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Abstract of JP2010024624 (A}

PROBLEM TO BE SOLVED: To provide a snow-melting panal capable of reducing its
manufacturing cost and preventing the occurrence of distortion of a heat radiating board and
problems of water puddle and corrosion due fo the distortion of the heat radiating board. ;
SOLUTION: This snow-melting panel is constituted by joining a heat radiating flat plate 2
having an upper face being a heal radiating face and a flow passage forming member 10
forming a zigzag flow passage mutually by welding to make a heat medium flow between
them. The sections around the heat radiating flat plate 2 are bent into L-shape to form a bent
part 2a, which is joined with a tie plate 20 by welding. The flow passage forming member 10
is constituted by connecting a linear groove member 11 and a U-shaped groove member 13
mutually. ; COPYRIGHT: (C)2010,JPO&INPIT

Last updated: 24.09.2012  Wordwide Database  5.7.42; 92p

SEC et al. v. MRI
SEC Exhibit 1031.0974
IPR2023-00254



SEC et al. v. MRI
SEC Exhibit 1031.0975
IPR2023-00254



(19) BHFEIEEF (JP) ORRARNFL8A (L1) 135 R AP B
$35B82010-24624
(P2010-246244)
(43 AME WAi2£2A4H (2010.2.4)
(51) Int.CI. F1 T—7a—K (%)
EO1B 19/00 (2006.01) EO1B 19/00 A 2D026
EQ1C 11/% (2006.01) EO1C 11/2 B 2D051
EO1TH 5/10 (2006.01) EO1lH 5/10 Z 2D056

EBEMR RER BREOH 4 OL (& 7TH

@2l HEEs HRE2008-183720 (P2008-183720) | (71) AR A 000005083
22) HEE SERR204TH 158 (2008.7. 15) B RS
RRHERZR—-TH2&1 5
(T2) FEBAE MW {E
—EREETMAR_EH HIERKAS
HREEITHN
(T2 AT =EH SKiE
—ERREMABREN BHIERHKAS
HRBILHA
F &#—5 (%) 2D026 CLO1 CLO3
2D051 ACO7 GAO3 GB0O2 GBO3 GBO4
2D056 BAOL

64 (RFORBRF] HT RV

CHNE:Z )| B B n »

(] AR EWABEELHEIOEEE N N A A ) j\im

HWEE . BEMROER S AL LK DR E R
FEHLIHE AN 2RI 5.

(FERTE]  EEAREETH 2 E IR 2 & |
DD LTV IROFRE L KT L REIEREM 10 L 2
BRGLT. COMICARRE RS EL . BEVPI2
DR E LRz Dy <. R0 i 2a 4L,
T 2P ) HhFER 20l iR 2 0 HEERE L TWa
. UREETERCERAS 1 Ol ERNERH 1 1 & USEERH 1
3LEERRLTIBRTS.

(4R 2

Za 2

SEC et al. v. MRI
SEC Exhibit 1031.0976
IPR2023-00254



(2) F552010-24624 (P2010-246244)

URrEFaakon &l ]

[F&kIHE1)
TR ERETH AFEVRERE . ORBEROTEICERREL . £0—HOXRE
L RIS RECTAR b ORNCEE RSS20 LT D RO 2 TR 3 A TR EH &
A THT VAITBWT

R ARETAR ORI 2 L Rictr D thdF . EicZ of D iosiRE BEEE L7- 2

LR L TAEEINRIL,

[GEkIE2]
IR OB EE A Tl 2 WBEINE LRSI DF NI ST WA Z 2 HmE
BEERIH L ICEERDIES AL,

[G5:RTH3]
AU L LB EC MR ST AT 288 1 0 ZOVERM & | Biac sk i i3 4 88
20 ZVERM . S OREICEER S AR 257 28850 ERNESM L .
% 2 BRI O R SN A EROURESM = 670 ) | Biad LM . szl
1. B20/ )VEMRUP URERM L OEEIcBE 235507 . SkEHIEE SN
A bz R EESRESM T OBF A Y ANEFEFFmOERICh: - THiETK
PPRICBBEREINDG Z L R E 75559 1 XTI 2 I2EE&HOESE A0,

[E&k1H4])
SERIE 1 R 3D WTFIPICERMOEEHES AL ZRERIH - THEEREEL . &<
HENAIG— P L EIFREE 35 & kLo, #ulRoldEs LU 7 L
R TNEERCTEINCESL . BiEtHRICIE. BPERT 2 2 AT
b,

(FHHDFF7Z S
(i ]
[0001]
AL, BT ICEGR SR RFICHE SN HE/AVICET 5,
[ Rdi)
[0002]

FEEHAICERE SN BRERRIC B WL, S E2ITETT 572012 BiskOFM
IZHBENANEREL | HENSA ECHRL S (RESNCRUBRSLCSE) 2HE
PANDBEME BT SR (P IHTRZ Y 0ifk) THEMY 5 Z L MThihvTn
5,

[0003]

COMDETEEL LT, BIZEREFGR L I2id. EEFEBETHAEVERE .
DFROTERE LI, WEFIOREIL RO, & L0 ZOMER#F] L 2 D R+E >
L SIRILTERGIEE. 257 536 LM E G 2EMARE . OB RO L 78
TRTERVMIER £ BIREFAR & TR S A2 A TER W IO 3T i kil = . »
5% BHSRAREEHCE VT BECPE & @I E ORI E N D PSR ISR E R
BT, BIECE R T & B & OFCHERRZER . SRR i TR E R &
B0 L7- SRR SRE SN TS, £, BAHRORIFZ ) B SRS
BRI CHERBEEROMEE RE < 3L I EHREE#INTWE,

[0004]

F/e . RFOOR 212, FIEOR 1 ICEROES AR R L T AR &R T
RETHEPHBINT WS, 37z BEOOR 3 123, Bt LIz 58 .
BRI 259 S BN & . UFEEM & 25851 TR 5 Z 2 AE#ShTwn
A, FLT, SRODHEREFMKT 2 FREBEFREEBELFREEINLTNE,

{0005]

URRFSCRL] FAF6 -7 668 1 5hik
UCRrrsaz] /ifEL 1 -1527 0 1 508k
UREFB] 2007 -85 05 750

SEC et al. v. MRI
SEC Exhibit 1031.0977
IPR2023-00254



(3) F552010-24624 (P2010-246244)

[ AHDFR]
(RHHFRRL £ 5 L4 25
(00061

Lp LA s . Bl 1 RO 2 IS8 LoTid. 0B, AELBEEENRSR
HT 5. Bz, FRO—MEE B L 2 BEEET A0, FROBEESM E 2 5%
PELRT < HEDBIZIZMERAKE YD L2 DRI F RESE L L 2005,
%mfmk RS OBICEND TRE4E Y LTwWe, B0 3 Icis8iodoit.,

Y TROAEER 72 LDTH L0, BEEZEERTAHILIEITE L0 &
WOIE%%ﬁﬁétuion@ma

[0007]

F70 . FBICBR SRR ER 2 B CEMROBECEREL TWTidREI A NS
DEVIEEER L TWe, B2, ZOBDHEFNNAVIHIREZ EHMEHCL TRk 69
T, CTOEESFHL1 00k gD | RS 2 125D L 22X 7 v A7z
FAMEZ: & S ISR L 7235E . S/ VR EHEN—A L OB F ATV o i
RHEL 72,

[0008]

AFEE, FROBHICEEL T3 L0T, BHEIAAREMZ 5 L & LIZHEUR
DEZFGES Y. BEMROED SAE L 5 AKE D S &EOREE BREL 7ES AL 1R
T LI LEEMELTWE, FMOBEMIL. X Frr ARCBWTLERIEET
BZEDTEBREE ANERETEZETHS.,

[GRRE % RS A 72D TR )

[0009]

AREE, FEVESETHLSBFVEITERE . COBETERO THICERESL
O—H DI L WFL TR & ORI EIE A REN T 500 51T D ROFIE RS 55
BIERREM & %08 2 FoiH B A NAZB W T L BIELREEIR O % LRzt D iy, =
[ Z O DEIFE I ER B EEREE L 2L 2R TAET AL TH A,

[0010]

LEROERR I X AUT . VR R E LRz D #ir . i mﬁ@ﬁf%r%m
T iEEES Lt;&%ﬁ&&qué@f — BURERERR b IR & RS
;of\mﬂ¥m®Mﬁﬁﬁma&éio;m%%ﬁ%iﬁé%@m\ﬁ@ﬁfﬂhwm
PEEREETAILICL - T BEVPIROBEESE N 2 5 L) B RESHET S, L
72 HEDOBROBENIDAKR D DRERIGIETHZ LFTES,

[0011]

F7o AR BWT L REUROE SRS Tl W EENLE LRI D dhifin T
SRNTWAZERFEF L,

ORI XL BN SROBELHEICEO SN A L ELIZ, BIROZETE
RIS A EREIET A LHTES,

[0012]

F7o. BERMICBWT . SRR IR ESR AT 28 1 0/ ZOVEH
L. RIEAMESHRET 28 20 OVEM E | SR ORICEHR SAABIREEZE T
LEBFIOERFETA L | HWE L ERESM O ER SN A RO UTESHT 0 5
oD | HECEMER . BUEEES 1. 20 VERH RO USESH & o iRk B %
BT, HEMEIIIERE SIS LI WS ERNESMII BT MO VP ET
HRDERAZ DI » THIR VI ERERE SN 2P FE L,

LRI L AUT . REBRIBREI E BRI BT AROBBERKETE S L
LICBGED AN R A2 LW TE S,

[0013]

FRE L TR 3OWTNAICEEHOESEHE T/ A E Rk icin - CHEERE L

%awﬁ*n%wi e S FIFTTREL 45 & £ bz, BuiitkoibisEs LU
Bl L AEERGTIEAICERL . Sradwiicis. MFEEERITLZWTES,

SEC et al. v. MRI
SEC Exhibit 1031.0978
IPR2023-00254



(4) F552010-24624 (P2010-246244)

ZORERRIC I UL, AT ADTOITHBE N AN ZFRALISEEICE WTLESEN
I EBBEN—A L DRICF R FEATZY TLBREIETAILHFTES,

[ #EHOHZHER ]

[0014]

ARFEHRCH DA HT VI LU BEVPIRO B E LERIciT D it . BEicZoir
DT IR BEEE L2 2 L 25 s LT\ 20T, —HREVHR & RS
L OERHREIC L - T BREEROBEMPSM & A 5 X ) EEESRET R L0, T
DHITFEICHIREF BREET A2 L2k » T BEVHROBE MmN E 4 b X O TlEE
BRERAETSE, Lichi-> T, EEOBOREEDAE D OREZIETA Z L BTES,
[#BH % EiEd 2 7obDR R OFEE]

[0015]

LRItz I8 1R B {E S S AL — R0 & R e E S W GHEd 5,

B 1 {3 AR R AEB AN O—EFlOKmE . B2 125 A — A
ThHa, FBETERENMEZRL . HAZUFBHEMEZRLTWS, R5iEH1IzBIT2
C—CHERZRLTWA, ROIEARRIICRAES/ L ORE TR RTHES SRl
OMFEH. B 738 RETRCBTABEEEOREL R EAMEKTH S . RR8ITA
R RAHE AN EZHRE LREERTHARTH 5.

[0016]

1 RUB2m3 &5, HE AV LS, BRATBOERMREOBECTER 2 & |
TURDRATBE L /N4 1 L PHRE SN AE 2 /243 e 285 K51
LSO IRIC TR R TR T AREMBREA 1 0 & . BEVEIR 2 2B L S 2%
W20 256 FICHEELTVA, BB 1 013, SR % Brmps & 320 D iy
T L7-RROEMESAM 1 1 2EEF N JOEMNESHM 1 1 OERE L% USSR
HM13TERLTEL /ZVEA 1552 7 2OVE 4 3 E TRk HENT 2 Fik %2 B
LTwWa, Z/. lE/NAIL 1 OFID— 2238 EE 1 7053586 S0, SR 2
OZIFEEAN— RIZEET A 720NEER 4 SHHRITANTWA, HiZ, HEN AL 1 &
AR LI NEB LY L E 5 IICHiassf 1 528 (R Tid 38 &iTahTn
b,

[0017]

BECER 213, R20Rt X262, Z2oREE LFRICH D SR DmirsE2 a
BB ENT WA, LT, W2 01zl —IBAES/ SALDPECZ 5 L5 I LR
IO EFLRA Ty PH2 3L MERRARERTIR 208 D 2 a L B D &b
LIzhOEER 2 1 BRI TWS,

[0018]

B3 iord LD lc, BB 1 11k, 2ORBEHET 58K BECER 2 L OBl
HE2 IR A2z EAERRK ( BLOEWD | EIOEW a ) IR S, miEl
2R (L2)Y Thiz>TYRE1 1 a2f LRROEHTHE.

[0019]

Fo. RAIGRT LD ICUTHSM L 312, FHBH13aL . BIH1 3bdrs%s
 FeloRT LIz, FUFERM 1 313, B 1 3 b ICEREHM 1 1 ozl
AFENLLIICHEINTWS, ZRADUFELM 1 313, EESH 1 1 Ol
EMCIEESINTEY . USHEEH 1 3 L EEEM 1 1 22X ), 04 5 ERESH
FLAEELC, B—oRiErmBRihs (M13H8H) .

[0020]

BT, WS AL 1 oBETRIC W, WMo . B7%SR L TEHICHET 2.

F¢. 6 (a) (R Hie. HEVER 2 (CEMERRM 1 1 2FTEORS I HESA L
Ra, T2, BRLZWUTESH 1 3 20 00RRABRT A L 5 ICERNESH 1 1
OERBICEET S (R13HR) . LT, ERHENHM 1 1 OmGIcBR L2y 1a
LTI 2 & BIBREM 1 00&RICE-T ., BEEETS. BEESE. v —4
BWEXL7— 7 BRPETH 5.

SEC et al. v. MRI
SEC Exhibit 1031.0979
IPR2023-00254



(5) F552010-24624 (P2010-246244)

[0021]

INEE . HEVER 21213, TEREREM 1 0 % BEESTAMDASIASINE Z &
L5, TRE . EEEELYNE L 1aIEL | EREEA 1 1 OBEER ZITT
WL (BEHEHM 1 1081 1azBnwiek#ia) & LCIIEEL v,
7 (a) iond & oz, Er S 74 FECER 2 OREmE 2 b 2N = 705 & 5 12EH
FETD, JOEEORETIE, BE/AIVTHES LARDSICEE D . 20850 5
WRER2#BEIETLE LR S,

[0022]

FITOB6 (b)) RT3z, RECER 20 %E 7L 2% % AR D e Fin T
LIS 2 a2 BT 5, FLC. COMDBTE2 alBR2 00 EEE2 1 %
Ehibt, BEESTE. 781 H7 (b)) ITRT LI, $R200BEOMES
RTINS 2 a SIEET 20T, BECER2 OBEE 2 b A E L A B L O AER
HUL, BRI, RBEBREM 1 OOmcE 1 / ZVLEM4 1 RUEE2 / XLk 4 3
ZhEec L. TEBIHESH A o AL THS L 15 5 A . ENE 2 b ASMiE & 7
2 YR TWRIE . BRI E 5 Z 213 IHENALPBAETAZ LR
kTE s,

B, BRICE-TELSER. BHRERIVEFRFELTHETLILT, HHTAHZ
EBARTHS,

[0023]

AT T L L OB OWT L[S 2VTERICEHIT S,

X8 (a) tordT LI, MEFEOWMBE T, 2> 7 ) — MEOIEHE6 15875
N5, FHEG 1ITid, MkEHRE LD ESRFLEEE L2 D 27200 6 3R S
T, LT, BRBEEG 5~ T T/ A 1 AOFIRERE KT 5 6% 5
1. HRES 3%/ oG, 2o 1 O EZIIHRBER—25 0H&ITLL., ZOHER
— A5 0D EICEE AV 1 =0 % 8EEE 1 7 (X1 38) CRATE: L 5 IciE 3
na.

[0024]

FLT.WMENANLDEL 2TV B2 7 ZN2E 24 0P 2 4 BB THERS
L, HEES 1. HKES 3 Lo 7 L X UNES STERSNLTWA, 4B, 2o
HENAIL 1L, HUBEIE - TEBEEEE SN S .

[0025]

BRI 2 EAER AW SR, ISP S 2 L BURL S WiEA SETRERE 1
OCRERMAL T Ry7izh»TH{ES 1 8B . HE/ L LIz S5,
HENANL VIS LS, 2 THSE L TRl S, TIPS S 35REL
THRA FEANRSHEF O CRECIAING,

[0026]

EZAT, H#E6 3ITHEE LBIREDRA VT v APRELBERD L, FOBEIC
. B8 (b)) RT LI, BFESIEFHLTHS L1 2 ERICH Z LTS
L2 2TnG, WFES OFAWTHEN AL 1 OFFHEEZIT I 2L T, fBEHRA
TLE DL D LEREMIET 5L TES,

(B oD T 735
[0027]

(311 AFAC RS AN O —EHEFIDIERXTH 5 .

(2] R 1izBiH5 A — AMERETHS.

(B3] EigdESEM 2. (a) HERE. (b) IFEEETHA.

(B4] UFEEMZrL. (a) PEE. (b) id (a) OB—B#RINEETHAE.
(B5] H1ichBiTaC —CHERTHS.

[B6] AFAAZRLHHE/ AN OEEE TR Z R THES N ANOIEXTH 5.

(7] TS A EEEOREL R #ENEmETh 2.

(GI8] ARINMRAHES AN % HE L/RER R MHEETH A,

SEC et al. v. MRI
SEC Exhibit 1031.0980
IPR2023-00254



(6) F552010-24624 (P2010-246244)

[FF5 o]
[0028]
1TV, 2 BEAVEIR. 2a D ETE. 20 - BEm.
10 : MBBHEM, 11 BEFEEM. 11a: Y8, 13 UsEdHM,. 13a:
EAES. 13b : B GEESE) .« 15 @ wisdft. 17 - SR,
20 :®R, 21 BEH. 23 Ty YR,
A1 B122VEM. 43 B2/ XVEM. 45 : [EIES.
50 :FEN—A, 51 A%, 53 (HKE. B JLFRITAE. BT AN
Nadryh, 59 WFE.
61 FEE 63 {lE. 65 : {HIFHE,

(B1] [(13]
(a)

i
e | | it

SEC et al. v. MRI
SEC Exhibit 1031.0981
IPR2023-00254



(7) F552010-24624 (P2010-246244)

(X141 (5]

=
13a \
2

(6]
(a}

2
11 it 1 ta 1

2

(b)

A L\

2a 10 2a

(e}

2
{
’a R N \(WV 2
13 X\ﬂ 10 .
2

23 2 20

13b

(7] (8]

(al ]

(a)

s et
\\m
<
o

] 53
4
m | [Py @
63 65 \61
] (b)
59
1 57
55
55 50
, 51
w53
577 g3 Hﬁg 3 11%

SEC et al. v. MRI
SEC Exhibit 1031.0982
IPR2023-00254



(8) F552010-24624 (P2010-246244)

SEC et al. v. MRI
SEC Exhibit 1031.0983
IPR2023-00254



wo 2010/080624 A2 | AR AUAE A RRIRARTOROO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
15 July 2010 (15.07.2010)

1 O 0O Y R0 O
(10) International Publication Number

WO 2010/080624 A2

(51) International Patent Classification: (72) Inventors; and
HO1J 17/28 (2006.01) HOIL 51/50 (2006.01) (75) Inventors/Applicants (for US only): DUNN, William, R.
GO2F 1/1333 (2006.01) [US/US]; 1600 Union Hill Road, Alpharetta, GA 30005
. o (US). HUBBARD, Timothy [US/US]; 1600 Union Hill
(21) International Application Number: Road, Alpharetta, GA 30005 (US). BEDELL, Ware [US/
PCT/US2009/068770 US]; 1600 Union Hill Road, Alpharetta, GA 30005 (US).
(22) International Filing Date: (74) Agents: STANDLLEY, Jeffrey, S. et al; Standley Law
18 December 2009 (18.12.2009) Group LLP, 6300 Riverside Drive, Dublin, OH 43017

(25) Filing Language: English (US).

(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
L. kind of narional protection available): AF, AG, AL, AM,
(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
61/138,736 18 December 2008 (18.12.2008) UsS CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
61/152,879 16 February 2009 (16.02.2009) us DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
61/252,295 16 October 2009 (16102009) us HN, HR, HU, ]]3, ]l/) IN, IS, JP) KE) KG, KM) KN, KP7
(71) Applicant (for all designated States except US): MANU- KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

FACTURING RESOURCES INTERNATIONAL,
INC. [US/US]; 1600 Union Hill Road, Alpharetta, GA
30005 (US).

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page/

(54) Title: THERMAL CONTROL SYSTEM FOR AN ELECTRONIC DISPLAY

29

0— |
221/

— 60

1A

(57) Abstract: A cooling assembly for an electronic image as-
sembly and a display assembly containing the same. Some em-
bodiments use ambient gas to cool power modules and/or an
image assembly (sometimes backlight). Other embodiments
use a closed loop of circulating gas which passes across the
front surface of an image assembly and through a heal ex-
changer. An open loop passes through the heat exchanger and
extracts heat fom the circulating gas. Ambient air may be
used as the ambient gas. An optional additional channel may

\20 be used to cool the back portion of the image assembly or
backlight with ambient gas. Some embodiments also use ther-
t l mally conductive plates and ribs to distribute the heat and
o~ il avoid hot spots in the display. The cooling assembly can be
[ used with any type of electronic assembly for producing an
/ B = imagc.
]
200——"
S
v | - 65
L]
i 1 50
7 3
- 20
80 / M=
4 =4
FIG-11 ¥

SEC et al. v. MRI
SEC Exhibit 1031.0984
IPR2023-00254



WO 2010/080624 A 2 I 0HVE Y00 000000 0 O 0 0

(84) Designated States (unless otherwise indicated, for every TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
kind of regional protection available).: ARIPO (BW, GH, ML, MR, NE, SN, TD, TG).
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, .
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, Published:
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

SEC et al. v. MRI
SEC Exhibit 1031.0985
IPR2023-00254



WO 2010/080624 PCT/US2009/068770

Thermal Control System for an Electronic Display

Inventors: William Dunn, Tim Hubbard, Ware Bedell

Technical Field

[0001] The exemplary embodiments generally relate to cooling systems and in
particular to cooling systems for electronic displays.

Background of the Art

[0002] Conductive and convective heat transfer systems for electronic displays
generally attempt to remove heat from the electronic components in a display through
as many sidewalls of the display as possible. In order to do this, the systems of the past
have relied primarily on fans for moving internal air within the housing past the
components to be cooled and out of the display. These components are typically
power supplies. In some cases, the heated air is moved into convectively thermal
communication with fins.

[0003] While such heat transfer systems have enjoyed a measure of success in the
past, improvements to displays and new display applications require even greater
cooling capabilities. In particular, cooling devices for electronic displays of the past
have generally used convective heat dissipation systems that function to cool only the
rear interior portion of the display. When used outdoors or in other warm environments,
this is not adequate, especially when radiative heat transfer from the sun through a
front display surface becomes a major factor. In many applications 200 Watts or more
of power through a front display surface is common. Furthermore, the market is
demanding larger screen sizes for displays. With increased electronic display screen
size and corresponding front display surface size more heat will be generated and more
heat will be transmitted into the displays. Also, when displays are used in outdoor
environments the ambient air may contain contaminates (dust, dirt, pollen, water vapor,
brake dust, sand, smoke, etc.) which, if ingested into the display for cooling the interior
can cause damage to the interior components of the display.

SEC et al. v. MRI
SEC Exhibit 1031.0986
IPR2023-00254



WO 2010/080624 PCT/US2009/068770

[0004] Modern displays (especially those which are used outdoors) have become
increasingly brighter, with some backlights producing 1,000-2,000 nits or more. In order
to produce this level of brightness, illumination devices such as CCFL assembilies,
LEDs, organic LEDs, and plasma assemblies may produce a relatively large amount of
heat. Further, the illumination devices require a relatively large amount of power in
order to generate the required brightness level. This large amount of power is typically
supplied through one or more power supplies for the display. These power supplies
may also become a significant source of heat for the display.

[0005] A large fluctuation in temperature is common when devices of the past are
used in outdoor environments, direct sunlight, or other difficult thermal environments.
Such temperature fluctuation adversely affects both the lifetime and the performance of
the electronic components in these devices.

Summary of the Exemplary Embodiments

[0006] While the systems of the past have attempted to remove heat only through the
non-display sides and rear components of an electronic display, a preferred
embodiment may cause convective heat transfer from the front face of the image
assembly as well (the side which faces an intended viewer). These preferred
embodiments may comprise two separate flow paths for gas through an electronic
display. A first flow path may be a closed loop and a second flow path may be an open
loop. The closed loop path travels across the front surface of the image assembly,
continues to the rear of the display where it may enter a heat exchanger, finally
returning to the front surface of the image assembly. The open loop path draws gas
(ex. ambient air) through the rear of the display (possibly through a heat exchanger)
and then exhausts it out of the display housing. A heat exchanger may be used to
transfer heat from the closed loop to the open loop and exhausted out of the display.
Optionally, the open loop may also be forced behind the image assembly (sometimes a
backlight other times an OLED or other type of image-producing assembly), in order to

cool the image assembly and/or backlight assembly (if a backlight is necessary for the
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particular type of display being used). A cross-flow heat exchanger may be used in an
exemplary embodiment.

[0007] Other embodiments relate to a system for cooling the following portions of an
electronic display, either alone or in combination: (1) power module(s), (2) backlight,
and (3) front display surface. Power modules with heat dissipating assemblies (ex. cold
plates and/or heat sinks) may be used with some embodiments where the side of the
power module containing the heat dissipating assembly is placed in the path of ambient
gas while the side of the power module containing sensitive electrical components
remains in a separate environment. An isolating structure may provide the necessary
gaseous (and sometimes particulate/contaminate) isolation between the two sides of
the power modules. The closed loop may or may not be used when cooling the power
modules with an open loop of ambient gas.

[0008] Backlights with a front and rear sides may be used with some embodiments for
LCD displays where the front side contains the illumination devices and the rear side
contains a thermally conductive surface for dissipating the heat from the illumination
devices. lIdeally, there should be a low level of thermal resistance between the front
and rear sides of the backlights.

[0009] Other embodiments may place the power modules in thermal communication
with a plurality of thermally conductive ribs where the ribs are placed in the path of
cooling air (sometimes ambient gas). The heat from the power modules is distributed
throughout the ribs and removed by the cooling air. It has been discovered that forcing
air through the relatively narrow channels defined by the ribs improves the ability to
remove heat from the power modules.

[0010] In another embodiment, both the power modules and the display backlight (or
image assembly) are in thermal communication with the ribs. In this way, a single path
of cooling air (sometimes ambient gas) can be used to cool two of the warmest
components of a typical electronic display. For example, and not by way of limitation,
LED arrays are commonly used as the illumination devices for LCD displays. It has
been found that the optical properties of LEDs (and other illumination devices) can vary
depending on temperature. Thus, when an LED is exposed to room temperatures, it

may output light with a certain luminance, wavelength, and/or color temperature.
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However, when the same LED is exposed to high temperatures, the luminance,
wavelength, color temperature, and other properties can vary. Thus, when a
temperature variation occurs across an LED backlight (some areas are at a higher
temperature than others) there can be optical inconsistencies across the backlight
which can be visible to the observer. By using the embodiments herein, heat buildup
can be evenly distributed across the ribs and removed from the display. This can
prevent any potential ‘hot spots’ in the backlight which may become visible to the
observer because of a change in optical properties of the illumination devices
(sometimes, but not always LEDs). In other embodiments, the image assembly (rather
than a backlight) is in thermal communication with the ribs. The image assembly may
comprise any form of electronic assembly for generating an image, including but not
limited to: LCD, light emitting diode (LED), organic light emitting diode (OLED), field
emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other
flat/thin panel displays.

[0011] The ribs may provide an isolated chamber from the rest of the display so that
ambient air can be ingested and used to cool the ribs. This is beneficial for situations
where the display is being used in an outdoor environment and the ingested air may
contain contaminates (pollen, dirt, dust, water, smoke, etc.) that would damage the
sensitive electronic components of the display.

[0012] If a backlight is used with the particular display application, a backlight with
front and rear sides may be used where the front side contains the illumination devices
and the rear side contains a thermally conductive surface for dissipating the heat from
the illumination devices. Ideally, there should be a low level of thermal resistance
between the front and rear sides of the backlights. An exemplary embodiment contains
a metal core PCB with LEDs on the front side and a metallic surface on the rear side.
[0013] By the aspects described below, the exemplary embodiments herein have
made consistent cooling possible for large electronic displays, even in hot climates and
placed in direct sunlight. The embodiments also do not require any form of air
conditioner (although it may be used if desired), which reduces the space and energy

requirements for the display.
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[0014] The foregoing and other features and advantages of the exemplary
embodiments will be apparent from the following more detailed description of the
particular embodiments of the invention, as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0015] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0016] FIGURE 1 is a perspective view of a typical power module;

[0017] FIGURE 2 is a perspective view of two power modules installed within an
isolating structure;

[0018] FIGURE 3 is a perspective view of an embodiment where the cooling air may
be used to cool the power modules and a backlight assembly;

[0019] FIGURE 4 is a perspective view of an embodiment which is similar to that
which was shown in Figure 3 with the exception that a heat sink is now being used with
the power modules;

[0020] FIGURE 5 shows a perspective view of an embodiment where a plurality of
channels are created between the backlight assembly and the isolating structure;
[0021] FIGURE 7 shows a perspective section view of another embodiment which
uses a thermally-conductive plate and thermally-conductive ribs;

[0022] FIGURE 8 shows a perspective section view of another embodiment where the
ribs are used to distribute heat from and cool a backlight assembly;

[0023] FIGURE 9 is a rear perspective view of an embodiment where the rear cover
of the display has been removed;

[0024] FIGURE 10A is a perspective section view of another embodiment showing the
closed loop and open loop channels;

[0025] FIGURE 10B is a perspective section view similar to the view shown in Figure

10A where the rear and side covers have been removed;
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[0026] FIGURE 11 is a perspective section view of another embodiment showing inlet
and exhaust apertures for the ambient gas which is used only within the heat exchanger
and not within additional optional channels; and

[0027] FIGURE 12 is a perspective section view of an exemplary embodiment where
a cross-flow heat exchanger is used to separate high power and low power electrical

assemblies.

Detailed Description

[0028] FIGURE 1 shows one embodiment of a typical power module 7 which may be
used with some of the embodiment described herein. A printed circuit board 6 may be
attached to the power module 7 and may contain a plurality of electronic components 5
which may be necessary to operate and control the power module 7. These electronic
components 5 may include, but are no means limited to resistors, capacitors, op-amps,
wire harnesses, connectors, and inductors. A baseplate 8 may be attached to the
power module 7 and may act as a heat dissipating assembly for the power module 7,
such that heat which is generated by the power module 7 is transferred to the baseplate
8. In some embodiments there may be more components used, such as a conductive
pad located between the power module and the baseplate 8. Also, as discussed further
below, any type of heat sink or fin assembly may be used with the baseplate 8 to further
enhance its thermodynamic properties. There may be conductive pads placed between
the baseplate 8 and a heat sink assembly also.

[0029] FIGURE 2 shows two power modules installed within an isolating structure 9
which substantially prevents gaseous and contaminate communication between the two
sides of the power module. The baseplates 8 of the power modules are shown on the
side of the isolating structure 9 where surrounding-environment cooling air 4 is
designed to pass over the baseplates 8. Gaskets 11 may be used to provide a
gaseous (and/or contaminate) seal between the power modules and the isolating
structure 9. Cooling air 4 is sometimes drawn from the environment surrounding the
display. This environment may contain harmful contaminates which could damage
various electrical components in the display. These harmful contaminates include, but
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are not limited to: dust, smoke, pollen, water vapor, other harmful particulate and other
harmful gases. Thus, one of the purposes for the isolating structure 9 is to prevent the
surrounding-environment cooling air 4 from contacting some of the sensitive electronic
components of the display, including but not limited to the electronic components 5
(shown in Figure 1) which are required to operate and control the power modules. By
mounting the power modules within the isolating structure 9, surrounding-environment
cooling air 4 can be drawn into the display housing and forced over the baseplates 8
(and optional heatsinks and fins) in order to cool the power modules. This can be
accomplished without exposing sensitive electronic components to the potentially
harmful surrounding-environment cooling air 4.

[0030] FIGURES 3 and 4 show embodiments where the cooling air 4 may be used to
cool the power modules and a backlight assembly 140. These embodiments show a
backlight assembly 140 which contains a plurality of illumination devices (ex. LEDs) 141
which are mounted to a printed circuit board (PCB). An exemplary embodiment would
use a metal core PCB or any other mounting structure which would have a relatively low
level of thermal resistance so that heat can transfer from the illumination devices 141 to
the rear surface of the backlight assembly 140 where it can be removed by the cooling
air 4. The illumination devices 141 could be LED, halogen, CCFL, or any other device
which produces light. Further, a backlight assembly may not even be necessary for
some embodiments such as plasma, OLED, LEP, or FED displays. However, these
display types are also known to generate heat and where backlight cooling is described
in this application these methods could also be applied to the cooling of rear surfaces of
these electronic image assemblies. Thus, where backlight assemblies are shown, a
plasma, OLED, FED, or LEP image assembly could be substituted. The electronic
components 5 may be isolated from the cooling air 4 by using the isolating structure 9.
[0031] FIGURE 4 shows an embodiment which is similar to that which was shown in
Figure 3 with the exception that a heat sink 12 is now in thermal communication with
the power modules in order to further facilitate the transfer of heat away from the power
modules. It should of course be noted that many types of heat sinks are available
which are made of many different materials and have many different geometry types.
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Any form of heat sink is particularly contemplated with various embodiments and may
be used to satisfy different operating conditions.

[0032] FIGURE 5 shows another embodiment where a plurality of channels 15 are
created between the backlight assembly 140 and the isolating structure 9. Channel
separators 16 may be used to separate each channel 15 and provide structural rigidity
to the overall assembly. The channel separators 16 would preferably be fabricated out
of thermally conductive material so that they may also transfer heat between the
backlight assembly 140 and the isolating structure 9. A thermally conductive channel
separator 16 can also extract heat from either the backlight assembly 140 or the
isolating structure 9 and may dissipate the heat into the air moving through the channel
15. Thus, some channel separators 16 may contain fins or heat sinks in order to
facilitate heat transfer to the air moving through the channel 15.

[0033] FIGURE 6 shows a view down a single channel 15 which contains the heat
sink 12 for a power module which is mounted within the isolating structure 9. Some
channels 15 may contain power modules and others may not. A channel fan 17 may
be used to draw air through the channel 15 in order to cool the heat sink 12 (if used)
and the channel separators 16 (if thermally conductive) as well as the backlight 140 (or
LED assembly for an LED display). Each channel 15 may contain one or more channel
fans 17. Some channels may not contain a fan at all, but may rely solely on natural
convection to allow heat to rise and exit the channel. As will be discussed at length
below, the fans can be placed anywhere in the display assembly and may be used to
draw air through the channels, push air through the channels, or a combination of both.
[0034] While the display is in operation, the channel fans 17 may run continuously.
Alternatively, temperature sensing devices (not shown) may be placed in each channel
and used to measure the temperature within the channel or any of the channel
components (backlight or display assembly, isolating structure, or channel separators).
Based on data received from these temperature sensing devices, the various fans may
be selectively engaged depending on which channel requires cooling. Thus, fans 17
which draw air through channels 15 which contain power modules may run more often

or at higher speeds due to the greater amount of heat coming from the power modules.
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Also, channels which contain power modules may contain larger fans or a plurality of
fans in order to cool the channel.

[0035] FIGURE 7 shows another embodiment which uses a thermally-conductive
plate 10 and ribs 18. In one embodiment, the baseplate 8 of the power module would
be in thermal communication with the thermally-conductive plate 10. In other
embodiments, a baseplate 8 may not be used and instead, the power module 7 would
be in direct thermal communication with the thermally conductive plate 10. Due to the
thermally-conductive nature of the plate 10 and ribs 18 and the thermal communication
between them, heat which is produced by the power modules would be distributed
throughout the plate 10 and ribs 18. In an exemplary embodiment, a path of cooling air
20 (ambient gas) is used to remove the heat which has accumulated on the plate 10
and ribs 18. Alternatively, a natural convection process could also be used to allow the
heat to escape the plate 10 and ribs 18.

[0036] A plurality of mounting posts may be used to mount electronic assemblies
such as PCBs, hard drives, timing and control boards, inductors, and even the power
modules if desired. The mounting posts may also be thermally conductive so that the
heat which is generated by these electronic assemblies can also be transferred to the
plate 10 and the ribs 18 and removed by the cooling air 20.

[0037] In an exemplary embodiment, the plate 10 would provide a gaseous and
contaminate barrier between the side containing the ribs 18 (and cooling air 20) and the
side containing the mounting posts, power modules, and any other electronic
assemblies. If the plate 10 provides an adequate barrier, ambient air may be ingested
as cooling air 20 and the risk of contaminates entering the side of the plate 10
containing the sensitive electronic components may be reduced or eliminated. An inlet
aperture 25 may be used to accept the cooling air 20 and direct it along the ribs 18.
[0038] The ribs 18 shown in this embodiment contain a hollow rectangular cross-
section, but this is not required. Other embodiments may contain ribs with [-beam
cross-sections, hollow square cross-sections, solid rectangular or solid square cross-
sections, T’ cross-sections, ‘Z' cross-sections, corrugated or honeycomb cross-section,
or any combination or mixture of these. It is preferable that the ribs 18 are thermally
conductive. Metal may be used to produce the ribs 18 in some embodiments.
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[0039] FIGURE 8 shows another embodiment where the ribs 18 are used to distribute
heat from and cool a backlight assembly. The backlight assembly in this embodiment
includes a plurality of illumination devices 32 which are mounted on a thermally
conductive substrate 30. In an exemplary embodiment, the illumination devices 32
would be LEDs and the thermally conductive substrate 30 would be a PCB and more
preferably a metal core PCB. On the surface of the thermally conductive substrate 30
which faces the ribs 18 there may be a thermally conductive surface 35. In an
exemplary embodiment, the thermally conductive surface 35 would be metallic and
more preferably aluminum. It is preferred that the ribs 18 are in thermal communication
with the rear surface 35 and that the rear surface 35 is in thermal communication with
the thermally conductive substrate 30. In some embodiments however, the thermally
conductive substrate 30 may comprise traditional PCB materials rather than a metal
core PCB or any highly thermally conductive materials. It is most preferable that there
is a low level of thermal resistance between the illumination devices 32 and the ribs 18.
Cooling air 20 may again be forced along the ribs 18 in order to remove heat from the
backlight assembly. Of course, this could also occur through natural convection, but
more efficient cooling has been typically observed through forced convection. An
image assembly (such as an OLED display which may not utilize a backlight) could also
be used in place of the backlight assembly in order to cool the image assembly.

[0040] As noted above, many illumination devices (especially LEDs and OLEDs) may
have performance properties which vary depending on temperature. When ‘hot spots’
are present within a backlight or illumination assembly, these hot spots can result in
irregularities in the resulting image which might be visible to the end user. Thus, with
the embodiments described herein, the heat which may be generated by the backlight
assembly can be distributed throughout the various ribs and thermally-conductive
surfaces to remove hot spots and cool the backlight.

[0041] In an exemplary embodiment, the ribs 18 may be used to cool both the
backlight assembly and the power modules. In a further exemplary embodiment, the
ribs 18 can also be used to cool any additional electronic assemblies by placing them in
thermal communication with the thermally-conductive plate 10. Thus, with the ribs 18 in

a central location, the ‘front’ would be towards an intended observer of the display while
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the ‘back’ would be on the opposite side of an intended observer. Therefore, the front
side of the ribs 18 would be in thermal communication with a backlight assembly (or
other illumination or image-producing assembly) and the rear side of the ribs would be
in thermal communication with a rear plate (i.e. thermally-conductive plate 10). A single
path of cooling air can then be used to cool the interior of the display while the various
hot spots can distribute heat throughout the ribs and other thermally conductive
surfaces to provide the most efficient cooling. This can be accomplished without having
to expose sensitive electrical components to the contaminates and/or particulate of
ambient gas.

[0042] FIGURE 9 shows the rear of an exemplary electronic display 100, where the
rear cover for the display housing has been removed in order to show the internal
components. In this embodiment, fan assemblies 102 and 103 for a closed loop of
circulating gas may be placed along two opposing edges of a heat exchanger 101.
Preferably, fan assembly 102 is the inlet for the heat exchanger and fan assembly 103
is the exit for the heat exchanger 101. These assemblies can optionally be reversed
however, where fan assembly 103 is the inlet and fan assembly 102 is the exit. Further,
both assemblies 102 and 103 are not required. Some embodiments may use only one
fan assembly for the closed loop of circulating gas. If only one fan assembly is used, it
is preferable to place the fan assembly at the inlet of the heat exchanger 101, so that
the circulating gas is ‘pulled’ across the front of the image assembly and pushed
through the heat exchanger 101. This is not required however; other embodiments may
pull the isolated gas through the heat exchanger 101. Other embodiments may push
the isolated gas across the front of the image assembly. Fan assemblies 104 and 105
for an open loop of ambient gas may be placed along two opposing edges of the
display housing. Again, both assemblies 104 and 105 are not required as some
embodiments may use only one assembly and may use the open loop fan assemblies
in a push or pull design. Therefore, when referring to the placement of the various fan
assemblies, the terms ‘push’, ‘pull’, force’, and ‘draw’ will be used interchangeably and
any orientation may be used with the various embodiments herein.

[0043] The circulating gas which is being forced by the closed loop fan assemblies is

primarily circulating around the display. For example, the circulating gas travels in a
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loop where it contacts the front surface of the image assembly (see Figures 10A-10B)
and transfers heat from the image assembly to the circulating gas. The circulating gas
is then preferably directed (or forced, pulled, etc.) into the heat exchanger 101 in order
to transfer heat from the circulating gas to the ambient gas. Afterwards, the circulating
gas exits the heat exchanger 101 and may return to the front surface of the image
assembly. The circulating gas may also pass over several electronic components 110
in order to extract heat from these devices as well. The electronic components 110
may be any components or assemblies used to operate the display including, but not
limited to: transformers, circuit boards, resistors, capacitors, batteries, power modules,
motors, inductors, illumination devices, wiring and wiring harnesses, lights, thermo-
electric devices, and switches. In some embodiments, the electrical components 110
may also include heaters, when the display assembly might be used in cold-weather
environments.

[0044] In order to cool the circulating gas (as well as optionally cooling a backlight
assembly or image assembly as taught above) ambient gas is ingested into the display
housing by the open loop fan assembly 104 and/or 105. The ambient gas may simply
be ambient air which is surrounding the display 100. In some embodiments, the
ambient gas may be air conditioned prior to being drawn into the display by one or more
air conditioning assemblies (not shown). Once the ambient gas is ingested into the
display, it may be directed (or forced) through the heat exchanger 101 and optionally
also across the rear surface of the backlight assembly or image assembly (see Figures
10A-10B) or though ribs/channels as shown above or across power modules as shown
above. By using the heat exchanger 101, heat is transferred from the circulating gas to
the ambient gas. The heated ambient gas is then expelled out of the display housing.
[0045] Although not required, it is preferable that the circulating gas and ambient gas
do not mix. In a preferred embodiment, the heat exchanger 101 would be a cross-flow
heat exchanger. However, many types of heat exchangers are known and can be used
with any of the embodiments herein. The heat exchanger 101 may be a cross-flow,
parallel flow, or counter-flow (tube-within-a-tube or otherwise) heat exchanger. In an
exemplary embodiment, the heat exchanger 101 would be a cross-flow and would be

comprised of a plurality of stacked layers of thin plates. The plates may have a
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corrugated or honeycomb design, where a plurality of channels or pathways travel down
the plate length-wise. The plates may be stacked such that the directions of the
pathways are alternated with each adjacent plate, so that each plate’s pathways are
substantially perpendicular to the pathways of the adjacent plates. Thus, gas may
enter the heat exchanger only through plates whose channels or pathways travel
parallel to the path of the gas. Because the plates are alternated, the closed loop and
ambient gases may travel in plates which are adjacent to one another and heat may be
transferred between the two gases without mixing the gases themselves (if the heat
exchanger is adequately sealed, which is preferable but not required).

[0046] In an alternative design, an open gap may be placed in between pairs of
channelized or honeycomb plates. The open gap may travel in a direction which is
perpendicular to the channels of the plates. This open gap may be created by running
two strips of material or tape (esp. very high bond (VHB) tape) between two opposite
edges of the plates in a direction that is perpendicular to the direction of the channels in
the adjacent plates. Thus, gas may travel through the open gap (parallel to the strips or
tape) but would not pass through the open gap in a direction which is perpendicular to
the strips or tape (parallel to the channels of the adjacent plates).

[0047] Other types of cross-flow heat exchangers could include a plurality of tubes
which contain the first gas and travel perpendicular to the path of the second gas. As
the second gas flows over the tubes containing the first gas, heat is exchanged
between the two gases. Obviously, there are many types of cross-flow heat
exchangers and any type would work with the embodiments herein.

[0048] An exemplary heat exchanger may have plates where the sidewalls are
relatively thin so that heat can easily be exchanged between the two paths of gas. A
plurality of materials can be used to create the heat exchanger. Preferably, the material
used should be corrosion resistant, rot resistant, light weight, and inexpensive. Metals
are typically used for heat exchangers because of their high thermal conductivity.
However, it has been discovered that plastics and composites can also satisfy the
thermal conditions for electronic displays. An exemplary embodiment would utilize
polypropylene as the material for constructing the plates for the heat exchanger. It has

been found that although polypropylene may seem like a poor thermal conductor, the
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large amount of surface area relative to the small material thickness, results in an
overall thermal resistance that is low. Thus, an exemplary heat exchanger would be
made of plastic and would thus produce a display assembly that is thin and lightweight.
Specifically, corrugated or honeycomb plastic may be used for each plate layer.

[0049] As mentioned above, both inlet and exit fan assemblies are not required for the
embodiments. Alternatively, only a single fan assembly may be used for each loop.
Thus, only an inlet fan assembly may be used with the closed loop and only an exhaust
fan assembly may be used with the open loop. Alternatively, one of the loops may
have both inlet and exit fan assemblies while the other loop only has either an inlet or
exit assembly.

[0050] The gas used in both loops can be any number of gaseous matters. In some
embodiments, air may be used as the gas for both loops. Preferably, the gas which
travels through the closed loop should be substantially clear, so that when it passes in
front of the image assembly it will not affect the appearance of the image to a viewer.
The gas which travels through the closed loop should also be substantially free of
contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke, etc.) in order
to prevent an adverse effect on the image quality and damage to the internal electronic
components. It may also be preferable to keep the gas within the open loop from
having contaminates. An optional filter (not shown) may be used to ensure that the air
(either in the closed or open loop) stays free of contaminates. However, in an
exemplary embodiment the open loop may be designed so that contaminates could
possibly be present within the ambient gas but this will not harm the display. In these
embodiments, the heat exchanger (and the optional path behind the image assembly or
backlight or through the ribs) is properly sealed so that any contaminates in the ambient
gas would not enter sensitive portions of the display. Thus, in these exemplary
embodiments, ingesting ambient air for the ambient gas, even if the ambient air
contains contaminates, will not harm the display. This can be particularly beneficial
when the display is used in outdoor environments or indoor environments where
contaminates are present in the ambient air.

[0051] FIGURE 10A shows a cross-section of another embodiment of a display 200.

In this figure, the rear cover 250 and side covers 251 and 252 are shown to illustrate
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one method for sealing the overall display 200. The image assembly 220 is shown near
the front of the display 200. As discussed above, the image assembly 220 may
comprise any form of electronic assembly for generating an image, including but not
limited to: LCD, light emitting diode (LED), organic light emitting diode (OLED), field
emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other
flat/thin panel displays. The front display surface 221 is placed in front of the image
assembly 220, defining a channel 290 through which the circulating gas may flow. The
front display surface 221 may be any transparent material (glass, plastic, or composite)
and may comprise several layers for polarizing light, reducing glare or reflections, and
protecting the internal display components. In an exemplary embodiment, the front
display surface 221 would comprise two panes of glass which are laminated together
with optical adhesive (preferably index-matching). Further, a polarizing layer may be
attached to one of the panes of glass in order to reduce the internal reflections and
solar loading on the image assembly 220. It is most preferable that the polarizing layer
be attached to the inner surface of the front display surface 221 (the one facing the
closed loop channel 290) and also contain an anti-reflective (AR) coating.

[0052] For the embodiment shown in Figure 10A, the image assembly 220 may be
an LCD stack with a backlight assembly 222. Some backlights may use cold cathode
fluorescent lamps (CCFLs) to produce the illumination necessary for generating an
image. In an exemplary embodiment, the backlight assembly 222 would comprise a
printed circuit board (PCB) with a plurality of LEDs (light emitting diodes) on the front
surface. As discussed above, an exemplary embodiment would have a low level of
thermal resistance between the front surface of the backlight assembly 222 and the
rear surface 223 of the backlight. A metallic PCB may be used for this purpose. The
rear surface 223 of the backlight may contain a thermally conductive material, such as
a metal. Aluminum may be an exemplary material for the rear surface 223. A second
surface (or plate) 224 may be placed in close proximity behind the rear surface 223 of
the backlight assembly 222. The space between the rear surface 223 of the backlight
and the second surface 224 may define an additional optional open loop channel 225

through which ambient gas may travel in order to cool the backlight assembly 222. This
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open loop channel 225 may be similar to the channel 15 shown above, except open
loop channel 225 may be narrower.

[0053] FIGURE 10B shows the same cross section from Figure 10A with the rear
cover 250 and side covers 251 and 252 removed and the closed and open loop air
flows shown for explanatory purposes. The closed loop fan assembly 202 is used to
propel the circulating gas 210 around the closed loop. A first open loop fan assembly
203 may be used to draw ambient gas 211 through the heat exchanger 201.
Optionally, a second open loop fan assembly 204 may be used to draw ambient gas
212 through the optional channel 225 for cooling the backlight assembly 222. The
optional second open loop fan assembly 204 can also be used to exhaust ambient gas
which has traveled through the heat exchanger 201 and through the channel 225. If a
second open loop fan assembly 204 is not used, the first open loop fan assembly 203
may be used to exhaust the ambient gas 211 that has traveled through the heat
exchanger 201.

[0054] As noted above, in an exemplary embodiment the ambient gas does not mix
with the circulating gas. It may be important for the image quality that the circulating
gas remains free of particulate and contaminates as this gas travels in front of the
image assembly 220. Since gas for the open loop may contain various contaminates, a
preferable embodiment should be adequately sealed to prevent the gas from the two
loops from mixing. This is not necessary however, as filters (either removable or
permanent) may be used to minimize the effect of particulate for both the open and
closed loops.

[0055] FIGURE 11 is a perspective section view of another embodiment of a display
assembly 600 showing inlet 60 and exhaust 65 apertures for the ambient gas 20. The
inlet aperture 60 may contain a screen or filter (removable or permanent) to remove any
particulate (although this may not be necessary). One or more fans 50 may be used to
draw the ambient gas 20 into the inlet aperture 60 and through the heat exchanger 201.
In this embodiment, the ambient gas 20 is only drawn through the heat exchanger 201
and not through any additional optional channels or ribs. This embodiment may be
used when the display assembly 80 (or backlight assembly) does not require the

additional cooling of an additional channel. For example, and not by way of limitation,
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this embodiment 600 may be used when an OLED is used as the image assembly 80.
Further, this embodiment 600 may be used when the LCD backlight is not generating
large amounts of heat because it is not required to be extremely bright (perhaps
because it is not used in direct sunlight). Still further, this embodiment may be used
when the ambient gas 20 contains particulate or contaminates which may damage the
display. In these situations, it may be desirable to limit the exposure of the display to
the ambient gas 20. Thus, in these situations it may be desirable to only ingest ambient
gas 20 into the heat exchanger 201 and not through any additional cooling channels.
[0056] In some embodiments, the ambient gas 20 may be air conditioned (or
otherwise cooled) before it is directed into the heat exchanger 201. A front display
surface 221 may be used to create an anterior (front) wall of the channel 290 and/or
protect the image assembly 80 from damage. An exemplary front display surface 221
may be glass. Another embodiment for the front display surface 221 may be two panes
of glass which are laminated together using optical adhesive. Solar loading (radiative
heat transfer from the sun through the front display surface 221 may result in a heat
buildup on the image assembly 80 (ex. OLED or LCD assembly). This heat may be
transferred to the circulating gas, where this heat may then be transferred to the
ambient gas 20 and expelled from the display. The image assembly could be any one
of the following: LCD, plasma display assembly, OLED, light emitting polymer (LEP)
assembly, organic electro luminescence (OEL) assembly, or LED display assembly.
[0057] FIGURE 12 shows an exemplary embodiment where a circulating gas 400 is
forced between a front display surface 221and an image assembly 80 and then through
a heat exchanger 201 in order to remove at least a portion of the heat absorbed from
the image assembly 80 and front display surface 221. The circulating gas 400 may be
propelled by a closed loop fan assembly 410. The heat exchanger 201 may accept
circulating gas 400 in one direction while accepting ambient gas 310 in a substantially
perpendicular direction such that heat may transfer between the two gases.

[0058] In this embodiment, an optional additional flow of ambient gas 300 is accepted
through the inlet aperture 350 and directed along channel 225 in order to cool the rear
portion of the image assembly 80 (possibly a backlight). This embodiment uses a set of

ribs 18, similar to the designs shown above in Figures 7 and 8. This embodiment also
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uses a thermally-conductive plate 10, similar to the one shown in Figure 7. When this
optional additional flow of ambient gas 300 is used, it is preferable that the anterior
(front) surface 500 of the channel 225 be thermally conductive and preferably in thermal
communication with at least a portion (preferably the rear portion) of the image
assembly 80. Inlet aperture 350 may accept both ambient gas 310 and 300, or there
may be separate inlet apertures for each flow of gas 310 and 300.

[0059] Similar to some of the previously described embodiments, the circulating gas
400 also passes over electronic assemblies in order to accept heat from these
electronic assemblies. In this exemplary embodiment, the electronic assemblies have
been separated by the heat exchanger 201 into two groups. The first group of
electronic assemblies 900 may be considered the high power assemblies and may
include but are not limited to: power modules, inductors, transformers, and other power-
related devices. The second group of electronic assemblies 910 may be considered
the low power assemblies and may include but are not limited to: timing and control
boards, hard drives and other storage devices, video cards, software drivers,
microprocessors, and other control devices. It is known to those skilled in the art that
some high power electronic assemblies can cause electrical interference with other
electronic assemblies that may be sensitive to electrical interference. Thus, in the
exemplary embodiment shown, the heat exchanger 201 is used to separate the lower
power electronic assemblies 910 from the high power electronic assemblies 900 to
ensure a minimum amount of interference between the two. Further, some high power
electronic assemblies 900 are known to also generate heat. This heat may be
transferred to the circulating gas 400 prior to introducing this gas into the heat
exchanger 201. In the exemplary embodiment shown, ambient air can be ingested as
the ambient gas 310 and there is little risk of damage to the electrical assemblies 910
and 900 because the ambient gas 310 would preferably never contact these electrical
assemblies. However, the electrical assemblies 910 and 900 will remain cool (as well
as clean and dry) because of the cross-flow from the circulating gas 400.

[0060] The cooling system described herein may run continuously. However, if
desired, temperature sensing devices (not shown) may be incorporated within the

electronic display to detect when temperatures have reached a predetermined
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threshold value. In such a case, the various cooling fans may be selectively engaged
when the temperature in the display reaches a predetermined value. Predetermined
thresholds may be selected and the system may be configured to advantageously keep
the display within an acceptable temperature range. Typical thermostat assemblies can
be used to accomplish this task. Thermocouples may be used as the temperature
sensing devices. The speed of the various fan assemblies can also be varied
depending on the temperature within the display.

[0061] It should be particularly noted that the spirit and scope of the disclosed
embodiments provides for the cooling of any type of electronic display. By way of
example and not by way of limitation, embodiments may be used in conjunction with
any of the following: LCD (all types), light emitting diode (LED), organic light emitting
diode (OLED), field emitting display (FED), light emitting polymer (LEP), organic electro
luminescence (OEL), plasma displays, and any other type of thin/flat panel display.
Furthermore, embodiments may be used with displays of other types including those
not yet discovered. In particular, it is contemplated that the system may be well suited
for use with large LED backlit, high definition (1080i or 1080p or greater) liquid crystal
displays (LCD). While the embodiments described herein are well suited for outdoor
environments, they may also be appropriate for indoor applications (e.g.,
factory/industrial environments, spas, locker rooms, kitchens, bathrooms) where
thermal stability of the display may be at risk.

[0062] It should also be noted that the variety of cooling channels that are shown in
the figures may be shown in a horizontal or vertical arrangement but it is clearly
contemplated that this can be reversed or changed depending on the particular
embodiment. Thus, the closed loop may run horizontally or vertically and in a clock-
wise or counter-clockwise direction. Further, the open loop may also be horizontal or
vertical and can run left to right, right to left, and top to bottom, or bottom to top.

[0063] Having shown and described preferred embodiments, those skilled in the art
will realize that many variations and modifications may be made to affect the described
invention and still be within the scope of the claimed invention. Additionally, many of

the elements indicated above may be altered or replaced by different elements which
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will provide the same result and fall within the spirit of the claimed invention. It 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 system for an electronic image assembly having a front and back portion,
the system comprising:

a front display surface spaced apart from the front portion of the electronic image

assembly;

a channel defined by the space between the front display surface and the front

portion of the electronic image assembly;

a heat exchanger in gaseous communication with the channel, the heat
exchanger having first and second gas pathways, where the first gas

pathway is in gaseous communication with the channel;

a first fan assembly positioned so as to force circulating gas through the channel
and the first gas pathway; and

a second fan assembly positioned so as to force ambient gas through the

second gas pathway.

2. The cooling system of claim 1 wherein:

the heat exchanger is a cross-flow heat exchanger.

3. The cooling system of claim 1 further comprising:
a plate spaced apart from the rear portion of the electronic image assembly;

a second channel defined by the space between the plate and the rear portion of

the electronic image assembly; and

wherein the second fan assembly is further positioned so as to force ambient
gas through the second channel.
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4. The cooling system of claim 3 further comprising:

a power module in electrical communication with the electronic image assembly;

and

a heat sink in thermal communication with the power module and placed within

the second channel.

5. The cooling system of any one of claims 3 or 4 further comprising:

a plurality of ribs placed within the second channel.

6. An electronic display assembly comprising:
an electronic image assembly;
an isolating structure space apart from the electronic image assembly;

a channel defined by the space between the isolating structure and the

electronic image assembly;

a power module having electronic components on a first side and a heat sink on
the second side, where the power module is attached to the isolating
structure so that the heat sink is within the channel and the electronic

components are outside the channel; and

a fan positioned so as to draw ambient gas through the channel.

7. The electronic display assembly of claim 6 further comprising:
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a rib placed within the channel and in thermal communication with the isolating

structure.

8. The electronic display assembly of claim 7 further comprising:

a surface placed within the channel and in thermal communication with the

electronic image assembly and the rib;

9. The electronic display assembly of any one of claims 6, 7, or 8 wherein:

the electronic image assembly is a liquid crystal display.

10. The electronic display assembly of any one of claims 6, 7, or 8 wherein:

the electronic image assembly is an OLED display.

11. An electronic display assembly comprising:
an electronic image assembly having a front and rear portion;

a surface on the rear portion of the electronic image assembly and in thermal

communication with the electronic image assembly;
a plate spaced apart from the surface;
a first channel defined by the space between the plate and the surface;

a power module in electrical communication with the electronic image assembly

and in thermal communication with the plate; and

a first fan positioned so as to draw ambient gas through the first channel.
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12. The electronic display assembly of claim 11 further comprising:

a rib placed within the first channel and in thermal communication with the plate
and the surface.

13. The electronic display assembly of claim 12 further comprising:

a front display surface spaced apart from the front portion of the electronic image
assembly;

a second channel defined by the space between the front display surface and
the front portion of the electronic image assembly;

a heat exchanger in gaseous communication with the second channel, the heat
exchanger having first and second gas pathways, where the first gas

pathway is in gaseous communication with the second channel;

a second fan positioned so as to force ambient gas through the second gas
pathway; and

a third fan positioned so as to force circulating gas through the second channel

and the first gas pathway.

14. The electronic display assembly of any one of claims 11 through 13 wherein:

the electronic image assembly is a LCD.

15. The electronic display assembly of any one of claims 11 through 13 wherein:

the electronic image assembly is an OLED.
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There is provided a cooling apparatus for a flat display device, The cooling apparatus
includes a flat dispiay module, a front cover for protecting a front portion of the flat
display module, a back cover for proteciing a rear portion of the flatl display module, an
air inlet formed on g portion of the back cover {0 allow sxternal air to be introduced into
the back cover, an air outlet formed on another portion of the back cover and axtending
along a longitudinal length of the #at pane! display module; a8 fan disposed inside the
back cover and aligned with the air outle! formed on the back cover, and an air cutlst
channel formed in the back cover and aligned with the air outlet formed on the badk
cover, the air outiet having an effective exhaust area having a longitudinal length
extending in a longitudinal direction of the flat display moduls.
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(54) LCD COOLING MODULE AND AN AUTOMATIC TELLER
MACHINE USING THE SAME, PARTICULARLY FOR
PREVENTING DETERIORATION OF AN LCD

(57) Abstract:

PURPOSE: An LCD cooling module, and an automatic teller
machine using the same are provided to minimize a failure
of an LCD by preventing deterioration of the LCD by cooling
the LCD, thereby improving the management efficiency of
the automatic teller machine.

CONSTITUTION: An LCD(10) displays image information. An
LCD housing(30) is formed in a box shape with an open front
for forming a containing space inside, wherein the LCD is
embedded in the containing space with a front of the LCD
exposed. An intake fan is installed at the LCD housing for
cooling the LCD. The intake fan inhales air at a rear of the
LCD housing and sends air to the containing space of the
LCD housing.
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SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY

Inventors: Tim Hubbard and William Dunn
Technical Field
[0001] Exemplary embodiments generally relate to cooling systems and in particular

to cooling systems for electronic displays.

Background of the Art

[0002] Improvements to electronic displays now allow them to be used in outdoor
environments for informational, advertising, or entertainment purposes. While displays
of the past were primarily designed for operation near room temperature, it is now
desirable to have displays which are capable of withstanding large surrounding
environmental temperature variations. For example, some displays are capable of
operating at temperatures as low as -22F and as high as 113 F or higher. When
surrounding temperatures rise, the cooling of the internal display components can
become even more difficult.

[0003] Additionally, modern displays have become extremely bright, with some
backlights producing 1,000-2,000 nits or more. Sometimes, these illumination levels
are necessary because the display is being used outdoors, or in other relatively bright
areas where the display illumination must compete with other ambient light. In order to
produce this level of brightness, illumination devices and electronic displays may
produce a relatively large amount of heat.

[0004] Still further, in some situations radiative heat transfer from the sun through a
front display surface can also become a source of heat. In some locations 800-1400
Watts/m® or more through such a front display surface is common. Furthermore, the
market is demanding larger screen sizes for displays. With increased electronic display
screen size and corresponding front display surfaces, more heat will be generated and
more heat will be transmitted into the displays.

[0005] Exemplary modern displays have found some effective means for cooling the
displays including circulating a closed loop of gas around the display and drawing

ambient gas through the display so that the closed loop of gas may be cooled (as well
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as portions of the electronic display). Various thermal communications have been
discovered which can transfer heat away from the sensitive electronic components and
out of the display. Heat exchangers were found to produce an excellent means for
transferring heat between the closed loop of gas and the ambient gas. However,
previous designs for moving the gas through the display have been found to generate
an undesirable amount of noise emission from the display as well as thermal gradients
where portions of the display were cooled but others remained warm.

[0006] When using LCD displays, it was found that backlights were often a source of
heat and it was desirable to move gas across the rear surface of the backlight in order
to cool it. While desirable, it was thought that the front surface of the backlight could
not be cooled for fear that the backlight cavity would become contaminated with dust,

dirt, or other particulate.

Summary of the Exemplary Embodiments

[0007] Exemplary embodiments use a combination of circulating gas and ambient gas
in order to adequately cool an electronic display. Circulating gas may be used to
remove heat from the front of the image assembly. When using a LCD as the
electronic image assembly, circulating gas may also be used to remove heat from the
backlight cavity of the LCD. Because the gas is only circulating within the display, it can
remain free of particulate and contaminates and will not harm the display.

[0008] Ambient gas may be ingested into the display in order to cool the circulating
gas. The ambient gas and the circulating gas may be drawn through a heat exchanger
which will allow the heat to transfer from the circulating gas to the ambient gas,
preferably without letting the ambient and circulating gases mix with one another. An
exemplary embodiment would use a cross-flow heat exchanger. An additional flow of
ambient gas can be drawn across the rear surface of the image assembly to remove
heat from the rear portion of the image assembly. When using a LCD as the electronic
image assembly, this additional flow of ambient gas can be used to remove heat from
the rear portion of the backlight for the LCD.

[0009] In order to reduce noise emissions, the fans which drive the ambient and/or
circulating gas through the heat exchanger may be placed within the heat exchanger,
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which can then act as a muffler and reduce the noise emitted by the fans. Further, if
using the additional ambient gas pathway behind the image assembly, a manifold may
be used to collect the ambient gas along an edge of the display and distribute this into a
number of smaller flows. The fans for driving this additional ambient gas pathway can
be placed within the manifold in order to reduce the noise emitted by the fans and
provide an even distribution of ambient gas across the display.

[0010] It has been found that ingesting ambient gas from the top or bottom edge of
the display is preferable as these edges are not typically observable to the viewer.
However, when ingesting ambient gas from the top or bottom of a portrait-oriented
display, it has been found that as the cool ambient gas travels across the rear portion of
the electronic image assembly and accepts heat it increases in temperature. Once the
cooling air reaches the opposite edge (either top or bottom), it may have increased in
temperature substantially and may no longer provide adequate cooling to the opposing
portion of the display. Thus, the manifolds herein allow for cool ambient air to
adequately cool the entire electronic image assembly in an even manner and reduce
any ‘hot spots’ within the electronic image assembly.

[0011] The foregoing and other features and advantages will be apparent from the
following more detailed description of the particular embodiments of the invention, as

illustrated in the accompanying drawings.

Brief Description of the Drawings

[0012] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0013] FIGURE 1A provides a front perspective view of an exemplary embodiment of
the electronic display.

[0014] FIGURE 1B provides a rear perspective view of an exemplary embodiment of
the electronic display.

[0015] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B

where the rear cover has been removed.
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[0016] FIGURE 3 provides a perspective sectional view along the A-A section line
shown in Figure 1B.

[0017] FIGURE 4 provides a perspective sectional view along the B-B section line
shown in Figure 1B.

[0018] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
[0019] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate.

[0020] FIGURE 7 provides an exploded perspective view of one exemplary
embodiment of the heat exchanger and fan assembly.

[0021] FIGURE 8 provides a perspective sectional view of another embodiment which
uses a flow of circulating gas through the backlight cavity of a liquid crystal display
(LCD).

[0022] FIGURE 9 provides a perspective sectional view of an exemplary embodiment
which uses a flow of circulating gas through the backlight cavity in addition to the flow of

circulating gas between the LCD and front plate.

Detailed Description

[0023] The invention is described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should 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 to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be exaggerated for clarity.

[0024] It will be understood that when an element or layer is referred to as being "on"
another element or layer, the element or layer can be directly on another element or
layer or intervening elements or layers. In contrast, when an element is referred to as
being "directly on" another element or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed

items.
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[0025] It will be understood that, although the terms first, second, third, etc., may be
used herein to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a first element, component,
region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the present
invention.

[0026] Spatially relative terms, such as "lower", "upper" and the like, may be used
herein for ease of description to describe the relationship of one element or feature to
another element(s) or feature(s) as illustrated in the figures. It will be understood that
the spatially relative terms are intended to encompass different orientations of the
device in use or operation, in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as "lower"
relative to other elements or features would then be oriented "upper" relative the other
elements or features. Thus, the exemplary term "lower" can encompass both an
orientation of above and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0027] 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 "comprises" and/or "comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, 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 thereof.

[0028] Embodiments of the invention are described herein with reference to cross-
section illustrations 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 manufacturing techniques and/or tolerances, are
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to be expected. Thus, embodiments of the invention should not be construed as limited
to the particular shapes of regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing.

[0029] For example, an implanted region illustrated as a rectangle will, typically, have
rounded or curved features and/or a gradient of implant concentration at its edges
rather than a binary change from implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implantation in the region between
the buried region and the surface through which the implantation takes place. Thus, the
regions illustrated in the figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device and are not intended to
limit the scope of the invention.

[0030] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood 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.

[0031] FIGURE 1A provides a front perspective view of an exemplary embodiment of
the electronic display 100. A transparent front plate 10 is placed on the front portion of
the display to protect the internal components and allow the images produced by the
display 100 to be seen. Some embodiments may use glass as the transparent front
plate 10. Exemplary embodiments may use two pieces of glass laminated with index-
matching optical adhesive. Some front plates 10 may provide other utility such as anti-
reflection or polarizing functions. An inlet aperture 24 and exit aperture 25 may be
provided in the housing so that the display 100 can accept ambient gas for cooling the
display 100.

[0032] FIGURE 1B provides a rear perspective view of an exemplary embodiment
of the electronic display 100. A rear cover 15 may be used to provide access to the
internal components of the display 100.
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[0033] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B
where the rear cover 15 has been removed. Ambient gas 200 may be ingested into the
display through the inlet aperture 24 and pass through a heat exchanger 45 and exit the
display through the exit aperture 25. The ambient gas 200 may be drawn into the
display and forced through the heat exchanger 45 using heat exchanger fan assembly
46. An exemplary placement for the heat exchanger fan assembly 46 is discussed
further below, but in many embodiments the fan assembly 46 can be placed near the
inlet aperture 24 and/or exit aperture 25 and may or may not be placed within the heat
exchanger 45 (as shown in Figure 2).

[0034] Optionally, ambient gas 210 may also be ingested into the display through inlet
aperture 24 (or a separate inlet aperture). Ambient gas 210 may then be directed
through a first manifold 30 which travels along the edge of the display. The first
manifold 30 accepts the single larger inlet flow of ambient gas 210 and distributes it into
a plurality of smaller flows (channels 60) across the display. A second manifold 35 may
be placed along the opposite edge of the display as the first manifold 30. The second
manifold 35 accepts the plurality of smaller flows (channels 60) and combines them into
a single flow and exhausts it out of the exit aperture 25 (or a separate exit aperture). In
this embodiment, a manifold fan assembly 211 is used to draw the ambient gas 210
into the inlet aperture 24 and force the ambient gas 210 across the display. For this
particular embodiment, the manifold fan assembly 211 is placed within the first manifold
30 and is used to draw the ambient gas 210 into the display as well as distribute the
single flow into a plurality of smaller flows (channels 60). This is not required however,
as some embodiments may place the manifold fan assembly 211 in the second
manifold 35, or within both the first and second manifolds 30 and 35.

[0035] The first and second manifolds 30 and 35 may be placed along any opposing
edges of the display. However, it is preferable that the first and second manifolds 30
and 35 are placed along the vertical edges of the display with the channels 60 travelling
horizontally. Other embodiments may place the first and second manifolds 30 and 35
along the horizontal edges of the display with the channels 60 travelling vertically.
[0036] While both flows of ambient gas may be used in an exemplary embodiment,
there is no requirement that they are both used. Some embodiments may use only
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ambient gas 200 or ambient gas 210. Also, if using both flows of ambient gas 200 and
ambient gas 210 there is no requirement that they share the same inlet and exit
apertures. Thus, there may be separate inlet and exit apertures for the two flows of
ambient gas.

[0037] FIGURE 3 provides a perspective sectional view along the A-A section line
shown in Figure 1B. Again, ambient gas 200 may be ingested into the display through
the inlet aperture 24 and pass through a heat exchanger 45 and exit the display through
the exit aperture 25. The ambient gas 200 may be drawn into the display and forced
through the heat exchanger 45 using heat exchanger fan assembly 46. Obviously, the
inlet aperture 24 may contain a filter or other coverings so that contaminates, insects,
garbage, and/or water/fluids cannot easily be ingested into the display. However, an
exemplary embodiment would not be damaged if the ambient gas 200 contained
contaminates as they would only pass through the heat exchanger 45 which may not be
susceptible to damage from particulate or contaminates. Exit aperture 25 may also
contain some type of covering to ensure that contaminates and/or insects could not
enter the display.

[0038] An electronic image assembly 50 may be placed behind the front plate 10. A
plurality of channels 60 may be placed behind the electronic image assembly 50.
Ambient gas 210 may be forced through the channels 60 after travelling through the
first manifold 30 (not shown here). The flow of ambient gas 210 behind the electronic
image assembly 50 may be used to remove any buildup of heat from the rear portion of
the electronic image assembly 50. It may be preferable to have a thermally conductive
surface/plate on the rear portion of the electronic image assembly 50 so that heat can
easily transfer to this surface/plate and be removed by the ambient gas 210.

[0039] The channels 60 can take on any number of forms. Although shown in this
embodiment with a square cross-section this is not required. Other embodiments may
contain channels 60 with I-beam cross-sections, hollow square cross-sections, hollow
rectangular cross-section, solid rectangular or solid square cross-sections, ‘T’ cross-
sections, ‘Z’ cross-sections, a honeycomb cross-section, or any combination or mixture
of these. The channels 60 are preferably thermally conductive and also preferably in
thermal communication with the electronic image assembly 50. Thus, in a preferred
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