1 M xed Monochrone and Col our Display Driving Techni que [0001] 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 [0002] The use of high resolution displays
.conmbined with high refresh rates to provide a video/animtion/graphica
user experience can significantly increase the |load on a handheld's power
system The current result is that end-users are able to enjoy a highly
graphi cal experience at the expense of reduced battery life and/or
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associated when the screen is refreshed at a rate such as 2500 Hz. Field-sequential display

switching power losses are 5 to 10 times greater than the power losses in conventional

15  liquid crystal displays based on colour filters.

[0003] 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.

[0008] 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.

[0006] 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 approptiate to the




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 nmay be categorized into 5
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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
rmonochrome 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 opetating in “Partial Colour Mode™ if the monochrome region occupies the entire
20  display to vield a display device with power consumption similar to displays that use

colour filters,

(oo10] 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 associatgri
portions of the display.

25

BRIEF DESCRIPTION OF THE DRAWINGS

(0011} Embodiments of present invention will now be described by way of example with

reference to attached figures, wherein:




conmmuni cati ons device that communicates wthin a wireless conmuni cation
~network according to the present invention;, FIG 2 is a nore detailed

di agram of a preferred w rel ess conmunications 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 nent of the liquid crystal display and liquid crystal
display controller of the present i nvenéi on; FIG 5 illustrates a flow
chart of a nethod of the present invention; 10 FIG 6 illustrates an

exenpl ary di vi.si on .of di,spl S ehy. .| cecQr: C ] t r

i nventi on; FI%E' 7Pi1(§l Us : F giéa%énbﬁ%agkﬂl |%é%a%%€&gn&%&§lﬁdaﬁc% \gcﬁ)ﬁ%ol | er
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and the display scans; FIG 9 illustrates an enbodi ment of the relative '
timng bet \Neeﬂﬁcq@égrqtbwfeaeame@ﬂ%d the 15 LCD, FIG 10 illustrates an

al ternate enmbmgl MU m&E dbbifed @pdin ¥ fréEhaDwRaiveaRAmihatibhghivics ofFIGe] and
the LCD, FIG 11 illustrates a specific enbodiment with optional off
regions; 5FI @ecording bd thepregenbigvelifioinbodi ment of a section of the gate line
driver; 20 FI I I f ] i - i
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met hod of Fi dilfe4 iBystramel akx@bodirberit [of tret kauideerysftalrdidpéay adtligiid asystad sisplay
enbodi nent of t&é SC Qirn% for. ?ne, colour within one frame. 25 DETAILED
DESCRI PTI ON [ QBT PrE8EiT™ ention relates to a nethod and devi ce,
especi al | y a FIobj ilkstsdtata v chatioha methad dfalditedent im@miami cat i ons devi ce, that

practices,  the_nethod for reduci ng. power itching | osses in.a.display.
Preferabl {f & ﬁllﬁg’ﬁq‘%? Ei“sexﬁlnﬂ?li“éigl?‘gﬂ%?fsat@maéfisgﬁ?’g a&??ﬂ&flﬁeew"ﬁfhﬁﬁfc%ggur ce
includes |ightvefdt;ting diodes (LEDs) of different colours. The |iquid
crystal 30 display nmay be operated at a rate of 30 or nore_ franes per

second. The LKSS. Zdlustrastsiadilock diagiard an hCDyaafl hCHreopiliseel erPRE™EBeh frane
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My be Uus

pul se wdth of a single puls to vary t rey
' 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 illustraies 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




scale of a pixel. The LEDs of the |ight source preferably will include red,
_green, and blue 4 colours. Oher colour schenes, such as cyan, nmagenta, and
yell ow, are contenplated by the present invention. The present invention
may be inplenented by adapting the LCD controller to drive the gate |lines
.differently in a frame. Although the present invention is directed to a
liquid crystal display per se, the preferred use of the LCDis in a nobile
5 station. [00131 FIG 1 is a block diagramof a comunication system 100
that includes a nobile station 102 that 4conmuni cates thr ough a wrel ess

conmmuni cati on petwo bi I statipn 102 refer i ncl udes
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comuni cation signals fromthe wireless network over a wireless link via

antenna 110. (fgrqjt TANSAR] Vedroll& i 106 Uk te:wudlézﬁaspae&émn?mwmg hﬂnwsﬁl)Whlam to
t hose of a base station and a base station ontrol ler (BSC 1(1not ?wn)

i ncludi ng f oW RATIRE YOET aEVER itk FERETYAOTBPReahaoDIopBk Sragrpller 106 wi
encodi ng/ dec gy B Sl bARRACSY AbLIRN statdn. 162, AliRfead QEaProdsGidy t hat

RF transceiver cfrcuitry 1 y performcertain functions in add|t|on to
t hose perfor rwdaﬂu;nsaassmd mthwomnma‘mppmmmtmt‘blysél}’smrfqréldd im Bft that

networ kg ndegre i R il 0B RBRT R BRI SRl 112 S uRmEy
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.

{0915] Mobile station 102 sends communication signals to and receives communication
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 (o 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.

3¢ [0016] Mobile station 102 includes a battery interface (IF) 134 for receiving one or more

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




to operate. 30 [00161 Mobile station 102 includes a battery interface (IF)
. 134 for receiving one or nore rechargeable batteries 132. Battery 132
“provides electrical power to electrical circuitry in 5 nobile station 102,
and battery IF 132 provides for a nechanical and electrical connection for
-battery 132. Battery IF 132 is coupled to a regulator 136 which regul ates
power to the device. Wien nobile station 102 is fully operational, an RF
transmtter of RF transceiver circuitry 108 is typically keyed or turned
on only when it is sending to network, afd is 5 otherwise turned off to
conserve resources. Simlarly, an RFE receiver of RF transceiver circuitry
108 i s typi cdneyle s@ionHl2e and Batters A 43 e vides feroaw@%crhwaéamaﬂewﬂonmmpg
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controller 106 through communication lines 144. In order to identify the subseriber, SIM

140 contains some user parameters such as an Intcrnational Mobile Subscriber Identity

(IMSI). An advantage of using SIM 140 is that end users are 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 communication

25  device, a multiple-function communication device with data and voice communication
" capabilities, a personal dipital assistant (PDA) enabled for wireless communication, or a
computer incorporating an internal modem. Alternatively, mobile station 102 may be a
multiple-module 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 2

port on a laptop computer. In this case, the laptop computer would include display 112,

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




way |imted to a conputer or other device connected to a wireless nodem In
_particular, 30 for exanple, in the nobile station block diagramof FIG 1
RF transceiver circuitry 108 and antenna 110 nay be inplenented as a radio
nodem unit that may be inserted into a port on a |laptop conputer. In this
.case, the laptop conputer would include display 112, keyboard 114, one or
nore auxiliary Us 116, and controller 106 enbodi ed as the 6 conputer's
CPU. It is also contenplated that a conpyter or other equi pnent not
normal |y capable of wireless comunication may be adapted to connect to
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in which nobile statjon 202_js iptended .to operate. [0021 t wor k., access
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card 262 to be inserted in a SIMIF 264 in order to operate in the

net wor k. S| M(prefzrablycembidded pioiternal) antenna elements and, local oscillators (LOs), and a
processing module such as a digital signal 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 mobile station 202 is intended to operate.

[6021] Network access is associated with a subscriber or user of mobile station 202 and
therefore mobile station 202 requires a Subscriber 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 io 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 tnost if not all electrical circuitry in mobile
station 202, and battery IF 254 provides for a mechanical and electrical connection for it.
The battery IF 254 is coupled to a regulator (not shown) which provides power V+to all of
30 the circuitry,




25 features described in relation to FIG 1. Mbile station 202 is a
~battery-powered device so it also includes a battery IF 254 for receiving
one or nore rechargeabl e batteries 256. Such a battery 256 provides

el ectrical power to nost if not all electrical circuitry in nobile station
. 202, and battery IF 254 provides for a nmechanical and electrical connection
for it. The battery IF 254 is coupled to a regulator (not shown) which
provi des power V+ to all of 30 the circyitry. 7 [0022] Mbbile station 202
i ncludes a m croprocessor 238 (which is one inplenentation of controller
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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 sofiware 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 rnoBile station 202 during its
manufacture. A preferred application that may be loaded onto robile 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.

[0024] 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




personal information manager (PIM application having the ability to

. organi ze and manage 25 data itens relating to the user such as, but not
limted to, instant nessaging (IM, e-mail, calendar events, voice nails,
appointments, and task itens. Naturally, one or nore nenory stores are
-avail able on nobile station 202 and SIM 262 to facilitate storage of PIM
data itens and other information. [00241 The PI M application preferably has
the ability to send and receive data itegrs via 30 the wireless network. In
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subsystem 211 an I nput” to m cr oprocessor . Mcroprocessor 238 wll
preferably further process the signal 15 for output to display 222, to
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items, such as ¢-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 subsystern 211.

[0026] For voice communications, the overall operation of mobile station 202 is
substantially similar, except that the received signals would be output to speaker 234 and
signals for transmission would be generated by microphone 236. Altemative voice or
audio I/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 cail

related information, as some 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 desktop

~computer is a desirable, albeit optional, compongnt, Serial port 230 enables a user to set




[ 0026] For voice comuni 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 audio I/O subsystens, such as a voice
message recordi ng subsystem may also be 25 inplenented on nobile station
202. Although voice or audio signal output is preferably acconplished
primarily through speaker 234, display 222 may al so be used to provide an

i ndication of the identity of a calling party, duration of a voice call, or
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receiving 15 data itens and for maki ng and recel ving voice calls. To
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station 202, an operating systemresident on station 202 (not shown)

provi des a GitskinaJrpdield Yrisgless sompwnications deviesorligsd & seudive and wesens
navi gabl e sf r gt Rgnd ahd 8C 'efkihe 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.

[0630] The liquid crystal display cell 222 is shown in greater detail in Figure 3 in which a
20  lght source formed from multiple LEDs 322, 324, 326 is used as a backlight. LCD
controller 316 provides a voltage to the common ¢lectrode(s) 308 and the active elements
310 of the active matrix. The active elements are preferably thin film transistors. The
common 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 maserial 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




[0030] The liquid crystal display cell 222 is shown in greater detail in
~Figure 3 in which a 20 light source forned fromnultiple LEDs 322, 324,
326 is used as a backlight. LCD controller 316 provides a voltage to the
common el ectrode(s) 308 and the active elements 310 of the active matrix.
. The active elenents are preferably thin filmtransistors. The comon

el ectrode(s) 308 and active el enents are supported on substrates 306 and
312, respectively. The LCD preferably contains a brightness enhancing film
or layer 304 to 25 optimze the di stri bdfion of light for a viewer. As the
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controller 402 and LCD 430 for th _ .
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 prey scale pattern for each light
centred on a specific wavelength according to column driver 410 (source driver) and row
selcctors 412-422 (gate driver) in a 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 fo dstermine colours include ¢limination of a colour
30  filter layer, thus enhancing brightness of the display by reducing a light absorbing layer,
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
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with the LED controller, the LCD controller 402 creates a grey scale
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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 display screen may be divided
25 into a monachrome region and an off region, a monochrome region and a colour region, or

a colour region and an off region.

[0034] Fipure 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 is used to

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




the region before any of the lines in the colour region are swept a second
_or successive 15 tinme. [00331 Figure 6 illustrates an enbodi nent of the
general display screen in the present invention. The top and bottom
regions of the display 602, 612 are turned off. The colouration of the off
-region is dependent upon the characteristics of the unbiased |iquid

crystal material and the orientation of any polarizers. In the exenplary

di vision of the 20 display screen, a col regi on 604, a nonochrone region
606, anot her colour region 608, and an&?her nonochr onme region 610 are
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the colour region scan sequence storage elenent 724 will be accessed and
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e W
rate diff er epikeltgheyrecilbis alclaémdft}ﬂoughlpalsmmm tsegmelrduangw@ma@ Each colour
frame 802 is divided into three parts (or fields) 804, 806, 808 for the three colours in full
colour made. 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 pattem (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 occupies 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 peried and/or the actual seanning may occupy 2
different portion of the time allotted for a given colour. Once the final grey scale value for
a row or line of pixels is fairly well established, the light source (g.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




el ement 724. Switch 722 provides the correct sequence to the gate driver

. 720, and, optionally during the remaining tine, disables the gate for OFF
regions. [00351 Figure 8 illustrates a colour only node in which either the
entire display screen is 15 in colour or the non-col our portion of the
-display screen is in the off state. In operation, pixel grey scale is

achi eved through pulses witten to a pixel during scanning. Each col our
frame 802 is divided into three parts ( A fields) 804, 806, 808 for the
three colours in full colour node. Each”pixel to be illum nated by a
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of the tine allotte @ﬁgl ven colour. It 1s the successive scans of
the col ouf pieesladfirehisetofg palaﬂw then appliesdt with V@ﬂﬁéﬂ:ﬁ fepnpge wmﬁcﬁ&qfé’ apglafy. A

S e e PO o B B LG o SR 3¢

Duri ng nost e scan eri o iIst 814
al ternative eirboeiting phis pf mtiagdslrgtytlareoht _em:hmhyln pisctdiverspon, flematosdlurons al | of

t he scan period, and/ he .act ua s¢anni ng.may occy a different portion
of the time H’I"“YB‘?T“QHIO%”&%W%W hc‘éﬂ(ftﬁ%ﬁs.‘emgﬁuf@é%flﬂ%qugﬁg? grey scal e val ue
for arowor line of pixels is fairly well established, the Iight source
(e.g., li ght [063%] t Ther@wei @ings Aaitagetafnireestesont iBdAtior arissoifem émtrcdiictimnoﬁ

duringth source turn on tine, the co n Iectrod th dlsplay
‘s i nver il ‘%&ﬁﬁﬂ& theaponpgironlg geeisn, Figustsed @ gsaiedyp G ta@%s bi as
| evel 824 tosﬂagleﬁeﬁ&& omardgslawwu tl!l Hmﬁ&ﬁrolrrlefhﬁﬂ dol6iintsiians. Hﬂatguym,l kick
degrade performance and danage t | ay. The inversion of _the comobn

el ectrode vompa@érm frag Ut #’%‘Pfse'&cwh’@bl%fih pixsk ipaetvated appse. TRUENE 5 a
red, green, cmo&h% i She Li6G dﬁéaqs AR aﬁ'oﬁ% Eﬁ%lulé%zitﬁ&%oh&hfo%ée”ed

three times. Inversion nodes are cont enplated by the present
i nvention suplhelasre‘aulm mnlesrmmlmnamdwm dl&ﬂlpataner'Blﬁmrﬁhe lgreyl $cale vajudy @resi on, a

given |i rnat e S C LI Vek
vol t ages?g F?%’ﬁﬁ’geﬁlr“ y @5& %fpuygsp%?rgﬁj}l‘ t%? grnmsu p}] fie go%cet B vof t ages
from a seconibadadtwiof netv qatd duking Yhe n(mmﬂésdaﬁ; dogredpaadingdfo dsﬁ'@le‘ ¢olair irsefigldt hat
is, anonlnvertlng pair of voltag ) bea Iled angl 'écp#}glvertlng pair
of vol tages HEYNE HeEPL B scap Fmedhere j5pod ‘%‘Paqoﬁ & storrd e fRet Hfdbescap it

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

[0637] 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 regions 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., serial in/ parallel
out shift registers) A, B, as illustrated in Figure 12, are 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




may be supplied for each row with voltage sets of opposing polarities.
.[0036] The power savi ngs advantage of the present invention arises fromthe
reduction of 10 switching in the nonochrone region. Figures 9 and 10
illustrate two enbodinents for a single frame of the display having both
-nmonochrone and colour regions. In Figure 9, the nonochrone scan 916 occurs
in which each pixel is activated once. During the nonochronme scan, one
clock pulse is used to set an on or off value for the nonochrone plxels
resulting in | ess swtching power dissipétion. Then, the grey scal e val ues

are 15 devel oped 914 by nmultiple pulses fromthe gate |ine &llver i n which
the source dFywerdriver) Fish s rogister A EOdnloadedapd thgt nied todiyaep Hedird cqlqur

cor respondi ng.g }dﬂ e e SRIRGOHAMB 13083 foh&lddnd M Lidado BR&D 1Rf sebdd@ colean ti me,
there is no i1 lumnation 906, Toward the end of the scan, the |ight source

of the desi gregicacbnen| Ba shiftsregistersetenate 904l thinymber hEsogas i tont ifigae hpecBies
idle 912. Fh%urc%rr%tpeté’ C DR e f@@gﬂegg,g@w enhodiaEat. ESyshkcimie

nonochr one a 4 are € sanme as In Frgure 9, but
t he |ight 5SOTLOEK 8 reltbieBtldgh. afor legumple, apldvidHz tlork may bﬂgﬂd pﬁéﬁer the colfoutt i nre

1004, 1008 with a short D OFF.time 1006.

more speci fi E@g&%af&sﬁ’é‘ﬂ%‘%g?npﬁachb%%fswn FAd ?$‘gh‘glar§ f?:l l}{ E)Wdcai‘llsl?g ay
screen is di ¢LOEY fothRr & Sinddyi iRk Yotd QWpEJ@giOQJﬁﬁseltﬁb yﬁmze&b@m@ off. ahewheh | vat ed
by source driver 1102 and gate driver 1104. At l\é(glﬁ ‘rﬁNgfétom of the

di spl ay scr ed??84ny Esised Wﬂéﬁﬂcﬁﬁg"fﬁﬁ@[’ﬂiﬂﬁ CAPCM LW spl ay
screen is a ORRACHLARRS [ 2% ﬁﬁ%ét%dmgﬁ; %%}715&"5& 919|MON9.§EL@ESI‘ ddkDin 1114.

Two output shift registers (e.g., serfial ar al out shift registers)
A, B, asl1pPl| 63r7at B storagei ejuments11218,4286 gepde ﬂabfrhcs@ahhwhgla&arv@ thewsiehPour

regions. Shift.re |E Ster A o he%’eaﬁ%? ﬂ%@!h #tpé ﬁﬁé LofheeR 1%39%263%1%kﬁ‘t0 hold,

initialization i ster regli ons
respecti vel ythe'lﬂ‘ma;berpuiéﬁrms aﬂnlegchaeg‘nbxal in an mlnaendmemﬁdalxrmmMBMQOIQﬁr regien st arti ng
| i ne nunber of eir res ective re

d f h
i vant Lon. ElplE PR PRT aheoted Caow gt S g 18 o SEoPERY T | o

through the ﬁfé'rﬂ&noélﬁ&h@ie@%n@}h@ﬁbahﬁb@tbeﬁ%t}ie @Neur hrdgin(His Rarinkdre of pi xels is
witten to fromthe 14 source driver.) First shift register A 1210 is

| oaded andthenuedt weep the fi.rst _col oyr t.hen shift
regi ster 1B 1984 | gqrg,&géﬁusgﬁtgs EhevFreR #f ¢ "é%é’g ﬁ%to g’ﬁg Oéé}feolﬂf?semr egi on
once. The shinfvemfoﬁ%ﬁ&ﬁ»ﬁﬁd%t@ﬂlea&@ldyrﬁchﬂmﬁgh@s@ﬂmemg@k BCanstengehbat franme
have all been conple 49 he"col our regions scan time, the clock
rate COLOUR wietipd, initialization occurs 1404 (e.g., registers are initizlized) and the three calour fields

are cycled through 1406-1410 through successive scans during a frame. Mono regions

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

20 00391 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 number of
scannings per colour are loaded, and the colour and monochrome storage elements 1208-
25 1210 are loédecl 1304. The light source is turned off 1306. Colour region B’s count 1204
is loaded 1308, For each count of the coumnter, 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 LLOAD 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 load 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




5 CLOCK is relatively high. For exanple, a 10 MHz cl ock may be used. After
~the colour regions are scanned, the nonochrome region is scanned using a
sl ower clock MONO LINE CLOCK to enter a binary value into the pixel to
~cause the pixel to be on or off. A switch 1228 may be used to transfer
-either COLOUR LINE CLOCK or MONO LINE CLOCK to storage elenments 1218, 1226
according to the region by the REA ON SELECT signal in 10 FIG 7. The
storage elenments 1218, 1226 may be |l atches that latch data on the rising or
falling edges of a clock, D type flip fléps or the I|ike. Cbunters

1202- 1206 are used to hoId t he nunber of lines in each region.

al ternate enBEEAGAENE for gegiqn 4 b1 9P saelysnt gfdhe @Bﬁﬁméﬁﬂ?ﬁj‘l‘sﬂb‘b‘f%ﬁfﬁ 1i"f‘éé‘c’tbef ore
any ot her coliged it99@1335 15021W8d Aﬂls{‘thé‘&%&f"% I&ﬁmwt@mufﬁménhg sEERAGIChr ome
region(s) is scanned Before the col our reglong i s scanned [ 00381

Fi gure 14 || jnngdarda establish theiegrey emleonlups éwémbtﬁﬂuwe istumed en HEBhidd0.ofigthe
present inv i i gure
12. In the gglnec rofé)l)P &%’%‘ ﬁgﬁg%gﬁ%ﬁﬁ?@g%fﬁé oé Fh?p%%gg&%e C¥§%]ﬁr€]égl£e§®er s are
initializgd) 1#2d1idethehommon electnded pairily is mvmtcdybflﬁedf iths derepmirkd 02t k1 0

t hrough successi ye scans during.a fr d
during all, EGR¥MORE &€} ?‘?df’(lg’ g?r%s%fﬁ?%’ aé’8‘t”§ ﬁ) gﬁ ‘glthng% Fﬁgeg%??]%&gure 13
illustrates goufPhe13h8tiaithe thopsoRaeienfpibn @hd tﬁaanmmhmde oéglda gumnamwm
Initially, the gate clock is set equal to the %gL | NE CHgﬁF %rou gh

swi t ch 1228. onophié teqantSoupteerops BrERed Flogh @ 122 t&éigts?glaﬁ"? #3952 o
enabl e the QI clofkhy e RS R4 palidid 1d fisladid MoNBIengoenbess 1102 1206
are | oaded, e nunber scanni ngs per colour are | oaded, and_the col our
and nmonodr oreducst sl rate| Teaye by sstabilei@dica atherOmene and s dpeegyAthe Tile timeght
source is turqﬁg of f 1306. Col our region B's count 1204 is |oaded 1308.

For each coufit°0f the counter, as long as the counter has not tinmed out
1310: the gate clock is sw tched at the COLOUR LINE CLOCK rate 1312, the
gate shift el sthermétbod of Figatei Pethay bt frterpdsing varisbaphplher Beyst his ‘b‘@gl nni ng

of col our 114 h 1 tin
onD sourae SRR oy . B B b Barn A R Rl p %?ﬂ%%@ﬁ‘?ﬂ%‘u'seg
mchhr ow of gﬁh Q:Uilintsf g@ﬂ&hean& l:hﬁ.dﬂet i® leﬁCI&l)the ;ﬁnmlemlos;ouwﬁer pet firetr hne15;07

1 C is . used.to uni gue I nes r I N COl our redgi.on
di spl ay $tr eBfrronseg ah IVRIAUERE lsrdgaﬁm@ Teg, s ARQmP SfaE 1§ E?Hﬁéﬁdliﬁcga%
simlar procgssr bepk3s é’rﬁﬂ@@t’ﬁﬁ glﬁtétcldccE'is SR O Badh) 1thd 1Pk donededinciepibh isof t he

counter, as ong as t he counter has not
driven until the end of the monochreme 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 teset to SIPO B unless the predetermined number of scans to achieve grey
scale has been performed for the frame. If the predetermined number of scans has been
reached, then the gate clock is disabled, the light source is tumed 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 until 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, 2nd the wait period.




timed out 1320, 1322, 1324, 1326. After the col our regions have been
.sufficiently scanned in order to establish their grey scal e val ues, the
| ight source is turned on 1328, 1330, After the col our regi ons have been
conpletely scanned (i.e., the pul se sequence plane is zero) 5 1332, 1334,
-the common el ectrodes polarity is inverted 1346. If it is determ ned that
the nonochrone region is to be refreshed 1336, a counter is |loaded with
t he nunber of lines count M 1338 in the _nonochrome region and the

nmonochrome region is scanned 1344 once}ﬁif the count is not zero, at a

reduced cl oc te 1342 that. is determned, by dividin th i cl.ock by
t he nunmber ol\{(ogéiaﬁgmﬁgls 1#!?33’#85 B 8V ‘g‘?t@e? ffED tquﬁlfc%_Hﬁ%&\Idhenﬁfoéarceduced
clock rate meye feepRisRikd sdredsmy Tk RRA pifRANS JaRckriB®Y508C QLR sotiee patlem ti ne
period. [00401 The nethod of Figure 13?nay be_entered i.n Y rietg of ot her
ways. |n one leafsédr¥enthe spycelicran heskplay emgrixae fayen; 1.%538-3953}%6&’ Bt shift
art al col it Ry SR | PRSI0l s lnE RBh dord I o R e
out put i s5di gehieelan Zeivein a oppd dowpmedetlatd stagningrepyrasgatisien W84 gat e  dri ver
output is enabled. The gate clock is slowed. Each line of the nonochrone
region is dg Nitda e ; ; ) ' FSinkpashedse The
clock is smﬁF%ﬁggn#d&gb?gggﬂﬁgg?g$@ﬁgﬁﬁQEE????%gpﬁ@ﬁgﬁgﬂﬁbnghhpone ;Zgion
cl ock rate. Beadpldsiondy.of Thoke of skiduin thegiromap effest altdrations, umedificatipgs ad of

col our region_B,. Th utput. shift, register.is r 1t I 2 ch line
of col our relTHHOR Fos%bﬂr g@éﬁ‘ﬁﬂnf;?‘l}jofrﬂ@%ser‘{“dthg %@?ﬁ%‘{; Q%’gi l@% SA?peTg%% t he
out put  shi f tppliegtiont €Thel iavendore deskibeBl HeRiBirtk essted kimy athatie tontovedamunber

of scans _to achiev r scal e has been perforned .for the frame. If the
predet er neEimPFﬁ?Pc?z‘rS%Eﬁ’){%‘g’é’l‘&es HAeB8®Y- reached, then the gate clock is

di sabled, the light source is turned on, and the conmobn electrode is
inverted. A determination is nmade as to whether to resune normal node. |f
25 not, then partial colour node is naintained and the processing begins
again by slowing down the gate clock. O herw se, normal node is assuned in
which the fast gate clock is used to control the pixel gates of the

di splay and the gate driver output is disabled until the first line is
ready for data transfer. By illustrative exanple, if Mrepresents a
nonochrome region scan and BA represents a scan of col our regions B and A,
then the process nay be 30 depicted as: MBA BA BA BA BA BA BA BA BA BA BA
BA invert wait - in which the light is turned on during the |ast one or

| ast few of the colour region BA scans, the invert




period, and the wait period. 16 [00411 Figure 15 illustrates a nore
. detail ed enbodi nent of a scan for a field. The gate |ine driver is shifted
once 1504. The load pattern is deasserted 1506. A new source pattern is
| oaded 1507. The source lines on the display matrix are driven 1508. The
-line count is reduced by one 1510. As long as the counter does not expire
(e.g., the line count remains 5 greater than zero in a count down node)
1512, scanning resumes at step 1504. [00421 The above-descri bed enbodi nents
of the present application are intended 0 'be exanpl es only. Those of
skill in the_ art may effect alterations, nodifications and variations to
the particul ar®™8rbodi nents wi t hout departlng fromthe scope of the
application. The invention described herein in the recited clains intends
to cover andy 10 enty geehodltor plabticY RuUBPRNOSMIdz mbAS PAC! BMay dcfeddl iniars: 1.
A method for practicing multiple scanning nodes on a display screen in a
handhel d wi r &fnsibeld Famgiessromarunsationg deHicCecomPBifiET si ng: scanning a first
region of contiguous lines of pixels at a first nunber of times in a 5
frame period; and_sc t el s at
a second nunber osfcglfn%%El fif %g@ﬁ%??&nhe pgrﬂ?soép&\%ﬁealrt g:ﬁ&r)\#t%ﬁ]nbc??’?g?’gsnﬁl er of
times i s 6ot frefdgeriddparidhe second nunber of tines. 2. The nethod of C aim
1, wherein the first nunber of tinmes is Ntines the 10 second nunber of
times, where Nis a p05|t|ve i nt eger and obeys, a §electeddone of %
fol | owi ng rel ati off&iHiinEs? seFgn I‘{FS‘%“‘% Qi rupus ing 0@"‘9 19t ageqead BEPRRE SRS and
si xteen, incligb ﬁ'@me périda) whbréif dRet-WaeRbe IoX tiRBis h¥ QYA té k6 kebShd/Rimtey pf N i s
equal to six; V) is equal to eight; and vi) Nis equal to ten. 3. The
met hod of O Hmes.| or 2, wherein the first region of contiguous |ines of 15
pi xel s is a col our region and/ or the second regi on of contiguous |ines of
pi xel s i's a_ymonochryie, L Ol 1 TREHR! MO ERmdBY: O ik Te thnck e
further conpr|5|ng scanning a region

10 second number of times, where N is a positive integer and obeys a selected one of the

following relationships: i) N is greater than 3; ii) N is between six and sixteen, inclusive;
iii) N is between six and twelve inclusive; iv) N is equal to six; v) N is equal to eight; and

vi) N is equal to ten.

3. The method of Claim 1 or 2, wherein the first region of contiguous lines of
15 pixels is a colour region and/or the second 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

20  first number of times.

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

first number of times.

7. The method of any of Claims { to 6, further comprising leaving at least one

line of pixels in an off state.

25 8. The method of any of Claims 1 to 7, wherein scanning the second region of

contiguous pixel lines occurs three times in a frame,




of contiguous lines of pixels a third nunber of tinmes in the frame period.
5. The nethod of daim4, wherein the third nunber of tinmes is the same as
the 20 first nunmber of tines. 6. The nmethod of Caim4, wherein the third
nunber of tinmes is different fromthe first nunber of tines. 7. The nethod
-of any of Clains 1 to 6, further conprising | eaving at |east one |ine of
pi xels in an off state. 25 S. The nethod of any of Clains 1 to 7, wherein
scanni ng the second regi on of contigum pi xel lines occurs three tines in
a frane. 18 9. The nethod of C aim 8, rein each of the three tines

corresponds {0 a di-fferent r oof oL 11 um L I , hod of
Caim9, Wne%’ei nt hefhgim‘ggordeﬁf?b@& gugvél&lgip eéyflgg? 'ﬂ%ﬁgléeﬁ%n%dﬁﬁ %FS é-%oﬂrgﬁ%:yan,
magent a, and diffekdnosulovh oflillumidagormiighhod of any of Clains 1 to 10, wherein the

refresh rate in the first region is different fromthe refresh rate in the

second region, 12. W reles 0 ni.cati.on A L1 SLNg, j spl ay
screen havi nd%mul t i 5Weﬁlﬁgs&g?amg}%‘ev}jg%érﬂ?ﬁa%ggrgmicﬁﬁgrsﬁaﬁg%ﬂxa %é(;)&f annéitab,hgét he

di spl ay screefcyan\hdpanta 2hi ¥éllow €gi on and a second region in which each
pixel in the first 10 region is capable of being switched on a greater

nunber of _tines than_each pixel i he second.regi gn r.frane .period; and
a |ight séyrgﬁ for iwmt@%@yt#eélﬂ%pll E’yf)ogé\’h@’if% %Esrggsfhéat\%“? g%eérét
conmuni cat i ORgidAaYbiereR frdeh fik Mfrbeh rafelds Ao @RPIOhSI Ng @ di splay controller
for controlling the display screen and a |ight source controller for

controlling the 15 |i gr}t§ source. 14. The wirel.ess communi cations device of
O aim13, whéfein tHEVHFESICAFMIRERIORLIqVIEF: OBRETRF s operations of the |ight
source controller. 15. The wirel ess conmunications device of any of C ains
12 to 14, wherein, b3y dirs! 1@¥ing & uﬁesa)flfpmw drafEaaSh al maltig Whradt, Sk een.
20 16. The wirel ess conmuni cati ons device of any of Clainms 12 to 15,
wherei n t he display screen having a first region and a second regiont in which each pixel in the first

10 region is capable of being switched on a greater number of times than each pixel in the

second region per frame period; and
a light source for itluminating 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

15 light source.

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

controller controls operations of the light source controller.

15. The wireless commmications device of any of Claims 12 to 14, wherein the

display screen is a liquid crystal display sereen.

20 16 The wireless communications device of any of Claims 12 to 15, wherein the

light source includes light emitting diodes.

17. The wireless communications device of Claim 16, wherein a first one of the
light emitting diodes emits red light, a second one of the light emitting diodes emits green

light, and a third one of the light emitting diodes emits blue light.




| ight source includes light emtting diodes. 17. The w rel ess

_conmuni cations device of Caim16, wherein a first one of the 1ight
emtting diodes emits red light, a second one of the light emtting diodes
emts green light, and a third one of the light emtting diodes emts blue

-light. 19 18. The w rel ess conmuni cati ons device of any of Clains 12 to
17, wherein each pixel in the first region is capable of being switched on
between two and sixteen tinmes, inclusive, for each tinme any pixel in the
second region is sw tched on. 19. The wi el ess communi cations device of any

of Cains 12 to 18, erein the i xe]s in.the trix_ fo are driven
by a source &%l ver éﬁ’g‘ﬁm TBODHP‘PW OHSZ%WC%WWOF&?%’EEI%M RG]
device of C @ix@) H%he YWREridA it REHaBRWE GEind ivit@ed of betwRatl BFb Id sixtvenl tiigs, t o
drive source |ines of a selected row of the pixels. 21. The wrel ess

conmuni cat i oinslugE: fekeagh time amyrEisdin imereidiesionis vuitdiedorre read from a | ook
up table. 10 22. The w rel ess comruni cati ons device of Claim19, wherein

each of the yalues f@ryild8s tddfinifaBghOmvice offif b]ﬂ)]@m@' 2Stol 18, {Nﬁﬂghhhsand
each of the values for the secondn region is a‘single bit in length. 23.

The wirel ésspwmmpmmwma@lmﬂn@endﬂaém}wwm@rmdrasgatsgirttV@r 22, wherein the
gate driver is capable of selecting rows of pixels for m)nochrorre node and

sel ecting other 15 Irh(a%re%fss @ﬁ%@ﬁa{,\ﬂ{s dgﬁl:é)éfr HROR, wﬁérmn-{ﬁbesomc& %h@e‘ﬁs

comuni cati ons devi ce of rein se ection of rows wthin a
regi on i s peidadedmeith vaﬁueatcsﬁq'ﬂemtmainmdmlectect@w ofithe pikelse| ess conmuni cat i ons
devi ce of C aim 24, V\/nerei n the selection of rows in a sequential manner

| s acconpl i shed by B RideRs o Lﬁquaﬁ(;ngalagac@oﬁa&i&%c{,gmmﬁe bl Qredbhd/ ©

gates in a rix or ng one s regl ster selected
from a pl ur alfiotma lodf upsthiblé.t regi sters. 26. A machi ne readabl e nedi um
conpri sing program code executable on a device as clainmed in any of clains

]2' g to 25 Bor Zﬁ mpl ene[%te qugle%sh gomnn?&n?cggorgsde%lcgljf@ﬂuﬁ TQ %H%éreﬁf each lof"’chgﬁfaﬂlest o 11.

for the first region is multiple bits in length and gach of the values for the second region is

a single bit in length.

23. The wireless communications device of any of Claims 19 to 22, wherein the
gate driver is capable of selecting rows of pixels for monochrome mode and selecting other

15 rows of pixels for colour mode.

24. The wireless communications device of Claim 23, wherein selection of rows

within a region is performed in a sequential raanner,

25. The wireless communications device of Claim 24, wherein the selection of
Tows in a sequential manner is accomplished by rippling a bit through a shift register to
20  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 1to 11.
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