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High Efficiency Switch—-Mode LED driver for Visible Light Communication
System
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ABSTRACT

Recently, the LED(Light Emitting Diode) replacing incandescent light bulbs and fluorescent light has great
attentions as a most promising candidate for the next generation lighting source due to its environment—friendly
characteristics, long life and excellent efficiency. Moreover, since it is a semiconductor device which can convert
the electric energy to visible light at a very high speed, it can also used as a communication device. Therefore,
the VLC(Visible Light Communication) using the LED can perform the near field communication and lighting
function at the same time without additional expenses. However, since the switching device of the conventional
LED driver for VLC is operated in the linear region, there exist several drawbacks such as a poor power
conversion efficiency and serious heat generation. On the other hand, since the proposed driver is operated in
the on/off switching region, it features a higher efficiency and more improved heat generation. To verify the
validity of the proposed LED driver, experimental results from a prototype of 20W rated LED driver applied to
3MHz bps broadcasting audio system are given.
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Table 1 Parameters of the switch

Mp Switch FQUION20

Vbs 100[V]

Vpsi 15[ V]

Vbs2 100V]
Ips 200[mA]

Ipsi 50[mA]

Rpsion 0.36[2]

t. (Turn-on rise time) 90[ns]
te (Turn—off fall time) 50[ns]
fow (Switching Freq.) 3[MHz]
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Table 2 Circuit parameters for simulation

d= At V; 400[ V]
T3 AHAH 35[nF]
125 AYE A 2[mH]
=8 AYu~ 100[uH]
=g JsiA g 4.7[uF]
Wer) | H| 41
2903 Far 3[MHZ]
AF A A 2.5[Q]
LED array 57143 500[8]
LED array &7 197.6[lmAl
LED array & tj#<t 98.8[V]
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Table 3 Parameters of the proposed circuit

AC input 220[ Vel
OP-Amp. TSM106
Switch Mp FQU10N20

Mp Switching Freq. 3[MHz]

200mA, 100V(20W)+=

LED array 37 A7z
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o] it} AA E 1o stetulE ek 4 (6), (1) &6
ARE s mo| A oF 14W]S] 293 -’E o] WATS
% 4 9l

1
Fron = 5112)5 Rpsion) (8)

—~

of B % 19 et 4 Q)& T At =
oA oF 7TImW]e EEEdo] wgshs

weha] Ao Bl Zoll A WAEE & 2 o 14[W]
g & T Sdth

4.4 Mok LED Eajo|#{o] E3

4715 kel o] ASkA LED Heoluli 2914
MpE 2913 Q9N TEAA A 4B 28 ~
914 £49) H7149) 4ol Hesnz gy 2
§ LEDZ9| Ago] hsahth £@ e 9= o
HE A% AClE B APH) A% 293 Bl
Festuz 4A 7@ bsA FRA S fes

O

<
=
m
o

DATA signal >

a8 12 PSIME O]
Fig. 12 Simulation circuit using PSIM

g AlEeold 3|2

147630.00 147640 817 147651634
Time {us)

T2 13 PSIM Zo|Als ZHm}
Fig. 13 Simulated waveforms
o] Z& =79

o AR ' &Y ghxdd dAIR)
sfomy &

AYHE FromA mE AvEel 4§ Fhssu
2 4R AAE A L Al ug gold e
74},

5. molMy 3 MY Z3
SEERE



ASGRE 1648 A4k 20114F 8/

2o 54 202 AlAY

Wireless communication audio system

\ \ s Kl
2c|2 £41 6jojE
Vi, =1V/div

ILJ‘U“LLF“MW

-é.‘-_ G|0|E{0j| IHE A2|2| 7& 4E
Vgs=10V/div

LED HF

Time division=500ns/div Lp=200mA/div

a2 15 M|oF JIA|Z EAl A|ABIO| =Q =xt T}

o O L=

Fig. 15 Key waveforms of proposed VLC LED Driver

T, Ao,
10 oxy ot

LED

2 s HEhe v

2 E=z13Le

[SXe B = A=

H]

2 WA vy
B Fas} sad S[MHZ] 13 LED A %

- o
T

°F 200(

a3t 4] 7
Foi 6250kHAR BARAL Qo A%
Esrel A

ARE Aoleta 9&

WA= e UEH, 125 2
gle]

=2 g fo

Hlrh Al W <
3[MHz] ] 1% 29 ew I vhA
& LED AF=EA F

_ﬁ_
mAlZ dASA AojdS & o Ak

= A ANE B2 4L o
& AA"E AFEE EgFolty AL
a9 150 dERler, Ay 2
% 30 e
ZholHs= DVD playerol M &35+
g ol LEDE AHdsdlt}
29AE 2907 YA

Ir
fu)
By
um

fol
il
n:2

2L
il
b

A& A48 @ otk LEDe) gEe 4
Evtolexo] o5} gA o A7 AR W
A
IR=R)

¢

(HUND
1o 4
b

ﬁﬂ‘ll AsA oA e e Al Aqe Asw
Z5 o] *47%01] D}

29 159 A WA 9

= 1;]7(]1%;] .Q./H /\]iilyq

< DVD playerdlA =95
JJrf‘é"ﬂ/ﬂ & F Adxol W
A2y #1Y WS Fd 50%9] AH]&o] HAE
tolH el Fiol #Agle] Y dAT s AT
FoeS g F gtk ¥ oHA 3L FA dlo]

el thet 291 Mof TR 75 A5
A

§
il
-1 o
of
oy
mlo
12
4> r

D
Eo] 291

Aok, Al WAl #3e LED TEAFE Boli 9
N

-
o
=

2
S
o
-
-3
=)
)
=
t
)
L
=
i)
1S w1 mo -

_>|:
i)
2
v
1o
opy
2
o,
N
N
of
oot
tlo

FA B4 7eR
LED CEMH%%—
D =goliE 2

I LED =gfo]He] A

2 &% LED =1

i

o rH“
¢
-3
¥
E rlr
j}_n{
(o}
1
e
A
Ak

o
Nl
N
N
>
o
of
2

ro P o
E o

I, o
P

[¢}
-

o
T
3R R e

\

Ol
i_%x
18 XN o 1l

=
1o
rx
odh
o2
12
-1
offl
(o
o il

o by

L ol
i

o,

o (I
1>
e fo
R

AT

rc e

[ed

N
o o

2 g
) rL
X

xe.

=

o

il

:Oll_"‘
o
N o
>~ 2
to o

ri
Ao
=2

o
i
e
rﬂ
=

ae 7HH°1 7Hs 3
| & dwEl 483 & %
LED EetoluE zil eretaiet. Al
o] ¥ olgE x
x r/}_,,]_ 501—5]_ /\)]\j
TE 7bsd EAlel LED
7} Ths stk %Xé °o Sith
LA o]gdte] FA vlolH &
e 3 50% Alﬂl%el HAHDZ b
Tl wAglel Y 4T == xR
FP gtk B =RedAME Al AR E
LED =gtolnje] o] 24 sj4E Fa dAl 4
L8 A A" TEske] A 3] §-pAd) o

A EA Y] BEAS Asstiih
whEbA] B =Rl A xﬂL% LED =#te|#E LED
= B EAS

i
b B o =

o,
5
N

L 3V A
NI <)

rir

jl

o

fett
rlOg fu

I}

'

Lo 19 |

E
=
1o,

3 L

2 P E

i HU
R

b

(o wE
o,

>
N

oAy o R orlo 0 il oj

7 T
SRR Al_é%“ﬂl W% AstskA A8



TN B A 2ES 9% uFS A9ARE LED TEIE 365
2 ATE 2010WE FuHStm T oi7u| Al X & A
I XAAME 2 HESAMMARSHS| ofst ITH
TME X EAGS AFZELZE THEHUS 2ZHH ol (ZERY)
(NIPA-2011-C1090-1021-0005) 198611 9 1920M 2010 =Zoich MK}
S EY. 20104 ~8x = CHstel ™
AtZ et MALnY
¥
[1] Y. Tanaka, T. Komine, S. Haruyama, M. Nakagawa,
“Indoor Visible Light Transmission System Utilizing TAMS (HHE)

White LED Lights”, IEICE Trans. on Commun., Vol.
E86-B, No. 8, pp. 2440-2454, 2003. 8.

[2] T. Komine, M. Kakagawa, “Fundamental Analysis for
Visible-Light Communication System using LED
lights”, /EEE Trans. on Consumer Electron, Vol. 50,
No. 1, pp. 100-107, 2004. 2.

[3] 295, olFo], HAFL, “THIFSAVLO)Y 7E F

19824 1 224, 20064 =0IcH Z iy
5 MAZsE Y. 20069~ A S of
Shel FAIZEID MUAIS BT,

2 olg @Asl wet A7, A=AANEY, pp. 36, 42, YT (FK)
59-61, 2009. 1. 19614 12 2520 19844 Ml 7|3
[4] Huang-Jen Chiu Yu-Kang Lo, Jun-Ting Chen, np £ 1986 sh=nET|sd MY
Shih-Jen Cheng, Chung-Yi Lin, and Shann-Chyi Mou, 3 HASst EA(MAD. 19249 S oist
“A  High-Efficiency Dimmable LED Driver for | & o M7 ¥ MXASEI EA(SHE. 1984
Low-Power Lighting Applications”, [EEE Trans. on “ B L 910004 HOiEANF) HESY A7
Industronics, Vol. 57, No. 2, pp. 735, 2010. 2. aholo el 1999'-4~°47(H ol MAYHESMIZSHE u
[6] N. Kumar, N. Lourenco, M. Spiez, and R. Aguiar,
"Visible light communication systems conception and él‘é"'ﬁ"(ﬁ

N
I
L
4R
FLE‘Q
w

*)
VIDAS", IETE Journal, Vol. 25, Issue 6, pp. 359-367. A 199914 ':'*FEH ™7 |

2008. 11. et E, 001‘—:| St=otsty| s

[6] H. L. Minh, D. O'Brien, G. Faulkner, L. Zeng, K. Lee, ApHLhetnt ZRH(MAL. 2006 S EHE%
D. Jung, and Y. Oh, "High-speed visible light MAH et EQi(3EN. 20054 38 ~8
communication using multiple-resonant equalization”, 7 o sh=aety|sd HEMAeTA HiA
IEEE Photonics Technology; Vol. 20, No. 14, pp. TR, 2005 98l ~¢ix| FUc] MASEE =
1243-1245, 2008, July.

[7]1 K. Inoue, “Waveform Distortion in a Gain-Saturated AMSME (FIZEREE)
Semiconductor Optical Amplifier for NRZ and 19514 38 23¢M. 19764 Eof MXA}
Manchester formats”, Optoelectronics, IEE =& Y. 19814 = st MR35 st
Proceedings, Vol. 44, Issue 6, pp. 433-437, 1997. o E2Y (MAD. 19854 & & MRS

[8] ¥R, 2= o), “CCR ¥4I Manchester stolzeh). 19779 ~1981d REEES} =
Coding s o183+ J0O0)TA 71", et 7/8}5] &}7e) 2lob Melodral 1982 ~&A  =oloh

)3 =, pp. 1792-1793, 2009. 7.



