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ELECTROLUMINESCENCE DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Theentire disclosure of Japanese Patent Application
No. 2006-346450 including specification, claims, drawings,
and abstract is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display apparatus
having an electroluminescence element in each pixel, and
particularly to correction of a display variation in such a
display apparatus.

[0004] 2. Description of the Related Art

[0005] Electroluminescence (hereinafter referred to as
“EL”) display apparatuses in which an EL element whichis a
self-emissive element is employed as a display element in
each pixel are expected as a flat display apparatus of the next
generation, and are being researched and developed.

[0006] After an EL panel is created in which an EL element
and a thin film transistor (hereinafter referred to as “TFT”) or
the like for driving the EL element for each pixel are formed
on a substrate such as glass and plastic, the EL, display appa-
ratus is subjected to several inspections and is then shipped as
a product.

[0007] Inacurrentactive matrix EL display apparatus hav-
ing a TFT in each pixel, a brightness unevenness occurs
among the EL elements because of display unevenness
caused by the TFT, in particular, a variation in the threshold
value Vth of the TFT, which is a major cause of reduction in
yield. An improvement in the yield of the products is very
important, and, thus, reduction in the display defect and dis-
play unevenness (display variation) by improving an element
design, a material, a manufacturing method, or the like is
desired. Attempts have been made, for example, as described
in JPA 2005-316408 (hereinafter referred to as “Reference
Document 1”), in which, when a display unevenness or the
like occurs, the display unevenness is corrected so that the
panel is made a non-defective panel.

[0008] In the Reference Document 1, the EL panel is
caused to emit light, variation in brightness of the pixels is
measured, and a data signal (video signal) to be supplied to
each pixel is corrected. In addition, as another method, a
method is proposed in which a circuit which corrects the
variation of Vth of an element driving transistor which con-
trols a current to be supplied to the EL element is provided in
each pixel.

[0009] The method of measuring the brightness variation
by causing the EL panel to emit light and capturing an image
of the emission with a camera as described in Reference
Document 1 cannot be conducted after shipment, such that
this method does not enable execution of corrections with
respect to changes of the panel over time or the like. Further-
more, when are solution of the EL panel is increased and a
number of pixels in the EL panel is increased, a number of the
measurement and correction target becomes large for mea-
suring the brightness variation for each pixel, and, thus, an
increase in the resolution of the camera, an increase in capac-
ity of a storage of correction information, etc. are required.

[0010] Moreover, even when the circuit element for com-
pensating Vth is not to be incorporated, it is highly desired to
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correct the display unevenness caused by the variation in Vth
of TFTs. In particular, it is desired to constantly perform this
type of correction.

SUMMARY OF THE INVENTION

[0011] An advantage of the present invention is that, at a
point after shipment, a display variation is accurately and
efficiently measured for an EL display apparatus in real time
and the display variation can be corrected.

[0012] According to one aspect of the present invention,
there is provided an electroluminescence display apparatus
comprising a display section having a plurality of pixels
arranged in a matrix, a variation detecting section which
detects an inspection result of a display variation in each
pixel, and a correcting section which corrects the display
variation. Each of the plurality of pixels in the display section
comprises an electroluminescence element having a diode
structure, and an element driving transistor which is con-
nected to the electroluminescence element and controls a
current that flows through the electroluminescence element.
The variation detecting section comprises an inspection sig-
nal generator which generates an inspection signal to be sup-
plied to a pixel in a row to be inspected and supplies the
inspection signal to the pixel in the inspected row at a prede-
termined timing during execution of a display in accordance
with a video signal, a current detector which detects a current
that flows through the electroluminescence element in
response to the inspection signal, and a memory section
which stores a data corresponding to the current detected by
the current detector. The memory section includes a volatile
primary memory which stores the data corresponding to the
current supplied from the current detector, anon-volatile sec-
ondary memory which stores and maintains therein the data
stored in the primary memory during when an apparatus
power supply is turned off, and a selector which selectively
supplies the data stored in the secondary memory to the
primary memory when the apparatus power supply 1s turned
on. The correcting section executes a correction with respect
to the video signal for each pixel in accordance with the data
read out from the primary memory of the memory section.

[0013] According to another aspect of the present inven-
tion, in the above-described electroluminescence display
apparatus, the correcting section executes the correction with
respect to the video signal for each pixel using a correction
data corresponding to a characteristic variation amount of the
element driving transistor created by a correction data creat-
ing section based on the data read out from the primary
memory.

[0014] According to a further aspect of the present inven-
tion, in the above-described electroluminescence display
apparatus, the data corresponding to the current supplied
from the current detector to the memory section is a correc-
tion data created by a correction data creating section based
on the current detected by the current detector and in accor-
dance with a characteristic variation amount of the element
driving transistor.

[0015] According to a still further aspect of the present
invention, in the above-described electroluminescence dis-
play apparatus, the inspection signal generator supplies to the
pixel in the inspected row during a blanking period, as the
inspection signal, an inspection ON signal and also an inspec-
tion OFF signal that sets the electroluminescence element to
anon-emission level. A current detection amplifier detects an
ON current obtained during application of the inspection ON
signal and an OFF current obtained during application of the
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inspection OFF signal. The memory section stores a data
corresponding to a current difference between the detected
ON current and OFF current.

[0016] According to another aspect of the present inven-
tion, in the above-described electroluminescence display
apparatus, a data save controller in the memory section oper-
ates to save the data stored in the primary memory into the
secondary memory at a predetermined timing.

[0017] According to a further aspect of the present inven-
tion, in the above-described electroluminescence display
apparatus, the blanking period is a horizontal blanking
period, and, during a predetermined horizontal blanking
period, the current difference between the ON current and the
OFF current is detected sequentially for the pixels in the
inspected row and is sequentially stored in the memory sec-
tion.

[0018] According to a still further aspect of the present
invention, in the above-described electroluminescence dis-
play apparatus, the blanking period is a vertical blanking
period, and, during the vertical blanking period, the current
difference between the ON current and the OFF current is
detected sequentially for the pixels in the inspected row and is
sequentially stored in the memory section.

[0019] According to an aspect of the present invention,
there is provided an electroluminescence display panel driv-
ing apparatus comprising a variation detecting section which
detects an inspection result of a display variation in each pixel
of an electroluminescence display panel provided with a dis-
play section having a plurality of pixels arranged in a matrix,
each of the plurality of pixels including an electrolumines-
cence element having a diode structure and an element driv-
ing transistor which is connected to the electroluminescence
element and controls a current that flows through the elec-
troluminescence element. The driving apparatus further com-
prises a correcting section which corrects the display varia-
tion. The variation detecting section comprises an inspection
signal generator which generates an inspection signal to be
supplied to a pixel in a row to be inspected and supplies the
inspection signal to the pixel in the inspected row at a prede-
termined timing during execution of a display in accordance
with a video signal, a current detector which detects a current
that flows through the electroluminescence element in
response to the inspection signal, a volatile primary memory
which stores a data corresponding to the current supplied
from the current detector, and a selector which selectively
supplies to the primary memory a data read out from a non-
volatile secondary memory which stores and maintains
therein the data stored in the primary memory during when an
apparatus power supply is turned off. The correcting section
executes a correction with respect to the video signal for each
pixel in accordance with the data read out from the primary
memory of a memory section.

[0020] According to another aspect of the present inven-
tion, in the above-described apparatuses, the current that
flows through the electroluminescence element is a cathode
current.

[0021] According to various aspects of the present inven-
tion, an inspection signal is supplied to pixels in an inspected
row ata predetermined timing during execution of a display in
accordance with a video signal, a current such as a cathode
current or an anode current that flows through an EL element
at that time 1s detected, the detected current detection data is
stored in a memory section, and a correcting section executes
a correction in accordance with the data read out from the
memory section. The memory section is composed using a
volatile primary memory and a non-volatile secondary
memory, and the current detection data stored in the primary
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memory is saved into the secondary memory at every prede-
termined timing. With this arrangement, while the stored data
in the primary memory becomes erased when the apparatus
power supply is turned off, the current detection data stored in
the secondary memory can be used to execute correction
when the apparatus power supply is turned on. As such,
variations between the pixels can be corrected to thereby
execute a high-quality display from immediately after turning
on the power supply.

[0022] Forexample, by executing the current detection dur-
ing the horizontal blanking period or the vertical blanking
period of the video signal, it is possible to detect variations
between the pixels and perform the correction while carrying
out a normal display. Further, even though some time may be
required after turning on the power until the measured current
detection data become available regarding all the pixels, the
correction can be executed using the current detection data
stored in advance in the secondary memory until new data are
obtained, such that it is possible to prevent display uneven-
ness due to characteristic variation of the pixels to be
observed even at the time of turning on the power.

[0023] Moreover, because the current detection and the
data correction are constantly executed, even when display
variation (display unevenness) occurs at a point after ship-
ment of the display apparatus, such variation can be corrected
in real time.

[0024] Furthermore, because the measurement target is the
current that flows through the EL element instead of the
emission brightness, the measurement can be made with a
simple structure. In addition, by switching the EL, element
ON and OFF and measuring the ON and OFF current values,
itis possible to accurately know the ON current with the OFF
current as a reference, which facilitates accurate and rapid
measurement and correction processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] A preferred embodiment of the present invention
will be described in detail by reference to the drawings,
wherein:

[0026] FIG. 1 is an equivalent circuit diagram for explain-
ing an example schematic circuit structure of an EL display
apparatus according to a preferred embodiment of the present
invention;

[0027] FIGS. 2A and 2B are diagrams for explaining a
principle of measurement of a characteristic variation of an
element driving transistor according to a preferred embodi-
ment of the present invention;

[0028] FIG. 3 is a diagram showing an example configura-
tion of an EL display apparatus provided with the display
variation correction function according to a preferred
embodiment of the present invention;

[0029] FIG. 4is a diagram showing a part of a more specific
configuration of the driving section of FIG. 3;

[0030] FIG. 5 is a diagram for explaining a shift in an
operation threshold value of an element driving transistor Tr2
and a method for correcting the shift;

[0031] FIG. 6 is a diagram for explaining a method for
obtaining a correction data corresponding to a shift in the
operation threshold value;

[0032] FIG. 7isadiagram for explaining a panel inspection
method according to a preferred embodiment of the present
invention;

[0033] FIG. 8 is a timing chart explaining Driving scheme
1 according to a preferred embodiment of the present inven-
tion;
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[0034] FIG.9 is a timing chart explaining Driving scheme
2 according to a preferred embodiment of the present inven-
tion;

[0035] FIG. 10 is a diagram for explaining a schematic
structure of a panel in which Driving Scheme 3 according to
a preferred embodiment of the present invention is executed,
[0036] FIG.11isatiming chart explaining Driving Scheme
3 according to a preferred embodiment of the present inven-
tion;

[0037] FIG. 12 is a schematic circuit diagram of an EL
display apparatus according to a preferred embodiment of the
present invention, which shows an example different from the
schematic circuit structure of FIG. 1;

[0038] FIG.13isadiagram showing an example circuit for
generating an inspection control signal according to a pre-
ferred embodiment of the present invention;

[0039] FIG. 14 is atiming chart explaining the operation of
the circuit structure of FIG. 13;

[0040] FIG. 15 is a diagram showing a specific example of
an inspection control signal generation circuit according to a
preferred embodiment of the present invention,

[0041] FIG. 16 is a diagram showing an example current
detection amplifier according to a preferred embodiment of
the present invention; and

[0042] FIG.17 is a diagram showing a configuration of the
driving section of FIG. 3 which differs from that shown in
FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0043] A preferred embodiment of the present invention
(hereinafter referred to as “embodiment™) will now be
described with reference to the drawings.

[0044] [Detection Principle]

[0045] In the embodiment, a display apparatus is an active
matrix organic electroluminescence (EL) display apparatus,
and a display section having a plurality of pixels is formed on
an EL panel 100. FIG. 1 is a diagram showing an example
equivalent circuit structure of an active matrix EL display
apparatus according to the embodiment. A plurality of pixels
are arranged in the display section of the EL panel 100 in a
matrix form, a selection line (gate line GL) 10 on which a
selection signal is sequentially output is formed along a hori-
zontal (H) scan direction (row direction) of the matrix, and a
data line 12 (DL) on which a data signal (Vsig) is output and
a power supply line 16 (VL) for supplying a drive power
supply PVDD to an organic EL element 18 (hereinafter sim-
ply referred to as “EL element”) which is an element to be
driven are formed along a vertical (V) scan direction (column
direction).

[0046] Each pixel is provided in a region approximately
defined by these lines. Each pixel comprises an EL element
18 as an element to be driven, a selection transistor Trl
formed by an n-channel TFT (hereinafter referred to as
“selection Tr1”), a storage capacitor Cs, and an element driv-
ing transistor Tr2 formed by a p-channel TFT (hereinafter
referred to as “element driving Tr2”).

[0047] The selection Tr1 has a drain connected to the data
line 12 which supplies a data voltage (Vsig) to the pixels
along the vertical scan direction, a gate connected to the gate
line 10 which selects pixels along a horizontal scan line, and
a source connected to a gate of the element driving Tr2.
[0048] A source of the element driving Tr2 is connected to
the power supply line 16 and a drain of the element driving
Tr2 is connected to an anode of the EL, element. A cathode of

Dec. 11, 2008

the EL element is formed common for the pixels and is
connected to a cathode power supply Cv.

[0049] The EL element 18 has a diode structure and com-
prises a light emitting element layer between a lower elec-
trode and an upper electrode. The light emitting element layer
comprises, for example, at least a light emitting layer having
an organic light emitting material, and a single layer structure
or a multilayer structure of 2, 3, or 4 or more layers can be
employed for the light emitting element layer depending on
characteristics of the materials to be used in the light emitting
element layer or the like. In the present embodiment, the
lower electrode is patterned into an individual shape for each
pixel, functions as the anode, and is connected to the element
driving Tr2. The upper electrode is common to a plurality of
pixels and functions as the cathode.

[0050] Inan active matrix EL display apparatus having the
circuit structure as described above in each pixel, if an opera-
tion threshold value Vth of the element driving Tr2 varies,
even when a same data signal is supplied to the pixels, the
same current is not supplied from the drive power supply
PVDD to the EL element, which causes brightness variation
(display variation).

[0051] FIGS. 2A and 2B show an equivalent circuit of a
pixel and Vds-Ids characteristics of the element driving Tr2
and the EL element when a characteristic variation (variation
in a current supplying characteristic; for example, variation in
the operation threshold value Vth) occurs in the element
driving Tr2. When the operation threshold value Vth of the
element driving Tr2 varies, the circuit can be considered as
having a resistance which is larger or smaller than that in the
normal case is connected to a drain side of the element driving
Tr2 as shown in FIG. 2B. Therefore, although the character-
istic of the current (in the present embodiment, cathode cur-
rent Icv) flowing through the EL element is not different from
that of the normal pixel, the current actually flowing through
the EL element would vary according to a characteristic varia-
tion of the element driving Tr2.

[0052] When a voltage applied to the element driving Tr2
satisfies a condition of Vgs-Vth<Vds, the element driving
Tr2 operates in a saturation region. In a pixel having the
operation threshold value Vth of the element driving Tr2
which is higher than that for a normal pixel, the current Ids
between the drain and the source of the transistor is smaller
than that for a normal transistor and an amount of supplied
current to the EL element, that is, the current flowing through
the EL element is smaller than that for a normal pixel (a large
Al), as shownin FIG. 2A. As a result, the emission brightness
of the pixel is reduced compared to the emission brightness of
the normal pixel and a display variation occurs.

[0053] On the other hand, in a pixel having an operation
threshold value Vth of the element driving Tr2 which is
smaller compared to that of the normal pixel, the current Ids
between the drain and the source of the transistor is larger
than that of a normal transistor, the current flowing through
the EL element is larger than that of the normal pixel, and the
emission brightness is higher.

[0054] When a voltage applied to the element driving Tr2
satisfies a condition of Vgs—Vth>Vds, the element driving
Tr2 operates in a linear region. In the linear region, a differ-
ence in the Ids-Vds characteristic between an element driving
Tr2 having a higher threshold value Vth and an element
driving Tr2 having a lower threshold value Vth is small, and,
thus, a difference in the amount of supplied current to the EL
element (AI) is also small. Because of this, the EL elements
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show similar emission brightness regardless of the presence
or absence of the characteristic variation in the element driv-
ing Tr2, and, thus, it is difficult to detect a display variation
caused by the characteristic variation in the linear region. By
operating the element driving Tr2 in the saturation region as
described above, it is possible to detect the display variation
caused by the characteristic variation in the element driving
Tr2.

[0055] The display variation can be reliably corrected by
correcting the datasignal to be supplied to each pixel based on
the detected current value. For example, when the threshold
value [Vthl of the element driving Tr2 is smaller than that of
a normal pixel, the emission brightness of the EL element
when a reference data signal is supplied is higher than that of
the normal pixel. Therefore, in this case, the brightness varia-
tion can be corrected by reducing the absolute value 1Vsigl of
the data signal according to a shift of the threshold value [ Vth|
with respect to the reference. When, on the other hand, the
threshold value [Vthl of the element driving Tr2 is higher than
that of a normal pixel, the brightness variation can be cor-
rected by increasing the absolute value [Vsigl of the data
signal according to the shift of the threshold value [Vthl with
respect to the reference.

[0056] Inthe above-described circuit structure, a p-channel
TFT is employed as the element driving transistor. However,
the present invention is not limited to such a configuration,
and, alternatively, an n-channel TFT may be used. In addition,
although in the above-described pixel circuit, an example
structure is described in which two transistors including a
selection transistor and a driving transistor are employed as
transistors in a pixel, the present invention is not limited to a
structure with two transistors or to the above-described circuit
structure.

[0057] According to the present embodiment, as described
above, brightness variation of an EL element caused by char-
acteristic variation of an element driving Tr in each pixel is
detected from the cathode current of the EL element, and the
detected brightness variation is corrected. These current
detection (variation detection) and correction are executed
during normal operation of the display apparatus within one
blanking period of a video signal.

[0058] Further, according to the present embodiment,
while the detected cathode current detection data is stored in
a primary memory which is capable of high-speed operation,
the data in the primary memory is saved in advance into a
non-volatile secondary memory. With this arrangement, even
when the apparatus power supply is turned off and the detec-
tion data within the primary memory becomes erased, upon
turning on the power supply again, the detection data stored in
the non-volatile secondary memory can be read out and used
for performing correction from immediately after turning on
the power supply.

[0059] The cathode current detection processing is per-
formed within one blanking period of a video signal by select-
ing one certain row of a display section as the inspected row,
supplying an inspection signal to a corresponding pixel, and
detecting the cathode current Icy flowing from the cathode
electrode of the EL element to the cathode terminal within the
pixel. The blanking period is either a vertical blanking period
or a horizontal blanking period. As the driving scheme, the
schemes outlined below may be employed. Further details of
the driving schemes are described later.
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[0060] (Driving Scheme 1) A Case in which the Cathode
Electrode is the Common Electrode Shared by all the Pixels,
and Cathode Current Detection is Performed during a Hori-
zontal Blanking Period

[0061] With respect to an EL panel 100 composed of a
matrix including y rows and x columns, within one horizontal
blanking period, certain one inspected row (nth row) is
selected, an inspection signal is supplied to a pixel in a certain
column (kth column), and the cathode current obtained at that
time is detected. By sequentially repeating this process while
changing the selected row, cathode current detection can be
carried out for all the pixels in the kth column during one
frame (one vertical (V) scan) period. By performing this
process for all columns, the detection processing can be com-
pleted for all the pixels in the EL panel 100. When the EL
panel has a VGA size, there exist 480 rowsx640 columns of
pixels. Using the above-described method in such a panel,
assuming 60 Hz for one frame, cathode current detection for
all pixels can be executed in a total of approximately 10.7
seconds (=V/s0 secondsx640 columns).

[0062] (Driving Scheme 2) A Case in which the Cathode
Electrode is the Common Electrode for all the Pixels, and
Cathode Current Detection is Performed during a Vertical
Blanking Period

[0063] Within one vertical blanking period, an inspection
signal is sequentially supplied to all the pixels in certain one
inspected row (nth row), and the cathode current obtained at
that time is detected. By performing this process in every
vertical blanking period while changing the selected row to
execute the process with respect to all rows, the cathode
current is obtained for each of all the pixels in the panel. Using
this method in a VGA panel similarly to the above, cathode
current detection for all pixels can be executed in a total of
approximately 8 seconds (=Veo secondsx480 rows).

[0064] (Driving Scheme 3) A Case in which the Cathode
Electrode is Divided Corresponding to each Column, and
Cathode Current Detection is Performed during a Vertical
Blanking Period

[0065] Within one vertical blanking period, an inspection
signal is supplied to respective ones of all the pixels in certain
one inspected row (nth row), and the cathode current for each
column is detected. By performing this process in every ver-
tical blanking period while changing the selected row to
execute the process with respect to all rows, the cathode
current is obtained for all the pixels in the panel. Using this
method in a VGA panel similarly to the above, cathode cur-
rent detection for all pixels can be executed in a total of
approximately 8 seconds (=0 secondsx480 rows)

[0066] When the driving capability (driving speed) of the
driver section is sufficiently high, it is possible to supply the
inspection signal to all pixels belonging in one certain row
and detect the current from the cathode electrode in each
column during a horizontal blanking period. In this case, the
cathode current can be measured for all pixels in the panel
within one frame period.

[0067] [Example Apparatus Configuration]

[0068] An example structure of an electroluminescence
display apparatus having a variation correction function
according to an embodiment of the present invention is next
described referring to FIGS. 3 and 4. FIG. 3 shows one
example of an overall configuration of an electrolumines-
cence display apparatus. This display apparatus comprises an
EL panel 100 provided with a display section having pixels as
described above, and a driving section 200 that controls dis-
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play and operation in the display section. The driving section
200 schematically comprises a display controller 210 and a
variation detecting section 300.

[0069] The display controller 210 includes a signal proces-
sor 230, a variation correcting section 250, a timing signal
creating (T/C: Timing controller) section 240, a driver 220,
and the like.

[0070] The signal processor 230 generates a display data
signal suitable for displaying on the EL panel 100 based on a
color video signal provided from outside. The timing signal
creating section 240 generates, based on a dot clock signal
(DOTCLOCK), synchronization signals (Hsync, Vsync), and
the like, various timing signals such as H-direction and V-di-
rection clock signals CKH, CKV and horizontal and vertical
start signals STH, STV, which are required in the display
section. The variation correcting section 250 uses a correction
data supplied from the variation detecting section 300 to
correct a video signal in accordance with a characteristic of
the EL panel which is the target to be driven.

[0071] The driver 220 generates, based on the various tim-
ing signals obtained from the timing signal creating section
240, signals for driving the EL panel 100 in the H direction
and the V direction, and supplies the generated signals to the
pixels. Further, the driver 220 also supplies a corrected video
signal supplied from the variation correcting section 250 as a
data signal (Vsig) to a corresponding pixel. As shown for
example in F1G. 1, the driver 220 comprises an H driver 220H
that controls drive of the display section in the H (row) direc-
tionanda 'V driver 220V that controls drive in the V (column)
direction. As can be seen in FI1G. 1, the H driver 220H and the
V driver 220V may be integrated on the panel substrate
together with the pixel circuit of FIG. 1 in a peripheral region
around the display area of the EL panel 100. Alternatively, the
H driver 220H and the V driver 220V may be composed as a
separate unit from the EL panel 100 on an integrated circuit
(IC) together with or separately from the driving section 200
of FIG. 3.

[0072] The variation detecting section 300 operates during
a blanking period under a normal use environment of the EL
panel 100 to detect a display variation and obtain a correction
value. In the example of FIG. 3, the variation detecting sec-
tion 300 comprises an inspection controller 310 that controls
variation inspection, an inspection signal generation circuit
320 that generates an inspection signal and supplies the gen-
erated signal to a pixel in an inspected row of the EL panel, a
cathode current detector 330 that detects a cathode current
obtained from a cathode electrode when the inspection signal
is supplied, a memory 340 that stores a cathode current detec-
tion result, a correction data creating section 350 that creates
a correction data based on the detected cathode current, and
the like. Further, a control signal generation circuit for gen-
erating a selection signal necessary for selecting and inspect-
ing a pixel of an inspected row when performing the inspec-
tion and a control signal for performing electric potential
control of a predetermined line as described below may be
integrated within the driver 220 and may be caused to operate
in response to control by the detection controller 310. This
structure may be executed as a control signal generation
circuit provided exclusively for inspection, or may alterna-
tively be executed by the inspection controller 310.

[0073] FIG. 4 shows a part of a more specific configuration
of the driving section 200 of FIG. 3. The cathode current
detector 330 includes a current detection amplifier 332 and an
analog-digital (AD) converter 334. In the example shown in
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FIG. 4, the current detection amplifier 332 includes a resistor
R provided between the amplifier output side and the current
input side. The cathode current Icv obtained from the cathode
electrode terminal Tcv of the EL panel is acquired as a current
detection data (voltage data) expressed by [Vref+IR] based
on voltage [IR] generated when the cathode current Icv flows
in the resistor R and the reference voltage Vref. The AD
converter 334 converts the current detection data acquired in
the current detection amplifier 332 into a digital signal having
a predetermined number of bits.

[0074] This detection data is supplied to the memory 340
and stored therein. It is noted that, although the above-men-
tioned AD converter 334 is not a mandatory component for
detecting the cathode current, by having the detection data
converted into a digital signal in the memory 340, it becomes
possible to speedily execute the writing of the detection data
into the memory 340 and the creation of correction data using
this detection data.

[0075] By supplying as the inspection signal an inspection
ON display signal which sets the EL element to an emission
level, in principle 1t is possible to detect a display unevenness
in accordance with a variation in the threshold value of the
element driving Tr2. However, as explained further below,
increased inspection speed and accuracy can be achieved by
supplying, as the inspection signal to a pixel in the inspected
row, the inspection ON display signal and also an inspection
OFF display signal which sets the EL element to a non-
emission level, detecting an ON cathode current obtained
during application of the inspection ON display signal and an
OFF cathode current obtained during application, of the
inspection OFF display signal, and obtaining the difference
Alev. Inspection speed and accuracy can be increased in this
manner because the OFF cathode current lev,, ;- is measured,
and the ON cathode current Iev,, during application of the
ON display signal is determined relatively using this Icv,,,as
areference. This eliminates the necessity to accurately deter-
mine the absolute value of the ON cathode current Icv,, or to
separately measure an OFF cathode current Icv,,.for use as a
reference. In other words, by using the difference between the
ON cathode current and the OFF cathode current (the cathode
current difference), any influences of characteristic variation
of the current detection amplifier 332 or the like can be
canceled from the cathode current difference, and no refer-
ence value for determining the absolute value of the ON
cathode current is necessary. More specifically, Vref+
Iev,, *R and Vref+lev,,*R are respectively acquired and
digitally converted in the AD converter 334. A subtraction
between the two data is performed in a subtractor before
supplying to the memory section 340, to finally obtain (Icv, -
lev,)*R, such that Alcv=Iev,,~lcv,,can be obtained.

[0076] As explained in the above-noted (Driving Schemes
1)-(Driving Scheme 3), the cathode current detection data
regarding all pixels are accumulated in the memory 340 in
approximately 10 seconds, for example. The memory 340
stores these cathode current detection data for all pixels at
least until new cathode current detection data for all pixels are
subsequently obtained.

[0077] The memory 340 includes a volatile primary
memory 342 and a non-volatile secondary memory 344. The
memory 340 further includes a selector 346 which selects, as
data to be supplied to the primary memory 342 (Alcv data),
either of the data obtained in real time from the current detec-
tor 330 or the stored data in the secondary memory 344.
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[0078] As the primary memory 342, a volatile memory
capable of performing data writing and readout at a high
speed (such as an SRAM) is employed. On the other hand, a
non-volatile memory such as an EEPROM which is capable
of retaining data when the apparatus power supply is turned
off and which is rewritable is employed as the secondary
memory 344. When the drive circuit 200 is to be formed into
a single integrated circuit, the primary memory 342 and the
selector 346 can be formed on the same integrated circuit.
While it is also possible to form the secondary memory 344
on the same integrated circuit, the secondary memory 344
may be configured using an integrated circuit that is indepen-
dent and separate from the above-noted integrated circuit.
[0079] By employing a high-speed memory as the primary
memory 342, it is possible to store the cathode current detec-
tion data and to supply the detection data to the correction
data creating section 350 at a high speed. However, a high-
speed memory such as an SRAM is volatile, such that data
becomes erased when the apparatus power supply is turned
off. Meanwhile, when the cathode current detection is
executed during a horizontal or vertical blanking period,
approximately 8 to 10 seconds are required for obtaining the
cathode current detection results regarding all pixels accord-
ing to the above-noted example driving schemes. Accord-
ingly, during several tens of seconds from the point of turning
on power, the cathode current detection data required for
creating the correction data would not be present in the pri-
mary memory 342, such that it would not be possible to
perform the correction. In order to avoid such a situation,
according to the present embodiment, a non-volatile
EEPROM or the like is provided as the secondary memory
344, and, by means of control by the selector 346, the cathode
current detection data regarding all pixels stored in advance in
this secondary memory 344 are read out and supplied to the
primary memory 342 when the power is turned on. With this
arrangement, during the period from immediately after turn-
ing on power until all the cathode current detection data
measured in real time become available, the correction can be
performed using the cathode current detection data stored in
the secondary memory 344.

[0080] At the time of turning on power, the selector 346
selects the output from the secondary memory 344 as data to
be supplied to the primary memory 342. After once writing
the data of the secondary memory 344 into the primary
memory 342, the selector 346 selects the data supplied in real
time from the cathode current detector 330. This switching
control of the selector 346 may be carried out for example
using a switching control signal from a device controller
(CPU) not shown, or may be executed by the inspection
controller 310.

[0081] Intothe secondary memory 344, the cathode current
detection data stored in the primary memory 342 can be
written at a point after receiving an instruction to turn off the
apparatus power supply and before the power supply is actu-
ally turned off. At the time of shipping of the panel 100 from
the factory, initial values of the cathode current detection data
measured in advance regarding each pixel may be directly
written into the secondary memory 344 before shipment.
Alternatively, it is possible to place the display apparatus in
normal operation before shipment, and to transfer the cathode
current detection data stored thereby in the primary memory
342 into the secondary memory 344.

[0082] Although a non-volatile memory such as an
EEPROM is not capable performing high-speed operation as
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fast as an SRAM, the non-volatile memory has a sufficiently
high operation speed for performing an exchange of cathode
current detection data with the primary memory 342 at the
time of turning on power before the power is turned on.
Accordingly, by employing such an on-volatile memory as
the secondary memory 344, it is possible to always perform a
display using data subjected to a correction regarding two-
dimensional display variation based on the cathode current
detection.

[0083] Reliability can be ensured by executing the process-
ing of saving the cathode current detection data from the
primary memory 342 into the non-volatile secondary
memory 344 at every time the apparatus power supply is
turned off. However, when there exists a limit to the number
of times the secondary memory 344 can be rewritten (for
example, a currently available EEPROM is limited to
approximately 100,000 times), considering the device life, it
is preferable to perform the saving processing under control
of the data save controller 348 using a timer or the like so as
to write the data stored in the primary memory 342 into the
secondary memory 344 at intervals such as every day, every
several days, or every instance a predetermined number of
times of turning off power is performed. It should be noted
that, even when the writing is not performed every time the
power is turned off, the output of the current detection data to
the primary memory 342 is executed every time the power is
turned on.

[0084] InFIG. 4, the detection data (Alcv in this example)
from the cathode current detector 330 is supplied to both the
selector 346 and the secondary memory 344. After shipment
from the factory, it is not particularly necessary to directly
supply the detection data from the cathode current detector
330 to the secondary memory 344, such that this path for
supplying the detection data may be omitted. It is possible to
use this path before shipment from the factory when directly
writing Alev into the secondary memory 344 or the like.
[0085] The correction data creating section 350 occasion-
ally reads out the cathode current detection data for each pixel
accumulated in the primary memory 342 within the memory
340, and, based on this data, creates a correction data for
correcting a display variation caused by a characteristic varia-
tion of the element driving Tr2 in each pixel, as described
below. Because it is necessary to obtain a correction data for
each one of the pixels, it is required that the readout of the
cathode current detection data from the primary memory 342
be performed for each of the individual pixels, and that the
readout be performed at a high speed. As an SRAM or the like
which is volatile but has a high response speed is employed as
the primary memory 342, these requirements can be suffi-
ciently satisfied.

[0086] Next, the creation of a correction data correspond-
ing to a shift in the threshold value of the element drive Tr2 is
explained. As shown in FIG. 5, upon application of an iden-
tical inspection signal which sets an EL element to an emis-
sion state, when the element driving Tr2 of the measured pixel
has a threshold value Vth that is shifted toward a higher
voltage side than the threshold value Vth of a normal element
driving Tr2 (as shown by a dot-dash line in FIG. §), the
cathode current obtained in the shifted pixel becomes Icvb,
whereas the cathode current in a normal pixel is Icva.

[0087] Accordingly, when the operation threshold value
Vth of the element driving Tr2 is shifted (i.e., deviated) from
that of a normal TET as shown in FIG. 5, the correction data
creating section 350 obtains, from the cathode current detec-
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tion data, a correction data for compensating the deviation of
the operation threshold value Vth. Conceptually, based on this
correction data, the voltage of the data signal supplied to each
pixel is caused to be shifted in accordance with the amount of
deviation in the operation threshold value Vth, so as to attain
the characteristic state shown by a dashed line in FIG. 5.
[0088] One example method of creating a correction data
for shifting a voltage of a data signal is specifically described
as follows. First, a deviation of the operation threshold value
of each pixel from a reference may be calculated using equa-
tion (1) below.

(VAIer) = V(Alevref) x(vs"L_m@]7 M

Vsigon

[0089] In equation (1), Vth(i), V(Icv), Vsigon, and y are
defined as below.

[0090] Vth(i): Deviation of the operation threshold value of
the inspected pixel.

[0091] V(Alcv): ON-OFF cathode current value of the
inspected pixel (voltage data).

[0092] V(Alcvref): Reference ON-OFF cathode current
value (voltage data).

[0093] Vsigon: Tone level of the inspection ON display
signal.
[0094] v: Emission efficiency characteristic of the display

panel (constant value).

[0095] When, for example, the tone level [Vsigon] of the
inspection ON display signal is set to 240 (in a range of
0-255), based on this tone level 240, the ON-OFF cathode
current value of the inspected pixel [V(Alcv)], the reference
ON-OFF cathode current value [V(Alcvref)], and the con-
stant value of emission efficiency characteristic v, it is pos-
sible to calculate using the above equation (1) the deviation
Vth(i) of the operation threshold value of each pixel with
respect to the reference. For example, it is assumed that, for
pixels A though E, the following amounts of threshold value
deviation Vth(i) from the reference are obtained:

Vih(4)=0
Vih(B)=13 .4
Vih(C)=17.0
Vih(D)=3.2

Vih(E)=20.7

[0096] Inthis example, the deviation of the threshold value
for pixel E is the highest. In this case, when data signals
having an identical tone level are supplied to the respective
pixels, pixel E emits at the lowest brightness in the display
section. Meanwhile, there exists a limit regarding the maxi-
mum value of data signal that can be supplied to the pixels.
Accordingly, using the Vth(i),, .. of pixel E as a reference, the
maximum data signal value Vsig,,, . is determined. In other
words, the maximum value Vth(i),,, . is selected from among
the Vth(i) values obtained for the respective pixels, and a
difference AVth(i) of the Vth value for each of all other pixels
with respect to the value Vth(i) max is obtained. Subse-
quently, the maximum value Vsig,, . (i) of data signal that
should be supplied to each pixel is calculated by subtracting
the obtained AVth(i) from Vsig,, . to determine [Vsig,, , .~
AVth(1)]. Further, the calculated result is reflected in an initial
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correction data RSFT(init) shown in equation (2) explained
further below, and is supplied to the variation correcting
section 250.

[0097] A set of the correction data for the respective pixels
created in the correction data creating section 350 as
described above can be stored in a correction value storage
section 280 shown in FIG. 3, for example. It is preferable to
store these correction data until a next set of correction data
for all pixels subsequently become available.

[0098] The variation correcting section 250 uses these
stored correction data until new correction data are obtained,
to execute variation correction for each pixel (two-dimen-
sional display variation correction) with respect to a video
signal supplied from the signal processor 230. The correction
data creating section 350 may create the correction data and
supply the created data to the variation correcting section 250
at timings necessary for performing correction computation
in the variation correcting section 250 (i.e., at timings in
accordance with the video signal). In that case, Vsig,,,.(i)
alone is stored in the above-noted correction value storage
section 280 or the like, and the correction data creating sec-
tion 350 reads out from the primary memory 342 the cathode
current detection data (digital data) regarding the required
pixel address and uses the read-out data and Vsig,,,.(1) to
create the correction data for supplying to the variation cor-
recting section 250.

[0099] The signal processor 230 is a signal processing cir-
cuit which generates a display signal suitable for displaying
on the EL panel 100 based on a color video signal provided
from outside, and may for example have a configuration as
shown in FIG. 4. A serial-parallel converter 232 converts an
externally-supplied video signal into a parallel data, and the
resulting parallel data is supplied to a matrix converter 236. In
the matrix converter 236, when the externally-supplied video
signal has YUV format, an offset processing in accordance
with the color tone displayed on the EL panel is carried out. Y
is aluminance signal, U denotes a difference between the
luminance signal and a blue component, and V denotes a
difference between the luminance signal and a red compo-
nent. In YUV format, these three information items are used
to express colors. Further, the matrix converter 236 performs
converting processing such as data reduction (thinning) ofthe
parallel video signal into a format suitable for the EL panel
100. The matrix converter 236 also executes color space
correction, brightness and contrast correction, and the like.
Subsequently, a gamma value setting section 238 performs
setting of a y value in accordance with the EL panel 100
(gamma correction) with respect to the video signal supplied
from the matrix converter 236. The gamma-corrected video
signal is supplied to the above-noted variation correcting
section 250.

[0100] Inoneexample, the variation correcting section 250
uses equation (2) below to execute the two-dimensional dis-
play variation correction.

ADJ_SFT . . &)
X (512 - Rin) + Rin
R_SFT(0) = —18 X RSFT(inir)
512
[0101] In equation (2), RSFT(init) denotes an initial cor-

rection data which reflects the correction value obtained in the
correction data creating section 350 (when there exists a
correction data for each pixel before shipment from the fac-
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tory, that correction data is also reflected). Rin denotes an
input video signal supplied from the signal processor 230,
and, in this example, is a 9-bit data having any value from
among 0-511. ADJ_SFT denotes a correction value adjusting
(weighting) parameter, and R_SFT denotes a display data
after being subjected to the two-dimensional display varia-
tion correction.

[0102] As canbeunderstood from FIG. 5, when a deviation
occurs in the operation threshold value Vth of the element
driving Tr2, the slope y of the characteristic curve of this TFT
differs from the slope f of the characteristic curve of a normal
TFT. As such, by simply shifting the data signal by the
amount of deviation of Vth as shown in FIG. 6, accurate tone
expression cannot be achieved. Accordingly, the variation
correcting section 250 employs the above equation (2) or the
like to take into account the slope f (i.e., the weighting param-
eter in the above equation (2)), so as to execute an optimal
correction in accordance with the actual video signal value
(luminance level), thereby accomplishing an adjustment such
that a cathode current that results in a characteristic corre-
sponding to a normal TFT characteristic flows through the EL
element. With this correction, it is possible to reliably prevent
a problem such as whitish display on the lower tone level side
(deviation toward the higher tone level side) caused by a
difference in the slope of the TFT characteristic when the
correction is executed simply by a shift by AVth.

[0103] The video signal after being subjected to the two-
dimensional display variation correction as described above
is supplied to a digital-analog (DA) converter 260, and is
converted into an analog data signal to be supplied to each
pixel. This analog data signal, which is data that should be
output to a corresponding data line 12 of the display section,
is output to a video line provided in the panel 100, and is
supplied to the corresponding data line 12 in accordance with
control by the V driver 220V. Here, it should be noted that the
variation correcting section 250 estimates power consump-
tion from the data signal supplied from the signal processor
230, generates an ACL signal for performing optimal control
of the peak current of the EL panel 100, and supplies the ACL
signal to the DA converter 260. With this arrangement, occur-
rence of an excessive current consumption in the panel 100 is
prevented.

[0104] As shown in FIG. 4, the cathode current detection
data output from the analog-digital converter 334 is com-
posed of 8 bits for each of R, G, and B (i.e., a total 0of 24 bits),
and the memory section 340 and the correction data creating
section 350 also handle 8-bit data for each of R, G, and B. In
the variation correcting section 250, the R, G, and B video
signals sequentially supplied from the signal processing cir-
cuit 230 are composed of 8§ bits respectively. The variation
correcting section 250 employs the 8-bit video signal and the
8-bit correction data to generate therein the display data after
being subjected to the two-dimensional display variation cor-
rection which is composed of 10 bits for each of R, G, and B.
In this manner, by increasing the number of bits only in the
display data generated in the variation correcting section 250,
an attempt is made to enhance accuracy of the above-de-
scribed two-dimensional display variation correction.

[0105] [Driving Schemes]

[0106] Next described are methods for driving the display
apparatus in which the cathode current inspection based on
the above-described principle is carried out. In the driving
methods described below, an example case is explained in
which a high-speed inspection scheme is employed which
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involves successively applying, as the inspection display sig-
nal Vsig supplied to a pixel in the inspected row, an inspection
ON display signal (for EL emission) and an inspection OFF
display signal (for EL non-emission). Although the order of
application of the inspection ON display signal and OFF
display signal is not particularly limited, the order in the
following example is OFF first and then ON.

[0107] (Driving Scheme 1)

[0108] In Driving Scheme 1, as previously mentioned, the
cathode electrode is commonly shared by all pixels, and cath-
ode current detection is performed during a horizontal blank-
ing period. FIG. 7 conceptually illustrates the EL panel 100
having y rows and x columns. F1G. 8 shows a timing chart for
Driving Scheme 1.

[0109] According to Driving Scheme 1, an inspection sig-
nal is supplied to a kth-column pixel in certain one row during
one horizontal blanking period, and inspection of the kth-
column pixels in all rows (n rows) is carried out over one
frame period. By repeating this process for y times, cathode
current detection is executed for all pixels.

[0110] Ahorizontal start signal STH indicates a start of one
horizontal scan (1H) period. As shown in FIG. 8, the period
between the rise (transition to HIGH) of STH for nth row and
the rise of STH for the subsequent (n+1)th row corresponds to
the 1H period for nth row. At the end of the 1H period, a
horizontal (H) blanking period is provided. During the period
from the rise of STH for nth row to the start of the H blanking
period, as in normal operation, all the pixels in the nth row are
selected. and, in each selected pixel, display data Vsig is
written so that the EL element emits light in accordance with
the data to perform display. The emission of the EL element is
basically maintained until a data signal for the subsequent
frame is written into the same pixel during the subsequent
frame period.

[0111] According to the present scheme, during the H
blanking period within the 1H period for nth row, an inspec-
tion signal (inspection ON-OFF display signal) Vsig is sup-
plied from the data line 12 to the pixel in a predetermined
column (kth column).

[0112] The inspection signal is a signal having a predeter-
mined amplitude which causes the element driving Tr2 of the
corresponding pixel to operate in a saturation region as pre-
viously explained, and which places the EL element in a
non-emission state and an emission state. Accordingly, a cur-
rent such as cathode current Icv shown in FIG. 8 is obtained
from the cathode electrode CV. The cathode current detector
330 detects this current as the ON-OFF cathode current dif-
ference Alcv.

[0113] According to the present scheme, after measuring
Alev in the above manner, the data signal Vsig that was
retained in the measurement target pixel until immediately
prior to the measurement is rewritten into that pixel. This
rewriting is performed because the normal written data Vsig
becomes lost by writing an inspection signal into the kth-
column pixel in the nth row during the 1H blanking period. As
such, without performing the rewriting, display cannot be
performed after the 1H period for nth row until a new data
signal Visig is written into this kth-column pixel in the nth row
during the subsequent frame period.

[0114] According to the present scheme, during the blank-
ing period, in order to avoid obstructing the cathode current
detection performed during the blanking period, the potential
of a capacitance line 14 (SC) provided for every row is set
such that the gate-source voltage of the element driving Tr2
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[Vg-PVDDI does not exceed the operation threshold value
[Vthl, or in other words, the potential of the capacitance line
14 is fixed to a first potential that sets the element driving Tr2
to a non-operation level at which its self-initiated operation is
notpossible. Accordingly, the EL element 18 connected to the
element driving Tr2 remains in a non-emission state, and no
cathode current is generated.

[0115] When a p-channel type TFT is employed as the
element driving Tr2 as shown in FIG. 1, the above-noted first
potential is a predetermined HIGH level (such as alevel same
as PVDD, or HIGH level of the gate line 10).

[0116] While the first potential of the capacitance line 14 is
explained above as corresponding to a “non-operation level”
of the element driving Tr2, when the inspection ON signal is
supplied from the data line 12 via the selection Tr1 to the gate
of the element driving Tr2, because a storage capacitor Cs is
connected to the gate of this element driving Tr2, the gate
voltage Vg varies by a potential difference between the poten-
tial of the inspection ON signal and a predetermined gate
potential fixed by the first potential of the capacitance line 14
[n]. Accordingly, by using the inspection ON signal to set the
gate potential of the element driving Tr2 to a level sufficiently
lower than its source potential (PVDD) (when Tr2 is p-chan-
nel type), the element driving Tr2 can supply a current to the
EL element in response to the inspection ON signal.

[0117] During the H blanking period, the level of the
capacitance line 14 may be set to a level corresponding to the
non-operation level of the element driving Tr2 similarly for
all rows. However, according to the present scheme, during
the data signal rewriting period, the level of the capacitance
line 14 [n] for nth row which is the inspected row is changed
to a second potential that is the same as the potential during
normal writing (in this example, the LOW level, which may
be GND), such that the rewriting is executed more reliably.
[0118] When a circuit configuration as shown in FIG. 12
described further below is employed in which a power supply
line 16 (PVDD) is formed for every row and its potential can
be controlled individually for each row, the level of the power
supply line 16 [n] for the inspected nth row (PVDDn) may be
changed to a predetermined LOW level during the data signal
rewriting period within the corresponding H blanking period,
as shown in FIG. 8. By setting the PVDD potential for this
row to LOW level after writing the inspection signal, it is
possible to set the EL element to a non-emission state during
the data signal rewriting period in which data signal writing is
performed. In this manner, it is possible to avoid a situation in
which, while all other pixels which are not inspected remain
in a non-emission state during the H blanking period, the
inspected pixel (or row) emits light and appears brighter
during that emission compared to the other pixels not cur-
rently inspected.

[0119] When the potentials of the capacitance line 14 and
the power supply line 16 (PVDD) for the inspected row are
controlled as described above, the potential of the capacitance
line 14 is preferably fixed at least during the data signal
rewriting period. The timing for changing the potential of the
capacitance line 14 from the first potential to the second
potential is before the start of the rewriting. Concerning the
change of potential of the power supply line, as explained
above, this potential change from the normal potential to a
low potential is directed to achieving the effect of stopping
light emission by the EL element which may be caused by the
supplying of the inspection signal. As such, from the aspect of
reducing any emission period unrelated to display, it is also
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preferable to carry out the potential change of the power
supply line before the start of the rewriting. However, it is also
possible to perform this change after the start of the rewriting.
[0120] According to Driving Scheme 1 described above, as
previously explained, it is possible to detect the cathode cur-
rent (Alcv) regarding all pixels in a VG A panel in a period of
slightly less than 11 seconds.

[0121] (Driving Scheme 2)

[0122] FIG. 9 shows a timing chart for Driving Scheme 2.
According to Driving Scheme 2, the cathode electrode is
commonly shared by all pixels as shown in FIG. 7, and
cathode current detection is performed with respect to all the
pixels belonging in one inspected row during one vertical
blanking period.

[0123] In FIG. 9, the vertical start signal STV indicates a
start of one vertical scan (1V) period. The period from the rise
of STV for nth time to the rise of STV for (n+1)th time
corresponds to the 1V period for nth frame. At the end of the
1V period, a vertical (V) blanking period is provided.
[0124] During the period from the rise of STV to the start of
the V blanking period, as in normal operation, all pixels in the
panel of y rowsxx columns are selected, and, in each pixel,
display data Vsig is written so that the EL element emits light
in accordance with the data to perform display.

[0125] According to present Scheme 2, from the start of one
V blanking period, all the pixels within the nth row are
selected, and the inspection signal (ON-OFF display signal)
Vsig is supplied from the data line 12 sequentially to all the
pixels within the nth row (from the 1st column to the xth
column), thereby sequentially obtaining the cathode current
detection results (Alev) during the respective column selec-
tion periods (the inspection signal supplying period for the
corresponding column). During a period from after comple-
tion of the writing of the inspection signal for all columns to
the end of the blanking period, with respect to the pixels in all
columns of the nth row, the display data signals that have been
written in the respective pixels until before the inspection are
rewritten. Because the data lines 12 are provided for the
respective columns, the data signal rewriting can be per-
formed simultaneously for the individual pixels in all col-
umns of the nth row.

[0126] During the V blanking period, similarly to in the H
blanking period of the above Scheme 1, it is preferable to set
the capacitance lines 14 for all rows to a first potential corre-
sponding to the non-operation potential of the element driv-
ing Tr2, and to set only the capacitance line 14 [n] for the
inspected row to a second potential during the rewriting
period within the inspection blanking period in order to facili-
tate the writing.

[0127] Further, similarly to in Scheme 1, when the power
supply line 16 (PVDD) is provided for each row, as shown for
example in FIG. 9, the power supply line PVDDn for the
inspected row may be controlled so as to change its potential
to a predetermined LOW level during the data signal rewrit-
ing period alone. By setting the potential of the power supply
line PVDDn for the inspected nth row to LOW level, an
instantaneous period of emission by the EL element due to the
supplying of the inspection signal can be minimized to a more
reduced duration.

[0128] According to Driving Scheme 2 described above, as
previously explained, it is possible to detect the cathode cur-
rent (Alcv) regarding all pixels in a VGA panel in approxi-
mately 8 seconds.
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[0129] (Driving Scheme 3)

[0130] Driving Scheme 3 is next described referring to
FIGS. 10 and 11. According to the present scheme, as in the
example panel structure shown in FIG. 10, the cathode elec-
trode is divided corresponding to each column into cathode
electrode lines CVL to provide CVL[1]-CVL[x]. Further, the
cathode current detection is performed as shown in FIG. 11.
More specifically, one inspected row (nth row) is selected
during one V blanking period within one vertical scan period
for nth time, and cathode current (Alcv) values for the respec-
tive ones of all the pixels within the nth row (i.e., the nth-row
pixels in the first to xth column) are detected at the same time
using the cathode electrode line CVL provided for each col-
umn.

[0131] As in Driving Scheme 2, during a period from after
completion of the inspection signal writing period to the end
of the corresponding V blanking period, with respect to all the
pixels in the nth row, the display data signals that have been
written in the respective pixels until before the inspection are
rewritten.

[0132] Further, as in Driving Scheme 2, it is preferable to
execute the potential control of the capacitance lines 14, as
well as the power supply potential control in a case in which
power supply lines 16 (PVDD) are provided for the respective
rows. In other words, during a V blanking period, the capaci-
tance lines 14 are set to the first potential (the non-operation
potential of the element driving Tr2), while, during the data
signal rewriting period within the vertical blanking period in
whichnth row 1s inspected, only the capacitance line 14[n] for
the inspected row is set to the second potential. Concerning
the power supply lines, only the power supply line PYDDn
for the inspected row is set to the predetermined LOW level
during the data signal rewriting period so as to stop emission
by the EL element due to the supplying of the inspection
signal. Thetimings of potential change of the capacitance line
14[n] and the power supply line PVDDn are set such that they
do not occur during the data signal rewriting period. In par-
ticular, the potential change of the capacitance line 14 [n]) is
avoided during data signal rewriting period.

[0133] According to the Driving Scheme 3 described
above, the cathode current detection for one row can be
executed during one V period, such that the cathode current
detection regarding all pixels can be carried out in approxi-
mately 8 seconds, as previously explained. As the cathode
electrode is divided corresponding to the respective columns
in Driving Scheme 3, unlike in Driving Scheme 2, the entire
duration of 1V blanking period other than the data signal
rewriting period can be employed as the inspection period for
each one of the columns. As such, it is possible to reduce the
work load of the driving circuit that outputs the inspection
signals to the data lines 12 and to reduce power consumption.
[0134] The divided cathode electrode lines CVL[1]-CVL
[x] in the present scheme are individually connected to an
integrated driving circuit (driving section) 200 mounted on a
panel substrate by a COG (Chip On Glass) technique, as
shown in FIG. 10. In the driving section 200, for example, one
current detection amplifier 332 as shown in FIG. 4 may be
provided for each of the cathode electrode lines CVL[1]-CVL
[x], in one-to-one relationship. With this arrangement, the
cathode current detection can be executed simultaneously for
all cathode electrode lines (i.e., all columns).

[0135] Alternatively, by correlating one current detection
amplifier 332 with multiple lines (such as ten lines), it is
possible to reduce the number of current detection amplifiers.
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Such reduction of the number of amplifiers can contribute to
reduction of area of the driving section. When one current
detection amplifier 332 is provided corresponding to a mul-
tiple number of power supply lines, the inspection can be
carried out using the driver configuration identical to the
driving section that carries out the operation shown in FIG. 11
by repeating the pixel cathode current detection process with
respect to one row for a number of times (such as ten) corre-
sponding to the number of power supply lines correlated to
one amplifier.

[0136] Ifisof course possible to divide the detection signal
writing period within 1V blanking period in accordance with
the number of power supply lines correlated to one amplifier,
and to sequentially detect the cathode current values from the
respective correlated power supply lines CVL. In this manner,
the cathode current detection regarding all pixels can be
executed within the same duration as in FIG. 11.

[0137] The driving section 200 in FIG. 10 not only per-
forms the individual detection of the cathode currents from
the cathode electrode lines but also has the functions shown in
FIGS. 3 and 4 described above, and carries out driving of the
display section, variation detection, variation correction, and
the like. Furthermore, although not shown in FIG. 10, a part or
all of the functions of the driver 220 within the driving section
200 shownin FIG. 3 may be formed separately from this COG
as an H driver and a V driver which are integrally formed on
the panel substrate together with the pixel circuit of the dis-
play section.

[0138] Moreover, as previously explained, Driving Scheme
3 in which the cathode current lines are provided for the
respective columns can also be adopted into a method in
which the cathode current detection is performed during a
horizontal blanking period within one horizontal scan period.
[0139] FIG. 12 is a diagram showing a schematic circuit
structure of a pixel circuit with which the above-described
Driving Scheme 3 can be implemented. In FIG. 12, the fea-
tures that differ from the circuit structure shown in FIG. 1 are
that the power supply lines 16 (PVDD) are not provided along
the column direction but are provided along the row direction
for the respective rows, and that the cathode electrode lines
CVL are provided for the respective columns. When the cath-
ode electrode is formed as the upper electrode while the anode
electrode is formed as the lower electrode in the EL panel 100,
the cathode electrode lines CVL can be provided by forming
the cathode electrode disposed on the EL layer in shapes
separated for each column. It should be noted that, also in
Driving Schemes 1 and 2, when the potential of the power
supply line 16 (PVDD) s to be controlled separately for each
row as described above, the power supply lines 16 are formed
along the row direction as shown in FIG. 12.

[0140] [Inspection Control Signal Generation Circuit]
[0141] FIG. 13 shows an inspection control signal genera-
tion circuit 222 which controls, during the cathode current
inspection according to Driving Scheme 3, the respective
lines (i.e., gate lines 10, capacitances line 14, and power
supply lines 16) provided along the row direction. This circuit
222 can be built into the V driver 220V or the like, for
example. Further, FIG. 14 is a timing chart explaining the
operation of the circuit shown in FIG. 13.

[0142] A shift register 30 for generating an inspection con-
trol signal includes registers FSR in accordance with the
number of rows in the display section. The FSR are supplied
with a frame start signal STF and a frame clock signal CKF
which are generated by a circuit structure not shown based on
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the vertical start signal STV, the dot clock signal, and the like.
A frame start signal STF is a signal which determines the
timing of start of inspection for each row. When the inspec-
tion is performed by selecting only one row during 1V blank-
ing period as in Driving Scheme 3, the frame start signal STF
rises to HIGH at every y frame periods corresponding to the
number of rows (y) in the panel. A frame clock signal CKF is
a signal having a period double of one frame period.

[0143] The shift register 30 for the cathode current detec-
tion transfers the frame start signal STF, in response to the
frame clock signal CKF, sequentially from one register FSR
to a FSR of the subsequent stage. The respective registers
FSR1, FSR2, and so on output register outputs FSRP1,
FSRP2, and so on, respectively, to corresponding control
signal creating sections 40 [1], 40 [2], . . . 40[y] for the
respective rows.

[0144] The structure and the operation of the signal cre-
ation logic section 40 are next explained using the signal
creation logic section40[1] as an example. First, an AND gate
42[1] is supplied with the output from register FSR1 of its
own stage and the output from register FSR2 of the subse-
quent stage, and the resulting logical product FSP1 is sup-
plied to a first input terminal of an AND gate 44[1]. A second
terminal of the AND gate 44[1] is supplied with are write
control signal RWP which indicates the data signal rewriting
period during the V blanking period. The rewrite control
signal RWP is set to HIGH level only during the above-
described rewriting period. When logical conjunction FSP1
having HIGH level is output from the AND gate 42[1] during
when the rewrite control signal RWP is HIGH, the AND gate
44[1] generates a rewrite selection signal RW1 for selecting a
rewriting row.

[0145] The rewrite selection signal RW1 is supplied to a
first input terminal of an OR gate 48[1]. A second input
terminal of the OR gate 48[1] is supplied with a selection
signal which is sequentially output to the gate lines 10 during
normal operation and the like. A logical sum of'this selection
signal and the rewrite selection signal RW1 output to the
inspected row during the cathode current detection is
obtained, and is output to the corresponding gate line 10 as the
selection signal (GL1 or RW1). During when the inspection
signal (inspection ON-OFF signal) Vsig is output, the selec-
tion signal is output to the gateline 10 of the inspected row.
Accordingly, when the first row is the inspected row for
example, during the inspection signal writing period, GL1
having HIGH level is output from the OR gate 48[1], and,
during the rewriting period, RW1 having HIGH level is out-
put.

[0146] The output RW1 from the AND gate 44[1] is sup-
plied via an inverter to a first input terminal of an AND gate
46[1]. A second input terminal of the AND gate 46[1] is
supplied with the output FSP1 from the AND gate 42[1],
while a third input terminal of the AND gate 46[1] is supplied
with a signal (equivalent to the capacitance line signal SC)
which is an inverted signal of a frame enable signal FENB.
Accordingly, when the capacitance line signal is set to HIGH
level and the corresponding row is being inspected, the AND
gate 46[1] generates the capacitance line signal SC1 which is
set to HIGH level (the first potential) only during the inspec-
tion signal writing period, and outputs SC1 to the capacitance
line 14[1].

[0147] Further, the output RW1 from the AND gate 44[1] is
supplied to a drive power supply control section that controls
the power supply potential PYDD which is output to the
power supply line 16 (VL). This drive power supply control
section includes CMOS gates 50[1] and 52[1]. In the CMOS
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gate 50[1], the above-described RW1 is supplied to the gate of
its n-channel TFT, while an inverted output of RW1 is sup-
plied to the gate of the p-channel TFT. Accordingly, when
RW1 is set to HIGH level, this CMOS gate 50[1] performs an
ON operation, such thata GND power supply connected to its
input side terminal is connected via the output side terminal to
the power supply line 16.

[0148] On the other hand, in the CMOS gates 52[1], the
above-described RW1 is supplied to the gate of its p-channel
TFT, while an inverted signal of RW1 is supplied to the gate
of the n-channel TFT. Accordingly, when RW1 is set to LOW
level, the CMOS gate 52[1] performs an ON operation, such
that a PVDD power supply connected to its input side termi-
nal is connected via the output side terminal to the power
supply line 16.

[0149] As shown in FIG. 14, RW1 is selectively set to
HIGH level during the data signal rewriting period only with
respect to the inspected row. Accordingly, the power supply
potential output to the corresponding power supply line 16[1]
is controlled to the GND potential during the data signal
rewriting period, and, during times other than the rewriting
period, is controlled to the PVDD potential. As described
above, using the inspection control signal generation circuit
222 of FIG. 13, it is possible to control the writing operation
and the writing period of the inspection signal for each row,
the capacitance line potential, and the power supply line
potential during the V blanking period.

[0150] FIG. 15 shows a specific example of the inspection
control signal generation circuit 222 shown in FIG. 13.
Within an IC, it is preferable to use NOR gates for achieving
the logical multiplications shown in the signal creation logic
section 40 of FIG. 13. In FIG. 15, NOR gates and inverters are
employed to execute the logical conjunctions equivalent to
those in FIG. 13. Referring to the signal creation logic section
40[1] for example, NOR gate 42[1] obtains an inverted logi-
cal sum FSP1' of the outputs from FSR1 and FSR2, and this
FSP1'is supplied to one input terminal of NOR gate 44[1] and
one input terminal of NOR gate 46[1].

[0151] TheNOR gate 44 [1] obtains an inverted logical sum
of FSP1' and an inverted input of RWP, and outputs a rewrite
selection signal RW1. As in FIG. 13, this rewrite selection
signal RW1 is supplied to the CMOS gates 50[1] and 52[1]
and the OR gate 48[1]. Further, the NOR gate 46[1] receives
input of the above-noted RW1, FSP1', and an inverted signal
(i.e., a signal in-phase with FENB) of the inverted signal of
the frame enable signal FENB. The NOR gate 46[1] obtains
an inverted logical sum of these three signals, and outputs the
obtained sum to the capacitance line signal SC1.

[0152] [Current Detection Amplifier]

[0153] Anexample structure of the current detection ampli-
fier 332 is next described. Instead of the current detection
amplifier 332 shown in FIG. 4, it is possible to alternatively
employ an amplifier as shown in FIG. 16 in order to detect the
cathode current. The amplifier of FIG. 16 has a type of struc-
ture of an instrumentation amplifier, and includes three opera-
tional amplifiers A1, A2, and A3. The operational amplifiers
Al and A2 constitute a differential circuit, and the operational
amplifier A3 functions as a differential amplifier circuit that
amplifies the differential output of the operational amplifiers
Al and A2. By employing such an instrumentation amplifier
as the current detection amplifier, it is possible to easily detect
the cathode current at high accuracy without being suscep-
tible to influences of noise.
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[0154] Between the output terminals P1 and P2 of the
operational amplifiers Al and A2, resistors R2, R1, and R3
are serially connected. The connecting point between the
resistors R2 and R1 is connected to the negative input termi-
nal of the amplifier Al. Further, the connecting point between
the resistors R3 and R1 is connected to the negative input
terminal of the operational amplifier A2.

[0155] Meanwhile, a current detection resistor R0 is con-
nected between the positive input terminals of the operational
amplifiers Al and A2, and the positive input terminal of the
operational amplifier A1 is supplied with the cathode current
Iev. The positive input terminal of the operational amplifier
A2 is supplied with a negative power supply voltage VEE
serving as an input signal Vi2. An input signal Vil (Vin) input
into the positiveinput terminal of the operational amplifier Al
has a value in accordance with a voltage (Icv¥R0) generated
when the cathode current Icv flows through the current detec-
tion resistor RO as well as in accordance with the negative
power supply voltage VEE, and is expressed as VEE+Icv*R0.
[0156] When the output from the operational amplifier Al
is denoted as Vo1 and the output from the operational ampli-
fier A2 is denoted as Vo2, Vol and Vo2 are expressed by the
following equations (3) and (4):

Ry R ©)]
Vol = (1 + —]Vm— — - VEE

R1 Rl

R3 R3 Q)
Vol = (1 + —]VEE— — - Vin

RI Rl

[0157] A difference between the above two outputs is the
output from the differential circuit section, which 1is
expressed by equation (5) below:

R2+R3 )
Vol - Vo2 = (Vin - VEE)(I o ]

[0158] Here, resistance values of resistor R6 connected to
the negative input terminal side of the operational amplifier
A3 and resistor R4 connected to the positive input terminal
side of the operational amplifier A3 are equal. Further, resis-
tance values of resistor R7 provided in the negative feedback
path of the operational amplifier A3 and resistor RS provided
between GND and the positive input terminal of the opera-
tional amplifier A3 are equal. An output Vo from the opera-
tional amplifier A3 configured as above is expressed with
respect to the ground potential by the following equation (6):

Vo K1 1, F2ARS (6)
o—%( in— E)[ + I ]
[0159] In the example shown in FIG. 16, as explained

above, the negative power supply voltage VEE is supplied as
the input signal into the positive input terminal of the opera-
tional amplifier A2 in the instrumentation amplifier. For the
purpose of accurately detecting the cathode current under a
condition in which the EL panel is driven with the element
driving Tr2 being operated in the saturated state (i.e., under a
condition equivalent to normal display operation), the cath-
ode power supply is set to a potential lower than 0V such as
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-3V. In order to detect a cathode current at such a potential
level, a negative power supply VEE having a potential of a
similar level (such as =3V is required as the input signal Vo2
for comparison. Further, as an operation power supply of the
respective operational amplifiers A1-A3, a positive operation
power supply Vdd and a negative operation power supply Vee
are necessary. As the negative operation power supply Vee, a
voltage lower than VEE is required. For example, the level of
+15V is employed for Vdd and Vee.

[0160] Ina display apparatus employing the EL panel 100
or the like, when a large negative power supply is necessary,
such power supply is typically produced using a charge pump
circuit, a switching regulator circuit, and the like, from a
relatively small negative voltage (such as -1V) used as a
power supply for an IC. The negative power supplies VEE,
Vee produced using a charge pump circuit or the like tend to
include overlapped ripple components. Meanwhile, the cath-
ode current detected in the embodiments of the present inven-
tion is very small. Accordingly, if the negative power supplies
VEE, Vee produced as noted above were employed as a ref-
erence power supply for a highly-sensitive current detection
amplifier, there are possibilities that the detected results may
be influenced by noises such as the ripples of the negative
power supplies.

[0161] However, the output from the instrumentation
amplifier having the structure as shown in FIG. 16 is not
susceptible to influences from the power supplies Vdd, Vee of
the respective operation amplifiers. Furthermore, because the
input signal Vin into the operation amplifier A1 is expressed
as VEE+Icv*R0 as explained above and the output signal Vo
is shown by the above equation (6), the negative power supply
VEE is cancelled from the final output signal Vo. Accord-
ingly, even when the current inspection is executed under a
power supply condition identical to that for normal display,
by employing the instrumentation amplifier having the struc-
ture as shown in FIG. 16 as the current detection amplifier, it
is possible to accurately detect very weak cathode currents
while avoiding overlap of noises.

[0162] It is noted that the negative power supply voltage
VEE preferably is a voltage similar to the cathode power
supply voltage Vev. In a case in which the same drive power
supply PVDD used during normal operation is also used as
the drive power supply PVDD during the current inspection,
VEE and Vev are set to a potential of approximately -3V, for
example.

[0163] Onthe other hand, in a case in which the potential of
PVDD during the current inspection is set higher by AV
compared to during normal operation, the cathode power
supply voltage Vev and the negative power supply voltage
VEE can also be increased by AV to adopt a potential of
approximately 0V (GND), for example. In this case, a voltage
(such as £10V, or approximately +5V) which is smaller by at
least AV can be used as the drive power supplies Vdd, Vee for
the amplifiers A1-A3. In this manner, it is possible to further
avoid influences from a charge pump circuit or the like, and to
reduce power consumption in the current detection amplifier.
Moreover, in a case in which the IV characteristic of the EL
material of the EL element draws a sufficiently steep curve, a
desired current Icv can be obtained using a small voltage
amplitude difference. Accordingly, in this case too, the power
supply voltage range of the instrumentation amplifier can be
set to a smaller range, such that it is possible to achieve
advantages such as low power consumption as well as
enhancement of the detection accuracy by the use of the GND
potential.
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[0164] [Other Aspects]

[0165] While the above schemes and structures are
explained referring to a case in which the cathode current
detection for each pixel is performed in real time, the current
detection and the correction processing may be executed at
the time of activating the display apparatus. It is of course
possible to measure the cathode current (Alcv) for each pixel
and store the correction data in advance at the time of ship-
ment from the factory, and to occasionally update the correc-
tion data or to perform real-time correction by detecting char-
acteristic variation over time. In particular, according to the
present embodiment, the cathode current detection data mea-
sured at the time of shipment from the factory (i.e., the initial
data) are stored in the secondary memory 344 of the memory
section 340, such that, at the time of power activation after
shipment from the factory, the initial data can be used to
execute the correction.

[0166] In the correction by the variation correcting section
250 described above, the calculation processing and correc-
tion processing methods are not particularly limited as long as
a data signal supplied to a pixel in which display variation
occurs is adjusted to a suitable level and the emission bright-
ness of the EL element is corrected.

[0167] By integrating the above-described variation cor-
recting section 300 together with the panel controller210, it is
possible to provide a display apparatus capable of executing
the detection and correction of display variation and the con-
trol (i.e., display operation) of the display section using a very
small driving section. Further, the structures within the varia-
tion correcting section 300 such as the AD converter and the
memory can be commonly shared with the circuit of the panel
controller 210. Forming the driving section 200 into an IC by
implementing such sharing can contribute to reduction of the
IC chip size.

[0168] Inorder to create the correction data for all pixels by
an approach such as the above-described Driving Schemes
1-3, it takes time of approximately 10 seconds or more, for
example. For this reason, when the cathode current detection
is always executed sequentially from pixels in the uppermost
row upon turning on the apparatus powet, in a display appa-
ratus in which each actuation period is short, particularly as
the inspection time becomes longer, the cathode current
detection is repeated more often with respect to those pixels in
the upper region.

[0169] Inlight of the above, it is possible to configure such
that the inspection controller 310 or the like shown in FIG. 3
stores the last pixel address at which the supplying of the
inspection signal and the cathode current detection we reex-
ecuted before turning off of the apparatus power. Alterna-
tively, the pixel address at which the inspection is executed
may be constantly monitored. When the apparatus power is
subsequently turned on, control can be performed to start the
inspection from the pixel following the last pixel that was
previously inspected. When this control is performed, the
writing of data (data updating) in the primary memory 342 is
carried out regarding data corresponding to the pixel address
following the pixel address at which the writing was per-
formed immediately before turning off power. This type of
inspection target control and memory writing control can be
performed by, for example, using a counter to count the
horizontal start signal STH and the vertical start signal STV in
a case in which the inspection is executed every H blanking
period, or to count the above-noted frame start signal STF
generated from the start signals STH and STV, in order to
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identify the latest inspected pixel address and the pixel
address at which the latest correction data was obtained. It is
apparent that any methods other than the use of the counter
can be employed to control the inspected pixel address and
the memory writing address. Concerning the pixel to be
inspected at the time of turning on power, when the pixel
inspected at the immediately previous instance of turning off
power was located at a midpoint of a row in the matrix of the
panel, at the subsequent instance of turning on power, the
inspection may be executing starting from the leading pixel
(in the leading column) of that row. When the target pixel to
be inspected after turning on power is selected such that the
inspection is executed starting from a pixel address following
the pixel inspected before turning on power, instead of the
control signal generation circuit as shown in FIGS. 13 and 15,
a circuit structure capable of starting the inspection at an
arbitrary row and column according to an instruction from the
inspection controller 310 shown in FIG. 3 is employed.
Although this circuit structure may be configured as a part of
the V driver 210V incorporated together with the pixel circuit
on the display panel 100, because the circuit size becomes
rather large in order to actualize this type of function, it is
preferable to form the V driver 210 and the above control
signal generation circuit structure on an integrated circuit and
to mount this IC on the panel using a COG method or the like.
The IC in this case can have incorporated therein all structures
shown as the driving circuit 200 in F1G. 3.

[0170] Next, a driving section 200 having a structure dif-
ferent from that shown in FIG. 4 is described referring to FIG.
17. The features that differ from FIG. 4 are that, in the
example structure of FIG. 17, the correction data creating
section 350 uses the output data from the cathode current
detector 330 to create the correction data for the respective
pixels, the correction data are supplied to the memory section
340 and stored therein, and the variation correcting section
250 uses the correction data read out from the memory section
340 to sequentially execute the two-dimensional display
variation correction with respect to the video signal.

[0171] In the correction data creation processing by the
correction data creating section 350, when the maximum
threshold value Vth(i) max among the element driving Tr2 in
all pixels is known, other aspects are similar to those
described above. More specifically, the threshold value Vit for
each corresponding pixel which can be obtained using the
sequentially-acquired cathode current detection data is cal-
culated according to equation (1), and [Vsig,,.—AVth(i)] is
calculated using the obtained threshold value V1t (i) and the
above Vth(i), ... In this manner, it is possible to sequentially
obtain the correction data which serve as the reference for the
initial correction data RSFT(init) which is used for calcula-
tion in the variation correcting section 250. In the example of
FIG. 17, prior to the creation of the correction data, the
correction data creating section 350 sequentially obtains the
differences Alcv from the cathode current detection data
which are generated in response to the inspection ON display
signal and the inspection OFF display signal and supplied
from the cathode current detection section 330.

[0172] As shown in FIG. 17, the obtained correction data is
once stored in the primary memory 342, and then supplied to
the variation correcting section 250 at timings requested by
the variation correcting section 250. As explained referring to
FIG. 4, similarly in the example of FIG. 17, the primary
memory 342 is a memory capable of being read and written at
a high speed, and is typically a volatile memory (such as an
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SRAM). As such, a non-volatile memory is employed as the
secondary memory 344 in order to save the correction data
stored in the primary memory 342 into the secondary memory
344 at predetermined intervals (such as once every day).
Every time the apparatus power is turned on, the correction
data stored in the secondary memory 344 is supplied to the
primary memory 342 in accordance with control by the selec-
tor 346. According to this method, it is similarly possible to
execute the two-dimensional display variation correction
from immediately after the power is turned on. Regarding the
maximum threshold value Vth(i) __of the element driving
transistors Tr2, the maximum value among the threshold val-
ues of the element driving transistors Tr2 in all pixels is
acquired in advance at the time of shipment from the factory,
and this maximum value is stored in the secondary memory
344, the correction parameter setting section 280 shown in
FIG. 3, or the like. During normal display operation, when
operation threshold value data for the element driving tran-
sistors Tr2 in all pixels are acquired, the Vth(i),, .. value set at
the time of shipment from the factory can be updated at
predetermined intervals, thereby enabling to further enhance
the correction accuracy. Modifications concerning other por-
tions can be similarly applied to the example of FIG. 17 as
described above for FIG. 4 to achieve similar effects.

[0173] InFIG. 17, the correction data from the correction
data creating section 350 is supplied to both the selector 346
and the secondary memory 344. Because it is not particularly
necessary to directly supply correction data to the secondary
memory 344 after shipment from the factory, this data supply
path to the secondary memory 344 may be omitted. This data
supply path can be employed in cases such as when directly
writing the correction data into the secondary memory 344
before shipment from the factory.

[0174] Inthe driving section 200 shown in FIGS. 4 and 17,
the writing of data into the primary memory 342 and the
secondary memory 344 can be executed every time data is
obtained from the cathode current detector 330 (or from the
correction data creating section 350). Alternatively, a line
memory or the like may be provided before these memories
s0 as to sequentially perform an updating process every time
a predetermined amount (such as one row) of data is accumu-
lated, thereby enlarging the intervals at which data writing
into the memories is performed.

[0175] Moreover, although in the above description, an
example configuration is shown in which a cathode current
(forexample, Alcv) of the EL element is used as the current to
be measured during inspection of the display variation, the
inspection can be executed based on any current Ioled (Al-
oled) flowing through the EL element. As the current Ioled
flowing through the EL element, for example, it is also pos-
sible to use the anode current Iano in place of the cathode
current Icv. When a structure in which the cathode electrode
is set as the individual electrode for each pixel of an EL
element and the anode electrode is set as the electrode com-
mon to a plurality of pixels is employed in place of the
structure in which the anode electrode is set as the individual
electrode and the cathode electrode is set as the common
electrode, the anode current (Alano) which is a current flow-
ing through the common electrode may be measured.

What is claimed is:

1. An electroluminescence display apparatus, comprising:

a display section having a plurality of pixels arranged in a
matrix, a variation detecting section which detects an
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inspection result of a display variation in each pixel, and

acorrecting section which corrects the display variation,

wherein each of the plurality of pixels in the display section

comprises an electroluminescence element having a

diode structure, and an element driving transistor which

is connected to the electroluminescence element and
controls a current that flows through the electrolumines-
cence element;

wherein the variation detecting section comprises:
an inspection signal generator which generates an

inspection signal to be supplied to a pixel in a row to
be inspected and supplies the inspection signal to the
pixel in the inspected row at a predetermined timing
during execution of a display in accordance with a
video signal;

a current detector which detects a current that flows
through the electroluminescence element in response
to the inspection signal; and

a memory section which stores a data corresponding to
the current detected by the current detector;

wherein the memory section includes a volatile primary
memory which stores the data corresponding to the cur-
rent supplied from the current detector, a non-volatile
secondary memory which stores and maintains therein
the data stored in the primary memory during when an
apparatus power supply is turned off, and a selector
which selectively supplies the data stored in the second-
ary memory to the primary memory when the apparatus
power supply is turned on; and

wherein the correcting section executes a correction with
respect to the video signal for each pixel in accordance
with the data read out from the primary memory of the
memory section.

2. The electroluminescence display apparatus as defined in

claim 1, wherein

the correcting section executes the correction with respect
to the video signal for each pixel using a correction data
corresponding to a charactetistic variation amount ofthe
element driving transistor created by a correction data
creating section based on the data read out from the
primary memory.

3. The electroluminescence display apparatus as defined in

claim 1, wherein

the data corresponding to the current supplied from the
current detector to the memory section is a correction
data created by a correction data creating section based
on the current detected by the current detector and in
accordance with a characteristic variation amount of the
element driving transistor.

4. The electroluminescence display apparatus as defined in

claim 1, wherein

during a blanking period, the inspection signal generator
supplies, as the inspection signal to the pixel in the
inspected row, an inspection ON signal and also an
inspection OFF signal that sets the electroluminescence
element to a non-emission level;

a current detection amplifier detects an ON current
obtained during application of the inspection ON signal
and an OFF current obtained during application of the
inspection OFF signal; and

the memory section stores a data corresponding to a current
difference between the detected ON current and OFF
current.
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5. The electroluminescence display apparatus as defined in

claim 4, wherein

the blanking period is a horizontal blanking period; and

during a predetermined horizontal blanking period, the
current difference between the ON current and the OFF
current is detected sequentially for the pixels in the
inspected row and is sequentially stored in the memory
section.

6. The electroluminescence display apparatus as defined in

claim 4, wherein

the blanking period is a vertical blanking period; and

during the vertical blanking period, the current difference
between the ON current and the OFF current is detected
sequentially for the pixels in the inspected row and is
sequentially stored in the memory section.

7. The electroluminescence display apparatus as defined in

claim 1, wherein

in the memory section, a data save controller operates to
save the data stored in the primary memory into the
secondary memory at a predetermined timing.

8. The electroluminescence display apparatus as defined in

claim 1, wherein

the current that flows through the electroluminescence ele-
ment is a cathode current.

9. An electroluminescence display panel driving apparatus,

comptrising:

a variation detecting section which detects an inspection
result of a display variation in each pixel of an electrolu-
minescence display panel provided with a display sec-
tion having a plurality of pixels arranged in a matrix,
each of the plurality of pixels including an electrolumi-
nescence element having a diode structure and an ele-
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ment driving transistor which is connected to the elec-

troluminescence element and controls a current that

flows through the electroluminescence element; and
a correcting section which corrects the display variation;
wherein the variation detecting section comprises:

an inspection signal generator which generates an
inspection signal to be supplied to a pixel in a row to
be inspected and supplies the inspection signal to the
pixel in the inspected row at a predetermined timing
during execution of a display in accordance with a
video signal;

a current detector which detects a current that flows
through the electroluminescence element in response
to the inspection signal;

a volatile primary memory which stores a data corre-
sponding to the current supplied from the current
detector, and a selector which selectively supplies to
the primary memory a data read out from a non-
volatile secondary memory which stores and main-
tains therein the data stored in the primary memory
during when an apparatus power supply is turned off;
and

wherein the correcting section executes a correction with
respect to the video signal for each pixel in accordance

with the data read out from the primary memory of a

memory section.

10. The electroluminescence display panel driving appara-
tus as defined in claim 9, wherein
the current that flows through the electroluminescence ele-
ment is a cathode current.
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