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Coordinating node: 
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Webpage: www.unizar.es/nanolito
Twitter: @RedNanolito
Telegram: NANOLITO

Other nodes: 
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OBJECTIVES of NANOLITO: to foster the
interaction between groups in the area
of nanolithography, to share capacities, 

and to provide formation to new 
researchers in the field
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NANOTECHNOLOGY EXISTS IN NATURE



CAN WE CREATE ARTIFICIAL PROCESSES TO PATTERN 
MATERIALS AND DEVICES TO THE NANOSCALE? YES!



https://iopscience.iop.org/
book/978-0-7503-2608-7



In Mesoscopic Physics, some dimension 
of the material/device is comparable or 
smaller than some relevant length, such 
as the mean free path in metals, the 
exchange length and the spin diffusion 
length in magnetic materials, the 
coherence length and the magnetic field 
penetration length in superconductors…
In addition, fluctuations become more 
important.

Quantum Physics

10-8 m10-6 m

Mesoscopic PhysicsMacroscopic Physics

When dimensions are small enough, 
the discretization of the energy 
states becomes relevant and the 
system needs to be described by 
means of Quantum Physics.

BONUS: PHYSICAL PHENOMENA CAN ALSO 
CHANGE AT THOSE DIMENSIONS!



TOP-DOWN APPROACH 

Thin-film growth technology
+

Lithography techniques

INTRODUCTION TO NANOLITHOGRAPHY (I)

Thin-film growth technology
Physical vapour deposition (sputtering, evaporation), 
chemical vapour deposition, liquid-phase deposition 

(electrodeposition, spin coating), Langmuir-Blodgett…

Lithography techniques 
Optical lithography, electron beam lithography, 
focused ion beam, scanning probe lithography, 

nanoimprinting, nanostencil,…

If lateral dimensions
are smaller than 1 µm, 

we talk about
“nanolithography”



Þ THE LITHOGRAPHY IS THE SET OF TECHNIQUES ALLOWING THE 
TRANSFER OF PATTERNS TO A SAMPLE. THE TYPICAL MINIMUM SIZE 
IN THE TRANSFERED PATTERNS IS MICROMETRIC OR NANOMETRIC.

Þ THE PATTERNS CAN:

-BE PREVIOUSLY DESIGNED ON A 

MASK: Optical UV or EUV lithography

-BE GENERATED BY MEANS OF A 

SCANNING ELECTRON OR ION BEAM: 

Electron-beam lithography, ion-beam

lithography, local probe scanning

-BE PREVIOUSLY AVAILABLE ON A 

MOULD: Nanoimprinting
ELECTRON BEAM

MASK

RESIST

SAMPLE

SUBSTRATE

U.V. EXPOSURE

MOULD

RESIST SAMPLE

RESIST

SAMPLE

SUBSTRATE

INTRODUCTION TO NANOLITHOGRAPHY (II)



OPTICAL AND ELECTRON BEAM LITHOGRAPHY



NANOIMPRINT LITHOGRAPHY



FOCUSED ION BEAM LITHOGRAPHY

Milling (FIB milling)

Deposition (FIBID) Irradiation

Resist lithography (FIBL)



Etching (FEBIE)

Deposition (FEBID)

Resist lithography (EBL)

FOCUSED ELECTRON BEAM LITHOGRAPHY



SCANNING PROBE LITHOGRAPHY

Dago et al., Appl. Phys. Lett. 109, 163103 (2016)



STENCIL LITHOGRAPHY

G. Villanueva et al., EPFL



COMPARISON OF NANOLITHOGRAPHY TECHNIQUES



-A Clean Room is a space with controlled
environmental conditions, keeping low levels
of contamination (dust, particles, microbes…)

-In a Clean Room the following parameters are 
controlled:

-Number and dimensions of the particles
present in the air

-Temperature

-Humidity

-Differential pressure and flow of air

-Illumination

-Electrostatic protection

ISO RULE 14644

APPLICATIONS AREAS:
-MICRO- AND NANO-ELECTRONICS

-FARMACEUTICS
-FOOD INDUSTRY
-MICROSYSTEMS

-HOSPITALS AND CLINICS
-PLASTICS AND CHEMISTRY INDUSTRY

NANOLITHOGRAPHY IS PERFORMED IN A CLEAN ROOM



NANOLITHOGRAPHY IS PERFORMED IN A CLEAN ROOM



FFU (filter/fan unit)

Class Air flow speed Renovations 
per hour

Percentage of 
ceiling covered

10000 0.05-0.08 m/s 60-90 15-20%
1000 0.13-0.2 m/s 150-240 25-40%
100 0.2-0.4 m/s 240-280 35-70%

-HEPA (High-efficiency particulate air) FILTER: 99.97% -
99.99% (0.3µm)

-ULPA (Ultra high-efficiency particulate air) FILTER 
:99.9995% (0.12µm)

Þ HOW CAN WE KEEP A ROOM CLEAN?

NANOLITHOGRAPHY IS PERFORMED IN A CLEAN ROOM



Optical
Lithography



DRIVING FORCE: FABRICATION OF INTEGRATED CIRCUITS

MOORE’S LAW…indeed…MOORE’S PROPHECY

(doubling of number of transistors every 1.5 years)

365 nm

13 nm

436 nm

KrF laser
ArF laser

MINIMUM SIZE OF THE 
PATTERNS= K l / (NA)



TECHNOLOGICAL 
EVOLUTION IN OPTICAL 

LITHOGRAPHY

UV MASK ALIGNER 
(lab technology)

UV STEPPER                   
(semicon industry, today)

EUV STEPPER                    
(semicon industry, today)

*Throughput: 200 
wafers per hour
*Wafer diameter:  
up to 300 mm



TWO APPROACHES TO WORK WITH RESISTS 
(in optical and electron-beam lithographies)

1) GROWTH OF THE MATERIAL
2) BASIC LITHOGRAPHY PROCESS

LIFT-OFF PROCESS

BASIC PROCESS

1) BASIC LITHOGRAPHY PROCESS
2) GROWTH OF THE MATERIAL IN AN 

INTERMEDIATE STEP OF THE LITHOGRAPHY 
PROCESS

Þ AN ACTUAL FULL LITHOGRAPHY PROCESS INVOLVES MANY 
BASIC AND LIFT-OFF PROCESSES ONE AFTER THE OTHER 



1) EXPOSURE

2) DEVELOPMENT

3) ETCHING

BASIC PROCESS

4) RESIST REMOVAL RESULT: SAMPLE WITH THE 
SAME PATTERN OF THE MASK

THE RESIST 
BECOMES 
SENSITIZED

IMMERSION IN 
DEVELOPING FLUID

(DRY OR WET ETCHING)

TYPICALLY, ACETONE

MASK

SUBSTRATE

U.V. EXPOSURE

RESIST
SAMPLE

QUARTZ SUBSTRATE 
(transparent at UV wavelenghts)

CHROMIUM  
(absorbers of 
the U.V. light)

OPTICAL MASK



POSITIVE 
RESIST

NEGATIVE 
RESIST

U.V.
U.V.

MASK

SUBSTRATE

U.V. EXPOSURE

RESIST
SAMPLE

MASK

SUBSTRATE

U.V. EXPOSURE

RESIST
SAMPLE

RESISTS: VISCOUS FLUID FORMED BY A POLYMER, 
A PHOTOSENSITIVE COMPONENT AND A SOLVENT



SAMPLE

1) EXPOSURE
2) DEVELOPMENT

3) SAMPLE GROWTH4) IMMERSION IN ACETONE

FINAL RESULT

eresist>1.5 x esample

LIFT-OFF PROCESS (WITH POSITIVE RESIST)

RESULT: SAMPLE WITH 
PATTERN SUPPLEMENTARY TO 
THAT OF THE MASK ACHIEVED 

WITHOUT ETCHING STEP!!

MASK

SUBSTRATE

U.V. EXPOSURE

RESIST



ASML SELLS THE NEW EUV MACHINES for 100 MILLION EURO EACH

EUV IS THE STATE-OF-THE-ART IN OPTICAL LITHOGRAPHY



https://www.youtube.com/watch?v=ShYWUlJ2FZs

STEPPERS IN SEMICONDUCTOR INDUSTRY



One fab=10.000 M€





FOCUSED ION 
BEAM (FIB) and 

FIB-SEM



J. Gierak, Nanofabrication 1 (2014) 35

LMIS (liquid metal ion source): Ga+

GFIS (gas field ion source): He+, Ne+

MILLING

IMAGE AND DEPOSITION

HIGH ELECTRIC FIELD (FIELD EMISSION) 
applying typically up to 50 kV

FOCUSED ION BEAM (FIB)



FOCUSED ION BEAM (FIB) TECHNIQUES



Gas injectors with the
precursor molecules

SEM

FIB

SEM

FIB

FIB-SEM EQUIPMENT: A NANOLABORATORY



Mask repair

Lamellae preparation Circuit edit

FIB-SEM APPLICATIONS

3D reconstruction of cells 
and materials

Challenge:

to find new applications



Sadki et al., Appl. Phys. Lett. 85, 6206 (2004)

Growth of W-C superconductors

Electrical contacts to micro/nano-objects

C. Hiley et al., Phys. Rev. B 92, 
104413 (2015)

SOME APPLICATIONS OF FOCUSED ELECTRON/ION BEAM INDUCED 
DEPOSITION (FEBID and FIBID)

Pt-C and W-C sharp tips for AFM

Allen et al., 
unpublished

Nanda et al., J. 
Vac. Sci. 
Technol. B 33, 
06F503 (2015)

Growth of ferromagnetic Co nanowires

Sanz et al., 
Nanomaterials 9, 
1715 (2019)

Marcano et al., Appl. Phys. 
Lett. 96, 082110 (2010)



Ferromagnetic deposits by FEBID

>> To get rid of non-magnetic interactions
>> High lateral resolution
>> Low invasiveness (magnetic interaction tip-sample)
>> Extraction of quantitative information (quantitative MFM)
>> High coercive field of the magnetic tip (> 600 Oe)
>> Liquid environment

M. Jaafar et al., Nanoscale 12, 10090 (2020)

Fe2(CO)9 Electron holography measurements of 
the magnetic stray field



Ferromagnetic deposits by FEBID

FEBID tips behave well in liquid environment

In air

In liquid

M. Jaafar et al., Nanoscale 12, 10090 (2020)

Fe2(CO)9



W-C superconducting deposits by FIBID
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I. Guillamón et al., New Journal of Physics 10, 093005 (2008);
Nature Physics 5, 651 (2009); Nature Physics 10, 851 (2014) 



A single row of vortex is
confined at the nanowire, 

giving rise to reentrant
superconductivity effects

R. Córdoba et al., Nature Commun. 4 (2013) 1437

W-C superconducting deposits by FIBID



Long-range non-local vortex transport in W-C 
nanowires by Ga+-FIBID

R. Córdoba et al., Scientific
Reports 9, 12386 (2019) 

W-C superconducting deposits by FIBID



R. Córdoba et al., Nano Letters 19, 8597 (2019)

W-C superconducting deposits by FIBID



LABORATORIO DE MICROSCOPIAS AVANZADAS (LMA)

NANOMIDAS GROUP 
Nanofabrication and 

Advanced Microscopies
CSIC-University of Zaragoza

https://nanofab-deteresa.com

200 m2
total CR area

12
dedicated 

staff

9 electron and ion 
microscopes for

advanced characterization 
and nanofabrication

https://elecmi.es/

César Soraya

AlbaPabloLaura
FabianGala

Mariano RubénIsabel

Lucía

National facility in Spain 
for electron microcopy

and nanofabrication

+ past group members: A. Fernández-Pacheco, R. 
Córdoba and J. Pablo-Navarro

https://elecmi.es/

