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OVERVIEW OF OPTICAL LITHOGRAPHY AT LETI: CAPABILITIES AND ACHIEVEMENTS 
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• Overview of CEA-LETI 300mm Optical lithography capabilities

• 300mm Optical lithography alternative capabilities & achievements

• Conclusion

OUTLINE
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Overview of CEA-LETI 300mm Optical lithography capabilities

Leti Days Workshop 6 July 2018 | ALLOUTI Nacima
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• Progress in lithography has been the result of many advances
- Better lenses, resists, chemical-mechanical polishing, resists, chemical-mechanical polishing (CMP) etc. 

• The largest impacts have been made by changes in wavelength

PATTERNING ADVANCES
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INTRODUCTION

Wavelength 

Extensions
Novel 

Materials
Process Innovation
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OPTICAL LITHOGRAPHY RESOLUTION

Finer resolution can be achieved by:

– Shorter wavelength (436 nm…

365 nm …248 nm…193 nm…13.5 nm)

– Reduced process factor : k
• Improved masks (CD control, Phase Shift masks)

• Improved lenses (aberrations)

• Better photoresists

• Better process controls

• Resolution Enhancement Techniques (RET)

– Increased numerical aperture 

Immersion with NA>1 

R= k l

NA

– Alternative patterning process integrations: 
• Double patterning /Etch trimming / DSA etc.

• Lithography Tool technology Mix and match
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OPTICAL 300MM @ LETI LITHOGRAPHY TOOL 

SET

300mm Leti Pilot 

Line

1X Mask Aligner 365nm

3D Stepper 365nm

Scanner 193nm

Immersion 193nm

Performance

Suss ACS300 Track

TAKATORI Dry film Vaccum laminator

Cluster CANON FPA-5510iZ + TEL 

LITHIUS Track

Size

Cluster Scanner NXT:1970Ci 

+ Sokudo DUO DT3000 

Track
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Cluster Scanner ArF dry Nikon S307E

(NA=0.85) + Sokudo RF3 Track
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Existing Resolution Enhancement Techniques

Illumination

Binary Thick Resist

Mask Type OPC Resist Scanner

Att PSM Line Biasing

Serifs

SRAF

MBOPC

PWOPC

OMOG

Conventional

Annular

Quasar

Soft Quasar

Bull’s Eye

Dipole

Custom

Thin Resist

BARC

UV Baking

λ

NA

Double Exposure

Phase Filters

Focus Drilling

CD = k1* λ/NA

Alt. PSM

CPL

Inverse OPC

Optical Lithography resolution : Ways to reduce k1 
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Leti dedicated Data-Prep Team

Advanced OPC, ILT, mask analysis

Source Mask co-Optimization

Hotspots failure prediction / analysis

Optical Lithography resolution : reducing k1 by mask data prep
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193NM LITHOGRAPHY TRILAYER BENCHMARKING

OPTICAL 300MM LITHOGRAPHY RESOLUTION

MATERIAL BENCHMARKING & LWR IMPROVEMENT

Two method used for LWR:

1. Mean LWR measured on MEB CD KLA CG4000

2.  Power Spectral Density method with roughness spectral measurement
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OPTICAL 300MM LITHOGRAPHY RESOLUTION  

MATERIAL CHARACTERISATION PLATFORM
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• Introducing new lithographic technologies will be hard

and expensive

• The End of optical lithography is finally approaching…

But not immediately!

• Alternatives lithography integrations may enable the semiconductor industry to continue 

to produce higher performance device for cheaper cost ? 

OPTICAL LITHOGRAPHY FUTURE

Leti litho workshop | ALLOUTI Nacima | 6 July 2018



| 12

300 optical lithography alternative capabilities & achievements
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• CMOS 
 Focus on FDSOI for sub 28nm TN 

 Si nanowire for 10 nm TN (nano sheet T.ernst)

 3D stacked devices

• 3D Integration
 Si interposer

 High density TSV, TSV Mid/Last etc..

• Memories
 Embedded non volatile memories

 Focus on resistive memories (PCM, CBRAM, OXRAM and MRAM) for speed, 
consumption, reliability

• Silicon Photonic
 Optical waveguide

 Far Back End Optics

• Microsystems and Advanced components
 MEMS, NEMS, actuator, RF components, Power devices

OPTICAL LITHOGRAPHY KEY ACTIVITY

A.Berthelot: M&NEMS 300mm accelerometer 
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P.Batude: TEM cross section of 3DSI 

with 200nm contact and 3D contact pitch

B.Szellag: Photonic guide
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SPECIFIC 3D LITHOGRAPHY ACTIVITIES

Polymer TSV filling Organic passivation Molding

• EPPL in 200mm

• In 2016 300mm TSV last TR 

New Polymers for COST REDUCTION:

• Thermal conductive layer

• Adhesives with RF properties

• Conductive adhesive

• Organic substrate

• Polymers with nanocarbon

2014 2016 2018 2020

Lithography for 

3D application

Interposer multi-purpose
(MEMS, RF, Power, Imager)

Stress Buffer Materials
Functional Organic 

Materials

High Density 
« High performance & Low power »

Litho process available for 3D Modules:

• RDL:  CDmin  L/S 5µm 

• Passivation CD min Target  L/S 5µm

• Bump/µpillar: CD min  L/S 5µm

• TSV: CDmin Target 1 to 10µm & AR<15

• UBM: resist thickness <100µm

• Damascene Lines & Vias CD min L/ Space 1µm -> 0,4µm
0,5-1µm pitch

New ILine Stepper offers new possibilities:

• Different Overlay strategies: FAV/FAR, IR

• Better resolution

• More overlay accuracy for direct bonding
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LETI CMOS IMAGE SENSOR OFFER OVERVIEW 

1. Micro Lens

 Organic micro lens

3. IR BP Filters

1. Micro Lens

2. Colo Filters

3. IR BP Filters

4. Inner  Micro Lens

5. IR CUT Filter

2

1

3

4

5

5. IR CUT Filters

Post Etch MEB IRCUT filters  cross-view with 7 

consecutive filters

 Litho Cluster CANON IRBP

On going:
2. Color Filters process in progress2

 Inorganic diffractive binary micro lens

4.    Inorganic Micro Lens

6
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Reflow & grayscale option 
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3D HIGH DENSITY LETI ROADMAP

Performance

Si interposer

2013

TSV middle 

10µm

20202016

TSV middle 

5µm

Logic-on-analog

Wide I/O memory
Active Interposer

3D Image sensor

Logic-on-logic

Wafer-To-Wafer 

hybrid direct bonding 

fine pitch <2µm

HDTSV 1µm

3 layers Wafer-To-Wafer 

hybrid direct bonding 

fine pitch <1µm

Chip-To-Wafer bonding 

fine pitch 5µm

3D Logic-on-logic+Image

sensor WtW direct bonding 

3D Logic-on-logic WtW

direct bonding 

Canon 3D stepper 

acquisition
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Conclusions
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• Leti offer a large equipment capability, starting from 1X mask aligner to Arf scanner 

immersion

• Leti team expertise & strength to propose advanced patterning solutions

 Data preparation

 Material characterization

 Innovation material evaluation

 Close link with etch team

• Leti position focus

 IS NOT on the main stream of advanced lithography 

 BUT on the development of industrial alternative patterning and disruptive solutions

LETI OPTICAL LITHOGRAPHY CAPABILITIES AND FUTURE 
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CONCLUSION



Thanks for 
your attention
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PASSIVATION RESIST BENCHMARKING 

 More than 15 resist evaluated 

following a specific 

characterization protocol

 Five materials emerged, 

including our reference (a 

fluoropolymer), covering a wide 

range of chemistry

Moisture environment test resistance

• Polymers A, F have absorbed no water 

• Whereas the other polymers are more 

moisture-sensitive and seem less 

resistant against humidity environment

Stress measurement on 300mm wafers

Stress measurement on thinned chip

Electrical test vehicle
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• Two approach:

• Thinning capability

MOLDING Context & challenges

Underfilling

1. Overmolding

(inter-die filling)

2. Underfilling

(Inter-die & 

under-die filling)

SEM cross 

(A.D’Affroux)

 Benchmarking of innovative molding& underfilling material through Leti-suppliers 

join development

 1rst main objective will be to challenge these materials through test vehicle in to 

assess Stress properties and Handling and compatibility for clean room process

die

substrate


