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ABSTRACT 

This paper presents a capacitor-less low drop-out (LDO) 

regulator with current mode transconductance amplifier & 

slew-rate enhancement circuit. The proposed current mode 

transconductance amplifier as error amplifier improves the 

slew rate & slew- rate enhancement circuit further senses the 

transient voltage at the output of the LDO to increase the bias 

current of the error amplifier for a short duration. Hence, 

transient response of LDO has been further improved using 

these techniques. The proposed LDO regulator will be 

designed and simulated in 180nm CMOS technology.  

General Terms 

Capacitor-less low drop-out (LDO) regulator, slew-rate 

enhancement  
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1. INTRODUCTION 
Power management is an essential research area in battery-

powered electronic applications which often need multiple 

supply voltages. A modern power management unit for on-

chip applications needs many voltage regulators with different 

voltage levels to drive components and functional blocks. To 

reduce the standby power & to increase the battery life we 

need efficient power management to design portable 

electronic devices like cellular phones & PDAs. High speed 

and low power consumption are the two crucial requirements 

of the low power VLSI design. Therefore, low-drop out 

regulator is an ideal choice to enhance speed and transient 

response & can be used alone in many integrated power 

managment circuits.  

Low drop-out regulators play a very important role in the 

modern power management units because LDO regulator can 

provide a good regulation and a fast transient response while 

providing clean and ripple-free output voltage. Industry is 

pushing towards complete system-on-chip (SoC) design 

solutions including power management. So, the recent 

research focuses on the capacitor –less LDO architecture for 

SoC solutions. The development of high-performance 

integrated voltage regulations, in terms of accuracy, power 

efficiency, response time, silicon area, and off-chip 

component free feature, is undoubtedly vital to the success of 

SoC. Of all the types of voltage regulators, low-dropout 

(LDO) regulator is regarded as a suitable choice for local on-

chip voltage regulation in SoC, due to its fast transient 

response and low-noise advantages. 

A.   Conventional capacitor-less LDO 
It has several challenges. When the large output capacitor has 

been removed, the major issues arise in transient response. 

Due to the absence of the output capacitor, more overshoot 

and undershoot are expected at the output when the extreme 

load transient occurs. The transient response of the capacitor-

less LDO regulator is dependent on the slew-rate at the gate of 

the pass transistor (𝑀𝑝 . Slew rate at the gate of pass transistor 

(𝑀𝑃) is a large-value. This situation happens when providing 

an adaptive supply for a power-saving SoC design.  

 

Fig 1:  Basic schematic of a capacitor-less LDO regulator 

In this paper, we are using dynamic biasing topology based on 

signal parameter that depends heavily on the magnitude of the 

bias current (Ib) of error amplifier. 

There are several reported approaches to solve the slew-rate 

limit problem at the gate to improve its transient response. In 

[13], Hazucha et al. proposed to use a heavy bias current of 6 

mA  where the bias current is independent of the, load current 

( as shown in Fig. 2(a), and connect a 600 pF on-chip output 

capacitor to their LDO to deliver a maximum  current of 100 

mA. However, this approach is not always applicable to the 

power-saving, chip area-limited SoC designs implemented in 

inexpensive technologies. Another approach is to increase the 

bias current according to the magnitude of  

𝐼0[14],[15],[16],[17] as shown in Fig 2(b) . In [18], Man et al. 

reported the use of dynamic biasing, so more bias current is 

used only at the transient instant when 𝐼0 is changed, as shown 

in Fig. 2(c). 

From the literature survey, it is obvious that the extra bias 

current is only needed during the transient in instant to solve 

the slew rate-limit problem and it is not necessary to keep the 

bias current high in the steady state. Dynamic biasing is 

preferable to adaptive biasing because of its higher current 

efficiency. So in this paper, a capacitor-less LDO regulator as 

shown in Fig. 1 is designed with high gain, good phase 

margin and good loop bandwidth without using compensation 
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circuits and compensation capacitance. The dynamic biasing 

technique is implemented by a simple and effective slew rate 

enhancement circuit. The slew rate enhancement circuit 

makes use of the rapid transient voltage at the LDO output to 

increase the bias current of error amplifier for a short 

duration. Hence, the transient response of the LDO can be 

significantly improved due to the enhancement of slew rate at 

the gate of the pass transistor. 

 

Fig 2:  (a)  Constant biasing  (b)  Adaptive biasing (c) 

dynamic biasing 

In this paper, a CMOS capacitor-free LDO regulator, which 

employing a simple bias circuit, a slew rate enhancement 

circuit & current mode transconductance amplifier is 

designed. The slew rate enhancement circuit is designed to 

increase the slew rate of LDO regulator output voltage when 

the load current is suddenly switched from low to high. And 

the reported LDO regulator can achieve well characteristic in 

this paper. In Section II, the circuit analysis and design of the 

LDO regulator is described. Section III will show the 

proposed current mode transconductance amplifier. In Section 

IV, the proposed slew rate enhancement circuit is explained. 

Section V will show the LDO regulator with CTA & SRE 

techniques. Section VI will show the simulation results. 

Finally, the conclusions are given in Section VII. 

2.  TRANSIENT BEHAVIOR OF 

CONVENTIONAL LDO TOPOLOGY 
In Fig 1 the error amplifier is replaced by differential 

amplifier for whole schematic of conventional LDO topology. 

The conventional LDO regulator undergoes large signal 

transient response when there is rapid and large change of𝐼0. 

Fig 3 and Fig 4 show the large signal  responses of the 

conventional LDO regulator when 𝐼0 suddenly increases and 

decreases , respectively. When 𝐼0 rapidly increases, the LDO 

cannot change 𝑉𝑆𝐺  of pass transistor instantaneously to 

provide current due to the large parasitic capacitance (Cpar) at 

the gate of the pass transistor, and this situation causes output 

voltage (𝑉0) of LDO to drop. The drop of 𝑉0 reduces the 

𝑉𝐺𝑆  of M1, and it causes M1 to cutoff momentarily. So the 

transistors M3 and M4 are also cut off momentarily. Thus 𝐼𝑏  

is the discharging current of Cpar. Similarly, when 

𝐼0 suddenly decreases, the LDO cannot reduce 𝑉𝑆𝐺  of pass 

transistor immediately and it makes 𝑉0 rise. The rise of 𝑉0 

increases the  𝑉𝐺𝑆  of M1 and it causes M2 to cutoff 

momentarily. Therefore, the charging current of Cpar is 𝐼𝑏 .  

The pass transistor has a very large transconductance, but the 

large effective input gate capacitance limits its transient 

speed. The effective input gate capacitance is driven by the 

error amplifier. In order for the error amplifier to drive large 

capacitive loads, 𝐼𝑏  must be increased. The slew rate (SR) at 

the gate of pass transistor is given by (1). The bias current of 

error amplifier only affects the slew rate in (1), and then Cpar 

is the total effective input gate capacitance of the pass 

transistor. The fundamental problem still exists; the power 

must be increased to drive larger pass transistors. This forms 

the inherent trade-off between the power efficiency and the 

transient response.  

                                           SR= 
𝐼𝑏

𝐶𝑝𝑎𝑟
                                 (1) 

It is clear from the above analysis that 𝐼𝑏  determines the slew 

rate at the gate of pass transistor. Higher bias current does 

enhance the transient response of the LDO regulator, but this 

approach consumes unnecessary power since then is no 

charge/discharge mechanism of Cpar in the steady state. 

Finally, the pass transistor size is very critical, since it 

determines the value of Cpar or, from another point of view, 

the required amount of the bias current to solve the slew rate 

limit problem So, a slew rate enhancement circuit will be 

proposed to increases the bias current of the error amplifier 

momentarily during transients only and it maintains bias 

current constant during steady state. 

 

Fig 3: Large signal response during undershoot 
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Fig 4:  Large signal response during overshoot 

 

Fig 5:  Conventional LDO regulator  

3. PROPOSED CURRENT MODE 

TRANSCONDUCTANCE AMPLIFIER 
Fig. 6 shows the proposed current mode transconductance 

amplifier (CTA) in which LCMFB technique isused to 

enhance the slew rate of the amplifier. When no differential 

voltage is applied to the input ports, I1 and I4 are equal to IB1 

= IB2= IB. In this situation, no current flows through resistors 

R1 and R2. 

 

Fig 6: Proposed current mode transconductance amplifier 

4. PROPOSED SLEW RATE 

ENHANCEMENT TECHNIQUE  
The modified proposed slew rate enhancement circuit is 

shown in Fig 7.  The main idea of the slew rate enhancement 

circuit is to momentarily increase the bias current of the error 

amplifier of the LDO when voltage spikes appears at the LDO 

output in order to overcome the problem of the slew rate limit 

due to the large Cpar at the gate of the pass transistor. The 

slew rate enhancement circuit is effectively designed to 

produce fast response. In the slew rate enhancement circuit, 

transistors M17 and M18 will form a latch. The loop gain of 

the latch is taken as 0.9. There are two positive feedback 

loops created by M19-M21-M23 and M20-M22-M24 with 

loop gains less than unity. 
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Fig 7:  Proposed slew rate enhancement circuit 

5. PROPOSED CAPACITOR-LESS LDO 

REGULATOR 
The large signal operation of the proposed LDO regulator is 

as shown in Fig 8. During steady state operation, the 𝑉0 of 

LDO is 1.2V and the slew rate enhancement circuit produces 

a bias current (I3+I4) of the CTA which is 25µA. whenever 

large undershoot occurs in 𝑉0 of the LDO, then the 𝑉𝐺𝑆  of the 

transistor M10 goes low and it makes M10 to go into the cut 

off- region. Hence the drain voltage of M10 is increased. So 

the transistors M14, M16, M17, M18, and M20 are cut-off. 

The current in the transistor M13 is increased and due to 

positive feedback path through M19-M21-M23, the current in 

M13 will be further increased. Hence, the bias current of the 

CTA amplifier is increased to improve the transient response 

of LDO regulator. Whenever large overshoot occurs in 𝑉0 of 

the LDO, then the 𝑉𝐺𝑆  of the transistor M10 goes high. Hence 

the drain voltage M10 is decreased and same of M9 is 

increased. So the transistors M13, M15, M17, M18, and M19 

are cut-off. The current in the transistor m14 is increased and 

due to positive feedback path through M20-M22-M24, the 

current in M13 will be further increased. Hence the bias 

current of the current mode transconductance amplifier is 

increased to improve the transient response of LDO regulator. 
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Fig 8:  Proposed Capacitor-Less LDO regulator 

6. SIMULATION RESULTS 
Fig 9 shows Transient response of LDO without using 

proposed SRE & CTA  at 1 mA and 100 mA of load current.  

Fig 10 shows Transient response of LDO with using proposed 

SRE. Fig 11 represents Frequency response of Proposed LDO. 

Fig 12 shows Transient response of LDO with proposed SRE 

& CTA 

 

 

Fig 9: Transient response of LDO without using proposed SRE & CTA  
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Fig 10: Transient response of LDO with using proposed SRE 

 

Fig 11: Frequency response of Proposed LDO 

 



International Journal of Computer Applications (0975 – 8887) 

Volume 135 – No.9, February 2016 

28 

 

Fig 12: Transient response of LDO with proposed SRE & CTA 

7. CONCLUSION 
The transient response of a capacitor-less LDO regulator is 

dependent on the slew rate at the gate of the pass transistor. A 

slew-rate enhancement circuit has been proposed to solve the 

slew-rate limit problem at the gate of the pass transistor. In 

this paper, a CMOS low quiescent current in LDO regulator is 

also introduced based on a high slew rate  CTA.  The load 

transient characteristic of the LDO is improved by using a 

LCMFB technique in the proposed CTA which results in an 

increase of the nonlinear transfer characteristic order thereby 

enhancing the slew rate at the gate of pass transistor. The 

proposed capacitor-less LDO regulator with 100 pF parasitic 

capacitance of load is stable throughout the load range 

without using any compensation capacitance. The post layout 

simulation results have proven that the transient response of 

capacitor-less LDO has been improved significantly by 

proposed slew-rate enhancement circuit at different slew-rates 

of load current. It regulates the output voltage at 1.2 V from 

1.4 V - 1.8 V supply, with a minimum drop-out voltage of 200 

mV at the maximum output current of 100 mA without any 

internal compensation capacitor and with output capacitor in 

the range of 10–100pF. With the proposed LDO regulator, the 

amount of output voltage overshoot/undershoot at the extreme 

load transients and the settling time of the regulator are 

improved.  
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