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Demonstration: Finishing your session

Prerequisites:
Data recorded

Concepts of shutdown and standby

As a rule of thumb SHUTDOWN: when FIB is not in use for 2 nights or more (36h)

STANDBY: when the FIB will be used again within 36h

Experiment: Standby
1. Electron beam
Select the electron beam quadrant (top left)
In the Beam controlg > Column. Click the yellow button “Beam On”
> ¢ <€ Thisicon symbolizes electrons

Column
Beam Current: 50 pA
gam Lin |1 IE' ’ |
. - . 500 V
High Voltage |« ] v 4]
2. lon beam

Select the ion beam quadrant (top right)
In the Beam controlg > Column. Click the yellow button “Beam On”

Column ? ® < Thisicon symbolizes ions
Beam Current
|=[+| 050 nA -]

- 30.00 kv

High Voltage | 4 ] v/
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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.
- To image the object:

* Go to 0° tilt

* rotate the stage 180°

* scan rotate 180° (use SHIFT F12)

Demonstration: The LMIS (liquid metal ion source)

Prerequisites:
Running xT server
Running Ul

Background on the ion beam

Material Sputterrate
[Hm/nC] + Sputtering
Si 0.27 * Secondary electron . Damage
Thermal Oxide  0.24 emission (SE-image) - Implantation
TEOS 0.24 2-3 SE per Ion!
Al 0.3 atom
AI203 0.08 adsorbate /O
GaAs 0.61
‘Inl_’ 1.2 Surface chemical
Au 1.5 reactions
TiN 0.15 - deposition
Si3N4 0.2 - enhanced etfching
c 0.18
Cr 0.1
Fe 0.29
Ni 0.14
Cu 0.25
Mo 0.12
Ta 0.32
w 0.12
MgO 0.15
Fe203 0.25
Pt 0.23
PMMA 04

~—=— EXTRACTION
VOLTAGE

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
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This is important!
too much current and you will mill instead of deposit

Too less current will destroy your vacuum

Demonstration: Switch the beams on

Prerequisites:
Sample loaded

- 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

Learn to switch e-beam and ion beam on

If the system is in standby, you will find the bar under the “Beam On” button green

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

Experiment
Select the electron beam quadrant (top left)
In the Beam controlg > Column. Check the bar under the button “Beam On”.
Repeat for the ion beam: first click on the ion beam quadrant (top right)

Column ? 8 Column ? &
] Beam Current: 0.10 nA — Beam Current

‘ﬂ‘ | ‘ [u] ’ | |ﬂ| |—|+| 0.50 nA |v|

. 1000kV 30.00 kV

High Voltage |« (1] v 7] High Voltage [ ¢ (] v[7]

Electron beam and ion beam both with green progress bars: standby.
Click both Beam On to start the FIB

If the system is shut down, you will find the bar under the ion “Beam On” button

Experiment
Electron beam: same as standby

lon beam: the progress bar will be gray. Click the Beam On.

Column ? & Column )
| Beam Current
B O Beam Current

| eam On | |—|+|0.50 il |-| Beam On |—|+|0.50 — |v|
S ED0 30.00 kV
fighietags |‘ |l| i |f| High Voltage | ! |I| ’ |f|

The gray progress bar will turn red then orange then yellow, while progressing.
It will take about 15 minutes to startup the ion beam.
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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)

adsorbed
molecules

ion beam

(e beg

am)

absorbed
molecules

paths of
disolaced.
substrate
aloms

p.i

RY
1

excited surfoce
atoms

Collision Cascade
Model
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Demonstration: STEM imaging Demonstration

Prerequisites:

Eucentric height, beam focused, 7mm working distance

Coincidence point set

Stage tilt: 52°

lon beam and e-beam aligned

- In the CCD quadrant, hold the middle mouse button and move the mouse down to
move the landmark down, up to move the landmark up (assure the SEM quadrant is live).

- Go in steps of 5-10° until you reach 52°. Always correct the vertical movements of your
landmark as you go. Keep an eye on the stage in the chamber view: do not touch the
pole piece with the sample of the stage!

Use the STEM detector

In the electron beam (0 °)

Experiment:

- Proper imaging setting, magnification: sufficient (>1500 X)

- Focus an area of interest

- Link the stage

-Go to 7 mm WD (at 0 degree)
- Set eucentric (CTRL+F)

Link the stage (CRUCIAL)

1. Rotate the stage 180 degrees:

Stage
|Actua| = Go
X | -04153 mm

[ 2.9500 mm

[0.0°

-

Y
z +069994 mm
.
R

[leoo®

-

"} Compucentric Rotation

[¥ Z-¥ Link

]

=

B

£l

Some notes:

- The intensity of the signal will increase as you tilt
- CTRL + e is a shortcut for T=0° (electron)
CTRL +i is a shortcut for T=52° (ion)
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Asperities on a surface will be FIB milled at different rates due

to topographic effects on milling

The topographic effects will grow and exacerbate as FIB milling

continues

This is why surfacesare “never” FIB milled from top-down, but

rather, are created by FIB milling at high incident angles.

0;#0,#0,#0,

If the same object is not in the middle (use the center cross):

1. Open the beam control. Watch the Beam shift module

- Use beam shift XY to put it in the middle of the lon beam image:

2. Grab the object / landmark with LMB while holding shift. The mouse icon will
change into a hand with a blue sleeve.
3. Move the mouse (holding shift and LMB) to the center cross. The marker in
the beam shift module should not reach the borders of the control. The image

will not

4. release the mouse

change.

Alternatively, use the shift XY buttons are on the physical control panel below the central
screen. Note that here you will need a live ion image. switch off the FIB imaging as soon
as the landmark is aligned (you are milling away your sample).

Setting: couple magnifications to OFF

Sputter yield depends on ion acceleration voltage

sputter yield (atomsfion)

40
35 — Ga 1 keV
-~ Ga 2 keV

30 1 —Ga5keV
25 4 Ga 30 keV
20 A
15 A
10 4

5 -

0 T

0 10 20 30 40 50 60 70 80

incidence angle (degrees)

20

30 keV is the maximum voltage of
the ion gun. Always use 30 kV,
unless clearly mentioned
otherwise.

[Ga']

probe spot

beam

/ diameter

» 7
\
\

\/

distance

beam tails

FIB performance: Sl Zeta

10
w4 probe diameter in nm ;
@ gurrent densily in fA/nm> o
£
10°E 5 1
Ll
\\"".“w‘
1 02 E i o E
F poe o o g y
b ™ E
10'} e %
.‘m‘l‘"“”‘ .
"
100 7 L - L - L L 5 I 7
10 10 10 10° 10 10 10

probe current in pA

e SMALL CURRENT = NARROW BEAM

* Beam tails can extend up to some pm
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Demonstration: Basic milling concepts

Prerequisites:
Sample loaded
Electron beam on
Eucentric height, focused, WD=7mm
Beam coincidence point set

Rate
Hm/min
(thickness/time)

Milling practicalities

lons version electrons

FIB SEM Ratio
Particle type Ga+ ion electron
elementary charge +1 -1
particle size 0.2 nm 0.00001 nm 20.000
mass 1.2.10* kg 9.1.10* kg 130.000
velocity at 30 kV 2.8.10° m/s 1.0 10° m/s 0.0028
velocity at 2 kV 7.3.10* m/s 2.6.10" m/s 0.0028
momentum at 30 kV 3.4.10® kgm/s 9.1.10* kgm/s 370
momentum at 2 kV 8.8.10%' kgm/s 2.4.10% kgm/s 370
Beam size nm range nm range
energy up to 30 kV up to 30 kV
current PA to nA range PA to uA range
Penetration depth In polymer at 30 kV 60 nm 12000 nm
In polymer at 2 kV 12 nm 100 nm
In iron at 30 kV 20 nm 1800 nm
In iron at 2 kV 4 nm 25 nm
Average electrons secondary electrons 100 - 200 50-75
signal per 100
particles at 20 kV back scattered electron 0 30-50
substrate atom 500 0
secondary ion 30 0
X-ray 0 0.7

Most efficient
growth rate.
Each beam

High-efficiency s ptng

deposition per ion.
lon dose on each
pass does not
decompose all gas.

Slow layer growth
rate & long
deposition time.

A B

nearly all gas.

All gas is used up
by only part of ion
dose at each point.
Remaining ions
then sputter
surface.

Deposition stops
and milling begins

o

Lower beam current;
larger patterns

2-6 pA/um?

Higher beam current;

medium patterns smaller patterns

Current Density (pA/um?)
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Area
The surface area of the pattern (read only)

ScanType

the Serpentine means the beam proceeds from left to right and back from right to left,
while the Raster scans from left to right, then the beam returns to the left starting
point

Fill Style
One can choose either to mill a solid (area) or just a frame (box and circular types only)

Passes
The number of the beam scans over the pattern

Defocus of the beam (WD change)
Influences the Total Diameter and Area Calculation. It allows focusing above / below
(negative / positive value) the sample surface

Blur
Like Defocus, but specifying the (additional) diameter of the blurred spot

Interaction Diameter for an infinitely small beam
Influences the Total diameter

Total Diameter
the combination of the beam diameter and interaction diameter influences the
OverlapX/Y and PitchX/Y values (read only)

Maximum Dose per Area

describes the adsorbed gas layer, allowing a certain dose to be deposited at a higher
rate than the saturation current density, allowing a temporary higher rate (actually not
used)

Saturation Current Density

Pattern types

Patterns are automatically assigned to one or more particular processes, distinguish-
able by a different cross-hatch.

e Rectangle / Line / Circle / Polygon pattern: both milling and deposition.
e Cleaning Cross Section: milling line by line (each line with set number of passes).
e Regular Cross Section: has two possibilities selectable in the Property editor:

o Multipass — processes entire pattern and starts again (with set number
of passes)

o Stairstep —the pattern is created as a compilation of five rectangles with
specified overlap between them. Each one is processed with the set
number of passes.

e The Bitmap pattern enables importing bitmaps as a pattern. It must be 24 bit
RGB bitmap, each pixel consists of:

Red component — actually not used

Green component — determines if the beam is blanked.

Any value other then 0 activates the beam

O O O O

Blue component — determines the dwell time per pixel:

Serial vs parallel patterning

o This is the default patterning mode. All patterns defined on the screen are

processed consecutively; milling / deposition is completed on one pattern
before moving to the next one. Serial patterning is always used with cleaning cross
section milling.

All patterns defined on the screen are processed concurrently, one pass of the
beam is completed on all patterns before moving to the second pass. Parallel
patterning is typically used to avoid a redeposition of material on the adjacent areas.
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