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1) Furnaces
2) Hotplates
3) RTA
4) Laser

Heating in manufacturing
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Very fast
Diffraction limited

Batch process, slow

Surface heating (“fast”)

Wafer process
slow

1) 2)

3) 4)



Very hot, very short, and very local

§ T-SPL is fast: 
• Small thermal mass
• Heating rate: 10E8 K/sec
• ~ 400 deg C max in the 

material
• Cooling by dissipation (10E8 

K/sec)
§ T-SPL is localized:

• Tip size 10 nm, heat range
§ Apply it to functional material 

that undergo fast property 
changes.
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PhD thesis Samuel Zimmermann (EPFL) 
Sep 2018

FEM of heat distribution around a tip for silk. 
Heater temperature 700 deg C, tip temperature 
363 deg C
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10 nm tip radius



Wortspiel
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D: Spitzentechnologie
F: Technologie de pointe

E: High-tech …



Micro and Nanoengineering focus 
over the years
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30+ years ago: Silicon related processing 
(PVD, CVD, etching, litho, CMOS driven)
20 years ago: resolution, thinner, new 
materials
10 years ago: 2D, polymer as structural 
material for microsystems (OE as electrical 
material)
Today: new toolbox to fabricate functional 
multi-material micro/nanosystems

Silicon: doping, crystal, mobility
Polymer: composites, intrinsic 
functionalities, nanomaterials

à Need for gentle methods

40 years ago 



Big tools for small scale 
science/engineering
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1990 American Institute of Physics
PHYSICS TODAY OCTOBER 1990
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Thermal nanoprobe

IBM Research



Patterning principle / Resist

9

l Electrostatic actuation
l Hot tip: Joule Heating
l Topography readout

l Self-amplified 
depolymerization resist

l Metastable at room 
temperature

l Degrades when exposed to 
Heat or Acid

Polyphthalaldehyde

Heidelberg Instruments, Swisslitho, IBM



Electron beam versus thermal probe 10

Electron Beam Lithography

e- beam

resist

substrate

backscattered e-

beam spreads via 
scattering => energy
absorption in substrate

Possible damage of the substrate by lattice 
defects, vacancies or trapped charges
2D materials, organic molecules, dielectrics

T-SPL
Si tip endothermic PPA 

decomposition and
evaporation

substrate

PPA

heat spread < Tg of PPA 
(120°C)

The substrate is hardly heated (in particular 
for substrates with a high heat conductivity 
or when a hard mask is applied under the 
PPA) and hence not damaged 
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Modern t-SPL system (closed loop)
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» Screenshot video of NanoFrazor software (real time)

Heidelberg Instruments, Swisslitho, IBM



T-SPL surface patterning 12
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ST Howell et al. Microsystems & Nanoengineering, 2020



Conversion
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ST Howell et al. Microsystems & Nanoengineering, 2020



Gedankenexperiment
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substrate

PPA
100 nm

Nanotip
600 K

+ 2D

?
Possible scenarios:
• High force: Cutting à PPA can 

escape, vaporized PPA can 
escape à deeper cut

• Low force: PPA vaporizes but 
cannot escape à deformation 
à fast cooling à Permanent 
Indentation



Direct nanocutting of 2D materials
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X. Liu et al. Advanced Materials (2020)



Straining of 2D materials at nanoscale 16
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Xia Liu et al., Nano Lett. 2020



T-SPL grayscale nanopatterning
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2D grayscale bitmap AFM image on PPA during 
T-SPL patterning

17

Berke Erbas et al. MNE 2022



Grayscale nanopatterning for 2D material strain
Tr

en
ds

 in
 M

ic
ro

 N
an

o 
20

23

Ju
er

ge
n 

Br
ug

ge
r L

M
IS

-1

18

Berke Erbas et al. MNE 2022



Student 
nanoselfies 
created in 10 min
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T-SPL at EPFL*
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Berke Erbas

Requip

Ana Conde-Rubio & Xia Liu

Samuel 
Howell

*available for others to use



30 years of t-SPL .. and counting
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Merci
Thank you for your attention

Juergen Brugger



All credits go to the team… 23

Tr
en

ds
 in

 M
ic

ro
 N

an
o 

20
23

Ju
er

ge
n 

Br
ug

ge
r L

M
IS

-1


