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Abstract— Owing to the scaled down technology, it becomes 

obvious to have power management circuitry operating well 

below 1V and the paper presents design of CMOS Low 

Dropout Regulator (LDO) serving the purpose. The design is 

capacitor less approach using Cascode amplifier and two pass 

devices in parallel so as to enhance the stability & improve 

the transient response. The circuit works well for supply 

voltage from 0.9-1.1V & provides 0.8V fixed output. Line & 

load regulations are 26.22 mV/V & 0.0253 mV/mA. Settling 

time are 0.97us and 1.32us respective for low to high and high 

to low transitions. The Quiescent current (IQ) comes out to 

be 51սA while DC current (IDC) is 65սA. Loop GBW is 

roughly 2.65MHz with phase margin of well over 100 

degrees. The transient response and stability response shows 

elevated performance compared to the single pass device. 
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I. INTRODUCTION 

Low Dropout Regulators (LDO) forms the essential part of 

power management and is one of the basic elements in the 

analog design due to less noise and better transient response 

[1]. Depending upon the presence of the load capacitor, they 

can be classified as Capacitor based and Capacitorless LDOs. 

While capacitor based approach relies on the large output 

capacitor and its Equivalent Series Resistance (ESR) which 

forms the zero, the capacitorless approach uses internal 

dominant pole which relies on the load current [2]. Since the 

former is having large capacitor (usually in some 

microfarads), its transient response is superior to the latter but 

the latter is typically suited for system on chip domain where, 

the number of pin counts do matter [3]. As far as the stability 

is concerned, the conventional one large pass device becomes 

redundant at low load currents because of its huge size and 

added capacitances, it slow down the regulating action. The 

stability gets severely affected in this low load current state 

which is most likely for LDO [4]. Thus, this capacitorless 

design tries to overcome this issue by using two pass devices 

which are connected in parallel. One device conducts for high 

load currents whereas other one conducts when there is very 

low load current [5]. Obviously, extra devices are needed to 

sense the current and control the conduction. The only 

downside with this design is it needs extra control circuitry 

for controlling the conduction of pass devices thereby 

increasing the power dissipation and silicon area. Again, if 

the pass device is not in saturation, it leads to degraded Power 

supply rejection ratio and worst transient response [6]. 

II. CIRCUIT DESIGN 

A. Circuit Desciption 

Fig. 1 shows the circuit design without the bias voltage 

circuitry. M1-M6 forms the cas code error amplifier having 

M1 and M2 as differential pairs.MP1 is one of the two pass 

devices (PMOS) conducting for the load currents less than 

100 սA. MP2 conducts for currents over 100 uA. The pass 

device is taken as PMOS because it has less dropout voltage 

and less quiescent current [7]. Now to ensure the proper 

conduction of the pass devices, we should have control 

circuitry. M8 and M9 forms the sampling network for the load 

current and they are responsible for conduction of MP2. M10 

and M11 provide the suitable gate voltage to MP2 and so as 

to control the current flowing through the device. M12 and 

M13 form the level shifter stage so as to provide the suitable 

voltage to MP2. M4 and Cb form the frequency compensation 

elements acting as the current buffer. 

B. Operation of Circuit 

As stated earlier, the circuit uses two PMOS pass devices and 

their conduction depends on the load current. So, the sampling 

network will sense the load current. As ILoad increase from 

zero, the output voltage tends to drop and hence, drain current 

(Id) for M1, M3, M5 and M6 decreases with increase in drain 

currents for M2 and M4. This reduces the gate voltage 

supplied to MP1 allowing it to provide more current to load. 

 
Fig. 1: Circuit diagram [8] 

 Now as the load current goes above 100uA, the gate 

voltage for M10 and M11 is increase through M8 and M9 and 

hence, their drain voltage (VD) will drop so as to turn ON the 

MP2. This enables the MP2 to conduct more current. In 

general, we can say that for higher load currents, drain voltage 

for M10 and M11 keep on reducing to provide lower gate 

voltage to the MP2 so as to source more load current through 

MP2 keeping the drain to source voltage (VDS) constant. 

III. SMALL SIGNAL ANALYSIS 

The small signal model of the circuit is as shown in Fig. 2. Rout 

and Cout are the output resistance and capacitance at the output 

of the LDO regulator. R1 and C1 are output resistance and 

equivalent capacitance at error amplifier output. For Iload < 

100uA, Rout is given by, 

Rout = Ro2 = ro(mp1) ∥ (Rf1 + Rf2) ∥ Rload    (1) 

For Iload > 100uA, Rout is given by, 

Rout = Ro3 = ro(mp1) ∥ ro (mp2) ∥ (Rf1 + Rf2 ∥ Rl)  (2) 



Sub 1V Low Dropout Regulator with Low Settling Time 

 (IJSRD/Vol. 6/Issue 05/2018/205) 

 

 All rights reserved by www.ijsrd.com 911 

The W/L ratios of the level shifter stage are such that its output 

pole is at higher frequencies and hence they are excluded from 

the analysis. The transconductance is given as, 
gmp ≈ gmp2                                     (3)  

The transfer function of overall circuit is given as, 

H(s) =  
−βA0 (1+s

Cb

gm4
)

(1+sCb.gmp.R1.Rout)(1+s
C1.Cout

Cb.gmp
+s2 C1.Cout

gmp.gm4
)
         (4) 

Where, A0 stands for the DC gain, β is the feedback factor. 

The location of the first pole (P1) is given as, 

P1 =  
−1

gmp.Cb.R1.Rout
                               (5)  

Whereas, the location of zero (Z1) is given as, 

Z1 =  
−gm4

Cb
                                                            (6) 

 At no load condition, P1 is the dominant pole and Z1 

lies in the Left half plane (LHP) and this LHP zero enhances 

the stability of the LDO at no load case. Now at full load case, 

the location of P2 is given as, 

P2 =  
−Cb.gmp

C1.Cout
                                    (7) 

The location of the third pole (P3) is given as, 

P3 =  
−gm4

Cb
                                         (8) 

 From equations (6) & (8), it should be noted that the 

pole and zero cancels each other. P2 and moves at higher 

frequencies and thus confirms the stability of the system. 

 
Fig. 2: Small Signal Model of the Circuit 

IV. SIMULATION RESULTS 

All the simulations are done in CADENCE Virtuoso tool suite 

in gpdk45 nm technology. The circuit parameters are as 

depicted in Table I. 

Parameter Value Comment 

Vin 1.0 V 0.9-1.1 V input rail range 

Vout 0.8 V - 

Iout 40mA Maximum rated load current 

Vref 0.6 V External input 

CL 40pF On chip load capacitor 

Cb 3pF 
Bias capacitor for 

compensation 

RL 20Ω - 

Rf1, Rf2 
4k & 

12kΩ 
Feedback      resistors 

Table 1: Circuit Parameters 

 The quiescent current comes out to be 51 uA and this 

is due to relatively small values of feedback resistors (4k and 

12kΩ). The DC operating current is measured as the 

difference between current supplied by the source and load 

current. The value comes out to be 64 սA. The full circuit 

schematic with constant gm voltage bias circuit (for Vb1 and 

Vb2) is as depicted in Fig. 3. 

 The load regulation of the LDO is measured by 

varying load current from 0-40mA with a period of 1ms. The 

rise and fall time for the transitions are 1us each. Fig. 4 shows 

the load transient response. As evident from Fig. 4, the output 

voltage at no load is 803.65 mV and that with full load is 

802.64 mV. This gives the line regulation of 0.0253 mV/mA. 

The overshoots and undershoots are 5 and 18 mV respectively. 

Fig. 5 shows the settling time of the output which is 0.97 us 

for low to high transition and 1.32 us for high to low transition 

of the output load. 

The line transient response is measured by varying 

input voltage Vin from 0.9-1.1V with period of 1ms and rise 

and fall time of 1 us each. The response is shown in Fig. 6. It 

can be observed that The Output Voltage Is 798.44 Mv When 

Input Is 1.1 V And It Is 803.6 Mv When Input Voltage 

Changes To 0.9V. The Overshoots Is Around 24 Mv And 

Undershoot Comes Out To Be 23 Mv. The Values Correspond 

To Line Regulation Of 26.22 Mv/V. 

 
Fig. 3: Full Circuit Diagram with Bias Voltages 

 
Fig. 4: Load Transient Response 
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Fig. 5: Settling Time of LDO 

 
Fig. 6: Line Transient Response of LDO 

 The stability and loop gain of the LDO is measured 

by using ‘stb’ analysis in CADENCE. The feedback loop is 

made open with the help of current probe for the purpose of 

measurement. The stability summary for full load current is 

shown in Fig. 7. At full load, the loop gain bandwidth is 

2.65MHz with phase margin of 110.97 degrees. As the load 

current drops, the Gain bandwidth becomes 1.93 MHz and 

95.81 degrees of the phase margin. Fig. 8 gives no load current 

stability summary of the LDO. The DC gain in both cases is 

way more than 50dB. 

 
Fig. 7: Stability Summary at Full Load 

 
Fig. 8: Stability Summary at No Load Condition 

V. CONCLUSION 

The design is based on the fact that large pass device slows 

down the regulating action because of large gate capacitance 

introduced. There is no need of large pass device if the load 

is not demanding any current. The use of two parallel pass 

devices shows excellent loop gain and stability even at no 

load condition. The high DC gain is beneficial for reducing 

the feedback resistance and hence better load transient 

response. The value of quiescent current is also reasonably 

low considering smaller on chip resistances. 
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