NANOFABRICATION FACILITY - @

ADVANCED SCIENCE RESEARCH CENTER ﬁm

Using WecaS for Elionix EBL

CAD File Conversion

AW

€

0

And Considerations for Choosing Write Parameters

Samantha Roberts




Acknowledgements

eELIONIX

st TUNTZ"DJX

Sky on Sky: https://vonoff.com/ (ELI” I y?



Electron Optics Column and Stage
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Beam Deflector and Beam Blanker

100MHz Clock = 10ns (Minimum dose time)

- -7 ‘
-7 I l beam blanker
\ / electron source
=T + A -
- '_ beam blanker
— = e i
beam de?léstor :
T~el aperture ;
RN L —

[T




(Vg
S
L
L

O
4+
=
O
<C
O

)
-
4+

(Vg
V4

Q0]

0

S
af
X

c
O
Ll

E-beam

Writing

previous

writing
field

= Stage movement

Writing field size



Fields — Subfields — Polygons and E-Beam Spots

= Each field is broken
into 20 subfields

= Each subfield is
broken into trapazoids

» Each trapazoid is filled
by E-beam shots




Rastor Scanning
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Factors Affecting the Beam Spot Size

Beam current c

Aperture =

Working
distance

Acceleration
voltage




Beam Spot Size for the 100keV Elionix

Beam spot size (um)

ELS-F100 (V,..=100kV)

Aperture
240um

1E-09 1E-07
Beam current (A)

Beam Current OLAP Beam Diameter
100pA 120um 1.8nm
200pA 120um 2nm
500pA 120um 2.1nm

1nA 120um 2.3nm
2nA 120um 3nm
9nA 120um 5nm
10nA 120um 10nm
10nA 240um 15nm I
20nA 240um 25nm
50nA 240um 90nm
100nA 240um 300nm




Beam Spot Size for the 50keV Elionix

ELS-HS50 OL Aperture Size
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Beam current [A]



Step 1. Choose the Beam Current and Aperture

e How small you need to
go depends on your
minimum feature size

 Larger beam currents

20nm . .
mean shorter write times




Step 2. Choose a Field Size

1500um
1000um Maximum Field Sizes:
500um  100keV =1000 pum
250¢im * 50keV =1500 um
AN
-
100pumn

Field size can be critical — more to follow




Step 3. Define CAD Grid (Dot Number)

Beam Position Resolution = Field Size / Dot Number

0.01 um (500/50000)
—>

900 um
(50,000 dots division)

Dot Number
50,000 200,000| 500,000| 1,000,000
100um 2nm| 0.5nm| 0.2nm| 0.1nm
Cg | 250um 5nm| 1.25nm| 0.5nm| 0.25nm
> | s00um| 10nm| 2.5nm|( 1nm)) 0.5nm
1000um| 20nm 5nm 2nm @
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Considerations: Feature Size

shot pitch (step size)

6nm

line width=10nm

Shot pitch

5
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shot pitch
shot pitch=4
shot pitch
shot pitch
shot pitch

8 .4...‘.‘4.4....

plxel size



Step size
d
H
i Spot size [

“Machine Grid” = 1 nm
Exposure Grid” = 4 nm
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How a shape is written with E-Beam

Scan Direction | "Pitch 1" = 1, "Pitch 2" = 1 (All-points Irradiation)
"Pitch 1"
Feed - Feed Pitch
Direction
Magnified
View Bibiaiasiat, "Pitch 1" = 2, "Pitch 2" = 1 (Scan every other one)

composed of many dots.
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"Pitch 2"

- Scan Pitch

‘,/é\\ —\ One shape is

~—F % composed of many scans () Dots that beams are irradiated to

Rectangle Quadrangle Circle O Dots that beams are not irradiated to



Issue: Stitching Errors at Field Boundaries

Writing field Next writing field
\\‘ ’/ . .
Stage Stitching Accuracy:
movement

~15-20 nm

) (3= = L

laser% ® Resolution
] & 0.31nm

P




Field Correction for Dynamic Focus Correction

E-beam

AN

Writing
field

Deflection Scale Errors are handled with |
“Field Correction” in Weca$s |

—
- __ & ___1
Fia. 1. Types of ficld stitching crrors: (a) ideal case |Ar| = F ; (b) shift error, |Ar| # F,. Ar' = Ar + dr: (c) ficld distortion, §' =S + [ds,,]: (d) ficld rotation,

O, = (¥ = ¥o)d@. (xg — x)d@). (e) deflector scale error, F,” # F: (f) combined error, 35 = 20-100nm




Choosing Best Field Size and Placement

_|1T TJ— h 1. Increase/Change Field Size

2. Put critical features in the
center of the field

3. Errors at the Boundary Increase with field size

VAREINE

| Critical features  writing field

o 00

-

Field size

Stitching error




Electron Scattering in the resist helps - PSF

beam

Back-scattered electron

secondary
electrons

resist

Forward-scattered electron



Charging Issues

(J_s, -) electron beam
: £
;; Snahon e ﬁ i )}FJ\ repulsive electric
; v 4" potential lines
ma-N 2403 OO0
q 00000
OO0 negative charge
Glass @ accumulation
Ti/Au/Ti under resist
ESpacer < 1 hour _ _
front side Au ESpacer > 24 hours no anti-charging layer

GOOD
(no charging)

BAD BAD
(moderate charging) (severe charging)

By Devin K. Brown, Georgia Tech



Charging Issues

front side ESpacer

GOOD BAD BAD
l e-beam exposure (no charging) (moderate charging) (severe charging)
2 ESpacer Ti/Au/Ti under resist
ma-N 2403 ESpacer < 1 hour ESpacer > 24 hours  no anti-charging layer

front side Au

glass .
substrate 5
i
500um |
field i
i boundary |
front side Au -
e-beam exposure
‘_,Au
| ma-N 2403
glass
substrate




Proximity Effect Issues

beam

Back-scattered electron

secondary
electrons

Pt 110 1

Proper
Exposure



Proximity Effect solution: Dose Modulation -- Beamer

FiEe View E-Bearn Properties Help View EBeam Properties  Help
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Proximity Effect (Solved)
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Resists and Exposure Doses (uC/cm?)

Some common E-Beam resists

PMMA — Positive E-beam / DUV Resist (ASRC)

Ma-N — Negative DUV / E-beam Resist (ASRC)

SU-8 — Negative DUV resist

HSQ — (Hydrogen Silsesquioxane) Negative “Spin-on-glass” (USER)

ZEP — Positive Resist (USER — but could be purchased through the ASRC)

Anti-Charging Agents for Insulating Substrates

* Espacer (User owned)
* DisCharge (DisChem Inc) (User owned)
* Gold Sputter Tool (inside cleanroom)



Data structure / Files created

Schedule File (.sc8)

Condition File (.scon)

CELL file IField4.ccc Field3.ccc!
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Exposure data for
Fracture into polygons  Individual fields Exposure data for All fields
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Calculate the dose time (ps/dot)
Define CAD Grid (Field, Dots)
GDS/DXF Conversion = into CELL file
Set Pitch/Dose

Place / Compute Fields

Save CON File

Edit Schedule Execution

a. Dose Assignment

b. Set Options



\NmAROC2 HAB DR - P ' d
EEEEEEE Toolbox TR T LA AR K Comman

Select Field oxF  [Ghsn y=N LEm Open | Dose Edit Schedule JRUCESCLE
/oot [] F ihe File CEL Calcutator () Execut son D s =

Coordinate

Condition
Dialog

Main window

Pikch1 ©

Object
/ Field
Property
Dialog

Information of the field




(1) Estimate Dose

€ Estimate Area Dose [uC/cm2]
— Depends on Resist, Developer, Vacc, etc.

€ Calculate Dose Time [usec]

— Decide Field Size, #Dot, Beam Current.
—Min; 0.01 usec |
— Max; 1300 usec e T

| Ares Dose 300,000 [ C/em?]
‘ Baam Cums| 1 00e—0 Al
Loz Time 001200 [ sec/dot]
‘C ulati | o]

g WECAS for ELS-G100 (¢ S|
File(F) Parameters(P) View(V) Tool(T) Maintenance(M) Help(H)

NEABRGOOAN rmAZ 4+ HEEEOR  N(REDDEEE
PRAIBE«EHEHEER 294 Q oo/ AN #xDBEE 2

A Select Field [N : M | Eo B Open || Dose e | Input Unit
Size/Dot ] [ERGIE : + +Jf con || con ENGERNANETESI@GM Execution [>




2) Define the Field Size and the Grid

File(F) Parameters(P) View(V) Tool(T) Maintenance(M) Help(H)
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PERSONAL SETTING
OWNER NAME: 15!

200,000 500,000 @ 1.000,000

FIELD SIZE [DOT]} () 50,000

FIELD SZE fum}

DATA DIRECTORY: | D¥user¥Elionix¥taichi¥ 150617

HARD SETTING

HARD SETTING:

[ ok ] [ Cancellc) |




File(F) ParametersP) View(V) Tool(T) Maintenance(M) Help(H)
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(3) Convert GDSII/DXF into Cell File
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: Writing / CAD Area — 1%t Quadrant Only

TITILILEI LI  OOEE 0D ENEEDEREE
mmge-umnlma: ‘D eo=SEeH! IXDEE Y k

DXF Ineut Uni
s-mu D File r& o \
Lo Je -‘Il
H 7.4231128 Lo

i)«Max (230mm,230mm)

— 8 inch Wafer

Min (Omm,0mm)



(4) Set Pitch and Dose

77 WECAS for E

File(F) Parameters(P) View(V) Tool(T) Maintenance(M) Help(H)
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Select Field

DXF
File

GDSII
File

- BEEE K 2 B R ED I |

oo=guaeHEM
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m -]

BE

Edit Schedule
Execution [>

Feed Pitch [dot]  Scan Pitch [dot]

©

s AEEEN

Dose Time [usec/dot]

0.000000

0.000000

0.000000

0.000000

0.00000¢

0.000000

0.00p000

Resel

0K

Apply




(5) Auto Placement of Fields

File(F) Pararneters( View(V) Tool(T) Maintenance(M) Help(H)
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Writing Order

EEEMm

=] o)




(6) Save .SCON File

File(F) Parameters(P) ew(V) Tool(T) Maintenance(M) Help(H)
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(7a) Create Schedule File — Dose Assignment
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\NEHABROOA N
IIIIAH!EEEEMS

@ OOIIOIQII‘*H

Edit Schedule

Cal(ulator O Execution D

4 B D I
T3-1-1 £
Input Unit

fm -]

Beam Condorm » Preror Erpomsy
Marewe Mewoy W (L2 o2
Feced o o o — -
—— T T iwwnY AR Manry
o 0 0
e A Sow B Cortre Brhvieds
L
AP Warery o
-~ ~—
~
~ -
~
~
~<
~
- -~ 0
E |
e 40 Seh L Cabourien
Ogn Seh Tetad o S Cokeafyw Duge
il L k‘n
Sana seh futirare
Tai5) Mav i Com tie W Tiss

Dose Time
[usec/dot] Dose Coef.
0.00000 1.0000

X (Factor

in Converted File)

Select Field DXF Open Open
dl Size/Dot [ | CON .c CEL
54 St e
Scvmdul Fiim barm ot 55
DETH Descvory [ P A A
Curert Fom
et | powron 9t (v Do Trwe o Myt I
" Condten F e x ¥ Lh viour)  Dows Coet.
i sy o b o | v
_miuiw_uuuc_um_um— I ) -
2 1.0 memn 1 i 1.1mo R (e (] 00001
i 000 fnienig 1400 0 1]
4 Wimo 1.0 0.1
§ . 00 1.1000 wo o
8 X [mo 11000 .1 [
13 mmo 1500 .1 0.0
q -mg 1.0 0.} .00
1 ] 1 e
n ). (oL o 1.1000 0.1 .00
1 (o il 1.0 0. M )
17 0. 000 (] 1.0 0.0 0.000
5] .momo .00 1800 0.1 0.0
" ). 000 0.1mm 1.1 0.100 0.000
1] 0imo D. 1 0.1 o
18 ). (0( 0,100 1 0.1 0.
1 . (0 0.10008 1 ] 0.1 1.0
" 0. (0000 01000 1100 000  0.00
] 0. 0 0.1 1.100 0.} 0.900
] 00D 01w 1.0 0.1 [
21 . MOC000 0.1 11000 0.1000 ]
a2 im0 01000 1.100 0.0000 )
a [ 0. 100 1 ) 0.1 ]
i 1000 - 1000 1100 0 1]
&5 . M0 0.100; 1.1000 05000 i)
E'i ,IEU ‘TLI[I] 1.100 0.1M0 )
it i1 it A i
Total Dose Time = Dose Time + Dose Coef.
O D 00000 T
3! 1,000 0.00(mp ﬂ-l[l]."] 11000 l[“” L] r\lIl)
a YOOW pmime  odmm  dmd  gamp .0m
a 1.000000 I 0rmo D 10 1.1000 L |Ll1D 4.000

ek ar




(7b) Schedule File — Set Option and Preset Height

’ Change(C) ‘ ‘ Clear(l)

",

=Laser

Z-Movement
Maode

PRESET(HS ON) ~

Z Preset [mm]
3.2

Z Tolerance [um]
05

HS Error Process
@ Cont. ) Abort

Stage Warmup
@ OFF ON

Registration
Global Mark (Reg—2)
® OFF ON

Error Processing
END

Execution Mode
ALL REG-2

Field Correction
ALL REG-2

Field Mark (Reg-3)
@) OFF ON

Error Processing

END
Search Position
Repeatability
100 [nm]

R

Search Position
Repeatability
100 [nm]

Keep Last Rotation

Search Settings 8

View Profile

Check Settings

Local Mark (Reg-4)

@ OFF ON

Periodic Correction

Mode
Pos -]
Timer
20 [rnin]
Dose Correction
oon
- Tolerance
0 [min] 10 [x]
Target Beam Current Set By Input
Iput
[TJUse Input Value 1.0e-9 [a]
Wide Area Correction
OFF ®ON

Wide Area Corr. File Name

Width Modulation

o

Equationa* mod + b
(X) Equation Param — a
1

(X) Equation Param - b
0

() Equation Param - a
0975

(V) Equation Param - b
0

Dose Time Interpolstion

9 OFF ON
Dose Blanking
© OFF ON

Each setting, please click the "OK"

button when you are finished




Preset Height and Height Sensor

Linear CCD (detector)
Laser

E-Beam

e

Oscilloscope Screen

Substrate

Stage



Preset Height and Height Sensor

Laser

E-Beam

Substrate

Linear CCD (detector)

Oscilloscope Screen

Stage



Preset Height (offset)

[
V)
[
U

500 pm wafer

Gold Reference Height 3.0 mm
Height 2.6 mm




CAD Conversion ONLY on CAD-PCs (!)

| 100keV L 50keV fum

Start the conversion process by creating a directory for this job
Save entire folder on the CAD-PC (.cel, .sccc, .scbc, .scon, .sc8)
Will transfer folder to the “Online PC” when at the tool
Estimate your write time before reserving the tool!



Elionix Reservation Policies

e 10 Day Reservation Horizon for each tool

* No more than 3 reservations at a time

* No more than 1 prime time reservation at a time
* Number of reservations limited — NOT hours

* Reserve only the time that you need

Cancelation Policies

* Must cancel at least 24 hours before beginning of the reservation
* |f reservation efficiency is below 80% you will receive warning —
Thereafter will either be charged or loose reservation access or both



ELIONIX

Electron Beam Lithography




