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Abstract— This paper is a review paper on Low Dropout 

(LDO) Voltage Regulator. Various techniques that have been 

proposed to improve performance parameters of LDO are 

studied and their performance is compared with the proposed 

Low Dropout (LDO) voltage regulator using Bulk 

Modulation Technique. The proposed LDO regulator is able 

to delivers up to 5 mA of load current while providing 1 V 

(~1.5% load regulation) drawing 99.0 µA from a 1.2 V 

supply. It has been observed that the proposed circuit offers 

better stability as well as 75% improvement in the load 

current delivery and recovery time of 0.16 µs for no-load to 

full-load transition. The proposed LDO is implemented in a 

standard 0.13-μm CMOS process. 
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I. INTRODUCTION 

Low Dropout (LDO) voltage regulators can be operated with 

a very small input-output voltage differential and these are 

commonly used in electronic systems particularly in portable 

or low-power applications. Their main function is to provide 

a stable supply voltage by nullifying the noises and ripples 

caused by imperfect power sources and/or variable load 

currents. The linear voltage regulator topology shown in 

Fig.1 typically consists of a pass element, an error amplifier 

and a resistive feed-back network. Using PMOS transistor as 

pass element may introduce stability issues and thus typically 

requires a large external capacitor [10]. To improve this issue 

particularly in fully integrated designs, capacitor-less 

monolithic regulators have been proposed [1], [4], [14]. 

 
Fig. 1: LDO Voltage Regulator 

There are several parameters which require 

thorough understanding before choosing an LDO. An LDO is 

characterized by its dropout voltage, quiescent current, load 

current, speed, load regulation, line regulation, output 

capacitor and its equivalent series resistance (ESR). 

Dropout voltage (VDO) is the input-to-output voltage 

difference. If the input falls below VDO then LDO is no longer 

able to regulate. The pass element acts like a resistor in 

dropout region with a value equal to the drain-to-source on 

resistance (RDSON). The dropout voltage, expressed in terms 

of RDSON and load current, is 

𝑉𝐷𝑂  =  𝐼𝐿𝑂𝐴𝐷  ×  𝑅𝐷𝑆𝑂𝑁  (1) 

Load regulation is defined as the ability of an LDO 

to maintain the specified output voltage under varying load 

conditions. Load regulation, is defined as 

𝐿𝑜𝑎𝑑 𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =  
∆𝑉𝑂𝑈𝑇

∆𝐼𝑂𝑈𝑇

 (2) 

Line regulation is the ability to maintain the 

specified output voltage with varying input voltage [11]. Line 

regulation is defined as 

𝐿𝑖𝑛𝑒 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =  
∆𝑉𝑂𝑈𝑇

∆𝑉𝐼𝑁

 (3) 

Power Supply Rejection Ratio (PSRR) of an LDO 

specify that how well it suppresses extraneous noises and 

ripples at the input to keep them from corrupting the output. 

It refers to the LDO's ability to reject ripple. PSRR is defined 

as 

𝑃𝑆𝑅𝑅 =  20log (
𝑉𝐼𝑁

𝑉𝑂𝑈𝑇

) (4) 

Efforts have been made to improve PSRR of an 

LDO by removing bulky capacitor in order to make it suitable 

for system-on-chip (SoC) applications [7]. PSRR deteriorates 

by lowering power consumption. In [10], a bulk-gate 

controlled circuit is presented for PSRR improvement. Even 

when the consumption current was reduced, high PSRR 

characteristics up to 77 and 64.3 dB at 10 Hz and 1kHz have 

been confirmed using this technique. 

Speed or transient response i.e. how fast an LDO can 

respond as the load varies is indicated by the rise time of the 

current at the output as it varies from 0 mA load current (no 

load) to the maximum load current [1], [2] which is basically 

decided by the bandwidth of the error amplifier. It is also 

expected from an LDO to provide a quiet and stable output in 

all circumstances. Speed is very important and attractive 

feature to any high-density system-on-chip (SoC) 

applications. [5] Enhanced speed can be achieved by 

enhancing the loop bandwidth which in turn reduce the output 

voltage spikes. 

Low voltage and low quiescent current are the most 

desirable parameters to achieve high battery efficiency for 

power saving purpose. In [15], the design displays a low 

power and low quiescent current. However, the regulator 

suffers from the existing tradeoff problem between power 

consumption against other important design parameters such 

as loop stability and transient response performance metrics. 

Typically, low-complexity integrated LDOs have a 

relatively slow recovery time [3], [4]. Therefore, extensive 

studies have been and are being pursued to improve the 

recovery time, as well as load and line regulation 

performance of integrated LDOs [4], [9], [10]. In many of 

such designs the improvement in recovery time is achieved 
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by employing additional and often fairly complex circuitry 

[3]–[5] which in turn results in higher power consumption 

and/or larger chip area. In research paper Park et al. (2014), 

an LDO which operate over a wide range of operating 

conditions and require very small area is proposed [8]. An 

ultra-low power design technique is proposed in [12]. 

Although LDO regulator presented in [12] has only 1.33 µA 

of quiescent current, it has been reported to have a settling 

time of 28 µs. 

In this brief, a fast transient response capacitor-less 

LDO regulator using an alternative simple technique that 

modulates the bulk voltage of the pass element to enhance the 

performance of the LDO is presented. The concept of the 

proposed LDO regulator is discussed in Section II. Table I 

presents the performance summary of different LDO 

topologies which is obtained from the existing sources [1]-

[15] and compared with the proposed LDO regulator. The 

conclusion is given in Section III. 

II. PROPOSED LDO STRUCTURE 

The change of threshold voltage of a MOS transistor as a 

function of its source to bulk voltage is referred to as “body 

effect” and the proposed technique takes advantage of body 

effect to reduce the threshold voltage of the pass transistor for 

any given current load. For long-channel devices, the 

threshold voltage can be approximated by [16]: 

|𝑉𝑡ℎ| =  |𝑉𝑡ℎ0|  +  𝛾 (√𝑉𝑆𝐵 + 2|∅𝐹| − √2|∅𝐹|) (5) 

where Vth is the threshold voltage of the device for 

VSB ≠ 0, and Vth0 is the nominal threshold voltage value for 

VSB = 0, γ is the body-bias coefficient and 2|∅𝐹 | is the surface 

potential. 

For PMOS transistors γ < 0, from (1), by decreasing 

the bulk voltage in PMOS transistors the absolute value of the 

threshold voltage decreases. For a fixed VSG, this change in 

the threshold voltage will result in an increase in the drain-

source current and vice versa. The body effect is sometimes 

referred to as “back-gate effect” since the effect of the bulk 

voltage on the drain-source current is same as that of the gate 

voltage, [16], [17]. 

 
Fig. 2: Block diagram of proposed LDO Voltage Regulator 

In the proposed structure Fig.2, bulk of the pass 

transistor is connected to the output of an extra error amplifier 

with a higher bandwidth and amplifier with a larger DC gain 

is connected to the gate of the pass transistor. Therefore, the 

main error amplifier will provide the high DC gain for 

accurate regulation while the bulk amplifier provides agile 

response to the output changes. Maximum load current which 

is decided by the size of the pass transistor. For a given aspect 

ratio of the pass transistor, bulk modulation improves the 

output current delivery and we can achieve the same current 

delivery with a smaller pass transistor. 

 
Fig. 3: Schematic of proposed LDO Voltage Regulator 

 [1] [2] [3] [4] [5] [6] [7] [8] 

Year 2010 2010 2010 2011 2012 2013 2014 2014 

Technology 

(µm) 
0.35 0.09 0.35 0.35 0.35 0.35 0.18 0.09 

Chip area 

(mm2) 
0.145 0.019 0.155 N/A 0.064 0.04 0.14 0.0041 

Vin (V) 1.8 
0.75 - 

1.2 

0.95 - 

1.4 

1.2 - 

3.3 
2.5 - 4 1.2 1.8 1.0 

Vout (V) 1.6 0.5 - 1 
0.7 - 

1.2 

1.0 - 

3.1 

2.35 - 

3.85 
1.0 1.6 0.5 – 0.85 

IQ (µA) 20 8 14 - 43 42 - 76 7 
1.2 - 

14 
55 60 

Iout(max) 

(mA) 
100 100 

58.3 - 

100 
100 100 100 50 100 

VDO (mV) 200 200 200 200 150 200 200 150 

∆Vout (mV) < 97 114 ~70 N/A N/A N/A N/A 28 

Load Regulation 

(mV/mA) 
0.109 0.1 ~0.4 

< 

0.017 
0.08 N/A 0.14 0.24 
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Settling Time (µs) < 9 < 5 3 < 2 ~0.15 2.7 < 6 0.24 

PSR (dB) 
-40 @ 

1kHz 

-44 @ 

1kHz 
N/A N/A N/A N/A 

-70 @ 

1MHz 

-50 @ 

100kHz 

 

 [9] [10] [11] [12] [13] [14] [15] 
This work w/o 

BM 

This work 

with BM 

Year 2010 2010 2010 2011 2012 2013 2013 2015 2015 

Technology 

(µm) 
0.09 0.18 0.13 0.13 0.18 0.18 0.065 0.13 0.13 

Vin (V) 1 
1.2-

2.5 
1.2 0.9 1.6 

1.4-

1.8 
1.2 1.2 1.2 

Vout (V) 0.85 
0.9-

1.8 
1 0.8 1-1.2 1.2 1 1 1 

VDO (mV) 150 541 200 100 
400-

600 

200-

600 
200 200 200 

IQ
max-load 

(µA) 
33-145 35 45 1.33 120 40 0.9 44.03 99.04 

Area 

normalized 

to 0.00245 

mm2 

5.075 126.53 10.20 12.42 65.3 17.95 6.94 ~1 1 

Settling 

time (µs) N/A 100 0.07 28 4.8 1.172 6 1.43 0.16 

Full load: 

ILoad-max 

(mA) 

140 150 2 50 5 100 100 3 5 

Load 

Regulation 

(mV/mA) 

0.043 0.101 < 0.5 N/A 0.122 N/A 0.3 0.023 0.015 

PSR (dB) 

-56 @ 

10MHz, 

-30 @ 

30MHz 

-64.3 

@ 

1kHz 

-55 

@ 

1Mz 

N/A 

-65 

@ 

1kHz 

N/A 
-58 @ 

10kHz 

-93 @ 1kHz 

-58.23 @ 

1MHz 

-

41.15@10MHz 

-93.6 @ 1kHz 

-57.11 @ 

1MHz 

-

41.15@10MHz 

Closed-loop 

bandwidth 
N/A 

20 

kHz 

100 

kHz 

80-

200 

kHz 

680 

kHz 

10 

MHz 
N/A 27 MHz 117 MHz 

∆Vout 

(mV) 94 196 120 ~250 0.61 100 69 50 50 

 Table 1: Performance Summary and Comparison 

III. CONCLUSION 

The design and limitations of the LDO voltage regulators 

were analyzed and different LDO voltage regulator 

topologies were studied, in order to obtain a simple and robust 

circuit that has potential to accomplish the proposed 

specifications. The use of several techniques to improve 

various performance parameters of the LDO were considered. 

Design of an LDO has several issues to be considered on 

tradeoffs between stability and performance of the system. 

The proposed technique modulates the bulk voltage 

of the pass element to enhance the performance of the LDO. 

The extra error amplifier used to drive the bulk of the pass 

transistor draws an additional 51 µA current while on average 

it improves the load delivery capability by 79% and the 

recovery time by more than 10 folds. It improves line and load 

regulations as well as the driving capability of the regulator 

while it reduces the power consumption of the LDO as 

compared to conventional LDOs with similar performance. 

Furthermore, as compared to conventional approaches, the 

technique increases the closed-loop bandwidth of the 

regulator which in turn improves the transition recovery time 

for no-load to and from full-load conditions, thus, making it 

suitable for applications where load conditions may change 

rapidly. Table 1 presents the performance summary of the 

proposed LDO and compares it with a conventional LDO 

regulator without bulk modulation as well as other state-of-

the-art LDOs. It is observed that the proposed LDO has the 

least recovery time of 0.16 µs with an active area of 0.00245 

mm2 which makes it ideal choice for portable devices and 

many biomedical implants. Although LDO presented in [5] 

has recovery time of ~0.15 µs but it has larger active area of 

0.064 mm2. The proposed Bulk Modulation technique can 

also be applied to other LDO structures. 

REFERENCES 

[1] E. N. Y. Ho and P. K. T. Mok, “A Capacitor-Less CMOS 

Active Feedback Low-Dropout Regulator with Slew-

Rate Enhancement for Portable On-Chip Application”, 

mailto:58.23@1MHz
mailto:58.23@1MHz
mailto:-93.6@1kHz
mailto:-57.11@1MHz
mailto:-57.11@1MHz


Design of Low Dropout Voltage Regulator 

 (IJSRD/Vol. 4/Issue 01/2016/339) 

 

 All rights reserved by www.ijsrd.com 1228 

IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 57, no. 2, 

Feb. 2010. 

[2] J. Guo, and K. N. Leung, “A 6-µW Chip-Area-Efficient 

Output-Capacitorless LDO in 90-nm CMOS 

Technology”, IEEE J. Solid-State Circuits, vol. 45, no. 9, 

Sep. 2010 

[3] P. Y. Or and K. N. Leung, “An Output-Capacitorless 

Low-Dropout Regulator with Direct Voltage-Spike 

Detection”, IEEE J. Solid-State Circuits, vol. 45, no. 2, 

Feb. 2010. 

[4] C. Zheng, and D. Ma, “Design of Monolithic CMOS 

LDO Regulator with D2 Coupling and Adaptive 

Transmission Control for Adaptive Wireless Powered 

Bio-Implants”, IEEE Trans. Circuits Syst. I, Reg. Papers, 

vol. 58, no. 10, Oct. 2011. 

[5] X. Ming, Q. Li, Z. K. Zhou, and B. Zhang, “An Ultrafast 

Adaptively Biased Capacitorless LDO with Dynamic 

Charging Control”, IEEE Trans. Circuits Syst. II, Exp. 

Briefs, vol. 59, no. 1, Jan. 2012. 

[6] X. Qu, Z. K. Zhou, B. Zhang, and Z. J. Li, “An Ultralow-

Power Fast-Transient Capacitor-Free Low-Dropout 

Regulator with Assistant Push–Pull Output Stage”, IEEE 

Trans. Circuits Syst. II, Exp. Briefs, vol. 60, no. 2, Feb. 

2013. 

[7] C. J. Park, M. Onabajo, and J. S. Martinez, “External 

Capacitor-Less Low Drop-Out Regulator with 25 dB 

Superior Power Supply Rejection in the 0.4–4 MHz 

Range”, IEEE J. Solid-State Circuits, vol. 49, no. 2, Feb. 

2014. 

[8] C. H. Huang, Y. T. Ma, and W. C. Liao, “Design of a 

Low-Voltage Low-Dropout Regulator”, IEEE Trans. 

VLSI Syst, vol. 22, no. 6, June 2014. 

[9] A. Amer and E. Sanchez-Sinencio, “A 140 mA 90 nm 

CMOS low drop-out regulator with 56 dB power supply 

rejection at 10 MHz,” in Proc. CICC, 2010. 

[10] S. Heng and C. K. Pham, “A low-power high-PSRR low-

dropout regulator with bulk-gate controlled circuit,” 

IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 57, no. 4, 

pp. 245–249, Apr. 2010. 

[11] C. Zheng and D. Ma, “Design of monolithic low dropout 

regulator for wireless powered brain cortical implants 

using a line ripple rejection technique,” IEEE Trans. 

Circuits Syst. II, Exp. Briefs, vol. 57, no. 9, pp. 686–690, 

2010. 

[12] M. Ho and K. N. Leung, “Dynamic bias-current boosting 

technique for ultra low-power low-dropout regulator in 

biomedical applications,” IEEE Trans. Circuits Syst. II, 

Exp. Briefs, vol. 58, no. 3, pp. 174–178, 2011. 

[13] J. H. Wang, C. H. Tsai, and S. W. Lai, “A low-dropout 

regulator with tail current control for DPWM clock 

correction,” IEEE Trans. Circuits Syst. II, Exp. Briefs, 

vol. 59, no. 1, pp. 45–49, 2012. 

[14] C. Lovaraju, A. Maity, and A. Patra, “A capacitor-less 

Low Drop-out (LDO) regulator with improved transient 

response for system-on-chip applications,” in Proc. 

VLSID, Jan. 2013, pp. 130–135. 

[15] S. Chong and P. Chan, “A 0.9 - uA quiescent current 

output-capacitorless LDO regulator with adaptive power 

transistors in 65-nm CMOS,” IEEE Trans. Circuits Syst. 

I, Reg. Papers, vol. 60, no. 4, pp. 1072–1081, 2013. 

[16] B. Razavi, Design of Analog CMOS Integrated Circuits. 

New York, NY, USA: McGraw-Hill, 2001. 

[17] P. E. Allen, D. R. Holberg, CMOS Analog Circuit 

Design. New York, NY, USA: Oxford University Press, 

2002. 


