Genlsys SEM Metrology Scenarios

OLHMENAAINEE External SEM Control Integrated Automation

for SEM Metrology

Metrology and Image Metrology

‘&k
ProSEM

I'*.:‘I
- I
‘-. gy
. D

e s w w

4 BEAMeeting 2025 MNE 19
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BEAMER

Direct Write
x Data Prep -
InNSPEC LAB

Metrology
& Inspection

Lithography
Simulation

Process
Calibration

Mask
Data Prep -
TRACER

Product Portfolio

3D lithography simulation and OPC software
* Proximity Lithography & Projection Lithography

* Electron Beam Lithography & Laser Beam

Lithography (Heidelberg Instruments)

d

BEAMeeting 2025 MNE
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it b Intensity Image Analysis

Projection Exposure

Mask  Stack  Tool Simulation Analysis Label/Comment 4 i & gl ud =R lu] :I: H C ':,é é é 90 or 45 degree
Spectrum
Predefined Spectrum: | 365 nm (i-ling) ~
Import ...
Wavelength [nm]| Rel. Weight| Peak \Width [hm]
365 1 3 Export ...
Delete Row
Exposure Dose [m)fcm*~2] | 2.3
Polarization | Scalar ~
Source
Type Annular ~
Sigma 0.500000
Sigma 2 0.250000 .-\\‘ i)
R4
Annular Fixing 0.000000

Exposure Parameters

Focus Offset [um] | 0.000000 Focus Pos, Immersion Index | 1.000000
Defocus direction | Away from substrate [ NA 03 Reduction 1.000000

Flare Background | 0.000000 pypeerrmr—

Regions | Gap-100-420.4000 - 18,1000 419.5000 17,9000
Aberrations O ® ABANS =1 1% osontal |_Defocus_ < [«][d] [od 1 [+1[] vent w | [o-8 "o
CIMeskitayer o | con ]
um]: 1225.7
20 View Mo
Obsaree @ Conteweus
1
«Range Detemination  pty
tomatic OMamusl 0
surement Mode
L= o e | 29902261 X 42035069 ¥ [ 115318465 X 42035088 ¥ | 12, 0.3 V- | 15925420 % A0.35069 ¥ - | | R.228231 X -420.35069 Y ¥ | | 30863847 X -420.35069 ¥ | | 68582154 X -420.35089 ¥
Onr @xz Oy Yloml 182000 .
Froct ] Back
11135460 X -420.35069 Y -| 1069008 T5352 %, 420.35069 1 -| 1591144 X 42035060 Y | | Q622906 X 42035069 - | AT64410 X 2035060 Y - | 0967491 R 42035060 Y - 59 X 42035080 - | || 823953 K 42035089 ¥
10305950 X 42035080 ¥ -| 10,2 3 E 2102 X 42035069 - | 10274 01 - 10282990 % -420.35060 Y - X-420.35080¥ - 10, 5 5069 - Fos
3,
N
] 04
10220752 X~
02
o
o
0 08 X~420.35089 Y - | 10219007 X -420.15088 ¥
o4 03 a1 o o1 0z 03 04

1452 1454 1456 1
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& Genldys 3D Resist Modelling

?a[iererf]isg(ejleg/glrgfnrgte:rt: model based on development l l l l l l 1 l l l 1

* Bulk image intensities are converted in
concentrations

e Concentrations define dissolution rate

* The 3D development front over is modeled over
development time
 Threshold / Diffused Threshold
* MACK 4 Model
* CAR Model
e Development Rate (Contrast Curve)

/ BEAMeeting 2025 MNE 23
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Analysis View

Process Analysis Features

~ ‘ Analysis View
CcD

v‘ T T

= B =N
©) s

Horizontal Axis: ‘ Defocus

Nl “

T T T T T T T T T T T T | T T T T T T T T T T T T T T H

Easy to use analysis capabilities
* Focus-Exposure-Matrix
* Process Window T ; |
* Overlapping Process Window “ . | *ii::;:\\_ |

Set of Curves: | Dose

() Set of Curve-Values:

[] Select Al L . e
1141602 [11.68153 []1.94703 e -

71150453 1177003 [~12.03553 045— +----- g

1.59303 1.85853 2.12404 - ;

_______________

(3) Group Filter Center i g R Eateun S S oot A T

() Measure Filter D ~

030— —
Analysis View
3 0.25— -
o) =||l® [N L2 F
© xis
Horizontal Axis: | Defocus ~ Dose Process Window: center Defocus -0.092, Dose 1.832
2.12404
et of Curves: | Dose ‘ ‘ | 020~ o | ] P R | I | | | | 1
Set of Curve-Values: Select All 04 03 02 0.1 0 0.1 0.2 03 04
(3) Group Fitter Center 2_03553:_ Defocus
() Measure Fitter 1
(1] [ Contrast Left B
[ Contrast Right CINILS Left 1.94703— _
[JMILS Right Sidewall Angle Left 7
Sidewall Angle Right
Line 1, T: 0.3000 .
O [T i 185853 Substrate Reflectivity
Group Measure Min  Max  Mode 4
Center ] 03100 (03200 |Abs . . . . o I
QT L Film stack optimization
Ed center ) 04200 (04300 |Abs 177003 — A
0.5 A
. . . e . )\
minimizing standing waves. .
i i . A
159303 s . 03 \ .
1 Tupe Material Thickness [um] \ Second Minimum BARC
A
| R Uweims 03 o
150453 \
ARC AZ _BARLi_Il 0.2 o ;
i | | | | | | | LI o
141602 L = L = L = L : L -~ L - L - L o lw Si02 012 i hay,
' ; ' ' Defocus ' ' ' Substrate Si- i . ““A‘k Ty T T VOVPUPIIO
e am m - o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Thickness Layer #2 (nm)

/
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Rule based P

2 initions  Label/Comment

oooooooo

mmmmmmm

DLTTJ“ | [ser

‘Hammerhead l l

'Angle dependend
bias

Rule OPC

Rule Based: Shape fidelity'correction on 0.9 um squares

Rule-based OPC_

Rule-based proximity
correction:

e \/ariable bias

* Depending on angle, size,
density, space,
distance/proximity

e Serifs, hammerheads and
bars can be applied based
on user-defined rules

* Applicable to all exposure
techniques (laser, mask
aligner, projection, e-beam)

/ BEAMeeting 2025 MNE 25
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/

example01 Fa

Rule based correction with simulation

To optimize parameter use this syntax: %c[lower_bound:upper_bound].

Rule-OPC connected after simulation

Start Optimizer  Stop Optimizer [
module allows to preview simulation
contour together with correctionand = S | o | ot
. . . Min Free Edge Size [um] Iu.osoooo } Min Segment Size [um] [0.100000 |
optimize correction parameters S PR |
[ Bias Limit [um] 0.000000
Target Layer | opc |
ctio | Depe Par Scena Condtio [ i [ P ineen
Bias cD LineEnd rue =
Serif - QuterCorner =] Delet
B cD InnerCorner &
O Up
- Condition \t.ue
CD [um] | Bias [um]
»00000 %-[0.02:0.1](-0.050409)%
' U I Prm.riew ] Tu::T:i::TQEIStzth:t:ﬁ:: %[lower_bound:upper_bound]%.
Cancel L AB

/ BEAMeeting 2025 MNE 26
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& GenISys / Model Based OPC for Projection

Fully automated OPC correction using :

* The exposure is modelled at layout edges (fast simulation), compared
to target, the layout is modified (shape correction) to compensate for
mismatch

e Special: Any angle implementation, user defined priorities

I @EERU RO B L X s

LAB

/ BEAMeeting 2025 MNE 27




GenlISys - —/
@ e b / Mask Data Preparation

* Dedicated high performance MDP for mask
house: hierarchy, parallel processing, mask
process correction

BEAMER

 Strong for special Application like Flat Panel
Display, Photonic IC, non-IC

Direct Write
Data Prep

INSPEC

Metrology
& Inspection

Lithography
Simulation

Process
Calibration

Image Analysis
& Metrology

Mask
Data Prep

TRACER

/ BEAMeeting 2025 MNE 28
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Full Laser Process Calibration / Correction

Delta [nm]

80 4

60

40

20

0 -

| 4
: 20

SN TRACER

1.55566 CD [urn], 13.104 Delta [n

4
30um1-1 3.4um1-1 3.0umiso ]
‘ N { ]: |8
\4
2.2um iso 2.4um iso 2.6um iso

Measure results with CD-SEM

Typical Laser Mask Process Signature
Mask Process — initial results
.-...,en.'vf#w.w‘" caeies,
E ! (i ] : 500 1000 1500 2000 2500
g [ .; L] L ’---\
2 100 oy ’N,_'“_,"-( LR | -
o Target CO [nm]
Results on Mask
Mask Process — after MPC correction
E 0 ]
g
& -100
o Target €D [nm]
1AAWMschips

(with the help of ProSEM)
Expose and process the

calibration pattern

——_
ol
e
e

al il dbs

% XTTTTITTTITY
b Jh"“‘
e
P
by lakal

(LI T L o |

Correction results on target mask design

0.5 1.0 1.5 20 25
CD [um]

Run calibration based
on measured results

Effective Blur FWHM [um] 0200468 ™ Archivew
[ Add Gamma FWHM [um] [ 0.522284 | nue [ogss0sa ‘
[ Add Gamma2 FWHM [um] | 5.79959 | nue2 [0.149822

PSF Y Scaling 115114

Bias X [um] 000821294
Bias Y [um] 00260626
Dose Factor | 1.50296 (> 1.0 means Overdose/Undersize )

Run Model-MPC using
input from TRACER

d
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Modules  Variables Flow Libraries  Examples

| | |
Cimport | gt
| | [ |

b

a (m]
e
a o
etrology
a [m]
a o

Coptmizer | Comment

What is MASKER

Powerful MDP & MPC for special applications with
leading edge correction and verification capability:

* Includes all layout operations needed in a mask house
production environment

* Optimized for low end IC and special masks (FPD,
Photonics, loT,...)

e Flexible Rule-MPC Features

 Biasing (size, distance, density, angle, ... dependent)
 Serifs, hammerheads, scatter bar,... positioning

e Powerful Model-MPC

e Laser exposure model
e E-Beam exposure incl. advanced process effects

e Simulation of laser and e-beam exposure
* Verification including comparing layouts and DRC

BEAMeeting 2025 MINE
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Advancing the Standard

/

/

e Stand-alone software package
* Fast, flexible and easy to use
e Running on of-the-shelf HW with Linux or Windows

* Import of full chip/ mask layout data
e Major layout formats (GDS, Oasis, Mebes, DXF,...)
 \erification regions can be defined

 Comprehensive rule definition
* Min. inner/ outer distance, angle
* Notch, bump, hole, dimension
* Perimeter, singular point, overlap

* Reporting of results

* Display in layout viewer

e Listin violation table, search function
e Data export in xml| format

[E™
o el o alv DAC.checks V2ot x| B %@
DrSee_gema ® M & > | 8 Colormedelaver v Measue ~ Efsam v 4 A ¥ D @ v ®
v C o EEEOEEE i
Singular Ports and sm- & ¥ o % i
|
0 L |
- E
. =
b
! « & .
i Pr
1) u _ - |
% 1 - =
i -
[ ety
2 e seeer  [NEETE WTERL.LTL
Soguar Povts ad smalnoles e Violatiors .
Vi Disarce aport
o, Lot 0000000 ¥:7.000000
7500000
: Rules for Test F LI
~/ Minimum Distance +/ Minimum Distance
Minimum Inner Distance [um] Minimum Inner Distance [um]
0.100000 0.100000
Minimum Outer Distance [um] Minimum Outer Distance [um]
0.100000 0.100000
Minimum Angle +/ Minimum Angle
Notches Minimum Inner Angle [°]  Notches
85.000000 o )
Bumps Minimum Notch Size [um]
Minimum Outer Angle [*]
Holes 5.000000
° 85.000000
. ~/ Bumps
Dimensions ~/ Dimensions
Minimum Bump Size [um] L .
Perimeter Minimum X-Size [um]
5.000000
5.000000
Singular Points
+/ Holes Minimum Y-Size [um]
Overlap Minimum Hole Size [um] 5.000000
0.400000 i
+/ Perimeter
Minimum Perimeter-Size [um]
A A. SPace 9.000000
0 8 WIdth +/ Singular Points
C. Vertex distance
— +/ Overlap
e b D. Notch
- E. Singular point

etc.

NEW DRSee — Design Rule Check

DRSee

/ BEAMeeting 2025 MNE
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" GenSys / GenlSys — Your Solution Provider

GenlSys offers “more than software”
BEAMER

e Application support including process (>10 application engineers)
LAB

e Experience from collaboration with >200 advanced nano centers .
TRACER

* Active community with >500 users exchanging at BEAMeetings world-wide

* Always at the ,spearhead” of technology with frequent updates

 New features, enhancements, and fixes
* All development is driven by users and equipment partners

e Fast reaction on critical issues (patch within 24 hours) .
InSPEC

/ BEAMeeting 2025 MNE 32
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BEAMER

Thank Youl!

support@genisys-gmbh.com

LABJ TRACER

InSPEC

Headquarters

GenlISys GmbH

Inselkammerstr. 5

D-82008 Unterhaching (Munich)
GERMANY

+49 (0)89 954 5364 0

+49 (0)89 954 5364 99
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 (45) 530 3306

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