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(57) ABSTRACT 

A display device and display method are provided. The dis 
play device and the display method can prevent generation of 
noise in delta array pixels of an FRC method, and able to 
prevent a lowering of an image quality, that is, a display 
device of predetermined array pixels displaying a (2n+1) 
gradation by alternately displaying a 2n gradation and a (2n+ 
2) gradation, comprising a modulation pattern generation 
circuit for generating a spatial/temporal modulation pattern 
Switching a temporal modulation pattern every frame (F) and 
changing an order of application of a spatial modulation 
pattern every NF (N is an even number); a data processing 
circuit for modulating image data in accordance with the 
modulation pattern generated by the modulation pattern gen 
eration circuit; and a drive circuit for driving the display in 
accordance with the modulated data of the data processing 
circuit. 

9 Claims, 17 Drawing Sheets 
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DISPLAY DEVICE AND DISPLAY METHOD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention claims priority to Japanese Patent 
Application No. 2004-356066 filed in the Japan Patent Office 
on Dec. 8, 2004, the entire contents of which being incorpo 
rated herein by reference. 

BACKGROUND 

The present invention relates to a display device using a 
frame rate control (FRC) method to control gradations of 
pixels, more particularly relates to a display device and a 
display method of Stripe array and delta array pixels alter 
nately displaying a 2n gradation and a (2n+2) gradation so as 
to display a (2n+1) gradation. 

The FRC method employed in for example a liquid crystal 
display device is a method of expressing gradations which 
displays different gradations for every frame in order to 
expressing an intermediate gradation. 

FIGS. 1A and 1B are diagrams for explaining the principle 
of the FRC method. In the FRC method, as shown in FIG.1A, 
a 2n gradation (n20) is displayed in a first frame (1F) and a 
(2n+2) gradation is displayed in a second frame (2F). When 
repeating this for every frame, as shown in FIG. 1B, a (2n+1) 
gradation can be expressed. However, since the display is 
substantially driven at 30 Hz as it is irrespective of it being 
designed to be driven at 60Hz, the display ends up appearing 
to flicker. 

Therefore, spatial and temporal processing as shown in 
FIG. 2 is performed to cancel this out. Specifically, when 
looking at a certain pixel, the same gradation is not displayed 
at the adjacent pixels. 

However, in 1H1 FVCOM inverted drive in which an 
counter electrode performs an inverted operation forevery 1H 
(1 horizontal period) and for every 1F, if constantly driving 
the display as shown in FIG. 2, when looking at a certain 
pixel, the polarity (provisionally indicated by + and -) is 
written as only +(-) polarity at the time of the 2n gradation 
display and as only - (+) polarity at the time of the (2n+2) 
gradation display. The optimum VCOM shifts or a DC com 
ponent is added to the liquid crystal, therefore the phenom 
enon of burn-in occurs. 

Accordingly, as shown in FIG. 3, when looking at one 
pixel, this can be avoided by Switching the spatial modulation 
pattern for every 2F so that the pattern of the 2n gradation 
display and the pattern of the (2n+2) gradation display appear 
equal including the polarity of the signal (see for example 
Japanese Unexamined Patent Publication (Kokai) No. 
7-120725). 
As a pixel array to which the FRC method is applied, there 

are a stripe array and a delta array. 
FIGS. 4A and 4B are diagrams of patterns on a display 

screen in a stripe array in a case of processing data using the 
same spatial modulation pattern in a stripe array and a delta 
array. FIGS.5A and 5B are diagrams of patterns on a display 
screenina delta array a case of processing data using the same 
spatial modulation pattern in a stripe array and a delta array. 

In a stripe array, there is no pixel displaying the same 
gradation as an adjacent pixel. In the case of a delta array, 
however, the pixels are offset by 1.5 dots for every row, 
therefore there is always a pixel displaying the same grada 
tion as an adjacent pixel. Particularly, the pattern in the delta 
array in FIGS. 5A and 5B suffers from vertical noise and 
lowers the image quality. Further, these phenomena are con 
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2 
spicuous when the pixel pitch is large due to visual charac 
teristics and when the difference of potentials used for the 2n 
gradation and the (2n+2) gradation is large. 

SUMMARY 

It is therefore desirable to provide a display device and a 
display method able to prevent generation of noise in delta 
array pixels of the FRC method and able to prevent a drop in 
the image quality. 

According to a first aspect of an embodiment of the present 
invention, there is provided a display device of predetermined 
array pixels displaying a (2n+1) gradation by alternately dis 
playing a 2n gradation and a (2n+2) gradation, comprising a 
modulation pattern generation circuit for generating a spatial/ 
temporal modulation pattern Switching a temporal modula 
tion pattern every frame (F) and changing an order of appli 
cation of a spatial modulation pattern every NF (N is an even 
number); a data processing circuit for modulating image data 
in accordance with the modulation pattern generated by the 
modulation pattern generation circuit; and a drive circuit for 
driving the display in accordance with the modulated data of 
the data processing circuit. 

According to a second aspect of an embodiment of the 
present invention, there is provided a display device of pre 
determined array pixels displaying a (2n+1) gradation by 
alternately displaying a 2n gradation and a (2n+2) gradation, 
comprising a display unit in which pixels including liquid 
crystal cells are arrayed in a matrix and the pixels are con 
nected to a data line; a modulation pattern generation circuit 
for generating a spatial/temporal modulation pattern Switch 
ing a temporal modulation pattern every frame (F) and chang 
ing an order of application of a spatial modulation pattern 
every NF (N is an even number); a data processing circuit for 
modulating image data in accordance with the modulation 
pattern generated by the modulation pattern generation cir 
cuit; and a drive circuit for driving the display by driving the 
data line in accordance with the modulated data of the data 
processing circuit. 

Preferably, the modulation pattern generation circuit 
Switches the temporal modulation pattern every frame and 
changes the order of application of the spatial modulation 
pattern every NF (N is an even number) in synchronization 
with a horizontal drive clock supplied for every horizontal 
period (H) and a vertical drive clock supplied for every frame 
(F). 

Preferably, the data processing circuit generates a dot 
modulation signal pattern based on the modulation pattern 
Supplied by the modulation pattern generation circuit in Syn 
chronization with a predetermined clock and adds this dot 
modulation pattern to the input image data to generate modu 
lated data. 

According to a third aspect of an embodiment of the 
present invention, there is provided a method of display of 
predetermined array pixels displaying a (2n+1) gradation by 
alternately displaying a 2n gradation and a (2n+2) gradation, 
comprising the steps of generating a spatial/temporal modu 
lation pattern Switching a temporal modulation pattern every 
frame (F) and changing an order of application of the spatial 
modulation pattern every NF (N is an even number), modu 
lating the image data in accordance with the generated modu 
lation pattern, and driving the display in accordance with the 
modulated data. 

According to the embodiment of the present invention, in 
for example the modulation pattern generation circuit, when 
looking at a certain data line, the modulation pattern is gen 
erated so that the gradation assigned Switches for every 2H, 
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then switches for every 1F, then switches for every 128F. 
Further, the data processing circuit generates a dot modula 
tion pattern combined with a predetermined clock so that for 
example the gradation is assigned for each data and adds this 
to the data to modulate the (2n) gradation display data to the 5 
(2n+2) gradation display data. 

According to the embodiment of the present invention, 
there is the advantage that a display free from noise, without 
a deviation of the optimum VCOM, and without burn-in is 
possible. Further, there is no need to use a sophisticated 10 
spatial modulation pattern, therefore a memory that shifts the 
spatial modulation pattern for each field or generates it at 
random is unnecessary. 

Additional features and advantages are described herein, 
and will be apparent from, the following Detailed Description 15 
and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A and 1AB are diagrams for explaining a principle 20 
of an FRC method. 

FIG. 2 is diagram for explaining the FRC method applying 
spatial and temporal processing so as to cancel out flicker. 

FIG. 3 is a diagram for explaining the FRC method per 
forming spatial and temporal processing and using a pattern 25 
designed so that the optimum VCOM does not shift. 

FIGS. 4A and 4B are diagrams of patterns on a display 
screen in a stripe array when processing data by using the 
same spatial modulation pattern in a stripe array and a delta 
array. 30 

FIGS. 5A and 5B are diagrams of pattern on a display 
Screenina delta array when processing data by using the same 
spatial modulation pattern in a stripe array and a delta array. 

FIG. 6 is a circuit diagram of a liquid crystal display device 
according to an embodiment of the present invention. 35 

FIG. 7 is a circuit diagram of an example of the configu 
ration of an active display area. 

FIG. 8 is a diagram showing a spatial modulation pattern in 
which a spatial frequency of a horizontal direction patternand 
a spatial frequency of a vertical direction pattern in delta array 40 
pixels are made to become the highest and noise is prevented 
from being recognized. 

FIGS. 9A and 9B are diagrams showing an example of 
comparing a number of dots in the horizontal direction nec 
essary for displaying an average luminance in a delta array. 45 

FIGS. 10A and 10B are diagrams showing an example of 
comparing a number of lines required for displaying the aver 
age luminance in a delta array. 

FIG. 11 is a diagram showing a relationship between a 
temporal modulation pattern and a VCOM polarity. 50 

FIGS. 12A and 12B are diagrams for explaining shift of the 
optimum VCOM and burn-in due to a DC offset when switch 
ing the spatial modulation pattern every 1F. 

FIG. 13 is a diagram showing an example of a modulation 
signal pattern generated by a spatial/temporal modulation 55 
pattern generation circuit of the present embodiment. 

FIG. 14 is a circuit diagram showing a specific example of 
the configuration of the spatial/temporal modulation pattern 
generation circuit enabling the generation of the modulation 
signal pattern of the present embodiment. 60 

FIG. 15 is a circuit diagram showing a specific example of 
the configuration of an FRC data processing circuit of the 
present embodiment. 

FIGS. 16A to 16E are timing charts of the FRC data pro 
cessing circuit of FIG. 15. 65 

FIGS. 17A and 17B are diagrams showing a temporal 
modulation pattern Switching a spatial modulation pattern 

4 
every 1F and changing an order of application of the pattern 
every 128F and a state of VCOM in the present embodiment. 

DETAILED DESCRIPTION 

Preferred embodiments of the present invention will be 
described in detail below with reference to the attached draw 
ings. 

FIG. 6 is a circuit diagram showing a liquid crystal display 
device according to an embodiment of the present invention. 
A liquid crystal display device 10 according to the present 

embodiment employs the FRC method. As will be explained 
in detail later, it is configured so as to set the optimum spatial 
modulation pattern (temporal modulation pattern) of the delta 
array, Switch this temporal modulation pattern every 11 
frames (F), and change the order of application of the spatial 
modulation pattern every NF (N is an even number) so as to 
enable drive where the optimum VCOM does not shift overall 
in (2N)F and the DC offset is also cancelled and to enable the 
optimum drive without lowering the image quality when 
using the FRC in delta array pixels. Note that the present 
invention can be applied to the display of not only delta array 
pixels, but also stripe array pixels and that an effect such as 
noise elimination can be obtained. In the following descrip 
tion, however, the explanation will be given by taking as an 
example a case where the optimum spatial modulation pattern 
of the delta array pixels is set. 
The liquid crystal display device 10, as shown in FIG. 6, 

has an active display area 11, a vertical drive circuit (gate 
driver) 12, a horizontal drive circuit (source driver) 13, a 
spatial/temporal modulation pattern generation circuit 14, 
and an FRC data processing circuit 15 as principal compo 
nents. These active display area 11, vertical drive circuit 12, 
horizontal drive circuit 13, spatial/temporal modulation pat 
tern generation circuit 14, and FRC data processing circuit 15 
are formed integrated on a transparent insulating Substrate, 
for example, a glass Substrate. 
The active display area 11 has a plurality of pixels includ 

ing liquid crystal cells arrayed in a matrix. 
FIG. 7 is a circuit diagram showing a specific example of 

the configuration of the active display area 11. Note that, in 
FIG. 7, for simplification of the drawing, a case of a pixel 
array of three rows and four columns is shown as the example. 
In FIG. 7, in the active display area 11, vertical scan lines 
SCL1 to SCL3 and data lines DTL1 to DTL4 are laid in a 
matrix, and unit pixels 111 are arranged at their intersecting 
portions. 

Each unit pixel 111 has a pixel transistor constituted by a 
thin film transistor TFT, a liquid crystal cell LC, and a holding 
capacitor Cs. The thin film transistors TFT are connected at 
their gate electrodes to the corresponding vertical scan lines 
SCL1 to SCL3 of the matrix array and are connected in their 
source electrode to the corresponding data lines DTL1 to 
DTL4 of the matrix array. Each liquid crystal cell LC is 
connected at its pixel electrode to a drain electrode of the thin 
film transistor TFT and connected at its counter electrode to a 
common line CML1. The holding capacitor Cs is connected 
between the drain electrode of the thin film transistor TFT and 
the common line CML1. The common line CML1 is supplied 
with a predetermined alternating current Voltage as a common 
voltage VCOM. 

First ends of the vertical scan lines SCL1 to SCL3 are 
connected to output ends of corresponding rows of the verti 
cal drive circuit 12 shown in FIG. 6. The vertical drive circuit 
12 is configured by for example a shift register and sequen 
tially generates vertical selection pulses in synchronization 
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with a vertical transfer clock VCK and applies the same to the 
vertical scan lines SCL1 to SCL3 for performing a vertical 
SCall. 

First ends of the data lines DTL1 to DTL4 are connected to 
the output ends of columns corresponding to the horizontal 5 
drive circuit 13 shown in FIG. 6. The horizontal drive circuit 
13 is configured by a shift register, a latch circuit, a digital/ 
analog converter (DAC), etc. as principal components. 
The horizontal drive circuit 13 sequentially outputs shift 

pulses from transfer stages in synchronization with a horizon- 10 
tal transfer clock HCK in the shift register to perform hori 
Zontal scan, point sequentially samples and latches predeter 
mined bits of digital image data given from the data 
processing circuit 15 in response to a sampling pulse from the 
shift register in a sampling latch circuit, latches digital image 15 
data latched in the point sequence in a line sequence latch 
circuit again in 1-line units for line sequencing, converts 1 
line's worth of the digital image data to an analog image 
signal at the DAC, and outputs the same to the corresponding 
data lines DTL1 to DTL4. 2O 
The spatial/temporal modulation pattern generation circuit 

14 receives a horizontal drive clock HD supplied for every 1H 
and a vertical drive clock VD supplied for every frame, gen 
erates a spatial/temporal modulation pattern corresponding to 
the delta array pixels as shown in FIG. 8, and outputs the same 25 
to the data processing circuit 15. 

The spatial/temporal modulation pattern generation circuit 
14 generates a spatial/temporal modulation pattern Switching 
the temporal modulation pattern at 1F and changing the order 
of application of the spatial modulation pattern at NF (Nisan 30 
even number) in synchronization with the horizontal drive 
clock HD supplied for every 1H and the vertical drive clock 
VD supplied for every 1F so as to enable driving so that there 
is no deviation in the optimum VCOM in total in (2N)F and 
the DC offset is cancelled and supplies the same as a modu- 35 
lation signal pattern S14 to the FRC data processing circuit 
15. 

Below, the reason for generating a spatial/temporal modu 
lation pattern Switching the temporal modulation pattern at 
1F and changing the order of application of the spatial modu- 40 
lation patternat NF (N is an even number) in synchronization 
with the horizontal drive clock HD supplied for every 1H and 
the vertical drive clock VD supplied for every 1F in FRC of 
delta array pixels so as to enabling driving so that there is no 
deviation in the optimum VCOM in total in (2N)F and the DC 45 
offset is cancelled in the present embodiment will be 
explained. 

FIG. 8 is a diagram showing a spatial modulation pattern 
designed so that the spatial frequency of the horizontal direc 
tion pattern and the spatial frequency of the vertical direction 50 
pattern become the highest and noise cannot be recognized in 
delta array pixels. In a stripe array, the number of dots in the 
horizontal direction and the number of lines in the vertical 
direction required for displaying the average luminance are 1 
dot/1 line. The pattern shown in FIG. 4 corresponds to that. In 55 
a delta array, the number of dots in the horizontal direction 
and the number of lines in the vertical direction required for 
displaying the average luminance are 1.5 dots/1 line. When 
the pattern is formed in that way, it becomes as shown in FIG. 
8. 60 

Further, FIGS. 9A and 9B and FIGS. 10A and 10B show 
examples comparing the number of dots in the horizontal 
direction and the number of lines in the vertical direction 
required for displaying the average luminance in delta array 
patterns. FIG.9A shows a spatial modulation pattern showing 65 
the number of dots required for displaying the average lumi 
nance in the horizontal direction in the present embodiment, 

6 
and FIG.9B shows a spatial modulation pattern showing the 
number of dots required for displaying the average luminance 
in the horizontal direction in FIG. 5B. FIG. 10A shows a 
spatial modulation pattern showing the number of lines 
required for displaying the average luminance in the vertical 
direction in the present embodiment, and FIG. 10B shows a 
spatial modulation pattern showing the number of lines 
required for displaying the average luminance in the vertical 
direction in FIG.S.B. 

As shown in the figures, the Vertical direction can be 
expressed by one line in each case, but in the horizontal 
direction, six dots are necessary in a past pattern, while 1.5 
dots are enough in the new pattern. Accordingly, in a past 
pattern, the result is that the spatial frequency of the horizon 
tal direction pattern is low, and noise is generated. 

FIGS. 11A and 11B are diagrams showing relationships 
between a temporal modulation patternandaVCOM polarity, 
in which FIG. 11A shows a case where the spatial modulation 
pattern is switched at every 2F (15 Hz), and FIG. 11B shows 
a case where the spatial modulation pattern is Switched at 
every 1F (30 Hz). Further, FIGS. 12A and 12B are diagrams 
for explaining the deviation from the optimum VCOM and 
the occurrence of burn-in due to DC offset when switching 
the spatial modulation pattern at every 1F. 
As shown in FIGS. 11A and 11B and FIGS. 12A and 12B, 

if including the polarity of the VCOM, continuous applica 
tion of the potential of a constant polarity to the same pixel 
becomes a cause of deviation from the optimum VCOM and 
burn-in. Therefore, this can be avoided by switching the spa 
tial modulation pattern at every 2F, but the frequency of the 
temporal modulation pattern Substantially becomes 15 Hz, so 
flicker-like noise is generated and conspicuously recognized 
particularly in a case where the pixel pitch is large and a case 
where the difference of potentials used in the 2ngradation and 
the (2n+2) gradation is large. When raising the frequency of 
the temporal modulation pattern and Switching the spatial 
modulation pattern at every 1F, noise is no longer recognized. 
However, as previously explained, this becomes the cause of 
deviation from the optimum VCOM and burn-in. 

Therefore, the present embodiment is configured so as, as 
previously explained, to Switch the temporal modulation pat 
tern at 1F and change the order of application of the spatial 
modulation pattern at NF (N is an even number) to enable 
driving so that there is no deviation in the optimum VCOM in 
total in (2N)F and the DC offset is cancelled. At this time, if 
setting N to a power of2, the circuit can be configured by only 
a simple frequency division circuit and the circuit configura 
tion therefore becomes simple. Further, when N=about 128F. 
flickering when Switching the order of application of patterns 
is not recognized. As explained above, optimum driving using 
the FRC in delta array pixels is possible without lowering the 
image quality. 

FIGS. 13 A to 13C are diagrams showing an example of a 
modulation signal pattern generated by the spatial/temporal 
modulation pattern generation circuit 14 of the present 
embodiment. FIG. 13A shows the vertical drive clock VD, 
FIG. 13B shows the horizontal drive clock HD, and FIG. 13C 
shows the generated modulation signal pattern. Here, an 
example of generating a spatial/temporal modulation pattern 
Switching the temporal modulation pattern at 1 frame (1F) 
and changing the order of application of the spatial modula 
tion pattern at 128 frames (128F) so as to enable driving so 
that there is no deviation in the optimum VCOM in total in 
256 (2x128) frames and the DC offset is cancelled is shown. 

FIG. 14 is a circuit diagram showing a specific example of 
the configuration of a spatial/temporal modulation pattern 



US 7,619,601 B2 
7 

generation circuit enabling the generation of a modulation 
signal pattern as shown in FIG. 13C. 
The spatial/temporal modulation pattern generation circuit 

14 of FIG. 14 is configured by T-type flip-flops (TFF) 1401 to 
1410, two-input AND gates 1411 to 1414, inverters 1415 to 5 
1417, and two-input OR gates 1418 and 1419. 
The horizontal drive clock HD is supplied to an input T of 

the TFF 1401, and the vertical drive clock VD is supplied to 
the input T of the TFF 1403. An output Q of the TFF 1401 is 
connected to the input T of the TFF 1402, the output Q of the 10 
TFF 1402 is connected to one input terminal of the AND gate 
1411, and the XQ is connected to one input terminal of the 
AND gate 1412. Further, the output Q of the TFF 1403 is 
connected to the input T of the TFF 1404, the other input 
terminal of the AND gate 1411, and the input terminal of the 15 
inverter 1415, and the output terminal of the inverter 1415 is 
connected to the other input terminal of the AND gate 1412. 
The output terminal of the AND gate 1411 is connected to one 
input terminal of the OR gate 1418, and the output terminal of 
the AND gate 1412 is connected to the other input terminal of 20 
the OR gate 1418. The output terminal of the OR gate 1418 is 
connected to one input terminal of the AND gate 1413 and the 
input terminal of the inverter 1416. The TFFs 1404 to 1410 
are cascade connected to the output Q of the TFF 1403. The 
output Q of the TFF 1410 at the last stage is connected to the 25 
other input terminal of the AND gate 1413 and the input 
terminal of the inverter 1417. The output terminal of the 
inverter 1416 is connected to one input terminal of the AND 
gate 1414, and the output terminal of the inverter 1417 is 
connected to the other input terminal of the AND gate 1414. 30 
The output terminal of the AND gate 1413 is connected to one 
input terminal of the OR gate 1419, and the output terminal of 
the AND gate 1414 is connected to the other input terminal of 
the OR gate 1419. 

In the spatial/temporal modulation pattern generation cir 
cuit 14 of FIG. 14, due to the TFFs 1401 and 1402, the 
temporal modulation pattern as shown in FIG. 13C is gener 
ated by dividing the frequency of the horizontal drive clock 
HD by two. In synchronization with the vertical division 
clockVD receiving as input this for each frame, the temporal 
modulation pattern is switched by the TFF 1403, the AND 
gates 1411 and 1412, the inverter 1415, the OR gate 1418, etc. 
The temporal modulation pattern is switched at 1 frame (1F) 
and the order of application of the spatial modulation pattern 
is changed at 128 frames (128F) by logical computation of the 
output of the OR gate 1418 and the output of the TFF 1410 by 
the AND gates 1413 and 1414, the inverters 1416 and 1417. 
and the OR gate 1419. This spatial/temporal modulation pat 
tern generation circuit 14 generates the modulation signal 
pattern S14 of FIG. 13C so that the gradation to be assigned is 
switched at every 2H and switched at every 1F from FIG. 8 
and is switched at every 128F when paying attention to a 
certain data line. 
The FRC data processing circuit 15 generates the dot 

modulation signal pattern DMP based on the modulation 
signal pattern S14 Supplied from the spatial/temporal modu 
lation pattern generation circuit 14 in synchronization with 
the master clock MCK, applies this dot modulation pattern to 
the digital image data DT input from the outside to generate 
the modulated data S15, and supplies the same to the hori 
Zontal drive circuit 13. 

FIG. 15 is a circuit diagram showing a specific example of 
the configuration of the FRC data processing circuit 15 of the 
present embodiment. Further, FIGS. 16A to 16E are timing 
charts of the FRC data processing circuit of FIG. 15. FIG. 
16A shows the modulation signal pattern S14, FIG. 16B 
shows the master clock MCK, FIG.16C shows the dot modu 
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8 
lation signal pattern DMP. FIG. 16D shows the input digital 
image data DT, and FIG. 16E shows the output modulation 
data S15. 
The FRC data processing circuit 15 of FIG. 15 is config 

ured by a TFF 1501, two-input AND gates 1502 and 1503, an 
inverter 1504, a two-input OR gate 1505, and an adder 1506. 
The masterclock MCK is supplied to the input T of the TFF 

1501, and the output Q of the TFF 1501 is connected to first 
input terminals of the AND gates 1502 and 1503. The other 
input terminal of the AND gate 1502 and the input terminal of 
the inverter 1504 are connected to a supply line of the modu 
lation signal pattern S14, and the output terminal of the 
inverter 1504 is connected to the other input terminal of the 
AND gate 1503. The output terminal of the AND gate 1502 is 
connected to one input terminal of the OR gate 1505, and the 
output terminal of the AND gate 1503 is connected to the 
other input terminal of the OR gate 1505. The adder 1506 is 
Supplied with the digital image data DT and the dot modula 
tion signal pattern DMP output from the OR gate 1505. 

This FRC data processing circuit 15, as shown in FIGS. 
16A to 16E, generates a clock combined with the frequency 
division clock of the master clock MCK, that is, the dot 
modulation signal pattern DMP. So as to be assigned for each 
data so as to correspond to the pattern of FIG. 8, adds that to 
the data DT to modulate (2n) gradation display data to (2n+2) 
gradation display data, and sends this to the horizontal drive 
circuit 13. 

Next, the operation of the circuit of FIG. 6 will be 
explained. 
The spatial/temporal modulation pattern generation circuit 

14 is supplied with the horizontal drive clock HD at every 1H 
and is supplied with the vertical drive clock VD at every 1 
frame. In the spatial/temporal modulation pattern generation 
circuit 14, processing is performed Switching the temporal 
modulation pattern at 1 frame (1F) and changing the order of 
application of the spatial modulation pattern at 128 frames in 
synchronization with the horizontal drive clock HD supplied 
for every 1H and the vertical drive clock VD supplied for 
every 1F and, as a result, a spatial/temporal modulation pat 
tern enabling driving so that there is no deviation in the 
optimum VCOM in total in (2x128) frames and the DC offset 
is cancelled is generated and is Supplied as the modulation 
signal pattern S14 to the FRC data processing circuit 15. 
The FRC data processing circuit 15 receives the modula 

tion signal pattern S14 from the spatial/temporal modulation 
pattern generation circuit 14 and generates the dot modula 
tion signal pattern DMP as a clock combined with the fre 
quency division clock of the master clock MCK so as to be 
assigned for each data. Then, the generated dot modulation 
signal pattern DM is added to the digital image data DT at the 
input. Due to this, the (2n) gradation display data is modu 
lated to (2n+2) gradation display data and transmitted to the 
horizontal drive circuit 13. 

Further, the vertical drive circuit 12 sequentially generates 
the vertical selection pulses in synchronization with the ver 
tical transfer clock VCK and applies the pulses to the vertical 
scanning lines SCL1 to SCL3 for the vertical scanning. Then, 
the horizontal drive circuit 13 sequentially outputs the shift 
pulses from transfer stages in Synchronization with the hori 
Zontal transfer clock HCK in the shift register for the hori 
Zontal scanning. The sampling latch circuit samples and 
latches predetermined bits of digital image data given by the 
FRC data processing circuit 15 in point sequence in response 
to the sampling pulses from the shift register. Next, the line 
sequencing latch circuit latches the digital image data latched 
in the point sequence again in line units for the line sequenc 
ing, and the DAC converts one line's worth of the digital 
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image data to an analog image signal and outputs it to the 
corresponding data lines DTL1 to DTL4. 
Due to this, in the delta array pixel liquid crystal display 

device 10 using FRC to alternately display a 2ngradation and 
a (2n+2) gradation to display a (2n+1) gradation, an image is 
displayed without noise, without deviation of the optimum 
VCOM, and without burn-in by using the optimum spatial 
modulation pattern. 

FIGS. 17A and 17B are diagrams showing a temporal 
modulation pattern Switching the spatial modulation pattern 
at every 1F and switching the order of application of the 
patternat every 128F and the state of the VCOM in the present 
embodiment, in which FIG. 17A shows the temporal modu 
lation pattern, and FIG. 17B shows the state of VCOM. 
As shown in FIG. 17, by switching the spatial modulation 

pattern at every 1F and Switching it at every NF, an image can 
be displayed without noise, without deviation of the optimum 
VCOM, and without burn-in. 
As explained above, according to the present embodiment, 

provision is made of the spatial/temporal modulation pattern 
generation circuit 14 for generating a spatial/temporal modu 
lation pattern Switching the temporal modulation pattern at 
1F and changing the order of application of the spatial modu 
lation patternat NF (N is an even number) in synchronization 
with a horizontal drive clock HD supplied at every 1H and a 
vertical drive clock VD supplied at every 1F so as to enable 
driving so that there is no deviation in the optimum VCOM in 
total in (2N)F and the DC offset is cancelled and the FRC data 
processing circuit 15 for generating the dot modulation signal 
pattern DMP based on the modulation signal pattern S14 
Supplied by the spatial/temporal modulation pattern genera 
tion circuit 14 in synchronization with the master clock MCK, 
adding this dot modulation pattern to the digital image data 
DT input from the outside, generating the modulated data 
S15, and supplying the same to the horizontal drive circuit 13, 
therefore the following effects can be obtained. 

Namely, in a delta array pixel display device using FRC to 
alternately display a 2n gradation and a (2n+2) gradation to 
display a (2n+1) gradation, display without noise is possible 
by using the optimum spatial modulation pattern. Further, in 
stripe and delta array pixel display devices using the FRC 
method to alternately display a 2n gradation and a (2n+2) 
gradation to displaya (2n+1) gradation, by using the optimum 
temporal modulation pattern, there is the advantage that dis 
play without noise, without deviation of the optimumVCOM, 
and without burn-in is possible. Further, there is no need to 
use a sophisticated spatial modulation pattern, so therefore a 
memory that changes the spatial modulation pattern for each 
field or generates it at random etc. is unnecessary. 

It should be understood by those skilled in the art that 
various modifications, combinations, Sub-combinations, and 
alterations may occur depending on design requirements and 
other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 

It should be understood that various changes and modifi 
cations to the presently preferred embodiments described 
herein will be apparent to those skilled in the art. Such 
changes and modifications can be made without departing 
from the spirit and scope of the present Subject matter and 
without diminishing its intended advantages. It is therefore 
intended that such changes and modifications be covered by 
the appended claims. 

The invention is claimed as follows: 
1. A display device of predetermined array pixels display 

ing a (2n+1) gradation by alternately displaying a 2n grada 
tion and a (2n+21) gradation, comprising: 

a modulation pattern generation circuit for generating a 
spatial/temporal modulation pattern Switching a tempo 
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10 
ral modulation pattern every frame (F) and changing an 
order of application of a spatial modulation pattern every 
NF, where N is an even number, such that the spatial 
modulation pattern applied in every (N+1)F is the same 
as the spatial modulation pattern applied in every NF: 

a data processing circuit for modulating image data in 
accordance with the modulation pattern generated by the 
modulation pattern generation circuit; and 

a drive circuit for driving the display in accordance with the 
modulated data of the data processing circuit. 

2. A display device as set forth in claim 1, wherein the 
modulation pattern generation circuit Switches the temporal 
modulation pattern every frame and changes the order of 
application of the spatial modulation pattern every NF, where 
N is an even number, in Synchronization with a horizontal 
drive clock supplied for every horizontal period (H) and a 
vertical drive clock supplied for every frame (F). 

3. A display device as set forth in claim 1, wherein the data 
processing circuit generates a dot modulation signal pattern 
based on the modulation pattern Supplied by the modulation 
pattern generation circuit in synchronization with a predeter 
mined clock and adds the dot modulation pattern to the input 
image data to generate modulated data. 

4. A display device as set forth in claim 1, wherein 
the modulation pattern generation circuit Switches the tem 

poral modulation pattern every frame and changes the 
order of application of the spatial modulation pattern 
every NF, where N is an even number, in synchroniza 
tion with a horizontal drive clock supplied for every 
horizontal period (H) and a vertical drive clock supplied 
for every frame (F), and 

the data processing circuit generates a dot modulation sig 
nal pattern based on the modulation pattern Supplied by 
the modulation pattern generation circuit in Synchroni 
zation with a predetermined clock and adds the dot 
modulation pattern to the input image data to generate 
modulated data. 

5. A display device of predetermined array pixels display 
ing a (2n+1) gradation by alternately displaying a 2n grada 
tion and a (2n+2) gradation, comprising: 

a display unit in which pixels including liquid crystal cells 
are arrayed in a matrix and the pixels are connected to a 
data line; 

a modulation pattern generation circuit for generating a 
spatial/temporal modulation pattern Switching a tempo 
ral modulation pattern every frame (F) and changing an 
order of application of a spatial modulation pattern every 
NF, where N is an even number, such that the spatial 
modulation pattern applied in every (N+1)F is the same 
as the spatial modulation pattern applied in every NF: 

a data processing circuit for modulating image data in 
accordance with the modulation pattern generated by the 
modulation pattern generation circuit; and 

a drive circuit for driving the display by driving the data 
line in accordance with the modulated data of the data 
processing circuit. 

6. A display device as set forth in claim 5, wherein the 
modulation pattern generation circuit Switches the temporal 
modulation pattern every frame and changes the order of 
application of the spatial modulation pattern every NF, where 
N is an even number, in Synchronization with a horizontal 
drive clock supplied for every horizontal period (H) and a 
vertical drive clock supplied for every frame (F). 

7. A display device as set forth in claim 5, wherein the data 
processing circuit generates a dot modulation signal pattern 
based on the modulation pattern Supplied by the modulation 
pattern generation circuit in synchronization with a predeter 
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mined clock and adds this dot modulation pattern to the input 9. A display method of predetermined array pixels display 
image data to generate modulated data. ing a (2n+1) gradation by alternately displaying a 2n grada 

8. A display device as set forth in claim 5, wherein tion and a (2n+21) gradation, comprising: 
the modulation pattern generation circuit Switches the tem 

poral modulation pattern every frame and changes the 5 
order of application of the spatial modulation pattern 
every NF, where N is an even number in synchronization 
with a horizontal drive clock supplied for every horizon 
tal period (H) and a vertical drive clock supplied for 
every frame (F), and 10 

the data processing circuit generates a dot modulation sig 
nal pattern based on the modulation pattern Supplied by 
the modulation pattern generation circuit in Synchroni 
zation with a predetermined clock and adds this dot driving the display in accordance with the modulated data. 
modulation pattern to the input image data to generate 15 
modulated data. k . . . . 

generating a spatial/temporal modulation pattern Switch 
ing a temporal modulation pattern every frame (F) and 
changing an order of application of the spatial modula 
tion pattern every NF, where N is an even number, such 
that the spatial modulation pattern applied in every 
(N+1)F is the same as the spatial modulation pattern 
applied in every NF: 

modulating the image data in accordance with the gener 
ated modulation pattern, and 


