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A Low-dropout Regulator with Low Quiescent Current and High Stability
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(The Institute of VLSI Design, Zhejiang University, Hangzhou 310027, China)

Yan Xiao-lang

Abstract An unconditionally stable low-dropout regulator and low quiescent current is presented. The Low DropOut
( LDO) based on a high precision CMOS current reference, which is comprised of subthreshold transistors and has small
temperature coefficient, provides a low quiescent current of approximately 4uA. Furthermore, by utilizing the design
method of active Miller frequency compensation, the proposed LDQO’s stability is independent of the load or the Equivalent
Series Resistance (ESR) of the off-chip capacitor. The chip design is based on 0.5um CMOS mixed-signal process of
CSMC. The simulation and experimental results show that the line and load regulations are only 2mV and 14mV,

respectively. The dropout voltage is only 170mV at 150mA output current when output voltage is 3.3V. The output noise is
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150uVrms When frequency range is from 22Hz to 80 kHz.
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Fig.2 The schematic of the current reference circuit

Ty ARV HIMs, My FIM TR SRR R U B L T R AR
SEM S MRS ALV FREL R : JA3N)E, ARG LR
R AT, SRUEM IR RS Vs, R VGHER, BT
VestEGIAERTY , FIANRETRAR, BT LALLM (¥ LT 4 B
Vs IR s XhaRG) &, Ll o Vgl i Al
REIRA

(K, +K5)

Ves=1R (7

5
MM ATH, Vg BT IRA> TD> JT LV S FasE4E [
SEAH L, DMRAES A R E . SER@RAKR(T) 15

1, :%. LS ln[K6K1J (8)
(K, +K5) (KK,

MRS ATAF H, W RiEREA E AT R, T LUK
VR R A A SCHE R B R 5 I\ B S R
POLY i FHANEL A IF 3R R EUWNWELLHFH, A — ki
JEE Z B R LE S S VR R BT LA R ) i
PR, EE AR R R R e, X g — A iR
A 52 (AL . 1 3 ek i GRS HE B IR R 5 P PR R AR L
Mzl . MIE 3 T LUES], 7E-40~150C KRS A,
i B FL A TELE AR N T 2.5% 6

g3y

£330}

o

5 29

=}

5 og |
2
2 L . X
~

-50 0 50 100 150
Temperature (°C)

—— Vpp=2V
= Vpp=4V
—o- Vpp=6V

B3 ANl R b RS L T PO R ME LR
Fig.3 Simulated reference current at different

temperature and supply voltage

23 IREMARE

RZE R AR BT A IR AME . — SRR TR
BRI, A T ARG, IR AP PR B N
WK B A AR AME O 2 U LDO BT A Azl
HCHIESRIE RS AL B AP S IN—ADE i, K
TN A ke B g A e

{HE L ILDOMIBAAMEAT LU R LA T 58, ti T
T B BB AT EE, BT DU Y R AL AR AR A e A
B 9e N L, i A A B 2R B (ESR) 2 5 A2 1L 4%
IR, AE 19 % R 5 R R KRR P DAORUE TR
01451

BERPIXLeB i, ASCHR T — FlshaSMiller S M2 &
R, 4 R A R . VR RE Y Ve EAH B
I R RS Bas ) O ST E N NI
55 2 GUTIURERBEASAE A iy 1 22 ol o P K 8 K 5 FELAFLAIR ) 472
s KJPMOS A Moy R vT LU R 3 4, Rk
PERAR AN R 72 Reyy R CRAH B 15t P 45



1528

i 5 ER

7R

28 3

Second Frequency

BIAS First stage stage bompensatiodOutput stage
L) / oo
M} } A
._, M, M,y :B—{ [\/15 . M, i
I T L M,
BIAS Ve Vieg :
oM, My JF— ] (N2 —I—CC Vout
[ ] Mg M, Re
|l I 1 Ir >R
ol j - L™ L F1
Vo| Ms3 i
C
M M
& e, -
@M@ ] BND

B4 AR ZEBOC S R R E
Fig.4 The schematic of the proposed error amplifier

PMOSHRE M, Rer CoMCof AR KM 45

TEFE 4 B AME T, IR M, TARTELRIEX, W AH
B8 A~ BEL{EL Bt M B HEL PSR A PR e FL B o B 1 L A L B
ARy WIRys ReANCenT BALETR 2 JBORASR [K) T 4% 34 v K
P AN BE BRI L XA ] AT SRARH [F) R B
R AR AR (R B B T MELler HL 2 G RO 2 00 2446 L v
PUKE B 2050 1 Zerdan s b, IR0 — AR s ) e
Bl B S RIS SERBUME SR, RS MG
B 3 4 guad il 3 SURBRINSERIE T RinS Cla il
JEE 1 GORIES 2 J0 L At B IR AL S LAY . oI Cy
SEAMEHEE, M AR RB AR S ReZ U R, AEIX HLI I A
FELR A2 A1 Ay R R My AN RS (36 A2 808 KPR HL BELSAR A 2 AT K
AR e BB R g, Ry n s Ri& s > 15 CypnCpCio >> Cso
DU AAZ /M 5 SR T LA H TR £ 22 i 5 )

[Rn ] PR P
Rrpi+ Rr2 @, @,,

{(1 +5-CyRR,R, 8,38, +5> - CcCy RiR, )

VFB

'[1 +5-(R,C,+RC, + RyR; 8,28 m3ResrCr)
+s2 -RZCZRLCL]} ©)

Hoht dpe= Em&m&mRIR2RL » @, =1/ ResrCl 7
1/RzCc » TR Rpse 1R/, MI(9) AT LA 4L
Vs )= ADC(RFZJ(I-FS -RZCC)(1+S~RESRCL)/
V. Rrit Rp2
[(1 +5-CyRR,R, g,,8,;)1+5-CcR,/RR, g,-8,3)
(1+s-R,C,)(1+5-R,C))] (10)

Dy~

||
Cy

o Ve
out A B

VA o

Ry TC. Rp
% e T
=gV £ -85 S

&5 DBl RS OGS IR /M S

Fig.5 The small signal model of the proposed error amplifier
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