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ƴ Very High-Speed Optical wireless communication with LED

ƴ Recent research on LED-based communications for high 

speed communications mainly focused on 

Gallium-Nitride micro-LED devices

ƴFor a long time, organic LED (OLED) were seen as ñslowò

ƴ But recently, recent works show that micro-OLED could 

prove to be as fast as their GaN counterparts

ƴOrganic LED brings several advantages and benefitsé

ƴ Lower manufacturing costs and energy needs (30 clean rooms steps)

ƴ Shorter time-to-market

ƴ Lower carbon footprint

ƴ Easier heterogeneous integration on numerous substrates

1. Context
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ƴ Different substrates for fabrication

ƴ Glass (Bottom emission)

ƴ Silicon (Top emission)

2. Design and fabrication of high -speed OLEDs

ƴ Fabrication in five phases

ƴ Etching ïStructuration of anode, cathode

ƴ Metallisation ïMinimize resistive effects

ƴ Resin isolation ïIsolate the organic layers

ƴ Thermal vapour deposition ïDeposition of organic materials

ƴ Atomic layer deposition ïEncapsulation of Al2O3

ƴ OLED versus High-speed OLED

ƴ Small active area (short electrical time constant)

ƴ Coplanar waveguided electrodes

ƴ Short fluorescence lifetime

[1] A. C. Chime et al,  ñElectrical modelling and design of ultra-fast micro-OLED with coplanar wave-guided electrodes in ON-OFF regime,ò Organic Electronics, vol. 56, pp. 284ï290, May 2018.

Organic heterostructure of an OLED
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Dynamical OLED model based on small signal analysis

Variation of 

CurrentὍὸ

Polaron density

ὔ

Singlet ὔ
and triplet

densityὔ

Photon density

ὖ

ƴ Organic laser diode rate equations [2]

ƴ Small signal analysis consideration:

ƴ Transfer function of OLED:

ƴ Time constants:

Singlet lifetimeὑ Bias voltageὠ
OLED area ὃ
OLED thicknessὨ

[2]. Ouirimi, A. et al. ñThreshold estimation of an organic laser diode using a rate-equation model validated experimentally with a microcavity OLEDò, Organic Electronics 97, 106190, 2021

[] Mohamed Nihal Munshi, Alex Chime, Alexis P.A. Fischer, Luc Maret, Benoit Racine, Mahmoud Chakaroun, ñSmall signal analysis in OLEDò, to be submitted
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ƴ Optical section for light collimation onto Photodetector (PD)

ƴ Maximize the light flux (Numerical aperture)

ƴ Optimize the image size on PD (Magnification)

Optical setups for bandwidth analysis

ƴ Electrical section for RIN characterization

ƴ VNA Port 1 Ą Frequency-sweep RF signal 

ƴ Bias-tee for coupling BIAS and RF 

ƴ OLED modulation (Electrical-to-Optical)

ƴ High speed photodiode (Optical-to-Electrical)

ƴ VNA Port 2 Ą Measurement of Rx amplitude and phase
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Heterostructure impact on bandwidth

14 MHz

17 MHz

32 MHz
49 MHz

Substrate non-metallizedSubstrate metallized Alq3as emitting layer (without HBL)

Alq3:DCMas emitting layer (without HBL)Substrate metallized

Alq3:DCMas emitting layer (with HBL)Substrate metallized

ƴEffect of the electrodes, emitting layer and hole blocking layer (500 µm² CPW OLEDon glass)

Å Bandwidth increased from 14 MHz to 17 MHz  by metallizing 
the CPW electrodes (RC time constants - ,        )

Å Increased from 17 MHz to 49 MHz by using red emitting layer 
w/o HBL  (Spontaneous emission lifetime        )
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Active area impact on bandwidth

ƴEffect of the OLED active area(500 µm², 200 µm² and 100 µm² CPW OLED on glass)

Å Electro-to-opticalbandwidthrelation [3]:

C   ĄCapacitance

RsĄ Serial resistance

Rd ĄDynamicresistance

49 MHz

91 MHz 139 MHz

104 MHz 200 MHz

Å Bandwidth increased from 49 MHz for 500 µm² to 91 MHz for 200 
µm² and to >200 MHz for 100 µm² (Active area )

Å Bandwidth at the state of the art Ą 245  MHz [3]
Å Resolutionlimited by parasiticRF emission

[3] K. Yoshida et al., ñ245 MHz bandwidth organic light-emittng diodes used in a gigabit optical wireless data link,ò Nat Commun, vol. 11, no. 1, Art. no. 1, 2020.
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