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Subject Date

Electron Scattering and Proximity Effect 07-Oct-2020, 6:00pm CEST, 12:00pm EDT, 9:00am PDT

Dose PEC Algorithm and Parameter 14-Oct-2020, 6:00pm CEST, 12:00pm EDT, 9:00am PDT

Optimization of Dose PEC Parameter 21-Oct-2020, 6:00pm CEST, 12:00pm EDT, 9:00am PDT

Process Effect, Calibration and Correction 28-0ct-2020, 5:00pm CET, 12:00pm EDT, 9:00am PDT
Shape PEC — “ODUS” Contrast Enhancement 04-Nov-2020, 6:00pm CET, 12:00pm EST, 9:00am PST

- Break 11-Nov-2020 -- No Session
— _ 3D Surface PEC for Grayscale Lithography ~ 18-Nov-2020, 6:00pm CET, 12:00pm EST, 9:00am PST
- Thanksgiving Week 25-Nov-2020 -- No Session

3D T-Gate and Edge PEC for multilayer resist 02-Dec-2020, 6:00pm CET, 12:00pm EST, 9:00am PST

* The webinar series will explain one of the most important techniques in advanced
e-beam lithography. Modern E-beam systems are able to form small spot sizes in
nm range. In principle this enables to achieve feature sizes in nm-range. In practice
this is limited by physics, chemistry and tool limitations...
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e Part 5 Summary: Shape PEC — ODUS Contrast Enhancement

* Introduction to 3D Lithography
e 3D-PEC for E-Beam Lithography
* 3D-PEC for Laser Lithography

* Summary
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Dose vs. Shape PEC

* Long Range (back-scatter) effect is compensated by dose TS o L Y
 Back-scatter as a ,dose error” should be compensated by dose ﬁ” 4 a
* Short- and mid-range effects may be compensated by dose or shape | “s diR -
 Dose : Higher contrast, more stable for complex shapes, not optimal for non- B i
symetric scenario (e.g. line end, different distance at edges) | o
* Shape: Enables non-symmetric correction, BUT: typically lower contrast B : =

(without ODUS), limitation for complex curved shapes

] : W ' ) L o
il — ¢ e o C ) et L : :
pa=—=el —r“*EfjﬂL =] L
u 5 - Dose=2.15
" CD=52-64nm_: "

..
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* Benefit 1: Better Image Contrast |

* Enablesimage contrast (litho quality) beyond Dose PEC _ /w: %
* Higher edge quality, steeper resist profile j‘ | X’\

* More stable process (larger process window)
* Accurate correction requires Process Blur as essential parameter

SR —Shape PEC°®} ' '
| |
OverDose 2x 067 ... / D 0.050

i 3.8278 f | .83
[ [
]
: . L 10.0077 | s L

-0.08 -0.06 -0.04 -0.08.93%-18.02 0.04 0.06
&:w e

% [um]
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* Benefit 2: Resist Sidewall Angle
* Higher development rates (from overdose) changes development dynamics
e Undercut larger with thicker resists
* Undercut larger with higher-Z materials (e.g. GaAs)

Energy in resist 20 seconds 40 seconds 60 seconds
Dose PEC = ~ -
,z - il o
02 01 0.1 0 -0.2 -0.1 0 01 p2 02 -0.1 0 0.1 02 02 0.1 0 01 0.2
B = ¥ [uml
N B T
opus = | | | -
x2) 5 ;—J—————}-J'-----J]--g r_
3 l | | | :
ﬂ | | | o
02 0.1 0 0.1 0 -0.2 -0.1 0 0.1 0.2 02 -0.1 0 0.1 02 02 -0.1 0 0.1 0.2
x [um] X [um] X [um] X [um]
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Dose PEC . ODUS x2

=

02

No Shape-PEC

- ||

0.2 -0.2 -0.1 0] 0.1 0.2

-0.1 o 0.1
Resist Profile in dense scenario for GaAs @100keV

- c “Maa= 100.00K X Em-a.ocw Sional A= Inlens Date 5 Mar 2013 B | 200 nm Mao= 10000KX EHT=300kV  SionalA=Inlenc Date &Mar2013

Single layer lift-off process, negative resist profile improvement
PMMA on GaAs @100keV

Courtesy: Weizmann Institute

Resolving feature & gap sizes on the order of the blur
ZEP 520A on Si @ 100keV
Courtesy: University of British Columbia
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* Part 5 Summary: Shape PEC — ODUS Contrast Enhancement

* Introduction to 3D Lithography
e 3D-PEC for E-Beam Lithography
* 3D-PEC for Laser Lithography
* Summary
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Dose PEC

Shape PEC
ODUS »

O i Mag= 10000KX EWT= 300RV  SgnalA=inlens Dete SMar2013 [RESN
m — WO 34 mm Flotiame = SAPE00 SN Time 17424 .
| Post Etch
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Dose PEC

Shape PEC _

ODUS

>~ GenlISys
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O i Mag= 10000KX EWT= 300RV  SgnalA=inlens Dete SMar2013 [RESN
m — WO 34 mm Flotiame = SAPE00 SN Time 17424 .
| Post Etch

2D Lithography (Earlier Webinars)

.l .

E<D,C

E=D,C

2D Correction Target:
* Require absorbed energy at all feature edges
to have same value (Dose to Clear)

* (Consequence
* Absorbed Energy inside features > Dose to Clear
* Absorbed Energy outside features < Dose to Clear
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Solvent
Pre prOCESSI ﬂg Substrate Substrate

Cleaning, Baking,
Adhesion Promoter

Spin or Spray Coating Softbake

2D Litho

3D Litho

PEC Webinar Part 6 - 11/2020 12



o GenISys . .
& TenLOYS 2D Litho vs. 3D Litho

Solvent
P re p Focess | N g Substrate Substrate

Cleaning, Baking, Softbake
Adhesion Promoter

l |

Spin or Spray Coating

"
2D Litho

1

1

1

1

1

1

1

1

1

1

Exposure (binary) Development \
1

1

1

1

1

1

1

1

1

1

M 1
3D Litho - :
1

1

1

1

1

Exposure (Intensity Modulation) Development !
1

1
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Solvent
Pre pl’OCESSI ﬂg Substrate Substrate

Cleaning, Baking, Softbake
Adhesion Promoter

l l_r--ﬂ

Exposure (Binary) Development

Spin or Spray Coating

1 .

2D Litho

Correction Target

L1L21L3 14 L3L2LI

3D Litho

Exposure (Dose Modulation) Development Correction Target
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3D Grayscale Lithography

*Micro Lenses

eLens Arrays

*Blazed Gratings

eHolograms

e|ntegrated Optics

*Prisms
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* Part 5 Summary: Shape PEC — ODUS Contrast Enhancement
* Introduction to 3D Lithography

e 3D-PEC for E-Beam Lithography

* Dose Correction and Lateral Development
* Implementation Details
» Additional Effects and Corrections in E-Beam 3D-PEC

e 3D-PEC for Laser Lithography
* Summary
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Starting Point: Target Dose Assignment
Target Shape Contrast Curve Dose Assignment
na ]

14— —%—— A S S
1} !
e’

* Would this ,starting point” get us the desired shape?
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&7 TN Starting Point: Target Dose Assignment

* Unlikely to get the designed result:
 Electron Scattering blurs the energy
* Lateral Development shifts the feature edges

Target Shape Contrast Curve Dose Resulting Profile

2 AN

* Possible Paths:
* Experimental: Iterate Exposure, Measure, Adjust Exposure, Repeat
* Computational: Model Effects and Compute Compensation

PEC Webinar Part 6 - 11/2020 18
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Dose Assignment Absorbed Energy

—
Blur / Beam Size

PEC Webinar Part6-11/2020 19
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Dose Assignment Absorbed Energy

—
Blur / Beam Size

Add Backscattering Compensation

ity fimijfim fimIi i1 fjm w1
HEEEEEHE
HEEEEEEHE
dHOE-OHED O
il ffimiffis lfimi}fis1 fiui }fiu!
OOO0O@OO
HEEEEEHE
HFEEEEEEHE

——5um 1084 WD ‘M 1564

Absorbed Energy is not what you expose / "expect. PEC is necessary;

PEC Webinar Part 6 -11/2020 20
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2x Dose 1x Dose

* |solated shapes develop independently, with
development rate depending on exposure
dose

Z [um]

0 0.1 02 0.3 04

2x Dose 1x Dose

* When regions of different dose are adjacent,
as in 3D lithography, the regions have a large
interaction, and lateral development
correction is essential if you want the correct
height in each

06 08

Z [um]

04

02

0 01 0.2 0.3 0.4
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Absorbed energy defines dissolution rate
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Lateral Development

The 3D development front over is modeled
over development time

Since there is absorbed energy “everywhere”
 The development front does not stop

x —z Absorbed Energy

Development Front over time

‘ i
1 Mismatch due to lateral
; development

[
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15t Step: fit a rate model to the measured contrast curve (CC) "

90

e The CCvalues are simulated by integrating the path from resist top to -
bottom ending with the development time completed

esist [um]

emaining Re

depth L

Laev = f rc(l_;

0
0 0 50 100

150
Greylevel

200 250

fitted dev. rate

100

40 i
=——rate [um/t]
20 T T
V] }

o
(=}

* The rate model used is a typical Mack 4 model

Rate [pum/t]
3

- o Fit Result:
M_th =-1.00
 2nd step: PEC iteratively refines the applied dose values RateMa - 10123
* Applied Dose + local rates R(x,y,z) result in a (computed) depth Slope = 0.5145

* The difference “computed depth” to “target depth” is an indicator for the required change in dose
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Iterative Applied Dose Optimization

 Lateral development is directed. It moves from pixels with higher resist removal to

the adjacent pixels with lower rates.
1

2)

3)

* Once a pixel is optimized it is not revisited i

* Optimizing a pixel:

* An exposure dose change @ position(x,y) causes
a propagation rate(z) change.
* |teration finishes when the pixel height is on target

v

* Lateral propagation from already visited neighbors is considered

. Alive

Minimum
Active

Schematic representation of a fast marching method

* The performance of the algorithm is strongly pixel size dependent!

[ Include lateral Development

Pixel Size [um] | 0.0500000

PEC Webinar Part 6 - 11/2020 24
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* Part 5 Summary: Shape PEC — ODUS Contrast Enhancement
* Introduction to 3D Lithography

e 3D-PEC for E-Beam Lithography

* Dose Correction and Lateral Development
* Implementation Details
* Additional Effects and Corrections in E-Beam 3D-PEC

e 3D-PEC for Laser Lithography
* Summary
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CAD Drawing,

Layer = Height 3D PEC Exposure Doses

Cross-section Target

LEI X5500 WD S89mm 1um
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&7 T Challenge: Resist Contrast

e Contrast depends on Resist Material & Process EB292 - Copolymer Contrast Comparison

1200

* Need to choose carefully
* Must be experimentally measured

<~EB292A 1:3 60 sec

1000 EB292B 1:3 120 sec

E N ~~EB292C 1:1 60 sec
E \‘\ =+EB292D 1:1 30 sec
5 N\
e Contrast Tradeoff [ \,
L
» Typically desired: lower contrast % 200
* Height less sensitive to dose fluctuations T —

0 50 100 150 200 250 300 350 400 450
Dose (uC/cm2)

* But, lowest dose is limited by hardware

* Don’t want too much sensitivity or you
can’t achieve shallow depths!

* Lower-contrast resist < strong lateral development, obscuring the dose assignments

PEC Webinar Part 6 - 11/2020 27
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* Expose pattern of shapes with varying dose

* Width > 3 x Beta (want flat region)

* Separated, so the shapes do not interact

* Size easy to measure with profilometer, spectrophotometer
ellipsometer, AFM

* This example, for 100 kV on Si, uses 150 um x 300 um rectangles

B2 e ____ﬁﬁ_.‘__,__w_'-ﬂ_j

L -10.5%R
ileﬁ(ﬂ

_'_'_'\ '-T_'_k] l EE

4‘ IP 3._YP H
e [\ | / ;
m L i
648.va l ' H

WAV UNIVERSITY of WASHINGTON

PEC Webinar Part 6 - 11/2020
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module

* Sampling of the Contrast curve
needs to capture the start and tail
with high accuracy if these depths

are important

Contrast Curve

3D Proximity Effect Correction - 3D E-Beam Surface

Genera | 3D-PEC  Accurac y Advanced Label/Comment Quick Access

Surface Definition Type | RelativeThickness

Resist Contrast Parameter
Base Dose [uC/cm 2] 300.000000

Waork Range Min - Max [-] 0.000000

[Jinclude lateral Development

Pixel Size [um]

Contrast Curve...

1.000000

Rem g Resist [um]

Contrast Curve into BEAMER's 3D-PEC

* The measured contrast curve is
imported into BEAMER’s 3D-PEC

0 604
25 .
50 3.288
7 3.102
100 2912
125 2,668
150 2405
175 2203
20 1923
225 1.656
250 1.381
275 1,078
300 78
325 0521
350 0230
375 0020
40 0000
225 0000
50 0.000

\\\\\\\

eeeeeeeeeeeeeeeeeeeeee
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* The target height for each layer can
be specified as:
e Relative, to the resist thickness
e Absolute thickness

e Absolute from the layer name
(eg. STL Import)

* Dose direct assignment

necifying Target Height

3D Proximity Effect Correction - 30 E-Beam Surface

General 3D-PEC  Accuracy Advanced Label/Comment Quick Access

Surface Definition Type | RelativeThickness

Resist Contrast Paramet AbcoluteTHiCknasS

AbsoluteThicknessFromLayer

Base Dose [uC/em?2] |Dose

Wark Range Min - Max [-] 0.000000 1.000000

Include lateral Development Pixcel Size [um]

Layer Properties

[JUse Layer assignment file Browse..

Layer | rel. Height Height [um] | rel. Dose | Dosze [uCsem”™2] |

10 o o 1133333 400

2(0) 25 0.301 0.965069 285,521

3(0) i3 1.802 0.703218 210,966

40 75 2.703 0.403541 121.062

PEC Webinar Part 6 - 11/2020
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e Each target height is designed on a different CAD layer ]

In GDSII (1) Pl

* Do not want overlaps in the design — this creates an
ambiguous height target

Heal per Layer (2) &l

3D E-Beam Surface (3) Wl

* Heal per Layer before the 3D-PEC removes
unnecessary shape boundaries in the design

Heal per Dose (1) #l

* Heal per Dose after the 3D-PEC removes
unnecessary fractures

Heal [m} x

Heal m} *
Genera | i |
Advanced Label/Comment Quick Access Gahica | [Advanced | LabelfComment | Ouick Access ‘
Processing Mode Processing Mode } ‘
(®) Healing (O Healing Per Dose (O Overlap Removal OHealing @ Healing PerDose O OverdapRemoval | | [DDRe e
(0) =
O All Layers  Target Layer | 1(0) OAllLayers  Target Layer [ 100) Ik ‘Jﬁ
@ Perlayer  Layerls) (@) PerLayer  Layer(s) i
Cencel Help Cancel Halp 5
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Process chain for multilevel resist pattern
(grayscale electron-beam lithography)

— E
E 500 yrwras 1 + digp  dy dyg dgp dgp djgg
= 400 4 ..-"- —08_°C° l l l l l l
= ©3 PSF
'%D 997 exemplary from MC
< 2004 contrast curve '._
z 100 4 fOI‘ PMMA =
v resist g :
QS Resist pattern S
50 100 150 200 250 300 350 400 (cross section) r
Dose [uC/cm2] S R .
3D-PEC
BEAMER
v
Dose distribution
(top view)
1050 nm high PMMA resist after development 100% 35%  80% 100%
0% 60% 92%

PEC Webinar Part 6 - 11/2020
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Some more
3D samples
of E-BEAM

Courtesy of

PSI, Switzerland

PAUL SCHERRER INSTITUT

RE

3D structures by hybrid nanomanufacturing processes

circular

symmetric / asymmetric

PEC Webinar Part 6 - 11/2020
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* Part 5 Summary: Shape PEC — ODUS Contrast Enhancement
* Introduction to 3D Lithography

e 3D-PEC for E-Beam Lithography

* Dose Correction and Lateral Development
* Implementation Details
e Additional Effects and Corrections in E-Beam 3D-PEC

e 3D-PEC for Laser Lithography
* Summary
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Work Range

| 3D Proximity Effect Correction - 3D E-Beam Surface

* The extreme shallow and deep portions of the

contrast curve have complex behavior

The extremely low doses required for the very
shallow depths can exceed the hardware capabilities
(maximum exposure clock rate) of e-beam tools

Too much scattered energy can make some designs

eeeee | 3D-PEC Accuracy Advanced Label/Comment Quick Access

Surface Definition Type | RelativeThickness ~

Resist Contrast Parameter
Base Dose [uC/cm*2] 300.000000 Contrast Curve...
Work Range Min - Max (-] 25 15

[l Include lateral Development Pixel Size [um] | 0.0500000

impossible

Flow Execution *

@ 3D feature not writable! Long Range energy deposition (0.562) exceeds local 3D target of
(0.404) at position (18,770, 3.770) layer "4(0)",

Work Range shifts the relative target height
assignments to the specified range, avoiding all of
these issues

You may need to use a thicker total resist thickness to
achieve the same total height modulation

Contrast Curve
s . - e :
|
18 ’_\\ T |
NA A |
E 7.\ S 0.75
E :
:E o8 | \\ | |
§
= 06 \ & |
N N 0.25
| TN
02 | | == o 1
L1 | f\m
o 0,1 02 03 04 05 0,6 0,7 08

Relative Dose

PEC Webinar Part 6 - 11/2020
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* Resist surfaces sometimes show roughness, holes,
or bumps, often at regular spacing, indicating
dosing issues at shape or sub-field borders

* Can be caused by tool calibration or timing issues

* Optimal calibration for binary lithography may not be best
for 3D. Tools may be calibrated for slight sub-field Yool SR SPYE B Mo S
overlaps, to avoid unwanted gaps at boundaries. ‘ ' Courtesy: TU Eindhoven

* Scanning/Blanking timing and synchronization may have
tiny errors.

* The slight dose changes are invisible in binary lithography,
but give visible imperfections in 3D

* The effect is more pronounced at higher doses, as the

slope is steeper at higher doses e

EB292 - Copolymer Contrast Comparison

--EB292A 1:3 60 sec
~-EB292B1:3120sec
~~EB292C 1:160sec
~+~EB292D 1:1 30 sec

5 & H & &

ickness Remaining (nm)

/

g

Resist

o
50 100 150 200 250 300 350 400 450
Dose (uC/cm2)

o

(=}

Beam "y
Intensity 15t shape X 2nd

off-ramp ~(\ = on-ramp
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* Resist Process

1
* Resist contrast impacts height sensitivity RN
e Amplifier Gain . —
* Allow small gaps between shots N
* Larger Spots i
* Blurs the Dose Non-Uniformities N
N PSI Example, showing clear effects at fracture borders
* Multi-Pass, particularly with sub-field shift Dose dependence of layer (surface) roughness

N Exposure of standard test pattern using different contrast curve

* Averages Dose Non-Uniformities

1050 nm 950k PMMA
679.04 developed
using 30 sec MIBK +
30sec IPA@ RT

* Dose-sensitive Multi-Pass

* Higher doses (lower heights in positive resists) are
exposed multiple times; Lower doses exposed fewer times.

* Improves throughput, by using Multipass with higher current while
staying within machine maximum frequency

1050 nm 950k PMMA
679.04 developed

| using 300 sec MIBK +
| 30seclPA@20<T

e, base dose = 40 uC/cm2

Multi-Pass with Overlap Mode
* Multiplex exposure by intentional overlaps

silicon

/Ame Schleunitz, Vitaliy Guzenko » Paul Scherrer Insitut « 5232 Villigen PS! + Switzerland se
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Multi-Pass with Overlap Mode

Advancing the Standard

 Stacked shapes, with each adding incremental dose to the lower layer doses
Overlap Mode Exposure Strategy

@" GenISys

Desired Dose Profile

So N
S
3

1

)

1

X 1
)

I

1

)

1

1

)

1

e Shape boundaries improved by avoiding
gaps and overlapping shots at edges ,Hard” dose boundary always
SS
* New in BEAMER V6.1 _ _ 7 '
Dose boundary
only in top
exposure

Fracture Mode
Oomnal @i

Dose Assignment
Dose Class Definition
(®) Accuracy () User Defined

38

Accuracy [%] [ 1.000000
Maximum Number of Dose Classes | 256

["0.100000
["10.000000

PEC Webinar Part 6 - 11/2020
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New Improvement: 3-D PSF

1 Energy [uC/cm*2)

* So far, we have used a 2-D PSF for PEC

e But absorbed energy will vary with Z position within
the resist layer, especially in thicker layers

* A new extension to 3D-PEC is the ability use a 3D-PSF

-10 -5
3D Proximiey Effect Comection - 30 £-Eeam Surface o x
Geners! 30-PEC Accurscy Advanced Label/Comment | Cluick Access. = X [um]
Correction Layes Slec on | @ Show Cumlative Radial Energy
jor) [ * | Behaviour -Acs: @ Logurthmic O Quadratic OLing
| Behsvious V-awis: OLogarthmic @ nesr y=0{[um]
Represcntation
@30 Archive O Archive O Gaussian Approsimation O Numesical PS¢ i
i
EE-Bependence center - %
2
— %
S PAIMAA_ 200, SRV 1000000 | [ Archive | | View Comment.. Al . i

Effective Short Range Blur FWHM [um] | 0010000

X [um]

PEC Webinar Part 6 - 11/2020
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Advancing the Standard

vy =0 [um]

1.5

Impact of 3D PSF, Development Profiles

05

-10 -5 0
X [um]

Using 2-D PSF (center)

Z [um)

1.5

0.5

DAT
[5]

-10 -5

Using full 3D PSF

PEC Webinar Part 6 - 11/2020

0.1
02

- 032
- 04
- 05
o 0l

0.7
08
0.9
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* This new feature improves the “%w
accuracy of the 3D-PEC, yielding resist
thicknesses closer to the target

= .

@H HTl

Ty

e Higher accuracy, but more
computationally intensive

e Available in BEAMER v6.1

3D vs 2D PSF comparison

Resist [pm]

——2DPSF
—— 3D PSF
= = = Target

0.5

12
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Advanced Example: Multiple Process

2x exposure (different contrast curves) on single substrate

1050 nm 950k PMMA 679.04 with two-step development
14.5min+05min MIBK@ 20 T
o

2nd expsoure (pattern A)
dyace = 360 UC/cm2
clock times: 962

>

581 uC/lcm2

0.68
0.71

dose2clear 076
0.82
~ 500 0.91

uC/em2 1.10
1.28
1.99

1st expsosure (pattern B)
I dpase = 93 UC/cM2

181 uC/em2

Bl 129 uC/cm2

15! exposure

28 uC/cm2

!

059 multilevel PMMA
doseZclear g7

~ 100 189 8 steps — — 4 step

C:

clock times:
0 43

uC/cm2 (2~ exposure) : - (1t exposure)
low Mw silicon high Mw

Courtesy of

PSI, SW|tzer|and
PEC Webinar Part 6 - 11/2020 42
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Multi-level and continuous resist profiles
Thermal annealing applied to EBL patterned multi-level PMMA

AFM inspection & resist profile

only low Mw PMMA is reflown upon
thermal annealing - selectively
melted slope !

e
p=
p=
o
o
>
9
L 5
=
E

reflowed PMMA
structure

Courtesy of
PSI, Switzerland
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E-Beam 3D Surface PEC Summary
 Computation aims to match the height of the 1.
resist surface to the defined target.
* The height of a resist layer can be controlled by Correction Target

adjusting the dose

e Basic 3D Surface PEC takes into account:

* Blur and Backscattered Energy in the resist Correction Target
* Lateral Development

L1213 14 L3L2EL1

* Additional options for mitigation other effects:
* Multipass, Including dose-selective
e Stacked Overlap Mode (new)
e 3D-PSF for improved accuracy in thicker layers (new)
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* Part 5 Summary: Shape PEC — ODUS Contrast Enhancement
* Introduction to 3D Lithography

e 3D-PEC for E-Beam Lithography

e 3D-PEC for Laser Lithography

* Summary
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Laser Grayscale Correction

S

* 3D Surface PEC can also be applied to optical exposure by laser

m
e Similar basics, additional effects WW l

* More complex resist response .

. . Contrast curve Tool parameters
* Absorption, Bleaching BT BEAMER
Out HIMT

% . \
e
=10
ey
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Advancing the Standard

* The basis of the 3D-PEC is still Development

* Measured by experiment
e Entered into BEAMER

Resist Contrast Parameter

BaseDose[mlfcm#2] | 1.0000

Laser Contrast Curve..,

3D-

PEC for Laser

Rate, from the Contrast Curve

Wark Range Min - Max [-]| 0.000000 Contrast Curve
p| Original Thickness [um]
Optical Parameters Dose [mldom"2] Rt tiokness ]

. [ 9158
[1/um] 1 0136
2 9113

s [eod 3 9071
4 9008
Layer Propetties 5 8985
6 8ot
[l Use Layer assignment fle e
) 8852
Laper el Heioht Hs 8.806

—~ 0 876
i 8714
2 8.667

3 862
14 8573
15 8525
16 8476
7 8428
T 8379

19 833

» )

Import... Export.. | 2! A51

2 8181

b 8131

7] 808

kS 203

% 7979

7 7928

= 7877

1 786

’

Export...
Insert Row

Delete Row

x
— input data
10 4
75
E
E
%
&
25
] T T T T T T T T T T
0 25 50 7s 100 125 150 s 200 225 250
Intensity
Fitted rate model disabled.,
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& TSYE. Laser 3D Lithography Challenge

* Energy Absorption
e Blur - I
e Laser Beam Size blurs the energy ’
* Energy Variationin Z
* Absorption, Bleaching, Depth of Focus

sit
m")é]

* Development TR e
* Lateral Development
* Surface Inhibition
» /-dependent Development Rates, especially with thicker resist
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Advancing the Standard

Z-dependent Exposure Effects

* Additional resist parameters are needed
e Absorption and bleaching affect the z-dependent absorbed dose (x,y,z)

Absorbance Curves for SPR220 Resist

. . Intensity
* Intensity and development rate decrease in Z S iy
0.5 N\ 3405nm !150
/ \
0.4 4| / ‘ ~
\ / \ /7 \\Unexposed
03 \ // T\
- M\ £ 100
2 024 | Dil_LA=0395 |
e 1 Dill_B =0.015: \
| \\\vh\ -~ \_ e F 150
0.0 T Exposed
200 350 100 150 500
Wavelength, nm
X [um] .

Sample dose profile in a 40um thick resist

Accurate modeling of absorbed energy is essential for 3D PEC |
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* Spot size varies through the resist

3D Proximity Effect Correction - 3D Laser Surface a >

General 3D-PEC Accuracy Advanced Label/Comment Quick Access

W, )
— Resist Surface

Correction Layer Selection

Layer({s) [ ’l

Laser Beamn Size FWHM [um] 'C'B | Mum Grey Values | 235

] Add Gamma FWHM [um]/ 1.000000 Mue 0.100000

] Flare FWHM [um] 1.000000 Flare Strength 0.100000

Bearn Divergence

0.405 Focus Offset [um] | 0 |

Substrate Surface

B FWHM
2VIn 2

2 2
z T - m-w
A — ]_ — ﬂ

2r = nwy /NA. w,
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DAT
[s]

Z [urm)

0.1
0.2
0.3
0.4
— 05
0.6
07 o
08
09
1

Overshoot_-

w‘ GenISys

Advancing the Standard

vy =0[um] y =0 [um]

20 25 30 35 40 45 20 25 30 35 40 45
x [um] x [um]

Without Beam Divergence With Beam Divergence

Beam Divergence Impact

The depth of focus compensation
makes a difference for narrow
features where dose is
blurred to the sides  /
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P appllcat|on5 Fequwe 3-D Lithography MEMS, MOEMS @
Diffusers Pl 1o .

Nl |

R
-'x.,- % {.’b‘-’"‘ *2" pr&v
,}v_,‘-_i- ." q’r -

Courtesy of IGI

Courtesy of Kuraray

Blazed gratings

= Fresnel lenses

Courtesy of IMS
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Convex Lens Fresnel Lens

o presnel Lers profile
0

Courtesy of HIMT, Germany
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Advancing the Standard

6.4 um Squares/Pixels

Courtesy of HIMT, Germany

Diffractive Optical Element

"y g

|

' | . !
Pl 3
- -

3.2 um Squares/Pixels
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* Part 5 Summary: Shape PEC — ODUS Contrast Enhancement
* Introduction to 3D Lithography
e 3D-PEC for E-Beam Lithography
* 3D-PEC for Laser Lithography
e Summary
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GenlSys website:  www.genisys-gmbh.com
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* 3D Surface PEC enables 3D Lithography with precise resist height control
e computes effects of energy blur and scattering

* Selection of resist and process is important

e Additional effects to be considered & corrected include:

* Tool and exposure effects
* Multipass, Dose-Selective Multipass, and Overlap modes can reduce the impacts

e PSF variation inside the resist
e Using a 3D-PSF further improves accuracy to height targets

* With optimized correction, complex 3D structures can be fabricated

* This also applies to 3D-Laser exposures

* Requires additional consideration of complex resist responses (surface inhibition,
bleaching, focus variation)
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