1 A Method and Device to Inprove Backlight Uniformty [00011 The present
invention relates to the field of liquid crystal displays and,
particularly, 5 to the field of backlighting for liquid crystal displays
and/ or keypads. BACKGROUND OF THE | NVENTI ON 100021 Liquid crystal displays
are often illum nated by a backlight. Wen devel oping an LCD or keypad
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light emtting diodes - LEDs) or a 15 light source directly illumnating a
display may illum nate areas of the display (or keypad) nore strongly than
ot her areas. The nore strongly lit areas are often referred to as "hot

spots" or "@Aigm@R@g@iﬁdﬁmEma@%qidl\he options to conpensate for hot
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more strongly than other areas. The more strongly lit arcas are often referred to as “hot
spots” or “bright spots.” Currently, the options to compensate for hot spots in LED
illuminated LCDs and keypads are 1) moving the LEDs farther away from the light guide;

2) increasing the number of LEDs; or 3) creating a complex and difficult to tool optical

20 dispersion patterns on the light guide plastic surface. The current methods have
shortcomings. Ifx, y space is critical, then option (1) is not possible. Option (2) may be

cost prohibitive. Option (3) in which creating a complex pattern is formed on the light
guide, using current techniques, may increase the price of the light guide, extend the
development time, and require difficult and/or expensive tooling for manufacture. Thus,

25 there is a need to provide an effective and cost effective method for eliminating hot spots

from an illuminated light guide in a space constrained arrangement.

SUMMARY OF THE INVENTION

fo003; This invention addresses the problem of making light to a keypad or display

30 uniform in a space constrained device or system. In the present invention, a simple light



di spl ay device, or patterns sinply applied through a mask to the |ight

gui de surface. In creating the hot spot filter, an imge fromthe
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specific enbodinents of the invention in conjunction w anyi ng
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within a wireless comuni cati on networ 25 according to the prese
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[0004] Other aspects and features of the present invention will become apparent to those
of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of present invention will now be described by way of example with
reference to attached figures, wherein:
FIG. 1 is a block diagram that illustrates pertinent components of a wireless
communications device that communicate within a wireless communication network
25  according to the present invention;
FIG. 2 is a more detailed diagram of a preferred wireless communications device of FIG. 1
according to the present invention;
FIG. 3 illustrates an embodiment of a backlit liquid crystal display of the present
invention;
30 FIG. 4 illustrates an embodiment of a transparent sheet with filters to correct for the hot

spots of the light guide;



3 FIG 5 illustrates an enbodi nent of an inage capture nethod for
capturing an image from which a filter is formed; FIG 6 illustrates an
enbodi ment of a nethod for form ng a hot spot filter; and FIG 7
illustrates an enbodi ment of a method for3formng a hot spot conpensation
map 5 for light sources of different colours. DETAILED DESCRI PTI ON [ 0006]
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invention is directed to a liquid crystal display 15 per se, the preferred
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30 operatigns, associated with comunication functions are typically
performed i ngil'&i(i?cpommumcauons device. Cell phones and pagers are amongst the many

handheld devices contemplated by the present invention. Aside from illuminating a
display, the method may be used to illuminate a keypad or keyboard, such as a keypad
found on a mobile station, or other illuminable device or layer.
20

[0007] FIG. ! is a block diagram of a communication system 100 that includes a mobile
station 102 that communicates through a wireless communication network. Mobile station
102 preferably includes a visual display 112, a keyboard 114, and perhaps one or more
auxiliary user interfaces (UI) 116, each of which is coupled to a controller 106. Controller

25 106 is also coupled to radio frequency (RF) transceiver circuitry 108 and an antenna 110.

fooos] Typically, controller 106 is embodied as a central processing unit (CPU) which
runs operating system software in a memory component (not shown). Controller 106 will
normally control overall operation of mobile station 102, whereas signal-processing
30  operations associated with communication functions are typically performed in radio
frequency (RF) transceiver circuitry 108. Controller 106 interfaces with device display
112 to display received information, stored information, user inputs, and the like.

Keyboard 114, which may be a telephone type keypad or full alphanumeric keyboard, is



frequency (RF) transceiver circuitry 108. Controller 106 interfaces with
device display 112 to display received information, stored information,
user inputs, and the like. Keyboard 114, which may be a tel ephone type
keypad or full al phanuneric keyboard, is 4 normally provided for entering
data for storage in nobile station 102, information for transm ssion to

network, a telephone nunber to place a télephone call, commands to be
executed o e st.a on 102 oth di f ent _user
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[0010] Mobile stati es a battery |nter ace
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el ectrj cal r to.electrical circuitr n nobi ation 102 d
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108 is typb@pklay. periodical ly turned off to conserve power until it is

needed to receive signals or information (if at all) during designated
time périods. 25 [0011] Mobile station 102 operates using a Subscri ber

ldentity l\(@é}’d}e NS sedefh WY 8 B1udes a battery interface (IF) 134 for receiving one or more

rechargeable batteries 132. Battery 132 provides electrical power to electrical circuitry in
mobile station 102, and battery IF 134 provides for a mechanical and electrical connection
for battery 132. Battery IF 134 is coupled to a regulator 136 which regulates power to the

20 device. When mobile station 102 is fully operational, an RF transmitter of RF transceiver
circuitry 108 is typically keyed or turmned on only when it is sending to network, and is
otherwise turned off to conserve resources. Similarly, an RF receiver of RF transceiver
circuitry 108 1s typically periodically turned off to conserve power until it is needed to
receive signals or information (if at all) during designated time periods.

25
[0011] Mobile station 102 operates using a Subscriber Identity Module (SIM) 140 which
is connected to or inserted in mobile station 102 at a SIM interface (IF) 142. SIM 140 is
one type of a conventional “smart card” used to identify an end user (or subscriber) of
mobile station 102 and to personalize the device, among other things. Without SIM 140,

30 the mobile station terminal is not fully operational for communication through the wireless
network. By inserting SIM 140 into mobile station 102, an end user can have access to
any and all of his’her subscribed services. SIM 140 generally includes a processor and
memory for storing information. Since SIM 140 is coupled to SIM IF 142, it is coupled to

controller 106 through communication lines 144. In order to identify the subscriber, SIM



is connected to or inserted in nobile station 102 at a SIMinterface (IF)
142. SIM 140 is one type of a conventional "smart card" used to identify
an end user (or subscriber) of nobile station 102 and to personalize the
devi ce, anong other things. Wthout SIM 140, 30 the nobile station terninal
is not fully operational for comunication through the wireless network.
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any sin - nobile station. SIM 140 may store additional user
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102 may conéd1gl Nbbide siatighd 03ningy considt @fsa am(gbet anic, sswok rais Caatlate eonthenti @giona
mul tiple-fu ctl on co%n%%gtl on device w t(P ata, and voi ce conmuni cation
capabi | i ti e¥Y% BPEOR 0Pt SPERcetign e(”lf’BA‘)’Iﬂéﬁié@I ay yoiee woREEdeation
communi cat lcﬁfjablﬁﬁesa alﬁr%ﬁpﬂffgﬁﬁl ézs@ﬁ%‘hp@f"@ﬁxb @Halﬁ@ﬁ T&tv%ré'léis Mﬁﬁ%xcatlon or a
Alternatively, nobile station 102 nay be a nultiple-nodule unit conprising

a plurdPi tfoafpuﬁﬂépac?cav@ra@omoneﬁqml mQﬁi@hudA&tgrﬂatltfelynmnbi e\m;ao:h |1ﬁﬁtrmuy bo aa
conput er ice.connect ed wi r.el ess, nodem r fo
exanpl e, i @%Eﬁ'mgﬁ\fﬁ% gyt %OFbUﬁismgo%RR‘afﬁ% roegﬁF?ﬁ‘ratﬁIC@mpfne% lg&élh “\flé‘? no
circuitry lﬂﬁf liahed ant eBmputed Or BB BSviLBAAIFBRE.H a%ﬁr&esl’sa}{%&n'imﬂ?mrﬁ@hitar
that may be inserted into a 15 port onalatoEB uter. In this case, the

| apt op conpol el 8 theerbile Séﬁtls}pl'téwkld@granke RA aranssaepeireming 108

il h ' U. Th
s 1ary g 44 39 50T PR T 0 U SRR o I
filterdSor partfonezh dthpﬂ;qq umiputaf LOBis tdse] ﬂheahrit@p compeaphatubinchae Asptanmput er

or ot her gb(@ﬁn&nt not normally capable of wreless communi cati on may be
adapt ed to ndéy WME AnHoEs fa@étila%éllﬁsak%n@dcé@ﬁfﬁll@f dﬁ)6RFmbdeal%(?él‘\bér

gle; g lrJ : E;Bé gg%\;}g@g’s 3@%@2”%10 ba-ﬁQ%Ia tnéat%; gé qugnél Rt NEE GUH), 3801038 aR L EHOSe

with colour filters or a field sequential LCD. It is also contemplated that a computer or

r

other equipment not normally capable of wireless communication may be adapted to
20 connect to and effectively assume control of RF transceiver circuitry 108 and antenna 110
of a single-unit device such as one of those described above. Such a mobile station 102

may have a more particular implementation as described later in relation to mobile station
202 of FIG. 2.

25 Jo013] FIG. 2 is a detailed block diagram of a preferred mobile station 202. Mobile
station 202 is preferably a two-way communication device having at least voice and
advanced data communication capabilities, including the capability to communicate with
other computer systems. Depending on the functionality provided by mobile station 202,
it may be referred to as a data messaging device, a two-way pager, a cellular telephone

30 with data messaging capabilities, a wireless Internet appliance, or a data communication
device (with or without telephony capabilities). Mobile station 202 may communicate
with any one of a plurality of fixed transceiver stations 200 within its geographic coverage

area.



may have a nore particular inplenentation as described later in relation to
nobile station 202 of FIG 2. 25 100131 FIG 2 is a detailed bl ock diagram
of a preferred nobile station 202. Mbile station 202 is preferably a

t wo- way conmuni cati on devi ce having at | eést voice and advanced data
comuni cation capabilities, including the capability to conmunicate with

ot her conputer systens. Depending on the functionality provided by nobile
station 202, it may be referred to as a data nessagi ng device, a two-way
pager, a celopifl aMabde extatione2(B0will tnorrdallya invessagfe reg compmbidation esbsyatewi 2él,ess
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intendddé to operate. 10 [0015] Network access is associated with a
subscri ber or u nmobi |l e station 202 and therefore nobile station 202
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connection for it. The bat | F 254 1s Coupled to a regul ator (not
shown) whi clichedattaes2paueyidsscleariedlipower to most if not all electrical circuitry in mobile

station 202, and battery IF 254 provides for a mechanical and electrical connection for it.
The battery IF 254 is coupled to a regulator (not shown) which provides power V+ to all
of the circuitry.

20
[0016] Mobile station 202 includes a processor 238 (which is one implementation of
controller 106 of FIG. 1) which controls overall operation of mobile station 202.
Communication functions, including at least data and voice communications, are
performed through communication subsystem 211. Processor 238 may be an integrated

25 circuit such as a microprocessor, a processing core on an integrated circuit, a processor of
a system on a chip, or the like. Processor 238 also interacts with additional device
subsystems such as a display 222, a flash memory 224, a random access memory (RAM)
226, auxiliary input/output (I/O) subsystems 228, a serial port 230, a keyboard 232, a
speaker 234, a microphone 236, a short-range communications subsystem 240, and any

30 other device subsystems generally designated at 242, Some of the subsystems shown in
FIG. 2 perform communication-related functions, whereas other subsystems may provide
“resident” or on-device functions. Notably, some subsystems, such as keyboard 232 and

display 222, for example, may be used for both communication-related functions, such as



of the circuitry. 20 [0016] Mobile station 202 includes a processor 238
(which is one inplenentation of controller 106 of FIG 1) which controls
overall operation of nobile station 202. Comuni cation functions,
including at | east data and voi ce conmmuni Gations, are perfornmed through
comuni cati on subsystem 211. Processor 238 nay be an integrated 25 circuit
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nmessage for transm ssion over a comuni cati on network, and device- resident
functions such as a calculator or task list. Operating system software used

by processgg 7?3 okSsshY 8 ,rﬁbé 5401 € Si0 B1RE" .t ent o[e %ﬂ as fb %sh
menory 224, v&mc may al t'ernatively be read- Iﬁf P Ié/r | ar
st or agd Oel eaxenttiqmof seftonary applicEhiose cakiidbild statidnh@0Ar t AwblddeRBRNLET &k & f
that the operating system spe%i fic device applications, or parts thereof,
may be tew&&PﬁP?*}Q%S|%§lachqnﬁf)b asig dlexice) ebastiyme. seiiling aRAsast 328, apdoore
Processor 2Z38imi i 44 el I RY: f & fer.apl.
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personal information manager (PIM appli cation having the a
or gani ze arédmail, calendar events, voice mails, appointments, and task items. Naturally, one or more

ens

memory stores are available on mobile station 202 and SIM 262 to facilitate storage of

PIM data items and other information.

20 [0018] The PIM application preferably has the ability to send and receive data items via
the wireless network. In a preferred embodiment, PIM data items are seamlessly
integrated, synchronized, and updated via the wireless network, with the mobile station
user’s corresponding data items stored and/or associated with a host computer system
thereby creating a mirrored host computer on mobile station 202 with respect to such

25  items. This is especially advantageous where the host computer system is the mobile
station user’s office computer system. Additional applications may also be loaded onto
mobile station 202 through network 200, an auxiliary /O subsystem 228, serial port 230,
short-range communications subsystem 240, or any other suitable subsystem 242, and
installed by a user in RAM 226 or preferably a non-volatile store (not shown) for

30 execution by processor 238. Such flexibility in application installation increases the
functionality of mobile station 202 and may provide enhanced on-device functions,

communication-related functions, or both. For example, secure communication



15 manage data itens relating to the user such as, but not Iimted to,

i nstant nessaging (IM, e-mail, calendar events, voice mils,
appointnments, and task itens. Naturally, one or nore nenory stores are
avail abl e on nobile station 202 and SIM 282 to facilitate storage of PIM
data itens and other information. 20 [00181 The PI M application preferably

has the abihjfiiatienssend anshle e@l@bt‘r‘cﬁ11éjaé(ﬁnﬂaé1%émﬁ1\ﬁ'cﬁonst %a%fr@% efih NAhMREA-
In a preferred embodinment, PIMdata itens are sean essly integrated,

synchr oni 7 elansagiéepng pelhe perfumedunmenotslectation@0dor k, with the mobile station
user's corresponding data itens stored and/or associated with a host
conputer system thereby creating a mrrored host conputer on nobile

station 2020w hif £80€ComiAINEHGON Adb! £%Beivdd1biEnd|Subs REE texk ésagdy antagenus
wher e the host conputer systemis the nobile sStation user's office
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t at 20 k t
230, shor (PR 038 PR R R e R SRR e B o R
subsyst em ZéleS}ﬂI}dZZZ ns hatilied Y devide a8 Ioﬂ bRAMs226criedugher taadiy balow with

non-vol atil e_store &not shown) for 30 execution by processor 238. Such
f 1 exibilityefetengsdp Figreoh avqhét A} hsgriod mqbile stasioB LOL Heay alsmeemperg) datayitens,

mobi | e st atg,en a?QZn Qq?%%t Ff&‘ék%ﬁ“&%ﬁ%b%&ddz%&' fi%oﬁ*dﬂ&ﬁdn%ﬁh display 222,

conmuni cation-rel ate ons ISEer
8 appllioc atandn posyly emahha&ye[/é)c tdeoive C 220 mMrislegBodrd nmi assp@fdatdy hercosydbte

fi nanci al nsactl er Si n nobi ] e station 202 0191 In

a data co HRERPEDR Hgeard g #56@#@5}9%.% Merigre kepad te’%sen%%%ﬁ%g itgps
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referably

subsystem 211 and input to processor 238. Processor 238 wl|

further prdddss the signal for output to display 222, to auxHiary /O
device 228 or both as described further herein belowwith reference to
Figures 3 and 4. A user of nobile station 202 nmay al so conpose data itens,

such agse- neizb; MRESagies, cd@mufXaMIRsE, thel SbRGaIKHRLAME 8B82mbRilE QMtIWACLIDNs
with display 222 10 and possibly auxi | i a@r% |/ O'devi ce 228. Keyboard 232 is

pr ef er abl y sEbeillytsémilag, ﬁh@@uﬁw ithe neesiveshpignals woaybhbel onipy! mspeaker 234 and
o et P FIET SRR b TP A A0k o
audio I/O subsystems, such as a voice message recording subsystem, may also be

implemented on mobile station 202. Although voice or audio signal output is preferably

20 accomplished primarily through speaker 234, display 222 may also be used to provide an
indication of the identity of a calling party, duration of a voice call, or other voice call

related information, as some examples.

[0021] Serial port 230 in FIG. 2 is normally implemented in a personal digital assistant
25  (PDA)-type communication device for which synchronization with a user’s desktop
computer is a desirable, albeit optional, component. Serial port 230 enables a user to set
preferences through an external device or software application and extends the capabilities
of mobile station 202 by providing for information or software downloads to mobile
station 202 other than through a wireless communication network. The alternate
30  download path may, for example, be used to load an encryption key onto mobile station
202 through a direct and thus reliable and trusted connection to thereby provide secure

device communication.



211. 15 [00201 For voice comuni cations, the overall operation of nobile
station 202 is substantially simlar, except that the received signals
woul d be output to speaker 234 and signals for transm ssion woul d be
generated by m crophone 236. Alternative voice or audio I/O subsystens,
such as a voi ce nessage recordi ng subsystem may also be inplenented on
nobi |l e station 202. Al though voice or audio signal output is preferably 20
acconplished primarily through speaker 234, display 222 nay al so be used to
provide an indication of the identity of a calling party, duration of a

voi ce cal | j0002] OSheit-riQieCn@bhicationk 3B sich 240TBE FOB, 2 36 i AT LEHATHiBHal
[00211 Serial port 230 in FIG 2 is normally inplenented in a personal
di gi tal aseqmaRonsht whish pepyles {pecosonsnicatioaticoieatembide satiomBP nd different
synchr qni zat.i i t sef.: skt hoJdS: esl.l.ahl a i
optiong?, %%%%%ng%ﬁgvgggigﬁ“%bggagfgﬂe%é%ggghgtﬁsgwﬁyg gééagpﬁg é%%ﬁ{é%
t hr ough ansubxgsternaho dewi iaelude as diftarad écdgpindaboamednicdnt iddsnigdacnts, or
capabi Iitie\?&‘] of ile station 202 by providing for informtion or,

sof tware dbWHPOAE t FORBBIMEatog dodpls B PIidhe fok RammuRratioh vathvspellabs

conmuni cat dQp1eAeL WOhK and H‘@viﬁés? Bl Rt ™30 ﬁgx&g&&%ﬁ u%&,%l ,331&&5%@3@@?&&,. be

used to |l oad an encryption key onto nobi tation through a direct
and thus reliable and trusted connection to thereby provide secure device

i cati 0022] Shart - i cati t, 40 of FIG 2
o an 5 a1 DBBHa s SERTGRiE W BT ORBRE TSR TR oSS P S BT L GH o
bet ween mabidig shiheRNwACRs2B8malhi@neRN d&/isy sdSBu &l fd}es\éh@i%%an\miewyiﬂged

not necessarily be simlar devices. For exanple, ~subsystem 240 may include
an i nfr ar etitaldlpmse anth dioaswekingt el apectving svaipe wbspdiventayjdeora uger-friendly

Bl uet oot hTM €. i,catin le..t rovi.de_ f.or nication with_.
oi i a1 y- RO G 3oh B M- BubR R ua Bl Y e SR Rt dident
trademar k of stélonel0aqhbt SBoGn) brgidebQ g ubé iaketdeBOD having Ana@ndadnment
of the invention, nobile station 202 is a nmulti- tasking handheld w reless
comurPcatdd P geliived sebsiegly vyigapte Gendhn@auny $eeei ving data itenms and
for maki ng and receiving voice calls. To provide a user-friendly
environnment to control the operation of nobile station 202, an operating
syst em r edD@Retjt A preferred embodiment of the liquid crystal display cell 222 is shown in greater

detail in Figure 3 in which a light source formed from multiple LEDs 322, 324, 326 is
used as a backlight. The .LCD may be a passive matrix or active matrix device.
20 Preferably, the LCD is a full colour device. More preferably, the LCD is a field sequential
LCD (FS LCD) — an LCD that obviates a need for colour filters. Alternatively, the LCD
may contain colour filters in which case a white light source may be used. LCD controller
316 provides a voltage to the common electrode(s) 308 and the active elements 310 of the
active matrix. The active elements are preferably thin film transistors. The common
25  electrode(s) 308 and active elements of the LCD are supported on substrates 306 and 312,
respectively. The LCD preferably contains a brightness enhancing film or layer 340 to
optimize the distribution of light for a viewer. As the preferred liquid crystal material is
super twisted nematic, polarizers 302 and 314 are used. The LCD controller 316 scts the
pixel grey scale of the LCD. An optional processor 318 may coordinate synchronization
30 of the LCD controller 316 with the light source controller 320. Preferably, the LCD
controller 316 and the processor 318 are integrated into a single device 317, which may
simply be referred to as an LCD controller that has the capability of controlling a light
source controller 320. The light source may be implemented by using red, green, and blue

LEDs 322, 324, 326. In a specific embodiment, four green, four red, and two blue LEDs



on station 202 (not shown) provides a graphical user interface (GUJ ) having
a main screen 15 and a plurality of sub-screens navigable fromthe main
screen. [0024] A preferred enbodi ment of the liquid crystal display cell
222 is shown in greater detail in Figurel8 in which a |ight source forned
frommultiple LEDs 322, 324, 326 is wused as a backlight. The LCD nmay be a
passi ve mat nkxusyd @ac ﬂovﬁefmtlrd&olﬂeéﬂdﬁ‘c@ blgdk h

col our devi i—t% Mor e lf)referabl y, the LCD is :&;ﬂcﬁ.@ﬁglﬁs qgtentélﬂgc OW E‘@ EE:D)
- an LCD t hattRynire spplemplatedbly they pregsns invention. eTe LED ematien320/may lse:ldem

may contain case a whi our be used.
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the active eberent Sh8TEDN sihetanedisiyve mtiﬁgm e 3@9%2&6 hﬁ{z@@%}a&eartﬁwk
preferabgythlnfllmt%anastors The conmon 2 el ectro 308 and active
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The LCD pre | RS, ancing film
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used. The LCD con roIIS 1 ts the pixel grey scale of the LCD
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controller 316 and the processor are 1nt
317, which ¥afy 326i rifleyuisaen afeasmay heoalasdat) nl.dmct;@aﬁrﬁ@dté@roh&miaum&hbbeor

ﬁii’aﬁé' o BB Bt o ey BEREC S0 b v, e@ﬂ@éﬁ%ﬁl Ybens iy <
speci fic enbadigedd 324 ary pﬁfl@l?},“ enéi@é&rd g1r6ﬁ&‘i’(gf Mpbthé{et&% o cg%ﬁ% f"ugﬁg

to provide full col our and/or bl ack an V\/mte

of ~LEDs arkougéed brriedight ysmistvpares ofithei RNt i on. The LED control l er 320
may sequence the three colours or nmay simultaneously energize LEDs of all
the colours and termnate power to the LEDs si rrultaneously The |ight

gui de 338 neozshaNi&s. at Iiﬁlpﬁéteﬁaxbb@@zﬁplﬁr)ﬁ@xﬂ%dhﬁﬁht 8Na ¥ Yle @ﬁ%% cqmpensation
appr oxi mategg a trapezoidal formto nore evenly dis ute t ci ﬁ? %t o
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t he uneven gakdeais iframitaedafrorarigaikht source or may be captured through a filter. A mask is
formed from the captured image in a pattern that mirrors the pattern of light from an
20 illuminated light guide. The mask, shown in the centre image of FIG. 4, may be a sheet or
film with apertures. The hot spot filter may be a transparent sheeting with printing or
coating in select areas corresponding to the hot spots. The printing or coating may be light
absorptive or partially light reflective. Light absorbing pigments may offer lower cost in
making. Partially light reflective (and partially light transmissive) coatings aid to recycle
25  light and so reduce power consumption since less power needs to be expended for
illumination. The degree of reflectivity/ transmissivity of a hot spot compensating region
on a hot spot filter may.be adjusted according to the particular application. Alternative to
a transparent sheet with printing or coating, a bitmap correction filter may be applied for a
software solution to the LCD image such as when a shutter (e.g., another LCD) is used to
30 establish lowered transmissivity regions over the hot spots. The end result of the hot spot

compensation layer or shutter is a uniform planar light to the LCD.



differently so long as the arrangenent effectively scatters the light from
the LEDs 322, 10 324, 326. The uneven areas nay be abraded, nol ded,
corrugated, chemically etched, or the like. Preferably, to nmaximze the
utilization of light, the LEDs 322, 324, BR6 and the 1light guide 328 are
partially enclosed by a reflector such that the only opening is fully

bounded by tdoes]| FGBL 5 tlhanars 88 iexenplasae@bodifent &0n dficAD82RM Mabeaptures the
enbodi ment of a light guide and a conpensation
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used to 30 establish lowered transm ssivity regi ons over the hot spots.

end result lafag?%éo RIECHPHE Seewélmawﬂbﬁ damees 562. shuan @mbloémaﬁrmmhfﬁ cﬂpnmai

planar lig |IIustr S an.exe
embodi nent h%’g an op% %CI@S %?1 515“( Sl;lée CHRd b ’(?@F%B%t %SWdFraom
a Iightnguiodher@&ﬁ)upnelrdewiclelgﬁcmm ed by a light source 508 The light source

may include one or nore |light emtting diodes. For a full colour liquid
crystal display, an image may be captured for each col our of Iight.

Coptur 9, afarToae. (0,808 3 b of | AL LPYRAAL OLTSLS, BESUOEIE,
the |ight éighttgundy. dilddelglaf gadehs Qﬁhmmaied:w pemd@mhgmecmpae patt¢radby an
individual LED (e.g., white, red, green, or blue) or a group of LEDs representing a colour
20 instep 602. The light output pattern may be optically processed. This light output pattern
is captured as an image by a light-capturing device, such as a camera 604. The captured
image may be used to make a mask 606. This mask, in turn, is used to form the hot spot
filter 608. For example, the mask may contain apertures shaped and sized to conform to
the hot spots. The mask may be laid over or upon a substrate, such as a plastic or glass
25  film, and a coating or printing process deposits reflective and/or absorptive material onto
the substrate through these apertures. After further processing (e.g., heating, drying,
ultraviolet or infrared curing), the substrate is ready for disposition over the light guide in
the finished product. The image capturing process may be performed from an actual
handheld wireless device that is opened to expose the light guide. In such case, the
30 camera may be disposed at a distance corresponding to that of the LCD’s location within
the finished product. This image capturing process may be performed once per batch or at

a designated sampling rate to account for component devices from batch to batch.



LED is not |ocated where a green LED is, the light output pattern froma
light guide illumnated by the red LEDis not likely to be identical to
the light output pattern fromthe 1light guide illum nated by the green
LED. Furthernore, a light guide inmage may be 10 obtained from each

i ndi vi dual LED of the backlight. This is especially useful where nore than
one LED is used per colour. The |ight outlput pattern fromthe |ight guide
506 may be optically processed through an optical system 504 that
transfers to appropriately scaled inmaged to a receiving sensor array with
a canera 5@D28] nFlan 7eitthaetiteembothet hestiapt fo€ ateatify § hempd 4lteRYn FIG] Ldecodng or
nore | enses. The canera 502 may, for exanple, inclu a 15 char e-co%gled
devi ce (COBFY SFRlorpmpentgtion man iﬁs‘%f%t@@sfo%ﬁacé‘n%@iln‘éfn]tlg}t?fmamﬁﬁlﬁég :
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mask, in turn, is used to formthe hot spot filter 608. For exanpl e, the
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[0028] FIG Il lustrates another nethod for Treating a hot Spot fllter In
FIG 7, a colour grey scale conpensation map is created for each col our of

S0 L B VOGP a0 T S iR el SELRH U 1
examples only. Those of skill in the art may effect alterations, modifications and
20  variations to the particular embodiments without departing from the scope of the
application. Instead of a liquid crystal display, a keypad or keyboard may be illuminated
using the disclosed techniques. The invention described herein in the recited claims

intends to cover and embrace all suitable changes in technology.

25



gui de 706. The image fromthe |light guide for that colour is captured 708.
The captured image is processed to forma conpensation map 710 to

el imnate hot spots through use of the hot spot filter. In this case, the
hot spot filter may be a filmor |ayer upbh which printing or coating of
the hot spot areas is perforned, may be such printing or coating 10
directly upomitke |ight guide, may be another liquid crystal display (350
of FIG 3) that is able to alter the pixel by pixel grey scale to

cubetrates 512 and 08" R pferfieronter hiEun e Riklilon 668 8 Bag

added dar kecmdprgmeg scal e val ue for conpensation. The grey scale

conpensati on for. the %ol our % gred in a suitable nmenor %j( t he
flash menory). @elﬁ’@ﬂw&da ’éstdla%fBP?nO de ilight gaidRenatcpiogies gireat lglst PWPHe

processed TifuivEQd a shabnlitboiopest gt rns may be obtained
for each col oulrV ofasl gﬁt rﬂ)Iggg)eherat ed I%rhgtﬂﬁ%ae I| gﬁggﬁa?é(:a‘z [ 0029] The
above- descri bed ﬁ}ﬁhna[gmngem:&tldﬂ*;@tqanemeaﬂuc&phé hghﬂfrm ttea @rst péreindeelatie: foe
exanples o e art._my ef al terations,

tb? gse of s 'Ih
modi fi cati o ’P@“%P&’r‘? ad“? %}étgt“ et‘fﬁ]ée‘b‘lali‘lﬁlli‘?tﬁ? Ian mbodi ment's wi t hout
departing from t%ﬁalﬁﬁ ﬂ%&hﬁeﬁ?anoﬁ%@héﬁ% Plﬂﬂudé Dehigsth ﬁhxxﬁne{t{?ﬂ;ﬂcﬂeﬂy“ al

di spl ay, a keypa eyboar nated using t osed
t echni ques. The invention descrlbed hereln inthe recited clainms intends

to cover enbra al | . suyi l.e ch esmtechn 513 dains: 1.
A met hg(‘? of“’conpens ei%’ﬁthf)glp%?%}ﬁ iv‘f%(?? the %mﬁffaf %Ftﬁ%lﬁalcf’ﬁtﬁ‘tg gui de,
conpri si ng: depetieddipdn e Belftighfde. portion of the i ght gui de that provides
greater light output 5 relative to a second portion of the |ight guide

when illum nated; form ng a conpensation pattern to reduce the light from

e et L on B8 ReCLS, SISO RO A0 Ry LRy 0 v

i |lum nati amnppdre@rsabstral® 2. The met hod of Claim 1, wherein the
conpenﬁgtion pattern is a coating deposited upon the | i ght gui de.

4. The method of Claim 3, wherein the compensation pattern includes selective

printing or coating upon the transparent substrate.

5. The method of Claim 3, wherein the compensation pattern is a liquid crystal
20 display.
6. The method of Claim 1, wherein the compensation pattern is factored into an

image display on a liquid crystal display that is illuminated by the light guide.

25 7. A light outputting arrangement, comprising:
a light guide; and
a light source for illuminating the light guide wherein any bright spots of an output

light pattern from the light guide are compensated to effect a uniform output light pattern.

30 8. The light outputting arrangement of Claim 7, further comprising a layer in
proximity to the light guide to provide the compensation to effect a uniform output light

pattern,



3. The method of Caim1l, wherein the conpensation pattern includes a
transparent substrate. 15 4. The nethod of Caim3, wherein the
conpensation pattern includes selective printing or coating upon the
transparent substrate. 5. The nethod of Q4aim 3, wherein the conpensation
pattern is a liquid crystal 20 display. 6. The nmethod of Caim1, wherein

crystal ol splay that ' e PR G AR BRI AR hes

out put ti ng eiffa tirsgeamsntissicignprd sseognd area bi gbécogditdasmiasidita | i ght source for
illumnating the |ight guide wherein any bright spots of an output |[|ight
pattern fromthe |light guide are conpensated to effect a uniform out put

light patterq. 30 Bhe Ihif oh@hin&ﬁﬁggﬁ%@gﬁﬁlﬁiwWém?ﬁe gbf firseUr t her

conprising a layer in proximty tot t guide to provi

conpensat i orarsmisstfivoncladesgrépprmtmg.put | i ght pattern. 14 9. The |ight
outputting arrangenent of Claim8, wherein the layer has a first area of a
first transmssivity and a second area of a second transm ssivity. 10. The

light outputting arTiygaReitputing@rangtRent¥rehebie bCIBHER 1010, avi{erkif the 5
transm ssivity includes grey printing. 11. The |1 ght outputti’ng arrangenent
of any one afangemprfsomprisesliDliquif erstah display devivandwding a dignidrdrged daspldygui d
crystal display device including a liquid crystal display. 10 12. The

i ght outputting arrangenent of Claim 11, wherein the liquid crystal

di spl ayoi s 1@.fi el d BequghbiguttctdoGh¥s R CIARSPl, Rhereld the IR G5k
outputting arrangenent of Claim11l or claim12, further conprising a |ayer
bet ween t hel§alghts adipldiecoyantial hauid ajpstal Esplax.al di splay for providing the 15
conpensation to effect a uniformoutput |ight pattern. 14. The |ight

out putting arrangenent of Claim 13, wherein the |layer includes a

13. The light outputting arrangement of Claim 11 or claim 12, further comprising
a layer between the light guide and the liquid crystal display for providing the

15 compensation to effect a uniform output light pattern.

14. The light outputting arrangement of Claim 13, wherein the layer includes a

transparent substrate.

20 15, The light outputting arrangement of Claim 14, wherein the transparent
substrate has at least one area that transmits light differently to that of another area of the

transparent substrate.

16. The light outputting arrangement of Claim 15, wherein the at least one area

25  includes a coating or a printing.

17. The light outputting arrangement of Claim 11, wherein the light guide has at

least one area with a coating to attenuate the light from any bright spots.

30 18, The light outputting arrangement of any one of Claims 11 to 17, wherein the
liquid crystal display alters a grey scale level of at least one pixel to compensate for any

bright spots from the light output pattern of the light guide.



transparent substrate. 20 15. The light outputting arrangenment of C aim 14,
wherein the transparent substrate has at | east one area that transmts
light differently to that of another area of the transparent substrate.
16. The light outputting arrangenent of dZim 15, wherein the at |east one
area 25 includes a coating or a printing. 17. The light outputting
arrangenent (@f C ai Thd § htvgw H i L I t area
with a coating to atten%ate tlﬁienﬁ]% %%gk%‘nrg}ggn?%ﬁgq’gs:agﬁ:%ﬁ%lggttgq%%&?gr The

| i ght out putQnpigsiag ¢ Aeypaddhat redei s yhasrenpehsabdlight obiput paticin fuohetheilight he
liquid crystal, display alters a grey scale level of at |east one pixel to
conpensate tor ‘any bright spots fromthe light output pattern of the |ight
guide. 15 19. The light outputting arrangenent of any one of Clains 7 to
18, further_conprising a keypad that receives the conpensated |ight output
patternfroffl-t he |iQrendapld séreless conmanisatiettsalesioniin@idisg thedighu pitpattingns

devi ce i ncl yg edi utti arrangenent of any one of Clains 7
to 19. 21. #ﬁ%@%@%@h%f:ag?\%?§f§§a§m§zﬁﬁﬁ%i cations device of C aim 20, wherein

the light outputting arrangenent conprises a liquid crystal display

device. 10 _ _
21. The handheld wireless communications device of Claim 20, wherein the light

outputting arrangement comprises a liquid crystal display device.

10



