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This international search report has not been established in respect of certain claims under Artiele 17(2)(a) for the following reasons.
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as:

Abstract of JP2OTIG7E818 {4)

PROBLEM TO BE SOLVED: To provide an image dispiay device, conling a circuit
board for controliing the operation of an image display panst and making the circuit
board hard to break. SCLUTION: This image display device includes: a storing
chamber & having a sealed structurs; and a cooler 4 for cooling the air in the sloring
chamber & The storing chamber & is partidionsd into a frornt area 53 along & front wall
51 forming the storing chamber § and a back area 54 along & back wall 52 forming the
storing chamber & by a pigte member 6. The image display panel 2 is disposed in the
front area 53 of the storing chamber 5, and the circull board 22 is disposed in the back
area 54 of the storing chamber &, The cooler 4 cools the air in the front area 53 of the
staring chamber 5, and further a blower 70 for supplyving the air on the back of the
image display panel 2 in a predetermined direction along the back of the panel. The
plate member 8 is provided with a pair of openings 61, 82 arrangad substantially in the
same dirsction as the predetermined dirsction. ;COPYRIGHT: (02011 JPO&INPIT
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BAEAEWNK T 77270460 DYT7—LLTEHTSEDH., 7272727
U4BM;Dﬂ%ﬁuéh%/%XEk%kﬁ%?gaﬁfé%oLmiﬁﬁﬁfd\%
T48EWTAT7TEILDEELTEV, 2hid, BAZ2EFPHD (B4 8EEEL T)
NG DU ITHICBMEDIABIENTERZISEND YV Y THICEDEZE{DOEMEEMLET S
thef7hibhz#HBETHE, COBEBER. (RXOEARIHEBZI DI MELES
BERAOCBRTHBBASEERTZCEDEILVEELETFEILVESY DS, B#HR. Thid
%ﬁ?@&<\M@%%%ﬁ@\%bmﬁﬁiﬁﬁé%%? hb@%‘&ﬁbf%;
W, £/, TOEBERER. AEAA 2002807 Frry7I46EMHEY
aﬁ\@®$ﬁ%ﬁ@\ﬁbot‘ﬁxﬁ%mkmﬁéha77/ T EMALT
BTEHAA2502FT e, o777y 7Y (BHIXD, A MBRICEE
2h., FhiE. ﬁxﬁ%®im/&muh§éﬂ%)%mmTH@ﬁxzoo%ﬁ
[o035]

AEAA200l@ ., AXBEBI450H 1 0BRE (FRR3ERORE) vd@EbH - HT. 1E
RBAHRZ250lF, AX#MBASOE 20K (F-E3EROBEK) 285, »EATHEHEL
N, BEAA250BLIUCHMEAFRA200F2EA LAV ERFE L, Chickb, H
X200 FEEFEET A EOFRYEBITC/ S-EMRETHT fszfwmﬂk
HEEEFPEAR VISR TEHIELDTES., FELVERFEETR., RBP4 5FERT
RABMLHMBTHELIN, ELOEATORLTHBLAANTHD, TOXITHALEHEBEL
AMBRPORBEEOS BoLWFNbhEHCEHLTE IV, A MEBI53. EXHR
BB, YRABASHEB, k. MEARZEBRETH->TEI L., FirMNxRBERE
Tk, BxBBA 5 PBFOT L rOEHROBBEIMPOBKRKEINE., T —FiE. HEH
E, "oHLEE, FrE. BREETELTLEEL, TOBE. BHROF v 2V BB
SFa—TF R rERFAACF-TEHT2, F—rik, BREBOoFABPTIhTHhO
BETLZ LR ACANEZLN, TNCELD, ST L —rORBIIEETS I
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— FOBBENLTEENKEAELEZS ISKEAERONTLE LI L., TODES3IKT B L
REABHAHAEREBEBRAARAE. HAOBBEFETKETCA2F v+ 2NV ERRBEEET S
L—FrZNMLTCOHR, BFIFHERASTHRBICAZCENTES, YL—FHHELEWICERN
B, BRAABICVAEHTAPAVEBMET S L~ FTATEHTE., £k, H2A
hZBEEETRCLBL AR 2DOHNABMTIEBEABZ LS TES (AHBBHFEYICL —
VENDZHBEPEFELLA, BATERZWY) . F0HAZ L., FIRT#ATHBE. FH
HADDDLT{ tE31DOFE 1 OHFAREBE., HEHNADEDDODLLEILE 1 DDHE

COHABBELEEGL., TOHE., 2O00RRKBE., BEICHENCEETHELTE L,
AEHALERARAEIARESGTCERZVIEISKLT B,

[00D36)]

MBI REBEEEELT. —HoEE., "ZAhL, ERE. EXOSL— M
LB Fy2I NV EEBLTL IV, ARFYy LR, BEITS L —FPOERICH L TE
EDAMEETTE LIV, TOMMET vy 2ILE., 220 BORA M)y FTEREF—F (
Fic, Very High Bond (VHB) 7—7) %, FL—ro2o0Oxmy s
BHET. MEILSTL—PFPORBRBOAARCH L TEEERAABRKEEI RS EILXS T
EEEINTEE VL, THOES3RTDZE, B1OKATREEBICAZFHFAEF, (AMU v
TEREF—TEFEFTE)MRFy R A ETAS, (B1OAMIKHLTEENICEER)
FZ2OHAMTALZHAG, BETLZ T L—L+OBBEES.

[o037]

MDE A 7OEZTHRARTHBRZ., F1OHAZNEBELTIE 20 AOERBEY LTS
BICECLIEROTF 22— 7T EWMIADCENRNTED, BE2O0HRAR. BE1O0HAENET 3
Fa—TOLEEHRNZ LD, B Z2DOHAMTRBEEINS. EfHf. TLOXSTTOHEK
MARTHBIVEFEEL, . TBOXAS7HAFANEShOEREEEL BB T 5,
[o038]

IR R BEHBRE, 200N AWM THAERRICZMTEDS XS ICHIBEN LB NE LR
BMHEETLZIL—FEELTEI L., AXMBAEERI I EDICELOMBEFEHN TS
B, ELL Q. I3 MBE. EME., BEEmElE->T, BETHL, KM T
HHE5RETH S, 2RBB. BMCERFSVOT, AXHEBOMBPEE LT BB IHEHREET A
IS OEREREEIGE TS, LALENL, TSI AF v P BIUCESERKLIETFT 4R
T A DOEDORBEZNZHIEZRZIIED T TVE, AIRNEEREBRETE. BA5H
BOTL—FEBRILAMBELLIEY UL YEZHMBATS, BT ub L I3ENE
VEBEBEAODEISZRZBUYOLNED., BULHERELHLTERAEEAEL TS E. 2O
BEAEKL BB A 9hoT &Rk, LENRST, BIFHNERTZHEBN TS AF v I4mM5
ERENEIELIEE>T., BLTRBREBET A AT VLA T7 7R EEINSE, BENIK
B, RO SAFv /28T L—PFPEBEKEHLTE XL, OHE. TNolBXEKEAE
WicEAERELQOND (bbb, eI L—-1 E., AHO L — MW L TEERK
FRCETE2F >y 2N 2HEITB) .

[o03 9]

M8, BT A7 LA (LCD)Y 30000y 7534 rF+E5 2 BI3WEHNX
3500 EMEATLIMOEREEREORAYERKTH S, COEMEFEIZBLT, LC
D30 OKIUMEMETLZNYYSAF320BEFEET YTV ELTCHEHEENS.,
BEROBEATN Y 7S 1 +F YT EBERTSZEHIC, Ry 754 BE330%ZLC
D300y I3 200MERABLTEXRY., —fEMIEE. Xy 7317 FF+
s, GHEWE METFTHINy PS5 A bFYETF A ANA2TNRNY IZ 43200
K2 BEEMNBEECXEEP R I AVWESIKKTZEHIKEALLATWVS, LALANSL,
fidlicksie, PIRMABAEBREEZE, Ry 734 rFr 8502 |MRALT AR Y Y54 F
320BELUTEBEIRRBRLCD30O0OEHZmATERKMHHEEITNABBRAAELTERE
HAWHAEFEALTEE WV, Ny 754 FBE330KE, BEAXAISOP Ry 2S5 41
FYUEF 4 BEBIENRTEDELSIILTEZEDIEHINI3402PEBTAZENTES, B
BHRAIS50ZFZERAATCHANYy PSS A rF vy T BT EBICT7 7 TE7TUV 360

10

20

30

40

50

SEC et al. v. MRI
SEC Exhibit 1022.5310

IPR2023-00221



(12) JP 2013-537721 A 2013.10.3

FERALTE XV, FIRANEEBEERERTR., BRAIAA3IS50P Ry /IS4 rFrET7 4%
BRCHEDICIENTESZ LS, WATEZNY 2SI A MPEBRK (ZOoORIKRENE T2 AT
LA DRHHIC) MOMEET 3,

[O0040]

Moit. LCD300&7u0 Y L—F10LOMOERARA2500FENIKIMAET
LW IS P F Yy T o EEALABEETIAISODENEFRHITAHN AN EMBREOH
HEERTHE. BRAR 777> 727U 255ZEBLTLEL. OBE. BEA
AZ77rFrry7U255@. MBHAIAILSOES EAATRY IS AFF Y ETF o ILE
TCEATESELELIC,. BEFRA250%2LCD300E70FL—F10EDH
Kl ERABELHATERBIH>ER >TSS, MABALEXSIKK, IBRAA 250, 3501F
VHEBEAARAZO00 (ZOMICERENE V) KX THHAETNB KK, MmElpyicE# s
A5 {COFICERENTZ W) NHEEITNDZIEAFEL L,

[0041]

Fh, HOkE, Rv V51 M3 200ELERZBHTIAAANRX2 1 0DOBERNE
FXxH3HENELRENTVS, AEARX210B, F10°=Fk—1NVF30%2B5&E. ¥
ZFIVBO0FEFEBLT, "Y IS5 4 r320BLU0BRRBRFYZIILE0EE (ZZFr2AH
HnEETHIEE) POBERELTEE LV, o F-—VRT7r 7710211
VEBEARZ10EBFE1IOT R~V ERE3IORANTIEFRAATF ¥y 2 V6 0BT OICMH
HEhTd kv, TOBEFLHERZFKL., 78X AL—-FL—-1+500EF. BHRAFAA3 S5
0. 250AFEBEHRAZ2I10LES T2 BBREHEYZI LS T I RDIMEAEH
TH K,

[0042]

PIRMBEEBEELCB VT, vy PS5 4+320 . Bz8EEKR (FELLBRERED
PPCR) LREHEINEZEHODLEDEEL, FYy XNV O0RRHEHTHIRCELEHEHOE
mMEiCE, Fy Rl 0 BHFRBLE->THELEIVAEELED 7O Y L —BERE
LTea kv, FIFMREEBERBESVT. BAEEEL—1T+E. EBHETHY ., Kbl E
LS WBT7ILVIoYLTH B,

[o0043]

1o, AEAAOEANEHEITLZIEFDRIDOZ 777V 1050 FEHT
ZEMEELIOCOODEEMNERTHS., HMBELEL1 000, TT TR, V7 AN
WMONETNERETRENT WS, TORTE., EFAAXATLAT XTI EKRELT
REF AT L ANTIF 1001 NS, MBLEEEEBEOS BO - EEAMKIC
VERARAT TR TU L1005 EMHERLT, BERERAZX1 106 EZHAZEMEBLLOD
HABIEAATHELTE I, S/, fiOBFRARA T 7727V 1205&E8HLT
CIEBRAR1 1063 ERAATEATERI 200 CBELTEEY, BEAFRA1 1061
BAGBBERBRELI LML ESEHILADIKERINTE X0,

[004 4]

BHEARZ 772710502 HLT. AETAEZAOBOL1 00 9ANE&
AAT, AEAAAEZHOMOL OOl OSHHBHLTE I, FEAN ARG, #BHBE1 20
0. 1 1O0O0BLXUEFHET LY (FATHANE) OFHROF vy 2RI FMB N
HFZELVL, BEKEI LA -1 1LADPTFT A ALV EBEELIO0OQOEKFEICLHEVTTEN
TWwb,

[0045)]

Bl11AKR, Bl1lOKRRKRENZHERL 1A—-—11AKEISCHIODEMEEDFE
FERTHD, HELTZZD, AN T2 1 001 PO TNAT LS. BREATA
11 06HBTHWE 1200, 11 00FEB-1%. MEAAREHEZ I O T L—F
1500EBBTHREBE7E2>7V1600E0HMEERNETNTEI,., BEHAIA1 1061
VEBHETZ7aoY R L—F1 500 EFEHETEL>IVI6000MEEAL 2.
BB 1200, 11 00NERENTHEIL, TOHRBEBELBVWT., 77 7Hy
710501, BEAA1055, 106D zdHBPAIsLbicHlHINSG., AH
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HA1O0553BLHB1200, 11 002EL—-AT, AAAA1056R1EBEFER
77U 16000E®BERES,

[0046]

M1 1BiE. M11AOBARSDBONAHERTHSG S, F¥y 217001, ﬁ?
B7EYyTUVI1I6000EFEEFLAREREETFEHET L7V 16 000ETERZREL
RN L TBESTA T L— OO ERECE > TEHREETNTE XL, F¥y 21 700E
FARCBAEEETHE S THELLBETESR77 7V 1600 LLHREFRREICHS Y
TEEGEATEIE, AT AEZF >IN 1 700ABLIUTEHESTHERLI 200, 11 00MA
CRBFIEENTBZIESKTIr 7T tx?Uzoso%mE?%’a XoT. KMOEKR
A BTy AR, BRAU, B BER TR TV ESCEODKMONEETRS L
ﬁ?%%ﬁ\LﬂHﬂ@ﬁ%%@BhéaL@%ﬁ%%fﬁ BBEHFA1055BLXUH
A1 0560DDOEBPEVIEHENKEFRTTH 5.

[0047]

izl aic, ELOEFEBLY 7Y (i, LED, LCD, BKUT. OLE
D) PEBEREUCTENLLIZHENREZFEF LTS, BE7L>TIRNER ‘Fv ARy b
P AEMRETSREERR., chSDRy FPAEYFE, BN EERKE, T Fa—YiZ
BAZBEPBI3AFAHEAREEZLEELSLES. LEB-T, 2B ICERE TN S ZEE
BEHWDZ E, BHBT7EYTY (BELTNAY I AMNTEYTUVEES) KLIDHREE
NEZAREFIYILGOBIVBCEROEMA DT (BEE ) DELT. Fv
FAEYFEREL, "9y 755X EREBEFHEHET > T DV ERHIST ZC N
TE>D,

[00 48]

TRAABICEAETAZRTEORONAYELEZHE S, 20 0EBEETIZ., &
TIEMLTESAHRALELTHBEIZATEI VL, FTELLRER, BEARNESZT > TY
DWMABEUTC A FHENRyv PS54 bFyEEF s AEZBFLED D, BERAAE. T 5
AEEZ R TIEHGOABICREERPSGZRVISL., BEBR TR LE A AL, &
o, BBARG, FELLAE., BIEANOEEEB I SHEABEFrFTRNDOBELH
330, BRYHBSIT  FrEMET (FIAE. B, B, £, KkBEX. %)
EHEEMNIEFLREZTRERAW, BELT, AEHFNALFEFRYPWEEEEANE>ILT S
BHELVWEG 2. AEHTANORE TFZHLITOICREDXIC IV EBEHRZ
NTE XV, 70023, BHETAZIERAATITI AL EILBIT LI TESLSICTAL
HMOOEBIEBIDZCENTES., LHIhLADNSL, FIRNEEBERETE. F4 X7
A, FRYWEFABAATAPREAET IR NN F L AT LAICEEBEBESE I RIS I
FEHET T X, ThHDEBMPBPRECIENT., BXHBBE, ~=oF—ILF, F¥ 2L, B
U, AEAREEZRBRAROEZHOEEDMOEEEZ, AEAFAPOEEOFEREWHE
BT AT L ATO0OFREFELAGRNVESICHEYTILS L ENEZRETHD, LEMN-T
L ORENEEREERBCECT., BETAOLRDHICERIABARE., AL EERY
BaUBATHE->TE., FAAT LA CEEEESE RV, T, HFRPEIHE D
CETET 23RN REEFRRENEBECT A AT LAPRHAThZ EZCRICARTH S,
[004 9]

BHYAFTLEEFENICET T XL, LAPALADFS, EFLWVWESIKE., BENFRE
DREEELEBRERHB T 22K, BERBEE (IRET) ETFsAFTLARA
Eﬁﬁﬁiﬂf%;wn%®;5*%n\?427&4W®ﬁ§ﬁ%%@@£§?%&%
. BAG®BH 77 R BRANCESESEh T LV, ITEOMESABIRENTE XL, F
e, YAFTLE., FAAT VA ZHFEEERBEACEMNCHEBIZIS>SCHEREINATSE X
W, MY —EFEAEXY TR TUVEMFHLTICOREZEKTES., AENSLHEE
BHEHEBELLTHEINTS W1,

[o050]

AR ENEERBEDEBREESITCHEIZLDESITOT 4 RS L A1DE iiﬂ?é%t%@“

CTEEESETELR VL, —HlELT. BENTE AR, EBERERE. U TFTOBTHEHZRT
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YZUVOSIhEDwT AL, b, LCD (Z2TOXAT) |, AKX A4 —F (LED
) . EBENXAA A —-F (OLED) . ERARBFXASL A (FED) . BAFU <= —
(LEP) . Bz L2732zt (OELY , S ART4 AT LA, BLE.
TEOHMOEAXINVETFEHE T > TVOEOWLTRAMEHHEINATE X, T, £
BEE, REREBETATVARAVCERATEELMOXATOF s A LA HRERENT
L kv, Hic, YAFLE, ZVvAHI5—759w 2NV OLEDFsAS LA LHICHER
THDIHRBLBELBILEZALNG. fImMWAHBEEER., KB (55 47>FLE) LE
DY TS P ZEMBERBTFTATL s (LCD) ZFELTE XL, APHEH
CHBENSEEBRER., ENRBEECRLBEIZN., TAATLAOREEENIERIEE
LEZNZBEVNELIENAR (MAE, T TERE, A8, oy Ah—Jb— L) iIc@L
THE KW,
[D051]
YEREHEITTFIELBECTRELALGNZ LS5, EFTAAT LA RHEERELRIHERE
HBTEBITZCLATE, WFNa AP hoRBEEREIEICHFERAINES. BHBRHF R
BEHEOPRVERBEHR O ERBIBISKREINEBENBES. WIFhobdask
HHBOoOEREBEEDSS BoOWWIThhtHicFRHEINATE L, AR, AEBFXIZ. bH
5F~N, ThbLoEA, EbbEN, BEOLENBHITZES5SCRENEZEENHZH, T
HOEBZPHAHTEZS, Hic, AHBEORMALXT LEESKCEALTLANWZ LIZE S £
TEHEH., £7. HEBKEKT 3, BLUT., HHEBN T, 200K BRISIBERENS
BAMNE S,
[005 2]
HELVEBRBEZH L TIHHLTEZ RS, YEETHINEHBETETB IS, 5l
DEBFBERERCEEERIEFT ISEZIDEEIITCHEIEZEZINTEIL. THhEOERE
BICHRBEPFEROBACEBLEINARPFOHFENELISTINE, £, RIZKRT N
FTHEREROZ{R, EEINTH LR VERALCERERS AR ERZLBEHAS
NTEEL ., FNODOHEREZLEFEROGHECZHEE LI RAORTHEAICLSTEINS
o LT, AHEHBFEFEROAHTHEI NS LDODTH S,
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light unit (40) adapted to receive a first cooling air flow. In some embodiments the information display (10) comprises a second air
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Information Display and a Method for Cooling an Information Display

Field of the Invention

The present invention relates in general to information displays and methods
for controlling temperature of information displays.

Background of the Invention

Markets for outdoor electronic information displays, capable of showing full
colour video information, have increased considerably during the last years.
The biggest growth in outdoor display market is estimated to happen in digital
signage business, practically meaning advertising and public information
display applications. Other typical applications are passenger information
systems e.g. railway and city traffic sectors. Giant outdoor information
displays have earlier been realized mostly with full colour LED technology,
but for application with small viewing distance (starting from 1 m) they are not
applicable due to limitation of pixel size. For such displays, thin film transistor
liquid crystal displays (TFT LCD) have seen to be an emerging technology.

Concerning the use of TFT LCD technology in outdoor information displays,
standard TFT LCD panels have major restrictions concerning brightness and
operating temperature range and have been found vulnerable especially in
direct sunshine conditions. A typical industrial TFT LCD panel has
transmissive brightness of 700 cd/m2, but the need for brightness of an
outdoor digital signage application is estimated to be greater than 3000
cd/m2. In addition, the operating temperature of a TFT LCD panel is typically
limited to +50°C, with temporary absolute maximum temperature being close
to +65°C which is the so called clearing temperature of an LCD panel. In the
clearing temperature liquid crystal molecules are changing phase from "liquid
crystal” phase to liquid phase and liquid crystal cells stop working as
electronically controllable liquid crystals and the display or parts of it
becomes black.

Some existing outdoor information displays use cold cathode fluorescent
lamps (CCFL) as a light source for the display panel. This light source may
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also be called as a backlight. The size of cold cathode fluorescent lamps is
quite large and their lifetime is limited approximately to 50000 operating
hours. In addition, CCFL technology has high temperature dependency,
which decreases efficiency and brightness. This limits the use of CCFL in
very cold or high temperature conditions, which are typical for an outdoor
information display. In addition, maintenance of CCFL backlight system is
difficult due to enclosed structure of TFT panel. Another problem with CCFL
is that they contain mercury which may cause environmental poliution.
Therefore, used CCFL must be brought to a special waste collection points.

One approach to produce a more efficient backlight is to use a matrix of light
emitting diodes (LEDs) as the backlight. The available brightness of LEDs
have been increased in recent years wherein LEDs have become a light
source to be reckoned with also in information displays for outdoor use. For
example, super high brightness LEDs may provide brightness greater than
>3000 cd/m2. However, such light emitting diodes produce considerable
amounts of heat in operation. Therefore, this has limited the use of high
brightness LED backlight systems.

The European patent application EP 1 914 589 describes a liquid crystal
display apparatus and control method thereof. The liquid crystal display
apparatus includes an LCD panel, a backlight unit, a cooling fan and a
controller which selectively controls either the fan driver of the backlight unit
to set a rotation speed of the cooling fan to be corresponded with a
luminance value of the backlight unit. One problem in this approach is that
only the luminance value of the backlight unit is taken into consideration
when controlling the rotation speed of the cooling fan. Hence, this approach
is not applicable in outdoor information displays in which a direct sunlight can
cause extra heat on the LCD panel.

Another European patent application EP 1 647 766 describes a light emitting
device package and back light unit for liquid crystal display using the same.
The package uses a fan to forcibly cool the LED package to increase the
heat radiation efficiency and to prevent degradation of the device. Also this
solution is not applicable to outdoor information displays due to inter alia the
fact that the liquid crystal display is not cooled at all. Hence, a direct sunlight
may increase the temperature of the liquid crystal display too high.
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Summary of the Invention

One cbjective of the present invention is to intfroduce a thermal management
system for high brightness TFT liquid crystal displays with LED backlighting,
which enables very high brightness backlight system for information display
with closed housing. The embodiments of the present invention are based on
the idea that cooling air flow is provided in between the display panel and the
backlight, and that there is a separate channel for cooling the backlight. To
put it more precisely, the information display according to an example
embodiment is mainly characterised in that the information display
comprises:
— afirst air channel between the display panel and the backlight adapted
to receive a cooling air flow, and
— a second air channel adapted to conduct at least part of the heat
generated by the backlight outside the information display,
wherein the information display is adapted to keep the first cooling air flow
separate from the second cooling air flow.

The method for cooling an information display having a housing, a display
panel; and a backlight unit, is mainly characterised in that the method
comprises:

- providing a first cooling air flow to a first air channel located between the
display panel and the backlight unit;

- providing a second cooling air flow to a second air channel for conducting
at least part of the heat generated by the backlight unit outside the
information display; and

- keeping the first cooling air flow separate from the second cooling air flow.

In some example embodiments a standard TFT display is utilized where a
backlight system is integrated to the TFT panel so that the panel backlight
form a thin and tight package. In the present invention the panel and the
backlight system are separated from each other to discrete sub-systems
wherein an extra air channel is formed between the panel and the backlight.
This extra air channel can be utilized by directing a cooling air flow to this
channel.
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Some embodiments of the present invention provide more efficient
temperature control of information displays than what has been achieved by
prior art information displays for outdoor use. Because the cooling air flows
between the display panel and the backlight unit the heat radiated from the
backlight unit does not adversely affect to the display panel wherein the
temperature of the display panel does not rise too high.

Another reason for more efficient temperature control is due to the fact that
the second cooling channel behind the backlight unit is isolated from the first
cooling channel wherein airflows in these two cooling channels are not
mixed.

Due to more efficient cooling air circulation inside the housing of the
information display temperature will be more homogenous inside the housing
of the information display and individual hot spots do not occur so easily than
in prior art information displays.

Information displays according to the present invention are better able to
maintain their operation even in simultaneous high outside air temperature
and solar radiation conditions.

Other embodiments of the invention are characterized by what is disclosed in
the other claims. Inventive embodiments are also discussed in the
description section of the present application. The inventive content of the
application can also be defined differently than in the claims below. The
inventive content may also consist of several separate inventions, especially
if the invention is considered in the light of expressions or implicit sub-tasks
or from the point of view of advantages or categories of advantages
achieved. Therefore, some of the attributes contained in the claims below
may be superfluous from the point of view of separate inventive concepts.

Description of the Drawings

In the following the invention will be described in more detail with reference to
the appended drawings, in which
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Fig. 1 depicts an information display for outdoor use according to an
example embodiment of the present invention;

Fig. 2 depicts a cross-sectional side view of the information display of
Fig. 1;
Fig. 3 depicts a horizontal cross-sectional view from top of the

information display of Fig. 1;

Fig. 4 depicts examples of cooling air flows inside the information
display of Fig. 1 as a side view;

Fig. 5 depicts examples of cooling air flows inside the information
display of Fig. 1 as a top view; and

Fig. 6 depicts a cross-sectional side view of an information display
according to another embodiment of the present invention.

Detailed Description of the Invention

In Figure 1 an example embodiment of an information display 10 according to
the present invention is depicted as a perspective view. Figure 2 depicts a
cross-sectional side view of the information display of Figure 1. The
information display 10 comprises a housing 20, a display panel 30, a
backlight unit 40 and one or more fans 50—54. The housing 20 may
comprise a stand 22 so that the information display 10 may freely stand on
the ground or the stand 22 may be used to fix the information display 10 to
the ground. The housing 10 also comprises channels 101, 102 for guiding
cooling air flows within the housing 20 aiming to improve the cooling of parts
inside the housing 20 of the information display 10, possibly with the help of
the fans 50—54. The housing 20 of the information display 10 also comprises
at least a partially transparent front plate 21 through which information
shown by the display panel 30 can be seen. The front plate 21 may also
provide filtering properties, which reduce the stress of solar radiation while
achieving good transmissivity to visible spectrum. A controlling unit 60 is
provided to control the operation of the display panel 30, the backlight unit 40
and the fans 50—54. The information display 10 may also comprise

SEC et al. v. MRI
SEC Exhibit 1022.5363
IPR2023-00221



10

15

20

25

30

35

WO 2013/182733 PCT/FI12012/050574

6
measuring elements (not shown) to measure environmental conditions such
as temperatures inside and/or outside the housing 20, lightness in the
environment of the information display 10 etc. The controlling unit 60 may
use the measured information to control e.g. the operation of the fans and to
control the brightness of the backlight unit 40.

The display panel 30 is, for example, a thin-film transistor liquid crystal
display. The display panel 30 may be able to display information in colour or
it may display information in so called monochrome form. The display panel
30 may comprise e.g. a front glass plate 32, a liquid crystal layer 34, a back
glass plate 36 and a protective transparent plate 38 at the back of the display
panel 30. The display panel 30 may also comprise polarizing filters and other
elements. However, the detailed structure of the display panels 30 may vary
and it is not necessary to describe it in more detail here.

The backlight unit 40 may comprise light emitting diodes arranged, for
example, in an array form (i.e. in rows and columns) so that a uniform
enough light can be provided by the backlight unit 40 to the display panel 30.
The light emitting diodes are preferably super high brightness light emitting
diodes so that a high brightness, for example level of 2500 cd/m? 3000
cd/m? or higher, for example 4000 cd/m? can be achieved, when measured
from the front surface of TFT panel. It should be noted here that it is also
possible to use other kinds of backlight units than backlight units based on
light emitting diodes in matrix form. For example, a backlight unit based on
plasma technology may be used. The light sources of the backlight unit may
also have been positioned differently from the matrix form.

In some example embodiments the display panel 30 and the backlight unit 40
are formed by using an lcd display module which comprises both an lcd
display panel and a backlight unit as an airtight module, which may cause
that the heat of backlight unit 40 may siress the display panel 30. Thus, in the
present invention the display panel and the backlight unit are separate from
each other. Then, the protective transparent plate 38 is attached with the
display panel so that dust and other impurities can not enter the display panel
30.
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The display panel 30 and the backlight unit 40 are fixed to the housing 20 by
appropriate means, for example, by screws, clips, and/or adhesive.

Next, some details of the channels 101, 102 for guiding cooling air flows
inside the housing 20 will be described with reference to Figures 2 and 3.
The housing 20 comprises a top wall 23, a bottom wall 24, a front wall 25, a
back wall 26, and two side walls 27a, 27b. These walls 23—27b define the
inner space of the housing 20. In the front wall 25 there is an opening for the
transparent front plate 21. In some other embodiments the front wall 25 is
made of transparent material wherein no openings are needed in the front
wall. A first heat sink 29 or other kind of cooling profile or cooling element
may have been attached with the back wall 26 of the housing to conduct heat
from the inner space of the housing 10 to outside air. The first heat sink 29
may be formed by using a double-sided profile which has fins on both sides
of the profile. Thus, when such a heat sink is assembled to the back wall 26,
or in an opening of the back wall 26, one side of the profile and the fins of
that side are located within the housing 20 and the other side of the profile
and the fins of the other side are located outside of the housing 20.

There are also inner walls 28 inside the housing 20. These inner walls 28
form a kind of a conduit 28c¢ or a tubular structure for cooling air. This conduit
28c acts as a second channel 102. The conduit 28c has a first opening 28a
(air inlet) through the top wall 24 of the housing and a second opening 28b
(air outlet) through the bottom wall 23 of the housing. Therefore, for
example, cooling air can enter the conduit 28c through the first opening 28a
and exit the conduit 28c through the second opening 28b. Air flow inside the
conduit 28c goes at least partially between fins of a second heat sink 42 or
other kind of cooling profile or cooling element, which may be attached with
the backlight unit 40. Hence, heat dissipation from the backlight unit 40 to the
second air channel 102 and further to the outside air can be improved. It
should also be noted here that the cooling air flowing through the conduit 28¢c
does not get mixed with the cooling air flows inside the housing 20.
Therefore, more efficient cooling can be achieved compared with solutions of
prior art. There may be a fan 53 or a set of fans inside the conduit 28c to
improve the air flow and to enhance the cooling effect of the air.
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In some other embodiments the first opening 28a and the second opening
28b may be located in side walls 27a, 27b and/or in the back wall 26 of the
housing 20.

The second heat sink 42 is preferably fastened directly to the backlight unit,
wherein one of the inner walls 28 comprise an opening for the second heat
sink 42.

Next, air flow circulation inside the housing 20 will be described in more detail
with reference to Figures 4 and 5. In some embodiments the air flow
circulation inside the housing 20 is closed i.e. the same air circulates and
outside air may not enter the housing 20. In some other embodiments there
may be one or more inlets for fresh (cool) air intake and one or more outlets
for outputting used (warmed) air from the housing 20. In the latter alternative
the inlet may need a filter to prevent or at least to restrict impurities such as
dust entering the housing 20.

In the following description the closed air circulation is assumed. There may
be one or more fans 50—54 inside the housing to improve the air circulation.
Figures 2—5 depict some example locations for the fans but it is obvious that
in practical applications the number and the location of the fans 50—54 may
differ from the examples given in Figures 2—5. In this example embodiment
the rotation direction of the fans is selected so that air flow at the back wall
26 of the housing is upwards and at the front wall 25 of the housing is
downwards but it can also be the other way around. In other embodiments
the direction of air flows may vary according to an application. Arrows within
the housing 20 in Figures 2—5 illustrate air flows according to this example
embodiment. When air flows at the back wall 26 upwards, possibly forced by
the first set of fans 50, at least some of the heat generated by the controlling
unit 60 is conducted to the air wherein the temperature of the air rises
accordingly and the heat is transferred away from the controlling unit 60. This
phenomenon can be called as convection. The air continues to flow towards
the top wall 23 of the housing. Near the top wall 23 the air flow turns towards
the front wall 25 of the housing. There may be anocther set of fans 51 which
enhance the air flow. Because the display panel 30 and the backlight unit 40
are separate from each other, there is an air channel (the first air channel
101) between the display panel 30 and the backlight unit 40. Thus, a part of
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the cooling air can flow through this air channel and increase heat dissipation
from the display panel 30 and also from the surface of the light emitting
diodes of the backlight unit 40. Therefore, heat generated by the light
emitting diodes does not affect so much to the temperature of the display
panel 30 compared to the situation in which the display panel 30 and the
backlight unit 40 are constructed as one module, with no air channels in
between.

A part of the cooling air can also flow in front of the display panel 30, in other
words, between the front glass plate 32 and the transparent front plate 21.
This air flow may take some heat due to direct sunlight away from the display
panel thus reducing the effects of the direct sunlight on the display panel 30.

In another example embodiment depicted in Figure 6 the space between the
transparent front plate 21 of the housing and the front glass plate 32 of the
display panel 30 may be filled with a transparent medium 21a. In this
embodiment there is no air flow between the transparent front plate 21 of the
housing and the front glass plate 32 of the display panel 30 but still the
cooling air flowing between the display panel 30 and the backlight unit 40
efficiently keeps the temperature of the display panel 30 low enough to
prevent damages.

In some example embodiments there may alsoc be a fan 52 or a set of fans
on the backside of the housing 20 so that cooling air flows more efficiently
between fins of the first heat sink 20 at the back wall 26 of the housing.

A customised display design aims to guarantee optical appearance and
faultless operation in high ambient brightness, high temperature and direct
sunshine conditions. The present invention enables to produce e.g. rugged
outdoor information high brightness TFT LCD display products with IP65
rating having an effective thermal management system. This display
application is capable of surviving in simultaneous high temperature and
solar radiation conditions. With the help of the structures presented above it
is possible to implement super high brightness LED backlighting or other high
brightness light sources and to improve the thermal management system so
that the information display can survive in almost all weather conditions
without any remarkable limitations in the operation.
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Claims:

1. An information display (10) comprising:
- a housing (20);
- adisplay panel (30); and
- a backlight unit (40);
characterised in that the information display (10) further comprises
- a first air channel (101) between the display panel (30) and the
backlight unit (40) adapted to receive a first cooling air flow.

2. The information display (10) according to claim 1, characterised in that
the information display (10) further comprises a second air channel (102) for
a second cooling air flow adapted to conduct at least part of the heat
generated by the backlight unit (40) outside the information display; wherein
the information display (10) is adapted to keep the first cooling air flow
separate from the second cooling air flow.

3. The information display (10) according to claim 1 or 2, characterised in
that the first air channel (101) is a closed loop providing a closed circulation
of the first cooling air flow inside the housing (20).

4. The information display (10) according to claim 1, 2 or 3, characterised in
that the information display (10) further comprises a first heat sink (29) to
conduct heat from the first cooling air flow outside the housing {20).

5. The information display (10) according to claim 1, 2, 3 or 4, characterised
in that the backlight unit (40) is attached with a second heat sink (42) located
at least partly in the second air channel (102).

6. The information display (10) according to any of the claims 1 to 5,
characterised in that the information display (10) further comprises a front
plate (21), which is at least partly transparent.

7. The information display (10) according to claim 6, characterised in that
the information display (10) further comprises a third air channel between the
front plate (21) and the display panel (30).
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8. The information display (10) according to claim 6 or 7, characterised in
that the front plate (21) is adapted to filter solar radiation, and to pass through
radiation at a visible spectrum.

9. The information display (10) according to any of the claims 1 to 8,
characterised in that the backlight unit (30) comprises a set of light emitting
diodes.

10. The information display (10) according to any of the claims 1 to 9,
characterised in that the display panel (30) comprises a thin-film transistor
liquid crystal display.

11. The information display (10) according to any of the claims 1 to 10,
characterised in that the information display (10) is adapted for outdoor
information display applications.

12. A method for cooling an information display (10) having a housing (20), a

display panel (30); and a backlight unit (40), characterised in that the

method comprises:

- providing a first cooling air flow to a first air channel (101) located
between the display panel (30) and the backlight unit (40).

13. The method according to claim 12, characterised by

- providing a second cooling air flow to a second air channel (102) for
conducting at least part of the heat generated by the backlight unit (40)
outside the information display; and

- keeping the first cooling air flow separate from the second cooling air flow.

14. The method according to claim 12 or 13, characterised in that the first
cooling air flow is provided as a closed circulation inside the housing (20).

15. The method according to claim 12, 13 or 14, characterised in that the
method further comprises using a first heat sink (29) to conduct heat from the
first cooling air flow outside the housing (20).

16. The method according to any of the claims 12 to 15, characterised in
that the information display (10) further comprises an at least partly
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transparent front plate (21), wherein the method further comprises using the

space between the front plate (21) and the display panel (30) as a third air
channel.

17. The method according to any of the claims 12 to 15, characterised in
that a set of light emitting diodes is used as the backlight unit (30).
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pathways contain & front channel placed
in front of the elecironic display, a rear
channel placed behind the slsctronic
display, and a cenier channe! placed
between the front and rear chamnsls.
Pass-through apertures may be placed
within the path of the circulating gss
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andfor the ambient air to allow the paths of the two gaseous malters {0 cross without
aliowing them to mix with one another,
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(87) Abrégé(suite)/Abstract{continued):

the display surface. A second chamber is in gaseous communication with the first chamber and is adapted to heat or cool the
isolated gas and reintroduce the isolated gas into the first chamber. Another feature uses constricted convection to facilitate the
cooling of the backlight assembly for the electronic display. Another feature uses an air curtain to further heat or cool the exterior
viewing surface of the display. Another feature uses a finear polarizer with an insulating gap to reduce the solar loading of the
display stack and provide insuiation from the ambient air temperature. Another feature uses a fluid system to contact fluid coolant
with the display surface in order to cool the display. Each of the features may be used alone, or in combination to provide the
proper operating temperature for the display depending on its desired operating environment.
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System and Method for Thermally Controliing an Electronic Display

Technical Field
[0001] Exemplary embodiments generally relate to heating/cooling systems for

electronic displays.

Background of the Art

[0002} Electronic displays are typically used in indoor, temperature-controlied
environments. Although the temperature surrounding the display might be relatively
stable (near room temperature), the components of the display may generate a large
amount of heat. If not properly removed, this heat could damage the display or shorten
its lifetime. Conductive and convective heat transfer systems have traditionally been
used to remove heat from the electronic components in a display through as many
sidewalls of the display as possible. While such heat transfer systems have enjoyed a
measure of success in the past, today’s electronic displays require even greater cooling
(and in some case heating) capabilities.

[6003] Modern electronic displays are now being used in outdoor environments as
well as other situations where the surrounding temperature may extend above and
below room temperature. In addition fo heat tran‘sfer from the surrounding air, radiative
heat transfer from the sun through a display surface may also become a major factor.
In some applications and locations, 200 Watts or more of power through such a display
surface is commoen. Furthermore, the market is demanding larger and brighter,
sometimes high definition displays. With increased electronic display size more heat
will be absorbed from the sun and more heat will be transmitted into the displays. To
compete with the ambient light from the sun as well as reflections off surrounding
surfaces, displays must produce more light, which also typically resulis in more heat
generated by the display and/or its backlight assembly.
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[0004] Further, in some applications the temperature may drop well below room
temperature. Some components of an electronic display may malfunction or may be
permanently destroyed by exposure to such low temperatures. For example, the
performance of the liquid crystal material in a liquid crystal display (LCD) may be
stfected by low temperatures.

Summary of the Exemplary Embodiments

[0005] in an aspect, there is provided a thermally controlled electronic display. The
display comprises a display stack; a backlight assembly positioned posterior to said
display stack and having a posterior surface; a constricted convection plate in close
proximity to the posterior surface of said backlight assembly, the space between the
convection plate and the posterior surface of the backlight assembly defining a gap
canfigured to constrict air to travel between the posterior surface and the constricted
convection plate; one or more constricted convection fans adapted to draw air through
said gap; a first plate of anti-reflective glass positioned anterior to said display stack, the
space between said anti-reflective glass and said display stack defining an insulating
gap; a linear polarizer positioned anterior to said first plate; and a second plate of anti-
reflective glass positioned anterior to said linear potarizer.

[06006] In an aspect, there is provided a thermal control system for an electronic
display having a display surface and a backlight assembly. The system comprises a
first gas chamber positioned anterior to the electronic display surface, said first gas
chamber having an enfrance, exit, and exterior surface; a second gas chamber in
gaseous communication with the entrance and exit of said first gas chamber and
positionsd posterior to the electronic display surface, said second gas chamber having
interior and exterior surfaces; one or more chamber fans within said second gas
chamber to propel gas around the first and second gas chambers; and one or more
exterior fans adapted to force air over the exterior surfaces of the second gas chamber
and between the backlight assembly and an exterior surface of the second gas
chamber.

r
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[0007] In an aspect, there is provided a method for thermally controlling an electronic
display having a display surface and a backlight assembly, comprising the steps of:

providing an isolated gas system comprising a first gas chamber which includes
the electronic display surface and a second gas chamber in gaseous communication
with said first gas chamber, the second gas chamber having exterior surfaces and
placed adjacent to a rear surface of the backlight assembly;

forcing isolated gas into the first gas chamber,

directing the isolated gas into the second gas chamber;

forcing cooling gas over the exterior surfaces of the second gas chamber and
between the rear surface of the backlight assembly and an exterior surface of the
second gas chamber; and

reintroducing the Isolated gas into the first gas chamber.
[0008] in an aspect, there is provided a gas cooling system for an electronic display
enclosed within a housing, said electronic display having a display surface and a
backlight having a rear surface. The system comprises a first gas chamber positioned
anterior fo the electronic display surface; a second gas chamber in sealed gaseous
communication with said first gas chamber and positioned posterior to the electronic
display surface; a cooling chamber fan within said second ges chamber to propel
circulating gas around the first and second gas chambers; and & second fan positioned
to force ambient air from outside of the housing over the rear surface of the backlight.
[0008] In an aspect, there is provided a themnally regulated electronic display,
comprising -an electronic display contained within a housing and having a display
surface; a first gas chambar positioned antsrior to the display surface of the electronic
display; a second gas chamber in gaseous communication with said first gas chamber
and positioned posterior to the electronic display, said second gas chamber comprising
exterior surfaces; & cooling chamber fan to propel circulating gas around the first and
second gas chambers; and a second fan adapted to force ambient air from outside the
housing between the first and second gas chambers. '
[0010] In an aspect, there is provided an isolated gas cooling system for a liquid
crystal display (LCD) enclosed within a housing, said LCD having a display surface and
a LED backlight panel, the systermn comprising a first glass plate; a second glass plate
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laminated to the first glass plate and placed in front of the LCD display surface, the
space between the glass plates and LCD display surface defining a channel; an anti-
reflective coating applied to any one of the following: first glass plate and second glass
plate; a cooling plenum in gaseous communication with the channel to form an isolated
closed loop; a first fan positioned so as to circulate gas through the channel and cooling
plenum; and a second fan positioned so as to force ambient air from outside of the .
housing between the cooling plenum and the backlight panel.

[0011] In an aspect, there is provided a gas cooling system for an electronic display
having a display surface and a rear surface, the system comprising a first gas chamber
positioned anterior to the electronic display surface; a second gas chamber in gaseous
communication with said first gas chamber and positioned posterior to the rear surface
of the electronic display, the space between the rear surface and the second gas
chamber defining a gap; a cooling chamber fan within said second gas chamber to
propel gas around the first and second gas chambers; and a fan positioned to draw
ambient air through said gap.

[0012] In an aspect, there is provided a thermally regulated electronic display
comprising a housing having an exhaust; a liquid crystal stack having a display surface;
an LED backlight with a thermally conductive rear surface positioned posterior to the
liquid crystal stack; a first gas chamber positioned anterlor to and containing the display
surface; a second gas chamber in gaseous communication with said first gas chamber,
said second gas chamber positioned adjacent to the rear surface of the LED backlight,
the space between the second gas chamber and rear surface of the LED backlight
defining a gap; a cooling chamber fan which propels gas around the first and second
gas chambers; and a fan which forces ambient air into the housing, through the gap,
and out the exhaust.

[0013] In an aspect, there is provided an isolated gas cooling system for a liquid
crystal display (LCD) having a display surface and a LED backlight panel, the system
comprising a first glass plate; a second glass plate laminated to the first glass plate and
placed in front of the LCD display surface, the space between the glass plates and LCD
display surface defining 2 channel; an anti-reflective coating applied to any one of the
following: first glass plate and second glass plate; a cooling plenum in gaseous
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communication with the channel and positioned behind the LED backlight panel, the
space between the cooling plenum and backlight panel defining a gap; a first fan
positioned so as to circulate isolated gas through the channel and cooling plenum; and
a second fan positioned so as to force cooling gas over the cooling plenum and through
the gap.
[0014] In an aspect, there is provided a method for cooling an electronic display
having a rear surface, comprising the steps of:

placing a substantially planar surface adjacent to the rear surface of the

electronic display to define a gap between the planar surface and the
electronic display,

placing a closed loop of circulating gas around the display;

forcing a circulating gas around the closed loop; and

forcing cooling air through said gap.
[0015] In an aspect, there is provided a method for cooling an electronic display
having a front surface and a gap defined between a rear surface of the electronic
display and a second posterior surface, comprising the steps of:

circulating gas around the display in a closed loop;

allowing the gas to contact the front surface of the electronic display; and

forcing cooling air through the gap

where the cooling air is not permitted to mix with the circulating gas.
[0016] In an aspect, there is provided a method for cooling an LED backlit liquid
crystal display where the LED backlight contains a rear surface and the LCD contains a
front viewing surface, and a posterior surface is spaced apart from the rear surface of
the LED backlight to define a gap, the method comprising the steps of:

circulating gas around the LCD and backlight in a closed loop;

forcing cooling air through the gap; and

preventing the circulating gas from mixing with the cooling air.
[0017] In an aspect, there is provided a gas cooling system for an electronic display
having a display surface and a rear surface, the system comprising a closed loop of
circulating gas positioned fo surround the elecironic display; and an open loop of cooling
air travelling along the rear surface of the electronic display without mixing with the
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circulating gas; wherein the open loop cooling air flows through the center of the closed
loop of circulatihg gas.
[0018] In an aspect, there is provided a thermally regulated electronic display
comprising a housing having an entrance and an exhaust; a liquid crystal stack having a
display surface; an LED backlight with a thermally conductive rear surface positioned
posterior to the liquid crystal stack; a closed loop of circulating gas positioned to
surround the liquid crystal stack and LED backlight; and an open loop of cooling air
travelling through the entrance, along the rear surface of the LED backiight, and
exhausting out of the display.
[0018] In an aspect, there is provided a thermally regulated liquid crystal display
assembly, the system comprising 2 liquid crystal stack having a display surface; an LED
backlight with a thermally conductive rear surface positioned posterior to the liquid
crystal stack; a glass plate placed in front of the display surface, the space between the
glass plate and display surface defining a channel; a closed loop of circulating gas
positioned to éurround the liquid crystal stack and LED backlight where circulating gas
flows through the channel; and an open loop of coocling air contacting the rear surface of
the LED backdight. _
[0020] In an aspect. there is provided a system for cocling an electronic display
having a posterior display surface and contained within a housing, the system
comprising a constricted convection plate placed posterior to the posterior display
surface; two side panels placed adjacent to the constricted convection plate and the
posterior display surface, defining a constricted convection channel having an entrance
and an exit; and a fan placed to draw air from outside of the housing through the
constricted convection channel.
[0021] In an aspect, there is provided a liquid crystal display (LCD) comprising a liquid
crystal stack;
a backlight assembly behind the liquid crystal stack and comprising:

a metal core printed circuit board (PCB) having front and back sides;

a piurality of LEDs mounted on the front side of the PCB:

a posterior surface on the rear side of the PCB;
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a constricted convection plate placed behind the posterior surface of the PCB,
defining 2 constricted convection channel having an entrance and an exit,
and

a fan positioned to draw air through the censtricted convection channel.

[0022] In an aspect, there is provided a system for cooling an electronic display
comprising an electronic display comprising a front display surface and a posterior
surface; a constricted convection plate and a pair of sidewalls behind the posterior
surface of the display, defining a constricted convection channel having an entrance
and exit; a gaseous closed loop traveling across the front display surface, behind the
constricted convection plate, and retuming to the front display surface; a means for
propelling gas around the closed loop; a means for cooling the gas in the closed loop;
and a means for forcing air through the constricted convection channel.
[0023] In an aspect, there is provided a system for cooling an electronic display
having a posterior display surface and contained within a housing, the system
comprising a constricted convection plate placed posterior to the posterior display
surface covering the majority of the posterior display surface; at least one bracket which
connects the posterior display surface with the constricted convection plate; and a fan
placed to draw ambient air between the constricted convection plate and the rear
posterior.
[6024] In an aspect, there is provided a liquid crystal display (LCD) comprising:
a liquid crystal stack;
a backlight assembly behind the liquid crystal stack and comprising:

a printed circuit board (PCB) having front and back sides;

a plurality of LEDs mounted on the front side of the PCB;

a posterior surface on the rear side of the PCB;

'a constricted convection plate placed behind and substantially parallel with the
posterior surface of the PCB; and

a fan positioned to draw air between the constricted convection plate and the
posterior surface.

[0025] In an aspect, there is provided a system for cooling an electronic display
comprising:
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an electronic display comprising a front display surface and a posterior surface
where no electronics are mounted to the posterior surface of the electronic
display;
a constricted convection plate behind the posterior surface of the display
covering a majority of the posterior display surface; and
“a means for forcing air between the constricted convection plate and the v
posterior surface of the electronic display.
[0026] In an aspect, there is provided a system for cooling an electronic display
having a postetior display surface and contained within a housing, the system
comprising a constricted convection plate placed posterior to the posterior display
surface and covering the majority of the posterior display surface; a channel formed
between the constricted convection plate and the posterior display surface; and a fan
placed to draw ambient air through the channel; wherein the constricted convection
plate thermally isolates electrical components from the posterior display surface.
[0027] In an aspect, there is provided a liquid crystal dispiay (LCD) comprising:
a liguid crystal stack; ‘
a backlight assembly behind the liquid crystal stack and comprising:
a printed circuit board (PCB) having front and back sides;
a plurality of LEDs mounted on the front side of the PCB;
a posterior surface on the rear side of the PCB which does not have any
electronic devices attached directly therato,
a constricted convection plate placed behind the posterior surface of the PCB;
and
a fan positioned to draw air between the constricted convection plate and the
posterior surface.
[0028] In an aspect, there is provided an electronic display assembly comprising:
an electronic display comprising a front display surface and a posterior surface
where no electronics are mounted directly to the posterior surface of the
electronic display;
a constricted convection plate behind the posterior surface of the display;
and

STL-TCEPCT-CDADIY

CR 2315261 2017-06-12

SEC et al. v. MRI
SEC Exhibit 1022.5410
IPR2023-00221



WO2009/065125 PCT/US2008/083792

a fan positioned fo force ambient air between the constricted convection plate
and the posterior surface of the electronic display;
wherein the constricted convection plate isolates the posterior surface from
electronic devices for operating said electronic display.

[0028] In an aspect, there is provided a gas cooling system for an electronic display
having a display surface and a rear surface, the system comprising a closed loop of
circulating gas positioned to surround the electronic dispiay; and an open loop of
ambient gas travelling along the rear surface of the electronic display; where the
circulating gas and ambient gas are two separate flows of fluid.
[0030] In an aspect, there is provided a thermally regulated electronic display
comprising a liquid crystal stack having a display surface; an LED backlight with a rear
surface positioned posterior to the liquid crystal stack; a closed loop of circulating gas
positioned to surround the liquid crystal stack and LED backlight; and an open loop of
ambient gas travelling along the rear surface of the LED backlight.
[0031] In an aspect, there is provided a thermally regulated electronic display
assembly, the system comprising an electronic display having a display surface and a
rear surface a glass plate placed in front of the display surface, the space between the
glass plate and display surface defining a channel; a closed loop of circulating gas
positioned to surround the electronic display where circulating gas flows through the
channel, and an open loop of ambient gas contacting the rear surface of the electronic
display.
[0032] Exemplary embodiments may contain one or more of the thermal control
features disclosed herein. A plurality of thermal control features are disclosed and
these features may be ufilized alone or in any combination. The precise combination of
features would depend upon the particular cooling/heating needs of the display at issue,
which would depend upon the type of display, size of the display, and its particular
environment. The embodiments may be practiced with any form of electronic display,
including but not limited to: LCD, light emitting diode (LED), organic light emitting diode
(OLED), field emitting display (FED), cathode ray tube (CRT), plasma, and projection
displays. An exemplary embodiment would be practiced with LCD displays.

Q
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[0033] One thermal feature relates to an isolated gas cooling system. The gas cooling
system is preferably a closed loop which includes a first gas chamber comprising a
transparent anterior plate and a second gas chamber comprising a cooling plenum.
The first gas chamber is anterior to and coextensive with the viewable face of the
electronic display. The fransparent anterior plate may be set forward of the electronic
display surface, defining the depth of the first gas chamber. A cooling chamber fan, or
equivalent means, @y be located within the cooling plenum and may be used to propel
gas around the isolated gas cooling chamber loop. As the gas traverses the first gas
chamber it contacts the electronic display surface, absorbing heat from the display
surface. Because the gas and the relevant surfaces of the first gas chamber are
transparent, the image quality remains excellent. After the gas has traversed the
transparent first gas chamber, the gas may be directed into the rear cooling plenum
where it is cooled.

{0034] Another thermal feature may utilize the isolated gas system as a heating
device, either instead of or in addition to its cooling abilities. An isofated gas heating
system would also be a closed loop system with a first gas chamber anterior to the
display surface and a second chamber comprising a heating plenum or cooling/heating
plenum. Heating elements may be placed within the plenum in order to heat the gas
within the second chamber, As the gas is forced into the first chamber it may transfer
its heat to the display surface. The gas may then return to the plenum for another
heating cycle. The plenum may function as a cooling plenum only, heating plenum only,
or a combination heating/cooling plenum; all depending upon the particular display and
its particular operating environment.

[0035] Some embodiments may place electronic components used to operate the
electronic display within the plenum of the isolated gas chamber. The electronic
components may include, but are not limited to: transformers, circuit boards,
processors, resistors, capacitors, batteries, motors, power supplies, illumination
devices, wiring and wiring hamesses, and switches. If the plenum is being utilized as a
cooling plenum, the cool gas within the pienum can further aid in the cooling of the
electronic components, which will naturally generate heat during operation. Further, if
the plenum is being utilized as a source of heat for the display, the natural heat from the

10
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electronic components can also heat the gas in the plenum, reducing the amount of
energy which needs to be applied to the heating elements.

[0038] A linear polarizer may be used in some embodiments to further reduce the
solar loading on the electronic display. This polarizer can be used in combination with
the isolated gas chamber, or may simply be placed anterior to the electronic display with
an insulating gap between the polarizer and the display. The insulating gap reduces the
amount of heat that is transferred between the polarizer and the display.

[0037] Some electronic displays, such as LCDs for example, require a backlight
assembly to produce an image upon the display surface. The backlight assembfies are
typically a large source of heat for the display. Thus, some embodiments may utilize a
constricted convection system to cool the backlight unit for the display. The constricted
convection system may comprise a constricted convection plate which is placed in close
proximity to the backlight assembly in order to define a gap. Gas is forced through the
gap in order to facilitate more efficient cooling of the backlight assembly. In some
embodiments a wall of the plenum may constitute the constricted convection plate.
[6038] Some embodiments may also utilize an air curtain device which forces air
{either warm or cold) over the exterior surface of the display assembly.

[0039] Finally, some embodiments may use a fluid assembly which contacts a fluid
against the display surface in order to cool it. The fluid may be a substantially clear
form of coolant fluid which is pumped through an anterior cavity which includes the
display surface.

Brief Description of the Drawings

[0040] A better understanding of the exemplary embodiments will be obtained from a
reading of the foliowing detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0041] FIGURE 1 is a perspective view of an exemplary embodiment in conjunction
with an exemplary electronic display.

[0042] FIGURE 2 is an exploded perspective view of an exemplary embodiment
showing components of the isolated gas cooling system.
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[0043] FIGURE 3 is top plan view of an exemplary embodiment of the cooling
chamber.

[0044] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling
chamber, particularly the transparent anterior surface of first gas chamber.

[0046] FIGURE §is a rear perspective view of an embodiment of the isolated cooling
chamber, showing optional electrical components placed in the plenum.

[0048] FIGURE 6 is a rear perspective view of an embodiment of the isolated cooling
chamber showing surface features that may be included on the plenum

[0047] FIGURE 7 is a top plan view of an exemplary embodiment of the cooling
chamber showing surface features that may be included on the plenum.

[0048] FIGURE 8is a front perspective view of an embodiment of the isolated cooling
chamber with included thermoslectric modules.

[0048] FIGURE 8 is a top plan view of an exemplary embodiment of the cooling
chamber with included thermoelectric modules.

[0050] FIGURE 10 is an exploded perspective view of an exemplary embodiment
showing components of the isolated gas cooling system.

[0051] FIGURE 11 is a top plan view of an exemplary embodiment of the heating
chamber.

[0052]) FIGURE 12 is a rear perspective view of an embodiment of the heating
chamber, showing optional electrical components and heating elements.

[0053] FIGURES 13 and 14 are cross-sectional views of exemplary embodiments for
utilizing a linear polarizer with the isolated gas system or an insulating gap.

[0054] FIGURES 15A and 158 are side views of exempiary embodiments of the
constricted convection cooling system with a cdnstricted convection plate.

[0058] FIGURE 16 is a top plan view of an exemplary embodiment where the cooling
plenum is utilized as the constricted convection plate.

[0056] FIGURES 17A-17C are cross-sectional views of embodiments where the
cooling plenum is utilized as the constricted convection plate.

[0087] FIGURE 18 is a front plan view of a display utilizing an air curtain device.

[0088] FIGURE 18 is a cross-sectional view of a display utilizing an air curtain device.
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[0059] FIGURE 20 is an illustration showing the components for a liquid cooled
display.

Detailed Description

[0080] It is to be understood that the spirit and scope of the disclosed embodiments
includes thermally controlling displays including, but not limited to LCDs. For simple
explanation purposes, embodiments may be described with respect to the components
for LCD displays. By way of example and not by way of limitation, embodiments may
be used in conjunction with displays selected from among LCD, light emitting diode
(LED), organic light emitting diode (OLED), field emitting display (FED), cathode ray
tube (CRT), plasma, and projection displays. Furthermore, embodiments may be used
with displays of other types including those not yet discovered. In particular, it is
contemplated that embodiments may be well suited for use with full color, flat panel
OLED displays. Further, it is particularly contemplated that embodiments may be used
with relatively large, high definition LCD displays. While the embodiments described
herein are well suited for outdoor environments, they may also be appropriate for indoor
applications {(e.g., factory environments, coolers/freezers, etc.) where thermal stability of
the display may be at risk.

Isolated Gas Cooling System

[0061] As shown in FIGURE 1, when the display 10 is exposed to outdoor elements,
the temperatures inside the display 10 may vary greatly without some kind of cooling
device. As such, the display 10 may not function properly or may have a greatly
reduced life span. Direct sunlight is especially problematic in causing increases in the
internal temperature of the display 10.

[0062] In Figure 1, the display area of the electronic display shown includes a namow
gas chamber that is anterior to and coextensive with the electronic display surface. The
display shown is also equipped with an optional air curtain device 114. The air curtain
device 114 is discussed in detail below. Optionally, the display may have a reflection
shield 119, to mitigate reflection of the sunlight on the display surface. Additionally, in
outdoor environments, housing 70 is preferably a color which reflects sunlight.
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[0083] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10
includes an isolated gas cooling chamber 20 contained within a display housing 70. A
transparent first gas chamber is defined by spacers 100 and transparent front plate 90.
A second transparent front plate 130 may be laminated to front plate 90 to help prevent
breakage of front plate 90 and protect the interior of the display. Cooling chamber 20
surrounds a display stack 80 and associated backlight assembly 140.

[0064] The display 10 may include means for cooling gas contained within the second
gas chamber. This means may include one or more fans 60 which may be positioned at
the base of the display housing 70. The fans 60 may ingest cool air and force the
cooler ingested air over at least one external surface of a posterior cooling plenum 45,
If desired, an air conditioner (not shown) may also be utilized to cool the air which
contacts the external surface of plenum 45. Alternatively, the fans 60 may simply ingest
ambient air,

[0085] Referring to FIGURE 3, embodiments of the isolated gas cooling chamber 20
may comprise a closed loop which includes a first gas chamber 30 and a second gas
chamber 40. The first gas chamber includes a transparent plate 90. The second gas
chamber comprises a cooling plenum 45. The term “isolated gas” refers to the fact that
the gas within the isolated gas cooling chamber 20 is essentially isolated from external
air in the housing of the display. Because the first gas chamber 30.s positioned in front
of the electronic display surface 85, the gas should be substantially free of dust or other
contaminates that might negatively affect the display image. An optional filter (not
shown) may be utilized to éssist in preventing contaminates and dust from entering the
first gas chamber 30.

[00668] The isolated gas may be almost any transparent gas, for example, normal air,
nitrogen, helium, or any other transparent gas. The gas is preferably colorless so as not
to affect the image quality. Furthermore, the isolated gas cooling chamber 20 need not
necessarily be hermetically sealed from the extemal air. It is sufficient that the gas in
the chamber is isolated to the extent that dust and contaminates may not substantially
enter the first gas chamber.

[0067] In the closed loop configuration shown in Fig. 3, the first gas chamber 30 is in
gaseous communication with the second gas chamber 40. A cooling chamber fan 50
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may be provided within the cooling plenum 45 and utilized to propel gas around the
isolated gas cooling chamber 20. The first gas chamber 30 includes at least one front
glass 80 mounted in front of an electronic display surface 85.

[0088] Referring to FIGURE 4, the front plate 90 may be set forward from the
electronic display surface 85 by spacing members 100. The spacing members 100
define the depth of the narrow channel passing in front of the electronic display surface
85. The spacing members 100 may be independent or alternatively may be integral
with some other component of the device (e.g., integral with the front plate 80). The
electronic display surface 85, the spacing members 100, and the transparent front plate
90 define a first gas chamber 30. The chamber 30 is in gaseous communication with
plenum 45 through entrance opening 110 and exit opening 120.

[0089] As shown in Fig. 3, a posterior surface of the firet gas chamber 30 preferably
comprises the electronic display surface 85 of the display stack 80. As the isolated gas
in the first gas chamber 30 traverses the display it contacts the electronic display
surface 85. Contacting the cooling gas directly to the electronic display surface 85
enhances the convective heat transfer away from the electronic display surface 85. In
exemplary embodiments the electronic display surface 85 comprises the posterior
surface of the first gas chamber 30. Accordingly, the term “electronic display surface”
refers to the front surface of a typical electronic display (in the absence of the
embodiments disclosed herein).

{0070] In an exemplary embodiment, the electronic display surface 85, front plate 90,
and optional second front plate 130 may be comprised of a glass substrate. However,
neither display surface 85, nor transparent front plate 30, nor optional second
transparent front plate 130 need necessarily be glass. Thus, the term “glass” may be
used herein interchangeably with the term plate, but a glass material is by no means
required. Further, electronic display surface 85 does not have to comprise the posterior
surface wall of the front gas compartment 30. An additional plate may be used.
However, by utilizing the electronic display surface 85 as the posterior surface wall of
the gas compartment 30, there may be fewer surfaces to impact the visible light
traveling through the display. Furthermore. the device will be lighter and cheaper to
manufacturer.
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[0071] Although the embodiment shown utilizes the electronic display surface 85,
certain modifications and/or coatings (e.g., anti-reflective cbatings) may be added fo the
electranic display surface 85, or to other components of the system in order to
accommodate the coolant gas or to improve the optical performance of the device. In
the embodiment shown, the electronic display surface 85 may be the front glass plate of
a liquid crystal display (LCD) stack. However, almost any display surface may be
suitable for embodiments of the present cooling system. Although not required, it is
preferable to allow the cooling gas in the first gas chamber 30 to contact the electronic
display surface 85 directly. In this way, the convective transfer of heat from the display
components to the circulating gas will be maximized.

[0072] Referring to Fig. 4, the front plate 80 of the first gas chamber 30 is transparent
and is positioned anterior to the electronic display surface 85. The amows shown
represent the movement of the isolated gas through the first gas chamber 30. As
shown, the isolated gas traverses the first gas chamber 30 in a horizontal direction.
Although cooling system 20 may be designed to move the gas in either a horizontal or a
vertical direction, it is preferable to propel the gas in a horizontal direction. In this way, if
dust or contaminates do enter the first gas chamber 30, they will tend to fall to the
bottormn of chamber 30 outside of the viewable area of the display. The system may
move air left to right, or alternatively, right to left. AfRer the gas traverses the first gas
chamber 30 it exits through exit opening 120. Exit opening 120 defines the entrance
junction into the rear cooling plenum 45.

[0073] FIGURE 5 shows a schemalic of the rear cooling plenum (iflustrated as
transparent for explanation). One or more fans 50 within the plenum may provide the
force necessary to move the isolated gas through the isclated gas cooling chamber.
Whereas the first gas chamber 30 was designed to collect heat from the surface 85 of
the display, the second gas chamber 40 is designed to extract the heat from the gas
and remove the heat from the cooling chamber 20. The second chamber 40 may have
various contours and features to accommodate the internal structures within a given
electronic display application.

[0074] If desired, various electronic components 200 can be placed anywhere
throughout the second gas chamber 40. The electronic components 200 may include,

16

STL-TCEPCT-CDADIV

CA 2915261 2017-06-12

SEC et al. v. MRI
SEC Exhibit 1022.5418
IPR2023-00221



WO2008/065125 PCY/US2008/083792

but are not limited to: transformers, circuit boards, processors, resistors, capacitors,
batteries, motors, power supplies, illumination devices, wiring and wiring hamesses, and
switches. These components can be mounted directly on the walls of the chamber or
supported on rods or posts 209. Thus, the cooling plernum can be designed to not only
extract heat from the first gas chamber 30 but also to cool these various electronic
components 200. (Additionally, as discussed below, if the isolated gas system is used
to heat the display, the electronic components can assist in heating the isolated gas.)
[0075] Referring now fo FIGURES 6 and 7, various surface features 150 may be
added to improve heat dissipation from the plenum 45. These surface features 150
provide more surface area {o radiate heat away from the gas within the second gas
chamber 40. These features 150 may be positioned at numerous locations on the
surface of the plenum 45,

[0076] Referring now to FIGURES 8 and 9, one or more thermoelectric modules 160
may be positioned on at least one surface of the plenum 45 to further cool the gas
contaihed in the second gas chamber 40. The thermoelectric modules 160 may be
used independently or in conjunction with surface features 150. Altematively,
thermoeleciric modules 160 may be used to heat the gas in the plenum if the isolated
gas system is utilized to heat a display in a cold environment.

[0077] FIGURE 10 shows an exemplary method for removing heat in the gas
contained in the rear plenum 45. Fan 60 may be positioned to ingest air and blow that
air across the anterior and posterior surfaces of the plenum 45. Again, fan 60 may
ingest air conditioned air into the display housing 70 or may simply ingest ambient
surrounding air. Furthermore, in this configuration, fan 80 may also force air past the
heat generating components of the electronic display (e.g., the display stack 80 and the
backlight assembly 140) to further improve the ability to cool the entire display. It
should be noted that this embodiment can be combined with the constricted convection
cooling method discussed in detail below. The heated exhaust air may exit through one
or more apertures 179 located on the display housing 70.

Isolated Gas Heating System

{0078] As mentioned above, the isolated gas system can be ulilized to also heat the
electronic display. Referring to FIGURES 11 and 12, heating elements 220 may be
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located within the second gas chamber 40 and operate to warm the gas as it passes
through the second gas chamber 40. These heating elements can be any one of the
many commonly available heating elements or thermoelectric modules. Many times,
these elements are simply a material which contains a high electrical resistance, and
thus generates heat when current flows through it. The heating elements can be, but
are not limited to, any one of the following: nichrome wire or ribbon, screen printed
metal/ceramic tracks deposited on ceramic insulated metal (generally steel) plates,
CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough
metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic.
[0079] As discussed above, the plenum 45 may contain electrical components 200
which power and control the electronic display. The electrical components may be any
one of the following: transformers, microprocessors, printed circuit boards, power
supplies, resistors, capacitors, motors, wiring hamesses, and connectors. The electrical
connections for the electrical components 200 may pass through a wall of the plenum
45. The electrical components 200 can be located anywhere within the plenum 45. The
electrical components 200 may be mounted on the posterior or anterior surface of the
plenum and may be mounted directly on the surface of the plenum or may be
suspended by mounting posts so that gas may pass all around the component.

[0080] While the display is operational, the isolated gas cooling system may run
continuously. However, if desired, a temperature sensor (not shown) and a switch (not
shown) may be incorporated within the electronic display. Thus, a thermostat may be
used to detect when temperatures have reached a predetermined threshold value and
the isolated gas system may be selectively engaged when the temperature in the
display reaches a predetermined value. Predetermined temperature thresholds may be
selected and the system may be configured {o heat, cool, or both heat and cool the
display to advantageously keep the display within an acceptable temperature range.
Linear Polarizer with Optional Insulator Gap

[0081] FIGURE 13 is a cross-sectional view of another exemplary embodiment for
another thermal control feature. In the arrangement shown, the front plate 90 and a
second front plate 130 may be comprised of glass and may be laminated together. The
first and second front panels 130 and 90 may be fixed to one another with a layer of
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index matched optical adhesive 201 to form a front glass unit 206. The display stack 80
may comprise a liquid crystal assembly 212 interposed between a front polarizer 216
and a rear polarizer 214. In other embodiments, the display stack 80 may be any other
type of assembly for any other type of electronic display. The space beiween the
display stack 80 and the front glass unit 206 defines an insulator gap 300. The insulator
gap 300 serves to thermally separate the front glass unit 206 from the LCD stack 80.
This thermal separation localizes the heat on the front glass unit rather than aliowing
solar loading of the LCD stack. If used in combination with the isolated gas system, the
insulator gap 300 may comprise the first gas chamber 30. In other embodiments, the
insulator gap 300 may be used without the isolated gas system simply as a layer of
insulation from both the ambient air as well as solar loading.

[0082] The second front panel may have a first surface 202 and a second surface
208. The first surface 202 may be exposed to the elements; while the second surface
208 may be fixed to the first front plate 90 by the index matched optical adhesive 201.
The first front plate 90 may have a third surface 209 and a fourth surface 204. The third
surface 209 may be fixed to the second front plate 130 by the index matched optical
adhesive 201; while the fourth surface may be directly adjacent to the insulator gap 300:
In some embodiments, to decrease the solar loading of the display stack 80 and
improve the viewable image quality, an antiveflective coating may be applied to the first
surface 202 and the fourth surface 204. In other embodiments, the anti-reflective
coating may only be applied to at least one of the first, second, third, or fourth surface
202, 208, 209, and 204, respectively.

[0083] FIGURE 14 is a cross-sectional view of another exemplary embodiment of the
front glass unit 206. In the arrangement shown, the front glass unit 206 comprises a
second front plate 130, a layer of index matched optical adhesive 201, a linear polarizer
400, and a first front plate 80. The linear polarizer 400 may be bonded to at least one of
the first, second, third or fourth surfaces 202, 208, 209, and 204, respectively. Again,
anti-reflective layers may be applied to at least one of the first, second, third or fourth
surfaces 202, 208, 209, and 204, respectively. The linear polarizer 400 may be aligned
with the front polarizer 209 found in the LCD stack 85. The inclusion of a linear
polarizer 400 in the front glass unit 2086, further decreases the solar load on the display
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stack 80. The reduction in solar loading may significantly reduce the internal
temperature of the electronic display. The linear polarizer 300 may also cause a
reduction in specular reflection of the front glass unit 208 and the display stack 80. As
discussed above, if used in combination with the isclated gas system, the insulator gap
300 may comprise the first gas chamber 30. In other embodiments, the insulator gap
300 may be used without the isolated gas system simply as a layer of insulation from
both the ambient air as well as solar loading. Again, it should be noted that the display
stack 80 may be an LCD stack, but it can also be any other type of electronic display.
[0084] it should also be noted that the second front plate 130 is not required.
Embodiments may utilize only the first front plate 90 with a linear polarizer attached to
either the posterior or anterior surface of the front piate 80. An anti-reflective layer may
also be attached to either the anterior or posterior surface of the front plate 90. The
front plate 90 may be tempered for additional strength if using only the front plate 90
without the second front plate 130.

Constricted Convection

[0085] Some types of electronic displays require a backlight assembly in order to
generate an image upon a viewable screen. LCDs are one type of display that requires
a backlight assembly. Other types of displays, such as plasma displays and OLEDs, do
not require a backiight assembly as they generate light themselves. However, these
types of displays still generate a significant amount of heat. Thus, in the foregoing
description, the constricted convection system will be described with regard to a
backlight assembly, but it should be noted that the embodiments can be practiced with
other types of displays. Therefore, when a backlight or backlight assemblies are
discussed, these assembiies could also be the rear surfaces of other heat-generating
displays and the constricted convection system would facilitate more efficient cooling of
these alternate displays. It should aiso be noted that Figures 15A-15B and Figures
17A-17C are not necessarily draws to scale. The relationship between the elements
may be exaggerated for explanatory purposes.

[0086] FIGURE 15A shows a cross-sectional view of the backlight 140 with the
constricted convection plate 300, the space between the posterior surface of the
backlight 140 and the constricted convection plate defines a narrow gap 305 fo constrict
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air to travel between them. The dimensions of the gap may vary depending on several
factors including the size of the display, its operating conditions, the type of backlight
assembly and its posterior surface material, and the number and power applied to the
various constricted convection fans. Some exemplary embodiments may ulilize a gap
distance of approximately 0.25-3.5 inches. Other embodiments may utilize a slightly
larger gap. It has been found that forcing air through this gap 305 increases the ability
to cool the backlight 140. One or more constricted convection fans 310 may be used fo
pull air through the gap 305. FIGURE 15B shows a cross-sectional view of another
embodiment for the constricted convection system where one or more constricted
convection fans 310 push air through the gap 305.

[0087] FIGURE 16 shows a top view of the isolated gas system as discussed above.
The cross-section line 17-17 is shown passing through the isolated gas system.

[0088] FIGURES 17A-17C show cross-sectional views of the 17-17 section that is
shown in Figure 16. Refeming firet to Figure 17A, towards the front of the display is the
first gas chamber 30 which abuts against the electronic display 80. Anterior to the first
gas chamber 30 is the front plate 90. Towards the rear of the display, the backlight 140
is placed in close proximity to the second gas chamber 40. In this arrangement, the
outer wall of the second gas chamber 40 may function as the constricted convection
plate. This embodiment does not utilize a constrictive convection fan, but instead uses
the fan 60 which ingest air from outside the display housing and forces it over the
surfaces of the second gas chamber 40. As noted above, this air may simply be
ambient air or alternatively this air may come from a conditioning unit (not shown). To
facilitate the flow of air between the backlight 140 and the cooling chamber 40, a
guiding device 320 may be used.

[00B9] Referring now to Figure 17B, the cooling chamber 40 contains a guiding
feature 41, which is used in combination with the guiding device 320 to facilitate the flow
of air between the baclkdight and the cooling chamber. Figure 17C shows another
embodiment, where both the external fan 60 and the constrictive convection fan 310 is
used. This embodiment could also utilize a version of the guiding devices shown in
Figures 17A and 178B.
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[0090] The backlight 140 may comprise a printed circuit board (PCB) with a plurality of
lights mounted to the side facing the electronic display 80. The lights in the backlight
may be any one of the foliowing: LED's, organic light emitting diodes (OLED), field
emitting display (FED), light emitting polymer (LEP), or organic electro-luminescence
(OEL) lights. In an exemplary embodiment, the backiight 140 would ideally have a low
level of thermal resistance between the side facing the electronic display 80 and the
side facing the second gas chamber. To accomplish this low level of themmal
resistance, the backlight 140 may be built using metal printed circuit board (PCB)
technology to further transfer heat away from the lights. The rear surface of the
backlight 140 may also be metallic, or some other thermally conductive material, to
further enhance the convective heat transferring properties. The surface may even
have a plurality of surface features such as fins to further enhance the convective heat
transferring properties. The constrictive convective fan 310 may then send the warm air
out of an exhaust 179 (shown in Figure 2) so that it may exit the display housing
entirely.

[0091] While the display is operational, the extemal fan 60 and the constrictive
convection fan 310 may run continuously. However, if desired, a temperature sensor
(not shown) and a switch (not shown) may be incorporated within the electronic display.
This effective thermostat may be used to detect when temperatures have reached a
predetermined threshold value. In such a case, the various fans may be selectively
engaged when the temperaiure in the display reaches a predetermined value.
Predetermined thresholds may be selected and the system may be configured with a
thermostat (not shown) fo advantageously keep the display within an acceptable
temperature range. This would save on both energy costs as well as the useful lifetime
of the devices.

Air Curtain

{0092} In addition fo the various thermal control features discussed above, an air
curtain device can also be used. The air curtain device may be used alone, or in
combination with any of the other thermal control features discussed above.
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[0083] FIGURE 18 shows an electronic display 10, having a housing 70 and a front
plate 80. The air baffles 114 for the air curtain can be seen as a broken line in the
figure. Cross-section line 19-19 can also be seen in this figure.

[0084] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in
Figure 18. This figure shows the circulation of air through the housing 70 when fans 60
are actuated. As discussed above, fans 60 ingest air into the housing 70 through
entrance 51. This air may be ambient air or altematively may be air conditioned air.
The flow of ingested air is shown as arow 111. Once inside the display housing 70, the
air may flow upwards along flow arrow 121. This air may be utilized with any of the
above mentioned thermal control features. For example, this air may be used to cool
the isolated gas within the second chamber (plenum) or may be used with the
constricted convection system described above.

[0095] For explanatory purposes, the details of the intemal components of the display
have been omitted from thie figure and only a cavity 61 is shown. It should be nofed,
that the air curtain can be practiced with any type of electronic display and with any
combination of the thermal control features described above. Various internal features
{not shown) may be placed within the cavity 61 to direct the air towards the baffles 114.
The ingested air may continue through the cavity 61 along arrow 121 until it reaches the
baffies 114 which may direct the air against the exterior display surface. This exterior
surface may be the first front plate 90, or alternatively, any of the additional front plates
which are described in detail above (ex. second front plate 130).

[0096] Thus, the air curtain can be used as an exhaust for the cooling of intemal
components of the display. Alternatively, the cool air from the air curtain can be used to
further cool the exterior front surface of the display which may be subjected to
significant solar loading or heat transfer from ambient hot air.

Fluid Cooling System

[0097] FIGURE 20 is an explanatory schematic illustrating another thermal control
feature. As may be appreciated from the drawing, the cooling system 22 includes
various components in fluid communication. Preferably, this may be accomplished by
connecting the components with a series of tubes or pipes (illustrated conceptually as
dotted lines). The cooling system 22 components include a reservoir tank 37, a pump
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47, and a cooling chamber 4 in fluid communication. Preferably, the system also
includes a filter 83 and a radiator 72, also in fluid communication. Optionally, the
system may also include a fan unit 94. However, the optional fan unit is preferably not
in fluid communication with the other components.

[0098] Reservoir tank 37 holds the primary volume of coolant fluid and provides
surface area to conduct heat away from the fluid while i is contained in the tank 37.
The tank has at least two openings, an exit port 13 and a return port 14. Optionally, the
reserveir tank includes a ventilation port 66. Pump 47 causes the coolant fluid to move
through the system 22. As may be appreciated by those skilled in the art, pump 47 may
be located at a number of locations along the coolant fluid pathway with suitable resuits.
However, in order fo minimize curvature of plates 44 and 128, it is preferable to position
pump 47 after the cooling chamber 4 so that the pump actually pulls liguid coolant from
the bottom to the top of cooling chamber 4. If the pump is so positioned, engaging the
pump creates an area of low pressure at the top of the cooling chamber 4. In this way
fiuid flows through the cooing chamber 4 according to the arrows. Due to the
“slipperiness” of some coolant fluids, pump 47 is preferably a positive displacement
pump.

[0099] In order to regulate the flow of coolant fluid through the cooling chamber, a
bypass line with a vaive 634 may be provided. The bypass line provides a bypass route
for coolant fluid to bypass the cooling chamber 4. The valve 634 is adapted to facilitate
control over the amount of coolant fluid diverted through the bypass line. The bypass
line and valve 634 allow a predetermined portion of coolant fluid to be diverted away
from the flow directed to the cooling chamber 4 and thereby facilitate control over the
flow rate through the cooling chamber itself. In this way, the flow rate through the
cooling chamber may be regulated.

[00400] As one skilled in the art will appreciate, other methods and devices may aiso
be used to regulate the flow through the cooling chamber. For example, the size and
pump speed of pump 47 may be optimized for a given application. Alternatively, a
variable speed pump may also be used. Preferably, the variable speed pump may be in
electrical communication with at least one pressure transducer (not shown). Preferably,
a pressure transducer may be placed upstream of the cooling chamber 4 and anocther
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pressure transducer may be placed downsiream of the cooling chamber 4. The
pressure information provided by the at least one pressure transducer may be utilized to
set the operating speed of the variable speed pump. In that way, the flow rate through
the cooling chamber 4 may be adjusted to maintain appropriate pressures in the device.
Maintaining appropriate pressures in the cooling chamber 4 is important for preventing
deformation or breakage of the display glass.
[00101] An optional filter 83 may be added to remove contamination in the fluid.
Preferably, a radiator 72 and fan unit 94 may also be included to provide even greater
thermal stability. Optionally, a spigot (not shown) may be provided to facilitate the
process of filling and emptying the coolant fluid from the system.
[00102] In operation, fluid exits the reservoir tank 37 from an output port 13 which may
be located beneath the tank 37. On its way to the cooling chamber 4, the fluid passes
* through optional filter 83. From the filter 83, the fiuid next enters the cooling chamber 4
through inlet 98 of manifold 59. The fluid coolant travels up through the fluid
compartment of the cooling chamber 4 in the direction indicated (dash arrows). The
coolant fluid exits cooling chamber 4 through outlet 99 of the upper manifold 60.
Preferably, the fluid is then received by an optional radiator 72. While traveling through
the optional radiator 72, an optional fan unit 84 may force air past the radiator 72 to
assist in transferring heat away from the coolant fluid. Pump 47, which may be
positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is
received into the reservoir tank 37 through retumn port 14. Preferably, retum port 14
may be disposed at a location that is relatively distant from exit port 13 so as to allow
the returning fluid the maximum opportunity to cool before it exits the reservoir tank 37
through port 13.
[00103] If desired, fan units may be located at the base of the housing 75 just behind
the cooling chamber 4 of display 15. Fan units may provide a laminar flow of air
through the interior of the housing 75. Preferably, the airflow will be directed across at
least one extemnal surface of reservoir tank 37. As described above, the air exhaust
flow may ultimately be redirected onto the cooling chamber surface 44 by way of an
optional air curtain system 114.

23
STL-TCEPCT-CDADIY

CR 2215261 2017~-06-12

SEC et al. v. MRI
SEC Exhibit 1022.5427
IPR2023-00221



WO2009/065125 PCT/US2008/083792

[00104] If desired, a temperature sensor (not shown) and a switch (not shown) may be
incorporated within the electronic display. The temperature sensor may be used fo
detect when temperatures have reached a predetermined threshold value. In such a
case, the pump can be selectively engaged when the temperature in the display meets
a predetermined value. Predetermined thresholds may be selected and the system
may be configured with a thermostat (not shown) to advantageously keep the display at
a relatively constant temperature, or at least within a range of acceptable temperatures.
Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously
when the electronic display is operational.
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CLAIMS

1. Athermally controlled electronic display comprising:

a display stack;

a backlight assembly positiened posterior to said display stack and having a
posterior surface; \

a constricted convection plate in close proximity to the posterior surface of said
backlight assembly, the space batween the convection plate and the
posterior surface of the backlight assemnbly defining a gap configured to
constrict air {6 travel betwean the posterior surface and the constricted
convection plate,

one or mora constricted convection fans adapted to draw air through sald gap;

a first plate of anti-reflective glass positioned anterior to said display stack, the
space between said anti-reflective glass and said display stack defining
an ingulating gap;

a linear polarizer positioned anterior to said first plate; and

a second plate of anti-reflective glass positioned anterior to said linear polarizer.

2. The display of claim 1 further comprising:
an air curtain device adapted lo force air upon the second plate of anti-reflective
glass.

3. The display of one of claims 1 and 2 wherein said backlight assembly comprises:
a printed circuit board (PCB) with an anterior and posterior surface;
a plurality of LEDs attached to the anterior surface of said PCB; and
& metallic coating applied to the posterior surface of said PCB.

4. The display of one of claims 1 to 3 tha display further compriging:
a first gas chamber comprising said insulating gap and having an entrance and
exit,
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a second gas chamber in gaseous communication with the entrance and exit of
said first gas chamber and positioned posterior to the electronic display
surface, said second gas chamber having interior and exierior surfaces;

ona or more chamber fans within sald second gas chamber to propel gas around
the first and second gas chambers, and

means for cooling the gas contained within the second gas chamber.

5. A system for cooling an electronic display having a postetior display surface and
contained within a housing, the system comprising:
a constricted convection plate placed posterior to the posterior display surface;
two side panels placed adjacent to the constricted convection plate and the
posterior display surface, defining a constricled convection channel
having an entrance and an exit, and _
a fan placed to draw air from outside of the housing through the constricted
convection channel.

8. A liquid crystal display (LCD) comprising:

a liquid crystal stack;

a backlight assembly behind the liquid crystal stack and comprising:

a matal core printed circuit board (PCB) having front and back sides,
a plurality of LEDs mounted on the front side of the PCB;
a posterlor surface on the rear side of the PCB;

a constricted convection plate placed behind the posterior surface of the PCB,
defining a constricted convection channel having an entrance and an exit;
and ‘

a fan positioned to draw air through the constricted convection channel.

7. A system for cooling an electronic dispiay having a posterior display surface and
contained within a housing, the system comprising:
a constricted convection plate placed posterior to the posterior display surface
covering the majority of the posterior display surface;

- 28
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at least one bracket which connects the posterior display surface with the
constricted convection plate,; and .

a fan placed to draw ambient air between the constricted convection plate and
the rear posterior.

8, ‘A liquid crystal display (LCD) comprising:

a liquid crystal stack;

a back!fght assembly behind the liquid crystal stack and comprising:
& printed circuit board (PCB) having front and back sides,
a plurality of LEDs mounted on the front side of the PCB;
a posterior surface on the rear side of the PCB;

a constricted convection plate placed behind and substantially parallel with the
posterior surface of the PCB; and

a fan positioned to draw air betwaen the constricted convection plate and the
posterior surface.

9. A system for cooling an electronic display comprising:

an electronic display comprising a front display surface and a posterior surface
where no electronics are mounted to the posterior surface of the
electronic display;

- a constricted convection plate behind the posterior surface of the display .

covering a majority of the posterior display surface; and

a means for forcing air between the constricted convection plate and the
posterior surface of the electronic display.

10. A system for cooling an electronic display having a posterior display surface and
contained within a housing, the system comprising: ‘
& constricted convection plate placed posterior (o the posterior display surface
and covering the majority of the posterior display surface;
a channel formed between the constricted convection plate and the posterior
display surface; and
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a fan placed to draw ambiert air through the channel;
wherein the constricted convection plate thermally isolates electrical components

from the posterior display surface.

11, Aliquid crystal display {LCD) comprising:

a liquid crystal stack;

a backlight assembly behind the liquid crystal stack and comprising:
a printed circuit board (PCB) having front and back sides;
a plurality of LEDs mounted on the front side of the PCB,;
a posterior surface on the rear side of the PCB which does not have any

electronic devices attached directly thereto;

a constricted convection plate placed behind the posterior surface of the PCB;
and

a fan positioned to draw air between the constricted convection plate and the
posterior surface.

12. An electronic display assembly comprising:

an elecironic display comprising a front display surface and a posterior surface
where no electronics are mounted directly to the posterior surface of the
electronic display:

a constricted convection plate behind the posterior surface of the display;

and

a fan positioned to force ambient air between the constricted convection plate
and the posierior surface of the electronic display,

wherein the constricted convection plate isolates the posterior surface from
electronic devices for operating said electronic display.
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ABSTRACT
The exemplary embodiments herein provide a figure eight closed ioop of circulating gas
pathways wrapping around an electronic display. One or more open loop ambient air
pathways may pass through the figure eight but do not allow the circulating gas and the
ambient air to mix. In some embodiments, the open loop ambient air pathway travels
along a rear surface of the slectronic display. In some embodiments, the circulating gas
pathways contain a front channel placed in front of the electronic display, a rear channsl
placed behind the slectronic display, and a center channel placed hetween the front and
rear channels. Pass-through apertures may be placed within the path of the circulating
gas and/or the ambient air to allow the paths of the two gasecus matiers to cross

without allowing them to mix with one another.
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1
FIGURE EIGHT CLOSED LOOP COOLING SYSTEM FOR ELECTRONIC
DISPLAY

Cross-Reference o Related Applications

[60G1] The present application is a divisional application of Australian Patent
Application No. 2014287438, The contents of Australian Patent Application No.
2014287438 are incorporated herein by reference in their entirety, for all purposes.
This application claims priority to US Provisional Application No. 61/843,706 filed on

July 8, 2013 which is herein incorporated by reference in its entirety.
Technical Field
[6002] Embodiments generally relate to cooling systems for electronic displays.

Backaround of the Art

[6003] Electronic displays are sometimes used in outdoor environments or other
areas where the surrounding temperalures may be high or there may be other sources
of heat such as solar loading causing the temperatures within the display fo rise.
However, some portions of the display can be difficult to cool as simply ingesting
ambient air into some portions of the display can introduce dust and contaminates into

sensitive portions of the display, which can lead to premature failures,

Summary

[6003a] It is an object of the present invention to substantially overcome or at least

ameliorate one or more of the above disadvantages.

[8063b] According to one aspect of the present disclosure, there is provided herein a
cooling assembily for an electronic display comprising: a closed loop of gas pathways
for circulating gas comprising: a front channel placed in front of the electronic display, 2
rear channel placed behind the electronic display, a center channel placed between the
front and rear channels and_comprising a first and second plurality of subchannels, a
first plurality of pass-through apertures connecling the first plurality of subchannels to

only the front channel, and a second plurality of pass-through aperiures connecting the

AHD6(21B17304_1):MSD

SEC et al. v. MRI
SEC Exhibit 1022.5451
IPR2023-00221



2017216500 08 Aug 2018

la

second plurality of subchannels to only the rear channel; a first open loop pathway Tor
ambient air positioned between the electronic display and the center channel; and a
second open lpop pathway for ambient air posttioned between the center channel and

the rear channel.

[8063¢] According to another aspect of the present disclosure, there is also provided
herein a cooling assembly for an electronic display comprising: a front channel defined
by the space between a front surface of the electronic display and a transparent plate;
a first open loop pathway defined by the space between a rear surface of the electronic
display and a front plate; a rear plate positicned behind the electronic display and
having a first side forming part of a rear channel and an opposing side forming part of a
second open loop pathway; a center channel placed between the first and second open
foop pathways and comprising a first and second plurality of independent subchannels;
a plurality of pass-through apertures connecting the first plurality of independent
subchannels to only said front channel and connecting the second plurality of
independent subchannels to only said rear channel; a closed loop fan positioned to
force circulating gas through the front channel, rear channel, and center channel; and
an open loop fan positioned to force ambient air through the first and second open loop

pathways.

[8084] One or more embodiments provide a figure eight closed loop circudating gas
path which defines a center channel for the closed loop of circulating gas. A pair of
open loop ambient air channels may be placed on opposite sides of the center channel,

in order to remove heat from at least the center channel and the closed loop circulating
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gas. One or more open loop ambient air pathways may pass through the figure eight
but do not allow the circulating gas and the ambient air 1o mix. In some embodiments,
the open locp ambient air pathway travels along a rear surface of the electronic display.
in some embodiments, the circulating gas pathways contain a front channel placed in
front of the electronic display, a rear channel placed behind the electronic display, and a
center channel placed between the front and rear channels. Pass-through apertures
may be placed within the path of the circulating gas and/or the ambient air to allow the
paths of the two gasecus matters 1o cross without allowing them to mix with one
another.

[0805] The foregoing and other features and advantages of the present invention will
be apparent from the following more detailed description of the particular embodiments,

as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0008] A better understanding of an exemplary embodiment will be cbtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer {o identical paris and in which:

[0007] FIGURE 1 is a simplified llustration of an exemplary embodiment of the figure
eight closed icop cooling system.

[0008] FIGURE 2 is a side rear perspective view showing the overall assembly of the
display with the rear cover removed and indicating the section line 3-3.

[0009] FIGURE 3 is a perspeclive section view taken from the section line 3-3 and
indicating the locations for Detail 4 and Detail 5.

[0010] FIGURE 4 is a detailed perspective section view of Detail 4.

[0011] FIGURE 5 is a detailed perspective section view of Detail 5.
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[0012] FIGURE 6 is a bottom rear perspective view showing the overall assembly of
the display and indicating the section line 7-7.

[0013] FIGURE 7 is a perspeclive section view taken from the section line 7-7.

Detailed Description

[0814] The invention is described more fully hereinafler with reference o the
accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and shouid not be
construed as limited to the exemplary embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention o those skilled in the ari. In the drawings, the

size and relative sizes of layers and regions may be exaggerated for clarity.

[0015] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms "a", "an" and "the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. it will be further understood that the terms
“cornprises” and/or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, slements, and/ or components,

but do not preclude the presence or addition of one or more other features, integers,

steps, operations, elements, components, and/or groups therect.

[0018] Embodiments of the invention are described herein with reference to
iflustrations that are schematic illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the shapes of the illustrations as a
result, for example, of manufaciuring technigues and/or tolerances, are to be expected.

Thus, embodiments of the invention should not be construed as fimited fo the particutar
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shapes of regions iflustrated herein but are to include deviations in shapes that resutt,

for exampile, from manufacturing.

(00171 Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understcod by one of ordinary skill in
the ari to which this invention belongs. it will be further undersiood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined

herein.

[0818] FIGURE 1 is a simplified illustration of an exemplary embodiment of the figure
eight closed loop cooling system 400. This exemplary embodiment contains a plurality
of channels in the assembly. The front channel 18 is placed in front of the display 160
and preferably allows closed loop circulating gas 20 to remove heat from the front of the
display 160. The front open loop channel 16 is positioned behind the display 160 and
preferably allows open loop air 15 to pass behind the display 160, removing heat at
least from the rear portion of the display 160 and the center channel 13. The center
channel 13 is preferably positioned between the front open loop channel 16 and the rear
open locp channel 11 and allows closed loop circulating gas 20 to cross paths with itself
{creating the figure eight) and to cross paths with the open loop air 10 and 15 without
allowing the closed loop circulating gas and open locop air {0 mix.

[0018] The rear open loop channel 11 is preferably positioned immediately adjacent to
the center channel 13, and allows open loop air 10 fo flow through, thereby removing
heat from the center channet 13 {(and/or the closed loop circulating gas 13 contained

within} and the rear channel 36. The rear channel 30 is positioned near the rear of the
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display and may contain various eleclronic components 35 for operating the overall
display assembly, fans, or the display 160 ifself.

[0028] In an exemplary embodiment, the front channel 18, center channel 13, and rear
channel 30 are in sealed gaseous communication with each other. In other words,
these channels do not permit closed loop circulating gas 20 1o substantially escape or 10
aliow ambient air or open loop air 1o enter these channels. Also in an exemplary
embodiment, open loop air 10 and 15 is simply ambient air surrounding the display
assembly. However, in some embodiments the open loop air 10 and 15 may be treated
in some way {(ex. filtered, air conditioned, or pre-cocled in some way) prior to being
ingested into the display assembly. In this pariicuiar embodiment, the ciosed loop fan
100 is positioned within the rear channel 30, although this is not required. Al that is
required is that the closed loop fan 100 is positioned fo force the closed loop circulating
gas 20 through the front channel 18, center channel 13, and rear channel 30. The
closed loop circulating gas 20 can be any gaseous matter that preferably does not
contain large amounts of particulate. However, it does not have 1o be pure gas of any
type; simple clean air works fine with the exemplary embodiments.

[0021] FIGURE 2 is a side rear perspective view showing the overall assembly of the
display with the rear cover removed and indicating the section line 3-3. in this particular
embodiment, the display assembly is designed for a portrait orientation with the closed
loop tans 100 positioned at the top of the assembly and the open loop fans 200
positioned at the bottom of the assembly. This is of course not required however, as
the embodiments herein can be flipped or oriented for a landscape orientation if desired.
Further, the open loop fans 200 do not have 1o be placed at the bottom of the assembily,

but could be positioned anywhere so that the open loop air travels in the paths specified
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in these exemplary embodiments. |t of course goes without saying that additional fans
could also be used to increase flow rates and/or pressure.

[0022] FIGURE 3 is a perspective section view taken from the section line 3-3 and
indicating the locations for Detail 4 and Detail 5. Here, the front channel 18 is defined
between the front transparent plate 150 and the electronic display 180. In an exemplary
embodiment the elecironic display 180 may be an LED backiit liquid crysial display
(LCD), but this is not required. Alternative embodiments may utilize any type of flat
panel electronic display, including but not limited to plasma, OLED, electroluminescent
polymers, or similar. In some embodiments, the various electrical components 35
{power supplies, printed circuit boards, microprocessors, electronic storage, etc.) may
be attached and in thermal communication with a plate 31 which may form the rear
portion of channel 11 for open loop air 10. In this way, heat thal is generated by the
electrical components 35 may be transferred to the plate 31, where it can be removed
by open loop air 10.

[0023] FIGURE 4 is a detailed perspective section view of Detail 4. Closed loop
circulating gas 20 is permitled to pass through the rear open loop channel 11 without
mixing with the open loop air 10 by use of pass-through apertures 200, which provide
sealed gaseous communication between the rear channel 30 and the center channel
13, without permitting open loop air 10 1o enter the channels 30 and 13. in an
exemplary embodiment, rear open loop channel 11 may also contain cooling fins 400
for distributing heat from the adjacent channeis (30 and 13) and/or electronic
components 35 in order to be efficiently removed by the open loop air 10. Similarly,
front open loop channel 16 may also contain cooling fins 450 for distributing heat from
the adiacent channels {30 and 18} and/or the rear surface of the display 160 in order 1o

be efficiently removed by the open loop air 15. In an exemplary embodiment, the
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display 180 contains a direct lit LED backdight where the cooling fins 450 are placed in
thermal communication with the LED backiight. The cooling fins 450 and 400 may be
comprised of any thermally conductive material, bul would preferably be comprised of
metal and in an exemplary embodiment would be a thin sheet (or multiple thin sheets)
of metal.
[0624] FIGURE 5 is a detailed perspeclive section view of Detail 5. Closed loop
circulating gas 20 is permitted to pass through the front open loop channal 18 without
mixing with the open loop air 15 by use of pass-through apertures 205, which provide
sealed gaseous communication between the front channel 18 and the center channel
13, without permitling open loop air 15 to enter the channels 18 and 13.
[0025] FIGURE 6 is a botiom rear perspective view showing the overall assembly of
the display and indicating the section line 7-7.
[0028] FIGURE 7 is a perspective section view taken from the section line 7-7. The
center channel 13 is preferably divided into a plurality of subchannels 300 and 305. On
this end of the overall assembly, subchannels 300 are in gaseous communication with
the pass-through apertures 200 (which connects the subchanne! 300 with the rear
channel 30) while subchannels 305 are in gaseous communication with the pass-
through apertures 205 (which connects the subchanne! 305 with the front channel 18).
However, on the opposite end of the assembly (see Figure 3) subchannels 300 are in
gaseous communication with the pass-through aperiures 205 {(which connects the
subchannel 300 with the front channel 18) while subchannels 305 are in gaseous
communication with the pass-through aperfures 200 {which connects the subchannel
305 with the rear channel 30). In this way, the closed loop of circulating gas 20 travels
through the front channel 18, through a pass-through aperture 1o travel along

subchannel 305, through another pass-through aperture to travel along the rear channel
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30, through another pass-through aperture to travel along the subchannel 300, and
finally through another pass-through aperiure 1o return o the fromt channel 18, In this
way, the closed loop of circulating gas 20 performs the ‘figure eight’ through the
assembly, as it weaves its way across the front channel 18, through the center channel
13, across the rear channel 30, again through the center channel 13, and returning (o
the front channel 18

[0027] it should be noted that subchannels 300 and 305 may not be required in some
embodiments as the center channel 13 could be completely open. It should also be
noted that other embodiments may use the subchannels 300 and 305 but would not
aliow a single subchannel to communicate gaseously with both the front channel 18 and
the rear channel 30. In other words, when viewing the end of the assembly as shown in
Figure 7, the opposing end of the assembly would be substantially similar. Thus,
subchannels 300 would only communicate with pass-through apertures 200 and the
rear channel 30, while the subchanneis 305 would only communicate with pass-through
aperiures 205 and front channel 18. Thus, in this embodiment there would be two
separate closed loops.

[0028] Although there is preferably gaseous communication throughout the figure
gight, subchannel 300 direcis the flow of closed loop circulating gas 20 through reay
channel 30 and center channel 13 while subchannel 305 directs the flow of closed loop
circulating gas 20 through the center channel 13 and front channel 18. In this preferred
embodiment, the subchanneis 300 and 305 allow separate flow paths for closed loop
circulating gas 20 within the center channel 13, without requiring additional fans. These
separate flow paths which cross through the center and loop around the display in a
single continuous flow, define the figure eight path for the closed loop circulating gas 20

{seen also in Figure 1). Further, in this preferred embodiment, the flow direction of

13461857 1
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closed loop circulating gas 20 through the center channel 13 is opposiie the flow
direction of open loop air 15 and 10, creating a counter-flow heat exchanger between
the center channel 13 and the front/rear open loop channels 11 and 16. However, this
is not required, as a paraliel flow or a cross flow design would work as well.

[0029] In an exemplary embodiment, the rear channel 30 would share a plate with the
rear open loop channel 11, such that one side of the plate would be within the rear
channel 30 while the opposing side of the plate would be within the rear open loop
channel 11. This arrangement is illustrated in Figure 3 with the rear plate 31. Similarly,
it may be preferable for the center channel 13 and the rear open loop 11 to share a
plate, such that one side of the plate is within the center channel 13 while the other side
of the plate is within the rear open loop 11. Similarly, it may be preferable for the center
channel 13 and the front open loop 16 to share a plaie. Finally, it may also be
preferable for the rear surface of the display 180 to form the front wall of the front open
loop 186, such that open loop ambient air 15 can remove heat from the electronic display
160. I some embodiments the rear surface of the display 160 would be the rear
surface of 2 metallic PCB holding a plurality of LEDs for the backlight.

[0030] Having shown and described a preferred embodiment of the invention, those
skilled in the art will realize that many variations and modifications may be made fc
affect the described invention and still be within the scope of the claimed invention.
Additionally, many of the elements indicaled above may be altered or replaced by
different elements which will provide the same result and fali within the spirit of the
claimed invention. lt is the intention, therefore, to limit the invention only as indicated by

the scope of the claims.
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CLAIMS

1. A cooling assembly for an electronic display comprising:
a closed loop of gas pathways for circulating gas comprising:
a front channel placed in front of the electronic display,
a rear channel placed behind the electronic display,
a center channel placed between the front and rear channels and
comprising a first and second plurality of subchannels,
a first plurality of pass-through apertures connecting the first plurality of

subchannels to only the front channel, and

2017216500 08 Aug 2018

a second plurality of pass-through apertures connecting the second plurality
of subchannels to only the rear channel;
a first open loop pathway for ambient air positioned between the electronic
display and the center channel; and
a second open loop pathway for ambient air positioned between the center

channel and the rear channel.

2. The cooling assembly of claim 1 further comprising:
a closed loop fan positioned to force circulating gas through the closed loop of
gas pathways,; and
an open loop fan positioned {o force ambient air through the first and second
open loop pathways.

3. The cooling assembly of claim 1 further comprising:
a rear plate having a posterior and anterior side and placed within the rear
channel;
a plurality of electronic components attached to the posterior side of the rear
plaie; and
wherein the anterior side of the rear plate forms a portion of the second open

loop pathway.

4. The cooling assembly of claim 1 wherein:
the first and second plurality of pass-through apertures contain a hole in the
center and are arranged such that the circulating gas travels through the
hole in the center while the ambient air travels around the pass-through

aperiure.

AHD6(21B17304_1):MSD
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11
The cooling assembly of claim 1 wherein:
the second open loop pathway and the rear channel share a plate such that a
side of the plate is within the rear channet while an opposing side of the

plate is within the second open loop pathway.

The cooling assembly of claim 1 wherein:

the center channel is placed between the first and second open loop pathways.

A cooling assembly for an electronic display comprising:

a front channel defined by the space between a front surface of the electronic
display and a transparent plate;

a first open loop pathway defined by the space between a rear surface of the
electronic display and a front plate;

a rear plate positioned behind the electronic display and having a first side
forming part of a rear channel and an opposing side forming part of a
second open loop pathway;

a center channel placed between the first and second open loop pathways and
comprising a first and second plurality of independent subchannels;

a plurality of pass-through apertures connecting the first plurality of independent
subchannels to only said front channel and connecting the second plurality
of independent subchanneis to only said rear channel;

a closed loop fan positioned to force circulating gas through the front channel,
rear channel, and center channel;, and

an open loop fan positioned {o force ambient air through the first and second

open loop pathways.

The cooling assembly of claim 7 further comprising:
a plurality of electronic components attached to the side of the rear plate forming

part of the rear channel.

The cooling assembly of claim 7 further comprising:

a plurality of cooling fins placed within the first and second open loop pathways.

Manufacturing Resources International, Inc,
Patent Attorneys for the Applicant/Nominated Person
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(14) hingedly mounted to a frame (12) in a back to back arrangement. At least one
of the side assemblies (14) has a cover panel (17), an electronic display (11}, a first
channel (25) that receives circulating gas (36), and a second channel (23) that receives
ambient air (38). A cavity (18) is located in the space between the rear surfaces of
the side assemblies (14) and the frame (12) and contains an electronics plate (42) for
receiving electronic components (30/44). The cavity (18) and the first channel (25)
are part of a closed loop pathway, while the second channel (23) is part of an open
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FIELD SERVICEABLE AND REPLACEABLE ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 62/491,106 filed April 27, 2017, U.S. Provisional Patent Application Serial No.
62/502,337 filed May 5, 2017, U.S. Non-Provisional Patent Application Serial No.
15/647,219 filed July 11, 2017, U.S. Non-Provisional Patent Application Serial No.
15/723,311 filed October 3, 2017, and U.S. Non-Provisional Patent Application Serial No.
15/886,889 filed February 2, 2018. The disclosures of all of which are hereby incorporated
by reference in their entireties.
TECHNICAL FIELD
[0002] Exemplary embodiments of the present invention relate generally to
assembilies for electronic displays.
BACKGROUND AND SUMMARY OF THE INVENTION
[0003] Electronic displays have grown in popularity not only for indoor use, but also
for outdoor use. One exemplary application, without limitation, is the digital out of home
advertising market where the electronic displays are increasingly replacing the use of
static posters. The use of electronic displays is advantageous because they allow images
to be changed quickly as well as permit the use of videos and interactive displays, among
other benefits. Such displays have been placed in many locations, including but not
limited, on billooards, the tops of vehicles, bus shelters, kiosks, sidewalks, stadiums,
buildings, and the like.
[0004] Such outdoor, and some indoor, displays are often encased in a housing to
protect them from environmental conditions and to hold various electronic components
that are used to operate the displays. Despite efforis to protect the display from
environmental conditions and other potential hazards, failures of the displays themselves
and their related electronic components do occur. When such failures occur, it is often
necessary to repair, replace, or otherwise service (hereinafter also collectively, “servicing”
or “service”) the displays themselves or their various electronic components. Even when
such failures have not occurred, it may be desirable to access the displays or the various
electronic components thereof to perform routine or preventative maintenance, or simply
for inspection purposes. It may also be desirable to provide a sealed, powered,
conhnected, and/or cooled cavity for electronic equipment. Finally, it may be desirable to

change the configuration of the assembly. For example, without limitation, it may be
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desirable to convert a double sided electronic display into an electronic display on one
side with a static poster display on the other. Current assemblies for electronic displays
make it difficult or impossible to service the display and the related electronic components.
Therefore, what is needed is a field serviceable and replaceable assembly for an
electronic display.
[0005] Further, such assemblies are generally connected to external power
sources and communications networks. Such connections often require interaction with
utility lines. Interaction with these utility lines generally subjects any servicing work to
additional regulations and requires technicians having specialized knowledge. Such
efforts generally increase the costs, time, and effort involved with such servicing.
Therefore, what is needed is a field serviceable and replaceable assembly for an
electronic display.
[0006] The present invention is a field serviceable and replaceable assembly for
an electronic display. A single side assembly or a back-to-back pair of side assemblies
may be hingedly mounted to a frame. More specifically, the side assembly may comprise
a frame configured to receive, in a back to back configuration, one or more digital displays,
one or more covers, one or more poster holders (illuminated or not illuminated), or some
combination thereof. A closed loop of circulating gas and an open loop of ambient air
may flow through the assembly. The frame may be surrounded, at least in part, by a
housing. In exemplary embodiments utilizing back-to-back side assemblies, the frame
and the side assemblies may enclose an electronics cavity. Each side assembly may be
hingedly connected to an upper portion of the frame and may be configured to swing
outwardly to allow access to electronic components located in an electronics cavity. The
cavity may be sealed, cooled, powered, and/or connected for electronic equipment. Some
electronic components may be mounted to a plate located between the two side
assemblies. In other embodiments, the plate (along with the electronic components) may
be mounted to one of the side assemblies or may form a part of the respective side
assembly.
[0007] In exemplary embodiments utilizing a single side assembly, the side
assembly may be similarly mounted. However, an access panel may enclose the rear of
the assembly such that the electronics cavity may also be accessed from the rear. The
access panel may additionally be configured to receive a poster or a cover.
[0008] Regardless, a pair of aid devices may be utilized with each side assembly
or access panel to assist in moving the side assembly between the open and the closed
2
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position as well as secure the side assembly in the open or closed position. In exemplary
embodiments, a number of the electronic components may be shared for both side
assembilies so as to reduce the total number of electronic components required. The aid
devices may also assist in securing the side assembly in the open or the closed position.
The side assemblies and/or the access panel may be opened to service the electronic
components and the side assemblies. When necessary, the side assembly itself may be
removed from the frame and replaced.
[0009] The one or more digital displays, one or more covers, and one or more
poster holders may be mechanically attached to the frame by way of a bracket and a pin,
which may be configured to serve as the main, or only, mechanical support for the one or
more digital displays, one or more covers, and one or more poster holders. In this way,
the digital displays, covers, or poster holders may be easily and quickly removed from the
frame for servicing. In exemplary embodiments, external power and communications
connections may be located on the frame or on a plate located between the one or more
digital displays, one or more covers, one or more poster holders such that servicing of the
one or more digital displays, one or more covers, one or more poster holders can be
performed by disconnecting the power and communications at the connection point rather
than disturbing the connection to the utility lines. In this way, the external power and
communications connections may often remain undisturbed.
[0010] In some situations, it may be advantageous to increase the cooling
capabilities of the assembly. For example, without limitation, it may be desirable to add
additional temperature sensitive or heat producing equipment to the assemblies, drive the
electronic displays or illumination elements at higher brightness levels, operate in extreme
environments with high temperatures or high solar loading, or to provide and operate
larger electronic displays in one or more of the side assemblies. Therefore, what is
needed is a field serviceable and replaceable assembly for an electronic display with
increased cooling.
[0011] The present invention provides a field serviceable and replaceable
assembly for an electronic display with increased cooling. In exemplary embodiments,
an additional open loop channel for ambient air may be added to one or both of the side
assemblies mounted to either side of the frame. In exemplary embodiments, the
additional open loop channel may only be added to the side assembly or assemblies
comprising a cover or a poster holder, though it is contemplated that the additional open
loop channel may also be added to the side assemblies comprising a digital display. Itis
3
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