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Experience survey: What is your experience as FIBSEM operator?
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1. Time spent operating a FIBSEM 
on your own
> 0 h
> 50 h
> 500 h
> 5000 h

2. Application experience
* Cross-Section
** TEM lamella on grid
*** TEM  lamella on chip

Learning to prepare lamellae on MEMS chips

a) Operate the instrument on a regular basis, ca. 4 h /week

b) Prepare TEM lamellae on grid manually, ca. 10 lamellae

c) Try out different protocols for preparing lamellae on chips

d) Stick to a protocol and fine tune it, ca. 10 lamellae

e) Develop own protocols /variants 
To Outline



Warm-up: Images
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Look at image and answer the following questions:

1. Is this an FIB or SEM image?

2. What is the stage tilt?

3. Which workpage does the shown step belong to?



Warm-up: Images from in-situ lift-out technique lamella preparation
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Warm-up: Images from in-situ lift-out technique lamella preparation
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Outline of this tutorial
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Chips
• What is a lamella on a chip?

Lamellae
• Conventional and FIB based methods
• Types and nomenclature

FIBSEM Instrument
• FIBSEM hardware, geometry and views
• Sample and chip mounting

In-situ lift-out technique
• Step by step procedure
• Details and tricks

Protocols
• #1 Re-lift-out and transfer
• #2 Roof-top holder technique
• #3a Thinning on manipulator – cross section lamella
• #3b Thinning on manipulator – planar lamella
• Special geometry: disk
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Chips



Thin sample on a freestanding membrane

Lamella on chip: A platform for various experiments 
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(SiNx)
• Ca. 30 nm thickness
• Electron transparent
• Soft X-ray transparent
• Low thermal coupling to chip

Contact pads
• Heating
• Electrical contacting
• Creation of local magnetic fields
• etc.

Si chip (base)
• Established MEMS 

manufacturing 
• Mechanically robust
 handling & mounting

• Surface for contact pads
 functionality

Sample, e.g. a lamella
• Prepared by FIB
• Mounted by FIB

ca. 5 mm

ca. 500 um



In-situ TEM: Examples of chips, holders, controllers
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• Various manufacturers offer in-
situ / in-operando TEM systems

• Holders and chips are specific to 
a TEM brand /model

https://denssolutions.com/

https://hummingbirdscientific.com/

https://www.protochips.com/

https://denssolutions.com/
https://hummingbirdscientific.com/
https://www.protochips.com/


In-situ TEM, x-ray and optical chips
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Delmic Wildfire, TEM holder and 
MEMS chip with heating coil. 

SEM image while landing a lamella on a 
custom made chip for STXM measurements.

10 um

Transmission Electron Microscopy

• Heating

• Electrical biasing

• Gas /liquid environment

• Simultaneous imaging /spectroscopy

Synchrotron Radiation experiments

• Heating 

• Magnetic fields

• 2d and 3d imaging of spin waves, 
skyrmions, etc.

SEM image of optical chip with various 
waveguides.

Optical experiments 

• Light coupling into waveguide

• Interference /optical computation 
experiments

• Sensing electrical response

400 um



Modifying chips
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• Chips with thin carbon foil over 
membrane “holes”
 intended for nano powder samples

• Carbon film not needed /desired for 
lamellae on chips 
(additional electron scattering)

• Removing carbon film by FIB
 use small current
 first milling round with slightly
shrunk pattern
 second milling round with full 
pattern size, this will clean up the 
milled edges

Protochips heating and electrical biasing chip with carbon film. Central 
hole freed from carbon film by FIB milling.
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Lamellae



Intro: Conventional TEM sample preparation
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*  Y. Liu et al. / Materials Characterization 58 (2007) 666–669, doi:10.1016/j.matchar.2006.07.016

** Wen, H. et. al., Microsc. Microanal. 21, 1184–1194, 2015, doi:10.1017/S1431927615014695 

3 mm disks a) punched from foil, b) after dimple grinding, c) after ion milling, from **.

Dimple grinding Ion millingGlueing, sawing or disk punching 
From *

Conventional TEM preparation 
by Ion polishing, 
https://www.youtube.com/watch
?v=ebQTaOyiBXw

Fischione Nanomill

Gatan PIPS II
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https://www.youtube.com/watch?v=ebQTaOyiBXw
https://www.fischione.com/
https://www.gatan.com/


TEM lamella preparation by FIBSEM
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Ex-situ lift-out technique

• SEM-like sample prep

• Protection cap(s)

• Chunk milling

• Thinning

• Transfer to carbon grid

H-bar technique

• Making a thin half-grid

• (Protection cap(s))

• Thinning

In-situ lift-out technique

• SEM-like sample prep

• Protection cap(s)

• Chunk milling

• Lift-out and mounting on “half-grid”

• Thinning

Lightmicroscopy image of 
transferred lamella*

* https://www.nanoscopeservices.co.uk/tem-lift-out_methods/

SEM images of biotite flake on 
slot grid with thinned windows.

SEM image of lamella on FIB lift-out grid: 
windows with different thicknesses, thick 
frame for stability.

FIB
 w

ork

https://www.nanoscopeservices.co.uk/tem-lift-out_methods/


Types of lamellae prepared by FIBSEM
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Orientation of lamella within
the bulk of the sample

a) Cross section 
- Standard
- Backside
- Upright

b) Planar /in-plane

Position of specimen on “support”

• Lamella like flag on a post of a half-grid (Omni grid)

• Lamella /tip at the top of a post of a half-grid /coupon 

• Lamella flat on a MEMS window
(MEMS = Micro Electro-Mechanical System) 

• Lamella plain on C-foil Cu grid (ex-situ lift out)

SEM view of front side of a TEM lamella. The 
other side is called rear side (to avoid the term 
“backside”). 

a)

b)



Reminder: Amorphization
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Thickness of amorphization layer
(a) 160 nm total incl. 60 nm amorphous
(b) 90 nm total incl. 60 nm amorphous
(c) 40 nm total incl. 10 nm amorphous

(a) (b) (c)

* Kelley, R, "Xe+ FIB milling and measurement of amorphous silicon damage", Microsc. Microanal. 
19 (Suppl2), (2013) 862-863

** Schaffer, M, et. al., "Sample preparation for atomic-resolution STEM at low voltages by FIB", 
Ultramicroscopy 114 (2012) 62-71

*** Süess, M, et. al., “Minimization of amorphous layer in Ar+ ion milling for UHR-TEM" 
Ultramicroscopy 111 (2011) 1224-1232

To reduce thickness of amorphous 
layer  (*, **, ***)
• Low kV milling 

• Larger ion 

• Lower angles

Overview of amorphization layer thickness in Si, from *
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Photograph of inside of sample chamber on Helios 5 UX at ScopeM

FIBSEM instrument



FIBSEM geometry details for lift-out and mounting procedures
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MM – Micro Manipulator
• Typically in SEM x Tilt-axis plane
• Left or right “entry” in SEM image possible
• Chamber /roof-mount  fully independent 

from stage
• Angle of port /rotation axis

GIS – Gas Injection System
• Typically “in between” FIB and SEM with 

offset to right or left (opposite to the MM!)

Sample /Chip (/Grid) mounting on stage
• Flat /pre-tilted holders /positions
• Sequential loading 

+ flexibility and ease
- vent-pump cycle time

• Simultaneous loading
+ fast
- must mount correctly

FIB to SEM angle = 5X°

Schematic of geometric arrangement of main FIBSEM components.

• Coincidence point 
= where both beams meet

• Eucentric point 
= where tilt axis is



Typical views in a FIBSEM: Stage Tilt T = 5X°
 Cap by FIB depo, Trench milling, lift-out in some protocols
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Sample: High electron mobility transistor, Anna Hambitzer, Tamara 
Popovic, MWE, D-ITET, ETH Zürich

SEM view of tilted sample = “birds view”
• Navigate to region of interest
• Monitor FIB process

Chambersocpe on Helios 600i, ScopeM, ETH Zürich

Chamberscope
• Camera showing inside of the 

chamber
• Sample tilted normal to FIB column

Sample: Porous SCSOFC electrode, Brandon Bürgler, NMW, 
ETH Zürich

FIB view of tilted sample = normal 
view
• Radial (top-down) machining of 

surface
• FIB only scans within drawn shape



Examples of sample holders

Options for mounting a sample for FIB work

• SEM clip – clamping holders (standard /low
profile)

• Glueing to stub by Ag paste

• Glueing with epoxy /super glue and
subsequent coating /adding a line by Ag paint
for grounding

• DO NOT use carbon sticky pads, there is often
drift once the stage is tilted! (For normal view
SEM you may get by with them.)
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SEMclip holders: a) classic and b) low profile type.
Available from https://www.tedpella.com/ , https://www.plano-
em.de/ , https://www.microtonano.com/ , etc.

a) b)

NavCam image of sample on low profile SEMclip.

https://www.tedpella.com/
https://www.plano-em.de/
https://www.microtonano.com/
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In-situ Lift-out Technique



FIB preparation of TEM lamella by in-situ lift-out technique
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Key steps /tasks

1. Protection cap(s)

2. Chunk milling

3. Lift-out

4. Mounting

5. Thinning

6. Low kV showering /polishing

Automation solutions are available

• Thermo Scientific: AutoTEM

• Zeiss: SmartFIB

• Tescan: AutoSlicer

Example of automation software: thermos Fisher Scientific AutoTEM 5.



In-situ lift-out technique: Protection cap /layer
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Electron beam deposited carbon
• Stage tilt 0° (normal incidence for SEM)
• SEM prameters: ca. 2 kV, 15 nA
• Carbon 
• Aim for about 200 nm real thickness

 Damage free protected surface

Ion beam deposited carbon
• Stage tilt 5X° (normal incidence for FIB)
• FIB parameters: 30 kV, ca. 200 pA
• Carbon (Tungsten)
• Aim for about 1.5 um real thickness

 Apply on top of electron beam deposition



In-situ lift-out technique: Chunk preparation – „box“ chunk
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Steps for chunk prep

• Deposit protection cap(s), T=0°/5X°

• Mill large trenches at ca. 20 nA, T=5X°

• Optionally overtilt and polish chunk wall, 
T = 5X°±2°

• Undercut the chunk, T=0°



In-situ lift-out technique: Chunk preparation – „wedge“ chunk /„Toblerone“
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Wedge /Toblerone technique

• Deposit protection caps, T = 0°/5X°

• Mill first box (place “above caps), T = 5X°-30° = 2X°

• Stage rotation 180°, mill second box 

• Good for thin films

• Good for APT prep

SEM view, sample surface normal to SEM



In-situ lift-out technique
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Lift-out steps

• Stage at T = 0°

• Bring manipulator ca. 10 um above chunk, insert GIS

• Touch down manipulator

• Attach the manipulator to the chunk by deposition

• Cut free the chunk

• Lift-out by manipulator up or stage down movement



In-situ lift-out technique
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Mounting steps

• Move to grid in vertical orientation, typically T = 0°

• Clean up and cut the edge of the mounting post straight

• Bring chunk on manipulator ca. 10 um above post

• Insert GIS

• Place the lamella next to /over the post

• Attach the chunk to the grid by deposition

• Cut free the manipulator

• Move the grid away and clean the manipulator

• Retract the manipulator



In-situ lift-out technique: Thinning and low kV polishing /showering
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Steps

• Use line by line milling boxes, overtilt ca. 1°, 30 kV ca. 1 nA, thin ROI to about 500 

• Reduce current to ca. 100 pA, further mill the lamella to target thickness plus ca. 70 nm
 can use SEM monitoring to find right dose if aiming for a “frame”

• Lower the FIB energy to 5 kV remove ca. 30 nm from each side

• Lower the FIB energy to 2 kV, remove ca. 5 nm from each side

• Aim for transparency at ca. 3 kV SEM as criterion for final thickness 

Acknowledgement:
GaAs CEO sample by 
Luca Alt, Wegscheider
group, ETH Zürich



Lamella types
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Orientation of lamella within
the bulk of the sample

• Cross section 
- Standard
- Backside
- Upright

• Planar /In-Plane

Position of specimen on “support”

• Lamella like flag on a post of a half-grid (Omni grid)

• Lamella /tip at the top of a post of a half-grid /coupon 

• Lamella flat on a MEMS window
(MEMS = Micro Electro-Mechanical System) 

• Lamella plain on C-foil Cu grid (ex-situ lift out)
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Protocols for preparing lamellae on MEMS



#1 Re-lift-out and transfer 
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Preconditions

• Lamella from sample prepared 

• Grid mounted flat

• MEMS Chip mounted flat 

• (mounting e.g. by C-sticky or clamp over an edge)
Acknowledgement
CoSi sample by Tsung-Han Lin, Copéret group ETH Zürich



#1 Re-lift-out and transfer 
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Lift-out steps

• Stage tilt T = 0° (lamella is horizontal)

• Rotate such that grid posts point top-down in 
SEM (most valuable /thin region of lamella is at 
the bottom)

• Bring lamella to coincidence /eucentric point

• Aim at minimal FIB exposure of the lamella
(few full scans, use reduced area scans, 
optionally work at 5 kV)

• Bring in manipulator (optionally keep a part of 
the sample material at the manipulator)

• Attach to lamella on the side

• Chop the lamella close to the grid (do not mill 
into depo or grid to avoid contamination due to 
redeposition.)



#1 Re-lift-out and transfer 
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Mounting steps I

• Stage tilt T = 0°

• Set SEM high voltage to ca. 15 kV (to avoid 
charging of SiNx membrane)

• Locate the chip, rotate it to desired orientation

• Bring the desired mouinting point on the MEMS 
chip to the coincidence /eucentric point

• Insert the manipulator to a safe “high” point 

• Carefully lower the lamella until it’s ca. 10 um 
above the mounting point, insert the GIS 
capillary



#1 Re-lift-out and transfer 
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Mounting steps II

• Slowly lower the lamella further

• Keep track of position (SEM & FIB view)

• Touch down the lamella

• Attach the lamella by deposits at the bottom 
edge of the lamella (check there is an even 
smooth transition from membrane to lamella 
without sharp step both in SEM & FIB view)

• Chop the bridge to the manipulator 

• Lift-up the manipulator then retract it

• Optionally clean the mounted lamella at grazing 
angle by low kV FIB showering 



#1 Re-lift-out and transfer 
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Acknowledgement:
Ion polished Mg sample made by Martina 
Cihova, Löffler group, ETH Zürich

Alternative thin sample /starting point

• Conventional TEM sample – ion milled to electron 
transparency

• Check for a suitable “edge” /”peninsula

• Keep FIB exposure to a minimum



#1 Re-lift-out and transfer: Summary
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Pros

• Extends standard TEM sample (lamella or disk) preparation 
 arguably the easiest protocol

• No rotation axis required on manipulator

• Conventional TEM samples suitable as starting point

Cons

• Lamella will be exposed to FIB for two major steps after 
being at final thickness
 “dirtiest” protocol

• Works best with region of interest at top part of lamella (more 
distance to depos)



#2: Roof-top holder technique: Pre-tilted holder
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Roof-top holder with 45° /45° faces

Trevor P. Almeida et al 2017 J. Phys.: Conf. Ser. 903 012022, 
http://doi.org/10.1088/1742-6596/903/1/012022

chip sample

Roof-top holder with 33° /52° angles for mounting the chip 
and sample respectively.

Stage tilt angles to be use in protocol will depend on combination of
• Holder angles
• Instrument’s FIB to SEM angle, i.e. the value of 5X°
 Check the angles for the protocol yourself!

http://doi.org/10.1088/1742-6596/903/1/012022


#2: Roof-top holder technique: Lift and mount
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Short workflow, by Dens Solutions
Stage tilt for 52° /33° roof-top holder for 5X° = 52°, 54°, 55°

• Chunk milling and lift-out at tilt T = 0° /2° /3°

• Chunk mounting at tilt T = 0° /2° /3°



#2: Roof-top holder technique: Thinning

7. 9. 2020ScopeM, Joakim Reuteler 57

Short workflow, by Dens Solutions

Stage tilt for 52° /33° roof-top holder for 5X° = 52°, 54°, 55°

• Top /front side milling at tilt T = 7° /9° /10°

• Chunk mounting at tilt T = 3° /5° /6°

 Lamella plane will be slightly oblique within the chunk



#2: Roof-top holder technique: Tips and tricks
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Mounting

• Choose a site for which the thinning won’t cut chip wiring (e.g. heating coil)

• Make sure chip is flat, lamella nicely in touch with membrane

• Make deposits small in y-direction (glancing angle of FIB will make them big)

• Check the progress by SEM occasionally, adjust depo position

• Small currents

• Take your time

Thinning

• Get the angles right!  Think them through yourself!

• Keep the window small

• Reduce width of pattern when going for next smaller current



#2: Roof-top holder technique: Summary
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Pros
• Thinning on the chip after all dirty steps
 “Cleanest” method

• No rotation axis required on manipulator

Cons
• Trickier sample navigation on pre-tilted holder 

• Mounting of lamella at glancing angle for FIB 
 depo is tricky to place

• GIS capillary may touch the chip and move it

• Flow of GIS may move the membrane

• Thinning on the chip can be tricky
 risk of cutting heating coil



#3: Thinning on manipulator

7. 9. 2020ScopeM, Joakim Reuteler 60

#3a Thinning on manipulator – cross section lamella

#3b Thinning on manipulator – planar lamella

Protocols described in application note by Thermo Scientific:
https://assets.thermofisher.com/TFS-Assets/MSD/Application-Notes/fib-tem-sample-preparation-in-situ-
heating-tem-application-note.pdf

i)

ii)

Orientation of lamella plane in sample:
i) cross section /top-down and 
ii) planar type.

a)

b)

https://assets.thermofisher.com/TFS-Assets/MSD/Application-Notes/fib-tem-sample-preparation-in-situ-heating-tem-application-note.pdf


#3a Thinning on manipulator – cross section lamella: Chunk prep
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Preconditions

• Manipulator with rotation axis

• Chunk prepared like for normal in-situ lift-out

• Generous trench for space around manipulator 
needle mounting point

• Optional: Material bridge at manipulator side

Acknowledgement:
Sample preparation for Sam Treves*,+, Valerio Scagnoli*,#

*Laboratory for Multiscale Materials Experiments, Paul Scherrer Institut
+Department of Physics, University of Basel
#Laboratory for Mesoscopic Systems,  ETH Zurich



#3a Thinning on manipulator – cross section lamella: Lift-out

7. 9. 2020ScopeM, Joakim Reuteler 62

Steps for lift-out

• Stage tilt T = 5X°

• Insert manipulator, approach chunk to 10 um

• Insert GIS capillary

• Touch down manipulator on lamella 

• Attach manipulator to chunk

• Release chunk 

• Lift-out the chunk by appropriate movements 
(e.g. combo of Z and Y movement) of 
manipulator (or stage where needed 
/applicable)



#3a Thinning on manipulator – cross section lamella: Thinning
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Lamella side Rotation Manipulator Rotation Pattern
Front - 2° - 0.9°
Rear 2° 0.9°

Steps for thinning

• Rear must be thinned on full 
width

• Overtilt by manipulator and 
pattern rotation

• Once the lamella is around 500 
nm thin windows are OK

• For low kV use ca. double the 
overtilt

Table with angles for overtilted thinning on manipulator



#3a Thinning on manipulator – cross section lamella: Flipping the lamella
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Preparation for mounting 

• Lamella in thinning position 
= manipulator rotation close to 0°, i.e. as lifted out

• Lamella flipped by manipulator rotation, e.g Helios 5 
UX -95.7° (depends on port angle, see application 
note by TSF)

• Move up the manipulator ca. 80 um above the 
eucentric /coincidence point

• Retract the manipulator



#3a Thinning on manipulator – cross section lamella: Mounting to chip
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Steps for mounting

• Bring the flat mounted chip to the eucentric
/coincidence point

• Fine tune the chip rotation if desired

• Keep FIB exposure of lamella minimal and work at 
5 kV if possible

• Insert the manipulator, lower the lamella to ca. 10 
um above the chip surface, insert the GIS

• Touch down the lamella, use reduced area imaging 
to place the depo patters

• Release the manipulator with a cut at 30 kV, use 
reduce area imaging for positioning



#3a Thinning on manipulator – cross section lamella: Mounting
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#3a Thinning on manipulator – cross section lamella: Mounting
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#3a Thinning on manipulator – cross section lamella: Aligned mounting
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Details for aligning lamella to chip

• Make sure the chip is mounted perfectly flat on the holder

• Measure the orientation angle of the lamella after flipping

• Tune the chip to fit the orientation of the lamella
Acknowledgement:
Sample preparation for Killian Keller
Institute of Electromagnetic Fields, ETH Zurich



#3a Thinning on manipulator – cross section lamella: Summary
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Pros

• Efficient straight forward and robust 
protocol

• Very little damage to chip

• Versatile
 cross-section & planar lamellae

Cons

• Manipulator with rotation required

• Some “spoiling” of the lamella by irradiation 
and overspray from mounting

• Thinning on manipulator is not as perfect 
as on a grid (drift /shake)



#3b Thinning on manipulator – planar lamella: Chunk preparation

7. 9. 2020ScopeM, Joakim Reuteler 70

Acknowledgement:
Sample preparation for Jamie Massey, Valerio Scagnoli
Laboratory for Multiscale Materials Experiments, Paul Scherrer Institut
Laboratory for Mesoscopic Systems,  ETH Zurich

Steps for milling chunk

• Deposit caps

• Mill a large wedge chunk, T = 2X°

• Create generous clearance for 
extraction cut



#3b Thinning on manipulator – planar lamella: Lift-out
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Steps for lift-out

• Rotate the chunk -63.2°°

• Clip the left corner

• Lift-out carefully checking distances around the chunk



#3b Thinning on manipulator – planar lamella: Flip and prepare for thinning
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Steps before actual thinning

• Flip the chunk by manipulator rotation, e.g. +95,7° for Helios 5 UX

• Add a deposition for nice thinning

• Mill away the bulk substrate at the rear with a medium current, ca. 3 nA



#3b Thinning on manipulator – planar lamella: Thinning
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Details thinning

• Thinning front 
 Fine tuning of manipulator rotation

• Rear thinning
 To desired thickness



#3b Thinning on manipulator – planar lamella: Checking by SEM & EDX

7. 9. 2020ScopeM, Joakim Reuteler 74

Manipulator rotation for checking *

• Thickness measurement from SEM image  Manipulator rotation = 184°

• EDX analysis of rear lamella face (substrate side)  manipulator rotation 230°

* See supporting material to upcoming publication by Jamie Massey, PSI



Special geometry: disk 
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Details for making a disk sample

• Mill a side-supported pillar: leave a beam 

• Undercut from both sides
 undercut the supporting beam fully

• Lift-out at stage tilt T = 38°

• Thin down on manipulator to form a disk

Acknowledgement:
Sample preparation for Jamie Massey, Valerio Scagnoli
Laboratory for Multiscale Materials Experiments, Paul Scherrer Institut
Laboratory for Mesoscopic Systems,  ETH Zurich



#3b Thinning on manipulator – planar lamella: Disk shape
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