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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 ?
| Wake Up | | Sleep | | Wake Up | | Sleep |
Column ? & Column 7 ®
Beam Current Beam Current
am On n
L—— | [[#[osonm ] ———— [-[#[osona [~]
_ 30.00 kV _ 30.00 kV
High Voltage [ 1 |l| 4 |/] High Voltage I 1 |_||_| 4 |/l

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:
TSSO
Select your sample holder configuration

B
%‘i/#’ Pretilted Holder - FIB sample processing

Pretilted holder - STEM imaging

¥s

|2 %}ﬁ Horizontal Holder

Cancel

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

STEM 3 and STE3M+ allow the selection of different parts of the detector to be active.

Detector Settings ? Detector Settings ?
Detector |STEM 3 : 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

D) C
III Custom Angular
Custom Annular 3
Retract

Custom Annular 4

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

Demonstration:

Log on onto the FIB SOftWare .......ccccuveieeciieieccieec et 6

The LMIS (liquid metal ion SOUICE).......eeccveeeeieeciiie e 7
SWitch the beams ON ...c.eiiiiii e 9
€-beam Pt deposition ......ccccuviiiiiiiie e 10
Beam coincidence POiNt ........cccviiiiiire e e 12
Aligning electron and ion beam ..........cccooeeeiiiiiicciii e, 13
Pt deposition with the ion beam ...........cccoceeieiiiii e, 15
PatterNING TYPES e 17
Basic Milling CONCEPLS.......uiieieciiee ettt e 23
Making @ Cross SECHION ......cceieciiieiiciiee et 27
IMAGING @ CrOSS SECTION....ciiiiiiiiiiiiiiiiiiiccccccceeeeeeeeeeeeeeee e e e e eeeeeeeees 35
Measuring and making annotations..........cccceecveeieeciee e, 37
Making a cross section Using EDX ......ccooccieeieiiieeiiniiee e csree e 38
STEM imaging DemoNStration......ccccuvvvieeeeeiiiiiiiieeeeee e siieeeee e e e s 39
Finishing yOUr SESSION.......uiiiiiciiie et e e 41
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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.

EDX Cross section interpretation pitfalls

Ga Implantation Artifacts

FIB milling implants Ga atoms 10-30 nm deep, creating false peaks in EDX maps. Ga L-
lines overlap with others (e.g., Zn); standardless analysis has £5-50% errors on rough
surfaces. Ignore <0.5 wt% without confirmation; report semi-quantitative data.

Rough Surface Topography

Cross-sections are never perfectly flat: curtaining, taper, or redeposition causes
variable take-off angles, shadowing X-rays from deeper features and biasing low-Z
signals.

Beam Damage and Charging
lon beam amorphizes/etches organics or insulators, altering chemistry and causing
charging that deflects electrons, suppressing X-ray generation.

Interaction Volume Overlap
EDX volume (~0.5-2 um at 5-15 kV) smears signals across layers in nm-scale FIB
sections, averaging compositions falsely. Use low kV (3-5 kV).

System overview

SEM SEM
.
i
<—1}— Cathode
== == <——Control electrode
bl - and anode
— Electron beam spe \\Centering coil
H .
Q\Q \7 Condenser
BSE detector I . &
N K <1~ Scanning coil
G
S

B B ¢—Objective lens
\(Xl !n Astigmator

Gas injection system
Manipulator o&‘? é)é $ &
F & 9 *& &
EBSD detector & ‘:9 ¥ Sample
EDS detector '&b
.&é'
lon beam <

Sample

Base

Coil heater

Heating coil &

reservoir

% Suppressor

J— Taylor cone ~5- 10 nm

Extractor (-15kV)

e

Gallium reservoir
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At an angle of 52°, there is a vertical compression that is
related to the cosine of that angle (61,6%). For a perfectly
round object (top: tilted image at 52°, bottom: original at 0°):

To circumvent this effect, and allow quantification (surface,
diameter, length ...) of objects, correct for the tilting angle,

Demonstration: Switch the beams on

Prerequisites:
Sample loaded

Learn to switch e-beam and ion beam on

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

Experiment: Correct for the tilting angle

In Beam control, find Tilt correction & tick Tilt Corraction 8

Tilt correction [ Dynamic Focus (] Tilt Correction

Tilt Angle |Manua| |'|

Tilt Angle: Automatic

The correction is set for the current tilt angle Manual [=[+[0.0° |

(and possible specimen pre-tilts)

Specimen Pre-tilt

Tilt Angle: Automatic (cross section)
The correction is set for a 52°tilt angle (typical cross section angle)

Tilt Angle: Manual
The correction can be set for any tilt angle between +90° and -90°

Dynamic focus
The focus will change as the beam scans from top to bottom, compensating for the
working distance in out-of-focus parts of the sample due to the tilt.

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 ? &  Column 7 &
(= Beam Current: 0.10 nA [— Beam Current
’ﬂ‘ ‘< (] v‘ ’ﬂ‘ ‘-|+|o_50 nA lvl
i
_ 10.00 kV 30.00 kV
High Voltage |4 L] v /] High Voltage |« ] v [/]

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

If the system is in sleep mode, you will find a gray bar under the ion “Beam On”

Experiment
Electron beam: same as standby
lon beam: the progress bar will be gray. Click the Beam On.
Column ! @ Column &
S Beam Current
B T - r—
3000k 30,00 KV
High Voltage ‘4 |I| » m High Voltage |‘ |I| R l/J

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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Experiment: advanced polishing with beam shape correction

Undertilt

- Change the stage tilt angle for 0.5-1.5° (i.e. between 50.5° and 51.5° absolute angle).
The higher the ion beam current, the higher the correction angle

- refresh the ion beam image (F9). X and Y as above.

- Z: 25% of the previous setting.

- run the patterning

What is happens? Less tilt toward the SEM, directing FIB to hit the lower part shallower
first, removing the lower/bottom preferentially

Overtilt

Repeat the patterning (do not change the settings), but overtilt the stage for the same
factor (e.g. 53.5° if you used 50.5° before). Proceed carefully and do not evoke a pole
touch when tilting!

What is happening? Tilts the stage more toward the SEM than nominal, making the FIB
beam strike the upper part of the cross-section at ashallower angle first. This
preferentially mills the upper part more aggressively, thinning or eroding the top while
the lower part of the cross section experiences less removal (due to higher incidence
angle)

Pt deposition

- You can use the iSPY: this will temporarily stop the patterning, make a SEM image and
continue

Experiment

Under Patterning > chose a rectangle. Set e.g. 5 um x 5 um, deposit using the Pt
application (Pt e-dep surface). The rectangle has a green border

Insert the GIS needle

. — Gas [njection
In the patterning tab ( ... ), near the bottom, !
q S : 1 Gas Insert Heat Flow
Find the Gas injection menu-.
@ Pidep Warm Closed

- Assure the camera view is live

- Double check if you really are at 7 mm!!
- Then tick “insert” box

You hear a soft “tick” sound and in the camera quadrant you see the needle

Adjust the contrast and brightness

The GIS needle absorbs a significant part of the SE signal and will darken your image.
- Press F9 to adjust Brigtness and contrast

- Optional: zoom out in the SEM quadrant (below 1000X) to the the needle

Start patterning
In the top menu, click the start patterning icon ».
During patterning, you can pause or stop the patterning

Finishing the patterning

When finished:

- retract the GIS needle.

- Hit F9 to update the brightness and contrast

- Select the pattern in the quadrant and remove it (press DEL)

Note: e- beam deposition is soft and slow, iSPI is not possible

! The icon is green, Heat = warm and the flow is closed.
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Redeposition in
FIB-SEM cross-
sections occurs
when sputtered
material
atoms/ions,

ejected by the
Ga* beam, don't escape ballistically but instead stick
to nearby surfaces, typically bottom of the

trench and cross-section sidewall.

Demonstration: Aligning electron and ion beam

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

e Curtaining effect

The sputtering yield
depends on the
incident angle.
Topographic
features and voids
(e.g. porous material
or inclusions of

different material)
within the sample create different incident angles for the ion beam, and hence
different sputtering yields. Increase in surface roughness will lead to an artefact called
curtaining which produces vertical lines at the cross-section surface due to the
different milling speeds for different angles.

How to reduce/remove:
e Use Pt deposition of smooth layers on the sample surface
e Use lower ion beam currents
e Polishing cross-sections (ie at lower ion beam currents)
e Program polishing from different angles.

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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for a cross section of a flat specimen, 0.5 um is usually enough. For porous or non-flat
samples, you can increase Z.

- Select Pt dep (not Si) in the application. The rectangle is green

- Calculate the Ga current required using the magic number 6 (pA/umZ).

X(um) Y (um) - 6( )

*e.g.25 um x 1.5 um x 6 = 225 pA
* Choose the closest current for the Ga beam (300 pA)

Current (pA) =

too much current and you will mill instead of deposit
Too less current will destroy your vacuum (see page 16)

- You should get a time around 4-6 minutes for Z=1 um, or half that for Z = 500nm

- 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

o  Bulk Milling (sloped trench)

With FIB perpendicular to the
sample, milling removes
material fastest from the SEM-
distant end (higher effective
angle due to pattern geometry
and stage view), creating

a sloped trench.

20 um

e

P o

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

/ K

vl v
N\

T 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:

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

- Beam current: CALCULATE! Using this formula:

Current (pA) = X(um) - Y(um) - 6 ( )
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e Electron beam induced Pt deposition (optional)

See page 10 for full description. Electron beam Pt deposition (optional, less damaging)
protects beam-sensitive samples before milling; use ion beam Pt deposition (see
below) instead for higher efficiency.

Demonstration: Patterning types

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

- Insert the GIS needle
- 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 Patterning settings

(will vary depending on the sample)
Standard mode
2000 X (or higher)
2 KV

set X, Y: 20um x 2um
Z =500 nm

- Electron beam current: set to get a time of 5-7 minutes
- Click start patterning
Note: e- beam deposition is slow, iSPI is not possible

- When finished: retract the GIS needle. Hit F9. remove the overlay pattern.

Prerequisites:
Sample loaded
Electron beam on
Eucentric height, focused, WD=7mm, either at 0° or 52°

Information of the different pattering types

e Setup tilting and beam-coincidence point

See page 12 for full description. A proper beam coincidence point ensures FIB and SEM
beams intersect precisely at the sample surface, enabling simultaneous milling and
imaging of the exact same location. Without it, FIB misses the intended target.

Patterning Control Z

- rm|
o2

Beam control

Pattern type selector (see

Loe—==
Navigation [& « > [»

|1—Renahg\el L] |"
e =] 2= [ selectau
When Finished  |No Action i

Remaining Time: 00:02:14

Toolbar icons also):
Rectangle / Line / Circle /
Cleaning Cross Section /

Detectors

|w__ Patterning

Regular Cross Section /

Overall progress

\ . . .
T Time indicator

/‘ Pattern size

/{ Array settings, passes, ...

Current progress

Properties | Selective Mill ?

Basic Properties -
Application P
X Size

¥ Size

Z Size

Scan Direction
Dwell Time
Beam

Time

d Properties

Rotation
Position X

Position Y
Overlap X
Qverlap Y

Gas Type

Pitch X

Pitch Y

Area Calculation

Gas Injection 7

Gas Insert Heat Flow

@ Ptdep el [Warm IOpenedl
i5P1 | Monitor " | Drift Suppression 7 /{ Pt Deposition
On PEM

Time Interval - 505

CCS Line Interval 10
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e Sputter yield depends on target material

Pattern properties

70

60 +
50 |
40 +
Zn

30 +
20 —/ Cu
10 +

___,_,_,_._..---————"’_’//—-—"""/Si

0 + + : :
0 10 20 30 40 50 60 70 80 90
Angle of incidence (deg.)

Sputtering Yield

crystalline structures will not mill to a flat surface.

Similar to the Mohs scale of
hardness of solids (graphene =
soft, diamond is hard), each
material has a tendency to get
sputtered differently by the Ga ion
beam. The sputter rates are not a
function of the Mohs scale.

Crystalline structures will cause
channeling of the ions depending
on the Bragg conditions. Hence,

Material | Sputter rate (um? /nC) Material | Sputter rate (um? /nC)
Si 0.27 Fe 0.29
TEOS 0.24 Ni 0.14
Al 0.3 Cu 0.25
Al,0; 0.08 Mo 0.12
GaAs 0.61 Ta 0.32
InP 1.20 W 0.12
Au 1.50 MgO 0.15
TiN 0.15 TiO 0.15
Si3N4 0.20 FEzOg 0.25
C 0.18 Pt 0.23
Ti 0.37 PMMA 0.40
Cr 0.10

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

module:
Properties | Selective Mill E Application
Basic Properties e . .
appicaton none - clicking on the value slot enables a down arrow
Outer Diameter 9115 pm bringing a drop down list of applications. Choosing
Inngr Diameter 0 pm
Zsize 100 pm the required one sets the subsequent properties.
Scan Direction Inner To Quter ™| _
Dwell Time 1,000 ps a
Beam Electron - X / Y / Z size
Time 316.7 ms
A Dimensions of the pattern
Position X 279.95 pm -
Position ¥ 28672 pm Scan Direction
Rotation [V
GEST}’PQ none T Scan movement direction (Bottom to Top; Top to
Overlap X
Overlap ¥ Bottom)
Pitch X
Pitch ¥
Overlap T 50 % Dwell Time
Overlap R 50 % . . .
pitch T 149 nm A time the beam spends on a single pixel per pass
pitch R 1.49 nm I .
e Caleulation o . (rounded to a multiple of 25 ns).
Dose 3.68 nC/pm?
Volumg per Dose 2.700E-1 pm*/nC Beam
Saturation Sputter Rate 0.000000
Refresh Time 0s The beam used for patterning
Loop Time
Area
Scan Type Circular = Time
Fill Style solid - i i
T — & ~ required to process this pattern. Calculated from
Defocus 0 pm .
Blur B the different parameters
Interaction Diameter 0 pm
Total Diameter .
Maximum Dose per Area 0 nC/pm? _ Rotation
Saturation Current Density 1000818 A/nm® Rotation of the patterns (the positive direction is
Total Volume Sputter Rate 2700E+7 nm¥/s
Selective Milling Enabled [ ClOCkWise)
Selective Milling Time Interve
Min Contrast Threshold ||
Max Contrast Threshold -
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Average electron signal ion electron
per 100 particles @ 20 kV
Secondary electrons 100-200 50-75
Backscattered electrons | O 30-50
Substrate atom 500 0
Secondary ion 30 0
X-ray 0 0.7
e |on beam morphology
550 lon Aperture | Beam
5004 | —m—FW50 beamsize, nm ’ Beam Diameter | Diameter
:zg: —e— beam size data from FEI technical notes Current (|J-m) (nm)
350 - 2 (pA)
E 4wl 1.5 0.008 7.0
S 204 10 0.016 13.0
% g . 30 0.025 17.0
@] A 50 0.032 19.0
50 ) " 100 0.042 24.0
04 300 0.068 31.0
. 1(IJD 10l00 10600 500 0087 350
Beam current in log scale, pA 1000 0.118 44.0
3000 0.198 66.0
The higher the ion current, the 5000 0.250 85.0
wider and larger the ion beam. 7000 0.294 102.0
15000 | 0.420 182.0
30000 | 0.600 210.0
50000 | 0.750 300.0
65000 | 1.000 400.0

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

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

specifying the

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
The current at which 63% of the
reached

saturation sputter rate is

(actually not used)

Total Volume Sputter Rate — the speed
at which material is removed or

deposited (actually not used)

Selective Milling Enabled / Selective Milling Time Interval / Min Contrast Threshold /

Max Contrast Threshold items

Correspond to the Selective Mill tab module elements: Enabled check box / Interval

adjuster / left / right border of the grey level to be processed for the selected pattern.

A note on Overlap vs Pitch

Overlap and Pitch (X,Y) are two different ways of describing the same spot-to-spot

spacing, but from opposite directions.

e Overlap is a percentage-based setting. It tells the system how much

consecutive beam spots should overlap relative to the beam diameter.

e Pitch is a distance-based setting. It tells the system the physical center-to-

center spacing between adjacent spotsin X and Y.
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