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1
SUPPLY REGULATED VOLTAGE
CONTROLLED OSCILLATOR INCLUDING
ACTIVE LOOP FILTER AND PHASE LOCKED
LOOP USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2012-0107254, filed on Sep. 26, 2012, the entire contents
of which are hereby incorporated by reference.

BACKGROUND

The present inventive concept herein relates to supply
regulated voltage controlled oscillators and phase locked
loops using the same, and more particularly, to a supply
regulated voltage controlled oscillator including an active
loop filter and a phase locked loop using the same.

A voltage controlled oscillator generates an oscillating
signal corresponding to a voltage output from a loop filter of
a phase locked loop and provides the generated oscillating
signal to the outside. The phase locked loop (PLL) receives a
reference frequency signal from the outside and receives a
frequency signal which is generated from a voltage controlled
oscillator autonomously having a variable frequency through
a negative feedback loop to control the voltage controlled
oscillator so that a signal is output which has a minimum
phase difference between the two received frequency signals
while having a same frequency. The phase locked loop is
widely used in a communication system or digital equipment
that performs generation or restoration of a clock signal, a
frequency modulation, a frequency demodulation, a fre-
quency synthesis and a frequency multiplication.

SUMMARY

Embodiments of the inventive concept provide a supply
regulated voltage controlled oscillator including an opera-
tional amplifier used as a supply regulator and a supply con-
trolled oscillator. The supply regulated voltage controlled
oscillator including an operational amplifier used as a supply
regulator and a supply controlled oscillator may include a
negative feedback circuit feeding an output signal of the
operational amplifier back to an inverting input terminal of
the operational amplifier. The negative feedback circuit has
anactive loop filter function including a loop filter constituted
by passive elements and thereby the supply regulated voltage
controlled oscillator has an active loop filter function.

Embodiments of the inventive concept also provide a phase
locked loop including a phase frequency detector, a frequency
divider, a charge pump, a loop filter and a supply controlled
oscillator. In the phase locked loop including a phase fre-
quency detector, a frequency divider, a charge pump, a loop
filter and a supply controlled oscillator, the phase locked loop
further comprises one operational amplifier, and the loop
filter and the supply controlled oscillator share the opera-
tional amplifier to have a function of an active loop filter and
a function of a supply regulated voltage controlled oscillator.

Embodiments of the inventive concept also provide a sup-
ply regulated voltage controlled oscillator. The supply regu-
lated voltage controlled oscillator may include a supply con-
trolled oscillator outputting a signal corresponding to a signal
of an input stage; an operational amplifier that a signal cor-
responding to a feedback signal of the supply controlled
oscillator is input to an inverting input terminal, a reference
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voltage is input to a noninverting input terminal and an output
stage is connected to the input stage of the supply controlled
oscillator; and a negative feedback circuit feeding the output
signal of the operational amplifier back to the inverting input
terminal of the operational amplifier. The negative feedback
circuit has an active loop filter function by interacting a loop
filter constituted by passive elements with the operational
amplifier and thereby supply regulated voltage controlled
oscillator has an active loop filter function.

Embodiments of the inventive concept also provide a phase
locked loop. The phase locked loop may include a supply
regulated voltage controlled oscillator outputting a clock sig-
nal corresponding to an input signal; a frequency divider
receiving a feedback signal of the supply regulated voltage
controlled oscillator; a phase frequency detector receiving
and comparing a reference clock and an output of the fre-
quency divider to output a pulse corresponding to a difference
between the two frequencies; a charge pump controlling
charge amount on the basis of a pulse corresponding the
difference between the two frequencies; an operation ampli-
fier that an output of the charge pump is input to an inverting
input terminal, a reference voltage is input to a noninverting
input terminal and an output stage is connected to an input
stage of the supply regulated voltage controlled oscillator;
and a negative feedback circuit feeding an output signal of the
operational amplifier back to the inverting input terminal of
the operational amplifier. The negative feedback circuit has
an active loop filter function by interacting a loop filter con-
stituted by passive elements with the operational amplifier.

BRIEF DESCRIPTION OF THE FIGURES

Preferred embodiments of the inventive concept will be
described below in more detail with reference to the accom-
panying drawings. The embodiments of the inventive concept
may, however, be embodied in different forms and should not
be constructed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the inventive concept to those skilled in the art. Like
numbers refer to like elements throughout.

FIG. 1 is a drawing illustrating a supply regulated voltage
controlled oscillator.

FIG. 2 is adrawing illustrating a passive loop filter embod-
ied using only passive elements.

FIG. 3 is a drawing illustrating an active loop filter embod-
ied using an operational amplifier which is an active circuit
together with passive elements.

FIG. 41s a drawing illustrating a general phase locked loop
using a passive loop filter and a supply regulated voltage
controlled oscillator.

FIG. 5 is a drawing illustrating a phase locked loop using a
supply regulated voltage controlled oscillator having an
active loop filter function in accordance with some embodi-
ments of the inventive concept.

FIG. 6 is a drawing illustrating a band limiting filter
embodied using an active loop filter.

FIG. 7 is a transfer function of the band limiting filter of
FIG. 6.

FIG. 8 is a drawing illustrating a supply controlled oscil-
lator used in a supply regulated voltage controlled oscillator
in accordance with some embodiments of the inventive con-
cept.

FIG. 9 is a drawing illustrating a supply controlled oscil-
lator used in a supply regulated voltage controlled oscillator
in accordance with some other embodiments of the inventive
concept.
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FIG. 10 is a drawing illustrating a supply regulated voltage
controlled oscillator having an active loop filter and a two-
stage amplifier using a PMOS in accordance with some
embodiments of the inventive concept.

FIG. 11 is a drawing illustrating an operational amplifier
used as a supply regulator in a supply regulated voltage con-
trolled oscillator in accordance with some embodiments of
the inventive concept.

FIG. 12 is a drawing illustrating an operational amplifier
used as a supply regulator in a supply regulated voltage con-
trolled oscillator in accordance with some other embodiments
of the inventive concept.

FIG. 13A is a graph comparing an output voltage of a
charge pump with a power supply voltage of an oscillator in a
phase locked loop using a conventional supply regulated volt-
age controlled oscillator.

FIG. 13B is a graph comparing an output voltage of a
charge pump with a power supply voltage of an oscillator in a
phase locked loop using a supply regulated voltage controlled
oscillator having an active loop filter function in accordance
with some embodiments of the inventive concept.

FIG. 14 is a drawing illustrating output jitter performance
of a phase locked loop using a supply regulated voltage con-
trolled oscillator having an active loop filter function in accor-
dance with some embodiments of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of inventive concepts will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which embodiments of the invention are shown. This
inventive concept may, however, be embodied in many dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the inventive concept
to those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like numbers refer to like elements throughout.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and/or the present application, and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising.” or “includes” and/or “including” when used in this
specification, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

As a CMOS process is developed, the degree that a power
supply voltage is lowered is greater than the degree that a
threshold voltage is lowered of a MOSFET, instead of a
voltage controlled oscillator based on a differential delay cell
that has been widely used, a voltage controlled oscillator
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(VCO) based on a single-ended type delay cell such as an
inverter or pseudo differential delay cell is preferred. This is
because as a process is developed, a single-ended type voltage
controlled oscillator can generate a clock that power effi-
ciency (Hz/W) is very superior, phase noise performance is
good and a frequency range is very wide while having a high
frequency of GHz class as compared with a differential type
voltage controlled oscillator. However, since a single-ended
type voltage controlled oscillator is very vulnerable to an
external supply noise, to stably generate a clock having a
small jitter, a regulated power supply has to be supplied to a
phase locked loop using a supply regulator. In this case,
because of a drop-out voltage of the supply regulator, a supply
voltage higher than a supply voltage needed in a phase locked
loop has to be applied from the outside and thereby power
consumption becomes great. To solve the problem, various
methods have been studied. Since other blocks except a volt-
age controlled oscillator among blocks constituting a phase
locked loop are not greatly vulnerable to a power supply
noise, a method has been studied which embodies a lower
power phase locked loop using a supply regulator only in a
voltage controlled oscillator instead of using a supply regu-
lator in the whole phase locked loop.

FIG. 1 is a drawing illustrating a supply regulated voltage
controlled oscillator having a supply regulator. A clock signal
is generated using a supply controlled oscillator (SCO) of
which a frequency is changed according to a supply voltage of
the oscillator. A supply voltage VDD, ,.....; of the supply
controlled oscillatoris supplied from the supply regulator and
the supply voltage becomes equal to a control voltage V., of
the voltage controlled oscillator by a negative feedback of the
supply regulator. Depending on the control voltage V., the
supply voltage of the supply controlled oscillator is changed
and an oscillation frequency of the supply controlled oscilla-
tor is changed.

The structure described above has various advantages. The
supply regulator can offset effect of an external supply noise
on an oscillator. It may depend on the structure, but since a
single-ended type supply controlled oscillator easily oscil-
lates at very low supply voltage of 0.2V or less, even if
considering a drop-out voltage of the supply regulator, if a
phase locked loop is used in an application field requiring a
low frequency of 100 MHz or less, a minimum external
supply voltage VDD that is needed to generate a clock may be
very lowered.

A frequency gain K., (Hz/V) of the voltage controlled
oscillator (VCO) is a coefficient greatly affecting loop-dy-
namics of the phase locked loop and in case of the supply
regulated voltage controlled oscillator (SRVCO), the fre-
quency gain K., has a characteristic that is linearly propor-
tional to an output oscillation frequency. Thus, even if a
division coefficient of the phase locked loop is changed and
thereby an output frequency of the phase locked loop is
changed, since a frequency gain Ky, (Hz/V) of the voltage
controlled oscillator (VCO) is also changed in proportion to a
change of the output frequency, loop dynamics of the phase
locked loop is not greatly changed. The characteristic of the
supply regulated voltage controlled oscillator (SRVCO) has
an advantage that the characteristic is suited for a frequency
synthesizer controlling a division coefficient of the phase
locked loop to change an output frequency. Because of those
advantages, when designing a phase locked loop of high
performance or a frequency synthesizer based on a phase
locked loop in low power mode in an environment like a
microprocessor, a supply regulated voltage controlled oscil-
lator (SRVCO) is widely used.
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However, the supply regulated voltage controlled oscillator
(SRVCO) has disadvantages as compared with voltage con-
trolled oscillators (VCO) having different structures. An
operational amplifier (OP amp) used in the supply regulated
voltage controlled oscillator (SRVCO) as a supply regulator
for preventing an inflow of an external supply noise has to be
an operational amplifier of high performance having a great
voltage gain and a wide bandwidth. This is because as a
voltage gain of the operational amplifier is greater, an inflow
of an external supply noise is more easily prevented and not to
have a bad influence on a loop of a phase locked loop, a
bandwidth of the operational amplifier has to be at least five to
ten times as great as a bandwidth of a loop of a phase locked
loop. Due to the operational amplifier of high performance,
additional power and additional chip area are consumed.
Also, an operational amplifier constituted by active elements
autonomously generates a noise and the noise may have abad
influence on output phase noise performance of the voltage
controlled oscillator (VCO). That is, an inflow of an external
supply noise is prevented using a supply regulator but a small
noise is internally generated.

FIGS. 2 and 3 are drawings illustrating a loop filter used to
regulate a charge pump and a negative feedback loop in a
phase locked loop. The loop filter performs a function of
filtering an unnecessary signal in the process of determining
an input voltage of a voltage controlled oscillator by compar-
ing output frequency information and a reference frequency
through a loop. When designing a phase locked loop, a struc-
ture of an oscillator is important but a loop filter being used to
regulate a negative feedback loop of the phase locked loop 1s
also very important.

FIG. 2 is a drawing illustrating a passive loop filter embod-
ied using only passive elements.

In a Z area of the drawing, a capacitor and a resistor are
connected to each other to constitute a secondary filter or a
tertiary filter and pass band lock time is determined according
to a constituting method. Since embodying a loop filter using
only passive elements without using active elements autono-
mously generating a noise like a transistor, the loop filter has
superior noise characteristic and has been widely used. In this
case, a control voltage V_,,,, of an oscillator becomes an
output voltage of a charge pump. That is, the output voltage of
the charge pump and the control voltage of the oscillator have
no choice but to have a same value. In order for the charge
pump to properly operate, the output voltage of the charge
pump has to be higher than a basis voltage (0V) of the charge
pump by 0.2V or more and lower than a supply voltage of the
charge pump by 0.2V or more. If we assume that a supply
voltage of a phase locked loop is 1V, only when the output
voltage of the charge pump has values of 0.2V through 0.8V,
the charge pump can properly operate. Thus, even if a voltage
controlled oscillator is designed to operate in a control volt-
age'V,,,, of a wide range, an operation range of the voltage
controlled oscillator may be limited due to an allowable out-
put voltage range of the charge pump. The lower a supply
voltage of the phase locked loop is, the worse the problem
becomes.

FIG. 3 is a drawing illustrating an active loop filter embod-
ied using an operational amplifier which is an active circuit
together with passive elements ina Z, area and a Z,. Embody-
ing the active loop filter using an active circuit has two advan-
tages.

A first advantage is that an output voltage of a charge pump
and a control voltage of an oscillator can be separated from
each other. The output voltage of the charge pump becomes
always the same as a reference voltage V- regardless of the

control voltage V., of the oscillator by a negative feedback
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of the operational amplifier constituting the active loop filter.
If a value of the reference voltage V. - is within the range of
an output voltage where the charge pump can properly oper-
ate, the charge pump can properly operate regardless of the
control voltage V__,,,of the oscillator and the problem that the
charge pump limits an operation range of the voltage con-
trolled oscillator (VCO) can be solved.

A second advantage is that various complicated transfer
functions can be embodied without using an inductor. Since a
wide area is needed to embody an inductor on a chip, it is not
well used to embody a transfer function by an inductor and a
passive loop filter. Since if using an active loop filter, a trans-
fer function can be embodied by only a resistor and a capaci-
tor, the active loop filter is well used in an application field
that reducing a reference spur is important.

However, since an active loop filter has a great disadvan-
tage that additionally needs an operational amplifier which is
an active circuit, it is not well used. The operational amplifier
has to be designed to have a great voltage gain and a wide
bandwidth like the operational amplifier being used in the
supply regulated voltage controlled oscillator (SRVCO)
described above. If using a high performance operational
amplifier satisfying that condition, since power and area are
additionally consumed and a noise is autonomously gener-
ated, the whole phase noise performance of the phase locked
loop is deteriorated. Because of the disadvantage, an active
loop filter is not used except a special case.

FIG. 4is a drawing illustrating a general phase locked loop
using a passive loop filter and a supply regulated voltage
controlled oscillator. The phase locked loop corresponds to a
tertiary phase locked loop embodied using a secondary pas-
sive loop filter. The phase locked loop is a structure that has
been most widely used but has problems of the passive loop
filter described above. That is, an input voltage of a voltage
controlled oscillator (VCO) becomes the same as an output
voltage of a charge pump and thereby an operation range of
the voltage controlled oscillator (VCO) is limited.

FIG. 5 is a drawing illustrating a phase locked loop 1000
using a supply regulated voltage controlled oscillator 100
having an active loop filter function in accordance with some
embodiments of the inventive concept. The phase locked loop
1000 may include a supply regulated voltage controlled oscil-
lator 100 having an active loop filter function, a phase fre-
quency detector 200 comparing a reference frequency with a
frequency output from a frequency divider to output a differ-
ence between the two frequencies, a charge pump 300 con-
trolling charge amount according to an output of the phase
frequency detector 200 and a frequency divider 400 dividing
an output frequency of the supply regulated voltage con-
trolled oscillator 100 having an active loop filter function.

Since the supply regulated voltage controlled oscillator
(SRVCO) is embodied with a supply controlled oscillator 120
using a high performance operational amplifier 140 as a sup-
ply regulator and a negative feedback is formed using the
operational amplifier 140, the supply regulated voltage con-
trolled oscillator 100 having an active loop filter function can
be embodied by sharing the operational amplifier 140 and
adding only passive elements such as a resistor and a capaci-
tor to the negative feedback. If using that structure, using only
one operational amplifier 140, a supply regulator function and
anactive loop filter function can be embodied at the same time
in the phase locked loop 1000 including the supply controlled
oscillator 120 and a passive loop filter 160. When comparing
with the traditional supply regulated voltage controlled oscil-
lator and the phase locked loop, since an operational amplifier
1s not additionally used, the advantages of an active loop filter
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described above can be obtained while power, a chip area and
noise performance do not suffer a loss.

The supply regulated voltage controlled oscillator 100 hav-
ing an active loop filter function in accordance with some
embodiments of the inventive concept has another advantage
as compared with a conventional supply regulated voltage
controlled oscillator (SRVCO). In the phase locked loop, due
to a characteristic change of a circuit caused by changes of
process, voltage and temperature, there is no saying where a
control voltage of the oscillator converges. Thus, the opera-
tional amplifier 140 included in the supply regulated voltage
controlled oscillator has to be designed in the form of a rail to
rail amplifier that operates while maintaining performance
even if a common-mode voltage of two input voltages of the
operational amplifier 140 has any value. Since two input
voltages of the supply regulated voltage controlled oscillator
(SRVCO) having an active loop filter function in accordance
with some embodiments of the inventive concept are always
the same as the reference voltage V., it is not necessary to
have a rail-to-rail amplifier characteristic.

The supply regulated voltage controlled oscillator 100 hav-
ing an active loop filter function in accordance with some
embodiments of the inventive concept and the phase locked
loop 1000 using the supply regulated voltage controlled oscil-
lator 100 may be usefully used for two purposes below.

It is very useful when designing a low power phase locked
loop using a very low supply voltage of 0.5V or less. Among
blocks constituting a phase locked loop, a phase frequency
detector (PFD) and a frequency divider (FD) are embodied
using a digital logic circuit. If an operation speed of the circuit
constituted by a digital logic is low due to the nature of the
circuit, that is, a frequency of a reference clock and an output
frequency of the phase locked loop are sufficiently low, even
if a supply voltage is very low, the circuit constituted by a
digital logic can normally operates. In case of a supply regu-
lated voltage controller, it can normally operate at a supply
voltage of 0.5V or less and since a single-ended type supply
controlled oscillator normally oscillates at a very low voltage,
it is not difficult to design a supply regulated voltage con-
trolled oscillator that oscillates at frequencies of the range of
several tens of kilohertz through 200 MHz at a supply voltage
of 0.5V even considering a drop-out voltage of a supply
regulator. However, in case of a charge pump, if a supply
voltage is lowered below 0.5V, since an output voltage allow-
able range of the charge pump is narrowed to 0.1V or less,
performance of the phase locked loop is limited. Thus, the
charge pump is the greatest obstacle when lowering a supply
voltage of the phase locked loop. If using an active loop filter,
since an output voltage of the charge pump is fixed to a
specific voltage, the problem can be solved that performance
of the phase locked loop is limited. Thus, if using the supply
regulated voltage controlled oscillator having an active loop
filter function in accordance with some embodiments of the
inventive concept, since an active loop filter function can be
embodied without additionally using an operational amplifier
while powet, a chip area and noise performance do not suffer
a loss, the problem of an output voltage range of the charge
pump can be easily solved.

A reference spur of a phase locked loop is very important in
an application field such as a fractional-N frequency synthe-
sizer. If using constituting a circuit like FIG. 6, a band stop
filter or notch filter having a transfer function like FIG. 7 can
be embodied. A noise component like a reference spur of the
phase locked loop can be effectively reduced using the band
stop filter function. In case of embodying a filter using only
passive elements, an inductor is necessarily used to embody a
band stop loop filter and embodying the inductor may cause a
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problem of chip area. If using the supply regulated voltage
controlled oscillator having an active loop filter function in
accordance with some embodiments of the inventive concept,
since an active loop filter can be easily embodied using only
resistors and capacitors without degradation of performance,
the supply regulated voltage controlled oscillator having an
active loop filter function is well used in an application field
that reducing a reference spur is important.

FIGS. 8 through 12 are drawings illustrating a phase locked
loop 1000 using a supply regulated voltage controlled oscil-
lator 100 having an active loop filter function in accordance
with some embodiments of the inventive concept. Among
blocks constituting the phase locked loop 1000, a phase-
frequency detector 120, a frequency divider FD and a charge
pump CP may be embodied by widely used general circuits.

FIGS. 8 and 9 are drawings illustrating a supply controlled
oscillator 20 used in a supply regulated voltage controlled
oscillator (SRVCO) in accordance with some embodiments
of the inventive concept and may used in the supply con-
trolled oscillator 120 illustrated in FIG. 7. As described in
FIG. 1, the supply regulated voltage controlled oscillator
(SRVCO) includes a supply regulator and a supply controlled
oscillator 120 embodied using an operational amplifier 140

The supply controlled oscillator 120 illustrated in FIG. 8 is
formed by connecting an odd number of delay cells consti-
tuted by an inverter in a ring form and has an advantage that
it is easily embodied and has the lowest power consumption
with respect to an oscillation frequency.

The supply controlled oscillator 120 illustrated in FIG. 9 is
formed by connecting an even number of pseudo-differential
delay cells in a ring form and has an advantage that it has
superior phase noise performance and can generate an even
number of multi-phase clocks.

FIGS. 10 through 12 are drawings illustrating a supply
regulated voltage controlled oscillator (SRVCO) and an
operational amplifier 140 used as a supply regulator in accor-
dance with some embodiments of the inventive concept. The
operational amplifier 140 may adopt any circuit structure but
it is desirable to adopt a structure of two stages or less to
provide stability of a negative feedback.

Ifit is necessary to design an oscillator so that a frequency
ofthe oscillator becomes maximum in a given supply voltage,
a drop-out voltage of a supply regulator has to be minimized.
Inthis case, as illustrated in FIG. 10, a drop-out voltage can be
minimized by connecting a PMOS having a large W/L to an
output terminal of the first-stage operational amplifier 140 to
embody a two-stage amplifier.

Ifasupply voltage is sufficiently high, as illustrated in FIG.
11, the operational amplifier 140 can be designed using a
differential amplifier. If a supply voltage becomes 0.5V or
less, since MOSFETSs constituting an amplifier circuit cannot
operate in a saturation region, performance of the amplifier
may be greatly degraded. In this case, a Baze amplifier illus-
trated in FIG. 12 may be used. This is because although
MOSFETs constituting an amplifier circuit operate in a linear
region, the Baze amplifier can provide a sufficiently high
voltage gain and a wide bandwidth.

FIGS. 13A, 13B and 14 are drawings illustrating a supply
regulated voltage controlled oscillator having a function of an
active loop filter and a simulation result of a phase locked loop
using the supply regulated voltage controlled oscillator in
accordance with some embodiments of the inventive concept.

FIGS. 13A and 13B illustrate that an output voltage of a
charge pump is separated from a control voltage of an oscil-
lator, which is an advantage of an active loop filter. FIG. 13A
illustrates an output voltage of a charge pump and a control
voltage of an oscillator when using a conventional passive



US 9,048,849 B2

9

loop filter and a supply regulated voltage controlled oscilla-
tor. FIG. 13B illustrates an output voltage of a charge pump
and a control voltage of an oscillator when using a supply
regulated voltage controlled oscillator having a function of an
active loop filter in accordance with some embodiments of the
inventive concept. As illustrated in FIG. 13B, when using a
supply regulated voltage controlled oscillator having a func-
tion of an active loop filter in accordance with some embodi-
ments of the inventive concept, an output voltage V_ is sepa-
rated from a control voltage V gz, to converge to a specific
voltage.

FIG. 14 illustrates performance of a phase locked loop
using a supply regulated voltage controlled oscillator having
a function of an active loop filter in accordance with some
embodiments of the inventive concept. When adding a noise
of 0.2V at a supply voltage of 1V, even if the supply voltage
is changed by 20, output jitter performance of the phase
locked loop is not greatly degraded.

The results illustrated in FIGS. 13 A, 13B and 14 are advan-
tages of a conventional active loop filter and a supply regu-
lated voltage controlled oscillator. The supply regulated volt-
age controlled oscillator having a function of an active loop
filter performs a supply regulation function and an active loop
filter function using only one operational amplifier.

According to some embodiments of the inventive concept,
since an operational amplifier is not additionally used, a sup-
ply regulated voltage controlled oscillator having an active
loop filter can be provided while power, chip area and noise
performance do not suffer a loss.

According to some embodiments of the inventive concept,
since using an active loop filter included in a supply regulated
voltage controlled oscillator, in a phase locked loop, an output
voltage of a charge pump and a control voltage of an oscillator
can be separated from each other and the output voltage of the
charge pump can be fixed to a specific voltage, a design
condition with respect to an output voltage range of the
charge pump can be greatly eased or a supply voltage can be
effectively lowered.

According to some embodiments of the inventive concept,
various transfer functions can be embodied without using an
inductor through a supply regulated voltage controlled oscil-
lator having a function of an active loop filter.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of the inventive concept. Thus, to the maximum extent
allowed by law, the scope of the inventive concept is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A phase locked loop comprising:

a phase frequency detector comparing a reference fre-
quency and a frequency of a signal corresponding to a
clock signal to output a pulse signal in response to a
difference between the reference frequency and the fre-
quency of the signal;

a charge pump controlling charge amount on the basis of
the pulse signal; and

a supply regulated voltage controlled oscillator outputting
the clock signal in response to an input signal, the supply
regulated voltage controlled oscillator comprising an
operational amplifier used as a supply regulator, a nega-
tive feedback circuit connected to an output terminal of
the operational amplifier and feeding an output signal of
the operational amplifier back to an inverting input ter-

3

<

40

45

60

10

minal of the operational amplifier, a notch filter con-
nected between an output terminal of the charge pump
and the inverting input terminal of the operational ampli-
fier, and a supply controlled oscillator outputting the
clock signal in response to the output signal of the opera-
tional amplifier,

wherein an output of the charge punip is input to the invert-
ing input terminal of the operational amplifier,

wherein a reference voltage is input to a non-inverting
input terminal of the operational amplifier, and

wherein a capacitor is connected between the notch filter
and the output terminal of the amplifier.

2. The phase locked loop of claim 1, wherein the supply
regulated voltage controlled oscillator further comprises a
PMOS for minimizing a drop-out voltage of the supply regu-
lator of the supply regulated voltage controlled oscillator so
that an output frequency of the supply regulated voltage con-
trolled oscillator is maximized.

3. The phase locked loop of claim 1, wherein in the case
that a supply voltage of the supply regulated voltage con-
trolled oscillator is 0.5V or less, the operational amplifier is a
Baze amplifier.

4. The phase locked loop of claim 1, wherein the negative
feedback circuit comprises a resistor and a capacitor con-
nected to each other in parallel.

5. The phase locked loop of claim 4, wherein the negative
feedback circuit comprises a notch filter.

6. A phase locked loop comprising:

a supply regulated voltage controlled oscillator outputting

a clock signal in response to an input signal;

a frequency divider receiving a feedback signal from the
supply regulated voltage controlled oscillator and divid-
ing a frequency of the feedback signal;

a phase frequency detector comparing a reference fre-
quency and a frequency of an output of the frequency
divider to output a pulse signal in response to a differ-
ence between the reference frequency and the frequency
of the output; and

a charge pump controlling charge amount on the basis of
the pulse signal,

wherein the supply regulated voltage controlled oscillator
comprises:
an operational amplifier having an inverting input termi-

nal and a non-inverting input terminal;

a negative feedback circuit connected to an output ter-
minal of the operational amplifier and feeding an out-
put signal of the operational amplifier back to the
inverting input terminal of the operational amplifier;

a notch filter connected between an output terminal of
the charge pump and the inverting input terminal of
the operational amplifier; and

a supply controlled oscillator outputting the clock signal
in response to the output signal of the operational
amplifier,

wherein an output of the charge pump is input to the invert-
ing input terminal of the operational amplifier,

wherein a reference voltage is input to the non-inverting
input terminal of the operational amplifier,

wherein the negative feedback circuit comprises a loop
filter including passive elements to interact with the
operational amplifier, and whereby having an active
loop filter function, and

wherein a capacitor is connected between the output ter-
minal of the operational amplifier and the notch filter.
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7. The phase locked loop of claim 2, wherein a gate termi-
nal of the PMOS is connected to the output terminal of the
operational amplifier and a source terminal of the PMOS is
connected to Vdd, and

wherein the negative feedback circuit feeds an output sig-

nal of a drain terminal of the PMOS back to the inverting
input terminal of the operational amplifier.

8. The phase locked loop of claim 1, wherein the notch
filter includes two resistors and two capacitors in parallel with
the two resistors, and

wherein the capacitor is connected between the output

terminal of the operational amplifier and a connection
between the two resistors of the notch filter.

9. The phase locked loop of claim 6, wherein the notch
filter includes two resistors and two capacitors in parallel with
the two resistors, and

wherein the capacitor is connected between the output

terminal of the operational amplifier and a connection
between the two resistors of the notch filter.
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