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ABSTRACT

The Low-Dropout regulator is driven by increasing number of low voltage applications require the use of LDO
widely used in various integrated circuits these days such as cellular phones, pager, laptops and in many
electronic applications. In this paper introduce design of a LDO with Assistant push-pull output stage circuit to
enable ultra-power dissipation and reduce Dropout voltage is presented. To design LDO with APPOS circuit
and avoid external on chip capacitor while achieving fast response and accurate regulation. The experimental
result shows the LDO regulates output voltage at 1.3V from 1.5V supply voltage. The proposed LDO provides a
clean supply deliver to the element, and also it attenuates the high frequency glitches, and significantly the
performance of the circuit increase. Here we are designed undershoot and overshoot circuits with detection of
over deliver signal and under deliver signal. In order to drive these types of circuits internally consists of same
driving capability. The proposed LDO with assistant push-pull output stage circuit has been implemented by
modifying the existing LDO techniques.Post layout simulations and comparisons are made for all these
architectures where the proposed circuit has obtained much better dropout voltage when compare to the all
existing schemes and the power consumption is slightly reduced. The circuit presents presented in this work are

using the back-end tool H-Spice and are designed in 180-nm technology.

Keywords: Operational Amplifier, Low Dropout Regulator (LDO), Low Voltage , CMOS Analog
Integrated Circuits, High Power Supply Rejection(PSR).

I. INTRODUCTION

Generally power management systems connect with so much integrated regulators in often used modern battery
portable devices. The power management unit often using primary switching regulators and several post
regulators are used. The primary switching regulator converts the high dc voltage level of the battery into a low

dc voltage level with high conversion ratio. The Low dropout regulators are use in DC-DC converters, switching
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regulators. Switching regulators are mixed mode circuits that feedback an analog error signal and digitally gate
provided of current to the output. Switching regulators can provide a wide range of output voltages that can be
reduce or increase then the input voltage depending on the circuit configuration. The post regulators also
generate several independent power source for multiple voltage controlled. The switching regulator prevent
generates voltage ripples over the range of the switching frequency.

The switching frequency of the regulator often within a low frequency band of a few 10-100Khz to reduce
switching power loss. The post regulators should, therefore be able to provide a good power supply rejection
(PSR) ability to suppress these unwanted low-frequency noises. To further maintain high power efficiency,
minimize impact on target load circuits, and reduce cost, the post regulators must operate at low voltage and low
power consumption is achieve a fast response with a small output variation. The low dropout (LDO) regulator
has a simple architecture and a fast responding loop.

Regulators are classified into two types there are linear regulator and nonlinear regulators, among this two the
linear regulators are mostly used. Because this provides filter out the noise and provides a clean supply voltage

to drive noise sensitive circuits such as transimpedance amplifier and low noise amplifier.

1. EXISTING LOW DROPOUT REGULATOR WITH DIFFERENT TECHNIQUES

2.1. Conventional LDO Based on the flipped Voltage follower Topology

Flipped voltage follower also called as source follower it can be depend single control based transistor. LDO
based FVF is provide ultra-fast load conditions, and also provided stable voltage regulation. The conventional
flopped voltage follower based on LDO which is shown in fig.1. Here using two inputs there are supply voltage

and another one is reference voltage of the differential amplifier.
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Fig.1 Schematic diagram of Conventional LDO based on Flipped voltage follower
LDO mainly consist of pass element, it pass device using PMQOS transistor, because of which can be provides a
power supply rejection is better with PMOS transistor. Differential operational amplifier using four stages there
are input stage, differential stage, gain stage, and output stage. It is set by bias voltage through the pass device.
When the flipped voltage follower topology internally pushed two dominant poles, they are Py and Poy for
stability purpose.
Generally analog circuit load needs an LDO with high power supply rejection (PSR), digital loads need fast

transient response. Here LDO based on FVF single transistor based analog circuit load needs both high power
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supply rejection (PSR), and fast load transient response. So in this LDO based FVF internally setting to a lower

value and heavy load conditions. It performs poor load regulation.
2.2. LDO Based on Flipped Voltage Follower with Inserted Buffer

Here buffer can be inserted between the gain stage and power stage of the single transistor based flipped voltage
follower topology, because it provides a low input capacitance to VA and low output impedance to VG. | n the
below fig.2 shows LDO circuit dominant poles are Py, and Pgye We should push into higher frequency. LDO
based on FVF with inserted buffer consumes at light load conditions, and it helps pushing P at stable load
regulation .Another problem is occurred in output voltage of the low DC accuracy of Voyr. So LDO based

flipped voltage follower with inserted buffer circuit is stable load regulation perform.

"

Fig.2 Schematic Diagram of LDO Based on Flipped Voltage Follower with Inserted Buffer
2.3 LDO Based on Three Loop Architecture

LDO based three loops architecture introduced using three inputs in the architecture .It can be improve DC
accuracy, here using on chip capacitor for reduce gate leakage current. LDO based three loop architecture is
achieve ultra-fast transient response and full spectrum power supply rejection. It is a high speed path, and in
previous architectures only using two inputs , only Vg is generate Voyur and Vour is not feed back to the error
amplifier. But in this analysis error amplifier compares with Vyr and reference voltage, Vour of the
architecture. Here using three input transistors M1, M2, M3 are W/L ratios of (W/L)1: (W/L)2: (W/L)3=4:1:3

.So this ratios of transistors compared to VOUT that is represent
(VREF ~Ya Vir - 3/4\/OUT) xAEA =V our 1)

Vuir= Vour +tAV (2)
Here EA is gain of the error amplifier, and AV is voltage difference between Vg and Vour, by substitute (2)
into (1) and assume AEA>> 1 and here

AV.AEA/4

Vour =AEA/1+Aeax VREF —
1+4E4

= Vger — AV/4 3)
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AV.AEA/4

1+AEA

Vur = Aea/1+Aeax VReF — + AV/1 +AEeA

=Vger + 3AV/4 4

So here Vour is closer to Vger then Vg by the transistors ratios of M2 and M3 is 1:3.The LDO based three
loops architecture shown in fig.3.
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Fig. 3 Schematic diagram of LDO based on three loops architecture

2.4. LDO Based on Simplified Three Loop sarchitecture

Simplified three loop inputs are compared with previous architecture shown in the fig.4. Here using input of error
amplifier is not a high speed path, the input transistors of error amplifier is using tail current mirror transistors are
implemented. Here using on chip capacitors for reduce gate leakage current, and single transistor LDO based FVF
is a fast response. Vet is a low speed path it does not contain much current but buffer of the low impedance path
needs more current.

The circuit design of a LDO with simplified architecture shown in fig.4.The load regulation of the performance is
enhanced as the open loop gain, the topology and the biasing current of the buffer is designed to the frequency and
the transient response of the system. Transient specifications tend to dominate the bias current demands of the
buffer. The LDO regulators achieved a high frequency range (up to 10 MHZ ).
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Fig. 4 Schematic Diagram of Simplified Three Loop Architecture
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I11. DESIGN CONCEPT OF THE PROPOSED LOW-VOLTAGE LDO REGULATOR

3.1 Conceptual LDO based on Assistant push-pull output stage circuit

The proposed LDO regulator has been implemented by modifying the existing LDO based three loop architectures
are ultralow-power dissipation is presented. This Low dropout regulator (LDO) using a class AB operational
amplifier with assistant push-pull output stage (APPOS) circuit is to avoid external on chip capacitor while
achieving fast regulation and is shown in fig.5.

To overcome those draw backs of existing methods, an LDO with an assistant push-pull output stage (APPOS)
circuit is proposed. The APPOS circuit is serves as four main circuits that are overshoot detection circuit and
under shoot detection circuits for detection of over deliver signals and under deliver signals. This type of circuits
deliver an extra current, the below circuit represents optional low dropout regulator in which we are using
capacitor inside the circuit. Because of capacitor are present in this circuit it takes more voltage drop inside it.
Because of this reason it cannot deliver more energy to the circuits. The power consumption is more due to more

dropping voltage inside the circuit.

overshoot detection circuit driving circut
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Fig.5 Schematic diagram of LDO based on APPOS circuit
3.2. Design LDO With The APPOS Proposed Circuit

A high loop gain is mandatory in LDO design to achieve optimum performance values such an accurate output
that is line and load regulation and power supply rejection (PSR). A low supply voltage and output resistance
reduction induced by limit the achievable gain of the class AB operational amplifier.Here using two cascade
flipped voltage follower it acts as a level shifters for output stage of the class AB operational amplifier, and is

shown in fig.6.

atd

Fig.6 Schematic diagram of proposed LDO with the APPOS circuit
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The APPOS circuit can improve the slew rate while consuming very low bias currents for two complementary
current sources. Hence the proposed LDO realized fast transient response with ultra-low power

consumption.Transient analysis, and all schematic diagrams of simulation results shown in below section 4.
IV. SIMULATION RESULTS

Post layout simulations and comparisons are made for all these architectures where the proposed circuit has
obtained much better dropout voltage when compared to the all existing schemes and the power consumption is
slightly reduced. The simulations of the above all designs are carried out by using H-SPICE tool in CMOS
technology. The simulated waveforms for all above circuits are shown in below.

4.1 Existing LDO
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Fig.7 Simulation results for conventional LDO based on FVF topology
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Fig.8 Simulation results for LDO based on FVF with inserted buffer
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Fig.9 Simulation results for LDO based on three loop architecture
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Fig.10 Simulation results for LDO based on simplified three loop architecture
4.2 Proposed LDO
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Fig.11 Simulation results of the proposed LDO with APPQOS circuit
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Fig.12 Layout of design LDO with the APPOS proposed circuit
TABLE1. PERFORMANCE COMPARISON

METHOD VIN(V) | VDO(V) | POWER(W)
LDO on based 1.5V 1.496V 4.44949x10”
flipped voltage
follower
LDO based on FVF | 1.5V 1.485Vv 1.9200x10™
with inserted buffer
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LDO based on | 1.5V 1.42Vv 1.799x10™
three loop

architecture

LDO based on | 1.5V 1.4v 1.8706x10™
simplified three

loop architecture

Proposed Design of | 1.5V 0.2v 1.3185%x10™
LDO with APPOS

circuit

Performance comparison table represents measured values of all the schemes are shown in tablel where reduce
dropout voltage and power consumption is also reduced for the proposed LDO. The circuits presented in this work

are analyzedby using the backend tool H-spice and designed in 180-nm technology.
V. CONCLUSION

An LDO Regulator using Assistant push-pull output stage circuit with class AB operational amplifier is presented
in this paper. To design LDO with APPQOS circuit and avoid external on chip capacitor while achieving accurate
regulation and fast response. It has been tested experimentally and compared with the various schemes of LDO
regulator. The experimental result shows the LDO regulates output voltage at 1.3V from 1.5V supply voltage. The
measured result shows that it has achieved better performance both in terms of dropout voltage and power

consumption.
REFFERENCES

[1] M. Jeonget al., “A 65 nm CMOS low-power small-size multistandard, multiband mobile broadcasting
receiver SOC,” in IEEE Int. Solid-StateCircuits Conf. Dig. Tech. Papers (ISSCC), Feb. 2010, pp. 460-461.

[2] T. Takemoto et al., “A 25-Gb/s 2.2-W optical transceiver using ananalog FE tolerant to power supply noise
and redundant data formatconversion in 65-nm CMOS,” in Proc. IEEE Symp. VLSI Circuits(VLSIC), Jun.
2012, pp. 106-107.

[3] K.A.Bowman etal., “A 22 nm all-digital dynamically adaptive clockdistribution for supply voltage droop
tolerance,” IEEE J. Solid-StateCircuits, vol. 48, no. 4, pp. 907-916, Apr. 2013.

[4] S. Koseet al., “Active filter-based hybrid on-chip DC-DC converterfor point-of-load voltage regulation,”
EEE Trans. Very Large Scale Integr. (VLSI) Syst., vol. 21, no. 4, pp. 680-691, Apr. 2013.

[5] Y.Wangetal., “A 3-mW 25-Gbh/s CMOS transimpedance amplifierwith fully integrated low-dropout
regulator for 100 GbE systems,” inProc. IEEE Radio Freq. Integr. Circuits Symp. (RFIC), Jun. 2014, pp.
271-278.

[6] Q.Panetal., “A 48-mW 18-Gb/s fully integrated CMOS optical receiverwith photodetector and adaptive
equalizer,” in Proc. IEEE Symp .VLSI Circuits (VLSIC), Jun. 2014.

242 |Page




International Journal of Electrical and Electronics Engineers

ISSN (O) 2321-2055
ISSN (P) 2321 -2045

Vol. No.8 Issue 02, July-December 2016

[71 G. A.Rincon-Mora and P. E. Allen, “A low-voltage, low quiescentcurrent, low drop-out regulator,” IEEE J.
Solid-State Circuits, vol. 33,n0. 1, pp. 36-44, Jan. 1998.

[8] M. Al-Shyoukh, H. Lee, and R. Perez, “A transient-enhanced low-quiescentcurrent low-dropout regulator
with buffer impedance attenuation,”|EEE J. Solid-State Circuits, vol. 42, no. 8, pp. 1732-1742, Aug. 2007.

[9] Y.-H.Lamand W.-H. Ki, “A 0.9 V 0.35 adaptively biased CMOSLDO regulator with fast transient
responses,” in IEEE Int. Solid-StateCircuits Conf. Dig. Tech. Papers (ISSCC), Feb. 2008, pp. 442—626.

[10] M. Ho, K. N. Leung, and K.-L. Mak, “A low-power fast-transient90-nm low-dropout regulator with multiple
small-gain stages,” IEEEJ. Solid-State Circuits, vol. 45, no. 11, pp. 24662475, Nov. 2010.

[11] M. El-Nozahiet al., “High PSR low drop-out regulator with feed-forwardripple cancellation technique,”
IEEE J. Solid-State Circuits, vol.45, no. 3, pp. 565-577, Mar. 2010.

[12] K.N. Leung and P. K. T. Mok, “A capacitor-free CMOS low-dropoutregulator with damping-factor-control
frequency compensation,” IEEEJ. Solid-State Circuits, vol. 38, no. 10, pp. 1691-1702, Oct. 2003.

[13] P. Hazuchaet al., “Area-efficient linear regulator with ultra-fast loadregulation,” IEEE J. Solid-State
Circuits, vol. 40, no. 4, pp. 933-940,Apr. 2005.

[14] V. Gupta and G. A. Rincon-Mora, “A 5 mA 0.6 CMOS MillercompensatedLDO regulator with 27 dB worst-
case power-supplyrejection using 60 pF of on-chip capacitance,” in IEEE Int. Solid-StateCircuits Conf. Dig.
Tech. Papers (ISSCC), Feb. 2007, pp. 520-521.

[15] T.Y.Man etal., “Development of single-transistor-control LDO basedon flipped voltage follower for
SOC,” IEEE Trans. Circuits Syst. I, Reg.Papers, vol. 55, no. 5, pp. 1392-1401, May 2008.

243 |Page




