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ABSTRACT

LED-to-LED VLC is a technology that uses LEDs as both a transmitter and a receiver unlike the typical VLCs. In
this paper, we experimentally demonstrate a micro LED-to-LED VLC using Micro LED. We tested all the possible
VLC cases using red, yellow, green, blue, and white color LED as both a transmitter and a receiver, and measured rise
time and SNR. Then we calculated channel capacity depending on the LED color sets. Our experimental results show
that the best channel capacity is 125 kbps when the transmitter micro LED was blue and the receiver LED was green.

We also measured BERs of VLCs using OFDM signal, and we showed a successful micro LED-to-LED VLC upto 250
Kkbps.

719l

LED-to-LED Visible Light Communication, Micro LED, Optical Wireless Communication
LED-to-LED 7}A%4 %41, Micro LED, 4 3%

M2 gASL gleh 53, we g8 Agele 54 o
ol LEDv B4l Alzdle] $A712 AREE 5 gl

LED(: Light Emitting Diode)= W¥€%, 8353 . o] H& o|&s4 LEDE ZHEOZE ALE3le
2e 7)E 2HEd vEA B2 AY 28 1 £, A $271EA ARE BRJUe 7]ed VLCC
e S A7tolgke A Yol 7]Ee 2WMES Visible Light Communication)ell ™3F 77} &g
* ZMohstm MRS s (kwondy0131 @gmail.com) * Received : Jan. 16, 2021, Revised : Mar. 02, 2021, Accepted : Apr. 17, 2021
w WMAMK} : Mo stw MRS} (sungman@ks.ackr)  + Corresponding Author @ Sung-Man Kim

Mo 220210116 Dept. Electronic Engineering, KyungSung University,

Mtz 2021, 03 02 Email : sungman@ks.ac.kr

ALY 2021, 04. 17

219



JKIECS, vol. 16, no. 02, 219-226, 2021

ol stol A3 9Ie).

AL VIC 7)€ ofd 837t & o] Fojx|x]
o otk ¥ HelM, 2= VLC 71&9] 483t &

AlE sfdskr] fls) 71E9] VIC 71evhs g $A1%
S} 415 B LEDE ARS-sk= LED-to-LED VLCE
ARk vk 9t} [1]. ®3 LED-to-LED VLC 7|&¢]
Aol BAL 7153k AdA oz =3yt [2]
9, Micro LED7F ZFAt) LED AAt2 ZEH&E

Micro LEDe] w3t /i 2 A7) 2 s 75133
Zo|t}. Micro LED¥= 7]¥ LEDEU} W& -8—% &5

lc.g:%]-ﬁ_ Co

= o] 9lo] LED-to-LED VLC
SRR ] 1 =& Ass d Aolg 7diEh
=il Micro LEDE $A41%-2 A}
43k Micro LED-to-LED VLCE A|etslarx} 3k
Micro LED-to-LED VLCe] A%z ZHS
Red, Yellow, Green, Blue, White 49| LEDE
AL, ZF Al e Al 4lE o Fen
=43t Ad &S vk BE?} AA
AlegloR ggd 4 9lSX] Fds] Y8 M
=2 5d £38 71X Alde] OFDM 21E8 $419]
v A8E WYk v e g dolE & w2

&S A3} Micro LED-to-LED VLC9
=)

2 ]

0%

O

T
Ee

> wo

]

¢

o)l

PR o go] wAHEL 14 dAE 7]
&9 VLC 713 LED-to-LED VLC 7|&9] #ol&
A AerstaaA &+ Micro
LED-to-LED VLCE 4AgHo=z FHstuz sk
T3 A9 A% B3 48S N A deag

2.1 71&¢] VLC
VLC 71&L 380 740 nme 7%14 ﬂlcﬁ" o]-&-3t
BA7IEol 1 [3], $A15-= LEDY ¢ 3=

1?‘r loilnvg a9 101] e

220

Source Modulator Optical
Information Source

« D + Image Sensor

Optical

+ PD

a3 1. 7|& VLCe =5 ciolojaH
Fig. 1 Block Diagram of typical VLC system

T3 VLCE RFC Radio Frequency)
13 g8 FdEe] Aok VLC= oF 400 THze 4

DS IRDNP

juv)

& WgES 7PHa Qe g dArzlaed dA
3 s %_‘Q?Vl et (4l 2 om A=l

ks %ﬁol A
AP(: Access Point)2 &2
o] VLCE AFZQIE Yo} thifs AME
& AP E aTdte Vsl A8
%*J 7)%elth. Z1glal VLCE 10 Gb/s
Ja o] 7hed S AL

olefgt FHE Yl 3 vt 7IHE ol &%

VLC 719 [6], SDR(: Software-Defined Radio)[7],
B wg 8], Adl 9 54 [91& ol &
VLC 7|HEe] A% v vt w3k AN553 2%

Zkel VLC [10],
= =g

ol A8 VLC Al=d [11] &
stk VLC %<& MIMOCG
Multiple Input Multiple Output) AlZ~¥] [12], A&}
Q14 A9 [130] 488 v ek,
AR, VIC 7148 Hold HES 2n g
T B3 o}d AFe3l) & o] Fo]7)
VLC 7]%2 4152 PD(: Photo Diode), ©|7]A] Al
A o BANE g dE TAS AN F
e BAAE Aok s Bade] ek weA,
Lg= VLCY o]# EAHES adstA Eat A A
2371 AEaA 28 olf 2o S Azta

2.2 LED-to-LED VLC

LED-to-LED VLCi 71€9] VLC9:= €8 4
Hol AR BE LEDS AMgslE A 7)&olth
LED-to-LED VLCS] £%5 tloJojadl& 19 29 o}
EFUigith. ©17]4 LED7} VLCO AR Abgd ¢
E olf+ LED9 PD7F 5 PN o=z &4



Micro LED-to-LED

ot} LEDE W=
1Hﬂ4*ﬁk—%%kﬂ%ﬂ
=29l HlHe] PDE W=7 o UA] KL}
< Ao FAE wolgo] HAFE AL
Sx=olt} &A%k LED9 PDe &2l T
e #o LEDe| 983 npojoj~g ZHolF
W LEDX PDHE %zto] 7bs3dit) g olm ut
1%1EDwIEDvu:@?E~iﬂLHV}WL4

AR2 ALgo] 7Heehs Te vk oot 1] =8,
% 0]% LED-to-LED VLCE 7}s8S Afz o=
garaeth [2].

w2k LED-to-LED VLCE PD, olmx] AlA
o FaAE FUIE AXT Favt glv] "] 7)E

2
L
= ol

B

=
l

ofN

ol

VLCHT 443 fejst +8F 4 9k &3, LED
= ooln] AEE, ~AntEE dyud tyAZo] A%
2z Tl FRS 77IEd WHAEH Jorw
LED7} U8 71715 7ke] AMEQIE ey it
MRSl AF-ARE A GolE 8] 7t A
o nwolt

bouce Modulator Optica Optical Demodulator
Information Source Detector
+ LED

% 2. LED-to-LED VLCe =% clo|lo{13
Fig. 2 Block Diagram of LED-to-LED VLC system

gH, Micro LED+ 107100 /1 4%

$ #a, 7]E LEDET W &5 éE, < BEE,
2 3L, w2 dYy sl Ars Aol gith
olg gt FHE wlEodl Micro LEDE VLCel #-&3F
AT7F oln Wy ATHI4-15]. AT, Micro LED
2 LED-to-LED VLCe] #&3 oﬂ?b CEXPR
o 2 =FolAe Micro LEDE B2 AL

Micro LED-to-LED VLCE Al OPo}J_x} Ei=3

lIl. Micro LED-to-LED £ JIA|Z SAl

31 /7% AR 54

B Ato A= Micro LED-to-LED VLCe| 7}%
ek A 23e 27 YsiA FAE Micro LED
E Red, Yellow, Green, Blue, White

AdEe AR EE
Micro LED+= 20 x 1.5 mm Z7]1¢] Bowerful A}9]
Micro LEDE AF8-3}91 3, 415 LED= 5 mme] A
&< 7K YINHUI PHOTOELECTRIC  Afe)
NBL-R5 LEDE AMEsth 183 &/44059 o
AFARD EA4E 47 93l 2 LEDES 33 33t
AE A A A= 47 19 3, 19 4,
a9 5 2% 6] YERSAT Red, Yellow, Green,
Blue, White A4+¢] Micro LED9] 332 77} 671,
606, 518, 465, 453 nmo]™, Red, Yellow, Green,
Blue, White 2)’J¢] LED®] 342 7tz 629, 591,
526, 465, 455 nm=Z =74 Slth

1

- = -Red

08 Yellow

e T

0.6 — - -Blue

—— White

Relative Value

0.4

0.2

Wavelength(nm)

a7 3. A2 Micro LEDS| Ity &H
g. 3 Wavelength of Transmitter Micro LED

- -Red

Yellow <

m
\

]

— - -Blue s

IS

—— White S

Optical Power(mW)
b

N

N

\
Y

0 =
0 1 2 3 4 5
Input Voltage on AFG(V)

a2 4, S48 Micro LED2| 2ty 57X
Fig. 4 Optical Power of Transmitter Micro LED

1

-~ =Red
\ H

L Yellow
08 \ N

— —Green

1
o

e L

|
:

\ h —— White
Pl

Relative Value
°
»

o
N

300 400 500 600 700 800
Wavelength(nm)

a2l 5 F=AE LEDS| uE &H
Fig. 5 Wavelength of Receiver LED

221



JKIECS, vol. 16, no. 02, 219-226, 2021

- --Red
&S Yellow %%
— —Green

— - -Blue

—— White

Optical Power(mW)
I
N

0 e

Input Voltage on AFG(V)

J8 6. F=AIE LEDe| Zuly &4
Fig. 6 Optical Power of Receiver LED

He e ohaak, 35 2] A gfo]
374V Ateld W, A8AE b= A& Flssint
mebd, o] MPAE vigem 15e) A%e UV

32 A4 &% &4
Micro LED*tofLED VLC A3& s7]dl oA, &
5

_/] e AH/K]— Ztg—

1o oy T
tlo mlo r

)
dlo
o o mo
e
e
ox
_O‘L
¥Q
o
oL N x
oX
o <o
ox
of
>
)
_ﬁg
>
>t

2 oml 2o &b x>
o o >
}oll Of

=
Y
dlo
=
T
e
ol
EL
N
fo
o
>,
o
-
oX,
k1

C= &*logz(l—l—SNR) 1)

risetime

~

fo
o ol

a2 o
2 o T

o

:/_g] e A}]/K]— t;g—g] ﬁ]
3 1ol vebdITh LEDS ot
o] FAR Thgo] AR

= Sl HA 7] Wi &

2
rw rﬂ
N

:>|4:,"

j‘:L
OZi
f
o
#2o(1 o

02i
= e

lo

2 X

s

N

82 rle
rl

222

of =3 -2 FAEINT ARte A, SAR
Micro LED7} Blue, <#41% LED7} Green /44 7
$-(Blue-to-Green), Ad &Fo] 1246 kbpsZ 7}

2 A¥3E vtk webA, Micro LED-to-LED
VLCOHH P AgE Y 23
Z3e] Ao gl

Blue-to-Green

- R,
Y,
G,
saw B1CI|:
w
arc H T teo § R* K osc
circuit circuit
R, = 150
b O
R, =100kQ| t
:>
SQWLYAFG T >
s
A +5/— _
a7 7. A5 A2kt MS o E2HIE S3s5HY| st

Fig. 7 Experimental setup for measuring rise time and

SNR
T2 MY x| A 8%
Table 1. Channel capacity of color set
Channel Rx
Capacity
(kbps) R Y G B W
R 2.4 - - - -
Y | 1236 | 115 - - -
Tx | G | 714 | 1241 | 39 - -
B | 196 15 | 1246 | 554 -
W | 392 | 103 | 931 | 514 | 23
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