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Abstract – A fast-response low-voltage NMOS low-dropout 

regulator (LDO) with coarse-fine charge pumps and a double 

driving-high frequency internal oscillator is proposed. It 

regulates the gate voltage of the power transistor through 

coarse and fine charge pumps with three comparators for 

detecting coarse-fine modes. It achieves fast response time and 

low quiescent power loss. It has a low undershoot voltage with 

a fast settling time, employing a high-speed internal ring 

oscillator driving the coarse and fine charge pumps. The LDO 

circuit is implemented with a 65 nm CMOS process. It 

generates 0.45 V output voltage from 0.5 V supply voltage. It 

has the simulation results of an overshoot of 34 mV, an 

undershoot of 69 mV, and a settling time of 28 ns under the load 

transient from 15 mA to 45 mA with a 1 ns edge. 

Keywords—Charge-pump circuit, coarse-fine, low dropout 

regulator (LDO) 

I. INTRODUCTION

Recently, as the circuits with multiple supply voltages have 

been increasingly integrated into a single semiconductor 

chip, various on-chip voltage domains are generated to 

improve overall power efficiency. The conventional analog 

PMOS low-dropout regulator (LDO) shown in Fig. 1(a) is 

widely used. However, it suffers from large overshoot and 

undershoot voltages as well as a slow transient response 

because the error amplifier operates very slowly at a low 

supply voltage (VIN). The conventional analog NMOS LDO 

in Fig. 1(b) reduces the overshoot and undershoot voltages 

by increasing the supply voltage of the error amplifier (VDD) 

with a charge pump (CP) to two times the supply voltage 

(2VIN). But, since the NMOS power transistor (MN) requires 

a higher gate voltage than VIN, the CP must remain active 

continuously, resulting in significant power consumption. 

The charge-pump-based NMOS LDO (CP-LDO) shown in 

Fig. 2 replaces the amplifier in Fig. 1(b) with a comparator 

and a coarse-fine up-down charge pump. It needs only 

dynamic power consumption. It greatly reduces power 

consumption by eliminating the static bias current in the 

amplifier. The coarse-fine charge pump improves the load 

transient response time of the CP-LDO by using coarse and 

fine charge-pumps with large and small gate driving 

capacitors when high and low load current transitions occur, 

respectively [1]. However, the CP-LDO still suffers from 

slow response because it uses an external clock with a 

relatively low clock frequency, and the charge pump 

operates only once per clock cycle. 
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Fig. 1. Conventional analog LDOs using (a) PMOS (b) NMOS. 
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Fig. 2. Conventional CP-LDO [1]. 

To support operation in low-voltage conditions, the digital 

low-dropout regulators (D-LDOs) have been widely 

explored as alternatives to analog LDOs, offering both 

higher power efficiency and faster transient response [2], [3], 

[4]. A typical PMOS-based D-LDO is composed of a 

comparator, a bidirectional shift register, and an array of 

PMOS switches. In this scheme, the comparator monitors the 

difference between the output voltage (VOUT) and the 
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reference voltage (VREF). Based on the comparison, the shift 

register turns individual PMOS transistors on or off at each 

clock cycle, thereby adjusting the output voltage. However, 

the D-LDO needs large dynamic power consumption in the 

larger-bit bidirectional shift register. The dynamic power 

consumption significantly increases as the higher frequency 

clock is used to improve the faster transient response. 

Therefore, the clock frequency is limited.  

In this paper, a fast-response low-voltage NMOS low-

dropout regulator with coarse and fine charge pumps is 

proposed. It regulates the gate voltage of the power transistor 

with coarse-fine charge pumps and a double driving-high 

frequency internal oscillator is proposed. It achieves fast 

response time and low quiescent power loss. It has a low 

undershoot voltage with a fast settling time, employing a 

high-speed internal ring oscillator driving the coarse and fine 

charge pumps.  

II. ARCHITECTURE 

A. Proposed Coarse-Fine Charge-Pump Circuit 
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Fig. 3. Proposed charge-pump low-dropout regulator (CP-LDO). 

 

Fig. 3 shows the proposed charge-pump low-dropout 

regulator (CP-LDO). The proposed CP-LDO extends the 

conventional CP-NMOS LDO [1] by integrating a high-

speed internal ring oscillator that provides a significantly 

higher clock frequency and a cross-coupled charge-pump 

architecture that enhances the transient charging and 

discharging capability of the gate node. With these 

improvements, the proposed LDO achieves a faster response 

during load transients while maintaining low quiescent 

power consumption. Nevertheless, the overall regulation 

mechanism remains consistent with the previously reported 

CP-NMOS LDO in [1], ensuring compatibility with existing 

coarse–fine operation schemes. As shown in Fig. 3, three 

comparators continuously sense the output voltage (VOUT) 

relative to the reference levels (VREF, VREF_H, and VREF_L). 

The comparators generate mode-selection signals that 

determine whether the regulator should operate in coarse or 

fine mode. Specifically, when VOUT exceeds VREF_H due to 

the overshoot or falls below VREF_L during the undershoot, 

the regulator transitions into the coarse mode, where the 

coarse-fine up/down charge pump in Fig. 3 supplies large 

charge steps to correct the deviation rapidly. Conversely, 

when VOUT remains within the reference window between 

VREF_H and VREF_L, the regulator reverts to fine mode, where 

the charge pump supplies smaller voltage steps to ensure 

stable and precise regulation. 

The charge pump adjusts the gate voltage (VG) within the 

range of 0 to 2VIN. Thereby it controls the conduction of the 

NMOS power transistor and stabilizes VOUT at the target 

value of VREF. To further suppress unwanted fluctuations, a 

compensation capacitor (CC) is connected at the gate node. 

This capacitor prevents VG from being disturbed by abrupt 

VOUT transitions coupled through the intrinsic gate 

capacitance (CGS). This maintains the stable regulation 

during fast load current changes. 
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Fig. 4. Transient waveforms of the proposed CP-LDO. 
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Fig. 5. Ring oscillator for non-overlap clocks 
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Fig. 6. (a) Circuit schematic and (b) transient waveform of the 

conventional dynamic comparator. 

 

The ring oscillator in Fig. 5 is designed as an inverter-

based structure to generate fast and robust non-overlap 

clocks. Its frequency is optimized to match the maximum 

operating speed required by the comparators in Fig. 6. By 

aligning the oscillator speed with comparator requirements, 

the proposed regulator avoids unnecessary delays and 
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achieves faster dynamic operation compared to designs 

relying on an external clock source. Moreover, the 

integration of the non-overlap clock generator guarantees 

that the up and down charge-pump switches do not turn on 

simultaneously, which prevents short-circuit current and 

enhances power efficiency.  

Figs. 7 and 8 show the coarse-fine up and down charge 

pumps, respectively. The upcharge pump in Fig. 7 adopts 

two cross-coupled charge pumps, so that the times larger 

charge from the twin capacitors are transferred per cycle. As 

a result, it boosts the gate voltage close to 2VIN with faster 

and more efficient charge delivery. The down charge pump 

in Fig. 8 employs the conventional flying-capacitor 

switching scheme, where one terminal of the capacitor is 

alternately connected to GND and VG. This structure is 

retained for simplicity and robustness while still providing 

reliable gate voltage reduction when needed. Furthermore, 

in the coarse mode, the sizes of the capacitance and transistor 

in the charge-pump circuits are scaled up for the fast charge 

and discharge of VG. This sizing strategy significantly 

enhances transient performance, enabling the regulator to 

quickly suppress sudden overshoot or undershoot events and 

restore VOUT to its nominal reference level. 
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Fig. 7. Coarse-fine upcharge pump 
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Fig. 8. Coarse-fine down charge pump 

 Ⅲ. SIMULATION RESULTS  

The proposed CP-LDO was implemented in a 65 nm 

CMOS process. Fig. 9 shows the chip layout of the 

prototype. The active core area is 12 μm2 including the on-

chip capacitor. The power transistor area is 7.9 μm2. The total 

integrated capacitance is 7.5 pF, where two coarse-up 

capacitors (2×CUP_C) are 5 pF, two fine-up capacitors 

(2×CUP_F) are 0.4 pF, a coarse-down capacitor (CDOWN_C) is 

0.5 pF, a fine-up capacitor (CUP_F) is 0.1 pF, and a 

compensation capacitor (CC) is 0.5 pF. Also, the proposed 

CP-LDO is a capless-type LDO circuit without any output 

capacitor (COUT). However, the PADs and PCB circuit have 

the parasitic capacitances, which are modeled in the output 

capacitor (COUT) of 1 pF for the simulation.  
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Fig. 9. Chip layout  

 

Fig. 10 shows the simulation environment for the 

proposed regulator in both transient response and steady-

state operation. Fig. 11 shows the simulation transient 

response when the load current (ILOAD) changes from 15 mA 

to 45 mA with the edge times of 1 ns at VIN = 0.5 V and VOUT 

= 0.45 V. When ILOAD changes, the proposed CP-LDO has 

the undershoot voltage of 69 mV with a settling time of 28 

ns. Fig. 12 shows the simulation transient response when 

ILOAD changes from 25 mA to 100 mA with the edge times of 

1ns at VIN = 0.6 V and VOUT = 0.55 V. When ILOAD changes, 

the proposed CP-LDO has the undershoot voltage of 94 mV 

with a settling time of 11 ns. Fig. 13 presents the simulated 

load regulation characteristics with the fixed dropout voltage 

of 50 mV when the supply voltage (VIN) is 1.0 V, 0.8 V, and 

0.5 V. The output voltage (VOUT) remains stable across the 

full load current range, confirming the regulation capability 

of the proposed architecture. Fig. 14 shows the current 

efficiency characteristics versus load current under the same 

test conditions. The current efficiency is maintained close to 

the theoretical maximum value, and the peak efficiency 

reaches 99.96 %, because the quiescent current overhead is 

negligible. Fig. 14 illustrates the line regulation with the 

dropout voltage of 50 mV. The output voltage tracks the 

variation of the input supply while maintaining accurate 

regulation. These simulation results confirm that the 

proposed CP-LDO achieves both stable regulation and high 

current efficiency across a wide operating range.  

Table I summarizes the performance comparison of the 

proposed CP-LDO with recently reported designs. The 

proposed regulator achieves the fastest transient response, 

showing a 28 ns settling time at VIN = 0.5 V. The settling 

time is much shorter than the microsecond-level values 

reported in the conventional CP-LDO [5] and CFCP-LDO 

[1]. These results show the effectiveness of the proposed 

architecture for fast load regulation under low-voltage 

operation. 
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Fig. 10. Simulation setup 
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Fig. 11. Simulated transient response when ILOAD changes from 15 mA to 

45 mA at VIN = 0.5 V, VOUT = 0.45 V 

8



IDEC Journal of Integrated Circuits and Systems, VOL 12, No.2, April 2026                                                              http://www.idec.or.kr 

94mV
Settling time 

= 11ns

= 1ns

= 25mA to 100mA

VREF_H

VREF 

Tedge

575mV

525mV
550mV

VOUT

ILOAD

VREF_L

I LOAD

 
Fig. 12. Simulated transient response when ILOAD changes from 25 mA to 

100 mA at VIN = 0.6 V, VOUT = 0.55 V 
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 Fig. 13. Simulated load regulation 
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Fig. 14. Simulated current efficiency 
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Fig. 15. Simulated current efficiency 

 

TABLE I. Comparison with State-of-the-Art Charge Pump Based LDOs 

 This Work 
TCAS-2 

2021 [5] 

TCAS-2 

2020 [1] 

Technology [nm] 65 65 65 

Type CP-LDO CP-LDO CFCP-LDO 

Area [mm2] 0.012 0.045 0.01 

VIN [V]  0.4-1 0.6-1.2 0.35-0.55 

VOUT [V] 0.35-0.95 0.5-1.15 0.3-0.5 

IOUT.MAX [mA] 600 60 N.R. 

IQ [uA] 4.5-627 0.1-10 0.16 

Peak current 
efficiency [%] 

99.96 99.99 99.99 

CTotal [pF] 7.5 10 7.6 

∆VOUT [mV] @ 

∆ILOAD, VIN 

63 

@ 30mA, 
0.5V 

94 

@ 75mA, 
0.6V 

158 

@ 28mA, 
0.5V 

108 

@ 10mA, 
0.5V 

Edge time [ns] 1 1 1 1 

Tsettle [ns] 28 11 9600 4000 

 

 

IV. CONCLUSION  

A fast-response low-voltage NMOS low-dropout 

regulator (LDO) with coarse-fine charge pumps and a double 

driving-high frequency internal oscillator is proposed. It 

regulates the gate voltage of the power transistor through 

coarse and fine charge pumps with three comparators for 

detecting coarse-fine modes. It achieves fast response time 

and low quiescent power loss. It has a low undershoot 

voltage with a fast settling time, employing a 330 MHz high-

speed internal ring oscillator driving the coarse and fine 

charge pumps. The LDO circuit is implemented with a 65 

nm CMOS process. It generates 0.45 V output voltage from 

0.5 V supply voltage. It has the simulation results of an 

overshoot of 34 mV, an undershoot of 63 mV, and a settling 

time of 28 ns under the load transient from 15 mA to 45 mA 

with a 1 ns edge. It achieves significantly shorter recovery 

time. It provides both low-voltage operation and fast 

transient performance. It is suitable for low-power and fine-

grained power management applications. 
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