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A display device driver includes: a pixel drive voltage
application unit; and a delay controller. The pixel drive
voltage application unit converts a plurality of pixel data
pieces into a plurality of pixel drive voltages, the pixel data
pieces respectively representing luminance levels of respec-
tive pixels based on a video signal, the pixel drive voltages
respectively having voltage values corresponding to the
luminance levels, and applies the converted pixel drive
voltages to the display device. The delay controller controls
the pixel drive voltage application unit to apply the plurality
of pixel drive voltages to the display device, the plurality of
pixel drive voltages being sequentially delayed in units of
groups, the groups each including t pixel drive voltages, and

(51) Int. CL sets delay time designated by delay time designation signals
G09G 3/36 (2006.01) as delay time to delay each of the pixel drive voltages.
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DISPLAY DEVICE DRIVER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display device
driver that drives a display device in response to a video
signal.

[0003] 2. Description of the Related Art

[0004] In display devices such as liquid crystal display
panels, a plurality of gate lines extending, for example, one
by one in a horizontal direction on a two-dimensional screen
and a plurality of source lines extending in a perpendicular
direction on the two-dimensional screen are arranged so as
to cross each other. The liquid crystal display panels further
incorporate a source driver and a gate driver. The source
driver applies a gradation display voltage to each of the
source lines, the gradation display voltage corresponding to
a luminance level of each pixel indicated by an input video
signal. The gate driver applies a scanning signal to the gate
lines.

[0005] As such a source driver, there is proposed or known
a device configured to individually latch a plurality of pieces
of display data for one horizontal synchronization period
into a plurality of respective latches and to apply gradation
display voltages to the respective source lines, the gradation
display voltages corresponding to the display data latched
into each of the latches (see, for example, Japanese Patent
Application Laid-Open No. 2004-301946). In this source
driver, the above-stated latches each latch the display data at
the timing shifted by a delay circuit which uses a delay of
inverter elements. With this configuration, the source driver
avoids the situation of steep and simultaneous change in
currents that flow into the respective source lines and to
thereby prevent noise generated in such a situation.

SUMMARY OF THE INVENTION

[0006] Due to wiring resistance of the gate lines, the
display cells which are present at positions closer to the gate
driver on each gate line and the display cells which are
present at positions distant from the gate driver are different
in the arrival time of a scanning pulse that is sent out from
the gate driver. In this case, if the timing of the display data
sent out from the source driver arriving at each display cell
does not coincide with the timing of the scanning pulse sent
out from the gate driver arriving at each display cell, uneven
color is generated in the screen. Accordingly, a delay time of
the above-stated delay circuit is determined so as to make
the timing of the arrival of the display data coincide with the
timing of the arrival of the scanning pulse in each display
cell.

[0007] However, the delay time of the delay circuit varies
in dependence on manufacturing variations or the like. The
delay time until the scanning pulse sent out from the gate
driver arrives at the respective display cells is different
depending on screen sizes or design specifications of the
display devices.

[0008] Therefore, there are cases where images containing
uneven color are displayed due to such factors as screen
sizes, design specifications of the display devices, or manu-
facturing variations.

[0009] Accordingly, an object of the present invention is to
provide a display device driver that can be adjusted in
accordance with manufacturing variations, screen sizes, or
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various specifications of display devices to display a favor-
able image free from uneven color.

[0010] The display device driver according to the present
invention is a display device driver configured to drive a
display device in response to a video signal, including: a
pixel drive voltage application unit for converting a plurality
of pixel data pieces into a plurality of pixel drive voltages,
the pixel data pieces respectively representing luminance
levels of respective pixels based on the video signal, the
pixel drive voltages respectively having voltage values
corresponding to the luminance levels, and for applying the
converted pixel drive voltages to the display device; and a
delay controller for controlling the pixel drive voltage
application unit so as to cause the pixel drive voltage
application unit to apply the plurality of pixel drive voltages
to the display device, the plurality of pixel drive voltages
constituted by a plurality of groups and being sequentially
delayed in units of the groups, the groups each including t
(t is an integer greater than or equal to 2) pixel drive
voltages, and for setting delay time designated by delay time
designation signals as delay time to delay each of the pixel
drive voltages.

[0011] In the present invention, the pixel drive voltages,
which correspond to the luminance levels of respective
pixels based on the video signal, are sequentially delayed
and applied to the display device. In this operation, the
plurality of pixel drive voltages are constituted by a plurality
of groups, so that desired time can be set as the delay time
in units of the groups.

[0012] As a consequence, in association with the position
of each pixel on the two-dimensional screen of the display
device, the timing of a scanning pulse arriving at each pixel
can be made coincide with the timing of application of each
pixel drive voltage with high accuracy.

[0013] Therefore, according to the present invention, it
becomes possible to display a favorable image free from
uneven color in accordance with manufacturing variations,
screen sizes, or various specifications of display devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The characteristics of the present invention become
apparent from the description given hereinbelow with ref-
erence to the accompanying drawings, in which:

[0015] FIG. 1 is a block diagram illustrating a display
apparatus 100 including a display device driver according to
the present invention;

[0016] FIG. 2 is a block diagram illustrating an internal
configuration of a data driver 13;

[0017] FIG. 3 is a circuit diagram illustrating an internal
configuration of a second data latch unit 133;

[0018] FIG. 4 is a block diagram illustrating an internal
configuration of a delay controller 132;

[0019] FIG. 5 is a time chart showing reference clock
signals CLK1 to CLKS5;

[0020] FIG. 6 is a time chart showing delayed clock
signals CL,; to CLg;

[0021] FIG. 7 is a circuit diagram illustrating an internal
configuration of a delayed clock generation unit 321;
[0022] FIG. 8 is a time chart showing shift clocks SCK1
to SCKS5 output from a clock switch unit CSC, when a delay
time designation signal DT1 indicates “UD”;

[0023] FIG. 9 is a time chart showing shift clocks SCK1
to SCKS output by the clock switch unit CSC when the delay
time designation signal DT1 indicates “2-UD”;
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[0024] FIG. 10 is a time chart showing the shift clocks
SCK1 to SCKS5 output from the clock switch unit CSC when
the delay time designation signal DT1 indicates “3-UD”;
[0025] FIG. 11 is a time chart showing shift clocks SCK1
to SCKS5 output from the clock switch unit CSC when the
delay time designation signal DT1 indicates “4-UD”;
[0026] FIG. 12 is a time chart showing delayed clock
signals CL generated when the delay time designation signal
DT1 indicates “UD”, and the output timing of pixel drive
voltages G;

[0027] FIG. 13 is a time chart showing the delayed clock
signals CL generated when the delay time designation signal
DT1 indicates “2-UD”, and the output timing of the pixel
drive voltages G;

[0028] FIG. 14 is a time chart showing the delayed clock
signals CL generated when the delay time designation signal
DT1 indicates “3-UD”, and the output timing of the pixel
drive voltages G;

[0029] FIG. 15 is a time chart showing the delayed clock
signals CL generated when the delay time designation signal
DT1 indicates “4-UD”, and the output timing of the pixel
drive voltages G;

[0030] FIG. 16 illustrates a delay form of pixel drive
voltages G, to Gyg, supplied to the display device 20 by the
data driver 13 when the delay time designation signals DT1
and DT4 indicate “2-UD” and DT2 and DT3 indicate
“3-UD7;

[0031] FIG. 17 illustrates a delay form of the pixel drive
voltages G, to Gyg, supplied to the display device 20 by the
data driver 13 when the delay time designation signals DT1
and DT4 indicate “UD” and DT2 and DT3 indicate “4-UD”;
[0032] FIG. 18 illustrates one example of the delay form
of the pixel drive voltage G, to Gy, supplied to the display
device 20 by the data driver 13 when only a scanning driver
12A, out of the scanning drivers 12A and 12B, is connected
to horizontal scan lines S, to S,,;

[0033] FIG. 19 illustrates one example of the delay form
of the pixel drive voltage G, to Gy, supplied to the display
device 20 by the data driver 13 when only the scanning
driver 12B, out of the scanning drivers 12A and 12B, is
connected to the horizontal scan lines S, to S,,;

[0034] FIG. 20 is a circuit diagram illustrating the con-
figuration of shift registers (SR1 to SR4) which can change
a shift direction;

[0035] FIG. 21 illustrates another example of the delay
form of the pixel drive voltages G, to Gy, supplied to the
display device 20 by the data driver 13 that incorporates the
shift registers which can change the shift direction; and
[0036] FIG. 22 illustrates another example of the delay
form of the pixel drive voltages G, to Gy, supplied to the
display device 20 by the data driver 13 that incorporates the
shift registers which can change the shift direction.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] Hereinbelow, an embodiment of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0038] FIG. 1 is a schematic configuration view of a
display apparatus 100 including a display device driver
according to the present invention. In FIG. 1, the display
device 20 is made of a liquid crystal or an organic EL panel,
for example. The display device 20 has m (m is a natural
number of 2 or more) horizontal scan lines S, to S,, formed
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to extend in a horizontal direction on a two-dimensional
screen and n (n is a natural number of 2 or more) data lines
D, to D,, formed to extend in a perpendicular direction on the
two-dimensional screen. A display cell that serves as a pixel
is formed in each crossing portion between the horizontal
scan lines and the data lines.

[0039] The drive controller 11 detects a horizontal syn-
chronization signal in a video signal VD, and supplies the
horizontal synchronization signal HS to the scanning drivers
12A and 12B.

[0040] The drive controller 11 also generates, on the basis
of the video signal VD, a sequence of pixel data PD
indicative of a luminance level of each pixel in 8 bits, for
example. The drive controller 11 supplies a video data signal
VPS to the data driver 13, the video data signal VPS
including: the sequence of the pixel data PD; a latching
timing signal LD in synchronization with a horizontal syn-
chronization signal included in the video signal VD; and
delay time designation signals DT1 to DT4 of four systems.
[0041] The scanning driver 12A is connected to one end of
each of the horizontal scan lines S, to S,, as illustrated in
FIG. 1. The scanning driver 12B is connected to the other
end of each of the horizontal scan lines S, to S,. The
scanning drivers 12A and 12B generate a horizontal scan-
ning pulse SP in synchronization with the above-stated
horizontal synchronizing signal HS, and apply the horizontal
scanning pulse SP to each of the horizontal scan lines S, to
S,, of the display device 20 in sequence.

[0042] The data driver 13 latches the sequence of pixel
data PD included in the video data signal VPS. Whenever
the pixel data PD for one horizontal scan line, i.e., n pieces
of pixel data PD, are latched, the data driver 13 converts the
latched n pieces of pixel data PD into pixel drive voltages
having voltage values corresponding to the luminance levels
indicated by the respective pieces of pixel data PD, and
applies the pixel drive voltages to the data lines D, to D,, of
the display device 20. The data driver 13 is formed on a
single semiconductor chip.

[0043] FIG. 2 is a block diagram illustrating one example
of the internal configuration of the data driver 13. FIG. 2
illustrates the configuration of the data driver 13 in the case
where, for example, the number of the data lines D in the
display device 20, i.e., the value of “n”, is 960.

[0044] In FIG. 2, a video data reception unit 130 sequen-
tially latches pieces of the pixel data PD corresponding to
the respective pixels from the video data signal VPS sup-
plied from the drive controller 11. Whenever the pixel data
PD for one horizontal scan line, i.e., 960 pieces of pixel data
PD, are latched, the video data reception unit 130 supplies
the latched 960 pieces of pixel data PD to the first data latch
unit 131 as pixel data P, to Pygo. The video data reception
unit 130 further extracts a latching timing signal LD and
delay time designation signals DT1 to DT4 from the video
data signal VPS, and supplies each signal to the delay
controller 132.

[0045] The first data latch unit 131 latches the pixel data
P, to Pyg, supplied from the video data reception unit 130,
and supplies the pixel data pieces to a subsequent second
data latch unit 133 as pixel data R, to Reg,, respectively.
[0046] The delay controller 132 generates delayed clock
signals CL, to CLg, on the basis of the latching timing signal
LD and the delay time designation signals DT1 to DT4. The
delayed clock signals CL; to CLg, causes the pixel drive
voltages to be output at timing which is different between
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four groups. The delay controller 132 supplies these signals
to the second data latch unit 133.

[0047] The configuration and detailed operation of the
delay controller 132 will be described later.

[0048] The second data latch unit 133 latches the pixel
data R, to Ry, supplied from the first data latch unit 131,
twelve pieces at a time, in synchronization with the respec-
tive delayed clock signals CL; to CLg,. The second data
latch unit 133 supplies, at the timing of latching, the pieces
of data to a gradation voltage converter 134 as pixel data Y,
10 Yoq, respectively.

[0049] FIG. 3 is a circuit diagram illustrating one example
of the internal configuration of the second data latch unit
133. As illustrated in FIG. 3, the second data latch unit 133
includes latching groups L1 to .80 corresponding to the
delayed clock signals CL,; to CLyg,, respectively. The latch-
ing groups L1 to .80 each latch twelve pieces of pixel data
R in response to a delayed clock signal CL corresponding to
the latching group L. The latching groups L1 to L80 then
supplies the latched pixel data R to the gradation voltage
converter 134 as the pixel data Y, to Yo, at the timing of
latching.

[0050] For example, the latching group L1 of the second
data latch unit 133 latches pixel data R, to R, ,, out of the
pixel data R to Ry, in response to the delayed clock signal
CL,. At the timing of latching the data, the latching group [.1
supplies the pixel data pieces to the gradation voltage
converter 134 as pixel data Y, to Y,,, respectively. The
latching group L2 latches pixel data R,; to R,,, out of the
pixel data R to Ry, in response to the delayed clock signal
CL,. At the timing of latching the data, the latching group L2
supplies the pixel data pieces to the gradation voltage
converter 134 as pixel data Y5 to Y,,, respectively. The
latching group L3 latches pixel data R,5 to Ry, out of the
pixel data R to Ry, in response to the delayed clock signal
CL,;. At the timing of latching the data, the latching group L3
supplies the pixel data pieces to the gradation voltage
converter 134 as pixel data Y,s to Y;,, respectively. The
latching group .79 latches pixel data Ry;, to Ry 5, out of the
pixel data R to Ry, in response to the delayed clock signal
CL,,. At the timing of latching the data, the latching group
179 supplies the pixel data pieces to the gradation voltage
converter 134 as pixel data Yy, to Yo, respectively. The
latching group .80 latches pixel data Ry, to Ry 0, out of the
pixel data R to Ry, in response to the delayed clock signal
CLg,. At the timing of latching the data, the latching group
L.80 supplies the pixel data pieces to the gradation voltage
converter 134 as pixel data Yy, to Y4, respectively.
[0051] The gradation voltage converter 134 converts the
pixel dataY, to Y4, supplied from the second data latch unit
133 into pixel gradation voltages V, to Vg, having voltage
values corresponding to the luminance levels of the respec-
tive pixels, and supplies the gradation voltages to the output
amplifier unit 135. The output amplifier unit 135 amplifies
each of the pixel drive voltages V| to V,, to obtain pixel
drive voltages G, to Gggo having respective desired values,
and applies the amplified pixel drive voltages G, to Gy¢, t0
data lines D, to Dy, of the display device 20, respectively.
[0052] In the above configuration, the data driver 13
converts the pixel data R, to Ry, into pixel drive voltages
G, 10 Gy, Where the pixel data R, to Ry, are indicative of
the luminance levels of the respective pixels based on a
video signal, and the pixel drive voltages G, to Gyg, have
voltage values corresponding to the luminance levels,
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respectively. The data driver 13 then sequentially delays
each of these pixel drive voltages G, to Gy, in response to
the delayed clock signals CL, to CLg, generated based on
the delay time designated by the delay time designation
signals DT1 to DT4. The data driver 13 then applies the
delayed pixel drive voltages G, to Gy, to the data line D,
to Dy, of the display device 20.

[0053] Hereinbelow, the configuration and operation of
the delay controller 132 that generates the delayed clock
signals CL,; to CLg, will be described in detail.

[0054] FIG. 4 is a block diagram illustrating the internal
configuration of the delay controller 132. A reference clock
generating unit 320 generates reference clock signals CLK1
to CLKS5 of five systems illustrated in FIG. 5 in response to
the latching timing signal LD. The reference clock signals
CLK1 to CLKS5 are identical in frequency and different in
phase of a rising edge portion. More specifically, the refer-
ence clock generating unit 320 first generates a reference
clock signal CLK1 in synchronization with the latching
timing signal LD. The reference clock generating unit 320
further generates a signal delayed by unit delay time UD
from the reference clock signal CLK1 as a reference clock
signal CLK2, and generates a signal delayed by the unit
delay time UD from the reference clock signal CLK2 as a
reference clock signal CLLK3. The reference clock generat-
ing unit 320 also generates a signal delayed by the unit delay
time UD from the reference clock signal CLK3 as a refer-
ence clock signal CLK4, and generates a signal delayed by
the unit delay time UD from the reference clock signal
CLK4 as a reference clock signal CLKS. In this case, the
unit delay time UD is set so that a phase difference between
the reference clock signals CLKS and CLK1 is equal to the
unit delay time UD.

[0055] The reference clock generating unit 320 supplies
the reference clock signals CLK1 to CLKS5 illustrated in
FIG. 5 to delayed clock generation units 321 to 324.
[0056] The delayed clock generation unit 321 generates
delayed clock signals CL, to CL,, on the basis of the
latching timing signal LD and the reference clock signals
CL, to CL5. The delayed clock signals CL, to CL,, are
formed so that the timing of the respective edge portions is
sequentially delayed by the delay time designated by the
delay time designation signal DT1 as illustrated in FIG. 6.
The delayed clock generation unit 321 supplies the delayed
clock signals CL,; to CL,, to the second data latch unit 133.
The delayed clock generation unit 321 further sends out the
latching timing signal LD as latching timing signal LD, to
the delayed clock generation unit 322 at the timing of the
delayed clock signal CL,, illustrated in FIG. 6.

[0057] The delayed clock generation unit 322 generates
delayed clock signals CL,, to CL,, on the basis of the
latching timing signal L.D,, and the reference clock signals
CLK1 to CLKS5. The delayed clock signals CL,, to CL,, are
formed so that the timing of the respective rising edges is
sequentially delayed by the delay time designated by a delay
time designation signal DT2. The delayed clock generation
unit 322 supplies the delayed clock signals CL,, to CL 4, to
the second data latch unit 133.

[0058] The delayed clock generation unit 323 generates
delayed clock signals CL, to CL,; on the basis of the
latching timing signal L.D,, and the reference clock signals
CLK1 to CLKS supplied from the delayed clock generation
unit 324. The delayed clock signals CL, to CL,, are formed
so that the timing of the respective rising edges is sequen-
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tially delayed by the delay time designated by a delay time
designation signal DT3 as illustrated in FIG. 6. The delayed
clock generation unit 323 supplies the delayed clock signals
CL, to CL,, to the second data latch unit 133.

[0059] The delayed clock generation unit 324 generates
delayed clock signals CLg, to CL4; on the basis of the
latching timing signal LD and the reference clock signals
CLK1 to CLKS. The delayed clock signals CL¢, to CL, are
formed so that the timing of the respective rising edges is
sequentially delayed by the delay time designated by a delay
time designation signal DT4 as illustrated in FIG. 6. The
delayed clock generation unit 324 supplies the delayed clock
signals CLg, to CLy, to the second data latch unit 133. The
delayed clock generation unit 324 further sends out the
latching timing signal LD as latching timing signal LD, to
the delayed clock generation unit 323 at the timing of the
delayed clock signal CL;.

[0060] The delay time designation signals DT1 to DT4
correspond to the pixel drive voltages G, to G,,, belonging
to a first group, the pixel drive voltages G,,; to Gy
belonging to a second group, the pixel drive voltages Gg;
to G,,, belonging to a third group, and the pixel drive
voltages G, to Gy, belonging to a fourth group in the pixel
drive voltages G, to Gggq, respectively. In this case, the
delay time designation signal DT1 is a signal for designating
the delay time to sequentially delay and output the pixel
drive voltages G, to G.,,, belonging to the first group in units
of twelve voltages, for example. The delay time designation
signal DT2 is a signal for designating the delay time to
sequentially delay and output the pixel drive voltages G,,,
to G, belonging to the second group in units of twelve
voltages, for example. The delay time designation signal
DT3 is a signal for designating the delay time to sequentially
delay and output the pixel drive voltages G,g; to G,
belonging to the third group in units of twelve voltages, for
example. The delay time designation signal DT4 is a signal
for designating the delay time to sequentially delay and
output the pixel drive voltages G,,; to Gy¢, belonging to the
fourth group in units of twelve voltages, for example.

[0061] The delayed clock generation units 321 to 324 have
an identical internal configuration.

[0062] FIG. 7 is a circuit diagram illustrating the internal
configuration of the delayed clock generation unit 321
selected out of the delayed clock generation units 321 to
324. In FIG. 7, a delay time register RG latches the delay
time designation signal DT1, and supplies to a clock switch
unit CSC a clock allocation signal corresponding to the
delay time designated in the DT1. The delay time designa-
tion signal DT1 designates any one delay time out of, for
example, the above-stated unit delay time “UD”, “2-UD”,
“3-UD”, and “4-UD” as delay time. In this case, the delay
time designation signals DT2 to DT4 designate any one
delay time out of the delay time “UD”, “2-UD”, “3-UD”, and
“4-UD” as in the case of the DT1.

[0063] Here, onthe basis of the delay time indicated by the
delay time designation signal DT1, the clock switch unit
CSC of the delayed clock generation unit 321 sends out the
reference clock signals CLK1 to CLK5 having the following
correspondence relation to the clock lines SL.1 to SL5 as
shift clocks SCK1 to SCKS, respectively.

[0064] More specifically, the clock switch unit CSC sends
out the reference clock signals CLK1 to CLK5 having the
following correspondence relation to the clock lines SL1 to
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SL5 as the shift clocks SCK1 to SCKS5, when the delay time
designation signal DT1 indicates “UD”:

[0065] SCKI1: CLK1
[0066] SCK2: CLK2
[0067] SCK3: CLK3
[0068] SCK4: CLK4
[0069] SCKS5: CLK5
[0070] Therefore, in this case, the clock switch unit CSC

supplies the shift clocks SCK1 to SCKS illustrated in FIG.
8 to the shift registers SR1 to SR4.

[0071] The clock switch unit CSC also sends out the
reference clock signals CLK1 to CLK5 having the following
correspondence relation to the clock lines SLL1 to SL5 as the
shift clocks SCK1 to SCK5, when the delay time designation
signal DT1 indicates “2-UD”:

[0072] SCK1: CLK2
[0073] SCK2: CLK4
[0074] SCK3: CLK1
[0075] SCK4: CLK3
[0076] SCKS5: CLK5
[0077] Therefore, in this case, the clock switch unit CSC

supplies the shift clocks SCK1 to SCKS illustrated in FIG.
9 to the shift registers SR1 to SR4.

[0078] The clock switch unit CSC also sends out the
reference clock signals CLK1 to CLK5 having the following
correspondence relation to the clock lines SLL1 to SL5 as the
shift clocks SCK1 to SCK5 when the delay time designation
signal DT1 indicates “3-UD”:

[0079] SCKI1: CLK3
[0080] SCK2: CLK1
[0081] SCK3: CLK4
[0082] SCK4: CLK2
[0083] SCKS5: CLK5
[0084] Therefore, in this case, the clock switch unit CSC

supplies the shift clocks SCK1 to SCKS illustrated in FIG.
10 to the shift registers SR1 to SR4.

[0085] The clock switch unit CSC also sends out the
reference clock signals CLK1 to CLK5 having the following
correspondence relation to the clock lines SLL1 to SL5 as the
shift clocks SCK1 to SCK5, when the delay time designation
signal DT1 indicates “4-UD”:

[0086] SCK1: CLK4
[0087] SCK2: CLK3
[0088] SCK3: CLK2
[0089] SCK4: CLK1
[0090] SCKS5: CLK5
[0091] Therefore, in this case, the clock switch unit CSC

supplies the shift clocks SCK1 to SCKS illustrated in FIG.
11 to the shift registers SR1 to SR4.

[0092] As illustrated in FIG. 7, the shift registers SR1 to
SR4 are connected in cascade, and their internal configura-
tion is identical. That is, the shift registers SR1 to SR4 each
include flip-flops F1 to F5 which are connected in cascade.
As illustrated in FIG. 7, the latching timing signal LD is
supplied to a data terminal of the top flip-flop F1 in the shift
register SR1. An output terminal of the last flip-flop F5 in the
SR1 is connected to a data terminal of the top flip-flop F1 in
the shift register SR2. An output terminal of the last flip-flop
F5 in the shift register SR2 is connected to a data terminal
of the top flip-flop F1 in the shift register SR3. An output
terminal of the last flip-flop F5 in the SR3 is connected to a
data terminal of the top flip-flop F1 in the shift register SR4.
[0093] This configuration makes the shift registers SR1 to
SR4 function as a 20-stage shift register including 20
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cascade-connected flip-flops, each of which shifts the latch-
ing timing signal LD to its subsequent stage.

[0094] The shift clock SCK1 is supplied to a clock termi-
nal of the flip-flop F1 in each of the shift registers SR1 to
SR4 through the clock line SL.1. The shift clock SCK2 is
supplied to a clock terminal of the flip-flop F2 in each of the
shift registers SR1 to SR4 through the clock line SL.2. The
shift clock SCK3 is supplied to a clock terminal of the
flip-flop F3 in each of the shift registers SR1 to SR4 through
the clock line SL.3. The shift clock SCK4 is supplied to a
clock terminal of the flip-flop F4 in each of the shift registers
SR1 to SR4 through the clock line SL4. The shift clock
SCKS5 is supplied to a clock terminal of the flip-flop F5 in
each of the shift registers SR1 to SR4 through the clock line
SL5.

[0095] Here, in the delayed clock generation unit 321,
signals output from the respective flip-flops F1 to F5 in the
shift register SR1 are output as delayed clock signals CL, to
CL, and signals output from the respective flip-flops F1 to
F5 in the shift register SR2 are output as delayed clock
signals CL¢ to CL,,. In the delayed clock generation unit
321, signals output from the respective flip-flops F1 to F5 in
the shift register SR3 are output as delayed clock signals
CL,, to CL,s, and signals output from the respective flip-
flops F1 to F5 in the shift register SR4 are output as delayed
clock signals CL,4 to CL,,. Furthermore, in the delayed
clock generation unit 321, the latching timing signal LD, is
output from the output terminal of the last flip-flop F5 in the
shift register SR4.

[0096] In the delayed clock generation unit 322, signals
output from the respective flip-flops F1 to F5 in the shift
register SR1 are output as delayed clock signals CL,, to
CL,5, and signals output from the respective flip-flops F1 to
F5 in the shift register SR2 are output as delayed clock
signals CL,¢ to CL;,. In the delayed clock generation unit
322, signals output from the respective flip-flops F1 to F5 in
the shift register SR3 are output as delayed clock signals
CL;, to CL,, and signals output from the respective flip-
flops F1 to F5 in the shift register SR4 are output as delayed
clock signals CL;4 to CL,,.

[0097] In the delayed clock generation unit 323, signals
output from the respective flip-flops F1 to F5 in the shift
register SR1 are output as delayed clock signals CL, to
CLs,, and signals output from the respective flip-flops F1 to
F5 in the shift register SR2 are output as delayed clock
signals CL5 to CLs,. In the delayed clock generation unit
323, signals output from the respective flip-flops F1 to F5 in
the shift register SR3 are output as delayed clock signals
CL,, to CL,,, and signals output from the respective flip-
flops F1 to F5 in the shift register SR4 are output as delayed
clock signals CL,5 to CL,;.

[0098] In the delayed clock generation unit 324, signals
output from the respective flip-flops F1 to F5 in the shift
register SR1 are output as delayed clock signals Clg, to
CL,, and signals output from the respective flip-flops F1 to
F5 in the shift register SR2 are output as delayed clock
signals CL.,5 to CL,,. In the delayed clock generation unit
324, signals output from the respective flip-flops F1 to F5 in
the shift register SR3 are output as delayed clock signals
CL,, to CLgg, and signals output from the respective flip-
flops F1 to F5 in the shift register SR4 are output as delayed
clock signals CLgs to CLg,. Furthermore, in the delayed
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clock generation unit 324, the latching timing signal LD, is
output from the output terminal of the last flip-flop F5 in the
shift register SR4.

[0099] Hereinafter, an output delay form of the pixel drive
voltages G will be described in the operation of the delayed
clock generation unit 321 which is selected out of the
delayed clock generation units 321 to 324.

[0100] First, when a delay time designation signal DT1
that designates “UD” as delay time is supplied, the delayed
clock generation unit 321 generates delayed clock signals
CL, to CL,, having rising edges sequentially delayed by the
unit delay time UD as illustrated in FIG. 12. The delayed
clock generation unit 321 then supplies the generated signals
to the second data latch unit 133. In this operation, latching
groups L1 to .20 in the second data latch unit 133 latch pixel
data R, to R,,, supplied from the first data latch unit 131,
twelve data pieces at a time, at the timing corresponding to
the delayed clock signals CL, to CL,,, respectively. The
latching groups L1 to 120 then supply the respective data
pieces to the gradation voltage converter 134 as pixel data
Y, to Y,,, at the timing of latching the data pieces. As a
consequence, the gradation voltage converter 134 and the
output amplifier unit 135 sequentially supply the respective
pixel drive voltages G, to G,,, based on the respective pixel
data Y, to Y,,q, at the timing sequentially delayed in units
of twelve voltages by the unit delay time UD as illustrated
in FIG. 12.

[0101] Next, when a delay time designation signal DT1
that designates “2-UD” as delay time is supplied, the delayed
clock generation unit 321 generates delayed clock signals
CL, to CL,, having rising edge portions sequentially
delayed by 2-UD as illustrated in FIG. 13. The delayed clock
generation unit 321 then supplies the generated signals to the
second data latch unit 133. In this operation, the latching
groups L1 to .20 in the second data latch unit 133 latch pixel
data R, to R,,, supplied from the first data latch unit 131,
twelve data pieces at a time, at the timing corresponding to
the delayed clock signals CL, to CL,,, respectively. The
latching groups L1 to 120 then supply the respective data
pieces to the gradation voltage converter 134 as pixel data
Y, to Y,,, at the timing of latching the data pieces. As a
consequence, the gradation voltage converter 134 and the
output amplifier unit 135 supply the respective pixel drive
voltages G, to G,,, based on the respective pixel data Y, to
Y., at the timing sequentially delayed in units of twelve
voltages by 2-UD as illustrated in FIG. 13.

[0102] Next, when a delay time designation signal DT1
that designates “3-UD” as delay time is supplied, the delayed
clock generation unit 321 generates delayed clock signals
CL, to CL,, having rising edge portions sequentially
delayed by 3-UD as illustrated in FIG. 14. The delayed clock
generation unit 321 then supplies the generated signals to the
second data latch unit 133. In this operation, the latching
groups L1 to .20 in the second data latch unit 133 latch pixel
data R, to R,,, supplied from the first data latch unit 131,
twelve data pieces at a time, at the timing corresponding to
the delayed clock signals CL, to CL,,, respectively. The
latching groups L1 to 120 then supply the respective data
pieces to the gradation voltage converter 134 as pixel data
Y, to Y,,, at the timing of latching the data pieces. As a
consequence, the gradation voltage converter 134 and the
output amplifier unit 135 supply pixel drive voltages G, to
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G4, based on the respective pixel data Y, to Y,,,, at the
timing delayed in units of twelve voltages by 3-UD as
illustrated in FIG. 14.

[0103] Next, when a delay time designation signal DT1 is
supplied to designate “4-UD” as the delay time, the delayed
clock generation unit 321 generates delayed clock signals
CL, to CL,, having rising edge portions sequentially
delayed by 4-UD as illustrated in FIG. 15. The delayed clock
generation unit 321 then supplies the generated signals to the
second data latch unit 133. In this operation, the latching
groups L1 to .20 in the second data latch unit 133 latches
pixel data R, to R,,, supplied from the first data latch unit
131, twelve data pieces at a time, at the timing correspond-
ing to the delayed clock signals CL; to CL,,, respectively.
The latching groups L1 to 1.20 then supply the respective
data pieces to the gradation voltage converter 134 as pixel
data Y, to Y,,, at the timing of latching the data pieces. As
a consequence, the gradation voltage converter 134 and the
output amplifier unit 135 supply the pixel drive voltages G,
to G, based on the respective pixel data Y, to Y,,,, at the
timing delayed in units of twelve voltages by 4-UD as
illustrated in FIG. 15.

[0104] Thus, the delayed clock generation unit 321
changes the delay time in four stages (UD, 2-UD, 3-UD,
4-UD) in response to the delay time designation signal DT1,
the delay time being used to delay and output the pixel drive
voltages G, to G,,, belonging to the first group, out of the
pixel drive voltages G, to Gg-

[0105] Like the delayed clock generation unit 321, the
delayed clock generation unit 322 also changes the delay
time in four stages in response to the delay time designation
signal DT2, the delay time being used to delay and output
the pixel drive voltages G, to G5, belonging to the second
group. Similarly, the delayed clock generation unit 323
changes the delay time in four stages in response to the delay
time designation signal DT3, the delay time being used to
delay and output the pixel voltages G,g, to G-, belonging
to the third group. Similarly, the delayed clock generation
unit 324 changes the delay time in four stages in response to
the delay time designation signal DT4, the delay time being
used to delay and output the pixel voltages G5, t0 Gogg
belonging to the fourth group.

[0106] FIG. 16 illustrates a delay form of the pixel drive
voltages G, to Gy, supplied to the display device 20 when
the delay time designation signals DT1 and DT4 indicate
“2-UD” and DT2 and DT3 indicate “3-UD” as the delay time
designation signals DT1 to DT4. FIG. 17 illustrates a delay
form of the pixel drive voltages G, to Gy, supplied to the
display device 20 when the delay time designation signals
DT1 and DT4 indicate “UD” and DT2 and DT3 indicate
“4-UD” as the delay time designation signals DT1 to DT4.

[0107] Thus, when the pixel drive voltages G, to G, are
applied to the display device 20 at the timing delayed in
sequence, the delay controller 132 sets designated time as
the delay time for each group of the pixel drive voltages G,
1o Goeo (groups of Gy 10 Gayg, Gaay 10 Guog, Gasy 10 Graos
and G5, 10 Gogg)-

[0108] As a result, when the delay time for each of the
groups is adjusted in accordance with manufacturing varia-
tions, screen sizes, or various specifications of display
devices, the timing of a scanning pulse arriving at each pixel
can be made coincide with the timing of application of each
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pixel drive voltage. Therefore, according to the present
invention, it becomes possible to display a favorable image
free from uneven color.

[0109] Inthe above-described embodiment, the pixel drive
voltages G, to Gy, that are applied to the data lines D, to
Dy, of the display device 20, respectively, are constituted
by four groups so that the delay time of each group can be
changed separately. However, the number of groups set for
changing the delay time is not limited to four. For example,
aplurality of pixel drive voltages for one horizontal scan line
may be constituted by two, eight, or sixteen groups, and the
delayed clock generation unit having the configuration illus-
trated in FIG. 7 may be provided for each group.

[0110] Inthe above-described embodiment, the pixel drive
voltages G, to Gy, are supplied to the display device 20 at
the timing delayed in units of twelve voltages. However, the
pixel drive voltages G, to Gy, may be supplied to the
display device 20 at the timing delayed one after another or
delayed sequentially in units of two or more voltages.
[0111] The delayed clock generation unit illustrated in
FIG. 7 generates a plurality of delay clock signals (CL) by
supplying reference clock signals (CLK1 to CLKS5) of five
systems, which are different in phase, to the clock terminals
of the flip-flops in the shift registers (SR1 to SR4), respec-
tively. In this case, the delayed clock generation unit changes
delay time of the delay clock (CL) by changing allocation of
the reference clock signals supplied to the respective flip-
flops on the basis of the delay time designation signals (DT1
to DT4).

[0112] However, the delayed clock generation unit may
adopt the configuration in which the delay time of the delay
clocks is changed by selecting one clock signal, out of a
plurality of clock signals different in oscillating frequency
from each other, and commonly supplying the selected clock
signal to the clock terminals of the respective flip-flops of
the shift registers (SR1 to SR4).

[0113] In short, the data driver 13 may include the delay
controller (132) and the pixel drive voltage application unit
(including the second data latch unit 133, the gradation
voltage converter 134, and the output amplifier 135) as
described below. That is, the pixel drive voltage application
unit (132 to 135) converts a plurality of pixel data pieces into
a plurality of pixel drive voltages (G), where the pixel data
pieces represent luminance levels of respective pixels based
on a video signal, and the pixel drive voltages (G) have
voltage values corresponding to the luminance levels. The
pixel drive voltage application unit (132 to 135) applies the
converted pixel drive voltages to the display device (20).
The delay controller (132) controls the pixel drive voltage
application unit so as to cause the pixel drive voltage
application unit to apply the plurality of pixel drive voltages
to the display device, the plurality of pixel drive voltages
being constituted by a plurality of groups and being sequen-
tially delayed in units of the groups, the groups each
including t (t is an integer greater than or equal to 2) pixel
drive voltages. Furthermore, the delay controller (132) sets
delay time (UD, 2-UD, 3-UD, and 4-UD) designated by the
delay time designation signals (DT1 to DT4) as delay time
to delay each of the pixel drive voltages.

[0114] In the configuration illustrated in FIG. 1, two
scanning drivers 12A and 12B are provided as a scanning
driver for supplying horizontal scanning pulse SP to the
horizontal scan lines S, to S,, of the display device 20, the
scanning drivers 12A and 12B being connected to respective
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ends of each of the horizontal scan lines S, to S,,. However,
only one of the scanning drivers may be connected to one
end of each of the horizontal scan lines S, to S,,.

[0115] In this case, when only the scanning driver 12A out
of the scanning drivers 12A and 12B is connected to the
horizontal scan lines S, to S,,, the data driver 13 preferably
supplies the pixel drive voltages G, to Gy, to the display
device 20 in the delay form illustrated in FIG. 18. When only
the scanning driver 12B out of the scanning drivers 12A and
12B is connected to the horizontal scan lines S, to S,,, the
data driver 13 preferably supplies the pixel drive voltages G,
10 Gyeo to the display device 20 in the delay form as
illustrated in FIG. 19.

[0116] Accordingly, in order to make the pixel drive
voltages G, to Gygq in the delay form illustrated in FIG. 18
or 19 be supplied to the display device 20, the shift registers
SR1 to SR4 having the configuration illustrated in FIG. 20
are adopted.

[0117] In the configuration illustrated in FIG. 20, switches
SW1 to SW5 are provided before the cascade-connected
flip-flops F1 to F5, respectively. In response to the delay
mode designation signal SMD, the switch SW1 selects one
signal out of a latching timing signal LD (LD,,) and a signal
output from the flip-flop F5, and supplies the selected signal
to the flip-flop F1. More specifically, when a delay mode
designation signal SMD indicative of the first delay mode is
supplied, the switch SW1 selects the latching timing signal
LD (LD,,), and supplies the selected signal to the flip-flop
F1. When a delay mode designation signal SMD indicative
of the second delay mode is supplied, the switch SW1
selects the signal output from the flip-flop F5, and supplies
the signal to the flip-flop F1.

[0118] When the delay mode designation signal SMD
indicative of the first delay mode is supplied, the SW2
selects the signal output from the flip-flop F1, and supplies
the signal to the flip-flop F2. Contrary to this, when the delay
mode designation signal SMD indicative of the second delay
mode is supplied, the switch SW2 selects a signal output
from the flip-flop F3, and supplies the signal to the flip-flop
F2.

[0119] When the delay mode designation signal SMD
indicative of the first delay mode is supplied, the SW3
selects a signal output from the flip-flop F2, and supplies the
signal to the flip-flop F3. Contrary to this, when the delay
mode designation signal SMD indicative of the second delay
mode is supplied, the switch SW3 selects a signal output
from the flip-flop F4, and supplies the signal to the flip-flop
F3.

[0120] When the delay mode designation signal SMD
indicative of the first delay mode is supplied, the switch
SW4 selects a signal output from the flip-flop F3, and
supplies the signal to the flip-flop F4. Contrary to this, when
the delay mode designation signal SMD indicative of the
second delay mode is supplied, the switch SW4 selects a
signal output from the flip-flop F5, and supplies the signal to
the flip-flop F4.

[0121] When the delay mode designation signal SMD
indicative of the first delay mode is supplied, the switch
SW5 selects a signal output from the flip-flop F4, and
supplies the signal to the flip-flop F5. Contrary to this, when
the delay mode designation signal SMD indicative of the
second delay mode is supplied, the switch SW5 selects the
latching timing signal LD (LLDy,), and supplies the signal to
the flip-flop F5.
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[0122] Therefore, in the case where the shift registers SR1
to SR4 having the configuration illustrated in FIG. 20 is
adopted, the latching timing signal LD (LD, is latched
while being shifted to the flip-flops in order of F1, F2, F3,
F4, and F5, when the delay mode designation signal SMD
indicative of the first delay mode is supplied to a pertinent
shift register. When the delay mode designation signal SMD
indicative of the second delay mode is supplied, the perti-
nent shift register latches the latching timing signal LD
(LD,) while shifting the signal to the flip-flops in order of
F5, F4, F3, F2, and F1.

[0123] That is, although a shift direction of the latching
timing signal LD is fixed in the configuration illustrated in
FIG. 7, the shift direction can be changed in the configura-
tion illustrated in FIG. 20.

[0124] When each of the delayed clock generation units
321 to 324 is equipped with a shift register that can selec-
tively perform the first delay mode and the second delay
mode as illustrated in FIG. 20, the shift registers of the
delayed clock generation units 322 and 323 are connected to
each other. That is, the output terminal of the flip-flop F5 of
the shift register SR4 in the delayed clock generation unit
322 is connected to the switch SW1 of the shift register SR1
in the delayed clock generation unit 323.

[0125] When the shift register SR having the configuration
illustrated in FIG. 20 is adopted, the delay controller 132
controls the pixel drive voltage application unit (132 to 135)
so as to cause the pixel drive voltage application unit to
apply the pixel drive voltages to the display device in the
first or second delay mode designated by the delay mode
designation signal (SMD) for each of the plurality of groups,
the groups each including t pixel drive voltages. In the first
delay mode, the pixel drive voltage application unit applies
t pixel drive voltages included in each group to the display
device, the t pixel drive voltages being delayed in order of
a first pixel drive voltage, a second pixel drive voltage, . . .
, a (t=1)-th pixel drive voltage, and a t-th pixel drive voltage.
In the second delay mode, the pixel drive voltage application
unit applies t pixel drive voltages included in each group to
the display device, the t pixel drive voltages being delayed
in order of the t-th pixel drive voltage, the (t-1)-th pixel
drive voltage, . . ., the second pixel drive voltage, and the
first pixel drive voltage, the order being reversal of the order
in the first delay mode.

[0126] Here, for example, the delay mode designation
signal SMD indicative of the first delay mode is supplied to
the delayed clock generation unit 321 corresponding to the
pixel drive voltages G, to G,,, included in the first group,
and to the delayed clock generation unit 322 corresponding
to the pixel drive voltages G,,, to G, included in the
second group. As a consequence, the shift registers SR1 to
SR4 formed in each of the delayed clock generation units
321 and 322 operate in the above-stated first delay mode.
Furthermore, the delay mode designation signal SMD
indicative of the second delay mode is supplied to the
delayed clock generation unit 323 corresponding to the pixel
drive voltages G4, to G, included in the third group, and
to the delayed clock generation unit 324 corresponding to
the pixel drive voltages G,; to Gy, included in the fourth
group. As a consequence, the shift registers SR1 to SR4
formed in each of the delayed clock generation units 323 and
324 operate in the above-stated second delay mode. Through
the operation described above, the pixel drive voltage appli-
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cation unit (132 to 135) applies the pixel drive voltages G,
1o Gygo to the display device 20 in the delay form illustrated
in FIG. 18.

[0127] For example, the delay mode designation signal
SMD indicative of the second delay mode is supplied to the
delayed clock generation unit 321 corresponding to the pixel
drive voltages G, to G,,, included in the first group, and to
the delayed clock generation unit 322 corresponding to the
pixel drive voltages G,,; to G,4, included in the second
group. As a consequence, the shift registers SR1 to SR4
formed in each of the delayed clock generation units 321 and
322 operate in the above-stated second delay mode. Fur-
thermore, the delay mode designation signal SMD indicative
of the first delay mode is supplied to the delayed clock
generation unit 323 corresponding to the pixel drive voltages
G g, to G5, included in the third group, and to the delayed
clock generation unit 324 corresponding to the pixel drive
voltages G,,; to Ggg, included in the fourth group. As a
consequence, the shift registers SR1 to SR4 formed in each
of'the delayed clock generation units 323 and 324 operate in
the above-stated first delay mode. Through the operation
described above, the pixel drive voltage application unit
(132 to 135) applies the pixel drive voltages G, to Gy, to the
display device 20 in the delay form illustrated in FIG. 19.
[0128] Thus, when the delay mode is set individually for
each of the groups (G, 10 G4, Gayy 10 Guggs Gagy 10 Goags
G, 10 Gogy) of the pixel drive voltages G, to Gy, the pixel
drive voltages G, to Gy, can be applied to the data lines D,
to Dy, of the display device 20 in the delay form illustrated
not only in FIGS. 18 and 19 but also in FIGS. 21 and 22, for
example.

[0129] It is understood that the foregoing description and
accompanying drawings set forth the preferred embodi-
ments of the present invention at the present time. Various
modifications, additions and alternative designs will, of
course, become apparent to those skilled in the art in light of
the foregoing teachings without departing from the spirit and
scope of the disclosed invention. Thus, it should be appre-
ciated that the present invention is not limited to the dis-
closed Examples but may be practiced within the full scope
of the appended claims.

[0130] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2015-138527 filed on Jul. 10, 2015, the entire contents
of which are incorporated herein by reference.

What is claimed is:

1. A display device driver configured to drive a display

device in response to a video signal, comprising:

a pixel drive voltage application unit for converting a
plurality of pixel data pieces into a plurality of pixel
drive voltages, the pixel data pieces respectively rep-
resenting luminance levels of respective pixels based
on the video signal, the pixel drive voltages respec-
tively having voltage values corresponding to the lumi-
nance levels, and for applying the converted pixel drive
voltages to said display device; and

a delay controller for controlling said pixel drive voltage
application unit so as to cause said pixel drive voltage
application unit to apply the plurality of pixel drive
voltages to said display device, the plurality of pixel
drive voltages constituted by a plurality of groups and
being sequentially delayed in units of the groups, the
groups each including t (t is an integer greater than or
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equal to 2) pixel drive voltages, and for setting delay
time designated by delay time designation signals as
delay time to delay each of the pixel drive voltages.

2. The display device driver according to claim 1, wherein

said delay controller executes one mode selected out of a
first delay mode and a second delay mode in response
to the delay mode designation signal,

the first delay mode being executed for controlling said
pixel drive voltage application unit so as to cause said
pixel drive voltage application unit to apply first to t-th
pixel drive voltages included in each of the groups to
said display device in the units of the groups, the first
to t-th pixel drive voltages being delayed in order of the
first pixel drive voltage, a second pixel drive voltage, a
third pixel drive voltage, . . . , a (t-2)-th pixel drive
voltage, a (t—1)-th pixel drive voltage, and the t-th pixel
drive voltage,

the second delay mode being executed for controlling said
pixel drive voltage application unit so as to cause said
pixel drive voltage application unit to apply the first to
t-th pixel drive voltages included in each of the groups
to said display device in the units of the groups, the first
to t-th pixel drive voltages being delayed in order of the
t-th pixel drive voltage, the (t-1)-th pixel drive voltage,
the (t-2)-th pixel drive voltage, . . . , the third pixel
drive voltage, the second pixel drive voltage, and the
first pixel drive voltage.

3. The display device driver according to claim 2, wherein

said pixel drive voltage application unit includes a data
latch for latching the plurality of pixel data pieces and
for outputting the latched pixel data pieces at timing of
latching, and a voltage converter for converting the
respective pixel data pieces output from said data latch
unit into the pixel drive voltages,

said delay controller includes a delayed clock generation
unit for generating a plurality of delayed clock signals
so that timing of respective edge portions is delayed in
sequence by the delay time designated by the delay
time designation signals, and

said data latch unit latches the pixel data pieces individu-
ally at timing corresponding to the plurality of respec-
tive delayed clock signals.

4. The display device driver according to claim 3, wherein

said delayed clock generation unit has a shift register
including a plurality of flip-flops connected in series,
and

said shift register supplies signals output from each of the
flip-flops to said data latch unit as the plurality of
delayed clock signals, while shifting a latching timing
signal to a subsequent flip-flop, the latching timing
signal being synchronized with a horizontal synchro-
nization signal included in the video signal.

5. The display device driver according to claim 4, wherein

said shift register supplies the latching timing signal to a
top flip-flop among the plurality of flip-flops and shifts
the latching timing signal from the top flip-flop toward
a last flip-flop in the first delay mode, whereas

said shift register supplies the latching timing signal to the
last flip-flop and shifts the latching timing signal from
the last flip-flop toward the first flip-flop in the second
delay mode.



