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Abstract. A fully-integrated NMOS low dropout voltage (LDO) with spike voltage sampling 

amplifier is proposed in this paper to provide a stable power supply for many portable devices 

and artificial intelligence systems. The proposed Spike Voltage Sampling Amplifier circuit is 
composed of an error amplifier based on dynamic bias of output voltage and a capacitive 

coupling network, which is embedded in the circuit to detect fluctuations in the output voltage 

to increase the slew rate of  the power transistor so that it turns on and off quickly. The LDO is 

implemented in 0.18 um CMOS process, which consumes 84uA quiescent current. It regulates 

output at 1.6V, with dropout voltage of 200 mV. For load current transients from light load 100 

uA to heavy load 20 mA at the 100 ns edge-time, the undershoot of the LDO is 82 mV and the 

recovery time is 167 ns. Similarly, the load current transient from heavy load to light load 

produces an overshoot of 67 mV and recovery time is 156 ns.  

1. Introduction 

In recent years, with the rapid development of SOC, the integration of chips is getting higher and higher, 
and the same is true for power management. As an important part of power management, LDO provides 

a stable power rail for the system. The reduction or even disappearance of the output capacitor makes 

the area of the without off-chip capacitor LDO drastically reduced, which meet the needs of the 

development of SOC, and easily integrated, however, the output transient response deteriorate compared 
to the conventional LDO. When the load changes rapidly, its output becomes unstable, which may cause 

system instability and logic misjudgement, so transient optimization of the LDO without off-chip 

capacitance becomes critical. 
This paper proposes a fast response capacitor-less LDO with transient processing optimization circuit. 

A simplified block diagram of the designed topology is shown in Figure 1. The spike voltage sampling 

amplifier (SVSA) circuit is proposed, which amplifies and transmits the ripple of the output voltage to 

the push-pull circuit to enhance the gate slew rate of the power transistor, so that the LDO has a settling 
time of less than 200 ns and the spike voltage is less than 100 mV at 100 ns edge-time. In addition, the 

power device chooses to replace the PMOS with NMOS. The NMOS has a smaller gate capacitance. 

Therefore, the dominant pole is set at the gate of the NMOS to obtain a larger unity gain bandwidth 
(UGB), and the loop stability is further guaranteed. The circuit structure and implementation of the 

transistor circuit will be described in Section 2. Section 3 describes the stability analysis of the LDO. 

The simulation results are shown in the section 4, and the section 5 provides the conclusions of this 
paper. 
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Figure 1. Simplified block diagram of the designed topology 
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Figure 2. Schematic of the proposed LDO regulator circuit 

2. Proposed LDO Architecture 

The LDO proposed in this paper is shown in Figure 2. It consists of an NMOS regulator, an error 
amplifier (EA), a spike voltage sampling amplifier and a charge pump. The error amplifier in this paper 

is a common-gate folding amplifier. The input stage is a common-gate differential pair, and the folded 

structure is used as the output stage. Because of the common-gate input has a low input impedance, the 
low input impedance of the error amplifier can effectively reduce the output impedance of the LDO and 

improve the loop stability of the LDO. The folded output stage has a high output impedance, which is 

beneficial to set the output of the error amplifier as the main pole of the loop. The SVSA circuit is 

designed to detect output voltage fluctuations generated by load changes, and the detected ripple is 
coupled to the transient enhanced network through a high-pass capacitor network through an amplifier. 

The charge pump generates a voltage double the VDD to power the error amplifier. The purpose is to 

increase the output stage voltage to drive the NMOS regulator to ensure a 200 mV dropout. 

2.1. Error Amplifier 

The error amplifier adopts a folded common-gate amplifier. The transistors MA1, MA2, MA5, and MA6 are 

two inputs across the stage. The MA5 and diode-connected MA1 are one input of the EA. Similarly, 

another consists of MA6 and diode-connected MA2.The two transconductance stages are cross-coupled 
to form a differential input stage with low input impedance. The MA5 and MA6 operate in a common gate 

configuration, so that the input differential signal swing is further amplified, resulting in a significant 

increase in the overall transconductance of the EA. This amplifier has a larger unity gain bandwidth and 
a faster step response than the conventional cascade amplifier. The folded output provides a large output 

impedance that can be expressed as follow: 

𝑅𝑜𝐸𝐴 =
𝑔𝑚𝐴12𝑔𝑚𝐴10(𝑟𝑜𝐴5+𝑟𝑜𝐴8)𝑟𝑜𝐴10𝑟𝑜𝐴12𝑟𝑜𝐴14

𝑔𝑚𝐴10(𝑟𝑜𝐴5+𝑟𝑜𝐴8)+𝑔𝑚𝐴12𝑟𝑜𝐴5𝑟𝑜𝐴8𝑟𝑜𝐴12𝑟𝑜𝐴14
                                     (1) 

Where 𝑔𝑚𝐴10, 𝑔𝑚𝐴12, are transconductance of 𝑀𝐴10, 𝑀𝐴12; and 𝑟𝑜𝐴5, r𝑜𝐴8, 𝑟𝑜𝐴10, 𝑟𝑜𝐴12, 𝑟𝑜𝐴14, are 

output resistance of 𝑀𝐴5, 𝑀𝐴8, 𝑀𝐴10, 𝑀𝐴12, 𝑀𝐴14. 
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2.2. Spike Voltage Sampling Amplifier 

In the input terminal of the operational amplifier in the spike voltage sampling unit, resistance voltage 

division and capacitive coupling are used to jointly sample and detect the transient change of the output 

voltage. The sampled value of the resistor divider is 𝑅2/(𝑅1 + 𝑅2)Δ𝑉𝑜𝑢𝑡  and the detection value on the 

capacitor is Δ𝑉𝑜𝑢𝑡 . The transient sampling voltage VT obtained by the sampling circuit can be found in  

Δ𝑉𝑇 = (1 +
𝑅2

𝑅1+𝑅2
)Δ𝑉𝑜𝑢𝑡𝐴𝑇𝑅                                                   (2) 

 

𝐴𝑇𝑅 =
𝑔𝑚𝐵1𝑟𝑜𝐵1𝑟𝑜𝐵3

2𝑅𝑠∥𝑟𝑜5+[1+(𝑔𝑚𝐵1+𝑔𝑚𝑏𝐵1)(2𝑅𝑆∥𝑟𝑜5)]𝑟𝑜1
                                        (3) 

𝐴𝑇𝑅 is the gain of the sampling circuit operation amp. The variation is coupled to the gate of MT1 and 

MT2 through capacitors C1 and C2. When load current (IL) suddenly increases, VOUT will also drop rapidly 

at the same time. At this time, the amount of change is sensed by the sampling circuit and coupled to 
the gates of MT1 and MT2 through C1 and C2. Due to the influence of the coupling capacitance C2, the 

voltage of gate source (VGS) of MT2 is reduced, so the current of MT2 is decreased. At the same time, C1 

transmit the change to the gate of MT1, which causes a sharp and instant increase for VGS of MT1, MT1 

current IDT1 increases. Such a push-pull output stage consisting of MT1 and MT2 charges the gate 
capacitance of the NMOS regulator, so that the VGS of the NMOS regulator increases to regulate the 

output. MT1 and MT2 are biased in the sub-threshold region due to the action of MT3 and MT5, and the 

push-pull-level regulation circuit is formed only when the output voltage fluctuates. Similarly, when IL 
suddenly decreases, the output voltage VOUT increases. The amount of change in VOUT is simultaneously 

coupled to MT1 and MT2 by C1 and C2, increases the VGS of MT2 and reduce the VGS of MT1. Therefore, 

a push-pull output stage is temporarily formed, MT1 turns off and the drain current of MT2 is increased, 

and the gate capacitance of the NMOS regulator is discharged, so that the VGS of the NMOS regulator 
is reduced to limit the load current, so that circuit enters the steady state eventually. 
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Figure 3. Loop bandwidth and frequency of proposed Spike Voltage Sampling Amplifier 

In SVSA, C1, C2, R3, and R4 form a high-pass filter. C1, C2 as high-pass components, can provide 

two fast paths compared to the change voltage through the EA to the NMOS regulator. Then the choice 

of C1, C2, R3, and R4, needs to refer to the loop bandwidth of the LDO. The relationship between these 

frequencies is shown in Figure 3. The loop bandwidth of the LDO is finite and low-pass, however the 
frequency of the sampling circuit is 1/C1R3, and 1/C2R4 is high-pass. Set this frequency lower than UGB 

so that there is a certain overlap between these two, which can widen the bandwidth of the LDO. This 

makes the detection circuit and the LDO itself respond quickly to changes in the output voltage. The 
unity gain bandwidth of the LDO proposed in this paper is 14.5 MHz, so choose C1=C2=1 p, R3=R4=16 

K. 

2.3. NMOS Regulator 
The NMOS regulator has a lower gate capacitance than the PMOS regulator, which pushes the dominant 

pole 𝜔𝑝1 to a higher frequency. Wider UGB and higher slew rate will be obtained to enhance the load 

transient response of the LDO. The NMOS regulator forms a source follower with a lower output 

impedance, further ensuring loop stability. The equivalent output impedance of LDO can be expressed 

as follow: 
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𝑅𝑜𝑁 =
1

𝑔𝑚𝑁𝑀+𝑔𝑚𝑏𝑁𝑀+
1

𝑟𝑜𝑁𝑀

∥ 𝑅𝐼𝐸𝐴 ∥ 𝑅𝐿                                           (4) 

𝑅𝐼𝐸𝐴 =
1

𝑔𝑚1+𝑔𝑚5
                                                              (5) 

Where 𝑅𝐼𝐸𝐴 is the input resistence of Error Amplifier. 

3. Stablity Analysis 

There are two low frequency poles on the loop of the LDO, one of the pole located in the gate of the 

NMOS regulator, and the other located in the output of the LDO. The transfer function of LDO can be 
expressed as [2] 

H(𝑠) =
𝐺𝑚𝐸𝐴𝑅𝑜𝐸𝐴

𝐺𝑚𝑁𝑅𝑜𝑁
1+(𝐺𝑚𝑁+𝐺𝑚𝑏𝑁)𝑅𝑜𝑁

(1+
𝑠

𝜔𝑧
)

(1+
𝑠

𝜔𝑝1
)(1+

𝑠

𝜔𝑝2
)

                                               (6) 

Where 

𝜔𝑍 =
1

𝑅𝑍𝐶𝑍
                                                                   (7) 

𝜔𝑝1 =
1

𝑅𝑜𝐸𝐴(𝐶𝑁𝐺+𝐶𝑍)
                                                            (8) 

𝜔𝑝2 =
1

𝑅𝑜𝑁(𝐶𝐿+𝐶𝑝𝑎𝑟)
                                                            (9) 

CNG is the gate capacitance of NMOS regulator. And Cpar is the parasitic capacitance at the output 

node, only a few picofarad. For the LDO proposed in this paper, 𝜔𝑝1 is the low frequency dominant 

pole and 𝜔𝑝2 is the secondary pole, but its frequency is related to the load current. RoN is proportional 

to RL, so when the load current increases, the pole will be pushed to the high frequency. The system will 
probably be unstable in the case of light load. Therefore, a series R-C compensation is embedded in the 

gate of the NMOS to increase the phase margin under light load conditions, so that the system remains 

stable. The R-C value used in this design is RZ=5 K, CZ =5 p.  

4. Simulation Results 
Figure 4 shows the loop gain and phase diagram of the circuit under different load conditions. The loop 

phase margin is 52 degrees at 0.1 mA light load and 71.32 degrees at 20 mA heavy load. There is 
sufficient phase margin under both light and heavy load conditions to ensure loop stability and sufficient 

gain ensures linear regulation of the LDO. 

The transient response of LDO is shown in Figure 5(a). Under the condition of VIN=1.8 V & CL=10 

pF, the load jumps from 0.1 mA to 20 mA at the 100 ns edge-time, and the output voltage will generate 
a voltage of 81 mV undershoot, which will return to stability after 169ns. Similarly, when the load drops 

from 20 mA to 0.1 mA at the 100 ns edge-time, the output voltage has an overshoot voltage of 67 mV 

and a recovery time of 156 ns. 
Figure 5(b) is the linear transient response result of the proposed LDO. In the case of IL=20 mA & 

CL=10 p, VIN is switched between 1.8 V and 2.2 V during the rise and fall times of 100 ns, VOUT appears 

to be overshoot and undershoot are 12 mV and 13 mV, respectively. 
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Figure 4. Loop responses of the proposed regulator at different load current 

 
        

Figure 5. (a) Simulated load transient response at VIN = 1.8 V & VOUT = 1.6 V     (b) Simulated line 

transient response when VIN changes between 1.8 V & 2.2 V 

Table 1 Performance comparison 

Parameter [7] [8] [4] [9] This work 

Year 2013 2018 2018 2019 2019 

Technology(um) 0.11 0.5 0.25 0.18 0.18 

Regulation FET PMOS PMOS NMOS PMOS NMOS 

VIN(V) 2.2 2.7 1.5-3.3 1.2 1.8-2.2 

VOUT(V) 2.0 2.5 1.0-3.0 1.0 1.6 

Dropout(mV) 200 200 240 200 200 

Ioutmax(mA) 200 100 150 100 20 

IQ(uA) 41.5 107 1.24-100 0.4-245 84 

CL(pF) 40 N/A 1000-47000 100 0-10 

ΔIL(mA) 99.9 49.95 150 100 19.9 

Undershoot(mV) 385 296 135 117 81 

Overshoot(mV) 200 200 65 35 67 

Tedge (ns) 500 10 10 300 100 

Tsettle (ns) 650 150 900 1560 160 

PSR (dB) @1 kHz N/A -60 -43 -45 -46 
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5. Conclusion 

In this paper, a fully integrated low dropout regulator with a spike voltage sampling circuit is proposed 

to achieve fast response and reduced spikes by real-time sampling feedback of the output voltage. The 
simulation results shows that the design possess an excellent fast response capability. The maximum 

settling time is only 167ns and the maximum spike voltage is 81mv, so the LDO can provide a stable 

output. The load regulation and line regulation are 4.08 uV/mA and 0.625 mV/V, respectively. Therefore 
the LDO is suitable for most SOC. 
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