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(57) ABSTRACT 

The invention prevents display tearing involved with 
refreshing of a display memory when grayScale data corre 
sponding to a pixel is read from the display memory and is 
displayed on a display panel. If a refresh has occurred during 
a reading and Scanning operation of a display memory, a 
display controller skips the reading operation of the gray 
Scale data corresponding to rows Subsequent to the row 
which was being read and Scanned when the refresh 
occurred. The content from a frame immediately before the 
frame in which the refresh occurred is maintained in the 
skipped pixel. 
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IMAGE DISPLAY METHOD, IMAGE DISPLAY 
DEVICE, AND ELECTRONIC EQUIPMENT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of Invention 
0002 The present invention relates to an image display 
method, an image display device, and electronic equipment 
in which a reduction in the display quality can be reduced or 
prevented when data is read from a display memory to 
display an image. 

0003 2. Description of Related Art 
0004 Typically, bitmap display panels, such as organic 
EL (Electroluminescent) devices and liquid crystal devices, 
use a method in which reading addresses from a display 
memory are sequentially designated (read and Scanned) in 
Synchronization with vertical and horizontal Scanning in 
order to form a display according to the read grayScale data. 
The addresses of the display memory (also Sometimes called 
a “frame memory” or a “video memory”) have a one-to-one 
correspondence with the pixels constituting the display 
device. Each of the addresses Stores grayScale data to Specify 
the gray level (density or intensity) of the corresponding 
pixel. Thus, each time a host control circuit, Such as a CPU, 
refreshes the content Stored in the display memory, the 
image displayed on the display panel is also updated accord 
ingly. 

0005 If the host control circuit refreshes the content 
Stored in the display memory during the reading and Scan 
ning operation, then, for one vertical Scanning period (one 
frame) in which the content was refreshed, a mixture of the 
display based on the Stored content that has not been 
refreshed and the display based on the Stored content that has 
been refreshed is shown (tearing), thus possibly causing the 
display quality to be significantly reduced. 

0006. In order to reduce or prevent a reduction in the 
display quality, therefore, it is necessary that the host control 
circuit perform a procedure Synchronous with the reading 
and Scanning operation, Such that an instruction to refresh 
the grayScale data during a period other than the reading and 
Scanning period is given. 

SUMMARY OF THE INVENTION 

0007. However, such a procedure would increase the load 
on the host control circuit, causing a problem in that the 
functionality of the host control circuit is reduced. 

0008 Two screens (two frames) can be used as a display 
memory. For one frame, the reading and Scanning operation 
from a first portion (Screen) of the display memory is 
performed while the writing operation to a Second portion of 
the display memory is performed. For the next frame, the 
reading and Scanning operation from the Second portion of 
the display memory is performed while the writing operation 
to the first portion of the display memory is performed. This 
method can prevent a reduction in the display quality 
although double the capacity of the display memory is 
required, and therefore it is not Suitable for use. 
0009. In order to address or overcome the foregoing 
problems, the present invention provides an image display 
method, an image display device, and electronic equipment 
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in which a reduction in the display quality can be reduced or 
prevented without increasing the load on a host control 
circuit. 

0010. To this end, the present invention provides an 
image display method for Specifying reading addresses from 
a display memory in an order Synchronous with vertical 
Scanning and horizontal Scanning of a display panel, the 
display memory having addresses corresponding to indi 
vidual pixels in the display panel, and having grayScale data 
Stored therein, the grayScale data Specifying the gray level of 
the pixel for each address, and for Sequentially reading the 
grayScale data from the reading addresses to Set the pixels of 
the display panel to the gray level Specified by the grayScale 
data. The image display method includes: determining 
whether or not a Specific refresh, which can cause a reduc 
tion in the display quality, occurred in the display memory 
during a reading and Scanning period in which the reading 
addresses are specified; and if it is determined in the 
determining Step that the Specific refresh occurred, skipping 
the reading operation of the grayScale data at least from an 
address at which the Specific refresh occurred during the 
reading and Scanning period in which the Specific refresh 
occurred, and maintaining a pixel corresponding to the 
skipped address at the gray level Specified by the grayScale 
data read before the reading and Scanning period. 
0011. The present invention enables grayscale data to be 
written to a display memory, regardless of Scanning based on 
a reading address, thus reducing the load on a host control 
circuit to perform this writing operation. In addition, the 
reading operation from an address at Which a specific 
refresh, which can cause a reduction in the display quality, 
occurred is skipped, and a pixel corresponding to this 
address is maintained at the gray level Specified by the 
previously read grayScale data, thus reducing or preventing 
tearing of display image, resulting in no or Substantially no 
reduction in the display quality. 
0012. In the image display method according to the 
present invention, in the determining Step, when grayScale 
data was refreshed during the reading and Scanning period, 
it is determined that the Specific refresh occurred, regardless 
of the reading address at the time when the refresh occurred. 
0013 In the image display method according to the 
present invention, in the determining Step, when grayScale 
data was refreshed during the reading and Scanning period, 
it is determined whether or not all addresses in which the 
refresh occurred are included in a region Specified as a 
reading address in the reading and Scanning period in which 
the refresh occurred; a reading address when the refresh is 
completed is predicted, and it is determined whether or not 
all addresses in which the refresh occurred are included in a 
region after the predicted reading address, and, if both 
determinations are negative, it is determined that the Specific 
refresh occurred. 

0014. In the image display method according to the 
present invention, in the skipping Step, when it is determined 
in the determining Step that the Specific refresh occurred, the 
reading operation for rows Subsequent to the row including 
the reading address at the time when the determination is 
made is Skipped; and the pixels positioned after pixel rows 
corresponding to the addresses of the skipped rows are 
maintained. 

0015 The image display method according to the present 
invention further includes, following the Skipping Step: in 
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the case where the write polarity for the same pixel is 
inverted at least every one vertical Scanning period accord 
ing to a polarity-indicator flag to indicate the write polarity, 
if it is determined in the determining Step that the Specific 
refresh occurred, writing, in a reading and Scanning period 
Subsequent to the reading and Scanning period in which the 
Specific refresh occurred, a pixel corresponding to the 
skipped address with a polarity opposite to the polarity in the 
reading and Scanning period in which the Specific refresh 
occurred, regardless of the polarity-indicator flag. When the 
opposite write polarity for the pixel corresponding to the 
skipped address is the same as the write polarity indicated by 
the indication during a reading and Scanning period Subse 
quent to the reading and Scanning period in which the 
Writing operation in the writing Step was performed, the 
image display method further includes Skipping the reading 
operation from the address corresponding to that pixel, and 
maintaining the pixel corresponding to the Skipped address 
at the gray level written with the opposite polarity. 

0016 Furthermore, the present invention provides an 
image display device including: a display memory having 
addresses corresponding to individual pixels in a display 
panel, to Store grayScale data to Specify the gray level of the 
pixel for each address, a specifying device to Specify reading 
addresses from the display memory in an order Synchronous 
with vertical Scanning and horizontal Scanning of the display 
memory; and a reading device to Sequentially read the 
grayScale data from the reading addresses. The pixels of the 
display panel are Set to the gray level Specified by the 
grayScale data. The image display device further includes: a 
determining device to determine whether or not a specific 
refresh, which can cause a reduction in the display quality, 
occurred in the display memory during a reading and 
Scanning period in which the reading addresses are speci 
fied; and a first maintaining device to, if it is determined by 
the determining device that the Specific refresh occurred, 
Skip the reading operation of the grayScale data at least from 
an address at which the Specific refresh occurred during the 
reading and Scanning period in which the Specific refresh 
occurred, and to maintain a pixel corresponding to the 
skipped address at the gray level Specified by the grayScale 
data read before the reading and Scanning period. 

0.017. In the image display device according to the 
present invention, when grayScale data was refreshed during 
the reading and Scanning period, the determining device 
determines that the Specific refresh occurred, regardless of 
the reading address at the time when the refresh occurred. 
0.018. In the image display device according to the 
present invention, when grayScale data was refreshed during 
the reading and Scanning period, the determining device 
determines whether or not all addresses in which the refresh 
occurred are included in a region Specified as a reading 
address in a reading and Scanning period in which the refresh 
occurred. The determining device further predicts a reading 
address when the refresh is completed, and determines 
whether or not all addresses in which the refresh occurred 
are included in a region after the predicted reading address. 
If both determinations are negative, the determining device 
determines that the Specific refresh occurred. 
0019. In the image display device according to the 
present invention, when the determining device determines 
that the Specific refresh occurred, the first maintaining 
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device skips the reading operation for rows Subsequent to 
the row including the reading address at the time when the 
determination is made, and maintains the pixels positioned 
after pixel rows corresponding to the addresses of the 
skipped rows. 
0020. The image display device according to the present 
invention further includes, in the case where the write 
polarity for the same pixel is inverted at least every one 
Vertical Scanning period according to a polarity-indicator 
flag to indicate the write polarity, if the determining device 
determines that the Specific refresh occurred, a writing 
device to write, in a reading and Scanning period Subsequent 
to the reading and Scanning period in which the Specific 
refresh occurred, a pixel corresponding to the skipped 
address with a polarity opposite to the polarity in the reading 
and Scanning period in which the Specific refresh occurred, 
regardless of the polarity-indicator flag. When the opposite 
write polarity for the pixel corresponding to the skipped 
address is the same as the write polarity indicated by the 
indication during a reading and Scanning period Subsequent 
to the reading and Scanning period in which the writing 
operation was performed by the writing device, the image 
display device further includes a Second maintaining device 
to Skip the reading operation from the address corresponding 
to that pixel, and to maintain the pixel corresponding to the 
skipped address at the gray level written with the opposite 
polarity. 
0021 Furthermore, an electronic equipment according to 
the present invention includes the image display device 
according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a schematic showing the configuration of 
a display device that uses an image display method accord 
ing to a first embodiment of the present invention; 
0023 FIG. 2 is a circuit diagram showing the configu 
ration of pixels in the display device; 
0024 FIG. 3 is a schematic showing the configuration of 
a Y driver in the display device; 
0025 FIGS. 4(a) and 4(b) are timing charts illustrating 
the operation of the Y driver; 
0026 FIG. 5 is a schematic showing the configuration of 
an X driver in the display device; 
0027 FIG. 6 is a timing chart illustrating the operation of 
the X driver; 
0028 FIG. 7 is a flowchart showing a main routine of a 
display controller in the display device; 
0029 FIG. 8 is a flowchart showing frame processing in 
the main routine, 
0030 FIG. 9(a) is a chart illustrating the specific opera 
tion of image display in the related art, and FIG. 9(b) is a 
chart illustrating the Specific operation of image display in 
the first embodiment; 
0031 FIG. 10(a) is a schematic describing the display 
method in the related art, and FIG. 10(b) is a schematic 
describing the display method in the first embodiment; 
0032 FIG. 11 is a circuit diagram showing the configu 
ration of pixels in a display device that uses an image display 
method according to a Second embodiment of the present 
invention; 
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0.033 FIG. 12 is a schematic showing the configuration 
of an X driver in the display device; 
0034 FIG. 13 is a flowchart showing a main routine of 
a display controller in the display device; 
0.035 FIG. 14 is a flowchart showing frame processing in 
the main routine; 
0.036 FIG. 15 is a flowchart showing the frame process 
ing in the main routine, 
0037 FIG. 16 is a flowchart showing the frame process 
ing in the main routine, 
0.038 FIG. 17 is a chart illustrating the specific operation 
of image display in the display device; 
0.039 FIG. 18 is a chart illustrating the specific operation 
of image display in an application example of the display 
device; 
0040 FIG. 19 is a chart describing another example for 
determination of a specific refresh in the first or Second 
embodiment; 
0041 FIG. 20 is a chart illustrating an application 
example of the image display method according the first or 
Second embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.042 Embodiments of the present invention are now 
described with reference to the drawings. 
0043 <First Embodiment> 
0044 FIG. 1 is a schematic of the overall configuration 
of a display device that uses an image display method 
according to a first embodiment of the present invention. 
0045. As shown in FIG. 1, a display device 100 includes 
a host control circuit 110, a display memory 120, a display 
controller 130, a display panel 140, a Y driver 150, and an 
X driver 160. 

0046) Of these components, the host control circuit 110 is 
a control entity to perform various kinds of functions 
according to instructions from an operating Switch, etc. (not 
shown). In particular, in the first embodiment, the host 
control circuit 110 generates data WD according to the 
content to be displayed, and issues an instruction WCM 
including information that the data WD has been generated 
and information about writing addresses for the data WD. 
0047 The display memory 120 is a memory dedicated to 
Screen display, whose memory addresses have a one-to-one 
correspondence with the pixels of the display panel 140, and 
each address Stores grayScale data RD to Specify the gray 
level of the corresponding pixel. The Storage capacity of the 
display memory 120 may be greater than the display capac 
ity of the display panel 140, in which case part of the Storage 
region in the display memory 120 has a one-to-one corre 
spondence with the pixels of the display panel 140. 
0.048. The display controller 130 causes a reading address 
Rad to read the grayScale data RD to Sequentially progreSS 
according to the vertical and horizontal Scanning, and gen 
erates various clock signals, etc. in Synchronization with the 
progress. Upon receipt of the instruction WCM from the 
host control circuit 110, as described below, the display 
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controller 130 causes the reading address Rad to stop 
progressing, and, when Stopped, changes the timing at which 
the various clock signals are generated. The display con 
troller 130 further interprets the received instruction WCM 
to generate a writing address Wad of the data WD. 

0049. In the first embodiment, the clock signals, etc. 
generated by the display controller 130 are a start pulse DY, 
a clock Signal YCK, a start pulse DX, a clock Signal XSCK, 
and a latch pulse LP. 

0050. The display panel 140 is an organic EL device 
having m scanning lines 1410 and n data lines 1420 which 
are arranged So as to interSect each other, and pixels 1400 at 
the intersections thereof. The Y driver 150 sequentially 
Supplies Scanning Signals Y1, Y2, Y3, . . . , and Ym to the 
first to m-th rows of the scanning lines 1410, respectively. 
The X driver 160 generates data signals X1, X2, X3, . . . , 
and Xn according to the grayScale data RD read from the 
display memory 120, and Simultaneously Supplies them to 
the first to n-th columns of the data lines 1420, respectively. 

0051) <Pixel Configuration> 

0.052 The above-described pixels 1400 are now 
described in detail. FIG. 2 is a circuit diagram of the 
configuration of a total of four pixels arranged at the 
intersections of adjacent I-th and (i+1)-th rows of the Scan 
ning lines 1410 and adjacent j-th and j+1)-th columns of the 
data lines 1420, where i is used to generally describe the 
Scanning lines 1410 and denotes an integer Satisfying 
1sism, and j is used to generally describe the data lines 
1420 and denotes an integer Satisfying 1ssn. 

0053 As shown in FIG. 2, each of the pixels 1400 is 
provided with thin film transistors (hereinafter “TFTs”) 1432 
and 1434, and an EL element 1450. 

0054 For convenience, focusing on the pixel 1400 posi 
tioned at the interSection of the i-th row of the Scanning lines 
1410 and the j-th column of the data lines 1420, the TFT 
1432 in that pixel 1400 is interposed between the j-th 
column of the data lines 1420 and the gate g of the TFT 
1434. Since the gate of the TFT 1432 is connected to the i-th 
row of the scanning lines 1410, the TFT 1432 serves as a 
Switch which is turned on when the Scanning Signal Yi goes 
high. 

0055. A parasitic capacitor 1440 is on the gate g of the 
TFT 1434 (the drain of the TFT 1432). Although a parasitic 
capacitance is used for the capacitor 1440 in the first 
embodiment, a capacitor provided between the gate g of the 
TFT 1434 and a feeder (for example, a ground line) having 
a constant potential may be used as the capacitor 1440. 

0056. The EL element 1450 is interposed in a forward 
biased manner between a feeder of a Supply Voltage Vdd and 
the drain of the TFT 1434. More specifically, the anode of 
the EL element 1450 is connected to the feeder of the supply 
voltage Vdd while the cathode of the EL element 1450 is 
connected to the drain of the TFT 1434. The Source of the 
TFT 1434 is grounded to a reference voltage Gnd. The EL 
element 1450 has an electroluminescent (EL) layer held 
between the anode thereof Serving as a common electrode 
and the cathode thereof Serving as a pixel electrode, and 
emits light with an intensity that depends upon the current. 
However, the details thereof are not directly related to the 
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present invention and a description thereof is thus omitted. 
The EL element 1450 may be replaced with a light-emitting 
diode. 

0057. In this pixel 1400, the TFT 1432 is turned on when 
the Scanning Signal Yi goes high, So that the gate g of the 
TFT 1434 has a voltage of a data signal X that is applied to 
the j-th column of the data lines 1420 and a charge corre 
sponding to this Voltage is accumulated in the capacitor 
1440. When the scanning signal Yi goes high, therefore, the 
TFT 1434 causes a current that depends upon the voltage of 
the data signal X to flow in the EL element 1450. 
0.058 When the scanning signal Yi goes low, on the other 
hand, the TFT 1432 is turned off, although the capacitor 
1440 allows the gate g of the TFT 1434 to be maintained at 
the voltage of the data signal Ximmediately before the TFT 
1432 is turned off. Thus, even if the scanning signal Yi 
transitions from the high level to the low level, the TFT 1434 
causes the maintained current that depends upon the Voltage 
of the data Signal Xi to remain flowing in the EL element 
1450. 

0059) <Y Drivere 
0060. The above-described Y driver 150 is described in 
detail below. FIG. 3 is a schematic of the configuration of 
the Y driver 150. 

0061. As shown in FIG. 3, the Y driver 150 is a shift 
register, and is provided with a transfer unit (TU) 1515 at 
each row of the scanning lines 1410. 
0062) The clock signal YCK and the start pulse DY, 
which are generated by the display controller 130, are 
supplied to the Y driver 150. 
0.063 Out of these signals, the former clock signal YCK 
usually has a frequency given by the reciprocal of one 
horizontal Scanning period (1H), when a skipping process 
described below is performed, however, the clock signal 
YCK has a much higher frequency (by a factor of 1000, for 
example) than usual, and continues to have this high fre 
quency for at least m periods or more. The latter Start pulse 
DY specifies the start of one frame (1F). 
0064. The transfer unit 1515 at the i-th row latches an 
input Signal to the level immediately before the clock signal 
YCK rises, and Supplies the latched Signal as the Scanning 
signal Yi to the i-th row of the scanning lines 1410, while 
Supplying the latched signal as an input signal to the transfer 
unit 1515 at the next or (i+1)-th row. The input signal to the 
transfer unit 1515 in the first row is the start pulse DY. 
0065. In such a configuration, if the clock signal YCK is 
normal, as shown in FIG. 4(a), the signal DYSupplied at the 
beginning of one frame (1F) is shifted in turn each time the 
clock signal YCK rises, and the shifted Signal is output as 
scanning signals Y1, Y2, Y3, Y4,..., and Ym to the first, 
Second, third, fourth, . . . , and m-th rows of the Scanning 
lines 1410, respectively. 
0.066. This allows the scanning signals Y1, Y2, Y3, Y4, 

., and Ym to become high one after another for one 
horizontal Scanning period (1H) from the rise time of the 
clock signal YCK after the Signal DY goes high. 
0067. If the frequency of the clock signal YCK increases, 
however, for example, if the frequency of the clock signal 
YCK increases when the Scanning Signal Y3 has transitioned 
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from the high level to the low level, then, from this timing, 
as shown in FIG. 4(b), the scanning signals Y4,Y5,..., and 
Ym become high only for an instant although the Scanning 
signals Y1, Y2, and Y3 become high one after another for 
one horizontal Scanning period (1H). 
0068. As described above, when the scanning signal Yi 
becomes high, the capacitors 1440 in the pixels 1400 at the 
i-th row are charged or discharged depending upon the 
Voltages of the data Signals X1, X2, X3, . . . , and Xn. 
However, if the Scanning Signal Yi is high for an extremely 
Short period, the amount of accumulated charge does not 
Substantially change. Therefore, there is Substantially no 
change in the amount of charge accumulated in the capaci 
tors 1440 if the scanning signal Yi is high only for an instant 
due to an increased frequency of the clock Signal YCK, thus 
maintaining the intensity of the corresponding EL elements 
1450. 

0069 <X Drivers 
0070 The above-described X driver 160 is described in 
detail below. FIG. 5 is a schematic of the configuration of 
the X driver 160. 

0071. As shown in FIG. 5, the X driver 160 includes a 
transfer unit (TU) 1615, a register (Reg) 1620, a latch circuit 
(L) 1630, and a D/A converter 1640 at each column of the 
data lines 1420. 

0072 The clock signal XsCK, the start pulse DX, and the 
latch pulse LP, which are generated by the display controller 
130, and the grayscale data RD read from the display 
memory 120 are supplied to the X driver 160. 
0073. Out of these signals, the clock signal XsCK is a 
Signal to cause the transfer unit 1615 to transfer an input 
Signal, and has the same period as the interval for which the 
reading address Rad progresses. The Start pulse DX is output 
when reading of the grayScale data RD for one row Starts. 
The latch pulse LP is output immediately after the last or 
n-th column of grayScale data in one row has been read, and 
Specifies the Start of one horizontal Scanning period. 
0074 The transfer unit 1615 at the j-th column latches an 
input Signal to the level immediately before the clock signal 
XSCK rises, and outputs the latched signal as a Sampling 
control Signal Xs, while Supplying the latched signal as an 
input signal to the transfer unit 1615 at the next or (i+1)-th 
column. The input signal to the transfer unit 1615 at the first 
column is the start pulse DX. 
0075) Then, the register (Reg) 1620 at the j-th column 
Samples and holds the grayScale data RD Supplied via a data 
bus at the rise time of the Sampling control Signal Xs output 
from the transfer unit 1615 at the j-th column. 
0076) The latch circuit (L) 1630 at the j-th column then 
latches and outputs the grayScale data RD held by the 
register 1620 at the same j-th column at the rise time of the 
latch pulse LP. 
0077. The D/A converter 1640 at the j-th column then 
converts the grayScale data RD latched by the latch circuit 
1630 at the same j-th column into an analog Voltage, and 
outputs the analog Voltage as a data Signal Xi to the j-th 
column of the data lines 1420. 

0078 FIG. 6 is a timing chart illustrating the operation of 
the X driver 160. As shown in FIG. 6, when the start pulse 
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DX goes high prior to the time at which the latch pulse LP 
is output and the Scanning Signal Yi transitions to the high 
level, the grayscale data RD for the pixels on the i-th row in 
the first, Second, third, . . . , and n-th columns are Sequen 
tially read and Supplied from the display memory 120. 
0079. Out of these data, when a sampling control signal 
XS1 becomes high when the grayscale data RD for the pixel 
between the i-th row and the first column is supplied, this 
grayScale data is Sampled by the register 1620 at the first 
column (indicated by “1:Reg” in FIG. 6). 
0080. Then, when a sampling control signal XS2 becomes 
high when the grayscale data RD for the pixel between the 
i-th row and the Second column is Supplied, this grayScale 
data is sampled by the register 1620 at the second column 
(indicated by “2:Reg” in FIG. 6). Likewise, the grayscale 
data RD for the pixels at the third, fourth, . . . , and n-th 
columns are sampled by the registers 1620 at the third, 
fourth, . . . , and n-th columns, respectively. 
0081. When the latch pulse LP is output, the grayscale 
data RD sampled by the registers 1620 at the respective 
columns are simultaneously latched in the corresponding 
latch circuits 1630 in those columns. 

0082 The grayscale data RD latched at the first, second, 
third, . . . , and n-th columns are converted by the D/A 
converters 1640 at the first, second, third, . . . , and n-th 
columns, respectively, and are simultaneously output as data 
Signals X1, X2, X3, . . . , and Xn, respectively. 
0083. In response to simultaneously outputting the data 
Signals for one row, that is, in Synchronization with output 
ting of the latch pulse LP, the Scanning Signal Yi goes low, 
and the i-th row of the scanning lines 1410 is selected. 
0084. Although the outputting operation of data signals 
corresponding to the pixels positioned at the i-th row has 
been described herein, in fact, Such an outputting operation 
is Sequentially performed for the first, Second, third, ..., and 
m-th rows of the scanning lines 1410. 
0085) <Display Controllers 
0.086 The processing performed by the display controller 
130 is now described in detail. FIG. 7 is a flowchart showing 
the processing of a main routine in the display controller 
130. 

0087 As shown in FIG. 7, immediately after being 
powered on or reset, the display controller 130 performs 
frame processing (Step S10). 
0088. After the frame processing, the display controller 
130 determines whether or not a period corresponding to one 
vertical Scanning period (one frame) has elapsed since the 
frame processing started (Step S12). 
0089. If a negative determination is made in step S12, the 
routine returns to step S12, and the display controller 130 
waits. On the other hand, if an affirmative determination is 
made, the display controller 130 performs the frame pro 
cessing again. In other words, the frame processing in Step 
S10 is performed every other frame. 
0090 The frame processing is now described in detail. 
The term "frame processing” means processing to read data 
from the display memory 120, excluding processing to write 
data upon receipt of the instruction WCM from the host 
control circuit 110. 
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0091 For the write processing, upon receiving the 
instruction WCM from the host control circuit 110, the 
display controller 130 writes the data WD to the display 
memory 120 according to the writing address contained in 
the instruction WCM, independently of the reading and 
scanning operation. This enables the host control circuit 110 
to transfer the data WD or to issue the instruction WCM 
without taking the designation (reading and Scanning opera 
tion) of the reading address by the display controller 130 into 
account, thereby reducing the load on the host control circuit 
110. It is assumed in the first embodiment that data is not 
refreshed for two consecutive frames. 

0092 FIG. 8 is a flowchart showing the details of the 
frame processing. 

0093 First, the display controller 130 sets a variable p to 
“1” (step S102). The variable p is set to any integer ranging 
from “1” to “m”, that is the number of scanning lines 1410, 
indicating a pixel row to be read and Scanned. If the variable 
p is set to “1” in step S102, the first pixel row is to be read 
and Scanned first. 

0094. Then, the display controller 130 performs the read 
ing and Scanning operation for the pixel row specified by the 
variable p (step S110). More specifically, the display con 
troller 130 causes the reading address Rad to progreSS in 
Synchronization with the clock Signal XSCKSO as to Sequen 
tially designate the addresses in which the grayScale data of 
the pixels positioned on the p-th row in the first to n-th 
columns are stored (step S110). This progress allows the 
grayscale data RD for one row of pixels on the p-th row, 
from the first to n-th columns, to be sequentially read from 
the display memory 120 and then supplied to the X driver 
160. 

0.095 Then, the display controller 130 determines 
whether or not a Specific refresh has occurred during the 
reading and Scanning operation in step S110 (step S114). 

0096. As used herein, the term “specific refresh' means 
a refresh operation which might possibly cause the display 
quality to be reduced due to display tearing. In the first 
embodiment, particularly, the term "specific refresh' simply 
means a refresh operation of grayScale data in the display 
memory 120. Since refreshing of the grayScale data neces 
sarily occurs upon receipt of the instruction WCM from the 
host control circuit 110, the occurrence of the specific 
refresh is analogous to reception of the instruction WCM. 

0097. If such a specific refresh does not occur (the 
instruction WCM is not received), the display controller 130 
determines whether or not the current value of the variable 
p is equal to the number of Scanning lines 1410, that is, m, 
in other words, the display controller 130 determines 
whether or not the last or m-th row is to be read and Scanned 
(step S116). 
0098. If a negative determination is made in step S116, 
the display controller 130 increments the variable p by “1” 
(step S118) so that the next pixel row is read and scanned, 
and the routine returns to Step S110. Thus, again in Step 
S110, the reading and Scanning operation is performed for 
the next row. 

0099. Accordingly, as long as a negative determination is 
made in Step S114, the reading and Scanning operation in 
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step S110 is performed when the variable p is set to a number 
ranging from “1” to “m”, i.e., for each row of the first to m-th 
OWS. 

0100 If an affirmative determination is made in step 
S116, which means that the reading and Scanning operation 
up to the last or m-th row in the present frame is completed, 
the display controller 130 terminates the present frame 
processing, and waits for the Start of the next frame pro 
cessing (step S12). 
0101 If it is determined in step S114 that the specific 
refresh has occurred, the display controller 130 temporarily 
increases the frequency of the clock Signal YCK after the 
Scanning Signal Yp Supplied to the p-th row of the Scanning 
lines 1410 transitions from the high level to the low level 
(step S122). Then, the display controller 130 terminates the 
present frame processing, and waits for the next frame. 
0102 Specifically, if the specific refresh occurs during 
the reading and Scanning operation for the p-th row, the 
present frame processing terminates without performing the 
reading and Scanning operation for the (p+1)-th row. There 
fore, the grayScale data for the pixels from the (p+1)-th row 
to the last or m-th row are not read from the display memory 
120. 

0103). Furthermore, since the scanning signals supplied to 
the (p+1)-th row to the last or m-th row of the Scanning lines 
1410 become high only for an instant, the intensities of the 
EL elements 1450 from the (p+1)-th row to the last or m-th 
row are maintained from the previous frame. Thus, the 
content displayed by the pixels 1400 from the first row to the 
last or m-th row does not change even if the display memory 
120 is refreshed during the reading and Scanning period for 
the first row to the m-th row. 

0104 <Comparison with the Comparative Example> 
0105. A comparative example for comparison with the 

first embodiment is described below. FIG. 9(a) is a chart of 
the comparative example, showing, on a frame basis, how 
the grayScale data for each row is read from the display 
memory 120. FIG. 10(a) is a schematic showing the dis 
played content of the display panel 140, on a frame basis, 
when the grayScale data is read in the manner shown in FIG. 
9(a). In FIG. 9(a), for simplification of illustration, 18 rows 
are displayed on the display panel 140. In FIGS. 9(a) and 
9(b), the alphabet letters denote displayed patterns. 
0106 A host control circuit in the comparative example 
instructs data writing to a display memory independently of 
(in an asynchronous manner with) the reading and Scanning 
operation from the display memory, and the content of the 
display memory may be updated during the reading and 
Scanning operation. 

0107 For example, in FIG. 9(a), the grayscale data of 
pattern A is read from the display memory in frames 1 and 
2, while the display memory 120 is refreshed with the 
grayScale data of pattern B in frame 3 when the grayScale 
data for the eighth row are being read and Scanned. 
0108). Therefore, as shown in FIG. 10(a), the display 
panel 140 correctly presents the pattern A (in FIG. 10(a), a 
black parallelogram that is oblique to the left) for all rows in 
frames 1 and 2 (strictly speaking, after the reading and 
Scanning operation is completed and after all of the Scanning 
lines 1410 have been selected in the display panel 140). In 
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frame 3, however, the display panel 140 presents the pattern 
A for the first to eighth rows, and the pattern B (in the figure, 
a black parallelogram that is oblique to the right) for the 
ninth and following rows. This results in different patterns 
(display tearing) presented on upper and lower portions of 
the Screen, thereby significantly reducing the display quality. 

0109) In frame 4, as shown in FIG. 9(a), the display 
memory 120 is not refreshed during the reading and Scan 
ning period, and the display panel 140 correctly presents the 
pattern B for all rows in the manner shown in FIG. 10(a). 
0110. Although the displayed content of the display panel 
140 in frame 6 and the following frames is not illustrated in 
FIG. 10(a), the refresh operation during the reading and 
Scanning period occurs, as shown in FIG. 9(a), when the 
grayScale data for the tenth row is being read and Scanned in 
frame 7 and when the grayscale data for the seventh row is 
being read and Scanned in frame 10. Therefore, display 
tearing also occurs in frames 7 and 10. 
0111. In the first embodiment, on the other hand, if the 
grayScale data is refreshed during the reading and Scanning 
period of the grayScale data for the eighth row in frame 3, 
the reading and Scanning operation of the grayScale data for 
the ninth and following rows is skipped, as indicated by 
arrows in FIG. 9(b). 
0112 This operation is described in conjunction with the 
frame processing in FIG. 8. In the frame processing for 
frame 3, the reading and Scanning operation in Step S110 is 
performed each time the variable p is Set to a value ranging 
from “1” to “8”. Since a positive determination is made in 
step S114 when the variable p is “8”, the routine is branched 
to Step S122. As a result, the reading and Scanning operation 
for the ninth and following rows of grayScale data is 
skipped. 

0113. As shown in FIG. 10(b), therefore, the display 
panel 140 presents the pattern A for the pixels at the first to 
eighth rows according to the grayScale data read in the frame 
processing in frame 3. For the pixels in the ninth and 
following rows, however, the pattern is presented according 
to the grayScale data read in the previous frame processing 
(i.e., the frame processing in frame 2), resulting in presen 
tation of the pattern A. 
0114) Although not shown in FIG. 10(b), the same pro 
cedure is performed for frames 7 and 10 in FIG. 9(b). 
0115 According to the first embodiment, therefore, even 
if a refresh occurs during the reading and Scanning period, 
display tearing, which occurs in the comparative example, 
does not occur, thus making it possible to reduce or prevent 
a reduction in the display quality. 
0.116) Since the lower portion of the screen is not 
refreshed in two frames, i.e., frames 2 and 3, the charge 
accumulated in the capacitorS 1440 in the pixels correspond 
ing to the lower portion (in the ninth and following rows) 
leaks more than in the capacitors 1440 in the pixels corre 
sponding to the upper portion (in the first to eighth rows) 
which are refreshed every frame. As a result, as shown in 
FIG. 10(b), the intensity is slightly reduced. 
0117) <Second Embodiment> 
0118. The above-described first embodiment provides a 
display method which reduces or prevents display tearing in 
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a display device using elements employing the DC-driving 
principle, such as the EL elements 1450. The present inven 
tion is not limited thereto, and may also be applied to a 
display device using elements employing the AC-driving 
principle, Such as liquid crystal elements. 
0119). If the reading and Scanning operation is skipped 
because of the occurrence of the Specific refresh, pixels 
corresponding to the skipped addresses are not refreshed. 
Thus, a Voltage which has a polarity Specified in the next 
frame and which depends upon the grayScale data read 
during the reading and Scanning operation in the present 
frame is written to those pixels. 
0120) If the write polarity with respect to the liquid 
crystal element is reversed every frame for AC driving, 
however, data Signals with the same polarity are continu 
ously written to the pixels corresponding to the skipped 
addresses, because, after being written with a first polarity, 
the data is not written with a Second polarity due to the 
occurrence of skipping but is written with the first polarity 
again. 

0121 This introduces a failure of the AC-driving prin 
ciple. Therefore, the first embodiment cannot be simply 
applied to a display device using a liquid crystal element. 

0122) In a second embodiment of the present invention, 
therefore, as described below, when the reading and Scan 
ning operation is skipped, pixels corresponding to the 
skipped addresses are prevented from being written with the 
same polarity. 
0123. A display device that uses a display method accord 
ing to the Second embodiment is different from a display 
device that uses the display method according to the first 
embodiment in view of the following three points: a different 
pixel configuration (difference 1), different configuration of 
the X driver 160 (difference 2), and a different frame 
processing (read processing) in the display controller 130 
(difference 3). These three points are described below in 
turn. Other points are the same as those in the first embodi 
ment, and a description thereof is omitted. 

0124) <Pixeld 
0.125 FIG. 11 is a circuit diagram of pixels in a display 
device that uses the display method according to the Second 
embodiment. 

0126. As depicted in FIG. 11, each of the pixels 1400 
includes a TFT 1462, and a liquid crystal element 1470. 
Focusing on the pixel 1400 positioned at the intersection of 
the i-th row of the scanning lines 1410 and the j-th column 
of the data lines 1420, the TFT 1462 in that pixel 1400 is 
interposed between the j-th column of the data lines 1420 
and one end of the liquid crystal element 1470. The gate of 
the TFT 1462 is connected to the i-th row of the scanning 
lines 1410. Thus, the TFT 1462 serves as a Switch which is 
turned on when the Scanning Signal Yi goes high. 

0127. The liquid crystal element 1470 is formed of a 
rectangular pixel electrode at one end thereof, a counter 
electrode at the other end thereof, and a liquid crystal 
Sandwiched between the electrodes, thereby forming a 
capacitor, Such that the alignment of liquid crystal particles 
varies depending upon the amount of charge accumulated in 
the capacitor. 
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0128. The counter electrode is common in the pixels 
1400, whose potential is constant over time. In the second 
embodiment, therefore, the term “write with the positive 
polarity” means writing of Voltage with a higher potential 
than the potential of the counter electrode, while the term 
“Write with the negative polarity” means writing of Voltage 
with a lower potential than the potential of the counter 
electrode. 

0129. The drain D (pixel electrode) of the TFT 1462 may 
Sometimes be further provided with a storage capacitor in 
order to reduce leakage of the charge accumulated in the 
liquid crystal element. 

0.130. In the configuration shown in FIG. 11, when the 
scanning signal Yi becomes high, the TFTs 1462 are turned 
on in the pixels 1400 in the I-th row, and, at the intersection 
of the i-th row and the j-th column, for example, the 
potential of the pixel electrode at one end of the liquid 
crystal element 1470 becomes a voltage of the data signal 
X. Then, a charge corresponding to the Voltage of the data 
Signal X is accumulated in that liquid crystal element. After 
the charge is accumulated, when the Scanning Signal Yi goes 
low to turn the TFT 1462 off, the charge accumulated in the 
liquid crystal element 1470 is maintained. 
0131 Since the alignment of the liquid crystal particles 
varies according to the amount of charge accumulated in the 
liquid crystal element 1470, the amount of user-visible light 
which passes through the liquid crystal element 1470 and 
which outgoes from a polarizer (not shown) also varies 
according to the amount of accumulated charge. 
0132) Therefore, even if a Scanning Signal transitions 
from the high level to the low level, the pixel 1400 maintains 
the State Specified by the data Signal Xi that is high. 

0133) Other than the configuration shown in FIG. 11, the 
pixel 1400 using a liquid crystal element may be imple 
mented by an configuration in which a two-terminal non 
linear element (Such as a thin film diode) having a bi 
directional diode characteristic and the liquid crystal 
element 1470 are interposed in series between the scanning 
line 1410 and the data line 1420. The pixel 1400 may also 
be implemented by a configuration of the passive matrix 
type in which a liquid crystal element is driven without using 
a non-linear element Such as a three-terminal non-linear 
element including a TFT or a two-terminal non-linear ele 
ment having a bi-directional diode characteristic, and, more 
Specifically, may be implemented by a configuration of the 
passive matrix type in which the Scanning line 1410 is used 
as one end of the liquid crystal element 1470 and the data 
line 1420 is used as the other end of the liquid crystal 
element 1470. Although, by way of example, the voltage 
modulation method using a D/A converting circuit is used 
herein as a method for grayScale display, of course, the 
pulse-width modulation method or any other method may 
also be used. 

0134) <X Drivers 
0.135 FIG. 12 is a schematic of the configuration of an X 
driver 160 according to the second embodiment. The con 
figuration shown in FIG. 12 is different from the configu 
ration shown in FIG. 5 in that the D/A converter 1640 at 
each column is replaced with a D/A converter 1650 and that 
a signal AK is supplied to the D/A converters 1650. 
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0.136 The signal AK is a signal generated by the display 
controller 130 to instruct the D/A converters 1650 on the 
polarity of the output signal. More specifically, the Signal 
AK indicates the positive polarity when the Signal AK is 
low, and the negative polarity when it is high. 
0137) The D/A converter 1650 at the j-th column converts 
the grayScale data latched when the latch pulse LP rises into 
an analog Signal of the polarity indicated by the Signal AK. 
The D/A converter 1650 then outputs the analog signal as a 
data signal X to the j-th column of the data lines 1420. 
0138 <Display Controllers 
0.139. The processing performed by a display controller 
130 according to the second embodiment is described in 
detail below. FIG. 13 is a flowchart showing the processing 
of a main routine in the display controller 130. 
0140. As shown in FIG. 13, immediately after being 
powered on or reset, the display controller 130 performs 
initialization processing (Step S2). More specifically, the 
display controller 130 resets a register Mod to set a value to 
Specify the operation mode into Zero, and Sets registers L-1, 
L-2, L-3, . . . , and L-m provided in the respective rows to 
“1”. 

0141. It is assumed herein that values of “0”, “1”, “2", 
and “3” which are set for the register Mod indicate that the 
operation mode is a normal (N) mode, a write (W) mode, an 
exclusive (X) mode, and a skip (S) mode, respectively. Thus, 
the initialization processing in Step S2 causes the operation 
mode to be set to the normal (N) mode. 
0142. The registers L-1, L-2, L-3, ..., and L-m indicate 
the write polarity with respect to the pixels in the first, 
Second, third, . . . , and m-th rows in the previous frame, 
respectively. In the second embodiment, value “0” indicates 
the positive polarity, and value “1” indicates the negative 
polarity. Since there is no frame before the first frame, it is 
assumed that the initialization processing in Step S2 causes 
the write with the negative polarity to the rows in the 
previous frame that is not present. 
0143. After the initialization processing, the display con 
troller 130 performs frame processing (step S20). Then, after 
the frame processing, the display controller 130 determines 
whether or not a period corresponding to one vertical 
Scanning period (one frame) has elapsed since the frame 
processing started (step S22). 
0144. If a negative determination is made in step S22, the 
routine returns to step S22, and the display controller 130 
waits. On the other hand, if an affirmative determination is 
made, the display controller 130 performs the frame pro 
cessing again. In other words, the frame processing in Step 
S20 is performed every other frame, as in the first embodi 
ment. 

0145 The frame processing is now described in detail. 
FIGS. 14, 15, and 16 are flowcharts showing in detail the 
frame processing in the Second embodiment. 
0146 First, at the beginning of the frame processing, the 
display controller 130 Sets a variable p for Specifying a pixel 
row to be read and scanned to “1” (step S202). 
0147 Then, the display controller 130 determines 
whether or not the value of the variable Mod is “0”, that is, 
whether or not the operation mode is the normal (N) mode 
(step S204). 
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0.148 If an affirmative determination is made in step 
S204, the display controller 130 performs the reading and 
Scanning operation for a pixel row specified by the variable 
p (step S210), as in step S110 in the first embodiment. This 
Scanning operation allows the grayScale data for one row of 
pixels on the p-th row, from the first to n-th columns, to be 
sequentially read from the display memory 120 and then 
supplied to the X driver 160. 
0149. After the grayscale data in the p-th row and the n-th 
column has been read, the display controller 130 outputs the 
Signal AK at the level of a write polarity indicated by a 
polarity-indicator flag Pol (step S211) before outputting the 
latch pulse LP. 
0150. The polarity-indicator flag Pol, as used herein, 
indicates the polarity with which the grayScale data read in 
the frame processing is written to the pixel 1400. More 
Specifically, in the Second embodiment, the polarity-indica 
tor flag Pol indicates “0” for an odd-numbered frame, 
instructing the write with the positive polarity, and indicates 
“1” for an even-numbered frame, instructing the write with 
the negative polarity. 

0151 AS previously described, in the X driver 160, the 
latch circuits 1630 latch the read grayscale data for one row 
before the D/A converters 1650 convert the latched data into 
data Signals which are then Supplied to the data lines 1420. 
If, in step S211, the signal AK is set to the logic level 
indicated by the polarity-indicator flag Pol after the gray 
Scale data in the p-th row and the last or n-th column has 
been read and before the latch pulse LP is output, the data 
signals converted by the D/A converters 1650 are actually 
written to the pixels 1400 in the p-th row with a polarity 
indicated by the polarity-indicator flag Pol. 

0152. In order to record the write to the pixels 1400 in the 
p-th row with a polarity indicated by the polarity-indicator 
flag Pol in the present frame processing, the display con 
troller 130 sets the current value of the polarity-indicator 
flag Pol for the register L-p in the p-th row (step S212). 
0153. Then, the display controller 130 determines 
whether or not a Specific refresh has occurred during the 
reading and Scanning operation in step S211 (step S214). AS 
used herein, the term “specific refresh' simply means a 
refresh operation of grayScale data in the display memory 
120, as in the first embodiment. 

0154) If a negative determination is made in step S214, 
the display controller 130 determines whether or not the 
current value of the variable p is equal to the number of 
scanning lines 1410, that is, m (step S216). 
O155 If a negative determination is made in step S216, 
the display controller 130 increments the variable p by “1” 
(step S218) So that the next pixel row is read and Scanned, 
and the routine returns to step S210. 

0156 If an affirmative determination is made in step 
S216, the display controller 130 terminates the present 
frame processing, and waits for the Start of the next frame 
(step S22). 
0157) If it is determined in step S210 that the specific 
refresh has occurred, the display controller 130 sets the 
variable Mod to “1” (step S220) in order to switch the 
operation mode to the write (W) mode. 
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0158. Then, the display controller 130 temporarily 
increases the frequency of the clock Signal YCK after the 
Scanning Signal Yp Supplied to the p-th row of the Scanning 
lines 1410 transitions from the high level to the low level 
(step S222). 

0159. Then, the display controller 130 sets the variable 
Mod to “2” (step S224) in order to switch the operation 
mode in the next frame processing to the exclusive (X) 
mode. Thereafter, the display controller 130 terminates the 
present frame processing, and waits for the Start of the next 
frame. 

0160 Specifically, if the specific refresh occurs during 
the reading and Scanning operation for the p-th row, the 
frame processing terminates without performing the reading 
and Scanning operation for the (p+1)-th row. Therefore, the 
grayScale data for the pixels from the (p+1)-th row to the last 
or m-th row are not read from the display memory 120. 

0.161 Furthermore, Since the Scanning signals Supplied to 
the (p+1)-th row to the last or m-th row of the Scanning lines 
1410 become high only for an instant, the densities of the 
liquid crystal elements 1470 from the (p+1)-th row to the last 
or m-th row are maintained from the previous frame. Thus, 
the content displayed by the pixels 1400 from the first row 
to the last or m-th row does not change even if the display 
memory 120 is refreshed during the reading and Scanning 
period for the first row to the m-th row. 

0162 In the normal (N) mode, therefore, the reading and 
Scanning operation is performed in turn from the first row to 
the m-th row to read the grayScale data, and the read 
grayScale data is converted into an analog signal having a 
polarity indicated by the polarity-indicator flag Pol before 
the analog signal is written to the pixels 1400. If the specific 
refresh occurs during the reading and Scanning period for the 
first row to the m-th row, however, the operation mode 
switches to the write (W) mode, so that the reading and 
Scanning operation for rows Subsequent to the row at which 
the Specific refresh occurred is skipped. Thus, the display by 
the pixels 1400 in the skipped rows does not change. 

0163) If it is determined in step S204 that the value of the 
variable Mod is not “0”, the display controller 130 further 
determines whether or not the value of the variable Mod is 
“2, that is, whether or not the operation mode is the 
exclusive (X) mode (step S206). 
0164. The variable Mod is set to “2” only when the initial 
operation mode in the previous frame processing is the 
normal (N) mode, or only when it is a skip (S) mode 
described below in detail and the specific refresh occurred 
(step S224). 

0.165. In a frame next to the frame in which the specific 
refresh occurred, therefore, the read processing in the exclu 
sive (X) mode shown in FIG. 15 is performed. 
0166 First, similarly to the normal (N) mode operation in 
step S210, the display controller 130 performs the reading 
and Scanning operation for a pixel row Specified by the 
variable p (step S240). This scanning process allows the 
grayScale data for one row of pixels on the p-th row, from the 
first to n-th columns, to be sequentially read from the display 
memory 120 and then supplied to the X driver 160, as in the 
normal (N) mode operation in step S210. 
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0167. After the grayscale data in the p-th row and the n-th 
column has been read, the display controller 130 outputs the 
Signal AK at the level of a write polarity indicated by an 
inverse of the value set for the register L-p (step S241) 
before outputting the latch pulse LP. 
0168 Namely, in the exclusive (X) mode, when the 
grayScale data for one row of pixels in the p-th row is read, 
the grayScale data is converted into an analog Signal having 
a polarity opposite to the polarity of the previously written 
data, regardless of the write polarity indicated by the polar 
ity-indicator flag Pol. The resulting analog signal is actually 
written to the pixels 1400 in the p-th row. 
0169. In order to record the write to the pixels 1400 in the 
p-th row with a polarity indicated by an inverse of the value 
Set for the register L-p in the present frame processing, the 
display controller 130 rewrites the value set for the register 
L-p to an inverse thereof (step S242). 
0170 Then, the display controller 130 determines 
whether or not the current value of the variable p is equal to 
the number of scanning lines 1410, that is, m (step S256). 
0171 If a negative determination is made in step S256, 
the display controller 130 increments the variable p by “1” 
(step S258) so that the next pixel row is read and scanned, 
and the routine returns to step S240. 
0172 If an affirmative determination is made in step 
S256, the display controller 130 sets the variable Mod to “3” 
(step S260) in order to Switch the operation mode in the next 
frame processing to the skip (S) mode. Then, the display 
controller 130 terminates the present frame processing, and 
waits for the start of the next frame (step S22). 
0173 In the exclusive (X) mode, therefore, the reading 
and Scanning operation is performed in turn from the first 
row to the m-th row to read the grayScale data, and the read 
grayScale data is converted into an analog signal having a 
polarity opposite to the polarity of the previously written 
data, regardless of a polarity indicated by the polarity 
indicator flag Pol, and is then written to the pixels 1400. 
0174) Meanwhile, if the display controller 130 deter 
mines in step S206 that the value of the variable Mod is not 
“2', the value of the variable Mod is limited to “3” in the 
Second embodiment. The value of the variable Mod can be 
“1” (step S220), in which case the variable Mod is set again 
to "2" immediately before the write (W) mode terminates 
(step S224), so that the value of the variable Mod can only 
be one of “0”, “2, and "3' at the time of determination in 
steps S204 and S206. 
0175. The value of the variable Mod is “3” at the start of 
frame processing only when the operation mode in the 
previous frame processing is the exclusive (X) mode. 
0176). In a frame next to the frame in which the frame 
processing is performed in the exclusive (X) mode, there 
fore, the read processing in the skip (S) mode shown in FIG. 
16 is performed. 

0177 First, the display controller 130 determines 
whether or not the value of the register L-p in a row Specified 
by the variable p matches the value indicated by the polarity 
indicator flag Pol (step S270). 
0.178 As described above, when a data signal is actually 
written to an i-th row of pixels, a value indicating the 
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polarity of that data Signal is Set for the register L-i in the i-th 
row. Thus, it is determined in step S270 whether or not the 
write polarity in the previous frame (that is, in the exclusive 
(X) mode) matches the inherent write polarity in the present 
frame. 

0179 If an affirmative determination is made in step 
S270, the display controller 130 causes the routine to 
proceed to step S286, as described below, in order to reduce 
or avoid reading of the same grayScale data and the write 
with the same polarity. 
0180. On the other hand, if a negative determination is 
made in step S270, as in steps S210 and S240, the display 
controller 130 performs the reading and Scanning operation 
for a pixel row specified by the variable p (step S280). This 
Scanning process allows the grayScale data for one row of 
pixels on the p-th row, from the first to n-th columns, to be 
sequentially read from the display memory 120 and then 
supplied to the X driver 160, as in steps S210 and S240. 
0181. After this read processing, as in step S211, the 
display controller 130 outputs the signal AK at the level of 
a write polarity indicated by the polarity-indicator flag Pol 
before outputting the latch pulse LP (step S281). When the 
latch pulse LP is output, the read grayScale data is converted 
into an analog Signal having the inherent write polarity 
indicated by the polarity-indicator flag Pol, and is then 
written to the pixels 1400 in the p-th row. 
0182. In order to record the writing operation, the display 
controller 130 rewrites the value of the register L-p to the 
value of a write polarity indicated by the polarity-indicator 
flag Pol (step S282). 
0183) Then, the display controller 130 determines 
whether or not a Specific refresh has occurred during the 
reading and scanning operation in step S280 (step S284). 
0184. If an affirmative determination is made in step 
S284, the routine proceeds to step S220 described above, 
and the display controller 130 causes the operation mode to 
be switched to the write (W) mode. 
0185. On the other hand, if a negative determination is 
made in step S284, the display controller 130 determines 
whether or not the current value of the variable p is equal to 
the number of scanning lines 1410, that is, m (step S286). 
0186 If a negative determination is made in step S286, 
the display controller 130 increments the variable p by “1” 
(step S288) so that the next pixel row is read and scanned, 
and the routine returns to step S270. 
0187. If an affirmative determination is made in step 
S286, the display controller 130 sets the variable Mod to “0” 
(step S290) in order to return the operation mode in the next 
frame processing to the normal (N) mode. Then, the display 
controller 130 terminates the present frame processing, and 
waits for the start of the next frame (step S22). 
0188 In the skip (S) mode, therefore, the reading and 
Scanning operation is performed in turn from the first row to 
the m-th row to read the grayScale data, and the read 
grayScale data is converted into an analog Signal having the 
inherent polarity indicated by the polarity-indicator flag Pol, 
and is then written to the pixels 1400. If the polarity set for 
the register L-p is the same as a polarity indicated by the 
polarity-indicator flag Pol, however, the reading and Scan 
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ning operation and the writing operation for the p-th row are 
skipped. If the Specific refresh occurs during the reading and 
Scanning operation, the operation mode is Switched to the 
write (W) mode, and the reading and Scanning operation for 
the next and following rows is Skipped, So that the display 
by the pixels 1400 in the skipped rows does not change, as 
in the normal (N) mode. 
0189 <Specific Operation> 
0190. The specific operation of the display method 
according to the second embodiment is now described. FIG. 
17 is a chart showing, on a frame basis, how the grayScale 
data is read from the display memory 120 according to the 
display method. 
0191 In FIG. 17, alphabet letters denote displayed pat 
terns, and symbol “+” or “-” which follows the alphabet 
letters denotes the actual write polarity with respect to 
pixels. 

0.192 As described above, the inherent write polarity 
with respect to a pixel is indicated by the polarity-indicator 
flag Pol, and is positive in an odd-numbered frame and 
negative in an even-numbered frame in the Second embodi 
ment. 

0193 Therefore, the grayscale data of pattern A read in 
frame 1 is converted into an analog data Signal with the 
positive polarity and is then written to the pixels. The 
grayScale data of pattern A read in the next frame or frame 
2 is converted into a data Signal with the negative polarity 
and is then written to the pixels. 
0194 In frame 3, the grayscale data of pattern Afrom the 

first row to the eighth row is read and converted into a data 
Signal with the negative polarity, and is then written to the 
pixels. Since a Specific refresh into pattern B occurs when 
the grayScale data in the eighth row is being read and 
Scanned (since an affirmative determination is made in Step 
S214 if the value of the variable p is “8”), the reading and 
Scanning operation for the ninth and following rows is 
skipped (step S222). Thus, the pattern A written with the 
positive polarity in frame 2 is maintained in the pixels in the 
ninth and following rows, thus preventing display tearing. 

0.195 Since a specific refresh occurs in frame 3, frame 4 
is in the exclusive (X) mode. The grayscale data of pattern 
B in the first row to the eighth row read in frame 4 is 
converted into a data Signal having the negative polarity 
which is not the inherent write polarity and which is opposite 
to the write polarity in frame 3, and is then written to the 
pixels. Since frame 4 is an even-numbered frame and the 
inherent write polarity is also negative, it is not necessary to 
discuss as to whether or not the writing operation for the first 
row to the eighth row in frame 4 should be performed with 
the inherent write polarity. 

0196. In frame 3, the data signal is not written to the 
pixels in the ninth and following rows because the reading 
and Scanning operation has been skipped, and the values of 
the register L-9 and the following registerS Still indicate the 
write with the negative polarity which is Set in frame 2. 
Thus, the grayScale data of pattern B in the ninth and 
following rows read in frame 4 is converted into a data 
Signal having the positive polarity which is not the inherent 
write polarity and which is opposite to the write polarity in 
frame 2, and is then written to the pixels. 
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0197) Since frame 4 is in the exclusive (X) mode, frame 
5 is in the skip (S) mode. Hence, the grayScale data of pattern 
B in the first row to the eighth row read in frame 5 is 
converted into a data Signal having the positive polarity 
opposite to the write polarity in frame 4, i.e., the inherent 
write polarity, and is then written to the pixels. 
0198 The grayscale data of pattern B in the ninth and 
following rows in frame 4 is converted into a data Signal 
with the positive polarity and is then written to the pixels. 
Thus, in frame 5, the values of the register L-9 and the 
following registers still indicate the write with the positive 
polarity. The values of the register L-9 and the following 
registers match the inherent write polarity in frame 5 (an 
affirmative determination is made in step S270 if the value 
of the variable p is “9 or greater), and the reading operation 
for the ninth and following rows is skipped. 
0199 Since frame 5 is a skip (S) mode frame in which a 
Specific refresh does not occur, frame 6 is again in the 
normal (N) mode. The grayScale data of pattern B read in 
frame 6 is converted into a data Signal having the negative 
polarity that is the inherent write polarity, and is then written 
to the pixels. 
0200 Frame 5 is an exemplary skip (S) mode frame in 
which a specific refresh does not occur. However, of course, 
a skip (S) mode frame in which a specific refresh occurs is 
also available. 

0201 Examples of such a frame include frames 12, 17, 
and 19 in FIG. 17. 

0202) Out of these frames, frame 19 indicates the fol 
lowing four States, in particular. In a first State, Since a 
negative determination is made in step S270 when the value 
of the variable p ranges from “1” to “6” in frame 19, the 
grayScale data of pattern G in the first row to the Sixth row 
is converted into a data Signal having a polarity opposite to 
the write polarity in frame 18, that is, the inherent or positive 
polarity, and is then written to the pixels. In a Second State, 
since an affirmative determination is made in step S270 
when the value of the variable p ranges from “7” to “8”, the 
reading and Scanning operation for the Seventh and eighth 
rows is skipped. In a third State, Since a negative determi 
nation is made again in step S270 when the value of the 
variable p ranges from "9 to “1”, the grayscale data of 
pattern G in the ninth-row to the 12th row is converted into 
a data Signal having the positive polarity that is opposite to 
the write polarity in frame 18, and is then written to pixels. 
In a fourth State, Since an affirmative determination is made 
in step S284 when the value of the variable p is “1”, the 
reading and Scanning operation for the 13th and following 
rows is skipped (step S222). 
0203 If a specific refresh occurs in a frame which is in 
the skip (S) mode, the operation mode is Switched to the 
write (W) mode so that the next frame is in the exclusive (X) 
mode, followed by the skip (S) mode. If the specific refresh 
does not occur in the skip (S) mode, the operation mode is 
Switched again to the normal (N) mode. 
0204. In the second embodiment, therefore, similarly to 
the first embodiment, display tearing does not occur even if 
a refresh occurs during the reading and Scanning operation, 
thereby making it possible to prevent a reduction in the 
display quality. According to the Second embodiment, fur 
thermore, a data Signal having an inverted polarity is written 
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to a pixel corresponding to an address in which the reading 
and Scanning operation is skipped, thus avoiding consecu 
tive writing with the same polarity. Therefore, the Second 
embodiment can reduce or prevent a reduction in the display 
quality, and can also reduce or prevent a reduction in the 
liquid crystal characteristic due to an application of DC 
component to liquid crystal elements. 

0205. In the second embodiment, the inherent write 
polarity is simply inverted every frame, while the same 
polarity is provided in adjacent rows. In addition to Such 
inversion, as shown in FIG. 18, the write polarity may be 
inverted every row. In order to invert the write polarity every 
row, internal processing should be performed So that, for 
example, the polarity-indicator flag Pol indicates the posi 
tive polarity for an odd-numbered row in an odd-numbered 
frame and the negative polarity for an even-numbered row 
in an odd-numbered frame, and indicates the negative polar 
ity for an odd-numbered row in an even-numbered frame 
and the positive polarity for an even-numbered row in an 
even-numbered frame. The polarities for adjacent columns 
may further be inverted. 
0206 <Application Example> 
0207. The present invention is not limited to the forego 
ing first and Second embodiments, and a variety of applica 
tions or modifications may be made. 
0208. In the foregoing first and second embodiments, it is 
determined that a Specific refresh has occurred if the gray 
scale data is refreshed in the display memory 120. One 
reason is that it is possible to indirectly know, from the 
presence or absence of received instruction WCM, whether 
or not the grayScale data is refreshed in the display memory 
120 Since the grayScale data is refreshed in the display 
memory 120 upon receipt of the instruction WCM from the 
host control circuit 110. 

0209 However, display tearing as above described does 
not necessarily occur once the grayScale data is refreshed in 
the display memory 120. In other words, depending upon the 
relation between the read and Scanned range and the 
refreshed region, there is possibility that display tearing does 
not OCCur. 

0210 For example, as shown in FIG. 19, it is assumed 
that, in a frame, a reading address Rad from the display 
memory 120 corresponds to an address (a1) in which 
grayScale data of the pixel in the i-th row and the j-th column 
is stored. When the grayscale data is refreshed, if all 
addresses in the refreshed range, Such as a range R1, have 
been read and Scanned in this frame, display tearing does not 
occur Since the refreshed range is read and Scanned in the 
next frame. 

0211 Furthermore, it is assumed that, if, in a frame, the 
reading address Rad when the grayScale data was refreshed 
corresponds to an address (a1), the reading address when the 
refresh is completed will proceed to an address (a2) in which 
the grayScale data of the pixel in the (i+1)-th row and the 
(+4)-th column is stored. In this case, if all addresses in the 
refreshed range, Such as a range R2, precede the predicted 
address (a2), display tearing does not occur since the 
refreshed range is read and Scanned in this frame. 
0212 However, in a frame, if all addresses in the 
refreshed range, Such as a range R3, has not been read and 
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Scanned, or if all addresses in the refreshed range do not 
precede the predicted address, the refreshed range is sepa 
rated into a group of addresses which are read and Scanned 
in this frame and a group of addresses which are not read and 
Scanned in this frame, resulting in the occurrence of display 
tearing. 

0213. In a preferred form, therefore, for example, upon 
receipt of the instruction WCM, the display controller 130 
finds a refreshed range from the instruction WCM, and 
predicts, from the number of addresses included in the 
refreshed range, the time required to refresh the data, while 
assuming the distance by which the reading address when 
the instruction WCM was received progresses as the pre 
dicted time elapses. Until it is determined, from the reading 
addresses, the refreshed range, and the assumed address, that 
none of the above cases is applied, it is not determined that 
a specific refresh, which can reduce the display quality due 
to display tearing, has occurred. 

0214. In the first and second embodiments, it is always 
assumed that all rows are possibly refreshed. Thus, if a 
Specific refresh occurs during the reading and Scanning 
period for a row in a frame, the reading and Scanning 
operation for the following rows in this frame is skipped. 
Depending upon conditions or Settings, the grayScale data 
may be refreshed only in a predetermined row. 

0215. In the case where the grayscale data is refreshed 
only in a predetermined row, the reading and Scanning 
operation may be skipped only in a range including the 
predetermined row when the grayScale data is refreshed. 
0216) For example, FIG. 20 shows an example where the 
reading and Scanning operation is skipped only in a range of 
the fourth row to the 15th row when the grayscale data is 
refreshed in the case where the range of the fourth row to the 
15th row is possibly refreshed (during the reading and 
Scanning operation). 

0217. In the first and second embodiments, the reading 
address from the display memory 120 stops progressing 
when the reading and Scanning operation is skipped. How 
ever, it may not be necessary to Stop progressing the reading 
address. If the address does not stop progressing, the gray 
Scale data is actually read; the skipped row is not Substan 
tially selected by the Y driver 150, thereby disabling the 
write to the pixels 1400. 
0218. When the reading and scanning operation is 
skipped, the frequency of the clock Signal YCK is tempo 
rarily increased So that the period in which the skipped row 
is selected (the period during which the Scanning Signal is 
high) is shortened, thereby requiring a certain time for 
Skipping. 

0219) Ideally, a reset mechanism is provided in each of 
the transfer units 1515 in the Y driver 150 because the 
Selection time for Skipped rows is not required. 
0220. Otherwise, in FIG. 3, if the reading and scanning 
operation is skipped in a period in which, inherently, the 
output of the transfer unit 1515 is high and any of the 
scanning lines 1410 is selected, the output of the transfer 
unit 1515 may be forcibly made low so that the scanning 
lines 1410 are not Selected. In Such a configuration, for 
example, a two-input AND circuit may be provided between 
the output of the transfer unit 1515 and the corresponding 

May 15, 2003 

Scanning line 1410. More Specifically, the configuration may 
be such that an output signal of the transfer unit 1515 is 
Supplied to one input of the two-input AND circuit, and a 
Skip control Signal is Supplied to the other input, while an 
output signal of the AND circuit is Supplied to the Scanning 
line 1410. With this configuration, if the transfer unit 1515 
corresponding to a certain row of the Scanning lines 1410 
outputs a high-level Signal indicating that this row is to be 
selected, the output of the two-input AND circuit is forcibly 
made low by making the Skip control Signal low in order to 
skip this row, so that this row of the scanning lines 1410 is 
not Selected. It is therefore unnecessary to increase the 
frequency of the clock Signal YCK. 
0221) However, the provision of reset mechanisms or 
two-input AND circuits increases the complexity in con 
figuration accordingly. In fact, it is a matter of choice, taking 
a variety of conditions into account, whether or not reset 
mechanisms or two-input AND circuits are provided in the 
configuration of the Y driver, and, if not provided, it is 
further a matter of choice to which extent the frequency of 
the clock Signal YCK for skipping increases compared to the 
frequency for not skipping. 
0222 Although the present invention has been discussed 
in the context of an EL device or a liquid crystal device, it 
is to be understood that the present invention is not limited 
thereto. For example, electrooptical devices using Digital 
Micro-mirror Device TM (DMD) or a variety of electrooptical 
elements using fluorescence caused by plasma emission or 
electron emission, and electronic equipment having Such 
electrooptical devices may also fall within the Scope of the 
invention. 

0223) Advantages 
0224. As described above, according to the present 
invention, grayScale data can be written to a display memory 
independently of Scanning using reading addresses, thereby 
reducing the load on a host control circuit for performing 
this writing operation. In addition, the reading operation is 
skipped at an address at which a specific refresh, which 
possibly causes a reduction in the display quality, occurred, 
and the gray Scale Specified by the previously read grayScale 
data is maintained in the pixel corresponding to that address. 
Thus, tearing of display image can be reduced or prevented, 
resulting in no reduction in the display quality of moving 
pictures. Therefore, a reduction in the display quality can be 
reduced or prevented without an increased load on the host 
control circuit. 

What is claimed is: 
1. An image display method for Specifying reading 

addresses from a display memory in an order Synchronous 
with vertical Scanning and horizontal Scanning of a display 
panel, the display memory having addresses corresponding 
to individual pixels in the display panel, and having gray 
Scale data Stored therein, the grayScale data Specifying the 
gray level of the pixel for each address, the image display 
method also for Sequentially reading the grayScale data from 
the reading addresses to Set the pixels of the display panel to 
the gray level Specified by the grayScale data, the image 
display method comprising: 

determining whether or not a Specific refresh, which can 
cause a reduction in the display quality, occurred in the 
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display memory during a reading and Scanning period 
in which the reading addresses are specified; and 

if it is determined in the determining Step that the Specific 
refresh occurred, Skipping the reading operation of the 
grayScale data at least from an address at which the 
Specific refresh occurred during the reading and Scan 
ning period in which the Specific refresh occurred, and 

maintaining a pixel corresponding to the skipped address 
at the gray level Specified by the grayScale data read 
before the reading and Scanning period. 

2. The image display method according to claim 1, the 
determining Step including: 

when grayScale data was refreshed during the reading and 
Scanning period, determining that the Specific refresh 
occurred, regardless of the reading address at the time 
when the refresh occurred. 

3. The image display method according to claim 1, the 
determining Step including: 

when grayScale data was refreshed during the reading and 
Scanning period, determining whether or not all 
addresses in which the refresh occurred are included in 
a region specified as a reading address in the reading 
and Scanning period in which the refresh occurred; 

predicting a reading address when the refresh is com 
pleted, and determining whether or not all addresses in 
which the refresh occurred are included in a region 
after the predicted reading address, and 

if both determinations are negative, determining that the 
Specific refresh occurred. 

4. The image display method according to claim 1, the 
Skipping Step including: 

when it is determined in the first Step that the Specific 
refresh occurred, Skipping the reading operation for 
rows Subsequent to the row including the reading 
address at the time when the determination is made; 
and 

maintaining the pixels positioned after pixel rows corre 
sponding to the addresses of the Skipped rows. 

5. The image display method according to claim 4, further 
comprising, following the skipping Step: 

in the case where the write polarity for the same pixel is 
inverted at least every one vertical Scanning period 
according to a polarity-indicator flag for indicating the 
write polarity, determining in the determining Step that 
the Specific refresh occurred, and 

Writing, in a reading and Scanning period Subsequent to 
the reading and Scanning period in which the Specific 
refresh occurred, a pixel corresponding to the skipped 
address with a polarity opposite to the polarity in the 
reading and Scanning period in which the Specific 
refresh occurred, regardless of the polarity-indicator 
flag, and 

when the opposite write polarity for the pixel correspond 
ing to the skipped address is the same as the write 
polarity indicated by the indication during a reading 
and Scanning period Subsequent to the reading and 
Scanning period in which the writing operation in the 
Writing Step was performed, 
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skipping the reading operation from the address corre 
sponding to that pixel, and 

maintaining the pixel corresponding to the skipped 
address at the gray level written with the opposite 
polarity. 

6. An image display device, comprising: 
a display panel including individual pixels, 
a display memory having addresses corresponding to the 

individual pixels in the display panel, to Store grayScale 
data to specify the gray level of the pixel for each 
address, 

a specifying device to specify reading addresses from the 
display memory in an order Synchronous with vertical 
Scanning and horizontal Scanning of the display 
memory; and 

a reading device to Sequentially read the grayScale data 
from the reading addresses, where the pixels of the 
display panel are set to the gray level Specified by the 
grayScale data; 

a determining device to determine whether or not a 
Specific refresh, which can cause a reduction in the 
display quality, occurred in the display memory during 
a reading and Scanning period in which the reading 
addresses are specified; and 

a first maintaining device to, if it is determined by the 
determining device that the Specific refresh occurred, 
Skip the reading operation of the grayScale data at least 
from an address at which the Specific refresh occurred 
during the reading and Scanning period in which the 
Specific refresh occurred, and to maintain a pixel cor 
responding to the Skipped address at the gray level 
Specified by the grayScale data read before the reading 
and Scanning period. 

7. The image display device according to claim 6, when 
grayScale data was refreshed during the reading and Scan 
ning period, the determining device determining that the 
Specific refresh occurred, regardless of the reading address 
at the time when the refresh occurred. 

8. The image display device according to claim 6, when 
grayScale data was refreshed during the reading and Scan 
ning period, the determining device determining whether or 
not all addresses in which the refresh occurred are included 
in a region Specified as a reading address in a reading and 
Scanning period in which the refresh occurred, and 

predicting a reading address when the refresh is com 
pleted, and determining whether or not all addresses in 
which the refresh occurred are included in a region 
after the predicted reading address, and 

if both determinations are negative, the determining 
device determining that the Specific refresh occurred. 

9. The image display device according to claim 6, when 
the determining device determines that the Specific refresh 
occurred, the first maintaining device skipping the reading 
operation for rows Subsequent to the row including the 
reading address at the time when the determination is made, 
and 

maintaining the pixels positioned after pixel rows corre 
sponding to the addresses of the Skipped rows. 
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10. The image display device according to claim 9, further when the opposite write polarity for the pixel correspond 
comprising: ing to the skipped address is the same as the write 

polarity indicated by the indication during a reading 
and Scanning period Subsequent to the reading and 
Scanning period in which the writing operation was 
performed by the writing device, 

in the case where the write polarity for the same pixel is 
inverted at least every one vertical Scanning period 
according to a polarity-indicator flag to indicate the 
write polarity, if the determining device determines that 
the Specific refresh occurred, a Second maintaining device to Skip the reading operation 

from the address corresponding to that pixel, and to 
maintain the pixel corresponding to the Skipped address 
at the gray level written with the opposite polarity. 

11. Electronic equipment, comprising: 

a writing device to write, in a reading and Scanning period 
Subsequent to the reading and Scanning period in which 
the Specific refresh occurred, a pixel corresponding to 
the Skipped address with a polarity opposite to the 
polarity in the reading and Scanning period in which the the image display device according to claim 6. 
Specific refresh occurred, regardless of the polarity 
indicator flag, and k . . . . 
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