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Design of a fast response capacitor-free LDO based on
feedforward compensation

Sun Fan Huang Haibo Lu Jun Wang Weihua Peng Guosheng
(School of Electrical and Information Engineering, Hubei University of Automotive Technology,Shiyan 442002, China)

Abstract: Low-dropout regulator (LDO) without external capacitors can provide low noise and low ripple power supply
voltage for highly integrated on-chip system (SoC). To address slow transient response speed and poor stability of the
capacitor-free LDO, active feedforward compensation technology was adopted to accelerate the charging and discharging
rate of power transistors to promote the transient response speed of LDO; and introduce the left half-plane zeros to
improve the stability of the system. Meanwhile, the feedforward compensation circuit can adaptively switch between
the two-stage cascaded amplifier and the three-stage cascaded amplifier structures when the LDO changed between light
and heavy loads, ensuring that the LDO remained stable throughout the full load range. The circuit was designed using
the TSMC 0. 18 pm CMOS technology. The simulation results show that when the on-chip load capacitance is 20 pF
and the current load varies from 0 to 200 mA, the designed capacitor-free LDO can operate at an input power supply
voltage of 1.7 to 2. 8 V, stably output a power supply voltage of 1.5 V, and the system has a phase margin of more
than 45° across the full load range. The overshoot and undershoot voltages are less than 100 mV when the load current
jumps between 0 mA and 200 mA within 1 ps, and the recovery time is less than 0.6 ps. The designed LDO has
achieved good performance in high stability, fast transient response, and wide load range.

Keywords: capacitor-free LDO; feedforward compensation;loop stability;fast transient response; wide load range
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Fig. 1 Circuit structure diagram of capacitor-free LDO

R AR 1 55 — R F T B =X 3 U S B K 9% 2
), BB R R Y IR B 1 25, /MR B IR 22 IR BRI
TR TR TR R G R e e L PR AR R
FERHL LT AR Bl R ) R M, 3R AT R T I I A g iy
AE. Mp, SHHH B D248, Y 00 3k i I o B2 4, A TR T 45t
B G, R s T, S BT R My, EA S Z9ORIR
HERE 25 T M, 8 EF TAE, Jy 0248 4 il 3, BL AT R 4055
BN BRI KRR RER AR ABE S R e, MR
J AR My, 8 My, B HIEH TAE, ARG EICHN
SYORREE M, A EA B — R %S LDO B4
22 () 4R LI 4558 6, P A el I A ) 7 PE g 5 [ B I 5 58
BRBEAE I 222 T 1 5F A B0 SR B A AR L

HLBH Ry A1 R 4 5% 58 B 43 FE P9 4%, X LDO 1 4 3
JEV o AT R AWM RBEE V, f1 1.2 VIR
JE V. Zeid iR 2R K28 e LU . 15 5 A% 22 B L0 15 30
FEMLDOHH 1.5 VIfaEE k., B4 C. % LDO 1
i H P R 2 R 22 R B I L T % o A
BN EA (955 — G AR SR LDO (9% % 4 4 24, 1%
fI% EA 55— Z0 00 AR S0 0 0 B O B, LA
C, 3 BT A PR3t i B 70 o, RE S 1 X4 3 R — i REE I FH
JERE IR E A AN . B R, IR C, ARE
N EMEEER, ELREE 5] A ZE 1 L i — B R TR
FEE.
1.2 THSEZBLDOKMIEEREIE

AR BB TC A A 28 LDO Y H % JRUE R 4N ] 2 R
AR 2 H M, ~ M, B R KR 25 TR AR 0 EE S e
M, ~M,; EH IR ZE R RRAE — D My, ~M,, B R
R R S 9, My, B R FD ARG, M, BB )

BRZETOR A 19 50 — Gk JH 3 UL KR 4% B9 25 44



ML F R T AT AME f9 Bk ve B R T S LDO &3t 5517 9
Vaa L My MSJ M, M";‘] l l
s —|= —II =l— L“ {]_ {EMI‘) ’&‘lf |—{ Mp;
ul Via ul (v i
C) Tyias " Mis C, " ﬁ:{: | Vout
LT e N s PR
= | Vo i c 1 1()
M jﬂ_{[:Mz I:Ms Mg IL”: M;; Mz jﬂ_q: M, 2 Ry T

B 2 JH AN 2 LDO AY H 8% 5 2 &

Fig. 2 Circuit schematic diagram of the capacitor-free LDO
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Fig. 3 Equivalent circuit diagram of LDO under light load current
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Fig. 4 Equivalent circuit diagram of LDO under heavy load current
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Table 1 Performance parameters comparison of LDO

SR SCiEkC12] 3CEkC14] SCikC16] AL

CMOS T.%/nm 55 180 180 180
BWAWKE/V 2.0~3.6 1.8~2.8 1.5~3.3 1.7~2.8
HHHEE/V 1.7 1.6 1.2 1.5
i B2/ pF 500 100 10 20
fak I/ mA  0~10 0~50 1~100  0~200
TS HIT/ A 40 95 10 22.1
AR/
500 508 1.8 8.9
(uVemA™")
2R MR R/
2.6 11 7.8 0.59
(mV'V' )
T/ mV 109 133 165 80
i e/ mV 153 83 190 100
PKEZWHE] /s 0.056 2.14 1.2 0.6
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