1 A Method and Device to I nprove Backlight Uniformty [ 0001] The
present invention relates to the field of liquid crystal displays and,
particularly, 5to the field of backlighting for liquid crystal displays
and/ or keypads. BACKGROUND OF THE | NVENTI ON [ 0002] Liquid crystal displays
are often illum nated_by a backlight. Wen d6V6|%ﬁkﬁ%fan LCD or keypad
lighting system nardy Method andddevigedodpaoys Baddi iHormity the ability to
10 provide a uniformy lit light source to the display or keypad. For
exanpl e, constraints on the x, y, and z size of the backlight system
require tposipoThs psems diphtioh sdsted © the fck\ofiguidrepaal displaysuin] wardatarbyt i cal
per f or mance, EsPeciaIIy in those cases where there is Jittle space in the X
or y d reterthefisldafhacidishtiag fesdiguid erypial displaysand/qkeyRadsde) , the Iight guide
providing light to the display froma |light source (e.g., light emtting

di odes - LEDs) or a 15 light source directly illumnating a display my
illum nate areas of the display (or keypad) nore strongly than other areas.
The nore strongly lit areas are often referred to as "hot spots" or "bright

spots. " (BAGKIGROUNDORBPHEIMNS/ENTIE¥pensate for hot spots in LED
illum nated LCDs and keypads are 1) noving the LEDs farther away fromthe
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(3) i W whprowidsrawniformlalit ght senrcp 4o the display pokespad.ofor pramplerongizaioks onysi ng
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10 The net effect would be a uniformlight output fromthe top surface of
t he |i ght shpricomingsd Jif &, y Abacsria grificad] then ohton (g denetaassibie. JPptiore(2) oBYREY be
dynam cal | n t Vel U I +C S te for 0. (P i n
the case iRRORRERe DERICRYIR A HERRRERE Sty plftert RolPmad Wit T

r equest edghideansihf Gatiedn fechfilfhvd rBay ehcrdisé ¢hes prieenf whé Might guidepaktoms the
corresponding to the hot spots would be forned to reduce hot spu(gt
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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

[0003] 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



100041 O her aspects and features of the present invention will becone
apparent to those of ordinary skill in the art upon review of the follow ng
description of specific enbodiments of the invention in conjunction with

t he acconpanying figures. 20 BRI EF DESCR} PTI ON OF THE DRAW NGS f 0005]
Enbodi nents of present invention will now be described by way of exanple
with ref ergmnaamcb het st et farg presentedh hei ot spof-filfer thay beaa bdpacite dii}agraam
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nobi | e stati on such as a han conmuni cations device, that ellm nates
bri ghtlOspdthe wasreffest would be a uniform light output from the top surface of the light guide
module. Alternatively, the image content of the LCD may be dynamically changed to
cover up or compensate for hot spots. That is, in the case where there are multiple hot
spots, if a white screen were requested by applications software, a white screen with grey
regions corresponding to the hot spots would be formed to reduce hot spot brightness and

15 provide a uniform image.

[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 llustrates 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;



10 spots) in the light output pattern froma light guide that illum nates a

display. Preferably, the l[ight guide is illumnated by a |ight source that
i ncludes one or nore light emtting diodes (LEDs). The LEDs of the |ight
source preferably will include red, gr8en, and blue colours. Oher col our

schenes, such as cyan, nagenta, and yellow, are contenplated by the present
I nventio Lhough | Vit QRbth Hithed fRGapturiag i duage fonst al
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that communi cates through a wi rel ess comruni cati on network. Mbile station
102 preferably includes a visual display 112, a keyboard 114, and perhaps
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nput's.
handheld communications device. Cell phones and pagers arc 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. 1 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 controlier 106. Controller
25 106 is also coupled to radio frequency (RF) transceiver circuitry 108 and an antenna 110,

[ooosi 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



[ 0009] Mbbile station 102 sends comuni cation signals to and receives
communi cation signals fromthe wirel ess network over a wireless link via
antenna 110. RF transceiver circuitry 108 perforns functions simlar to
those of a base station and a base station controller (BSC) (not shown),

I ncl udi ng for exanpl e nodul ati on/ denodul ati on and 10 possi bly

encodi ng/ decodi ng and encryption/ decryﬁt ilon. It is also contenplated that
RF transcej ' |+t : t.ad | inforaddbh i to
those. porp By Bl Rl <HEinf B A A R B, Aol " hat
RF t r anse@hsaission ite mietwork, 19 &lephohe mambenpt pct o tplaphdnsudally cavnmendsst bret wor k
or networks in which_ nobile statjon 2 Is intended to.operate. 15 [0010]
Mobi | e seEequHl ampobile staiens1 42, P%%S&’?Y pther ?%‘i‘gfnefeflg)’sei@%m recei ving one
or noge rechargeabl e batteries 132. Battery 132 provides el ectrical power
to eléctrical circuitry in nobile station 102, and battery |IF 134 provides
for a nmedoeod]cMobiledtatioadtiRiscads commuvichidon Signalpie srd yeceiyes CEAMUBICHUITE 134

is coupled t regul ator 13 ich regulate Qwer. t ' When
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sending to network, and is otherwi se turned off to conserve resources
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station tteoperadd. is not fully operational for comunication through the
wirel ess network. By inserting SIM 140 into nobile station 102, an end user
can H&ve access to any and all of his/her subscribed services. SIM 140
gener al | yoph{! ; C Wntér@ice O 1380t rebekimgtdnebr nivdrace
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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 turned 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 is 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



5 140 contai ns sone user paranmeters such as an International Mbile
Subscriber Identity (IMSlI). An advantage of using SIM 140 is that end users
are not necessarily bound by any single physical nobile station. SIM 140
may store additional user information XSor the nmobile station as well,

I ncl udi ng dat ebook (or calendar) information and recent call 5 i nf or mat i on.
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part Sculinformitsen.exanpl e, in the nobile station block diagramof FIG 1, RF
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transceiver circuitry 108 and ant

h
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particul ar hAdc®dd foma WikREs #iddé. M paitieutat,at i on
202 of FW@'&'%B ggg%o%i@%@?a%@%bgeg& ailed bl ock. di agr am of lpa, referred
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comruni cati on deV| ce hayi t voi oL cat i on
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rred to as a data nessagi ng device, pager cel | ul ar
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appli ancgomgﬁter s%,af;l? %m%{splc atma?(nbe a liquid crystal display (LCD), such as an LCD

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

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 [0013] 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.



device (with or without tel ephony capabilities). Mbile station 202 may
conmruni cate with any one of a plurality of fixed transceiver stations 200
within its geographic coverage area. 6 100141 Mobile station 202 will
normal |y incorporate a communi cation subsystem 211, which includes a
receiver, a transmtter, and associ ated conponents, such as one or nore
(preferably enbedded or internal) antenna el enents and, |ocal oscillators
(LGs), and a 5 processing nodul e such as a digital signal processor £DSP)
(al | not [abnMobilerstationc2Z will nobugiy drpopporate 2 semMwgisgdon subdysiepikbei ver

circuitry 108 .and.antenna 110 sho [ . ' t hose
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subscri beprosessinge rmedulerpgiche ast at idigitabosigadl d Prasessor o FRSRbHlle 18t A0FR)-202

requires Subscri ber ] denti Mo e N ' - ) in a
SIMIF 26 OFﬁmB’r‘%Pé‘P“tSS!’%’ﬁ%Fhm Ao o R fiPeratentdt) By WPl
features ¢esghéweth FIG! 8l A4 Rill bé appspentlio thbse dlélled ii field @0DniBurications,
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conneggion for it. The battery IF 254 is coupled to a regulator (not shown)
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di spl ay 2&2, a flash nmenory 224, a random access nenory (RAM 226, )
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funct i ons.of lsteitsuiiry. some subsyst ems, such as keyboard 232 and display 222,
for eﬁgrrpl e, may be used for both comrunication-related functions, such as

[0016] Mobile station 202 includes a processor 238 (which is one implementation of
controller 106 of FIG. 1) which controls overall operaﬁon 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 microproccssbr, a processing core on an integrated circuit, a processor of
a system on a chip, or the like. Processor 238 also inferacts 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



7 entering a text nessage for transm ssion over a comuni cation network,
and devi ce-resident functions such as a calculator or task list. Operating
system software used by processor 238 is preferably stored in a persistent
store such as flash menory 224, which ndy alternatively be a read-only
menory (ROM or simlar storage el enent (not shown). 5 Those skilled in the
art will gpRrigeiatet iMltagehRr apekaissitn 6%t tompparkfionr ndewrkeand device-
applications, or parts thereof, nmay be tenporarily_ | oaded i n}t\(‘), a volatile
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but not Ippeted to, instant nessaging (IM, e-mail, calendar events, voice
mai | s, appointnents, and task itens. Naturally, one or nore nenory stores

are avail able on nobile station 202 and SIM 262 to facilitate storage of

Pl M dat a i qu[ﬁg Kk |t i : ' '

pr ef er abl ;[/éoﬁgz t esa%ir%gigi ;1/1{' tfag&g‘ﬁgnéegﬁsd é%gﬁélsgfg?ﬁc{tlghn%%iuae@ egg\nabrleesl ess
net wot®. Ekxecatipn edfe sofewtare ndppliicatbons, oPliwlrket stafiom P2ar A gredetassted set of

i ntegrated, synchroni.zed, a updated vi a t.he wireless network, w,th.the
mobi et PPIEAGEE PRI oGl ARG A e cReretians ‘B GRBE unfgroath oBt hidsy
W th a hoghmaRiRtiSh _a?%ﬁéaﬁﬁhé, memelmmﬁugaiel iAgtaled b hybad dakh m_rmﬁx@ritson

nobile station 202 w respect to such 25 items. This is especially
advant agemeufdetre Anprefeost apphigationrthasymayebs logdedhentensiabile statigni29R maydre s

of fice conputer stem . Addi tion plicat.ions na | sp...he. .|l caded ont
mobi | o o At Psspnsb SR Thbe 8PS CoenRRAcR R TR o BBuRfng SEETSM
seri af5 poriand@d dath Mefls TEIRAAE t MELEY §idh iaf) Wt AUDEMEEE 69, 24KPant BiessingOUNB/

sui tabl e subsystem 242, and installed by a user in RAM 226 or preferably a

non- vol at ietmaibtcgleadgrryenishnips mpis, appoiairaentt kad tasy itsms c Slasuplln 3ge osmere
[ exi D11 Sterhdly 3R GA1 1AL IA0BHL QAGbASHEIRE SIM 363 W HIIRAR!dhdredbe
nmobi | e station and nmmay provide enhanced on-device Tunctions,

comuni caPiendatelitahednd otheit information. bot h. For exanpl e, secure comuni cation
8 applications may enabl e el ectronic comrerce functions and ot her such
financial transactions to be perfornmed using nobile station 202. 100191 In

a datapco [ [ ; | i h texd:
o i 0 e B D b e o e T o
subsyst emilil visglebsi mpwork. o Jwr acpsfared? 8dbodineogsEBV @88 idnhd apr etamlatly

furth . the signal, f t pyt .t q displ 22t il 1.0
v oo 20, Audrliads rad aored it SorRRESYnrBRH Tt Mt bRl ehfin
Figures 3,386 dorrédpadihg Hatd BBk Stcrba tah@Rr Asocimdd Hifh0a HOBPOSRMAR! fystdn s,

such as e-mmi|l nessSages, for exanple, using keyboard 232 in conjunction
wi th di splthgret»2 greatingndmpoersd hlogt eempiten pp motiledetotiore 202 gvithkeaspendrial spelp i s

eypads THeBe" oo oh o PuRCe D BeS R WAl WP he CYORBE bl i LR AR VP

- network t Rfagidfl iseO§aEMicCaniterSsyaRe t a@dRibhal applications may also be loaded onto
mobile station 202 through network 200, an auxiliary I/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[ 0020] For voi ce conmuni cations, the overall operation of nobile station
202 is substantially simlar, except that the received signals would be

out put to speaker 234 and signals for transm ssion would be generated by

m crophone 236. Alternative voice or aédio I/0O subsystens, such as a voice
nmessage recordi ng subsystem may al so be inplenented on nobile station 202.
‘Al t hough gﬁ@icﬁﬁoﬁ 1R Bl 9 BRLtréE PedmingrcRr @fitiaRd Yand0 ottee osyehi Sinetial
primari l hrough speaker 234, display 222 may al so be used to provide an

i ndi cat i emnsaftionsdoibd patformyedofsing mabilg $2fige?d2y, duration of a voice call, or
other voice call related information, as sone exanples. [0021] Serial port
230 in FIG 2 is normally inplenented in a personal digital assistant 25

( PDA) - t Y R4 0 Y daadohifurieitionenddy] a Wrebied sighahsuehiag atibamesbdge, &n eramil' s
desktop conputer 1s a desirable,_afbeit optional, conponent. Serjal port
230 eMabhessageusewel pageedovyieddwidhbe prachysed §i cammBiEtian SURRYyeRe2 @r and

ft .applicati t end , ihi i i ' 2 b
rovi i niPRBI PREBPRL o Fs0r eyl Bk s BlocRthe Sl GlpsPl Y,
than t hr guahipRywonelasiilteyImaieadd 208 Hreboth ak desthibedfitrthen hereindtklabowithoad

path may, for exanple, be used to |oad an encrg&;i on key onto bi.l e
station 2eferenpe buBigueesdiandd. Artsex olmobils stalion2¢hmay AieiOPOsh YR LEBS t o

t her eby prqvi de Vd i i ith RIS

conmuni cé?@b?fse@%ﬁi@e@?%gngﬂﬁg%ﬂﬁw%%@%ﬁd%g%ui‘?. oﬁa|m§§|{g?‘iy1 CIE cozrrzﬁzonent
whi clpg pr ayud desssfoty il BOt doricdeldfeenkaybviatd 232ais guefe@blyand cdinpletr ent 5
systens or devices, which need not nec?%ﬁlgri l@é’ Q%V?’%:‘g] Jgﬁr devi ces, . For
exanpl e, alnhesyeserkevhoasthg: kayppdgad/an tlephons-Sipe EpoLOupOPh s
circuits_an S r - ' QRIS GREInRhi Hls@bdvateR! OVi de
for comngalﬁg%%{lﬁg@ﬁéﬁ qsviem'al %n%ﬂﬁ%ﬁ%ﬁ‘é%%;lgtem%ﬁg devi({:agg. Bl u)gt oot hTM
is a regiqtiered trademark of Bluetooth SIG Inc. 10 [0023] In accordance

wi th an enbodi nent of the invention, nobile station 202 is a nultitasking
handhel d wi rel ess commruni cati ons device configured for sending and

r ece|1§/ : .ngongﬂtlal?drt S0%e AfnhOhicARIAsNGh@ NGk AL VIpeiafion vV 6f GRoMIRI Istatio 020X Gyi de a
user-frien environnment to control the operation of nobile station 202,

an oper atsubgastjedlyesimilars exiept thoh thet tacéived signalg mouldbrompuiosprakes 234 _and
0L PP ol MoR eSS S VALY AiSSHEED 248, Riedableald W ©

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 thiough 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.



[0024] A preferred enbodinment of the liquid crystal display cell 222 is
shown in greater detail in Figure 3 in which a |ight source fornmed from
mul tiple LEDs 322, 324, 326 is used as a backlight. The LCD may be a
passive matrix or active matrix device. 20 Preferably, the LCDis a full
col our device. Mire preferably, the LCDis a field sequential LCD (FS LCD)
- an LCD that obviates a need for colour filters. Alternatively, the LCD
may contain colour filters in which cage a white |light source nay be used.
LCD controller 316 provides a voltage to the common el ectrode(s) 308 and
the acti Y@ﬁp}?%ﬁ%aﬁé@c&fmhhﬁaﬂ@ﬁsi 3isyERin 240 of TRIGaCtik e adiivaal sptinel
preferably thin filmtransistors. The common 25 el ectrode(s) 308 _and active
_el_ Ih e rrE nts c@m]?omt F@E@P@Vﬂﬁp for eaamynicatioss betwees mavge sgon %?5 @8@@&%‘@?’&/ ely.
e refera t aj 4 apcifga ki lqmqaL. | K to
opt | 5 e SGRE T, HoRSt it aﬁ“%&h% DECE G HE Althe dy %éséf@r(rfg’ééﬁ' qui d
crystal Rpabsshienl 2405may pRIudevinSihfrtred eiegice and pedoaiatalaricuBd andiosnBinénty er used.
The LCD controll ek, 316 sets the pixel grey scale of the LCD. .An.optional
processoi Bliugtaptly cé@ﬂﬂi“ﬁé’taﬁo%jﬂ%‘iﬂl%ﬂ?zﬁf’%gﬁ QMPEUECIUe WA FBLREY- 316
Wi Lh 1N b B0 SARMICHIGROIEOIBIE BT i RERIAI Haddllfk bEBERRN SId, fic. 316
and the processor 318 are integrated into-a single device 317, which may
sinply be referred to as an LCD controller that has the capability of

controlling.a Light . . . . . . . .
10 [0((1123] In gccordance with an embodiment of the invention, mobile station 202 is a multi-

tasking handheld wireless communications device configured for sending and receiving
data items and for making and receiving voice calls. To provide a user-friendly
environment to control the operation of mobile station 202, an operating system resident
on station 202 (not shown) provides a graphical user interface (GUI) having a main screen

15  and a plurality of sub-screens navigable from the main screen.

[0024] 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 sets 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



source controller 320. The lIight source may be inplenented by using red,
green, and blue LEDs 322, 324, 326. In a specific enbodi nent, four green,
four red, and two blue LEDs 10 are used to provide full col our and/or

bl ack and white display. Other conbinatlbns of LEDs are contenplated by the
present invention. The LED controller 320 nmay sequence the three colours or
may si mul hranged b prévias Fulk @oldabandbr dldcktang wisiteodisplapn dOther cambihetigaevedr t o
the LEDs sinmultaneously. The |ight guide 328 may have a_tapered bl ock 5
const r uct LERs el cortgmplated typthe Preseat wvention; r I gantrelipr A20 gaspseguenssn| y

distributg. t | i i t e Light L n
areas 332"tha ccs(%:a er P%rﬁ;g 41?18 gggigseﬁe%v%lﬁgg gﬁggg%’ ggﬁﬁsp@?ﬁ%%}@he
LCD i nage?ov%zt o tgh LEDsveimuithasbudly? The sipghtpuide PEOjnent havenartdpdred bheek

surface of the |ight guide 328, the uneven are may be arranged,
di f f er¥ent PenSEYCQhadBaY heveAnpaegmiFehy a Eﬁp‘?@ﬂas gml fé’é’&‘?fﬁéi’%“ﬂi/ %&sﬁﬁb%%hef rom

t he LEDs ) 3 : .
cor r ugat cETRSERD *3he KERPNTPHRD RN TNy Tt M light
utilizati gnaofo dvoihshadotving EfectSRAthe 32D irddge. ahlihdugh unegtt arga BAE iskhBvwar e

partially enclosed by a reflector such that the only opening is fully
bounded bip pue#ect ifﬁ’i‘ﬁrg fo thesswriage oE therlaght gpide 328, the unguen @e%lpantie;arranged

illustrat SR8 ig%ﬁgbgg;]hggn el ' g{gﬁgﬁ? hoN
sheet . Thgﬁfegﬁtﬁfmgego# tﬁ S O\Rrg?%gtt&él pg%agg iégsﬂgel%ﬁgp‘r% gfn t he %BQ% de
of thH) | i g, 3Pbl dEhe Uiereh ateas pady beralgrededyndided; @ptrugaed, dhematally etahedn drhe

| i ght gui de en,the lLight guide is il.lumnated from.idt i ght ur or
may be cagled\fﬁ@d r}%rﬁ&&pé}‘rgfﬁ opg méqeth uﬂjéﬁlop_é’%ft"@ﬂm gﬁbﬁizh_e%aaég P’é‘ﬁﬁ}enage
in a paltgp bhal 308 kO baulle RAOSAS By Alrellbb sidiOmMbRihelhy lobtiihadd gty | ot
gui de. The nmask, shown In the centre 1nmage of FIG 4, nmay be a sheet Or
filmw t hbapeledbydbe lightdransnissivotardaidftlee LGBy be a transparent sheeting with
printing or coaling in select areas corresponding to the hot spots. The
printing or coating nmay be I|ight absorptive or partially light reflective.
Li ght15bs @ik NG1I0! 4BiS ety akfplar QafodRRsit of A Bk ighte AArd tahpohshidnt
reflective (and partially |ight transm ssive) coatings aid to re(t%cl.e 25

| i ght andshsst.r dhedeft posge oftBIKE thghdvenhalispels asseen Femethe dddd sidecofighe dighlended
for illum patian.. ITh e Iy Vi 11554 Vi pot
compensat PG ddiede ShOGHEEE R b i ety EORNBE IABY Uik sBleol Bpnt 2
parti cul aguidpps ilhmiinged fiini &5dight/ souree ar intpbs paptardd thivagh anfiltdr. PX imask kg or
coating, a bitmap correction filter nmay be aPpI ied for a sof%vvare sol ution

to the LCHOTeEJEom iBp captupgte fmages iy 8 meftemathgt mitipxs: the apie) of Hghiskemian 30
est abld sh; : 1 SHi, Vi [=ToT! 0 sul t
of TS pollBAEERE EhARAR > Fhe kil WSMATS R KShul HRde OO Tl O SRELBESY
the LCD. filh Wil 2p¢rtdress Theilok wpotr ltersmay bexe trphspasent shetingrevith pfinténg or
optical systemithat captures the light distribytion froma l.ight gquide 506
when” 11 | ubsiREdR Sage s g sarig Bk forsacts; She PRRRES Gaynd oy BadeBhe or
more i ghé%s%ﬁsﬁae A% ARLEeht FofeRiv Ul lighogdtbidg 15ci§in€m§ ¥t Geferdbwer Skt AN

i mge may be captured for each col our of |ight. pturing an inmage for each
5 col our ofakiniggRartiallyolightfroflecdivedard partiallnlightfoansgpssive) coatings il foacewsian to
acco far, physical .offsets in |ocation for the |ight emtting di,0 of
cach Lol offent BF setedfve PoisEe shunitiany Sped ey o itedt g b, EPecngS e
LED i's, t{1RinhihGtién. OVhPEéerE@bE AR cAVIMtANkhBEitg W deot kpdtBoRpeRsiBy rédién r ed
LED is not likely to be 1dentical to the |ight output pattern fromthe

| i ght gui de ajkot gpatritiies andyybe adiugiedeagrording torile pag @pplicatiogh¥lgmagize terage

be 10_gbt ai each .i ndivj | LED of . ' IS 4
copect al | § Cadietit sy At R b ok EUBPANG B} ve liRa G
out put pagéfewdrefsoliohe thd DOD i ifg@ eulDes Whyn Hehamii(€.a), hilothé0CERS &cusetough

an optical system 504 that transfers to appropriately scaled inmaged to a
r ecei 30 ngesfellishloweredyragsmissiyity Zpgiens 8vg. the Rotaspotsndis: sadesult ofdhe bot st

syst em 504, ipv, A6k YEr & Wulr MR ifofRHEhar TR GHBLEDS02 may, for exanpl e,

i nclude a




15 charge-coupl ed device (CCD). [0027] FIG 6 illustrates an enbodi nent of
a nethod for creating a hot spot filter for the light guide. The |ight
guide is illumnated to provide a |ight output pattern by an individual LED
(e.g., white, red, green, or blue) or 14 group of LEDs representing a col our
20 in step 602. The light output pattern nmay be optically processed. This

light oubgaf Y&t balistiafesGRixephra @mbodinieag ef by optidal gidtemdipitwapmys devi ce,
such as ‘a camera 604. The captured inmage may b us?,d to mak aﬁazk ﬁgG.
Thi's madight distribwtion fos a Seht £609 0GRS IRGUIKEDDY fiIERETOUESS 0er JRe gy o,

t he mask nmay contain, apert ur . |zed f t @qg@

spot s. -ISHHI%&Q%Y %eg ) rdmgy %ﬁE%P&g%gﬁf(g gfdgéﬁstﬁro gtag@ﬂs(gi(i:(?]ﬂxalgll%@pl as}i c or
gl ass 254ifd1hyNan @nﬁ?éﬂei QAgnesd fricath selopr otligs. Caposingsnrisfapge farieach and/ or
absorptive nateri aF ontfo the substrate thrqugh these agertureqso. @fﬁt%&
furtBer qolavesdightaliavsgor ameere apeyiratgmpt mRrpt HLIPFRG PAETTR L0 BFCOuRE 0L PRYFGr i ng) |
t he substrate iis r.ea ol |1 A | | ' @ rb4ni shed
or oduor -ofs i 1agliSR S0 b Finf BRI ABerbghotl Qlot, WEL oAEKS, BebadRR

handhel o mbriglRs Jochesd fhefeh@igrden IOPPiedtheolight pugmit tagteini fhm glighteguide such

case, the 30 canera may be dispgsed at a, di.stance cqrre ndi ng.to that of
t he LCD idluminsied byithei rﬁ% L&D ﬁlémE liely ﬁ%i}e Hﬁ'@%}ﬁ‘éﬂ? ' @“ iOH&S‘gP&eﬁ‘? &P%t&‘e

process [ 2 h degidne M@ beate to
Becoun: ToF SH0ButRaEd 1818 petn YIATD MintBhndtel SR TR A0}

i || ugt r agiRsinad GohesachdidividudldiED of the tagkhighto (Thipis especiallyusefuhwhergmare g

col our grey scal e conpensatjon 1S created f each. ¢col our L, ght

i |l uni nathengne hED ispscdsparicplour. dhblight %‘i@“é’&?%ﬁi‘mﬁ %@?@?@g@’%a 5% Eia’ﬁ’ng ch
light of |l Gifichl8ydhdyl H04OMCRark s (T agpropaelyf doatedt he

| i ght gu?é}ggﬁﬁ%ﬁﬂ%c%g{edc%*o rn‘lﬁls&ztéptgsr(ed 708. The cap?ure N ggge yi S .

pr ocess efindped ftorameacisimgrrensat sty With a7dzners 5821 milh a0 eHRodinggnds Getmiigtlgh use
of the hot spof filter. In this cgse, t hot ' r b i, mor
| ayer upSHSHR ﬁ@%nﬁwil_ml?ﬁlrgmzﬁm %ﬁmf%f ?ﬁ%a“ﬂ%‘?%?%o Ja?"gfaeé‘g?‘@%@r" g?%ed,
may S ) b1 d @V ing 10 directly upon the |ight guide, may be
anotﬁ%r P%%%?gé@%dg?aal ) |spl)|ay (350 of FIG 3) that is able to alter the

pi xel by pixel grey scale to conpensate for any hot spots, or nay be the

primary LCD ( [ subst rat.e ' | ' tain
pi xel s~ al@%;i ggﬁ Qﬁﬂggjé@ﬁ aﬂa??ﬂ’é’ﬂgﬁe Iggogfqggtgﬁg%fa 3%"‘%0% ﬁ%:toér?gte%ﬂ;gfﬂi%%?g The
grey scalighC giiensThé Qiphtaideots ilhninateduo provizieoa difhit rowtp upatielsl by rasvor y
(e.g., the flash mem)r%. _The net hod \]X?i et er mi nes ]:‘é‘}aanot her,.col our of LED .
s o beingividesddiD fag, whita, refrerern.oriye) RGEVHRe! LHRS SR A SRy be

obt ajned. f ar hrf L o L} HRNGE elll afs 18 669t pdtea29]
The ov&%@%gggbgggié%oo&?gr%ﬁkg&g t'he gétggg%r%‘%% I cati orﬁghgr eﬁPi nI': ended to
be exanpligsapaity as Thansgoby aHlight-ciptuting davice, sush af & semer) G0ds athegragtured

modi f Catirhgg”esmg? %e 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.



20 variations to the particul ar enbodi nents without departing fromthe
scope of the application. Instead of a liquid crystal display, a keypad or
keyboard may be illum nated using the disclosed techniques. The invention
described herein in the recited clains intends to cover and enbrace al

sui tabl e changes in technology. 25 Cdains: 1. A nethod of conpensation
for non-uniformillumnation froma Iﬂ&ht guide (328) for a display (112)
or keypad (114) for an electronic device (102, 202), conprising:
5determining a light intensity distribution pattern having at | east one hot
spot acr@essy Ed. i7dhtstgitéstroflis? Gethwldefor bielatilmg' ahbvespot filemdn FH@ 7, iaglefour

|ntenS|ty distribution pattern to create i.t m rr ction fi or
first |igQydcelecompenyitiop map sagsatedder eaé%o‘)‘ﬂlmgn‘gf ﬁ f@f’ g@r‘%

bi t I
(302 100N caie S el S 3pRUER 02 1 il Ll il E‘wé‘%‘é’)s AR tna

a uni f or gnilé g06 Tiss innapei fetel tlﬁe)hglntr@Mh fpithat qolauays Qapﬂmplﬁ @m@_%pﬂlreé The

met hod of claim1, in the displa 1 d st al I
T o gets Pt Bk bRt Y30 b W B b B e ™
Comensa%%t RpbMBRer. $n Sthfar&age | fAe 'H%mé.fnYt fiR@hapTbet D é&1Al @Clray@fnmp*ondﬁwcﬁe

(102, 20 The nmet hod of ‘any one of the (grecedl ng clalnms, wherein the
grey scapintepeosdng el thé ot ppai aseascis rnﬁeﬁﬁgaﬁ gy be ghelt prBiRE phoedtiog|

Lot el b B B mHS3R G s ) B0 et s o
able to alter the pixel by pixel grey scale to compensate for any hot spots, or may be the
primary LCD (defined by substrates 312 and 306 in FIG. 3) in which certain pixels are
given an added darkened grey scale value for compensation. The grey scale compensation
map for the colour is stored in 2 suitable memory (e.g., the flash memory). The method

15  determines if another colour of LED is to be processed 714, 704. In this way, distinct

image patterns may be obtained for each colour of light generated by the light source.

[0029] The above-described embodiments of the present application are intended to be
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



said light guide (328). 5. A light output arrangenent, conprising: a |light
gui de (328) having at |east one hot spot across the |ight guide 25a |ight
source (322, 324, 326) for illumnating the |ight guide (328); and a
first liquid crystal display (302, 306; §§0) conprising pixels, said
display is suitably programmed to apply bitmap correction filter to said
pi xel s whi ch conpensates for said at | east one hot spot across the |ight
gui de such that a uniformlight output is produced. 306. The |ight output
arrangenment of claim5, wherein the first liquid crystal display (302, 306)
is located in proximty to the light guide (328) to provide a grey scale
conpensati on @eidypp of at | east one darkened pixel. 14 7. The |ight

out put arrangenent of any one of claim5 or claim6, wherein the first
liquid crystal display is a field sequential liquid crystal display. 8.
The |ight output axhRNGEBESImpehsafidtyfoPfidh-@Hifofrh diufBnatiod ﬁoﬁ,amgﬁ@ueiemszsmmrgr ey

scal e 5conpensation_bitmap a conpensat es_for ent |caI
| ocati ons of %‘%Tﬂl‘ﬁ’r(é]r?t) ONEE@'HTJégﬂrfﬁ@é‘ e?‘@’fﬁmc (%S%O%Efco’é‘p "kl i ght of said
el ectroni g devi ce dei!e@lamn%Qa)ghf @fendityl distibu@bh p@te&aamg bgbdst GHeihdespotadfss 9.

The |ight output arr enen f any, one o clainms 5 to 8, wherein the
arrangenment 10conpf gﬁdﬁ gh ¥pi4uyingtelis recei ves the conpensated |ight

output pattern fr Oﬁﬁﬂghﬁt ligh@itengityl di@ritudidS pattern to create a bitmap correction filter for a
first liquid crystal display (302, 306; 350); and
applying said bitmap correction filter to pixels of the first liquid crystal display (302)
10 to compensate for the hot spot in the light guide (328), such that a uniform light is
provided for the display (112) or keypad (114).

2. The method of claim 1, wherein the display (112) is a liquid crystal display.

15 3. The method of any one of claims 1 to 2, wherein the grey scale compensation

bitmap is stored in memory (224) of the electronic device (102, 202).

4. The method of any one of the preceding claims, wherein the grey scale
compensation bitmap also compensates for different physical locations of different light

20  sources (322, 324, 326) of a backlight of said electronic device (102, 202) for illuminating

said light guide (328).
5. A light output arrangement, comprising:
a light guide (328) having at least one hot spot across the light guide
25 a light source (322, 324, 326) for illuminating the light guide (328); and

a first liguid crystal display (302, 306; 350) comprising pixels, said display is
suitably programmed to apply a bitmap correction filter to said pixels which compensates for

said at least one hot spot across the light guide such that a uniform light output is produced.

30 6. The light output arrangement of claim 5, wherein the first liquid crystal display (302,
306) is located in proximity to the light guide (328) to provide a grey scale compensation
bitmap of at least one darkened pixel.



10. The light output arrangenent of any one of clains 5 to 10, wherein the
| i ght guide (328) has a tapered bl ock construction. 15 11. The |ight
out put arrangenent of claim 11, wherein the |light guide (328) has internal
uneven areas to scatter light within the |ight guide. 12. A handheld
wi rel ess communi cations device (102, 202?& wherein the device 20conpri ses
the light output arrangenent of any one of clains 5 to 12. 13. The
handhel d wi rel ess conmuni cati ons device (102, 202) of claim 13, wherein the
device is arranged to store the grey scale conpensation bitmap in nmenory
(224).

7. The light output arrangement of any one of claim 5 or claim 6, wherein the first

liquid crystal display is a field sequential liquid crystal display.

8. The light output arrangement of any one of claims 5 to 7, wherein the grey scale

5  compensation bitmap also compensates for different physical locations of different light
sources (324, 326, 328) of a backlight of said electronic device (102, 202) for illuminating
said light guide (328).

9. The light output arrangement of any one of claims 5 to 8, wherein the arrangement
10  comprises a keypad (114) that receives the compensated light output pattern from the light
guide (328).

10. The light output arrangement of any one of claims 5 to 10, wherein the light guide
(328) has a tapered block construction.

15
11. The light output arrangement of claim 11, wherein the light guide (328) has internal
uneven areas to scatter light within the light guide.

12. A handheld wireless communications device {102, 202), wherein the device

20  comprises the light output arrangement of any one of claims 5 to 12.

13. The handheld wireless communications device (102, 202) of claim 13, wherein the

device is arranged to store the grey scale compensation bitmap in memory (224).



