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(57) Abstract: Provided is a display 
device including: a still image detection 
unit (122) which inputs a video signal 
having a linear characteristic and 
calculates an average value of signal 
levels of a video signal having a linear 
characteristic per pixel; a storage unit 
(150) which successively stores the 
average value calculated by the still 
image detection unit (122); a still image 
judging unit (162) which judges whether 
an image displayed on the current screen 
is a still image according to a difference 
between the average value stored in 
the storage unit (150) and the average 
value immediately before; a coefficient 
calculation unit (164) which calculates a 
coefficient to lower the luminance of an 
image to be displayed on a display unit 
when the still image judging unit (162) 
has judged that a still image is displayed 
on the current screen; and a signal level 
correction unit (128) which multiplies 
the video signal by the coefficient 
calculated by the coefficient calculation 
unit (164).

(57)

^£¢^)5^-(7))5^- bAjlzOiliM
tz y <d ψ $ )1 £ » a r £ si it® 

(1 2 2 ) <t, SlitHfciSSfi
(15 0) IdBtft



WO 2008/143134 Al llllllllllllllllllllllllllllllllllllll^^
(81) iiss y,

of IB): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, 
BH, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, 
DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, 
GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, 
KN, KR KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, 
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, 
SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84)
IB): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD,

SL, SZ, TZ, UG, ZM, ZW), ZL — '> 7 (AM, AZ, BY,
KG, KZ, MD, RU, TJ, TM), 3 — □ "J Λ (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, 
IE, IS, IT, LT, LU, LV, MC, MT, NL, NO, PL, PT, RO, SE, 
SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG).

ϊΒ£(Ζ)ϊϋ® $ tiZ δ Hit®
flSSP (16 2) h, (16 2)
ic, (16 4) t, tmwasp d 6 4) rwa

(12 8) h, ££<L\



1
20

08
25

41
80

 
29

 F
eb

 2
01

2

DISPLAY DEVICE, DISPLAY DEVICE DRIVE METHOD, AND COMPUTER 
PROGRAM

TECHNICAL FIELD
The present invention relates to a display device and a display device drive 

method, and more particularly, to an active-matrix type display device where 
scanning lines for selecting pixels in a predetermined scan cycle, data lines 
providing luminance information for driving the pixels, and pixel circuits for 
controlling an amount of current based on the luminance information and causing 
light-emitting elements to emit light according to the amount of current are 
arranged in a matrix configuration, and a drive method therefore.

BACKGROUND ART
Liquid-crystal display devices that use liquid crystal and plasma display 

devices that use plasma have found practical application as flat and thin display 
devices.

A liquid-crystal display device provides a backlight, and displays images 
by altering an array of liquid-crystal molecules by application of voltage, passing 
or blocking light from the backlight. Additionally, a plasma display device 
causes a plasma state to occur by application of voltage to a gas enclosed within a 
substrate to assume, and ultraviolet light produced by energy occurring on return 
from the plasma state to the original state becomes visible light through emission 
to a fluorescent material, displaying an image.

Meanwhile, in recent years, development has been progressing for self- 
illuminating displays employing organic EL (electroluminescent) elements in 
which the element itself emits light when voltage is applied. When the organic 
EL element receives energy by electrolysis, it changes from a ground state to an 
excited state, and at the time of return from the excited state to the ground state, 
the energy difference is emitted as light. The organic EL display device is a 
display device that displays images using the light emitted by these organic EL 
elements.

A self-illuminating display device, unlike a liquid-crystal display device, 
which requires a backlight, requires no backlight because the elements themselves 
emit light, and so it is possible to make the structure thin compared to a liquid- 
crystal display device. Additionally, because motion characteristics, viewing- 
angle characteristics, color-reproduction performance, and the like are excellent 
compared to a liquid-crystal display device, organic EL display devices are 
attracting attention as next-generation flat and thin display devices.

However, in an organic EL element, light-emission characteristics 
deteriorate when application of voltage is continued, and luminance declines even 
with input of the same current. As a result of this, in a case where the light- 
emission frequency of a specific pixel is high, the light-emission characteristics 
of the specific pixel deteriorate compared to other pixels, and an image having a 
disrupted white balance is displayed. The phenomenon in which the light- 
emission characteristics of a specific pixel deteriorate compared to other pixels is 
called “burn-in phenomenon.”
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For example, Patent Document 1 discloses a method for converting 
luminance of images to retard progression of the degree of deterioration of light- 
emitting elements of pixel accompanying deterioration of characteristics over 
time, and prevent deterioration of white balance.

Patent Document 1
Japanese Patent Application Publication No. JP-A-2005-43776
However, the method disclosed in Patent Document 1 has an issue such that 

signal processing becomes complicated because frequency distribution of 
gradation is calculated for input images, and thus the images are binarized so that 
regions on which a fixed image is displayed are calculated.

Accordingly, in light of the foregoing, it is desirable to provide a novel and 
improved display device which performs signal processing on a video signal 
having linear characteristic so as to detect presence/non-presence of display of a 
still image on a screen and adjusts the signal level of a video signal so as to 
prevent burn-in, and a drive method for the display device and a computer 
program.

DISCLOSURE OF THE INVENTION
According to an embodiment of the present invention, there is provided a 

display device comprising a display unit configured to display an image, the 
display unit comprising: (i) one or more pixels having one or more light emitting 
elements that emit light according to an electric current, wherein the pixels are 
arranged in a matrix pattern; (ii) one or more pixel circuits configured to control 
the electric current applied to the light emitting elements according to one or 
more signals; (iii) one or more scanning lines configured to supply one or more 
selection signals for selecting the pixels to emit light; and (iv) one or more data 
lines configured to supply the signals to the pixel circuits, the display device 
comprising:

an average value calculation unit configured to receive the signals, and to 
calculate one or more individual average values of signal levels of the signals in 
relation to each one of a plurality of regions displayed by the display unit;

an average value storage unit configured to store the individual average 
values calculated by the average value calculation unit;

a still image judging unit configured to judge whether a still image is 
displayed in each one of the regions based on a difference between the individual 
average values stored in the average value storage unit and one or more last 
average values, to calculate a degree of still image for each one of the regions 
where it is judged that a still image is displayed, and to judge that a still image is 
displayed on an entire image display region of the display unit when it is judged 
that a still image is displayed in at least one of the regions displayed by the 
display unit;

a coefficient calculation unit configured to determine which one of the 
regions where it is judged that a still image is displayed has a largest degree of 
still image, to calculate one or more correction coefficients for reducing 
luminance of the still image displayed in the region having the largest degree of 
still image based on the degree of still image of the region having the largest 
degree of still image, and to calculate one or more further correction coefficients

3832523.1 (GHMatters) P823e4.AU
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for reducing the luminance of the entire image display region based on the degree 
of still image of the region having the largest degree of still image; and

a coefficient multiplying unit configured to multiply the signals in relation 
to a region where it is judged that a still image is displayed by the correction 
coefficients calculated by the coefficient calculation unit, and to multiply the 
signals in relation to the entire image display region by the further correction 
coefficients calculated by the coefficient calculation unit,

wherein the signals have a linear characteristic, and
wherein the correction coefficients for reducing the luminance in the region 

of the largest degree of still image are smaller than the further correction 
coefficients for reducing the luminance of the entire image display region.

According to this structure, the average value calculation unit inputs video 
signals having linear characteristic and calculates an average value of signal 
levels of the video signals having linear characteristic in each of the pixels. The 
average value storage unit sequentially stores the average values calculated by the 
average value calculation unit. The still image judging unit judges whether a still 
image is displayed on a present screen based on a difference between the average 
value stored in the average value storage unit and a last average value. When it is 
determined that a still image is displayed on the present screen as a result of the 
judgment in the still image judging unit, the coefficient calculation unit calculates 
coefficients for reducing luminance of an image displayed on the display unit. 
The coefficient multiplying unit multiplies the video signals by the coefficients 
calculated by the coefficient calculation unit. As a result, by performing signal 
processing with respect to video signals having linear characteristic and detecting 
the presence/nonpresence of the display of a still image on the screen, calculating 
coefficients for adjusting the signal levels of the video signals according to the 
presence/nonpresence of the display of a still image, and adjusting the signal 
levels of the video signals, the burn-in phenomenon of the screen can be 
prevented.

The above-described display device may further include a linear conversion 
unit which converts video signals having gamma characteristic into the video 
signals having linear characteristic. According to this structure, the linear 
conversion unit converts video signals having gamma characteristic into the video 
signals having linear characteristic. The video signals having linear characteristic 
converted by the linear conversion unit are input into the average value 
calculation unit, and the average value of the signal levels is calculated from the 
video signals. As a result, various types of signal processing with respect to the 
video signals can be performed easily.

The above-described display device may further include a gamma 
conversion unit which converts output signals of the coefficient multiplying unit 
having linear characteristic into signals having gamma characteristic. According 
to this structure, the gamma conversion unit converts the output signals of the 
coefficient multiplying unit having linear characteristic into signals having 
gamma characteristic. As a result, due to the video signals having gamma 
characteristic, gamma characteristic of the display unit is canceled and linear 
characteristic can be imparted so that self light emitting elements in the interior 
of the display unit emit light in response to the signal current.

3332523.1 (GHMatters) P82384.ALJ
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The coefficient calculation unit may calculate correction coefficients for 
reducing the luminance in the region where an image having the highest 
luminance is displayed.

The still image judging unit may divide the display unit into a plurality of 
regions where a number of pixels of one side is an exponentiation of 2. As a 
result, circuitry to perform signal processing can be simplified.

Additionally, according to another embodiment of the present invention, 
there is provided a method for controlling a display device comprising a display 
unit configured to display an image, the display unit comprising: (i) one or more 
pixels having one or more light emitting elements that emit light according to an 
electric current, wherein the pixels are arranged in a matrix pattern; (ii) one or 
more pixel circuits configured to control the electric current applied to the light 
emitting elements according to one or more signals; (iii) one or more scanning 
lines configured to supply one or more selection signals for selecting the pixels to 
emit light; and (iv) one or more data lines configured to supply the signals to the 
pixels, the method comprising the steps of:

an average value calculation unit receiving the signals, and calculating one 
or more individual average values of signal levels of the signals in relation to 
each one of a plurality of regions displayed by the display unit;

an average value storage unit storing the average values calculated by the 
average value calculation unit;

a still image judging unit judging whether a still image is displayed on each 
of the regions based on a difference between the individual average values stored 
in the average value storing unit and one or more last average values;

the still image judging unit calculating a degree of still image for each one 
of the regions where it is judged that a still image is displayed;

the still image judging unit judging that a still image is displayed on an 
entire image display region of the display unit when it is judged that a still image 
is displayed in at least one of the regions displayed by the display unit;

a coefficient calculation unit determining which one of the regions where it 
is judged that a still image is displayed has the largest degree of still image;

the coefficient calculation unit calculating one or more correction 
coefficients for reducing luminance of the still image displayed in the region 
having the largest degree of still image based on the degree of still image of the 
region having the largest degree of still image;

the coefficient calculation unit calculating one or more further correction 
coefficients for reducing the luminance of the entire image display region based 
on the degree of still image of the region having the largest degree of still image

a coefficient multiplying unit multiplying the signals in relation to a region 
where it is judged that a still image is displayed by the correction coefficients 
calculated by the coefficient calculation unit; and

the coefficient multiplying unit multiplying the signals in relation to the 
entire image display region by the further correction coefficients calculated by the 
coefficient calculation unit,

wherein the signals have a linear characteristic, and
wherein the correction coefficients for reducing the luminance in the region 

of the largest degree of still image are smaller than the further correction 
coefficient for reducing the luminance of the entire image display region.

3832523.1 (GHMatters) P82384AU
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As a result, by performing signal processing with respect to video signals 
having linear characteristic and detecting the presence/nonpresence of the display 
of a still image on the screen, calculating coefficients for adjusting the signal 
levels of the video signals according to the presence/nonpresence of the display of 
a still image, and adjusting the signal levels of the video signals, the burn-in 
phenomenon of the screen can be prevented.

Additionally, according to another embodiment of the present invention, 
there is provided a computer program which causes a computer to execute the 
above method.

According to this structure, the average value calculating step inputs video 
signals having linear characteristic and calculates an average value of signal 
levels of the video signals in each of the pixels. The average value storing step 
stores the average values calculated at the average value calculating step. The 
still image judging step judges whether a still image is displayed on the display 
unit based on a difference between the average value stored at the average value 
storing step and the last average value. When it is judged that a still image is 
displayed on the display unit as a result of the judgment at the still image judging 
step, the coefficient calculating step calculates coefficients for reducing 
luminance of an image displayed on the display unit. The coefficient multiplying 
step multiplies the video signals by the coefficients calculated at the coefficient 
calculating step. As a result, by performing signal processing with respect to 
video signals having linear characteristic and detecting the presence/nonpresence 
of the display of a still image on the screen, calculating coefficients for adjusting 
the signal levels of the video signals according to the presence/nonpresence of the 
display of a still image, and adjusting the signal levels of the video signals, the 
burn-in phenomenon of the screen can be prevented.

According to the present invention described above, there is provided a 
novel and improved display device which performs signal processing on video 
signals having linear characteristic and detects the presence/non-presence of the 
display of a still image oh the screen and adjusts the luminance so as to be 
capable of preventing burn-in, and the drive method for the display device.

BRIEF DESCRIPTION OF THE DRAWINGS
In order that the invention may be more clearly ascertained, embodiments 

will now be described, by way of example, with reference to the accompanying 
drawings, in which:

FIG. 1 is an explanatory diagram explaining the structure of a display 
device 100 according to an embodiment of the present invention.

FIG. 2 A is an explanatory diagram explaining, using a graph, a 
characteristic transition of a signal flowing in the display device 100 according to 
the embodiment of the present invention.

FIG. 2B is an explanatory diagram explaining, using a graph, a 
characteristic transition of the signal flowing in the display device 100 according 
to the embodiment of the present invention.

FIG. 2C is an explanatory diagram explaining, using a graph, a 
characteristic transition of the signal flowing in the display device 100 according 
to the embodiment of the present invention.

3832523.1 (GHMatters) P823M.AU
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FIG. 2D is an explanatory diagram explaining, using a graph, a 
characteristic transition of the signal flowing in the display device 100 according 
to the embodiment of the present invention.

FIG. 2E is an explanatory diagram explaining, using a graph, a 
characteristic transition of the signal flowing in the display device 100 according 
to the embodiment of the present invention.

FIG. 2F is an explanatory diagram explaining, using a graph, a 
characteristic transition of the signal flowing in the display device 100 according 
to the embodiment of the present invention.

FIG. 3 is a cross-sectional view depicting one example of cross-sectional 
structure of a pixel circuit disposed in a panel 158.

FIG. 4 is an equivalent circuit diagram of a 5Tr/lC drive circuit.
FIG. 5 is a timing chart of drive of the 5Tr/lC drive circuit.
FIG. 6A is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6B is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6C is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6D is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6E is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6F is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6G is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 6H is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 61 is an explanatory diagram depicting on/off states and the like of 

each transistor of the 5Tr/lC drive circuit.
FIG. 7 is an equivalent circuit diagram of a 2Tr/lC drive circuit.
FIG. 8 is a timing chart of drive of the 2Tr/lC drive circuit.
FIG. 9A is an explanatory diagram depicting on/off states and the like of 

each transistor of the 2Tr/lC drive circuit.
FIG. 9B is an explanatory diagram depicting on/off states and the like of 

each transistor of the 2Tr/lC drive circuit.
FIG. 9C is an explanatory diagram depicting on/off states and the like of 

each transistor of the 2Tr/lC drive circuit.
FIG. 9D is an explanatory diagram depicting on/off states and the like of 

each transistor of the 2Tr/lC drive circuit.
FIG. 9E is an explanatory diagram depicting on/off states and the like of 

each transistor of the 2Tr/lC drive circuit.
FIG. 9F is an explanatory diagram depicting on/off states and the like of 

each transistor of the 2Tr/lC drive circuit.
FIG. 10 is an equivalent circuit diagram of a 4Tr/lC drive circuit.
FIG. 11 is an equivalent circuit diagram of a 3Tr/lC drive circuit.

3832523_1 (GHMauers) P82364AU
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FIG. 12 is an explanatory diagram explaining a signal level correction unit 
128 and structural components relating to the signal level correction unit 128.

FIG. 13 is an explanatory diagram explaining division of an image display 
region on a screen according to the embodiment of the present invention.

FIG. 14 is a flow chart explaining a still image judging method according 
to the embodiment of the present invention.

FIG. 15 is an explanatory diagram explaining division of the image display 
region on the screen according to the embodiment of the present invention.

FIG. 16A is an explanatory diagram explaining a measuring order of the 
signal level in each region according to the embodiment of the present invention.

FIG. 16B is an explanatory diagram explaining a measuring order of the 
signal level in each region according to the embodiment of the present invention;

FIG. 16C is an explanatory diagram explaining a measuring order of the 
signal level in each region according to the embodiment of the present invention.

FIG. 17 is an explanatory diagram explaining the measurement of the signal 
level in a still image detection unit 122 according to the embodiment of the 
present invention.

FIG. 18 is an explanatory diagram explaining the determination of a still 
image according to the embodiment of the present invention.

FIG. 19 is an explanatory diagram depicting, using a graph, a relationship 
between the degree of still image and time according to the embodiment of the 
present invention.

FIG. 20 is an explanatory diagram depicting, using a graph, a relationship 
between the degree of still image and a gain according to the embodiment of the 
present invention.

EXPLANATION OF NUMERAL
100 display device
104 control unit
106 recording unit
110 signal-processing integrated circuit
112 edge-blurring unit
114 I/F unit
116 linear conversion unit
118 pattern generation unit
120 color-temperature adjustment unit
122 still image detection unit
124 long-term color-temperature correction unit
126 light-emission time control unit
128 signal level correction unit
130 unevenness correction unit
132 gamma conversion unit
134 dither processing unit
136 signal output unit
138 long-term color-temperature correction detection unit
140 gate pulse output unit
142 gamma-circuit control unit
150 storage unit
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152 data driver
154 gamma circuit
156 overcurrent detection unit;
158 panel
162 still image judging unit
164 coefficient calculation unit

DETAILED DESCRIPTION
Hereinafter, preferred embodiments of the present invention will be 

described in detail with reference to the appended drawings. Note that, in this 
specification and the appended drawings, structural elements that have 
substantially the same function and structure are denoted with the same reference 
numerals, and repeated explanation of these structural elements is omitted.

Firstly, a structure of a display device according to an embodiment of the 
present invention will be described. FIG. 1 is an explanatory diagram explaining 
the structure of a display device 100 according to the embodiment of the present 
invention. The structure of the display device 100 according to one embodiment 
of the present invention will be described below with reference to FIG. 1.

As shown in FIG. 1, the display device 100 according to the embodiment of 
the present invention includes a control unit 104, a recording unit 106, a signal
processing integrated circuit 110, a storage unit 150, a data driver 152, a gamma 
circuit 154, an overcurrent detection unit 156, and a panel 158.

The signal-processing integrated circuit 110 includes an edge-blurring unit 
112, an I/F unit 114, a linear conversion unit 116, a pattern generation unit 118, a 
color-temperature adjustment unit 120, a still image detection unit 122, a long
term color-temperature correction unit 124, a light-emission time control unit 
126, a signal level correction unit 128, an unevenness correction unit 130, a 
gamma conversion unit 132, a dither processing unit 134, a signal output unit 136, 
a long-term color-temperature correction detection unit 138, a gate pulse output 
unit 140, and a gamma-circuit control unit 142.

When receiving a video signal, the display device 100 analyzes the video 
signal, and turns on pixels arranged in the panel 158, mentioned later, according 
to the analyzed contents, so as to display a video through the panel 158.

The control unit 104 controls the signal-processing integrated circuit 110 
and sends and receives signals to and from the I/F unit 114. Additionally, the 
control unit 104 executes various signal processing on the signals received from 
the I/F unit 114. The signal processing executed in the control unit 104 includes, 
for example, calculation of gain to be used for adjusting luminance of an image 
displayed on the panel 158.

The recording unit 106 is for storing information for controlling the signal
processing integrated circuit 110 in the control unit 104 therein. A memory that 
can store information without deletion of the information even if power of the

3632523.1 (GHMatlers) PB2354.AU
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display device 100 is turned off is preferably used as the recording unit 106. An 
EEPROM (Electronically Erasable and Programmable Read Only Memory) that 
can electronically rewrite contents is desirably used as the memory that is adopted 
as the recording unit 106. The EEPROM is a nonvolatile memory which can write 
or delete data with the EEPROM being packaged on a substrate, and is suitable 
for storing information of the display device 100 that changes moment by 
moment.

The signal-processing integrated circuit 110 inputs a video signal and 
executes signal processing with respect to the input video signal. In this 
embodiment, the video signal input into the signal-processing integrated circuit 
110 is a digital signal, and signal width is 10 bits. The signal processing to be 
executed on the input video signal is executed in the respective units in the 
signal-processing integrated circuit 1 10.

The edge-blurring unit 112 executes signal processing for blurring an edge 
on the input video signal. Specifically, the edge-blurring unit 112 intentionally 
shifts an image and blurs its edge so as to prevent a phenomenon of burn-in of the 
image onto the panel 158.

The linear conversion unit 116 executes signal processing for converting a 
video signal whose output with respect to an input has a gamma characteristic into 
a video signal having a linear characteristic. When the linear conversion unit 116 
executes the signal processing so that the output with respect to the input has the 
linear characteristic, various processing with respect to images displayed on the 
panel 158 becomes easy. The signal processing in the linear conversion unit 116 
widens the signal width of the video signal from 10 bits to 14 bits.

The pattern generation unit 118 generates test patterns to be used in the 
image processing inside the display device 100. The test patterns to be used in 
the image processing in the display device 100 include, for example, a test pattern 
which is used for display inspection of the panel 158.

The color-temperature adjustment unit 120 adjusts color temperature of 
images, and adjusts colors to be displayed on the panel 158 of the display device 
100. Although not shown in FIG. 1, the display device 100 includes color- 
temperature adjusting means for adjusting color temperature, and when a user 
operates the color-temperature adjusting means, color temperature of images to be 
displayed on the screen can be adjusted manually.

The long-term color-temperature correction unit 124 corrects deterioration 
with age due to variation in luminance/time characteristic (LT characteristic) of 
respective colors R (red), G (green), and B (blue) of organic EL elements. 
Because the organic EL elements have different LT characteristics of R, G, and B, 
color balance deteriorates over light-emission time. The long-term color- 
temperature correction unit 124 corrects the color balance.

The light-emission time control unit 126 calculates a duty ratio of a pulse 
at the time of displaying video on the panel 158, and controls the light-emission 
time of the organic EL elements. The display device 100 applies an electric 
current to the organic EL elements in the panel 158 while the pulse is in a HI 
state, so as to cause the organic EL elements to emit light and display an image.

The signal level correction unit 128 corrects the level of the video signal 
and adjusts the luminance of the video to be displayed on the panel 158 in order 
to prevent an image burn-in phenomenon. In the image burn-in phenomenon,
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deterioration of light-emission characteristics occurs in a case where the light- 
emission frequency of a specific pixel is high compared to other pixels, leading to 
a decline in luminance of the pixel that has deteriorated compared with other 
pixels which have not deteriorated, and the difference in luminance with the 
surrounding portion which has not deteriorated becomes larger. Due to this 
difference in luminance, text appears to be burned into the screen.

The signal level correction unit 128 calculates the amount of light emission 
of respective pixels or a pixel group based on the video signal and the duty ratio 
of the pulse calculated by the light-emission time control unit 126, and calculates 
gain for reducing the luminance according to need based on the calculated amount 
of light emission, so as to multiply the video signal by the calculated gain.

The long-term color-temperature correction detection unit 138 detects 
information for correction in the long-term-temperature correction unit 124. The 
information detected by the long-term color-temperature correction detection unit 
138 is sent to the control unit 104 via the I/F unit 114, and is recorded in the 
recording unit 106 via the control unit 104.

The unevenness correction unit 130 corrects unevenness of images and 
videos displayed on the panel 158. Horizontal stripes and vertical stripes of the 
panel 158 and unevenness of the entire screen are corrected based on the level of 
an input signal and a coordinate position.

The gamma conversion unit 132 executes signal processing for converting 
the video signal converted into a signal having a linear characteristic by the linear 
conversion unit 116 into a signal having a gamma characteristic. The signal 
processing executed in the gamma conversion unit 132 is signal processing for 
canceling the gamma characteristic of the panel 158 and converting a signal into a 
signal having a linear characteristic so that the organic EL elements in the panel 
158 emit light according to the electric current of the signal. When the gamma 
conversion unit 132 performs the signal processing, the signal width changes from 
14 bits to 12 bits.

The dither processing unit 134 executes dithering with respect to the signal 
converted by the gamma conversion unit 132. The dithering provides display 
where displayable colors are combined in order to express medium colors in an 
environment in which the number of usable colors is small. By executing 
dithering by the dither processing unit 134, colors which intrinsically cannot be 
displayed on the panel can be simulated and expressed. The signal width is 
changed from 12 bits to 10 bits by the dithering in the dither processing unit 134.

The signal output unit 136 outputs the signal after dithering by the dither 
processing unit 134 to the data driver 152. The signal sent from the signal output 
unit 136 to the data driver 152 is a signal multiplied by information about the 
amount of light emission of respective colors R, G, and B, and the signal 
multiplied by the information about the light-emission time is output in the form 
of a pulse from the gate pulse output unit 140.

The gate pulse output unit 140 outputs a pulse for controlling the light- 
emission time of the panel 158. The pulse output from the gate pulse output unit 
140 is a pulse calculated by the light-emission time control unit 126 based on the 
duty ratio. The pulse from the gate pulse output unit 140 determines the light- 
emission time of each pixel on the panel 158.
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The gamma-circuit control unit 142 gives a setting value to the gamma 
circuit 154. The setting value is a reference voltage to be given to ladder 
resistance of a D/A converter contained inside the data driver 152.

The storage unit 150 stores information that becomes necessary when a 
signal level is corrected in the signal level correction unit 128. Unlike the 
recording unit 106, a memory in which contents are deleted when the power is 
turned off may be used as the storage unit 150, and, for example, SDRAM 
(Synchronous Dynamic Random Access Memory) is desirably used as such a 
memory. The information to be stored in the storage unit 150 is described later.

In a case where overcurrent is produced by substrate short circuit or the 
like, the overcurrent detection unit 156 detects the overcurrent and notifies the 
gate pulse output unit 140. In a case where overcurrent is produced, the 
overcurrent detection unit 156 can prevent the overcurrent from being applied to 
the panel 158.

The data driver 152 executes signal processing with respect to the signal 
received from the signal output unit 136, and outputs a signal for displaying video 
on the panel 158 to the panel 158. The data driver 152 includes a D/A converter, 
and converts a digital signal into an analog signal and outputs the analog signal.

The gamma circuit 154 gives a reference voltage to the ladder resistance of 
the D/A converter contained inside the data driver 152. The reference voltage to 
be given to the ladder resistance is generated by the gamma-circuit control unit 
142.

The panel 158 is one example of a display unit of the present invention, and 
inputs an output signal from the data driver 152 and an output pulse from the gate 
pulse output unit 140, causing the organic EL elements to emit light to display an 
image according to the input signal and pulse. The organic EL elements are self- 
illuminating type elements which emit light when a voltage is applied, and their 
amount of light emission is proportional to the voltage. Consequently, an IL 
characteristic (current/light-emission amount characteristic) of the organic EL 
elements also comes to have a proportional relationship.

In the panel 158, not shown in the figure, scanning lines that select pixels 
in a predetermined scanning cycle, data lines that give luminance information for 
driving the pixels, and pixel circuits that control the amount of electric current 
based on the luminance information and cause the organic EL elements as light 
emitting elements to emit light according to the amount of electric current, are 
structured by arrangement in a matrix pattern, and the structuring of the scanning 
lines, the data lines, and the pixel circuits in this way enables the display device 
100 to display images.

The structure of the display device 100 according to the embodiment of the 
present invention has been described above with reference to FIG. 1. The display 
device 100 according to the embodiment of the present invention depicted in FIG. 
1 converts a video signal to a signal having a linear characteristic using the linear 
conversion unit 116 and thereafter inputs the converted video signal into the 
pattern generation unit 118, but the pattern generation unit 118 and the linear 
conversion unit 1 16 may be interchanged.

Next, a characteristic transition of a signal flowing in the display device 
100 according to the embodiment of the present invention will be described 
below. FIGS. 2A through 2F are explanatory diagrams explaining, using graphs,
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12 characteristic transitions of the signal flowing in the display device 100 according 

to the embodiment of the present invention. In the respective graphs in FIGS. 2A 
to 2F, an abscissa axis represents input and an ordinate axis represents output.

FIG. 2A illustrates that when a subject is input, the linear conversion unit 
116 multiplies a video signal whose output A with respect to the light quantity of 
the subject has a gamma characteristic by an inverse gamma curve (linear gamma) 
so as to convert the video signal into a video signal whose output with respect to 
the light quantity of the subject has a linear characteristic.

FIG. 2B illustrates that the gamma conversion unit 132 multiplies a video 
signal converted so that an output B with respect to the input of the light quantity 
of the subject has a linear characteristic by a gamma curve, so as to convert the 
video signal into a video signal whose output with respect to the input of the light 
quantity of the subject has a gamma characteristic.

FIG. 2C illustrates that the data driver 152 performs D/A conversion of a 
video signal, which is converted so that an output C with respect to the input of 
the light quantity of the subject has the gamma characteristic, into an analog 
signal. In the D/A conversion, a relationship between input and output has the 
linear characteristic. Consequently, the data driver 152 performs D/A conversion 
on a video signal, and when the light quantity of the subject is input, an output 
voltage has the gamma characteristic.

FIG. 2D illustrates that when the video signal which was subject to the D/A 
conversion is input into a transistor included in the panel 158, both gamma 
characteristics are canceled. The VI characteristic of the transistor is the gamma 
characteristic which has a curve inverse to a gamma characteristic of the output 
voltage with respect to the input of the light quantity of the subject. 
Consequently, when the light quantity of the subject is input, the conversion can 
be again carried out so that the output current has a linear characteristic.

FIG. 2E illustrates that when the light quantity of the subject is input, the 
signal whose output current has a linear characteristic is input into the panel 158, 
and the signal having the linear characteristic is multiplied by the IL 
characteristic of the organic EL elements having the linear characteristic.

As a result, as shown in FIG. 2F, when the light quantity of the subject is 
input, the amount of light emission of the panel (OLED; Organic Light Emitting 
Diode) has the linear characteristic. Therefore, by multiplying the video signal 
by an inverse gamma curve and converting the video signal in the linear 
conversion unit 116 so as to have a linear characteristic, it becomes possible to 
perform signal processing on the interval to the gamma conversion unit 132 from 
the linear conversion unit 116 in the signal-processing integrated circuit 110 
shown in FIG. 1 as a linear region.

The characteristic transitions of the signals flowing in the display device 
100 according to the embodiment of the present invention have been described 
above.
[Pixel circuit structure]

Next, one example of the structure of the pixel circuit disposed in the panel 
158 will be described.

FIG. 3 is a cross-sectional view depicting one example of cross-sectional 
structure of the pixel circuit disposed in the panel 158. As shown in FIG. 3, the 
pixel circuit disposed in the panel 158 has a structure in which an insulation film
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12 1202, an insulation leveling film 1203, and a window insulation film 1204 are 

formed in that order on a glass substrate 1201 in which is formed a drive circuit 
including a drive transistor 1022 and the like, and an organic EL element 1021 
disposed in a concavity 1204A in the window insulation film 1204. Here, of the 
respective structural elements of the drive circuit, only the drive transistor 1022 
is depicted, and indication of other structural elements is omitted.

The organic EL element 1021 is made up of an anode electrode 1205 
composed of metal or the like formed on a bottom portion of the concavity 1204A 
in the window insulation film 1204, an organic layer (electron-transport layer, 
light-emission layer, and hole-transport layer/hole-implantation layer) 1206 
formed on the anode electrode 1205, and a cathode electrode 1207 made up of a 
transparent conductive film or the like formed commonly on all pixels on the 
organic layer 1206.

In this organic EL element 1021, the organic layer 1206 is formed by 
sequentially depositing a hole-transport layer/hole-implantation layer 2061, a 
light-emission layer 2062, an electron-transport layer 2063, and an electron- 
implantation layer (not shown in the figure) on the anode electrode 1205. 
Accordingly, light is emitted when electrons and holes recombine in the light- 
emission layer 2062 in the organic layer 1206 due to current flowing from the 
drive transistor 1022 via the anode electrode 1205 to the organic layer 1206, 
under current drive by the drive transistor 1022.

The drive transistor 1022 is made up of a gate electrode 1221, a 
source/drain region 1223 disposed on one side of a semiconductor layer 1222, a 
drain/source region 1224 disposed on the other side of the semiconductor layer 
1222, and a channel-forming region 1225 of a portion facing the gate electrode 
1221 of the semiconductor layer 1222. The source/drain region 1223 is 
electrically connected to the anode electrode 1205 of the organic EL element 1021 
via a contact hole.

Accordingly, as shown in FIG. 3, after the organic EL element 1021 has 
been formed in pixel units, via the insulation film 1202, the insulation leveling 
film 1203, and the window insulation film 1204, on the glass substrate 1201 in 
which is formed the drive circuit including the drive transistor 1022, a sealing 
substrate 1209 is attached by an adhesive 1210 via a passivation film 1208, and 
the organic EL element 1021 is sealed by the sealing substrate 1209, forming the 
panel 158.
[Drive circuit]

Next, one example of the structure of the drive circuit disposed in the panel 
158 will be described.

Various circuits exist as drive circuits for driving a light-emission unit ELP 
provided with organic EL elements, but items common to a drive circuit 
fundamentally made up of five transistors/one capacitor (which hereinafter may in 
some cases be called a 5Tr/lC drive circuit), a drive circuit fundamentally made 
up of four transistors/one capacitor (which hereinafter may in some cases be 
called a 4Tr/lC drive circuit), a drive circuit fundamentally made up of three 
transistors/one capacitor (which hereinafter may in some cases be called a 3Tr/lC 
drive circuit), and a drive circuit fundamentally made up of two transistors/one 
capacitor (which hereinafter may in some cases be called a 2Tr/lC drive circuit) 
will firstly be explained below.
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12 For convenience, each transistor constituting a drive circuit is, in principle, 

described as being made up of an n-channel type thin-film transistor (TFT). Note, 
however, that depending on the case, a portion of the transistors can also be made 
up of p-channel type TFTs. Note that a structure in which transistors are formed 
on a semiconductor substrate or the like can also be used. The structure of the 
transistors constituting the drive circuit is not particularly limited. In the 
explanation below, transistors constituting a drive circuit are described as being 
of enhancement type, but are not limited to this. Depression type transistors may 
be used. Additionally, transistors constituting the drive circuit may be of single
gate type, or may be of dual-gate type.

In the explanation below, a display device is made up of (N / 3) x M pixels 
arranged in a two-dimensional matrix pattern, and one pixel is taken to be made 
up of three sub-pixels (a red light-emitting sub-pixel that emits red light, a green 
light-emitting sub-pixel that emits green light, and a blue light-emitting sub-pixel 
that emits blue light). Additionally, the light-emitting elements constituting each 
pixel are taken to be driven in line sequence, and a display frame rate is taken to 
be FR (times/second). That is to say, (N / 3) pixels arranged in an mth row 
(where m = 1, 2, 3,.. M), or more specifically, light-emitting elements 
respectively made up of N sub-pixels, are driven simultaneously. To state this 
differently, in respective light-emitting elements constituting one row, timing of 
their light emission/light nonemission is controlled by the unit of the row to 
which they belong. Note that processing for writing a video signal with regard to 
respective pixels making up one row may be processing to write a video signal for 
all pixels simultaneously (which hereinafter may in some cases be called simply 
simultaneous write processing), or may be processing to write a sequential video 
signal for each pixel (which hereinafter may in some cases be called simply 
sequential write processing). Which write processing is used may be arbitrarily 
selected according to the structure of the drive circuit.

Here, in principle, drive and operation relating to a light-emitting element 
positioned at an mth row and nth column (where n = 1,2, 3,.. N) are described, 
but such a light-emitting element refers, hereinafter, to an (n, m)th light-emitting 
element or an (n, m)th sub-pixel. Accordingly, various processing (threshold- 
voltage cancel processing, write processing, and mobility-correction processing, 
described later) is performed until a horizontal scanning period of respective 
pixels arranged in the mth row (mth horizontal scanning period) ends. Note that 
performing write processing and mobility-correction processing within the mth 
horizontal scanning period is necessary. On the other hand, depending on the 
type of the drive circuit, threshold-voltage cancel processing and preprocessing 
accompanying this can be performed in advance of the mth horizontal scanning 
period.

Accordingly, after the various processing described above has finished 
completely, light-emission units constituting the respective light-emitting 
elements arranged in the mth row are caused to emit light. Note that after the 
various processing described above has finished completely, the light-emission 
units may be caused to emit light immediately, or the light-emission units may be 
caused to emit light after a predetermined period (for example, a predetermined 
horizontal scanning period for several rows) has elapsed. This predetermined 
period can be set suitably according to a specification of the display device or
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structure or the like of the drive circuit. Note that, in the explanation below, for 
convenience of explanation, the light-emission unit is taken to be caused to emit 
light immediately after the various types of processing finish. Accordingly, light 
emission of the light-emission units constituting the respective light-emitting 
elements arranged in the mth row is continued until just before the start of a 
horizontal scanning period of respective light-emitting elements arranged in an (m 
+ m')th row. Here, "m"' is determined according to a design specification of the 
display device. That is to say, light emission of light-emission units constituting 
respective light-emitting elements arranged in an mth row in a given display 
frame is continued until an (m + m' - 1 )th horizontal scanning period. On the 
other hand, light-emission units constituting respective light-emitting elements 
arranged in the mth row are in principle maintained in a light-nonemission state 
from a start period of an (m + m')th horizontal scanning period until write 
processing and mobility-correction processing within an mth horizontal scanning 
period in the subsequent display frame are completed. By establishing a period of 
the above-described light-nonemission state (which hereinafter may in some cases 
be called simply a light-nonemission period), afterimage blur accompanying 
active-matrix drive is reduced, and moving-image quality can be made more 
excellent. Note, however, that the light-emission/light-nonemission state of 
respective sub-pixels (light-emitting elements) is not limited to the state 
described above. Additionally, the time length of the horizontal scanning period 
is a time length of less than (1 / FR) x (1 / M) seconds. In a case where the value 
of (m + m') exceeds M, the horizontal scanning period of the exceeding amount is 
processed in the next display frame.

In two source/drain regions having one transistor, the term "source/drain 
region of one side" may in some cases be used with the meaning of a source/drain 
region on a side connected to an electric power-source unit. Additionally, a 
transistor being in an "on" state signifies a state in which a channel has been 
formed between source/drain regions. Whether or not current flows from the 
source/drain region of one side of the transistor to the source/drain region of the 
other side is immaterial. On the other hand, a transistor being in an "off" state 
signifies a state in which a channel has not been formed between source/drain 
regions. Additionally, a source/drain region of a given transistor being connected 
to a source/drain region of another transistor includes a mode in which the 
source/drain region of the given transistor and the source/drain region of the other 
transistor occupy the same region. Further, a source/drain region can be 
constituted not only by an electrically conductive material such as impurity- 
containing polysilicon or amorphous silicon or the like, but can be constituted by 
a metal, an alloy, electrically conductive particles, a layered structure of these, or 
layers made up of an organic material (an electrically conductive polymer). 
Additionally, in timing charts used in the explanation below, length (time length) 
of a horizontal axis indicating each period is schematic, and does not indicate a 
proportion of time length of each period.

A drive method of a light-emission unit ELP employed in a drive circuit 
indicated in FIG. 4 or the like is made up of steps of, for example:

(a) performing preprocessing to apply a first-node initialization voltage 
to a first node ND| and to apply a second-node ND2 initialization voltage to a 
second node ND2 so that an electric potential difference between the first node

3172028.1 (GHMattWS) P82384 AU



16
20

08
25

41
80

 
29

 F
eb

 2
01

2

NDi and the second node ND2 exceeds a threshold voltage of a drive transistor 
TRd, and moreover an electric potential difference between the second node ND2 
and a cathode electrode disposed on the light-emission unit ELP does not exceed a 
threshold voltage of the light-emission unit ELP, and subsequently,

(b) performing, in a state where the electric potential of the first node 
NDi is maintained, threshold-voltage cancel processing to change the electric 
potential of the second node ND2 toward an electric potential at which the 
threshold voltage of the drive transistor TRd is reduced from the electric potential 
of the first node NDi, and thereafter,

(c) performing write processing to apply a video signal from a data line 
DTL to the first node NDi via a write transistor TRw switched to an "on" state by 
a signal from a scanning line SCL, and subsequently,

(d) driving the light-emission unit ELP by putting the first node NDi in a 
floating state by switching the write transistor TRW to an "off" state by the signal 
from the scanning line SCL, and causing current to flow to the light-emission unit 
ELP from a power source unit 2100 via the drive transistor TRd according to the 
value of an electric potential difference between the first node NDi and the 
second node ND2.

As was described above, the step (b) performs, in a state where the electric 
potential of the first node NDi is maintained, threshold-voltage cancel processing 
to change the electric potential of the second node ND2 toward an electric 
potential at which the threshold voltage of the drive transistor TRd is reduced 
from the electric potential of the first node ND], More specifically, to change the 
electric potential of the second node ND2 toward the electric potential at which 
the threshold voltage of the drive transistor TRd is reduced from the electric 
potential of the first node NDi, voltage exceeding a voltage which is the threshold 
voltage of the drive transistor TRd added to the electric potential of the second 
node ND2 in the step (a) is applied to the source/drain region of one side of the 
drive transistor TRD. Qualitatively, in the threshold-voltage cancel processing, 
the extent at which the electric potential difference between the first node NDi 
and the second node ND2 (stated differently, the electric potential difference 
between the gate electrode and the source region of the drive transistor TRd) 
approaches the threshold voltage of the drive transistor TRd is affected by the 
time of the threshold-voltage cancel processing. Consequently, in a mode in 
which, for example, a sufficiently long time of the threshold-voltage cancel 
processing is established, the electric potential of the second node ND2 reaches an 
electric potential at which the threshold voltage of the drive transistor TRd is 
reduced from the electric potential of the first node ND], Accordingly, the 
electric potential difference between the first node NDi and the second node ND2 
reaches the threshold voltage of the drive transistor TRd, and the drive transistor 
TRd changes to an "off" state. On the other hand, in a mode in which, for 
example, the time of the threshold-voltage cancel processing is established must 
unavoidably be set short, a case may occur in which the electric potential 
difference between the first node ND, and the second node ND2 becomes larger 
than the threshold voltage of the drive transistor TRD, and the drive transistor 
TRd does not change to an "off" state. The drive transistor TRd need not 
necessarily change to an "off" state as a result of the threshold-voltage cancel 
processing.
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12 Next, the drive-circuit structure of each respective drive circuit and a drive 

method of the light-emission unit ELP that uses these drive circuits will be 
explained in detail hereinafter.
[5Tr/lC drive circuit]

An equivalent circuit diagram of a 5Tr/lC drive circuit is depicted in FIG. 
4, a timing chart of drive of the 5Tr/lC drive circuit illustrated in FIG. 4 is 
depicted schematically in FIG. 5, and on/off states and the like of each transistor 
of the 5Tr/lC drive circuit are depicted schematically in FIG. 6A through FIG. 61.

This 5Tr/lC drive circuit is constituted by five transistors: a write 
transistor TRw, a drive transistor TRd, a first transistor TRi, a second transistor 
TR2, and a third transistor TR3. It is further constituted by a capacitor Ci. Note 
that the write transistor TRw, the first transistor TRi, the second transistor TR2, 
and the third transistor TR3 may be constituted by a p-channel type TFT.
[First transistor TRJ

A source/drain region of one side of the first transistor TR| is connected to 
the power source unit 2100 (voltage Vcc), and a source/drain region of another 
side of the first transistor TRi is connected to a source/drain region of one side of 
the drive transistor TRD. Additionally, on/off operation of the first transistor TRi 
is controlled by a first-transistor control line CLi extending from a first-transistor 
control circuit 2111 and connected to a gate electrode of the first transistor TR). 
The power source unit 2100 is provided to supply current to the light-emission 
unit ELP and cause the light-emission unit ELP to emit light.
[Drive transistor TRD]

The source/drain region of the one side the drive transistor TRd, as was 
described above, is connected to the source/drain region of the other side of the 
first transistor TRi. On the other hand, the source/drain region of the other side 
of the drive transistor TRd is connected to:
(1) an anode electrode of the light-emission unit ELP,
(2) a source/drain region of another side of the second transistor TR2, and
(3) one electrode of the capacitor C|,
and makes up the second node ND2. Additionally, the gate electrode of the drive 
transistor TRd is connected to:
(1) a source/drain region of another side of the write transistor TRw,
(2) a source/drain region of another side of the third transistor TR3, and
(3) another electrode of the capacitor Ci,
and makes up the first node NDi.

Here, the drive transistor TRd, in a light-emission state of a light-emitting 
element, is driven according to equation (1) hereinafter so as to cause a drain 
current Ids to flow. In the light-emission state of the light-emitting element, the 
source/drain region on the one side of the drive transistor TRd functions as a 
drain region, and the source/drain region of the other side functions as a source 
region. For convenience of explanation, in the explanation hereinafter, in some 
cases the source/drain region of the one side of the drive transistor TRD may be 
called simply the drain region, and the source/drain region of the other side may 
be called the source region. Note that:
μ: effective mobility
L: channel length
W: channel width
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Vgs: electric potential difference between gate electrode and source region 
Vo,: threshold voltage
Cox: (relative permittivity of gate insulation layer) x (electric constant) I 
(thickness of gate insulation layer) 

k = (1 / 2) · (W / L) · Cox 

is taken to hold.

Ids = k · μ · (Vgs - Vth)2 (1)

The light emission unit ELP emits light due to this drain current Ids flowing 
through the light emission unit ELP. The light emission state (luminance) of the 
light emission unit ELP is controlled by the size of the value of this drain current 
Ids·

[Write transistor TRW]
The source/drain region of the other side of the write transistor TRw, as 

was described above, is connected to the gate electrode of the drive transistor 
TRd· On the other hand, a source/drain region of one side of the write transistor 
TRW is connected to a data line DTL extending from a signal output circuit 2102. 
Accordingly, a video signal Vsig for controlling luminance at the light emission 
unit ELP is supplied to the source/drain region of one side via the data line DTL. 
Note that various signals or voltages (signals or various reference voltages or the 
like for precharge drive) other than Vs,g may be supplied to the source/drain 
region of one side via the data line DTL. Additionally, on/off operation of the 
write transistor TRw is controlled by a scanning line SCL extending from a 
scanning circuit 2101 and connected to the gate electrode of the write transistor 
TRw·
[Second transistor TR2]

The source/drain region of the other side of the second transistor TR2, as 
was described above, is connected to the source region of the drive transistor 
TRd- On the other hand, voltage Vss for initializing the electric potential of the 
second node ND2 (that is to say, the electric potential of the source region of the 
drive transistor TRd) is supplied to the source/drain region of one side of the 
second transistor TR2. Additionally, on/off operation of the second transistor TR2 
is controlled by a second transistor control line AZ2 extending from a second- 
transistor control circuit 2112 and connected to the gate electrode of the second 
transistor TR2.
[Third transistor TR3]

The source/drain region of the other side of the third transistor TR3, as was 
described above, is connected to the gate electrode of the drive transistor TRd- 
On the other hand, voltage VOfS for initializing the electric potential of the first 
node NDi (that is to say, the electric potential of the gate electrode of the drive 
transistor TRD) is supplied to the source/drain region of one side of the third 
transistor TR3. Additionally, on/off operation of the third transistor TR3 is 
controlled by a third transistor control line AZ3 extending from a third-transistor 
control circuit 2113 and connected to the gate electrode of the third transistor 
TR3.
[Light emission unit ELP]
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The anode electrode of the light emission unit ELP, as was described 
above, is connected to the source region of the drive transistor TRd- On the other 
hand, voltage Vcat is applied to the cathode electrode of the light emission unit 
ELP. Capacitance of the light emission unit ELP is indicated by a symbol Cel· 
Additionally, threshold voltage taken to be necessary for light emission of the 
light emission unit ELP is taken to be Vth-EL- That is to say, when voltage of Vth- 
EL or more is applied between the anode electrode and the cathode electrode of the 
light emission unit ELP, the light emission unit ELP emits light.

In the explanation hereinafter, values of voltage or electric potential are as 
shown below, but these are only values for explanation, and there is no limitation 
to these values.
Vsig: video signal for controlling luminance at the light emission unit ELP

... 0 volts to 10 volts
VccS voltage of the electric power source unit 2100

... 20 volts
VofS: voltage for initializing the electric potential of the gate electrode of the 
drive transistor TRd (the electric potential of the first node ND,)

... 0 volts
Vss: voltage for initializing the electric potential of the source region of the 
drive transistor TRd (the electric potential of the second node ND2)

... -10 volts
Vu,: threshold voltage of the drive transistor TRd

... 3 volts
Vcat: voltage applied to the cathode electrode of the light emission unit ELP

... 0 volts
Vth-EL: threshold voltage of the light emission unit ELP

... 3 volts
Operation of the 5Tr/lC drive circuit will be described hereinafter. Note 

that, as was described above, it is described that a light emission state is taken to 
begin immediately after the various types of processing (threshold voltage cancel 
processing, write processing, and mobility correction processing) have finished, 
but there exists no limitation to this. This is similar for the 4Tr/lC drive circuit, 
3Tr/lC drive circuit, and 2Tr/lC drive circuit that will be described later.
[Period - TP (5).,] (Refer to FIG. 5 and FIG. 6A)

This [period - TP (5).|] is for example operation in a previous display 
frame, and is a period in which the (n, m)th light emitting elements after 
completion of the previous various types of processing are in the light emission 
state. That is to say, drain current I'ds flows to the light emission unit ELP in the 
light emitting elements making up the (n, m)th sub-pixels on a basis of equation 
(5) described later, and luminance of the light emitting elements making up the 
(n, m)th sub-pixels is a value corresponding to the drain current I'ds- Here, the 
write transistor TRw, the second transistor TR2, and the third transistor TR3 are in 
an "off" state, and the first transistor TR, and the drive transistor TRd are in an 
"on" state. The light emission state of the (n, m)th light emitting elements is 
continued until immediately before the start of the horizontal scanning period of 
the light emitting elements arranged in the (m + m')th row.

[Period - TP (5)o] through [period - TP (5)4] depicted in FIG. 5 are an 
operation period from after the light emission state after completion of the
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processing is performed. That is to say, this [period - TP (5)o] through [period - 
TP (5)4] is a period of a given time length, for example, from the start period of 
the (m + m')th horizontal scanning period in the previous display frame until the 
end period of the (m - 1 )th horizontal scanning period. Note that [period - TP 
(5)i) through [period - TP (5)4] can be taken to be included in the mth horizontal 
scanning period in the present display frame.

Accordingly, in this [period - TP (5)o] through [period - TP (5)4], the (n, 
m)th light emitting elements are in principle in a light nonemission state. That is 
to say, in [period - TP (5)o] through [period - TP (5)J and [period - TP (5)3] 
through [period - TP (5)4], the first transistor TRi is in an "off" state, and thus 
the light emitting elements do not emit light. Note that in [period - TP (5)2], the 
first transistor TRi is in an "on" state. However, in this period, threshold voltage 
cancel processing described later is performed. As will be described in detail in 
the explanation of threshold voltage cancel processing, if it is assumed that 
equation (2) described later is satisfied, the light emitting elements do not emit 
light.

The respective periods of [period - TP (5)o] through [period - TP (5)4] are 
firstly described hereinafter. Note that the start period of [period - TP (5)i] and 
the lengths of the respective periods of [period - TP (5)i] through [period - TP 
(5)4] may be set suitably in accordance with the design of the display device. 
[Period - TP (5)0]

As was described above, in [period - TP (5)o], the (n, m)th light emitting 
elements are in a light nonemission state. The write transistor TRw, the second 
transistor TR2, and the third transistor TR3 are in an "off" state. Additionally, at 
the time of transition from [period - TP (5)_i ] to [period - TP (5)o], because the 
first transistor TRi changes to an "off" state, the electric potential of the second 
node ND2 (the source region of the drive transistor TRD or the anode electrode of 
the light emission unit ELP) falls to (Vth-EL + Vcat), and the light emission unit 
ELP changes to a light nonemission state. Additionally, the electric potential of 
the first node ND] (the gate electrode of the drive transistor TRd) in a floating 
state also falls, so as to follow the fall in the electric potential of the second node 
ND2.
[Period - TP (5),] (Refer to FIG. 6B and FIG. 6C)

In this [period - TP (5)J, preprocessing for performing threshold voltage 
cancel processing described later is performed. That is to say, at the start of 
[period - TP (5)i], the second transistor TR2 and the third transistor TR3 are put 
in an "on" state by putting the second transistor control line AZ2 and the third 
transistor control line AZ3 at high level. As a result of this, the electric potential 
of the first node NDi changes to Vors (for example, 0 volts). On the other hand, 
the electric potential of the second node ND2 changes to Vss (for example, -10 
volts). Accordingly, prior to completion of this [period - TP (5)i], the second 
transistor TR2 is put in an "off" state by putting the second transistor control line 
AZ2 at low level. Note that the second transistor TR2 and the third transistor TR3 
may be put in an "on" state simultaneously, the second transistor TR2 may be put 
in an "on" state firstly, or the third transistor TR3 may be put in an "on" state 
firstly.
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12 Due to the foregoing processing, the electric potential difference between 

the gate electrode and the source region of the drive transistor TRd becomes Vth 
or higher. The drive transistor TRd changes to an "on" state.
[Period - TP (5)2] (Refer to FIG. 6D)

Next, threshold voltage cancel processing is performed. That is to say, the 
first transistor TRj is put in an "on" state by putting the first transistor control 
line CLi at high level while maintaining the third transistor TR3 in an "on" state. 
As a result of this, the electric potential of the first node NDj does not change 
(maintaining VofS = 0 volts), and the electric potential of the second node ND2 
changes toward an electric potential obtained by subtracting the threshold voltage 
Vth of the drive transistor TRd from the electric potential of the first node ND,. 
That is to say, the electric potential of the second node ND2 in a floating state 
rises. Accordingly, when the electric potential difference between the gate 
electrode and the source region of the drive transistor TRD reaches Vth, the drive 
transistor TRd changes to an "off" state. Specifically, the electric potential of the 
second node ND2 in a floating state approaches (VofS - Vth = -3 volts > Vss), and 
ultimately becomes (VofS - Vth). Here, if equation (2) hereinafter is assured, or to 
state this differently, if the electric potential is selected and determined so as to 
satisfy equation (2), the light emission unit ELP does not emit light.

(Vofs - Vth) < (V,h-EL + Vcat) (2)
In this [period - TP (5)2], the electric potential of the second node ND2 

ultimately becomes (Vofs - V,h). That is to say, the electric potential of the second 
node ND2 is determined dependent only on the threshold voltage Vth of the drive 
transistor TRd and the voltage VofS for initializing the gate electrode of the drive 
transistor TRd. Stated differently, there is no dependence on the threshold 
voltage Vth-EL of the light emission unit ELP.
[Period - TP (5)3] (Refer to FIG. 6E)

Thereafter, the first transistor TRi is put in an "off state by putting the 
first transistor control line CLi at low level while maintaining the third transistor 
TR3 in an "on" state. As a result of this, the electric potential of the first node 
NDi is held unchanged (maintaining VOfS = 0 volts) and the electric potential of 
the second node ND2 also is held unchanged (Vofs - Vth = -3 volts).
[Period - TP (5)4] (Refer to FIG. 6F)

Next, the third transistor TR3 is put in an "off" state by putting the third 
transistor control line AZ3 at low level. As a result of this, the electric potentials 
of the first node NDi and the second node ND2 substantially do not change. In 
actuality, electric potential changes can occur due to electrostatic coupling of 
parasitic capacitance or the like, but, normally, these can be ignored.

Next, the respective periods of [period - TP (5)s] through [period - TP 
(5)7] are described. Note that, as is described later, write processing is performed 
in [period - TP (5)5], and mobility correction processing is performed in [period - 
TP (5)ό]. As was described above, performing these sets of processing within the 
mth horizontal scanning period is necessary. For convenience of explanation, a 
start period of [period - TP (5)5] and an end period of [period - TP (5)ό] are 
explained as coinciding respectively with the start period and the end period of 
the mth horizontal scanning period.
[Period - TP (5)s] (Refer to FIG. 6G)
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Thereafter, write processing is executed with respect to the drive transistor 
TRd· Specifically, the write transistor TRw is put in an "on" state by putting the 
electric potential of the data line DTL to the video signal Vsig for controlling the 
luminance at the light emission unit ELP, and then putting the scanning line SCL 
at high level, while maintaining an "off" state of the first transistor TR], the 
second transistor TR2, and the third transistor TR3. As a result of this, the 
electric potential of the first node NDi rises to Vsig.

Here, capacitance of the capacitor C| is indicated by a value Ci, and 
capacitance of the capacitance Cel of the light emission unit ELP is indicated by 
a value Cel· Accordingly, the value of parasitic capacitance between the gate 
electrode and the source region of the drive transistor TRd is taken to be cgs. 
When the electric potential of the gate electrode of the drive transistor TRd has 
changed from Vofs to Vs,g (> Vofs), the electric potentials of the two ends of the 
capacitor Ci (the electric potentials of the first node NDt and the second node 
ND2), in principle, change. That is to say, an electric charge based on the amount 
of change (Vsig - VofS) in the electric potential of the gate electrode of the drive 
transistor TRd (= the electric potential of the first node NDi) is allocated to 
capacitor Ci, the capacitance Cel of the light emission unit ELP, and the parasitic 
capacitance between the gate electrode and the source region of the drive 
transistor TRd- However, if the value cel is sufficiently large in comparison with 
the value ci and the value cgs, change is small for the electric potential of the 
source region (second node ND2) of the drive transistor TRd based on the amount 
of change (Vsig - VofS) in the electric potential of the gate electrode of the drive 
transistor TRd. Accordingly, generally, the capacitance value cel of the 
capacitance Cel of the light emission unit ELP is larger than the capacitance 
value Ci of the capacitor C| and the value cgs of the parasitic capacitance of the 
drive transistor TRD. In this regard, for convenience of explanation, except in 
cases where there is special need, explanation is given without consideration for 
change in the electric potential of the second node ND2 occurring due to change 
in the electric potential of the first node NDi. This is similar for other drive 
circuits as well. Note that, in the timing chart of drive depicted in FIG. 5 as well, 
depiction is made without consideration for change in the electric potential of the 
second node ND2 occurring due to change in the electric potential of the first 
node NDi. When the electric potential of the gate electrode (first node NDi) of 
the drive transistor TRd is taken to be Vg and the electric potential of the source 
region (second node ND2) of the drive transistor TRd is taken to be Vs, the value 
of Vg and the value of Vs change as indicated below. Thus, the electric potential 
difference of the first node NDi and the second node ND2, or in other words, the 
electric potential difference Vgs between the gate electrode and the source region 
of the drive transistor TRd, can be expresses by equation (3) below.

Vg - VSig 
vs » VOfs - VIh
Vgs « VSig - (VOfs - Vth) (3)
That is to say, Vgs, obtained by write processing with respect to the drive 

transistor TRd, is dependent only on the video signal Vsig for controlling 
luminance at the light emission unit ELP, the threshold voltage V,h of the drive 
transistor TRd, and the voltage Vofs for initializing the gate electrode of the drive
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transistor TRd. Accordingly, it is unrelated to the threshold voltage Vth-EL of the 
light emission unit ELP.
[Period - TP (5)6] (Refer to FIG. 6H)

Thereafter, correction (mobility correction processing) of the electric 
potential of the source region (second node ND2) of the drive transistor TRd is 
performed on a basis of the size of the mobility μ of the drive transistor TRd-

Generally, when the drive transistor TRd has been fabricated from a 
polysilicon thin film transistor or the like, occurrence of variation in the mobility 
μ between transistors is difficult to avoid. Consequently, even when the video 
signal VSjg having an identical value is applied to the gate electrodes of a 
plurality of drive transistors TRD in which differences in the mobility μ exist, 
differences occur between the drain current Ids flowing through drive transistors 
TRd having a large mobility μ and the drain current Ids flowing through drive 
transistors TRd having a small mobility μ. Accordingly, when this kind of 
difference occurs, uniformity of the screen of the display device is lost.

Consequently, specifically, the first transistor TRj is put into an "on" state 
by putting the first transistor control line CL] at high level while maintaining an 
"on" state of the write transistor TRW, and subsequently, after a predetermined 
time (to) has elapsed, the write transistor TRW is put in an "off" state and the first 
node NDi (the gate electrode of the drive transistor TRd) is put in a floating state 
by putting the scanning line SCL at low level. Accordingly, as a result of the 
foregoing, in a case where the value of the mobility μ of the drive transistor TRd 
is large, a rise quantity AV (electric potential correction value) of the electric 
potential at the source region of the drive transistor TRd becomes large, and in a 
case where the value of the mobility μ of the drive transistor TRd is small, the 
rise quantity AV (electric potential correction value) of the electric potential at 
the source region of the drive transistor TRD becomes small. Here, the electric 
potential difference Vgs between the gate electrode and the source region of the 
drive transistor TRd is transformed from equation (3) to equation (4) below.

Vgs « VSig - (VOfs - Vlh) - AV (4)

Note that the predetermined time (total time to of [period - TP (5)ό]) for 
executing mobility correction processing may, during design of the display 
device, be priorly determined as a design value. Additionally, the total time to of 
[period - TP (5)β] is determined so that the electric potential (Vofs - V,h + AV) at 
the source region of the drive transistor TRD at this time satisfies equation (2') 
below. Accordingly, due to this, the light emission unit ELP does not emit light 
in [period - TP (5)δ]. Further, correction of variation in a coefficient k (ξ (1 / 2) 

• (W / L) · Cox) also is performed simultaneously by this mobility correction 

processing.
(Vofs - vth + AV) < (Vth.EL + VCat) (2-)

[Period - TP (5)7] (Refer to FIG. 61)
The threshold voltage cancel processing, the write processing, and the 

mobility correction processing are completed by the foregoing operations. As an 
incidental comment, as a result of the scanning line SCL changing to low level, 
the write transistor TRw changes to an "off" state and the first node NDi, that is 
to say, the gate electrode of the drive transistor TRD, changes to a floating state. 
On the other hand, the first transistor TRi maintains an "on" state, and the drain
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region of the drive transistor TRd is in a state of connection to the electric power 
source unit 2100 (voltage Vcc, for example 20 volts). Consequently, as a result 
of the foregoing, the electric potential of the second node ND2 rises.

Here, as was described above, the gate electrode of the drive transistor TRd 
is in a floating state, and moreover, the capacitor Ci exists. Therefore, a 
phenomenon similar to that in what is known as a bootstrap circuit occurs at the 
gate electrode of the drive transistor TRd, and the electric potential of the first 
node NDi also rises. As a result, the electric potential difference Vgs between the 
gate electrode and the source region of the drive transistor TRd maintains the 
value of equation (4).

Additionally, the electric potential of the second node ND2 rises and 
exceeds (V^-el + Vcat), and thus the light emission unit ELP starts to emit light. 
At this time, the current flowing through the light emission unit ELP is the drain 
current Ids flowing from the drain region to the source region of the drive 
transistor TRd, and thus can be expressed by equation (1). Here, based on 
equation (1) and equation (4), equation (1) can be transformed into equation (5) 
below.

Ids = k · μ· (Vsig - VOfs - AV)2 (5)

Consequently, for example, in a case where VofS has been set at 0 volts, the 
current IdS flowing through the light emission unit ELP is proportional to the 
square of the value obtained by subtracting the value of the electric potential 
correction value AV at the second node ND2 (the source region of the drive 
transistor TRd) arising from the mobility μ of the drive transistor TRd from the 
value of the video signal Vs,g for controlling the luminance at the light emission 
unit ELP. Stated differently, the current Ids flowing through the light emission 
unit ELP is not dependent on the threshold voltage V^-el of the light emission 
unit ELP and the threshold voltage Vth of the drive transistor TRD. That is to say, 
the amount of light emission (luminance) of the light emission unit ELP is not 
subject to an effect by the threshold voltage V,h-EL of the light emission unit ELP 
and an effect by the threshold voltage Vth of the drive transistor TRd- The 
luminance of the (n, m)th light emitting elements is a value that corresponds to 
the current Ids·

Moreover, the larger is the mobility μ of the drive transistor TRd, the larger 
becomes the electric potential correction value AV, and thus the smaller becomes 
the value of Vgs of the left side of equation (4). Consequently, in equation (5), as 
a result of the value of (Vsig - Vofs - AV)2 becoming small even when the value of 
the mobility μ is large, the drain current Ids can be corrected. That is to say, even 
in the drive transistors TRd of differing mobility μ, if the value of the video 
signal Vsig is the same, the drain current Ids comes to be substantially the same, 
and as a result, it flows through the light emission unit ELP. Thus, the current Ids 
for controlling the luminance of the light emission unit ELP is made uniform. 
That is to say, variations in luminance of the light emission unit arising from 
variations in the mobility μ (and moreover, variation in k) can be corrected.

The light emission state of the light emission unit ELP continues until the 
(m + m' - 1 )th horizontal scanning period. This time point corresponds to the end 
of [period - TP (5). J.
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Light emission operation of light emitting elements 10 constituting (n, m)th 
sub-pixels is completed by the foregoing.

Next, explanation of a 2Tr/lC drive circuit will be made.
[2Tr/lC drive circuit]

An equivalent circuit diagram of the 2Tr/lC drive circuit is depicted in 
FIG. 7, a timing chart of drive is depicted schematically in FIG. 8, and on/off 
states and the like of each transistor of the 2Tr/lC drive circuit are depicted 
schematically in FIG. 9A through FIG. 9F.

Three transistors in the above-described 5Tr/lC drive circuit, being the 
first transistor TRi, the second transistor TR2, and the third transistor TR3, are 
omitted from this 2Tr/lC drive circuit. That is to say, this 2Tr/lC drive circuit is 
constituted by two transistors, being the write transistor TRw and the drive 
transistor TRd, and further is constituted by one capacitor C,.
[Drive transistor TRd]

The structure of the drive transistor TRd is the same as the structure of the 
drive transistor TRd described for the 5Tr/lC drive circuit, and thus detailed 
explanation is omitted. Note, however, that the drain region of the drive 
transistor TRD is connected to the electric power source unit 2100. Note also that 
voltage Vcc-h for causing the light emission unit ELP to emit light and voltage 
Vcc-l for controlling the electric potential of the source region of the drive 
transistor TRd are supplied from the electric power source unit 2100. Here, as 
values of voltages Vcc-h and Vcc-l,
Vcc-h = 20 volts
Vcc-l = -10 volts
are used by way of example, but there is no limitation to these values.
[Write transistor TRw]

The structure of the write transistor TRw is the same as the structure of the 
write transistor TRw described for the 5Tr/lC drive circuit, and thus detailed 
explanation is omitted.
[Light emission unit ELP]

The structure of the light emission unit ELP is the same as the structure of 
the light emission unit ELP described for the 5Tr/lC drive circuit, and thus 
detailed explanation is omitted.

Operation of the 2Tr/lC drive circuit will be described hereinafter.
[Period - TP (2).,] (Refer to FIG. 8 and FIG. 9A)

This [period - TP (2).,] is, for example, operation in a previous display 
frame, and is substantially the same operation of [period - TP (5).,] described for 
the 5Tr/lC drive circuit.

[Period - TP (2)o] through [period - TP (2)2] depicted in FIG. 8 are periods 
corresponding to [period - TP (5)o] through [period - TP (5)4] depicted in FIG. 5, 
and are an operation period until immediately before the next write processing is 
performed. Similarly to the 5Tr/lC drive circuit, in [period - TP (2)o] through 
[period - TP (2)2], the (n, m)th light emitting elements are in principle in a light 
nonemission state. Note, however, that in the operation of the 2Tr/lC drive 
circuit, as depicted in FIG. 8, aside from [period - TP (2)3], the matter of [period 
- TP (2),] through [period - TP (2)2] also including an mth horizontal scanning 
period differs from the operation of the 5Tr/lC drive circuit. Not also that, for 
convenience of explanation, a start period of [period - TP (2),] and an end period
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of [period - TP (2)3] are explained as coinciding respectively with the start period 
and the end period of the mth horizontal scanning period.

The respective periods of [period - TP (2)o] through [period - TP (2)2] are 
described hereinafter. Note that similarly to what was explained for the 5Tr/lC 
drive circuit, the lengths of the respective periods of [period - TP (2),] through 
[period - TP (2)3] may be set suitably in accordance with the design of the 
display device.
[Period - TP (2)0] (Refer to FIG. 9B)

This [period - TP (2)o] is, for example, operation from the previous display 
frame to the present display frame. That is to say, this [period - TP (2)o] is the 
period from the (m + m')th horizontal scanning period in the previous display 
frame to the (m - 1 )th horizontal scanning period in the present display frame. In 
this [period - TP (2)o], the (n, m)th light emitting elements are in a light 
nonemission state. Here, at the time point of change from [period - TP (2).,] to 
[period - TP (2)o], the voltage supplied from the electric power source unit 2100 
is switched from Vcc-h to Vcc-l- As a result, the electric potential of the second 
node ND2 falls to Vcc-l, and the light emission unit ELP changes to a light 
nonemission state. Further, the electric potential of the first node NDi (the gate 
electrode of the drive transistor TRd) in a floating state also falls, so as to follow 
the fall in the electric potential of the second node ND2.
[Period - TP (2),] (Refer to FIG. 9C)

Then, the mth horizontal scanning period starts in the present display 
frame. In this [period - TP (2),], preprocessing for performing threshold voltage 
cancel processing is performed. At the time of the start of [period - TP (2),], the 
write transistor TRW is put in an "on" state by putting the scanning line SCL at 
high level. As a result, the electric potential of the first node ND, changes to Vofs 
(for example, 0 volts). The electric potential of the second node ND2 maintains 
Vcc-l (for example, -10 volts).

Due to the above-described operation, the electric potential difference 
between the gate electrode and the source region of the drive transistor TRd 
becomes V,h or higher, and the drive transistor TRd changes to an "on" state. 
[Period - TP (2)2] (Refer to FIG. 9D)

Next, threshold voltage cancel processing is performed. That is to say, the 
voltage supplied from the electric power source unit 2100 is switched from Vcc-l 
to V cc-h while the "on" state of the write transistor TRw is maintained. As a 
result of this, the electric potential of the first node ND, does not change 
(maintaining Vofs = 0 volts), meanwhile the electric potential of the second node 
ND2 changes toward an electric potential obtained by subtracting the threshold 
voltage Vth of the drive transistor TRD from the electric potential of the first node 
ND,. That is to say, the electric potential of the second node ND2 in a floating 
state rises. When the electric potential difference between the gate electrode and 
the source region of the drive transistor TRd reaches V,h, the drive transistor TRd 
changes to an "off" state. Specifically, the electric potential of the second node 
ND2 in a floating state approaches (VofS - V,h = -3 volts), and ultimately becomes 
(Vofs - V,h). Here, if the above-described equation (2) is assured, or to state this 
differently, if the electric potential is selected and determined so as to satisfy 
equation (2), the light emission unit ELP does not emit light.
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ultimately becomes (VofS - Vth). That is to say, the electric potential of the second 
node ND2 is determined dependent only on the threshold voltage Vth of the drive 
transistor TRd and the voltage Vofs for initializing the gate electrode of the drive 
transistor TRD. Accordingly, there is no relationship with the threshold voltage 
Vth-EL of the light emission unit ELP.
[Period - TP (2)3] (Refer to FIG. 9E)

Next are performed write processing with respect to the drive transistor 
TRD, and correction (mobility correction processing) of the electric potential of 
the source region (second node ND2) of the drive transistor TRd on a basis of the 
size of the mobility μ of the drive transistor TRD. Specifically, the electric 
potential of the data line DTL is put to the video signal Vsig for controlling the 
luminance at the light emission unit ELP while maintaining the "on" state of the 
write transistor TRw- As a result of this, the electric potential of the first node 
ND] rises to Vsig, and the drive transistor TRd changes to an "on" state. Note that 
the drive transistor TRD may be put into an "on" state by temporarily putting the 
write transistor TRw in an "off" state, changing the electric potential of the data 
line DTL to the video signal Vsig for controlling the luminance at the light 
emission unit ELP, and thereafter putting the scanning line SCL at high level and 
thereby putting the write transistor TRw in an "on" state.

Unlike what was explained for the 5Tr/lC drive circuit, electric potential 
Vcc-h is applied to the drain region of the drive transistor TRD from the electric 
power source unit 2100, and thus the electric potential of the source region of the 
drive transistor TRd rises. After the predetermined time (to) has elapsed, the 
write transistor TRw is put in an "off" state by putting the scanning line SCL at 
low level, and the first node NDi (the gate electrode of the drive transistor TRd) 
is put in a floating state. Note that the total time to of this [period - TP (2)3] 
may, during design of the display device, be priorly determined as a design value 
such that the electric potential of the second node ND2 becomes (Vofs - Vth + AV).

In this [period - TP (2)3], in a case where the value of the mobility μ of the 
drive transistor TRd is large, the rise quantity AV of the electric potential at the 
source region of the drive transistor TRd is large, and in a case where the value of 
the mobility μ of the drive transistor TRD is small, the rise quantity AV of the 
electric potential at the source region of the drive transistor TRd is small.
[Period - TP (2)4] (Refer to FIG. 9E)

The threshold voltage cancel processing, the write processing, and the 
mobility correction processing are completed by the foregoing operations. Then, 
the same processing as [period - TP (5)7] described for the 5Tr/lC drive circuit is 
performed, the electric potential of the second node ND2 rises and exceeds (V^-el 
+ Vcat), and thus the light emission unit ELP starts to emit light. At this time, the 
current flowing through the light emission unit ELP can be obtained using the 
above-described equation (5), and thus the current Ids flowing through the light 
emission unit ELP is not dependent on the threshold voltage V,h.EL of the light 
emission unit ELP and the threshold voltage Vth of the drive transistor TRd- That 
is to say, the amount of light emission (luminance) of the light emission unit ELP 
is not subject to an effect by the threshold voltage Vth-EL of the light emission unit 
ELP and an effect by the threshold voltage Vth of the drive transistor TRD.
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Moreover, occurrence of variations in the drain current Ids arising from variations 
in the mobility μ of the drive transistor TRd can be suppressed.

The light emission state of the light emission unit ELP continues until the 
(m + m' - 1 )th horizontal scanning period. This time point corresponds to the end 
of [period - TP (2).,].

Light emission operation of the light emitting elements 10 constituting (n, 
m)th sub-pixels is completed by the foregoing.

Explanation based on desirable examples was given above, but the structure 
of the drive circuit according to the present invention is not limited to these 
examples. The constitution and structure of the respective types of constituent 
elements making up the display device, the light emitting elements, and the drive 
circuit and the steps in the drive method of the light emission unit explained for 
the respective examples are exemplifications, and can be changed suitably. For 
example, the 4Tr/lC drive circuit depicted in FIG. 10 or the 3Tr/lC drive circuit 
depicted in FIG. 11 can be employed as the drive circuit.

Additionally, in the explanation of operation of the 5Tr/lC drive circuit, 
write processing and mobility correction were performed discretely, but there is 
no limitation to this. A structure can be used in which mobility correction 
processing is also performed in write processing, similarly to the explanation of 
operation of the 2Tr/lC drive circuit. Specifically, a structure may be used that 
applies a video signal Vsig m from the data line DTL to a first node via a write 
transistor T$ig while a light emission controlling transistor Tel_c is in an "on" 
state.

The signal level correction unit 128 and structural elements relating to the 
signal level correction unit 128 according to the embodiment of the present 
invention will be described below.

FIG. 3 is an explanatory diagram explaining the signal level correction unit 
128 and the structural elements relating to the signal level correction unit 128 
according to the embodiment of the present invention. The signal level correction 
unit 128 and the structural elements relating to the signal level correction unit 
128 according to the embodiment of the present invention will be described below 
in detail with reference to FIG. 3.

The still image detection unit 122 sequentially inputs video signals, and 
calculates an average value of the signal levels of respective colors R, G, and B 
per pixel based on the input video signals. The control unit 104 judges whether a 
still image is displayed by using the average value of the signal levels of 
respective colors R, G, and B calculated by the still image detection unit 122.

The judgment of whether the still image is displayed according to this 
embodiment is made in each of divided regions which are obtained by dividing an 
image display region on the screen into a plurality of regions. For this reason, the 
still image detection unit 122 calculates the average value of the signal levels of 
respective colors R, G, and B per pixel in each of the divided regions, and sends 
the calculated average value to the control unit 104.

FIG. 4 is an explanatory diagram explaining the division of the detecting 
region on the screen according to the embodiment of the present invention. As 
shown in FIG. 4, in this embodiment, the detecting region on the screen is divided 
so that the number of pixels of one side becomes an exponentiation of 2.
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FIG. 6 is an explanatory diagram explaining the division of the detecting 
region on the screen according to the embodiment of the present invention more 
specifically. As shown in FIG. 6, the display device 100 according to the 
embodiment of the present invention has the detecting region of 960 pixels 
horizontally and 540 pixels vertically. This detecting region is divided into nine 
regions so that the number of pixels on one side becomes an exponentiation of 2, 
as shown in FIG. 6.

In the example shown in FIG. 6, the divided regions include four regions 
which are 8 pixels vertically (8 = 23) and 64 pixels horizontally (64 = 26), two 
regions which are 512 pixels vertically (512 = 29) and 64 pixels horizontally, two 
regions which are 8 pixels vertically and 512 pixels horizontally, and one region 
which is 512 pixels vertically and horizontally. Note that in FIG. 6, the values 
shown on the dimensional lines do not necessarily coincide with actual lengths.

In this way, when the number of pixels on one side in each region is set to 
the exponentiation of 2, the number of pixels in each region as well becomes the 
exponentiation of 2, and thus calculation of the average value of the signal levels 
can easily be performed.

Accordingly, the average value of the signal levels of R, G, and B per pixel 
is calculated in each region. Because the region which is 8 pixels vertically and 
64 pixels horizontally includes 512 pixels, the signal levels of R, G, and B are 
added and divided by 512 so that the average value of the signal levels is 
calculated.

It need hardly be mentioned that the number of divided regions and the 
number of pixels on one side in the present invention are not limited to the 
example shown in FIG. 6. Additionally, in FIG. 6, as a result of dividing the 
screen into a plurality of regions, the respective regions have a rectangular shape. 
However, the present invention is not limited to this, and the screen may be 
divided into a plurality of regions having a square shape.

Further, in this embodiment, the screen is divided into a plurality of 
regions so that the average values of the signal levels are calculated, but the 
average value of the signal levels on the entire screen may be calculated without 
dividing the screen into a plurality of regions. However, when the average value 
of the signal levels on the entire screen is calculated, even if a video in which 
only one portion of the screen moves is displayed, it is difficult to detect a still 
image. Therefore, it is desirable to divide the screen into a plurality of regions 
and calculate the average values of the signal levels.

The control unit 104 judges whether a region on which a still image is 
continuously displayed is present based on the information about the average 
value of R, G, and B in each divided region output from the still image detection 
unit 122. Accordingly, when even one region on which the still image is 
continuously displayed is present, correction coefficients (gains) Cr', Cg', and Cb' 
for reducing the luminance are calculated in order to prevent the burn-in 
phenomenon so as to be sent to the signal level correction unit 128. Cr' is a 
correction coefficient for multiplying a red video signal, Cg' is a correction 
coefficient for multiplying a green video signal, and Cb' is a correction 
coefficient for multiplying a blue video signal.

The control unit 104 includes a still image judging unit 162, and a 
coefficient calculation unit 164. The still image judging unit 162 judges whether
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output from the still image detection unit 122. When it is judged that the still 
image is displayed on the screen as a result of judgment by the still image judging 
unit 162, the coefficient calculation unit 164 calculates coefficients for reducing 
the luminance of an image displayed on the screen.

Still image judgment by the still image judging unit 162 is performed in the 
following manner. Firstly, the information about the average value of the signal 
levels of respective colors in each region sent from the still image detection unit 
122 is temporarily stored in the storage unit 150. Next, the last average value of 
the signal levels of respective colors in each region stored in the storage unit 150 
is compared with the present average value of the signal levels of respective 
colors in each region, and when they are different by a predetermined value or 
more, it is judged that a moving image is displayed. On the other hand, when 
they are different by less than the predetermined value, it is judged that a still 
image is displayed.

When judgment of whether an image displayed on the screen is a still image 
is made by the control unit 104, the control unit 104 changes a value indicating a 
display degree of the still image according to the judged result. The display 
degree of still image is termed "the degree of still image." The degree of still 
image is changed so that the control unit 104 calculates a gain according to the 
degree of still image. When the gains are calculated according to the degree of 
still image, the luminance of an image displayed through the panel 158 is adjusted 
so that the burn-in phenomenon can be prevented.

The degree of still image is stored in the storage unit 150. Because the 
degree of still image may be retained as information while the display device 100 
is operating, it is desirable to store it in the storage unit 150 having volatility.

The signal level correction unit 128 inputs the video signal and the gain 
calculated by the control unit 104, and multiplies the input video signal by the 
gain so as to output the video signal multiplied by the gain. When the signal 
level correction unit 128 multiplies the video signal by the gain, the signal level 
of the video signal is reduced, so that the luminance of the image displayed on the 
screen can be reduced. As a result, deterioration in the organic EL elements is 
suppressed so that the burn-in phenomenon can be prevented.

The signal level correction unit 128 and the structural elements relating to 
the signal level correction unit 128 according to the embodiment of the present 
invention are described above. Next, a still image judging method according to 
the embodiment of the present invention will be described.

FIG. 5 is a flow chart explaining the still image judging method according 
to the embodiment of the present invention. Firstly, the linear conversion unit 
116 executes the converting process on a video signal having a gamma 
characteristic so that the video signal has a linear characteristic (step S102).

Next, the still image detection unit 122 calculates the average value of the 
signal levels in each region based on the signal levels of R, G, and B using the 
video signals input into the still image detection unit 122 (step S104). The 
average value of the signal levels is calculated by dividing the added signal levels 
in one region by the number of pixels.
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In this embodiment, the signal level of one color per frame can be acquired 
from the input video signal. Consequently, the video signals for three frames are 
necessary for acquiring the signal levels of R, G, and B.

FIG. 16A, FIG. 16B, and FIG. 16C are explanatory diagrams explaining the 
measuring order of the signal levels in each region according to the embodiment 
of the present invention. FIG. 17 is an explanatory diagram explaining the 
measurement of the signal levels in the still image detection unit 122. The flow 
of the measurement of the signal levels in the still image detection unit 122 will 
be described with reference to FIG. 16A, FIG. 16B, FIG. 16C, and FIG. 17.

At the time point when the video signal of the Nth frame is input into the 
still image detection unit 122, setting of a coordinate and a size for the 
measurement is performed. In the example shown in FIG. 8, at the time when the 
video signal of the Nth frame is input into the still image detection unit 122, the 
measurement in a Top region, namely, a region shown in FIG. 16A is started.

Next, at the time point when the video signal of the (N + 1 )th frame is input 
into the still image detection unit 122, a level of a red (R) video signal in the Top 
region shown in FIG. 16A is measured. At the time point when the video signal 
of the (N + 2)th frame is input, a level of a green (G) video signal in the Top 
region is measured. At the time point when the video signal of the (N + 3)th 
frame is input, a level of a blue (B) video signal in the Top region is measured. 
The respective values obtained by the measurements are temporarily retained in 
the still image detection unit 122. The measured results can be obtained at the 
time points when the respective video signals of the (N + 2)th, the (N + 3)th, and 
the (N + 4)th frames are input.

Accordingly, at the time point when the video signal of the (N + 4)th frame 
is input, the values of the signal levels of three colors R, G, and B in the Top 
region are available, and thus the signal levels of the respective colors R, G, and 
B are obtained.

At the time point when the video signal of the (N + 3)th frame is input, an 
instruction is given for starting the measurement in a Center region, namely, the 
region shown in FIG. 16B.

Next, at the time point when the video signal of the (N + 4)th frame is 
input, a level of a red (R) video signal in the Center region is measured. At the 
time point when the video signal of the (N + 5)th frame is input, a level of a green 
(G) video signal in the Center region is measured. At the time point when the 
video signal of the (N + 6)th frame is input, a level of a blue (B) video signal in 
the Center region is measured. The values obtained by the measurements are 
retained. The measured results can be obtained at the time points when the 
respective video signals of the (N + 5)th, the (N + 6)th, and the (N + 7)th frames 
are input.

Accordingly, at the time point when the video signal of the (N + 7)th frame 
is input, the values of the signal levels of three colors R, G, and B in the Center 
region are available, and thus the values of the signal levels of the respective 
colors R, G, and B are obtained.

At the time point when the video signal of the (N + 6)th frame is input, an 
instruction is given for starting the measurement in a Bottom region, namely, the 
region shown in FIG. 16C.
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Next, at the time point when the video signal of the (N + 7)th frame is 
input, a level of a red (R) video signal in the Bottom region is measured. At the 
time point when the video signal of the (N + 8)th frame is input, a level of a green 
(G) video signal in the Bottom region is measured. At the time point when the 
video signal of the (N + 9)th frame is input, a level of a blue (B) video signal in 
the Bottom region is measured. The values obtained by the measurements are 
retained. The measured results can be obtained at the time points when the video 
signals of the (N + 8)th, the (N + 9)th, and the (N + 10)th frames are input.

Accordingly, at the time point when the video signal of the (N + 10)th 
frame is input, the values of the signal levels of three colors R, G, and B in the 
Bottom region are available, and thus the values of the signal levels of the 
respective colors R, G, and B are obtained.

In this embodiment, in this manner, because the signal levels in the nine 
regions on the screen are obtained, the video signals for nine frames are necessary 
for obtaining the signal levels of three colors R, G, and B in the nine regions. For 
this reason, the still image detection unit 122 successively acquires the signal 
levels of three colors R, G, and B in the nine regions on the screen in a time cycle 
of nine frames.

When the still image detection unit 122 acquires the signal levels of three 
colors R, G, and B in each region on the screen, the average values of the 
acquired signal levels are successively calculated for respective regions. Then, 
the calculated average values of the signal levels are sent from the still image 
detection unit 122 to the control unit 104.

Here, it need hardly be mentioned that the calculation timing of the average 
values of the signals levels is not limited to one type of timing. For example, the 
average values of the signal levels may be successively calculated at the time 
point when the signal levels of respective colors are completely acquired, or at 
the time point when the signal levels of R, G, and B are completely acquired in 
one region, or at the time point when the signal levels of R, G, and B are 
completely acquired in one screen, namely, all the nine regions.

When acquiring the average values of the signal levels in respective regions 
from the still image detection unit 122, the control unit 104 judges whether a still 
image is displayed on the screen using the acquired average values of the signal 
levels in the respective regions. In this embodiment, a difference between the last 
average value of the signal levels and the present average value of the signal 
levels is acquired, and the judgment of still image is made based on whether the 
difference is not less than a predetermined amount.

When the difference of any one color among the three colors R, G, and B is 
not less than the predetermined amount, the control unit 104 judges that a moving 
image is displayed on the screen based on the present video signal. When the 
differences of all colors R, G, and B are less than the predetermined amount, the 
still image judging unit 162 judges that a still image is displayed on the screen 
based on the present video signals.

In this embodiment, because the signal levels of respective colors in all the 
regions on the screen can be acquired in the time cycle of 9 frames, the judgment 
of a still image in the still image judging unit 162 is also made in the time cycle 
of 9 frames.
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FIG. 9 is an explanatory diagram explaining the judgment of a still image 
according to the embodiment of the present invention. FIG. 9 describes the case 
where attention is focused on one region in the nine regions on the screen set in 
this embodiment, and the average values of the signal levels of R, G, and B are 
compared in the cycles of 9 frames (cycle of 9 V) so that the judgment of a still 
image is made.

In FIG. 9, Rn shows the average value of the red (R) signal levels at the 
time point when the video signal of the Nth frame is input. Similarly, GN shows 
the average value of the green (G) signal levels at the time point when the video 
signal of the Nth frame is input, and Bn shows the average value of the blue (B) 
signal levels at the time point when the video signal of the Nth frame is input.

Because the average values of the signal levels of R, G, and B are 
compared in the cycle of 9 frames (cycle of 9 V), the still image judging unit 162 
compares Rn, which is the average value of the red signal levels at the time point 
when the video signal of the Nth frame is input, with Rn + 9, which is the average 
value of the red signal levels at the time point when the video signal of the (N + 
9)th frame is input. Similarly, the still image judging unit 162 compares Gn with 
Gn + 9, which is the average value of the green signal levels at the time point when 
the video signal of the (N + 9)th frame is input, and compares Bn with Bn + 9, 
which is the average value of the blue signal levels at the time point when the 
video signal of the (N + 9)th frame is input.

As a result of comparing both, when the differences of the average values 
of the signal levels of respective colors are not less than a predetermined amount, 
the still image judging unit 162 judges that a moving image is displayed on the 
region on the screen. On the other hand, when the differences in all the colors R, 
G, and B are less than the predetermined amount, the control unit 104 judges that 
a still image is displayed on the region on the screen.

When the still image judging unit 162 makes the still image judgment, it 
then calculates the degree of still image in the respective regions on the screen 
according to the result of the still image judgment (step S106). The degree of 
still image is the degree of the display of a still image, and as the degree of still 
image is larger, a still image is displayed on that region continuously.

As a result of the still image judgment in the still image judging unit 162, 
in a case when it is judged that a still image is displayed on a certain region being 
subject to the judgment, the degree of still image stored in the storage unit 150 is 
increased by a predetermined amount. On the other hand, as a result of the still 
image judgment in the control unit 104, in a case when it is judged that a moving 
image is displayed on a certain region being subject to the judgment, the degree 
of still image stored in the storage unit 150 is decreases by a predetermined 
amount. Here, in the present invention, the increasing amount and the decreasing 
amount of the degree of still image may be equal to each other, or may be 
different values from each other. In this embodiment, the increasing amount of 
the degree of still image is larger than the decreasing amount.

FIG. 10 is an explanatory diagram depicting, using a graph, a relationship 
between the degree of still image and the time according to the embodiment of the 
present invention. In the graph depicted in FIG. 10, the abscissa axis represents 
the time, and the ordinate axis represents the degree of still image (sMAP), and 
the graph shows a state that the degree of still image increases or decreases over
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is displayed continuously, the control unit 104 calculates gains as is described 
later. Additionally, when the degree of still image is updated, the increasing 
amount of the degree of still image is set to be larger than the decreasing amount, 
and thus if a moving image is not displayed for a longer time than the time for 
which a still image is displayed, the degree of still image does not return to an 
original level. Thus, the burn-in phenomenon on the screen due to the display of 
a still image can be effectively suppressed.

When the still image judging unit 162 updates the degree of still image in 
each region on the screen stored in the storage unit 150, the coefficient 
calculation unit 164 then detects the degree of still image in each region on the 
screen stored in the storage unit 150 so as to check the presence of the region on 
which the still image is continuously displayed. When the coefficient calculation 
unit 164 can confirm that a still image is continuously displayed on at least one 
region on the screen, the coefficient calculation unit 164 calculates gains for 
reducing the luminance of an image displayed on the screen of the display device 
100. The coefficient calculation unit 164 calculates the gains for R, G, and B 
colors.

Only the gains for reducing the luminance only in the regions where the 
still image is displayed may be calculated, or the gains for reducing the luminance 
on the entire screen may be calculated. However, when only the luminance in the 
regions where the still image is displayed is reduced, a sense of discomfort is 
possibly given to a person who views the image displayed on the display device 
100. Therefore, it is desirable that the gains for reducing the luminance on the 
entire screen are also calculated, and after the luminance on the entire screen is 
reduced a little, the luminance only in the region where the still image is 
displayed is reduced.

In this embodiment, two kinds of gains, namely, the gain for reducing the 
luminance on the entire screen and the gain for reducing the luminance only in the 
region where the still image is displayed, are calculated.

The gain calculating method in this embodiment is described specifically. 
First, the coefficient calculation unit 164 acquires a region, which has the largest 
degree of still image in the degrees of still images in the nine regions on the 
screen stored in the storage unit 150, and its degree of still image (step S108). 
When acquiring the region having the largest degree of still image and its degree 
of still image, the coefficient calculation unit 164 calculates the correction 
coefficients (gains) Cr', Cg', and Cb' for multiplying video signals in the signal 
level correction unit 128 (step SI 10).

Note that when the luminance is adjusted according to the largest degree of 
still image and a moving image is displayed in the region where the still image 
has been displayed, the degree of still image is reduced, and thus the gains which 
are calculated become large according to the reduction in the degree of still 
image. As a result, the luminance of the image displayed on the screen rapidly 
increases, and the screen is seemed to be flashed. For this reason, it is desirable 
that the gains are not increased rapidly, but the gains are increased gradually.

One method for increasing the gains gradually is a method for comparing 
the maximum value of the acquired degree of still image with the maximum value

3172028.1 (GHMatters) P823W.AU

P823W.AU


35
20

08
25

41
80

 
29

 F
eb

 2
01

2

of the degree of still image acquired last time, and calculating the gains according 
to the compared result.

The maximum value of the latest degree of still image is represented by 
sMAP MAX NEW, and the maximum value of the degree of still image acquired 
last time is represented by sMAPMAXOLD. The sMAP MAX NEW is 
compared with the sMAP_MAX_OLD, and when the sMAP_MAX_NEW is less 
than the sMAP_MAX_OLD, the value obtained by subtracting a predetermined 
amount from the sMAP MAX OLD is set to the degree of still image to be used 
for calculating the gains. On the other hand, when the sMAP_MAX_NEW is not 
less than the sMAP_MAX_OLD, the sMAP_MAX_NEW is directly set to the 
degree of still image used for calculating the gains. The degree of still image 
used for calculating the gains is represented by sMAPMAX'.

In this manner, the maximum value of the acquired degree of still image is 
compared with the maximum value of the degree of still image acquired last time, 
and the gains are calculated according to the compared result. Thus, it is possible 
to prevent the phenomenon in which the luminance of an image displayed on the 
screen increases rapidly at the time point when the display is switched from a still 
image to a moving image and thus the screen is seemed to be flashed. Note that 
the predetermined amount which is subtracted from the sMAP MAX OLD can be 
set freely according to a design.

FIG. 11 is an explanatory diagram depicting, using a graph, a relationship 
between the degree of still image and the gain according to the embodiment of the 
present invention. The abscissa axis of the graph shown in FIG. 11 represents the 
degree of still image sMAP_MAX' to be used for calculating the gains, and the 
ordinate axis represents the gain to be calculated.

A line shown by a symbol 180a in FIG. 11 shows the relationship between 
the degree of still image and the gain at the time of calculating the gains for 
reducing the luminance on the entire screen. A line shown by a symbol 180b 
shows the relationship between the degree of still image and the gain at the time 
of calculating the gains for reducing the luminance in a region having high degree 
of still image, namely, a region where one still image is continuously displayed.

A zone shown by (1) in FIG. 11, namely, a zone where the value of 
sMAP MAX' is between thl to th2, is a zone where the gain for reducing the 
luminance of an image displayed on the region with high degree of still image is 
calculated. While the degree of still image sMAP MAX' is between 0 to thl, the 
gain to be calculated is 1.0. When the degree of still image increases and the 
degree of still image sMAP_MAX' reaches thl, the gain having a value smaller 
than 1.0 is calculated in order to reduce the luminance of an image displayed on 
the region with high degree of still image. The value of the gain is reduced from 
1.0 to m2 until the degree of still image sMAP_MAX' reaches th2.

A zone shown by (2) in FIG. 11, namely, a zone where the value of 
sMAP_MAX' is between th2 and th3, is a zone where the gain for reducing the 
luminance on the entire screen is calculated. While the degree of still image 
sMAP_MAX' is between 0 and th2, the gain to be calculated is 1.0. When the 
degree of still image increases and the degree of still image sMAP_MAX' reaches 
th2, the gain having a value smaller than 1.0 is calculated in order to reduce the 
luminance on the entire screen. When the degree of still image sMAP_MAX' is
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larger than th2, the value of the gain to be calculated is reduced from 1.0 to ml 
until the degree of still image sMAP_MAX' reaches th3.

When two kinds of gains are calculated in this manner, the luminance can 
be adjusted while a user who views the image on the display device 100 does not 
sense deterioration in the luminance of the video displayed on the screen.

When the coefficient calculation unit 164 calculates the correction 
coefficients Cr', Cg', and Cb', it inputs the calculated correction coefficients Cr', 
Cg', and Cb' into the signal level correction unit 128. The signal level correction 
unit 128 multiples the video signals by the input correction coefficients Cr', Cg', 
and Cb' (step S112).

The signal level correction unit 128 multiplies the respective colors R, G, 
and B by the correction coefficients Cr', Cg', and Cb'. That is to say, the red 
video signal is multiplied by the correction coefficient Cr' for correcting the red 
signal level, the green video signal is multiplied by the correction coefficient Cg' 
for correcting the green signal level, and the blue video signal is multiplied by the 
correction coefficient Cb' for correcting the blue signal level.

The signal level correction unit 128 multiplies the video signals by the 
correction coefficients, so as to adjust the levels of the video signals input into 
the signal level correction unit 128. As a result of the multiplication by the 
correction coefficients in the signal level correction unit 128, the levels of the 
video signals are adjusted, and the luminance of a video displayed through the 
panel 158 can be reduced.

The still image judging method according to the embodiment of the present 
invention has been described above. Note that in the above-described still image 
judging method, a computer program which is created for executing the still 
image judging method according to the embodiment of the present invention may 
be recorded in a recording medium (for example, the recording unit 106) in the 
display device 100 in advance, and an operating device (for example, the control 
unit 104) may successively read and execute the computer program.

As was described above, according to the embodiment of the present 
invention, the immediately previous levels of the video signals are compared with 
the present levels of video signals, and whether a still image is displayed is 
judged based on the difference between both the levels. Accordingly, the degree 
of still image is updated according to the judged result, so that whether the still 
image is continuously displayed on the screen can be detected. Accordingly, 
when the correction coefficients (gains) for reducing the luminance in a region 
where a still image is displayed are calculated according to the degree of still 
image, the luminance of a video displayed on the screen is reduced, so that the 
burn-in phenomenon can be prevented.

Additionally, because the various signal processes on the video signals 
having linear characteristic are executed by simple operations, the circuit which 
performs the operations may have a simple circuit configuration. This results in 
reducing the entire area of the circuit, and thus the display device 100 is thinned 
and light weighted.

The preferred embodiment of the present invention is described above with 
reference to the appended drawings. However, it is needless to mention that the 
present invention is not limited to the above-described examples. It should be 
understood by those skilled in the art that various modifications, combinations,
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sub-combinations, and alternations may occur depending on design requirements 
and other factors insofar as they are within the scope of the appended claims or 
the equivalents thereof.

For example, in the above-described embodiment, the still image judging 
unit 162 calculates the degree of still image, calculates correction values based on 
the calculated degree of still image, and sends the calculated correction values to 
the signal level correction unit 128. The signal level correction unit 128 
multiples video signals by the correction values so as to correct the levels of the 
video signals. However, the present invention is not limited to this example. For 
example, the control unit 104 may calculate the degree of still image and send the 
calculated degree of still image to the signal level correction unit 128, with 
calculation and multiplication of the correction values being performed at the 
signal level correction unit 128.

It is to be understood that, if any prior art publication is referred to herein, 
such reference does not constitute an admission that the publication forms a part 
of the common general knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the 
invention, except where the context requires otherwise due to express language or 
necessary implication, the word “comprise” or variations such as “comprises” or 
“comprising” is used in an inclusive sense, i.e. to specify the presence of the 
stated features but not to preclude the presence or addition of further features in 
various embodiments of the invention.

3172028.1 (GHMetters) P82384 AU



09/11 2012 18:27 FAX ©0014/0026

38

20
08

25
41

80
 

09
 N

ov
 2

01
2

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A display device comprising a display unit configured to display an image, 
the display unit comprising: (i) one or more pixels having one or more light 
emitting elements that emit light according to an electric current, wherein the 
pixels are arranged in a matrix pattern; (ii) one or more pixel circuits configured 
to control the electric current applied to the light emitting elements according to 
one or more signals; (iii) one or more scanning lines configured to supply one or 
more selection signals for selecting the pixels to emit light; and (iv) one or more 
data lines configured to supply the signals to the pixel circuits, the display device 
comprising:

an average value calculation unit configured to receive the signals, and to 
calculate one or more individual average values of signal levels of the signals in 
relation to each one of a plurality of regions displayed by the display unit;

an average value storage unit configured to store the individual average 
values calculated by the average value calculation unit;

a still image judging unit configured to judge whether a still image is 
displayed in each one of the regions based on a difference between the individual 
average values stored in the average value storage unit and one or more last 
average values, to calculate a degree of still image for each one of the regions 
where it is judged that a still image is displayed, and to judge that a still image is 
displayed on an entire image display region of the display unit when it is judged 
that a still image is displayed in at least one of the regions displayed by the 
display unit;

a coefficient calculation unit configured to determine which one of the 
regions where it is judged that a still image is displayed has a largest degree of 
still image, to calculate one or more correction coefficients for reducing 
luminance of the still image displayed in the region having the largest degree of 
still image based on the degree of still image of the region having the largest 
degree of still image, and to calculate one or more further correction coefficients 
for reducing the luminance of the entire image display region based on the degree 
of still image of the region having the largest degree of still image; and

a coefficient multiplying unit configured to multiply the signals in relation 
to a region where it is judged that a still image is displayed by the correction 
coefficients calculated by the coefficient calculation unit, and to multiply the 
signals in relation to the entire image display region by the further correction 
coefficients calculated by the coefficient calculation unit,

wherein the signals have a linear characteristic, and
wherein the correction coefficients for reducing the luminance in the region 

of the largest degree of still image are smaller than the further correction 
coefficients for reducing the luminance of the entire image display region.

2. A device as claimed in claim 1, further comprising:
a linear on unit configured to convert signals having a gamma characteristic 

into signals having a linear characteristic.

3. A device as claimed in claim 1, further comprising:
a gamma conversion unit configured to convert signals having a linear
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characteristic into signals having a gamma characteristic.

4. A device as claimed in claim 3, wherein the coefficient calculation unit is 
further configured to calculate one or more additional correction coefficients for 
reducing a luminance in relation to a region where an image has a highest 
luminance.

5. A device as claimed in claim 3, wherein a number of pixels of one side are 
an exponentiation of 2.

6. A method for controlling a display device comprising a display unit 
configured to display an image, the display unit comprising: (i) one or more 
pixels having one or more light emitting elements that emit light according to an 
electric current, wherein the pixels are arranged in a matrix pattern; (ii) one or 
more pixel circuits configured to control the electric current applied to the light 
emitting elements according to one or more signals; (iii) one or more scanning 
lines configured to supply one or more selection signals for selecting the pixels to 
emit light; and (iv) one or more data lines configured to supply the signals to the 
pixels, the method comprising the steps of:

an average value calculation unit receiving the signals, and calculating one 
or more individual average values of signal levels of the signals in relation to 
each one of a plurality of regions displayed by the display unit;

an average value storage unit storing the average values calculated by the 
average value calculation unit;

a still image judging unit judging whether a still image is displayed on each 
of the regions based on a difference between the individual average values stored 
in the average value storing unit and one or more last average values;

the still image judging unit calculating a degree of still image for each one 
of the regions where it is judged that a still image is displayed;

the still image judging unit judging that a still image is displayed on an 
entire image display region of the display unit when it is judged that a still image 
is displayed in at least one of the regions displayed by the display unit;

a coefficient calculation unit determining which one of the regions where it 
is judged that a still image is displayed has the largest degree of still image;

the coefficient calculation unit calculating one or more correction 
coefficients for reducing luminance of the still image displayed in the region 
having the largest degree of still image based on the degree of still image of the 
region having the largest degree of still image;

the coefficient calculation unit calculating one or more further correction 
coefficients for reducing the luminance of the entire image display region based 
on the degree of still image of the region having the largest degree of still image

a coefficient multiplying unit multiplying the signals in relation to a region 
where it is judged that a still image is displayed by the correction coefficients 
calculated by the coefficient calculation unit; and

the coefficient multiplying unit multiplying the signals in relation to the 
entire image display region by the further correction coefficients calculated by the 
coefficient calculation unit,

wherein the signals have a linear characteristic, and
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wherein the correction coefficients for reducing the luminance in the region 
of the largest degree of still image are smaller than the further correction 
coefficient for reducing the luminance of the entire image display region.

7. A method as claimed in claim 6, further comprising the step of; 
converting signals having a gamma characteristic into signals having a

linear characteristic.

8. A method as claimed in claim 6, further comprising the step of: 
converting signals having a linear characteristic into signals having a

gamma characteristic.

9. A method as claimed in claim 8, further comprising the step of: 
the coefficient calculation unit calculating one or more additional

correction coefficients for reducing a luminance in relation to a region where an 
image has a highest luminance.

10. A method as claimed in claim 8, wherein a number of pixels of one side are 
an exponentiation of 2.

11. A computer program which causes a computer to implement a method 
according to one of claims 6 to 10.

12. A display device substantially as herein described with reference to the 
accompanying drawings.

13. A method for controlling a display device, substantially as herein described 
with reference to the accompanying drawings.

14. A computer program substantially as herein described with reference to the 
accompanying drawings.
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