WO 20071042267 PCT/EP2006/009803 1 DISPLAY ASSEMBLIES AND
METHODS OF DISPLAY Technical field of the invention This invention
relates to ima7ge display. Background of the invention 5 A liquid crystal
d‘i"é%%x‘??ﬁ&%?) assembly generally includes a glass LCD paneli,cg/ a%:%fé%’ 803
system, and LCD driver electronics. The display assembly may also

include an interface card to convert an analog or digital video signal (such

as digital video interface or DVI) into another form such as low-voltage
differential signaling (LVDS). Typical advantages of LCD technology over

10 cathodep Ry PELEY AISHRACR IO ANDARIE TP S IEERDd $95B AY

weight for a similar display area. FIGURE 1A shows a cross-section of a
display assembly including an LCD panel A5 and a light guide A6 edge-lit

by %Q#{mﬁﬂ' %H@Efg%ﬁéﬁh as light-emitting diodes (LEDs)

and/or fluorescent lamps. 1B 15 shows a cross-section of an
LCD with sEvisréaMagtiososiates (uishage 6iglayathode fluorescent lamps
or CCFLs) arranged as a curtain backlight. Operating environments for
LCOmfsiajrbliag spshbardivaii@din temperature due to the nature of the

jquid crystal (LC) technalagy. Abgv articylar temperature, the LC
gnolecules %e! ec%ﬁ@(lﬁﬁiyp@rycma:; © B’ri%‘"ﬁ‘?é) Ak dnctufes adkgs LD
alignemalceotdiodiththystppljethdleGlicdipldr AlchighniespErRudrplay assembly
therefare, a current state-of-the-art large-size LCD panel (for ex le,a .
pan SRR L o i B AR ES et 15 NG S A apst: OB b signai
opadgisslyietdifigital blatdodigptigere gardiéig drdbthecttae fofthewhiviag low-voltage
sign is,phen g " ing” I,
o r R WISl ST SRR o T EEhhBEy over
19empethasie Tanitsba {GBIg e verpingdy gl Ut eramaltgnsion sodLiess weight for a
pa“%‘%‘%?%%‘%&’. crystal materials having lower viscosities than

before (e.g., b\Qusing additives). Panels using such mixtures tend to have
faster respolaefifd$ BhetHedowesswssisricd malsalay esaaibie nrluding an

lowercnte AHRAG AR R Rih WARORAE @4igaGH B SHePR0RRIOREMBsGurces A1

such as light-emitting diodes (LEDs) and/or fluorescent lamps. FIGURE 1B

15 shows a cross-section of an LCD with several light sources (such as cold-
cathode fluorescent lamps or CCFLs) arranged as a curtain backlight.

Operating environments for LCD assemblies may be limited in

temperature due to the nature of the liquid crystal (LC) technology. Above a

particular femperature, the LC molecules become randomly or chaotically

20  oriented, rather than being aligned according to the applied electric field. At

high temperatures, therefore, a current state-of-the-art large-size LCD panel

(for example, a panel having a diagonal dimension of 17 inches or larger) will

become opaque, yielding a black display regardless of the state of the driving

signal. This phenomenon, called “clearing” of the panel, is temporary and

25 nondestructive, but it limits use of the panel to within certain temperature limits.

In recent years, it has become common for LCD panels to include liquid

crystal materials having lower viscosities than before (e.g., by using additives).

Panels using such mixtures tend to have faster response times, but the lower

viscosities may aiso contribute to lower clearing temperatures.



Although LCD technologies capable of operating in higher-temperature
environments exist, they are commercially available only in smaller-size

iS4 "4htd Have other disadvantages such as longer rise arf--faliRiageosos
which results in poor representation of live video footage. At the other end

of the temperature spectrum (e.g., at temperatures below 0C), the
response of the LCD becomes very slow. In extreme cases the LCD

material canifreeze. L\Whilethese giecisinay: alpa e andesiHMe Y rature

limit the use of LCD technology in extreme temperature environments.

emperatl | .

SumfiEKPBFRR Sn&hion 26 iy SRER5I9 WedRitaG o SRy In smaller-size
embdiphent inelulesa bigat sidadadlight sowemthermalbeeoulesHe the times,
heat imjj" and @Sli. uid crystal dis'%l%@zanel arrangefd to transmit light

prodlRk B A (BRSSP R SLIE SIG5 btk Other end of
insulaﬁaoh@rdimﬁsﬁld Tﬁp&ﬁrml&jgsma@rﬂm#midgzﬁd@@b pang! ‘Jlﬁ@r%é%%@ﬁse of
gengrat the light source, and an active cooling. deyice arran to

e R S R e e Lol A A e £ froeve.
side\@htkettiesmmeifénsslatimn &mingehechdassimkiva, displayiragsemblge of LCD
accordi n bodiment. includes a_thermal barrier; a heat sink
Ioca%%@ggrﬁ%%&%r%% ermal g?r\fgﬁn%e & ‘light source thermally

coupled to the heat sink. This assembly also includes a liquid crystal
dispRYHaAES Gt ivgioa second side of the thermal barrier opposite

the first sidecaggBhasanggoal-Hrismis IgRt radusechy iﬂr?;ﬁ#ﬁ%@ta heat sink,

source; and an active cooling device arranged to actively transfer heat

fron? tHBISRUARA Gigsor i tdiathindbadiaattinrsrside bk enatalaisplay

bargeneh slisplgypesernhinmcrerting doirsy aspaiHociides a ¥l assembly
source; & I|, id %ré?talidlséplg){_ﬁgnel; and means for thermally msu[atmdg
tne Rtiitl €758 BISEIEY PaHE  HoRRaaegdn dratatrtly e RfRdadiaad crystal

Thipassieinbly mlao iwtedesdnepnsdaigitanspostingighh iedkeed Mn i 8evice

cacHT G b1 0 oS5 thAIRRLI e TR 6 U= BLcey panel

sidernd the: sidans floe thermalljnguetatingcmeans featispeting the

cererors ST UTh I SRR et e

incth@asaheamsfon duMeint/I0c2087 (012165 B0 /ERR6ABL02803r3er; and a
fight source thermally coupled to the heat sink. This assembly also includes a
liquid crystal display panel (A) located on a second side of the thermal barrier
opposite the first side and (B) arranged to transmit light produced by the light
source; and an active cooling device arranged to actively transfer heat from
the second side of the thermal barrier to the first side of the thermal barrier.

A display assembly according to a first aspect includes a tight source; a liquid
crystal display panel; and means for thermally insulating the tiquid crystal display panel
from heat generated by the light source. This assemnbly also includes means for
transporting light produced by the light source from a first side of the means for
thermally insulating to a second side of the means for thermally insulating; and, on the
second side of the means for thermally insulating, means for directing the transported
light through the liquid crystal display panel, the liquid crystal display panel being

located on this second side. This assembly also includes means for actively



transporting heat energy from a cooler side of the means for thermally
insulating to a warmer side of the means for thermally insulating., A i
methdd ot ditéct view image display according to a second asF’pCe%é**’z“‘W 009803
includes operating a light source to produ?be light, where the light source

is thermally coupled to a heat sink; and transporting the produced light

from a first side of a thermal barrier to a second side of the thermal

barrier opposite to the first side. This method also includes, on the

second side of the thermal barrier, directing the transported light through a
liquidnepysiakdisplay paselioT iscaeéthod alsd inciudess durihgrthdlacnetiating to a

OPEIALNG &iHONF FEWES, LSING AhlgRstRNR.AFVe cooling device to

actively transport heat from the second side of the thermal barrier to the
first side. A HigthisH P6rHEEYlip Cobifes & tralsndicsiE Y tPamsheetieaspect includes
displrYaAeeeeling 49,an embodimentincludes Hsing.adhatal iIsQlation coupled to a
around a transmissive or transflective display element, and transrortinp _
theightiftbmnd BARRIGHNEGRE SEAUEGitidEd Btk &idESiHadhatmdpermal barrier to a
isolationdisie: thedisalated:nak isr opgesite helabladosidse This @igplayalso includes, on
technology in high ambient temperaturgs. A.display assembly accordin ] .
to SPGBt INATIARC L o e B 7 S TGHU SR RS o tiuid
onaiitst sidplaf thentheirhal bathed; astiquidwciystabidigplay panelf (Aperating & light
located on a secand side of the therma rier opposite the first side anc
o e T, PR S B e secona
locsitEdhbihtHibesmebhearsiddofthBreherdnal barrier. A display assembly
accord'nGAOrﬁéwa'aerf&rmab&%n}et@daﬁk@dQStaaﬁ%mg@J@w'%@shsmye display
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source located on a first side of the thermal barrier; a liquid crystal display

parfdying e oddn arakesinacabdstufiestiesing ddhfarappedniomearrend a

side-ansh{iBdiasr angeshtmianemildighy prosiesechy thedighitipgureeiigndidm a
heater arranged to increase the temperature og_'the liquid crystal dlsiﬁ?ay

pa%@‘?ﬁi'ﬁm %c?%’%??eﬁ%@%n%%?'f%etéﬁ iEfrehRdatRant gt dhe ‘solated
assembly. Ardisplay decerslingdo asturthier embiadimamnoipdas shiisp@yibient

pacgel a_chamber arranged to thermally isolate the panel from an ambient

env?r@r?%rgﬁlffeﬁ'light source disposed outside the chamber, and a light
guide configiigulay \WB LD/ 042267 IRCTUER 20060028 dment includes a
thermal barrier; a light source located on a first side of the thermal barrier: a
liquid crystal display panel (A) located on a second side of the thermat barrier
opposite the first side and (B) arranged to transmit light produced by the light
source; and a heater located on the second side of the thermal barrier.
A display assembly according to a further embodiment includes a
thermal barrier; a light source located on a first side of the thermal barrier; a
liquid crystal display panel (A) located on a second side of the thermal barrier
opposite the first side and (B) arranged to transmit light produced by the light
source; and a heater arranged to increase the temperature of the liquid crystal
display panel with respect to a temperature of the ambient environment of the
assembly.
A display according to a further embodiment includes a display panel, a
chamber arranged fo thermally isolate the panel from an ambient environment,

a light source disposed outside the chamber, and a light guide configured to



conduct light from the light source into the chamber and to distribute the

light across a back surface of the panel. A method for actively heating a
transmissive or transflective display according to an embodiment includes
UEimgperiaraial isolation around a 5 transmissive or transfiedtherdrifRp9803
element, and transporting the light from adbacklight light source situated
outside said isolation into the isolated part in order to be able to use

blinking backlight or color sequential backlight technology at low ambient

temESF%kEF%qR{ ¢35hving iRmeLIIRCE RRefe AL R SRS A aRuttOhe light

Particular and preferred asgects of the invention are set out in the

acc@FIRaRARE R P& Rfept BiSPaBBkndent claims. Features from the

dependent,claigadnai PeceRineshi featunemalstoe ipdereraeptve display
claims and with features of other dependent claims as appropriate and

not ARSYIIAE O ALIRTOASIEM tie'tefmd siBoHantheimelumgigligsoground a
ihattmml_ hHﬂVﬁﬁH@ﬂiﬁia&eﬁniﬁ@E@)ﬁ&@éﬁénﬁmd ! SO5RRY 0 @imx O:ight from a
eal Sink; t source thermally coupled to sal eat sink; a ligu .
Bk D i, SV G TR Otk ™08 Lirealaigr part n
soumeerthernbal inbldationudispbirking theckigjht insulebisasddigential backlight

crystal panel from heat generated by said light source; and ap.active
contagiRliey Aot R R alies BisSenitot i, BB i gperate ot
cryshigitisptaepémeisand to a side of said thermal 25 insulation facing

1aid heat sinf, |§rpéﬁafaBPé'E‘é’r?Q&i”&%g{:gf%@ﬁﬁ&%%ﬁ:}zf@% :%%ig}%]%n the

comprising: a thermal bdrrier; a hea located on a

theratapbzraeyingo indiperssuiceameériapgrutaniledaimaid Fraiugisk; wo  the
200&/3%%%%@%tP&aTAEsP?r%%%O@é%ir%oaJMHi%ﬁwﬁé@' SiSRYRABHR Nt claims

located on a second side’of said thermal barrier opposite the first side
and() witadgelgres of other dependent claims as appropriate and not merely as

explicitly set out in the claims.
15 Hence it is understood that the present invention relates to a display
assembly comprisirig:
¢ a heat sink;
e a light source thermally coupled to said heat sink;
e a liquid crystal display panel arranged to transmit light produced
20 by said light source;
e« thermal insulation disposed to thermally insulate said liquid
crystal panel from heat generated by said light source; and
¢ ~an active cooling device arranged to actively transfer heat away
from said liquid crystal display panel and to a side of said thermal

25 insulation facing said heat sink.

The present inventing further relates to a display assembly comprising:
« a thermal barrier;
e a heat sink located on a first side of said thermal barrier:

30 s a light source thermally coupled to said heat sink;



transmit light produced by said light source; and an active cooling device
arranged to actively transfer heat from 5 the second side of said thermal
barrier to the first side of said thermal barrier. The present invention also :
relagssveLazeisplay assembly comprising: a thermal barrier; HGT/&HgA/009803
source located on a first side of said therfal barrier; a liquid crystal

display panel (A) located on a second side of said thermal barrier

opposite the first side and (B) arranged to transmit light produced by said

light source; 3ﬁdaeﬁ&Qﬁtféwgfé?t@@géxﬁﬁr%@?Q‘)‘%&Q@@E&%@ﬁfmﬁéide of said

barrier. 15 The present invention

er relates to a display assembly

comprising: a tHERfABbAABIE a dRpRYBUEE IbSted8R Lhrkt HoedgFanged to

said thermal barrigyy sa-iQiHiGxstakeisplay-RanghiSdlesategon a second
side of said 20 thermal barrier opposite the first side and (B) arranged to

transmit light prodcaeling sarlingriedercaranged Reartivaly qp heat from
gncrease the tempgyaiteendl sid biewadcnysinidisalaepasehwititstesiaectf said
to a temperature of the ambient environment of said assembly. 25 The
present inventioriTGFARY P&IE&Ys to a display assembly comprising:  a light
source; a liquid crystal display panel; means for thermally insulating said

liquid crys
WO 2007/
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produced by saiGligbiseutcefeam a first side of said means for thermally
insulating to a second side of said, means for thermally insulating; (r).on
RGP T AT TS PR SRl Lerfe

18he second side
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» a liquid crystal display panel (A) located on a second side of said
thermal barrier opposite the first side and (B) arranged to
transmit light produced by said light source; and

¢ 2 heater located on the second side of said thermal barrier.

The present invention further relates to a display assembly comprising:

e a thermal barrier;

« a light source located on a first side of said thermal barrier;

s a liguid crystal display panel (A) located on a second side of said
thermal barrier opposite the first side and (B) arranged to
transmit light produced by said light source; and

¢ a heater arranged to increase the temperature. of said liquid
crystal display panel with respect to a temperature of the ambient

environment of said assembly.

The present invention further relates to a display assembly comprising:
e alight source;
e a liquid crystal display panel;
e means for thermally insulating said liquid crystal display panel
from heat generated by said light source;



5 for directing the transported light through said liquid crystal display
panel; and means for actively transporting heat energy from a cooler side
of said means for thermally insulating to a warmer side of said_means for
werrefAastlating. 10 The thermal insulation may include a'SUBEANES 39/303 :
planar layer disposed to be substantially®parallel to said liquid crystal

display panel. The assembly may comprise at least one fan arranged to
circulate a heat transfer medium on a side of said thermal insulation

facing away feom-gaiddertsinkpdrd Sassaomlyanayeaimpliget 3ource from a
substantially planar thermal conductor djﬁ?ﬁed tween said !iRc)]uid d side
crystal display pa¥eh SH8 ShRAASPRAT I ST aNY "&?%%?ﬂé% peecond si
substantially parafiekie saidrigfietbersatalidissiantpanel, wherein said

thermal conductor has a thermal contguc;'%\r/il%[]y at le stiequal @o -eg%ﬁ‘t

watts per (meterSMifESAEGPIEqeRins e hEr AlGrEt ' Riay be: means
520 configured to fihergiraliyiigs utaietsmddiortad dightaltiioplsty saite! fiuid asrystal
ambient environra;,eni of the qjs Igy assembly. The thermal insulation may
extend across at1eRSHXREHBREARd back surfaces of said liquid crystal

display panek Theassdorkiytively tamgristre heatezriecgyciioon 2 sidéeoside of
said thermal insulatjon facing said liquid crystal displ a : .
According to emBd |m”%%"i’§%% re%?ﬁﬁéﬂﬁr%%ﬂﬁﬂﬁ?t% %sggr%ﬁ%rﬁgjf of said
comprise a heatendacatént thethebebondaéi® of said thermal barrier.

,EOAccording to embodiments of the present invention, the active cooling 30

device may include at least one among (A) a semiconductor

thermoeledhiz thievied inadiaBym matyidraiaderaumibsiantigli pempréagsrdisposed

e e i

disposEsvanRiiseratiear vaccisarargrsy o sier alsrhe #h &na eé)e{%@é’i*ﬁm on
Theagsembly By GABIRTASC AsRFANtRlIMP AR thRsmalsenoysder sik. The
by ooy S S e PR R aeal Sn 3L BB lsposed
between said liquid crystal display panel and said thermal insulation and
arranged to be substantially parallel to said liquid crystal display panel,
wherein said thermal conductor has a thermal conductivity at least equal to
eighty watts per (metérs times degrees Kelvin). The thermal insulation may be
20 configured to thermally insulate said liquid crystal display panel from an
ambient environment of the display assembly. The thermal insulation may
extend across at least the front and back surfaces of said liquid crystal display
panel. The assembly may comprise a heater located on a side of said thermal

insulation facing said liquid crystal display panel.

25

According to embodiments of the present invention, the assembly may

comprise a heater located on the second side of said thermal barrier.
According to embodiments of the present invention, the active cooling
30 device may include at least one among {A) a semiconductor thermoelectric -

device and (B) a refrigeration unit having a compressor and a heat exchanger.

The active cooling device may include a Peltier device.



arranged to be substantially parallel to the liquid crystal display panel,

wherein the thermal conductor has a thermal conductivity at least equal to
eighty watts per (meters times degrees Kelvin). The heater may be

PP BASthe thermal conductor. 10 The heater may compfiseBA4Hdps0s

in an optical stack that includes the liquid crystal display panel. The

thermal barrier may include a substantially planar layer disposed to 15 be
substantially parallel to the liquid crystal display panel. The assembly may
comprise atHeastatae faavanangashie¢itntiete s thealdran gk ardisnthanel
a side of the thermal barrier facing away from the heat sink. 20 The

therﬁﬂﬁ) ?Ié?fm%@]@é" @5nfigured to thermally insulate the liquid crystal

display panel from an ambient environment of the display assembly. The
thermal ba.mer may tend across at least trt])e tfroptliindlback t'sgurfacTs of duct
the liquid crygtaalsélsp a?f ;%%I?%@Hrﬁg fsssgmso?f ﬁ;i'ajy/ go?%tﬁs ee{(ﬂa grenductor
Sightitagidecdrizetyedndlibuliguidte psteacksplatapaned dredithddioeystall barrier and
dis ih i I ight. . a .

com T e e SR herein
the thtpiibemelatengplip ek Wesreh canidacidtBatjeattregtahdoligighty watls

9uic;feis(aaeugwrﬁé@ewr%é@ﬂamrqﬂ?&ﬂégtg}t%{ rggéajilss LB the thermal

source may include at I€éast one among a light-e ode and a
quo%&%ﬁE‘?&mp. WO 2007/042267 PCT/EP2006/009803 8 The

1passembly may comprise: a metallic bezel disposed to cover a perimeter
of the liquid crystal display panel; and a gasket arranged to thermally

insulate thEAEIERIEHBRY FOMPERAIYENFafUaRIBR SRfksRcciudes the
Accpidingipseindiegiaygniadslf the present invention, the light source

The thermal barrier may include a substantially planar layer disposed to
15 be substantially paraliel to the liquid crystal display panel. |

The assembly may comprise at least one fan arranged to circulate a

heat fransfer medium on a side of the thermal barrier facing away from the

heat sink.
20
The thermal barrier may be configured to thermally insulate the liquid
crystal display panel from an ambient environment of the display assembly.
The thermal barrier may extend across at least the front and back surfaces of
the liquid crystal display panel.
25 -

The assembly may comprise a rigid light guide arranged to illuminate a
back surface of the liquid crystal display panel with light received from the light
source. The assembly may comprise a light guide arranged to transport light
from the light source fo the liquid crystal display panel, wherein at least a

30  portion of the light guide is a hollow structure having a reflective interior wall.
The light source may include at least one among a light-emitting diode and a

fluorescent lamp.



may include at least one light-emitting diode, the assembly comprising a
control circuit configured to modulate a light output of the light-emitting
diode at 10 a modulation frequency of 1/n times a frame rate of the Ii%uid
SHPSI 4By panel, wherein n is an integer greater than zef§ T gi06/009803
control circuit may be configured to vary&he operating state of the
light-emitting diode at the modulation frequency from substantially on to
substantially off. 15 The assembly, when including a plurality of light

sources, N ke seaidiguiad sseribat the plurality of light sources include
a first diode configured to emit most of its light output within a first range

of wavelengtifs &rtiEAleBRACHIHERASEHHGUTRUERRIITRISE Sf Hagilipid crystal

output within a seegigy g, ahwavelengths separate from the first

range, and the control circuit is 20 configured to var tgg perating, states

of the first and s@c@AARbABERRER P A ALeb o Prelicezsl fom
ghe modulation friesstegayeriitedirst Wiedghsssuhsiantially on and the

second diode is substantially off. The control circuit may be configured to

vary the operating states of the first and second diodes such that during a
second peficsbthaty elou sratcidienandsiudation fregsenicinveotio:? Stio theHirsburce
and second, dipdes are substantially on..The ent.invention, further . . _
A i g leg T RES s SRl CBlnprisng
opetatitiglaiighit soufigritedhmohack it ighireutpetightrsoligbe4sniBing diode at
hermal I t sink: 1SPOIH dilight f ispl
e e O Tote o] Ly disploy
oppesite! tavirergirs i SklenVirdegen vrealeren#rCager 206 coolgbgirguf)may be

on henageRNY side afthedherarlbayrishadirestine g HEaRsRRIEe it at the

through a liquid crystal display panel; and (r) during the operating a light
soumedyiafiendtagushey &b daptialy uvisstbaianiaimathsport heat

from the second side of 5 the thermal barrier to the first side. According to
embodiments of the present invention, the method may comprise using a

TSthermal isdffticReARSORY: a VRETS INCLTE S Arfiuriitty @ light sources, “'may be

configured such that the plurality of light sources include a first diode
configured to emit most of its light output within a first range of wavelengths
and a second diode configured to emit most of its light output within a second
range of wavelengths separate from the first range, and the control circuit is
20 configured to vary the operating states of the first and second diodes such that
during a first period that recurs at the modulation frequency, the first diode is
substantially on and the second diode is substantially off. The control circuit
may be configured to vary the operating states of the first and second diodes
such that during a second period that recurs at the modulation frequency, both

25  of the first and second diodes are substantially on.

The present invention further relates to a method of image display, the
method may comprise:
» operating a light source to produce light, where the light source is
30 thermally coupled o a heat sink;
e transporting the produced light from a first side of a thermal
barrier to a second side of the thermal barrier opposite to the first

side’



display element, transport the light from a backlight light source "situated

10 outside the isolation" into the isolated part in order to be able to use

this display technology in high ambient temperatures. According to
eWibadinerts’ of the present invention, the method may compfi$&ibXifigiarsos
thermal isolation around a transmissive o@transfiective 15 display

element, transport the light from a backlight light source "situated outside
the isolation" into the isolated part in order to be able to use blinking

e JorHP D ORI e e QA A SIBIANY, digging the

temperatures preserving the ability to operate at temperatures.

According to emBtHisRsitediahttpreaheifiquittionstabditptenpesiol and
display technglogy pg dtﬂéai.’)‘p@rétﬁg g ?I‘%%réoé‘fc%%g?atp jeast one active
nv maybe

embodiments of the present invention, the light source ased on

LED technology. ®sdthaiiry teccmipstinaritaninng praidiemieatissont side of

gechnology for 25,aGlve-c90ingdpay ckide agdeast one Peltier element.
According to embodiments of the present invention, the thermal isolation

may include at least one air chamber to create a very high thermal

resistance ABESRIIAINA CeBBMRdisRentsIahth e RIGS RO - 8nethod may
means of the Ili%ht trans‘gorta%on from outside the isolated cavity to the

insidEHRPEe B BsiigRHPG GRS RIBHE A ARSI BIME A0M Aigrafiective
Accdistitey t@iembndimﬁnsﬁl)@ftth@pr@(?mdm@%ﬁgmﬂigbhftﬁy@@énaeatuated
e based on,CCFL techpology, Accordjng to embodiments of the present |
1 TSR ISy TP AR cEEE R Ay T Gl mpolico vee i
valviis plagyderdinglog e mibaglimeriie of tepreterdadVO 2007/042267
PCT/EP2006/009803 10 invention, the backlight may have an edge lit

construction. According to embodiments of the present invention, the

method méygegrdingeimaimbodicatmts indithe theeanrialsdlate dieavitetimod may
OrdRLIAGIRE A AMHErP AR OllBu A G AR DR SR ctive
of the present invéntion, the method may further use a heater; which'may

e di‘@;@b@ecﬁiﬁmﬁﬁtthgagém_édt_mrﬂigmefrpmsénbw_égb@dimﬁ'@u@mé@mama
10 aliRRIRYtHaVIMIER NS B R ot BEASHBREIV PRSY use blinking

configured to operate accord_in%to any one of the
backlight or color sequential backlight technology at low ambient temperatures

preserving the ability to operate at high temperatures.

20 | According to embodiments of the present invention, the transmissive
display technology used may be LCD technology. According to embodiments
of the present invention, the light source maybe based on LED technology.

According to embodiments of the present invention, the technology for

25 active cooling may include at least one Peltier element. According to
embodiments of the present invention, the thermal isolation may include at
least one air chamber to create a very high thermal resistance. According to
embodiments of the present invention, the means of the light transportation

from outside the isolated cavity to the inside may be done using a light guide

30 fabricated from PMMA material. According to embodiments of the present
invention, the light source may be based on CCFL technology. According to
embodiments of the present invention, the technology for active Q:boling may

include a pump and valves. According to embodiments of the present



methods according to the present invention. According to embodiments of
the present invention, the display may have a display panel, a chamber
arranged to thermally isolate the panel from an ambient environment, a

W resieasdisposed outside the chamber, and a 15 light guRfel/EP2006/009803
configured to conduct light from the lighti€ource into the chamber and to
distribute the light across a back surface of the panel. According to
‘embodiments of the present invention, the display may include an active

cooling plemeniLadigua themave:heat kom the %"f‘x@lﬁf&f@ﬂ?%@ﬂ%ing to

to embodiments of the present invention, the display may include a

heafiftyogimaetn ohted Migeead ity anisaute esiietotisy brarimemal ventilation
Althaugl therethasiae aBdtaRt R IMPIR VSN tihange ancheyaltiehrature

devices in this field, the present concepts are believed to represent
Subgfaﬂk@al new and novel improvements, including departures from prior
525 practices, resulting in the provision of more efficient, stable and reliable
devices of this nature. The above and \R?ther characteristics, features and

il

advantagéBPIagp R IMORAISIRIER Rl SRR FHEM P ghanethod may
follawihgrdejaiter-description, raker digojsnetianiie ibelaeeqrapanying
drawings, which illustrate, by way 30 of example, the principles of the
invention. This description is given for the sake of example only, without
limiting th&segpesefthevantiotidortfiterdleferettce fijapey hasieg batansmissive

1O e LA R R B elR sty e of e

escription’o rawing SNOWS a a
dispiejhasiseasbiydingiteytha purpedit imacitight. FIGURE 113 shows a
di , . i . | :
lagram 0&&8%@@%%(?%9@%%@%2 rﬁ%lf )ﬁ%ﬁ%@%# GeRfsfay may

shows a cross section of a display ass according to an

embadhferisHRE DRECE B s aross aed tiorignomiyiseletedhe panel from
FIGHRE®RAnarenvrme HamHhsdia aflispiay aastBheRHAMH, and a

10 show alternate relative placements of thermoelectric (TE) coolers 40
15,ndight guide configured to conduct light from the light source into the chamber

and to distribute the light across a back surface of the panel. According to

embodiments of the present invention, the display may include an active

cooling element configured to remove heat from the chamber. According to

embodiments of the present invention, the display may include a heating
20  element configured to introduce heat into the chamber

Although there has been constant improvement, change and evolution
of devices in this field, the present concepts are believed to represent
substantial new and novel improvements, including departures from prior

25 pra\ctices, resulting in the provision of more efficient, stable and reliable
devices of this nature.

The above and other characteristics, features and advantages of the
present invention will become apparent from the following detailed description,
taken in conjunction with the accompanying drawings, which illustrate, by way

30 of example, the principles of the invention. This description is given for the
sake of example only, without limiting the scope of the invention. The

reference figures quoted below refer to the attached drawings.



thermal barrier 70. FIGURE 4 shows a view from the front of display
assembly D10 that illustrates relative placements of two TE coolers 40

and ten light sources 10 upon heat sinks 20. 15 FIGURE 5A shows a

oAz geadetion7of an implementation D11 of display assembly BADRPawH6509803
a heat sink 21 to which both TE coolers 40fare thermally coupled.

FIGURE 5B shows a cross section of an implementation D12 of display
assembly D10 having a thermal barrier 71 between light guide 60 and

framg @9 Gk EfGHEo? Eheh @R hgoss section of an implementation
D13 of displa assembl)éw[()g“lZ having heat sinks 22 that each extend to at

least one 14t MR& i oF oW sidpHAoERRePh R dispaY RESS M VA ia ARs §dge-lit

sectiggrriigan.implementation D14 of display 25 assembly D10 having a

thermal se%?ézﬁ(%rﬁfag\éetween front and back portions 82a, 82b of frame )
82. FIGUR ons SRS 4EIAB: Anandiielak masemity Having a curtain
glisplsyciigsembly D10 having a thermal separator 90, a thermal barrier 71

and a heat_si ~30 FIGURE 6B shows a cross section of an i
plemen SN BT DTSR H28 BN LS U A RERL RARGRcording
23 ofcheraesibkdintrdt extends to at least two lateral sides of the display
assembly. a,q %&F 7 PCTIEP2006/009503 12 FIGURE 7A shows
a cross se(%gl/on 0 a?\/gir%ﬁ%err?e%?arﬁgﬁ BT O&%?sﬁgéyg%@: embly D10
having an ENSILEREST X0 GQradendryasnigopitheditint uif bisatdg (8¥&Bs)ly D10 that
her o,a:fi { tatl f in . FIGUR

T e SRR ) 600 0 and
assehfs)abRarriayify an implementation 102 of EMI shield 100. FIGURE

8A shows peagkiawsRLAR INPISIALIgN: %%%ﬂiq.n'géﬁgs'%&% that

having a heat sink 25 equipped with fans 130 and cooli

FIGURERBSFRIRiE Slrseeants afsprayTEssenisry BOo%pdoiey llightsaurces 10

upon heat sinks 20.

15 FIGURE 5A shows a cross section of an implementation D11 of display
assembly D10 having a heat sink 21 to which both TE coolers 40 are thermally
coupled.

FIGURE 5B shows a cross section of an implementation D12 of display
assembly D10 having a thermal barrier 71 between light guide 60 and frame

20 80. _

FIGURE 5C shows a cross section of an implementation D13 of display
assembly D12 having heat sinks 22 that each extend to at least one lateral
side of the display assembly.

FIGURE 5D shows a cross section of an implementation D14 of display

25 assembly D10 having a thermal separator 90 between front and back portions
82a, 82b of frame 82.

FIGURE 6A shows a cross section of an implementation D15 of display
assembly D10 having a thermal separator 90, a thermal barrier 71 and a heat
sink 21.

30 FIGURE 6B shows a cross section of an implementation D16 of display
assembly D15 having an implementation 23 of heat sink 21 that extends to at
least two lateral sides of the display assembty.



10 as shown in FIGURE 8A) illustrating inlets 150 of cooling vents 140.
FIGURE 8C shows a front view of display assembly D19. FIGURE 9

shows a cross section of an implementation D20 of display assembly D10
MeRg74143261 diffuser 160. FIGURE 10 shows a cross sectioB©f/ Bfy:006/009803
implementation D21 of display 15 asseriBly D10 having a substantially
planar light guide 61, a heat diffuser 160, a thermal barrier 72 that

extends toward the front of the assembly, and heat sinks 22 that each

extend along;aiHeashatwisla efdas sserinblY ahlfpREEAGENONS Aof display

cross section of an implementation D22 of display assembly D10 in which

TE B5BRIPONIHR BRrSkhar A s ed ihenddshding iRerigh s rndispards
fafﬂﬁﬁ@?sﬁi@dﬁﬂﬂ&:&imh @ﬁfﬁg&‘d&ﬁﬁliigm@rﬁtaﬂdmmm&il@mMﬁ

of display. 2 having a thermal bayrier 74 extending a at .
st throE TN Cattat e LSS PR R BNt g of display
Ssectiosenfilslp Dpiided wtackninolpinghia b2 502apiet b0 anidiffaiditand rear
conductiv 210, 250. FIGURE 13A shows a cross section of.an )
plemenEIA g b Tty DO A S P T IeLp B S of display
dispsembbtWdnhtnengal heatiein ¥ Qaquifpedraitbl faas FIBILRE t88ing vents

show@a diagram of pixel luminance responses at different 30
temperatures and corresponding backlight control signals in one blinking

backlight SORaHRE: QROsR003/04006 Yo TiEIZOD6A6S803Y 13161 (GigRE line B-B

1014 %{;O%Mreﬁéaﬁ@%ﬁg ADLPRIRERURIPBRAR Qb gk 3eMblY
D10 in which LCD panel 50 is disposed within an msulatlré‘q chamber.
7

FIGURE 15 Skt &(cshswaectiontofew ahdirpirnasssmblyddldisplay 5
assembly B2 JraviogHERE0s B38s180cABH S G tin APkl erpralY display

coupled to heat sink 28. FIGURE, 16 shows a cross section of an

impRSsRMRlA B oA draRNegt 4EUseHAPB 25 having interior fans and a
substantiafyqURE IgRamMids &bsSHetiBiE dfaphipnpierreionsice oien &f display

15an i?sglgr%ef?%%q\g\%ggogqsil.s:g‘ls%gntially planar light guide 61, a heat diffuser 160,
a thermal barrier 72 that extends toward the front of the assembly, and heat
sinks 22 that each extend along at least one side of the assembly.

FIGURE 11A shows a cross section of an implementation D22 of
displéy assembly D10 in which TE coolers 40 are perpendicular to LCD panel
20 50 and including interior fans 180. |

FIGURE 11B shows a cross section of an implementation D23 of
display assefnb[y D22 having a thermal barrier 74 extending along at least
three interior walls of the assembly.

FIGURE 12 shows a cross section of an optical stack including LCD
25 panel 50 and front and rear conductive layers 210, 250.

FIGURE 13A shows a cross section of an implementation D24 of
display assembly D10 having a heater 260 disposed between thermal barrier
70 and LCD panel 50.

FIGURE 13B shows a diagram of pixel luminance responses at different
30 temperatures and corresponding backlight control signals in one blinking
backlight scheme.



10 assembly D26 having circuitry 110 that is thermally coupled to heat

sink 29. FIGURE 18 indicates various dimensions in a cross section of

one implementation of display assembly D28. FIGURE 19 shows
SanfesBhthree different backlight modulation techniques.EE5F/EP2006/009803
Throughout the figures, like reference laldés indicate identical or similar
elements. The various shadings in the figures serve only to aid in
distinguishing the various components and do not necessarily indicate

relative chraQORESICSRYRR ASCEOSIYEENEY Bf HRANFRASAGMalEh D25 of display

Descrié)tio%vgf leustrative' embodiments The iiresen,t invention will be )
desBiBER M ASp &2 W ikl RAABbAM RS S6ith WiEaneR tisulating
certaimaitsavings but the invention is not limited thereto but only by the

claims. Th ' described are only,.schematic and are non-limiting. ..

i the e R BBV o HosP RE SR L A A ) LA g opiay
BandassediblynOftb shalérigr ithesivatifan pulposesd Theutimensionszang thermally

relati ' ion correspond to actual reductions to practice of
the %\%ﬁ%@ﬁgégﬁﬁ%ﬁ%rgg the terms first, second, third and the like in the

descriptiorr|&W¢RB e shainssa ao s eddivrd shtian inspien deteanDRimh ddidisplay
| _ i i) . .
eI 02 PRI, Sr S IR B N eeF A auice o1.

understoof {aBkel e fiev® @ﬁ@éﬁréeqﬂwr@famgé@ww@@ti@@ BiePrididisplay
10CIrCHRIRRAE D 28 bR RE RMRPHDeRse iRfiNEERD EO4428 To heat sink 29.

PCT/EP2006/009803 14 the invention described hérein are capable of
operation i SIHBEsd§uinsicates Madriss e BsidRBsALed frersinsection of one

Morng@yemidesmsftarphatiassepisy. wpeler and the like in the

description_and the claims are used for descriptive purposes and not 5 )
necessarill 8P EEscHbiRG WRRPHRRRDAL. HietoWe iRitle RABKIE I v lation

ternectmigaed.are interchangeable under appropriate circumstances and
that the embodiments of the invention described herein are capable of
operation in other orientations than described or illustrated herein.

Throughout the figures, like reference labeis indicate identical or similar

elements. The various shadings in the figures serve only to aid in
distinguishing the various components and do not necessarily indicate relative

characteristics such as conductivity or transparency.

20  Description of illustrative embodiments
The present invention will be described with respect to particular
embodiments and with reference to certain drawings but the invention is not
limited thereto but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size of some of the
25 elements may be exaggerated and not drawn on scale for illustrative purposes.
The dimensions and the relative dimensions do not correspond to actual
reductions to practice of the invention.
Furthermore, the terms first, second, third and the like in the description
and in the claims, are used for distinguishing between similar elements and not
30  necessarily for describing a sequence, either temporally, spatially, in ranking or
in any other manner. it is to be understood that the terms so used are

interchangeable under appropriate circumstances and that the embodiments of



It is to be noticed that the term "comprising”, used in the claims, should

10 not be interpreted as being restricted to the means listed thereatfter; it
does not exclude other elements or steps. It is thus to be interpreted as
dpecifying2ee presence of the stated features, integers, stepB{EF/EP2006/009803
components as referred to, but does noti@greclude the presence or

addition of one or more other features, integers, steps or components, or
groups thereof. Thus, the scope of the 15 expression "a device comprising

Meang AnhBkiBn ARt REAUMRIEH RapsyIEess C(S’ﬁ?ﬁﬁ“@ﬂ M%REr sequences

coméyfgnents A and B. It means that with respect to the present invention,
the Bify ASecHPRL SMPusERRAJIeRIHevice are A and B. Similarly, it is to

be noticedihat et wHpledoRiagousad iBibe ais: SRPURNGBEIn the

interpreted as being restricted to direct connections only. 20 The terms:

“colffEeFRiian - AitheBR d¢/aiiBR g 3iin tReft derivaesetpivay purpesgsitand not

Shoulsbbesarifie fatoaddhaitie seligvaspastiopsiniended as syngewmwdahat the
each other. Thus, the sc%%e of the % ression "a device A_cour%led toa
|

devi€ " SRAREhBHEHRAPHS ARG LTEF Sparoniaim e amanapgd that
devibe Ansbdiientptsminhetao ¢ationidpetiifetevieeB. dienaanbibaiftbpeeation in
25 ey| between an output of A and an,input.of B which may be a
pattéﬁ%t?&%%% &F dbvices or rr?é%a%%'.[ Y %%ﬁ%ggﬁg‘y mean that two or

more elendatiodre sithesdrittitdbedieysicabopelsicicalsmhtadheockhiats, should

WO I t in.¢cli I her but vet still
T e B e U N SRR B Aol 80es ot
speéXdatercibenpteamensdneisroritdn thusbodiadniepreted asaspecifying the

Parigelal{ea iyl ens N TR GRATARIBHSHS &sagrﬁq%mogggﬁ&%“g@ eg'ﬂé}red to,

the embodiment is included in at least one embodiment of the presen

invePHictPathst Affsdedaribedesrafhrasiditiomed Que poamre pther features,
PCTHERPO6L0980% d6rapsnambodmeriu sy terBoeMPadiment” Rope of the

various places throughout this specification are not necessaril

FefeMREPR IR AASVERLIRREANSNGARS. A 7Rtk Bnosaowd yag;clti99|avnfted to
feattentseirustisietngr GHIRTECIRIIAEEAENRY AeneoRmbined #h a3 Uliak Respect to
e R e T T
appreciateglintitrin, thesésdrp traticdd Xempleryterm “coupled”, also used in the

claims, should not be interpreted as being restricted to direct connections only.

20 The terms “coupled” and “connected”, along with their derivatives, may be

used. It should be understood that these terms are not intended as synonyms
for each other. Thus, the scope of the expression “a device A coupled to a
device B" should not be limited to devices or systems wherein an output of
device A is directly connected to an input of device B. It means that there

25 exists a path between an output of A and an input of B which may be a path

including other devices or means. “Coupled” may mean that ftwo or more
elements are either in direct physical or electrical contact, or that two or more
elements are not in direct contact with each other but yet still co-operate or
interact with each other.

30 Reference throughout this specification to “one embodiment’ or “an

embodiment” means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at least one

embodiment of the present invention. Thus, appearances of the phrases "in



embodiments of the invention, various features of the invention are
sometimes grouped together in a single embodiment, figure, or

description thereof for the purpose of streamlining the disclosure and
aidingeirotiectinderstanding of one 10 or more of the various iRVERTIE06/069803
aspects. This method of disclosure, howeher, is not to be interpreted as
reflecting an intention that the claimed invention requires more features
than are expressly recited in each claim. Rather, as the following claims

reflegteinyeniuasnects '4%i%ﬂxe%%@a\rﬁar{?a{uf%aﬁ&Sﬂs?é(gifgﬁ?gea%m this

disclosed embodiment. Thus, the claims following the detaile

desERSfBIFaliah e UxprESSSARY oA oreiRIEiN daniBRId@mey embodiment, but
desenpfioPuriimene ¢laimnAlandin@ANAS Wl @8R S /M Bacteristics may be

embodiﬁent of this invention. Furthermore, while some embodiments

desCRP R A RIYERR S RABIR s StREIG SRR TSR IGN® ShRedinary skil

&mbﬁdh@@ﬁﬁrmmh@aﬂ@lmﬁf?‘%ﬂt@fﬁﬁoQﬂl@fed@‘g@?%tr%@%@é).dimentS are
meant to be. within the scope of the inventign, and form different

embodime g}'%‘é&vlﬁu?ﬁ%ﬁ%ﬂﬁe??ﬁf&&’%?&% iR hE HeSERtaRapf grxemplary
in thenfbtdiiemisl aifbe anyeotithe echalnesdemrediofantsisasitenusedsiimetimes

any Ination..,Furthermore, some of the embodiments are described

nerdliOuB BRRingt I & HRad e R S SREIRIdeIsH for te

be immsemédttgemibﬁogdmod ietmmmputba@lsmm tirebyratbetandansof one
1P CBIWIMIOLE the I}é%tﬂ%qnvgﬂﬁ%aagg %?é%f%‘e%ﬁ?& SF%?sSﬁc%én%e however,

Instructions for carrying out such'a method or element of a method forms

a miangtde dagrjiteypigtedeandeftatingaeniaientdn theththe claimed invention

FurtaRiReen LI MeRARSA R REIEN 0 8RR APRAAMRIm. Rather, as the

embodiment is an example of a means for Carrying out the function '

perfSiREENByCREEIEERt N ene R ASBSE B iednmeg Hianiad feabimesroflia single

the AisgaRiipapQuitad Bﬁfﬁdﬁﬁr'ﬁ\éﬂl?rqHés?pﬁ?éfi%%fiwsféﬁSﬁﬁbJ%\%‘/bdetailed
e

owever, it Is understood that embodiments of the invention may

15009 545 PEI P BRI IRING OFBEYY 18 FRRIIBERAWIID (b th cisdallsdcdiescription,

detailsh Ireatherclastangesdinglldmarn owetkeds Hegeltaes antodiment of this
technigiu?s have not been shown in detail in order not to obscure an
und&rs Qn'alnng of this description. The invention will now be described by a

detailed désotiptionood sedeabome embodiments described herein include some
but not other features included in other embodiments, combinations of features
20 of different embodiments are meant to be within the scope of the invention,
and form different embodiments, as would be understood by those in the art.
For example, in the following claimé, any of the claimed embodiments can be
used in any combination.

Furthermore, some of the embodiments are described herein as a
25 method or combinat_ipn of elements of a method that can be implemented by a
processor of a com;guter ﬂsystem or by other means of carrying out the function.
Thus, a processor with the necessary instructions for carrying out such a
method or element of a method forms a means for carrying out the method or
element of a method. Furthermore, an element described herein of an
30 apparatus embodiment is an example of a means for carrying out the function

performed by the element for the purpose of carrying out the invention.
In the description provided herein, numerous specific details are set
forth. However, it is understood that embodiments of the invention may be



5 embodiments of the invention. It is clear that other embodiments of the
invention can be configured according to the knowledge of persons skilled

in the art without departing from the true spirit or technical teaching of the
WUertiond 239 invention being limited only by the terms of the RGIERHE6/009803
claims. Reference will be made to transig#®rs. These are three-terminal
devices 10 having a first main electrode such as a drain, a second main
electrode such as a source and a control electrode such as a gate for

contrllingade fipmsaf %%ggiceésbﬁ@%%fgve% tBﬁ'\EFS"tiﬁ%@ﬁ@&QnQNeli-known
pti I ubst

main electrodes. In the description and claims, the term "s antially

paraheireisapgueGRAAIHREN BiayRRAYEAPh NS AshaMeE faraetall in order not
"substandialie HARA: SeRRaIRRYINGIS @aRefRyrniform thickness and

having surface dimensions that are both much larger (e.g., ten to 100

times or morg) BYERHAR WiltbRAVSRe Figsciihprsby ddeiated enerigtion of several
5'sulpstiatiatie aff @ thefinebnithrefergnerta anaavstRae QubudilRYels of the

during an. active portion of an gperating cycle, with 20 "substgntially on"
incH TRl SRR PR I85% BRSSP 1 SRS Gk Pkiled in
off' theicatingitro ol tpepating Yromlese ofrthisdpirkl. dprligatiens tekching of the
embodiments.include the yse of transmissive or transfiective displa .
oSO, e R T R e s o i prpetiiad claims.
applicatiomefesgrice wilebih enase ¢f tispiistqandlse seicieath2eli6ininal devices
a : [ L] ' i f 17 inches_or more. Such a.panel
T A e e e S 4% o G0 F o R TR G s s
may: §@tt!§§i@Eﬁe&ocﬁfpé'ﬁdt@iﬁgﬂﬁ%rse@caﬁtial@ﬂ.tsljcm aptbieting the flow of
(eMPBEAER GBS Bt M GIRAFIRY JREBE R G i thadansldor

example, an ambient temperature of 71 degrees Celsius or more).
Additionally or in the alternative, 30 it may be desirable to obtain a

luminancefegroase@fptienPang! ablrw, ambigsinteBpRIaHIAR thatifiel” means

comparable in speed to operation of a conventional panel at normal

TorempdhiftuiRiEYsHeqet 41 RacaiRhoRididRS SerdrmdRsentabelanar’ means
achiewesh Bojerplagtionfoimdaytichdsy stdchigtyankian Hiwmenatbas tat are
ma)évt\{f 20%‘7/'0?22{6; I?C{'(I;/EPEOC@@SE%OB 17 also %ﬁgci‘esﬁgb e to ss. The
obtamn 4 PATE @h GG Phite 266 AfsTRARGd Gsre
meterjn& fishbeiameiait/roay a0 hebstnfigiiredffo dnslddinsmalier repnelsce to an
InStERdt 34l HP RS "BV 2 SlogenR dBSaRIo0 LA SRR S e, with

20 “substantially on” indicating an output within 75% of this level, and the term

“substantially off” indicating an output at 25% or less of this level.

Applications of embodiments include the use of fransmissive or
transflective display technologies in extreme temperature environments. For
example, such applications may include the use of display panels, such as

25 LCD panels, having a diagonal dimension of 17 inches or more. Such a panel

' may have a resolution of 1280 x 1024, or 1600 x 1200 pixels, or more. It may

be desirable to operate such panels continuously in ambient temperatures
exceeding the clearing temperature of the panel (for example, an ambient
temperature of 71 degrees Celsius or more). Additionally or in the alternative,

30 it may be desirable to obtain a luminance response of the panel at low ambient

temperatures that is comparable in speed to operation of a conventional panel
at normal temperatures, such that an acceptable video performance may be
achieved. For applications in daylight or other high ambient illumination, it may



or less. 5 With the LC materials used in today's state-of-the-art large-size
panels (for example, having a diagonal dimension above 17 inches),
clearing effects begin at a temperature of around 70C. While this
WIPBAEHATS IS a minimum LCD glass temperature for the efféet f’Bgiposes
clearing typically starts at an ambient tefiiperature of much less than 70C,
due to self-heating of the LCD 10 display. Because of heat generation of

the backlight and the driver electronics, for example, a current

statgrQf-HaeaalitfblR thsminiysusieringrfim R of WOIEIRYAM00 nits (candelas

performance may be perfectly acceptable in normal use, it is .
una@@é%@éﬂf@%ﬂic&mhgdm@ﬁ\%mﬁ&%%i@ﬁ%ﬁ*%fﬁﬁéﬁéﬂﬂ%ﬂde smaller

extrgmRss iftEeint AR aaGhnrelo KanH G iR ddral RRnehklslde USHot 2 inches
metal frames on 15 the display and thermally connecting the backlight to

the¥ lBSfhes. FIGURE 2A shows a cross section of a display assembly
5010 according tiedrCembeains0ted thetddvgriiemtene hemaralightize panels

e T A SR S e e
curresgistateaokthpeastinackfightingd200t€: hvetdigiekisfderapanaples &s @ minimum
|d-cathqde fl tl CCEL), hot; cathode fl t
e s R A e R e e PRl s D B s at an
assamblynh@rhpeltaﬂergmmctﬂifmmafoli’)@é@sm Hwetﬂ:@@_&m bfue LCD
1P' r%?’sﬁgége'h@AHGs&’Bﬁﬁ%‘t’ég%%@tﬁﬁ%ﬁtf@ﬁ%&i&@ht% Qﬁé@ﬂ%‘%&&romc&

only o r more LEDs o same color. In other Cases, 25 a light source

10 riesysivelonle L EDBIGRAKTel@iat dolorsaif bR paltsrige oseattn dippes at 55°C.
singjgilie- NN SHERIRE AR F U HERESAYT SR IAGIHORS KB Te8E, it is

and blue LEDs. In another example, some or all of light sources 10 are
whiteeetspiabirdanagetications nendsmcestsrbhighpitemperature extremes.

imp@m%ﬂﬁﬂﬁgréﬁ&%@fﬁb&b&%@ eve oWl RaHg MBtHISrames on
5to0 100 30 watts. It.maﬁl‘ be desirable for light sources 10

range of from
180 preRHERAH R TR R 260 B8 BaRkieRy e LipsbleaBies.
delivering RiguRMRARERWS aNcesigesticliphtopridi sl sisseliably A3 0 according
SO B 20O S 00,100 RSO I e
guide BianAsatbavighin FI@YBE £ach of these light sources may be implemented
as a device according to one or more current state-of-the-art backlighting
20 technologies: for example, as a cold-cathode fluorescent lamps (CCFL.}, hot-
cathode fluorescent lamps (HCFL), or light-emitting diodes {LED). The light
sources 10 of a display assembly may include LEDs of different colors (such
as red, green, blue or red, green, blue, white). In some cases, each light
source 10 includes only one or more LEDs of the same color. In other cases,
25  alight source 10 may include LEDs of different colors in one package or even
on a single die. In one such example, each light source 10 includes red,
green, and blue LEDs. In another example, some or ali of light sources 10 are
white L.EDs. Taken together, the light sources 10 of a typical implementation
of assembly D10 have a total power dissipation in the range of from 35 to 100
30  watts.
It may be desirable for light sources 10 to provide sufficient light density
to create a backlight capable of delivering high luminance in an edge-lit ilight
guide construction. As shown in FIGURE 2A, light sources 10a, 10b are



light sources 10 are arranged along two opposite edges of light guide 60

at a desired spacing (e.g. from one centimeter or less up to 10
centimeters). Further implementations of display assembly D10 include
wRanERgnts in 5 which light sources 10 are disposed along"6hE-BH§atEF
along more than two edges (e.qg., four Idt@ral edges), of a light guide. For
example, the portion of light guide 60 that delivers the light to LCD panel

50 (e.g., exit plate 60c as described below) may be configured as a

wedge, faldtd!lnminaies ippeiIthentu e sgleegomts 46 Insemevn in FIGURE 4,
embodiments, the wavelength or wavelengths of the light e 1tt %bﬁfaﬁ% ¢
soutgBk sy Eed dPtAIRAARBAGS ﬁ@ﬁgaz&ﬁe%@%g}%g%%ggw? 6B t 2
10 ayEaea t@éhﬁr:@w@arﬁdmh@\éligbhﬁ&@m Iaging IYstem10 centimeters).
requirement such as U.S. Military Specification MIL.-1 -85762A or ,
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sfiltermmayidie Sowsed itthedighippati(elongirolight dyide6alang/motChan two
panel 50) such that the spectrum of the light trapsmi panel >0
is aﬁé%%%&@m%%&i%@a?h%é e%‘e?ﬁﬁa@&é@ig gSOﬁ?ﬁn%h@%%ac#é%on of
lighligisugeéd2068 thatrdaliyersuble dightath é4tSimane 166afeq atexiieplater 60c as
of display.a | in.thi t, y I .
e R B e o the
resistieheelggistdbetween the light source and the heat sink. The term

19, thermally, coupled” é‘#ﬁgd?}ﬁﬁé}&éh%a‘%@t DEBreDRFBIHRMSEAICRY light

the light source is conducted to the heat sink. The path of low fotal

thewmaitad diythinbt sauscricilR@riierdransmittasiieikctharark alkhnight guide
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example, this path typically includes a metal core aving a copper
lay PR FRRENNEUCR AR SoRiebdilitery, ﬁ%‘?ﬁﬁ%ﬂfﬁfé%ﬂ&&ﬁ%ﬂ er %Eaifli]g's-m"

therspally copeestvenst RiBEtsicathednalating banskicaidnaind/or fitees may be
layer that may be mounted directly to th at sipk. Far.a fluorescent

1B B O D 0y L) FRRCD A bt AR rs et the
thatspeiteaimhdahgdinatateddnyitted it anphisainbliidadidouttedabnsinkiengths

directl 8r t\Qa ag(?gmi[ é%rma{{g/ e criuctive structure. Each heat sink 20,
Whigﬁ Hus(y ROTEE s an(%‘r other sst'ructures that increase the surface

area of thechehtlgihk $ourmatl fdndfaroahe coubpledttove peg7sodo 28 1ocated at

PCE%B@PQ&Q@&% assembly D10. In this context, the term “thermally coupled”

20 means the light source is mounted such that a path of low total thermal

resistance exists between the light source and the heat sink. The term

“thermally coupled” also means that most of the heat energy generated by the

light source is conducted to the heat sink. The path of low total thermal

resistance may include one or more materials that are thermally conductive but

25  electrically insulating. For an LED light source, for example, this path typically

includes a metal core PCB having a copper layer to which the LED is soldered,

an intermediate dielectric iéyer that is thermally conductive but electrically

insulating, and an aluminum base layer that may be mounted directly to the

heat sink. For a fluorescent lamp heat source, this path typically includes a

30 holder and/or a frame that collects heat generated by the lamp and is mounted
to the heat sink directly or via another thermally conductive structure.

Each heat sink 20, which may include fins andfor other structures that

increase the surface area of the heat sink for heat transfer to the ambient



19 environment, is fabricated or machined from one or more materials

having a high thermal conductivity such as copper, aluminum,

magnesium (for reduced weight), or an alloy of one or more such metals.
Baohdeatzsinik 20 may also include channels for circulation ofGhi@ates/009803
transfer medium (e.g., water). Each 5 hedBsink 20 may be mounted to a '
frame 80 of the display assembly and may be configured for mounting to
another structure, such as a console. In one example, each heat sink 20

is canfigryesdat, tﬁ??&!ﬁi&@é@'ﬁﬁnﬁ%&ﬂﬁé‘&%&'ﬁ\a&%”& RO T having

fins and/or be%g passively cooled (e.g., fan-cooled) or actively coole
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recta@éﬁfr and may_be a monochrome or color LCD display panel. In

this BI&! E@t?'ﬁ)ée{e?w@t@?réeﬁarneet\fmgiﬂw@@wnh @@y water). Each
emhieshngnis2a mmfme&@apmmbrwdwawa%mm&ﬁay and may

panel accordin o.some other 15 transmissive or transreflective
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techadiiggly opstethe other light valve, transmlsswe 20 or transreflectlve
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other coatings an r layers. For exam 0 may be ‘an-opfical

stackahetegihg meﬁi&hbﬁé@ﬁﬂ hfcuthairatesinGsnisldek imtyically rectangular
| | |
ayeWBQ%J%Haﬁa%hP@ﬂs R0:B18Y L 25l eparfér Ofr‘i \?ﬂ%%%%ﬂe LCD

colllmatlon oil, and/or a dual brightness 25 enhan ement fi
RS R mnsnisaivel disriay calis Brothsriamkagdimansa: atiensreflective

behwmh%%mﬁw%@wém akeiel SEren Yaha HeBbRNN efaptsfcﬁ«he other
stack. Thermal barrier 70 is dlsgosed to thermally insulate LCD panel

G oniransRigeNerRbdtEH M?cé@ciwgﬁasboséywﬁntﬁéaﬂoiognes include
genaciasl 'me@fhemﬁﬂ cempaentranbiioe Y EFReRps D Widsuchnasia (STN),

power an circui barrier 70 has one or more
e Pe R R PRy B B R, VEORARIREREN: (MVAY, in-
congimtivitpwiichres file8)lasmdr ofitemlcompensating-bend (OCB). A panel

according to another LCD technology or some other light valve, transmissive,
20  or transreflective technology may also be used.
Panel 50 may also include one or more cther coatings and/or layers.
For example, panel 50 may be an optical stack including one or more anti-
reflective coatings, index matching layers, and/or polarizers. Panel 50 may
also include a color filter plate, a collimation foil, and/or a dual brightness
25 enhancement film (DBEF). In some implementations, panel 50 inciudes an
EMI shield in front of or behind the LC material, and/or a touch screen at the
front of the optical stack.
Thermal barrier 70 is disposed to thermally insulate L.CD panel 50 from
heat generated by light sources 10 and possibly from heat generated by other
30  components of display assembly D10 (such as a power supply and other
circuitry). Thermal barrier 70 has one or more layers, each made of one or
more materials having a low thermal conductivity such as fiberglass or other
fiber, or Styrofoém or other foam. For better thermal isolation, it may be



fiber, or Styrofoam or other foam. For better thermal isolation, it may be

WO 2007/042267 PCT/EP2006/009803 20 desired to use a closed-cell

foam rather than an open-cell foam. In one example, a sheet of a
paiyupethiams foam such as FR6700 aircraft foam having a thiekn@sso0é/ 9803
millimeters and roughly the same surfaceggymensions as LCD panel 50 is
used. 5 Thermal barrier 70 may also be configured to fill other gaps within
display assembly D10, such as along the interior of frame 80. Thermal

barri incluge r r een the vari walls
or segcét?o?rrgs o) tr%@cligp%%%g}s&e;@b@%}ﬁd%?%?ag%\g rrgglooé)de pd?éir}:r?oaa (e 0 one
withigx@fiele L £ shasdeélcopalyireth s feamesitghoatdrRE7Rfhaiyoidé B&m having

are @%H%@sE'BW@‘FﬁWHI%Qt%?Q%ﬁ&"I%e‘fﬁﬁ ﬁé%%%%'%ﬂk&’%:@r{j}%%%ﬁ%ns_ as LCD

sources 10 are rear-mounted and cou to one or more
heatf§iARLSthis tifidsides are comparatively small and insulating them

snay have qmlyrshBMBgHiEHIveNae.oNaRE IEMaNGRURIGPIBY AP SRR EIL within

incluges one or more active cooling devices 15 arranged to actively

tranSRIAR SEMBIMIB AP (S SRS PR Siseivenrdrridranae RS- 76hrinaal barrier

activEpapalng dleyecgasiast R IS HARIRANSE TR fatldal SIde PR ons of
dew%e to.a \fvarmer smée&?f th? device, which js opposite to the natural

flow 'BEHUSPEYH5YCR M ROHCRRISISRE: HaUM @ &V etiiainiognich LCD
pumpafief BRamgplet Rasnaressiosbalth ahe#itexibamIEaloniRpR N Mewever,

including o more _heat valves), such refrigeratjon unit. Other

10 RIS e RRHRATN S RIS SO s dHhate degremunted and
that ¢nakéedsdof tne Pettiemeffecbdolafaiaplayhasserinks DiBacenrdingdes are
the ) lectric coolers 40 actively transf
noa ha s SNt RSB FEEE A0 e S o Al iepnce on
pan@leﬂ@flé'lfm‘&ed) to the other side of the thermal barrier (e._g., the side
on which NERNKSCBABNOBAE Gh i dEsCORE o ARBY a%b'g%gr@n (Tgevices

as one or more Peltier elements, which create a tempera

1dhenfErangppdairchivily benmerthrat awen fmpiibatbs Bfpanelsidec of thermal
PotesHiRleOILr a5te BeAYEXSIRAMGE d8FRBOIALIASHIIMAIERHHTES from a
to remove heat from the LCD panel side of thermal barrier

colder side of the device t0 a warmer side of the device, which is opposite to
the natural flow of heat energy. Such devices inciude devices having a
mechanical pump (for example, a compressor) and a heat exchanger (for
20 example, including one or more heat valves), such as a refrigeration unit.
Other active cooling devices include thermoelectric devices such as devices

that make use of the Peltier effect. |
in a display assembly D10 according to the example of FIGURE 2A,
thermoelectric coolers 40 actively transfer heat from one side of thermal barrier
25 70 (e.g, the side on which LCD panel 50 is located) to the other side of the
thermal barrier (e.g., the side on which heat sinks 20 are located). A TE cooler
40 may be implemented as one or more Peltier elements, which create a
temperature differential between opposite sides of the . element upon
application of an electric potential. Other active heat exchange technologies
30 may also be used to remove heat from the LCD panel side of thermai barrier
70, such as a refrigeration device having a compressor and a heat exchanger.

Use of a refrigeration device may allow for more freedom in positioning the hot



70, such as a refrigeration device having a compressor and a heat
exchanger. Use of a refrigeration device may allow for more freedom in
positioning the hot WO 2007/042267 PCT/EP2006/009803 21 and cold
paiftssiiHe2device independently of one another, as compared(IIep2006/069803
Peltier device. Other promising thermoelegtric cooling technologies have
also been described, such as "cool chips" using thermotunneling as
described at 5 www.coolchips.gi and in patent literature cited therein.
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any of the other technologies 10 appropriate to cool down an LCD panel
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The LCD panel may be too big to cool, and the heat transferre the

PeltfiPeISHRZHEMICESr 876 ROl B Sk Avaihian therissl BhrHercoolers 40

betvyeradhehl<LEhaBehnE RNV RNEXPRE S EivecFMADARVABIBE disclosed.
However,gag%ga .klight power is not ne l[(ig%ible,‘and the heat generated by
%

the backli BEo AP FHaARSETR Wit NaMei5E: 8Bnhé bt RARe! is cooled
existifih) aotive mootiog: teetitiefogiemdriamer 8Byisaanfigunad astneedechitologies
over exposed elements of displ ssembly D10 /or to provide other .
1%uaﬁ?@£ r{ﬁtg ggs%or% yog‘ﬂ]c @g%%?r% ot f,%ihl ,IBWeﬁ%ﬁE@ﬁ /8P'y with
eIecﬂeﬁm‘gﬁet@imﬂ&rthﬂanneﬁ(@,ﬁﬁstﬁe@m@ezltamer&i)ah#yd:)expense of a high
COnNSHAIBAPAIIRLY AR RRABHRI YRS o 31188l S IR and the
The front portion of frame 80 may inclu ea%ezel p(%tlon covering a
perifiratiransiemegabi(IBo Retishelemente GUR BT Ctiate kaviple) the panel. A
SuchR Ase deffiey RRARRIANI eIt HNe Mt NEMIRET Give some

metal bezel for strength and EMI shielding, although it may also
1Yespa¥rMageoniRWEYRE B8ehasigittitRaey st eehdeaisidetoandthe heat

 pangkh@rated ByameRCH iﬂ%@&@@%&@ﬂlﬁ.’ﬁ@'ﬁf&ﬂ§?@&eﬂifﬁoﬁ le&8 some of

panel 50 and/or from angther portion of frame 80. Light guide 60

tranPoRETYI BrOUECOQIR2IgRPeB9ES 10 to LCD

| Frame 80 is configured as needed to cover exposed elements of display
assembly D10 and/or to provide other qualities to the assembly such as
20 strength, rigidity, low weight, and/or electromagnetic interference (EMI)
shielding. Frame 80 may be constructed partially or substantially entirely of
sheet metal, for example. The front portion of frame 80 may include a bezel
portion covering a perimeter of LCD panel 50 (as shown in FIGURE 8C, for
example). In such a case, it may be desirable to configure frame 80 to include
25  a metal bezel for strength and EM| s'hielding, aithough it may also be desirable
to configure the bezel so that it does not conduct heat to LCD panel 50. For
example, the bezel may be thermally insulated from LCD panel 50 and/or from

- another portion of frame 80.
Light guide 60 transports light produced by light sources 10 to LCD
30 panel 50. Light guide 60 is edge-lit on one or more edges by light sources 10.
In one example, groups of red, blue, and green LEDs are arranged along each

of one or more edges at a desired spacing (e.g. from one centimeter or less up



30 panel 50. Light guide 60 is edge-lit on one or more edges by light

sources 10. In one example, groups of red, blue, and green LEDs are
arranged along each of one or more edges at a desired spacing (e.g.
franoeneseeittimeter or less up WO 2007/042267 PC'P/EP2086I003808109803
22 to 10 centimeters). In other embodim@ats, a curtain backlight may be

used (as shown in FIGURE 1B, for example). As shown in the cross

section of FIGURE 2B, light guide 60 may be configured to have several
sections. dBHRRASAPIR AP IRBHRATERRIVING P BHRRIBAR ISay be used (as
arranged to receive the light produced by light sources 10a, and an edge

of SFWIVIRG Yektith HBe™ ¥R to receive the light produced by

light sourcas LAbwhRaghtt teRyarsRassectaayedb andiRid suaEaBoeshay be

to conduct the light from the corresponding receiving section to exit plate
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sconfigetiedl 80d0snspdfgea sneetnltiegsee progleckomytighieanal«d te, and

I he | | .of it plane. | be desi
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isolégibhdoevesr the dtlaEhalf tHeDrpaseddGactibhgBGinarce 00 iOdnainged to

implementations of.a transport._section.(e. s illustrated in FIG 1
e SRR AR SRt SISOl GAhie Sbe. s

consigaveito IGUIRE 24etiretratispistisentisft 6 Ol amih &fdrmeay dus doefigured
| S |
o o e e P e o

LCihgaransa), gicksisiitimiasae Brineorbarienindiate ksrlen@ ipnsdrsections
opticaladhesiue.pD diefRUe X MRaINAdAY BRbrRsRBBIs AT BRRIRIAISEPBYge of

which exit plate 60c maﬁﬁtl)?e made include alicyclic structure-containing

polyrfet RaMss SOcAN ¥htbsaverRSpoRm&thEhdmpsyreRistiens of a transport
hydsaeagrO R VARETRIseEM: iFEFIGUREN 85 rig)ypreibdmetasiidiabrupt 90-

(PMMA); and polyolefin resins such as polystyrene 25 resin. It may be
18esHEB1EG Yt plate 60c to be made from a material having an index of

refraction gbdeashig$@ddsl ddnflgurey alsphedesisabissipregistalRiedhDef the
to have propertes such as low thermal candiictity dior e SIEIanes 0 ougniy
the same surface dimensions as LCD panel 50. Exit plate 60c may also be in
contact with LCD panel 50, possibly via one or more intermediate layers (e.g.,
20  an optical adhesive and/or index matching layer).

Examples of materials from which exit plate 60c may be made include |
alicyclic structure-containing polymer resins such as norbornene polymers and
vinyt  acrylic  hydrocarbon  polymers; acrylic resins such as
polymethylmethacrylate (PMMA); and polyolefin resins such as polystyrene

25 resin. It may be desirable for exit plate 60c to be made from a material having
an index of refraction at least equal to 1.41. It may also be desirable for exit
plate 60c to have properties such as low thermal conductivity and/or resistance
to clouding from ultraviolet radiation.

Exit plate 60c may be patterned, printed, etched, molded, tapered,

30 and/or faceted to provide a desired distribution of the illumination across the
back surface of panel 10. For example, such a pattern may be on the order of
10 o 100 microns. In one example, exit plate 60c is implemented as a PMMA
plate having a back surface that is printed with an array of dots and a diffuser,



Exit plate 60c may be patterned, printed, etched, molded, tapered, 30
and/or faceted to provide a desired distribution of the illumination across

the back surface of panel 10. For example, such a pattern may be on the
Fr8&PGTILRGHb 100 microns. In one example, exit plate 60c is ¥y se3
as a PMMA plate having a back surfacedbat is printed with an array of

dots and a diffuser, WO 2007/042267 PCT/EP2006/009803 23 a

brightness enhancement film (BEF), and/or a DBEF at its front surface.
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may be made of the same material as section 60c (e.g., PMMA), such

that sectiols%H0ase m%%&%%ré&%éﬁn@wq)’(@o@f@\ﬂﬁﬁrwbﬂq&ﬂﬁtaﬂ may be
single gpdRiBuRis sheebdaiffinrerrgetonaidight HigeR0 tmauéﬁ%ﬂgured to

different surfaces (e é @%1 surfaces to prom C}e internal mlxmt? vs. a back

surfBREELBIHEE &hilGofP9tR ol ihe SioSXERRIRCEYCIh SESURRSIZIAY De
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< PR NE o SRR SVan RPN, ol bt MRk PR Stbie same
Wa"maﬁa's'd@wmﬁiadﬂfﬁpl(mgg PdlithpsEthfteesedtioasiéidswcag be molded

enhancefgicz ’é}%rgp?crtr%r Eﬁ%l?% gl%@%f‘égj%mg Me%?R film, 3M

Corp % atlng or ot eposmng a chromium
layer on trfétffmentsnsﬁamwﬂi@Isitrgumeﬁﬁrh@awlme different surfaces (e.g.,

surfaces to promote internal mixing vs. a back surface to promote emission

20 from the opposite surface). In a particular example, each pair of receiving and

transport sections of light guide 60 (e.g., sections 60a and 60b, and sections

60d and 60e) is implemented as a single hollow structure having highly

reflective interior walls. Such walls may be provided by lining the inner

surfaces with a foil such as enhanced specular reflector (ESR) film {(e.g.

25  Vikuiti™ ESR film, 3M Corp., St. Paul, MN) or by plating or otherwise

depositing a chromium layer on the inner surfaces of the structure. The hollow

structure may be made of plastic and/or a metal having a relatively low thermal
conductivity, such as stainless steel. '

Thermoelectric coolers 40 may be positioned in holes or gaps within

30  thermal barrier 70. FIGURES 3A-3C are views from the front of display

assembly that show three examples of relative placements of TE coolers 40

within thermal barrier 70. It is possible but not necessary for TE coolers 40

and thermal barrier 70 fo have the same thickness, and in some



structure may be made of plastic and/or a metal having a relatively low
thermal conductivity, such as stainless steel. Thermoelectric coolers 40

may be positioned in holes or gaps within 30 thermal barrier 70. -
RIGUREGIBAT3C are views from the front of display assemblyamatrshancesos
three examples of relative placements of & coolers 40 within thermal
barrier 70. It is possible but not necessary for TE coolers 40 and thermal
barrier 70 to have the same thickness, and in some WO 2007/042267
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barrier, 70 needed to connegt the hot and cold sides (e.qg., for the conduits
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of a set of pasigrRE0 £lsRAAAS: Rshd] Xr?é%ﬁ%?%%ﬁé&ﬁ%’é@&nmyl D10 that

variations of one or more of these basic elements are now described:

19ordiusizpiesielotive RiarRsmenis Sk beniceoisr sl apdrenelighepsirces 10
as desehbredesRiRg e2aiNs e aigeierighiesdonde fHlidanaRak the relative

ﬂg@%&éﬁﬁﬁi ﬁgﬁlmtgégg ggg{/%sqgggén%abngggngﬁgen't!‘hlfanlg:%sstsr-]seection
shown in FIGURE 2A is taken along the dashed line A-A shown in FIGURE 4.
Display assembly D10 embodies a combination of a set of basic
20  elements, and display assemblies that include variations of one or more of
these basic elements are now described. It is noted that each of the various
implementations of these basic elements as described herein retains the
characteristics (or the full range of altemnative characteristics) of the
corresponding basic element, unless the implementation is described to
25 exclude that characteristic or unless the particular characteristic is plainly
incompatible with one or more of the distinguishing features of that
implementation of the element.
in FIGURES 5A-5D, 6A-6B, and 7A-7B, components that are as
iilustrated in FIGURE 2A are shown without labels for easier recognition of the
30 differences being presented.
Many variations of configurations and compositions of elements shown
in FIGURE 2A are possible, depending on the particular design and cost
criteria. For example, FIGURE 5A shows a cross section of an implementation



25 exclude that characteristic or unless the particular characteristic is

plainly incompatible with one or more of the distinguishing features of that
implementation of the element. In FIGURES 5A-5D, 6A-6B, and 7A-7B,
companemtssthat are as illustrated in FIGURE 2A are shown watheit6/009563
labels for easier recognition of the 30 diffgyences being presented. Many
variations of configurations and compositions of elements shown in

FIGURE 2A are possible, depending on the particular design and cost
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front bezel, and each heat sink 22 may. include fins located at the bac
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separator 90 may be implemented as an insulating ring or gasket
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frame portions. It may also be desirable to provide on frame _

apghcatzon, mate%als suitable fror thermal separator 90 may include plastic,
rubber, or neoprene. In a case where electrical coupling between frame
portions 82a and 82b is desired (e.g., for EMI shielding), thermal separator 90

20  may be made of an electrically conductive material such as conductive rubber,
or ancther electrical coupling (such as a ground wire) may be provided
between the frame portions. It may also be desirable to provide on frame
portion 82b, rather than on frame portion 82a, any tabs or other structures for
mounting the display assembly to an external structure, such as a console or

25 rack, which could serve as a source of heat energy.

As noted above, many variations of configurations and compositions of
elements shown in FIGURE 2A are possible, and variants including any
combination of the features described in FIGURES 5A through 5D are
expressly contemplated and disclosed. For example, FIGURE B6A shows a

30  cross section of an implementation D15 of assembly D10 that combines the
thermal separator 90 of assembly D14, the thermal barrier 71 of assembly
D12, and the heat sink 21 of assembly D11. FIGURE 6B shows a cross
section of an implementation D16 of assembly D15 having an implementation



portion 82b, rather than on frame portion 82a, any tabs or other structures
for mounting the display assembly to an external structure, such as a
console or 25 rack, which could serve as a source of heat energy. As
neteghatiezesmany variations of configurations and compositibiE Ef2066/009803
elements shown in FIGURE 2A are possitie, and variants including any
combination of the features described in FIGURES 5A through 5D are
expressly contemplated and disclosed. For example, FIGURE 6A shows a

30 comsgrSReosAl 27 INRISRBRIIAR LY 31qEasERMPYRLLINRE assembly and

combines the thermal separator 90 of assembly D14, the thermal barrier
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20 A typical display assembly also includes a PCB that provides the drive
signals for the LCD pixel transistors. For example, this driver PCB may
receive an LVDS (low voltage differential signaling) or TMDS (transition
minimized differential signaling) signal and provide corresponding analog drive
signals to LCD panel 50. The connection from the driver PCB to LCD pane! 50

25 s typically in the form of copper traces on a flexible PCB, while the LVDS or
TMDS signal may be carried to the driver PCB by one or more twisted pairs.
Placement of this PCB within an implementation of display assembly D10 may
depend upon how much power the PCB dissipates. Typically such a driver
FCB dissipates about five watts, such that it may be preferable to place the

30  driver PCB on the LCD panel side of thermal barrier 70, rather than to place it
on the heat sink side of thermal barrier 70 such that the copper traces to LCD
panel 50 (which provide a path of low thermal resistance) may conduct a

greater amount of heat energy across thermal barrier 70. If the driver PCB



signals for the LCD pixel transistors. For example, this driver PCB may
receive an LVDS (low voltage differential signaling) or TMDS (transition
minimized differential signaling) signal and provide corresponding analog
Brie0usigsrals to LCD panel 50. The connection from the drivelPEB2{§6/009803
LCD panel 50 25 is typically in the form @7copper traces on a flexible

PCB, while the LVDS or TMDS signal may be carried to the driver PCB

by one or more twisted pairs. Placement of this PCB within an
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power the PCB dissipates. Typic fg such a driver PCB dissipates about
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video signal in anaﬁ@%r or digita DVI) format into an LVDS or TMDS
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a vesidrikéardispésy cambleatimm. Itltrmmalsksdn@eieﬂseﬂdotncnﬁﬂm@hﬁm display
diSF&@U as a thin client and possibly to include other functionality such as a USB
20 interface for enhanced connectivity and/or a GPU for enhanced graphics
capability. It may be desirable to isolate LCD panel 50 from circuitry 110,
which may have a total power dissipation in the range of from fifteen to forty
watts. For cases in which circuitry 110 includes a single-board computer
having a CPU and GPU, for example, it is even possible for the total power
25  dissipation of circuitry 110 to reach or exceed 200 watts. It is possible for the
total power dissipation of an implementation of display assembly D10 to reach
or exceed 300 watts.

FIGURE 7A shows a cross section of an implementation D17 of
assembly D10. Assembly D17 includes PCBs and/or other circuitry 110 as
30 described above. A finned impilementation 24 of heat sink 21 (or of heat sink
23) is arranged to conduct heat away from circuitry 110. For example, heat
from a circuit board or chip of circuitry 110 may be conducted to heat sink 24

via a block of metal such as aluminum or copper. '



CPU as a thin client and possibly to include other functionality such as a
USB 20 interface for enhanced connectivity and/or a GPU for enhanced
graphics capability. It may be desirable to isolate LCD panel 50 from
GWounty/a4eee7 which may have a total power dissipation in theP f2igB2ef6/009803
from fifteen to forty wafts. For cases in watich circuitry 110 includes a
single-board computer having a CPU and GPU, for example, it is even
possible for the total power 25 dissipation of circuitry 110 to reach or
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implementation of display assembly D10 to reach or exceed 300 watts.
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Implementations of heat sink 20 may include fins on all or part of the
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ambyipg SAKIDH BTERisdMBRNTS 03RRI AN e 1deshRE 9P} AlRALA Mrough
sing forced air. FIGURE 8A shows a back view of an implementation
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sidebyidanef RRGUNEIBB sisearsbly D19, the hot sides of active cooling devices

(e.g., TE coolers 40) may be directly coupled to vents 14.0. FIGURE 8C shows

20 a front view of assembly D19, in which a bezel of an implementation 83 of

frame 80 overlaps the perimeter of LCD panel 50. For a case in which frame

83 is metallic or otherwise thermally conductive, assembily D19 may include an
implementation of thermal separator 90 between frame 83 and heat sink 25.

FIGURE @ shows a cross section of an implementation D20 of assembly

25 D10 that includes a heat diffuser 160 disposed on the LCD panel side of

therma! barrier 70. Heat diffuser 160, which may provide a more even

distribution of heat energy, may be implemented as an aluminum plate

between thermal barrier 70 and light guide 60. In a particular example, heat

diffuser 160 is implemented as an aluminum sheet having a thickness of one

30  millimeter. Heat diffuser 160 may be configured to have roughly the same

area as LCD panel 50 or exit plate 60c.
Heat diffuser 160 may be in thermal contact with a portion of light guide
60 such as exit plate 60c (possibly via one or more thermally conductive



inlets 150 of vents 140, each having several channels for air intake as

driven by fans 130. Within assembly D19, the hot sides of active cooling
devices (e.g., TE coolers 40) may be directly coupled to vents 140.

G REN8CZsghows 20 a front view of assembly D19, in whichra berebiwfoo9ses
an implementation 83 of frame 80 overlaggg the perimeter of LCD panel

50. For a case in which frame 83 is metallic or otherwise thermally
conductive, assembly D19 may include an implementation of thermal
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withstand the temperature ra%\(ge to be encountered during O%Ieration of

the IyO AR SIS I8 ELBRCh &R TBIRIRSBRBEHIS BRIl Shrstaertly D10
andfeviaghsigbainkenidd tight sources 10, a substantially planar implementation

61 of light guide 60, and heat sinks 22. Light guide 61 may be implemented

20  according to the description of light guide 60 above, with the transport sections

being straight rather than curved. Such an implementation 61 of light guide 60

may be simpler than one as shown in FIGURE 2B, although an assembly of

this configuration may provide less thermal separation between LCD panel 50

and light sources 10 for a package of the same dimensions than one having

25 rear-mounted light sources. (In this context, the term “substantially” indicates
“at least to within a few degrees.”)

FIGURE 11A shows a cross section of an implementation D22 of

assembly D20 that includes fans 180 arranged to provide interior circulation of

a heat transfer medium (e.g., air). In this example, TE coolers 40 are disposed

30 along at least two sides of the assembly within holes in an implementation 73

of thermal barrier 70, which is also arranged along at least two sides of the

assembly. FIGURE 11B shows a cross section of an implementation D23 of

assembly D22 in which an implementation 74 of thermal barrier 73 and an



15 In some implementations of display assembly D10, light sources 10 are
mounted at one or more sides of the assembly rather than at the rear.
FIGURE 10 shows a cross section of an implementation D21 of assembly
BID2MavimIge3ide-mounted light sources 10, a substantially plBGEEP2006/609803
implementation 61 of light guide 60, andipeat sinks 22. Light guide 61

may be implemented 20 according to the description of light guide 60

above, with the transport sections being straight rather than curved. Such
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within LCD panel 50 and may be used in conjunction with an
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panel 50 and two conductive layers 210 n oppasite sides of a
Pt S maéaorxﬂms'ﬁw?%l%hwmn Tt biagn optical

adhesive such as silicone. To support external electrical connections, a bus

bar is typically elecfrically coupled to each of one or more sides of a conductive

20 layer. Bus bars 220, 230 may be made of a metal having low electrical
resistance such as copper or silver and may be concealed by a bezel.

In an implementation of display assembly including an optical stack as

shown in FIGURE 12, one of the conductive layers (e.g., front conductive layer

210} is arranged as an EM| shield. For example, the layer may be electrically

25 connected to system ground {e.g., via frame 80). The other conductive layer

| (e.g., rear conductive layer 250) is arranged to heat LCD panel. In this case,

layer 250 may be configured {o have a sheet resistance in the range of from

one to 500 ohms-squared (for example, in the range of from eight to twenty

chms-squared, such as sixteen ohms-squared).

30 An LCD panel operates differently than an impulse-driven display such

as a CRT, and the persistence characteristic of an LCD panel may lead to

artifacts in images that move over time (e.g., video footage). Additionally, the

response of an LCD panel to changes in the pixel drive voltage typically



60 is emitted through LCD panel 50 and out of the display assembly in the
direction from the bottom to the top of the page. Each conductive layer

210, 15 250 is made of a conductive transparent material such as
Waiamitm2andde (ITO), which may be sputtered upon supporfQiaEE2pEIt09se3
LCD panel is attached to rear conductiv@layer 250 via bonding layer 240,
which may be an optical adhesive such as silicone. To support external
electrical connections, a bus bar is typically electrically coupled to each of
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made of a metal,havir:]? low electrical resistance such as copper or silver
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response of an LCD panel to changes in the pixel drive age typica
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tempeladareahing PaRel URRIGARRS (8/8r IRraRHR198FeESCEISIUR AEMI shield.
Iessé. While a slow LC response time may have little visual effect for still
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healtieateh dvedvdingactesisivatitag iy éimmeryandebesitesiattdforaamgley (e.g.,
It 80% nickel and 20% chromium) or a mixture of metal and metal oxide,
20  Additionally or in the alternative, heater 260 may be implemented to include
one or more TE coolers 40 arranged to heat the LCD panel side of thermal
barrier 70 rather than to cool it. Heater 260 may be in thermal contact with, or
may even be mounted or deposited upon, heat diffuser 160. Heater 260 may
be in thermal contact with, and arranged to heat LLCD panel 50 via, exit plate
25  60c of light guide 60.

Several new LCD techniques to reduce motion-related artifacts such as
smearing depend on the pixel response time of the LCD panel. One such
technique, called “blinking backlight,” involves modulating the backlight output
by disabling the backlight when the LCD is in transition from black to white or

30 from white to black and enabling the backlight when the L.CD is in a stable
position after the transition. Assuming a refresh rate of 60 Hz and a backlight

on-time of 50%, such a technique would require the transition time to be



may be desired to mount a touch screen at the front of the optical stack

and to include only a rear conductive layer arranged for use as an EMI
shield. FIGURE 13 shows a cross section of another implementation D24
Wa2eEM3RF7D10 that may be used in such a case. 15 DisplRF-AS5EABRLI803
D24 includes a heater 260 disposed on i LCD panel side of thermal
barrier 70 and arranged to elevate a temperature of LCD panel 50 above
the ambient. Heater 260 may be implemented as a resistive heater
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80% nickel and 20% chromium) or a mixture of metal and metal oxide. 20

AddiERRRIEITRY R aRerRativiel bt Be0-mRyBe miyehiemearesure.

include omeaRIOreIBEsREAISISxAMhplEaNgashiel heainBad lapneksidRer time
of thermal rrier 70 rather tha to COOJB? Heater_260 masy be in thermal

cont QTIPS MRRIABER ur‘ﬂ@gi HEPBEd S Tpbh) eaRirgEve signal
5160ndtaaies 8EAgtaN ﬂammmlaewmﬁlmtéaom'émm@ﬂv%m@%démbewd to have

| 50 I Oc of ligh Sy |
oo ITE0: PERRRSER iTIAL B s T e SRVt paRplots for
on tihe pixpbsésteanssitiime dhtbajbflia pamemzarm ;semﬁmnmmeemlmhﬁeen
R A e a0 (e P AL B Rt e

the bac ransmon rom v\/h eor
whdw%ﬂﬂhtmamd)embﬁngleldeawmmghnnvhl@i&t&&@ﬁlilﬁlnlassrtatslﬁated in this

(0] t I’ r S

ool e B R IR OIS R R e va
tuméh% M@QOQWM@%WP@W@ME@@@%@I@@ r%maémeoaésgarance of
tha@t@& millisesandschoreHlER Ltﬁe%%@(l@ﬁ aHﬁh@{é?é’QsBeaEBF@a%es the

only e possible when the LCD has a high temperature. FIGUR
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andidmisaflastiadedsigribito be displayed by the panel. Such a technique allows
the use of LCD panels without color filters, and under ideal circumstances the
20  power consumption of the backlight system as compared to a conventional
display can be divided by three for a given light output. However, such a
technique reguires the LCD panel to operéte at a frequency of, for example,
three times the frame rate of an RGB video signal to be displayed (or four
times the frame rate for a video signal to be displayed as RGBG). For
25  example, to achieve a nominal video refresh rate of 60 Hz for an RGB signal, it
may be desirable to drive the panel at a frame rate of 180 Hz. For the LCD
panel tobe successfully driven at such a high rate, the rise and fall times must

be very low, requiring an LCD panel! operating at a high temperature.
The thermal isolation provided by the thermal barders of
30 implementations of assemblies D10 and D25 as described herein allow for
more efficient heating of LCD panel 50 than techniques currently known in the
art. By thermaily isolating L.CD panel 50 from light sources 10, for example,
such implementations may suffer less of the heat loss to the ambient
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10 figure, the pixel response time slows with decreasing temperature such
that the backlight duty cycle must be reduced to achieve the same
appearance of stability. Unfortunately, reducing the backlight duty cycle
AE2BEEHASES the brightness of the display. New LCD techiiglidg1g6/009803
reduce the power consumption of the badklight 15 include the use of color
sequential backlights (also called "color field sequential backlights"), in
which the various color fields are displayed separately, and the LEDs of

the gAUIRSAPRAING RAGNODE SR HSS-BFLYEERA i8R RIRlYe IRE&RENOf the panel
frame of a video signal to be dlsplaglgg by the panel. Such a technique
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implementations may suffer less of the heat loss to the ambient .
2oom&92%ﬂ6@a@¥>é@d&m@@@she@@mm{ﬁﬁeﬂsﬂ%tc‘rﬁas%tc&afgﬂ fixed vs.
priofrRikifRCimdgiess where heating of the panel also causes heating of the

light sources (with subsequent conduction of the heating energy to the
%xternal heat sink). Thus the isolating techniques described herein

represent &GArRBIINY sacvsodeqy tarexpphicisiarfsath modiullatiod tighiniques. In
output.of light sources 10. Such lications includ dulation of

the BT SR o SCHP R S DN SR Ar LA (e i oreen, and
sigrialiseofidel GBupxei lifor sxarvie] @ watrenmoctildaian g iency that is one-

third of the frame refresh rate of LCD panel 50 and at a duty cycle of one-sixth.

20 In a second example, backlight control signals D drive each of the red, green,

and blue diode groups of light sources 10 at a duty cycle of one-third. - Any
other _duty cycle is possible, and different groups may be driven at different
duty cycles (which may be fixed or variable). In each of these two examples,

only one group is driven at a time. In a third example, backlight control signals

25  E drive each of the red, green, and blue diode groups of light sources 10 at a

modulation frequency that is one-fourth of the frame refresh rate of LCD panel
50, and during a part of each modulation cycle more than one group is driven
at the same time. In further examples, image).different diode groups are

driven at different modulation frequencies. Refinements to such modulation

30 techniques as described elsewhere may also be applied, such as distributed

frame addressing, different illumination phases for different colors, and
adjusting relative duty cycles of the colors as the respective LEDs age and/or
as their operating temperatures change.



implemented as pulse-width modulation (PWM) of the driving signal or
signals of light sources 10 at a modulation frequency that is related to the
frame rate 10 (e.g., the frame rate may be an integer multiple of the
rsdeiatibiiéquency). Such modulation may follow a fixed de@@pelearossos
a variable duty cycle based on one or mg@ge factors such as temperature
(e.g., as sensed by temperature sensors arranged as described herein)
and/or signal content (e.g., fixed vs. moving image). 15 FIGURE 19

shows sevg%g%%@p@%&@{@ﬂ%ﬁg% Eilggﬁmuaesssg&b@f@ use across a
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assembly for use across a range of hot and cold ambient’environm

13 nddRPRmeARR0Rs Sraigaa AEeaershilp Chermalinisalaéec dheppamiengom an
of aaphbiditechertingrant aniye seRriBERPGRSE BIRSISNIRS BAGHLS SR a light

are expressly_contemplated an hereby disclosed. Such an
imp%u gn?g{?@lg%%wﬁﬁ%%%u@mg%tggr{%%soume info the chamber and fo
distribute the light across a back surface of the panel. Such a display may
include one or more active cooling elements configured to remove heat from
20  the chamber. Alternatively or in addition to the active cooling elements, such a
display may also include one or more heating elements configured to introduce
heat into the chamber.
One embodiment may be described briefly as a display with an LCD
panel which is located within a thermal isolation; and a light source outside the
- 25 thermal isolation, the light being coupled in through holes in the thermal
barrier; with the inside space of the thermal isolation being cooled and/or
warmed up actively. Other arrangements that include the feature of the light
guide passing through the thermal barrier are also contemplated.
FIGURE 14 shows a block diagram of a disptay assembly D25
30 according to an embodiment. In assembly D25, an implementation 75 of
thermal barrier 70 is extended to form a chamber enclosing LCD panel 50 and

isolating it from an ambient environment.



arranged to detect internal and ambient temperatures and a control

system to control the active cooling and heating elements accordingly.
Glass has a thermal conductivity of about one watt per (meters times
Q8% KElYTn). Exposure of the large surface of LCD panel BOX@P&flaf09s03
10 optical stack including LCD panel 50) 3 the ambient environment may
thus reduce the cooling efficiency when the ambient temperature is high. It
may be even more problematic in practice that such exposure also tends

to reduce “T‘ﬁeh%ﬂﬁ%go?fgﬁi%ﬁ%ﬁ%?@ (Fs %ﬁ%ﬁl@@&tsﬁ%ﬁfa\;}‘é%é%@fy having a
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D25 30 according to an embodiment. In'assemb
impRifkerflGaalged ApEndiiianiés sk eieeirlion i@foimpieareniaion of heat

enclpgingekGRe 8%5%35%&0@t'%ﬂ5{”8m%%P'ﬁiﬁt@ﬂﬂr%me% thermal
WO 2007/04226 T/EP2006/009803 35 The ran%e of embodiments

19,1s I FHUHRREEA AT 2P & sEuHARI WA a theerAhANISH IdRdreavidor  uniform
chamhgjemaﬁéru@@mmag a thermal barrier (e.g., insulation), which is
mounted ?ﬁ%lé?d &%ga&ﬁeslq;?gah sa%gcg for_the backcl)lgggj Isto thermall
situated o llySsbta HELUEH thdise Y

insulate panel 50 from the ambient environment and/or from heat generated by

light sources 10 and possibly from heat generated by other components of the
20 assembly (such as a power supply and other circuitry). For example, the
thermal isolation may form a thermally isolated chamber that encloses the
display panel. The thermal isolation may inciude six walls arranged to enclose
panel 50, with at ieast part of a front wall being transparent to allow viewing of
panel 50. The sides or the back of the chamber contain openings to allow light
25 to travel from outside into the inside of the cavity. The interior of the chamber
enclosing panel 50 may have an atmosphere of air or another gas or other
heat transfer medium. The thermal isolation (e.g., thermal barrier 75) may also
include gaskets.or other seals between the various walls or sections andfor
may be molded to form the chamber or portion thereof. The transparent wall
30  portion may be made of glass or a plastic such as PMMA. While a plastic may
provide better thermal isolation, glass may be more resistant to scratching.
For even better thermal isolation, the transparent portion may be constructed
of layers of PMMA with air gaps between them.



5 heat-generating parts inside the chamber are reduced to a minimum.

The light from the light source of the backlight travels from outside and
through the thermal barrier, enabling use of a transmissive technology for
digpayr/maesTinside of the thermally isolated chamber can be BCHARE3106/009803
cooled or heated up with almost any co@#hg or heating technology that
exists or is to be developed, 10 and without needless losses. It may also

be desired to provide a system for making the temperature uniform inside

the chambey, 30ajf @ééémﬁiﬁg*?ﬂé’%%c?(ﬁ%ﬂgé’réﬁl B, 8.}4%1]%&%r§%hthermai

as circulation of a heat transfer medium (e.g. air). Alternatively or in
addirrpiatend? drciabidheenahipntatiaEneh bersat yosepesativp thedgront part
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be installed within the chamber to provide a uniform temperature
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PMMA. While a plastic may provide better thermal iSolation, glass may be
1%&@?@%{3@%@5@8&%@@@&9@9& pasehraihinssmEidpatiRr 70 and carry

trangieaiight ot @acnayEeteanstexatprhtef layers of PMMA with air gaps
between them, WO 2007/042267 PCT/EP20061009803 36 Such an

assembly a?é‘o?ﬁ%ﬁm%‘%mdré RSB RFO0% SfoFhspthermally
(e.gsaiatieer Tiadmsbéatiegying) tbetovel s fesatingethet&iait SRthe chamber). In

one embodiment, a number of TE coolers 40 (e.g., Peltier elements) are used
20 to create a temperature difference between the chamber and the ambient
environment.  Additionally or alternatively to the cooling structure, the
assembly may include a structure to heat up the contents of the thermally
isolated chamber. In this embodiment, one or more heating elements (e.g., an
implementation of heater 260 and/or an ITO layer) are used to create a

25 temperature difference between the chamber and the ambient environment.
The range of embodiments includes an assembly having a panel
enclosed within a chamber, at least one light source disposed outside the
chamber, a rigid and/or hollow light pipe (e.g., an implementation of receiving
and transport sections 60a, 60b as described herein) configured to conduct
30 light from the light source into the chamber, and a light guide (e.g., an
implementation of exit plate 60c as described herein) configured to distribute
the light across a back surface of the panel. Other embodiments include a



including the bezel (if made out of metal) and the back cover including the
fins to cool the electronics. Embodiments of assembly D25 may also

include one 5 or more of the other features of implementations of
Y4280 as described herein, such as temperature sen¥CFEBHY6/009803
control circuits, PCBs 110, and EMI shi€dd 100. It may be desirable to use

a light guide that is longer than in the prior art, to provide more distance

and thus more thermal isolation between the 10 edge of the LCD panel

and gaetighk saipge lshiowdemaking apaitsl® max dahBRdétsranged

In other embodiments, a curtain backlight may be used (as shown in
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panel enclosed within a chamber, at least one light source disposed

outs@aeftﬂ%r%mg{'%er@iaeéﬁaﬁaﬁiﬁéfw%mfgrﬁéluer@mawn across the back

implairebtagippapfgiesgiving and transport sections 60a, 60b as described
1{erein) configured to conduct 30 light from the Iight squrce into the

hamber, é?]?f‘lég IR SRERn %ﬁ%ﬁﬁ%rﬂ%ﬁ PrAAMIR OB degrees to
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to athgatesohbgiiciramagsyaging through such surface. In a case where colored

LLEDs are used to provide white light, it may also be desirable for sections 62a

20 to be configured to perform mixing of the colored light. For example, such

sections may be ftranslucent or include reflective, diffusing, scattering, or
distributing structures.

In this example, the chamber includes an implementation 270 of heat

diffuser 160 that is configured as an internal heat sink configured to coliect

25  heat within the chamber. Heat sink 270 may be constructed of finned or ribbed

sheet metal and may be blackened to increase heat absorption. For reduced

weight, heat sink 270 may be made of aluminum or magnesium. Heat sink

270 may also be equipped with one or more fans 180 configured to circulate a

heat transfer medium within the chamber. Heat sink 270 is thermally coupled

30 (e.g. via one or more heat pipes, which may be made of copper) to one or

more active cooling elements 40 that are configured to remove the collected

heat from the chamber. In one example, an active cooling element 40 is a

refrigeration unit including a compressor. In another example, a Peitier



to conduct heat outside the chamber. FIGURE 15 shows a block diagram

of an implementation D26 of display assembly D25. In this example, each
light source 10 includes red, green, and 5 blue LEDs, and light guide 62
isveareanyBd2rT several sections. Light sources 10 are arranged @iBRpéie/ 009803
edge of each of one or more sections 6288each being an implementation

of receiving and transport sections 60a, 60b as described herein. In one
example, groups of red, blue, and green LEDs are arranged along the
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fansp%%@lc%ﬂ%mﬁéﬂﬁ%iWJ'%Eﬂa’%eﬂeéﬁérrﬁﬁéfertﬂ@ddldﬂ}r\ﬁi'”&ﬁ?cm€ may also be

chamber. Heat sink 270 is thermally cou 30 (e.g. via one or more heat

1%)ipeROniigidiethiy %@'Hﬁ%%lé‘%@%@)r‘ﬂé'?ﬂb%ﬁé@?%r’é@@@\?@%'@orﬁ@‘?hes or falls
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o e T T 758 Py
200Z4pE226y PRT/ERARe6I0R08QT inciudes an implementation of substantially
planar light guide 61. In some embodiments, light guide 61 is constructed as a

20 single piece.

FIGURE 17 shows a block diagram of an implementation D28 of display
assembly D25. Light guides 62x are extended implementations of light guide
62a as described herein. Extension of a light guide 62a in this manner may
provide increased thermal isolation between the panel 50 and respective light

25 source 10. In this example, an extended implementation 29 of external heat
sink 28 includes one or more fans 280 and is mounted to an extended
implementation 85 of frame 84. FIGURE 18 shows a diagram with examples
of dimensions for a particular implementation of display assembly D28,

The range of embodiments includes applications of a new way of

30 making an LCD display that can be used in both higher temperature and lower
temperature environments.  For example, embodiments may also be
configured for use in low temperatures, such that heat is generated within the

isolated chamber. In a low ambient-temperature environment, it may be



38 element is used as an active cooling unit 40. In some applications,

active cooling is used to achieve a temperature differential of more than

10 degrees Celsius between the chamber and the external heat sink. The
obtlemteddreat is conducted (e.g. via one or more heat pipes)PiIToERNI06/009803
external implementation 28 5 of heat sing@®1 for dissipation into the

ambient environment. Heat sink 28 and the isolated chamber are

mounted to an implementation 84 of frame 80. Embodiments may include
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10 e e T EL R RS < E AU DR T G5 e oae front o

extéhdddﬁ&Wénf&Mnsmfﬁahghhgmm iffatias dzésmataeﬂa hwrsired to provide a

Ext [ | t o) crea

the |I;é0@.‘ ation Eetv%e%%ghe p%ngﬁ%ls% ﬁe@%c ve '{g % soﬁ?gg EBamber

In this exahiisiéorgeiRG: poRaE AN emeliaidasRais e rrshalineatssmkra8ided to

inClglgs|angngr ﬁé?é@rf%ﬂ%ﬁouﬁqﬂéséﬂo%nfﬂg@ 8r Gé?r{’ﬁgdpresent invention.

implementation 85 of frame 84. FIGURE 18 shows a diagram wit

18exaMffiieysomanifisaiiens for WpsptiemapiimseiseAtatpassitipprid the generic

assgmwl@ggﬁrﬁﬁérﬁéﬁgﬁé?éiﬁmﬁﬁﬁ'@@@ﬁﬂﬁ@@@@%ﬁm'%ﬁﬂélﬂeﬁt@eﬁ well,
way of 30 making an LCD display that can be used in both higher

temPBPAGHECRRd et sRIfhe RANRSerdfrosieRtTiBef or RetgiApIdNClude  avionic
embestinesiganey algg@p uprBfiguteehioi ushdn MRYCERTRREIHESMSUERpenser

thatrrpaec tlhseg?ggé g b“uFF‘Ss and beverage dispensers), and other situations
20  in which extreme temperatures may be encountered. Other examples include
applications in vehicles such as automobiles, helicopters, and armored
vehicles, applications in environments where ambient temperatures are high
relative to a clearing temperature of the panel, and applications in which self-
heating of the display is problematic. Further embodiments include methods of

25 image display using the components of a display assembly as described
herein, and methods for actively cooling and/or heating a display panel using

an assembly as described herein, which methods are expressly disclosed
herein by descriptions of the operations of such assemblies. Thus, the scopes

of the claims of this application are not intended to be limited to the

30 embodiments shown above but rather are to be accorded the widest scope
consistent with the principles and novel features disclosed in any fashion

herein,



isolated chamber. In a low ambient-temperature environment, it may be

WO 2007/042267 PCT/EP2006/009803 39 desired to heat an LCD panel

to increase its luminance response time. A potential advantage of an
akthguinee®in which the panel is disposed within a thermallyP{SoER2@6/009803
chamber is a reduced thermal capacitanck} such that a desired heating of
the panel may be achieved with less energy and, 5 consequently, less

heat dissipation to the ambient environment. Due to the lack of a low

thermal req{s@r}geggﬁ%gg}\g{%ga t%?%%@@g%@%@éﬁ%ﬂb%ﬁﬂ@&% specific

element can be much more efficient, enablin Ing or color

seqFOREHHsHERRgRRS iserfity tignsIpp el @p gietsialbwhavedeeptagiecussed
PaNPERIOFBIAAEEI G dONE ARG LIS RSB GFRRRNIMAIRSAL changes or

transfer, a heating.plate may be glued to the front of the LED panel. To

maifRAiGalen BdrimbANE ARPbRAEERLRads Hihaet depastihariiearine scope

ihe heatingiptats anfétmﬁsﬁmﬁ%@.awb darﬂwﬂgrgv_én &idee Cé}a@g!@gea h® methods
oregoing.presentation of the described empodiments is provided to
ena&%sﬁ§%¥§gﬁ%%?ﬁe%cﬂ?ﬂ@@%ﬁ8rm I%68HEMe present invention.
15 Various modifications to these embodiments are possible, and the
generic principles presented herein may be applied to other embodiments
as well. Applications of display panels as described herein include avionic
instrumentation display units, automatic teller machines, consumer
dispenser machines (such as fuel pumps and beverage dispensers), and
other situations 20 in which extreme temperatures may be encountered.
Other examples include applications in vehicles such as automobiles,
helicopters, and armored vehicles, applications in environments where
ambient temperatures are high relative to a clearing temperature of the
panel, and applications in which self- heating of the display is problematic.
Further embodiments include methods of 25 image display using the
components of a display assembly as described herein, and methods for
actively cooling and/or heating a display panel using an assembly as
described herein, which methods are expressly disclosed herein by
descriptions of the operations of such assemblies. Thus, the scopes of
the claims of this application are not intended to be limited to the 30
embodiments shown above but rather are to be accorded the widest
scope



consistent with the principles and novel features disclosed in any fashion
herein. WO 2007/042267 PCT/EP2006/009803 40 It is to be understood
that although preferred embodiments, specific constructions and

PGTWW ' as well as materialﬁg1 have been discussed herein for

CLal

devices according to the present invention, various changes or
modifications in form and detail may be made without departing from the
scope 5 and spirit of this invention. Steps may be added or deleted to
Mfethods described within the scope of the present invention.
PCT/EP200G/00g1303 41 CLAIMS | -A direct view display assembly

1 -A dimrigingdigpighbseuiasy adisgsaiystal display panel; means for

tQ‘?ﬁH@ Li‘ngél_lating the liquid crystal display panel from heat generated
by the |ghtrso'urce; means for transporting light produced by the light

soliiifeoystal filspid@oieche means for thermally insulating to a second

j t tk ingulaging; ide of

e o A o3 R ol g hoat

PRSI ERseaH88hlay panel, the liquid crystal display panel

besapdcoatrarendRiAERIRN SlRicRne MRRNBIPLAGRENHRIHRINE, of the
or thermally insulafing to a

f ler side of th
R CR T BERG  Aay REtae, F. iempape. e hermaly

warmer sid
dsplagirazsembly according to claim | further comprising: a heat sink; the

HahfsouLe [ Il led tg the heat sink: whereby the means
for activgeélgﬁlﬁg?nggéﬁg geﬁ}%egﬁégrggrc%r%”&%%éﬂsggw'cmﬁﬁ@sdfé\’/'ié’é’ wching
Q?Paﬁ@ea%r’fﬁsﬁ\l@m Ry Hatigweydnstatrdsteydmaystatidishiad crystal
RiEpehppdriel deiseistinatbRimal Yetiswpling,megns facing the heat

.Sink. 3. The dir?ct view disglag assembly according to claim 2 wherein
%eeaggtﬁ% actively transporting heat energy from a cooler side of the means for

thermally insulating to a warmer side of the means for thermally insulating,

The direct view display assembly according to claim 1 further comprising:

& heat gsink; '

the light source being thermally coupled fo the heat sink;

whereby the means for actively transporting heat energy comprise an active
cooling device arranged fo actively transfer heat away from the liquid crystal
display panel and fo a side of the thermally Insulating means facing the heat
-gink.,

The direct view display assembly according 1o claim ¢ wherein the acfive
cooling device inciudes at lsast one among (A) a semiconductor thermoelectric
device and (B) a refrigeration unit having a compressor and a heat exchanger.

The direct view display assembly according o claim 2 io 3, wherein the active
cooling devics inciudes a Peltier device. '

The direct view display assembly according to claim 2 to 4, wherein the

thermally insulafing means include a substantially planar layer disposed to be
substantially paraliel to the liquid crystal dizplay panel,

AMENDED SHEET



cooling device includes at least one among (A) a semiconductor
thermoelectric device and (B) a refrigeration unit having a compressor
and a heat exchanger. 4. The direct view display assembly according to

PCT/ERINGd®Izvherein the active caqling device includes a Peltier device.

10.

11,

S. The direct view display assembly according to claim 2 to 4, wherein the
thermally insulating means include a substantially planar layer disposed to
be substantially parallel to the liquid crystal display panel, AMENDED

ShiEHiFdeC Tk 208820 028l badiwralirgclyiemifisplay @Sﬁﬁ&b%aemb}y

accordl to c‘ 2 to the asseer comP #élng at I ast o e fan
HB% t@%‘*h B SR R GRHBHE 2 e Sﬁﬂéﬂ'{m%m on &

Birée kafithg: rmearmstfaansymtmg rfmeﬁnmmagt&amdy frofhenalineat viak

display assembly according to claim 2 to 6, the assembly comprising a

heater located on a side of the thermally insulating means facing the

TqaidisEiens Hignsahassmibly dirssrdiow Ssplaimssdmily theoreisnbly

é@rﬁk@t‘ﬁh’?gtg Reiep Riftae dReAaRll MISHRYRGMERN HRIRBRRNALE S Bicing

i}ﬁ\jmal msula the liquid crystal display panel from an ambient
& taRIAHREME5sembly. 9. The direct view display assembly

according to claim 2 to 8, Wherein the thermally insulating means extend

0 h tan urfac e liguid ¢rystal display .
ﬁ% %ﬁﬁ%é h%%l?%% |sp aysts{:e%m %‘n%c?ora 'é“t |§%§1l7 2 Yg@}/em the
thmr@ﬁeﬁy mméahmmmnammgfmmta@mw raesbati éhm ditjbirheystal
dReBeHSBK oAl W r hereby
t@llqwd c@rygtﬁe'lwd%zi)lay pa?itelg?(,? IS loc g{e%tg&r%g]sgé%%

thermal barrier opposite the first side and (B). 11. A method of dlrect view
mgﬁrétﬁpkawh@impodmmmsiagc@mﬁgﬂm 2ibeRt S0WECE ek Cihe

here ht source erma ats
e S SRS R o & Shsians Cmts it sgtaoes of
the dignit! Smet@f@f&pthﬁnﬁabbamer opposne to the first side; on the second
side of the thermal barrier, directing the transported light through a liquid

crystal display panel; and
Tha direct view display assembly according o claim 2 to 8 whereby:

the themmally insulating means are realized ag 5 thermal barrier: _

the heat sink is located on a first side of the thermal barrier and whersby

the Jliquid crystal display panel (A) is located on a secord side of the thermal
bartier opposite the first side and (B).

A method of direct view image display, the method comprising:
operating a light source to produce light, where the light source is thermally

coupied fo a heat sink;

transporting the produced light from a first side of a thermal barier fo a eewnd
side of the thermal barrier opposite fo the first side;

on the second side of ihe thermal barrier, directing the transported light through
a liquid crystal display panet: and

during the operating & light source, using at least one aclive cooling device fo
actively fransport heat from the second side of the thermal barrier to the first

side.

‘AMENDED SHEET



during the operating a light source, using at least one active cooling
device to actively transport heat from the second side of the thermal
barrier to the first side. ' AMENDED SHEET PCT/EP2006/009803 43 12.

PCTAEIDBES-display assembly acggrding to any of claims | to 10, wherein

12.

13.

14,

15.

18.

17.

the means for thermally insulating comprises a thermal barrier, the fight
source is located on a first side of the thermal barrier, and the liquid

c?;%*f&paiéﬁwiwﬁm wsecakbi A degdaciiebrirbn drinal awherein the
oneaitRMBdibdmsansinsANIRYL0 JansmiblignRiPdHSed Ve ifcs i

I'%ht sa}urce, he direct yiew displ%assembly comprising one of more

At IRE fiehmigenaies iBrestiagmmaRhtivom the igwe souetd wisplay
thenkt|isdoerytsial shisplagpanebRidon ieatRelanated PR SEEARHRIGRA sids

or b o i clie] | .
PR R e R e BT TR el et view
fﬂiéﬂ_ﬁﬂjﬁﬁw Grpiakgbamhel with respect to a temperature of the

srbiankeRy AR ahih e RRSEMlmAL N SRy IO AP the ight

assembly acqordin% to claim 12 to 13, wherein th is'dispose

QUIRESH the Hiauie eryeta) Yy RsasbPaAd the thermal barrier. 15. The
dileataidvestisplon teseaidybsry ginaduriamlRaiedd, wherein the

heater comprises a layer in an optical stack that includes the liquid crystal
display pan.el. 16. The direct view display assembly according to claim 1

ida slingticrishy tistight cssarcblinehdesing leastane 1Rhwasingdiogeter s
LRSS P SURRESH lLcuit igured dulate a light .~
output of the fight-emitt?n?Ea 10 (Eg{alitﬁ % ﬁo@tﬂ%%{ﬁrgi%ﬁ%ﬁ ospt%ﬁ ﬁr%%%] é""th

fPER%Sh g fFmReTRILIG oF R Pabing pafrenmnatah thesassmelyer

greater than zero. 17. The direct view display assembly according to claim
16, wherein the control circuit is configured to vary the output of the
light-emitting diode at the modulation frequency from substantially on to

Hup stepetakieoff dipieN BES S HIF ETRAMEPROGEHPIIBDIA4 3, wherein the

heater is disposed between the liquid crystal display panel and the thermal

" barmier,

The direct view display assembly according to claim 12 fo 14, wherein the
heater comprises a layer in an optical stack that includes the liquid crystal
display panel.

The diract view display assembly according to claim 1 to 15, wherein the fight
sowres includes at least one light-emitting diode,

the assembly comprising & contro! cireuit configured to modulate 5 light output
of the fight-emitling dicde at a modulation frequency of 1/n times a frame rate of
the iitjuid crystal display panel, wherein n is an intager greater tﬁan Zero,

The direct view display assembly according to claim 18, wherein the control

cirouit is configured to vary the output of the lont-emitfing diods at the
modulation frequency from subsiantially on to substartially off,

AMENDED SHEET



- 1&. The display direct view assembly according to claim 16 to 17, the
assembly including at least one light source, wherein the at least one light
source includes a first diode configured to emit most of its light output

POT/REINECIEIorANge of wavelengthséid a second diode configured to emit
most of its light output within a second range of wavelengths separate

from the first d wherein.th fi

18, (RPN SR TR s ChlRCE B 1 R oy
caclaemdive lcystiesofitid soodtsation frequency, 19. The direct view
displ i i : : .
R B T el 0B S ohures o emit
rithidh affiisﬁi@ﬁgmtmww&éh@ﬁ@&rﬁ“@@@éﬁdﬁﬁ“@i’@&@t’&ﬁﬂ%ﬁe%et%ﬁﬂﬁwda
'HBﬁﬁ%ﬁtiE?d'i@t@ﬁﬁ‘%é@ﬁ?%ﬂi@ﬁ?@ﬂﬁb[@mﬁ&V@&@dﬁfm&%géétﬁaﬁ'awiengths

from the first range, and wherein the control circuit is configured to vary

tﬁ@%@ﬁﬁ%ﬁﬁ%ﬁ@gﬁﬁ%d second diodes such that during a first

Rerigeithats et dheun del datitgufeddpentiyatitd fissfiibardssecond divdes

substantja n and the, secand,di i } 128Qr ERE ditefliation
ViIEHMAE ﬂ@ §§@g%bq§%l&g§%ﬁég% C aigrgﬁlggév%]ﬁ%%t e control circuit is
doefiganed. to vary the operating states of the first and second diodes -
such that during a second period that recurs at the modulation frequency,

both of the first and second diodes are substantially on 21, The direct

19. vibw dirgotyiashsminy aeserably ETMARA R FWHREIA the light

SeLERS ey dgstaidonss eRuameaDIedight rstitingalmiignedito emit most of

fl t | . 22..The direct view displ [ [

15 J5n O HEL A Bt Sl SN B 0 eka e
acbafsetacasafitediwditsristilaligpiéyitaine waeonshraraeivbwasiengins
tgg Ig‘% ?l%rr(ﬁemé%pl% ,S‘,:IﬁLE!ET 45 23. The direct view display ‘
assembly

accordln? to claim'1 to 22, the assembly comprising a light

deirdecinring ed

AspirisiGRTTIeWaRda YRR BT QPR FHRY RlalFS Y dhg Tirst

displapanenieselnat bastrunegtionet theitighiguideissat the modutation

frequency, the first diede is  substantially on and the second diode is
substantially off. '

.20. The direct view display assembly according to claim 19, wherein the control

sircuit is configured to vary the operaiing states of the first and second diodes
such that during & second period that recurs at the modulation frequency, both

of the first and second diodes are substantially on

21. The direct view display assembly according to claim 1 to 20, wherein ths tight
source includas at least one among a light-emifing diods and a fluorescent

lamp.

22 The direct view display assembly according to claim 1 to 21, the assembly
comptising a rigid light guide arranged to iluminate a back surface of the liquid

crystal display panel with ight received from the light source.

AMENDED SHEET



23.

24.

25.

hollow structure having a reflective interior wall. 24. The direct view

display assembly according to claim 1 tg 23, the assembly comprising a
substantially planar thermal conductor disposed between the liquid crystal
display panel and the thermal insulation and arranged to be substantially
pahallelitedh&ibtquidicpysialdispialipamat ovdiege o totathrernéb c2bdintoassembly

A R T R AR o e
]Jitgjzﬂ,diystasmmy mm@ris@ﬂmreimaﬁl&abbaemsnﬂseﬁ tihedigtaguide is a
TR e BT U0 WG elenerate by the ight

source.

The direct view display assembly according to claim 1 to 23, the assembly
comprising a substantially planar thermal conductor disposed between the fiquid
crystal display panel and the thermal insulation and arranged to be substantially
parallel to the liguid crystal display panel, wherein the thermal conductor has a
thermal conductivity at least equal to eighty watts per (meters times degrees

Kelvin).

The direct view display assembly acéorcﬁng to claim 1 to 24, the assembly
comprising:

a metallic bezel disposed to cover a perimeter of the liquid crystal display panel;
and

a gasket arranged to thermally insulate the metallic bezel from heat generated

by the light source.



