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o© (57) Abstract: A voltage regulator circuit comprises an amplifier (10) having a first input coupled to a first reference voltage
node; a power pass element (20) having a control terminal coupled to an output of the amplifier, an input coupled to a power sup
ply input of the voltage regulator circuit, and an output coupled to an output of the voltage regulator circuit; a feedback circuit

o (30, 31) having an input coupled to the output of the power pass element and an output coupled to a second input of the amplifier;
and a compensation module (60) comprising a transistor (61), wherein a gate or base terminal of the transistor is coupled to a sec

o ond reference voltage node, a drain or collector terminal of the transistor is coupled to the output of the amplifier, and a source
or emitter terminal of the transistor is coupled to the power supply input of the voltage regulator circuit. The voltage regulator cir
cuit is capable to increase the power supply rejection ratio of low drop-out voltage regulators.



VOLTAGE REGULATOR CIRCUIT

TECHNICAL FIELD

The present invention relates to voltage regulators.

BACKGROUND

Low drop-out voltage regulators (LDO) are widely used in

portable electronic equipment such as a cellular phone, digital

cameras, and portable media players , etc., to provide a constant

voltage power supply for analog and/or digital circuits. The

power supply rejection ratio (PSRR) of the LDO, indicating the

capability of suppressing power supply noise from its output,

is normally of importance.

Aconventional existingLDO is shown in Fig. 1 . Suchacircuit

is e.g. disclosed in US 7 ,205, 831 B2 . The existing LDO includes

an error amplifier 10, power transistor 20, feedback resistors

30 and 31, load resistors 33 and 34, load capacitor 40. Fig. 1

also shows a power-supply 55, reference voltage Vref , as well

as output voltage Vout 51. In the conventional existing LDO, as

shown in Fig. 1 , the power supply noise is suppressed by a negative

feedback circuit comprising the error amplifier 10 and the power

transistor 20 .

Fig. 2 is a circuit diagram of a small signal equivalent

of a voltage regulator circuit of Fig.l. As shown in Fig. 2 , a

transconduct or 21 and a resistor 36 represent the

transconduct ance and the drain source resistance, respectively,

of the power transistor 10 of Fig.l. The PSRR for the LDO based

on the small signal equivalent shown in Fig. 2 is given by:

A R
p
G

mp

A is the open loop gain of negative feedback loop of the

LDO, V n is the voltage of power-supply input 50 of the LDO, and

Vout is the voltage of output 51 of the LDO.

Furthermore, A
EA

is the differential gain of the error



amplifier 10, β is a feedback factor which is the ratio of the

resistance of resistor 30 to the sum of the resistances of the

resistor 30 and 31, Rop is the drain source resistance of the

power transistor 20, and Gmp is the transconduct ance of the power

transistor 20.

There is a need for a low drop-out voltage regulator that,

for example, consumes a relatively small area, and/or can provide

an improved PSRR without necessarily increasing its open loop

gain .

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there

is provided a voltage regulator circuit comprising: an amplifier

having a first input coupled to a first reference voltage node;

a power pass element having a control terminal coupled to an

output of the amplifier, an input coupled to a power-supply input

of the voltage regulator circuit, and an output coupled to an

output of the voltage regulator circuit; a feedback circuit having

an input coupled to the output of the power pass element and

an output coupled to a second input of the amplifier; and a

compensation module comprising a transistor, wherein a gate or

base terminal of the transistor is coupled to a second reference

voltage node, a drain or collector terminal of the transistor

is coupled to the output of the amplifier, and a source or emitter

terminal of the transistor is coupled to the power-supply input

of the voltage regulator circuit.

The compensation module may further comprise a balance unit

which is coupled between the output of the amplifier and ground

in order to balance the quiescent operation.

The balance unit may comprise a first balance element, a

second balance element serially coupled to the first balance

element, and a current source coupled between the second balance

element and ground.



A control terminal of each of the first balance element

and second balance element may be coupled to the power-supply

input of the voltage regulator circuit, an input of the first

balance element may be coupled to the output of the transistor,

and the output of the first balance element may be coupled to

an input of the second balance element.

Each of the power pass element and the transistor may be

either a P-type MOS transistor or a P-type bipolar transistor.

Each of the first balance element and the second balance element

may be either a P-type MOS transistor or a P-type bipolar

transistor .

The amplifier may be an error amplifier. The combination

of the amplifier and the compensation module may be configured

such that the power gain of said combination is kept in the range

0.9
f~<

of "l+ol" to "l+o2", where the value of ol may be o ' m and the

1.1

R G
value of 2 may be p ' p , in which the Rop represents the

drain-source resistance of the power pass element and the Gmp

represents the transconductance of the power pass element.

The PSRR of LDO would be improved without having to change

the open-loop gain of the LDO by utilizing the voltage regulator

circuit of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood with the aid of

the description of an embodiment given by way of example and

illustrated by the figures, in which:

FIG. 1 is a circuit diagram of an existing voltage regulator

circuit ;

FIG. 2 is a small- signal equivalent circuit diagram of a

voltage regulator circuit;

FIG. 3 is a another small signal equivalent circuit diagram

of the voltage regulator circuit; and



FIG. 4 is a block diagram of a voltage regulator circuit

according to an embodiment of the present invention.

DETAILED DESCRIPTION

Before the present invention is described, it is to be

understood that this invention is not limited to any particular

embodiments described, as such may, of course, vary. It is also

to be understood that the terms used herein are for the purpose

of describing particular embodiments only, and are not intended

to be limiting. The scope of the present invention is only limited

b y the appended claims.

Unless defined otherwise, all technical and scientific

terms used herein have the same meaning as commonly understood

by one o f ordinary skill in the art to which this invention belongs .

It must be noted that as used herein and in the appended

claims, the singular forms "a", "an", and "the" include plural

referents unless the context clearly dictates otherwise.

Moreover, it should be noted that the term "power pass element"

may also be known as "power transistor" or "pass element".

The present invention provides a voltage regulator circuit

to obtain a relatively high power supply rejection ratio (PSRR)

by means o f control of the power gain of the error amplifier

without increasing the open-loop gain of the LDO. In the detailed

description that follows, like element numerals are used to

describe like elements illustrated in one or more figures.

Fig. 3 is a circuit diagram of another small signal

equivalent o f the LDO in Fig. 1 . In comparison with the small

signal equivalent shown in Fig. 2 , the input 50 o f the power- supply

V i of the LDO in Fig. 3 is coupled also to the error amplifier

10. Thereby, a more accurate model is obtained, taking into

account variations in the supply voltage o f the voltage regulator.

Accordingly, the transfer function of the PSRR for the LDO in

Fig. 3 is given by equation (2) below. It should be noted that the



terms "input 50 of the power-supply of the voltage regulator

circuit" can be exchanged with the terms "the power-supply input

50 to the voltage regulator circuit " , which means that the input

50 is an input node through which the power-supply is connected

to the voltage regulator.

Add V
oul

\ G mp \- A d_EA )R op

Av is the open-loop gain of negative feedback loop of the

LDO shown in Fig. 3 , Add is the gain from the power-supply input

to the output of the LDO, Vin represents the voltage of power- supply

input, and Vout is the voltage of output 51 of the LDO.

AE represents the differential gain of the error amplifier

10, β is the feedback factor, which is the ratio of the resistance

of resistor 30 to the sum of the resistances of the resistor

30 and 31, R p is the drain source resistance of the power pass

element 20, and Gmp is the transconductance of the power pass

element 20 .

Gmp represents the transconductance of the pass element

20, d d - E represents the power gain VgjV n
, in which Vg is the

voltage of output node 52 of the amplifier 10 and Vi is voltage

of the input 50 of the power-supply of the LDO.

In the LDO shown in Fig. 3 , without any compensation, Add_E

is generally close to 1 but less than 1 , which makes the value

of G mp - AM _EA R op close or equal to zero and thereby makes the value

of " + G p (\- Add_E )R op " of equation (2) approximately equal to 1 . In

this case, the PSRR is mainly determined by the numerator of

the equation (2), which is the open-loop gain of the LDO. Therefore,

to increase the PSRR of the LDO, it is needed to increase the

differential gain AE of the error amplifier or increase the size

of the power transistor in accordance with the conventional

approach . It is difficult to keep the stability when the open-loop

gain is increased.

Referring to the equation (2), it can be appreciated that



if the value of "1+ G mp (1 - Add __ EA )R p " can be kept in the range from

-0.1 to 0.1, i.e., the value of 1+ G mp ( 1 - AM _ A )R p " meets the

requirement shown by equation (D as below, then the PSRR can be

increased at least 20dB.

- O l + l- . 1

Further, in order to meet the requirement shown in equation

® , the power gain Ad d E A of the error amplifier should be in the

range given by © .

As an example embodiment, such LDO can be realized by the

circuit shown in Fig. . The voltage regulator circuit shown in

Fig. 4 includes an error amplifier 10, a pass element 20, feedback

circuit comprising resistors 30 and 31, load resistors 33 and

34, a load capacitor 40, a power-supply 55, a first reference

voltage V e fi, a compensation module 60, and output voltage Vo t .

According to this embodiment, the error amplifier 10 may include

differential input stage and gain stage, as well as optionally

include buffer stage. The pass element 20 is coupled to the input

of the power-supply 55 of the voltage regulator circuit through

its input terminal, coupled to the output of the error amplifier

10 through its control terminal, and coupled to the feedback

circuit through its output terminal. The input terminal of the

pass element 20 is coupled to the output of the error amplifier

10. The pass element may e.g. either be a P-type OS transistor

or a P-type bipolar transistor. With the pass element 20 being

a P-type MOS transistor, its source terminal, gate terminal,

and drain terminal are coupled to the power-supply 55 input to

the voltage regulator circuit , the output of the error amplifier

10, and the feedback circuit, respectively. Also, if the pass

element is a P-type bipolar transistor, the emitter terminal,

base terminal, and collector terminal are coupled to the

power-supply 55, the output of the error amplifier 10, and the



feedback circuit , respectively. The feedback circuit , which has

an input coupled to the output of the pass element 20 and an

output coupled to a second input of the error amplifier, includes

feedback resistors 30 and 31, in which the feedback resistor

30 is coupled to the output terminal of the pass element 20.

The compensation module 60 includes a transistor 61 which works

in its saturation region, and a balance unit comprising a first

balance element 62, a second balance element 63 as well as a

current source 64. The transistor 61 delivers the current from

the power-supply 55 to the output of the error amplifier, and

is used to control the power gain of the error amplifier 10.

The balance unit is used to balance the quiescent current

generated by the transistor 61, such as to counteract any adverse

influence on the operation of the error amplifier 10 due to said

quiescent current generated by the transistor 61. It should be

noted that the balance unit can be o m i t-'ed in the event that

the current generated by the transistor 61 has no or a little

effect on the operation of the error amplifier 10. A s an example,

the transistor 61 can be, but is not limited to, a P-type MOS

transistor or P-type bipolar transistor. The source terminal,

drain terminal, and gate terminal of the transistor 61 are coupled

to the power-supply 55 input to the voltage regulator circuit,

the output of the error amplifier 10, the second reference voltage

node 61, respectively, when the transistor is a P-type MOS

transistor. The emitter terminal, collector terminal, and the

base terminal of the transistor 61 are coupled to the power-supply

55 input to the voltage regulator circuit, the output of the

error amplifier 10, the second reference voltage node 61,

respectively, when the transistor is a P-type bipolar transistor.

The balance unit is coupled between the output of the error

amplifier 10 and ground. The control terminal, input terminal,

and output terminal of the first balance element 62 are coupled

to the input power-supply 55 input to the voltage regulator

circuit, the output terminal of the transistor 61, and the input



terminal o f the second balance element 63, respectively. The

control terminal of the second balance element is coupled to

the power-supply 55 of the voltage regulator circuit, and the

output terminal of the second balance element 63 is connected

to ground via the current source 6 . It should be understood

that each o f the first balance element 62 and the second element

63 may e.g. be a P-type MOS transistor or a P-type bipolar

transistor. If any o f the first balance element 62 and the second

element 63 is P-type MOS transistor, then the control terminal

is known as the gate terminal, the input terminal is known a s

the source terminal, and the output terminal is known as the

drain terminal. If any of the first balance element 62 and the

second element 63 is P-type bipolar transistor, then the control

terminal is known as the base terminal, the input terminal is

known as the emitter terminal, and the output terminal is known

as the collector terminal.

In the existing conventional approach a s described above,

the output stage of the error amplifier is buffer stage so as

to drive the power pass element. Thus the output stage of the

error amplifier has a relatively low impendence. Accordingly,

the dd_EA i approximately equal to but less than 1 . In order

to make the dd EA satisfy the requirement shown in equation © ,

compensation elements are needed to increase d E .

Still referring to Fig. 4 , it can b e appreciated that with

its control terminal being coupled to the second voltage reference

V r2 , which is an independent bias reference voltage so as not

to be affected by the power-supply 55, the transistor 61 has

the effect to increase the power gain of the combination of the

error amplifier 10 and the compensation module 60, in which said

power gain o f the combination refers to the gain from the input

of the power-supply 55 to the output o f the error amplifier.

Therefore, the transistor 61 contributes to increase the power

gain o f the combination of the error amplifier 10 and the

compensation module 60 to the range shown in the equation ( ,



' d_E represents the power gain of the combination of the

error amplifier 10 and the compensation module 60, which

corresponds to the Add_ of equation © .

Accordingly, the PSRR can be improved by means of adding

the compensation module and thereby increasing the power gain

of V g / V without changing the open-loop gain of the voltage

regulator circuit.

It should be understood that in the embodiment above

described, the transistor 61 serves as the element which helps

to improving the power gain of the combination of the error

amplifier and the compensation module, but it is used only for

an example, not for limiting. The transistor 61 can be replaced

by other element, which is able to adjust the power gain of the'

error amplifier, without departing from the scope of the

invention .



What is claimed is:

1 . A voltage regulator circuit, comprising:

an amplifier having a first input coupled to a first reference

voltage node;

a power pass element having a control terminal coupled to an

output of the amplifier, an input coupled to a power-supply input

of the voltage regulator circuit, and an output coupled to an

output of the voltage regulator circuit;

a feedback circuit having an input coupled to the output of the

power pass element and an output coupled to a second input of

the amplifier; and

a compensation module comprising a transistor, wherein a gate

orbase terminal of the transistor is coupled to a second reference

voltage node, a drain or collector terminal of the transistor

is coupled to the output of the amplifier, and a source or emitter

terminal of the transistor is coupled to the power-supply input

of the voltage regulator circuit.

2 . The voltage regulator circuit of claim 1 , wherein the

compensation module further comprises a balance unit coupled

between the output of the amplifier and ground in order to balance

the quiescent operation.

3 . The voltage regulator circuit of claim 2 , wherein the balance

unit comprises a first balance element, a second balance element

serially coupled to the first balance element, and a current

source coupled between the second balance element and ground.

4 . The voltage regulator circuit of claim 3 , wherein a control

terminal of each of the first balance element and second balance

element is coupled to the power-supply input of the voltage

regulator circuit, an input of the first balance element is

coupled to the output of the transistor, and the output of the



first balance element is coupled to an input of the second balance

element.

5 . The voltage regulator circuit of any preceding claim, wherein

each of the power pass element and the transistor is either a

P-type MOS transistor or a P-type bipolar transistor.

6 . The voltage regulator circuit of claim 5 , wherein each of

the first balance element and the second balance element is either

a P-type MOS transistor or a P-type bipolar transistor.

7 . The voltage regulator circuit of any proceeding claim, wherein

the amplifier is error amplifier.

8 . The voltage regulator circuit of any proceeding claim, wherein

a combination of the amplifier and the compensation module is

configured such that the power gain of said combination is kept

0.9
in the range of "l+σ ΐ " to "1+σ 2", where the value of l is

R op-G mp

and the value of 2 is — — , in which the Rop represents the
R op-G p

drain-source resistance of the power pass element and the Gmp

represents the transconductance of the power pass element.

9.An electric apparatus comprising the circuit of any proceeding

claim .
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