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BRIEF DESCRIPTION OF THE DRAWINGS

25 In the drawings, like reference characters generally refer
to like parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the inven
tion. In the following description, various embodiments of
the invention are described with reference to the following
drawings, in which:

FIG. lA shows a schematic cross sectional view of a
transducer, according to various embodiments.

FIG. IB shows a flow chart illustrating a method of
controlling a transducer, according to various embodiments.

FIGS. 2A and 2B show a perspective view and a sche
matic cross sectional view of a microphone, respectively,
according to various embodiments.

FIG. 2C shows a cross sectional view of a microphone,
according to various embodiments.

FIG. 2D shows a schematic top view of a microphone,
according to various embodiments.

FIG. 3A shows a schematic of an acoustic wave front
arriving at a diaphragm of a microphone, according to
various embodiments.

FIG. 3B shows a schematic of the components of an
incident acoustic wave on a diaphragm of a microphone,
according to various embodiments.

FIG. 3C shows a directivity pattern of a microphone,
according to various embodiments.

FIG. 3D shows a partial perspective view of a comb
structure of a microphone, according to various embodi
ments.

FIGS. 4A and 4B show respective working models of the
dual mode microphone of various embodiments.

FIGS. SA to SL show, as cross-sectional views, various
processing stages of a method for manufacturing a micro
phone, according to various embodiments.

FIG. 6 shows a schematic top view of a representative
60 layout of a microphone for simulation, according to various

embodiments.
FIG. 7 shows respective plots of frequency responses of

the microphone of the embodiment of FIG. 6 in directional
and Omni modes, with ambient air damping.

FIG. SA shows a plot of process-induced variation in the
resonant frequency of a diaphragm of a microphone in an
Onmi mode.

phragm in the first mode of operation, and to decide to
accept or reject the acoustic signal based on at least one
predetermined parameter and the determined direction of the
acoustic signal, and in a second mode of operation, to sense
the acoustic signal based on a second displacement of the
diaphragm in the second mode of operation if the acoustic
signal is accepted in the first mode of operation.

According to an embodiment, a method of controlling a
transducer is provided. The method may include receiving

10 an acoustic signal impinging on a diaphragm of a transducer,
the diaphragm being suspended from a substrate of the
transducer and being displaceable in response to the acoustic
signal, determining a direction of the acoustic signal based

15 on a first displacement of the diaphragm in a first mode of
operation of the transducer, deciding to accept or reject the
acoustic signal based on at least one predetermined param
eter and the determined direction of the acoustic signal, and
sensing the acoustic signal based on a second displacement

20 of the diaphragm in a second mode of operation of the
transducer if the acoustic signal is accepted.

SUMMARY

BACKGROUND

TECHNICAL FIELD

CROSS-REFERENCE TO RELATED
APPLICATION

1
TRANSDUCER AND METHOD OF

CONTROLLING THE SAME

Various embodiments relate to a transducer and a method
of controlling a transducer.

A microphone is a listening sensor which converts a
sound signal to an electrical signal. The MEMS (Microelec
tromechanical systems) microphone market has been
increasing since the last five years due to the successful
applications ofMEMS microphones in consumer electronics
such as mobile phones, personal computers (PCs) and lap
tops, digital cameras, etc.

There are mainly two kinds of MEMS microphones; one
being a parallel plate capacitor based microphone, which
listens to the input sound signal and works in an Onmi mode
or its mechanical out of plane motion mode. As the main
stream MEMS microphones in the consumer electronics 30

market, this type of microphones can listen to the input
sound signal very well. However, the microphone listens to
all sound signals applied at its diaphragm, including those
signals that are undesired, such as background noise caused
by wind or traffic around the microphone. In addition, this 35

type of microphones suffers from a stiction (static friction)
issue because of its small electrostatic gap (2 flm-4 flm)
between the diaphragm and the back plate, a large dia
phragm radius (usually >500 flm) and a small diaphragm
thickness (usually <2 flm). An anti-stiction coating, e.g. a 40

self assembled monolayer (SAM), etc., can be used to solve
this stiction issue, but it will add to the costs of the
microphones.

The other type of microphone is a bio-inspired micro
phone, which usually is used for sound source localization 45

and works in a directional mode or its mechanical rocking
mode. One example is a comb finger based directional
microphone, which utilizes an optical measurement method
to realize low noise differential detection and sound source
localization. Another example is a centrally-supported cir- 50

cular diaphragm based microphone for large sensitivity and
exact sound source localization.

Both types of microphones have a common point in that
they only work in one mode: the Onmi mode or the
directional mode, meaning that the microphones either listen 55

to the sound (with no directivity) or judge the direction of
the sound source.

According to an embodiment, a transducer is provided.
The transducer may include a substrate, and a diaphragm
suspended from the substrate, wherein the diaphragm is
displaceable in response to an acoustic signal impinging on
the diaphragm, wherein the transducer is configured, in a 65

first mode of operation, to determine a direction of the
acoustic signal based on a first displacement of the dia-

This application claims the benefit of priority of Singa
pore patent application No. 201208975-1, filed 6 Dec. 2012,
the content of it being hereby incorporated by reference in
its entirety for all purposes.
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4
FIG. 8B shows a plot of process-induced variation in the

resonant frequency of a diaphragm of a microphone in a
directional mode.

FIGS. 9A and 9B show plots of displacements of a
diaphragm of a microphone in a directional mode and an
Onmi mode respectively.

DETAILED DESCRIPTION

The following detailed description refers to the accom
panying drawings that show, by way of illustration, specific
details and embodiments in which the invention may be
practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and struc
tural, logical, and electrical changes may be made without
departing from the scope of the invention. The various
embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other
embodiments to fonn new embodiments.

Embodiments described in the context of one of the
methods or devices are analogously valid for the other
method or device. Similarly, embodiments described in the
context of a method are analogously valid for a device, and
vIce versa.

Features that are described in the context of an embodi
ment may correspondingly be applicable to the same or
similar features in the other embodiments. Features that are
described in the context of an embodiment may correspond
ingly be applicable to the other embodiments, even if not
explicitly described in these other embodiments.

Furthermore, additions and/or combinations and/or alter
natives as described for a feature in the context of an
embodiment may correspondingly be applicable to the same
or similar feature in the other embodiments.

In the context of various embodiments, the articles "a",
"an" and "the" as used with regard to a feature or element
includes a reference to one or more of the features or
elements.

In the context of various embodiments, the phrase "at
least substantially" may include "exactly" and a reasonable
variance.

In the context of various embodiments, the tenn "about"
or "approximately" as applied to a numeric value encom
passes the exact value and a reasonable variance.

As used herein, the tenn "and/or" includes any and all
combinations of one or more of the associated listed items.

As used herein, the phrase of the fonn of "at least one of
A or B" may include A or B or both A and B. Correspond
ingly, the phrase of the form of "at least one ofA or B or C",
or including further listed items, may include any and all
combinations of one or more of the associated listed items.

Various embodiments may relate to a microphone, for
example a MEMS (Microelectromechanical systems) micro
phone, for example an Onmi and directional dual mode
microphone.

Various embodiments may provide a dual mode micro
phone, e.g. a dual mode capacitive MEMS microphone, and
its related working model. The dual mode microphone may
realize Onmi and directional modes using the same structure
of the microphone. The microphone structure may include
one or more supported springs, a diaphragm and one or more
vertical combs.

In various embodiments, the diaphragm may be a middle
(or centrally) suspended diaphragm, and may have a rocking
motion and an out of plane motion as the first two vibration
modes, which may be physically related to the directional
mode and the Onmi mode, respectively, of the microphone.

The directional mode may be used to judge the direction of
the sound signal, where it may then be decided whether to
reject or accept the sound signal according to its directivity
pattern and/or a pre-defined threshold. The Onmi mode may
be used to sense the sound signal accepted by the directional
mode.

The microphone of various embodiments may firstly
judge the direction of the input sound signal by its direc
tional or judging mode and may decide to accept or reject the

10 input sound signal according to a directivity pattern of the
microphone and/or a pre-defined threshold, and then may
sense the accepted sound signal by its Omni mode. There
fore, by having dual working modes, the microphone may

15 reject the unwanted (undesired) sound and may sense the
wanted (desired) sound.

The selective sensing of the dual mode microphone of
various embodiments may improve the sound or call quality
significantly and may decrease the interference by any

20 unwanted or undesired sound signal. In contrast, conven
tional microphones either listen to the sound or judge the
direction of the sound source but they never firstly judge the
direction of the sound, and then selectively listen to those
sounds that a user wants, as enabled by the microphone of

25 various embodiments.
In various embodiments, a type ofvertical comb structure

may be used to realize both the directional (or judging) mode
and the Onmi (or sensing) mode, so as to achieve dual
modes. The vertical comb structure may be used to reject

30 unwanted sound signals and sense the wanted sound signals
according to a directivity pattern of the microphone and/or
a pre-defined threshold. As a result of the use of the vertical
comb structure as the sensing structure, a back plate, which
is a critical structure in conventional parallel plate capacitor

35 based MEMS microphones to fonn a capacitor with the
diaphragm, may not be necessary in the microphone of
various embodiments. The back plate free design of various
embodiments may significantly simplifY the fabrication pro
cess, and may eliminate directly the stiction issue (i.e.

40 stiction free) associated with conventional parallel plate
capacitor based microphones, thus improving the yield and
reducing the costs of the microphones of various embodi
ments. Accordingly, the microphone of various embodi
ments may have a vertical comb structure and a back plate

45 free design.
Compared to a conventional single mode microphone,

various embodiments provide a dual mode microphone with
its related working model.

Compared to a conventional parallel plate capacitor based
50 microphone, the microphone of various embodiments uti

lizes one or more vertical comb structures to reject an
unwanted sound signal, which may have a large deviation
from a nonnal axis of a diaphragm of the microphone, and
may sense a wanted sound signal.

55 Compared to a conventional parallel plate capacitor based
microphone, the microphone of various embodiments uti
lizes a back plate free design. Thus, there may be no stiction
issue. Further, a higher process yield may be achieved.

Compared to a conventional single mode differential
60 microphone based on a common comb structure, the micro

phone of various embodiments utilizes one or more vertical
comb structures to realize a dual mode working.

It should be appreciated that one or more of the features
or principles employed in the transducer of various embodi

65 ments may be used for a hydrophone design.
FIG. 1A shows a schematic cross sectional view of a

transducer 100, according to various embodiments. The
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In the context of various embodiments, the first mode of
operation may be a directional mode (or judging mode) of
the transducer 100.

In the context of various embodiments, the second mode
of operation may be an Onmi mode (or sensing mode) of the
transducer 100.

In the context of various embodiments, the first and
second mode of operations may be related to the vibration
modes of the diaphragm 104. For example, the vibration
modes of the diaphragm 104 may include a rocking mode
that may be related to the first mode of operation, and an
out-of-plane mode that may be related to the second mode
of operation.

In, the context ofvarious embodiments, the first displace
15 ment of the diaphragm 104 and the second displacement of

the diaphragm 104 may be different motions.
In various embodiments, the first displacement of the

diaphragm 104 may be or may include a pivotal displace
ment, e.g. a rotational motion or a tilting motion. This may
mean that opposite sides or opposite end regions of the
diaphragm 104 may be displaced in opposite directions. For
example, one side of the diaphragm 104 may be displaced
upwardly while the opposite side of the diaphragm 104 may
be displaced downwardly.

In various embodiments, the second displacement of the
diaphragm 104 may be a linear displacement, where the
diaphragm 104 may be displaced in a single direction or
bi-directionally. For example, the diaphragm 104 may be
displaced in an out-of-plane motion, e.g. in a vertical or
up-down motion. In various embodiments, in the second
mode of operation, the entire diaphragm 104 may be dis-
placed.

In the context of various embodiments, in the first mode
of operation, the diaphragm 104 may have a resonant
frequency of about 5 kHz or less (i.e. :=;5 kHz), e.g. :=;3 kHz,
:=;2 kHz or :=;1 kHz. As non-limiting examples, the diaphragm
104 may have a resonant frequency ofbetween about 100 Hz
and about 5 kHz, e.g. between about 100 Hz and about 3
kHz, between about 100 Hz and about I kHz, between about
500 Hz and about 5 kHz, between about I kHz and about 5
kHz, or between about I kHz and about 3 kHz, e.g. about
800 Hz, about I kHz, about 1.5 kHz, about 3 kHz or about
5 kHz.

In the context of various embodiments, in the second
mode of operation, the diaphragm 104 may have a resonant
frequency of about 10 kHz or more (i.e. ",10 kHz), e.g. ",20
kHz, ",30 kHz, or ",50 kHz. As non-limiting examples, the
diaphragm 104 may have a resonant frequency of between
about 10kHz and about 100 kHz, e.g. between about 10kHz
and about 50 kHz, between about 10 Hz and about 30 kHz,
between about 30 kHz and about 100 kHz, between about 30
kHz and about 50 kHz, or between about 50 kHz and about
100 kHz, e.g. about IS kHz, about 22 kHz, about 30 kHz or
about 50 kHz.

In various embodiments, the transducer 100 may further
include at least one sensing element configured to detennine
the first displacement and the second displacement of the
diaphragm 104.

In various embodiments, the at least one sensing element
may include a pair of electrodes movable relative to each
other. The pair of electrodes may define a capacitor and as
the pair of electrodes are moved or displaced relative to each
other, the associated capacitance may be changed. In this
way, the at least one sensing element may be a capacitive
sensing element.

In various embodiments, an electrode of the pair of
electrodes may be connected or coupled to the diaphragm

transducer 100 includes a substrate 102, a diaphragm 104
suspended from the substrate 102, wherein the diaphragm
104 is displaceable in response to an acoustic signal (P) 105
impinging on the diaphragm 104, wherein the transducer
100 is configured, in a first mode of operation, to detennine
a direction of the acoustic signal 105 based on a first
displacement of the diaphragm 104 in the first mode of
operation, and to decide to accept or reject the acoustic
signal 105 based on at least one predetermined parameter
and the detennined direction of the acoustic signal 105, and 10

in a second mode of operation, to sense the acoustic signal
105 based on a second displacement of the diaphragm 104
in the second mode of operation if the acoustic signal 105 is
accepted in the first mode of operation.

In other words, the transducer 100 may include a substrate
102 and a diaphragm 104 suspended from the substrate 102,
which as a result may allow displacement of the diaphragm
104. The diaphragm 104 may include a membrane that may
vibrate. When an acoustic signal (e.g. a sound or audio 20

signal) 105 is incident on or strikes the diaphragm 104, the
diaphragm 104 may be displaced as a result of pressure
exerted by the acoustic signal 105. Therefore, the transducer
100 may be an acoustic device.

In a first mode of operation, a direction of the acoustic 25

signal 105 may be determined by the transducer 100 based
on the resulting displacement of the diaphragm 104 in the
first mode of operation, so that the source of the acoustic
signal 105 may be detennined. As a non-limiting example,
depending on the direction of the acoustic signal 105, the 30

diaphragm 104 may be rotated, for example as represented
by the arrow 106. However, it should be appreciated that the
diaphragm 104 may be displaced in a reverse rotational
direction, depending on the manner the acoustic signal 105 35

impinges on the diaphragm 104. Subsequently, the trans
ducer 100 may make a decision as to whether to accept or
reject the acoustic signal 105 based on at least one prede
termined parameter and the determined direction of the
acoustic signal 105. For example, if the determined direction 40

of the acoustic signal 105 satisfies the condition imposed by
the at least one predetermined parameter, the acoustic signal
105 may be accepted.

Where the acoustic signal 105 is accepted in the first mode
of operation, subsequently in a second mode of operation, 45

the acoustic signal 105 may be sensed by the transducer 100
based on the resulting displacement of the diaphragm 104 in
the second mode of operation. This may mean that in the
second mode ofoperation, information that is encoded in the
acoustic signal 105 may be sensed or extracted. As a 50

non-limiting example, the diaphragm 104 may be displaced
in a direction at least substantially perpendicular to a surface
107 of the diaphragm 104, as represented by the double
headed arrow 108. For example, the diaphragm 104 may be
displaced upwardly and/or downwardly in the second mode 55

of operation.
Accordingly, as described above, based on the at least one

predetermined parameter and the detennined direction of an
acoustic signal impinging on the diaphragm 104, an
unwanted or undesired acoustic signal may be rejected while 60

a wanted or desired acoustic signal may be sensed.
It should be appreciated that, in the first mode of opera

tion, the diaphragm 104 may be displaced in a direction at
least substantially perpendicular to the surface 107 of the
diaphragm 104, e.g. a downward motion, in response to an 65

acoustic signal impinging on the diaphragm 104 at least
substantially perpendicular to the surface 107.
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ponents. One component of the two orthogonal components
may be parallel to the surface 107 of the diaphragm 104,
defining a directional component, while the other compo
nent may be perpendicular to the surface 107, defining an
Onmi component.

In the context of various embodiments, the at least one
predetermined parameter may include a directivity pattern of
the transducer 100 and a predetermined angle of incidence
threshold value for the acoustic signal 105. This may mean

10 that a pre-defined threshold value related to an angle of
incidence at which the acoustic signal 105 impinges on the
diaphragm 104 may be used as a basis for accepting or
rejecting the acoustic signal 105, e.g. an acoustic signal
arriving within the predetermined angle of incidence thresh-

15 old value may be accepted while other acoustic signals
arriving from any other directions may be rejected.

In the context ofvarious embodiments, the transducer 100
may further include an electrical interconnection, e.g. a
metal pad, electrically coupled to the diaphragm 104. The

20 transducer 100 may further include another electrical inter
connection, e.g. a metal pad, electrically coupled to the at
least one sensing element.

In the context ofvarious embodiments, the transducer 100
may be a dual mode transducer (e.g. a dual mode micro-

25 phone), for example a transducer capable of operating in a
directional mode and an Onmi mode. The transducer 100
may be a dual mode transducer realizing Onmi and direc
tional modes using the same structure (i.e. single structure)
of the transducer 100.

In the context ofvarious embodiments, the transducer 100
may be a microphone. The transducer 100 may be a dual
mode capacitive MEMS (Microelectromechanical systems)
microphone.

In the context ofvarious embodiments, the transducer 100
35 may be free of a back plate or a back electrode for forming

a capacitor with the diaphragm 104, which otherwise is
required in conventional parallel plate capacitor based
microphones.

FIG. 1B shows a flow chart 120 illustrating a method of
40 controlling a transducer, according to various embodiments.

At 122, an acoustic signal is received, the acoustic signal
impinging on a diaphragm of a transducer, the diaphragm
being suspended from a substrate of the transducer and
being displaceable in response to the acoustic signal.

At 124, a direction of the acoustic signal is determined
based on a first displacement of the diaphragm in a first
mode of operation.

At 126, the acoustic signal is accepted or rejected based
on at least one predetermined parameter and the determined

50 direction of the acoustic signal.
At 128, the acoustic signal is sensed based on a second

displacement of the diaphragm in a second mode of opera
tion if the acoustic signal is accepted.

In various embodiments, at 126, for deciding to accept or
55 reject the acoustic signal, two orthogonal components (e.g.

vector components) may be derived or decomposed from the
acoustic signal based on the determined direction of the
acoustic signal, and a magnitude of a component of the two
orthogonal components or a ratio of magnitudes of the two

60 orthogonal components may be compared against the at least
one predetermined parameter so as to decide to accept or
reject the acoustic signal.

In various embodiments, the first displacement of the
diaphragm may be or may include a pivotal displacement,

65 e.g. a rotational motion or a tilting motion.
In the context of various embodiments, the at least one

predetermined parameter may include a directivity pattern of

104. The electrode that is connected to the diaphragm 104
may be a movable electrode as it may be displaced relative
to the other electrode of the pair of electrodes as a result of
the displacement of the diaphragm 104, while the other
electrode may be a stationary or fixed electrode.

In various embodiments, each electrode of the pair of
electrodes may include a plurality of fingers, and a height of
each finger of the electrode that may be connected to the
diaphragm 104 may be less than a height of each finger of
the other electrode of the pair of electrodes. This may mean
that each electrode may have a comb structure.

In various embodiments, each electrode of the pair of
electrodes may include a plurality of fingers. TIns may mean
that each electrode may have a comb structure. The fingers
of respective electrodes of the pair of electrodes may be
movable relative to each other, for example vertically mov
able relative to each other. In this way, the pair of electrodes
may define a vertical comb structure, which may be used to
reject any unwanted sound signal and sense any wanted
sound signal.

In various embodiments, the pair of electrodes of the at
least one sensing element may be arranged in an interdigi
tated pattern. This may mean that respective fingers of the
pair of electrodes may be alternately arranged.

In various embodiments, at least one first sensing element
may be arranged on a first side of the diaphragm 104, and at
least one second sensing element may be arranged on a
second side of the diaphragm 104 opposite to the first side.
It should be appreciated that at least one of the at least one
first sensing element or the at least one second sensing 30

element may be a capacitive sensing element, e.g. as
described above.

In various embodiments, the transducer 100 may further
include at least one resilient element (e.g. spring) coupled to
the diaphragm 104 for suspending the diaphragm 104 from
the substrate 102. The diaphragm 104 may be pivotally
displaced about the at least one resilient element in the first
mode of operation. This may mean that the at least one
resilient element may act as a pivot or hinge for the
diaphragm 104. In various embodiments, the at least one
resilient element may be arranged to couple to the dia
phragm 104 centrally, for example coupled to the diaphragm
104 at a point along a central axis of the diaphragm 104. In
various embodiments, the at least one sensing element may
be arranged on one side, of the at least one resilient element. 45

In embodiments having at least one first sensing element and
at least one second sensing element, the at least one first
sensing element and the at least one second sensing element
may be arranged on opposite sides of the at least one
resilient element.

In various embodiments, the transducer 100 may include
two resilient elements coupled to opposite sides of the
diaphragm 104 for suspending the diaphragm 104 from the
substrate 102.

In various embodiments, the transducer 100 may further
include a processing circuit configured to perform at least
one of determining the direction of the acoustic signal,
deciding to accept or reject the acoustic signal, or sensing
the acoustic signal. The processing circuit may include a
comparator configured to receive at least one of two
orthogonal components derived (or decomposed) from the
acoustic signal 105, the comparator further configured to
compare a magnitude ofa component of the two orthogonal
components or a ratio of magnitudes of the two orthogonal
components against the at least one predetermined param
eter so as to decide to accept or reject the acoustic signal
105. The two orthogonal components may be vector com-
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the transducer and a predetennined angle of incidence
threshold value for the acoustic signal.

Various embodiments may provide a transducer, such as
a microphone, for example a dual mode MEMS microphone.
The performance of the microphone may be improved using 5

vertical comb based sensing structures. FIGS. 2A and 2B
show a perspective view (or 3D model) and a schematic
cross sectional view of a microphone 200, respectively,
according to various embodiments. The microphone 200
may include a middle or centrally suspended diaphragm 10

204, support springs 206a, 206b, and vertical comb struc
tures 208a, 208b.

The diaphragm 204 may have a quadrilateral shape (e.g.
rectangular or square), although other shapes may be suit- 15

able. The diaphragm 204 may have a length, I, a width, band
a thickness, 1. The support springs 206a, 206b may be
located at the middle of the diaphragm 204, for example
along a central axis ofthe diaphragm 204, for suspending the
diaphragm 204 from a substrate (not shown). The springs 20

206a, 206b, may facilitate movement or displacement of the
diaphragm 204. In this way, the springs 206a, 206b, may act
as anchors or pivots for the diaphragm 204. Therefore, the
diaphragm 204 may be a movable structure. In FIG. 2B, the
spring 206a is represented by a triangle below the dia- 25

phragm 204 to illustrate that the spring 206a acts as an
anchor or hinge for supporting the diaphragm 204 to enable
movement or displacement of the diaphragm 204 about the
spring 206a.

The vertical comb structures 208a, 208b may act as 30

sensing elements, in the form of capacitive sensing ele
ments. The vertical comb structures 208a, 208b may be
arranged towards opposite end regions of the diaphragm
204, on opposite sides of the springs 206a, 206b. Each comb 35

structure 208a, 208b may include a pair of electrodes
movable relative to each other, where each electrode may
have a plurality of fingers. Each pair of electrodes may be
arranged in an interdigitated pattern.

Using the comb structure 208a as a non-limiting example, 40

a plurality of fingers, as represented by 210 for two fingers,
as part of an electrode, may be coupled or connected to the
diaphragm 204. The plurality of electrode fingers 210 may
be movable as a result of the displacement of the diaphragm
204. Therefore, the plurality of electrode fingers 210 may 45

form part of a movable electrode. The comb structure 208a
may include a second electrode 212 having a plurality of
fingers, as represented by 214 for two fingers. The second
electrode 212 may be stationary and thus may fonn a fixed
electrode. The plurality of electrode fingers 210, 214 may be 50

arranged at least substantially parallel to each other to define
capacitors. The plurality of fingers 210, 214 may be inter
digitated, meaning that the plurality of fingers 210,214 may
be arranged alternately. Similarly, the comb structure 208b
may include a movable electrode connected to the dia- 55

phragm 204, having a plurality of electrode fingers 216 and
a fixed electrode 218 having a plurality of electrode fingers
220.

FIG. 2C shows a cross sectional view of a microphone
240, according to various embodiments. The microphone 60

240 may include a substrate (e.g. a silicon (Si) substrate)
242, a dielectric layer (e.g. an oxide layer) 244, and a
diaphragm 204 suspended from the substrate 242, via the
spring 206a. The diaphragm 204, the springs 206a, 206b
(not shown in FIG. 2C), the comb structures 208a, 208b and 65

the electrodes 212, 218 may be made of polycrystalline
silicon (poly-Si). The microphone 240 may further include

a contact pad 246a on the electrode 212, and a contact pad
246b on the electrode 218. The contact pads 246a, 246b may
be metal pads.

As may be observed in FIG. 2C, there may be gaps 248
between the spring 206a and the diaphragm 204. The gaps
248 may be provided in various embodiments for saving
area of the microphone, for example as shown for the
microphone 250 of FIG. 2D. This may reduce the materials
used and therefore also reduce the cost. Like features or
structures of the microphone 250 may be as described in the
context of the microphones 200, 240. The microphone 250
further includes contact pads (e.g. metal pads) 246a, 246b
electrically coupled to the electrodes 212, 218 respectively.
The microphone 250 may further include anchors or sup
porting structures 250a, 250b coupled to the springs 206a,
206b respectively, with respective contact pads (e.g. metal
pads) 252a, 252b. It should be appreciated that the working
principle and the mode shape of the microphone 250 remain
at least substantially the same as that for the microphones
200, 240, but the spring design for the microphone 250 may
save some device area.

As shown in FIGS. 2A to 2C, the height of the fingers 210
may be less than the height of the fingers 214. Similarly, the
fingers 216 may have a lower height than that of the fingers
220.

As shown in FIGS. 2A to 2C, the springs 206a, 206b may
be located at the middle of the diaphragm 204, which may
enable the first two vibration modes of the diaphragm 204 to
be a rocking mode along or about the springs 206a, 206b,
and a motion mode along the z-axis direction, respectively.
In various embodiments, the resonant frequency of the
rocking mode (equivalent to a directional mode) may be less
than about 3 kHz so as to improve the sensitivity of the
microphones 200, 240, while the resonant frequency of the
motion mode (equivalent to an out of plane motion or Onmi
mode) may be larger than about 15 kHz so as to ensure a flat
frequency response with as large a frequency range as
possible. As a non-limiting example, the resonant frequen
cies of the rocking mode and the motion mode may be
approximately I kHz and approximately 22 kHz respec
tively.

FIG. 3A shows a schematic of an acoustic wave front (e.g.
a plane sound wave), P, 350 arriving at a diaphragm 304 of
a microphone 300, according to various embodiments, illus
trating the judging mode response of the microphone 300 to
a sound wave front 350 impinging on the diaphragm 304. As
illustrated, when a sound signal, P, 350 with a deviation or
incident angle, 8, relative to the normal direction (indicated
as 352) of the diaphragm 304 arrives at the diaphragm 304,
the arriving time of the sound wave front 350 may be
different at different positions or points of the diaphragm
304. This may cause the middle suspended diaphragm 304
to rotate slightly along or about the support springs, one of
which is indicated as the triangle 306a, which may act as
pivots. Therefore, the diaphragm 304 may be rotated or
pivotally displaced from its original or equilibrium orienta
tion (indicated as the solid line 304) to a displaced orienta
tion or position (indicated as the dashed line 304a). In this
mode of operation, the microphone 300 works in a direc
tional mode and may show a directivity pattern illustrated in
FIG. 3C, which will be described later. It should be appre
ciated that where the sound wave front 350 impinges on the
diaphragm at least substantially vertically to the diaphragm
304, e.g. 8",,0, the arriving time of the sound wave front 350
may be at least substantially similar at different points of the
diaphragm 304 and as a result, the diaphragm 304 may be
displaced downwardly, in an out-of-plane motion.
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mode of the diaphragm 204 may be at a much larger level
than the capacitance variation during the rocking mode of
the diaphragm 204, and thus the input sound signal may be
sensed.

As the vertical comb structures 208a, 208b are adopted as
the sensing structures, a back plate, which is a critical
structure in conventional parallel plate capacitor based
MEMS microphones to form a capacitor with the dia
phragm, is no longer necessary in the microphone 200. The

10 back plate free design may significantly simplify the fabri
cation process, thus improving the yield and decreasing the
costs of the microphone, and may eliminate directly the
stiction issue present in conventional parallel plate capacitor
based microphones.

FIGS. 4A and 4B show respective working models of the
dual mode microphone of various embodiments. As shown
in FIG. 3B and described above, the input sound signal
impinging on a microphone diaphragm may have an Onmi
component, Pxcos 8, and a directional component, Pxsin 8.

20 For FIG. 4A illustrating a working model 480, based on an
acoustic wave 450, an Onmi or sensing component 454,
which may be subjected to a gain (e.g. Gain 1), and a
directional or judging component 456, which may be sub
jected to a gain (e.g. Gain 2), of the acoustic wave 450 may

25 be provided as inputs to a comparator 482 and compared to
a directivity pattern of the microphone (e.g. please refer to
FIG. 3C) and an input threshold (e.g. a predetermined
threshold deviation angle) provided to the comparator 482.
Different comparison methods may be employed. As non-

30 limiting examples, the Onmi component 454, such as its
magnitude, may be used for comparison, or the directional
component 456, such as its magnitude, may be used for
comparison, or a ratio of the Onmi component 454 and the
directional component 456, such as ratio of their respective

35 magnitudes may be used for comparison. The comparator
482 may be part of a processing circuit of the microphone of
various embodiments.

During the comparison, the input sound signals, e.g. 450,
may be selectively accepted or rejected according to their

40 associated deviation angles from the normal direction of the
diaphragm, as represented by the block 484. The accepted
sound signals may then be sensed by the Onmi mode of the
microphone, as represented by the block 486. In this way,
the desired sound signal(s) may be accepted and the infor-

45 mation encoded in the sound signal(s) may be sensed or
retrieved.

For FIG. 4B illustrating a working model 490, a direc
tional or judging component 456, which may be subjected to
a gain (e.g. Gain 1), of an acoustic wave 450 may be

50 provided as an input to a comparator 482 and compared to
a directivity pattern of the microphone (e.g. FIG. 3C) and an
input threshold (e.g. a predetermined threshold deviation
angle) provided to the comparator 482. During the compari
son, the input sound signals, e.g. 450, may be selectively

55 accepted or rejected according to their associated deviation
angles from the normal direction of the diaphragm, as
represented by the block 484. The accepted sound signals
may then be sensed by the Omni mode of the microphone,
as represented by the block 486. The accepted sound signals

60 may be subjected to a gain (e.g. Gain 2).
FIGS. 5A to 5L show, as cross-sectional views, various

processing stages of a method for manufacturing a micro
phone, according to various embodiments, illustrating the
process flow for a microphone integration fabrication. Six

65 masks may be used in the manufacturing process.
Referring to FIG. 5A, a common wafer may first be

provided. As a non-limiting example, a silicon (Si) substrate

FIG. 3B shows a schematic of the components of an
incident acoustic wave, P, 350 on a diaphragm 304 of a
microphone 300, according to various embodiments. As
illustrated, the input sound wave 350 may have two orthogo
nal components: an Onmi component, Pxcos 8, 354 which
is perpendicular to the surface 360 of the diaphragm 304
impinged by the sound wave 350, and a directional compo
nent, Pxsin 8, 356 which is parallel to the surface 360.

FIG. 3C shows a directivity pattern 370 of a microphone
in a judging or directional mode, according to various
embodiments, illustrating the different normalized Onmi
component (Pxcos 8) magnitudes for input sound signals
impinging on a diaphragm of the microphone at different
deviation angles, 8, ranging between 0 and 360° at intervals
of 10°. The normalized Omni component magnitudes are 15

illustrated by the two circles 372a, 372b, which collectively
form a figure eight pattern. In various embodiments, a rule
or requirement may be defined to decide which sound
signals should be accepted and which ones should be
rejected. As a non-limiting example, a predetermined thresh
old deviation angle of 30° may be set, meaning that sound
signals with a deviation or incident angle equal to or less
than 30° from the normal direction 352 (FIG. 3A) may be
accepted, and all other sound signals may be rejected, as
shown in FIG. 3C with the lines 374a, 374b indicating the
cut off boundaries for the threshold deviation angle of 30°.

In various embodiments, vertical comb structures may be
used to realize the dual working mode of the microphones of
various embodiments. Using the microphone 200 as a non
limiting example, the comb structures 208a, 208b may be
employed to realise the directional mode and the Onmi
mode of the microphone 200. When the microphone 200
operates in the directional mode, the diaphragm 204 oper
ates in a rocking mode such that the respective capacitances
associated with the comb structures 208a, 208b may be
biased in opposite directions as a result of a displacement of
the diaphragm 204. For example, the capacitance associated
with the vertical comb structure 208a may increase, and that
of the vertical comb structure 208b may decrease, with
fringe field considered, or vice versa. The differential change
of the respective capacitances may be used to localize the
direction ofthe input sound signals according to a directivity
pattern of the microphone 200. The "fringe field" may be
explained as follows by way of reference to FIG. 3D using
the comb structure 208a or 208b as a non-limiting example.
In FIG. 3D, three pairs of comb fingers 210, 214 or 216,220
are illustrated with the parameters: finger length (I). finger
overlap (s), finger width (w), finger-to-finger gap (d), and
comb or finger height (h). Also illustrated in FIG. 3D are the
electric fields, where only the field lines emanating from the
movable comb parts or fingers 210 or 216 are shown. The
electric fields may include en electric field (E l ) (i.e. internal
electrical field) emanating from the sidewalls of the fingers
210 or 216, an electric field (E2 ) (fringe field) emanating
from the finger front faces, and an electric field (E3 ) (fringe
field) emanating from the upper and lower finger faces.
Accordingly, the fringe field refers to the electric fields E2

and E3 , i.e. E2 E3 . Triad: Coordinate axes may be used for
computations.

When the microphone 200 operates in the Onmi mode, the
diaphragm 204 operates in a motion mode such that the
diaphragm 204 may move or be displaced up and down, in
the z-axis direction. The displacement of the diaphragm 204
may cause a change in the respective capacitances associ
ated with the vertical comb structures 208a, 208b, for
example the respective capacitances may be increased or
decreased. The capacitance fluctuation during the motion
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the poly-Si layer 545 using the oxide layer 547 as the hard
mask and stopping at the oxide layer 544, as shown in FIG.
5!. Therefore, portions of the poly-Si layer 545 correspond
ing to the diaphragm 504, springs (one spring indicated as

5 506a), and vertical comb structures 508a, 508b of a sus
pended structure 553 that is to be formed may be defined. As
a result, a structure 521 may be obtained.

Referring to FIG. 5J, a 2 flm negative photoresist (PR)
coating 554 may be deposited on the front side 505a and

10 hard baked so as to protect the suspended structure 553.
Backside grinding may then be carried out to grind the
substrate 502 to about 400 fllll. A 10 flm photoresist (PR)
coating 555 may be deposited on the back side 505b of the

15 substrate 502 and patterned to form a mask (Mask 6) so as
to define a window or opening 556 for a subsequent deep
reactive ion etching (DRIE) process to be carried out. As a
result, a structure 523 may be obtained.

Referring to FIG. 5K, a support wafer 557 may then be
20 bonded using a thermal tape 558 to the front side 505a ofthe

substrate 502 and the structure 523. As a non-limiting
example, the thermal tape 558 may have a temperature
resistance of up to about 1500 C. A DRIE process may then
be carried out on the back side 505b to etch about 400 flm

25 of the substrate 502 via the window 556, and stopping at the
oxide layer 544. As a result, a structure 525 may be obtained.

Referring to FIG. 5L, the patterned PR coating 555 may
then be stripped from the structure 525. The support wafer
557 and the thermal tape 558 may be removed from the

30 structure 525 by heating the thermal tape 558 to about 1700

C. Oxygen (02 ) plasma treatment may be carried out to
remove the negative PR coating 554. The oxide layer 547
and portions of the oxide layer 544 overlapping with the

35 suspended structure 553 may be removed by vapour hydro
gen fluoride (VHF) etching to form the final structure 500,
being a microphone structure. As shown in FIG. 5L, the
microphone structure 500 may have a suspended structure
553 including a suspended diaphragm 504.

Numerical simulation of the microphone of various
embodiments will now be described by way of the following
non-limiting examples. A simulation software or tool (e.g.
based on finite element method (FEM)) may be used to
simulate and analyze the microphone.

FIG. 6 shows a schematic top view of a representative
layout of a microphone 600 for simulation, according to
various embodiments. The microphone 600 includes a sus
pended diaphragm 604 with centrally coupled springs 606a,
606b and vertical comb structures 608a, 608b. The springs

50 606a, 606b may be coupled to anchors or supporting struc
tures 650a, 650b respectively, with respective contact pads
(e.g. metal pads) 652a, 652b. The vertical comb structure
608a includes electrode fingers 610 coupled to the dia-

55 phragm 604, and a fixed electrode 612 with electrode fingers
614. The electrode fingers 610 may be movable relative to
the electrode fingers 614 as a result of displacement of the
diaphragm 604. Similarly, the vertical comb structure 608b
includes electrode fingers 616 coupled to the diaphragm

60 604, and a fixed electrode 618 with electrode fingers 620.
The electrode fingers 616 may be movable relative to the
electrode fingers 620 as a result of displacement of the
diaphragm 604. The microphone 600 further includes con
tact pads (e.g. metal pads) 646a, 646b electrically coupled to

65 the electrodes 612, 618 respectively.
Table I lists the design parameters used in the simulation

for the microphone 600.

502 may be used. An alignment mark (e.g. a recess) 503 may
be formed by etching a portion ofthe substrate 502 on a front
side 505a of the substrate 502, with the use of a mask (Mask
1) and a suitable etching process. As a result, a structure 501
may be obtained.

A layer of oxide (e.g. silicon oxide, Si02 ) 544 of approxi
mately 2 fllll may then be deposited on the substrate 502, as
shown in FIG. 5B. As a non-limiting example, a chemical
vapour deposition (CVD) process may be employed, using
TEOS (tetraethylorthosilicate; Si(OC2Hs)4) as a source for
depositing a 2 fllll TEOS oxide layer as the oxide layer 544.
As a result, as shown in FIG. 5B, a structure 507 may be
obtained.

Referring to FIG. 5C, a layer 545 of about 3 flm of low
stress polysilicon (poly-Si) may then be deposited over the
oxide layer 544 by plasma-enhanced CVD (PECVD), fol
lowed by deposition of another oxide layer (e.g. silicon
oxide, Si02 ) 547 on the front side 505a of the substrate 502.
The oxide layer 547 may be a I flm TEOS oxide layer,
formed using a similar process for forming the oxide layer
544. As a result, a structure 509 may be obtained.

Patterning of the structure 509 may then be carried out for
forming contact vias and metal pads. Referring to FIG. 5D,
a second mask (Mask 2) may be used, together with etching
and metal deposition, to form contact vias (not shown) and
a third mask (Mask 3) may be used, together with etching
and metal deposition, to form metal pads 546a, 546b
through the oxide layer 547. As a result, a structure 511 may
be obtained.

Referring to FIG. 5E, a 2 flm photoresist (PR) coating 548
may be deposited over the structure 511 and patterned so as
to form a mask (Mask 4). The patterned PR coating 548 may
expose the area of the structure 511 where etching may
subsequently be performed for forming a suspended struc
ture which may include a diaphragm, springs and vertical
comb structures. A portion of the oxide layer 547 may then
be etched, via the patterned PR coating 548, to form a recess
549. The oxide layer 547 may act as a hard mask for
subsequent etching processes, for example when forming
the suspended structure. As a result, a structure 513 may be 40

obtained. The recess 549 may be centrally located in the
structure 513, such that a central supported suspended
structure or diaphragm may be subsequently formed.

The patterned PR, coating 548 may then be stripped from
the structure 513 and a 2 flm photoresist (PR) coating 550 45

may then be deposited over the oxide layer 547 and the
metal pads 546a, 546b and within the recess 549, as shown
in FIG. SF. A structure 515 may be obtained.

Referring to FIG. 5G, the PR coating 550 may be pat
terned so as to leave a number of recesses 551 formed
through the PR coating 550 so as to form a mask (Mask 5).
As a result, a structure 517 may be obtained. The recesses
551 may correspond to areas where the diaphragm and
springs may be subsequently formed, e.g. by etching. While
not clearly shown, recesses may also be formed in the
structure 517 where vertical comb structures, including
movable and fixed portions of the vertical comb structures,
may be subsequently formed via etching.

A reactive ion etching (RIE) process may then be carried
out to etch about 2 flm of the poly-Si layer 545 through the
recesses 551. As a result, a structure 519 may be obtained,
with recesses 552 formed about 2 flm into the poly-Si layer
545.

The patterned PR coating 550 may then be stripped from
the structure 519 so as to expose the entire area where the
suspended structure may be formed. A reactive ion etching
(RIE) process may then be carried out to etch about I flm of
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Directional mode

30 dB (low)
-67.7 dB (low)

2.7 pF
60 aF/Pa

1.1 kHz
2.12%

Yes (limited angle)

Omni mode

81 dB (high)
-31.4 dB (high)

2.7 pF
5.8 fF/Pa

21.1 kHz
1.23%

No

16

TABLE 2

Key index

SNR (signal-to-noise ratio)
Sensitivity
Initial capacitance
Capacitance sensitivity
Resonant frequency
5% CD loss induced variation
Directivity

The parameter "5% CD (critical dimension) loss induced
variation" may refer to a variation caused by fabrication. For
example, if the designed spring width is about 5 flm, the
fabricated spring width may be within 5 flill±0.25 flill; where
this CD loss (design parameter drift due to fabrication) may

40 cause the resonant frequency of the microphone to drift.
In various embodiments, the SNRs of the dual mode

microphone may be about 81 dB and about 31 dB, respec
tively in the Onmi mode and the directional mode. The
sensitivities may be about -31 dB and about -67.7 dB,
respectively in the Onmi mode and the directional mode,
while the corresponding capacitance sensitivities may be
about 5.8 fF/Pa and about 60 aF/Pa, respectively in the Onmi
mode and the directional mode.

Various embodiments may provide a dual mode MEMS
microphone, where its working model may be as described
above. The dual mode MEMS microphone may include a
middle or centrally supported diaphragm, and one or more
vertical comb structures. The vertical comb structure(s) may
be used to realize the dual mode working of the MEMS
microphone. The middle suspended diaphragm structure
may have two fundamental vibration modes: the rocking
mode and the motion mode (e.g. along the z-axis as
described in the context of FIG. 2A), where the respective
resonant frequencies may be less than about 3 kHz and more
than about 15 kHz. The rocking mode of the diaphragm may
be related to the directional mode of the microphone, and
may be used to localize the direction of the input sound
signals incident on the diaphgram and therefore also on the
microphone. The motion mode of the diaphragm may be
related to the Onmi mode of the microphone, and may be
used to sense the accepted sound signals. The microphone
may be without a back plate that is present in conventional

displacement of the diaphragm 904, while for the vertical
comb structure 908b, the fingers 916 coupled to the dia
phragm 904 may be displaced downwardly relative to the
fingers 920 of the fixed electrode 918 as a result of the
displacement of the diaphragm 904. However, it should be
appreciated that the respective displacements of the fingers
910,916 may be reversed depending on the displacement of
the diaphragm in response to an acoustic signal impinging
on the diaphragm 904.

10 As shown in plot 902 for the Onmi mode, the diaphragm
904 may be displaced upwardly such that the fingers 910
may be displaced upwardly relative to the fingers 914 and
the fingers 916 may be displaced upwardly relative to the

15 fingers 920. However, it should be appreciated that when
sensing the acoustic signal impinging on the diaphragm 904,
the diaphragm may additionally or alternatively be displaced
downwardly. In various embodiments, the diaphragm 904
may be displaced in a combination of upwardly and down-

20 wardly motions in response to the acoustic signal impinging
on the diaphragm 904 when sensing the acoustic signal in
the Onmi mode.

Table 2 lists a summary of the simulation results.

Value

1000
1000

2
100

4
3
2
9
0.5

100 per side
20

2
2

130
2330

2.5

Unit

fUll
fUll
fUll
fUll
fUll
fUll
fUll
fUll
fUll
I

fUll
fUll
fUll
GPa
kg/m3

V

15
TABLE 1

Design parameters

Length of diaphragm (l)
Width of diaphragm (b)
Thickness of diaphragm (t)
Length of comb finger (lf)
Width of comb finger (bf)
Thickness of fixed comb finger (tf)
Thickness of movable comb finger (t)
Pitch of comb finger (P)
Comb finger gap
Number of comb finger (N)
Length of spring (ls)
Width of spring (bs)
Thickness of spring (ts)
Young's modulus (E)
Density (p)
Bias voltage

It should be appreciated that a combination of is =50 flm and
bs=4 flill may also be used.

FIG. 7 shows a plot 700 of frequency response of the
microphone 600 with ambient air damping in the directional
mode, and a plot 702 of frequency response of the micro
phone 600 with ambient air damping in the Omni mode.

Plot 700 shows that the resonant frequency of the direc- 25

tional mode is about 900 Hz, while plot 702 shows that the
resonant frequency of the Onmi mode is about 21 kHz,
which is much larger than that of the directional mode. As
the Omni mode is used for sensing a sound signal, a large
resonant frequency is desired so as to achieve a flat fre- 30

quency response curve with a large frequency range. How
ever, there is a trade-off as a large resonant frequency may
mean low sensitivity. Considering, that the frequency of
sound generated by human and musical instruments, etc. is
lower than about 15 kHz, the resonant frequency of the 35

Onmi mode should be larger than about 15 kHz so as to
avoid or minimise acoustic resonance and distortion. As the
directional mode is used for judging the direction of an input
sound signal, a high sensitivity is desired in this mode, and
therefore a low resonant frequency may be sufficient.

FIG. 8A shows a plot 800 of process-induced variation in
the resonant frequency ofa diaphragm ofa microphone in an
Onmi mode, illustrating a change in the resonant frequency
as a function of the beam width. The term "beam" refers to
the springs, e.g. 606a, 606b of FIG. 6. As may be observed, 45

the resonant frequency increases as the width of the beam
mcreases.

FIG. 8B shows a plot of process-induced variation in the
resonant frequency of a diaphragm of a microphone in a
directional mode, illustrating a change in the resonant fre- 50

quency as a function of the beam width. The term "beam"
refers to the springs, e.g. 606a, 606b of FIG. 6. As may be
observed, the resonant frequency increases as the width of
the beam increases.

FIG. 9A shows a plot 900 of displacement of a diaphragm 55

904 of a microphone in a directional mode (or judging
mode), while FIG. 9B shows a plot 902 of displacement of
the diaphragm 904 in an Onmi mode (or sensing mode). As
illustrated in FIGS. 9A and 9B, springs 906a, 906b are
centrally coupled to the diaphragm 904 to enable displace- 60

ment of the diaphragm 904, and vertical comb structures
908a, 908b are arranged towards opposite end regions of the
diaphragm 904.

As shown in plot 900 for the directional mode, for the
vertical comb structure 908a, the fingers 910 coupled to the 65

diaphragm 904 may be displaced upwardly relative to the
fingers 914 of the fixed electrode 912 as a result of the
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9. The transducer as claimed in claim 8
wherein each electrode ofthe pair of elec~rodescomprises

a plurality of fingers, and
wherein a height of each finger of the electrode connected

to the diaphragm is less than a height of each finger of
the other electrode of the pair of electrodes.

10. The transducer as claimed in claim 7, wherein each
electrode of the pair of electrodes comprises a plurality of
fingers.

11. The transducer as claimed in claim 10, wherein the
pair of electrodes is arranged in an interdigitated pattern.

12. The transducer as claimed in claim 6, comprising:
at least one first sensing element arranged on a first side

of the diaphragm; and
at least one second sensing element arranged on a second

side of the diaphragm opposite to the first side.
13. The transducer as claimed in claim 1, further com

prising at least one resilient element coupled to the dia-
phragm for suspending the diaphragm from the substrate.

14. The transducer as claimed in claim 1, further com
prising a processing circuit configured to perform at least
one. ~f determining the direction of the acoustic signal,
decldmg to accept or reject the acoustic signal, or sensing

25 the acoustic signal.
15. The transducer as claimed in claim 14, wherein the

processing circuit comprises a comparator configured to
receive at least one of two orthogonal components derived
from the acoustic signal, the comparator further configured

30 to compare a magnitude of a component of the two orthogo
nal components or a ratio of magnitudes of the two orthogo
nal components against the at least one predetermined
parameter so as to decide to accept or reject the acoustic
signal.

16. A method of controlling a transducer, the method
comprising:

receiving an acoustic signal impinging on a diaphragm of
a transducer, the diaphragm being suspended from a
substrate of the transducer and being displaceable in
response to the acoustic signal;

determining a direction of the acoustic signal based on a
first displacement of the diaphragm in a first mode of
operation of the transducer;

deciding to accept or reject the acoustic signal based on at
least one predetermined parameter and the determined
direction of the acoustic signal, wherein the at least one
predetermined parameter comprises a directivity pat
tern of the transducer and a predetermined angle of
in~idence threshold value for the acoustic signal; and

sensmg the acoustic signal based on a second displace
ment of the diaphragm in a second mode of operation
of the transducer if the acoustic signal is accepted to
retrieve encoded information in the acoustic signal.

17. The method as claimed in claim 16, wherein deciding
to accept or reject the acoustic signal comprises:

deriving two orthogonal components from the acoustic
signal; and

comparing a magnitude of a component of the two
orthogonal components or a ratio of magnitudes of the
two orthogonal components against the at least one
pr~determined parameter so as to decide to accept or
reject the acoustic signal.

18. The method as claimed in claim 16, wherein the first
displacement of the diaphragm comprises a pivotal displace
ment.

60

50

micro~hones.The back plate free design of the microphone
may dIrectly avoid the stiction issue associated with con
ventional microphones, simplifY the process, improve the
pr~cess yield, and lower the cost of the microphone. Simu
lation results as described above show that the microphone
?f v~rious embodiments has good directivity pattern in the
Judgmg mode and good SNR (signal-to-noise ratio) and
sensitivity performance in the sensing mode. Various
embodiments further provide a process flow for fabrication
ofthe microphone. The microphone ofvarious embodiments 10

may have a wide application prospect in consumer electron-
ics including but not limited to cell phones, personal com
puters (pes), laptops, cameras, etc, in the huge microphone
market.

While the invention has been particularly shown and 15

described with reference to specific embodiments, it should
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indi- 20

cated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims
are therefore intended to be embraced.

The invention claimed is:
1. A transducer, comprising:
a substrate; and
a diaphragm suspended from the substrate, wherein the

diaphragm is displaceable in response to an acoustic
signal impinging on the diaphragm,

wherein the transducer is configured,
in a first mode ofoperation, to determine a direction of the

acoustic signal based on a first displacement of the
diaphragm in the first mode of operation, and to decide
to accept or reject the acoustic signal based on at least
one predetermined parameter and the determined direc- 35

tion of the acoustic signal, wherein the at least one
predetermined parameter comprises a directivity pat
~e~ of the transducer and a predetermined angle of

. mCldence threshold value for the acoustic signal, and
m a second mode of operation, to sense the acoustic signal 40

based on a second displacement ofthe diaphragm in the
second mode of operation if the acoustic signal is
~ccepted in the first mode of operation, thereby retriev
mg encoded information in the acoustic signal.

2. The transducer as claimed in claim 1, wherein the first 45

displacement of the diaphragm comprises a pivotal displace
ment.

3. The transducer as claimed in claim 1, wherein the first
displacement of the diaphragm and the second displacement
of the diaphragm are different motions.

4. The transducer as claimed in claim 1, wherein in the
first mode of operation, the diaphragm has a resonant
frequency of about 5 kHz or less.

5. The transducer as claimed in claim 1, wherein in the
second mode of operation, the diaphragm has a resonant 55

frequency of about 10kHz or more.
. 6. The transducer as claimed in claim 1, further compris
mg at least one sensing element configured to determine the
first displacement and the second displacement of the dia
phragm.

7. The transducer sensor as claimed in claim 6, wherein
the at least one sensing element comprises a pair of elec
trodes movable relative to each other.

8. The transducer as claimed in claim 7, wherein an
electrode of the pair of electrodes is connected to the 65

diaphragm.


