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-1 *159159* TITLE OF THE | NVENTI ON ELECTRONI C
DEVI CE BACKGROUND COF THE | NVENTI ON Thi s invention
relates to an electronic device 5 with a m

and to a disk device. In recent years, portaawmm Wmml
conpact electronic devices represented by, f
exanpl e, nobile phones, digital caneras, video *I315%
canmeras, personal digital assilstants (PDAs) are
provided with a m crophone for 10 voice input.

Further, some of the electronic devices use a disk
devi ce, such as a naQhBLECOHI SKEJEMVENTOON opti ca

di sk device, as a storage device. A magnetic disk
deviRIEGBRGMI @xROPIEE of the di sk device, generally

has a rectangul ar case. The case 15 contains nmagnetic
di sks as a magnet iIBEAGKERSITh@F et UVENTIINdI e

motor, magnetic heads, and a head actuator. The .
spi ndl e b? Leyeebian delsecpehpsant phectuppodrt deamnde
rotates the disks. The magnetic . heads are used to

wei t'E Hhd® M SRR R TARDNR R i 00d¢YERE t he di sks.

The head fctuator supports th S enment

head f .
with respett ¥othe’ Eig_P%ﬂga%§§e00$ﬂg%Egg BEhfanms

i ce it Th
o SR AT 00 0B S Ly e o,

vVoi ce col nmot or

laict(gﬁtﬁrtal-r%n%% Jalfadiidahas, & I}?@f’sérgal Zéic?{]gai he

assistants (PDAs) are provided with a microphone for

)

voice input. Further, some of the electronic devices
use a disk device, such as a magnetic disk device or
optical disk device, as a storage device.

A magnetic disk device as an example of the disk
device generally has a rectangular case. The case
contains magnetic disks as a magnetic recording
medium, a spindle motor, magnetic heads, and a head
actuator. The spindle motor serves as drive means
that supports and rotates the disks. The magnetic
heads are used to write and read information to and
from the disks. The head actuator supports the heads
for movement with respect to the disks. The case
further contains a voice coil motor and a substrate
unit, etc. The voice coil motor rotates and positions
the head actuator. The substrate unit has a head IC
and the like.

As disclosed in, for example, Jpn. Pat. Appln.

KOKAI Publication No. 2001-210058, such a magnetic

IR

*G00002*
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As disclosed in, for exanple, Jpn. Pat. Appln. KOKAI
Publ i cati on No. 2001-210058, such a nagnetic *@)0002*
di sk device as installed in a portable electronic
device is significantly reduced in size conpared to
conventional magnetic devices, and is fornmed thin in
the shape of a card. 5 Since in such a conpact

el ectronic device as the above the space for _
installing each conponent is small, the disk device
and m crophone may be | ocated adjacent to each other.

I n tdd sk caseicé hes mesOphDEE iMBY YEFEabee adVEESELY:c
i nfluenced by the vibration of 10 the di sk device.

Mor edspiee figasigni ficamgl ¥ heedoped ath opivé thdpared to
magneti c di sk, vibration due to the rotation of the

spi refEVeRt nadk ndwnsekkidevbpes aténd ioffohwed thin in
carriage occurs., Since the base and top cover, which
provitfe Pt sk, a Hea%d come to be forned thinner 15 in
accordancg, W th, a reduction in the size and thickness

of the nmagEtT cleWice, @ VFFRRFbre hpFEroRagi fgvieeups the
Part_,of 1 het vi bration wave vib ft es-th air usi ng,igs

en SsTon ‘surtfaces ©% h#eo%alsrésg HE G (U
Dhe AR e TRANGH G AL St S SRoft Ty B MRearea

the m crophone i on conporten

M crRphong PRRS A RS d1 Se ﬁ?jh@sceige, dﬁk;é in%%foél’?one

acquire clear voice data through the m crophone.
may well be adversely influenced by the vibration of
the disk device. More specifically, during the
operation of the magnetic disk, vibration due to the
rotation of the spindle motor or the seeking operation
of the carriage occurs. Since the base and top cover,
which provide the case, have come to be formed thinner
in accordance with a reduction in the size and
thickness of the magnetic device, vibration will
easily occur. Part of the vibration wave vibrates the
air using, as emission surfaces, the base surface and
top cover surface of the magnetic disk device, and
reaches the microphone. The vibration component
reaching the microphone appears as noise and makes it
difficult to acquire clear voice data through the
microphone.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the invention, there is
provides an electronic device comprising: a disk

device arranged in the device main body, the disk
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BRI EF SUMVARY OF THE | NVENTI ON 25 According to an
aspect of the invention, there is provides an

el ectronic device conprising: a disk device arranged
in the device main body, the disk device including a
rectangul ar case provided with a bottomand a top
cover opposing the bottom and a disk-shaped
recordi ng medi um cont ai ned i-n the €ase; and a

m crophone arranged in the device main body 5 closer
to the top cover of the disk device than to the

bot tdwv infe thec Higkngleyi ﬁ&ec{t@n%llgi‘ ckagsspabi €8LHO0N1BH a
the device main body. The disk device and m crophone

ar e mrtrangethd o stadp séyvé heodod s Ong ngh& ebat t emshipd a

with respect to a maxi num deformation angle a of the

10 tdhiplkwrapat tdmodi sk desdteni comtd onest iordee case;
vibration node: 0 0 < 900 - a where O represents an
angld@ et et erlanai gtanded ironmecdeényce hea dh sikody
device to the m crophone by a nost 15 direct way, and

a pldiEFard 1€1e ttPR QUFFaE oth¢ il $ievier bRarpeo the

di ice. . A i th spect of the
e B RER T P RIS T aro rtRres direstion of

O & 5K S0 it ok SREE, SeATDR e

S a5 P WIS A SR

cover opposing the and a

r ec Q@i G dHRAHUMCON NG un Hd ASEASEn aé}qgfe a of the
m cr ophone arranged in the device
top cover of the disk device in a lowest-order
vibration mode:
0 =60 < 90° - a
where 0 represents an angle between a straight line
connecting the disk device to the microphone by a most
direct way, and a plane parallel to a surface of the
top cover of the disk device.
According to another aspect of the invention,
there is provides an electronic device comprising: a
disk device; a disk device arranged in the device main
body, the disk device including a rectangular case
provided with a bottom and a top cover opposing the
bottom, and a disk-shaped recording medium contained
in the case; and a microphone arranged in the device
main body closer to the bottom of the disk device than
to the top cover of the disk device in a thickness

direction of the device main body. The disk device

and microphone are arranged to satisfy the following
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mai n body closer to the bottom of the disk device than
25 to the top cover of the disk device in a thickness
direction of the device nmain body. The di sk device

and m crophone are arranged to satisfy the follow ng
relationship with respect to a maxi num def ormati on
angle (x of the bottom of the disk device in a | owest-
order vibration node: 0 : B~ R<9 00 - 0C5 where P
represents an angl e between a straight line

connecting the disk device to the m crophone by a nost

di recélsayonandpawptaneepgedt| €b homaxsmufaeerekmbieon
bott om of the di sk device. BRI EF DESCRI PTI ON OF THE

SEVERA)] &/ &EWSE CEhd HRo DRAMY DG tBO dbhekadeotpanyhng lowest-
draw ngs, which are incorporated in and constitute a
partopdier heigpetidncaoden, illustrate enbodi ments of

the invention, and together wth the genera

descri pti @nSgikeh Hoveoand the detailed description

of the enbodi nents given bel ow, 15 serve to explain__

the PREFRI I ERPBESSMES | # PRI bR. PeFYeenaj gtgaight line
perspective, view show ng.,a nobi]e hone according to

D RGO ebE S Fralv GRchS: bhe BresoahpgeqBy' 2 most
pers i i e oM ' O_drijv

Cherorsart arfberaliel PReds OBt véiaTilitese pReche

mobi s PhENSF FAEG g Bsk Sq@p; expl oded perspective view
of the HDD

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve  to explain the principles of the invention.

FIG. 1 is a perspective view showing a mobile
phone according to a first embodiment of the
invention;

FIG. 2 is a perspective view showing a hard disk
drive (hereinafter referred to as an HDD) installed in
the mobile phone;

FIG. 3 is an exploded perspective view of the
HDD;

FIG. 4 1s a sectional view showing the main unit,
HDD and microphone of the mobile phone;

FIG. 5 is a perspective view schematically

showing a lowest-order vibration mode employed in the
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FIG 4 is a sectional view showing the main unit, 25

HDD and m crophone of the nobile phone; FIG 5 is a

per spective view schematically show ng a | owest-order

vi brati on node enployed in the HDD, FIG 6 is a view
showi ng the defl ection curve of the top cover of the
nmobi | e phone assuned when the HDD vibrates; 5 FIG 7

is a sectional view showing thesmatn unit of a nobile
phone according to a second enbodi nent of the

invention; FIG 8 is a sectional view show ng the main

uni typpf a nobil e phone according to a third

enbodi nent of 10 the invention; FIG 9 is a
partly-seetGéonal isi devikeewsabawnggtae delilketpboneurve of
according to a fourth enbodi nrent of the invention;

and Fh& td® csvarsett tbaahokitw phomengssheedaivheankhe HDD
15 of a nobile phone according to a fifth enbodi nent

of YHeraw®®hti on. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON_A first enbodi ment, in which the invention _
is appliedCto’alfoBi FECHhBRABLa¥1GH 8RapRE sheamazp unit
el ectronic device, will be described in detail wth

ref &7 n%é“?%l}%epg%ﬁ%n%§ﬁ9F%bnar5&&ﬁg%?cﬂgdsﬁEQHdFﬁent of

FIG_ 1, a nobile phone 60 conprises a device nmain
bodyt?%a&nY%% udés first and second main

FIG. 8 is a sectional view showing the main unit
of a mobile phone according to a third embodiment of
the invention;

FIG. 9 is a partly-sectional side view showing a
mobile phone according to a fourth embodiment of the
invention; and

FIG. 10 is a sectional view showing the main unit
of a mobile phone according to a fifth embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

A first embodiment, in which the invention is

applied to a mobile phone as an example of an
.electronic device, will be described in detail with
reference to the accompanying drawings.

As shown in FIG. 1, a mobile phone 60 comprises a
device main body that includes first and second main
units 62 and 64 formed flat and rectangular. The
seéond main unit 64 is rotatably coupled to the first
main unit 62 by a hinge 66. A ten-key pad 68 and a

plurality of operation keys 70 are provided on the
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units 62 and 64 formed flat and rectangul ar. The 25
second main unit 64 is rotatably coupled to the first
main unit 62 by a hinge 66. A ten-key pad 68 and a
plurality of operation keys 70 are provided on the
first main unit 62. The first main unit 62 contains

an HDD 40 functioning as a storage device, and a

m crophone 72, etc. The second émih unit 64 contains

a di splay panel 74 for displaying transm ssion data, 5
received data, etc., and a speaker 76, etc. The HDD 40

as argdisk devhcenwt| bonowrhe dessti Rgdn LAidekai bonfains
shown in FIGS. 2 and 3, the HDD 40 conprises a case

10 iantheDf o0 nfoficaisnubsyanti al kyoregtaaguliae, i@dbax

and a rectangular control circuit board 12 stacked on

t he micerpkoné a¢2, oétthe Thsesdbondheatasenl® 64 contains
contains various nmenbers, which will be descri bed

| at e .dipel 2speaneland foe displéyinoardansmésshohadeta,
a length L not longer than 4 cm for exanple, 32 nm

15 affeCel WP dt F2Wrof €24 mandhe tReekAEs$6T 6FCa

structure_that_jncludes the case 10 and_the control ,
circuit b%%?dﬁgé gb g8t at }Sg.é?YlSBOUPlé.EOWWPSrdgscrlbed

nm P [ on the nunber of disks to be held in
t he %@séggéggThe case 10 conprises a first shell 10a

and a_segongshel Ly 1pbetha Bawessubsanhialby egual oo

di nensi ons. T e first and secon she_ a and
are subsd@nidal h e RECESRAUL AT 2 MBLBLE AR SLT WGt UEBSangular

box and a rectangular control circuit board 12 stacked
on the outer surface of the case 10. The case 10
contains varicus members, which will be described
later. The case 10 and the circuit board 12 each have
a length L not longer than 4 cm, for example, 32 mm,
and a width W of 24 mm. The thickness T of a
structure that includes the case 10 and the control
circuit board 12 is set to, e.g., about 3.3 mm or

5 mm, depending on the number of disks to be held in
the case.

The case 10 comprises a first shell 10a and a
second shell 10b that have substantially equal
dimensions. The first and second shells 10a and 10b
are substantially rectangular metallic structures,
which have sidewalls set up on their respective
peripheral edge vortions.

The shells 10a and 10b are arranged facing each

other with their peripheral edge portions opposed. A
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whi ch have sidewalls set up on their respective 25
peri pheral edge portions. The shells 10a and 10b are
arranged facing each other with their peripheral edge
portions opposed. A belt-shaped seal nenber 16 rounds
around the periph- eral edge portions of the shells
10a and 10b. The seal nenber 16 connects the

peri pheral edge .portions of-the shells 10a and 10b
and seals a gap between 5 them Thus, the case 10 is
formed in the shape of a rectangul ar box. The bottom

surfegerobhipedf keal abrbbrl98 t8LGABsaarbaAHAREGR! BEriph-
nmounting surface 11. Four corners of the case 10,

i ncl edahgetibe porveossobft brRenvHBLLBY19Hr Bage10b0 1the
are rounded in a circular arc. Thus, the seal nenber

16 t$a2lroendsratoboundnhhetpethphpealipbdgel pdpki pnrofions
the case 10 is prevented from bei ng damaged by the

cor nef stiee @h%lgaséQaaﬁddaﬂQbighﬂnégélSsa pepveateden
frombeing lowered by lifting of the seal 15 nenber.

As sHo®h- i nTERrES. thear@ss, 1PnignEoense ip, the shape of a
plurality of_ support posts 18 are provided on the
periﬁ%%?%?g%ﬁﬁﬁ €8¥tion of the case. Each support

post 18, Rge 2RO £00 Lot Lo ! At SUELase o

N

tappegsdol @, | snéOhdeyi Phiheo PRURLT Y EHEfAGEnLingNdurface
11, are rounded in a circular arc. Thus, the seal
member 16 that rounds around the peripheral edge
portion of the case 10 is prevented from being damaged
by the corners of the case, and airtightness is
prevented from being lowered by lifting of the seal
member.

As shown in FIGS. 2 and 3, in the case 10, a
plurality of support posts 18 are provided on the
peripheral edge portion of the case. Each support
post 18 has a proximal end fixed to the inner surface
of the first shell 10a and is set substantially
upright on the inner surface of the first shell.
Corresponding to each support post 18 in position, a
tapped hole is formed in the mounting surface 11 and
extends into the post.

The case 10 contains a magnetic disk 20 of, e.g.,

0.85-inch diameter, for use as an information

recording medium, a spindle motor 22, a magnetic head
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extends into the post. 25 The case 10 contains a
magnetic disk 20 of, e.g., 0.85-inch dianmeter, for
use as an information recording nedium a spindle
notor 22, a magnetic head 24, and a carriage 26. The
spindl e notor 22 supports and rotates the disk 20.
The magnetic head 24 is used to wite and read
information to and fromthe disk 20. The carriage 26
supports the magnetic head 24 for 5 novenent with
respect to the magnetic disk 20. Further, the case 10

cont4 Nsafd VI 68r EQble NREOT Tﬁ@eEﬁEH@ﬁEeﬁoE%EeQQeggbgortS
as a VCM 28, a ranp |load nechanism 30, a sol eno

| at cin@2roaasedsthat @1 8Ri £0. 34Thet GagdBEi¥Ched8 24 is used
rotates and positions the 10 carriage 26. The ranp

| oadt frechint san@0readioadSormabioantdohahdsfrbe phgnetisk 20.
head 24 in a position off the magnetic disk 20 when

t he T3 5r hpved? 6 oSO per thhenapnetige poati 8a 6br

the disk. The solenoid |atch 32 holds the carriage 26

in dHUM"Host tR ohSSRBCThEC stipRtPagee tinFt d38khal8- a

head. | C.and the |ike. The spindle notor 22 has a

col S%ra%h%b Th-hR 1%@%&%“&%@66%05%& pgtor

fitt An_annular,_ cla ri 44 is fitted o

an eﬁgefp%ﬁ{aﬁe%fr?ﬁeer%% tAnd® %I%@??h@fnﬁemmp ang

per ipha{al; orti .t h disk 20, Thus, the .

0 o030 T e T e o SRRy Fafe “Eppbr U EEAFRagn ¢

it can ratat e dipgerderogv 4 dhes éﬁé%osir@f"orc@r{ﬁgge

26 that constitutes part of the head
carriage 26. The ramp load mechanism 30 unloads into
and holds the magnetic head 24 in a position off the
magnetic disk 20 when the head is moved to the
peripheral edge portion of the disk. The solenoid
latch 32 holds the carriage 26 in a shunt position.
The substrate unit 34 has a head IC and the like.

The spindle motor 22 has a columnar hub with the
magnetic disk 20 coaxially fitted thereon. An annular
clamp.ring 44 is fitted on an end portion of the hub
and holds the inner peripheral edge portion of the
disk 20. Thus, the disk 20 is fixed to the rotor and
supported so that it can rotate together with the
rotor.

The carriage 26 that constitutes part of the head
actuator is provided with a bearing assembly 52 fixed
on the inner surface of the first shell 10a, an arm

extending from the bearing assembly, a suspension of

an elongate plate shape extending from the distal end



actuator is provided with a bearing assenbly 52 fixed
25 on the inner surface of the first shell 10a, an arm
extending fromthe bearing assenbly, a suspension of
an el ongate plate shape extending fromthe distal end
of the arm and a support frane extending fromthe
bearing assenbly in a direction opposite to the arm
The magnetic head 24 is support®d-on. an extended end
of the suspension by a ginbals portion (not shown). 5
The head 24 is subjected to a given head | oad toward

the sfirflaceanh, taed NROSREHSreli SKakd OYtENQISHr EPOm the
force of the suspension. A voice coil that

constgédnires ddeeM 2Bnis 41 xedtiot egppbsytéotbhehe arm.
support frame. 10 The control circuit board 12, a

pri rMhal redgreat ic howd R4 i 5s ssumutanedl em st regtenged end
that is substan- tially equal to the nmounting surface

11 SFf thhe s amsiom Penytdiel skl ht i dhe (nounshagn) -
surface 11(ff the case 10 is fornmed having circul ar
bosse¥ R Ot re® i LRIRFED ¢ e Shieni keadt bragdotanard
t he heari ng. assenpl 52, respecti vel The contro|

Ci rctﬁ'}et Souoaraacelfn%)se/he? d?%beqfa%icgfgs]&iz%ﬁ%rt%%eﬁ?ﬁb%g
32a @)d. t espand t he respective bosses.
The fouré%%r née}?é sp‘g%%nosﬁlsoqg'f tpge‘;%]icr%uﬁ:%)ﬁgo%k}%{t 12 are

obl i HiRlt tallte Ate 12D AR dBOTRLSE 1,0 & |
plurality ofé%lectronic cdhpoﬁ%ntsq§§¥§§g§%%ﬁé% o?h%S
and supgpddtker dng ounted on the circuit board 12. The
control circuit board 12, constructed in this

The control circuit board 12, a printed circuit
board, is a rectangular structure that is substan-
tially equal'to the mounting surface 11 of the case 10
in length and width. The mounting surface 11 of the
case 10 is formed having circular bosses that corre-
spond to the spindle motor 22 and the bearing assembly
52, respectively. The control circuit board 12 is
formed having circular openings 32a and 32b that
correspond to the respective bosses. The four corner
portions of the circuit board 12 are obliquely cut at
45 degrees to each side. A plurality of electronic
components 33, a connector 35 and the like are mounted
on the circuit board 12.

The control circuit board 12, constructed in this
manner, is stacked upon the mounting surface 11 of the
case 10 and screwed to the first shell 10a with
screws. As this is dohe, the circuit board 12 is

located with its four sides aligned or coincident
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manner, i s stacked upon the nmounting surface 11 of the

25 case 10 and screwed to the first shell 10a with

screws. As this is done, the circuit board 12 is

| ocated with its four sides aligned or coincident 10

individually with four sides of the nmounting surface

11. The respective bosses on the nounting surface 11

are located in the openings-32a0and 23b of the circuit

board 12. The connector 35 on the circuit board 12 is

5 connected to the connector on the substrate unit 34.

The HBD 4ldgcahsyructedfasrdesdesbed sheveoifting surface

contained in the first main unit 62 of the nobile

phonkl 60 Bke shewpetni FEGSosdeandn4th@heodbDing barface 11

| ocat ed under, for exanple, the ten-key pad 68 with 10

t he et t bR Fed kblbtt%%lb@]?‘amﬂaﬁl y2parafl éBbt gft heewalkcuit
main unit 62, The_ m crophone 7

of the fir
cont& Hed f% th%h?u?%‘P“%Fﬂruﬁ?t0’62t‘a‘ﬁd0%rﬁ@att%Oﬁﬁé 12 is
h f. Th h 72
Pttt e T ?%é‘i%%rov“’bﬁé?gvﬁgte%ehénmaw
15 to t | th
Slrec-ot|@§eb$6%g£bfégn?£raggegl @%scgé Egn ggéeéﬁ

fromddGineqthe ﬁﬁg)ﬁprfgﬁpafﬁcﬁQPPoﬁf ZE @%g mobile

arranged to satisfy the oW ng ations

Assipridre tdmtad drepiesentsicde anghe 20 bﬁﬁéf\’eﬁﬂn 40 is
straight line B connecting the HDD 40 to the

m crlopteored Athdwyr t %miarﬁblépttw@yte@nﬂe? PAANES with

parallel to the surface of the top cover b of the
the bottom 1la kept substantially parallel to the wall
of the first main unit 62. The microphone 72 is
contained in the first main unit 62 and fixed to the
inner surface thereof. Thus, the microphone 72 is
located closer to the top cover 1lb of the HDD 40 thén
to the bottom lla of the HDD in the thickness direc-
tion of the first main unit 62.

As can be seen from FIG. 4, the HDD 40 and
microphone 72 are arranged to satisfy the following
relationship. Assuming that 0 represents the angle
between straight line B connecting the HDD 40 to the
microphone 72 by the most direct way, and a plane
parallel to the surface of the top cover 1llb of the
HDD, the HDD 40 and microphone 72 are arranged to
satisfy the following relationship with respect to the
maximum deformation angle omax of the top cover 11b in
the lowest-order vibration mode:

0 =0 < 90° - gmax
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HDD, the HDD 40 and m crophone 72 are arranged to
satisfy the followng relationship with respect to the
25 maxi num def ormati on angl e amax of the top cover |lb
in the |lowest-order vibration node: 0 : !~A < 90" -
(xmax - 11 Were the HDD 40 and mi crophone 72 are
arranged to satisfy the above relationship, noise due
to the vibration of the HDB 4Qlcar be prevented from
being transmitted to the m crophone 72, thereby
enabling 5 clear voice data to be acquired through the

m crophonghd2e Waeeuspeaof haal hycrdghbRa the ;eReR3t R ed
of the HDD 40, vibration occurs because of the

rotatoosavisfyhehspabdle poloatianghi pe s6€kENGue to the
operation of the 10 carriage. Part of the vibration
wavevibhbrlates ohetherHDDsébhgecaasbenpssiventsdr faeespeing
the bottom 1la and the top cover 11b of the HDD 40.

Si nclerapsihetedboeli Featnicraphaner 6phohkerebiysenabling
provi ded closer to the top cover 11b of the HDD 40

t harPtPE hEPhot t dta 180 PesremelveBr Bhrenrabf thRe top
cover, 11b wil | inly be described. The | owest-order

vi brat §orP e 2?‘the top cover |lb of the HDD 40

L L5 SRR AP PEDat Y, TELDSH Lo aRrERL, pHheg
andfﬁxﬂMﬂfﬁbi§F§@§@ﬁd&@a@PStQ§c§ﬁ£§tof09H9iEEQQtiER of
w || assune a deformed state In I'ch
the spindle motor and the seeking operation of the
carriage. Part of the vibration wave vibrates the air
using, as emission surfaces, the bottom lla and the
top cover 1lb of the HDD 40. Since in the embodiment,
the microphone 72 is provided closer to the top
cover 1llb of the HDD 40 than to the bottom 1la,
the vibration of the top cover 1lb will mainly be
described.

The lowest-order vibration mode of the top cover
11b of the HDD 40 differs depending upon the method of
attachment. When the HDD is fixed at four points as
shown in FIGS. 4 and 5, which is regarded as the worst
condition, it will assume a deformed state in which
the amplitude w of the center of the top cover 11b is
maximum, namely, it will be most easily excited. The
intensity (energy) of noise emitted from the surface
of the top cover 11b is proportional to the square of

the vibration frequency in the normal direction C of

the top cover surface. In light of this, the
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'the X—aX|£ %an be define

the anplitude w of the center of the top cover 11b is
maxi mum nanely, it will be nost easily excited. The
intensity (energy) of noise emtted fromthe surface
25 of the top cover Ilb is proportional to the square
of the vibration frequency in the normal direction C
of the top cover surface. In light of this, the 12

m crophone 72 is | ocated at-a pasition slightly
deviated fromthe normal direction C of the surface of
the top cover 11b in the | owest-order vibration node,

Wt mideosieste t72has 1beatofll aengepesit henpsdpgaaliyon
5 of vibration through the air is suppressed. A

descdept aoad W +dm nolwe beo gy Endbfebonoh oC est that sukhece of
maxi mum def ormati on angle of the top cover surface in
t he tloaestr oreieer vi b at h ohhepdeve #As-ostennvinr&t Conbmode,
assum ng that the X-axis indicates 10 the | ength of
t he HOE 40he t sy bhgthabf theelnbpuenverof| thheiBropagadion
the QPX|nun1aan|tude of the center of the top cover

s W twebla%*ﬂ%t%ﬁowev%h%fa%ﬁel%oﬁup%%?eqib al ong

th d
et oxIR 480 PR LRl Mot o8y BH Kl e 08T w8y P To

'ongédg&gﬁn@ OPPIR §sn§rﬁg§ea<§ rhd€: LPa 88 eefol: Phea£8p

fix |nc I'na e op pos ends

Zer Goddhe Jmxd aun Q@f@waiwgs@n&me@ﬂwbpétwﬁ mode, As

defl ection curve is given amax = tan- w9
L shown in FIG. 6, assumlng that the X-axis lndlcates

the length of the HDD 40, the length of the top cover
1lb is L, and the maximum amplitude of the center of
the top cover is w, the deflection curve of the top
cover 1llb along the X-axis can be defined as a fourth-
order even function. 1In this case, it is assumed that
the longitudinal opposite ends of the top cover 1llb
are fixed, and the inclination at the opposite ends is
zero. The maximum deformation angle amax of the
deflection curve is given by

a =tan4[1§3£§13)

9 L

If the maximum amplitude w is a tenth part of the
length L of the top cover 1llb, the maximum deformation
angle amax is about 0.3 (rad).

When the HDD 40 and microphone 72 are located to
set, such that 0 < n/2 - amax, the angle o between
straight line B connecting the HDD to the microphone

by the most direct way, and a plane parallel to the
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[ f the maxi mum anplitude wis a tenth part of the
length L of the top cover lib, the maxi num def ormati on
angl e amax i s about 0.3 (rad). Wen the HDD 40 and

m crophone 72 are located to 25 set, such that 0 <
n/2 - amax, the angle a between straight line B
connecting the HDD to the m crophone by the nost
direct way, and a plane paralle3 te the 13 surface of
the top cover 11b, the mcrophone is deviated from
the normal direction C of the top cover surface in

the seneste osdefh¥i Phat E8RePDUE, | BnEhhScrebabae BQI SE
transmtted to the m crophone 72 can be 5 reduced. In

the a®bidee@honem6Oh60ASEMHCT @drastiescei bedthabewe, cover
the influence of noise due to the HDD 40 upon the

m crsyphbaee 72n chhe béowedticeddandvibeat ivoi meddat aIncahis-
be acquired through the m crophone by offsetting 10

t he sigrophoneséronanbeivipdatponhermhsnpebior (Aoicea be
em ssion) direction of the HDD 40. In the

abovecdesedi bed enbodi ment, the microphone 72 is

| ocated closer to the top cover 11b of the HDD 40 |
than to tFR bABtBAPI1S BROPReORDBONACEHEEA ERndssCs bed
direction of the first maip unit 62. wever, e

i or D Ene 7t eyt baShalar ba' Bt 88 o PR B0t P f14p0n
of t p 11h.as in.the.
ceconiE dpoir PEAlCtuneiinb B eEOYEE A AT S bl P8 g caca

HDD 49, and 4. g6 PPOQNER £SughethQCAt EfobRofB! b ¥rklBtting

the microphone from the vibration transmission (noise
emission) direction of the HDD 40.

In the above-described embodiment, the microphone
72 is located closer to the top cover 1lb of the HDD
40 than to the bottom 1lla of the HDD in the thickness
direction of the first main unit 62. However, the

. microphone 72 may be located closer to the bottom 1lla
of the HDD 40 than to the top cover 1llb as in the
second embodiment shown in FIG. 7. In this case, the
HDD 40 and microphone 72 are located to satisfy the
following relationship.

Assuming that P represents the angle between.
straight line B connecting the HDD 40 to the micro-
phone 72 by the most direct way, and a plane parallel
to the surface of the bottom 1lla of the HDD, the HDD
40 and microphone 72 are arranged to satisfy the
following relationship with respect to the maximum

deformation angle amax of the bottom 1la in the
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20 followi ng relationship. Assum ng that (3 represents
the angl e between straight line B connecting the HDD
40 to the micro- phone 72 by the nost direct way, and
a plane parallel to the surface of the bottom 1la of
the HDD, the HDD 25 40 and m crophone 72 are arranged
to satisfy the following relationship with respect to
t he maxi nrum deformati on angl eldamax of the bottom lla
in the 14 |owest-order vibration node: 0 (3 < 90 -
amax \When the HDD 40 and mi crophone 72 are arranged to

sat i sdwe ¢ heo 2oy ey 16t at { ONShbRe : Noi se due to the 5
vi bration of the HDD 40 can be prevented from bei ng

transm ttedst @ thed0fi er gpagne 72, thereby enabling

cl ear voice data to be acquired through the

m cr ophongherkr| Gie 8HBDhONWS andovbiteophone a2cerdi agrbhogad to
third 10 enmbodi nent of the invention. In the third

enbotH ety thdealdre 40= bl pnshophonel @ dre aerbhged

in the first main unit 62. The m crophone 72 is ,

| ocatidF &t sxerod othe HePR opl cererPe | Brover hed HHEPBOPEANRY

the thickness direction of the fir in unit 62. _ As
in tHeH5T5 e 5F ol TRt OPRPFeS HDD 4 %’ﬁ%b}‘n' eraphone

72 AL A0 od0n S8 SLRLAC O N NGE e
nicwﬂgygg%gg%gre arranged

FIG. 8 shows a mobile phone according to a third
embodiment of the invention. In the third embodiment,
the HDD 40 and microphone 72 are arranged in the first
main unit 62. The microphone 72 is located closer to
the top cover 1lb of the HDD 40 in the thickness
direction of the first main unit 62. As in the first
embodiment, the HDD 40 and microphone 72 are arranged
to satisfy the following relationship:

0 = 0 < 90° - amax

Where the HDD 40 and microphone 72 are arranged
to satisfy the above relationship, noise due to the
vibration of the HDD 40 can be prevented from being
transmitted to the microphone 72, thereby enabling
clear voice data to be acquired through the
microphone.

In general, the vibration wave transmitted
through solid substance attenuates with distance.
Therefore, it is desirable to mount the HDD 40 and

microphone 72 separate from each other. To this end,
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to satisfy the above relati onship, noise due to the

20 vibration of the HDD 40 can be prevented from bei ng
transmtted to the m crophone 72, thereby enabling

cl ear voice data to be acquired through the

m crophone. In general, the vibration wave transmtted
25 through solid substance attenuates wi th distance.
Therefore, it is desirable to #bunt the HDD 40 and

m crophone 72 separate fromeach other. To this end,
15 the HDD 40 and m crophone 72 are arranged such

t hatthd hepwent ein@fmpEBYphyn&l72f atBeatbbhgad thah SRat
of the mcrophone are positioned at opposite sides

Wit hthe espetdrtof tdradviBy ofl t e the sEDDreand unhéat 6@2i af the
the 5 longitudinal direction of the first main unit

62. MITHiePRARUA LR 0Pt hened edt abpyopiewent demov seh

due to the HDD 40 frombeing transmtted to the

m crigpiffe T2 thafd Glppt esiestipet ipainewebt of2t he the

| eakage ., magnetjc flux of the HDD 40 upon the

i c:ﬁé%}ﬂfr%l nal ARt PR st R nbbi $& Phbheunit 62.
accqrding to fourth  enmbodi t.of the invention. In
Fhe SO CHHG S HERTSST hES LY W0 PEeGrRbngaolrh SHE to
of t flitst j ' nd_ 64 whjch
consit (135 42 Gieah s P L5t e St pan Bk one

Mai mUNidnb4uhid Ssdhedd M £1ophone, 72 4hs Péé}@é‘%gd
in the other of the first and second nmain units 62

and nBfyness O , £1uk tde d1hd SHDD NP Nupdth t+ B2 mTBESph&Ye 72.
containing the HDD 40 and

FIG. 9 shows a mobile phone according to a fourth
embodiment of the invention. In the fourth embodi-
ment, the HDD 40 is arranged in one of the first and
second main units 62 and 64 which constitute the phone
main body, e.g., in the second main unit 64, while the
microphone 72 is arranged in the other of the first
and second main units 62 and 64, e.g., in the first
main unit 62. Thus, by containing the HDD 40 and
microphone 72 in difference main units, i.e., differ-
ent cases, the HDD 40 as a vibration source is mounted
separately from the microphone 72. As a result, the
fourth embodiment can provide the same advantage as
the third embodiment.

FIG. 10 shows a mobile phone according to a fifth
embodiment of the invention. 1In the fifth embodiment,
the HDD 40 and microphone 72 are arranged in the first
main unit 62, and the microphone 72 is located closer

to the top cover 1lb of the HDD 40 in the thickness
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m crophone 72 in difference main units, i.e., differ-

ent cases, the HDD 40 as a vibration source is nounted

20 separately fromthe m crophone 72. As a result, the
fourth enbodi nent can provi de the sanme advantage as

the third enbodinment. FIG 10 shows a nobil e phone
according to a fifth enbodinent of the invention. In

the fifth enbodi ment, 25 the HBPD 40 and ni crophone 72
are arranged in the first main unit 62, and the

m crophone 72 is located closer to the top cover 11b

of tderdd®D &0 on tie fhieknessnlénidi 62cting oh the first
first main unit 62. As in the first enbodinent, the

HDD ehib @dithem tcr ofphoneD T 24 @rendrmangedhote® 3at aséyatrbhenged
following relationship: 0 <0 <90 - amax 5 A

pl attee | $kel sy et e nEobeow BOY i sebatbogeldibn the first
mai n unit 6% and positioned between the HDD 40 and

ni cr ophon® #2 &% & 9901 at @™8Kem The shiel d nenber 80

is forned of_. a netic material to gneti cal | _

i sol ate theHbFz ]é%dsﬁ%i%plﬂ%fﬁ%e?zggﬁé %ﬁF@Péeiol“ the
menber_ 80 may surr.ou the HDD 40 in,the first_pai

i 62 A SRR BT B Pt St £8 g floo 0

vi braq'id trﬁi%gich{]heér%’wqéojbgéfﬂ%eéﬁ&ﬂ J aflﬁgn gktlfgl&dgrtneamber

the mcro t her eby enabl i ng cl ear voice

to by L achuid et N auai dhe: merophone: o Fﬁégﬁgwegmy

the shield nenber 80 shields the m crophone 72 from

the isolate the HDD 40 and microphone 72. The shield
member 80 may surround the HDD 40 in the first main
unit 62.

This structure prevents noise due to the vibra-
tion of the HDD 40 from being transmitted to the
microphone 72, thereby enabling clear voice data to be
acquired through the microphone. Furthermore, the
shield member 80 shields the microphone 72 from the
leakage magnetic flux of the HDD 40. This enables
clearer voice data to be acquired through the
microphone 72.

In the second to fifth embodiments, the other
structures are identical with those of the first
embodiment. Therefore, like reference numerals are
used to designate like portions of the embodiments,
and a detailed description of those portions is
omitted.

This invention is not limited directly to the

embodiments described above, and its components may be
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| eakage magnetic flux of the HDD 40. This enabl es

cl earer voice data to be acquired through the

m crophone 72. 20 In the second to fifth enbodi nments,
the other structures are identical with those of the
first enbodinent. Therefore, |ike reference nunerals
are used to designate |like portions of the

enbodi nents, and a detail ed de3cription of those
portions is 25 omtted. This invention is not limted
directly to the enbodi nents described above, and its
CONMRAAHIY iSe dTBYh B dirf 1 rbeshesl o Nt ek fassh FOIM® from the
wi t hout departing fromthe scope or spirit of the

I nverddmen.ofFwdihert omrdoasi nvéweidn onsFumyhde, meghei dys
suitably conmbining a plurality of conponents

descimivead ianscormmedid omadw thy 51wl oy egmilmning a

enbodi ments. For exanple, some of the conponents
accotldinfg ity tdfe doreyuimes edtoel Hegd slmegonpection with
omtted. Furthernore, conponents according to

di ffté}eerﬁomwb&%@ﬁrﬁes con%mwaa@olreeqm% of the

Al t hough in the abov ,enbodl t he el ectronjc
deviE §leﬁ}tosv|adceqf H &l f‘?’iﬁ‘iﬂl%s $l%ents may

:rgl(anf IUL%{ tagléhe [ nvedtt {rgrlﬁrpcl’rgen’lr]:ﬁsdmoionﬁna%st C?T%%dfrlégn S
phor&ﬁsffek}:létn%%n%o?ﬁ G2h 6,4 Ocda@g & tﬁ%&%&&

devi ces, such as Vi caneras an
enbodi mensshddn HRD ﬂb?e pe[kﬁy\!'éje@m%&ﬂn&ﬂ% N Ke electronic

device is provided with a plurality of cases, i.e.,
the first and second main units, it may have a single
main unit. The invention is not limited to mobile
phones, but is also applicable to various electronic
devices, such as video cameras and PDAs. In the
embodiments, the HDD is provided with a single
magnetic disk. However, it may use a plurality of
magnetic disks when necessary. Further, the magnetic
disk is not limited to the 0.85-inch one, but may be a

1.8-inch or 2.5-inch one.
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magneti c di sk. However, it may use a plurality of
magneti ¢ di sks when necessary. Further, the magnetic
disk is not limted to the 0.85-inch one, but may be a
1.8-inch or 2.5-inch one. 18 WHAT IS CLAIMED IS: 1.
An el ectronic device conprising: a device main body;
a di sk device arranged in the device nmain body, 5 the
di sk device including a rectanggl ar case provi ded

with a bottomand a top cover opposing the bottom and
a di sk-shaped recordi ng nmedi um contained in the case;

and a mi crophone arramged i3 he e ge:nain body 10
closer to the top cover of the disk device than to the

bot t om of1 t heardi ske dlevd e | dedi ¢di €kesss dhgecti on of
t he device main body, the disk device and m crophone
bei ng ar ramypdico maht isdgyt he foll owing rel ationship
with respect to a 15 maxi mum defornation angle a of
the top covErslfdencelakraegsdeln ntlze | dwesee orgér body,
Vi br tigp de: 0 <0<90 - a where O represents an
anglt&% L derney g ditghtUding a eI Hp ¥ hea o skrovided
devi ce . to &P nicrocgone by a nost 20 direct y, and
a plwziﬁ_'é1 Fa eﬂecltéim tadp asd%?%é?_é)vd?r t?@‘?%ﬁ‘%o‘%}& V@?t?%' and
S: Zilém Vs'kc—es'hazlded-rhr(:"ec%lr(:"dc:'Ltnrgor}rllecdidu(:i‘r\llIc:Coentaacicr?ercgj Ilnr(lJ EI?e case;
and
a microphone arranged in the device main body
closer to the top cover of the disk device than to the
bottom of the disk device in a thickness direction of
the device main body,
the disk device and microphone being arranged to
satisfy the following relationship with respect to a
maximum deformation angle o of the top cover of the
disk device in a lowest-order vibration mode:
0 =06 < 90° - «
where 0 represents an angle between a straight line
connecting the disk device to the microphone by a most
direct way, and a plane parallel to a surface of the
top cover of the disk device.
2. The electronic device according to claim 1,
wherein a center of gravity of the disk device and a
center of gravity of the microphone are positioned at
opposite sides with respect to a center of gravity of

the device main body in a longitudinal direction of

the device main body.
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wherein a center of gravity of the disk device and a
center of gravity of the m crophone are positioned at
25 opposite sides with respect to a center of gravity
of the device main body in a longitudinal direction
of the device main body. 19 3. The el ectronic device
according to claiml1l, wherein: the device nmain body
includes a first main unit,- ahé a-second nmain unit
rotatably coupled to the first 5 main unit by a

hi nge; and the disk device is arranged in one of the

first maBn umhé @necthensecondipai Acubiliingndot Beaim 1,
m crophone is arranged in the other of the first main
uni twteamkirihe second main unit. 10 4. The electronic

devi ce according to claim1, further conprising a

shi el d netiberdé ot eednain abodngheticdent @r faksandain unit,
provi ded between the disk device and the m crophone,

t he & & FIRIEMIEY et cardatapl el e wigledheto the first
m crophone frgmthe disk device. 15 5. The el ectronic
devite-hadtbrditg @ A mad wherein the case of the

di sk devi€§érls a Iength not nore than 4 cm

6. The,
el ectronict dé ey %&% T Ty 107 THEY ﬁ?_oﬂﬁe?giﬁh?hglrSt
O SrSERee ¢ S 19 JBILAS, 3,20, 9 AP Ele il cropnone
to Gl@idPrhnged in the other of the first main unit and
the second main unit.

4. The electronic device according to claim 1,
further comprising a éhield member formed of a
magnetic material and provided between the disk device
and the microphone, the shield member magnetically
shielding the microphone from the disk device.

5. The electronic device according to claim 1,
wherein the case of the disk device has a length not
more than 4 cm,

6. The electronic device according to claim 1,
wherein the disk-shaped recording medium has a
diameter not more than 1 inch.

7. The electronic device according to claim 1,
wherein the disk device includes:

a drive motor which is arranged in the case and
supports and rotates the recording medium;

a head which processes information for the
recording medium;

a head actuator which is arranged in the case,
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wherein the di sk device includes: a drive notor which
is arranged in the case and supports and rotates the
recordi ng medium 25 a head which processes
information for the recording nedium a head actuator
which is arranged in the case, 20 supports the head
for novenent, and noves the head wth respect to the
recordi ng medium a substrate gpit-contained in the
case and connected to the head actuator; and 5 a
control circuit board opposing an outer surface of

the Gase il gonnecdeded o M@eﬁ@pét rgh@ Hils BneMead

el ectronic device conprising: a device main body; a

di skvidevicespssangedhd fdeo fevi§enadi mmpody, 10 the

di sk device including a rectangul ar case provi ded

W th a baottomrsinca e t oplcoventappedi hy the bastoandand

a di sk-shaped recordi ng nmedi um contai ned in the case;

and eniettopghdie Wi depdl dagtudieodevaree main body 15
closer to the bottomof the disk device than to the

top coverd dfORHECHi Skr el ceed hd aoppPeknesandpreeri sprface

of t vi ce naln t he di sk devi ce and

ﬁg}?e %Q%é%cft%d fs%ﬁ%? ySLe%tlr%w oW hy-
relatlon ect 't nun1defornat|on
angl e a 3? t He' bh%?c Tt % %+%? comprlSl

a device main body;

a disk device arranged in the device main body,
the disk device including a rectangular case provided
with a bottom and a top cover opposing the bottom, and
a disk-shaped recording medium contained in the case;
and

a microphone arranged in the device main body
closer to the bottom of the disk device than to the
top cover of the disk device in a thickness direction
of the device main body,

the disk device and microphone being arranged to
satisfy the following relationship with respect to a
maximum deformation angle o of the bottom of the disk
device in a lowest-order vibration mode:

B < 90° - «
where B represents an angle between a straight line
connecting the disk device to the microphone by a most
direct way, and a plane parallel to a surface of the
bottom of the disk device.

9. The electronic device according to claim 8,
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device in a | owest-order vibration node: 0 < P < 900 -
a where P represents an angle between a straight |ine
connecting the disk device to the m crophone by a nost
25 direct way, and a plane parallel to a surface of
the bottom of the disk device. 9. The electronic

devi ce according to claim8, 21 wherein a center of
gravity of the disk device and2a eenter of gravity of
the m crophone are positioned at opposite sides with
respect to a center of gravity of the device main

bodywHhdy &ih 0natémmeld habf dyF 861 £ PNopf tRet BEsHEMEGEcBBEAY a
body. 10. The el ectronic device according to claim8,
wher@int et hef dgvaeecyrad N diodymi aebplesecaater pbsi@ibned at
unit, and a second main unit rotatably coupled to the
firstppddi mai sides twhyh ardspget vodat bendéskoflegkaeity of
arranged in one of the first main unit and the second
mai nchmidevigrl naen nfbedyphone léosgaruadbgel dhrepgion of
other of the first main unit and the second main

uni tthe siavicerypa it 8299%ni ¢ devi ce according to clai m

8, furthﬁé (o]o! risLng a shield penber formed of a. |,
magneti c hatert aF SNt pf 80+ dedchethedicPheingskodevpil 8-
and e _m crophone, the shield nenber magnetically
smeﬂéﬁﬁé?qhe m cr ophone fromthe di sk device.

the device main body includes a first main unit,
and a second main unit rotatably coupled to the first
main unit by a hinge; and

the disk device is arranged in one of the first
main unit and the second main unit, and the microphone
ié arranged in the other of the first main unit and
the second main unit.

11. The electronic device according to claim 8,
further comprising a shield member formed of a
magnetic material and provided between the disk device
and the microphone, the shield member magnetically
shielding the microphone from the disk device.

12. The electronic device according to claim 8,
wherein the case of the disk device has a length not
more than 4 cm.

13. The electronic device according to claim 8,
wherein the disk-shaped recording medium has a
diameter not more than 1 inch.

14. The electronic device according to claim 8,

wherein the disk device includes:
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20 12. The el ectronic device according to claim S8,
wherein the case of the disk device has a | ength not
nore than 4 cm 13. The el ectronic device according to
claim8, wherein the disk-shaped recordi ng nmedi um has
a 25 dianeter not nore than 1 inch. 14. The electronic
devi ce according to claim8, wherein the disk device
includes: - 22 a drive noter wkich is arranged in the
case and supports and rotates the recording nedium a
head which processes information for the recording
medi um 5aadhead aetuat @hivwhi 6B k$rangaBges ithet B@se and
case, supports the head for novenent, and noves the
headsumbdht s espéctotatébethecoedbngingdingtt ua;
substrate unit contained in the case and connected to
t he head achaatiowhighdpiOcaseest Lolfocmetubn lfoar dhe
opposing an outer surface of the case and connected
to theceu®siyanedining .

a head actuator which is arranged in the case,
supports the head for movement, and moves the head
with respect to the recording medium;

a substrate unit contained in the case and
connected to the head actuator; and

a control circuit board opposing an outer surface

of the case and connected to the substrate unit.



