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White LED modulation bandwidth expansion based on indoor VLC
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Abstract: For the application requirements of the indoor lighting scenes, the effect on the frequency
characteristics of four types common LEDs caused by the drive current fluctuations was researched, and
the conclusion was that the frequency characteristic response of the phosphor LED was almost unaffected
by the drive current variations. Combined with the hardware pre —equalization strategy, the theoretical
analysis and the hardware circuit design to expand bandwidth of the 1 W phosphor LED were done. The
experimental results prove that without the blue filter, the modulation bandwidth of the phosphor LED is
increased from 1 MHz to 32 MHz, and 26 Mbit/s phosphor LED VLC covered 3 meters communiations
distance using non-return—to—zero on—off—keying (NRZ-OOK)modulation is realized with bit error ratio
of 7.55x107°, which meets the requirements of the transmission distance in indoor VLC system.
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R A5 4 1 B o o R E EUVARL AR DK Bl L i
Hh AT 2R K E R BE R R 2 0 4 2B Y T TR R A IE
O R A T AT BN A B, B2 A S Ay
SR E ., TC IR R I 2 R I 45 R AR ) i
LU 4 s

www.irla.cn % A7 %
R,
Vi Vou
> — 1
C\ RZ
Passive advance
correction
(a) L E5 1
(a) Circuit structure

2

R7

=

3

R=

4 1

a I

=) I

o 1

w ]

o3 1

M 1

w, w, w

ORESIAiE
(b) Frequency response curve
Pl 4 TG U5 AL OE A

Fig.4 Passive advance correction

2% JG R IR 2K 1) A 18 eR RN

1 I+jolo,
H(w)=—x—"—— 1
(@) % 1+jw/w, &
K :a=(R+R,)/Ry; 0, =1/R\C, ; 0, =(R+R,)/R\R,C\,

o, Fl o, 73 516 B & 4(b) it 7 B A % 47 % SR
IE]B/‘J R\,R, #l C, 7%@ i—fﬁtﬂﬁi Vou E/\Jﬁﬁﬁﬂ[ﬁj VA
6], &5 Ry AN [l 2 00T Ha t i 1 400 25 g i ity 2k _Iu

AL Ry FI Ry Z8CE E I, R A Cy Al LS
FRL B 0T 45 300 3 A R 2 5 E
1.1
0.9
N 0.7
N —+—C,=1 000 pF, R,=1 kQ. R,=500
+-C,=500pF. R=1kQ.R,=500Q
0.5 ——C,=300 pF. R,=1kQ. R,=500 Q

(=100 pF. R=1kQ.R,=500Q
“+C=50pF,  R,=1kQ, R,=500Q
——C=20pF,  R,=1kQ, R,=500Q

1] 10 20 30 40 50
Frequency/MHz

B 5 ANJE RC 25T £ i v 2% 451 2% 0 )i

Fig.5 Frequency response of equalization circuit under

different RC parameters

FE AR BT, B PR 99004 A e i 9 o BEL R o 2
Z B — ELHE , UK Sl F B 4 0 5 R R A B B E , A
111 X LED 35 5 Wi 37 (1) 0 2 it BE 0l AN 25 408 o 38

0920004-3



Gk TR

% 0 i

www.irla.cn

5415

PR BRI AR ST AR B B B 0l 5 1Y) A2 Al R S I R YT
LED 3§ 2y o 3 o 4% il LED &5 B2, M i 2 9
T JSE DR R X ARE o IR A, o LR AIE 2 15 ROR A 32 UK
fy LR A AL AR W A 2 AR IE LED B 450 5 0 7 B
9% By HL AL AL A PR AR R FRUE o DRI A B I P
JEUR I, T B A R K Sl e I R A X LED 5 R 0
JO 14 55 T R JRE o B I 2l L 9 ) 7 Al X LED A3 4 i) i
S W 5, A T A0 SOR AR E

3 EFhAEF X LED 5512 5 1% 82 0 53 47

LED HA % A ML B0 a5t , 55 20 i
ATLAHE 6 Fon o Hod, Ry Al C 4 R B I 15K 45 O
LED 4 PN 4 ) 25 AL B A 25 il 25, Ry 1 R, 73 1l )2
LED %3¢ i 9 i < J& 51 0 9 % 45 Ak 4 G 3K v BHL A
AR

—NW\_E_

I 6 LED % %i i
Fig.6 LED equivalent circuit

AR A 2 A0 L B 25 K, TS LED S5 2B AT N -

Z(w)=jwL+R + (2)

l+jw;€DC
Ko BZWAFS MM, AR BT, BT &
B LR R R, WS4y, T A€ & AL IsE PN 45 R, C ™)
25 BHLBUVE I8 55 , LED 1 & G Y R FEAR . MeAh, 75 B
I N IR AR G O 5 B R O AR A A2 k) Hh iﬁi‘
] 3K S L Y /D T H A2 A6 f % LED o PN 4
SR BE R, 7 A R, AT 7% LED Eﬁ%ﬁiﬂl’]
Rk,

T 5T BK Bl L g Y 2 A X LED A5 3 i i
W R B R 1 W A SOR R B R AL B Y, j(tfn
XF AT LG IE AF &R GE w0 A PR 6 LED B, B 9%
Jt k3 LED #il RGB-LED Jif 5k il B9 40 L &% | ik &k s
F AT A e I, 43 o0 & T AR 0.1,0.2.,0.3
0.4 A SKfHL i T i As A< it 2, 25 R 7 s .

900

(a) White —0.1A
—“0.2A
700 P —0.3A
> k%\ ) —0.4A
& B,
> L
é 500 ":‘,s_:;&
o ﬂi‘ﬂ%:.
@ v
~ 300 [
T
100
1000 2000 3000 4000 5000
Frequency/kHz
700| (b)Blue
600}
> e —~—0.1A
£ 500 P 02A
2 PR R R —03A
§400- e, —0.4A
2 300 N ﬁ::'-‘nm,-
~ e
200 T e ey
100}
1000 3000 5000 7000 9000
Frequency/kHz
400| . (c) Red

1000 3000 5000 7000
Frequency/kHz

(d) Green

Response/mV

1000 3000 5000 7000
Frequency/kHz

Pl 7 A2 Rl L 4% R LED B i i £k
Fig.7 LED frequency response curve under

variable drive current

M7l UE (D) AR SRS R i T, B IE
5% 38 Ui A 5 A (1 B i, LED W) L 5 R R U .
Forb B8 (20 &0t LED Wi i 9 S5 il 9K 3l i 30 3 K
FERE BT , T LUA 30X = A LED 4% A 19 14 7% ith
%E/W‘E*HXULEIJ%LED Wi ;(2) H % LED {9 4 %2 i)

2 9K Bl H U A AL B AN BT, DY 2 it £ 0 A A
XT%EP X FE R T U By LED i i i 2 R o

0920004—-4



Gk TR

% 0 i

www.irla.cn

5415

TN i i BB, DL RO B A O R R
4 92 56 B A A2 HL R A ) S B0y 5 (3) i Tt B LED
(8 5 8 R G, R B O A B BR 2O By
LED fii th 19 96 00 i, A UK 5 0% 00 02 /9
6 F LR, I 23 75 A UK Sl oL I 4% R il LED R
Wi 157 2 A R ) AR A, 2 T 28 4 AR AR 1

S 2 e R A A A SEORE B4 AR R R R Kl FL R
14 22 Ak X LED 50 A 0 )3 19 52 W, 3CH 8 98Ot By
LED R e nf 22 1y & W VLC RGEMOLIR, Hi%
W i i 4 A EE DG B8O o

4 Tt {E R BT

SCHR LT B TE 7 A S e R L ) 2% A
W T R FL AT o AR o R R B T R A T
JER LED P s 1) SE A5 5 o b B DX T) (B 7 9 %6 A
@ @, Z 18] Y DX 30 DL AR 5 TR L B 1) T O A
Je MR 3 2 185 A 22 O Ky LED 19 45 3 i 57 5K 5 o 55 3T
B o I o, 2 BE E R RLR, AT LK B0 E
B A5 IE 19 46 F e BELR R 28 2 B0 R/, S B Y 3
ORI 5 ZAE TR s Zt— 2 i
P 8 g B T A P Y O BT P R
PR o> A8, FrR Netd Sy 342 fli oL B 45 5058 70
Net2 Jy5¢ ety LED A3 5 i Ji7 48 25 % 1] o 7 Netl
i, 5 RRy AL Cy 2H B R R AZ IE 9 45 gk g UL
Oy FEL LS 5 R 02 RO A L Ry Ry F5 i B B R AR
JCORAR R, % T Multisim H 07 PR 2 18 7 it
A B IR AR 2 M 1 2O FOE LED f 4 1F A
B, SO R TE SE 5 6 LED (1 [ A5 1) A5 % 45
A7 D0 I 25 2R WA SRR 5 B 1Y 18 12(a)) , I 1E
Be LAl B SR 0 BB AL S LED i R 8580 Fn g
BH Rs #4978 Net2, M 52 B X 2256 B Ot LED #it R
Wi V7 FHT £ 114 40 45

[TTTTTmTmmTmsoommoeees : XSC1
I
! Net 1 P RE'A' v, f\J 1
rive K. -+ =
i P W i I ﬁ 2
i i2 [
i R = Ué :I,K, Tf """""""
______ I I 3 TIVYVWW 1
o e g i |LEDI!
2 i !
Singal @ A O P |
T 7T " Net2 1
N + R i
1 |

P 8 A 1 951 4% 7 vl g% 1y 12

Fig.8 Simulation schematic of hardware pre—equalization circuit
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