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METHOD OF INSPECTING DEFECT FOR
ELECTROLUMINESCENCE DISPLAY
APPARATUS, DEFECT INSPECTION APPARATTUS,
AND METHOD OF MANUFACTURING
ELECTROLUMINESCENCE DISPLAY APPARATUS
USING DEFECT INSPECTION METHOD AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2006-239626 including specification, claims, draw-
ings, and abstract is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to inspection of a
defect caused by an electroluminescence element in a dis-
play apparatus having the electroluminescence element in
each pixel or caused by a transistor which drives the
electroluminescence element.

[0004] 2. Description of the Related Art

[0005] Electroluminescence (hereinafter referred to as
“EL”) display apparatuses in which an EL element which is
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 apparatus is subjected to several inspection and is
then shipped as a product. Currently, improvement in yield
is very important for the EL display apparatuses, and
improved efliciency in the inspection process is desired
along with improvements in the manufacturing process and
materials of the EL element and the TFT.

[0007] In the inspection currently executed for an EL
display apparatus, for example, faulty items such as a
display defect are inspected while a raster image for each of
R, G, and B or a monoscope pattern is displayed. The faulty
items include, for example, display unevenness, a dark spot,
a bright spot, etc.

[0008] The bright spot typically occurs due to short-
circuiting of the pixel circuit or the like, and, in this case, a
method is employed, for example, in which the pixel circuit
is insulated through laser irradiation or the like to darken the
bright spot.

[0009] On the other hand, regarding display unevenness
(DIM) and dark spots, various causes are being found. For
display defects which appear similar but are caused by
different causes of occurrence, the cause must be identified
and repairing must be applied according to the cause.
However, there had not been established an efficient method
of inspection according to the cause of occurrence.

SUMMARY OF THE INVENTION

[0010] An advantage of the present invention is that a
defect inspection of an EL display apparatus is executed
precisely and efficiently.
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[0011] According to one aspect of the present invention,
there is provided a method of inspecting a defect for an
electroluminescence display apparatus, wherein the display
apparatus comprises, in each pixel, an electroluminescence
element and an element driving transistor which is con-
nected to the electroluminescence element and which con-
trols a current flowing through the electroluminescence
element, an inspection ON display signal which sets the
electroluminescence element to an emission level is supplied
to each pixel, the element driving transistor is operated in a
saturation operating region of the transistor, an emission
state of the electroluminescence element is observed, and a
pixel having an emission brightness which is smaller than a
reference brightness is detected as an abnormal display
defect pixel, an inspection ON display signal which sets the
electroluminescence element to an emission level is supplied
to each pixel, the element driving transistor is operated in a
linear operating region of the transistor, an emission state of
the electroluminescence element is observed, and a non-
emission pixel is detected as a dark spot defect pixel caused
by the electroluminescence element, and a pixel which is
detected as the abnormal display defect pixel and which is
not detected as the dark spot defect pixel is detected as a dim
spot defect pixel caused by the element driving transistor.

[0012] According to another aspect of the present inven-
tion, there is provided a method of inspecting a defect for an
electroluminescence display apparatus, wherein the display
apparatus comprises, in each pixel, an electroluminescence
element having a diode structure and an element driving
transistor which is connected to the electroluminescence
element and which controls a current flowing through the
electroluminescence element, an inspection ON display sig-
nal which sets the electroluminescence element to an emis-
sion level is supplied to each pixel, the element driving
transistor in each pixel is operated in a linear operating
region of the transistor, a current flowing through the elec-
troluminescence element is detected, and a pixel is deter-
mined as a dark spot defect pixel caused by the electrolu-
minescence element when a value of the current flowing
through the electroluminescence element is greater than a
predetermined value.

[0013] In the defect inspection method according to vari-
ous aspects of the present invention, by executing the
detection of the dark spot defect pixel after a reverse bias
voltage is applied to the electroluminescence element of
each pixel, it is possible to execute the dark spot defect
inspection after screening the dark spot.

[0014] According to another aspect of the present inven-
tion, there is provided a method of inspecting a defect for an
electroluminescence display apparatus, wherein the display
apparatus comprises, in each pixel, an electroluminescence
element having a diode structure and an element driving
transistor which is connected to the electroluminescence
element and which controls a current flowing through the
electroluminescence element, an inspection ON display sig-
nal which sets the electroluminescence element to an emis-
sion level is supplied to each pixel, the element driving
transistor is operated in a saturation operating region of the
transistor, and a current flowing through the electrolumines-
cence element is detected, and a pixel is detected as a dim
spot defect pixel caused by the element driving transistor
when a value of the current flowing through the electrolu-
minescence element is smaller than a predetermined value.
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[0015] According to another aspect of the present inven-
tion, there is provided a defect inspection apparatus for an
electroluminescence display apparatus which comprises, in
each pixel, an electroluminescence element having a diode
structure and an element driving transistor which is con-
nected to the electroluminescence element and which con-
trols a current flowing through the electroluminescence
element, the defect inspection apparatus comprising a power
supply generation section which generates a power supply to
be supplied to each pixel during defect inspection, an
inspection signal generation section which generates an
inspection timing signal and an inspection ON display
signal, a current detecting section which detects a current
flowing through the electroluminescence element, and a
defect determining section.

[0016] According to another aspect of the present inven-
tion, it is preferable that, in the defect inspection apparatus,
with the power supply and the timing signal, the element
driving transistor in each pixel is operated in a linear
operating region of the transistor, and an inspection OFF
display signal which sets the electroluminescence element to
a non-emission level and an inspection ON display signal
which sets the electroluminescence element to an emission
level are supplied to the pixel, the current detecting section
detects an ON-OFF current difference between a current
flowing through the electroluminescence element corre-
sponding to the inspection OFF display signal and a current
flowing through the electroluminescence element corre-
sponding to the inspection ON display signal, and the defect
determining section compares the ON-OFF current differ-
ence to a reference value and determines a pixel as a dark
spot defect pixel caused by the electroluminescence element
when the ON-OFF current difference is greater than the
reference value.

[0017] According to another aspect of the present inven-
tion, it is preferable that, in the defect inspection apparatus,
with the power supply and the timing signal, the element
driving transistor in each pixel is operated in a saturation
operating region of the transistor, and an inspection OFF
display signal which sets the electroluminescence element to
a non-emission level and an inspection ON display signal
which sets the electroluminescence element to an emission
level are supplied to the pixel, the current detecting section
detects an ON-OFF current difference between a current
flowing through the electroluminescence element corre-
sponding to the inspection OFF display signal and a current
flowing through the electroluminescence element corre-
sponding to the inspection ON display signal, and the defect
determining section compares the ON-OFF current differ-
ence to a reference value and determines a pixel as a dim
spot defect pixel caused by the element driving transistor
when the ON-OFF current difference is smaller than the
reference value.

[0018] The present inventors have found that, when the
element driving transistor which is provided in each pixel
and which drives the EL element is operated in the linear
operating region and the EL element is caused to emit light,
if there is a short-circuiting in the EL element, a non-
emission pixel, that is, a dark spot, is observed, and, at the
same time, a value of the current flowing through the EL
element is increased compared to a normal case in which
there is no short-circuiting. In addition, it has been found
that, when the element driving transistor is operated in a
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saturation operating region and the EL element is caused to
emit light, if there is a short-circuiting in the EL element or
a characteristic variation occurs in the TFT, the pixel
becomes an abnormal display (with emission brightness
which is smaller than that in the normal display or non-
emission), and the value of the current flowing through the
EL element in this case is smaller than that in the normal
display.

[0019] Therefore, by operating the element driving tran-
sistor in the linear operating region and observing the EL
element or measuring a value of a current flowing through
the EL element as in various aspects of the present invention,
a dark spot defect caused by short-circuiting in the EL
element can be precisely detected.

[0020] By operating the element driving transistor in the
saturation operating region and observing the EL element,
an abnormal display caused by a characteristic variation in
the element driving transistor and an abnormal display
caused by short-circuiting of the EL element can be detected.
Because of this, by removing, from a group of pixels
determined as the abnormal display defect pixels, the dark
spot defect pixel observed when the transistor is operated in
the linear operating region as described above, it is possible
to easily identify an abnormal display pixel caused by the
characteristic variation of the element driving transistor as a
dim spot defect pixel. In addition, when the value of the
current flowing through the EL element is measured, if an
abnormal display is present because of the short-circuiting
of the EL element, a difference from the value of the current
flowing through the EL element in the normal case is small,
but if the emission brightness of the EL element is reduced
because of the characteristic variation in the element driving
transistor, the current value is smaller than that in the normal
case. Therefore, by measuring the current flowing through
the EL element such as a cathode current, it is possible to
quickly and objectively detect a dim spot defect pixel caused
by the characteristic variation in the element driving tran-
sistor.

[0021] In addition, because a cause of occurrence of a
defect can immediately be identified by the inspection result,
it is possible to send the display apparatus to a suitable
repairing process corresponding to the cause, and, thus, the
repairing efficiency can be improved.

[0022] In addition, by supplying an inspection OFF dis-
play signal and an inspection ON display signal to an EL
element and measuring a value of a current flowing through
the EL element during the application of each signal while
operating the element driving transistor in the linear opet-
ating region or in the saturation operating region, it is
possible to detect a value of current flowing through the EL
element corresponding to the ON display signal with refer-
ence to a value of a current flowing through the EL element
corresponding to the OFF display signal. Therefore, rapid
execution of an automatic determination using the defect
inspection apparatus can be facilitated.

[0023] Although the inspection is executed for each pixel,
by operating the element driving transistor and the EL
element for each pixel and consecutively for a plurality of
times, it is possible to easily reduce influences of an erro-
neous determination of a result in which a noise or the like
is superposed to the control signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A preferred embodiment of the present invention
will be described in detail by reference to the drawings,
wherein:

[0025] FIG. 1 is an equivalent circuit diagram for explain-
ing a schematic circuit structure of an EL display apparatus
according to a preferred embodiment of the present inven-
tion,;

[0026] FIG. 2 is a diagram for explaining a characteristic
of a dark spot display defect pixel according to a preferred
embodiment of the present invention;

[0027] FIG. 3 is a diagram for explaining a characteristic
of a dim display defect pixel according to a preferred
embodiment of the present invention;

[0028] FIG. 4 is a diagram schematically showing a struc-
ture of a dark spot and dim spot display defect inspection
apparatus using an emission state of an EL element;

[0029] FIG. 5 is a diagram showing an example of an
inspection process of an emission state using an inspection
apparatus of FIG. 4;

[0030] FIG. 6 is a diagram showing a principle of short-
circuiting in an EL element and a principle of screening of
the short-circuiting (dark spot);

[0031] FIG. 7 is a diagram for explaining a difference in
an 1V characteristic of the EL element based on presence or
absence of occurrence of short-circuit;

[0032] FIG. 8 is a diagram showing a driving method for
screening a dark spot;

[0033] FIG. 9 is a diagram for explaining a device struc-
ture for screening a dark spot;

[0034] FIG. 10 is a diagram for explaining an example of
a relationship between a bias condition and an emission
brightness in an UV repair for repairing a dim spot defect;

[0035] FIG. 11 is a diagram for explaining an example of
a relationship between a bias condition and an amount of
shift of an operation threshold value Vth in an UV repair for
repairing a dim spot defect;

[0036] FIG. 12 is a diagram schematically showing a
structure of a dark spot and dim spot display defect inspec-
tion apparatus using a cathode current Icv of an EL element;

[0037] FIG. 13 is a diagram showing an example of an
inspection process of a dark spot display defect using a
cathode current;

[0038] FIG. 14 is a diagram showing an example of an
inspection process of a dim spot display defect using a
cathode current;

[0039] FIG. 15 is a diagram showing a structure of a
power supply and a driving signal switching section of an
inspection apparatus having inspection functions of both a
dark spot and a dim spot using a cathode current;

[0040] FIG. 16 is a diagram showing a driving waveform
for executing a rapid inspection using a cathode current; and

[0041] FIG. 17 is a diagram showing an example of an
overall manufacturing process including a defect inspection
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and repairing processes for an EL display apparatus accord-
ing to a preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0042] A preferred embodiment of the present invention
(hereinafter referred to as “embodiment™) will now be
described with reference to the drawings.

[0043] [Inspection Principle]

[0044] Inthe 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
equivalent circuit structure of an active matrix display
apparatus according to the embodiment, and FIGS. 2 and 3
show a principle of defect inspection of the pixels of the EL
display apparatus employed in the present embodiment. A
plurality of pixels are arranged in the display section of the
EL panel 100 in a matrix form, a selection line GL on which
a selection signal is sequentially output is formed along a
horizontal scan direction (row direction) of the matrix, and
a data line DL on which a data signal is output and a power
supply line VL for supplying a drive power supply PVDD to
an organic EL element (hereinafter simply referred to as “EL
element”) which is an element to be driven are formed along
a vertical scan direction (column direction).

[0045] Each pixel is provided in a region approximately
defined by these lines. Each pixel comprises an organic EL
element as an element to be driven, a selection transistor Trl
formed by an n-channel TFT (hereinafter referred to as
“selection Trl™), a storage capacitor Cs, and an element
driving transistor Tr2 formed by a p-channel TFT (herein-
after referred to as “element driving Tr2”).

[0046] The selection Trl has a drain connected to the data
line DL which supplies a data voltage (Vsig) to the pixels
along the vertical scan direction, a gate connected to the gate
line GL which selects pixels along a horizontal scan line, and
a source connected to a gate of the element driving Tr2.

[0047] A source of the element driving Tr2 is connected to
the power supply line VL and a drain of the element driving
Tr2 is connected to an anode of the EL element. A cathode
of the EL element is formed common for the pixels and is
connected to a cathode power supply CV.

[0048] The EL element 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 layers or more
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 indi-
vidual 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.

[0049] 1Inan active matrix EL display apparatus having the
circuit structure as described above in each pixel, when a
short-circuiting occurs between the anode and the cathode of
the EL element or when the characteristic of the element
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driving Tr2 is degraded, the EL element becomes non-
emitting or the emission brightness of the EL element is
reduced compared to the normal pixel, and a display defect
called a dark spot or a dim spot occurs.

[0050] Because the light emitting element layer of the EL,
element is very thin and because the thickness of the light
emitting element layer may be varied, a defect may occur in
which short-circuiting occurs between the anode and the
cathode. When a short-circuiting occurs, even when an
emission (ON) display signal is applied to the gate of the
element driving Tr2 and a current is supplied to the EL
element, holes and electrons are not injected to the light
emitting element layer, and the EL element does not emit
light and becomes a dark spot defect.

[0051] FIG. 2 shows a circuit structure of a pixel when
such a short-circuiting occurs in an EL element and IV
characteristics of the element driving Tr2 and the EL ele-
ment in such a case. When a short-circuiting occurs in the EL
element, the circuit is equivalent to the circuit as shown in
FIG. 2(b) in which the drain side of the element driving Tr2
is connected to the cathode power supply CV. Because of
this, when the current flowing through the EL element is
evaluated by a cathode current Icv, the characteristic of the
current Iev with respect to the PYDD-CV voltage becomes
as shown in FIG. 2(a). and the current characteristic of the
EL element in which the short-circuiting occurs has a larger
slope than the current characteristic of a normal EL element.

[0052] Here, when the applied voltage to the element
driving Tr2 satisfies a condition of Vgs-Vth<Vds, a voltage
between the gate and the source is small, and a voltage
between the drain and the source (PVDD and CV) is large
(in the present embodiment, a condition similar to that of the
normal display mode), the element driving Tr2 operates in
the saturation operating region. In this case, the EL element
of the pixel in which the short-circuiting occurs becomes
non-emitting (dark spot). In addition, although the slope of
the current characteristic differs between a pixel in which the
short-circuiting occurred and a normal pixel, a difference Al
between the currents Icv flowing through the EL element is
small because the region corresponds to a region of gentle
slope of the current Ids characteristic between the source and
the drain of the element driving Tr2.

[0053] When, on the other hand, the applied voltage to the
element driving Tr2 satisfies a condition of Vgs-Vth>Vds,
a voltage between the gate and the source is large, and the
voltage between the drain and the source (PVDD and CV)
is small, the element driving Tr2 operates in a linear oper-
ating region. In the linear operating region, the slope of the
current characteristic of the EL element differs between a
pixel in which the short-circuiting occurs (dark spot pixel)
and a normal pixel in a manner similar to the saturation
operating region. In addition, a slope of the Ids characteristic
of the element driving Tr2 is steep in the linear operating
region, and, thus, the difference Al between the cathode
current Icv of the EL element of the dark spot pixel and the
cathode current Icv of the EL element of a normal pixel is
very large. In addition, in the operation in the linear oper-
ating region, because the EL element of the pixel in which
short-circuiting occurs is still in the short-circuited state, the
EL element becomes non-emitting (dark spot), and the
emission brightness significantly differs from that of the
normal pixel. Therefore, the defect caused by the short-
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circuiting in the EL element can be detected with regard to
emission brightness, either by operating the element driving
Tr2 in the linear operating region or in the saturation
operating region. With regard to the current flowing through
the EL element, on the other hand, the defect can be
precisely detected by operating the element driving Tr2 in
the linear operating region and measuring the current.

[0054] Next, a case will be described in which the EL
element is normal but a characteristic is degraded compared
to a normal transistor because the characteristic of the
element driving Tr2 varies. FIG. 3 shows IV characteristics
of an equivalent circuit of a pixel, element driving Tr2, and
EL element when such a variation in characteristic of
element driving Tr2 (variation in the current supplying
characteristic; for example, reduction of operation threshold
value Vth) occurs. When the operation threshold value Vth
of the element driving Tr2 is reduced, the circuit can be
considered as a circuit in which a resistor having a larger
resistance than the normal structure is connected on a side of
the drain of the element driving Tr2 as shown in FIG. 3(b).
Therefore, the characteristic of the current flowing through
the EL element (in the present embodiment, cathode current
Iev) does not differ from that of the normal pixel. but the
current actually flowing through the EL element varies
according to the characteristic variation of the element
driving Tr2.

[0055] When the applied voltage to the element driving
Tr2 satisfies a condition of Vgs—Vth<Vds, the element
driving Tr2 operates in the saturation operating region,
similar to the above. As shown in FIG. 3(a), the current Ids
between the drain and the source of the transistor is smaller
in a pixel having the characteristic of the element driving Tr2
reduced compared to the normal transistor than in the
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 of the normal pixel (a large Al).
As a result, the emission brightness of the pixel in which a
characteristic variation occurs in the element driving Tr2
becomes smaller than that of the normal pixel, and the pixel
is recognized as a dim spot. When the characteristic degra-
dation of the element driving Tr2 is significant, the EL
element is almost non-emitting.

[0056] When, on the other hand, the applied voltage to the
element driving Tr2 satisfies a condition of Vgs-Vth>Vds,
the element driving Tr2 operates in the linear operating
region. Because a difference in the Ids-Vds characteristic is
small in the linear operating region between the element
driving Tr2 having a degraded characteristic and a normal
element driving Tr2, the difference in the amount of supplied
current to the EL element (A) is also small. Because of this,
the EL elements show a similar emission brightness regard-
less of the presence or absence of characteristic variation of
the element driving Tr2, and it is difficult to detect a dim spot
caused by the characteristic variation in the linear operating
region. However, by operating the element driving Tr2 in the
saturation operating region as described above, the dim spot
defect caused by the characteristic variation of the element
driving Tr2 can be detected both from the viewpoint of the
current value and the viewpoint of the EL emission bright-
ness.

[0057] In the above-described pixel circuit, a p-channel
TFT is employed as the element driving transistor, but the
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present invention is not limited to such a configuration, and,
alternatively, an n-channel TFT may be employed. In addi-
tion, in the above-described pixel circuit, a structure is
exemplified having two transistors including a selection
transistor and a driving transistor as transistors in a pixel.
However, the present invention is not limited to a structure
with two transistors or to the above-described circuit struc-
ture.

[0058] In either case, by operating the element driving
transistor which supplies a current to the EL element in the
linear operating region in the employed pixel circuit and
observing the EL element or measuring the cathode current
value of the EL element, it is possible to precisely detect a
dark spot defect caused by a short-circuiting in the EL
element.

[0059] In addition, in either case, by operating the element
driving transistor in the saturation operating region and
detecting the emission brightness, the cathode current, or the
like of the EL element, it is possible to detect a dim spot
defect caused by a characteristic variation of the element
driving transistor.

[0060] [Defect Inspection]

[0061] Next, a defect inspection based on the above-
described principle will be described for an example inspec-
tion in which the emission state is used as the characteristic
of the EL element and another example inspection in which
the cathode current is used as the characteristic of the EL
element.

[0062] (Inspection of Emission State)

[0063] FIG. 4 shows an example of a structure of a
detection apparatus for detecting a dark spot defect and a
dim spot defect based on observation (brightness detection)
of the emission state (emission brightness).

[0064] An inspection apparatus 200 comprises a controller
210 which controls each section of the apparatus, a power
supply circuit 220 which generates a power supply neces-
sary in a saturation operating region inspection mode and in
a linear operating region inspection mode of the element
driving Tr2, a power supply switching section 222 which
switches the power supply to be supplied to the EL panel
according to the inspection mode, and an inspection signal
generation circuit 230 which generates an inspection signal
used during the inspection. In addition, the apparatus 200
comprises an emission detecting section 250 in which a
CCD camera or the like can be used and which observes an
emission state of each pixel of the EL panel, and a detecting
section 240 which detects a defect based on a detection
result from the emission detecting section 250.

[0065] When such an inspection apparatus 200 is
employed, a dim spot pixel and a dark spot pixel can be
determined by executing a detection of an abnormal display
pixel having a display brightness which is less than or equal
to a normal value and a detection of a dark spot pixel caused
by short-circuiting of the EL element, and determining
matching and mismatching of dim spot caused by the
characteristic variation of the element driving Tr2 based on
a comparison between an abnormal display pixel and a dark
spot pixel.

[0066] An example of a detection method will now be
described with reference to FIG. 5. In the example configu-
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ration of FIG. 5, first, an abnormal display pixel caused by
a characteristic variation (variation in current supplying
characteristic; for example, a variation in an operation
threshold value) of the element driving Tr2 1s detected. The
defect caused by the characteristic variation of the element
driving Tr2 is detected through a control to operate the
element driving Tr2 in the saturation operating region and to
set the EL element to an emission state.

[0067] As described above, in order to operate the element
driving Tr2 in the saturation operating region, it is possible
to set Vgs=Vth<Vds. For example, when a p-channel TFT is
employed as the element driving Tr2, the power supply
circuit 220 may generate a drive power supply PYDD of 8.5
V and a cathode power supply CV of -3.0 V and may supply
to a corresponding terminal 100T of the EL panel 100, and
the inspection signal generation circuit 230 may generate an
inspection ON display signal of 0 V as the display signal
Vsig. In addition, the inspection signal generation circuit
230 may generate a timing signal necessary for driving the
pixels, and the inspection ON display signal and the timing
signal may be supplied from the terminal 100T to the EL
panel 100.

[0068] This operation of the element driving Tr2 in the
saturation operating region can be set to a condition identical
to the normal display operation in the present embodiment,
and, thus, the drive power supply PVDD and the cathode
power supply CV may alternatively be supplied from vari-
ous power supply circuits for normal driving of the EL panel
100 in place of the power supply circuit 220 of the inspec-
tion apparatus.

[0069] With such a condition, the power supply circuit 220
supplies a predetermined drive power supply PVDD and
cathode power supply CV to the EL panel 100, and the
inspection signal generation circuit 230 sequentially selects
the pixels (switches the selection Trl ON) so that the
element driving Tr2 operates in the saturation operating
region (saturation operation mode), and the inspection ON
display signal which causes the EL element to emit light is
supplied (S1).

[0070] The emission detecting section 250 captures an
image of the emission state (emission brightness) when the
element driving Tr2 is operated in the saturation operating
region as described above and EL element is caused to emit
light (S2). The brightness information is supplied to the
defect detecting section 240 and the defect detecting section
240 determines whether or not the emission brightness of
each pixel is less than a predetermined reference value (53).
The reference value is a minimum allowable threshold value
of the emission brightness in a normal pixel and may be set
to a value corresponding to a brightness shift of greater than
or equal to a gradation corresponding to the required pre-
cision (for example, a shift corresponding to one gradation
to 30 gradations).

[0071] When, as a result of the determination of the
emission brightness, it is determined that the emission
brightness of the pixel to be inspected is not less than the
reference value (No), the pixel is determined as a normal
pixel (S4). When, on the other hand, the emission brightness
of the pixel to be inspected is less than the reference value
(Yes), the pixel is determined as an abnormal display (dim
spot) pixel having a lower brightness than a normal pixel
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(S5). The pixel determined as an abnormal display pixel is
stored in a data storage (not shown) in the inspection
apparatus 200.

[0072] After the element driving Tr2 is operated in the
saturation operating region and the abnormality display
inspection is executed for the pixels, the inspection appara-
tus transitions to a mode in which the element driving Tr2 is
operated in the linear operating region. A condition for
operating the element driving Tr2 in the linear operating
region is, as described above, satisfaction of the condition of
Vgs-Vth>Vds. When a p-channel TFT is employed as the
element driving Tr2, for example, a drive power supply
PVDD of 8.0 V and a cathode power supply CV of 3 V may
be supplied to the EL panel 100 and a signal of 0 V may be
employed as the inspection ON display signal to be supplied
to the pixel. Under such a condition, the power supply circuit
220 supplies a predetermined drive power supply PVDD and
cathode power supply CV to the EL panel 100, and the
inspection signal generation circuit 230 sequentially selects
a pixel so that the element driving Tr2 operates in the linear
operating region, and supplies through the element driving
Tr2 an inspection ON display signal which causes the EL
element to emit light (S6).

[0073] The emission detecting section 250 captures an
image of the emission state (emission brightness) when the
element driving Tr2 is operated in the linear operating region
and the FL element is caused to emit light (S7). The
brightness information is supplied to the defect detecting
section 240, and the defect detecting section 240 determines
whether or not the emission brightness of each pixel is less
than a reference value (S8). The reference value is a refer-
ence value for determining whether or not the pixel is
non-emitting, and may be set to a minimum allowable
threshold value of the emission brightness in a normal pixel
similar to the measurement in the saturation mode.

[0074] When, as a result of the determination of the
emission brightness, it is determined that the emission
brightness of the pixel to be inspected is not less than the
reference value (No), the pixel is determined as a normal
pixel (89). When, on the other hand, the emission brightness
of the pixel to be inspected is less than the reference value
(Yes), the pixel is determined as a non-emitting, dark spot
defect pixel (S10).

[0075] Then, the defect detecting section 240 determines
whether or not a pixel determined as an abnormal display
pixel in the saturation operating region mode and a pixel
detected as a dark spot defect pixel in the linear operating
region mode match (S11). As described above, the dark spot
defect caused by the short-circuiting of the EL element does
not emit light both when the element driving Tr2 is driven
in the linear operating region and in the saturation operating
region, and is detected as a dark spot. The dim spot defect
caused by the characteristic variation of the element driving
Tr2, on the other hand, is not observed when the element
driving Tr2 is driven in the linear operating region and is
observed only when the element driving Tr2 is driven in the
saturation operating region. Therefore, when the pixel
detected as an abnormal display pixel in the saturation
operating region mode does not match a pixel detected as a
dark spot defect pixel in the linear operating region mode
(No), the pixel is determined as the dim spot defect (S12).
When, on the other hand, the detected pixels match (Yes),
the pixel is determined as the dark spot defect (S13).
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[0076] With the above-describe method, it is possible to
distinctively determine the dim spot defect and the dark spot
defect based on the emission state. In addition, when it is
determined that repairing is possible based on the number of
occurrences of the defect, position of the defect, and
required quality, UV repairing is executed for the pixel
determined as a dim spot defect (S14). For the pixel deter-
mined as a dark spot pixel, laser repairing is executed (S15).

[0077] In FIG. 5, the linear operating region inspection
mode of the element driving Tr2 is executed after the
saturation operating region inspection mode is executed.
The order of the modes, however, is not limited to such a
configuration, and it is also possible to execute the linear
operating region inspection mode first, store the pixel
detected as a dark spot defect, and determine a dim spot
result by determining matching or mismatching of the
detected pixel with the pixel detected as an abnormal display
pixel.

[0078] Tt has been found by the present inventors that
occurrence of the dark spot defect is in many cases unstable.
Because of this, there is a possibility that, in the inspection
process having a plurality of steps, a dark spot may occur or
disappear at a later step, resulting in possible reduction of
the inspection efliciency and repairing efficiency. In consid-
eration of this, as shown in FIG. 5 with step S0, it is
preferable to execute a screening process of the dark spot
defect (dark spot elicitation) at least before the start of
inspection of the dark spot defect (that is, prior to S6; the
step may be prior to S1).

[0079] A principle of the screening process of the dark
spot defect will now be described with reference to FIGS. 6
and 7. A state A in FIG. 6 indicates an emission state of a
normal EL element, and a state B indicates a state when a
reverse bias voltage is applied between the anode and
cathode of the EL element. In the state A, IZO (Indium Zinc
Oxide) which is a conductive transparent metal oxide is used
as the anode, Al is used as a cathode, and a forward bias
voltage is applied between the anode and the cathode. Holes
are injected from the anode and electrons are injected from
the cathode to the organic layer (light emitting element
layer), a current flows, in view of the circuitry, through a
diode from the anode to the cathode, and a light emitting
material in the light emitting element layer emits light at a
brightness corresponding to the current according to the
diode characteristic shown in FIG. 7(a).

[0080] Even when a reverse bias voltage is applied
between the anode and cathode of such an EL element, the
light emitting element layer of a normal EL element is
insulating (rectifying) in principle and the reverse direction
tolerance is large as shown in FIG. 7(a), and, thus, no current
would flow. For example, the EL element does not break
down and no current flows until a reverse bias between the
anode and the cathode of approximately =30 V.

[0081] When, on the other hand, a foreign substance is
introduced between the anode and the cathode during film
formation of the light emitting element layer or the like as
shown in a state C in FIG. 6, the light emitting element layer
formed as a thin film may not be able to completely cover
the foreign substance, and the anode and the cathode may be
short-circuited in a region in which the coverage is incom-
plete. The short-circuiting, however, does not occur steadily.
In addition, when the degree of short-circuiting is small,
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emission occurs in a region of the EL element in which there
is no short-circuiting, and, thus, the performance is not
constant such that the light is emitted or not emitted depend-
ing on the inspection timing. As shown in FIG. 7(b), the EL
element emits light similar to the normal pixel when there is
no short-circuiting, but does not emit light when short-
circuiting occurs. When a forward bias voltage is applied,
the occurrence and non-occurrence of the short-circuiting
repeat, and, the pixel may be determined, for example, to be
a dark spot in a primary inspection but may not be detected
in the secondary inspection at a later time, or, conversely,
may become a dark spot after the product is shipped. On the
other hand, in a portion in which a foreign substance or the
like is present, the high voltage tolerance by the light
emitting element layer as in the normal pixel cannot be
obtained. Thus, when a high reverse bias voltage of a
predetermined value or greater is applied to the unstable EL
element as shown in a state D of FIG. 6, it may be considered
that the breakdown occurs at a reverse bias voltage which is
smaller compared to the normal EL element as shown in
FIG. 7(b) (migration effect). Once the breakdown occurs
between the anode and cathode, even when a forward bias
is applied to the EL element, the pixel is steadily in the
short-circuited mode, and, thus, becomes a defect which is
constantly non-emitting (dark spot defect).

[0082] Therefore, by executing such a screening (elicita-
tion) process of a dark spot by applying a reverse bias
voltage before inspection of the dark spot defect caused by
short-circuiting of the EL element, it is possible to reliably
screen a pixel which may be a dark spot.

[0083] The application of the reverse bias voltage to the
EL element can be executed, for example, as shown in FIG.
8, by switching the drive power supply PVDD from the
normal display voltage (8.0 V) to =5V, changing the cathode
power supply CV from the normal display voltage (-3.5 V)
to 13.0 V, fixing the potential of the storage capacitor Cs
connected to the gate of the element driving Tr2, and
applying an arbitrary display signal (Vsig) to the gate of the
element driving Tr2 through the selection Trl.

[0084] The switching of the drive power supply PVDD
and the cathode power supply CV to dark spot screening
power supplies can be executed, as shown in FIG. 9, by
providing, on a screening apparatus, a switch which allows
selective supply of the screening power supply by an exter-
nal power supply, and employing a structure which allows
supply of the external power supply to the EL panel 100 in
place of the internal power supply which is supplied for
display. The screening apparatus may be built in the inspec-
tion apparatus as shown in FIG. 4. In this case, the power
supply circuit 220 may generate the screening power supply
in addition to the inspection power supply as described
above, the inspection signal generation circuit 230 may
generate a screening signal, and the generated power supply
and signal may be selectively supplied to the EL panel 100.
The selection and driving timings of the pixel for the
screening process may be similar to those in the normal
display, and the application time of the reverse voltage may
be very short in order to realize the advantage, and may be,
for example, 10 seconds.

[0085] Next, the repairing process of the dim spot defect
caused by the characteristic variation of the element driving
Tr2 will be described. The present inventors have found that
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the operation threshold value Vth which causes the charac-
teristic variation of the element driving Tr2 may be repaired
by irradiating UV light on the element driving Tr2 under a
predetermined condition.

[0086] More specifically, a desired voltage is applied to
the gate of the element driving Tr2 and the source voltage
and the drain voltage of the element driving Tr2 are set at the
same bias voltage Vbias. By setting the drive power supply
PVDD at Vbias and setting the cathode power supply CV at
the same Vbias, the same bias voltage Vbias can be applied
to the source and the drain of the element driving Tr2. In this
process, an arbitrary voltage (EL OFF display signal) for
applying a necessary voltage between the gate and channel
of the element driving Tr2 may be applied to the gate of the
element driving Tr2. For example, a desired OFF display
voltage which switches OFF the element driving Tr2 which
is formed with a p-channel TFT (Vsig=Vblack) is applied.
The voltage is not limited to the OFF display voltage, and,
alternatively, the ON display signal (Vsig=Vwhite) may be
applied.

[0087] By setting the bias voltage Vbias according to an
amount of target shift of the operation threshold value Vth
of the element driving Tr2 and irradiating UV light on an
active layer of the element driving Tr2 formed with poly-
crystalline silicon or the like (channel region), the operation
threshold value Vth may be repaired.

[0088] The wavelength of the UV light necessary for
shifting the operation threshold value of the element driving
Tr2 is approximately 295 nm or less. A panel material of the
EL panel 100 is selected so that the UV light of such a
wavelength can be irradiated to the channel region of the
element driving Tr2 (a panel material is employed which has
a transmitting characteristic for the corresponding wave-
length), and the UV light is set at a desired power which is
necessary for the UV light to transmit through the panel
material or the like and reach the channel region.

[0089] FIG. 10 shows an example of a bias voltage Vbias
to be applied between the source and the drain of the element
driving Tr2 and an emission state of the EL element after the
repairing at each bias condition. FIG. 11 shows an example
of a relationship between the bias voltage Vbias and the
operation threshold value Vth.

[0090] In FIG. 10, an equivalent circuit as shown in FIG.
1 is employed as the circuit structure of the pixel, a voltage
of, for example, 8.0 V is applied to the gate to the element
driving Tr2, and bias voltages Vbias of -1V, -2V, -3V, -4
V, =5V, -6V, -7V, and -8 V are applied to the element
driving transistors Tr2 having the same characteristic. When
UV light is irradiated under a same condition, as shown in
FIG. 10, the emission brightness of the EL element differs
depending on the bias voltage Vbias to be applied. More
specifically, the emission brightness is increased and the
absolute value of the characteristic threshold value Vth of
the element driving Tr2 is shifted to a decreasing direction
as the absolute value of the bias voltage Vbias is increased.
It can be understood that, as a result, a larger current is
supplied to the corresponding EL element and the emission
brightness is increased.

[0091] As shown in FIG. 11, the absolute value of the
characteristic threshold value Vth of the element driving Tr2
is reduced as the absolute value of the bias voltage Vbias to
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be actually applied is increased (the direction on the vertical
axis in FIG. 11 is the 0 V direction of Vith).

[0092] In this manner, by irradiating UV light while a
desired large voltage Vg-Vbias is applied between the gate
and the source and between the gate and the drain of the
element driving Tr2, the characteristic threshold value Vth
of the element driving Tr2 can be adjusted. Therefore, by
setting the bias voltage Vbias so that the emission brightness
becomes the emission brightness desired for the EL element,
the dim spot defect caused by the characteristic variation of
the element driving Tr2 can be repaired. In order to repair the
dim spot defect with a high precision, it is possible, for
example, to store a difference with respect to a reference
value for each pixel in the comparison step (S3) of the
emission brightness and the reference value shown in FIG.
5, and apply the bias voltage Vbias according to a difference
from the reference value and repair in the UV repairing step
(S14).

[0093] Next, a laser repairing executed for the dark spot
defect pixel (S14) will be described. The laser repairing is a
method to resolve the short-circuited state between the
anode and the cathode by selectively irradiating laser light of
a desired wavelength and a desired power to a region of the
EL element of the dark spot defect pixel in which short-
circuiting occurs, to burn the short-circuited region (that is,
to cut the current supplying path and insulate the region). As
the laser light for repair, laser light, for example, having a
wavelength of approximately 355 nm-1064 nm and a desired
power may be employed.

[0094] As described, according to the present embodi-
ment, it is possible to precisely detect a defect, not only
simply as a defect having a low emission brightness, but
rather, with the type of the defect such as a dim spot defect
or a dark spot defect. Thus, it is possible to immediately
proceed to the repairing process suited for the repairing of
the dim spot and the dark spot, and inspection and repairing
can be efficiently executed.

[0095] (Cathode Current Inspection)

[0096] Next, an apparatus and a method of inspecting a
dim spot defect and a dark spot defect based on a cathode
current Icv of the EL element will be described. FIG. 12
shows a schematic structure of an inspection apparatus
which measures the cathode current and detects the dim spot
defect and the dark spot defect.

[0097] An inspection apparatus shown in FIG. 12 differs
from the above-described inspection apparatus executing the
defect inspection based on the emission brightness in that a
cathode current detecting section 350 which detects a cath-
ode current Icv is provided in place of the emission detecting
section 250. A controller 310, a power supply circuit 320, a
power supply switching section 322, and an inspection
signal generation circuit 330 generate a power supply, a
timing signal for inspection, and a display signal etc.,
necessary for the inspection and supply the generated power
supply and signal to the EL panel 100, similar to the defect
inspection apparatus based on the emission brightness as
described above. A defect detecting section 340 detects a
dark spot defect and a dim spot defect based on the cathode
current Iev detected by the cathode current detecting section
350.

[0098] In the example configuration, because a current
flowing through the EL element (here, cathode current Icv)
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is measured, the dark spot defect is determined by measuring
the cathode current of the EL element when the element
driving Tr2 is operated in the linear operating region as
shown in FIG. 2 and the dim spot defect is determined by
measuring the cathode current of the EL element when the
element driving Tr2 is operated in the saturation operating
region as shown in FIG. 3.

[0099] FIG. 13 shows an inspection process of the dark
spot defect caused by short-circuiting of the EL element. It
is preferable to screen the unstable short-circuiting of the EL
element before the inspection of the dark spot defect. As
described above, a reverse bias voltage is applied between
the cathode and the anode of the EL element to execute
screening of the dark spot (S20).

[0100] Then, the element driving Tr2 is operated in the
linear operating region, the selection Trl is switched ON,
and an inspection ON display signal is applied to the gate of
the element driving Tr2 through the selection Trl of the
corresponding pixel (S21).

[0101] As described above, a condition for operating the
element driving Tr2 in the linear operating region is set to
satisfy a condition of Vgs—Vth>Vds. When a p-channel TFT
is employed as the element driving Tr2, the voltages are set
similar to the case of the emission brightness detection. That
1s, for example, the drive power supply PVDD may be set to
8.0V, the cathode power supply CV may be set to 3 V, and
a signal of 0 V may be employed as the inspection ON
display signal to be supplied to each pixel.

[0102] The cathode current detecting section 350 is con-
nected, for example, to a cathode terminal among the
external connection terminals 1007T of the EL panel 100, and
detects a cathode current Icv obtained at the cathode termi-
nal. Because the cathode of the EL element is formed
common to a plurality of pixels as described above, pixels
are sequentially selected, and the cathode current Icv
obtained at the cathode terminal in the period corresponding
to the selection period of the pixel can be set as the cathode
current Icv of the pixel. The cathode current Icv can be
detected as the voltage corresponding to the current value.

[0103] Next, the defect detection section 340 determines
whether or not the cathode current Icv of each pixel obtained
at the cathode current detecting section 350 is greater than
a dark spot reference value (S23). When a short-circuiting
occurs in the EL element, the slope of the IV characteristic
of the EL element is increased, as described above. Thus, the
cathode current Icv when the element driving Tr2 is operated
in the linear operating region is larger than the cathode
current Icv of the normal EL element. Therefore, a value
corresponding to the value of the cathode current of the
normal EL element is set as the dark spot reference value,
and a pixel is determined as a normal pixel when the
detected cathode current Icv is less than or equal to the dark
spot reference value (No) (S24). In addition, when the
detected cathode current Icv is greater than the dark spot
reference value, the pixel is determined as a dark spot defect
pixel (S25).

[0104] The panel 100 in which a dark spot defect is
detected is sent to the laser repairing process for repairing
the dark spot and repaired (S26).

[0105] FIG. 14 shows a detection process of a dim spot
defect caused by the characteristic variation of the element
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driving Tr2. As described above, for the dim spot defect
caused by the characteristic variation of the element driving
Tr2, the element driving Tr2 is operated in the saturation
operating region, the selection Trl is switched ON, and an
inspection ON display signal is applied to the gate of the
element driving Tr2 through the selection Trl of the corre-
sponding pixel (S30).

[0106] As described above, the condition for operating the
element driving Tr2 in the saturation operating region is set
to satisfy a condition of Vgs-Vth<Vds. When a p-channel
TFT is employed as the element driving Tr2, the voltages are
set similar to the case of the emission brightness detection.
That is, for example, the drive power supply PVDD may be
set to 8.0 V, the cathode power supply CV may be set to -3
V, and a signal of 0 V may be employed as the inspection ON
display signal to be supplied to each pixel.

[0107] The cathode current detecting section 350 detects
the cathode current Icv when the element driving Tr2 is
operated in the saturation operating region and the EL
element is caused to emit light (S31). The defect detecting
section 340 determines whether or not the detected cathode
current Icv is smaller than a dim spot reference value (S32).
The cathode current Icv of a pixel having the operation
threshold value of the element driving Tr2 reduced from the
normal value is smaller than the cathode current Icv in the
normal pixel in the saturation operating region of the ele-
ment driving Tr2 as described above. Therefore, for
example, by comparing with a reference value of a cathode
current Iev which causes a shift of an allowable gradation or
greater (for example, corresponding to 1-30 gradations) for
anormal pixel, it is possible to distinguish between a normal
pixel and a dim spot defect pixel.

[0108] When, as a result of the comparison, it is deter-
mined that the detected cathode current Icv is not smaller
than the reference value (No), the pixel is determined as a
normal pixel (S33). When, on the other hand, it is deter-
mined that the detected cathode current Icv is smaller than
the reference value (Yes), the pixel is determined as a dim
spot defect pixel (S34). In this manner, a dim spot defect
pixel caused by the characteristic variation of the element
driving Tr2 can be detected based on the detection result of
the cathode current Icv. Regarding the characteristic varia-
tion of the element driving Tr2, as described above, the panel
proceeds to the UV repairing process and the characteristic
variation of the element driving Tr2 is repaired (S35).

[0109] As described, according to the present embodi-
ment, by operating the element driving Tr2 in the linear
operating region and in the saturation operating region and
detecting the cathode current Icv, the dark spot defect caused
by the short-circuiting of the EL element and the dim spot
defect caused by the characteristic variation of the element
driving Tr2 can be distinctively detected. Such an inspection
can be executed by the apparatus structure as shown in
FIG. 12.

[0110] When the apparatus of FIG. 12 is to be set as the
apparatus dedicated for inspection of dark spots, a structure
may be employed in which the power supply circuit 320 and
the inspection signal generation circuit 330 generate a power
supply and a drive signal necessary for operating the ele-
ment driving Tr2 in the linear operating region and causing
the EL element to emit light and the generated power supply
and drive signal are applied to the corresponding pixel.
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When the apparatus is to also function as a dark spot
screening apparatus, the power supply circuit 320 generates
the screening drive power supply PVDD and cathode power
supply CV as shown in FIGS. 8 and 9, the switching section
322 selectively apply the power supplies to the pixels, and
the inspection signal generation circuit 330 generates an
arbitrary screening display signal as the data signal Vsig and
supplies the data signal Vsig to each pixel.

[0111] When the apparatus of FIG. 12 is to be set as an
apparatus dedicated to inspection of a dim spot, a structure
may be employed in which a power supply and a drive signal
necessary for operating the element driving Tr2 in the
saturation operating region and causing the EL element to
emit light are generated and applied to a corresponding
pixel.

[0112] In the apparatuses dedicated for inspection of the
dark spot and dedicated for inspection of the dim spot,
because a single inspection power supply may be generated
for the drive power supply PVDD and the cathode power
supply CV, the power supply circuit 320 of FIG. 12 may
generate a dedicated power supply, and the power supply
switching circuit 322 may be omitted. When an apparatus is
to function both as a display inspection apparatus by execut-
ing a normal display operation and by viewing and an
apparatus for inspection of the dark spot, because the
element driving Tr2 is driven in the saturation operating
region in the normal display, the power supply must be
switched during the dark spot inspection.

[0113] The dark spot inspection apparatus and the dim
spot inspection apparatus using the cathode current Iev may
be constructed as a single apparatus. In this case, the sections
of the inspection apparatus shown in FIG. 12 execute
operations necessary for respective inspections by control of
the controller 310 according to the inspection mode (dark
spot inspection mode and dim spot inspection mode). In
other words, the power supply circuit 320, the power supply
switching section 322, and the inspection signal generation
circuit 330 generate a power supply and an inspection signal
necessary in each mode and the defect detecting section 340
compares the reference value according to the mode and the
cathode current Icv, to determine a dark spot or a dim spot.

[0114] FIG. 15 shows an example of a switching structure
for a power supply and a display signal which can be
employed in the inspection apparatus of FIG. 12 when a
plurality of modes or different inspections are to be
executed. Switching circuits 322 and 332 are switched and
controlled by the controller 310 of FIG. 12. The power
supply circuit 320 generates a plurality of types of the power
supplies according to the modes and supplies, using the
switching circuit 322, for example, PVDD1 and CV1
through the terminal (i) to each power supply line in the dark
spot inspection mode. Similarly, the inspection signal gen-
eration circuit 330 generates a plurality of types of the
inspection display signals according to the modes and sup-
plies, using the switching circuit 332, Vsigl to the data line
DL through the terminal (i). In the case of another mode (for
example, the dim spot inspection mode), the switching
circuits 322 and 332 supply, through the corresponding
terminal (ii), power supplies (PYDD2 and CV2) and a
display signal (Vsig2).

[0115] (Rapid Inspection Method)

[0116] FIG. 16 shows a driving waveform of the EL panel
100 when the dark spot defect and the dim spot defect are to
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be rapidly inspected based on the cathode current Icv. In the
inspection method of FIG. 16, during a period in which a
pixel is selected (a half period of one horizontal clock
signal), an ON display signal (EL emission) and an OFF
display signal (EL non-emission) are continuously applied
as the inspection display signal Vsig to a corresponding
pixel. The inspection display signal is generated by the
inspection signal generation circuit 330 of FIG. 12 using
signals such as a horizontal start signal STH and a horizontal
clock signal CKH., etc. The cathode current detecting section
350 detects a cathode current Icv_, of the EL element
corresponding to the ON display signal and a cathode
current Iev_g of the EL element corresponding to the OFF
display signal (with the current amplified as necessary), and
the defect detecting section 340 determines a difference Alcv
of the cathode currents of ON and OFF. The dark spot defect
determination and the dim spot defect determination are
executed by comparing the difference data with, for
example, reference values based on the difference data in a
normal pixel.

[0117] In the inspection method of FIG. 16 also, the drive
power supply PVDD and the cathode power supply CV are
set so that the element driving Tr2 operates in the linear
operating region in the dark spot defect inspection mode and
so that the element driving Tr2 operates in the saturation
operating region in the dim spot defect inspection mode. In
FIG. 16, a vertical clock signal CKV is a clock signal
corresponding to a number of pixels in the vertical direction
and an enable signal ENB is a prohibiting signal for pre-
venting at the start and end of a horizontal scan period,
output of a selection signal to each horizontal scan line (gate
line GL) before the display signal Vsig is fixed.

[0118] In this manner, by measuring the cathode current
lev during the OFF display signal and relatively grasping
the cathode current Icv_, during the ON display signal with
the reference on Icv_g, it becomes no longer necessary to
accurately determine the absolute value of the cathode
current Icv,, during the ON display signal and to separately
measure the cathode current Icv, o during the OFF display
signal which forms the reference, and, thus, a rapid, auto-
matic inspection can be executed with a high precision.

[0119] In addition, in the inspection method of FIG. 16, a
horizontal start signal STH which determines a period in
which a display signal is to be output in the column direction
of the pixels arranged in a matrix form, that is, to each data
line DL is set to selection periods of two columns. In the
present embodiment, pixels on each horizontal scan line are
selected only for a corresponding 1 H period, and, during
this period, a display signal Vsig is output to the correspond-
ing data line DL for a period corresponding to a period in
which the 1H period is divided by the number of pixels in
the horizontal scan direction. When, on the other hand, the
inspection horizontal start signal STH is used during the
defect inspection, the inspection display signal Vsig is
supplied on a data line DL for a display signal output periods
of two pixels. In other words, two adjacent pixels among the
pixels arranged along the same horizontal scan line are
simultaneously set as the inspection target. The number of
targets of simultaneous inspection is not limited to two, and,
alternatively, for example, three adjacent pixels may be
simultaneously inspected. In this manner, by subsequently
setting a pixel as the inspection target for a plurality of times,
even when the pixel erroneously displays by a noise super-
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posed to the timing signal, the inspection display signal
Vsig, etc., erroneous detection by the noise can be reduced
because a probability of continuous occurrence of such a
noise superposition over a plurality of periods is low. The
method of subsequently selecting a plurality of pixels is not
limited to the inspection method based on the cathode
current, and may be applied to the inspection method based
on the emission brightness as described above with refer-
ence to FIGS. 4 and 5 so that the influence by the noise can
be similarly reduced.

[0120] Of the driving circuits for driving the pixels of the
display section of the EL panel 100, the horizontal direction
driving circuit comprises a shift registers with a number of
stages corresponding to a number of pixels in the horizontal
scan direction. The shift register sequentially transfers the
horizontal start signal STH according to the horizontal clock
signal CKH and a sampling and holding signal which
determines a period in which the display signal Vsig is to be
output on the corresponding data line DL (sampling period)
is output from each stage of the register to a sampling circuit.
The sampling period indicated by the sampling and holding
signal corresponds to the period of the horizontal start signal
STH (here, an H level period). Because of this, by supplying
an inspection start signal STH generated by the inspection
signal generation circuit 330 and shown in FIG. 16 to the
horizontal direction driving circuit of the EL panel 100 as
the horizontal start signal STH and outputting an inspection
display signal Vsig as shown in FIG. 16 to a video signal line
connected to each data line DL through the sampling circuit
during the defect inspection, the inspection display signal
Vsig can be supplied to each group of a plurality of pixels
and inspection can be executed.

[0121] The driving method of FIG. 16 is effective for a
structure with a pixel circuit in which the ON and OFF
(emission and non-emission of EL element) timings of the
element driving Tr2 are set in connection with the switching
timing of the drive waveform of the display signal supplied
to the data line DL, and may be applied to, for example, a
pixel circuit structure as shown in FIG. 1. Even in a pixel
circuit structure in which a desired AC signal is supplied to
a capacitor line CL for controlling a potential of the storage
capacitor Cs in each pixel, it is possible to employ the
inspection method as shown in FIG. 16 by adding a capaci-
tor potential control switch which fixes the potential of the
capacitor line CL during the inspection and operating the
element driving Tr2 according to a timing of the display
signal supplied to the data line DL.

[0122] [Manufacturing Method of EL Display Apparatus]

[0123] An example of a manufacturing process of an EL
display apparatus including a defect inspection and a defect
repairing will now be described with reference to FIG. 17.
First, a primary inspection is executed on an EL display
apparatus (EL panel) completed by forming necessary cir-
cuit elements and EL element, etc. on a panel substrate
(S40). In the primary inspection, various inspections are
performed. A raster image 1s displayed. and inspection of a
bright spot, a dark spot, and a dim spot due to color
unevenness and short-circuiting of the pixel circuit is
executed, for example, by viewing or observing using a
CCD camera or the like (brightness detection). In addition,
a resolution inspection or the like of the display apparatus is
executed by displaying a monoscope pattern. As described
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above in the present embodiment, the dark spot defect and
the dim spot defect are preferably inspected based on the
characteristic of the EL element (emission brightness and
cathode current) when the element driving T2 is operated in
the linear operating region and in the saturation operating
region, to detect the dark spot and dim spot defects.

[0124] Tt is determined as to whether or not a dark spot
occurred in the dark spot inspection in the primary inspec-
tion (S41). When, as a result of this determination, it is
determined that no dark spot occurred (No), the EL panel is
determined as non-defective (S42). In FIG. 17, because of
the convenience of the drawing, the non-defective display
apparatus indicates a display apparatus which is determined
as non-defective also in other inspection items, and the
display apparatus proceeds to a stabling aging process (S53)
to be described below.

[0125] When a dark spot occurs (Yes), it is then deter-
mined as to whether or not the dark spot is to be repaired
based on information such as the number of dark spot
defects, a degree of occurrence of dark spot, or a position of
occurrence of dark spot (S43). When, as a result of the
determination, it is determined that the dark spot is not to be
repaired because, for example, the number of occurrence is
larger than an allowable standard value or the position is not
allowable even when the defect is repaired (No), the display
apparatus is discarded as a defective display apparatus
(S44).

[0126] When it is determined that a dark spot repairing is
to be executed (Yes), a dark spot screening by application of
a reverse bias voltage to the EL element is executed as a
pre-process for repairing the occurred dark spot (S45). With
the dark spot screening, the dark spot is screened and the
dark spot defect (in particular, its position) can be reliably
detected in the next dark spot defect inspection (secondary
inspection) (S46).

[0127] For the dark spot defect having the position iden-
tified as a result of the dark spot defect inspection (S46), a
laser repairing is then executed (S47). As already described,
the laser repairing is a method in which laser light is
irradiated on a short-circuited region to insulate and repair
the dark spot defect caused by the short-circuiting of the EL
element.

[0128] The probability that the dark spot defect observed
in the primary inspection disappears in the repairing process
was high and approximately 50% in the related art. With the
execution of the dark spot screening, the number of occur-
rences of the dark spot defect after the screening process can
be reduced to, for example, 0 after a reliability test of 500
hours. By executing the dark spot screening before the laser
repairing, it is possible to detect and repair a dark spot which
was not screened in the primary inspection as a dark spot
defect.

[0129] Then, it is determined as to whether or not a dim
spot defect is detected in the primary inspection (S48).
When it is determined that no dim spot defect has occurred
(No), the display apparatus is determined as a non-defective
display apparatus (S49) and proceeds to the stabilizing aging
process (S53). When a dim spot defect is detected (Yes), it
is determined as to whether or not the dim spot defect is
within a brightness shift which can be repaired (gradation
shift) or a repairing process of the dim spot defect is to be
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executed according to the position and number of occur-
rence (S50). When it is determined that the dim spot defect
is not to be repaired (No), the display apparatus is discarded
as a defective display apparatus (S51).

[0130] When it is determined that the dim spot is to be
repaired (Yes), the dim spot defect caused by the character-
istic variation of the element driving Tr2 is inspected by
operating the element driving Tr2 in the saturation operating
region as described above, the position of the defect is
found, and UV light is irradiated on the defect to execute
repairing (S52). With such a UV light repairing, the dim spot
defect caused by the characteristic variation of the element
driving Tr2 is repaired.

[0131] For the display apparatus which is determined in
the primary inspection as non-defective or in which the dark
spot or a dim spot is repaired, a stabilizing aging process is
then applied (S53). The stabilizing aging process is a process
to expose the EL display apparatus to a predetermined high
temperature, high humidity environment. In general,
because the characteristic of the EL element is degraded by
heat, moisture, and oxygen, in principle, a higher perfor-
mance EL display apparatus can be provided as a product
when the aging process is not executed. However, because
an initial degradation speed of the EL element is high, the
stabilizing aging process is employed because it is suitable
to provide a product after the characteristic is stabilized,
even though the characteristic is slightly degraded.

[0132] As described above, because the aging process
exposes the EL display apparatus to a high temperature, high
humidity environment, a dark spot defect and a dim spot
defect may be newly generated due to the aging process. In
consideration of this, in the present embodiment, after the
stabilizing aging process is executed, a dark spot defect
inspection (secondary inspection) in which the element
driving Tr2 is operated in the linear operating region as
described above is again executed (S54). When it is deter-
mined that there is no dark spot defect (S55: No), the display
apparatus is determined as non-defective (S56) and is trans-
ferred to necessary processes such as assembly process,
inspection process, etc. When, on the other hand, occurrence
of a dark spot defect is detected (S55: Yes), a dark spot
screening is executed to more reliably screen the dark spot.

[0133] After the screening process is executed, a defect
inspection is executed in order to identify the position of the
dark spot defect, and the laser repairing is applied to the dark
spot defect for which the position is identified (S58).

[0134] In addition, after the aging process is executed,
regarding a dim spot defect, a dim spot defect inspection is
again executed by operating the element driving Tr2 in the
saturation operating region as described above (S59), and,
when no dim spot is detected (S60: No), the display appa-
ratus is determined as non-defective (S61).

[0135] When a dim spot defect is detected (S60: Yes), UV
light repairing is executed on the dim spot defect at the
detected position (S62), and the display apparatus having the
defect repaired by the repairing process is transferred to a
product for shipping as a non-defective display apparatus
(563).

[0136] As described, when a dark spot defect is detected
in the primary inspection, a dark spot screening is executed,
and, then, the inspection of the dark spot defect caused by
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the short-circuiting of the EL element is executed by oper-
ating the element driving Tr2 in the linear operating region
as a secondary inspection. Because of this, it is possible to
identify the presence and position of a dark spot defect and
reliably repair the dark spot defect through laser repairing.
As a result, a number of display apparatuses which become
defective can be reduced and highly eflicient defect inspec-
tion can be realized, and, furthermore, the manufacturing
cost can be reduced.

[0137] In the primary inspection, the dark spot defect is
detected by controlling the electroluminescence element of
each pixel in the emission state and determining a pixel
having the emission brightness corresponding to a value
which is less than a reference value as the dark spot defect.
The pixel having the emission brightness corresponding to a
value which is less than the reference value means, in
addition to a pixel for which the brightness is determined as
insufficient based on measurement of the emission bright-
ness of each pixel which is measured while a raster image is
displayed as described above, a pixel having the emission
brightness when the element driving Tr2 is operated in the
linear operating region and the EL element is set to the light
mission state as described above in the embodiment is less
than the reference value or a pixel having the emission
brightness converted based on the cathode current is less
than the reference value.

[0138] Inthe example of the manufacturing method shown
in FI1G. 17, the dark spot screening is executed to a display
apparatus in which a dark spot defect is detected as a result
of the dark spot defect inspection after the primary inspec-
tion or after aging. Alternatively, it is also possible to
execute the dark spot screening to all display apparatuses,
for example, during the primary inspection and after the
stabilizing aging process. By executing the screening pro-
cess on all display apparatuses, it is possible to significantly
reduce the possibility of occurrence of the dark spot defect
at a later time. However, because the increase in the number
of processes affects the manufacturing time, and, conse-
quently, the manufacturing cost, it is possible to reduce the
processing time by executing the screening process only on
the display apparatus in which the dark spot is detected in a
preceding dark spot defect inspection as shown in FIG. 17.
In addition, based on the probability of occurrence of the
dark spot defect at a later time, it is possible to execute the
dark spot screening process only on display apparatuses in
which dark spot defects are detected in the primary inspec-
tion or in the defect inspection after the aging process with
the number of dark spot defects being near an allowable
limit of occurrence which allows determination of the dis-
play apparatus as a non-defective display apparatus. This is
because, when dark spot defects are detected with the
number of dark spot defects near the allowable limit of
occurrence, if a dark spot defect further occurs in the display
apparatus at a later time, the display apparatus is determined
as a defective display apparatus at that point and the time
and cost required for the inspection and repairing processes
until that point would be wasted.

[0139] The dark spot screening process may be executed
on a display apparatus when both the dark spot defects and
the dim spot defects are detected in a predetermined number
of more.

[0140] In the pixel circuit described above, a p-channel
TFT is employed as the element driving transistor, but
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alternatively, an n-channel TFT may be employed. In addi-
tion, although in the above-described pixel circuit, two
transistors including a selection transistor and a driving
transistor are provided in a pixel. the present invention is not
limited to a structure with two transistors or to the circuit
structure described above. Moreover, although in the above
description, an example configuration is shown in which a
cathode current (for example, Alcv) of the EL element is
used as the current to be measured during inspection of the
dark spot and dim spot, the inspection can be executed based
on any current loled (Aloled) flowing through the EL
element. As the current Ioled flowing through the EL ele-
ment, for example, it is also possible to use the anode current
lano 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 common 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 flowing through the common
electrode may be measured.

What is claimed is:
1. A method of inspecting a defect for an electrolumines-
cence display apparatus, wherein

the display apparatus comprises, in each pixel, an elec-
troluminescence element and an element driving tran-
sistor which is connected to the electroluminescence
element and which controls a current flowing through
the electroluminescence element;

an inspection ON display signal which sets the electrolu-
minescence element to an emission level is supplied to
each pixel. the element driving transistor is operated in
a saturation operating region of the transistor, an emis-
sion state of the electroluminescence element is
observed, and a pixel having an emission brightness
which is smaller than a reference brightness is detected
as an abnormal display defect pixel,

an inspection ON display signal which sets the electrolu-
minescence element to an emission level is supplied to
each pixel, the element driving transistor is operated in
a linear operating region of the transistor, an emission
state of the electroluminescence element is observed,
and a non-emission pixel is detected as a dark spot
defect pixel caused by the electroluminescence ele-
ment, and

a pixel which is detected as the abnormal display defect
pixel and which is not detected as the dark spot defect
pixel is detected as a dim spot defect pixel caused by
the element driving transistor.

2. The method of inspecting a defect for an electrolumi-

nescence element according to claim 1, wherein

the detection of the dark spot defect pixel is executed after
a reverse bias voltage is applied to the electrolumines-
cence element of each pixel.
3. A method of manufacturing an electroluminescence
display apparatus, wherein

a laser repairing is executed, on the dark spot defect pixel
detected by the defect inspection method according to
claim 1, in which laser light is selectively irradiated on
a short-circuited region between an anode and a cath-
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ode of the electroluminescence element of the pixel and
a current path in the short-circuited region is cut.
4. A method of manufacturing an electroluminescence
display apparatus, wherein

ultraviolet light is irradiated, on the dim spot defect pixel
detected by the inspection method according to claim 1,
while a predetermined bias is applied to the element
driving transistor of the pixel, to repair a shift of a
current supplying characteristic of the element driving
transistor.

5. A method of inspecting a defect for an electrolumines-

cence display apparatus, wherein

the display apparatus comprises, in each pixel, an elec-
troluminescence element having a diode structure and
an element driving transistor which is connected to the
electroluminescence element and which controls a cur-
rent flowing through the electroluminescence element;

an inspection ON display signal which sets the electrolu-
minescence element to an emission level is supplied to
each pixel, the element driving transistor in each pixel
is operated in a linear operating region of the transistor,
and a current flowing through the electroluminescence
element is detected; and

a pixel is determined as a dark spot defect pixel caused by
the electroluminescence element when a value of the
current flowing through the electroluminescence ele-
ment is greater than a predetermined value.

6. The method of inspecting a defect for an electrolumi-

nescence display apparatus according to claim 5, wherein

the detection of the dark spot defect pixel is executed after
a reverse bias voltage is applied to the electrolumines-
cence element of each pixel.
7. A method of manufacturing an electroluminescence
display apparatus, wherein

a laser repairing is executed, on the dark spot defect pixel
detected by the defect inspection method according to
claim 5, in which laser light is selectively irradiated on
a short-circuited region between an anode and a cath-
ode of the electroluminescence element of the pixel and
a current path in the short-circuited region is cut.

8. A method of manufacturing an electroluminescence

display apparatus, wherein

ultraviolet light is irradiated, on the dim spot defect pixel
detected by the inspection method according to claim 5,
while a predetermined bias is applied to the element
driving transistor of the pixel, to repair a shift of a
current supplying characteristic of the element driving
transistor.

9. The method of inspecting a defect for an electrolumi-

nescence display apparatus according to claim 5, wherein

the current flowing through the electroluminescence ele-
ment is a cathode current.
10. A method of inspecting a defect for an electrolumi-
nescence display apparatus, wherein

the display apparatus comprises, in each pixel, an elec-
troluminescence element having a diode structure and
an element driving transistor which is connected to the
electroluminescence element and which controls a cur-
rent flowing through the electroluminescence element;
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an inspection ON display signal which sets the electrolu-
minescence element to an emission level is supplied to
each pixel, the element driving transistor is operated in
a saturation operating region of the transistor, and a
current flowing through the electroluminescence ele-
ment is detected; and

apixel is detected as a dim spot defect pixel caused by the
element driving transistor when a value of the current
flowing through the electroluminescence element is
smaller than a predetermined value.
11. The method of inspecting a defect for an electrolu-
minescence display apparatus according to claim 10,
wherein

the current flowing through the electroluminescence ele-

ment is a cathode current.

12. A defect inspection apparatus for an electrolumines-
cence display apparatus which comprises, in each pixel, an
electroluminescence element having a diode structure and an
element driving transistor which is connected to the elec-
troluminescence element and which controls a current flow-
ing through the electroluminescence element, the defect
inspection apparatus comprising:

a power supply generation section which generates a
power supply to be supplied to each pixel during defect
inspection;

an inspection signal generation section which generates
an inspection timing signal and an inspection ON
display signal,

a current detecting section which detects a current flowing
through the electroluminescence element; and

a defect determining section, wherein

with the power supply and the timing signal, the element
driving transistor in each pixel is operated in a linear
operating region of the transistor and an inspection ON
display signal which sets the electroluminescence ele-
ment to an emission level is supplied to the pixel;

the current detecting section detects a current flowing
through the electroluminescence element operating
corresponding to the inspection ON display signal; and

the defect determining section compares the current flow-
ing through the electroluminescence element to a ref-
erence value and determines a pixel as a dark spot
defect pixel caused by the electroluminescence element
when the current flowing through the electrolumines-
cence element is greater than the reference value.

13. A defect inspection apparatus for an electrolumines-
cence display apparatus which comprises, in each pixel, an
electroluminescence element having a diode structure and an
element driving transistor which is connected to the elec-
troluminescence element and which controls a current flow-
ing through the electroluminescence element, the defect
inspection apparatus comprising:

a power supply generation section which generates a
power supply to be supplied to each pixel during defect
inspection;

an inspection drive signal generation section which gen-
erates an inspection timing signal and an inspection ON
display signal;
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a current detecting section which detects a current flowing
through the electroluminescence element; and

a defect determining section, wherein

with the power supply and the timing signal, the element
driving transistor in each pixel is operated in a satura-
tion operating region of the transistor and an inspection
ON display signal which sets the electroluminescence
element to an emission level is supplied to the pixel;

the current detecting section detects a current flowing
through the electroluminescence element operating
corresponding to the inspection ON display signal; and

the defect determining section compares the current flow-
ing through the electroluminescence element to a ref-
erence value and determines a pixel as a dim spot defect
pixel caused by the element driving transistor when the
current flowing through the electroluminescence ele-
ment is smaller than the reference value.

14. A defect inspection apparatus for an electrolumines-
cence display apparatus which comprises, in each pixel, an
electroluminescence element having a diode structure and an
element driving transistor which is connected to the elec-
troluminescence element and which controls a current flow-
ing through the electroluminescence element, the defect
inspection apparatus comprising:

a power supply generation section which generates a
plurality of power supplies to be supplied to each pixel
during defect inspection;

a power supply switching section which switches a power
supply to be supplied to the pixel in order to switch and
control an operation of the element driving transistor in
a saturation operating region and in a linear operating
region according to a defect inspection mode;

an inspection signal generation section which generates
an inspection timing signal and an inspection ON
display signal;

an emission detecting section which detects an emission
state of the electroluminescence element; and

a defect determining section, wherein
in an abnormal display inspection mode,

with a power supply for dim spot inspection selected by
the power supply switching section and the timing
signal, the element driving transistor is operated in a
saturation operating region of the transistor and an
inspection ON display signal which sets the electrolu-
minescence element to an emission level is supplied to
a corresponding pixel,

the emission detecting section detects an emission bright-
ness of the electroluminescence element, and

the defect determining section compares the detected
emission brightness to a reference brightness and deter-
mines a pixel having the emission brightness which is
smaller that the reference brightness as an abnormal
display defect pixel,

in a dark spot inspection mode,

with a power supply for dark spot inspection selected by
the power supply switching section and the timing
signal, the element driving transistor is operated in a
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linear operating region of the transistor and a dark spot
inspection ON display signal which sets the electrolu-
minescence element to an emission level is supplied to
a corresponding pixel,

the emission detecting section detects an emission bright-
ness of the electroluminescence element, and

the defect determining section compares the detected
emission brightness to a reference brightness and deter-
mines a pixel having the emission brightness which is
smaller than the reference brightness as a dark spot
defect pixel caused by the electroluminescence ele-
ment, and

in a dim spot inspection mode, the defect determining
section determines a pixel which is detected as the
abnormal display defect pixel and which is not detected
as the dark spot defect pixel as a dim spot defect pixel
caused by the element driving transistor.

15. A defect inspection apparatus for an electrolumines-
cence display apparatus which comprises, in each pixel, an
electroluminescence element having a diode structure and an
element driving transistor which is connected to the elec-
troluminescence element and which controls a current flow-
ing through the electroluminescence element, the defect
inspection apparatus comprising:

a power supply generation section which generates a
power supply to be supplied to each pixel during defect
inspection;

an inspection signal generation section which generates
an inspection timing signal and an inspection ON
display signal;

a current detecting section which detects a current flowing
through the electroluminescence element; and

a defect determining section, wherein

with the power supply and the timing signal, the element
driving transistor in each pixel is operated in a linear
operating region of the transistor, and an inspection
OFF display signal which sets the electroluminescence
element to a non-emission level and an inspection ON
display signal which sets the electroluminescence ele-
ment to an emission level are supplied to the pixel;

the current detecting section detects an ON-OFF current
difference between a current flowing through the elec-
troluminescence element corresponding to the inspec-
tion OFF display signal and a current flowing through
the electroluminescence element corresponding to the
inspection ON display signal; and

the defect determining section compares the ON-OFF
current difference to a reference value and determines
a pixel as a dark spot defect pixel caused by the
electroluminescence element when the ON-OFF cur-
rent difference is greater than the reference value.

16. The defect inspection apparatus for an electrolumi-
nescence display apparatus according to claim 15, wherein

the inspection drive signal generation section generates a
timing signal which causes the element driving tran-
sistor and the corresponding electroluminescence ele-
ment to operate for each pixel and the element driving
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transistor and the corresponding electroluminescence
element of a pixel to operate consecutively for a
plurality of times.

17. A defect inspection apparatus for an electrolumines-
cence display apparatus which comprises, in each pixel, an
electroluminescence element having a diode structure and an
element driving transistor which is connected to the elec-
troluminescence element and which controls a current flow-
ing through the electroluminescence element, the defect
inspection apparatus comprising:

a power supply generation section which generates a
power supply to be supplied to each pixel during defect
inspection;

an inspection signal generation section which generates
an inspection timing signal and an inspection ON
display signal;

a current detecting section which detects a current flowing
through the electroluminescence element; and

a defect determining section, wherein

with the power supply and the timing signal, the element
driving transistor in each pixel is operated in a satura-
tion operating region of the transistor, and an inspection
OFF display signal which sets the electroluminescence
element to a non-emission level and an inspection ON
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display signal which sets the electroluminescence ele-
ment to an emission level are supplied to the pixel;

the current detecting section detects an ON-OFF current
difference between a current flowing through the elec-
troluminescence element corresponding to the inspec-
tion OFF display signal and a current flowing through
the electroluminescence element corresponding to the
inspection ON display signal; and

the defect determining section compares the ON-OFF
current difference to a reference value and determines
a pixel as a dim spot defect pixel caused by the element
driving transistor when the ON-OFF current difference
is smaller than the reference value.

18. The defect inspection apparatus for an electrolumi-

nescence display apparatus according to claim 17, wherein

the inspection drive signal generation section generates a
timing signal which causes the element driving tran-
sistor and the corresponding electroluminescence ele-
ment to operate for each pixel and the element driving
transistor and the corresponding electroluminescence
element of a pixel to operate consecutively for a
plurality of times.
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