~TITLE OF THE INVENTION ELECTRONI C DEVI CE W TH ELECTROLUM N

PANEL - - BACKGROUND OF THE | NVENTI ON gl =
i nvent i on ™ei~at®es to an electronic device 5 wiith an el ectrol um nescent
panel . El ectroni c devices which have a display section

and a key operation section with a plurality of keys (operation
switches) include a cellular phone, an el ectronic calculator, a
liquid crysggale;dods a radio 10 wifh a display capable of receiving a
teletext nmulti- pl ex broadcast, etc. Sonme of the electronic devices

have a structure in which a light emtting di ode (LED)

I's arranged

on the rear surfaesnefred FOARBDEIEETHICAL APPARATUSO PEPREORIMNGDEMVE| . This LED
illum nates the key oper a- 15 tion section through the panel to

faCI i tate t he '}%1 ¥ {Aventlcln re??te att I 81 ﬁgl.edno ?am@naqaflgw Ql-xécgamm-lslna

Since in the conven rQnj ¢ }
poi nt eni s<i BIYraldhY gf t'ﬂ%ﬁtali:}ﬁrptaﬁjlﬁ bRtk clenents a'l"{%ls\?lt&“ﬁ? VOOf t

evl c perfornms

he panel, at

~whi ch the dinedeeteging22geh fansppunted, is illumnated. This neans that t he
keys have di fferent brightnesses and hence do not have a good
appear ange. MrRQ¥AkE,f154 R&R idecdafddly Ssdt taCigd1ing 4 BRiid medivm (aCircuit
_llj_ﬁ?‘;dl lSJyI ﬁgg%veno:;lgdﬁs} heIna’EJZr@%eg p@lgi GPJI suited to lovbgﬁqnﬁ&hl nerl Iy thick.
when t he . pressure rg coo %ng onf eC]gec rlgalnagmarfagus v&eQ%%‘fqu]Lthlc é Q addl ti on,
noise is recu1red Typlcally, th fans comprise an asse DTV

parallel annular or frustro-conical elements, mounted in spaced apart
10 relationship and face-to-face about a common rotation axis. 1In '

operation, the assembly is rotated about this axis by a suitable motor ;

the fluid is drawn in at the centre of the assembly, impelled towards the

i . outer edges of the elements by viscous interaction with the surface of
the elements and is finally expelled st the periphery of the assembly.

15 Exzsmples of laminar flow fans may be found in GB 2 126 653 and US 2 632

A large variety of cooling systems have been proposed for providing

efficient cooling of a number of electrical or electronic devices housed

ogether in an énclosure. In many of today's computer system units, a

o

20 number of different elements including mass storage devices, circuit

cards and associated power supplies are provided which must be cooled

sufficiently in order to ensure safe operating temperatures. The cooling

system employed in such system units commonly comprises one or more axial

flow fans placed at the rear of the unit which operate to draw cooling
25 - air through apertures in the front bezel of the unit, over the electricsl

devices and to expel exhaust air through apertures at the rear of the

unit. Onélcommon type of system unit is the floor standing 'tower' in

which z tower is supported in an upright position by a support foot.

While these cooling systems are undoubtedly adequate for the
30 purpcse, they.have a number of drawbacks. 'Firstly, the fans take up
valuabie space within the unit which results in an increase in the
oversll size of the unit and secondly the noise produce& by axial fans

czn be significant in an office environment.

The present invention seeks to improve on prior cooling systems and

2E accorclnclg provides a lamlnar flow fan comprising & stack of parallel
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¢rystal display panel which requires a |ight source,

2- l'ight sources are necessary for both the key operation

section and the'display section. As a result, the wiring and the
mounting structure of the electronic devi ce becone conplicated,
which is a serious obstacle 5 I n devel opi ng nore conpact el ectronic
devi ces. BRI EF SUMVARY OF THE | NVENTI ON

It is an object of the invention to provide an el ectroni c device
sinplifying the nounting structure ' equi pped with a display section
and an oper at i Bfp-°11032 section which béth require illumnation, to

t her eby reduce the size of the electronic device. To
attain the object, there is provided an - el ectrol unm nescent

panel - at t achedsrRecesc eFaghiddskdelepenss mounted forgpiptiog b gt metogyi shrasrepanel for
control ling tréansimtsthe dibmeters & the dbk iehered®ntary iwvgtitin fthostrah duistde to
perform maxthiSPlu@Ylis@RorOPE R b A1 Dad Chtebitl | Spec-asF ARREMAL irDBhiswi t Ch

and capabl e of yauhst anfduidday transmtting |ight through at least a
portion thereof which requires illum nat i on; and a single

el ectrol um nescent anel étherel nafter red to as_"EL panel")
provi ded on’a rear "84 YR ghe predetermiged Eéﬁh"%?ast%éhaatessﬁf*h§h°ﬁa‘?¥é’r “é‘hd t he
operation panetf the internal gpace|dqapieit iRat 3chifvehesiah spttaydapditetalafiav the

oper ation or lampgerefan with equal diameterSiiigk elémantshehallewi@alEliiat faacdred

el ectronic devti.h@epresent invention including varying diameter disk elements achieves
maximum utilisation of the available space. For a given housing, a fan
10 shaped accoéding to the present invention can be shown to be more
efficient than an axial flow fan in the same housing. In addition,
tailoring of the disk element diameters according to the present
invention results in an increase in the total surface area of the fan
over a non-tailored laminar flow fan thereby providing an increase in

15 efficiency.

In a second aspect of the invention, there-is provided an apparatus
for housing and cooling one or more electrical devices comprising: a
chassis secured to a cooling assembly enclosure in which chassis the one
or more electrical devices are mountable; and a laminar flow fan of the

20 type defined above which is mounted within the enclosure.

In this way, efficient coéling of the electrical devices is
achievable without the cocling system taking up valuable space within the
chassis. 1In addition, profiling.the shape of the disk element stack of
the laminar flow fan allows for the most efficient use of the available

25 space within the base thus opti mlslng the fan efficiency for a particular

shape of base cavity.

The form factor of a laminar flow fan is ideal for this design
since the air is drawn through the central 'eye' of the disk elements and
expelled radially through louvres in the base. In addition, laminar flow

30 ' fans are guieter in general than other mors commonly used types of fan.

A preferred embodiment of the invention will now be described, by
way of example only, with reference to the accompanying drawings in

which:
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:25 t he di splay panel and the operation panel can be i1l um nated
by a single thin EL panel, the electronic device with the display
panel ‘and % he dperation panel '

- 3- can have a sinple nounting structure and hence a nuch

nore conpact si ze. Preferably, in the EL panel -attached

el ectronic device, the substantially overall rear surface of the

5  display panel is adhered to the EL panel by an adhesi ve. : As a
result, the vidsrat-d3zn sound generated fEomthe EL panel can be
reduced. Further, the em ssion color of the EL panel can be

adj usted by diffusing a pignent into the adhesive. 10

More pref er abFigurs hesE sgamsiic aresgciectionletiey @hisclaminar flow d¥yj ce furt her
conprises a fhexyidhe t6ith€ PrdseMOaivdntion; electrically connected to the

di spl ay panel and the operation panel, and the flexible circuit

board s ' In gHre 915 e@op Y:Lew orfezfar‘llé d%'élifab(t\hgnt \Fsea Qﬁ tﬁé‘ l%gng fw AR L15

adhesi ve. case SO preferab panel is
flexible As #FPEE tg"npé*lsé’étt PR R devi ce | s obt ai ned in which

t he dlsplay panel section can be folded on the operation panel
section. 5 Figure 3 is detieheaic ctdse dekbtipmmiatieymy ahavectpital 2fparatus

el ectrol um negrenl indy@brat&iein Ahtarrigekerred to "EL | ayer" formed
by diffusing fluorescent material powder into a dielectric |ayer,

and a pair f
P 0 el EC} ! Odaeschematlc perspective view of a removable foot pedestal

coollng assembly including a pair of laminar flow fans.

Figure 1 shows a laminar flow fan 10 comprising a plurality of disk
10 elements 12, 14, 16, 18, 20, 22, 24, each having a central aperture, (13
in Figure 2) which are held in a spaceé spart relationship sbout & common
rotation axis 26. 1In this description, the fan elements are shown as
annular discs; however other element shapes e.g frustro-conical may be
employed. The disks are commonly made of a plastics material, of the
15 order of lmm in thickness and typically spaced by 0.5 to 3 mm in a fan
- used to impel air. However, the dimensicns ‘of all the fan components and
element spacings depend on the performance required from the particular

fan.

The plurality of disks is secured by means of three support posts
20 (two of which are identified by reference numeral 50) éo a non-apertursd
bottom plate 44 which is attached to and driven by rotor element 40
forming part of motor 42. Figure 2 shows a single disk element including
a central aperture incorporating three nctches 60 which engage with posts
50 to hold the disk element fixed in position. Further details of the
25 laminar flow fan including the method of assembly may be found in
European Patent 474 929. It will however be appreciated that the exact
construction of the laminar flow fan is not critical to the present
invention.
A typical operational speed for this type of fan, when used to
20 impel air, might be between several hundr=d and perhaps thres thousané

revolutions per minuta.

The fan is mounted within a hollow housing 70 by fixing the motor

42 to the inner surface of housing base plate.72. It can be seen in



hol di ng therebei ween the EL | ayer, and the EL | ayer may be

sel ectively, forned on the display panel and the 25 operation switch.
th_prefera% in the EL panel -attached el ec- troni c device, the
“di spl ay panel is a liquid crystal : '

-4- di spl ay panel which includes a pair of substrates, each
havi ng el ectrodes and liquid crystal sealed _ t herebetween. In this
case, it is also preferable t hat ' the pair of substrates of the
liquid crystal %k581?% panel are flexible electrode substrates
obt ai ned by ormng el ectrodes on'flexible fil ns.

Further preferable, in the EL panel -attached el ectronic device, the

EL panel has anchhl 3V8he e poustl LB @%-é}nicay hNGold HALERCADL Jmteri al
powder 10 nto a air .ol Subst rates

hol di ng t her ebeﬁx‘ﬂ'é?frt?fe hEL 1F 'éﬁ’““%‘t‘p It §‘i“d€)r‘1i CTEPSIphHER @ directionsgai rat es
whi ch faces thefEPﬁe?hat‘?%FPmﬁ&h‘@l “bé‘Fchgthat the overpllashepmperibe fiheondensst r at es
havi ng el ect r odebstlyr tredheorross section ofpplrskais gy f acidsribqiehedisk a col or

adj usting | ayer afséterdSn this hdmR@XSHilbkd B & REFet T CWa udel gNtneOfntardesi r ed

wavel engt h volupeewghﬁ&@ggl Meh Yod1arsreehe Ol s £ @%&ﬁgmfmﬂfaﬁx%g on of

?hfer gﬂtjsts:’];j :‘ge Orf%lsksahav%snléra g‘%r%}:a?'xgoﬁtx%?eter equaP%r ecFe dJ.ame er onf Ehaelneg:t one Of
performed. 20 topmost disk,ij %HJFT PHRITYRE - sf’?’&&’csﬁﬁ‘%“ﬁf °’t ﬁ’é" EltePahel -

volume of the housing using the present invention gives a greater volume
10 flow for a given speed than for the fan with constant diameter disks.
Hence, it is possible to reduce the speed of the fan with a conseguent
reduction in noise while maintaining the required cooling efficiency. It
will be appreciated that the disk diameters may readily be tailored to
conform to housings with shapes different to that shown in Figure 1,

15 Figure 2 shows a tower unit 80 comprising a main chassis 82°
attached to & base 70 in the form of & hollow foot pedestal shaped like
the housing of Figure 1. Mounted within the hollow foot pedestal is =a
laminar flow fan as depicted in Figure 1. The tower chassis contains one
or more electrical units 84 e.g. disk drives, power supplies etc and

20 includes cooling apertures 76 in its top surface to permit intake of
cooling air. BAn outlet aperture 88 in the lower surfacé 86 of the main
chassis is aligned with a corresponding aperture (78 in Figure 1) in the
top of the foot pedestal to allow passage of cooling air from chassis te
base. 1Included in the external wall 75 of the foot pedestal are a

25 plurality of exhaust apertures 74, which are aligned with the edges of
each of the disks.

_In operation, air is drawn by the fan through the inlet apertures
at the top of the chassis. This cooling air passes over the electrical
units within the chassis and carries away heat produced by the units. as

30 is well known in the cooling'art, baffles (not shown) may be located at
appropriate positions in the chassis in order to direct the flow of
cooling air at specific portions of the units to be cooled e.g. circuit
boards. The heated air is then drawn through the outlet aperturs cf the
chassis and into the central intake aperture of the fan. The air is

'35 turned through ninety degrees as it passes over the surfaces of the disks
from which it is expelled via the outlet apertures in the foot pedestal

into the external environment.



.attached el ectronic device is applicable to a cellular phone.

Anot her object of the invention is-to sinplify the assenbl ed
structure sof an electronic device equi pped 25 - with a liquid crystal

di spl ay panel and another displ ay section which both require

illum nation, to thereby reduce the size of the electronic device. -
- 5- o To attain this object, thereis provided an EL

panel -attached el ectroni c device conprising: an EL panel having an
EL | ayer hel d uwsetti®8h a pair of Ssubstrates whi ch have el ectrodes
formed on opposed 5 surfaces thereof; a liquid crystal display panel
provi ded on a predeterm ned surface portion of the EL panel , havi ng

liquid crystal sealigerebbtshavers pifspective schemafisqyiewtofsthe faethPisiedittded with an
el ect rode, anchssembly whicic dpakhwaidly aroatheide|tonthetriadn thaansnes sheotevef | i ght by
10 changi N@inod.i eBtahisenseed thdt(thedtdprauséaburfileafutiessssamlly includes an EL
di spl ay secti anafip!’ogeage&ﬁré% Tod!l fl@ﬁtezhﬂgrécm;&f:e with the cehfi@1 Ehtgranel ot her

t .han the pr .deat S‘rt\megecgf asugjfragfelaminar flow Q‘Q]J;st rQ'ergeg Q?deety_egfc{eon{numenescent
di spl ay sectio erform ng (s:i‘llrsfg)clea‘yf I ght emtted fromthe

el ectrol u- 1%5°destq} 37se®eht . Pamsr ehe che R At RS above
EL- at t ached elpedestadrifcFigins s attachable wikl ipqlpdsi 3 Peiry<h aftlefi spl ay panel and
anot her di spl ayertures corresgmiingrtoctha d¥destkl dmtienapedudsy. a single thin EL
panel ,
Blso included at each corner of the pedestal upper surface is a
10 locaﬁing peg 90 which is positioned to mate with a corresponding aperture
{not shown) ;m the chassis lower surface. A connector 110 is also
provided on the pedestal upper surface via which power is supplied to the

fan motors from a power supply in the chassis.



:the electronic device with a plurality of display 20 "~ sections

I ncluding the liquid crystal display: panel can have a sinple
nounting structure and hence a nuch nore. conpact si ze.

Yet anot her object of the invention is to provide _a conpact
el ectroni c device including an operation 25 panel with a pIuraI|t of
operation switches which can -be unifornly |IIun1ThK

pl ace. To attain the object there is prOV|d

- 6- _ %ﬁ? L 03} tached el ectronic device conpr|3|ng

operati on pane aving a plurality of operation c es an
substantially transmtting light through at Ieast a portion thereof
which requires illumnation; 5 anghyan EL panel provided on a rear
surface of the operation panel and forned by hol ding an EL | ayer

between a pair of substrates which have el ectrod
surf aces tﬁerleof A Lamipgsa8lov JAR cPrisied @ stack o "}fgfﬁ’eatsggce aPartnﬁg‘ 825???8?\23
on the side elemehrs (12QL4.16,5hHa0.32) neRnpashédr lt?é?tﬁgf‘ bY arropar &40

Since in the cahrav@erisedpansht aid achedrebecby oinkcelenents vandeniitie, thehe EL panel
uni form y i l ls\am%t@astci nﬁnﬁiébs.ﬁ:ﬁﬂsatlon of thd E&liiébl@\iﬁﬂ’eaﬂxél 4p@&d oS Hrl face of

the operation, a&g%iwakhthe fan is QBGLkad.i on switches can be unifornmy
i1l um nated an th ere?ore easily operated in a dark pl ace.

I n the above-descri bed El panel -attached el ec-
2. A laminar flow fan as claimed in claim 1, wherein the diameters of

the disk elements vary monotonically along the stack.

3. Apparatus for housing and cooling one or more electrical devices

10 comprising:

a chassis (82) secured to a cooling assembly enclosure (70) in which

chassis the one or more electrical devices are mountable; ané

a laminar flow fan as claimed in claim 1 or claim 2 for cooling the
devices, the fan being mounted within the enclosure.
15 4. Apparatus as claimed in claim 3, wherein the cooling assembly

enclosure forms a base portion of the apparatus, the chassis being

supported on the base.portion.

i

5. Apparatus as claimed in claim 4, wherein the cress sectional ars
of the available internal space in the base portion increases in a

20 direction away from the contact between the base and the chassis with the
diameter of the disk elements making up the stack increasing in- the same

direction.

6. Apparatus as claimed in any of claims 3 to 5, wherein the stack of

rotatable disk elements is mounted for rotation on a motor and includes a
25 central intake aperture (78) for receiving cooling air from the chassis,

the enclosurs including exhaust apertures'through which cooling air is

expelled radially from the disk elements.

7. Apparatus as claimed in any of claims 4 to 6 wherein the base
portion and .laminar flow fan together form a removable cooling assembly
30 including power connector means (110) for attaching to a corresponding

connector on the chassis to provide power to the cooling means.

A A



tronic device, it is preferable to selectively provide a col or -

adjusting layer for transmtting therethrough light of a desired
wavel engt h,* on a predeternined 20 portion of a front surface or a rear
surface of the transparent at |east one of the substrates. As a
result, the operation switches of the operation panel can be
illTumnated with Iight of any desired col or, ~ which enhances the
comerci al value of the electronic 25 devi ce. Addi ti ona
obj ect and advgg;ggg?zof the invention - will be set forth in the
description which tollows, and '

-7- in part will be obvious fromthe description, or nay be

| ear _ned by_ pr a’ét i CQp;QJraELQ_eaJ E}l\é%{zgdi :ananf &hﬁa% @QL 7,arlgcluding a pai@d:y\éant ages of
the invention pay be_realized obtai ped by neans of-the

. . ar :alow ans moun@‘pdd ide by side 1in the base, . .
instrunental i ties and conbi na- . 5 Y¥1ons particularly pointed out i.n

~ the appended cl ai ns. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng draw ngs, which are incorporated
in and constitute a part of the specification, illus- trate
presently preferred enbodi nents of the invention, 10 and together with
t he general description given above - . and the detailed description of
the preferred enbodi - ments given bel ow, serve to explain the
principl es of t he i nventi on. FIG 1 is a plan view,
show ng part of a cellular

"l

« ¢ L M 8§ *



15 phone to which the invention is applled | FIG 2is a

sectional view taken along lines A~- = - - Aof FIG 1,

FIG 3 is &%ectional view, taken along lines B - . B of FIG 1;

FIG 4 is a plan view, showi ng an EL panel i ncor pur at ea | n Wle
phone of -FIG |I; FIG 5 is a plan view, stlﬁ Q@&lon
of the EL panel; and . FIG 6 is ap

anot her nodifica- 25 tion of the EL panel. LED
DESCRI PTI ON OF; THE I NVENTI ON The enbodi n'ent [ on
will be describ&di™® 8 -8- .

. detail with reference to the acconpanyi ng draw ngs. FI GS. 1 -3
show an essential part of a cellular ABSTR phone to which the invention is
applied. The cellul ar phone hat"5* T exible circuit board 1. An EL
pariel 2 5 is adhered to the front circuit board 1 by neans of
an adhesi ve nenber 3LAMDNAREFHOYOFAN ANDr AREXRAMYH TNCORPORATING SUCHGUBANe coat ed
adhesive tape. The EL panel 2 has a structure conprising a

tr anspar ent el ect rAOEL%u@rnfﬂGB fEHc is descrlbeh-‘;g.c“i'}déddﬂaem td @élﬂ@z) a @LC.
provided on thg.[| ng@rcav 9 %uggpgfnz % a {hle %h ? dransparent film
e

substrate 4 ate etc., an EL

1e
layer 6 at tachualied ¢ ﬁaafrts A 1408 Br2g 2 waﬁ LRt dpgetion on s

motor (40) with the diameters of the disk elements varying within the
stack to more fully utilise the available internal space of the housing.
Apparatus which uses such a fan as part of its forced air cooling system

to cool one or more electrical devices is also described.

Sheet Has Been Reﬂlaoed

T A



el ectrode 5, forned by diffusing fine particles of . phosphor in a
‘dielectric Iayer a back el ectrode 7. made 15 of carbon, etc. is
provi ded’ oq“the rear surface of the - EL layer 6, and a protective
film8 provided on t he rear surface of the back el ectrode 7.
As is showmn in FIG 4, the EL panel 2 has a . structure in which a
predeternined gap 13 is provi ded 20 bet ween an upper panel section 10
with an upper em ssion area 9 and a | ower panel section 12 with a
| ower emnission area 11, and a connecting portion 14 is provided at
a lower right portion of the Iower panel section 12. The connecti ng
portion 14 has two 25 connecti ng pi“g 15 connected to the transparent
el ectrode 5 and the back el ectrode 7 shown in FIG 3. The ot her
ends of the connecting pins 15 are connected
-9- to connecting term nals (not shown) of the circuit board
1. A liquid crystal panel 21 |Z%§dhered to the upper.
em ssion area 9 of the EL panel 2 via an sive menber 22 forned
of, for exanple, a transparent dould : ther) adhesi ve tape. Since
the overal |l rear surface of tHe ljoguid c anel 21 is adhered
to the upper em sl om—ar 7 thelvi brg ,'ugd generated fromthe
EL panel 2 can be weakened. M ificall panel 2
slightly vibrates and generat sound :

74 '

75 = | == 22
125 )/ | ikz"
(‘>/r,/‘ 4 T './ . y 30

FIG. 2



-
2

;/during emssion. This vibration is absorbed in the adhesi ve nmenbers.
3 and. 22r=$her eby weakeni ng the vi bration sound. The
liquid crystal panel 21 has a structure in 15 which a pair of electrode
pl ates 23 and 24 are adhered to each other via a seal nenber (not
shown) w_th their el ectrode-fornmed faces opposed, and in which
liquid crystal (not shown) is. seal ed between the el ectrode

pl ates. Each of the electrode plates 23 and 24 is 20 obt ai ned by

form ng an el ectrode of a predeterm ned pattern on a glass substrate
(or a flexible resin film. The | ower end of the glass substrate 23
which is | ocated on the rear side projects fromthe |ower end of

the front-side glass substrate 24. A sen?gbnductor 25 chip 25

consi sting of, for exanple, an LSI LS nnynted on a projecting
portion of t he gl ass substrat ;ﬁ driving the liquid crystal
panel 21, as is shown in L_J k/\] - 10 -

FIG 1. ~An opgra o” B wurted on the | ower

em ssion area 11 of the H e 2; és Ps %hémQ ijn FIG 3,.the
operation panel 31 has a sg 34 ifdte N [posed bet ween two
transparent film substratke 132 m”d 33 & havi ng the nunber of
openi ngs or through hol es| 3 %ﬂﬂﬂ%—eeffespond to the nunber of

operation keys or L

w | o

———— N N o



swi tches 35. Wen any key 35 on the front-side film subst rieseer33r3
pushed by,. for exanple, a finger, .a° 10: novabl e contact 36, which is
dedi cated to the key, made of, for exanple, ITO and provided on the
portion of the rear surface of the front-side filmsubstrate 33, in
the opening 37, is brought into contact vifth a pair of stationary
contacts 38 made of, for exanple, ITO and 15 provi ded on the rear-side
filmsubstrate 32 within a correspondi ng opening 37 of the spacer
34. Thus, the novabl e contact AEsTehertrically connects the
stationary contacts 38. On the portions.of the front surface of
the front-side surface, corresponding to the respective 20 keys 35,
desired letters, nAKYNARMKHOPr FAN &D| APPARRTUS INCORPOB?*TIM?eﬂUW PhFBRI nts of
the sanme or different colors. Further, in this enbodinent, the
operati on panel 3 ated 0 I and._f d,thereto
by means %?m’é’aEafs]tfw( ﬁ%’f 1§h 1b"ﬁé1t éf’%}itl Ve ‘?)ﬁe?he" %gtérir{&?on

panel 31 amdtdrmelFtavidnedf 2 ﬁmyhlgesmﬁ@b t Bheefeh comprises gt ﬁ%ﬁCkb9fan

adhesi ve. faérdlﬁeﬁ.h&%kc@?@nenﬁ:ge(ﬂv@ia16| 18,20,22) nfoﬁﬁfecﬁlfbf*aﬁﬂ:aQiod e a
operation panel

e EL
panel 2 i sPRkAY 6%} Wéé'fﬁ at?ngé?“{?éfrs of the lel‘@“{“ﬁ‘é“%b’ﬁé’Fm@mgég? 51ntltéer ea 9,
With the resadit tbhaire fully utilisevilw avablabdeuinteohal ispa¢yd ofabled hpueing-be

mor e parreaqaﬁkﬂ'ﬁ'cx d&%kﬁmﬂa £&h as part of JtBCEordedl i 2BEVAdep&tembed

cel lul ar one
to cool one or more electr1ca1 devices is also described.

Fig. 1
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EL- panel 2 as a plane light emtting source is provided on the rear
surface of the operation panel 31, all keys 35 of the oper afjeson-s ¢
panel 2 can be uniformy illum - nated in a dark place so that the
printed letters, 10 wor ks and ‘the I-i_kf are clearly displayed. This
means that the cel lul ar phone can”have a good appear ance.

Moreover, since the EL panel 2 is also attached to the- rear surface
of the I|qU| d display panel 21, this panel can be uniformy

i |1 uninat ed, tooLARINARNEEGHFAN AND ELECTRICAL APPARATYS INGORPARAFEINGIFAN t he.

cel | ular phone can be made thinner, lighter and rmre corrpact than .

t he conve, tional one Wnich uses.an_gem.ss £ 9
addi tion, since P‘ﬁ% ngRREAD SRidiets ‘1§h§r%1 g\ # g?’%’rﬁalr ow rans §8'ﬁ%?’:ft188
fromthe | rouiutaditstof] roteble parahkel 8sk elememierang atﬁcr d;mapphoatus

obt ai ni ng gné@lpgag@u;gosgal ggpkied -~ to the EL panel 2 'can also be
. sufficiently. separated - fromthe liquid crystal panel 21, thereby

m ni m zi ng t he adverse influence of the noise of the inverter
circuit upon t heagirsgr &Yowpdass .are2Eommonly used THor impeldirer enflwcid wediafn (de

EL panel ﬁg_hfgr ?asg I Pﬁ%%l?y Qﬂgg%@gsxﬁtghg&eﬁw tf‘ioQE hgbﬁfﬁé%ﬁd into

t he IS case, E em sSi on .
- 12 - ¢ pressurg_n%pqcsgealreﬁngSr,ngnoiéreéﬁcg_rPca JPRaryus ‘&tl"f‘é‘l 1?” fEguPelcs £an
at the sameoix® de xwqudiréder a'y:pmzatlpr Shese fans comprldiuah hssembly, ofhe EL

layer .6 of paxtEQ.lE!I: aﬂﬂ'ﬂl%r 2r::r(3§pustt’o-conzlcal elements mounted in spaced apart
relatlonshlp_and_face-to face_about a common rotation axis. In
operation, the assembly is rotated about this axis by a suitable motor;
the fluid'is drawn in at the centre of the assembly, impelled towards the
outer edges of the elements by viseous interaction with the surface of
the elements and is finally expelled at the periphery of the assembly.
Examplés of laminar flow fans may be found in GB 2 126 653 and US 2 632
598. ' '

]

A large variety of cooling systems have been proposed for providing
efficient cooling of a number of electrical or electronic devicés housed
together in an enclosure. In many of today's computer system units, a
number of different'elemehts including mass storage devices, circuit
cards and associated ppwer subplies are provided which must be cooled
sufficientiy in order'to'ensure safe operating temperatures} The cooling
system . employed 1n such system units commonly comprlses one or more axial .
flow fans placed at the rear of the unit which operate to: draw cooling
air through apertures in the front bezel of the unit, over. the electrical
devices and to expel exhaust air through apertures at the rear of the
unit. One common type of system unit is the floor standlng 'tower' in
which a tower is supported in an uprlght p051t10n by a support foot.

While these cooling systems are undoubtedly adequate for the
purpose, they have a number of drawbacks. Flrstly, the. fans take up
valuable space within the unit- which results in an increase in the

overall size of the unit and secondly the noise produced by axial fans

can be significant in an office environment.
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be partially forned by printing. For exanple, as is 5 shown in FIG 5,
an EL | ayer 6a can be sel ectively formed on that portion of the
| ower panel section 12 of t he EL,panel 2, which corresponds to each
key 35 of the operation panel 31 shown in FIG 1. In this case, the
| um nescent col or can be changed, for exanple nunits 10 of one row
of the keys 35 by diffusingm IE) 1‘“{? s into EL | ayers 6a

for CorreSDOfksilﬂg HLBLHRWE. of the present DhddiRugh to il iadbeve e s ke,
a pignment, d:%%gents are diffused into the EL | ayer. 6 of the EL

panel d’tﬁl‘?éi Ritd= Bt A*ted to this. Instead, 15 . the pigment
may beI d| ffuiswbndihg tbheons hespact 22 whe Cchresent inventtﬁeme&htehe is qoiralrided
crystal panel 21 to t t her, Kk i cat j.on of
t he errbozgérl nBRP T H Shown th& Ell’m%%l% a%dFIc@xdéngagic{é g’rg aé)lrﬁst% 1@c€’f%%r %%11%5
of a comprnsnagspaaemasseﬁ gsemared it aaﬁéoblmm@s\ﬁﬁ 1 Ppage frp which

col or pi gEnt; MY be, d Qf%@re byrefor@i cRl | diviiREs &R dountable; BRGESSaRy rear
surface portion o? the filmsubstrate 4 of the EL anel 2 (in the

nodi fi catd®inast FHay @nf‘&?unted withdpa fisie, ‘%?ﬁ’lt”Pl%t aF%%Jijé’ur"?%fEé’SHBFt it
of the ftéémmg the déuilsdsl, ageld\kMaﬁhnaﬁrfmpaadSccbmprasm@ter(akeya35a)moto&5_

Alternati V% %{bgt hea?g-'mcgor 1US 'i?rlllea\éer 9a{J§ t Sls]bs? “tlenti moun%ed for

desired ¥
- 13 - rotation about Al tdcommgh axist by eabbdiotent ,whdreipvehaldiamepers of the

disk elements vary within the stack so as to maximize utilization of the
available internal spac'e of the éooling'assembly enclosure, wherein the
cooling assembly enclosure forms a base portion of the apparatus on
which the chassis is supported, 'thé ci:oss'--'- sectional area of the
available internal space in the base portion increasing away from the
contact with the chassis with the diameter of the ‘disk elements making
up the stack increasing away from the chassis contact.

According to another aspect of the present irnvention there is
provided an apparatus for housing and cooling one or more electrical
devices comprising: a chassis. secured 'to a cooling assembly enclosure
in which chassis the one .or more electrical devices are mountable_;_ and a
laminar flow fan mountéd within said cooling assembly enclosure for
cooling the devices, said laminar flow fah comprising: (a) a mbtor;
and (b) a stack of parallel._ spaced apart disk elements mounted for
rotation about a common axis by said moﬁor, wherein the diameters of the
disk elements vary within the stack.sd as to méximize utilization of th:a
available internal space of the cpolirig'assembly enclosure, wherein the
stack of rotatable disk elements mounted for rotation on said motor
includes a central intake aperture for receiving cooling air from the
chassis, wherein the coéling assembiy enqlosure forms a base portion of
the apparatus on which the chassis is supported, the base portion

" including exhaust apertures through which cooling air is expelled

radially from the disk elements.
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surface of the liquid crystal display panel 21 is adhered to the EL
panel 2 by the adhesive 22, only a peripheral portion or
predet erm ned opposite side 5 portigns of the rear surface of the
panel 21 may be adhered to the EL panel 2. Nbreover t he
l'iquid crystal display panel 21 may be forned by sealing |iquid
crystal betwkﬁﬁpﬂdhﬁgleeStlll anoFF??nﬁﬁﬂééﬁr6Eéj§UE§FF%E%§u“ﬁﬁFéﬂnaﬁ re is

obt ai nedpfyidkd an maEi@s eE6E t hOsEHg0hnd pﬁiolhﬂ@ bh@nspamend Elexidlal
filmsubstrates. Int case of using the fi

subst r at 8&viqafe CPE‘?EW’?B?( cé Iﬁaﬁﬁlﬁhﬁﬁ‘éurc?gn 0 a cooling n%?&?"@ﬂ?’ nFRLogEe
[ ght er iﬂnamﬂdmechasma)fthason@ ctfnmore electrgbassdaairwetﬂm subsebid ear@iE a
and 24. L el

substrat %a"élnc? % hfeloé“zl r cw t %Jn eél |v}sﬁ$ (J)‘rﬁrres%agf céjl ost ﬁ%gi EF gemlﬁ' 'éAcq)ﬁ%ﬁ{%gr fS°l§Ch
as an FPGolimg ¢heplewiqesnesatddamdpannfllow fan comuydsdpgr at(Bdnaphpkedr; and

section gge éxgﬂgdﬁdofuﬁ£kéﬂ¥@1 ngﬁ&éd apart dﬁéﬁ éﬁ%ﬁéﬁhgeﬁbﬁﬂte@aﬁbr0%$Eﬁtlon20 '

In addition, although Tn the enbodinent, a gle

i |1 uni natleeut R FOWRANY 2eFies PX) S&F@pf“ﬁ?‘b'an"énerem the gﬁ?f“‘?ttféfsoﬁér aFthleoﬁilSk
panel , t@ﬁbﬁéﬁﬁﬁ“ﬁd¥§lwithﬂh khei t€dck so as 1@ tnliximiddieutiMention o aheo
appl i cabl e tach(id elgct I'nLI cergglvl ce equhgped W, t h

ane
25 a'ﬁ?’tﬂrarhiet f/m(')?néﬁlsﬁpﬁg %t?’b Cooling IREAmBlLY eRFosyre. whereln (the
i s a sectoohirgf aé’aerrﬂoque@céoqtstaal fcaht@olaybwlebortlon of e aamdfc@ttusn@ni S

an-elECt&ﬁ&éﬂnEﬁgﬂéﬂyésggsgga¥upportéd wherein the base and laminar flow fan

are a removable ‘cooling assembly including power connector means for
attaching to a correspondlng connector on the chassis to prov1de power
to the fan. ' ) _

According to still another aspect of the present invention there is
provided a 1aﬁinar flow fan, adapted to fit into a predetermined
housing, comprising: a motor; and a stack of parallel spaced apart disk
elements mounted for rotation about a common axis by said motor, wherein
the diameters of each of the disk elements vary within the stack to
conform to the shape of the housing so as to maximize utilization of the
available internal space of'the.housing;

DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

A preferred embodiment of the invention will now be described, by
way of example only, with reference to the accompanying drawings in
which:
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- .14 - . section which perfornms.display by light emtted from

the EL panel. The el ectrol um nescent display section Is fornmed on a
surface portion of the EL panel other g than a predeterm ned surface
portion where the liquid 5 crystal display panel is provided. In this
case, the EL panel with EL layers which are selectively forned is
preferably used. The EL paﬂéz}nﬂﬁ the invention is not limted
tod I Whithe s2ROY Eméle S| bed one |n~ whi ch the EL Iayer is formed 10 of
a dielectric_material ed wit | uor es

contain an ozi“ga?ﬁftarﬁﬁllﬁrf%‘f ba?élséﬁg an COOZM‘%S‘?% Oﬁafngf‘? a?laelqlfrf‘ﬁ%l @XY%
Addi t i onadmmadedntzages and nodifications w || readi |y dccur to those
skilled in the . Ther LS :hr ts
is not |im t%d lﬁgésj‘s @%CSL%)%%% %gco llI’lget a é{ gﬂtr:ie%rdéis?er}?mg?sgﬁ Snlless
enbodi nmewlres one or mosmmhcanac@e%wse@ grer @Pﬁnt’#é@or gréigly, various '

nodi ficationg mBYiRE nade WahhadintePabidmig kaod £861ing assemEPirréﬁc%sure

scope of the general_ inventive concept ~
cl alpms aker tqﬁ%lﬂnng%éi}eé(ﬁf:gs, said I mlr?asr f%.gw fan %%LljpolSan the append_e(iS_
CLAI M5 (a) a motbr;Aanel ectr ol um nescent panel - attached el ec- '

tronic devi C?b)cogprsitgi:pg:of parallel spaced apart disk elements mounted for
'rotation about a common axis by said motor, wherein the diameters of the
disk elements vary within the stack so as to maximize utilization of the
available internal space of the cooling assembly enclosure, wherein the
cooling assembly enclosure foims a base portion of the apparatus on
which the chassis 1is suppofted, the cross . sectional araa of the
available internal space in the base portion increasing away £from the
contact with the chassis with the diameter of the disk elements making
up the stack increasing away from thé chassis contact. '
2. An apparatus for housing and cooling one or more electrical devices
comprising: ¥ |

a chassis secured to a cooling assembly enclosure in which chassis
the one or more electrical devices are mouﬁtable; and

a laminar flow fan mounted within said cooling as_sembly enclosure
for cooling the devices, said laminar flow fan comprising:

(a) a motor; and . - '

(b) a stack of parallel spaced apart disk elements mounted for
rotation about a common axis by'said motor, wherein the diameters of the
disk elements vary within the stack so as td maximize utilization of the
available internal space of 'the cooling assembly enclosure, wherein the
stack of rotatable disk elements mounted for rotation on said motor
includes a central intake aperture for receiving cooling air. from the
chassis, wherein the cooling aésembly enclosure forms a base portion of

" the apparatus on which the chassis is supported, the base portion’
including exhaust apertﬁres throﬁgh which cooling 'air is expelled
radially from the disk elements.’ ' -

3. An apparatus for housing and cool:Lng one oOr-more electrlcal devices
comprising: .
a chassis secured to a cool:.ng assembly enclosure in wh:.ch chassis

the one or more electrical devices are mountable; - and
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a -di sprkay panel for controlling transm ssion of 5 i ncident |ight from

an outside to performdisplay; an operation panel having an
operation switch and substantial hy transmtting |ight through at
| east a portion thereof which requires illum nation; and
a single electrol un nescent. panel prov d_on rear rfac
cach of the ti WoMrmaer ga premted wiilaBeda, s SRorotY | Sty
t he di sptay c@@ll&hgaride devices, tdudopeniidmflpangdn comprising: 2 The

- el ectrolumn )cegt &%’}el 2R tached el ectroni c device according to
claim1l1, wherein the

substantlalglgl overall rear surface of the
di spl ay panefb) a Stacks ofdparedled eheced calband udidkeselanensgnaioubyedn for

adhesi Veroration about a SomhBE BLGCHYOLMH %&sﬁntw&%@@h giid ahRdters of the
el ectronic device according to claim?2, wherein a
q#;&géﬁFlon of ‘the

di f f used®i¥k EHEMSARR YRRy, within the stack sorgs tp é‘t"’P‘tlB‘Fﬁ‘Fn
panel - atéagiliethle internsl ephtendt ey icelang castemdlly Oerdlaisnird, dheddier the

conpri si ng -a fI exible_circuit boar ectr I . nected to_ the
i spl ay PaHaPSAr D Ep EREL PR e L bER orrion, o, A kAL Rg 08
bei ng aditeraid tths xhagais 1s suppmeﬁacuhgtexrhe:fel deseobodi hawigant fiawelfapy

an adhesjye. , removable co o1indNQsBLAGEY olmumge%w@ﬁne&m?éat%eh%ans for
- 16 - ectroni c device according to ctaim4, wherein the
attaching to a corresponding connector on the chassis to provide power

to the fan. _
4. A laminar flow fan, adapted to fit into a predetermined housing,
compriging: ' .

a motor; and _

a stack of parallel spaced apart disk elements mounted for rotation
about a common axis by said motor, wherein the diameters of each of the
disk elements vary within the stack to conform to the shape of the
housing so as to maximize utilization of the available internal space of
the housing. . _ ' _

5. A laminar flow fan as claimed in claim 4 wherein the diameters of
the disk elements vary from a disk element positioned at one end of the
-stack to a disk element positioned at the other end of the stack.

6. An apparatus for housing and cooling one or more electrical devices
comprising: - i _

a chassis secured to a cooling assembly enclosure in which chassis
the one or more electrical devices are mountable; and

a laminar flow fan mounted within said cooling assembly enclosure
for cooling the dev1ces, said lamlnar flow fan comprising:

(a) a motor; and

(b) a stack of parallel ~épaced apait disk elements mounted for
rotation about a common axis by'said motor,.wherein the diameters of the

- disk elements vary within the stack to conform to the shape of said
cooling assembly enclosure so as to maximize utilization of the
available 1nterna1 gpace of the cooling assembly enclosure.

7. The apparatus for housing and cooling electrlcal dev1ces of c1a1m
6, wherein the diameters of the disk elements wvary from a disk element
positioned at one end of the stack to a disk element positioned at the

other end of the stack.

eplacemem sheot

T L]



el-ect r ol uni nescent panel is flexible. : 6. The

el ectrol um nescent panel -attached “electronic device according to
claim1l1, wherein the 5 el ectrol um ngscent panel has an

el ectrol um nescent I ayer for med by diffusi ng fluorescent materi al
powder into a dielect er - and_a pair el ectrodes

hol di ng qher“&ﬁet%%ﬁ% EP%c ?‘ﬁ ﬁ@gcgﬁf’l’r"éﬁg erlecttﬁécal XSS of claim .

el ectrolaymwiesednt thayebobiiq(assembly i entloshuremEdron a1Base pdidodi ffl ahe
panel angd_t erat(.Qn.s C , The el ectrol um nescent .
panel - a??dpfc?%%&%g & v;h%:hl th r%irﬁsgl e%/sf csélpggggfzdl ng to claim1, wherein the
di spl ay Panefhd sappariague df@JF’ ybeugingi apdagophing edsicthical devidesc|afdeslagm
pair of @utme&%&gsate@eas@aewma%hﬁs&r9&'&5 fans are ABHntddIWiheCiyStaAlde in
seal ed t her ebet ween. . The el ectrol unm nescent panel-attached
el ect r orfi® $&8FFce according to cl a| m 7, wherein the pai r of
substrates of the liquid crystal display panel are flexible

el ectrode substrates obtained by formng 20 el ectrodes on flexible
filmns. 9. The el ectrol um nescent panel -attached

el ectroni c device according to claim1, wherein the -

el ectrol um nescent panel has an el ectrol unm nescent | ayer formed by -

di ffusing fluorescent material powder 25 into a dielectric'layer, and
a pair of substrates hol di ng t herebetween the el ectrol um nescent

| ayer, at - least one of the substrates being transparent, the

- 17 - : : :
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substrates having el ectrodes forned on opposed surfaces t hereof, a

col or adjusting layer for transmttlng - therethrough light of a
desired wavel ength bei ng ~ sélecti veI y formed on a predeterm ned
portion of a 5 front surface or. .a rear surface of the transparent at

| east one of the substrates. 0. The el eqty Ol gm-n nt

panel - attached el ec- troni ¢ device according/to’t Ia‘fr‘thlf./.;s\Agﬂre n

t he el ectronic device is a cellular phone.- REPLA(;;_&QL. ,g‘f

el ectrol um nescent panel -attached el ec-aBstract tronic devic Lsifng:
an operation panel having a plurality.of operation swi tches and
substantially transmtting |ight through ~at | east a portion thereof
whi ch requires il | UdMiBRR FHOW FAgl AND A&ﬁHRATUS INCORPORATING SHCRA F8Nunmi nescent
panel provided on a rear surface of -t he operation panel and forned

by hol di ng an um, nescent, er , bet en if,.of substrates
whi ch have el ect?o]cfggn? %ﬁ@ 1t8 6f)p%§551 elﬁi? hiehsts teadfp' eﬁr’lé:of'nt %f F'east
one of the infsshehtcayitthiofhajfan housing (i0Jvi dh¢ Hm cheprdisde istaglerdti on
panel bei ngpérraiﬁlépf%ﬁsk elements §12,14,16,18,20,22) AduntEerdd! 9&$Jt9.5h'rﬂd1§5ce”t

panel - attach Irorcdvrceaco ding to claim, ein
he MEHoB oL 101 itk Sbe FEMBRRER OF e, AL0 ALenangr hapued mignin the
| ayer seI ecttiaci| o moraetildm tatlrluedeﬂucrmalédbxnonntmabfspace of the Houeing.

surface or gohefusSUhi@r@set diR 4 rARSRALERE of its forced air coolmg system

to cool one or more electrlcal devices is also descrlbed
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- 18 - at | east one of the substrates for transmtting
theret hrough light of a desired wavelength. 13. An %003 Thes
el ectrol um nescent panel -attached ‘el ec- troni c device conpri sing:
5 an el ectrol um nescent panel havbng a transparent
substrate, substrate, and an el ectrol um neScent |ayer hel d bet ween
the substrates, the substrates having el ectrodes forned on opposed
surfaces thereof; a liqui dAﬁ%‘t‘éﬁ{:’Fl di spl ay panel provided on a
10 predet erm ned surface portion of ranspar ent substrate
of the el ectrol um nescent panel, having liquid crystal sealed .
bet ween the substral@gnaRagidw FaN anD WRH&J@@N&R%M@% siel; aapap! e of
controlling the transm ssion of light by changing orientation of
liquid 15 crystal nol ecul es; and an el ectrol um nescent
di spl ay secti on & dramédaprflgw fan is dgspifibed wpiech iignaddptefieto fit into a the
el ectrol Uml@ﬁ@?ﬁﬂ oQ@Q@il' JH BeEan hous:.ng t(h@-ﬁ ti‘ﬁe %ﬁdﬁng'%g%&eq Stdace

portion for perforni g éj 9 af/ | um na
el ectr ol unPREatisk dish elemepts (12,.14,16,18, 20, 22)1&‘°“%?Fdelf8€trr°6ﬁitt‘:°’6é’t7l e with
el ect rol ummeeeee{0) with thepdimetessbafl ahé idikk \elameiar eanfisigowbtides eké bed

with sta[:ﬁf@tf faEE fLﬁl&IhStfﬁ(\sgnmBébgglagigvéfn@.g%al space of the housing.

Apparatus which uses such a fan as part of its forced air cooling system

to cool one or more electrical devices is also described.
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