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Description

[0001] Thepresentinventionrelatestothe field of liquid
crystal display and, particularly, to the field of multi-mode
operation of a liquid crystal display screen.

[0002] The use of high resolution displays combined
with high refresh rates to provide a video/anima-
tion/graphical user experience can significantly increase
the load on a handheld’s power system. The current re-
sult is that end-users are able to enjoy a highly graphical
experience at the expense of reduced battery life and/or
increased battery mass and size. High resolution dis-
plays with high refresh rates are susceptible to substan-
tial power losses due to switching inefficiencies associ-
ated with driving many pixels on a display at high fre-
quency. For example, 80-90% of power requirements of
a field-sequential display, excluding backlight illumina-
tion, are related to switching losses 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 liquid
crystal displays based on colour filters.

[0003] US2003/0063077 discloses an Organic Light
Emitting Diode ("OLED") based display system that can
operate at low power consumption. The device can dis-
play gray scale images by quantizing grays into discrete
levels and associating each level with a binary number.
The gray level to be displayed at each pixel is thus stored
in memory as a binary number and transferred to the
display using a parallel mechanism. The device can re-
duce power consumption by reducing the number of bits
associated with gray scale images. The display compris-
es an emissive display based on OLEDs.

[0004] WO/019198 which corresponds to
US2004/0140972 discloses an LCD display capable of
alternating between a transmissive mode and a reflective
mode. The device performs as a transmissive display by
field sequential driving, resulting in a multi-gradation col-
our display, and as a reflective display by frame driving,
resulting in a black and white display. The field sequential
driving is performed by displaying each of the three pri-
mary colors in sequence. Accordingly, each pixel must
be scanned at least three times to complete its display.
[0005] EP0852371 discloses a method for construct-
ing high resolution displays to overcome the problem of
high rewriting speeds.

[0006] EP11148468 discloses how to reduce electric
power consumption by a LCD device which includes col-
our filters.

[0007] US2004/0027364 discloses a display device in
which a display mode of the device can be switched be-
tween a full screen mode and a partial display mode. In
the partial display mode an image is only partially dis-
played in the display area but is not displayed in a back-
ground display area of the partial display mode.

[0008] Thus, itwould be desirable to reduce the switch-
ing power loss in a liquid crystal display. Also, to provide
greater versatility for the user in a video/animation/graph-
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ical environment, it would be desirable to provide different
viewing modes simultaneously on the display screen.

SUMMARY

[0009] Thisinvention addresses the problem of reduc-
ing the switching losses and, therefore, power require-
ments of a display while maintaining or increasing visual
quality.

[0010] In one main aspect, the present invention pro-
vides a method for generating a frame of an image on
an LCD screen of a handheld wireless communication
device having a plurality of light-sources, said method
comprising the steps of: scanning a first region of con-
tiguous lines of field sequentially driven liquid crystal pix-
els to produce a colour region on the LCD screen, using
a source driver and a gate driver driven at a first frequen-
cy; scanning a second region of contiguous lines of field
sequentially driven liquid crystal pixels to produce a mon-
ochrome region on the LCD screen, using said source
driver and said gate driver driven at a second frequency
less than said first frequency, wherein said colour region
is produced by scanning, in said frame, said first region
a first number of times; and wherein said monochrome
region is produced by scanning said second region a
second number of times such that said first number of
times is N times said second number of times, such that
switching power of pixels in said monochrome region is
less than switching power of pixels in said colour region;
and activating said light sources during a portion of said
frame. wherein the number of pixel lines and the starting
pixel line of the monochrome and colour regions are al-
located depending on the data being displayed. Switch-
ing 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
electrically driven differently.

[0011] 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 main-
taining optical performance appropriate to the region’s
category. In this way, dynamic, high-power, high-refresh
requirements can be isolated to regions containing colour
or video, while low power, low refresh rates are applied
to regions containing static "black and white" or mono-
chrome text.

[0012] In the case of field-sequential displays, the ac-
tive area may be categorized into different regions, such
as colour and monochrome regions. Therefore, images
containing both types of regions can be driven in "Partial
Colour Mode." The regions may be of different bit colour
depths and different refresh rates.

[0013] Normally, the field-sequential display is updat-
ed at 2500 Hz and regions driven at this rate are capable
of full colour video at 83 Hz. This dynamic, full colour
capability, however, is not required to display mono-
chrome text. In monochrome regions, the refresh rate
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can be safely reduced to 250 Hz (possibly 55 Hz) without
loss in visual quality. In fact, visual quality may be im-
proved if the driving waveforms are optimized to improve
contrast in monochrome regions to benefit the display of
data such as text.

[0014] Theuse ofdifferentdriving schemes allows total
power consumption to be reduced 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 per-
centage of the active area categorized as monochrome.
Up to 90% of switching losses can be eliminated by op-
erating in "Partial Colour Mode" ifthe monochrome region
occupies the entire display to yield a display device with
power consumption similar to displays that use colour
filters.

[0015] 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 associated portions of the display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of present invention will now be
described by way of example with reference to attached
figures, wherein:

FIG. 1 is a block diagram that illustrates pertinent
components of a wireless communications device
that communicates within a wireless communication
network according to the present invention;

FIG. 2 is a more detailed diagram of a preferred wire-
less communications device of FIG. 1 according to
the present invention;

FIG. 3 illustrates an embodiment of a backlit liquid
crystal display of the present invention;

FIG. 4 illustrates an embodiment of the liquid crystal
display and liquid crystal display controller of the
present invention;

FIG. 5 illustrates a flow chart of a method of the
present invention;

FIG. 6 illustrates an exemplary division of a display
screen in accordance with the present invention;
FIG. 7 illustrates a block diagram of an LCD and LCD
controller of an embodiment;

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

FIG. 9 illustrates an embodiment of the relative tim-
ing between the light source and the 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 op-
tional off regions;

FIG. 12 illustrates an embodiment of a section of the
gate line driver;

FIG. 13 illustrates a flow chart for scanning the spe-
cific embodiment of FIG. 11;

10

15

20

25

30

35

40

45

50

55

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

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

DETAILED DESCRIPTION

[0017] 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 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 colours. Other colour
schemes, such as cyan, magenta, and yellow, are con-
templated by the present invention. The present inven-
tion may be implemented by adapting the LCD controller
to drive the gate lines differently in a frame. Although the
presentinvention is directed to a liquid crystal display per
se, the preferred use of the LCD is in a mobile station.
[0018] FIG. 1 is a block diagram of a communication
system 100 that includes a mobile station 102 that com-
municates through a wireless communication network.
Mobile station 102 preferably includes a visual display
112, a keyboard 114, and perhaps one or more auxiliary
user interfaces (Ul) 116, each of which is coupled to a
controller 106. Controller 106 is also coupled to radio
frequency (RF) transceiver circuitry 108 and an antenna
110.

[0019] Typically, controller 106 is embodied as a cen-
tral processing unit (CPU) which runs operating system
software in a memory component (not shown). Controller
106 will normally control overall operation of mobile sta-
tion 102, whereas signal processing operations associ-
ated with communication functions are typically per-
formed in RF transceiver circuitry 108. Controller 106 in-
terfaces with device display 112 to display received in-
formation, 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, informa-
tion for transmission to network, a telephone number to
place a telephone call, commands to be executed on
mobile station 102, and possibly other or different user
inputs.

[0020] Mobile station 102 sends communication sig-
nals 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) (notshown), including for example modulation/de-
modulation and possibly encoding/decoding and encryp-
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tion/decryption. Itis also contemplated that RF transceiv-
er 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.

[0021] 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 mobile station 102, and battery IF 132 provides
for a mechanical and electrical connection for battery
132. Battery IF 132 is coupled to a regulator 136 which
regulates power to the device. When mobile station 102
is fully operational, an RF transmitter of RF transceiver
circuitry 108 is typically keyed or turned on only when it
is sending to network, and is otherwise turned off to con-
serve resources. Similarly, an RF receiver of RF trans-
ceiver circuitry 108 is typically periodically turned off to
conserve power until it is needed to receive signals or
information (if at all) during designated time periods.
[0022] Mobile station 102 operates using a Subscriber
Identity Module (SIM) 140 which is connected to or in-
serted in mobile station 102 at a SIM interface (IF) 142.
SIM 140 is one type of a conventional "smart card" used
to identify an end user (or subscriber) of mobile station
102 and to personalize the device, among other things.
Without SIM 140, the mobile station terminal is not fully
operational for communication through the wireless net-
work. By inserting SIM 140 into mobile station 102, an
end user can have access to any and all of his/her sub-
scribed services. SIM 140 generally includes a processor
and memory for storing information. Since SIM 140 is
coupled to SIM IF 142, it is coupled to controller 106
through communication lines 144. In order to identify the
subscriber, SIM 140 contains some user parameters
such as an International Mobile Subscriber Identity (IM-
Sl). An advantage of using SIM 140 is that end users are
not necessarily bound by any single physical mobile sta-
tion. SIM 140 may store additional user information for
the mobile station as well, including datebook (or calen-
dar) information and recent call information.

[0023] Mobile station 102 may consist of a single unit,
such as adata communication device, a multiple-function
communication device with data and voice communica-
tion capabilities, a personal digital assistant (PDA) ena-
bled for wireless communication, or a computer incorpo-
rating 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, 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 computer. In
this case, the laptop computer would include display 112,
keyboard 114, one or more auxiliary Uls 116, and con-
troller 106 embodied as the computer’'s CPU. It is also
contemplated that a computer or other equipment not
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normally capable of wireless communication may be
adapted to connect to and effectively assume control of
RF transceiver circuitry 108 and antenna 110 of a single-
unit device such as one of those described above. Such
a mobile station 102 may have a more particular imple-
mentation as described later in relation to mobile station
202 of FIG. 2.

[0024] FIG. 2is a detailed block diagram of a preferred
mobile station 202. Mobile station 202 is preferably a two-
way communication device having at least voice and ad-
vanced data communication capabilities, including the
capability to communicate with other computer systems.
Depending on the functionality provided by mobile station
202, it may be referred to as a data messaging device,
atwo-way pager, a cellular telephone with data messag-
ing capabilities, a wireless Internet appliance, or a data
communication device (with or without telephony capa-
bilities). Mobile station 202 may communicate with any
one of a plurality of fixed transceiver stations 200 within
its geographic coverage area.

[0025] Mobile station 202 will normally incorporate a
communication subsystem 211, which includes a receiv-
er, a transmitter, and associated components, such as
one or more (preferably embedded or internal) 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, particular design of communication
subsystem 211 depends on the communication network
in which mobile station 202 is intended to operate.
[0026] 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 features described
in relation to FIG. 1. Mobile station 202 is a battery-pow-
ered device so it also includes a battery IF 254 for re-
ceiving 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 provides for a mechanical and electrical connection
for it. The battery IF 254 is coupled to a regulator (not
shown) which provides power V+ to all of the circuitry.
[0027] Mobile station 202 includes a microprocessor
238 (which is one implementation of controller 106 of
FIG. 1) which controls overall operation of mobile station
202. Communication functions, including at least data
and voice communications, are performed through com-
munication subsystem 211. Microprocessor 238 also in-
teracts with additional device subsystems such as a dis-
play 222, a flash memory 224, arandom access memory
(RAM) 226, auxiliary input/output (I/O) subsystems 228,
a serial port 230, a keyboard 232, a speaker 234, a mi-
crophone 236, a short-range communications subsys-
tem 240, and any other device subsystems generally
designated at 242. Some of the subsystems shown in
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FIG. 2 perform communication-related functions, where-
as other subsystems may provide "resident" or on-device
functions. Notably, some subsystems, such as keyboard
232 and display 222, for example, may be used for both
communication-related functions, such as entering a text
message for transmission over a communication net-
work, and device-resident functions such as a calculator
or task list. Operating system software used by micro-
processor 238 is preferably stored in a persistent store
such as flash memory 224, which may alternatively be a
read-only memory (ROM) or similar storage element (not
shown). Those skilled in the art will appreciate that the
operating system, specific device applications, or parts
thereof, may be temporarily loaded into a volatile store
such as RAM 226.

[0028] Microprocessor 238, in addition to its operating
system functions, preferably enables execution of soft-
ware applications on mobile station 202. A predeter-
mined set of applications which control basic device op-
erations, including atleast 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 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.
[0029] The PIM application preferably has the ability
to send and receive data items via the wireless network.
In a preferred embodiment, PIM data items are seam-
lessly integrated, synchronized, and updated via the
wireless network, with the mobile station user’s corre-
sponding data items stored and/or associated with a host
computer system thereby creating a mirrored host com-
puter on mobile station 202 with respect to such items.
Thisis especially advantageous where the hostcomputer
system is the mobile station user’s office computer sys-
tem. Additional applications may also be loaded onto mo-
bile station 202 through network 200, an auxiliary 1/0
subsystem 228, serial port 230, short-range communi-
cations subsystem 240, or any other suitable subsystem
242, and installed by a user in RAM 226 or preferably a
non-volatile store (not shown) for execution by micro-
processor 238. Such flexibility in application installation
increases the functionality of mobile station 202 and may
provide enhanced on-device functions, communication-
related functions, or both. For example, secure commu-
nication applications may enable electronic commerce
functions and other such financial transactions to be per-
formed using mobile station 202.

[0030] In adata communication mode, a received sig-
nal such as a text message, an e-mail message, or web
page download will be processed by communication sub-
system 211 and input to microprocessor 238. Microproc-
essor 238 will preferably further process the signal for
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output to display 222, to auxiliary I/0 device 228 or both
as described further herein below with reference to Fig-
ures 3-7. A user of mobile station 202 may also compose
dataitems, such as e-mail messages, for example, using
keyboard 232 in conjunction with display 222 and possi-
bly auxiliary 1/0 device 228. Keyboard 232 is preferably
a complete alphanumeric keyboard and/or telephone-
type keypad. These composed items may be transmitted
over a communication network through communication
subsystem 211.

[0031] For voice communications, the overall opera-
tion 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 mi-
crophone 236. Alternative voice or audio I/O subsystems,
such as a voice message recording subsystem, may also
be implemented on mobile station 202. Although voice
or audio signal output is preferably accomplished prima-
rily 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 infor-
mation, as some examples.

[0032] Serial port230in FIG. 2 is normally implement-
ed in a personal digital assistant (PDA)-type communi-
cation device for which synchronization with a user’s
desktop computer is a desirable, albeit optional, compo-
nent. Serial port 230 enables a user to set preferences
through an external device or software application and
extends the capabilities of mobile station 202 by provid-
ing for information or software downloads to mobile sta-
tion 202 other than through a wireless communication
network. The alternate download path may, for example,
be used to load an encryption key onto mobile station
202 through a direct and thus reliable and trusted con-
nection to thereby provide secure device communication.
[0033] Short-range communications subsystem 240 of
FIG. 2 is an additional optional component which pro-
vides for communication between mobile station 202 and
different systems or devices, which need not necessarily
be similar devices. For example, subsystem 240 may
include an infrared device and associated circuits and
components, or a Bluetooth™ communication module to
provide for communication with similarly-enabled sys-
tems and devices. Bluetooth™ is a registered trademark
of Bluetooth SIG, Inc.

[0034] In accordance with an embodiment of the in-
vention, mobile station 202 is a multitasking handheld
wireless communications device configured for sending
and receiving data items and for making and receiving
voice calls. To provide a user-friendly environment to
control the operation of mobile station 202, an operating
system resident on station 202 (not shown) provides a
GUI having a main screen and a plurality of sub-screens
navigable from the main screen.

[0035] The liquid crystal display cell 222 is shown in
greater detail in Figure 3 in which a light source formed
from multiple LEDs 322, 324, 326 is used as a backlight.
LCD controller 316 provides a voltage to the common
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electrode(s) 308 and the active elements 310 of the active
matrix. The active elements are preferably thin film tran-
sistors. The common electrode(s) 308 and active ele-
ments are supported on substrates 306 and 312, respec-
tively. The LCD preferably contains a brightness enhanc-
ing film or layer 304 to optimize the distribution of light
for a viewer. As the preferred liquid crystal material is
super twisted nematic, polarizers 302 and 314 are used.
The LCD controller 316 sets the pixel grey scale of the
LCD. An optional processor 318 may coordinate synchro-
nization of the LCD controller 316 with the light source
controller 320. Preferably, the LCD controller 316 and
the processor 318 are integrated into a single device 317,
which may simply be referred to as an LCD controller
having the capability of controlling a light source control-
ler 320. The light source may be implemented by using
red, green, and blue LEDs 322, 324, 326. In a specific
embodiment, four green, four red, and two blue LEDs are
used to provide full colour and/or black and white display.
The LED controller 320 may sequence the three colours
or may simultaneously energized LEDs of all of the col-
ours and terminate power to the LEDs simultaneously.
Other combinations of LEDs are contemplated by the
present invention. The light guide 328 may have a ta-
pered block construction and may have approximately a
trapezoidal form to more evenly distribute the light into
the LCD. The light guide may also have uneven areas
330, 332 that scatter the light so as to avoid shadowing
effects in the LCD image. Although uneven area 330 is
shown to project out from the surface of the light guide
328 and uneven area 332 is shown to project inward to
the surface of the light guide 328, the uneven areas may
be arranged differently so long as the arrangement ef-
fectively scatters the light from the LEDs 322, 324, 326.
The uneven areas may be abraded, molded, corrugated,
chemically etched, or the like. Preferably, to maximize
the utilization of light, the LEDs 322, 324, 326 and the
light guide 328 are partially enclosed by a reflector such
that the only opening is fully bounded by the light trans-
missive area of the LCD.

[0036] Figure 4 illustrates an embodiment of the LCD
controller 402 and 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 spe-
cific wavelength according to the LEDs energized, fol-
lowed by light generated simultaneously from all LEDs
or at least two LEDs generating light centered on two
differentwavelengths. In Figure 4, in synchronization with
the LED controller, the LCD controller 402 creates a grey
scale pattern for each light centred on a specific wave-
length according to column driver 410 (source driver) and
row selectors 412-422 (gate driver) in a X-Y matrix ar-
rangement. For a red light pattern, only pixels selectable
by the column driver 410 may be set to a transmissive
state to provide a desired pattern. Pixels that do not have
a red component of light are turned off. For green and
blue light patterns, similar procedures are followed.
When all red, green, and blue colours are transmitted
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through a given pixel, that pixel may have a white or whit-
ish appearance because of the blending of the three pri-
mary colours perceived by a viewer. Advantages in using
the light source to determine colours include elimination
of a colour filter layer, thus enhancing brightness of the
display by reducing a light absorbing layer, and increas-
ing the resolution as only one pixel is needed to provide
full colour instead of separate red, green, and blue pixels.
The size of a pixel is allowed to increase while resolution
is improved; in other words, using the light source and
not the LCD to determine colour optimizes substrate real
estate usage.

[0037] The method ofthe presentinventionisgenerally
shown in Figure 5. Although this embodiment is directed
to the division of the LCD screen into monochrome and
colour regions, other schemes are contemplated such
as high bit rate colour, low bit rate colour, mono colour,
etc. A processor designates certain lines as colour 502
or monochrome 504. Remaining lines are considered to
be in an off state 506. If the display screen is operational
in a display mode 508, then all colour lines are scanned
510 before any monochrome lines are scanned 512. The
reason the colour lines are scanned first is because they
have a clocking scheme that is different than the mono-
chrome lines. In other embodiments, monochrome lines
may be scanned before colour lines. If the monochrome
and/or colour lines are to be changed 514, the new con-
figuration is determined by repeating steps 502-506.
Scanningin a colour region involves afirst sweep of each
line in the region before any of the lines in the colour
region are swept a second or successive time.

[0038] Figure 6 illustrates an embodiment of the gen-
eral 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 liquid crystal material and
the orientation of any polarizers. In the exemplary division
of the display screen, a colour region 604, amonochrome
region 606, another colour region 608, and another mon-
ochrome region 610 are located between the top and
bottom off regions 602, 612. Many other arrangements
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, mono-
chrome, or off. For example, the display screen may be
divided into a monochrome region and an off region, a
monochrome region and a colour region, or a colour re-
gion and an off region.

[0039] Figure 7 illustrates a block diagram an embod-
iment 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 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.
Lookup table A 708 provides a pattern of multiple bits
representing or correlating to a grey scale value. Prefer-
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ably, the bits in a pattern number at least six and may be
eight, ten, twelve, or sixteen in number. Lookup table B
710 provides a single bit or bit sequence representing an
on or off state for a pixel in a monochrome region or line
on the display screen. Optionally, an off state value may
be provided in which the source driver will not bias the
liquid crystal display pixel selected by switch (i.e., multi-
plexer) 706. The gate line driver operates to sweep each
of the two types of scannable regions separately. That
is, the colour region scan sequence storage element 724
will be accessed and used to scan the designated por-
tions of the display screen 702 before or after the mon-
ochrome sequence storage element 726 is accessed for
scanning. The monochrome scan sequence storage el-
ement 726 is scanned at a rate different than the rate for
the colour sequence storage element 724. Switch 722
provides the correct sequence to the gate driver 720,
and, optionally during the remaining time, disables the
gate for OFF regions.

[0040] Figure 8 illustrates a colour only mode in which
either the entire display screen is in colour or the non-
colour portion of the display screen is in the off state. In
operation, pixel grey scale is achieved through pulses
written to a pixel during scanning. Each colour frame 802
is divided into three parts (or fields) 804, 806, 808 for the
three colours in full colour mode. Each pixel to be illumi-
nated 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 to the pixel. The pulse pattern
(i.e., colour scans) includes multiple high and/or low puls-
es 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 allot-
ted 830 for a given colour. It is the successive scans of
the colour pixels during a frame that establishes a grey
scale value. A smaller portion of the time allotted in a
scan period is idle time 834. During most of the scan
period, 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 scanning 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 fairly well established, the light source (e.g.,
light emitting diode) is turned on 812. In some embodi-
ments, 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 pre-
vent charge buildup in the liquid crystal that would de-
grade performance and damage the display. The inver-
sion of the common electrode voltage occurs for each
colour for each frame. Thus, for a red, green, and blue
pixel LCD, the common electrode voltage is inverted
three times. Other inversion modes are contemplated by
the present invention such as line inversion and pixel
inversion. In line inversion, a given line may be alternately
supplied through the source driver with voltages from a
first set of a polarity and then supplied with voltages from
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a second set of a polarity opposite to that of the first set;
that is, a non-inverting pair of voltages may be applied
and an inverting pair of voltages may later be applied. In
pixel inversion, alternate columns may be supplied for
each row with voltage sets of opposing polarities.
[0041] The power savings advantage of the present
invention arises from the reduction of switching in the
monochrome region. Figures 9 and 10 illustrate two em-
bodiments for a single frame of the display having both
monochrome and colour regions. In Figure 9, the mon-
ochrome scan 916 occurs in which each pixel is activated
once. During the monochrome scan, one clock pulse is
used to set an on or off value for the monochrome pixels,
resulting in less switching power dissipation. Then, the
grey scale values are developed 914 by multiple pulses
from the gate line driver in which the source driver is
loaded with new data during the multiple scans corre-
sponding to a single colour in a field. During most of the
scan time, there is no illumination 906. Toward the end
of the scan, the light source of the designated colour is
turned on 904 while the gate driver becomes idle 912.
Figure 10 represents an alternative embodimentin which
the monochrome and colour 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.

[0042] Figure 11 represents a more specific embodi-
ment 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 off regions
1108, 1116. At the center of the display screen is a mon-
ochrome 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 val-
ues for the gate shift register of regions A and B, respec-
tively. They preferably contain a one-hot encoding of the
starting line number of their respective regions. (As used
in an embodiment of the invention, one-hot encoding re-
fers to a single active bit that is shifted through the shift
register such thatonly one line at a time of pixels is written
to from the source driver.) First shift register A 1210 is
loaded and then used to sweep the first colour region
once, then shift register B 1208 is loaded and then used
to sweep the second colour region once. The shift reg-
isters alternate until the number of scans in that frame
have all been completed. During the colour regions scan
time, the clock rate COLOUR LINE CLOCK is relatively
high. For example, a 10 MHz clock may be used. After
the colour regions are scanned, the monochrome region
is scanned using a slower 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 stor-
age elements 1218, 1226 according to the region by the
REGION SELECT signal in FIG. 7. The storage elements
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1218, 1226 may be latches that latch data on the rising
or falling edges of a clock, D type flip flops, or the like.
Counters 1202-1206 are used to hold the number of lines
in each region. In an alternate embodiment, each colour
region is scanned multiple times before any other colour
region is scanned. In another embodiment, the mono-
chrome region(s) is scanned before the colour region(s)
is scanned.

[0043] Figure 14 illustrates an overview of the embod-
iment of a method of the presentinvention corresponding
to the display scanning system of Figure 12. In the gen-
eral method, initialization occurs 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 sin-
gle one of the colour fields.

[0044] Figure 13 illustrates a more detailed embodi-
ment 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 de-
asserted 1302 to enable the OUTPUT SHIFT REGISTER
to shift its data. The counters 1202-1206 are loaded, the
number of scannings per colour are loaded, and the col-
our and monochrome storage elements 1208-1210 are
loaded 1304. The light source is turned off 1306. Colour
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 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 repeated but for region
A 1110 for each count of the counter, as long as the
counter has not timed out 1320, 1322, 1324, 1326. After
the colour regions have been sufficiently scanned in or-
der to establish their grey scale values, the light source
is turned on 1328, 1330. After the colour regions have
been completely scanned (i.e., the pulse sequence plane
is zero) 1332, 1334, the common electrodes polarity is
inverted 1346. If it is determined that the monochrome
region is to be refreshed 1336, a counter is loaded with
the number of lines count M 1338 in the monochrome
region and the monochrome region is scanned 1344
once, ifthe countis not zero, at areduced clock rate 1342
thatis determined by dividing the line clock by the number
of scans per field to yield the MONO LINE CLOCK. The
reduced clock rate may be established by other means
and may occupy the idle time period.

[0045] The method of Figure 13 may be entered in a
variety of other ways. In one embodiment, in normal
mode, the serial in/ parallel out shift registers A, B may
be loaded with counts, and then the mode is switched to
partial colour. After the first line is referenced, the gate

10

15

20

25

30

35

40

45

50

55

driver output is disabled. Then, when mono start is re-
trieved, the gate driver output is enabled. The gate clock
is slowed. Each line of the monochrome region is driven
until the end of the monochrome region is reached. The
clock is switched to a fast gate clock relative to the mon-
ochrome region clock rate. Each line of the colour region
B is driven until the end of colour region B. The output
shift register is resetto SIPO A. 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 prede-
termined 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 turned on, and the common electrode
is inverted. A determination is made as to whether to
resume normal mode. If not, then partial colour mode is
maintained and the processing begins again by slowing
down the gate clock. Otherwise, normal mode is as-
sumed 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 re-
gion scan and BA represents a scan of colour regions B
and A, then the process may be 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.

[0046] Figure 15 illustrates a more detailed embodi-
ment of a scan for a field. The gate line driver is shifted
once 1504. The load pattern is deasserted 1506. A new
source pattern is loaded 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 greater than zero in a count down
mode) 1512, scanning resumes at step 1504.

[0047] The above-described embodiments of the
present application are intended to be examples only.
Those of skill in the art may effect alterations, modifica-
tions and variations to the particular embodiments with-
out departing from the scope of the application. The in-
vention described herein in the recited claims intends to
cover and embrace all suitable changes in technology.

Claims

1. A method for generating a frame of an image on a
field sequentialliquid crystal display, LCD, (222, 430)
of a handheld wireless communication device (102,
202) having a plurality of light-sources (322, 324,
326), said method comprising the steps of:

scanning a first region of contiguous lines of pix-
els of the LCD (222, 430) to produce a colour
region on the LCD (222, 430), using a first scan-
ning frequency;

scanning a second region of contiguous lines of
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pixels of the LCD (222, 430) pixels to produce
a monochrome region on the LCD (222, 430)
using a second scanning frequency less than
the first scanning frequency;

wherein said colour region is produced by scan-
ning said first region a first number of times; and
wherein said monochrome region is produced
by scanning said second region a second
number of times, wherein said first number of
times is N times said second number of times,
wherein during scanning said monochrome re-
gion, each pixel in said region is activated once
and a clock pulse is used to enter a binary value
into a pixel to cause the pixel to be on or off for
the pixels in said monochrome region, and
activating said light sources (322, 324, 326) dur-
ing a portion of said frame,

wherein the number of pixel lines and the start-
ing pixel line of the monochrome and colour re-
gions are allocated depending on the data being
displayed.

The method of Claim 1 wherein N is a positive integer
and obeys a selected one of the following relation-
ships: 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.

The method of Claim 1, further comprising scanning
a third region of contiguous lines of pixels to produce
a second colour region on the LCD (222, 430).

The method of Claim 3, wherein said second colour
region is performed by scanning in said frame, said
third region by a third number of times and said third
number of times is the same as said first number of
times.

The method of Claim 3, wherein said second colour
region is different from said first colour region.

The method of claim 5, where at least one of said
first colour region, said second colour region and
said monochrome region comprises a bit rate colour
scheme different from a bit rate colour scheme of at
least one other region.

The method of any one of Claims 1 to 6, further com-
prising leaving at least one line of pixels in an off
state.

The method of any one of Claims 1 to 7 wherein said
monochrome region is comprised of black and white.

The method of Claim 1 further comprising the steps
of:
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10.

1.

12.

13.

14.

15.

16.

receiving a source pattern for said frame for pre-
senting on the LCD (222, 430), said pattern in-
cluding at least said first region and said second
region;

receiving a number of lines respective to each
region, each of said lines including a plurality of
pixels;

receiving a pulse sequence per region corre-
sponding to a settled state for that region where-
in one of said pulse sequences consumes less
power than at least one other of said pulse se-
quences;

receiving a light sequence corresponding to
each said region;

scanning each liquid crystal pixel in each line
respective to each region according to said
pulse sequence respective to that region; and
activating said light sources (322, 324, 326) ac-
cording to said light sequence respective to each
said region.

The method of Claim 9, wherein said light sources
(322,324, 326) are comprised of three separate col-
ours red, green and blue or cyan, magenta, and yel-
low.

The method of Claim 10, wherein said light sequence
is comprised of three sequential parts respective to
each said colour.

The method of Claim 11, wherein each said colour
is turned on during all of its respective sequence.

The method of Claim 11, wherein each said colour
is turned on during a portion of its sequence said
respective part.

The method of any one of Claims 9 to 13, wherein
said scanning step comprises scanning one of said
regions before scanning another of said regions.

The method of any one of claims 9 to 13, said pattern
including a third region of contiguous lines of pixels
of said field sequentially driven liquid crystal display
to produce a second colour region on the LCD (222,
430), wherein said scanning step comprises simul-
taneously scanning said first region and said third
region.

A wireless communication device (102, 202) com-
prising:

a field sequential liquid crystal display, LCD,
(222, 430) having multiple lines of liquid crystal
pixels arranged in a matrix; said LCD (222, 430)
operable to generate aframe of animage having
at least one colour region and at least one mon-
ochrome region;
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21.
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asource driver (410) and a gate driver (412-422)
activating pixels on said LCD, for scanning said
liquid crystal pixels according to a pulse se-
quence per region corresponding to a settled
pixel state for that region,

said pixels being scanned at a first scanning fre-
quency to produce said colour region, and
scanned at a second scanning frequency less
than said first scanning frequency to produce
said monochrome region,

wherein during scanning said monochrome re-
gion, each pixel in said region is activated once
and a clock pulse is used to enter a binary value
into a pixel to cause the pixel to be on or off in
said monochrome region, and

wherein said monochrome region is produced
by scanning said second region a second
number of times such that said first number of
times is N times said second number of times,
and

a plurality of light sources (322, 324, 326) oper-
able according to a light sequence correspond-
ing to each said region,

wherein the number of pixel lines and the start-
ing pixel line of the monochrome and colour re-
gions are allocated depending on the data being
displayed.

The wireless communications device (102, 202) of
Claim 16, wherein said light sources include light
emitting diodes (322, 324, 326).

The wireless communications device (102, 202) of
Claim 17, wherein a first one of said light emitting
diodes emits red light, a second one of said light
emitting diodes emits green light, and a third one of
said light emitting diodes emits blue light or a first
one emits cyan light, a second one emits magenta
light, and a third one emits yellow light.

The wireless communications device (102, 202) of
any one of Claims 16 to 18, wherein each pixel in
one of said regions is capable of being scanned be-
tween two and sixteen times, inclusive, for every time
any pixel in another of said regions is scanned.

The wireless communications device (102, 202) of
any one of Claims 17 to 19, wherein said source
driver (410) is loaded with values to drive source
lines of a sequentially selected row of said pixels by
shifting a bit through a shift register to drive gates in
said matrix; and wherein said sequential selection
of rows is accomplished by selectively loading one
of said output shift registers (1208, 1210) selected
from a plurality of shift registers.

A machine readable medium (224) comprising com-
puter code means executable on a processor (238)
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of the wireless communications device (102, 202) of
any one of Claims 16 to 20 for implementing the
method of any one of Claims 1 to 15.

22. A communications system (100) comprising at least

one wireless communications device (102, 202) ac-
cording to any one of Claims 16 to 20.

Patentanspriiche

1.

Ein Verfahren zum Erzeugen eines Rahmens eines
Bilds auf einer teilbildsequentiellen Flussigkristallan-
zeige (LCD - liquid crystal display) (222, 430) einer
handgehaltenen drahtlosen Kommunikationsvor-
richtung (102, 202) mit einer Vielzahl von Lichtquel-
len (322, 324, 326), wobei das Verfahren die Schritte
aufweist:

Abtasten eines ersten Bereichs von aneinander-
grenzenden Zeilen von Pixeln der LCD (222,
430), um einen Farbbereich auf der LCD (222,
430) zu erzeugen, unter Verwendung einer ers-
ten Abtastfrequenz;

Abtasten eines zweiten Bereichs von aneinan-
dergrenzenden Zeilen von Pixeln der LCD(222,
430)-Pixel, um einen monochromen Bereich auf
der LCD (222, 430) zu erzeugen, unter Verwen-
dung einer zweiten Abtastfrequenz, die geringer
ist als die erste Abtastfrequenz;

wobei der Farbbereich durch Abtasten des ers-
ten Bereichs eine erste Anzahl von Malen er-
zeugt wird; und

wobei der monochrome Bereich durch Abtasten
des zweiten Bereichs eine zweite Anzahl von
Malen erzeugt wird, wobei die erste Anzahl von
Malen N mal die zweite Anzahl von Malen ist,
wobei wahrend des Abtastens des monochro-
men Bereichs jedes Pixel in dem Bereich einmal
aktiviert wird und ein Taktpuls verwendet wird
zum Eingeben eines bindren Werts in ein Pixel,
um zu veranlassen, dass das Pixel ein oder aus
ist fur die Pixel in dem monochromen Bereich,
und

Aktivieren der Lichtquellen (322, 324, 326) wah-
rend eines Teils des Rahmens,

wobei die Anzahl von Pixelzeilen und die An-
fangspixelzeile der monochromen und Farbbe-
reiche abhangig von den angezeigten Daten zu-
geteilt sind.

Das Verfahren gemaf Anspruch 1, wobei N eine po-
sitive Ganzzahl ist und einer ausgewabhlten der fol-
genden Beziehungen folgt: i) N ist grofer als 3; ii) N
ist zwischen sechs und sechzehn, einschlieBlich; iii)
N ist zwischen sechs und zwdlf, einschlieBlich; iv) N
ist gleich sechs; v) N ist gleich acht; und vi) N ist
gleich zehn.
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Das Verfahren gemafl Anspruch 1, das weiter auf-
weist ein Abtasten eines dritten Bereichs von anei-
nandergrenzenden Zeilen von Pixeln, um einen
zweiten Farbbereich auf der LCD (222, 430) zu er-
zeugen.

Das Verfahren gemaR Anspruch 3, wobei der zweite
Farbbereich durchgefiihrt wird durch Abtasten, in
dem Rahmen, des dritten Bereichs um eine dritte
Anzahl von Malen und die dritte Anzahl von Malen
dieselbe ist wie die erste Anzahl von Malen.

Das Verfahren gemaR Anspruch 3, wobei der zweite
Farbbereich von dem ersten Farbbereich verschie-
den ist.

Das Verfahren gemaf Anspruch 5, wobei zumindest
einer des ersten Farbbereichs, des zweiten Farbbe-
reichs und des monochromen Bereichs ein Bitrate-
Farbschema verschieden von einem Bitrate-Farb-
schema von zumindest einem anderen Bereich auf-
weist.

Das Verfahren gemal einem der Anspriiche 1 bis
6, das weiter aufweist, dass zumindest eine Zeile
von Pixeln in einem Aus-Zustand gelassen wird.

Das Verfahren gemal einem der Anspriiche 1 bis
7, wobei der monochrome Bereich aus schwarz und
weil} besteht.

Das Verfahren gemafR Anspruch 1, das weiter die
Schritte aufweist:

Empfangen eines Quellenmusters fiir den Rah-
men zum Darstellen auf der LCD (222, 430), wo-
bei das Muster zumindest den ersten Bereich
und den zweiten Bereich umfasst;

Empfangen einer Anzahl von Zeilen entspre-
chendjedemBereich, wobeijede der Zeilen eine
Vielzahl von Pixeln umfasst;

Empfangen einer Pulssequenz pro Bereich ent-
sprechend einem eingestellten Zustand fir die-
sen Bereich, wobei eine der Pulssequenzen we-
niger Energie verbraucht als zumindest eine an-
dere der Pulssequenzen;

Empfangen einer Lichtsequenz entsprechend
jedem Bereich;

Abtasten jedes Flussigkristallpixels in jeder Zei-
le entsprechend jedem Bereich gemaR der Puls-
sequenz entsprechend diesem Bereich; und
Aktivieren der Lichtquellen (322, 324, 326) ge-
maf der Lichtsequenz entsprechend jedem Be-
reich.

10. Das Verfahren gemafR Anspruch 9, wobei die Licht-

quellen (322, 324, 326) aus drei getrennten Farben
rot, griin und blau oder cyan, magenta und gelb be-
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12.

13.

14.

15.

16.

20
stehen.

Das Verfahren gemaR Anspruch 10, wobei die Licht-
sequenz aus drei sequentiellen Teilen entsprechend
jeder Farbe besteht.

Das Verfahren gemaR Anspruch 11, wobei jede Far-
be wahrend ihrer gesamten entsprechenden Se-
quenz eingeschaltet ist.

Das Verfahren gemaR Anspruch 11, wobei jede Far-
be eingeschaltet ist wahrend eines Teils ihrer Se-
quenz des jeweiligen Teils.

Das Verfahren gemafR einem der Anspriiche 9 bis
13, wobei der Schritt des Abtastens ein Abtasten ei-
nes der Bereiche vor einem Abtasten eines anderen
der Bereiche aufweist.

Das Verfahren gemafR einem der Anspriiche 9 bis
13, wobei das Muster einen dritten Bereich von an-
einandergrenzenden Zeilen von Pixeln der teilbild-
sequentiellen Flissigkristallanzeige umfasst, um ei-
nen zweiten Farbbereich auf der LCD (222, 430) zu
erzeugen, wobei der Schritt des Abtastens ein
gleichzeitiges Abtasten des ersten Bereichs und des
dritten Bereichs aufweist.

Eine drahtlose Kommunikationsvorrichtung (102,
202), die aufweist:

eine teilbildsequentielle Flissigkristallanzeige
(LCD - liquid crystal display) (222, 430) mit meh-
reren Zeilen von Flussigkristallpixeln angeord-
net in einer Matrix; wobei die LCD (222, 430)
betriebsfahig ist zum Erzeugen eines Rahmens
eines Bilds mit zumindest einem Farbbereich
und zumindest einem monochromen Bereich;
einen Source-Treiber (410) und einen Gate-
Treiber (412-422) zum Aktivieren von Pixeln auf
der LCD, zum Abtasten der Flissigkristallpixel
gemal einer Pulssequenz pro Bereich entspre-
chend einem eingestellten Pixelzustand fir die-
sen Bereich,

wobei die Pixel mit einer ersten Abtastfrequenz
abgetastet werden, um den Farbbereich zu er-
zeugen, und mit einer zweiten Abtastfrequenz,
die geringer ist als die erste Abtastfrequenz, ab-
getastetwerden, um den monochromen Bereich
Zu erzeugen,

wobei wahrend des Abtastens des monochro-
men Bereichs jedes Pixel in dem Bereich einmal
aktiviert wird und ein Taktpuls verwendet wird
zum Eingeben eines bindren Werts in ein Pixel,
um zu veranlassen, dass das Pixel in dem mo-
nochromen Bereich ein oder aus ist, und
wobei der monochrome Bereich erzeugt wird
durch Abtasten des zweiten Bereichs eine zwei-
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te Anzahl von Malen derart, dass die erste An-
zahl von Malen N mal die zweite Anzahl von
Malen ist,

und

eine Vielzahl von Lichtquellen (322, 324, 326),
die gemaR einer Lichtsequenz entsprechend je-
dem Bereich betriebsfahig sind,

wobei die Anzahl von Pixelzeilen und die An-
fangspixelzeile der monochromen und Farbbe-
reiche abhangig von den angezeigten Daten zu-
geteilt werden.

Die drahtlose Kommunikationsvorrichtung (102,
202) gemal Anspruch 16, wobei die Lichtquellen
lichtemittierende Dioden (322, 324, 326) umfassen.

Die drahtlose Kommunikationsvorrichtung (102,
202) gemal Anspruch 17, wobei eine erste der lich-
temittierenden Dioden rotes Licht emittiert, eine
zweite der lichtemittierenden Dioden griines Licht
emittiert und eine dritte der lichtemittierenden Dio-
den blaues Licht emittiert oder eine erste cyanfarbi-
ges Licht emittiert, eine zweite magenta-farbiges
Licht emittiert und eine dritte gelbes Licht emittiert.

Die drahtlose Kommunikationsvorrichtung (102,
202) gemaf einem der Anspriiche 16 bis 18, wobei
jedes Pixel in einem der Bereiche zwischen zwei und
sechzehn Mal, einschlieRlich, abgetastet werden
kann fiir jedes Mal, wenn ein Pixel in einem anderen
der Bereiche abgetastet wird.

Die drahtlose Kommunikationsvorrichtung (102,
202) gemaf einem der Anspriiche 17 bis 19, wobei
der Source-Treiber (410) mit Werten geladenist zum
Ansteuern von Source-Zeilen einer sequentiell aus-
gewahlten Zeile der Pixel durch Verschieben eines
Bits durch ein Verschieberegister zum Ansteuern
von Gates in der Matrix; und wobei die sequentielle
Auswahl von Zeilen erreicht wird durch selektives
Laden eines der Ausgangsverschieberegister
(1208,1210), ausgewahltaus einer Vielzahl von Ver-
schieberegistern.

Ein maschinenlesbares Medium (224), das Compu-
tercodemittel aufweist, ausfihrbar auf einem Pro-
zessor (238) der drahtlosen Kommunikationsvor-
richtung (102, 202) gemaf einem der Anspriiche 16
bis 20 zum Implementieren des Verfahrens geman
einem der Anspriiche 1 bis 15.

Ein Kommunikationssystem (100), das zumindest
eine drahtlose Kommunikationsvorrichtung (102,
202) gemal einem der Anspriiche 16 bis 20 auf-
weist.

10

15

20

25

30

35

40

45

50

55

12

Revendications

Procédé pour générer une trame d’'une image sur
un afficheur a cristaux liquides, LCD, a séquence de
champ (222, 430) d’un dispositif de communication
sans fil portatif (102, 202) ayant une pluralité de sour-
ces de lumiere (322, 324, 326), ledit procédé com-
prenant les étapes de :

balayage d’'une premiére région de lignes con-
tigués de pixels du LCD (222, 430) pour produire
une région couleur sur le LCD (222, 430), en
utilisant une premiéere fréquence de balayage ;
balayage d’'une deuxiéme région de lignes con-
tigués de pixels du LCD (222, 430) pour produire
une région monochrome sur le LCD (222, 430)
en utilisant une deuxiéme fréquence de balaya-
ge inférieure a la premiere fréquence de
balayage ;

ladite région couleur étant produite en balayant
ladite premiére région un premier nombre de
fois ; et

ladite région monochrome étant produite en ba-
layant ladite deuxiéme région un deuxiéme
nombre de fois, ledit premier nombre de fois
étant N fois ledit deuxiéme nombre de fois,

ou, au cours du balayage de ladite région mo-
nochrome, chaque pixel dans ladite région est
activé une fois et une impulsion d’horloge est
utilisée pour entrer une valeur binaire dans un
pixel pour amener le pixel a étre allumé ou éteint
pour les pixels dans ladite région monochrome,
et

activation desdites sources de lumiére (322,
324, 326) au cours d'une partie de ladite trame,
le nombre de lignes de pixels et la ligne de pixels
de départ des régions monochrome et couleur
étant allouées en fonction des données qui sont
affichées.

Procédé selon la revendication 1, dans lequel N est
un entier positif et obéit a une relation sélectionnée
parmi les relations suivantes : i) N est supérieur a
3’; ii) N se situe entre six et seize, inclus ; iii) N se
situe entre six et douze inclus ; iv) N est égal a six ;
v) N est égal a huit ; et vi) N est égal a dix.

Procédé selon la revendication 1, comprenant en
outre le balayage d’'une troisiéme région de lignes
contiglies de pixels pour produire une deuxieme reé-
gion couleur sur le LCD (222, 430).

Procédé selon la revendication 3, dans lequel ladite
deuxieme région couleur est réalisée en balayant,
dans ladite trame, ladite troisiéme région par un troi-
siéme nombre de fois et ledit troisieme nombre de
fois est le méme que ledit premier nombre de fois.
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Procédé selon la revendication 3, dans lequel ladite
deuxieéme région couleur est différente de ladite pre-
miére région couleur.

Procédé selon la revendication 5, dans lequel au
moins une parmi ladite premiére région couleur, la-
dite deuxiéme région couleur et ladite région mono-
chrome comprend un schéma de couleur de débit
binaire différent d'un schéma de couleur de débit
binaire d’au moins une autre région.

Procédé selon I'une quelconque des revendications
1 a6, comprenant en outre le fait de laisser au moins
une ligne de pixels dans un état éteint.

Procédé selon 'une des revendications 1 a 7, dans
lequel ladite région monochrome est composée de
noir et de blanc.

Procédé selon la revendication 1, comprenant en
outre les étapes de :

réception d’'un motif source pour ladite trame
pour la présentation sur le LCD (222, 430), ledit
motif comprenant au moins ladite premiere ré-
gion et ladite deuxieme région ;

réception d’'un nombre de lignes par rapport a
chaque région, chacune desdites lignes com-
prenant une pluralité de pixels ;

réception d’une séquence d’'impulsions par ré-
gion correspondant a un état établi pour cette
région dans laquelle une desdites séquences
d’'impulsions consomme moins d’énergie qu'au
moins une autre desdites séquences
d’impulsions ;

réception d’'une séquence de lumiére corres-
pondant a chaquedite région ;

balayage de chaque pixel de cristaux liquides
dans chaque ligne par rapport a chaque région
selon ladite séquence d’'impulsions par rapport
a cette région ; et

activation desdites sources de lumiére (322,
324, 326) selon ladite séquence de lumiére par
rapport a chaquedite région.

Procédé selon la revendication 9, dans lequel lesdi-
tes sources de lumiére (322, 324, 326) sont compo-
sées de trois couleurs distinctes rouge, vert et bleu
ou cyan, magenta, et jaune.

Procédé selon larevendication 10, dans lequel ladite
séquence de lumiére est composée de trois parties
séquentielles par rapport a chaquedite couleur.

Procédé selon la revendication 11, dans lequel cha-
quedite couleur est allumée au cours de la totalité
de sa séquence respective.
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Procédé selon la revendication 11, dans lequel cha-
quedite couleur est allumée au cours d’une partie de
sa séquence respective.

Procédé selon 'une quelconque des revendications
9 a 13, dans lequel ladite étape de balayage com-
prend le balayage d’'une desdites régions avant le
balayage d’'une autre desdites régions.

Procédé selon 'une quelconque des revendications
9 a 13, ledit motif comprenant une troisieme région
de lignes contigués de pixels dudit afficheur a cris-
taux liquides a séquence de champ pour produire
une deuxiéme région couleur sur le LCD (222, 430),
dans lequel ladite étape de balayage comprend le
balayage simultané de ladite premiére région et de
ladite troisieme région.

Dispositif de communication sans fil (102, 202)
comprenant :

un afficheur a cristaux liquides, LCD, a séquen-
ce de champ (222, 430) ayant de multiples li-
gnes de pixels de cristaux liquides agencées
dans une matrice ; ledit LCD (222, 430) ayant
pour fonction de générer une trame d’'une image
ayant au moins une région couleur et au moins
une région monochrome ;

un pilote de source (410) et un pilote de grille
(412-422) activant des pixels surledit LCD, pour
balayer lesdits pixels de cristaux liquides selon
une séquence d’'impulsions par région corres-
pondant a un état de pixel établi pour cette ré-
gion,

lesdits pixels étant balayés a une premiére fré-
quence de balayage pour produire ladite région
couleur, et balayés a une deuxieme fréquence
de balayage inférieure a ladite premiere fré-
quence de balayage pour produire ladite région
monochrome,

dans lequel au cours du balayage de ladite ré-
gion monochrome, chaque pixel dans ladite ré-
gion est activé une fois et une impulsion d’hor-
loge est utilisée pour entrer une valeur binaire
dans un pixel pour amener le pixel a étre allumé
ou éteint dans ladite région monochrome, et
dans lequel ladite région monochrome est pro-
duite en balayant ladite deuxiéme région un
deuxiéme nombre de fois de sorte que ledit pre-
mier nombre de fois soit N fois ledit deuxiéme
nombre de fois,

et

une pluralité de sources de lumiére (322, 324,
326) exploitable selon une séquence de lumiere
correspondant a chaquedite région,

dans lequel le nombre de lignes de pixels et la
ligne de pixels de départ des régions monochro-
me et couleur sont allouées en fonction des don-
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nées qui sont affichées.

Dispositif de communications sans fil (102, 202) se-
lon la revendication 16, dans lequel lesdites sources
de lumiére comprennent des diodes électrolumines-
centes (322, 324, 326).

Dispositif de communications sans fil (102, 202). se-
lon la revendication 17, dans lequel une premiére
desdites diodes électroluminescentes émet une lu-
miére rouge, une deuxieme desdites diodes électro-
luminescentes émet une lumiére verte, et une troi-
siéme desdites diodes électroluminescentes émet
une lumiéere bleue ou une premiére émetune lumiére
cyan, une deuxiéme émet une lumiére magenta, et
une troisieme émet une lumiére jaune.

Dispositif de communications sans fil (102, 202) se-
lon 'une quelconque des revendications 16 a 18,
dans lequel chaque pixel dans une desdites régions
est susceptible d’étre balayé entre deux et seize fois,
inclus, a chaque fois qu’un pixel quelconque dans
une autre desdites régions est balayé.

Dispositif de communications sans fil (102, 202) se-
lon'une quelconque desrevendication 17 a 19, dans
lequel ledit pilote de source (410) est chargé avec
des valeurs pour piloter des lignes de source d’'une
rangée sélectionnée séquentiellement desdits
pixels en décalant un bit a travers un registre a dé-
calage pour piloter des grilles dans ladite matrice ;
et dans lequel ladite sélection séquentielle de ran-
gées est accomplie en chargeant sélectivement un
desdits registres a décalage de sortie (1208, 1210)
sélectionné parmi une pluralité de registres a déca-
lage.

Support lisible par machine (224) comprenant des
moyens de code informatique exécutables sur un
processeur (238) du dispositif de communications
sans fil (102, 202) selon I'une quelconque des re-
vendications 16 a 20 pour mettre en oeuvre le pro-
cédé selon I'une quelconque des revendications 1 a
15.

Systeme de communications (100) comprenant au
moins un dispositif de communications sans fil (102,
202) selon I'une quelconque des revendications 16
a 20.
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