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Visible Light Communications (VLC) is an emerging innovative technology offering 
unprecedented licence-free bandwidths to face the forthcoming spectrum saturation of 
conventional radio-frequency (RF) wireless systems. To this purpose, Gallium-Nitride 
(GaN)-based light-emitting diodes (LEDs) are one of the most promising VLC light 
sources due to their high illumination efficiency and their large modulation bandwidths. 
This abstract describes recent works on a single blue GaN micro-LED of 10 µm, which is 
modulated using direct-current optical orthogonal frequency division multiplexing 
(DCO-OFDM) together with bit and power loading. A wireless optical link is 
demonstrated with throughput up to 7.7 Gb/s, which represents, to the best of the 
authors’ knowledge, the highest data rate obtained so far with a single blue LED. 

The previous highest data rate for a single blue micro-LED was reported in [1] with 5.37 
Gb/s for an active area of 435 µm². The blue micro-LED used in this paper is a squared 
pixel of 10-μm; it exhibits a considerably lower active area. It was fabricated using 
commercially available 4-inch sapphire epi-wafers with LEDs emitting at 450 nm [2]. 
Micro-LEDs are arranged in 10x10 arrays in which 5 of them were usable, as shown in 
Figure 1 (left). Wafers have been implemented in an experimental setup for VLC 
transmission with intensity modulation and direct detection as described in Figure 1 
(right). DCO-OFDM patterns created in software without channel coding are sent to a 2.5-
GHz arbitrary waveform generator. The analogue signal is then amplified by 20 dB and 
DC-biased before being fed to one single micro-LED thanks to a high-speed RF probe on 
remote pads. Optimal DC-bias was around 25.5mA under 5.1V, for a current density of 
25.5 kA/cm². Optical signal is then collimated and focused on a 1.4-GHz-bandwidth 
photo-receiver thanks to a plano-convex lens. A digital oscilloscope achieves the signal 
acquisition and DCO-OFDM reception is post-processed in software for detection, 
synchronisation and channel equalization. After a first transmission in QPSK for channel 
capacity estimation, bit and power loading is performed for different Bit Error Rate 
(BER) targets and assigns up to 8 bits per subcarrier (256-QAM) as shown in Figure 2 
(left). A -3 dB bandwidth of 200 MHz is observed, leading to a modulation bandwidth of 
1.8 GHz, covered by 511 OFDM positive subcarriers. Figure 2 (right) depicts the 
throughput as a function of BER; it shows that our system reaches a new data rate of 7.7 
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Gb/s at a BER of 3.8x10-3, compared to 5.37 Gb/s in [1]. This improvement comes on one 
hand from a lower micro-LED active area leading to a smaller parasite capacitance. On 
the other hand, the larger current density of 25.5 kA/cm², compared to 19.5 kA/cm² in 
[1], is known to be a key factor to improve the modulation bandwidth. 

 

Fig. 1. 10-µm GaN micro-LED array (left); experimental setup for VLC transmission (right)  

  

Fig. 2. Bit and energy loading masks and BER in frequency (left); BER Vs data rate (right) 

Towards a better understanding of the micro-LED design impact on VLC performance, 
next investigations will study the electrical modelling of such micro-LEDs in the high 
frequency regime. Future works will also cover the use of large arrays of more than 104 
micro-LEDs. The first objective is to open the way to new digital-to-optical modulations 
by driving independently each pixel and to target highly integrated system-on-chips for 
ultra-high speed VLC transmitters. Secondly, higher emitted optical power is expected to 
open such technology to indoor multiple access applications where light collection and 
emitter-receiver alignment may be no more possible. Such technology could lead to a 
great societal impact thanks to the development of very high-speed wireless systems, 
without contributing to the pollution of RF spectrum.  
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