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Implementation of the Equalization Circuits for High Bandwidth Visible Light Communications

Using Phosphorescent White LED
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Abstract: In this paper, a commercial phosphorescent white light-emitting diode (WLED) visible light communication (VLC)
system with an equalization circuit to achieve the high modulation bandwidth was designed and demonstrated. An analytical
method to examine the performance of the equalizer was carried out using a general circuit-simulator, PSpice. The equalization
circuit was composed of two passive filters with resisters and a capacitor and an active filter with an op-amp. Utilizing our
post-equalization technology, the ~3.5 MHz bandwidth of phosphor WLED could be extended to ~25 MHz without using an
optical blue-filter. In this VLC system with a single round-type WLED and a single PIN photo-diode, ASK data transmission
up to 35 Mbps at a Im free space distance was obtained. The resulting bit-error-rate was 7.6x10, which is less than the for-
ward error correction (FEC) limit of 3.8x107.
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Figure 1: VLC transmitter. (a) Schematic with DC bias

cuit and (b) Calculated frequency response

(b)
Figure 2: VLC receiver. (a) pre-amplifier and (b) equalization

circuit composed of passive and active high-pass filters

cir-

Equalization circuit
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Table 1: Parameters and values of VLC receiver circuit

parameters values

Ri=2k €2

C=1pF

[Re1=560 Q2 ,Ce=27pF,Re;=1-10k Q
Ce2=10pF,Ry1=2k & ,Rc3=560 Q
Ces=27pF, Ri»=2kQ, R¢=1-10K

Q, Ce=1pF
Capacitor of PD Co=1pF
Spectral sensitivity of PD [0.62A/W_@870nm

Transimpedance gain
Feedback capacitor
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Figure 3: Frequency response of equalization circuit accord-

ing to the change in (a) resistance Re2 and (b) capacitor Ce
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Figure 4: Frequency response of receiver system using

equalization circuit
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Figure 5: System response to 40 MHz square wave calcu-
lated by PSpice
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WLED 7|4k VLC A8l F344=
ZA3= Figure 70014 HoiFr) A0t
SE7IT AR AL 2t 345 6 MHz
t} 83 WLED®] 3 dB thE %2 3.5 MHzZ
T AA FEVNE AXEA BE 9AE Fe XI%JI

o

4
B
Ao E‘r
%

7

Starwl Az Yo g 3ks| %] #1398 A4%(2015.5)

A

AAEY JFgor Au
Z1ejvh WLED®l X3+ Obgr%
G7k Zhael wet A zEle] Su 54
EI. Eim gt Az A F5)
3 AH R e £4L BN
—’FOIIAI )5S dAIA AT
of Mz tjeFe] 25 MHz 714 4
th 25 MHz ©] $-¢] Fagel= F317] AR 5
71 &7|® o]5=Ae] §As] FHaskal
Q1FE4ol| o3k WLED 959

Figure 8 PRBS (Pseudo-random Bit Sequence)-9 (2°-1)
ASK Hlo|E ~Ed o2 WLEDE WxIe w 537 &
Froll digk oto] ¥l (Eye pattern)S W]k Zlo|th. 5317
=S AREEEA] S 4% 10 Mbit/se] H]EEol| A= Figure 8

z i
o
ofl

B

r

e

¢

olo

>,

oox

o o
32

A2 2 N

PG

i[l’

o
o
H i
fo N
=
18 &

offl
Lo
N
~ o rfe

a
=% oxe o o

ot

dAE
it

@t Zo] TPo] ¢xEa ot SIE OI%ﬂﬂi
Figure 8 e} 2ol 35 Mbit/sol A &= & Uéé& OIOMIEI
olt} ol AlE Ase] AF o) e HE= 105 dB

OIUI BERS 7.6x10*2.2 FEC (Forward error correction)®]
ARl 3.8x10° o]atEs WSkl gltth

4 After equalization circuit
Before equalization circuit

Normalized system response (dB)

15.0M 20,0M 25.0M

Frequency (Hz)

Figure 7: Measured frequency response to WLED VLC sys-

5.0M 10.0M 30.0Mm

tem with and without equalizer

(b)
Figure 8: Eye patterns (a) without using equalization circuit

at 10 Mbit/s and (b) after equalization circuit at 35 Mbit/s

476



£ =
e
o Mo —

e]
v}

2 7% B4 Al AEo] o] &3 -
Fst7] S e T %)
PSpiceE ©]-8-38lo] A]F
t}. 215 LED T% 32 4
DC Hfe]o] 2z 3]®ol] F J7F }lo] 180 MHz
Fa S 5AES B
dB HJZ& 35 MHzo|B&2 AFu oY
Alskal a1t o] o5& wAAs & &
A&7 LE ot TELEE ol &dto] T3]
W A AN ZElE AMSHA Faik Wz
25 MHz 744 o= Qv g4 st 4y

=
= =

o FR T S PN Py

MZ2ES W3 55 XN 54l 3 AdAg &4

B =R APEAS Y=

T RN
BN om,
o ®

[0
%
o
M &

f
lu
2

o

Hu 4
1%
(o0
ol

Ju olo
L
I =T R/ s S e < e .

ﬁg
2
>

Lo [y X

32
i)
5
Ay
T
>,
op
&

=3
3
=
fes]
w)

.
i
ro ot e

o

¢
~
>
ofo o
~ 12

oz ox JH
o

r
uz
_O|l'4

it
VS

2 AA7
Z1F Ag7F 1 m EolXl 2xedA XEA
Mbit/s 7}AF HIOJE &S

I} Q-factorS 4 FEolH H|EQ &2 FE
8x107 o]ate WS Hit.

WA LED 7|8k 7RAE EF4al REe] 7kt
325 A3t 1k FAlo] FheaERl

ko
-
)
2
-
PN
NS
nis
X

L
ol

b
MmorE Yo

"
S
r>

(o

9

e
xR
o
iy
>
23
_°|l’,
i3
o
e
o
Qg
2

oo NS R

ol w
ofo

NS

[
4

offl
o
NI

-

Mo N —
gQ

o

i1t

£ r

ofd

0

£ oH
rob
kY

References

[1] L. Grobe, A. Paraskevopoulos, J. Hilt, D. Schulz, F.
Lassak, F. Hartlieb, C. Kottke, V. Jungnickel, and K.
D. Langer, “High-speed visible light communication
systems,” IEEE Communications Magazine, vol. 51,
no. 12, pp. 60-66, 2013.

[2] M. S. Kim and K. R. Sohn, “Implementation of un-
derwater visible light communication system inter-
linked with bluetooth,” Journal of the Korean Society
of Marine Engineering, vol. 38, no. 7 pp. 923-928,
2014 (in Korean).

[3] K. R. Sohn and M. S Kim, “LED transceivers with
beehive-shaped reflector for visible light communica-
tion,” Journal of the Korean Society of Marine
Engineering, vol. 38, no. 2 pp. 169-174, 2014 (in
Korean).

[4] K. Cui, G. Chen, Q. He, and Z. Xu, “Indoor optical
wireless communication by ultraviolet and visible
light,” Proceedings of the SPIE, Free-Space Laser
Communications IX, San Diego, CA, vol. 7464, pp.
1-9, 2009.

[5] C. H Yeh, Y. L Liu, and C. W Chow, “Real-time

oA AR Yo] g ers] A A39HW A4E(2015.5)

LESRUIE R

oft

e 99

o
off

37 74

white-light phosphor-LED visible light communication
(VLC) with compact size,” Optics Express, vol. 21,
no. 22, pp. 26192-26197, 2013.

[6] H. L. Minh, D. OBrien, G. Faulkner, and L. Zeng,
“80 Mbit/s visible light
pre-equalized white LED,” Proceedings of the 34th

communications  using

European Conference and Exhibition on Optical
Communication, Brussels, Belgium, vol. 5-223, pp.
1-2, 2008.

[71 H. Li, X. Chen, B. Huang, D. Tang, and H. Chen,
“High bandwidth visible light communications based
on a postequalization circuit,” IEEE Photonics
Technology Letters, vol. 26, no. 2, pp. 119-122, 2014.

[8] J. Vucic, C. Kottke, S. Nerreter, K. D. Langer, and
W. Walewski, “513 Mbit/s visible light communica-
tions link based on DMT-modulation of a white
LED,” Journal of Lightwave Technology, vol. 28, no.
24, pp. 3512-3518, 2010.

[91 A. H. Azhar, T. A. Tran, and D. O’Brien,
“Demonstration of high-speed data transmission using
MIMO-OFDM visible light
Proceedings of the IEEE Globecom 2010 Workshop
on Optical Wireless Communications, Miami, FL, vol.
1, pp. 1052-1056, 2010.

[10] G. Cossu, A. M. Khalid, P. Choudhury, R. Corsini,

and E. Ciaramella, “3.4 Gbit/s visible optical wireless

communications,”

transmission based on RGB LED,” Optics Express,
vol. 20, no. 26, pp. B501-B506, 2012.

477



