[DESCRIPTION] [Invention Title] A VARIABLE DIRECTIONAL
MICROPHONE ASSEMBLY AND METHOD OF MAKING THE
MICROPHONE ASSEMBLY [Technical Field] The present invention relates
to a variable directional microphone, and more particularly, to a variable
directional microphone assembly and a method of manufacturing the
variable directional microphone assembly, which achieve miniaturization and
|m rove sound quality, by mounting microphone devices provided to printed
it Bda PH arts for microphone-mounting and connected with a flexible
rlnted circuit board (FPCB), in a compact structure with a microphone body.
F roundiAkIMicrophones are generally classified into a non-directional
(whole directions) microphone and a directional microphone according to
Adinedtianal chakactafistics. \BuenrivEictioktsiiitYophiheSiEFE0Daddifietliktyta THE
bi- directional microphone and a uni-directional microphone. The
M iRdreetionakEMitiophone exhibits faithful reproduction characteristics for
front and rear incident sounds, but exhibits reduction characteristics for a
{atenal; #cident gpund. Thus, a polar pattern of the bi-directional microphone
fora 1

The present invention relates to a variable directional microphone, and more
particularly, to a variable directional microphone assembly and a method of
manufacturing the variable directional microphone assembly, which achieve
miniaturization and improve sound quality, by mounting microphone devices
provided to printed circuit board parts for microphone-mounting and connected
with a flexible printed circuit board (FPCB), in a compact structure with a
microphone body.
[Background Art]

Microphones are generally «classified into a non-directional (whole
directions) microphone and a directional microphone according to directional
characteristics. Such directional microphones are classified into a bi-
directional microphone and a uni-directional microphone. The bi-directional
microphone exhibits faithful reproduction characteristics for front and rear
incident sounds, but exhibits reduction characteristics for a lateral

incident sound. Thus, a polar pattern of the bi-directional microphone for a



sound source describes a figure eight. Also, the bi-directional microphone

has favorable near field characteristics, which is widely used for announcers

in noisy stadiums. The uni-directional microphone maintains an output value

in response to a wide front incident sound, but reduces an output value of a

rear incident sound source, to improve a S/N ratio for a front sound source,

which has a good articulation to be widely applied to voice-recognition

equipment. While the directional microphones obtain directional .
SQUHKFaRABFRRicehy! HRShettilEHy BrRifbt soundRoledth AicdsecahtPAap B crophone

surface and using a phase difference between a front sound and a rear
hapundanblymensindlel dnibpsphbrid svagiablehdivectionalalicropebries, Ranibacers

variable directional characteristics through two non-directional microphones,
ihawve heen dbvetopedhd numandufacturinglanvanablerdireational maicrophopet value

assembly with two non- directional microphones, according to a related art,
i iwee serretirectianal daicrophone: tevicesoand, alsemiconductar intiegratedlue of a

circuit device are directly mounted to a rigid printed circuit board (commonly

régfened ems St GRE2), s thabraeshames! eanfiou@tion febnt sound source,
supplementing sound characteristics are unsatisfactory. Thus, sound quality

Wliﬁ cﬁp%aénq @&ﬁtuﬁizﬁ&@ zi%i&ilﬁi%“'ﬂpi%ﬁl@éwe]agpl ied to voilce-recognition
equipment .

While the directional microphones obtain directional characteristics by
respectively forming sound holes in a case and a PCB surface and using a
phase difference between a front sound and a rear sound through a single
microphone, variable directional microphones, having variable directional
characteristics through two non-directional microphones, have been developed.
In manufacturing a variable directional microphone assembly with two non-—
directional microphones, according to a related art, two non-directional
microphone devices and a semiconductor integrated circuit device are directly
mounted to a rigid printed circuit board (commonly referred to as a ?7PCB??),
so that mechanical configuration for supplementing sound characteristics are
unsatisfactory. Thus, sound quality 1s poor, and miniaturization 1s

difficult.

[Disclosure]



[Technical Problem] The present invention has been made in an effort to
solve the above-described limitations of the related art. An object of the
present invention is to provide a variable directional microphone assembly
and a method of manufacturing the same, which can achieve miniaturization
and improve sound quality, by disposing microphone devices and a
semiconductor integrated circuit device in a compact structure with a
microphone body and by bending a FPCB to connect a signal. [Technical
g@ﬁmﬁﬁ]ﬁrc? EEHigk these objects and other advantages and in accordance
with the purpose of the invention, as embodied and broadly described
Theraipseherenseprovideds abganiatieadiractioridiintierépheme asdempigve-descr ibed
including: a substrate including printed circuit board parts for
1 migraphoreahounting respéctively conmbdeted tobdthesitessefia rigiggrinted s to
circuit board part through connections of a bendable flexible printed circuit
phoddd; a semigaaduetodiintegiatad cifduitahavice instalied fo thedrigid prieteed  of
circuit board part of the substrate; two microphone devices respectively

ningtalledtmthe nerigtad cirguitibaand pants:{er migrfaphonatmauniiagd;idprove sound
microphone body including a first mounting space for mounting the

qEmicondycter; ifegrated, icircpit devige,apdswengecond mQunting: 5Paces dof at ed
mounting the microphone 3

circuit device in a compact structure with a microphone body and by bending a
FPCB to connect a signal.

[Technical Solution]

To achieve these objects and other advantages and in accordance with the
purpose of the invention, as embodied and broadly described herein, there is
provided a variable directional microphone assembly including: a substrate
including printed circuit board parts for microphone-mounting respectively
connected to both sides of a rigid printed circuit board part through
connections of a bendable flexible printed circuit board; a semiconductor
integrated circuit device installed to the rigid printed circuit board part
of the substrate; two microphone devices respectively installed to the
printed circuit board parts for microphone-mounting; a microphone body

including a first mounting space for mounting the semiconductor integrated

circuit device and two second mounting spaces for mounting the microphone



devices, the first mounting space being provided to a surface of the

microphone body, the second mounting spaces being provided to another

surface of the microphone body, the semiconductor integrated circuit device

being inserted into the first mounting space, the microphone devices being

respectively inserted in the second mounting spaces with the bent

connections; and a case configured to complete an assembly by receiving

the microphone body having the microphone devices and the semiconductor
d@ﬁﬂé@ﬁate&%rcé&r&évia@%d%y Gy the! Bas@r PhilGdridBle dirstfibig of the

microphone assembly may further include cushions respectively attached to
mikheoatierephshie déwicess;caddrawisnprevestiondalrioratiaddted woantdgtesur face

surface of the case including the sound hole. The microphone body may
oindlbdenaminjbotionimdided part foimedoftone oft golytatbonate (PClrand: being

thermoplastic elastomer (TPE), and the semiconductor integrated circuit
igevicelmaytinclude oferef a digital signabprecessar (SR ppavdecand@naleg being

signal processor (ASP). According to another aspect of the present invention,

rébpeedsyprovidad - tmethed ofimanufectuingnguvariable gicgetionglith  the bent
microphone assembly, the method including: preparing a substrate including

cHifted siccuit hoard parts. 5pf fpicePhgnemawatingcoragmied QbR SIAES; the
of a rigid printed circuit board part through connections of a flexible printed

m & .rr%%illlotﬁ%ardﬁloglsp urﬁ[ér\]fgné the microphone devices and the semiconductor
integrated circuit device and by curling the case.

The variable directional microphone assembly may further include cushions
respectively attached to the microphone devices, and a dust-prevention fabric
attached to an outer surface of the case including the sound hole.

The microphone body may include an injection-molded part formed of one of
polycarbonate (PC) and thermoplastic elastomer (TPE), and the semiconductor
integrated circuit device may include one of a digital signal processor (DSP)
and an analog signal processor (ASP).

According to another aspect of the present invention, there 1s provided a
method of manufacturing a variable directional microphone assembly, the

method including: preparing a substrate including printed circuit board parts

for microphone-mounting connected to both sides of a rigid printed circuit

board part through connections of a flexible printed circuit board; mounting



a semiconductor integrated circuit device to a surface of the rigid printed
circuit board part; mounting microphone devices to the printed circuit board
parts for microphone-mounting; cutting a bridge of the substrate; coupling a
microphone body and the substrate to each other by inserting the
semiconductor integrated circuit device of the rigid printed circuit board part
into a mounting space of the microphone body; bending the connections
connecting the printed circuit board parts for microphone-mounting to the
A rigfitl iSAREEA ST 158EPEGart o Feépaetively FRoant WhiédshicrRipibRed&litdy inted
to microphone-mounting spaces of the microphone body; mounting the
¢ hicrophoaed budy tolweHsaaid chepheurlidgiends optHacayd roedompledetahoard
assembly; and attaching a dust-prevention fabric, for preventing ingress of
paust dnd moiskiredonausiiiface includiagealsodad holet bé thebsompletetpupling a
assembled case. [Advantageous Effects] The variable directional
minicigpheneadgording totthe psesentinvention each achieme mipiatiizations  the
and improve sound quality according to the formation of acoustic space, by

sEnoLtHing thie micegphane denvices iaa Lampack siructdie Wwithhtha stistiate board
having the flexible printed circuit board and the rigid printed circuit board

p;ﬂatrt'iﬂ%i tQ%ﬂZSﬂE(‘?HEO%E’Q% hfi‘}{l@gnm? @“'B%Ha%%nfﬂhgﬁ% he connections

semiconductor integrated circuit device and the mounting spaces for 5

connecting the printed circuit board parts for microphone-mounting to the
rigid printed circuit board part to respectively mount the microphone devices
to microphone—-mounting spaces of the microphone body; mounting the microphone
body to a case and then curling ends of the case to complete an assembly; and
attaching a dust-prevention fabric, for preventing ingress of dust and
moisture, to a surface including a sound hole of the completely assembled
case.
[Advantageous Effects]

The variable directional microphone according to the present invention can
achieve miniaturization and 1improve sound quality according to the formation
of acoustic space, by mounting the microphone devices in a compact structure
with the substrate having the flexible printed circuit board and the rigid
printed circuit board part, and the microphone body having the mounting space

for the semiconductor integrated circuit device and the mounting spaces for



the microphone devices. [Description of Drawings] FIG. 1 is an exploded
perspective view illustrating a top side of a variable directional microphone
assembly according to an embodiment of the present invention. FIG. 2 is an
exploded perspective view illustrating a bottom side of a variable directional
microphone assembly according to an embodiment of the present invention.
FIG. 3 is a flowchart illustrating a method of manufacturing a variable
directional microphone assembly according to an embodiment of the present
thevBHioRNEIG SleX BfSdugh 9 are views illustrating a manufacturing process
according to an embodiment of the present invention. FIG. 10 is a cut-away
Bespestivenviewlinestraidg a variable directional microphone according to
an embodiment of the present invention. FIG. 11 is a cross-sectional view
Flustratingea ariabrledipectiorali waicrophonéuaccerding 2otap embodimentafiable
the present invention. * DESCRIPTION OF THE SYMBOLS IN MAIN
d RER TN S OEr dibthenD RAVWHNGS *ad0d MARIABLE RIB&CHINAL the present

MICROPHONE ASSEMBLY 110: SUBSTRATE 6
invention.
FIG. 2 1s an exploded perspective view 1llustrating a bottom side of a
variable directional microphone assembly according to an embodiment of the
present invention.
FIG. 3 1is a flowchart illustrating a method of manufacturing a variable
directional microphone assembly according to an embodiment of the present
invention.
FIGs. 4 through 9 are views illustrating a manufacturing process according to
an embodiment of the present invention.
FIG. 10 is a cut-away perspective view illustrating a variable directional
microphone according to an embodiment of the present invention.
FIG. 11 1s a cross-sectional view 1llustrating a wvariable directional
microphone according to an embodiment of the present invention.
* DESCRIPTION OF THE SYMBOLS IN MAIN PORTIONS OF THE DRAWINGS#*

100: VARIABLE DIRECTIONAL MICROPHONE ASSEMBLY

110: SUBSTRATE



112: RIGID PRINTED CIRCUIT BOARD PART 114: CONNECTION 116:
PRINTED CIRCUIT BOARD PART FOR MICROPHONE MOUNTING 120-1,
120-2: MICROPHONE DEVICE 122-1, 122-2: CUSHION 130:
MICROPHONE BODY 132-1, 132-2: MOUNTING SPACE FOR
MICROPHONE 134: MOUNTING SPACE FOR SEMICONDUCTOR DEVICE
140: CASE 142-1, 142-2: SOUND HOLE 150: DUST-PREVENTION

FABRIC 160: SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE [Best
11\%0@@&?&@%@%%#@@@ %@%resent invention will be described

below in more detail with reference to the accompanying drawings. The
1 bredéhNERUERtion may, however, be embodied in different forms and should
not be constructed as limited to the embodiments set forth herein. FIG. 1 is
1 Hih éxplvddd (J&rdjé cVarigillusikatingratidpiisitieldT &\ariable directional
microphone assembly 100 according to an embodiment of the present
1doventimo-FlQIZRSPRONEXPIIAER perspective view illustrating a bottom side of
the variable directional microphone assembly 100 according to the
1empodiment of e @resent inventipnyFGoIBdsE fawchart illustrating a 7
132-1, 132-2: MOUNTING SPACE FOR MICROPHONE
134: MOUNTING SPACE FOR SEMICONDUCTOR DEVICE
140: CASE 142-1, 142-2: SOUND HOLE
150: DUST-PREVENTION FABRIC
160: SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE
[Best Mode]
Preferred embodiments of the present invention will be described below in
more detail with reference to the accompanying drawings. The present
invention may, however, be embodied in different forms and should not be
constructed as limited to the embodiments set forth herein.
FIG. 1 is an exploded perspective view 1llustrating a top side of a variable
directional microphone assembly 100 according to an embodiment of the present
invention. FIG. 2 1s an exploded perspective view illustrating a bottom side

of the wvariable directional microphone assembly 100 according to the

embodiment of the present invention. FIG. 3 is a flowchart illustrating a



method of manufacturing the variable directional microphone assembly 100
according to the embodiment of the present invention. Referring to FIGs. 1
and 2, the variable directional microphone assembly 100 includes a
substrate 110, a semiconductor integrated circuit device 160, first and
second microphone devices 120-1 and 120-2, cushions 122-1 and 122- 2, a
microphone body 130, a case 140, and a dust-prevention fabric 150. The
substrate 110 includes printed circuit board parts 116, a rigid printed circuit
AR At 1A AR ESRhetiBny AT 4P The BriAtedsreuit b paftsa asegitby 100
microphone-mounting are respectively connected to the connections 114 of
agepehaable fldxibtahedred ciréuliiborirgsan bottesides of the rigid printed
circuit board part 112. The semiconductor integrated circuit device 160 is
Rirstalled tootHd Gigidlprinted cirduit bodid part k2 ofothed substrabend 14ssEnely 100
microphone devices 120-1 and 120-2 are installed to the printed circuit board
i parigckl G reapectively. [The cushionschddelocand g2 ase configireddoice 160,
protect the microphone devices 120-1 and 120-2. A mounting space 134 for

f rAoUNtinRD theossamiconuetr interatedooircuitdevine 416Qishpeavidedto and 122-
surface of the microphone body 130, and two mounting spaces 132-1 and

2132+¢ E%E‘HBH@tmﬁh?ﬂ,icﬁol%gé’@el%w%‘ﬁé 120nL andeh20e2 arer EQVdeH o The
another surface of the microphone body 130. The case 140 is configured to

sUBs ARSI, By RENAING Hecgonnectiens bida MSTRO 18 8, rigid printed
circuit board part 112, and connections 114. The printed circuit board parts
116 for microphone-mounting are respectively connected to the connections 114
of a bendable flexible printed circuit board, on both sides of the rigid
printed circuit board part 112. The semiconductor integrated circuit device
160 is installed to the rigid printed circuit board part 112 of the substrate
110. The microphone devices 120-1 and 120-2 are installed to the printed
circuit board parts 116, respectively. The cushions 122-1 and 122-2 are
configured to protect the microphone devices 120-1 and 120-2. A mounting
space 134 for mounting the semiconductor integrated circuit device 160 1s
provided to a surface of the microphone body 130, and two mounting spaces
132-1 and 132-2 for mounting the microphone devices 120-1 and 120-2 are

provided to another surface of the microphone body 130. The case 140 1is

configured to fix an assembly by bending the connections 114, inserting the



microphone body 130 coupled with the microphone devices 120-1 and 120-2
and the semiconductor integrated circuit device 160, and then performing a
curling operation. The dust-prevention fabric 150 is attached to an outer
bottom of the case 140. Referring to FIGs. 1 and 2, the substrate 110
includes the rigid printed circuit board part 112 and the printed circuit board
parts 116 for microphone-mounting connected through the connections 114
on the both sides of the rigid printed circuit board part 112. A surface of the

mifgiePpritteBOdirchit el part'1 1 iprovicRiong dsihettiol termatdislz92a and

for connecting signals to the outside, and the semiconductor integrated
tldrcgitndenridec160 ig megirteditocnomér slgace thefeofamhe idwmicoridastong a
integrated circuit device 160 appropriately delays or integrates signals input
cirdmghepwae migrophbime devicescl20tlcand 4202 {6Qereratéaalddsited an outer
directional sound signal. The circular plate-shaped printed circuit board parts
bdtkGmto Which ¢heenicbophone devices 120-1 and 120-2 are mounted, are
provided with a pattern for connection to microphones and connected to the

Réigig-printed cirpuit boarghpant 113theughrthe bengdahleicapneetionsikld- printed
The microphone devices 120-1 and 120-2 are mounted to the respective

chrinted ggHit bpard pafts 116 using asyrace meuaing teehnplogy-(SMTle  for
and then the cushions 122-1 and 122-2 formed of polyurethane foam are
mfgy%%HSﬁ%Y%Hﬁ '}ng connected through the connections 114 on the both sides
of the rigid printed circuit board part 112. A surface of the rigid printed
circuit board part 112 1s provided with connection terminals 112a for
connecting signals to the outside, and the semiconductor integrated circuit
device 160 1is mounted to another surface thereof. The semiconductor
integrated circuit device 160 appropriately delays or integrates signals
input from the two microphone devices 120-1 and 120-2 to generate a desired
directional sound signal. The circular plate-shaped printed circuit board
parts 116, to which the microphone devices 120-1 and 120-2 are mounted, are
provided with a pattern for connection to microphones and connected to the
rigid printed circuit board part 112 through the bendable connections 114.
The microphone devices 120-1 and 120-2 are mounted to the respective printed

circuit board parts 116 using a surface mounting technology (SMT), and then

the cushions 122-1 and 122-2 formed of polyurethane foam are attached with an



adhesive. The microphone body 130 is an injection-molded part formed of
polycarbonate (PC) or thermoplastic elastomer (TPE), and a center of one
surface thereof is provided with the mounting space 134 for mounting the
semiconductor integrated circuit device 160, and another surface thereof is
provided with the mounting spaces 132-1 and 132-2 for mounting the
microphone devices 120-1 and 120-2. As such, according to the present
invention, the microphones are mechanically fixed through the microphone
agsdy VE30 provided with the mounting spaces 132-1 and 132-2 for the
microphones, thereby achieving a compact structure and obtaining favorable

Tl uhid Lubine chedscteiistics acording iton aieddedichspacéomivd calseP h0-ighpnate

a rectangular container-shape with an open side, and a bottom thereof is
(srovide thevitho it st aind skecondesolficEholesdl42¢treird b4 26 efoniritroeludiageof is

sound into the two microphone devices 120-1 and 120-2. After mounting
pparigdacluding thaemickephomne beshcd 301and the subsirated 10tavisg itheductor

microphone devices 120-1 and 120-2, ends 140a of the case 140 are curled

iteccomplete the,assembly. The firgtandseeondunigiephape-devicesdRQded with
and 120-2, mounted to the printed circuit board parts 116, are

cROnSliresHong).condenser migrophones, conyaring MiLraiens,RbAN ASAUsUC120-1
pressure introduced from the outside 10

and 120-2. As such, according to the present invention, the microphones are
mechanically fixed through the microphone body 130 provided with the mounting
spaces 132-1 and 132-2 for the microphones, thereby achieving a compact
structure and obtaining favorable sound quality characteristics according to
acoustic space.

The case 140 has a rectangular container-shape with an open side, and a
bottom thereof is provided with first and second sound holes 142-1 and 142-2
for introducing sound into the two microphone devices 120-1 and 120-2. After
mounting parts including the microphone body 130 and the substrate 110 having
the microphone devices 120-1 and 120-2, ends 140a of the case 140 are curled
to complete the assembly.

The first and second microphone devices 120-1 and 120-2, mounted to the

printed circuit board parts 116, are non-directional condenser microphones

converting vibrations of an acoustic pressure introduced from the outside

10



into electrical signals. The semiconductor integrated circuit device 160,
mounted to the rigid printed circuit board part 112, is a digital signal
processor (DSP) or an analog signal processor (ASP), which processes
electrical sound signals transmitted from the first and second microphone
devices 120-1 and 120-2 to generate variable directional electrical sound
signals. Referring to FIG. 3, the method of manufacturing the variable
_directional microphone assembly 100 will now be described. In operation S1,
1ihe slpEiFaté 110 Bpreparddewhien SAMUAEY thE prfteeirediclbard pdre 160,
116 for microphone-mounting connected to the connections 114 on the both
neigeedoft ehd ligid isridtelr eireeslt soaed pakcrtd. propetdfion S2 athéigital signal
semiconductor integrated circuit device 160 is mounted to one surface of the
prigidspointetD&icuitboard part1bg2. sngupérationc88;ahe Migtdophaheddevigesesses
120-1 and 120-2 are mounted to the printed circuit board parts 116. In
e bperditan Shuad bgdge bf thesighstraié 110ns cud. I eperatian Sootlde microphone
microphone body 130 and the substrate 110 are coupled to each other. In

d@pekation®4a, thel conpectionssiid-are bent and the miciophone devices] sound
120-1 and 120-2 are mounted to the mounting spaces 132-1 and 132-2, and

s [Bg,gushions 122-1 and 122-2 are attached. In operation S7, the microphone
body 130 is mounted to the case 140, and then the ends 140a of the case

R%@ﬁrﬁgc%ge%f@c%{ppﬁtg r%‘élthod of manufacturing the variable directional

microphone assembly 100 will now be described. In operation S1, the
substrate 110 is prepared, which includes the printed circuit board parts 116
for microphone-mounting connected to the connections 114 on the both sides of
the rigid printed circuit board part 112. In operation S2, the semiconductor
integrated circuit device 160 is mounted to one surface of the rigid printed
circuit board part 112. In operation S3, the microphone devices 120-1 and
120-2 are mounted to the printed circuit board parts 116. In operation S4, a
bridge of the substrate 110 is cut. In operation S5, the microphone body 130
and the substrate 110 are coupled to each other. In operation S6, the
connections 114 are bent, and the microphone devices 120-1 and 120-2 are
mounted to the mounting spaces 132-1 and 132-2, and the cushions 122-1 and
122-2 are attached. In operation S7, the microphone body 130 1s mounted to

the case 140, and then the ends 140a of the case 140 are curled to complete

11



the assembly. In operation S8, the dust-prevention fabric 150, for preventing

the ingress of dust and moisture, is attached to the bottom of the case 140

including the sound holes 142-1 and 142-2. Referring to FIG. 3, in operation

S1, the substrate 110 is prepared, connected to a frame with the bridge to

prevent droop of the printed circuit board parts 116 connected to the

connections 114 during the operations. In operation S2, the semiconductor

integrated circuit device 160 is mounted to one surface of the rigid printed
thSreit BBRA part 112 WO HESMT,; asthfustisted i ors 1 an Infepetatiolr'ss, for

as illustrated in FIG. 5, the substrate 110 is turned over, and the microphone
PEieeidid 201 angh ¢90-0f ades tusish TAesSMIT, mdutiteitiedhieoopposiestom of the

surface of the printed circuit board parts 116 to the surface to which the
cagmldondudhat imde grateducitchiitl deviéé- 16Mds Mdtihted. Then, in operation

S4, as illustrated in FIG. 6, the bridge is cut, and the frame is removed. In
Roerdtign £, thesmicrophanehady 30 Mjection-malseddncoperation SPrispared,

loaded, and then the substrate 110 having the microphone devices 120-1

c@dd2@-2 and thersemierndictor indegrated ccliguitasyice (1aAds raupled dor cui t

the microphone body 130 as illustrated in FIG. 7. In operation S6, as

bdlgtratedsnirtG Suhie CONNEGINS Jrlit @roRent fo &ﬁﬁﬂ?gdit\ff‘éydgé‘iﬁ hes.  1In

microphone devices 120-1 and 120-2 into the mounting spaces 132-1 and

01}63 _tzioor]; “§§,”‘tiﬁreo%%?@o%’]?é{&ﬁq’n%grt A t@‘ierclL?it device 160 is mounted to
one surface of the rigid printed circuit board part 112 using the SMT, as
1llustrated in FIG. 4. In operation S3, as illustrated in FIG. 5, the
substrate 110 is turned over, and the microphone devices 120-1 and 120-2 are,
using the SMT, mounted to the opposite surface of the printed circuit board
parts 116 to the surface to which the semiconductor integrated circuit device
160 1s mounted. Then, 1in operation S4, as illustrated in FIG. 6, the bridge
is cut, and the frame is removed. In operation S5, the microphone body 130
injection-molded in operation S9 is loaded, and then the substrate 110 having
the microphone devices 120-1 and 120-2 and the semiconductor integrated
circuit device 160 is coupled to the microphone body 130 as illustrated in
FIG. 7. In operation S6, as illustrated in FIG. 8, the connections 114 are
bent to respectively insert the microphone devices 120-1 and 120-2 into the

mount ing spaces 132-1 and 132-2 of the microphone body 130, and then the

12



cushions 122-1 and 122-2 are attached to the microphone devices 120-1 and
120-2 with an adhesive, respectively. In operation S7, the assembled
microphone body 130 is inserted into the case 140 formed in operation S10,
and then the ends 140a are curled to complete the assembly. In operation
S8, the dust-prevention fabric 150, for preventing dust from being introduced
through the sound holes 142-1 and 142-2 into the microphone, is attached to
the outer bottom of the assembled case 140. FIG. 10 is a cut-away

cidrpBctive viewfludtratingtise eb?ﬁﬁlpéfiedwaﬁa%lénl&ﬁ%@ffaﬁa%%ﬁ@ﬁh&ﬁ@-l and

according to the embodiment of the present invention. FIG. 11 is a
1 oss-sedtional vidbeillstratimgrbet cophpleted Warietstiea diractiohal the assembled
microphone according to the embodiment of the present invention. Referring
mtorBiBened hadid 130 in thensariable ditectitwalkasierdghoherassemblyp®@0; the S10,
semiconductor integrated circuit device 160 is mounted to an inner side of
aiietiectangulardplatedshapeduigie printeshpireuit boargparb k12, andpheition S8,
printed circuit board parts 116 are connected to the both sides of the rigid

tiRsindadtcisesithoad parrkd2 thooudhthecepnentionsudd4and theng introduced
microphone devices 120-1 and 120-2 are mounted to the printed circuit board

RS 18200 e semaicandugtar integrated: giscuit device, 1o0 s inseded, ched to
into the mounting space 134 of the microphone body 130, and the

tﬁQ'%rﬁ%l?OB& t%%vmfy,%ZQ% &{qujdzga% rﬁ@gspectlvely mounted to the

mounting spaces

FIG. 10 is a cut-away perspective view illustrating the completed variable
directional microphone according to the embodiment of the present invention.
FIG. 11 1is a cross-sectional view 1illustrating the completed variable
directional microphone according to the embodiment of the present invention.

Referring to FIGs. 10 and 11, in the variable directional microphone assembly
100, the semiconductor integrated circuit device 160 1s mounted to an inner
side of the rectangular plate-shaped rigid printed circuit board part 112,
and the printed circuit board parts 116 are connected to the both sides of
the rigid printed circuit board part 112 through the connections 114, and the
microphone devices 120-1 and 120-2 are mounted to the printed circuit board
parts 116, and the semiconductor integrated circuit device 160 is inserted
into the mounting space 134 of the microphone body 130, and the microphone

devices 120-1 and 120-2 are respectively mounted to the mounting spaces 132-1

13



and 132-2 of the microphone body 130 to electrically connect to the rigid
printed circuit board part 112 through the bent connections 114. Also, the
cushions 122-1 and 122-2, disposed between the microphone devices 120-1
and 120-2 and the case 140, serve as a buffer for them, and the dust-
prevention fabric 150 is attached to the outer side of the case 140 to prevent
a foreign object from being introduced into the microphone through the
sound holes 142-1 and 142-2 of the case 140. The variable directional

afictophrorsf asBentbisr 2pPBE theBreséht iAvEAtioN isadlsctheams tonfethsd rigid

to an electronic product (not shown) through the connection terminals 112a
puiispebead hi theboatr wide dfhehsabshralee 1Mt Teosewiherspbler is

supplied to the variable directional microphone assembly 100, the first
Amicropironedevice 120-1 reckivés-Souddstireulghehecirsttdeundcholeoid 2devices

disposed in the case 140 to generate an electrical sound signal and transmit
12belgenerasedSignal thetheasemigbndeter ndegrateddairduit desice &0 the dust-

mounted to the rigid printed circuit board part 112, through the printed circuit

plRARkd Rart 126 and the GennactieRcdl4canddhesesond dniciophpnedevicelo to
120-2 also receives sound through the second sound hole 142-2 disposed in

pibecase 1AQ togensratg an sleciucal spnd sigpa! and t'E‘ﬁ@SmiEP%Ehone through
generated signal to the semiconductor integrated circuit device 160 mounted

tfR OSAPHREotedcircyitbogrd payt 412 thrgupfythe printed 14

The variable directional microphone assembly 100 of the present invention is
electrically connected to an electronic product (not shown) through the
connection terminals 112a disposed on the outer side of the substrate 110.
Thus, when power is supplied to the variable directional microphone assembly
100, the first microphone device 120-1 receives sound through the first sound
hole 142-1 disposed in the case 140 to generate an electrical sound signal
and transmit the generated signal to the semiconductor integrated circuit
device 160 mounted to the rigid printed circuit board part 112, through the
printed circuit board part 116 and the connection 114, and the second
microphone device 120-2 also receives sound through the second sound hole
142-2 disposed in the case 140 to generate an electrical sound signal and

transmit the generated signal to the semiconductor integrated circuit device

160 mounted to the rigid printed circuit board part 112 through the printed

14



circuit board part 116 and the connection 114. The semiconductor integrated
circuit device 160 processes the electrical sound signals transmitted from the
first and second microphone devices 120-1 and 120-2 to generate variable
directional electrical sound signals and transmit the variable directional
electrical sound signals through the connection terminals 112a to the
electronic product (e.g., a cellular phone). It will be apparent to those skilled
in the art that various modifications and variations can be made in the
¢ presentriiénisht Thids 2 ds iRteSEBRETHEhE breséht inB RSN EDvers friggrated
modifications and variations of this invention provided they come within the
cEuopé olehecappehdeibetains did thisie aquialentsidls [S1aANS)aiStairked] from
A variable directional microphone assembly comprising: a substrate including
tiprirted ciroult beantiparts fphonicrdphore-tuntingd réspettivelycoenmectear iable
to both sides of a rigid printed circuit board part through connections of a
d hendahie Iflexible printedsoircditigands a semicenductortintegrated kircditect i onal
device installed to the rigid printed circuit board part of the substrate; two

e MRigroRhONesgavicesiespectivalyinstalipd tedhgeptinigd eirepibppardii2a to the
electronic product (e.g., a cellular phone).

It will be apparent to those skilled in the art that various modifications
and variations can be made in the present invention. Thus, it is intended
that the present invention covers the modifications and variations of this
invention provided they come within the scope of the appended claims and

their equivalents.
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parts for microphone-mounting; a microphone body including a first mounting
space for mounting the semiconductor integrated circuit device and two
second mounting spaces for mounting the microphone devices, the first
mounting space being provided to a surface of the microphone body, the
second mounting spaces being provided to another surface of the
microphone body, the semiconductor integrated circuit device being inserted
into the first mounting space, the microphone devices being respectively
inserted in the second mounting spaces with the bent connections; and a
case including a sound hole in a bottom thereof and fixing the substrate 16
rd tMelmicrophone body through curling, the sound hole corresponding to
the microphone device. [Claim 2] The variable directional microphone
HSsemblY of claim 1, further comprising cushions respectively attached to the
microphone devices, and a dust- prevention fabric attached to an outer

A sutfaepl ef dheecasenticlutingptiieesasniaihicle: dipiaini 34 The variable

directional microphone assembly of claim 2, wherein the microphone body
a CaMRiisgs-an Hjectian-meldeddpart fermedeiane@fts for microphone—mounting
respectively connected to both sides of a rigid printed circuit board part
through connections of a bendable flexible printed circuit board;
a semiconductor integrated circuit device installed to the rigid printed
circuit board part of the substrate;
two microphone devices respectively installed to the printed circuit board
parts for microphone-mounting;
a microphone body including a first mounting space for mounting the
semiconductor integrated circuit device and two second mounting spaces for
mount ing the microphone devices, the first mounting space being provided to a
surface of the microphone body, the second mounting spaces being provided to
another surface of the microphone body, the semiconductor integrated circuit
device being inserted into the first mounting space, the microphone devices
being respectively inserted in the second mounting spaces with the bent

connections; and

a case including a sound hole in a bottom thereof and fixing the substrate
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polycarbonate (PC) and thermoplastic elastomer (TPE), and the
semiconductor integrated circuit device comprises one of a digital signal
processor (DSP) and an analog signal processor (ASP). [Claim 4] A method
of manufacturing a variable directional microphone assembly, the method
comprising: preparing a substrate including printed circuit board parts for
microphone- mounting connected to both sides of a rigid printed circuit board
part through connections of a flexible printed circuit board; mounting a

g rhioAd eBRMte drsted BIrURD deiden® aldGriadendf irbrigRI T eyPpnfhitag to the
circuit board part; mounting microphone devices to the printed circuit board

nppaestore risroshone-mounting; cutting a bridge of the substrate; coupling a

microphone body and the substrate to each other by inserting the

EemicoRtuctor integrated circuit device of the rigid printed circuit board part

into a first mounting space of the microphone body; bending the connections
Tieonnedtibgethél flexibleaprintect oplewit bessehta the frigich printedfeirchidrboeargr i sing

part to respectively mount the microphone devices to second mounting
csRaeas ofthedwicrephong badydand, the microphone devices, and a dust-
prevention fabric attached to an outer surface of the case including the
sound hole.

[Claim 3]
The wvariable directional microphone assembly of claim 2, wherein the
microphone body comprises an injection-molded part formed of one of
polycarbonate (PC) and thermoplastic elastomer (TPE), and the semiconductor
integrated circuit device comprises one of a digital signal processor (DSP)
and an analog signal processor (ASP).

[Claim 4]
A method of manufacturing a variable directional microphone assembly, the
method comprising:
preparing a substrate including printed circuit board parts for microphone-
mounting connected to both sides of a rigid printed circuit board part

through connections of a flexible printed circuit board;

mount ing a semiconductor integrated circuit device to a surface of the rigid
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mounting the microphone body to a case and then curling ends of the case to
complete an assembly. [Claim 5] The method of claim 4, further comprising:
attaching a cushion to the microphone device; and attaching a
dust-prevention fabric, for preventing ingress of dust and moisture, to a
surface including a sound hole of the case. 18

printed circuit board part;
mounting microphone devices to the printed circuit board parts for
microphone—-mount ing;
cutting a bridge of the substrate;
coupling a microphone body and the substrate to each other by inserting the
semiconductor integrated circuit device of the rigid printed circuit board
part into a first mounting space of the microphone body;
bending the connections connecting the flexible printed circuit board to the
rigid printed circuit board part to respectively mount the microphone devices
to second mounting spaces of the microphone body; and
mounting the microphone body to a case and then curling ends of the case to
complete an assembly.

[Claim 5]
The method of claim 4, further comprising:
attaching a cushion to the microphone device; and
attaching a dust-prevention fabric, for preventing ingress of dust and

moisture, to a surface including a sound hole of the case.
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