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Abstract: In this paper, High brightness LED (light-emitting diodes) driver IC (integrated circuit) using
new current sensing circuit is proposed. This LED driver IC can provide a constant current with high
current precision over a wide input voltage range. The proposed current-sensing circuit is composed of a
cascode current sensor and a current comparator with only one reference voltage. This IC minimizes the
voltage stress of the MOSFET (metal oxide semiconductor field effect transistor) from the maximum
input voltage and has low power consumption and chip area by using simple-structured comparator and
minimum bias current. To confirm the functioning and characteristics of our proposed LED driver IC, we
designed a buck converter. The LED current ripple of the designed IC is in +5% and a tolerance of the
average LED current is lower than 2.43%. This shows much improved feature than the previous method.
Also, protections for input voltage and operating temperature are designed to improve the reliability of the
designed IC. Designed LED driver IC uses 1.0 mm X-Fab. BiCMOS process parameters and electrical
characteristics and functioning are verified by spectre (Cadence) simulation.
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Fig. 1. Block diagram of the designed LED driver IC.

S4%h 1HE LEDY TES A%
we £Y AFE HgAon THY
g 4 Fol AAsA

LED 7% ICx 24 A7/ #AA 3=

Hlo]ol 2 (bias) &S, RT3 =
T EFoz FAHEY ¥ 1
LED 7% ICY #A &=

13 %= LEDOl A4#8Ady 2 Szl

(o N lo b faor
i)
|
OF}O
>
Fi

= o 0o AN
o

2 10
=

4

[

i
Lo,
)
D)
P
4
il
AR
2o

o

f
=
-+
L

e
il
Mo
2
>
e
)

e 2
1l o
LT V=)

i
)

ol
ol

%o

L

[

Tu s
P

K of

In fo

, S
0O

= £

f o

i N

ool b off X

o
-0,
o

2

H] a7

—

9 nlojojx BEL2 At d&F#elE (regulator)
= 7153 2 (bandgap reference)® o] Xt}
S dAEEelEE MEg VEdEet oF FE

(error amplifier) @ A4 E WX AE (pass transistor)

ok
o

=~ hl

2 FAE, ¥
A A E A

Ll

y

of¢
e
i

=t
=

o

hul

Kol sl =1} %123 x{?jl—

o WEt R

& ARE FAHES A

skt o ® MEZ V| FIEE A dEdeld
9 7 RedRe] VE AYS AFTe 2 =ielA
= 94y #gte] 8 VY A, =R IR VE
A 1222V, At d=delyy &9 A2 5005
Va AAlsdnr =3 e dEdels e A ¥
A2 30V, A< EAAAEHE T WFEI R F
58 & Jde Hd F3F dFE 10 ndolth At dF
#Z o] ¥ 9] line(load) regulation2 1.67(0.034) mV/mA°] o}

AAg LED % ICY A& =ol7] s HlA
g del gie B35 3|22 UVLO (under voltage

lock out) @ SHHYE P& %o U3 HII=
¢l TSD (thermal shut down)E A 7A38l%dtl. UVLOE=

9 Age Al 10 27] FAS AGHH, %
o

o 9% AglM MOSFETS TEFozn wAg
& Qe AY 2RE PaAE J5e B B o=
ol A

X
s

18 BA 7] gdeke] 1Co F2

2%7F 144TC ol o] =™ ICY 28 HFA sk,
Lo 3t s ~H YA~ (hysteresis) @S 29CE A
Al 3t A T

LED 7% IC= ¥ ZWE 294 &xE +53
t} £3] o] Az 13 % LEDE 7537 95k
30 Vo &E A9t (breakdown voltage)@ 2 A o] A9
=89 AFEFS 7IXE MOSFETolt} wgha] o]
25 TFE58 T EES A 294 79

3 £ JEE A2~ (source)
A7t A (sink) AFE 27 04 A9 08 ASE A4

5 s AAdg

2.1.2 Md7gt LED & IC2| S&

HCC 49 ¥ Aules PCC Aol mstel o
o 9% Ag WHAE BF LED el 49Es}
W Setn, e Fageld FAFon AW
g F4she A9y (L9 2718 29 4 Uk LED
TE 1CO B4 Mty 915l HCC W4 9 2
MEE AR om 745

o
§
o
)



596 J. KIEEME, Vol. 23, No. 8, pp. 593-600, August 2010: K.-N. Song et al.

Flywheel Dicde

L
™~

Res A L

o | =
VIN LED

Current Sense Comparator

Fig. 2. Buck converter with HCC method.

dAHG. E=9, 94 SAe A A dxbel= A
oA mar7h ddsel glow, kX% LED A
o AR A varlel o) dgreR WMo 9
5 MOSFETE Alofgtt}, A7 #A vlarls T2
BEAGE 7P, o] BEAFE elste] washe
slzElg s 542 ol 8ste]l LED d#iE dHUsi
Aojd & gtk AAE LED % !

(DIM)°] PWM (pulse width modulation)
7hE AL, o] PWM 2lZel wel LED9 H‘:E Eeieis
T A é, ED AfFE U9 ‘jrx}"ﬂ 17Fe PWM
Azl & (on) Al FUANt
g™ Aol PWM A1&9] FFE] Afo

52+ ¥ AR/RE @7‘35{“’4. PWM

o] 93] LEDel
o Aojel wE H LED AF+E v goH,
Bt AFe] el wiep LEDS] ¥7]7F -

Lyve = Ippag < D (D
olwj, D=+¥"=¢t,/T, t,, =291 on A3, T=2=
97 %7

g 20] ) AvE ) B2e the 2tk WA, U7
Gatel PWM 2157} Q17be W, LEDe] 32+ it
S7kskar, 74 Ad (Regyg~Res) Fekell Ak stz
Ay o Aekel A AF asle we wE Ak
(Vasiap)ol =28kd, 9F-e] MOSFET ®-2
(turn—off) ¥t} olw] LED AF& Zho]# (flywheel)
E}OL._E gl &tk Algto] Alde| wel LEDe|

s2v AR gastar, A AR g xdgtol A

AR

Rsense

Rzg

M1 M2

lss=10UA (D

RSZ
M3 | —1
[ e

lsense s l l lsz

ved! [y

Fig. 3.The proposed high side current sensor.

7)e] 5 gkl ]3] LED A5
g nolm, o 49, 294 FApE

_ (Vin=nX Vipp) XnX Vi pp X Reoves
Vasio) X L

I/LVX ( VR_S(H[) -

oluj, n=LED] 7§4=0]aL,

A8
2
2

g,

e

N
or T4l

-
M 2 5 o o

Moue oft S
ko
ol
ol
Is)
§oa
il
M
=2
>
2,
2
%

B
u
o
N

o olodn S
2L o o
o g oo g
S
o
i offt



A7 AAA 78 3] =

Edx g M1# M29] L (length)® W (width)&=

T8, A3 R1F R2¢ A7|E 2o EWAAH
M4~M9, 18]3 A3 R3 & nHlolo]~ I =S FA
e 279 197 Iy, S B oju nloo]

22 AR s & 10 AR AASt] & gE st dist
of 1Y &AES HAiFslr E A gHE
Hpolol 2 3|2 & A sl 2 MOSFET7F W=
< HarZn AR ZAA7Y
LEDe| AF7F 224 &S of IN @24 CS
Agte o, Mlz M29 22 AJE o
M1} M2e] Alo]E Hdgfo] om® o]58] Ax-7
olE At (Vsa)& #ZaL, wheba M1 3 M29] Eiﬂcﬂ
AF =g sdsi E‘r,;’ o2 LEDI #HAF7F 327]
Alzetd, A A Feel L e, X Reves J%A il
&t sty Aska, CS wAbe] Akl IN whabd
Ha oA oz vrolzlth FAlo]l M29] Az H<t
o] grolRal, M29 AX-AlelE AQ}F (Vse)d #4
2 M29 =9 AFEe FoErh olw, M3 Ml
=< % Z%Xlﬂci o %—3719}
s2e g M3«1 Aol E= M29] =#<l
3, M39 Aa2E M1 429 Rl ARl
LED ﬁvﬂ Z7vebd M29 =@l 6%7}
B A, A Ispoll 9]l M294
Scia= ﬁ% M34 Al E
a1, M39] =9 AF g o
A HAFe M1 M29] &aa-AlolE J
W7EA] M19] &2 Ahs Asprzin =,

kil
rEHAE 2

57
whAe

w 3]_

L Mo =

7
=
=

=
=

=e9l Agto

o 220l AFE AZ (sik)dHA Mlz M2g] =
W9l AFE A @k o] M3l Aa AR A
AR PA7)e ¥ ARZA, LEDY 52 A5FE
FAR Aveltt. o] #A ARFE 4 I 2.
Ronn
ISEVbE - ]LED ( ??SE) (3>

7NN Rgpgrz ™M ZABE S o5 Azl 3
o Aot AF ZA ware e FE A
(V)& 210 1,
o|t}. o]
2 (4)9F 2.

(VHS(HI) + VRS(LO)) _
QXQM

(4)

Ropys =

A, #1238 #8= pp. 593-600, 20101 8¢:

597

Current Sense Circuit

VDD

4
210mV o———

—o OUT

Comparator

R5 S M0 ]|

q_

Fig. 4. The proposed sensing current comparator.

2.2.2 Hierst ZX| M7 H|@Y|

2

AF vy (28 He F A9 &

&35t 3k A Hur|e VE A

B S
ox (0 o oY
fr
N
i
aw
Q
@)
Ei
2
fz
v
-
BN
N
oF
_,VL
Qd
K
)
)

rr
>

N
o
N
rlr
1N
M
1
N
2

=
D~
r

thoo] W, 71E A 210 WE VDD Aol A

= Vs 5)

oI, Vpsio(on) =E WA 2H M102] On A &

Veoves = Lgnge < (RA+R5) =210 mV
= Vaszo) (6)

(<3

Akt AF %

Asfolt. 7
10

42 waze] s R
© LED 2] W3 dgto] 7]
wEeh 25w (4, LED = 0] ofd
Fel gholth), wlar]e] &9 sko] (high)7h, M102
-2 1 i A2 4 (59 Zvh 4AE LED

HN

¢



598 J. KIEEME, Vol. 23, No. 8, pp. 593-600, August 2010: K.-N. Song et al.

A
Vsense
210mv
I
Il : >
] ] t
A ! !
Vbrv i i
i i -
A l i VRsHi/Rsense
lLeD : ]
]
]
lava. f-—-—ACm -3~ A R
I
V /R
rs(L0)/ Rsense -
t
Fig. 5. Operation of the proposed current sensing

circuit.

A7 ol gL Frhste] W3 #gte] 7l A
ZA FHE, var]e] 88 29 (low)7t ¥, M10&
E A+

KeR

of ¢]F-9 MOSFET7} El-
i

lo > fo =
R
Ll'_tﬂrlo

fny
Ho
‘,_,
oll

= 2R FAel ejhe
MOSFET7} ©-2 %11, LED AFLE Z713) ol
dstes B

A2 Y (Vi = Vasiwo =20 V)= &
At}
3. da f nE
3.1 LED T+ IC2| HE3 =2 M/
B =Fo|x AAE LED +% ICe =2 EAS 7
7vet7] flsted ¥ 63 o] H ﬂuqae A A5
Az At (VIN)S 8 VellA FHul 30 V7x W3}

ANA ¢l7beta 3% LED %< $18e] ®+ LED

VIN
SAAAY é/ v
"2 56uH
1uF 9.2 50V(2A)
I A 1
L]
50V(2A)
L nlIN VDD }1
1uF

LED 30V
—EQ Driver IC EH:]V | l: (2A)

DIM GND

Fig. 6. Design of the buck converter for verification.

AF #e 1 A= AAskArh webA A @l 98t
o] A A Fe 02 Qo AASAL ¥ AW
[e) 0

o] ¥ EE 56 yHel™, LEDS} 43}01 5 rjolo
50 V/2 A9 Tolo=Z AMRE L, A9 A%l
¢]F MOSFETE 30 V/2 A9 % %‘ MOSFETE

ol &3dtdth U wx (DIM) g€elE Ui A5 F
957} 10 Kz o] FE B 7F 50%¢ PWM 213 & <]
7bale] ¥ AWE 9 FZo| thale] moAFHS 33}
Ao

3.2 LED 73 ICe| 2eo|alE At

a9 78 12 VY éﬁlﬁ& LED

g2 A =A
:rLE ICQ] 570—94 _1;1_9/] 3 3l
(PWM A1 %)0| Lﬂr% %E-%

[
e

& rzi
)
1

3 ~HYE =
. LED A+

A f o
o o
oy
2
o
fr
oft
S
o
rlr
po)
tlo T
PE
2

Ju Hl
oo
T
o
[
Ju g

ILgd
RS

1o
&
[
N
tjo r
Zi
N
N
ﬁ
E
IS
N

qAge=

for = o 1o (i o ok JE

of
-



A7 A 583 = A, A237 A8E pp. 593-600, 20109 84: F7dE T 599

55;5 HWTWWWW
S AR EEEEEEN
A NANANANNN

208, T.om
time (s

() s = mn
P }
B @: l'

St 1AL

14 = AB/PLUS

1.03

1.025 P

1.02
1.015 —]

1.01 ——
1.005 e

0.995
0.99

ILED Average Current [A]

0.985
8 10 12 14 16 18 20 22 24 26 28 30

VIN Input Voltage [V]

Fig. 8. The average LED current with the input voltage

variation.

Table 1. Performance summary of designed LED driver IC.
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Fig. 9. Layout of the designed HB LED driver IC.
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