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" bt b / | About GenlSys

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

Company:
eFounded in 2005

*Headquartered in Munich, Germany
e Expert team for lithography software development

*Subsidiaries in USA-California, Japan-Yokohama
*Global Technical Support
*Fast, Flexible, Responsive
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Electron and Laser Beam Direct Write Software
*Market leader for Gaussian beam direct write systems
*|nstalled at most major nano-fabrication centers worldwide
*Has become a MUST for advanced e-beam lithography

BEAMER

Monte Carlo simulation software
*VIC- Simulation of electron distribution for e-beam lithography modeling and correction
*Process Calibration, PSF visualization, extraction and management TRAC?R

3D lithography simulation & OPC software

*Proximity Lithography (mask aligner) & Projection Lithography (stepper / scanner)
*Electron Beam Lithography

eLaser Beam Lithography (Heidelberg Instruments laser systems)

SEM Image Analysis & Metrology

*Metrology software for SEM T

2021.02.24 - Web Seminar 3



i,

- > GenlISys

Advancing the Standard

, Installed Base
> 500 commercial licenses in World Wide

an H 4 e
e > 230 BEAMER (83 EU, 80 APAC, 70 US/CA) g ARVARD reonnc® @Y Caltech
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* 30 ProSEM G| lii Temaog @Penn
Tech UNIVERSITY f WASHINGTON I')[JR]),I
BB UNIVERSITY OF — inte \ 0 PURT UE
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€ Tyndall y

Forschungszentr UNIVERSIT
E Tz Southampion | o7 danchip
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%Ffaunhofé; | 'i"UD P B [;a] N

* Major nanofabrication center worldwide
* Universities, Research Center

* Industrial R&D and special production

 Advanced FPD manufacturer |
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« Standard binary laser lithography sounds
rather ,simple” (compared to greyscale)

 Increase the intensity above dose to
clear of the resist

» Resist will be cleared in exposed area,
remain on unexposed area (for positive
resist)

Greyscale vs. Binary

Grayscale '‘Standard’ Binary
Lithography Lithography

Cut-off
intensity

[
Ll

Substrate w

d
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« Unfortunately nothing is binary in lithography

Beam has a ,blur” (shape) which spreads the
intensity radially, not necessaraly radial-
symetric

Exposure is on a pixel grid, typicall much
smaller than the beam

x/y dependency by scan / step

Beam is focused to one plane, depth of focus is
NA dependent (write head)

Resist is not fully transparent, mostly bleaching,
leading to depth dependent intensity

e ...Scan direction
dependency

Proximity & Process Efects

Y L}
X Top View

X-y may be different
(not to scale!)

e ...larger than the pixel size z ‘

e Side View

e ...not constant along z-axis

/
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« Unfortunately nothing is binary in lithography

* Resistis not ,digital, most laser resists Develope
are quite low contrast

* Dissolution rate depends on local ' Ideal = ‘ l«f \l‘ :

GenlISys /

Advancing the Standard / PrOXimity & Process EfeCtS

intensity 3D  SEEDN I T
 Lateral development
» Depth dependent development time

» Resist development loading effects
* Macro-loading (very large area)
* Micro-loading (very small area) x  Side View

Developer front moving to all direction
— lateral development

Exposure result:
Dimension (CD), feature fidelity (e.g. corner rounding), profile (sidewall angle)
depends on target layout and both tool and process parameters
/
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Analysis using 3D Laser Simulation

Laser
Exposure

/ 3D Resist

Bulk Intensity 3D
Concentration

/
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&7 UEN Optical Proximity Effects

« Small Beam Size (0.4 um)

2021.02.24 - Web Seminar



,~ GenISys |, |
= viivemivt b Optical Proximity Effects

 Medium Beam Size (0.8um)
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« Large Beam Size (1.2um)
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Rule OPC & Model OPC #1E®D Z 2N _
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CD variation

|
° T H i |
Size > CD Imearlty Reference Process __
* Density = Iso-dense bias = S —
|
« X-, Y- direction 200
« Angle dependent 100 M ]
: a
£ 0 ’-
_é 0 500 1000 -‘ji 1500 2000 25p0np =@ horizontal iso-line
g S | =—#— harizontal iso-space
_ED ~100 !fi ! horizontal line/space
-200 :; i

f
i [
i
-300 -
'
£
/
- i
i
1 ,Ir
N
_

-400
Designed CD (nm)

Resolution Iso-dense Bias
limit

source:
IMS Chips Stuttgart

-.__‘__
&
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Reference Process

-100

-200

BEAMER LAB

Rule Based OPC

Rule based Process Correction

General  Signal Definitions  Label/Comment

K | Hierarchical P

€ Size [um] Min Segment Size [um] | 0.1000(
Sice )

n Dependence Param | Scenario | Con
~ | AnySegment true

Actian

Senf
Hammerhead
Bar

Eias [um]

2 0.000000
1 0.05
0.5 0.1

0.15

LineEnd
AnySegment
Corner

AnySegment

LongSegment
Corner

Line/Space End
SmallFigure
InnerCorner
CluterCorner
LineEnd
Spaceknd
SmallHole
SmallDot

AnySegment

true
true
true

true

/
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& rsvancng ve fras /- Application of Shape - OPC

Experimental CD linearity after pattern correction (step size: 10nm) Reference Process

300 300

200 200 WWO’W

P e aniRat MR
100 /lm/

£
@ 0 = 00—
E 0 500 1000 1500 2000 —é—hﬂﬂlf{ﬂtﬂl iso-line 500 1000 1500 2000 2500
2 —e&- horizontal iso-space
< 100 - -100
horizontal line/space

-200

-300 /_._/—Av—v"_/

-400 -400

Designed CD (nm) Designed CD (nm)

After correction
« CD linearity is improved, esspecially for iso
 |so-dense bias is largely corrected

» Resolution limit is improved to print 500nm )
/ 2021.02.24 - Web Seminar
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LongSegment

[ Corner

Layout Segmentation

m—)

15t section of parameters used to split
layout to segments

Layer(s) |" | E Hierarchical Procng

Min Free Edge Size [um] ‘ 0.050000 | Min Segrent Size [urn] | 0.100000 |

Min Corner Size [um] | 0.150000 |

Softframe [um] [ 0.000000 |

—

Rule-OPC process

Applying rules

2"d section of parameters — table of rules
determines changes for each segment

2021.02.24 - Web Seminar
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I Actiot Dependence Faramn Scenario Conditian /V Ve rt | Ca | | | nes |S @)
[Bias co LongSegment distin/(distln + distQut) < 0.23 and ((z
Bias ch Corner distln/{distln + distOut) = 0.23 and (&

Vertical lines with 'smaller distance to neighbor
Seif . OueComer  tme

Serifs added for outer corners

Condition | distin/{distln + distQut) < 0.25 and ({absangle

CO [um] Bias [um] ~
0.250000 0.074351 Bias
0.350000 0.073052
0.500000 0.068322
0.575000 0.068919
0.650000 0.066211 v
Import... ” Inzert H Delete

\ J
/ 2021.02.24 - Web Seminar




»~ GenISys

Advancing the Standard

q orner Enhancement Example

Exposed
Design structure _ R ‘ ,
No OPC RuleOPC [ — — — REEEEIE
_, Without ' , 4 : ._
OPC
—> With
OPC

e
Serifs

1 um Squares

2021.02.24 - Web Seminar MASKER Introduction
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e NAFVBBHICEITHEEMEL, IRRICKDFIRANDEE
Rule OPC & Model OPC #1E®D T8/
* Rule OPC: [#RFf1E] [a—F—%I1E]

. Model OPC : BXMIERE FILIC & 22 RMEE _
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Self consistent edge equalization method

___________
_____________

—_——"‘———L_________?- ———————————————————————————————————————————

Each bias adds or subtracts exposed area:
energy at the evaluation point is changed until
a self consistent solution has been found.

2021.02.24 - Web Seminar
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To solve:
Intensity at layout edges are not equal
» resist edge does not match layout edge

-

+

=4

_|

In a DRC step all edge segments
are analyzed for the CD and
distance to adjacent shapes.
A set of representative evaluation

__» Move edges locally to get equal intensity _points (+) is defined.

All segments with eval points
are moved iteratively to adjust
Intensity at target layout edge
to get equal
) :

2021.02.24 - Web Seminar
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pdvancing e Sandas /- Model-based correction

- convolution kernel already corrects for major effects
— CD-Linearity loss is an indicator for laser spot size WG. @
- Flare is added as a constant packground | Exposure on DWL sy a U
— Overdose accounts for out-of-isofocal process points MPG in Munich - Ge =~/

(contrast enhancement)
« Other terms that could be easily added

- Longer-range blur to account for process contributions
- Elliptical spots to account for X-Y (scan/stepping) differences

/ y
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pavancing e sancara /. Laser Gray Scale Application

+ Large variaty of application need 3D MEMS, MOEMS

Diﬁ‘usery

-
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Courtesy of IGI

/ Courtesy of IMS
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* The beam intensity is

AT . !
X Top View

X Side View

- ...larger than the pixel size- ...not constant along z-axis Developer front moving to all
(not to scale) direction — lateral
development

Output topography strongly depends on target
geometry and both tool and process parameters

s
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Advancing the Standard / Gray Scale Exposure

. Light ab rpmn in PT?
1 fT l vie ‘ N TFI UV light distribution
" UV light distribution - \ \
R g ﬁ%‘ﬁ%ﬂ 3: Eﬁﬁ EXpotsed
%ﬁﬁ"‘" R

resist
« Modify how energy is distributed into gray levels

F IS a non- Ilneal Tri)ge‘SS* ,,,,,, ey ”i

<5 75 S 75/

S =

5 50- ? 50

Q

G 25 & 25
0 w ; 0 : .
0 100 200 0 100 200

Gray Value Gray Value
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Advancing the Standard / Laser Grey-Tone Correction

Experimental / iterative approach

MEASURE GEOMETRY AND
COMPARE TQ TARGET.

.:tion applied in
/

/ 2021.02.24 - Web Seminar




@GenISys . /
Advancing the Standard / Laser Grey-Tone Correction

Experimental / iterative approach

WORKS QUITE WELL, BUT...
MEASURE GEOMETRY AND e ... Can be very time consuming
COMPARE TQ TARGET.
d
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BEAMER offers a streamlined
workflow to prepare exposure data for
generating 3D resist profiles:

-Import PNG or GDS with target resist
heights

-lmport resist contrast curve

-Output: Corrected data in native
Heidelberg Instruments machine-
readable format. No further data

preparation required for exposure

Contrast curve

£
3
£ -

Laser Grey-Tone Correction

aaaaaaaaa

Model Based Approach

Target profile
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Walfer stack
» Substrate: 4" glass plate (soda lime)
* Resist: 2.2um of AZ1512HS

Exposure
« DWL66+ Write Mode Il and optical aut
* 1% (filter) of 230mW (405nm diode la¢

Development
* Developed with AZ726MIF 3min. @21

Measurement
« confocal microscope (Nanofocus)

Remaining Resist [pum]

o
m

1,8

1,6

=
i

=
=]

[

=
1]

=
i

0,2

Laser Example Process

Contrast Curve

EH\

¥ Dose
0.000000000
0.035%215686
0.078431373
0.117647055
0.156862745
0.1%6078431
0.2352%4118
0.274509804
0.305882353
0.35294117¢
0.352156863
0.431372545%
0.470588235
0.50%803522
0.545015608
0.588235254
0.62745058
0.66EGEEEEET
0.705882353
0.7450980359
0.784313725
0.82352%5412
0.862745058
0.501%60784
0.541176471

0.55294117¢
0.560000000
1.000000000

¥ Remaining resist [um]

1.977904402
1.572304427
1.925308975
1.855677802
1.75818985
1.64344109
1.517545345
1.38606885
1.280121e52
1.124758517
1.0015%5573¢
0.887691385
0.783107333
0.688645854
0.603936834
0.527558712
0.455197359
0.3%5841481
0.336014773
0.278044757
0.220768557
0.163875053
0.1082839e7
0.056561883
0.013374647
0.003050e683
0.001

0.0

0,1

0,2

0,3

0,4

0,5

0,6 0,7

Relative Dose

7

2021.02.24 - Web Seminar

0,8

0,9




GenlISys /

Advancing the Standarc / Exposure data after correction

Correction is including
the proximity area




Fresnel Lens

(s, GenlISys /

“RESNEL LENS PROFILE

80 100 120 140 160 180 200
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HIMT conventional

BEAMER is significantly better for the DOE.

o, GenISys
Q Advancing the Standard / DOE — 3.2 IJm SquareS/PIXG|S

with BEAMER
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&7 TS / 3D-PEC : Design Example

T~ T T

resist

substrate

rd
/ 2021.02.24 - Web Seminar
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AdvancingtheStandard/ 3D_PEC . DeS|gn Example

I

resist

substrate

CAD layer 1 2
or Bitmap

J
/ 2021.02.24 - Web Seminar
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N Lae

File Edit View Help

< EE t & O ME NN GC =y E |« P

Cut Copy Paste Up Save  \Variables Fun  RumnTo Cancel  Pause Resumme  Reset Material Database | Flow Setup  Results Detach

Modules  Variables Flow Libraries Examples BG_simulation_Lab.Iftxt X

jLayout & Data Handling

==
a [=}
| xport | Export 3D InLEDE M

Simulation
Layout Operatign o

n
e | o | e
o | or | w
or | rror | vws
e | o |

MaduleInfo  LogInfo Error/Warnings

Control

Import C¥Users¥shimizu¥Desktop¥Use Files¥Laser Lithography¥2017-05-18--internal--Heidelberg_Example-Flow¥Flow for LAB¥BG_steps_3DPEC_90deg.ldb
St Fle type: LEDB il

Exposure

Lazer exposure

View Area [um]: -39.314, -9.644; 41,607, 11.708

d
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N Lae

File Edit View Help

< EE t & O ME NN GC =y E |« P

Cut Copy Paste Up Save  \Variables Fun  RumnTo Cancel  Pause Resumme  Reset Material Database | Flow Setup  Results Detach

Modules  Variables Flow Libraries Examples BG_simulation_Lab.Iftxt 3¢

jLayout & Data Handling

==
a [=}
| xport | Export 3D InLEDE M

Simulation

E-Beam 3D Etching
Metrology | Model-OPC § Rule-OPC

Layout Operatign

[eract | tsiom | o
n

e | o | e

o | or | w

or | rror | vws

e | o |

MaduleInfo  LogInfo Error/Warnings \

A}

\
- m Import G¥Users¥shimizu¥Desktop¥Use Files¥Laser Lithography¥2017-05-18--internal--Heidglber
(LT File type: LEDB file \

Exposure ‘

Lazer exposure

Control

View Area [um]: -39.314, -9.644; 41,607, 11.708

d
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N Lae

File Edit View Help

< EE t & O ME NN GC =y E |« P

Cut Copy Paste Up Save  \Variables Fun  RumnTo Cancel  Pause Resumme  Reset Material Database | Flow Setup  Results Detach

Modules  Variables Flow Libraries Examples BG_simulation_Lab.Iftxt 3¢

jLayout & Data Handling

==
a [=}
| xport | Export 3D InLEDE M

Simulation

E-Beam 3D Etching
Metrology | Model-OPC § Rule-OPC

Layout Operatign

[eract | tsiom | o
n

e | o | e

o | or | w

or | rror | vws

e | o |

MaduleInfo  LogInfo Error/Warnings

Control

Import C¥Users¥shimizu¥Desktop¥Use Files¥Laser Lithography¥2017-05-18--internal--Heidelberg_Example-Flow¥Flow for LAB¥BG_steps_3DPEC_90deg.ldb
St Fle type: LEDB il

Exposure

Lazer exposure

View Area [um]: -39.314, -9.644; 41,607, 11.708

d
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LAB Simulation

L X MR&KR I 2L — 3V

115

v [urm]
110

105

20 30 40 a0 g0

% [um]
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without correction

2um Square Dots

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [21x8,000
STD 0432 2020 09 02

Corner Rounding = 0.65 um (av.)

2021.02.24 - Web Seminar
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@ Advancing the S¥dard / 2L|m Square DOtS

without correction 200nm Serif with 70% overlap

200nm

SED 100kV WD103mm  Std.-PC50.0 HighVac. [81x8,000 Rule-OPC
STD 0432 2020 09 02

Corner Rounding = 0.65 um (av.)

/

/ 2021.02.24 - Web Seminar
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@ Advancing the S¥dard / 2L|m Square DOtS

without correction 200nm Serif with 70% overlap

200nm

-

Overlap
200nm x 70%

SED 100kV WD103mm  Std.-PC50.0 HighVac. [81x8,000 Rule-OPC
STD 0432 2020 09 02

Corner Rounding = 0.65 um (av.)

/

/ 2021.02.24 - Web Seminar
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Advancing the Standard 2um Square Dots
without correction 200nm Serif with 70% overlap

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [21x8,000 SED 10.0kV WD 10.1 mm  Std.-PC50.0 HighVac. [21x8,000
STD 0432 2020 09 02 STD 0743 2020 09 03

Corner Rounding = 0.65 um (av.)

2021.02.24 - Web Seminar




g‘" GenlISys

Advancing the Standard 2um Square Dots
without correction 200nm Serif with 70% overlap

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [21x8,000 SED 10.0kV WD 10.1 mm  Std.-PC50.0 HighVac. [21x8,000
STD 0432 2020 09 02 STD 0743 2020 09 03

Corner Rounding = 0.65 um (av.) # Corner Rounding = 0.56 um (av.)

2021.02.24 - Web Seminar
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g Advancing the S¥dard / 2L|m Square DOtS

without correction

200nm

i\%www*‘“

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

/

/' 2021.02.24 - Web Seminar
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without correction

SED 100kV WD 103 mm  Std.-PC50.0 HighVac. [21x8,000
STD 0432 2020 09 02

2um Square Dots

/

350nm

Rule-OPC

2021.02.24 - Web Seminar



i
GenlISys /
g Advancing the S¥dard / 2L|m Square DOtS

without correction

Aim is to see serif size & overlap
influences by experiment

350nm

i\%www*‘“

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

/

/' 2021.02.24 - Web Seminar
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> 2um Square
350nm Serif with 60% overlap

Advancing the Standard

without correction

Std.-PC 50.0 HighVac. [1x8,000

" 4
z‘r
£
&
#
3
|

10.0 kv WD 10.3 mm
0352 2020 09 01

10.0 kv WD 10.3 mm  Std.-PC50.0 HighVac. [21x8,000

0432 2020 09 02
2021.02.24 - Web Seminar
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Advancing the Standard 2um Square Dots
without correction 350nm Serif with 60% overlap

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [21x8,000 SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [1x8,000
STD 0432 2020 09 02 STD 0352 2020 09 01

Overshooting correction

2021.02.24 - Web Seminar
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Pattern with Corner Serifs

N
N

N
N
N

LAB Simulation : 2um Square Dots
350nm Serif with 60% overlap

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [S1x8,000
STD 0352 2020 09 01

Overshooting correction

2021.02.24 - Web Seminar
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povaneing he standare LAB Simulation : 2um Square Dots
Absorbed Energy (405nm) 350nm Serif with 60% overlap

-3398

-3400

—-3402

v [um]
-3406 -3404

—-3408

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [S1x8,000
STD 0352 2020 09 01

-3410

10093 10100 10102 10104 10106 10108 10110

(B Overshooting correction

2021.02.24 - Web Seminar
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Advancing the Sfandard LAB Simulation : 2um Square Dots

3D Resist View 350nm Serif with 60% overlap

In GDSII Fa

SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [21x8,000
STD 0352 2020 09 01

Overshooting correction
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Advancing the Sfandare LAB Simulation : 2um Square Dots

Resist Contour 350nm Serif with 60% overlap

z =045 [um]
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SED 10.0kV WD 103 mm  Std.-PC50.0 HighVac. [1x8,000
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Overshooting correction
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350nm Serif with 60% overlap 200nm Serif with 70% overlap
z =045 [um] z =045 [um]
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Advancing the Standard /! LAB Simulation : 2um Square Dots
350nm Serif with 60% overlap 200nm Serif with 70% overlap
z =045 [um] z =045 [um]
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Advancing the Standard /! LAB Simulation : 2um Square Dots
350nm Serif with 60% overlap 200nm Serif with 70% overlap
z =045 [um] z =045 [um]
Resr_:t rl ! : : : ] : : :
. 18054 18096 18098 lB[L[::; 18102 18104 18106
Simulation is able to predict proper serif size in advance
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Rule OPC & Model OPC #51F
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Summary

Advancing the Standard
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