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IMT = GenlSys Cooperation

Heidelberg Instruments and GenlSys Announce
Cooperation on Maskless Laser Lithography

HEIDELBERG
= INSTRUMENTS

HEIDELBERG

iINSTRUMENTS

Heidelberg, GERMANY, October 21, 2014 — Heidelberg
Instruments, a leading supplier of equipment and process
solutions for laser lithography related markets and GenlSys
GmbH, a provider of high-performance software solutions
for nanoscale fabrication, today announced a cooperation
agreement to combine the Heidelberg Instruments laser
lithography tools with the GenlSys data-preparation,
simulation and process correction software packages of
BEAMER™ and LAB™.

Within the cooperation GenlSys BEAMER™ has been
adapted to support Heidelberg Instruments laser exposure
systems with advanced layout data preparation. The 3D
simulation software LAB™ has been extended to model the
exposure of HIMT laser systems in 3D, enabling a
subsequent simulation of the resist process. Both parties
have joined forces to market the Heidelberg systems with
the GenlSys lithography software packages. The
combination of advanced lithography equipment and
powerful data preparation, simulation and process
correction software is a key success factor for cost effective
process and device development for the end user.
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& Genldys ~ About GenlSys

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

Company:
eFounded in 2005

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

*Subsidiaries in USA-California, Japan-Yokohama
*Global Technical Support
*Fast, Flexible, Responsive

s "'-“",. ! i : v
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@ y / Products

BEAMER

deling and correction

TRACER

vy (stepper / scanner)

s) L»&B

SEM Image Analysis & Metrology
*Metrology software for SEM

Pro SE'M
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Advancing the Standard__/ QOur customers
> 500 commercial licenses in World Wide _
> 230 BEAMER (83 EU, 80 APAC, 70 US/CA) United States & Canada
: EligoLZEACER Asia-Pacific &Japan ENE. Ge%g%'ﬁg m
* 30 ProSEM o (Al%qwl:.‘:'n
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De facto standard EBL software for Gaussian tools
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e 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
Lithography

e

A 4

'‘Standard' Binary
Lithography

Cut-off
intensity

Substrate w

[
>
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e Unfortunately nothing is binary in lithography

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

symetric
e Exposure is on a pixel grid, typicall much
smaller than the beam YL
* x/y dependency by scan / step > Top View
* Beam is focused to one plane, depth of « ..larger than the pixel size z
focus is NA dependent (write head) x-y may be different ‘
e Resist is not fully transparent, mostly (notto scalel) x  Side View
bleaching, leading to depth dependent
intenSity e ..Scandirection

dependency

/2022.03.11 AIST Maskless Seminar 10
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\

Laser
Exposure

/ 3D Resist

3D

Bulk Intensity 3D
Concentration
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& e Optical Proximity Effects

e Small Beam Size (0.4 pum)
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& e Optical Proximity Effects

 Midium Beam Size (0.8 um)
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&7 e, Optical Proximity Effects

e Large Beam Size (1.2 um)
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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.

2022.03.11 AIST Maskless Seminar
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To solve:

Intensity at layout edges are not equal
» resist edge does not match layout edge

Shape PEC / Model OPC 'principle

I

_|

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

n L
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» Move edges locally to get equal intensity  points (+) is defined.
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All segments with eval points

are moved iteratively to adjust
Intensity at target layout edge
to get equal
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Model Based Correction for L&S

Short and Mid-range effects are corrected by modifying the

layout (instead dose modulation)
Same supports OPC for laser writing
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e-beam shape correction
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Laser OPC

BEAMER
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In GDSII Wm

Out GDSII W|

Model Based Correction for L&S

Shape Proximity Effect Correction

General Accuracy Advanced Label/Comme

Correction Layer Selection

Layeris) | "

Tool

O E-Beam

Laser Beam Size FWHM [um] | 0.8 I

Dose Factor | 1.5

Shape Proximity Effect Correction O

General Accuracy Advanced  |abel/Comment Quick Access

s

Opticns
(®) Overdose/Undersize () Shape

[JWrite Convergency Information in additional Layer

[]Blur Dependency of Shape Blur Variability...

[JProcess Loading Effects Loading Settings...
[[JEtch Bias Open Area inside Etch Settings Inside...
[[J Etch Bias Open Area outside Etch Settings Qutside...
[] Etch Bias Contrast Etch Settings 2...
[J Etch Bias Curvature Etch Settings 3...
[]Etch Bias Density Etch Settings Density...
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In GDSII Wm

Out GDSII W|

Model Based Correction for L&S

Shape Proximity Effect Correction

General Accuracy Advanced Label/Comme

—)

Correction Layer Selection

Layeris) | "

Shape Proximity Effect Correction O

General Accuracy Advanced  |abel/Comment Quick Access

s

Tool

O E-Beam

Laser Beam Size FWHM [um] | 0.8 I

Dose Factor | 1.5

Opticns
(®) Overdose/Undersize () Shape

[JProcess Loading Effects Loading Settings...

[[JEtch Bias Open Area inside

[[J Etch Bias Open Area outside Etch Settings Qutside...
[] Etch Bias Contrast Etch Settings 2...
[J Etch Bias Curvature Etch Settings 3...
[]Etch Bias Density Etch Settings Density...

[JWrite Convergency Information in additional Layer

[]Blur Dependency of Shape Blur Variability...

Etch Settings Inside...

‘ Shape-PEC |
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ProSEM - Batch Mode Measurement

B (el &L L Ui ]
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SEM Image Lines B Spaces Table
Image Group IO Meazurement ID | validation | CD Mean[um] | CO StdDew{um] | GO Min[um] | CC Max{um] | Quality | EO Fit Error Mean[um] | EQ Fit Error StdDewum] | EOQ LER 3-Sigmalum]
Dose_080 |Lines & Spaces |M_1 Success  0,2082 0,0007 0,2064 0.2101 09953 | QL0006 00,0004 MLAL
Dose_100 |Lines & Spaces |M_1 Success  0,2243 00,0008 02215 0.2265 09930 | 0.0006 0.0005 M.AL
Dose_120 |Lines & Spaces |M_1 Success 02373 00,0006 02353 02391 09964 |0.0005 00004 M. AL =
Dose_140 | Lines & Spaces |M_1 Success | 0.2402 0.0008 0.2381 0.2423 09957 0.0005 0.0004 M. A Pro SEM
Dose_160 |Lines & Spaces |M_1 Success  0,2443 0,0007 02423 02461 09951 QL0005 00004 M. AL
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Results

-®-1um Model -1um no Correction

04 -@2um Model -8-2um no Correction LIine W|dth:
E 0.35 -@10um Model 48-10um no Correction 1,2 and 1T0um
-
~— 0.3
O
@) 0.25
-
O 0.2
O Exposure : MLA 150
e 0.15 _
= write head = 4mm,
O 0.1

80mJ/cm?

Resist : AZ1500 positive,
500 nm thickness.

Target CD

0.05 on Cr/SiO2 substrate
0.1
-0.15 Development : AZ 400K
so-line  1:10 135 1.3 1.1 Pad (1:4 dilution) for 1 min.
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Target CD

Difference (um)

©-1um Model - 1um no Correction
0.4 -@2um Model -2um no Correction
035 -@10um Model 8- 10um no Correction

iso-line 1:10 1:5 1:3 1:1 Pad

Results

Line width:
1.2 and 10um

No correction

Model based
correction

Model correction results in improved CD linearity in the
various CD and pattern density range.
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CD variation

 Size = CD linearity

e Density =2 Iso-dense bias
e X-, Y-direction

* Angle dependent

CD deviation (nm)

Laser Binary Exposure & Process Distorsion

]
|
]
|
Reference Process S
300 |
]
]
200 W
W
100 : ]
I
I
|
0 !
0 500 1000 S 1500 2000 2500 —@—horizontaliso-line
|
_;* I =—#—horizontal iso-space
-100 Lo . _
I" \ == haorizontal line/space
; :
§ |
-200 ¢ i
J'J !
; I
£
-300 -
'
r
4
- )
-400 S ‘
v N Designed CD (nm)
- ’
) I
I ..F
Resolution |Iso-dense Bias Source:
limit

IMS Chips Stuttgart
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-100

-200

BEAMER

Reference Process

LAB

Rule based Process Correction

General  Signal Definitions  Label/Comment
€ Size [um] Min Segment Size [um] | 0.1000(
S o

Dependence Param | Scenario | Con
~ | AnySegment true

Hierarchical P

Actian

Senf
Hammerhead
Bar

Eias [um]

2 0.000000
1 0.05
0.5 0.1

0.15

Rule Based OPC

LineEnd true
AnySegment true
Corner true
AnySegment ~ | true
LongSegment

Corner

Line/Space End
SmallFigure
InnerCorner

CluterCorner
LineEnd
Spaceknd
SmallHole
SmallDot

AnySegment

/2022.03.11 AIST Maskless Seminar
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Application of Shape - OPC

Axis Title

300

200

100

-100

-200

-300

-400

Experimental CD linearity after pattern correction (step size: 10nm) Reference Process
300

200 wk"‘—w

P e aniRat MR
/lm/

£
- 0
500 1000 1500 2000 2500 —é—hﬂﬂlf{lﬂﬂ' iso-line 500 1000 1500 2000 2500
—e&- horizontal iso-space

L -100

=
horizontal line/space .
-400

Designed CD (nm) Designed CD (nm)

After correction

e CD linearity is improved, esspecially for iso

Source:

* |so-dense bias is largely corrected IMS Chips Stuttgart
e Resolution limit is improved to print 500nm

/2022.03.11 AIST Maskless Seminar
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Corners are rounded
One common solution is to add Serifs at each corner

CAD

[d

Corner Corrections

Modified Design
=1

all

/2022.03.11 AIST Maskless Seminar
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Rule based Process Correction El.l h_ﬂp{: EXpOSGd

General  Advanced Signal Definitions  Label/Comment Quick Access DeS|gn structure
Layer(s) | *I
Without
—>
OPC
Min Free Edge Size [um] | 0.050000 | Min Segment Size [um] | 0, 100000
Min Corner Size [um] | 0.150000 | Max Segrment Size [um] | 1000000000000
[] Bias Limit [um] 0.000000
Action Dependence Param Scenatio Con dition With
Serif = Corner —> OPC
Type of Serif Manhattan W
Min Edge Length [um] | 0.010000 \ 7
Min Distance [um)] 0,055000 SerlfS
Size [um] 0.050000
Chverlap [um] 0.010000
Condition true

/2022.03.11 AIST Maskless Seminar 31
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without correction

2Uum Squares

2Uum Square Dots
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without correction

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

Corner Rounding = 0.65 um (av.)

2022.03.11 AIST Maskless Seminar 33
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without correction 200nm Serif with 70% overlap

, N—

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

Corner Rounding = 0.65 um (av.)

/2022.03.11 AIST Maskless Seminar 34
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without correction 200nm Serif with 70% overlap

200nm

-

Overlap
200nm x 70%

meff""w o

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

Corner Rounding = 0.65 um (av.)

/2022.03.11 AIST Maskless Seminar 35
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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.)

2022.03.11 AIST Maskless Seminar 36
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without correction

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

| /
2Uum Square Dots

350nm

Rule-OPC

/2022.03.11 AIST Maskless Seminar 37
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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

2022.03.11 AIST Maskless Seminar 38
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& TEOYS, LAB Simulation : 2um Square Dots

Pattern with Corner Serifs 350nm Serif with 60% overlap

| | | |
| i cosu ]

N
.
.

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

Overshooting correction

2022.03.11 AIST Maskless Seminar 39
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& TEOYS, LAB Simulation : 2um Square Dots

Absorbed Energy (405nm) 350nm Serif with 60% overlap

-3358

| | | |
Laser Fm

[ | [ |
B
i3

—-3400

-3402

=3

-3404

-3406

o
O
<t
i

_ SED 100kV WD 103 mm  Std.-PC50.0 HighVac. [81x8,000
STD 0352 2020 09 01
10098 10100 10102 10104 101086 10108 10110
< Overshooting correction
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3D Resist View

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

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

Overshooting correction

2022.03.11 AIST Maskless Seminar 41
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Resist Contour 350nm Serif with 60% overlap

z =045 [um]

—3398

—3400

[ |
[ |
y [urnl
~3404
|

Lase [

—3402

Resist Wm

—3406

—3408

HEE
HEEE

—340

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

Overshooting correction

10053 10100 10102 10104 10106 10108 10110

X [UI’T’I]
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350nm Serif with 60% overlap 200nm Serif with 70% overlap

z =045 [um] z =045 [um]

000
000
o

10058 10100 10102 10104 10106 10108 10110 18094 18096 18098 18100 18102 18104 18106

—3398
17610

—3400

y [urn]
—3404
|

17608

Lase [

—3402
17608

] |
] ]

Resist Wm

—3406
17602

—3408
17600

HEE
HEEE

17558

—340

% [um] % [urn]
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/ LAB Simulation : 2um 5@ uare Dots
350nm Serif:mh 60% overlap 200nm Serif vvi_th[?()% overlap
=
1000 1000
N (

Simulation is able to predict proper serif size in advance

4 "/2022.03.11 AIST Maskless Seminar 44
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without correction Resist = 500nm 200nm Serif with 70% overlap

200nm

Overlap
200nm x 70%

SED 100kV WD104mm  Std.-PC50.0 HighVac. [81x8,000 Rule-OPC
STD 0423 202009 02

Corner Rounding = 0.55 um

/ BEAMeeting, Sep. 15th, 2020 45
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without correction Resist = 500nm 200nm Serif with 70% overlap

% i

S Sy
% = £
. aF W &
=z 4 E g

2 £ 8 i £ 43 P : :
SED 10.0kV WD 104mm  Std.-PC50.0 HighVac. [G1x8,000 SED 10.0kV WD 10.1mm  Std.-PC50.0 HighVac. [S1x8,000 2
STD 0423 202009 02 STD 0744 202009 03

Corner Rounding = 0.55 um # Corner Rounding = 0.44 um

BEAMeeting, Sep. 15th, 2020
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Corner Rounding
0.8

0.7
0.6 ° o
0.5
0.4
03
0.2
0.1

Corner Rounding (um)

0 100 200 300 400 500 600

® with Serif @ without

CD (um)
Overall T00nm improvement oveserved especially at small corner size range
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oDIOaEr% LLQ;\( QI =

MEMS, MOEMS %5

Courtesy of IGI

Fresnel lenses, Blazed gratings

/2022.03.11 AIST Maskless Seminar 49



@GEHISys Y, /

Gray Scale Exposure

|||t

¢ Ly ey i
l l l l l l UV light distribution i i l
v, - E'EW %ﬁ%ﬁ st Exposed

Eﬂ resist

Unexposed
resist

- 100
< 75] o | H
g 25 g s AR
0 ] é é E é

0 100 200 : - _
B Gray Value
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&7 N Laser Grey-Tone Correction

Experimental / iterative approach

WORKS QUITE WELL, BUT...
e E e e T e ... Ccan be very time consuming

COMPARE TQ TARGET.

/2022.03.11 AIST Maskless Seminar 51
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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

-Import resist contrast curve

-Output: Corrected data in native
Heidelberg Instruments machine-

readable format. No further data
preparation required for exposure

Contrast curve

0
€
3
£ -

(BT |
JUl
r

aaaaaaaaa

Model Based Approach

Laser Grey-Tone Correction

BEAMER

Input Design W

3D PEC bl

Out HIMT Pl

Target profile

Tool

e Stcength 010000

Tool parameters

f-8eam ase
aser Beam Siz HM [um)

/2022.03.11 AIST Maskless Seminar
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* Wafer stack
» Substrate: 4" glass plate (soda lime)
e Resist: 2.2um of AZ1512HS

* Exposure
 DWL66+ Write Mode Il and optical autofocus.
e 1% (filter) of 230mW (405nm diode laser)

* Development
* Developed with AZ726MIF 3min. @21°C

* Measurement
e confocal microscope (Nanofocus)

Remaining Resist [pum]

k=
T

=
o
0

=
o
)]

=
.
o

=
o
e

=

L=
1]

=]
I

=]
[

=]

Laser Example Process

Contrast Curve

;

¥ Dose

0.000000000
0.035%215686
0.078431373
0.117647055
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0.66EGEEEEET
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¥ Remaining resist [um]
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0.560000000 0.001
1.000000000 0.0
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Relative Dose
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Correction is including
the proximity area
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STL File Import

STL7 4Ub®}jj

In 5TL F|
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BEAMERTIE, STL7 7/ /ILDEX

IZh5 L Tlayer

éj\(/j'%’/ffh\ /Ajtzlz@.t L/TIIIJL ij_\_%ki—g_o
HEMEDR(ES S

Layers

Create Layers Corresponding to Slices along the Z-Axis

v

MNumber of Z-Layers: 256
Lower Bound of /-Coordinates [um]: | O L X ODTEJ
Upper Bound of Z-Coordinates [um]: | 20
Spatial Arrangement of Layers: Linear
Layer 3
Layer 4
Layer 5
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layer 1 2 5 1 2

BEXICHYT I M EEINEFNDOLAYVY—E L THRFLET,
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BEAMER - 3D-PEC

Mouse position (Layout Origin) [um]: 1.0643,-12.4327

1 seamer - m| X
File Edit View Help
< W Bt 8®8 o > M B N1 9 QC MM @
Cut Copy Paste Up Save Mariables Run Run To Cancel Pauze Rezurme Reset Viewer  Detach visual-Job
Modules  Flow Libraries Examples new flow 3 - E ' !l ._I “_= [ ) U :.: EE‘? 0 E & X o0or45 degree
@ Layout Operation Layer  Tree Doses II‘I‘
o o [l InGDsH
o o In GDSIT M| é
2(0 5
he | e || o
s
e
@ Process Correction
a [u]
Shape-PEC s e : 5 ISR
a =] :
Corner-PEC m Rule-OPC
@ Verification
m Metrology Module Info  Log Info  Error/Warnings
Single Path Import OFF ~ | Al ” Hide ” Show ‘ Cell Information  p « | + |
Boxes lmpurtDN File Mame. LE_Base [ &
@ Control Keep Element COrder OFF .. ...... Layout Bbox [um]
Flatten Layout: false )
ok on EE mE
Zero Path Width: 0.000000 N | | B Bl < >

View Area [um]: -6.926, -15.095; 35.688, 41.101

BEAMER
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In GDSII Fm

Layer  Tree

pl«]*]

[V1L In G,
o)
L E
3(0)
B 4(0)
L B

/

3D Proximity Effect Correction

Gen ccuracy Advanced Label/Comment Quick Access

Mode: 3D-Surface

Surface Definition Type ‘AbsaluteThicknss

Resist Contrast Parameter

Base Dose [mJ/cm*2] 128

Laser Contrast Curve... |

Work Range Min - Max [-] 0.000000 1.000000

Pixel Size [um] | 0.200000

Optical Parameters

Absorption unbleached [1/um] Absorption bleached [1/um]

Refractive Index

0.000000 |

3D-PEC : Height Setting

[ 000000 | [ 1.000000
Layer Properties
Layer Height [um]

1(0) 1.8
2(0) 16
3(0) 1.4
4(0) 1.2
5(0) 1.0

Layer Properties

Layer Heieht [um] rel. Height rel.Dose Dose [uZfem™2]
1(0) 1.8 0,900 0.36BE6TA 73.7352
2(0) 1.6 0,800 0476324 05,2645
3(0) 1.4 0. 700 0.540636 108,127
4(0) 1.2 0,600 0.6 120
5(0) 1.0 0.500 (0.655249 131.05

Export. Insert Row Delete Row

—FEETINET T EIRTEE T,
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Generll 3D-PEC Rccuracy Advanced Label/Comment Quick Access

Mode: 3D-Surface

Surface Definition Type | AbsoluteThickness

Resist Contrast Parameter
Base Dose [mJ/cm*2] 128
Work Range Min - Max [-] | 0.000000 1.000000
Pixel Size [um] | 0.200000
Optical Parameters

Absorption unbleached [1/um] Absorption bleached [1/um] Refractive Index

Laser Contrast Curve...

[ 0000000 0.000000 | [ 1.000000
I i s
1.0
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8§ f
© 0.6+
S 06:
= -
5 04 1
E (T0f) R=N,
0'2—E unbleached
0-0 " ] L | Il L L 1 : 1 1 ! 1 : L ] 1 1
0 100 200 300

Exposure Dose (mJ/cm?)

3D-PEC : Resist Optical Parameters

Resist Contrast Parameter

Base Dose [mJ/cm™2] 127

Optical Parameters

Work Range Min - Max [-] ' 0.000000

Pixel Size [um)]

1.000000

0.200000

Laser Contrast Curve...

Absorption unbleached [1/um]

0.000000

Absorption bleached [1/um]

| 0.000000 J

Refractive Index

onooooo
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3D Proximity Effect Correction O X

Generll 3D-PEC Rccuracy Advanced Label/Comment Quick Access

Mode: 3D-Surface

Surface Definition Type | AbsoluteThickness >

Resist Contrast Parameter

In GDSII Fm

u Base Dose [m)/cm*2] 128 Laser Contrast Curve...

Work Range Min - Max [-] | 0.000000 1.000000

3D-PEC Pl

Pixel Size [um] | 0.200000

SD-PEC : Contrast Curve

Optical Parameters

Refractive Index

Resist Contrast Parameter

Remasining Reszist [um]

%l@f‘:'fﬁ 5 EE/T%Q%,T&I: T\HX'T% L/ 7L:. JEL‘JZ}_E EEE S Contrast Curve
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li:-:mtrastI Cu r\}e ‘
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N
\ ] 2
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B 140 0.85
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\ 220 002

\v\ 240 0
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0 01 02 0,3 04 05 0,6 0.7 0,3 09 1
Relative Dose
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Cancel

Help

Import...
Export...
Insert Row

Delete Row

Laser Contrast Curve...
1.000000
,m] | 0.200000
4 [1/um] Refractive Index

]

4
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Dose Table

In GDSII Fam

3D-PEC. Tm

3D-PEC : Result

Il VIEWER - 3D-PEC

File View E-Beam Properties Help

B O a4 WU

Layer Tree Doses

Cell Selection
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FRESNEL LENS PROFILE

80 100 120 140 160 180 200

/2022.03.11 AIST Maskless Seminar 64




P /
- > GenlISys /

Convex Lens
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HIMT conventional with BEAMER

BEAMER is significantly better for the DOE.
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M Prinvw it EfFFaert Carrse o M| acar S irFa-
3D Proximity Effect Correction - 3D Laser Surface O X

E X: ' ' General 3D-PEC Accuracy Advanced |Label/Comment Quick Access
Variables Run Run

Layers considered with fixved dose

| 30 Measurement Feedback Topography Data...

[]Beam Divergence

Wavelength [um] 0,405000 Focus Off

3D Measurement Feedback Topography Data...

Measurement Import Dialog >
¥ Start [um] | 0000000 Y Start [um] | 0000000 Import...
X Grid [um] | 0.000000 ¥ Grid [um] | 0.000000 £ Offset [um] | 0.000000

Measured Resist Height [um] (after exposure with corrected pattern)

A B C D E F°

O T S
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3D imaging kernels calculate the aerial image

» Source Modelling I" m -
 Any laser source, h-line, i-line, DUV
e Arbitrary machine Laser Beam Lithography

Source

* Exposure strategy
 beam step size (pixel)
 machine specific (e.g. VPG, DMD)

Modulator

Deflector

 Optics
. NA Lens
 Defocus
e Flare

» Fast and accurate calculation of aerial image
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Absorbed intensities in resist

g DWlLaser Exposure B AmENa e ) "=
I Tool | Simulation | Region Definition | Results | Material | Label/Comment o st EE I
Wavelength [nm] 405
Address Grid [nm] 10
DWL ;
Gaussian Beam Radius [mm] | 2.5 X'V ie I
) ‘ view
f Focal Length [mm] 8
Exposure NA 05
Defocus [um 0.000000
parameters . !
Flare Background 0.000000 s -
L \ ¥ I
Exposure Dose [mJ/cm*2] 1

X-Z
view

Grey tone exposure pattern
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