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» Multi-Pass with and without field shift

GenlISys Outline

Partners in Proficiency

 Advanced (intelligent) Multipass Methods

e Summary
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Max field size Is limited:
e E/O Field of View

e DAC-BIts tie field size to
resolution

GenlISys Main Field Positioning - Intro

Partners in Proficiency

By default, larger layouts
are ,tiled":
e Uniform tile size
e Start bottom or top left
e Serpentine filling

| Field 8
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GenlISys Malin Field Positioning - Intro

Partners in Proficiency

)

Issues within main field:

e Field position dependent
aberration

« Thermal drift JETE I R '
 Mechanical vibration
e Sub-filed stitching

Issues field to field
« Stitching at field borders
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Fleld 6
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* Multi-pass reduces statistical errors by averaging
 Beam Current Fluctuations

 Beam Jitter, Beam Dirift
o Stage Position Errors, mechanical vibrations, ...

GenlISys Why does Multi-Pass work?

Partners in Proficiency

* Multi-pass reduces systematic errors by clever
offset strategies
* Field Distortion and Field Aberration
e Scan Non-Linearities
o Shutter Effect

o X/Y asymmetries due to discrete spotsinY /
dragging in X
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GenlISys Field Multipass

Partners in Proficiency

xport JE | L e S|
 Features are exposed multiple s oo [Tl oot sl conment
times at different locations inthe | ...\ io S
field (center of field, border of — ,
fl e I d ) Element Size Interleaving [um] -.na.
* currently supported Is 2 pass, 4 Lover for o u
pass writing and dose dependent |
number of passes ; .
Mainfild Offset X [ l l[_] 0.500000
* Flelds are exposed ina one s e s oo
successive and overlapping R
f aS h | O n ] Dose larger | Number Passes i o
 Optional with main and / or sub-
filed shifting
[7] subfield Fracturing  Subfield Size [um] |2 500000
ok || cancel || Hep |
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@GenISys 2 Pass with Field Shift

Partners in Proficiency

Start:
e - 0.5 field size y-offset | ———|
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; -\P GenISys 2 Pass with Field Shift
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Start:
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£ P‘ GenlISys 2 Pass with Field Shift

Partners in Proficiency

Start:

o - 0.5 field size y-offset
o 1 field size x steps
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Step for field in y-direction:
o 0.5 field size steps
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£ P‘ GenlISys 2 Pass with Field Shift

Partners in Proficiency

Start:
* - 05 tield size y-offset B

Step for field in y-direction:
o 0.5 field size steps

=

;.‘.‘._‘

5

=
-
- -
P =
=
|Ig=
:;_-".;-.
‘=

October 2012 BEAMeeting MNC 2012 10



£ P‘ GenlISys 2 Pass with Field Shift

Partners in Proficiency

Start:
* - 0.5field size y-offset -+ R R RN RN s
. 1 field size x steps QU vt e s b pap sz S

Step for field in y-direction:
o 0.5 field size steps
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@GenISys 2 Pass with Field Shift

Partners in Proficiency

Start:

o - 0.5 field size y-offset

o 1 field size x steps
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Step for field in y-direction:
o 0.5 field size steps
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¢ s GenlSys 4 Pass with Field Shift

Partners in Proficiency

Staurt:
e -0.5field size x-
and y- offset et immratviaatotinll
* 0.5 field size x-steps
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@GenISys 4 Pass with Field Shift

Partners in Proficiency

Start:
o -0.5field size x-
and y- offset B e
o 0.5 field size x-steps £

=
=
..;
.':,’_.'
! |
=
=~
=
"o
g
i
i
B
g
=,
=
'y

October 2012 BEAMeeting MNC 2012 14



@GenISys 4 Pass with Field Shift

Partners in Proficiency

Start:
e -0.5field size x-

and y- offset | T

o 0.5 field size x-steps '
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gGenISys 4 Pass with Field Shift

Partners in Proficiency

Start:
e -0.5field size x-
and y- offset
e 0.5 field size x-steps
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4 Pass with Field Shift

Partners in Proficiency

Start:
e -0.5field size x-
and y- offset
e 0.5 field size x-steps

Step for field in y-direction:
e 0.5 field size steps
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4 Pass with Field Shift

Partners in Proficiency

Start:
e -0.5field size x-
and y- offset
e 0.5 field size x-steps

Step for field in y-direction:
e 0.5 field size steps
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4 Pass with Field Shift

Partners in Proficiency

Start:
e -0.5field size x-
and y- offset
e 0.5 field size x-steps

Step for field in y-direction:
e 0.5 field size steps
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4 Pass with Field Shift

Partners in Proficiency

Start:
e -0.5field size x-
and y- offset
e 0.5 field size x-steps

Step for field in y-direction:
e 0.5 field size steps
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Field shift Example

Partners in Proficiency

* Improves filed stitching, since systematic
errors are averaged through offset strategies

Single pass < > -
4-passwiofield shit > D -

4-pass with field shift O O -
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Multipass

Partners in Proficiency

* The effect of multipass is clearly visible
 Reduces LER, improves resolution
« Mitigates stitch errors

Single pass exposure with stitch errors Same pattern fractured with multi-pa:
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Subfield shift example

Partners in Proficiency

Single pass

4-pass w/o subfield shift

4-pass with subfield shift
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Advantages and Drawbacks

Partners in Proficiency

« Traditional Multipass results in better litho quality...
 Reduces Line Edge Roughness, Line Width Roughness
 Reduces systematical errors

field shift clearly reduces stitching errors

subfield shift clearly reduces subfield stitching errors
* Improves positional accuracy
field shifts also compensate for field placement issues (e.g. due to aberrations)

 Creates a more homogenous energy distribution
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Advantages and Drawbacks

Partners in Proficiency

o Traditional Multipass results in better litho quality...
 Reduces Line Edge Roughness, Line Width Roughness
Reduces systematical errors

field shift clearly reduces stitching errors

subfield shift clearly reduces subfield stitching errors

Improves positional accuracy

field shifts also compensate for field placement issues (e.g. due to aberrations)

Creates a more homogenous energy distribution

e ... atslower t’puts

Beam-on time likely to be longer

» Exposure dose per pass must be reduced ; if this reduced dose is beyond the tools frequency
range, the beam current need to be reduced significant increase in exposure time

Larger file sizes
» Additional data that has to be stored and transferred to the system

Larger Overhead

* More stage moves, more settling time

October 2012 BEAMeeting MNC 2012 25



Advantage of BEAMER Multipass

Partners in Proficiency

« Conventional (manual) multi-pass...

 The conventional way of multi-pass is to prepare multiple exposure files with
different field size settings or shifted extend and set the multiple exposure at
job-deck
The pattern is exposed sequentially, 15t exposure of full layout needs to be completed before
2nd starts,...

Alignment between exposures is needed to keep accuracy, meaning longer longer time
Subfield shifting is not possible
Multi-pass for selected parts only is not possible
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Advantage of BEAMER Multipass

Partners in Proficiency

« Conventional (manual) multi-pass...

 The conventional way of multi-pass is to prepare multiple exposure files with

different field size settings or shifted extend and set the multiple exposure at
job-deck

The pattern is exposed sequentially, 15t exposure of full layout needs to be completed before
2"d starts, ...

Alignment between exposures is needed to keep accuracy, meaning longer longer time
Subfield shifting is not possible

Multi-pass for selected parts only is not possible

« BEAMER Multipass

 The multipass is exposed within one exposure file
No need for multiple exposure files and special job-deck preparation
The order of writing the fields is optimized to keep highest position accuracy

Multi-exposure without stage move (no mainfield shift) is possible for high resolution
Subfield shifting is possible

Multi-pass for selected parts only is possible (layer selective, dose selective,...)
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Outline

Partners in Proficiency

 Multi-Pass with and without field shift

»Advanced (intelligent) Multipass Methods

 How to regain t'put in traditional Multipass
 |nterstitial field blend
e Dose overlap

e Summary
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“Intelligent” methods

Partners in Proficiency

« Unfortunately, there is no “one size fits all”
« Different applications required different strategies

e E.g. 3D structures require multipass for higher doses,
holograms are file size sensitive, whereas waveguides
require field stitching mitigation...

 Therefore, options are implemented for
 Dose dependent multipass
« “Blending” features at field borders

o Generic approaches
* Merging of machine files into one file (most flexibility)
e Layer selective multipass
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Generic Approaches

Partners in Proficiency

 Merge machine files

* Field order gets a new
option to use cells as field definitions

« Allows to merge machine files - each field is imported as a cell

* Provides tremendous flexibility to the user, since patterns
can be split and merged in any thinkable way...

e Layer selective multipass

* Multipass for features within a
specified layer only -l >
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4 Path with double Shot Pitch

Partners in Proficiency

o 4x multipass does NOT have
to Increase the beam-on time

* In case the spot pitch is doubled...
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4 Path with double Shot Pitch

Partners in Proficiency

o 4x multipass does NOT have
to Increase the beam-on time

* In case the spot pitch is doubled...

* Doubling the spot pitch does
NOT cut down resolution

* Results in the same filling as single pass
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Multipass subfield strategy

Partners in Proficiency

* * * * * * * * Single Pass Fill

S S S S

e 4-pass with 0.5 SP subfield shift results in the same pixel
filling as single pass
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Multipass subfield strategy

Partners in Proficiency

» 4-pass w/ subfield shift results in the same pixel filling as
single pass

4-Pass [ £ Pass
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Multipass subfield strategy

Partners in Proficiency

* 4-pass w/ subfield shift results in the same pixel filling as
single pass

4-Pass / 2 Pass
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Multipass subfield strategy

Partners in Proficiency

4-Pass / 3 Pass

* 4-pass w/ subfield shift results in the same pixel filling as
single pass
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Multipass subfield strategy

Partners in Proficiency

9 O 0 6 g
P e eee

4-Pass /Y Pass

* 4-pass w/ subfield shift results in the same pixel filling as
single pass
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Multipass subfield strategy

Partners in Proficiency

OO

YIRS SR S &
OO

4-Pass / all Passes

* 4-pass w/ subfield shift results in the same pixel filling as

single pass

 Besides additional field movements, this will result in same

throughput as single pass

 AND carries all the benefits of averaging statistical /

systematic errors

October 2012 BEAMeeting MNC 2012
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Outline

Partners in Proficiency

» Typical Performance Accuracy tradeoff
o Traditional Multipass (field/subfield offset)

 New Intelligent Multipass Methods
 How to regain t'put in traditional Multipass

»Interstitial field blend

e Dose overlap

e Summary
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Concept

Partners in Proficiency

e Single pass for features inside a field

« “Multipass” only at the field borders?

o Split the geometrical data within a band
around the field border into

e A comb structure for horizontal / vertical
fleld borders

« A checkerboard pattern for field corners

e These features written in different fields
e Optional ,bridging field*

* Note: since the pattern is divided into different parts,
the base dose stays the same, and the t'put is about
the same

2) CPFG/BEAMeeting EIPBN 2011/A new compensation method to reduce field stitching errors
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Concept lllustration

Partners in Proficiency

Single exposure in left field Single exposure in right field

Single exposure in additional field

3) CPFG/BEAMeeting EIPBN 2011/A new compensation method to reduce field stitching errors, page 4
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Benefits

Partners in Proficiency

o All pattern data is exposed only once therefore:
 Base dose stays the same
* Frequency range stays the same
« Beam current stays the same

 Exposed area Is equal to the single pass

Overall exposure time Is comparable to single pass
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Outline

Partners in Proficiency

» Typical Performance Accuracy tradeoff
o Traditional Multipass (field/subfield offset)

 New Intelligent Multipass Methods
 How to regain t’put in traditional Multipass
e |nterstitial field blend

- Dose overlap

e Summary

October 2012 BEAMeeting MNC 2012 43



What about 3D structures?

Partners in Proficiency

e Larger Dose (bottom steps) exhibit more noise

 Why not make number of passes dose
dependent?
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Dose Multipass example

Partners in Proficiency

Multi-exposure

Approximated values
Sequence

This reduces the dynamic dose range from 3.3x to 1.7

October 2012 BEAMeeting MNC 2012 45



Outline
Partners in Proficiency
* Typical Performance Accuracy tradeoff

o Traditional Multipass (field/subfield offset)

 New Intelligent Multipass Methods

» Summary
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Summary

Partners in Proficiency

« Traditional multipass improves LER, LWR, field-
and subfield stitching issues at the expense of t'put

* Improving the t’put while maintaining the benefit of
multipass Is possible using

* 4-pass at 2x shot pitch for photonic applications

 Interstitial field blending for large area high resolution
devices

e Dose multipass for 3D- and nano structures

e Generic approaches that allow the user to split the
pattern in any thinkable way
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Nano-wire Example

Partners in Proficiency

* The following work from AMO shows the
benefit of PEC In conjunction with Multi-pass

e PEC is needed to correct for different densities
* Wires have small density, pads a large density

* Multipass is needed to average statistical noise
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Results I:
No PEC PEC exposure

PEC mandatory for fabrication of dense nanowire
arrays
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Partners in Proficiency

Results Il
Single Pass Multi pass exposure

Multi-pass exposure strategy can significantly
reduce both LER and LWR
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Partners in Proficiency

Results Ill: Analysis of SEM image data
e LER

9+ W LER left edge

St e e Single pass:. ~4nm,
5 Multi-pass: ~3nm
LWR
) Single pass: ~5nm
o- Multi pass: 3~nm

LER left edge

w w w w
PEC PEC pgc R
#1 #2 43

w/o w/o
w/o
w/o
#4 PEC PEC pEC ppe

#1 #2

#3 44

With multi-pass exposure strategy ~25% less LER
and ~40% less LWR
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Results IV: Sub -10nm resolution

Resist features as narrow as ~8nm have been
fabricated using PEC and multi-pass

BEAMeeting MNC 2012
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Results IV: Sub -10nm resolution

Resist features as narrow as ~8nm have been
fabricated using PEC and multi-pass
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October 2012

Partners in Proficiency

Results IV: Sub -10nm resolution

Resist features as narrow as ~8nm have been
fabricated using PEC and multi-pass

BEAMeeting MNC 2012
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Thank you

Partners in Proficiency

For question and more information please contact
support@genisys-gmbh.com
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