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METHOD AND CIRCUIT FOR DRIVING DISPLAY
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method and
circuit for driving a flat display device such as a liquid
crystal display. The present invention also relates to a
technique of generating a partial display on such a flat
display device.

[0003] 2. Description of Related Art

[0004] Flat display devices, typified by liquid crystal
displays, organic electroluminescence displays, and equiva-
lents, are thin and lightweight and have low power con-
sumption. These devices are preferable for portable devices
such as mobile telephones, and have come to be used in a
large number of portable devices.

[0005] A matrix-type display device which can display an
arbitrary pattern generated by a plurality of pixels arranged
in a matrix form; a segment-type display device such as
commonly used in timepieces, which can display a fixed
pattern; and a hybrid display device comprising a combina-
tion of matrix and segment elements are known types of flat
display devices.

[0006] To meet the demand for reduction in power con-
sumption of equipment including display devices, there is a
great demand to reduce the power consumption of the
display devices themselves. Conventional display devices
that partially display only a minimum area of a screen in a
power saving mode are well known. To enable partial
display, a liquid crystal display device may have, for
example, both a fixed pattern display area and another
display area. The fixed pattern display area may be formed
on a portion of the display area to indicate, for example, an
amount of battery power or time remaining. On the other
area, a number of pixels may be arranged in a matrix form
to display an arbitrary pattern. With such a configuration,
partial display in a power saving mode can be realized by
driving only the fixed pattern display area to display just a
fixed pattern.

[0007] With such a configuration, with plural areas that
can be driven independently and controllably disposed on
the same display panel, just a desired area can be displayed
on demand. However, there has been a desire for screens to
have the capability of displaying a desired pattern or infor-
mation at a desired position even in the power saving mode.
Current display panels that with predivided display areas
cannot meet this demand.

[0008] Moreover, desired display content and display
position in a power saving mode vary according to the type
of equipment on which the display is installed. Currently,
each display panel configuration and driver must be indi-
vidually developed for the demands of each specific appli-
cation.

[0009] While today’s matrix-type display panels can be
driven to display desired information at a desired position,
in such displays, even when a pattern is only partially
displayed in a partial display mode, all other areas must be
driven normally. As a result, power consumption cannot be
effectively decreased in the partial display mode.

Dec. 20, 2001

SUMMARY OF THE INVENTION

[0010] This invention is made to overcome the above-
described problems. It is an object of the present invention
to provide a display device that can partially display a
pattern at an arbitrary position and can reduce, as necessary,
the power consumption in the partial display mode.

[0011] Another object of the present invention is to pro-
vide a display device that can partially display a pattern at
an arbitrary position and can improve the display quality in
a remaining background area.

[0012] A further another object of the present invention is
to provide a display device that can smoothly switch the
screen in the transition in which the mode changes from
normal display to partial display.

[0013] The present invention achieves the above objects
using the features as described below.

[0014] The present invention relates to a method of driv-
ing a display device. The display device has a plurality of
pixels in a matrix of n rows and m columns. The display
device performs a desired partial display on a partial display
area in accordance with a partial display instruction. The
partial display area is formed of pixels of an area of s rows
by m columns, where s is a desired value. The display device
displays a background on the remaining background area of
the matrix of n rows and m columns. In this driving method,
wherein during one frame in a partial display mode, partial
display data is written into each pixel of the s row by m
column partial display area, and background display data is
written into pixels of an arca of k rows by m columns in the
background area. Each of n, m, s, and k is an integer more
than 1 and s<n and k<n.

[0015] In another aspect of the present invention, selected
rows associated with pixels of the (k rowxm columns) in the
background area are shifted every one frame.

[0016] Another aspect of the present invention, the back-
ground display data is written into each pixel in the back-
ground area over a total ((n-s)/k) frame duration.

[0017] Another aspect of the present invention, the back-
ground display data is written into each pixel in the back-
ground area over a total ((n-s)k) frame duration. The
polarities of the background display data are inverted with
respect to a reference potential, the inverted background
display data is written into pixels in the same row in a next
total ((n-s)/k) frame duration.

[0018] In another aspect of the present invention, rows
other than k rows selected during one frame in the back-
ground display area are inhibited from being selected.

[0019] The present invention also relates to a drive circuit
suitable for a display device, said display device having a
plurality of pixels in a matrix comprising n rows and m
columns, and said plurality of pixels are selected every row
line and display display data supplied from a column line,
when a partial display instruction is issued, during one
frame, said display device selects pixels in an area of s rows
by m columns in said matrix comprising n rows and m
columns, sequentially writes predetermined partial display
data, selects pixels in an area of k rows by m columns in a
remaining background area in said matrix comprising n rows
and m columns, and writes background display data, said
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drive circuit comprising: a row clock generator for gener-
ating a row clock corresponding to a row selection duration
of each row;a row clock counter for counting a row clock
every one frame; a partial display row detector for detecting
an incoming timing for s rows to which said partial display
data is written; a background display row detector for
detecting an incoming timing for a k row to which back-
ground display data is written during said one frame; and a
driver control signal generator for producing a driver control
signal when said partial display row detector or said back-
ground display row detector detects an arrival of a row to be
displayed, said driver control signal allowing a row driver
driving said matrix comprising n row and m columns every
row to perform a row drive operation; wherein each of n, m,
s and k is an integer greater than 1 and s<n and k<n.

[0020] In another aspect of the present invention, the drive
circuit further comprises a frame counter for counting the
number of frames. The background display row detector
shifts rows to which said background display data is written
based on a count value counted by said frame counter.

[0021] In another aspect of the present invention, the
display device further comprises a polarity inverted signal
generator for inverting a polarity with respect to a prede-
termined reference voltage of display data every unit dura-
tion. Respective pixels in the background display area are
respectively selected once over one background display
duration being a total (n-s)/k frame duration. The polarity
inverted signal generator detects an arrival of the next one
background duration and inverting the polarity of the back-
ground display data.

[0022] Using the driving method and the drive circuit as
above, the display device with a display panel such as a
liquid crystal panel can realize partial display at desired
positions on the panel, without modifying the configuration
of the panel itself. In the background area not partially
displayed, the power consumption can be reduced, as nec-
essary, by selecting only desired k rows during one frame. In
the background area, the background display data is written
to areas other than k rows not selected during one frame over
a predetermined time of periods. Since the background
display data does not normally include special information
such as characters, symbols, and the like and changes in
information itself, the frequent writing operation is not
required. Such background display data leads to less dete-
rioration of display even if the writing period to each pixel
is somewhat prolonged. The use of the off-display data as the
background display data results in very small deterioration
of display contents. Moreover, when the background display
data is written every predetermined period, the polarity of
display data is inverted. And this inversion is effective to, for
example, a liquid crystal display. This can prevent the liquid
crystal such as a display element from being deteriorated
due to applied dc components.

[0023] 1In another aspect of the present invention, wherein
when said partial display instruction is issued, a pixel clock
is used as a unit clock, a frequency of said pixel clock being
lower than that of a pixel clock used as a unit clock for
selecting and normally displaying all pixels of said matrix
comprising n rows and m columns during one frame; said
partial display data is written into all pixels in said partial
display area; and said background display data is written
into pixels of said area of k rows by m columns in said
background display area.
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[0024] 1In another aspect of the present invention, wherein
the transfer rate of a row selection pulse is increased, when
said partial display instruction is issued, and arrival of a
selection duration of rows other than the (k rowsxm col-
umns) in the background display area is detected.

[0025] In another aspect of the present invention, the drive
circuit further comprises a frequency divider for dividing
unit clocks used for selecting and normally displaying all
pixels of said matrix comprising n rows by m columns;
wherein when said partial display instruction is issued,
during one frame, using as a unit clock divided pixel clocks
from said frequency divider, said partial display data is
controlled to write to pixels of said area of s rows by m
columns and said background display data is controlled to
write to pixels of said area of k rows by m columns.

[0026] 1In another aspect of the present invention, the drive
circuit further comprising a row clock controller for detect-
ing, based on a display row detection signal in said partial
display row detector and said background row detector, an
arrival of a selection duration of rows other than pixels of
said area of k rows by m columns, and increasing the
frequency of said row clock.

[0027] As described above, only certain line in the back-
ground area 1s selected during one frame, and other lines are
not selected. The row selection pulse is sequentially trans-
ferring and row selection is executed when outputting of the
row selection pulse is allowed. The transfer rate of said row
selection pulse in row selection increases to all lines (n—s—k)
in a non-selection state, by increasing the frequency of the
row clock. This enables decreasing the number of rows to be
actually selected during one frame in the partial display
mode, thus prolonging the selection time per row. As a
result, the operational clocks can be reduced by the pro-
longed time. The power consumption of the display device,
particularly of the digital processing circuit can be reduced
in the partial display mode.

[0028] In another aspect of the present invention, the drive
circuit further comprises a mode changeover timing con-
troller for, when an instruction for changing form a normal
display mode to a partial display mode is issued, changing
display data to all pixels of the n row by m columns matrix
to background display data in the next first frame of the
instruction and starting the driver control signal generator to
generate the driver control signal, from the next frame.

[0029] With the above-described control, the background
display data is once written to all pixels in the (n rowxm
columns) matrix after issuance of a partial display instruc-
tion to move to the partial display mode. For that reason,
written normal data are not gradually lost from pixels not
selected for a long period of time in the background area, as
with displays applying the present invention.

[0030] As described above, according to the present
invention, the partial display can be implemented at desired
positions, without any change of the configuration of a
display panel such as a liquid crystal display panel.

[0031] The control may be performed so as to select only
some lines in the background area during one frame and to
select no other lines to reduce the operational clock. Thus,
the power consumption of the display device, particularly of
the digital processing circuit can be saved in the partial
display mode.
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[0032] Moreover, according to the present invention, pre-
determined display data, such as off-display data, are written
to all over the background area every predetermined period.
Even when data is not written to the background area with
the same period as that for the normal display area, dete-
rioration of the display is not noticeable. When being written
every predetermined period, the background display data
may be inverted so as to alternatively drive the liquid crystal.
Thus, the liquid crystal can be prevented from being cer-
tainly deteriorated.

[0033] When the off-display data is written as the back-
ground display data, the data writing period longer than that
in the normal display mode is set for the background area.
Even in such a case, changes in aging of the background
display is negligible so that images can be displayed without
substantially decreasing the display quality.

[0034] The background display data may be arbitrary
color data. The system user can select a favorite background
color.

[0035] The present invention relates to a method of driv-
ing a display device. The display device has a plurality of
pixels in a matrix comprising n rows by m columns. The
display device performs a partial display on a partial display
area in accordance with a partial display instruction. The
partial display area is formed of an s rows by m columns
matrix, where s is a desired value. The display device
displays also a background on the remaining area. In an
aspect of the present invention, during one frame in a partial
display mode; predetermined partial display data is sequen-
tially written into each pixel of the partial display area; and
the background display data is written into pixels of the
(s+1)-th row area next to the final row in the partial display
area within the background area and into pixels of (k
rowsxm columns). Each of n, m, s and k is an integer more
than 1 and s<n and k<n-s-1.

[0036] The present invention also relates to a drive circuit
suitable for a display device. The display device has a
plurality of pixels in a matrix comprising 0 rows by m
columns, and the plurality of pixels are selected every row
line, and display display data supplied from a column line.
In another aspect of the present invention, wherein when a
partial display instruction is issued, during one frame, said
display device selects pixels in an area of s rows by m
columns in said matrix comprising n rows and m columns,
sequentially writes predetermined partial display data,
selects pixels of (s+1)-th row and pixels of an area of k rows
by m columns in the remaining background area within said
matrix comprising n rows and m columns, and writes
background display data, comprising: a row clock generator
for generating a row clock corresponding to a row selection
duration of each row; a row clock counter for counting a row
clock every one frame; a partial display row detector for
detecting an incoming timing for s rows to which said partial
display data is written; a background display row detector
for detecting an incoming timing for the (s+1)-th row and k
row to which background display data is written during said
one frame; and a driver control signal generator for produc-
ing a driver control signal when said partial display row
detector or said background display row detector detects an
arrival of a row to be displayed, said driver control signal
allowing a row driver driving said a matrix comprising n
rows and m columns every row to perform a row drive
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operation, wherein each of n, m, s, and k is an integer more
than 1 and s<n and k<n-s-1.

[0037] According to the present invention, in the driving
method or the drive circuit, selected rows to be selected
associated with pixels of the area of k row by m columns in
the background area is shifted every one frame.

[0038] In another aspect of the present invention, the
background display data is written into pixels of (n-s-1)
rows by m columns in the background display area over a
total ((n-s-1)/k) frame duration.

[0039] In another aspect of the present invention, the
background display data is written into pixels of (n-s-1)
rows by m columns in the background display area over a
total ((n—s—1)/k) frame duration; and the polarities of the
background display data are inverted with respect to a
reference potential inverted background display data into
pixels in the same row in a next total ((n-s-1)/k) frame
duration.

[0040] Inanother aspect of the present invention, when the
partial display instruction is issued, a pixel clock is used as
a unit clock and a frequency of which is lower than that of
a pixel clock used as a unit clock to select and normally
display all pixels of the matrix n rows by m columns during
one frame; the partial display data is written into all pixels
in the partial display area; and the background display area
is written into pixels of the (k rowsxm columns) and pixels
of the (s+1)-th area, in the background display data.

[0041] In another aspect of the driving method or the drive
circuit of the present invention, during the next frame after
issuance of the partial display instruction, the background
display data is written to all pixels of the (n rowsxm
columns) matrix; or instead of above, predetermined partial
display data are sequentially written to respective pixels in
the (s rowsxm columns) partial display area and the back-
ground display data is sequentially written to all pixels of the
background area. Then, during each frame after the second
frame the partial display data is sequentially written to the
pixels in the (s rowxm columns) matrix and moreover, the
background display data is written to the (s+1)-th pixel and
to the pixels in the (k rows x m columns) matrix.

[0042] Using the above-described driving method and the
drive circuit, the display device with a display panel such as
a liquid crystal display can perform a partial display at
desired positions on the panel, without changing the con-
figuration of the panel itself. In the background display area
not partially displayed, the background display data is
written to the leading row of the background display area
following the last row of the partial display area every
frames, in a manner similar to that to the partial display area.
On the other hand, the background display data is written to
only the pixels in the (k rowsxm columns) matrix of the
remaining pixels in the background display area, for one
frame duration.

[0043] As described above, the leading row in the back-
ground area adjacent to the boundary of the partial display
area is selected for each frame. Hence, even if the remaining
background areas are selected once every several frames, the
display content in the partial display area is prevented from
being leaked to them, thus from resulting in occurrence of
crosstalk. The power consumption can be reduced, as nec-
essary, by selecting a region except the leading row of the
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background area is selected only the k-th row during one
frame. By arranging rows not selected during one frame, the
drive time to a selection row can be prolonged by the
non-selection time.

[0044] Since the background display data does not nor-
mally include special information such as characters, sym-
bols, and the like and changes in information itself, the
frequent writing operation is not required. Such background
display data leads to less deterioration of display even if the
writing period to each pixel is somewhat prolonged.

[0045] As described above, the present invention can
display a partial display at desired positions and can provide
a high display quality to the background display in a
remaining display area. In the background area, the area
selected together with the partial display area during one
frame includes the leading row in the background display
area and the (k rowsxm columns) area being a portion of the
remaining area. The number of rows selected during one
frame in the partial display mode can be reduced, compared
with in the normal display mode. This feature enables low
power consumption.

[0046] The present invention also relates to a method of
driving a display device, wherein said display device having
a plurality of pixels in a matrix comprising n rows and m
columns, in accordance with a partial display instruction,
said display device performing a desired partial display on
a partial display area formed of pixels of area of s rows by
m columns, where s is a desired value, and said display
device displaying a background on a remaining background
area of said matrix comprising n rows and m columns;
wherein: during a first frame over which said partial display
instruction is detected and a normal display mode changes to
a partial display mode, predetermined partial display data is
sequentially written into each pixel of said partial display
area of s rows by m columns; and background display data
is sequentially written into pixels of said background area;
during each frame after the second frame following the first
frame in a partial display mode, said partial display data is
written into each pixel of said area of s rows by m columns
partial display area; and said background display data is
written into pixels of said area of k rows by m columns in
said background area, wherein each of n, m, s, and k is an
integer more than 1 and s<n and k<n-s.

[0047] The present invention also relates to a drive circuit
suitable for a display device, wherein said display device
having a plurality of pixels in a matrix comprising n rows
and m columns, and said plurality of pixels are selected
every row line and display display data supplied from a
column line, when a partial display instruction is issued,
during one frame, said display device selects pixels in an
area of s rows by m columns in said matrix comprising n
rows and m columns, sequentially writes predetermined
partial display data, selects pixels from an area of k rows and
m columns in the remaining background area within said
matrix comprising n rows and m columns, and writes
background display data, comprising: a row clock generator
for generating a row clock corresponding to a row selection
duration of each row; a row clock counter for counting a row
clock every one frame; a partial display row detector for
detecting an incoming timing for s rows to which said partial
display data is written, a background area detector for
detecting an incoming timing for the leading row and the
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final row of said background area; a background display row
detector for detecting an incoming timing for k rows to
which background display data is written during one frame
in a partial display mode; a data output controller for
allowing partial display data to be output for the duration
over said partial display row detector detects an arrival of a
row to be displayed and for setting output display data to
background display data for the duration over which said
background area detector detects an arrival of the leading
row and the final row in said background area, in the first
frame in transition from a normal display mode to a partial
display mode; and a driver control signal generator for
producing a driver control signal when said partial display
row detector or said background display row detector detects
an arrival of a row to be displayed after a second frame in
transition to a partial display mode, said driver control signal
allowing a row driver to perform a row drive operation,
wherein each of n, m, s, and k is an integer more than 1 and
s<n and k<n-s.

[0048] 1In another aspect of the present invention of the
driving method or the drive circuit, the background display
data is written into all pixels in the background area over a
total (n-s)/k frame duration after the second frame.

[0049] In another aspect of the present invention of the
driving method or the drive circuit, rows except k rows
selected during one frame in the background display area
after the second frame are inhibited from being selected.

[0050] As described above, the partial display and the
background display over the entire background area are
implemented in the first frame in transition. In the partial
display area, the mode is changed from the normal display
directly to the partial display. In the background area, the
mode is changed from the normal display directly to the
background display. Thus, the frame can be smoothly
changed from the normal display to the partial display. After
the second frame, this operation can reduce not only the
operational clock which selects the background display area
into units of a (k rowsxm columns) matrix region being a
portion thereof during one frame but also the power con-
sumption thereof. However, the background display area is
merely selected once every frames. For that reason, even if
data is not first erased in the normal display mode, the
normal display on the background display area will gradu-
ally fade away to the background display. In the present
invention, the normal display data are not erased after once
displaying the background all over the screen, but the
significant data, that is, partial or background display data,
is written to all pixels in the first frame. Therefore, this
invention can prevent the normal display in the background
display area gradually from changing to a background
display state.

[0051] As described above, the present invention can
display desired partial regions and can smoothly shift a
frame from a normal display mode to a partial display mode.
Furthermore, because the previous normal display is not left
on the background area later than the second frame in the
partial display mode, a high quality of the background
display can be realized. Moreover, the area selected during
one frame corresponds to the partial display area as well as
the (k rowsxm columns) arca being a portion of in the
background display area. Hence, the number of rows to be
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selected in one frame in the partial display mode is smaller
than that in the background display mode. This results in
reduced power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] These and other objects, features, and advantages
of the present invention will become more apparent from the
following detailed description taken in conjunction with the
attached drawings, in which:

[0053] FIG.1is adiagram illustrating the configuration of
a display device according to a preferred embodiment of the
present invention,

[0054] FIG. 2(a), FIG. 2(c), and FIG. 2(c) are conceptual
diagrams illustrating example displays of a display device
according to the present invention;

[0055] FIG. 3(a), FIG. 3(b), FIG. 3(c), and FIG. 3(d)
each are diagrams each illustrating a switching operation in
adisplay mode and the display state thereof, according to the
present invention,

[0056] FIG. 4 is a diagram illustrating the configuration of
a timing controller in a driver according to the present
invention;

[0057] FIG. 5 is a diagram illustrating the configuration of
a V-driver for a LCD panel, according to the present
invention;

[0058] FIG. 6 is a diagram illustrating the configuration of
the frequency divider 11 shown in FIG. 4;

[0059] FIG. 7 is a diagram illustrating the 1H width
controller 19 shown in FIG. 4;

[0060] FIG. 8 is a diagram illustrating the configuration of
the MASK generator 48 shown in FIG. 4;

[0061] FIG. 9 is a timing chart illustrating an operation in
a normal display according to the present invention;

[0062] FIG. 10 is a timing chart illustrating an operation
in a white raster display mode according to the present
invention;

[0063] FIG. 11 is a timing chart illustrating the operation
in a partial display mode when the example driving methods
1 and 4 according to the embodiment of the present inven-
tion are executed;

[0064] FIG. 12 is a timing chart illustrating the operation
in a partial display mode when the example driving method
1 according to the embodiment of the present invention is
executed;

[0065] FIG. 13 is a timing chart illustrating the operation
in a partial display mode when the example driving method
2 according to the embodiment of the present invention is
executed;

[0066] FIG. 14 is a timing chart illustrating the operation
in a partial display mode when the example driving methods
2 and 4 according to the embodiment of the present inven-
tion are executed,

[0067] FIG. 15 is a timing chart illustrating the operation
in a partial display mode when the example driving method
3 according to the embodiment of the present invention is
executed;
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[0068] FIG. 16 is a diagram illustrating example pre-
charge waveforms according to the embodiment of the
present invention,

[0069] FIG. 17 is a diagram illustrating the configuration
of a pre-charge driver 230 used in the present invention;

[0070] FIG. 18 is a timing chart illustrating the operation
in a partial display mode when the example driving methods
3 and 4 according to the embodiment of the present inven-
tion are executed,

[0071] FIG. 19 is a diagram illustrating the configuration
of the timing controller in a driver according to the present
invention;

[0072] FIG. 20 is a diagram explaining the operation of
the background area detector 60 shown in FIG. 19;

[0073] FIG. 21 is a conceptual diagram explaining a
background area selecting method in a partial display mode
of a display device according to the present invention,

[0074] FIG. 22 is a diagram illustrating threshold values
set to, and outputs, the MASK generator 48 and the back-
ground area detector 60 when executing the method shown
in FIG. 21;

[0075] FIG. 23 is a diagram illustrating the output wave-
form of the MASK generator 48 and the output waveform of
the background area detector 60 when the method shown in
FIG. 21 is executed;

[0076] FIG. 24 is a timing chart illustrating an operational
example when the method shown in FIG. 21 is employed,

[0077] FIGS. 25(a), 25(b), 25(c), and 25(d) are diagrams
illustrating the procedure for executing partial and back-
ground display from the transition to a partial display in a
display device according to the present invention; and

[0078] FIG. 26 is a diagram illustrating the configuration
of the timing controller for executing partial and background
display from the transition to a partial display, in a display
device according to the present invention.

DESCRIPTION OF THE EMBODIMENT

[0079] A preferred embodiment (hereinafter referred to as
the embodiment) according to the present invention will be
explained below while referring to the attached drawings.
[Basic Configuration]

[0080] FIG. 1 schematically depicts the configuration of a
display panel according to the present invention. This dis-
play panel corresponds to, for example, a flat display panel
such as a Liquid Crystal Display (LCD) mounted on a
mobile telephone. The display panel consists of a LCD panel
200 in which a liquid crystal is injected between a pair of
substrates, a drive circuit 100 for driving the LCD panel 200,
and a power source circuit (power supply circuit) 300 for
supplying necessary power source voltages (e.g. VDDI,
VDD2, VDD3) to the drive circuit 100 and to the LCD panel
200.

[0081] The LCD panel 200 is an active matrix-type LCD
panel on respective pixels of which can be displayed an
image. In the LCD panel 200, thin-film transistors acting as
switching elements are arranged for respective pixels and
are turned on and off with the gate lines extending in the row
direction. Display data is supplied to each pixel via the thin
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film transistor from the data line extending in the column
direction. Around the display section of the panel are
arranged a vertical driver (V driver) 210 that controls the
gate lines in order and a horizontal driver (H driver) 220 that
supplies display data o the data line with a predetermined
timing. The V driver 210 and the H driver 220 may not be
formed on the panel 200 but may be formed as a part of an
integrated drive circuit 100 or as a discrete circuit.

[0082] The drive circuit 100 includes a latch circuit 101
that latches RGB digital data, a digital to analog (D/A)
converter 102 that converts latch data into analog data, and
an amplifier 104 that amplifies converted analog data and
supplies the amplified R, G and B analog data to the H driver
220 of the LCD panel 200. The drive circuit 100 also
includes a CPU interface (I/F) circuit 106 that receives an
instruction from a CPU (not shown) and outputs a control
signal according to the instruction and a timing controller
(T/C) 400. The I/F circuit 106 receives and analyzes an
instruction transmitted from the CPU (not shown) and then
issues a control signal according to the instruction. The
instructions transmitted from the CPU include an instruction
for adjusting display positions on a display panel and a
contrast instruction for adjusting the contrast of a display
panel, in addition to a power saving control instruction.

[0083] The T/C 400 produces timing signals and control
signals necessary for the operation and display of the V
driver 210 and the H driver 220 in the LCD panel 200, based
on timing signals including the dot clock DOTCLK, hori-
zontal synchronous signal Hsync, and Vertical synchronous
signal Vsync. This embodiment, as described above, can
partially display information at desired locations and can
reduce the power consumption as necessary, according to the
operation of the T/C 400.

[0084] An example LCD panel 200 having pixels in a (n
columnxm row) matrix will next be described. In this
example, all pixels are driven during one frame in a normal
display mode. In order to display the entire screen in FIG.
2(a), the respective lines are sequentially selected while
predetermined display data is respectively supplied to each
of m column data lines. Display data is written to the pixel
associated with to each column. This operation is imple-
mented to all n lines.

[0085] Forexample, when the mode is changed to a partial
display mode according to a power saving instruction from
the CPU, an arbitrary arca consisting of ((s rows from
among all n rows)xm columns), as shown in FIG. 2(b), acts
as a partial display area 202. Thus, a predetermined partial
display is performed. The remaining area acts as a back-
ground display area (background arca) 204 and performs a
background display (off display). A liquid crystal layer is
sandwiched between a common electrode and pixel elec-
trodes. When a voltage of 0 volts is applied between the
common electrode and pixel electrodes, (that is, in an off
mode), the background area 204 displays white correspond-
ing to the off display in the normally white mode (LCD) in
which white is displayed (that is, the white raster is dis-
played).

[0086] In the present embodiment, the background area
204 is not continuously turned off during the partial display
period. The rows, as shown in FIG. 2(c), are sequentially
selected every predetermined period to write white display
data to corresponding pixels. In the normally white mode,
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the white display is realized with, in principle, no voltage
applied between electrodes. However, a voltage of several
volts is actually applied between pixel electrode displaying
white and the common electrode in this embodiment. Hence,
in an actual display panel, the voltage corresponding to an
off display is written as white display data to pixel electrodes
in the background area 204 via the pixel transistors.

[0087] An example wherein n and m are both 100, such
that a matrix LCD has a (100 rowx100 column) screen and
a partial display area 202 has an pixel arca of (25 (s=25)x
100) and a background area 204 has (75x100). In a manner
similar to that in the partial display area 202, k row(s) in the
background area 204 are selected during one frame period
and write background display data is written to them (white
display data to the background area). During the next one
frame period, other k rows within the background area 204
are selected and white display data is written to them.

[0088] In the above example, when, in a more specific
example, the background area has 75 rows and k=1. In the
background area 204, the corresponding row 204w is
sequentially selected for writing of white display data once
every 75 frames ((n-s)/k frames). Each row of the back-
ground area 204 maintains the written white display until
reselection is performed, in this case after 75 frames.

[0089] In the background area 204, white data is written
into all pixels over the period of plural frames ((n-s)/k
frames). For the duration of the plural frames ((n-s)k
frames) next to the duration of the frame ((n-s)/k frame), a
certain row 204w within the background area 204 is
inversely driven by writing white display data of which the
polarity is inverted (with respect to the common electrode
voltage).

[0090] FIGS. 3(a) to 3(d) show operations in which the
display panel of the present embodiment changes from a
normal display mode to a partial display mode. When the I/F
circuit 106 of FIG. 1 judges the normal display mode, the
LCD panel 200, as shown in FIG. 3, normally displays an
image over the entire screen (S1). However, when the CPU
sends a partial display control instruction, the I/F circuit 106
analyzes the instruction and generates an appropriate partial
display control signal, thus switching the status to the partial
display mode (S2). A user-controlled switch may be pro-
vided for generating an equivalent partial control signal to
change the status to a partial display mode.

[0091] After the system is changed to a partial display
mode, the partial and background display may be performed
directly. However, in the present embodiment, when the
mode is changed from the normal display to the partial
display, the entire screen is first switched to an off display
mode. Specifically, one frame after shifting, respective pix-
els are normally selected to write white display data, thus
displaying the white raster (S3 in FIG. 3(b)).

[0092] Such a control is performed in order to prevent the
normal display on the background area from gradually
changing to an off-display state when switching to a partial
display. In other words, when the mode changes from
normal display to the partial display, the pixel display data
written in the previous normal frame remains displayed by
the pixels in the background area 204. Because, as described
above, the pixels in the background area 204 are not selected
every frame, even when a pixel transistor disposed for each
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pixel is off controlled until the next gate line selection, the
pixel display data gradually leaks to the drain line because
of the off current leakage of the transistor. Finally, the
potential becomes close to the potential of the common
electrode confronting via the liquid crystal layer. That is,
when the mode changes from the normal display frame, the
background area 204 gradually changes to the off display
(white raster) over several seconds. Such a slow change in
display is usually not preferred by system users. To over-
come such a problem, by first writing white display data
once over the entire screen and displaying the white raster
before the mode changes to the partial display, all pixels
change from a white display state, or an off state, at the
partial displaying time. Thus, the display degradation of the
background area 204 can be eliminated in the partial display
mode. In the following description, except where otherwise
specified, the example LCD panel 200 is of a normally white
type and the substantially off display is a white display.

[0093] Immediately after the white raster is displayed all
over the while screen, the LCD panel 200 begins partial
display (S4) as shown in FIG. 3(c). Because the T/C 400 in
FIG. 1 generates the control signal and the timing signal (to
be described later), based on the partial control signal, the
LCD panel 200 performs the partial display. The present
embodiment can be realized without providing a special
configuration for a partial display to the LCD panel 200.

[0094] In the partial display area in a partial display mode,
each row is selected in one frame, as in normal display, to
write display data. Example methods 1 to 4 for driving the
background area 204 according to the embodiment will be
explained below while referring to FIG. 3(c). More specific
examples of drive waveforms in each driving method will be
described later by referring to FIGS. 9 to 15 and FIG. 18.

[0095] The CPU transmits a normal display control
instruction. Then, the I/F circuit 106 of FIG. 1 analyzes the
instruction and, based on the results of this analysis, either
produces the normal display control signal or halts output of
the partial display control signal. In such an operation, the
state returns from the partial display mode to the normal
display mode (85 in FIG. 3).

Driving Method 1

[0096] In an example driving method 1, all s rows (gate
lines) in the partial display area 202 are sequentially selected
during one frame period and predetermined display data is
written, only the k rows in the background area 204 are
selected during one frame period and white display data is
written. That is, in the driving method 1, the total (s+k) rows
(=s rows in the partial display area 202+k rows in the
background area 204) are sequentially selected during one
frame period. In a predetermined timing, the display data is
issued to data lines of m columns associated with the
selected rows, in a predetermined timing. Thus, sets of
display data corresponding to pixels are written sequentially.

[0097] With the partial display area 202 has 25 rows and
the background area 204 has 75 rows and k=1, 26 rows (25
rows+1 row) are selected during one frame period. The
selection of another line 204¢ in the background area 204 is
inhibited based on the vertical mask signal (VMASK) (a
control signal to be described later) of signals generated by
the T/C 400 in FIG. 1.
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[0098] 1In the next frame, all s lines of the partial display
area 202 are reselected for the writing of display data (in this
case, the polarity of the display data changes every one line
when line inversion occurs or every one frame when frame
inversion occurs). In the background area 204, the k-th line,
which is not the same line as the k-th line to which the white
display data was written in the previous frame, is selected.
Then, the white display data is written into the selected k-th
line. Therefore, if the number of rows (S) within the partial
display area 202 of all 100 rows is 25 and the number of
selected rows (k) per frame in the background area 204 is 1,
the display data is written into the partial display area 202 in
cach frame. The white display data is written onto the
background area 204 over a period of 75 frames.

[0099] With k=1, when the line sclected in one frame is
adjacent to the line selected in the previous frame, the line
inversion drive operation is performed by writing white
display data with an inverted polarity to the second line.

[0100] Moreover, the white display data is written to all
the pixels in the background area 204 over plural ((n-s)/k)
frames (75 frames in the above example), or, in other words,
over the duration of one background display period. There-
after, the white display data with an inverted polarity is
written to the same line during the next ((n-s)/k) frame.

[0101] The background area is put into a white display
mode by inverting the polarity every line and every back-
ground frame. This operation prevents a dc voltage compo-
nent from being continuously applied to the liquid crystal
layer in the background area 204, thus preventing deterio-
ration of the liquid crystal.

[0102] In the driving method 1, the partial display and
background display are performed by repeating the above
procedure in the partial display mode.

[0103] The driving method 1 can be applied where pixels
are dot by dot and where they are driven line by line. In the
dot sequential driving operation, when a corresponding row
(gate line) is selected in a partial display area or a back-
ground area, the display data are sequentially transmitted to
the data line. In the line sequential driving operation, the
display data to be written to all the data lines are transmitted
simultaneously.

Driving Method 2

[0104] In example driving method 2, operation that all the
rows in the partial display area 202 and k rows in the
background area 204 are selected during one frame period to
write the display data is common with the above method 1.
In example method 2, the pixels of all rowss in the partial
display area 202 are sequentially driven dot by dot (or line
by line) to write the display data. Then, k lines in the
background area 204 are selected by inputting the white
display data to all data lines (m rows). In more detail, after
the partial display area 202 has been completely driven, the
white display data is written to all m data lines in the next
one horizontal duration (1H: one gate line selection dura-
tion) to select k gate lines in the background area 204. This
operation turns on the pixel transistors associated with the
selected gate lines. Thus, the white display data supplied to
the data lines is captured to display the corresponding pixels
in a white state.

[0105] The rows selected in the background area 204,
those to which the white display data is written, change from
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frame to frame, in a manner similar to the method 1. When
the row within the background area 204 selected in one
frame is adjacent to the row selected in the next frame, the
voltages of the white display data to neighboring rows are
set so as to have an inverted polarity to each other.

[0106] As in the driving method 1, the white display data
is written over the entirety of background area 204 in the
period corresponding to plural frames and the voltage polar-
ity of the white display data written to the same row is
inverted every other background frame.

[0107] In the driving method 1, after the line selection has
been completed to the partial display area 202, the H-driver
220 does not operate until the selection period for rows
within the background display area 204 to be selected in the
same one frame duration. After the corresponding row is
selected, the H-driver 220 again suspends operation. In
contrast, in the driving method 2, after the completion of row
selection to the partial display area 202, the H-driver 220
operates for only the successive 1H duration to write the
white display data to each data line. Thus, operation can be
ceased during selection of the remaining region of the
background area 204. As with the driving method 1, this
control can be easily realized by slightly modifying the T/C
400 or by adding a minimum configuration.

Driving Method 3

[0108] In an example driving method 3, the white display
data is written to k lines of the background area 204 using
the pre-charges control signal. In an active matrix-type
LCD, a corresponding gate line is normally selected during
1H period to turn on the pixel transistor. During this opera-
tion, the display data applied to the data line is written to
each pixel via the corresponding pixel transistor to display
each pixel. However, in a line inverse-driving scheme, the
polarity of the display data applied to a data line is inverted
every 1H. Hence, it is desirable that the data line be quickly
and reliably set to the voltage of the next display data to be
displayed. For that reason, a pre-charge operation is for
writing a voltage close to a display data voltage into each
data line is performed, the display data voltage then being
written into the data line in the following 1H duration.
Particularly, in a p-Si TFT LCD using a polycrystalline
silicon for the active layers of thin-film transistors, a dedi-
cated pre-charge driver 230, shown in FIG. 3, is formed in
the LCD panel 200, together with other drivers 210 and 220
to reduce the TFT operational load. In this manner, the
pre-charge driver 200 implements pre-charging driving.

[0109] In the driving method 3 according to the present
embodiment, the pre-charge control signal and the pre-
charge data, for pre-charging, are used to perform a back-
ground display on the background area 204. That is, when a
selection timing for a row to be selected on the background
area 204 occurs during a frame period, the T/C 400 (FIG. 1)
generates a pre-charge control signal (PCG) immediately
before the beginning of 1H. The pre-charge data correspond-
ing to white display data is written into each data line,
according to the control signal. In the partial display area
202, predetermined pre-charge data in accordance with the
level of partial display data to be displayed in a correspond-
ing row immediately before row selection is supplied to each
data line by the pre-charge control signal. The predeter-
mined pre-charge data may be set to a fixed level, indepen-
dently of the level of partial display data.
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[0110] Identical to the methods 1 and 2 are changing a row
(gate line) selected every frame in the background area 204,
inverting the polarity of white display data every line, and
inverting the polarity of white display data every back-
ground screen.

[0111] By writing the white display data into k lines on the
background area 204 using the pre-charge control signal, it
is unnecessary to control the H-driver 220 during the back-
ground display period. This contributes to reducing power
consumption.

Driving Method 4

[0112] In an example method 4 of the present embodi-
ment, k lines selected on the background area 204 during
one frame are driven according to any one of the driving
methods 1 to 3. The frequency of the pulse controlling the
length of a 1H duration is increased during the period
corresponding to the selection duration of the (n-s-k) lines
not selected. Thus, each selection pulse is transferred at high
speed within the line driver (V-driver 210).

[0113] The drive operation enables each row to be driven
with a frequency lower than that in the normal (n-row drive)
operation when the number of lines to be displayed during
one frame period is (n+k). Moreover, the drive operation can
reduce power consumption by the digital, which depends on
the operation frequency.

[0114] The selection pulse is output within the V-driver
210 for a duration corresponding to the rows within the
background area 204 not selected during one frame, without
halting of the v driver 210. Thus, the selection pulse select-
ing each row is not output to the row, but is transferred at
high speed. Hence, when a target row is next driven with the
selection pulse, the selection pulse can be immediately
output to a necessary row (gate line), without a special pulse
output operation.

[0115] Asdescribed above, in the partial display mode, the
transfer frequency of the selection pulse for selecting rows
by the V-driver is partially increased so that the operational
frequency of the whole display panel is decreased. Power
consumption is reduced as a result of the decreased drive
frequency without changing the design of the internal driver
in the LCD panel 200. This enables the partial display in the
power saving mode.

Drive Circuit

[0116] Next, an example of configuration of a drive circuit
according to an embodiment realizing the above-described
drive operation will be described below. FIG. 4 depicts the
configuration of the T/C 400 within the drive circuit 100 in
FIG. 1. FIG. 5 depicts the configuration of the V-driver 210
incorporating in the LCD panel 200 in the present embodi-
ment.

[0117] The dot clock (DOTCLK), the horizontal synchro-
nous signal (Hsync), the wvertical synchronous signal
(Vsync), and the partial display control signal (PARTIAL)
are supplied to the T/C 400. The horizontal clock (CKH), the
horizontal start pulse (STH), the pre-charge control signal
(PCG), the gate line selection control signal (ENB), the
vertical clock (CKV), the vertical start pulse (STV), and the
polarity inversion control signal (FRP) are generated based
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on the above-described signals. The generated signals are
supplied to the V-driver 210 and the H-driver 220 in the
LCD panel 200.

[0118] The H-counter 12 counts as a clock the dot clock
(DOTCLK) supplied via the frequency divider 11. The
H-counter 12 also counts the dot clock every 1H duration
because the count value is reset with the horizontal synchro-
nous signal (Hsync) output once in 1H duration and the H
reset signal (Hreset) from the 1H width control circuit 19 (to
be described later), via the AND gate 31.

[0119] The frequency divider 11, as shown in FIG. 6,
consists of F/Fs 111 and 112 in a two stage connection, AND
gates 113 and 115, an inverter 114, and an OR gate 116
which selects and outputs the dot clock and the frequency
division clock. When, for example, only k lines in the
background area 204 are selected during one frame period,
as in the above-described driving method 4, the frequency
divider 11 divides the normal dot clock (DOTCLK) and then
supplies the frequency divided clock to the H-counter 12, the
V-counter 34 (to be described later), and the frame counter
47. Thus, the circuit operational speed in the partial display
mode is decreased so that the power consumption is saved.

[0120] The H-counter 12 outputs the dot clock count value
to the decoder 13. The pulse signal decoded by the decoder
13 is output as the horizontal clock (CKH) via the flip-flop
(F/F) 20 and the AND gate 27. The result signal is output to
the H-driver 220 in the LCD panel 200.

[0121] The decoder 14 generates a pulse determining the
start timing during each 1H horizontal scanning period,
based on the dot clock count value of the H-counter 12. The
pulse is output as the horizontal start pulse (STH) via the F/F
21 and the AND gate 28.

[0122] Based on the dot clock count value of the
H-counter 12, the decoder 15 acquires the timing immedi-
ately before the beginning of one horizontal duration to
generate a pulse signal. The pulse signal is output via the F/F
22 and the AND gate 29 as the pre-charge control signal
(PCG) which brings close to the display data voltage in 1H
duration following the voltage of the data line immediately
before the beginning of 1H.

[0123] The decoder 16 acquires the timing for controlling
the selection allowable duration of each gate line based on
the dot clock count value of the H-counter 12. The timing is
output as the gate line selection control signal (ENB) via the
F/F 23 and via the AND gate 30. During the pre-charge
period effected to the date line immediately before the
beginning of 1H, the control signal (ENB) inhibits the
pre-charge data from being written into any pixel when a
pixel transistor is turned on by the selection of a gate line.
The gate line selection control signal (ENB) is supplied to
the V-driver 210 in the LCD panel 200 shown in FIG. 5.

[0124] The V-driver 210 (FIG. 5) includes plural stages of
shift registers 251,252, .. . ; AND gates 261, 262, . . . each
of which outputs a logical product of the output of the y-th
shift register and the output of the (y+1)-th shift register; and
final output gates 271,272, . . . to gate lines. Each of the shift
registers 251, 253, . . . sequentially shifts the vertical start
pulse (STV) in accordance with the number (n) of gate lines
of the panel, with the vertical clock (non-inversion CKV and
inversion CKV) (to be described later) acting as a clock
signal. The gate line selection control signal (ENB) is
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supplied to one input terminal of each of the final output
gates 271, 272, . . . 27n. Because the control signal (ENB)
becomes an L level during the pre-charge period immedi-
ately before the beginning of the 1H duration, the gate
selection signal is inhibited from being output to the gate
line while the control signal (ENB) is at an L level.

[0125] The decoder 17 decodes the dot clock count value
from the H-counter 12 and supplies the decoded value to one
input terminal of the AND gate 44 via the F/F 24. The
frequency divider 11 supplies the dot clock (DOTCLK) to
the other input terminal of the AND gate 44. Because the
frequency divider 11 does not implement the frequency
division in the normal display state, the AND output of the
gate 44 is nearly equal to the dot clock. The F/F 41 receives
the dot clock and outputs a signal changing its level every
1H, from its Q terminal. The level changing signal is output
as the vertical clock (CKV) to the V-driver 210 in the LCD
panel 200.

[0126] The decoder 18 generates a pulse signal based on
the dot clock count value of the H-counter 12. The decoder
18 supplies the pulse signal to an input of the AND gate 43
via the F/F 25. The AND gate 43 supplies the clock to the
F/F 40. The F/F 40 outputs an inversion control signal (FRP)
to invert display data every 1H.

[0127] The 1H width control circuit 19 generates an H
reset signal (Hreset) once in the 1H duration corresponding
to one selection duration of each gate line and acts a part of
the row clock generator, together with the AND gate 32 and
the V-counter 34 (to be described later). As explained in the
driving method 4, the 1H width control circuit 19 speeds up
the output timing of the H reset signal (Hreset) acting as the
reference to the 1H duration and 1V (one frame) duration,
within the I/C 400. Thus, the data processing time for rows
not selected in the background area is shortened. As a result,
the transfer rate of the gate selection pulse by the V-driver
(FIG. 5) is improved.

[0128] The 1H width control circuit 19, shown in FIG. 7,
includes a decoder 191, a decoder 192, gates 193 and 195,
and an OR gate 196. The decoder 191 outputs “H” when the
H-counter value is a high-speed reset set value “10”. The
decoder 192 outputs “H” when the H-counter value is a
normal reset set value “120”. The gate 193 produces a
logical product of an output of the decoder 191 and an
inverted version of the V MASK signal (VMASK) (to be
described later). The gate 195 produces a logical product of
an output of the decoder 192 and the V MASK signal
(VMASK) not inverted. The OR gate 196 produces a logical
sum of outputs from the two AND gates. Because of the
background area 204, for the period during which the V
MASK signal (VMASK) is at an L level and selection is
carried out during the L level, the inverter 194 supplies the
inverted MASK signal to the AND gate 193. This operation
allows the AND gate 193 to output the output of the decoder
191. Normally, the H reset pulse (Hreset) output with the
count value of m (where, for example, m=120 and m
including a blanking duration) can be output when the
H-counter counts 10.

[0129] The V-counter 34 receives the output of the AND
gate 32 as a clock and is reset by the output from the AND
gate 33. The AND gate 32 receives an H reset pulse (Hreset)
from the 1H width control circuit 19 and the dot clock
(DOTCLK) supplied via the frequency divider 11. The V
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counter 34 counts pulses changing to H once every 1H and
resets its count value in accordance with the vertical syn-
chronous signal (Vsync) every 1V duration.

[0130] The decoder 35 outputs the vertical start pulse
(STV) representing the start of 1V duration once every one
vertical scanning duration (1V) via the F/F 37, based on the
count value of the V counter 34.

[0131] The decoder 36 outputs the V reset pulse (Vreset)
via the F/F 38 when the count value of the V counter 34
reaches a numerical value corresponding to the number of
lines (the number (n) of gate lines) of the LCD panel 200.
The V reset signal (Vreset) is supplied to the reset terminal
of the F/F 40 to reset an inverted pulse (FRP) which inverts
the polarity of display data every 1H and every one frame.
The V reset signal is also supplied to the reset terminal of the
F/F 41 to reset the V clock (CKV). The V reset pulse is
supplied to the AND gate 42 which produces a logical
product of the dot clock (DOTCLK) and the dot clock
(DOTCLK). The F/F 39 receives the AND output of the gate
42 at its clock terminal and generates a Q output which is
inverted every other frame.

[0132] The EXOR gate 45 produces an exclusive logical
sum of the output of the F/F 39 and the output of the F/F 40
and then outputs it as a polarity-inverted pulse (FRP) to the
H driver 220 of the LCD panel 200.

[0133] Moreover, as shown in the lower side of FIG. 4, the
configuration of the present embodiment includes a frame
counter 47, a MASK generator 48, a F/F 50, a decoder 49,
and a F/F 51. A combination of the MASK generator 48 and
the F/F 50 generates and outputs a MASK signal (VMASK)
in accordance with a frame count value. A combination of
the decoder 49 and the F/F 51 decodes the frame count value
and then resets it.

[0134] The frame counter 47 counts the output from the
AND gate 46 which makes a logical product of a V reset
(Vreset), an H reset (Hreset), and a dot clock (DOTCLK).
The AND gate 46 produces its output which changes to an
H level once during 1V period, that is, once during one
frame period. The frame counter 47 counts the AND output,
that is, the number of frames. The counted number is output
to the MASK generator 48 and the decoder 49.

[0135] The MASK generator 48, as shown in FIG. 8,
includes comparators 482 and 481, and an adder 484. The
comparator 482 corresponds to a partial display row detector
which detects the coming timing for a partial display row
The comparator 481 detects the incoming row to which off
display data is written within the background area. The
MASK generator 48 also includes OR gates 484 and 485 and
an inverter 486. The adder 483 adds an arbitrary settable
value, for example, “25” to the frame (F) count value and
then outputs the resultant value to the comparator 481.

[0136] The comparator 481 compares the V count value
from the v counter 34 with (an F count value+a set value of
“25”). The comparator 481 produces an H level when the V
count value from the v counter 34 becomes (a F count
value+a set value of “25”) and produces an L level when the
V count value from the v counter 34 becomes another value.
The comparator 482 produces an H level when the V count
value is a value arbitrarily set in accordance with a target
partial display position is, for example, less than “25”. The
comparator 482 produces an L level when the V count value
is “25” or more.
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[0137] The OR gate 484 outputs an H level signal for the
period during which the V count value is 0 to 24 and (F count
value+25). The OR gate 485 outputs the output from the gate
484 as the V MASK signal (VMASK) via the F/F 50 only
when the partial display start signal (SPART),to be described
later, is at an H level (in a partial display mode).

[0138] Because the start signal (SPART) is maintained at
L level at the normal display time, the OR gate 485 always
receives “H” via the inverter 486 such that the V MASK
signal (VMASK) maintaios its H level.

[0139] Each of the AND gates 27 to 30 receives the V
MASK signal (VMASK) at its one terminal. Each AND gate
inhibits the H clock (CHK), the H start pulse (STH), the
pre-charge control signal (PCG) and the enable signal
(ENB) from being output when the V MASK signal is at an
L level. The 1H width control circuit 19 receives the V
MASK signal and produces an H reset pulse (Hreset), with
the timing at which the H count value is 10 for 1H duration,
only when the V MASK signal is at an L level. The AND
gate 43 receives the V MASK signal at its input terminal and
sustains the output of the F/F 40 when the V MASK signal
is at an L level. As a result, the AND gate 43 sustains the
level of the polarity inverted signal (FRP) to a fixed value for
the duration.

[0140] The decoder 49 sets ((n-s)/k) in accordance with
(n-s) lines of the background arca 204 and with k lines of
the background area 204 selected during one frame period in
the partial display mode. For example, with n=100, s=25 and
k=1, the F count value is set to “75”. “75” means that a pulse
is output in the 75-th frame in a partial display mode.

[0141] The pulse is supplied as the F reset pulse (Freset)
to the frame counter 47 via the F/F 51. The frame counter 47
rests its count value every ((n-s)/k) frames (75 frames) in
the partial display mode.

[0142] The F/F 52 receives at the D terminal the partial
display control signal (PARTIAL) output from the I/F circuit
106 (FIG. 1) in the partial display mode and operates with
the output (acting as a clock) of the AND gate 46. The AND
gate 46 produces a logical product of the V reset (Vreset),
the H reset (Hreset) and the dot clock. Because the AND gate
46 supplies a pulse signal rising once every 1V duration, the
F/F 52 first captures the partial display control signal in the
next 1V duration and then outputs it from its Q terminal.

[0143] The F/F 52 supplies the Q output to one terminal of
the W15 AND gate 54 and to the D terminal of the F/F 53.
Like the F/F 52, the F/F 53 receives as a clock the output
from the AND gate 46. The F/F 53 produces from its Q
terminal the partial display start signal (START) of H level
after a lapse of 1V duration from a partial display instruction
and outputs it to the MASK generator 48 and the frequency
divider 11. The F/F 53 supplies the inverted Q output to the
other input of the AND gate 54. The AND gate 54 outputs
the flash signal (FLASH) which maintains an H level for
only the next 1V period during which the partial display
control signal (PARTIAL) is at an H level and which
maintains it to an L level in other duration.

[0144] The OR gates 55, 56 and 57 receive the flash signal
(FLASH) at their terminals and produce the R, G and B
digital signals, each which is at an H level, when the flash
signal becomes H level.
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[0145] When all of the R, G and B digital outputs are at an
H level, a white display is generated. The R, G and B digital
signals are output to the digital processing circuit such as the
latch circuit 101 (FIG. 1). The amplifier 104 outputs, as R,
G and B analog display signals for white display, the
converted signals to the H driver 220 in the LCD panel 200
via the D/A converter 102.

[0146] In the above-described configuration, when the
partial display control signal becomes H level, the entire
screen is subjected to a white display (a white raster display)
in the next one frame, as shown in FIG. 3. After a lapse of
time period corresponding to one frame from an instruction
has passed, the F/F 53 outputs the partial display start signal
(SPART) to start the partial display operation.

Operation of Display Panel

[0147] Next, the operational timing of a display panel
embodying the above configuration will be described with
reference to FIGS. 9 to 11. FIG. 9 shows a timing chart for
a normal display mode. FIG. 10 is a timing chart for a
white-over-screen display mode. FIG. 11 shows a timing
chart for a partial display mode employed in the driving
methods 1 to 4.

Normal Display

[0148] Because the partial display control signal (PAR-
TIAL) is maintained at Llevel in a normal display mode, the
V MASK signal (VMASK) sustains an H level. In the even
frame and the odd frame, because the 1H width control
circuit 19 outputs an H reset pulse (Hreset) in accordance
with m data lines, the 1H duration and the V clock (CKV)
are maintained constant. Any one of the H clock (CKH), the
H start pulse (STH), the pre-charge control signal (PCG), or
the enable signal (ENB) can be output.

[0149] When the V driver 210 in the LCD panel 200 (FIG.
5) outputs the V start pulse (STV), signals which selects
each gate line in accordance with the V clock (CKV) for 1H
is sequentially generated. While the enable signal (ENB) is
at an H level, the gate selection signal is sequentially output
to the corresponding gate line. When the H start pulse (STH)
is output, the H driver in the LCD panel 200 sequentially
outputs the display data to be written to each pixel associated
with a gate line selected by the V driver 210 to the corre-
sponding data line, in accordance with the H clock (CKH).

[0150] In the above operation, the V driver 210 sequen-
tially selects the gate lines. H driver 220 sequentially outputs
display data to the corresponding data lines and turns on the
pixel transistors respectively connected to the selected gate
lines. Thus, the H driver 220 writes the display data to each
pixel via the corresponding data line and the corresponding
pixel transistor. This operation is repeated in each frame to
display an arbitrary pixel.

[0151] The polarity inverted control signal (FRP) is 1H or
the polarity of the control signal is controllably inverted for
cach line. Thus, in accordance with the inversion of the
polarity inverted control signal (FRP) the display data is
inverted and applied to each pixel. Since the control signal
(FRP) is inverted in an even frame and in an odd frame, the
display data with an inverted polarity is supplied to the same
line every frame.

White Raster Display

[0152] As described above, when the partial display con-
trol signal (PARTIAL) supplied from the I/F circuit 106 to
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the T/C 400 (FIG. 1) changes from L level (normal display)
to H level (partial display), the AND gate 54 outputs the L
level flash signal (FLASH) for the successive 1V duration.
As aresult, all the R, G, and B display data, shown in FIG.
10, become white data for 1V (one frame) duration. In this
white display mode, other timing signals are identical to
those in the normal display mode explained with FIG. 9.
When the V start pulse (STV) is output, in a manner similar
to that in the normal display mode, the V driver 210
sequentially selects the gate lines. When the H start pulse
(STH) is output, the H driver 220 sequentially outputs white
data to each data line. Hence, white is displayed all over the
screen for one frame duration.

Partial Display (Driving Method 1 and Driving
Method 4)

[0153] FIG. 11 illustrates operation of driving methods 1
and 4 using the configuration depicted in FIG. 4 in a partial
display mode. That is, the operational rate is decreased
during one frame period and partial display to a predeter-
mined position and white display on the remaining back-
ground area is implemented. In this way, power consump-
tion by the drive circuit is further reduced. The operational
speed during one frame period can be reduced because high
speed transfer control of the V driver is performed by the 1H
width control circuit 19 of FIG. 4 and because the frequency
divided signal of the frequency divider 11 is used as the dot
clock (DOTCLK).

[0154] When the partial display control signal (PARTIAL)
changes to H level, an all white screen is displayed in one
first frame. In the next frame, the partial display signal
(SPART) changes from L level to H level. Hence, in the
frequency divider 11 shown in FIG. 6, the AND gate 115
inhibits the dot clock (DOTCLK) from being output. In this
case, the dot clock divided by % with the F/Fs 111 and 112
(hereinafter referred to as a divided dot clock) is output via
the AND gate 113 and the OR gate 116. The circuit that
operates in accordance with the divided-by-four 4 dot clock
reduces the operational speed to Y. The frequency of each
of the control signals (CKH, CKV, ENB, STH, FRP, and so
on) shown in FIG. 11 is reduced to %.

[0155] Inthe MASK generator 48, the OR gate 85 selects
the comparison outputs from the comparators 481 and 482.
Referring to FIG. 8, the comparator 482 and the adder 483
are set, for example, to the set value corresponding to 1 to
25 lines at the partial display position. In such a case, the OR
gate 485 outputs the V MASK signal (VMASK) being at an
H level for the period during which the V count value is 0
to 24 and for the period during which the V count value is
(a frame count value+25). In the V driver 210, which
sequentially selects gate lines from the first one, an enable
signal (ENB) generated based on the MASK signal
(VMASK) is first supplied while 1 to 25 lines are partially
displayed. The duration (partial display duration) allows an
H level enable signal (ENB) to the V driver 210 to be output
and allows the selection pulse to output to each line (row).
In a manner similar to that in the normal display mode, the
V driver 210 outputs a gate selection pulse to each gate line
for the period during which the enable signal (ENB) is at an
H level. However, the V driver 210 operates according to the
V clock (CKV) having ¥ of the frequency at a normal state
generated based on the divided-by-four dot clock. In a
manner similar to that in the normal state, the H driver 220



US 2001/0052887 Al

sequentially outputs write display data (partial display data)
to the pixels corresponding to the gate line selected to the
data line during 1H period. However, each of the H driver
(CKH) and the V clock (CKV) has % of the frequency in the
normal state.

[0156] When the v count value is out of the partial display
area, the MASK generator 48 changes the V MASK signal
(VMASK) to an L level. The V driver 210 inhibits the gate
line from being selected for the period during which the V
MASK signal (VMASK) is at an L level and maintains the
inversion operation of the polarity inversion signal (FRP) in
the immediate previous state.

[0157] When the V MASK signal (VMASK) is changed to
Llevel, the 1H width control circuit 19 outputs, for example,
the H reset pulse (Hreset), normally output at the H count
value of 120, at the time the H count value reaches 10, as
shown in FIG. 7. This operation shortens the output period
of the H reset pulse (Hreset), thus speeding the counting
process of the H counter 12. The period of the V clock
(CKV) from the F/F 41, generated in accordance with the H
count value, is shortened as shown in FIG. 11. In the V
driver 210 in the LCD panel 200, the shift register 251, . .
., as shown in FIG. 5, operates with the V clock (CKV)
acting as a shift clock. The V clock (CKV) speeded accel-
erates the transfer rate of the shift register in the V driver
210.

[0158] In the background display duration, when the com-
parator 481 of the MASK generator 48 selects a line to be
selected in the background area, the V MASK signal
(VMASK) is changed in an H level for just the correspond-
ing line selection duration, as shown in FIG. 11. Thus, in a
manner similar to that as in the partial display, the V driver
210 outputs a selection signal to the corresponding gate line
for an H level duration of the V MASK signal (VMASK).
When the H start pulse (STH) is output, the H driver 220
sequentially writes the white display data with the polarity
determined by the polarity inverted control signal (FRP).
Thus, predetermined lines in the background area 204
selected during one frame period, in a manner similar to that
in the partial display area, such that white display data is
written in them.

[0159] During the partial display period of the odd frame
following the even frame, shown in FIG. 11, the polarity
inverted control signal (FRP) is inverted with respect to that
in the even frame. The operation in the odd frame is
substantially the same as that in the even frame, with the
significant exception that display data with a polarity
inverted to that in the even frame is written to each pixel.
During the background display period in the odd frame, the
timing with which the V MASK signal (VMASK) once
changed to an L level returns to an H level is delayed by the
1H duration because the MASK generator 48 (FIG. §)
outputs the F count value one larger than that in the previous
frame (even frame), and selects the next line selected in the
previous frame. At this time, the level of a polarity inverted
control signal (FRP) is inverted to that in the even frame.
Hence, the H driver 220 outputs the white display data with
a polarity inverted to that in the previous frame to each data
line and writes it into an pixel corresponding to the selected
gate line.

[0160] By repeating the above-described operation, the
display data is written to the partial display area 202 every
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frame, as shown in FIG. 3(c). During the period (204¢)
corresponding to lines (gate lines) not selected, high speed
transfer is performed within the V driver 210. Thus, the V
driver 210 selects only the predetermined lines and writes
the white display data into them. In the case of the setting
shown in FIG. 8, the white display data is written over the
entire background area 204. In the next 75 frame, because
the level of the polarity inverted control signal (FRP) is
inverted to that in the previous 75 frame, the white display
data having the polarity inverted to that in the 75 frame is
written to the same gate lines.

Partial Display (Driving Method 1

[0161] Next, the operational timing in the example driving
method 1 will be specifically explained by referring to FIG.
12. The high-speed transfer of the V driver 210 is not
implemented in the driving method 1. In the configuration
shown in FIG. 4, the frequency driver 11 does not imple-
ments the frequency dividing operation and the 1H width
control circuit 19 does not speed the output period of an H
reset pulse for the background display duration. This timing
chart differs from that in FIG. 11 in that the period of the V
clock (CKV) is constant, regardless of the level of the V
MASK signal (VMASK). Other operations are similar to the
partial display operation and the background display opera-
tion, explained with FIG. 11. In the driving method 1, the
drive frequency not varied in the partial display mode, as
described with FIG. 11, results in the unchanged power
consumption of the digital circuit system. However, the
partial display can be implemented at arbitrary positions
through the setting by the MASK generator 48 (comparators
481 and 482 and adder 483). Any number of lines on the
background area can be selected during one frame to write
the white display data to them.

Partial Display (Driving Method 2

[0162] Next, the operation timing in the example driving
method 2 will be explained below by referring to FIG. 13.
Like the driving method 1 in FIG. 12, the driving method 2
does not to implement the high-speed transfer of the V driver
210 and the reduction of the drive frequency. The driving
method 2 differs from the driving method 1 (FIG. 12) in that
the H start pulse (STH) is output during the first 1H period
after the beginning of the background display duration and
in that the H driver 220 writes the white display data into the
data line according to the H start pulse. For that reason,
when the V MASK signal (VMASK) becomes an H level
during the background display period to select a gate line
corresponding to the V driver 210, the white display data
already written to each data line is immediately written to
the corresponding pixels.

Partial Display (Driving methods 2 and 4

[0163] FIG. 14 specifically shows the operational timing
in a combination of the driving methods 2 and 4. The
difference between the combined method and the method
shown in FIG. 13 is similar to that between the methods
shown in FIGS. 11 and 12. That is, in the partial display
mode, the operational frequency of each circuit is decreased
using the frequency divider 11 shown in FIG. 4. The periods
of each of CKV, ENB, FRP, VMASK, and display data are
longer than that in the normal display operation. In the first
1H of the background display duration, the white display
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data is written to the data line and the gate line to be selected
in one frame of the background area is completely selected.
Thereafter, the output timing of the H reset pulse (Hreset) is
sped using the 1H width control circuit 19. Finally, the fast
output timing increases the frequency of the V clock (CKV)
acting as data transfer clock for the shift register in the V
driver 210 within the LCD panel 200. As shown in FIG. 14,
the gate selection pulse is fast transferred within the V driver
during the period over which the V MASK signal is at an L
level.

Partial Display (Driving Method 3

[0164] FIG. 15 depicts a specific example of operational
timing in the driving method 3. This method does not
implement the pulse high-speed transfer by the V driver 210
and the reduction of the drive frequency as in the driving
method 1 shown in FIG. 12. In the method shown in FIG.
12, when the V MASK signal (VMASK) becomes H level
during the background display period, the H driver 220
writes the white display data to the data line in accordance
with the H start pulse (STH). However, in the method shown
in FIG. 15, as described in the normal display, a pre-charge
control signal (PCG) is generated immediately before the H
start pulse and the pre-charge circuit writes the white display
data to each data line.

[0165] The pre-charge waveforms and the configuration of
the pre-charge driver 230 installable in the LCD panel 200
will be described below referring to FIGS. 16 and 17. The
pre-charge driver 230 consists of switches SW1, SW2, . . .
, SWm each formed of TFT transistors which turn on in
accordance with the pre-charge control signal (PCG) and the
inverted version thereof. When each of the switches SW1, .
.., turns on in response to the pre-charge control signal, as
shown in FIG. 16, the pre-charge data (PCD) is applied to
the first to m-th data lines connected to the pre-charge data
lines via the corresponding switches SW. The pre-charge
data (PCD) has the polarities matched with those of R, G and
B display data applied to the data lines in the 1H duration
starting immediately after the outputting of the pre-charge
control signal (PCG). Each voltage level is set to the
intermediate voltage value between the R, G and B display
data in the normal display mode.

[0166] The white display data is output to the data lines
during the background display period. In the white display,
the intermediate voltage level of each of the R, G and B
display data are equivalent to those in the white display data.
Hence, when the switches SW1 to SWm in the pre-charge
driver 230 are turned on during the background display
period, the pre-charge data can be supplied as the white
display data to pixels associated with selected gate lines.
This decreases the load to the H driver and, therefore, the
power consumption thereby.

Partial Display (Driving Methods 3 and 4

[0167] FIG. 18 specifically depicts a specific example of
operational timing for the combination of the driving meth-
ods 3 and 4. The combined method differs from the method
shown in FIG. 15. That is, the frequency of each timing
signal in the partial display mode is low. Moreover, the gate
selection signal is fast transferred within the V driver by
increasing the frequency of the V clock (CKV) while the V
MASK signal (VMASK) is an L level during the back-
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ground display period. This driving method allows the
power consumption due to the reduced drive frequency in
the partial display mode and the processing load of the H
driver to be decreased.

Background Display Color

[0168] In the above-described basic configuration, the
white display data (off display) is manifested on the back-
ground area after a change to the partial display mode.
However, the background display data is not limited to the
off display data, and other background display color data
may be used to display the background display area in the
color corresponding to the data. A case where the back-
ground area is displayed in a predetermined color will next
be described. The display color may be, for example, red
(R), green (G) or blue (B) in a color display panel.

[0169] FIG. 19 shows the configuration of the timing
controller 400 that displays the background area in a pre-
determined color except the color in the off display. FIG. 20
conceptually explains the operation of the background area
detector 60. In FIG. 19, constituent elements corresponding
to those in FIG. 4 are given corresponding reference numer-
als and hence their explanation will not be repeated here.
This configuration differs from that of FIG. 4. That is, the
timing controller 400 (FIG. 19) includes a configuration
which detects a background area in the partial display mode
and enables outputting a digital signal regarding a predeter-
mined color during the background display period, in addi-
tion to the configuration of FIG. 4. The timing controller
400 includes a background area detector 60, a F/F 61, and
AND gates 61, 62 and 63.

[0170] The background area detector 60 receives the V
count value (row count value) from the V counter 34. The
CPU (not shown) supplies position information (PTALS)
and position information (PTAF) to the background area
detector 60 via the CPU interface 106 (FIG. 1). The position
information (PTA1S) represents to the boundary of a partial
display area. The position information (PTAF) represents
whether or not a partial display area is above or below the
boundary (e.g., H if the partial display area is above the
boundary while L if the partial display area is below the
boundary). The background area detector 60 produces the
background area detection signal (PTWH) based on the
information above. For example, if the position information
PTAF is “H”, the partial display area is elevated from the
boundary position (PTALS). The background area detector
60 produces the background detection signal (PTWH) of
“L” for the duration over which the V count value represents
rows positioned above the boundary position (PT1S) of the
partial display area. The background area detector 60 also
produces the background detection signal (PTWH) of “HH”
for the duration over which the V count value represents
rows positioned below the boundary position (PT1S) of the
partial display area. When the position information (PTAF)
is “L”, the background area detector 60 produces the signal
PTWH of “H” for the duration over which the V count value
indicates rows positioned above the boundary position
(PTALS). Similarly, the background area detector 60 pro-
duces the signal PTWH of “L” for the duration over which
the V count value indicates rows positioned above the
boundary position (PTALS).

[0171] As described above, the background area detector
60 (FIG. 19) outputs the background area detection signal
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(PTWH) being in an H level only for the background display
duration. For example, when the background area ranges
from the 25-th row to the 100-th row, as shown in FIG. 20,
the background area detector 60 outputs the signal PTWH of
“L” until the V count value becomes 25 and outputs the
signal PTWH in an H level for the selection duration
corresponding to the V count value of 25 to 100. The signal
PTWH is supplied to one terminal of each of the AND gates
62, 63 and 64 respectively disposed to the R, G and B digital
output lines, via the F/F 61.

[0172] The background signals (R PAR, G_PAR, and
B_PAR) sct, for example, by the operator or the CPU are
supplied to the other input of each of the AND gates 62, 63
and 64. When the detection signal PTWH becomes “H” in
the background display duration, the background color
display signals supplied to the AND gates 62, 63 and 64 are
respectively output as background display data via the OR
gates 55, 56 and 57.

[0173] The color white is displayed by setting all the bits
(c.g. 6 bits) of the R, G and B input digital data to “H” or
“1”. “blue” is represented by setting all the bits of the R and
G data to “L” or “0” and setting all the bits of the B data to
“H” or “1”. In this embodiment, when a single color “blue”,
for example, is set as the background area color, all the bits
of R_PAR and all the bits of G_PAR are set to “L.” while all
the bits of B_PAR are set to “H”. These bits are supplied as
the display data for the background area in the partial display
mode to the display panel. Thus, a single color “blue”, is
displayed on the background area.

[0174] Even when the predetermined background display
color is selected, it is preferable to execute the white display
(off display) all over the screen in the first frame after a
change to the partial display mode and then to execute the
partial display and the background display in a color in the
second frame. In the first frame, all the screen may be
colored a given background display color, without limiting
to white. For example, the display color may be the same as
the background display color set in the partial display
operation mode. By selecting the background color in the
partial display operation for the display color of all over the
screen in a changed frame, an abrupt change in the display
color can be avoided in the partial display mode. Moreover,
a simplified circuit can select a color other than the off
display color as the display color over the entire screen in the
first frame.

[0175] A configuration wherein the CPU supplies back-
ground display data corresponding to a desired color during
the background period after a change to the partial display
mode may be used. This configuration can display a desired
color other than white for the background, without modify-
ing the basic circuit configuration shown in FIG. 4.

[0176] Moreover, as described later, the partial display and
the background display for the entire background area may
be performed in the first frame, without performing the
background display such as a white display over the entire
screen.

[0177] An ON display color, for example, a black display
in the case of a normally white display, or a desired medium
tone may be freely set to the background display color
described above. The off leak current of the TFT disposed
for each pixel may cause slight decolorizing, that is, a
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change in color because of a prolonged pixel selection
interval in the background area. However, according to the
present invention, the background area does not aim at
displaying special information. A slight color change in the
background area is often maintained within an allowable
range in view of the display quality. In such a case, when the
background area is made of the configuration displayable in
a desired color, the operator can select a desired background
color.

[0178] When the off leak current of the pixel TFT tran-
sistor is sufficiently small, the background display area can
be displayed in a desired ON display color or in a medium
tone for a long period, without any color change. In the
background area in a single color, R, G or B is displayed
with the same off-display data as that for white data and the
remaining colors are displayed with on-display data. More-
over, R, G or B is represented with on display data and the
remaining two colors are represented with off display data.
That is, in the background display in a single color such as
R, G or B, at least one color is identical to “off display”.
Compared with a desired medium tone, the single color is
resistant to decolorizing due to the off leak current through
the TFT transistor of each pixel. A change in the background
display color is small in the partial display mode.

Leading Row in Background Area

[0179] Next, the driving method for improving the quality
of a background display area in the partial display mode will
be described below by referring to FIG. 21. In this method,
the background display such as off-display all over the
screen is performed in the first frame after a change to the
partial display mode. Thereafter, the status moves to the
partial display mode. In the second frame following the first
frame, partial display data is written into the partial display
area 202 in a (s rowsxm columns) matrix. The background
display data is written into the leading row 204/ (or (s+1)-th
row) of the background area following the last row in the
partial display area and in the (k rowsxm columns) region
204w. That is, data is written into the leading row 204/ in
the background area 204 for each frame. In a manner similar
to that in the above description, data is written to the (k
rowxm columns) matrix area 204w for each frame while the
position thereof is shifted. In the (n rowsxm columns)
matrix, the background display data is written to respective
pixels in the remaining background area, except the partial
display area 2025 and the (s+1)-th area 2044, once every
(n-s-1)/k frames.

[0180] In this driving method, the background display data
such as off-display data is certainly written to the leading
row in the background area 204 following the partial display
area 202, once for each frame. Therefore, this method can
prevent that data written to the last row in the partial display
area 202 from adversely affecting other background display
area 204 selected only every plural frame periods, thus being
displayed as crosstalk.

[0181] Next, the operation for writing background display
data such as off-display data to the leading row 204/ in the
background display area will be specifically described
below. In the following explanation, it is assumed that
off-display data is written as background display data to the
(s+1)-th area 204/ being the leading row and that a single
color (e.g. R, G or B) is displayed as background display
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data on the other background arca 204 except the arca 2044.
In this case, displaying an arbitrary color can be dealt with
by changing the setting of the MASK generator 48 and the
setting of the background area detector 60 using the timing
controller 400 (FIG. 19).

[0182] The configurations of the circuit 48 and the circuit
60 are similar to those in FIG. 20. As shown in FIG. 22, the
comparator 1 (481), the comparator 2 (482) and the com-
parator 3 (60) are sct to a changed value (refer to FIG. 20).
The comparators (481) and (482) generate (a) VMASK, as
shown in FIG. 23. The comparator (60) generates (b)
PTWH, as shown in FIG. 23.

[0183] Specifically, when the partial display area 202 is
formed of, for example, the first row to the 25-th row in an
n row by m column matrix, “25+1” is set to the comparators
1 and 2. When the V count value (the number of rows) is
“25+1” or more, the comparator 2 changes its output from
“L” to “H”. The comparator 1 outputs “H” only when the F
frame value supplied from the frame counter 47 is “25+1”
and outputs “L” in other F frame values. With the SPART
signal of “H” and in the partial display mode, the OR gate
485 outputs the VMASK signal as shown in FIG. 23(a).
That is, the VMASK signal is in an H level for the duration
between the first row and the (25+1)-th row and for the
duration corresponding to the (F count value+25+1)-th row,
during one frame cycle. The image selection and the display
data writing are performed to the panel for the duration over
which the VMASK signal is in an H level, in a manner
similar to that in the normal display mode. Referring to FIG.
23, the display data changes from the partial display data to
the background display data at the (25+1)-th row during the
background area period. Hence, the writing to each pixel of
the display data is allowed with the (25+1)-th timing. The
election and writing of the background display data to the
next row is performed, subsequently to the selection and
writing operation of the final row in the partial display area.

[0184] Moreover, the background area detector 60 (com-
parator 3) is set to “25+1” as the leading value of the
boundary position and is set to “100” as a final value. With
the partial display area at the front of the background
boundary position (PTAF=1), the background area detector
60 produces the background detection signal (PTWH) of
“H” when the V count value is “25+1” or more and produces
“L” when the V count value is “100” or more, as shown in
FIG. 23. The PTWH signal, as shown in FIG. 19, controls
to output the background color data (R_PAR, G_PAR,
B_PAR) to the R, G and B lines, respectively. As shown in
FIG. 23(b), because the duration other than the duration
corresponding to the boundary leading row area 204# of the
background duration exhibits an H level, output of the
background color data is allowed.

[0185] In the duration over which the (k rowsxm columns)
matrix area 204w in the background area 204 is selected,
arbitrary background data specified by an operator or the
CPU is written to the area 204w and is displayed. The
off-display data may be written to the (k rowsxm columns)
matrix area 204w. In this case, such an operation can be dealt
with by merely setting the comparator comparison value in
the MASK generator 48 (FIG. 8) to (s+1) (where s is the
number (s) of partial display rows).

[0186] FIG. 24 shows an example of a timing chart when
the driving method 4 is applied to the above-described
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control. In this example, an operation nearly similar to that
in FIG. 14 is performed, with the significant exception that
the control to the leading row 2044 in the background.
Referring to FIG. 24, the row clock frequency that controls
the width of 1H duration is increased for a period of time
corresponding to the selection duration of rows (in this
example, the (n-s-1) rows), not selected in one frame, in the
background area. This operation was already described for
the driving method 4 and FIG. 14. The increased row clock
frequency allows each row selection pulse within the V
driver (FIG. 5) to be transferred at high speed. Compared
with the normal operation (n row driving) mode, each row
(s+1+4k) can be driven with lower frequency. As a result,
power consumption of the circuits in the digital processing
system is reduced by an amount related to the operational
frequency. Any of the driving methods 1, 2 and 3, none of
which performs the fast clock transfer during a background
area period not selected, may be employed with this
example.

[0187] R, G or B, or acolorin the color display, in addition
to the off-display data (white display in the case of normally
white), may be employed as the background display data to
be written to the leading row area 204#. In such a case, the
problem that only the leading row area 204/ is seen strik-
ingly can be avoided by using as the background display
data the same data as that written to the remaining back-
ground area 204.

[0188] When plural partial display areas 202 are set in the
(n rowsxm columns) screen, background display data can be
preferably written to the row (204%) next to the final row in
each partial display area 202 for each frame. For example,
when the partial display area 202 is positioned in the center
or on the reverse (the lower side of the screen in FIG. 21)
of the (n rowsxm columns) matrix, the background display
data may be written to the row previous to the leading row
in the partial display area 202 every frame. Thus, the display
data for the leading row of the partial display area 202
adversely affecting the background area 204 positioned
ahead from the partial display area 202 can be avoided. This
feature can more improve the display quality of the back-
ground area. As described above, the display quality of the
background area 204 improves by writing the background
display data to the rows adjacent to the partial display area
202 every frame.

Display of First Frame Shifted to Partial Display
Mode

[0189] Next, the operation and the drive circuit of imple-
menting a partial background display, rather than a full
screen background display, in the first frame in which the
device is changed to the partial display mode will be
described below as an example.

[0190] In the operation shown in FIG. 3, when partial
display is instructed, the background display all over the
screen is performed in the first frame. Then, the mode is
changed to the partial display from the next (second) frame.
In contrast, in the fist frame after transition, the partial
display is performed on the partial display area and the
background display is performed all over the background
area. Thus, the partial display is smoothly changed while the
whole of the screen is not instantaneously turned off in
transition.



US 2001/0052887 Al

[0191] FIGS. 25(a) to 25(d) show the mode changing
operation. When it is judged that the I/F circuit 106 (FIG. 1)
is in a normal display mode, the LCD panel 200, as shown
in FIG. 3(a), performs the normal display over the screen
(S1). When the CPU transmits a partial display control
instruction, the I/F circuit 106 analyzes it and then produces
a partial display control signal. Thus, the status changes to
the partial display mode (S2).

[0192] When the device changes to the partial display
mode, the partial display data is written into the partial
display area 202, as shown in FIG. 25(b). Moreover, the
off-display data or the background display data such as
arbitrary color data is written into the whole of the back-
ground area 204,

[0193] Display as desired can be performed on the partial
display area 202, without display of a temporary background
on the entire screen, immediately after the transition by
performing the partial display and the background display to
the whole of the background area 204 in the first frame in
transition. The significant data such as the partial display
data or background display data is written over the whole of
the screen. Hence, this operation can prevent the display in
the normal display mode from gradually changing to the
background display state in the background area selected
once every plural frames after the switching to the partial
display.

[0194] As shown in FIG. 25(c), various partial display
operations, as described above, can be employed after the
second frame. That is, as shown in FIG. 25(c), the partial
display area 202 in a (s rowsxm columns) matrix and the (k
rowsxm columns) matrix area 204 are selected during one
frame to perform the partial display and the background
display on the corresponding areas (S4).

[0195] Some or all of the driving methods 1 to 4 can be
combined for use with the method of driving the background
area 204 in the partial display mode. For example, the
driving method of performing the driver’s high-speed trans-
fer to non-selection rows other than the (k rowsxm columns)
area 204w in the background area can be employed as shown
in the step S4 of FIG. 25(d). Moreover, as explained above
with reference to FIG. 21, the method of selecting each
frame in the background leading area 204/ adjacent to the
final row in the partial display area can employed in a
manner similar to that in the partial display area, followed by
the writing of the background display data to the selected
frame.

[0196] FIG. 26 depicts an example of the timing control-
ler 400 for implementing the transition operation. In the
timing controller 400, elements corresponding to those in
the configuration shown in FIG. 19 are labeled with corre-
sponding numerals and their explanation will not be
repeated here. The timing controller 400 differs from that in
FIG. 19 in the configuration of the digital-display-data
output control section. Specifically, the timing controller 400
includes an AND gate 65 that produces a logical product of
the background detection signal (PTWH) output from the
background area detection circuit to the F/F 61 and the flash
signal (FLASH). Each of AND gates 55, 56 and 57 has its
three inputs. A corresponding R, G, or B digital signal is
input to the first input. The background detection signal
(PTWH) is supplied to the second input. The AND gate 65
sends its output signal to the third input.
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[0197] With the above configuration, when the partial
display control signal (PARTIAL) sent from the CPU via the
CPU IF circuit becomes an H level, the flash signal
(FLASH), which is output via the F/Fs 52 and 53 and via the
AND gate 54, becomes H level for the duration of the next
frame, and then L level. The background detection signal
(PTWH) becomes H level for the duration of the background
display. Therefore, the AND gate 65 produces an H level for
the background area in the next frame in which the partial
display control signal has changed to an H level. All of the
OR gates 35, 56 and 57, respectively disposed to bits of R,
G and B data, produce an H level output. In this example,
when all bits of the R digital output, R_OUT, the G digital
output, G_OUT, and the B digital output, B_OUT, are at H
level, white display (off-display) data is output. This con-
figuration allows the off-display data to be written to the
background area for the background duration in the next one
frame, in which the partial display control signal has
changed to an H level.

[0198] The flash signal (FLASH) returns to an L level in
the second frame after a lapse of one frame from the time the
partial display control signal has changed to an H level.
Hence, the AND gate 65 remains its output at an L level after
the second frame. Because the background detection signal
(PTWH) becomes H level for the background duration, each
of the AND gates 55, 56 and 57 remains its output at an H
level for the background duration. Therefore, the white
display data (oft-display data) is supplied as display data to
the data lines for each background display duration from the
second frame after transition to the partial display mode.

[0199] Data displayed on the background area in the first
frame and the second frame after a change to the partial
display mode is not be limited only to the off-display data
realized in the above-described configuration but may be R,
G, or B color data or any desired color data.

[0200] The partial display after the second frame after a
change to the partial display mode may be performed by the
driving methods 1 1o 4, or by any suitable combination of
these methods. The method of selecting the background area
leading row following the final row in the partial display
area (or the row adjacent to the boundary of the partial
display arca) for each frame and writing the background
display data may also be employed.

What is claimed is:

1. A method of driving a display device, said display
device having a plurality of pixels in a matrix comprising n
rows and m columns,

in accordance with a partial display instruction, said
display device performing a desired partial display on
a partial display area formed of pixels of s rows by m
columns, where s is a desired value, and said display
device displaying a background on a remaining back-
ground area of said matrix comprising n rows and m
columns; wherein: during one frame in a partial display
mode,

partial display data is written into each pixel of said s row
by m column partial display area; and

background display data is written into pixels of an area
of k rows by m columns in said background area;
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wherein each of n, m, s, and k is an integer greater than
1 and s<n and k<n.

2. A method of driving a display device defined in claim
1, wherein row to be selected associated with pixels of said
area of k rows by m columns in said background area is
shifted every one frame.

3. A method of driving a display device defined in claim
2, wherein said background display data is written into each
pixel in said background area over a total ((n-s)/k) frame
duration.

4. A method of driving a display device defined in claim
2, wherein said background display data is written into each
pixel in said background area over a total ((n-s)/k) frame
duration;

polarities of said background display data are inverted
with respect to a reference potential, and inverted
background display data is written into pixels in the
same row over a next total ((n-s)/k) frame duration.
5. A method of driving a display device defined in claim
1, wherein rows other than the k rows selected during one
frame in said background display area are inhibited from
being selected.
6. A method of driving a display device defined in claim
1, wherein when said partial display instruction is issued,

a pixel clock is used as a unit clock, a frequency of said
pixel clock being lower than that of a pixel clock used
as a unit clock for selecting and normally displaying all
pixels of said matrix comprising n rows and m columns
during one frame;

said partial display data is written into all pixels in said
partial display area; and

said background display data is written into pixels of said
area of k rows by m columns in said background
display area.
7. A method of driving a display device defined in claim
6, wherein

a transfer rate of a row selection pulse is increased, when
said partial display instruction is issued, and arrival of
a selection duration of rows other than those of said
area of k rows by m columns in said background
display area is detected.
8. A method of driving a display device defined in claim
1, wherein

said background display data is written to all pixels of said
matrix comprising n rows and m columns after said
partial display instruction has been issued;

said partial display data is sequentially written into pixels
of said area of s rows by m columns, and background
display data is written into pixels of said area of k rows
by m columns.
9. A method of driving a display device defined in claim
1, wherein said background display data comprises off-
display data or arbitrary background color data.
10. A method of driving a display device defined in claim
1, wherein said display device comprises a liquid crystal
device.
11. A method of driving a display device, said display
device having a plurality of pixels in a matrix comprising n
rows and m columns,
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in accordance with a partial display instruction, said
display device performing a partial display on a partial
display area formed of an s row by m column matrix,
where s is a desired value, and said display device
displaying a background on a remaining background
area; wherein

during one frame in a partial display mode, predetermined
partial display data is sequentially written into each
pixel of said partial display area; and

background display data is written into pixels of the
(s+1)-th row area next to the final row in said partial
display area and into pixels of an area of k rows by m
columns, within said background area;

where each of n, m, s, and k is an integer greater than 1

and s<n and k<n-s-1.

12. Amethod of driving a display device defined in claim
11, wherein row to be selected associated with pixels of said
area of k rows by m columns in said background area is
shifted every one frame.

13. Amethod of driving a display device defined in claim
12, wherein said background display data is written into
pixels of an area of (n-s-1) rows by m columns in said
background display area over a total ((n-s-1)/k) frame
duration.

14. A method of driving a display device defined in claim
12, wherein

said background display data is written into pixels of said
area of (n-s-1) rows by m columns in said background
display area over a total ((n-s-1)/k) frame duration,

polarities of said background display data are inverted
with respect to a reference potential, and inverted
background display data is written into pixels in the
same row in a next total ((n-s-1)/k) frame duration.
15. Amethod of driving a display device defined in claim
11, wherein

when said partial display instruction is issued,

a pixel clock is used as a unit clock, a frequency of said
pixel clock being lower than that of a pixel clock used
as a unit clock for selecting and normally displaying all
pixels of said matrix comprising n rows and m columns
during one frame;

said partial display data is written into all pixels in said
partial display area; and

said background display data is written into pixels of said
(s+1)-th row area and pixels of said area of k rows by
m columns, in said background display data.
16. A method of driving a display device defined in claim
11, wherein

said background display data is written into all pixels of
said matrix comprising n rows and m columns after
said partial display instruction has been issued;

said partial display data is sequentially written into pixels
of said area of s rows by m columns; and background
display data is written into pixels of said (s+1)-th pixel
and pixels of said area of k rows by m columns.
17. Amethod of driving a display device defined in claim
11, wherein



US 2001/0052887 Al

during the next first frame when said partial display
mnstruction is detected,

said partial display data is sequentially written into each
pixel in said partial display area formed of said s row
by m column matrix, and said background display data
is sequentially written into all pixels of said back-
ground area;

during each frame after a second frame following said
first frame,

said partial display data is written into each pixel in said
partial display area formed of said s row by m column;
and said background display data is written into pixels
of the (s+1)-th row area and pixels of said area of k
rows by m columns in said background area.

18. A method of driving a display device defined in claim
11, wherein said background display data comprises off-
display data or arbitrary background color data.

19. Amethod of driving a display device defined in claim
11, wherein said display device comprises a liquid crystal
device.

20. A method of driving a display device, said display
device having a plurality of pixels in a matrix comprising n
rows and m columns,

in accordance with a partial display instruction, said
display device performing a desired partial display on
a partial display area formed of pixels of area of s rows
by m columns, where s is a desired value, and said
display device displaying a background on a remaining
background area of said matrix comprising n rows and
m columns; wherein:

during a first frame over which said partial display
instruction is detected and a normal display mode
changes to a partial display mode,

predetermined partial display data is sequentially written
into each pixel of said partial display area of s rows by
m columns; and background display data is sequen-
tially written into pixels of said background area;

during each frame after the second frame following the
first frame in a partial display mode, said partial display
data is written into each pixel of said area of s rows by
m columns partial display area; and

said background display data is written into pixels of said
area of k rows by m columns in said background area;

wherein each of n, m, s, and k is an integer more than 1

and s<n and k<n-s.

21. Amethod of driving a display device defined in claim
20, wherein row to be selected associated with pixels of said
area of k row by m columns in said background area is
shifted every one frame.

22. Amethod of driving a display device defined in claim
21, wherein said background display data is written into all
pixels in said background area over a total (n-s)/k frame
duration after said second frame.

23. Amethod of driving a display device defined in claim
21, wherein rows other than the k row in said background
area selected during one frame after the second frame are
inhibited from being selected.

24. Amethod of driving a display device defined in claim
20, wherein:
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during each frame after the second frame,

a pixel clock is used as a unit clock, a frequency of said
pixel clock being lower than that of a pixel clock used
as a unit clock for selecting and normally displaying all
pixels of said matrix comprising n rows and m columns
during one frame;

said partial display data is written into all pixels in said
partial display area; and

said background display data is written into pixels of said
area of k rows by m columns in said background
display area.

25. Amethod of driving a display device defined in claim
20, wherein said background display data comprises off-
display data or arbitrary background color data.

26. A method of driving a display device defined in claim
20, wherein said display device comprises a liquid crystal
device.

27. Adrive circuit for a display device, said display device
having a plurality of pixels in a matrix comprising n rows
and m columns, and said plurality of pixels are selected
every row line and display display data supplied from a
column line,

when a partial display instruction is issued, during one
frame, said display device selects pixels in an area of s
rows by m columns in said matrix comprising n rows
and m columns, sequentially writes predetermined par-
tial display data, selects pixels in an area of k rows by
m columns in a remaining background area in said
matrix comprising n rows and m columns, and writes
background display data, said drive circuit comprising:

a row clock generator for generating a row clock corre-
sponding to a row selection duration of each row;

a row clock counter for counting a row clock every one
frame;

a partial display row detector for detecting an incoming
timing for s rows to which said partial display data is
written;

a background display row detector for detecting an
incoming timing for a k row to which background
display data is written during said one frame; and

a driver control signal generator for producing a driver
control signal when said partial display row detector or
said background display row detector detects an arrival
of a row to be displayed, said driver control signal
allowing a row driver driving said matrix comprising n
row and m columns every row to perform a row drive
operation;

wherein each of n, m, s and k is an integer greater than 1

and s<n and k<n.

28. Adrive circuit for a display device defined in claim 27,
further comprising a frame counter for counting the number
of frames, and wherein said background display row detec-
tor shifts row to which said background display data is
written based on a count value counted by said frame
counter.

29. Adrive circuit for a display device defined in claim 27,
further comprising a polarity inverted signal generator for
inverting a polarity of display data with respect to a prede-
termined reference voltage every unit duration; and wherein
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respective pixels in said background display area are respec-
tively selected once over one background display duration
being a total (n-s)/k frame duration, and said polarity
inverted signal generator detects an arrival of the next one
background duration and inverts the polarity of said back-
ground display data.

30. Adrive circuit for a display device defined in claim 27,
further comprising a frequency divider for dividing unit
clocks used for selecting and normally displaying all pixels
of said matrix comprising n rows by m columns; wherein

when said partial display instruction is issued, during one
frame,

using as a unit clock divided pixel clocks from said
frequency divider, said partial display data is controlled
to write to pixels of said area of s rows by m columns
and said background display data is controlled to write
to pixels of said area of k rows by m columns.

31. Adrive circuit for a display device defined in claim 30,
further comprising a row clock controller for detecting,
based on a display row detection signal in said partial
display row detector and said background row detector, an
arrival of a selection duration of rows other than pixels of
said area of k rows by m columns, and increasing the
frequency of said row clock.

32. Adrive circuit for a display device defined in claim 27,
further comprising a mode changeover timing controller for,
when an instruction for changing form a normal display
mode to a partial display mode is issued, changing display
data to all pixels of said matrix comprising n row by m
columns to background display data in the next first frame
of said instruction and starting said driver control signal
generator to generate said driver control signal, from the
next frame.

33. Amethod of driving a display device defined in claim
27, wherein said background display data comprises off-
display data or arbitrary background color data.

34. Amethod of driving a display device defined in claim
27, wherein said display device comprises a liquid crystal
device.

35. Adrive circuit for a display device, said display device
having a plurality of pixels in a matrix comprising n rows
and m columns, and said plurality of pixels are selected
every row line and display display data supplied from a
column line,

when a partial display instruction is issued, during one
frame,

said display device selects pixels in an area of s rows by
m columns in said matrix comprising n rows and m
columns, sequentially writes predetermined partial dis-
play data, selects pixels of (s+1)-th row and pixels of an
area of k rows by m columns in the remaining back-
ground area within said matrix comprising n rows and
m columns, and writes background display data, com-
prising:

a row clock generator for generating a row clock corre-
sponding to a row selection duration of each row;

a row clock counter for counting a row clock every one
frame;

a partial display row detector for detecting an incoming
timing for s rows to which said partial display data is
written;
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a background display row detector for detecting an
incoming timing for the (s+1)-th row and k row to
which background display data is written during said
one frame; and a driver control signal generator for
producing a driver control signal when said partial
display row detector or said background display row
detector detects an arrival of a row to be displayed, said
driver control signal allowing a row driver driving said
a matrix comprising n rows and m columns every row
to perform a row drive operation,

wherein each of n, m, s, and k is an integer more than 1
and s<n and k<n-s-1.
36. Adrive circuit for a display device defined in claim 35,
further comprising a frame counter for counting the number
of frames, and wherein

said background display row detector shifts row to which
said background display data is written based on a
count value counted by said frame counter.

37. Adrive circuit for a display device defined in claim 35,
further comprising a polarity inverted signal generator for
inverting a polarity of display data with respect to a prede-
termined reference voltage every unit duration, and wherein

respective pixels in said background display area, except
pixels associated with said (s+1)-th row, are respec-
tively selected once over one background display dura-
tion being a total (n—-s—1)/k frame duration, and said
polarity inverted signal generator detects an arrival of
the next one background duration and inverts the
polarity of said background display data.

38. Adrive circuit for a display device defined in claim 35,
further comprising a frequency divider for dividing unit
clocks used for selecting and normally displaying all pixels
of said matrix comprising n rows and m columns during one
frame; wherein

when said partial display instruction is issued, during one
frame,

using as a unit clock divided pixel clocks from said
frequency divider, said partial display data is controlled
to write to pixels of said area of s rows by m columns
and said background display data is controlled to write
to pixels of (s+1)-th row and said arca of k rows by m
columns.

39. Adrive circuit for a display device defined in claim 38,
further comprising a row clock controller for detecting,
based on a display row detection signal in said partial
display row detector and said background row detector, an
arrival of a selection duration of rows other than pixels
associated with the (s+1)-th row and pixels of said area of k
rows by m columns, and increasing the frequency of said
row clock.

40. Amethod of driving a display device defined in claim
35, wherein said background display data comprises off-
display data or arbitrary background color data.

41. Amethod of driving a display device defined in claim
35, wherein said display device comprises a liquid crystal
device.

42. A drive circuit for a display device, wherein said
display device having a plurality of pixels in a matrix
comprising n rows and m columns, and said plurality of
pixels are selected every row line and display display data
supplied from a column line,
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when a partial display instruction is issued, during one
frame,

said display device selects pixels in an area of s rows by
m columns in said matrix comprising n rows and m
columns, sequentially writes predetermined partial dis-
play data, selects pixels from an area of k rows and m
columns in the remaining background area within said
matrix comprising n rows and m columns, and writes
background display data, comprising:

a row clock generator for generating a row clock corre-
sponding to a row selection duration of each row;

a row clock counter for counting a row clock every one
frame;

a partial display row detector for detecting an incoming
timing for s rows to which said partial display data is
written;

a background area detector for detecting an incoming
timing for the leading row and the final row of said
background area;

a background display row detector for detecting an
incoming timing for k rows to which background
display data is written during one frame in a partial
display mode;
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a data output controller for allowing partial display data to
be output for the duration over said partial display row
detector detects an arrival of a row to be displayed and
for setting output display data to background display
data for the duration over which said background area
detector detects an arrival of the leading row and the
final row in said background area, in the first frame in
transition from a normal display mode to a partial
display mode; and

a driver control signal generator for producing a driver
control signal when said partial display row detector or
said background display row detector detects an arrival
of a row to be displayed after a second frame in
transition to a partial display mode, said driver control
signal allowing a row driver to perform a row drive
operation, wherein each of n, m, s, and k is an integer
more than 1 and s<n and k<n-s.

43. Adrive circuit for a display device defined in claim 42,
wherein said background display data comprises off-display
data or arbitrary background color data.

44. Adrive circuit for a display device defined in claim 42,
wherein said display device comprises a liquid crystal
device.
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