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=, /
S Genldys Something about photonic

Photonicss the science adenerating
manipulating anddetecting light This
control bridges the gap between science
and soclety by developing new
technologiesusingvariousmaterials
devicestructuresandarrangementsThe
applications range from:

ASensors
ADisplays

ASolar cells
AOptical fibre
AMemory storage

[1] https://en.wikipedia.org/wiki/Solar_cell

[2] https://www.tech-fag.com/photodetector.html

[3] https://www.jenoptik.com/products/opticasystems/opticaprecisioncomponents/diffractiveopticatelementsdoe-microoptics
[4] https://www.agc.com/en/products/electoric/detail/doe_and_diffuser.html /
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> GenISys | o . —/
& e / Fabrication of photonic device

The fabrication of photonic devices Is a multistep process:
ADesign and planning of layout and materials

ASubstrate preparation
ACKAY FAEY RSLIRZAAGAZY O/ 5% a. 9% &LJdzidSN.
APhotoresist coating
APattern definition
A Photolithography
ADeepUV lithography
AEBeam lithography
ALaser direct write
ANanoimprint lithography
ASputtering (liftoff) or etching
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& Genldys OUTLINE

A Introduction

A DesigrCreationandPreparation N

A Pattern definition and example applications cases

ACase 1: Photonic crystals
ACase 2: Waveguides

A Shape fidelity correction
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s GenISys

/
Python Module

1 from LAYOUTpy import =
2 with Database() as dbl, Structure(dbl, 'Testl') as sl: b MOdUIE_s
3 sl.insert(Sbend( (0, ©), (3000, 1000), 100, (1500, 0), P Evaluations
4 sl.insert(Sbend( (0 ,0), (30600, -1080), 100, (1580, ©)
CDNTRDL 5 sl.insert(Path( (3000, 1000), (6000, 1000), 100, layer= b Interface
6 sl.insert(Path((3000, -1000), (5008, -1€00), 100, laye D LayoutPy
. 7 sl.insert(Sbend( (6000, -1000),(9000, 0), 100,(7500, -
E—l EX|t 3 sl.insert(Sbend( (6000, 1000), (9000, 0), 100, (7500, 1 b Math
9 sl.insert(Path((-5000, 0), (0, 0), 100, layer=11)) b GUI
10 sl.insert(Path( (9060, 0), (14000, 0), 100, layer=11))

P Examples
<~ Snippets

|
[

outl = dbl.togobject()

-
(%]

Process
Correction

Verification

S
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S Genlsys Populatingarbitaryshapeswith patterns

Often you will face the challenge to write large areas with a
predefined pattern:

BEAMERIlows:

AA way to generate a unit cell like reference pattern
ATake a given main field size and populate the unit cell intorthatfield

AGenerate a pattern automatically pending on the stencil pattern
dimensions

AGenerate the final pattern using field control and writing control

BEAMeeting 2025 MNE 6



»~ GenISys | | — —/
& TETYS. Grating generation

BEAMERelivers a readyo-use Python code fc
gratinggenerationwith defined:

ATool settings

AGrating parameters

ALayout from user

@ X - 2
1 |

Preview [D> Interactive View

> Modules
2 # A script to generate from an incoming pattern a grating populated outline b Evaluations r
3 # = Interface
4 from LAYOUTpy +import = b LayoutPy
5 dmport math » Math
6 dmport sys > Examples
7 External Libraries
8 Execute files ’
9 GRATING PARAMETERS Y Splitter
10 A hex array
11 angle = 73 # Angle of grating in [°] Spiral Array
12 perpendicular_width 0.085 # Line Width perpendicular [um] ©,085 Vector Array
13 perpendicular_pitch 0.340 # Pitch perpendicular [um] Circle
14 Cross
15 LShape
16 Rectangle LLUR
17 TOOL SETTINGS Rectangle Center
18 Linear Taper
19 subfieldsize = 4 # Subfield Size in [ um ] SBend
20 subfield_usage = 0.9 # factor of subfield usage Pa.thA
21 mainfieldsize = 800 # Mainfield Size in [ um ] DUcA -
_ _ : 5 mGenerate Grating / / /
22 res = 0.01 # Resolution in [ um ] —
=5 Runtime Error
D Snippets
b History
/

n Cancel

B h R

L
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(=, GenlISys - - /

Metalensgeneration

BEAMEREelivers a readyo-useMetalens
Python code with defined:

ATool settings

ALens centralvavelength and focus
Information

> x
Preview [>  Interactive View

n wrcquacron and lens design from: Science 352,1190-1194(2016). DOI:10.1126/science.3 b Modules

2 P Evaluations

3 from LAYOUTpy dmport * b Interface

4 import numpy as np > LayoutPy

5 I Math

6 # Units in [nm] = Examples

7 #--— Lens parameters —-—- External Libraries

8 radius = 120000 #diameter: 240 um..... 14600 Execute files

9 wavelength = 660 Y Splitter

10 focus = 90000 # 90 um A hex array

il Spiral Array

12 #-——— Element parameters ———— Vector Array

13  size_x = 205 #radius in x Circle

14  size_y = 42.5 #radius in y Cross

15 LShape

16  #--—— Tool parameters --—- Rectangle LLUR

17  subfieldSize = 4525 #Set to @ 7f a default of 2 shapes in X and Y is desired R-ectang\e Center WH

18 Mainfield = 60000 #60/um] Linear Taper 1 o L

19 gffh”d %%.%ﬁﬂﬁéﬁ%-ﬁ
20 it
P EllipticArc R e
22 #--—— code start ———- B Ela

Generate Metalens

I Snippets

b History o
iR
i

B

ol
aﬁiﬁ%m%
5 e E
i e 2 5 e e A R
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> GenISys :
S TN / talensgeneration

M

w f N NS\ = |

= fmw /NN~

= | = f N/ NN\

= | = | = J N F\

= | = =/ N7\

= | = =4 N7\

= V= =4~/ N\

= = | = ot

:
X
L T:LE:

i o Design created with settings il
______ ' radius = int(get_gui_parameter('radius', '120000')) #diameter: 240 um m|nd for Subsequent ertlng

wavelength = int(get_gui_parameter('Lambda', '660"))

focus = int(get_gui_parameter('focus', '90000"')) # 90 um

#-——— Element parameters [nm] ——--

size_x = float(get_gui_parameter('Length', '205')) #radius 7n x A TOOl Sett”’]gs
size_y = float(get_gui_parameter('Width', '42.5')) #radius in y

- o A Lens centralvavelength
#-——— Tool parameters [um] —-——- ] _
subfieldSize_um = float(get_gui_parameter('Subfield', '4.525')) #Set to @ and fOCUS |nf0rmat|0n

Mainfield_um = float(get_gui_parameter('Mainfield', '60')) #60/um]

/" BEAMeeting 2025 MNE 9



@ GenlISys

Advancing the Standard

In BEAMER 7.3.0 Python GUI Script is introduc

Python Script

Python GUI Script

Comment

Y

class ExampleDialog(QDialog):
def __init__(self):
super () .__init__()

self.setWindowTitle('Metalens Generator')
self.resize(450, 300)

main_layout = QVBoxlLayout(self)
lens_layout = QHBoxLayout()
elem_proper = QVBoxLayout()
tool = QHBoxLayout()

# Add your parameter controls here

# Lens settings #

first_title = QLabel('lLens parameters [nm]')
first_title.setStyleSheet("font-weight: bold")
main_layout.addWidget (first_title)

lens_layout.addWidget (QLabel('radius'))
self.radius = QLineEdit()
self.radius.setText(get_gui_parameter('radius'’
lens_layout.addWidget(self.radius)

Python Module GUI

«v:  Metalens example G
+

5 Metalens Generator ? X

Lens parameters [nm]

radius 120000| focus 90000 A 550
Element Half-Axis Size [nm]
X-axis
205
y-axis
425
Tool settings [um]
Mainfield 60
Ok | Cancel

Allows to create a custom dialog with access to desired parameter

/ BEAMeeting 2025 MNE 10
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&s Genldys -, OUTLINE

A Introduction
A DesigrCreationand Preparation

A Pattern definition and example applicaions cases]

ACase 1: Photonic crystals
ACase 2: Waveguides

A Shape fidelity correction
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s~ GenlISys - | - /
& TSN/ Advantagesf e-beamlithography
ACapable of very high resolution (a feanomete)

AFlexible technigue works with infinite types of patterns and various of
materials

ADirect exposure from CAD data

31, [4]

R Ui P

AP Sl ot
— o A
'''''

[1] AMO GmbH Germany
[2] NIST CNSTUSA
[3] Weizmann Institute Israel

[4] Stanford University, USA J/ -
; . BEAMeeting 2025 MNE 12
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& Genldys / BEAMER:ithographeis best choice

At SOGNRY o0SIFY aeaiosvya v 720 a?z
ATrialand-error approach to get best base dose for What you want

different processes
ADose variation depends on local area density
AStitching problems for large patterns
ALine edge roughness

ABEAMER overcomes these challenges

AEnabling faster and accurate writing using advancea =
corrections and data preparation techniques

What you get
S w/ data
2N Optimization

[1] University of British Columbia /

/ - BEAMeeting 2025 MNE 13



> GenISys /
& Tenoys - Metasurfaces

AMetasurfacesre two-dimensional
metamaterials that consist of
subwavelength structure arrays

AMetasurfacedind application in
metalensesmetaholograms
structural colours, imaging, sensing
and beam manipulation °

AThe geometry tolerance and
roughness control of the nano
structures determines the final
functionality of the device

[1] https://phys.org/news/2024D9-metasurfaceginy-tech-big-potential.html /

r BEAMeeting 2025 MNE 14
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& Genldys Case 1: Photonic cryst

Complex polygons used in the original 0000 0 0 0
design et et e T Tt

—» Need to get optimairactuing cecesecesssesseseses

BEAMEIRrovides functions to e — Y —  §
optimise fracturing, reducing
resources waste

w/o BEAMER

data optimisation w/ BEAMER data

optimisation

/" BEAMeeting 2025 MNE 15




s> GenISys —/
& Tenioys - Flow overview

Import file t o Create circle
my Y polygon
_ 3 .‘/ Export GDS an Shape Detection
Reduce + Relmport with v Circle/Arc/Ring
Ve rti CeS = crystat (1) (v /

57 crystals (2) v
_+_

[+ Bias v

+
1 2

MINUS & [} Bias(1) &
+ +

Create room

for the rings Merge the

fractured circles
with the larger
circles

1 p
1 Merge “
+

Merge all
together

) P-XOR %4

4
U]  Fracture (1) ¥
4

/" BEAMeeting 2025 MNE 16

Fracture the rings
with Curved
Fracturing

Export to tool
format

1 pA
‘)‘ Merge (1)
+
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&s GenlSys / Flow overview

Import file
Reduce
vertices 9748, Y: 2.1 1 Pick [um] X: 2.1638, Y: 2.367(
prea beriSity: 0.1% Area Density: 0.1%
Bbox [um] LL (1.9420, 2.142 Bbox [um] LL (2.1420, 2.3420),
Create room /[DXF_TOP_crystals //IDXE_TOP_crystals
Poly (L:6(0)} E:1.0000, A [um Circle (L:6(0)| E:1.0000, A [umA]

for the rings

2.2000, Vertices: 20) rles

with the larger
circles

Merge all
together
Fracture the rings

£a—© with Curved
g+ Fracturing

/" BEAMeeting 2025 MNE 17

Export to tool
format




o> GenISys —/
& Tenioys - Flow overview

. =] crystals

Import file Y Create circle

4 Gid ' polygon

Create circle

41 NOT

Reduce +, element
vertices 3 crstals (1)

1 Pick [um] X: 2.1638, Y: 2.367(
Area Density: 0.1%
" Bbox [um] LL (2.1420, 2.3420),
/[DXF_TOP_crystals
E' Bias @ Circle (L:6(0), E:1.0000, A [umA;

'\ [ i Merge the

57 crystals (2)

Create room
for the rings

o > e fractured circles
Merge all 2 with the larger
together D circles
1 Fractwe () Fracture the rings

.t

Export to tool
format

n0—O- with Curved

/" BEAMeeting 2025 MNE 18
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(s, GenlISys V;

Usefulmodulesin BEAMER

AGDS and DXfportwith Shape
detection:

Useful modules

By Configure Quick Access

Shapes maintained during later processing to
Improve PEC correction and fracturing

AGrid

Layout smoothing reduces vertices for curved
structure

AFracture

Tool recognised primitives using different
strategies

Conventional LRFT Curved
Fracturing Fracturing Fracturing

/" BEAMeeting 2025 MNE 19
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& GenlSys Case 2: Waveguide

AlLong and lowosswaveguidesire :
structures designed for restricting the
propagation of electromagnetic or sound
waves in one direction

AlLossesn largearea highresolution
nanostructures waveguide are mainly
due to

AMaterialabsorption

AGeometrydependentscatteringand
reflections
A Sidewall/line edge roughness (LER)
A Stitching errors

[1] Fraunhofer HeinricidertzInstitute / N
y BEAMeeting 2025 MNE 20
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&~ Gen Sys / Useful modules and method

ABulk and sleevstrategy

ABias

A Separating coarse and fine areas optimising
exposure time

AMerge

APutting both regions together for proximity
correction or further processing

APEC

ADose correction

AFields- Assist Layarsage
AFields

AUsing Fields Follow Geometry and Assist Layerto e il ~
detect and optimise writing order of full
WavegL“deS Mwﬁ%—' SSS=== :':I:l:‘:1‘:1’:1’::‘:1‘:1\1‘:1’::‘:1 i

/ BEAMeeting 2025 MNE 21




S~ Genlsys / Precise CD control & short exposure tir

Bulk & Sleevstrategy:
ASplit layout into Bulk & Sleeve regions
ABulkwritten with a high beam current and beam step ¢
(bs9
ASleevewritten with a low beam current aross
AModules
ABias biasing the shapes to create the bulk and overlaj
AMinus create the sleeve
APECperforming dose correction
AExtract separate sleeve & bulk
ABenefits
Ashorter exposure time
Abetter CD control
Aless sensitive to dose error

/ BEAMeeting 2025 MNE 22
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s~ GenISys

Advancing the Standard

|
-

Import file

2.5000 um

" 0.1000 um

Create
sleeve o731 EE—

1
-

Dose correction

Flow overview

Create bulk

4 2.3000 um

1

1 Merge (1)

ooo
osm

|———== =
1 Pick [um] X: -1653 9368, Y- 4089.9063,
Total E:3.0376, Shapes # 2
Area Density: 4.2%
Bbox [um] LL (-2241.8500, 4089.8950), w 1144.8500, h 0.1000
ffBool_Result
Rect (L:1(0), E:1 5188, A umAZ2]: 114 4850, CoG [um]: -1669.
4250, 4089.9450, Vertices: 4)
Bbox [um] LL (-2241.4650, 4087.5700), w 1144.4650, h 2.3500
fBool_Result
Rect (L:0(0), E:1.5188, A [umA2]: 2689.4928, CoG [um]: -1669

Export bulk
(bss 25nm)

2

Create overlap

2.3500 um

"l Extract Bulk
_|_

I3  exported_Bulk
+

[Z  exported_Sleeve
_|_

23
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& Genldys Low edge roughness & low stitching err

Fields modulevith Assist Laygsrovides
optimised writing control for long
waveguides: :
AReduce LER: 9100
AMultipassMode with Sub Field Offset i

AReduce stitching errors: '12000.0440 um

AField TraversdFields Follow Geometry): place _
fields following long contiguous structures | I & ki

AField Sorting witlssist Layeexpose each
waveguide at the time

ABenefits .-

iy il

Alow edge roughness =
Alow stitching errors

EEEEEEEEEEE

7" BEAMeeting 2025 MNE 24
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(s, GenlISys /

~,

=1  waveguide__ex...

Flow overview

Fields

@

=] Fields (2)

N

@

/
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& Genldys SingleLine Strategy for low LE

Fracturemodule withSleevingption uses
SingleLine Smoothing Strategy for better
line edge roughness

© Fractu ® O X
h Previ C B 1 @Q Q
1 Pick Jum] X: 12046.8357, Y: 218.0802,
Zeroline (L:11)
CCCCCC

/" BEAMeeting 2025 MNE 26




& Genldys SingleLine Strategy for low LE

AComparison of 4 strategies:

AFracture without Singleine Smoothing
(Curvedl

ABulk & Sleeve metho®(lk & Sleeye
A1 SingleLine Smoothingl{(SL$
A2 SingleLine Smoothing2(SL$

AAll EBeam Simulatioperformed
under identical conditions:

ABSS: 20nm —— r - >
A Exception: Sleeve: 5nm . > I > . S w i

AEffective blur: 25nm @ > @y o e, o @y ¢ @
A Exception Sleeve: 10nm e - @ - (o] e -

[ Curved [1Bulk & Sleevel™ 1-SLS B 2-SLS

/ BEAMeetin@025 MNE 27
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S Genldys Strategyl: Curved

Key observations:
AHigh line edge roughness

uuuuuu

0030’
jeannd oo
@&‘@4‘0..
Oy
oopop v
O

4‘
A
3 [E] 12082003, 213760, 12042138, 214015

T B UF M C PO
‘
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& Genldys Strategy 2: Bulk & Slee\

AKey observations:

A Significant improvement of line
edge roughness compared to s
StrategyCurved o 4 ==

vvvvvvv

ADrawbacks:

Alncreased process complexity
A Additional Beam switching

A Adds write time overhead and
calibration steps

A Stitching /alignment errors at
Bulk / Sleeve boundary

BEAMeeting 2025 MNE 29
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&/ GenlSys Strategy 3: 3SLS

AKeyobservations

ALargeimprovementof line
edgeroughnessomparedto -
StrategyCurved el

ABenefits:

ANoboundarystitching/
alignmenterrors

A Simplercalibrationand
processcontrol

/" BEAMeeting 2025 MNE 30




. /
&/ GenlSys Strategy 4: BLS

AKey observations:

AFurther reduction of line
edge roughness

ABenefits:
ANo boundary stitching

A Simpler calibration and
process control

ALER approaching Bulk &
Sleeve guality

/" BEAMeeting 2025 MNE 31
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.,
I .
o Genldys Strategy comparisor

Key observations of 4
strategies:

ACurved: High line edge
roughness

ABulk & Sleeve: smoother but
has more process complexity
and stitching errors e

A1-SLS: significant
improvement in smoothness | = ..
compared to strategy Curved - -

A2-SLS: further reduction of
line edge roughness,
approaching Bulk & Sleeve
guality with better process
control

Curved

394, 5] 12085.439, 855 206543942117620  [C] 12065.439, 211708 12065543, 21

Sleeve vs. Curved 1-SLS vs. Curved 2-SLS vs. Curved

/" BEAMeetin@025 MNE 32
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& Genldys SingleLine Strategy for low LE

Conclusion:
A SingleLine Strategy provides low LER with high process simplicity

Strategy comparison

Curved Bulk & Sleeve 1-5LS 2-5LS

B |ER M Complexity B Exposure Time

/" BEAMeeting 2025 MNE 33
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& GenlSys OUTLINE

A Introduction
A DesigrnCreationandPreparation

A Pattern definition and example applications cases

ACase 1: Photonic crystals
ACase 2: Waveguides

A Shape fidelity correction N
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i, /
& Genldys / Shape Fidelity Correctio

For some applications shape fidelity and corner sharpening might
become critical and require additional correction

RPEC

W iy B o WA
; Ly or, Jat! b Jal
, el  MOEMERY  SEeHN  SEeee] HSiemee]
Tk i N y o
ok & N F) |
2 © B B 7
| - _— - - - -
:‘"E._::zf :"“:4‘:?‘ ] Pﬁj?tb} E—:';Jl-ti E::lzj?'ti
‘e L :v e ‘ - 0‘0‘
i i i B i
. - - - . " - o .
be 'T:,;r‘-.:‘:'l I“';‘;P’ B F ’_'.‘;;::'1 e ‘z._, i
e . Ve ) “a
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GenlISys /

Advancing the Standard

No Correction

E-Beam simulation

Effective Blur FWHM [um]
0.030000

/
Standard PEC(

PEC

Fractures with
dose assignments

4

Good result on the edge

Shape fidelity at the
corner still might be
improved

/

/" BEAMeeting 2025 MNE 36
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& Genlsys Corner PEC

29, Rl Dose Assigmens Cornver PI§C introducesvarj
a9R3ISe 2T RSa
, e B and allows to specify
ComeseC () relative doses factors for

Van Outer Corner

edge, bulk corners
individually.

| 20, E-Beam (1)
2+

Inner Corner

/" BEAMeeting 2025 MNE 37
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&S~ GenlSys / Corner PEC

PEC Corner PEC

Edge with dose

/ assignments
| introduced

3 ~ Manually increased

Fractures with dose dose on corners

assignments

/" BEAMeeting 2025 MNE 38




L

With loop there Is
possibility for user to
choose better parameters

()] o
- O _ - O
ic: Eg §‘D ig
» O = O
I I | |
||-x-v- ||-x-v-
()] |
- O _ - O ]
e = | = D
3, %t 3 §t
» O o = O 4
| | | |
||-x-v- )
('] |
= O i§§ o | iiz
e = | o
3,
= O o T
| | | |
II-X-Y- I-X-Y-
d |
= o _ =T ==
e e | e = |
3, 3
,‘D_Q ho_s
| | | |
II—X—Y— II—X—Y—
i (o]
o _ o
[ ] (o= ]
[ — [ J—
| ] | |
II—X—Y— II—X—Y—

/
Corner PEC

d = 0.0197

l' Corner PEC

/
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T, /
S benlsys RuleOPC: changing shape outli

Adding Rul®©PC stey

Allows to improve
shape fidelity even

further
A

RuleOPC allows very flexible manual correction, does
not take exposure effects into account

Lookup tables could be used during correction

/" BEAMeeting 2025 MNE 40




Using Shape PEC

=5} .
20, E-Beam-sim

+

| /
ShapePEC
Shape P_EC prow_des Bl e
automatic correction, @1 10
adjusting doses and S Sheperbec

moves edges to get
better results

/" BEAMeeting 2025 MNE 41




 GenlSys ' ‘ ShapePEC

Behaviour X-axis Logarithmic Quadratic Linear
Correction Layer Selection
Layer(s) Behaviour Y-axis Logarithmic Linear

*

@ Short Range
PSF Representation @ Long Range

Archive Gaussian Approximation Numerical PSF
PSF File Name: 3
e
datadata\2023\2023-03--BEAMeeting\FINAL-flows\Si_ZEP520_40nm_100kV_z10nm.lpsf Browse kal
-
Effective Short Range Blur FWHM[um]
= V.0 1
: 1 - TRACER
h |
H

.. Effective Short range Bl

AddGamma[um]  1.000000 .

Application Note

TRACER

- Advancing the Standard
o
< GenlISys

Lateral Development Cor...

0.001

Dose Factor

Full Process Calibration using TRACER:

1.000000 > 1.0 means Overdose/Undersize B
Seperation at 0.130192 um EXperimental Procedure

An optimized e-beam lithography data preparation process must consider process effects beyond the
electron energy distribution point spread function (PSF) as computed by TRACER. These process effects
include density-dependent development rate changes, resist lateral development, and size bias due to
process or metrology. It is possible to characterize and subsequently correct these effects using a set of
empirical measurements. This note describes the experimental procedure and data analysis necessary for
such a Full Process Calibration.
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GenlISys

Advancing the Standard

/

Dose Assignment
Dose Class Definition

Accuracy

Accuracy [%]
1.000000

User Defined

Maximum Number Of Dose Classes

256

Minimum Dose Factor

Maximum Dose Factor

0.100000 10.000000
Fracturing
Isodose Grid [um] Minimum Figure Size
0.010000 Userdefined s
Long Range Min. Figure Size [um] Short Range Min. Figure Size [um]
0.01 0.01
Geometry
Minimum Segment Length [um]
0.01  Automatic
Shift Step Size [um] Maximum Shift Inside [um]
0.001000 -0.100000
Maximum Shift Outside [um] Bias Type
0.100000  All Angle v

| /
ShapePEC

I Exctract
(R
Shape-PEC-1
Vil 0

<+ (Correction control
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E-beam lithography of features using BEAMER corner-PEC and lower temperature bake
of HSQ- (a) L shapes, (b) right angled triangles, (c) squares and (d) hexagons.
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