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Abstract- In this paper a low voltage, low drop-out (LDO)
voltage regulator design procedure is proposed and
implemented using TSMCO0.18micron  BiSIM V3.1CMOS
process. It discusses a 1 to 1.5V, 5mA CMOS low drop-out
linear voltage regulator with a single compensation capacitor
of 1pF. The experimental results show that the maximum
output load current is 0.64mA and minimum regulated output
voltage is 1.11690uV.The regulator provides a full load
transient response with less than 5mV overshoots and
undershoots.
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1. INTRODUCTION

A Low-drop-out (LDO) regulator is a DC linear
voltage regulator which can operate with a very small input-
output differential voltage. The demand for the low-voltage,
low drop out (LDO) regulators is increasing very rapidly
because of the growing demand of portable electronics, i.e.,
smart watch, mobile phones, pagers, laptops, etc as well as
industrial and automotive application [1]. Most recently this
increasing demand for portable and battery operated products
have forced these circuits to operate under low voltage
conditions.

Furthermore high current efficiency has also become
necessary to maximize the lifetime of battery.LDO design has
become more challenging due to the increasing demand of
high performance LDO’s,of which low-voltage fast-transient
LDO’s are especially important [1]. Methods to improve the
classical LDO structure have been proposed. However,
structural limitation, which is the main obstacle in
simultaneously achieving stability, high output-voltage
accuracy and short response time, still cannot be overcome
[2]. The structural limitation of the classical LDQO’s is mainly
due to the associated single pole-zero cancellation schemes, in
which an off-chip capacitor with a high equivalent series
resistance (ESR) is required to achieve low-frequency pole-
zero cancellation.
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Therefore, to achieve good specifications, a novel
LDO with a very simple circuit structure is employed. The
structure has a double pole-zero cancellation scheme, and the
design provides good performance but there is a trade off in
settling time.

1. LOW - DROP OUT REGULATO STRUCTURE AND
SCHEMATIC DESIGN

The Structure of the proposed LDO is shown in
figure 1. It is composed of two stages. The 1st stage, as in the
classical LDO, is the error amplifier use to provide error signal
for voltage regulation. And the second stage is a common
source amplifier which has a high output swing. Due to
cascade architecture, the loop gain depends on the products of
the voltage gains of the two gain stages. The high loop gain
provides good line and load regulations [1].
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Fig. 1: circuit diagram of proposed LISO regulator

The circuit schematic in figure 2 shows that the error
amplifier is a differential pair (M2 & M3) with active load
(M4 & M5), while the second gain stage is a common source
stage (M6) with a bias — current source (M7). The output
swing of the second stage is much better than the source
follower in turning on or off the power transistor, and
therefore this configuration is suitable for low-voltage LDO
designs. The current mirrors (M1, M7 & M8) provide current
bias for both the stages.
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4 Design of LDO can be subdivided into the design of

I] i f | frar power transistor (MPT) and design of two stage op-amp.

out 3.1. Design of error amplifier
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Fig. 2: Schemati?c :JNthhe proposed LDO regulator Cl) = 1 AJICL 1opf
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The power transistor (MPT) is designed to operate in

saturation region at drop out. Although the voltage gain of the ! a7 nenas
power transistor is less than unity, the loop gain is not
degraded due to the error amplifier and the second gain stage. Lveenay

A loop gain of more than 83dB can be easily achieved in the Fig. 3: Schematic of the error amplifier

proposed design and is sufficient for good line and load
regulations [1]. In the proposed design for the good transient
response performance reason, the transistor size reaches
millimeter or even centimeter orders, which generates a bigger
gate capacitors. The slew rate at the gate of the power
transistor and the frequency response of the LDO
disadvantages for the proposed LDO.

In this section, a procedure is developed that will
enable a first-cut design of the two-stage op-amp. The hand
calculation approaches 70% of the design process. The two
stage op-amp is designed for the following specs.

111. DESIGN OF LDO REGULATOR

Table 1: Modeling of proposed error op-amp

Sn Parameter TUmit Main Eesults

01 Compensation capacitor (Cc) pF 208= 3 pF

02 Load capacitor (Cr) rF 10 pF

03 Total Drain Current{Inp) A 1431=1074

04 Tail current (Is) A 1431pA

03 WL ratio of first andsecondChOS us 29= 3 ps

oa WL ratio of first andsecondChOS us 2038 ps

o7 Tranconductance (g)for MM 1and MM2CHMOS us 1.8435 us

08 Saturationvoltage{Dra into source voltage)for M1 [ mV BEEE Q=10~"mWV
CMOS

oo Saturation woltage (Drain to source woltage) for [ mV 4 BOmWV=3mWV
MIS CHRIOStransistorWVDE5)

10 Gain Bandwidth {GB) Nihz GMhz

11 Mminmam cutput volta geViminout) [T 1.11690pW
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Table : 2 Aspect Ratios of the Transistors (W/L)um for the
Two Stage Compensated Op-Amp.

Transistor Aspect Ratios (W/L)um
MM1 1/018pum=3353

MM2 1/018pum=333

MM 3 1.8/0.18 pm =10
MM4 1.8/0.18 pm =10
MM3 33018 pm=19.44
MME 6/0.12% pm=27.44
MMT 3.3/0.18um=19.44
MME 4.3/0.18 pm=235

Which is less than required. At this point, the first-cut design
is complete

3.1.3 Design of MPT stage Below are the design steps for of
power transistor stage

Table 3: Design specification of power transistor

parameter symbol Quantity
Length MPTL 120nm
Width MPTW Jum
Voltage reference Vref 1w
Crutput capacitance | Cout 20uf
Bias resistance E.fl 30kL2
Bias resistance E.f2 100kL2
Bias capacitance Cf2 1pf

The output accuracy of the proposed LDO is high
with regard to the effect of the offset voltage since there are
only two pair of devices that require good matching(M2-M3
and M4-M5). The offset voltage due to large variations at the
error amplifier Output, occurring in the classical LDOs, is
reduced in the proposed LDO due to the gain stage formed by
M6 and M7. Due to the simple circuit structure, the output
noise of the proposed LDO is low. Moreover, there is no
embedded capacitor or resistor to create poles and zeros for
stability purpose, and therefore no coupling noise is imposed
on the Error amplifier. Moreover, the output noise from the
error amplifier can be minimised by large gm2 and gm3

IV. IMPLEMENTED RESULTS

The proposed LDO is designed using TSMS0.18um
CMOS technology. The LDO is capable of operating from 1V
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to 1.5 V, which covers a wide range of the typical battery
voltage. A dropout voltage of 170mV at a 5uA maximum load
current is achieved.The transient response is 1.01us. power
supply rejection is 0.64mV when operating at 1V.

4.1 PSSR (Power Supply Rejection Ratio):

PSRR of proposed LDO 43Db

PSER =43dB

4.2 Line Regulation:

Line Regulation of proposed LDO is 1.8 mv.

Line Regulation
=3 BmV/V

jas] By

4.3 Load Regulation:

Load Regulation of proposed LDO 1.5mv/v

i85 = ——

Load Begulation
1.5 mVimA

195 | =

4.4 Phase Margin:

Phase Margin of proposed LDO 83.07°. which makes
of stability of UHF range.
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4.5 Gain Margin:

e L Fe e

Phase margin= 83.07°

Gain margin of proposed LDO is 57dB.

A ag
Bllag =t e |

4.6 Dropout:
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v Out)cdB=

Gain margin = 57dB

Dropout Voltage

V Drogy=106mV
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Table 4 : Implemented Results Summery

Technelogy 018 pCMOS

Supply voltage lvto 13w

Chiescent current 0.0493pA

Dropout voltage 106mV

Load Current SuA
3.8mw/v JpA

Line Regulation 208 Tmviw 10pA

1.323mv/v 130 pA

Load regulation 1.3 mVimA

Full Load 60pVimaA

Transient Eesponse 40ps

Phasze margin 23 Degree

PSSE 43dE

Efficiency 00.01 % at 1w

V. CONCLUSION

A low drop out regulation with a compensation
capacitor has been proposed. The design is based on a simple
but advanced structure ad proposes a double pole-zero
cancellation schemes. It meets most of the typical
specifications of a commercial LDO. Experimental results
show that proposed LDO has small overshoots and
undershoots while having excellent line and load regulations.
The designed LDO is suitable for powering up low-voltage
CMOS mixed-signal systems.
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COMPARISON OF THE PROPOSED CAPACITOR-LESS LDO TOPOLOGY AGAINST THE STATE OF THE ART

19493 2000 2003 2004 2005 007 1012 1014 This worlk
Tachnology{pm) 10 140 (X [ 009 035um [ETT 018 um 0.18um
Supply Voltass EEL 135V 13V 18V 15 1V 3vita 3w 18W Ivito 13v
Dropout  Voltaga | 03 NA 02 NA 03 02V 200mV 200 mV 106mV
W)
Crutput Curramt | 30 200 100 160 100 200mA 50mA 50 mA SuA
{mA)
Quiszcant  Curent | 0023 03 038 025 ] 0.02mA 120u4 B0 uA 004%8uA
{ma)
AVout mW 18 mV 220 mV 130 mV 200 mV 20mV 54mV 18V 10 mA 106mV
Lin= Fazulation 4mV/ 3BV 2mWViwv Q3BuVI13V 2mViw 134mViV 2mViv 185mWViW 26WIW 3Bmvivats
WA
2087 mviv
at 10uA
1525mviv
at 150 nA
Load Fegulation 19mWV/50mA | 0275mVimA -200mV 7 100mA 10mV/20mA 0 2mWV/ 100mA 170uW /' mA 56uV/mA 3 150WV/imA
oV mA
Full Load Transisnt | A 40 us 3Bus 44 5]us 0 54ns 40 us 4434 s 5807 us 40us
Fesponza
Phazz hargin HNA NA §04E =i04B NA HA §4.130 <30dB B3 Degres
PEEE. HA NA -§538dE -37dB HA >45dB -§835dB -56dB -13dE
Cufrant EEE NA NA NA 243% EEEES 2309% =t | 9E5% EEES
Efficisncn(%s) v
5585% at
v
Crutput Capacitor HA NA NA NA HA 1uf 10pf 1pf
FOM{nS) BE2ns {.165ns 449ns 0 43ns 01023ns 002 7ns NA NA 0024 ns
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