1 M xed Monochrome and Col our Display Driving Technique (00ot1 The present
invention relates to the field of liquid crystal display and, particularly,
to the field of multi-node operation of a liquid crystal display screen.
BACKGROUND OF THE | NVENTI ON 5 10002) The use of high resolution displays
conmbined with high refresh rates to provide a video/animation/graphica
user experience can significantly increase the |load on a handheld's power
system The current result is that end-uskrs are able to enjoy a highly
graphi cal experience at the expense of reduced battery life and/or
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switching power losses are 5 to 10 times greater than the power losses in conventional

15 liquid crystal displays based on colour filters.

[9003] Thus, it would be desirable to reduce the switching power loss in a liquid crystal
display. Also, to provide greater versatility for the user in a video/animation/graphical
environment, it would be desirable to provide different viewing modes simultaneously on

the display screen.

20 SUMMARY OF THE INVENTION

{0004} This invention addresses the problem of reducing the switching losses and,

therefore, power requirements of a display while maintaining or increasing visual quality.

{0005} Switching losses associated with refreshing the screen at high rates can be reduced
if the active area of the display can be categorized into regions such that each region can be

25  electrically driven differently,

[0066] In cases where the active area of a display can be categorized into regions, this
invention reduces switching losses by driving pixels in each region by an algorithm that

minimizes power consumption while maintaining optical performance appropriate to the



2 region's category. In this way, dynam c, high-power, high-refresh

- requirenents can be isolated to regions containing colour or video, while
| ow power, low refresh rates are applied to regions containing static

"bl ack and white" or nonochrome text. [00071 In the case of
-field-sequential displays, the active area may be categorized into 5
different regions, such as col our and nonochrone regions. Therefore, inages
containing both types of regions can beadriven in "Partial Col our Mde."
The regions may be of different bit col our depths and different refresh
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[0009] The use of different driving schemes allows total power consumption to be reduced
15 depending on the data being displayed while maintaining visual quality. In the case of
field-sequential display, the switching losses are decreased by a factor of 10 within
monochrome regions and overall power savings are proportional to the percentage of the
active area categorized as monochrome, Up to 90% of switching losses can be eliminated
by operating in “Partial Colour Mode™ if the monochrome region occupies the entire
20  display to yield a display device with power consumption similar to displays that use

colour filters.

(0010] Partial Colour Mode can be implemented by a gate driver and controller to allow
certain gate lines to be activated less frequently to reduce the refresh rate on the associate_d
portions of the display.

25

BRIEF DESCRIPTION OF THE DRAWINGS

10011] Embodiments of present invention will low be described by way of example with

reference to attached figures, wherein:



3 FIG 1 is a block diagramthat illustrates pertinent conponents of a

W rel ess comunications device that conmunicates within a wrel ess

comuni cati on network according to the present invention; FIG 2 is a nore
detail ed diagram of a preferred wirel ess communications device of FIG 1 5
~according to the present invention; FIG 3 illustrates an enbodi nent of a
backlit liquid crystal display of the present invention; FIG 4
illustrates an enbodi ment of the liquid grystal display and liquid crystal
display controller of the present invention; FIG 5 illustrates a flow
chart of a nmgghod 6§ 4 hdpcRr égmin ity eiluitores pétifenG. cofpohdntss tof ad ewireless
exenpl ary division of a display screen in accordance with the, resenﬁ(

i nvention; F|ce{nmmmt}°ﬂ%tdﬁ‘élt?%§h% ¢B1n5’(‘:‘R1°ﬂF%1§’I“§% BVIELIPST ERMENRICD Vol | er

of an enbodi EEALdine GliE nrelilihtfiisAt €S a timng scheme for the light source
and the display é%gans; ljIEI & 19 I [Tustrates an enbodi ment of the relative

timng betwe&iGthis 2 niaghdetstod dingrasmef atpeferretipviredsss cqmuinicpgony deyise pEFES Lan
al t ernat e _enmbodi pent of th%.rel tive timng between the |ight source and
the LCD, FI G2CPIg PIGHEFRITENL i'fi ¢ enbodi ment with optional of f

regi ons; Fl @1G.12illidolates ik ahieslirdt efbiedkiirdiatidefysal dieddy amhaofresetsngatien;| i ne

driver; 20 FIG 13 illustrates. a fl hart f i ng. t £
ermboal rent_ofF I GIINAEESS 1 Qbopinet Pl T HECer ) B b Oy B PR

met hod of Fi guieitddor tddfeskhtGvetor;| | ustrates further detail of an
enbodi ment of the scanning for one colour within one frame. 25 DETAILED

DESCRI PTI ON Fi 1ailustistss pflewehatt efpraeikedor thegrebednveBioql net hod and devi ce,
i al | ' ' , adhel AL ise@, that
prach o RES MGG PR By oy s nl g ot (e

practices 0 g power ching losses in a display.
Preferably, thentitnsplay is a liquid crystal display and the [|ight source

ncl udes 11 0 oty 4100, B9850 hEPH 8D o LEB' Mol BPb UM b nd | U1

crystal
FIG. 8 illustrates a timing scheme for the light source and the display scans;

FIG. 9 illustrates an embodiment of the relative timing between the light source and the
15 LCD;

FIG. 10 illustrates an alternate embodiment of the relative timing between the light source

and the LCD;

FIG. 11 illustrates a specific embodiment with optional off regions;

FIG. 12 illustrates an embodiment of a section of the gate line driver;
20  FIG. 13 illustrates a flow chart for scanning the specific embodiment of FIG. 11,

FIG. 14 illustrates a general averview of the method of Figure 13; and '

FIG. 15 illustrates further detail of an embodiment of the scanning for one colour within

one frame.

25 DETAILED DESCRIPTION
(0012} The present invention relates to a method and device, especially a mobile station
such as a handheld communications device, that practices the method for reducing power
switching losses in a display. Preferably, the display is a liquid crystal display and the
light source includes light emitting diodes (LEDs) of different colours. The liquid crystal

30  display may be operated at a rate of 30 or more frames per second. The LCD controller
provides a train of pulses during each frame that may be varied in number or length or
both. The number of pulses or pulse width of a single pulse may be used to vary the grey
scale of a pixel. The LEDs of the light source preferably will include red, green, and blue



30 display may be operated at a rate of 30 or nore franes per second. The
LCD controller provides a train of pulses during each frame that nay be
varied in nunber or length or both. The nunber of pul ses or pulse wi dth of
a single pulse may be used to vary the grey scale of a pixel. The LEDs of
“the light source preferably will include red, green, and blue 4 col ours.
O her col our schenes, such as cyan, magenta, and yellow, are contenpl ated
by the present invention. The present igvention may be inplenmented by
adapting the LCD controller to drive the gate lines differently in a

frame. Al thougNed SRH scha@NhicARs b, HabAEL B8k o, bibQuidmpleca bl

di splay per se, the preferred use of is in a nmobil 5 station.
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i nterfaces (UIA 116, each of which is coupled to a controller 106.

Control | ef 1682896 is al so coupled to radio frequency (RF) transceiver
circuitry 108 and an antenna 110. (00141 Typically, controller 106 is
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b k d
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or fuII yboar provi or entering data for
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i ncl udi ngs f of,BXAMR| ol ubat '(%ﬁ@?dﬂ@@'aﬁt%ﬂf%s &l 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 normally provided for

entering data for storage in mobile station 102, information for transmission to network, a

telephone number to place a telephone call, commands to be executed on mobile station

20 102, and possibly other or different user inputs.

{0015] Mobile station 102 sends communication signals to and receives communpication
signals from the wireless network over a wireless link via antenna 110. RF transceiver
circuitry 108 performs functions similar to those of a base station and a base station
controller (BSC) (not shown), including for example modulation/demodulation and
25  possibly encoding/decoding and encryption/decryption. It is also contemplated that RF
transceiver circuitry 108 may perform certain functions in addition to those performed by a
BSC. It will be apparent to those skilled in art that RF transceiver circuitry 108 will be
adapted to particular wireless network or networks in which mobile station 102 is intended

to operate.

30 [ooi6] Mabile station 102 includes a battery interface (IF) 134 for receiving one or more

rechargeable baiteries 132. Battery 132 provides electrical power to electrical circuitry in



25 possi bly encodi ng/ decodi ng and encryption/decryption. It is also
contenplated that RE transceiver circuitry 108 may performcertain
functions in addition to those perforned by a BSC. It will be apparent to
those skilled in art that RE transceiver circuitry 108 will be adapted to
" particular wireless network or networks in which nobile station 102 is

I ntended to operate. 30 100161 Mobile station 102 includes a battery
interface (IF) 134 for receiving one or gore rechargeable batteries 132.
Battery 132 provides electrical power to electrical circuitry in 5 nobile
station 102, P?o@ﬂ%amotn%y 4ol ey Y P01 80 96 AnlRENAN LA ANA| BrBelioh cal
connecti on 0 attery 132. Battery IF 132 is coupled to a regulator 136
whi ch regul afedapayndd2. tBattebeIF 132 vs @gplefflf\memregdbtpt B36swhich wwaulateppaver tathe y
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during desi gpatu@e, 10908 t?ﬁéa!ll?%inoc[z&(i’l %&@Bﬁlt@ cEiseivk PBwOintD Pcik He@dUsi Ng a
Subscri ber ldenti'ty Mdul which is 10 connected to or inserted
in mobi | e st eeckivnsigmd ainformsting {ifnt aly dusiag deggnated Sme gemigds40 i s one type of
a conventional "smart card" used to identify an end user (or subscriber) of
nobile station 102 and to personalize the device, anong ot her things.

W thout SIM (pd0] Mbigle statibn 162 emtds @sing e Snbisarber IdentigMddulel (FINpEOattidial  f or

conmruni cati on t hrough the .rel e rk. S into

robi e ofb | Bt Ean e i EpR e iR 12 b ulinl RGO Sl 1P

hi s/ her subsghpi bes caremtiofslS‘smat bArd A tked eRieatify yn endhsfl@®s subsiriter e swbiland
menory for storing information i nce, SIM 140 oupl to It
is coupl ed t Hatiqaofi2and) te persppl %ﬁﬁtﬁ%ﬁw&o?ﬂ%’iﬁﬁ@ ‘Fitglﬁgfr' ﬁg@oﬂﬁ Ilfli[fot%‘aer to
identify themamRsgstioRGEmmiml M ndidRl e rifidngl ﬁm@'&&nﬁk&ﬂ&aﬂaﬁrtﬁrﬁ‘@glﬁﬂ@ wiktldds as an

I nternational Mobile Subscriber | ity (IMSl). An advantage of using SIM

140 is t hat atonlys By nsantiag ABY lﬂé@és@d?ﬂelsiﬂtl%m?dafb?‘d&ﬁif cpphasie Agfess PRSI cal
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nobi l e station as i'nc (or’ca nf'ormati on and
recent call membyrforeddrmg informatmn. Since SIM 140 is coupled to SIM IF 142, it is coupled to

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

140 contains some user parameters such as an International Mobile Subscriber Identity
(IMSI). An advantage of using SIM 140 is that end users arc not necessarily bound by any
20  single physical mobile station. SIM 140 may store additional user information for the
mobile station as well, including datebook (or calendar) information and recent call

information.

[0018] Mobile station 102 may consist of a single unit, such as a data comrmunication
25  device, a multiple-function communication device with data and voice communication
capabilities, a personal digital assistant (PDA) enabled for wireless communication, or a
comnputer incorporating an internal modem. Alternatively, mobile station 102 may be a
multiple-rmodule unit comprising a plurality of separate components, including but in no
way limited to a computer or other device connected to a wireless modem. In particular,
30  for example, in the mobile station block diagram of FIG. 1, RF transceiver circuitry 108
and antenna 110 may be implemented as a radio modem unit that may be inserted into a
port on a laptop corputer. In this case, the laptop computer would include display 112,

keyboard 114, one or more auxiliary Uls 116, and controller 106 embodied as the



100181 Mbbile station 102 may consist of a single unit, such as a data
communi cation 25 device, a nmultiple-function comrunication device with
data and voi ce comruni cation capabilities, a personal digital assistant
(PDA) enabled for wirel ess conmunication, or a computer incorporating an
internal nodem Alternatively, nobile station 102 may be a nultiple-nodul e
unit conprising a plurality of separate conponents, including but in no

way |imted to a conputer or other devicé connected to a wireless nodem In
particular, 30 for exanple, in the nobile station block diagramof FIG 1,
RF transcei vesmpitertsuGCRU.yit 108850 can@malated et a Id_tﬁplma:;ﬂrbélﬂ mimm@domllﬁ radi o

nodem uni t t hat be . inserted into a n_a I this
case, the |aft e kéﬁﬁlifi {e8s CompRfTEF }1%111%36 g‘i?agt)eldgo CT’TfC %@g&ﬁsﬁ‘ﬁgne or
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normal |y caphifose &FS pbpbays. cSwatumiTeebtle oYRtieR 1 W3emay AR 4 OReRATHREF ¢t o
and effecki V§+e S as&e%ﬁﬂeeh fmﬁﬁuaﬁ%&ﬁ&%\éﬁﬁmpzcrwmm 108 and antenna

110 of a Sin evi ce suc as one hose descri bed above, Such a

nmobi l e station 102 may have a nore parti cuI ar 5 |n1i)l enentati on as descri bed
later in rel @019rFIGo2 pobictailed blaek drerao of »preferred mpbily stahipy 204 Mobile sfaion

detailed bl O?(gzb% ﬁgfre %OJ tfh- Q%f&%rﬁﬁg aﬁBP'dleﬁcesﬁa%ﬁrﬁoﬂ lgagtzvch)Qid’ Sivalcgdi on

202 is prefe TRuni catlon devi ce aving at |east voice and
advanced datifta conmwnicstidni cnpa‘mhmb idchudirgsthe | capdhility rtg cohemuminptzbiwith togher o

.communi cate with other end i it
provi ded by ﬁ%ﬁ?“l%s}ﬁ% ﬁé’?‘“ﬁ?ﬂ lgpF':'e dee?r% tépg%no?@a’tlg&% Y

nmessagi ngo deyd feferred td iz dAY mE@%ﬁg devieed td-ady p@blephemmrmltﬂhonhawah data
nmessaging capabilities, a wireless |Internet appliance, or

communi cat i oﬁlﬂﬁfé@%‘éap&wﬂt*% a wirelggs dpermet APBIaBHH 8E§d¥%¢?§ﬁ?‘|"}‘?”i“8’§ ev“:l%}i‘)'}u? e

station 202 QAR ESpaBilitiBs) 2L Rat R 202 midy BoambhiYat@ith hashe of a
transcei ver ggtaaéltﬂﬁ)ons %O§V\n§pa |1n |)ts eogerlaphl C c%ver ageI Elar ea. [00201 Mobile

station 202 piutalityradiiored transéaineostpfinna2e0 witkio HAEeASERRC GAVEEBE 8T8t em 211, 15
whi ch includes a receiver, a transmtter, and associ ated conponents, such

as one of Mol (2 ﬁfe%t?nt&hymg%%w ldc&tp%fa% )coaﬁ;uﬁl@mmeéusgg%@mszﬂpd

| ocal oscill 1 0s a processing nodule. such as a‘digita
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anal ogous to( Beﬁ"ertatglﬁa r}:%l%ec'lci/egror%tr Sit) Sahtenma glem@rﬂs gﬁc{ GO0R oscillators (LOs), and a
processing module. such as a dlg'ltal sigmal processor (DSP) (all not shown).

Communication subsystem 211 is analogous to RF transceiver circuitry 108 and antenna

110 shown in FIG. 1. As will be apparent to those skilled in field of communications,

20  particular desipn of communication subsystem 211 depends on the communication

network in which mabile station 202 is intended to operate.

[0021] Network access is associated with a subscriber or user of mobile station 202 and
therefore mobile station 202 requires a Subseriber Identity Module or “SIM” card 262 to
be inserted in a SIM IF 264 in order to operate in the network. SIM 262 includes those
25  features described in relation to FIG. 1. Mobile station 202 is a battery-powered device so
it also includes a battery IF 254 for receiving one or more rechargeable batteries 256, Such
a battery 256 provides electrical power to most if not all electrical circuitry in mobile
station 202, and battery IF 254 pravides 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
30  the circuitry,



110 shown in FIG 1. As will be apparent to those skilled in field of
communi cations, 20 particul ar design of comunication subsystem 211 depends
on the communication network in which nobile station 202 is intended to
operate. [00211 Network access is associated with a subscriber or user of
nobil e station 202 and therefore nobile station 202 requires a Subscri ber
ldentity Module or "SIM card 262 to be inserted in a SIMIF 264 in order
to operate in the network. SIM 262 includes those 25 features described in
relation to FIG 1. Mbile station 202 is a battery-powered device so it
al so i ncl udesgooz} bMobﬁergzaﬂoE 285 dhefudes erm'medpvdcngowﬁ@ (whichm@erimplamcgaaml@
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228, a serial port 230 a K 232, a speaker 234 a mc 236, a
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15 nenorYs 22hemdhy 228, WBith a{ayeﬂmhmegl be b&a&oﬁ@&d&rﬁiﬂ){ROﬁﬁW)ﬁnﬁﬁ%r@e
simlar storage el enent (not shown). Those skilled in the art wl|

appr eci at e t plgment K@Otd‘b@?’@t Tysegldl the art will apprecmte that the operating system,

specific device applications, or parts thereof, may be temporarily loaded into a volatile
store such as RAM 226.

{0023] Microprocessor 238, in addition to its operating system functions, preferably
20  enables execution of software applications on mobile station 202. A predetermined set of
applications which control basic device operations, including at least data and voice
communication applications, will normally be installed on mobile station 202 during its
manufacture. A preferred application that may be loaded onto mobile station 202 may be a
personal information manager (PIM) application having the ability to organize and manage
25  data items relating to the user such as, but not limited to, instant messaging (IM), e-mail,
calendar events, voice mails, appointments, and task items. Naturally, one or more

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

PIM data items and other information.

[0624] The PIM application preferably has the ability to send and receive data items via
30 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



specific device applications, or parts thereof, may be tenporarily | oaded
into a volatile store such as RAM 226. (0023] M croprocessor 238, in
addition to its operating system functions, preferably 20 enables
execution of software applications on nobile station 202. A predeterm ned

" set of applications which control basic device operations, including at

| east data and voice conmunication applications, will normally be
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below with reference to Figures 3-7. A user of mobile station 202 may also compose data
items, such as e-mail messages, for example, using keyboard 232 in conjunction with
display 222 and possibly auxiliary I/O device 228. Keyboard 232 is preferably a complete
alphanumeric keyboard and/or telephone-type keypad. These composed items may be

20  transmitted over a communication network through communication subsystem 211.

{0026] For voice communications, the overall operation of mobile station 202 is
substantially similar, except that the received signals would be output 10 speaker 234 and
signals for transmission would be generated by microphone 236. Altemnative voice or
audio J/O subsystems, such as a voice message recording subsystem, may also be
25  implemented on mobile station 202. Although voice or audio signal output is preferably
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 sorme examples,

[0027] Serial port 230 in FIG. 2 is normally implemented in a personal digital assistant
30 (PDA)-type communication device for which synchronization with a user’s deskiop

computer is a desirable, albeit optional, component. Serial port 230 enables a user to set



nmessage, or web page downl oad will|l be processed by conmunicati on subsystem
- 211 and input to mcroprocessor 238. Mcroprocessor 238 will preferably
further process the signal 15 for output to display 222, to auxiliary I/0O
device 228 or both as described further herein belowwth reference to

" Figures 3-7. A user of nobile station 202 nmay al so conpose data itens,
such as e-nmmi|l nessages, for exanple, using keyboard 232 in conjunction
with display 222 and possibly auxiliary9l/O device 228. Keyboard 232 is
preferably a conplete al phanuneric keyboard and/ or tel ephone-type keypad.
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t hrough conmuni cati on su tem 211. [0026] For voice c ni cations, the
overal | oper&?i llsﬁfaﬂ%gﬁ%%&ﬂ;ﬂ‘éﬁg ’5%2“’?@'1“3%%?'[ saftvam gglr‘r‘%ﬁﬂ%ltar?&é cept
that the receimMaoai @matitn WRslsl aberddidl PatmifcabfeaRik2 She ARghatsdnddag for
transm ssion woul d be generated by m crophone 236. Alternative voice or

audi 0 1/ 0O suFafseaynior cxampie, e usedo logd aprarcsvian keycBiumallestision 0L Hyously al so
be 25 i npkenmgng; [ ' 2 ; ' audi lgpal
out put i slsp?gf %&gbfggd %c%ﬁ%ﬁ%s ggﬂgﬁﬁnﬁnﬁ%@%ﬁggﬂégﬁdggga dgr&gégg, ﬁl gpl ay
222 may al soctremusieddicho provide an indication of the identity of a calling
party, duration of a voice call, or other voice call related information,
as sone exa .ol 00271 Serial port 230 in,fl I,S..NQr i mpl.egent ed
in a per songﬁogﬁ gTQ'IfOéﬁ'rana%’ Sk :né“rlf‘tmg% Sfléﬁ%emt %/Jg)e&c%ﬁn%‘r&nllsgaglt ‘megkrﬁ aelvéyégn or

whi ch synchr oomgaentorhioh priovidesufoe orRmogisdion betweempiobily stattona (demid rdsfifirent

al beit optional, conponent. . Serial port 230, enabl.es a.,user tQ set 9

pr of er ences PRISGHGH AR BPIRR ABVIR BT (el B UpATTER | B SHTR( ends
the capahpl i bitefstenP240RE ih@udd adtihfeiReddeich ¥ndP4setiatid et cdifdland BERFINBALE, @Ra OF

sof tware downl oads. f,o nobile station 202 other than through a wirel ess

| € oug

comuni cat i oR4§®eilor kommyRication grodule do BrowIdrE defompuniqatipnywitl gmilglyasashbled pe
used to |oad 06 4RO BISEYotA™ 1Q 2 P4 i9daBihhrR1Ds BRRIoLIN ETRS @ direct
and thus rel f”?[ﬁ’g and treuste %onnjegtlonrto t her eby prt(;)vi de g%éure devi ce
communi cation. [00281 Short-range comuni cati ons subsystem 240 of FIG 2 is
an addi t i onal00¥ptinaeeerdanesowitiorresmbagimesty opthe invaetionf web ni2821s omulbiet ween
nobil e stati . I ; ' e
oescart by BREP R Sl PV ATR0 ARHAREP rr AT, Bl

15 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 GUI having a main screen and a plurality of sub-

screens navigable from the main screen.

[0030] The liquid crystal display cell 222 is shown in greater detail in Figure 3 in which a
20 light source formed from multiple LEDs 322, 324, 326 is used as a backlight. LCD
controller 316 provides a voltage to the common electrode(s) 308 and the active clements
310 of the active matrix. The active elements are preferably thin film transistors. The
comimon electrode(s) 308 and active elements are supported on substrates 306 and 312,
respectively. The LCD preferably contains a brightness enhancing film or layer 304 to
25  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 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
30 simply be referred to as an LCD controller having the capability of controlling a light

source controller 320. The light source may be implemented by using red, green, and blue



10 subsystem 240 may i nclude an infrared device and associated circuits and
conponents, or a BluetoothTm conmuni cation nodule to provide for

comuni cation with simlarly-enabled systens and devices. BluetoothTMis a
regi stered trademark of Bluetooth SIG Inc. [00291 In accordance with an

- enbodi nent of the invention, nobile station 202 is a nulti- tasking

handhel d wi rel ess communi cati ons devi ce configured for sending and
receiving 15 data itens .and for mekingignd receiving voice calls. To
provide a user-friendly environnent to control the operation of nobile
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controlling a light source controller 320. l | i ght ,source e

i npl enent ed 33, 88, nkheragvengireas mayAERdEd mejde %LEEE*%Q'“E% @Eallg%he i a
specific e oLy &2k EIRL 379 @dueed tO
provi de furﬁﬁgh&grﬁmﬁ gﬁb q&%%ﬂfag%gﬁl\khﬁaﬁﬁgog?%p The LED control | er 320
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of the urs, nd t nate pLEDs simul taneously. O her
conmbi nat ons ‘% ?%‘8%??9\%? {'ﬂ%ég@ the present invention. The I|ight
gui de 328 may have a tapered block construction and may have aBprOX|nater
a trapezoi dgbesijoFigured iilnstestes ne rinpodiinentraf Bigtl€"Dd pantroller 402 %0d LCD 430 for the

method of the present invention. The LED controller may be internally adapted to provide
a sequence of lights each centered on a specific wavelength according to the LEDs
energized, followed by light generated simultaneously from all LEDs or at least two LEDs
20  generating light centered on two different wavelengths. In Figure 4, in synchronization
with the LED controller, the LCD controller 402 creates a grey seale pattern for each light
centred on a specific wavelength according to column driver 410 (source driver) and row
selectors 412-422 (gate driver) in 2 X-Y matrix arrangement. For a red light pattern, only
pixels selectable by the column driver 410 may be set to a transmissive state to provide a
25  desired pattern. Pixels that do not have a red component of light are tumed off. For green
and blue light patterns, similar procedures are followed. When all red, green, and blue
colours are transmitted through a given pixel, that pixel may have a white or whitish
appearance because of the blending of the three primary colours perceived by a viewer.
Advantages in using the light source to determine colours include elimination of a colour
30 filter layer, thus enhancing brightness of the display by reducing 2 light absorbing Iayer,
and increasing the resolution as only one pixel is needed to provide full colour instead of

separate Ted, green, and blue pixels. The size of a pixel is allowed to increase while



light into the LCD. The Iight guide may al so have uneven areas 330, 332
that scatter the light so as to avoid shadowi ng effects in the LCD i mage.
Al t hough uneven area 330 is shown to project out fromthe surface of the

| i ght gui de 328 and uneven area 332 is shown 10 to project inward to the
~surface of the light guide 328, the uneven areas nmay be arranged
differently so long as the arrangenent effectively scatters the light from
the LEDs 322, 324, 326. The uneven areg$ may be abraded, nolded,
corrugated, chemically etched, or the like. Preferably, to nmaxim ze the
utilization | : L - ' [ are
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i ncrease V\,hi1e'-11 resolution is inproved; in other words, using the |ight
source and not the LCD to determne colour optimzes substrate real estate
usage. [0033] Figure 6 illustrates an embodiment of the general display screen in the present

invention. The top and bottom regicns of the display 602, 612 are turned off. The
colouration of the off region is dependent upon the characteristics of the unbiased liquid
crystal material and the orientation of any polarizers. In the exemplary division of the
20 display screen, a colour region 604, a monochrome region 606, another colour region 608,
and another monochrome region 610 are located between the top and bottom off regions
602, 612. Many other amangements are clearly possible; however, in the present
invention, the display screen is basically divided into horizontal bands that are in one of
three modes: colour, monochrome, or off. For example, the displz.ly screen may be divided
25  into 2 monochrome region and an off region, a monochrome region and a colour region, or

a colour region and an off reglon.

[0034] Figure 7 illustrates a block diagram an embodiment of the LCD controller elements
and the LCD. The grey level for the pixels is provided through the source driver 704. A
memory 712 is used to provide image data. The memory may be volatile, such as random
30  access memory, or non-volatile, such as read only memory. The image data i5 used to

access 2 bit pattern for providing grey scale or toggling for a pixel through a lookup table.



100321 The nethod of the present invention is generally shown in Figure S.
Al t hough this enbodinent is directed to the division of the LCD screen

i nto nmonochrone and col our 5 regions, other schenmes are contenpl ated such
as high bit rate colour, low bit rate col our, nono colour, etc. A processor
designates certain lines as col our 502 or nonochrone 504. Reraining |ines
are considered to be in an off state 506. If the display screen is
operational in a display node 508, theniall colour lines are scanned 510
before any nonochrone |lines are scanned 512. The reason the col our |ines
are scanned fadkep tabk ADNREANGES pgali@N ohRMEBipR bith fplekitgng ohemelatigto a Sey
different than the npnochronme lines. In other epbod|nents, gnnochrone
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frame 802 is divided into three parts (or fields) 804, 806, 808 for the three colours in full
colour mode. Each pixel to be illuminated by a specific colour of light achieves a grey
scale value from a pulse pattern into the source of the thin film transistor providing charge
20  to the pixel. The pulse pattern (i.e., colour scans) includes multiple high and/or low pulses
for each pixel. One pulse is applied to each colour pixel during a scan of the colour region
that includes the colour pixel. During the colour region scan (or sweep) 832, the actual
scanning oc¢cupies most of the time allotted 830 for a given colour. It is the successive
scans of the colour pixels during a frame that establishes a prey scale value. A smaller
25 portion of the time allotted in a scan period is idle time 834. During most of the scan
periad, the light source is turned off 814. In alternative embodiments, the light source may
remain on for most or all of the scan period and/or the actual scarming may occupy a
different portion of the time allotted for a given colour. Once the final grey scale value for
a row or line of pixels is faitly well established, the light source {&.g., light emitting diode)
30  istumed on 812. In some embodiments, during the light source turn on time, the common
electrode of the display is inverted from a first voltage bias level 822 to a second voltage
bias level 824 to prevent charge buildup in the liquid crystal that would degrade

performance and damage the display. The inversion of the common electrode voltage



12 Lookup table A 708 provides a pattern of nultiple bits representing or
correlating to a grey scale value. Preferably, the bits in a pattern
nunber at |east six and nay be eight, ten, twelve, or sixteen in nunber.
Lookup table B 710 provides a single bit or hit sequence representing an
“on or off state for a pixel in a nonochronme region or line on the display 5
screen. Optionally, an off state value may be provided in which the source
driver will not bias the liquid crystalysdi splay pixel selected by swtch

(i.e., multiplexer) 706. The gate line driver operates to sweep each of
the two typeg.ofs Bfenablosr fo?%&%arﬁ@p@mt £ %-red, NAden] Bnd BIEpixEI10L. DI thé €gi on
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Switch 722 provi es th r.ect uence.to the e drive 2 nd,

opt | onal 3 GEPaduse o &Ry e BerasRIre uEh ddfefiarda? oepad st ity o
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display screen is 15 in col our’ or the non-colour portion of the di spl ay

screen is i nan pnergng pait af voltagss mpelaer be Applicg %Pix@rjévﬁfg%lage’i“%te SEHMEY ed
t hrough pul Sﬁﬁ%ﬁ‘é%%ﬁe’&f&%é}n W“ﬁ# I%g@gﬁgﬁ&wgp olE&eR. colour frame 802

Is divided in arts 806, 808 for the three colours
in full col our node. Each pi xel to be illum nated by a specific col our of
| i ght achi eviee3sh Theepwerssavings adyputagef of ha pressnl iFeengan easen fpmthe reductienof ce of

the O g T BatdR3h HeforBipbig 1bec 1REAE: 20hd R S5l 8l crblaltl oy

pattern ll . our “scans) i nc es ow pul'ses for
each pi xel . ﬁl@e ﬁruthsef the daplay ha&lghntbmmMnmnndppboen redions. rigFagts@&rth@f t he

col our region i ncl s the col ou i xel.. the col |on
conn (or - swolppensne fie SEom ©CuRh Go duish LRt Skt Dlfink I
al I otted 830mbych@dn@isyAy) ofOLIBEK puldetis u&dtthectsa\:l&ﬁl&ﬁwfﬁhﬁlue&'ﬁﬁms n@aﬁm&}iﬂ@nﬁol our

pi xel s durlngafrarrethat establ i shes a grey scal e val ue. |l er 25
portion of tH&elsrpmltng BtlesFwikhine SONRr S@?‘P%’Bnl sifeny etgr%s"@%:%" A hg nost

of the sgan 4 &ﬁ&ﬁ@%xﬂﬁ}%&mgmpuﬁ%&ﬁ mesgawrun:e(ﬂwef fn Sfith tﬂerkoaﬂc& annatd ve

enbodi nent s, ht “source may remaih on for nost or of the scan
period and/ dpadeﬂaW@lctﬁWadatashlmﬂngnume greuLgsyresponding fooy @Fﬁle miﬁllrll?@aﬁ fighd. t he
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light source of the designated colour is turned on 904 while the gate driver becomes idle
912. Figure 10 represents an alternative embodiment in which the monochrome and colour
20 scans 1016, 1014 are the same as in Figure 9, but the light source is operated at lower

power for a longer period of time 1004, 1008 with a short LED OFF time 1006.

[0037] Figure 11 represents a more specific embodiment of the present invention in which
the display screen is divided into relatively few regions in which pixels are activated by
source driver 1102 and gate driver 1104. At the top and bottom of the display screen are
25 off regdons 1108, 1116. At the center of the display screen is a monochrome region 1112
between two colour regions 1110, 1114. Two output shift registers (e.g,, senial in/ parallel
out shift registers) A, B, as illustrated in Figure 12, arc used for scanning the two colour
regions. Shift register A 1210 and shift register B 1208 contain initialization values for the
gate shift register of regions A and B, respectively. They preferably contain a one-hot
30 encoding of the starting line number of their respective regions. (As used m an
embodiment of the invention, one-hot encoding refers to a single active bit that is shifted

through the shift register such that only one line at a time of pixels is written to from the



arowor line of pixels is fairly well established, the Iight source (e.qg.,
light emtting diode) 30 is taned on 812. In sone enbodi nents, during the

| ight source turn on tinme, the conmon electrode of the display is inverted
froma first voltage bias |level 822 to a second voltage bias level 824 to
prevent charge buildup in the liquid crystal that woul d degrade

performance and damage the display. The inversion of the comon el ectrode
voltage 13 occurs for each col our for 3 ch frame. Thus, for a red, green,
and bl ue pixel LCD, the conmmon electrode voltage is inverted three tines.
L hor 1 nver SLARGTRIES ALE ol SGGAI! FHES, Pladiifis BeF5&Ao LONERJ B g as
line inversidh & nve 1 I nver sion, i'ven 11 ne may be
alternately ﬁ:gmplonexjt}iehslﬂﬁg&gméré Smsns:badhdlaméthemusdd tsrstghxsscﬁozfdruotma fi | r st

set of a polarjity and_th sup. d with.voltages froma nd ,set

ol arity "opieineeit o gesenatrne anglife bR of KSRA BRIAREEN #E oo
of voltages pRy BRpRRA! IBGHMRNHe oAb RERAS bdad t{h@d rthcoéloM(O}aEaaQ@EOlﬂmyLIbﬂI er be
applied In pixel i nver5| on, alternate columms be supplied for each row

with vol tgeCEQEK iptelasivplydiahy Fooraamnle. @sl0 Mﬁesmk rn% bpyidr Adiey thegslour
advantage of the pre m@&%&&&%@m sb4-068 &st}@ sm%wm@fm LNE

switching in Ehe monochr bie regi on ires 9 and 10 111ustrate two
enbodi ment s €bOCK to sited Endry aaipe ofto ﬂmh@uml wplaesy theapikel go boemonafhosswsshe and

‘colour regio | n Fi 184 r each

o xel | i gt Y v 1 aertng e SOL S £ REOL S MERE IR G IR KL 2

;Jsed to se';] gdsragbnelémm?‘ 21821226 skemidihhen thiemegidiﬂwme KEG«GINS?ERmmgma?g in
ess switchin ower di ssi pati on, ues, ar.e

devel opel§ OTChyl ke oBiES SIEEd21S, dA0e FaY G o et WP VB S HGHIER St he

source dri Vegiing cdéc@@ﬂ?@ioéﬁ bhyﬁm'b ﬂ@ﬁsaoﬁﬁé ikd Gdﬂﬁtefﬂﬂzbl—m% 23E S to hold

corresponding to a single colour | d. During nost of the scan tine,

there is no ¢ numbercafilves %@Chﬁﬂlﬁ‘# dIﬁt ﬁéaléﬁﬁ%ﬂt%FmIWi’ém%a‘FFCh £plaur 'Ieg'@ﬁt‘s sour ce
of the desi Dah endlhd: LRhodBERMES
idle 912. %Qgﬁggnﬁg %@%F%?Eﬁ#i %ﬂ% ?29%a§?@£§g&m§elnen? |ﬁ ﬁ%i ch the
monochr ome  ahemondchinme2giegrisscifits befbtithe enlmur répionéRiscamed.n Fi gure 9, but
the light source is operated at | ower power for a |longer period of tine
1004, 10 ] sho : ' S a
rore’ spet 1 B HRTL s el 3P e cobtflenl b HRkd JrlY RGHE 2
screen i s diixveahecn chﬁ'fﬁpoflﬂh'@t fiovihé yhsbaw scaminmgngysicm thighreplkaelhs t}argnaek i vat ed
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method, initialization oceurs 1404 (e.g., registers are initialized) and the three colour fields
are cycled through 1406-1410 through successive scans during a frame, Mono regions

may be updated during all, some, or a single one of the colour fields.

20 (0039] Figure 13 illustrates a more detailed embodiment of the method of Figure 14.
Initially, the gate clock is set equal to the COLOUR LINE CLOCK through switch 1228.
The LOAD SOURCE PATTERN of FIG. 12 is deasserted 1302 to enable the QUTPUT
SHIFT REGISTER to shift its data. The counters 1202-1206 are loaded, the nember of
scanmings per colour are loaded, and the colour and monochrome storage elements 1208-
25 1210 are loaded 1304. The light source is turned off 1306. Coalour region B’s count 1204
is loaded 1308. For each count of the counter, as long as the counter has not timed out
1310: the gate clock is switched at the COLOUR LINE CLOCK rate 1312, the gate shift
register is initialized 1314 to start scanning at the beginning of colour region B 1114 by
using switch A and B (FIG. 12) and asserting LOAD SOURCE PATTERN (FIG. 12), and
30  a succession of gate clocks causes each row of colour region B 1114 to receive a new
source pattern 1507 which is used to Joad unique lines (rows) in colour region B 1114 of

the display screen 1316. Then, colour region A's counter is loaded and a similar process is



source driver 1102 and gate driver 1104. At the top and bottom of the

di splay screen are 25 off regions 1108, 1116. At the center of the display
screen is a nonochrome region 1112 between two col our regions 1110, 1114.
Two output shift registers (e.g., serial in/ parallel out shift registers)
A, B, as illustrated in Figure 12, are used for scanning the two col our
regions. Shift register A 1210 and shift register B 1208 contain
initialization values for the gate shifgt register of regions A and B,
respectively. They preferably contain a one-hot 30 encoding of the starting
pine nunher ek o CRACA 1 VD HEAEROSE (el LRRE: bOIoRAP e REDAMIRRNA! he
i nvention, one-hot encoding refers to a single active that 1s shifted

t hrough t he #ied butrlé@ﬂ,slﬁm 13Mc¢ tﬁ%hﬁftemhb yolomreegmmélambean ‘sufﬁeemﬁy Sparmed s is

wrlttentofro the 14 urce dr Fi.r shi ft 2

L oded ang { R el ey frelerEhied tefebl sttt i R L8, fiabr At 7
register B 1g@8clofr tepRALHave Merd Etﬁxﬁblét&?@cir@acﬁmf?rﬂletﬁlﬂm%e@&ﬁ& ﬁ@ﬁcofﬂl’zeroj egi on
once. The shift reqgisters alternate until the of scans IC{]‘ﬁ t frame

have al bebmc | b semmpn elesigpdeneoledy éw"%‘eulé?é Edfalﬁ detepine % ock
rate COLOUR hbMendntoft: ls%o b€ kedfekieR! 1938 ia0RuntEiO 1oﬂaaedmiﬂetheammeﬂ\mn@4 ock
may be used. After the colour regions are scanned, the nonochr one regi on
i s scanned umungfvhliﬁli%dmhe loowhrovenesion med the romeckieme megion i sshmngd J 344 ue

into the pixel t X

used to tran&’ elt %nrq %ﬂ(_?é%ﬂ %%&@@%%EMTE%A@%%&G%g% S age

el ement s 121fe lik? dloclaby thie dinthbert of stdiR peefield o fiyldtthe MRE® @NEEILE@KSWLmaI in
10 FIG 7. o] e el enents be | at ches t hat tch data
on the r1&i mgasEa SRR TR gt SRS P RS gt P10 P e 6 e 11 Ke.
Counters 120244406 are used to hold the nunber of lines in each region. In
an al ternate enbodi nent, each colour region is scanned rrul ti pI e tines
before any other colour region is scanned- |n another t he
monochr one 1 BodRe LSO et 0 CHEon RGP EAS "G siuffifod. 15

100381 Fi gur&npkdinhend, %ﬁdﬁhﬁﬁo&nm@wa\rh@wa@fleltobeshmgtemems efay 3 MRBEOD Of
the present i nvent i on correspondi ng t he scanni ng system of

Figure 12. Iwith ﬁ@lﬂ@eﬁ@i shen thetondd is |3Wlt§hcélmzl?§~fti ﬁ’o Bl udten A sk lige is
register r@fel'eﬂhédé 'gﬁ@%v&%qt hpi@ disaiee ﬁ%h%ﬁcnfm%&n B FRric e s ﬁ%ﬁ;é‘gg“gh

1406- 1410 t hrou essive scans durin no regi ons
updat ed duri d]greﬁd»dtput samahledorTha gstienlpcle 1scsiuwedf Esdhding of te mdnpediretae region is

driven until the end of the monochrome region is reached. The clock is switched to a fast

gate clock relative to the monochrome region clock rate. Each line of the colour region B
is driven until the end of colour region B. The output shift register is reset to SIPO A,
20  Each line of colour region A is driven until the end of colour region A. Then, the output
shift register is reset to SIPO B unless the predetermined number of scans fo achieve grey
scale has been performed for the frame. If the predetermined number of scans has becn
reached, then the gate clock is disabled, the light source is turned on, and the common
electrode is inverted. A determination is made as to whether to resume normal mode. If
25  not, then partial colour mode is maintained and the processing begins again by slowing
down the gate clock. Otherwise, normal mode is assumed in which the fast gate clock is
used to control the pixel gates of the display and the gate driver output is disabled untii the
first line is ready for data transfer. By illustrative example, if M represents a monochrome
region scan and BA represents a .scan of colour regions B and A, then the process may be
30  depicted as: M BA BA BA BA BA BA BA BA BA BA BA BA invert wait — in which the
light is turned on during the last one or last few of the colour region BA scans, the invert

period, and the wait period.



20 100391 Figure 13 illustrates a nore detail ed enbodi nrent of the nmethod of
Figure 14. Initially, the gate clock is set equal to the COLOUR LI NE CLOCK
t hrough switch 1228. The LOAD SOURCE PATTERN of FIG 12 is deasserted 1302
to enable the QUTPUT SH FT REG STER to shift its data. The counters
1202-1206 are | oaded, the nunmber of scannings per colour are | oaded, and
the col our and nonochrone storage el enents 1208 25 1210 are | oaded 1304.
The light source is turned off 1306. Coljgur region B's count 1204 is

| oaded 1308. For each count of the counter, as long as the counter has not
timed out 1 - : ' f Cel-Gd heXelfe rat e
1312, the ga %Qgﬁ? teg?Eg?g%gf¥F%§ﬁ%%#%gFﬁggg&?ggﬁato stgfkkgganning at the
begi nni ng of limealriverris shafiidomed] 041 Thpipad pasiemgs degssenbd 104N W SPHICE PERIM and
asserting LQA JTERN.(FI G ,1 and. 30 i f cl ocks
causes each IFE%% COl gﬁ? Soruécg?ilg‘ﬁs %‘Tﬁ@fp]taﬁnrgtélé{eﬁrggﬁ‘%ﬁﬁggvé @%J?’gé:g%gﬁst ern
1507 whi ch igdueety bee 1518d Adndmgue the svestel doesagt expirec(elgqulie iregioont rndidsl 4 of
the display screen 1316. Then, coIo&é r%gion.A's‘counE?r E@ | oaded and a
similar procEedentiangsro il g Gu dovIheds) be 1% tgipme Bt ¢ ¥t 284ch count of the
counter, as long as the counter has not tined out 1320, 1322, 1324, 1326.
After the cobqbr TheGbsVesdebaibed BRBsdisUTi of uRnirbyniSaplinegidn araintnder tot o
establish their grey scale values, the-light source is turnep on 13%?,

1330. After cxamples ohbyur Thewi ofskilhd0the sghmay ﬁﬁﬂ%@t BISRORS, TREAIQEIORS ang pe
pul se seque i . et 3 R A |t FRY arity
i's invertedq%gﬁgképg P@ §§ﬁ§%¥e?n1ngﬁmﬁhgéh?ﬁgﬁpnonochggdggfﬁggﬁﬁ is to be
refreshed 13@flicatiorsoThe dnvenigon deacrihad istein inhiée mesitbd claims infends to eqyghendv 1338
in the ochr.one reqj nd _ t.h rome region is scanned 1344 once,

if the c rn“@%mﬁgﬁsgéﬁgfﬁgﬁpﬁmﬁg d@%%bclock rate 1342 that is deternined
by dividing the line clock by the nunber of scans per field to yield the
MONO LI NE CLOCK. The 10 reduced clock rate may be established by ot her
means and may occupy the idle time period. [00401 The nethod of Figure 13
may be entered in a variety of other ways. In one enbodinment, in nornal
node, the serial in/ parallel out shift registers A, B may be | oaded wth
counts, and then the node is switched to partial colour. After the first
line is 15 referenced, the gate driver output is disabled. Then, when nono
start is retrieved, the gate



driver output is enabled. The gate clock is slowed. Each line of the
nmonochronme region is driven until the end of the nonochronme region is
reached. The clock is switched to a fast gate clock relative to the
nmonochrome region clock rate. Each line of the colour region B is driven
until the end of colour region B. The output shift register is reset to
SIPO A. 20 Each line of colour region Ais driven until the end of col our
region A Then, the output shift register is reset to SIPO B unless the

pr edet er mi ned nunber of scans to achieve grey scale has been performed for
t he franeClaimhs:t he predeterm ned nunber of scans has been reached, then the
gate clock is disabled, the Iight source is turned on, and the conmon
electrode is inverted. A determnation is nmade as to whether to resumne
normal node. |f 25 Apiethot fierpramicingahultiplescanningdeodes omaidisphiyserdemind: t he
processi ng hegi ns f’:l ai n by .sl ow ng. down the gate clock. O herw se, nornmnal
mode i s aReERRdWITRlelHE RS foVish COMPIIME s used to control the pixel
gates of the display and the gate driver output is disabled until the

first line is ready for data transfer. By illustrative exanple, }f M
represents a risaoitg oist colagiregion phepntigerus Aneephritdsate fastapimbenet ol our
regi ons B. A, t he nrocess may be 30 depicted as: NMBA BA BA BA BA BA
BA BA BA%%E%Ragﬁb%g%?’eﬁgit - in which the Ilight is turned on during the
| ast one or | astarieys sicondeplowiregion pgintgudh lisesofpixddas aisagamdtnumbder i od, and

the wait riod. .1 0041], Fiqure 15 jllustrates a 1| ed

enbodi rren‘%et{?f‘esdn g@%ﬁr#ed?e“ﬁh’f‘ﬂé% p%ﬁ'engrdglgfr%{)erf’ P i%lﬁjgsl tggéﬁclob?ed once
1504. They|nenre oPRinkEkikH tBatdeAsRas bederldPixelAinReld ssaut coloppicpnrs lekss | oaded
1507. The source lines on the displ matrix are _driven 1508. .The |ine

a
count is thepawidedingrevesef pizglg in ﬁtﬁzﬁ‘)lﬁ%’f regien. @3 fhereiyds 2 Rt pi r e
(e.qg., thﬁtég&ne count remains 5 greater than zero in a count down node)
1512, scahnrrng resunes at step 1504. [00421 The above-descri bed enbodi nents
of the present application are intended to be exanples only. Those of

The partitul ar enbollRribe i HBLE WERp Rt bR ReEhe KfbYRY o7 1©

appl i cat i RutioRdigps: e Rigreferdiescy: i alis betwebn sikand bieteemdhdledve [igiNis i nt ends
to cover and 10 enbrace all _suLt%\l?le cgla%g ,esv)ll{?itechlnol Pg%}':'an&zri)Nis

between six and twelve inclusive: iv) N 1s equ 1X; sequaltoe
equal to ten.
3. The method of Claim 1 or 2, wherein the second colour region of

contiguous lines of pixels is a monochrome region.

4, The method of any of Claims 1 to 3, further comprising scanning a third

region of contiguous lines of pixels a third number of times in the frame period.

5. The method of Claim 4, wherein the third number of times is the same as

the first number of times.

6. The method of Claim 4, wherein the third number of times is different

from the first number of times.



Clainms: 1. A method for practicing multiple scanning nodes on a displ ay
screen in a handheld w rel ess comruni cati ons devi ce, conprising: scanning
a first colour region of contiguous |ines of pixels at a first nunber of
times in a frame period; and scanning a second col our region of contiguous
lines of pixels at a.second nunber of times in the frane period, wherein
the first nunber of tinmes is N tines the second nunber of tines, such that
swi tching power of pixels in said secotd col our regi on is less than
switchin power of,l%lxels sal ;Irsii‘hf? |or1 %nd wh§lre|n Nis a
posi ti ve ‘i nt eger tamsa f P‘ﬁSl\‘«g BEYS 28| ect ed one
of the f%deqmer&gplx@gluggﬂmg@teps i) Nis greater than 3: ii) Nis between
six and sixteen, i1nclusive: iii) Nis between six and twelve inclusive:
iv) Nis equal to six; v) Nis equal to eight: and vi) Nis equal to ten.
3. The hod of Cd-aj r ﬁgr

conti gugﬁés | i nes ofﬂﬁﬁeé@%d%ng\g@ng%%{éﬂ%%% v?geﬁ?lg%c gﬁ] Je@&i[d%'g of any of
C ai ms 1 region of tatitigheuws pisiinéssicogrs sleaatimaginea ﬂrimerd regi on of contiguous
lines of pixels a third nunber of tinmes in the frame period. 5. The nethod
of Claim4, wherein the third nunber of tinmes is the sane as the first
nunber ofgtimes. 6.ThERGRERE FTXaitf 8, GliRkdh dachWigicthite tifRs bhirdsPordstber of
times is different fromthe first nunber of times. 18 7. The nethod of
any of C differsnticolenref illupiagtion lightpri sing | eaving at | east one |ine of
pixels in an off state. 8. The nethod of any of Clains 1 to 7, wherein
scanni ng the second col our region of contiguous pixel |ines occurs three
times in H.frame. STheTinghodedf@iainod, vdieadimite: différenteiolpussart redlf gtebis anéhr ee ti mes

correspontﬂlsi'a glpcy%n, rgég]ceL%rgnrHyeflo' our of illum nation |ight.

11. The method of any of Claims 1 to 10, wherein the refresh rate in the first

colour region is different from the refresh rate in the second colour region.
12, A wireless communications device, comprising:

a display screen having multiple lines of pixels arranged in a matrix format, the
display screen having a first colour region and a second colour region in which each pixel
in the first colour region is capable of being switched on N times each pixel in the second
colour region per frame period such that switching power of pixels in said second colour
region is less than switching power of pixels in said first colour region, wherein N is a
positive integer; and

a light source for illuminating the display screen.

13. The wireless communications device of Claim 12, further comprising a
display controller for controlling the display screen and a light source controller for

controlling the light source.

14. The wireless communications device of Claim 13, wherein the display

controller controls operations of the light source controller.



10. The method of daim9, wherein the different colours are red, green,
and blue or cyan, nagenta, and yellow. if. The nethod of any of Cains 1
to 10, wherein the refresh rate in the first colour region is different
fromthe refresh rate in the second col our region. 12. A wireless
conmuni cati ons device, conprising: a display screen having nmultiple lines
of pixels arranged in a matrix format, the display screen having a first
col our region and a second col our regi®n in which each pixel in the first
colour region is capable of being switched on N tinmes each pixel in the
second colour region per frame period such that swtching power of pixels
in said sgcond col QYL wifefidk Ofntnfinibfihs HBAL SN ?%hbﬂﬁkn@@%l@ﬂyh@te&&?' s in
said first col our region, erein N1s a positive integer; and a |ight
source fdhedmpwwmaﬁﬂnlmgthQc@mﬁ@ﬂ&yhs@megn 13. The wirel ess communi cati ons
device of Claim 12, further conprising a display controller for
controlling the display screen and a |ight source controller for

control limg the |i ghi wiglseomidnicditvas devied ey ob Ohimk ¢2td by wheleii ce  of
Claim13, wherein the dis Iay contraller controls operations of the |ight
sour ce cdh?héﬁﬁ@wﬁe¥9hdﬁ% ﬁ%nmwgéagﬁ§ communi cations device of any of
Clains 12 to 14, wherein the display screen is a liquid crystal display
screen. 16. The wirel ess conmunicati ons device of any of Cains 12 to 15,
wherein the |ight Beuwivdess mmma@saﬂqngﬁpwmﬁ@mgl@wdmn a fipst ol Wi r el ess

conmuni ¢ devd ht
enittingthgg%s %P??l e%&$ %%¥&gt§g§%ﬁgggﬁghg ﬁ?ﬁgﬂﬁvmﬁgKggg?##%g di odes
emts graed lighghind aalmcﬂmetdflt]ﬁdjl1gimemﬁfmg tiedtd apiits béud lightng di odes enits bl ue

light. 18. The wirel ess conmuni cati ons device of any of Clainms 12 to 17,
wherein each pixel in the first colour region is capable of being swtched

on betweefg two and ThRiwitERE cdhiRficatidhs ldesicy 6f any@T CRARE 1D itdTe7, avherdi xel i n
t he second colour region is switched on,

cach pixel in the first colour region is capable of being switched on between two and

sixteen times, inclusive, for each time any pixel in the second colour region is switched

on.

19. The wireless communications device of any of Claims 12 to 18, wherein

the pixels in the matrix format are driven by a source driver and a gate driver.

20. The wireless communications device of Claim 19, wherein the source

driver is loaded with values to drive source lines of a selected row of the pixels.

21. The wireless communications device of Claim 20, wherein the values are

read from a look up table.

22. The wireless communications device of Claim 19, wherein each of the
values for the first colour region is multiple bits in length and each of the values for the

second colour region is a single bit in length.



19. The wirel ess communi cations device of any of Clains 12 to 18, wherein
the pixels in the matrix format are driven by a source driver and a gate
driver. 20. The wirel ess conmunications device of Caim19, wherein the
source driver is |loaded with values to drive source |ines of a selected
row of the pixels. 21. The wi rel ess comunicati ons device of C aim 20,
wherein the values are read froma |ook up table. 22. The w rel ess

conmmruni cations device of Claim19, wh2dein each of the values for the
first colour region is multiple bits in length and each of_ the values for
the secd3d col our Theavisless eopmypiggfjans gpvics of qng of Flpims 9 to22, “‘%ﬁ@ﬂw rel ess
comuni cat | I; . i MWe&hE] e, driver
is capab?&elé gﬁég&f&ééffaﬁgﬁlﬁg\%el%}m%%@ oggﬁéﬁﬁgﬂromghn%gg%ﬁgﬁgecti ng

ot her r owshearfroys afglisel$ fr calobiompderode. 24. The wirel ess communi cati ons
device of Claim23, wherein selection of rows within a region is perforned
in a sequential manner. 25. The wi rel ess conmuni cati ons device of C aim 24,
wherein the sel ect ipg vafclest eWBmuRicaions deiod ol laians) evherein st@tiopbf shed by
rippling a bit through a shift register to drive gates in a matrix or by
sel ect i veaPys Mokl #igionds paformed gy wouentiabmagtesd froma plurality of shift
registers. 26. A machi ne readabl e nedi um conpri si ng program code execut abl e
on a device as clainmed in any of clains 12 to 25 for inplenmenting the

met hod a25!| ai med iThe vdrejess torgmaiigations devigd of Claim 24, wherein the selection of

rows in a sequential manner is accomplished by rippling a bit through a shift register to
drive gates in a matrix or by selectively loading one shift register selected from a

plurality of shift registers.

26. A machine readable medium comprising program code executable on a
device as claimed in any of claims 12 to 25 for implementing the method as claimed in

any of claims 1 to 11 .



