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General system description:

O o o o o o od

Raith Company

Leo Gemini Coulomb

Stage position laser interferometer
Stage height laser interferometer
Stationary stage movement
Gaussian beam shape profile

Vector scan elements

General Information

Specifications:

O o o o oo o o o O

Encoder resolution 2nm
Position repeatability « 50nm
Dwell time 100nm-8s

Step size Inm-1mm

High tension 0.1 kV to 30kV
Setting time 0-10ms

Write field Inm-2mm

Beam Current 1pA-10nA

WD 2mm-15mm

Spot resolution 20nm

Nano-fabrication center



P NYOIVIR SEM software (right screen)
Ben-Gurion University

of the Negev

Scan pause Magnifications /
Rt £0 [S¥STEM working distance

File Edit VYiew Beam Detection Image Scanning Help

EEEEETR-LL=CE PRt -y T

#9e  Vacuum Tools

SEM Controls Hy
Crosshairs _ . T e
Scan speed : Crosshairs Dedicated Keypad S
BrlghtneSS & Contrast lock [Gun Vacuum - 2.81e-003 mbar

[Vent inhibit = None

[Vac Status = Pumping

|Column Chamber valve = Closed

\EHT Vac ready = Yes

olumn pumping = Ready

| Vent

SyStem Partial Vent on Standby
CcO ntrOI bar Vac Quict Mode

BGU Nano Fabrication Center
Annotation bar 10 pm* EHT =0.000 kV  Signal A =InlLens  Date :17 Nov 2016
WD =2.7mm  Mag= 1000X  Tine.10:38:33

CIGEE T ENLDCQdu LSYHQMEN Zmm

= Ready. ‘ Coarse @ ‘Vac: __‘,‘|Gun:\/|EHT: X|

EN o [mz '3 ) 1038 AM
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TRNED VYD MDD Raith eLINE software (left screen)
Ben-Gurion University
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Magnifications /

working distance

Stop all motors Navigators

@S % |2 2@3% @ o@

(B e

| Username I Level I
y Adrniniztrator 55

y Avichai UsSRh

Desktop
toggles

y Bazant UsSRh
y Benny SY'S
y Costa 55
y factory SY'S
y Liran UsR
y qtest Usk
y Raithzervice 575
y sEmvice 575
y training UsR
y Togew 575

= -

[ Tools =]

h 19N

aQ N . ]

Adjustment

+2x

RRIKAK g L Patterning {

e
| wafermap Y State control
x @ [ @ u=41122193 v=-72.015666 @ U=136.522193 v=1.93

State control
Tools box M

GIS control

Load lock control

=ae
@ 0.000000 mm u: 0.000000 mm
[~ S 0.000000 mm ' 0.000000 mm
@ = 0.000 mrn W 32,500 mm

e [@E =] ieg.. [& = ][ = |[B@eea. [ = ][ =]

[ [@ U=41.122193 v=72.015666 [M U=136.522193 ¥=1.984334 [t X=41.122193 ¥=72.015666 | ER
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fundamental steps to
successful e-beam
lithography:

Loading sample

Set desired EHT, aperture and pattern

Measure current and set suitable dose

Adjust axes

Focus

Write-field alignment

Exposure

0 N o U kA wbheE

Unloading sample and developing

Nano-fabrication center
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Enter your user name and password,

choose the project type and click “Login”

e LINE

| Ultra high resolution electron beam lithography and nano engineering workstation

Licensed to: Ben Gurion University of the Negev

IL-84105 Beer Sheba
No.: 214301

User: [qtest | Password:

Project: INew LI

Raith

BNOVATIVE SOLUTIONS FOR NANOFABRICATION AND

Cancel I

Konrad-Adenauer-Allee 8, 44263 Dortmund, Germany
Phone: +43 (0)231 95004 499
Email: support@raith.com http://www.raith.com

F SEMICONDUCTOR NAVIGATION

Nano-fabrication center



Q

102192 NODIVIR Loading sample

Ben-Gurion University
of the Negev

Placing the sample on holder:

Select the suitable holder

Take a note of the sample size and position on holder:

It is recommended that the sample’s bottom left corner is bare

Make sure the sample is flat:

Nano-fabrication center
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Place holder on transfer rod:
 Make sure it is leveled properly

 Make sure it is anchored correctly

* Close and fasten load-lock door

Nano-fabrication center
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Ben-Gurion University
of the Negev OR
. (1) (2) (3)
Raith eLINE software: | o .
@ 7 Novater i, ] Navigator eLi.n,.. [ef&]=]
. 1 Sample loading -".\:' Sample loading =
* Click on Load-lock sample & — e D | |
exchange menu icon K — westsorse [
L sl Lok via chamber ll
Sample | l

* Click on Load sample on
“Sample exchange via load lock” bar

Sample exchange 7 ]
Sample exchange via load lock,
tjt Load sample “_: Unload sample %

Sample exchange via front door

Htl: Load zample Hjl: [Inload S ample g
Pump charmber Yent charmber
* Click icon (1)
Sample Advanced

* Choose via loadlock (2)

Sample name:

Notice! e Choose “Load sample” (3)

Using the “Sample exchange

Via front door” menu will open
The main chamber and lose the o
system vacuum! Nano-fabrication center
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. Click OK to proceed

* |Insure that there is no
sample holder inside the
chamber and the holder is
in place and click “Yes”

* C(Close and fasten the load
lock door

* Click OK to proceed

* Wait until next info pop-up
window appears

Loading sample

Info Sample exchange L = |

{ ~ ) This procedure needs approx. 8 minutes.

"~ Press OKto proceed

ok | cancel |

into Sample exchange bocc |

'OI Is there really NO sample holder inside the chamber?

B Close the load lock door.
P Press OKif load lock door is closed.

Nano-fabrication center
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rInfo Sample exchange _ g

* When this pop-up appears,

Iw'"ﬁr' | Load lock is ready:
‘W 1) Open the load lock valve.

inSU re that the IOad IOCk ~ 2)Insert the transfer rod into the stage chamber.

3) Press OK if transfer rod is inside.

vacuum ready indicator is
on

* Open the load lock valve

* |nsert the transfer rod into
the stage chamber and click

IIO KII
Nano-fabrication center
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Ben-Gurion University

of the Negev
r h
Info Sample exchange base d @

i "o | Upper exchange position is reached:
W 1) Please remove the transfer rod.

* When this pop-up appears,
2) Close the load lock valve.
remove the tra nSfer rOd 3) Press OK if load lock valve is closed.

from the stage chamber

* C(Close the valve. Make sure
that it is placed in “Locked”
pOSitlon ® (J/;EN VAC READY

. Click OK to proceed

Nano-fabrication center
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|O| Reset coordinate system?

Reset coordinate system? Click as required .

Reactive last used column parameter? Click as required

i Seemple euchon o [——

4C% Reactivate last used column parameter set: 10 kV 30 um 9 mm (30 um
aperture / /10 kV 20 pm 10 mm)?

0 Load procedure finished successfully!

Load procedure finished successfully ? Click on “OK”

t_]

Sample Information

Name the sample Please specily sample name.

[
Cancel | [ ok ]

Nano-fabrication center
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Ben-Gurion University
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* Click on “Column control” _l_;l,
. -
icon

=t () 10 um aperture /

310 kY 10 prm 10 mm
{20 kY 10 prm 10 mm
{30 kY 10 pm 10 mm

=1+ () 30 um aperture /

() 10k 30 pm 1 0mm
{20 kY 30 pm 10 mm
{30 kY 30w 10 mm

=1 () B0 um aperture /

()10 kv B0 p 10 mm
() 20 kv B0 pm 10 mm
() 30 kY B0 pm 10 mm

S .,,g Systern Ramp-down Modes

() Calumn Standby
& Column Stap

e Select the desired mode

0o
B 04X |2 @&

* Click on “Activate selected Active Mads: Stop (GUN Settings] -
mOde” iCOﬂ =1 () 10 um aperture /

S e -

Nano-fabrication center
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* Click on “Design” icon &

* Open GDSII database file

* QOpen the required sample
holder map layout

* Choose the desired structure
and drag it to the sample
position on the wafer-map. A
new position list window
should appear with the
structure position parameters

Project  Extras  Window 7

New image

Open image...
Open linescan...

New positionlist
Open positionlist...
Mew wafermap

Open wafermap...

Open sample holder map...

Set desired EHT, aperture and pattern

Open Wafermap Layout File

Look | | W | - @erE
= Name Date modified Type S

el 3
B 365wl E T o

Recent Places ok O AT /0 I &

]100mm 3" whawlo 30/03/2001557  WLO File

|| | 100mm_30-modulewlo 30/03/20101559  WLOFile

Deskiop  L/100mm_4"_mh.wio 30/03/20101557  WLO File

p— _]100mm_4"_whalo 30/03/20101557  WLO File

= _]100mm_5"_mh.lo 30/03/20101557  WLO File

lbraies | 100mm_rt-modulealo 30/03/20101557  WLO File

A ] 100mm_stemhawlo 30/03/2001557  WLOFile

> _]100mm_ufhurlo 30/03/2001557  WLOFile

Computer

30/03/2010 15:57 WLO File
_dent.wlo 30/03/2010 15:57 WLO File

100mm_ush.wlo

‘L‘: _]100mm_

Mew script i || 100mm_wmh.wlo 30/03/20101557  WLOFile
Open script... < 1l ] »
Open navigator... File name: | j Open I
Exit AltaX Files of type [Wafermap Layout Fies " wio} | Cancel )
Bl Wafermap 100mm ushao ezl N » E oo
B EEAE C AL B LI
| 3LITH_Demopattem.cst
|Label="Wafer  [Type=BOX' [Size={152.0/152.0] [

INDname Edit yiewl
L ’I, 7] F_exp.asc
[ 7] Moname
7] pictue.ase
L[] steps_exp.ase

-
(4]
|| | I Er— 0o

OBl X | ma

| [ Positionlist NONAME pls
EHE|1|@E|E“E“X|L"¢I}|‘. H ~ "‘|1nclude: Iall

m

=E=r=]

;ngc\ude: Inone LI

|]D |U,|fmm |W’mm |Attr|bube |Templabe |Comment ‘Optlons |Type |Posljum |Poszfum |Pos.3,|fum |l
ﬂﬂ 14.43935!0.296184 XN uv s1000w EXPOSURE 50.000 50.000

<« [ r
[ 11 1 [LotID: [waferID: [slot:

Nano-fabrication center
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 Move the stage to be in a working distance of
10mm (use command line 25.5z or drive to
W=10mm or to Z=~25.5mm)

* Move to the faraday cup position

* Make sure that your on the faraday cup position

e Re-measure the beam current to ensure its

stability

 Ensure that the measured current is suite to the
official current table

Current measurements and suitable dose set

0o

Length Baze
& mm © oy
" um o ®y

Drive ]Step | Positions | Stage Lock |

U | Poszitior
: lil f* absaolute
! Clear | " relative

i 10,000 om

LCommand line
25.5z Fepeat
00

Length Base
@ mm e
" um W%y

Drrive ] Step  Pasitions l Stage Lock]

araday Cup an holde =
wchange position -
Load position = Edit
Pairt 1
Pairt 2 |4

free
free
free %

oo curvent S an

0.1456 nA [+ I

notmeasured

Fpeture: 0V 0pm  Votage: 10.00 kv

I'r:umnt pasitiory E’ I Measure [3

Nano-fabrication center



mpmpeerR - Cyrrent measurements and suitable dose set

Ben-Gurion University
of the Negev Patterning Paramet 0o
& @

\de Size: 700.0000 pm

* |nthe patterning parameter menu, mark the needed types of | |
. Area Step Size: 0.0200 prn = |10 Pixel
elements (Lines, Curved elements, Dots, etc.) rea Line Specing [0020pm = [P

[ Egual steps

Area Dwell Time: 0,007 000 ms

v Lines

Line Step Size: 0.0700 prn

* Click on the patterning parameter calculator icon
» Set the Step size and Dose for each type of elements

e Calculate the Dwell time for each type of elements Line Dwel Tire: [0.000750 ms
* Note that the calculated beam speed should not exceed 15mm/s E':Sds'tlw
. urve Step 21ze: . wm
(otherwise change the parameters or even the EHT and aperture Curve Line Spacing: [J0020m
in order to have different beam current) Bl sieps
.. . . Curve Dwell Time:  {0.007000 me
* Note that the headers and notification area is NOT red
v Dotz
Patterning Parameter Calculation ] H 'I Xl Dt Dl Tirme: lm
Wite Field Size: [T000000pm ;reaite;ﬁwze: W ] [~ FBMS / MBMS elements only
Min. Step Size: ,W Area Line Spacing; ’W v Equal steps r FEMS Areas
Beam Cunent:[0.100000 m  AcaDwellme  [00MO0m | [
x : ™ = Area Dose: ’m =]
Eeepbeess [20.0000000 m/s Patterning Parameter Calculation - S [ FBMS Lines
Areas | Curved Elementsl Lires ] Dots ]
#rea Dose = [Beam Current * Area Dwell Time| ¢/ [Step Size*Ling Spacing) wiite Field Size: {100.0000 i h[eaﬁtepSize: 0.0080 Hm J [ MBMS Elements
T Min. Step Size:  |0.0020 pm Area Line Spacing: W v Equal steps
Beam Currert; IW J Area Dwell Time: 0.000640 m= P
Area Doze: 100.000000 pCel "a'
i/ Beam Speed: 125000000 mm/s
Nano-fabrication center
Area Doge = [Beam Current * Area Dwell Time] 4 [Step Size*Line Spacing) Catcel ‘ Ok |
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Adjust the origin correction by
It is recommended to set the
down left corner of the sample
to U:0,V:0.

If necessary, Adjust the angle
correction by using two points on
the x axis of the sample/wafer,
read there XY positions (P1, P2)
and click “Adjust”. The calculated
angle will appear

If necessary, also perform the 3-
point alignment procedure

Adjust axes

(= ]
{.‘o Local |

o K S

=00

Qrigin Comrection | Angle Correction I 2-Puoints I gt W I

Set current Y pasition to

o ol

0000000 mm 0000000 mm il

Resstlyv | Adust |

S~

Adjust UvVW (Global) =an
Origin Correction  Angle Conrection |§-F‘oints| Adiustﬂl
P1

R R T T

F2
(A %[ TETEE e v [ 086087 W

Calculated angle: 0.64°

ResetUv | Adust

Nano-fabrication center
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Move close to the exposure coordinates
of the structure placed on the wafer-map

Turn the beam on and ensure that the
system is in imaging mode

Reduce the scanning window, increase
the magnification and decrease the scan
speed

Focus on the sample surface for
optimum image

[ Wafermap 100mm_ushwlo [EE]=]
BEER| e

[Label=Wafer'  [Type=BOX'  [Size=[1520/152.0] |Coor=[{-05.40,74.00), (56.60,78.00)]

Structure
position

Current
position

i1

501 [im

’—.U:12‘2T0820 V=2.308320 | U=0.000000 V=3.937394 |k X=12270820 Y=2808320 m
MG |
[ Reith £ -

File Edit View Beam Detection Image 5

| ol 2] 3] ] 2 85
e

Nano-fabrication center
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*  While the beam turned on, left click on
“Burn a spot” icon. Fine tune the
focusing until getting a clear and small
point (~20nm diameter)

* Adjust the stigmator’s XY nodes until the
circle is ideal

* Adjust brightness and contrast as needed

* Repeat the spot burning to ensure the
focus is ideal

* Ensure that the working distance (WD)
from the sample is reasonable (9-10mm)

e Ensure that the spot is clearly visible and
the croshairs mark centered to this spot

Nano-fabrication center
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Click on the “Writefield control” icon

At the “Writefield manager” tab select
the proper writefield and click “F9” or
“Set new writefield” icon.

In the “Scan manager” tab, select the
needed alignment procedure,
accordingly to the writefield size
selected and click “F9” or right click and
select “Execute”. For example at the
“Manual” sub header select “100um WF
— manual 25um marks” and click
execute.

Usually start with the largest scan size to
the smallest one.

Write-field alignment

>

[} XHE N F oW

Magnification
%1000

Field size
100.000 pm

Name

| Mag. + | Sizefum |

100 x, 1000.0 pm
500 %, 200.0 pm
) 1000 x, 100.0 pm
2000 %, 50,0 pm
4000 %, 25.0 pm

B <

W ';ef' Id Conti IFXr 1.0 pm
rr 1€l ontro

100 1000.000

500 200.000
1000  100.000
2000 50.000
4000 25.000
100000 1.000
Y
2L X s
#- & Linescans »

= (3 “whitefield Alignment Procedures

; -3 Automatic with Images

-3 Automatic with Linezcans

[ GDSI Layer Based Mark Scans

-2 Manual

----- [ 100 um 'F - Manual ALWF 1 um marks

----- [ 100 um WF - Manual A0F 25 um marks |5
----- [ 100 um 'wWF - Manual ALWF 5 um marks

----- [ 1000 urn W - Manual ALWF 10 um marks
----- [ 1000 urn wWF - Manual ALWF 100 um marks
----- [ 1000 um *F - Manual ALWF 50 um marks
----- ] 25 umWF - Manual ALWF T um marks

----- [ 25 um 'WF - Manual ALWF 5 unn marks

- - -

Nano-fabrication center
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Executing a WF procedure would start a
macro that will scan the field from
several marks so it can be fine aligned.

Use a the centered spot as the center
reference point and drag the cursor to
this point by (Ctrl+Left click) and click
“Continue”

After the macro will finish, execute
another procedure with smaller scan
field size until reaching to the smallest
scan size for higher resolution

The Zoom, Shift and rotation parameters
will appear after each iteration. Accept
them if they seem reasonable. Check the
reasonability of the final values of the
parameters at the Writefield alignment
tab.

Run the procedure as needed until the
cursor change is negligible

Write-field alignment

[ @Ue2.016732  ¥m2.171371  [F1Um0.000439  Vm-0.000313 |

00
Zoom IJ: 092000 I'I.EIDEIEIEI Get marks |
Il:ueam TI Y. 0.92000 IT.DDUUD Marke =
Shift 1J: 0,000 pm IEI.EIEIEI pm

Il:ueam vI W 0000 pm IEI.EIEIEI pm

Rotation U: 0.000 deg |0.000 deg Beset
II:neam vI . 0.000 deg IEI.EIEIEI deg Send

Nano-fabrication center
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Exposure

D atabaze: |D.\Usars\hyugev\DUcumenls\Avi niviéwi Niv Cycle 5.gds

Stucture; |B0nmLinel 200nmPitch

¥ Layer | IJU |
. . . ‘working Area | U | FINm o | B6.040 pm
* Verify that the final exposing parameters are [mrces: w6 [ oo
correc t : ?mFI‘U::{m. 1|W:;n ElA ju f \;,ﬂ: | cl_:nmant H - = o': =m Postion U] 11.992871 mm o[ 0426483 mm
. (@i J11.99287 -0.4269823n Open JnmPite writefield Size: | 100.000 pm
1. Exposing parameters are set correctly TR el | oK
B Seen P Avrea Step Size: ’m v Detault
. . : = e x g:l\:te ' = Avrea Line Spacing: ’m
In the patternlng prOpertIes pOp-Up ' o = [ sice Dt Tine: 000000 me [ Defaut
o Enabled v Detault

window (right click on the structure line S L

Line Step Size: ’m v Default
and click “Properties”):

0000750 ms W Default

Line Diwell Time:

Curved Elements: ’m Iv Default
Curve Step Size: 00200 pm v Default
.. . Curve Line Spacing: 00200 prny
Structu re pOSItlon IS correct Curve Dwell Time: 000000 ms [ Default
Dots: Enabled v Default

Selected layers are correct

0250000 ms v Default LCalculator...

B wnN e

Working area is correct
H FBMS Areas: ,W‘ Jv Default
Dose faCtor IS as needed Stage Speed: ’m v Default
FBMS Lines: [Disabled  ~| W Defaul
Stage Speed: ’m v Default

MEBMS: Dizabled [v Default
00200 v Default
00200 pm v Default

Area Step Size:

Area Line Spacing:

Line Step Size: 00200 pm v Default
Diwwell Time: 0020000 ms v Detault

1.000000 v Default

Pitch Scaling Factor:

Nano-fabrication center
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> 00
[ E =
@ Files lEommand]
. arme | YPE |

* Inthe “Automation” tab, drag the needed X éammm s

i BeginPatterning JSeript

macro to the position list to run it during or et oo

=2 2 DwellTimeCar cript

after the scan exposure process. N ggnﬁggzﬁm ;E

w8 E:dSIowSCcaann Jsz:st

= g FEMSDWELL_SET_DOTS JScript

. o FEMSDWELL_SETTIME JScript

* For shutting down the beam (close EHT) after |2 rwsoweerest S

: H. :'_ﬁ" gMaznificationEDD Jsmgt

scan exposure is finished , drag the = g%@ oo

. JScript

BeamShutDown macro to the end of the ~ aliEEsts 15570

2 wait JSeript

position list. £ Avormsn)

-

Positionlist NONAME.pls

IR EN
EHRO @ 8| 55 % B & < 8~ Include:  |all « | Exclude: fhone =
D |U.|"mm |\u',|"mm |Ath'ibuhe |Templahe |C0mment Options |T‘,r |Posl;"um |P052fum |Pos3.|"um 1
&1 11.99287-0.42648Z XN uv 80nmLine 1200nmPite EXPOSLURE 50.000 50.000
@[2_]0.000000 0.000000 MN duv STAY MACRO
] ¢
* 1:1 1 |LotID: WaferlD: Slot:

Nano-fabrication center
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Raith eLINE software:
u:“.arrﬂ

i
* Click on Load-lock sample exchange menu icon | s
l!T'“

e Click on Unload sample on “Sample exchange via load lock” bar

Sample exchange [ )

Sample exchange via load lock,

- |
é Load zample = Unload zample %

Sample exchange wia front doar
”tl: Load zample I]:[ Idnload Sample NOtlce !

% Using the “Sample exchange
Pump chamber Went chamber . ” .
Via front door” menu will open
Sample advanced The main chamber and lose the

system vacuum!

Sample name:

Nano-fabrication center
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Info Sample exchange |L|
° CI | C k O K to p roceed 'e' This procedure needs approx. 8 minutes.

~ Press OK to proceed

rEK | Cancel |

u“-
-

 (Close and fasten the load

lock door
o
[ Info Sample exchange base oS |
. '. Ik Close the load lock door,
* C(Click OK to proceed W Press OK if load lock door is closed.

Nano-fabrication center
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* When the load lock vacuum is
ready, open the load lock
valve, insert the rod and click
OK

Unloading sample

Info Sample endlmge base

Load lock is ready:

§' 1) Open the load lock valve.
2) Insert the transfer rod into the stage chamber.
3) Press QK if transfer rod is inside.

.

Nano-fabrication center
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Ben-Gurion University
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Info Sample exchange base & @

b Lower exchange position is reached:

‘W 1) Please remove the transfer rod.

~ 2) Close the load lock valve.

3) Press OK if load lock valve is closed.

* After the holder is placed in
the exchange place the »
“Info sample exchange \ o [
base” pop-up window will
appear

VAC READY

* Remove the transfer rod,
close the load lock valve
and click OK

Nano-fabrication center
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* Click OK when the unload
procedure finished
completely. Wait for 1-2
minutes until the load lock
chamber is vented, and the
venting has stopped.

I'Irxfo Sample exchange base ‘ &1

L4 Unload the hOIder and 0 Unload procedure finished successfully!
Please wait until load lock is vented completely.
remove the sample.

-
* Close the load lock door and | . %—JJ

fasten it gently.

* Place the holder in its
dedicated box in the eLINE
room bookcase drawer.

Nano-fabrication center



