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Why ? 
• Device miniaturization  

– smaller, faster and lighter electronic system 

– More informations on the same surface 

– Molecular electronic 

• Biological applications 

– Labs on chip 

– In vivo 

– Gene sequencing 

• Surface chemistry effects ( great surface/volume ratio) 

• Access to a new physic 

– Low dimension 

– Quantum effects 
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Access to nanoworld 

• Top-Down 

– Reduce the sizes from the « macroworld » 

– Lithography 

 

• Bottom-up 

– Build nano-objects from individuals bricks 

(atom, molecules) 

– autoorganisation  
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Top-down 

Microelectronics 

From Silicon wafer to MOS Transistor 
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Lithography 

• Reproduce a pattern on a substrate 

– Through a resist 

• Optical lithography 

• Electronic lithography 

• Ion Beam lithography 

– Without resist 

• Focussed Ion Beam 

• Probe lithography 
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Lithography 

• Reproduce a pattern on a substrate 

– Mask Lithography 
• Optical lithography 

– Contact, projection 

• Nanoimprint 

– Maskless lithography 
• Scanning electron Beam lithography 

• Focussed Ion Beam Lithography 

• Zone-Plate-array Lithography 

• Probe Lithography 
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RESIST PROCESS 
• 1/ Flat substrate 

 

• 2/ Resist spinning 

 

• 3/ Exposure 

 

• 4/Developpement 
• Positive resist 

 

• Negative Resist 
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Transfert 

Etching 

– Ion, chemically,… 

 

 

• Lift-Off 

 

 

 

• Electrolytic growth 

Déposition: 

Metal,oxide 

Dissolution 

of the resist 
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Resist 
Dose= Incident Energy/Surface 

T(D)= T0γln(D/D0)    T: Photoresist remaining after development 

      D: Dose     γ= contrast 
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CONTACT/PROXIMITY 
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Contact/Proximity 

+ Simple/ Economical tools 

popular in all RD labs 

 Parrallell way 150 mm wafer 

 

 

 

_ Mask and Resist damages 

 Substrate flatness 

 Mask 1:1 

 Practical Resolution 0.5 micron 
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Mask Design 

Multi-level design 

Differents layers 

100 mm 1:1 mask 

Cr/Glass UV Process 

Cr/Quartz DUV Process 

Test Device Layer1 
Layer 2 

Cross alignement 
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Projection Lithography 
 

Resolution ( diffraction) 

 

R=k λ/N.A 

 

– k: process parameter 

  Rayleigh criteria = 0.61 

 

– λ: UV wavelengh 

 

– N.A Numerical Aperture 

  =nsini 

 

2i 

1:4 to 1:20 

UV source 
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RAILEYGH CRITERIA 

I(x)=I0(2J1(x)/x))2 

A circular aperture illuminated by a point source 

x= kdr/2z 

k=2π/λ 

Light intensity distribution of twosources 

Light intensity distribution of one point source 

Two peaks are separated when 

                     x/2π=0.61 

Or  d = 0.61λ/nsini 

 « Raileigh resolution » 
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Lithography 

R=k λ/N.A 

 k: process parameter ( resist, process dépendant) 

 

Improve R: -Decrease Wavelengh 

   -Increase N.A 

   -Reduce k 
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Wavelengh 
• 1980 

– Hg discharge lamp: G line 436nm glass UV     1.2 μm 

– Hg discharge lamp:  I line  365 nm glass UV  0.5 μm 

• 1990 

– Hg discharge lamp             250 nm Quartz DUV  0.3 μm 

– Laser KrF     250 nm Quartz DUV 0.3 μm 

• 200 

– Laser KrF      250 nm Quartz  .13 μm 

• 2003-2005 

– Laser ArF      193 nm   .65 

Future ? 

 -molecular Fluorine Laser     157nm Silica doped F 

 

 -Extreme UV     13.5 nm Reflection mask 

 

 -RX       1 nm  membrane 
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Extreme UV 
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X-Ray Lithography 

• Wavelength: 0.8nm- 1.6nm 

 

• Parrallel source  Synchroton 

 

• Major Difficulty: Mask Fabrication  
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X Ray Mask 
• Stresses Control of membrane and 

absorber 

• Mask 1:1  

Absorber : Au, W, 

Si3N4, SiC 

membrane: 1 

micron 

Etch Silicon 
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Lithography 

R=k λ/N.A 

 k: process parameter ( resist, process dépendant) 

 

Improve R: -Decrease Wavelengh 

   -Increase N.A 

   -Reduce k 
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Increase N.A 

N.A= nsini 

• Increase i 

– From 0.5 in 1990 to 0.8 in 2004 

• Limitations: aberrations, size of image 

 

• Increase n 

– Replacing air by a transparent liquid 
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Immersion 
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Lithography 

R=k λ/N.A 

 k: process parameter ( resist, process dépendant) 

 

Improve R: -Decrease Wavelengh 

   -Increase N.A 

   -Reduce k 
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Reduce k: optical engineering 

• From 0.8 (1980) to 0.4 

 Masks 
• OPC (Optical Proximity correction) 

• PSM  (Phase Shifting Masks) 

 

Illumination 
• Off-Axis illumination 

 

Process 

• Double exposition 
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OPC 
• Subwavelengh lithography 

 

• Diffraction 

– Proximity effects 

• Dense lines/ isolated line 

• Distorsion 

 

• Calculation inverse diffraction 

 

• Correction of mask 
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Phase Shifting Masks 

Phase Shifters 
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Résolution improvements: 

Increase of costs !!! 
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Electron and Ion Lithography 
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Electron Beam Lithography 

• Direct writing: no Physical 

masks 

 

• Small spots ( 3-10 nm) 

– SEM 

 

• Very small wavelengh: no 

diffraction limitation 

 

• Resolution: depends on resist, 

spot sizes 

 

• Sequential: low throughput 
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EBL 
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E.B.L: Gaussian scan 
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EBL: Shaped beam scan 

Déplacement continu 
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E-Beam 

Dose µC/cm2=   I x Dwt/ ASS*2 

 

I : electric courant measured with a faraday cup 

 

ASS: Area Step Size:  distance between exposure spots 

 minimum ASS: writing field / 65536 

 

Dwt: Area Dwelltime: waiting period of the beam in each writing spot 

 minimum Dwt with Elphy plus: 0.375 µs = 1/ 2.66MHz 
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E-Beam Lithography 

Resists: electrons modify locally the solubility of a thin layer 

 

 Positive resist: The resist is rendered more soluble 

  -PMMA (polymethylmethacrylate) 

  -Photo resists ( UV or DUV resists) 

  -… 

 

 Negative resist: The resist is rendered less soluble 

  -Shipley SAL, calixarene 

  -Photo resists  (SU8, UV or DUV resists) 

  -Inorganic (AlF3, FOX, …) 



Thierry FOURNIER  CNRS/Institut Néel-Septembre 2011 41 



Thierry FOURNIER  CNRS/Institut Néel-Septembre 2011 42 



Thierry FOURNIER  CNRS/Institut Néel-Septembre 2011 43 

E-Beam Lithography solutions 

• -Industrial e-Beam Lithography 
System ( Leica, Jeol, Crestec, 
Hitachi, Raith,…) 

 

•  -High cost ( from 1 M€ to 10 
M€…) 

•  -Very High resolution, High 
writing speed,High voltage 

•  -Large sample (up to 300 mm) 

•  -interferometric stage 

 

Leica VB6 
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E-Beam Lithography solutions 

• -SEM conversion : industrial SEM 
(Carl Zeiss, Jeol, FEI, Hitachi..) + 
software (Home made, Raith, 
Nabity..) 

 

•  -Low cost ( from 0.2 M€ to 0.5 
 M€) 

•  -High Resolution, Low writing 
 speed, Low voltage 

•  -small sample, versatile 

 

SEM Leo 1530 + Raith Elphy 

+ FIB  Orsay Physics 

Nanofab- CNRS Grenoble 
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Focused Ion Beam 
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Some figures 
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FIB 

• Ionic and electronic emission 

– Image 

• Direct writing 

– Lithography without resist 

– 3D Etching 

• Ionic implantation 

• Chemical  

– Local etching or deposition 
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Dual Beam SEM/FIB 
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Ion Trajectories 

LPN Marcoussis 
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LPN Marcoussis 
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3D Etching 

Lithography/Etching of non 

planar object. 

Hole on a 

superconducting Wire 
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Patterning of non planar objects 

Charged Density Wave Crystals : NbSe3, NbSe2, TaSe2 

Etching of junctions 1x1x0.2 microns 
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Squid Pi CRTBT-CNRS 
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Squid Pi CRTBT-CNRS 
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LPN Marcoussis 
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• Introduction of gas 

 

– Deposition 

– Etching 
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2-4 Emerging solutions 

A-Nanoimprint 
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Nano-Imprint Lithography 

T above Tg 

P 10-60 bar 

Mask: 1:1 Si 

Etch of residual 

Resist and 

substrate 

Resist 
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LPN. Marcoussis 
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N.I.L 

• Slow process 

• Need 1:1 Mask ( e-Beam) 

• Low Aspect ratio 

• Chip 

• Resolution down to10 nm !!! 
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2-4 Emerging solutions 

B-Near-Field Lithography 
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Near Field Lithography 
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V. Bouchiat, APL79, 123 (2001) 

(CRTBT - LEPES) 
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Top-Down et Bottom-Up 

Fabrication électrode Ti/Au par 

lithographie électronique (CRTBT) 

 

Manipulation de nano-grains de Si 

(LTM,LPM) 
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Dip Pen Lithography 
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Conclusion 
• Optical Lithography 
-contact: +Economical,  present in all R&D Labs,     0.5 mic 

-Mask and resist damages 

-Proximity  +Economical,  present in all R&D Labs,no mask damage   2 mic 

  -Limited resolution 

-Projection +Constant evolution and progress     45 nm? 

  -More and more expensive, unreachable for R&D Labs 

-EUV + Next technique?                        15-30nm 

  -Very expensive, not industrial at the moment 

 

• Electron Beam Lithography 
+No mask, Flexible, Useful in R&D Labs, Low prices solutions   1nm 

-Low throughput, Proximity effect 

 

• Ion Beam lithography 
+ Direct writing ( no mask, no resist), 3D etching, diagnostic   10nm 

-No proximity effect, Low Throughput 

 

• Near Field lithography 
+ Atomic resolution, Economical, no mask, R&D    .1-10nm 

-Very low 

 

• Nanoimprint, softlithography 
+Economical, Fast,      10 nm 

-alignment, need 1:1 mask, Mask damages 
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Transfer 
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3-Transfert 

Etching 
– Wet chemical 

– Ion Beam 

– Reactive Ion Etching 

 

 

• Lift-Off 

 

 

 

• Electrolytic growth 

Déposition: 

Metal,oxide 

Dissolution 

of the resist 
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3-1 Etching 
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Some definitions 
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Summary of wet etch 

• +ADVANTAGES 

– Simple, Fast, Economical 

– Selectivity 

– No irradiation damage 

– Reproducibility 

 

• - DISADVANTAGES 

– Isotropic (Size Control, Density…) 

– Particles 

– Security 
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LPN MARCOUSSIS 
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Silicon 100 

Silicon 110 

-KOH/Acool/H2O 

 Usual Mask: SiN 

-Pyrocathecol 

  Usual Mask: SiO2 
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Gas Phase (Plasma) Etching 

• Plasma etching has largely replaced wet etching because of the 

directional etching possible with plasma etch systems 

 

– Directional etching: Presence of ionic species in the plasma and electric 

field 

– System can be designed so reactive chemical components or ionic 

components dominate 

– Plasma systems use combination of ionic and reactive chemical species 
– Etch rate is much faster than indidual etch rates 

 

– Reactive Component  High selectivity 

– Ionic Component    Directionality 

– Both components   Compromize ! 
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Chemistry 

• Conditions 

– Presence of chemically 

active ions/species under 

plasma conditions 

–  Presence of volatile 

reaction products 

• SiF4, SiCl2 

• AlCl3, Al2Cl6 

• CO,CO2 

– Control of T,P 
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Deep RIE 
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RIE 
• + 

– Controlled selectivity and anisotropy 

– No redeposition 

– Dry process 

– Fast process 

• - 
– Complex chemistry, security 

– Few materials are concerned 

– Sensitive to pollution, memory effect 

– Energy and pressure are linked 
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Ion Beam Etching 

• IBE: Physical effect 
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Angle Deposition 

-Autoalignment 

-Control of the 

interface 
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Lift-Off Deposition Techniques 

• Thermal evaporation 

+Low pressure,directive, cheap 

-Crucible, not fitted for all materials, uniformity 

• E-gun deposition 

+ Low pressure,directive, no crucible 

-Uniformity 

• RF-sputtering 

+Uniformity, no crucible 

- No directivity, damage on resist 

• PECVD 

+Uniformity, no crucible 

- No directivity, Temperature, damage on resist 
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Transport électronique à travers une 

nanoparticule magnétique  

• Particule métallique de 3 nm  1000 atomes, reliée à deux électrodes de mesure 

par des jonctions tunnel 

• Conduction tunnel à travers les états quantiques discrets de la particule 

• Masqueur -> possibilité d’avoir 

des électrodes magnétiques et 

des amenées de courant non 

magnétiques 

Labo L. Néel et LPMCN-Lyon 

E. Bonet, (labo L. Néel) 
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Ti 200 nm 

SiO2 
nanotube 

Architectures autoassemblées de nanotubes de carbone 

A.M. Bonnot, C. Naud, V. Bouchiat 

Transistors à effet de champ 

Auto-greffage sur pointes de microscopes à sonde locale  

200 nm 

100 nm 
Nanoletters 3, 

1115 ( 2003) 

 

Brevet 17 04 2003 

(CRTBT - LEPES) 
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FIB Functionalized substrates 

LPMCN, Lyon 
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