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Abstract:

sient response enhancement technique of on-chip LDO system is presented. Based on the analysis, a transient response enhancement

This paper analyzes the stability and transient response enhancement limit of traditional LDO system and a tran-

technique fully integrated on-chip is put forward. The proposed scheme not only results in stability within a wide range of load varia-
tion, but also gets a good ripple rejection without off-chip capacitor and equivalent series resistor. It is demonstrated by simulation
that the proposed circuit dissipates only 64/*A of quiescent current with empty load and it is capable of delivering load current up to
800mA, the power supply rejection rate at 1KHz is about — 60dB. For a load step of 800mA/5t!s, the circuit has a maximum under-
shoot of 400mV and a maximum overshoot of 536mV . The recovery time is only 6.7/s and 12. 8 respectively and the layout area

is about 0.64mm?.

Key words:

1 58

I 25 (48 X5 45 11 o 2 R L U B R
— AR TR T R A K L 9 7 A, 1C T
TR AT T S 7 0 8008 Fi, TR0 A 9 03T, LDO 18 Sy o A
RS AN T SR, T AR A
R E) SR B I — R A S T2 2

L3 1LDO I T BEAE i 19 P S e 2 R 550 o
B ek BEL 7 i 2 1T A T U

WO 00 B B BV Vo = & [ o,

2 7 B P T B IR T P G AR, KR S L AT DL i

RS H 3 :2012-08-21; & [ H 3 - 2012-11-27; 5T AT i - 2= 55 4%

transient response ; phase margin; quick response;low dropout; large loading current

25 BT H ORI R S8 R AR IR I RE AR T C A
AP PE S BT 5 W, B BE T4 1 K Y H AR
z=[a], AT L5 R G0 A (Systems on Chip, SOC) B 1% 4
B AHJEX AP A | LDO R B B B Pk ik 24 -
(DFEEYE, AMEE AR ESR 5l AR 2B E SAE
FEAE , HRBMIS e N AMEE R AR R S8 I R G A 42 17 2510
RS AE T 5 (2) B 2Bk A2 R R O R ), A %l i s 3 K 72
PR T A R kAR LR T A i e o 3 A v ) 42 R A
R GE i kI X R AL

H T, E NI Z B A D s TR Z A i m 7
ZEOR X X APk A%, H o Ka Nang Leung 55 #2 ) T BH.

FELTIH [ A A H % K5 0T (No . 2009ZX02023 — 003 ) 5 [ 5K 8 st FEE AF 5T % J& 1K1 (No. 2007CB935400, No. 2010CB934300, No. 2011CB309602,
No.2011CB932800) ; [ % H JR Bk 2 % 4x (No. 60906004, No. 60906003, No. 61006087, No. 61076121) ; I ¥ 11 B Z= ¥ B 51 H ( No. 09QH1402600, No.
1052nm07000) 5 H, -7 155 42 Bl A 124 151 5K T 6 S 30 28 il A 4 (No . KFJJ201110)



1432 H +

Je BB IRy 52! ( Damping Factor Control, DFC) , X
Tl F4 R FHORUAS 15 S R AB 283K ol 2 AR SR 32 v o R A
W 42 (ER s BT MRS E M — EAFTEAS BRE ; 1L
Hh KWOK K C #2417 3h B E 936 i % AR (‘pole-zero
tracking) , i 12 R K — N FE L X TAE RS PMOS 48 1E A
ST BH, AR T B O 3h SR R R F AL
BRI i A U AR, DT S B R SR  {H R
TR A 0] AR T 2 2l 25 7T L BEAE A KE B, X T2
FRA A S 7 . Rincon Moral™ (19 85 A% 14 H AR Hy T4k
TZ(BICMOS T Z0) Y 23K, B T HAEARME CMOS T
EAN IR

BT B RGO FE 2 r 3 20 A IR XE APk AR, A ST
TR LDO RGE, WK 1 iR, B RGSS
) F2 A A - 15 22 OR300 D 9 IR 2%, PR S g )i 3
B, i, e vhids LR IR 2 HORAR A AB 2840
B OTA( Operational Transconductance Ampliﬁer)iﬁ?éf
A 5 e 30 DB DO G e R Bk A ) R A AL R B
PRZE WA it 2B B BE 7 104 Jk o R A 5 DA g 3 3
PEAESh AN UL T JE 8, D A M i AR A5 — k5
L 30 (%, RS IS DRI T 5 BRI 2 48 435 ) 38 0 S R TSR A
SR A B AMARICR

High pass J_ = &
network

E1 F_LLDOR%ZHIE
2 SEIERME AB KB HRK

Pl 2 ARG B U U R L B G, Ry L M,
ZH LI DO 245 12 38 PR EICPT 7R R
1
) ) S(R'f-l—gm,M,A)Cf o
)~ 1
)Cf‘f‘l

M| Mn1

1
2n(R-+#)C
¥ gm f

, Mnl
BRI V.. T BT (R A Vi, A T
BRI, W A 2L 7,0
ASfl AV S P IEE FI 2 2 KA 5] V. B0
Moy 1 My BRI EI N g AV, 0 S HOTELTE B
o - Yy it 45 RO SR

gm,/‘/lpl

M (D) AT LIS B FE f= &b, 1DO &

5 fit 2013 4F
_gmoamAV
A[C(;s - gm,Mpl (gvaPZ + gm,MnZl) (2>
AB 25
I
Mp, C
Mp, L p— GS'
i, | / -
My
Nt V/f
Loas

______

N

RGP
B2 EEISB M

3 KL LDOZ%iZit

3.1 SuE AT

SETEG b LDO B SEA S B, A ST T 3
7R 1 LDO R GEHLE , IRZETA R ARIE 1 Mp, — Mps, Mps
— Mpo F1 Mny — Mng 2818 ; 15 380 38 % D9 4% iy Chp» thﬁ]
Mny 20585 Mpy, Mny — Mnygy, Cy — Cp Rl Ry 2L T D
OI ALK 5 Mps — Mp, Il Mnyy, — M QU807 28 oh 28,
PR 17 3 HL 25 (Power Line Capacitance) C,,, il W
100pF #2475 .

E3 KH FLDOZAZ mE

Low impedance path C,
————

~
g
g
i
5
B8
~

2, fharc
-

B4 )Ji ELDORZHI/MsSHE

2Rl VW—V/



w7 M

FAAER KR TR A | 1DO ARG 1433

LDO Z8 G5 A AIUR S A7 0 e I8 25 8 3l 2 114 BT A
0L HEOLN b LDO RGEH TS 17X KAME
HEL A AR MR, A i 1) AR R A S O AL, 2 LDO &R
GEAL T A it v L B A AR, U 5 T LI g P
PEHE AT 58, DA (04 J3E T LA BIAR 4 ) O i, {ELZ:
2 LDO RGEAL T2 330 i H v BEL Ik 3 e e, R AR
Al B 8 i 7 SE RO, X A O T, A E P e 22
WA SCE R RGeS 2 P SO0, [ 4 2255 18] 3 52
PrReg ) /MG SR [, 2 BRI 3 FIIET 4, 35038 o3 A n]
A -

1
Age = Nam s yg.0 Rours supwl (R + Rp)// ]
de 815 Mp8,9 flout s EABTL > mpw L\ V) &m
(3)
Rospa=ro, Mp3//( G5 s TO 5 41570 s 46 )/ 7 (&M 5 417 7O 5 417 70 5 a0
(4)
Pdom: 1
27 R 51 C, w0 R/ / [ gm s o Rouseal
TN gut » EA ﬂ[@m 1o \3 gm"MnS)] M5 Mn9 Nout » EA
(5)
1
Pnon-dom = (6>
1 1
ZK[(RH + sz)//i// ]Cpar
’ ’ BM s ypy7 &M Mpw

MF(3) ~ (4) AT LUK IR, PR A I 3 20 e TR
ZERORAR AR IR ZEORE 05 A B R, o R A B
T gm_yps.o M LA B ESE R GRS BE . A (5) ~ (6)
AT LIS BN 2598, Mng — Mn o 20 5800 W % R A5 R #4 1T LA
KRELE C M AMEREW MRS, R E
YT i B[R B 3 B T K RS B . 5 e R B, K 4%
3 B BELT 1055 D Sy 2845 100 A i 1 £ 281 s s 1) 7T
REPE, PR HGAR G 1) gt 1 A7 39 4 77 B8 N B9 A o T
E 1. Mps — Mp; F Mny, — Mn o250 22 wh 25 25 4 LA B
I B S DA SE B — A0 57 14 AN Bl A %78 A6 IR A B B
T3, YR GAE T2 2, AT LU 850K 4t g 1 AR
SEUHE ) B S A AL
3.2 BEASI R 53 Hr

LDO Py i 285 e Jo7 453 455 71 28K 15 285 i o7 R 4% FL s I 25
M 7, 7P S S fH T T 23 A 1 AR P e 3 A A o Bkl
TR I A AN DT E B 51 R, i FLASL DA 7 28 ik 2 g 17 Ay 6]
PEAT A3 AT . 22 L o 07 268 PR A A A B BRI IS, A I 1)
PRI IF ) AT DA A R X (7)

1A
vt O, 7

o BW J2 LDO R GERR BRI 58, AV 2 D AR A M L TR
s, C, IR MR AL AR, 12 DR
HLACHR Kl F . () FRATT T UK B, 2 348 Al i
R NIRRT G LTI T AL 1LDO R GEI B 2514
TTRE SRR S RE ]

At =~

ST AT A SO TR 3 BRI R S
B i 7 O 2 T BRI e e B s 2
FHBATHLAE Cy B K 9 3 B K ol o, 37 2 b
HUBEL R3S B AL Mg B3 SO Bk oot IR 45 5, 2630
B SHORCHE Mng J5 SURE 5 g 00y 3B o 5 70 P
W HL 7 S 3SR Ming — Mg 05 ST DA B3 XA
FRAREOIRENAE 7, th 3. 1 HP SN HT AT LIS, Mg —
M0 5 S ] 1 o 5 5 2 15 5 0 o 5 0 47 01, A
L S B B ik 2 BB i/, W AL ]
AN 7 D AR AR S S BB R T B €y
~ Co Ml Mg 4R T — 2 5 LG I (0 6 5 AU
) 24 o4 T 4 A R B 5 A T 3
4 14 FELFE G 2 )

4 I NE S B

4.1 RN R IR

SO 2 A 3.2 FRATVRAN AT TR RS )
1) FEL B S, O T 0 — 25 o S0 Y Bk AR AR SO T
Pl 5 BT 7 ) PR 38 . BT Cy, Ming B Cy, Mpg #6C
F14) T 21 30 D B A R T AR ) AR

g = min 5 00 50 (8)

A (8) A FRT LG, AT AAS 3], 12 TR i 1 30 1% A
Eb IDO RS EAT 15 22 1 ARSI, DR 1 1 AR e 1)
TAEHLHIHE 5 R (1) %) LDO 2R GE 30 B A 950088 0 A A 7
AEATATSE A 5 (2) i o & AR DR Bk AR B A EE LDO R 48
R B AT LA AR S ) 2 TAE.

2y i K B R LR & A IS B 2 g
AR IR B T K7 i S 4 X A A 15 5 A R A L 2
Cp AL R B AR AR 5 TG B Mns JBUR, a BRI
AT B F Mn, W b3k, Mn, B
JE Bk, 52 T0 1 — 2% Ry T 45 M Pl 22 Pl T 3 L 2
g s R T AR L T S B e R R 2 R A K B
B, ix gt ) A2 A E S S A LA Cp,
A AL RS S SR B Mps UK, b sS LA S B —
A BBk, Mps Wl R N Bk, Mp, RO R R
Bk, e 2T B — 45 Ry D) R M P 25 7 L T I
4.2 HERE

H T F I B 2 B A 1) [ 1) R e AN B T 25 A8 Ak
AN 2 1, R A ST T W 45 R Bk 57 1 R A
PRIABE RS o, b PI AR RN B T S LB i ot
RS IR PR AT — 2 A AR AL X LA L CMFBL K 1]
7M. 25 o S EAFEE BT, CMFBL A9 % A T8,
Mn3 XAE a f ARG, e o s AL RN R v, 1
£, 20 TAFE B 47 AU LR , CMFBL Fil CMFB2 43 51 R
JH PMOS & 1 NMOS BAE M A& . B TIRDIAE B



1434 H +

2 2013 4f:

8, Mpy H My FEFHAS I 32 947 1 76 7 AR

s SoEMSEE
5 FE&RSWH

FT 0.35um CZ6H ##E CMOS 1.7, R ] Candence
B THX R (REGA & )G 3 i &, FEHE TR, o B
BEERR I, b i, o i PR A S AR ) JEAT 0 B R
JE Vo= 1.2V, 0 =27°,% 0" LR T 2 HL 25 4 100pF (1)
PIEIEETS , aniEl 6 fis.

1load----800 mA/5 pus  Transient Response

1000

Ma4(105 ps,
goof ¢ so(o ;‘s
600,
<
£ 400
= 200 M5(100 ps
0 1mA)
-220 g Vout----12 V.
1.5 M2(106.7us 1,202V) M1(305ps 1.736V)
1.0 y Y
> 03 M3(312.8ps,
X -0.5[ [MO(100.1ps, 1.215V)
-1.0C | 800mV)
1.5
>20 v 1 1 1 1 1
0 0.25 0.5 0.75 1.0 1.25 15

time/ms

Ble SBEsmaN

B HL T AE Sps B[] P9 4300 A 800mA — 1mA il
1mA - 800mA HJJE X Bk AE , f K b vp WL R R 536mV, 5
Kl 400mV, Pk & B E] 43 5] H 7 12.8ps F
6.7ps.

e A
BUBTIRER = T b v A2 )

HKIECO) , AT LATH3 5 R B % 5000 LA 0.67TmV/
mA F1 0.5mV/mA.
K7 Jrn 1 S gL i 1&] 5 Mpy A1 My 1

50 Idischarge/Mn1 Logic Simulation
aof ¢ M3(100.1ps, MA4(500.1pss, MS5(900.1ps,
E‘ s ( 35.69pA) ( 35.48uA) ( 35.43pA)
= -10F
;é% Icharge/Mp1
C M2(1.105ms,166.IpA)
< 3 MO(305ps, “MI0sps, Y #
£ 100F 159.1pA) 200pA)
= 50F
c_J L
-50
. . i ‘ i I . k A
i) 0.25 0.5 0.75 1.0 1.25 15
time/ms

7 AR e O3 B 2 1 B

W HL AR AL Hr AT AR E A8 SR B ARSI, Mp, AN
Mny JUFAb F 38R R S 2 4 o 67 28 L O L Bk
My SRAER ok i e, IAE 25 ) 238 45 M0 v 2 R P, 0 HL O
KB 35.7pA s 214 o 5 R R, Mp 1 R ik
I EEL U 2 T R A M F 2 e H DA FL A SR 3] 200A.

ME 8 HaT LA B, 24 6 8 i bk, B 3
Mn5 F1 Mp3 1) | 38 43 0 b Bk 3] 13.79pA F1°F of 5
0. 17pA; SR T BEE, MnS F1 Mp3 Hp 9 B 37 4331
T ohE] 0.01.A F1EBEF] 23.74pA8,

I ~-800mA/

125 14/Mn5 load
< 75.0F M0(100.1pss,13.82uA)
E 250 .

25.0 FM1(305.6p15,10.321A)

1&/Mp3

30.0¢ —__ M3(305ps,
< 20.0p 23.74pA) | |
< 10.0f - f

oF 4 Um2(103.8ps,173.1uA)

000lload 800mA/5
< &9
£ 400
= 200
0l
-200

. L ! L 5
0 0.25 0.5 0.75 1.0 1.25 1.5
time/ms

I8 5 U 0 45 A B IR 31 2% ) e A5 W I
M 9 IR, 2 1LDO RGEAL T 45 84 F 3R H Y
ERAH 38 25 3k 3] 83 .2dB, BV 48 5 47 T FIAH 7 48 43 1)
A 220KHz 1 59.3°, & =G B B Rl BHA i Ok 1T RS IEH
TAE R R E PR AT 58

vout=1.8V,vdd=2.5V,lload=0mA,“tt”’<0>[59.232deg]

200,
100f .
ok
-100F
= 200+
-300f

-400 —
1ol .8V,vdd=2.5V,lload=0mA ,“tt”<1>[-9.7059mdB]

75.01
50.01
25.01

of

-25.01
-50.01
-75.01

_10Q10° 10! 102 108 10* 10° 10° 107 108 10°
freq/Hz

B9 ZFR T HLE
A B A LDO &R 482 T 0.35um Ay i
CMOS T2 4 1F. €045 Pad F11 ESD {547 B B 7E Y, 3 B

———1_

phase/deg

MO(220kHz,
-6.028mdB)

gain/dB

10 _FLDOZR %k B



w7 M

FAAER KR TR A | 1DO ARG 1435

S F RN 10, HIAR R 0. 64mnd .
TG TN ERES USRS, A R K], A
WiTH A L LDO REiLr Ao .
F1 ERMBEIDO RFENEEHRESHILE

ZH S CHR[3] S k9] A3
CSMC CZ6H
€T 0.6pm CMOS
0.5ym CMOS 0.35ym CMOS
TR 568pm * 541pm 800pm * 800pm
F 5 1.5V-4.5V 3.5V-5V 2.5V-5V
TR
. 100mA 150mA 800mA
FHL i
HASIIFE 38uA 3.8uA 64pA
JE 2% 200mV @ 100mA — 0.5V@800mA
&k 0.25% 140mV 516mV
REES (1.5V-4.5V)  (3.5V-4.5V) (5V-2.5V,5us)
Uik 0.25% 140mV 400mV
PR (0-100mA,5us)  (150mA - 0,1ps) (1mA — 800mA, 5ps)
BEIMEI L -60dB@1KHz -57.9 dB@10Hz - 60dB@ I KHz
6 it

ARSCVEAZG I T —FoR B R 19 A B LDO R &E
T % IR S HLZY 100pF IHTHE T, RECAEBTE
R A8 HL I B 7 ok e B B T 1 B 2 g 1 S8R L 5
(1N, 25 02 M 2 B T AR T R AE I, RGEAR B T
TREF R EPE RN AT S . SE B0 3R W], R ah e ey Hop
FHEN T ARGE B35 UE , (AR Bl A T i A B AR S
LT .

S 30k

[1] Allen P E, Holberg D R. CMOS # 8 8 i v, i % 11 (55 —
JO [M . AE AT - 00l R At , 2005 . 300 — 468.

Allen P E, Holberg D R.CMOS Analog Circuit Design(Second
Edition) [ M] . Beijing: Publishing House of Electronics Indus-
try,2005.300 - 468. (in Chinese)

(2] BRARYE A IRAE . —FIIRER S I S AR 2 R 1 LDO et
Fe 4R [T] . T 515 B2 ,2006,28(8) : 1526 — 1529.
Chen Dong-Po, He Le-nian. A Low-dropout regulator with low
quiescent current and high stability[ J]. Journal of Electronics
and Information Technology, 2006, 28 (8): 1526 — 1529. (in
Chinese)

[3] Leung K N, Mok P K T. A capacitor-free CMOS low-dropout

regulator with damping-factor-control frequency compensation

[J].IEEE Journal of Solid-State Circuits,2003,38(10): 1691
-1702.

[4] KWVKKC,MOKPKT. Pole-zero tracking frequency compensa-
tion for low dropout regulator[ A].IEEE International Sympo-
sium on Circuits and Systems[ C] . Arizoma, USA : IEEE,2002.
735 -1738.

[5] RINCON G A. Active capacitor multiplier in Miller compensat-
ed circuits[ J | . IEEE Journal of Solid-State Circuits, 2000, 35
(1):26-32.

[6] Jianping Guo. A 6-uw chip-area-efficient output-capacitorless
LDO in 90nm CMOS technology[ J]. IEEE Journal of Solid-
State Circuits,2010,45(9) :1896 — 1905.

[7] Pui Ying. An output-capacitorless low-dropout regulator with
direct voltage-spike detection[ J]. IEEE Journal of Solid-State
Circuits,2010,45(2) : 458 — 466.

[8] A high slew-rate push-pull output amplifier for lowquiescent

current low-dropout regulators with transient-response improve-

ment[ J ]. IEEE Transactions on Circuits and Systems- [ ,

2007,54(9) : 755 - 759.

TR RAE . — PR IIRE R R E TR TE R AL A 2

PERS e (] FL -5 AR GE5 41, 2009, 14(2) : 84 - 89.

Ning Zhi-Hua, He Le-Nian. A low-power, high-stability and

capacitor-free LDO[J] . Journal of Circuits and Systems, 2009,

14(2) :84 - 89. (in Chinese)

(9

—

HUER 1989 SR T B,
FHpe MRS SR BBt s A, 5
AT A P4 B R PCRAM 77625 85 i
RIS .

E-mail : jiajunhu @ mail . sim. ac. cn

PRGNS (BIRAEE) U1, 1964 4t A4 THL
S, R R IR S S 1 BRI TE BT AT
FEG A EHESGE A | LI DL S A R
F S AR IR 2 R\ LA U A B
ST BB AT
E-mail : chp6468 @ mail. sim. ac. cn





