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Abstract

Conventional Low Dropout (LDO) regulator that the difference between input and output voltages is con-
trolled by an operational amplifier (op-amp) in continuous time requires a static steady-state current and
phase compensation in the feedback path. In addition, it is difficult to use low-supply-voltage because it is
difficult to operate general op-amp at low-voltage. In this paper, new LDO regulator is presented to solve the
above problems. The proposed LDO regulator can be operated at low-voltage and low-power-consumption
because the proposed LDO regulator is no need op-amps. Furthermore, the phase compensation circuit is not
needed. The proposed LDO regulator was simulated using SPICE simulator with Phenitec Semiconductor
0.6-pum CMOS process parameters. The simulation results show the proposed LDO regulator works as theory.
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1. INTRODUCTION

Recently, portable devices such as smart phones
become smaller and smaller and various functions are
implemented in the devices by virtue of very fine
semiconductor technology [1]-[4]. Since the portable
devices are driven by a battery, the power supply
circuits such as DC-DC converter and low dropout
(LDO) regulator are very important [5]-[8]. Espe-
cially, one of the most important characteristics of
these circuits is efficiency because the energy of the
battery is limited [8]. Therefore, many researchers try
to research about high efficiency power supply circuits
[5]-(8]-

The regulator is classified in Linear Regulator and
Switching Regulator. The linear regulator means LDO
regulator which can be realized by a simple circuit us-
ing op-amp. In many cases, LDO has very small rip-
ple and outputs very stable-state voltage, therefore,
LDO regulators are used widely [1], [2]. However, al-
most all of the LDO regulators require an operational
amplifier (Op-Amp) as the error amplifier. Therefore,
it is difficult to reduce the power consumption of the
LDO regulator, as the results, efficiency of them are
low. In addition, low-voltage operation of the LDO
regulator is also difficult because Op-Amp require the
relatively high supply voltage.

In this paper, we propose a novel op-amp less
LDO regulator. The proposed LDO regulator con-
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low power, low voltage

sists of hysteresis comparator and digital circuit com-
ponents, and no need Op-Amp. Therefore, very low
power consumption and low-voltage operation can be
expected. In this paper, the simulation results and ef-
fectiveness of the proposed LDO regulator is shown.
This paper consists of 5 chapters. Chapters 2 and 3
describe the conventional and the proposed LDO reg-
ulators, respectively. Simulation results are presented
in Chapter 4. Lastly, the conclusion and future work
are shown in Chapter 5.

2. CONVENTIONAL LDO REGULA-
TOR

Basic architecture of the conventional LDO is shown
in Figure 1. The operation principle is as follows.
Voltage of the non-inverting terminal of the op-amp
becomes same as the voltage of reference voltage source
(VrEF) by the virtual short characteristics of the op-
amp. The output voltage (V,:) is derived by the
resistance values of R1 and Rs.

Ri+ R
Vout = (le> VREF (1)
2

However, this LDO regulator consumes the rela-
tively high power because this LDO regulator requires
an op-amp which consumes the static current. Fur-
thermore, in this LDO regulator, there is a feed-back
path through the op-amp, therefore phase compensa-
tion is necessary in order to prevent an oscillation of
the LDO circuit. In many cases, we employ a capac-
itor and a resistor as the phase compensation circuit
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Figure 1 The circuit diagram of the conventional LDO
regulator.

in the feed-back path. In this case, chip area for LDO
regulator is increase. This means the increase of the
cost.

3. PROPOSED LDO REGULATOR

In this chapter, overview of the proposed LDO
regulator. The architecture of the proposed LDO reg-
ulator is explained firstly.

3.1 Architecture of the Proposed LDO Regu-
lator

Basic architecture of the proposed LDO regula-
tors is shown in Figure 2. This circuit consists of
a hysteresis comparator, a reference voltage source,
an NAND gate, PMOS transistor for drivers and an
oscillation circuit. The C, and I;,4q are a load ca-
pacitance and a load current source, respectively. In
this architecture, since the op-amps are not required,
the static current consumption can be reduced dras-
tically. Furthermore, when the load capacitance is
relatively small, power transistor (PMOS transistor)
tunes OFF, so that current consumption can be re-
duced. That is to say, the power transistor behaves
like the switching ON and OFF. As mention previ-
ously, the proposed LDO regulator is no need op-
amps, it can be operated under low supply voltage
and the phase compensation circuit. Figure 3 shows
the theoretical output waveform of the proposed LDO
regulator. When the output voltage, the high thresh-
old voltage and the low threshold voltage of the hys-
teresis comparator are respectively defined by Vi,
Vrerr, and Vierr, the proposed LDO regulator oper-
ates as follows.

When Vo < Viepr, the pulse signal from the os-
cillation circuit is inputed into the gate of the PMOS
transistor through the NAND gate. When pulse sig-
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Figure 2 The circuit diagram of the proposed LDO regu-
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Figure 3 The theoretical output waveform.

nal is high, the electrical charge is supplied from input
through the channel of the PMOS transistor, and then
Vout is increased. Wnen V,; > Vicrm, the pulse sig-
nal from the oscillation circuit is stopped by NAND
gate, and then V,,; is decreased. The waveform of
Trecover and Theoq are repeated as shown in Figure
3. (Thota is defined as the time when V,,; is decrease
from Vierm to Viepr and Trecover is defined as the
time when V,,; is increase from Vierr, t0 Viesn.)

3.2 Theoretical Analysis of the Proposed LDO
Regulator

In the proposed LDO regulator, the ripple of V,,;
depends on the hysteresis width of the hysteresis com-
parator. In this section, theoretical analysis based on
some parameters is clearly.

Figure 4 shows the theoretical output waveforms
in Trecover shown in Figure 3. The Figure 4(a), 4(b),
4(c) and 4(d) are the pulse signal generated by os-
cillation circuit, the waveform of the output voltage,
the current waveform in PMOS transistor, and the
current waveform of load current source. The out-
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put current (I,,:) of PMOS transistor decreases by
the internal resistance R,, and C. The decrement
depends on R,, and Cp, which is the time constant.
When the period of the pulse signal sets small enough
for the time constant, I,,; can be approximated by
a constant current pulse [2]. In this way, I, can be
given by

sz R Vout (2)

on

where V;,, is the input voltage of the proposed LDO
regulator. The electric charge supplied by the PMOS
transistor in one period of the clock (AQ;ccover), and
the electric charge discharged by Iout (AQioad) are
expressed as follows using principle of conservation of
charge.

Iout =

Tt
AQrecover Iout X CQLK
Vi _Vout TCLK
fr— 3
. <3 (3)
AQioad = Tioaa X ToLk (4)

The voltage which is boosted during one period
of the pulse signal (AV¢yq.) can be given as follows
from principle of conservation of charge.

1
Achycle = CfL (AQrecover - ACgloozd)
TCLK ‘/z - Vout
= — lioa 5
CL < 2Ron : d) ( )

When V4, is defined as the hysteresis width, and
Neycle 1s defined as the number of necessary switching
time to increase the voltage which is equal to Vs,
Vhys can be expressed as follows.

Vhys = NcycleAV::ycle
Ncycle V; - Vvout
= - Ioa 6
CLfCLK( 2Ron : d> ©)

where fopy is clock frequency of pulse signal. From
Equation (6), Viys of the proposed LDO regulator can
be determined by forx and Cp.

4. SIMULATION RESULTS

The operation and performance of the proposed
LDO regulator were confirmed by using SPICE simu-
lator with the model parameter of the Phenitec semi-
conductor 0.6pm CMOS process. The detailed cir-
cuit diagram of the comparator which is used for this
simulation is shown in Figure 6. Figure 5 shows the
circuit diagram of the comparator used in the hys-
teresis comparator shown in Figure 6. Table 1 shows
the design values of Figures 5 and 6.

Nc'ycle
> f . )
% High
e S I I A

«
Time [s]

(@)

Trecouer

VrefH
= Tei
£
=
AVoyper
VrefLﬁ cycle
v
)]
1§
Time [s]
(b)
Vin - Vout AQTE Lover
ROTI
=
3
~
D .
«
Time [s]

()
E E AQipaa
E o

Time [s]

(d)

Figure 4 The output waveform of theoretical Trecover-
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Figure 5 The Detailed architecture of the proposed LDO
regulator for simulation.
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Figure 7 shows the result of the transient analy-
sis. From this figure, we can confirm that the values
of Vierr and Vicsr, are well accorded with the the-
oretical values. Figure 8 shows the enlargement of
Vout- From the theoretical AVeyqe is 2 mV however,
simulation results is 21 mV, that is to say, the sim-
ulation results of AV, are not accorded with the
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Figure 6 The circuit diagram of the comparator used in

Figure 5.
Table 1 Design Values of the Proposed LDO
Regulator.

’ Ttems \ Value ‘
My [pm/pm] 5.6/0.6 (4)
Myy — Mps[pm/pm] 21.5/4 (1)
Mg [pm/pim] 5.6/0.6 (2)
M1 — Mps [pm/pm] | 13/4 (1)
Vin [V] 2.0
I [pA] 50
R; [MQ)] 1
Iload [,uA] 0.1
Cp, [nF] 10
fCLK [MHZ] 1

The number in ( ) means the number of the MOS transistors

connected in parallel.

theoretical ones. When we analyzed the circuit, I,
was treated as a constant current pulse, however, I,
is decrease by R,, an Cy, in actuality. In an actual de-
sign, we must pay attention to this and the reduction
of this difference is future work.

Table 2 shows the power consumption of the pro-
posed LDO regulator. From this table, the power con-
sumption of the proposed LDO regulator is smaller
than that of the conventional one and is increase with
the increase of Ij,q4. This reason is AVeye. is decrease
and Neyee is increase when [jyqq is increase. There-
fore, the proposed LDO regulator is suitable for the
application with small load current.

Lastly, the simulation results and theoretical val-
ues of the proposed LDO regulator is listed in Table
3.

5. CONCLUSION

In this paper, new low-power LDO regulator has

Figure 7 The simulated output waveform.
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Figure 8 The output waveform to confirm Trecover-

Table 2 The Power Consumption of the Proposed
and Conventional LDO Regulators.

| Condition [ Proposed [uW] | Conventional [uW] |
Tiowd — 0.1 [A 198 264
Iload =1.0 ,uA 235 265
Tiond = 10 [1iA] 245 265

been proposed and analyzed. It has better perfor-
mance than the conventional LDO regulator, espe-
cially it has advantage of the power consumption be-
casue of no need Op-Amps. This could be confirmed
through SPICE simulations, as the result, the power
consumption was reduced when the light load. In ad-
dition, because it was designed by exclude op-amp
part, the phase compensation circuit is not necessary.
The ripple of the output voltage could be confirmed
and according to the value of AV¢ye., the simulation
result is not matched with the theoretical one. Since
controlling ripple is difficult when AV,yqe becomes
larger than Vj,,,. This problem should be solved for
actual design, and this is the future work.
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Table 3 Simulation Results and Theoretical Values

of the Proposed LDO Regulator.

] Items | Simulation | Theoretical |
Average of Vit [V] 1 1
Viern V] 1.1 11
Vreerr [V] 0.9 0.9
Ripple Width [V] 0.2 0.2
‘/;ycle [mV] 21 2
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