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Dong et al., small, 2010 Streptavidin Anti-CD3 Fibronectin
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Field-induced deposition dp-SPL
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Molecular !nnwon\
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Mirkin et al., Science 1999, 283, p661

0-SPL
Oxidation

Garcia et al., Nano Lett. 2007, 7, 1846.

Advanced Scanning Probe Lithography
Nature Nanotechnology, 9, 577-587, (2014)

M+nH;0 — MO, +2nH"+2ne’

. . . . Dagata 1990 A. Fuhrer et al., o
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Origins

STM + AFM

1986

IBM Research Zurich
Stanford

Dr. Binning & Rohrer

1st heated AFM tips

1992 — 1999
IBM Research Almaden
Stanford

Rugar, Mamin

Millipede & F#4t

B R BOR

1995 — 2007
IBM Research Zurich

Vettiger, Binnig
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Ei+ Swisslitho AG A& Spinoff
¢ 2012: EHFelix Holzner #0 Philip PaulZ3iz
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Coulembier et al, Macromolecules, (2010) _'I-E'E ! ”Jj: ﬂE
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275nm HP in Si

ulllll

18.5 nm HP in Si
Wolf et al, JVSTB, (2015)

MIfE

55 nm

PPA i 9nm Cheong eyé/., Nano Letters, (2013)

HMB800 | 50 " TS
Silicon 2

4 Half-Pitch (> 341t deep in PPA resist)

W Half-Pitch (indl etch transfer)
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%*’iiﬂﬁ?{“ measured overlay error: 3.2 nm
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Rawlings et al., IEEE Nano, 13(6), (2014)
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TSN —ExauEs

Magnetic ellipses

Plasmonic antennas

SiO lift-off
+ etching
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etched in Si
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P. Mensch, S. Karg, C.

_ OuantumD_esi%n. :
Rawlings (IBM Résearch Zurich), M.Spieser (SWissLitho]




SWISS

Innovative Nanofabrication Tools

AG

raSH

¥

=2

i

(AT ER S

—

!

2D Etch

L_EAN B

v high aspect ratio
v high resolution

!

3D Etch
]

v 3D devices
v' stampsfor NIL

}

Lift-Off

v" high resolution
v metal.contacts

}

Plating

v shims for
injection molding

}

Assembly

v' placement of
nanoparticlesto

Pires et al.,
Science, 2010

Cheong et al,,
Nano Lett, 2013

Holzner et al.,
Appl. Phys Lett,
2011
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Wolf et al.,
JVSTB., 2015

Rytka et al.,
PRN, 2014
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- ABKEGRLERES

Patterning resist

1

Substrate

‘

Space

L] sl

DBR sta

2 Quantum emitter

DBRI ck

M

SERLL! [ ] 1320
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3 .2 .

Ding et al., Phys. Rev. B, 2013

FESYIRAVFES
Figure of merit: Q/V, (Q: quality factor of cavity, V: optical mode volume)
High Q/V AJLIRIEME 6 SHEMHENEERS

MNFE : BBy FAREYES , thresholdless lasing
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1.00

0.75;
0.50;
0.25;
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0.00

0.004=
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0.501
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Transmission
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0.25;

0.00

0.75;
0.501
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0.00

0.00

Wavelength (um)
Li et al., ACS Photonics 2014, 1, 228-234
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MoS, devices: PPA patterning on flakes using NanoFrazor overlay

2 D M‘ﬂ%%ﬁfﬁ“% Patterns in PPA (NanoFrazor images)

S nm PRA

3 nm 5i0,
. 20nm PPA
—\ Mo5. monolayer
1 PPA thinning (0,/N, RIE)
5i0, etch (CHF, RIE)

Lift-off:
1. evaporate PPA (180°C)
2. rinse with cyclohexanone

_ _For Scientist, By Scientist _ topography
Colin Rawlings, (IBM Research Zurich), Andras Kis (EPFL)
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Pz Ak B 22151

ASERBENREN

35 nm antidot pattern

Epitaxial Graphene

nanoribbon and contact pads patterned in PPA
on top of epitaxial grown graphene

optical image of AFM after etch

patterns in PPA
48 nm nanoribbons

optical image of nanoribbons sgM after etch
in PPA

NanoFrazor
optical image

NanoFrazor

topography images Raman measurements at DTU Kopenhagen:

=> indicate that no doping, no defects from PPA

M. Calame (Uni Basel), Z. Wu (SwissLitho)
A. Cagliari (DTU Kopenhagen), S. Bonanni (SwissLitho) =—<=

—
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MARFRIENL , B

oo Tso = 350°C
o
N:
? substrate
nnﬁ
0o
Tevan = 215°C
L P <« ®
= r.-la:n-a:ma:j
4L 0 oD o0

Holzner et al., Nanoletter, 11, 3957-3962, (2
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XigAmM I Seals
NanoFrazor ) 215 1 2R (NI 7T LA S BN U o 1 b 0 0 12 5 i

SAEEER 2325t Magnetic nanopatterns

A Reduced
graphene

.....
.......

E¥Four point I-V measurement )
1JTCNL-rGO_, 10/ TCNL-TGO

Current {uA)
=
Curre:nt (nA)
(]

CEA T NanoFrazor®] LAF) B3 0 #v = ’ Tk o T
/A N 2 HOBRBHEIREUS $AFE B IRHY NanoFrazor 1] LAYE A T M i1
rra el e BBy, Si L KIBREARE B PR 10 o 0 X ST
Voltage (mV) Voltage (mV) palF=p b SEREEEE EAY, KA 7T magneto-
plasmonic
Wei et al., Science, (2010) Kimi et al., Adv. Mat., (2010) Albisetti et al., Nat Nano, (2016)
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< 10nm half-pitch

Holzner, SPIE, 2013

up to 500 kHz, 20mm/s
= <1 second write time

Paul et al. Nanotech., 2070

< 15nm

RS B2 /E

Cheong, Nano Letters,
2013

Wolf JVSTB, 2015
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/ ‘ < 5 nm /EBE
\ * Paul, Nanotech., 2071
Rawlings, IEEE, 2074
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Streptavidin Anti-CD3 Fibronectin
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= McGill

McGill Microtools Nanofab Montréal,
Canada Prof. Peter Grutter

7,y &
Air Force BUAA,
Research Laboratory Prof. Zhao
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FECOLE POLYTECHNIQUI
FEDERALE DE LAUSANNI

m Zlirich

Microsystems Laboratory  Binnig-Rohrer Nanocenter
Lausanne, Switzerland Prof. Jirg Leuthold
Prof. Jirgen Brugger

N & J n  CUNY
74 ‘ ADVANCED
§ . ’ SCIENCE
RESEARCH
Melbourne Centre for Nanofabrication A{\H(_Fyl;: C E N T E R

Melbourne Centre, Victoria,
Australia
Prof. Dr. Saulius Juodkazis

City University of
New York
Prof. Dr. Elisa Riedo
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Wolf (JVST B 2015) Sub20nm Liftoff and Si Etch and InAs nanowire contacts

Garcia (Nat Nano 2014) Advanced scanning probe lithography

Rawlings (IEEE Nano 2014) Nanometer accurate markerless pattern overlay using thermal Scanning Probe
Lithography

Holzner (SPIE EMLC 2013) Thermal Probe Nanolithography

Cheong (Nanoletters 2013) Thermal Probe Maskless Lithography for 27.5 nm Half-Pitch Si Technology

Fei Ding (PhysRevB 2013) Vertical microcavities with high Q and strong lateral mode confinement

Carrol (Langmuir 2013) Fabricating Nanoscale Chemical Gradients with ThermoChemical NanoLithography

Paul (Nanotechnology 2012) Field stitching in thermal probe lithography by means of surface roughness
correlation

Kim (Advance Mat 2011) Direct Fabrication of Arbitrary-Shaped Ferroelectric Nanostructures on Plastic, Glass, and
Silicon Substrates

Holzner (APL 2011) High density multi-level recording for archival data preservation
Holzner (Nanoletters 2011) Directed placement of gold nanorods using a removable template
Paul (Nanotechnology 2011) Rapid turnaround scanning probe nanolithography

Wang (Adv Funct Mat 2010) Thermochemical Nanolithography of Multifunctional Nanotemplates for Assembling
Nano-Objects

Wei and King (Science 2010)Nanoscale Tunable Reduction of Graphene Oxide for Graphene Electronics
Pires (Science 2010) Nanoscale 3DPatterning of Molecular Resists by Scanning Probes

Knoll (Adv Materials 2010) Probe-Based 3-D Nanolithography Using SAD Polymers

Fenwick (Nat Nano 2009) Thermochemical nanopatterning of organic semiconductors

Lee (Nanoletters 2009) Maskless Nanoscale Writing of Nanoparticle-Polymer Composites and Nanoparticle
Assemblies using Thermal Nanoprobes

Nelson (APL 2006) Direct deposition of continuous metal nanostructures by thermal dip-pen nanolithograph

:
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NanoFrazor Explore NanoFrazor Scholar
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BEANTIER : 100x100 mm
BREHRY : 60 x 60 um
BEAINTEE : 20mm/s
HEFINLREE : 25 nm

BEAIMTIE : 30 x 30 mm
BRASHMRT : 40 x 40 pm
BAINTIEE : 10 mm/s
HEFINIABE - 30 nm
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A AFM X E Swisslithot&Ex:
B/ IN- iR
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\é/SWISS _ITHO AG
Innovative Nanofabrication Tools

20nm PPA
4nm SiO,
50nm JSR HM8006

Step 1:
N,/O, RIE thinning

Step2:
CHF; RIE into SiO,

Step3:
O, RIE into HM8006

Cheong et al., Nano Letters, 13(9), 4485-4491, (2013)
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Alberto Cagliani, DTU Kopenhagen — - . __
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SWISS AG

Innovative Nanofabrication Tools

— after t-SPL in PPA after lift-off with 30 nm Ni

v PPA
s sm— ci0

PMMA

Substrate

CHF, RIE
0, RIE

evaporation

lift-off
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SWISS AG

Innovative Nanofabrication Tools

t-SPL
%

70 nm half-pitch
PPA

PMGI
Substrate

development

1pm EHT =10.00 kv Signal A = InLens Date :1 Sep 2015
WD =11.7 mm Mag= 32.00 KX User Name = LEOSEM

evaporation sub-20 nm gaps

lift-off
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HV WD Mag |Det| VacMode | : 1.0pm

10.0 KV |8.9 mm | 100000x| LFD |Low vacuum WAMRC-TAU
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SWISS AG
Innovative Nanofabrication Tools

fieFANanoFrazorks ==Lt PMMA SE49p0 2
S0 EPSA PRA - > R = *BEH

JCF AR AFM Bz AFM  BRfR

SwissLitho AG (Philip Paul) Applied Microswiss FHNW

(Roger Bischofsberger) (Christian Rytka)
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