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& benlsys Setting a large layout exposu

Tile si§e< -
Maximumfield size is limited: e =
A E/O Field oYiew e F'd°°15 | sl B e
ADAGBIs binds field size resolution [ | |sseicst mp '
Large layoutsieed to beS 5 G A f § R QI W bsiiiaat| —— (I
A Uniform tilesize i - -!'F_mwwv,
A Start bottom or togeft il syl DOV e 0
A Serpentindilling (Meander X) it

Field numbering establishes the filling order
= Exposure strategy /

4
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S Genisys Challenges with tiling

Issues within main field: o = =
A Aberration depends on beam g TR SO ORI b
position within the field | orererry |
A Thermaldrift 1 “”’*‘_““"“" .
A Mechanicalibration w il | =
i -
A SUbeled StItChIng | ’|: i ":"': T e i
Field border 28 |- Jumiudlidhdley. | _
- dbosapeap
Issues field to field Wb
A Stitching at field borders NG e vt

TFleId border
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—~ GenlISys .
& TSN, Fading exposure error

= Multipassmethod

w Features arexposednultiple w Flelds arexposedn a
timesat differentlocationsin the successive anaverlapping
field (centre of field, border of fashion

field)



& Genldys Why does Mulpasswork?

A Multipass reduces statistical errors by averaging
A BeamCurrentFluctuations
A Beamlitter,BeambDrift
A StagePositionErrors,mechanicalibrations

A Multipass reduces systematic errbgsoffseting
A FieldDistortionand FieldAberration
A ScarNon-Linearities
A ShutterEffect

A X/Y asymmetriedueto discrete spot# Y/ dragging inX
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& Genldys FieldsMultipass

(' Fields @ X
m B EAM ER SU ppOrtS: Refresh Preview O[> Interactive View
Q) S I n g I e p a‘SS e Selected Layer Selected Region Field Traversal

Q) TWO p aS S e S* Region Definition AV * Select... * Selact... Fived v + X A v
Q) FO u r p aSS es* \rite Sequence Overlap Field Sorting Feature Sorting

Comment

w Dose selective* Muipess Mode

Mode

Single Pass Two Passes Four Passes Dose selective

*Optional Mainor subfield offseting
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& Genldys Example Offset )

Large layout with Field Size: 500 um
Multipass: Two Passes
Main Field Offset Y: 0.5 Hagp Half field size shiff

i Field 0026 Field 0027
@ Fields o X : i
T 3
Refresh Preview & [  Interactive View | Ll i M ]
= 'r *
Fields — FERT! = I
Selected Layer Selected Region Field Traversal = e
Region Definition v oo Select . Select. Fixed v + X A v i T 4Field 0023 Field 0022
§ ) I gLt
= il ali
Wikts Seoence Overlap Field Sorting Feature Sorting i Q M *"‘%ﬁl Mm ’
— =
55 Mo i e A
. Jba kol AT P
Single Pass Two Passes Four Passes Dose selective i Field 0018
Mut Field Arrangem
Shortest Path v

Al ] [
Main Field Offset X Main Field Offset Y Absolute Som T Iuhf
0.000000 o DL O i Field 0015 Field 0014 :
Sub Field Offset X Sub Field Offset Y Absolute Y I I —;T ;f
0.000000 0.000000 ® Rel[]  Absfum] A " = = i
||” “l =II SRR TLENRIRY BUEYRS BCRUR T Bt -IIllI,H\IH, e

Layer For Multipass d =
- Select... ,... ViR R e i -

Y Field 0010 arield 0011 I

Half field size overlap due to shift iy

<

Field 0001

No shift in X and no fields overl

*Colour by Layer -
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Advancing the Standard

/
Example Offset X

Large layout with Field Size: 500 um
Multipass: Two Passes

Main Field Offset XY: 0.5 Rajh

e

fField 0031
] | ]
| |

Half field size shift

Field 0028
@ Fields @ X
Refresh Preview C [B Interactive View
Tk i e
Fields .
Selected Layer Selected Region Field Traversal Field 0023
Region Definition v Sele: Selec! Fixed v + X A v
Ow Field Sorting F Sorting

oM nt
S Multipass Mode

Mode

Single Pass Two Passes Four Passes Doss

Multipass Field Arrangement

Shortest Path v

Main Field Offset X Main Field Offset Y Absolute

05 05 ® Rel[-] Abs [um]

Sub Field Offset X Sub Field Offset Y Absolute Avalaialala i alat ol gty L

q b - b H
0.000000 0.000000 ® Rel[] Abs [um] pan il
i
Lave For Muipas. el 0! e A oy
Select..

Half field size overlap due to

shift in X and Y and respectiiig
the two-passes exposure

Field 0003 Field 0004

(1] ' Fields
+

*Colour by Layer
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Large layout with Field Size: 500 um
Multipass: Four Passes

Main Field Offset XY: 0.5 Ragp Half field size sk

@ Fields @ X
Refresh Preview [P Interactive View
Fields
Selected Layer Selected Region Field Traversal
Region Definition ~ - Select - Select. Fixed v o+ X A v
Write Sequence
- Multipass Overlap Field Sorting Feature Sorting

Commen t

Multipass Mode

Modk

Multipass Field Arrangement

Shortest Path v

Main Field Offset X Main Field Offset Y Absolute

05 05 ® Rel[] Abs [um]
Sub Field Offset X Sub Field Offset Y Absolute

0.000000 0.000000 ® Rel[] Abs [um]

Layer For Multipass

Select...

@ Fields
+

Half field size overlap due to
shiftin X and Y and respectifilg (.o
the fourpasses exposure

| /
Four Passes and XY Off:

Field 0058 _ Field 0057
» ]

Id_0059

L} 118

Field 0064 _ Field 0063 __Field 0062 __Field 006 Field 0060 __ Fie
[T T, T IO T

Ift

Field 0054  Field 0055

Field 0033  Field 0034

Field_0032 Field 0031 ield 0030 Field 0029 ield 0028 Field 0027 _ Field 0026

T TR L
| A R
l Lalalyalala i alab v alal g altalaly L
2 g

Fleld 0019 Field 0020 Field 0021 Field 0022 __Field 0023 _
| il
[l [y T i
00,05 20 3
Field 0013

gl

Field 0012 _ Field 0011 _ Field 0010 _ Field 0009

Field 0004 __ Field 0005 _ Field 0006 _ Field 0007 __ Field 0008

*Colour by Layer |
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Two and Four passe

The number of passes determines the number of exposures. BEAMER color mode
Overlayshows this exposure difference.

EacEY | — M W
- LIRS

»ﬁ:jiﬁﬁ Higguuuginuaunaaum
FEbiiiiiisisilistiativiiinadilisiianty

Sl 0 R G R e R | [ e e o s i

i I,

§ S —— jﬁﬁ Higniaiunauaain
PRuiitiusiiiiitsadiiiiisaiatisianhy

2l e e e )

" o x Two passes Four passes

1 [ (0 « [l s |
<[l N = [0 -l
1/l = =R </ sl
[l 7] | =l o/l o0l
Avove 20 [
BEAMER colour code
Cancel

*Colour by Overlay
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&7 TENIOVS Fieldexample

Systemati@rrors are averagethroughoffsetstrategiesm» Reducedield stitching

4-passw/o field shift .E
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Stitching fixed but notching

observed
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&7 TENINS Multipass in Fresnel lense

Rraunhofer [ T e T srewonuzee A Fraunhoter T T s srenonseae
Singlepass exposureith stitchingerrors Patternfractured withmulti-pass

w Reduce Line EdlgeRoughness (LEMp Improvedresolution
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& Genldys Subfield shifexample

Mag = 3500 K X EHT = 2.00 k¥ Signal A= InLe WD= 4mm StageatT= 0.0° Date 116 Sep 2011Time :15:04:28

R File Name = 110915_30s Slngle240uC 1.50_1a.tif

Single pass S— —

pm MJ 3500 K X EHT ZDI]kV Signal ns WD= 5mm StageatT= 0.0° Date

F—— File Name = 110915_ 303 NoSftGOuC 1.50 1a.tif

4-passes w/o subfield offset

Mag= 3500 K X EHT = 200 k¥  Signal A= InLens WD= 5mm StageatT= 0.0° Date :15 Sep 2011Time :14:57:52 .

File Name = 110915_30s_4Sft60uC_1.50_1a.tif

4-passes with subfield offset
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S Genldys Advantages anBrawbacks

tionaMultipass resultscreases lithographyuality
educes Line Edge Roughrneg&dRR) antdineWidthRoughnes WR)
Reducesystematicagrrors

A field/subfield offsetreducesstitching errors
Improvespositionalaccuracy
field shiftscompensatdor field placementissuedueto aberrations

reates a homogenous enedjystribution

/ w Slower throughput

w Beamontime tends tobelonger
W Exposurejoseincrease- Dose and currend need to be manually reduced
w Increase@xposureime

w Largdiile size
w LargeOverhead

\ w More stagemovesmmmp more settlingimes /
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& benlsys Advantage oBEAMERIultipass

/oo Conventionainultipasss manual \

w Userneedsto prepare multiple exposurefiles with different field size settingsor
shiftedextendandsetthe multiple exposureat job-deck
A The patternis exposedsequentially1stexposure ofull layout needs to be completdukfore 2'd starts
Alignment between exposuresneeded to keemccuracymeaning longeexposureime
Subfieldshifting isnot possible
Selective multipass mot possible /

To Do o

EMultipass

emultipass i€xposedvithin one exposuréle

Noneed formultiple exposurefilesandspeciajob-deck preparation
Writing field ordeiis optimised b keep highegbositionaccuracy
Multi-exposure without stage move possibldor high resolution
Subfieldshifting is possible

Selective multipass possibldy

A Layer

A Dose

A Region
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w Multipass withandwithout fieldshift

w AdvancedMultipassMethods _

w How to rdrieve throughputn traditionalMultipas®
w Interstitial fieldblend
w Doseoverlap

W Summary
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& Gen ISys Advancednethods

wDifferentapplications requiréistinctstrategies

w 3D structures requiranultipasdor high doses, hologranase feld size
sensitive andwaveguidesequirefield stitchingmitigation

w Optionsare implementedor:
w Dosedependentmultipass
wd. f SYRAY 3 fieldbosdersi dzZNB a I
w Genericapproaches

wMerging of machine files into orfiée
wLayer selectivenultipass

AppNote Multipass 18



,~ GenISys | | _ N
& JEIOYS GenericApproaches

w Layer selectivmultipass et G | [ v

w Multipassior featureswithin a N s - B i P
SpeCified Iayeonly Wikt Sequence m Overlap Field Sorting  Feature Sorting

w Merge machindiles S

w Export Fiel®rderinggetsa new .
optionto use cells aBeld definitions | srwew

wAllowsto merge machine files where each field is imported asll
w Patterns can be split anmerged inany thinkablevay
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w Multipass withandwithout fieldshift

w AdvancedMultipassMethods

w How to rdrieve throughputn traditionalM-

w Interstitial fieldblend
w Doseoverlap

W Summary
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& Genldys 4-passesvith double ShoPitch

w 4-passesioesNOThave to increase the beaantime iff

®) The spot pitch is doubled

w Doubling the spot pitcdoes NOTdecreasaesolution
w Results in the same filliag singlgass
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& Genldys Multipass subfield strateg

Single Padsll|

Single pass has a continue filling approach of a feature
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& Genldys Multipass subfield strateg

4-pas®swith subfield shift resultsr the same
pixelfillingas singlgpassapproach

4-Pasesc 1st Pass
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&~ Genldys Multipass subfield strateg

4-pas®swith subfield shift resultsr the same
pixelfillingas singlgpassapproach

4-Passesc 2nd Pass
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&~ Genldys Multipass subfield strateg

4-Passesc 3rd Pass
- :

4-pas®swith subfield shift resultsr the same
pixelfillingas singlgpassapproach
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&~ Genldys Multipass subfield strateg

® © © © ©
@ © © & @ 4-Passs( 4th Pass

4-pas®swith subfield shift resultsr the same
pixelfillingas singlgpassapproach
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& Genldys Multipass subfield strateg

4-paseswith subfield shift results the

samepixelfillingas singlgpassapproach

A Exceptingadditional field movements, this
results in the same throughput as sing#ess

A Carries all the benefits of averaging
statistical / systematierrors

COOOOOOOE

4-Passsc Final
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w Multipass withandwithout fieldshift

w AdvancedMultipassMethods
w How to rdrieve throughputn traditionalMultipas®

 Interstitial fieldolend _

w Doseoverlap

W Summary
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& Genldys Overlapping methods

w Using s1gle pasdor featuresinside dield
w Enablessort Method -
w Fracture [

Region Definition

L ]
w Outline -

mmmmmmm

Field Overlap

lllllll

Size X [um] Size Y [um]

w For Single, Two, Fepasses and Dose selective g =
w Overlap methods avalaible
w Share between Fields
w Split Dose between Fields
w Interleaving
w Interleaving + extra field

Share between Fields  Split Dose between... = Interleaving ~ Interleaving + extra ...



2 GenISys . /
&7 IENYS, Overlapping example:

F = ) Fields ® X
I e Ove r ap Refresh Preview C [P  Interactive View
' ou
S I Z e XY Selected Layer =~ Selected Regi ion Field Traversal _— |
Region Defin ition v *  Select *  Select Fixed v 4+ X A v “ II H

nnn
AOverlap Method —
A Share Between Fields

|

T — Iy 1

Field Overlap

Share between Fields ~ Split Dose between ... Interleaving

Potential
stitching

N\ [ |

N LLELL LT

ARAANARARAR T

| Stitching
NARANARNNAN avoided
LI eprgegugugig
Overlap =0 Overlap =5 um
el by Ce/LI/ Apps Week 2023 30
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& TSNS, Overlapping example:
A Field Overlap - —

Fields

A S - XY Selected Layer Selected Region Field Traversal
I Z e Region Definition v % Select... *® Select... Fixed v + 2 AV
AOverlap Method

A Split Dose between -
Fieds

T

Size X [um] Size Y [um]
20 20

[T

Overlap Method

l

Share between Fields = Split Dose between ... Interleaving Interleaving + extra ...

I

Layer For Interlock

2(0) Select...

|

area

- Yy R ? Shared dos

0
‘\ 3
\i\\ 3
N t&, !
E
£
B
7
i
g
[ ]
o
3
3

AP ekd_o0s ekt o2 ekt oon feid o0 Lot o . 1.0000 (2)

*Color by Dose
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Overlapping example:

A FIEI e IaI, © e ® X
I V r Refresh Preview G [P Interactive View
. Fields
S I Z e XY Selected Layer Selected Region Field Traversal

Region Definition v % Select... ;] Select... Fixed v - G A Vv
A Ove r I a p M et h O d [iieSeauehcs Multipass Overlap Field Sorting Feature Sorting
Comment

Field Overlap

A Interleaving

Size X [um] Size Y [um]
30 30

Overlap Method

Share between Fields = Split Dose between ... Interleaving Interleaving + extra ...

Element Size Interleaving[um]

10

Layer For Interlock

2(0) Select...

+—
30x10 um?2

= pr—
[T16ield 0158 Field_0159 Fleld_0160° 16eid 0161 ] Fleld 0162

Field overlap i
minimum2x
size interleavin

L

N

iy
S 3 LR
T o e i, L - S I 1

*Color by Cell
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Overlapping example:

@ Fields @ X

|
I I e I d Ove rI ap Refresh Preview C [> Interactive View

Fields

- Selected Layer Selected Region Field Traversal
I Z e Region Definition v * Select... % Select... Fixed v e X A Vv
AOverlap Method

Comment

Field Overlap

A Interleaving + extra Field s

Size X [um] Size Y [um]
40 40

Overlap Method

Share between Fields =~ Split Dose between ... Interleaving Interleaving + extra ...

Element Size Interleaving[um]

10

Layer For Interlock

2(0) Select...

“ Cancel

"""""""""" e T e |

Y & o N i . 40x10 pm Field overlap Is

multiple of 4x size

| Feld_0124
i . .

! interleaving
_57 Field_00S 'ém Feld 0051, = Field 0050 11

:'E'd-’/";/ﬁdn_oms L0046 Fiedd 0047 Field D048 — |F|c|d_€l)ff;

" f

| ,
|eld 0016 Field_0015. Field_D014 Feld_0013 Field_0012 lhsld oo} | Field_0050 ot

*Color by Cell
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Advancing the Standard

w All pattern data i1$ingle Passxposed

m Base dosstays thesame
=) Frequency range stays thame
) Beamcurrent stays thesame

Exposedireais equalo the singlepass
A Overall exposure time t®@mparable to single pass

Benefits

AppNote Multipass



Y /
nl f .
g E-vgcing thess¥o§rd / Oullne

w Multipass withandwithout fieldshift

w AdvancedMultipassMethods
w How to rdrieve throughputn traditionalMultipas®
w Interstitial fieldblend

W Summary
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& Genlsys / What about 3D structures’

silicon

w Larger Dosébottom stepskexhibit morenoise
w BEAMERoesDose selectivaultipass
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S Genlsys Dose Multipass Exampl

@ Fields @ X

Refresh Preview C [P Interactive View

Selected Layer Selected Region Field Traversal
Region Definition v * Select... * Select... Fixed v 4+ X A v
Dose Class Orignal Dose Adapted Dose #Passes e

Multipass Mode

0 1,031772 1,031772 1

Single Pass Two Passes Four Passes Dose selective

1,219605 1,219605 1

1

2 1,441632 1441632 L

3 1,704079 08520395 3 3 e et
4 2014304 | oo oo ® ot O i
5 2381005 11905025

6 2814463 0938154333

7 3,326832 ¢ dinnn e S—

Approximated Multi-exposure
values Sequence =l -
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w Multipass withandwithout fieldshift

w AdvancedMultipassMethods
w How to rdrieve throughputn traditionalMultipas®
w Interstitial fieldolend
w Doseoverlap

o Summary -
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,, GenISys
&7 TSy Summary

w TraditionaimultipasamprovesLERILWRfield- andsubfieldstitching
Issues athe expense ofhroughput

w Improving thahroughputwhile maintaining the benefit of multipass
IS possibleusing
w 4-passat 2x shofpitch for photoniapplications
w Interstitialfield blending forlargeareahighresolutiondevices
w Dosemultipass foBD- and nanestructures
w Generic approaches thatlowto splitthe patternin any thinkablevay
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= e bd Nancewire Example

w The followingvork from AMOshowsthe benefitof
PEQn conjunction withMultipass

w PEC igseededto correctfor differentdensities
wWires have smatllensity,padsa largedensity

w Multipassisneededto average statisticaloise

F—,————— - - ———
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vancing the Standard

NoPEC

PE@Xxposure

PEGnandatory forfabricationof densenanowire
arrays

PECesults
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