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LETI KEY FIGURES

CEA Institute founded in 1967

Director : Dr Marie-Noëlle Semeria

1,800 collaborators
1,270 permanent staff

250 PhD + 40 post-doc, 37% foreign students

2800 patents
311 registered in 2014

40% under licensing

680 publications per year 

Budget : 318 M€
CapEx: 39 M€

80% from external revenue

8,500 m² clean rooms
For 200 and 300 mm wafer fab, operated 24/7
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• 16 000 collaborators
- 10 % PhD and post-doc

• 10 research centres

Electronics and information technology Laboratory

LETI WITHIN CEA

Basic Research Division (Life sciences and Physical sciences)

Nuclear Energy 

Division

Defence and Security

Division

Technological Research 

Division

Electronic and information 

technologies

New Energies

Software
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OUR RESEARCH PLATFORMS

Chemistry
Micro and 

nanoelectronics

Nanocharacterization

Embedded systems Integration

Photonics

Clinatec



© CEA. All rights reserved

LED Lighting: 
Energy efficiency and more than lumen

Lighting = 20% of world electricity consumption

Efficient sources

Smart use of the light

LiFI at CEA-Leti | 5

Solid State Lighting
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FROM LED TO SMART LIGHTING

LiFI at CEA-Leti

LED

Luminaire

Lighting systems

 LED chip

 Heat management

 Smart devices

 Light source

 Optics : no glare, beam 

quality, flux, efficiency…

 smart sensors integrated:  
presence, ambient light, 

activity, time…

 Driver, dimming, CCT 

adjustment…

 Communication means

 Luminaire network

 Communication: 
luminaire to luminaire, 

luminaire to building…
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WHAT IS LIFI ?

Intensity Modulation on LED forward current
• LiFi uses a real baseband signal to achieve intensity modulation on LED current 

with direct detection at the receiver

• Goal: use good properties of LED to be modulated at high frequency to transmit 

information at very high data rate and/or high ranges

• Digital modulations
• OOK, NRZ, …

• Pulse: PAM, PPM, PWM,…

• CSK 

• Multi-Carrier modulation: OFDM, DMT, …

• Standardization (IEEE 802.15.7): no multi-carrier waveform up to now

Rx
Tx

LED engine

Photodetector

LiFI at CEA-Leti
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A REAL OPPORTUNITY FOR VLC

RF spectrum saturation and 

growing demand

LEDification in progress

SSL offers a dense network

• In every place

• A strategic position

• Energy for free
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(SOME) ADVANTAGES OF LIFI

• Transmission with no RF emission

• No sensitivity to RF interferences

• Will benefit from LED massive deployment: 70% of lighting 

market in 2020

• Security: walls block LiFi signals

• “You see what you get” effect

LiFI at CEA-Leti
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APPLICATIONS

AeronauticHospitals
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Access in OfficeHome high data rate access

Indoor GPS

Retail/Museums

Light control & maintenanceV2V, V2Infra communications

http://www.hhi.fraunhofer.de/en/project-of-the-month/visible-light-communication/
http://www.hhi.fraunhofer.de/en/project-of-the-month/visible-light-communication/


| 11

LIFI MODEM DEVELOPMENT (1/2) 

Full Duplex IP Link – PHY agnostic

Downlink PHY :

Multicarrier waveform – 8MHz BW

- QPSK up to 64 QAM modulation

- Synchronization, AGC, channel

equalization, ….

Uplink PHY :

PAM  waveform

LiFI at CEA-Leti

Lighting specs

 1000 lm

 120 lm/W

 CRI 85

 3-5m distance

User Modem 

Lamp Modem

Visible, 20Mb/s

IR, 5Mb/s

LED luminaire

Network, DHCP 

server, etc..

Eth.

IR receiver
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- MAC Layer : 

- Multi-users : up to 15 users per lamp access point

- Handover from one access point to another

- Throughput/Distance automatic adaptation

- Integration & cost reduction

- Current form factor 70x45x17 mm3

- FPGA & ARM based -> ASIC migration

- Optical

- Optical front-end characterization

- Infra-red receiver integration 

- Power Consumption

- User’s modem is USB powered (2.5W)

TECHNOLOGY TRANSFERT TO                    IN PROGRESS  

LIFI MODEM DEVELOPMENT (2/2)

LiFI at CEA-Leti
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LIFI CHARACTERISATION TESTBED

Arbitrary generators

OscilloscopesPhotodiodes

Software-based modems 
with spectral analysis (signal, SNR)

Analyzers
Coupler,
Bias-T

Power supply
LED engine

Filters,
lens

- Optical Hardware qualification
- Optical propagation channel analysis
- Algorithms with hardware-in-the-loop

LiFI at CEA-Leti
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REMAINING CHALLENGES

Communication

• Uplink above 10Mbps

• Downlink above 100 Mbps

• Channel Interferences

• Bandwidth

• Throughput / Range

• Dimming compatibility

• Backhaul

• Secure link

Optical

• Eye safety, flickering

• color rendering, temperature

• Maintain life span of LED

• AC LED

• RGBA Tx and Rx

• High-speed LED process 

technology

LiFI at CEA-Leti


