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A Dynamic Miller Compensation Circuit for LDO Regulators
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Abstract: A novel dynamic miller compensation circuit was developed in this paper to solve
the stability problem of low dropout regulators (LDOs). Compared with conventional
methods, it keeps the bandwidth stable to improve the performance of transient response
greatly, and increases the open loop gain by 30 dB at the same time, which makes the LDO
have higher line regulation and load regulation specification. An IC was fabricated which
proved the validity and feasibility of this method.

Key words: LDO regulators; dynamic miller compensation; stability; PMOS capacitor

EEACC.: 2570D

1 L.DO tel
. PSRR. . .
,CMOS LDO ESR , .
i LDO . .
LDO .
[1]

*  E-mail : xqlai@mail. xidian. edu. cn;tonyxiejz@126. com



386

25
2 L.DO [51,LDO
LDO 1 s AV, R, W
givg  bulfer AL 1+ AF
(3] , AV, R, 1 (5)
AV, T R, Ry 1 AF
LD() ( gz) s o 1 + 1 +
. buffer , g Ra. &2 ( )
o )
AF s LDO
A 1 ’
V,= 1+ AFVREF =~ fVREF (D .
o . Ry
A=g,g: R, R, F 717{&'14—1{1-‘2 3
R()%ROZ //RL
9Ro1 Roz &1 82 SRy
L.DO 2 o 182 83
buffer ’ A=g1g:8:Rq
-G lay Vo ROZRO ’ R()%ROS /RI o
R, s 30 dB ,
LDO o
Ce R, . i g R‘[]
s Js—
RFZ
v v
1 LDO
Fig.1 Block diagram of traditional 1.DO
Ce . Re
gz/C( L 1)
2 L.DO
— A Fig. 2 LDO with dynamic miller compensation
H(s) = - ° - (2)
(1 + 3/“)1)(1 —+ 5/‘“2)
0 — 1 o, — 2 g» buffer C¢
1= p p o W~
gRRuCem ™ G Re  buffer L e
GBW =) (3) ,
B
1) (U2>>CU| H 1) ° ’(/ P2 [<02 1/((/})2
s ngo , Roz ) &2 /sz ° g9 .
s Wy W, ) N gZ/(—’pZ 0 dB
C(‘ ’ ’
buffer Ce
,buffer ’ y

. Ce PMOS



LDO 387
., buffer Re R » Wy ; s Wy
V, LDO s o
Ce vV, o 0 dB ,
A+ s/w,)
H(s) =
DT AT end ts/mn Py
w,= 1 w, :L
TORCT Y Ry
1 ’
“’”_m 2.5V, 300 mA,
W, @ Wy . 0.005%/V, 0.001%/mA,
3 CMOS LDO ,
heavy load 4 o
&1 OTA
s V ker Ve,
3
E Vn] o v
& PMOS [, OTA
N 20
0 — o . . - = "om
fi8e A =8 e /] o) = G0 S
3 2N u,CocW/L)ns 10 dB D
Fig. 3 Gain-frequency character of the open loop Ay + An)/ NV s
2 3 N I Compensationcitout 8
“, [l
| M M, W,
M, M, . x | C
o | : L olm, |
i P 3 %

|
_JI._E:
s 1E

M, M,

ML

Fig. 4

LDO

Detailed circuit of the LDO with dynamic miller compensation



388 25
“ tox s
_ 2 Cox o Vs s
T G+ A T ® , ’
&2 o ’ C()X Cdcp
Mg s M ’ o s Vs Vi s -
Vere : > Coxo 6
A, = gml's/[</1m13 + ;{mu)lmuj =30dB (9 .
gs M, +  VGS -
600 kQ, Mp 4 pA,
0 300 mA G
27 dB 14 dB. P+ AR P+
2.5V, N well Electronics
Veer 1.25V, F=0.5 —6dB.
] ’ 5 PMOS
AF 78dB ’ LDO Fig. 5 PMOS working in accumulating region
buffer cGs
4 o Myy~M,, Strong Accumplating
inversion region
> s My, M, W/L
’ M,, M, s
VsufM,_)l%VS(;wa%VTn s M.,
Vou! o MZ() Ml)l :
, . !
’ » M, M, Vo 0O Ve
’ Mer ’ 6 PMOS -
’ M, M, Fig. 6 Capacitance-voltage character of PMOS
> M,; Mp,
’ o Ilmd
4 M ley=——, k
’ F) Voz ’ Mzo M21 - “ k
’MZS M25 1) MZG
s My ’ M,
Vho _ EMy %,\/1 2 buffer v VeV _ZW L
Voo zgl\/l23 g—l\/lz5 ’ ° G MIZ o ce TH u]r(;()X ( W ) ‘V[Zti
uwgl cc——, > 10
MzG N4 Iload g9 .
Re, M, s
4 s
PMOS My, R , ,
AV e — — ,
PMOS . S, GS k L ap
2 L
G B, Vs s N e =D IV
N U/,C()X «/? W %
' . My 160



LDO 389

pm X 60 pm, LDO

9V(;S oV *O.8V9 12 pF
6.5 pF.
s, 4 2
, LDO
S
s 7 o
Rr Kol
Re Rr Re A
Rr Er Rr A
Re Rr Rp b H
] :,_ i ENR- 3 .-z:E.-
7 L.DO
Fig. 7 Layout of LDO with dynamic miller
compensation
1 mA 300
mA, 0 dB 70 kHz
100 kHz . 60° s
8 o
1) 2. 2 }LF
s 1
TN 300 mA
’ Vo 50 mV )
o 9 o
6
LLDO

Votts dB (lin}
P
28

1
[<]
<D

-80

A
g

leo i i L L i R S

100 1k 10k 100k 1x 10%
Frequency (log)/ Hz

@)

150

=300 mA
/

100

50
Flma

Votts Phase (lin)

L

100 1k 10k 100k 1x 10x
Frequency (log) / Hz

]

10

8 (a) 3 (b)

Fig. 8 (a)Frequency response of the magnitude of the
closed loop gain; (b)Frequency response of the

phase of the closed loop gain

. N

S G

CH1 300 mA CH2 100mV M 100 us

9

Fig. 9 Load transient response

L.DO o



390 25

N s HYNIX [4] Phillip E Allen, Douglas R Holberg. CMOS Analog
0.005%/V, Circuit Design[M ]. PHEI, 2002:269-439
0.001% /mA , 0dB 70 kHz, [5] Tom Kugelstadt. Fundamental Theory of PMOS
50 mV, Low-dropout  Voltage Regulators, Application
CMOS LDO . Report,Texas Instrumetns

[6] Behzad Razavi. Design of Analog CMOS Integrated
Circuits[M ]. Mc Graw-Hill,2001:9-39

(LLAT Xinquan) ,1963 s
[1] Selecting LDO Linear Regulators for Cellphone

. 1998

Designs. Application Note 898, Maxim Integrated i
Products,Dec26,2001

[2] Ka Chun Kwok,Philip K T Mok. Pole-Zero Tracking VLSI _.CMOS
Frequency Compensation for ILow Dropout B
Regulator[A]. IEEE International Symposium on 30 .
Circuits and Systems [ C ]. Scottsdale, Arizona,
USA,200254:735-738 (XIE Jianzhang) ,1975

[3] Wei Chen, Wing-Hung Ki, Philip K T Mok. Dual-
loop Feedbakc for Fast Low Dropout Regulators
[A]. IEEE Power Elec Specialist Conf Vancouver
[C]. Canada,June 2001:1 265-1 269

1R g1IE SUIR JHIIE <I1IE SHIR JTIIE SHIE NS JHIE 2R SHIE JHIIE <I1IE SHIR JTIIE IR TR JUIIE 2R SHIR JHIE 211IE SHIR JUIIE SHIE SHHIR JHIE SHIE SNIE JHIE <I1IE SUIR JHIE IR SHIR JTIIE SHIE SHIE JUIE IR SUTIR JHIE <R SHIE JVIIE SHIE 2HIIE JI]

# &
3 &
( s ,210016)
2005-03-31
MEMS Microwave Resonator
ZHU Jian YU Yuanwei ZHANG Yong JIA Shixing
(Nanjing Electronic Devices Institute, Nanjing, 210016, CHN)
dB, 1.7%, Q 180,
Q 180 2.5%, 4.7
MEMS . mm X 4.6 mmX0.5 mm,
SIW ( ) MEMS Q
NRD( ) o ICP s N N
MEMS 0 CPW o , 2002
° TE101 ’ (Q: 70) ’ Q
K o Agilent 8510C B

s : 3.5



