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'—'QL Why Do We Need to Control Write Order?

LABORATORIES

« Ebeam’s biggest Achilles heal....it'’s SLOW
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We minimize this effect with drift recalibrations throughout the cell exposure
But.... Maybe we can take this one step further by optimizing the write order
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.".al. Levels of Write Order Control
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* Field-to-field — Optimize mechanical stage movement between scanfields

— Export module contains straightforward options, but also contains a very powerful option
called “cell-to-field”

— Cell-to-field is used in conjunction with the “fields” module (fracture module in Beamer 6)
» Subfield-to-subfield — Optimize mainfield deflection

— Fields and export modules contain options for subfield sorting
* Trapezium-to-trapezium — Optimize the subfield deflection system

-~ BEAMER 7 introduced a requested feature to allow write order control of trapezia within a
subfield

* Within subfield — Optimize exel placement

— The export module contains shot placement options, since these are pattern generator
specific

You can combine all of these to create a very powerful flow J
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AL Write Ordering Control Visualization
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Beamer 7 Fields Module

* The Beamer 7 Fields module (formerly part of Beamer 6 Fracture module) M

allows the user to generate fields of any allowed size, as well as control

field ordering

[
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Fields / Subfields
Field Size X [um]

Reglon Definition 1000.000000

Write Sequence Subfield Size X [um]
0.000000

Comment
Traversal Direction
® Bottom Up

Perform Distortion Correction

Interactive Re-ordering of Fields

[ \
Allows user to directly
adjust field ordering

@ X |
Field Size Y [um] | - -
1000000000 <— Set Field Size
Subfield Size ¥ [um]
0000000 ~— Set SubField Size

« If set to 0, Export module ignores this
» If set to a non-zero value, export
module uses this as its subfield size
 Need to select “Cell To Field” and
CellToSubfield options in Export
module

Top Down |

© 2024 HRL Laboratories, LLC. All Rights Reserved



="RL Very Basic Manual Write Ordering
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* The fields module allows the user to manually adjust the field write order and select
which fields to write

» After setting a field order, the user can save this and recall it in the future

. ® Re-ordering of Fields @ X
-1 acmos

-—

[f Interactive View

Import Export Move Top Up Down Move Bottom Select All Invert Selection

Heal (1)

Field_0001

Field_0002

Fields G | b
) Fleld_0004
Field_0005

Field_0006

very_basic_fleld... §

Field_0007

Field_0008
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Field_0009
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=‘RL Saving Manual Write Ordering Workaround

* You can generate cells using the fields module, and then loop over the cells to control

their write ordering

* This allows the user to save the loop order and
automatically recall it during subsequent flow

executions, avoiding the manual field

reordering interruption in the Fields module
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'-'QL Generating Multiple Field Sizes Within A GPF
CABORATOR TS And Adding Write Order Control

* Problem: Fields module only allows user to set a single field size

» Solution: Split pattern according to selection rules (area, layer, filter, etc...) and assign
different field sizes to each branch.

Shape area < 2um? » Shape area > 2um?

Field size = 250um @ _  Field size = 1000pm

controls write order |
S’ Set final field size = 1000um

-
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Multiple Scanfield Size

Fields Module Settings

@ Fields
Fields / Subfields
Field Size X [um]
Region Definition 250

Write Sequence Subfield Size X [um]

@ X

Refresh Preview C [P Interactive View

Field Size Y [um]
250

Subfield Size Y [um]

1 1
Comment
Fields / Subfields
Region Definition Import Export Insert Row Delete Row
Write Sequence v X Min [um] Y Min [um] X Max [um] Y Max [um] Name
1131.0028 810.4361 1402.9983 1092.9199 R1
Comment
v 1134.6241 416.7544 14059532 4626716 R2
- Eam S S e D e e e e e B e
Fields / Subfields /

Selected Layer

‘ Rl - Select. R1,R2

Selected Region

Region Definition

Write Sequence

[

Multipass Mode
Mode

Comment

Single Pass Two Passes

Selected Layer Selected Region
I v Select..

| O o e

Multipass Mode
Mode

\ Single Pass Two Passes

- e e e e o o o o o o s o Ew
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Field Traversal

Select. Floating v o+ X A v

Feature Sorting

Four Passes Dose selective
Field Traversal
Select Fixed v 4+ X A v

Feature Sorting

Four Passes Dose selective

~

/

EI Filter

[@] Fields (1)

= multi- eld-size

Fields / Subfields

Region Definition

Write Sequence

Comment

Fields / Subfields

Region Definition

Write Sequence

Comment

Field Size X [um]
1000.000000

@ X

Refresh Preview G [ Interactive View

Field Size Y [um]
1000.000000

Subfield Size X fum]
4525

Field Size X [um]
1000.000000

Subfield Size Y [um]
4525

Refresh Preview C > Interactive View

Field Size Y [um]
1000.000000

Subfield Size X [um]
4525

Traversal Direction

@ Bottom Up

Perform Distortion Correction
~ = = = =

Interactive Re-ordering of Fields I

M

Allows write order control

Subfield Size Y [um]
4525

Top Down
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.".al_ Multiple Scanfield Sizes and Ordering GPF Results

1.) Write critical features using
field centering and a small field
size=250um

2.) Write additional small
features using fixed fields and a
250um field size

3.) Write large features using
fixed fields and a 1000um field
size




B &L Integrating Fields Into the Previous Pass
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@ Fields @& X

Refresh Preview [  Interactive View

Fields / Subfields ‘
Selected Layer Selected Region Field Traversal |
Region Definition A 30(0), 30(1) Select... & Select... Fixed . T N V)
e I - c
Owerlap Field Sorting Feature Sorting ‘;

— Write a field of

Comment

Multipass Mode

— this first

Single Pass Two Passes Four Passes Dose selective
—
Selected Layer Selected Region Field Traversal e
ot 1{4) Select... - Select... | Fixed S . . S |

Multipass Orverlap Feature Sorting

| _ Then write a

Fixed Field Traversal Type |

Meanderx v field of this

Tile Alignment
Centered e

v Integrate Flelds in Previous Pass
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'—'QL Write Ordering Within A Scan-field
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* What if you want to write-order sub-fields within a main-field?

A useful method for defining areas within a main-field is to use
Layer Order, which is then prioritizes the final fracture ordering

* The flow designates areas which are used to select out portions
of the pattern _
Subfield

* These parts are then used in the final Export - Sub Field - area —
Layer Order selections

1. Basic Settings

Subfield Settings

pm—
2 Main Field Resolution [um] MSF
0.0005 ~ 20
=
3. Fiekd Order Selecting
Size X [um] Size Y [um]
4. Sub Field 4.525000 4525000 tt —
pattern
5. Shape Handling Size X [res] Size Y [res] areas
6. Multipass
7. Extent Feature Sorting In Field
Feature Order
8. Tool Configuration NoCompaction i
I I I I IS BaE S B e . ‘
Comment Layer Order u .
I Write this first, Write this second I + Diagonal Line Compaction F I n a I F ractu rl n g

The order these are entered determines their writing order, followed by everything else

© 2024 HRL Laboratories, LLC. All Rights Reserved



l_lal_ Write Order Control - Mainfield and Subfield

LABORATORIES Trapezia Write Order Control

* New feature in Beamer 7.2 allows the user to control
trapezia write ordering within a subfield

Pixelate the data
to create more
trapezia shapes

Generate layers to __

AT - -
s » x  select subfields
Refresh Preview C [D> Interactive View
Subned Selected Layer Selected Region Field Traversal M ai nfie I d write 2
Region Definition ~ Select.. = * Select... | Fixed v| + X A~ ~
e order control
ss Overap  Field Sorting
C———— Feature Sorting In Field
Feature Order
- - ManualSubfield
S u bfle I d wrlte Control Layer(s) «
t I Control Layer 1. Control Layer 2
order contro
Traversal Type Tile Alignment

Use these layers to

~ control subfield writing
—— S | order and also set
S ” trapezia writing order — — — — =’/

(fixed in 7.1.1)

Subfield Overlap X [um]

0.000000

Trapezia write order control
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l—lal_ Export - Exel to Exel Write Control

LABORATORIES A Mix of Exel Placement and Writing Order Control

 Beamer has options to allow the user to control exel placement and write order as
part of the Export file format

* This can be useful to produce sharper edges on curved or slanted lines
* The user can also reduce write time to some degree through additional options

eld 2 ¥ i
T
e
e et ﬁ‘n“ﬂ»m‘m,ur
T ) T
Wmn nr.+-“
teld_27 " 0
| [! slid :uJJlJ s [Fieio_08
AL a
I

7.“,“.[]5 c ]

rrrrrrr

© 2024 HRL Laboratories, LLC. All Rights Reserved



.‘.al- Improving Drift Calibration Control
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* Drift recalibration/realignment is a routine that runs on a periodic schedule

* The problem is that the drift calibration doesn’t always execute at the same
position in the reticle during exposure if only using a simple timer

« An alternate method is to designate where, in the pattern, the system should
execute a drift calibration. This can be done manually in the jobfile

Execute a drift
B9 " calibration before
exposing this block
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L Summary
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» Write ordering control is useful for writing critical features early in the cell
exposure and for reducing the distance the mainfield/subfield deflection
systems have to move the beam

 Beamer allows the user to control write ordering at the mainfield, subfield, and
exel level

- Beamer allows the user to effectively use multiple scanfield sizes within a single
pattern, allowing the user to reduce beam deflection for critical features

* The user can manually control where, in the pattern, a drift calibration occurs in
the jobfile, or possibly in future in the fracturing

Thank Youl!
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