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Performance Improvement for Visible Light Communications
Using Pre-Equalizer and Optical Design
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ABSTRACT

In this paper, we design the pre-equalizer of transmitter circuit in order to enhancement modulation bandwidth
of white LED which is light source of VLC (Visible Light Communication). Also, we eliminate yellow light
component by optical filtering which mitigate frequency response of white LED. Power loss by optical filtering
is overcome by using convex lens. By applying proposed system, 3 dB bandwidth deciding modulation
bandwidth of white LED increases from 3 MHz to more than 25 MHz and the transmission distance increases
by optical design which secure additional signal power. We optically modulate NRZ-OOK signal to LED and
receive light signal using APD. We analyze received data using CSA and RFSA. As a result, we experimently
demonstrate the possibility that transmits NRZ-OOK signal up to 30 Mbps in 4.5 m, 50 Mbps in 1.5 m through

the pre-equalizer and optical design.
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Fig. 1. Frequency response of white LED, HPF and
proposed system

NRZ-OOK Al&E 1.5 mollx] #<%3le] Forward
Error Correction (FEC)2] 7]5<l BER< 2x107°
< REEsgi®

.2 &

2.1 LED 7E3|2

A5 % vuhle] LEDE 293 B9 o3k &
Aol 3317 Sl += W] Aele} Al 7t &
i 7Fssllof 3t} e mR LEDe] Alss WEs]
QA= gh7] AelE Slg A A5t AlsE FA
o a7} & 4= 9l bias-tee 727} 83} o] w,
25 A= 2] AlsE o= glo] gwslr] <l
&2k A3 LED®] L1 =412] A7 el 91
A Aok} w3k 41359 Al71= LED2] A3 77hs-
Hofuz] ed= W9lellA] F3F slefof gick o5 1%k
LED A%te| bias-tee 7-F= 18 29} 7t}

I3 2 equalizer F-H-ol|4] 2 4= 9J5%°] LED 1%
3] 2= High-Pass Filter (HPF)<} WP $Z7]2 34
Hrh LEDOY $A18H Al3e] Fulgs S48 7
s 3] fl8l A 3 D& 58] A1l LED

Equalizer Bias-Tee

Ky

Data
R2
VWA R3 2 3,
R1
R4
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Table 1. Experimental Parameters

Parameters Values
LED drive current 80mA
R, =580, R, =5 K12, C; =100pF

Pre-Equalizer

Bias-Tee G, =22puF, L=40mH

3 dB Bandwidth
of Avalanche
Photo Diode

40MHz when V=5V

Photo  Sensitivity
of Avalanche
Photo Diode

124/ W at 450nm
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Fig. 3. (a) Receiving area of VLC without convex lens
and (b) Optical design for light concentration based on
convex lens

=
34 LED= sl 4] 3353 2] 54l ofs}
o] Fohr Sl dopt). mejER BAle
Az7b 541571 A 450 nm o] B4 4 FEE
Eslo] 3 83} Ex19] oJgkS- A 3 T SAlE)e]
7P EA AlaEle] Sl o S Ak 71
& = olek o] w, 450 nm Hqe]9]e] s 4 2
BE S 4 slonz fAlel slabsle e
s Fof Al s S| Sslar Alee
A7) w3k 7bagit) gelas dekale 2 93 Bk
AAZE sEln) AE B A=) 24 A2
A AA 5 A=) IRl sjgshs vl
S FrlH o7 guslglon, o) F41719] v A
ol vl G dHE 7P HER, F7} ekl
2 AlE AY] #Rot ks

—

A 3 Fe]E A APDE &8 FAlg) A 5
sp7|et Bt AAE Bl S = 2 AE A
7WA o]3-E Radio Frequency Spectrum Analyzer
(RFSA)®} Communication System Analyzer (CSA)
2 Falsly ou:] FAlE A 22 Falee) A7k
SHeA 45 Flegsidck

www.dbpia.co.kr



LED Driving [ ‘

S Circuit

<| équalizer | | Amplm

PPG : Pulse pattern generator
CSA : Communication analyzer
RFSA : Radio frequency spectrum analyzer

(@)

(b)

Fig. 4. Experimental setup for verifying proposed system
(a) block diagram of proposed system (b) experimental
environment
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Fig. 6. Measured Q-factor and SNR performance variation
according to transmission distance and optical design.
Transmission distance is (a) 20 cm ~120 cm and (b) 0 cm
~ 500 cm
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