Tescan EBL/SEM
Standard Operating Procedure
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Texas A&M University
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1. Login

2. E-beam alignment

3. UV coordinate system

4. Exposure

5. Shutdown

6. Appendix
1. Sample stage handling
2. SEM screen explanation
3. DrawBeam explanation
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Scope and Safety

dSCOPE
* The purpose of this document is to describe requirements and basic

operating instructions for the Tescan SEM/EBL System. The use of
this tool is limited to approved processes only.

ASAFETY
« Be sure that you are trained and signed off to use this equipment.

» Use care when operating around high voltage or high current.
« If you are unsure about any procedure or indication while operating
this equipment be sure to contact a staff member or trainer for

assistance.
* Primary contact: Sung Oh Woo, sung.woo@tamu.edu
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» Login with your account
» The MIRA3 control software always appears. Otherwise, click the MiraTC icon.
» Self test will be performed upon login

MIRA3
2 “2 HV Units
CONTROL SOFTWARE .

Gl vserD (2
2 MiraTC

Lenses Unit ]

% |Engiish v o

Stage Unit
& | 3 —

PC
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Beam alignment (1/4)

1. Click on the SEM control to avoid exposure at the center of sample
2. Start e-beam: ‘Beam On’ button

« The screen shows similar image with the following SEM picture

« Set magnification low, < 100X
3. Select proper Bl (BI=10 for smallest beam spot size)
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Use UV coocdinales Defioe UV e

wIw

MEM CLR | | { ol

[ Standard Tescan Carousel - Sample edge: can “

Beam location Tbe.aligned with
é’e horizontal line
°.° Sample

SEM HV: 30.0 kV WD: 31.48 mm | | MIRA3 TESCAN
View field: 6.55 mm Det: SE 2mm Performance In nanospace
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Beam alignment: (2/4)

1. Locate the gold standard (direction can be found from previous slide)
2. Focus the surface at the magnification of 1000X or higher
* At this moment, Z&WD (working distance) > 30 mm
 Focus on the gold standard, like right image
* No fine focus is needed at this moment

[ Stage Controf ?
= X 27253 mm [JKeepviewfield
4 b
v Y -20.5842 mm Stop
A Y Z 40.000 mm Undo
S € Rot -000 deg Home
) L Tt 000 _ L deg Calibrate
|
\WD&Z 31960 » mm  OK <<
| I —————— T T ) —
[ JUse UV coo Define UV
IV1E’V‘ CLR A | l : ! | | ! | ' | | 2 SEM HV: 30.0 kV WD: 32.10 mm
[ . View field: 6.63 mm Performance in nanospace m Pl foniemico bt BanospRCE

AggieFab Nanofabrication Facility i | TEXAS ASM. JEER | S Q8eerme. K | Deparmentof cecrica

UNIVERSITY. Experiment Station & Computer Engineering



Beam alignment (3/4): bring WD to 6 mm

Stage Contro ? ]
|
Stage Control 7 =

p o N ¥ -4.2831 mm [ Keep view field
< - > X -4.3155 mm [(JKeepviewfield | v Y 223330 mm Stop
v ¥ -22.4461  mm Stop A ¥ 7 147189 mm Undo
= ¥ 7 40000 mm Undo S5 ¢ Rot -000 deg Home
S € Rot -0.00 deg Home -7 i‘;}_Tﬂ 200, geg ~E i
- 2 T 000_ - geq  Calibrate | | 052 6000 [-jmm g oK JI == ]|
| WO RZ 15| . mml <t [ [JUse UV coordinates Define UV
= — |
I:JUSEIJJE?GI'EHEES_ -7 Define UV [ JLAEN | GLR B | | J ‘ J : |
Type & | Three steps
MEM CLR | A| | | | [ ]|

e WD 15 mm & focus
e 10 mm & focus
* 6 mm & focus & stigma

Enter or click — — —— — |
lokl

SEM HV: 30.0 kV | WD: 6.00 mm MIRA3 TESCAN
View field: 1.55 pm Det: SE 500 nm Performance in nanospace

SEM HV: 30.0 kV [ WD: 14.80 mm MIRA3 TESCAN
View field: 4.63 pm | Det: SE 1pm Performance in nanospace
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Beam alignment: 4/4

» Do focus & stigma
» Do wobbling correction at magnification of 100,000 X or higher

Manual Centering Wizard @

* Click Next

* Do the wobbling
If the images are shaking
laterally while WOB activated,
correct it until any particles
shows only focus-defocus mode.

* Click finish

This wizard instructs you how to
center the current scan mode.

Wobbler sensitivity
Lk

[(1Use OBJ Precentring

WOB | | == Previous

HV:10.0KV | WD:6.00m
View field: 1.62 ym \ Det: SE 500 nm Performance in nanospace
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Sample alignment

1. Come back to [} position
2. Sample alignment: click {BISilsle]OAY
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Electron beam current measurement

1. Move to Faraday cup & Zoom in completely
2. Select proper Bl (beam intensity)

« For multiple Bls, measure all the currents corresponding to Bis

« Beam alignment should be done with the Bl corresponding to smallest beam current
3. Open the DrawBeam Process
4. Measure the beam current — update the ‘Beam current’ value

MIRA3 TESCAN
Performance In nanospace;

SEM HV: 30.0 kV
View field: 6.55 mm

WD: 31.48 mm
Det: SE

GRS S WA I

==

Project

N8 adssniR_
View = R Click for popup
h-B:HHRaq

Edit

Selection properties

§  DrawBearm Process % |
@ Expose ﬁlnglé Layer Exposa balch
Sellings
Layer Layer 2 eaL [ ~
535“55“1“95 _F'EC | Pattern alignmani
LS o il SEL Sallings. -
Beam curmment 0.037 nA I |I E
e . = o gt 0
Will be updated Cli
—== lick for
Material Dafault raterial |E - -
measurement
Dose Dwelltime  Pitch
100,00 pClem® 1.72ps 7.93 nm
Start
After finish - .
1M
> »

Time (remaining / total) — [ 0:00c43
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Exposure on the substrate (1/4)

1. Locate at the sample area

1. Find a location where focus can be made

2. Or, a scratch has been made, locate the end of the scratch
2. Focus & stigma at high magnification (e.g. 100,000X) — during focusing, PMMA will be damaged
3. Move to unexposed location

1. Turn off the beam — click ‘Continual’

- S R R TS (eI

—— g2 Info Panel =] 2
o Pane ?
— . . ; Single Acquire
|M Sl e LS Scan Mode: RESOLUTION
Scan Mode: RESOLUTION . g ’
HW: 30.00 KV LS . . Bl
Magnification: 44 x {::I.agntl_ﬂclztmn. ;’;’;4
View field: 2334 ym TR L Ll
Speed: 3(1.00 psipx) : Speed: 3(1.00 pslpxl)
- 1 .
WD: 6.944 mm Stop beam scaning WD: 6.944 mm
Depth of Focus: 73211 pm Depth of Focus: 73211 gm
Stigmator: -08%/-06% Stigmator: -0.89% /-0.6%
|mag? Shift: 0.0 ym/-0.0 ym Image Shift; 0.0um/-0.0 ym
;{0‘9"0'”; o Suﬂg 0‘199 Rotation: 0.00 deg
eam Intensity: ! -
Absarb. Curr: 155 pA S Intens.lhc'. 10.00
. Absorb. Curr: =1 pA
Spot Size: 27nm -
- Spot Size: 2.7 nm

SEM Detectors & Mixer =] 7 SEM Detectors & Mixer 0 2

Os  (A+B (yA-B (D AIB :
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Exposure on the substrate (2/4)

1. Move 100 ~ 200 ym away (downward) to avoid e-beam exposed area
- E.g., “++0.2” — send the stage 200 um along positive direction
2. Start exposure

# DrawBeam Process (Rl &8 | :
— @ Expose single Layer Expose batch
Stage Control ? > Seftings
Layer Layer 2 esL [ ~
s X -4.3155 mm [_|Keep view field = Basic settings | PEC | Pattern alignment
‘ v ’ y mm Sto B Preset ‘:Actual S'El.|'se7tﬁings - ,'7‘
) ++0.2 ! P — Beamcument  0.256 nA bt [
& ¥ Z 40.000 miIm Lndao Spot size 259 nm
Write field size 50.00 pm
S5 € Rot -0.00 deg Home -~ e Default material (2= [25]
- 3Tt 000+ geg Calibrate Dose Owelltime _Pitch |
10000 uClcm* 0.04ps  3.06 nm
WD&Z 15 » mm <2
= _ Start
[ |Use LV coordinates Define LV After finish - -
B WSIM
MEM CLR A | | | | | J | > Ey
— | Time (remaining /total) = —— / 0:00:10
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Exposure on the substrate (3/4)

1. Making a beam spot: checking the beam shape (stigma) & focus

« Max magnification — Analysis & Measurement — click at the center of SEM window — yellow cross
« Click ‘Start button’

This takes 30 — 60s depending on current stigma & focus
2. Beam shape

Perfect circular shape (right image): move forward for exposure
Not clear oval or linear shapes: adjust stigma & focus

Nothing appeared: go back to previous location and do focus and stigma, then repeat making beam spot

[FREH e -

SEM HV: 30.0 kV WD: 5.99 mm MIRA3 TESCAN

View field: 0.415 um Det: SE 100 nm
SEM MAG: 1000 kx  Est. Beam: 264.6 pA

Performance in nanospace
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Exposure (4/4) — set the exposure parameters

© Expose single Layer () Expose batch
Settings 7 = Exposure settings X
Check — rLayer1 EBL-;';T Material parameters
layers for tings pec  Pattern alignment Default material a8
exposure ‘ B T
REVIN Actual SEM settings Dose ~— 350.00 uClem=  ° Set the dose
Beam current 70.500 nA ’J Dwell time 0.06 ps
Spot size 273 nm Measured Spacing 1.000
Write field size ~ 70.00 um Vvalue here. Exp. pitch 273 nm - Exp pitch > 4 X DAC
. ¥ : 0.5 is dummy < luti
Material Default material resolution
,Va — - —— =—— @ DAC resolution 1.19 nm
| 350.00 uCicm* 0.06 ps J3nm ____4 i:Accuracy Medium v 342 nm
o Double click | || Objects overlaps = HMultiple exposure
a (i
&
After finish --- (5
Gl i ? Cancel Ok
’ — Ism l YL

Time (remaining / total) —_ ;1 o:00 Everything is okay, _@

, Click start button for exposure

=
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# | Chamber View

Stage Control

< (a] | X 00000
= [w]= v -135000
=[x z w0000
9 |e ] Rrot 000
-2 [5] Tt -0.00

WD&Z 31475
Use UV coordinates

wen|cr) - | |

|mm

mm [T Keep view field
mm | Stop
mm Undo
deo [ tomeP.

» | deg Calibrate

Define UV

[Flo]uli]

ok J[L=<

Standard Tescan Carousel
e °

¥ TESCAN

B) SEM Scanning window [768x768] 100%

View field: 6.55 mm

SEM HV: 30.0 kV WD: 31.48 mm

| I MIRA3 TESCAN

Performance in nanospace

‘S,-‘stem status. J\ Adjustment: 9
Main Toolbar Bz

=8 Es

pad =

?
High Voltage =
30.00 [\
< | > @
i =5 (2 _Reset |[ undo |
Info Panel B
Continual |  Single || Acquire
Scan Mode. RESOLUTION
HV. 30.00 kv
Magnification: 32x
View field: 6547 ym
Speed 1(0.10 psipd)
WD: 31475 mm
Depth of Focus: 5.760 mm
| Stigmator: 07%/-07%
| Image Shift 0 )um
i Rotation 0
| Beam Intensity: 1
Absorb. Curr. 1 1ker)
Spot Size: R
SEM Detectors £ Mixer 3
Electronfeam B
HV. 30.00 K\

30.00(15..30) kv ~
Adjustment >>> |
Low Vacuum Mode Bz

——e——— —_—
| UniVac 1 100P3 .‘O_K‘\
Vacuum B2

Gun Pressure: 6e-08 Pa
Column Pressure. 1.3e-03Pa
Chamber Pressure: 93e-02Pa

Vacuum ready.
| .

|stanoey | vent | PUMP_ |

A
3

. Shut off Beam

. Home stage

. Unload sample
. Pump — wait until the
pressures turn to green

1
2
3. Vent
4
5

6. File —log off
7

. No for Standby mode

Texas A&M Engineering
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Appendix
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Sample stage

» If another stage needs for the operation, switch one to the other

EBL stage
SEM stage

Sample clamp
A . adjuster

b G

NN
=
\

Gold standard |
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Login screens: two screens

SEM Lithography (DrawBeam)

W ¢ Combenm uarced - 200 meat1 0723 208

| 0> ceanxar®

3z

Blanked

SEM HV: 30.0 kV WD: 31.48 mm
View fleld: 0.209 ym Det: SE

Tools — DrawBea

TEXAS A&M UNIVERSITY

AggieFab Nanofabrication Facility T | TEXAS AsM JEEE | Toos v ireneerne I | Sosireiceaca

& Computer Engineering



Scan speed = |E

Farad

Stigma —»
Auto. Brightness & contrast -

Rotation
Tilt
WD &Z

Wobbling correction =

Blanked

E-beam location
Click ‘1’ is suggested to avoid e-beam exposure

— o - - —
13

Analysis &
measurement
; circular test spot

Adjust the
selected
parameter

A

o

Control panel;
Select parameter
for control

Chamber
pump & vent

TEXAS A&M UNIVERSITY

AggieFab Nanofabrication Facility TP | ThXAS QM.

TEEE |

Texas A&M Engineering AF{ Department of Electrical

Experiment Station

& Computer Engineering



EBL: DrawBeam

Import source file

R Q. PO pert 07,28 X0

@ Fasve wogw Layw Cpous saten

| r— { . +  Drawlewr Process
New project 2R EAdE e Window popup —I

g SO
. . L4 - L o
‘l‘ S . +
£ Baist 148000 | SEC | Pusen sbgoment

1 Forret Atus SLM snng:
o vd AP i BT 2 - Triger beam current
Caec | 522 " ' measurement
| '.. [» ‘ . ,‘_: Vrte S iz s )
Shapes and B .~ . 258 S8 ester Cetmet muterss
. I'e ’r @ ==
text a % < Dwea b
SHeSon prooaries 172 6 .
et
> Uy .
» ws ieesees v Double click for popup

Crpomry settnge

l sty zaaemn

il - Gle wns rames =]
Layer info J& s osse ' « Dose setup
Gbun = | "™ " “ Exp pitch >4 X DAC resolution
Objects |l Foedng g
contain [ | oy f SCnsmmn
shape, Wil [ 1237 e Exposure boundary —— —
location, e el — Can be set at the ‘New project’ or ‘Layers’ ek owies  Gge e
_dimension tap on the left bottom panel =
information . o
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Revision history

SIGNATURES AND REVISION HISTORY

1. Original author of this document: Mitchell Roselius

»  Original author Title or Role: Student worker

« Date of original: 2/25/2021
2. Revision B notes: Update of the graphical procedures.
3. Revision C notes: Photos and description added

Approvals:
Technical Manager Signature: Sazzdra G Malhotra

Date: 7/11/2025

Revision Author Date
Original Issue Manouchehr Teimouri 3/5/2018
Rev A Mitchell Roselius 2/25/2021
Rev B Sung Oh Woo 7/1/2025
Rev C Sung Oh Woo 8/12/2025
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