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e 5% |argest city in Germany
* The name “Stuttgart” comes from “Stutengarten” U e et
e following the name of a stud farm (10t century) L =

e 400 sets of outdoor stairs
e 20km in total if you climbed them all

 The worlds first TV tower
 Real American redwoods are growing here (Wernhagenpark)

 “Maultaschen” (swabian ravioli) were invented at the Maulbronn monestary

* The nickname “HerrgottbscheilSerle” (god deceivers) came from a monk who sneaked
meat under the pastry cover, hoping that God wouldn’t notice...

* Home to the big car companies such as Mercedes Benz and Porsche

e Stuttgart has second largest mineral water reservoir in Europe
* 14 springs, 44 million liter / day

/ BEAMeeting Stuttgart 2024 2



= Gen Sys BEAMeeting in Stuttgart

Stuttgart
Klimadiagramm

* Why here — because of best weather conditions © ST e
* Least rain and moderate temperatures in April...

 Technology driven — mobility started here
 birthplace of the petrol powered motorcar (1886)

e Bertha Benz “advertising campaign”
e 1888 tour from Mannheim to Pforzheim

The 125m long Schwabtunnel was the first tunnel a car passed through (1900)
* F.Porsche designed the car for “everyone”
e Diana’s (princess of Wales) car is here in the museum
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 Technology driven —Semiconductor and chips today
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&~ Genldys About GenlSys

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

e Founded in 2005 in Munich
* joined RSBG Group LAB14 in 2018

* Headquarter in Taufkirchen - Munich, Germany
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
processes
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Electron and Laser Beam Direct Write Software

* Market leader for Gaussian beam direct write systems

3
* Installed at most major nano-fabrication centers worldwide, has become BEAMER

3D lithography simulation & OPC software
* Proximity Lithography (mask aligner) & Projection Lithography (st
* Electron Beam Lithography, Laser Beam Lithography LAB

Proximity & Process Calibration software
*  MC-Simulation of electron distribution for e-beam lithogra

TRACER

* Process Calibration, PSF visualization, extraction and manag

Mask Production Software
» Dedicated MDP for mask house, high performance (hierarchy, parallel processing, mask process correction...)
* Special Application: Flat Panel Display, Photonic IC, non-IC

SEM Image Analysis & Metrology
* Advanced SEM metrology software for process monitoring of lithographic patterns or micro and nanostructures
* Automated layout-based image acquisition via digital interface remote control of SEM tools

e BEAMeeting Stuttgart 2024 6




L

Growing Customer Base (>1000)

e BEAMER and TRACER
* >410 BEAMER installation
e > 280 TRACER installation
e LAB Lithography Simulation
e > 95 LAB installation
* ProSEM SEM Metrology
> 115 ProSEM installation

/

Products Installed Base 2023
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~ GenSys / GenlSys — Solution Provider

GenlSys offers “more than software”:

* Application support including process (~ 10 Application Engineer)
* Process knowledge from > 200 advanced Nano-Centers BEAMER

e Active user comunity beyond exposure tool
e ~ 500 users meet at BEAMeetings worldwide

TRACER

* Allways at the ,spearhead” of technology with two major releases and
frequent patches per year
* new feature, enhancements and fixes
e all development is driven by users / equipment partners
 fast reaction on critical issues (patch in 24 hours)
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Lithography equipment and processes need

optimization to push limits of nano devices:
e Proximity and process effects
* Complexity of design and materials

Source: AMO GmbH - Germany  Source: NIST CNST - USA Source: Weizmann Institute — Israel
Stanford University, USA
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Data from: https://en.wikipedia.org/wiki/Transistor _count .
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e Consistent and reliable
This is how This is how measurements are critical for IC

IC manufacturing |IC manufacturing

patterns... measures... manu fa Ct U rl N g

 Fully automated, very fast,
consistent using reliable
algorithm

* CDSEMs are expensive and
| inflexible — not affordable for
Images vendor webpages Image AMAT webpage most nanofabrication facilities
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&7 TENOYE, Metrology & Inspection (MIS)
* “If you cannot measure it —you cannot improve it” | '
—Lord Kelvin "

* Inspection is becoming bottleneck for IC production
* New structures need to be developed based on inspectability
* Key enabler: computational MIS, SEM Simulation

* GenlSys VSEM technology is a serious contender | e

(e trajectories in

e Scattering kernels market validated iy [ et
e Charging solved in principal

Monte Carlo

Electric Field Solver

* GenlSys continues to invest large resources into MIs
* ProSEM, SEM Automation

e Die-to-Database inspection platform
e vSEM SEM simulation
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- GenISys /" The Metrology Challenge in Nanofabrication

This is how e Consistent and reliable
you create This Is how SEM measurements are
nano patterns... you measure o
nano patterns..? critical for process

characterization

e Hand-drawn cursors are
subjective, tedious,

. -2 time-consuming,

——= |nconsistent

Images vendor webpages
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Algorithm-based | Advanced Pattern & Aligned CAD Digital Interface
Easy Metrology Batch Processing | Layout Integration | SEM Automation
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> GenlSys / Make ,More” out of your SEM

Automated metrology

e Layout based metrology definition (no scripting!)

digital I/F SEM PC

* Drive SEM stage and acquire image

* Image loading and alignment

* Apply pre-defined measurement automatically

Remote control of SEM
via digital PC interface

Easy to get SEM images

and metrology results
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& Jen. oys -/ Next level ...

Direct SEM control with
hardware integration

Comprehensive full
layout-based workflow

Integrated scanning,
automation and analysis
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E-Beam Process Calibration

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

* prooven for multiple substrates (Si, SiO2, GaAs, InP, ...)
* prooven for typical direct write resists (PMMA, ZEP, HSQ, ...)
* demonstrated for CAR resists (both positive and negative tone)

= o
File Edt View Help
&= PSF e’ {0 -
Save Simulate E-Beam Calibration Store Export
Navigator Calibration
Universal approach for process optimization of chemically amplified g S e =2 _—
Local 30-PSE A ot incl. Bias v Nominal Dose Show Legend
photoresists in electron beam lithography o o e @ — mmmmns
“’““(’f‘““ v @ Use PSF from archive Base Dose ] 100 am, 3
) vw,mM'Y‘::y;m,m:uw 20-PSF: | Substrate_GaAs_Thickness_70| | Archive. Global Archive.. | \ . . ? 100 nen. 2
. . . . . . e MMASOIminnc02| O Use analytical % 1000m, 1
Markus Greul,>" Astrit Shoshi,? Jan Klikovits,” Stephan Martens, * Holger Sailer,? A =Tl - g omox
Olga Barahona?, Benyamin Shnirman,* Leon Starz,* Jan Hofmann,” Patrick Wintrich? o—— : 140- B =i
“Institug fiir Mikroelektronik Stuttgart SdbR, Allmandring 30a, 70569 Stuttgart, Germany Optional coomeat %) w3 0151 : riform clesring [X]
bGenlSys GmbH, Eschenstrafe 66, 82024 Taufkirchen (Munich), Germany = Se—
Resist Contrast: . 120 -
Abstract. A critical factor in the fabrication of complex nano- and microstructures with high quality and Pokcies oo =
reproducibility is the determination of a suitable working point. This applies particularly to lithography, which is the L‘;:’"“:R - dw‘“cl::" 2 =
basis for transferring the desired patterns onto the substrate. For this reason, the following paper presents a generic 00
Lo . . : " ata Propertes
process optimization methodology that has been successfully applied to four chemically amplified positive and 2 :W‘I::Wm"mwwh D Ok
negative tone electron beam lithography photoresists with different sensitivities. The method is iterative and designed = i
. . = . . S " s
for best possible results with a minimum use of resources. This is accomplished by identifying the critical key factors A . . »
. . . . .. .. . . . . Add Dose
in photoresist processing using contrast curves and determining their impact. Starting with the most influential bake T e - o o s ao% =
parameter, the maximum effect is achieved. The method used is similar to the Bossung-plot procedure and aims for a 2 Density [%] 50000 33300 25000 1670 L& @ & 0 L X & % T T
H . . : - 3 Dose [uC/cm*2] Mea. (D [am] Mea. CD [om] Mea. (D [nm] Me: Remove 400 500 600 700
maximum process window. After the bake parameters, the fundamentals of development kinetics are discussed and a x |m 0 m 0 W Nominal Dose [uClcm®2]
method for determining an appropriate development time is presented. A mask making approach is then used to s |60 0 135 ns [ © Pt Settings
. . . o .. . . . . . . 600 138 2 " T
investigate the ideal exposure conditions. This includes the determination of an appropriate base dose in conjunction e 5 = = el R
with proximity effect correction and sizing. The evaluation of this method is demonstrated by critical dimension 8 s 13 106 106 104
. . - . - - . 450 97 8 100 7 Optimize? = = = =
linearity plots and scanning electron microscope cross sectional analysis of resist profiles. The results presented e o - ® s Base Dose [uC/cmA 2} 57955 Pp =0 e = i b Dnion
impressively demonstrate the universality of the optimization approach. n_o 0 0 Prockse b s = 5 5
17 5 n na na
N ) .
Keywords: electron beam lithography, photoresist process optimization, nano- and micro-patterning, photoresist : » L; 2 e e
bake, development, proximity effect correction (PEC), point spread function (PSF). S o Lo ol
Overdose: 1002
*Markus Greul, E-mail: greul@ims-chips.de Max,Fit Density %} 00z
Fit RMS Deviation [nm}: 1814
S 2 (5) Detailed Result Table

Project File : TracerProjecttrcpj *

BEAMeeting Stuttgart 2024



(=, GenlSys

Advancing the Standard

/

Moore’s Law
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Data from: https://en.wikipedia.org/wiki/Transistor _count
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Electron Beam Lithography

"-Beam™

-~ Bulk Energy 3D Resist Development
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~ GenISys / E-Beam 3DPEC & LAB (BushClover)

y=25 [um], blur, filename = 005, 50nm; dose =152

N R

E-Beam 3D, data prep. by BEAMER.
- Compared with LAB simulation.

50nm

£l ¢ e (U)32 50.28x mmd.8 V30.01

Blur
100nm

y=25 [um], Bur, filerame = 045, 150nm; dose = 152

e - BEAMER

150nm

U 1 : : : Stable results are obtained by i _ 5
= BushClover (Mr. Nizeki) ¥ (B =S5 & &

SU8200 ‘IO‘(v)VkV S.émm x8.00k SE(U)V
Dose 152 uC/cm2
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& TSR Simulation of Laser Exposure Process
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Simulated 3D profil
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Layout

Development process
(Crosssection)
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Resist : PMER P-HA 300
pre-bake: 90 °C, 6min

By BushClover
T

<
llllllllll

Laser 3DPEC

1um pixel size DOE for green laser optics.
DOE steps: ca. 200nm
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without correction
Optimize serif size & overlap
influences by simulation

SED 100kV WD103mm  Std.-PC50.0 HighVac. [81x8,000 Rule-OPC
STD 0432 202009 02

/ BEAMeeting Stuttgart 2024 24




@ GenlISys

LAB Simulation : 2um Square Dots

Laser

Resist rl

y [urn]
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—340
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% [um] x [urn]

Simulation is able to predict proper serif size in advance

/ BEAMeeting Stuttgart 2024

25



- /
& Genldys Model-OPC for Projection (Stepper)

Fully automated correction:

G ) @@= MU XD L X
. * |terative process
I * The exposure is modelled at layout edges
z=ostm (fast simulation)
] * Placing of evaluation
AN W points at layout edge

 Compare intensity level
* at taget: no action

* Below or above target:
move edges

3145
x coordinate [um]
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- Gen Sys / Model-OPC for Projection (Stepper)

Fully automated correction:

* |terative process

2=05tum * The exposure is modelled at layout edges
(fast simulation), compared to target

* the layout is modified (shape correction)
to compensate for mismatch

I @EERU 2O B L X e

y coordinate fumj

 Full l[ayout import

75,

37.241; 31

Mouse position [um]: 3152.971,3075. 33 Vi Area [um]: 3125.285, 3037.241;

3145 3150
x coordinate [um]

7 BEAMeeting Stuttgart 2024 27




A

- GenISys Agenda - Wednesday

Nezih Unal / Uli Hofmann Wel 2 GenlSvs Undat _

GenlSys elcome enlSys Update 13:00
Julian Hartb
dian Harbaum Introduction IMS Chips 13:20
IMS

Markus Greul Optimizing chemically amplified photoresist processes in 13-30

IMS electron beam lithography .
Jan Klikovits TRACER calibration for chemically amplified 14-00

GenlSys photoresists '
Kevin Anthony Hofhuis Grayscale lithography in HSQ and the application of 14:20

Paul Scherrer Institut dose gradient shapes :
Coffee Break & IMS Tour 14:40
Dr. Cathelijn van Nisselroy Towards automation and parallelization in thermal 15:30

Heidelberg Instruments Nano AG scanning probe lithography with the NanoFrazor :

Anirudh Peyyety L )
FelEe Application Use Cases of ProSEM 16:00

: Automated Layout-based SEM Metrology

Sven Bauerdick : _

GenlSys with PrloSEM.and INSPEC 16:30
Discussion MIS

Closing 17:30
Relexa Waldhotel Schatten Champagne reception 18:00
Stuttgart Dinner 19:00
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Agenda - Thursday

Jing Beck
NG Docer Loops, Variables, Functions 9:00
GenlSys
Holger Sail
© gﬁ\;lsal er Resolution optimization optical lithography 9:30
Nadia Chabhir Proximity effect correction for e-Beam fabrication of .
: : : . : 10:00
University of Twente Aluminum Oxide waveguides
Coffee Break 10:30
Ji Wei
urg:ﬂnpl o Nanostructuring Lab at the MPI for Solid State Research 11:00
Thomas Michels BEAMER Update 11-30
GenlSys Development Roadmap and Discussion '
Max-Planck-Institut MPI Tour 12:00
Max-Planck-Institut Cafeteria Lunch at MPI 13:15
Open Discussion and User Workshops* 14-00
With Coffee ]
Closing 16:30
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Thank You!

support@genisys-gmbh.com

BEAMER TR

AC

ER

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (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
P4 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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