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Abstract This paper presents an LED backlight driver IC consisting of three linear current regulators
and an output-voltage regulation loop with a self-adjustable reference voltage. In the proposed LED
driver, the output voltage is controlled by dual feedback loops. The first loop senses and controls the
output voltage, and the second loop senses the voltage drop of the linear current regulator and adjusts
the reference voltage. With these feedback loops, the voltage drop of the linear current regulator is
maintained at a minimum value, at which the driver efficiency is maximized. The output of the driver
is a three—channel LED setup with four LEDs in each channel. The luminance is adjusted by the PWM
dimming signal. The proposed driver is designed by a 0.35-um 60-V high-voltage process, resulting
in an experimental maximum efficiency of approximately 85%.
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A dual-loop boost-converter LED driver IC with temperature compensation
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Fig. 1 The block diagram of the proposed temperature-compensated LED driver IC
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Eq. (5) ¢ #t}.

w,
GBC(S) = Gy - Eq. (2)
(1+—=—+(2)2)
Quy,  w,
B 1 (1+sR,C)[1+ s (R + Ry) Gy
G{:mnp(s> = - R(C+C) a6 Eq (3)
,s(1+,s33@)[1+sﬁzq+02]
g"LT()
GAR(S) = *m Eq. (4)
V, ’ 2 L [c
G{K):F’w(]:%vwz: DLR=Q:DR\/% Eq. o)

Fig. 22 (b) & B & go] AA IJ= #
oz A HAYL o H,(s) REAEES B
Foh o9 3= (UGF)+=  0.93MHze] ™
@9 o5 FuE(UGR)AA 914 vhzle 88°0|t,

o5

23 LHS & 2= AlZt ¢t 20

LED® +=WaF sk 424 LED7F A+, &
T, AlzAb wE e uE 545 7hA o
7] wjzol Zh Aol wel v=v [9-111 whekA
AWE Y ¥ AL e LED7F AN 53 9
Ao = AS BAS}EE 7 %2 LED &
ek Aets 7HAE Adz dAgsorsti12]. 1
Ade 7 =& LED &3 E A dsts 7}
A 7] wiEel LHS+« 7Hd v Ask AstE 7t

Fig. 3 Lowest voltage selector :
(b) The proposed circuit

Ik

At EUE 71EY w2 vagt
o6l 7159 Hskel dl=F A8 7(LHS)+=
Al ZE (level shifter), H]xl7](comparator),
A A 37](envelope detector)2 4 ® o},
FALE S Vi, Ving, Vs 501 708 52

Vst math deE Adx

% o= e

o o o2

m O
(B & B o e o 2

¢

Vps 7o R HFol whds i, w3
ol MEFY Hvh 1 Dyt Cpy & T4
o 7

xzehd A9k7](envelope detector)E &35}
181 Cppol 1 gkol fFA1dt. o] Z=hal

Vigel ¥ 2

b

)

7] (envelope detector)=
staF At s o o] whgshA %
& &3 H2o wEM7F 33% oletd o

© BE deEdely o= F7] sk A

_ﬁo?r'_,
ied

g
=
e

ot 2

jins

v ol <74 o E2FA Ry

(envelope detector)®] AF-8-2 UAAQ At ®
soll e Ve ¥ES et 1Yy oy
AA = LEDO W HdSto] =2 koA 3
2" o 22X o3 A WE E=g HEEHA

Yot BAE zted

olgjgt wAE aAsty] &l Fig. 27 (b)el
ol ool MRS e HsY d=F A
7I(LHS)E Algtstrt. 3719 Ald At F719]
MA o] =(cascade) AZAHEH  HAYE  ®H|ALY]
(comparator)E AM&3te] M2 nlugEc uj
b e kel vV, o2 HAEHET

o] AAloA EE #HedHoly X A7Fe o
T3 2 T ME(PWM)E 29 OR =g ¢4t

-~

(a) Conventional circuit based on a diode envelope detector [6]
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Fig. 7 Power efficiency measured over temperature from 0C to 100TC.

Table 1 PERFORMANCE SUMMARY AND KEY COMPONENTS

Fabrication Process
Chip Area

Supply Voltage

Output Voltage
Maximum Load Current
Switching Frequency
PWM Frequency
Capacitor(Off-chip)
Inductor(Off-chip)

Maximum Efficiency

0.35-um BCD MOSFET 60V 1P4M

2
1mm

4-6 V
13-15 V
90mA
300-700 kHz
8.3 kHz
22uF
47 H
85%
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Table 2 PERFORMANCE COMPARISON WITH PRIOR STUDIES

Parameter Units (6] [13] This work
Supply Voltage \% 6-27 20-30 4-6
Output Voltage \% 60 3.5-80 13-15
Maximum Load Current mA 30 1400 90
Rising Time of Load Current Pulse ns 86 >1000 70
Maximum Efficiency % 90 88 85
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