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Abstract—This paper proposes a Digital Low drop-out
(LDO) regulator operates in three modes namely burst, normal
and sleep modes, to reduce the power while operating a LDO.
In this proposed DLDO the output voltage is regulated using
two loops when the undershoot/overshoot is detected which are
coarse tuning loop and fine tuning loop, the coarse tuning loop
uses high frequency clock by compromising with the current
efficiency to achieve faster load transient response, this mode
is called as burst mode. Later the fine tuning loop uses the low
frequency clock by compromising with the speed and by
turning off the coarse tuning loop and adjusts the output
voltage finely, this mode is called as normal mode. After the
voltage is completely regulated D-LDO will set in to sleep
mode. The proposed D-LDO is implemented in 18nm fin-FET
CMOS technology.

Keywords—Low dropout regulator (LDO), digital control,
fast transient, coarse fine tuning (CFT), burst-mode, dynamic
voltage scaling (DV'S), Self generated clock.

[. INTRODUCTION

With the rapid growth in the development of system on
chip (SoC), its been very challenging to design a good on
chip power management system. Aportableandthebattery
powered devices are needed to supply power to various
applications, so the power that needed for all these
applications should be reduced because of the limited battery
capacity. As a result a low power design techniques and low
voltage circuit operations are used to increase power
efficiency. So, the sub-threshold or near-threshold logic gates
are used to improve the power with the expense of speed.

As shown in the Fig. 1, the LDO is the important block in
the power management unit which is follows a DC-DC
converter. It is used to regulate the clean voltage supply for
different blocks in SoC such as analog, RF, digital circuit
blocks. Each LDO regulates a different low voltage domain
to each block. The dynamic voltage scaling (DVS) is used to
adjust the reference voltage. To minimize the power density
different voltages are used for each block depending up on
its usage. This increases the number of LDO blocks, so, it is
necessary to design a efficient LDO.

The DLDO is first designed in [1]. As shown in the Fig.
2, DLDO consists of digital comparator, bi-directional shift
register and PMOS array which is acting as a power
transistor. A digital comparator is used to compare the
voltage between the reference voltage and output voltage and
generates logic ‘high’ at the output when the Vou is higher
than the Vier otherwise generateslogic ‘low’. The signal from
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the comparator is fed to the shift register to shift right or left
and these registers are used to turn on or turn off the PMOS
array, thus Vour will be varied and brings Vour equal to Vier.
The comparator will be operated at the sampling frequency.
Higher the sampling frequency fasterthe response.
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Fig. 2. Block diagram of Power management system

In [2], both PMOS and NMOS arrays are used as the
power transistor, after a overshoot or a undershoot has
occurred, PMOS arraysare operated at the beginning for the
coarse tuning and later NMOS arrays are operated for the
fine tuning to increase the power efficiency.In [3], a volta ge
controlled delay line (VCDL) and phase frequency detector
(PFD) is used to compare the Vour and Vier voltages and
designed a LDO for faster response. A flash ADC is used to
compare the the voltages for the higher transient response
than the error amplifier [4]. In [5], after overshoot or
undershoot LDO selects the burst mode and operatesat high
Frequency with coarse tuning and later LDO selects the
normal mode and operates at low frequency for fine tuning.
In [6], during the burst mode a high clock will be self
generated and LDO will operated during normal mode low
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frequency is used same as [5], when the output voltage is
equal to the reference voltage the LDO will switches to sleep
mode by turing off some of the blocks to save power.
Asynchronous DLDO regulators are designed in [7] and [8]
by which the latency of DLDO is reduced in controlloop and
transient response is improved.

II. PROPOSED DLDO

A. Operations of PMOS loops

The PMOS block in the design are divided into two parts
coarse and fine, the coarse section draws current N times
than of the fine section. Both the PMOS blocks are
controlled by the two independent counters, each register of
the counterindicates the respective PMOS to be turned on or
turned off.

When overshoot or undershoot is occurred and the
voltage is crossed the boundaries VietL or Vietn then the
coarse PMOS power transistor loop are operated atthe burst
mode with high clock frequency and the countercounts each
bit in each cycleand PMOS are operated with the high speed
and output voltage will be regulated with the high speed. So,
the high quiescent current will be drawn, but this high
quiescent will lead to high power consumption.

To overcome this issue the fine PMOS loop has been
introduced. When the Vout is in between Viet.L or VretH then
the coarse PMOS loop will tuned off and fine PMOS loop
will get activated this mode of the operation is called as
normal mode, it works with low clock frequency in which
the low quiescent current will be drawn and output voltage
will be regulated slowly and finely with the lower frequency
until the output voltage is brought very much nearto the Vief,
then the fine PMOS loop also turned off to save the power
this mode of operation is called sleep mode.

B. Architecture

The overall architecture of a DLDO is shown in Fig. 3.
As discussed in the above section, The PMOS array block
divided in to two blocks coarse and fine PMOS blocks which
are driven by the two independent counters. These counters
are controlled by the comparator (comp-1) and the clock
controller, comp-1 compares the difference between Vierand
Vout, and send the difference to the clock controller which
operates either of the PMOS loop, comp-1 has two outputs
DN and DP.

The low power digital comparator [9] has been used to
compare the reference voltages , the schematic of digital
comparator is shown in the Fig. 5. During the negative cycle
of the clock the latching circuits will get charged and during
the positive cycle the comparator gives the output signal (DN
and DP) if Vier > Vour the comparator generates the output
{DN,DP}=01; if Vour > Vrer the comparator generates the
output {DN,DP}=10;
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Fig. 3. (a). Block diagram of proposed DLDO regulator (b). Timing
diagrams of proposed DLDO regulators

A Synchronous counterhasbeen designed with a control
logic to increase or decrease the count, The counter count
increases the count if the {DN,DP}=10 or count decreases if
the {DN,DP}=01; This count increases or decreases at each
cycle with respective to the comparator output. These
registers of the counter are used to turn on or turn off the
PMOS array. The clock controller takes the input from the
comparator and the burst logic controller to select the
operatingmodes (burst mode,normalmode and sleep mode)
asdiscussed in section 2.
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The combination of comp-2 and comp-3 will sets the
boundries VietL and Vrrn. At the time of overshoot or
undershoot, if the output voltage crosses the boundaries then
the self clocking circuit will turn on and gives the high clock
frequency and burst logic selects the i{CLK-H using the mux
otherwise selects the iCLK-L. The Digital controlled
oscillator (DCO)[10] circuit is shown in Fig. 5. In which
NMOS network is developed to delay the inverter. The input
vector (D0, D1 &D2) is given to select the different range of
output frequency. This DCO generates the high speed clock
CLK-H.
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Fig. 5. Digital controlled oscillator circuit

1. RESULTS AND DISCUSSION

The proposed DLDO regulator is deigned in 18nm fin-
FET technology. The measurement results of the proposed
DLDO regulator is shown in the Fig. 6(a). The input voltage
of the DLDO is given 1.8V, the reference voltage is set to
1V and the input clock frequency given to the DLDO is
10MHz. The self-clocking block is set to give the high
frequency of 1GHz, during the burst mode. The output load
is programmed to change the output voltage and the
measured undershoot voltage difference is264mV, theburst
mode is activated for 0.91us and output voltage is raised to
0.95V afterwardsthenormalmodeisactivated for 59us and
the output voltage is set equal to the reference voltage with
0.5% residual error to make the DLDO in sleep mode, the
total settling time taken for the output voltage to be equal
with the reference voltage is measured as 59.91us.
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Fig. 6. Output waveform proposed DLDOregulator with (a). |GHz high
clock frequency. (b). 300MHz high clock frequency
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In Fig. 6(b). is shown the transient response of the
proposed DLDO regulator where the high clock frequency is
reduced to 300MHz, for this condition the burst mode is
modeis activated for3us,and thenormalmodeis activated
same asthe above and the total settling time is 62us, but the
power consumption of the DLDO is decreased to 58%. Fig.
7(a) shows the normalized power consumption of the
proposed DLDO regulator as compared to that of 1GHz
frequency with varying high clock frequency. Fig. 7(b)
shows the settling time of proposed DLDO regulator with
varying high clock frequency.
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Fig. 7. (a). simulated power power consumption with varying high clock
frequency. (b). simulated settling time with varying high clock frequency

Fig. 8(a) shows the Vout-Vin characteristics of the
proposed DLDO regulator at ILoap of 10mA, the high clock
frequency of IGHz and the low clock frequency of I0MHz.
Viet is varied from 0.7V to 1V by 1V step. The measured
line regulation is less than 8.1 mV/V.
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Fig. 8(b) shows the Vout- ILoap characteristics of the
proposed DLDO regulator at Vi of 1.2V, the high clock
frequency of IGHz and the low clock frequency of 1I0MHz.
Veer 18 varied from 0.7V to 1V by 1V step. The measured
load regulation is less than 1.6 mV/V.
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Fig. 8. Measured DCregulation ofthe proposed DLDO regulator (a)Line
regulation. (b)Load regulation

IV. CONCLUSION

The DLDO with self clocking burst logic is designed in
18nm Fin-FET technology to recover the output when the
overshoot or undershoot occurred due to the transient
response voltage. The coarse and fine PMOS loops of DLDO
is operated in burst and normalmode respectively by tuming
off the certain blocks of the DLDO. Sleep mode is used to
save the power after the output voltage is set equal to the
reference voltage by turning off all the blocks except
comparator. The power consumption reduces if the
frequency of the self-clocking block is reduced with the
degradation of the speed. The maximum frequencythat can
be operated in the proposed design is 1GHz.

REFERENCES

Y. Okuma et al,, “0.5-V input digital LDO with 98.7% current
efficiency and 2.7-pA quiescent current in 65nm CMOS”, in Proc.
IEEE Custom Integr. Circuits Conf. (CICC), Sep. 2010,pp. 1-4.

J. Maeng, M. Shim, J. Jeong, I. Park, Y. Park, and C. Kim.,CSub-fs-
FoM Digital LDO Using PMOS and NMOS Arrays With Fully
Integrated 7.2-pF Total Capacitance”IEEE J. Solid-State Circuits, vol.
48,n0.4, pp. 1-13, Nov 2019.

Yunsheng Chan and Yingchieh Ho, “Design of a near-threshold
digital LDO with fast transient response”,2014 International SoC
Design Conference (ISOCC), pp. 136-137, Nov2014.

Y.-J. Lee et al., “A 200-mA digital low drop-out regulator with
coarsefinedual loop in mobile application processor”, IEEEJ. Solid -
State Circuits, vol.52,no. 1, pp. 6476, Jan. 2017.

M. Huang, Y. Lu, W. Sin, S. pan and R.P. Martins.,“A Fully-
Integrated Digital LDO with Coarse-Fine-Tuningand Burst-Mode
Operation”,IEEE Trans. Circuits Syst., II, Exp. Briefs, vol. 63, no. 7,
pp. 683687, Jul. 2016.

S.Yun,J. Lee, Y.C.Im and Y. Kim, “A Digital LDO Regulator With
a Self-Clocking Burst Logic for Ultralow Power Applications”, IEEE
Transactions onvery large scaleintegration (VLSI) Systems, VOL.
27,NO. 10, pp. 2237-2245 Oct. 2019.

Y.-H. Leeetal., “A low quiescent current asynchronous digital-LD O
with PLL modulated fast-DVS power management in 40 nm SoC for

(1]

[2

(3]

(4]

(3]

(o]

(7

ISSN (ONLINE):2456-5717

75

(8]

(9

(10]

MIPS performance improvement”, IEEEJ. Solid-State Circuits, vol.
48,n0.4, pp. 1018-1030, Apr.2013.

C.-C. Chiu, P.-H. Huang, M. Lin,K.-H. Chen, T.-Y. Tsai, and C.-C.
Lee, “A 0.6 V resistance-locked loop embedded digital low dropout
regulator in 40 nm CMOS with 80.5% power supply rejection
improvement”,IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 62, no.
1, pp. 59-69, Jan. 2015.

A. Rezapour, H. Shamsi, H. AbbasizadehandK. Lee, “Low Power
High Speed Dynamic Comparator”, 2018 IEEE International
Symposium on Circuits and Systems (ISCAS), pp. 1-5,May 2018.

S. Dabas and M. Kumar, “A new design of digitally controlled
oscillator for low power applications”, 2016 2nd International
Conference on Contemporary Computing and Informatics (IC31),pp.
671-675,Dec 2016.

Vol.6, Issue.8, August 2020



