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SIGNAL PROCESSING APPARATUS, AND
APPARATUS AND METHOD FOR DRIVING
GYRO SENSOR USING SIGNAL
PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 USC
119(a) of Korean Patent Application No. 10-2015-0037318
filed on Mar. 18, 2015 in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] 1. Field

[0003] The following description relates to a signal pro-
cessing apparatus, and an apparatus and a method of driving
a gyro sensor using the signal processing apparatus.

[0004] 2. Description of Related Art

[0005] Ingeneral, in orderto improve sensitivity to a signal,
a technology that improves a signal-to-noise (S/N) ratio is
used. For example, by improving the S/N ratio, performance
of'a gyro sensor may be improved. Therefore, signal process-
ing technology for improving the S/N ratio of gyro sensors is
desirable.

[0006] A noise-concealing method using a phase difference
between a phase of a signal and a phase of noise may be
considered as a method for improving a S/N ratio. However,
since the phase difference may not be uniform, a problem may
occur in which the S/N ratio is deteriorated.

SUMMARY

[0007] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
[0008] According to one general aspect, a signal processing
apparatus includes: a clock generator configured to generate
a clock signal having a phase based on a phase of an input
signal; a phase modulator configured to shift the phase of the
clock signal to generate a phase-shifted clock signal; and a
signal synthesizer configured to synthesize the phase-shifted
clock signal and the input signal to generate a synthesized
signal, wherein the phase modulator is configured to deter-
mine a value by which to shift the phase of the clock signal
based on an amplitude of the input signal and an amplitude of
noise included in the input signal.

[0009] The clock generator may be configured to generate
the clock signal using a self-oscillation loop such that the
phase of the clock signal is the same as the phase of the input
signal.

[0010] The signal processing apparatus may further include
a low-pass filter configured to perform low-pass filtering on
the synthesized signal.

[0011] According to another general aspect, an apparatus
for driving a gyro sensor includes: a clock generator config-
ured to generate a clock signal having a phase based on a
phase of a driving signal; a phase modulator configured to
shift the phase of the clock signal to generate a phase-shifted
clock signal; a signal synthesizer configured to synthesize the
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phase-shifted clock signal to generate a synthesized signal;
and a low-pass filter configured to perform low-pass filtering
on the synthesized signal.

[0012] The clock generator may include a phase shifter
configured to phase-shift the driving signal by 90°. The phase
shifter may be configured to phase-shift a feedback signal
including driving displacement information of the gyro sen-
sor by 90°, and feed back the phase-shifted feedback signal to
the driving signal to generate the clock signal.

[0013] The phase modulator may include an amplifier con-
figured to amplify the clock signal generated by the clock
generator. The phase modulator may be configured to per-
form phase correction such that the phase of the driving signal
sensed when the gyro sensor is stopped and the phase of the
clock signal have a phase difference of 90°. The phase modu-
lator may be configured to perform the phase correction such
that the phase of the driving signal sensed when the gyro
sensor is rotated and the phase of the clock signal have a phase
difference of 0°.

[0014] The apparatus may further include a sensor config-
ured to sense driving displacements of three axes of the gyro
sensor, wherein the phase modulator is configured to inde-
pendently shift the phase ofthe clock signal for the three axes,
and the signal synthesizer is configured to synthesize corre-
sponding components of the driving signal for the three axes
with the phase-shifted clock signal.

[0015] The phase modulator may be configured to deter-
mine a value by which to shift the phase of the clock signal
based on an amplitude of the driving signal and an amplitude
of'noise included in the driving signal.

[0016] According to another general aspect, a signal pro-
cessing method includes: generating, at a clock generator, a
clock signal having a phase based on a phase of an input
signal; shifting, at a phase modulator, the phase of the clock
signal to generate a phase-shifted clock signal; combining
phase-shifted clock signal and the input signal to generate a
combined signal; and performing low-pass filtering on the
combined signal.

[0017] Thecombiningofthe phase-shifted clock signal and
the input signal may include multiplying the phase-shifted
clock signal and the input signal.

[0018] The input signal may be generated by a gyroscope.
[0019] The method may further include generating the
clock signal using a self-oscillation loop.

[0020] The phase modulator may be configured to deter-
mine a value by which to shift the phase of the clock signal
based on an amplitude of the input signal and an amplitude of
noise included in the input signal.

[0021] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a view illustrating a signal processing
apparatus, according to an embodiment.

[0023] FIG. 2 is a view illustrating an apparatus for driving
a gyro sensor, according to an embodiment.

[0024] FIG. 3 is a graph illustrating a signal when the gyro
sensor is rotated, and a clock, according to an embodiment.
[0025] FIG. 4 is a graph illustrating a signal when the gyro
sensor is stopped, and a clock, according to an embodiment.
[0026] FIG. 5 is a graph illustrating a phase distortion of a
signal when the gyro sensor is stopped, according to an
embodiment.
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[0027] Throughout the drawings and the detailed descrip-
tion, the same reference numerals refer to the same elements.
The drawings may not be to scale, and the relative size,
proportions, and depiction of elements in the drawings may
be exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0028] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents of
the methods, apparatuses, and/or systems described herein
will be apparent to one of ordinary skill in the art. The
sequences of operations described herein are merely
examples, and are not limited to those set forth herein, but
may be changed as will be apparent to one of ordinary skill in
the art, with the exception of operations necessarily occurring
in a certain order. Also, descriptions of functions and con-
structions that are well known to one of ordinary skill in the
art may be omitted for increased clarity and conciseness.
[0029] The features described herein may be embodied in
different forms, and are not to be construed as being limited to
the examples described herein. Rather, the examples
described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full scope
of the disclosure to one of ordinary skill in the art.

[0030] Throughout the specification, it will be understood
that when an element, such as a layer, region or wafer (sub-
strate), is referred to as being “on,” “connected to,” or
“coupled to” another element, it can be directly “on,” “con-
nected to,” or “coupled to” the other element or other ele-
ments intervening therebetween may be present. In contrast,
when an element is referred to as being “directly on,”
“directly connected to,” or “directly coupled to” another ele-
ment, there may be no elements or layers intervening ther-
ebetween. Like numerals refer to like elements throughout.
As used herein, the term “and/or” includes any and all com-
binations of one or more of the associated listed items.

[0031] It will be apparent that though the terms first, sec-
ond, third, etc. may be used herein to describe various mem-
bers, components, regions, layers and/or sections, these
members, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one member, component, region, layer or section
from another region, layer or section. Thus, a first member,
component, region, layer or section discussed below could be
termed a second member, component, region, layer or section
without departing from the teachings of the disclosed
embodiments.

[0032] The terminology used herein is for describing par-
ticular embodiments only and is not intended to be limiting of
the inventive concept. 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” when used in this specification, specify the presence
of stated features, integers, steps, operations, members, ele-
ments, and/or groups thereof, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, members, elements, and/or groups thereof.

[0033] FIG. 1 is a view illustrating a signal processing
apparatus 100, according to an embodiment. Referring to
FIG. 1, the signal processing apparatus 100 includes a clock
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generator 110, a phase modulator 120, a signal synthesizer
130, a low-pass filter 140, and a sensor 150.

[0034] The clock generator 110 determines a phase of an
input signal Drv generated by the sensor 150, and generates a
clock signal (hereinafter, “clock™) CLK having a phase of a
preset phase difference with respect to the input signal Drv.
[0035] The preset phase difference may be represented dif-
ferently, depending on a reference for the phase of the input
signal Drv and a reference for the phase of the clock CLK. For
example, the reference for the phase of the input signal Drv
may be 0° of a sin waveform, and the reference for the phase
of'the clock CLK may be an instant at which the phase of the
clock is increased from a low value to a high value. Therefore,
the preset phase difference may be 0°.

[0036] For example, the clock generator 110 generates a
clock having the same phase as the phase of the input signal
Drv using a self-oscillation loop. To achieve this, the self-
oscillation loop feeds back the input signal Drv and phase-
shifts the input signal Drv by a preset phase value. As a result,
a feedback circuit operates in an unstable state to generate a
clock signal.

[0037] Theclock generator 110 includes a phase shifter 111
to perform the phase-shifting by the preset phase. For
example, the phase shifter 111 phase-shifts the input signal
Drv by 90°, and feeds back the phase-shifted input signal Drv
to generate the clock CLK.

[0038] The phase modulator 120 shifts the phase of the
clock generated by the clock generator 110 by a predeter-
mined phase value and corrects the phase of the clock CLK.
For example, the phase of the input signal Drv is shifted by the
clock generator 110. However, due to reasons such as an
occurrence condition of the clock CLK, and the like, the value
of the phase shift performed by the clock generator 110 may
not be changed. Therefore, the phase modulator 120 corrects
a phase of a pre-generated clock, thereby efficiently correct-
ing the phase of the clock CLK.

[0039] Further, the phase modulator 120 determines a value
by which to shift the phase of the clock signal based on an
amplitude of the input signal Drv and an amplitude of noise
included in the input signal Drv. A detailed description of
such a determination will be provided below with reference to
FIG. 4.

[0040] The phase modulator 120 is connected to an ampli-
fier 121 amplifying the clock CLK generated by the clock
generator 110. The amplifier 121 amplifies the clock CLK,
such that the phase modulator 120 efficiently corrects the
phase of the clock CLK.

[0041] The signal synthesizer 130 synthesizes the clock
CLK, having the phase corrected by the phase modulator 120,
and the input signal Drv. For example, the signal synthesizer
130 is a demodulator or a mixer that receives two signals and
outputs a product of the two signals. Thus, the signal synthe-
sizer 130 multiplies the phase-corrected clock CLK and the
input signal Drv to generate a synthesized signal.

[0042] Inacaseinwhich afrequency ofthe input signal and
afrequency of the clock are the same as each other, the output
of the signal synthesizer 130 is varied depending on a phase
difference between the phase of the input signal Drv and the
phase of the phase-corrected clock CLK. For example, in a
case in which a phase difference of the input signal Drv and
the phase-corrected clock CLK is 0° or 180°, the output of the
synthesizer 130 is significantly increased. For example, in a
case in which the phase difference of the input signal Drv and
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the phase-corrected clock CLK is 90° or 270°, the output of
the signal synthesizer 130 is significantly decreased.

[0043] For example, the output of the signal synthesizer
130 for the input signal Drv is significantly increased, and the
output of the signal synthesizer 130 for noise is significantly
decreased. A detail description of such an effect will be pro-
vided below with reference to FIGS. 3 and 4.

[0044] The low-pass filter 140 performs low-pass filtering
on the signal synthesized by the signal synthesizer 130. For
example, a cut-off frequency of the low-pass filter 140 is
lower than basic frequencies of the input signal Drv and the
clock CLK. Therefore, the low-pass filter 140 outputs a direct
current (DC) offset. For example, in a case in which the input
signal Drv is the sensor signal, the sensing of the sensor 150
may be confirmed using the DC offset output from the low-
pass filter 140.

[0045] The sensor 150 includes a sensor sensing the input
signal Drv. For example, the signal processing apparatus 100
may be a sensor module connected to the sensor. Therefore,
the signal processing apparatus 100, according to an embodi-
ment, may be included in an apparatus 200 for driving a gyro
sensor to be described below with reference to FIG. 2.
[0046] FIG. 2 is a view illustrating the apparatus 200 for
driving a gyro sensor, according to an embodiment. Referring
to FIG. 2, the apparatus 200 includes a clock generator 210, a
phase modulator 220, a signal synthesizer 230, a low-pass
filter 240, and a sensor 250. Further, the apparatus 200 drives
a gyro sensor 300.

[0047] The clock generator 210 determines a phase of a
driving signal Drv of the gyro sensor 300 and generates a
clock CLK having a phase of a preset phase difference with
respect to the driving signal Drv. The driving signal Drv is, for
example, a signal sensed when the gyro sensor is rotated.
[0048] The phase modulator 220 shifts a phase of the clock
CLK generated by the clock generator 210 by a predeter-
mined phase and corrects the phase of the clock CLK. For
example, the phase modulator 220 corrects the phase so that
a phase of the signal Drv sensed when the gyro sensor 300 is
stopped and the phase of the clock CLK have a phase differ-
ence of 90°.

[0049] The signal synthesizer 230 synthesizes the clock
CLK, having the phase corrected by the phase modulator 220,
and the driving signal Drv in order to generate a synthesized
signal.

[0050] The low-pass filter 240 performs low-pass filtering
on the signal synthesized by the signal synthesizer 230.

[0051] The sensor 250 senses driving displacements of
three axes Wx, Wy, and Wz of the gyro sensor 300. Thus, the
driving signal Drv includes three signal components respec-
tively corresponding to the three axes Wx, Wy, and Wz.
Accordingly, the phase modulator 220 independently cor-
rects the phase of the clock CLK for the three axes of Wx, Wy,
and Wz the gyro sensor 300 to generate three respective
phase-corrected clocks corresponding to the three axes Wx,
Wy, and Wz. Therefore, the signal synthesizer 230 synthe-
sizes each component of the driving signal Drv for the three
axes of the gyro sensor 300 with phase-corrected clocks CLK
having the phases independently corrected for the three axes.
[0052] The gyro sensor 300 may sense angular speed of a
vibrating mass using Coriolis force. For example, the gyro
sensor 300 may sense angular speed of a mass vibrated by the
driving signal Drv. A displacement by the vibration of the
gyro sensor 300 may be used in the clock generator 210.
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[0053] FIG. 3 is a graph illustrating a driving signal Drv
when the gyro sensor 300 is rotated, and a clock CLK. Refer-
ring to FIG. 3, the horizontal axis shows a phase (deg), and the
vertical axis shows a value of the clock CLK or the signal Drv
when the gyro sensor 300 is rotated. Here, a phase difference
between the phase of the clock CLK and the phase of the
signal Drv when the gyro sensor is rotated is 0° or 180°.
Therefore, a product of the clock and the signal when the gyro
sensor is rotated is significantly increased, and sensitivity is
significantly increased.

[0054] FIG. 4 is a graph illustrating a signal when the gyro
sensor 200 is stopped, and a clock CLK. Referring to FIG. 4,
the horizontal axis shows a phase (deg), and the vertical axis
shows a value of the clock CLK or the signal Drv when the
gyro sensor 300 is stopped. Here, a phase difference between
the phase of the clock and the phase of the signal when the
gyro sensor is stopped is 90° or 270°. Therefore, a product of
the clock and the signal when the gyro sensor is rotated is
significantly decreased, and noise is significantly decreased.
[0055] Hereinafter, a relationship between the signal when
the gyro sensor 300 is stopped and noise will be described.
Noise is affected by signals output from the mass when the
gyro sensor 300 is stopped.

[0056] As a first phenomenon, a mechanical quadrature
signal presented by asymmetry of the mass, a spring, or the
like affects the noise. The mechanical quadrature signal is a
signal incurred because a perfectly symmetrical structure
cannot be practically formed.

[0057] As a second phenomenon, a signal presented by a
non-proportional damping incurred by an oft-diagonal term
of'a damping matrix, affects the noise. Since the signal pre-
sented by the non-proportional damping has the same phase
as that of Coriolis force and has a large structural influence, it
may be a difficult signal to cancel.

[0058] As athird phenomenon, an electrical cross coupling
signal occurring while the driving signal Drv is sensed from a
sensed signal, due to the driving signal Drv electrically affect-
ing the sensed signal, affects the noise. The electronic cou-
pling signal may have the same phase as that of Coriolis force
due to the affect by the driving signal Drv.

[0059] As a fourth phenomenon, a direct motion coupling
signal incurred while the mass is directly moved by the driv-
ing signal Drv affects the noise. A difference between the
direct motion coupling signal and the mechanical quadrature
signal is not driving force, but force having the same phase as
that of Coriolis force because the sensed mass is directly
moved by the driving signal Drv.

[0060] As a fifth phenomenon, a cross-coupling in elec-
tronics phenomenon in which various signals incurred due to
parasitic capacitance or inductance incurred in a circuit affect
the sensed signal, affect noise. Further, the cross-coupling in
electronics may exist as signals having the same phase as that
of Coriolis force due to various signal components.

[0061] The remaining signals and phenomena (the second
signal to the fifth phenomenon) described above except for
the mechanical quadrature signal may be defined as internal
and external interference signals of the sensor. A phase ofthe
mechanical quadrature signal and a phase of the signal Drv
when the gyro sensor 300 is stopped may have a phase dif-
ference of 0° or 180°. A phase of the interference signal and
the phase of the signal Drv when the gyro sensor is stopped
may have a phase difference of 90° or 270°.

[0062] In a case in which amplitude of the mechanical
quadrature signal is greater than amplitude of the interference
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signal, the noise may be almost affected by the mechanical
quadrature signal. Therefore, a phase difference between the
phase of the signal Drv when the gyro sensor is stopped and
a phase of noise may be close to 0° or 180°.

[0063] Further, in a case in which amplitude of the
mechanical quadrature signal is similar to or less than ampli-
tude of the interference signal, an influence of the mechanical
quadrature signal on the noise may be small. Therefore, the
phase difference between the phase of the signal when the
gyro sensor is stopped and the phase of noise may be different
from 0° or 180°.

[0064] Therefore, in a case in which the phase of the clock
CLK is not corrected by the phase modulator 220 included in
the apparatus 200, a S/N ratio of the gyro sensor 300 may be
deteriorated.

[0065] FIG. 5 is a graph illustrating a phase distortion of a
signal Drv when the gyro sensor 300 is stopped. Referring to
FIG. 5, the horizontal axis shows a time, and the vertical axis
shows values of the driving signal Drv when the gyro sensor
300 is rotated and the signal Drv when the gyro sensor is
stopped. For example, a phase difference between a phase of
the driving signal Drv when the gyro sensor 300 is rotated and
aphase of the signal Drv when the gyro sensor 300 is stopped
may be 110°. That is, FIG. 5 illustrates a case in which the
phase difference between the phase of the signal Drv when
the gyro sensor is stopped and the phase of noise is different
from 0° or 180°.

[0066] The phase distortion is determined by the following
Equation 1.

N ) [Equation 1]
noise = J %Z GGI GaV,sin(P)(t) A(zmcos(f’q))]

k

(A, quadrature Signal Amplitude Average, A(t): quadrature
Signal Amplitude Change P,: quadrature Signal Phase Aver-
age, ¢(1): quadrature Signal Phase Change)

[0067] Therefore, the phase of the clock CLK is corrected
by the phase modulator 220 included in the apparatus 200,
such that the S/N ratio of the gyro sensor 300 is improved.
[0068] Forexample, ina case in which the phase modulator
200 shifts the phase by 15° to 30°, sensitivity may be
increased to a maximum of 30%. For example, in a case in
which the phase modulator 200 shifts the phase by 15°to 30°,
noise may be decreased to a minimum of 30%.

[0069] Forexample, in a case in which the phase modulator
200 shifts the phase by 15° to 30°, noise density may be
decreased to a maximum of 70%.

[0070] As set forth above, according to the embodiments
disclosed herein, the S/N ratio of a gyro sensor may be
improved.

[0071] The apparatuses, units, modules, devices, and other
components (e.g., the clock generators 110 and 210, the phase
shifter 111, the amplifier 121, the phase modulators 120 and
220, the synthesizers 130 and 230, the LPFs 140 and 240, the
sensors 150 and 250 and the gyro sensor 300) illustrated in
FIGS. 1 and 2 that perform the operations described herein
are implemented by hardware components. Examples of
hardware components include controllers, sensors, genera-
tors, drivers, and any other electronic components known to
one of ordinary skill in the art. In one example, the hardware
components are implemented by one or more processors or

Sep. 22, 2016

computers. A processor or computer is implemented by one
or more processing elements, such as an array of logic gates,
a controller and an arithmetic logic unit, a digital signal
processor, a microcomputer, a programmable logic control-
ler, a field-programmable gate array, a programmable logic
array, a microprocessor, or any other device or combination of
devices known to one of ordinary skill in the art that is capable
of responding to and executing instructions in a defined man-
ner to achieve a desired result. In one example, a processor or
computer includes, or is connected to, one or more memories
storing instructions or software that are executed by the pro-
cessor or computer. Hardware components implemented by a
processor or computer execute instructions or software, such
as an operating system (OS) and one or more software appli-
cations that run on the OS, to perform the operations
described herein with respect to FIGS. 1 and 2. The hardware
components also access, manipulate, process, create, and
store data in response to execution of the instructions or
software. For simplicity, the singular term “processor” or
“computer” may be used in the description of the examples
described herein, but in other examples multiple processors
or computers are used, or a processor or computer includes
multiple processing elements, or multiple types of processing
elements, or both. In one example, a hardware component
includes multiple processors, and in another example, a hard-
ware component includes a processor and a controller. A
hardware component has any one or more of different pro-
cessing configurations, examples of which include a single
processor, independent processors, parallel processors,
single-instruction  single-data  (SISD) multiprocessing,
single-instruction multiple-data (SIMD) multiprocessing,
multiple-instruction single-data (MISD) multiprocessing,
and multiple-instruction multiple-data (MIMD) multipro-
cessing.

[0072] Instructions or software to control a processor or
computer to implement the hardware components and per-
form the methods as described above are written as computer
programs, code segments, instructions or any combination
thereof, for individually or collectively instructing or config-
uring the processor or computer to operate as a machine or
special-purpose computer to perform the operations per-
formed by the hardware components and the methods as
described above. In one example, the instructions or software
include machine code that is directly executed by the proces-
sor or computer, such as machine code produced by a com-
piler. In another example, the instructions or software include
higher-level code that is executed by the processor or com-
puter using an interpreter. Programmers of ordinary skill in
the art can readily write the instructions or software based on
the block diagrams illustrated in the drawings and the corre-
sponding descriptions in the specification, which disclose
algorithms for performing the operations performed by the
hardware components as described above.

[0073] The instructions or software to control a processor
or computer to implement the hardware components and
perform the methods as described above, and any associated
data, data files, and data structures, are recorded, stored, or
fixed in or on one or more non-transitory computer-readable
storage media. Examples of a non-transitory computer-read-
able storage medium include read-only memory (ROM), ran-
dom-access memory (RAM), flash memory, CD-ROMs, CD-
Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs,
DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs,
BD-ROMs, BD-Rs, BD-R LTHs, BD-REs, magnetic tapes,
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floppy disks, magneto-optical data storage devices, optical
data storage devices, hard disks, solid-state disks, and any
device known to one of ordinary skill in the art that is capable
of storing the instructions or software and any associated
data, data files, and data structures in a non-transitory manner
and providing the instructions or software and any associated
data, data files, and data structures to a processor or computer
so that the processor or computer can execute the instructions.
In one example, the instructions or software and any associ-
ated data, data files, and data structures are distributed over
network-coupled computer systems so that the instructions
and software and any associated data, data files, and data
structures are stored, accessed, and executed in a distributed
fashion by the processor or computer.

[0074] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes of
limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may be
achieved if the described techniques are performed in a dif-
ferent order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner, and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.

What is claimed is:

1. A signal processing apparatus comprising:

a clock generator configured to generate a clock signal

having a phase based on a phase of an input signal;
aphase modulator configured to shift the phase of the clock
signal to generate a phase-shifted clock signal; and

a signal synthesizer configured to synthesize the phase-

shifted clock signal and the input signal to generate a
synthesized signal,

wherein the phase modulator is configured to determine a

value by which to shift the phase of the clock signal
based on an amplitude of the input signal and an ampli-
tude of noise included in the input signal.

2. The signal processing apparatus of claim 1, wherein the
clock generator is configured to generate the clock signal
using a self-oscillation loop such that the phase of the clock
signal is the same as the phase of the input signal.

3. The signal processing apparatus of claim 1, further com-
prising a low-pass filter configured to perform low-pass fil-
tering on the synthesized signal.

4. An apparatus for driving a gyro sensor, the apparatus
comprising:

a clock generator configured to generate a clock signal

having a phase based on a phase of a driving signal;
aphase modulator configured to shift the phase of the clock
signal to generate a phase-shifted clock signal;
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a signal synthesizer configured to synthesize the phase-

shifted clock signal to generate a synthesized signal; and

a low-pass filter configured to perform low-pass filtering

on the synthesized signal.

5. The apparatus of claim 4, wherein:

the clock generator comprises a phase shifter configured to

phase-shift the driving signal by 90°; and

the phase shifter is configured to phase-shift a feedback

signal including driving displacement information of the
gyro sensor by 90°, and feed back the phase-shifted
feedback signal to the driving signal to generate the
clock signal.

6. The apparatus of claim 4, wherein:

the phase modulator includes an amplifier configured to

amplify the clock signal generated by the clock genera-
tor;

the phase modulator is configured to perform phase cor-

rection such that the phase of the driving signal sensed
when the gyro sensor is stopped and the phase of the
clock signal have a phase difference of 90°; and

the phase modulator is configured to perform the phase

correction such that the phase of the driving signal
sensed when the gyro sensor is rotated and the phase of
the clock signal have a phase difference of 0°.

7. The apparatus of claim 4, further comprising a sensor
configured to sense driving displacements of three axes of the
EYro sensor,

wherein the phase modulator is configured to indepen-

dently shift the phase of the clock signal for the three
axes, and

wherein the signal synthesizer is configured to synthesize

corresponding components of the driving signal for the
three axes with the phase-shifted clock signal.

8. The apparatus of claim 4, wherein the phase modulator is
configured to determine a value by which to shift the phase of
the clock signal based on an amplitude of the driving signal
and an amplitude of noise included in the driving signal.

9. A signal processing method, comprising:

generating, at a clock generator, a clock signal having a

phase based on a phase of an input signal;

shifting, at a phase modulator, the phase of the clock signal

to generate a phase-shifted clock signal;

combining phase-shifted clock signal and the input signal

to generate a combined signal; and

performing low-pass filtering on the combined signal.

10. The method of claim 9, wherein the combining of the
phase-shifted clock signal and the input signal comprises
multiplying the phase-shifted clock signal and the input sig-
nal.

11. The method of claim 9, wherein the input signal is
generated by a gyroscope.

12. The method of claim 9, further comprising generating
the clock signal using a self-oscillation loop.

13. The method of claim 9, wherein the phase modulator is
configured to determine a value by which to shift the phase of
the clock signal based on an amplitude of the input signal and
an amplitude of noise included in the input signal.
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