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Experiment: Shutdown
1. Electron beam and ion beam: same procedure as standby (see above)

2. Sleep
Click the sleep button in the System menu, just above the Column window.
System ?  System 7
| Wake Up | | Sleep | Wake Up | | Sleep |
Column 7 &  Column ? &
Beam Current Beam Current
it | [-[#[050na o] L 0" ) [=[#[os0na -
- 3000kV 3000V
High Voltage |4 ] v 4] High Voltage |4 [u] r 4]

The green bar below the Beam On button of the ion beam turns yellow, then red and
reduces in size.
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2. Insert the STEM detector

Doublecheck in the chamber view if the path below the stage is free.
Doublecheck you are in focus, at 7mm

Experiment: insert the STEM detector
In the menu Detectors:
- Select the STEM3 detector from the dropdown list
- Click ‘Insert”

A window will appear:
T Bl 222202 2T
Select your sample holder configuration |

(3
@L Pretilted Holder - FIB sample processing
A\
aV Pretilted holder - STEM imaging
4

T
2 i
5 Horizontal Holder

\ Cancel

Select the relevant option, i.e. the situation which describes the stage and the rowbar.

STEM 3 and STE3M+ allow to select different prats of the detector be active.

Detector Settings ?

Detector ‘ STEM 3 :

Detector Settings ?

Detector |STEM 3+ :

Bright Field ) Bright Field

© Dark Field Dark Field 1
HAADF Dark Field 2 [
Custom ‘

Dark Field 3 (
Dark Field 4 \
HAADF

Custom Annular 1

Custom Annular 2 ¢ \
Retract = <

Custom Angular
Retract ‘

Custom Annular 3
Custom Annular 4

Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:
Demonstration:

Demonstration:

Login onto the FIB SOftWare .........coooicciiiiee e 6

The LMIS (liquid metal ion SOUICE)......cccveeeeciiiee et 7
Switch the beams ON ...c..eciiiiiii e 8
€-beam Pt depoSitioN ......cccviiiiiciieeecee e 9
Beam coincidence Point........cceeeeeeii it 10
Aligning electron and ion beam ........ccccce i, 11
Pt deposition with the ion beam.........cccceiiviiiicciii e, 13
PatterNiNg TYPES «.uueee s 15
Basic Milling CONCEPLS.....uuiiiiiiiiiieieee et e 20
STEM imaging Demonstration.......ccccceveeeiiiiii e, 31
Making @ Cross SECHION .....cccuuvviiiiiee ettt e e e e 24
Making a cross section using EDX ........ccceeeeeeeiiiiiiiieieee e e 30
FiNiShiNg YOUr SESSION.......iiiiiiiiee ittt 33
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Demonstration: Making a cross section using EDX

Demonstration: The LMIS (liquid metal ion source)

Prerequisites:
Eucentric height, beam focused, 7mm working distance
Coincidence point set
lon beam and e-beam aligned

Prerequisites:
Running xT server
Running Ul

Produce a cross section

Background on the ion beam

Experiment: EDX on a cross section
- Adjust the formula for Y: Y >3 x Z (or more). Because BSEs produce X rays in the gap.
- make a second bulk milling on the right side of your ROI to avoid shadowing. You will
end up with an L-shaped gap (below and on the right of the ROI).
- Be careful with the interpretation: the imaging is from under an angle, which means
that shallow layers may overlap.

Base

—  EXTRACTION
VOLTAGE

Heating coil &

reservoir

Blunt W with

grated surface
for Ga
transport

1um

IoNS Why Ga ions?

Emitter tip B S M, = 29.8°C
METAL p= :

(liquid at RT)
7N
A Vapor pressure low
(useable in high
vacuum)
Taylor-Gilbert
(ofo] 1] Narrow energy
distribution

Electrons

lons

very small

Big -> outer shell reactions (no x-rays)

inner shell reactions

High interaction probability

High penetration depth

less penetration depth

Low mass -> higher speed for given
energy

High mass -> slow speed but high
Momentum -> milling !!!
lons can remain trapped -> doping

Negatively charged

Positively charged

Magnetic lens (Lorentz force)

Electrostatic lenses




‘weaq uol 3yl dniiels 01 SaINUIW GT INOQe el [|IM 3
‘3uissaidoud ajiym ‘mojaA uayi aduelo uayl paJd uany [Im Jeq ssaidoad Aea3 sy

]« (1] v | @Betjon ubiH 0K 7] }| 8o ubik

M 000E _ N 701 0008 ==

- YUOS0|+|= = : o 7
co——c e
& i uwnjod) ® R

‘uQ weag ay1 W10 Aeasd aq ||1m Jeq ssa4304d ay3 :weaq uoj
Agpuels se swes :weaq uoJ123|3
uawiiadx3

uolNg ,UQ Weag, uol 3y} Japun Jed 3yl puly |[IM NOA ‘UMOP INYS S| WISAS Y3 §|

“}|12 Y3 03 anp 3|dues ay1 o siied snJ0j-}0-1N0 J0) dueisip SulJom
91 91esuadwod 01 SulAi} ‘wolloq 03 dol Wwody sueds weaq ay3 se agueyd ||Im snxo} ay |
snJoj d1weulAqg

.06- pue 06+ usamiaq a|3ue 1413 Aue J0j 19S 9q UED UOI3I34400 Y|
lenuep :3|3uy 1L

(918ue uo1129s sS04 [B21dA]) B|8UE 3]13,27G B 40} 13S S| UOIID24I0D dY |
(uo1as ssoud) anewolny :3|8uy 1L

1|11-2u4 uswpads

(s313-24d uswidads 9|qissod pue)

| - 00[+[-] 1enven 9|8ue 312 3uS44Nnd Y3 JO} 33S S| UOIFIBII0D BY |

Jiewolny :3juy 1L

B lenueiy | a1buy 1L

uonsaLo7) i ]
& U] 1L

N304 olweulg ] uol1094402 3|11

3213 %3 UOI3D34J0D }|I] pulj |0J1U0D weag u|
9]8ue Sunyn ay3 104 199440) :JudwiIIdx]

dl4 33 1els 03 uQ weag Yyioq 2110
‘Aqpueis :sieq ssa1304d U243 yum yioq weaq uol pue weaq uoJaidd|j

\/ | q [i] »| =Be3jOA YBIH |;| ‘ [i] » | @Be3joA UBIH

M 0008 ~ ~ A000T

|‘| hialialy |+|_| i uQ weag _| | ! |Ei s | : uQ) weag :
JuB4IND) Weag ‘ YU oT'0 quUBIND) wiesg ‘

& i uwinjo)) & uwnjod

(3y814 doy) Jueapenb weaq uol ayl uo 212 1414 :weaq uol ay3 40} yeaday
- ,UD weag, uo1ing ay3 Japun Jeq ay3 323y ‘uwnjo) < & [043U0D Weag 3y} u|
(349] doa) Juespenb u.laq U04323|2 3y 3|35
Judwiiadx3

U228 UoNNQ ,UQ Weag, Y3} Japun Jeq ayl puly [|IM NoA ‘Agpueis ul S| walsAs aya 4|

UO weag uol pue weag-2 Yd}IMS 0] ulea]

papeo| s|dwes
:s931sInbaJalg

Uo sweaq 3y} YouMS :uopesisuowaq




Demonstration: imaging a cross section

Demonstration: e-beam Pt deposition

Prerequisites:
Eucentric height, beam focused, 7mm working distance
Coincidence point set
lon beam and e-beam aligned
Cross section made

Prerequisites:
Sample loaded
Electron beam on
Eucentric height, focused, WD=7mm

Now image the result of your cross section in the e beam

Learn to deposit Pt using the e-beam

e-beam
, lon beam

Tilt angle

Due to the tilt angle, the SEM image is
not seen in an orthogonal, planar
dimension.

Pt protection
Hence: you have to compensate for the

distorted aspect ratio.

Pt deposition using the e-beam marks is used to ensure a proper beam coincidence
point setting if no landmarks are available.

IT IS CRITICAL TO BE AT 7 mm WD, IN FOCUS at at eucentric height

Experiment: Imaging
- Go to a very low ion beam current (10 pA)
- Switch to OptiTilt and use T1 and T2.
- Press F9
- Curtaining issues: Do not use the ETD, since curtaining is the strongest in that detector.
- Lower beam currents: more focused Beam, but more curtaining.

Experiment
Make sure your sample is at eucentric height, focused and the WD=7 mm. Hit CTRL+f
Under Patterning > chose a rectangle. Set e.g. 5 um x 5 um, deposit using the Pt
application (PT_EBID)

Patterning settings

- XYZ: 5pm x 5um x 0.5um

- 15 ps dwell time

- Application Pt_EBID

(e beam induced deposition)

GIS-needle

Adsorbed

Microscope settings
molecules

(might slightly vary on your sample):

- Standard mode

- Magnification: 2000 X or higher

- Acceleration voltage: 5 KV

- Beam current: set until time is 3-5 minutes.

Click start patterning
Note: e- beam deposition is soft and slow, iSPI is not possible
When finished: retract the GIS needle. Hit F9. remove the pattern.
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too much current and you will mill instead of deposit

Too less current will destroy your vacuum

Demonstration: Aligning electron and ion beam

- You should get a time round 3-5 minutes

- Insert the Pt GIS

- Press F9 in the ion image (this will contrast/brightness correct and take a snapshot).
Make sure you have the ETD selected

- Check the position of the rectangle, overlay the e-beam deposited marker.

- Run the deposition

- retract the GIS needle

Prerequisites:
Sample loaded
Electron beam on
Eucentric height, beam focused, 7mm working distance
Coincidence point set

Find where the ion beam and the electron beam meet

Experiment: Bulk mill
- Use the regular cross section (RCS) pattern (not a cleaning cross section). Position it
just below the Pt deposition you just made with the Ga beam
- Place the RCS pattern a bit wider than the Pt deposition marker (about 10-20%) and not
exactly touching the Pt above it. The pattern is yellow
- Is the application: Si multipass
- determine / decide on the depth (e.g. 5 um)
- calculate the Y, with at least Y > 2 times Z. If you intend to do EDX, a factor of 3 is at
least needed.
- Pick a Ga ion beam current to mill between 2-5 minutes (rule of thumb, no calculation
needed).
- iSPI is possible. Use the brightness / contrast buttons on the physical control panel to
adjust B/C, not F9

Important notice:

The ion beam will destroy your sample surface (unless it is protected by layers of Pt).
Do not continuously image with an ion beam!

Use low currents for imaging! (30 pA or lower)

Use single image only

Experiment
Align the FIB image

- Image with the Ga ion beam:
- use a low beam current (10 pA or about), 30 kV
- Zoom out to a magnification below what you had in the electron beam.
- Press CTRL + f. Assure the working distance is 19 mm
- press F9
- Assure you have low current, dwell times below 1 ps, live camera settings. Then
press F6 and press F6 immediately again (will record 1 image)
- Find an object that is present in both the electron image and the ion image.
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Demonstration: Making a cross section

Prerequisites:
Eucentric height, beam focused, 7mm working distance
Coincidence point set
lon beam and e-beam aligned

Produce a cross section

Experiment: preparation
In the electron beam (0 °)

- Proper imaging setting, magnification: sufficient (1500+ X)
- Focus the region

- Link the stage

-Go to 7 mm WD (at 0 degree)

- Set eucentric (CTRL+F)

Make 100% sure you are in focus, eucentric and at 7mm. Incorrect settings will
damage the instrument

(Optional) experiment: protect the ROI using e-beam Pt deposition

- Insert the GIS needle

* |If it drops a shadow on your image: Press F9

* If the needle is visible: increase magnification
- Select a rectangle and draw a pattern in the e-beam quadrant.
- As application, choose Pt_EBID (E beam induced deposition). The rectangle should be
green
- Microscope settings (will obviously vary depending on the sample)

* Standard mode

* 2000 X (or higher)

* 2 KV

* 1.6 nA beam current (to start with, see below)

Demonstration: Pt deposition with the ion beam

Prerequisites:
Sample loaded
Electron beam on
Eucentric height, beam focused, 7mm working distance
Coincidence point set
Stage tilt: 52°

Deposit Pt with the ion beam

The Collision cascade model

/ H
vl ¥
Y .

path dislocated substrate atoms

Experiment
Patterning settings
- Choose a rectangle (easiest)
- XYZ: XY, usually < 20, Z usually between 0.1 and 1 um
- Application: Pt dep

Microscope settings:

- Magnification: 2000 X or higher (Standard mode, ETD detector)
- lon acceleration voltage: 30 KV

- Beam current: CALCULATE! Using this formula:

A
Current (pA) = X(um) - Y(um) - 6 (%)
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sputter yield (atoms/ion)

Demonstration: Patterning types

Asperities on a surface will be FIB milled at different rates due
to topographic effects on milling Prerequisites:
The topographic effects will grow and exacerbate as FIB milling Sample loaded
0, continues Electron beam on
9. This is why surfacesare “never” FIB milled from top-down, but Eucentric height, focused, WD=7mm, either at 0° or 52°

rather, are created by FIB milling at high incident angles.
0, Information of the different pattering types

Patterning Control ?

-ﬁ- =E! BB L] Lan Pattern type selector (see

| Erd )
(& | Wl w Toolbar icons also): Rectangle /

—
o [1-Rectangle 1 * [ Line / Circle / Cleaning Cross
f—— (2212 &= [ selectan |
L
=

Section / Regular Cross Section /

When Finished @ B H
= Polygon / Bitmap / Stream File

e] ¢ 92 ¢ 92 ¢ 94 Remaining Time: 00:02:14 \

s 9 Overall progress |g.

Current progress s
e Sputter yield depends on ion acceleration voltage — pm— -

Basic p
30 ke IS ”I m mum t f Application
V e axi u VOI age o XS\Z‘E ‘

¥ Size

—Ga ey the ion gun. Always use 30 kV, 7size

== Ga 2 keV Scan Direction
—Ga5keV unless clearly mentioned o :

Ga 30 keV th . Time 000232
otherwise. aheea Proneries

Rotation

Time indicator

Pattern size settings

B
o

©w
(]
L

Array settings, passes, ...
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Position X
Position ¥
Overlap X
Overlap ¥
Gas Type
Pitch X

Pitch v 01
Area Calculation Patterr =

-
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0 T T T T T T T T

0 10 20 30 40 50 60 70 80 20 Gas Injection ?
Gas Insert Heat Flow

incidence angle (degrees) ® i - = [opened)
ep —F— [Warm | Opene

ISP | Monitor " ‘ Drift Suppression ?

Pt Deposition

Elon || Pause "] save
Time Interval ; 505

CCS Line Interval 10

iSPI: imaging during deposition
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Demonstration: Basic milling concepts Pattern properties

Prerequisites:

A pattern can have many associated parameters, which can be set via the Property

Sample loaded module:
EIeCtron beam on Properties | Selective Mill ? Application
Eucentric height, focused, WD=7mm T = o
B incid int set Application Py -] clicking on the value slot enables a down arrow
€am coinciaence pOIn s€ Outer Diameter 91.15 pm H H H H H H
S e bringing a drop down list of applications. Choosing
o P Zsize 100 pm the required one sets the subsequent properties.
Mllllng practlcalltles Scan Direction Inner To Quter ™ || _ q q p p
Dwell Time 1.000 ps 5
Beam Electron A X / Y / Z size
Time 316.7 ms A )
e |ons version electrons R ronee Dimensions of the pattern
Position X 279.95 pm =
Position ¥ 38672 pym scan Direction
FIB SEM Ratio Rotation o®
Particle type Ga+ ion electron GESTYPE iz e Scan movement direction (Bottom to Top; Top to
z Overlap X
elementary charge +1 1 Overlap Y Bott om)
particle size 0.2 nm 0.00001 nm 20.000 Pitch X
mass 1.2 .10* kg 9.1.10* kg 130.000 Pitch ¥ i
velocity at 30 KV 2.8.10°m/s 1.0 10° m/s 0.0028 g"er:ap ; :g : Dwell Time
veria . . .
velocity at 2 kV 7.3.10' m/s 2.6.10 m/s 0.0028 i i A time the beam spends on a single pixel per pass
20 -23 - x .
momentum at 30 kV 3.4.10® kgm/s 9.1.10% kgm/s 370 Pitch R . 1.49 nm - (rounded to a multlple of 25 ns).
momentum at 2 kV 8.8.10' kgm/s 2.4.10% kgm/s 370 Area Calculation pattern
B = Dose 3.68 nC/um*
catt SIZC LIGTSE DUNTANSE Volume per Dose 2.700E-1 pm3/nC Beam
energy up to 30 kV up to 30 kV Saturation Sputter Rate 0.000000
current DA to nA range DA to uA range Refresh Time 0s The beam used for patterning
Penetration depth In polymer at 30 kV 60 nm 12000 nm :‘:Z; e
In polymer at 2 kV 12 nm 100 nm Scan Type Circtilar - Time
In iron at 30 kV 20 nm 1800 nm FilShie ook h ired t this patt Calculated f
In iron at 2 KV T o Passes 82 Al required to process tnis pattern. LCalculatea rrom
Defocus 0 pm .
Average electrons secondary electrons 100 - 200 50-75 i om the different parameters
signal per 100 Interaction Diameter 0 pm
particles at 20 kV back scattered electron 0 30-50 Totol Diameter 5 Rotation
ubstaiaom 500 0 Maximum Dose per Area 0 nC/pm o
U T - : 15 . e . . .
- Saturation Current Density | 1.000E-18 A/nm Rotation of the patterns (the positive direction is
secondary ion 30 0 Total Volume Sputter Rate JO0E+7 nm?/s
x1ay 0 0.7 Selective Miling Enabled clockwise)
Selective Milling Time Interve
Min Contrast Threshold ||
Max Contrast Threshold -
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